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Chapter

| ntroduction

1.1

1.2

Overview

The Hierarchical Data Format (HDF) was designed to be an easy, straight-forward, and self-
describing means of sharing scientific data among people, projects, and types of computers. An
extensible header and carefully crafted internal layers provide a system that can grow as scientific
data-handling needs evolve.

This document, the HDF Specification and Devel oper's Guide, fully describes the HDF data mod-
els, the corresponding file format specifications, and library implementation, and discusses crite-
ria employed in the library’s development. Where appropriate, this document provides limited
guidelines for devel opers working on HDF itself or building applications that employ HDF.

Thisintroduction provides a brief overview of HDF capabilities and design.

Why HDF?

A fundamental requirement of scientific data management is the ability to access as much infor-
mation in as many ways, as quickly and easily as possible. A data storage and retrieval system that
facilitates these capabilities must provide the following features:

Support for scientific data and metadata

Scientific data is characterized by a variety of data types and representations, data sets
(including images) that can be extremely large and complex, and the need to attach
accompanying attributes, parameters, notebooks, and other metadata. M etadata, supple-
mentary data that describes the basic data (sometimes referred to as the raw data),
includesinformation such asthe dimensions of an array, the number type of the elements
of arecord, or acolor lookup table (LUT).

Support for arange of hardware platforms

Data can originate on one machine only to be used later on many different machines.
Scientists must be able to access data and metadata on as many hardware platforms as
possible.

Support for arange of softwaretools

Scientists need a variety of software tools and utilities for easily searching, analyzing,
archiving, and transporting the data and metadata. These tools range from a library of
routines for reading and writing data and metadata, to small utilities that simply display
an image on a console, to full-blown database retrieval systems that provide multiple
views of thousands of sets of data and metadata.
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Rapid data transfer

Both the size and the dispersion of scientific data sets require that mechanisms exist to
get the data from place to place rapidly.

Extendibility

As new types of information are generated and new kinds of science are done, a means
must be provided to support them.

What isHDF?

The HDF Sructure

HDF is a self-describing extensible file format using tagged objects that have standard meanings.
The idea is to store both a known format description and the data in the same file. HDF tags
describe the format of the data because each tag is assigned a specific meaning; for example, the
tag DFTAG LUT indicates a color palette, the tag DFTAG RT indicates an 8-bit raster image, and so
on . A program that has been written to understand a certain set of tag types can scan the file for
those tags and process the data. This program also can ignore any data that is beyond its scope.

Consider a data set representing a raster image in an HDF file as illustrated in Figure 1a below.
The data set consists of three data objects with distinct tags representing the three types of data.
The raster image object contains the basic data (or raw data) and isidentified by the tag DFTAG RT;
the palette and dimension objects contain metadata and are identified by the tags brFTaAG LUT tags
DFTAG_ID.

FIGURE 1a

Raster Image Set in an HDF File.

palette

dimensions L | 400 x 600
DFTAG_ID

raster image
DFTAG RI >

The set of available data objects encompasses both basic data and metadata. Most HDF objects
are machine- and medium-independent, physical representations of data and metadata.

HDF Tags

The HDF design assumes that we cannot know a priori what types of data objects will be needed
in the future, nor can we know how scientists will want to view that data. As science progresses,
people will discover new types of information and new relationships among existing data. New
types of data objects and new tags will be created to meet these expanding needs. To avoid unnec-
essary proliferation of tags and to ensure that all tags are available to potential users who need to
share data, a portable public domain library is available that interprets all public tags. The library
contains user interfaces designed to provide views of the data that are most natural for users. As
we learn more about the way scientists need to view their data, we can add user interfaces that
reflect data models consistent with those views.

1-2
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Types of Data and Sructures

HDF currently supports the most common types of data and metadata that scientists use, including
multidimensional gridded data, 2-dimensional raster images, polygonal mesh data, multivariate
data sets, finite-element data, non-Cartesian coordinate data, and text.

In the future there will almost certainly be a need to incorporate new types of data, such as voice
and video, some of which might actually be stored on other media than the central file itself.
Under such circumstances, it may become desirable to employ the concept of avirtual file. A vir-
tual file functions like aregular file but does not fit our normal notion of amonoalithic sequence of
bits stored entirely on a single disk or tape.

HDF also makes it possible for the user to include annotations, titles, and specific descriptions of
the data in the file. Thus, files can be archived with human-readable information about the data
and itsorigins.

One coallection of HDF tags supports a hierarchical grouping structure called a Vgroup that allows
scientists to organize data objects within HDF files to fit their views of how the objects go
together, much as a person in an office or laboratory organizes information in folders, drawers,
journal boxes, and on their desktops.

Backward and Forward Compatibility

An important goal of HDF is to maximize backward and forward compatibility among its inter-
faces, and storage and object types. This is not always achievable, because data formats must
sometimes change to enhance performance, to correct errors, or for other reasons. However,
whenever possible, HDF files should not become out of date. For example, suppose asite falls far
behind in the HDF standard so its users can only work with the portions of the specification that
are three years old. Users at this site might produce files with their old HDF software then read
them with newer software designed to work with more advanced data files. The newer software
should still be able to read the old files.

Conversely, if the site receives files that contain objects that its HDF software does not under-
stand, it should still be able to list the types of datain the file. It should also be able to access all
of the older types of data objects that it understands, despite the fact that the older types of data
objects are mixed in with new kinds of data. In addition, if the more advanced site uses the text
annotation facilities of HDF effectively, the files will arrive with complete human-readable
descriptions of how to decipher the new tag types.

Calling Interfaces

To present a convenient user interface made up of something more usable than alist of tag types
with their associated data requirements, HDF supports multiple calling interfaces, utilities, and
applications.

Thelow-level calling interface is used to manipulate tags and raw data, to perform error handling,
and to control the physical storage of data. This interface is designed to be used by developers
who are providing the higher level interfaces for applications like raster image storage or scien-
tific data archiving. See Chapter 4, Low-level Interface, and in Chapter 3, Software Overview, see
Section 3.3, " Software Organization.”

The application interfaces, at the next level, include several modules specifically designed to sim-
plify the process of storing and accessing specific types of data. For example, the palette inter-
faces are designed to handle color palettes and lookup tables, the general raster (GR) interfaceis
designed to handle generalized raster images, and the scientific data (SD) interface is designed to
handle arrays of scientific data. If you are primarily interested in reading data from or writing
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data to HDF files, you will spend most of your time working with the application interfaces. See
Section 3.3, " Software Organization,” for acomplete list of these APIs.

The HDF utilities and NCSA applications, at the top level, are specia purpose programs designed
to handle specific tasks or solve specific problems. The utilities provide acommand line interface
for data management. The applications provide solutions for problems in specific application
areas and often include a graphic user interface. Several third party applications are also available
at thislevel.

Machine Independence

An important issue in data file design is that of machine independence or transportability. The
HDF design defines standard representations for storing all data types that it supports. When data
is written to afile, it is typically written in the standard HDF representation. The conversion is
handled by the HDF software and need not concern the user. Users may override this convention
and install their own conversion routines, or they may write data to afile in the native format of
the machine on which it was generated.

Some History

In 1987 a group of users and software developers at NCSA searched for a file format that would
satisfy NCSA's data needs. There were some interesting candidates, but none that were in the pub-
lic domain, were targeted to scientific data, and yet were sufficiently general and extensible. In the
course of several months, borrowing concepts from several existing formats, the group designed
HDF.

The first version of HDF was implemented in the spring and summer of 1988. It included a gen-
eral purpose interface and an 8-bit raster image interface. In the fall of 1988, a scientific data set
interface was designed and implemented, enabling HDF users to store multidimensional arrays
and related data. Soon thereafter interfaces were implemented for storing color palettes, 24-bit
raster images, and annotations.

In 1989, it became clear that there was a need to support ageneral grouping structure and unstruc-
tured data such as that used to represent polyhedra in graphical applications. This led to Vsets,
whose interface routines were implemented as a separate HDF library.

Alsoin 1989 it became clear that the existing general purpose layer was not sufficiently powerful
to meet anticipated future needs and that the coding could use a substantial overhaul. From this,
the long process of redesigning the lower layers of HDF began. The first version incorporating
extended tags and the new lower layers of HDF was released in the summer of 1992 as HDF Ver-
sion 3.2.

In 1993, in response to the needs of flexibility in data ranges and sizes, HDF Version 3.3 was
released. In this version of HDF, the new SD interface was introduced with multi-file access and
an unlimited dimension feature for arrays. HDF Version 3.3 provided alternative physical storage
methods (external and linked block data elements) through extended tags, JPEG data compres-
sion, changes to some Vset interface functions, access to netCDF files through a complete
netCDF interface,! hyperslab access routines for old-style SDS objects, and various performance
improvements.

1. NetCDF is anetwork-transparent derivative of the original CDF (Common Data Format)
developed by the National Aeronautics and Space Administration (NASA). It isused widely in
atmospheric sciences and other disciplines requiring very large data structures. NetCDF isin the
public domain and was developed at the Unidata Program Center in Boulder, Colorado.

14
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In 1994, as standard ANSI C became more commonly used, HDF shifted from K&R to ANSI Cto
support portability. After several beta versions, HDF Version 4.0 was released in 1996 and pro-
vided features such as support for n-bit integers and SDS compression, limited support for reading
CDF files, aparallel 1/O interface for the CM5, auto configuration, multi-file versions of the AN
and GR interfaces, and significant improvement in I/O performance and memory usage. In addi-
tion, more options were added to existing HDF utilities and two new programs were added to the
HDF utilities:

» hdp, to view the contents of HDF files
 hdfunpac, to unpack scientific datasets into external elements

HDF Version 4.1 was released in 1997. In this version, attributes were added to both the Vdata
and Vgroup APIs to provide more ways for meaningfully storing data, data chunking was intro-
duced in the SD API to improve /O performance, and a new representation was used for storing
dimensions to improve storage efficiency.

In 1998, the second release of HDF Version 4.1, called Version 4.1r2, was announced. In this
release, data chunking was added for the GR AP, the Java Products (the Java-based HDF Viewer,
JHV, and the Java HDF interface, JHI) were incorporated into the HDF release itself, and the HDF
Reference Manual and HDF User’s Guide were extensively updated. In addition, the new repre-
sentation of dimensions that was introduced in the previous rel ease became the default representa-
tion.

HDF Version 4.1r3, released in May 1999, emphasized fixing problems in the SD and GR inter-
faces. The HDF User's Guide accompanying the release was significantly improved and updated.
The term V set became obsolete, being replaced with the more specific terms Vgroup and V data.

The current release, HDF Version 4.1r4, released in October 2000, completes the enabling of all
GR chunking capahilities. In addition, new options were added to the hdp utility. This document,
the HDF Specification and Developer’s Guide, was largely rewritten for this release.

See the HDF website at http://hdfgroup.org/ for release information, lists of supported plat-
forms, and the list of bugs fixed in the current release.

The HDF library is considered mature and complete at thistime. Future work will focus on techni-
cal support, maintenance, and bug fixes; there are no plans to implement new features. All new
features and tools are being implemented in the HDF5 library, a new, next-generation product
from the same team that built and supports HDF. HDF5 is discussed in detail on the web at
http://hdfgroup.org/HDF5/.

About This Document

This document is designed for software devel opers who are designing applications or routines for
use with HDF files and for users who need detailed information about HDF. Users who are inter-
ested in using HDF to store or manipulate their data will not normally need the kind of detail pre-
sented in this manual. They should instead consult one of the user-level documents:*

Versions 4.x

HDF User's Guide
HDF Reference Manual

1. The user-level documentsfor Versions 3.2 and earlier were NCSA HDF Calling Interfaces and
Utilities and NCSA HDF Vset; for Version 3.3, they were Getting Sarted with NCSA HDF, NCSA
HDF User's Guide, and NCSA HDF Reference Manual. Library versions prior to Version 4.0 and
the corresponding doucuments are no longer supported or available.
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A tutorial is available onlineat the following URL :
http://hdf .ncsa.uiuc.edu/training/HDFtraining/tutorial/index.html

New material appears throughout this edition of The HDF Specification and Developer’s Guide,
but the following chapters bear special mention. Chapters 7 and 8 and Appendix B are entirely
new. Chapter 10 contains new compression and chunking information and some material that pre-
viously appeared in Chapter 9.

Users of third-party software that uses HDF may also have to consult a manual for that software.

1.6 Document Contents

The HDF Specification and Devel oper's Guide contains the following chapters and appendix:
Chapter 1: Introduction
Introduces the document and provides an overview.
Chapter 2: Basic Sructure of HDF Files
Introduces and describes the components and organization of HDF files.
Chapter 3: Software Overview

Describes the organization of the software layers that make up the basic HDF library and
provides guidelines for writing HDF software.

Chapter 4: Low-level Interface

Describes the low-level HDF routines that make up the low-level interface (see also the
H routines section of the HDF Reference Manual).

Chapter 5: Setsand Groups

Explainsthe roles of sets and groupsin an HDF file, and describes raster image sets, sci-
entific data sets, and VVgroups.

Chapter 6: Annotations
Explains the use of annotations in HDF files.
Chapter 7: Scientific Data Sets: The SD M odel
Explainsthe role, structure, and usage of SDSsin HDF files.
Chapter 8: General Raster Images: The GR Model
Explainsthe role, structure, and usage of GRsin HDF files.
Chapter 9: Tag Specifications
Describes the tag identification space and the NCSA-supported basic tags.
Chapter 10: Extended Tags and Special Elements

Describes the extended tag structure and the NCSA -supported extended tags and special
elements.

Chapter 11: Portability Issues

Describes the measures taken to maximize HDF portability across platforms and to
ensure that HDF routines are available to both C and FORTRAN programs.
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1.7

Appendix A: Tags and Extended Tag L abels

Presents alist of NCSA-supported HDF tags and alist of labels used with extended tags.
Appendix B: Library Calling Trees

Illustrates the calling structure of HDF library functions.
Appendix C: Function Specifications

Provides detailed specifications for selected low-level interface functions.

Conventions Used in This Document

Most of the descriptive text in this guide is printed in 10 point Times. Other typefaces have spe-
cific meanings that will help the reader understand the functionality being described.

New concepts and newly defined terms are sometimes presented in bold italics on their first
occurrence to indicate that they are defined within the paragraph.

Cross references within the specification include the title of the referenced section in quotation
marks or the reference chapter initalics. (E.g., See Section 3.3, " Software Organization," in Chap-
ter 3, Software Overview, for acompletelist of ...)

References to documents italicize the title of the document. (E.g., See the HDF User’s Guide to
familiarize yourself with the basic principles of using HDF.)

Literal expressions and variables often appear in the discussion. Literal expressions are pre-
sented in Courier while variables are presented in italic Courier. A literal expression is any
expression that would be entered exactly as presented, e.g., commands, command options, literal
strings, and data. A variableis an expression that serves as a place holder for some other text that
would be entered. Consider the expression cp filel file2. cp iSacommand name and would
be entered exactly as it appears, so it is printed in Courier. But file1 and file2 are variables,
place holders for the names of actual files, so they are printed in italic Courier; the user would
enter the actual filenames.

This guide frequently offers sample command lines. Sometimes these are examples of what
might be done; other times they are specific instructions to the user.  Command lines may appear
within running text, as in the preceding paragraph, or on a separate line, as follows:

cp filel file2

Command lines aways include one or more literal expressions and may include one or more vari-
ables, so they are printed in Courier and italic Courier asdescribed above.

Keysthat are labeled with more than one character, such asthe RETURN key, are identified with
all uppercase letters. Keys that are to be pressed simultaneously or in succession are linked with a
hyphen. For example, "press CONTROL-A" means to press the CONTROL key then, without
releasing the CONTROL key, pressthe A key. Similarly, "press CONTROL-SHIFT-A " meansto
press the CONTROL and SHIFT keys then, without releasing either of those, pressthe A key.
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Table 1A summarizes the use of typefaces as used in examples and illustrations of HDF code and
data, such asin literal strings and on sample command lines.

TABLE 1A M eaning of Entry Format Notations
Type Appearance Example Entry method
Literal expression (com- Courier do this Enter the expression exactly asit
mands, litera strings, data) appears.
Variables Italic Courier filename Enter the name of thefile or the specific
data that this expression represents.
Special keys Uppercase RETURN Press the key indicated.
Key combinations Uppercase, with hyphens | CONTROL-A While holding down the first one or two
between key names keys, press the last key.
Program listings and screen listings are presented in Courier typeface, asin Figure 1a. When the
listing isintended as a sample that the reader will use for an exercise or model, variables that the
reader will change are printed in italic Courier
FIGURE 1a Sample screen listing
mars 53% 1s -F
MinMaxer/ net . source
mars 54% cd MinMaxer
mars 55% 1ls -F
list .MinMaxer minmaxer.vl.04/
mars 56% cd minmaxer.vl.04
mars 57% 1s -F
COPYRIGHT minmaxer.bin/ source . minmaxer/
README sample/ source. triangulation/
mars 58%
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2.2

2.3

Chapter Overview

This chapter introduces and describes the components and organization of Hierarchical Data For-
mat (HDF) files. The components of an HDF file include a file header and a variety of data
objects.

File Header

The first component of an HDF file is the file header (FH), which takes up the first four bytesin
an HDFfile. Thefile header is asignature that indicates that the fileis an HDF file. Specifically, it
is a4-byte block with the hexadecimal value 0x0E 0x03 0x13 0x01.

To maintain HDF file portability, the characters must be read and written in the exact order shown.

Data Objects

The basic building block of an HDF fileis the data object, which contains both data and informa-
tion about the data. A data object has two parts: a 12-byte data descriptor (DD) and a data ele-
ment. Figure 2aillustrates two data objects.

FIGURE 2a

Two Data Objects

Data Descriptors Data Elements

|Rankand dimensions | _I—) 2; 90 by 100
|Data | —I—) 63.2, 54.5, 12.3,

18.2, 103.6, -7.4,

As the names imply, the data descriptor provides information about the data; the data element is
the dataitself. In other words, all datain an HDF file has information about itself attached to it. In
this sense, HDF files are self-describing files.

1. 0x0E 0x03 0x13 0x01 isthe hexadecimal representation of the characters control-N, con-
trol-C, control-S, and control-A, or “N*C*s*A.
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Data Descriptor (DD)

A datadescriptor (DD) hasfour fields: a 16-bit tag, a 16-bit reference number, a 32-bit data offset,
and a 32-bit data length. These are depicted in Figure 2b and are briefly described in Table 2a.
Explanations of each part appear in the paragraphs following Table 2a.

FIGURE 2b

A Data Descriptor (DD)

Reference

number
16 bits 16 bits 32 bits 32 hits

W

Tag/ref
(data identifier)

Tag Offset Length

TABLE 2a

Parts of a Data Descriptor

Part Description

Tag/ref Unique identifier for each data element

(dataidentifier) Tag Type of datain a data element

Reference num- | Number distinguishing data element from others with the
ber same tag

Offset Byte offset of data element from beginning of file

Length Length of dataelement in bytes

Tag/ref (Dataldentifier)

A tag and its associated reference number, abbreviated astag/ref, uniquely identify a data element
in an HDF file. The tag/ref combination is also known as a data identifier.

‘ Note: Only the full tag/ref uniquely identifies a data element.

Tag

A tag isthe part of adata descriptor that tells what kind of datais contained in the corresponding
data element. A tag is actually a 16-hit unsigned integer between 1 and 65535, but every tag is
also given a name that programs can refer to instead of the number. If aDD has no corresponding
dataelement, itstag is DFTAG_NULL, indicating that no datais present. A tag may never be zero.

Tags are assigned by NCSA as part of the specification of HDF. The following ranges are to be
used to guide tag assignment:

00001 — 32767 Reserved for NCSA use
32768 — 64999 User-definable
65000 — 65535 Reserved for expansion of the format

Chapter 9, “Tag Soecifications,” provides full specifications for all currently supported HDF tags.
Appendix A, “Tags and Extended Tag Labels,” lists the current tag assignments. See Section 3.4,
"Some HDF Conventions," for more information on allocating tags.

2-2

June 25, 2008



HDF Specification and Developer’s Guide

Reference Number

Tags are not necessarily unique in an HDF file; there may be more than one data element of a
given type. Therefore, the data descriptor includes a unique reference number.

Reference numbers are not necessarily assigned consecutively, so you cannot assume that the
actual value of areference number has any meaning beyond providing a means of distinguishing
among elements with the same tag. Furthermore, reference numbers are only unique for data ele-
ments with the same tag; two 8-bit raster images will never have the same reference number but
an 8-bit raster image and a 24-hit raster image might.

Reference numbers are 16-bit unsigned integers.

Data Offset and L ength

The data offset states the byte position of the corresponding data element from the beginning of
thefile. The length states the number of bytes occupied by the data element.

Offset and length are both 32-bit signed integers. This resultsin afile-size limit of 2 gigabytes.

Note: All offsets are from the beginning of the file; they are not relative.

DD Blocks

Data descriptors are stored physically in a linked list of blocks called data descriptor blocks or
DD blocks. Theindividual components of a DD block are depicted in Figure 2c. All of the DDsin
aDD block are assumed to contain significant data unless they have the tag DFTAG NULL (no data).

In addition to its DDs, each data descriptor block has a data descriptor header (DDH). The DDH
has two fields: a block size field and a next block field. The block size field is a 16-bit unsigned
integer that indicates the number of DDs in the DD block. The next block field is a 32-bit
unsigned integer giving the offset of the next DD block, if there is one. The DDH of the last DD
block in thelist containsa 0 in its next block field.

FIGURE 2c

Model of a Data Descriptor Block

Next
E’ilggk bmé(k]Tag Ref |Offset|Length| Tag| Ref |Offset LengtPI Tag| Ref |Offset Lengthll----
< DDH > |« DD > |< DD >| < DD >|—
< DD Block >

Since the default number of DDs in a DD block is defined when the HDF library is compiled,
changing the default requires recompilation. (The default value, as distributed in the source code
and pre-compiled binaries for Version 4.1r4, is 16.)

Data Element

A data element is the raw data portion of a data object. Its data type can be determined by exam-
ining its tag, but other interpretive information may be required before it can be processed prop-
erly.

Each data element is stored as a set of contiguous bytes starting at the offset and with the length
specified in the corresponding DD. (See Figure 2f, "Physical Representation of Data Objects,” on

page5.)!
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Exceptions and Special Cases

Note that there are afew exceptions and special cases to the above standards.

» Thedataobject identified by thetag prFTAG MT, for machine type, consists of the tag imme-
diately followed by four number types. Since there can be only one DFTAG MT taginan
HDF file and the data can be stored in the DD with the tag, there isno need for adata ele-
ment. Consequently, the reference number, offset, and length are unnecessary.

» Severa tags, specifically DFTAG NULL, DFTAG_JPEG, and DFTAG GREYJPEG, Serve as
binary flags and convey all the required information by the mere fact of their presencein an
HDFfile. Thesetagstherefore point to no data element and have offset and length val ues of
0.DFTAG_NULL indicates adata object containing no data. DFTAG_JPEG and
DFTAG_GREYJPEG indicate that an associated data object, indicated by a different tag but
the same reference number, contains JPEG dataimage. The descriptions of these tags
include asink pointer (— ) in the diagramsin Chapter 9.

 Itispossibleto create atag/ref object then to end access to that object before writing any
data or specifying its size. In such cases, the offset and length in the DD block will be set to
theinvalid offset or invalid length value of 0xFFFFFFFF.

See the related entries in Chapter 9, Tag Specifications, for compl ete descriptions of these tags.

Physical Organization of HDF Files

The file header, DD blocks, and data elements appear in the following order in an HDF file:
 File header
 First DD block
» Dataelements
» More DD blocks, more data elements, etc., as necessary

These relationships are summarized in Table 2d.

The only rule governing the distribution of DD blocks and data elements within afile is that the
first DD block must follow immediately after the file header. After that, the pointersin the DD
headers connect the DD blocks in alinked list and the offsets in the individual DDs connect the
DDsto the data elements.

TABLE 2d Summary of the Relationships among Parts of an HDF File
Part Constituents
HDF file FH, DD block, data, DD block, data, DD block, data...
FH 0x0e031301 [32-hit HDF magic number]
DD block DDH, DD, DD, DD, ...
DDH Number of DDs[16 bits], offset to next DD block [32 bits]
DD Tag [16 bits], ref [16 bits], offset [32 bits], length [32 bits]
Data Data element, data element, data element ...
FH = file header, DD = data descriptor, DDH =DD header
1. Some HDF software provides the capability of storing objects as a series of linked blocks or
externa elements, but this occurs at a higher level. At the lowest level, each object with atag/ref
is stored contiguously.
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2.5 SampleHDF File

We are now ready to examine asamplefile. Consider an HDF file that contains two 400-by-600 8-
bit raster images as described in Table 2e.

TABLE 2e Sample Data Objectsin an HDF File
Tag Ref Data
DFTAG FID | 1 Fileidentifier: user-assigned title for file
DFTAG FD 1 File descriptor: user-assigned block of text describing overall file contents
DFTAG LUT 1 Image palette (768 bytes)
DFTAG ID 1 x- and y-dimensions of the 2-dimensional arrays that contain the raster images (4 bytes)
DFTAG RI 1 First 2-dimensional array of raster image pixel data (x*y bytes)
DFTAG RI 2 Second 2-dimensional array of pixel data (also x*y bytes)

Assuming that a DD block contains 10 DDs, the physical organization of the file could be
described by Figure 2f.

In thisinstance, the file contains two raster images. The images have the same dimensions and are
to be used with the same palette, so the same data objects for the palette (pFrac_1p8) and dimen-
sion record (DFTAG_1D8) can be used with both images.

FIGURE 2f Physical Representation of Data Objects
Section Item Offset Contents

Header FH 0 0e031301 (HDF magic number, in hexadecimal)

DD block DDH 4 10 O
DD 10 DFTAG FID 1 130 4
DD 22 DFTAG FD 1 134 41
DD 34 DFTAG ILUT 1 175 768
DD 46 DFTAG ID 1 943 4
DD 58 DFTAG RI 1 947 240000
DD 70 DFTAG RI 2 240947 240000
DD 82 DFTAG NULL  (Empty)
DD 94 DFTAG NULL  (Empty)
DD 106 DFTAG NULL  (Empty)
DD 118 DFTAG NULL (Empty)

Data Data 130 sw3
Data 134 solar wind simulation: third try. 8/8/88
Data 175 e (Data for the image palette)
Data 943 400 600 (Imagedimensions)
Data 947 e (Data for thefirst raster image)
Data 240947 e (Data for the second raster image)
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Chapter

Softwar e Overview

3.1

3.2

Chapter Overview

This chapter describes the HDF software organization and provides guidelines for writing HDF
software.

HDF is an amalgam of code and functionality from many sources. For example, the netCDF code
came from the Unidata Program Center, and data compression and conversion software has been
acquired from avariety of third parties. NCSA staff wrote the code for the basic HDF functional-
ity and perfomed all of the integration work.

This document contains specifications for the NCSA-developed code and functionality. It does
not include specifications for code or functionality from non-NCSA sources, though it does some-
times refer to specifications provided by other sources. Only the HDF interface to such code is
specified in this document.

HDF Software Layers

There are three basic levels of HDF software:
» HDF low-level interface
» HDF application interfaces
» HDF applications and utilities

The lowest layer, the low-level interface, includes general purpose routines that form the basis of
all higher-level HDF development. The low-level interface directly executes operations such as
file 11O, error handling, memory management, and physical storage.

The application interfaces support higher level views of data and provide the interfaces for build-
ing user-level applications. Routines that handle raster images, palettes, annotations, scientific
data sets, vdatas, vgroups, and netCDF appear at thislevel.

The applications and utilities are implemented at the highest level. NCSA utilities, NCSA appli-
cations, and third party applications are all implemented at this level.

The utilities perform general functions, such as listing the contents of an HDF file, and more spe-
cialized functions, such as converting data from one HDF data type to another (e.g., raster images
to scientific data sets). In general, the utilities have simple command line interfaces and perform
data management tasks.

The applications usually perform data analysis tasks and have polished interactive user interfaces.
They include the NCSA Visuaization Tool Suite, commercial software packages that use HDF,
and other packages created at NCSA and by various third party projects.

June 25, 2008 31



The HDF Group

Figure 3aillustrates this layered implementation.

FIGURE 3a

HDF Software Layers*

HDF Utilities |j | NCSA Applications Ij | 3rd Party Applications
] ] ]
HDF Application Interfaces
g g g g A

Ny

U U U U

—

HDF Low Level Interfaces

g A

]

M

U U
HDF File ﬁ

3.3

The low-level interface is described in detail in this document. The application interfaces and
command line utilities are described in the document NCSA HDF Calling Interfaces and Utilities
for Versions 3.2 and earlier and in the HDF User’s Guide and HDF Reference Manual for Ver-
sions 3.3 and 4.x. Other HDF-based software tools should have their own manuals.

Since the NCSA user community writes programs primarily in C and FORTRAN, all of the HDF
application interfaces developed at NCSA are callable from both C and FORTRAN programs.
The functions of the low-level interface, however, are provided only as C-callable routines.

Softwar e Or ganization

3.3.1 Versonsand Release Numbers

Since HDF is under continual development, new releases are periodically made available.
Releases are identified with a version number consisting of three elements:

< majorv > Magjor version number, integer

< minorv > Minor version number, integer

< rn > Rel ease number, integer
The version number is presented in the following format:

< majorv >.< minorv >r< rn > (€g., Verson3.2rl)
These elements are interpreted as follows:

Major version number

A new major version number is assigned when there is some fundamental difference
between a new version of the library and the previous version. When a new major ver-
sion is released, HDF users and developers are strongly encouraged to obtain the new
source code and documentation. There will probably be added functionality in succes-

1. Thisisasimplified illustration of the HDF software layers. Though the basic principlesillus-
trated here continue to apply, the introduction of netCDF and multiple-file HDF data structures
renders the implementation considerably more complex.

3-2
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sive major versions of the library and some obsolete code may be deleted. Some user
code may have to be modified to use the new library.

Minor version number

A new minor version number indicates an intermediate rel ease between one major ver-
sion and the next. Changes will probably be significant. When a new minor version is
released, users and developers are strongly encouraged to obtain the new source code
and documentation. There may be minor interface changes.

Release number

A new release number is assigned when bug fixes or other small modifications have
been made. Using a new release of the same version of the library will not usually
require modifying existing user code.

3.3.2 ANSI C and Portability

To ensure that HDF can be easily ported to new platforms, all versions of the HDF source code
from Version 3.2 on are written in ANSI standard C, with specia provisions for non-ANSI com-
pilers. For more information about porting HDF and writing portable HDF-based code, refer to
Chapter 11, Portability Issues.

3.3.3 Modulesand Interfaces

The HDF distribution contains many source files or modules that can be grouped into families.
For example, dfp.c, dfpf.c, and dfpff.f all sharetheroot name dfp and, therefore, all
belong tothe afp family. In general, each family of source modules represents one HDF applica-
tionsinterface; the afp family represents the HDF Palette Interface (DFP).

For each interface, there is necessarily one file that contains the C code that provides the basic
functionality of that interface. Some interfaces may have one or two additional code modules that
provide FORTRAN callability for the interface, so afamily may have one, two, or three files:

1file Modules of this sort are generally not calling interfaces themselves; they provide
useful support functions for actual calling interfaces. Since they are not meant to
be called by any routine outside the HDF library, they do not need to be FOR-
TRAN-callable. Example: hblocks.c is called only by internal HDF routines
and has only the C-callable interface.

2 files Some interfaces need only one extra source module to provide FORTRAN com-
patibility. In such cases, there are only two source modules for the interface.
Example: mfan.c and mfanf.c make up the Multifile Annotation Interface.

3files Most current implementations of FORTRAN-callable HDF interfaces require
that character string arguments be passed to some of their functions. Due to dif-
ferences in the way C and FORTRAN represent strings, passing strings requires
that there be a small amount of specia purpose FORTRAN code written for each
function that takes a string argument.

Therefore, most FORTRAN-calable HDF interfaces consist of three source
modules:

*The primary C module

*A FORTRAN-callable C module

*A FORTRAN module
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Example: dfsd.c, dfsdf.c,and dfsdff.f make up the Single-file Scien-
tific Data Interface. dfsd.c contains the basic functionality of the interface.
dfsdf.c provides the magjor part of FORTRAN callability. And dfsdff.f
contains the specia purpose FORTRAN code that enables passing character
string arguments.

Table 3a, "HDF Version 4.x Source Code Modules," on page 6 lists the families of source code
modules and header files of HDF Version 4.x. The first column of the table lists the name of the
interface or the category of the modules, depending on their functionality. The modules are cate-
gorized asfollows:

Low-level interface, or H-level interface, includes modules that facilitate portability and
provide physical storage management, error handling mechanisms, support for simultaneous
access to multiple objects within asingle file, support for simultaneous access to multiple
files, and an interface for key lower-level modules. Low-level routines begin with an 1
(e.9., Hopen/Hclose Of Hread/Hwrite).

Multifile Scientific Data interface (SD API) includes modulesthat provide the mechanisms
for managing scientific data sets in a multifile environment. These modules reside in the
directory mfhdf/, which is separate from that of the other interfaces. Library routinesin this
interface begin with sp. This interface replaces the Single-file Scientific Data interface
(DFSD API). (A subtantial number of local or internal routine namesin this code are influ-
enced by netCDF. )

Vdata interface (VS API) includes modules that provide mechanisms for managing Vdatas.
Library routinesin this interface begin with vs.

Vgroup interface (V API) includes modules that provide mechanisms for managing
Vgroups. Library routines in this interface begin with av. Note that in the Content Descrip-
tion column, the V and V'S routines share some modules and header files.

Multifile Annotation interface (AN API) includes modules that provide mechanisms for
managing annotations in a multifile environment. Library routinesin this interface begin
with an. Thisinterface replaces the Single-file Annotation interface (DFAN API).

General Raster Image interface (GR API) includes modules that provide mechanisms for
managing general raster imagesin amultifile environment. Library routinesin thisinterface
begin with Gr. Thisinterface replaces the 8-bit Raster Image interface (DFR8 API) and the
24-hit Raster Image interface (DFR24 API), which operate in the single-file environment.

Palette interface (DFP API) includes modules that provide mechanisms for managing the
palettes that are used by the raster image interfaces. Library routinesin this interface begin
with DFP.

Compression/Decompression includes modules that provide mechanisms for managing file
and image compresion and decompression.

Conversion includes modules that provide mechanisms to support conversion to and from
the HDF format.

Single-file Scientific Data interface (DFSD API) includes modules that provide mecha-
nisms for managing scientific data setsin a single-file environment. Library routinesin this
interface begin with prsp. Thisinterface isreplaced by the Multifile SD interface (SD API).

Single-file General Raster | mageinterface (DF GR API) includes modules that provide
mechanisms for managing general raster images in the single-file environment. This inter-
faceisan older version of the GR interface.

8-bit Raster Image interface (DFR8 API) includes modules that provide mechanisms for
managing 8-bit raster images. Thisinterface is replaced by the Multifile GR interface.
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» 24-bit Raster Image interface (DFR24 API) includes modules that provide mechanismsfor
managing 24-bit raster images. This interface is replaced by the Multifile GR interface.

» Single-file Annotation interface (DFAN API) includes modules that provide mechanisms
for managing annotations in the single-file environment. Thisinterfaceis replaced by the
Multifile AN interface.

» Developer-level interface includes modules that are at alower level than the H-level mod-
ules, which heavily use the devel oper-level routines. These modules simplify the task of
writing HDF applications by providing low-level routines for internal 1/0 handling,
dynamic storage handling, memory management, and data descriptor handling.

» Mac Only interface includes modules that implement UNIX-like directory reading for the
Macintosh.

The second column of Table 3a divides the modules in the interface into three groups. header
files, C modules, and FORTRAN interface and support. The header files are discussed in the next
section. The C modules group contains the primary C modules. The FORTRAN interface and sup-
port group contains either or both the FORTRAN-callable C module and the FORTRAN module
of the interface.

3.3.4 Header Files

In addition to the source code modules discussed above, some interfaces also have C header files
associated with them that are meant to be included by C applications programmers with the
#include preprocessor directive. They contain useful constants and data structures for interac-
tion with the interface from C programs. The header files can be identified by the same name as
theroot namefor the rest of the family with the .h extension. For example, dfsd.h isthe header
file for the Single-file Scientific Data Interface.

Of particular importance among the C header files are mfhdf.h, hdf.h and hdfi.h:

mfhdf.h Contains symbolic constants and public data structures for HDF's SD interface.
mfhdf.h must be included by any program that uses the SD APl of the HDF

library.
hdf.h Contains all the symbolic constants and public data structures required by HDF.
hdf . h must beincluded by any program that uses the HDF library. (Note that this

file is automatically included by the inclusion of mfhdf.h and need not be
included separately.)

hdfi.h  Contains specific portability information about each platform on which HDF is
supported. hdfi.h is automatically included in a program when hdf.h is
included, so programmers need not explicitly include it.

Refer to Chapter 11, Portability Issues, for more information on hdfi.h and other portability
issues. Refer to Table 3a for the listing of the header files provided in the current version of the
HDF library.
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TABLE 3a HDF Version 4.x Source Code M odules
Category Module type Module name Content Description
hchunks.h Definitions for chunked elements
Header files hdf.h HDF user-level definitions, for applications using HDF routines
hdfi.h Definitions for portability
herr.h Definitions for HDF error handling/reporting routines
hfileh Definitions for HDF low-level file 1/0 routines
hkit.h Definitions for string mapping routines
hlimits.h Defined limitsfor the library, reserved Vdata/V group names and
classes, and pre-attribute names. Definitions for most of the con-
stantsin the library.
hntdefs.h Number-type definitions for HDF
hproto.h Useful macros, potential for future functions
H-level htags.h HDF tag definitions
patchlevel.h Definition of PATCHLEVEL
C modules hblocks.c Routines to implement linked-block elements
hchunks.c Routines to implement chunked elements
herr.c Routines for error handling/reporting
hextelt.c Routines for external elements
hfile.c Low-level file1/O routines
hkit.c Various string mapping routines
FORTRAN inter- herrf.c C stubs for FORTRAN error handling/reporting routines
face and support
Header files aloc.h Definitions for memory management
error.h Prototypes for error handling routines
hdf2netcdf.h HDF names of netCDF API functions
local_nc.h Definitions of structures for CDF and its components
mfhdf.h Definitions for applications using SD routines
mfhdfi.h Definitions that are used in both local_nc.h and mfhdf.h
win32cdf.h Definitions used for the Windows version of the library
C modules array.c Routines that operate the structure NC_array
attr.c Routines that operate the structure NC_attr
cdf.c Routines that operate the CDF structure NC its components
dim.c Routines that operate NC_dim and locally related routines
error.c Utility routines to implement consistent error logging mecha-
nisms for netCDF
filec Low-level "nc" routines and other routines that operate the struc-
Multifile tures NC and XDR
Scientific Data globdef.c Initialization of global variables that allow the creation of
(SD API) SunOS sharable libraries
hdfsds.c Routines that read old SDS objects out of HDF files
iarray.c Routines that operate NC_iarray
mfsd.c SD and SDI library routines that are local to this module
nssdc.c Routines that read CDF V2.x files created with the CDF library
putget.c Routines that read/write SD objects at the Vgroup and Vdata
level
putgetg.c Routines that perform 1/0O on a generalized hyperslab
sharray.c Internal routines for short integers
string.c Routines that operate NC_string
var.c Routines that operate NC_var and locally related routines
xdrposix.c Routines that implement XDR on a POSIX file descriptor
xdrstdio.c Routines that implement XDR on a stdio stream
FORTRAN inter- mfsdf.c C stubs for SD library routines
face and support mf sdff.f FORTRAN stubs for SD library routines
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Category Module type Module name Content Description
Header files vattr.h definitions for vgroup/vdata attribute interface
C modules vattr.c V and VS library routines that handle V group/V data attributes
vg.c Mostly Vdatalibrary routines, but also some Vgroups routines
vhi.c VH library routines for vdata high-level access
vio.c VSlibrary routines that handle vdatas and locally used routines
Vdata (VS API) Vrw.c VSlibrary routines that read and write vdatas
vsfld.c VF and VS library routines that handle vdata fields
FORTRAN inter- vattrf.c C stubs for handling vgroup/vdata attributes
face and support vattrff.f FORTRAN stubs for handling vgroup/vdata attributes
vgf.c C stubs for vgroups and vdatas library routines
vgff.f FORTRAN stubs for vgroups and vdatas library routines
Header files dfgroup.h Definitions for dfgroup.c
vg.h Defined symbols and structuresused in al v*.c files
vgint.h Private defined symbols and structures used in all v*.c files
C modules veonv.c Routines that handle V group/V data compatibility and conver-
Vgroup (V API) sion
vgp.c V library routines that handle VVgroups and locally used routines
vparse.c Routines for parsing
FORTRAN inter- listed in Vdata API
face and support
Header files mfan.h Definitions for multifile annotations
M uIt|f|_Ie C modules mfan.c AN library routines that read and write multifile annotations
Annotation
AN API FORTRAN inter-
( ) mfanf.c C stubs for handling multifile annotations
face and support
Header files mfgr.h Definitions for multifile genera raster images
Multifile - : . :
General Raster C modules mfgr.c GR library routines that access mulltifile general raster images
Image (GR API) FORTRAN inter- mfgrf.c C stubs for accessing multifile general raster images
face and support mfgrff.f FORTRAN stubs for accessing multifile general raster images
Header files Thisinterface uses only the header file hdf.h
Palette C modules dfp.c DFP routines that read and write palettes
DFP API X
( ) FORTRAN inter- | dfpf.c C stubs for palette routines
face and support dfpff.f FORTRAN stubs for pal ette routines
Header files cnbit.h Definitions for N-bit encoding
crleh Definitions for run-length encoding
hcomp.h Definitions for compression information and structures
hcompi.h Internal library header file for compression information
C modules crlec Internal 1/0 routines for HDF run-length encoding
dfcomp.c Routines that perform file compression
Compression/ dfjpeg.c Routines that perform JPEG image compression
Decompression dfrle.c Routines that perform RLE image compression
dfunjpeg.c Routines that perform JPEG image decompression
hcomp.c 1/0 routines for compressed data
hcompri.c Routines for reading and writing old-style compressed raster
images, such as JPEG  (raster specific) RLE, and IMCOMP
FORTRAN inter-
none
face and support
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Category Module type Module name Content Description
Header files dfconvrt.h The macro DFconvert to speed up the conversion process
dfufp2i.h Definitions for dfufp2i.c
hconv.h Definitions for data conversion
C modules dfconv.c Routines that support conversion to and from HDF format
dfkconv.c Routines to support Convex-native conversion to/from HDF for-
mat
dfkcray.c Routines to support Cray conversion to/from HDF format
dfkfuji.c Routines to support Fujitsu-native (V P) conversion to/from HDF
Conversion format
dfknat.c Routines to support native-mode conversion to/from HDF for-
mat
dfkswap.c Routines to support little-endian conversion to/from HDF format
dfkvms.c Routines to support Vax-native conversion to/from HDF format
dfufp2i.c Utility functions to convert floating point data to 8-bit raster
image set (RIS8) format
FORTRAN inter-
none
face and support
Header files dfsd.h Definitions for single-file scientific data
Sngl ?me C modules dfsd.c DFSD routines that read and write Scientific Data Sets
Scientific Data
(DFSD API) FORTRAN inter- dfsdf.c C stubs for single-file scientific data routines
face and support dfsdff.f FORTRAN stubs for single-file Scientific Data routines
Header files dfgr.h Definitions for single-file general and 24-bit raster images
Single-file C modules dfgr.c DFGR routines that read and write general raster images (old)
General Rasters dfimcomp.c Routines that perform color image compression
(BFGRAPI) [ EORTRAN inter-
none
face and support
Header files dfrig.h Definitions for 8-bit raster image groups
8—?;2;:;6 C modules dfr8.c DFRS routines that read and write 8-bit raster image groups
(DFR8 API) FORTRAN inter- dfrsf.c C stubs for 8-hit raster image group routines
face and support dfr8ff.f FORTRAN stubs for 8-bit raster image group routines
Header files Thisinterface uses dfgr.h in the single-file General Raster inter-
. face
24-bit Raster
Images C modules df24.c Routines that read and write 24-bit raster images
(DFR24 AP1) FORTRAN inter- df24f.c C stubs for 24-bit raster image routines
face and support df24ff.f FORTRAN stubs for 24-bit raster image routines
Header files dfan.h Definitions for single-file annotations
Singl eflle C modules dfan.c Routines that read and write single-file annotations
Annotations
(DFAN API) FORTRAN inter- dfanf.c C stubs for annotation routines
face and support dfanff.f FORTRAN stubs for annotation routines
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Category Module type Module name Content Description
Header files atom.h Definitions for atom code
bitvect.h Definitions for bit vector code
cdeflate.h Definitions for deflate encoding
cnbit.h Definitions for N-bit encoding
cnone.h Definitions for none-encoding
cskphuff.h Definitions for Skipping Huffman encoding
cszip.h Definitions for szip encoding
df.h Definitions for data descriptors
dfi.h HDF internal header file
dfivmsh HDF internal header filefor VMS
dfstubs.h Definitions for dfstubs.c HDF 3.1 emulation using new routines
from hfile.c
dfutil.h Definitions for low-level utility routines
dgroup.h Definitions for low-level implementation of groups
dynarray.h Definitions for dynamic storage handling
glist.h Definitions for general list
hbitio.h Data structures and macros for bitfile access to HDF data
objects; mainly used for compression 1/0 and N-bit data objects
hqueue.h Modified version of Berkley code for manipulating memory
pool
linklist.h Definition for generic linked lists
maldebug.h Definitions for dynamic memory handling
mcache.h Modified version of Berkley code for manipulating memory
pool
mstdio.h Definitions for stdio-like routines
thbt.h Definitions for using threaded, balanced, binary trees
C modules atom.c Internal storage routines for handling atoms
Developer-level bitvect.c Routines that operate ordered sets of bits, or bit vectors
cdeflate.c Internal /O routines for HDF gzip deflate encoding
cnbit.c Internal /0 routines for HDF N-bit encoding
cnone.c Internal /O routines for HDF noencoding
cskphuff.c Internal 1/0 routines for HDF Skipping Huffman encoding
cszip.c Internal /O routines for HDF szip encoding
dfstubs.c V3.x stubs for V4.0 H-level 1/O routines
dfgroup.c Low-level routines (DF*) for implementing groups
dfutil.c General-purpose utility routines
dynarray.c Internal routines that handle dynamic storage
glist.c Implementation of general list
hbitio.c HDF bit level 1/0 routines
hbuffer.c Routines that manage buffered elements
hdfalloc.c HDF routines for memory management
hfiledd.c Routines that manage DDs and DD blocks
linklist.c Internal storage routines for handling generic linked lists
maldebug.c Utility routines for memory management
mcache.c Modified version of Berkley code for manipulating memory
pool
mstdio.c HDF stdio-like routines
thbt.c Routines for using threaded, balanced, binary trees
FORTRAN inter- dff.c C stubs for low-level 1/0 routines
face and support dfff.f FORTRAN stubs for low-level 1/0 routines
dfutilf.c C stubs for general-purpose utility routines
dfutilff.f FORTRAN stubs for general-purpose utility routines
hfilef.c C stubs for low-level routines
hfileff.f FORTRAN stubs for low-level routines
Header files dir_mac.h Definitions for dir_mac.c
sys dir_mac.h Additional definitions to be included in dir_mac.h
Mac only
C modules dir mac.c Implementation of UNIX-like directory reading for the Macin-

tosh
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3.3.5 The HDF Test Suite

In addition to the source code for the HDF library, Versions 3.2 and higher include a test suite.
There are two test modules: one for C and one for FORTRAN. Each module tests all of the rou-
tinesin all of the application interfaces and in the low-level interface. The exact form of these test
modules may vary from one release to the next; consult the release code and online test documen-
tation for details.

Every effort has been made to ensure that the test programs provide a thorough and accurate
assessment of the health of the HDF library. Although the test suite will greatly improve the reli-
ability of HDF code, it is almost inevitable that some parts of the code will remain untested.
Therefore, no guarantees can be made on the basis of test suite performance.

3.3.6 Sample HDF Programs

Sample programs, illustrating some of the common techniques employed by HDF programmers,
are available on the HDF web site at http://www.hdfgroup.org/training/HDFtraining/
examples/.

To help users become familiar with HDF, each release includes several sample programs illustrat-
ing common techniques employed by HDF programmers.

Some HDF Conventions

The HDF specification described in the previous chapter is not sufficient to guarantee its success.
It is also important that HDF programmers and users adhere to certain conventions. Some guide-
lines are implicit in the discussions in other sections of this document. Others are presented in the
document NCSA HDF Calling Interfaces and Utilities for Versions 3.2 and earlier, or in the HDF
User’s Guide and the HDF Reference Manual for Versions 3.3 and 4.x.

Guidelines not covered €l sewhere are introduced in this section.

Naming and Assigning Tags

Tags that are to be made available to a general population of HDF users should be assigned and
controlled by NCSA. Tags of this type are given numbersin the range 1 to 32,767. If you have an
application that fits this criterion, contact NCSA at the address listed in the front matter at the
beginning of this manual and specify the tags you would like. For each tag, your specifications
should include a suggested name, information about the type and structure of the data that the tag
will refer to, and information about how the tag will be used. Your specifications should be similar
to those contained in Chapter 9, Tag Specifications. NCSA will assign a set of tags for your appli-
cation and will include your tag descriptions in the HDF documentation.

Tagsin the range 32,768 to 64,999 are user-definable. That is, you can assign them for any private
application. If you use tags in this range, be aware that they may conflict with other people's pri-
vate tags.

Using Reference Number sto Organize Data Objects

The HDF library itself uses reference numbers solely to distinguish among objects with the same
tag. While application programmers may find it convenient to impart some meaning to reference
numbers, they should be forewarned that the HDF library will be ignorant of any such meaning.
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Note: Users are discouraged from assigning any meaning to reference numbers beyond that
imparted by the HDF library.

Multiple References

Multiple references to a single data element are quite common in HDF. The low-level routine
Hdupdd generatesanew referenceto datathat isalready pointed to by another DD. If Hdupdd is
used several times, there may be several DDs that point to the same data el ement.

It isimportant to note that when a multiply-referenced data element is deleted or moved, the vari-
ous DDs that previously pointed to the data element are not automatically deleted or adjusted to
point to the data element in its new location. Consequently, each DD to be deleted or moved
should be checked for multiple references and handled appropriately.

June 25, 2008 31



The HDF Group

3-12 June 25, 2008



Chapter

L ow-level Interface

4.1 Chapter Overview

This chapter provides a detailed description of the routines that make up the HDF low-level inter-
face, sometimes referred to as the H-level interface.

4.2 Introduction

HDF supports several interfaces which can be categorized as high-level and low-level interfaces:
» High-level interfaces support utilities and applications.
» Low-level interface functions perform basic operations on HDF files.

Theselevels areillustrated in Figure 4a.

FIGURE 4a HDF Software Layers

| HDF Utilities Ij | NCSA Applications Ij |3rd Party Applications Ij

A \—d h—d

HDF Application Interfaces
[ [ [ A A

— U U U U

HDF Low Level Interfaces

g g

2

7

| HDF File Ij

This chapter is concerned only with the low-level interface.

]

]
-

Using these routines of the low-level interface, you will be able to build and manipulate HDF
objects of any type, including those of your own design. All HDF applications developed at
NCSA use them as basic building blocks.

The low-level routines are all written in C.
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4.3 New Low-level Routineswith Version 3.2 and Higher

The low-level routines described in this chapter are new with HDF Version 3.2 and higher; they
replace the routines provided with earlier versions. The new routines provide better performance
and increased functionality and users are strongly advised to use them in new applications. The
old routines are supported through emulation, but may be eliminated from the HDF library in a
future release.
The new lower layer incorporates the following improvements:

» More consistent data and function types

» More meaningful and extensive error reporting

» Simplification of key lower-level functions

» Simplified techniques to facilitate portability

 Support for aternate forms of physical storage, such aslinked blocks storage and storage of

the data portion of an object in an external file

» A version tag to indicate which version of the HDF library last changed afile

 Support for simultaneous access to multiple files

 Support for simultaneous access to multiple objects within asinglefile
The previous lower layer was called the DF layer because all routines began with the letters br
(e.g., DFopen and DFclose). The new lower layer is called the H layer because al routines

begin with the letter H (e.9., Hopen, Hclose, and Hwrite). The source modules containing
these routines begin with the letter h (see Table 3a, "HDF Version 4.x Source Code Modules"):

hfile.c Basic /0 routines
herr.c Error-handling routines
hkit.c General purpose routines

hblocks.c  Routinesto support linked block storage
hextelt.c Routinesto support externa storage of HDF data elements

hchunks.c  Routinesto support chunked elements
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4.4

Overview of the Low-levd I nterface

This section provides the name and purpose of each public function and selected private routines
of the low-level interface. The private routines are intended only for internal use by the library.
Detailed specifications for many of these routines are provided in Appendix C, Function Specifi-
cations; detailed specifications for all of these routines are provided as comments in the distrib-
uted source code.

Summary of Prefixes

The low-level functions are named with the following prefixes.

TABLE 4b

L ow-level routine prefixes

H General and file-handling oper ations

HC Compression special element oper ations

HD DD block operations

HL Linked block special element operations

HMC Chunking special element operations

HR Raster image special element operations

HT Tag/ref operations

HX External file special element operations

*P Routine privateto thelibrary. No guarantee of stable external interface; may change without notice.

*| Satic routine privateto thelibrary. No guarantee of stable external interface; may change without notice.

Opening and Closing HDF Files

These functions are used to open and close HDF files:

Hopen Provides an access path to an HDF file and reads all of the DD blocks in the
file into memory

Hclose Closes the access path to afile

HDerr Closes afile and returns FAIL

HsetaccesstypeSetsthe I/O access type (serial, paraldl, ...)

L ocating Elementsfor Access and Getting I nformation

These routines |ocate elements or acquire other information about an HDF file or its data objects.
Except for Hendaccess, they initialize the element that they locate and return an access ID that
isused in later references to the data element. Calls can include wildcards so that one can search
for unknown tags and reference numbers (tag/refs).
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Hstartread Locatesan existing data element with matching tag/ref and returns an access
ID for reading it

Hnextread  Continuesthe search with the same access ID
Hendaccess Disposes of access D for atag/ref pair

Hinquire Returns access information about a data element

Hishdf Determines whether afileisan HDF file

Hnumber Returns the number of occurrences of a specified tag/ref pair in afile

Hexist Determines whether an object existsin an HDF file

Hmpset Sets pagesize and maximum number of pages to cache on the next open/cre-
ate operation

Hmpget Gets last pagesize and max number of pages cached for open/create

HgetlibversionReturns version information for the current HDF library
HgetfileversionReturnsversion information for an HDF file
HPgetdiskblockGets the offset of afree block inthefile

HPfreediskblockReleases ablock in afile to be re-used

Reading and Writing Entire Data Elements

There are two sets of routines for reading and writing data elements. The routines described here
are used to store and retrieve entire data elements.

Hputelement Adds or replaces elementsin afile
Hgetelement Reads data elementsin afile

A second set of routines, described in the next section, may be used if you wish to access only part
of adata element.

Reading and Writing Part of a Data Element

The second set of routines for reading and writing data elements makes it possible to read or write
all or part of adata element. One of the accessroutines Hstartread OF Hstartwrite mustbe
called beforethese Hwrite, Hread, OF Hseek!

Hstartwrite Setsup writing to the object with the supplied tag/ref. If the object exists, it
will be modified; otherwise it will be created.

Hwrite Writes data to a data element where the last Hwrite oOr Hseek stopped. If the
space reserved is less than the length to write, then only as data as can fit in
the allocated space is written.

Hread Reads a portion of a data element. It starts at the last position left by an
Hread Or Hseek call and reads any datathat remainsin the element up to
a specified number of bytes.

Hseek Sets the access pointer to an offset within a data element. The next time
Hread Or Hwrite iscalled, the access occurs from this new position. The

4-4

June 25, 2008



HDF Specification and Developer’s Guide

location to seek can be specified as an offset from the current location, from
the start of the element, or from the end of the element.

Htrunc Truncates a data set to a specified length.

Manipulating Data Descriptors (DDs)

The routines listed here perform operations on DDs without modifying the data to which the DDs
refer. Thefirst list indicates public routines that are available to users and applications; the second
list indicates private routines that are used internally by the library.

Public user routines

Hdupdd Generates new references to a data element that is already referenced from
somewhere else
Hdeldd Deletes atag/ref pair from thelist of DDs

HDcheck tagrefChecksto see whether atag/ref pair isin the DD list

HDreuse tagrefReuses adata descriptor of atag/ref pair in aDD list of an HDF file
Hnewref Returns areference number that is unique in the file

Htagnewref Returnsareference number that isuniquein thefile for a given tag

Hfind L ocates the next object of a search in an HDF file

Privatelibrary routines (internal)

HTPcreate Creates (and attaches to) atag/ref pair and insertsit into the DD list
HTPselect Attachesto an existing DD inthe DD list

HTPendaccess Ends accessto an attached DD in the DD list

HTPdelete Marks atag/ref pair as free and ends access to it

HTPupdate Changes the offset and/or length of a data object

HTPinquire Getsthe DD information for aDD (i.e. tag/ref/offset/length)

HTPis specialCheckswhether a DD identifier isassociated with a specia tag

HTPstart Initializes the DD list from disk, i.e., createsthe DD list in memory
HTPinit Creates anew DD list in memory

HTPsync Flushes the DD list to disk

HTPend Closesthe DD list to disk

Creating Special Data Elements

Prior to release 3.2, any data element had to be stored contiguously and all of the objects in an
HDF file had to be in the same physical file. The contiguous requirement caused many problems,
especially with regard to appending to existing objects. If you wanted to append data to an object,
the entire data element had to be deleted and rewritten to the end of the file. Later HDF versions
introduced alternate methods of storing HDF objects: linked blocks and external elements at the
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release of HDF Version 3.2 and chunking at HDF Version 4.1. These special elements, plus com-
pression, are discussed in detail in Chapter 10, Extended Tags and Special Elements.

Linked blocks improve storage management by allowing elementsin asingle HDF file to be non-
contiguous. The routines listed here operate on linked blocks Thefirst list indicates the public rou-
tines that are available to users and applications; the second list indicates the private routines that
are used internally by the library.

Public user routines

HLcreate Creates anew linked-block special data element

HLconvert Convertsan AID into alinked-block element

HDingblockinfoReturns information about linked blocks

Privatelibrary routines (internal)

HLPread Reads some data out of alinked-block element
HLPwrite Writes out some data to a linked-block element
HLPinquire Returnsinformation about alinked-block element
HLpPendacess Closesalinked-block AID

HLPinfo Returnsinformation about alinked-block element
HLpstread  Opensan accessrecord for reading

HLPstwrite Opensan accessrecord for writing

HLPseek Sets position for the next access

External elements alow a single HDF object to be stored in an externa file. The following rou-
tines operate on external elements:

HXcreate Creates anew external file special data element
HxsetcreatedirSetsthe directory variable for creating externa file
HXsetdir Sets the directory variable for locating external file

It is not currently possible to store a single object (such as a very large data set) in multiple files.
Nor can multiple objects be stored in one external file.

Once they are created with theroutinesHLcreate and Hxcreate, these special dataelements can
be accessed with the routines used for normal data elements. These routines have two modes of
operation. Calling HLcreate with atag/ref that does not exist in afile will create anew element
with the given tag/ref pair which will be stored as linked blocks. On the other hand, if the tag/ref
pair already exists in the file, the referenced object will be promoted to linked block status. All
data which had been stored in the object before the promotion will be retained. HXcreate
behaves similarly.

Chunking allows elements in large arrays to be stored as chunks in such a way that 1/0 perfor-
mance can be significantly improved. The routines listed here perform operations on chunking
elements. Thefirst list indicates the public routines that are avail able to users and applications; the
second list indicates the private routines that are used internally by the library.

4-6

June 25, 2008



HDF Specification and Developer’s Guide

Public user routines

HMCcreate Creates a chunked element.

HMCwriteChunkWrites out the specified chunk to a chunked element.
HMCreadChunk Reads the specified chunk from a chunked element.
HMCsetMaxcacheSets the maximum number of chunks to cache.

HMCPcloseAID Closesthefile but keeps AID active (for Hnextread()).

Privatelibrary routines (internal)

HMCPstread Opensan access record for reading.

HMCPstwrite Opensan access record for writing.

HMCPseek Sets the seek position.

HMCPchunkreadReads a single chunk from a chunked element.

HMCPread Reads a more arbitrarily sized piece of datafrom a chunked element.
HMCPchunkwriteWrites out a single chunk of data to a chunked element.

HMCPwrite  Writesout amore arbitrarily sized piece of datato a chunked element.
HMCPinquire ImplementsHinguire for a chunked element.

HMCPendacess Closes a chunked element AID

HMCPinfo Returns information about a chunked element.

Compression provides for the compression of data sets. The routines listed here perform those
compression operations. The first list indicates the public routines that are available to users and
applications; the second list indicates the private routines that are used internally by the Iibrary.1

1. These are the general compression functions. Additional compression functions, specific to
each compression style, can be found in the compression style-specific modules in the source
code distribution. As of HDF Version 1.4r4, those modules included thefiles c* . c (e.g., cde-
flate.c., crle.c)inthedirectory . /hdf/src/.
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Public user routines

HCcreate Create a compressed data element

Privatelibrary routines (internal)

HCIinit coderSet the coder function pointers

HCIinit modelSet the model function pointers

HCIread headerRead the compression header info from afile

HCIstaccess Start accessing acompressed data element.

HCIwrite headerWrite the compression header infoto afile

HCPcloseAID Get rid of the compressed data element data structures
HCPdecode headerDecode the compression header info from a memory buffer
HCPencode headerEncode the compression header info to a memory buffer
HCPendaccess Close the compressed data element and free the AID
HCPinfo return info about a compressed element

HCPinquire Inquireinformation about the access record and data element.

HCPmstdio endaccess
Close the compressed data element

HCPmstdio inquire Inquireinformation about the access record and data element

HCPmstdio readRead in aportion of datafrom a compressed data element
HCPmstdio seekSeek to offset within the data element

HCPmstdio streadstart read access for compressed file

HCPmstdio stwritestart write accessfor compressed file

HCPmstdio writeWrite out a portion of data from a compressed data element

HCPquery encode_header

Query the length of compression header for a memory buffer

HCPread Read in a portion of data from a compressed data element.
HCPseek Seek to offset within the data element

HCPstread  Startread access on acompressed data element.

HCPstwrite Start write access on a compressed data element.

HCPwrite Write out a portion of data from a compressed data element.
HRPcloseAID Free memory but keep AID active

HRPconvert  Wrap an existing raster image with the special element routines.
HRPendacess Free AID

HRPinfo Return info about a compressed raster element

HRPinquire Retreive information about a compressed raster element

HRPread Read some data out of compressed raster element
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HRPseek Set the seek posn

HRPstread  Open an access record for reading
HRPstwrite  Open an access record for reading
HRPwrite Write data out to a compressed raster image

General special element routines. In addition to the routines specific to a particular type of spe-
cial element, the library provides general routines for use on any special element:

HDget special infoGetsinformation about a special element

HDset special infoResetsinformation about a specia element

Development Routines

The HDF library provides the following developer-level routines that simplify the task of writing
HDF applications. Many of these routines mirror basic C library functions which are, unfortu-
nately, not always completely portable in their library form:
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HDget tagnameReturns a pointer to a text string describing a given tag
HDgetspace Allocates space

HDfreespace Freesspace

HDclearspace Creates storage on the heap for anumber of items of the given size
HDregetspace Resizestothe new given size

HDstrcat Appends a string to the end of another string

HDstrcmp Compares two strings

HDstrncmp Compares two strings up to a given number of characters

HDstrcpy Copies a string from one location to another

HDstrncpy Copiesastring from one location to another up to a given number of charac-
ters

HDstrlen Returns the length of a string

HDstrchr Returns the position of a character within a string

HDstrrchr Returns the position of the last occurence of a character within a string
HDstrtol Convertstheinitial portion of astring to atype long int representation
HDc2fstr Converts a C string into a Fortran string using the in place approach
HDf2cstring ConvertsaFortran string to a C string

HDpackFstringConverts a C string to a Fortran string

HDflush Flushes the HDF file to disk

HDhgettagnum Returns the tag number for atext description of atag

HDgetNTdesc Returnsatext description of a number type

HDfidtoname Returns the filename that the given file identifier correspondsto

Hexist Locates an object in an HDF file
HDgetc Reads a byte from a data element
HDputc Writes a byte to a data element

Hlength Returns the length of a data element
Hoffset Getsthe offset of adataelement in afile
Htrunc Truncates a dataset to the given length
Hcache Setslow-level caching for afile

HDvalidfid Checkswhether afileidentifier isvalid

4-10
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Error Reporting

The HDF library incorporates the notion of an error stack. This alows much of the context to be
known when trying to decipher an error message.

Error reporting is handled by the following routines:

HEprint Prints out all of the errors on the error stack to a specified file

HEclear Clearsthe error stack

HERROR Reports an error and pushes the following information onto the error stack.
*Error type

*Source file name
eLine number and the name of the function reporting the error

HEreport Adds atext string to the description of the most recently reported error
(Note: only one text string per error)

HEstring Returns error description
HEpush Pushes an error onto the stack
HEvalue Returns an error off the error stack

Standard C does not enable the code inside a function to know the name of the function. There-
fore, to use the macro HERROR to report errors, there must exist a variable Func which pointsto a
string containing the name of the reporting function.

Other

The Hsync routine has been defined and implemented to synchronize a file with its image in
memory. Currently it is not very useful because the HDF software includes no buffering mecha-
nism and the two images are aways identical. Hsync will become useful when buffering is
implemented:

Hsync Synchronizes the stored version of an HDF file with the image in memory
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Chapter

Setsand Groups

5.1

5.2

Chapter Overview

This chapter discusses the roles of the following sets and groups in organizing data stored in an
HDF file:
Raster image sets (RI S)Raster image groups (RIG)

Scientific data sets (SDS)Scientific data groups (SDG)
Numeric data groups (NDG)
SDG-like NDGs

Vsets Vgroups and Vdatas
Raster-8 sets (obsolete)

This chapter introduces several tags used in support of setsand groups. All of these tags are fully
described in Chapter 9, Tag Specifications, and are listed in the table in Appendix A, Tags and
Extended Tag Labels.

Data Sets

HDF files frequently contain several closely related data objects. Taken together, these objects
form a data set which serves a particular user requirement. For example, five or six data objects
might be used to describe araster image; eight or more data objects might be used to describe the
results of a scientific experiment.

The HDF mechanism for specifying and controlling data sets is the group. The data element of a
group consists of a single record listing the tag/refs for all the objects contained in the data set.
For example, the raster image groups described in the following sections each contain three tag/
refsthat point to three data objects that, taken as a set, fully describe an 8-bit raster image.

5.2.1 Typesof Sets
The current HDF implementation supports three kinds of sets:

Raster image setA set containing a raster image and descriptive information such as the
image dimensions and an optional color lookup table

Scientific data setA set containing a multidimensional array and information describing the
datain the array

V set A general grouping structure containing any kinds of HDF objectsthat a user
wishes to include
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Each HDF set is defined with a minimum collection of data objects that will make sense when the
set isused. For example, every raster image set must contain at least the following data objects:

Raster image groupThelist of the members of the set
Image dimension recordThe width, height, and pixel size of the raster image
Raster image dataThe pixel values that make up the image

In addition to the required objects, a set may include optional data objects. An 8-bit raster image
set, for instance, often contains a palette, or color lookup table, which defines the red, green, and
blue values associated with each pixel in the raster image.

5.2.2 Calling Interfacesfor Sets

NCSA provides calling interfaces for al the HDF sets that it supports. These interfaces provide
routines for reading and writing the data associated with each set. The libraries currently sup-
ported by NCSA are callable from either C or FORTRAN programs.

In addition to the libraries, a growing number of command-line utilities are available to manipu-
late sets. For example, a utility called retohdf converts one or more raw raster imagesto HDF 8-
bit raster image set format.

The calling interfaces are described in the document NCSA HDF Calling Interfaces and Utilities
for Versions 3.2 and earlier and in the HDF User's Guide and HDF Reference Manual for Ver-
sions 3.3 and 4.x.

Groups

As discussed above, HDF data objects are frequently associated as sets. But without some
explicit identifying mechanism, there is often no way to tie them together. To address this prob-
lem, HDF provides agrouping mechanism called agroup. A group isadata object that explicitly
identifies all of the data objectsin a set.

Since agroup isjust another type of dataobject, its structureislike that of any other data object; it
includes a DD and a data element. But instead of containing the pixel values for araster image or
the dimensions of an array, a group data element contains alist of tag/refs for the data objects that
make up the corresponding set.

A group tag can be defined for any set. For instance, the raster image group tag (DFTAG RIG) iS
used to identify members of raster image sets; the RIG data element lists the tag/refs for a particu-
lar raster image set.

An Example

Suppose that the two images shown in Figure 2f, "Physical Representation of Data Objects,” are
organized into two sets with group tags. Since they are raster images, they may be stored as RIGs.
Figure 5a, "Physical Organization of Sample RIG Groupings,” illustrates the use of RIGs with
these images.

5-2
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FIGURE 5a

Physical Organization of Sample RIG Groupings

Offset Item Contents
0 FH 0e031301 (HDF magic number)
4 DDH 10 OL
10 DD DFTAG FID 1 130 4
22 DD DFTAG FD 1 134 41
34 DD DFTAG LUT 1 175 768
46 DD DFTAG ID 1 943 4
58 DD DFTAG RI 1 947 240000
70 DD DFTAG ID 2 240947 4
82 DD DFTAG RI 2 240951 240000
94 DD DFTAG RIG 1 480951 12
106 DD DFTAG RIG 2 480963 12
118 DD DFTAG_NULL (Empty)
130 Data sw3
134 Data solar wind simulation: third try. 8/8/88
175 Data (Data for image palette)
943 Data 400, 600 ... (Data for 1st image dimension record)
947 Data (Data for 1st raster image)
240047 Data 400, 600 ... (Data for 2nd image dimension record)
240951 Data (Data for 2nd raster image)
480951 Data DFTAG IP8/1, DFTAG ID/1, DFTAG RI/1

(Tag/refs for 1st RIG)

480963 Data DFTAG IP8/1, DFTAG ID/2, DFTAG RI/2

(Tag/refs for 2nd RIG)

Thefile depicted in this figure contains the same raster image information as the file in Figure 2f,
"Physical Representation of Data Objects,” but the information is organized into two sets. Note
that there is only one palette (pFTac_1ps/1) and that it isincluded in both groups.

5.3.1 General Features of Groups

Figure 5a, "Physical Organization of Sample RIG Groupings,” also illustrates a number of impor-
tant general features of groups:

» The contents of agroup must be consistent with one another. Since the palette (DFTAG 1P8)

is designed for use with 8-bit images, the image must be an 8-bit image.
» An application program can easily process all of the images in the file by accessing the

groups in the file. The non-RIG information in the example can be used or ignored, depend-
ing on the needs and capahilities of the application program.

» Thereisusually more than one way to group sets. For example, an extra copy of the image
palette (DFTAG_1P8) could have been stored in the file so that each grouping would have its
own image palette. That is not necessary in this instance because the same palette is to be

used with both images. On the other hand, there are two image dimension records in this

example, even though one would suffice.

June 25, 2008
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» Group status does not alter the fundamental role of an HDF object; itisstill accessible asan
individual data object despite the fact that it also belongsto alarger set.

» A group provides an index of the members of a set. There is nothing to prevent the imposi-
tion of other groupings (indexes) that provide a different view of the same collection of data
objects. In fact, HDF is designed to encourage the addition of alternate views.

The following sections formally describe raster image sets (RIS), scientific data sets (SDS), Vsets,
and severa related groups. The last section of this chapter discusses an obsolete structure known
astheraster-8 set.

Raster Image Sets (RI1YS)

The raster image set (RIS) provides a framework for storing images and any number of optional
image descriptors. An RIS always contains a description of the image data layout and the image
data. It may also contain color look-up tables, aspect ratio information, color correction informa-
tion, associated matte or other overlay information, and any other data related to the display of the
image.

5.4.1 Raster Image Groups (RIG)

Tying everything together is the raster image group (RIG, see Figure 5a, "Physical Organization of
Sample RIG Groupings," and the related discussion for an example). An RIG contains a list of
tag/refs that point in turn to the data objects that make up and describe the image.

The number of entries in an RIG is variable and most of the descriptive information is optional.
Complex applications may include references to image-modifying data, such as the color table
and aspect ratio, along with the reference to the image data itself. Simple applications may use
simple application-level calls and ignore specialized video production or film color correction
parameters.

NCSA currently supports two RIG calling interfaces. RIS8 and RIS24. These interfaces are
described in the document NCSA HDF Calling Interfaces and Utilitiesfor Versions 3.2 and earlier
and in the HDF User's Guide and HDF Reference Manual for Versions 3.3 and 4.x.

542 RISTags
RIS implementations must fully support al of the tags presented in Table 5a.

TABLE 5a RIS Tags
Tag Contents of Data Element
DFTAG RIG Raster image group
DFTAG ID Image dimension record
DFTAG RI Raster image data
With these tags, images can be stored and read from HDF files at any bit depth, with several dif-
ferent component ordering schemes. Asiillustrated in Figure 5b, the RIG tag points to the collec-
tion of tag/refs that fully describe the RIS. The data element attached to the tag DFTaG 1D
specifies the dimensions of the image, the number type of the elements that make up its pixels, the
number of elements per pixel, the interlace scheme used, and the compression scheme used, if
any. The data element attached to the tag DFTAG RI containsthe actual raster image data.
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FIGURE 5b RIS Tags

DD List (tag/ref): |RI,G/1 | ID/1 | RI/1 |

"Data:"

[200 x 300, etc.

ID/1| rRI/1| 1P/1

The tags listed in Table 5c identify optional RIS information such as color properties and aspect
ratio. Note that the RI interface supports only DFTAG LUT at this time; the other tags in Table 5¢
are defined but the interfaces have not been implemented.

TABLE 5¢ Optional RIS Tags
Tag Contents of Data Element

DFTAG XYP XY position of image
DFTAG LD L ook-up table dimension record
DFTAG LUT Color look-up table for non true-color images
DFTAG MD Matte channel dimension record
DFTAG MA Matte channel data
DFTAG CCN Color correction factors
DFTAG CFM Color format designation
DFTAG AR Aspect ratio
DFTAG MTO Machine-type override

Figure 5d illustrates the structure of an RIS that contains an image palette (DFTAG _1P8).
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FIGURE 5d

5.5

RIS Tagsfor Sets Containing a Palette

DD List (tag/ref): [rRig/1 | 1p/2 | RI/1 [1P8/1 |

"Data:"

[200 x 300, etc.

ID/1| RI/1| 1P8/1 = = —

5.4.3 Raster Image Compression

HDF currently supports the following raster image compression tags:
DFTAG RLE Run-length encoding
DFTAG IMCOMP Aerial averaging
DFTAG JPEG JPEG compression

RIG support does not require support for all compression tags. Be sure to provide a suitable error
message to the user when an unknown compression tag is encountered.

Since new forms of data compression can be added to HDF raster images, incompatibilities can
arise between old libraries and files created by newer libraries. For example, HDF Versions 3.3
and later include JPEG compression for images. A JPEG-compressed raster image in afile cre-
ated by an HDF Version 4.1 library cannot be read by an HDF Version 3.2 library.

Scientific Data Sets

The scientific data set (SDS) provides a framework for storing multidimensional arrays of data
with descriptive information that enhances the data. Current specifications support the following
types of numbersin SDS arrays.

 8-hit, 16-bit, and 32-bit signed and unsigned integers
 32-bit and 64-bit floating point numbers
Data in an SDS can be stored either as two's complement big endian integers, as IEEE Standard

floating point numbers, or in native mode, the format used by the machine from which they were
written.

The user interface for storing and retrieving SDSsis fully described in the document NCSA HDF
Calling Interfaces and Utilities for Versions 3.2 and earlier and in the HDF User's Guide and
HDF Reference Manual for Versions 3.3 and 4.x.

5-6
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5.5.1 Backward and Forward Compatibility

One of NCSA's concerns in HDF development is always to maximize backward and forward
compatibility; as much as possible, any application written to use HDF should be able to read data
files written with an older or a newer version of the libraries. To maximize this compatibility,
NCSA had to consider the following factors in upgrading the SDS capabilities:

 Support for future variations (e.g., new number types, data compression, and new physical
arrangements for SDS storage)

» Older versions of the library should be able to read new datafiles if the dataitself can be
interpreted by the older version. To do so, the older version must be able to determine
whether the datain a given data object will be comprehensibletoit. For example, if anewly
created file contains 32-bit | EEE floating point or Cray floating point data objects, older
versions of the library should be able determine that fact then read and interpret the data.

» New libraries must be able to read and interpret files created by older versions.

Unfortunately, such compatibility concerns yield an SDS structure somewhat more complex than
would otherwise be the case. Two examplesillustrate the problem:

» HDF 3.2 development had to accommodate the fact that HDF Version 3.1 and previous ver-
sionsonly supported 32-bit | EEE floating-point numbers and Cray floating point numbersin
SDSs. SDSsin HDF versions since Version 3.2 support 8-bit, 16-bit, and 32-bit signed and
unsigned integers, 32-bit and 64-bit floating-point numbers, and the local machine format
(native mode) for al supported architectures.

» HDF 3.3 includes support for the netCDF data model, which involved the creation of an
entire new structure for supporting netCDF objects, based on Vgroups and Vdatas. At the
sametime, agoal of HDF 3.3 was to harmonize the SDS and the netCDF data model, which
was best accomplished by storing SDS objects in the same way that netCDF objects are
stored. In order to maintain backward compatibility, two structures had to be created for
every SDS or netCDF object: one that could be recognized by older HDF libraries, and the
new structure.

In the following sections we describe how the first problem was solved. A later issue of this man-
ual will describe how the second problem was addressed.

5.5.2 Internal Sructures

The SDS capability was substantially enhanced for HDF Version 3.2. Previous versions
employed a structure known as a scientific data group (SDG); Version 3.2 and subsequent ver-
sions use the numeric data group (NDG). To accommodate the enhanced structure and to remain
compatible with previous releases, the current HDF library supports the following scientific and
numerical data groups:

SDGs Created by old libraries and containing 32-bit IEEE and Cray floating-point data.

NDGs Created by the newer libraries (Version 3.2 and later) and containing any acceptable
floating-point or non-floating-point data. This data group will not be recognized by
old libraries.

The NDG structure supports 8-bit, 16-bit, and 32-hit signed and unsigned integers,
and 32-hit and 64-bit floating-point numbers. It also supports native mode, data sets
written to HDF files in the local machine format.

SDG-like NDGs

Created by the new library and containing | EEE 32-bit floating-point data only. The
old libraries will recognize and interpret these numerical data groups correctly.
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The following sections describe the SDG, NDG, and SDG-like NDG structures.

5.5.3 SDG Structures
SDGs must contain at least the data objects listed in Table 5Se.

TABLE 5e Required SDG Tags
Tag Contents of Data Element
DFTAG SDG Scientific data group.
DFTAG SDD Dimension record for array-stored data. Includes the rank (number of dimensions), the size of
each dimension, and the tag/refs representing the number type of the array data and of each
dimension.
All SDG number types are 32-hit | EEE floating-point.
DFTAG SD Scientific data.
In addition to the required data objects listed above, SDGs may contain any of the objectslisted in
Table 5f. Note that the optional data objects are the same for SDGs, NDGs, and SDG-like NDGs,
the only differences are the number types that may be used.
TABLE 5f Optional SDG, NDG, and SDG-like NDG Tags

Tag Contents of Data Element

DFTAG SDS Scales of the different dimensions. To be used when interpreting or displaying the data (32-bit
floating point numbers only for SDGs and SDG-like NDGSs).

DFTAG SDL Labelsfor al dimensions and for the data. Each of the dimension labels can be interpreted as
an independent variable; the data label is the dependent variable.

DFTAG SDU Unitsfor all dimensions and for the data.

DFTAG SDF Format specifications to be used when displaying values of the data.

DFTAG SDM Maximum and minimum values of the data. (32-bit floating point numbers only for SDGs and
SDG-like NDGs.)

DFTAG SDC Coordinate system to be used when interpreting or displaying the data.

Asillustrated in Figure 5g, the SDG tag points to the collection of tag/refs that define the SDG
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FIGURE 5¢g SDG Sructure
DD list (tag/ref)
|SDG/1 | SDD/1 | SD/1 SDM/1
Data
. / // /
/ / ///// // // . //%%
/// W // %//// //7//?/
///% //
%////// e
5.54 NDG Structures
NDGs must contain at least the data objects listed in Table 5h
TABLE 5h Required NDG Tags

Tag Contents of Data Element
DFTAG NDG Numerical data group.
DFTAG SDD Dimension record for array-stored data. Includes the rank (number of dimensions), the size of

each dimension, and the tag/refs representing the number types of the data and of each dimension.
In HDF 3.2, the number types of dimension scales must be the same as that of the array-stored
data. Later implementations allow dimension scales to be typed separately.

DFTAG SD Scientific data.

DFTAG NT Number type of the data set. Default is the most recent DFSDsetNT () setting. If DFSD-
setNT () hasnot been called, the default will be 32-bit IEEE floating-point.

In addition to these required data objects, an NDG may contain any of the data objects listed in
Table 5f, "Optional SDG NDG, and SDG-like NDG Tags," on page 8.

Asillustrated in Figure 5i, the basic NDG and SDG structures are identical. The first clue to the
difference is that the NDG tag replaces the SDG tag. Thisisaflag to prevent older libraries from
stumbling over the more important difference; the NDG data element can accommodate data that
pre-Version 3.2 libraries cannot interpret. The new tag ensures that older libraries will not recog-
nize the data object and thus will not try to interpret the new data types. For example, NDG data
can include number types or a data compression scheme that a pre-Version 3.2 library will not rec-
ognize.
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FIGURE 5i NDG Sructure
DD list (tag/ref)
| NDG/1 | SDD/1 | Sb/1 SDM/1
Data
5.5.5 SDG-likeNDG Structures
Aswe have said earlier,
» SDGs, the SDS grouping structure available prior to HDF Version 3.2, could include only
32-hit floating point and Cray floating point numbers.
» NDGs, available since Version 3.2, can include 8-bit, 16-bit, and 32-bit signed and unsigned
integers, and 32-hit and 64-hit floating point numbers.
» SDG-like NDGs, also available since Version 3.2, distinguish SDSs that can still be read by
the older versions of the library.
This backward compatibility is achieved by examining every SDSthat iswritten to an HDF file. If
the SDS is compatible with older libraries, it is written to the file with both SDG and NDG struc-
tures. If it is not compatible with older libraries, only the NDG structureis used.
Table 5j lists the abjects that SDG-like NDGs must contain.
TABLE 5 Required SDG-like NDG Tags

Tag Contents of Data Element

DFTAG NDG Numerical data group.

DFTAG SDG Scientific data group.

DFTAG SDLNK The NDG and SDG linked to the scientific data set in this group.

DFTAG SDD Dimension record for array-stored data. Includes the rank (number of dimensions), the size of
e_ach dimension, and the tag/refs representing the number types of the data and of each dimen-
|5|n02r-] SDG-like NDG, the number types are all 32-bit |EEE floating-point.

DFTAG SD Scientific data.

SDG-like NDGs can include the same optional data objects as described for SDGs and NDGs in
Table 5f, "Optional SDG NDG, and SDG-like NDG Tags," on page 8.
Figure 5k illustrates the SDG-like NDG structure.
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FIGURE 5k

SDG-like NDG Structure

DD List (tag/ref)

|SDG/1 | NDG/1 SDLNK/1 SDD/ll SD/|l SDM/ 1

Data

—

2

1 iy // 9 7
%/7////////7/’% /&/é : - — A //}}%% /%/2/& _ . / ////////%

.

%

5.5.6 Compatibility with Future NDG Structures

Future HDF releases will probably support additional optional SDS features. These features will
fall into the following categories:

Optional and compatible features

Optional features that are compatible with older HDF versions even though they may
not be supported in the older libraries.

For example, a new time stamp attribute might be added. The time stamp would not be
understood by older libraries, but it would not render them unable to read the SDS data
either

Optional and incompatible features
Optional new features that may render the data unreadable by older HDF libraries.

For example, a compression attribute could be added. Older HDF libraries that contain
no compression routines would not be able to read the compressed data.

A tag numbering convention has been developed to address this problem:
Required tags

These tags are listed in Table 5e, "Required SDG Tags," on page 8; Table 5h, "Required
NDG Tags," on page 9; and Table 5j, "Required SDG-like NDG Tags," on page 10. All
SDSs must contain all of thetagsin at least one of these sets. (See Chapter 9, "Tag Spec-
ifications,” for the assigned tag numbers.)

Optional-incompatible tags

Tags for new SDS features that might render the data set unreadable by older libraries
are each assigned a number t that fallsin a specia range determined by the constants
DFTAG_EREQ and DFTAG BREQ. That is, £ must have a value such that DFTAG EREQ < t
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< DFTAG BREQ. When old software encounters atag in this range that it is not able to
interpret, it should not process the group.

Optional-compatibletags

These tags can have any valid tag number not allocated to one of the other two catego-
ries.

Vsets, Vdatas, and Vgroups

Vsets, Vdatas, and Vgroups enable users to create their own grouping structures.  Unlike RIGs,
SDGs, and NDGs, HDF imposes no required structure; they are implemented almost entirely at
the user level and are not specified in detail in HDF or in this document.® The only specifications
define DFTAG vG DFTAG VH, and DFTAG vs and the formats of their respective data elements. A
detailed discussion similar to that for the other grouping structures is, therefore, inappropriate
here. Detailed information regarding the DFTAG vG DFTAG VH, and DFTAG VS tags can be found in
Chapter 9, "Tag Specifications." Conceptual and usage information can be found in the document
NCSA HDF Vset Version 2.0 for HDF Versions 3.2 and earlier and in the HDF User's Guide and
the HDF Reference Manual for HDF Versions 3.3 and 4.x.

FIGURE 5l

text

[llustration of a Vset

vgroup

March 15,

with k=10.0, beta=1.22e3.
Calculate the magnitude ...

1990. Simulation

palette

raster images 3D mesh

An HDF Vset can contain any logical grouping of HDF data objects within an HDF file. Vsets
resemble the UNIX file system in that they impose abasically hierarchical structure but also allow
cross-linked data objects. Unlike SDSs and RISs, V sets have no prespecified content or structure;

1. Specidistsin various fields are developing application program interfaces (APIs) that are
becoming accepted standard interfaces within their fields. Since these APIsareimplemented with
high level HDF functionality and using the standard HDF user interface, they are user-level appli-
cations from the HDF development team's point of view. From the final enduser's point of view,
however, these APIs create a new level of user interface. When necessary, technical specifica-
tions for these APIs and the associated interfaces will be presented by the specialized devel opers.
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users can use them to create structural relationships among HDF objects according to their needs.
Figure 5l illustrates a V set.

A Vsetisidentified by aVgroup, an HDF object that contains information about the members of
the Vset. The tag prrac_va identifies the V group which contains the tag/refs of its members, an
optional user-specified name, an optional user-specified class, and fields that enable the Vgroup to
be extended to contain more information.

The only required Vgroup tag is the tag that defines the Vgroup itself.

TABLE 5m

5.7

TheVgroup Tag

Tag Contents of Data Element

DFTAG VG Vgroup

Vgroups are fully described in the document NCSA HDF Vset, Version 2.0 for Versions 3.2 and
earlier and in the HDF User's Guide and HDF Reference Manual for Versions 3.3 and 4.x.

The Raster-8 Set (Obsolete)

Current HDF versions use the raster image set (RIS) to manage raster images. But before the RIS
was implemented, a simpler, less flexible set called the raster-8 set was used for storing 8-bit ras-
ter images. This set is no longer supported in the HDF software, although it may turn up in some
older HDF files.!

5.7.1 Raster-8 Sets

Theraster-8 set is defined by a set of tags that provide the basic information necessary to store 8-
bit raster images and display them accurately without requiring the user to supply dimensions or
color information. The raster-8 set tags are listed in Table 5n.

TABLE 5n

Raster-8 Set Tags

Tag Contents of Data Element

DFTAG RIS8 8-bit raster image data

DFTAG CIS8 8-hit raster image data compressed with run-length encoding
DFTAG II8 IMCOMP compressed image data

DFTAG ID8 Image dimension record

DFTAG IP8 Image palette data

Software that does not support DFTAG CI8 Or DFTAG II8 must provide appropriate error indica
tors to higher layers that might expect to find these tags.

5.7.2 Compatibility Between Raster-8 and Raster mage Sets

To maintain backward compatibility with raster-8 sets, the RIS interface stores tag/refs for both
types of sets. For example, if an image is stored as part of a raster image set, there is one copy
each of the image dimension data, the image data, and the palette data. But there were two sets of

1. Infact, during the first three years that RIS was used, the HDF software stored raster imagesin
both RIS and raster-8 sets.
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tag/refs pointing to each data element: one for the RIS and one for the raster-8 set. The image data,

for example, is associated with the tags DFTAG RI8 and DFTAG RI.

‘ Note: Raster-8 set support will not be maintained in future HDF releases.

Note that future HDF releases will phase out support for the raster-8 set. Therefore, new software
should not expect to find both raster-8 and RIS structures supporting 8-bit raster images. Eventu-

ally, only RIS structures will be supported.

Deleted information from " Vsets, Vdatas, and Vgroups.”

A table structure known as a Vdata is often used as a data object in connection with Vsets. The
datain aVdatais organized into fields. Each field isidentified by a unique fieldname. The type of
each field may be any of the data types supported by the SDS interface: 8-, 16-, and 32-bit inte-
gers (signed or unsigned), and 32- and 64-hit floating point numbers. Several fields of different

types may exist within aVdata.

The use of Vdatas requires two tags, DFTAG_vs and DFTAG VH, listed in Table 50. The flexibility

of the Vgroup structure allows the use of any HDF tag.

TABLE 50 Optional Vgroup Tags

Tag Contents of Data Element

DFTAG VS Vdata.

DFTAG VH Vdata description.

Any HDF tag The flexibility of the VVgroup structure alows the optional use of any HDF tag.
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Annotations

6.1

6.2

Chapter Overview

This chapter introduces annotations, HDF data objects used to annotate HDF files and objects.

The tags introduced in this chapter are fully described in Chapter 9, "Tag Specifications," and are
listed in the tablein Appendix A, "Tags and Extended Tag Labels."

General Description

It is often useful to attach atext annotation to an HDF file or its contents and to store that annota-
tion in the same HDF file. HDF provides this capability in two ways: through the annotation data
object and by the assignment of attributes. This chapter discusses annotations.

The data element of an annotation is a sequence of ASCII characters that can be associated with
any of three types of objects:

» Thefileitsdf

* Anindividual HDF data object in thefile

A tagthat identifies a data element
The current annotation interface supports only the first two.
Annotations come in two forms:

L abel A short, NULL-terminated string. Labels may include no embedded
NULLs.

Description A longer and more complex body of text of a pre-defined length. Descrip-
tions may contain embedded NULLs.

Annotations are never required; they are used strictly at the discretion of the creator or user of an
HDF file.

Table 6a shows the currently defined annotation types and their assigned tags.

TABLE 6a

Annotation Tags

Label Types Description Types
File annotations DFTAG FID DFTAG FD
Object annotations DFTAG DIL DFTAG DIA
Tag annotations DFTAG TID DFTAG TD
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6.3

6.4

The annotation interface is fully described in the document NCSA HDF Calling Interfaces and
Utilities for Versions 3.2 and earlier and in the HDF User’s Guide and HDF Reference Manual
for Versions 3.3 and 4.x.

File Annotations

Any HDF file can include label annotations (prTac FID) and/or description annotations
(orTac_FD). The file annotation interface routines provided in the HDF software read and write
file labels and file descriptions.

Object Annotations

HDF data object annotation is complicated by the fact that you must uniquely identify the object
being annotated. Since a tag/ref uniquely identifies a data object, the data object that a particular
annotation refers to can be identified by storing the object's tag and reference number with the
annotation.

Note that an HDF annotation isitself adata object, so it hasitsown DD. This DD has atag/ref that
points to the data el ement containing the annotation. The annotation data element contains the fol-
lowing information:

» Thetag of the annotated object
» Thereference number of the annotated object
» The annotation itself
For example, suppose you have an HDF file that contains three scientific data sets (SDSs). Each

SDS has its own DD consisting of the SDStag prTAG NDG and a unique reference number, as
illustrated in Figure 6a.

FIGURE 6a Three SDS Tag/refs
Tag : Ref
DFTAG_NDG 2 e B
o
o
DFTAG_NDG 4 e B
o
o
DFTAG_NDG 9 -
o
Suppose you wish to attach the following annotation to the second SDS:
Data from black hole experiment 8/18/87.
This text will be stored in a description annotation data object. The data element will include the
tag/ref, DFTAG NDG/4, and the annotation itself. Figure 6b illustrates the annotation data object.
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FIGURE 6b Sample Annotation Data Object
Annotation DD
DFTAG DIA 2
DFTAG_NDG 4 Data from black hole experiment 8/18/87
Tag Ref Description

Getting Reference Numbersfor Object Annotations

To use annotation routines, you need to know the tags and reference numbers of the objects you
wish to annotate.

The following routines return the most recent reference number used in either reading or writing
the specified type of data object:

DFSDlastref SDS dataobjects
DFR8lastref RIS dataobjects
DFPlastref Palettes
DFANlastref Annotations

Reference numbers for other objects can be obtained with the routine Hf indnextref, a low
level HDF routine that searches an HDF file sequentially for reference numbers associated with a
given tag.

These routines are described in the document NCSA HDF Calling Interfaces and Utilities for
Versions 3.2 and earlier and in the HDF User’s Guide and HDF Reference Manual for Versions
3.3and 4.x.
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Chapter

Scientific Data Sets:

The SD Model

7.1 Chapter Overview

1.2

This chapter provides functional descriptions of the SD User’s Model, the SD Developer’s Model,
and the HDF file structures used to represent these models.

Standard UML notation is used extensively in the formal data model descriptions.

Section 7.2, "UML Notation and Object Symbolsin HDF Data Model Descriptions,”
describes the relevant UML elements.

Section 7.3, "Introduction to the SD Model," introduces the HDF SD model.

Section 7.4, "The SD User’s Model," and Section 7.5, "The SD Developer’s Model," pro-
vide more details, introducing the SD User’s Model as an intermediate step, and presenting
the formal data model required to implement the SD Developer’s Model.

Section 7.6, "Mapping between SD Developer's Model and HDF File Structures,” and
Section 7.7, "SDS Memory Structures and Storage Layout," map the elements of the SD
Developer’s Model to HDF file structures and provide a detailed description of those mem-
ory structures and the storage layout in thefile.

Section 7.8, "Library Implementation Details with Example File and SDS," illustrates the
HDF library implementation of the SD model.

UML Notation! and Object Symbolsin HDF Data M odel
Descriptions

Many of the figures in this chapter and in Chapter 8, General Raster Images: The GR Model,
employ UML notation (Unified Modeling Language notation) to show object relationships. The
symbols and the relationships they describe areillustrated in Figure 7a. Note that UML can repre-
sent other objects and relationships as well; this discussion, Figure 7a, and Figure 7b present only
what isrequired for this chapter.

FIGURE 7a

UML symbolsand interpretationsasused in formal HDF data model descriptions

An HDF object is represented as arectangle.

A

Associations or relationships among object instances are indicated by arrows. N

A diamond indicates the aggregation association, i.e., the a part of relationship. 'S

1. For acondensed description of UML, see UML Distilled: Applying the Sandard Object
Modeling Language, Martin Fowler with Kendall Scott, Addison-Wesley, 1997.
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An HDF object is represented as arectangle.

Object D is part of object B.
Object B is composed of object D. B

A 4
O

The numbers at either end of the arrow indicate the multiplicity of associations.
N exactly N —>

0..N zerouptoN
B
Ak
C
For example, the following statements describe the dia-

0..* Zero or more
gram at theright: A
» Object A is composed of exactly one object B.
» Object B isassociated with exactly N objects of type A.

Object A includes exactly one of objects B or C.

The figures that make up the formal definition of the data model, such as Figure 7f, "SD User’s
Model -- The SD Model from the User’s Point of View," or Figure 7h, "SD Developer’s Model --
The SD Model from the Developer’s Point of View," use the above UML notation rigorously.

Figures that are intended to informally illustrate points of discussion, such as Figure 7e, "A sam-
ple user’'s view of the SD model," or that illustrate the file layout, such as Figure 70, "SDS View
of the HDF File Structure," often use only a subset of the UML notation and treat the relationships
lessrigorously.

The formal data model discussions also include formal object descriptions clearly delineating the
types of HDF objects and their attributes. The layout of these object descriptions isillustrated in
Figure 7b.

FIGURE 7b Formal object descriptions
attribute Object name
name
type Object attributes. characteristics specified
data at creation time by the user or the library
In object description figures, e.g.Figure 7i, "SD Developer’s Model Objects," the top line speci-
fies the name of the aobject. The entries immediately below the first horizontal bar list object
attributes that are specified by either the user or the library when the object is created.
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7.3

Introduction to the SD M od€l

An HDF file may contain many elements, including scientific data sets (SDSs, the subject of this
chapter), general raster images (GRs), groups of HDF objects, images, pal ettes, annotations, etc.
Figure 7c provides a high-level illustration of one potential HDF file.

FIGURE 7c

An HDF file may contain several objects and object collections

HDF4 file

0..* 0..* 0..*

SDS image other object

A scientific data set, or SDS, is an HDF data structure used to store a multidimensional array of
scientific data and the supporting metadata. An SDS is stored in a group of HDF objects collec-
tively known as an SD collection. A file may contain only one SD collection; an SD collection
may contain several SDSs. Chapter 3, “ Scientific Data Sets (SD API),” in the HDF User's Guide
describes the SD model, in terms of required and optional components that comprise a scientific
data set, and the SD interface routines provided by the HDF library to create and access SDSsin
thefile.

When a file is opened with the SD interface, also called the SD API, only the SD collection is
available A file opened with the SD interface should therefore be thought of in terms of Figure 7d.
Other objects in the file are unavailable through the SD interface; they can, however, be accessed
through other interfaces, e.g., the H, V, and SD interfaces.

FIGURE 7d

An HDF file opened with the SD interface

HDF4file

a

o...a/ 0.*

SD collection other objects
(invisible to the application)

|

» When afileis opened with the SD interface, only the SD collection is available (cir-
cled abovein blue; grey if medium is black-and-white). Other objectsin thefile are
unavailable to the application.

* An SD collection may contain zero or more SDSs.

This chapter introduces two formal data models. The first version of the model, caled the SD
User's Model and illustrated in Figure 7f, formally describes the concepts introduced in Chapter 3
of the HDF User's Guide. The second model, called the SD Developer's Model or the Internal SD
Model and illustrated in Figure 7h, is a generalization of the SD User's Model that reflects the
technical implementation and the integration of the NetCDF data model into HDF. These mode