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Chapter

| ntroduction to HDF

11

1.2

Chapter Overview

This chapter provides a general description of HDF including its native object structures, applica-

tion programming interface, and accompanying command-line utilities. It also provides a short
discussion of HDF's original purpose and philosophy, and concludes with a list of the platforms
that HDF has been ported to.

What isHDF?

TheHierarchical Data Format, or HDF, is a multiobject file format for sharing scientific data in

a distributed environment. HDF was created at the National Center for Supercomputing Applica-
tions to serve the needs of diverse groups of scientists working on projects in various fields. HDF
was designed to address many requirements for storing scientific data, including:

» Support for the types of data and metadata commonly used by scientists.

« Efficient storage of and access to large data sets.

» Platform independence.

« Extensibility for future enhancements and compatibility with other standard formats.

In this document, the tertdDF data structures will be used to describe the primary constructs
HDF provides to store data. These constructs include raster image, palette, scientific data set,
annotation, vdata, and vgroup. They are illustrated in Figure 1a on page 2. Note that the construct
vgroup is designed for the purpose of grouping HDF data structures.

HDF files areself-describing. The term “self-description” means that, for each HDF data struc-
ture in a file, there is comprehensive information about the data and its location in the file. This
information is often referred to agetadata. Also, many types of data can be included within an
HDF file. For example, it is possible to store symbolic, numerical and graphical data within an
HDF file by using appropriate HDF data structures.
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FIGURE la

HDF Data Structures
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HDF can be viewed as severa interactive levels. At itslowest level, HDF isaphysical file format
for storing scientific data. At its highest level, HDF is a collection of utilities and applications for
manipulating, viewing, and analyzing data stored in HDF files. Between these levels, HDF is a
software library that provides high-level and low-level programming interfaces. It also includes
supporting software that make it easy to store, retrieve, visualize, analyze, and manage data in
HDF files. See Figure 1b on page 3 for an illustration of the interface levels.

The basic interface layer, or the low-level API, is reserved for software developers. It was
designed for direct file 1/0 of data streams, error handling, memory management, and physical
storage. It is a software toolkit for experienced HDF programmers who wish to make HDF do
something more than what is currently available through the higher-level interfaces. Low-level
routines are available only in C.

The HDF application programming interfaces, or APIs, include several independent sets of rou-
tines, with each set specifically designed to simplify the process of storing and accessing one type
of data. These interfaces are represented in Figure 1b as the second layer from the top. Although
each interface requires programming, al the low-level details can be ignored. In most cases, all
one must do is make the correct function call at the correct time, and the interface will take care of
the rest. Most HDF interface routines are available in both FORTRAN-77 and C. A complete list
of the high-level interfacesis provided in Section 1.4 on page 4.

1-2
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FIGURE 1b

1.3

Three Levels of Interaction with the HDF File
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On the highest level, general applications, HDF includes various command-line utilities for
managing and viewing HDF files, several NCSA applications that support data visualization and
analysis, and a variety of third-party applications. The HDF utilities are included in the NCSA
HDF distribution.

Source code and documentation for the HDF libraries, as well as binaries for supported platforms,
isfreely available but subject to the restrictions listed with the copyright notice at the beginning of

this guide. This material is available via NCSA's anonymous FTP srgeficsa. ui uc. edu, in

the directory HOF/ . (The HDF FTP server &t t p: // hdf . ncsa. ui uc. edu mirrors this material

in the directory pub/ di st/ HOF/ .) Applications supported by NCSA, as well as applications con-
tributed by members of the worldwide HDF user community, are available on these servers.

Why Was HDF Created?

Scientists commonly generate and process data files on several different machines, use various
software packages to process files and share data files with others who use different machines and
software. Also, they may include different kinds of information within one particular file, or
within a group of files, and the mixture of these different kinds of information may vary from one
file to another. Files may be conceptually related but physically separated. For example, some
data may be dispersed among different files and some in program code. It is also possible that data
may be related only in the scientist’s conception of the data; no physical relationship may exist.

HDF addresses these problems by providing a general-purpose file structure that:

* Provides the mechanism for programs to obtain information about the data in a file from
within the file, rather than from another source.

 Lets the user store mixtures of data from different sources into a single file as well as store
the data and its related information in separate files, even when the files are processed by the
same application program.

« Standardizes the formats and descriptions of many types of commonly-used data sets, such
as raster images and multidimensional arrays.

» Encourages the use of a common data format by all machines and programs that produce
files containing specific data.

e Can be adapted to accommodate virtually any kind of data.
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1.4 High-Level HDF APIs

HDF APIs are divided into two categories: multifile interfaces (new) and single-file interfaces
(old). The multifile interfaces are those that provide simultaneous access to several HDF files
from within an application, which is an important feature that the single-file interfaces do not sup-
port. It is recommended that the user explore the new interfaces and their features since they are
an improvement over the old interfaces. The old interfaces remain simply because of the need for
backward compatibility.

The HDF 1/0O library consists of C and FORTRAN-77 routines for accessing objects and associ-
ated information. Although there is some overlap among object types, in most cases an APl oper-
ates on data of only one type. Therefore, you need only familiarize yourself with the APIs specific
to your needs to access datain an HDF file.

The following lists include all of the currently available HDF interfaces and the data that each
interface supports.

The new multifile interfaces are:

SD API Stores, manages and retrieves multidimensional arrays of character or
numeric data, along with their dimensions and attributes, in more than one
file. It isdescribed in Chapter 3, Scientific Data Sets (SD API).

VSAPI Stores, manages and retrieves multivariate data stored as recordsin atable.
It is described in Chapter 4, Vdatas (VS API).

V API Creates groups of any primary HDF data structures. It is described in Chap-
ter 5, Vgroups (V API).

GR API Stores, manages and retrievesraster images, their dimensions and palettesin

more than one file. It can also manipulate unattached pal ettes in more than
onefile. It is described in Chapter 8, General Raster Images (GR API).

AN API Stores, manages and retrieves text used to describe afile or any of the data
structures contained in the file. Thisinterface can operate on severa files at
once. It is described in Chapter 10, Annotations (AN API).

The old single-file interfaces are:

DFR8 API Stores, manages and retrieves 8-hit raster images, with their dimensions and
palettesin onefile. It is described in Chapter 6, 8-Bit Raster Images (DFR8
API).

DF24 API Stores, manages and retrieves 24-bit images and their dimensionsin one
file. It is described in Chapter 7, 24-bit Raster Images (DF24 API).

DFP API Stores and retrieves 8-bit paettesin onefile. It is described in Chapter 9,
Palettes (DFP API).

DFAN API Stores, manages and retrieves text strings used to describe afile or any of

the data structures contained in the file. This interface only operates on one
fileat atime. It is described in Chapter 11, Single-file Annotations (DFAN
API).

DFSD API Stores, manages and retrieves multidimensional arrays of integer or float-
ing-point data, along with their dimensions and attributes, in onefile. Itis
described in Chapter 12, Single-File Scientific Data Sets (DFSD API).

As these interfaces are the tools used to read and write HDF files, they are the primary focus of
this manual.

In every interface, various programming examples are provided to illustrate the use of the inter-
face routines. Both C and FORTRAN-77 versions are available. Their source code, in ASCII for-
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mat, is located on the FTP servers mentioned in Section 1.2 on page 1 in the subdirectory
sanpl es/ .

Note that the goal of these examplesisto illustrate the use of the interface routines; thus, for sim-
plicity, many assumptions have been made, such as the availability or the authentication of the
data. Based on these assumptions, these examples skip the verification of the returned status of
each function. In practice, it is strongly recommended that the user verify the returned value of
every function to ensure the reliability of the user application.

1.5 NCSA HDF Command-Line Utilities and Visualization Tools

HDF application software fall within the following three categories:
1. The FORTRAN-77 and C APIs described in Section 1.4 on page 4.
2. Scientific visualization and analysis tools that read and write HDF files.
3. Command-line utilities that operate directly on HDF files.

Scientific visualization and analysis software that can read and write HDF filesis available. This
software includes NCSA-devel oped tools such as JHV (the Java-based HDF Viewer), user-devel-
oped software, and commercial packages. The use of HDF files guarantees the interoperability of
such tools. Some tools operate on raster images, others on color palettes. Some use images, others
color palettes, still others data and annotations, and so forth. HDF provides the range of data types
that these tools need, in a format that allows different tools with different data requirements to
operate on the same files without confusion.

The HDF command-line utilities are application programs that can be executed by entering them
at the command prompt, like UNIX commands. They perform common operations on HDF files
for which one would otherwise have to write a program. The HDF utilities are described in detail
in Chapter 15, HDF Command-line Utilities.

1.6 Primary HDF Platforms

The HDF library and utilities are maintained on a number of different machines and operating sys-
tems. Table 1A lists the primary machines and operating systems HDF is ported to.

TABLE 1A Primary HDF Platforms
Machine Operating System
Sun Sun4 SunCS, Sol aris
SG | ndy, PowerChallenge, Oigin Irix
H P HP9000 HPUX
SG / Cray UNI COs
DEC Al pha Digital Unix, OpenVMs
DEC VAX OpenVMS
PC Sol ari s86, Linux, FreeBSD
PC W ndows NT/ 95
Appl e Power Macintosh MacCs

For acompletelist of the machines, operating systems (with versions), C and FORTRAN-77 com-
pilers (also with versions), refer to the file named “INSTALL” in the root directory of the HDF
distribution.
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Chapter

HDF Fundamentals

2.1

2.2

Chapter Overview

This chapter provides necessary information for the creation and manipulation of HDF files. It
includes an overview of the HDF file format, basic operations on HDF files, and programming
language issues pertaining to the use of Fortran and ANSI C in HDF programming.

HDF File Format

An HDF file contains afile header, at least one data descriptor block, and zero or more data ele-
ments as depicted in Figure 2a.

FIGURE 2a

The Physical Layout of an HDF File Containing One Data Object

HDFFile —— 3 HDF File Header HDF File Header

Data Descriptor

Empty Data Descriptor
i P Data Descriptor Block

Data Object Empty Data Descriptor

Empty Data Descriptor

. Data Element

The file header identifies the file as an HDF file. A data descriptor block contains a number of
data descriptors. A data descriptor and a data element together form a data object, which is the
basic conglomerate structure for encapsulating data in the HDF file. Each of these terms is
described in the following sections.
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221 FileHeader

The first component of an HDF file is the file header, which takes up the first four bytes of the
HDF file. Specificaly, it consists of four one-byte values that are ASCI| representations of control
characters: the first isa control-N, the second isa control-C , the third is a control-S and the fourth
isacontrol-A ("N*C"SA).

Note that, on some machines, the order of bytes in the file header might be swapped when the
header is written to an HDF file, causing these characters to be written in little-endian order. To
maintain the portability of HDF file header data when devel oping software for such machines, this
byte swapping must be counteracted by ensuring the characters are read and written in the desired
order.

2.2.2 Data Object

A data object is comprised of adata descriptor and a data element. The data descriptor consists of
information about the type, location, and size of the data element. The data element contains the
actual data. This organization of HDF data makes HDF files self-describing. Figure 2b showstwo
examples of data objects.

FIGURE 2b Two Data Objects
Data Descriptors Data Elements
rank and dimensions 2 90 by 100
data 63.2, 54.5, 12.3,
18.2, 103.6, =74,
12.1, 6.9, 83.6,
2.2.2.1 Data Descriptor
All data descriptors are twelve bytes long and contain four fields, as depicted in Figure 2c. These
fields are: a 16-bit tag, a 16-bit reference number, a 32-bit data offset and a 32-bit data length.
FIGURE 2¢ The Contents of a Data Descriptor

Tog | Reference Offset Length
2 bytes 2 bytes 4 bytes 4 bytes

Tag

A tag is the data descriptor field that identifies the type of data stored in the corresponding data
element. A tag is a 16-bit unsigned integer between 1 and 65,535, and is associated with a mne-
monic name to promote ease to use and the readability of user programs.
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If adata descriptor has no corresponding data element, the value of itstag is DFTAG NULL (or 0).

Tags are assigned by the HDF Group as part of the HDF specification. The following are the
ranges of tag values and their descriptions:

1to 32,767 - Tags reserved for HDF Group use
32,768 to 64,999 - User-definable tags
65,000 to 65,535 - Tags reserved for expansion of the HDF specification

A list of commonly-used tags and their descriptionsisincluded in Appendix A, NCSA HDF Tags,
of this document.

Reference Number

For each occurrence of atag in an HDF file, a unique reference number is assigned by the library
with the tag in the data descriptor. A reference number is a 16-bit unsigned integer and can not be
changed during the life of the data object that the reference number specifies.

The combination of a tag and a reference number uniquely identifies the corresponding data
object in thefile.

Reference numbers are not necessarily assigned consecutively, so it cannot be assumed that the
value of a reference number has any meaning beyond providing a way of distinguishing among
objects with the same tag. While application programmers may find it convenient to impart some
additional meaning to reference numbers in their code, it is emphasized that the HDF library will
not internally recognize any such meaning.

Data Offset and Length

The data offset field points to the location of the data element in the file by storing the number of
bytes from the beginning of the file to the beginning of the data element. The Iength field contains
the size of the data element in bytes. The data offset and the length are both 32-bit signed integers.
Thisresultsin afile-size limit of 2 gigabytes.

2.2.2.2 DataElements

The data element is the raw data portion of a data object.

2.2.3 Data Descriptor Block

Data descriptors are physically stored in alinked list of blocks called data descriptor blocks. The
relationship between the data descriptor block to the other components of an HDF file is illus-
trated in Figure 2a on page 7. The individual components of a data descriptor block are depicted
in Figure 2d on page 10. Each data descriptor in a data descriptor block is assumed to be associ-
ated with a data element unless it contains the tag DFTAG NULL (or 0),which indicates that there is
no associated data element. By default, a data descriptor block contains 16 (defined as DE-_NDDS)
data descriptors. The user may reset this limit when creating the HDF file. Refer to Section 2.3.2
on page 11 for more details.

In addition to data descriptors, each data descriptor block contains a data descriptor header. The
data descriptor header contains two fields: block size and next block. The block size field isa 16-
bit unsigned integer indicating the number of data descriptors in the data descriptor block. The
next block field is a 32-bit unsigned integer indicating the offset of the next data descriptor block,
if one exists. The last data descriptor header in the list contains avalue of 0 in its next block field.

Figure 2d illustrates the layout of a data descriptor block.
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FIGURE 2d
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2.2.4 Grouping Data Objectsin an HDF File

Data objects containing related data in HDF files are usually grouped together by the library.
These groups of data objects are called data sets. The HDF user uses the application interface to
manipulate data setsin afile. Asan example, an 8-bit raster image data set requires three objects:
agroup object identifying the members of the set, an image object containing the image data, and
adimension object indicating the size of the image.

Data objects are individually accessible even if they are included in a set, therefore data objects
can belong to more than one set and sets can be included in larger groups. For example, a palette
object included in one raster image set may also be a part of another raster image set if its tag and
reference number are included in a data descriptor within that second set.

Additional information about data objects, including the options available for storing them, can be
found in the HDF Specifications and Developer’s Guide vB8@n the HDF WWW home page at
htt p: // hdf . ncsa. ui uc. edu/ .

Basic Operationson HDF Files Using the M ultifile I nterfaces

This section describes the basic file operations, some of which are required in working with HDF
files using the multifile interfaces. Except for the SD interface, all applications using other multi-
file interfaces must explicitly use the routines Hopen and Hclose to control accesses to the HDF
files. In an application using the HDF file format, the file is accessed viaits identifier, referred to
as file identifier. The following subsections describe the file identifier and the basic file opera-
tions common to most multifile interfaces.

2.3.1 Fileldentifiers

The HDF programming model specifies that a data file is first explicitly created or opened by an
application, manipulated, then explicitly closed by the application. A file identifier is a unique
number that the HDF library assigns to an HDF file when creating or opening the file. The HDF
library creates the file identifier for an HDF file when given its file name, as represented in the
native file system. Interface routines use only the file identifier to access and manipulate the file.
When all operations on the file are complete, the file identifier must be discarded by explicitly
closing the file before terminating the application.

As every file is assigned its own identifier, the order in which files are accessed is very flexible.
For example, it isvalid to open afile and obtain an identifier for it, then open a second file without
closing thefirst file or disposing of the first file identifier. The only requirement made by HDF is
that all file identifiers be individually discarded before the termination of the calling program.

File identifiers created by the routine of one HDF interface can be used by the routines of any
other interfaces, except SD's.
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2.3.2 Opening HDF Files: Hopen

The routine Hopen creates or opens an HDF data file, depending on the access mode specified,
and returns the fileidentifier that the HDF library has assigned to the file. The Hopen syntax is as
follows:

C file_id = Hopen(fil ename, access_node, numdds_bl ock);
FORTRAN file_id = hopen(filenane, access_node, numdds_bl ock)

The Hopen parameters are defined in Table 2A and the following discussion.

TABLE 2A Hopen Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
H filename char * character* (*) File name
open

[int32] access_mode intn integer File access mode

(hopen) num_dds_block int16 integer Number of data descriptorsin a data descriptor block
The parameter fil enane is a character string representing the name of the HDF file to be
accessed.
The parameter access_node specifies how the file should be accessed. All the access modes are
listed in Table 2B. If the access mode is DFAQC GREATE and the file already exists, the file will be
replaced by the new one. If the access mode is DFAQC READ and the file does not exist, Hopen will
return FAl L (or - 1). If the access mode is DFACC WR TE and the file does not exist, a new file will
be created.
The parameter num dds_bl ock specifies the number of data descriptors in a block when the
access mode specified is create. If the access mode is not create, the value of num dds_bl ock is
ignored. The default number of data descriptors in a block is 16 (defined as DEF NDDS) data
descriptors. The user may specify 0 to keep the default or any non-negative integer to reset this
limit when creating the HDF file.
Notethat, in the SD interface, SDstart is used to open filesinstead of Hopen. (Refer to Chapter 3,
Scientific Data Sets (SD API), of this document for more information on SDstart.)

TABLE 28 File Access Code Flags

File Access Flag Flag Value Description
DFACC_READ 1 Read access
DFACC_WRITE 2 Read and write access
DFACC_CREATE 4 Create with read and write access

2.3.3 Closing HDF Files: Hclose

The Hclose routine closes the file designated by the file identifier specified by the parameter
file_id. TheHclose syntax isasfollows:

C status = Hl ose(file_id);

FORTRAN status = hcl ose(file_id)
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Hclose returns a value of SUOCEED (or 0) if successful or FAI L (or - 1) otherwise. The parameter
name and type are listed in Table 2C. Refer also to the HDF Reference Manual for additional
information regarding Hclose.

Note that Hclose is not used to close files in the SD interface. SDend is used for this purpose.
(Refer to Chapter 3, Scientific Data Sets (SD API), of this document for more information on
SDend.)

TABLE 2C Hclose Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) c FORTRAN-77
Hclose
[intn] file_id int32 integer Fileidentifier
(hclose)
2.3.4 Gettingthe HDF Library and File Versions: Hgetlibversion and
Hgetfileversion
Hgetlibversion returns the version of the HDF library currently being used, as well as additional
textual information regarding the library. The parameter names and data types are listed in Table
2D. Refer aso to the HDF Reference Manual for additional information regarding Hgetlibver -
sion.
Hgetfileversion returns the version information of the HDF file specified by the parameter
file_id, aswell asadditional textua information regarding the nature of the file. The parameter
names and data types are listed in Table 2D. Refer aso to the HDF Reference Manual for addi-
tional information regarding Hgetfileversion.
The syntax of these routinesis as follows:
C status = Hgetlibversion(&major_v, &mnor_v, &release, string);
status = Hgetfileversion(file_id, &major_v, &mnor_v,
&rel ease, string);
FORTRAN status = hglibver(najor_v, mnor_v, release, string)
status = hgfilver(file_id, najor_v, mnor_v, release, string)
Both routines return a value of SUCCEED (or 0) if successful or FA L (or - 1) otherwise.
TABLE 2D Hgetlibversion and Hgetfileversion Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
major_v uint32* integer Major version number
ngtli_b:/ers'on minor_v uint32* integer Minor version number
(th?bT/]er) release uint32* integer Complete library version number
string char* character* (*) Additional information about the library version
file_id int32 integer Fileidentifier
Hgetfileversion major_v uint32* integer Major version number
[intn] minor_v uint32* integer Minor version number
(hgfilver) release uint32* integer Complete library version number
string char* character* (*) Additional information about the library version
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2.4 Determining whether a File Isan HDF File: Hishdf/hishdff

The Hishdf routine is used to determine whether the file fil enane is an HDF file. The Hishdf
syntax is as follows:

C status = H shdf (fil enane)

FORTRAN status = hi shdff (fil enarre)

Thisroutine returns avalue of TRUE (or 1) if if thefileisan HDF file or FALSE (or 0) otherwise.

TABLE 2E

2.5

Hishdf/hishdff Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
Hishdf
[intn] filename char* character* (*) Filename
(hishdff)

Programming I ssues

This section introduces information relevant to the process of developing programs that use the
HDF library, such as the names of necessary header files, lists of common definitions and issues
concerning FORTRAN-77 and C programming.

2.5.1 Header FileInformation

The header file hdf . h must be included in every HDF application program writtenin C, except for
programs that call routines in the SD interface. The header file nf hdf. h must be included in all
programs that call SD interface routines.

Fortran programmers who use compilers that allow file inclusion can include the files hdf . i nc
and df func. i nc. If a Fortran compiler that does not support file inclusion is used, HDF library
definitions must be explicitly defined in the Fortran program as they are included in the header
files of the HDF library.

2.5.2 HDF Definitions

The HDF library provides several sets of definitions which can be used easily in the user applica-
tions. These setsinclude the definitions of the data types, the data type flags, and the limits that set
various maximum values. The definitions of the data types supported by HDF are located in the
hdf . h header file, and the data type flags are located in the hnt def s. h header file. Both are also
included in Table 2F on page 14, Table 2G on page 14, and Table 2H on page 15. HDF data types
are used for portability in the declaration of variables, and data type flags are used as parameters
in various HDF interface routines.

25.2.1 Standard HDF Data Types

The definitions of the fundamental data types are in Table 2F. Although DFNT_FLQOAT (or 5),
DFNT_UCHAR (or 3), and DFNT_CHAR (or 4) have not been added to this table, they are also supported
by the HDF library for backward compatibility.

If the machine used is big-endian, using these data types will result in no byte-order conversion
being performed. If the machine used islittle-endian, the library will convert the byte-order of the
variables to big-endian.
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TABLE 2F

Standard HDF Data Types and Flags

HDF Data Type

Data Type Flag and Value

Description

char8

DFNT_GHARS (4)

8-hit character type

uchar 8

DFNT_UCHARB (3)

8-hit unsigned character type

int8

DFNT_| NT8 ( 20)

8-hit integer type

uint8

DFNT_U NT8 (21)

8-bit unsigned integer type

int16

DFNT_I NT16 (22)

16-bit integer type

ui nt 16

DFNT_U NT16 (23)

16-bit unsigned integer type

int32

DFNT_I NT32 (24)

32-bit integer type

ui nt 32

DFNT_U NT32 (25)

32-bit unsigned integer type

fl oat 32

DFNT_FLOAT32 (5)

32-bit floating-point type

fl oat 64

DFNT_FLOAT64 ( 6)

64-bit floating-point type

Fortran programmers should refer to Section 2.5.3 on page 16 for a discussion of the Fortran data
types.

2.5.2.2 Native Format Data Types

When a native format datatype is specified, the corresponding numbers are stored in the HDF file
exactly as they appear in memory, without conversion. For example, on a Cray Y-MP, 8 bytes of
memory, or one Cray word, is used to store most integers. Therefore, an 8-bit signed integer, rep-
resented by the DFNT_| NT32 flag, on a Cray Y-MP uses 8 bytes of memory. Consequently, when
the data type DFNT_NATI VE | DFNT_I NT32 (DFNT_NATI VE bytewise-ORed with DFNT | NT32) is used
on aCray Y-MP to specify the data type of an HDF SDS or vdata, each integer stored in the HDF
fileis 8 bytes.

The method for constructing the data type flag for each native data type described in the previous
paragraph is used for any of the native data types: the DFNT_NATI VE flag is bitwise-ORed with the
flag of the corresponding standard data type.

The definitions of the native format data types and the corresponding data type flags appear in
Table 2G.

TABLE 2G

Native Format Data Type Definitions

HDF Data Type HDF Data Type Flag and Value Description
int8 DFNT_N NT8 (4116) 8-hit native integer type
uint8 DFNT_NU NT8 (4117) 8-bit native unsigned integer type
int16 DFNT_N NT'16 (4118) 16-bit native integer type
ui nt 16 DFNT_NJ NT'16 (4119) 16-bit native unsigned integer type
int32 DFNT_N Nr32 (4120) 32-bit native integer type
ui nt 32 DFNT_NU Nr32 (4121) 32-bit native unsigned integer type
fl oat 32 DFNT_NFLQAT32 (4101) 32-bit native floating-point type
fl oat 64 DFNT_NFLQAT64 (4102) 64-bit native floating-point type

25.2.3 Little-Endian Data Types

HDF normally writes datain big-endian format, but provides alittle-endian option forcing all data
written to disk to be written in little-endian format. This is primarily for users of Intel-based
machines who do not want to incur the cost of reordering data when writing to an HDF file. Note
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that direct conversions are supported between little-endian and all other byte-order formats sup-
ported by HDF.

The method for constructing the data type flag for each little-endian data type is similar to the
method for constructing native format data type flags: the DFNT_LI TENDflag is bitwise-ORed with
the flag of the corresponding standard data type.

If the user is on alittle-endian machine, using these data types will result in no conversion. If the
user is on a big-endian machine, the HDF library will perform big-to-little-endian conversion.

The definitions of the little-endian data types and the corresponding data type flags appear in
Table 2H.

TABLE 2H Little-Endian Format Data Type Definitions
HDF Data Type HDF Data Type Flag and Value Description

int8 DFNT_LI NT8 (16404) 8-hit little-endian integer type

uint8 DFNT_LU N8 (16405) 8-hit little-endian unsigned integer type

int16 DFNT_LI NT16 (16406) 16-bit little-endian integer type

ui nt 16 DFNT_LU NT'16 (16407) 16-bit little-endian unsigned integer type

int32 DFNT_LI NT32 (16408) 32-bit little-endian integer type

ui nt 32 DFNT_LU NT32 (16409) 32-bit little-endian unsigned integer type

fl oat 32 DFNT_LFLQAT32 (16389) 32-bit little-endian floating-point type

fl oat 64 DFNT_LFLQAT64 ( 16390) 64-bit little-endian floating-point type
2.5.2.4 Tag Definitions
These definitions identify the object tags defined and used by the HDF interface library. The con-
cept of object tags is introduced in Section 2.2.2.1 on page 8, and a list of tags can be found in
Appendix A of thismanual. Note that tags can also identify properties of data objects.
2.5.2.,5 Limit Definitions
These definitions declare the maximum size of specific data object parameters, such as the maxi-
mum length of a vdata field or the maximum number of objects in avgroup. They are located in
the header file hlimts. h. A selection of the most-commonly-used limit definitions appears in
Table 2I.

TABLE 2| Limit Definitions

Definition Name Definition Value Description
FI ELDNAMELENVAX 128 Maximum length of avdatafield in bits - 16 characters
VSNAMVEL ENVAX 64 Maximum length of avdata namein bytes - 64 characters
VANAMVEL ENVAX 64 Maximum length of a vgroup name in bytes - 64 characters
VSF ELDVAX 256 Maximum number of fields per vdata (64 for Macintosh)
VDEFAULTBLKSI ZE 4096 Default block sizein avdata
VDEFAULTNBLKS 32 Default number of blocksin avdata
MAONVELT 64 Maximum number of objectsin avgroup
MAX_CROER 65535 Maximum order of avdatafield
MAX FIELD S ZE 65535 Maximum length of afield
MAX_NC O M8 5000 Maximum number of dimensions per file
MAX_NC ATTRS 3000 Maximum number of file or variable attributes
MAX_NC VARS 5000 Maximum number of file attributes
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MAX_ VAR D M5B 32 Maximum number of variable attributes

MAX_NC NAME 256 Maximum length of a name - NC interface

MAX_PATH LEN 1024 Maximum length of an external file name

MAX_FI LE 32 Maximum number of open files

MAX_QROPS 8 Maximum number of groups

MAX_GR NAME 256 Maximum length of a name - GR interface

MAX_ VAR D M5B 32 Maximum number of dimensions per variable

MAX_REF 65535 The largest number that will fit into a 16-bit word reference variable
MAX BLOXK S ZE 65536 Maximum size of blocksin linked blocks

2.5.3 FORTRAN-77 and C Language | ssues

HDF provides both FORTRAN-77 and C versions of most of its interface routines. In order to
make the FORTRAN-77 and C versions of each routine as similar as possible, some compromises
have been made in the process of simplifying the interface for both programming languages.

FORTRAN-77-to-C Translation

Nearly al of the HDF library code is written in C. A FORTRAN-77 HDF interface routine trans-
lates all parameter datatypes to C data types, then calls the C routine that performs the functional-
ity of the interface routine. For example, d8aimg is the FORTRAN-77 equivalent for
DFR8addimage. Callsto either routine execute the same C code that adds an 8-bit raster image to
an HDF file. See Figure 2e.

FIGURE 2e Use of a Function Call Converter to Route FORTRAN-77 HDF Callstothe C Library
Your Your
C FORTRAN-77to C FORTRAN-77
Program Program
DFR8addimage w—- d8ai mg to DFR8addi mage<_ d8aimg
Case Sensitivity

FORTRAN-77 identifiers generally are not case sensitive, whereas C identifiers are. Although all
of the FORTRAN-77 routines shown in this manual are written in lower case, FORTRAN-77 pro-
grams can generally call them using either upper- or lower-case letters without 10ss of meaning.

Name L ength

Because some FORTRAN-77 compilers only interpret identifier names with seven or fewer char-
acters, the first seven characters of the FORTRAN-77 HDF routine names are unique.

Header Files

The inclusion of header filesis not generally permitted by FORTRAN-77 compilers. However, it

is sometimes available as an option. On UNIX systems, for example, the macro processors n# and

cpp let the compiler include and preprocess header files. If this capability is not available, the user

may have to copy the declarations, definitions, or values needed from the files df f unc. i nc and

hdf . i nc into the user application. If the capability is available, the files can be included in the For-

tran code. These two files reside in the include directory after the library is installed on the user’s
system.
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Data Type Specifications

When mixing machines, compilers, and languages, it is difficult to maintain consistent data type
definitions. For instance, on some machines an integer is a 32-bit quantity and on others, a 16-bit
quantity. In addition, the differences between FORTRAN-77 and C lead to difficulties in describ-
ing the data types found in the argument lists of HDF routines. To maintain portability, the HDF
library expects assigned names for all data types used in HDF routines. See Table 2J.

TABLE 2J

Correspondence Between Fortran and HDF C Data Types

Data Type FORTRAN (&
8-bit signed integer character*1 * int8
8-bit unsigned i nteger character*1 uint8
16-bi t signed integer i nt eger*2 int16
16-bit unsi gned i nteger Not support ed ui nt 16
32-bit signed integer integer*4 ** int32
32-bit unsigned integer Not support ed ui nt 32
32-bit floating point nunber real *4* fl oat 32
64-bit floating point nunber real *8 * fl oat 64
Native signed integer i nt eger intn
Nati ve unsigned i nteger Not support ed uintn
** if the conpiler supports this data type

When using a FORTRAN-77 datatype that is not supported, the general practice is to use another
data type of the same size. For example, an 8-bit signed integer can be used to store an 8-bit
unsigned integer variable.

String and Array Specifications

The following conventions are followed in the specification of arrays in this manual:

char act er * (*) definesastring of an indefinite number of characters. It isthe responsibility
of the calling program to allocate enough space to hold the data to be stored in the string.

real x(*) meansthat x refersto an array of reds of indefinite size and of indefinite rank. It
isthe responsibility of the calling program to allocate an actual array with the correct num-
ber of dimensions and dimension sizes.

<val i d nuneric dat a type> x meansthat x may have one of the numeric datatypeslisted
in the Description column of Table 2J above.

<val i d data type> x meansthat x may have any of the datatypeslisted in the Description
column of Table 2J above.

FORTRAN-77 and ANSI C

As much as possible, we have ensured that the HDF interface routines conform to the implemen-
tations of Fortran and C that are in most common use today, namely FORTRAN-77 and ANSI C.

As Fortran-90 is a superset of FORTRAN-77, HDF programs should compile and run correctly
when using a Fortran-90 compiler. However, an HDF library interface that makes full use of For-
tran-90 enhancements is being considered.
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3.2

Chapter Overview

This chapter describes the scientific data model and the interface routines provided by HDF for
creating and accessing the data structures included in the model. This interface is known as the
SD interface or the SD API.

The Scientific Data Set Data M odel

The scientific data set, or SDS, is a group of data structures used to store and describe multidi-
mensional arrays of scientific data. Refer to Figure 3afor agraphical overview of the SD data set.
Note that in this chapter the terms SDS, SD data set, and data set are used interchangeably; the
terms SDS array and array are also used interchangeably.

A scientific data set consists of required and optional components, which will be discussed in the
following subsections.

FIGURE 3a

The Contents of a Scientific Data Set

SDS
( Required Components Optional Components \
SDS Array
Predefined Attributes
Name | |
User-defined Attributes
Data Type
Dimension Scales
Dimensions
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3.2.1 Required SDS Components

Every SDS must contain the following components: an SDS array, a name, a data type, and the
dimensions of the SDS, which are actually the dimensions of the SDS array.

SDS Array

An SDS array is a multidimensional data structure that serves as the core structure of an SDS.
This is the primary data component of the SDS model and can be compressed (refer to
Section 3.5.2 on page 45 for a description of SDS compression) and/or stored in external files
(refer the Section 3.5.3.3 on page 52 for a description of external SDS storage). Users of netCDF
should note that SDS arrays are conceptually equivalent to variables in the netCDF data model 1

An SDS has an index and a reference number associated with it. Theindex isanon-negative inte-
ger that describes the relative position of the data set in thefile. A valid index ranges from 0 to the
total number of data sets in the file minus 1. The reference number is a unique positive integer
assigned to the data set by the SD interface when the data set is created. Various SD interface rou-
tines can be used to obtain an SDSindex or reference number depending on the available informa-
tion about the SDS. The index can also be determined if the sequence in which the data sets are
created in thefile is known.

In the SD interface, an SDS identifier uniquely identifies a data set within the file. The identifier
is created by the SD interface access routines when a new SDS is created or an existing one is
selected. The identifier is then used by other SD interface routines to access the SDS until the
access to this SDSis terminated. For an existing data set, the index of the data set can be used to
obtain theidentifier. Refer to Section 3.4.1 on page 26 for a description of the SD interface routine
that creates SDSs and assigns identifiers to them.

SDS Name

The name of an SDS can be provided by the calling program, or is set to "DataSet” by the HDF
library at the creation of the SDS. The name consists of case-sensitive alphanumeric characters, is
assigned only when the data set is created, and cannot be changed. SDS names do not have to be
unique within a file, but their uniqueness makes it easy to semantically distinguish among data
setsin thefile.

Data Type

The data contained in an SDS array has a data type associated with it. The standard data types
supported by the SD interface include 32- and 64-hit floating-point numbers, 8-, 16- and 32-hit
signed integers, 8-, 16- and 32-bit unsigned integers, and 8-bit characters. The SD interface also
alows the creation of SD data sets consisting of data elements of non-standard lengths (1 to 32
bits). See Section 3.7.8 on page 71 for more information.

Dimensions

SDS dimensions specify the shape and size of an SDS array. The number of dimensions of an
array is referred to as the rank of the array. Each dimension has an index and an identifier
assigned to it. A dimension also has a size and may have a name associated with it.

A dimension identifier is a positive number uniquely assigned to the dimension by the library.
This dimension identifier can be retrieved via an SD interface routine. Refer to Section 3.8.1 on
page 73 for a description of how to obtain dimension identifiers.

1. netCDF-3 User’s Guide for Qune5, 1997), Section 7, ht t p: / / waw. uni -
dat a. ucar . edu/ packages/ net cdf / gui dec/ .
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A dimension index is a non-negative number that describes the ordinal location of a dimension
among othersin a data set. In other words, when an SDS dimension is created, an index number is
associated with it and is one greater than the index associated with the last created dimension that
belongsto the same data set. The dimension index is convenient in a sequential search or when the
position of the dimension among other dimensionsin the SDSis known.

Names can optionally be assigned to dimensions, however, dimension names are not treated in the
same way as SDS array hames. For example, if a name assigned to a dimension was previously
assigned to another dimension the SD interface treats both dimensions as the same data compo-
nent and any changes made to one will be reflected in the other.

The size of adimension isapositive integer. Also, one dimension of an SDS array can be assigned
the predefined size SO UNLI M TED(or 0). Thisdimension isreferred to as an unlimited dimension,
which, as the name suggests, can grow to any length. Refer to Section 3.5.1.3 on page 40 for more
information on unlimited dimensions.

3.2.2 Optional SDS Components

There are three types of optional SDS components: user-defined attributes, predefined attributes,
and dimension scales. These optional components are only created when specifically requested
by the calling program.

Attributes describe the nature and/or the intended usage of the file, data set, or dimension they are
attached to. Attributes have a name and value which contains one or more data entries of the same
data type. Thus, in addition to name and value, the data type and number of values are specified
when the attribute is created.

User-Defined Attributes

User-defined attributes are defined by the calling program and contain auxiliary information
about afile, SDS array, or dimension. They are more fully described in Section 3.9 on page 85.

Predefined Attributes

Predefined attributes have reserved names and, in some cases, predefined data types and/or num-
ber of data entries. Predefined attributes are useful because they establish conventions that appli-
cations can depend on. They are further described in Section 3.10 on page 96.

Dimension Scales

A dimension scale is a sequence of numbers placed along a dimension to demarcate intervals
along it. Dimension scales are described in Section 3.8.4 on page 75.

3.2.3 Annotations and the SD Data M odel

In the past, annotations were supported in the SD interface to allow the HDF user to attach
descriptive information (called metadata) to a data set. With the expansion of the SD interface to
include user-defined attributes, the use of annotations to describe metadata should be eliminated.
M etadata once stored as an annotation is now more conveniently stored as an attribute. However,
to ensure backward compatibility with scientific data sets and applications relying on annotations,
the AN annotation interface, described in Chapter 10, Annotations (AN API) can be used to anno-
tate SDSs.

There is no cross-compatibility between attributes and annotations; creating one does not auto-
matically create the other.
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3.3

The SD Interface

The SD interface provides routines that store, retrieve, and manipulate scientific data using the
SDS data model. The SD interface supports simultaneous access to more than one SDS in more
than one HDF file. In addition, the SD interface is designed to support a general scientific data
model which is very similar to the netCDF data model developed by the Unidata Program Cen-

terl.

For those users who have been using the DFSD interface, the SD interface provide a model com-
patible with that supported by the DFSD interface. It is recommended that DFSD users apply the
SD model and interface to their applications since the DFSD interface is less flexible and less
powerful than the SD interface and will eventually be removed from the HDF library.

This section specifies the header file to be used with the SD interface and lists all available SD
interface routines, each of which is accompanied by its purpose and the section where the routine
is discussed.

3.3.1 Header and Include Files Used by the SD Interface

The “mfhdf.h” header file must be included in programs that invoke SD interface routines. FOR-

TRAN-77 users should refer to Section 2.5.3 on page 16.

3.3.2 SD Interface Routines

All C routines in the SD interface begin with the prefix "SD". The equivalent FORTRAN-77 rou-

tines use the prefix "sf". These routines are categorized as follows:
- Accessroutinesinitialize and terminate access to HDF files and data sets.
Read and write routines read and write data sets.

General inquiry routines return information about the location, contents, and description of
the scientific data setsin an HDF file.

Dimension routines access and define characteristics of dimensions within adata set.
Dimension scal e routines define and access dimension scales within a data set.

User-defined attribute routines describe and access characteristics of an HDF file, data set
or dimension defined by the HDF user.

Predefined attribute routines access previously-defined characteristics of an HDF file, data
set, or dimension.

Compression routines compress SDS data.

Chunking/tiling routines manage chunked data sets.

Miscellaneous routines provide other operations such as external file, n-bit data set, and
compatibility operations.

The SD routines are listed in the following table and are discussed in the following sections of this
document.

1. netCDF-3 User’s Guide for Qune5, 1997), Section 2, ht t p: / / waw. uni -
dat a. ucar . edu/ packages/ net cdf / gui dec/ .
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TABLE 3A

SD Interface Routines

Routine Name

Category Description and Reference
C FORTRAN-77
Opensthe HDF fileand initializes the SD interface (Section 3.4.1
SDst ar t sfstart
on page 26)
SDcr eat e sfcreate Creates anew data set (Section 3.4.1 on page 26)
Selects an existing SDS using itsindex (Section 3.4.1 on
Access SDhsel ect sfsel ect
page 26)
SDendaccess sfendacc Terminates access to an SDS (Section 3.4.2 on page 27)
sDend sfend Terminates access to the SD interface and closes thefile
(Section 3.4.2 on page 27)
sfrdata/ .
SDr eaddat a ofrcdata Reads data from a data set (Section 3.6 on page 55)
Read and Write
SDwr i t edat a sfwdat a/ Writes data to a data set (Section 3.5.1 on page 30)
sfwcdat a
- ) Retrieves information about the contents of afile (Section 3.7.1
SDfileinfo sffinfo
on page 63)
Shget i nf o sfginfo Retrieves information about a data set (Section 3.7.2 on page 63)
Determines whether a scientific dataset (an SDS) is empty
Sbeheckenpty sfchempty (Section 3.7.4 on page 64)
! ) Returns the reference number of adata set (Section 3.7.7 on
SDi dt or ef sfid2ref
page 68)
General — - - -
Inquiry SDi scoor dvar i scvar Ditinguishes data sets from dimension scales (Section 3.8.4.4 on
page 82)
SDi srecord sfisrcrd Determines whether a data set is appendable (Section 3.5.1.4 on
page 41)
A ) Returns the index of a data set specified by its name
SDnanet oi ndex sfn2i ndex .
(Section 3.7.5 on page 67)
SDr ef t of ndex Sf ref 2i ndex Returns the index of a data set specified by its reference number
(Section 3.7.6 on page 68)
Sbdi mi nf o sfgdi nfo Gets information about a dimension (Section 3.8.4.2 on page 75)
Dimensions Shget di ni d sfdinmd Returnsthe identifier of adimension (Section 3.8.1 on page 73)
Sbhset di mane sf sdi mane Associates a name with a dimension (Section 3.8.2 on page 73)
: Retrieves the scale values for adimension (Section 3.8.4.3 on
SDget di nscal e sfgdscal e
Dimension page 76)
Scales . Stores the scale values of adimension (Section 3.8.4.1 on
SDset di nscal e sfsdscal e
page 75)
Sbattrinfo sfgai nfo Gets information about an attribute (Section 3.9.2 on page 89)
SDFi ndattr sffattr Returnsthelndex of an attribute specified by its name
(Section 3.9.2 on page 89)
User-defined - — —
Attributes SDr eadat tr sfrnatt/sfr- Read_sthevaluesof an attribute specified by itsindex
catt (Section 3.9.3 on page 90)
sfsnatt/sfs- Creates anew attribute and storesiits values (Section 3.9.1 on
SDsetattr

catt

page 86)
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Shget cal sfgcal Retrieves calibration information (Section 3.10.6.2 on page 104)
SDyet dat ast rs fadt str Returns the predefined-attribute strings of adata set
9 (Section 3.10.2.2 on page 98)
. Returns the predefined-attribute strings of adimension
Sbget di mstrs sfodmstr (Section 3.10.3.2 on page 99)
SDyet i1 val ue :;gfc'f: H Reads the fill value if it exists (Section 3.10.5.2 on page 102)
SDyet r ange farange Retrieves the range of valuesin the specified data set
9 grang (Section 3.10.4.2 on page 101)
Defines the calibration information (Section 3.10.6.1 on
Predefined Shset cal sfscal
. page 103)
Attributes
Sets predefined attributes of the specified data set
SDset datastrs sfsdtstr (Section 3.10.2.1 on page 98)
Shset di mstrs of sdmstr Sets predefined attributes of the specified dimension
(Section 3.10.3.1 on page 99)
Ssetfillval ue sfsfi ! 1/ Definesthe fill value for the specified data set (Section 3.10.5.1
sfscfill on page 102)
. Setsthefill modeto be applied to al data setsin the specified file
Ssetfillmde sfsfim (Section 3.10.5.3 on page 102)
SDset r ange of srange Defines the maximum and minimum values of the specified data
9 9 set (Section 3.10.4.1 on page 100)
SDset Compr ess f scompr ess Compresses a data set using a specified compression method
P P (Section 3.5.2 on page 45)
. . ) Defines the non-standard bit length of the data set data
Compression SDset nbi t dat aset sfsnbit (Section 3.7.8 on page 71)
SDyet conpr ess of gconr ess Retrieves data set compression type and compression informa-
P georp tion. (See the HDF Reference Manual)
. ) Obtains information about a chunked data set (Section 3.11.5 on
SDhget chunki nf o sfgi chnk
page 110)
SDr eadchunk 2; ' EEEE{( Reads data from a chunked data set (Section 3.11.4 on page 110)
Chup_kl ng/ Makes a non-chunked data set a chunked data set (Section 3.11.1
Tiling Sbhset chunk sfschnk
on page 105)
SDset chunkcache sfcchnk Sets the size of the chunk cache (Section 3.11.2 on page 107)
. sfwechnk/ : :
SDwr i t echunk ofwechnk Writes data to a chunked data set (Section 3.11.3 on page 108)
. Sets the block size used for storing data sets with unlimited
SDset bl ocksi ze sfsbl sz . X .
dimension (Section 3.5.1.5 on page 41)
. Specifies that a data set is to be stored in an external file
SDsetexternal file sfsextf (Section 3.5.3.3 on page 52)
Miscellaneous
SO sdi nval bwco i sdmvc Determines the current compatibility mode of adimension
- P (Section 3.8.3.2 on page 74)
Spset di nval co f sdmvc Sets the future compatibility mode of adimension
-com (Section 3.8.3.1 on page 74)

3.3.3 Tagsin the SD Interface

A complete list of SDS tags and their descriptions appears in Table D in Appendix A. Refer to
Section 2.2.2.1 on page 8 for a description of tags.
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34

Programming M odel for the SD Interface

This section describes the routines used to initialize the SD interface, create anew SDS or access
an existing one, terminate access to that SDS, and shut down the SD interface. Writing to existing
scientific data sets will be described in Section 3.5 on page 30.

To support multifile access, the SD interface relies on the calling program to initiate and terminate
access to files and data sets. The SD programming model for creating and accessing an SDSin an
HDF fileis asfollows:

1. Open afile and initialize the SD interface.

2. Create anew data set or open an existing one using itsindex.
3. Perform desired operations on this data set.

4. Terminate access to the data set.

5. Terminate access to the SD interface and close thefile.

To access asingle SDSin an HDF file, the calling program must contain the following cals:
C sd id = Sxtart(fil enane, access_node);

sds_id = Sxreate(sd_id, sds_name, data type, rank, di msizes);
R sds_id = Isel ect(sd_id, sds_index);

<pti onal operations>

stat us = Sendaccess(sds_i d);

status = Send(sd_id);

FORTRAN: sd id = sfstart(filenane, access_node)

sds_id
R sds_id

sfcreate(sd_id, sds_nane, data type, rank, di msizes)
sfsel ect (sd_i d, sds_i ndex)

<pti onal operations>
status = sfendacc(sds_i d)
status = sfend(sd_id)

To access several files at the same time, a program must obtain a separate SD file identifier
(sd_i d) for each file to be opened. Likewise, to access more than one SDS, a calling program
must obtain a separate SDS identifier (sds_i d) for each SDS. For example, to open two SDSs
stored in two files a program would execute the following series of function calls.

C sd id 1 = Sstart(filenane_1, access _node);
sds id 1 = Sselect(sd id 1, sds_ index_1);
sd id 2 = Sstart(filenane_2, access node);
sds id 2 = Ssel ect(sd id 2, sds_ index_2);
<(ptional operations>
status = Yendaccess(sds_id 1);
status = Send(sd id 1);
status = Yendaccess(sds_id 2);
status = Send(sd id 2);

FORTRAN: sd id 1 = sfstart(filenane_1, access_node)
sds_id 1 = sfselect(sd id 1, sds_index_1)
sd_id 2 = sfstart(filenane_2, access_nwode)
sds_id 2 = sfsel ect(sd id 2, sds_index_2)
<(ptional operations>
status = sfendacc(sds_id 1)
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status = sfend(sd id_1)
status = sfendacc(sds_id 2)
status = sfend(sd id 2)

3.4.1 Establishing Accessto Filesand Data Sets: SDstart, SDcreate, and
SDselect

In the SD interface, SDstart is used to open files rather than Hopen. SDstart takes two argu-
ments, fi | ename and access_node, and returns the SD interface identifier, sd_i d. Note that the
SD interface identifier, sd_i d, is not interchangeable with the file identifier, fi | e_i d, created by
Hopen and used in other HDF APIs.

The argument f i | enane isthe name of an HDF or netCDF file.

The argument access_node specifies the type of access required for operations on the file. All the
valid values for access_node are listed in Table 3B. If the file does not exist, specifying
DFACC READ or DFACC VR TE  will cause SDstart to return a FAIL (or -1) . Specifying
DFACC CREATE creates a new file with read and write access. |f DFACC CREATE is specified and the
file already exists, the contents of thisfile will be replaced.

TABLE 3B

File Access Code Flags

File Access Flag Flag Value Description

DFACC_READ 1 Read only access
DFACC_WRITE 2 Read and write access
DFACC_CREATE 4 Create with read and write access

The SD interface identifiers can be obtained and discarded in any order and al SD interface iden-
tifiers must be individually discarded, by SDend, before the termination of the caling program.

Although it is possible to open a file more than once, it is recommended that the appropriate
access mode be specified and SDstart called only once per file. Repeatedly calling SDstart on the
same file and with different access modes may cause unexpected results.

SDstart returnsan SD identifier or avalue of FAI L (or - 1). The parameters of SDstart are defined
in Table 3C on page 27.

SDcreate defines a new SDS using the arguments sd_i d, sds_nane, data_t ype, rank, and
di m si zes and returns the data set identifier, sds_i d.

The parameter sds_nane is a character string containing the name to be assigned to the SDS. The
SD interface will generate a default name, "Data Set”, for the SDS, if one is not provided, i.e.,
when the parameter sds_nane isset to NULL in C, or an empty string in FORTRAN-77. The max-
imum length of an SDS name is 64 characters and, if sds_nane contains more than 64 characters,
the name will be truncated before being assigned.

The parameter dat a_t ype is a defined name, prefaced by DFNT, and specifies the type of the data
to be stored in the data set. The header file "hntdefs.h" contains the definitions of al valid data
types, which are described in Chapter 2, HDF Fundamentals, and listed in Table 2F on page 14.

The parameter r ank is a positive integer specifying the number of dimensions of the SDS array.
The maximum rank of an SDS array is defined by MAX VAR D M8 (or 32), which is defined in the
header file "netcdf.h".

Each element of the one-dimensional array di m si zes specifies the length of the corresponding
dimension of the SDS array. The size of di m si zes must be the value of the parameter r ank. To
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create a data set with an unlimited dimension, assign the value of SD UNLIM TED (or 0) to
di msizes[0] in C, and to di msi zes(rank) in FORTRAN-77. See the notes regarding the
potential performance impact of unlimited dimension data sets in Section 14.4.3, "Unlimited
Dimension Data Sets (SDSs and Vdatas) and Performance.”

Once an SDSis created, you cannot change its name, datatype, size, or shape. However, it is pos-
sible to modify the data set data or to create an empty data set and later add values. To add data or
modify an existing data set, use SDselect to get the data set identifier instead of SDcreate.

Note that the SD interface retains no definitions about the size, contents, or rank of an SDS from
one SDSto the next, or from one file to the next.

SDselect initiates access to an existing data set. The routine takes two arguments. sd_i d and
sds_i ndex and returnsthe SDS identifier sds_i d. The argument sd_i d isthe SD interface identi-
fier returned by SDstart, and sds_i ndex is the position of the data set in the file. The argument
sds_i ndex is zero-based, meaning that the index of first SDSin thefileisO.

Similar to SD interface identifiers, SDS identifiers can be obtained and discarded in any order as
long as they are discarded properly. Each SDS identifier must be individually disposed of, by
SDendaccess, before the disposal of the identifier of the interface in which the SDS is opened.

SDcreate and SDselect each returns an SDS identifier or avalue of FAIL (or - 1). The parameters
of SDstart, SDcreate, and SDselect are further described in Table 3C.

3.4.2 Terminating Accessto Filesand Data Sets: SDendaccess and SDend

SDendaccess terminates access to the data set and disposes of the data set identifier sds_i d. The
calling program must make one SDendaccess call for every SDselect or SDcr eate call made dur-
ing its execution. Failing to call SDendaccess for each call to SDselect or SDcreate may result in
aloss of data.

SDend terminates access to the file and the SD interface and disposes of the file identifier sd_i d.
The calling program must make one SDend call for every SDstart call made during its execution.
Failing to call SDend for each SDstart may result in aloss of data.

SDendaccess and SDend each returns either a val ue of SUCCEED (or 0) or FAI L (or - 1). The param-
eters of SDendaccess and SDend are further described in Table 3C.

TABLE 3C

SDstart, SDcreate, SDselect, SDendaccess, and SDend Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) (& FORTRAN-77
SDstart filename char * character* (*) Name of the HDF or netCDF file
int32
([sfst ar]t) access_mode int32 integer Type of access
sd_id int32 integer SD interface identifier
sds_name char * character* (*) ASCI|I string containing the name of the data set
SDcreate
[int32] data_type int32 integer Datatype of the data set
(sfcreate) - - - .
rank int32 integer Number of dimensionsin the array
dim_sizes int32[] integer(*) Array defining the size of each dimension
SDselect sd_id int32 integer SD interface identifier
int32
(S[fsd ec]t) sds_index int32 integer Position of the data set within thefile
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SDendaccess
[intn] sds id int32 integer Data set identifier
(sfendacc)

SDend
[intn] sd_id int32 integer SD interface identifier
(sfend)

EXAMPLE 1.

Creating an HDF fileand an Empty SDS.

This example illustrates the use of SDstart/sfstart, SDcreate/sfcreate, SDendaccess/sfendacc,
and SDend/sfend to create the HDF file named SDS.hdf, and an empty data set with the name
SDStemplate in thefile.

Note that the Fortran program uses a transformed array to reflect the difference between C and
Fortran internal data storages. When the actual datais written to the data set, SDS.hdf will contain
the same data regardless of the language being used.

C:

#i ncl ude "nf hdf. h"

#define FI LE_NAME " SDS. hdf "

#define SDS_NAMVE " SDSt enpl at e"

#define X _LENGTH 5

#define Y_LENGTH 16

#defi ne RANK 2 /* Nunber of dinensions of the SDS */

nmai n( )

{

[ R KRF R XK KKKk kkkxkxkkkkxkx% \fgriabl @ declarati on *EFFFEFEEE KKK KKK R KKK KKK KK KK [

int32 sd_id, sds_id,; /* SDinterface and data set identifiers */
int32 di msizes[2]; /* sizes of the SDS di mensions */
intn status; /* status returned by some routines; has val ue

SUCCEED or FAIL */

[ A kxR xkxkkkkxkxkxkxxx End of variable declarati on ***xxkxkkkkkkkkkkkkkkkx [

/*

* Create the file and initialize the SD interface.
*/

sd_id = SDstart (FlILE_NAME, DFACC_CREATE);

/*

* Define the dinensions of the array to be created.
*

/

di msizes[0] = Y_LENGTH

di msizes[1] = X_LENGTH,

/*

* (reate the data set with the name defined in SDS_NAME. Note that
* DFNT_INT32 indicates that the SDS data is of type int32. Refer to
* Table 2E for definitions of other types.

*

/

sds_id = SDcreate (sd_id, SDS_NAMVE, DFNT_I NT32, RANK, dimsizes);

/*

* Terminate access to the data set.
*/

status = SDendaccess (sds_id);

/*
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* Terminate access to the SD interface and close the file.

*/
status = SDend (sd_id);

FORTRAN:

OO0

[eNeNe]

C

C*** \/ariable declaration

C

C

C*** End of variable declaration

0O0000 [eNeNe] O000

[eNeNe]

[eNeNe]

program create_SDS
inplicit none

Par anmet er decl arati on.

character*7 FILE _NAVE
character*1l SDS NAME
i nt eger X_LENGTH, Y_LENGTH, RANK
parameter (FILE_NAME =’SDS.hdf,
+ SDS_NAME ='SDStemplate’,
+ X_LENGTH =5,
+ Y_LENGTH = 16,
+ RANK =2)
integer DFACC_CREATE, DFNT_INT32
parameter (DFACC_CREATE =4,
+ DFNT_INT32 = 24)

Function declaration.

integer sfstart, sfcreate, sfendacc, sfend

integer sd_id, sds_id, dim_sizes(2)
integer status

Create the file and initialize the SD interface.
sd_id = sfstart(FILE_NAME, DFACC_CREATE)
Define dimensions of the array to be created.

dim_sizes(1) = X_LENGTH
dim_sizes(2) = Y_LENGTH

Create the array with the name defined in SDS_NAME.
Note that DFNT_INT32 indicates that the SDS data is of type
integer. Refer to Tables 2E and 2l for the definition of other types.

sds_id = sfcreate(sd_id, SDS_NAME, DFNT_INT32, RANK,
dim_sizes)

Terminate access to the data set.
status = sfendacc(sds_id)

Terminate access to the SD interface and close the file.
status = sfend(sd_id)

end
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35

Writing Datato an SDS

An SDS can be written partially or entirely. Partial writing includes writing to a contiguous region
of the SDS and writing to selected locations in the SDS according to patterns defined by the user.
This section describes the routine SDwritedata and how it can write data to part of an SDS or to
an entire SDS. The section aso illustrates the concepts of compressing SDSs and using external
filesto store scientific data.

3.5.1 Writing Datato an SDS Array: SDwritedata

SDwritedata can completely or partidly fill an SDS array or append data along the dimension
that is defined to be of unlimited length (see Section 3.5.1.3 on page 40 for a discussion of unlim-
ited-length dimensions). It can also skip a specified number of SDS array elements between write
operations along each dimension.

To write to an existing SDS, the calling program must contain the following sequence of routine
cals:

C sds_id = Ssel ect (sd_id, sds_index);
status = Dwitedata(sds_id, start, stride, edges, data);

FORTRAN: sds_id = sfsel ect(sd_id, sds_index)
status = sfwdata(sds_id, start, stride, edges, data)
R status = sfwcdata(sds_id, start, stride, edges, data)

To write to a new SDS, simply replace the call SDselect with the call SDcreate, which is
described in Section 3.4.1 on page 26.

SDwritedata takes five arguments. sds_i d, start, stride, edges, and dat a. The argument
sds_i d isthe data set identifier returned by SDcreate or SDselect.

Before proceeding with the description of the remaining arguments, an explanation of the term
hyperdab (or slab, asit will be used in this chapter) isin order. A slabisagroup of SDS array ele-
ments that are stored in consecutive locations. It can be of any size and dimensionality aslong as
it isasubset of the array, which means that a single array element and the entire array can both be
considered slabs. A slab is defined by the multidimensional coordinate of itsinitia vertex and the
lengths of each dimension.

Given this description of the slab concept, the usage of the remaining arguments should become
apparent. The argument st art isaone-dimensional array specifying thelocation in the SDS array
at which the write operation will begin. The values of each element of the array st art arerelative
to 0 in both the C and FORTRAN-77 interfaces. The size of start must be the same as the num-
ber of dimensions in the SDS array. In addition, each valuein st art must be smaller than its cor-
responding SDS array dimension unless the dimension is unlimited. Violating any of these
conditions causes SDwritedata to return FAl L.

The argument stri de is a one-dimensional array specifying, for each dimension, the interval
between values to be written. For example, setting the first element of the array st ri de equal to 1
writes data to every location along the first dimension. Setting the first element of the array
stri de to 2 writes data to every other location along the first dimension. Figure 3b illustrates this
example, where the shading elements are written and the white elements are skipped. If the argu-
ment stride isset to NLL in C (or either 0 or 1 in FORTRAN-77), SDwritedata operates as if
every element of stride contains a value of 1, and a contiguous write is performed. For better
performance, it is recommended that the value of st ri de be defined as NULL (i.e., 0 or 1 in FOR-
TRAN-77) rather than being set to 1.
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The size of the array stri de must be the same as the number of dimensions in the SDS array.
Also, each value in st ri de must be smaller than or equal to its corresponding SDS array dimen-
sion unless the dimension is unlimited. Violating any of these conditions causes SDwritedata to
return FAl L.

FIGURE 3b

An Example of Access Pattern (" Strides")

stride[0] = 2

Array 0 1 2 3 4 5 6 N
Location

The argument edges is a one-dimensional array specifying the length of each dimension of the
slab to be written. If the slab has fewer dimensions than the SDS data set has, the size of edges
must till be equal to the number of dimensionsin the SDS array and all the elements correspond-
ing to the additional dimensions must be set to 1.

Each valuein the array edges must not be larger than the length of the corresponding dimensionin
the SDS data set unless the dimension is unlimited. Attempting to write slabs larger than the size
of the SDS data set will result in an error condition.

In addition, the sum of each value in the array edges and the corresponding value in the st art
array must be smaller than or equal to its corresponding SDS array dimension unless the dimen-
sion isunlimited. Violating any of these conditions causes SDwritedata to return FAI L.

The parameter dat a contains the SDS data to be written. If the SDS array is smaller than the
buffer dat a, the amount of data written will be limited to the maximum size of the SDS array.

Be aware that the mapping between the dimensions of a slab and the order in which the slab val-
ues are stored in memory is different between C and FORTRAN-77. In C, the values are stored
with the assumption that the last dimension of the slab varies fastest (or "row-major order" stor-
age), but in FORTRAN-77 the first dimension varies fastest (or "column-major order" storage).
These storage order conventions can cause some confusion when data written by a C program is
read by a FORTRAN-77 program or vice versa.

There are two FORTRAN-77 versions of this routine: sfwdata and sfwcdata. The routine sfw-
data writes numeric scientific data and sfwcdata writes character scientific data.

SDwritedata returns either a value of SUOCEED (or 0) or FAI L (or - 1). The parameters of this rou-
tine are described in Table 3D.
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TABLE 3D SDwritedata Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
sds_id int32 integer Data set identifier
. . . Array containing the position at which the
start int321] integer(*) write will start for each dimension
Array specifying the interval between the
SDwritedata stride int32] integer(*) values that will be read along each dimen-
[intn] sion
vafcjizf(z; Array containing the number of data ele-
edges int32[] integer(*) ments that will be written along each dimen-
sion
<valid numeric data
data VOIDP type>(*)/ Buffer for the data to be written
character* (*)
3.5.1.1 Fillingan Entire Array
Filling an array is a simple slab operation where the slab begins at the origin of the SDS array and
fillsevery location in the array. SDwritedata fills an entire SDS array with datawhen all elements
of the array start are set to 0, the argument stri de isset equal to NULL in C or each element of
the array stride isset to 1 in both C and FORTRAN-77, and each element of the array edges is
equal to the length of each dimension.
EXAMPLE 2. Writing to an SDS.
This example illustrates the use of the routines SDselect/sfselect and SDwritedata/sfwrite to
select the first SDSin the file SDS.hdf created in Example 1 and to write actual datato it.
C:
#i ncl ude "nf hdf. h"
#define FILE_NAME " SDS. hdf "
#defi ne X_LENGTH 5
#define Y_LENGTH 16
mai n( )
{
/************************* Varl abl e decl al‘atl On **************************/
int32 sd_id, sds_id, sds_index;
intn status;
int32 start[2], edges[2];
int32 data[ Y_LENGTH| [ X_LENGTH] ;
int i, j;
/********************* End Of Val’lab|e deCI aratlon ***********************/
/ *
* Data set data initialization.
*/
for (j =0; j < Y_LENGTH j++) {
for (i = 0; i < X LENGTH; i++)
data[j][i] = (i +]) + 1
}
/ *
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* Open the file and initialize the SD interface.
*/
sd_id = Shstart (FI LE_NAVE, DFACC WR TE);

/*

* Attach to the first data set.

*/

sds_i ndex = 0;

sds_id = Shsel ect (sd_id, sds_index);

/*
* Define the location and size of the data to be witten to the data set.
*/

start[ 0]
start[1]
edges| 0]
edges[ 1]

LENGTH,

0
0
Y_LENGTH,
X

*

* Wite the stored data to the data set. The third argunent is set to NULL
* to specify contiguous data el enents. The | ast argunent nust

* be explicitly cast to a generic pointer since SDmitedata is designed

* to wite generic data.

*/

status = SDmitedata (sds_id, start, NULL, edges, (VO DP)data);

/*

* Terminate access to the data set.
*/

status = SDendaccess (sds_id);

/ *
* Terminate access to the SDinterface and close the file.
*/
status = SDend (sd_id);
}
FORTRAN:
program wite_data
inplicit none
C
C Par anmet er decl arati on.
C
character*7 FILE_NAME
character*1l SDS NAME
i nt eger X_LENGTH, Y_LENGTH, RANK
parameter (FILE_NAME ='SDS.hdf,
+ SDS_NAME ='SDStemplate’,
+ X_LENGTH =5,
+ Y_LENGTH =16,
+ RANK =2)
integer DFACC_WRITE, DFNT_INT32
parameter (DFACC_WRITE =2,
+ DFNT_INT32 = 24)
C
C Function declaration.
C
integer sfstart, sfselect, sfwdata, sfendacc, sfend
C
C*** \/ariable declaration
C
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integer sd_id, sds_id, sds_index, status
integer start(2), edges(2), stride(2)
integer i, j

i nteger data(X _LENGTH, Y_LENGTH)

C
Ck*** End Of Var'able decl aratl on EE R R R RS R SRR EE SRR SRR R EEEEEEEEEEEESES
C
C
C Data set data initialization.
C
do 20 j =1, Y_LENGIH
do 10 i = 1, X LENGTH
data(i, j) =i +j -1
10 conti nue
20 conti nue
C
C pen the file and initialize the SD interface.
C
sd_id = sfstart(Fl LE_NAME, DFACC WRI TE)
C
C Attach to the first data set.
C
sds_index = 0
sds_id = sfselect(sd_id, sds_index)
C
C Define the location and size of the data to be witten
C to the data set. Note that setting values of the array stride to 1
C specifies the contiguous witing of data.
C
start(1l) =0
start(2) =0
edges(1) = X LENGTH
edges(2) = Y_LENGIH
stride(l) =1
stride(2) =1
C
C Wite the stored data to the data set naned in SDS_NAME.
C Note that the routine sfwdata is used instead of sfwcdata
C to wite the nuneric data.
C
status = sfwdata(sds_id, start, stride, edges, data)
C
C Termi nate access to the data set.
C
status = sfendacc(sds_id)
C
C Term nate access to the SD interface and close the file.
C

status = sfend(sd_id)

end
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3.5.1.2 Writing Slabsto an SDS Array

To alow preexisting data to be modified, the HDF library does not prevent SDwritedata from
overwriting one slab with another. As a result, the calling program is responsible for managing
any overlap when writing slabs. The HDF library will issue an error if aslab extends past the valid
boundaries of the SDS array. However, appending data along an unlimited dimension is allowed.

EXAMPLE 3.

Writing a Slab of Data to an SDS.

This example shows how to fill a 3-dimensional SDS array with data by writing series of 2-
dimensional slabsto it.

C:

#i ncl ude "nf hdf. h"

#define FILE_NAME " SLABS. hdf "
#define SDS_NAMVE "Fi |l edBySl abs"
#define X _LENGTH 4

#define Y_LENGTH 5

#define Z_LENGTH 6

#defi ne RANK 3

mai n( )

{

[ R KF R KKKk Rk kkkkkxkkkkxkx% \fgriabl @ declarati on FEFrFERFEEE KKK KKK R KKK KKK KK KK [

nt32 sd_id, sds_id;

ntn status;

nt 32 dimsizes[3], start[3], edges[3];
nt 32 data[ Z LENGTH] [ Y_LENGTH| [ X_LENGTH] ;
nt 32 zx_dat a[ Z_LENGTH] [ X_LENGTH] ;

i
i
i
i
i
int i, j, k;

[ xFEkx kxR xSk kkkxkxkxkxxx End of variable declarati on ***xxkxkkkkkkkkkkkkkkkx [

/*
* Data initialization.
*/
for (k = 0; k < Z LENGTH, k++)
for (j = 0; j < Y_LENGTH, j++)
for (i =0; i < X_LENGIH, i++)
data[KJ[j][i] = (i +1) +(j +1) + (k +1);

/*

* Oreate the file and initialize the SDinterface.
*/

sd_id = SDstart (FILE _NAVE, DFACC CREATE);

/*
* Define dinmensions of the array to be created.
*/

di msizes[0] = Z_LENGTH,
di msizes[1l] = Y_LENGTH
di msizes[2] = X_LENGTH,

/*
* Create the array with the name defined in SDS_NAME
*
/

sds_id = SDcreate (sd_id, SDS _NAVE, DFNT_I NT32, RANK, dimsizes);

/*
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* Set the paraneters start and edges to wite

* a 6x4 element slab of data to the data set; note

* that edges[1] is set to 1 to define a 2-di nensional slab

* parallel to the ZX plane.

* start[1] (slab position in the array) is initialized inside
* the for |oop.

*/
edges[ 0] = Z LENGTH;
edges[ 1] = 1;

edges[ 2] = X _LENGTH;
start[0] = start[2] = O;
for (j =0; j < Y_LENGTH j++)

{
start[1] =j;
/*
* Initialize zx_data buffer (data slab).
*/
for ( k = 0; k < Z LENGTH, k++)
{
for (i =0; i < X LENGTH i++)
{
zx_data[K][i] = data[k][j][i];
}
}
/*

* Wite the data slab into the SDS array defined in SDS_NAME.

* Note that the 3rd paraneter is NULL which indicates that consecutive

* slabs inthe Y direction are witten.
*/

status = SDmitedata (sds_id, start, NULL, edges, (VO DP)zx_data);

}

/*

* Term nate access to the data set.
*/

status = SDendaccess (sds_id);

/*

* Terminate access to the SD interface and close the file.
*/

status = SDend (sd_id);

FORTRAN:

program wite_slab
inplicit none

Par anet er decl arati on.

OO0

character*9 FILE NAVE
character*13 SDS_NAME
i nt eger X_LENGTH, Y_LENGTH, Z LENGTH, RANK
parameter (FILE_NAME =’SLABS.hdf,
SDS_NAME = "FilledBySlabs’,
X_LENGTH =4,
Y_LENGTH =5,
Z_LENGTH =6,
RANK =3)
integer DFACC_CREATE, DFNT_INT32
parameter (DFACC_CREATE =4,

+ 4+ + + +
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+ DFNT_I NT32 = 24)
Cc
C Functi on decl arati on.
Cc

integer sfstart, sfcreate, sfwdata, sfendacc, sfend
gk*** Val’l abl e decl al'atl on EEEE RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEE]
Cc

integer sd_id, sds_id

i nteger dimsizes(3), start(3), edges(3), stride(3)

integer i, j, k, status

i nteger data(X _LENGTH, Y_LENGTH, Z LENGTH)

i nteger xz_data(X _LENGTH, Z_LENGTH)
gk*** End Of Var'able dE‘C| aratl on EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES
Cc
Cc
C Data initialization.
c

do 30 k = 1, Z_LENGTH

do 20 j = 1, Y_LENGTH
do 10 i = 1, X _LENGTH
data(i, j, k) =i +j +k

10 conti nue
20 conti nue
30 conti nue
Cc
C Create the file and initialize the SDinterface.
Cc

sd_id = sfstart(FI LE_NAVE, DFACC CREATE)
C
C Defi ne di nensions of the array to be created.
C

di msizes(1l) = X_LENGTH

di msizes(2) = Y_LENGTH

di m si zes(3) = Z _LENGTH
Cc
C Create the data set with the nane defined in SDS_NAME
C

sds_id = sfcreate(sd_id, SDS NAMVE, DFNT_I NT32, RANK,

di m si zes)

C
C Set the paraneters start and edges to wite
C a 4x6 el ement slab of data to the data set;
C note that edges(2) is set to 1 to define a 2 dinensional slab
C parallel to the XZ plane;
C start(2) (slab position in the array) is initialized inside the
C for |oop.
Cc

edges(1) = X LENGTH

edges(2) =1

edges(3) = Z_LENGTH

start(1l) =0

start(3) =0

stride(l) =1

stride(2) =1

stride(3) =1

do 60 j =1, Y_LENGTH

start(2) =j - 1

Cc
C Initialize the buffer xz_data (data sl ab).
o
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do 50 k = 1, Z LENGIH

do 40 i =1, X LENGIH
xz_data(i, k) = data(i, j, k)
conti nue

conti nue

Note that the elements of array stride are set to 1 to

40

50

C

C Wite the data slab into SDS array defined in SDS_NAME.

C

C specify that the consecutive slabs in the Y direction are witten.
C

status = sfwdata(sds_id, start, stride, edges, xz_data)

60 conti nue
C
C Termi nate access to the data set.
C
status = sfendacc(sds_id)
C
C Term nate access to the SD interface and close the file.
C

status = sfend(sd_id)

end

EXAMPLE 4.

Altering Valueswithin an SDS Array.

This example demonstrates how the routine SDwritedata can be used to alter the values of the
elements in the 10th and 11th rows, at the 2nd column, in the SDS array created in the Example 1
and written in Example 2. FORTRAN-77 routine sfwdata is used to ater the elementsin the 2nd
row, 10th and 11th columns, to reflect the difference between C and Fortran internal storage.

C:

#i ncl ude "nf hdf. h"

#define FI LE_NANE " SDS. hdf "
mai n( )
{

[ R KRF R KKKk Rk kkkkkxkkkkxkx% \/griabl @ declarati on *EFrFERFEEE KKK KKK KK KKK KKK KKK [

int32 sd_id, sds_id, sds_index;
intn status;

int32 start[2], edges[2];

int32 new data[ 2];

int i, s

/********************* End Of Val’lab|e deCI al’atl on ***********************/
/*

* Open the file and initialize the SDinterface with wite access.

*/

sd_id = SDstart (FILE_NAVE, DFACC WR TE);

/*

* Select the first data set.

*/

sds_i ndex = 0;

sds_id = Sbhsel ect (sd_id, sds_index);

/-k
* Set up the start and edge paraneters to wite new el ement val ues
* into 10th row, 2nd colum place, and 11th row, 2nd col um pl ace.

3-38

November 7, 2001



HDF User’s Guide

*
/
start[0] = 9; /* starting at 10th row */
start[1] = 1; /* starting at 2nd col um */
edges[ 0] = 2; /* rows 10th and 11th */
edges[ 1] = 1, /* colum 2nd only */
/*
* Initialize buffer with the new values to be witten.
*/
new data[ 0] = new data[1] = 1000;
/*
* Wite the new val ues.
*

/

status = SDmitedata (sds_id, start, NULL, edges, (VO DP)new data);

/*

* Term nate access to the data set.
*/

status = SDendaccess (sds_id);

/*

* Terminate access to the SD interface and close the file.
*/

status = SDend (sd_id);

FORTRAN:

program alter_data
inplicit none

Par anet er decl arati on.

OO0

character*7 FILE _NAVE

i nt eger DFACC_WR TE
parameter (FILE_NAME =’SDS.hdf,
+ DFACC_WRITE = 2)

Function declaration.

[eNeNe]

integer sfstart, sfselect, sfwdata, sfendacc, sfend
C
C**** \ariable declaration
C

integer sd_id, sds_id, sds_index
integer start(2), edges(2), stride(2)
integer status
integer new_data(2)
c
C*** End of variable declaration
C

Open the file and initialize the SD interface.

[eNeNe]

sd_id = sfstart(FILE_NAME, DFACC_WRITE)

Select the first data set.

[eNeNe]

sds_index =0
sds_id = sfselect(sd_id, sds_index)
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Initialize the start, edge, and stride parameters to wite
two elenents into 2nd row, 10th colum and 11th col umm pl aces.

Specify 2nd row.

O00000

start(1l) =1

Specify 10th col um.

OO0

start(2)
edges(1)

9
1

Two el enents are witten along 2nd row.

[eNeNe]

edges(2) = 2
stride(l) =1
stride(2) =1

Initialize the new values to be witten.

[eNeNe]

1000
1000

new_dat a( 1)
new_dat a( 2)

Wite the new val ues.

[eNeNe]

status = sfwdata(sds_id, start, stride, edges, new data)

Termi nate access to the data set.

[eNeNe]

status = sfendacc(sds_id)

Term nate access to the SD interface and close the file.

OO0

status = sfend(sd_id)

end

3.5.1.3 Appending Datato an SDS Array along an Unlimited Dimension

An SDS array can be made appendable, however, only along one dimension. This dimension must
be specified as an appendable dimension when it is created.

In C, only the first element of the SDcreate parameter di m si zes (i.e., the dimension of the low-
est rank or the slowest-changing dimension) can be assigned the value SO UNLI M TED (or 0) to
make the first dimension unlimited. In FORTRAN-77, only thel ast dimension (i.e., the dimen-
sion of the highest rank or the slowest-changing dimension) can be unlimited. In other words, in
FORTRAN-77 di m si zes(rank) must be set to the value SD UNLI M TEDto make the last dimen-
sion appendable.

To append data to a data set without overwriting previously-written data, the user must specify the
appropriate coordinates in the st art parameter of the SDwritedata routine. For example, if 15
data elements have been written to an unlimited dimension, appending data to the array requires a
start coordinate of 15. Specifying a starting coordinate less than the current number of elements
written to the unlimited dimension will result in data being overwritten. In either case, al of the
coordinates in the array except the one corresponding to the unlimited dimension must be equal to
or less than the lengths of their corresponding dimensions.

Any time an unlimited dimension is appended to, the HDF library will automatically adjust the
dimension record to the new length. If the newly-appended data begins beyond the previous
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length of the dimension, the locations between the old data and the beginning of the newly-
appended data are initialized to the assigned fill value if there is one defined by the user, or the
default fill value if none is defined. Refer to Section 3.10.5 on page 101 for a discussion of fill
value.

3.5.1.4 Determining whether an SDS Array is Appendable: SDisrecord

SDisrecord determines whether the data set identified by the parameter sds_i d is appendable,
which means that the slowest-changing dimension of the SDS array is declared unlimited when
the data set is created. The syntax of SDisrecord is asfollows:

C status = SO srecord(sds_id);
FORTRAN:  status = sfisrcrd(sds_id)

SDisrecord returns TRUE (or 1) when the data set specified by sds_i d is appendable and FALSE (or
0) otherwise. The parameter of thisroutineis defined in Table 3E.

TABLE 3E SDisrecord Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
SDisrecord
[int32] sds_id int32 integer Data set identifier
(sfisrerd)
3.5.1.5 Setting the Block Size: SDsetblocksize
SDsetblocksize sets the size of the blocks used for storing the data for unlimited dimension data
sets. Thisis used only when creating new data sets; it does not have any affect on existing data
sets. The syntax of thisroutineis as follows:
C status = SDset bl ocksi ze(sds_id, bl ock_si ze);
FORTRAN:  status = sfshlsz(sds_id, block_size)
SDsetblocksize must be called after SDcreate or SDselect and before SDwritedata. The parame-
ter bl ock_si ze should be set to a multiple of the desired buffer size.
SDsetblocksize returns a value of SUCCEED (or 0) or FAIL (or -1). Its parameters are further
described in Table 3F.
TABLE 3F SDsetblocksize Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
SDsetblocksize sds id int32 integer Data set identifier
(S[flgjtrslz) block_size int32 integer Block size
EXAMPLES. Appending Data to an SDS Array with an Unlimited Dimension.

This example creates a 10x10 SDS array with one unlimited dimension and writes data to it. The
file is reopened and the routine SDisrecord/sfisrcrd is used to determine whether the selected
SDS array is appendable. Then new data is appended, starting at the 11th row.
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#i ncl ude "nf hdf. h"

#defi ne FI LE_NAME " SDSUNLI M TED. hdf "
#define SDS_NAMVE " Appendabl eDat a"
#defi ne X_LENGTH 10

#define Y_LENGTH 10

#defi ne RANK 2

nmai n( )

{

[ R KRF R KKKk Rk kkkxkxkkkkxkx% \fgriabl @ declarati on FEFrFEFEEE KKK K KKK KKK KKK KK KK [

int32 sd_id, sds_id, sds_index;

intn status;

int32 di msizes[2];

int32 data[ Y_LENGTH] [ X_LENGTH, append_dat a[ X_LENGTH] ;
int32 start[2], edges[2];

int i, s

[ A kxR xR xSk kK kxkxkxkxxx End of variable declarati on ***Fxkxkkkkkkkkkkkkkkkx [

/*

* Data initialization.

*/

for (j =0; j < Y_LENGTH |++)

{

for (i = 0; i < X LENGTH; i++)
data[jJ[i] = (i + 1) +(j +1);

}

/*

* Oreate the file and initialize the SDinterface.
*/

sd_id = SDstart (FILE _NAVE, DFACC CREATE);

/*

* Define dinmensions of the array. Make the first di nension
* appendabl e by defining its length to be unlimted.

*/

di m si zes[ 0] SD UNLI M TED;

di msi zes[1] = X_LENGTH,

/*

* Create the array data set.

*/

sds_id = SDcreate (sd_id, SDS _NAVE, DFNT_I NT32, RANK, dimsizes);

/*

* Define the location and the size of the data to be witten
* to the data set.

*/

start[0] = start[1] = O;

edges[ 0] = Y_LENGTH;

edges[ 1] = X _LENGTH;

/*

* Wite the data.

*/

status = SDmitedata (sds_id, start, NULL, edges, (VO DP)data);

/*
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* Terminate access to the array data set, term nate access
* to the SDinterface, and close the file.

*/

status = SDendaccess (sds_id);

status = SDend (sd_id);

/*
* Store the array values to be appended to the data set.
*/
for (i =0; i < X LENGTH i++)
append_data[i] = 1000 + i;
/*
* Reopen the file and initialize the SD interface.
*/
sd_id = SDstart (FILE_NAME, DFACC WR TE);
/*
* Select the first data set.
*
/

sds_i ndex = 0;
sds_id = Sbhsel ect (sd_id, sds_index);

/*

* Check if selected SDSis unlimted. If it is not, then term nate access
* to the SDinterface and close the file.

*/

if ( SDsrecord (sds_id) )

{

/-k

* Define the location of the append to start at the first colum
* of the 11th row of the data set and to stop at the end of the
* eleventh row

*/

start[0] = Y_LENGTH;

start[1] = 0;

edges[ 0] = 1,

edges[ 1] = X LENGTH;

/*

* Append data to the data set.

*/

status = SDmitedata (sds_id, start, NULL, edges, (VO DP)append_data);
}

/*

* Terminate access to the data set.
*/

status = SDendaccess (sds_id);

/*

* Terminate access to the SD interface and close the file.
*/

status = SDend (sd_id);

FORTRAN:

pr ogr am append_sds
inplicit none

C Par anet er decl arati on.
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character*16 FI LE NAMVE
character*14 SDS_NAME
i nt eger X _LENGTH, Y_LENGTH, RANK
parameter (FILE_NAME = 'SDSUNLIMITED.hdf,
+ SDS_NAME = 'AppendableData’,
+ X_LENGTH = 10,
+ Y_LENGTH = 10,
+ RANK =2)
integer  DFACC_CREATE, DFACC_WRITE, SD_UNLIMITED,
+ DFNT_INT32
parameter (DFACC_CREATE =4,
+ DFACC_WRITE =2,
+ SD_UNLIMITED =0,
+ DFNT_INT32 = 24)
Cc
C  Function declaration.
C
integer sfstart, sfcreate, sfwdata, sfselect
integer sfendacc, sfend
C
C*** \/ariable declaration
Cc

integer sd_id, sds_id, sds_index, status

integer dim_sizes(2)

integer start(2), edges(2), stride(2)

integer i, j

integer data (X_LENGTH, Y_LENGTH), append_data(X_LENGTH)
Cc
C*** End of variable declaration

Data initialization.

O000

do20j=1,Y_LENGTH
do10i=1, X LENGTH
data(i, ) =i+]j
10  continue
20 continue

C Create the file and initialize the SD interface.
sd_id = sfstart(FILE_NAME, DFACC_CREATE)

c

C Define dimensions of the array. Make the

C last dimension appendable by defining its length as unlimited.
Cc

dim_sizes(1) = X_LENGTH
dim_sizes(2) = SD_UNLIMITED

C Create the array data set.
sds_id = sfcreate(sd_id, SDS_NAME, DFNT_INT32, RANK,
dim_sizes)

Define the location and the size of the data to be written
to the data set. Note that the elements of array stride are
set to 1 for contiguous writing.

O0000

start(1) =0

start(2) =0

edges(1) = X_LENGTH
edges(2) = Y_LENGTH
stride(1) =1
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stride(2) =1

Cc
C Wite the data.
Cc
status = sfwdata(sds_id, start, stride, edges, data)
C
C Term nate access to the data set, terminate access
C to the SDinterface, and close the file.
C
status = sfendacc(sds_id)
status = sfend(sd_id)
C
C Store the array val ues to be appended to the data set.
Cc
do 30 i =1, X LENGTH
append_data(i) = 1000 +i - 1
30 conti nue
C
C Reopen the file and initialize the SD
Cc
sd_id = sfstart(Fl LE_NAME, DFACC_WRI TE)
Cc
C Sel ect the first data set.
Cc
sds_index = 0
sds_id = sfselect(sd_id, sds_index)
Cc
C Define the | ocation of the append to start at the 11th
C colum of the 1st row and to stop at the end of the 10th row
C
start(1l) =0
start(2) = Y_LENGIH
edges(1) = X LENGTH
edges(2) =1
Cc
C Append the data to the data set.
Cc
status = sfwdata(sds_id, start, stride, edges, append_data)
C
C Term nate access to the data set.
Cc
status = sfendacc(sds_id)
o
C Term nate access to the SD interface and close the file.
C

status = sfend(sd_id)

end

3.5.2 Compressing SDS Data: SDsetcompress

The SDsetcompr ess routine compresses an existing data set or creates a new compressed data set.
It is a simplified interface to the HCcreate routine, and should be used instead of HCcreate
unless the user is familiar with the lower-level routines.
The compression algorithms currently supported by SDsetcompress are:

+ Adaptive Huffman

- GZIP"deflation" (Lempel/Ziv-77 dictionary coder)

- Run-length encoding
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In the future, the following algorithms may be included: Lempel/Ziv-78 dictionary coding, an
arithmetic coder, and a faster Huffman algorithm.

The syntax of the routine SDsetcompressisasfollows:
C status = SDset conpress(sds_id, conp_type, & info);

FORTRAN:  status = sfsconpress(sds_id, conp_type, conp_prm)

The parameter conp_t ype specifies the compression type definition and is set to COWP_ODE R E
(or 1) for run-length encoding (RLE), QOMP_OXE SKPHUFF (or 3) for Skipping Huffman,
QOOMP_QCDE_DEFLATE (or 4) for GZIP compression, or COMP_ODE _NONE (or 0) for no compression.

Compression information is specified by the parameter c_info in C, and by the parameter
conp_pr min FORTRAN-77. The parameter c_i nfo iS a pointer to a union structure of type
conp_i nfo. (Refer tothe SDsetcompress entry inthe HDF Reference Manual for the description
of the conp_i nf o structure.) If conp_t ype is set to COMP_CODE_ NONE or COMP_QDE_RLE, the param-
eters c_i nf o and conp_pr mare not used; c_i nf o can be set to NLLL and conp_pr mcan be unde-
fined. If conp_type is set to GOMP_QXE SKPHUFF, then the structure skphuff in the union
conp_i nfo in C (conp_prn{1) in FORTRAN-77) must be provided with the size, in bytes, of the
data elements. If it is set to GOMP_QCDE_DEFLATE, the deflate structure in the union conp_i nfo in C
(conp_prn( 1) in FORTRAN-77) must be provided with the information about the compression
effort.

For example, to compress signed 16-hit integer data using the adaptive Huffman algorithm, the
following definition and SDsetcompress call are used.

C conp_info c_info;
c_info. skphuff.skp_size = sizeof (i nt16);
status = Iset conpress(sds_i d, CMP_CIE KPHFF, & _info);

FORTRAN:  conp_prnfl) =2
GOWP_QE SKPHUFF = 3
status = sfsconpress(sds_id, GOMP_GIE SKPHUHF, conp_prn)

To compress a data set using the gzip deflation algorithm with the maximum effort specified, the
following definition and SDsetcompress call are used.

C conp_info c_info;
c_info.defl ate.level =9;
stat us = Sset conpress(sds_i d, COMP_CXE DELATE, &c_info);

FORTRAN: conp_prnfl) =9
QOMP_OCE DEFLATE = 4
status = sfsconpress(sds_id, GOMP_GXIE CEALATE, conp_prn)

SDsetcompress functionality is currently limited to the following:

Write the compressed data, in its entirety, to the data set. The data set is built in-core then
written in a single write operation.

Append to a compressed data set. The data of the data set is read into memory, appended
with data along the unlimited dimension, then compressed and written back to the data set.

The existing compression algorithms supported by HDF do not allow partial modification to a
compressed datastream. Overwriting the contents of existing data sets may be supported in the
future. Note also that SDsetcompr ess performs the compression of the data, not SDwritedata.
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SDsetcompress returns a value of SUOCEED (or 0) or FAI L (or - 1). The C version parameters are
further described in Table 3G and the FORTRAN-77 version parameters are further described in

Table 3H.

Note: Compressed data sets cannot be stored in external files (see Section 3.5.3). ‘

TABLE 3G SDsetcompress Parameter List
i Parameter Type
Routine Name I
[Return Type] Parameter c Description
SDsetcompress sds id int32 Data set identifier
[intn] comp_type int32 Compression method
c_info comp_info* Pointer to compression information structure
TABLE 3H sfscompr ess Parameter List
f Parameter Type
RELHmSINETIE Parameter Description
FORTRAN-77
sds id integer Data set identifier
sfscompress comp_type integer Compression method
comp_prm integer(*) Compression parameters array
EXAMPLE 6. Compressing SDS Data.

This exampl e uses the routine SDsetcompr ess/sfscompress to compress SDS data with the GZIP
compression method. See comments in the program regarding the use of the Skipping Huffman or

RL E compression methods.

C:
#i ncl ude "nf hdf . h"

#define FI LE_NAME

#define SDS_NAMVE " SDSgzi p"
#define X_LENGTH 5
#define Y_LENGTH 16

#defi ne RANK 2

nmai n( )

{

" SDSconpr essed. hdf "

/************************* Val'l abl e decl al’atl on **************************/

i nt 32 sd_id, sds_id, sds_index;
intn st at us;
i nt 32 conp_type; /* Conpression flag */

conp_info c_info; /* Conpression structure */

int32 start[2], edges[2], dimsizes[2];
i nt 32 dat a[ Y_LENGTH| [ X_LENGTH] ;
i nt i, s

[ xF kxR xR xSk kkkxkxkxkxxx End of variable declarati on ***xxkxkxkkkkkkkkkkkkkx [

/*

* Buffer array data and define array di mensions.

*/

for (j =0; j < Y_LENGTH j++)

{
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for (i = 0; i < X LENGTH, i++)
data[j][i] = (i +]) + 1,

}
di msizes[0] = Y_LENGTH,
di msizes[1] = X_LENGTH,

/*

* Oreate the file and initialize the SDinterface.
*/

sd_id = SDstart (FILE_NAVE, DFACC CREATE);

/*

* (Oreate the data set with the name defined in SDS_NAME

*/

sds_id = SDcreate (sd_id, SDS _NAVE, DFNT_I NT32, RANK, dimsizes);

/*
* Ininitialize conpression structure el ement and conpression
* flag for &ZI P conpression and cal |l SDsetconpress.

* To use the Skipping Huf f man conpression nmethod, initialize
* conp_type = COVP_CODE_SKPHUFF
* c_i nfo. skphuf f.skp_si ze = val ue

* To use the RLE conpression nethod, initialize

* conp_type = COVP_CODE_RLE

* No structure el enent needs to be initialized.
*

/

conp_type = COVP_CCODE_DEFLATE;

c_info.deflate.l evel = 6;

status = SDsetconpress (sds_id, conp_type, &c_info);

/*
* Define the location and size of the data set
* to be witten to the file.

*/
start[0] =
start[1]
edges[ 0]
edges[ 1]

0
0
Y_LENGTH,
X

LENGTH,

/*

* Wite the stored data to the data set. The |ast argunent

* must be explicitly cast to a generic pointer since SDwitedata
* is designed to wite generic data.

*/

status = SDmitedata (sds_id, start, NULL, edges, (VO DP)data);

/*

* Termi nate access to the data set.
*/

status = SDendaccess (sds_id);

/*

* Terminate access to the SDinterface and close the file.
*/

status = SDend (sd_id);
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FORTRAN:
program wite_conpressed_data
inplicit none
c
C Par anet er decl arati on.
Cc
character*17 FILE _NAME
character*7  SDS_NAME
i nt eger X_LENGTH, Y_LENGTH, RANK
parameter (FILE_NAME ='SDScompressed.hdf’,
+ SDS_NAME ='SDSgzip’,
+ X_LENGTH =5,
+ Y_LENGTH =16,
+ RANK =2)

integer  DFACC_CREATE, DFNT_INT32
parameter (DFACC_CREATE =4,

+ DFNT_INT32 =24)

integer  COMP_CODE_DEFLATE

parameter (COMP_CODE_DEFLATE =4)

integer  DEFLATE_LEVEL

parameter (DEFLATE_LEVEL = 6)

C To use Skipping Huffman compression method, declare
C integer COMP_CODE_SKPHUFF

C parameter(COMP_CODE_SKPHUFF = 3)

C To use RLE compression method, declare

C integer COMP_CODE_RLE

C parameter(COMP_CODE_RLE =1)

Cc
C
Cc
Cc

Function declaration.

integer sfstart, sfcreate, sfwdata, sfendacc, sfend,
+ sfscompress
C
C*** Variable declaration
C

integer sd_id, sds_id, status
integer start(2), edges(2), stride(2), dim_sizes(2)
integer comp_type
integer comp_prm(1)
integer data(X_LENGTH, Y_LENGTH)
integer i,

C

C*** End of variable declaration

Buffer array data and define array dimensions.

O000

do20j=1,Y_LENGTH
do10i=1, X_LENGTH
data(j, ) =i+j-1
10 continue
20 continue
dim_sizes(1) = X_LENGTH
dim_sizes(2) = Y_LENGTH

Open the file and initialize the SD interface.

[eNeNe]

sd_id = sfstart(FILE_NAME, DFACC_CREATE)

Create the data set with the name SDS_NAME.

[eNeNe]
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sds_id = sfcreate(sd_id, SDS _NAME, DFNT_INT32, RANK, dimsizes)

Initialize conpression paraneter (deflate |evel)

and call sfsconpress function

For Ski ppi ng Huf f man conpression, conp_prn(1) shoul d be set
to skipping sizes val ue (skp_size).

O00000

COVP_CCDE_DEFLATE
defl ate_| evel
sfsconpress(sds_id, conp_type, conp_prn(1))

conp_t ype
conp_pr n( 1)
status

Define the location and size of the data that will be witten to
the data set.

O000

start (1)
start(2)
edges(1)
edges(2)
stride(l)
stride(2)

Wite the stored data to the data set.

[eNeNe]

status = sfwdata(sds_id, start, stride, edges, data)

Terminate access to the data set.

[eNeNe]

status = sfendacc(sds_id)

Term nate access to the SD interface and close the file.

OO0

status = sfend(sd_id)

end

3.5.3 External File Operations

The HDF library provides routines to store SDS arrays in an external file that is separate from the
primary file containing the metadata for the array. Such an SDS array is caled an external SDS
array. With external arrays, it is possibleto link data setsin the same HDF file to multiple external
files or data sets in different HDF files to the same external file.

Externa arrays are functionally identical to arraysin the primary datafile. The HDF library keeps
track of the beginning of the data set and adds data at the appropriate position in the external file.
When datais written or appended along a specified dimension, the HDF library writes along that
dimension in the external file and updates the appropriate dimension record in the primary file.

There are two methods for creating external SDS arrays. The user can create a new data set in an
external file or move data from an existing internal data set to an external file. In either case, only
the array values are stored externally, all metadata remains in the primary HDF file.

When an externa array is created, a sufficient amount of space is reserved in the externa file for
the entire data set. The data set will begin at the specified byte offset and extend the length of the
data set. The write operation will overwrite the target locations in the externa file. The externa
file may be of any format, provided the data types, byte ordering, and dimension ordering are sup-
ported by HDF. However, the primary file must be an HDF file.
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Routines for manipulating external SDS arrays can only be used with HDF files. Unidata-format-
ted netCDF files are not supported by these routines.

| Note: Compressed data sets (see Section 3.5.2) cannot be stored in external files.

3.5.3.1 Specifying the Directory Search Path of an External File: HXsetdir
There are three filesystem locations the HDF external file routines check when determining the
location of an external file. They are, in order of search precedence:

1. Thedirectory path specified by the last call to the HXsetdir routine.

2. Thedirectory path specified by the $SHDFEXTDIR shell environment variable.

3. Thefile system locations searched by the standard open(3) routine.

The syntax of HXsetdir isasfollows:
C status = Hxsetdir(dir_list);
FORTRAN: status = hxisdir(dir_list, dir_|length)

HXsetdir has one argument, a string specifying the directory list to be searched. Thislist can con-
sist of one directory name or a set of directory names separated by colons. The FORTRAN-77
version of this routine takes an additional argument, di r _| engt h, which specifies the length of
the directory list string.

If an error condition is encountered, HXsetdir leaves the directory search path unchanged. The
directory search path specified by HXsetdir remains in effect throughout the scope of the calling

program.

HXsetdir returns a value of SUGCEED (or 0) or FAIL (or -1). The parameters of HXsetdir are
described in Table 31 on page 52.

3.5.3.2 Specifying the L ocation of the Next External Fileto be Created: HXsetcreatedir

HXsetcreatedir specifies the directory location of the next externa file to be created. It overrides
the directory location specified by $HDFEXTCREATEDIR and the locations searched by the
open(3) call in the same manner as HXsetdir. Specifically, the search precedenceis:

1. Thedirectory specified by the last call to the HX setcreatedir routine.
2. Thedirectory specified by the SHDFEXTCREATEDIR shell environment variable.
3. Thelocations searched by the standard open(3) routine.

The syntax of HXsetcreatedir isasfollows:
C status = HXsetcreatedir(dir);
FORTRAN. status = hxiscdir(dir, dir_length)

HXsetcreatedir has one argument, the directory location of the next external file to be created.
The FORTRAN-77 version of this routine takes an additional argument, di r_| engt h, which spec-
ifies the length of the directory list string. If an error is encountered, the directory location is left
unchanged.

HXsetcreatedir returns a value of SUCCEED (or 0) or FAI L (or - 1). The parameters of HXsetcre-
atedir are described in Table 3l.
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TABLE 3l

HXsetdir and HXsetcreatedir Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77

HXsetdir dir_list char * character* (*) Directory list to be searched

intn]
(h[xisd?r) dir_length Not applicable integer Length of thedi r _l i st string

HXsetcreatedir dir char * character* () Directory location of the next external file to be cre-
[intn] ated

(hxiscdir) dir_length Not applicable integer Length of thedi r string

3.5.3.3 Creating a Data Set with Data Stored in an External File: SDsetexternalfile

Creating adata set in an external file involves the following steps:
1. Create the data set.
2. Specify that an external datafile isto be used.
3. Write datato the data set.
4. Terminate access to the data set.

To create a data set with data stored in an external file, the calling program must make the follow-
ing calls.

C sds_id = Sxreate(sd id, nane, data type, rank, dimsizes);
status = Isetexternal file(sds_id, filenane, offset);
status = Dwitedata(sds_id, start, stride, edges, data);
stat us = Sendaccess(sds_i d);

FORTRAN: sds id = sfcreate(sd id, nane, data type, rank, di msizes)
status = sfsextf(sds_id, filenane, offset)

status = sfwdata(sds_id, start, stride, edges, data)
R status = sfwcdata(sds_id, start, stride, edges, data)

status = sfendacc(sds_i d)

For anewly-created data set, SDsetexter nalfile marks the SDSidentified by sds_i d as one whose
dataisto be written to an external file. It does not actually write data to an external file; it marks
the data set as an external data set for all subsequent SDwritedata operations.

Note that data can only be moved once for any given data set, i.e., SDsetexter nalfile can only be
called once after a data set has been created. It is the user’s responsibility to make sure that the
external datafileis kept with the primary HDF file.

The parameter fi | enane is the name of the external data file and of f set is the number of bytes
from the beginning of the external file to the location where the first byte of data should be writ-
ten. If afile with the name specified by fi | enane exists in the current directory search path, HDF
will access it as the externa file. If the file does not exist, HDF will create one in the directory
named in the last call to HXsetcreatefile. If an absolute pathname is specified, the externa file
will be created at the location specified by the pathname, overriding the location specified by the
last call to HXsetcreatefile. Use caution when writing to existing external or primary files since
the HDF library starts the write operation at the specified offset without determining whether data
is being overwritten.

Once the name of an external fileis established, it cannot be changed without breaking the associ-
ation between the data set’'s metadata and the data it describes.
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SDsetexter nalfile returns a value of SUCCEED (or 0) or FAI L (or - 1). The parameters of SDsetex-
ternalfile are described in Table 3J.

TABLE 3] SDsetexter nalfile Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
sds id int32 integer Data set identifier
SDsetﬁ(r:t(:]r]nalfl le filename char * character* (*) Name of the file to contain the externa data set
(sfsextf) offset int32 integer Offset in bytes from the beginning of the external file to

where the SDS data will be written

3.5.3.4 Moving Existing Data to an External File

Data can be moved from a primary file to an external file. The following steps perform this task:
1. Select the data set.
2. Specify the external datafile.
3. Terminate access to the data set.

To move data set datato an external file, the calling program must make the following calls:

C sds_id = SDsel ect (sd_id, sds_i ndex);
status = Ixsetexternal file(sds_id, filenane, offset);
stat us = SDendaccess(sds_i d);

FORTRAN: sds id = sfselect(sd id, sds_index)
status = sfsextf(sds_id, filenane, offset)
status = sfendacc(sds_id)

For an existing data set, SDsetexter nalfile moves the data to the external file. Any data in the
externa file that occupies the space reserved for the external array will be overwritten as a result
of this operation. Data of an existing data set in the primary file can only be moved to the external
file once. During the operation, the data is written to the externa file as a contiguous stream
regardless of how it is stored in the primary file. Because datais moved asis, any unwritten loca-
tions in the data set are preserved in the external file. Subsequent read and write operations per-
formed on the data set will access the external file.

EXAMPLE7. Moving Data to the External File.

This example illustrates the use of the routine SDsetexter nalfile/sfsextf to move the SDS data
written in Example 2 to the externa file.

C:
#i ncl ude "nf hdf . h"
#define FILE_NAME " SDS. hdf "
#defi ne EXT_FI LE_NAME "Ext er nal SDS'
#define OFFSET 24
mai n( )

{

/************************* Val'l abl e decl al’atl on **************************/

int32 sd_id, sds_id, sds_index, offset;
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intn status;
/********************* End Of Val’lab|e deCI arat|0n ***********************/

/*

* Open the file and initialize the SD interface.
*

/

sd_id = SDstart (FILE_NAVE, DFACC WR TE);

/*

* Select the first data set.

*/

sds_i ndex = 0;

sds_id = Sbhsel ect (sd_id, sds_index);

/*

* reate a file with the nane EXT_FILE _NAME and nove the data set
* values into it, starting at byte |ocati on OFFSET.

*

/

status = SDsetexternal file (sds_id, EXT_FILE_NAVE, OFFSET);

/*

* Terminate access to the data set, SDinterface, and file.
*/

status = SDendaccess (sds_id);

status = SDend (sd_id);

}
FORTRAN:
program wite_extfile
inplicit none
C
C Par aret er decl arati on.
C
character*7 FILE_NAME
character*1l EXT_FI LE_NAMVE
i nt eger OFFSET
i nt eger DFACC_ WR TE
parameter (FILE_NAME ='SDS.hdf,
+ EXT_FILE_NAME =’ExternalSDS’,
+ OFFSET =24,
+ DFACC_WRITE =2)
C
C  Function declaration.
C
integer sfstart, sfselect, sfsextf, sfendacc, sfend
C
C*** \ariable declaration
C
integer sd_id, sds_id, sds_index, offset
integer status
C
C*** End of variable declaration
C
C
C Open the HDF file and initialize the SD interface.
C
sd_id = sfstart(FILE_NAME, DFACC_WRITE)
C
C Select the first data set.
C
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3.6

sds_index = 0
sds_id = sfselect(sd_id, sds_index)

C
C Create a file with the nane EXT_FILE NAME and nove the data set
C intoit, starting at byte location OFFSET.
C
status = sfsextf(sds_id, EXT_FILE_NAME, OFFSET)
C
C Term nate access to the data set.
C
status = sfendacc(sds_id)
C
C Term nate access to the SD interface and close the file.
C

status = sfend(sd_id)

end

Reading Data from an SDS Array: SDreaddata

Data of an SDS array can be read as an entire array, a subset of the array, or aset of samples of the
array. SDS data is read from an externa file in the same way that it is read from a primary file;
whether the SDS array is stored in an external file is transparent to the user. Reading data from an
SDS array involves the following steps:

1. Select the data set.
2. Define the portion of the data to be read.
3. Read data portion as defined.

To read datafrom an SDS array, the calling program must contain the following function cals:

C sds_id = Ssel ect (sd_id, sds_index);
status = Sreaddata(sds_id, start, stride, edges, data);

FORTRAN: sds_id = sfsel ect(sd_id, sds_index)

status = sfrdata(sds_id, start, stride, edges, data)

R status = sfrcdata(sds_id, start, stride, edges, data)

Note that step 2 isnot illustrated in the function call syntax; it is carried out by assigning valuesto
the parametersst art, stri de, and edges before the routine SDreaddata is called in step 3.

SDreaddata reads the data according to the definition specified by the parametersstart, stri de,
and edges and stores the data into the buffer provided, dat a. The argument sds_i d is the SDS
identifier returned by SDcreate or SDselect. As with SDwritedata, the arguments start,
stri de, and edges describe the starting location, the number of elements to skip after each read,
and the number of elements to be read, respectively, for each dimension. For additional informa-
tion on the parametersstart, st ri de, and edges, refer to Section 3.5.1 on page 30.

There are two FORTRAN-77 versions of this routine: sfrdata reads numeric data and sfrcdata
reads character data.

SDreaddata returns a value of SUQCEED (or 0), including the situation when the data set does not
contain data, or FAI L (or - 1). The parameters of SDreaddata are further described in Table 3K.
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TABLE 3K SDreaddata Parameter List
Routine Name Parameter Type
[Return Type] .
Parameter Description
(FORTRAN- c FORTRAN-77
77)
sds id int32 integer Data set identifier
. ’ Array containing the position at which the
*
start nt32(] integer(*) read will start for each dimension
Array containing the number of dataloca
SDr[?;i?ata stride intaz]] integer(*) tions the current location is to be moved
(shrdata/ forward before the next read
sfrcdata) ) . . Array containing the number of dataele-
edges nt32(] integer(*) ments to be read along each dimension
<valid numeric data
data VOIDP type>(*)/ Buffer the data will be read into
character* (*)
EXAMPLE 8. Reading from an SDS.

This example uses the routine SDreaddata/sfrdata to read the data that has been written in
Example 2, modified in Example 4, and moved to the external file in the Example 7. Note that the
origina file SDS.hdf that contains the SDS metadata and the external file External SDS that con-
tainsthe SDS raw data should reside in the same directory. The fact that raw dataisin the external

file is transparent to the user’s program.

C:

#i ncl ude "nf hdf. h"

#define FILE_NAME " SDS. hdf "
#define X_LENGTH 5
#define Y_LENGTH 16

nmai n( )

{

[ R KF R KKKk Kk kkkkkxkkkkxkx% \fgriabl @ declarati on FERrFERFEEE KKK KKK R KKK KKK KK KK [

int32 sd_id, sds_id, sds_index;
intn status;

int32 start[2], edges[2];

int32 data[ Y_LENGTH] [ X_LENGTH] ;
int i, j;

/********************* End Of Val’l abl e decl al’atl on ***********************/

/*

* Open the file for reading and initialize the SD interface.
*/

sd_id = SDstart (FlILE_NAME, DFACC READ);

/*

* Select the first data set.

*/

sds_i ndex = 0;

sds_id = Sbhsel ect (sd_id, sds_index);

/*
* Set elements of array start to O, elements of array edges

* to SDS di nensions, and use NULL for the argunent stride in SDreaddata
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* to read the entire data.
*/

start[ 0]
start[ 1]
edges| 0]
edges[ 1]

0;
o

Y_LENGTH,
X_LENGTH,

/*

* Read entire data into data array.

*/

status = SDreaddata (sds_id, start, NULL, edges, (VO DP)data);

/*

* Print 10th row, the follow ng nunbers shoul d be displ ayed.
*

* 10 1000 12 13 14

*/

for (j =0; j < X LENGTH, j++) printf ("%l ", data[9][j]);
printf ("\n");

/*

* Termi nate access to the data set.

*/

status = SDendaccess (sds_id);

/*

* Terminate access to the SDinterface and close the file.
*/

status = SDend (sd_id);

FORTRAN:

[eNeNe]

C

C*** \/ariable declaration

Cc

C

C*** End of variable declaration

c
C
c

program read_data
inplicit none

Par anmet er decl arati on.

character*7 FILE_NAME

i nt eger X _LENGTH, Y_LENGTH
parameter (FILE_NAME ='SDS.hdf,
+ X_LENGTH =5,
+ Y_LENGTH =16)
integer DFACC_READ, DFNT_INT32
parameter (DFACC_READ =1,
+ DFNT_INT32 = 24)

Function declaration.

integer sfstart, sfselect, sfrdata, sfendacc, sfend

integer sd_id, sds_id, sds_index, status
integer start(2), edges(2), stride(2)
integer data(X_LENGTH, Y_LENGTH)
integer j

Open the file and initialize the SD interface.
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000

O0O000

O000

[eNeNe] 0O0000

[eNeNe]

sd_id = sfstart(Fl LE_NAVE, DFACC READ)

Sel ect the first data set.

sds_index = 0
sds_id = sfselect(sd_id, sds_index)

Set el ements of the array start to O, elenents of the array edges to
SDS di nensi ons, and el ements of the array stride to 1 to read the
entire data.

start (1)
start(2)
edges(1)
edges(2)
stride(1)
stride(2)

0
0
X_LENGTH
Y_LENGTH

1
1

Read entire data into data array. Note that sfrdata is used
to read the nuneric data.

status = sfrdata(sds_id, start, stride, edges, data)

Print 10th colum; the follow ng nunbers are displayed:
10 1000 12 13 14

wite(*,*) (data(j,10), j =1, X LENGIH

Ternminate access to the data set.

status = sfendacc(sds_id)

Terminate access to the SDinterface and close the file.

status = sfend(sd_id)

end

EXAMPLE 9.

Reading Subsets of an SDS.

This example shows how parameters start, stride, and edges of the routine SDreadata/sfr -
data can be used to read three subsets of an SDS array.

C.

For thefirst subset, the program reads every 3rd element of the 2nd column starting at
the 4th row of the data set created in Example 2 and modified in Examples 4
and 7.

For the second subset the program reads the first 4 elements of the 10th row.

For the third subset, the program reads from the same data set every 6th e ement of
each column and 4th element of each row starting at 1st column, 3d row.
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FORTRAN- 77:

Fortran program reads transposed data to reflect the difference in C and Fortran inter-
nal storage.

#i ncl ude "nf hdf. h"

#define FI LE_NAME " SDS. hdf "
#define SUBL_LENGTH 5

#def i ne SUB2_LENGTH
#def i ne SUB3_LENGTHL
#defi ne SUB3_LENGTH2

W N A

mai n( )

{

/************************* Val'l abl e decl al’atl on **************************/

nt32 sd_id, sds_id, sds_index;

ntn status;

nt32 start[2], edges[2], stride[2];

nt 32 subl_dat a[ SUB1_LENGTH] ;

nt 32 sub2_dat a[ SUB2_LENGTH] ;

nt 32 sub3_dat a[ SUB3_LENGTH2] [ SUB3_LENGTH1] ;
nt i, j;

/********************* End Of Val’l abl e decl al’atl on ***********************/

/*

* Open the file for reading and initialize the SD interface.
*/

sd_id = Shstart (FI LE_NAVE, DFACC READ);

/-k

* Select the first data set.

*/

sds_i ndex = 0;

sds_id = SDhsel ect (sd_id, sds_index);

/*

* Readi ng the first subset.

*

* Set elements of start, edges, and stride arrays to read
* every 3rd elenent in the 2nd colum starting at 4th row.
*/

start[0] = 3; /* 4th row */

start[1] = 1, /* 2nd colum */

edges[ 0] = SUBL_LENGTH, /* SUBL1_LENGTH el enents are read al ong 2nd col um*/
edges[ 1] = 1;

stride[0] =3; /* every 3rd elenent is read al ong 2nd col um */
stride[l] = 1;

/*

* Read the data fromthe file into subl_data array.

*/

status = SDreaddata (sds_id, start, stride, edges, (VO DP)subl_data);

/*
* Print what we have just read; the follow ng nunbers should be displayed:

*

* 5 8 1000 14 17

*/

for (j =0; j < SUBL_LENGTH, j++) printf ("%l ", subl_data[j]);
printf ("\n");
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Readi ng t he second subset.
*
* Set elements of start and edges arrays to read
* first 4 elements of the 10th row

*/

start[0] =9; [/* 10th row */
start[1] =0; /* 1st colum */
edges[ 0] = 1,

edges[ 1] = SUB2_LENGTH, /* SUB2_LENGIH el enents are read along 10th row */

/*

* Read data fromthe file into sub2_data array. Note that the third
* paraneter is set to NULL for contiguous reading.

*

/

status = SDreaddata (sds_id, start, NULL, edges, (VO DP)sub2_data);

/*
* Print what we have just read; the follow ng nunbers should be displayed:
*

* 10 1000 12 13
*/
for (] < SUB2_LENGTH, j++) printf ("%l ", sub2 data[j]);

= 0; ]
printf ("\n");

/*

* Readi ng the third subset.

*

* Set elements of the arrays start, edges, and stride to read

* every 6th elenent in the colum and 4th elenent in the row

* starting at 1st colum, 3d row.

*/

start[0] =2; /* 3d row */

start[1] = 0; [/* 1st colum */

edges[ 0] = SUB3_LENGTH2; /* SUB3_LENGIH2 el enents are read al ong
each colum */

edges[ 1] = SUB3_LENGIHL; /* SUB3_LENGIHL el enents are read al ong
each row */

stride[0] = 6; /* read every 6th el ement al ong each colum */

stride[1l] = 4; /* read every 4th el enent along each row */

/*

* Read the data fromthe file into sub3_data array.

*/

status = SDreaddata (sds_id, start, stride, edges, (VO DP)sub3_data);

/*
* Print what we have just read; the follow ng nunbers should be displayed:

*

* 37

* 9 13

* 15 19

*/

for (j =0; j < SUB3_LENGTH2; j++ ) {
for (i = 0; i < SUB3_LENGTHL; i++) printf ("% ", sub3_data[j][i]);
printf ("\n");

}

/*

* Term nate access to the data set.

*/

status = SDendaccess (sds_id);
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/*

* Terminate access to the SD interface and close the file.
*/

status = SDend (sd_id);

FORTRAN:

program read_subsets
inplicit none

Par anet er decl arati on.

OO0

character*7 FILE _NAVE
parameter (FILE_NAME ='SDS.hdf)
integer DFACC_READ, DFNT_INT32
parameter (DFACC_READ =1,
+ DFNT_INT32 = 24)
integer SUB1_LENGTH, SUB2_LENGTH, SUB3_LENGTH1,
+ SUB3_LENGTH2
parameter (SUB1_LENGTH =5,
+ SUB2_LENGTH =4,
+ SUB3_LENGTH1 =2,
+ SUB3_LENGTH2 =3)

Function declaration.

OO0

integer sfstart, sfselect, sfrdata, sfendacc, sfend
C
C*** Variable declaration
C

integer sd_id, sds_id, sds_index, status
integer start(2), edges(2), stride(2)
integer subl_data(SUB1_LENGTH)
integer sub2_data(SUB2_LENGTH)
integer sub3_data(SUB3_LENGTH1,SUB3_LENGTH?2)
integer i, j
C
C*** End of variable declaration

Open the file and initialize the SD interface.

O000

sd_id = sfstart(FILE_NAME, DFACC_READ)

Select the first data set.

[eNeNe]

sds_index=0
sds_id =sfselect(sd_id, sds_index)

Reading the first subset.

Set elements of start, stride, and edges arrays to read
every 3d element in in the 2nd row starting in the 4th column.

O00000

start(1) = 1

start(2) =3

edges(1) =1

edges(2) = SUB1_LENGTH
stride(1) =1

stride(2) =3
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C Read the data from subl_data array.
Cc
status = sfrdata(sds_id, start, stride, edges, subl_data)
Cc
C Print what we have just read, the follow ng nunbers shoul d be displ ayed:
Cc
Cc 5 8 1000 14 17
C
wite(*,*) (subl_data(j), j = 1, SUBL_LENGTH)
Cc
C Readi ng the second subset.
Cc
C Set el ements of start, stride, and edges arrays to read
C first 4 elements of 10th col um.
Cc
start(1l) =0
start(2) =9
edges(1) = SUB2_LENGTH
edges(2) =1
stride(l) =1
stride(2) =1
Cc
C Read the data into sub2_data array.
Cc
status = sfrdata(sds_id, start, stride, edges, sub2_data)
Cc
C Print what we have just read; the follow ng nunbers shoul d be displ ayed:
C
C 10 1000 12 13
Cc
wite(*,*) (sub2_data(j), j = 1, SUB2_LENGTH)
Cc
C Readi ng the third subset.
Cc
C Set el ements of start, stride and edges arrays to read
C every 6th elenent in the row and every 4th el ement in the col um
C starting at 1st row, 3rd col um.
Cc
start(1l) =0
start(2) =2
edges(1) = SUB3_LENGTHL
edges(2) = SUB3_LENGIH2
stride(l) =14
stride(2) =6
Cc
C Read the data fromthe file into sub3_data array.
Cc
status = sfrdata(sds_id, start, stride, edges, sub3_data)
Cc
C Print what we have just read; the follow ng nunbers shoul d be displ ayed:
Cc
Cc 3915
Cc 7 13 19
Cc
do 50 i = 1, SUB3_LENGTHL
wite(*,*) (sub3_data(i,j), j = 1, SUB3_LENGTH2)
50 conti nue
Cc
C Ternminate access to the data set.
o
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3.7

status = sfendacc(sds_id)

Term nate access to the SD interface and close the file.

OO0

status = sfend(sd_id)

end

Obtaining Information about SD Data Sets

The routines covered in this section provide methods for obtaining information about all scientific
data setsin afile, for identifying the data sets that meet certain criteria, and for obtaining informa-
tion about specific data sets.

SDfileinfo obtains the numbers of data sets and file attributes, set by SD interface routines, in a
file. SDgetinfo provides information about an individual SDS. To retrieve information about all
data setsin afile, acalling program can use SDfileinfo to determine the number of data sets, fol-
lowed by repeated calls to SDgetinfo to obtain the information about a particular data set.

SDnametoindex or SDreftoindex can be used to obtain the index of an SDSin afile knowing its
name or reference number, respectively. Refer to Section 3.2.1 on page 20 for a description of the
data set index and reference number. SDidtoref is used when the reference number of an SDSis
reguired by another routine and the SDS identifier is available.

These routines are described individually in the following subsections.

3.7.1 Obtaining Information about the Contents of a File: SDfileinfo

SDfileinfo determines the number of scientific data sets and the number of file attributes con-
tained in afile. This information is often useful in index validation or sequential searches. The
syntax of SDfileinfo is asfollows:

C status = Sfileinfo(sd id, & datasets, & _file attrs);
FORTRAN: status = sffinfo(sd id, n datasets, n file attrs)

SDfileinfo stores the numbers of scientific data sets and file attributes in the parameters
n_datasets and n_file_ attrs, respectively. Note that the value returned by n_dat aset s will
include the number of SDS arrays and the number of dimension scales. Refer to Section 3.8.4 on
page 75 and Section 3.8.4.4 on page 82 for the description of dimension scales and its association
with SDS arrays as well as how to distinguish between SDS arrays and dimension scales. The file
attributes are those that are created by SDsetattr for an SD interface identifier instead of an SDS
identifier. Refer to Section 3.9.1 on page 86 for the discussion of SDsetattr.

SDfileinfo returns a value of SUCCEED (or 0) or FAI L (or -1). The parameters of SDfileinfo are
specified in Table 3L on page 65.

3.7.2 Obtaining Information about a Specific SDS: SDgetinfo

SDgetinfo provides basic information about an SDS array. Often information about an SDS array
is needed before reading and working with the array. For instance, the rank, dimension sizes, and/
or data type of an array are needed to allocate the proper amount of memory to work with the
array. SDgetinfo takes an SDS identifier as input, and retrieves the name, rank, dimension sizes,
datatype, and number of attributes for the corresponding SDS. The syntax of thisroutineis asfol-
lows:
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C status = SDgetinfo(sds_id, sds nane, & ank, di msizes, &data type,
&n_attrs);

FORTRAN: status = sfginfo(sds_id, sds_nane, rank, di msizes, data type,
n attrs)

SDgetinfo stores the name, rank, dimension sizes, data type, and number of attributes of the spec-
ified data set into the parameters sds_nane, r ank, di m si zes, data_type, and n_attrs, respec-
tively. The parameter sds_nane is a character string. Note that the name of the SDSis limited to
64 characters.

If the data set is created with an unlimited dimension, then in the C interface, the first element of
the di m si zes array (corresponding to the sowest-changing dimension) contains the number of
records in the unlimited dimension; in the FORTRAN-77 interface, the last element of the array
di m si zes (corresponding to the slowest-changing dimension) contains thisinformation.

The parameter dat a_t ype contains any type that HDF supports for the scientific data. Refer to
Table 2F on page 14, for the list of supported data types and their corresponding defined values.
The parameter n_at t r s only reflects the number of attributes assigned to the data set specified by
sds_i d; file attributes are not included. Use SDfileinfo to get the number of file attributes.

SDgetinfo returns a value of SUCCEED (or 0) or FAI L (or -1). The parameters of SDgetinfo are
specified in Table 3L.

3.7.3 Obtaining Data Set Compression I nfor mation: SDgetcompress
SDgetcompr ess retrieves the compression information used to create or write an SDS data set.

The compression algorithms currently supported SDS data set compression are as follows:
- Adaptive Huffman
GZIP "deflation” (Lempel/Ziv-77 dictionary coder)
Run-length encoding

SDgetcompress takes one input parameter, sds_i d, a data set identifier, and two return parame-
ters, conp_t ype, identifying the type of compression used, and either c_i nf o (in C) or conp_prm
(in FORTRAN-77), containing further compression information.

The syntax of the routine SDsetcompressisasfollows:
C status = SDget conpress(sds_id, conp_type, c_info);
FORTRAN: status = sfgconpress(sds_id, conp type, conp_prmn)

See Section 3.5.2, "Compressing SDS Data: SDsetcompress,” for a discussion of conp_t ype,
c_info, aneconp_prm and alist of supported compression modes.

SDgetcompress returns a value of SUGCEED (or 0) or FAI L (or - 1).

3.7.4 Determining whether an SDSisempty: SDcheckempty

SDcheckempty takes an SDS identifier, sds_i d, asinput, and returns a single parameter indicat-
ing whether the SDS is empty. The syntax of thisroutineis as follows:

C status = SDgcheckenpty(sds_id, enptySDs);
FORTRAN:  status = sfchenpty(sds_id, enptySDS
The output parameter, enpt ySDS, indicates whether the SDS is empty or non-empty.
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SDcheckempty returns a value of SUGCEED (or 0) or FAIL (or - 1). The parameters of SDcheck-

empty are specified in Table 3L.

TABLE 3L SDfileinfo and SDgetinfo Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
SDfileinfo sd_id int32 integer SD interface identifier
[intn] n_datasets int32 * integer Number of data setsin thefile
(sffinfo) n_file_attrs int32 * integer Number of global attributesin thefile
sds id int32 integer Data set identifier
sds_name char* character* (*) Name of the data set
SD geti nfo rank int32 * integer Number of dimensions in the data set
(S[flgr;tnnf]o) dim_sizes int32[] integer (*) Size of each dimension in the data set
data _type int32 * integer Datatype of the datain the data set
n_attrs int32 * integer Number of attributes in the data set
sds id int32 integer Data set identifier
SD getf:om press comp_type comp_coder_t integer Type of compression
(s‘gc[éml;]r ess) c_info comp_info N/A Pointer to compression information structure
comp_prm(1) N/A integer Compression parameter in array format
SDcheckempty sds id int32 integer SDSidentifier
(nghn;ﬂgnzgty) emptySDS intn * integer SDS statusindicator (empty, not empty)
EXAMPLE 10. Getting Information about a Fileand an SDSs.

This example illustrates the use of the routine SDfileinfo/sffinfo to obtain the number of data sets
in the file SDS.hdf and the routine SDgetinfo/sfginfo to retrieve the name, rank, dimension sizes,

data type and number of attributes of the selected data set.

C:
#i ncl ude "nf hdf. h"

#define FI LE_NAVE " SDS. hdf "
mai n( )
{

[ R ERF KK KKKk Kk kkkxkxkkkkxkx% \/griabl @ declarati on FERFFERFEEE KKK KKK KK KKK KKK KKK [

int32 sd_id, sds_id;

intn status;

int32 n_datasets, n_file_attrs, index;
int32 di msizes[ MAX_VAR DI M5] ;

int32 rank, data_type, n_attrs;

char name[ MAX_NC NAME] ;

int i;

/********************* End Of Val’l abl e decl al’atl on ***********************/

/*

* Open the file and initialize the SD interface.

*
/
sd_id = SDstart (FILE_NAVE, DFACC READ);

/*
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* Determne the nunber of data sets in the file and the nunber
* of file attributes.

*/

status = SDfileinfo (sd_id, & _datasets, &n_file_attrs);

/*

* Access every data set and print its name, rank, dinension sizes,
* data type, and nunber of attributes.

* The follow ng information should be displayed:

* nane = SDStenpl ate

* rank = 2

* di mension sizes are : 16 5
* data type is 24

* nunber of attributes is O
*/

for (index = 0; index < n_datasets; index++)
{

sds_id = SDhsel ect (sd_id, index);
status = SDgetinfo (sds_id, nane, & ank, dimsizes,
&data_type, &n_attrs);

printf ("nane = %\n", nane);
printf ("rank = %\ n", rank);

printf ("dinension sizes are : ");
for (i=0; i< rank; i++) printf ("% ", dimsizes[i]);
printf ("\n");

printf ("data type is %\ n", data_type);
printf ("nunber of attributes is %\ n", n_attrs);

/*

* Termnate access to the data set.
*/

status = SDendaccess (sds_id);

}
/ *
* Terminate access to the SD interface and close the file.
*/
status = SDend (sd_id);
}
FORTRAN:
program get _data_set _info
inplicit none
C
C Par armet er decl arati on.
C
character*7 FILE_NAME
parameter (FILE_NAME ='SDS.hdf")
integer DFACC_READ, DFNT_INT32
parameter (DFACC_READ =1,
+ DFNT_INT32 = 24)
integer MAX_NC_NAME, MAX_VAR_DIMS
parameter (MAX_NC_NAME =256,
+ MAX_VAR_DIMS = 32)
C
C Function declaration.
C

integer sfstart, sffinfo, sfselect, sfginfo
integer sfendacc, sfend
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gk*** Val’l abl e decl al’atl on EEEE RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES]
Cc

integer sd_id, sds_id

integer n_datasets, n_file_attrs, index

integer status, n_attrs

i nteger rank, data_type

i nteger di msizes(MAX_VAR Dl M5)

character nanme *( MAX_NC_NAME)

i nteger i

C:k*** End Of Varl abl e decl al’atl on EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES

Open the file and initialize the SD interface.

O000

sd_id = sfstart(Fl LE_NAVE, DFACC READ)

Det erm ne the nunber of data sets in the file and the nunber of
file attributes.

O000

status = sffinfo(sd_id, n_datasets, n_file_attrs)

Access every data set in the file and print its nane, rank,
di nensi on sizes, data type, and nunmber of attributes.
The follow ng infornmation shoul d be displ ayed:

nanme = SDStenpl ate

rank = 2

di mensi on sizes are : 5 16
data type is 24

nunber of attributes is 0

O0000000000

do 10 index = 0, n_datasets - 1
sds_id = sfselect(sd_id, index)
status = sfginfo(sds_id, name, rank, dimsizes, data_type,
n_attrs)
wite(*,*) "name =", name(1l:15)
wite(*,*) "rank =", rank
wite(*,*) "dinmension sizes are : ", (dimsizes(i), i=1, rank)
wite(*,*) "data type is ", data_type
wite(*,*) "nunber of attributes is ", n_attrs

Term nate access to the current data set.

[eNeNe]

status = sfendacc(sds_id)
conti nue

Termi nate access to the SD interface and close the file.

0008

status = sfend(sd_id)

end

3.7.5 Locating an SDS by Name: SDnametoindex

SDnametoindex determines and returns the index of a data set in a file given the data set’'s name.
The syntax of this routine is as follows:

C sds_i ndex = Snanet oi ndex(sd_i d, sds_nane);
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FORTRAN:  sds_index = sfn2index(sd id, sds_nane)

The parameter sds_nane is a character string with the maximum length of 64 characters. If more
than one data set has the name specified by sds_name, SDnametoindex will return the index of
the first data set. The index can then be used by SDselect to obtain an SDSidentifier for the spec-
ified data set.

The SDnametoindex routine is case-sensitive to the name specified by sds_nane and does not
accept wildcards as part of that name. The name must exactly match the name of the SDS being
searched for.

SDnametoindex returns the index of a data set or FAI L (or - 1). The parameters of SDnametoin-
dex are specified in Table 3M.

3.7.6 Locating an SDS by Reference Number: SDreftoindex

SDreftoindex determines and returns the index of a data set in a file given the data set'’s reference
number. The syntax of this routine is as follows:

C sds_index = Sxeftoi ndex(sd id, ref);
FORTRAN:  sds_i ndex = sfref2index(sd_id, ref)

The reference number can be obtained uSigitor ef if the SDS identifier is available. Remem-
ber that reference numbers do not necessarily adhere to any ordering scheme.

SDreftoindex returns either the index of an SDSFar L (or - 1). The parameters of this routine
are specified in Table 3M.

3.7.7 Obtaining the Reference Number Assigned to the Specified SDS.
SDidtor ef

SDidtoref returns the reference number of the data set identified by the paradseied if the
data set is found, &l L (or - 1) otherwise. The syntax of this routine is as follows:

C sds_ref = SO dtoref(sds_id);
FORTRAN:  sds ref = sfid2ref(sds_id)

This reference number is often usedMaygldtagr ef to add the data set to a vgroup. Refer to Chap-
ter 5,Vgroups (V API), for more information.

The parameter dDidtoref is specified in Table 3M.

TABLE 3M SDnametoindex, SDreftoindex, and SDidtoref Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
SDnametoindex sd_id int32 integer SD interface identifier
int32]
(Sf& 2 nd]ex) sds_name char * character* (*) Name of the data set
SDreftoindex sd_id int32 integer SD interface identifier
int32]
(sf,[em n(]jex) ref int32 integer Reference number of the specified data set
SDidtoref
[int32] sds_id int32 integer Data set identifier
(sfid2ref)
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EXAMPLE 11.

Locating an SDS by Its Name.

This example uses the routine SDnametoindex/sfn2index to locate the SDS with the specified
name and then reads the data from it.

C:

#i ncl ude "nf hdf. h"

#defi ne FI LE_NAME " SDS. hdf "
#define SDS_NAME " SDSt enpl at e
#def i ne WRONG_NAME "W ongNarne"
#define X _LENGTH 5

#define Y_LENGTH 16

mai n( )

{

/************************* Val'l abl e decl al’atl on **************************/

int32 sd_id, sds_id, sds_index;
intn status;
int32 start[2], edges[2];

int 32 data[ Y_LENGTH| [ X_LENGTH] ;
int i, j:

[ xR Ekx kxR xSk kkkxkxkxkxxx End of variable declarati on ****xxkxkxkkkkkkkkkkkkkx [

/*

* Open the file for reading and initialize the SD interface.
*/

sd_id = SDstart (FlILE_NAME, DFACC READ);

/*

* Find index of the data set with the name specified i n WRONG _NAME.

* Error condition occurs, since the data set with that name does not exist
*inthe file.

*/

sds_i ndex = SDnanet oi ndex (sd_id, WRONG NAME);

if (sds_index == FAIL)

printf ("Data set with the name \"WongNane\" does not exist\n");

/*

* Find index of the data set with the name specified in SDS_NAME and use
* the index to select the data set.

*/

sds_i ndex = SDnanet oi ndex (sd_id, SDS_NAME);

sds_id = Sbhsel ect (sd_id, sds_index);

/*
* Set elements of the array start to O,
* SDS di nensi ons,
* the entire data.
*/

start[0]
start[ 1]
edges[ 0]
edges[ 1]

elenents of the array edges to
and use NULL for stride argument in SDreaddata to read

0
0
Y_LENGTH;
X

LENGTH,

/*
* Read the
*/
status = SDreaddata (sds_id,

entire data into the buffer nanmed data.

start, NULL, edges, (VO DP)data);
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/*

* Print 10th row, the follow ng nunbers shoul d be displ ayed:
*

* 10 1000 12 13 14

*/

for (j =0; j < X LENGTH, j++) printf ("% ", data[9][j]);
printf ("\n");

/*

* Termi nate access to the data set.

*/

status = SDendaccess (sds_id);

/*

* Terminate access to the SDinterface and close the file.
*/

status = SDend (sd_id);

FORTRAN:

program | ocate_by_nane
inplicit none

Par anmet er decl arati on.

[eNeNe]

character*7 FILE_NAME
character*1l SDS NAME
character*9 WRONG NAMVE
i nt eger X_LENGTH, Y_LENGTH
parameter (FILE_NAME ='SDS.hdf,
+ SDS_NAME ='SDStemplate’,
+ WRONG_NAME = "WrongName’,
+ X_LENGTH =5,
+ Y_LENGTH = 16)
integer DFACC_READ, DFNT_INT32
parameter (DFACC_READ =1,
+ DFNT_INT32 = 24)

Function declaration.

[eNeNe]

integer sfstart, sfn2index, sfselect, sfrdata, sfendacc, sfend
Cc
C*** Variable declaration
Cc

integer sd_id, sds_id, sds_index, status
integer start(2), edges(2), stride(2)
integer data(X_LENGTH, Y_LENGTH)
integer

C

C*** End of variable declaration

Open the file and initialize the SD interface.

O000

sd_id = sfstart(FILE_NAME, DFACC_READ)

Find index of the data set with the name specified in WRONG_NAME.
Error condition occurs, since a data set with this name
does not exist in the file.

O0000

sds_index = sfn2index(sd_id, WRONG_NAME)
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if (sds_index .eq. -1) then
wite(*,*) "Data set with the name ", WRONG _NAME,

+ " does not exist"
endi f
C
C Find index of the data set with the nane specified in SDS_NAMVE
C and use the index to attach to the data set.
C
sds_i ndex = sfn2index(sd_id, SDS_NAME)
sds_id = sfselect(sd_id, sds_index)
C
C Set el ements of start array to 0, elenments of edges array
C to SDS dinensions, and el enents of stride array to 1 to read entire data.
C
start(1) =0
start(2) =0
edges(1) = X _LENGTH
edges(2) = Y_LENGTH
stride(l) =1
stride(2) =1
C
C Read entire data into array naned dat a.
C
status = sfrdata(sds_id, start, stride, edges, data)
C
C Print 10th colum; the follow ng nunbers should be displayed:
C
C 10 1000 12 13 14
C
wite(*,*) (data(j,10), j =1, X LENGTH
C
C Term nate access to the data set.
C
status = sfendacc(sds_id)
C
C Term nate access to the SDinterface and close the file.
C

status = sfend(sd_id)

end

3.7.8 Creating SDS Arrays Containing Non-standard L ength Data:
SDsetnbitdataset

Starting with version 4.0r1, HDF provides the routine SDsetnbitdataset, allowing the HDF user
to specify that a particular SDS array contains data of a non-standard length.

SDsetnbitdataset specifies that the data set identified by the parameter sds_i d will contain data
of anon-standard length defined by the parametersstart _bit and bit _| en. Additional informa-
tion about the non-standard bit length decoding are specified in the parameters si gn_ext and
fill_one. The syntax of SDsetnbitdataset is asfollows:

C status = Ssetnbitdataset (sds_id, start_bit, bit_len, sign_ext,
fill_one);

FORTRAN: status = sfsnbit(sds id, start _bit, bit_len, sign ext, fill _one)

Any length between 1 and 32 bits can be specified. After SDsetnbitdataset has been called for an
SDS array, any read or write operations will convert between the new data length of the SDS array
and the data length of the read or write buffer.
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Bit lengths of all data types are counted from the right of the bit field starting with 0. In a bit field
containing the values 01111011, bits 2 and 7 are set to 0 and all the other bits are set to 1.

The parameter start _bit specifies the left-most position of the variable-length bit field to be
written. For example, in the bit field described in the preceding paragraph a parameter start _bi t
set to 4 would correspond to the fourth bit value of 1 from theright.

The parameter bi t _| en specifies the number of bits of the variable-length bit field to be written.
This number includes the starting bit and the count proceeds toward the right end of the bit field -
toward the lower-bit numbers. For example, starting at bit 5 and writing 4 bits of the bit field
described in the preceding paragraph would result in the bit field 1110 being written to the data
set. Thiswould correspond to astart _bit value of 5and abi t _| en value of 4.

The parameter si gn_ext specifies whether to use the left-most bit of the variable-length bit field
to sign-extend to the left-most bit of the data set data. For example, if 9-bit signed integer datais
extracted from bits 17-25 and the bit in position 25 is 1, then when the dataiis read back from disk,
bits 26-31 will be set to 1. Otherwise bit 25 will be 0 and bits 26-31 will be set to 0. Thesi gn_ext
parameter can be set to TRUE (or 1) or FALSE (or 0); specify TRIE to sign-extend.

The parameter fi | | _one specifieswhether to fill the "background” bits with thevalue1 or 0. This
parameter is also set to either TRUE (or 1) or FALSE (or 0).

The "background" bits of a non-standard length data set are the bits that fall outside of the non-
standard length bit field stored on disk. For example, if five bits of an unsigned 16-bit integer data
set located in bits 5 to 9 are written to disk with the parameter fil | _one set to TRLE (or 1), then
when the data is reread into memory bits 0 to 4 and 10 to 15 would be set to 1. If the same 5-hit
datawas written with afi I | _one value of FALSE (or 0), then bits 0 to 4 and 10 to 15 would be set
to 0.

The operation on fi |l | _one is performed before the operation on si gn_ext . For example, using
thesi gn_ext example above, bits0to 16 and 26 to 31 will first be set to the background bit value,
and then bits 26 to 31 will be set to 1 or 0 based on the value of the 25th bit.

SDsetnbitdataset returns avalue of SUGCEED (or 0) or FAI L (or - 1). The parametersfor SDsetnbit-
dataset are specified in Table 3N.

TABLE 3N

3.8

SDsetnbitdataset Parameter List

Routine Name Parameter Type
[Return Type] Par ameter Description
(FORTRAN-77) C FORTRAN-77
sds id int32 integer Data set identifier
SDsetnbitdataset start_bit intn integer Leftmost bit of the field to be written
[intn] bit_len intn integer Length of the bit field to be written
(sfnbit) sign_ext intn integer Sign-extend specifier
fill_one intn integer Background bit specifier

SDS Dimension and Dimension Scale Oper ations

The concept of dimensions is introduced in Section 3.2.1 on page 20. This section describes SD
interface routines which store and retrieve information on dimensions and dimension scales.
When adimension scale is set for a dimension, the library stores the dimension and its associated
information as an SDS array. In the following discussion, we will refer to that array (recall
NetCDF) as a coordinate variable or dimension record. The section concludes with consideration
of related data sets and sharable dimensions.
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3.8.1 Selecting a Dimension: SDgetdimid

SDS dimensions are uniquely identified by dimension identifiers, which are assigned when a
dimension is created. These dimension identifiers are used within a program to refer to a particu-
lar dimension, its scale, and its attributes. Before working with a dimension, a program must first
obtain adimension identifier by calling the SDgetdimid routine as follows:

C dimid = Sgetdi md(sds_id, di mindex);
FORTRAN: dimid = sfdinmd(sds_id, di mindex)

SDgetdimid takes two arguments, sds_i d and di m i ndex, and returns a dimension identifier,
di mi d. The argument di m i ndex isan integer from 0 to the number of dimensions minus 1. The
number of dimensions in a data set is specified at the time the data set is created. Specifying a
dimension index equal to or larger than the number of dimensions in the data set causes SDget-
dimid to return avalue of FA L (or - 1).

Unlike file and data set identifiers, dimension identifiers do not require explicit disposal. SDget-
dimid returns adimension identifier or FA L (or - 1). The parameters of SDgetdimid are specified
in Table 30 on page 73.

3.8.2 Naming a Dimension: SDsetdimname

SDsetdimname assigns a name to a dimension. If two dimensions have the same name, they will
be represented in the file by only one SDS. Therefore changes to one dimension will be reflected
in the other. Naming dimensions is optional but encouraged. Dimensions that are not explicitly
named by the user will have names generated by the HDF library. Use SDdiminfo to read existing
dimension names. The syntax of SDsetdimname s as follows:

C status = Sset di mmange(di mid, di mnane);
FORTRAN:  status = sfsdnmane(di mid, di mnane)

The argument di mid in SDsetdimname is the dimension identifier returned by SDgetdimid.
The parameter di m nane is a string of alphanumeric characters representing the name for the
selected dimension. An attempt to rename a dimension using SDsetdimname will cause the old
name to be deleted and a new one to be assigned.

Note that when naming dimensions the name of a particular dimension must be set before
attributes are assigned; once the attributes have been set, the name must not be changed. In other
words, SDsetdimname must only be called before any calls to SDsetdimscale (described in
Section 3.8.4.1 on page 75), SDsetattr (described in Section 3.9.1 on page 86) or SDsetdimstrs
(described in Section 3.10.2.1 on page 98).

SDsetdimname returns a value of SUGCEED (or 0) or FAI L (or - 1). The parameters of SDsetdim-
name are described in Table 30.

TABLE 30

SDgetdimid and SDsetdimname Parameter Lists

Routine Name Parameter Type

[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77

SDgetdimid sds id int32 integer Data set identifier

[int32] o . . .
(sfdimid) dim_index intn integer Dimension index
SDsetdimname dim_id int32 integer Dimension identifier
intn
(gggmn;me) dim_name char * character* (*) Dimension name
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3.8.3 Old and New Dimension | mplementations

Up to and including HDF version 4.0 betal, dimensions were vgroup objects (described in Chap-
ter 5, Vgroups (V API), containing a single field vdata (described in Chapter 4, Vdatas (VS API),
with a class name of Di nval 0. 0. The vdata had the same number of records as the size of the
dimension, which consisted of the values 0, 1, 2, . .. n- 1, where n is the size of the dimension.
These values were not strictly necessary. Consider the case of applications that create large one
dimensional data sets: the disk space taken by these unnecessary values nearly doubles the size of
the HDF file. To avoid these situations, a new representation of dimensions was implemented for
HDF version 4.0 beta 2 and later versions.

Dimensions are still vgroups in the new representation, but the vdata has only one record with a
value of <di nensi on si ze> and the class name of the vdata has been changed to Di nval 0. 1 to
distinguish it from the old version.

Between HDF versions 4.0 betal and 4.1, the old and new dimension representations were written
by default for each dimension created, and both representations were recognized by routines that
operate on dimensions. From HDF version 4.1 forward, SD interface routines recognize only the
new representation. Two compatibility mode routines, SDsetdimval_comp and
SDisdimval_bwcomp, are provided to allow HDF programs to distinguish between the two
dimension representations, or compatibility modes.

3.8.3.1 Setting the Future Compatibility Mode of a Dimension: SDsetdimval_comp

SDsetdimval_comp sets the compatibility mode for the dimension identified by the parameter
di mi d. This operation determines whether the dimension will have the old and new representa-
tions or the new representation only. The syntax of SDsetdimval_comp is as follows:

C status = SDset di nval _conp(di mid, conp_node);
FORTRAN:  status = sfsdnvc(dimid, conp_node)

The parameter conp_node specifies the compatibility mode. It can be set to either
SD D WAL_BWQOMWP (or 1), which specifies compatible mode and that the old and new dimension
representations will be written to thefile, or SD D MAL_BW I NOOWP (or 0), which specifiesincom-
patible mode and that only the new dimension representation will be written to file. As of HDF
version 4.1r1, the default mode is backward-incompatible. Subsequent calls to
SDsetdimval_comp will override the settings established in previous calls to the routine.

Unlimited dimensions are always backward compatible. Therefore SDsetdimval_comp takes no
action when the dimension identified by di m i d is unlimited.

SDsetdimval_comp returns a value of SUJCEED (or 0) or FAIL (or -1). The parameters of
SDsetdimval_comp are specified in Table 3P on page 75.

3.8.3.2 Determiningthe Current Compatibility Mode of a Dimension: SDisdimval_bwcomp

SDisdimval_bwcomp determines whether the specified dimension has the old and new represen-
tations or the new representation only. The syntax of SDisdimval_bwcomp is asfollows:

C conp_node = S0 sdi nval _bwconp(di mid);
FORTRAN:  conp_node = sfisdnvc(di mid)

SDisdimval_bwcomp returns one of the three vaues. SD D WAL BWOQOWP (or 1),
SD D WAL _BWINJOWP (or 0), and FAIL (or -1). The interpretation of SO D MVAL BWQOWP and
SD D WAL _BWI NOOWP are as that in the routine SDsetdimval_comp.

The parameters of SDisdimval_bwcomp are specified in Table 3P.
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TABLE 3P SDsetdimval_comp and SDisdimval_bwcomp Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
SDsetdimval_comp dim_id int32 integer Dimension identifier
intn
(Sf[gjmllc) comp_mode intn integer Compatibility mode
SDisdimval_bwcomp
[intn] dim_id int32 integer Dimension identifier
(sfisdmvc)

3.8.4 Dimension Scales

A dimension scale can be thought of as a series of numbers demarcating intervals along a dimen-
sion. One scale is assigned per dimension. Users of netCDF can think of them as analogous to
coordinate variables. In the SDS data model, each dimension scale is a one-dimensional array
with name and size equal to its assigned dimension name and size.

For example, if adimension of length 6 named "depth" is assigned a dimension scale, itsscaleisa
one-dimensional array of length 6 and is also assigned the name "depth”. The name of the dimen-
sion will also appear as the name of the dimension scale.

Recall that when dimension scale is assigned to a dimension, the dimension isimplemented as an
SDS array with data being the data scale. Although dimension scales are conceptually different
from SDS arrays, they are implemented as SDS arrays by the SDS interface and are treated simi-
larly by the routines in the interface. For example, when the SDfileinfo routine returns the number
of data sets in a file, it includes dimension scales in that humber. The SDiscoordvar routine
(described in Section 3.8.4.4 on page 82) distinguishes SDS data sets from dimension scales.

3.8.4.1 Writing Dimension Scales: SDsetdimscale

SDsetdimscale stores scale information for the dimension identified by the parameter di m i d.
The syntax of thisroutineis as follows:

C status = Ssetdinscal e(dimid, n values, data type, data);
FORTRAN:  status = sfsdscal e(dimid, n_val ues, data type, data)

The argument n_val ues specifies the number of scale values along the specified dimension. For a
fixed size dimension, n_val ues must be equal to the size of the dimension. The parameter
dat a_t ype specifies the data type for the scale values and dat a is an array containing the scale
values.

SDsetdimscale returns a value of SUOCEED (or 0) or FAI L (or - 1). The parameters of this routine
are specified in Table 3Q on page 76.
3.8.4.2 Obtaining Dimension Scale and Other Dimension Information: SDdiminfo

Before working with an existing dimension scale, it is often necessary to determine its characteris-
tics. For instance, to alocate the proper amount of memory for a scale requires knowledge of its
size and data type. SDdiminfo provides this basic information, as well as the name and the num-
ber of attributes for a specified dimension.

The syntax of thisroutineis as follows:

C status = SOdiminfo(dimid, dimnane, &i msize, &lata type,
&n_attrs);
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FORTRAN. status = sfgdinfo(dimid, dimnane, dimsize, data type, n_ attrs)

SDdiminfo retrieves and stores the dimension’s name, size, data type, and number of attributes
into the parametersi m nare, di m si ze, dat a_t ype, andn_at t r s, respectively.

The parameter di m nare will contain the dimension name set by SDsetdimname or the default
dimension name, fakeD nix], if SDsetdimname has not been called, where [x] denotes the
dimension index. If the name is not desired, the parameter di m nane can be set to NULL in C or an
empty string in FORTRAN-77.

An output value of 0 for the paramet#imm si ze indicates that the dimension specified by the
parametedi m i d is unlimited. UseSDgetinfo to get the number of elements of the unlimited
dimension.

If scale information is available for the specified dimension, $Bsetdimscale has been called,
the parametedat a_t ype will contain the data type of the scale values; otherwise_t ype will
containo.

SDdiminfo returns a value oSUGCEED (or 0) or FAI L (or - 1). The parameters of this routine are
specified in Table 3Q.

3.8.4.3 Reading Dimension Scales: SDgetdimscale

SDgetdimscale retrieves the scale values of a dimension. These values have previously been
stored bySDsetdimscale. The syntax of this routine is as follows:

C status = SDgetdi nscal e(dimid, data);
FORTRAN:  status = sfgdscal e(dimid, data)

SDgetdimscale reads all the scale values and stores them in the hiafferwhich is assumed to

be sufficiently allocated to hold all the valu&Rdiminfo should be used to determine whether the

scale has been set for the dimension and to obtain the data type and the number of scale values for
space allocation before callirf@Pgetdimscale. Refer to Section 3.8.4.2 on page 75 for a discus-

sion of SDdiminfo.

Note that it is not possible to read a subset of the scale v&lDgaetdimscale returns all of the
scale values stored with the given dimension.

The fact thaBDgetdimscale returnssucceep should not be interpreted as meaning that scale val-

ues have been defined for the data set. This function should always be us&Bbdiittinfo,

which is used first to determine whether a scale has been set, the number of scale values, their data
type, etc. IfSDdiminfo indicates that no scale values have been set, the values returned by
SDgetdimscale in dat a should be ignored.

SDgetdimscale returns a value o8UCCEED (or 0) or FAI L (or - 1). The parameters of this routine
are specified in Table 3Q.

TABLE 3Q

SDsetdimscale, SDdiminfo, and SDgetdimscale Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) (& FORTRAN-77
dim_id int32 integer Dimension identifier
SDsetdimscale n values int32 integer Number of scale values
intn]
(sfgdsczll ) data_type int32 integer Datatype to be set for the scale values
data VOIDP <valid data type>(*) Buffer containing the scale values to be set
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dim_id int32 integer Dimension identifier
SDdiminfo dim_name char * character* (*) Buffer for the dimension name
[intn] n_values int32 * integer Buffer for the dimension size
(sfgdinfo) data_type int32 * integer Buffer for the scale data type
n_attrs int32 * integer Buffer for the attribute count
SDgetdimscale dim_id int32 integer Dimension identifier
(ngg% ) data VOIDP <valid datatype>(*) Buffer for the scale values

EXAMPLE 12.

Setting and Retrieving Dimension Infor mation.

This example illustrates the use of the routines SDgetdimid/sfdimid, SDsetdimname/sfsdm-
name, SDsetdimscale/sfsdscale, SDdiminfo/sfgdinfo, and SDgetdimscale/sfgdscale to set and
retrieve the dimensions names and dimension scales of the SDS created in Example 2 and modi-

fied in Examples4 and 7.

C:
#i ncl ude "nf hdf . h"

#define FILE_NAME " SDS. hdf "
#define SDS_NAME " SDSt enpl at e
#define DI M_NAVE X " X_Axi s"
#define DI M NAVE Y "Y_Axis"
#define NAME_LENGTH 6

#define X_LENGTH 5

#define Y_LENGTH 16

#define RANK 2

mai n( )

{

/************************* Val'l abl e deCI al’atl on **************************/

int32 sd_id, sds_id, sds_index;
intn stat us;

int32 dimindex, dimid,

int32 n_val ues, data_type, n_attrs;
i

intl6 data_X X LENGTH; /* X di nensi on di mension scale */

int16 data_X out[ X_LENGTH] ;

float64 data_Y[Y_LENGIH; /* Y dimension dimension scale */

float64 data_Y out[Y_LENGTH ;
char di m nane[ NAMVE_LENGTH] ;
int i, j, nrow,

/********************* End Of Val’l abl e decl aratl on ***********************/

/*

* Initialize dinmension scales.

*/

for (i=0; i < X LENGTH, i++) data X[i] =1i;
for (i=0; i < Y_LENGIH, i++) data_Y[i] = 0.1 *
/*

* Open the file and initialize SDinterface.
*/

sd_id = SDstart (FILE_NAME, DFACC WRI TE):

/*

* CGet the index of the data set specified in SDS_NAME
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*/

sds_i ndex = SDnanet oi ndex (sd_id, SDS_NAME);

/*

* Select the data set corresponding to the returned index.

*/

sds_id = Shselect (sd_id,

/* For each dinension of the data set specified in SDS_NAME,

* its dimension identifier and set dinension nane

Note that data type of dinmension scale

* can be different between di mensions and can be different from

get

* and di nensi on scal e.

* SDS data type.

*/

sds_i ndex) ;

for (dimindex = 0; dimindex < RANK; di mindex++)

{
/*

* Sel ect the dinension at position di mindex.

*/

dimid = Sbhgetdimd (sds_id, dimindex);

/*

* Assign nanme and di mension scale to sel ected di nension.

*/

switch (di mindex)

{

case 0: status = SDsetdi mane (dimid, DI MNAMEY);
n_val ues = Y_LENGTH,
status = Shsetdinscal e (di mid, n_val ues, DFNT_FLQAT64,
(VO DP)data_Y);

br eak;

case 1: status = SDsetdi nmmanme (di mid, D MNAME X);
n_val ues = X _LENGTH,

status = SDsetdinscal e (di mid, n_val ues, DFNT_I NT16,

br eak;

defaul t: break;

}

/*

(VO DP)data_X);

\

\

Get and display info about the dinension and its scal e val ues.

The following information is displayed:

Information about 1 dinension:

di nension name is Y_AXis

nunber of scale values is 16
di mensi on scal e data type is float64
nunber of dinension attributes is O

Scal e val ues are :

0. 000
0. 400
0. 800
1. 200

I nformation about 2 di nension:

0.100
0. 500
0. 900
1.300

0. 200
0. 600
1. 000
1. 400

di nension name is X AXis

nunber of scale values is 5
di mension scal e data type is intl6
nunber of dinension attributes is O

Scal e val ues are :

01

2 3 4

0. 300
0.700
1.100
1.500

3-78

November 7, 2001



HDF User’s Guide

*/
status = SDdim nfo (dim.id, dimnane, &n_val ues,
printf ("Information about %l dinension:\n",

printf ("dinension nane is %\n",
printf ("nunber of scale values is %\n",
if( data_type DFNT_FLOAT64)

&data_type, &n_attrs);
di mi ndex+1);

di m nane) ;
n_val ues);

printf ("dinension scale data type is float64\n");

if( data_type DFNT_I NT16)

printf ("dinension scale data type is intl6\n");

printf ("nunber of dinension attributes is %\n",

printf ("\n");
printf ("Scale values are
switch (di mindex)

\n");

n_attrs);

{
case 0: status = SDgetdinscale (dimid, (VODP)data_Y_ out);
nrow = 4,
for (i=0; i<n_values/nrow, i++)
{
for (j=0; j<nrow, j++)
printf (" 9%6.3f", data_Y out[i*nrow + j]);
printf ("\n");
}
br eak;
case 1. status = SDgetdinscale (dimid, (VO DP)data_X out);
for (i=0; i<n_values; i++) printf (" %", data_X out[i]);
br eak;
defaul t: break;

}
printf ("\n");
} /*for dimindex */

/*

* Terminate access to the data set.
*/

status = SDendaccess (sds_id);

/*

* Term nate access to the SD interface and close the file.

*/
status = SDend (sd_id);

FORTRAN:

program di nensi on_i nfo
inplicit none

Par armet er decl arati on.

[eNeNe]

character*7 FILE_NAME
character*1l SDS NAME
character*6 D M NAME X
character*6 DI M NAVE Y
i nt eger X_LENGTH, Y_LENGTH, RANK
parameter (FILE_NAME ='SDS.hdf,
SDS_NAME ='SDStemplate’,
DIM_NAME_X ="X_Axis’,
DIM_NAME_Y ='Y_Axis’,
X_LENGTH =5,
Y_LENGTH =16,
RANK =2)
DFACC_WRITE, DFNT_INT16, DFNT_FLOAT64

+ 4+ 4+ + + +

integer
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par arret er (DFACCWR TE = 2,
+ DFNT_I NT16 = 22,
+ DFNT_FLQOAT64 = 6)

Functi on decl arati on.

OO0

integer sfstart, sfn2index, sfdimd, sfgdinfo
i nteger sfsdscal e, sfgdscale, sfsdmane, sfendacc
i nteger sfend, sfselect

C:k*** Val'lable decl al’atIOn EEEE RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES

integer sd_id, sds_id, sds_index, status
integer dim.index, dimid

integer n_values, n_attrs, data_type

i nt eger*2 dat a_X(X_LENGTH)

i nteger*2 data_X out (X_LENGTH)

real *8 dat a_VY( Y_LENGTH)

real *8 dat a_Y_out ( Y_LENGTH)
character*6 di m nanme

i nt eger i

*
*
*

End Of Varl abl e deCI al’atl on EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES

Initialize dinension scal es.

0000QO

do 10 i =1, X LENGTH
data X(i) =i - 1
10 conti nue

do 20 i =1, Y_LENGIH
data_Y(i) =0.1 * (i - 1)
conti nue

pen the file and initialize SD interface.

000y

sd_id = sfstart(FlILE_ NAME, DFACC WRI TE)

Cet the index of the data set with the nane specified in SDS_NAME.

[eNeNe]

sds_i ndex = sfn2index(sd_id, SDS_NAME)

Sel ect the data set corresponding to the returned index.

0O00

sds_id = sfselect(sd_id, sds_index)

For each dinension of the data set,

get its dinmension identifier and set dimension name

and di nension scales. Note that data type of dinmension scale can

be different between dimensions and can be different from SDS data type.

O0O0000

do 30 dimindex = 0, RANK - 1

Sel ect the dinension at position di mindex.

[eNeNe]

dimid = sfdi md(sds_id, dimindex)

Assi gn nane and di nension scale to the dinension.

[eNeNe]

if (dimindex .eq. 0) then
status = sfsdmane(di m.id, D M NAME X)
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n_val ues = X LENGTH

status = sfsdscal e(dimid, n_values, DFNT_INT16, data_X)
end if
if (dimindex .eq. 1) then

status = sfsdmane(di mid, D MNAME_Y)

n_val ues = Y_LENGTH

status = sfsdscal e(dimid, n_values, DFNT_FLOAT64, data_Y)
end if

CGet and display information about dimension and its scal e val ues.
The following information is displayed:

I nformati on about 1 dinension :

di mension name is X Axis

nunber of scale values is 5

di mension scale data type is intl6

nunber of dinension attributes is 0
Scal e val ues are:
0 1 2 3 4

I nformati on about 2 dinension :

di mension name is Y_AXis

nunber of scale values is 16

di mension scale data type is float64
nunber of dinension attributes is 0

Scal e val ues are:

0. 000 0. 100 0. 200 0. 300
0. 400 0. 500 0. 600 0. 700
0. 800 0. 900 1. 000 1. 100
1. 200 1. 300 1. 400 1. 500

O000000000000000000000000

status = sfgdinfo(dimid, dimnane, n_values, data_type, n_attrs)

Cc
wite(*,*) "Infornmati on about ", di mindex+1," dinmension :"
wite(*,*) "dimension name is ", di mname
wite(*,*) "nunber of scale values is", n_values
if (data_type. eq. 22) then
wite(*,*) "dinmension scale data type is int16"
endi f
if (data_type. eq. 6) then
wite(*,*) "dinmension scale data type is fl oat 64"
endi f
wite(*,*) "nunber of dinmension attributes is ", n_attrs
Cc
wite(*,*) "Scale values are:"
if (dimindex .eq. 0) then
status = sfgdscal e(dim.id, data_X out)
wite(*,*) (data_X out(i), i= 1, X LENGIH)
endi f
if (dimindex .eq. 1) then
status = sfgdscale(dim.id, data_Y_ out)
wite(*,100) (data_Y out(i), i= 1, Y_LENGIH)
100 format (4(1x,f10.3)/)
endi f
30 conti nue
C
C Term nate access to the data set.
Cc
status = sfendacc(sds_id)
Cc
C Term nate access to the SDinterface and close the file.
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status = sfend(sd_id)
end

3.8.4.4 Distinguishing SDS Arrays from Dimension Scales: SDiscoor dvar

The HDF library stores SDS dimensions as data sets. HDF therefore provides the routine SDisco-
ordvar to determine whether a particular data set contains the data of an SDS or an SDS dimen-
sion with dimension scale or attribute assigned to it. The syntax of SDiscoordvar thisroutineisas
follows:

C status = SO scoordvar (sds_i d);
FORTRAN: status = sfiscvar(sds_id)

If the data set, identified by the parameter sds_i d, contains the dimension data, a subsequent call
to SDgetinfo will fill the specified arguments with information about a dimension, rather than a
data set.

SDiscoordvar returns TRUE (or 1) if the specified data set represents a dimension scale and FALSE
(or 0), otherwise. Thisroutineis further defined in Table 3R.

TABLE 3R SDiscoordvar Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
SDiscoor dvar
[intn] sds_id int32 integer Data set identifier
(sfiscvar)
EXAMPLE 13. Distinguishing a Dimension Scale from a Data Set in a File.

This example illustrates the use of the routine SDiscoor dvar/sfiscvar to determine whether the
selected SDS array is a data set or a dimension stored as an SDS array (coordinate variable) (see
discussion in Section 3.8.4) and displays the name of the data set or dimension.

C:

#i ncl ude "nf hdf . h"

#define FI LE_NAME " SDS. hdf "
mai n( )
{

/************************* Val'l abl e decl al’atl on **************************/

int32 sd_id, sds_id, sds_index;

intn status;

int32 rank, data_type, di msizes[ MAX VAR DI M5];
int32 n_datasets, n_file_ attr, n_attrs;

char sds_nanme[ MAX_NC_NAME] ;

[ A xkx kxR xSk kkkxkxkxkxxx End of variable declarati on ****xxkxkxkkkkkkkkkkkkkx [

/*

* Open the file and initialize the SD interface.
*/

sd_id = SDstart (FI LE_NAVE, DFACC_READ);
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/*

* (btain information about the file.

*/

status = SDfileinfo(sd_id, & _datasets, &n_file_attr);

/* Get information about each SDSin the file.

Check whether it is a coordinate variable, then display retrieved
* information.
* Qut put displayed:

* SDS array with the nane SDStenpl ate

* Coordinate variable with the name Y_Axis
* Coordi nate variable with the nane X Axis
*

*/

for (sds_index=0; sds_index< n_datasets; sds_index++)
{

sds_id = Shsel ect (sd_id, sds_index);

status = SDgetinfo(sds_id, sds_nane, & ank, dimsizes, &data_type,
&n_attrs);
i f (SD scoordvar(sds_id))
printf(" Coordinate variable with the nane %\n", sds_nane);
el se
printf(" SDS array with the name %\n", sds_name);

/*

* Termi nate access to the selected data set.
*/

status = SDendaccess(sds_id);

}

/*

* Terminate access to the SD interface and close the file.
*

/

status = SDend(sd_id);

FORTRAN:

program sds_vrs_coordvar
inplicit none

Par anmet er decl arati on.

000

character*7 FILE _NAVE
parameter (FILE_NAME ='SDS.hdf")
integer DFACC_READ, DFNT_INT32
parameter (DFACC_READ =1,
+ DFNT_INT32 = 24)
integer MAX_VAR_DIMS
parameter (MAX_VAR_DIMS = 32)
Cc
C  Function declaration.
Cc
integer sfstart, sfselect, sfiscvar, sffinfo, sfginfo
integer sfendacc, sfend
C
C*** Variable declaration
C

integer  sd_id, sds_id, sds_index, status
integer  rank, data_type
integer n_datasets, n_file_attrs, n_attrs
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i nt eger di m si zes( MAX_VAR_ DI M5)
character*256 sds_nane

*
*
*

End of vari abl @ decl arati On * %% % %%k sk ks kkk kok kd ok kok kokok kok ok okokok ok ko ok k ok ok

pen the file and initialize the SD interface.

0000QoO

sd_id = sfstart(FI LE NAME, DFACC_READ)

otain information about the file.

[eNeNe]

status = sffinfo(sd_id, n_datasets, n_file_attrs)

Get information about each SDS in the file.

Check whether it is a coordinate variable, then display retrieved
i nformation.

Qut put di spl ayed:

SDS array with the name SDStenpl ate
Coordi nate variable with the name X_Axis
Coordi nate variable with the nane Y_Axis

O000000000

do 10 sds_index = 0, n_datasets-1
sds_id = sfselect(sd_id, sds_index)
status = sfginfo(sds_id, sds_nanme, rank, dimsizes,
+ data_type, n_attrs)
status = sfiscvar(sds_id)
if (status .eq. 1) then
wite(*,*) "Coordinate variable with the name ",
+ sds_nane( 1: 6)
el se
wite(*,*) "SDS array with the nane ",
+ sds_nane(1: 11)
endi f

Term nate access to the data set.

[eNeNe]

status = sfendacc(sds_id)
conti nue

Term nate access to the SDinterface and close the file.

00045

status = sfend(sd_id)
end

3.8.5 Related Data Sets

SD data sets with one or more dimensions with the same name and size are considered to be
related. Examples of related data sets are cross-sections from the same simulation, frames in an
animation, or images collected from the same apparatus. HDF attempts to preserve this relation-
ship by unifying their dimension scales and attributes. To understand how related data sets are
handled, it is necessary to understand what dimension records are and how they are created.

In the SD interface, dimension records are only created for dimensions of a unique name and size.
To illustrate this, consider a case where there are three scientific data sets, each representing a
unique variable, in an HDF file. (See Figure 3c.) The first two data sets have two dimensions each
and the third data set has three dimensions. There are atotal of five dimensionsin the file and the
name mapping between the data sets and the dimensions are shown in the figure. Note that if, for
example, the creation of a second dimension named "Altitude" is attempted and the size of the
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dimension is different from the existing dimension named "Altitude", an error condition will be
generated.

As expected, assigning a dimension attribute to dimension 1 of either data set will create the
required dimension scale and assign the appropriate attribute. However, because related data sets
share dimension records, they also share dimension attributes. Therefore, it isimpossible to assign
an attribute to a dimension without assigning the same attribute to al dimensions of identical
name and size, either within one data set or related data sets.

FIGURE 3c

3.9

Dimension Records and Attributes Shared Between Related Data Sets
Data Set B

Latitude]

[ Latitude] [ Congitudg

Latitude ‘ Longitude Time Altitude

Dimensions

User-defined Attributes

User-defined attributes are defined by the calling program and contain auxiliary information
about afile, SDS array, or dimension. This auxiliary information is sometimes called metadata
becauseit is data about data. There are two ways to store metadata: as user-defined attributes or as
predefined attributes.

Attributes take the form | abel =val ue, where | abel isa character string containing MAX_NC NAME
(or 256) or fewer characters and val ue contains one or more entries of the same data type as
defined at the time the attribute is created. Attributes can be attached to files, data sets, and dimen-
sions. These are referred to, respectively, as file attributes, data set attributes, and dimension
attributes:

File attributes describe an entire file. They generally contain information pertinent to all
HDF data setsin the file and are sometimes referred to as global attributes.

Data set attributes describe individual SDSs. Because their scopeislimited to an individual
SDS, data set attributes are sometimes referred to as local attributes.

Dimension attributes provide information applicable to an individual SDS dimension. It is
possible to assign a unit to one dimension in a data set without assigning a unit to the
remaining dimensions.

For each attribute, an attribute count is maintained that identifies the number of values in the
attribute. Each attribute has a unique attribute index, the value of which ranges from 0 to the total
number of attributes minus 1. The attribute index is used to locate an attribute in the object which
the attribute is attached to. Once the attribute is identified, its values and information can be
retrieved.

The data types permitted for attributes are the same as those allowed for SDS arrays. SDS arrays
with general attributes of the same name can have different data types. For example, the attribute
val i d_r ange specifying the valid range of data values for an array of 16-bit integers might be of
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type 16-bit integer, whereas the attribute val i d_r ange for an array of 32-bit floats could be of
type 32-bit floating-point integer.

Attribute names follow the same rules as dimension names. Providing meaningful names for
attributes is important, however using standardized names may be necessary if generic applica-
tions and utility programs are to be used. For example, every variable assigned a unit should have
an attribute named "uni t s" associated with it. Furthermore, if an HDF fileis to be used with soft-
ware that recognizes "units" attributes, the values of the "units" attributes should be expressed in a
conventional form as a character string that can be interpreted by that software.

The SD interface uses the same functions to access all attributes regardless of the objects they are
assigned to. The difference between accessing afile, array, or dimension attribute liesin the use of
identifiers. File identifiers, SDS identifiers, and dimension identifiers are used to respectively
access file attributes, SDS attributes, and dimension attributes.

3.9.1 Creating or Writing User-defined Attributes: SDsetattr

SDsetattr creates or modifies an attribute for one of the objects: the file, the data set, or the
dimension. If the attribute with the specified name does not exist, SDsetattr creates a new one. If
the named attribute already exists, SDsetattr resets all the values that are different from those pro-
vided in its argument list. The syntax of thisroutineis as follows:

C status = Ssetattr(obj _id, attr_nane, data type, n_val ues, val ues);

FORTRAN: status = sfsnatt(obj_id, attr_nane, data_type, n_val ues, val ues)

R status = sfscatt(obj _id, attr_nane, data type, n_val ues, val ues)

The parameter obj _i d is the identifier of the HDF data object to which the attribute is assigned
and can be a file identifier, SDS identifier, or dimension identifier. If obj i d specifies an SD
interface identifier (sd_i d), a global attribute will be created which applies to al objects in the
file. If obj _i d specifies a data set identifier (sds_i d), an attribute will be attached only to the
specified data set. If obj _id specifies a dimension identifier (di mid), an attribute will be
attached only to the specified dimension.

The parameter at t r_nane isan ASCII character string containing the name of the attribute. It rep-
resents the label in the | abel = val ue equation and can be no more than MAX_NC NAME (or 256)
characters. If thisis set to the name of an existing attribute, the value portion of the attribute will
be overwritten. Do not use SDsetattr to assign a name to a dimension, use SDsetdimname
instead.

The arguments dat a_t ype, n_val ues, and val ues describe the right side of the | abel = val ue
equation. The argument val ues contains one or more values of the same data type. The argument
dat a_t ype contains any HDF supported data type (see Table 2F on page 14). The parameter
n_val ues specifies the total number of valuesin the attribute.

There are two FORTRAN-77 versions of this routine: sfsnatt and sfscatt. The routine sfsnatt
writes numeric attribute data and sfscatt writes character attribute data.

SDsetattr returns avalue of SUCCEED (or 0) or FA L (or - 1). The parameters of SDsetattr are fur-
ther described in Table 3S on page 91.
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EXAMPLE 14. Setting Attributes.

This example shows how the routines SDsetattr/sfscatt/sfsnatt are used to set the attributes of the
file, data set, and data set dimension created in the Examples 2, 4, and 12.

C:
#i ncl ude "nf hdf. h"

#define FILE_NAME " SDS. hdf "
#define FILE_ATTR NAME "Fil e_contents"”
#define SDS_ATTR NAME "Valid_range"
#define DIMATTR NAME "Dimnetric"

mai n( )

{

[ xR KRF R KKKk Kk kkkkkxkkkkxkx% \/griabl @ declarati on FEFrEERFEEE KKK KKK R KKK KKK KK KK [

int32 sd_id, sds_id, sds_index;

intn st at us;

int32 dim.id, dimindex;

int32 n_val ues; /* nunber of values of the file, SDS or
di mension attribute */

char8 file_values[] = "Stormtrack_data";

/* values of the file attribute */
float32 sds_values[2] = {2., 10.};

/* values of the SDS attribute */
char8 dimuvalues[] = "Seconds";

/* values of the dinension attribute */

[ A kxR xR xSk kkkxkxkxkxxx End of variable declarati on ****xxkxkxkkkkkkkkkkkkkx [

/*

* Open the file and initialize the SD interface.
*/

sd_id = Shstart (FILE_NAVE, DFACC WR TE);

/*

* Set an attribute that describes the file contents.

*

/

n_val ues = 16;

status = SDsetattr (sd_id, FILE ATTR NAME, DFNT_CHAR8, n_val ues,
(VO DP)file_val ues);

/*

* Select the first data set.

*/

sds_i ndex = 0;

sds_id = Sbhsel ect (sd_id, sds_index);

/*

* Assign attribute to the first SDS. Note that attribute val ues

* may have different data type than SDS data.

*

/

n_values = 2;

status = SDsetattr (sds_id, SDS ATTR NAME, DFNT_FLOAT32, n_val ues,
(VA DP) sds_val ues) ;

/*

* Get the the second dinension identifier of the SDS.
*/

di mindex = 1;

dimid = SDgetdimd (sds_id, dimindex);
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/*
* Set an attribute of the dimension that specifies the dinension netric.
*
/
n_val ues = 7;
status = Shsetattr (dim.id, D MATTR NAME, DFNT_CHAR8, n_val ues,
(VA DP) di m val ues) ;

/*

* Terminate access to the data set.
*/

status = SDendaccess (sds_id);

/*

* Terminate access to the SDinterface and close the file.
*/

status = SDend (sd_id);

FORTRAN:

program set_attribs
inplicit none

Par anmet er decl arati on.

[eNeNe]

character*7 FILE_NAME
character*13 FILE ATTR_NAME
character*1l SDS ATTR_NAME
character*10 DI M ATTR_NAME
parameter (FILE_NAME =’SDS.hdf,
+ FILE_ATTR_NAME = 'File_contents’,
+ SDS_ATTR_NAME ="'Valid_range’,
+ DIM_ATTR_NAME ='Dim_metric’)
integer DFACC_WRITE, DFNT_CHARS, DFNT_FLOAT32
parameter (DFACC_WRITE =2,
+ DFNT_CHARS8 =4,
+ DFNT_FLOAT32 =5)
C
C Function declaration.
Cc
integer sfstart, sfscatt, sfsnatt, sfselect, sfdimid
integer sfendacc, sfend
Cc
C*** Variable declaration
Cc

integer sd_id, sds_id, sds_index, status
integer dim_id, dim_index
integer n_values
character*16 file_values
real sds_values(2)
character*7 dim_values
file_values ='Storm_track data’
sds_values(1) = 2.
sds_values(2) = 10.
dim_values ='Seconds’

C

C*** End of variable declaration

Open the file and initialize the SD interface.

O000

sd_id = sfstart(FILE_NAME, DFACC_WRITE)
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O000 [eNeNe] O000 [eNeNe] OO0

[eNeNe]

OO0

Set an attribute that describes the file contents.

n_val ues = 16

status = sfscatt(sd_id, FILE ATTR NAME, DFNT_CHARS, n_val ues,
+ file_val ues)

Sel ect the first data set.

sds_index = 0
sds_id = sfselect(sd_id, sds_index)

Assign attribute to the first SDS. Note that attribute val ues
nmay have different data type than SDS data.

n_values = 2
status = sfsnatt(sds_id, SDS ATTR NAME, DFNT_FLOAT32, n_val ues,
+ sds_val ues)

Cet the identifier for the first dimension.

dimindex = 0
dimid = sfdimd(sds_id, dimindex)

Set an attribute to the dinmension that specifies the
di mensi on netric.

n_values = 7

status = sfscatt(dimid, DI MATTR NAME, DFNT_CHARS, n_val ues,
+ di m val ues)

Termi nate access to the data set.

status = sfendacc(sds_id)

Term nate access to the SD interface and close the file.

status = sfend(sd_id)

end

3.9.2 Querying User-defined Attributes: SDfindattr and SDattrinfo

Given a file, SDS, or dimension identifier and an attribute name, SDfindattr returns a valid
attribute index if the corresponding attribute exists. The attribute index can then be used to
retrieve information about the attribute or its values. Given afile, SDS, or dimension identifier
and avalid attribute index, SDattrinfo retrieves the information about the corresponding attribute

if it exists.

The syntax for SDfindattr and SDattrinfo are as follows:

C.

attr_index = SOfindattr(obj _id, attr_nane);
status = Sattrinfo(obj _id, attr_index, attr_nane, &data type,
&n_val ues);

FORTRAN:  attr_index = sffattr(obj_id, attr_nane)

status = sfgainfo(obj _id, attr_index, attr_nane, data_type,
n_val ues)
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SDfindattr returns the index of the attribute, which belongs to the object identified by the param-
eter obj _i d, and whose name is specified by the parameter at t r _nane.

The parameter obj _i d can be either an SD interface identifier (sd_i d), a data set identifier
(sds_i d), or a dimension identifier (di m i d). SDfindattr is case-sensitive in searching for the
name specified by the parameter at t r _name and does not accept wildcards as part of that name.

SDattrinfo retrieves the attribute’s name, data type, and number of values into the parameters
attr_nane, dat a_t ype, andn_val ues, respectively.

The parameteattr_i ndex specifies the relative position of the attribute within the specified
object. An attribute index may also be determined by either keeping track of the number and order
of attributes as they are written or dumping the contents of the file using the HDF dumping utility,
hdp, which is described in Chapter FDF Command-line Utilities.

SDfindattr returns an attribute index or a valueRafL (or -1). SDattrinfo returns a value of
SUCGCEED (or 0) or FAIL (or -1). The parameters dBDfindattr and SDattrinfo are further
described in Table 3S on page 91.

3.9.3 Reading User-defined Attributes: SDreadattr

Given a file, SDS, or dimension identifier and an attribute in8Bxeadattr reads the values of
an attribute that belongs to either a file, an SDS, or a dimension. The syntax of this routine is as
follows:

C status = Sreadattr(obj _id, attr_index, values);

FORTRAN:  status

sfrattr(obj _id, attr_index, val ues)
R status = sfrnatt(obj _id, attr_index, val ues)
R status = sfrcatt(obj _id, attr_index, val ues)

SDreadattr stores the attribute values in the buffar ues, which is assumed to be sufficiently
allocated. The size of the buffer must be at leastl ues*si zeof (data type) bytes long,
wheren_val ues anddat a_t ype are the number of attribute values and their type. The values of
n_val ues anddat a_t ype can be retrieved usingDattrinfo. Note that the size of the data type
must be determined at the local machine where the application is ruSBingadattr will also

read attributes and annotations created by the DFSD interface.

The parametepbj i d can beeither an SD interface identifier (sd_i d), a data set identifier
(sds_i d), or adimension identifier (di m.i d).

The parameteattr_i ndex specifies the relative position of the attribute within the specified
object. An attribute index may also be determined by either keeping track of the number and order
of attributes as they are written or dumping the contents of the file using the HDF dumping utility,
hdp, which is described in Chapter FBDF Command-line Utilities.

There are three FORTRAN-77 versions of this routsheattr, sfrnatt, andsfrcatt. The routine
sfrattr reads data of all valid data typef;natt reads numeric attribute data asfdcatt reads
character attribute data.

SDreadattr returns a value ofUCCEED (or 0) or FAI L (or - 1). The parameters @Dreadattr are
further described in Table 3S.
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TABLE 3S SDsetattr, SDfindattr, SDattrinfo, and SDreadattr Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
sd_id, sds _id int32 integer SD interface, data set, or
or dim_id €9 dimension identifier
* % (* 1
SDsetattr attr_name char character* (*) Name of the attribute
[intn] data_type int32 integer Datatype of the attribute
(sfsnatt/ - - - :
sfscatt) n_values int32 integer Number of valuesin the attribute
<valid numeric data
vaues VOIDP type>(*)/ Buffer containing the data to be written
character* (*)
SDfindattr sd_id, ds id int32 integer SD interface, data s&t, or
f ordim_id dimension identifier
[int32]
(sffattr) attr_name char * character* (*) Attribute name
sd_id, sds _id int32 integer SD interface, data set, or
or dim_id €9 dimension identifier
attr_index int32 integer Index of the attribute to be read
SDattrinfo -
[intn] attr_name char * character* (*) Buffer for the name of the attribute
(sfgainfo) . . . Buffer for the data type of the valuesin
data_type int32 integer the attribute
. . Buffer for the total number of valuesin
*
n_values int32 integer the attribute
sd_id, sds id . . SD interface, data set, or dimension
or dim_id ints2 Integer identifier
SDreadattr -
[intn] attr_index int32 integer Index of the attribute to be read
(sfrattr/ <valid datatype>(*)/
sirnatt/ <valid numeric data
sfrcatt) values VOIDP . Buffer for the attribute values
type>(*)/
character* (*)
EXAMPLE 15. Reading Attributes.

This example uses the routines SDfindattr/sffattr, SDattrinfo/sfgainfo, and SDreadattr/sfrattr
to find and read attributes of the file, data set, and data set dimension created in the Example 14.

C:

#i ncl ude

#defi ne
#defi ne
#defi ne
#defi ne

mai n( )

{

"nf hdf . h"

FI LE_NAMVE
FI LE_ATTR_NAME
SDS_ATTR_NAME
DI M ATTR_NAME

" SDS. hdf "
"File_contents"
"Val i d_range"
"Dimnetric"

/************************* Val'l abl e decl al’atl on **************************/

int32
intn
int32
char
int8
int8
fl oat
int

sd_id, sds_id, dimid;

st at us;
attr_i ndex,

data_type, n_val ues;

attr_nane[ MAX_NC_NAME] ;

*file_data;
*di m dat a;

32 *sds_dat a;
i;
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[ xkx kxR xSk kkkxkxkxkxxx End of variable declarati on ***xxkxkxkkkkkkkkkkkkkx [

/*

* Open the file and initialize SD interface.
*/

sd_id = SDstart (FILE_NAME, DFACC READ);

/*

* Find the file attribute defined by FILE ATTR NAME.
*/

attr_index = SDfindattr (sd_id, FILE ATTR NAME);

/*

* Get information about the file attribute. Note that the first

* paraneter is an SDinterface identifier.

*/

status = SDattrinfo (sd_id, attr_index, attr_name, &data_type, &n_values);

/*

* Allocate a buffer to hold the attribute data.

*/

file_data = (int8 *)malloc (n_values * sizeof (data_type));

/*

* Read the file attribute data.

*/

status = SDreadattr (sd_id, attr_index, file_data);

/*

* Print out file attribute val ue.

*/

printf ("File attribute value is : %\n", file_data);

/*
* Select the first data set.
*/
sds_id = Sbhselect (sd_id, 0);

/*

* Find the data set attribute defined by SDS ATTR NAME. Note that the
* first paranmeter is a data set identifier.

*

/

attr_index = SDfindattr (sds_id, SDS_ATTR_NAME);

/*

* Get information about the data set attribute.

*/

status = SDhattrinfo (sds_id, attr_index, attr_name, &data_type, &n_val ues);

/*

* Allocate a buffer to hold the data set attribute data.

*/

sds_data = (float32 *)malloc (n_values * sizeof (data_type));

/*

* Read the SDS attribute data.

*/

status = SDreadattr (sds_id, attr_index, sds_data);

/*
* Print out SDS attribute data type and val ues.
*/
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if (data_type == DFNT_FLQAT32)
printf ("SDS attribute data type is : float32\n");

printf ("SDS attribute values are : ");

for (i=0; i<n_values; i++) printf (" %", sds_data[i]);
printf ("\n");

/*

* Get the identifier for the second di mension of the SDS.
*/

dimid = Shgetdimd (sds_id, 1);

/*

* Find dinmension attribute defined by DI M ATTR_NAME.

*/

attr_index = SDfindattr (dim.id, D MATTR NAVE);

/*

* Get information about the dinmension attribute.

*/

status = Shattrinfo (dimid, attr_index, attr_name, &data_type, &n_val ues);

/*
* Allocate a buffer to hold the dinension attribute data.
*/
dimdata = (int8 *)malloc (n_values * sizeof (data_type));

/*

* Read the dinmension attribute data.

*/

status = SDreadattr (dim.id, attr_index, dimdata);

/*

* Print out dinension attribute val ue.

*/

printf ("Dinensional attribute values is : %\n", dimdata);

/*

* Terminate access to the data set and to the SD interface and
* close the file.

*/

status SDendaccess (sds_id);

status = SDend (sd_id);

/*

* Free all buffers.
*/

free (dimdata);
free (sds_data);
free (file_data);

/* Qutput of this programis :

* File attribute value is : Stormtrack_data

* SDS attribute data type is : float32

* SDS attribute values are : 2.000000 10. 000000
* Di mensi onal attribute values is : Seconds

*/
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FORTRAN:
program attr_info
inplicit none
c
C Par anet er decl arati on.
Cc

C
C
C

C

C*** \/ariable declaration

C

C

C*** End of variable declaration

[eNeNe] [eNeNe] 0O00 O000 O000

[eNeNe]

character*7 FILE _NAVE
character*13 FI LE_ATTR _NAME
character*1l SDS ATTR_NAME
character*10 DI M ATTR_NAVE
parameter (FILE_NAME ='SDS.hdf,

+ FILE_ATTR_NAME = 'File_contents’,
+ SDS_ATTR_NAME ='Valid_range’,
+ DIM_ATTR_NAME ='Dim_metric’)

integer DFACC_READ, DFNT_FLOAT32
parameter (DFACC_READ =1,
+ DFNT_FLOAT32 =5)

Function declaration.

integer sfstart, sffattr, sfgainfo, sfrattr, sfselect
integer sfdimid, sfendacc, sfend

integer  sd_id, sds_id, dim_id

integer  attr_index, data_type, n_values, status
real sds_data(2)

character*20 attr_name

character*16 file_data

character*7 dim_data

integer i

Open the file and initialize SD interface.
sd_id = sfstart(FILE_NAME, DFACC_READ)

Find the file attribute defined by FILE_ATTR_NAME.
Note that the first parameter is an SD interface identifier.

attr_index = sffattr(sd_id, FILE_ATTR_NAME)
Get information about the file attribute.

status = sfgainfo(sd_id, attr_index, attr_name, data_type,
+ n_values)

Read the file attribute data.

status = sfrattr(sd_id, attr_inde, file_data)
Print file attribute value.

write(*,*) "File attribute value is : ", file_data
Select the first data set.

sds_id = sfselect(sd_id, 0)
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Find the data set attribute defined by SDS_ATTR NAME.
Note that the first paraneter is a data set identifier.

O000

attr_index = sffattr(sds_id, SDS_ATTR_NAVE)

Cet infornmation about the data set attribute.

[eNeNe]

status = sfgainfo(sds_id, attr_index, attr_nane, data_type,
+ n_val ues)

Read the SDS attribute data.

OO0

status = sfrattr(sds_id, attr_index, sds_data)

Print SDS attribute data type and val ues.

[eNeNe]

if (data_type .eq. DFNT_FLOAT32) then

wite(*,*) "SDS attribute data type is : float32 "
endi f
wite(*,*) "SDS attribute values are
wite(*,*) (sds_data(i), i=1, n_val ues)

Cet the identifier for the first di mension of the SDS.

[eNeNe]

dimid = sfdinid(sds_id, 0)

Find the dinensional attribute defined by DI M ATTR_NAME
Note that the first parameter is a dinension identifier.

O000

attr_index = sffattr(dimid, D MATTR NAVE)

Cet information about dinmension attribute.

[eNeNe]

status = sfgainfo(dim.id, attr_index, attr_nane, data_type,
+ n_val ues)

Read the dinension attribute data.

OO0

status = sfrattr(dim.id, attr_index, dimdata)

Print dinmension attribute val ue.

[eNeNe]

wite(*,*) "D nmensional attribute value is : ", dimdata

Termi nate access to the data set.

[eNeNe]

status = sfendacc(sds_id)

Term nate access to the SD interface and close the file.

0O00

status = sfend(sd_id)

Qutput of this programis :

File attribute value is : Stormtrack data
SDS attribute data type is : float32
SDS attribute values are
2.00000 10.00000
Di nmensional attribute value is : Seconds

O00000000O0
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end

3.10 Predefined Attributes

Predefined attributes use reserved names and in some cases predefined data type names. Pre-
defined attributes are categorized as follows:

Labels can be thought of as variable names. They are often used as keys in searches to find
aparticular predefined attribute.

Units are ameans of declaring the units pertinent to a specific discipline. A freely-available
library of routinesis available to convert between character string and binary forms of unit
specifications and to perform useful operations on the binary forms. Thislibrary isused in
some netCDF applications and is recommended for use with HDF applications. For more
information, refer to the netCDF User’s Guide for @hich can be obtained at

htt p: //wawv uni dat a. ucar . edu/ packages/ net cdf / gui dec/ .

Formats describe the format in which numeric values will be printed and/or displayed. The
recommended convention is to use standard FORTRAN-77 notation for describing the data
format. For example, "F7.2" meansto display seven digits with two digitsto the right of the
decimal point.

Coordinate systems contain information that should be used when interpreting or displaying

the data. For example, the text strings "cartesian”, "polar" and "spherical” are recommended
coordinate system descriptions.

Ranges define the maximum and minimum values of a selected valid range. The range may
cover the entire data set, values outside the data set, or a subset of values within a data set.
Because the HDF library does not check or update the range attribute as datais added or
removed from the file, the calling program may assign any val ues deemed appropriate as
long asthey are of the same data type asthe SDS array.

Fill valueisthe value used to fill the areas between non-contiguous writes to SDS arrays.
For more information about fill values, refer to Section 3.10.5 on page 101.

Calibration stores scale and offset values used to create calibrated datain SDS arrays.
When data are calibrated, they are typically reduced from floats, double, or large integers
into 8-bit or 16-hit integers and "packed" into an appropriately sized array. After the scale
and offset values are applied, the packed array will return to its original form.

Predefined attributes are useful because they establish conventions that applications can depend
on and because they are understood by the HDF library without users having to define them. Pre-
defined attributes also ensure backward compatibility with earlier versions of the HDF library.
They can be assigned only to data sets and dimensions. Table 3T lists the predefined attributes and
the types of abject each attribute can be assigned to.

TABLE 3T

Predefined Attributes List

HDF Data Obj ect

Type Attribute Category Attribute Name Description
SDSArray Label | ong_nane Name of the array
or Uni t units Units used for all dimensions and data
Dimension For mat f or mat Format for displaying dim scales and array values
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Coor di nate Sys-

Cem cordsys Coordinate system used to interpret the SDS array
Range valid_range Maximum and minimum values within a selected data
range
Fill Value __Fillvalue Value used to fill empty locations in an SDS array
SDSArray Only scal e_factor Value by which each array value is to be multiplied
scal e_factor_err Error introduced by scaling SDS array data
Calibration add_of f set Value to which each array value is to be added
add_of fset _err Error introduced by offsetting the SDS array data
cal i brated_nt Data type of the calibrated data

While the following netCDF naming conventions are not predefined in HDF, they are highly rec-
ommended to promote consistency of information-sharing among generic applications. Refer to
the netCDF User’s Guide for @or further information.

missing_value: An attribute containing a value used to fill areas of an array not intended to
contain either valid data or afill value. The scope of this attribute islocal to the array. An
example of thiswould be aregion where information is unavailable, asin a geographical
grid containing ocean data. The part of the grid where thereisland might not have any data
associated with it and in such a case the m ssi ng_val ue value could be supplied. The

m ssi ng_val ue attribute is different from the _Fi | | Val ue attribute in that fill values are
intended to indicate data that was expected but did not appear, whereas missing values are
used to indicate data that were never expected.

title: A global file attribute containing a description of the contents of afile.

history: A global file attribute containing the name of a program and the arguments used to
derive the file. Well-behaved generic filters (programs that take HDF or netCDF files as
input and produce HDF or netCDF files as output) would be expected to automatically
append their name and the parameters with which they were invoked to the history attribute
of aninput file.

3.10.1Accessing Predefined Attributes

The SD interface provides two methods for accessing predefined attributes. The first method uses
the general attribute routines for user-defined attributes described in Section 3.9 on page 85; the
second employs routines specifically designed for each attribute and will be discussed in the fol-
lowing sections. Although the general attribute routines work well and are recommended in most
cases, the speciaized attribute routines are sometimes easier to use, especially when reading or
writing related predefined attributes. This is true for two reasons. First, because predefined
attributes are guaranteed unique names, the attribute index is unnecessary. Second, attributes with
several components may be read as a group. For example, using the SD routine designed to read
the predefined calibration attribute returns all five components with a single call, rather than five
separate calls.

There is one exception: unlike predefined data set attributes, predefined dimension attributes
should be read or written using the specialized attribute routines only.

The predefined attribute parameters are described in Table 3U. Creating a predefined attribute
with parameters different from these will produce unpredictable results when the attribute is read
using the corresponding predefined-attribute routine.
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TABLE 3U Predefined Attribute Definitions
Category Attribute Name Data Type Number of Values Attribute Description
Label long_name DFNT_CHARS String length String
Unit units DFNT_CHARS String length String
Format format DFNT_CHARS8 String length String
C‘g;’;’lfle cordsys DFNT_CHARS String length String
Range valid_range <vaid datatype> 2 l’:';' ;n::ei?i:a?/m mum values
Fill Value _FillValue <vaid datatype> 1 Fill value
scale_factor DFNT_FLOAT64 1 Scale
scale_factor_err DFNT_FLOAT64 1 Scale error
Calibration add_offset DFENT_FLOAT64 1 Offset
add_offset_err DFNT_FLOAT64 1 Offset error
calibrated_nt DFNT_INT32 1 Datatype
In addition to SDreadattr, SDfindattr and SDattrinfo are also valid general attribute routines to
use when reading a predefined attribute. SDattrinfo is always useful for determining the size of
an attribute whose value contains a string.
3.10.2SDS String Attributes
This section describes the predefined string attributes of the SDSs and the next section describes
those of the dimensions. Predefined string attributes of an SDS include the label, unit, format,
and coordinate system.
3.10.2.1 Writing String Attributes of an SDS: SDsetdatastrs
SDsetdatastrs assigns the predefined string attributes label, unit, format, and coordinate system
to an SDS array. The syntax of thisroutineis as follows:

C status = SDsetdatastrs(sds_id, label, unit, fornmat, coord systen);

FORTRAN: status = sfsdtstr(sds_id, label, unit, format, coord systen)

If you do not wish to set an attribute, set the corresponding parameter to NULL in C and an empty
string in FORTRAN-77. SDsetdatastr s returns a value of SUOCEED (or 0) or FAI L (or - 1). Itsargu-
ments are further described in Table 3V on page 99.

3.10.2.2Reading String Attributes of an SDS: SDgetdatastrs

SDgetdatastrs reads the predefined string attributes label, unit, format, and coordinate system
from an SDS. These string attributes have previously been set by the routine SDsetdatastrs. The
syntax of SDgetdatastrsis asfollows:

C status = Sgetdatastrs(sds_id, label, unit, fornat, coord system

len);

FORTRAN: status = sfgdtstr(sds_id, |abel, unit, fornat, coord system I|en)
SDgetdatastrs stores the predefined attributes into the parameters | abel , uni t, format, and
coord_syst em which are character string buffers. If a particular attribute has not been set by
SDsetdatastrs, the first character of the corresponding returned string will be NULL for C and 0 for
FORTRAN-77. Each string buffer is assumed to be at least | en characters long, including the
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space to hold the NULL termination character. If you do not wish to get a predefined attribute of this
SDS, set the corresponding parameter to NLLL in C and an empty string in FORTRAN-77.

SDgetdatastrs returns a value of SUJCEED (or 0) or FAIL (or -1). Its parameters are further
described in Table 3V.

TABLE 3V

SDsetdatastrs and SDgetdatastrs Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
sds id int32 integer Data set identifier
label char * character* (*) Label for the data
SDS?gS:]aSUS unit char * character* (*) Definition of the units
(sfsdtstr) format char * character* (*) Description of the data format
coor:';syst char * character* (*) Description of the coordinate system
sds id int32 integer Data set identifier
label char * character* (*) Buffer for the label
SDgetdatastrs unit char * character* (*) Buffer for the description of the units
[intn] format char * character* (*) Buffer for the description of the data format
(sfgdtstr)
coord_syst - ’
em char * character* (*) Buffer for the description of the coordinate system
len intn integer Minimum length of the string buffers

3.10.3String Attributes of Dimensions

Predefined string attributes of a dimension include label, unit, and format. They adhere to the
same definitions as those of the label, unit, and format strings for SDS attributes.

3.10.3.1 Writing a String Attribute of a Dimension: SDsetdimstrs

SDsetdimstr s assigns the predefined string attributes label, unit, and format to an SDS dimension
and its scales. The syntax of thisroutineis as follows:

C status = Ssetdinstrs(dimid, label, unit, fornat);
FORTRAN: status = sfsdnstr(dimid, label, unit, fornat)

The argument di mi d is the dimension identifier, returned by SDgetdimid, and identifies the
dimension to which the attributes will be assigned. If you do not wish to set an attribute, set the
corresponding parameter to NULL in C and an empty string in FORTRAN-77.

SDsetdimstrs returns a value of SUCCEED (or 0) or FAIL (or -1). Its parameters are further
described in Table 3W.

3.10.3.2Reading a String Attribute of a Dimension: SDgetdimstrs

SDgetdimstrs reads the predefined string attributes label, unit, and format from an SDS dimen-
sion. These string attributes have previously been set by the routine SDsetdimstrs. The syntax of
SDgetdimstrsis asfollows:

C status = Sgetdinstrs(dimid, label, unit, fornat, len);

FORTRAN: status = sfgdnstr(dimid, label, unit, fornat, |en)
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SDgetdimstrs stores the predefined attributes of the dimension into the arguments | abel , uni t,
and f or mat , which are character string buffers. If a particular attribute has not been set by SDset-
dimstrs, thefirst character of the corresponding returned string will be NULL for C and 0 for FOR-
TRAN-77. Each string buffer is assumed to be at least | en characters long, including the space to
hold the NULL termination character. If you do not wish to get a predefined attribute of this dimen-
sion, set the corresponding parameter to NULL in C and an empty string in FORTRAN-77.

SDgetdimstrs returns a value of SUCCEED (or 0) or FAIL (or -1). Its parameters are further
described in Table 3W.

TABLE 3W

SDsetdimstrs and SDgetdimstrs Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
dim_id int32 integer Dimension identifier
SDsetdimstrs label char * character*(*) | Label describing the specified dimension
intn|
(Sf[sdmltr) unit char * character* (*) Units to be used with the specified dimension
format char * character* (*) Format to use when displaying the scale values
dim_id int32 integer Dimension identifier
* * (% i q
SDgetdimsirs label char character* (*) Buffer for the dimension label
[intn] unit char * character* (*) Buffer for the dimension unit
(sfgdmstr) - -
format char * character* (*) Buffer for the dimension format
len intn integer Maximum length of the string attributes

3.10.4Range Attributes

The attribute range contains user-defined maximum and minimum values in a selected range.
Since the HDF library does not check or update the range attribute as data is added or removed
from the file, the calling program may assign any values deemed appropriate. Also, because the
maximum and minimum values are supposed to relate to the data set, it is assumed that they are of
the same data type as the data.

3.10.4.1 Writing a Range Attribute: SDsetrange

SDsetrange sets the maximum and minimum range values for the data set identified by sds_i d to
the values provided by the parameters nax and mi n. The syntax of the routineis as follows:

C status = Ssetrange(sds_id, nax, nin);
FORTRAN: status = sfsrange(sds_id, max, nin)

SDsetr ange does not compute the maximum and minimum range values, it only stores the values
as given. As aresult, the maximum and minimum range values may not always reflect the actual
maximum and minimum range values in the data set data. Recall that the type of max and min is
assumed to be the same as that of the data set data.

SDsetrange returns a value of SUGCEED (or 0) or FAI L (or - 1). Its parameters are further described
in Table 3X.
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3.10.4.2 Reading a Range Attribute: SDgetrange

SDgetr ange reads the maximum and minimum valid values of a data set. The syntax of this rou-
tineisasfollows:

C status = SDgetrange(sds_id, &vax, &mn);
FORTRAN:  status = sfgrange(sds_id, max, nin)

The maximum and minimum range values are stored in the parameters max and m n, respectively,
and must have previously been set by SDsetrange. Recall that the type of max and ni n is assumed
to be the same as that of the data set data.

SDgetrange returns a value of SUGCEED (or 0) or FAI L (or - 1). Its parameters are further described
in Table 3X.

TABLE 3X

SDsetrange and SDgetrange Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
SDsetrange sds id int32 integer Data set identifier
[intn] max VOIDP <valid datatype> Maximum value to be stored
(sfsrange) min VOIDP <valid datatype> Minimum vaue to be stored
SDgetrange sds id int32 integer Data set identifier
[intn] max VOIDP <valid data type> Buffer for the maximum value
(sfgrange) min VOIDP <valid data type> Buffer for the minimum value

3.10.5Fill Values and Fill Mode

A fill valueisthe value used to fill the spaces between non-contiguous writesto SDS arrays; it can
be set with SDsetfillvalue. If afill value is set before writing data to an SDS, the entire array is
initialized to the specified fill value. By default, any location not subsequently overwritten with
SDS datawill contain thefill value.

A fill value must be of the same data type as the array to which it is written. To avoid conversion
errors, use data-specific fill values instead of special architecture-specific values, such as infinity
and Not-a-Number or NaN.

A fill mode specifies whether the fill value isto be written to all the SDSsin thefile; it can be set
with SDsetfillmode.

Writing fill values to an SDS can involve more 1/O overhead than is necessary, particularly in sit-
uations where the data set is to be contiguously filled with data before any read operation is made.
In other words, writing fill valuesis only necessary when there is apossibility that the data set will
be read before al gaps between writes are filled with data, i.e., before all elements in the array
have been assigned values. Thus, for a file that has only data sets containing contiguous data, the
fill mode should be set to SD NCFI LL (or 256). Avoiding unnecessary filling can substantially
increase the application performance.

For a non-contiguous data set, the array elements that have no actual data values must be filled
with afill value before the data set is read. Thus, for afile that has a non-contiguous data set, the
fill mode should be set to SD FI LL (or 0) and afill value will be written to the al data setsin the
file

Note that, currently, SDsetfillmode specifies the fill mode of all data setsin the file. Thus, either
al datasetsarein SD FILL mode or all datasetsarein SD NOFI LL mode. However, when a spe-
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cific SDS needs to be written with afill value while othersin the file do not, the following proce-
dure can be used: set the fill mode to SD FI LL, write data to the data set requiring fill values, then
set the fill mode back to SD NOFI LL. This procedure will produce one data set with fill values
while the remaining data sets have no fill values.

3.10.5.1 Writing a Fill Value Attribute: SDsetfillvalue

SDsetfillvalue assigns a new value to the fill value attribute for an SDS array. The syntax of this
routineis as follows:

C status = Ssetfillvalue(sds_ id, fill_val);
FORTRAN:  status = sfsfill(sds_id, fill_val)
R status = sfscfill(sds_id, fill_val)

Theargument fill _val isthe new fill value. It is recommended that you set the fill value before
writing data to an SDS array, as calling SDsetfillvalue after data is written to an SDS array only
changes the fill value attribute — it does not update the existing fill values.

There are two FORTRAN-77 versions of this routisfefill andsfscfill. sfsfill writes numeric fill
value data andfscfill writes character fill value data.

SDsetfillvalue returns a value oBUOCEED (or 0) or FA'L (or -1). Its parameters are further
described in Table 3Y on page 103.

3.10.5.2 Reading a Fill Value Attribute: SDgetfillvalue

SDgetfillvalue reads in the fill value of an SDS array as specified Bpsetfillvalue call or its
equivalent. The syntax of this routine is as follows:

C status = SDgetfillvalue(sds_id, &ill _val);
FORTRAN:  status = sfgfill(sds_id, fill_val)

oR status = sfgcfill(sds_id, fill_val)

The fill value is stored in the argumdnt | _val which is previously allocated based on the data
type of the SDS data.

There are two FORTRAN-77 versions of this routistgfill andsfgcfill. Thesfgfill routine reads
numeric fill value data ansfgcfill reads character fill value data.

SDgetfillvalue returns a value &UCCEED (or 0) if a fill value is retrieved successfully, Bal L (or
- 1) otherwise, including when the fill value has not been set. The parametbgifillvalue
are further described in Table 3Y.

3.10.5.3 Setting the Fill Mode for all SDSsin the Specified File: SDsetfillmode

SDsetfillmode setsthe fill mode for all data sets contained in the file identified by the parameter
sd_i d. The syntax oSDsetfillmode is as follows:

C ol d_f node

Sxsetfillnode(sd id, fill _node):;
FORTRAN: ol d frode = sfsflnu(sd_id, fill node)

The argumenti | | _node is the fill mode to be applied and can be set to eiber LL (or 0) or

SD NCHI LL (or 256). SD FI LL specifies that fill values will be written to all SDSs in the specified
file by default. IfSDsetfillmode is never called befor8Dsetfillvalue, SD FI LL is the default fill
mode.SD NCFI LL specifies that, by default, fill values will not be written to all SDSs in the speci-
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fied file. This can be overridden for a specific SDS by calling SDsetfillmode then writing data to
this data set before closing the file.

Note that whenever a file has been newly opened, or has been closed and then re-opened, the
default SD FI LL fill mode will be in effect until it is changed by acall to SDsetfillmode.

SDsetfillmode returns the fill mode value beforeit is reset or avalue of FAI L (or -1). The param-
eters of thisroutine are further described in Table 3Y.

TABLE 3Y

SDsetfillvalue, SDgetfillvalue, and SDsetfillmode Parameter Lists

Routine Name Parameter Type

[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
SDsetfillvalue sds_id int32 integer Data set identifier
[intn] . .
(sfsfill/ fill_val voIDP svalid numeric Gaatype>/ | gy 4 e 1o be set
sfscfill) character* (*)
SDgetfillvalue sds id int32 integer Data set identifier
[intn] ) )
(sfafill/ fill_val VOIDP svalidnumeric dalatype>/ | g ter for the fill value
sfgcfill) character* (*)
SDsetfillmode sd_id int32 integer SD interface identifier
intn]
(Sf[snm]d) fill_mode intn integer Fill mode to be set

3.10.6Calibration Attributes

The calibration attributes are designed to store calibration information associated with data set
data. When data is calibrated, the values in an array can be represented using a smaller data type
than the original. For instance, an array containing data of type f 1 oat could be stored as an array
containing data of type 8- or 16-bit integer. Note that neither function performs any operation on
the data set.

3.10.6.1 Setting Calibration Information: SDsetcal

SDsetcal stores the scale factor, offset, scale factor error, offset error, and the data type of the
uncalibrated data set for the specified data set. The syntax of thisroutineis as follows:

C status = Ssetcal (sds_id, cal, cal _error, offset, off _err,
data type);

FORTRAN: status = sfscal (sds_id, cal, cal _error, offset, off_err, data type)

SDsetcal has six arguments; sds_i d, cal, cal _error, offset, off_err, and data_type. The
argument cal represents a single value that when multiplied against every value in the calibrated
data array reproduces the original data array (assuming an of f set of 0). The argument of f set

represents a single value that when subtracted from every value in the calibrated array reproduces
the original data (assuming acal of 1). The values of the calibrated data array relate to the values
of the original data array according to the following equation:

orig value = cal * (cal _value - offset)
In addition to cal and of f set, SDsetcal also includes the scale and offset errors. The argument

cal _err contains the potential error of the calibrated data due to scaling; of f set _err contains
the potential error for the calibrated data due to the offset.

SDsetcal returns a value of SUCCEED (or 0) or FAI L (or - 1). Its parameters are further described in
Table 3Z.
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3.10.6.2 Reading Calibrated Data: SDgetcal

SDgetcal reads calibration attributes for an SDS array as previoudy written by SDsetcal. The
syntax of thisroutine is asfollows:

C status = SDgetcal (sds_id, &al, &cal _error, &offset, &ffset_err,
&dat a_type);

FORTRAN: status = sfgcal (sds_id, cal, cal _error, offset, offset_err,
data_type)

Because the HDF library does not actually apply calibration information to the data, SDgetcal can
be called anytime before or after the data is read. If a calibration record does not exist, SDgetcal
returns FAI L. SDgetcal takes six arguments: sds_i d, cal , cal _error, of fset, of f set _err, and
dat a_t ype. Refer to Section 3.10.6.1 for the description of these arguments.

SDgetcal returns a value of SUGCEED (or 0) or FAIL (or -1). The parameters of SDgetcal are
described in Table 3Z.

TABLE 32 SDsetcal and SDgetcal Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) (& FORTRAN-77
sds id int32 integer Data set identifier
cal float64 rea*8 Cadlibration factor
SDsetcal cal_error float64 rea*8 Calibration error
intn|
(gfg:a]]) offset float64 real*8 Uncalibrated offset
offset_err float64 rea*8 Uncalibrated offset error
data_type int32 integer Data type of uncalibrated data
sds id int32 integer Data set identifier
cal float64 * rea*8 Cadlibration factor
Sl?get(]:al cal_error float64 * read*8 Calibration error
intn
(sfgcal) offset float64 * real*8 Uncalibrated offset
offset_err float64 * rea*8 Uncalibrated offset error
data_type int32 * integer Data type of uncalibrated data
EXAMPLE 16. Calibrating Data.
Suppose the valuesin the calibrated array cal _val are the following integers:
cal_val[6] ={2 4, 5 11, 26, 81}
By applying the calibration equation orig = cal * (cal _val - offset) withcal = 0.50and
of fset = -2000. 0, the calibrated array cal _val [] returnsto its original floating-point form:
original _val[6] ={1001.0, 1002.0, 1002.5, 1005.5, 1013.0, 1040.5}
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3.11 Chunked (or Tiled) Scientific Data Sets

NOTE: It is strongly encouraged that HDF users who wish to use the SD chunking routines first
read the section on SD chunking in Chapter 14, HDF Performance Issues. In that section the con-
cepts of chunking are explained, aswell astheir usein relation to HDF. Asthe ability to work with
chunked data has been added to HDF functionality for the purpose of addressing specific perfor-
mance-related issues, you should first have the necessary background knowledge to correctly
determine how chunking will positively or adversely affect your application.

This section will refer to both "tiled" and "chunked" SDSs as simply chunked SDSs, as tiled
SDSs are the two-dimensional case of chunked SDSs.

3.11.1Making an SDS a Chunked SDS: SDsetchunk

In HDF, an SDS must first be created as a generic SDS through the SDcreate routine, then
SDsetchunk is called to make that generic SDS a chunked SDS. Note that there are two restric-
tions that apply to chunked SDSs. The maximum number of chunksin asingle HDF file is 65,535
and a chunked SDS cannot contain an unlimited dimension. SDsetchunk sets the chunk size and
the compression method for a data set. The syntax of SDsetchunk is asfollows:

C status = Sset chunk(sds_id, c_def, flag);
FORTRAN:  status = sfschnk(sds_id, dimlength, conp_type, conp_prm

The chunking information is provided in the parameters c_def and f| ag in C, and the parameters
conp_t ype and conp_pr min FORTRAN-77.

InC:
The parameter c_def has type HOF_ CHUINK_DEF which is defined as follows:;

typedef union hdf_chunk_def_u {
i nt32 chunk_| engt hs[ MAX VAR DI M§ ;
struct {
i nt 32 chunk_| engt hs| MAX VAR D MY ;
int32 conp_type;
conp_i nfo cinfo;
} conp;
struct {
i nt 32 chunk_| engt hs| MAX VAR D MY ;
intn start_bit;
intn bit_len;
intn sign_ext;
intn fill_one;
} nbit;
} HOF_ CHUNK DE

Refer to the reference manual page for SDsetcompress for the definition of the structure
conp_i nf o.

The parameter f 1 ag specifies the type of the data set, i.e., if the data set is chunked or chunked
and compressed with either RLE, Skipping Huffman, GZIP, or NBIT compression methods. Valid
values of f | ag are HOF_CHUNK for a chunked data set, (HOF_CHUNK | HDF_QOWP) for a chunked data
set compressed with RLE, Skipping Huffman, and GZIP compression methods, and (HOF_CHUNK |
HDF_NBI T) for a chunked NBIT-compressed data set.
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There are three pieces of chunking and compression information which should be specified:
chunking dimensions, compression type, and, if needed, compression parameters.

If the data set is chunked, i.e, flag value is HDOF CHINK, then the elements of the array
chunk_| engt hs inthe union c_def (c_def. chunk_l engt hs[]) haveto beinitialized to the chunk
dimension sizes.

If the data set is chunked and compressed using RLE, Skipping Huffman, or GZIP methods (i.e.,
fl ag valueis set up to (HOF_CHUNK | HDF_QOMP)), then the elements of the array chunk_| engt hs
of the structure conp in the union c_def (c_def. conp. chunk_I engt hs[]) have to be initialized
to the chunk dimension sizes.

If the data set is chunked and NBIT compression is applied (i.e., flag vaues is set up to
(HOF_CHUNK | HDF_NBI T)), then the elements of the array chunk_I engt hs of the structure nbi t in
the union c_def (c_def. nbit. chunk_| engt hs[]) have to be initialized to the chunk dimension
sizes.

The values of HOF_ CHUNK, HOF_QOWP, and HDF_NBI T are defined in the header file hpr ot o. h.

Compression types are passed in the field conp_t ype of the structure ci nf o, which is an element
of the structure conp in the union c_def (c_def. conp. ci nfo. conp_t ype). Valid compression
types ares OQOW QDE RE for RLE, QOW OQXE SKPHFF for Skipping Huffman,
QOMP_QCDE_DEFLATE for GZIP compression.

For Skipping Huffman and GZIP compression, parameters are passed in corresponding fields of
the structure ci nfo. Specify skipping size for Skipping Huffman compression in the field
c_def . conp. ci nf o. skphuf f . skp_si ze; this value cannot be less than 1. Specify deflate level
for GZIP compression in the field c¢_def . conp. ci nfo. def | ate_| evel . Valid values of deflate
levels are integers from 0 to 9 inclusive.

NBIT compression parameters are specified in the fields start _bit, bit_| en, sign_ext, and
fill _one inthe structurenbi t of theunion c_def .

In FORTRAN-77:
Thedi m | engt h array specifies the chunk dimensions.
The conp_t ype parameter specifies the compression type. Valid compression types and their val-
ues are defined in the hdf.inc file, and are listed bel ow.
OOMP_OODE_NONE (or 0) for uncompressed data
QOMP_ODE RLE (or 1) for data compressed using the RLE compression algorithm
OQOMP_ODE NBI T (or 2) for data compressed using the NBIT compression algorithm
QOMP_QDE_SKPHUFF (or 3) for data compressed using the Skipping Huffman compres-
sion algorithm

OOMP_QODE _DEFLATE (or 4) for data compressed using the GZIP compression algo-
rithm

The parameter conp_prn( 1) specifies the skipping size for the Skipping Huffman compression
method and the deflate level for the GZIP compression method.

For NBIT compression, the four elements of the array conp_prm correspond to the four NBIT
compression parameters listed in the structure nbi t . The array conp_pr mshould be initialized as
follows:

conp_prn{1l) = vaueof start _bit
conp_prn{2) = vaueof bit_len

conp_prn(3) = vaueof sign_ext
conp_prn(4) = vaueof fill _one
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Refer to the description of the union HOF_CHUNK DEF and of the routine SDsetnbitdataset for
NBIT compression parameter definitions.

SDsetchunk returns either avalue of SUSCEED (or 0) or FAl L (or - 1). Refer to Table 3AA and Table
3AB for the descriptions of the parameters of both versions.

TABLE 3AA SDsetchunk Parameter List

Routine Name P = Parameter Type Descripi

[Return Type] arameter c escription

sds id int32 Data set identifier
SDsetchunk ) o : -
fintri] c_def HDF_CHUNK_DEF Union containing information on how the chunks are to be defined
flag int32 Flag determining the behavior of the routine

TABLE 3AB sfschnk Parameter List

Routine Name Parameter Type

Parameter Description
FORTRAN-77
sds id integer Data set identifier
Sfschnk dim_length integer(*) Sizes of the chunk dimensions
comp_type integer Compression type
comp_prm integer(*) Array containing information needed by the compression algorithm

3.11.2 Setting the Maximum Number of Chunksin the Cache:
SDsetchunkcache

To maximize the performance of the HDF library routines when working with chunked SDSs, the
library maintains a separate area of memory specifically for cached data chunks. SDsetchunk-
cache sets the maximum number of chunks of the specified SDS that are cached into this segment
of memory. The syntax of SDsetchunkcacheis asfollows:

C status = SDset chunkcache(sds_i d, naxcache, flag);

FORTRAN: status = sfscchnk(sds_id, maxcache, flag)

When the chunk cache has been filled, any additional chunks written to cache memory are cached
according to the Least-Recently-Used (LRU) algorithm. This means that the chunk that has
resided in the cache the longest without being reread or rewritten will be written over with the
new chunk.

By default, when a generic SDS is made a chunked SDS, the parameter naxcache is set to the
number of chunks along the fastest changing dimension. If needed, SDsetchunkcache can then be
called again to reset the size of the chunk cache.

Essentialy, the value of naxcache cannot be set to a value less than the number of chunks cur-
rently cached. If the chunk cache is not full, then the size of the chunk cache is reset to the new
value of maxcache only if it is greater than the current number of chunks cached. If the chunk
cache has been completely filled with cached data, SDsetchunkcache has already been called,
and the value of the parameter naxcache in the current call to SDsetchunkcacheislarger than the
value of maxcache in thelast call to SDsetchunkcache, then the value of naxcache isreset to the
new value.
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Currently the only allowed value of the parameter f | ag is 0, which designates default operation.
In the near future, the value HOF_CAGHEALL will be provided to specify that the entire SDS array is
to be cached.

SDsetchunkcache returns the maximum number of chunks that can be cached (the value of the
parameter maxcache) if successful and FA L (or - 1) otherwise. The parameters of SDsetchunk-
cache are further described in Table 3AC.

TABLE 3AC

SDsetchunkcache Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77

SDsetchunkcache sds id int32 integer Data set identifier

intn maxcache int32 integer Maximum number of chunksto cache
[intn]
(sfscchnk)

flag int32 integer Flag determining the default caching behavior

3.11.3Writing Data to Chunked SDSs: SDwritechunk and SDwritedata

Both SDwritedata and SDwritechunk can be used to write to a chunked SDS. Later in this chap-
ter, situations where SDwritechunk may be a more appropriate routine than SDwritedata will be
discussed, but, for the most part, both routines achieve the same results. SDwritedata is discussed
in Section 3.5.1 on page 30. The syntax of SDwritechunk isasfollows:

C status = SDwitechunk(sds_id, origin, datap);
FORTRAN: status = sfwchnk(sds_id, origin, datap)
R status = sfwechnk(sds_id, origin, datap)

The location of data in a chunked SDS can be specified in two ways. The first is the standard
method used in the routine SDwritedata that access both chunked and non-chunked SDSs; this
method refers to the starting location as an offset in elements from the origin of the SDS array
itself. The second method is used by the routine SDwritechunk that only access chunked SDSs;
this method refers to the origin of the chunk as an offset in chunks from the origin of the chunk

array itself. The parameter ori gi n specifies this offset; it also may be considered as chunk’s coor-
dinates in the chunk array. Figure 3d on page 109 illustrates this method of chunk indexing in a 4-

by-4 element SDS array with 2-by-2 element chunks.
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FIGURE 3d

Chunk Indexing as an Offset in Chunks
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SDwritechunk is used when an entire chunk is to be written and requires the chunk offset to be
known. SDwritedata is used when the write operation is to be done regardless of the chunking
scheme used in the SDS. Also, as SDwritechunk is written specifically for chunked SDSs and
does not have the overhead of the additional functionality supported by the SDwritedata routine,
it is much faster than SDwritedata. Note that attempting to use SDwritechunk for writing to a
non-chunked data set will return aFA L (or - 1).

The parameter dat ap must point to an array containing the entire chunk of data. In other words,
the size of the array must be the same as the chunk size of the SDS to be written to, or an error
condition will result.

There aretwo FORTRAN-77 versions of thisroutine: sfwchnk writes numeric data and sfwcchnk
writes character data.

SDwritechunk returns either a value of SUOCEED (or 0) or FAIL (or -1). The parameters of
SDwritechunk are in Table 3AD. The parameters of SDwritedata are listed in Table 3D on page
32.

TABLE 3AD

SDwritechunk Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
sds id int32 integer Data set identifier

SDwritechunk Coordinates of the origin of the chunk to

. - ! . .

(gBVTELk/ origin int32 integer be written

sfwechnk) <valid numeric data - )
datap VOIDP type>(*)lcharacter* () Buffer containing the datato be written
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3.11.4Reading Data from Chunked SDSs: SDreadchunk and SDreaddata

As both SDwritedata and SDwritechunk can be used to write data to a chunked SDS, both
SDreaddata and SDreadchunk can be used to read data from a chunked SDS. SDreaddata is
discussed in Section 3.5.1 on page 30. The syntax of SDreadchunk is as follows:

C status = SDreadchunk(sds_id, origin, datap);

FORTRAN: status = sfrchnk(sds_id, origin, datap)
R status = sfrcchnk(sds_id, origin, datap)

SDreadchunk is used when an entire chunk of datais to be read. SDreaddata is used when the
read operation is to be done regardless of the chunking scheme used in the SDS. Also, SDread-
chunk is written specifically for chunked SDSs and does not have the overhead of the additional
functionality supported by the SDreaddata routine. Therefore, it is much faster than SDreaddata.
Note that SDreadchunk will return FAI L (or -1) when an attempt is made to read from a non-
chunked data set.

As with SDwritechunk, the parameter ori gi n specifies the coordinates of the chunk to be read,
and the parameter dat ap must point to an array containing enough space for an entire chunk of
data. In other words, the size of the array must be the same as or greater than the chunk size of the
SDSto be read, or an error condition will result.

There are two FORTRAN-77 versions of this routine: sfrchnk reads numeric data and sfrcchnk
reads character data.

SDreadchunk returns either avalue of SUGCEED (or 0) or FAI L (or - 1). The parameters of SDread-
chunk are further described in Table 3AE. The parameters of SDreaddata are listed in Table 3K
on page 56.

TABLE 3AE

SDreadchunk Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77

sds id int32 integer Data set identifier

SDreadchunk - : . ’ " Coordinates of the origin of the chunk to

fintn] origin int32 integer(*) be read
S: Lg::t; <valid numeric data
datap VOIDP type>(*)/ Buffer for the returned chunk data
character* (*)

3.11.50btaining I nfor mation about a Chunked SDS: SDgetchunkinfo

SDgetchunkinfo is used to determine whether an SDS is chunked and how the chunk is defined.
The syntax of thisroutineis as follows:

C status = SDget chunki nfo(sds_id, c_def, flag);
FORTRAN:  status = sfgichnk(sds_id, dimlength, flag)

Currently, only information about chunk dimensions is retrieved into the corresponding structure
element c_def for each type of compression in C, and into the array di m | engt h in Fortran. No
information on compression parameters is available in the structure conp of the union
HDF_CHUNK_DER. For specific information on c_def , refer to Section 3.11.1 on page 105.
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The value returned in the parameter f | ag indicates the data set type (i.e., whether the data set is
not chunked, chunked, or chunked and compressed).

If the data set is not chunked, the value of f | ag will be HOF_NONE (or - 1). If the data set is chunked,
the value of f1 ag will be HOF_CHNK (or 0). If the data set is chunked and compressed with either
RLE, Skipping Huffman, or GZIP compression agorithm, then the value of flag will be
HDF_CHUNK | HDOF_QawP (or 1). If the data set is chunked and compressed with NBIT compression,
then the value of f | ag will be HDOF_CHUNK | HDF_NBI T (or 2).

If the chunk length for each dimension is not needed, NULL can be passed in as the value of the
parameter c_def in C.

SDgetchunkinfo returns either a value of SUCCEED (or 0) or FAI L (or - 1). Refer to Table 3AF and
Table 3AG for the description of the parameters of both versions.

TABLE 3AF SDgetchunkinfo Parameter List
Routine Name AR IFEIEIIEET 179E Description
[Return Type] c P
sds id int32 Data set identifier
SDgett_:hunkmfo ¢_def HDF_CHUNK_DEF * Union structure containing information about the chunks in the
[intn] SDS
flag int32 * Flag determining the behavior of the routine
TABLE 3AG sfgichnk Parameter List
’ Parameter Type
RELHmSINETIE Parameter Description
FORTRAN-77
sds id integer Data set identifier
sfgichnk dim_length integer(*) Sizes of the chunk dimensions
comp_type integer Compression type
EXAMPLE 17. Writing and Reading a Chunked SDS.

This example demonstrates the use of the routines SDsetchunk/sfschnk, SDwritedata/sfwdata,
SDwritechunk/sfwchnk, SDgetchunkinfo/sfgichnk, SDreaddata/sfrdata, and SDreadchunk/
sfrchnk to create a chunked data set, write data to it, get information about the data set, and read
the data back. Note that the Fortran example uses transpose data to reflect the difference between
C and Fortran internal storage.

C:
#i ncl ude "nf hdf. h"

#define FI LE_NAME " SDSchunked. hdf "
#defi ne SDS_NAME " ChunkedDat a"
#defi ne RANK 2

nmai n()

{

[ R KRF KKK KKKk kkkxkxkkkkxkx% \/griabl @ declarati on *EFrEERFEEE KKK KKK R KKK KKK KK KK [

i nt 32 sd_id, sds_id, sds_index;
intn st at us;

i nt 32 flag, maxcache, new naxcache;
int32 di msizes[2], origin[2];
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HDF_CHUNK_DEF c_def, c_def_out; /* Chunking definitions */

int32 conmp_flag, c_flags;
int16 all _data[9][4];
i nt 32 start[2], edges[2];
int16 chunk_out [ 3] [ 2];
int16 rowf2] ={ 5 51};
int16 colum[3] ={ 4, 4, 4},
intl6 fill _value = 0; /* Fill value */
int i
/*
* Declare chunks data type and initialize sone of them
*/
int1l6 chunk1[3][2] = { 1, 1,
1, 1,
1, 13}
int16 chunk2[3][2] = { 2, 2,
2, 2,
2, 2},
int16 chunk3[3][2] = { 3, 3,
3, 3,
3, 3};
int16 chunk6[3][2] = { 6, 6,
6, 6,
6, 6 };

/********************* End Of Varl abl e deCI arathﬂ ***********************/
/*
* Define chunk’s dimensions.

* In this example we do not use compression.
* To use chunking with RLE, Skipping Huffman, and GZIP
* compression, initialize

*

* c_def.comp.chunk_lengths[0] = 3;

* c_def.comp.chunk_lengths[1] = 2;

*

* To use chunking with NBIT, initialize

* c_def.nbit.chunk_lengths[0] = 3;

* c_def.nbit.chunk_lengths[1] = 2;

*

c_def.chunk_lengths[0] = 3;
c_def.chunk_lengths[1] = 2;

/*
* Create the file and initialize SD interface.
*,
/
sd_id = SDstart (FILE_NAME, DFACC_CREATE);

/*

* Create 9x4 SDS.

*/

dim_sizes[0] = 9;

dim_sizes[1] = 4;

sds_id = SDcreate (sd_id, SDS_NAME,DFNT_INT16, RANK, dim_sizes);

/*
* Fill the SDS array with the fill value.
*
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status = Shsetfillvalue (sds_id, (VADP)&fill_value);

/*

* Create chunked SDS.

* In this exanple we do not use conpression ( third
* paraneter of SDsetchunk is set to HDF_CHUNK).

* To use RLE conpresssion, set conpression type and flag

* c_def. conp. conp_type = COW_CCDE _RLE;
* conp_flag = HDF_CHUNK | HDF_COWP,

* To use Skipping Huf f man conpression, set conpression type, flag
* and skipping size skp_size

* c_def. conp. conp_type = COWP_CODE_SKPHUFF;
* c_def . conp. ci nfo. skphuf f. skp_si ze = val ue;
* conp_flag = HDF_CHUNK | HDF_COWP,

* To use ZI P conpression, set conpression type, flag and
* deflate | evel

* c_def. conp. conp_type = COWP_CCODE_DEFLATE;
* c_def.conp.cinfo.deflate.l evel = val ue;
* conp_flag = HDF_CHUNK | HDF_COWP,

* To use NBIT conpression, set conpression flag and
* conpressi on paraneters

* conp_flag = HDF_CHUNK | HDF_NBIT;
* c_def.nbit.start_bit = val uel;

* c_def.nbit.bit_len = val uez;

* c_def.nbit.sign_ext = value3;

* c_def.nbit.fill_one = value4,;

*/

conp_flag = HDF_CHUNK;
status = SDhsetchunk (sds_id, c_def, conp_flag);

/*

* Set chunk cache to hol d naxi mum of 3 chunks.

*/

maxcache = 3;

flag = 0;

new_naxcache = SDset chunkcache (sds_id, maxcache, flag);

/*
* Wite chunks using SDwritechunk function.
* Chunks can be witten in any order.

*/

/*

* Wite the chunk with the coordinates (0,0).
*/

origin[0] = 0;

originf1] = 0;

status = SDwitechunk (sds_id, origin, (VA DP) chunkl);

/*

* Wite the chunk with the coordinates (1,0).

*/

origin[0] = 1;

origin[1l] = 0;

status = SDwitechunk (sds_id, origin, (VA DP) chunk3);
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/*

* Wite the chunk with the coordinates (0,1).

*/

origin[0] = 0;

originf1] = 1;

status = SDwitechunk (sds_id, origin, (VA DP) chunk2);

/*
* Wite chunk with the coordinates (1,2) using
* SDwritedata function.

*/
start[O0]
start[1]
edges|[ 0]
edges|[ 1]
status = Sl

itedata (sds_id, start, NULL, edges, (VO DP) chunk6);

/*

* Fill second colum in the chunk with the coordinates (1,1)
* using SDwitedata function.

*/
start[O0]
start[1]
edges|[ 0]
edges|[ 1] 1;
status = SDwitedata (sds_id, start, NULL, edges, (VO DP) colum);

3
3,
3

/*

* Fill second rowin the chunk with the coordinates (0,2)
* using SDwitedata function.

*/
start[0]
start[1]
edges|[ 0]
edges|[ 1]
status = SDwitedata (sds_id, start, NULL, edges, (VO DP) row;

7:

0
1:
2

/*

* Terminate access to the data set.
*/

status = SDendaccess (sds_id);

/*

* Terminate access to the SDinterface and close the file.
*/

status = SDend (sd_id);

/*

* Reopen the file and access the first data set.
*/

sd_id = Shstart (FILE_NAME, DFACC READ);

sds_i ndex = 0;

sds_id = SDhsel ect (sd_id, sds_index);

/*

* Get information about the SDS. Only chunk | engths and conpression
* flag can be returned. Conpression information is not available if
* NBI T, Skipping Huffrman, or &ZI P conpression is used.

*/

status = SDgetchunkinfo (sds_id, &c_def_out, &c_flags);

if (c_flags == HDF_CHUNK )

printf(" SDS is chunked\nChunk’s dimensions %dx%d\n",
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c_def _out. chunk_| engt hs[ 0],
c_def _out. chunk_|l engths[ 1]);
else if (c_flags == (HDF_CHUNK | HDF_COWP))
printf("SDS is chunked and compressed\nChunk’s dimensions %dx%d\n",
c_def_out.comp.chunk_lengths[0],
c_def_out.comp.chunk_lengths[1]);
else if (c_flags == (HDF_CHUNK | HDF_NBIT))
printf ("SDS is chunked (NBIT)\nChunk’s dimensions %dx%d\n",
c_def_out.nbit.chunk_lengths|0],
c_def_out.nbit.chunk_lengths[1]);

/*

* Read the entire data set using SDreaddata function.

*

start[0] = 0;

start[1] = 0;

edges[0] = 9;

edges[1] = 4;

status = SDreaddata (sds_id, start, NULL, edges, (VOIDP)all_data);

/*
* Print out what we have read.

* The following information should be displayed:
*

* SDS is chunked
* Chunk’s dimensions 3x2

* 112
* 1122
* 1122
* 3304
* 3304
* 3304
* 0066
* 5566
* 0066
*

for (j=0; j<9; j++)

for (i=0; i<4; i++) printf (" %d", all_datal[j][i]);
printf ("\n");
}

/*
* Read chunk with the coordinates (2,0) and display it.
*
origin[0] = 2;
origin[1] = 0;
status = SDreadchunk (sds_id, origin, chunk_out);
printf (" Chunk (2,0) \n");
for (j=0; j<3; j++)
{
for (i=0; i<2; i++) printf (" %d", chunk_out[j][i]);
printf ("\n");
}

/*

* Read chunk with the coordinates (1,1) and display it.
*

origin[0] = 1;

origin[1] = 1;

status = SDreadchunk (sds_id, origin, chunk_out);
printf (" Chunk (1,1) \n");

for (j=0; j<3; j++)
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for (i=0; i<2; i++) printf (" %", chunk_out[j][i]);
printf ("\n");

/* The followi ng information is displayed:

* Chunk (2, 0)

* 00

* 55

* 00

* Chunk (1,1)
* 04

* 04

* 04

*/

/*

* Termi nate access to the data set.
*/

status = SDendaccess (sds_id);

/*

* Terminate access to the SDinterface and close the file.
*/

status = SDend (sd_id);

FORTRAN:

program chunk_exanpl es
inplicit none

Par anmet er decl arati on.

[eNeNe]

character*14 FI LE_NAME
character*1l SDS NAME
i nt eger RANK
parameter (FILE_NAME ='SDSchunked.hdf’,
+ SDS_NAME ='ChunkedData’,
+ RANK =2)
integer DFACC_CREATE, DFACC_READ, DFNT_INT16
parameter (DFACC_CREATE =4,
+ DFACC_READ =1,
+ DFNT_INT16 =22)
integer COMP_CODE_NONE
parameter (COMP_CODE_NONE = 0)

This example does not use compression.
To use RLE compression, declare:

integer COMP_CODE_RLE
parameter (COMP_CODE_RLE =1)

To use NBIT compression, declare:

integer COMP_CODE_NBIT
parameter (COMP_CODE_NBIT = 2)

To use Skipping Huffman compression, declare:

O00000000000000O0

integer COMP_CODE_SKPHUFF
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i nt eger COVP_CCODE_DEFLATE

Functi on decl arati on.

O000000000

integer sfstart, sfcreate, sfendacc,
+ sfselect, sfsfill, sfschnk,
sfrchnk, sfgichnk, sfwdata,

+

+ sfscchnk

C*** \ariabl e decl arati On *****xkkkkkdkkdkkhkkhkhkhk ko kkkk kX ok kkkk kX kx

nt eger fill_val ue, maxcache,

nteger*2 all _data(4,9)
nteger*2 row(3), colum(2)
nt eger*2 chunk_out (2, 3)
nt eger*2 chunkl(2, 3),
+ chunk2(2, 3),
+ chunk3(2, 3),
+ chunk6( 2, 3)
i nt eger i, ]

C
C Conpression flag and paraneters.
Cc

i nteger conp_type, conp_flag, conp_prn(4)

Cc
C Chunk’s dimensions.
Cc
integer dim_length(2), dim_length_out(2)

C
C Initialize four chunks
C

data chunkl /6*1/
data chunk2 /6*2/
data chunk3 /6*3/
data chunke6 /6*6/
C
C Initialize row and column arrays.
C
data row /3*4/
data column /2*5/
C

par arret er ( COVP_CCDE_SKPHUFF = 3)

To use GZI P conpression, declare:

paranmeter  ( COMP_CODE _DEFLATE = 4)

nt eger sd_id, sds_id, sds_index,
nt eger di msizes(2), origin(2)
new_nmaxcache,
nt eger start(2), edges(2), stride(2)

C*** End of variable declaration

Define chunk’s dimensions.

O000

dim_length(1) =2
dim_length(2) = 3

Create the file and initialize SD interface.

[eNeNe]

sd_id = sfstart(FILE_NAME, DFACC_CREATE)
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C Create 4x9 SDS
C
dimsizes(1l) =4
dimsizes(2) =9

sds_id = sfcreate(sd_id, SDS NAME, DFNT_I NT16,

+ RANK, di m si zes)
Cc
C Fill SDS array with the fill val ue.
C

fill _value =0

status = sfsfill( sds_id, fill_value)

Create chunked SDS.
In this exanple we do not use conpression.

To use RLE conpression, initialize conp_type paraneter
before the call to sfschnk function.
conp_type = COW_CODE _RLE

To use NBIT, Skipping Huffnman, or GZI P conpression,
initialize conp_prmarray and conp type paraneter
before call to sfschnk function

NBI T:
conp_prn(1) = val ue_of (sign_ext)
conp_prm(2) = value_of (fill_one)
conp_prn(3) = value_of (start_bit)

conp_prn(4) = value_of (bit_Ilen)
conp_type = COWP_CCDE_NBI T

Ski ppi ng Huf f man:
conp_prn(1) = val ue_of (skp_si ze)
conp_type = COWP_CCODE_SKPHUFF

I P
conp_prn(1) = value_of (deflate_level)
conp_type COWP_CCDE_DEFLATE

O0000000000000000000000000000

conp_type = COVP_CODE_NONE
status = sfschnk(sds_id, dimlength, conp_type, conp_prm

o
C Set chunk cache to hol d maxi num 2 chunks.
C

flag = 0

maxcache = 2

new_maxcache = sfscchnk(sds_i d, maxcache, flag)
Cc
C Wite chunks using SDwitechunk function.
C Chunks can be witten in any order.
Cc
C Wite chunk with the coordinates (1,1).
Cc

origin(l) =1

origin(2) =1

status = sfwechnk(sds_id, origin, chunkl)
C
C Wite chunk with the coordinates (1,2).
Cc

origin(l) =1
origin(2) =2
status = sfwechnk(sds_id, origin, chunk3)
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Wite chunk with the coordinates (2,1).

OO0

origin(l) 2
origin(2) =1
status = sfwechnk(sds_id, origin, chunk2)

Wite chunk with the coordinates (2,3).

[eNeNe]

origin(l) =2
origin(2) =3
status = sfwechnk(sds_id, origin, chunk6)

Fill second row in the chunk with the coordinates (2,2).

[eNeNe]

start(1)
start(2)
edges(1)
edges(2)
stride(l) =1

stride(2) =1

status = sfwdata(sds_id, start, stride, edges, row

[
Wk Www

Fill second colum in the chunk with the coordinates (1,3).

0O00

start(1)
start(2)
edges(1)
edges(2)
stride(1)
stride(2)
status = sfwdata(sds_id, start, stride, edges, colum)

0
7
2
1

=1
=1

Termi nate access to the data set.

[eNeNe]

status = sfendacc(sds_id)

Termi nate access to the SD interface and close the file.

[eNeNe]

status = sfend(sd_id)

Reopen the file and access the first data set.

OO0

sd_id = sfstart(FI LE NAVE, DFACC_READ)
sds_index = 0
sds_id = sfselect(sd_id, sds_index)

Get information about the SDS.

OO0

status = sfgichnk(sds_id, dimlength_out, conp_flag)
if (conp_flag .eq. 0) then
write(*,*) 'SDS is chunked’
endif
if (comp_flag .eqg. 1) then
write(*,*) 'SDS is chunked and compressed’
endif
if (comp_flag .eq. 2) then
write(*,*) 'SDS is chunked and NBIT compressed’
endif
write(*,*) 'Chunks dimensions are ’, dim_length_out(1),
+’ x',dim_length_out(2)
C
C Read the whole SDS using sfrdata function and display
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what we have read. The following infornation will be displayed:

SDS i s chunked
Chunks di nensi ons are 2 x 3

NN R
NN R R
AOWW
O WW
AOWW
o oo o
oo oy
o oo o

O0000000000
NN PR

start (1)
start(2)
edges(1)
edges(2)
stride(l) =1

stride(2) =1

status = sfrdata(sds_id, start, stride, edges, all_data)

I
© OO

Di splay the SDS.

[eNeNe]

wite(*,*)
do 10i =1,4

wite(*,*) (all_data(i,j), j=1,9)
conti nue

Read chunks with the coordinates (2,2) and (1,3) and display.
The following information will be shown:

Chunk (2, 2)
0 0 O
4 4 4

Chunk (1, 3)

0

5 0
0 5 0

00000000000 00045

origin(l) =2
origin(2) =2
status = sfrchnk(sds_id, origin, chunk_out)
wite(*,*)

write(*,*) "Chunk (2,2)

write(*,*)

do20i=1,2

write(*,*) (chunk_out(i,), j=1,3)
20 continue

origin(1) =1
origin(2) =3
status = sfrchnk(sds_id, origin, chunk_out)
write(*,*)
write(*,*) "Chunk (1,3)’
write(*,*)
do30i=1,2
write(*,*) (chunk_out(i,j), j=1,3)
continue

Terminate access to the data set.

000y

status = sfendacc(sds_id)
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C Termi nate access to the SD interface and close the file.

status = sfend(sd_id)
end

3.12 Ghost Areas

In cases where the size of the SDS array is not an even multiple of the chunk size, regions of
excess array space beyond the defined dimensions of the SDS will be created. Refer to the follow-
ing illustration.

FIGURE 3e Array Locations Created Beyond the Defined Dimensions of an SDS

= 1600ints ——=

In a 1600 by 2000 integer chunked
SDS array with 500 by 500 integer
chunks, a 400 by 2000 integer area
of array locations beyond the
defined dimensions of the SDS

is created (shaded area). These
areas are called "ghost areas".

2000
ints

These "ghost areas’ can be accessed only by SDreadchunk and SDwritechunk; they cannot be
accessed by either SDreaddata or SDwritedata. Therefore, storing data in these areasis not rec-
ommended. Future versions of the HDF library may not include the ability to write to these areas.

If the fill value has been set, the values in these array locations will be initialized to the fill value.
It is highly recommended that users set the fill value before writing to chunked SDSs so that gar-
bage values won't be read from these locations.

3.13 netCDF

HDF supports the netCDF data model and interface developed at the Unidata Program Center
(UPC). Like HDF, netCDF is an interface to a library of data access programs that store and

retrieve data. The file format developed at the UPC to support netCDF uses XDR (eXternal Data

Representation), a non-proprietary external data representation developed by Sun Microsystems
for describing and encoding data. Full documentation on netCDF and the Unidata netCDF inter-

face is available att t p: / / waw uni dat a. ucar . edu/ packages/ net cdf /.

The netCDF data model is interchangeable with the SDS data model in so far as it is possible to
use the netCDF calling interface to place an SDS into an HDF file and conversely the SDS inter-
face will read from an XDR-based netCDF file. Because the netCDF interface has not changed
and netCDF files stored in XDR format are readable, existing netCDF programs and data are still
usable, although programs will need to be relinked to the new library. However, there are impor-
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tant conceptual differences between the HDF and the netCDF data model that must be understood
to effectively use HDF in working with netCDF data objects and to understand enhancements to
the interface that will be included in the future to make the two APIs much more similar.

In the HDF model, when a multidimensional SDS is created by SDcreate, HDF data objects are

also created that provide information about the individual dimensions — one for each dimension.
Each SDS contains within its internal structure the array data as well as pointers to these dimen-
sions. Each dimension is stored in a structure that is in the HDF file but separate from the SDS
array.

If more than one SDS have the same dimension sizes, they may share dimensions by pointing to
the same dimensions. This can be done in application programs by &issglimname to

assign the same dimension name to all dimensions that are shared by several SDSs. For example,
suppose you make the following sequence of calls for every SDS in a file:

dmid = Sgetdinmd(sds_id, 0);
ret = SDsetdi rmame(dimid, "Lat");
dimid = Sgetdind(sds_id, 1);
ret = SDsetdi rmane(di mid, "Long");

This will create a shared dimension nameskt " that is associated with every SDS as the first
dimension and a dimension namédrig" as the second dimension.

This same result is obtained differently in netCDF. Note that a netCDF "variable" is roughly the
same as an HDF SDS. The netCDF interface requires application programs to define all dimen-
sions, usingncdi ndef, before defining variables. Those defined dimensions are then used to
define variables incvar def . Each dimension is defined by a name and a size. All variables using
the same dimension will have the same dimension name and dimension size.

Although the HDF SDS interface will read from and writeettsting XDR-based netCDF files,
HDF cannot be used tweate XDR-based netCDF files.

There is currently no support for mixing HDF data objects that are not SDSs and netCDF data
objects. For example, a raster image can exist in the same HDF file as a netCDF data object, but
you must use one of the HDF raster image APIs to read the image and the HDF SD or netCDF
interface to read the netCDF data object. The other HDF APIs are currently being modified to
allow multifile access. Closer integration with the netCDF interface will probably be delayed until
the end of that project.

3.13.1HDF Interface vs. netCDF Interface

Existing netCDF applications can be used to read HDF files and existing HDF applications can be
used to read XDR-based netCDF files. To read an HDF file using a netCDF application, the appli-
cation must be recompiled using the HDF library. For example, recompiling the netCDF utility
ncdunp with HDF creates a utility that can dump scientific data sets from both HDF and XDR-
based files. To read an XDR-based file using an HDF application, the application must be relinked
to the HDF library.
The current version of HDF contains several APIs that support essentially the same data model:

The multifile SD interface.

The netCDF or NC interface.

The single-file DFSD interface.

The multifile GR interface.

The first three models can create, read, and write SDSs in HDF files. Both the SD and NC inter-
faces can read from and write to XDR-based netCDF files, but they cannot create them. This
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interoperability means that a single program may contain both SD and NC function calls and thus
transparently read and write scientific data setsto HDF or XDR-based files.

The SD interface is the only HDF interface capable of accessing the XDR-based netCDF file for-
mat. The DFSD interface cannot access X DR-based files and can only access SDS arrays, dimen-
sion scales, and predefined attributes. A summary of file interoperability among the three
interfaces is provided in Table 3AH.

TABLE 3AH Summary of HDF and XDR File Compatibility for the HDF and netCDF APIs
FilesCreated by FilesCreated by Files Written by
DFSD interface SD interface NC Interface
NCSA HDF Unidata netCDF
IRI2I> IRI2I> Library Library
Accessed by DFSD Yes Yes Yes No
Accessed by SD Yes Yes Yes Yes
Accessed by NC Yes Yes Yes Yes
A summary of NC function calls and their SD equivalents is presented in Table 3Al.
TABLE 3Al NC Interface Routine Calls and their SD Equivalents

Routine Name sD o
Purpose ) Description
c FORTRAN-77 Equivalent
nccreate NCCRE Shstart Creates afile
ncopen NCOPN SDhst art Opensafile
ncr edef NCREDF Not Applicable Sets open file into define mode
ncendef NCENDF Not Applicable L eaves define mode
Operations nccl ose NCCLOS Sbend Closes an open file
ncinquire NCI NQ SDfi | ei nfo Inquires about an open file
ncsync NCSNC Not Applicable Synchronizes afile to disk
ncabor t NCABOR Not Applicable Backs out of recent definitions
ncsetfill NCSFI L Not |mplemented Sets fill mode for writes
ncdi mdef NCDDEF Sbhset di mane Creates adimension
nedi i d NCDI D Soget di i d Returns a dimension identifier from its
Dimensions name
ncdi ni ng NCDI NQ Sbdi ni nf o Inquires about a dimension
ncdi nr enane NCDREN Not Implemented Renames a dimension
ncvar def NCVDEF SDcr eat e Createsavariable
ncvari d NCVI D gg;zlngtc?i ndex and Returns a variable identifier from its name
ncvaring NCVI NQ SDget i nf o Returns information about avariable
ncvar put 1 NCVPT1 Not |mplemented Writes asingle data value
Variables ncvar get 1 NCVGT1 Not Implemented Reads a single data value
ncvar put NCVPT SDwri tedata Writes a hyperslab of values
ncvar get NCVGT/ NCVGTC SDr eaddat a Reads a hyperslab of values
ncvar r enane NCVREN Not Implemented Renames avariable
nctypel en NCTLEN DFKNTsi ze Returns the number of bytes for adata type
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Attributes

ncat t put NCAPT/ NCAPTC SDsetattr Creates an attribute

ncatting NCAI NQ Shattrinfo Returns information about an attribute
ncatt copy NCACPY Not Implemented Copies attribute from one file to another
ncat t get NCAGT/ NCAGTC SDreadat tr Returns attributes values

ncat t name NCANAM Sbattrinfo Returns name of attribute from its number
ncattrenane NCAREN Not |mplemented Renames an attribute

ncat t del NCADEL Not Implemented Deletes an attribute
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Chapter

Vdatas (VS API)

4.1

4.2

Chapter Overview

This chapter describes the vdata data model, the Vdata interface (also called the VS interface or
the VS API), and the vdata programming model.

The Vdata M odd

The HDF Vdata model provides a framework for storing customized tables, or vdatas, in HDF

files. The term “vdata” is an abbreviation of “vertex data”, alluding to the fact that the object was
first implemented in HDF to store the vertex and edge information of polygon sets. The vdata
design has since been generalized to apply to a broader variety of applications.

A vdata is like a table that consists of a collectiomesbrds whose values are stored in fixed-
lengthfields. All records have the same structure and all values in each field have the same data
type. Vdatas are uniquely identified byname, aclass, and a series of individudileld names.

(See Figure 4a)

FIGURE 4a

Vdata Table Structure

< VdataName
General vdata
Class
Class 1 -~
s = = Field Name
Field_1 Field_2 Field_3
> 6.9 53 6.93
5 2.3 15 23.50
Records —

5 05 35 1.22

L 5 18 2.6 0.00

Fields * * *

A vdata name is a label typically assigned to describe the contents of a vdata. It often serves as a
search key to locate a vdata in a filevdata class further distinguishes a particular vdata by iden-
tifying the purpose or the use of its data. Finaltjata field names are labels assigned to the
fields in the vdata.
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4.2.1 Recordsand Fields

Each record in a vdata is composed of one or more fixed-length fields. Vdata records and fields
are identified by an index. The record and field indexes are zero-based and are separately incre-
mented by one for each additional record and field in the vdata.

Every field in a vdata is assigned a data type when the vdata is created. The data type of afield
may be any basic HDF datatype: character, 8-hit, 16-bit, and 32-bit signed and unsigned integers,
and 32-hit and 64-hit floating point humbers. The maximum length of a vdata record is 65,535
bytes.

The Vdata model alows multiple entries per field as long as they have the same data type. The
number of entries or componentsin afield is caled the order of the field.

The organizational structure of avdatais often determined by the data types of its data set or sets.

For example, given a data set describing the location (“X,Y”) and temperature (“Temp”) of points

in a plane, there are several ways to organize the data. (See Figure 4b.) If the “X”, “Y” and
“Temp” values are of the same data type, they could be stored as three single-component fields, as
a two-component “X,Y” field and a single-component “Temp” field, or as a three-component
“X,Y,Temp” field. Generally the “X,Y” data is stored in a single field, but HDF places no restric-
tions on the organization of field data and there are no significant HDF performance issues
involved in choosing one organizational regime over another.

FIGURE 4b Three Different Vdata Structuresfor Data of the Same Number Type
Simulation Data 1 Simulation Data 1 Simulation Data 1
2D_Temperature Grid 2D_Temperature Grid 2D_Temperature Grid

X Y Temp X, Y Temp X, Y, Temp

2.30 1.50 23.50 2.30, 1.50 23.50 2.30, 1.50, 23.50

340 5.70 8.03 3.40, 5.70 8.03 340, 5.70, 8.03

0.50 350 122 0.50, 3.50 122 0.50, 3.50, 1.22

1.80 2.60 0.00 1.80, 2.60 0.00 1.80, 2.60, 0.00

3 Single-component Fields M ulltgzc;T;Jg:n?;tolsg?;fdodrder 2 1 Multi-component Field of Order :
4.3 TheVdatalnterface
The Vdata interface consists of routines that are used to store and retrieve information about vda-
tas and their contents.
4.3.1 Header FilesUsed by the Vdata I nterface
The header file “hdf.h” must be included in programs that invoke Vdata interface routines.
4.3.2 VdataLibrary Routines
Vdata routines begin with the prefixes “VS”, “VF”, “VSQ”, and “VH" in C, and “vsf’, “vf”,
“vsq”, and “vh” in FORTRAN-77. Vdata routines perform most general vdata operations, VF rou-
tines query information about vdata fields, and VSQ routines query information about specific
vdatas. VH routines are high-level procedures that write to single-field vdatas.
Vdata routines let you define, organize and manipulate vdatas. They are categorized as follows
and are listed in Table 4A by their categories:
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» Accessroutines control access to files and vdatas. Data transfer to and from a vdata can
only occur after the access to the vdata has been initiated and before it is terminated. Some
Vgroup interface routines are included since they are used interchangeably between the
Vdata and Vgroup interfaces. Refer to Chaptardsoups (V API), for a description of the
Vgroup interface.

« Read and write routines store and retrieve the contents of and the information about a
vdata.

» Fileinquiry routines provide information about how vdatas are stored in a file. They are
useful for locating vdatas in the file.

« Vdata inquiry routines provide specific information about a given vdata, including the
vdata’s name, class, number of records, tag and reference number pairs, size, and interlace
mode.

» Field inquiry routines provide specific information about the fields in a given vdata, includ-
ing the field’s size, name, order, and type, and the number of fields in the vdata.

TABLE 4A Vdata I nterface Routines
Routine Names o
Category Description
C FORTRAN-77
Initializes the Vdata and the VVgroup interfaces (Section 4.3.5 on
Vstart vistart
page 132)
VSatt ach vsfatch Establishes access to a specified vdata (Section 4.3.5 on
page 132)
Access/Create
Terminates access to a specified vdata (Section 4.3.6 on
VSdet ach vsfdtch
page 132)
Terminates access to the Vdata and the Vgroup interfaces
Vend vfend .
(Section 4.3.6 on page 132)
Vsf def i ne vsf f def Defines anew vdatafield (Section 4.5.1.2 on page 143)
VSr ead zz; ' g;ff rde/ Reads one record from avdata (Section 4.6.2 on page 160)
Seeks to a specified record in avdata (Section 4.5.2.1 on
VSseek vsfseek
page 146)
vsfsnat/vsfs- Sets the attribute of a vdata field or vdata (Section 4.8.2 on
VSsetattr
cat page 174)
VSset cl ass vsfscls Assigns aclass to a vdata (Section 4.5.1.1 on page 143)
) Specifies the vdata fields to be read or written (Section 4.5.1.3
Vsetfields vststid on page 144 and Section 4.6.1 on page 160)
VSsetinterl ace vsfsint Sets the interlace mode for avdata (Section 4.5.1.4 on page 144)
. VSset nane vsfsnam Assigns aname to a vdata (Section 4.5.1.1 on page 143)
Read and Write - - - - -
Vist or edat vhf s/ vhf scd Writesdatato avdatawith asingle-component field (Section 4.4
on page 137)
VHst or edat am vhf sdnd vhi scdm Writes data to a vdata with a multi-component field (Section 4.4
on page 137)
VSget bl ocki nf o vsfaetblinfo Retrieves the block size and the number of blocks for alinked-
J 9 block Vdata element (see HDF Reference Manual)
) Sets linked-block Vdata el ement block size (see HDF Reference
VSset bl ocksi ze vsfsetbl sz
Manual)
VSset numbl ocks vst set bl Sets the number of blocksfor alinked-block Vdata element (see
HDF Reference Manual)
vsfwt/vsf-
VSwrite wrtc/ Writes records to a vdata (Section 4.5.2.2 on page 147)
vsfwrit
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Vdata
Inquiry

Retrieves information on a given attribute (Section 4.8.7 on

VSattrinfo vsfai nf page 176)
VSel t 5 vsfelts Returns the number of records in the specified vdata
(Section 4.9.4 on page 187)
) Locates avdatagiven alist of field names (Section 4.7.4 on
VSf exi st vsfex
page 170)
. ) Returns the index of avdatafield given the field name
VSt ndex Vst dx (Section 4.8.1 on page 173)
VSfnattrs vsffnas Returns the number of attributes of avdata or vdata field
(Section 4.8.5 on page 175)
VSfindattr vt dat Retrieves the index of an attribute given the attribute name
(Section 4.8.6 on page 176)
Vsgetattr vsfgnat / vsf g- Retrieves the values of agiven attribute (Section 4.8.3 on
cat page 174)
Returns the class name of the specified vdata (Section 4.9.4 on
VSget cl ass vsfgcls
page 187)
VSgetfiel ds vstafl d Retrieves all field names within the specified vdata
J K (Section 4.9.4 on page 187)
VSget i nter | ace vsfaint Retrieves the interlace mode of the specified vdata
9 9 (Section 4.9.4 on page 187)
Retrieves the name of the specified vdata (Section 4.9.4 on
VSget nane vsf gnam
page 187)
: ) ) Returns information about the specified vdata (Section 4.9.1 on
VSi nquire vsfing
page 182)
! ) Determines whether the given vdatais an attribute (Section 4.8.8
VSisattr vsfi sat
on page 177)
Returns the total number of vdata attributes (Section 4.8.4 on
VSnattrs vsfnats
page 175)
VSQuer ycount vsaf nel t Returns the number of records in the specified vdata
y q (Section 4.9.3 on page 186)
VSQueryfi el ds vsaff1 ds Returns the field names of the specified vdata (Section 4.9.3 on
page 186)
VSQueryi nter| ace vsafintr Returns the interlace mode of the specified vdata (Section 4.9.3
on page 186)
VSQuer ynare vsaf nane Returns the name of the specified vdata (Section 4.9.3 on
y q page 186)
Retrieves the reference number of the specified vdata
VSQueryref vsaref (Section 4.9.3 on page 186)
Retrieves the tag of the specified vdata (Section 4.9.3 on
VSQuer yt ag vsqt ag page 186)
) ) Retrieves the local size in bytes of the specified vdatarecord
VSQuer yvsi ze vsqfsiz

(Section 4.9.3 on page 186)

VSsetattr

vsfsnat/vsfs-
cat

Setsthe attribute of avdatafield or vdata (Section 4.8.2 on
page 174)

VSsi zeof

vsfsiz

Returns the size of the specified fields in a vdata (Section 4.9.4
on page 187)
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VFfi el desi ze vifesiz Returnsthefield size, as stored in afile, of aspecified field
(Section 4.9.5 on page 188)
VEfi el di si ze vifisiz Returnsthe field size, as stored in memory, of a specified field
(Section 4.9.5 on page 188)
. Returns the name of the specified field in the given vdata
VFfiel dname vf f nane .
Field (Section 4.9.5 on page 188)
Inquiry ) Returns the order of the specified field in the given vdata
VFfi el dor der vffordr (Section 4.95 on page 188)
: Returns the data type for the specified field in the given vdata
VFfiel dtype viftype (Section 4.9.5 on page 188)
VEnfi el ds vinfl ds Returns the total number of fieldsin the specified vdata
(Section 4.9.5 on page 188)
. Searches for a vdata in a file given the vdata’s name
Vetind vstfnd (Section 4.7.3 on page 169)
File VSt i d vsfaid Returns the reference number of the next vdata in the file
Inquiry 9 9 (Section 4.7.2 on page 169)
VSl one vstl one Returns the reference number of vdatas that are not linked Wi
any vgroups (Section 4.7.1 on page 168)

4.3.3 ldentifying Vdatasin the Vdata I nterface

The Vdata interface identifies vdatas in several ways. Before an existing vdata is accessible, it is
uniquely identified by its reference number. The reference number of a vdata can be obtained
from the name or the class of the vdata, or by sequentially traversing the file. The concept of ref-
erence number is discussed in Section 2.2.2.1 on page 8.

When a vdata is attached, it is assigned with an identifier, called vdata id, which is used by the

Vdatainterface routines in accessing the vdata.

4.3.4 Programming Model for the Vdata Interface

The programming model for accessing vdatasis as follows:

1. Open
2. Initia

thefile.
ize the Vdata interface.

3. Create anew vdata or open an existing one using its reference number.
4. Perform the desired operations on the vdata.

5. Terminate access to the vdata.

6. Terminate access to the Vdata interface.
7. Closethefile.

To access a vdata, the calling program must contain the following calls, which are individually
explained in the following subsections:

C.

FORTRAN:

file_id = Hopen(fil enane, file_access_node, numdds_bl ock);

status = \Wstart(file_id);

vdata_ id = Vattach(file_id, vdata ref, vdata access_node);

<pti onal operations>

status = VSdetach(vdat a_i d);

stat us
stat us

Vend(file_id);
Hl ose(file_id);

file_id = hopen(filenane, file_access_node, numdds_bl ock)

status = vfstart(file_id)

vdata_id = vsfatch(file_id, vdata ref, vdata access_nwode)

November 7, 2001

4-131



National Center for Supercomputing Applications

<(ptional operations>
status = vsfdtch(vdata id)
status = vfend(file_ id)
status = hclose(file_id)

4.3.5 Accessing Filesand Vdatas: Vstart and V Sattach

An HDF file must be opened by Hopen before it can be accessed using the Vdata interface.
Hopen is described in Chapter 2, HDF Fundamentals.

Vstart must be called for every file to be accessed. Thisroutineinitializestheinternal vdata struc-
tures used by the Vdata interface. Vstart has only one argument, the file identifier (file_i d)
returned by Hopen, and returns either SUGCEED (or 0) or FAI L (or - 1). Note that the Vstart routine
is used by both the Vdata and Vgroup interfaces.

V Sattach initiates access to a vdata and must be called before any operations on the vdata may
occur. VSattach takes three arguments: file_id, vdata_ref, and vdat a_access_node, and
returns either a vdataidentifier or FAI L (or - 1).

The argument fil e_i d is the file identifier returned by Hopen and vdat a_r ef is the reference
number that identifies the vdata to be accessed. Specifying vdat a_r ef with avalue of - 1 will cre-
ate a new vdata; specifying vdat a_r ef with a nonexistent reference number will return an error
code of FAI L (or - 1); and specifying vdat a_r ef with avalid reference number will initiate access
to the corresponding vdata.

If an existing vdata’'s reference number is unknown, it must be obtained prior S#tiach

call. (Refer to Chapter HDF Fundamentals, for a description of reference numbers.) The HDF
library provides two routines for this purpos&sfind andV Sgetid. V Sfind can be used to obtain

the reference number of a vdata when the vdata’s name is ki@getid can be used to obtain

the reference number when only the location of the vdata within the file is known; this is often
discovered by sequentially traversing the file. These routines are discussed in Section 4.7.2 on
page 169 and Section 4.7.3 on page 169.

The argumentdat a_access_node specifies the access mode”(for read-only access ow” for

read and write access) for subsequent operations on the specified vdata. Although several HDF
user programs may simultaneously read from one vdata, only one write access is allowed at a
time. The t” access mode may only be used with existing vdatas;whactess mode is valid

with both new vdatas/@at a_ref = -1)and existing vdatas.

Note that, although a vdata can be created without being written with data, either the routine
V Ssetname or V Ssetfields must be called in order for the vdata to exist in the file.

The parameters fdrstart andV Sattach are further defined ifable 4B on page 133.

4.3.6 Terminating Accessto Vdatasand Files: VSdetach and Vend

V Sdetach terminates access to a vdata by updating pertinent information and freeing all memory
associated with the vdata and initialized\bgattach. Once access to the vdata is terminated, its
identifier becomes invalid and any attempt to access it will result in an error condifidetach

takes only one argument, the vdata identifier that is return&$httach, and returns eithe8UG

CEED (or0) or FAI L (or - 1).

Vend releases all internal data structures allocateddbgrt. Vend must be called once for each
call toVstart and only after access to all vdatas have been terminated (i.e., all d&8detach
have been made). Attempts to call Vdata interface routines after cedmaywill result in an
error conditionVend takes one argument, the file identifier that is returned dgyen, and returns
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either SUCCEED (or 0) or FAIL (or - 1). Note that the Vend routine is used by both the Vdata and
Vgroup interfaces.

In summary, successfully terminating access to avdata requires oneV Sdetach call for each call to
V Sattach and one Vend call for each call to Vstart.

The parameters for VSdetach and Vend are further defined in Table 4B.

Hclose terminates access to a file and should only be called after al Vend calls have been made to
close the Vdatainterface. Refer to Chapter 2, HDF Fundamentals, for a description of Hclose.

TABLE 4B Vstart, VSattach, VSdetach, and Vend Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
Vstart
[intn] file_id int32 integer Fileidentifier
(vfstart)
VSattach file_id int32 integer Fileidentifier
[int32] vdata_ref int32 integer Reference number of the vdata
(vsfatch) vdata_access mode char * character*1 Vdata access mode
VSdetach
[int32] vdata_id int32 integer Vdataidentifier
(vsfdtch)
Vend
[intn] file_id int32 integer Fileidentifier
(vfend)
EXAMPLE L. Accessing a Vdata in an HDF File

This example illustrates the use of Hopen/hopen, Vstart/vistart, V Sattach/vsfatch, V Sdetach/
vsfdtch, Vend/vfend, and Hclose/hclose to create and to access different vdatas from different
HDF files.

The program creates an HDF file, named "General_Vdatas.hdf", containing avdata. The program
also creates a second HDF file, named "Two_Vdatas.hdf", containing two vdatas. Note that, in
this example, the program does not write data to these vdatas. Also note that before closing the
file, the access to its vdatas and its corresponding Vdata interface must be terminated. These
exampl es request information about a specific vdata.

C:
#i ncl ude "hdf.h"
#define FlILEL_NAME " CGener al _Vdat as. hdf "
#define FlILE2_NAME "Two_\Vdat as. hdf "
#define VDATA NAME "Vdata 1"
#define VDATA CLASS "Enpty Vdat as"
mai n( )
{

[ R KF R KKKk Rk kkkxkxkkkkxkx% \/griabl @ declarati on *EFrEFERFEEE KKK KKK R KKK KKK KK KK [

intn status_n; /* returned status for functions returning an intn */
int32 status_32, /* returned status for functions returning an int32 */
filel_id, file2_id,
vdata_id, vdatal_id, vdata2_id,
vdata_ref = -1; /* ref nunber of a vdata, set to -1 to create */
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[ xR Ekx kxR xSk kkkxkxkxkxxxx End of variabl e decl arati on **FxFxkxkkkkkkkkkkkkkx [

/*

* Create the first HDF file.

*/

filel id = Hopen (FILE1_NAME, DFACC CREATE, 0);

/*

* Initialize the VS interface associated with the first HDF file.
*

/

status_n = Vstart (filel_id);

/*
* Create a vdata in the first HDF file.
*/

vdata_id

VSattach (filel_id, vdata_ref, "w');

/*

* Assign a name to the vdata.

*

/

status_32 = VSsetnanme (vdata_id, VDATA NAME);

/*

* Qther operations on the vdata identified by vdata_id can be carried
* out starting fromthis point.

*/

/*

* Create the second HDF file.

*/

file2_id = Hopen (FILE2_NAVE, DFACC CREATE, 0);

/*

* Initialize the VS interface associated with the second HDF file.
*/

status_n = Vstart (file2_id);

/*
* Create the first vdata in the second HDF file.
*/
vdatal_id = VSattach (file2_id, vdata_ref, "w');

/*
* (reate the second vdata in the second HDF file.
*/
vdata2_id = VSattach (file2_id, vdata_ref, "w');

/*

* Assign a class name to these vdatas.

*

/

status_32 = VSsetcl ass (vdatal_id, VDATA CLASS);
status_32 = VSsetcl ass (vdata2_id, VDATA CLASS);

/*

* Qther operations on the vdatas identified by vdatal id and vdata2_id
* can be carried out starting fromthis point.

*/

/*

* Termi nate access to the first vdata in the second HDF file.
*/

status_32 = VSdetach (vdatal_id);
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/*

* Terminate access to the second vdata in the second HDF file.
*/

status_32 = VSdetach (vdata2_id);

/*

* Fromthis point on, any operations on the vdatas identified by vdatal_id
and vdata2_id are invalid but not on the vdata identified by vdata_id.

*/

/*

* Term nate access to the VS interface associated with the second HDF file.
*/

status_n = Vend (file2_id);

/*
* O ose the second HDF file.
*/
status_n = Hclose (file2_id);

/*

* Terminate access to the vdata in the first HDF file.
*

/

status_32 = VSdetach (vdata_id);

/*

* Termi nate access to the VS interface associated with the first HDF file.
*/

status_n = Vend (filel_id);

/*

* Close the first HDF file.
*/

status_n = Hclose (filel_id);

FORTRAN:

OO0

[eNeNe]

C

C*** \/ariable declaration

Cc

program creat e_vdat as
inplicit none

Par anet er decl arati on

character*18 FI LEL_NAME
character*14 FI LE2_NAME
character*7 VDATA NAME
character*12 VDATA CLASS

parameter (FILEL_NAME ='General_Vdatas.hdf,
+ FILE2_NAME ='Two_Vdatas.hdf’,

+ VDATA_NAME ='Vdata 1’,

+ VDATA_CLASS = Empty Vdatas’)

integer DFACC_CREATE

parameter (DFACC_CREATE = 4)

Function declaration

integer hopen, hclose
integer vfstart, vsfatch, vsfsnam, vsfscls, vsfdtch, vfend
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i nteger status

integer filel_id, file2_id

integer vdata_id, vdatal_id, vdata2_id
i nteger vdata_ref

*
*
*

End Of Varl abl e decl al’atl on EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES

Create the first HDF file.

0000QO

filel id = hopen(Fl LEL_NAMVE, DFACC CREATE, 0)

Initialize the VS interface associated with the first HDF file.

[eNeNe]

status = vfstart(filel_id)

Create a vdata in the first HDF file.

[eNeNe]

vdata_ref = -1
vdata_id = vsfatch(filel_id, vdata_ref, 'w’)

Assign a name to the vdata.

[eNeNe]

status = vsfsnam(vdata_id, VDATA_NAME)

Other operations on the vdata identified by vdata_id can be carried out
starting from this point.

Create the second HDF file.

O0O000O0

file2_id = hopen(FILE2_NAME, DFACC_CREATE, 0)

Initialize the VS interface associated with the second HDF file.

OO0

status = vfstart(file2_id)

Create the first vdata in the second HDF file.

[eNeNe]

vdatal_id = vsfatch(file2_id, vdata_ref, 'w’")

Create the second vdata in the second HDF file.

[eNeNe]

vdata2_id = vsfatch(file2_id, vdata_ref, 'w’")

Assign a class name to these vdatas.

OO0

status = vsfscls(vdatal_id, VDATA_CLASS)
status = vsfscls(vdata2_id, VDATA_CLASS)

Other operations on the vdatas identified by vdatal_id and vdata2_id
can be carried out starting from this point.

Terminate access to the first vdata in the second HDF file.

O000000

status = vsfdtch(vdatal_id)

Terminate access to the second vdata in the second HDF file.

[eNeNe]

status = vsfdtch(vdata2_id)

Terminate access to the VS interface associated with the second HDF file.

[eNeNe]
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status = vfend(file2_id)

C
C O ose the second HDF file.
C

status = hclose(file2_id)
C
C
C

status = vsfdtch(vdata_id)
C
C
C

status = vfend(filel_id)
C
C G ose the first HDF file.
C

status = hclose(filel_id)

end

Ternminate access to the vdata in the first HDF file.

termnate access to the VS interface associated with the first HDF file.

4.4 Creating and Writingto Single-Field Vdatas: VHstoredata and

VHstoredatam

There are two methods of writing vdatas that contain one field per record. One requires the use of
severa VS routines and the other involves the use of VHstoredata or VHstor edatam, two high-
level routines that encapsulate several V'S routines into one.

The high-level VH routines are useful when writing one-field vdatas and complete information
about each vdata is available. If you cannot provide full information about a vdata, you must use
the VS routines described in the next section.

Figure 4c shows two examples of single-field vdatas. The fields can be single-component or
multi-component fields. With a multi-component field, they may contain one or more values of

the same data type.

FIGURE 4c

Single- and M ulti-component Vdatas

———VdataName ——

|4 X
Vdata Vdata
?,__ ClassName —1—,
Class X Class X
’/—— Field Name ——1—,
Field 1 Field 1
comp_1 comp_1, comp_2
comp_1 comp_1, comp_2
Records
comp_1 comp_1, comp_2
comp_1 comp_1, comp_2

Vdata with Single-component Field

Vdata with Multi-component Field

Records

VHstoredata creates then writes a vdata with one single-component field. VHstoredatam creates
and writes a vdata with one multi-component field. In both cases the following steps are involved:

1. Openthefile.

2. Initialize the Vdatainterface.
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3. Store (create then write to) the vdata.
4. Terminate access to the Vdatainterface.
5. Closethefile.

These steps correspond to the following sequence of function calls:

C.

R
FORTRAN:
C

R

R

file_id = Hopen(fil enane, file_access_node, numdds_bl ock);
status = \Wwtart(file_id);

/* Hther Wbtoredata or Wstoredatamcan be cal l ed here. */

vdata ref = Whtoredata(file id, fieldname, buf, n_records,
data type, vdata nane, vdata class);

vdata ref = Wbtoredatan{file id, fieldnane, buf, n records,
data type, vdata nane, vdata class, order);

status = Vend(file_ id);
status = Hlose(file_ id);

file_id = hopen(fil ename, file_access_node, numdds_bl ock)
status = vistart(file_id)

B ther vhfsd/vhfscd or vhfsdnivhfscdmcan be cal |l ed here.
vdata ref = vhfsd(file_id, fieldnane, buf, n records, data type,
vdat a_nane, vdata cl ass)

vdata ref = vhfscd(file_id, fieldnane, buf, n_records, data type,
vdat a_nane, vdata cl ass)

oR

vdata ref = vhfsdn{file_id, fieldnane, buf, n_records, data type,
vdat a_nane, vdata cl ass, order)

vdata ref = vhfscdn{file_id, fieldnane, buf, n records, data type,

vdat a_nane, vdata cl ass, order)

status = viend(file_id)
status = hcl ose(file_id)

The first seven parameters of VHstoredata and VHstoredatam are the same. The parameter
file_idisthefileidentifier returned by Hopen. The parameter f i el dname specifies the name of
the vdata field. The parameter buf contains the datato be stored into the vdata. In C, the data type
of the parameter buf isui nt 8; in FORTRAN-77, it is the data type of the data to be stored. The
parameters n_r ecords and dat a_t ype contain the number of records in the vdata and the data
type of the vdata data. The parametersvdat a_nane and vdat a_cl ass specify the name and class
of the vdata. The parameter or der of VHstoredatam specifies the order of the field. The maxi-
mum length of the vdata name is given by the VSNAMELENVAX (or 64) as defined in the header file

“hlimits.h”.

Note that these two routines do not overwrite existing vdatas but only create new ones before stor-

ing the data.

The FORTRAN-77 version of Hstoredata has two routinesrhfsd for numeric data andghfscd
for character data; the FORTRAN-77 versionvdfistoredatam has two routinesvhfsdm for

numeric data andhfscdm for character data.

Both routines return the reference number of the newly-created vdaiaLqor - 1) if the opera-

in Table 4C.

tion is unsuccessful. The parameters\fétstoredata andVHstoredatam are further described
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TABLE 4C VHstoredata and VHstoredatam Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
file_id int32 integer Fileidentifier
fieldname char * character* (*) String containing the name of the field
ok <valid numeric data -
VHstoredata buf uint8 type>(*)/character* (*) Buffer containing the data to be stored
[int32] : - -
(vhfsdivhiscd) n_records int32 integer Number of recordsto create in the vdata
data_type int32 integer Datatype of the stored data
vdata_name char * character* (*) Name of the vdata
vdata class char * character* (*) Class name of the vdata
file_id int32 integer Fileidentifier
fieldname char * character* (*) String containing the name of the field
] <valid numeric data -
buf uint8 * Buffer containing the data to be stored
VHstoredatam type>(*)/character* (*) 9
[int32] n_records int32 integer Number of records to create in the vdata
(vhfsdm/
vhfscdm) data_type int32 integer Datatype of the stored data
vdata_name char * character* (*) Name of the vdata
vdata class char * character* (*) Class name of the vdata
order int32 integer Number of field components
EXAMPLE 2. Creating and Storing One-field Vdatas Using VHstoredata and VHstoredatam

This example illustrates the use of VHstoredata/vhfscd and VHstoredatam/vhfsdm to creste
single-field vdatas.

This example creates and writes two vdatas to the file "General_Vdatas.hdf". The first vdatais
named "First Vdata', contains 5 records, and belongs to a class named "5x1 Array". The second
vdata is named "Second Vdata', contains 6 records, and belongs to a class hamed "6x4 Array".
Thefield of thefirst vdatais a single-component field, i.e., order of 1, and named " Single-compo-
nent Field'. The field of the second vdata has an order of 4 and is named "Multi-component

Field".

In these examples two vdatas are created. The first vdata has five records with onefield of order 1
and is created from a5 x 1 array in memory. The second vdata has six records with one field of
order 4 and is created from a 6 x 4 array in memory.

C:

#i ncl ude

#defi ne
#define
#defi ne
#defi ne
#defi ne
#define
#defi ne
#defi ne
#define
#defi ne

mai n( )

"hdf . h"

FI LE_NAMVE
CLASS1_NAMVE
CLASS2_NAMVE
VDATAL_NAVE
VDATA2_NANE
FI ELDL_NAME
FI ELD2_NAMVE
N_RECORDS 1
N_RECORDS 2
ORDER 2

" CGener al _Vdat as. hdf "
"5x1 Array"

"6x4 Array"

"First Vdata"

"Second Vdat a"

" Si ngl e- component Fi el d”
"Ml ti-conponent Field"

5 /* nunber of records the first vdata contains */
6 /* nunber of records the second vdata contains */
4 /* order of the field in the second vdata */

/* Note that the order of the field in the first vdata is 1 */
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[ R KF R KKKk Rk kkkxkxkkkkxkx% \/griabl @ declarati on FEFFFERFEEE KKK K KKK KKK KKK KK KK [

intn status_n;
int32 status_32;

/*

/* returned status for functions returning an intn

*/

/* returned status for functions returning an int32 */
int32 file_id, vdatal_ref, vdata2_ref;

* Define an array to buffer the data of the first vdata.

*/

char8 vdatal_buf [N_RECORDS_1]={V','D’,'A’, 'T", 'A’};

/*

* Define an array to buffer the data of the second vdata.

*

int32 vdata2_buf [N_RECORDS_2][ORDER_2] = {1, 2, 3, 4}, {2, 4, 6, 8},
{3.6,9,12}, {4, 8, 12, 16},
{5, 10, 15, 20}, {6, 12, 18, 24}};

[RAFxRRdexkRdkkkikxk End of variable declaration sk |

/*

* Open the HDF file for writing.

*

file_id = Hopen (FILE_NAME, DFACC_WRITE, 0);

/*

* Initialize the VS interface.
*/

status_n = Vstart (file_id);

/*

* Create the first vdata and populate it with data from the vdatal_buf
* array. Note that the buffer vdatal_buf is cast to (uint8 *) for the

* benefit of generic data type.

*

vdatal_ref = VHstoredata (file_id, FIELD1_NAME, (uint8 *)vdatal_buf,
N_RECORDS_1, DFNT_CHARS, VDATAL1_NAME, CLASS1 _NAME);

/*

* Create the second vdata and populate it with data from the vdata2_buf

*array.
*

vdata2_ref = VHstoredatam (file_id, FIELD2_NAME, (uint8 *)vdata2_buf,
N_RECORDS_2, DFNT_INT32, VDATA2_NAME, CLASS2_NAME, ORDER_2);

/*

* Terminate access to the VS interface and close the HDF file.

*
status_n = Vend (file_id);
status_32 = Hclose (file_id);

FORTRAN:

program create_onefield_vdatas

implicit none

Parameter declaration

000

character*18 FILE_NAME

character*9 CLASS1_NAME
character*9 CLASS2_NAME
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character*11l VDATAL NAME
character*12 VDATA2_ NAME
character*22 FlI ELD1_NAME
character*21 Fl ELD2_NAME
i nt eger N RECORDS 1, N _RECORDS 2
i nt eger ORDER 2
Cc
parameter (FILE_NAME ='General_Vdatas.hdf,
CLASS1_NAME = '5x1 Array’,
CLASS2_NAME ='6x4 Array’,
VDATAL1_NAME = 'First Vdata',
VDATA2_NAME = 'Second Vdata’,
FIELD1_NAME = 'Single-component Field’,
FIELD2_NAME = 'Multi-component Field’)
parameter (N_RECORDS_1 =5,
+ N_RECORDS_2 =6,
+ ORDER_2 =4)

+ 4+ 4+ + + o+

integer DFACC_WRITE, DFNT_CHARS, DFNT_INT32
parameter (DFACC_WRITE = 2,
+ DFNT_CHARS =4,
+ DFNT_INT32 =24)
Cc
C Function declaration
Cc
integer hopen, hclose
integer vfstart, vhfscd, vhfsdm, vfend

C
C*** \/ariable declaration
C

integer status

integer file_id

integer vdatal_ref, vdata2_ref

character vdatal_buf(N_RECORDS_1)

integer vdata2_buf(ORDER_2, N_RECORDS_2)
data vdatal_buf /V''D'/A",T' A/

data vdata2_buf/1, 2, 3, 4,

+

+ 4+ + +
oUhs WN

C
C*** End of variable declaration

Open the HDF file for writing.

O000

file_id = hopen(FILE_NAME, DFACC_WRITE, 0)

Initialize the VS interface.

[eNeNe]

status = vfstart(file_id)

Create the first vdata and populate it with data from vdatal_buf array.

[eNeNe]

vdatal_ref = vhiscd(file_id, FIELD1_NAME, vdatal_buf, N_RECORDS_1,
+ DFNT_CHARS, VDATA1_NAME, CLASS1_NAME)

Create the second vdata and populate it with data from vdata2_buf array.

[eNeNe]

vdata2_ref = vhfsdm(file_id, FIELD2_NAME, vdata2_buf, N_RECORDS_2,

November 7, 2001 4-141



National Center for Supercomputing Applications

4.5

+ DFNT_I NT32, VDATA2 NAME, CLASS2_NAME,

+ ORDER _2)
C
C Termi nate access to the VS interface and close the HDF file.
C

status = vfend(file_id)

status = hclose(file_id)

end

Writing to Multi-Field Vdatas

There are several steps involved in creating general vdatas with more than one field: define the
vdata, define the fields of the vdata, and write the vdata to the file. These steps are usually exe-
cuted within asingle program, although it is also possible to define an empty vdatain anticipation
of writing datato it at alater time.

45.1 Creating Vdatas

Creating an empty vdata involves the following steps:
1. Open afile.
2. Initidize the Vdatainterface.
3. Create the new vdata.
4. Assign avdata name. (optional)
5. Assign avdataclass. (optional)
6. Definethefields.
7. Initialize fields for writing.
8. Set theinterlace mode.
o. Dispose of the vdata identifier.
10. Terminate access to the Vdata interface.
1. Closethefile.
Like the high-level VH interface, the Vdata interface does not retain default settings from one

operation to the next or from one file to the next. Each time avdatais created, its definitions must
be explicitly reset.

To create amulti-field vdata, the calling program must contain the following:

C file id = Hopen(filenane, file access _node, numdds_bl ock);
status = \start(file.id);
vdata id = Vsattach(file_ id, -1, vdata access _node);
status = VSsetnane(vdata i d, vdata nane);
status = VSsetcl ass(vdata i d, vdata cl ass);
status = VS define(vdata id, fieldnanel, data typel, orderl);
status = VS define(vdata id, fieldnaneN data typeN orderN;
status = Vsetfiel ds(vdata id, fieldnane |list);
status = VSsetinterl ace(vdata_ id, interlace node);
status = Vdetach(vdata id);
status = Vend(file_id);
status = Hlose(file_ id);
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FORTRAN: file_id = hopen(filenane, file access node, numdds_bl ock)
status = vfstart(file_id)
vdata id = vsfatch(file_id, -1, vdata access node)
status = vsfsnanf{vdata i d, vdata nane)
status = vsfscls(vdata id, vdata class)
status = vsffdef(vdata id, fieldnanel, data typel, orderl)
status = vsffdef(vdata id, fieldnaneN data typeN orderN
status = vsfsfld(vdata id, fieldnane list)
status = vsfsint(vdata id, interlace node)
status = vsfdtch(vdata id)
status = vfend(fil e_id)
status = hclose(file_id)

In the routines that follow, vdat a_i d isthe vdataidentifier returned by V Sattach.

45.1.1 Assigning aVdata Name and Class: VSsethame and V Ssetclass

V Ssethname assigns a name to a vdata. If not explicitly named by a call to V Ssethame, the name
of thevdatais set by default to NULL. A hame may be assigned and reassigned at any time after the
vdatais created. The parameter vdat a_nane contains the name to be assigned to the vdata.

VSsetclass assigns a class to avdata. If VSsetclass is not called, the vdata’s class is set by default
to NULL. As with the vdata name, the class may be assigned and reassigned any time after the vdata
is created. The parametefat a_cl ass contains the class name to be assigned to the vdata.

V Ssethame andV Ssetclass return eithelSUCCEED (or 0) or FAl L (or - 1). The parameters for these
routines are further defined in Table 4E on page 145.

45.1.2 Defining a Field within a Vdata: VSfdefine

V Sfdefine defines a field within a newly-created vdata. E¥@idefine call assigns the name
contained in the argumenht el dnane, the data type contained in the argumita_t ype, and

the order contained in the argumentler to one new field. Once data is written to a vdata, the
name, data type and order of the field may not be modified or deleted.

The Vdata interface also provides certgnedefined fields. A predefined field has a specific
name, data type, and order, so there is no need t&/ 8&dlefine to define a predefined field.
Some applications may require the use of predefined fields in vdatas. Available predefined fields
are discussed in Table 4D.

Note thatV Sfdefine does not allocate memory for the field, but simply introduces the field. The
field definition must be completed bySsetfields, which is discussed in Section 4.5.1.3 on
page 144.

V Sfdefine returns eitheBUCCEED (or 0) or FAI L (or - 1). The parameters faf Sfdefine are further
described in Table 4E on page 145.

TABLE 4D

Predefined Data Types and Field Namesfor Vdata Fields

Coordinate Point Field Names Normal Component Field Names
Data Type
x-coordinate y-coordinate z-coordinate X-component y-component z-component
float PX PY Pz NX NY Nz
integer 1X Y 1z None None None
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45.1.3 Initializing the Fieldsfor Write Access: V Ssetfields

V Ssetfieldsinitializes read and write access to the fields in a vdata. It must be called prior to read
or write operations. Initializing for read access is discussed in Section 4.6.1 on page 160. For writ-
ing, V Ssetfields specifies the fields to be written and the order in which they are to be placed.

The parameter fi el dnane_| i st isacommarseparated list of the field names, with no white space
included. The fields can be either the predefined fields or the fields that have been previously
introduced by V Sfdefine. VSfdefine allows a user to declare a field, along with its data type and
order, but V Ssetfields finalizes the definition by allowing the user to select the fields that are to be
included in the vdata. Thus, any fields created by VSfdefine that are not in the parameter
fi el dnane_| i st of VSsetfieldswill beignored. This feature was originally intended for interac-
tive-mode users. The combined width of the fields in the parameter fi el dnane_| i st is aso the
length of the record and must be less than MMX_FI BLD Sl ZE (or 65535). An attempt to create a
larger record will cause V Ssetfields to return FAI L (or - 1).

V Ssetfields returns either SUCCEED (or 0) or FAI L (or - 1). The parameters for V Ssetfields are fur-
ther defined in Table 4E on page 145.

45.1.4 Specifying the Interlace Mode: V Ssetinterlace

The Vdatainterface supports two types of interlacing: fileinterlacing and buffer interlacing. File
interlacing determines how data is stored in afile and buffer interlacing determines how datais
stored in memory. The Vdata interface can write data from a buffer to a file in an interlaced or
non-interlaced manner. It can also read data from afilein an interlaced or non-interlaced manner.

The VSread and VSwrite routines set the buffer’s interlace mode. Mfwrite routine will be
discussed inSection4.5.2.2 on page 147 and theVSread routine will be discussed in
Section 4.6.2 on page 160.

V Ssetinterlace sets the file interlacing mode for a vdata. Setting the paraimeter| ace_node

to FULL_| NTERLACE (or 0) fills the vdata by record, whereas specifyiyl NTERLACE (or 1) fills

the vdata by field. (See Figure 4d.) For multi-component fields, all components are treated as a
single field.

As with file interlacing, the default buffer interlace modé=ikL_| NTERLACE because it is more
efficient to write complete records than it is to write fields if the file and buffer interlace modes
are the same, although both require the same amount of disk space.

In Figure 4d, the illustrated vdata has four fields and three records.

FIGURE 4d Interlaced and Non-Interlaced Vdata Contents
Vdata Vdata
Mixed Data Type Mixed_Data Type
Temp Height Speed Ident Temp 11 222 333
111 1 11.11 A Height 1 2 3
222 2 22.22 B Speed nn 22.22 33.33
3.33 3 33.33 C Ident A B C
Interlacing Mode: FULL_INTERLACE Interlacing Mode: NO_INTERLACE

V Ssetinterlace can only be used for operations on new vdatas as the interlacing cannot be
changed once the data has been written to a vdata. Records in a fully interlaced vdata can be writ-
ten record-by-record and, thus, can be appended; however, all records in a non-interlaced vdata
must be written at the same time.
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V Ssetinterlace returns either SUCCEED (or 0) or FAI L (or - 1). The parameters for V Ssetinterlace
are further described in Table 4E.

TABLE 4E

V Ssetname, V Ssetclass, V Sfdefine, V Ssetfields, and V Ssetinterlace Parameter Lists

Routine Name Parameter Type
[Return Type] Par ameter Description
(FORTRAN-77) C FORTRAN-77
VSsetname vdata_id int32 integer Vdataidentifier
(v[slfr;t?;ln) vdata_name char * character* (*) Vdata name
V Ssetclass vdata_id int32 integer Vdataidentifier
(f,'gtiﬂ,) vdata_class char * character* (*) Vdata name
vdata_id int32 integer Vdataidentifier
VSfdefine fieldname char * character*(*) | Nameof thefield to be defined
(v[éfr}tgllf) data_type int32 integer Type of thefield data
order int32 integer Order of the new field
V Ssetfields vdata_id int32 integer Vdataidentifier
(v[;‘;f?]d) fieldname _list char * character* (*) Names of the vdata fields to be accessed
V Ssetinterlace vdata_id int32 integer Vdataidentifier
(\,[;‘;ﬂt) interlace_mode int32 integer Interlace mode

4.5.2 Writing Data to Vdatas

This section describes the vdata writing operation (V Swrite), random access to vdata (V Sseek),
and packing and unpacking mechanisms that allow storing vdata fields of different data types

(V Sfpack).

Writing to a vdata requires the following steps:

1. Open afile.

2. Initialize the Vdata interface.

3. Initialize fields for writing.
4. Initiate access to the vdata.
5. Seek to the target record.

6. Writethe data

7. Dispose of the vdataidentifier.

8. Terminate access to the Vdata interface.

9. Closethefile.

These steps correspond to the following sequence of function calls:

C file_id = Hopen(fil enane, file_access_node, numdds_bl ock);
status = \Wstart(file_id);
vdata_ id = Vattach(file_id, vdata ref, vdata access_node);
status = VSsetfields(vdata_ id, fieldnane |ist);
record_pos = VSseek(vdata_id, record_index);
numof recs = VOwite(vdata id, databuf, n records, interlace node);
status = VSdet ach(vdat a_i d);

stat us
stat us

Vend(file_id);
Hl ose(file_id);
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FORTRAN: file_id = hopen(filenane, file access node, numdds_bl ock)
status = vfstart(file_.id)
vdata id = vsfatch(file_ id, vdata ref, vdata access_nwode)
status = vsfsfld(vdata id, fieldnane |ist);
record pos = vsfseek(vdata id, record index);

numof recs = vsfwt(vdata id, databuf, n records, interlace node)
numof recs = vsfwtc(vdata i d, databuf, n records, interlace node)
numof recs = vsfwit(vdata id, databuf, n records, interlace node)

status = vsfdtch(vdata_id)
status = viend(file_id)
status = hcl ose(file_id)

39

45.2.1 Resetting the Current Position within Vdatas; V Sseek

V Sseek provides a mechanism for random access to fully-interlaced vdatas. Random-access for
non-interlaced vdatas is not available. The parameter record_i ndex is the position of the record
to be written. The position of the first record in a vdata is specified by record_i ndex = 0. Any
vdata operation will be performed on this record by default; vdata operations on other records
require that V Sseek be called first to specify the target record.

Note that V Sseek has been designed for the purpose of overwriting data, not appending data. That
means V Sseek puts the current record pointer at the beginning of the sought record and the subse-
quent write will overwrite the record. To append data to a vdata, the current record pointer must be
put at the end of the last record. Thus, you must seek to the last record then read this record so that
the current record pointer will be put at the end of the record. A write operation will now start at
the end of the last record in the vdata. Figure 4e illustrates a situation where V Sseek can be mis-
used while attempting to append data to the vdata and how V Sread is called to correctly place the
record pointer at the end of the vdata for appending.

Note that, because the record location numbering starts at O, the record location and the value of
the parameter recor d_i ndex are off by 1. For example, reading the fourth record in the buffer
requiresrecord_i ndex to be set to 3.

See the notes regarding the potential performance impact of appendable data sets in Section
14.4.3, "Unlimited Dimension Data Sets (SDSs and Vdatas) and Performance.”
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FIGURE 4e

Setting the Record Pointer tothe End of a Vdata

Using: VSseek(vdata_id, 4); Seeks to the end of
the vdata - an error

condi tion for VSseek. \
______________________ »

Vdata Record 1 Vdata Record 2 Vdata Record 3 Vdata Record 4
Record
Location - Z
Seeks to the end of
the vdata and buffers
Using: VSseek(vdata id, 3); the fourth record.
VSread(vdata_id, buffer, 1, FULL_INTERLACE);
\
———————————————— > >
Vdata Record 1 Vdata Record 2 Vdata Record 3 Vdata Record 4
ggcgr ds
a - .

In thisillustration, the vdata to which we plan to append data contains 4 records. Using V Sseek to
seek to the end of the fourth record by setting the parameter r ecor d_i ndex to 4 resultsin an error
condition. Setting the parameter r ecor d_i ndex to 3 places the current record pointer at the begin-
ning of the fourth record. We then use V Sread to read the contents of the fourth record into a
buffer; this moves the current record pointer to the end of the fourth record. The contents of the
buffer can then be discarded and a write operation can be called to append data to the end of the
vdata.

V Sseek returns the sought record location or FAI L (or - 1). Its parameters are further defined in
Table 4F.

45.2.2 WritingtoaVdata: VSwrite

VSwrite writes buffered data to a specified vdata. The parameter dat abuf is a buffer containing
the records to be stored in the vdata. The parameter n_r ecor ds specifies the number of recordsto
be stored.

Recall that the file interlacing is set by VSsetinterlace when the vdata is created, and the buffer
interlacing is specified by the parameter i nt er| ace_node in the call to VSwrite when data is
written to the file. The array dat abuf is assumed to be organized in memory as specified by
i nterl ace_node. Setting i nterl ace_node to FULL_| NTERLACE (or 0) indicates that the array in
memory is organized by record, whereas to NO | NTERLACE (or 1) indicates that the array is orga
nized by field. (See Figure 4f.) VSwrite will write interlaced or non-interlaced datato avdatain a
file: interlaced data in the buffer can be written to the vdata in the file as non-interlaced data and
vice versa. If the data is to be stored with an interlace mode different from that of the buffer,
V Ssetinterlace (described in Section 4.5.1.4 on page 144) must be called prior to VSwrite. Mul-
tiple write operations can only be used on fully-interlaced vdatasin thefile.
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FIGURE 4f

Writing Interlaced or Non-interlaced Buffersinto Interlaced or Non-interlaced Vdatas

[ 21n [ 1] nnu Ja[ 222 [ 2] 2222 [B] 333 [ 3] 333 [C]

Buffer Interlacing: FULL_INTERLACE

111 2.22 333 [ 1] 2[3] nu 2222 3333 [A[B][C]

Buffer Interlacing: NO_INTERLACE

—> Complex vdata Complex vdata

Mixed_Data Type Mixed Data Type
Temp Height Speed Ident Temp 111 2.22 3.33

111 1 1.1 A Height 1 2 3
2.22 2 2222 B Speed 11 2222 3333
3.33 3 33.33 C Ident A B C

Interlacing Mode: FULL_INTERLACE Interlacing Mode: NO_INTERLACE

The datain the array dat abuf is assumed to contain the exact amount of data in the order needed

to fill the fields defined in the last call to VSsetfields. Because V Swrite writes the contents of

dat abuf contiguously to the vdata, any “padding” due to record alignment must be removed
before attempting to write frowt abuf to the vdata. For more information on alignment padding
see Section 4.5.2.4 on page 153.

It should be remembered théBwrite writes whole records, not individual fields. If a modifica-
tion to one field within a previously-written record is heeded, the contents of the record must first
be preserved by reading it to a buffer witread, which will be described in Section 4.6.2 on
page 160; the record must then be updated in the buffer and written back to the M&wiitte.

To store a vdata to the file after being created, elt&etname, V Ssetfields, or VSwrite must
be called befor® Sdetach for the vdata. IV Swriteis not called, the vdata created will be empty.

The FORTRAN-77 version of Swrite has three routinessfwrt is for buffered numeric data,
vsfwrtc is for buffered character data avsfiwrit is for generic packed data.

VSwrite returns the total number of records writtenFarL (or - 1). Its parameters are further
defined in Table 4F.

TABLE 4F

VSseek and VSwrite Parameter Lists

Routine Name Parameter Type

[Return Type] Par ameter Description
(FORTRAN-77) C FORTRAN-77
V Sseek vdata_id int32 integer Vdataidentifier
int32
(\Eg%]k) record_index int32 integer Index of the record to seek to
vdata_id int32 integer Vdataidentifier
VSwrite i i *
[int32] databuf uintg* <vah;]::;n:rric( fi)a;?gsgi( ) Buffer containing datato be written
(vsfwrt/vsfwrtc/
vsfwrit) n_records int32 integer Number of records to be written
interlace_mode int32 integer Interlace mode of the buffered data
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EXAMPLE 3.

Writing a Vdata of Homogeneous Type

This example illustrates the use of V Sfdefine/vsffdef, V Ssetname/vsfsnam, V Ssetclass/vsfscls,
VSsetfields/vsfsfld, and VSwrite/vsfwrt to create and write a three-field vdata to the file
"General_Vdatas.hdf". Although the fields have data of the same type, they have different orders.

To clarify theillustration, let us assume that the vdataiis used to contain the data of some particles
collected from an experiment. Each record of the data includes the position of a particle, its
weight, and the minimum and maximum temperature the particle can endure. The vdatais named
"Solid Particle”, contains 10 records, and belongs to a class, named "Particle Data'. The fields of
the vdata include "Position”, "Mass", and "Temperature”. The field "Position” has an order of 3
for the x, y, and z values representing the position of aparticle. Thefield "Mass' has an order of 1.
Thefield "Temperature" has an order of 2 for the minimum and maximum temperature. The pro-
gram creates the vdata, sets its name and class name, defines its fields, and then writes the data to
it.

C:
#i ncl ude "hdf.h"
#define FlILE_NAME "Ceneral _\Vdat as. hdf "
#define N_RECORDS 10 /* nunber of records the vdata contains */
#define ORDER 1 3 /* order of first field */
#define ORDER 2 1 /* order of second field */
#define ORDER 3 2 /* order of third field */
#define CLASS NAME "Particle Data"
#define VDATA NAME "Solid Particle"
#define FIELDL_NAVE "Posi tion" /* contains x, y, z values */
#define Fl ELD2_NAVE " Mass" /* contains wei ght val ues */
#define FIELD3_NAVE " Tenper at ure" /* contains mn and nax val ues */

#define FIELDNAME LIST "Position, Mass, Tenperature” /* No spaces b/w nanes */

/* nunber of values per record */
#define N _VALS PER REC (ORDER 1 + ORDER 2 + ORDER 3)

mai n( )

{

/************************* Val'l abl e deCI al’atl on **************************/

intn status_n; /* returned status for functions returning an intn */
int32 status_32, /* returned status for functions returning an int32 */
file_id, vdata_id,
vdata_ref = -1, /* ref nunber of a vdata, set to -1 to create */
num of _records; /* nunmber of records actually witten to vdata */
intl6 rec_num /* current record nunber */

float32 data_buf[ N RECORDS] [N VALS PER REC]; /* buffer for vdata val ues */
/********************** End Of Val’l abl e decl aratlon **********************/

/*

* Open the HDF file for witing.

*/

file_id = Hopen (FI LE_NAME, DFACC WRI TE, 0);

/-k

* Initialize the VS interface.
*/

status_n = Vstart (file_id);

/*
* Create a new vdat a.
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*/
vdata_id = VSattach (file_id, vdata_ref, "w');

/*

* Set nane and class nane of the vdata.

*/

status_32 = VSsetnanme (vdata_id, VDATA NAME);

status_32 = VSsetcl ass (vdata_id, CLASS NAME);

/ *
* Introduce each field’s name, data type, and order. This is the first
* part in defining a field.
*,
/
status_n = VSfdefine (vdata_id, FIELD1_NAME, DFNT_FLOAT32, ORDER_1);
status_n = VSfdefine (vdata_id, FIELD2_NAME, DFNT_FLOAT32, ORDER_2);
status_n = VSfdefine (vdata_id, FIELD3_NAME, DFNT_FLOAT32, ORDER_3);

/*

* Finalize the definition of the fields.

*/

status_n = VSsetfields (vdata_id, FIELDNAME_LIST);

/*
* Buffer the data by the record for fully interlaced mode. Note that the
* first three elements contain the three values of the first field, the
* fourth element contains the value of the second field, and the last two
* elements contain the two values of the third field.
*/
for (rec_num = 0; rec_num < N_RECORDS; rec_num++)
{
data_buf[rec_num][0] = 1.0 * rec_num;
data_buf[rec_num][1] = 2.0 * rec_num;
data_buf[rec_num][2] = 3.0 * rec_num;
data_buf[rec_num][3] = 0.1 + rec_num;
data_buf[rec_num][4] = 0.0;
data_buf[rec_num][5] = 65.0;
}

/*

* Write the data from data_buf to the vdata with full interlacing mode.

*

num_of_records = VSwrite (vdata_id, (uint8 *)data_buf, N_RECORDS,
FULL_INTERLACE);

/*

* Terminate access to the vdata and to the VS interface, then close
* the HDF file.

*/

status_32 = VSdetach (vdata_id);

status_n = Vend (file_id);

status_32 = Hclose (file_id);

FORTRAN:

program write_to_vdata
implicit none

Parameter declaration

000

character*18 FILE_NAME
character*13 CLASS_NAME
character*14 VDATA_NAME
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character*8 FI ELDL_NAME
character*4 FlI ELD2_NAME
character*11 FI ELD3_NAME
character*27 FlI ELDNAVE LI ST

i nt eger N_RECORDS
i nt eger CRDER 1, ORDER 2, ORDER 3
i nt eger N VALS PER REC
Cc
parameter (FILE_NAME ='General_Vdatas.hdf’,

+ CLASS_NAME  ='Particle Data’,

+ VDATA_NAME  ='Solid Particle’,

+ FIELD1_NAME ='Position’,

+ FIELD2_NAME ='Mass’,

+ FIELD3_NAME = 'Temperature’,

+ FIELDNAME_LIST = 'Position,Mass, Temperature’)
parameter (N_RECORDS = 10,

+ ORDER_1 =3,

+ ORDER_2 =1,

+ ORDER_3 =2,

+ N_VALS_PER_REC = ORDER_1 + ORDER_2 + ORDER_3)
integer DFACC_WRITE, DFNT_FLOAT32, FULL_INTERLACE
parameter (DFACC_WRITE =2,

+ DFNT_FLOAT32 =5,

+ FULL_INTERLACE = 0)

Cc
C Function declaration
Cc
integer hopen, hclose
integer vfstart, vsfatch, vsfsnam, vsfscls, vsffdef, vsfsfid,
+ vsfwrt, vsfdtch, vfend
C
C*** \/ariable declaration
c
integer status
integer file_id, vdata_id
integer vdata_ref, rec_num, num_of_records
real data_buf(N_VALS_PER_REC, N_RECORDS)
Cc
C*** End of variable declaration
C
Cc
C  Open the HDF file for writing.
C
file_id = hopen(FILE_NAME, DFACC_WRITE, 0)
Cc
C Initialize the VS interface.
Cc
status = vfstart(file_id)
C
C Create a new vdata.
Cc

vdata_ref =-1

vdata_id = vsfatch(file_id, vdata_ref, 'w’)
Cc
C Setname and class name of the vdata.
C

status = vsfsnam(vdata_id, VDATA_NAME)

status = vsfscls(vdata_id, CLASS_NAME)
Cc
C Introduce each field’s name, data type, and order. This is the
C first part in defining a field.

November 7, 2001 4-151



National Center for Supercomputing Applications

C
status = vsffdef(vdata_id, FIELDI_NAME, DFNT_FLOAT32, ORDER 1)
status = vsffdef(vdata_ id, FIELD2_NAME, DFNT_FLQOAT32, ORDER 2)
status = vsffdef(vdata_id, FlI ELD3_NAME, DFNT_FLOAT32, ORDER 3)
C
C Finalize the definition of the fields.
C
status = vsfsfld(vdata_id, FlIELDNAVE LI ST)
C
C Buf fer the data by the record for fully interlaced node. Note that the
C first three elenents contain the three values of the first field,
C the forth el ement contains the value of the second field, and the last two
C el enents contain the two values of the third field.
C
do 10 rec_num = 1, N RECORDS
data_buf (1, rec_num = 1.0 * rec_num
data_buf (2, rec_num = 2.0 * rec_num
data_buf (3, rec_num = 3.0 * rec_num
data_buf (4, rec_num) = 0.1 + rec_num
data_buf (5, rec_num) = 0.0
data_buf (6, rec_num = 65.0
10 conti nue
C
C Wite the data fromdata_buf to the vdata with the full interlacing node.
C
num of _records = vsfwt(vdata_id, data_buf, N RECORDS,
+ FULL_| NTERLACE)
C
C Term nate access to the vdata and to the VS interface, and
C close the HDOF file.
C
status = vsfdtch(vdata_id)
status = vfend(file_id)
status = hclose(file_id)
end

4.5.2.3 Setting Up Linked Block Vdatas: V Ssetblocksize and V Ssetnumblocks

Unless otherwise specified, V data data sets stored in linked blocks employ a default size and num-
ber of linked blocks, as set in HOF_APPENDABLE BLOK LEN and HOF_APPENDABLE BLOK NUM
respectively. V Ssetblocksize and V Ssethumblocks provide a mechanism for managing these val-
ues when the defaults are not appropriate.

V Ssetblocksize and V Ssetnumblocks can be called to change the default linked block settings.
The parameter vdata_i d identifies the Vdata The size of blocks is specified in bytes in
bl ock_si ze and number of blocksin num bl ocks.

V Ssetblocksize and V Ssetnumblocks must be called before any datais written to aVdata; once a
linked block element has been created, neither the block size nor the number blocks can be
changed. Further note that V Ssetblocksize sets the block size only for blocks following the first
block.

See the notes regarding the potential performance impact of block size in Section 14.4.2, "Tuning
Linked Block Size to Enhance Performance.”

V Ssetblocksize and V Ssetnumblocks both return SUCCESS (or 0) upon successful completion or
FAI L (or - 1). Their parameters are further defined in Table 4G.
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TABLE 4G

V Ssetblocksize and V Ssetnumblocks Par ameter Lists

Routine Name Parameter Type
[Return Type] Par ameter Description
(FORTRAN-77) C FORTRAN-77

V Ssetblocksize vdata_id int32 integer Vdataidentifier
intn
(vsf[setb]I ) block_size int32 integer Size of each block, in bytes

VSsetnumblocks vdata_id int32 integer Vdataidentifier

[intn] num blocks it intener Number of blocks to be used for the
(vsfsetnmbl) . €9 linked-block element

4.5.2.4 Packing or Unpacking Field Data: V Sfpack

Storing fields of mixed datatypesis an efficient use of disk space and is useful in applications that
use structures. However, while data structures in memory containing fields of variable lengths can
contain alignment bytes, field data stored in a vdata cannot include them. This is true for both
fully-interlaced and non-interlaced data. Because of this storing limitation, when variable-length
field types are used, it is generaly not possible to write data directly from a structure in memory
into avdatain afilewith aVSwrite call or to read datadirectly into a buffer from the vdatawith a
call to VSread. Thus, when writing, V Sfpack is used to pack field datainto atemporary buffer by
removing the padding, or alignment bytes, and when reading, to unpack field datainto vdatafields
by adding necessary alignment bytes. The syntax for V Sfpack is as follows:

C status = VS pack(vdata id, action, fields in buf, buf, buf_size,
n records, fieldnane |ist, bufptrs);

FORTRAN. status

vsfcpak(vdata id, action, fields_in buf, buf, buf_size,
n records, fieldnane |ist, bufptrs)

R status = vsfnpak(vdata id, action, fields in buf, buf, buf_size,

n records, fieldnane |ist, bufptrs)

The process of removing the alignment bytes is called “packing the array.” An illustration of this
process is provided iRigure 4g. The data provided by the user is stored in the structure in mem-
ory. The field values are aligned with padded byté&fpack packs the data into the array in
memory after removing the padded bytes. The packed data is then written to the vdata in the file
by VSwrite.

FIGURE 4g

Removing Alignment Bytes When Writing Data From a C Structureto a Vdata

111 222 | 33 |
T2 |3 Complex vdata
11T 22 | 3B3ZB ] )
ATBIC \ Mixed_Data Type
Array
(non-interlaced in memory) Temp | Height | Speed I dent
/ (4bytes) | (2bytes) | (4 bytes) (1 byte)
111 1 11 (A 111 1 11.11 A
2.22 2 2222 |B 2.22 2 22.22 B
3.33 3 3333 |C 3.33 3 33.33 C
Structure Array Vdata
(aligned in memory) (interlaced in memory) (interlaced in file)

The process illustrated in Figure 4g can be read in the reverse direction for "unpacking the array,"
that is when usiny Sfpack to fill a structure in memory with vdata field data. In this case, align-
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ment bytes are added to the field data to make the data conform to the specific alignment require-
ments of the platform.

V Sfpack performs both tasks, packing and unpacking, and the parameter acti on specifies the
appropriate action for the routine. Valid values for the parameter act i on are _HF VSPAXK (or 0)
for packing and _HDF_VSUNPACK (or 1) for unpacking.

The calling program must alocate sufficient space for the buffer buf to hold all packed or
unpacked fields. The parameter buf _si ze specifies the size of the buffer buf and should be at
least n_records *( the total size of all fields specifiedinfi el ds_i n_buf).

When V Sfpack is called to pack field valuesinto buf , the parameter fi el ds_i n_buf must specify
all fields of the vdata. This can be accomplished either by listing al of the field names in
fiel ds_i n_buf or by setting fi el ds_i n_buf to NLLL in C or to one blank character in FOR-
TRAN-77.

When V Sfpack is called to unpack field values, the parameter f i el ds_i n_buf may specify a sub-
set of the vdatafields. The parameter fi el ds_i n_buf can be setto NULL in C or to one space char-
acter in FORTRAN-77 to specify al fieldsin the vdata.

The parameter fi el dnane_| i st specifies the field(s) to be packed or unpacked. The parameter
buf pt r s provides pointers to the buffers for each field to be packed or unpacked. The calling pro-
gram is responsible for allocating sufficient space for each field buffer. Significant differences
between the C and FORTRAN-77 functionality are described in the following paragraphs.

InC, fiel dnane_|ist canlist either al of the fields specified by fi el ds_i n_buf or a subset of
those fields. Only if fi el ds_i n_buf specifiesall of the vdatafields, thenfi el ds_i n_buf can be
set to NULL to specify all vdata fields. The parameter buf pt r s contains an array of pointers to the
buffers where field data will be packed or unpacked.

The FORTRAN-77 routines can pack or unpack only one field at a time, so the parameter
fi el dnane_| i st contains only the name of that field. The parameter buf ptrs is the buffer for
that field.

The FORTRAN-77 version of VSfpack has two routines: vsfcpak packs or unpacks character
dataand vsfnpak packs or unpacks numeric data. Refer to the FORTRAN-77 version in Example
4 for amore specific illustration.

V Sfpack returns either SUOCEED (or 0) or FAI L (or - 1). The parameters for V Sfpack are described
in Table 4H.
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TABLE 4H V Sfpack Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
vdata id int32 integer Vdataidentifier
action intn integer Action to be performed
fields in_buf char * character*(*) Fieldsin the buffer buf to write or read
from the vdata
buf VOIDP integer Buffer for the vdata values
V Sfpack - - - —
[intn] buf_size intn integer Buffer sizein bytes
(vsfepak/vsfnpak) n_records intn integer Number of records to pack or unpack
fieldname _lis char * character* (*) Names of the fields to be packed or
t unpacked
bufpirs VOIDP <vaI|? ng‘gf data Array of pointersto thefield buffersinC
o il and field buffer in FORTRAN-77
character* (*)
EXAMPLE 4. Writing a M ulti-field and Mixed-type Vdata with Packing

This example illustrates the use of VSfpack/vsfnpak/vsfcpak and VSwrite/vsfwrit to write a
vdata with data of different types. Note that the approach used in Example 3 makes it difficult for

the vdata to have mixed-type data.

In this example, the program creates an HDF file, named "Packed Vdata.hdf", then defines a
vdata which is named "Mixed Data Vdata' and belongs to class "General Data Class'. The vdata
contains four order-1 fields, "Temp", "Height", "Speed”, and "ldent" of type float32, intl6,
float32, and char8, respectively. The program then packs the data in fully interlaced mode into a
databuf and writes the packed datato the vdata. Notethat, in the C example, aV Sfpack call packs
al N_RECORDS and aVSwrite call writesout all N_RECORDS records. In the Fortran example,
N_RECORDS of each field are packed using separate calls to vsfnpak and vsfcpak; vsfwrit writes

packed datato the vdata.
C:

#i ncl ude "hdf.h"
#define FlILE_NAME "Packed_Vdat a. hdf "
#define VDATA NAME "M xed Data Vdata"
#define CLASS NAME "Ceneral Data O ass"
#define FI ELD1_NAVE "Tenp"
#define FI ELD2_NAVE "Hei ght"
#define Fl ELD3_NAVE " Speed"
#define Fl ELD4_NAVE "ldent"
#define ORDER 1 /* nunmber of values in the field */
#define N_RECORDS 20 /* nunmber of records the vdata contains */
#define N_FIELDS 4 /* nunmber of fields in the vdata */
#define FIELDNAVE LIST  "Tenp, Hei ght, Speed, Ident” /* No spaces b/w names */

/* nunber of bytes of the data to be witten, i.

field val ues conbined times the nunber of

the size of all the
records */

#define BUF_SI ZE (2*si zeof (fl oat 32) + sizeof (int16) + sizeof(char)) * N RECORDS

mai n( )

{

/************************* Val'l abl e deCI al’atl on **************************/

intn

status_n;

/* returned status for functions returning an intn */
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int32 status_32, /* returned status for functions returning an int32 */
file_id, vdata_id,

vdata_ref =-1, /*vdata’s reference number, set to -1 to create */

num_of_records; /* number of records actually written to the vdata */
float32 temp[N_RECORDS];  /* buffer to hold values of first field */
intl6 heightfN_RECORDS]; /* buffer to hold values of second field */
float32 speed[N_RECORDS];  /* buffer to hold values of third field */
char8 ident{N_RECORDS]; /* buffer to hold values of fourth field */
VOIDP fldbufptrs[N_FIELDS];/*pointers to be pointing to the field buff-

ers*/

uintl6 databuf[BUF_SIZE]; /* buffer to hold the data after being packed*/
int i

[FRFxxddxkRkkkiixk End of variable declaration sk |

/*

* Create an HDF file.

*/

file_id = Hopen (FILE_NAME, DFACC_CREATE, 0);

/*

* Initialize the VS interface.
*/

status_n = Vstart (file_id);

/*

* Create a new vdata.

*

vdata_id = VSattach (file_id, vdata_ref, "w");

/*

* Set name and class hame of the vdata.

*

status_32 = VSsetname (vdata_id, VDATA_NAME);
status_32 = VSsetclass (vdata_id, CLASS_NAME);

/*

* Introduce each field’s name, data type, and order. This is the first

* part in defining a vdata field.

*

status_n = VSfdefine (vdata_id, FIELD1_NAME, DFNT_FLOAT32, ORDER);
status_n = VSfdefine (vdata_id, FIELD2_NAME, DFNT_INT16, ORDER);
status_n = VSfdefine (vdata_id, FIELD3_NAME, DFNT_FLOAT32, ORDER);
status_n = VSfdefine (vdata_id, FIELD4_NAME, DFNT_CHARS, ORDER);

/*
* Finalize the definition of the fields of the vdata.
*
/
status_n = VSsetfields (vdata_id, FIELDNAME_LIST);

/*
* Enter data values into the field buffers by the records.
*
for (i=0; i< N_RECORDS; i++)
{
templi] = 1.11 * (i+1);
height[i] = i;
speed[i] = 1.11 * (i+1);
ident[i] ="A’ +;
}

/*
* Build an array of pointers each of which points to a field buffer that
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* holds all values of the field.
*/

f1 dbuf ptrs[0] &t enp[ 0] ;
fldbufptrs[1] = &height[O0];
fldbufptrs[2] = &speed[O0];
fldbuf ptrs[3] = & dent[0];

/*
* Pack all data in the field buffers that are pointed to by the set of
* pointers fldbufptrs, and store the packed data into the buffer
* databuf. Note that the second paraneter is _HDF_VSPACK for packing.
*/
status_n = VSfpack (vdata_id, HDF_VSPACK, NULL, (VO DP)databuf,

BUF_SI ZE, N_RECORDS, NULL, (VO DP)fldbufptrs);

/*

* Wite all records of the packed data to the vdata.

*/

numof _records = VSwite (vdata_id, (uint8 *)databuf, N RECORDS,
FULL_| NTERLACE) ;

/*

* Terminate access to the vdata and the VS interface, then close
* the HDF file.

*/

status_32 = VSdetach (vdata_id);

status_n = Vend (file_id);

status_32 = Hclose (file_id);

FORTRAN:

program wite_m xed_vdat a
inplicit none

Par anet er decl arati on

OO0

character*16 FI LE _NAVE
charact er*18 CLASS_NAME
character*16 VDATA NAMVE
character*4 FI ELDL_NAME
character*6 FI ELD2_NAME
character*5 FI ELD3_NAME
character*5 FIELD4A_NAME
character*23 FI ELDNAVE_LI ST
i nt eger N_RECORDS, N_FI ELDS, ORDER
i nt eger BUF_SI ZE

C

parameter (FILE_NAME  ='Packed_Vdata.hdf,

+ CLASS_NAME  ='General Data Class’,
+ VDATA_NAME  ='Mixed Data Vdata’,

+ FIELD1_NAME ='Temp’,

+ FIELD2_NAME ='Height,,

+ FIELD3_NAME ='Speed’,

+ FIELD4_NAME =’ldent’,

+ FIELDNAME_LIST ='Temp,Height,Speed,ldent’)
parameter (N_RECORDS = 20,

+ N_FIELDS =4,

+ ORDER =1,

+ BUF_SIZE = (4 + 2 + 4 + 1)*N_RECORDS)

integer DFACC_WRITE, DFNT_FLOAT32, DFNT_INT16, DFNT_CHARS,
+ FULL_INTERLACE, HDF_VSPACK
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par armet er ( DFACC_WRI TE = 2,
+ DFNT_FLOAT32 = 5,
+ DFNT_I NT16 = 22,
+ DFNT_CHARS = 4,
+ FULL_I NTERLACE = 0,
+ HDF_VSPACK =0)
Cc
C Function decl aration
C
i nt eger hopen, hcl ose
integer vfstart, vsfatch, vsfsnam vsfscls, vsffdef, vsfsfld,
+ vsfnpak, vsfcpak, vsfwit, vsfdtch, vfend
Cc
Ck*** Val'l abl e decl al'atl on EEEE RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES
Cc
i nt eger status
i nt eger file_id, vdata_id
i nt eger vdata_ref, num.of _records
real t enp( N_RECORDS)
i nt eger*2 hei ght (N_RECORDS)
real speed( N_RECORDS)
character ident(N_RECORDS)
i nt eger i
Cc
C Buf fer for packed data should be big enough to hol d N _RECORDS.
Cc
i nt eger dat abuf (BUF_SI ZE/ 4 + 1)
gk*** End Of Var| abl e deCI al'atl on EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES
C
Cc
C Open the HDF file for witing.
Cc
file_id = hopen(FI LE_NAVE, DFACC WRI TE, 0)
Cc
C Initialize the VS interface.
C
status = vfstart(file_id)
Cc
C Create a new vdat a.
C
vdata_ref = -1
vdata_id = vsfatch(file_id, vdata_ref, 'w’)
C
C Setname and class name of the vdata.
Cc
status = vsfsnam(vdata_id, VDATA_NAME)
status = vsfscls(vdata_id, CLASS_NAME)
c
C Introduce each field’s name, data type, and order. This is the
C first part in defining a field.
Cc

status = vsffdef(vdata_id, FIELD1_NAME, DFNT_FLOAT32, ORDER)
status = vsffdef(vdata_id, FIELD2_NAME, DFNT_INT16, ORDER)
status = vsffdef(vdata_id, FIELD3_NAME, DFNT_FLOAT32, ORDER)
status = vsffdef(vdata_id, FIELD4_NAME, DFNT_CHARS8, ORDER)

C
C Finalize the definition of the fields.
C
status = vsfsfld(vdata_id, FIELDNAME_LIST)

C
C Enter data values into the field databufs by the records.
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10

C
C
C
C

C
C
C

C
C
C
C

do 10 i = 1, N_RECORDS
temp(i) =1.11 * i
height(i) =i - 1
speed(i) = 1.11 * |
ident(i) = char(64+i)
conti nue

Pack N_RECORDS of data into databuf. In Fortran, each field is packed

using separate calls to vsfnpak or vsfcpak.

status = vsfnpak(vdata_id, HDF_VSPACK, ', databuf, BUF_SIZE,

+ N_RECORDS, FIELD1_NAME, temp)

status = vsfnpak(vdata_id, HDF_VSPACK, ', databuf, BUF_SIZE,

+ N_RECORDS, FIELD2_NAME, height)

status = vsfnpak(vdata_id, HDF_VSPACK, ' ’, databuf, BUF_SIZE,

+ N_RECORDS, FIELD3_NAME, speed)

status = vsfcpak(vdata_id, HDF_VSPACK, ' ’, databuf, BUF_SIZE,

+ N_RECORDS, FIELD4_NAME, ident)

Write all the records of the packed data to the vdata.

num_of_records = vsfwrit(vdata_id, databuf, N_RECORDS,

+ FULL_INTERLACE)

Terminate access to the vdata and to the VS interface, and
close the HDF file.

status = vsfdtch(vdata_id)
status = vfend(file_id)
status = hclose(file_id)
end

4.6 Readingfrom Vdatas

Reading from vdatas is more complicated than writing to vdatas, as it usually involves searching
for a particular vdata, then searching within that vdata, before actually reading data. The process
of reading from vdatas can be summarized as follows:;

10.

11.

12.

| dentify the appropriate vdatain the file.
Obtain information about the vdata.
Read in the desired data.

Only Step 3 will be covered in this section assuming that the vdata of interest and its datainforma-
tion is known. Step 1 is covered in Section 4.7 on page 168 and Step 2 is covered in Section 4.9
on page 182.

Step 3 can be expanded into the following:

L
2.
3.

Open thefile.

Initialize the Vdata interface.

Initiate access to the vdata.

Optionally seek to the appropriate record.

Initialize the fields to be read.

Read the data.

If the fields have different data types, unpack the field data.
Terminate access to the vdata.
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9. Terminate access to the Vdata interface.
10. Closethefile.

The following sequence of function calls corresponds to the above steps:

C file id = Hopen(filenane, file access _node, numdds_bl ock);
status = \start(file.id);
vdata id = Vsattach(file id, vdata ref, vdata access node);
record pos = VSseek(vdata id, record i ndex);
status = Vsetfiel ds(vdata id, fieldnane |ist);
records read = Vead(vdata i d, databuf, n records, interlace node);
status = VS pack(vdata id, action, fields in buf, buf, buf_size,

n records, fieldnane |ist, bufptrs);

status = Vdetach(vdata id);
status = Vend(file_id);
status = Hlose(file_id);

FORTRAN: file_id = hopen(filenane, file access node, numdds_bl ock)
status = vfstart(file_id)
vdata id = vsfatch(file_id, vdata ref, vdata access_nwode)
record pos = vsfseek(vdata_id, record i ndex)
status = vsfsfld(vdata id, fieldnane list)

records_read = vsfrd(vdata_ id, databuf, n records, interlace node)
R records_read = vsfrdc(vdata i d, databuf, n_records, interlace node)

status = vsfcpak(vdata id, action, fields_in buf, buf, buf_size,
n records, fieldnane |ist, bufptrs)

R status = vsfnpak(vdata id, action, fields_ in buf, buf, buf_size,
n records, fieldnane |ist, bufptrs)
status = vsfdtch(vdata_id)
status = viend(file_id)

status = hcl ose(file_id)

4.6.1 Initializing the Fieldsfor Read Access: VSsetfields

V Ssetfields establishes access to the fields to be read by the next read operation. The argument
fi el dnane_| i st is acommarseparated string of the field names with no white space. The order
the field names occur infi el dnane_| i st isthe order in which the fields will be read. For exam-
ple, assume that a vdata contains fields named A, B, C, D, E, F in that order. The following decla-
rations demonstrate how to use fi el dnane_l i st to read a single field, a collection of random
fields, and all the fields in reverse order:

« Single field:fi el dname_list =“B’

» Collection of fields:fi el dnane_list =“AF

* Reverse ordefi el dnane_list =“F,EDCBA

V Ssetfields returns eitheBUCCEED (or 0) or FAI L (or - 1). The parameters forf Ssetfields are fur-
ther defined in Table 4E on page 145.
4.6.2 Readingfrom the Current Vdata: VSread

VSread sequentially retrieves data from the records in a vdata. The parataeseuf is the
buffer to store the retrieved data,records specifies the number of records to retrieve, and
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i nterl ace_node specifies the interlace mode, FLULL_| NTERLACE (or 0) or NO | NTERLACE (or 1), to
be used in the contents of dat abuf .

Prior to the first VSread call, V Ssetfields must be called.

If aVSread cal is successful, the datareturned in dat abuf isformatted according to the interlace
mode specified by the parameter i nt er | ace_node and the data fields appear in the order specified
inthelast call to VSsetfields for that vdata.

By default, V Sread reads from the first vdata record. To retrieve an arbitrary record from a vdata,
use VSseek to specify the record position before calling VSread. VSseek is described in
Section 4.5.2.1 on page 146.

The FORTRAN-77 version of VSread has three routines: vsfrd reads buffered numeric data,
vsfrdc reads buffered character data and vsfread reads generic packed data.

VSread returns the total number of records read if successful and FAI L (or - 1) otherwise. The
parameters for VSread are further defined in Table 41.

TABLE 4l

VSread Parameter List

Routine Name Parameter Type
[Return Type] Par ameter Description
(FORTRAN-77) C FORTRAN-77
vdata_id int32 integer Vdataidentifier
VSread ) <valid numeric datatype>(*) / )
[int32] databuf uintg8* character* (*) / integer Buffer for the retrieved data

(vsfrd/vsfrdc/

vsfread) n_records int32 integer Number of recordsto be retrieved

interlace_mode int32 integer Interlace mode of the buffered data

V Ssetfields and V Sread may be called several times to read from the same vdata. However, note

that VSread operations are sequential. Thus, in the following code segment, the first call to
VSread returns ten “A” data values from the first ten elements in the vdata, while the second call
to VSread returns ten “B” data values from the second ten elements (elements 10 to 19) in the
vdata.

status = Vsetfields(vdata id, "A');
records read = Vead(vdata i d, bufferA 10, interlace node);

status = VSsetfields(vdata id, "B');
records_read = Vead(vdata i d, bufferB 10, interlace node);

To read the first ten “B” data values, the access routBeeek must be called to explicitly posi-
tion the read pointer back to the position of the first record. The following code segment reads the
first ten “A” and “B” values into two separate float arrdys f er Aandbuf f er B.

status = Vsetfields(vdata id, "A');
records read = Vead(vdata id, bufferA 10, interlace node);

record pos = VSseek(vdata id, 0); /* seeks to first record */
status = Vsetfields(vdata id, "B');
records read = Vead(vdata id, bufferB 10, interlace node);
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EXAMPLES.

Reading a Vdata of Homogeneous Type

This example illustrates the use of VSfind/vsffnd to locate a vdata given its name, V Sseek/vsf-
seek to move the current position to adesired record, and V Sread/vsfrd to read the data of several
records. Thefunction VSfind will be discussed in Section 4.7.3. The approach used in this exam-
ple can only read data written by a program such as that in Example 3, i.e., without packing.
Reading mixed data vdatas must use the approach illustrated in Example 6.

The program reads 5 records starting from the fourth record of the two fields " Position” and " Tem-
perature” inthe vdata" Solid Particle” from thefile "General_Vdatas.hdf". After the program uses
V Sfind/vsffnd to obtain the reference number of the vdata, it uses V Sseek/vsfseek to place the
current position at the fourth record, then starts reading 5 records, and displays the data.

C:

#i ncl

#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i

ude

ne
ne
ne
ne
ne
ne
ne
ne

mai n( )

{

"hdf . h"

FI LE_NAVE "Cener al _Vdat as. hdf "

VDATA_NAMVE "Solid Particle"

N_RECORDS 5 /* nunmber of records the vdata contains */
RECCRD_| NDEX 3 /* position where reading starts - 4th record */
ORDER_1 3 /* order of first field to be read */

ORDER 2 2 /* order of second field to be read */

FI ELDNAVE_LI ST "Position, Tenperature" /* only two fields are read */
N_VALS PER REC (ORDER 1 + ORDER 2)
/* nunber of values per record */

[ R KRF R KKKk Rk kkkkkxkkkkxkx% \fgriabl @ declarati on FEFrFERFEEE KKK KKK R KKK KKK KK KK [

intn
int32 status_32, /* returned status for functions returning an int32 */

status_n; /* returned status for functions returning an intn */

file_id, vdata_id,

vdata_ref, /*vdata’s reference number */
num_of_records, /* number of records actually written to the vdata */
record_pos; /* position of the current record */

int16 i, rec_num; /* current record number in the vdata */

float32 databuf[N_RECORDS][N_VALS_PER_REC]; /* buffer for vdata values */

/******kk********kk**** End Of Val’l able declal’atlon *k*********k**********/

/*

* Open the HDF file for reading.

*

file_id = Hopen (FILE_NAME, DFACC_READ, 0);

/*

* Initialize the VS interface.

*

status_n = Vstart (file_id);

/*

* Get the reference number of the vdata, whose name is specified in
* VDATA_NAME, using VSfind, which will be discussed in Section 4.7.3.

*

vdata_ref = VSfind (file_id, VDATA_NAME);

/*

* Attach to the vdata for reading if it is found, otherwise
* exit the program.

*
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if (vdata_ref == 0) exit;
vdata_id = VSattach (file_id, vdata_ref, "r");

/*

* Specify the fields that will be read.

*/

status_n = VSsetfields (vdata_id, FIELDNAVE LIST);

/*

* Place the current point to the position specified in RECORD | NDEX.
*/

record_pos = VSseek (vdata_id, RECORD | NDEX);

/*

* Read the next N_RECORDS records fromthe vdata and store the data

* in the buffer databuf with fully interlaced node.

*/

num of _records = VSread (vdata_id, (uint8 *)databuf, N_RECORDS,
FULL_| NTERLACE) ;

/*
* Display the read data as many records as the nunber of records
* returned by VSread.

*/
printf ("\n Particle Position Tenperature Range\n\n");
for (rec_num = 0; rec_num < num.of _records; rec_numt+)
{
printf (" 9%. 2f, 96.2f, 96.2f 9. 2f, 9%.2f\n",
dat abuf [rec_nunj[ 0], databuf[rec_nuni[1], databuf[rec_nuni[?2],
databuf [rec_nunj[3], databuf[rec_nuni[4]);
}
/*

* Terminate access to the vdata and to the VS interface, then cl ose
* the HDF file.

*/

status_32 = VSdetach (vdata_id);

status_n = Vend (file_id);

status_32 = Hclose (file_id);

}
FORTRAN:
program read_from vdat a
inplicit none
Cc
C Par aret er decl arati on
C
character*18 FI LE _NAVE
character*14 VDATA NAMVE
character*20 FI ELDNAVE_LI ST
i nt eger N_RECORDS, RECORD_| NDEX
i nt eger CORDER_1, ORDER 2
i nt eger N_VALS PER REC
C
parameter (FILE_NAME  =’General_Vdatas.hdf,
+ VDATA_NAME  ='Solid Particle’,
+ FIELDNAME_LIST = 'Position, Temperature’)
parameter (N_RECORDS =5,
+ RECORD_INDEX = 3,
+ ORDER_1 =3,
+ ORDER_2 =2,
+ N_VALS_PER_REC = ORDER_1 + ORDER_2)
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i nt eger DFACC_READ, FULL_I NTERLACE

par anet er ( DFACC_READ =1,
+ FULL_| NTERLACE = 0)
Cc
C Functi on decl aration
Cc
i nt eger hopen, hcl ose
integer vfstart, vsffnd, vsfatch, vsfsfld, vsfrd, vsfseek,
+ vsfdtch, vfend
C
Ck*** Val'l abl e decl aratl on EEEE RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESE]
Cc
i nteger status
integer file_id, vdata_id
i nteger vdata_ref, rec_num numof_records, rec_pos
real dat abuf (N_VALS_PER REC, N_RECORDS)
i nteger i
Cc
Ck*** End Of Var| abl e deCI al'atl on EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES
Cc
Cc
C Open the HDF file for reading.
Cc
file_id = hopen(Fl LE_NAVE, DFACC READ, 0)
Cc
C Initialize the VS interface.
Cc
status = vfstart(file_id)
C
C Cet the reference nunber of the vdata, whose name is specified in
C VDATA NAME, using vsffnd, which will be discussed in Section 4.7.3.
Cc
vdata_ref = vsffnd(file_id, VDATA NAME)
Cc
C Attach to the vdata for reading if it is found,
C ot herwi se exit the program
C
if (vdata_ref .eq. 0) stop
vdata_id = vsfatch(file_id, vdata_ref, 'r")
C
C  Specify the fields that will be read.
c
status = vsfsfld(vdata_id, FIELDNAME_LIST)
Cc
C Place the current point to the position specified in RECORD_INDEX.
Cc
rec_pos = vsfseek(vdata_id, RECORD_INDEX)
c
C Read the next N_RECORDS from the vdata and store the data in the buffer
C databuf with fully interlace mode.
Cc
num_of_records = vsfrd(vdata_id, databuf, N_RECORDS,
+ FULL_INTERLACE)
Cc
C Display the read data as many records as the number of records returned
C by vsfrd.
Cc

write(*,*) ' Particle Position ~ Temperature Range’
write(*,*)
do 10 rec_num = 1, num_of_records
write(*,1000) (databuf(i, rec_num), i =1, N_VALS_PER_REC)
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10 conti nue
1000 format(1x,3(f6.2), 8x,2(f6.2))

Termi nate access to the vdata and to the VS interface, and
close the HDF file.

O000

status = vsfdtch(vdata_id)

status = vfend(file_id)
status = hclose(file_id)
end

EXAMPLE 6.

Reading a Multi-field and Mixed-type Vdata with Packing

This example illustrates the use of V Sread/vsfread to read part of a mixed data vdata and V Sf-
pack/vsfnpak/vsfcpak to unpack the data read.

The program reads the vdata "Mixed Data Vdata' that was written to the file "Packed V data.hdf"
by the program in Example 4. In Example 6, all values of the fields "Temp" and "Ident" are read.
The program unpacks and displays all the values after reading is complete. Again, notethat in C
only one call to VSread and one call to VSfpack are made to read and unpack all N REQORDS
records. In Fortran, datais read with one call to vsfread, but each field is unpacked using separate
callsto vsfnpak and vsfcpak

C:
#i ncl ude "hdf.h"
#define N_RECORDS 20 /* nunber of records to be read */
#define N_FIELDS 2 /* nunber of fields to be read */
#define FlILE_NAME "Packed_\Vdat a. hdf "
#define VDATA NAME "M xed Data Vdata"

#define FlIELDNAME LIST "Tenp, |ldent”

/* nunber of bytes of the data to be read */
#define BUFFER_SI ZE ( sizeof (float32) + sizeof(char)) * N _RECORDS

main ()

{

/************************* Val'l abl e decl al’atl on **************************/

intn status_n; /* returned status for functions returning an intn */
int32 status_32, /* returned status for functions returning an int32 */
file_id, vdata_id,
num of _records, /* nunber of records actually read */
vdat a_ref, /* reference nunber of the vdata to be read */
buf f er _si ze; /* nunber of bytes the vdata can hold */
float32 itenp[ N RECORDS]; /* buffer to hold values of first field */
char idents[ N RECORDS]; /* buffer to hold values of fourth field */

ui nt 8 dat abuf [ BUFFER _SI ZE]; /* buffer to hold read data, still packed */
VA DP fl dbuf ptrs[N_FI ELDS];/*pointers to be pointing to the field buffers*/
int i;

/********************** End Of Val’l abl e decl aratlon **********************/
/*

* Open the HDF file for reading.

*/

file_id = Hopen (FILE_NAME, DFACC READ, 0);

/*
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* Initialize the VS interface.
*/
status_n = Vstart (file_id);

/*

* Cet the reference nunber of the vdata, whose nane is specified in
* VDATA_NAME, using VSfind, which will be discussed in Section 4.7.3.
*/

vdata_ref = VSfind (file_id, VDATA NAVE);

/*

* Attach to the vdata for reading.

*/

vdata_id = VSattach (file_id, vdata_ref, "r");

/*

* Specify the fields that will be read.

*/

status_n = VSsetfields(vdata_id, FI ELDNAVE LIST);

/*

* Read N_RECORDS records of the vdata and store the values into the

* puffer databuf.

*/

num of _records = VSread (vdata_id, (uint8 *)databuf, N_RECORDS,
FULL_I NTERLACE) ;

/*

* Build an array of pointers each of which points to an array that
* will hold all values of a field after being unpacked.

*/

fldbufptrs[0] = & tenp[O];

fldbufptrs[1] = & dents[0];

/*

* Unpack the data fromthe buffer databuf and store the values into the

* appropriate field buffers pointed to by the set of pointers fldbufptrs.

* Note that the second parameter is _HDF _VSUNPACK for unpacking and the

* nunber of records is the one returned by VSread.

*/

status_n = VSfpack (vdata_id, _HDF VSUNPACK, FIELDNAVE LI ST, (VA DP)dat abuf,
BUFFER_SI ZE, num of _records, NULL, (VO DP)fldbufptrs);

/*
* Display the read data being stored in the field buffers.
*/
printf ("\n Tenp I dent\n");
for (i=0; i < numof_records; i++)

printf (" %. 2f %\n", itenp[i], idents[i]);
/*

* Terminate access to the vdata and the VS interface, then close
* the HDF file.

*/

status_32 = VSdetach (vdata_id);

status_n = Vend (file_id);

status_32 = Hclose (file_id);
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FORTRAN:
program r ead_m xed_vdat a
inplicit none
c
C Par anet er decl arati on
Cc
character*16 FILE _NAVE
character*16 VDATA NAME
character*4 FI ELDL_NAME
character*5 FI ELD2_NAME
character*10 FI ELDNAVE_LI ST
i nt eger N_RECORDS, N_FI ELDS
i nt eger BUFFER_SI ZE
C
parameter (FILE_NAME  ='Packed_Vdata.hdf,
+ VDATA_NAME  ='Mixed Data Vdata’,
+ FIELD1_NAME ='Temp’
+ FIELD2_NAME =’ldent,
+ FIELDNAME_LIST = "Temp,ldent’)
parameter (N_RECORDS = 20,
+ N_FIELDS =2,
+ BUFFER_SIZE = (4 + 1)*N_RECORDS)

integer DFACC_READ, DFNT_FLOAT32, DFNT_CHARS,
+ FULL_INTERLACE, HDF_VSUNPACK

parameter (DFACC_READ =1,

DFNT_FLOAT32 =5,

DFNT_CHAR8 =4,

FULL_INTERLACE =0,

HDF_VSUNPACK =1)

+ 4+ + +

Cc
C  Function declaration
Cc
integer hopen, hclose
integer vfstart, vsfatch, vsffnd, vsfsfld,
+ vsfnpak, vsfcpak, vsfread, vsfdtch, vfend

C
C**** \/ariable declaration
C

integer status

integer file_id, vdata_id

integer vdata_ref, num_of_records
real temp(N_RECORDS)
character ident(N_RECORDS)
integer i

Buffer for read packed data should be big enough to hold N_RECORDS.

[eNeNe]

integer databuf(BUFFER_SIZE/4 + 1)
C
C*** End of variable declaration

Open the HDF file for reading.

O000

file_id = hopen(FILE_NAME, DFACC_READ, 0)

Initialize the VS interface.

[eNeNe]

status = vfstart(file_id)
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C Cet the reference nunber of the vdata, whose name is specified in
C VDATA_NAME, using vsffnd, which will be discussed in Section 4.7.3.
Cc
vdata_ref = vsffnd(file_id, VDATA NAME)
Cc
C Attach to the vdata for reading if it is found,
C ot herwi se exit the program
Cc

if (vdata_ref .eq. 0) stop
vdata_id = vsfatch(file_id, vdata_ref, 'r")

Specify the fields that will be read.

OO0

status = vsfsfld(vdata_id, FIELDNAME_LIST)

Read N_RECORDS records of the vdata and store the values into the databuf.

[eNeNe]

num_of_records = vsfread(vdata_id, databuf, N_RECORDS,
+ FULL_INTERLACE)

C

C Unpack N_RECORDS from databuf into temp and ident arrays.

C In Fortran, each field is unpacked using separate calls to

C vsfnpak or vsfcpak.

Cc
status = vsfnpak(vdata_id, HDF_VSUNPACK, FIELDNAME_LIST, databuf,
+ BUFFER_SIZE, num_of_records, FIELD1_NAME, temp)
status = vsfcpak(vdata_id, HDF_VSUNPACK, FIELDNAME_LIST, databuf,
+ BUFFER_SIZE, num_of_records, FIELD2_NAME, ident)

Display the read data being stored in the field databufs.

[eNeNe]

write (*,)* Temp Ident
do 10i=1, num_of records
write(*,1000) temp(i), ident(i)

10 continue
1000 format (3x,F6.2, 4x, a)
Cc

C Terminate access to the vdata and to the VS interface, and
C close the HDF file.
C

status = vsfdtch(vdata_id)

status = vfend(file_id)

status = hclose(file_id)

end

4.7 Searchingfor Vdatasin aFile

There are several HDF library routines that perform searches for a specific vdatain afile. In this
section, we introduce these routines; methods for obtaining information about the members of a
given vdata are described in the following section.

4.7.1 Finding All Vdatasthat are Not Membersof aVgroup: VSlone

A lone vdata is one that is not a member of avgroup. Vgroups are HDF objects that contain sets
of HDF objects, including vgroups. V groups are described in Chapter 5, Vgroups (V API).
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V Slone searches an HDF file and retrieves the reference numbers of lone vdatas in the file. The
syntax of VSloneisasfollows:

C numof | one vdatas = VI one(file_id, ref_array, naxsize);
FORTRAN:  numof _| one_vdatas = vsflone(file_id, ref_array, naxsize)

The parameter ref _array is an array alocated to hold the retrieved reference numbers of lone
vdatas and the argument maxsi ze specifies the maximum size of ref _array. At most, naxsi ze
reference numbers will bereturned inref _arr ay.

The space that should be allocated for r ef _ar r ay is dependent upon on how many lone vdatas are
expected in thefile. A size of MAX_FI ELD Sl ZE (or 65535) integers is adeguate to handle any case.
To use dynamic memory instead of allocating such a large array, first call VSlone with naxsi ze
set toasmall valuelike O or 1, then use the returned value to allocate memory for ref _arr ay to be
passed to a subsequent call to VVSlone.

V Slone returns the number of lone vdatas or FA L (or - 1). The parametersfor VVSlone arelisted in
Table 4J on page 170.

4.7.2 Sequentially Searching for a Vdata: VSgetid

V Sgetid sequentially searches through an HDF file to obtain the vdata immediately following the
vdata specified by the reference number in the parameter vdat a_r ef . The syntax of V Sgetid isas
follows:

C ref_num= VSgetid(file_id, vdata ref);
FORTRAN: ref_num= vsfgid(file id, vdata ref)

To obtain the reference number of the first vdata in the file, the user must set the parameter
vdat a_ref to-1. Thus, VSgetid can be repeatedly called, with the initial value of vdat a_ref set
to -1 so that the routine will sequentially return the reference number of each vdata in the file,
starting from the first vdata. After the last vdata is reached, subsequent calls to VSgetid will
return FAI L (or - 1).

V Sgetid returns a vdata reference number or FAI L (or - 1). The parameters for V Sgetid are listed
in Table 4J on page 170.

4.7.3 Determining a Reference Number from a Vdata Name: VSfind

V Sfind searches an HDF file for a vdata with the specified name and returns the vdata reference
number. The syntax of VSfind is asfollows:

C ref_num= VSind(file_ id, vdata nane);
FORTRAN:  ref_num= vsffnd(file_id, vdata_nane)

The parameter vdat a_nane is the search key. Although there may be several identically named
vdatas in the file, VSfind will only return the reference number of the first vdata in the file with
the specified name.

V Sfind returns either the vdata reference number if the named vdata is found or 0 otherwise. The
parameters for VSfind are listed in Table 4J.
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4.7.4 Searching for aVdata by Field Name: V Sfexist

V Sfexist queries a vdata for a set of specified field names and is often useful for locating vdatas
containing particular field names. The syntax of the V Sfexist function is as follows:

C status = VSfexist(vdata_id, fieldnane_list);
FORTRAN: status = vsfex(vdata id, fieldnane |ist)

The parameter fi el dnane_| i st isastring of comma-separated field names containing no white
space, for examplePX, PY, PZ".

V Sfexist returnsSUCCEED (or 0) if all of the fields specified in the parametéel dnarme_| i st are
found andrAI L (or - 1) otherwise. The parameters fé&fexist are listed in Table 4J.

TABLE 4J VSlone, VSgetid, VSfind, and VSfexist Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
VSone file_id int32 integer Fileidentifier
[int32] ref_array int32] integer (*) Buffer for alist of lone vdata reference numbers
(vsflone) maxsize int32 integer Maximum number of reference numbers to be buffered
V Sgetid file_id int32 integer Fileidentifier
int32
(Elsfgi d]) vdata_ref int32 integer Reference number of the vdata preceding the vdata
VSfind file_id int32 integer Fileidentifier
[int32] -
(vsffnd) vdata_name char * character* (*) Name of the vdatato find
V Sfexist vdata id int32 integer Vdataidentifier
intn
(E,ge}() fieldname_list char * character* (*) Names of the fields to be queried
EXAMPLE 7. L ocating a Vdata Containing Specified Field Names

This example illustrates the use\t®getid/vsfgid to obtain the reference number of each vdata in
an HDF file and the use ®dSfexist/vsfex to determine whether a vdata contains specific fields.

In this example, the program searches the HDF file "General_Vdatas.hdf" to locate the first vdata
containing the fields "Position" and "Temperature”. The HDF file is an output of the program in
Example 3.

C:

#i ncl ude "hdf. h"

#define FlILE_NAME " CGeneral _Vdat as. hdf "
#define SEARCHED FIELDS " Position, Tenperature"

mai n( )

{

[ R KF R KKKk kkkkkkkxkkkkxkx% \/griabl @ declarati on FERrFERFEEE KKK KKK R KKK KKK KK KK [

intn status_n; /* returned status for functions returning an intn */
int32 status_32, /* returned status for functions returning an int32 */
file_id, vdata_id, vdata_ref,
index = 0; /* index of the vdata in the file - manually kept */

int8 found_fields; /* TRUE if the specified fields exist in the vdata */

[ xAE kxR xR xSk kkkxkxkxkxxxx End of variabl e decl arati on **FxExxkxkkkkkkkkkkkkkx [
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/*

* Open the HDF file for reading.

*/

file_id = Hopen (FILE_NAME, DFACC READ, 0);

/*

* Initialize the VS interface.
*/

status_n = Vstart (file_id);

/*

* Set the reference nunber to -1 to start the search from
* the beginning of file.

*/

vdata_ref = -1;

/*

* Assune that the specified fields are not found in the current vdata.
*/

found_fields = FALSE;

/-k

* Use VSgetid to obtain each vdata by its reference nunber then

* attach to the vdata and search for the fields. The |oop

* termi nates when the last vdata is reached or when a vdata which
* contains the fields listed in SEARCHED FI ELDS is found.

*/
while ((vdata_ref = VSgetid (file_id, vdata_ref)) != FAL)
{
vdata_id = VSattach (file_id, vdata_ref, "r");
if ((status_n = VSfexist (vdata_id, SEARCHED FIELDS)) != FAIL)
{
found_fields = TRUE
br eak;
}
/*
* Detach fromthe current vdata before continuing searching.
*/
status_32 = VSdetach (vdata_id);
i ndex++; /* advance the index by 1 for the next vdata */
}
/*

* Print the index of the vdata containing the fields or a "not found"
* message if no such vdata is found. Al so detach fromthe vdata found.
*/
if (!found_fields)

printf ("Fields Position and Tenperature were not found.\n");

el se
{
printf
("Fields Position and Tenperature found in the vdata at position %\ n",
i ndex) ;
status_32 = VSdetach (vdata_id);
}
/*
* Termi nate access to the VS interface and close the HDF file.
*/

status_n = Vend (file_id);

November 7, 2001 4-171



National Center for Supercomputing Applications

status_32 = Hclose (file_id);

}
FORTRAN:
program | ocat e_vdat a
inplicit none
c
C Par anet er decl arati on
Cc
character*18 FI LE _NAVE
charact er*20 SEARCHED FI ELDS
Cc
parameter (FILE_NAME  =’General_Vdatas.hdf,
+ SEARCHED_FIELDS = 'Position,Temperature’)
integer DFACC_READ
parameter (DFACC_READ = 1)
C
C  Function declaration
Cc
integer hopen, hclose
integer vfstart, vsfatch, vsfgid, vsfex, vsfdtch, vfend
C
C*** \ariable declaration
Cc
integer status
integer file_id, vdata_id, vdata_ref
integer index
logical found_fields
Cc
C*** End of variable declaration
C
Cc
C  Open the HDF file for reading.
C
file_id = hopen(FILE_NAME, DFACC_READ, 0)
Cc
C Initialize the VS interface.
Cc
status = vfstart(file_id)
index =0
Cc
C Set the reference number to -1 to start the search from the beginning
C of thefile.
Cc
vdata_ref=-1
C
C Assume that the specified fields are not found in the current vdata.
Cc
found_fields = .FALSE.
10 continue
Cc
C Use vsfgid to obtain each vdata by its reference number then
C attach to the vdata and search for the fields. The loop terminates
C when the last vdata is reached or when a vdata which contains the
C fields listed in SEARCHED_FIELDS is found.
Cc

vdata_ref = vsfgid(file_id, vdata_ref)

if (vdata_ref .eq. -1) goto 100

vdata_id = vsfatch(file_id, vdata_ref, 'r’)

status = vsfex(vdata_id, SEARCHED_FIELDS)
if (status .ne. -1) then
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4.8

found_fields = . TRUE
goto 100
endi f
status = vsfdtch(vdata_id)
index = index + 1
goto 10
100 conti nue

C Print the index of the vdata containing the fields or a 'not found’
C message if no such vdata is found. Also detach from the vdata found.
Cc

if(.NOT.found_fields) then

write(*,*) 'Fields Positions and Temperature were not found’
else

write(*,¥)
+ 'Fields Positions and Temperature were found in the vdata’,
+ ’atposition’, index

Terminate access to the vdata

[eNeNe]

status = vsfdtch(vdata_id)
endif

Terminate access to the VS interface and close the HDF file.

0O00

status = vsfdtch(vdata_id)
status = vfend(file_id)
status = hclose(file_id)
end

Vdata Attributes

HDF version 4.1r1 and later include the ability to assign attributes to a vdata and/or a vdata field.
The concept of attributesis fully explained in Chapter 3, Scientific Data Sets (SD API). To review
briefly: an attribute has a name, a data type, a number of attribute values, and the attribute values
themselves. All attribute values must be of the same data type. For example, an integer cannot be
added to an attribute value consisting of ten characters, or a character value cannot be included in
an attribute value consisting of 2 32-bit integers.

Any number of attributes can be assigned to either avdataor any singlefield in avdata. However,

each attribute name should be unique within its scope. In other words, the name of a field’s
attribute must be unique among all attributes that belong to that same field, and the name of a
vdata’s attribute must be unique among all attributes assigned to the same vdata.

The following subsections describe routines that retrieve various information about vdata and
vdata field attributes. Those routines that access field attributes require the field index as a param-
eter (i el d_i ndex).

4.8.1 Querying the Index of a Vdata Field Given the Field Name: V Sfindex

VSfindex retrieves the index of a field given its narhiegl d_nane, and stores the value in the
parametefi el d_i ndex. The syntax o¥/ Sfindex is as follows:

C status = Vindex(vdata_id, field_nane, &ield index);

FORTRAN: status = vsffidx(vdata_id, field_nane, field_ index)
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The parameter fi el d_i ndex is the index number that uniquely identifies the location of the field
within the vdata. Field index numbers are assigned in increasing order and are zero-based: for
example, afi el d_i ndex value of 4 would refer to the fifth field in the vdata.

VSfindex returns SUCCEED (or 0) if successful and FAI L (or - 1) otherwise. The parameters for
V Sfindex are further defined in Table 4K.

TABLE 4K

V Sfindex Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77

VSfindex vdata id int32 integer Vdataidentifier

[intn] field_name char * character* (*) Name of the vdatafield
(vsffidx)

field_index int32 * integer Index of the vdatafield

4.8.2 Setting the Attribute of a Vdata or Vdata Field: V Ssetattr
V Ssetattr attaches an attribute to a vdata or avdatafield. The syntax of V Ssetattr is as follows:;

C status = Vsetattr(vdata id, field index, attr_nane, data type,
n_val ues, val ues);

FORTRAN: status = vsfsnat(vdata id, field index, attr_nane, data type,
n_val ues, val ues)

R status = vsfscat(vdata id, field index, attr_nane, data type,

n_val ues, val ues)

If the attribute has already been attached, the new attribute values will replace the current values,
provided the data type and the number of attribute values (n_val ues) have not been changed. If
either of these have been changed, V Ssetattr will return FA L (or - 1).

Set the parameter fi el d_i ndex to _HDF_ VDATA (or - 1) to set an attribute for a vdata or to a valid
field index to set attribute for avdatafield. A valid field index is a zero-based integer value repre-
senting the ordinal location of afield within the vdata.

The parameter at t r _nane specifies the name of the attribute to be set and can contain VSNAMELEN

MX (or 64) characters. The parameter dat a_t ype specifies the data type of the attribute values.
Data types supported by HDF are listed in Table 2F on page 14. The parameter val ues contains
attribute values to be written.

The FORTRAN-77 version of VSsetattr has two routines: vsfsnat sets numeric attribute data and
vsfscat sets character attribute data.

VSsetattr returns SUGCEED (or 0) if successful and FAIL (or -1) otherwise. The parameters for
V Ssetattr are described in Table 4L.
4.8.3 Queryingthe Valuesof a Vdata or Vdata Field Attribute: VSgetattr

V Sgetattr returns all of the values of the specified attribute of the specified vdata field or vdata.
The syntax of V Sgetattr isasfollows:

C status = Vgetattr(vdata id, field index, attr_index, values);

FORTRAN: status = vsfgnat(vdata_id, field_index, attr_index, val ues)

R status = vsfgcat(vdata id, field index, attr_index, val ues)
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Set the parameter fi el d_i ndex to _HDF VDATA (or -1) to retrieve the values of the attribute
attached to the vdata identified by the parameter vdat a_i d. Set fi el d_i ndex to azero-based inte-
ger value to retrieve the values of an attribute attached to a vdata field; the value of fi el d_i ndex
will be used as the index of the vdatafield. In both cases, the values returned will be those of the
attribute located at the position specified by the parameter at t r _i ndex, the zero-based index of
the target attribute.

The parameter val ues must be sufficiently allocated to hold the retrieved attribute values. Use
V Sattrinfo to obtain information about the attribute values for appropriate memory allocation.

The FORTRAN-77 versions of VSgetattr has two routines: vsfgnat gets numeric attribute data
and vsfgcat gets character attribute data.

V Sgetattr returns SUGCEED (or 0) if successful and FAI L (or - 1) otherwise. The parameters for
V Sgetattr are described in Table 4L.

TABLE 4L

VSsetattr and VSgetattr Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
vdata id int32 integer Vdataidentifier
field_index int32 integer _HDF VDATA or index of the field
attr_name char * character* (*) Name of the attribute
VSsetattr - - -
[intn] data_type int32 integer Data type of the attribute
(vsfsnat/vsfscat) n_values int32 integer Number of values the attribute contains
<valid numeric data
values VOIDP type>(*)/ Buffer containing the attribute values
character* (*)
vdata id int32 integer Vdataidentifier
field_index int32 integer _HDF VDATA or index of the field
V Sgetattr - - - :
fintn] attr_index intn integer Index of the attribute
(vsfgnat/vsfgcat) <valid numeric data
values VOIDP type>(*)/ Buffer containing attribute values
character* (*)

4.8.4 Queryingthe Total Number of Vdata and Vdata Field Attributes:

V Snattr

S

V Snattrs returns the total number of attributes of the specified vdata and the fields contained in
the vdata. This is different from the V Sfnattrs routine, which returns the number of attributes of
the specified vdata or a specified field contained in the specified vdata. The syntax of VSnattrsis
asfollows:

C numof _attrs = Vonattrs(vdata id);
FORTRAN: numof _attrs = vsfnats(vdata_ id)
V Snattrs returns the total number of attributes assigned to the vdata and its fields when success-

ful, and FAI L (or - 1) otherwise. The parametersfor V Snattrs are described in Table 4M.

4.8.5 Querying the Number of Attributesof a Vdata or a Vdata Field:
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V Sfnattrs

V Sfnattrs returns the number of attributes attached to the vdata field specified by the parameter
fi el d_i ndex or the number of attributes attached to the vdata identified by vdat a_i d. Thisisdif-
ferent from the routine V Snattrs, which returns the total number of attributes of the specified
vdata and the fields contained init. The syntax of VSfnattrsisasfollows:

C numof _attrs = VS nattrs(vdata id, field index);
FORTRAN: numof _attrs = vsffnas(vdata id, field index)

If fi el d_i ndex is set to azero-based integer value, it will be used as the index of the vdatafield,
and the number of attributes attached to that field will be returned. If fiel d_i ndex is set to
_HDF VDATA (or - 1), the number of attributes attached to the vdata specified by vdat a_i d will be
returned.

V Sfnattr s returns the number of attributes assigned to the specified vdata or to the specified vdata
field when successful, and FAI L (or - 1) otherwise. The parameters for VSfnattrs are described in
Table 4M.

TABLE 4M

VSnattrsand V Sfnattrs Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
VSnattrs
[intn] vdata_id int32 integer Vdataidentifier
(vsfnats)
VSfnattrs vdata id int32 integer Vdataidentifier
int32
(\[,Sffn a]s) field_index int32 integer _HDF_VDATAor index of the field

4.8.6 RetrievingtheIndex of aVdataor Vdata Field Attribute Given the
Attribute Name: VSfindattr

VSfindattr returns the index of an attribute with the specified name. The attribute must be
attached to either avdata or one of its fields. The syntax of VSfindattrsisasfollows:

C attr_index = VSfindattr(vdata_ id, field index, attr_nane);
FORTRAN: attr_index = vsffdat(vdata id, field_ index, attr_nane)

If field_ indexissetto HOF VDATA (or - 1), theindex of the attribute identified by the parameter
at tr_nane and attached to the vdata specified by vdat a_i d will be returned.

If the parameter fi el d_i ndex is set to a zero-based integer value, the value will be used as the
index of the vdata field. Then, the index of the attribute named by the parameter at tr _nane and
attached to the field specified by the parameter fi el d_i ndex will be returned.

V Sfindattr returns an attribute index if successful, and FAI L (or - 1) otherwise. The parameters for
VSfindattr are described in Table 4N on page 177.

4.8.7 Querying Information on a Vdata or Vdata Field Attribute:

4-176
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VSattrinfo

V Sattrinfo returns the name, data type, number of values, and the size of the values of the speci-
fied attribute of the specified vdata field or vdata. The syntax of VSattrinfo isasfollows:

C status = VSattrinfo(vdata id, field index, attr_index, attr_nane,
&dat a type, &n val ues, &size);

FORTRAN: status = vsfainf(vdata id, field.index, attr_index, attr_nane,
data type, n val ues, size)

In C, the parameters at t r _nane, dat a_t ype, n_val ues, and si ze can be set to NLLL, if the infor-
mation returned by these parameters are not needed.

The parameter fi el d_i ndex isthe same as the parameter fi el d_i ndex in V Ssetattr; it can be set
either to a nonnegative integer to specify the field or to _HF VDATA (or - 1) to specify the vdata
referred to by vdat a_i d.

VSattrinfo returns SUOCEED (or 0) if successful and FAIL (or - 1) otherwise. The parameters for
VSattrinfo are described in Table 4N.
4.8.8 Determining whether a Vdata Isan Attribute: VSisattr

The HDF library stores vdata attributes and vdata field attributes as vdatas. HDF therefore pro-
vides the routine VSisattr to determine whether a particular vdata contains attribute data. The
syntax of VSisattr isasfollows:

C status = VS sattr(vdata id);
FORTRAN:  status = vsfisat(vdata_id)

VSisattr returns TRUE (or 1) if the vdata contains an attribute data and FALSE (or 0) otherwise. The
parameters for V Sisattr are described in Table 4N.

TABLE 4N

V Sfindattr, VSattrinfo, and VSisattr Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) (& FORTRAN-77
VSfindattr vdata id int32 integer Vdataidentifier
[intn] field_index int32 integer _HDF VDATA or index of thefield
(vsifdat) attr_name char * character* (*) Name of the attribute
vdata id int32 integer Vdataidentifier
field_index int32 integer Index of the field
vsattrinfo attr_index intn integer Index of the attribute
[intn] attr_name char * character* (*) Returned name of the attribute
(vsfainf) data_type int32 * integer Returned data type of the attribute
n_values int32 * integer Number of values of the attribute
size int32 * integer Size, in bytes, of the values of the attribute
VSisattr
[intn] vdata_id int32 integer Vdata identifier
(vsfisat)
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EXAMPLE 8.

Operationson Field and Vdata Attributes

This example illustrates the use of V Ssetattr/vsfscat/vsfsnat to attach an attribute to a vdata and
to afield in avdata, the use of VSattrinfo/vsfainf to get information about afield attribute and a
vdata attribute, and the use of VSgetattr/vsfgcat/vsfgnat to get the values of an attribute of a
vdata and the values of an attribute of a field in a vdata. The example also shows the use of
V Sfnattr s/vsffnas to obtain the number of attributes attached to afield of a vdata and the use of
V Snattr s/vsfnats to obtain the total number of attributes attached to both avdata and itsfields.

In this example, the program finds the vdata, named "Solid Particle’, in the HDF file
"Genera_Vdatas.hdf" produced by Example 3. It then obtains the index of the field, named
"Mass', in the vdata. An attribute named "Site Ident" is attached to the vdata to contain the iden-
tification of the experiment sites. Another attribute named "Scales" is attached to the field for its
scalevalues. The vdata attribute has 3 character values and the field attribute has 4 integer values.

C:

#i ncl ude "hdf. h"

#define FlILE_NAME "Ceneral _\Vdat as. hdf "

#define VDATA NAME "Solid Particle"

#define FIELD NAVE " Mass"

#define VATTR_NAME "Site Ident" /* nane of the vdata attribute */
#define FATTR_NAME "Scal es" /* nane of the field attribute */
#define VATTR N VALUES 3 /* nunber of values in the vdata attribute */
#define FATTR_N VALUES 4 /* nunber of values in the field attribute */
mai n( )

{

[ R ERF KKK KKk Kk kkkxkxkkkkxkx% \/griabl @ declarati on *rERrEEFEEE KKK KKK R KKK KKK KK KK [

intn status_n; /* returned status for functions returning an intn */
int32 status_32, /* returned status for functions returning an int32 */
file_id, vdata_ref, vdata_id,
fiel d_index, /* index of a field within the vdata */
n_vdattrs, /* nunber of vdata attributes */
n_fldattrs, /* nunber of field attributes */

vdata_type, /*to hold the type of vdata’s attribute */
vdata_n_values,/* to hold the number of vdata’s attribute values */
vdata_size, /*to hold the size of vdata’s attribute values ~ */
field_type, /*to hold the type of field's attribute */
field_n_values,/* to hold the number of field’s attribute values */
field_size; /*to hold the size of field's attribute values ~ */
char vd_attr[VATTR_N_VALUES] = {'A’, 'B’, 'C'};/* vdata attribute values*/
int32 fld_attr[FATTR_N_VALUES] = {2, 4, 6, 8}; /*field attribute values*/
char vattr_buff[VATTR_N_VALUES]; /*to hold vdata attribute’s values */
int32 fattr_buf[FATTR_N_VALUES]; /*to hold field attribute’s values */
char vattr_name[30], /* name of vdata attribute */
fattr_name[30]; /* name of field attribute */

JRAFxxRdkxk Rk End of variable declaration sk |

/*

* Open the HDF file for writing.

*

file_id = Hopen (FILE_NAME, DFACC_WRITE, 0);

/*

* Initialize the VS interface.
*/

status_n = Vstart (file_id);
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/*

* Cet the reference nunber of the vdata nanmed VDATA NAME.
*/

vdata_ref = VSfind (file_id, VDATA NAME);

/*

* Attach to the vdata for witing.

*/

vdata_id = VSattach (file_id, vdata_ref, "w');

/ *
* Attach an attribute to the vdata, i.e., indicated by the second paraneter.
*
/
status_n = VSsetattr (vdata_id, _HDF VDATA, VATTR NAME, DFNT_CHAR
VATTR_N_VALUES, vd_attr);

/*
* CGet the index of the field FIELD NAME within the vdata.
*/
status_n = VSfindex (vdata_id, FlIELD NAVE, &field_index);

/*
* Attach an attribute to the field field_index.
*
/
status_n = VSsetattr (vdata_id, field_index, FATTR_NAME, DFNT_I NT32,
FATTR_N VALUES, fld_attr);

/ *
* Get the number of attributes attached to the vdata’s first
* field - should be 0.
*
n_fldattrs = VSfnattrs (vdata_id, 0);
printf ( "Number of attributes of the first field of the vdata: %d\n",
n_fldattrs);

/*

* Get the number of attributes attached to the field specified by

* field_index - should be 1.

*

n_fldattrs = VSfnattrs (vdata_id, field_index);

printf ("Number of attributes of field %s: %d\n", FIELD_NAME, n_fldattrs);

/*

* Get the total number of the field’s and vdata’s attributes - should be 2.

*

n_vdattrs = VSnattrs (vdata_id);

printf ( "Number of attributes of the vdata and its fields: %d\n",
n_vdattrs);

/*

* Get information about the vdata’s first attribute, indicated

* by the third parameter which is the index of the attribute.

*

status_n = VSattrinfo (vdata_id, _"HDF_VDATA, 0, vattr_name,
&vdata_type, &vdata_n_values, &vdata_size);

/*

* Get information about the first attribute of the field specified by

* field_index.

*

status_n = VSattrinfo (vdata_id, field_index, 0O, fattr_name, &field_type,
&field_n_values, &field_size);
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/ *
* Get the vdata’s first attribute.
*
status_n = VSgetattr (vdata_id, _HDF_VDATA, 0, vattr_buf);
printf("Values of the vdata attribute = %c %c %c\n", vattr_buf[0],
vattr_buf[1], vattr_buf[2]);

/*

* Get the first attribute of the field specified by field_index.

*

status_n = VSgetattr (vdata_id, field_index, 0, fattr_buf);

printf("Values of the field attribute = %d %d %d %d\n", fattr_buf[0],
fattr_buf[1], fattr_buf[2], fattr_buf{3]);

/*

* Terminate access to the vdata and to the VS interface, then close
* the HDF file.

*/

status_32 = VSdetach (vdata_id);

status_n = Vend (file_id);

status_32 = Hclose (file_id);

FORTRAN:

program vdata_attributes
implicit none

Parameter declaration

OO0

character*18 FILE_NAME

character*14 VDATA_NAME

character*4 FIELD_NAME

character*10 VATTR_NAME

character*6 FATTR_NAME

integer VATTR_N_VALUES, FATTR_N_VALUES

C
parameter (FILE_NAME ='General_Vdatas.hdf’,
+ VDATA_NAME ='Solid Particle’,
+ FIELD_NAME ='Mass’,
+ VATTR_NAME ='Site Ident’,
+ FATTR_NAME ='Scales’)
parameter (VATTR_N_VALUES = 3,
+ FATTR_N_VALUES = 4)

integer DFACC_WRITE, FULL_INTERLACE, HDF_VDATA
integer DFENT_INT32, DFNT_CHARS
parameter (DFACC_WRITE = 2,

+ FULL_INTERLACE = 0,
+ HDF_VDATA =-1,
+ DFNT_INT32 =24,
+ DFNT_CHAR8 = 4)
C
C Function declaration
C

integer hopen, hclose

integer vfstart, vsffnd, vsfatch, vsfscat, vsfsnat,

+ vsffhas, vsffidx, vsfnats, vsfainf, vsfgcat, vsfgnat,
+ vsfdtch, vfend

C
C*** \/ariable declaration
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i nt eger status
i nt eger file_id, vdata_id, vdata_ref
i nt eger field_index, n_vdattrs, n_fldattrs
i nt eger vdat a_type, vdata_n_val ues, vdata_size
i nt eger field_ type, field_n_values, field_size
character vd_attr(VATTR_N_VALUES)
i nt eger fld_attr(FATTR_N_VALUES)
character vattr_buf (VATTR_N_VALUES)
i nt eger fattr_buf (FATTR_N_VALUES)
character vattr_name_out (30), fattr_name_out (30)
data vd_attr /'A’, 'B’, 'C'/
data fld_attr /2, 4, 6, 8/
Cc
C*** End of variable declaration

Open the HDF file for writing.

O000

file_id = hopen(FILE_NAME, DFACC_WRITE, 0)

Initialize the VS interface.

[eNeNe]

status = vfstart(file_id)

Get the reference number of the vdata named VDATA_NAME.

[eNeNe]

vdata_ref = vsffnd(file_id, VDATA_NAME)

Attach to the vdata for writing.

OO0

vdata_id = vsfatch(file_id, vdata_ref, 'w’)

Attach an attribute to the vdata, as it is indicated by second parameter.

[eNeNe]

status = vsfscat(vdata_id, HDF_VDATA, VATTR_NAME, DFNT_CHARS,
+ VATTR_N_VALUES, vd_attr)

Get the index of the field FIELD_NAME within the vdata.

OO0

status = vsffidx(vdata_id, FIELD_NAME, field_index)

Attach an attribute to the field with the index field_index.

[eNeNe]

status = vsfsnat(vdata_id, field_index, FATTR_NAME, DFNT_INT32,
+ FATTR_N_VALUES, fld_attr)

Get the number of attributes attached to the vdata’s first
field - should be 0.

O000

n_fldattrs = vsffnas(vdata_id, 0)
write(*,*) '"Number of attributes of the first field’
write(*,*) * of the vdata: ’, n_fldattrs

Get the number of the attributes attached to the field specified by
index field_index - should be 1.

O000

n_fldattrs = vsffnas(vdata_id, field_index)
write(*,*) '"Number of attributes of field ', FIELD_NAME,
+ n_fldattrs

OO0

Get the total number of the field’s and vdata’s attributes - should be 2.
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n_vdattrs = vsfnats(vdata_id)
write(*,*) 'Number of attributes of the vdata and its fields: ’,
+ n_vdattrs

Get information about the vdata’s first attribute, indicated by
the third parameter, which is the index of the attribute.

O000

status = vsfainf(vdata_id, HDF_VDATA, 0, vattr_name_out,
+ vdata_type, vdata_n_values, vdata_size)

Get information about the first attribute of the field specified by
field_index.

O000

status = vsfainf(vdata_id, field_index, 0, fattr_name_out,
+ field_type, field_n_values, field_size)

Get the vdata’s first attribute.

OO0

status = vsfgcat(vdata_id, HDF_VDATA, 0, vattr_buf)
write(*,*) 'Values of vdata attribute ’, vattr_buf

Get the first attribute of the field specified by field_index.

[eNeNe]

status = vsfgnat(vdata_id, field_index, 0, fattr_buf)
write(*,*) 'Values of the field attribute =, fattr_buf

Terminate access to the vdata and to the VS interface, and
close the HDF file.

O000

status = vsfdtch(vdata_id)
status = vfend(file_id)
status = hclose(file_id)
end

4.9 Obtaining Information about a Specific Vdata

Once a vdata has been located, its contents must be obtained. In this section four categories of
routines that obtain vdata information are described:

« A general inquiry routine namadSinquire.
* A set ofvdata query routines with names prefaced by “VSQuery”.

« A set ofvdata inquiry routines prefaced by “VS”. Some of these routines retrieve specific
vdata information which can also be retrieved by the general inquiry ra(Eimeguire.

« A set offield query routines with names prefaced by “VF".

4.9.1 Obtaining Vdata Information: VSinquire

VSinquire retrieves information about the vdata identified by the paramééea_i d. The rou-
tine has the following syntax:

C status = VS nquire(vdata_id, & records, & nterlace node,
fiel dnane_|ist, &data_ size, vdata nane);

FORTRAN: status =vsfing(vdata id, n records, interlace node, fiel dnane |ist,
vdat a_si ze, vdata nane)
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The parameter n_r ecor ds contains the returned number of records in the vdata, the parameter
interl ace_node contains the returned interlace mode of the vdata contents, the parameter
fi el dnane_l i st isacomma-separated list of the returned names of all the fields in the vdata, the
parameter vdat a_si ze is the returned size, in bytes, of the vdata record, and the parameter
vdat a_nane contains the returned name of the vdata.

If any of the parameters are set to NLLL in C, the corresponding data will not be returned.

VSinquire returns either SUCCEED (or 0) or FAI L (or - 1). The parametersfor VSinquire are further
defined in Table 40.

TABLE 40 VSinquire Parameter List
Routine Name Parameter Type
[Return Type] Par ameter Description
(FORTRAN-77) C FORTRAN-77
vdata_id int32 integer Vdataidentifier
n_records int32 * integer Number of records in the vdata
VSinquire interlace_mode int32 * integer Interlace mode
intn
(\Esﬁnl]) fieldname _list char * character* (*) Buffer for the list of field names
vdata size int32 * integer Size in bytes of the vdata record
vdata_name char * character* (*) Name of the vdata
EXAMPLE 9. Obtaining Vdata I nformation

This example illustrates the use of V Sgetid/vsfgid and VSinquire/vsfing to obtain information
about all vdatasin an HDF file.

In this example, the program uses VSgetid to locate al vdatas in the HDF file
"Genera_Vdatas.hdf", which is the output of Example 3. For each vdata found, if it is not the
storage of an attribute, the program uses VSinquire/vsfing to obtain information about the vdata
and displays its information. Recall that an attribute is also stored as a vdata; the function VSi-
sattr/vsfisat checks whether a vdatais a storage of an attribute.

C:
#i ncl ude "hdf.h"
#define FlILE_NAME " CGener al _Vdat as. hdf "
#define FlIELD SIZE 80 /* maxinmumlength of all the field names */
nmai n( )
{

/************************* Val'l abl e decl al’atl on **************************/

intn status_n; /* returned status for functions returning an intn */
int32 status_32, /* returned status for functions returning an int32 */
n_records, /* to retrieve the nunber of records in the vdata */
interlace_node,/* to retrieve the interlace node of the vdata */
vdat a_si ze, /* to retrieve the size of all specified fields */

file_id, vdata_ref, vdata_id;
char fieldnane_list[FIELD SIZE], /* buffer to retrieve the vdata data */
vdat a_narre[ VSNAMVELENVAX] ; /* buffer to retrieve the vdata name  */

/********************** End Of Val’l abl e decl al’atIOn **********************/

/*
* Open the HDF file for reading.
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*/
file id = Hopen (FILE_NAVE, DFACC READ, 0);

/*

* Initialize the VS interface.
*/

status_n = Vstart (file_id);

/*

* Set vdata_ref to -1 to start the search fromthe beginning of file.
*

/

vdata_ref = -1,

*

* Use VSgetid to obtain each vdata by its reference nunber then attach
* to the vdata and get its information. The |oop terminates when
* the last vdata is reached.
*/
while ((vdata_ref = VSgetid (file_id, vdata_ref)) != FAIL)
{
/*
* Attach to the current vdata for reading.
*/
vdata_id = VSattach (file_id, vdata_ref, "r");

/*

* Test whether the current vdata is not a storage of an attribute, then
* obtain and display its information.

*

/

if( VSisattr (vdata_id) != TRUE)

{
status_n = VSinquire (vdata_id, &n_records, & nterlace_node,
fieldnane_list, &data_size, vdata_nane);
printf ("Vdata %: - contains %l records\n\tlnterlace node: % \
\n\tFields: % - % bytes\n\t\n", vdata_nanme, n_records,
interlace_node == FULL_I NTERLACE ? "FULL" : "NON\E',
fieldnane_list, vdata_size );
}

/*

* Detach fromthe current vdata.

*/

status_32 = VSdetach (vdata_id);
} /% while */

/*

* Terminate access to the VS interface and close the HDF file.
*

/

status_n = Vend (file_id);

status_32 = Hclose (file_id);

}
FORTRAN:

program vdat a_i nfo
inplicit none

Cc

C Par anet er decl arati on

c
character*18 FI LE_NAME
i nt eger DFACC_READ, FULL_| NTERLACE
i nt eger FI ELD_SI ZE

Cc
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parameter (FILE_NAME  ='General_Vdatas.hdf,

+ DFACC_READ =1,
+ FULL_INTERLACE =0,
+ FIELD_SIZE =80)

C

C Function declaration

C

integer hopen, hclose
integer vfstart, vsfatch, vsfgid, vsfing,
+ vsfisat, vsfdtch, vfend

Cc
C*** \ariable declaration
C
integer  status
integer  file_id, vdata_id, vdata_ref
integer  n_records, interlace_mode, vdata_size
character*64 vdata_name
character*80 fieldname_list
C
C*** End of variable declaration
c
Cc
C  Open the HDF file for reading.
Cc
file_id = hopen(FILE_NAME, DFACC_READ, 0)
Cc
C Initialize the VS interface.
C
status = vfstart(file_id)
Cc
C Setthe reference number to -1 to start the search from the beginning
C of thefile.
c
vdata_ref=-1
10 continue
Cc
C Use vsfgid to obtain each vdata by its reference number then
C attach to the vdata and get information. The loop terminates
C when the last vdata is reached.
C
vdata_ref = vsfgid(file_id, vdata_ref)
if (vdata_ref .eq. -1) goto 100
C
C Attach to the current vdata for reading.
Cc
vdata_id = vsfatch(file_id, vdata_ref, 'r’)
Cc
C Test whether the current vdata is not a storage for an attribute,
C then obtain and display its information.

if (vsfisat(vdata_id) .ne. 1) then
status = vsfing(vdata_id, n_records, interlace_mode,
+ fieldname_list, vdata_size, vdata_name)
write(*,*) 'Vdata: ', vdata_name
write(*,*) "contains ’, n_records, ' records’
if (interlace_mode .eq. 0) then
write(*,*) 'Interlace mode: FULL’
else
write(*,*) 'Interlace mode: NONE’
endif
write(*,*) 'Fields: ’, fieldname_list(1:30)
write(*,*) 'Vdata record size in bytes ', vdata_size
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wite(*,*)
endi f

Detach fromthe current vdata.

[eNeNe]

status = vsfdtch(vdata_id)
goto 10
100 conti nue

Terminate access to the vdata and to the VS interface, and
close the HDF file.

O000

status = vsfdtch(vdata_id)
status = vfend(file_id)
status = hclose(file_id)
end

4.9.2 Obtaining Linked Block Information: V Sgetblockinfo

V Sgetblockinfo retrieves the block size and number of blocks employed in alinked block Vdata
data element. The parameter vdata_i d identifies the Vdata. The size of blocks, in bytes, is
returned in bl ock_si ze and the number of blocksin num bl ocks.

If either the block size or the number of blocks used in a particular Vdatais likely to differ from
the default setting, V Sgetblockinfo must be called before any datais read from aVdata.

V Sgetblockinfo returns SUGCESS (or 0) upon successful completion or FAI L (or - 1). Its parameters
are further defined in Table 4P.

TABLE 4P

V Sgetblockinfo Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
vdata id int32 integer Vdataidentifier

V Sgetblockinfo
[intn] block_size int32 integer Size of each block, in bytes
(vsfgetblinfo)

num_blocks int32 integer Number of linked blocks

4.9.3 VSQuery Vdata Information Retrieval Routines
The syntax of the VSQuery routines are as follows:

C status = VQuerynang(vdata id, vdata nane);
status = VQueryfields(vdata id, fields);
status = VQueryinterlace(vdata id, & nterlace node);
status = VSQuerycount (vdata id, & records);
vdata tag = VQuerytag(vdata id);
vdata ref = VQueryref(vdata id);
status = VSQueryvsi ze(vdata i d, &data vsize);

FORTRAN:  status = vsgf nane(vdata i d, vdata nane)
status = vsqfflds(vdata id, fields)
status = vsgfintr(vdata id, interlace node)
status = vsqfnel t(vdata id, n_records)
vdat a_tag = vsqt ag(vdat a_i d)
vdata ref = vsqref(vdata_id)
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status = vsqfvsi z(vdata i d, vdata vsize)

All VSQuery routines except VSQuerytag and VSQueryref have two arguments. The first argu-
ment identifies the vdata to be queried. The second argument is the type of vdata information
being requested.

« VSQueryname retrieves the name of the specified vdata.

« VSQueryfields retrieves the names of the fields in the specified vdata.

« VSQueryinterlace retrieves the interlace mode of the specified vdata.

« VSQuerycount retrieves the number of records in the specified vdata.

« VSQuerytag returns the tag of the specified vdata.

» VSQueryref returns the reference number of the specified vdata.

* VSQueryvsize retrieves the size, in bytes, of a record in the specified vdata.
VSQuerytag andV SQueryref return the tag and reference number, respectiveiar (or - 1).

All other routines returrBUOCEED (or 0) or FAI L (or -1). The parameters for these routines are
listed in Table 4Q.

TABLE 4Q VSQuery Routines Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) (& FORTRAN-77
VSQueryname vdata_id int32 integer Vdata identifier
intn|
(VS[:]fn a]me) vdata_name char * character* (*) Name of the vdata
VSQueryfields vdata_id int32 integer Vdata identifier
[intn] ) Comma-separated list of the field namesin the
(vsgfflds) fields char * character* (*) vdata
VSQueryinterlace vdata_id int32 integer Vdataidentifier
intn]
(ngﬂ n]tr) interlace_mode int32 * integer Interlace mode
V SQuerycount vdata_id int32 integer Vdataidentifier
intn]
(ngfn(]elt) n_records int32 * integer Number of recordsin the vdata
VSQueryvsize vdata_id int32 integer Vdataidentifier
intn]
(ngfv_l‘- 2) vdata size int32 * integer Size in bytes of the vdata record
VSQuerytag
[int32] vdata_id int32 integer Vdataidentifier
(vsqtag)
VSQueryref
[int32] vdata_id int32 integer Vdataidentifier
(vsqref)

4.9.4 Other Vdatalnformation Retrieval Routines

The routines described in this section, with names prefaced by “VS”, are used to obtain specific
types of vdata information. The syntax of these routines are as follows:

C numof_records = VSel ts(vdata_ id);
numof _fields = VSgetfiel ds(vdata id, fieldname_list);
interlace_ node = Vgetinterl ace(vdata id);
size of _fields = VSsizeof (vdata id, fieldnane_|ist);
status = VSget nane(vdata_id, vdata nane);
status = VSgetcl ass(vdata_i d, vdata cl ass);
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FORTRAN: numof _records = vsfelts(vdata id)
numof fields = vsfgfld(vdata id, fiel dnane |ist)
interl ace_node = vsfgint(vdata_ id)
size of fields = vsfsiz(vdata id, fieldnane |ist)
status = vsfgnan{vdata i d, vdata nane)
status = vsfcls(vdata i d, vdata cl ass)

With the exception of V Sgetclass, the information obtained through these routines can also be
obtained through VSinquire. VSinquire provides a way to query commonly used vdata informa-
tion with one routine call. The VS routines in this section are useful in situations where the HDF
programmer wishes to obtain only specific information.

» VSdtsreturns the number of records in the specified vdagaar (or - 1).

» VSgetfields retrieves the names of all the fields in the specified vdata and returns the num-
ber of retrieved fields dfAl L (or - 1).

» VSgetinterlace returns the interlace mode of the specified vdataar (or - 1).
» VSsizeof returns the size, in bytes, of the specified fieldsaoL (or - 1).

» VSgethame retrieves the name of the specified vdata and returns sit@=D (or 0) or
FA L (or-1).

» VSgetclassretrieves the class of the specified vdata and returns &ity&#=D (or 0) or
FAI L (or-1).

The parameters for these routines are described in Table 4R.

TABLE 4R V Selts, VSgetfields, V Sgetinterlace, V Ssizeof, V Sgetname, and V Sgetclass Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN -77
V&elts
[int32] vdata_id int32 integer Vdata identifier
(vsfelts)
V Sgetfields vdata_id int32 integer Vdataidentifier
int32
(\[,I;gf|(]j) fieldname _list char * character* (*) List of field namesto be queried
V Sgetinterlace
[int32] vdata_id int32 integer Vdata identifier
(vsfgint)
V Ssizeof vdata_id int32 integer Vdataidentifier
int32
([\I/r;fs' z]) fieldname_list char * character* (*) List of field namesto be queried
VSgetname vdata_id int32 integer Vdataidentifier
int32
(V[slfr;na,]“) vdata_name char * character* (*) Vdata name
V Sgetclass vdata_id int32 integer Vdataidentifier
int32
([\I/r;fds]) vdata_class char * character* (*) Class name of the vdata to be queried
4.9.5 VF Field Information Retrieval Routines
Routines whose names are prefaced by “VF” are used for obtaining information about specific
fields in a vdata. The syntax of these routines are as follows:
C field nane = VWi el dnane(vdata_id, field_index);
field file_ size = Wfieldesize(vdata id, field index);
field nemsize = VWieldisize(vdata id, field index);
numof _fields = VFnfiel ds(vdata_id);
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field order = \Wieldorder(vdata id, field_ index);
field type = VWieldtype(vdata id, field.index);

FORTRAN: field nane = vffnane(vdata id, field_index, field nane)

field file_ size = vifesiz(vdata_id, field_index)
field nemsize = vffisiz(vdata_id, field_index)
numof _fields = vfnflds(vdata_id)
field order = vffordr(vdata id, field_ index)
field type = viftype(vdata id, field_ index)

The functionality of each of the VF routinesis as follows:

« VFfieldname returns the name of the specified field.

» VFfiddesize returns the size of the specified field as stored in the HDF file. This is the size
of the field as tracked by the HDF library.

» VFfieldisize returns the size of the specified field as stored in memory. This is the native
machine size of the field.

« VFnfields returns the number of fields in the specified vdata.
« VFfiddorder returns the order of the specified field.
« VFfieldtype returns the data type of the specified field.

If the operations are unsuccessful, these routines reputn(or - 1). The parameters for all of
these routines are described in Table 4S.

TABLE 4S

VF Routines Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
VFEfieldname vdata_id int32 integer Vdataidentifier
[char *] field_index int32 integer Field index
(vifname) field_name character*(*) | Field name (FORTRAN-77 only)
VFfieldesize vdata_id int32 integer Vdataidentifier
[int32] o . . o
(vffesiz) field_index int32 integer Field index
VFfieldisize vdata_id int32 integer Vdataidentifier
[int32] o . . o
(vffisiz) field_index int32 integer Field index
VFnfields
[int32] vdata_id int32 integer Vdataidentifier
(vfnflds)
VFfieldorder vdata_id int32 integer Vdataidentifier
[int32] T - - T
(vffordr) field_index int32 integer Field index
VFfieldtype vdata_id int32 integer Vdataidentifier
[int32] T - - T
(vfftype) field_index int32 integer Field index
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Chapter

Vgroups (V API)

5.1

5.2

Chapter Overview

This chapter describes the vgroup data model and the V group interface (also called the V interface
or the V API). The first section describes the vgroup data model. The second section introduces
the Vgroup interface, followed by a presentation of a programming model for vgroups. The next
three sections describe the use of the Vgroup interface in accessing and creating vgroups. The
final two sections cover vgroup attributes and obsolete V group interface routines.

TheVgroup Data Model

A vgroup is a structure designed to associate related data objects. The genera structure of a
vgroup is similar to that of the UNIX file system in that the vgroup may contain references to
other vgroups or HDF data objects just as the UNIX directory may contain subdirectories or files
(see Figure 5a). In previous versions of HDF, the data objects in a vgroup were limited to vdatas
and vgroups. The data objects that belong to a vgroup are often referred to as the mgroup’s
bers.

FIGURE 5a

Similarity of the HDF Vgroup Structure and the UNIX File System

Data Data Vgroup Data File File Directory File
object object ’/\ object ’/\
Data Data File File

object object

Vgroup Sructure UNIX File System

5.2.1 Vgroup Names and Classes

A vgroup has a requiregjroup name and an optionalgroup class associated with it. The vgroup
name and class are used in describing and classifying the data objects belonging to the vgroup.
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A vgroup nameis a character string and is used to semantically distinguish between vgroupsin an
HDF file. If the user does not assigh a name to a vgroup, then the HDF library will assign a zero-
length string as the name of the vgroup. Multiple vgroupsin a file can have the same name; how-
ever, unique names make it easier to distinguish among vgroups and are recommended.

A vgroup classis a character string and can be used to classify data objects by their intended use.
For example, a vdata object named "Storm Tracking Data - 5/11/94" and another vdata object
named "Storm Tracking Data - 6/23/94" can be grouped together under a vgroup named "Storm
Tracking Data - 1994". If the data was collected in Anchorage, Alaska the class name might be
"Anchorage Data', particularly if other vgroups contain storm track data collected in different
locations. A class name is not required for a vgroup, therefore the HDF library will not assign a
class name to the vgroup if oneis not defined by the user.

The specific use of the vgroup name and class name is solely determined by HDF users.

5.2.2 Vgroup Organization

There are many ways to organize vgroups through the use of the Vgroup interface. V groups may
contain any number of vgroups and data objects, including data objects and vgroups that are mem-
bers of other vgroups. Therefore, a data object may have more than one parent vgroup. For exam-
ple, Data object A and Vgroup B, shown in Figure 5b, are members of multiple vgroups with
different organizational structures.

FIGURE 5b Sharing Data Objectsamong Vgroups
Vgroup Vgroup
Data
| VlgrouD | Varoup >/vgroup B object
Data Data Data Data Data
object object object A object object
A vgroup can contain any combination of data objects. Figure 5c¢ illustrates a vgroup that contains
two raster images and a vdata.
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FIGURE 5c

A Vgroup Containing Two 8-Bit Raster Images, or RI S8 Objects, and a Vdata

o . PX PY
@ (o)
/ﬁ\/ /.—‘l\/ 12.456 | 3456.78
¢ ¢ 14567 | 34.5678
45678 | 3.456
RISS RISS 345678 | 3.5678
Vdata

5.2.3 An Example Using Vgroups

Although vgroups can contain any combination of HDF data objects, it is often useful to establish
conventions on the content and structure of vgroups. This section, with the illustration in Figure
5d, describes an example of avgroup convention that is used by scientific and graphics program-
mers to describe the surfaces of amathematical or material object aswell asits properties.

This vgroup consists of one list of coordinate data, one list of connectivity data, and one list of
node property data. These three lists are stored in separate vdata objects within the vgroup.

Each 2-dimensional coordinate in the list of coordinate data defines the relative location of aver-
tex, or node. Each entry in the list of connectivity datais an ordered list of node numbers which
describes a polygon. This ordered list is referred to as the connectivity list. For example, the num-
ber "2" as an item in a connectivity list would represent the second entry in the node table. Node
properties are user-defined values attached to each node within the polygon and can be numbers
or characters.

For example, consider a heated mesh of 400 triangles formed by connecting 1000 nodes. A
vgroup describing this mesh might contain the coordinates of the vertices, the temperature value
of the vertices, and a connectivity list describing the edges of the triangles.
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FIGURE 5d Vgroup Structure Describing a Heated Mesh
Vgroup
"Nodes"
Vdata Vdata Vdata
"PX, PY" "TMP" pLIST"
Node 1 (-15,2.3) 2355 1,27
Node 2 (-1.5,1.98) 377 2,7,8
Node 3 (-2.4, 67) 0.092 2,83
Node1000 | (-24,-25) .323 3,8,9
Coordinatesof the Temperature at Connectivity list
nodes each node
5.3 TheVgroup Interface
The Vgroup interface consists of routines for creating and accessing vgroups, and getting infor-
mation about vgroups and their members.
5.3.1 Vgroup Interface Routines
Vgroup interface routine names are prefaced by "V" in C and by "vf" in FORTRAN-77. These
routines are categorized as follows:
- Access/Create routines control access to the Vgroup interface and to individual vgroups.
- Manipulation routines modify vgroups’ characteristics, and add and delete vgroups’ mem-
bers.
- Vgroup inquiry routines obtain information about vgroups. Some of these routines are use-
ful for locating vgroupsin afile.
- Member inquiry routines obtain information about members of vgroups.
- Attributes routines provide information about vgroups’ attributes.
The Vgroup interface routines are listed in Table 5A below and described in the following sec-
tions.
TABLE 5A Vgroup Interface Routines
Routine Name
Category Description
© FORTRAN-77
Initializes the Vdata and Vgroup interfaces (Section 5.4.1 on
Vstart vfstart
page 196)
Vatt ach vfatch Establishes access to avgroup (Section 5.4.1 on page 196)
Access/Create
Vdet ach vfdtch Terminates access to avgroup (Section 5.4.2 on page 197)
vend vfend Terminates access to the Vdata and Vgroup interfaces
(Section 5.4.2 on page 197)
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Adds an HDF data object to a vgroup (Section 5.5.2 on page 199)

Vaddt agr ef vfadtr
Vdel et e vdel et e Removes a vgroup from afile (Section 5.7.1 on page 224)
Z?i'f eteta- vidtr Detaches amember from a vgroup (Section 5.7.2 on page 225)
Manipulation
P ) Adds a vgroup or vdatato an existing vgroup (Section 5.5.3 on
Vi nsert vfinsrt
page 199)
Vset ol ass viscls Assigns a class name to avgroup (Section 5.5.1 on page 199)
Vset nane vfsnam Assigns aname to avgroup (Section 5.5.1 on page 199)
Viind viind Returns the reference number of avgroup given its name
(Section 5.6.1.5 on page 213)
) Returns the reference number of avgroup specified by class name
Vi ndcl ass vindels (Section 5.6.1.6 on page 213)
Vget cl ass vigels Retrieves the class of avgroup (Section 5.6.1.4 on page 213)
) ) Returns the reference number for the next vgroup in the HDF file
Vgetid vfgid .
(Section 5.6.1.2 on page 212)
Vget nane vf gnam Retrieves the name of avgroup (Section 5.6.1.3 on page 212)
Vgroup Inquiry Vget ver si on vfgver Returns the vgroup version of avgroup (Section 5.8.1 on page 225)
) ) Retrieves general information about avgroup (Section 5.9.2 on
Vinquire vfing
page 233)
I one vil one Retrieves the reference numbers of vgroups that are not members of
other vgroups (Section 5.6.1.1 on page 211)
Vnt agref s vintr Returns the number of tag/reference number pairs contained in the
9 specified vgroup (Section 5.6.2.1 on page 217)
Returns the reference number of avgroup (Section 5.6.2.9 on
VQuer yr ef var ef page 220)
VQuer yt ag vqt ag Returns the tag of a vgroup (Section 5.6.2.10 on page 220)
Vil ocat e vitloc Locates avdatain avgroup given alist of field names
(Section 5.6.2.7 on page 219)
Vaet next vf anxt Returns the identifier of the next vgroup or vdatain a vgroup
J K (Obsolete) (Section 5.9.1 on page 232)
Vaet t aqr ef vigttr Retrieves atag/reference number pair for adataobject in the vgroup
Jettag 9 (Section 5.6.2.2 on page 217)
Vaettagrefs vigtirs Retrieves the tag/reference number pairs of all of the data objects
9 9 9 belonging to a vgroup (Section 5.6.2.3 on page 218)
Member Inquiry
Vi nat aar ef viingtr Determines whether a data object belongs to a vgroup
qtag q (Section 5.6.2.4 on page 218)
) Determines whether a data object is avgroup within another vgroup
Vi svg vfisvg .
(Section 5.6.2.5 on page 219)
Vi svs viisvs Determines whether adata object is a vdata within avgroup
(Section 5.6.2.6 on page 219)
Retrieves the number of tags of a given tag type in avgroup
Vnr ef f )
nrets varets (Section 5.6.2.8 on page 220)
) ) Retrieves information of avgroup attribute (Section 5.8.2 on
Vattrinfo vfainfo
page 226)
) Returns the index of a vgroup attribute given the attribute name
Viinaattr vifdatt (Section 5.8.6 on page 228)
Attributes Vgetattr vfgnatt/ Retrieves the values of avgroup attribute (Section 5.8.5 on
vfgcatt page 227)
Returns the total number of vgroup attributes (Section 5.8.3 on
Vnattrs vinatts
page 226)
vfsnatt/ : .
Vsetattr vfscat t Sets the attribute of avgroup (Section 5.8.4 on page 227)
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5.4

5.3.2 ldentifying Vgroupsin the Vgroup Interface

The Vgroup interface identifies vgroupsin several ways. In some cases, a vgroup can be accessed
directly through the use of its unique reference number. In other cases, the reference number and
the routine Vattach are used to obtain a vgroup identifier. The reference number of a vgroup can
be obtained from the name or the class of the vgroup, or by sequentially traversing the file. The
concept of reference number is discussed in Section 2.2.2.1 on page 8.

When a vgroup is attached or created, it is assigned an identifier, called vgroup id. After avgroup
has been attached or created, itsidentifier is used by the Vgroup interface routines in accessing the
vgroup.

Programming M odel for the Vgroup Interface

The programming model for accessing vgroupsis as follows:
1. Openan HDFfile.
2. Initialize the Vgroup interface.
3. Create anew vgroup or open an existing one.
4. Perform the desired operations on the vgroup.
5. Terminate access to the vgroup.
6. Terminate access to the Vgroup interface.
7. Closethefile.

These steps correspond to the following sequence of function calls:

C file_id = Hopen(fil enane, file_access_node, numdds_bl ock);
status = \wtart(file_id);
vgroup_id = Vattach(file_id, vgroup_ref, vg access_node);
<pti onal operations>
status = Wet ach(vgroup_i d);
status = Vend(file_id);
status = Hlose(file_id);

FORTRAN: file_id = hopen(filenane, file access node, numdds_bl ock)
status = vfstart(file_.id)
vgroup_id = vfatch(file_id, vgroup ref, vg access_node)
<(ptional operations>
status = vfdtch(vgroup_id)
status = vfend(fil e_id)
status = hclose(file_id)

The calling program must obtain a separate vgroup identifier for each vgroup to be accessed.

5.4.1 Accessing Filesand Vgroups: Vstart and Vattach

An HDF file must be opened by Hopen before it can be accessed using the Vgroup interface.
Hopen is described in Chapter 2, HDF Fundamentals.

The Vgroup interface routines are used in asimilar manner to the Vdata interface routines. Before
performing operations on a vgroup, a caling program must call Vstart for every file to be
accessed. Vstart initializes the internal vgroup structuresin afile. Vstart takes one argument, the
file identifier returned by Hopen, and returns either SUGCEED (or 0) or FAI L (or - 1). Note that the
Vstart routineis used by both the Vdata and Vgroup interfaces.
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The calling program must also call one Vattach for every vgroup to be accessed. Vattach pro-
vides access to an individual vgroup for all read and write operations. Vattach takes three argu-
ments: fil e_i d, vgroup_ref, and vg_access_node, and returns either avgroup identifier or FAI L
(or-1).

Theargument fi | e_i d isthefile identifier returned by Hopen. The parameter vgr oup_r ef isthe
reference number that identifies the vgroup to be accessed. Specifying vgr oup_ref with avalue
of -1 will create a new vgroup; specifying vgr oup_r ef with a nonexistent reference number will
return an error code of FA L (or - 1); and specifying vgroup_ref with a valid reference number
will initiate access to the corresponding vgroup.

When anew vgroup is created, it does not have any members. Additional operations must be per-
formed to add other HDF data objects to the vgroup. Refer to Section 5.5 on page 198 for infor-
mation.

To access an existing vdata, its reference number must be obtained. The V group interface includes

two routines for this purpose, Vfind and Vgetid. Vfind can be used to obtain the reference num-

ber of a vgroup when the vgroup’s name is knoWgetid can be used to obtain the reference
number by sequentially traversing the file. These routines are discussed in Section 5.6.1.5 on
page 213 and Section 5.6.1.2 on page 212.

The parametevg_access_node in Vattach specifies the type of access'('or "w'") required for
operations on the selected vgroup.

Multiple attaches may be made to a vgroup, which will result in several vgroup identifiers being
assigned to the same vgroup. Termination must be properly handled as described in the next sec-
tion.

The parameters &fstart andVattach are defined iTable 5B on page 198.

5.4.2 Terminating Accessto Vgroups and Files: Vdetach and Vend

Successfully terminating access to a vgroup requiresvValetach call for everyVattach call
made. Similarly, successfully terminating access to the Vgroup interface requirgsnzheall
for everyVstart call made.

Vdetach terminates access to a vgroup by updating internal library structures and freeing all
memory associated with the vgroup and allocated/atyach. Once a vgroup is detached, its
identifier is invalid and any attempts to access this vgroup identifier will result in an error condi-
tion. Vdetach takes one argumentgroup_i d, the vgroup identifier returned Byattach, and
returns eitheBUOCEED (or 0) or FAI L (or - 1).

Vend releases all internal data structures allocateddpgrt. Attempts to use the Vgroup inter-
face identifier after callinyend will produce errorsVend takes one argumeriti, | e_i d, the file
identifier returned bydopen, and returns eithe3U0CEED (or 0) or FAI L (or - 1). Note that the first
Vend call to a file must occur after alldetach calls for the vgroups in the same file have been
made. Note also that thMend routine is used by both the Vdata and Vgroup interfaces.

Hclose must be used to terminate access to the HDF file and only after all Mapkcalls are
made Hclose is described in Chapter ADF Fundamentals.

The parameters &fdetach andVend are also defined ifiable 5B.
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TABLE 5B

5.5

Vstart, Vattach, Vdetach, and Vend Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
Vstart
[intn] file_id int32 integer Fileidentifier
(vfstart)
file_id int32 integer Fileidentifier
Vattach .
. . . Reference number for an existing vgroup or -1 to
(g fnattsczr]n vgroup_ref int32 integer Create anew one
vg_access mode char * character* (*) Access mode of the vgroup operation
Vdetach
[int32] vgroup_id int32 integer Vgroup identifier
(vfdtch)
Vend
[intn] file_id int32 integer Fileidentifier
(vfend)

Creating and Writing to a Vgroup

There are two steps involved in the creation of a vgroup: creating the vgroup and inserting data
objectsinto it. Any HDF data object can be inserted into a vgroup. Creation and insertion opera-
tions are usually performed at the same time, but that is not required.

HDF provides two routines that insert an HDF data object into avgroup, Vaddtagref and Vinsert.
Vaddtagref can insert any HDF data object into a vgroup, but requires that the tag and reference
number of the object be available. Refer to Section 2.2.2.1 on page 8 for the description of tags
and reference numbers for HDF data objects. Vinsert only inserts a vdata or a vgroup to avgroup,
but only requiresthe identifier of the vdata or the vgroup.
Creating a vgroup with a member involves the following steps:

1. Openthe HDFfile.

2. Initialize the Vgroup interface.

3. Create the new vgroup.

4. Optionally assign avgroup name.

5. Optionally assign avgroup class.

6. Insert adata object.

7. Terminate access to the vgroup.

8. Terminate access to the VVgroup interface.

9. Closethe HDF file.

These steps correspond to the following sequence of function calls:

C file_id = Hopen(fil enane, file_access_node, numdds_bl ock);
status = \wtart(file_id);
vgroup_id = Vattach(file_id, vgroup_ref, vg access_node);
status = \ket nane(vgroup_id, vgroup_hane);
status = \ketcl ass(vgroup_i d, vgroup_cl ass);

/* Wse either Mnsert to add a vdata or a vgroup, or
Vaddt agref to add any data object */
numof _tag refs = Vaddt agref (vgroup_id, obj _tag, obj_ref);
oR obj _pos = Minsert(vgroup_id, v_id);

5-198

November 7, 2001



HDF User’s Guide

status = Wdet ach(vgroup_id);
status = Vend(file_ id);
status = Hlose(file id);

FORTRAN: file_id = hopen(filenane, file_access node, numdds_bl ock)
status = vfstart(file_id)
vgroup_id = vfatch(file_id, vgroup ref, vg access_node)
status = vfsnanfvgroup_ id, vdata nane)
status = vfscls(vgroup_id, vdata class)

C Wse either Minsert to add a vdata or a vgroup, or Vaddtagref to
C add any data obj ect
numof tag refs = vfadtr(vgroup_id, obj tag, obj ref)
R obj _pos = vfinsrt(vgroup_id, v_id)

status = vfdtch(vgroup_id)
status = vfend(fil e_id)
status = hclose(file_id)

The parameter v_i d in the calling sequence is either a vdata or vgroup identifier. The parameter
vgroup_i d isthe vgroup identifier returned by Vattach.

When a new vgroup is created, the value of vgroup_ref must be set to -1 and the vaue of
vg_access_node must be "w".

5.5.1 Assigning aVgroup Name and Class: Vsetname and Vsetclass

Vsetname assigns a name to a vgroup. The parameter vgr oup_nane is a character string with the
name to be assigned to the vgroup. If Vsethame is not called, the vgroup name is set to a zero-
length character string. A name may be assigned and reset any time after the vgroup is created.

Vsetclass assigns a class to a vgroup. The parameter vgr oup_cl ass is a character string with the
class name to be assigned to the vgroup. If Vsetclassis not called, the vgroup classis set to azero-
length string. As with the vgroup names, the class may be set and reset at any time after the
vgroup is created.

Vsetname and V setclass return either SUGCEED (or 0) or FAI L (or - 1). The parameters of these rou-
tines are further described in Table 5C on page 200.

5.5.2 Inserting Any HDF Data Object into a Vgroup: Vaddtagref

Vaddtagref inserts HDF data objects into the vgroup identified by vgr oup_i d. HDF data objects
may be added to a vgroup when the vgroup is created or at any point thereafter.

The parameters obj _tag and obj _ref in Vaddtagref are the tag and reference number, respec-
tively, of the data object to be inserted into the vgroup. Note that duplicated tag and reference
number pairs are allowed.

Vaddtagref returns the total number of tag and reference number pairs, i.e., the total number of
data objects, in the vgroup if the operation is successful, and FA L (or - 1) otherwise. The parame-
ters of Vaddtagref are further described in Table 5C.

5.5.3 Inserting aVdata or Vgroup IntoaVgroup: Vinsert

Vinsert is aroutine designed specifically for inserting vdatas or vgroups into a parent vgroup. To
use Vinsert, you must provide the identifier of the parent vgroup, vgr oup_i d, as well asthe iden-
tifier of the vdata or vgroup to beinserted, v_i d.
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The parameter v_i d of Vinsert is either a vdata identifier or a vgroup identifier, depending on
whether a vdata or vgroup isto be inserted.

Vinsert returns the index of the inserted vdata or vgroup if the operation is successful, and FA L
(or - 1) otherwise. The parameters of Vinsert are further defined in Table 5C.

TABLE 5C Vsetname, Vsetclass, Vaddtagref, and Vinsert Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
Vsetname vgroup_id int32 integer Vgroup identifier
(\5;2;3;2%) vgroup_name char * character* (*) Vgroup name
Vsetclass vgroup_id int32 integer Vgroup identifier
([\',?sfsl) vgroup_class char * character* (*) Vgroup class
Vaddtagref vgroup_id int32 integer Vgroup identifier
[int32] obj_tag int32 integer Tag of the data object to be inserted
(vfadtr) obj_ref int32 integer Reference number of the data object to be inserted
Vinsert vgroup_id int32 integer Vgroup identifier
(\[/lf?:]?]t) v_id int32 integer Identifier of the vgroup or vdatato be inserted
EXAMPLE 1. Creating HDF Filesand Vgroups

This example illustrates the use of Hopen/hopen, Vstart/vfstart, Vattach/vfatch, Vdetach/
vfdtch, Vend/vfend, and Hclose/hclose to create and to access two vgroups in an HDF file.

The program creates the HDF file, named "Two_Vgroups.hdf", and two vgroups stored in thefile.
Note that, in this example, the program only create two empty vgroups.

C:
#i ncl ude "hdf.h"
#define FlILE_NAME "Two_Vgr oups. hdf "
nai n()
{

[ R KRF KK KKKk Kk kkkxkxkkkkxkx% \[griabl @ declarati on *EFrFEFEEE KKK KKK R KKK KKK KK KK [

intn status_n; /* returned status for functions returning an intn */
int32 status_32, /* returned status for functions returning an int32 */
vgroup_ref = -1,

vgroupl_ id, vgroup2_id, file_id;
/********************** End Of VaI’I abl e deCI aratlon **********************/

/*

* Create the HDF file.

*/

file_id = Hopen (FI LE_NAME, DFACC CREATE, 0);

/*
* Initialize the Vinterface.
*/
status_n = Vstart (file_id);

/*
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* Create the first vgroup. Note that the vgroup reference nunber is set
* to -1 for creating and the access node is "W for witing.

*/

vgroupl_id = Vattach (file_id, vgroup_ref, "w');

/*

* Create the second vgroup.

*/

vgroup2_id = Vattach (file_id, vgroup_ref, "w');

/*
* Any operations on the vgroups.
*/

/*

* Terminate access to the first vgroup.
*

/

status_32 = Vdetach (vgroupl_id);

/*

* Termi nate access to the second vgroup.
*

/

status_32 = Vdetach (vgroup2_id);

/*

* Terminate access to the Vinterface and close the HDF file.
*/

status_n = Vend (file_id);

status_n = Hclose (file_id);

}
FORTRAN:
program create_vgroup
inplicit none
Cc
C Par anet er decl arati on
c
character*15 FI LE_NAME
Cc
parameter (FILE_NAME = "Two_Vgroups.hdf’)
integer DFACC_CREATE
parameter (DFACC_CREATE = 4)
Cc
C Function declaration
Cc
integer hopen, hclose
integer vfstart, vfatch, vfdtch, vfend
Cc
C*** Variable declaration
Cc
integer status
integer file_id
integer vgroupl_id, vgroup2_id, vgroup_ref
Cc
C*** End of variable declaration
C
Cc
C Create the HDF file.
C
file_id = hopen(FILE_NAME, DFACC_CREATE, 0)
C
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C Initialize the Vinterface.
Cc
status = vfstart(file_id)
Cc
C Create the first vgroup. Note that the vgroup reference nunber is set
C to -1 for creating and the access mode is 'w’ for writing.
Cc

vgroup_ref =-1
vgroupl_id = vfatch(file_id, vgroup_ref, 'w’)

Create the second vgroup.

[eNeNe]

vgroup2_id = vfatch(file_id, vgroup_ref, 'w’)
Any operations on the vgroups.

Terminate access to the first vgroup.

O00000O0

status = vfdtch(vgroupl_id)

Terminate access to the second vgroup.

[eNeNe]

status = vfdtch(vgroup2_id)

Terminate access to the V interface and close the HDF file.

OO0

status = vfend(file_id)
status = hclose(file_id)
end

EXAMPLE 2.

Adding an SDSto a New Vgroup

This exampleillustrates the use of Vaddtagref/vfadtr to add an HDF data object, an SDS specifi-
cally, to avgroup.

In this example, the program first creates the HDF file "Genera_Vgroups.hdf”, then an SDSin
the SD interface, and avgroup in the Vgroup interface. The SDSisnamed "Test SD" and isaone-
dimensional array of typeint32 of 10 elements. The vgroup isnamed "SD Vgroup" and is of class
"Common Vgroups'. The program then adds the SDS to the vgroup using Vaddtagr ef/vfadtr.
Notice that, when the operations are complete, the program explicitly terminates access to the
SDS, the vgroup, the SD interface, and the V group interface before closing the HDF file. Refer to
Chapter 3, Scientific Data Sets (SD API) for the discussion of the SD routines used in this exam-

ple.

Gener al _Vgr oups. hdf Vgroup

SDS
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C:
#include  "hdf.h" /* Note: in this exanple, hdf.h can be onitted...*/
#include  "nfhdf.h" [* ...since nfhdf.h already includes hdf.h */
#define FILE_NAME " Gener al _Vgroups. hdf "
#define SDS_NAME "Test SD'
#define VG NAME "SD Vgr oup”
#define VG CLASS " Common Vgr oups"
nmai n()
{

[ R ERF R KKKk Rk kkkxkxkkkkxkx% \/griabl @ declarati on FrEFrEEFEEE KKK KKK R KKK KKK KK KK [

intn status_n; /* returned status for functions returning an intn */
int32 status_32, /* returned status for functions returning an int32 */

sd_id, /* SD interface identifier */

sds_i d, /* data set identifier */

sds_ref, /* reference nunber of the data set */

dimsizes[1], /* dimension of the data set - only one */

rank = 1, /* rank of the data set array */

vgroup_i d, /* vgroup identifier */

file_id; /* HOF file identifier, same for Vinterface */

[ AR kxR xR xkkkkxkxkxkxxxx End of vari abl e decl arati on **FxFxxkxkkkkkkkkkkkkkx [

/*

* Create the HDF file.

*/

file_id = Hopen (FILE_NAVE, DFACC CREATE, 0);

/*
* Initialize the Vinterface.
*/
status_n = Vstart (file_id);

/*
* Initialize the SDinterface.
*/
sd_id = Shstart (FILE_NAVE, DFACC WR TE);
/*
* Set the size of the SDS’s dimension.
*
/

dim_sizes[0] = 10;

/*

* Create the SDS.

*

sds_id = SDcreate (sd_id, SDS_NAME, DFNT_INT32, rank, dim_sizes);

/*
* Create a vgroup and set its name and class.
*,
/
vgroup_id = Vattach (file_id, -1, "w");
status_32 = Vsetname (vgroup_id, VG_NAME);
status_32 = Vsetclass (vgroup_id, VG_CLASS);

/*

* Obtain the reference number of the SDS using its identifier.
*

sds_ref = SDidtoref (sds_id);
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/*

* Add the SDS to the vgroup. Note: the tag DFTAG NDG is used

* when adding an SDS. Refer to Appendix A for the entire list of tags.
*/

status_32 = Vaddtagref (vgroup_id, DFTAG NDG sds_ref);

/*

* Terminate access to the SDS and to the SD interface.
*/

status_n = SDendaccess (sds_id);

status_n = Sbend (sd_id);

/*

* Terminate access to the vgroup and to the V interface, and
* close the HOF file.

*/

status_32 = Vdetach (vgroup_id);

status_n = Vend (file_id);

status_n = Hclose (file_id);

FORTRAN:
program add_SDS to_a_vgroup
inplicit none

Par anet er decl arati on

OO0

character*19 FI LE NAVE
character*7 SDS_NAME
character*9 VG NAVE

character*13 VG CLASS

parameter (FILE_NAME = 'General_Vgroups.hdf’,

+ SDS_NAME = 'Test SD’,

+ VG_NAME ='SD Vgroup’,

+ VG_CLASS =’Common Vgroups’)

integer DFACC_CREATE, DFACC_WRITE

parameter (DFACC_CREATE = 4, DFACC_WRITE = 2)
integer DFNT_INT32

parameter (DFNT_INT32 = 24)

integer DFTAG_NDG

parameter (DFTAG_NDG = 720)

Function declaration

OO0

integer hopen, hclose
integer vfstart, vfatch, vfsnam, vfscls, vfadtr, vfdtch, vfend
integer sfstart, sfcreate, sfid2ref, sfendacc, sfend

C
C*** \ariable declaration
C
integer status
integer file_id
integer vgroup_id
integer sd_id, sds_id, sds_ref
integer dim_sizes(1), rank
C
C*** End of variable declaration
C
C
C Create the HDF file.
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Cc
file_id = hopen(Fl LE_NAVE, DFACC _CREATE, 0)
Cc
C Initialize the Vinterface.
Cc
status = vfstart(file_id)
Cc
C Initialize SD interface.
Cc
sd_id = sfstart(FI LE NAME, DFACC_WRI TE)
C
C Setthe rank and the size of SDS’s dimension.
Cc
rank =1
dim_sizes(1) = 10
Cc
C Create the SDS.
c
sds_id = sfcreate(sd_id, SDS_NAME, DFNT_INT32, rank, dim_sizes)
C
C Create a vgroup and set its name and class.
Cc
vgroup_id = vfatch(file_id, -1 , 'w’)
status = vfsnam(vgroup_id, VG_NAME)
status = vfscls(vgroup_id, VG_CLASS)
Cc
C  Obtain the reference number of the SDS using its identifier.
Cc
sds_ref = sfid2ref(sds_id)
C
C Add the SDS to the vgroup. Note: the tag DFTAG_NDG is used
C whenadding an SDS. Refer to HDF Reference Manual, Section Ill, Table 3K,
C for the entire list of tags.
Cc
status = vfadtr(vgroup_id, DFTAG_NDG, sds_ref)
Cc
C Terminate access to the SDS and to the SD interface.
C
status = sfendacc(sds_id)
status = sfend(sd_id)
C
C Terminate access to the vgroup.
c
status = vfdtch(vgroup_id)
Cc
C Terminate access to the V interface and close the HDF file.
Cc

status = vfend(file_id)
status = hclose(file_id)
end

EXAMPLE 3.

Adding Three Vdatasinto a Vgroup

This example illustrates the use of Vinsert/vfinsrt to add a vdata to a vgroup. Note that Vadd-
tagref/vfadtrf, used in the previous example, performs the same task and only differsin the argu-
ment list.

In this example, the program creates three vdatas and a vgroup in the existing HDF file
"General_Vgroups.hdf" then adds the three vdatas to the vgroup. Notice that the vdatas and the
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vgroup are created in the same interface that is initiadlized by the call Vstart/vfstart. The first
vdataisnamed "X,Y Coordinates" and has two order-1 fields of type float32. The second vdatais
named "Temperature”" and has one order-1 field of type float32. The third vdata is named "Node
List" and has one order-3 field of typeint16. The vgroup is named "Vertices' and is of class "Ver-
tex Set". The program uses Vinsert/vfinsrt to add the vdatas to the vgroup using the vdataidenti-
fiers. Refer to Chapter 4, Vdatas (VS API), for the discussion of the VS routines used in this

example.
Vgroup
Name: Vertices-
Class: Vertex_set
TMP PLIST
-15 23 2355 123
-15 1.98 3377 45,6
-24 .67 10.092 789
Vdata Vdata Vdata
Name: PX,PY Name TMP Name: PLIST
Class: Node List Class: Property List Class: Connectivity
List
C:
#i ncl ude "hdf.h"
#define FILE_NAMVE " Gener al _Vgroups. hdf "
#define N_RECORDS 30 /* nunber of records in the vdatas */
#define ORDER 3 /* order of field FIELD VD2 */
#define VG NAME "Vertices"
#define VG CLASS "Vertex Set"
#define VDL_NAME "X, Y Coordi nat es" /* first vdata to hold X Y...*/
#define VD1_CLASS "Position" /*...values of the vertices */
#define VD2_NAMVE " Tenper at ure" /* second vdata to hold the...*/
#define VD2_CLASS "Property List" /*...tenperature field */
#define VD3_NAME "Node List" /* third vdata to hold...*/
#define VD3_CLASS " Mesh" /*...the list of nodes */
#define FlIELD1_VDL " PX" /* first field of first vdata - X values */
#define FIELD2_VDL "PY'/* second field of first vdata - Y values */
#define FIELD VD2 "TMP'/* field of third vdata */
#define FlIELD VD3 "PLIST"/* field of second vdata */
#define FIELDNAME LI ST "PX,PY" /* field name list for first vdata */

/* Note that the second and third vdatas can use the field nanes as
the field name lists unless nore fields are added to a vdata.
Then a field nanme list is needed for that vdata */

mai n( )

{

[ R KKK KKKk Kk kkkxkxkkkkxkx% \/griabl @ declarati on *EFrEFERFEEE KKK KKK R KKK KKK KK KK [

intn status_n; /* returned status for functions returning an intn
int32 status_32, /* returned status for functions returning an int32
file_id, vgroup_id,
vdatal_ id, vdata2_id, vdata3_id;
int32 num of _records, /* nunber of records actually witten
vd_i ndex; /* position of a vdata in the vgroup
int8 i, j, k=0;
float32 pxy[N RECORDS][2] = /* buffer for data of the first vdata

*/
*/

*/
*/

*/
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{-1.5, 2.3, -1.5, 1.98, -2.4, .67,

-3.4, 1.46, -.65, 3.1, -.62, 1.23,

-.4, 3.8, -3.55, 2.3, -1.43, 2.44,

.23, 1.13, -1.4, 5.43, -1.4, 5.8,

-3.4, 3.85, -.55, .3, -.21, 1.22,

-1.44, 1.9, -1.4, 2.8, .94, 1.78,

-.4, 2.32, -.87, 1.99, -.54, 4.11,

-1.5, 1.35 -1.4, 2.21, -.22, 1.8,

-1.1, 4.55, -.44, .54, -1.11, 3.93,

-.76, 1.9, -2.34, 1.7, -2.2, 1.21};
float32 tnp[ N _RECORDS]; /* buffer for data of the second vdata */
int16 plist[ N RECORDS] [ 3]; /* buffer for data of the third vdata */

[ xx kxR x kK kxR xkxKkxkxxxx End of variabl e declaration FrFxkEkxEkxkkkkkkkkkkkk k[

/*

* Open the HDF file for witing.

*/

file_id = Hopen (FILE_NAME, DFACC WRITE, 0);

/*
* Initialize the Vinterface.
*/
status_n = Vstart (file_id);

/-k
* Buffer the data for the second and third vdatas.
*/
for (i =0; i < N RECORDS; i++)
for (j =0; j < ORDER, j++)
plist[i][j] = ++k;

for (i = 0; i < N_RECORDS; i++)
tmp[i] =i * 10.0;

/ *
* Create the vgroup then set its name and class. Note that the vgroup’s
* reference number is set to -1 for creating and the access mode is "w" for
* writing.
*
vgroup_id = Vattach (file_id, -1, "w");
status_32 = Vsetname (vgroup_id, VG_NAME);
status_32 = Vsetclass (vgroup_id, VG_CLASS);

/*

* Create the first vdata then set its name and class. Note that the vdata’s
* reference number is set to -1 for creating and the access mode is "w" for
* writing.

*

vdatal_id = VSattach (file_id, -1, "w");

status_32 = VSsetname (vdatal_id, VD1_NAME);

status_32 = VSsetclass (vdatal_id, VD1_CLASS);

/*

* Introduce and define the fields of the first vdata.

*

/

status_n = VSfdefine (vdatal_id, FIELD1 VD1, DFNT_FLOAT32, 1);
status_n = VSfdefine (vdatal_id, FIELD2_VD1, DFNT_FLOAT32, 1);
status_n = VSsetfields (vdatal_id, FIELDNAME_LIST);

/*
* Write the buffered data into the first vdata with full interlace mode.
*
/
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numof _records = VSwite (vdatal_id, (uint8 *)pxy, N _RECORDS,
FULL_| NTERLACE) ;

/*

* Insert the vdata into the vgroup using its identifier.
*/

vd_index = Vinsert (vgroup_id, vdatal_id);

/*

* Detach fromthe first vdata.

*/

status_32 = VSdetach (vdatal_id);

/*

* Create, wite, and insert the second vdata to the vgroup using

* steps simlar to those used for the first vdata.

*/

vdata2_id = VSattach (file_id, -1, "w');

status_32 = VSsetname (vdata2_id, VD2_NAME);

status_32 = VSsetcl ass (vdata2_id, VD2_CLASS);

status_n = VSfdefine (vdata2_id, FIELD VD2, DFNT_FLQAT32, 1);

status_n = VSsetfields (vdata2_id, FIELD VD2);

numof _records = VSwite (vdata2_id, (uint8 *)tnp, N_RECORDS,
FULL_| NTERLACE) ;

vd_index = Vinsert (vgroup_id, vdata2_id);

status_32 = VSdetach (vdata2_id);

/-k

* Create, wite, and insert the third vdata to the vgroup using

* steps simlar to those used for the first and second vdat as.

*/

vdata3_id = Vsattach (file_id, -1, "w');

status_32 = VSsetname (vdata3_id, VD3_NAME);

status_32 = VSsetcl ass (vdata3_id, VD3_CLASS);

status_n = VSfdefine (vdata3_id, FIELD VD3, DFNT_INT16, 3);

status_n = VSsetfields (vdata3_ id, FIELD VD3);

numof _records = VSwite (vdata3_id, (uint8 *)plist, N _RECORDS,
FULL_I NTERLACE) ;

vd_index = Vinsert (vgroup_id, vdata3_id);

status_32 = VSdetach (vdata3_id);

/*

* Term nate access to the vgroup "Vertices".
*/

status_32 = Vdetach (vgroup_id);

/*
* Termi nate access to the Vinterface and close the HDF file.
*
/
status_n = Vend (file_id);
status_n = Hclose (file_id);
}
FORTRAN:
program add_vdatas_to_a_vgroup
inplicit none
C
C Par amet er decl arati on
C

character*19 FI LE_NAME
character*8 VG NAVE
character*10 VG CLASS
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C

parameter (FILE_NAME = 'General_Vgroups.hdf’,

+
+

parameter (VD1_NAME ='X.,Y Coordinates’,

+
+

character*15 VDL_NAME
character*8 VDLl_CLASS
character*11 VD2_NAME
character*13 VD2_CLASS
character*9 VD3_NAME
character*4 VD3_CLASS

VG_NAME = 'Vertices',
VG_CLASS ="Vertex Set’)

VD2_NAME = 'Temperature’,
VD3_NAME ='Node List)

parameter (VD1_CLASS = 'Position’,

+
+

VD2_CLASS = 'Property List',
VD3_CLASS ='Mesh’)

character*2 FIELD1_VD1
character*2 FIELD2_VD1
character*3 FIELD_VD2
character*4 FIELD_VD3
character*5 FIELDNAME_LIST
parameter (FIELD1_VD1 ='PX,

+
+
+
+

FIELD2_VD1 ='PY’,
FIELD_VD2 ='TMP’,
FIELD_VD3 ='PLIST’,
FIELDNAME_LIST ="PX,PY’)

integer N_RECORDS
parameter (N_RECORDS = 30)

integer DFACC_WRITE
parameter (DFACC_WRITE = 2)

integer DFNT_FLOAT32, DFNT_INT16
parameter (DFNT_FLOAT32 = 5, DFNT_INT16 = 22)

integer FULL_INTERLACE
parameter (FULL_INTERLACE = 0)

Cc

C Function declaration

C

integer hopen, hclose

integer vfstart, vfatch, vfsnam, vfscls, vfinsrt, vfdtch, vfend
integer vsfatch, vsfsnam, vsfscls, vsffdef, vsfsfid,

+

C

C*** \/ariable declaration

C

vsfwrt, vsfwrtc, vsfdtch

integer status
integer file_id
integer vgroup_id

integer vdatal_id, vdata2_id, vdata3_id, vd_index

integer num_of_records
integer i, j, k

real

pxy(2,N_RECORDS), tmp(N_RECORDS)

integer plist(3,N_RECORDS)

data pxy /-1.5, 2.3, -1.5, 1.98, -2.4, .67,

+
+
+
+
+
+
+
+

-3.4,1.46, -.65, 3.1, -.62, 1.23,
-4,3.8,-3.55,2.3,-1.43, 2.44,
.23,1.13,-1.4,5.43,-1.4,5.8,
-3.4, 3.85, -55, .3,-.21, 1.22,
-1.44,1.9,-1.4,2.8, .94,1.78,
-4,2.32,-87,1.99, -.54,4.11,
-1.5,1.35,-1.4,2.21,-22, 1.8,
-1.1, 455, -.44, 54, -1.11, 3.93,
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C

+ -.76, 1.9, -2.34, 1.7, -2.2, 1.21/

Ck*** End Of Varl abl e decl al’atl on EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES

[eNeNe] O000

[eNeNe]

10
20

000008

[eNeNe] OO0 OO0 0O0000

[eNeNe]

O000

Open the HDF file for witing.

file_id = hopen(Fl LE_NAVE, DFACC WRI TE, 0)
Initialize the Vinterface.

status = vfstart(file_id)

Buffer the data for the third and second vdat as.

do 20 i =1, N_RECORDS
do10j =1, 3
plist(j,i) =k
k = k+1
conti nue
conti nue
do 30 i =1, N_RECORDS
tmp(i) = (i-1) * 10.0
conti nue

Create a vgroup and set its nanme and cl ass.
Note that the vgroup’s reference number is set to -1 for creating
and the access mode is 'w’ for writing.
vgroup_id = vfatch(file_id, -1, 'w’)
status = vfsnam(vgroup_id, VG_NAME)
status = vfscls(vgroup_id, VG_CLASS)
Create the first vdata then set its name and class. Note that the vdata’s
reference number is set to -1 for creating and the access mode is 'w’ for
writing.
vdatal_id = vsfatch(file_id, -1, 'w’)
status = vsfsnam(vdatal_id, VD1_NAME)
status = vsfscls(vdatal_id, VD1_CLASS)
Introduce and define the fields of the first vdata.
status = vsffdef(vdatal_id, FIELD1_VD1, DFNT_FLOAT32, 1)
status = vsffdef(vdatal_id, FIELD2_VD1, DFNT_FLOAT32, 1)
status = vsfsfld(vdatal_id, FIELDNAME_LIST)
Write the buffered data into the first vdata.

num_of_records = vsfwrt(vdatal_id, pxy, N_RECORDS,
+ FULL_INTERLACE)

Insert the vdata into the vgroup using its identifier.
vd_index = vfinsrt(vgroup_id, vdatal_id)

Detach from the first vdata.
status = vsfdtch(vdatal_id)

Create, write, and insert the second vdata to the vgroup using
steps similar to those used for the first vdata.

5-210

November

7, 2001



HDF User’s Guide

5.6

vdata2_id = vsfatch(file_id, -1, 'w’)

status = vsfsnam(vdata2_id, VD2_NAME)

status = vsfscls(vdata2_id, VD2_CLASS)

status = vsffdef(vdata2_id, FIELD_VD2, DFNT_FLOAT32, 1)
status = vsfsfld(vdata2_id, FIELD_VD2)

num_of_records = vsfwrt(vdata2_id, tmp, N_RECORDS,

+ FULL_INTERLACE)

vd_index = vfinsrt(vgroup_id, vdata2_id)

status = vsfdtch(vdata2_id)

Create, write, and insert the third vdata to the vgroup using
steps similar to those used for the first and second vdatas.

O000

vdata3_id = vsfatch(file_id, -1, 'w’)

status = vsfsnam(vdata3_id, VD3_NAME)

status = vsfscls(vdata3_id, VD3_CLASS)

status = vsffdef(vdata3_id, FIELD_VD3, DFNT_INT16, 3)
status = vsfsfld(vdata3_id, FIELD_VD3)

num_of_records = vsfwrtc(vdata3_id, plist, N_RECORDS,
+ FULL_INTERLACE)

vd_index = vfinsrt(vgroup_id, vdata3_id)

status = vsfdtch(vdata3_id)

Terminate access to the vgroup 'Vertices'.

[eNeNe]

status = vfdtch(vgroup_id)

Terminate access to the V interface and close the HDF file.

[eNeNe]

status = vfend(file_id)
status = hclose(file_id)
end

Reading from Vgroups

Reading from vgroups is more complicated than writing to vgroups. The process of reading from
vgroups involves two steps: locating the appropriate vgroup and obtaining information about the
member or members of avgroup.

Reading from vgroups is more complicated than writing to vgroups. This section describes rou-
tines that locate the appropriate vgroup and obtain information about the member or members of a
vgroup.

5.6.1 Locating Vgroupsand Obtaining Vgroup Information

There are severa routines provided for the purpose of locating a particular vgroup, each corre-
sponding to an identifying aspect of a vgroup. These aspects include whether the vgroup has
vgroups included in it, the identification of the vgroup in the file based on its reference number,
and the name and class name of the vgroup. The routines are described in the following subsec-
tions.

5.6.1.1 Locating LoneVgroups: Vlione

A lone vgroup is one that is not a member of any other vgroups, i.e., not linked with any other
vgroups. Vlone searches the file specified by the parameter fil e_i d and retrieves the reference
numbers of lone vgroupsin the file. Thisroutine is useful for locating unattached vgroupsin afile
or the vgroups at the top of a grouping hierarchy. The syntax of Vloneis asfollows:
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C numof lones = Mone(file id, ref_array, naxsize);
FORTRAN:  numof_|ones = vflone(file_id, ref_array, naxsize)

The parameter ref _array is an array alocated to hold the reference numbers of the found
vgroups. The argument nmaxsi ze specifies the maximum size of ref _arr ay. At most naxsi ze ref-
erence numbers will be retrieved inref _array. The value of max_si ze, the space allocated for
ref _array, depends on how many lone vgroups are expected to be found.

To use dynamic memory instead of allocating an unnecessarily large array (i.e., one that will hold
the maximum possible number of reference numbers), call Vlone twice. In the first call to Vlone,
set maxsi ze to asmall value, for example, 0 or 1, then use the returned value (the total number of
lone vgroups in the file) to allocate memory for ref _array. Thisarray isthen passed into the sec-
ond call to Vlone.

Vlone returns the total number of lone vgroups or FAI L (or - 1). The parameters of thisroutine are
further defined in Table 5D on page 212.

5.6.1.2 Sequentially Searching for a Vgroup: Vgetid

Vgetid sequentially searches through an HDF file to obtain the reference number of the vgroup
immediately following the vgroup specified by the reference number, vgr oup_r ef . The syntax of
Vgetid isasfollows:

C ref_num= \Wgetid(file_id, vgroup ref);
FORTRAN:  ref _num= vfgid(file_id, vgroup_ref)

To initiate a search, Vgetid may be called with vgroup_ref set to - 1. Doing so returns the refer-
ence number of thefirst vgroup in the file. Any attempt to search past the last vgroup in afile will
cause Vgetid to return avalue of FAI L (or -1).

Vgetid returns a vgroup reference number or FA L (or - 1). The parameters of Vgetid are further
defined in Table 5D.

TABLE 5D Vlone and Vgetid Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) c FORTRAN-77
file_id int32 integer Fileidentifier
[\i/ ;?;2? ref_array int32 * integer (*) Buffer for the reference numbers of lone vgroups
(vflone) maxsize int32 integer Maximum number of vgroupsto storein
ref_array
Vgetid file_id int32 integer Fileidentifier
int32)
E\I,rf];, d]) vgroup_ref int32 integer Reference number of the current vgroup
5.6.1.3 Obtaining the Name of a Vgroup: Vgetname
Vgetname retrieves the name of the vgroup identified by the parameter vgroup_i d into the
parameter vgr oup_nane. The syntax of Vgetnameis as follows:;
C status = \get nane(vgroup_i d, vgroup_hane);
FORTRAN:  status = vfgnanfvgroup_id, vgroup nane)
The maximum length of the vgroup name is defined by VGNAMELENVAX (or 64).
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Vgetname returns either SUGCEED (or 0) or FAI L (or - 1). The parameters of this routine are further
defined in Table 5E on page 213.

5.6.1.4 Obtaining the Class Name of a Vgroup: Vgetclass

Vgetclass retrieves the class name of the vgroup specified by the parameter vgr oup_i d into the
parameter vgr oup_cl ass. The syntax of Vgetclassis asfollows:

C status = \Wgetcl ass(vgroup_id, vgroup class);
FORTRAN:  status = vfgcl s(vgroup_id, vgroup cl ass)
The maximum length of the class name is defined by VANAMELENVAX (or 64).

Vgetclass returns either SUOCEED (or 0) or FAI L (or - 1). The parameters of this routine are further
defined in Table 5E.

TABLE 5E

Vgetname and Vgetclass Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) (& FORTRAN-77
Vgetname vgroup_id int32 integer Vgroup identifier
int32]
(V[fgn ar]n) vgroup_name char * character* (*) Buffer for the name of the vgroup
Vgetclass vgroup_id int32 integer Vgroup identifier
int32]
([vfgd g) vgroup_class char * character* (*) Buffer for the vgroup class

5.6.1.5 LocatingaVgroup Given Its Name: Vfind

Vfind searches the file identified by fi | e_i d for a vgroup with the name specified by the param-
eter vgr oup_nane. The syntax for Vfind is as follows:

C vgroup_ref = \Vind(file_id, vgroup nane);
FORTRAN:  vgroup ref = vfind(file_id, vgroup nane)

Vfind returns the reference number of the vgroup if oneisfound, or 0 otherwise. If more than one
vgroup has the same name, Vfind will return the reference number of the first one.

The parameters of Vfind are further defined in Table 5F.

5.6.1.6 Locating aVgroup Given Its Class Name: Vfindclass

Vfindclass searches the file identified by fi | e_i d for avgroup with the class name specified by
the parameter vgr oup_cl ass. The syntax of Vfindclassis asfollows:

C vgroup_ref = \Vfindclass(file_id, vgroup class);
FORTRAN:  vgroup ref = vfndcls(file_id, vgroup_class)

Vfindclass returns the reference number of the vgroup if one is found, or 0 otherwise. If more
than one vgroup has the same class name, Vfindclass will return the reference number of the first
one.

The parameters of Vfindclass are further defined in Table 5F.
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TABLE5F

Vfind and Vfindclass Parameter Lists

Routine Name
[Return Type]
(FORTRAN-77)

Parameter Type

Parameter Description

(63 FORTRAN-77

Vfind

file_id int32 integer Fileidentifier

[int32]
(vfind)

vgroup_name char *

character* (*) Buffer for the name of the vgroup

Vfindclass

file_id int32 integer Fileidentifier

[int32]

(vfndcls)

vgroup_class char *

character* (*) Buffer for the vgroup class

EXAMPLE 4.

Obtaining Information about L one Vgroups

This exampleillustrates the use of Vlone/vflone to obtain the list of reference numbers of all lone
vgroups in the file and the use of Vgetname/vfgnam and V getclass/vfgcls to obtain the name and
the class of a vgroup.

In this example, the program calls Vlone/vflone twice. The first call isto obtain the number of
lone vgroups in the file so that sufficient space can be allocated; the later cal is to obtain the
actual reference numbers of the lone vgroups. The program then goes through the list of lone
vgroup reference numbers to get and display the name and class of each lone vgroup. The file
used in this example is "General_V groups.hdf".

C:

#i ncl ude "hdf. h"

#defi ne

mai n( )

{

FI LE_NAME " Ceneral _Vgroups. hdf "

/************************* Val'l abl e decl al’atl on **************************/

intn

int32
int32

int32 *ref_array;

char

status_n; /* returned status for functions returning an intn */
st at us_32, /* returned status for functions returning an int32 */
file_id, vgroup_id,;
| one_vg_nunber,
num of _|l ones = 0;

/* current |one vgroup nunber */

/* nunber of |one vgroups */

/* buffer to hold the ref nunbers of |one vgroups */
vgr oup_nane[ VGNAMELENVAX] , vgroup_cl ass[ VGNAMVELENVAX] ;

/********************** End Of Val’l abl e decl al’atIOn **********************/

/*

* Open the HDF file for reading.

*/

file_id = Hopen (FILE_NAME, DFACC READ, 0);

/*

* |nitialize the Vinterface.

*/

status_n = Vstart (file_id);

/*

* Get and print the names and cl ass names of all the | one vgroups.
* First, call Mone with numof_|ones set to O to get the nunber of
* |one vgroups in the file, but not to get their reference nunbers.

*/

num of _lones = Vione (file_id, NULL, numof_|ones );
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/*

* Then, if there are any |one vgroups,
*/

if (numof_lones > 0)

{

/*

* use the numof _lones returned to allocate sufficient space for the
* pbuffer ref_array to hold the reference nunbers of all |one vgroups,
*/

ref _array = (int32 *) nalloc(sizeof (int32) * numof _| ones);

/*

* and call Vione again to retrieve the reference nunbers into
* the buffer ref_array.

*/

numof _lones = Vione (file_id, ref_array, numof_|ones);

/*
* Display the nane and cl ass of each | one vgroup.
*/
printf ("Lone vgroups in this file are:\n");
for (lone_vg_nunber = 0; |one_vg_nunber < num of _| ones;
| one_vg_nunber ++)

{
/*
* Attach to the current vgroup then get and display its
* nane and class. Note: the current vgroup nust be detached before
* moving to the next.
*/
vgroup_id = Vattach (file_id, ref_array[lone_vg_nunber], "r");
status_32 = Vget name (vgroup_id, vgroup_nane);
status_32 = Vgetclass (vgroup_id, vgroup_class);
printf (" Vgroup nane % and class %\n", vgroup_nane,
vgroup_cl ass);
status_32 = Vdetach (vgroup_id);
Yy /* for */
Yoot ox/
/*
* Terminate access to the Vinterface and close the file.
*/

status_n = Vend (file_id);
status_n = Hclose (file_id);

/*

* Free the space allocated by this program
*/

free (ref_array);

FORTRAN:

000

program geti nfo_about _vgroup
inplicit none

Par anet er decl arati on
character*19 FI LE_NAME
parameter (FILE_NAME = 'General_Vgroups.hdf)
integer DFACC_READ

parameter (DFACC_READ = 1)
integer SIZE

November 7, 2001 5-215



National Center for Supercomputing Applications

par aret er (SI ZE = 10)

Cc
C Functi on decl aration
Cc
i nt eger hopen, hcl ose
integer vfstart, vfatch, vfgnam vfgcls, vflone, vfdtch, vfend
Cc
Ck*** Val’l abl e decl al'atl on EEEE RS EEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES
Cc
i nteger status
integer file_id
i nteger vgroup_id
i nteger | one_vg_nunber, numof_| ones
character*64 vgroup_nane, vgroup_cl ass
i nteger ref_array(SlZE)
i nteger i
C
Ck*** End of Val’lab|e declal‘atlon R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEEESES
Cc
C
C Initialize ref_array.
Cc
do 10 i =1, SIZE
ref _array(i) =0
10 conti nue
Cc
C Open the HDF file for reading.
Cc
file_id = hopen(Fl LE_ZNAME, DFACC_READ, 0)
C
C Initialize the Vinterface.
C
status = vfstart(file_id)
Cc
C CGet and print the name and class name of all |one vgroups.
C First, call vflone with numof_lones set to O to get the nunber of
C | one vgroups in the file and check whether size of ref_array is
C bi g enough to hold reference nunbers of ALL | one groups.
C If ref_array is not big enough, exit the program after displaying an
C informati ve message.
C
numof _lones = 0
num of _lones = vflone(file_id, ref_array, numof_| ones)
if (numof_lones .gt. SIZE) then
write(*,*) num_of_lones, 'lone vgroups is found’
write(*,*) 'increase the size of ref_array to hold reference ’
write(*,*) 'numbers of all lone vgroups in the file’
stop
endif
C
C Ifthere are any lone groups in the file,
Cc
if (num_of_lones .gt. 0) then
Cc
C call vflone again to retrieve the reference numbers into ref_array.
Cc
num_of_lones = vflone(file_id, ref_array, num_of_lones)
Cc
C Display the name and class of each vgroup.
Cc

write(*,*) 'Lone vgroups in the file are:’
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do 20 | one_vg_nunber = 1, numof _| ones

Attach to the current vgroup, then get and display its name and cl ass.
Note: the current vgroup nust be detached before noving to the next.

O000

vgroup_name ="’
vgroup_class ="’
vgroup_id = vfatch(file_id, ref_array(lone_vg_number), 'r’)
status = vfgnam(vgroup_id, vgroup_name)
status = vfgcls(vgroup_id, vgroup_class)
write(*,*) 'Vgroup name ’, vgroup_name
write(*,*) 'Vgroup class ', vgroup_class
write(*,*)
status = vfdtch(vgroup_id)
20 continue

endif

Terminate access to the V interface and close the HDF file.

[eNeNe]

status = vfend(file_id)
status = hclose(file_id)
end

5.6.2 Obtaining Information about the Contents of a Vgroup

This section describes the V group interface routines that allow the user to obtain various informa-
tion about the contents of vgroups.

5.6.2.1 Obtaining the Number of Objectsin a Vgroup: Vntagrefs

Vntagr efs returns the number of tag/reference number pairs (i.e., the number of vgroup members)
stored in the specified vgroup. The syntax of Vntagrefsis asfollows:

C numof_tagrefs = Vhtagrefs(vgroup_id);
FORTRAN: numof _tagrefs = vintr(vgroup_id)

Vntagrefs can be used together with Vgettagr efs or Vgettagr ef to identify the data objects linked
to agiven vgroup.

Vntagrefs returns 0 or a positive number representing the number of HDF data objects linked to
the vgroup if successful, or FAI L (or - 1) otherwise. The parameter of Vntagrefsis further defined
in Table 5G on page 218.

5.6.2.2 Obtaining the Tag/Reference Number Pair of a Data Object within aVgroup :
Vgettagr ef

Vgettagref retrieves the tag/reference number pair of a specified data object stored within the
vgroup identified by the parameter vgr oup_i d. The syntax of Vgettagref isasfollows:

C status = Wgettagref (vgroup_id, index, &bj tag, &obj ref);
FORTRAN:  status = vfgttr(vgroup_id, index, obj_tag, obj ref)

Vgettagref stores the tag and reference number in the parameters obj _t ag and obj _r ef , respec-
tively. The parameter i ndex specifies the location of the data object within the vgroup and is zero-
based.
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Often, thisroutineis called in aloop to identify the tag/reference number pair of each data object
belong to avgroup. In this case, Vntagrefsis used to obtain the loop boundary.

Vgettagref returns either SUCCEED (or 0) or FAI L (or - 1). The parameters of this routine are further
defined in Table 5G on page 218.

5.6.2.3 Obtaining the Tag/Reference Number Pairs of Data Objectsin a Vgroup:
Vgettagrefs

Vgettagr efs retrieves the tag/reference number pairs of the members of a vgroup and returns the
number of pairsretrieved. The syntax of Vgettagrefsis asfollows:

C numof pairs = \Wettagrefs(vgroup id, tag array, ref_array, nax-
si ze);

FORTRAN:  numof _pairs = vfgttrs(vgroup_id, tag array, ref_array, naxsize)

Vgettagrefs stores the tags into the array t ag_array and the reference numbers into the array
ref _array. The parameter maxsi ze specifies the maximum number of tag/reference number pairs
to return, therefore each array must be at least naxsi ze in size.

Vgettagrefs can be used to obtain the value of maxsi ze if the tag/reference number pairs for all
members of the vgroup are desired. To do this, set naxsi ze to 1 in thefirst call to Vgettagrefs.

V gettagr ef s returns the number of tag/reference number pairs or FAI L (or - 1). The parameters of
this routine are further defined in Table 5G.

TABLE 5G Vntagrefs, Vgettagref, and Vgettagrefs Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) (& FORTRAN-77
Vntagrefs
[int32] vgroup_id int32 integer Vgroup identifier
(vfntr)
vgroup_id int32 integer Vgroup identifier
Vggttagref index int32 integer Index of the tag/reference number pair to be retrieved
(\[/Iflgl?l) obj_tag int32 * integer Tag of the data object
obj_ref int32 * integer Reference number of the data object
vgroup_id int32 integer Vgroup identifier
Vgettagrefs tag_array int32] integer (*) Buffer for the returned tags
\[/ifntgz] ref_array int32[] integer (*) Buffer for the returned reference numbers
(vigurs) maxsize int32 inteqer Maximum number of tag/reference number pairsto be
€9 returned
5.6.2.4 Testing Whether a Data Object Belongsto a Vgroup: Vingtagr ef
Vinqgtagref determines whether a data object is a member of the vgroup specified by the parame-
ter vgroup_i d. The syntax of Vingtagref is as follows:
C true false = Mngtagref(vgroup id, obj tag, obj ref);
FORTRAN: true_false = vfingtr(vgroup_id, obj_tag, obj_ref)
The data object is specified by its tag/reference number pair in the parameters obj _tag and
obj _ref . Vingtagref returns TRUE (or 1) if the object belongs to the vgroup, and FALSE (or 0) oth-
erwise. The parameters of this routine are further defined in Table 5H on page 219.
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5.6.25 Testing Whether a Data Object within aVVgroup isa Vgroup: Visvg

Visvg determines whether the data object specified by its reference number, obj _ref , isavgroup
and is a member of the vgroup identified by the parameter vgr oup_i d. The syntax of Visvgisas
follows:

C true_fal se = M svg(vgroup_id, obj ref);

FORTRAN:  true_fal se = vfisvg(vgroup_id, obj_ref)

Visvg returns either TRUE (or 1) or FALSE (or 0). The parameters of this routine are further defined
in Table 5H on page 219.

5.6.2.6 Testing Whether an HDF Object within aVgroup isa Vdata: Visvs

Visvs determines whether the data object specified by its reference number, obj _ref, is a vdata
and is a member of the vgroup identified by the parameter vgr oup_i d. The syntax of Visvsis as
follows:

C true_fal se = M svs(vgroup_id, obj ref);
FORTRAN: true fal se = vfisvs(vgroup_ id, obj ref)

Visvs returns either TRE (or 1) or FALSE (or 0). The parameters of this routine are further defined

in Table 5H.
TABLE 5H Vingtagref, Visvg, and Visvs Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
Vingtagref vgroup_id int32 integer Vgroup identifier
[intn] obj_tag int32 integer Tag of the data object to be queried
(vfinqtr) obj_ref int32 integer Reference number of the data object to be queried
Visvg vgroup_id int32 integer Vgroup identifier
intn
(\[/fi 5\,2;) obj_ref int32 integer Data object reference number to be queried
Visvs vgroup_id int32 integer Vgroup identifier
intn
(\[/fiS/]S) obj_ref int32 integer Data object reference number to be queried

5.6.2.7 LocatingaVdatain aVgroup Given Vdata Fields. Vflocate

Vflocate locates a vdata that belongs to the vgroup identified by the parameter vgroup_i d and
contains the fields specified in the parameter fi el dnane_l i st. The syntax of Vflocateis as fol-
lows:

C vdata_ref = Mflocate(vgroup_id, fiel dnane_list);
FORTRAN: vdata ref = vffloc(vgroup_id, fieldnane |ist)

The parameter fi el dnane_| i st isastring of comma-separated field names containing no white
space, for example,PX PY, PZ’. Note that a vdata must contain all of the fields specified in
fi el dnane_l i st to be qualified.

Vflocate returns the reference number of the vdata, if one is found-Aandor - 1) otherwise.
The parameters of this routine are further defined in Table 5I.

November 7, 2001 5-219



National Center for Supercomputing Applications

5.6.2.8 Retrievingthe Number of Tags of a Given Typein aVgroup: Vnrefs

Vnrefs returns the number of tags of the type specified by the parameter t ag_t ype in the vgroup
identified by the parameter vgr oup_i d. The syntax of Vnrefsisasfollows:

C numof_tags = Vhrefs(vgroup_id, tag_type);

FORTRAN:  numof _tags = vnrefs(vgroup_id, tag type)

Possible values of the parameter t ag_t ype are defined in Appendix A of this manual. Vnrefs
returns O or the number of tags if successful, and FA L (or - 1) otherwise. The parameters of this
routine are further defined in Table 5I.

TABLE5I Vflocate and Vnrefs Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) (& FORTRAN-77
Vflocate vgroup_id int32 integer Vgroup identifier
([\I,?ftﬁ)zg) fieldname_list char * character* (*) Buffer containing the names of the fields
Vnrefs vgroup_id int32 integer Vgroup identifier
[int32] ) .
(vnrefs) tag_type int32 integer Tag type
5.6.2.9 Retrieving the Reference Number of a Vgroup: VQueryref
VQueryref returns the reference number of the vgroup identified by the parameter vgr oup_i d, or
FAI L (or - 1) if unsuccessful. The syntax of VQueryref isasfollows:
C vgroup_ref = VQueryref (vgroup_id);
FORTRAN:  vgroup_ref = vgref(vgroup_id)
VQueryref isfurther defined in Table 5J.
5.6.2.10Retrieving the Tag of a Vgroup: VQuerytag
VQuerytag returns DFTAG VG (or 1965), which would be the tag of the vgroup identified by the
parameter vgr oup_i d, or FA L (or - 1) if unsuccessful. The syntax of VQuerytag is as follows:
C vgroup_tag = VQuerytag(vgroup_id);
FORTRAN:  vgroup_tag = vqtag(vgroup_i d)
VQuerytag is further defined in Table 5J.
TABLE 5J VQueryref and VQuerytag Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) (& FORTRAN-77
VQueryref
[int32] vgroup_id int32 integer Vgroup identifier
(varef)
VQuerytag
[int32] vgroup_id int32 integer Vgroup identifier
(vqtag)
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EXAMPLES.

Operationson Vgroup Attributes

This exampleillustrates the use of Vfind/vfind to locate avgroup by its name, Vsetattr/vfscatt to
attach an attribute to the vgroup, Vattrinfo/vfainfo to obtain information about the vgroup
attribute, and Vgetattr/vfgcatt to obtain the attribute values.

The program obtains the version of the group then sets an attribute named "First Attribute” for the
vgroup named "SD Vgroup”. Next, the program gets the number of attributes that the vgroup has,
and obtains and displays the name, the number of values, and the values of each attribute.

C:
#i ncl ude "hdf. h"

#define FILE_NAMVE " Cener al _Vgroups. hdf "

#define VGROUP_NAMVE " SD Vgr oup”

#define VGATTR _NAVE "First Attribute"

#define N_ATT_VALUES 7 /* nunber of values in the attribute */
mai n( )

{

[ xR KRF R KKKk kkkkkxkxkkkkxkx% \/griabl @ declarati on *EFrFEFEEE KKK KKK R KKK KKK KK KK [

intn status_n, /* returned status for functions returning an intn */
n_attrs; /* nunber of attributes of the vgroup */

int32 status_32, /* returned status for functions returning an int32 */
file_id, vgroup_ref, vgroup_id,
attr_index, i, vg_version,

data_type, n_val ues, size;
char vg_attr[N_ATT_VALUES] ={Vv',/g,r,o,u,'p’ \0%;
char vgattr_buf[N_ATT_VALUES], attr_name[30];

[RAFxxRdxkRdkkkikixk End of variable declaration sk |

/*

* Open the HDF file for writing.

*

file_id = Hopen (FILE_NAME, DFACC_WRITE, 0);

/*
* Initialize the V interface.
*
status_n = Vstart (file_id);

/*

* Get the reference number of the vgroup named VGROUP_NAME.
*

vgroup_ref = Vfind (file_id, VGROUP_NAME);

/*

* Attach to the vgroup found.

*

vgroup_id = Vattach (file_id, vgroup_ref, "w");

/*
* Get and display the version of the attached vgroup.
*
vg_version = Vgetversion (vgroup_id);
switch (vg_version) {
case VSET_NEW_VERSION:
printf ("\nVgroup %s is of the newest version, version 4\n",
VGROUP_NAME);
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break;
case VSET_VERSI O\
printf ("Vgroup % is of a version between 3.2 and 4.0r2\n",
VGROUP_NAME) ;
break;
case VSET_OLD VERSI O\
printf ("Vgroup % is of version before 3.2\n", VGROUP_NAME);
break;
defaul t:
printf ("Unknown version = %\ n", vg_version);
} /* switch */

/*

* Add the attribute named VGATTR _NAME to the vgroup.

*/

status_n = Vsetattr (vgroup_id, VGATTR_NAME, DFNT_CHAR, N_ATT_VALUES,
vg_attr);

/*

* Get and display the nunber of attributes attached to this vgroup.

*/

n_attrs = Vnattrs (vgroup_id);
printf ("\nThis vgroup has %l attribute(s)\n", n_attrs);

/-k

* Get and display the nane and the nunmber of val ues of each attribute.

* Note that the fourth and | ast paranmeters are set to NULL because the type
* and the size of the attribute are not desired.

*
/
for (attr_index = 0; attr_index < n_attrs; attr_index++)
{
status_n = Vattrinfo (vgroup_id, attr_index, attr_nane, NULL,
&n_val ues, NULL);
printf ("\nAttribute #% is naned % and has %l val ues: ",
attr_index+1, attr_name, n_val ues);
/*
* Get and display the attribute val ues.
*/
status_n = Vgetattr (vgroup_id, attr_index, vgattr_buf);
for (i = 0; i < n_values; i++)
printf ("% ", vgattr_buf[i]);
printf ("\n");
}
/*

* Termi nate access to the vgroup and to the Vinterface, and cl ose
* the HDF file.

*/

status_32 = Vdetach (vgroup_id);

status_n = Vend (file_id);

status_n Hel ose (file_id);

FORTRAN:

program vgroup_attribute
inplicit none

C Par anmet er decl arati on
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character*19 FI LE NAVE
character*9 VGROUP_NAME
character*15 VGATTR_NAME
Cc
parameter (FILE_NAME ='General_Vgroups.hdf’,
+ VGROUP_NAME ='SD Vgroup’,
+ VGATTR_NAME = First Attribute’)
integer VSET_NEW_VERSION, VSET_VERSION, VSET_OLD_VERSION
parameter (VSET_NEW_VERSION = 4,
+ VSET_VERSION =3,
+ VSET_OLD_VERSION = 2)
integer DFACC_WRITE
parameter (DFACC_WRITE = 2)
integer DFNT_CHAR
parameter (DFNT_CHAR = 4)
integer N_ATT_VALUES
parameter (N_ATT_VALUES = 6)
C
C Function declaration
Cc
integer hopen, hclose
integer vfstart, vfatch, vfgver, vfscatt, vfnatts, vfainfo,
+ vfind, vfgcatt, vfdtch, vfend
Cc
C*** Variable declaration
Cc

integer status, n_attrs
integer file_id
integer vgroup_id, vgroup_ref, vg_version
integer attr_index, i
integer data_type, n_values, size
character vg_attr(N_ATT_VALUES)
character vgattr_buf(N_ATT_VALUES), attr_name(30)
datavg_attr /'v',’g’,'r,o’,;u’,’p’/
Cc
C*** End of variable declaration

Open the HDF file for reading/writing.

O000

file_id = hopen(FILE_NAME, DFACC_WRITE, 0)

Initialize the V interface.

[eNeNe]

status = vfstart(file_id)

Get the reference number of the vgroup hamed VGROUP_NAME.

[eNeNe]

vgroup_ref = vfind(file_id, VGROUP_NAME)

Attach to the vgroup found.

OO0

vgroup_id = vfatch(file_id, vgroup_ref , 'w’)

Get and display the version of the attached vgroup.

[eNeNe]

vg_version = vfgver(vgroup_id)

if (vg_version .eq. VSET_NEW_VERSION) write(*,*)

+ VGROUP_NAME, ' is of the newest version, version 4’

if (vg_version .eq. VSET_VERSION) write(*,*)

+ VGROUP_NAME, 'is of a version between 3.2 and 4.0r2'
if(vg_version .eq. VSET_OLD_VERSION) write(*,*)

+ VGROUP_NAME, ' is of version before 3.2’
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if ((vg_version .ne. VSET_NEWVERSIQV) .and.
+ (vg_version .ne. VSET_VERSI QN . and.
+ (vg_version .ne. VSET_OLD VERSION)) wite(*,*)
+ ’Unknown version’

Add the attribute named VGATTR_NAME to the vgroup.

OO0

status = vfscatt(vgroup_id, VGATTR_NAME, DFNT_CHAR, N_ATT_VALUES,
+ vg_attr)

Get and display the number of attributes attached to this group.

[eNeNe]

n_attrs = vfnatts(vgroup_id)
write(*,*) "This group has’, n_attrs, ’ attributes’

Get and display the name and the number of values of each attribute.

[eNeNe]

do 10 attr_index=1, n_attrs

status = vfainfo(vgroup_id, attr_index-1, attr_name, data_type,
+ n_values, size)
write(*,*) "Attribute #, attr_index-1, ’ is named ’, attr_name
write(*,*) 'and has’, n_values, ’ values:’

Get and display the attribute values.

0O00

status = vfgcatt(vgroup_id, attr_index-1, vgattr_buf)
write(*,*) (vgattr_buf(i), i=1,n_values)

10 continue

Cc

C Terminate access to the vgroup.

C
status = vfdtch(vgroup_id)

Terminate accessto the V interface and close the HDF file.

[eNeNe]

status = vfend(file_id)
status = hclose(file_id)
end

5.7 Deleting Vgroups and Data Objectswithin aVgroup

The Vgroup interface includes two routines for deletion; one deletes a vgroup from afile and the
other deletes a data object from a vgroup. These routines are discussed in the following subsec-
tions.

5.7.1 DeletingaVgroup from aFile: Vdelete

Vdelete removes the vgroup identified by the parameter vgr oup_i d from the file identified by the
parameter fil e_i d. The syntax of Vdeleteis as follows:

C status = Vel ete(file_id, vgroup_id);
FORTRAN: status = vdel ete(file_id, vgroup_id)
This routine will remove the vgroup from the internal data structures and from thefile.

Vdelete returns either SUGCEED (or 0) or FAIL (or -1). The parameters of Vdelete are further
described in Table 5K on page 225.
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5.7.2 Deleting a Data Object from a Vgroup: Vdeletetagr ef

Vdeletetagref deletes the data object, specified by the parametersobj _t ag and obj _r ef , from the
vgroup, identified by the parameter vgr oup_i d. The syntax of Vdeletetagref is as follows:

C status = Vdel etetagref (vgroup_id, obj_tag, obj_ref);
FORTRAN. status = vfdtr(vgroup_id, obj _tag, obj ref)

Vingtagref should be used to determine whether the tag/reference number pair exists before call-
ing Vdeletetagref. If duplicate tag/reference number pairs are found in the vgroup, V deletetagr ef
deletes the first occurrence. Vingtagref should also be used to determine whether duplicate tag/
reference number pairs exist in the vgroup.

Vdeletetagref returns either SUGCEED (or 0) or FAI L (or - 1). The parameters of this routine are fur-
ther described in Table 5K.

TABLE 5K

5.8

Vdelete and Vdeletetagref Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
Vdelete file_id int32 integer Fileidentifier
[int32] . . . I
(vdelete) vgroup_id int32 integer Vgroup identifier
Vddetetagref vgroup_id int32 integer Vgroup identifier
[int32] obj_tag int32 integer Tag of the data object to be deleted
(vidtr) obj_ref int32 integer Reference number of the data object to be deleted

Vgroup Attributes

HDF version 4.1r1 and later include the ability to assign attributes to a vgroup. The concept of
attributes is fully explained in Chapter 3, Scientific Data Sets (SD API). To review briefly, an
attribute has a name, a data type, a number of attribute values, and the attribute values themsel ves.
All attribute values must be of the same data type. For example, an attribute value cannot consist
of ten characters and one integer, or a character value cannot be included in an attribute value con-
sisting of two 32-bit integers.

Any number of attributes can be assigned to a vgroup, however, each attribute name must be
unique among all attributes in the vgroup.

5.8.1 Obtaining the Vgroup Version Number of a Given Vgroup:
Vgetversion

The structure of the vgroup has gone through several changes since HDF was first written. Deter-

mining the version of any particular vgroup is necessary as some of the older versions of vgroups

do not support some of the newer features, such as attributes. Vgetversion returns the version

number of the vgroup identified by the parameter vgroup_i d. The syntax of Vgetversion is as
follows:

C ver si on_num = \get ver si on(vgroup_i d) ;
FORTRAN:  versi on_num = vf gver (vgroup_i d)

There are three valid version numbers. VSET_Q.D VERSION (or 2), VSET_VERSI N (or 3), and
VSET_NEW VERSI ON(or 4).
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VSET_Q.D VERS (Nis returned when the vgroup is of aversion that corresponds to an HDF library
version before version 3.2.

VSET_VERS ONis returned when the vgroup is of aversion that corresponds to an HDF library ver-
sion between versions 3.2 and 4.0 release 2.

VSET_NEW VERSl ONis returned when the vgroup is of aversion that corresponds to an HDF library
version of version 4.1 release 1 or higher.

Vgetversion returns the vgroup version number if successful, and FAI L (or - 1) otherwise. This
routine is further defined in Table 5L on page 227.

5.8.2 Obtaining Information on a Given Vgroup Attribute: Vattrinfo

Vattrinfo retrieves the name, datatype, number of values, and the size of the values of an attribute
that belongs to the vgroup identified by the parameter vgr oup_i d. The syntax of Vattrinfo is as
follows:

C status = Vattrinfo(vgroup_id, attr_index, attr_nane, &data type,
&n val ues, &size);

FORTRAN: status = vfainfo(vgroup_id, attr_index, attr_nane, data type,
n_val ues, size)

Vattrinfo stores the name, data type, number of values, and the size of the value of the attribute
into the parametersat t r_nane, dat a_t ype, n_val ues, and si ze, respectively.

The attribute is specified by itsindex, at t r_i ndex. Thevalid values of at tr _i ndex range from 0
to the total number of attributes attached to the vgroup - 1. The number of vgroup attributes can be
obtained using the routine Vnattrs.

The parameter dat a_t ype is an integer number. Refer to Table 2F on page 14 for the definitions
of the data types to interpret this value. The parameter si ze contains the number of bytes taken by
an attribute value.

In C, the parameters at t r _nane, dat a_t ype, n_val ues, and si ze can be set to NLLL, if the infor-
mation returned by these parameters is not needed.

Vattrinfo returns either SUGCEED (or 0) or FAI L (or - 1). The parameters of this routine are further
described in Table 5L.
5.8.3 Obtaining the Total Number of Vgroup Attributes: Vnattrs

Vnattrs returns the number of attributes assigned to the vgroup specified by the parameter
vgroup_i d. The syntax of Vnattrsisasfollows:

C numof_attrs = Vhattrs(vgroup_id);
FORTRAN:  numof _attrs = vfnatts(vgroup_id)

Vnattrs returns either the number of attributes or FAI L (or - 1). This routine is further defined in
Table5L.
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TABLE 5L

Vgetversion, Vattrinfo, and Vnattrs Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
Vgetversion
[int32] vgroup_id int32 integer Vgroup identifier
(vfgver)
vgroup_id int32 integer Vgroup identifier
attr_index intn integer Index of the attribute
Vattrinfo atr_name char * character* (*) Returned name of the attribute
intn
(V[f ai nf]o) data_type int32* integer Returned data type of the attribute
n_values int32 * integer Returned number of values of the attribute
size int32 * integer Returned size, in bytes, of the value of the attribute
Vnattrs
[intn] vgroup_id int32 integer Vgroup identifier
(vfnatts)

5.8.4 Settingthe Attribute of aVgroup: Vsetattr

Vsetattr attaches an attribute to the vgroup specified by the parameter vgr oup_i d. The syntax of
Vsetattr isasfollows:

C status = \ketattr(vgroup_id, attr_nane, data type, n_val ues,

attr_val ues);

FORTRAN: status = vfsnatt(vgroup_id, attr_nane, data type, n_val ues,
attr_val ues)

R status

vfscatt (vgroup_id, attr_nane, data type, n_val ues,
attr_val ues)

If the attribute with the name specified in the parameter at t r _nane already exists, the new values
will replace the current ones, provided the data type and count are not different. If either the data
type or the count have been changed, Vsetattr will return FA L (or - 1).

The parameter dat a_t ype is an integer number specifying the data type of the attribute values.
Refer to Table 2F on page 14 for the definition of the data types to interpret this value. The param-
eter n_val ues specifies the number of values to be stored in the attribute. The buffer
attr_val ues contains the values to be stored in the attribute.

Note that the FORTRAN-77 version of Vsetattr has two routines; vfsnatt sets a numeric value
attribute and vfscatt sets a character value attribute.

Vsetattr returns either SUGCEED (or 0) or FAI L (or - 1). The parameters of this routine are further
defined in Table 5M on page 228.
5.8.5 Retrievingthe Values of a Given Vgroup Attribute: Vgetattr

Vgetattr retrieves the values of an attribute of the vgroup specified by the parameter vgr oup_i d.
The syntax of Vgetattr isasfollows:

C status = Wgetattr(vgroup_id, attr_index, attr_val ues);

FORTRAN. status = vfgnatt(vgroup_id, attr_index, attr_val ues)
R stat us

vfgcatt(vgroup_id, attr_index, attr_val ues)
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The attribute is specified by itsindex, at t r _i ndex. The valid values of at t r _i ndex range from O
to the total number of attributes attached to the vgroup - 1. The number of vgroup attributes can be
obtained using the routine Vnattrs.

The buffer at t r _val ues must be sufficiently allocated to hold the retrieved attribute values. Use
Vattrinfo to obtain information about the attribute values for appropriate memory allocation.

Thisroutineis often used with Vinquire in aloop to retrieve the total number of attributes.

Note that the FORTRAN-77 version of Vgetattr has two routines; vfgnatt gets a numeric value
attribute and vfgcatt gets a character value attribute.

Vgetattr returns either SUCCEED (or 0) or FAI L (or - 1). The parameters of this routine are further
defined in Table 5M on page 228.

5.8.6 Retrievingthelndex of aVgroup Attribute Given the Attribute Name:
Vfindattr

Vfindattr searches the vgroup, identified by the parameter vgr oup_i d, for the attribute with the
name specified by the parameter at t r _nane, and returns the index of that attribute. The syntax of
thisroutine is as follows:

C attr_index = findattr(vgroup_id, attr_nane);
FORTRAN: attr_index = vffdatt(vgroup_id, attr_nane)

Vfindattr returns either an attribute index or FA L (or - 1). The parameters of this routine are fur-
ther defined in Table 5M.

TABLE 5M Vsetattr, Vgetattr, and Vfindattr Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
vgroup_id int32 integer Vgroup identifier
attr_name char * character* (*) Name of the attribute
V[S;: ;t]" data_type int32 integer Datatype of the attribute
(vfsnatt/vfscatt) n_values int32 integer Number of values the attribute contains
1 1 *
attr_values VOIDP <valid numeric datatype>(*)/ Buffer containing the attribute values
character* (*)
vgroup_id int32 integer Vgroup identifier
Vﬁit;l]tr attr_index intn integer Index of the attribute
H 1 *
(vignatt/vigeatt) attr_values VOIDP <valid numeric datatype> (*)/ Buffer containing attribute values
character* (*)
Vfindattr vgroup_id int32 integer Vgroup identifier
intn
(V[ffdalt) atr_name char * character* (*) Name of the target attribute
EXAMPLE 6. Obtaining Information about the Contents of a Vgroup

This example illustrates the use of Vgetid/vfgid to get the reference number of a vgroup,
Vntagrefsivintr to get the number of HDF data objects in the vgroup, Vgettagref/vfgttr to get
the tag/reference number pair of a data object within the vgroup, and Visvg/vfisvg and Visvs/
vfisvs to determine whether a data object is a vgroup and a vdata, respectively.
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In the example, the program traverses the HDF file "General_Vgroups.hdf" from the beginning
and obtains the reference number of each vgroup so it can be attached. Once avgroup is attached,
the program gets the total number of tag/reference number pairs in the vgroup and displays some
information about the vgroup. The information displayed includes the position of the vgroup in
thefile, the tag/reference number pair of each of its data objects, and the message stating whether
the object is avdata, vgroup, or neither.

C:
#i ncl ude "hdf.h"
#define FI LE_NAMVE " Gener al _Vgroups. hdf "
nmai n( )
{

/************************* Val'l abl e decl al’atl on **************************/

intn status_n; /* returned status for functions returning an intn */
int32 status_32, /* returned status for functions returning an int32 */
file_id, vgroup_id, vgroup_ref,
obj _i ndex, /* index of an object within a vgroup */
numof_pairs, /* nunber of tag/ref nunber pairs, i.e., objects */
obj _tag, obj_ref, /* tag/ref nunmber of an HDF object */
vgroup_pos = 0; /* position of a vgroup in the file */

[ xx kxR xRk kxR xkxKkxkxxxx End of variabl e declaration FrFxkEkxEkxkkkkkkkkkkkk k[

/*

* Open the HDF file for reading.

*/

file_id = Hopen (FI LE_NAME, DFACC READ, 0);

/*
* Initialize the Vinterface.
*/
status_n = Vstart (file_id);

/-k

* (btain each vgroup in the file by its reference nunber, get the

* nunber of objects in the vgroup, and display the information about
* that vgroup.

*/
vgroup_ref = -1; /* set to -1 to search fromthe begi nning of file */
whil e (TRUE)
{
/*
* Get the reference nunber of the next vgroup in the file.
*/

vgroup_ref = Vgetid (file_id, vgroup_ref);

/*
* Attach to the vgroup for reading or exit the loop if no nore vgroups
* are found.

*/

if (vgroup_ref == -1) break;

vgroup_id = Vattach (file_id, vgroup_ref, "r");
/*

* CGet the total nunber of objects in the vgroup.
*/

numof _pairs = Vntagrefs (vgroup_id);

/*
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* |f the vgroup contains any object, print the tag/ref nunber
* pair of each object in the vgroup, in the order they appear in the
* file, and indicate whether the object is a vdata, vgroup, or neither.

*/
if (numof_pairs > 0)
{
printf ("\'nVgroup #%l contains:\n", vgroup_pos);
for (obj_index = 0; obj_index < num.of_pairs; obj_index++)
{
/*
* Get the tag/ref nunber pair of the object specified
* by its index, obj_index, and display them
*/
status_n = Vgettagref (vgroup_id, obj_index, &obj_tag, &obj_ref);
printf ("tag = %, ref = %", obj_tag, obj_ref);
/*
* State whether the HDF object referred to by obj_ref is a vdata,
* a vgroup, or neither.
*/
if (Visvg (vgroup_id, obj_ref))
printf (" <-- is a vgroup\n");
else if (Visvs (vgroup_id, obj_ref))
printf (" <-- is a vdata\n");
el se
printf (" <-- neither vdata nor vgroup\n");
}y I* for */
AR
el se
printf ("Vgroup #% contai ns no HDF objects\n", vgroup_pos);
/*
* Term nate access to the current vgroup.
*/

status_32 = Vdetach (vgroup_id);

/*
* Move to the next vgroup position.
*/
vgr oup_pos++;
} /1% while */
/*
* Terminate access to the Vinterface and close the file.
*/

status_n = Vend (file_id);
status_n = Hclose (file_id);

}
FORTRAN:

program vgroup_contents
inplicit none

C

C Par anmet er decl arati on

C
character*19 FI LE_NAME

C

parameter (FILE_NAME = 'General_Vgroups.hdf)
integer DFACC_ READ
parameter (DFACC_READ = 1)

C
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C Functi on decl aration

i nt eger hopen, hcl ose
integer vfstart, vfatch, vfgid, vntrc, vfgttr, vfisvg,
+ vfisvs, vfdtch, vfend

gk*** Val’l abl e decl al'atl on EEEE RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESE]
C

i nteger status

integer file_id

i nteger vgroup_id, vgroup_ref, vgroup_pos

i nteger obj _i ndex, num.of_pairs

i nteger obj_tag, obj_ref

*
*
*

End of variabl @ decl arati On * %% %% &k k& kkk kdokdok ok ok kok ok kok ok okok ko ko ok ok ok ok

pen the HDF file for reading.

0000QoO

file_id = hopen(Fl LE_NAME, DFACC READ, 0)

Initialize the Vinterface.

[eNeNe]

status = vfstart(file_id)

Cbtain each vgroup in the file by its reference nunber, get the
nunber of objects in the vgroup, and display the information
about that vgroup.

O0O000

-1
0

vgroup_ref
vgr oup_pos
conti nue

CGet the reference nunber of the next vgroup in the file.

0008

vgroup_ref = vfgid(file_id, vgroup_ref)

Attach to the vgroup or go to the end if no additional vgroup is found.

OO0

if(vgroup_ref. eq. -1) goto 100
vgroup_id = vfatch(file_id, vgroup_ref, ")

Get the total number of objects in the vgroup.

[eNeNe]

num_of_pairs = vntrc(vgroup_id)

If the vgroup contains any object, print the tag/ref number
pair of each object in vgroup, in the order they appear in the
file, and indicate whether the object is a vdata, vgroup, or neither.

O0O000

if (num_of_pairs .gt. 0) then
write(*,*) 'Vgroup # ', vgroup_pos, ' contains:’
do 20 obj_index = 1, num_of_pairs

Get the tag/ref number pair of the object specified by its index
and display them.

O000

status = vfgttr(vgroup_id, obj_index-1, obj_tag, obj_ref)

State whether the HDF object referred to by obj_ref is a vdata,
a vgroup, or neither.

O000
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5.9

if( vfisvg(vgroup_id, obj_ref) .eq. 1) then
write(*,*) 'tag =, obj_tag, ' ref =", obj_ref,
+ ' <---isavgroup’
else if ( vfisvs(vgroup_id, obj_ref) .eq. 1) then
write(*,*) 'tag =, obj_tag, ' ref =", obj_ref,
+ ' <-isavdata’
else
write(*,*) 'tag =, obj_tag, ' ref =", obj_ref,
+ ' <--- neither vdata nor vgroup’
endif
20  continue
else
write (*,*) "Vgroup #', vgroup_pos, ' contains no HDF objects’
endif
write(*,*)
vgroup_pos = vgroup_pos + 1
goto 10
100 continue
c
C Terminate access to the vgroup.
C
status = vfdtch(vgroup_id)

C
C Terminate access to the V interface and close the HDF file.
C

status = vfend(file_id)
status = hclose(file_id)
end

Obsolete Vgroup Interface Routines

The following routines have been replaced by newer routines with similar functionality. These
routines are still supported by the Vgroup interface, but their use is not recommended. HDF may
not support these routines in a future version.

5.9.1 Determining the Next Vgroup or Vdata Identifier: Vgetnext

Vgetnext gets the reference number of the next member of avgroup. This member can be either a
vgroup or vdata. The syntax for Vgetnext is as follows:;

C ref_num= \get next (vgroup_id, v_ref);
FORTRAN:  ref_num= vfgnxt (vgroup_id, v _ref)

Vgetnext searches the vgroup, identified by the parameter vgr oup_i d, for the vgroup or vdata
whose reference number is specified by the parameter v_ref. If this vgroup or vdata is found,
Vgetnext finds the next vgroup or vdata and returnsits reference number. If v_ref issetto- 1, the
routine will return the reference number of the first vgroup or vdatain the vgroup.

Vgetnext is now obsolete as the routine Vgettagr ef provides the same functionality. In addition,
Vgettagref is not restricted to searching for members that are vgroups or vdatas.

Vgetnext returns a reference number if the next vgroup or vdataisfound, or FA L (or - 1) when an
error occurs or when there are no more vdatas or vgroups in the vgroup. The parameters of Vget-
next are further defined in Table 5N.
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5.9.2 Determining the Number of Membersand Vgroup Name: Vinquire

Vinquire retrieves the number of data objects and the name of the vgroup identified by the param-
eter vgroup_i d. The syntax for Vinquireisasfollows:

C status = M nqui re(vgroup_id, & nenbers, vgroup_nane);
FORTRAN. status = vfing(vgroup_id, n_nenbers, vgroup_nane)

Vinquire stores the number of data objects and the vgroup name in the parameters n_nenber s and
vgr oup_nare, respectively. In C, if either n_menber s or vgr oup_nane is set to NULL, the corre-
sponding data is not returned. The maximum length of the vgroup’s name is defiv@disy
LENVAX (Or 64).

Vinquire is now obsolete as théntagrefs routine can be used to get the number of data objects
in a vgroup and/getname can be used to retrieve the name of a vgroup.

Vinquire returns eitheBUOCEED (or 0) or FAI L (or - 1). The parameters of this routines are further
defined in Table 5N.

TABLE 5N

5.10

Vgetnext and Vinquire Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
Vgetnext vgroup_id int32 integer Vgroup identifier of the parent vgroup
int32]
(\[,fgnxl[) v_ref int32 integer Reference number for the target vgroup
Vinquire vgroup_id int32 integer Vgroup identifier
[intn] n_members int32 * integer Pointer to the number of entries in the vgroup
(vfing) vgroup_name char * character* (*) Buffer for the name of the vgroup

Vgroup Backward Compatibility |1ssues

5.10.1Vset Implementation Integrated into the Vgroup Interface

In HDF versions before 2.0, vsets were created and manipulated through an interface separate
from the other HDF interfaces. A pointer to a specially-defined vset structure was returned by the
Vset interface and data type definitions specific to the Vset interface were used. The names of
these definitions were prefaced by "LOCAL_".

After HDF version 2.0, thegroup_i d identifier replaced the pointer to the vset structure, the
"LOCAL_" data type definitions were made obsolete by newer definitions, and all vset function-
ality was integrated into the Vgroup interface routines. HDF programs written for HDF libraries
earlier than version 2.0 should be modified accordingly in order to function correctly with newer
versions of HDF.
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Chapter

8-Bit Raster Images (DFR8 API)

6.1

6.2

Chapter Overview

This chapter describes the 8-bit raster image data model and the single-file DFR8 interface rou-
tines. The DFR8 interface isa single-file interface that consists of routines for reading and writing
raster image sets.

The 8-Bit Raster Data M odel

The data model for the 8-bit raster image set, or RI S8, an acronym for "Raster Image Set, 8-bit",
supports three types of objects; two-dimensional 8-bit raster images, dimensions and palettes. The
latter two items occur once per RIS8. The following figure shows the contents of an 8-hit raster
image set.

FIGURE 6a

8-Bit Raster Image Set Contents

‘ 8-Bit Raster Image Set ‘

’

Image Dimensions Palette
width = 300

Requires —optiona |

6.2.1 Required 8-Bit Raster Image Data Set Objects

Every RIS8 object requires an image and dimension object. Required objects are created by the
HDF library using information provided at the time the image is written.

6.2.1.1 8-Bit Raster Image Data Representation

An 8-bit raster image is atwo-dimensional array of 8-bit numbers which represent pixelsor "pic-
ture elements’. The first row of pixels corresponds to the top row of the image, the second row of
pixels to the second row of the image and so forth. Pixel values range from 0 to 255, and indicate
to the hardware which colors to use when mapping the corresponding pixels to the screen display.
A color lookup table, or palette, provides the means of correlating pixel valuesto colors.
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As an example, consider a stream of 8-bit numbers representing a raster image. (See Figure 6b.)
When the image is displayed, the color associated with the first number in the data stream is
placed in the upper left corner of the image. The remainder of the first line is then painted from
left-to-right using as many values from the data stream as is necessary to complete the line. The
remainder of the rows are similarly painted from left-to-right and top-to-bottom until every value
in the data stream appears is represented by one pixel in the image.

FIGURE 6b

The Data Representation of an 8-Bit Raster Image

Rows of pixel information

8-bit raster image One pixel

[ 64 [ 66 | 222 197 192 [ 186 | 180 [ 187 | 123 [ 1% | 62 [ 6

Stream of 8-bit numbers

(d)

An 8-hit raster image (a) is a set of rows displayed from left-to-right consisting
of rows of pixel information (b) where each pixel (c) is represented by values stored
as asingle stream of 8-bit numbers (d).

6.2.1.2 8-Bit Raster Image Dimension

The dimensions of an image areits height and width in pixels.

6.2.2 Optional 8-Bit Raster Image Data Set Objects

6.2.2.1 Palettes

A palette is alookup table consisting of 256 unique numerical values, each of which map to the
256 possible pixel color values and is stored in a RIS8 object. For more details on HDF palettes
refer to Chapter 9, titled Palettes (DFP API).

6.2.3 Compression Method

The compression method indicates if and how the image is compressed. It can be, at the program-

mer’s option, explicitly set or left as its default setting of no compression. Compression schemes
supported by HDF version 4.0 are run-length encoding or RLE, joint photographic expert group

compression, or JPEG, and image compression, or IMCOMP . The list of compression methods is
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presented below. (See Table 6A.) The HDF tags COMP_R.E, GOMP_| MOOMP and QOMP_JPEG are
respectively defined as the values 11, 12 and 2 in the "hcomp.h" header file.

TABLE 6A

8-Bit Raster Image Compression Method List

Compression Method Type Compression Code Requirements
None N/A COWP_NONE Image data only (default setting).
RLE Lossless CGOWP_RE Image data only.
JPEG Lossy CO\P_ JPEG :;nmag:e data, quality factor and compatibility
IMCOMP Lossy COVP_| MOOWP Image data and palette.

RLE Compression

The RLE method is alossless compression method recommended for images where data retention
is critical. The RLE agorithm compresses images by condensing strings of identical pixel values
into two bytes. The first byte identifies the number of pixels in the string and the second byte
records the pixel value for the string.

The amount of space saved by RLE depends upon how much repetition there is among adjacent
pixels. If thereis agreat deal of repetition, more space is saved and if there is little repetition, the
savings can be very small. In the worst case when every pixel is different from the one that pre-
cedesit an extrabyte is added for every 127 bytesin the image.

JPEG Compression

The JPEG, or Joint Photographic Expert Group, compression method is a lossy compression
agorithm whose use is recommended for photographic or scanned images. Using JPEG compres-
sion to reduce the size of an image changes the values of the pixels and hence may ater the mean-
ing of the corresponding data. Version 5.0 of the JPEG library is availablein HDF version 4.0.

JPEG compression requires two parameters, the first the level of image quality and the second,
compatibility. The quality factor determines how much of the data will be lost and thus directly
impacts the size of the compressed image. A quality factor of 1 specifies the lowest quality or
maximum image compression. A quality factor of 100 specifies the highest quality or minimum
image compression. Note that al images compressed using the JPEG algorithm are stored in a
lossy manner, even those stored with a quality factor of 100. Usually, it is best to experiment with
the quality factor to find the most acceptable one.

The basel i ne parameter determines whether the contents of the quantization tables used during
compression are forced into the range of 0 to 255. The basel i ne parameter is normally set to the
value 1 which forces baseline results. You should set the value of the basel i ne parameter to val-
ues other than 1 only if you are familiar with the JPEG algorithm.

IMCOMP Compression

IMCOMP is alossy compression method available in earlier versions of HDF. IMCOMP com-
pression is generaly of inferior quality to JPEG compression and is not recommended unless your
images will be viewed on a 16-color monitor. For backward compatibility, IMCOMP compression
is supported in the HDF library. For details on IMCOMP refer to Appendix F, titled Backward
Compatibility Issues.
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6.3 The8-Bit Raster Image Interface

The HDF library contains routines for reading and writing 8-bit raster image sets. The functions
DFR8addimage, DFR8putimage and DFR8getimage are sufficient for most reading and writing
operations.

6.3.1 8-Bit Raster ImageLibrary Routines

The names of all C functions in the 8-bit raster image interface are prefaced by "DFR8" and the
names of the equivalent FORTRAN-77 functions are prefaced by "d8". These routines are divided
into the following categories:

« Wkiteroutines create raster image sets and store them in new files or append them to exist-
ing files.

» Read routines determine the dimensions and palette assignment for an image set, read the
actual image data and provide sequential or random read access to any raster image set.

The DFRS8 function calls are further defined in Table 6B and itiDE Reference Guide.

TABLE 6B DFRS8 Library Routines
Routine Name
Category Description
(& FORTRAN-77
DFR8addi mage d8ai ng Appends an 8-bit raster image to afile.
DFR8put i nage d8pi ngy Writes an 8-bit raster image to an existing file or creates thefile.
DFR8set conpr ess d8set conp Sets the compression type.
Write DFR8set pal ett e dsspal Sets pal ette for multiple 8-bit raster images.
DFR8wr i t er ef dswr ef Stores the raster image using the specified reference number.
None dssj peg Pamthg quality gnd compatibility factors needed for the JPEG
compression algorithm.
DFR8get di s d8gdi ms Retrieves dimensions for an 8-hit raster image.
DFR8get i mage d8gi ng Retrieves an 8-bit raster image and its palette.
DFR8get pal r ef None Retgrns the reference number of the palette associated with the
last image accessed.
Read DFR8I ast r ef dsl ref Returns reference number of the last element accessed.
DFR8ni mages d8ni ms Returns number of raster imagesin afile.
DFR8r eadr ef d8rref Gets the next raster image with the specified reference number.
DFRBT est art dafirst L%r;?;?rig.formalion about last file accessed and restarts from
6.4 Writing 8-Bit Raster I mages
The DFR8 programming model for writing an 8-bit raster image sets is as follows:
1. Set the compression type if the image is to be compressed. (optional)
2. ldentify the palette if one is to be stored with the image. (optional)
3. Write the raster data to the file.
The two optional steps can be invoked in any order, as long as they are executed before Step 3. By
default, images are stored uncompressed with no associated palette.
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6.4.1 Storing a Raster Image: DFR8putimage and DFR8addimage
To write araster image to an HDF file, the calling program must contain the following:
C status = DFRBputi mage(fil enane, inage, w dth, hei ght, conpress);

FORTRAN:  status = d8pi ng(filenane, inage, w dth, hei ght, conpress)

C status = DFRBaddi nage(fil enane, inage, w dth, hei ght, conpress);
FORTRAN: status = d8ai ng(filenane, inage, w dth, hei ght, conpress)

DFR8putimage and DFR8addimage write an 8-bit raster image to an HDF file named by the
fi | ename parameter. When given a new filename, DFR8putimage and DFR8addimage create a
new file and write the raster image as the first raster image in the file. When given an existing file-
name, DFR8putimage overwrites the file whereas DFR8addimage appends data to the end of
thefile.

In the DFR8putimage and DFR8addimage functions, the raster data is passed in the image
parameter and the width and height of the image are passed in the width and height parameters.
The compression algorithm used to store the image is passed in the compress parameter. Valid
compress values include COMP_NONE, COWP_RLE, QOMP_JPEGand GOWP_| MOOMP. QOMP_NONE represents
no compression (storage only), GOMP_RLE represents run-length encoding, GOMP_JPEG represents
JPEG compression and GOMP_I MOOMP represents |M COMP encoding.

Parameters for DFR8putimage and DFR8addimage are further described below. Table 6C on
page 239

TABLE 6C DFR8putimage and DFR8addimage Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
DFR8putimage filename char * character* (*) Name pf file the raster image will be
[intn] stored in.
(d8pimg) image VOIDP <valid numeric data type> Image data array.
and - : - - -
DFR8addimage width int32 integer Number of columnsin the raster image.
[intn] height int32 integer Number of rowsin the raster image.
(d8aimg) - - :
compress int16 integer Compression type.
EXAMPLE 1. Writing an 8-Bit Raster Imageto an HDF File

In the following code examples, DFR8addimage and d8aimg are used to write an 8-bit image to
afile named "Examplel.hdf". Note that the order in which the dimensions for the image array are
declared differs between C and FORTRAN-77.

C version

C:
#i ncl ude "hdf. h"

#define WDTH 5
#defi ne HEI GHT 6

nmai n( )

{
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/* Initialize the inmage array */
static uint8 raster_data[ HEl GHT][WDTH =
{1, 2, 3, 4, 5,
6, 7,8, 9, 10,
11, 12, 13,14, 15,
16, 17, 18, 19, 20,
21, 22, 23,24, 25,
26, 27, 28,29, 30 };

intn status;

/* Wite the 8-bit raster image to file */
status = DFR8addi nage("Exanpl el. hdf", raster_data,
W DTH, HElI GHT, 0);

FORTRAN-77 version

FORTRAN:
PROGRAM RASTERS

character*1 raster_data(5, 6)
integer retn, d8aing

i nteger*4 WDTH, HEl GHT
par ameter (WDTH = 5, HElI GHT = 6)

C Initialize the i mage array

data raster_data / 1, 2, 3, 4, 5
6, 7, 8, 9, 10,
11, 12, 13, 14, 15,
16, 17, 18, 19, 20,
21, 22, 23, 24, 25,
26, 27, 28, 29, 30/

R R R

C Wite the 8-bit raster image to the file
retn = d8aimg('Examplel.hdf, raster_data, WIDTH, HEIGHT, 0)

end

6.4.2 Adding a Paletteto an RI S8 Object: DFR8setpalette

DFR8setpalette identifies the paette to be used for the subsequent write operations. It may be
used to assign a palette to a single image or several images. After a palette has been set, it acts as
the current palette until it is replaced by another call to DFR8setpalette. To create a raster image
set containing a pal ette, the calling program must contain the following:

C status = DFRBset pal ette(pal ette);
stat us = DFRBaddi nage(fil enane, inage, w dth, height, conpress);

FORTRAN:  status = d8spal (pal ette)
status = d8ai ng(filenane, inage, wdth, height, conpress)

DFR8setpalette takes pal ette as its only parameter. To set the default palette to “no palette”,
passNULL as thepal et t e parameteiDFR8setpalette is further defined in the following table.
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TABLE 6D DFR8setpalette Parameter List

Routine Name Parameter Type

[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
DFR8setpalette
[intn] palette uintg8 * character* (*) Palette to be assigned.
(d8spal)

EXAMPLE 2. Writing a Palette and an Imagein RI S8 For mat

These examples demonstrate how a palette stored in the array colors and the raw image stored in
the 20 x 20 array picture is written to a RIS8 object. The image is not compressed and, in these
examples, uninitialized. The raster image set is stored as the first image in "Example2.hdf". Note
that because DFR8putimage recreates the file, anything previously contained in this file will be
erased.

C version

C:
#i ncl ude "hdf. h"

#define WDTH 20
#defi ne HEI GHT 20

nmai n( )

{
ui nt8 col ors[256*3], picture[HEI GHT][ W DTH];
uint8 i, j;
int16 status;

/* Initialize image arrays. */
for (j =0; ] <WDTH j++) {
for (i =0; i < HEIGHT; i++)
picture[j][i] = 1;
}

/* Set the current palette. */
status = DFR8setpal ette(col ors);

/* Wite the image data to the file. */
status = DFR8puti nmage(" Exanpl e2. hdf", picture, WDTH,
HEl GHT, COVP_NONE) ;

FORTRAN-77 version

FORTRAN:
PROGRAM VRl TE UNCOMPRESSED RI S8

i nt eger d8spal , d8ping, status, i, j
i nt eger col ors(768)
integer*4  WDTH HEl GHT, COVP_NONE
par aret er (COMP_NONE = O,

+ WDTH = 20,

+ HEI GHT = 20)
i nt eger pi cture(WDTH, HElI GHT)

C Initialize the i mage data.
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do 20 j =1, WDTH
do 10 i =1, HEIGHT
picture(j, i) =1
10 conti nue
20 conti nue
C Set the current palette.

status = d8spal (col ors)

C Wite the image data to the file.
status = d8pimg(’Example2.hdf’, picture, WIDTH, HEIGHT,
+ COMP_NONE)
end

6.4.3 Compressing 8-Bit Raster Image Data: DFR8setcompress

The compression type is determined by the tag passed as the fifth argument in calls to the
DFR8putimage and DFR8addimage routines. DFR8setcompress is currently required only to
reset the default JPEG compression options. However, future versions of this routine will support
additional compression schemes.

To set non-default compression parameters, the calling program should contain the following
sequence of routines:

C status = DFRBset conpress(type, c¢_info);
stat us = DFRBaddi nage(fil enane, inage, w dth, height, conpress);

FORTRAN:  status = d8sconp(type)
<conpr essi on-speci fi ¢ code>
status = d8ai ng(filenane, inage, wdth, height, conpress)

Notice that the calling sequence for C differs from the calling sequence for FORTRAN-77. Once
the compression is set, the parameter t ype in the DFR8setcompress routine, or d8scomp in
FORTRAN-77, specifies the compression method that will be used when storing the raster
images. However, the c_i nf o parameter, which is a pointer to a structure that contains informa-
tion specific to the compression scheme indicated by thet ype parameter in DFR8setcompress, is
missing from d8scomp. Because data structures of variable size are not supported in FORTRAN-
77, another routine specific to the compression library is required in the FORTRAN-77 calling
sequence.

Thec_i nf o union is described in Chapter 3, titled Scientific Data Sets (SD API). The values con-
tained in this union are passed into the d8sjpeg FORTRAN-77-specific routine.

Parameters for DFR8setcompr ess and d8sjpeg are further described in Table 6E below.

TABLE 6E

DFR8setcompress Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) (63 FORTRAN-77
DFR8setcompress type int32 integer Compression method.
intn]
(digscorL p) c_info comp_info * None Pointer to JPEG information structure.
(dSsipeg) quality none integer JPEG quality factor.
[integer] baseline none integer JPEG baseline.

6-242

November 7, 2001



HDF User's Guide

EXAMPLE 3.

Writing a Set of Compressed 8-Bit Raster Images

These examples contain a series of callsin which four 20 x 20 images are written to the samefile.
The first two use palette pal ett eA and are compressed using the RLE method; the third and

fourth use palette pal et t eB and are not compressed.

Cversion

C:
#i ncl ude "hdf. h"

#define WDTH 20
#define HEI GHT 20

main ()

{
uint8 pal etteAl 256*3], pal etteB[256*3];
uint8 picturell HEl GHT] [ WDTH], pi cture2[ HEl GHT] [ WDTH] ;
ui nt 8 pi cture3[ HEl GHT] [ WDTH], pi ct ur e4[ HEl GHT] [ WDTH] ;
uint8 i, j;
int16 status;
/* Initialize inage arrays. */

for (j =0; j <WDTH j++) {
for (i =0; i < HEICGHT, i++) {

picturel[j][i] = 1;
picture2[j][i] = 1;
picture3[j][i] = 1;
pictured[j][i] = 1;

}

/* Set the first palette. */
status = DFR8setpal ette(pal etteA);

/* Wite the conpressed image data to the HDF file. */

status = DFR8puti mage(" Exanpl e3. hdf", (VO DP)picturel, WDTH, HEl CGHT, \
COWP_RLE) ;
status = DFRBaddi mage( " Exanpl e3. hdf ", (VO DP)pi cture2, WDTH, HEl CGHT, \
COVP_RLE) ;
/* Set the second palette. */
status = DFR8setpal ette(pal etteB);
/* Wite the unconpressed i mage data to the HDF file. */
status = DFRBaddi mage( " Exanpl e3. hdf ", (VO DP)pi cture3, WDTH, HEl GHT, \
COVP_NONE) ;
status = DFRBaddi mage( " Exanpl e3. hdf ", (VO DP)pi cture4, WDTH, HEl GHT, \
COVP_NONE) ;
}
FORTRAN-77 version
FORTRAN:
PROGRAM WRI TE | MAGE SETS
i nteger d8spal, d8ping, d8ainy, status
i nteger*4 COVP_RLE, COVP_NONE, WDTH, HEl GHT
paraneter (COMP_RLE = 11,
+ COW_NONE = 0,
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+ W DTH = 20,
+ HEI GHT = 20)

i nteger paletteA(768), paletteB(768)
i nteger picturel(WDTH, HElGHT), picture2(WDTH, HEl GHT)
i nteger picture3(WDTH, HEl GHT), picture4(WDTH, HEl GHT)

C Initialize the i mage data.
do 20 j =1, WDTH
do 10 i =1, HEIGHT
picturel(j, i) =1
picture2(j, i) =1
picture3(j, i) =1
picture4(j, i) =1
10 conti nue
20 conti nue
C Set the first palette.

status = d8spal (pal etteA)

C Wite the conpressed image data to the HDF file.
status = d8pimg('Example3.hdf, picturel, WIDTH, HEIGHT,
+ COMP_RLE)
status = d8aimg(’Example3.hdf’, picture2, WIDTH, HEIGHT,
+ COMP_RLE)

C Setthe second palette.
status = d8spal(paletteB)

C  Write the uncompressed image data to the HDF file.
status = d8aimg('Example3.hdf’, picture3, WIDTH, HEIGHT,
+ COMP_NONE)
status = d8aimg('Example3.hdf’, picture4, WIDTH, HEIGHT,
+ COMP_NONE)

end

EXAMPLE 4. Compressing and Writing a 8-Bit Raster Image

In the following examples, DFR8addimage and DFR8compress are used to compress an 8-bit
image and write it to an HDF file named "Example2.hdf". Notice that compressing animagein C
requires only one function call, whereas compressing an image using FORTRAN-77 requires two.
The second FORTRAN-77 call isrequired because it is not valid to pass a structure as a parameter
in FORTRAN-77.

Cversion
C:

#include "hdf.h"
#include "hcomp.h"

#define WIDTH 3
#define HEIGHT 5
#define PIXEL_DEPTH 3

main()
{
/* Initialize the image array. */
static uint8 raster_data[HEIGHT][WIDTH][PIXEL_DEPTH] =
{123, 45,6, 7,8,9,
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10, 11,12, 13, 14,15, 16,17, 18,
19, 20, 21, 22, 23,24, 25, 26, 27,
28, 29, 30, 31, 32,33, 34,35, 36,
37,38,39, 40,41,42, 43,44,45 };
static conp_info conpress_info;
intn status;

/* Initialize JPEG conpression structure. */
conpress_info.jpeg.quality = 60;
conpress_i nfo.jpeg. force_baseline = 1;

/* Set JPEG conpression for storing the inmage. */
status = DFR8set conpress(COWP_JPEG &conpress_i nfo);

/* Wite the 8-bit image data to file. */
stat us = DFRBaddi mage( " Exanpl e2. hdf", (VO DP)raster_data, W DTH,
HElI GHT, COWP_JPEG) ;

FORTRAN-77 version

FORTRAN:
PROGRAM COMPRESS RI S8

i nt eger d8aing, d8sconp, d8sjpeg, status
integer*4 WDTH, HEIGHT, PIXEL_DEPTH, COWP_JPEG

C COMP_JPEG i s defined in hconp. h.
par armet er (WDTH = 3,

+ HEl GHT = 5,
+ COWP_JPEG = 1,
+ Pl XEL_DEPTH = 3)

character raster_data(Pl XEL_DEPTH, WDTH, HEl GHT)

C Initialize the image array.
data raster_data
/1, 2,3 4,5 6, 7, 8, 9,
10, 11, 12, 13, 14,15, 16,17, 18,
19, 20, 21, 22, 23,24, 25,26, 27,
28, 29,30, 31, 32,33, 34,35, 36,
37,38,39, 40,41,42, 43,44,45 |/

+ o4+ o+ o+

C Set conpression.
status = d8sconp( COW_JPEQ

C Set JPEG paraneters to quality = 60, and turn conpatibility on.
status = d8sj peg(60, 1)

C Wite the 8-bit inage data to the HDF file.
status = d8aimg(’Example2.hdf’, raster_data, WIDTH, HEIGHT,
+ COMP_JPEG)
end
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6.4.4 Specifying the Reference Number of an RIS8: DFR8writeref

DFR8writeref specifies the reference number of the image to be written when DFR8addimage
or DFR8putimage is called. Use the following calling sequence to invoke DFR8wr iter ef;

C status = DFRBwriteref (fil enane, ref);
stat us = DFRBaddi nage(fil enane, inage, w dth, height, conpress);

FORTRAN:  status = d8wef(filename, ref)
status = d8ai ng(filenane, inage, wdth, height, conpress)

DFR8writeref assigns the reference number passed in the ref parameter to the next image the
file specified by the fi | enane parameter. If the value of ref is the same as the reference number
of an existing RIS8, the existing raster image data will be overwritten. The parameters for
DFR8writeref are further described below. (See Table 6F.)

It is unlikely that you will need this routine, but if you do, use it with caution. It is not safe to
assume that a reference number indicates the file position of the corresponding image as there is
no guarantee that reference numbers appear in sequencein an HDF file.

TABLE 6F

6.5

DFR8writeref Parameter List

Routine Name Parameter Type
[Return Type] Parameter FORTRAN- Description
(FORTRAN-77) c 77
DFR8writeref filename char * character* (*) Name of the HDF file containing the raster image.
intn
(d[gwrlgf) ref uint16 integer Reference number for next call to DFR8getimage.

Reading 8-Bit Raster Images

The DFR8 programming model for reading an 8-bit raster image set is as follows:

1. Determine the dimensions of the image if they are not known prior to the read opera-
tion.

2. Read theimage from thefile.

6.5.1 Reading a Raster Image: DFR8getimage

If dimensions of the image are known, DFR8getimage is the only function call needed to read a
raster image. If afileis being opened for the first time, DFR8getimage returns the first image in
the file. Additional calls will return successive images in the file, therefore images are read in the
order which they were written to the file. DFR8getdims is called before DFR8getimage so that
space alocations for the image and palette can be checked and the dimensions verified. If this
information is already known, DFR8getdims may be omitted.

To read araster image from an HDF file, the calling program must contain the following:
C status = DFRBgeti mage(fil enane, inage, wdth, height, palette);
FORTRAN: status = d8gi ng(filenane, inage, wdth, height, palette)

DFR8getimage retrieves the next 8-bit image from the HDF file name specified by thefi | enane
parameter. If theimagein thefileis compressed, DFR8getimage first decompressesit then places
it in memory at the location pointed to by the i mage parameter. The dimensions of the array allo-
cated to hold the image are specified by the wi dt h and hei ght parameters and may be larger than
the actual image.The palette, if present, is stored in memory at the location pointed to by thepal -
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et t e parameter. If it containsaNULL value the palette is not loaded, even if thereis one stored with
the image. The parameters for DFR8getimage are defined further in Table 6G bel ow.

Notice that in Example 4, asin the case of DFR8addimage, the order in which the dimensions for
the image array are declared differs between C and FORTRAN-77. FORTRAN-77 declarations
require the width before the height while the C declaration requires the height before the width as
FORTRAN-77 arrays are stored in column-major order, while C arrays are stored in row-major
order. (row-major order implies that the second coordinate varies fastest). When d8gimg reads an
image from afile, it assumes column-major order.

6.5.2 Querying the Dimensions of an 8-Bit Raster Image: DFR8getdims

DFR8getdims opens a named file, finds the next image or the first image if the file is being
opened for the first time, retrieves the dimensions of the image and determinesiif thereis a palette
associated with the image. If the file is being opened for the first time, DFR8getdims returns
information about the first image in the file. If an image has aready been read, DFR8getdims
finds the next image. In this way, images are read in the same order in which they were written to
thefile.

To determine the dimensions of an image before attempting to read it, the calling program must
include the following routines:

C status = DFRBgetdi ns(fil enane, wdth, height, haspal ette);
status = DFRBgeti nage(fil enane, inmage, wdth, height, palette);

FORTRAN:  status = d8gdin{filenane, w dth, height, haspal ette)
status = d8gi ng(filenane, inage, width, height, palette)

DFR8getdims retrieves dimension and palette information about the next 8-bit image in the file
specified by fi | enane. The returned information is pointed to by thewi dt h and hei ght parame-
ters. The haspal et t e parameter determines the presence of a palette and returns avalue of 1if it
exists and 0 otherwise. The parameters for DFR8getdims are defined further in the following
table.

TABLE 6G

DFR8getdims and DFR8getimage Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
filename char * character* (*) Name of the HDF file containing the set of raster
images.
DFR8getdims
[intn] width int32 * integer Number of columnsin the next raster image.
(d8gdims) height int32 * integer Number of rowsin the next raster image.
ispalette intn * integer “1" if a palette exists, otherwise “0”.
filename char * character*(*) | Name of HDF file with the raster image.
i i * % (%’ H
DFR8getimage image uint8 character*(*) | Buffer for the raster image.
[intn] width int32 integer Width of the raster image buffer.
(d8gimg) height int32 integer Height of the raster image buffer.
palette uint8 * character*(*) | Palette assigned to the raster image.
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EXAMPLES.

Reading an 8-Bit Raster Image

The following examples search the "Examplel.hdf" file created in Example 1 for the dimensions
of an 8-hitimage. Although the DFR8getdims call isoptional, it isincluded as a demonstration of
how to check the dimensions of an image. This example also assumes that the data set does not
include a palette, therefore NLLL is passed as the palette parameter. If the pal ette argument is NULL
(or "0" in FORTRAN-77), all palette datais ignored.

Cversion

C:
#i ncl ude "hdf. h"

#define WDTH 5
#define HEI GHT 6

mai n( )

{
ui nt 8 raster_dat a[ HEl GHT] [ W DTH] ;
int32 wdth, height;
intn haspal, status;

/* Get the dinmensions of the inage */
status = DFR8getdi ms(" Exanpl el. hdf", &w dth, &height, &haspal);

/* Read the raster data if the dinensions are correct */
if (width <= WDTH && hei ght <= HEl GHT)
status = DFR8geti nage("Exanpl el. hdf", (VO DP)raster_data, w dth,
hei ght, NULL);

FORTRAN-77 version

FORTRAN:
PROGRAM RASTERS
character*1 i nage(5, 6)
i nteger status, height, width, d8ging, d8gdimns, haspal
i nteger*4 width, height
C CGet the dimensions of the image.

status = d8gdims('Examplel.hdf, width, height, haspal)

C Read the raster data if the dimensions are correct.
if (width .le. 5 .and. height .le. 6) then
status = d8gimg('Examplel.hdf', image, width, height, 0)
endif

end

6.5.3 Reading an Image with a Given Reference Number: DFR8readr ef

DFR8readref accesses specific images that are stored in files containing multiple raster image
sets. It is an optionally used before DFR8getimage to set the access pointer to the specified raster
image. DFR8readref can be used in connection with vgroups, which identify their members by
tag/reference number pairs. See Chapter 5, titled Vgroups (V API), for a discussion of vgroups
and tag/reference number pairs.
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To access a specific raster image set, use the following calling sequence:

C status = DFRBreadref (fil enane, ref);
status = DFRBget i nage(fil enane, inage, w dth, height, palette);

FORTRAN:  status = d8rref(filename, ref)
status = d8gi ng(filenane, inage, width, height, palette)

DFR8readref specifies that the target for the next read operation performed on the HDF file spec-
ified by thefi | ename parameter is the object with the reference number named in the r ef param-
eter. The parameters required for DFR8readref are defined further in the following table.

TABLE 6H DFR8readref Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) € FORTRAN-77
DFR8readref filename char * character* (*) Name of HDF file containing the raster image.
(d[lgT»tng) ref uintl6 integer Reference number for next call to DFR8getimage.
6.5.4 Specifying the Next 8-Bit Raster Image to be Read: DFR8restart
DFRS8restart causes the next call to DFR8getimage or DFR8getdims to read the first raster
image set in the file. Use the following call to invoke DFR8restart:
C status = DFRBrestart( );
FORTRAN:  status = d8first( )
6.6 8-Bit Raster Image Information Retrieval Routines
6.6.1 Queryingthe Total Number of 8-Bit Raster I mages. DFR8nimages
DFR8nimages returns the total number of 8-hit raster image sets in afile and has the following
syntax:
C num of _i nages = DFRBni nages(fi | enane) ;
FORTRAN:  numof i mages = d8ni ng(fi | enane)
TABLE 6l DFR8nimages Par ameter List

Routine Name Parameter Type
[Return Type] Parameter FORTRAN- Description
(FORTRAN-77) c 77
DFR8nimages
[intn] filename char * character* (*) Name of the HDF file.
(d8nims)
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6.6.2 Determining the Reference Number of the M ost-Recently-Accessed 8-
Bit Raster Image: DFR8lastref

DFR8lastref returns the reference number most recently used in writing or reading an 8-bit raster
image. This routine is primarily used for attaching annotations to images and adding images to
vgroups. (See Chapters 8, titled Annotations (DFAN API) and Chapter 5, titled Vgroups (V API)
for more detailed information on how to use reference numbers in connection with these applica
tions.)

The following calling sequence uses DFR8lastref to find the reference number of the 8-bit raster
image most recently added to an HDF file:

C status = DFRBaddi nage(fil enane, inage, w dth, hei ght, conpress);
lastref = DFRBlastref( );

FORTRAN:  status = d8ai ng(filenane, inage, w dth, hei ght, conpress)
lastref = d8lref( )

DFR8putimage or DFR8getimage can be used instead of DFR8addimage with similar results.

6.6.3 Determining the Reference Number of the Palette of the M ost-
Recently-Accessed 8-Bit Raster Image: DFR8getpalr ef

DFR8getpalref returns the reference number of the pal ette associated with the most recently used
in writing or reading an 8-bit raster image. The DFR8getdims routine must be called before
DFR8getpalref, as DFR8getdimsinitializes internal structures required by DFR8getpalr ef.

Thereis currently no FORTRAN-77 version of the DFR8getpalref routine.

TABLE 6J

6.7

DFR8nimages Parameter List

. Parameter Type

Routine Name Parameter Description

[Return Type] C

DFRﬁg:::] ;]JaJ ref pal_ref uint16 * Pointer to the returned reference number of the palette.

RIS8 Backward Compatibility I ssues

6.7.1 Attribute"long_name" Included in HDF for netCDF Compatibility

In several routines of the RIS8 interface, the value returned by | abel isthe value of the attribute
named "long_name" and that the value returned by coor dsys is the value of the attribute named
"cordsys'.

This was done in order to provide HDF with the ability to read netCDF files. While this aspect of
HDF functionality will not affect its ability to read HDF data files written by programs compiled
with earlier versions of HDF, it is advisable for HDF usersto know this to be aware of the signifi-
cance of the "long_name" and "cordsys" attribute namesin alist of attributes.

6.7.2 Raster Image Group I mplementation with New RIS8 Tags

As HDF has evolved, a variety of structures have been used to store raster image sets. For
instance, HDF first began grouping 8-bit raster images together with dimensions and palettes by
insuring that their reference numbers fell in a certain pattern. This method of organizing raster
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images quickly lead to very complicated collections of images, dimension records, and palettes,
and eventually was replaced by an specific grouping structure known as a Raster |mage Group,
or RIG, with acompletely new set of tags.

To maintain backward compatibility with older versions of HDF, the RIS8 interface supported by
HDF version 4.1 and later recognizes raster images stored using either set of HDF tags. Details on
the different tags and structures used to store raster images can be found in the HDF Specifica-
tions and Developer's Guide v3.2rom the HDF WWW home page a http://
hdf . ncsa. ui uc. edu/ .
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Chapter

24-bit Raster Images (DF24 API)

7.1

7.2

Chapter Overview

This chapter describes the 24-bit raster data model and the single-file DF24 routines available for
storing and retrieving 24-bit raster images.

The 24-Bit Raster Data M odel

The 24-bit raster image set, or Rl S24, data model supports two primary data objects: two-dimen-
sional 24-bit raster images and dimensions. The primary member of the set is the 24-bit raster
image, atwo-dimensional array of pixels or picture elements. Each pixel is represented by three
8-bit numbers of image data. An optional compression method describes the method used, if any,
to compress the image. Figure 7a shows the contents of a 24-hit raster image set.

FIGURE 7a

24-Bit Raster Image Set Contents

‘ 24-Bit Raster | mage Set ‘

!

Dimensions

height = 200
width = 300

Required

7.2.1 Required 24-Bit Raster Image Data Set Objects

All 24-bit raster images must contain image data and a dimension record. These objects are cre-
ated by the HDF library using information provided at the time the image is written to file.

7.2.1.1 24-Bit Raster Image Data Representation

The 24-bit raster image object contains a set of 24-bit pixel values, each of which has three 8-bit
components; one for the red, one for the green, and one for the blue color component of the image.
These values, referred to as RGB values, are arranged in one of three specific ways, as described
in Section 7.2.2.2 on page 255. The pixel values are arranged in rows, painted from left-to-right,
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top-to-bottom. As each pixel in a24-bit image is represented in the image data by three 8-bit num-
bers, palettes are unnecessary and are not included in the 24-bit raster data model.

As an example, consider a stream of 24-bit numbers representing a raster image (Fig. 4.1a). To
display the image, the color associated with the first number in the data stream appears in the
upper left corner of the image. The remainder of the first line is then painted from left-to-right
using as many values from the data stream as necessary to complete the line. The remainder of the
rows are similarly painted from left-to-right, top-to-bottom until every value in the data stream
appears as one pixel in the image.

FIGURE 7b

The Numerical Representation of a 24-Bit Raster Image

Rows of pixel information

24-bit raster image

V{64 [ 66 [ 222] 1907 [ 192 [ 186 [ 180 [ 187 [/123 [ 125 [ 62 N6 [ 6

Stream of 24-bit numbers grouped by pixel
(d)

A 24-bit raster image (a) is a set of rows displayed from |eft-to-right consisting of
rows of pixels (b) whose values are stored as three 8-bit numbers (c) in astream
of data (d). In thisfigure, theimage isinterleaved by pixel.

7.2.1.2 24-Bit Raster Image Dimension

The dimensions of an image are the height and width of the image in pixels.

7.2.2 Optional 24-Bit Raster Image Data Set Objects

7.2.2.1 Compression Method

The only 24-bit compression method currently available in HDF is the JPEG algorithm . The
applicable HDF compression tags are COMP_JPEG and QOMP_NONE. (See Table 7A.) The HDF tags
QovP_JPEGand OOMP_NONE are defined as the values 2, and 0 respectively in the "hdf.h" header file.
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TABLE7A

24-Bit Raster Image Compression Method List

Compression Method Type Compression Code Requirements

None Lossless COVP_NONE Image data only (default setting).

Image data, quality factor and compatibility
factor.

JPEG Lossy COVP_JPEG

JPEG Compression

The JPEG compression method is alossy compression algorithm whose use is recommended for
photographic or scanned images. Using JPEG compression to reduce the size of an image changes
the values of the pixels and therefore may alter the meaning of the corresponding data.

For more information on the JPEG agorithm, refer to Chapter 6, 8-Bit Raster Images (DFR8
API).

7.2.2.2 Interlace Modes

Because graphics applications and hardware devices vary in the way they access image data, HDF
supports three interlace formats. By storing an image using a format that is consistent with the
expected application or device, it is possible to achieve substantial improvementsin performance.

HDF provides three options for organizing the color components in 24-hit raster images. These
options consist of pixel interlacing, scan-line interlacing, and scan-plane interlacing. (See
Figure 7c.) Storing the color components grouped by pixel, as in red-green-blue, red-green-blue,
etc., is caled pixel interlacing. Storing the color components by line, as in one row of red, one
row of green, one row of blue, one row red, etc., is caled scan-line interlacing. Finally, storing
the color components grouped by color plane, as in the red components first, the green compo-
nents second, and the blue components last, is called scan-plane interlacing. Unless otherwise
specified, the HDF 24-bit raster model assumes that all 24-bit images are stored using pixel inter-
lacing.

FIGURE 7c

RGB Interlace Format for 24-Bit Raster | mages

ces 1rowR|lrowG|lrochb

Cl.lrowR|lr0wG|lr0wB.+) | AIR [ Allc | AlB |

C}.lrowR| Trow G[IrowB3,..
Pixel Interlacing Scan-Line Interlacing Scan-Plane Interlacing

An interlace format describes both the physical format of an image as it is stored in memory and
in the file. When writing to afile, HDF stores a 24-bit image using the same interlace format as it
has in memory. However, when reading from afile, it is possible to make the in-core interlacing
mode different from that used in the file. The following table contains a summary of the interlac-
ing format available in the DF24 interface.
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TABLE 7B 24-Bit Raster Image I nterlace Format
format Description DF24setil or d2setil Parameter Size of Image Array
Pixel Components grouped by pixel. DFI L_PI XEL Width x Height x 3
Scan-line Components grouped by row. DFI L_LI NE Width x 3 x Height
Scan-plane Components grouped by plane. DFI L_PLANE 3 x Width x Height

7.3 The 24-Bit Raster Interface

The HDF library currently contains several routines for storing 24-bit raster images in the HDF
format. The DF24addimage, DF24putimage, and DF24getimage routines are sufficient for most
reading and writing operations.

7.3.1 24-Bit Raster Image Library Routines

The names of all C routines in the 24-hit raster image interface are prefaced by "DF24". The
equivalent FORTRAN-77 routines are prefaced by "d2". These routines are divided into the fol-
lowing categories:
» Writeroutines create raster image sets and store them in new files or append them to exist-
ing files.
« Read routines determine the dimensions and interlace format of an image set, read the
actual image data, and provide sequential or random read access to any raster image set.

The DF24 function calls are more explicitly defined in Table 7C and on their respective pages in
the HDF Reference Manual.

TABLE 7C DF24 Library Routines
Routine Name
Purpose Description
C FORTRAN-77
DF24addi mage d2ai ngy Appends a 24-bit raster imageto afile.
Reports the last reference number assigned to a 24-bit raster
DF24| astref d2lref .
image.
. : Writes a 24-bit raster image to file by overwriting all existing
DF24put i mage d2pi ny
data.
Write DF24set conpr ess d2sconp Setsthg compression method for the next raster image written
tothefile.
DF24set di ms d2sdi ms Sets the dimensions for the next raster image written to thefile.
DF24setil d2seti| Sgts theinterlace format of the next raster image written to the
file.
. Fortran-specific routine for setting the parameters needed for
None d2sj peg . .
the JPEG compression agorithm.
DF24get di ns d2gdi ms Retrieves the dimensions before reading the next raster image.
DF24get i mage d2gi ngy Reads the next 24-bit raster image.
DF24ni mage d2ni gy Reports the number of 24-bit raster imagesin afile.
Read DF24r eadr ef d2rref Reads 24-bit raster image with the specified reference number.
DF24r eqi | d2reqi| Retrlevesthelnterlaceformat before reading the next raster
image.
DF24restart d2first Returns to the first 24-bit raster image in the file.
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7.4 Writing 24-Bit Raster | mages

The DF24 programming model for writing a 24-bit raster image set is as follows:
1. Set theinterlace format if the interlacing isto be different from pixel interlacing.
(optional)
2. Set the compression type if theimageis to be compressed. (optional)
3. Write theraster datato thefile.

Steps 1 and 2 can be invoked in any order, aslong as they are executed before Step 3. By default,
images are stored uncompressed using pixel interlacing.

7.4.1 Writing a 24-Bit Raster Image: DF24putimage and DF24addimage

To write a raster image to an HDF file, the calling program must contain one of the following
function cdls:

C status = DR24puti nage(fil enane, inage, wdth, height);

FORTRAN:  status = d2pi ng(filenane, inage, wdth, height)

C status = DF24addi nage(fil enang, inage, w dth, height);
FORTRAN:  status = d2ai ng(filenane, inage, wdth, height)

DF24putimage and DF24addimage write a 24-bit raster images to the HDF file specified by the
fi | ename parameter. When given a new file name, DF24putimage and DF24addimage create a
new file and write the raster image as the first raster image in the file. If a file with the specified
filename exists, DF24putimage overwrites the previous contents of the file whereas
DF24addimage appends data to the end of thefile.

DF24putimage and DF24addimage passes the raster data in the i mage parameter and the width
and height of the image in the wi dt h and hei ght parameters. The array i mage is assumed to be
the width times the height times three bytes in length for each color component. The parameters
for DF24putimage and DF24addimage are further defined below. Table 7D on page 257

TABLE 7D

DF24putimage and DF24addimage Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) (& FORTRAN-77
filename char * character* (*) Name of file to store the raster image.
DF24putimage image VOIDP <valid numeric datatype> | Raster imageto be written.
intn]
(d[2pi nllg) width int32 integer Number of columnsin the image.
height int32 integer Number of rows in the image.
filename char * character* (*) Name of file to store the raster image.
DF24addimage image VOIDP <valid numeric datatype> | Raster image to be written.
intn]
(d[zai nlg) width int32 integer Number of columnsin the image.
height int32 integer Number of rowsin the image.
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EXAMPLE 1. Writing a 24-Bit Raster Imageto an HDF File

In the following examples, DF24addimage and d2aimg are used to write a 24-bit image to an
HDF file named "Examplel.hdf." DF24addimage assumes row-major order. Therefore, the FOR-
TRAN-77 declaration requires the width (rows) before the height (columns), whereas the C decla-
ration requires the height before the width. The interlace format setting is the default (pixel
interlacing).

C:

#i ncl ude "hdf. h"

#define WDTH 5
#define HEI GHT 6
#defi ne Pl XEL_DEPTH 3

nmai n( )

{

/* Initialize the inage array. */

static uint8 raster_data[ HEl GHT] [ W DTH] [ Pl XEL_DEPTH] =

{ 1, 2, 38, 4, 5 6, 7, 8,9 10,11,12, 13, 14,15,
16, 17,18, 19, 20,21, 22,23,24, 25,26,27, 28,29, 30,
31,32,33, 34,35,36, 37,38,39, 40,41,42, 43,44,45,
46, 47, 48, 49,50,51, 52,53,54, 55,56,57, 58,59,60,
61, 62,63, 64,6566, 67,68,69, 70,71,72, 73,74,75,
76,77,78, 79,80,81, 82,683,684, 85,686,87, 88,689, 90 };

intn status;

/* Wite the 24-bit raster image to the HDF file. */
status = DF24addi mage("Exanpl el. hdf", (VO DP)raster_data, WDITH, \
HEI GHT) ;

FORTRAN:
PROGRAM WRI TE RI S24

i nteger status, d2aing
i nteger*4 WDTH, HEl GHT, PI XEL_DEPTH
paraneter (WDTH = 5,

+ HEI GHT = 6,

+ Pl XEL_DEPTH = 3)

character raster_data(Pl XEL_DEPTH, W DTH, HElI GHT)

C Initialize the inage array.

data raster_data
/ 1, 2, 3, 4,5 6, 7,8, 9, 1011,12, 13,1415,
16, 17,18, 19, 20,21, 22,23,24, 25,26,27, 28,29,30,
31,32,33, 34,35,36, 37,38,39, 40,41,42, 43,4445,
46, 47, 48, 49,50, 51, 52,53,54, 55,56,57, 58,59,60,
61, 62,63, 64,65,66, 67,68,69, 70,71,72, 73,74,75,
76,77,78, 79,80,81, 82,683,684, 85,686,87, 88,8990/

+ o+ o+ o+

C Wite the 24-bit raster image to the file.
status = d2aimg(’Examplel.hdf, raster_data, WIDTH,
+ HEIGHT)

end
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7.4.2 Setting the Interlace Format: DF24setil

DF24setil indicates the interlace format to be used for all subsequent write operations. DF24setil
changes the default setting from pixel interlacing to the selected format. When the format is set, it
acts asthe default until it isreset by another call to DF24setil. To change the default interlace for-
mat , the calling program must contain the following routines:

C status = DF24setil (il);
status = DF24addi nage(fil enane, inmage, wdth, height);

FORTRAN: status = d2setil (il)

DF24setil takesi| as its only parameter. Valid values for i | are DFI L_PI XEL, DFI L_LI NE, and
DFI L_PLANE. The parameters for DF24setil are further defined below. Table 7E on page 261

EXAMPLE 2. Writing 24-Bit Raster Images Using Scan-plane I nterlacing

In the following examples, DF24addimage is used to write a 24-bit image to an HDF file called
"Example2.hdf". The DF24setil function used here to change the default format setting from pixel
interlacing to scan-plane interlacing.

C:

#i ncl ude "hdf.h"

#i ncl ude "hconp. h"

#define WDTH 5

#define HEI GHT 6

#defi ne Pl XEL_DEPTH 3

mai n( )

{
/* Initialize the inage array. */
static uint8 raster_data[ HEl GAT] [ W DTH] [ PI XEL_DEPTH] =
{ 1, 2, 3, 4, 5 6, 7, 8 9 10,11,12, 13,14,15,
16, 17,18, 19, 20,21, 22,23,24, 25,26,27, 28,29, 30,
31, 32,33, 34,35,36, 37,38,39, 40,41,42, 43,44,45,
46, 47, 48, 49,50, 51, 52,53,54, 55,56,57, 58,59, 60,
61, 62, 63, 64, 65,66, 67,68,69, 70,71,72, 73,74,75,
76, 77,78, 79,80,81, 82,683,84, 85,686,87, 88,89,90 };
intn status;
/* Change interlace from pixel to scan-plane. */
status = DF24setil (DFlI L_PLANE);
/* Wite the 24-bit image data to file. */
status = DF24addi mage(" Exanpl e2. hdf", (VO DP)raster_dat a,

W DTH, HEI GHT);
}
FORTRAN:

PROGRAM CHANGE | NTERLACE

i nteger status, d2aing, d2setil
integer*4 WDTH, HEIGHT, PIXEL_DEPTH, DFI L_PLANE
paranmeter (WDTH = 5,

+ HEI GHT = 6,

+ Pl XEL_DEPTH = 3,
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+ DFI L_PLANE = 2)
i nteger raster_data(Pl XEL_DEPTH, W DTH, HElI GHT)

C Initialize the image array.
data raster_data
/1, 2, 3, 4,5 6, 7,8, 9 10,11,12, 13, 14,15,

16, 17,18, 19, 20,21, 22,23,24, 25,26,27, 28,29, 30,
31,32,33, 34,35,36, 37,38,39, 40,41,42, 43,4445,
46, 47, 48, 49,50,51, 52,53,54, 55,56,57, 58,59,60,
61, 62,63, 64,6566, 67,68,69, 70,71,72, 73,74,75,
76,77,78, 79,80,81, 82,683, ,84, 85,86,87, 88,8990 /

+oFF o+ o+

C Change interlace from pixel to scan pl ane.
status = d2setil| (DFI L_PLANE)

C Wite the 24-bit raster image to the file.
status = d2aimg(’Example2.hdf’, raster_data, WIDTH,
+ HEIGHT)
end

7.4.3 Compressing Image Data: DF24setcompress and d2s peg

DF24setcompress invokes JPEG compression and sets the JPEG quality and baseline options. To
store a 24-hit raster image using JPEG compression, the calling program must contain the follow-
ing function calls:

C status = DF24set conpress(type, c_info);
status = DF24addi nage(fil enane, inmage, wdth, height);

FORTRAN:  status = d2sconp(type)
R status = d2sj peg(quality, baseline)
status = d2ai ng(filenane, inage, wdth, height, conpress)

Notice that the calling sequence for C is different from the calling sequence for FORTRAN-77.
Onceit is set, the parameter type in the DF24setcompress routine, or d2scomp in FORTRAN-
77, routine specifies the compression method that will be used to store the raster images. How-
ever, thec_i nf o parameter in DF24setcompr ess is missing from d2scomp which isa pointer to a
structure that contains information specific to the compression method indicated by the type
parameter. Because data structures of variable size are not supported in FORTRAN-77, a second
compression-specific routine (d2s peg) is required in the FORTRAN-77 calling sequence.

For more information about the c¢_i nf o structure refer to Chapter 6, 8-Bit Raster Images (DFR8
API).

Default values for quality and baseline (qual i t y=75% basel i ne=on) are used if c_i nfo isanull
structure or d2speg is omitted. Parameters for DF24setcompress and d24sipeg are further
described in Table 7E below.
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TABLE 7E DF24setil and DF24setcompress Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
DF24setil
[intn] il int32 integer Interlace format to be set.
(d2sil)
DF24setcompr ess type int32 integer QOWP_JPEG
intn]
(dZEscor]np) c_info comp_info * None Pointer to JPEG information structure.
(d25peq) quality None integer JPEG compression quality specification.
3PS baseline None integer JPEG compression baseline specification.
EXAMPLE 3. Compressing and Writing a 24-Bit Raster Image

In the following examples, DF24addimage and DF24compress are used to compress a 24-hit
image and write it to an HDF file named "Example2.hdf". Notice that compressing animagein C
requires only one function call, whereas compressing an image using FORTRAN-77 requires two.
The second FORTRAN-77 call isrequired becauseit isnot valid to pass a structure as a parameter
in FORTRAN-77.

C:

#i ncl ude "hdf. h"

#i ncl ude "hconp. h"

#define WDTH 3
#define HEI GHT 5
#define Pl XEL_DEPTH 3

mai n( )

{

/* Initialize the inage array. */
static uint8 raster_data[ HEl GHT] [ W DTH] [ Pl XEL_DEPTH] =

{ 1, 2, 3,
10, 11, 12,
19, 20, 21,
28, 29, 30,
37, 38, 39,

4, 5, 6, 7, 8, 9,
13, 14, 15, 16, 17, 18,
22, 23,24, 25,26, 27,
31, 32,33, 34,35, 36,
40, 41,42, 43, 44,45

static conp_info conpress_info;

i nt

n status;

}s

/* Initialize JPEG conpression structure. */
conpress_info.jpeg.quality = 60;
conpress_i nfo.jpeg. force_baseline = 1;

/* Set JPEG conpression for storing the inage. */
status = DF24set conpress(COW_JPEG &conpress_info);

/*

Wite the 24-bit

status = DF24addi mage( " Exanpl e2. hdf ",
W DTH, HEl GHT);

imge data to file. */

(VO DP)raster_data,
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7.5

FORTRAN:
PROGRAM COMPRESS Rl S24
i nteger d2aing, d2sconp, d2sjpeg, status
integer*4 WDTH, HElGHT, Pl XEL_DEPTH
par armet er (WDTH = 3,
+ HEl GHT = 5,
+ Pl XEL_DEPTH = 3)
character raster_data(Pl XEL_DEPTH, W DTH, HElI GHT)
C Initialize the inage array.
data raster_data
+/ 1, 2, 3, 4,5 6, 7, 8,09,
+ 10,11, 12, 13, 14,15, 16,17, 18,
+ 19,20,21, 22,23,24, 25,26,27,
+ 28,29,30, 31,3233, 34,35, 36,
+ 37,38,39, 40,41,42, 43,44,45 |
C Set conpression.
status = d2sconp( COWP_JPEQ
C Set JPEG paraneters to quality = 60, and turn conpatibility on.
status = d2sj peg(60, 1)
C Wite the 24-bit inmage data to the HDF file.
status = d2aimg(’Example2.hdf’, raster_data, WIDTH, HEIGHT)
end

Reading 24-Bit Raster Images

The DF24 programming model for reading a 24-bit raster image set is as follows:
1. Determine the dimensions for an image if necessary.
2. Specify the interlace format to use when reading the image. (optional)
3. Read theimage data from thefile.

7.5.1 Reading a Raster Image: DF24getimage

If the dimensions and interlace format of the image are known, DF24getimage is the only func-
tion call required to read araster image. If afile isbeing opened for the first time, DF24getimage
returns the first image in the file. Additional calls will return successive images in the file, there-
fore images are read in the same order in which they were written to the file. Normally,
DF24getdims and DF24getil are called before DF24getimage so that, if necessary, space alloca-
tions and interlace format for the image can be checked and the dimensions verified. If thisinfor-
mation is already known, both function calls may be omitted.

The syntax of the DF24getimage routine is as follows:
C status = DF24geti nage(fil enang, inage, w dth, height);
FORTRAN:  status = d2gi ng(filenane, inage, wdth, height)

DF24getimage retrieves the next 24-bit image from the HDF file specified by the fil enane
parameter. If theimage is compressed, DF24getimage decompresses it and placesit in memory at
the location pointed to by the i rage parameter. DF24getimage assumes the data is stored using
pixel interlacing. The space allocated to hold the image is specified by the wi dt h and hei ght
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parameters and may be larger than the actual image. The parameters for DF24getimage are further
defined below. Table 7F on page 263

7.5.2 Determining the Dimensions of an Image: DF24getdims

DF24getdims opens a named file, finds the next image or the first image if the file is being
opened for the first time, retrieves the dimensions of the image, then determines the interlace for-
mat of the image. Images are read in the order they were written.

To determine the dimensions and interlace format for an image, the calling program must call the
following routines:

C status = DF24getdi ns(filenane, wdth, height, il);
status = DF24geti nage(fil enane, image, w dth, height);

FORTRAN:  status = d2gdi n{filenane, wdth, height, il)
status = d2gi ng(filenane, inage, wdth, height)

DF24getdims takes four parameters. fil enane, wi dt h, hei ght, and i | . It retrieves dimension
and interlace format information of the next 24-bit image stored in the HDF file specified by the
fi | ename parameter. The width and height are returned in the space pointed to by the wi dt h and
hei ght parameters respectively. Thei| parameter is used to determine the interlace format. The
parameters for DF24getdims are further defined below. (See Table 7F)

7.5.3 Madifying the Interlacing of an Image: DF24reqil

DF24reqil specifies an interlace format to be used when reading a 24-bit image from afile into
memory. Regardless of what interlace format is used to store the image, DF24reqil forces the
image to be loaded into memory using the specified interlace format.

To set or reset the interlace format, the calling program should call the following routines:

C status = DR24reqi | (il);
status = DF24getinage(fil enane, image, wdth, height);

FORTRAN: status = d2reqil (il)
status = d2gi ng(filenane, inage, wdth, height)

DF24reqil takes il as its only parameter. Valid il values are DFIL_PI XEL, DAl L_LI NE and
DFI L_PLANE. As a call to DF24reqil may require a substantial reordering of the data, a much
slower 1/O performance than would be achieved if the interlace format wasn’t reset may result.

The parameters @F24reqil is further defined below. (See Table 7F.)

TABLE 7F

DF24getimage, DF24getdims and DF24reqil Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
filename char * character*(*) Name of the HDF file containing the ras-
ter image.
DF24getimage
[intn] image VOIDP <valid numeric data type> Buffer for the raster image.
(d2gimg) width int32 integer Width of the raster image buffer.
height int32 integer Height of the raster image buffer.
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filename char * character* (*) Name of HDF file containing the raster
image.
) . . Pointer to the number of columnsin the
. *
DF2[4get(]j,mS width int32 integer raster image.
intn
(d2gdims) height int32 * integer Poi _nter to the number of rowsin the ras-
ter image.
. . . Pointer to the interlace format of the ras-
il intn integer .
ter image.
DF24req|I . . . Pointer to the interlace format of theras-
[intn] il intn integer ter imade
(d2regil) e
EXAMPLE 4. Reading a 24-Bit Raster Image from an HDF File

The following examples read a 24-bit image from the "Example2.hdf" HDF file created in Exam-
ple 2. Although the DF24getdims function call is optional, it is included as a demonstration of
how to verify the image dimensions and interlace format before reading the image data. If the
image dimensions and interlace format are known, only the DF24getimage call is required.

C:
#i ncl ude "hdf.h"
#define WDTH 5
#define HEI GHT 6
#defi ne PlI XEL_DEPTH 3
mai n( )
{
ui nt 8 raster_dat a[ Pl XEL_DEPTH] [ HEI GHT] [ W DTH] ;
int32 width, height;
intn interlace, status;
/* Get the inmage dinensions fromthe HDF file. */
status = DF24getdi ms(" Exanpl e2. hdf ", &wi dth, &height,
& nterlace);
/*
* Read raster data if the dinmensions are
* correct.
*/
if (wdth <= WDTH && hei ght <= HEl GHT)
status = DF24geti mage(" Exanpl e2. hdf", (VO DP)raster_data,
wi dth, height);
}
FORTRAN:
PROGRAM READ R S24
i nteger d2gi ng, d2gdinms, status, width, height, interlace
integer*4 X LENGTH, Y_LENGTH, PI XEL_DEPTH
paraneter (X_LENGTH = 5, Y_LENGTH = 6, PIXEL_DEPTH = 3)
i nteger raster_data(Pl XEL_DEPTH, X LENGTH, Y_LENGTH)
C Read the dinensions raster inmage.

status = d2gdims(’Example2.hdf’, width, height, interlace)

C Readimage data from the HDF file if the dimensions are
C correct.
if (width .eq. X_LENGTH .and. height .eq. Y_LENGTH) then
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status = d2gimg(Example2.hdf, raster_data, width, height)
endif

end

7.5.4 Reading a 24-Bit Raster Image with a Given Reference Number :
DF24readref

DF24readref is used to access specific images stored in files containing multiple raster image
sets. It is optionally used before DF24getimage. DF24readref can be used in connection with
vgroups, which identify their members by tag/reference number pairs. See Chapter 5, VVgroups (V
API), for adiscussion of vgroups and tag/reference number pairs.

To access a specific raster image set, use the following sequence of routine calls:

C status = DR24readref (fil enane, ref);
status DOF24geti nage(fil enane, inage, wdth, height);

FORTRAN:  status = d2rref(filenane, ref)
status = d2gi ng(filenane, inage, wdth, height)

DF24readref sets the reference number for the next read operation performed on the HDF file
fi | ename to the reference number contained in r ef . Because reference numbers are not always
assigned in sequence, it is not guaranteed that a reference number represents the location of the
image in thefile.

The parameters of DF24r eadref are further described in the following table.

TABLE 7G DF24readref Parameter List
Routine Name Parameter Type
[Return Type] Parameter FORTRAN- Description
(FORTRAN-77) c 77
DF24readr ef filename char * character* (*) Name of HDF file containing the raster image.
(d[lzr;trngf) ref uint16 integer Reference number for the next call to DF24getimage.
7.5.5 Specifying that the Next Image Read to be the First 24-Bit Raster
Imagein the File: DF24restart
DF24restart causes the next call to DF24getimage or DF24getdims to read from the first raster
image set in the file, rather than the RIS24 following the one that was most recently read. Use the
following call to invoke DF24restart:
C status = DR24restart( );
FORTRAN: status = d2first( )
TABLE 7H DF24restart Parameter List

Routine Name Parameter Type
[Return Type] Parameter c FORTRAN- Description
(FORTRAN-77) 77
DF24restart
[intn] None None None None.
(d2first)

November 7, 2001 7-265



National Center for Supercomputing Applications

7.6 24-Bit Raster Image Information Retrieval Routines

7.6.1 Queryingthe Total Number of Imagesin a File: DF24nimages

DF24nimages returns the total number of 24-bit raster image setsin afile, and has the following
syntax:

C numof i nages = DF24ni nages(fi | enane) ;

FORTRAN:  numof _i mages = d2ni ng(fil enane)

TABLE7I DF24nimages Parameter List
Routine Name Parameter Type
[Return Type] Parameter FORTRAN- Description
(FORTRAN-77) C 77
DF24nimages
[intn] filename char * character* (*) Name of the HDF file.
(d2nimg)

7.6.2 Querying the Reference Number of the Most Recently Read or

Written 24-Bit Raster Image: DF24lastr ef
DF24lastref returns the reference number of the 24-bit raster image most recently read or written.
Thisroutineis used for attaching annotati ons to images and adding images to vgroups. (See Chap-
ter 5, Vgroups (V API) and Chapter 10, Annotations (AN API), for details on how to use reference
numbers in connection with these applications.
The following calling sequence uses DF24lastref to find the reference number of the RIS24 most
recently added to an HDF file:

C status = DF24addi nage(fil enane, inage, w dth, hei ght, conpress);

lastref = DR24l astref( );
FORTRAN: status = d2ai ng(filenane, inage, w dth, hei ght, conpress)
lastref = d2iref( )
DF24putimage or DF24getimage can be used in place of DF24addimage with similar resullts.
TABLE 7J DF24lastref Parameter List

Routine Name Parameter Type
[Return Type] Parameter c FORTRAN- Description
(FORTRAN-77) 77
DF24lastref
[uint16] filename None None None.
(d2Iref)
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Chapter

General Raster Images (GR API)

8.1

8.2

Chapter Overview

This chapter describes the general raster (GR) data model, the GR interface (also caled the
GR APl), and the interface routines used to manipulate GR data objects. The GR data model is
designed to provide a flexible means of manipulating raster images. In addition to the GR inter-
face, HDF provides two interfaces for manipulating raster data. The DFR8 interface works with 8-
bit raster images and is described in Chapter 6, 8-Bit Raster Images (DFR8 API). The DF24 inter-
face is designed for 24-bit raster images and is described in Chapter 7, 24-bit Raster Images
(DF24 API).

The GR Data M odel

HDF users familiar with the SD interface will find certain aspects of the GR datamodel similar to
the SD datamodel. The interfaces are similar in that both interfaces support data storage in muilti-
plefiles, attributes, compression, and chunking. They are dissimilar in that pal ettes can be created
and attached to an image through GR interface routines, customized dimension information is not
supported in the GR interface, and GR dataset chunking is constrained to two dimensions.

FIGURE 8a

GR Data Set Contents

Raster Image
f Required Components Optional Components \
Name
Palette
Dimensions
2D Array of Pixels Attribute
Pixel Type

N\ J

The terms GR data set, raster image, and image are used interchangeably in this chapter.
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Refer to Figure 8a.on page 267 for agraphical overview of the raster image, or GR data set, struc-
ture. Note that GR data sets consist of required and optional components.

8.2.1 Required GR Data Set Components

Every GR data set must contain the following components: image array, name, pixel type, and
dimensions. The name, dimensions, and pixel type must be supplied by the user at the time the
GR data set is defined.

Image Array

An image array is atwo-dimensional array of pixels. Thisis the primary data component of the
GR model and will be discussed later in this section; it can be compressed, chunked, and/or stored
in external files. Refer to Section 8.6.2 on page 283 for a description of raster image compression
and Section 8.6.3 on page 284 for a description of external image storage.

A raster image has an index and a reference number associated with it. Theindex is a non-nega-
tiveinteger that describes the relative position of the raster imagein thefile. A valid index ranges
from 0 to the total number of images in the file minus 1. The reference number is a unique posi-
tive integer assigned to the raster image by the GR interface when the image is created. Various
GR interface routines can be used to obtain an image index or reference number depending on the
available information about the raster image. The index can also be determined if the sequencein
which the images are created in the file is known.

In the GR interface, a raster image identifier uniquely identifies a raster image within the file.
The identifier is generated by the GR interface access routines when anew GR data set is created
or an existing one is selected. The identifier is then used by other GR interface routines to access
the raster image until the access to thisimage is terminated. For an existing raster image, the index
of the image can be used to obtain the identifier.

Image Array Name

Each image array has aname consisting of a string of case-sensitive al phanumeric characters. The
name must be provided by the calling program at the time the image is created, and cannot be
changed afterward. Image array names do not have to be unique within afile, but if they are not it
can be difficult to distinguish among the raster images in thefile.

Pixels and Pixel Type

Each element in an image array corresponds to one pixel and each pixel can consist of a number
of color component values or pixel components, e.g., Red-Green-Blue or RGB, Cyan-Magenta-
Yellow-Black or CMYK, etc. Pixel components can be represented by different methods (8-bit
lookup table or 24-bit direct representation, graphically depicted by Figure 6a on page 235 and
Figure 7b on page 254, respectively) and may have different data types.

The data type of pixel components and the number of components in each pixel are collectively
known as the pixel type. The GR data model supports all of the HDF-supported data types. A list
of these data types appears provided in Table 2F on page 14.

Pixels can be composed of any number of components.

Dimensions

Image array dimensions specify the shape of theimage array. A raster image array hastwo limited
dimensions. The size of each dimension must be specified at the creation of the image and must be
greater than 0.
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8.3

The GR library does not alow the HDF user to add attributes to a dimension or to set dimension
scale.

8.2.2 Optional GR Data Set Components

There are two types of optional components available for inclusion in a GR data set: pal ettes and
attributes. These components are only created when specifically requested by the calling pro-
gram; the GR interface does not provide predefined pal ettes or attributes.

Palettes

Palettes are |ookup tables attached to images and define a set of color values for each pixel value
in the image array. The GR interface provides similar capabilities for storing and manipulating
pal ettes as the DFP interface described in Chapter 9, Palettes (DFP API). However, the DFP inter-
face is restricted to single-file operations while the GR interface allows multifile palette opera-
tions.

Eventually, al palette manipulation functionality will reside only within the GR interface. In the
meantime, the single-file DFP routines are fully compatible with pal ettes created with the GR pal-
ette routines. The GR palette routines are described in Section 8.11 on page 308.

Attributes

Attributes contain auxiliary information about a file, a raster image, or both. The concept of
attributesis described in Chapter 3, Scientific Data Sets (SD API).

The GR interface does not support dimension attributes.

The GR Interface

The GR consists of routines for storing, retrieving, and manipulating the datain GR data sets.

8.3.1 GR Interface Routines

All C routine names in the GR interface have the prefix GR and the equivalent FORTRAN-77
routine names are prefaced by mg. All GR routines are classifiable within one of the following
categories:

« Accessroutinesinitialize and terminate access to the GR interface and raster images.

» Raster image manipulation routines modify the data and metadata contained in a GR data

set.

¢ LUT manipulation routines modify the palettes, also called color lookup tables or LUTs,
contained in a GR data set.

* Maintenanceroutines create the data and metadata contained in a GR data set and modify

global settings governing the format of the stored data.
< Inquiry routines return information about data contained in a GR data set.

« Chunking routines are used to define data chunking parameters, to retrieve chunking infor-

mation, and to write and read chunked GR data sets.

The GR routines are listed in the following table and described further in subsequent sections of

this chapter.

November 7, 2001 8-269



National Center for Supercomputing Applications

TABLE 8A

GR Library Routines

Routine Name7

Purpose Description
© FORTRAN-77
GRstart mystart Initializes the GR interface (Section 8.5.1 on page 272)
GRereat e mycr eat Creates anew raster image (Section 8.5.1 on page 272)
Access GRsel ect mgsel ct Selects the raster image (Section 8.5.1 on page 272)
GRendaccess mgendac Terminates access to the raster image (Section 8.5.2 on page 273)
GRend nmgend Terminates access to the GR interface (Section 8.5.2 on page 273)
GRyetattr nggnat t / Reads an attribute of araster image or afile (Section 8.10.4 on
nggcatt page 303)
Ri dt or ef i d2r f Maps araster image identifier to a reference number (Section 8.9.3
on page 293)
A Maps the name of araster image nameto an index (Section 8.9.5on
GRnanet oi ndex ngn2ndx
page 294)
. ngr di ng/ f :
GRr eadi mage B Reads raster image data (Section 8.7.1 on page 286)
Raster Image mgr ci ng
Manipulation R ef toi ndex . Maps the reference number of a raster image to its index
"o (Section 8.9.4 on page 294)
ngsnatt/ Assigns an attribute to araster image or afile (Section 8.10.2 on
GRsetattr
ngscatt page 299)
GRwr i t ei mage %x: %I Writes raster image data (Section 8.6.1 on page 274)
. . o Sets the interlace mode of the image read for subsequent read oper-
R eqi magel | gr i m | ations (Section 8.7.2 on page 286)
. _ Gets a palette identifier given the palette’s index (Section 8.11.1 on
GRget l utid nggl tid
page 308)
Rl uttoref gl t 2r Maps a palette identifier to a reference number (Section 8.11.3|on
page 309)
GRread! ut mgr di ut/ Reads palette data from a raster image (Section 8.11.7 on page 311)
LUT ngr cl ut
Manipulation
P GRwri tel ut E‘A‘MC: E:/ Writes palette data to a raster image (Section 8.11.5 on page 3[L0)
Rreqlutil - Sets the interlace mode of the next palette for subsequent read|oper-
4 o ations (Section 8.7.2 on page 286)
GRyet nl ut's nl ut s Retrieves the number of palettes associated with an image (See the
o9 HDF Reference Manual)
GRset Compr ess sco Specifies whether the raster image will be stored in a file as a dom-
P rosconp pressed raster image (Section 8.6.2 on page 283)
Maintenance GRyet conpr ess comDr ess Retrieves image compression type and compression information
P rogeonp (See theHDF Reference Manual)
CRsetexternal file xtil Specifies that the raster image will be written to an external file
o (Section 8.6.3.1 on page 284)
. _ Retrieves information about an attribute (Section 8.10.3 on
GRattrinfo ngat i nf
page 303)
. Finds the index of a data object's attribute given an attribute name
GRfindattr ngf ndat .
(Section 8.10.3 on page 303)
Inquiry - . Retrieves the number of raster images and the number of global
GRiileinfo mofinfo attributes in the file (Section 8.9.1 on page 292)
oo . Retrieves general information about a raster image (Section 8.9.2
GRgetim nfo nggi i nf
on page 293)
GRget | utinfo mygl i nf Retrieves information about a palette (Section 8.11.4 on page 309)
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GRset chunk myschnk Creates chunked raster image (Section 8.12.2 on page 319)

et chunki nf o i chnk Retrievesinformation about a chunked raster image (Section 8.12.5
&y mug on page 327)
GRset chunkcache scehnk Sets maximum number of chunks to be cached (Section 8.12.6 on

Chunking o page 328)
GRr eadchunk ngr chnk/ Readsadat_achunkfrom achunked raster image (pixel-interlace
mgr cchnk only) (Section 8.12.4 on page 327)
; ngwehnk/ Writes adata chunk to achunked raster image (pixel-interlace only)

GRari techunk mgwechnk (Section 8.12.3 on page 320)

8.4 Header FilesRequired by the GR Interface

8.5

The header file "hdf.h" must be included in any program that utilizes GR interface routines.

Programming M odel for the GR Interface

As with the SD interface, the GR interface relies on the calling program to initiate and terminate
access to files and data sets to support multifile access. The GR programming model for accessing
araster imageis asfollows:

1. Openan HDFfile.

2. Initialize the GR interface.

3. Open an existing raster image or create a new raster image.

4. Perform desired operations on the raster image.

5. Terminate access to the raster image.

6. Terminate access to the GR interface by disposing of the interface identifier.
7. Closethe HDF file.

To access a single raster image data set in an HDF file, the calling program must contain the fol-

lowing calls:

C.

FORTRAN:

file_id = Hpen(fil ename, access_node, n_dds bl ock);
o_id=Gstart(file_id);

ri_id= Glelect(gr_id, ri_index);
ri_id = Create(gr_id, nane, n_conps, data type, interlace node,
di msi zes);

<(ptional operations>
status = @Rendaccess(ri_id);
status = GRend(gr_id);
status = Hlose(file id);

file_id = hopen(fil enane, access_node, n_dds_bl ock)
or_id=ngstart(file_id)

ri_id = ngselct(gr_id, ri_index)
ri_id = ngcreat(gr_id, nane, n_conps, data type, interlace node,
di msi zes)

<(ptional operations>
status = ngendac(ri _id)
status = ngend(gr_id)
status = hclose(file_id)

November 7, 2001

8-271



National Center for Supercomputing Applications

To access severa files at the same time, a calling program must obtain a separate interface identi-
fier for each file to be opened. Similarly, to access more than one raster image, a calling program
must obtain a separate data set identifier for each data set.

Because every file and raster image is assigned its own identifier, the order in which files and data
sets are accessed isvery flexible aslong as all file and raster image identifiers areindividualy dis-
carded before the end of the calling program.

8.5.1 Accessing Images and Files: GRstart, GRselect, and GRcreate

In the GR interface, Hopen opens the files and GRstart initiates the GR interface. Note the con-
trast to the SD interface, where SDstart performs both tasks. For information on the use of
Hopen, refer to Chapter 2, HDF Fundamentals. For information on SDstart, refer to Chapter 3,
Scientific Data Sets (SD API).

GRstart initializes the GR interface and must be called once after Hopen and before any other
GR routines are called. It takes one argument, fi | e_i d, thefile identifier returned by Hopen, and
returns the interface identifier gr _i d or FAI L (or - 1) upon unsuccessful completion. Hopen and
GRstart can be called severa times to access more than one file.

GRselect specifies the given image as the current image to be accessed. It takes two arguments,

the GR interface identifier gr _i d and the raster image index ri _i ndex, and returns the raster

image identifier ri _i d or FAI L (or - 1) upon unsuccessful completion. The GR interface identifier

is returned by GRstart. The raster image index specifies the position of the image relative to the

beginning of the filg; it is zero-based, meaning that the index of the first image in thefileis %, The

index of a raster image can be obtained from the image’s name using the GRniamet oindex

or from the image’s reference number usiBRreftoindex. These routines are discussed in
Section 8.9.4 on page 294 and Section 8.9.5 on page 294. The index value must be less than the
total number of raster images in the file; that number can be obtainedaRfilginfo, described

in Section 8.9.1 on page 292.

The parameters fa@BRstart andGRselect are further defined in Table 8B on page 273.

GRcreate defines a new raster image using the argumgmtsd, nane, n_conps, dat a_t ype,

i nterl ace_node, anddi m si zes. Once a data set is created, you cannot change its name, data
type, dimension, or number of componer@fcreate does not actually write the image to the
file; this occurs only whetGRendaccess is called. Thus, failing to calbRendaccess properly

will cause a loss of data.

The buffernane contains the name of the image; it must not exe#&d3®R NAME (or 256). The
parameten_conps specifies the number of pixel components in the raster image; it must have a
value of at least 1. The parametiat a_t ype specifies the data type of the image data; it can be
any of the data types supported by the HDF library. The HDF supported data type are defined in
the header file “hntdefs.h” and listed in Table 2F on page 14.

The parameteirnt er | ace_node specifies the interlacing in which the raster image is to be writ-
ten; it can be set to eithedGR | NTERLACE P XEL (or 0), MFGR | NTERLACE LINE (or 1), or

MFQR | NTERLACE_ QOMPONENT (or 2). These definitions respectively correspond to pixel interlacing,
line interlacing, and component interlacing. The first two interlacing modes are illustrated for the
instance of 24-bit pixel representation in Figure 7c on page 255 of Chap?drbit, Raster

Images (DF24 API). Component interlacing, as the name implies, describes interlacing raster data
by color component. (Images created with the GR interface are actually written to disk in pixel
interlace mode; any user-specified interlace mode is stored in the file with the image and the
image is automatically converted to that mode when it is read with a GR interface function.)
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The parameter di m si zes specifies the size of the two dimensions of the image. The dimension
sizes must be specified; their values must be at least 1.

GRcreate returns the value of the raster image identifier if successful or FAIL (or - 1) otherwise.
The parameters for GRstart, GRselect, and GRcreate are further defined in (See Table 8B.).

8.5.2 Terminating Accessto Images and Files: GRendaccess and GRend

GRendaccess disposes of the raster image identifier ri _i d and terminates access to the data set
initiated by the corresponding call to GRselect or GRcreate. The calling program must make one
GRendaccess call for every GRselect or GRcreate call made during its execution. Failing to call
GRendaccess for each call to GRselect or GRcreate may result in aloss of data.

GRend disposes of the GR interface identifier gr _i d and terminates access to the GR interface
initiated by the corresponding call to GRstart. The calling program must make one GRend call
for every GRstart call made during its execution; failing to call GRend for each GRstart may
result in aloss of data.

GRendaccess and GRend return SUGCEED (or 0) or FA L (or - 1). The parameters of these routines
are further defined in Table 8B.

Hclose terminates access to an HDF file and should only be called after GRend has been called
properly. Refer to Chapter 2, HDF Fundamentals, for a description of Hclose.

TABLE 8B

GRstart, GRselect, GRcreate, GRendaccess, and GRend, Parameter Lists

Routine Name Parameter Type

[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
GRstart
[int32] file_id int32 integer Fileidentifier
(mgstart)
GRselect gr_id int32 integer GRinterface identifier
int32
(n[193d (]:t) ri_index int32 integer Position of the raster image within thefile
gr_id int32 integer GRinterface identifier
name char * character* (*) Name of the image
GRcreate n_comps int32 integer Number of componentsin each pixel
[int32] data_type int32 integer Datatype of the pixel component
(mgcreat)

Interlace mode to be used when writing to the

interlace_mode int32 integer dataset
dim_sizes int32[2] integer (2) Array defining the size of both dimensions
GRendaccess
[intn] ri_id int32 integer Raster image identifier
(mgendac)

GRend

[intn] gr_id int32 integer GRinterface identifier
(mgend)
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8.6

Writing Raster | mages

A raster image can be written partially or entirely. Partial writing includes writing to a contiguous
region of the image and writing to selected |ocationsin the image according to patterns defined by
the user. This section describes the routine GRwriteimage and how it can write data to part of an
image or to an entire image. The section a so illustrates the concepts of compressing raster images
and the use of external files to store image data.

8.6.1 Writing Raster Images. GRwriteimage
GRwriteimage is used to either completely or partially fill an image array.

Writing datato an image array involves the following steps:
1. Open afile and initialize the GR interface.
2. Select an existing raster image or create a new one.
3. Write datato the image array.
4. Terminate access to the raster image.
5. Terminate access to the GR interface and close the file.

The calling program must contain the following sequence of calls:

C file_id = Hpen(fil enane, access_node, numdds_bl ock);
gr_id=Gstart(filelid);

ri_id= Glelect(gr_id, ri_index);
R ri_id = Create(gr_id, nane, n_conps, nunber_type, interlace_node,
di msi zes);

status = QRwiteinage(ri_id, start, stride, edges, data);
status = GRendaccess(gr_id);

status = Gend(ri _id);

status = Hlose(file_ id);

FORTRAN:  file_id = hopen(filenane, access_node, numdds_bl ock)
or_id=ngstart(file_id)

ri_id = ngselct(gr_id, ri_index);
R ri_id = ngcreat(gr_id, nane, n_conps, nunber_type, interlace node,
di msi zes);
status = ngwing(ri_id, start, stride, edges, data)
R status = ngweng(ri_id, start, stride, edges, data)
status = ngendac(ri _id)
status = ngend(gr_id)
status = hclose(file_id)

Aswith SD arrays, whole raster images, subsamples, and slabs can be written. The datato be writ-
ten is defined by the values of the parametersst art, st ri de, and edges, which correspond to the
coordinate location of the data origin, number of values to be skipped along each dimension dur-
ing write operation, and number of elements to be written along each dimension.

The array st art specifies the starting location of the data to be written. Valid values of each ele-
mentinthe array st art are 0 to the size of the corresponding raster image dimension - 1. Thefirst
element of the array st art specifies an offset from the beginning of the array dat a along the fast-
est-changing dimension, which is the second dimension in C and the first dimension in FOR-
TRAN-77. The second element of the array st art specifies an offset from the beginning of the
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array dat a along the second fastest-changing dimension, which isthe first dimensionin C and the
second dimension in FORTRAN-77. For example, if thefirst value of the array start is2 and the
second value is 3, the starting location of the data to be written is at the fourth row and third col-
umnin C, and at the third row and fourth column in FORTRAN-77. Note that the correspondence
between elementsin the array st art and theraster image dimensionsin the GR interface is differ-
ent from that in the SD interface. See Section 3.6 on page 55 on SDreaddata for an example of
this.

The array st ri de specifies the writing pattern along each dimension. For example, if one of the
elements of the array stri de is 1, then every element along the corresponding dimension of the
array data will be written. If one of the elements of the st ri de array is 2, then every other ele-
ment along the corresponding dimension of the array dat a will be written, and so on. The corre-
spondence between elements of the array stride and the dimensions of the array dat a is the
same as described above for the array st art .

Note that the FORTRAN-77 version of GRwriteimage has two routines; mgwrimg writes buff-
ered numeric data and mgwcimg writes buffered character data.

GRwriteimage returns either SUOCEED (or 0) or FAI L (or - 1). The parameters for GRwriteimage
are described in Table 8C.

TABLE 8C GRwriteimage Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
. . . Raster image identifier returned by
ri_id int32 integer GRereste
Array containing the x,y-coordinate
start int32[2] integer (2) location where the write will start for
each dimension
G Rwr |tte| mage Array containing the number of data
(m[lvr:/r?}n g stride int32[2] integer (2) locations the current location is to be
g . moved forward before the next write
mgwcimg)
Array containing the number of data
edges int32[2] integer (2) elements that will be written along
each dimension
1 1 *
data VOIDP <valid numeric data type>(*)/ Buffer for the image data to be written
character(*)
EXAMPLE 1. Creating and Writing a Raster Image

This example illustrates the use of the routines Hopen/hopen, GRstart/mgstart, GRcreate/
mgcreat, GRwriteimage/mgwrimg, GRendaccess'mgendac, GRend/mgend, and Hclose/
hclose to create an HDF file and store araster imagein it.

In this example, the program creates the HDF file called "General_RImages.hdf* and a raster
image in the file. The image created is of size 5x10 and named "Image Array 1", and has data of
the int16 data type, 2 components, and interlace mode MFR | NTERLACE Pl XEL. Then the program
writes the image data, terminates access to the image and the GR interface, and closes thefile.

C:
#i ncl ude "hdf. h"

#define FlILE_NAME " Gener al _Rl mages. hdf "
#define | MAGE _NAME "l mage Array 1"
#define X LENGTH 10 /* nunber of colums in the inage */
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#define Y_LENGTH 5 /* nunber of rows in the image */
#define N_COWPS 2 /* nunber of conponents in the image */
nmai n( )

{

/************************* Val'l abl e decl al’atl on **************************/

intn status; /* status for functions returning an intn */
int32 file_id, /* HOF file identifier */

gr_id, /* QR interface identifier */

ri_id, /* raster image identifier */

start[2], /* start position to wite for each dinension */

edges[ 2], /* nunber of elenents to be witten

al ong each di nension */

di msi zes[ 2], /* dimension sizes of the inage array */

interlace_node, /* interlace node of the inage */

dat a_t ype, /* data type of the inmage data */

I, ]
int16 i mage_buf [ Y_LENGTH [ X_LENGTH [ N_COVPS] ;

/********************** End Of Val’l abl e decl aratIOn **********************/

/*

* Create and open the file.

*/

file_id = Hopen (FI LE_NAVE, DFACC CREATE, 0);

/*

* Initialize the GRinterface.
*/

gr_id = GRstart (file_id);

/*
* Set the data type, interlace node, and di nensi ons of the inmage.
*
/
data_type = DFNT_I NT16;
interlace_node = MFGR_| NTERLACE_PI XEL;
di msizes[0] = X_LENGTH,
di msizes[1l] = Y_LENGTH

/*

* Create the raster inmge array.

*

/

ri_id = GRereate (gr_id, |MAGE_NAME, N COWS, data_type,
interl ace_node, dimsizes);

/*
* Fill the image data buffer with val ues.
*/
for (i =0; i < Y_LENGTH i++)
{
for (j =0; j < X LENGTH, j++)
{
image_buf[i][j][0] = (i +j) + 1; /* first component */
image_buf[i]1[j][2] = (i +j) + 1; /* second component */
}
}
/*
* Define the size of the data to be witten, i.e., start fromthe origin
* and go as long as the I ength of each di nension.
*/

start[0] = start[1] = O;

8-276 November 7, 2001



HDF User's Guide

edges[ 0] = X _LENGTH;
edges[ 1] = Y_LENGTH;

/*

* Wite the data in the buffer into the image array.

*/

status = GRwmriteinmage(ri_id, start, NULL, edges, (VO DP)inmage_buf);

/*

* Terminate access to the raster inage and to the GRinterface and,
* close the HDF file.

*/

status = GRendaccess (ri_id);

status = GRend (gr_id);

status = Hclose (file_id);

}
FORTRAN:
program creat e_rast er _i mage
inplicit none
Cc
C Par anet er decl arati on
C
character*19 FI LE NAVE
character*13 | MAGE_NAMVE
i nt eger X_LENGTH
i nt eger Y_LENGTH
i nt eger N_COWPS
C
parameter (FILE_NAME ='General_RImages.hdf,
+ IMAGE_NAME ="Image Array 1’,
+ X_LENGTH =10,
+ Y_LENGTH =5,
+ N_COMPS =2)
integer DFACC_CREATE, DFNT_INT16, MFGR_INTERLACE_PIXEL
parameter (DFACC_CREATE =4,
+ DFNT_INT16 =22,
+ MFGR_INTERLACE_PIXEL = 0)
Cc
C Function declaration
Cc
integer hopen, hclose
integer mgstart, mgcreat, mgwrimg, mgendac, mgend
Cc
C*** Variable declaration
Cc
integer status
integer file_id
integer gr_id, ri_id, num_type, interlace_mode
integer start(2), stride(2), edges(2), dimsizes(2)
integer i, j, k
integer*2 image_buf(N_COMPS, X_LENGTH, Y_LENGTH)
Cc
C*** End of variable declaration
C
C
C Create and open the file.
C
file_id = hopen(FILE_NAME, DFACC_CREATE, 0)
Cc
C Initialize the GR interface.
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Cc
gr_id = ngstart(file_id)
Cc
C Set the nunber type, interlace node, and dinensions of the inmage.
Cc
numtype = DFNT_I NT16
interlace_node = MFGR_| NTERLACE_PI XEL
di nsi zes(1) = X_LENGTH
di msi zes(2) = Y_| ENGTH
Cc
C Create the raster image array.
C
ri_id = ngcreat(gr_id, | MAGE_NAME, N COWS, numtype,
+ interl ace_node, dinsizes)
C
C Fill the inage data buffer with val ues.
Cc
do 30 i =1, Y_LENGTH
do 20 j =1, X LENGTH
do 10 k = 1, N_COWS
image_buf(k,j,i) = (i+) - 1
10 conti nue
20 conti nue
30 conti nue
Cc
C Define the size of the data to be witten, i.e., start fromthe origin
C and go as long as the I ength of each di mension.
Cc
start(1l) =0
start(2) =0
edges(1) = X LENGTH
edges(2) = Y_LENGTH
stride(l) =1
stride(2) =1
Cc
C Wite the data in the buffer into the image array.
C
status = ngwing(ri_id, start, stride, edges, inmage_buf)
Cc
C Term nate access to the raster inmage and to the GRinterface,
C and close the HDF file.
c

status ngendac(ri _id)
status = nmgend(gr_id)
status = hclose(file_id)
end

EXAMPLE 2.

M odifying an Existing Raster | mage

This example illustrates the use of the routines GRselect/mgselct to obtain an existing raster
image and GRwrite/mgwrimg to modify image data

In this example, the program selects the only raster image in the file "General_RImages.hdf" cre-
ated and written in Example 1, and modifies image data. The program also creates another raster
image that is named "Image Array 2" and has 3 components with dimension size of 4x6, datatype
of DFNT_CHARB, and interlace mode of MFGR | NTERLACE P XEL.
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#i ncl

#def i
#def i

#def i

#def i
#def i
#def i
#def i
#def i
#def i

ude

ne
ne

ne

ne
ne
ne
ne
ne
ne

mai n( )

{

"hdf . h"

FI LE_NAME
X1_LENGTH

Y1_LENGTH

NL_COVPS
| MAGEL_NAME
| MAGE2_NAME
X2_LENGTH
Y2_LENGTH
N2_COVPS

" Gener al _Rl mages. hdf "

5 /* nunmber of colums in the first inage
being nmodified */
2 /* nunber of rows in the first image
being nmodified */
2 /* nunber of components in the first inage */
"lmage Array 1"
"l mage Array 2"
6 /* nunber of columms in the second i mage */
4 /* nunber of rows in the second image */
3 /* nunber of conponents in the second i mage */

[ R KRF R KKKk Kk kkkkkxkkkkxkx% \fgriabl @ declarati on FrEFrEERFEEE KKK KKK KK KKK KKK KKK [

intn
int32 file_id,

st at us;

gr_id,
ril_id,
start1[ 2],
edgesl|[ 2],

ri2_id,
start2[ 2],
edges?[ 2],

/* status for functions returning an intn */
/* HOF file identifier */
/* CRinterface identifier */
/* raster inage identifier */
/* start position to wite for each dimension */
/* nunber of elenents to be witten al ong
each dimension */
/* raster image identifier */
/* start position to wite for each dimension */
/* nunber of elements to be witten al ong
each dimension */

di ms_sizes[2], /* sizes of the two dinmensions of the inage array */

dat a_t ype,

/* data type of the inmmge data */

interlace_node; /* interlace node of the inage */
intle i, j;
int16 imagel buf[ YI_LENGTH [ X1_LENGTH [NL_COWMPS]; /* data of first image */

/* indices for the dinensions */

char i mage2_buf [ Y2_LENGTH] [ X2_LENGTH] [ N2_COWPS] ;

/* data of second inmage*/

/********************** End Of Val’l abl e decl arathn **********************/

/*

* Open the HDF file for witing.

*/

file_id = Hopen (FILE_NAME, DFACC WRITE, 0);

/*

* Initialize the GRinterface.
*/

gr_id = GRstart (file_id);

/*

* Select the first raster image in the file.
*/

rilid= Gselect (gr_id, 0);

/*

* Fill the first inmge data buffer with val ues.
*/

for (i = 0; i < YL_LENGIH, i++)

{

for (j =0; j < XL_LENGTH; j++)
{

imagel_buf[i][j][0] = 0; [/* first conponent */
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imagel_buf[i][j][1] = O; /* second conponent */

}
}
/*
* Define the size of the data to be witten, i.e., start fromthe origin
* and go as long as the I ength of each di mension.
*/
start1[0] = startl[1] = O;
edges1[ 0] = X1_LENGTH
edgesl[1] = Y1_LENGTH
/*
* Wite the data in the buffer into the image array.
*/

status = GRwmiteimage (ril_id, startl, NULL, edgesl, (VA DP)inagel_ buf);

/*

* Set the interlace node and di mensions of the second inage.
*/

dat a_t ype = DFNT_CHARS;

interlace_node = MFGR_| NTERLACE_PI XEL;

di ms_si zes[0] = X2_LENGTH,

di ms_si zes[1] = Y2_LENGTH,

/*

* Create the second image in the file.
*/

ri2_id = GRereate (gr_id, | MAGE2_NAME, N2_COWPS, data_type,
i nterl ace_node, dins_sizes);

/*

* Fill the second i mage data buffer w th val ues.
*/

for (i = 0; i < Y2_LENGTH, i++)

{

for (j = 0; j < X2_LENGTH, j++)
{
image2_buf[i][jJ[0] ='A’;  /* first component */
image2_buf[i][jJ[1] ='B’; /* second component */
image2_buf[i][jj[2] ='C’;  /* third component */
}
}

/*
* Define the size of the data to be written, i.e., start from the origin
*and go as long as the length of each dimension.

*
for (i=0;i<2;i++) {
start2[i] = 0;
edges2[i] = dims_sizes]i];
}
/*
* Write the data in the buffer into the second image array.
*

status = GRwriteimage (ri2_id, start2, NULL, edges2, (VOIDP)image2_buf);

/*

* Terminate access to the raster images and to the GR interface, and
* close the HDF file.

*
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status = GRendaccess (ril_id);
status = GRendaccess (ri2_id);
status = GRend (gr_id);

status = Hcl ose (file_id);

FORTRAN:
program nodi fy_i mage
inplicit none

Par anet er decl arati on

OO0

character*19 FI LE NAVE
character*13 | MAGEL_NAME
i nt eger X1_LENGTH
i nt eger Y1_LENGTH
i nt eger NL_COWPS
character*13 | MAGE2_NAME
i nt eger X2_LENGTH
i nt eger Y2_LENGTH
i nt eger N2_COwPS
C
parameter (FILE_NAME ='General_RImages.hdf’,
IMAGE1_NAME ="Image Array 1’,
IMAGE2_NAME ="Image Array 2’,
X1_LENGTH =5,
Y1 LENGTH =2,
N1_COMPS =2,
X2_LENGTH =6,
Y2_LENGTH =4,
N2_COMPS =3)
integer DFACC_WRITE, DFNT_INT16, DFNT_CHARS,
+ MFGR_INTERLACE_PIXEL
parameter (DFACC_WRITE =2,
+ DFNT_CHAR8 =4,
+ DFNT_INT16 =22,
+ MFGR_INTERLACE_PIXEL = 0)

+ 4+ 4+ o+ o+ +

C
C  Function declaration
Cc
integer hopen, hclose
integer mgstart, mgselct, mgcreat, mgwrimg, mgendac, mgend

C
C*** \/ariable declaration
C

integer status
integer file_id
integer gr_id, ril_id, ri2_id, data_type, interlace_mode
integer start1(2), stride1(2), edges1(2)
integer start2(2), stride2(2), edges2(2), dim_sizes(2)
integer i, j, k
integer*2 imagel_buf(N1_COMPS, X1_LENGTH, Y1_LENGTH)
character image2_buf(N2_COMPS, X2_LENGTH, Y2_LENGTH)
C
C*** End of variable declaration

Open the HDF file for writing.

O000

file_id = hopen(FILE_NAME, DFACC_WRITE, 0)

(@]
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C Initialize the GRinterface.
Cc
gr_id = ngstart(file_id)
Cc
C Select the first raster inage in the file.
C
ril_id = ngselct(gr_id, 0)
Cc
C Fill the buffer with val ues.
Cc
do 20 i =1, Y1_LENGIH
do 10 j = 1, X1_LENGTH
imagel_buf(1,j,i) =0
imagel_buf(2,j,i) =0
10 continue
20 conti nue
Cc
C Define the part of the data in the first image that will be overwitten
C with the new val ues frominagel_buf.
Cc
start1(1) =0
start1(2) =0
edges1(1l) = X1_LENGTH
edges1(2) = Y1_LENGTH
stridel(1l) =1
stridel(2) =1
Cc
C Wite the data in the buffer into the image array.
Cc
status = ngwing(ril_id, startl, stridel, edgesl, inmagel_buf)
Cc
C Set the nunber type, interlace node, and di nensi ons of the second i nmage.
Cc
dat a_t ype = DFNT_CHARS
interl ace_mode = MFGR_| NTERLACE Pl XEL
di msi zes(1) = X2_LENGTH
di m si zes(2) = Y2_LENGTH
C
C Create the second image in the file.
Cc
ri2_id = ngcreat (gr_id, | MAGE2_NAME, N2_COWS, data_type,
+ interl ace_node, di msizes)
c
C Fill the inage data buffer with val ues.
Cc
do 60 i =1, Y2_LENGTH
do 50 j = 1, X2_LENGTH
do 40 k = 1, N2_COWS
image2_buf (k,j,i) = char(65 + k - 1)
40 conti nue
50 conti nue
60 conti nue
Cc
C Define the size of the data to be witten, i.e., start fromthe origin
C and go as long as the length of each di nmension.
C

start2(1) =0

start2(2) 0

edges2(1) = dimsizes(1)
edges2(2) = dimsizes(2)
stride2(1) =1
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stride2(2) =1

Cc
C Wite the data in the buffer into the inage array.
Cc
status = mgwing(ri2_id, start2, stride2, edges2, inage2_buf)
Cc
C Term nate access to the raster images and to the GR interface,
C and cl ose the HDF file.
Cc
status = ngendac(ri1_id)
status = ngendac(ri 2_id)
status = ngend(gr_id)
status = hclose(file_id)
end

8.6.2 Compressing Raster Images: GRsetcompress

Images can be compressed using the routine GRsetcompress. GRsetcompress compresses the
image data at the time it is called and supports all standard HDF compression algorithms. The
syntax of the routine GRsetcompressis as follows:

C status = Gsetconpress(ri_id, conp_type, c_info);
FORTRAN: status = ngsconpress(ri_id, conp_type, conp_prn)
The compression method is specified by the parameter conp_t ype. Valid values of the parameter
conp_t ype are:
OOMP_CODE_NONE (or 0) for no compression
QOMP_QXE RLE (or 1) for RLE run-length encoding
OOMP_QDE_SKPHUFF (or 3) for Skipping Huffman compression
QOMP_QCDE _DEFLATE (or 4) for GZIP compression
aovP_aDE _JPEG(or 6) for JPEG compression
The compression parameters are specified by the parameter c_info in C and the parameter
conp_pr min FORTRAN-77. The parameter c_i nf o has type conp_i nf o and contains algorithm-
specific information for the library compression routines. The type conp_i nf o is described in the

header file “hcomp.h” and in the Reference Manual pageSEkmetcompress. Compression
parameters are only needed when Skipping Huffman or GZIP compression methods are applied.

The skipping size for the Skipping Huffman algorithm is specified in the field
c_i nf o. skphuf f . skp_si ze in C and in the parameteonp_prn(1) in FORTRAN-77.

The deflate level for the GZIP algorithm is specified in the fielichf o. def | at e. | evel in C and
in the parameteronp_pr n(1) in FORTRAN-77.

GRsetcompress returns eitheBUOCEED (or 0) or FAI L (or - 1). TheGRsetcompress parameters are
further described in Table 8D.
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TABLE 8D

GRsetcompress Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
ri_id int32 integer Raster image identifier
GRsetcompress comp_type int32 integer Compression method
intn)
(mgg[:om,])mﬁ) c_info comp_info* N/A Pointer to compression information structure
comp_prm N/A integer Compression parameters array

8.6.3 External File Operations Using the GR Interface

An external image array is one that is stored in a file that is not the file containing the metadata
for the image. The HDF file containing the metadata is known as the primary HDF file; the file
containing the external image array is known as an external file. The concept of externally stored
datais described in Chapter 3, Scientific Data Sets (SD API). The GR interface supports the same
external file functionality as the SD interface.

8.6.3.1 Creating a Raster Imagein an External File: GRsetexter nalfile

Creating an image with the data stored in an external file involves the same general steps as with
the SD interface:

1. Create theimage array.

2. Specify that an external datafile isto be used.
3. Write datato the image array.

4. Terminate access to the image.

To create a data set containing image array stored in an externa file, the calling program must
make the following calls.

C ri_id = @reate(gr_id, nane, n_conps, data type, interlace node,
di msi zes);
status = Gsetexternal file(ri_id, filenane, offset);
status = QRwriteinage(ri_id, start, stride, edges, inage data);
status = Gendaccess(ri _id);

FORTRAN: ri_id = ngcreat(gr_id, nane, n _conps, data type, interlace node,
di msi zes)
status = ngsxfil (ri_id, filenane, offset)
status = ngwing(ri_id, start, stride, edges, inage_data)
status = ngendac(ri _id)

GRsetexter nalfile marks the image identified by the parameter ri _i d as one whose data is to be
written to an external file. The parameter fil enane is the name of the externa file, and the
parameter of f set specifiesthe number of bytes from the beginning of the external file to theloca
tion where the first byte of datawill be written.

GRsetexter nalfile can only be called once per data set. If afile with the same name asfi | enane
exists in the current directory, HDF will use it as the external file. If the file does not exist, HDF
will create one. Once the name of the external file is specified, it isimpossible to change it with-
out breaking the association between the raster image and its data.

Use caution when writing to existing files because the routine GRwr iteimage begins its write at
the specified offset without checking whether existing data is being overwritten. When different
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data sets have arrays being stored the same externa file, the calling program is responsible for
avoiding any overlap between them.

GRsetexter nalfile returns either SUGCEED (or 0) or FA L (or - 1). The parameters of GRsetexter -
nalfile are further defined in Table 8E.

TABLE 8E GRsetexternalfile Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
ri_id int32 integer Raster image identifier

GRsetexternalfile
[intn]
(mgsxfil)

filename char * character* (*) Name of the external file

Offset in bytes from the beginning of the external file to

offset int32 integer the image data

8.6.3.2 Moving Raster Imagesto an External File

Images can be moved from the primary HDF file to an external file. To do so requires the follow-
ing steps:

1. Select theimage.

2. Specify the external datafile.

3. Terminate access to the image.

The calling program must make the following calls:

C ri_id = Gxelect(gr_id, ri_index);
status = Gsetexternal file(ri_id, filenane, offset);
status = @Rendaccess(ri_id);

FORTRAN: ri_id = ngselct(gr_id, ri_index);
status = ngsxfil (ri_id, filenane, offset)
status = ngendac(ri_id);

When GRsetexternalfile is used in conjunction with GRselect, it will immediately write the
existing data to the external file; any data in the external file that occupies the space reserved for
the external array will be overwritten as aresult of this operation. A data set can only be moved to
an external file once.

During the operation, the data is written to the external file as a contiguous stream regardless of

how it is stored in the primary file. Because data is moved “as is,” any unwritten locations in the
data set are preserved in the external file. Subsequent read and write operations performed on the
data set will access the external file.

8.7 Reading Raster Images

Image array data can be read as an entire array or as a subsample of the array. Raster image data is
read from an external file in the same way that it is read from a primary file; whether the image
array is stored in an external file is transparent to the user. This section descril@Rweadim-

age is used to read an entire image and part of an image. The section also describes the routine
GRregimageil that sets the interlacing for reading image data.
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8.7.1 Reading Data from an Image: GRreadimage

Reading data subsamples from an image array involves the following steps:
1. Select adata set.
2. Read datafrom the image array.
3. Terminate access to the data set.

To read data from an image array, the calling program must contain the following function calls:

C ri_id=Gselect(gr_id, ri_index);
status = QReadi nage(ri _id, start, stride, edges, data);
status = GRendaccess(ri_id);

FORTRAN:  ri_id = ngsel ct(gr_id, ri_index)

status = ngrding(ri_id, start, stride, edges, data)
R status = ngrcing(ri_id, start, stride, edges, data)

status = ngendac(gr_i d)

GRreadimage can be used to read either an entire image or a subsample of theimage. Theri _id
argument is the raster image identifier returned by GRselect. As with GRwriteimage, the argu-
mentsstart, stri de, and edges respectively describe the starting location for the read operation,
the number of locations the current image array location will be moved forward after each read,
and the length of each dimension to be read. Refer to Section 8.6.1 on page 274 for detailed
descriptions of the parameters st art, stri de, and edges. If the image array is smaller than the
dat a argument array, the amount of data read will be limited to the maximum size of the image

array.

Note that the FORTRAN-77 version of GRreadimage has two routines; mgr dimg reads numeric
image data and mgrcimg reads character image data.

GRreadimage returns either SUGCEED (or 0) or FAI L (or - 1). The parameters for GRreadimage
are further defined in (See Table 8F.).

8.7.2 Setting theInterlace Modefor an Image Read: GRregimagell

The GRreqgimageil routine sets the interlace mode for the next image read. The syntax of thisrou-
tineisasfollows:

C status = Reqinageil (ri_id, interlace node);
FORTRAN:  status = ngrinil (ri_id, interlace_node)

GRreqgimageil can be called at any time before the read operation and takes two parameters,
ri_idandinterlace_node. The parameter ri _i d is the raster image identifier returned by the
GRselect routine and the parameter i nt er | ace_node specifies the interlace mode that will bein
effect for the image read operation. Refer to Section 8.5.1 on page 272 for a description of the GR
interlace modes.

GRregimagetil may be called more than once; the interlace mode setting specified by the last call
to the routine will be used for the next read operation.

GRregimagetil returns either SUGCEED (or 0) or FAIL (or - 1). The parameters of this routine are
further defined in Table 8F.
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TABLE 8F GRreadimage and GRregimageil Parameter Lists
Routine Name Parameter Type
[Return Type] Par ameter Description
(FORTRAN-77) C FORTRAN-77
ri_id int32 integer Raster image identifier
start inta2[2] integer (2) Array containing the starting read coordi-
nates
) Array specifying the interval between the
GRrEGr‘sr!rage stride int32[2] integer (2) valuesthat will be read along each dimen-
(mgrdimg/ sion
mgrcimg) Array containing the number of data ele-
edges int32[2] integer (2) ments that will be read along each dimen-
sion
<valid numeric data .
data VOIDP type>(*)/character* (*) Buffer for the image datato be read
GRregimageil ri_id int32 integer Raster image identifier
[intn] interl ’ int int Interlace mode for the next image read oper-
(mgrimil) interlace_mode intn integer ation
EXAMPLE 3. Reading a Raster Image.

This example illustrates the use of the routine GRreadimage/mgrdimg to read an image and its

subsets.

In this example, the program reads the image written by Example 1 and modified by Example 2 in
the file"Genera_RImages.hdf". Recall that thisimage has two components and has 5 rows and 10
columns. The program first reads the entire image, then reads a subset of the image, 3 rows and 2
columns starting at the 2nd row and the 4th column, and finally reads the image skipping all the
even rows and all the odd columns. Reading patterns are applied to all components.

C:

#i ncl ude "hdf. h"

#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne

mai n( )

{

FI LE_NAMVE
N_COWVPS
X_LENGTH
Y_LENGTH
PART_COLS
PART_ROM

SKI P_COLS

SKI P_RONG
COLS_PART_START
ROAS_PART START
COLS SKI P_START
ROAB_SKI P_START
N_STRI DES

"CGener al _Rl mages. hdf"

2
10

[¢)]

NORFRPRFPWWUUWN

/* nunber of
/* nunber of
/* nunber of
/* nunber of
/* nunber of

colums of the entire inage */
rows of the entire image */

colums read for partial inmage
rows read for partial inage */
colums read for skipped i mage
/* nunmber of rows read for skipped i mage */
/* starting colum to read partial image */
/* starting rowto read partial inmage */

/* starting colum to read skipped i mage */
/* starting row to read skipped i mage */

*/

*/

/* nunmber of elenents to skip on each dim */

/************************* Val'l abl e deCI al’atl on **************************/

intn

st at us; /*
i nt 32 index;

int32 file_id, gr_id
start[2], /*
edges[ 2], I *

stride[2],

r

/*

status for functions returning an intn */

_id,

start position to wite for each dinension */
number of elenents to bewitten along

each dinmension */

nurmber of elenments to skip on each dinension */
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dimsizes[2]; [/* dimension sizes of the inmage array */
int16 entire_image[ Y_LENGTH [ X_LENGTH [ N_COWPS],

partial _i mage[ PART_ROAS] [ PART_COLS] [ N COWS],

ski pped_i mage[ SKI P_ROAB] [ SKI P_COLS] [ N_COWPS] ;
int32 i, j;

[ xR Ekx kxR xSk kkkxkxkxkxxxx End of vari abl e decl arati on **FxExkxkkkkkkkkkkkkkx [

/*

* Open the HDF file for reading.

*/

file_id = Hopen (FI LE_NAME, DFACC READ, 0);

/*

* Initialize the GRinterface.
*/

gr_id = GRstart (file_id);

/*

* Select the first raster image in the file.

*/

ri_id = GRselect (gr_id, 0);

/*

* Define the size of the data to be read, i.e., start fromthe origin
* and go as long as the I ength of each di mension.

*/

start[0] = start[1] = O;
edges[ 0] = X _LENGTH;
edges[ 1] = Y_LENGTH;

/-k

* Read the data fromthe raster inage array.

*/

status = CGRreadinage (ri_id, start, NULL, edges, (VA DP)entire_inage);

/*

* Display only the first conponent of the inmage since the two conponents
* have the sane data in this exanple.

*/

printf ("First conponent of the entire inage:\n");

for (i =0; i < Y_LENGTH i++)

{
for (j =0; j < X LENGTH, j++)
printf ("% ", entire_image[i][j][0]);
printf ("\n");
}
/*
* Define the size of the data to be read.
*/
start[0] = OCOLS PART_START;
start[1] = ROAS_PART_START;
edges[ 0] = PART_COLS;
edges[ 1] = PART_RON5;
/*
* Read a subset of the raster inmmge array.
*/

status = GRreadinage (ri_id, start, NULL, edges, (VA DP)partial _inage);

/*
* Display the first conponent of the read sanple.
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*/

printf ("\nThree rows & two cols at 2nd row and 4th col um");
printf (" of the first conponent:\n");

for (i = 0; i < PART_ROAB; i++)

{
for (j =0; j < PART_COLS; j++)
printf ("% ", partial _image[i][j][O]);
printf ("\n");
}
/*
* Define the size and the pattern to read the data.
*/
start[0] = COLS SKI P_START
start[1] = ROAB_SKI P_START;
edges[ 0] = SKI P_COLS;
edges[ 1] = SKI P_RON5;
stride[0] = stride[1] = N_STRI DES
/-k
* Read all the odd rows and even col ums of the inage.
*/

status = CGRreadinage (ri_id, start, stride, edges, (VO DP)skipped_i mage);

/*
* Display the first conponent of the read sanple.
*/

printf ("\nAll odd rows and even colums of the first conmponent:\n");

for (i =0; i < SKIP_ROAB; i++)

{
for (j =0; j < SKIP_CALS; j++)
printf ("% ", skipped_image[i][j][O]);
printf ("\n");
}
/*

* Terminate access to the raster inage and to the GRinterface, and
* close the HDF file.

*/

status GRendaccess (ri_id);

status = GRend (gr_id);

status = Hclose (file_id);

}
FORTRAN:
program read_raster _i nage
inplicit none
Cc
C Par anet er decl arati on
C
character*19 FI LE NAVE
i nt eger X_LENGTH
i nt eger Y_LENGTH
i nt eger N_COWPS
Cc
parameter (FILE_NAME ='General_RImages.hdf’,
+ X_LENGTH =10,
+ Y_LENGTH =5,
+ N_COMPS =2)

integer PART_COLS, PART_ROWS, SKIP_COLS, SKIP_ROWS
integer COLS_PART_START, ROWS_PART_START
integer COLS_SKIP_START, ROWS_SKIP_START
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i nteger N_STRI DES
parameter (PART_COLS = 3, PART_ROAS = 2,

+ SKIP_COLS = 3, SKIP_ROM = 5,

+ COLS PART_START = 1, ROAS_PART_START = 3,
+ COLS SKI P_START = 0, ROAS_SKIP_START = 1,
N

N_STRI DES = 2)
i nt eger DFACC_READ
par amet er (DFACC_READ = 1)

C
C Functi on decl aration
Cc
i nt eger hopen, hcl ose
integer ngstart, ngselct, ngrding, ngendac, ngend
C
Ck*** Val'l abl e decl aratl on EEEE RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE]
Cc
i nteger status
integer file_id
integer gr_id, ri_id
integer start(2), stride(2), edges(2)
integer i, j
integer*2 entire_i mge(N_COWS, X LENGTH, Y_LENGTH)
integer*2 partial _i nage(N COWS, PART_ROAS, PART_COLS)
i nteger*2 skipped_i mage(N_COWS, SKI P_RONS, SKIP_CCOLS)
gk*** End Of Varl abl e deCI al’atl on EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES
Cc
Cc
C Open the HDF file for reading.
C
file_id = hopen(FI LE_NAVE, DFACC READ, 0)
C
C Initialize the GRinterface.
Cc
gr_id = ngstart(file_id)
Cc
C Select the first raster inage in the file.
C
ri_id = mgselct(gr_id, 0)
Cc
C Define the size of the data to be read, i.e., start fromthe origin
C and go as long as the length of each di mension.
c
start(1l) =0
start(2) =0
edges(1) = X _LENGTH
edges(2) = Y_LENGTH
stride(l) =1
stride(2) =1
C
C Read the data fromthe raster inage array.
Cc
status = ngrding(ri_id, start, stride, edges, entire_inage)
Cc
C Display only the first component of the inage since the two conmponents
C have the sane data in this exanple.
C
write(*,*) 'First component of the entire image’
write(*,*)
do10i=1, X_LENGTH
write(*,1000) (entire_image(1,i,j),j =1, Y_LENGTH)
10 continue
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wite(*,*)

Define the size of the data to be read.

OO0

start(1)

RONS_PART_START
start(2) COLS_PART_START
edges(1) PART_RONS
edges(2) = PART_COLS
stride(1)
stride(2)

=1
=1

Read a subset of the raster inmage array.

OO0

status = nmgrding(ri_id, start, stride, edges, partial _image)

Display only the first conmponent of the read sanple.

[eNeNe]

wite(*,*)
+ "Two rows and three columns at 4th row and 2nd column’,
+ ’ of the first component’
write(*,*)
do 20i=1, PART_ROWS
write(*,1000) (partial_image(1,i,j), j = 1, PART_COLS)
20 continue
write(*,*)

C
C Define the size and the pattern to read the data.
C

start(1l) = ROWS_SKIP_START
start(2) = COLS_SKIP_START
edges(1) = SKIP_ROWS
edges(2) = SKIP_COLS
stride(1) = N_STRIDES
stride(2) = N_STRIDES

Read all the odd rows and even columns of the image.

OO0

status = mgrdimg(ri_id, start, stride, edges, skipped_image)

Display only the first component of the read sample.

[eNeNe]

write(*,*) "All even rows and odd columns of the first component’
write(*,*)
do 30i=1, SKIP_ROWS
write(*,1000) (skipped_image(1,i,j), j = 1, SKIP_COLS)
30 continue
write(*,*)

Terminate access to the raster image and to the GR interface,
and close the HDF file.

O000

status = mgendac(ri_id)
status = mgend(gr_id)
status = hclose(file_id)

1000 format(1x, 5(14))
end
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8.8

8.9

Difference between the SD and GR I nterfaces

There is adifference between the SD and GR interfaces that becomes important in applications or
tools that must manipulate both images and two-dimensional SDs.

The SD and GR interfaces differ in the correspondence between the dimension order in parameter
arrays such as start, stride, edge, and dimsizes and the dimension order in the data array. See the
SDreaddata and GRreadimage reference manual pages for discussions of the SD and GR
approaches, respectively.

When writing applications or tools to manipul ate both images and two-dimensional SDs, this cru-
cial difference between the interfaces must be taken into account. While the underlying data is
stored in row-major order in both cases, the APl parameters are not expressed in the same way.
Consider the example of an SD data set and a GR image that are stored as identically-shaped
arrays of X columns by Y rows and accessed via the SDreaddata and GRreadimage functions,
respectively. Both functions take the parameters start, stride, and edge.

» ForSDreaddata, those parameters are expressed,i) ¢r [row,column] order. For exam-
ple,start[0] is the starting point in the Y dimension andrt[ 1] is the starting point in
the X dimension. The same ordering holds true for all SD data set manipulation functions.

« ForGRreadimage, those parameters are expressea,y) 6r [column,row] order. For
examplestart[ 0] is the starting point in the X dimension andrt[ 1] is the starting
point in the Y dimension. The same ordering holds true for all GR functions manipulating
image data.

Obtaining Information about Files and Raster | mages

The routines covered in this section provide methods for obtaining information about all of the
images in a file, for identifying images that meet certain criteria, and for obtaining information
about specific raster images.

GRfileinfo retrieves the number of images and file attributes in a@Rgetiminfo provides
information about individual images. To retrieve information about all images in a file, a calling
program can us&Rfileinfo to determine the number of images, followed by repeated calls to
GRgetiminfo to obtain information about each image.

GRnametoindex or GRreftoindex can be used to obtain the index of a raster image in a file
knowing its name or reference number, respectively. Refer to Section 8.2.1 on page 268 for a
description of the raster image index and reference nu@Bédtoref is used when the reference
number of an image is required by another routine and the raster image identifier is available.

These routines are described individually in the following subsections.

8.9.1 Obtaining Information about the Contents of a File: GRfileinfo

GRfileinfo retrieves the number of raster images and the number of file attributes contained in a
file. This information is often useful in index validation, sequential searches, or memory alloca-
tion. The syntax oGRfileinfo is as follows:

C status = ileinfo(gr_id, & _images, & file attrs);
FORTRAN: status = ngfinfo(gr_id, n_inmages, n file attrs)

The number of images in the file and the total number of file attributes will be stored in the argu-
mentsn_i mages andn_fil e_attrs, respectively.
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GRfileinfo returns SUCCEED (or 0) if successful or FAI L (or -1) otherwise. The parameters for
GRfileinfo are further described in Table 8G on page 293.

8.9.2 Obtaining Information about an Image: GRgetiminfo

It isimpossible to allocate the proper amount of memory to buffer the image data when the num-
ber of components, dimension sizes, and/or data type of the image are unknown. The routine
GRgetiminfo retrieves this required information. To access information about an image, the call-
ing program must contain the following:

C status = QRgetiminfo(ri_id, nane, & conps, &data type,
&interl ace node, dimsizes, & attrs);

FORTRAN: status = nggiinf(ri_id, name, n_conps, data type, interlace node,
di msizes, n_attrs)

GRgetiminfo takes a raster image identifier as input, and returns the name, number of compo-
nents, data type, interlace mode, dimension size, and number of attributes for the corresponding
image in the arguments nane, n_conps, data_type, i nterl ace_node, di msi zes, and n_attrs
respectively. The number of components of an image array element corresponds to the order of a
vdata field, therefore this implementation of image components in the GR interface is flexible
enough to accommodate any representation of pixel data. The calling program determines this
representation; the GR interface recognizes only the raw byte configuration of the data. The
attribute count will only reflect the number of attributes assigned to the image array; file attributes
are not included.

GRgetiminfo returns either SUGCEED (or 0) or FAI L (or - 1). The parameters of this routine are fur-
ther defined in Table 8G.

TABLE 8G

GRfileinfo and GRgetiminfo Parameter Lists

Routine Name Parameter Type
[Return Type] Par ameter Description
(FORTRAN-77) (& FORTRAN-77
GRfileinfo or_id int32 integer GR interface identifier
[intn] n_images int32 * integer Number of raster imagesin thefile
(mgfinfo) n_file attrs int32 * integer Number of global attributesin the file
ri_id int32 integer Raster image identifier
name char * character* (*) Name of the raster image
n_comps int32 * integer Number of pixel componentsin the pixel
GR?ﬁglmm]' nfo data_type int32 * integer Pixel datatype
(mggiinf) interlace_mode int32 * integer Interlace mode of the data in the raster image
dim_sizes inta2 [2] integer (2) Array _conta| ning the size of each dimension in the
raster image
n_attrs int32 * integer Number of raster image attributes

8.9.3 Obtaining the Reference Number of a Raster Image from Its
I dentifier: GRidtoref

GRidtoref returns either the reference number of the raster image identified by the parameter
ri_id,or FA L (or -1) upon unsuccessful completion. The syntax of GRidtoref isasfollows:

C ref = QRdtoref(ri_id);

FORTRAN:  ref = nuid2rf(ri_id)
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Thisroutine is further defined in Table 8H on page 295.

8.9.4 Obtaining the Index of a Raster Image from Its Reference Number:
GRreftoindex

GRreftoindex returns either the index of the raster image specified by its reference number, r ef ,
or FAl L (or - 1) upon unsuccessful completion. The syntax of GRreftoindex is as follows:

C ri_index = Qreftoi ndex(gr_id, ref);
FORTRAN:  ri_index = ngr2idx(gr_id, ref)
Thisroutineis further defined in Table 8H.

8.9.5 Obtaining the Index of a Raster Image from Its Name:
GRnametoindex

GRnametoindex returns the index of the raster image specified by its name or FA L (or - 1) upon
unsuccessful completion. The syntax of GRnametoindex is as follows:

C ri_index = GRhanetoi ndex(gr_id, nane);
FORTRAN:  ri_index = ngr2idx(gr_id, nane)
Thisroutineis further defined in Table 8H.

8.9.6 Obtaining Compression Information for a Raster Image:
GRgetcompress

GRgetcompress retrieves the type of compression used to store araster image and, when appro-
priate, the required compression parameters.

GRgetcompress takes one input parameter, ri _i d, a raster image identifier, and two output
parameters, conp_t ype, for the type of compression used when the image was written, and either
c_info (aC struct) or conp_pr m(a FORTRAN-77 array) for the returned compression parame-
ters.

Valid conp_t ype values are as follows:
COMP_CODE_NONE (or 0) for no compression
covP_coDE_RLE (or 1) for RLE run-length encoding
COMP_CODE_SKPHUFF (or 3) for Skipping Huffman compression
COMP_CODE_DEFLATE (or 4) for GZIP compression
COVP_CODE_JPEG (or 6) for JPEG compression

The c_i nf o struct is of type conp_i nf o, contains agorithm-specific information for the library
compression routines, and is described in the hconp. h header file.

The conp_pr m parameter is an array of one element. With Skipping Huffman compression,
conp_prn{1) contains the skip value, skphuff_skp_si ze. In the case of GZIP compression,
conp_prn{1) contains the deflation value, deflate val ue. conmp_prm is ignored for other
compression types.

GRgetcompress returns SUOCESS (or 0) if it is successful or FA L (or - 1) upon unsuccessful com-
pletion.
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The syntax of GRgetcompressis asfollows:

C.

FORTRAN:
Thisroutine is further defined in Table 8H.

status =

status =

@yet conpress(ri _id, conp_type, c_info);

nggconpress(ri_id, conp_type, conp_prm

TABLE 8H GRidtoref, GRreftoindex, and GRnametoindex Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
GRidtoref
[uint16] ri_id int32 integer Raster image identifier
(mgid2rf)
GRreftoindex gr_id int32 integer GR interface identifier
int32
(nggr 2ic}x) ref uint16 integer Reference number of the raster image
GRnametoindex gr_id int32 integer GR interface identifier
int32
(m[gnméx) name char * character *(*) Name of the raster image
ri_id int32 integer Raster image identifier
GRgetcompress comp_type comp_coder_t integer Type of compression
intn
(mggLomaJr&) c_info comp_info N/A Pointer to compression information structure
comp_prm(1) N/A integer Compression parameter in array format
EXAMPLE 4. Obtaining File and I mage I nformation.

This example illustrates the use of the routines GRfileinfo/mgfinfo and GRgetiminfo/mggiinf to
obtain information such as the number of images and attributes in an HDF file and the characteris-
tics of araster imagein thefile.

In this example, the program gets the number of images in the file using the routine GRfileinfo/
mgfinfo. For each image, the program then obtains and displays its name, number of components,
data type, interlace mode, dimension sizes, and number of attributes using the routine GRgetim-

info/mggiinf.
C:
#i ncl ude "hdf.h"
#define FlILE_NAME "Gener al _Rl mages. hdf "
mai n( )
{

[ R KF R KKKk Kk kkkxkxkkkkxkx% \/griabl @ declarati on FERFFERFEEE KKK KKK KK KK KKK KK KK [

intn
int32 file_id, gr_id

char

st at us;

/* status for functions returning an intn */

riid,

/* nunber of raster images in the file */

n_rinmages
n_file_attrs,

ri _index, /*
di m si zes[ 2], /*
n_conps, /*
interl ace_node, /*
dat a_t ype, /*
n_attrs; /*

nane[ MAX_GR _NAME], /*

*type_string

/*

/* nunber of file attributes */

i ndex of a image */

di nensi ons of an image */

nunber of conponents an inmage contains */
interlace node of an inage */

nunber type of an inmage */

nunber of attributes belong to an i mage */
nane of an image */

nmapped text of a nunber type */
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*interlace_string; /* mapped text of an interlace node */
/********************** End Of Val’l able deCI al’atlon **********************/

/*

* Open the file for reading.

*/

file_id = Hopen (FILE_NAME, DFACC READ, 0);

/*

* Initialize the GRinterface.
*/

gr_id = GRstart (file_id);

/*

* Determine the contents of the file.

*/

status = GRfileinfo (gr_id, &)_rinages, & _file_attrs);

/*
* For each image in the file, get and display the image i nfornation.
*/
printf ("R# Nane Conponents Type Interlace \
D nmensions  Attributes\n\n");
for (ri_index = 0; ri_index < n_rimages; ri_index++)
{
ri_id = GRselect (gr_id, ri_index);
status = GRgetinminfo (ri_id, nane, &n_conps, &data_type,
& nterlace_node, dimsizes, & _attrs);
/*
* Map the nunber type and interlace node into text strings for output
* readability. Note that, in this exanple, only two possible types
* are consi dered because of the sinplicity of the exanple. For real
* problens, all possible types should be checked and, if reading the
* data is desired, the size of the type nust be determ ned based on the
* machi ne where the programresides.
*/
if (data_type == DFNT_CHARB)
type_string = "Char8";
else if (data_type == DFNT_I NT16)
type_string = "Int16";
el se
type_string = "Unknown";

swi tch (interlace_node)
{
case MFGR_I NTERLACE_PI XEL:
interlace_string = "MGR_| NTERLACE Pl XEL";
br eak;
case MFGR_I NTERLACE_LI NE:
interlace_string = "MGR_| NTERLACE LI NE";
br eak;
case MFGR_| NTERLACE_COVPONENT:
interlace_string = "MGR_| NTERLACE COVPONENT";
br eak;
defaul t:
interlace_string = "Unknown";
br eak;
} /* switch */

/*
* Display the image information for the current raster inage.
*/
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printf ("% % %l % % %2d, %2d %\ n",
ri _index, nane, n_conps, type_string, interlace_string,
di msizes[0], dimsizes[1], n_attrs);

/*
* Term nate access to the current raster inage.
*/
status = GRendaccess (ri_id);
}
/*

* Termi nate access to the GRinterface and close the HDF file.
*

/

status = GRend (gr_id);

status = Hclose (file_id);

FORTRAN:

[eNeNe]

[eNeNe]

C

C*** \/ariable declaration

C

C

C*** End of variable declaration

[eNeNe] [eNeNe] O000

o0

program i mage_i nfo
inplicit none

Par aret er decl arati on

character*19 FI LE NAVE
parameter (FILE_NAME = 'General_RImages.hdf")
integer DFACC_READ
parameter (DFACC_READ = 1)

Function declaration

integer hopen, hclose
integer mgstart, mgselct, mgfinfo, mggiinf, mgendac, mgend

integer status

integer file_id, gr_id, ri_id

integer n_rimages, n_file_attrs, ri_index

integer n_comps, interlace_mode, n_attrs, data_type
integer dim_sizes(2)

character*10 type_string

character*24 interlace_string

character*64 name

Open the HDF file for reading.

file_id = hopen(FILE_NAME, DFACC_READ, 0)
Initialize the GR interface.

gr_id = mgstart(file_id)
Determine the contents of the file.

status = mgfinfo(gr_id, n_rimages, n_file_attrs)

For each image in the file, get and display image information.
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Cc
do 100 ri_index = 0, n_rinages-1
ri_id = ngselct(gr_id, ri_index)
status = nggiinf(ri_id, nane, n_conps, data_type,
+ interl ace_node, dimsizes, n_attrs)
C
C Map the nunber type and interlace node into text strings for
C output readability.
C
if(data_type .eq. 4) then
type_string = 'DFNT_CHARS’
else if(data_type .eq. 22) then
type_string ='DFNT_INT16’
else
type_string = 'Unknown’
endif
if (interlace_mode .eq. 0) then
interlace_string = 'MFGR_INTERLACE_PIXEL’
else if(interlace_mode .eqg. 1) then
interlace_string = 'MFGR_INTERLACE_LINE’
else if(interlace_mode .eq. 2) then
interlace_string = 'MFGR_INTERLACE_COMPONENT’
else
interlace_string = 'Unknown’
endif
Cc
C Display the image information for the current image.
Cc
write(*,*) 'lmage index: ’, ri_index
write(*,*) 'lmage name: ’, name
write(*,*) 'Number of components: ’, n_comps
write(*,*) 'Number type: ’, type_string
write(*,*) 'Interlace mode: ', interlace_string
write(*,*) 'Dimnesions: ’, dim_sizes(1), dim_sizes(2)
write(*,*) 'Number of image attributes: ’, n_attrs
write(*,*)
Cc
C Terminate access to the current raster image.
C

status = mgendac(ri_id)
100 continue
C
C Terminate access to the GR interface and close the HDF file.
status = mgend(gr_id)
status = hclose(file_id)
end
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8.10 GR Data Set Attributes

The GR interface provides tools that attach attributes to particular images. This capability is simi-
lar to, though more limited than, attribute function capabilities of the SD interface. The concepts
of user-defined and predefined attributes are explained in Chapter 3, Scientific Data Sets (SD
API). The GR implementation of attributesis similar to the SD implementation. Attributes are not
written out to afile until access to the object the attribute is attached to is terminated.

8.10.1Predefined GR Attributes

The GR API library has only one predefined attribute: FI LL_ATTR This attribute defines a fill
pixel, which is analogous to afill value in the SD interface. It represents the default value that is
written to each element of an image array not explicitly written to by the calling program, i.e.,
when only a portion of the entire image array is filled with data. This value must of the same data
type as the rest of the initialized image data. The routine used to set the fill value, GRsetattr, is
explained in the next section.

8.10.2Setting User-defined Attributes: GRsetattr

GRsetattr creates or modifies an attribute for either a file or araster image. If the attribute with
the specified name does not exist, GRsetattr creates a new one. If the named attribute already
exists, GRsetattr resets all the values that are different from those provided in its argument list.
The syntax of GRsetattr isas follows:

C status = Gsetattr(obj _id, attr_nane, data_type, n val ues,
attr_val ue);

FORTRAN: status = ngsnatt(obj _id, attr_nane, data type, n values, attr_val ue)
R status = ngscatt(obj id, attr_nane, data type, n_val ues, attr_val ue)

Thefirst argument, obj _i d, can either be the GR interface identifier or raster image identifier. The
argument at t r _name contains the name of the attribute and can be no more than MAX_GR NAME (or
256) charactersin length. Passing the name of an existing attribute will overwrite the value portion
of that attribute.

The arguments data type, n values, and attr_value describe the right side of the
| abel =val ue equation. The at tr _val ue argument contains one or more values of the same data
type. The dat a_t ype argument describes the data type for all valuesin the attribute and n_val ues
contains the total number of valuesin the attribute.

Note that the FORTRAN-77 version of GRsetattr has two routines; mgsnatt writes numeric
attribute data and mgscatt writes character attribute data.

GRsetattr returns either SUOCEED (or 0) or FAI L (or - 1). The parameters for GRsetattr are further
described in Table 81 on page 304.

EXAMPLES.

Operationson File and Raster Image Attributes.

This exampleillustrates the use of the routines GRsetattr/mgsnatt/mgscatt to assign attributesto
an HDF file and to an image.

In this example, the program sets two attributes to the existing file "General_RImages.hdf" and
two attributes to the image named "Image Array 2". Thefileis created by the program in Example
1 and the image is created by the program in Example 2. The values of the second attribute of the
image are of type i nt 16 and the values of the other three attributes are of type char 8.
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#i ncl

#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i

#define RI_ATTL_VAL

ude "hdf.h"

ne
ne
ne
ne
ne
ne
ne
ne
ne
ne

FI LE_NAMVE
| MAGE_NAVE
F_ATT1_NAME
F_ATT2_NAME

R _ATT1_NAME

Rl _ATT2_NAME
F_ATT1_VAL
F_ATT2_VAL
F_ATT1_N_VALUES
F_ATT2_N_VALUES

#define RI_ATT1_N_VALUES 35
#define RI_ATT2_N_VALUES 6

main()

{

!

intn status;

int32 gr_id, ri_id, file_id,
ri_index;
int16 ri_attr 2[RI_ATT2_N_VALUES] =11, 2, 3, 4, 5, 6};

" General _RI mages. hdf "

"l mage Array 2"

"File Attribute 1"

"File Attribute 2"

"lnmage Attribute 1"

"l mage Attribute 2"

"Contents of First FILE Attribute"
"Contents of Second FILE Attribute"
32

33

"Contents of IMAGE's First Attribute"

Variable declaration /

[* status for functions returning an intn */

[RRFkxddkxkRkkkkkxk End of variable declaration sk |

/*

* Open the HDF file.

*

file_id = Hopen (FILE_NAME, DFACC_WRITE, 0);

/*

* |nitialize the GR interface.

*

gr_id = GRstart (file_id);

/*

* Set two file attributes to the file with names, data types, nhumbers of
*values, and values of the attributes specified.

*

status = GRsetattr (gr_id, F_ATT1_NAME, DFNT_CHARS, F_ATT1_N_VALUES,

(VOIDP)F_ATT1_VAL);

status = GRsetattr (gr_id, F_ATT2_NAME, DFNT_CHARS, F_ATT2_N_VALUES,

/*

(VOIDP)F_ATT2_VAL);

* Obtain the index of the image named IMAGE_NAME.

*

ri_index = GRnametoindex (gr_id, IMAGE_NAME);

/*

* Obtain the identifier of this image.

*

ri_id = GRselect (gr_id, ri_index);

/*

* Set two attributes to the image with names, data types, numbers of
*values, and values of the attributes specified.

*
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status = GRsetattr (ri_id, R _ATTL_NAVE, DFNT_CHARS, Rl _ATT1_ N VALUES,
(VO DP)RI_ATTL_VAL);

status = GRsetattr (ri_id, RI_ATT2_NAME, DFNT_INT16, RI_ATT2_N VALUES,
(VODP)ri_attr_2);

/*

* Terminate access to the image and to the GRinterface, and close the
* HDF file.

*/

status = GRendaccess (ri_id);
status = GRend (gr_id);
status = Hcl ose (file_id);

FORTRAN:

program set_attribute
inplicit none

Par anet er decl arati on

OO0

character*19 FI LE NAVE

character*13 | MAGE_NAME

character*16 F_ATT1_NAME

character*16 F_ATT2_NAME

character*17 R _ATT1_NAVE

character*17 R _ATT2_NAME

character*32 F_ATT1_VAL

character*33 F_ATT2_VAL

i nt eger F_ATT1_N VALUES

i nt eger F_ATT2_N VALUES

character*35 R _ATT1_VAL

i nt eger Rl _ATT1_N VALUES

i nt eger Rl _ATT2_N VALUES
C

parameter (FILE_NAME ='General_RImages.hdf,

IMAGE_NAME ='Image Array 2',
F_ATT1_NAME ='File Attribute 1’,
F_ATT2_NAME = File Attribute 2’,
RI_ATT1_NAME =’Image Attribute 1’,
RI_ATT2_NAME = 'Image Attribute 2,
F_ATT1 VAL ='Contents of First FILE Attribute’,
F_ATT2_VAL ='Contents of Second FILE Attribute’,
F_ATT1_N_VALUES =32,
F_ATT2_N_VALUES = 33,
RI_ATT1_VAL ='Contents of IMAGE"s First Attribute’,
RI_ATT1_N_VALUES = 35,
RI_ATT2_N_VALUES = 6)
integer DFACC_WRITE, DFNT_INT16, DFNT_CHARS8
parameter (DFACC_WRITE =2,
+ DFNT_CHAR8 =4,
+ DFNT_INT16 =22)

+ 4+ F o+ o+

C

C Function declaration

C
integer hopen, hclose
integer mgstart, mgscatt, mgsnatt , mgn2ndx,
+ mgselct, mgendac, mgend

C
C**** \/ariable declaration
C
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status

file_id, gr_id, ri_id, ri_index
integer*2 ri_attr_2(R _ATT2_N_VALUES)

= 1, R_ATT2_N VALUES

ri_attr_2(i) =i

C*** End of variable declarati on *****xkxkkkdkkhkhkhhhhkhhhkkhkkkkkxkx

pen the HOF file.

file_id = hopen(FI LE_NAME, DFACC_WRI TE, 0)

Initialize the GRinterface.

gr_id = ngstart(file_id)

ri _index = ngn2ndx(gr_id,

Set two file attributes to the file w th nanes,

and values of attributes specified.

nmgscatt (gr_id, F_ATT1_NAME, DFNT_CHARS,
F_ATT1_N VALUES, F_ATT1_VAL)

mgscatt (gr_id, F_ATT2_NAME, DFNT_CHARS,
F_ATT2_N VALUES, F_ATT2_VAL)

ri_id = ngselct(gr_id, ri_index)

i nt eger
i nt eger
i nt eger
do 10 i

10 conti nue

C

C

C

C

C

C

C

C

C

C

C val ues,

C
status =
+
status =
+

C

C

C

C

C

C

C

C

C val ues,

C
status =
+
status =
+

C

C

C

C
status =
status =
status =
end

btain the index of the inage naned | MAGE_NAMR

| MAGE_NAVE)

Cbtain the identifier of this image.

Set two attributes of the inmage with names, data types,

and values of the attributes specified.

ngscatt(ri _id, RI_ATT1_NAVE, DFNT_CHARS,

R _ATT1_N VALUES,

R _ATT1_VAL)

ngsnatt(ri_id, RI_ATT2_NAVE, DFNT | NT16,

R _ATT2_N VALUES,

ngendac(ri _id)
mgend( gr_i d)
hcl ose(file_id)

ri_attr_2)

Term nate access to the image and to the GR interface,
and cl ose the HDF file.

data type, nunbers of

nunber of
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8.10.3Querying User-Defined Attributes: GRfindattr and GRattrinfo

Each attribute associated with an object has a unique attribute index, avalue ranging from 0 to the
total number of attributes attached to the object - 1. Given a GR interface or raster image identifier
and an attribute name, GRfindattr will return a valid attribute index of the file or raster image
attribute if the attribute exists. The attribute index can then be used to retrieve information about
the attribute or its values. Given a GR interface or raster image identifier and a valid attribute
index, GRattrinfo returns the name, data type, and number of values for the file or raster image
attribute if the attribute exists.

The syntax for GRfindattr and GRattrinfo is as follows:

C attr_index = G¥indattr(obj_id, attr_nane);
status = GQattrinfo(obj _id, attr_index, attr_nane, &data type,
&n_val ues);

FORTRAN: attr_index = ngfndat (obj _id, attr_nane)
status = ngatinf(obj id, attr_index, attr_nane, data type, n_val ues)

The parameter obj _i d is either a GR interface identifier or araster image identifier. The parame-
ter at t r_nane specifies the name of the attribute. The parameter at tr _i ndex specifies the index
of the attribute to be read. The attribute index is a zero-based integer and must be less than the
total number of attributes assigned to the specified object. The parameter dat a_t ype specifies the
data type of the attribute. And the parameter n_val ues specifies the number of attribute values.

GRfindattr returns the attribute index if successful and FAI L (or - 1) otherwise. GRattrinfo
returns SUCCEED (or 0) if successful and FAI L (or - 1) otherwise. The parameters for GRfindattr
and GRattrinfo are further described in Table 8.

8.10.4Reading User-defined Attributes: GRgetattr

GRgetattr reads the values of an attribute assigned to the object identified by the parameter
obj _i d. The syntax for GRgetattr isasfollows:

C status = (Rgetattr(obj _id, attr_index, val ues);

FORTRAN: status = nggnatt(obj _id, attr_index, val ues)
R status = nggcatt(obj id, attr_index, val ues)

The parameter obj _i d is either a GR interface identifier or araster image identifier. The parame-
ter at tr_i ndex specifies the index of the attribute to be read. The attribute index is a zero-based
integer and must be less than the total number of attributes assigned to the specified object.

It is assumed that the buffer val ues, alocated to hold the attribute values, is large enough to hold
the data; if not, the data read will be truncated to the size of the buffer. The size of the buffer
should be at least n_val ues*si zeof (dat a_t ype) byteslong. If an attribute contains multiple val-
ues, GRgetattr will return all of them. It is not possible to read a subset of values.

Note that the FORTRAN-77 version of GRgetattr has two routines; mggnatt reads numeric
attribute data and mggcatt reads character attribute data.

GRgetattr returns SUCCEED (or 0) if successful and FAI L (or - 1) otherwise. The parameters for
GRgetattr are further described in Table 8.
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TABLE8I GRsetattr, GRfindattr, GRattrinfo, and GRgetattr Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
obj_id int32 integer GR interface or raster image identifier
attr_name char * character* (*) Name assigned to the attribute
GRsetattr - K X
[intn] data_type int32 integer Data type of the attribute
(mgsnatt/mgscatt) n_values int32 integer Number of valuesin the attribute
<valid numeric data ] )
values VOIDP type>(*)lcharacter* () Buffer with the attribute values
GRfindattr obj_id int32 integer GR interface or raster image identifier
int32]
(nngnd]aI) attr_name char * character* (*) Name of the attribute
obj_id int32 integer GR interface or raster image identifier
GRattrinfo attr_index int32 integer Index for the attribute to be read
[intn] attr_name char * character* (*) Name of the attribute
(mgatinf) data_type int32 * integer Data type of the attribute values
n_values int32 * integer Total number of valuesin the attribute
GRgetattr obj_id int32 integer GR interface or raster image identifier
[intn] attr_index int32 integer Index for the attribute to be read
(mggnatt/ <vali :
valid numeric data .
mggcatt) values VOIDP type>(*)/character* (*) Buffer for the attribute values
EXAMPLE 6. Obtaining File and | mage Attribute.

This example illustrates the use of the routines GRattrinfo/mgatinf, GRfindattr/mgfndat, and
GRgetattr/mggnatt/mggcatt to extract information and values of file and image attributes that

were set by the program in Example 5.

In this example, the program gets the information about each file attribute, then extractsits values.
The program then selects the second image in the file, finds the attribute named "Image Attribute
2", obtains the data type and the number of values in the attribute, and extracts its stored values.

C:
#i ncl ude "hdf. h"
#define FILE NAME
#define R _ATTR NAME
nmai n( )
{

"CGener al _Rl mages. hdf "

mage Attribute 2"

/************************* Val'l abl e decl al’atl on **************************/

intn
int32

char
VA DP

st at us;

gr id, ri_id, fil

f_att _index,

ri_att_index,

data_type,
n_val ues,
val ue_i ndex,
n_ri nages,

n_file attrs;

attr_nane[ MAX_GR_NAME] ;

dat a_buf ;

intle *int_ptr;
char8 *char_ptr;

/* status for functions returning an intn */

e_id,

/* index of file attributes */
/* index of raster image attributes */

/* image data type */

/* nunber of values in an attribute */
/* index of values in an attribute */

/* nunber of raster images in the file */
/* nunber of file attributes */

/* buffer to hold the attribute nane

/* buffer to hold the attribute val ues

/* intl6 pointer to point to a void data buffer
/* char8 pointer to point to a void data buffer

*/

*/
*/
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[ xFx kxR xR xSk kkkxkxkxkxxxx End of vari abl e decl arati on **FxFxkxkkkkkkkkkkkkkx [

/*

* Open the HDF file.

*/

file_id = Hopen (FILE_NAME, DFACC READ, 0);

*
{* Initialize the GR interface.

gi_id = GRstart (file_id);

/%

* Determne the nunber of attributes in the file.
siatus = Rfileinfo (gr_id, &p_rinages, &n_file_attrs);
if (status !'= FAIL & n_file_attrs > 0)

for (f_att_index = 0; f_att_index < n_file_ attrs; f_att_index++)

{
/*
* Get information about the current file attribute.
*/
status = GRattrinfo (gr_id, f_att_index, attr_nanme, &data_type,
&n_val ues);
/*

* Allocate a buffer to hold the file attribute data. |In this exanple,
* know edge about the data type is assumed to be avail able from

* the previous exanple for sinplicity. In reality, the size

* of the type nust be determ ned based on the nachi ne where the

* program resides.

*/

if (data_type == DFNT_CHARS)

data_buf = malloc (n_values * sizeof (char8));
if (data_buf == NULL)

{
printf ("Unable to allocate space for attribute data.\n");
exit (1);
}
}
el se
{
printf ("Unable to determne data type to allocate data buffer.\n");
exit (1);
}
/*
* Read and display the attribute val ues.
*/

status = GRgetattr (gr_id, f_att_index, (VO DP)data_buf);

char_ptr = (char8 *) data_buf;

printf ("Attribute %: ", attr_nane);

for (value_index = 0; value_index < n_val ues; val ue_i ndex++)
printf ("%", char_ptr[val ue_index]);

printf ("\n");

/*

* Free the space allocated for the data buffer.
*/
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free (data_buf);

Yy /* for */
YoIroif o+
/*
* Select the second inage in the file.

*/
ri_id = GRselect (gr_id, 1);

/*

* Find the image attribute named R _ATTR_NAME.
*/

ri_att_index = GRfindattr (ri_id, R _ATTR _NAME);

/*

* Get information about the attribute.

*/

status = GRattrinfo (ri_id, ri_att_index, attr_name, &data_type, &n_val ues);

/*
* Allocate a buffer to hold the file attribute data. As nentioned above,
* know edge about the data type is assumed to be avail able from

* the previous exanple for sinplicity. Inreality, the size of the
* type nmust be determ ned based on the machi ne where the program resides.
*/

if (data_type == DFNT_I NT16)
data_buf = malloc (n_values * sizeof (intl16));

/*

* Read and display the attribute val ues.

*/

status = GRgetattr (ri_id, ri_att_index, (VO DP)data_buf);
printf ("\nAttribute %: ", R _ATTR NAME);

int_ptr = (int16 *)data_buf;
for (value_index = 0; value_index < n_val ues; val ue_i ndex++)

printf ("%l ", int_ptr[value_index]);
printf ("\n");
/*
* Free the space allocated for the data buffer.

*/
free (data_buf);

/*

* Termi nate access to the raster inage and to the GRinterface, and
* close the file.

*/

status = GRendaccess (ri_id);

status = GRend (gr_id);

status = Hcl ose (file_id);

}
FORTRAN:

program get_attribute
inplicit none

Cc

C Par anet er decl arati on

c
character*19 FI LE_NAME
character*17 R _ATTR_NAVE

Cc

parameter (FILE_NAME ='General_RImages.hdf’
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+ RI_ATTR_NAME ='Image Attribute 2)
integer DFACC_READ, DFNT_INT16, DFNT_CHARS
parameter (DOFACC_READ =1,

+ DFNT_CHAR8 =4,
+ DFNT_INT16 =22)
C
C  Function declaration
C
integer hopen, hclose
integer mgstart, mgfinfo, mgatinf, mggcatt, mggnatt , mgfndat,
+ mgselct, mgendac, mgend
C
C**** \/ariable declaration
C
integer  status
integer  file_id, gr_id, ri_id
integer f_att_index, ri_att_index, data_type, n_values
integer  n_rimages, n_file_attrs
integer*2  int_buf(10)
character*17 attr_name
character*80 char_buf
integer i
C
C*** End of variable declaration
C
C
C  Open the HDF file.
C
file_id = hopen(FILE_NAME, DFACC_READ, 0)
C
C Initialize the GR interface.
C
gr_id = mgstart(file_id)
C
C Determine the number of attributes in the file.
C
status = mgfinfo(gr_id, n_rimages, n_file_attrs)
if ((status .NE. -1) .AND. (n_file_attrs .GT. 0)) then
do 10 f_att_index = 0, n_file_attrs-1
C
C Get information about the current file attribute.
C
status = mgatinf(gr_id, f_att_index, attr_name, data_type,
+ n_values)
C
C  Check whether data type is DFNT_CHARS in order to use allocated buffer.
C
if(data_type .NE. DFNT_CHARS) then
write(*,*)
+ ’'Unable to determine data type to use allocated buffer’
else
C
C Read and display the attribute values.
C

status = mggcatt(gr_id, f_att_index, char_buf)
write(*,*) *Attribute ’, attr_name, ' :’,
+ char_buf(1:n_values)
endif
10  continue

endif
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Cc
C Sel ect the second image in the file.
Cc
ri_id = mgselct(gr_id, 1)
c
C Find the inage attribute named R _ATTR _NAME.
Cc
ri_att_index = ngfndat(ri_id, R _ATTR NAME)
Cc
C Get information about the attribute.
C
status = ngatinf(ri_id, ri_att_index, attr_nane, data_type,
+ n_val ues)
C
C Read and display attribute val ues.
c

status = nggnatt(ri_id, ri_att_index, int_buf)
write(*,*) "Attributes ', (int_buf(i), i = 1, n_values)

Terminate access to the image and to the GR interface,
and close the HDF file.

O000

status = mgendac(ri_id)
status = mgend(gr_id)
status = hclose(file_id)
end

8.11 Reading and Writing Palette Data Using the GR Interface

The GR API library includes routines that read, write, and access information about pal ette data
attached to GR images. Although this functionality is also provided by the HDF Palette API
library, it is not a recommended practice to use the Palette API to access and manipulate palette
objects created by GR interface routines.

The routines are named GRgetlutid, GRIluttoref, GRgetlutinfo, GRwritelut, GRreglutil, and
GRreadlut. Note that the routine names use the term LUT to refer to palettes; LUT stands for
color lookup tables.

8.11.10Obtaining a Palette ID: GRgetlutid

Given a palette index, the routine GRgetlutid is used to get the palette identifier for the specified
palette.

The GRgetlutid function takes two arguments, ri _i d, the raster image identifier of theimage that
has the palette attached to it, and | ut _i ndex, the index of the palette, and returns the value of the
palette identifier corresponding to the specified image. The syntax of GRgetlutid is as follows:

C pal _id = @etlutid(ri_id, lut_index);
FORTRAN: pal _id = nggl tid(ri_id, |ut_index)

GRgetlutid returns the value of the palette identifier if successful and FA L (or - 1) otherwise. The
GRgetlutid parameters are further discussed in Table 8J.
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8.11.20btaining the Number of Palettes Associated with an mage:
GRgetnluts

Given an image identifier, GRgetnlutsis used to determne the number of palettes currently asso-
ciated with an image.

The GRgetnluts function takes one argument, ri _i d, a raster image identifier, and returns the
number of palettes associated with that imare. The syntax of GRgetnlutsis as follows:

C nluts = Gyetnluts(ri_id);
FORTRAN:  n_luts = nggnl uts(ri_id)

GRgetnluts returns the number of palettes associated with the identified image if successful and
FAl L (or - 1) otherwise. The GRgetnluts parameters are further discussed in Table 8J.

8.11.30btaining the Reference Number of a Specified Palette: GRIuttor ef

Given a paette identifier, GRIuttoref can be used to obtain the reference number of the specified
palette.

The GRIuttor ef routine takes one argument, pal _i d, a palette identifier, and returns the reference
number of the palette. GRIuttoref is commonly used to annotate the paette or to include the palette
within avgroup. The syntax of GRgetlutid is asfollows:

C pal _ref = Ruttoref(pa _id);

nol t 2rf (pal _i d)

GRIluttoref returns the reference number of the palette if successful and 0 otherwise. The GRIut-
toref parameters are further discussed in Table 8J.

FORTRAN:  pal _ref

TABLE 8]

GRgetlutid, GRgetlutinfo, and GRIuttoref Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
GRgetlutid ri_id int32 integer Raster image identifier
[int32] . - - -
(mggltid) lut_index int32 integer Palette index
GRiluttoref
[uint16] pal_id int32 integer Palette identifier
(mglt2rf)
GRgetnluts
[intn] ri_id int32 integer Raster image identifier
(mggnluts)

8.11.4Obtaining Palette I nformation: GRgetlutinfo

Given a palette identifier, GRgetlutinfo retrieves information about the palette and its compo-
nents.

The GRgetlutinfo function takes one input argument, pal _i d, the identifier of the palette, and
severa return parameters. The return parameters are n_conps, the number of components of the
palette; dat a_t ype, the data type of the palette data; i nt er| ace_nwode, the interlace mode of the
stored palette data; and numentries, the number of entries in the palette. The syntax of
GRgetlutinfoisasfollows:
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C status = Ggetl utinfo(pal _id, & _conps, &data type, & nterlace node,
&umentries);

FORTRAN: status = ngglinf(pal _id, n_conps, data type, interlace node,
numentries)

GRgetlutinfo returns SUCCEED (or 0) if successful and FAI L (or - 1) otherwise. The GRgetlutinfo
parameters are further discussed in Table 8J.
8.11.5Writing Palette Data: GRwritelut

GRwritelut writes palette data into the palette identified by the parameter pal _i d. The syntax of
GRwritelut isasfollows:

C status = QRwritelut(pal _id, n_conps, data type, interlace node,
numentries, pal _data);

FORTRAN:  status

ngw | ut (pal _id, n_conps, data_type, interlace node,
numentries, pal _data)

R status = ngwel ut (pal _id, n_conps, data type, interlace node,
numentries, pal _data)

The parameter n_conps specifies the number of pixel components in the palette; it must have a
value of at least 1. The parameter dat a_t ype specifies the data type of the palette data. Refer to
Table 2F on page 14 for all data types supported by HDF.

The parameter i nt er | ace_node specifies the interlacing in which the palette is to be written. The
valid values of i nt er| ace_node are: MFGR | NTERLACE PI XEL (or 0), MFGR | NTERLACE LI NE (or 1)
and MFQR | NTERLACE_QOMPONENT (or 2). Refer to Section 8.5.1 on page 272 for further informa-
tion.

The parameter num ent ri es specifies the number of entries in the palette. The buffer pal _dat a
contains the palette data.

Note that the FORTRAN-77 version of GRwritelut has two routines; mgwrlut writes buffered
numeric palette data and mgwclut writes buffered character palette data.

GRwritelut returns either SUOCEED (or 0) or FAI L (or - 1). The parameters of this routine are fur-
ther defined in Table 8K on page 311.

8.11.6 Setting the Interlace Mode for a Palette: GRreglutil

GRreqglutil setsthe interlace mode for the next palette to be read. The syntax of GRreqlutil isas
follows:

C status = Rregl util (pal _id, interlace_node);
FORTRAN: status = ngrltil (pal _id, interlace node)

The parameter i nt er | ace_node specifies the interlacing that will be in effect for the next palette
read operation. The valid values of interlace_node are: MFGRINTERLACE Pl XEL (or 0),
MFGR_| NTERLACE LI NE (or 1) and MFQR | NTERLACE QOMPONENT (or 2). Refer to Section 8.5.1 on
page 272 for further information.

GRreglutil may be caled at anytime before the read operation of the specified palette. In addi-
tion, it may be called more than once; the interlace mode setting specified by the last call to the
routine will be used for the next read operation.
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GRreglutil returns either SUGCEED (or 0) or FAl L (or - 1). The parameters of thisroutine are further
defined in Table 8K on page 311.

8.11.7Reading Palette Data: GRreadlut

GRreadlut reads data from the palette identified by the parameter pal _id. The syntax of
GRreadlut isasfollows:

C status = Readlut(pal _id, pal _data);

FORTRAN:  status = ngrdlut(pal _id, pal _data)

R status = ngrcl ut(pal _id, pal _data)
The read data will be stored in the buffer pal _dat a, which is assumed to be sufficient to store the
read palette data. The sufficient amount of space needed can be determined using the routine

GRgetlutinfo. The palette data is read according to the interlacing mode set by the last call to
GRreglutil.

Note that the FORTRAN-77 version of GRreadlut has two routines, mgrdlut reads numeric pal-
ette data and mgrclut reads character palette data.

GRreadlut returns either SUOCEED (or 0) or FAl L (or - 1). The parameters of thisroutine are further
defined in Table 8K.

TABLE 8K

GRgetlutid, GRwritelut, GRreglutil, and GRreadlut Parameter Lists

Routine Name Parameter Type
[Return Type] Par ameter Description
(FORTRAN-77) © FORTRAN-77
pal_id int32 integer Palette identifier
. . Number of componentsin each pal-
k-
GRgetlutinfo n_comps int32 nteger ette dlement
( nw[:;]rgl?!w f) data_type int32* integer Datatype of the palette data
interlace_mode int32* integer Interlace mode of the palette data
num_entries int32* integer Buffer for the size of the palette
pal_id int32 integer Palette identifier
. . Number of components in each pal-
. ) n_comps int32 integer ette dlement
Rwritelut
[intn] data_type int32 integer Type of the palette data
(mgwrll ”t)/ interlace_ mode int32 integer Interlace mode of the palette data
mgwclut
num_entries int32 integer Number of entriesin the palette
<valid numeric datatype>(*)/ | Buffer for the palette datato be
pal_data voiop character* (*) written
GRreglutil pal_id int32 integer Palette identifier
[intn] interlace mode inin integer Interlace mode for the next palette
(marltil) — read operation
GRreadlut pal_id int32 integer Palette identifier
[intn] - ) .
(mgrdiut/ pal_data VOIDP <validnumeric datatype>(*)/ | g o tor the palette data to be read
magrclut) character* (*)
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EXAMPLE 7. Writing a Palette.

This example illustrates the use of the routines GRgetlutid/mggltid and GRwritelut/mgwclut to
attach a palette to araster image and write datato it.

In this example, the program creates an image named "Image with Palette” in the file
"Image_with_Palette.hdf". A palette isthen attached to the image and datais written to it.

C:
#i ncl ude "hdf.h"
#define FlILE_NAME "l mage_wi t h_Pal ette. hdf"
#define NEW.I| MAGE_NAMVE "I mage with Palette"
#define N COWS_| MG 2 /* nunber of image conponents */
#define X _LENGTH 5
#define Y_LENGTH 5
#define N_ENTRIES 256 /* nunmber of entries in the palette */

#define N_COMPS_PAL 3  /* number of palette’s components */

main( )

{

/ Variable declaration /

intn status, [* status for functions returning an intn */
i, J;
int32 file_id, gr_id, ri_id, pal_id,
interlace_mode,
start[2], /* holds where to start to write for each dimension */
edges[2], /* holds how long to write for each dimension */
dim_sizes[2]; /* sizes of the two dimensions of the image array */
uint8 image_buf[Y_LENGTH][X_LENGTH][N_COMPS_IMG]; /* data of first image */
uint8 palette_buf[N_ENTRIES][N_COMPS_PAL];

[RAFxxRdxkRkkkkkxx End of variable declaration sk |

/*

* Open the HDF file.

*

file_id = Hopen (FILE_NAME, DFACC_CREATE, 0);

/*

* |nitialize the GR interface.
*/

gr_id = GRstart (file_id);

/*
* Define the dimensions and interlace mode of the image.
*
/
dim_sizes[0] = X_LENGTH;
dim_sizes[1] = Y_LENGTH;
interlace_mode = MFGR_INTERLACE_PIXEL,;

/*
* Create the image named NEW_IMAGE_NAME.
*
/
ri_id = GRereate (gr_id, NEW_IMAGE_NAME, N_COMPS_IMG, DFNT_UINTS,
interlace_mode, dim_sizes);

/*

* Fill the image data buffer with values.
*

for (i=0;i<Y_LENGTH; i++)
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{
for (j =0; j < X_LENGTH j++)
{
image_buf[i][j][0] = (i +]) + 1;
image buf [i]J[j][1] = (i +j) + 2
}
}
/*
* Define the size of the data to be witten, i.e., start fromthe origin
* and go as long as the I ength of each di mension.
*/
start[0] = start[1] = O;
edges[ 0] = X _LENGTH;
edges[ 1] = Y_LENGTH
/*
* Wite the data in the buffer into the i mage array.
*/

status = GRwmiteimage (ri_id, start, NULL, edges, (VO DP)image_buf);

/*
* Initialize the palette to grayscale.
*/
for (i =0; i < NENTRES; i++) {
pal ette_buf[i][0] =i;
pal ette_buf[i][1]
pal ette_buf[i][2]

i
i
}

/*

* Define palette interlace node.

*/

interlace_node = MFGR_| NTERLACE_PI XEL;

/*

* Get the identifier of the palette attached to the i nage NEW | MAGE_NAME
*/

pal _id = GRgetlutid (ri_id, 0);

/*
* Wite data to the palette.
*
/
status = GRwritelut (pal _id, N COWS_PAL, DFNT_UINT8, interlace_node,
N_ENTR ES, (VO DP)pal ette_buf);

/*

* Terminate access to the image and to the GRinterface, and
* close the HDF file.

*/

status = GRendaccess (ri_id);

status = GRend (gr_id);

status = Hcl ose (file_id);
}
FORTRAN:

program wite_palette
inplicit none

Cc

C Par anet er decl arati on

Cc

character*22 FI LE_NAME
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character*18 NEW.| MAGE NAME

i nt eger X_LENGTH
i nt eger Y_LENGTH
i nt eger N_ENTRI ES
i nt eger N_COWwS | M5
i nt eger N_COWPS_PAL
Cc
parameter (FILE_NAME  ='Image_with_Palette.hdf’,
+ NEW_IMAGE_NAME ='Image with Palette’,
+ X_LENGTH =5,
+ Y_LENGTH =5,
+ N_ENTRIES =256,
+ N_COMPS_IMG =2,
+ N_COMPS_PAL =3)

integer DFACC_CREATE, DFNT_CHARS8, DFNT_UINT8, MFGR_INTERLACE_PIXEL
parameter (DFACC_CREATE =4,

+ DFNT_CHAR8 =4,

+ DENT_UINT8 =21,

+ MFGR_INTERLACE_PIXEL = 0)
C
C Function declaration
C

integer hopen, hclose
integer mgstart, mgcreat, mgwcimg, mggltid, mgweclut,
+ mgendac, mgend
Cc
C*** Variable declaration
Cc

integer file_id, gr_id, ri_id, pal_id
integer interlace_mode
integer start(2), stride(2), edges(2), dim_sizes(2)
integer status
integer i, j
character image_buf(N_COMPS_IMG, X_LENGTH, Y_LENGTH)
character palette_buf(N_COMPS_PAL, N_ENTRIES)
C
C*** End of variable declaration

Create and open the file.

O000

file_id = hopen(FILE_NAME, DFACC_CREATE, 0)

Initialize the GR interface.

[eNeNe]

gr_id = mgstart(file_id)

Define interlace mode and dimensions of the image.

OO0

interlace_mode = MFGR_INTERLACE_PIXEL
dim_sizes(1) = X_LENGTH
dim_sizes(2) = Y_IENGTH

Create the raster image array.

[eNeNe]

ri_id = mgcreat(gr_id, NEW_IMAGE_NAME, N_COMPS_IMG, DFNT_CHARS,
+ interlace_mode, dim_sizes)

Fill the image data buffer with values.

[eNeNe]

do20i=1,Y_LENGTH
do 10j=1, X_LENGTH
image_buf(1,j,i) =char(i+j-1)
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image_buf (2,j,i) = char(i +j)

10 conti nue
20 conti nue
Cc
C Define the size of the data to be witten, i.e., start fromthe origin
C and go as long as the I ength of each di mension.
Cc
start(1) =0
start(2) =0
edges(1) = X _LENGTH
edges(2) = Y_LENGTH
stride(l) =1
stride(2) =1
C
C Wite the data in the buffer into the image array.
Cc
status = ngwci ng(ri_id, start, stride, edges, inage_buf)
c
C Initilaize the palette buffer to grayscale.
C
do 40 i =1, N ENTRIES
do 30 j =1, N _COWS_PAL
pal ette_buf(j,i) = char(i)
30 conti nue
40 conti nue
Cc
C Cet the identifier of the palette attached to the i mage NEW | MAGE_NAME.
Cc
pal _id = nggltid(ri_id, 0)
C
C Set palette interlace node.
C
interlace_node = MFGR_| NTERLACE_PI XEL
Cc
C Wite data to the palette.
Cc
status = mgwel ut (pal _id, N_COWS_PAL, DFNT_U NT8, interlace_node,
+ N_ENTR ES, pal ette_buf)
Cc
C Term nate access to the raster inmage and to the GR interface,
C and close the HDF file.
o
status = nmgendac(ri _id)
status = ngend(gr_id)
status = hclose(file_id)
end

EXAMPLE 8.

Reading a Palette.

This example illustrates the use of the routines GRgetlutinfo/mgglinf and GRreadlut/mgrclut to
obtain information about a palette and to read pal ette data.

In this example, the program finds and selects the image named "Image with Palette” in the file
"Image_with_Palette.hdf". Then the program obtains information about the palette and reads the
palette data.

C:
#i ncl ude "hdf. h"
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#define FlILE _NAME "l mage_wi th_Pal ette. hdf "

#define | MAGE_NAME "Image with Palette"

#define N_ENTRIES 256 /* nunmber of elerments of each color */
nmai n( )

{

[ R KRF R KKKk kkkkkxkxKkkxkkxkx% \/griabl @ declarati on *ERrFERFEEE KKK KKK R KKK KKK KK KK [

intn status, /* status for functions returning an intn */
i, s
int32 file_id, gr_id, ri_id, pal_id, ri_index;
int32 data_type, n_conps, n_entries, interlace_node;
uint8 palette_data[ N ENTRIES] [ 3] ; /* static because of fixed size */

/************************* Val'l abl e decl al’atl on **************************/

/*

* Open the file.

*/

file_id = Hopen (FI LE_NAME, DFACC READ, 0);

/*

* Initiate the GRinterface.
*/

gr_id = GRstart (file_id);

/*

* Get the index of the inmage | MAGR NAME.

*/

ri _index = GRnanetoi ndex (gr_id, | MAGE NAME);

/*

* Get inmmge identifier.

*/

ri_id = GRselect (gr_id, ri_index);

/*

* Get the identifier of the palette attached to the inage.
*/

pal _id = GRgetlutid (ri_id, ri_index);

/*

* Obtain and display information about the palette.

*/

status = GRgetlutinfo (pal _id, & _conps, &data_type, & nterlace_node,

&n_entries);
printf ("Palette: % conponents; %l entries\n", n_conps, n_entries);

/*

* Read the palette data.

*/

status = GRreadlut (pal_id, (VODP)palette_data);

*

* Display the palette data. Recall that HDF supports only 256 col ors.
* Each color is defined by its 3 conponents. Therefore,

* verifying the value of n_entries and n_conps is not necessary and

* the buffer to hold the palette data can be static. However,

* if nore values or colors are added to the nodel, these paraneters

* nust be checked to allocate sufficient space when reading a palette.
*/

printf (" Palette Data: \n");

for (i=0; i< n_entries; i++)
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{
for (j =0; j < n_conps; j++)
printf ("% ", palette_datali][j]);
printf ("\n");
}
printf ("\n");
/*

* Terminate access to the image and to the GRinterface, and
* close the HDF file.

*/

status = GRendaccess (ri_id);

status = GRend (gr_id);

status = Hcl ose (file_id);

FORTRAN:

program read_palette
inplicit none

Par anmet er decl arati on

[eNeNe]

character*22 FI LE_NAME
character*18 | MAGE_NAMVE
i nt eger N_ENTRI ES
i nt eger N_COWPS_PAL

parameter (FILE_NAME =’Image_with_Palette.hdf’,
+ IMAGE_NAME =’Image with Palette’,
+ N_COMPS_PAL =3,
+ N_ENTRIES = 256)
integer DFACC_READ, DFNT_CHARS8, DFNT_UINT8, MFGR_INTERLACE_PIXEL
parameter (DFACC_READ =1,
+ DFNT_CHARS =4,
+ DFNT_UINT8 =21,
+ MFGR_INTERLACE_PIXEL = 0)
Cc
C Function declaration
C
integer hopen, hclose
integer mgstart, mgn2ndx, mgselct, mggltid, mgglinf,
+ mgrclut, mgendac, mgend
C
C*** Variable declaration
Cc

integer file_id, gr_id, ri_id, ri_index, pal_id, pal_index

integer interlace_mode

integer data_type, n_comps, n_entries_out

integer status

integer i, j

character palette_data(N_COMPS_PAL, N_ENTRIES)
C
C*** End of variable declaration

Open the file.

o000

file_id = hopen(FILE_NAME, DFACC_READ, 0)

Initialize the GR interface.

[eNeNe]

gr_id = mgstart(file_id)
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Cc
C CGet the index of the image | MAGE_NAME.
Cc
ri _index = ngn2ndx(gr_id, | MAGE_NAME)
Cc
C CGet the inmge identifier.
Cc
ri_id = mgselct(gr_id, 0)
C
C Cet the identifier of the palette attached to the inage.
Cc
pal _index =0
pal _id = nggltid(ri_id, pal_index)
Cc
C Cbtain informati on about the palette.
Cc
status = ngglinf(pal _id, n_conps, data_type, interlace_node,
+ n_entries_out)
write(*,*) * Palette: ’, n_comps, ' components; ',
+ n_entries_out, ’ entries’
C
C Read the palette.
Cc
status = mgrclut(pal_id, palette_data)
Cc
C Display the palette data.
Cc
write(*,*) "Palette data"
do 10i=1, n_entries_out
write(*,*) (ichar(palette_data(j,i)), j = 1, n_comps)
10 continue
Cc
C Terminate access to the raster image and to the GR interface,
C and close the HDF file.
Cc

status = mgendac(ri_id)
status = mgend(gr_id)
status = hclose(file_id)
end

8.12 Chunked Raster I mages

The GR interface also supports chunking in amanner similar to that of the SD interface. Thereis
one restriction on araster image: it must be created with MFGR_INTERLACE_PIXEL (or 0) in the call
to GRcreate. We refer the reader to Section 3.11 of Chapter 3, Scientific Data Sets (SD API), and
to Chapter 14, HDF Performance Issues, for discussions of chunking concepts and performance
related topics. The GR interface provides three routines, GRsetchunk, GRsetchunkcache, and
GRgetchunkinfo, to create and maintain chunked raster images. The generic functions for read-
ing and writing GR images, GRwr iteimage and GRreadimage, will write and read chunked ras-
ter images as well. However, the GR interface provides special write and read routines,
GRwritechunk and GRreadchunk, which are similar to SDwritechunk and SDreadchunk.
Compared to GRwriteimage and GRreadimage, GRwritechunk and GRreadchunk are low-
overhead but are only sutable for writing or reading complete chunks.
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8.12.1Difference between a Chunked Raster Image and a Chunked SDS

Chunks of scientific datasets (SDSs) have the same dimensionality as the SDS itself and the
chunks can divide the SDS along any dimension. While raster images under the GR interface are
actually 3-dimensional arrays, 2 dimensions define the image while the third dimension (the stack
of 2-dimensional image planes) provides the composite definition of the color at each pixel of the
2-dimensional image. Chunking can be applied only across the 2-dimensions of the image; chunk-
ing cannot divide the array across the third dimension. In other words, al of the elements of the
raster image that define a single pixel must remain together in the same chunk.

FIGURE 8b

Multiple layers of a GR raster image.

Chunksin a GR raster image dataset

GR dataset chunking can divide adataset only across the

For example, 1a, 1b, and 1c fully define
the color of pixel 1.

2 dimensions of the image; the chunks cannot divide the
planes, which consitute the third dimension of the dataset.
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8.12.2Making a Raster Image a Chunked Raster Image: GRsetchunk

GRsetchunk makes the raster image, identified by the parameter ri _i d, a chunked raster image
according to the provided chunking and compression information. The syntax of GRsetchunk is
asfollows:

C status = Gsetchunk(ri_id, c_def, flags);
FORTRAN:  status = ngschnk(ri_id, dimlength, conp_type, conp_prn)

The parametersc_def and fl ags in C or the parameters conp_t ype and conp_pr min FORTRAN-
77 provide the chunking and compression information and are discussed bel ow.

InC:
The parameter c_def isaunion of type HOF_ CHUNK_DEF, which is defined as follows:

typedef uni on hdf_chunk_def _u

{
int32 chunk_l engths[2]; /* chunk |engths along each dim*/

struct

{
i nt32 chunk_| engt hs[ 2] ;
int32 conp_type; /* conpression type */
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struct conp_info cinfo;
} conp;

struct

{

/* is not used in GR interface */
} nbit;
} HDF_CHUNK_DEF
Valid values of the parameter fl ags are HOF_ GHUNK for chunked and uncompressed data and
(HOF_ AN | HOF_aawp) for chunked and compressed data. Data can be compressed using run-
length encoding (RLE), Skipping Huffman, or GZIP compression algorithms.

If the parameter f | ags has a value of HOF_CHUNK, the chunk dimensions must be specified in the
field c_def . chunk_I engt hs[] . If the parameter f | ags has a value of (HOF_ CHUNK | HDF_QQOWP),
the chunk dimensions must be specified in thefield c_def . conp. chunk_| engt hs[] and the com-
pression typein the field c_def . conp. conp_t ype. Valid values of compression type values are;
OOMP_OODE_NONE (or 0) for uncompressed data
QOMP_QE RLE (or 1) for data compressed using the RLE compression algorithm
QOMP_QDE_SKPHUFF (or 3) for data compressed using the Skipping Huffman compres-
sion algorithm
QOMP_QDE _DEFLATE (or 4) for data compressed using the GZIP compression algo-
rithm

If using Skipping Huffman compression, the skipping size is specified in the field
c_def . conp. ci nf o. skphuf f . skp_si ze. If using GZIP compression, the deflate level is speci-
fied inthefield c_def. conp. ci nfo. defl ate. | evel . Valid deflate level values are integers from
1to 9inclusive. Refer to the discussion of SDsetcompress routine in Section 3.5.2 on page 45 for
the definition of the structure conp_i nf o.

In FORTRAN-77: Chunk dimensions are specified in the array di m | engt h and the compression
type in the parameter conp_t ype. Valid compression types and their values are defined in the
“hdf.inc"file and are listed below:

OOMP_OODE_NONE (or 0) for uncompressed data
QOMP_OXE RLE (or 1) for data compressed using the RLE compression algorithm

OOMP_QDE_SKPHUFF (or 3) for data compressed using the Skipping Huffman compres-
sion algorithm

QOMP_QDE _DEFLATE (or 4) for data compressed using the GZIP compression algo-
rithm

The parameteconp_pr m specifies the compression parameters for the Skipping Huffman and
GZIP compression methods. It contains only one element which is set to the skipping size for
Skipping Huffman compression or the deflate level for GZIP compression.

GRsetchunk returnsSUCCEED (or 0) if successful an@Al L (or - 1) otherwise. TheGRsetchunk
parameters are discussed further in Table 8L on page 329
8.12.3Writing a Chunked Raster Image: GRwritechunk

GRwritechunk is used to write a chunk of a chunked raster image. The syntax GRheite-
chunk routine is as follows:

C status = QRaritechunk(ri_id, &origin, &latap);

8-320

November 7, 2001



HDF User's Guide

FORTRAN:  status = ngwchnk(ri_id, origin, datap)
status = ngwechnk(ri_id, origin, datap)

GRwritechunk writes the entire chunk of data stored in the buffer dat ap to the chunked raster
image identified by the parameter ri _i d. Writing starts at the location specified by the parameter
ori gi n. This function has less overhead than GRwriteimage and should be used whenever an
entire chunk of dataisto be written.

The raster image must be stored in pixel-interlace mode.

The parameter ori gi n is a two-dimensional array which specifies the coordinates of the chunk
according to the chunk position in the overall chunk array.

Thedat ap buffer contains the chunk data. The data must be organized in pixel-interlace mode.

Note that the FORTRAN-77 version of GRwritechunk has two routines, mgwchnk writes buff-
ered numeric data and mgwcchnk writes buffered character data.

GRwritechunk returns SUCCEED (or 0) if successful and FAI L (or - 1) otherwise. The GRwrite-
chunk parameters are discussed further in Table 8L.
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EXAMPLE 9. Creating and Writing a Chunked Raster Image
This example illustrates the use of the routines Hopen/hopen, GRstart/mgstart, GRcreate/
mgcreat, GRwritechunk/mgwchnk, GRendaccessmgendac, GRend/mgend, and Hclose/
hclose to create an HDF file and store araster imagein it.
In this example, the program creates an image of 6 rows by 10 columnsin C and 10 rows by 6 col-
umns in FORTRAN. The image is set up to be chunked with a chunk size of 3x2 in C and 2x3in
FORTRAN and compressed with the GZIP method. Three chunks are then written to the image.
See Figure 8c through Figure 8d for illustrations.

FIGURE 8¢ Chunked GR image aswritten by C example

Thisimage has 10 chunks, each 3x2in size.
This program writes data to the first, second,
and last chunks, as indicated by the shading

to theright.

Each chunk contains the
datafor al three planes

of theimages. The first
chunk, for example would
be illustrated as below.

112 122
111 121 [*4?
162
110 120 |41
130 140 |*61
150 160

Upon completion of the program, the three planes of the

image contain the following data.

Plane 0 | | |

110 120 | 210 220 | ; |

130 140 | 230 240 | |

150 160 ' 250 260

St i et e Pr- PP Py
| | | 1030 1040
| | | l1050 1060
| | | |

Plane 1

111 121 ;211 221 i i i

131 141231 241 | |

151 161 ' 251 261

St i e e PYA PPty
| ! ! | 1031 1041
| | | l1051 1061
| | | |

Plane 2

112 122 i212 222 i i i

132 142 232 242 | |

152 162 ' 252 262

St i et e PrPPaR Pty
| | | | 1032 1042
| | | l1052 1062
|
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FIGURE 8d Chunked GR image aswritten by FORTRAN example
Thisimage has 10 chunks, each Each chunk contains the data for all
2x3insize. Thisprogram writes three planes of the images. The first chunk,
datato the first, second, and last for example would be illustrated as below.
chunks, asindicated by the
shadi ng below. 112 132 152

T 111 131 151 |162
| 110 130 150 |161
N I 120 140 160

|
| Upon compl etion of the program, the three planes of the image contain
_________ the following data.

Plane 0 Plane 1 Plane 2

I I |

= — 1T — — — 110 130 150| 111 131 151| 112 132 152|
120 140 160 121 141 161 122 142 162

| gl g 1

' 210 230 250| 211 231 251| 212 232 252 |
220 240 260| 221 241 261| 222 242 262|

| |
| |
Tio10 1000 1080 Tiom1 1081 1061 T2z 100 1082

|1020 1040 1060 |1021 1041 1061 |1022 1042 1062
| | |

C:
#i ncl ude "hdf.h"
#define FlILE_NAME "gr_chunked. hdf "
#define | MAGE NAME "gzi p_conp_dat a"
#define X LENGTH 6 /* nunber of rows in the image */
#define Y_LENGTH 10 /* nunber of colums in the image */
#define NOCOWS 3 /* nunber of conponents in the image */
mai n( )
{

[ R KRF R KKKk Rk kkkkkxkkkkxkx% \griabl @ declarati on FERFFERFEEE KKK KKK R KKK KKK KK KK [

intn status; /* status for functions returning an intn */
int32 file_id, /* HOF file identifier */
gr_id, /* CGRinterface identifier */
ri_id, /* raster inmage identifier */
di ms[ 2], /* dinmension sizes of the inage array */
start[2], /* start position to wite each chunk */

interlace_node; /* interlace node of the inmage */

HDF_CHUNK_DEF chunk_def; /* Chunk defintion set */
int32 chunk00O[] = {110, 111, 112, 120, 121, 122,
130, 131, 132, 140, 141, 142,
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150, 151, 152, 160, 161, 162

int32 chunk01[] = {210, 211, 212, 220, 221, 222,
230, 231, 232, 240, 241, 242,
250, 251, 252, 260, 261, 262

}s

int32 chunk14[] = {1010, 1011,
1030, 1031,
1050, 1051,

/********************** End Of
/*

* Create and open the file.
*/

1012, 1020, 1021, 1022,
1032, 1040, 1041, 1042,
1052, 1060, 1061, 1062

Val’l abl e decl arat | on **********************/

file_id = Hopen (FILE_NAVE, DFACC CREATE, 0);

/*

* Initialize the GRinterface.
*/

gr_id = GRstart (file_id);

/*
* Set dimensions of the inage.
*/

dins[0] = X_LENGTH
dims[1] = Y_LENGTH
/*

* Create the raster image array.

*/

ri_id = GRereate (gr_id, | MAGE_NAME, NOOWPS, DFNT | NT32,
MFGR_| NTERLACE PI XEL, di 1ms);

/*
* Define chunked image.
*/

chunk_def . conp. conp_type = COVWP_CODE_DEFLATE;
chunk_def . conp. ci nfo. defl ate.l evel = 6;

chunk_def . conp. chunk_I engt hs[ 0]
chunk_def . conp. chunk_| engt hs[ 1]

= 3;
= 2;

status = GRsetchunk(ri_id, chunk_def, HDF_CHUNK | HDF_COWP);

/*

* Wite first chunk (0,0).
*/

start[0] = O;

start[1] = 0;

status = GRwritechunk(ri_id, start, (VA DP)chunk00);

/*
* Wite second chunk (0,1).
*/

start[0]
start[1]

0;
1;

status = GRwitechunk(ri_id, start, (VA DP)chunk01);

/*

* Wite third chunk (1,4).
*/

start[0] = 1;
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start[1] = 4,
status = GRwritechunk(ri_id, start, (VA DP)chunkl4);

/*

* Terminate access to the raster inage and to the GR interface and,
* close the HOF file.

*/

status GRendaccess (ri_id);

status = GRend (gr_id);

status = Hcl ose (file_id);

FORTRAN:
program gr _chunki ng_exanpl e
inplicit none
Cc
C Par anet er decl araction
c

character*14 FI LE_NAME
character*14 DATASET NAVE
parameter (FILE_NAME = 'gr_chunked.hdf’,
DATASET_NAME = 'gzip_comp_data’)
integer NCOMP, MFGR_INTERLACE_PIXEL
parameter(NCOMP = 3, MFGR_INTERLACE_PIXEL = 0)
integer DFACC_CREATE, DFACC_READ, DFACC_WRITE
parameter (DFACC_CREATE =4,
DFACC_READ =1,
DFACC_WRITE =2)
integer DFNT_INT32
parameter (DFNT_INT32 = 24)
integer X_LENGTH, Y_LENGTH, X_CH_LENGTH, Y_CH_LENGTH
parameter (X_LENGTH =6,
Y_LENGTH =10,
X_CH_LENGTH =3,
Y_CH_LENGTH =2)

Compression parameters.

0O00

integer COMP_CODE_DEFLATE, DEFLATE_LEVEL
parameter( COMP_CODE_DEFLATE = 4, DEFLATE_LEVEL = 6)

Function declaration.

[eNeNe]

integer mgstart, mgcreat, mgendac, mgend

integer mgwchnk, mgschnk

integer hopen, hclose
o
C*** Variable declaration
Cc

integer ri_id, gr_id, file_id

integer dims(2), start(2)

integer status, il

integer comp_prm(1), comp_type

Data buffers.

[eNeNe]

integer 4 chunk11(NCOMP* X_CH_LENGTH*Y_CH_LENGTH)
integer*4 chunk21(NCOMP* X_CH_LENGTH*Y_CH_LENGTH)
integer*4 chunk52(NCOMP* X_CH_LENGTH*Y_CH_LENGTH)

o0

Chunking dimension arrays

November 7, 2001 8-325



National Center for Supercomputing Applications

Cc
i nteger ch_dins(2)
Cc
Ck*** End of Val’lab|e deC|aI‘atI0n EEEE RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESES
Cc
C
C Data initialization
Cc
data chunk11 / 110, 111, 112, 120, 121, 122,
130, 131, 132, 140, 141, 142,
150, 151, 152, 160, 161, 162
/,
chunk21 /
210, 211, 212, 220, 221, 222,
230, 231, 232, 240, 241, 242,
250, 251, 252, 260, 261, 262
/,
chunk52 /
1010, 1011, 1012, 1020, 1021, 1022,
1030, 1031, 1032, 1040, 1041, 1042,
1050, 1051, 1052, 1060, 1061, 1062
/
Cc
C Def i ne chunk di nensi ons.
Cc
ch_dins(1) = Y_CH LENGTH
ch_dins(2) = X_CH LENGTH
Cc
C Create and open the file and initiate GRinterface..
C
file_id = hopen(Fl LE_NAVE, DFACC CREATE, 0)
gr_id = ngstart(file_id)
C
C Define the nunber of components and di nensi ons of the image.
Cc
il = MFGR_| NTERLACE_PI XEL
dinms(1) = X _LENGTH
dinms(2) = Y_LENGTH
C
C Create CR dataset.
Cc
ri_id = ngcreat(gr_id, DATASET_NAME, NCOWP, DFNT_INT32, il, dins)
o
C Def i ne chunked GR dataset using GZI P conpression.
c
conp_prm(1) = DEFLATE_LEVEL
conp_t ype = COVP_CODE _DEFLATE
status = mgschnk (ri_id, ch_dims, conp_type, conp_prm
Cc
C Define the location of the first chunk and wite the data.
C
start(1l) =1
start(2) =1
status = ngwchnk(ri _id, start, chunkll)
Cc
C Define the location of the second chunk and wite the data.
C
start(1l) =2
start(2) =1
status = nmgwchnk(ri _id, start, chunk2l)
c
C Define the location of the third and wite the data.
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C
start(1l) =5
start(2) =2
status = mgwchnk(ri_id, start, chunk52)
C
C Term nate access to the array.
C
status = ngendac(ri _id)
C
C Term nate access to the GRinterface
C
status = ngend(gr_id)
C
C Cose the file.
C

status = hclose(file_id)
end

8.12.4Reading a Chunked Raster Image: GRreadchunk

GRreadchunk is used to read an entire chunk of datafrom a chunked raster image. The syntax of
the GRreadchunk routine is as follows:

C status = Rreadchunk(ri_id, &origin, datap);
FORTRAN: status = ngrchnk(ri _id, origin, datap)
status = ngrcchnk(ri_id, origin, datap)

GRreadchunk reads the entire chunk of data stored from the chunked raster image identified by
the parameter ri _i d and storesit in the buffer dat ap. The chunk to be read is specified by the
parameter ori gi n. Thisfunction has less overhead than GRreadimage and should be used when-
ever an entire chunk of dataisto be read.

The raster image must be stored in pixel-interlace mode.

The parameter ori gi n is a two-dimensiona array which specifies the coordinates of the chunk
according to the chunk position in the overall chunk array.

Thedat ap buffer contains the chunk data. The datais organized in pixel-interlace mode.

Note that the FORTRAN-77 version of GRreadchunk has two routines; mgrchnk reads numeric
data and mgrcchnk reads character data to the buffer.

GRreadchunk returns SUCCEED (or 0) if successful and FA L (or - 1) otherwise. GRreadchunk
will return FAIL (or -1) when an attempt is made to read from a non-chunked image. The
GRreadchunk parameters are discussed further in Table 8L.

8.12.50btaining Information about a Chunked Raster | mage:
GRgetchunkinfo

GRgetchunkinfo is used to determine whether a raster image is chunked and how chunking is
defined. The syntax of the GRgetchunkinfo routine is as follows:;

C status = Ggetchunkinfo(ri_id, &_def, &lag);

FORTRAN: status = nggi chnk(ri_id, dimlength, flag)
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GRgetchunkinfo retrieves chunking information about the raster image into the parameters
c_def andfl agin Candinto the parametersdi m | engt h and f | ag in FORTRAN-77. Note that
only chunk dimensions are retrieved; compression information is not available.

The value returned in the parameter f1 ag indicates whether the raster image is not chunked,
chunked, or chunked and compressed. HOF_NONE (or -1) indicates that the raster image is not
chunked. HOF_CHUNK (or 0) indicates that the raster image is chunked and not compressed.
(HOF_CHUNK | HDF_QOWP) (or 1) indicates that raster image is chunked and compressed with one of
the allowed compression methods: RLE, Skipping Huffman, or GZIP.

In C, if the raster image is chunked and not compressed, GRgetchunkinfo fills the array
chunk_| engt hs in the union c_def with the values of the corresponding chunk dimensions. If the
raster image is chunked and compressed, GRgetchunkinfo fills the array chunk_| engt hs in the
structure conp of the union c_def with the values of the corresponding chunk dimensions. Refer
to Section8.12.2 on page319 on GRsetchunk for specific information on the union
HDF_CHUNK DEFR. In C, if the chunk length for each dimension is not needed, NULL can be passed in
as the value of the parameter c_def .

In FORTRAN-77, chunk dimensions are retrieved into the array di m | engt h.

GRgetchunkinfo returns SUOCEED (or 0) if successful and FAIL (or -1) otherwise. The
GRgetchunkinfo parameters are discussed further in Table 8L.

8.12.6Setting the Maximum Number of Chunksin the Cache:
GRsetchunkcache

GRsetchunkcache sets the maximum number of chunks to be cached for chunked raster image.
GRsetchunkcache has similar behavior to SDsetchunkcache. Refer to Section3.11.2 on
page 107 for specific information. The syntax of GRsetchunkcacheis asfollows:

C status = @set chunkcache(ri_id, naxcache, flags);
FORTRAN:  status = ngscchnk(ri_id, maxcache, flags)

The maximum number of chunks is specified by the parameter naxcache. Currently, the only
valid value of the parameter f | ags isO.

If GRsetchunkcacheis not called, the maximum number of chunksin the cacheis set to the num-
ber of chunks along the fastest-changing dimension. Since GRsetchunkcache is similar to the
routine SDsetchunkcache, refer to Section 3.11.2 on page 107 for more detailed discussion of the
routine’s behavior.

GRsetchunkcache returns the value of the parametexcache if successful andAl L (or - 1)
otherwise. Th&Rsetchunkcache parameters are discussed further in Table 8L.
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TABLE 8L

GRsetchunk, GRgetchunkinfo, GRsetchunkcache, GRwritechunk, and GRreadchunk
Parameter Lists

Routine Name

Parameter Type

[Return Type] Par ameter Description
(FORTRAN-77) C FORTRAN-77
ri_id int32 integer Raster image identifier
c_def HDF_CHUNK_DEF N/A Chunk definition
GRsetchunk flags int32¢ N/A Compression flags
intn]

(m[gsch]nk) dim_length N/A integer Chunk dimensions array
comp_type N/A integer Type of compression
comp_prm N/A integer Compression parameters array

ri_id int32 integer Raster image identifier
GRgetchunkinfo c_def HDF_CHUNK_DEF N/A Chunk definition
intn]
(mgggich] nk) dim_length N/A integer Chunk dimensions array
flag int32 integer Compression flag
ri_id int32 integer Raster image identifier
G Rsetchunkcache . . Maximum number of chunks to
[intn] maxcache int32 integer cache
(mgscchnk)
flags int32 integer Flags determining routine behavior
ri_id int32 integer Raster image identifier
GRreadchunk - . . Array specifying the coordinates of
origin int32 integer
the chunk
(mgrchnk/
mgrcchnk) <valid_numeric_or_ Buffer with chunk datain pixel
datap voIbp char_data_type> interlace mode
ri_id int32 integer Raster image identifier
GRwritechunk e -
[intn] origin int32 integer Array specifying the coordinates of
the chunk
(mgwchnk/
mgwcchnk) datep const VOIDP <valid_numeric_or_ Buffer with chunk datain pixel

char_data_type>

interlace mode
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Chapter

Palettes (DFP API)

9.1

9.2

Chapter Overview

This chapter describes the routines available for storing and retrieving 8-bit palettes. An 8-bit pal-
ette isalook-up table with 256 entries, one entry for each of the 256 possible pixel valuesthe sys-
tem hardware associates with a particular color. This chapter introduces and describes the HDF
palette data model and the DFP interface.

The Palette Data M odel

A palette is the means by which color is applied to an image and is also referred to as a color
lookup table. It is atable in which every row contains the numerical representation of a particular
color. Palettes can be many different sizes, but HDF only supports palettes with 256 colors, corre-
sponding to the 256 different possible pixel values (0 to 255) in 8-bit raster images.

For each of the 256 colors in a palette, there are three 8-bit numbers describing its appearance.
(See Figure 9a.) Each 8-bit color component represents the amount of red (or "R"), green (or
"G"), or blue (or "B") used to create a particular color. In HDF, 8-bit palettes are assumed to be
organized as follows; each entry consists of three bytes: one each for R, G, and B value. The first
group of three bytes represent the R, G, and B values of the first color in the palette; the next three
the R, G, and B values of the second color; and so forth. Therefore, the 256 possible different
pixel valuesin an image serve as an index for the 256 color entries stored in the palette.

FIGURE 9a

Color Mapping Using a Palette

Entry Red Green Blue
0 00000000 | 00000000 | 00000000

1 00000001 | 00000001 | 00000001
2 00000010 | 00000010 | 00000010

( 192 11000000 | 11000000 | 11000000

253 | 11111101 | 11111101 | 11111101
254 11111110 | 11111110 | 11111110
255 11111112 11111111 | 11111112

8-bit Raster Image Pixel Color Look-up Table (Color Components) Palette

In the HDF library, there are four interfaces that support the reading and writing of palette data;
the raster image interfaces, covered in Chapter 6, 8-Bit Raster Images (DFR8 API), Chapter 7, 24-
bit Raster Images (DF24 API), Chapter 9, Palettes (DFP API), and the DFP palette interface cov-
ered in this chapter. The raster image interfaces store palettes with raster images and the palette
interface reads and writes palettes outside of raster image sets. Palettes stored using the palette
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9.3

interface are stored as isolated data objects. In other words they are not included as members of
any set, although they can be grouped with other objects using the Vgroup interface. For more
information on the Vgroup interface, refer to Chapter 5, Vgroups (V API).

The Palette API

The DFP interface consists of eight routines. The routines DFPaddpal and DFPgetpal are the pri-
mary routines for palette 1/0 and are used for most reading and writing operations.

9.3.1 PaletteLibrary Routines
All C functions in the palette interface are prefaced by "DFP" and the equivalent FORTRAN-77
functions are prefaced by "dp". These routines are divided into the following categories:

» Writeroutines store palettes in new files or append them to existing files.

« Read routines sequentially or randomly locate palettes to be read from a named file.

The DFP function calls are more explicitly defined in the following table and iklbfe Refer-
ence Guide.

TABLE 9A DFP Library Routines
Routine Names
Category Description
c FORTRAN-77
DFPaddpal dpapal Appends apdetteto afile.
Write DFPput pal dpppal Writes apaette to afile.
DFPwri t er ef dpwr ef Sets the reference number for writing the next palette.
DFPget pal dpgpal Retrievesthe next palettein afile.
DFPI ast r ef dpl r ef Returns the value of the | ast reference number read or written.
Read DFPnpal s dpnpal s Returns the number of palettesin afile.
DFPr eadr ef dprref Sets reference number for retrieving the next palette.
DFPr est art dpr est Specifies that the next read call will get thefirst paettein thefile.
9.4 Writing Palettes
9.4.1 Writing a Palette: DFPaddpal and DFPputpal
To write a palette to an HDF file, the calling program must contain one of the following function
calls:
C status = DFPaddpal (fil enane, pal ette);
FORTRAN.  status = dpapal (filenane, pal ette)
oR
C status = DFPput pal (fil enane, palette, overwite, filenode);
FORTRAN:  status = dpppal (filename, palette, overwite, filenode)
DFPaddpal andDFPputpal will write a palette to an HDF file named byl enane. When given
a new filenameDFPputpal andDFPaddpal creates a new file and writes the palette as the first
object in the file. When given an existing filenarbé&Paddpal appends the palette to the end of
the file.
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DFPputpal providesthisfunctionality aswell with additional options for how the data is handled,
providing more control over how a palette is written to file than DFPaddpal. Specifically, the
overw it e parameter determines whether or not to overwrite the last palette written to afile or to
append a new palette onto the file. The fi | enode parameter determines whether to create a new
file or to append the data to the previous file. Note the combination to overwrite a palette in a
newly created fileisinvalid and will generate an error. To overwrite a palette, fi | ename must be
the same filename as the last file accessed through the DFP interface. The parameters for DFPad-
dpal and DFPputpal are more explicitly defined in the following table.

TABLE 98 DFPputpal and DFPaddpal Parameter List
Routine Name Parameter Type
[Return Type] Par ameter Description
(FORTRAN-77) C FORTRAN-77
filename char * character* (*) Name of the HDF file.
DFF_’putpaJ palette VOIDP <valid numeric data type> 768-byte space for palette.
(d[g;)t;l]aj) overwrite intn integer Palette write specification.
filemode char * character* (*) File write specification.
DFPaddpal filename char * character* (*) Name of the HDF file.
(d[;lnr:;%) palette VOIDP <valid numeric data type> 768-byte space with palette.
Calling DFPaddpal or DFPputpal immediately after writing an 8-bit raster image will not group
the palette with the preceding image. Palettes written to a file sequentially can be retrieved
sequentially. However, to maintain a higher level of organization between multiple palettes and
images stored in the same file, it's a good idea to explicitly group each palette with the image to
which it belongs. To find out more about assigning a palette to an image, see CHapitRas-
ter Images (DFR8 API).
EXAMPLE 1. Writing a Palette

In the following code example®FPaddpal is used to write a palette to an HDF file named
"Examplel.hdf".

C:
#i ncl ude "hdf. h"

mai n( )

{
uint8 pal ette_data[ 768] ;
intni;
int32 status;

/* Initialize the palette to grayscale. */
for (i =0; i < 256; i++) {
palette_data[i * 3] =i;
palette_data[i * 3 + 1]
palette_data[i * 3 + 2]
}

/* Wite the palette to file. */
status = DFPaddpal (" Exanpl el. hdf", (VO DP)palette_data);
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FORTRAN:
PROGRAM VRl TE PALETTE

i nteger dpapal, status, i
character pal ette_data(768)

C Initialize the palette to greyscale.
do 10, i =1, 256
palette_data((i - 1) * 3 + 1)
palette_data((i - 1) * 3 + 2)
palette_data((i - 1) * 3 + 3)
10 conti nue

char (i - 1)
char (i - 1)
char (i - 1)

C Wite the palette to the HDF file.
status = dpapal(’Examplel.hdf’, palette_data)

end

9.4.2 Specifying the Reference Number of a Palette: DFPwriteref

DFPwriteref specifies the reference number of the palette to be written on the next cal to
DFPaddpal or DFPputpal:

C. status = DFPwriteref (fil enane, ref);
status = DFPaddpal (fil enane, pal ette);
FORTRAN:  status = dpwef(filenane, ref)
status = dpapal (fil enane, pal ette)

DFPwriteref assigns the specified reference number to the next palette written to the file fi | e-
nane. If the value of ref is the same as the reference number of an existing palette, the existing
palette will be overwritten.

The parameters of DFPwriteref are further described in the following table.

TABLE 9C

9.5

DFPwriteref Parameter List

Routine Name Parameter Type
[Return Type] Parameter FORTRAN- Description
(FORTRAN-77) c 77
DFPwriteref filename char * character* (*) Name of the HDF file containing the palette.
[intn] ot Uint16 integer Reference number for the next call to DFPaddpal or
(dpwref) €9 DFPputpal.

Reading a Palette

The DFP programming model for reading a paletteis similar to that for writing a palette - only the
palette read call is required.
9.5.1 Reading a Palette: DFPgetpal

DFPgetpal is the only function required to read a palette. If the file is being opened for the first
time, DFPgetpal returns the first palette in the file. Subsequent calls will return successive pal-
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ettes in the file. In this way palettes are read in the same order in which they were written to the
file.

To read a paette from an HDF file, the calling program must contain the following routines:
C status = DFPget pal (fil enane, pal ette);
FORTRAN:  status = dpgpal (filenane, pal ette)

DFPgetpal retrieves the next palette from the HDF file specified by fi | enane. The space dllo-
cated for the palette is specified by palette and must be at least 768 bytes. When DFPgetpal is
first caled, it returns the first palette in the file. Subsequent calls to DFPgetpal will return succes-
sive palettesin the order in which they are stored in the file, including those stored via the DFR8
interface.

The parameters of DFPgetpal are defined in the following table.

TABLE 9D DFPgetpal Parameter List

Routine Name Parameter Type

[Return Type] Parameter Description

(FORTRAN-77) C FORTRAN-77
DFPgetpal filename char * character* (*) Name of the HDF file.
intn)
(d[paplctl) palette VOIDP <valid numeric data type> 768-byte buffer for the pa ette.

EXAMPLE 2. Reading a Palette

The following examples demonstrate the method used to read a palette from the "Examplel.hdf"
HDF file created in Example 1.

C:
#i ncl ude "hdf.h"
nmai n( )
{
uint8 pal ette_data[ 768] ;
intn status;
/* Read the palette data froma file. */
status = DFPget pal ("Exanpl el. hdf", (VO DP)pal ette_data);
}
FORTRAN:
PROGRAM READ PALETTE
i nt eger dpgpal, status
character pal ette_data(768)
C Read the palette fromthe HDF file.

status = dpgpal(’Examplel.hdf, palette_data)

end
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9.5.2 Reading a Palette with a Given Reference Number: DFPreadr ef

DFPreadref is used to access specific palettes stored in files containing multiple palettes. It isthe
optionally called before DFPgetpal to set the next palette to be accessed to be the specified pal-
ette. DFPreadref can be used in connection with vgroups, which identify their members by tag/
reference number pair.

To access a specific palette, use the following calling sequence:

C true_fal se = DFPreadref (fil ename, ref);
status = DFPget pal (fil enane, pal ette);

FORTRAN. true false = dprref(fil enane, ref)
status = dpgpal (filenane, pal ette)

DFPreadref specifies the reference number for the next read operation performed on the HDF file
fi | ename to the reference number specified by ref .

The parameters of DFPreadref are further defined in the following table.

TABLE 9E

9.6

DFPreadref Parameter List

Routine Name Parameter Type
[Return Type] Parameter FORTRAN- Description
(FORTRAN-77) c 77
DFPreadref filename char * character* (*) Name of the HDF file.
intn)
(d[pmlf) ref uint16 integer Reference number of the next palette to be read.

9.5.3 Specifying the Next Palette to be Accessed to bethe First Palette:
DFPrestart

DFPrestart causes the next DFPgetpal to read from the first palette in the file, rather than the
pal ette following the one that was most recently read. DFPrestart has the following syntax:

C status = DFPrestart( );

FORTRAN: status = dprest( )

Other Palette Routines

9.6.1 Queryingthe Number of Palettesin a File: DFPnpals
DFPnpals returns the total number palettesin afile and has the following syntax:
C numof pal s = DFPnpal s(fil enane);
FORTRAN:  numof _pal s = dpnpal s(fil enane)
The parameter of DFPnpalsis further defined in the following table.
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TABLE 9F

9.7

DFPnpals Parameter List

Routine Name Parameter Type
[Return Type] Parameter FORTRAN- Description
(FORTRAN-77) C 77
DFPnpals
[intn] filename char * character* (*) Name of the HDF file.
(dpnpals)

9.6.2 Obtaining the Reference Number of the Most Recently Accessed
Palette: DFPlastref

DFPlastref returns the reference number most recently used in writing or reading a palette. This
routine is used for attaching annotations to palettes and adding pal ettes to vgroups.

The following calling sequence uses DFPlastref to find the reference number of the palette most
recently written to an HDF file:

C status = DFPaddpal (fil enane, pal ette, wdth, height, conpress);
lastref = DFPlastref( );

FORTRAN:  status = dpapal (filenane, pal ette, width, height, conpress)
lastref = dplref( )

DFPputpal or DFPgetpal can be used in place of DFPaddpal with similar results.

Backward Compatibility | ssues

As HDF has evolved, avariety of interna structures have been used to store palettes, with differ-
ent tags used to represent them. To maintain backward compatibility with older versions of HDF,
the pal ette interface supported by HDF version 4.0 recognizes pal ettes stored using all previously-
used HDF tags. A detailed description of the tags and structures used to store palettes is in the
HDF Specifications and Developer’s Guide v@ldich can be found from the HDF WWW home
page at ht t p: // hdf . ncsa. ui uc. edu/ .
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10

Annotations (AN API)

10.1

10.2

Chapter Overview

The HDF annotation interface, the AN interface, supports the storage of labels and descriptions to
HDF files and the data objects they contain. This chapter explains the methods used to read and
write file and data object annotations using the AN interface.

Note that the AN interface works with multiple files and supersedes the single-file annotations
interface, the DFAN interface, described in Chapter 11, Sngle-file Annotations (DFAN API). Fur-
ther note that the AN interface can also read files written by DFAN interface routines.

The Annotation Data M odel

When working with different data types, it is often convenient to identify the contents of afile by
adding a short text description or annotation. An annotation serves as the explanation for afile or
data object, asin "OQQLLECTED 12/ 14/ 90" or "BLACK HOLE Sl MILATI ON'. The annotation can be as
short as aname or aslong as a portion of source code. For example, if the data originated as satel-
lite data, the annotation might include the source of the data, pertinent environmental conditions,
or other relevant information. In the case of a hypothetical black hole simulation, the annotation
might contain source code for the program that produced the data.

HDF annotations are designed to accommodate a wide variety of information including titles,
comments, variable names, parameters, formulas, and source code. In fact, HDF annotations can
encompass any textual information regarding the collection, meaning, or intended use of the data.

Annotations can be attached to files or data objects, and are themselves data objects identifiable
by atag/reference number pair. Refer to Chapter 2, HDF Fundamentals, for a description of tag/
reference number pairs.

10.2.1L abelsand Descriptions

Annotations come in two forms: labels and descriptions. Labels are short annotations used for
assigning things like titles or time stampsto afile or its data objects. Longer annotations are called
descriptions and typically contain more extensive information, such as a source code module or
mathematical formulae.

Labels are defined as a null-terminated string of characters. Descriptions may contain any
sequence of ASCII characters.

In addition to the distinction made between labels and descriptions, HDF distinguishes between
file annotations and object annotations.
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10.2.2File Annotations

File annotations are assigned to afile to describe the origin, meaning, or intended use of its data.
Any HDF file can be annotated with a label, description, or combination of both. (See Figure
10a.) The number of labels or descriptions an HDF file may contain is limited to the maximum
number of tag/reference number pairs. File annotations may be assigned in any order and at any
time after afileis created.

FIGURE 10a Fileand Object Annotations

HDF File ‘

\ | "Thisisafilelabel” |
| "Thisisafile description.” |
| "This is another file label" |
[ |

This is another file description.”

L./! @:E File Annotations

SDS Vgroup RISS
| "sDsLABEL" | ['VG_LABEL"] | "Thisisa RIS8 description.’|

Object Annotations

Although it is possible to use a file annotation to describe adata object in afile, this practiceis not
recommended. Each data object should be described by its own data object annotation as it is
added to thefile.

10.2.30Dbject Annotations

Object annotations are assigned to individual data objects to explain their origin, meaning, or
intended use. Because object annotations are assigned to individual objects, their use requires an
understanding of HDF tags and reference numbers (see Chapter 2, HDF Fundamentals).

The annotation interface takes advantage of this identification scheme by including the object’s
tag/reference number pair with the text of the annotation. Consider a scientific data set identified
by the tagDFTAG NDG and the reference numbed. (See Figure 10b.) All object annotations
assigned to this particular data set must be prefaced with tbeT#g NDGfollowed by the refer-

ence numbeto.

FIGURE 10b Object Annotationswith Tag/Reference Number Pairs

Scientific Data Set
tag = DFTAG_NDG, ref = 10

/\

DFTAG_NDG, 10, "Thisis an object label." | | DFTAG_NDG 10, "Thisis an object description.”

Object Annotations
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10.3

10.2.4Ter minology

The following pairs of terms are used interchangeably in the following discussions: data object
annotation and data annotation; data object label and data label; data object description and
data description.

The AN interface

The AN interface permits concurrent operations on a set of annotations that exist in more than one
file rather than reguiring the program to deal with the annotations on afile-by-file basis.

10.3.1AN Library Routines
The C routine names of the AN interface are prefaced by the string "AN" and the FORTRAN-77

routine names are prefaced by "af". These routines are divided into the following categories:
. Accessroutinesinitialize and terminate access to the AN interface and the annotation.
- Read/write routines read and write file or object annotations.
. General inquiry routines return information about the annotations.

The AN routines arelisted in Table 10A and are described in more detail in subsequent sections of

this chapter.

TABLE 10A

AN Library Routines

Routine Names e
Category Description
C FORTRAN-77
ANst ar t af start Initializes the AN interface (Section 10.3.4 on page 343)
ANcr eat e afcreate Creates a new data annotation (Section 10.3.4 on page 343)
ANcr eat ef affcreate Creates anew file annotation (Section 10.3.4 on page 343)
Access
ANsel ect af sel ect Obtains an existing annotation (Section 10.5.1 on page 349)
ANendaccess af endaccess Terminates access to an annotation (Section 10.3.4 on page 343)
ANend af end Terminates access to AN interface (Section 10.3.4 on page 343)
ANr eadann af readeann Reads an annotation (Section 10.5.2 on page 349)
Read/write
ANwr i t eann afwriteann Writes an annotation (Section 10.4 on page 344)
ANannl en af annl en Returns the length of an annotation (Section 10.6.2 on page 353)
) ) Retrieves the annotation identifiers of an object (Section 10.6.4
ANannl i st afannl i st
on page 354)
Returns the annotation tag corresponding to an annotation type
ANat ype2t f atypet A
ypestag atatypetag (Section 10.6.8 on page 356)
S S Retrieves the number of annotations of each typein afile
ANFiLeinfo affileinfo (Section 10.6.1 on page 353)
ANDUTBRD af numann Returns the number of annotations of the given type attached to
General Inquiry an object (Section 10.6.3 on page 354)
Retrieves the tag/reference number pair of an annotation speci-
t_t f fgett f . o .
ANget _tagre algettagre fied by itsindex (Section 10.6.5 on page 355)
) ) Retrieves the tag/reference number pair of an annotation speci-
AN d2tagref afi dtagref fied by its identifier (Section 10.6.6 on page 355)
Returns the annotation type corresponding to an annotation tag
ANtag2at ype aftagatype (Section 10.6.9 on page 356)
) ) Returns the identifier of an annotation given its tag/reference
ANt agr ef 2i d aftagrefid ) .
number pair (Section 10.6.7 on page 356)
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10.3.2Type and Tag Definitions Used in the AN Interface

The AN interface uses the four general annotation types used in HDF: the data label, the data
description, the file label and the file description. These annotation types correspondingly map to
the AN DATA LABEL (or 0), the AN DATA DESC (or 1), the AN FILE LABEL (or 2) and the
AN FI LE DESC (or 3) definitions. Severa routines in the AN interface require one of these type
definitions to be passed in as an argument to designate the kind of annotation to be created or
accessed.

10.3.3Programming Model for the AN Interface

As with the GR and SD interfaces, the programming model for the AN interface allows several
files to be open concurrently. The contents of these files can be operated on simultaneously as
long as the calling program accurately keeps track of each interface. The file and object identifi-
ers returned by the interface. Each object identifier and file identifier must be explicitly disposed
of before the termination of the calling program.

The AN interface writes file labels, file descriptions, data object labels, and data object descrip-
tions according to the following programming model:

1. Openthe HDFfile.

2. Initializethe AN interface.

3. Create afile annotation or a data annotation.

4. Perform the desired operations on the annotation.

5. Terminate access to the annotation.

6. Terminate accessto the AN interface.

7. Closethe HDFfile.

To create afile or object annotation, the calling program must contain the following AN routine
cals:

C file id = Hopen(filenane, file access _node, numdds_bl ock);
an id = ANstart(file id);
ann_id = A\createf (an_i d, annot_type);
R ann_id = A\create(an_id, obj_tag, obj_ref, annot_type);
<pti onal operations>
stat us = AN\endaccess(ann_i d);

status = ANend(an_id);
status = Hlose(file_id);

FORTRAN: file_id = hopen(filenane, file_access node, numdds_bl ock)
an id = afstart(file_id)

ann_id
R ann_id

af fcreate(an_id, annot_type)
af create(an_id, obj _tag, obj_ref, annot_type)

<pti onal operations>

status = af endaccess(ann_i d)
status = af end(an_i d)
status = hclose(file_id)
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10.3.4Accessing Filesand Annotations: ANstart, ANcreatef, and ANcreate

An HDF file must be opened by Hopen before it can be accessed using the AN interface. Hopen
is described in Chapter 2, HDF Fundamentals.

ANstart initializes the AN interface for subsequent AN interface operations. ANstart takes one
argument, the file identifier, fi | e_i d, returned by Hopen, and returns an AN interface identifier,
an_i d or FAI L (or - 1) upon unsuccessful completion.

ANCcreatef creates afile label or file description. It takes two parameters: the AN interface identi-
fier, an_i d, returned by ANstart, and the type of the file annotation to be created, annot _t ype.
The parameter annot _t ype must be set to either AN FI LE LABAL (or 2) or AN FI LE DESC (or 3).
ANcreatef returns the file annotation identifier (ann_i d) if successful, and FA L (or - 1) otherwise.

ANCcreate creates a data label or data description. It takes four parameters. an_i d, obj _tag,
obj ref, and annot_type. The parameter an_i d is the AN interface identifier, returned by
ANstart. The parameters obj tag and obj _ref are the tag/reference number pair of the object
the annotation will be assigned to. The parameter annot _t ype specifies the type of the data anno-
tation. It must be set to either AN DATA LABEL (or 0) or AN DATA DESC (or 1). The annotation type
definitions are defined in the header file "hdf.h".

ANCcr eate returns the data annotation identifier (ann_i d) if successful and FAI L (or - 1) otherwise.
The parameters of ANcreate, ANcreatef, and ANstart are further defined in Table 10B.

10.3.5Terminating Accessto Annotations and Files: ANendaccess and
ANend

ANendaccess terminates access to the annotation identified by the parameter ann_i d, which is
returned by ANcreate or ANcreatef. Any subsequent attempts to access this annotation identifier
will result in avalue of FA L being returned. One ANendaccess must be called for every ANcre-
ate, ANcreatef, or ANattach. Each ANendaccess returns either SUQCEED (or 0) or FAI L (or - 1).

ANend terminates access to the AN interface identified by the parameter an_i d, which isreturned
by ANstart. Any subsequent attempts to access the AN interface identifier or to use AN routines
will result in avalue of FAI L being returned.

ANend returns either SUCCEED (or 0) or FAIL (or -1). The parameters of ANendaccess and
ANend are defined in Table 10B.

The HDF file must be closed by Hclose after all callsto ANend have been properly made. Hclose
is described in Chapter 2, HDF Fundamentals.

TABLE 10B

ANstart, ANcreate, ANcreatef, ANendaccess and ANend Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
ANstart
[int32] file_id int32 integer Fileidentifier
(afstart)
an_id int32 integer AN interface identifier
ANcreate obj_tag uint16 integer Tag of the object to be annotated
int32]
(a[fcr eage) obj_ref uint16 integer Reference number of the object to be annotated
annot_type ann_type integer Data annotation type
ANcreatef an_id int32 integer AN interface identifier
int32]
(aEfcr ea]te) annot_type ann_type integer File annotation type
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ANendaccess
[intn] ann_id int32 integer Annotation identifier
(afendaccess)

ANend
[int32] an_id int32 integer AN interface identifier
(afend)

10.4 Writing an Annotation: ANwriteann

The AN programming model for writing an annotation is as follows:;
1. Create afile annotation or a data annotation.
2. Writeto the annotation.
3. Terminate access to the annotation.
To write afile or data annotation, the calling program must contain the following routine calls:
C file_id = Hopen(fil enane, file_access_node, numdds_bl ock);
an id = ANstart(file_id);
ann_id = A\createf (an_id, annot_type);
R ann_id = A\create(an_id, obj tag, obj ref, annot_type);
status = ANwiteann(ann_id, ann text, ann_|ength);
stat us = ANendaccess(ann_id);

status = ANend(an i d);
status = Hlose(file_ id);

FORTRAN: file_id = hopen(filenane, file_access node, numdds_bl ock)
an id = afstart(file_id)

ann_id = affcreate(an_i d, annot_type)
R ann_id = afcreate(an_id, obj _tag, obj ref, annot_type)

status = afwiteann(ann_id, ann_text, ann_|ength)
status = af endaccess(ann_i d)

status = af end(an_i d)

status = hclose(file_id)

ANwriteann writes the annotation text given in the parameter ann_t ext to the annotation speci-
fied by ann_i d. The parameter ann_I engt h specifies the number of characters in the annotation
text, not including the NULL character. If the annotation has aready been written with text,
ANwriteann will overwrite the current text.

ANwriteann returns either SUOCEED (or 0) or FAIL (or - 1). The parameters of ANwriteann are
further defined in Table 10C.

TABLE 10C ANwriteann Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) (63 FORTRAN-77
ANwriteann ann_id int32 integer Annotation identifier
[int32] ann_text char * character* (*) Text of the annotation
(afwriteann) ann_length int32 integer Number of charactersin the annotation

10-344 November 7, 2001



HDF User's Guide

EXAMPLE 1. Creating File and Data Annotations

This example illustrates the use of ANcreatef/affcreate to create file annotations and ANcreate/
afcreate to create data annotations.

In this example, the program creates an HDF file named " General_ HDFobjects.hdf" then attaches
to it two annotations, afile label and afile description. Within the HDF file, the program creates
avgroup named "AN Vgroup" and attaches to it two annotations, a data label and a data descrip-
tion. Refer to Chapter 5, Vgroups (V API), for adiscussion of the V interface routines used in this
example.

Note that the names AN FILE LABEL, AN FI LE DESC, AN DATA LABHL, and AN DATA DESC are
defined by the library to specify the type of the annotation to be accessed.

C:
#i ncl ude "hdf.h"
#define FlILE _NAME " Cener al _HDFobj ect s. hdf "
#define VG NAME " AN Vgr oup”

#define FILE LABEL_TXT "CGeneral HDF objects"

#define FILE DESC TXT "This is an HDF file that contains general HDF objects"
#define DATA LABEL_TXT " Common AN \Vgroup”

#define DATA DESC TXT "This is a vgroup that is used to test data annota-

tions"
nmai n( )
{

[ RA IR KKKk Kk kkkkkxkkkkxkx% \/griabl @ declarati on *EFFFEFEEE KKK KKK R KKK KKK KK KK [

intn status_n; /* returned status for functions returning an intn */
int32 status_32, /* returned status for functions returning an int32 */

file_id, /* HDF file identifier */

an_id, /* AN interface identifier */

file_label id, /* file label identifier */

file_desc_id, /* file description identifier */

data_label id, /* data |abel identifier */

dat a_desc_i d, /* data description identifier */

vgroup_i d;

ui nt 16 vgroup_tag, vgroup_ref;
/********************** End Of Val’l able deCI arat|0n **********************/

/*

* Create the HDF file.

*/

file_id = Hopen (FI LE_NAME, DFACC CREATE, 0);

/*

* Initialize the AN interface.
*/

an_id = ANstart(file_id);

/*

* Create the file | abel.

*/

file_label _id = ANcreatef (an_id, AN FILE LABEL);

/*
* Wite the annotations to the file |abel.
*
/
status_32 = ANwiteann(file_label _id, FILE LABEL_TXT,
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strlen (FILE_LABEL_TXT));

/*

* Create file description.

*/

file_desc_id = ANcreatef(an_id, AN FILE DESC);

/*
* Wite the annotation to the file description.
*
/
status_32 = ANwiteann(file_desc_id, FILE DESC TXT,
strlen (FILE_DESC TXT));

/ *

* Create a vgroup in the V interface. Note that the vgroup’s ref number
*is set to -1 for creating and the access mode is "w" for writing.

*,

/

status_n = Vstart(file_id);
vgroup_id = Vattach(file_id, -1, "w");

status_32 = Vsetname (vgroup_id, VG_NAME);

/*

* Obtain the tag and ref number of the vgroup for subsequent
* references.

*

vgroup_tag = (uint16) VQuerytag (vgroup_id);

vgroup_ref = (uint16) VQueryref (vgroup_id);

/*

* Create the data label for the vgroup identified by its tag

*and ref number.

*

data_label_id = ANcreate(an_id, vgroup_tag, vgroup_ref, AN_DATA_LABEL);

/*
* Write the annotation text to the data label.
*
/
status_32 = ANwriteann(data_label_id, DATA_LABEL_TXT,
strlen(DATA_LABEL_TXT));

/*

* Create the data description for the vgroup identified by its tag

*and ref number.

*

data_desc_id = ANcreate(an_id, vgroup_tag, vgroup_ref, AN_DATA_DESC);

/*
* Write the annotation text to the data description.
*
/
status_32 = ANwriteann(data_desc_id, DATA_DESC_TXT, strlen(DATA_DESC_TXT));

/*

* Teminate access to the vgroup and to the V interface.
*

status_32 = Vdetach(vgroup_id);

status_n = Vend(file_id);

/*

* Terminate access to each annotation explicitly.
*

status_n = ANendaccess(file_label_id);
status_n = ANendaccess(file_desc_id);
status_n = ANendaccess(data_label_id);
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status_n = ANendaccess(data_desc_id);

/*

* Terminate access to the AN interface and close the HDF file.
*/

status_32 = ANend(an_id);

status_n = Hcl ose(file_id);

}
FORTRAN:
program creat e_annot ati on
inplicit none
C
C Par armret er decl arati on
C
character*22 FILE NAVE
character*9 VG NAME
character*19 FILE LABEL TXT
character*53 FI LE DESC TXT
character*16 DATA LABEL_TXT
charact er*54 DATA DESC TXT
C
parameter (FILE_NAME  ='General_HDFobjects.hdf’,
+ VG_NAME ='AN Vgroup’,
+ FILE_LABEL_TXT ='General HDF objects’,
+ DATA_LABEL_TXT =’Common AN Vgroup’,
+ FILE_DESC_TXT =
+ 'This is an HDF file that contains general HDF objects’,
+ DATA_DESC_TXT =

+ 'This is a vgroup that is used to test data annotations’)

integer DFACC_CREATE

parameter (DFACC_CREATE = 4)

integer AN_FILE_LABEL, AN_FILE_DESC, AN_DATA_LABEL, AN_DATA_DESC
parameter (AN_FILE_LABEL =2,

+ AN_FILE_DESC =3,
+ AN_DATA _LABEL =0,
+ AN_DATA _DESC =1)

C

C Function declaration

C

integer hopen, hclose

integer afstart, affcreate, afwriteann, afcreate,

+ afendaccess, afend

integer vfstart, vfatch, vfsnam, varef, vatag, vfdtch, vfend

C
C*** \/ariable declaration
C

integer status
integer file_id, an_id
integer file_label_id, file_desc_id
integer data_label_id, data_desc_id
integer vgroup_id, vgroup_tag, vgroup_ref
C
C*** End of variable declaration

Create the HDF file.

O000

file_id = hopen(FILE_NAME, DFACC_CREATE, 0)

oNe@]

Initialize the AN interface.
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[eNeNe] OO0 [eNeNe]

000 [eNeNe] OO0 OO0 O000 O000 O000 OO0

000

an_id = afstart(file_id)

Oeate the file |abel.

file_ label _id = affcreate(an_id, AN _FILE LABEL)
Wite the annotation to the file |abel.

status = afwiteann(file_label _id, FILE LABEL_TXT,
+ I en( FI LE_LABEL_TXT))

Create file description.
file_desc_id = affcreate(an_id, AN _FILE_DESC)
Wite the annotation to the file description.

status = afwiteann(file_desc_id, FILE DESC TXT,
+ | en( FI LE_DESC_TXT))

Create a vgroup in the file. Note that the vgroup’s ref number is
set to -1 for creating and the access mode is ‘w’ for writing.

status = vfstart(file_id)
vgroup_id = vfatch(file_id, -1, 'w’)
status = vfsnam(vgroup_id, VG_NAME)

Obtain the tag and reference number of the vgroup for subsequent
references.

vgroup_ref = vgref(vgroup_id)
vgroup_tag = vqtag(vgroup_id)

Create the data label for the vgroup identified by its tag and ref
number.

data_label_id = afcreate(an_id, vgroup_tag, vgroup_ref,
+ AN_DATA_LABEL)

Write the annotation text to the data label.
status = afwriteann(data_label_id, DATA_LABEL_TXT,
+ len(DATA_LABEL_TXT))
Create the data description for the vgroup identified by its tag and ref.

data_desc_id = afcreate(an_id, vgroup_tag, vgroup_ref,
+ AN_DATA_DESC)

Write the annotation text to the data description.

status = afwriteann(data_desc_id, DATA_DESC_TXT,
+ len(DATA_DESC_TXT))

Terminate access to the vgroup and to the V interface.

status = vfdtch(vgroup_id)
status = vfend(file_id)

Terminate access to each annotation explicitly.
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status = afendaccess(file_| abel _id)

status = afendaccess(file_desc_id)

status = af endaccess(data_| abel _id)

status = af endaccess(data_desc_i d)
Cc
C Term nate access to the AN interface and close the HDF file.
C

status = afend(an_i d)

status = hclose(file_id)

end

10.5 Reading Annotations Using the AN Interface

Reading an annotation is done by first selecting the desired annotation of the appropriate type
using ANsdlect, then reading the annotation text using ANreadann. These two routines are
described in this section.

10.5.1Selecting an Annotation: ANselect

ANSselect obtains the identifier of the annotation specified by itsindex, i ndex, and by its annota-
tion type, annot _t ype. The syntax for ANselect is asfollows:

C ann_id = ANsel ect (an_id, index, annot_type);
FORTRAN: ann_id = afselect(an_id, index, annot_type)

The parameter i ndex is a nonnegative integer and is less than the total number of annotations of
type annot _t ype in the file. Use ANfileinfo, described in Section 10.6.1 on page 353, to obtain
the total number of annotations of type annot _t ype in thefile.

Possible valid values of annot _t ype are AN DATA LABEL (or 0) for a data label, AN DATA DESC (or
1) for a data description, AN FI LE LABEL (or 2) for afile label, and AN FI LE DESC (or 3) for afile
description.

ANSselect returns an annotation identifier or FA L (or -1) upon unsuccessful completion. The
parameters of ANselect are further described in Vdata.

10.5.2Reading an Annotation: ANreadann

ANreadann reads the annotation specified by the parameter ann_i d and stores the annotation text
in the parameter ann_buf . The syntax for ANreadann is asfollows

C status = ANFeadann(ann_id, ann buf, ann | ength);
FORTRAN: status = afreadann(ann_id, ann_buf, ann_| engt h)

The parameter ann_| engt h specifiesthe size of the buffer ann_buf . If the length of the file or data
label to be read is greater than or equal to ann_| engt h, the label will be truncated to ann_I engt h
- 1 characters. If the length of the file or data description is greater than ann_| engt h, the descrip-
tion will be truncated to ann_| engt h characters. The HDF library adds a NULL character to the
retrieved label but not to the description. The user must add a NULL character to the retrieved
description if the C library string functions are to operate on this description.

ANreadann returns either SUQCEED (or 0) or FAI L (or - 1). The parameters of ANreadann are fur-
ther described in Table 10D.
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TABLE 10D ANselect and ANreadann Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) c FORTRAN-77
ANselect an_id int32 integer AN interface identifier
[int32] index int32 integer Index of the annotation
(afselect) . )
annot_type ann_type integer Type of the annotation
ann_id int32 integer Annotation identifier
Al\l[ir:gdz?nn ann_buf char * character* (*) Buffer for the returned annotation text
(afreadann) ann length ini32 integer Numbq‘ of charactersto be retrieved from the
annotation
EXAMPLE 2. Reading File and Data Annotations
This example illustrates the use of ANfileinfo/affileinfo to get the number of data and file annota-
tionsin the file, ANselect/afselect to get an annotation, ANannlen/afannlen to get the length of
the annotation, and ANreadann/afreadann to read the contents of the annotation.
In this example, the program reads some of the annotations created in the file
"General_HDFobjects.hdf" by Example 1. The program first gets the information on the annota-
tions in the file so that the number of existing annotations of each kind is available prior to read-
ing. The program then gets the length of each annotation and allocates sufficient space for the
contents of the annotation to be read. For the simplicity of this example, only the data labels are
read. Any other annotations can be read by adding the for loop with appropriate values as noted
below.
This example uses the ANfileinfo/affileinfo routine to get annotation information. This rouitneis
described in the Section 10.6.1
C:
#i ncl ude "hdf.h"
#define FILE_NAME "General _HDFobjects. hdf"
nmai n( )
{
/************************* Varl abl e decl al‘atl On **************************/
intn status_n; /* returned status for functions returning an intn */
int32 status_32, /* returned status for functions returning an int32 */
file_id, /* HOF file identifier */
an_id, /* AN interface identifier */
ann_id, /* an annotation identifier */
i ndex, /* position of an annotation in all of the same type*/
ann_| engt h, /* length of the text in an annotation */
n_ file_labels, n_file descs, n_data_labels, n_data_descs;
char *ann_buf; /* buffer to hold the read annotation */
/********************** End Of Val’lable deCI al’atlon **********************/
/ *
* Open the HDF file.
*/
file id = Hopen (FILE _NAME, DFACC READ, 0);
/ *
* Initialize the AN interface.
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*/
an_id = ANstart (file_id);

/*
* Get the annotation infornation, e.g., the nunbers of file labels, file
* descriptions, data | abels, and data descriptions.
*
/
status_n = ANfileinfo (an_id, & _file_labels, & _file_descs,
&n_data_| abel s, &n_data_descs);

* Cet the data |l abels. Note that this for |oop can be used to

* obtain the contents of each kind of annotation with the appropriate
* nunber of annotations and the type of annotation, i.e., replace

* n_data_labels with n_file_labels, n_file_descs, or n_data_descs, and
* AN _DATA LABEL with AN FILE LABEL, AN _FILE DESC, or AN _DATA DESC,

* respectively.

*/
for (index = 0; index < n_data_| abels; index++)
{
/*
* CGet the identifier of the current data |abel.
*
/
ann_id = ANsel ect (an_id, index, AN _DATA LABEL);
/*
* CGet the length of the data |abel.
*
/
ann_l ength = ANannl en (ann_id);
/*
* Allocate space for the buffer to hold the data | abel text.
*/
ann_buf = malloc ((ann_l ength+l) * sizeof (char));
/*
* Read and display the data | abel. Note that the size of the buffer,
* ji.e., the third paranmeter, is 1 character nore than the length of
* the data label; that is for the null character. It is not the case
* when a description is retrieved because the description does not
* necessarily end with a null character.
*
*/
status_32 = ANreadann (ann_id, ann_buf, ann_| ength+1);
printf ("Data |abel index: %\n", index);
printf ("Data |abel contents: 9%\n", ann_buf);
/*
* Term nate access to the current data | abel.
*
/
status_n = ANendaccess (ann_id);
/*
* Free the space allocated for the annotation buffer.
*/
free (ann_buf);
}
/*
* Terminate access to the AN interface and close the HDF file.
*/

status_32 = ANend (an_id);
status_n = Hclose (file_id);
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}
FORTRAN:
program read_annot ati on
inplicit none
C
C Par aret er decl arati on
Cc
character*22 FILE NAVE
C
parameter (FILE_NAME = 'General_HDFobjects.hdf’)
integer DFACC_READ
parameter (DFACC_READ = 1)
integer AN_DATA_LABEL
parameter (AN_DATA_LABEL = 0)
c
C Function declaration
Cc
integer hopen, hclose
integer afstart, affileinfo, afselect, afannlen, afreadann,
+ afendaccess, afend
Cc
C*** Variable declaration
c
integer status
integer file_id, an_id, ann_id
integer index, ann_length
integer n_file_labels, n_file_descs, n_data_labels, n_data_descs
character*256 ann_buf
c
C*** End of variable declaration
Cc
Cc
C  Open the HDF file for reading.
Cc
file_id = hopen(FILE_NAME, DFACC_READ, 0)
Cc
C Initialize the AN interface.
C
an_id = afstart(file_id)
C
C Get the annotation information, i.e., the number of file labels,
C file descriptions, data labels, and data descriptions.
C
status = affileinfo(an_id, n_file_labels, n_file_descs,
+ n_data_labels, n_data_descs)
Cc
C Getthe data labels. Note that this DO loop can be used to obtain
C the contents of each kind of annotation with the appropriate number
C of annotations and the type of annotation, i.e., replace
C n_data_labels with n_file_labels, n_files_descs, or n_data_descs, and
C AN_DATA_LABEL with AN_FILE_LABEL, AN_FILE_DESC, or AN_DATA_DESC,
C respectively.
Cc
do 10 index = 0, n_data_labels-1
Cc
C Get the identifier of the current data label.
Cc
ann_id = afselect(an_id, index, AN_DATA_LABEL)
Cc
C Getthe length of the data label.
C
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ann_| ength = af annl en(ann_i d)

Read and display the data label. The data label is read into buffer
ann_buf. One has to nmake sure that ann_buf has sufficient size to hold
the data | abel. Also note, that the third argunent to afreadann is

1 greater that the actual length of the data |abel (see comment to

C exanpl e).

O00000O0

status = afreadann(ann_id, ann_buf, ann_l engt h+1)
write(*,*) 'Data label index: ’, index
write(*,*) 'Data label contents: ’, ann_buf(1:ann_length)
10 continue
c
C Terminate access to the current data label.
Cc
status = afendaccess(ann_id)

Terminate access to the AN interface and close the HDF file.

OO0

status = afend(an_id)
status = hclose(file_id)
end

10.6 Obtaining Annotation Information Using the AN Interface

The HDF library provides various AN routines to obtain annotation information for the purpose of
locating either a particular annotation or a set of annotations that correspond to a set of search cri-
teria. The following sections describe these AN routines.

10.6.10btaining the Number of Annotations: ANfileinfo

ANfileinfo retrieves the total number of file labels, file descriptions, data labels, and data descrip-
tionsin the file identified by the parameter an_i d. The syntax for ANfileinfo is as follows:

C status = ANfileinfo(an_id, & file labels, & file_descs,
&n_data_ | abel s, & data descs);

FORTRAN:  status

affileinfo(an_id, nfile_ labels, n_file descs,
n_data | abel s, n_data_descs)

The retrieved information will be stored in the parameters n_file_l abel s, n_fil e_descs,
n_dat a_| abel s, and n_dat a_descs, respectively. They can also be used as loop boundaries.

ANfileinfo returns either SUGCEED (or 0) or FAI L (or - 1). The parameters of ANfileinfo are further
described in Table 10E.
10.6.2Getting the Length of an Annotation: ANannlen

ANannlen returns either the length of the annotation, identified by the parameter ann_i d, or FA L
(or - 1) upon unsuccessful completion. The syntax for ANannlen is asfollows:

C ann_| en = ANannl en(ann_i d);
FORTRAN: ann_|en = af annl en(ann_i d)

The parameters of ANannlen are further described in Table 10E.
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TABLE 10E

ANfileinfo and ANannlen Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77

an_id int32 integer AN interface identifier

n_file_labels int32 * integer Number of filelabelsin thefile

ANfileinfo
[intn] n_file_descs int32 * integer Number of file descriptionsin the file

(affileinfo) n_data labels int32* integer Number of datalabelsin thefile

n_data descs int32 * integer Number of datadescriptionsin thefile

ANannlen
[int32] ann_id int32 integer Annotation identifier
(afannlen)

10.6.30btaining the Number of Specifically-typed Annotations of a Data
Object: ANnumann

ANnumann returns the total number of annotations that are of type annot _t ype and that are
attached to the object identified by its tag, obj _t ag, and reference number, obj _ref . The syntax
for ANnumann isasfollows:

C ann_num = Ahhunann(an_i d, annot_type, obj_tag, obj_ref);
FORTRAN:  ann_num= af nunann(an_i d, annot_type, obj tag, obj ref)

As this routine is implemented only to obtain the total number of data annotations and not file
annotations, the valid values of annot _t ype are AN DATA LABEL (or 0) and AN DATA DESC (or 1).
To obtain the total number of file annotations or all data annotations, use ANfileinfo.

ANnumann returns the total number of qualified annotations or FAI L (or - 1). The parameters of
ANnumann are further described in Table 10F.

10.6.40btaining the List of Specifically-typed Annotation Identifiersof a
Data Object: ANannlist

ANannlist retrieves the annotation identifiers for al of the annotations that are of type
annot _t ype and belong to the object identified by its tag, obj _t ag, and its reference number,
obj _ref . The syntax for ANannlist isasfollows:

C status = ANannlist(an_id, annot_type, obj tag, obj ref, ann list);
FORTRAN: status = afselect(an_id, annot_type, obj tag, obj _ref, ann_list)

The identifiers of the retrieved annotations are stored in the parameter ann_| i st. The routine
ANnumann can be used to obtain the number of annotations to be retrieved for dynamic memory
allocation.

ANannlist returns either SUCCEED (or 0) or FAI L (or - 1). The parameters of ANannlist are further
described in Table 10F.
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TABLE 10F

ANnumann and ANannlist Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
an_id int32 integer AN interface identifier
ANnumann annot_type ann_type integer Type of the annotation
[intn] obj_tag uint16 integer Tag of the object the annotation is attached to
(afnumann)
obi ref Lint16 integer Reference number of the object the annotation is
1! e attached to
an_id int32 integer AN interface identifier
annot_type ann_type integer Type of the annotation
ANannlist obj_tag uintl6é integer Tag of the object the annotation is attached to
Lintn] Reference number of the obj ioni
d ' ’ . ject the annotation is
(afannlist) obj_ref uint16 integer attached to
amn_list int32 * integer () Buffer for re'Furr?ed annotation identifiers that match
the search criteria

10.6.50btaining the Tag/Reference Number Pair of the Specified Annotation
Index and Type: ANget_tagref
ANget_tagref retrieves the tag and reference number of the annotation identified by its index,

specified by the parameter i ndex, and by the annotation type, specified by the parameter
annot _t ype. The syntax for ANget_tagref isasfollows:

C status = ANget_tagref(an_id, index, annot_type, &nn_tag, &nn_ref);
FORTRAN: status = afgettagref(an_id, index, annot_type, ann tag, ann ref)

The tag is stored in the parameter ann_t ag and the reference number is stored in the parameter
ann_r ef . The parameter i ndex is anonnegative value and is less than the total number of annota-
tions of type annot _t ype in the file. Use ANfileinfo to obtain the total number of annotations of
type annot _t ype in thefile.

The value of annot_type can be either AN DATA LABH. (or 0), AN DATA DESC (or 1),
AN FI LE_LABEL (or 2), or AN FI LE_DESC(or 3).

ANget_tagref returns either SUCCEED (or 0) or FAI L (or - 1). The parameters of ANget_tagref are
further described in Table 10G on page 357.

10.6.60Dbtaining the Tag/Reference Number Pair from a Specified
Annotation Identifier: ANid2tagref

ANid2tagref retrieves the tag/reference number pair of the annotation identified by the parameter
ann_i d. The syntax for ANid2tagref is as follows:

C status = AN d2tagref (ann_id, &nn_tag, &nn_ref);

FORTRAN:  status

afidtagref(ann_id, ann_tag, ann_ref)

ANid2tagref stores the retrieved tag and reference number into the parameters ann_t ag and
ann_r ef . Possible values returned in ann_t ag are DFTAG D L (or 104) for a data label, DFTAG DI A
(or 105) for a data description, DFTAG Fl D(or 100) for afile label, and DFTAG FD(or 101) for afile
description.
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ANid2tagref returns either SUCCEED (or 0) or FAIL (or - 1). The parameters of ANid2tagref are
further described in Table 10G on page 357.

10.6.70Dbtaining the Annotation Identifier from a Specified Tag/Reference
Number Pair: ANtagref2id

ANtagref2id routine returns the identifier of the annotation that is specified by its tag/reference
number pair or FA L (or - 1). The syntax for ANtagref2id is asfollows:

C ann_id = ANtagref2id(an_id, ann_tag, ann ref);
FORTRAN: ann_id = aftagrefid(an_id, ann_tag, ann_ref)
The parameters of ANtagref2id are further described in Table 10G on page 357.

10.6.80btaining an Annotation Tag from a Specified Annotation Type:
ANatype?tag

ANatype2tag returns the tag that corresponds to the annotation type specified by the parameter
annot _t ype if successful, or DFTAG NULL (or 0) otherwise. The syntax for ANatype2tag is as fol-
lows:

C ann_tag = ANat ype2t ag(annot _type);
FORTRAN: ann_tag = af at ypet ag( annot _t ype)

The following table lists the valid values of annot _t ype in the left column and the corresponding
values for the returned annotation tag on the right.

Annotation Type Annotation Tag

é;\‘—DATA—LABE'- (or DFTAG DIL (or 104)

AN DATA DESC (or 1)  DFTAG DA (or 105)
g\l_FI LE LABEL (or DFTAG FI D (or 100)

AN FI LE DESC (or 3) DFTAGFD (or 101)

The parameters of ANatype2tag are further described in Table 10G.

10.6.90btaining an Annotation Type from a Specified Object Tag:
ANtag2atype

ANtag2atype returns the annotation type corresponding to the annotation tag ann_t ag if success-
ful, or AN_UNDEF (or - 1) otherwise. The syntax for ANtag2atypeisasfollows:

C annot _type = AN ag2at ype(ann_tag);
FORTRAN:  annot_type = aftagat ype(ann_t ag)

Thefollowing tablelists the valid values of ann_t ag in the left column and the corresponding val-
ues of the returned annotation type in the right column.
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Annotation Tag Annotation Type
DFTAG DI L (or104) AN DATA LABEL (or0)
DFTAG DI A (or105) AN DATA DESC (orl)
DFTAG FI D (or100) AN FI LE LABEL (or2)
DFTAG FD (or101) AN FI LE_DESC (or3)

The parameters of ANtag2atype are further described in Table 10G.

TABLE 10G ANget_tagref, ANid2tagref, ANtagref2id, ANatype2tag, and ANtag2atype Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
an_id int32 integer AN interface identifier
ANget_tagref ann_index int32 integer Index of the annotation
[i nt_32] annot_type ann_type integer Annotation type of the annotation
(afgettagref) ann_tag uint16 * integer Tag of the annotation
ann_ref uint16 * integer Reference number of the annotation
ANid2tagref ann_id int32 integer Identifier of the annotation
[int32] ann_tag uint16 * integer Tag of the annotation
(afiditagref) ann_ref uint16 * integer Reference number of the annotation
ANtagref2id an_id int32 integer AN interface identifier
[int32] ann_tag uintlé integer Tag of the annotation
(aftagrefid) ann_ref uint16 integer Reference number of the annotation
ANatype2tag
[uint16] annot_type ann_type integer Annotation type
(afatypetag)
ANtag2atype
[ann_type] ann_tag uintlé integer Annotation tag
(aftagatype)
EXAMPLE 3. Obtaining Annotation Information

This exampleillustrates the use of ANnumann/afnumann to obtain the number of annotations of
an object, ANannlist/afannlist to obtain the list of annotation identifiers, and ANid2tagref/afid-
tagref, ANatype2tag/afatypetag, and ANtag2atype/aftagatype to perform some identifier con-
versions.

In this example, the program locates the vgroup named "AN Vgroup" that was created in the file
"General_HDFobjects.hdf" by Example 1. The program then gets the number of data descriptions
that this vgroup has and the list of their identifiers. If there are any identifers in the list, the pro-
gram displays the corresponding reference numbers. Finally, the program makes two simple con-
versions, from an annotation type to a tag and from a tag to an annotation type, and displays the
results.

C:

#i ncl ude "hdf. h"

#define FILE_NAME "Ceneral _HDFobjects. hdf"

#define VG NAME " AN Vgr oup”
nmai n( )
{
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[ R ERF R KKKk Kk kkkxkxkkkkxkx% \/griabl @ declarati on *EFrFERFEEE KKK KKK R KKK KKK KK KK [

intn status_n; /* returned status for functions returning an intn */
int32 status_32, /* returned status for functions returning an int32*/
file_id, an_id, ann_id,
n_annot s, /* nunber of annotations */
*ann_list, /* list of annotation identifiers */
vgroup_ref, /* reference nunber of the vgroup */
i ndex; /* index of an annotation in the annotation |ist */
ann_t ype annot _type = AN_DATA DESC, /* annotation to be obtained*/
uint16 ann_tag, ann_ref, /* tag/ref number of an annotation */
vgroup_tag = DFTAG VG /* tag of the vgroup */

[ kxR xR xSk kkkxkxkxkxxxx End of variabl e decl arati on **FxFxkxkkkkkkkkkkkkkx [

/*

* Create the HDF file.

*/

file_id = Hopen (FI LE_NAVE, DFACC READ, 0);

/*
* Initialize the Vinterface.
*/
status_n = Vstart (file_id);

/*

* Cet the vgroup named VG NAME.

*/

vgroup_ref = Vfind (file_id, VG NAME);

/*

* Initialize the AN interface and obtain an interface id.
*/

an_id = ANstart (file_id);

/*

* Get the nunber of object descriptions. Note that, since ANnunann takes
* the tag and reference nunber as being of type unitl6, vgroup_ref nust be
* safely cast to uintl1l6 by checking for FAIL value first.

*/
if (vgroup_ref !'= FAIL)
{
n_annots = ANnumann (an_i d, annot_type, vgroup_tag, (uint16)vgroup_ref);
/*
* Allocate space to hold the annotation identifiers.
*/

ann_list = malloc (n_annots * sizeof (int32));

/*
* Get the list of identifiers of the annotations attached to the
* vgroup and of type annot_type.

*/

n_annots = ANannlist (an_id, annot_type, vgroup_tag, (uint16)vgroup_ref,
ann_list);

/*

* CGet each annotation identifier fromthe list then display the
* tag/ref nunmber pair of the correspondi ng annotati on.

*/

printf ("List of annotations of type AN DATA DESC.\n");

for (index = 0; index < n_annots; index++)

{
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/*

* Get and display the ref nunmber of the annotation from

* its identifier.

*/

status_32 = AN d2tagref (ann_list[index], &ann_tag, &ann_ref);

printf ("Annotation index %: tag = %)\ nreference nunber= %l\ n",
index, ann_tag == DFTAG DIA ? "DFTAG DI A (data description)":
“Incorrect”, ann_ref);

Yy /* for */
} /* for */

/*
* Get and display an annotation type froman annotation tag.
*
/
annot _type = ANt ag2atype (DFTAG FID);
printf ("\nAnnotation type of DFTAGFID (file label) is %\n",
annot _type == AN_FILE LABEL ? "AN FI LE LABEL":"Incorrect");

/*
* Get and display an annotation tag froman annotation type.
*/
ann_tag = ANatype2tag (AN_DATA LABEL);
printf ("\nAnnotation tag of AN _DATA LABEL is %\n",
ann_tag == DFTAG DL ? "DFTAG DIL (data label)":"Incorrect");

/*

* Term nate access to the AN interface and close the HDF file.
*/

status_32 = ANend (an_id);

status_n = Hclose (file_id);

/*

* Free the space allocated for the annotation identifier list.
*/

free (ann_list);

FORTRAN:

program annot ati on_i nfo
inplicit none

Par armet er decl arati on

[eNeNe]

character*22 FI LE_NAVE
character*9 VG NAVE

parameter (FILE_NAME  ='General_HDFobjects.hdf’,
+ VG_NAME ="AN Vgroup’)
integer DFACC_READ
parameter (DFACC_READ = 1)
integer AN_FILE_LABEL, AN_DATA_LABEL, AN_DATA_DESC
parameter (AN_FILE_LABEL =2,
+ AN_DATA_LABEL =0,
+ AN_DATA_DESC =1)
integer DFTAG_DIA, DFTAG_FID, DFTAG_DIL
parameter (DFTAG_DIA = 105,
+ DFTAG_FID =100,
+ DFTAG_DIL = 104)
integer DFTAG_VG
parameter (DFTAG_VG = 1965)
Cc
C Function declaration
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C
i nt eger hopen, hcl ose
integer afstart, afnunann, afannlist, afidtagref, aftagatype,
+ af at ypet ag, afend
integer vfstart, vfind
C
Ck*** Val’l abl e decl al’atl on EEEE RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEE]
C
i nteger status
integer file_id, an_id
integer n_annots, ann_index, annot_type, ann_tag, ann_ref
i nteger ann_|ist(10)
i nteger vgroup_tag, vgroup_ref
C
Ck*** End of Varlab|e dec|al’at|0n PR R R R R R EEEEEEEEEEEEEEEEEEEEEEEESES
C
annot _type = AN _DATA DESC
vgroup_tag = DFTAG VG
C
C Open the HDF file for reading.
C
file_id = hopen(Fl LE_ZNAME, DFACC READ, 0)
C
C Initialize the Vinterface.
C
status = vfstart(file_id)
C
C CGet the group named VG NAME.
C
vgroup_ref = vfind(file_id, VG NAVE)
C
C Initialize the AN interface.
C
an_id = afstart(file_id)
C
C Get the nunber of object descriptions.
C
if (vgroup_ref .eq. -1) goto 100
n_annots = af numann(an_i d, annot_type, vgroup_tag, vgroup_ref)
C
C CGet the list of identifiers of the annotations attached to the
C vgroup and of type annot_type. ldentifiers are read into ann_list
C buffer. One has to make sure that ann_list has the size big enough
C to hold the list of identifiers.
C
n_annots = afannlist(an_id, annot_type, vgroup_tag, vgroup_ref,
+ ann_|ist)
C
C CGet each annotation identifier fromthe list then display the
C tag/ ref nunmber pair of the correspondi ng annotati on.
C
write(*,*) 'List of annotations of type AN_DATA_DESC’
do 10 ann_index = 0, n_annots - 1
C
C Get and display the ref number of the annotation from its
C identifier.
C

status = afidtagref(ann_list(ann_index+1), ann_tag, ann_ref)
write(*,*) ’Annotation index: ', ann_index
if (ann_tag .eq. DFTAG_DIA) then

write(*,*) 'tag = DFTAG_DIA (data description)’
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el se
write(*,*) ' tag = Incorrect’
endif
write(*,*) 'reference number =", ann_ref
10 continue
C
C Getand display an annotation type from an annotation tag.
C
annot_type = aftagatype(DFTAG_FID)
if (annot_type .eq. AN_FILE_LABEL) then
write(*,*) "Annotation type of DFTAG_FID (file label) is’,
+ 'AN_FILE_LABEL "’
else
write(*,*) "Annotation type of DFTAG_FID (file label) is’,
+ "Incorrect’
endif
C
C Getand display an annotation tag from an annotation type.
C
ann_tag = afatypetag(AN_DATA_LABEL)
if (ann_tag .eq. DFTAG_DIL ) then
write(*,*) "Annotation tag of AN_DATA_LABEL is’,
+ 'DFTAG_DIL (data label)’
else
write(*,*) "Annotation type of DFTAG_FID (file label) is’,
+ "Incorrect’
endif
C
C Terminate access to the AN interface and close the HDF file.
C
100 continue
status = afend(an_id)
status = hclose(file_id)
end

November 7, 2001 10-361



National Center for Supercomputing Applications

10-362 November 7, 2001



Chapter
11

Single-file Annotations (DFAN API)

11.1 Chapter Overview

11.2

The origina HDF annotation tools were the single-file tools that constitute the DFAN interface.
These tools, which are used to read and write file and data object annotations, are described in this

chapter.

Note that there is a multifile annotations interface, called the AN interface, for dealing with anno-
tations. The AN interface supersedes the DFAN interface and is described in Chapter 10, Annota-

tions (AN API).

The Single-file Annotation Interface

The functions and routines that comprise the single-file annotation interface have names that
begin with the string "DFAN" in C; the equivalent FORTRAN-77 routine names are prefaced by
"da". This interface is the older annotation interface and only supports annotation access within
one particular HDF file. It doesn’t support the concept of an annotation identifier used in the
newer multifile interface. Therefore, annotations created with the multifile interface cannot be
accessed or manipulated with DFAN interface functions.

11.2.1DFAN Library Routines

These functions are divided into the following categories:
» Writeroutines assign a file or object annotation.
» Readroutinesretrieve a file or object annotation.
» General inquiry routines return a list of all labels and reference numbers.
« Maintenance routine performs cleanup services.

The DFAN interface routines are listed in the following table and are discussed in the subsequent
sections of this document.

TABLE 11A

DFAN Library Routines

Functions L
Purpose Description
C FORTRAN-77
DFANaddf ds daaf ds Assigns a file description to a specific file
DFANaddf i d daafid Assigns afilelabel to aspecific file
Write

DFANput desc dapdesc Assigns an object description to a specific data object
DFANput | abel dapl ab Assigns an object label to a specific data object
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Functions e
Purpose Description
C FORTRAN-77
DFANget desc dagdesc Reads the text of an object description
DFANget descl en dagdl en Returns the length of an object description
DFANget f ds dagf ds Reads the text of afile description
g DFANget f dsl en dagf dsl Returns the length of afile description
Rea(
DFANget fi d dagfid Reads the text of afile label
DFANget fi dl en dagfi dl Returns the length of afile label
DFANget | abel dagl ab Reads the text of an object label
DFANget | abl en dagl | en Returns the length of an object label
DFAN abl i st dal I i st Getsalist of al thelabelsin afilefor aparticular tag
General Inquiry Returns the reference number of the last annotation
DFAN ast r ef dal r ef
accessed
’ Clearsthe internal tables and structures used by the DFAN
Maintenance DFANc| ear None interface

11.2.2Tagsin the Annotation I nterface

Table 11B lists the annotation tags defined in HDF versions 2.0, 3.0, and 4.0. Newly-defined tag
names in each version are bolded. For a more complete list of tags, refer to the HDF Soecifica-
tions and Developer's Guide v3.2rom the HDF WWW home page a http://
hdf . ncsa. ui uc. edu/ .

TABLE 11B List of Annotation Interface Tagsin HDF Versions 2.0, 3.0 and 4.0
Tag Name
Interface Data Object
v2.0 v3.0 v4.0
Raster Image: 8-bit (uncompressed) DFTAG RI 8 DFTAG RI DFTAG RI
Compressed Image: 8-bit DFTAG Cl 8 DFTAG Cl DFTAG Cl
DFRS Image Dimension: 8-bit DFTAG | D8 DFTAG_| D DFTAG_| D
Image Palette: 8-hit DFTAG_| P8 DFTAG_LUT DFTAG_LUT
Raster Image Group None DFTAG RI G DFTAG Rl G
Raster Image (uncompressed) None DFTAG RI DFTAG RI
D24 Compressed Image None DFTAG_CI DFTAG_CI
Image Dimension None DFTAG | D DFTAG | D
DFP Color Look-up Table DFTAG_LUT DFTAG_LUT DFTAG_LUT
Scientific Data Group DFTAG_SDG DFTAG_SDG DFTAG_NDG
Scientific Data DFTAG_SD DFTAG_SD DFTAG_SD
Scientific Data Dimension DFTAG_SDD DFTAG_SDD DFTAG_SDD
Scientific Data Scale Attribute DFTAG_SDS DFTAG_SDS DFTAG_SDS
DFSD Scientific Data Label Attribute DFTAG_SDL DFTAG_SDL DFTAG_SDL
Scientific Data Unit Attribute DFTAG_SDU DFTAG_SDU DFTAG_SDU
Scientific Data Format Attribute DFTAG_SDF DFTAG_SDF DFTAG_SDF
Scientific DataMax/Min Attribute DFTAG_SDM DFTAG_SDM DFTAG_SDM
Scientific Data Coordinates Attribute DFTAG_SDC DFTAG_SDC DFTAG_SDC
File Identifier DFTAG_FI D DFTAG_FI D DFTAG _FI D
File Descriptor DFTAG_FD DFTAG_FD DFTAG_FD
DFAN Data I dentifier Label DFTAG DI L DFTAG DI L DFTAG DI L
Data ldentifier Annotation DFTAG DI A DFTAG DI A DFTAG DI A
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11.3

Vdata Vdata Storage DFTAG VS DFTAG VS DFTAG VS

Vgroups Vgroup Storage DFTAG VG DFTAG VG DFTAG VG

11.4

Programming Model for the DFAN Interface

There are two general programming models for the DFAN interface; the first programming model
addresses file annotation while the second addresses object annotation. In the case of file annota-
tions, the DFAN interface relies on the calling program to initiate and terminate access to files.
This approach necessitates the following programming mode!:

1. Openthefile.
2. Perform the desired file annotation operation.
3. Closethefile.

The object annotation programming model is asimplified version of the file annotation program-
ming model:

1. Perform the desired object annotation operation.

Essentially, the difference between the two models is that file annotations require Hopen and
Hclose to open and close the target files whereas object annotations do not.

Writing Annotations

The DFAN interface supports writes to file labels, file descriptions, object labels, and object
descriptions.

11.4.1Assigning a File Label: DFANaddfid

To write afilelabel, the calling program must call DFANaddfid:
C status = DFANaddfi d(file id, |abel);
FORTRAN: status = daafid(file_id, label)

DFANaddfid has two parameters: file_id and | abel . Thefil e_i d parameter contains the file
identifier for the file to be annotated and the | abel parameter contains the annotation string. The
label array must be null-terminated. In the FORTRAN-77 version, the length of the label should
be the length of the label array asin FORTRAN-77 string lengths are assumed to be the declared
length of the array that holds the string.

The parameters of DFANaddfid are further defined in Table 11C on page 366.

11.4.2Assigning a File Description: DFANaddfds

To write afile description, the calling program must call DFANaddfds:
C status = DFANaddf ds(file_id, description, desc_|length);
FORTRAN: status = daafds(file_id, description, desc_|ength)

DFANaddfds has three parameters: file_id, description, and desc_| ength. The file_id
parameter contains the file identifier. The parameter descri pti on can contain any sequence of
ASCII characters and is not limited to asingle string (e.g., a carriage return may appear anywhere
in the description). The desc_| engt h parameter specifies the length of the description.

The parameters of DFANaddfds are defined in Table 11C.
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TABLE 11C DFANaddfid and DFANaddfds Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
DFANaddfid file_id int32 integer Fileidentifier
intn
(d[aaﬁ]d) label char * character* (*) Filelabel string
DEANaddfds file_id int32 integer Fileidentifier
[intn] description char * character* (*) File description string
(daafds) desc_length int32 integer Length of the description in bytes
EXAMPLE L. Writing a File Label and a File Description

The following examples add afile label and description to the file named "Examplel.hdf". Notice
that after the file is opened, the file_id may be used to add any combination of file annotations
before thefileis closed.

C:
#i ncl ude "hdf.h"
mai n( )
{
int32 file_id;
intn status;
static char file_label[] = "This is a file |abel.";
static char file_desc[] = "This is a file description.";
/* Cpen the HDOF file to wite the annotations. */
file_id = Hopen("Exanpl el. hdf", DFACC_CREATE, 0);
/* Wite the label to the file. */
status = DFANaddfid(file_id, file_label);
/* Wite the description to the file. */
status = DFANaddfds(file_id, file_desc, strlen(file_desc));
/* Cose the file. */
status = Hcl ose(file_id);
}
FORTRAN:
PROGRAM CREATE ANNOTATI ON
character*50 file_|label, file_desc
i nteger daafid, daafds, status, file_id, hopen, hclose
i nt eger*4 DFACC_CREATE
par anet er ( DFACC_CREATE = 4)
file_label = "This is a file label."
file_desc = "This is a file description.”
C pen the HOF file to wite the annotations.

file_id = hopen(’Examplel.hdf’, DFACC_CREATE, 0)

C  Write the label to the file.

11-366 November 7, 2001



HDF User's Guide

status = daafid(file_id, file_label)

C Wite the description to the file.
status = daafds(file_id, file_desc, 26)

C G ose the file.
status = hclose(file_id)

end

11.4.3Assigning an Object Label: DFANputlabel

To write afilelabel, the calling program must contain a call to DFANputlabel:
C status = DFANout | abel (filenane, tag, ref, |abel);
FORTRAN:  status = dapl ab(filenane, tag, ref, |abel)

DFANputlabel has four parameters: fi | enane, tag, ref, and | abel . The | abel parameter con-
tains a single null-terminated string that defines the annotation.

The parameters of DFANputlabel are further defined in Table 11D.

11.4.4Assigning an Object Description: DFANputdesc

To write an object description, the calling program must contain a call to DFANputdesc:
C status = DFANoutdesc(fil enane, tag, ref, description, desc |en);
FORTRAN:  status = dapdesc(filenane, tag, ref, description, desc_|en)

DFANputdesc has five parameters: fil enane, tag, ref, description, and desc_| en. The
fi | ename parameter is the name of the HDF file containing the object to be annotated. The t ag
and r ef parameters are the tag/reference number pair of the object to be annotated. The descri p-
ti on parameter contains a buffer for the annotation text and the desc_| en parameter specifiesthe
length of the buffer.

The parameters of DFANputdesc are further defined in Table 11D.

TABLE 11D

DFANputlabel and DFANputdesc Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) (& FORTRAN-77
filename char * character* (*) Name of the file to be accessed
DFANputlabel tag uint16 integer Tag of the object to be annotated
intn
(d[apl a]b) ref uint16 integer Reference number of the object to be annotated
label char * character* (*) Object label string
filename char * character* (*) Name of the file to be accessed
DEANputdesc tag uint16 integer Tag of the object to be annotated
[int] ref uint16 integer Reference number of the object to be annotated
(dapdesc) description char * character* (*) Object description string
desc_len int32 integer Length of the description in bytes
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EXAMPLE 2. Writing an Object Label and Description to a Scientific Data Set

These examples illustrate the use of DFANputlabel and DFANputdesc to assign both an object
label and an object description to ascientific data set immediately after it iswrittentofile. Thetag
for scientific data sets is DFTAG NDG

C:
#i ncl ude "hdf.h"
#define X _LENGTH 3
#define Y_LENGTH 2
#define Z_LENGIH 5
nmai n( )
{
/* Create the data array. */
static float32 sds_data[ X LENGTH [ Y_LENGTH [ Z_LENGTH =
{ 1, 2, 3, 4, 5
6, 7, 8, 9, 10,
11, 12, 13, 14, 15,
16, 17, 18, 19, 20,
21, 22, 23, 24, 25,
26, 27, 28, 29, 30 };
/*
* Create the array that will hold the dinmensions of
* the data array.
*/
int32 dins[3] = {X_LENGTH, Y_LENGIH, Z_LENGTH};
intn refnum status;
static char object_desc[] = "This is an object description.";
static char object_label[] = "This is an object |abel.";
/* Wite the data to the HDF file. */
status = DFSDadddat a(" Exanpl el. hdf", 3, dins, (VO DP)sds_data);
/* Get the reference nunmber for the newy witten data set. */
ref num = DFSDl astref( );
/* Assign the object |abel to the scientific data set. */
status = DFANputl abel (" Exanpl el. hdf", DFTAG NDG refnum \
obj ect _| abel );
/* Assign the object description to the scientific data set. */
status = DFANput desc(" Exanpl el. hdf", DFTAG NDG refnum \
obj ect _desc, strlen(object_desc));
}
FORTRAN:

PROGRAM ANNOTATE OBJECT

i nteger dsadata, dins(3), status, refnum
i nt eger dapl ab, dapdesc, dslref

i nteger*4 DFTAG NDG X_LENGIH, Y_LENGTH, Z_LENGTH
par aret er (DFTAG_NDG = 720,

+ X_LENGTH = 5,
+ Y_LENGTH = 2,
+ Z_LENGTH = 3)
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C Create the data array.
real *4 sds_data( X LENGTH, Y_LENGTH, Z LENGTH)
data sds_data /

1, 2, 3, 4, 5,

6, 7, 8, 9, 10,

11, 12, 13, 14, 15,

16, 17, 18, 19, 20,

21, 22, 23, 24, 25,

26, 27, 28, 29, 30 [/

+ o+ o+ o+

C Oreate the array the will hold the dinensions of the data array.
data dins /X _LENGTH, Y_LENGTH, Z_LENGTH

C Wite the data to the HDF file.
ref = dsadata(Examplel.hdf, 3, dims, sds_data)

C Get the reference number for the newly written data set.
refnum = dslref()

C Assign the object label to the scientific data set.
status = daplab(’Examplel.hdf’, DFTAG_NDG, refnum,
+ "This is an object label.”)

C Assign an object description to the scientific data set.
status = dapdesc(Examplel.hdf, DFTAG_NDG, refnum,
+ "This is an object description.’, 30)

end

11.5 Reading Annotations

The DFAN interface provides several functions for reading file and data object annotations, which
are described below.

11.5.1Reading a File Label: DFANgetfidlen and DFANgetfid

The DFAN programming model for reading afile label is as follows:
1. Get the length of the label.
2. Read thefilelabel.

To read thefirst filelabel in afile, the calling program must contain the following function calls:

C isfirst =1,
|abel length = DFANgetfidlien(file id, isfirst);
| abel buf fer = HDget space(l abel _| ength);
fidlen = DFANgetfid(file id, label buffer, label length, isfirst);

FORTRAN: isfirst =1
label _|ength = dagfid (file_id, isfirst)
fid_len = dagfid(file_id, |abel _buffer, |abel _length, isfirst)

DFANgetfidlen has two parameters. file id and isfirst. Theisfirst parameter specifies
whether the first or subsequent file annotations are to be read. To read the first file label length,
i sfirst should be set to the value 1; to sequentially step through all the remaining file labels
assigned to afilei sfirst should be set to 0.
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When DFANGgetfidlen isfirst caled for agiven file, it returns the length of the first file [abel. To
get the lengths of subsequent file labels, you must call DFANgetfid between calls to DFANget-
fidlen. Otherwise, additional calls to DFANgetfidlen will return the length of the same file label.

DFANgetfid has four parameters: file_id, | abel _buffer, | abel _| ength, and isfirst. The
| abel _buff er parameter is a pointer to a buffer for the label text. The |l abel _| engt h parameter
is the length of the buffer in memory, which can be shorter than the full length of the label in the
file. If thel abel _I engt h is not large enough, the label is truncated to | abel _| engt h - 1 charac-
tersin the buffer | abel _buf f er. Thei sfirst parameter is used to determine whether to read the
first or subsequent file annotations. To read the first file label, i sfirst should be set to 1; to
sequentially step through all the remaining file labels assigned to afile, i sfirst should be set
to 0.

HDgetspace is described in Chapter 2, HDF Fundamentals.
The parameters of DFANgetfidlen and DFANgetfid are described in Table 11E.

11.5.2Reading a File Description: DFANgetfdslen and DFANgetfds

The DFAN programming model for reading afile description is as follows:
1. Get the length of the description.
2. Read thefile description.

To read thefirst file description in afile, the calling program must contain the following calls:

C isfirst =1,
desc length = DFANgetfdslen(file id, isfirst);
desc_buffer = HDget space(desc_| ength);
fds len = DFANgetfds(file id, desc buf, desc length, isfirst);

FORTRAN: isfirst =1
desc_l ength = dagfdsl (file_id, isfirst)
fds_len = dagfds(file_id, desc_buf, desc_length, isfirst)

DFANgetfdden has two parameters: file_id and i sfirst. Theisfirst parameter specifies
whether the first or subsequent file annotations are to be read. To read the first file description
length, i sfirst should be set to the value 1; to sequentially step through all the remaining file
descriptions assigned to afile, i sfi rst should be set to 0.

When DFANgetfdslen isfirst called for a given filg, it returns the length of the first file descrip-
tion. Aswith DFANgetfidlen, you must call DFANgetfds between calls to DFANgetfdslen to get
the lengths of successive file descriptions.

DFANgetfds has four parameters. file_ id, desc_buf, desc_length, and isfirst. The
desc_buf f er parameter is a pointer to a buffer for the description text. The desc_| engt h param-
eter isthe length of the buffer in memory, which can be shorter than the full length of the descrip-
tion in the file. If desc_| engt h is not large enough, the description is truncated to desc_| engt h
characters in the buffer desc_buf. Thei sfirst parameter specifies whether the first or subse-
guent file annotations are to be read. To read thefirst file description, i sfi rst should be set to the
value 1; to sequentially step through all the remaining file descriptions assigned to afile, i sfi rst
should be set to 0.

The parameters of these routines are described further in the following table.
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TABLE 11E DFANgetfidlen, DFANgetfid, DFANgetfdsien, and DFANgetfds Parameter List
Routine Name Parameter Type
[Return Type] Par ameter Description
(FORTRAN-77) C FORTRAN-77
DFANgetfidlen file_id int32 integer File identifier
(g;éﬁfj]n isfirst intn integer Location of the next annotation
file_id int32 integer File identifier
DFANgetfid desc_buf char * character* (*) File label buffer
(E Qé?ﬂ) buf_length int32 integer Label buffer length
isfirst intn integer Location of the next annotation
DFANgetfdslen file_id int32 integer Fileidentifier
(c[jggfst]g) isfirst intn integer Location of the next annotation
file_id int32 integer Fileidentifier
DFANgetfds description char * character* (*) File description buffer
(([;2;?(21]5) desc_length int32 integer Description buffer length
isfirst intn integer Location of the next annotation
EXAMPLE 3. Reading a File Label and a File Description

The following examples read a file label from the HDF file named "Examplel.hdf". The
DFANgetfidlen routine is used to verify the length of the label before the read operation is per-
formed. The argument "1" in both routines indicate the first description in the HDF file is the tar-
get. DFANgetfdslen and DFANgetfds can be directly substituted for DFANgetfidlen and
DFANgetfid in order to read afile description instead of afile label.

C:
#i ncl ude "hdf. h"

mai n( )

{
int32 file_id, file_label_len;
char *file_| abel;
intn status;

/* Open the HDF file containing the annotation. */
file_id = Hopen("Exanpl el. hdf", DFACC_READ, 0);

/* Determine the length of the file label. */
file_|l abel _| en = DFANgetfidlen(file_id, 1);

/* Allocated menory for the file label buffer. */
file_|l abel = HDgetspace(file_label _len);

/* Read the file |abel. */
file_|abel _l en = DFANgetfid(file_id, file_label, file_label_len, 1);

/* Cose the file */
status = Hcl ose(file_id);
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FORTRAN:
PROGRAM GET ANNCOTATI ON

integer status, file_id, label_length
i nt eger hopen, hclose, dagfidl, dagfid
character file_|l abel (50)

i nt eger*4 DFACC_READ
par armet er (DFACC_READ = 1)

C Open the HDF file containing the file |abel.
file_id = hopen("Exanpl el. hdf", DFACC_READ, 0)

C Determne the length of the file |abel.
| abel _length = dagfidl (file_id, 1)

C Read the file |abel.
status = dagfid(file_id, file_|label, |abel_length, 1)

C O ose the HOF file.
status = hclose(file_id)

end

11.5.3Reading an Object L abel: DFANgetlablen and DFANgetlabel

The DFAN programming model for reading a data object label is as follows:
1. Get thelength of the label.
2. Read thefilelabel.

To read the first object label in afile, the calling program must contain the following routines:

C | abel _| ength = DFANet| abl en(fil enane, tag, ref);
| abel _buf = Hbget space(| abel _| engt h);
status = DOFANget | abel (fil enane, tag, ref, |abel _buf, |abel_|ength);

FORTRAN:  |abel _|ength = dagl abl (filenane, tag, ref)
status = dagl ab(filenane, tag, ref, label buf, |abel |ength)

DFANgetlablen returns the length of the label assigned to the object identified by the given tag/
reference number pair. DFANgetlabel must be called between calls to DFANgetlablen.
DFANGgetlabd is the routine that actually returns the label and prepares the API to read the next
label.

DFANGgetlabd has five parameters. fil enane, tag, ref, | abel _buf, and | abel _| ength. The
| abel _buf parameter is a pointer to a buffer that stores the label text. Thel abel _| engt h parame-
ter is the length of the buffer in memory. | abel _| engt h can be shorter than the full length of the
label in the file, but if so, the label is truncated to | abel | engt h characters in the buffer
| abel _buf. The length of | abel _buf must be at least one greater than the anticipated length of
the label to account for the null termination appended to the label text.

The parameters of DFANgetlablen and DFANgetlabel are defined below.
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11.5.4Reading an Object Description: DFANgetdesclen and DFANgetdesc

The DFAN programming model for reading a data object description is as follows:
1. Get thelength of the description.
2. Read thefile description.

To read the first object description in afile, the calling program must contain the following rou-
tines:

C desc_| engt h = DFANget descl en(fil enane, tag, ref);
desc_buf = HDget space(desc_l ength);
status = DFANget desc(fil enane, tag, ref, desc_buf, desc_|ength);

FORTRAN:  |abel _| ength = dagdl en(filenane, tag, ref)
status = dagdesc(fil enane, tag, ref, desc_buf, desc_|ength)

DFANgetdesclen returns the length of the description assigned to the object identified by the
specified tag/reference number pair. DFANgetdesc must be called between calls to DFANgetdes-
clen to reset the current object description to the next in thefile.

DFANgetdesc takes five parameters. fil enane, tag, ref, desc_buf, and desc_| ength. The
desc_buf parameter is a pointer to the buffer that stores the description text. The desc_| engt h
parameter is the length of the buffer in memory, which can be shorter than the full length of the
description in the file. If the desc_| engt h is not large enough, the description is truncated to
desc_| engt h charactersin the buffer desc_buf .

The parameters of DFANgetdesclen and DFANgetdesc are defined in the following table.

TABLE 11F

DFANGgetlablen, DFANgetlabel, DFANgetdesc and DFANgetdesclen Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
1 * * (% 1
DFANgetlablen filename char character* (*) Name of the file to be accessed
[int32] tag uintl6é integer Tag assigned to the annotated object
(dagllen) ref uint16 integer Reference number for the annotated object
filename char * character* (*) Name of the file to be accessed
DFANgetlabel tag uint16 integer Tag assigned to the annotated object
[intn] ref uintl6 integer Reference number assigned to the annotated object
(daglab) label _buf char * character* (*) Buffer for the returned annotation
label_length int32 integer Size of the buffer allocated to hold the annotation
1 * * (% H
DFANgetdesclen filename char character* (*) Name of the file to be accessed
[int32] tag uintl6 integer Tag assigned to the annotated object
(dagdlen) ref uint16 integer Reference number for the annotated object
filename char * character* (*) Name of the file to be accessed
DFANgetdesc tag uint16 integer Tag assigned to the annotated object
[intn] ref uintl6 integer Reference number assigned to the annotated object
(dagdeso) desc_buf char * character* (*) Buffer for the returned annotation
desc_length int32 integer Size of the buffer allocated to hold the annotation

November 7, 2001 11-373



National Center for Supercomputing Applications

EXAMPLE 4. Reading an Object Label and Description

The following examples demonstrate the use of DFANgetdesclen and DFANgetdesc to read an
object description assigned to a scientific data set. These examples assume that, in addition to
other data objects, the "Examplel.hdf* HDF file also contains multiple scientific data sets, some
of which may not be annotated. Hfind is used to determine the reference number for the first
annotated scientific data object in thefile.

C:
#i ncl ude "hdf.h"
mai n( )
{
intn desc_length = -1, status;
char desc[50];
int32 file_id;
uintlé tag = 0, ref = 0;
uint32 find_offset, find_|ength;
/* Open the file and initialize the searching paraneters to 0. */
file_id = Hopen("Exanpl el. hdf", DFACC_READ, 0);
/*
* Start a sequential forward search for the first reference
* nunber assigned to a scientific data set.
*/
while (Hind(file_id, DFTAG NDG DFREF_WLDCARD, &t ag, &ef, \
& ind_offset, & ind_|length, DF_ FORWARD) != FAIL) {
/*
* After discovering a valid reference nunmber, check for an
* object description by returning the length of the description.
* |f the inquiry fails, continue searching for the next valid
* reference nunber assigned to a scientific data set.
*/
if ((desc_length = DFANget descl en("Exanpl el. hdf", tag, ref)) \
== FA L)
br eak;
/*
* |f a description exists and it will fit in the description buffer,
* print it.
*/
if (desc_length !'= FAIL & desc_l ength <= 50) {
status = DFANget desc(" Exanpl el. hdf", tag, ref, desc, desc_length);
printf("Description: %\n", desc);
}
}
/* Cose the file. */
status = Hcl ose(file_id);
}
FORTRAN:

Thereisno FORTRAN-77 version of the Example 4 C code for this version of the documentation
asthereis no FORTRAN-77 equivalent of Hfind.
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11.6 Maintenance Routines

The DFAN interface provides one function for interface maintenance, DFANCclear.

11.6.1Clearing the DFAN Interface Internal Structuresand Settings:
DFANCclear

DFANCclear clearsall internal library structures and parameters of the DFAN annotation interface.

When afileis regenerated in asingle run by alibrary routine of another interface (such as DFSDput-
data), DFANclear should be cdled to reset theinterface

DFANCclear returns SUGCEED (or 0) if successful and FAI L (or - 1) otherwise. DFANCclear takes no
parameters, as described in the following table.

TABLE 11G DFANCclear Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77

DFANCclear
[intn] None None None None
(daclear)

11.7 Determining Reference Numbers

It is advisable to check the reference number before attempting to assign an object annotation, as
the overwriting of reference numbersis not prevented by the HDF library routines.
There are three ways to check areference number for an object:

« Access the object with a read or write operation followeBBYlastref.

» CallDFANIablist to return a list of all assigned reference numbers for a given tag.

« Call Hfind to locate an object with a given tag/reference number pair.

11.7.1Determining a Reference Number for the Last Object Accessed:
DF*lastref and DF*writer ef
There are two methods of obtaining a reference number through the usédaaref call. The

first approach is to obtain and store the reference number of an object immediately after the object
is created:

1. Create the data object.
2. Call DF*lastref to determine its reference number.
3. Read or write an object annotation.
The second approach is to determine the reference number at some time after the data object is

created. This approach requires repe&@€dread calls until the appropriate object is accessed,
followed by a call tdDF*lastref:

1. Read the appropriate data object.
2. Call DF*lagtref to determine its reference number.
3. Read or write and object annotation.

Most HDF interfaces provide one routine that assigns a specified reference number to a data
object and another routine that returns the reference number for the last data object accessed. (See
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Table 11H.) However, the SD interface doesn’t. Also, the DFAN annotation doesn't include a
DF*lastref routine.

Although DF*writeref calls are designed to assign specific reference numbers, they are not rec-
ommended for general use because there is no protection against reassigning an existing reference
number and overwriting data. In general, it is better to determine a reference number for a data
object by callingdF*lastref immediately after reading or writing a data object.

The DF*lastref routines have no parameters. ThE*writeref routines have twofi | enane,
which is the name of the file that contains the data object, efndvhich is the reference number

for the next data object read operation.

TheDF*lastref andDF*writeref routines are further described in the following table.

TABLE 11H

List and Descriptions of the DF*writeref and DF*lastref Routines

) Routine Name i
HDF Data Object (FORTRAN-77) Description
DFR8wr i t er ef Assigns the specified number as the reference number for the next 8-bit raster write
. (d8wref) operation and updates the write counter to the reflect highest reference number
8-bit Raster Image
(Dggla 'r ;S; ref Returns the reference number for the last 8-bit raster image set accessed
DE24wri t er ef Assigns the specified number as the reference number for the next 24-bit raster write
24-bit Raster (d2wref) operation and updates the write counter to reflect the highest reference number
Image
(Dggl‘”r ;S; ref Returns the reference number for the last 24-bit raster image set accessed
DFPwri t er ef Assigns the specified number as the reference number for the next pal ette write opera-
Palette (dpwr ef) tion and updates the write counter to reflect the highest reference number
(DSE: ?2} )r ef Returns the reference number for the last palette accessed
DFSDwri t er ef Assignsthe specified number as the reference number for the next SDS write operation
DFSD Scientific (dswref) and updates the write counter to reflect the highest reference number
Data
(DSEH zfs ; ref Returns the reference number for the last scientific data set accessed
Annotation (DgglNlr :fs; ref Returns the reference number for the last annotation accessed

11.7.2Querying a List of Reference Numbersfor a Given Tag: DFANIablist

Given a tag and two bufferBFANIablist will fill one buffer with all reference numbers for the
given tag and the other with all labels assigned to the given tag. The programming model for

determining a list of reference numbers is as follows:
1. Determine the number of reference numbers that exist for a given tag.
2. Allocate a buffer to store the reference numbers.
3. Specify the maximum label length.
4. Allocate a buffer to store the labels.
5. Store the list of reference numbers and their labels.

To create a list of reference numbers and their labels for a given tag, the following routines should

be called:

C

numrefs = Hunber (file_id, tag);
ref _buf = Homal | oc(si zeof (ui nt 16*) *numrefs);
nax_|l ab | en = 16;

| abel _buf
start_pos

Honal | oc(nax_lab len * numrefs);
0;
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numof refs = DFAN ablist(filenane, tag, ref_buf, |abel buf,
numrefs, nax_|lab | en,
start_pos);

FORTRAN:  numrefs = hnunber (file_id, tag)
nax_| ab_len = 16
start_pos =0
numof refs = dallist(filenane, tag, ref_buf, |abel buf,
numrefs, max_|lab | en, start_pos)

Hnumber determines how many objects with the specified tag are in a file. It is described in
Chapter 2, HDF Fundamentals.

DFANIablist has seven parameters. filenane, tag, ref list, label buf, numrefs,
max_|l ab_| en, and start_pos. The fi | ename parameter specifies the name of the file to search
and t ag specifies the search tag to use when creating the reference and label list. Theref _buf and
| abel _buf parameters are buffers used to store the reference numbers and |abels associated with
tag. The numref parameter specifies the length of the reference number list and the
max_| ab_| en parameter specifies the maximum length of alabel. The st art _pos parameter spec-
ifiesthefirst |abel to read. For instance, if start _pos has avalue of 1 all labels will be read; if it
has avalue of 4, all but the first three labels will be read.

Taken together, the contentsof ref | i st and| abel _| i st constitute a directory of all objectsand
their labels for a given tag. The contents of | abel _| i st can be displayed to show all of the labels
for a given tag or it can be searched to find the reference number of a data object with a certain
label. Once the reference number for agiven label is found, the corresponding data object can be
accessed by invoking other HDF routines. Therefore, this routine provides a mechanism for direct
access to data objects in HDF files.

TABLE 111 DFANIablist Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) (& FORTRAN-77
filename char * character* (*) Name of the file to be accessed.
tag uint16 integer Tag assigned to the annotated object.
ref_list uintl6 [] integer (*) Reference number for the annotated object.
D':A['i\‘rlgb”ﬁ label_list char * character*(*) | Buffer for the labels.
(dallist) list_len int integer Size of the reference number and label lists.
label_len intn integer Maximum label length.
start_pos intn integer First entry in the reference number and label liststo be
returned.
EXAMPLES. Gettinga List of Labelsfor All Scientific Data Sets

These examplesillustrate the method used to get alist of all labels used in scientific data setsin an
HDF file using DFANIablist. The DFS_ MAXLENdefinition is located in the "hlimits.h" include file.

C:
#i ncl ude "hdf. h"

#define LI STSI ZE 20

mai n( )
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{
int i, numof_labels, start_position =1, list_length = 10;
uint16 ref_|ist[LISTSI ZE];
char | abel _|ist[DFS_MAXLEN*LI STSI ZE- 1] ;
/* Get the total nunber of l|abels in the "Exanplel. hdf" file. */
num of _| abel s = DFAN abl i st (" Exanpl el. hdf ", DFTAG NDG ref_list, \
| abel _list, list_length, DFS_MAXLEN, \
start_position);
/ *
* Print the reference nunbers and | abel names for each | abel
*inthe list.
*/
for (i = 0; i < numof_labels; i++)
printf("\n\t%l\tRef nunber: %l\tLabel: %", i+1, ref_list[i], \
label _list - (i * 13));
printf("\n");
}
FORTRAN:
PROGRAM GET LABEL LI ST
i nteger dalli st
i nteger*4 DFTAG NDG LI STSIZE, DFS_MAXLEN
par amet er (DFTAG NDG = 720,
+ LI STSI ZE = 20,
+ DFS_MAXLEN = 255)
character*60 | abel _|ist(DFS_MAXLEN*LI STSI ZE)
integer i, numof _|abels, start_position, ref_list(DFS_MAXLEN)
start_position = 1
num_of_labels = dallist’Examplel.hdf, DFTAG_NDG, ref_list,
+ label_list, 10, DFS_MAXLEN,
+ start_position)
do 10i=1, num_of labels
print* Ref number: " ref_list(i),
+ ' Label: ' label_list(i)
10 continue

end

11.7.3L ocate an Object by Its Tag and Reference Number: Hfind

Instead of using DFANIablist to create alist of reference numbers to search, HDF provides a gen-
eral search routine called Hfind. Hfind is described in Chapter 2, HDF Fundamentals.
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Single-File Scientific Data Sets
(DFSD API)

121

12.2

Chapter Overview

The DFSD interface is one of two interfaces in the HDF library that support the scientific data
model. With the release of HDF version 3.3, the multifile SD interface described in Chapter 3,
Scientific Data Sets (SD API), was made available. Generally, the SD interface should be used
instead of the DFSD interface.

The DFSD Scientific Data Set Data M odel

The scientific data set, or SDS, data model supports four primary data objects: arrays, dimensions,
dimension scales, and dimension attributes. As in the multifile SD SDS model, the fundamental
object of the data model is the SDS array. Unlike the SD multifile SDS model the DFSD SDS
model has, in addition to dimension attributes, attributes that refer to the SDS array itself.

FIGURE 12a

The Contents of a Three-Dimensional DFSD Scientific Data Set

Scientific Data Set

l l l

Dimension X Dimension Y Dimension Z
Array Number Dimension Dimension Dimension
Type Attributes Attributes Attributes
Dimension X. Y. Z Dimension Dimension Dimension
t Number Type Number Type Number Type
Dimension Dimension Dimension
Scale

12.2.1Required DFSD SDS Objects

The only required objects in the DFSD SDS model are the array and the data type of the array
data. Without this information, the data set is inaccessible. Required objects are created by the
library using the information supplied at the time the SDS is defined.

Descriptions of these objects are in Chapter 3, Scientific Data Sets (SD API).
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12.3

12.2.1.1 Dimensions

Unlimited dimensions, supported in the multifle SD SDS model, aren’t supported in the single-
file DFSD SDS model.

12.2.20ptional DFSD SDS Objects

There are two types of optional objects available for inclusion in an SDS: dimension scales and
attributes. Optional objects are only created when specified by the calling program.

12.2.2.1 Dimension Scales

Conceptually, a dimensiostale is a series of numbers placed along a dimension to demarcate
intervals in a data set. They are assigned one per dimension. Structurally, each dimension scale is
a one-dimensional array with size and name equal to its assigned dimension name and size.

12.2.2.2 Predefined Attributes

Predefined attributes are attributes that have reserved labels and in some cases predefined num-
ber types. They are described in Chaptecientific Data Sets (SD API).

The Single-File Scientific Data Set | nterface

The HDF library currently contains several routines for storing scientific data sets in the HDF for-
mat. DFSDadddata, DFSDputdata, andDFSDgetdata perform data I/O and by default assume

that all scientific data is uncompressed 32-bit floating-point data stored in row-major order. DFSD
library routines also read and write subsets and slabs of data, set defaults, determine the number of
data sets in a file, and inquire about or assigning reference numbers before reading or writing data.

12.3.1DFSD Library Routines
The names of the C routines in the DFSD library are prefaced by "DFSD" and the names of the
equivalent FORTRAN-77 functions are prefaced by "ds". They are categorized as follows:

« Writeroutines create new data sets and add slabs to existing data sets.

» Read routinesread whole scientific data sets.

« Slabroutinesread and write subsets and slabs of scientific data.

» Dataset attributeroutines read and write the predefined string and value attributes assigned
to data sets.

« Dimension attribute routines read and write the predefined string and value attributes
assigned to dimensions.

DFSD library routines are more explicitly defined in Table A and on their respective pages in the
HDF Reference Manual.
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TABLE 12A DFSD Library Routines
Routine Name o
Category Description
C FORTRAN-77
DFSDadddat a dsadat a Appends a data set to afile.
DFSDcl ear dscl ear Clears dl possible set values.
) DFSDput dat a dspdat a Overwrites new datato afile.
Write DFSDset di ns dssdi ms Sets the rank and dimension for succeeding data sets.
DFSDset NT dssnt Sets the number type for the data set.
DFSDwr i t er ef dswr ef Assigns areference number to the next data set written.
DFSDget dat a dsgdat a Retrieves the next data set in thefile.
DFSDget di s dsgdi s Returns the number and dimensions for the next data set.
DFSDget NT dsgnt Determines the number type for the datain the data set.
DFSDI ast r ef dslref Returns the reference number of last data set accessed.
Read DFSDndat aset s dsnum Returns the number of data setsin afile.
DFSDpr e32sdg dsp32sd Determines if the data set was created before HDF version 3.2
DFSDr eadr ef dsrref Locates a data set with the specified reference number.
DESDr est art dsfirst Setsth(_e location of the next access operation to be the first data set
inthefile.
DFSDends| ab dsssl ab Terminates aread or write slab operation.
DFSDr eads| ab dsrsl ab Reads adab of data from a data set.
Slabs DFSDst ar t sl ab dsssl ab Begins aread or write slab operation.
DFSDwr i t esl ab dswsl ab Writes aslab of datato a data set.
DFSDget cal dsgcal Retrieves the calibration information for the data se.t
DFSDget dat al en dsgdal n Retrieves the length of the attributes assigned to the data.
DFSDget dat astrs dsgdast Returns the label, unit, format and coordinate system for data.
DFSDget fi | | val ue dsgfill Retrieves the fill value used to complete the data set.
Data Set DFSDget r ange dsgrang Retrieves the range of values for the data set.
Attribute DFSDset cal dsscal Setsthe calibration information for the data set.
DFSDset dat astrs dssdast Sets label, unit, format and coordinate system for data.
DFSDset fil | val ue dssfill Setsthefill value to use when completing a data set.
DFSDset | engt hs dssl ens Setsthe length for the data set and dimension attributes.
DFSDset r ange dssrang Sets the range of values for the data set.
DFSDget di ml en dsgdiln Retrieves the length of the attributes assigned to the dimension.
DFSDget di nscal e dsgdi sc Returns the scale for adimension.
23‘:?23?: DFSDget di nstrs dsgdi st Returnsthe label, unit, and format for adimension.
DFSDset di nscal e dssdi sc Sets the scale for adimension.
DFSDset di nstrs dssdi st Sets the label, unit and format for the dimension.

12.3.2File I dentifiersin the DFSD Interface

Fileidentifiers are handled internally by each routine and accessto afileis granted simply by pro-
viding a filename. As the file identifier is handled by the function call, the calling program need
not keep track of how to open and close files.
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12.4 Writing DFSD Scientific Data Sets

The DFSD programming model for writing an SDSto an HDF file involves the following steps:
1. Define data set options. (optional)
2. Write all or part of the data set.
These steps are performed for every data set written to afile. However, it is not always necessary
to define data set options for every write operation as setting an option places information about

the data set in a structure in primary memory. This information is retained until explicitly altered
by another set call.

12.4.1Creating a DFSD Scientific Data Set: DFSDadddata and DFSDputdata
To define and write asingle SDS, the calling program must contain of of the following routines:
C status = DFSDadddat a(fil enane, rank, di msizes, data);

FORTRAN:  status = dsadata(fil enane, rank, di msizes, data)

C status = DFSDputdata(fil enane, rank, di msizes, data);
FORTRAN:  status = dspdata(fil enane, rank, di msizes, data)

DFSDadddata appends data to a file when given an existing file name and creates a new file
when given a unique file name. DFSDputdata replaces the contents of afile when given an exist-
ing file name and creates a new file when given a unique file name. To avoid accidentally over-
writing datain afile, the use of DFSDadddata is recommended.

DFSDadddata and DFSDputdata have four parameters: fi | enane, r ank, di m si zes, and dat a.
In both routines, the data set is written to the file specified by the fi | enane parameter. The total
number of dimensions in the array and the size of each dimension are passed in the r ank and
di m si zes parameters. A pointer to the data or slab of data written to the named file is passed in
the dat a parameter.

The parameters of DFSDadddata and DFSDputdata are further described in the following table.

TABLE 12B

DFSDadddata and DFSDputdata Parameter List.

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
filename char * character* (*) Name of the file containing the data set.
DFSQadddata rank int32 integer Number of dimensionsin the array.
(d[sggg a) dim_sizes int32* integer (*) Size of each dimension in the data array.
data VOIDP <valid numeric data type> Array containing the data.
filename char * character* (*) Name of file containing the data set.
DFSDputdata rank int32 integer Number of dimensionsin the array.
(d[;:églta) dim_sizes int32* integer (*) Size of each dimension in the data array.
data VOIDP <valid numeric data type> Array containing the data.
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12.4.2Specifying the Data Type of a DFSD SDS: DFSDsetNT

The default datatype for scientific datais DFNT_FLOAT32. To change the default setting, the calling
program must contain calls to the following routines:

C status = DFSDset NT( nunber _type);
status = DFSDadddat a(fil enane, rank, dimsizes, data);

FORTRAN:  status = dssnt ( nuniber_t ype)
status = dsadat a(fil enane, rank, di msizes, data)

DFSDsetNT defines the data type for all subsequent DFSDadddata and DFSDputdata calls
until it is changed by a subsequent call to DFSDsetNT or reset to the default by DFSDclear.
DFSDsetNT'’s only parameter is the data type.

EXAMPLE 1. Creating and Writing to a DFSD Scientific Data Set

In the following codeexamplesPFSDadddata is used to write an array of 64-bit floating-point
numbers to a file named "Examplel.hdf". Althoughdf#SDsetNT function call is optional, it is
included here to demonstrate how to override the float32 default.

C:
#i ncl ude "hdf.h"
#define LENGTH 3
#define HEl GHT 2
#define WDTH 5
mai n( )
{
[* Create data array - store dimensions in array 'dims’ */
static float64 scien_data[LENGTH][HEIGHT][WIDTH] =
{1.,2,3,4.,5,
6.,7,8.,9,10,
11.,12.,13.,14.,15.,
16.,17.,18.,19.,20.,
21.,22.,23.,24.,25.,
26.,27.,28.,29.,30. };
intn status;
int32 dims[3] = {LENGTH, HEIGHT, WIDTH};
/* Set number type to 64-bit float */
status = DFSDsetNT(DFNT_FLOAT64);
[* Write the data to file */
status = DFSDadddata("Examplel.hdf", 3, dims, scien_data);
}
FORTRAN:

PROGRAM WRITE SDS

integer dsadata, dssnt, dims(3), status
real*8 sci_data(5,2,3)

C Create array called 'sci_data’; store dimensions in array 'dims’.
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dat a sci _data/ 1., 2., 3., 4., 5.,
6., 7., 8., 9.,10.,
11.,12.,13.,14.,15.,
16.,17.,18.,19., 20.,
21.,22.,23.,24.,25.,
26.,27.,28.,29.,30./

L2 AR

data dins /3, 2,5/

C Set nunber type to 64-bit fl oat
status = dssnt(6)

C Wite the data to file
status = dsadata(’Examplel.hdf, 3, dims, sci_data)

end

12.4.30verwriting Data for a Given Reference Number: DFSDwr iter ef

DFSDwriteref is a highly specialized function call that overwrites data referred to by the speci-
fied reference number.

If DFSDwriteref is called with a reference number that doesn’t exist, an error return value of
will be returned.

The following series of function calls should appear in your program:

C status = DFSDwriteref(fil enane, ref_nunber);
status = DFSDadddat a(fil enane, rank, dimsizes, data);

FORTRAN:  status = dswef(fil enane, ref_nunber)
status = dsadat a(fil enane, rank, di msizes, data)

If the filename passed ©OFSDwriteref is different from the filename in tHeFSDadddata or
DFSDputdata routine calls, it will be ignored. The next scientific data set written, regardless of
the filename, is assigned the reference numbfernunber.

Care should be taken when usiDgSDwriteref, as once the new data has been written the old
data cannot be retrieved.

The parameters @FSDwriteref are described in the following table.

TABLE 12C

DFSDsetNT and DFSDwriteref Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
DFSDsetNT
[intn] number_type int32 integer Number type tag.
(dssNT)
DESDwriteref filename char * character* (*) Name of the file containing the data
[intn] ) ) Reference number to be assigned to the data set cre-
(dswref) ref_number int16 integer ated

12.4.4Writing Several Data Sets: DFSDsetdims and DFSDclear

The DFSD programming model for writing multiple data sets to an HDF file is identical to that for
writing individual data sets. (Refer to Section 12.4 on page 382). To understand how multiple data
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sets are written to file, it is first necessary to take a closer look at each step of the programming
model. First and most importantly, all DFSD routines that set a write option except DFSDsetNT
and DFSDsetfillvalue add information to a special structure in primary memory. Thisinformation
is used to determine how datais written to file for all subsequent write operations.

Information stored in primary memory isretained by the HDF library until explicitly changed by a
call to DFSDsetdims or reset to NULL by calling DFSDclear. DFSDsetdims and DFSDclear are
used to prevent assignments of attributes created for a group of data sets to data sets outside the
group. For more information on assigning attributes see Section 12.7.1 on page 392 and
Section 12.7.3 on page 399.

12.4.5Preventing the Reassignment of DFSD Data Set Attributes:
DFSDsetdims

Information stored in primary memory isretained by the HDF library until explicitly changed by a
call to DFSDsetdims or reset to NULL by calling DFSDclear. DFSDsetdims and DFSDclear are
used to prevent assignments of attributes created for a group of data sets to data sets outside the
group.
The syntax of DFSDsetdims is the following:

C status = OFSDset di ns(rank, di msizes);

FORTRAN:  status = dssdins(rank, di msizes)

DFSDsetdimsis not used here to define the rank and dimension sizes to be used in the next oper-
ation, but to alert the DFSD interface to stop the automatic assignment of attributes to the data sets
to be written to file. DFSDsetdims has two parameters: rank and di m si zes. The rank of an
array isthe total number of dimensionsin the array and the dimension sizes are the length of each
individual dimension.

As arule of thumb, DFSDsetdims should be called if any DFSDset* routine (DFSDsetNT, for
example) has been called. This insures that all attribute values that have been reset will be
assigned in future data set operations.

The parameters of DFSDsetdims are further defined in the following table.

TABLE 12D

DFSDsetdims Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
DFSDsetdims rank intn integer Number of dimensionsin the array.
intn|
(d;di ,115) dim_sizes int32* integer (*) Size of each dimensionin the array.

12.4.6Resetting the Default DFSD Interface Settings: DFSDclear
The syntax for DFSDclear is asfollows:

(3 status = OFSCcl ear( );

FORTRAN:  status = dsclear( )

The DFSDclear routine clears all interface settings defined by any of the DFSDset* routines
(DFSDsetNT, DFSDsetfillvalue, DFSDsetdims, DFSDsetdatastr s, DFSDsetdatalengths, DFS-
Dsetrange, DFSDsetcal, DFSDsetdimscale and DFSDsetdimstrs). After the DFSDclear has
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been called, callsto any of the DFSDset* routines will result in the corresponding value not being
written. To write new values, call the appropriate DFSDset routine again.

TABLE 12E

12.5

DFSDclear Parameter List

Routine Name
[Return Type] Parameter
(FORTRAN-77) c

DFSDclear
[intn]
(dsclear)

Parameter Type

Description
FORTRAN-77

None None None Clears all DFSD interface settings.

Reading DFSD Scientific Data Sets

The DFSD programming model for reading an SDSis also atwo-step operation:
1. Obtain information about the data set if necessary.
2. Read all or part of the data set.

These steps are performed for every data set read. In some cases, calls to determine the data set
definition may be reduced or avoided completely. For example, if the data set dimensions are
known, the call that returns the data set dimensions may be eliminated.

12.5.1Reading a DFSD SDS: DFSDgetdata

If the dimensions of the data set are known, DFSDgetdata is the only function call required to
read an SDS. If thefileisbeing opened for thefirst time, DFSDgetdata returns the first data set in
the file. Any subsequent calls will return successive data sets in the file - data sets are read in the
same order they were written. Normally, DFSDgetdims is called before DFSDgetdata so that
space alocations for the array can be checked if necessary and the dimensions verified. If this
information is already known, DFSDgetdims may be omitted.

To read an SDS of known dimension and humber type, the calling program should include the fol -
lowing routine;

C status = DFSgetdat a(fil enane, rank, dimsizes, data);

FORTRAN:  status = dsgdata(fil enane, rank, di msizes, data)

DFSDgetdata hasfour parameters: fi | enane, r ank, di m si zes, and dat a. DFSDgetdata returns
a data set specified by the parameter fi | enane. The total number of dimensions is specified in
r ank and the size of each dimensionis specified in di m si zes. DFSDgetdata returnsthe array in
dat a.

The parameters of DFSDgetdata are further defined in the following table.

TABLE 12F

DFSDgetdata Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
filename char character*(*) Name of the file containing the
data.
DFSDgetdata rank int32 integer Number of dimensions.
intn]
(d[sgda]t a) dim_sizes int32 * integer (*) Buffer for the dimension sizes.
data VOIDP <valid numeric data type> S;Zer for the stored scientific
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12.5.2Specifying the Dimensions and Data Type of an SDS; DFSDgetdims
and DFSDgetNT

When DFSDgetdimsis first called, it returns dimension information of the first data set. Subse-
quent calls will return this information for successive data sets. If you need to determine the
dimensions or the data type of an array before reading it, call DFSDgetdims and DFSDgetNT.
DFSDgetNT gets the data type (or, in HDF parlance, number type) of the data retrieved in the
next read operation.

To determine the dimensions and data type of an array before attempting to read it, the calling pro-
gram must include the following:

C status = DFSDgetdi ns(fil enane, rank, dinsizes, nax_rank);
status = DFSDget NI( nunber _t ype);
status = DFSDgetdat a(fil ename, rank, dinsizes, data);

FORTRAN:  status = dsgnt(filenane, rank, dinsizes, nax_rank)
status = dsgdi ns( nunber _t ype)
status = dsgdat a(fil enane, rank, dinsizes, data)

DFSDgetdims has four parameters: fi | enane, rank, di m si zes, and maxr ank. The number of
dimensionsisreturned in r ank, the size of each dimension in the array di m si zes, and the size of
the array containing the dimensions sizes in nax_r ank. DFSDgetNT has only one parameter:
nunber _t ype. Asthereis no way to specify thefile or data set through the use of DFSDgetNT, it
isonly valid if it iscalled after DFSDgetdims.

The parameters of DFSDgetdims and DFSDgetNT are further defined in the following table.

TABLE 12G DFSDgetNT and DFSDgetdims Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
filename char * character* (*) Name of file containing the data.
DFSDgetdims rank intn * integer Number of dimensions.
intn]
(dggdir]ns) dim_sizes int32 * integer Buffer for the dimension sizes.
max_rank intn integer Size of the dimension size buffer.
DFSDgetNT
[intn] number_type int32* integer Data type of the data to be read.
(dsgnt)
EXAMPLE 2. Reading from a DFSD Scientific Data Set

The following examples search the file named "Examplel.hdf" for the dimensions and data type
of a DFSD array. Although use of DFSDgetdims and DFSDgetNT is optional, they are included
here as a demonstration of how to verify the array dimensions and number type before reading
any data. If the dimensions and type are known, only a call to DFSDgetdata is required.

C:

#i ncl ude "hdf. h"
#define LENGTH 3
#define HEI GHT 2
#define WDTH 5

mai n( )
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{
float 64 sci en_data[ LENGTH]| [ HEl GHT] [ W DTH] ;
i nt 32 nunber _type;
intn rank, status;
int32 dins[3];
/* Get the dinmensions and nunber type of the array */
status = DFSDget di ns(" Exanpl el. hdf", &rank, dins, 3);
status = DFSDget NT( &wunber _t ype);
/* Read the array if the dinensions are correct */
if (dins[0] <= LENGTH && dins[1] <= HEI GHT && dins[2] <= WDTH)
status = DFSDget dat a(" Exanpl el. hdf", rank, dins, scien_data);
}
FORTRAN:
PROGRAM READ SDS
integer dsgdata, dsgdins, dsgnt, dins(3), status
i nteger rank, numtype
real *8 sci_data(5, 2, 3)
C CGet the dimensions and nunber type of the array.

status = dsgdims(Examplel.hdf, rank, dims, 3)
status = dsgnt(num_type)

C Read the array if the dimensions are correct.
if ((dims(1) .eqg. 3) .and. (dims(2) .eq. 2) .and.
+ (dims(3) .eq. 5)) then
status = dsgdata(’Examplel.hdf’, rank, dims, sci_data)
endif

end

12.5.3Deter mining the Number of DFSD Data Sets: DFSDndatasets and
DFSDrestart

DFSDgetdims and DFSDgetdata sequentially access DFSD data sets. By repeatedly calling
either function, a program can step through an entire file by reading one data set at atime. How-
ever, before attempting to sequentially access all of the data setsin afile the total number of data
sets in the file should be determined. To do so, the calling program must call the following rou-
tine:

C num_of datasets = DFSDndatasets(flename);
FORTRAN:  num_of datasets =dsnum(flename)

Once the total number of data setsis known, a calling program can at any time, reset the current
data set to the first data set in the file by calling the following routine;

C status = DFSDrestart();
FORTRAN:  status=dsfrst()

Use of DFSDndatasets and DFSDrestart is optional, it is usually more convenient than cycling
through the entire file one SDS at atime.
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12.5.40btaining Reference Numbers of DFSD Data Sets: DFSDreadref and
DFSDlastref

Asthe HDF library handles the assignment and tracking of reference numbers, reference numbers
must be explicitly returned. Obtaining the reference number is an operation best performed imme-
diately after data set creation.

The DFSD interface uses the function DFSDreadr ef to initiate access to individual scientific data
sets. DFSDreadref specifies the reference number of the next SDS to be read.

To access a specific SDS, the calling program must contain the following routines:

C status = DFSDreadref (filenane, ref);
status = DFSDgetdat a(fil ename, rank, di msizes, data);

FORTRAN:  status = dsrref(fil enane, ref)

status = dsgdat a(fil enane, rank, di msizes, data)

DFSDreadref has two parameters: fil enane and ref. DFSDreadref specifies the reference
number of the object to be next operated on in the HDF file fi | enane as ref . Determining the
correct reference number is the most difficult part of this operation. As aresult, DFSDreadref is
often used in conjunction with DFSDlastref, which determines the reference number of the last
data set accessed.

To syntax of DFSDadddata and DFSDlastref is:

C status = DFSDadddat a(fil enane, rank, dimsizes, data);
ref_num= DFSO astref( );

FORTRAN:  status = dsadata(fil enane, rank, di msizes, data)

ref_num= dslref( )

DFSDputdata can also be used with DFSDlastref to obtain similar results. In any case, DFSD-
lastref can be used before any operation that requires identifying a scientific data set by reference
number, as in the assignment of annotations and inserting data sets into vgroups. For more infor-
mation about annotations and vgroups refer to Chapter 10, Annotations (AN API), and Chapter 5,
Vgroups (V API).

TABLE 12H

12.6

DFSDreadref Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) (63 FORTRAN-77
DFSDreadr ef filename char * character* (*) Name of the file containing the data set.
intn
(éyrgf) ref_number uint16 integer Reference number of the next data set to be read.

Slabsin the DFSD Interface

To review, aslab is an n-dimensional array whose dimensions are smaller than those of the SDS
array into which it iswritten or from which it isread.

12.6.1Accessing Slabs: DFSDstartslab and DFSDendslab

There are two routines required for every DFSD slab operation - DFSDstartdab and DFSDend-
slab. DFSDstartslab is used to initialize the slab interface and to initiate access to new or existing
data sets. DFSDendslab is used to terminate access to open data sets. DFSDstartslab must be
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called before any read or write slab operation and DFSDendslab must be called after the slab
operation is completed. Both routines are required when reading and writing slabs.

Given anew filename, DFSDstartdab will create anew HDF file with the specified name. Given
an existing filename, it will open the named file and append the new data set to the end of thefile.
Its only parameter isfi | enane. DFSDendslab has no parameters and need only be called once
per file. DFSDenddlab will write any attributes defined immediately before the data set is created.

For more information on assigning attributes, see Section 12.7.3 on page 399.

TABLE 12 DFSDstartslab Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
DFSDstartslab
[intn] filename char * character* (*) Name of the file containing the data set.
(dssslab)
12.6.2Writing Slabs. DFSDwriteslab
In the DFSD interface, writing an entire data set array and writing slabs follow the same program-
ming model. The difference between the two is that callsto three routines is needed to write slabs,
while acall to one routine is needed to write whol e data sets.
More specifically, the DFSD programming model for writing slabsto an SDSisasfollows:
1. Set the appropriate options to define the new SDS or select an existing SDS.
2. Write the data set using three specialized slab routines.
In addition to writing slabs to both new and existing data sets, DFSDwritedab can also perform
the following sequential write operations:
« Write slabs to a single data set when called repeatedly.
« Write slabs to sequential data sets when repeatedly called between D&&Digetdims.
* Write slabs to selected data sets when repeatedly called between D&EBDwariteref.
Although not specifically defined as a slab routine, in practicept@Dsetfillvalue routine is
used to initialize array elements between non-contiguous slab write operations. Setting a fill value
places the same value in every array location before the first slab is written. Any hole created by
non-contiguous writes can then be recognized by identifying the known fill value. The fill value
must have the same number type as the values in the data set. For more information on fill values
refer to Section 12.7.1.2 on page 393.
To write a slab to a new data set, the calling program must include the following routine calls:
C status = DFSDset di ns(rank, dinsizes);
status = DFSDset NT(numtype);
status = DFSDstartsl ab(fil enane);
status = DFSDwritesl ab(start, stride, count, data);
status = DFSDendsl ab( );
FORTRAN:  status = dssnt(numtype)
status = dssdins(rank, di msizes)
status = dsssl ab(fil enane)
status = dswsl ab(start, stride, edge, data)
status = dsesl ab( )
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When writing dlabs to an existing data set, it is impossible to change the number type, array
boundaries, fill value, or calibration information. Consequently DFSDsetNT, DFSDsetdims,
DFSDsetcal, and DFSDsetfillvalue will generate errorsif called for an existing data set.

To write aslab to an existing data set, your program should include the following calls:

C status = OFSDwriteref (fil enane, ref);
status = DFSDstartsl ab(fil enane) ;
status = DFSDwritesl ab(start, stride, count, data);
status = DFSDendsl ab( );

FORTRAN:  status = dswef (fil enane, ref)
status = dsssl ab(fil enane)
status = dswsl ab(start, stride, edge, data)
status = dsesl ab( )

Because DFSDwriteslab offers no overwrite protection, the calling program is responsible for
eliminating overlap when arranging slabs within the newly defined data set.

DFSDwriteslab has four arguments: start, stride, edge, and data. The arguments start,
stri de, and edge are defined as they arein the corresponding SD routines.

The DFSD SDS model does not support strides. Passthe st art array asthe stri de parameter as
a place holder. Whatever is passed as the st ri de parameter will be ignored by the DFSD inter-
face.

Although DFSDendslab need only be called once per file, it is required to write data to thefile. It
will also write any attributes defined immediately before the data set is created.

TABLE 12J DFSDwriteslab Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) (& FORTRAN-77
Sart in32 * integer (*) VAV:'{ag containing the starting coordinate the
DFSDwritesab :
[intn] stride int32 * integer (*) Ignored parameter.
(sdwslab) count int32 * integer (*) Array defining the boundaries of the slab.
data VOIDP <valid numeric datatype> | Buffer for the datato be written.

12.6.3Reading Slabs. DFSDreadsab

The programming model for reading one or more slabs involves the following steps:
1. Select an existing SDS.
2. Read the data set using three specialized slab routines.
In addition to reading single slabs of data, DFSDreadslab can perform the following sequential
access operations:
« Read multiple slabs from the first data set in a file when called repeatedly.
« Read multiple slabs from a specified data set when repeatedly callebE®@readr ef.

« Read multiple slabs from sequential data sets when repeatedly called betweerDéehs to
Dgetdims.
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To read a dab, the calling program must include the following routine calls:

C status = OFSDreadref (fil enang, ref);
status = DFSDstartsl ab(fil enane) ;
status = DFSDreadsl ab(start, stride, edge, data);
status = DFSDendsl ab( );

FORTRAN:  status = dsrref(fil enane, ref)
status = dsssl ab(fil enane)
status = dsrslab(start, stride, edge, data)
status = dsesl ab( )

In addition to DFSDreadref, DFSDgetdims may also be used to position the read pointer to the
appropriate data set. When DFSDreadslab is used to read slabs, the coordinates of the start
array must begin at O for each dimension (start={0,0, ... 0}) and the size of each dimension
must equal the size of the array itself (edge={di msize_1, dimsize 2, dimsize n}). As
with DFSDwriteslab, whatever is passed in asthe st ri de parameter isignored. Finally, the dat a
buffer must allocate enough space to hold the data: excess datais truncated.

All parameters of the DFSDreadslab routine assume FORTRAN-77-style one-based arrays - the
starting coordinates of the slab must be given as an offset from the origin of the data set where the
originisdefinedas(dim1 =1, dm2 =1, . . . dimn-1 =1, dimn = 1). Thefirst ele-
ment of the slab will be the coordinates specified by the contents of the st art array. DFSDread-
slab will extract elementsin increasing order until the until the dimensional offset specified by the
contents of the edge array are encountered.

TABLE 12K

12.7

DFSDreadslab Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
filename char * character* (*) Name of the HDF file.
. ’ Array containing the coordinates for
* *
start int32 integer (*) start of the Sab.
. . . Array of rank containing the size of each
*
DFSDreadslab siab_size Int32 integer (*) dimension of the siab.
intn
(d[s,\,g rllb) stride int32 * integer (*) Place holder array.
buffer VOIDP <valid numeric datatype> Q;ay thewill usedto store the extracted
} . . Array containing the dimensions of the
* *
buffer_size int32 integer (*) buffer perameter.

Predefined Attributes and the DFSD I nterface

Although they often contain important information, attributes are optional to the data set array and
the dimension record. Although both types of attributes use similar names, they are read and writ-
ten using different sets of routines. All attributes are predefined by the DFSD library.

12.7.1Writing Data Set Attributes

Data set attributes are described in Chapter 3, Scientific Data Sets (SD API). Thereis alimit of
one string attribute per data set.
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12.7.1.1 Assigning String Attributesto an SDS: DFSDsetlengths and DFSDsetdatastrs

The DFSD interface provides two function calls for creating data set string attributes: DFSD-
setlengths and DFSDsetdatastrs. DFSDsetlengths overrides the default string length and DFS-
Dsetdatastrs writes the string. DFSDsetlengths and DFSDsetdatastr s are optional and may be
called individually, or in any order as long as they precede calls to DFSDadddata or DFSDput-
data.

Predefined string attributes are defined as follows:

« Coordinate system attributes specify the coordinate system used to generate the original
data.

» Format attributes specify the format to use when displaying values for the data.
« Label attributes contains data array hames.
» Unit attributes identifies the units of measurement associated with the data.

To assign a predefined attribute to an HDF file, the program must contain the following routine
calls:

C status = DFSDset| engths(label _Ien, unit_len, format_len, coords_|en);
status = DFSDsetdat astrs(l abel, unit, fornat, coordsys);
status = DFSDadddat a(fil enane, rank, dinsizes, data);

FORTRAN:  status = dsslens(label _|len, unit_len, fornat_len, coords_|en)
status = dssdast(label, unit, format, coordsys)
status = dsadata(fil enane, rank, dinsizes, data)

DFSDsetlengths has four argumentsabel _| en, uni t _I en, f or mat _| en, andcoor ds_| en. Each
parameter reflects the maximum length for the string that will hold the label, unit, format, and
coordinate system. Use BFSDsetlengths is optional and usually not necessary.

DFSDsetdatastrs writes null-terminated strings to an HDF file. It has the same four arguments:
| abel , uni t, f or mat , andcoor dsys. To avoid the assignment of a string, peds as the appro-
priate argument.

TABLE 12L

DFSDsetlengths and DFSDsetdatastr s Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
label_len intn integer Maximum length for any label string.
DFSDsetlengths unit_len intn integer Maximum length for any unit string.
(d[g;ls) format_len intn integer Maximum length for any format string.
coords |en intn integer Maximum length for any coordinate system string.
label char * character* (*) Label describing the data.
DFSDsetdatastrs unit char * character* (*) Unit to be applied to the data.
(d[,g';]g) format char * character* (*) Format to be applied in displaying the data.
coordsys char* character* (*) Coordinate system of the data set.

12.7.1.2 Assigning Value Attributesto a DFSD SDS: DFSDsetfillvalue, DFSDsetrange, and
DFSDsetcal

The DFSD interface provides the following routines for defining value attributes. All three func-
tion calls are optional and may be called in any order provided they precede aDiaBDead-
ddata or DFSDputdata.
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To assign a value attribute to a data set, the following routines must be called:

C status = DFSDsetfillval ue(fill _val);
status = DFSDsetcal (scal e, scal e_err, offset, offset_err, numtype);
status = DFSDsetrange(nax, mn);
status = DFSDadddat a(fil enane, rank, dinsizes, data);

FORTRAN:  status

= dssfill(fill_val)

status = dsscal (scale, scale err, offset, offset_err, numtype)
status = dssrang(nax, mn)
status = dsadata(fil enane, rank, dinsizes, data)

DFSDsetrange sets a new

range attribute for the current DFSD SDS. DFSDsetrange has two

arguments: max and ni n. The HDF library will not check or update the range attributes as new
data are added to the file, therefore nax and mi n will always reflect the values supplied by the last
DFSDsetrange call. The parameters for DFSDsetrange is defined in Table K below.

DFSDsetfillvalue specifies a new value to the default fill value attribute for an SDS array. It's
only argument isi | | _val , which specifies the new fill value. The fill value must be of the same
number type as the array it's written to. To avoid conversion errors, use data-specific fill values
instead of special architecture-specific values, such as infinity or Not-a-NumibaiNprSetting

the fill value after data is written to the SDS will not update the fill values already written to the
data set - it will only change the attribute.

The parameters fdFSDsetfillvalue are further defined in Table K below.

The DFSDsetcal routine creates a calibration record for a specified array and by doing so adds
five attributes to the current data set. As the HDF library does not specifically apply calibration
information to the dat&§Dsetcal can be called anytime before or after the data is wriRESD-

setcal has five argumentsgal e, scal e_error, of f set, of f _err, andnum t ype. The arguments

scal e andof f set are defined as they are for the multifile SD API routines.

In addition to thescal e andof f set, DFSDsetcal also includes both a scale and offset error. The
argumentscal e_err contains the potential error of the calibrated data due to scaling and
of f set _err contains the potential error for the calibrated data due to the offseturhieype
parameter specifies the number type of the uncalibrated data.

The parameters @FSDsetcal are defined in the following table.

TABLE 12M DFSDsetfillvalue, DFSDsetrange and DFSDsetcal Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) (& FORTRAN-77
label char * character* (*) Label describing the data.
DFSDsetfillvalue unit char * character* (*) Unit to be applied to the data.
intn] iedin di i
(t[jssfilll) format char * character™ (+) Format to be applied in displaying the
data.
coordsys char * character* (*) Coordinate system of the data set.
DFSDsetrange max VOIDP <valid numeric data type> 2;?;& valuein the slected range of
[intn] -
(dssrang) min VOIDP <valid numeric data type> :;\Za value in the selected range of
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cal float64 real*8 Cdlibration scale.
DFSDsetcal ca_error float64 real*8 Calibration scale error.
[intn] off float64 real*8 Uncalibrated offset.
(dsscal) off_err float64 real*8 Uncalibrated offset error.
num_type int32 integer Number type of uncalibrated data.

EXAMPLE 3.

Assigning Predefined String Attributesto aFile

The following examples demonstrate the steps necessary to assign predefined string attributes to
the data set and stores the data set in the file "Examplel.hdf". They create a string attribute using
DFSDsetdatastrs and a value attribute using DFSDsetrange. It also demonstrates the use of
DFSDsetlengths in altering the maximum string length from 255 characters to 50. It then writes

the SDS array by calling DFSDadddata.

C:

#i ncl ude "hdf. h"

/*

* Wite an array of floating point values representing

* pressure in a 3x2x5 array.

*/

mai n( )

{

float32 data[3][2][5];
int32 di nsi zes[ 3] ;

fl oat 32 nax,
intn status,

int i,

ik

mn;
rank;

/* Set the rank and di mension sizes. */

rank = 3;

di nsi zes[0] = 3;
di nsi zes[ 1] = 2;
di nsi zes[ 2] = 5;

/* Set the dinensions,

to define the beginning of a data set.

status = DFSDsetdi ns(rank, dinsizes);

/* Set the maxi mumstring length to 50. */
status = DFSDsetl engt hs(50, 50, 50, 50);

/* Define the attribute strings and val ues. */

status = DFSDsetdatastrs("Pressure Data", "MIIibars",
"F5.5", "None");

max = 1500. 0;

mn = 0.0;

status = DFSDsetrange(&max, &nmn);

/* Set the rank to 3. */
rank = 3;

/* Calcul ate the data val ues. */
for (i =0; i < 3; i++)
for (j =0; j <2; j+4)
for (k = 0; k <5; k++)
datali][j][k] = i*100.0 + j*10.0 + k;

*/
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/* Wite the data set and its attributes to file. */
status = DFSDadddat a(" Exanpl e3. hdf", rank, dinsizes, data);

FORTRAN:
PROGRAM SET ATTRI BS

real *8 data(5, 2, 3), max, mn, i, j, k
i nteger*4 dinsizes(3)
i nteger status, rank

i nteger dsslens, dssdast, dssrang, dsadata
i nt eger dssdi s

character*13 | abel /"Pressure Data"/
character*9 unit /"MIlibars"/
character*4 format /"F5.5"/
character*4 coordsys /"None"/

C Set the dinmensions, to define the beginning of a data set.
rank = 3
di msi zes( 1)
di nsi zes( 2) 2
di nsi zes( 3) 3
status = dssdi ns(rank, dinsizes)

5

C Set the maximumstring lengths to 50.
status = dsslens(50, 50, 50, 50)

C Define the attribute strings and val ues.
status = dssdast (label, unit, format, coordsys)
max = 1500.0
nmn=0.0
status = dssrang(nax, nin)

C Fill the data array w th val ues.
do 30 k =1, 3
do20j =1, 2
do 10i =1, 5
data(i, j, k
10 conti nue
20 conti nue
30 conti nue

) =i*100.0 + j*10.0 + k

C Wite the data set and its attributes to file.
status = dsadat a("Exanpl e3. hdf", rank, dinsizes, data)

end

12.7.2Reading DFSD Data Set Attributes
The DFSD interface provides two function calls for reading predefined data set attribute strings.

12.7.2.1 Reading Data Set Attributes: DFSDgetdatalen and DFSDgetdatastrs

DFSDgetdatalen returns the length of each string in the attribute. It is useful for determining the
length of an attribute before reading it. DFSDgetdatastr s reads the label, unit, format, and coordi-
nate system strings.
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Attribute data is not read by DFSDgetdatastrs until the appropriate routine is called to read the
array and its dimension record. If DFSDgetdatastrs and DFSDgetrange are not called, the array
and its dimension record can be read without reading its associated data set attributes. It is also
possible to read string and value attributes individually. As attribute data is not actually read by
DFSDgetdatastrs or DFSDgetrange, these calls must be made before calling DFSDgetdata.

Reading the attributes of a data set involves the following steps:
1. Determine the length of each attribute string.
2. Read the attribute strings.
3. Read the maximum and minimum values.
4. Read the remainder of the data set.

To assign a predefined attribute to an HDF file, the following routines should be called:

C status = DFSDgetdatal en(l abel _Ien, unit_len, format_len, coords_|en);
status = DFSDgetdat astrs(l abel, unit, fornat, coordsys);
status = DFSDgetrange(nax, mn);
status = DFSDget dat a(fil enane, rank, dinsizes, data);

FORTRAN:  status = dsgdghal n(l abel _len, unit_len, format_len, coords_|en)
status = dsgdast (| abel, unit, format, coordsys)
status = dsgrang(nax, mn)
status = dsgdat a(fil enane, rank, dinsizes, data)

The parameters of DFSDgetdatalen and DFSDgetdatastr s are described in the following table.

TABLE 12N DFSDgetdatalen and DFSDgetdatastrs Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
label_len intn * integer Length of any label string.
DFSDgetdatalen unit_len intn * integer Length of any unit string.
(dgﬂ n) format_len intn * integer Length of any format string.
coords_len intn * integer Length of any coordinate system string.
label char * character* (*) Label describing the data.
DFSDgetdatastrs unit char * character* (*) Unit applied to the data.
(d[s'gé';]s) format char * character* (*) Format applied to the data.
coordsys char * character* (*) Coordinate system of the data set.
EXAMPLE 4. Reading a Data Set and its Attribute Record

These examples read the pressure data set and the dimension attribute record stored in the
"Examplel.hdf" file into the arrays pointed to by the dat a, dat al abel , dat auni t, dat af nt and
coor dsys pointer variables. It assumes the dimension sizes and rank are correct and data strings
are less than 10 characters long, with one additional character for the null termination.

C:
#i ncl ude "hdf. h"

nmai n( )

{

intn rank, maxrank, status;
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i nt32 di nsi zes[ 3] ;
char dat al abel [ 50], dataunit[50], datafnt[50], coordsys[50];
float64 data[3][2][5];

maxrank = 3;
status = DFSDget di ns(" Exanpl e3. hdf", &rank, dinsizes,
nmaxr ank) ;
status = DFSDget dat astrs(dat al abel, dataunit, datafnt,
coor dsys) ;
status = DFSDget dat a(" Exanpl e3. hdf", rank, dinsizes, data);

FORTRAN:
PROGRAM READ SD | NFO

i nt eger dsgdata, dsgdast, dsgdins

i nteger*4 dinsizes(3)

i nteger status, rank, maxrank
character*50 dat al abel , dataunit, datafnt
character*10 coordsys

real *8 data(5, 2, 3)

maxrank = 3
status = dsgdims(’Example3.hdf’, rank, dimsizes, maxrank)
status = dsgdast(datalabel, dataunit, datafmt, coordsys)
status = dsgdata('Example3.hdf’, rank, dimsizes, data)

end

12.7.2.2 Reading the Value Attributes of a DFSD Data Set: DFSDgetfillvalue and
DFSDgetcal

There are three routines in the DFSD interface that retrieve the fill value, range and calibration
information of adata set array: DFSDgetfillvalue, DFSDgetrange, and DFSDgetcal.

The syntax of these routines are as follows:

C status = DFSDgetfilvalue(sds _id, fill_val);
status = DFSDgetrange(max, min);
status = DFSDgetcal(cal, cal_er, offset, offset_err, num_type);

FORTRAN:  status=dsfil(fil_value)
status = dsgrang(max, min)
staius = dsadata(cal, cal_er, offset, offset_exr, num_type)

DFSDgetfillvalue hastwo arguments; sds_i dandfi || _val . Thesds_i d isthe data set identifier
andfill_val isthe spacealocated to store the fill value.

The maximum range of values in the data set isn't automatically stored with the data set data; it is
explicitly stored through a call tOFSDgetrange. The defined range of values can be less than
the actual range of values stored in the data set. The value mfxtiparameter is the maximum

value of the defined range and the value ofrilreparameter is the minimum value. These values
must be of the same number type as the values stored in the data array. Ime®,ahéni n
parameters are indirect pointers specifying the range values, while in FORTRAN-77 they are vari-
ables set to the range values.

DFSDgetcal reads the calibration record of the current data set, if one exists. Each of the parame-
ters of DFSDgetcal correspond to the five elements of the calibration record; - four 64-bit float-

12-398

November 7, 2001



HDF User’s Guide

ing-point integers followed by a 32-bit integer. The cal, of fset, of fset_err and cal _err
parameters are defined as they arein the multifile SD API. This calibration record exists for infor-

mation only.
The parameters for DFSDgetfillvalue, DFSDgetcal, and DFSDgetrange are defined in the fol-
lowing table.
TABLE 120 DFSDgetfillvalue, DFSDgetcal and DFSDgetrange Par ameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
DFSDgetfillvalue sds id int32 integer Data set identifier.
intn
(c[isgﬁh) fill_val VOIDP <valid numeric data type> Buffer for thefill value.
ca float64 * real*8 Calibration factor.
DFSDgetcal ca_err float64 real*8 Cadlibration error.
[int32] offset float64 * real*8 Uncalibrated offset.
(dsgeal) offset_exr floates * rea*8 Uncalibrated offset error.
num_type int32 * integer Type of the uncalibrated data.
DFSDgetrange max VOIDP <valid numeric data type> Highest value of the selected range.
intn
(dggr ar]19) min VOIDP <valid numeric data type> Lowest value of the selected range.

12.7.3Writing the Dimension Attributes of a DFSD SDS
Dimension attributes are described in Chapter 3, Scientific Data Sets (SD API).

12.7.3.1Writing the String Attributes of a Dimension: DFSDsetlengths and DFSDsetdimstrs

The DFSD interface provides two routines for creating dimension string attributes; DFSD-
setlengths and DFSDsetdimstrs. DFSDsetlengths overwrites the default string length and DFS-
Dsetdimstrs is defines the string text. DFSDsetdatalengths and DFSDsetdimstrs are optional
and must precede callsto DFSDadddata or DFSDputdata.
Predefined dimension string attributes are limited to one per dimension and contain the following:
» Format attributes specify the format to use when displaying values for the dimension.
« Label attributes contain dimension names.
« Unit attributes identify the unit of measurement associated with the dimension.

To assign a predefined attribute to a dimension, the following routines should be called:

C status = DFSset | engths(label _Ien, unit_len, format_len, coords_|en);
status = DFSDsetdinstrs(l abel, unit, fornat);
status = DFSDadddat a(fil enane, rank, dinsizes, data);

FORTRAN:  status = dsslens(label _|len, unit_len, fornat_len, coords_|en)
status = dssdist(label, unit, fornat)
status = dsadata(fil enane, rank, dinsizes, data)

DFSDsetlengths has four argumentsabel _| en, uni t _I en, f or mat _| en, andcoor ds_| en. Each
parameter specifies the maximum length of the string that defines the label, unit, format, and coor-
dinate system. As mentioned earlier in this chapter, attribute lengths seldom need to be reset.

DFSDsetdimstrsalso has four argumentsi;m | abel , uni t, andf or nat . The parametati m= 1
for the first dimensiongi m = 2 for the second dimension, etc. To avoid assigning a string to the
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coordinate length, pass NULL in the appropriate parameter. DFSDsetdimstrs writes null-termi-
nated strings to afile.

The parameters for DFSDsetlengths and DFSDsetdimstrs are further defined in the following
table.

TABLE 12P DFSDsetlengths and DFSDsetdimstrs Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
label_len intn integer Maximum length of any label string.
DFSDsetlengths unit_len intn integer Maximum length of any unit string.
(égg) format_len intn integer Maximum length of any format string.
coords len intn integer Maximum length of any coordinate system string.
dim intn inteqer Dimension of the attribute strings.specified by the
) €9 remaining three parameters
DFSDsetdimstrs
[intn] label char * character* (*) Label describing the data.
(dssdist) unit char * character* (*) Unit to be applied to the data.
format char * character* (*) Format to be applied in displaying the data.
12.7.3.2Writing a Dimension Scale of a DFSD SDS: DFSDsetdimscale
The syntax of the two routines needed to write a dimension scale is the following:
C status = DFSDset di nscal e(di m di nsi ze, scal e);
status = DFSDadddat a(fil ename, rank, dinsizes, data);
FORTRAN:  status = dssdisc(dim dinsize, scale)
status = dsadata(filenane, rank, dinsizes, data)
DFSDsetdimscale has three arguments; di m di nsi ze, and scal e. These arguments identify the
dimension, specify its size, and assign a value to each of its grid points. The parameter dim = 1
for the first dimension, and di m = 2 for the second dimension. The di nsi ze argument must con-
tain avalue equal to the dimension it describes in order for the scale to be applied correctly.
The parameters of DFSDsetdiscale are further described in the following table.
TABLE 12Q DFSDsetdimscale Parameter List

Routine Name Parameter Type

[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
DESDsetdimscale dim intn integer Dimension of the current scale.
[intn] dim_size int32 integer Size of the current scae.
(dssdisc) scale VOIDP <valid numeric datatype> | Valuesof the current scale.

12.7.4Reading the Dimension Attributes of a DFSD SDS

The DFSD interface provides three routines for reading dimension attributes: DFSDgetdimlen,
DFSDgetdimstrs and DFSDgetdimscale. DFSDgetdimlen returns the string length for each
string in the attribute record. It is a useful routine to call before reading an attribute. DFSDget-
dimstrs and DFSDgetdimscale are used as instructions for reading the dimension attributes.
DFSDgetdimstrs reads the dimension strings and DFSDgetdimscal e reads the dimension scale.
By avoiding cals to DFSDgetdimstrs and DFSDgetdimscale, it is possible to read an array and

12-400

November 7, 2001



HDF User’s Guide

its dimension record without reading the data set attributes associated with it. It is also possible to
omit one function call in order to read one attribute without the other. DFSDgetdimstrs and DFS-
Dgetdimscale must be called before DFSDgetdata.
Reading data set attributes involves the following steps:

1. Determine the length of each attribute string.

2. Read the attribute strings.

3. Read the scale values.

4. Read theremainder of the data set.

To assign a predefined attribute to an HDF file, the following routines must be called:

C status = DFSDgetdi men(label I en, unit_len, format_len, coords_|en);
status = DFSDgetdi nstrs(l abel, unit, fornat);
status = DFSDget di nscal e(di m di msize, scal €);
status = DFSDgetdat a(fil enane, rank, dinsizes, data);

FORTRAN:  status = dsgdiln(label _len, unit_len, format_len, coords_|en)
status = dsgdist(label, unit, fornat)
status = dsgdi sc(dim dimsize, scale)
status = dsgdata(filenane, rank, dinsizes, data)

The parameters for DFSDgetdimlen, DFSDgetdimstrs and DFSDgetdimscale are described in
the following table.

TABLE 12R DFSDgetdimlen, DFSDgetdimstrs and DFSDgetdimscale Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) (& FORTRAN-77
" . . Dimension of the string attributes
dim intn integer .
describe.
DFSDgetdimlen
[intn] label_len intn * integer Length of the label attribute string.
(dsgdiln) unit_len intn * integer Length of the unit attribute string.
format_len intn * integer Length of the format attribute string.
" . . Dimension the string attributes
dim intn integer .
describe.
DFSDgetdimstrs labdl char * character* (*) Label of the dimension.
intn]
(d[sgdi]g) unit char * character* (*) Unit to be applied to this dimension.
format char * character*(*) Format to be applied when displaying
the scale.
dim intn integer Dimension the current scaleis
DFSDgetdimscale o attached to
[intn] . - - :
(dsgdisc) dim_size int32 integer Size of the current scae.
scae VOIDP <valid numeric data type> Values of the current scale.
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Chapter

13

Error Reporting

8.1

8.2

Chapter Overview

This chapter describes the main error reporting routines designed for general HDF use and the
types of errors handled by the error reporting API and the general structure of the API.

The HDF Error Reporting API

The HDF error reporting APl consists of routines that query error stack information, the names of

which are prefaced by “HE”. They are described briefly in Table 8A. Some are primarily for use
by HDF developers while others are available to HDF users. In this chapter, three error reporting
functions are covereddEprint, HEvalue andHEstring. Note that only one C error reporting
routine has a FORTRAN-77 counterpareprnt/heprntf (heprntf is the newer function, sup-
ported on all platformsheprnt is the original function, supported on non-Microsoft Windows
platforms).

TABLE 8A

8.3

Error Reporting RoutineList

Routine Name
Category Description
C FORTRAN-77

hepr nt

HEpri nt hepr nt f

Prints the errors on the error stack to a specified file.

Error Reporting | gy ng hest ri ngf Returns the error message associated with an error code.

HEval ue None Returns the nth most recent error reported.

Error Reportingin HDF

Most HDF error reporting routines retural L (or - 1) if the operation is successful aBddEED

(or 0) otherwise. Each time @Al L code is returned one or more error codes are pushed onto the
error code stack. The following pseudo-code will demonstrate the two methods commonly used to
access and print the contents of this stack.

if (<general HOF function() >= FAIL) {
<HDF error reporting APl routines>

}
R

status = <general HOF function( );
if (status = FAIL) {
<HDF error reporting APl routines>

November 7, 2001 13-403



National Center for Supercomputing Applications

}
A list of error codesisincluded at the end of this chapter.

8.3.1 Writing Errorsto aFile: HEprint
HEprint writes the errors on the stack to the specified file. There are four sections of an HEprint
error report:

1. A description of the error.

2. Theroutine in which the error was detected.

3. Thesourcefilein which the error was detected.

4. Theline number in which the error was detected.

The syntax for HEprint isasfollows:
C Heprint(stream |evel);
FORTRAN:  status = heprnt (| evel)

The st reamparameter is a UNIX file handle indicating the output stream the error information
will be written to. The | evel parameter specifies the amount of error information to report. In
FORTRAN-77, heprnt (supported on non-Microsoft Windows platforms) always writes to the
standard error stream, or st derr ; therefore the only parameter is | evel . To facilitate Microsoft
Windows support, a newer function hepr ntf (supported on all platforms) requires two parameters,
fi | ename to identify the file to which the error information is to be written and | evel .

Errors are written in sequential order starting from the bottom of the stack. Consequently, specify-
ing al evel parameter value of 1 will write the first error that occurred, or the first error pushed
onto the stack. Specifying al evel parameter of value O will write all errors on the stack to the
specified file. For example, the following C code will write al errors on the stack to the file
named “errors”.

f = fopen("errors", "w);

Heprint(f, 0);
As an example of the output BfEprint, suppose an attempt is made to open an nonexistent file
with Hopen. CallingHEpri nt (st dout, 0) orheprnt (0) will produce the following output:

HOF error: <error opening fil e>
Detected in Hopen() [hfile.c line 305]

8.3.2 Returning the Code of the Nth Most Recent Error: HEvalue

HEvalue returns the error code for the nth most recent error and is only available as a C routine.
Theerror_stack_of f set parameter specifies the number of errors to regress from the top of the
error stack.

The syntax foHEvalue is as follows:
C status = Heval ue(error_stack offset);

Note that several HDF functions, upon successful completion, assume that all important errors
have been processed; these functions thenH&dlear, clearing the error stack. This has the side
effect of sometimes making it difficult to predict the contents of the error s$tdtdtear is docu-
mented in the advanced H functions section at the back bfkeReference Manual.
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8.3.3 Returning the Description of an Error Code: HEstring/hestringf

HEstring returns the error description associated with the error code specified by theerror _code
parameter as a character string.

The syntax for HEstring is asfollows:
C error_nessage = HEstring(error_code);

FORTRAN. status = hestringf(error_code, error_nessage)

EXAMPLE 1. Writing Errorsto a Console Window
The following C code fragment will copy errors from the stack to a console window.
C:
#i ncl ude "hdf.h"
nmai n( )
{
int32 i, e
const char *str;
i = 0;
while ((e = HEval ue(i)) !'= DFE_NONE) {
str = HEstring(e);
<devi ce-specific code to print the string to a consol e>
i ++
}
TABLE 88 HDF Error Codes

Error Code Code Definition
DFE_NONE No error.
DFE_FNF File not found.
DFE_DENI ED Accessto file denied.
DFE_ALROPEN File already open.
DFE_TOOVANY Too many AID’s or files open.
DFE_BADNANE Bad file name on open.
DFE_BADACC Bad file access mode.
DFE_BADOPEN Miscellaneous open error.
DFE_NOTOPEN File can't be closed because it hasn’t been opened.
DFE_CANTCLCSE fclose error
DFE_READERROR Read error.
DFE_WRI TEERROR Write error.
DFE_SEEKERROR Seek error.

DFE_RDONLY File is read only.

DFE_BADSEEK Attempt to seek past end of element.
DFE_PUTELEM Hputelement error.

DFE_GETELEM Hgetelement error.

DFE_CANTLI NK Cannot initialize link information.
DFE_CANTSYNC Cannot synchronize memory with file.
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Error Code
DFE_BADGROUP
DFE_GROUPSETUP
DFE_PUTGROUP
DFE_GROUPVRI TE
DFE_DFNULL
DFE_I LLTYPE
DFE_BADDDLI ST
DFE_NOTDFFI LE
DFE_SEEDTW CE
DFE_NOSUCHTAG
DFE_NOFREEDD
DFE_BADTAG
DFE_BADREF
DFE_NOVATCH
DFE_NOTI NSET
DFE_BADOFFSET
DFE_CORRUPT
DFE_NOREF
DFE_DUPDD
DFE_CANTMOD
DFE_DI FFFI LES
DFE_BADAI D
DFE_OPENAI D
DFE_CANTFLUSH
DFE_CANTUPDATE
DFE_CANTHASH
DFE_CANTDELDD
DFE_CANTDELHASH
DFE_CANTACCESS
DFE_CANTENDACCESS
DFE_TABLEFULL
DFE_NOTI NTABLE
DFE_UNSUPPORTED
DFE_NOSPACE
DFE_BADCALL
DFE_BADPTR
DFE_BADLEN
DFE_NOTENOUGH
DFE_NOVALS
DFE_ARGS
DFE_| NTERNAL
DFE_NORESET
DFE_GENAPP
DFE_UNINIT
DFE_CANTINI T
DFE_CANTSHUTDOWN

DFE_BADDI M

Code Definition
Error from DFdiread in opening agroup.
Error from DFdisetup in opening a group.
Error on putting a tag/reference number pair into a group.
Error when writing group contents.
Datafile reference isanull pointer.
Datafile contains an illegal type: internal error.
The DD list is non-existent: internal error.
The current fileis not an HDF file and it is not zero length.
The DD list already seeded: internal error.
No such tag in thefile: search failed.
There are no free DDs | ft: internal error.
Illegal WILDCARD tag.
Illegal WILDCARD reference number.
No DDs (or no more DDs) that match the specified tag/reference number pair.
Warning: Set contained unknown tag. Ignored.
Illegal offset specified.
Fileis corrupted.
No more reference numbers are available.
The new tag/reference number pair has been alocated.
Old element doesn’t exist. Cannot modify.
Attempt to merge objects in different files.
An invalid AID was received.
Active AlDs still exist.
Cannot flush DD back to file.
Cannot update the DD block.
Cannot add a DD to the hash table.
Cannot delete a DD in the file.
Cannot delete a DD from the hash table.
Cannot access specified tag/reference number pair.
Cannot end access to data element.
Access table is full.
Cannot find element in table.
Feature not currently supported.
malloc failed.
Routine calls were in the wrong order.
NULL pointer argument was specified.
Invalid length was specified.
Not enough space for the data.
Values were not available.
Invalid arguments passed to the routine.
Serious internal error.
Too late to modify this value.
Generic application level error.
Interface was not initialized correctly.
Cannot initialize the interface the operation requires.
Cannot shut down the interface the operation requires.

Negative number of dimensions, or zero dimensions, was specified.
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Error Code
DFE_BADFP
DFE_BADDATATYPE
DFE_BADNCTYPE
DFE_BADNUMIYPE
DFE_BADORDER
DFE_RANGE
DFE_BADCONV
DFE_BADTYPE
DFE_BADSCHEME
DFE_BADMODEL
DFE_BADCODER
DFE_MODEL
DFE_CODER
DFE_CINIT
DFE_CDECODE
DFE_CENCODE
DFE_CTERM
DFE_CSEEK
DFEMNT
DFE_COVPI NFO
DFE_CANTCOWP
DFE_CANTDECOWP
DFE_NCDI M
DFE_BADRI G
DFE_RI NOTFOUND
DFE_BADATTR
DFE_BADTABLE
DFE_BADSDG
DFE_BADNDG
DFE_VGSI ZE
DFE_VTAB
DFE_CANTADDELEM
DFE_BADVGNAME
DFE_BADVGCLASS
DFE_BADFI ELDS
DFE_NOVS
DFE_SYMSI ZE
DFE_BADATTACH
DFE_BADVSNAME
DFE_BADVSCLASS
DFE_VSWRI TE
DFE_VSREAD
DFE_BADVH
DFE_VSCANTCREATE
DFE_VGCANTCREATE
DFE_CANTATTACH

DFE_CANTDETACH

Code Definition
File contained an illegal floating point number.
Unknown or unavailable data type was specified.
Unknown or unavailable machine type was specified.
Unknown or unavailable number type was specified.
Unknown or illegal array order was specified.
Improper range for attempted access.
Invalid data type conversion was specified.
Incompatible types were specified.
Unknown compression scheme was specified.
Invalid compression model was specified.
Invalid compression encoder was specified.
Error in the modeling layer of the compression operation.
Error in the encoding layer of the compression operation.
Error in encoding initialization.
Error in decoding compressed data.
Error in encoding compressed data.
Error in encoding termination.
Error seeking in an encoded data set.
Error in modeling initialization.
Invalid compression header.
Cannot compress an object.
Cannot decompress an object.
A dimension record was not associated with the image.
Error processing aRIG.
Cannot find raster image.
Invalid attribute.
The nsdg table has incorrect information.
Error in processing an SDG.
Error in processing an NDG.
Too many elementsin the vgroup.
Element notinvt ab[ ] .
Cannot add the tag/reference number pair to the vgroup.
Cannot set the vgroup name.
Cannot set the vgroup class.
Invalid fields string passed to vset routine.
Cannot find the vset in the file.
Too many symbolsin the users table.
Cannot write to apreviously attached vdata.
Cannot set the vdata name.
Cannot set the vdata class.
Error writing to the vdata.
Error reading from the vdata.
Error in the vdata header.
Cannot create the vdata.
Cannot create the vgroup.
Cannot attach to a vdata or vset.

Cannot detach a vdata or vset with write access.
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Error Code

DFE_BI TREAD
DFE_BI TWRI TE
DFE_BI TSEEK
DFE_TBBTI NS
DFE_BVNEW
DFE_BVSET
DFE_BVGET

DFE_BVFI ND

A bit read error occurred.

A bit write error occurred.

A bit seek error occurred.

Failed to insert the element into tree.
Failed to create a bit vector.

Failed when setting a bit in abit vector.
Failed when getting a bit in abit vector.

Failed when finding a bit in abit vector.

Code Definition
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HDF Performance | ssues

14.1 Chapter Overview and Introduction

14.2

This chapter describes many of the concepts the HDF user should understand to gain better per-
formance from their applications that use the HDF library. It also covers many of the ways in
which HDF can be used to cause impaired performance and methods for correcting these prob-
lems.

As stated earlier in this manual, HDF has been designed to be very general-purpose, and it has
been used in many different applications involving scientific data. Each application has its own
set of software and hardware resource constraints that will affect performance in a different way,
and to adifferent extent, from the resource constraints in other applications.

Therefore, it isimpossible to outline all of the performance issues that may relate to a particular
application of HDF. However, this chapter should give the reader sufficient knowledge of the
most common performance issues encountered by the HDF Group. This knowledge should enable
the reader to explore different ways of storing data on the platforms they use for the purpose of
increasing library performance.

Examples of HDF Perfor mance Enhancement

In this section, four pairs of HDF object models along with their C implementations will be pre-
sented. Each pair will illustrate a specific aspect of HDF library performance as it rel ates to scien-
tific data sets. They will be employed here as general pointers on how to model scientific data sets
for optimized performance.

In developing and testing these examples, the Sun Solaris OS version supported by HDF version
4.1 release 1 was used. Version 2.0 of the Quantify performance profiler was used to measure the
relative differences in library performance between the SDS models in each pair. It should be
noted that, while the examples reliably reflect which SDS configurations result in better perfor-
mance, the specifics of how much performance will be improved depend on many factors such as
OS configuration, compiler used and profiler used. Therefore, any specific measurements of per-
formance mentioned in the chapter should be interpreted only as general indicators.

The reader should keep in mind that the following examples have been designed for illustrative
purposes only, and should not be considered as real-world examples. It is expected that the reader
will apply the library performance concepts covered by these examples to their specific usage of
the HDF library.
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14.2.10neLarge SDS versus Several Smaller SDSs

The scientific data set is an example of what in HDF parlance is referred to as a primary object.
The primary objects accessed and manipulated by the HDF library include, beside scientific data
sets, raster images, annotations, vdatas and vgroups. Each primary object has metadata, or data
describing the data, associated with it. Refer to the HDF Specifications Manual for a description
of the components of this metadata and how to calculate its size on disk.

An opportunity for performance enhancement can exist when the size of the metadata far exceeds
the size of the data described by the metadata. In this situation, more CPU time and disk space
will be used to maintain the metadata than the data contained in the SDS. Consolidating the data
into fewer, or even one, SDS can increase performance.

Toillustrate this, consider 1,000 1 x 1 x 1 element scientific data sets of 32-hit floating-point num-
bers. No user-defined dimension, dimension scales or fill values have been defined or created.

FIGURE 14a

1,000 1 x 1 x 1 Element Scientific Data Sets

SDS1 SDS2 SDS3 SDS4 SDS5 SDS6 SDS7 SDS 1000

In this example, 1,000 32-bit floating-point numbers are first buffered in-core, then written as
1,000 SDSs.

In Table 14A, the results of this operation are reflected in two metrics. the total number of CPU
cycles used by the example program, and the size of the HDF file after the write operation.

TABLE 14A

Results of the Write Operation t0 1,000 1 x 1 x 1 Element Scientific Data Sets

Total Number of CPU Cycles Size of the HDF File (in bytes)

136,680,037 896,803

Now the 1,000 32-bit floating point numbers that were split into 1,000 SDSs are combined into
one 10 x 10 x 10 element SDS. Thisisillustrated in the following figure.
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FIGURE 14b One 10 x 10 x 10 Element Scientific Data Set
10
elements
N 10 |
elements
«~— 10 —
elements

Aswith the last example, 1,000 32-bit floating-point numbers are first buffered in-core, then writ-

ten to asingle SDS. The following table contains the performance metrics of this operation.
TABLE 14B Results of the Write Operation to One 10 x 10 x 10 Element Scientific Data Set

Total Number of CPU Cycles Size of the HDF File (in bytes)
205,201 7,258

It is apparent from these results that merging the data into one scientific data set results in a sub-
stantia increasein 1/0 efficiency - in this case, a 99.9% reduction in total CPU load. In addition,
the size of the HDF file is dramatically reduced by a factor of more than 100, even through the
amount of SDS data stored is the same.

The extent to which the data consolidation described in this section should be done is dependent
on the specific I/O requirements of the HDF user application.

14.2.2Sharing Dimensions between Scientific Data Sets

When severa scientific data sets have dimensions of the same length, name and data type, they
can share these dimensions to reduce storage overhead and CPU cyclesin writing out data.

To illustrate this, again consider the example of 1,000 1 x 1 x 1 scientific data sets of 32-hit float-
ing point numbers. Three dimensions are attached by default to each scientific data set by the
HDF library. The HDF library assigns each of these dimensions a default name prefaced by the
string f akeDi m See Chapter 3, Scientific Data Sets (SD API), for a specific explanation of default
dimension naming conventions.
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FIGURE 14c 1,000 1 x 1 x 1 Element Scientific Data Sets

SDS1 SDS2 SDS3 SDS 1,000

Ne=! N=" N= Ne=e

Default Dimensions

One 32-hit floating point number is written to each scientific data set. The following table liststhe
performance metrics of this operation.

TABLE 14C Results of the Write Operation to 1,000 1 x 1 x 1 Element Scientific Data Sets
Total Number of CPU Cycles Size of the HDF File (in bytes)
136,680,037 896,803

Now consider the 1,000 SDSs described previoudly in this section. In this case, the 1,000 SDSs
share the program-defined X _Axi s, Y_Axi s and Z Axi s dimensions as illustrated in the following

figure.
FIGURE 14d 1,000 1 x 1 x 1 Element Scientific Data Sets Sharing Dimensions
SDS1 SDS2 SDS3 SDS 1,000
\ <— Dimension Named Y_AXi s
Wl —————

The performance metrics that result from writing one 32-hit floating-point number to each dataset
arein the following table.
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TABLE 14D

Results of the Write Operation to 1,000 1 x 1 x 1 SDSswith Shared Dimensions

Total Number of CPU Cycles Size of the HDF File (in bytes)
24,724,384 177,172

An 82% performance improvement in this example program can be seen from the information in
this table, due to the fewer write operations involved in writing dimension data to shared dimen-
sions. Also, the HDF fileis significantly smaller in this case, due to the smaller amount of dimen-
sion datathat is written.

14.2.3Setting the Fill Mode

When a scientific data set is created, the default action of the HDF library isto fill every element
with the default fill value. This action can be disabled, and reenabled once it has been disabled, by
acall to the SDsetfillmode routine.

The library’s default writing of fill values can degrade performance when, after the fill values
have been written, every element in the dataset is written to again. This operation involves writing
every element in the SDS twice. This section will demonstrate that disabling the initial fill value
write operation by callin@Dsetfillmode can improve library performance.

Consider 50 1& 10x 10 scientific data sets of 32-bit floating-point numbers.

FIGURE 14e

5010 x 10 x 10 Element Scientific Data Sets

SDS1 SDS2 SDS3 SDS 50

By default, the fill value is written to every element in all 50 SDSs. The contents of a two-dimen-
sional buffer containing 32-bit floating-point numbers is then written to these datasets. The way
these two-dimensional slices are written to the three-dimensional SDSs is illustrated in the follow-
ing figure. Each slice (represented by each shaded area in the figure) is written along the third
dimension of each SDS, or if the dimensions are related to a Cartesian grid, the z-dimension, until
the entire SDS is filled.
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FIGURE 14f Writing to the 50 10 x 10 x 10 Element Scientific Data Sets
SDS1 SDS2 SDS3 SDS 50

It should be noted that the reason each SDS is not rewritten to in one write operation is because
the HDF library will detect this and automatically disable the initial write of the fill values as a
performance-saving measure. Hence, the partial writes in two-dimensional slabs.
The following table shows the number of CPU cycles needed in our tests to perform this write
operation with the fill value write enabled. The "Size of the HDF File" metric has been left out of
thistable, because it will not change substantially regardless of whether the default fill value write
operation is enabled.

TABLE 14E Results of the Write Operation to the 50 10 x 10 x 10 SDSswith the Fill Value Write Enabled

Total Number of CPU Cycles
584,956,078

The following table shows the number of CPU cycles needed to perform the same write operation
with the fill value write disabled.

TABLE 14F

Results of the Write Operation to the 50 SDSswith the Fill Value Write Disabled

Total Number of CPU Cycles
390,015,933

The information in these tables demonstrate that eliminating the I/O overhead of the default fill
value write operation when an entire SDS is rewritten to results in a substantial reduction of the
CPU cycles needed to perform the operation -- in this case, areduction of 33%.

14.2.4Disabling Fake Dimension Scale Valuesin Large One-dimensional
Scientific Data Sets

Inversions 4.0 and earlier of the HDF library, dimension scales were represented by a vgroup con-
taining a vdata. This vdata consisted of as many records as there are elements along the dimen-
sion. Each record contained one number which represented each value along the dimension scale,
and these values are referred to as fake dimension scale values.

In HDF version 4.0 a new representation of the dimension scale was implemented alongside the
old one -- avdata containing only one value representing the total number of values in the dimen-
sion scale. In version 4.1 release 2, this representation was made the default. A compatible mode
is also supported where both the older and newer representations of the dimension scale are writ-
ten tofile.
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In the earlier representation, a substantial amount of 1/O overhead is involved in writing the fake
dimension scale values into the vdata. When one of the dimensions of the SDS array is very large,
performance can be improved, and the size of the HDF file can be reduced, if the old representa-
tion of dimension scalesisdisabled by acall to the SDsetdimval_comp routine. The examplesin
this section will illustrate this.

First, consider one 10,000 element array of 32-bit floating point numbers, as shown in the follow-
ing figure. Both the new and old dimension scal e representations are enabled by the library.

FIGURE 14g

One 10,000 Element Scientific Data Set with Old- and New-Style Dimension Scales

10,000 element array

G dinm

| 10000 |

wW|IN|[FPL]|O

Vdata Containing 1 Dimension Scale Value (New-style)

A

9,999 Vdata Containing 10,000 Fake Dimension Scale Values

(Old-style)

10,000 32-hit floating-point numbers are buffered in-core, then written to the scientific data set. In
addition, 10,000 integers are written to the SDS as dimension scale values. The following table
contains the results of this operation from our tests.

TABLE 14G

Results of the SDS Write Operation with the New and Old Dimension Scales

Total Number of CPU Cycles Size of the HDF File (in bytes)
439,428 82,784

Now consider the same SDS with the fake dimension scale values disabled. The following figure
illustratesthis.

FIGURE 14h

One 10,000 Element Scientific Data Set with the Old-Style Dimension Scale Disabled

10,000 10,000 element array

IInRea G

Vdata Containing One Dimension Scale Value (New-style)

The following table contains the performance metrics of this write operation.
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TABLE 14H

14.3

Results of the SDSWrite Operation with Only the New Dimension Scale

Total Number of CPU Cycles Size of the HDF File

318,696 42,720

The old-style dimension scale is not written to the HDF file, which results in the size of the file
being reduced by nearly 50%. There is also a margina reduction in the total number of CPU
cycles.

Data Chunking

14.3.1What Is Data Chunking?

Data chunking is a method of organizing data within an SDS where data is stored in chunks of a
predefined size, rather than contiguously by array element. Its two-dimensional instance is some-
times referred to as data tiling. Data chunking is generally beneficial to 1/0 performance in very
large arrays, e.g., arrays with thousands of rows and columns.

If correctly applied, data chunking may reduce the number of seeks through the SDS data array to
find the data to be read or written, thereby improving 1/0 performance. However, it should be
remembered that data chunking, if incorrectly applied, can significantly reduce the performance
of reading and/or writing to an SDS. Knowledge of how chunked SDSs are created and accessed
and application-specific knowledge of how datais to be read from the chunked SDSs are neces-
sary in avoiding situations where data chunking works against the goal of 1/0 performance opti-
mization.

The following figureillustrates the difference between a non-chunked SDS and a chunked SDS.

FIGURE 14i

Comparison between Chunked and Non-chunked Scientific Data Sets

Non-Chunked SDS Chunked SDS (chunk sizeis3x 3 x 3)
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While the data in a non-chunked SDSis written to,
and organized in, a contiguous fashion, a chunked 7,8(9]17/8|9
SDSiswritten to, and organized in, equally-sized

regions of data-- or chunks.
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14.3.2Writing Concer ns and Reading Concernsin Chunking

There are issues in working with chunks that are related to the reading process and others that are
related to the writing process.
Specifically, the issues that affect the process of reading from chunked SDSs are

Compression

Subsetting

Chunk sizing

Chunk cache sizing

The issues that affect the process of writing to chunked SDSs are
Compression
Chunk cache sizing

14.3.3Chunking without Compression

Accessing Subsets According to Storage Order

The main consideration to keep in mind when subsetting from chunked and non-chunked SDSsis
that if the subset can be accessed in the same order as it was stored, subsetting will be efficient. If
not, subsetting may result in less-than-optimal performance considering the number of elements
to be accessed.

Toillustrate this, the instance of subsetting in non-chunked SDSswill first be described. Consider
the example of anon-chunked, two-dimensional, 2,000 x 1,600 SDS array of integer data. The fol-
lowing figure shows how this array is filled with data in a row-wise fashion. (Each square in the
array shown represents 100 x 100 integers.)

FIGURE 14j

Filling a Two-dimensional Array with Data Using Row-major Ordering

<«——— 1600ints

In C, atwo dimensiond array is
filled row-wise.

2,000ints

VVIVVVVVVVVVVVVVIVVVVV J

The most efficient way an application can read arow of data, or aportion of arow, from this array,
is a contiguous, row-wise read of array el ements. Thisis because thisisthe way the datawas orig-
inally written to the array. Only one seek is needed to perform this. (See Figure 14k.)
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FIGURE 14k Number of Seeks Needed to Access a Row of Data in a Non-chunked SDS

/ =TT TTTTTTTTTTT]
One seek is needed to find the

starting location of a 1,400 integer
row of data.

If the subset of datato be read from this array is one 2,000 integer column, then 2,000 seeks will
be required to complete the operation. Thisisthe most inefficient method of reading this subset as
nearly all of the array locations will be accessed in the process of seeking to a relatively small
number of target locations.

FIGURE 14! Number of Seeks Needed to Access a Column of Data in a Non-chunked SDS

2,000 seeks are needed to find the
starting location of each elementina
2,000 integer column of data. (Each
arrow represents 100 seeks.)

\AAY

VVVVVVVVVVVVVVVVVVVY

Now suppose this SDS is chunked, and the chunk size is 400 x 400 integers. A read of the afore-
mentioned row is performed. In this case, four seeks are needed to read all of the chunks that con-
tain the target locations. Thisisless efficient than the one seek needed in the non-chunked SDS.
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FIGURE 14m Number of Seeks Needed to Access a Row of Data in a Chunked SDS
, —> [ [T
4 seeks are needed to find the T
starting location of a 1,400
integer row of datain a
chunked data array with 400
X 400 integer chunks.
To read the aforementioned column of data, five chunks must be read into memory in order to
access the 2,000 locations of the subset. Therefore, five seeks to the starting location of each of
these chunks are necessary to compl ete the read operation, far fewer than the 2,000 needed in the
non-chunked SDS.
FIGURE 14n Number of Seeks Needed to Access a Column of Datain a Chunked SDS

5 seeks are needed to find the
starting location of a 2,000
integer column of datain a
chunked data array with 400 x
400 integer chunks. (Each arrow
represents one seek.)

VIRVIRVIRV
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These examples show that, in many cases, chunking can be used to reduce the I/O overhead of
subsetting, but in certain cases, chunking can impair 1/0 performance.

The efficiency of subsetting from chunked SDSsis partly determined by the size of the chunk: the
smaller the chunk size, the more seeks will be necessary. Chunking can substantially improve 1/O
performance when datais read along the slowest-varying dimension. It can substantially degrade
performance when data is read along the fastest-varying dimension.
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14.3.4Chunking with Compression

Chunking can be particularly effective when used in conjunction with compression. It allows sub-
sets to be read (or written) without having to uncompress (or compress) the entire array.

Consider the example of a tiled, two-dimensional SDS containing one million bytes of image
data. Each tile of image data has been compressed as illustrated in the following figure.

FIGURE 140 Compressing and Writing Chunks of Data to a Compressed and Tiled SDS

Compressed Tiles of Image Data
in Memory

L

Uncompressed Tiles of Image Data
in Memory

de®

Compressed and Tiled SDSin the File

When it becomes necessary to read a subset of the image data, the application passes in the loca
tion of atile, reads the entiretile into a buffer, and extracts the data-of-interest from that buffer.

FIGURE 14p Extracting a Subset from a Compressed and Tiled SDS
Subset in Memory Compressed Tile of SDS Datain Memory

Uncompressed Tile of Image Data ; i Ei
With Marked Subset in Memory Compressed and Tiled SDSin File

In acompressed and non-tiled SDS, retrieving a subset of the compressed image data necessitates
reading the entire contents of the SDS array into a memory buffer and uncompressing it in-core.
(See Figure 14q.) The subset is then extracted from this buffer. (Keep in mind that, even though
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the illustrations show two-dimensional data tiles for clarity, this process can be extended to data
chunks of any number of dimensions.)

FIGURE 14q Extracting a Subset from a Compressed Non-tiled SDS

Subset in Memory

LRy LT L L L LT LT

Array Containing Uncompressed SDS Data with
Marked Subset in Memory

)

Compressed and Non-Tiled SDS
with Marked Subset in File

As compressed image files can be as large as hundreds of megabytes in size, and a gigabyte or
more uncompressed, it is clear that the 1/0 requirements of reading to and writing from non-tiled,
compressed SDSs can be immense, if not prohibitive. Add to this the additional 1/0 burden inher-
ent in situations where portions of several image files must be read at the same time for compari-
son, and the benefits of tiling become even more apparent.

NOTE: It is recommended that the SDwritechunk routine be used to write to a compressed and
chunked SDS. SDwritechunk can perform this operation more efficiently than the combination
of SDsetcompress and SDwritedata. Thisis because the chunk information provided by the user
to the SDwritechunk routine must be retrieved from the file by SDwritedata, and therefore
involves more computational overhead.

14.3.5Effect of Chunk Size on Performance

The main concern in modelling data for chunking isthat the chunk size be approximately equal to
the average expected size of the data block needed by the application.

If the chunk sizeis substantialy larger than this, increased I/O overhead will be involved in read-

ing the chunk and increased performance overhead will be involved in the decompression of the

dataif it is compressed. If the chunk size is substantially smaller than this, increased performance

and memory/disk storage overhead will be involved in the HDF library’s operations of accessing
and keeping track of more chunks, as well as the danger of exceeding the maximum number of
chunks per file. (64K)

It is recommended that the chunk size be at least 8K bytes.

14.3.6I nsufficient Chunk Cache Space Can Impair Chunking Perfor mance

The HDF library provides caching chunks. This can substantially improve 1/0O performance when
a particular chunk must be accessed more than once.
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Thereisapotential performance problem when subsets are read from chunked datasets and insuf-
ficient chunk cache space has been allocated. The cause of this problem is the fact that two sepa-
rate levels of the library are working to read the subset into memory and these two levels have a
different perspective on how the data in the dataset is organized.

Specifically, higher-level routines like SDreaddata access the datain a strictly row-wise fashion,
not according to the chunked layout. However, the lower-level code that directly performs the
read operation accesses the data according to the chunked layout.

Asan illustration of this, consider the 4 x 12 dataset depicted in the following figure.

FIGURE 14r Example 4 x 12 Element Scientific Data Set
1 2 3 4 5 6 7 8 9 10 | 11 | 12
21| 22| 23| 24| 25| 26 | 27 | 28| 29 | 30 | 31 | 32
41| 42| 43| 44 | 45| 46 | 47 | 48| 49 | 50 | 51 | B2
61| 62| 63| 64| 65| 66 | 67 | 68 | 69 | 70 | 71 | 72
Suppose this dataset is untiled, and the subset shown in the following figure must be read.
FIGURE 14s 2 x 8 Element Subset of the 4 x 12 Scientific Data Set

21| 22 23| 24| 25| 26| 27| 28| 29| 30| 31| 32

41| 42| 43 45| 46| 47| 48| 49| 50| 51 | 52

IS

61| 62| 63| 64| 65| 66| 67| 68| 69| 70| 71| 72

As this dataset is untiled, the numbers are stored in linear order. SDreaddata finds the longest
contiguous stream of numbers, and requests the lower level of the library code to read it into
memory. First, the first row of numbers will be read:

3456 7 8 910
Then the second row:
23 24 25 26 27 28 29 30

Thisinvolves two reads, two disk accesses and sixteen numbers.

Now suppose that this dataset is tiled with 2 x 2 element tiles. On the disk, the datain this dataset
is stored as twelve separate tiles, which for the purposes of this example will be labelled A
through L.
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FIGURE 14t 4 x 12 Element Data Set with 2 x 2 Element Tiles
Tile Tile Tile Tile Tile Tile
A B C D E F
v v v v ¥ V

21| 223 23| 24 25| 26 § 27| 28 Q29| 30 § 31| 32

41| 42 43| 44| 45| 46 Q47| 48 Q49| 50 g51 | 52

61| 62 63| 64 65| 66 f 67| 68 Q69 | 70 § 71| 72

A N N 0 0 0
Tile Tile Tile Tile Tile Tile
G H | J K L

Also, the chunk cache sizeis set to 2.

A reguest is made to read the aforementioned subset of numbers into memory. As before,
SDreaddata will determine the order the numbers will be read in. The routine has no information
about the tiled layout. The higher-level code will again request the valuesin the first rows of tiles
B through E from the lower level code on the first read operation.

In order to access those numbers the lower level code must read in four tiles: B, C, D, E. It reads
in tiles B and C, retrieving the values 3, 4, 5, and 6. However, as the cache space is now com-
pletely filled, it must overwritetile B in the cache to access thevalues 7 and 8, which areintileD.
It then has to overwrite tile C to access the values 9 and 10, which arein tile E. Note that, in each
case, half of the values from the tiles that are read in are unused, even though those values will be
needed |ater.

Next, the higher-level code requests the second row of the subset. The lower-level code must
reread tile B to access the values 23 and 24. But tile B is no longer in the chunk cache. In order to
access tile B, the lower-level code must overwrite tile D, and so on. By the time the subset read
operation is complete, it has had to read in each of the tiles twice. Also, it has had to perform 8
disk accesses and has read 32 values.
Now consider amore practical example with the following parameters:

- A scientific data set has 3,000 rows and 8,400 columns.

. Thetarget subset is 300 rows by 1,000 columns, and contains 300,000 numbers.
If the dataset is untiled the numbers are read into memory row-by-row. This involves 300 disk
accesses for 300 rows, with each disk access reading in 1,000 numbers. The total number of num-
bers that will be read is 300,000.
Suppose the dataset istiled as follows:

- Thetile sizeis 300 rows by 200 columns, or 60,000 numbers.

- Thesize of the chunk cacheis 2.
Each square in the following figure represents one 100 x 100 element region of the dataset. Five

tiles span the 300 x 1,000 target subset. For the purposes of this example, they will be labelled A,
B,C,Dand E.
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FIGURE 14u

5200 x 300 Element TilesLabelled A, B, C, D and E
Tile

A B C D E
L2 20 2 2

First, the higher-level code instructs the lower-level code to read in the first row of subset hum-
bers. The lower-level code must read all five tiles (A through E) into memory, as they all contain
numbers in the first row. Tiles A and B are read into the cache without problem, then the follow-
ing set of cache overwrites occurs.

1. Tile A isoverwritten when tile C is read.
2. TileB isoverwritten when tile D isread.
3. Tile Cisoverwritten whentile E isread.
When the first row has been read, the cache containstiles D and E.
The second row is then read. The higher-level code first requeststile A, however the cache isfull,
so it must overwritetile D to read tile A. Then the following set of cache overwrites occur.
1. Tile Eisoverwritten whentile B isread.
2. Tile A isoverwritten when tile C isread.
3. TileB isoverwritten when tile D isread.
4. TileCisoverwritten when tile E isread.
For each row, five tiles m