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Preface

About This Document

This document is intended to serve as both a user's guide and reference manual for the Common Data Format (CDF).
As such, it provides a primer for introducing the novice reader to the concepts of CDF as well as a reference manual for
the advanced user'. However, it does not serve as a cookbook for the proper methods of designing a CDF.

The very first questions usually asked by a reader are: What is CDF? How is CDF used?, and How is CDF useful for
me? Although the reader will find the answers to these questions in this document, we provide here a brief description
of the conceptual basis of CDF in order to provide a proper perspective when reading the remainder of this document.

What is CDF?

CDF, in its most basic terms, is a conceptual data abstraction for storing, manipulating, and accessing multidimensional
data sets. We refer to CDF as a data abstraction because we never discuss the actual physical format in which data sets
are stored. Instead, we describe the form of the data sets and the means (interface) by which they may be manipulated.
This important difference from traditional physical file formats is reflected in the orientation of the document toward
defining form and function as opposed to a specification of the bits and bytes in an actual physical format. It is
important to state here that the use of a data abstraction in no way inhibits access to physical data or necessarily makes
such access inefficient. It merely provides a way of generalizing the data model and makes possible the specification of
a uniform interface for manipulation of a data set. The data abstraction allows future extensibility and provides for
conceptual simplicity while isolating machine and device dependence.

The contents of a CDF fall into two categories. The first is a series of records comprising a collection of variables
consisting of scalars, vectors, and n-dimensional arrays. The second is a set of attribute entries (metadata) describing
the CDF in global terms or specifically for a single variable. This dual function of CDF is what provides its "data set
independence." Both the metadata (attributes) and the data objects (variables) are combined into an integrated data set.
An important element of the CDF conceptual data abstraction is the "virtual" dimensional layer that allows data objects
that share a subset of the overall CDF dimensionality to be projected into the full dimensional space. This capability is
made available through the use of logical dimensional variances that indicate the subset of CDF dimensions that are
applicable.

How is CDF Used?

The origins of CDF date back to the development of the NASA Climate Data System at the National Space Science
Data Center (NSSDC). As such, it has had three main requirements driving its development.

1. Facilitate ingestion of data sets and data products into CDF.
2. Utilize standard common terminology (metadata) to describe the data sets.
3. Development of higher-level applications (e.g., NSSDC Graphics System [NGS]).

' Programming reference manuals for C and Fortran users are provided as separate documents.



The above requirements imply two classes of users for CDF. One user class performs primarily data acquisition and is
mainly involved in designing CDFs and the associated science metadata. The other user class builds high-level
applications interacting with CDF at the programming level. CDF has two levels of access: one is through the
programming interface layer and the other is through a high-level toolkit written using the programming interface layer.

The toolkit provides a suite of utilities for creating, browsing, and modifying CDF files as well as exporting or
importing CDF data to/from a regular text file or an eXtensible Markup Language (XML) file. These are very useful
for architect ring a CDF and describing the metadata without using the programming level interfaces. The browsing
tools allow a quick look at CDF data sets and aid in CDF validation.

The CDF library comes with C, Java and Fortran Application programming Interfaces (APIs), and the APIs provide the
essential framework on which graphical and data analysis packages can be created. Perl APIs are also available as an
optional package for those who wish to develop CDF applications in Perl. The CDF library allows developers of CDF-
based systems to easily create applications that permit users to slice data across multidimensional subspaces, access
entire structures of data, perform subsampling of data, and access one data element independently regardless of its
relationship to any other data element. CDF data sets are portable on any of the CDF-supported platforms. These
currently include VAX (OpenVMS and POSIX shell), Sun (SunOS & Solaris), DECstation (ULTRIX), DEC Alpha
(OSF/1 or Tru64 & OpenVMS), Silicon Graphics Iris and Power Series (IRIX), IBM RS6000 series (AIX), HP 9000
series (HP-UX), NeXT (Mach), PC (DOS, Windows 3.x, Windows NT/95/98/2000/XP, Linux, Cygwin & MinGW),
and Macintosh (Mac OS X or Linux). If you need to run the CDF library on an operating system that’s not mentioned
above, please contact the CDF support office at gsfc-cdf-support@lists.nasa.gov.

CDF is supported by commercial and open source data analysis/visualization software such as IDL, MATLAB, and
IBM’s Data Explorer (XP). For those who are familiar with a language like IDL or MATLAB can easily create
sophisticated plots from CDF files instead of writing a lengthy program in C, Fortran, or Java.

Compatibility with Previous CDF Releases

One of the CDF 3.0 requirements was an ability to create files bigger than 2G bytes. This requirement necessitated a
change in the internal file structure since the 32-bit file offset had to be changed to a 64-bit file offset. As a result, CDF
2.7.2 or earlier won’t be able to read CDF files that are created with CDF 3.0 or a later version. However, CDF 3.* can
read files that are created with any of the previous CDF releases. If one is concerned about using CDF 3.0 or a later
version due to the file compatibility problem with previous releases, one can create files in the CDF 2.7 format
(optional) with CDF 3.*%. The Backward File Compatibility with CDF 2.7 section of the CDF C Reference Manual or
Fortran Reference Manual describes how to create files that can be read by CDF 2.7.2 or earlier, or IDL 6.2 or earlier.
IDL 6.3 can read files created by CDF 3.0 or a later version. If a file is created in the CDF 2.7 format using the CDF
3.0 library or a later version, the maximum file size is 2G bytes.

Note: To minimize the scope of the coding changes as well as make the code functioning on both 32/64-bit machines
when the 2G file size barrier is lift for V3.*, the maximum record number for each variable in a CDF stays the same as
the previous versions. It is dictated by the 32-bit integer for the record counter, a 2G itself.

Checksum

To ensure the data integrity in a CDF file, the checksum option has been added to the CDF Version 3.2. This is a form
of redundancy check, a very simple measure for protecting the integrity of data by detecting error in data that is sent
through space or time. It works by adding up the basic components of a message, typically the asserted bits, and storing
the resulting value. Later, anyone can perform the same operation on the data, compare the result to the authentic
checksum, and (assuming that the sums match) conclude that the message was probably not corrupted.

The checksum method used by the CDF is the popular MDS5 algorithm. If the checksum bit is turned on for a CDF file,
a 16-byte signature message (a.k.a. message digest) is computed from the entire file and appended to the end of the file



when the file is closed (after any create/write/update activities). Every time such file is open, other than the normal
steps for opening a CDF file, this signature, serving as the authentic checksum, is used for file integrity check by
comparing it to the re-computed checksum from the current file. If the checksums match, the file’s data integrity is
verified. Otherwise, an error message is issued. The checksum operation can be applied to CDF single-file format files
that were created with V2.7 or later. Once the checksum is turned on for a particular file, the data integrity check of the
file is performed every time it is open; and a new checksum is computed and stored when it is closed. This overhead
(performance hit) may be noticeable for large files. Therefore, it is strongly encouraged to turn off the checksum once
the file integrity is confirmed or verified. A couple of the utilities from the CDF toolkit that is distributed along with the
core library provide the easy way to change the checksum option within a file. Use CDFedit to interactively modify the
checksum mode. Or, use CDFconvert, a command line tool, to convert the source CDF file with the checksum to a non-
checksum destination file.

CDF 3.1 or earlier doesn’t recognize the checksum bit. Hence, the checksum bit will be ignored.

How is CDF Useful to Me?

Hopefully, the answers to the first two questions have provided a basis for answering this question. If you still have
questions or would like to learn more about CDF, please refer to the CDF Frequently Asked Questions (FAQ) page
(http://cdf.gsfc.nasa.gov/html/FAQ.html) for more detailed information about CDF. It is important to
understand that CDF has been designed to solve a number of data management and storage problems and has shown
itself to be quite flexible in storing a wide variety of data sets.

NASA Open Soruce Agreement
NASA OPEN SOURCE AGREEMENT VERSION 1.3

THIS OPEN SOURCE AGREEMENT ("AGREEMENT") DEFINES THE RIGHTS OF USE, REPRODUCTION,
DISTRIBUTION, MODIFICATION AND REDISTRIBUTION OF CERTAIN COMPUTER SOFTWARE
ORIGINALLY RELEASED BY THE UNITED STATES GOVERNMENT AS REPRESENTED BY THE
GOVERNMENT AGENCY LISTED BELOW ("GOVERNMENT AGENCY"). THE UNITED STATES
GOVERNMENT, AS REPRESENTED BY GOVERNMENT AGENCY, IS AN INTENDED THIRD-PARTY
BENEFICIARY OF ALL SUBSEQUENT DISTRIBUTIONS OR REDISTRIBUTIONS OF THE SUBJECT
SOFTWARE. ANYONE WHO USES, REPRODUCES, DISTRIBUTES, MODIFIES OR REDISTRIBUTES THE
SUBJECT SOFTWARE, AS DEFINED HEREIN, OR ANY PART THEREOF, IS, BY THAT ACTION,
ACCEPTING IN FULL THE RESPONSIBILITIES AND OBLIGATIONS CONTAINED IN THIS AGREEMENT.

Government Agency: National Aeronautics and Space Administration (NASA)

Government Agency Original Software Designation: GSC-14272

Government Agency Original Software Title: Coordinated Data Analysis workshop Web/CDAWeb
User Registration Requested. Please email the following person.

Government Agency Point of Contact for Original Software: Robert.E.McGuire@nasa.gov

1. DEFINITIONS

A. "Contributor" means Government Agency, as the developer of the Original Software, and any entity that
makes a Modification.

B. "Covered Patents" mean patent claims licensable by a Contributor that are necessarily infringed by the use or
sale of its Modification alone or when combined with the Subject Software.

C. '"Display" means the showing of a copy of the Subject Software, either directly or by means of an image, or
any other device.

D. '"Distribution" means conveyance or transfer of the Subject Software, regardless of means, to another.



E. '"Larger Work" means computer software that combines Subject Software, or portions thereof, with software
separate from the Subject Software that is not governed by the terms of this Agreement.

F. "Modification" means any alteration of, including addition to or deletion from, the substance or structure of
either the Original Software or Subject Software, and includes derivative works, as that term is defined in the
Copyright Statute, 17 USC 101. However, the act of including Subject Software as part of a Larger Work does
not in and of itself constitute a Modification.

G. "Original Software" means the computer software first released under this Agreement by Government Agency
with Government Agency designation GSC-14272 and entitled "Coordinated Data Analysis workshop
Web/CDAWeb", including source code, object code and accompanying documentation, if any.
"Recipient" means anyone who acquires the Subject Software under this Agreement, including all
Contributors.
"Redistribution" means Distribution of the Subject Software after a Modification has been made.
"Reproduction" means the making of a counterpart, image or copy of the Subject Software.
"Sale" means the exchange of the Subject Software for money or equivalent value.
"Subject Software" means the Original Software, Modifications, or any respective parts thereof.

. "Use" means the application or employment of the Subject Software for any purpose.
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2. GRANT OF RIGHTS

A. Under Non-Patent Rights: Subject to the terms and conditions of this Agreement, each Contributor, with
respect to its own contribution to the Subject Software, hereby grants to each Recipient a non-exclusive,
world-wide, royalty-free license to engage in the following activities pertaining to the Subject Software:

Use
Distribution
Reproduction
Modification
Redistribution
Display
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B. Under Patent Rights: Subject to the terms and conditions of this Agreement, each Contributor, with respect to
its own contribution to the Subject Software, hereby grants to each Recipient under Covered Patents a non-
exclusive, world-wide, royalty-free license to engage in the following activities pertaining to the Subject

Software:
a. Use
b. Distribution
c. Reproduction
d. Sale
e. Offer for Sale

C. The rights granted under Paragraph B. also apply to the combination of a Contributor's Modification and the
Subject Software if, at the time the Modification is added by the Contributor, the addition of such
Modification causes the combination to be covered by the Covered Patents. It does not apply to any other
combinations that include a Modification.

D. The rights granted in Paragraphs A. and B. allow the Recipient to sublicense those same rights. Such
sublicense must be under the same terms and conditions of this Agreement.

3. OBLIGATIONS OF RECIPIENT

A. Distribution or Redistribution of the Subject Software must be made
B. under this Agreement except for additions covered under paragraph 3H.

1. Whenever a Recipient distributes or redistributes the Subject software, a copy of this Agreement must
be included with each copy of the Subject Software; and



2. If Recipient distributes or redistributes the Subject Software in any form other than source code,
Recipient must also make the source code freely available, and must provide with each copy of the
Subject Software information on how to obtain the source code in a reasonable manner on or through
a medium customarily used for software exchange.

Each Recipient must ensure that the following copyright notice appears prominently in the Subject Software:

Copyright 1996-2013 United States Government as represented by the Administrator of the National
Aeronautics and Space Administration. All Rights Reserved.

Each Contributor must characterize its alteration of the Subject Software as a Modification and must identify
itself as the originator of its Modification in a manner that reasonably allows subsequent Recipients to identify
the originator of the Modification. In fulfillment of these requirements, Contributor must include a file (e.g., a
change log file) that describes the alterations made and the date of the alterations, identifies Contributor as
originator of the alterations, and consents to characterization of the alterations as a Modification, for example,
by including a statement that the Modification is derived, directly or indirectly, from Original Software
provided by Government Agency. Once consent is granted, it may not thereafter be revoked.

A Contributor may add its own copyright notice to the Subject Software. Once a copyright notice has been
added to the Subject Software, a Recipient may not remove it without the express permission of the
Contributor who added the notice.

A Recipient may not make any representation in the Subject Software or in any promotional, advertising or
other material that may be construed as an endorsement by Government Agency or by any prior Recipient of
any product or service provided by Recipient, or that may seek to obtain commercial advantage by the fact of
Government Agency's or a prior Recipient's participation in this Agreement.

In an effort to track usage and maintain accurate records of the Subject Software, each Recipient, upon receipt
of the Subject Software, is requested to provide Government Agency, by e-mail to the Government Agency
Point of Contact listed in clause 5.F., the following information: Name and Affiliation. Recipient's name and
personal information shall be used for statistical purposes only. Once a Recipient makes a Modification
available, it is requested that the Recipient inform Government Agency, by e-mail to the Government Agency
Point of Contact listed in clause 5.F., how to access the Modification.

Each Contributor represents that that its Modification is believed to be Contributor's original creation and does
not violate any existing agreements, regulations, statutes or rules, and further that Contributor has sufficient
rights to grant the rights conveyed by this Agreement.

A Recipient may choose to offer, and to charge a fee for, warranty, support, indemnity and/or liability
obligations to one or more other Recipients of the Subject Software. A Recipient may do so, however, only on
its own behalf and not on behalf of Government Agency or any other Recipient. Such a Recipient must make
it absolutely clear that any such warranty, support, indemnity and/or liability obligation is offered by that
Recipient alone. Further, such Recipient agrees to indemnify Government Agency and every other Recipient
for any liability incurred by them as a result of warranty, support, indemnity and/or liability offered by such
Recipient.

A Recipient may create a Larger Work by combining Subject Software with separate software not governed
by the terms of this agreement and distribute the Larger Work as a single product. In such case, the Recipient
must make sure Subject Software, or portions thereof, included in the Larger Work is subject to this
Agreement.

Notwithstanding any provisions contained herein, Recipient is hereby put on notice that export of any goods or
technical data from the United States may require some form of export license from the U.S. Government.
Failure to obtain necessary export licenses may result in criminal liability under U.S. laws. Government
Agency neither represents that a license shall not be required nor that, if required, it shall be issued. Nothing
granted herein provides any such export license.



4. DISCLAIMER OF WARRANTIES AND LIABILITIES; WAIVER AND INDEMNIFICATION

A.

B.

No Warranty: THE SUBJECT SOFTWARE IS PROVIDED "AS IS" WITHOUT ANY WARRANTY OF
ANY KIND, EITHER EXPRESSED, IMPLIED, OR STATUTORY, INCLUDING, BUT NOT LIMITED
TO, ANY WARRANTY THAT THE SUBJECT SOFTWARE WILL CONFORM TO SPECIFICATIONS,
ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE,
OR FREEDOM FROM INFRINGEMENT, ANY WARRANTY THAT THE SUBJECT SOFTWARE WILL
BE ERROR FREE, OR ANY WARRANTY THAT DOCUMENTATION, IF PROVIDED, WILL
CONFORM TO THE SUBJECT SOFTWARE. THIS AGREEMENT DOES NOT, IN ANY MANNER,
CONSTITUTE AN ENDORSEMENT BY GOVERNMENT AGENCY OR ANY PRIOR RECIPIENT OF
ANY RESULTS, RESULTING DESIGNS, HARDWARE, SOFTWARE PRODUCTS OR ANY OTHER
APPLICATIONS RESULTING FROM USE OF THE SUBJECT SOFTWARE. FURTHER,
GOVERNMENT AGENCY DISCLAIMS ALL WARRANTIES AND LIABILITIES REGARDING THIRD-
PARTY SOFTWARE, IF PRESENT IN THE ORIGINAL SOFTWARE, AND DISTRIBUTES IT "AS IS."

Waiver and Indemnity: RECIPIENT AGREES TO WAIVE ANY AND ALL CLAIMS AGAINST THE
UNITED STATES GOVERNMENT, ITS CONTRACTORS AND SUBCONTRACTORS, AS WELL AS
ANY PRIOR RECIPIENT. IF RECIPIENT'S USE OF THE SUBJECT SOFTWARE RESULTS IN ANY
LIABILITIES, DEMANDS, DAMAGES, EXPENSES OR LOSSES ARISING FROM SUCH USE,
INCLUDING ANY DAMAGES FROM PRODUCTS BASED ON, OR RESULTING FROM, RECIPIENT'S
USE OF THE SUBJECT SOFTWARE, RECIPIENT SHALL INDEMNIFY AND HOLD HARMLESS THE
UNITED STATES GOVERNMENT, ITS CONTRACTORS AND SUBCONTRACTORS, AS WELL AS
ANY PRIOR RECIPIENT, TO THE EXTENT PERMITTED BY LAW. RECIPIENT'S SOLE REMEDY
FOR ANY SUCH MATTER SHALL BE THE IMMEDIATE, UNILATERAL TERMINATION OF THIS
AGREEMENT.

5. GENERAL TERMS

A.

Termination: This Agreement and the rights granted hereunder will terminate automatically if a Recipient fails
to comply with these terms and conditions, and fails to cure such noncompliance within thirty (30) days of
becoming aware of such noncompliance. Upon termination, a Recipient agrees to immediately cease use and
distribution of the Subject Software. All sublicenses to the Subject Software properly granted by the breaching
Recipient shall survive any such termination of this Agreement.

Severability: If any provision of this Agreement is invalid or unenforceable under applicable law, it shall not
affect the validity or enforceability of the remainder of the terms of this Agreement.

Applicable Law: This Agreement shall be subject to United States federal law only for all purposes, including,
but not limited to, determining the validity of this Agreement, the meaning of its provisions and the rights,
obligations and remedies of the parties.

Entire Understanding: This Agreement constitutes the entire understanding and agreement of the parties
relating to release of the Subject Software and may not be superseded, modified or amended except by further
written agreement duly executed by the parties.

Binding Authority: By accepting and using the Subject Software under this Agreement, a Recipient affirms its
authority to bind the Recipient to all terms and conditions of this Agreement and that that Recipient hereby

agrees to all terms and conditions herein.

Point of Contact: Any Recipient contact with Government Agency is to be directed to the designated
representative as follows:

Robert.E.McGuire@nasa.gov



Chapter 1

1 Primer

1.1 Introduction

The CDF Primer is designed for scientists, researchers, programmers, and managers who want to learn about CDF
without reading through this entire document or the programming reference guides. The primer will address what CDF
is and how it can be used for storing and managing different types of data. A brief description of the tools and utilities
available with CDF, in addition to program and toolkit examples, will be given. More detailed descriptions of the
concepts presented herein are provided in the accompanying chapters of this document and the programming reference
guides.

1.2 Why use CDF?

When people first hear the term CDF they intuitively think of data formats in the traditional sense of the word (i.e.,
messy/convoluted storage of data on disk or tape). CDF is more than just a format. CDF is a "self-describing" format
for managing data. In addition to the actual data being stored, CDF also stores user-supplied descriptions of the data,
known as metadata. This self-describing property allows CDF to be a generic, data-independent format that can store
data from a wide variety of disciplines.

In addition to being a self-describing data format, CDF is also a software library. The library routines are callable from
C, Fortran, and Java and allow the user to randomly access and manage data and metadata without regard to their
physical storage. This completely relieves the user of low-level I/O operations allowing more time for data analysis.
The actual format used to store the data and metadata is completely transparent to the user. If an application is written
in Java, it can be executed without any modifications on any of the Java supported platforms.

The term "CDF" is also used to refer to the physical files that the CDF library generates. A data set stored using the
CDF library is called a "CDF".

CDF files created on one operating system can be read without any modifications on any of the following CDF
supported platforms: VAX (OpenVMS and POSIX shell), Sun (SunOS & Solaris), DECstation (ULTRIX), DEC Alpha
(OSF/1 or Tru64 & OpenVMS), Silicon Graphics Iris and Power Series (IRIX), IBM RS6000 series (AIX), HP 9000
series (HP-UX), NeXT (Mach), PC (DOS, Windows 3.x, Windows NT/95/98/2000/XP, Linux, Cygwin & MinGW),
and Macintosh (Mac OS X or Linux).

1.3 Conceptual Organization



An important feature of CDF is that it can handle data sets that are inherently multidimensional in addition to data sets
that are scalar. To do this, CDF groups data by "variables" whose values are conceptually organized into arrays.
CDF's "variable" is a generic name or an object that represents data, and it does not have any scientific context
associated it. For example, a variable can be data representing an independent variable, a dependent variable, time and
date value, or whatever data might be (e.g. image, XML file, etc.). In other words, the variable doesn't contain any
hidden meanings other than the data itself. One may describe a variable or one variable's relationship with other
variable(s) through "attributes" (see the last paragraph of this section for more details). The dimensionality of a
variable depends upon how the data is specified by the user. For scalar data, as an example, the array of values would
be 0-dimensional (i.e., a single value); whereas for image data the array would be 2-dimensional. Similarly, the array
for volume data would be 3-dimensional. CDF allows users to specify arrays of up to ten dimensions. The array for a
particular variable is called a "variable record." A collection of arrays, one for each variable, is referred to as a "CDF
record." A CDF can, and usually does, contain multiple CDF records. This is useful for data with repeated
observations at different times.

Two types of variables may exist in a CDF: rVariables” and zVariables.” Every rVariable in a CDF must have the same
number of dimensions and dimension sizes. In the scalar data example the CDF's rVariables would be 0-dimensional,
whereas for the image data example the CDF's rVariables would be 2-dimensional. Figures 1.1 and 1.2 illustrate O-
dimensional and 2-dimensional rVariables, respectively. zVariables may have a different number of dimensions and/or
dimension sizes than that of the rVariables in a CDF. Figure 1.3 illustrates several zVariables. As you can see, since
all the rVariables must have the same dimensions and dimension sizes, there'll be a lot of disk space wasted if a few
variables need big arrays and many variables need small arrays. Since zVariable is more efficient in terms of storage
and offers more functionality than rVariable, use of zVariable is strongly recommended. Note that a CDF may contain
both rVariables and zVariables.* The term "variable" is used when describing a property that applies to both rVariables
and zVariables.

So why would you want to use rVariables over zVariables? There's no reason to use rVariables at all (since zVariables
are much more efficient) if you are creating a new CDF file. But if you are analyzing data files that were created with
early CDF releases or contain rVariables for some reason, you'll need to use rVariables. One may wonder why there
are rVariables and zVariables, not just zVariables. When CDF was first introduced in early 90's, only rVariables were
available. The inefficiencies with rVariables were quickly realized and addressed with the introduction of zVariables
in later CDF releases.

It is important to note that there is no single "correct" way to store data in a CDF. The user has complete control over
how the data values are stored in the CDF depending on how the user views the data. This is the advantage of CDF.
Data values can be organized in whatever way makes sense to the user.

While CDF’s variable is a mechanism for storing/representing data, CDF’s “attribute” is a mechanism for describing
the CDF file and the individual CDF variables in the file. There are two types of attributes in CDF: global attribute
and variable attribute. Global attribute is used for describing the CDF file and variable attribute is used for describing
individual variables. Examples of global attributes would include such things as file creation date, file author, source
of data, and data set documentation. Examples of variable attributes would include such things as a field name for the
variable, the valid minimum and maximum, the units in which the variable data values are stored, the format in which
the data values are to be displayed, and a fill value for errant or missing data.

1.4 Features of the CDF Library

The CDF library is a flexible and extensible software package that gives the user many options for creating and
accessing a CDF.

? The “r” stands for “regular.” rVariables are the type of variables that CDF has always supported. Perhaps
“traditional” would have been a better term.

? The “z” doesn’t stand for anything special. We just like the letter “z.”

* This is generally not reccommended. In those situations where z variables are necessary it is best to use all zVariables
than a mixture of rVariables and zVariables.



14.1 File Format Options

The CDF library gives the user the option to choose from one of two file formats in which to store the data and
metadata. The first option is the traditional CDF multi-file format. This file format is illustrated in Figure 1.4
(assuming a CDF containing four variables). The example.cdf file contains all of the control information and metadata
for the CDF. In addition to the .CDF file,” a file exists for each variable in the CDF and contains only the data
associated with that variable. This is illustrated by the files example.vO through example.v3. The second option is the
single-file format, the default format when a CDF file is created. As illustrated in Figure 1.5, the whole CDF file
consists of only a single example.cdf file. This file contains the control information, metadata, and the data values for
each of the variables in the CDF. Both formats allow direct access. The advantage of the single-file format is that it
minimizes the number of files one has to manage and makes it easier to transport CDFs across a network. Use of
single-file format (the default format) is recommended over the multi-file format albeit it slightly increases the data
access time. The multi-file format, on the other hand, clearly delimits the data from the metadata and is organized in a
consistent fashion within the files. Updating, appending, and accessing data are also done with optimum efficiency.
However, the multi-file format has the following restrictions®:

- Compression: Compression is not allowed for the CDF or any of its variables.
- Sparseness: Sparse records or arrays for variables are not allowed.

- Allocation: Pre-allocation of records or blocks of records is not allowed. For each variable, the maximum written
record is the last allocated record.

- Deletion: Deletion of a single variable from a CDF is not allowed. Only deleting a whole CDF is possible.

> This file referred to as the dotCDF file.
% These features are covered in the following sections.



Record rVariable rVariable . . . rVariable

Number 1 2 n
1 | | |
2 | | |
3 | | |
m | | |

Figure 1.1 Conceptual View of a CDF, 0-Dimensional rVariable
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Record rVariable rVariable rVariable
Number 1 2 n

1 I I [ [ | [ [ [ T
I I [ [ | [ [ [ T

I I [ [ | [ [ [ T

I I [ [ | T {1 [ [ I [ [ [ |

I I [ [ | T {1 [ [ I [ [ [ |

2 I I [ [ | T {1 [ [ I [ [ [ |
I I [ [ | [ [ [ T

I I [ [ | [ [ [ T

I I [ [ | [ [ [ T

I I [ [ | T {1 [ [ I [ [ [ |

3 I I [ [ | T {1 [ [ I [ [ [ |
I I [ [ | [ [ [ T

I I [ [ | [ [ [ T

I I [ [ | [ [ [ T

I I [ [ | T {1 [ [ I [ [ [ |

m I I [ [ | T {1 [ [ I [ [ [ |
I I [ [ | [ [ [ T

I I [ [ | [ [ [ T

I I [ [ | [ [ [ T

I I [ [ | T {1 [ [ I [ [ [ |

Figure 1.2 Conceptual View of a CDF, 2-Dimensional rVariables
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Record zVariable
Number 1

zVariable
2

zVariable
n

(L)

[ [

Jaaad

Ll

[ [

[ O [ O [

=
I I I
I I I

Jaaad

[ O [ O [

Jaaad

[ O [ O [

Jaaad

[ O [ O [

] ) ] ] )

Loood

] )

Figure 1.3 Conceptual View of a CDF, zVariables
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example.cdf

>=a>0»>amZ

example.v0

> = > U

example.vl example.v2
D D
A A
T T
A A

example.v3

i )

Figure 1.4 Multi-File Format

example.cdf

>=ap>0»-amZ

>H=»>0 @

Figure 1.5 Single-File Formats
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1.4.2  Data Encoding Options

When creating a CDF, a user has the option of using any of the supported encodings: VAX, Sun, SGi Personal Iris and
Power Series, DECstation, DEC Alpha/OSF1, DEC Alpha/OpenVMS (D FLOAT, G FLOAT or IEEE FLOAT double-
precision floating-point), IBM RS6000 series, HP 9000 series, NeXT, PC, Macintosh, or network (XDR - eXternal
Data Representation). The created CDF may then be copied to any of the supported computers and read by the CDF
library. When a value is read from the CDF, the CDF library may be requested to decode the value into the encoding
of the computer being used or any of the other encodings (which may be desirable for various reasons). A CDF with
any of the supported encodings may be read from and written to on any supported computer.

1.4.3  Compression

Compression may be specified for a single-file CDF and the CDF library can be instructed to compress a CDF as it is
written to disk. This compression occurs transparently to the user. When a compressed CDF is opened, the CDF
library automatically decompresses it. An application does not have to even know that a CDF is compressed. Any type
of access is allowed on a compressed CDF. When a compressed CDF is closed by an application, it is automatically
recompressed as it is written back to disk.

The individual variables of a CDF can also be compressed. The CDF library handles the compression and
decompression of the variable values transparently. The application does not have to know that the variable is
compressed as it accesses the variable's values. ’

The CDF library supports several different compression algorithms. When compression is specified for a CDF or one
of its variables, the compression algorithm to be used must be selected. There will be trade-offs between the different
compression algorithms regarding execution performance and disk space savings.

The nature of the data in a CDF (or variable) will affect the s