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Chapter

1

Introduction to HDF

1.1

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 is HDF?

The Hierarchical 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 term HDF 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 are self-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 as metadata. 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
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HDF can be viewed as several interactive levels. At its lowest level, HDF is a physical 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 I/O 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, all 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 interfaces is 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,
is freely 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 server ftp.ncsa.uiuc.edy, in
the directory /HDF/. (The HDF FTP server at http://hdf.ncsa.uiuc.edu mirrors this material
in the directory /pub/dist/HDF/.) 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.

¢ Can be adapted to accommodate virtually any kind of data.
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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/O 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 API oper-
ates on data of only one type. Therefore, you need only familiarize yourself with the APIs specific
to your needs to access data in 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 is described in Chapter 3, Scientific Data Sets (SD API).

VS API Stores, manages and retrieves multivariate data stored as records in a table.
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 retrieves raster images, their dimensions and palettes in

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

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

The old single-file interfaces are:

DFRS API Stores, manages and retrieves 8-bit raster images, with their dimensions and
palettes in one file. It is described in Chapter 6, 8-Bit Raster Images (DFR8
API).

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

DFP API Stores and retrieves 8-bit palettes in one file. It is described in Chapter 9,
Palettes (DFP API).

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

the data structures contained in the file. This interface only operates on one
file at a time. 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 one file. It is
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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1.5

1.6

mat, is located on the FTP servers mentioned in Section 1.2 on page 1 in the subdirectory samples/

Note that the goal of these examples is to 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.

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 files is available. This
software includes NCSA-developed 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.

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 Suné SunOS, Solaris

SGI Indy, PowerChallenge, Origin Irix

H/P HP9000 HPUX

SGI/Cray UNICOS

DEC Alpha Digital Unix, OpenVMS

DEC VAX OpenVMS

PC Solaris86, Linux, FreeBSD
PC Windows NT/95

Apple Power Macintosh MacOS

For a complete list 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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1.7

HDF4 versus HDF5

Backward compatibility has always been an integral part of the design of HDF Versions 1, 2, 3,
and 4 and the HDF4 library can access files from all earlier versions. This manual describes
HDF4 and, to the extent appropriate, the earlier versions.

To take advantage of the capabilities of many of the more recent computing platforms and to meet
the requirements of science applications that require ever-larger data sets, HDF5 had to be a com-
pletely new product, with a new format and a new library. HDF5 is conceptually related to HDF4
but incompatible; it cannot directly read or work with HDF4 files or the HDF4 library. HDF5 soft-
ware and documentation are available at the following location:

http://hdf .ncsa.uiuc.edu/HDF5/

Both HDF4 and HDFS5 are supported by the HDF Group at NCSA. The HDF Group will continue
to maintain HDF4 as long as funds are available to do so. There are no plans to add any new fea-
tures to HDF4, but bugs are fixed and and the library is regularly built and tested on new operating
system versions.

The HDF Group strongly recommends using HDF5, especially if you are a new user and are not
constrained by existing applications to using HDF4. We also recommend that you consider
migrating existing applications from HDF4 to HDFS5 to take advantage of the improved features
and performance of HDF5. Information about converting from HDF4 to HDF5 and tools to facil-
itate that conversion are available at the following location:

http://hdf .ncsa.uiuc.edu/hdtohs/

See Section 15.19, “Working with Both HDF4 and HDF5 File Formats™ on page 457, for further
discussions of and links to some of these tools.

December 30, 2003



Chapter
2

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 a file 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

HDF File —— ) HDF File Header | HDF File Header

Data Descriptor

Empty Data Descriptor
Py P Data Descriptor Block

Empty Data Descriptor
Data Object Py v

Empty Data Descriptor

I 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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2.2.1 File Header

The first component of an HDF file is the file header, which takes up the first four bytes of the
HDF file. Specifically, it consists of four one-byte values that are ASCII representations of control
characters: the first is a control-N, the second is a control-C , the third is a control-S and the fourth
is a control-A (ANACASAA).

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 developing 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 a data 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 shows two
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, -7.4,

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 fag, a 16-bit reference number, a 32-bit data offset and a 32-bit data length.

FIGURE 2¢

The Contents of a Data Descriptor

Reference
Tag Number 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 a data descriptor has no corresponding data element, the value of its tag 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:

1 to 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 descriptions is included in Appendix A, NCSA HDF Tags,
of this document.

Reference Number

For each occurrence of a tag 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 the file.

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 length field contains
the size of the data element in bytes. The data offset and the length are both 32-bit signed integers.
This results in a file-size limit of 2 gigabytes.

2.2.2.2 Data Elements

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

2.2.3 Data Descriptor Block

Data descriptors are physically stored in a linked 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 associated
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 DEF 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 is a 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 a value of 0 in its next block field.

Figure 2d illustrates the layout of a data descriptor block.
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FIGURE 2d

2.3

Data Descriptor Block

block size | next block | tag | ref | offset [length tag | ref |offset |length

data descriptor
<+ P —» 4— data descriptor —»> <+ cee —» 4 data descriptor —»

header

data descriptor block

A
v

2.2.4 Grouping Data Objects in 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 sets in a file. As an example, an 8-bit raster image data set requires three objects:
a group object identifying the members of the set, an image object containing the image data, and
a dimension 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 v3.2 from the HDF WWW home page at
http://hdf .ncsa.uiuc.edu/.

Basic Operations on HDF Files Using the Multifile Interfaces

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 via its 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 File Identifiers

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 is valid to open a file and obtain an identifier for it, then open a second file without
closing the first 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 file identifier that the HDF library has assigned to the file. The Hopen syntax is as
follows:

C: file id = Hopen(filename, access mode, num dds block);
FORTRAN: file id = hopen(filename, access mode, num dds block)

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
(FORTR AN-77) C FORTRAN-77

Hopen filename char * character*(*) File name

[int32] access_mode intn integer File access mode

(hopen) num_dds_block intl6 integer Number of data descriptors in a data descriptor block
The parameter filename is a character string representing the name of the HDF file to be
accessed.
The parameter access mode specifies how the file should be accessed. All the access modes are
listed in Table 2B. If the access mode is DFACC CREATE and the file already exists, the file will be
replaced by the new one. If the access mode is DFACC READ and the file does not exist, Hopen will
return FATL (or -1). If the access mode is DFACC WRITE and the file does not exist, a new file will
be created.
The parameter num dds block 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 block 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.
Note that, in the SD interface, SDstart is used to open files instead of Hopen. (Refer to Chapter 3,
Scientific Data Sets (SD API), of this document for more information on SDstart.)

TABLE 2B 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. The Hclose syntax is as follows:

C: status = Hclose(file id);

FORTRAN: status = hclose(file id)
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Hclose returns a value of SUCCEED (or 0) if successful or FAIL (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 File identifier
(hclose)

2.3.4 Getting the 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 also 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, as well as additional textual information regarding the nature of the file. The parameter
names and data types are listed in Table 2D. Refer also to the HDF Reference Manual for addi-
tional information regarding Hgetfileversion.

The syntax of these routines is as follows:

C: status = Hgetlibversion(&major v, &minor v, &release, string);
status

Hgetfileversion(file id, &major v, &minor v,
&release, string);

FORTRAN: status = hglibver(major v, minor v, release, string)
status

hgfilver(file id, major v, minor v, release, string)

Both routines return a value of SUCCEED (or 0) if successful or FAIL (or -1) otherwise.

TABLE 2D Hgetlibversion and Hgetfileversion Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
major_v uint32* integer Major version number
ngtl?bversion minor_v uint32* integer Minor version number
(hg[ll[illt)l:l]er) release uint32* integer Complete library version number
string char* character®(*) Additional information about the library version
file_id int32 integer File identifier
Hgetfileversion major_v uint32* integer Major version number
[intn] minor_v uint32* integer Minor version number
(hefilver) 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 Is an HDF File: Hishdf/hishdff
The Hishdf routine is used to determine whether the file filename is an HDF file. The Hishdf
syntax is as follows:
C: status = Hishdf(filename)
FORTRAN: status = hishdff (filename)
This routine returns a value of TRUE (or 1) if if the file is an HDF file or FALSE (or 0) otherwise.
TABLE 2E Hishdf/hishdff Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) c FORTRAN-77
Hishdf
[intn] filename char* character™(*) Filename
(hishdff)
2.5 Programming Issues

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 File Information

The header file hdf.h must be included in every HDF application program written in C, except for
programs that call routines in the SD interface. The header file mfhdf.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.inc
and dffunc.inc. 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 sets include 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 hntdefs.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.

2.5.2.1 Standard HDF Data Types

The definitions of the fundamental data types are in Table 2F. Although DFNT FLOAT (or 5),
DFNT UCHAR (or 3), and DENT 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 is little-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 CHAR8 (4) 8-bit character type
uchar8 DFNT UCHAR8 (3) 8-bit unsigned character type
int8 DFNT_INT8 (20) 8-bit integer type
uint8 DFNT UINT8 (21) 8-bit unsigned integer type
intl16 DFNT_INT16 (22) 16-bit integer type
uintlé DFNT _UINT16 (23) 16-bit unsigned integer type
int32 DFNT_INT32 (24) 32-bit integer type
uint32 DFNT UINT32 (25) 32-bit unsigned integer type
float32 DFNT_FLOAT32 (5) 32-bit floating-point type
float64 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 data type 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 INT32 flag, on a Cray Y-MP uses 8 bytes of memory. Consequently, when
the data type DFNT NATIVE | DFNT INT32 (DENT NATIVE bytewise-ORed with DFNT INT32) is used
on a Cray Y-MP to specify the data type of an HDF SDS or vdata, each integer stored in the HDF
file is 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 NATTVE 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 NINT8 (4116) 8-bit native integer type
uint8 DFNT NUINT8 (4117) 8-bit native unsigned integer type
intl16 DFNT NINT16 (4118) 16-bit native integer type
uintlé DFNT_NUINT16 (4119) 16-bit native unsigned integer type
int32 DFNT_NINT32 (4120) 32-bit native integer type
uint32 DFNT NUINT32 (4121) 32-bit native unsigned integer type
float32 DFNT NFLOAT32 (4101) 32-bit native floating-point type
float64 DFNT_NFLOAT64 (4102) 64-bit native floating-point type
2.5.2.3 Little-Endian Data Types
HDF normally writes data in big-endian format, but provides a little-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 LITEND flag is bitwise-ORed with
the flag of the corresponding standard data type.

If the user is on a little-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 LINT8 (16404) 8-bit little-endian integer type

uint8 DFNT LUINT8 (16405) 8-bit little-endian unsigned integer type

intl6 DFNT LINT16 (16406) 16-bit little-endian integer type

uintlé DFNT_LUINT16 (16407) 16-bit little-endian unsigned integer type

int32 DFNT LINT32 (16408) 32-bit little-endian integer type

uint32 DFNT_LUINT32 (16409) 32-bit little-endian unsigned integer type

float32 DFNT_LFLOAT32 (16389) 32-bit little-endian floating-point type

float64 DFNT LFLOAT64 (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 this manual. 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 a vgroup. They are located in
the header file hlimits.h. A selection of the most-commonly-used limit definitions appears in
Table 2I.

TABLE 21 Limit Definitions

Definition Name Definition Value Description
FIELDNAMELENMAX 128 Maximum length of a vdata field in bits - 16 characters
VSNAMELENMAX 64 Maximum length of a vdata name in bytes - 64 characters
VGNAMELENMAX 64 Maximum length of a vgroup name in bytes - 64 characters
VSFIELDMAX 256 Maximum number of fields per vdata (64 for Macintosh)
VDEFAULTBLKSIZE 4096 Default block size in a vdata
VDEFAULTNBLKS 32 Default number of blocks in a vdata
MAXNVELT 64 Maximum number of objects in a vgroup
MAX ORDER 65535 Maximum order of a vdata field
MAX FIELD SIZE 65535 Maximum length of a field
MAX NC DIMS 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 DIMS 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 FILE 32 Maximum number of open files

MAX GROUPS 8 Maximum number of groups

MAX GR NAME 256 Maximum length of a name - GR interface

MAX VAR DIMS 32 Maximum number of dimensions per variable

MAX REF 65535 The largest number that will fit into a 16-bit word reference variable
MAX BLOCK SIZE 65536 Maximum size of blocks in linked blocks

2.5.3 FORTRAN-77 and C Language Issues

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 all of the HDF library code is written in C. A FORTRAN-77 HDF interface routine trans-
lates all parameter data types 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. Calls to 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 Calls to the C Library

Your Your

C FORTRAN-77 to C FORTRAN-77
Program Program

DFR8addimage w—- d8aimg to DFR8addimage ~m— 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 loss of meaning.

Name Length

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 files is not generally permitted by FORTRAN-77 compilers. However, it
is sometimes available as an option. On UNIX systems, for example, the macro processors m4 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 dffunc.inc and
hdf.inc 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 2]

Correspondence Between Fortran and HDF C Data Types

Data Type FORTRAN C
8-bit signed integer character*1 ** int8
8-bit unsigned integer character*1 uint8
16-bit signed integer integer*2 intl6
16-bit unsigned integer Not supported uintlé
32-bit signed integer integer*4 ** int32
32-bit unsigned integer Not supported uint32
32-bit floating point number real*4 ** float32
64-bit floating point number real*8 ** float64
Native signed integer integer intn
Native unsigned integer Not supported uintn
** if the compiler supports this data type

When using a FORTRAN-77 data type 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:

« character*(*) defines a string of an indefinite number of characters. It is the responsibility
of the calling program to allocate enough space to hold the data to be stored in the string.

« real x(*) means that x refers to an array of reals of indefinite size and of indefinite rank. It
is the responsibility of the calling program to allocate an actual array with the correct num-
ber of dimensions and dimension sizes.

+ <valid numeric data type> x means that x may have one of the numeric data types listed
in the Description column of Table 2J above.

- <valid data type> x means that x may have any of the data types listed 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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Chapter
3

Scientific Data Sets (SD API)

3.1 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 APIL.

3.2 The Scientific Data Set Data Model

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 3a for a graphical 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.

An SDS has an index and a reference number associated with it. The index is a non-negative inte-
ger that describes the relative position of the data set in the file. A valid index ranges from O 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 SDS index 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 the file 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 SDS is terminated. For an existing data set, the index of the data set can be used to
obtain the identifier. 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
sets in the file.

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-bit floating-point numbers, 8-, 16- and 32-bit
signed integers, 8-, 16- and 32-bit unsigned integers, and 8-bit characters. The SD interface also
allows 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 C (June 5, 1997), Section 7, http://www.uni-
data.ucar.edu/packages/netcdf/guidec/.
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A dimension index is a non-negative number that describes the ordinal location of a dimension
among others in 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
belongs to the same data set. The dimension index is convenient in a sequential search or when the
position of the dimension among other dimensions in the SDS is known.

Names can optionally be assigned to dimensions, however, dimension names are not treated in the
same way as SDS array names. 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 a dimension is a positive integer. Also, one dimension of an SDS array can be assigned
the predefined size SD UNLIMITED (or 0). This dimension is referred 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 a file, 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 Model

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.
Metadata 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:

- Access routines initialize 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 sets in an HDF file.

- Dimension routines access and define characteristics of dimensions within a data set.
- Dimension scale 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 C (June 5, 1997), Section 2, http://www.uni-
data.ucar.edu/packages/netcdf/guidec/.
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TABLE 3A

SD Interface Routines

Routine Name

Category Description and Reference
(o) FORTRAN-77
Opens the HDF file and initializes the SD interface (Section 3.4.1
SDstart sfstart
on page 26)
SDcreate sfcreate Creates a new data set (Section 3.4.1 on page 26)
Selects an existing SDS using its index (Section 3.4.1 on
Access SDselect sfselect
page 26)
SDendaccess sfendacc Terminates access to an SDS (Section 3.4.2 on page 27)
spend fond Terminates access to the SD interface and closes the file
en sfen
(Section 3.4.2 on page 27)
sfrdata/
SDreaddata Reads data from a data set (Section 3.6 on page 55)
sfrcdata
Read and Write
SDwritedata sfwdata/ Writes data to a data set (Section 3.5.1 on page 30)
sfwcdata
. . Retrieves information about the contents of a file (Section 3.7.1
SDfileinfo sffinfo
on page 63)
Sbgetinfo sfginfo Retrieves information about a data set (Section 3.7.2 on page 63)
Determines whether a scientific dataset (an SDS) is empty
SDcheckempty sfchempty
(Section 3.7.4 on page 64)
X i Returns the reference number of a data set (Section 3.7.7 on
SDhidtoref sfid2ref
page 68)
General
: Distinguishes data sets from dimension scales (Section 3.8.4.4 on
Inquiry SDiscoordvar sfiscvar g (
page 82)
. X Determines whether a data set is appendable (Section 3.5.1.4 on
SDhisrecord sfisrcrd
page 41)
X X Returns the index of a data set specified by its name
SDnametoindex sfn2index
(Section 3.7.5 on page 67)
, . Returns the index of a data set specified by its reference number
SDhreftoindex sfref2index N
(Section 3.7.6 on page 68)
sbdiminfo sfgdinfo Gets information about a dimension (Section 3.8.4.2 on page 75)
Dimensions SDgetdimid sfdimid Returns the identifier of a dimension (Section 3.8.1 on page 73)
SDsetdimname sfsdimname Associates a name with a dimension (Section 3.8.2 on page 73)
. Retrieves the scale values for a dimension (Section 3.8.4.3 on
SDgetdimscale sfgdscale
Dimension page 76)
Scales . Stores the scale values of a dimension (Section 3.8.4.1 on
SDsetdimscale sfsdscale
page 75)
SDattrinfo sfgainfo Gets information about an attribute (Section 3.9.2 on page 89)
. Returns the index of an attribute specified by its name
SDfindattr sffattr
(Section 3.9.2 on page 89)
User-defined
Attributes Sbreadattr sfrnatt/sfr- Reads the values of an attribute specified by its index
catt (Section 3.9.3 on page 90)
sfsnatt/sfs— Creates a new attribute and stores its values (Section 3.9.1 on
SDsetattr catt

page 86)
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SDgetcal sfgcal Retrieves calibration information (Section 3.10.6.2 on page 104)
sbgetdatastrs sfadtstr Returns the predefined-attribute strings of a data set
9 g (Section 3.10.2.2 on page 98)
Sbgetdimstrs sfadmstr Returns the predefined-attribute strings of a dimension
1]
i g (Section 3.10.3.2 on page 99)
SDgetfillvalue sfgfill/ Reads the fill value if it exists (Section 3.10.5.2 on page 102)
g sfgcfill S StS -1Y-2.2 on pag
Sbaetrange sfgrange Retrieves the range of values in the specified data set
9 g grang (Section 3.10.4.2 on page 101)
spsetcal sfscal Defines the calibration information (Section 3.10.6.1 on
Predefined page 103)
Attributes
Sets predefined attributes of the specified data set
SDsetdatastrs sfsdtstr
(Section 3.10.2.1 on page 98)
. Sets predefined attributes of the specified dimension
SDsetdimstrs sfsdmstr
(Section 3.10.3.1 on page 99)
X sfsfill/ Defines the fill value for the specified data set (Section 3.10.5.1
sbhsetfillvalue
sfscfill on page 102)
, Sets the fill mode to be applied to all data sets in the specified file
SDsetfillmode sfsflmd B
(Section 3.10.5.3 on page 102)
Shsetrange sfsrange Defines the maximum and minimum values of the specified data
g g set (Section 3.10.4.1 on page 100)
Compresses a data set using a specified compression method
SDsetcompress sfscompress
(Section 3.5.2 on page 45)
. . . Defines the non-standard bit length of the data set data
Compression SDsetnbitdataset sfsnbit R
(Section 3.7.8 on page 71)
Shaetcompress sfgcompress Retrieves data set compression type and compression informa-
9 P geomp tion. (See the HDF Reference Manual)
X X Obtains information about a chunked data set (Section 3.11.5 on
SDgetchunkinfo sfgichnk
page 110)
SDreadchunk sfrchnk/ Reads data from a chunked data set (Section 3.11.4 on page 110)
sfrcchnk
Chunki -
un ing/ Makes a non-chunked data set a chunked data set (Section 3.11.1
Tiling SDsetchunk sfschnk
on page 105)
SDsetchunkcache sfcchnk Sets the size of the chunk cache (Section 3.11.2 on page 107)
SDwritechunk sfwehnk/ Writes data to a chunked data set (Section 3.11.3 on page 108)
sfwcchnk
X Sets the block size used for storing data sets with unlimited
SDsetblocksize sfsblsz . . .
dimension (Section 3.5.1.5 on page 41)
. Specifies that a data set is to be stored in an external file
SDsetexternalfile sfsextf
(Section 3.5.3.3 on page 52)
Miscellaneous
L X Determines the current compatibility mode of a dimension
SDisdimval_bwcomp sfisdmvc
- (Section 3.8.3.2 on page 74)
, Sets the future compatibility mode of a dimension
SDsetdimval_comp sfsdmve
(Section 3.8.3.1 on page 74)

3.3.3 Tags in 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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3.4

Programming Model for the SD Interface

This section describes the routines used to initialize the SD interface, create a new 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 SDS in an
HDF file is as follows:

1. Open a file and initialize the SD interface.

2. Create a new data set or open an existing one using its index.
3. Perform desired operations on this data set.

4. Terminate access to the data set.

5. Terminate access to the SD interface and close the file.
To access a single SDS in an HDF file, the calling program must contain the following calls:
C: sd id = SDstart(filename, access mode);

sds _id = SDcreate(sd id, sds name, data type, rank, dim sizes);
OR sds _id = SDselect(sd id, sds index);

<Optional operations>

status = SDendaccess(sds id);

status = SDend(sd_id);

FORTRAN: sd id = sfstart(filename, access mode)

sds id = sfcreate(sd id, sds name, data type, rank, dim sizes)
OR sds id = sfselect(sd id, sds index)

<Optional operations>

status = sfendacc(sds id)

status = sfend(sd id)

To access several files at the same time, a program must obtain a separate SD file identifier
(sd_id) for each file to be opened. Likewise, to access more than one SDS, a calling program
must obtain a separate SDS identifier (sds_id) 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 = Shstart(filename 1, access mode);
sds id 1 = Shselect(sd id 1, sds index 1);
sd id 2 = SDstart(filename 2, access mode);
sds id 2 = Shselect(sd id 2, sds index 2);
<Optional operations>
status = SDendaccess(sds id 1);
status = SDend(sd id 1);
status = SDendaccess(sds id 2);
status = SDend(sd _id 2);

FORTRAN: sd id 1 = sfstart(filename 1, access mode)
sds_id 1 = sfselect(sd id 1, sds index 1)
sd id 2 = sfstart(filename 2, access mode)
sds_id 2 = sfselect(sd id 2, sds index 2)
<Optional 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 Access to Files and Data Sets: SDstart, SDcreate, and
SDselect

In the SD interface, SDstart is used to open files rather than Hopen. SDstart takes two argu-
ments, filename and access mode, and returns the SD interface identifier, sd_id. Note that the
SD interface identifier, sd _id, is not interchangeable with the file identifier, file id, created by
Hopen and used in other HDF APIs.

The argument filename is the name of an HDF or netCDF file.

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

TABLE 3B

File Access Code Flags

File Access Flag Flag Value Description

DFACC_READ | 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 all SD interface iden-
tifiers must be individually discarded, by SDend, before the termination of the calling 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 returns an SD identifier or a value of FATL (or -1). The parameters of SDstart are defined
in Table 3C on page 27.

SDcreate defines a new SDS using the arguments sd id, sds name, data type, rank, and
dim sizes and returns the data set identifier, sds_id.

The parameter sds_name 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_name is set 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_name contains more than 64 characters,
the name will be truncated before being assigned.

The parameter data type 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 all valid data
types, which are described in Chapter 2, HDF Fundamentals, and listed in Table 2F on page 14.

The parameter rank 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 DIMS (or 32), which is defined in the
header file "netcdf.h".

Each element of the one-dimensional array dim sizes specifies the length of the corresponding
dimension of the SDS array. The size of dim sizes must be the value of the parameter rank. To
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create a data set with an unlimited dimension, assign the value of SD UNLIMITED (or 0) to
dim sizes[0] in C, and to dim sizes(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 SDS is created, you cannot change its name, data type, 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 SDS to the next, or from one file to the next.

SDselect initiates access to an existing data set. The routine takes two arguments: sd id and
sds_index and returns the SDS identifier sds_id. The argument sd _id is the SD interface identi-
fier returned by SDstart, and sds_index is the position of the data set in the file. The argument
sds_index is zero-based, meaning that the index of first SDS in the file is 0.

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 a value of FATL (or -1). The parameters
of SDstart, SDcreate, and SDselect are further described in Table 3C.

3.4.2 Terminating Access to Files and Data Sets: SDendaccess and SDend

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

SDend terminates access to the file and the SD interface and disposes of the file identifier sd_id.
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 a loss of data.

SDendaccess and SDend each returns either a value of SUCCEED (or 0) or FATL (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) C FORTRAN-77
SDstart filename char * character*(*) Name of the HDF or netCDF file
[int32]
(sfstart) access_mode int32 integer Type of access
sd_id int32 integer SD interface identifier
SDereate sds_name char * character*(*) ASCII string containing the name of the data set
[int32] data_type int32 integer Data type of the data set
fi
(sfereate) rank int32 integer Number of dimensions in the array
dim_sizes int32[] integer(*) Array defining the size of each dimension
SDselect sd_id int32 integer SD interface identifier
[int32]
(sfselect) sds_index int32 integer Position of the data set within the file
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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 file and 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 the file.
Note that the Fortran program uses a transformed array to reflect the difference between C and
Fortran internal data storages. When the actual data is written to the data set, SDS.hdf will contain
the same data regardless of the language being used.
C:
#include "mfhdf.h"
#define FILE NAME "SDS.hdf"
#define SDS_NAME "SDStemplate"
#define X LENGTH 5
#define Y_LENGTH 16
#define RANK 2 /* Number of dimensions of the SDS */
main( )
{
[Hxxkhkxxkkkkkkkxkkkxxkk**xx* Variable declaration **x**xxxkkkkkkkkkkkxhkkkkk/
int32 sd_id, sds_id; /* SD interface and data set identifiers */
int32 dim sizes[2]; /* sizes of the SDS dimensions */
intn status; /* status returned by some routines; has value
SUCCEED or FAIL */
[rrKkkkkxkkkkxkkkkxkxx* End of variable declaration **x*xxkkkkkkkkkkkkhkkkkk/
/*
* Create the file and initialize the SD interface.
*/
sd_id = SDstart (FILE NAME, DFACC_CREATE);
/*
* Define the dimensions of the array to be created.
*/
dim sizes[0] = Y LENGTH;
dim sizes[1] = X LENGTH;
/*
* Create 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_NAME, DFNT INT32, RANK, dim sizes);
/*
* 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:
program create SDS
implicit none
C
C Parameter declaration.
C
character*7 FILE NAME
character*11 SDS_NAME
integer 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)
C
C Function declaration.
C
integer sfstart, sfcreate, sfendacc, sfend
C
C**** Variable declaration khkhkkkhkhkkhkhkkhkhkkhhkhhhkdhhhhkdhhkdhhhhkdhdhhkdkhkdhdkdkk,xkx
C
integer sd_id, sds_id, dim sizes(2)
integer status
C
C**** End of Variable declaration EEE RS S EE S E LSS SRR EEEEEEEEEEEEEEEES]
C
C
C Create the file and initialize the SD interface.
C
sd_id = sfstart(FILE _NAME, DFACC_CREATE)
C
C Define dimensions of the array to be created.
C
dim sizes(1l) = X LENGTH
dim sizes(2) = Y LENGTH
C
C Create the array with the name defined in SDS_NAME.
C Note that DFNT INT32 indicates that the SDS data is of type
C integer. Refer to Tables 2E and 2I for the definition of other types.
C
sds_id = sfcreate(sd_id, SDS_NAME, DFNT INT32, RANK,
. dim sizes)
C
C Terminate access to the data set.
C
status = sfendacc(sds_id)
C
C Terminate access to the SD interface and close the file.
C

status = sfend(sd_id)

end
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3.5

Writing Data to 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 also illustrates the concepts of compressing SDSs and using external
files to store scientific data.

3.5.1 Writing Data to an SDS Array: SDwritedata

SDwritedata can completely or partially 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
calls:

C: sds id = SDselect(sd id, sds index);
status = SDhwritedata(sds id, start, stride, edges, data);

FORTRAN: sds id = sfselect(sd id, sds index)
status = sfwdata(sds id, start, stride, edges, data)
OR 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 id, start, stride, edges, and data. The argument
sds_idis the data set identifier returned by SDcreate or SDselect.

Before proceeding with the description of the remaining arguments, an explanation of the term
hyperslab (or slab, as it will be used in this chapter) is in order. A slab is a group of SDS array ele-
ments that are stored in consecutive locations. It can be of any size and dimensionality as long as
it is a subset 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 its initial 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 start is a one-dimensional array specifying the location in the SDS array
at which the write operation will begin. The values of each element of the array start are relative
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 value in start must be smaller than its cor-
responding SDS array dimension unless the dimension is unlimited. Violating any of these
conditions causes SDwritedata to return FATL.

The argument stride 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 stride equal to 1
writes data to every location along the first dimension. Setting the first element of the array
stride 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 is set to NULL 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 stride 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 stride must be the same as the number of dimensions in the SDS array.
Also, each value in stride 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 FATL.

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 still be equal to the number of dimensions in the SDS array and all the elements correspond-
ing to the additional dimensions must be set to 1.

Each value in the array edges must not be larger than the length of the corresponding dimension in
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 start
array must be smaller than or equal to its corresponding SDS array dimension unless the dimen-
sion is unlimited. Violating any of these conditions causes SDwritedata to return FATL.

The parameter data contains the SDS data to be written. If the SDS array is smaller than the
buffer data, 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 SUCCEED (or 0) or FAIL (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] Par t Description
(FORTRAN-77) C FORTRAN-77
sds_id int32 integer Data set identifier
. . Array containing the position at which the
%
start int32] 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
:::Xﬁ:::/) 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 Filling an Entire Array
Filling an array is a simple slab operation where the slab begins at the origin of the SDS array and
fills every location in the array. SDwritedata fills an entire SDS array with data when all elements
of the array start are set to 0, the argument stride is set equal to NULL in C or each element of
the array stride is set 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 SDS in the file SDS.hdf created in Example 1 and to write actual data to it.
C:
#include "mfhdf.h"
#define FILE NAME "SDS.hdf"
#define X LENGTH 5
#define Y_LENGTH 16
main( )
{
[rrkkkkkkkkkkkkkkkkkkkkk** Variable declaration **xxkxkkkkkkkkkkkkkkkhkkkkk /
int32 sd_id, sds_id, sds_index;
intn status;
int32 start[2], edges[2];
int32 data[Y LENGTH][X_ LENGTH];
int i, j;
[Hxxxhkxxkkkxkkkxx*kxx* End of variable declaration ***xx*kxxkkkxkkkkxkkkkkk/
/*
* Data set data initialization.
*/
for (j = 0; j < Y_LENGTH; j++) {
for (i = 0; i < X_LENGTH; i++)
data[j][i] = (1 + j) + 1;
}
/%
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* Open the file and initialize the SD interface.
*/
sd_id = SDstart (FILE NAME, DFACC WRITE);

/*

* Attach to the first data set.

*/

sds_index = 0;

sds_id = SDselect (sd_id, sds_index);

/*

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

start[0] 0;

start[1l] = 0;

edges[0] = Y LENGTH;

edges[1] = X LENGTH;

/*

* Write the stored data to the data set. The third argument is set to NULL
* to specify contiguous data elements. The last argument must

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

* to write generic data.

*/

status = SDwritedata (sds_id, start, NULL, edges, (VOIDP)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:
program write data
implicit none
C
C Parameter declaration.
C
character*7 FILE_ NAME
character*11 SDS_NAME
integer 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**** Variable declaration ****xxkxkkkkkhhkhhhhhhhhhhhhhhhhrhhhrhhhhhhdx

C
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integer sd_id, sds_id, sds_index, status
integer start(2), edges(2), stride(2)
integer i, j

integer data(X_LENGTH, Y LENGTH)

C
C**x*x% End of Variable declaration R R R SRR RS EEEEEEEEEEEEEEEEEEEE T
C
C
C Data set data initialization.
C

do 20 j = 1, Y LENGTH

do 10 i = 1, X LENGTH
data(i, j) =i+ 3j -1

10 continue
20 continue
C
C Open the file and initialize the SD interface.
C

sd_id = sfstart(FILE NAME, DFACC_WRITE)
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 written
C to the data set. Note that setting values of the array stride to 1
C specifies the contiguous writing of data.
C

start(l) = 0

start(2) = 0

edges(1l) = X LENGTH

edges(2) = Y_LENGTH

stride(l) =1

stride(2) =1
C
(¢ Write the stored data to the data set named in SDS_NAME.
C Note that the routine sfwdata is used instead of sfwcdata
C to write the numeric data.
C

status = sfwdata(sds_id, start, stride, edges, data)
C
C Terminate access to the data set.
C

status = sfendacc(sds_id)
C
C Terminate access to the SD interface and close the file.
C

status = sfend(sd_id)

end
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3.5.1.2 Writing Slabs to an SDS Array

To allow 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 a slab 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 slabs to it.

C:

#include "mfhdf.h"

#define FILE NAME "SLABS.hdf"
#define SDS_NAME "FilledBySlabs"
#define X_LENGTH 4

#define Y_LENGTH 5

#define Z_LENGTH 6

#define RANK 3

main( )

{

[HRE KRk kKK kkkkkkkkkkkkkx*k*%% Variable declaration **x*kkxkkxkkkkkkkkkkkkkkkkx/

int32 sd_id, sds_id;

intn status;

int32 dim sizes[3], start[3], edges[3];
int32 data[Z LENGTH][Y LENGTH][X LENGTH];
int32 zx data[Z_LENGTH][X_LENGTH];

int i, 3, k;

JHRxkkKkkkxkkkkkkkkxk*x%** End of variable declaration ***xkxkxkkxkkkkkkkkkkkkkx/

/*
* Data initialization.
*/
for (k = 0; k < Z_LENGTH; k++)
for (j = 0; j < Y _LENGTH; j++)
for (i = 0; i < X_LENGTH; i++)
data[k][FI[i] = (L + 1) + (F + 1) + (k + 1);

/*

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

sd_id = SDstart (FILE NAME, DFACC_CREATE);

/*

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

dim sizes[0] Z_LENGTH;

dim sizes[1] Y LENGTH;

dim sizes[2] = X _LENGTH;

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

sds_id = SDcreate (sd_id, SDS_NAME, DFNT INT32, RANK, dim sizes);

/*
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parallel to the ZX plane.

the for loop.

/

edges[0] = Z LENGTH;

edges([1l] = 1;

edges[2] = X LENGTH;

start[0] = start[2] = 0;

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

* % ok Ok F  F  *

{
start[l] = J;
/*
* Initialize zx data buffer (data slab).
*/
for ( k = 0; k < Z_LENGTH; k++)
{
for ( i = 0; i < X_LENGTH; i++)
{
zx_data[k][1i] = datal[k][]j][1i];
}
}
/*

Set the parameters start and edges to write
a 6x4 element slab of data to the data set; note
that edges[1l] is set to 1 to define a 2-dimensional slab

start[1l] (slab position in the array) is initialized inside

* Write the data slab into the SDS array defined in SDS_NAME.
* Note that the 3rd parameter is NULL which indicates that consecutive

* slabs in the Y direction are written.

*/
status = SDwritedata (sds_id, start, NULL, edges, (VOIDP)zx 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:
program write slab
implicit none
C
C Parameter declaration.
C

character*9 FILE_NAME
character*13 SDS_NAME

integer 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,
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C
C

C

C****

C

CHx*x

[eleNe]
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20
30

Q
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e NN NN Ne!

(@]

DFNT_INT32 = 24)
Function declaration.

integer sfstart, sfcreate, sfwdata, sfendacc, sfend

Variable declaration ****xxxxkkkkkkkkkkkkhhkhkhhhkhhhrkhhhkrkkhkx

integer sd_id, sds_id

integer dim sizes(3), start(3), edges(3), stride(3)
integer i, j, k, status

integer data(X_LENGTH, Y LENGTH, Z_LENGTH)

integer xz_data(X_LENGTH, Z_LENGTH)

End of variable declaration **x#xx*xxkkkkkkkhkkkkhhkhhkkkhkhkkhkhk k%

Data initialization.

do 30 k = 1, Z LENGTH
do 20 j = 1, Y LENGTH
do 10 i = 1, X _LENGTH
data(i, j, k) =1+ 3j +k
continue
continue
continue

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(1l) = X LENGTH
dim sizes(2) = Y LENGTH
dim sizes(3) = Z_LENGTH

Create the data set with the name defined in SDS_NAME.

sds_id = sfcreate(sd_id, SDS_NAME, DFNT INT32, RANK,
dim sizes)

Set the parameters start and edges to write

a 4x6 element slab of data to the data set;

note that edges(2) is set to 1 to define a 2 dimensional slab
parallel to the XZ plane;

start(2) (slab position in the array) is initialized inside the
for loop.

edges(1l) = X LENGTH
edges(2) =1
edges(3) = Z_LENGTH
start(l) = 0
start(3) = 0
stride(l) =1
stride(2) =1
stride(3) =1

do 60 j = 1, Y LENGTH
start(2) j-1

Initialize the buffer xz data (data slab).
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do 50 k = 1, Z_LENGTH
do 40 i = 1, X LENGTH
xz_data(i, k) = data(i, j, k)
40 continue
50 continue

C

C Write the data slab into SDS array defined in SDS_NAME.
C Note that the elements of array stride are set to 1 to
C
C

specify that the consecutive slabs in the Y direction are written.

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

60 continue
C
C Terminate access to the data set.
C
status = sfendacc(sds_id)
C
C Terminate access to the SD interface and close the file.
C
status = sfend(sd_id)
end
EXAMPLE 4. Altering Values within 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 alter the elements in the 2nd
row, 10th and 11th columns, to reflect the difference between C and Fortran internal storage.

C:
#include "mfhdf.h"

#define FILE NAME "SDS.hdf"

main( )

{

[HRE KRk kR kk kR KRk kkkkkkx*k%% Variable declaration **x*kkxkkkkkkkkkkkkkkkkkrx/

int32 sd_id, sds_id, sds_index;
intn status;

int32 start[2], edges[2];

int32 new data[2];

int i, 3;

[Hxxxhkxxkkkxkkkxx*kxx* End of variable declaration ***xx*kxxkkkxkkkkxxkkkkkk/
/%

* Open the file and initialize the SD interface with write access.

*/

sd_id = SDstart (FILE_NAME, DFACC_WRITE);

/*

* Select the first data set.

*/

sds_index = 0;

sds_id = SDselect (sd_id, sds_index);

/*
* Set up the start and edge parameters to write new element values
* into 10th row, 2nd column place, and 11lth row, 2nd column place.
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*/

start[0] 9; /* starting at 10th row  */
start[1l] = 1; /* starting at 2nd column */
edges[0] = 2; /* rows 10th and 11th */
edges[l] = 1; /* column 2nd only */

/*

* Initialize buffer with the new values to be written.
*/

new _data[0] = new data[l] = 1000;

/*

* Write the new values.

*/

status = SDwritedata (sds_id, start, NULL, edges, (VOIDP)new 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:
program alter data
implicit none
C
C Parameter declaration.
C
character*7 FILE_NAME
integer DFACC_WRITE
parameter (FILE_NAME = ’'SDS.hdf’,
+ DFACC_WRITE = 2)
C
C Function declaration.
C
integer sfstart, sfselect, sfwdata, sfendacc, sfend
C
C**** Variable declaration khkhkkkhkhkkhkhkkhkkhkhkkhhkkhhkhkkhhhhkhkdhhkdhhhhkdhdhhkdhkdhhkdhkdxkx
C
integer sd_id, sds_id, sds_index
integer start(2), edges(2), stride(2)
integer status
integer new_data(2)
C
C**x*x% End of Variable declaration EEEEEE RS EE R EEEEEEEEEEEEEEEEEEEEE SR
C
C
C Open the file and initialize the SD interface.
C
sd_id = sfstart(FILE NAME, DFACC_WRITE)
C
C Select the first data set.
C

sds_index = 0
sds_id = sfselect(sd_id, sds_index)
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C
C Initialize the start, edge, and stride parameters to write
C two elements into 2nd row, 10th column and 11lth column places.
C
C Specify 2nd row.
C
start(l) =1
C
C Specify 10th column.
C
start(2) =
edges(l) =1
C
C Two elements are written along 2nd row.
C
edges(2) = 2
stride(l) =1
stride(2) =1
C
C Initialize the new values to be written.
C
new _data(l) = 1000
new_data(2) = 1000
C
C Write the new values.
C
status = sfwdata(sds_id, start, stride, edges, new_data)
C
C Terminate access to the data set.
C
status = sfendacc(sds_id)
C
C Terminate access to the SD interface and close the file.
C

status = sfend(sd_id)

end

3.5.1.3 Appending Data to 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 dim sizes (i.e., the dimension of the low-
est rank or the slowest-changing dimension) can be assigned the value SD UNLIMITED (or 0) to
make the first dimension unlimited. In FORTRAN-77, only the last dimension (i.e., the dimen-
sion of the highest rank or the slowest-changing dimension) can be unlimited. In other words, in
FORTRAN-77 dim sizes(rank) must be set to the value SD UNLIMITED to 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 start 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, all 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 id 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 as follows:

C: status = SDisrecord(sds id);
FORTRAN: status = sfisrcrd(sds id)

SDisrecord returns TRUE (or 1) when the data set specified by sds_id is appendable and FALSE (or
0) otherwise. The parameter of this routine is 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. This is used only when creating new data sets; it does not have any affect on existing data
sets. The syntax of this routine is as follows:
C: status = SDsetblocksize(sds id, block size);
FORTRAN: status = sfsblsz(sds id, block size)
SDsetblocksize must be called after SDcreate or SDselect and before SDwritedata. The parame-
ter block size should be set to a multiple of the desired buffer size.
SDsetblocksize returns a value of SUCCEED (or 0) or FATL (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
int;
(S[fl:b;ls]z) block_size int32 integer Block size
EXAMPLE 5. 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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C:
#include "mfhdf.h"
#define FILE_NAME "SDSUNLIMITED.hdf"
#define SDS_NAME "AppendableData"
#define X_LENGTH 10
#define Y_LENGTH 10
#define RANK 2
main( )
{

[rFxkkkkkkkkkkkkkkkkkkkk*** Variable declaration **xkxkkkkkkkkkkkkkkhkkkkkx/

int32 sd_id, sds_id, sds_index;

intn status;

int32 dim sizes[2];

int32 data[Y LENGTH][X LENGTH], append data[X LENGTH];
int32 start[2], edges[2];

int i, 3;

[xxkkkkkxkkkkkkxkxkxx* End of variable declaration ***kxxkxkkxkkkkkkkhkkkkkx/

/*
* Data initialization.
*/
for (j = 0; j < Y _LENGTH; j++)
{
for (i = 0; i < X LENGTH; i++)
data[j][i] = (L + 1) + (3 + 1);
}
/*
* Create the file and initialize the SD interface.
*/

sd_id = SDstart (FILE NAME, DFACC_CREATE);

/*

* Define dimensions of the array. Make the first dimension
* appendable by defining its length to be unlimited.

*/

dim sizes[0] = SD_UNLIMITED;

dim sizes[1] = X_LENGTH;

/*

* Create the array data set.

*/

sds_id = SDcreate (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.

*/

start[0] = start[1l] = 0;

edges[0] = Y LENGTH;

edges[1] = X LENGTH;

/*

* Write the data.

*/

status = SDwritedata (sds_id, start, NULL, edges, (VOIDP)data);

/*
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* Terminate access to the array data set, terminate access
* to the SD interface, 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_WRITE);

/*

* Select the first data set.

*/

sds_index = 0;

sds_id = SDselect (sd_id, sds_index);

/*

* Check if selected SDS is unlimited. If it is not, then terminate access
* to the SD interface and close the file.

*/

if ( SDhisrecord (sds_id) )

{

/*

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

*/

start[0] = Y LENGTH;

start[1l] 0;

edges[0] 1;

edges[1] X _LENGTH;

/*

* Append data to the data set.

*/

status = SDwritedata (sds_id, start, NULL, edges, (VOIDP)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:

program append_sds
implicit none

C Parameter declaration.
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C
character*16 FILE NAME
character*14 SDS_NAME
integer 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 = O,
+ DFNT_ INT32 = 24)
C
C Function declaration.
C
integer sfstart, sfcreate, sfwdata, sfselect
integer sfendacc, sfend
C
C**** Varlable declaratlon EEEE S LSS S SRS EE LSRR R LR R EEEEEEEEEEEEE ]
C
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)
C
C**x*x% End of Variable declaration R EE R R SRR RS SRR EEEEEEEEEEEEEEEEEE R
C
C
C Data initialization.
C
do 20 j = 1, Y LENGTH
do 10 i = 1, X LENGTH
data(i, j) =i + j
10 continue
20 continue
C
C Create the file and initialize the SD interface.
C
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.
C
dim sizes(1l) = 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)
C
C Define the location and the size of the data to be written
C to the data set. Note that the elements of array stride are
C set to 1 for contiguous writing.
C
start(l) = 0
start(2) = 0
edges(1l) = X LENGTH
edges(2) = Y_LENGTH

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

C
C Write the data.
C
status = sfwdata(sds_id, start, stride, edges, data)
C
C Terminate access to the data set, terminate access
C to the SD interface, and close the file.
C
status = sfendacc(sds_id)
status = sfend(sd_id)
C
C Store the array values to be appended to the data set.
C
do 30 i = 1, X LENGTH
append data(i) = 1000 + i - 1
30 continue
C
C Reopen the file and initialize the SD.
C
sd_id = sfstart(FILE NAME, DFACC_WRITE)
C
C Select the first data set.
C
sds_index = 0
sds_id = sfselect(sd_id, sds_index)
C
C Define the location of the append to start at the 11th
C column of the 1lst row and to stop at the end of the 10th row.
C
start(l) = 0
start(2) = Y_LENGTH
edges(1l) = X LENGTH
edges(2) =1
C
C Append the data to the data set.
C
status = sfwdata(sds_id, start, stride, edges, append data)
C
C Terminate access to the data set.
C
status = sfendacc(sds_id)
C
C Terminate access to the SD interface and close the file.
C

status = sfend(sd_id)

end

3.5.2 Compressing SDS Data: SDsetcompress

The SDsetcompress 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 SDsetcompress is as follows:
C: status = SDsetcampress(sds_id, camp type, & info);

FORTRAN: status = sfscampress(sds id, camp type, carp prm)

The parameter comp type specifies the compression type definition and is set to COMP CODE RLE
(or 1) for run-length encoding (RLE), coMP CODE SKPHUFF (or 3) for Skipping Huffman,
COMP_CODE DEFIATE (or 4) for GZIP compression, or COMP_CODE NONE (or 0) for no compression.

Compression information is specified by the parameter ¢ _info in C, and by the parameter
comp prm in FORTRAN-77. The parameter ¢ _info is a pointer to a union structure of type
comp_info. (Refer to the SDsetcompress entry in the HDF Reference Manual for the description
of the comp_info structure.) If comp type is set to COMP CODE NONE or COMP CODE RILE, the param-
eters ¢_info and comp prm are not used; c¢_info can be set to NULL and comp prm can be unde-
fined. If comp type is set to COMP CODE SKPHUFF, then the structure skphuff in the union
comp_info in C (comp prm(1) in FORTRAN-77) must be provided with the size, in bytes, of the
data elements. If it is set to COMP_CODE DEFIATE, the deflate structure in the union comp info in C
(comp _prm(1) in FORTRAN-77) must be provided with the information about the compression
effort.

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

C: carp_info c_info;
c_info.skphuff.skp size = sizeof(intl16);
status = SDsetcampress(sds_id, COMP_CODE SKPHUFF, &c_info);

FORTRAN: carp prm(1l) = 2
COMP_CODE_SKPHUFF = 3
status = sfscampress(sds id, COMP_CODE SKPHUFF, carp prm)

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

C: carp_info c_info;
c _info.deflate.level = 9;
status = SDsetcampress(sds_id, COMP_CODE DEFIATE, &c_info);

FORTRAN: carmp prm(1l) =9
COMP_CODE DEFIATE = 4
status = sfscampress(sds_id, COMP_CODE DEFIATE, camp prm)

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 SDsetcompress performs the compression of the data, not SDwritedata.
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SDsetcompress returns a value of SUCCEED (or 0) or FAIL (or -1). The C version parameters are fur-
ther 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
Routine Name . . Parameter Type .
[Return Type] Par = 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 sfscompress Parameter List
Routine Name . . Parameter Type .
Par 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 example uses the routine SDsetcompress/sfscompress to compress SDS data with the GZIP
compression method. See comments in the program regarding the use of the Skipping Huffman or

RLE compression methods.

C:

#include "mfhdf.h"

#define
#define
#define
#define
#define

main( )

{

FILE NAME
SDS_NAME
X_LENGTH
Y LENGTH
RANK

"SDScompressed.hdf"

"SDSgzip"

5
16
2

[rxkkkkkkkkkkkkkkkkkkkx*** Variable declaration **xkkxkkkkkkkkkkkkkkhkkkkkx/

int32
intn
