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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
in liai i i ely with the

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization
International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draftyinternationagl Standards
adopted by the technical committees are circulated to the member bodies fer'-voting. Publitation as an
Interpational Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this doéument may be the sublect of patent
rightg. ISO shall not be held responsible for identifying any or all such patent rights.

This [third edition cancels and replaces the second edition (ISO 15889:2003), which has been technically
revised.

ISO 15889 was prepared by the Consultative Committee for Space Data Systems (CCSDS) as
CCSDS 644.0-B-3, June 2010 and was adopted without\modifications except those stated in Clause 2 of this
Interpational Standard by Technical Committee ISO/T-C*20, Aircraft and space vehicles, Subcommittee SC 13,
Spack data and information transfer systems.
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Scope

nternational Standard defines the Enhanced Ada SubseT (EAST) language used to [create

se a DDR and interpret the format of the associated data. This allows the software to extrag
Ata on any host machine (i.e. on a different machine from the one that produced the data).

cope and field of application are furthermore detailed in subclauses:1.1 and 1.2 of the encl
Cation.
Requirements

irements are the technical recommendations made~in the following publication (reprod
ing pages), which is adopted as an International Standard:

DS 644.0-B-3, June 2010, The data description‘language EAST specification.

es and paragraphs of publication CESPS 644.0-B-3.
S i to vi
bart is information which is relevant to the CCSDS publication only.
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ISO 8859-1:1987 has been withdrawn and replaced by ISO/IEC 8859-1:1998.

ISOIEC 10646-1:1993 has been withdrawn and has been replaced by ISO/IEC 10646:20
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e purposes of international standardization, the modifications outlined below shall apply t¢ the specific
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Add the following information to the reference indicated:

[E2]

Document CCSDS 620.0-B-2, May 1992, is equivalent to ISO 12175:1994.

3 Revision of publication CCSDS 644.0-B-3

It has been agreed with the Consultative Committee for Space Data Systems that Subcommittee
ISO/TC 20/SC 13 will be consulted in the event of any revision or amendment of publication
CCSDS 644.0-B-3. To this end, NASA will act as a liaison body between CCSDS and 1SO.
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CCSDS RECOMMENDED STANDARD FOR EAST SPECIFICATION

AUTHORITY
Issue: Recommended Standard, Issue 3
Date: June 2010

Location: Washington, DC, USA

This document has been approved for publication by the Management Councyl of the
Consultative Committee for Space Data Systems (CCSDS) and represents the donsensus
technical agreement of the participating CCSDS Member Agencies. The procg¢dure for
review and authorization of CCSDS Recommendations is detailed in the Procedures Manual
for the Consultative Committee for Space Data Systems; and the record off Agency
participation in the authorization of this document ean* be obtained from the| CCSDS
Secretariat at the address below.

This document is published and maintained by:

CCSDS Secretariat

Space Communications and Navigation Office, 7L70
Space Operations Mission.Directorate

NASA Headquarters

Washington, DC 20546-0001, USA

CCSDS 644.0-B-3 Page | June 2010
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STATEMENT OF INTENT

The Consultative Committee for Space Data Systems (CCSDS) is an organization officially
established by the management of its members. The Committee meets periodically to address
data systems problems that are common to all participants, and to formulate sound technical
solutions to these problems. Inasmuch as participation in the CCSDS is completely voluntary,

the result

of Committee actions are termed Recommended Standards and are not

considered

This Reco
members.

binding on any Agency.

mmended Standard is issued by, and represents the consensus of, the CCSDS
Endorsement of this Recommendation is entirely voluntary. EnderSement,

however, indicates the following understandings:

0
acc

dog

pro

this

Wh

Wh

Sps

enever a member establishes a CCSDS-related standard, this standard will be in
prd with the relevant Recommended Standard. Establishing such a standard
S not preclude other provisions which a member may develgp.

enever a member establishes a CCSDS-related standard, that member will
Vide other CCSDS members with the following infarmation:

-- The standard itself.
-- The anticipated date of initial operational capability.
-- The anticipated duration of operational service.

cific service arrangements shall"be” made via memoranda of agreement. Neither
Recommended Standard nor any ensuing standard is a substitute for a

memorandum of agreement.

No later th
reviewed b
(2) be chd
directions;

In those in
CCSDS-re
CCSDS c(

standards or implementations are to be modified.

an five years from ts-date of issuance, this Recommended Standard will be
y the CCSDS to determine whether it should: (1) remain in effect without change;
inged to refleet”the impact of new technologies, new requirements, or new
or (3) be retired or canceled.

stances~when a new version of a Recommended Standard is issued, existing
ated member standards and implementations are not negated or deemed to be non-
mpatible. It is the responsibility of each member to determine when such

Each member is, however, strongly

encouraged to direct planning for its new standards and implementations towards the later
version of the Recommended Standard.

CCSDS 644.0-B-3
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FOREWORD

Through the process of normal evolution, it is expected that expansion, deletion, or
modification of this document may occur. This Recommended Standard is therefore subject
to CCSDS document management and change control procedures, which are defined in the
Procedures Manual for the Consultative Committee for Space Data Systems. Current
versions of CCSDSdocuments are maintained at the CCSDS Webrsite:

http://www.ccsds.org/

Questions relating to the contents or status of this document shouldcbe’ address¢d to the
CCSDS Secretariat at the address indicated on page i.

CCSDS 644.0-B-3 Page iii June 2010
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At time of publication, the active Member and Observer Agencies of the CCSDS were:

Member Agencies

— Agenzia Spaziale Italiana (ASl)/Italy.

— Canadian Space Agency (CSA)/Canada.

— Centre Natiomato*Etudes Spatrates (CNES)/Frarnce.

— Chipa National Space Administration (CNSA)/People’s Republic of China.
— Deutsches Zentrum fir Luft- und Raumfahrt e.V. (DLR)/Germany.
— Eurppean Space Agency (ESA)/Europe.

— Instjtuto Nacional de Pesquisas Espaciais (INPE)/Brazil.

— Japan Aerospace Exploration Agency (JAXA)/Japan.

— Natjonal Aeronautics and Space Administration (NASA)/USA.

— Ruspian Federal Space Agency (RFSA)/Russian Federation.

— UK|Space Agency/United Kingdom.

Observer Agencies

— Augtrian Space Agency (ASA)/Austria.
- BeIEian Federal Science Policy Office (BFSPO)/Belgium.

— Central Research Institute of Machine Building(TsNIIMash)/Russian Federation.

— Centro Tecnico Aeroespacial (CTA)/Brazil,

— Chipese Academy of Sciences (CAS)/China.

— Chipese Academy of Space Technology(CAST)/China.

— Commonwealth Scientific and Industrial Research Organization (CSIRO)/Australia.

— CSIR Satellite Applications Centre (CSIR)/Republic of South Africa.

— Danish National Space Center (DNSC)/Denmark.

— Eurppean Organization for the Exploitation of Meteorological Satellites
(EUMETSAT)/Europe.

— Eurppean Telecommunications Satellite Organization (EUTELSAT)/Europe.

— Ged-Informatics-and Space Technology Development Agency (GISTDA)/Thailand.

— Hellenic National Space Committee (HNSC)/Greece.

— Indign Space Research Organization (ISRO)/India.

— Instjtute of Space Research (IKI)/Russian Federation.

— KFKFResearch Institute for Particle & Nuclear Physics (KFKI)/Hungary.

— Korea Aerospace Research Institute (KARI)/Korea.

— Ministry of Communications (MOC)/Israel.

— National Institute of Information and Communications Technology (NICT)/Japan.

— National Oceanic and Atmospheric Administration (NOAA)/USA.

— National Space Organization (NSPO)/Chinese Taipei.

— Naval Center for Space Technology (NCST)/USA.

— Scientific and Technological Research Council of Turkey (TUBITAK)/Turkey.

— Space and Upper Atmosphere Research Commission (SUPARCO)/Pakistan.

— Swedish Space Corporation (SSC)/Sweden.

CCSDS 644.0-B-3 Page iv June 2010
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— United States Geological Survey (USGS)/USA.

CCSDS 644.0-B-3 Page v June 2010

© 1SO 2011 — All rights reserved 9


https://standardsiso.com/api/?name=96100a90e943b81269adf42d38bf7e72

ISO 15889:2011(E)

10

CCSDS RECOMMENDED STANDARD FOR EAST SPECIFICATION

DOCUMENT CONTROL

O

Document  Titleand Issue Date Status
CCSDS Recommendation for Space Data May 1997  Original issue
644.0-Bi1 System Standards: The Data superseded.
Description Language EAST
Specification (CCSD0010), Issue 1
CCSDS Recommendation for Space Data November  Issue 2, superseded:
644.0-B;2 System Standards: The Data 2000 — extends EAST ability
Description Language EAST ta‘handle repeated dat
Specification (CCSD0010), Issue 2 {tems where repetitior
IS terminated by a
marker.
CCSDS The Data Description Language June 2010  Current issue:
644.0-B13 EAST Specification (CCSD0010), — adds requirement to
Recommended Standard, specify EAST version|
Issue 3
NOTE | Substantive changes from the previous issue are indicated by change bars in the

inside margin.
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1 INTRODUCTION
1.1 PURPOSE AND SCOPE

The purpose of this document is to establish a common Recommendation for the
specification of a standard language for describing and expressing data in order to

patavalhaonans thams 1 o paarn iaafarins anA ol amaatad fochiians At oA o an A n 1 S
TTCTCITarTyC e T T o ToTC UTriToTT i Ao attoTTiatC U TasSTmoTT VWit i ara—armioTy ge cle

participating in the Consultative Committee for Space Data Systems (CCSDS).

This Recommendation defines the Enhanced Ada SubseT (EAST) language “used |to create
descriptions of data, called Data Description Records (DDRs). Suel’ DDRs |ensure a
complete and exact understanding of the data and allow it to be interpreted in an automated
fashion. This means that a software tool is able to analyze a DDR(and interpret the format of
the associated data. This allows the software to extract values-from the data on|any host
machine (i.e., on a different machine from the one that produced the data).

A first look at reference [E4], which is a tutorial for th EAST language, may aid the user in
understanding this document. Reference [E4] describes the requirements, explains how to
use the EAST language to describe non-ambiguous-data, and suggests practices angl tools to
the users.

This Recommendation is registered underthe CCSDS Authority and Description [dentifier
(ADID): CCSDO0010.
1.2 APPLICABILITY

The specifications in this ‘document may be applicable to all space-related scignce and
engineering data exchanges where data descriptions are desired, and these descriptions need
to provide an unambiguous description of the record structure of the data.

1.3 RATIONALE
The Censultative Committee for Space Data Systems has defined the Standard Hormatted

Data Unit (SFDU) concept for the implementation of standard data structures to bg used for

the’ interchanae of data within and amaona snace agencies
tHeterchange-od WHRHR-aRGaeRg-SPpaceagencies:

SFDU data products may be viewed as containing application data (that is the data which is
of primary interest, e.g., actual measurements) and data description information (that is the
information telling how the application data are formatted).

The data description information shall be provided in a form that is understandable by the
agencies involved in the data interchange. That is the reason why the CCSDS must provide
some recommendations for the definition of standard description languages. EAST is one of
the recommended languages.
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1.4 DOCUMENT STRUCTURE
The Recommendation is structured as follows:
— Section 2 provides an overview of the EAST language.

— Section 3 specifies the EAST language and defines its usage in Data Descriptions.

— Section 4 lists the EAST reserved keywords.
- nex A contains acronyms and the glossary of terms used in this document.

- nex B defines the character set to be used in an EAST data description,@s-well as a
predefined type called CHARACTER.

nnex C provides the EAST formal specification using a simple” variant of the
ackus-Naur-Form (BNF).

Al
B
— Annex D lists the main differences between the Ada programming language and
EAST.

Al

nnex E lists the informative references.

1.5 DHFINITIONS
151 TERMS

The termp used throughout this documentiare listed in annex A. They are also explained in
the text when they are first used.

152 NOMENCLATURE
The following conventions‘apply throughout this Recommendation:
a) the words ‘shall’ and ‘must’ imply a binding and verifiable specification;

b) the word-*should’ implies an optional, but desirable, specification;

c) theward ‘may’ implies an optional specification;

d) the words ‘is’, ‘are’, and ‘will” imply statements of fact.

CCSDS 644.0-B-3 Page 1-2 June 2010
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1.5.3 CONVENTIONS

This document uses syntax diagrams to illustrate the syntax of the EAST constructs.
Components of a construct are called elements. The following conventions are used:

a) Elements that are presented in bold characters in a circle are reserved keywords,
delimiters, or literals.

b) The item named on the left of the ::= symbol is the item being defined.

c) The diagram on the right of the ::=symbol is the corresponding definition.
d) A vertical branch represents a choice.

e) A repetition is indicated by a loop-back covering the objegct'to be repeated.

f) If the name of any syntactic category starts with an italicized part, it is equfvalent to
the category name without the italicized part. ~Fhe italicized part is intended to
convey some semantic information. For example, an ‘Integer ldentifi¢r’ is an
Identifier; i.e., the definition of the category: Identifier applies, but the rg¢ader has
additional semantic information (it is an integer).

The following example (figure 1-1) presents:a diagram specifying the declaration of Item A.
Item A is defined as first a keyword (‘type”), then followed by an italicized Item B (already
defined, and known as Item B), then fallowed by a keyword (‘is’) and a delimiter (‘(’). Then
this structure is followed by a choice between Items B and C. The choice may be| repeated
any number of times, each time a-delimiter (“,”) is inserted. The structure is ended by two
delimiters ()’ and *;’).

D)
_/
Item C
Item A o Italicized
OO o0
ltem B

Figure 1-1: Example of Syntax Diagram
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© 1SO 2011 — All rights reserved 17


https://standardsiso.com/api/?name=96100a90e943b81269adf42d38bf7e72

ISO 15889:2011(E)

CCSDS RECOMMENDED STANDARD FOR EAST SPECIFICATION

The syntax of the language is described using a simple variant of Backus-Naur-Form with the
following conventions:

a) Boldface words are used to denote reserved keywords.
b) Square brackets enclose optional items.

c) Braces enclose a repeated item. This item may appear zero or more times.

d) JA vertical bar separates alternative items unless it occurs immediately after. a
ppening brace ({): in this case it represents the character “vertical bar’.

]

e) |f the name of any syntactic category starts with an italicized part, it is equivalent t
the category name without the italicized part. The italicized part.is’ intended f{
convey some semantic information. This facility used for thé 'BNF intends f{
hssimilate every element like <italicized_part_name> to the “previously define
blement <name>.

O O O O

The following example presents the definition of Item A using@simple variant of BNF. Iter
A is defined as first a keyword (‘type’), then followed by:an italicized Item B (alread
defined| and known as Item B), then followed by a keyword (“is’) and a delimiter (*(’). THh
structurg is followed by a choice. The choice may be repeated any number of times, eac
time a delimiter (*,”) is inserted. The structure is ended by two delimiters (*)” and “;’). THh
choice is between Items B and C.

D O D0 S

<Item|A> ::=type<lItalicized_Item B> is(*<choice> {, <choice>});
<choi¢e> ::= <Item B> | <Item C>

Example 1-1: Example of BNF

In the ¢ase of any confusion, the syntax diagram and the associated text are always the
referenice for the EAST syntax, and not the BNF.

This document.uses examples to illustrate the EAST. The following conventions are used in
the exarlnples:

a) bold characters denote reserved keyword or delimiters;

b) user type names or user variable names are provided using uppercase letters, although
EAST is not a case-sensitive language.

CCSDS 644.0-B-3 Page 1-4 June 2010
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1.6 REFERENCES

The following documents contain provisions which, through reference in this text, constitute
provisions of this Recommended Standard. At the time of publication, the editions indicated
were valid. All documents are subject to revision, and users of this Recommended Standard

are encouraged to investigate the possibility of applying the most recent editions of the
Lo Tho COCCNC CAapnvratariat nta tly Valid

Ao nte 1ndinatad ha otor nf
GoCumetSHtHCate P IowW— Rt Ccoopoottretaftiat MattaiS—a IUHIOLUI Ot-Curet

CCSDS Recommended Standards.

[1] Information Processing—8-Bit Sngle-Byte Coded Graphic Character Sets+Part 1.
Latin Alphabet No. 1. International Standard, ISO 8859-1:1987. Geneva: 1SQ, 1987.

[2] Information Processing—Universal Multiple-Octet Coded) Character Sgf (UCS).
International Standard, ISO/IEC 10646-1:1993.
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2 OVERVIEW
21 DESIGNAIMS

EAST was designed with three overriding concerns: data description capabilities, human
readability, and computer interpretability.

The need for data description languages that supply complete and nop-ambiguous
information about the format and the nature of the described data is well established.

Any user must be able to understand descriptions of data, with a minimal-effort. Erfor-prone
notations have been avoided, and the syntax of the EAST language avoids the use ¢f cryptic
forms in favor of more English-like constructs.

EAST is a formal language and not a natural language: jtNs a machine compilable (or
interpretable) language. The formal nature of EAST allows the control of data descriptions
and the interpretation of data in an automated fashion.

2.2 STRUCTURE OF AN EAST DESCRIRT4YON

An EAST Data Description Record (DDR}includes a syntactic, and in some way $emantic,
description of the data called a logical description, which is followed by a|physical
description. The physical description” makes possible the interpretation of the actual bit
patterns encountered on the medium. Each description part of a DDR consists of an EAST
unit, called a package: one for_the logical part and another one for the associated physical
part.

The logical part of an EAST description includes:
— alogical deseription of all components of the exchanged data (see 3.2.1 and 3.2.2);
— theirsize in bits (see 3.2.4.1);
— their location within the set of the described data (see 3.2.4.3).

THephysical part of an EAST description includes:

— the representation of some basic data types (enumeration, integer, and real) defined in
the logical description and dependent on the machine that has generated the data (see
3.3.3);

— the array organization (first-index-first or last-index-first) used by the generating
machine (see 3.3.1);

— the octet and bit organization on the medium (high-order-first or low-order-first—see
3.3.2).

CCSDS 644.0-B-3 Page 2-1 June 2010
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A DDR created using the EAST Language has the following structure:

Data Description Record

package name_of the logical _descriptionis

Logical Description (see 3.2)

end name_of the logical description;

pdckage name_of the physical_descriptionis

Physical Description (see 3.3)

end name_of the physical description;

The logical description always precedes the physical deseription. The logical and the physical
packages @re mandatory even if the content of the physical one can be empty (see 3.3).

The two part design of the DDR is intended to-allow interchangeable physical description
parts for pne logical description part, provided-that the length of fields in bits in the logical
description are supported by field lengthsof the same number of bits in the physical
description part. For example, a 32 bit real number on a IEEE architecture has a physical
description different from the one_onva 1750 architecture, although lengths in bits of each
field are aqual. Note that the representations written to an exchange medium do not have to
be the ongs typically supported -y the writing machine.

The datg block associated with the DDR contains one or more complete sets of data.

The DDR describes@-single set only and is repetitively applied to fully interpret the
data blodk.

2.3 LANGUAGE SUMMARY

An EAST description is composed of two units, called packages. The first one is a logical
description and the second one is a physical description of the data. The logical part of an
EAST description provides syntactic information and in some way semantic information, i.e.,
the information needed by a user to understand the data he has to deal with. The physical
part of an EAST description provides a bit-level description that ensures the non-ambiguous
interpretation of the data.

The syntax used in each of the two packages is based on the type and object concept. A type
is a model, defined once, that is used to create many occurrences (objects) of the models.
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Every data item described in an EAST description is an object. An object in the language has
a type, which characterizes a set of values. The basic classes of types are scalar types
(comprising enumeration and numeric types, describing single elements), and composite
types (comprising array and record types, describing sequences of objects).

A type has a name: if well chosen, this name is a way to provide the meaning of the model
(o tha tvina NMATE mavs doaceribha o~ COCNC AAata) An nbhiopt hac A namaAs Alen: thic 1

\U-y-, uaie I.y}JC | =0 g W IIIU.y ULOUITUL A UV OUJUVJ UU.I.U}- I\l UUJUUI. "o A 1T1arric arov. (9N} name IS
a way to provide (if any) the particularity of the occurrence (e.g.,~ the object
DATE_AT_THE_BEGINNING_OF THE_ORBIT of the type DATE may- regresent a
particular date). The name used to identify a type or an object can be any identifier gxcept for

an EAST reserved keyword (reserved keywords are provided in section.4):

An enumeration type defines an ordered set of distinct enumeration literals; for example, a
Boolean type defines two enumeration literals (TRUE and FALSE). The enumergtion type
CHARACTER is predefined and given in 3.2.1.1.

Numeric types provide a means of describing wholeCnumbers and real numbers| Whole
numbers are described using integer types. Real numbers are described using floafing point
types, with relative bounds on the error.

Composite types allow definitions of strugtured objects with related components. The
composite types of the EAST language are’ arrays and records. An array is an oljject with
indexed components of the same type:) The array type STRING is predefined and| given in
3.2.1.1. Arecord is an object with named components of possibly different types.

A record may have special components called discriminants. Discriminants specjfy either
which of alternative record-structures is to be used or the dynamic size of an intefnal array
(depending on the values-of the discriminants).

The concept of typeis refined by the concept of subtype, whereby a user can constrain the set
of allowed values of a type. Subtypes can be used to define subranges of scalar {ypes and
arrays with alimited set of index values.

Representation clauses are used to specify the mapping between logical types and their
physieal representations. For example, the user specifies that objects of a given| type are
represented with a given number of bits, or the components of a record are represenfted using
a given storage Tayout.

NOTES

1 EAST is a subset of the Ada programming language (reference [E3]). EAST contains
therefore most of the declarative features of Ada, but no algorithmic features.

2 The declarative part of Ada normally defines the logical entities and sometimes some
of their physical characteristics. EAST extends the descriptive power of the Ada
language (using conventions in the physical packages). It is able to describe not only
the logical aspects of a data item, but also all its physical aspects.
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3 DEFINITION OF THE EAST LANGUAGE

An EAST Data Description is a text composed of lexical elements, each composed of ASCII
characters: the 128 first characters of the Latin Alphabet No. 1 (see reference [1] and/or
annex B). The rules of composition are given in 3.1. They are applicable to the whole EAST
DDR.

3.1 LEXICAL ELEMENTS

A lexical element is either a delimiter, an identifier (which may be a resérved (word), a
numeric literal, a character string, a string literal, or a comment. The rules;ef compogition are
given in this section.

3.1.1 SEPARATORSAND DELIMITERS

In some cases an explicit separator is required to separate@adjacent lexical elements|(namely,
when without separation, interpretation as a single lexical-element is possible). A separator
is any of a space character, a control character, or thexend of a line.

— A space character is a separator except mithin a comment, a string literal, gr a space
character literal.

— Control characters other than horizontal tabulation are always separators. Horizontal
tabulation is a separator except within a comment.

— The end of a line is alwaysa separator. What defines the end of a line is spgcified in
annex B.

A delimiter is either one-of the following special characters:
()&, - i< =>|

or one of the/following compound delimiters, each composed of two adjacent special
characters:

=> ,, F* = [z >z <= << S>> <>

Earh af tha cnaeial chaovantare ictad far ainala chavantay Al ibnrs o ne
Cacim o aic Speuralr i aC e S ITStC U TUT STyl - ChafacteraetersiS= olllg

ehriter except
if this character is used as a character of a compound delimiter, or as a character of a
comment, string literal, character literal, or numeric literal.

The remaining forms of lexical elements are described in 3.1.2, 3.1.3 and 3.1.4.

3.1.2 COMMENTS

A comment starts with two adjacent hyphens and extends up to the end of the line. A
comment can appear on any line of a description.
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3.1.3 IDENTIFIERS

Identifiers are used as names and also as reserved words. See figure 3-1 for the lexical
definition of an identifier:

Letter

\deftifier | = @ @

¢

Figure 3-1: Identifier Definition Diagram

All chafacters of an identifier are significant, including any. underline character insertec
between|a letter or a digit and an adjacent letter or digit. “ldentifiers differing in the use of
correspgnding upper and lower case letters are considered-to be the same.

314 NUMERICLITERALS

A numefic literal is either a decimal literal .or abased literal. A decimal literal is a numerig
literal expressed in the conventional decindal notation (that is, the base is implicitly ten). A
based literal is a numeric literal expressed in a form that specifies the base explicitly. The
base canfonly be either two, eight, ar'sixteen.

In anothpr way, a numeric literalis either an integer literal (decimal or based) or a real litera
(decimal or based). See figure’3-2.

a) decimal literals

Integer
Decimal
Literal

D\, - L
JECllTial
. = —— o
Literal

Real
Decimal
Literal

Figure3-2: Decimal Literal Definition Diagram
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where Integer Decimal Literal and Real Decimal Literal are defined as in figures 3-3
and 3-4:

Integer
Decimal n= @%—9@——0

titerat

Figure 3-3: Integer Decimal Literal Definition Diagram

Real
Decimal

Literal

Figure 3-4: Real DecimaliLiteral Definition Diagram

where Integer and Exponent are.defined as in figures 3-5 and 3-6:

Figure 3-5: Integer Definition Diagram
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oS

N\
7/
.

e NI W
I\_/I

Figure 3-6: Exponent Definition Diagram

An underline character inserted between adjacent digits of a decimal literal-does not
affect|the value of this decimal literal. The letter E of the exponent, if any, can be
writtep either in lowercase or in uppercase, with the same meaning. Leading zeros are
allowed. No space is allowed in a decimal literal.

12 0 1E6 123 456 -- integer literals
12.0 0.0 0.456 3.14159 26 -- real literals
1.3E-12 1.0E+6 -.real literals with exponent

Example 3-1: Decimal Literals

b) based literals

See figure 3-7.

Integer
Based
Literal

Based
. N e —o
Literal

Real
Based
Literal

Figure 3-7: Based Literal Definition Diagram

where Integer Based Literal and Real Based Literal are defined as in figure 3-8 and
figure 3-9:
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Integer
Based |[::=—

Based
O 0 o

Literal

GIcHo

Figure 3-8: Integer Based Literal Definition Diagram

Real
Based |::=—

OH et KOJ &t Lo @) (ol
Integer Integer \J \\_

Literal

®Q ©

Figure 3-9: Real Based Literal Definition Diagram

where Based Integer is defined as in figure 3-10:

Based

@

Integer

*) See restriction below.

Figure 3-10: Based Integer Definition Diagram
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The only letters allowed as extended digits are the letters A through F representing ten
through fifteen. Letters are allowed for a based integer only if the base of the literal of
which it is a part is 16. A letter in a based literal can be written either in lowercase or
in uppercase, with the same meaning. No space is allowed in a based literal.

2#1111 1111# 16#FF# 016#0FF# -- integer literals of value 255
ToHE#ET—2#1110-0000# ttegerHierals-of vatte 224
16¢#F.FF#E+2 2#1.1111 1111 111#E11  -- real literals of value 40950

Example 3-2: Based Literals

c) intgger literals

=1

teger
Literal v

Integer
Decimal
Literal

Integer
Based
Literal

c) real literals

Figure 3-11: Integer Literal Definition Diagram

Real
| _iteral

n= ]

Real
Decimal
Literal

Real
Based
Literal
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3.2 LOGICAL DESCRIPTION

The logical part of an EAST DDR is composed of:

— the logical description of the models of data (using type and subtype declarations for
the syntactic definition of the data, and using representation clauses for the
specification of their size in bits and their location within the set of data);

— the declaration of the data occurrences, i.e., the declaration of the described data items
(using object declarations).

The logical part of the Data Description Record consists of a package. 1S unit is irjtroduced
by the keyword package, followed by the package name, and ends with ‘end| package
name;’. The package name is an identifier (see 3.1.3).

The logical description package identification must be followed by the mention of the version
of the EAST recommendation to which the description is;supposed to conform.

As the notion of EAST recommendation version was not present in the first two EAST
recommendation issues, the absence of the mentign in a description should be interpfeted as a
reference to these two first versions (fully compatible).

A description that conforms to a particular version of the EAST recommendatjon must
remain correct with regard to the follewing versions of EAST.

If an EAST description is generated using a tool, it is recommended that the tool indicate its
own version using a comment.

Types are models, and:\-ebjects are instances (or occurrences) of these models. Type
declarations describe~therefore the structure of the data elements which may occur in the
described data, while the actual data occurrences are represented by the declaration of
variables and-constants.

A type (exeept predefined type), a subtype or a constant (except predefined constant) must be
declared-in the package before being used.

The "declaration of variables must occur in the latter section of the logical depcription.
Constants may be declared in the type declaration section or in the section for the declaration
of variables: in the first section, they contribute to data models definition, while they
represent data occurrences in the second section.

The described data is a concatenation of elements in the order of the corresponding variables.
The types used in the declaration of variables must have been previously declared in the
package.
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Figure 3-13 summarizes the content of the logical part of a DDR.

package logical _package nameis
EAST version and -- tool version (optional)

Section for the Declaration of Types: Definition of the Data M odels

- type declarations and representation clauses (see 3.2.1 and 3.2.4)
- subtype and constant declarations (see 3.2.2 and 3.2.3.2)

Section for the Declaration of Variables: Definition of the Data Occur rences

- variable and constant declarations (see 3.2.3.1 and 3.2.3.2)
- actual values of discriminant (see 3.2.1.6)

end logical_package name;

Figure 3-13: Logical Part Structure

The verdion declaration should respect the following format:

epst_version : constant STRING :="3.0";

- tool version : OASIS 5.0 (optional cormiment)

3.21 TYPE DECLARATIONS

The typd is characterized by a set‘of permissible values. Several classes of types exist: scala
types (equmeration types, integer'types, and real types), array types, and record types. Somg
types ar¢ EAST predefined-types (see 3.2.1.1); the other types are user defined types ang
must be|declared according to a specific syntax (see 3.2.1.2, 3.2.1.3, 3.2.1.4, 3.2.1.5 ang
3.2.1.6).

3.21.1 |Predefined Types
There arpthree predefined types provided by the EAST language: CHARACTER, STRING

and EOF—Predefmedmeans that moprevious dectarationhasto e made expticitty by the
user to use one of these types.

The predefined type CHARACTER is an enumeration type (see next subsection for the
enumeration definition syntax rules), whose values are the 256 characters of the 8-bit coded
Latin Alphabet No. 1 character set (see annex B and reference [1]).

The values of the predefined type STRING are one-dimensional arrays of the predefined type
CHARACTER, indexed by values in increments of one of any positive integer type.
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The number of characters must be specified every time the type is used.

As an example STRING(1 .. 10) designates a 10 character string, while STRING(10 .. 22)
designates a 13 character string.

The predefined type EOF is exclusively used to declare a fictive end delimiter called EOF
Marker (QPP 3232 ’))

3.21.2 Enumeration Type

An enumeration type is defined as a set of enumeration literals. An enurheration literal is an
identifier or a character literal for one of the possible values of the-type. Fidqure 3-14
illustrates the syntax of an enumeration type specification. Each enumeration literal yields a
different enumeration value.

()
o/

Enumeration
Type - Enumeration Enumeration

Identifier Literal
Declaration

Figure 3-14. ‘Enumeration Type Specification Diagram

where the enumeration literal is defined as in figure 3-15:

Identifier

Enumeration

Literal

Character
Literal

Figure 3-15: Enumeration Literal Definition Diagram
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The following example presents some enumeration type definitions.

type STATE is (OFF , ON);

type DAY is (MON, TUE, WED, THU, FRI, SAT, SUN);

type ROMAN_DIGIT is(‘I, “V*, *X’, ‘L’ , ‘C’, ‘D’ , ‘M’);

3.2.1.3 Integer Type

An intgger type is defined as a set of integer values specified by a range. Eathbound of the
range ip an integer constant identifier (see 3.2.3.2) or an integer literal (see\3.1.4). Note that
both bounds need not have the same integer type and that negative bounhds are allowed. The
range L .. R specifies the value from L to R inclusive if the relation-k. <= R is true. A null
range if a range for which the relation R < L is true; no value belongs to a null range.

Figure [3-16 illustrates the syntax of an integer type specification.

Cvapmanla D Q. oo, H
LAAITIPIT O7o.  LTTUTTicl at

e lar ot o
yMEC UCLUIAl atlurio

Inteder nt
| L nteger
Declaration

Integer

Constant
Identifier

Integer
Literal

Integer

Constant
Identifier

O

Integer
Literal

The following-example presents an integer type, defined using integer literals (-10 and 1)
and an finteger type, defined using a constant identifier (MAX).

Figure 3-16: Integer Type Specification Diagram

type SMALL_INTEGER isrange-10 .. 10;
type NUMBER isrange0 .. MAX;

-- where MAX could be defined as: MAX :=100;

Example 3-4: Integer Type Declarations
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3214 Real Type

Real types provide approximations to real numbers, with relative bounds on errors. The error
bound is specified as a relative precision by giving the required minimum number of
significant decimal digits. The range bounds are optional. When they are specified, they are
either real constant identifier (see 3.2.3.2) or real literal (see 3.1.4).

Figure 3-17 illustrates the syntax of a real type specification.

Real

Type
Declaration

Real Number

Identifier of Digits

Real
Constant

Identifier

Constant
Identifier

Real Real
d Literal Literal N

Figure 3-17: Real Type Specification Diagram

Q

The following example presents some real type definitions.

type COERFICIENT isdigits 10 range 0.1 .. 1.0;
type REAL isdigits 15;

Example 3-5. Real Type Declarations

NOTE - The range is optional in a real type declaration. If the real type declaration
specifies no range, then the range is supposed to be the largest range that can be
implemented within the specified number of bits (see 3.2.4.1) accommodating the
number of significant digits. When unspecified, the range will depend on the
convention used to represent the binary values of the real type (see 3.3.3.1).
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Array Type

An array type is a composite type consisting of components that have the same type. The
name for a component of an array uses one or more index values belonging to specified

discrete

A discre

types.

te type is either an enumeration type or an integer type.

An array
- 4

-t

- 1

I
—

The ord
precede
predefin

A one-dimensional array has a distinct component for each possible index value. A multif

dimensi
can be fi
given or

The pos
inclusiv
an array

type is characterized by:

n ordered list of indices;

he type of each index;

he lower and upper bound for each index;

he type of the components.

—F

er of indices is significant. The index type and compangnt type declarations mus
the array type declaration that makes use of them, except if one of these types is
ed type of the EAST language.

1=—4

pbnal array has a distinct component for each possible sequence of index values that
prmed by selecting one value for each index position within the list of indices (in the
der).

Sible values for a given index areJall the values between the lower and upper bounds,
b, this range of values is called the index range. Figure 3-18 illustrates the syntax o
type specification.

—

Arrg

Typ
Declar

Array Index
Identifier Specification

i

Type
Identifier

ation
Nos

CCSDS
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Figure 3-18: Array Type Specification Diagram
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An array type can be constrained (i.e., have a fixed number of elements) or unconstrained
(i.e., have an undetermined number of elements), depending on the specification of the
indices. In multi-dimensional array types, the indices are either all determined or all
undetermined.

An index is specified as follows in figure 3-19:
Discrete type _ <>
Identifier

. — B 1
Ir_1d_ex_ S R— (" Discrete Discrete
Specification N Constant  1— Constant  }—

Identifier Identifier
— — ]
L] R, > < )5 -
L Enumeration Enumeration
Literal Literal
— ~—
S S
Integer Integer
| Literal - Literal ||
AL S B —

Figure 3-19: Index Specification Diagram

In the “..” notation, the first identifier or literal specifies the lower bound, while the second
one specifies the upper bound.

The ‘range <>*expression denotes an undetermined number of elements.

The follewing example defines array types, for which the number of elements is knqwn: 100
characters in a line, and 7 states in a schedule.

type HINE+s-array(t—100)-oF CHARACTER;

-- CHARACTER is an EAST predefined type

type SCHEDULE isarray(DAY) of STATE;

-- DAY isan enumeration type defined in 3.2.1.2 as:

-- type DAY is (MON, TUE, WED, THU, FRI, SAT, SUN);

Example 3-6. Constrained Array Type Definitions
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The following example defines array types, for which the number of elements is not known:

because

of the definition of the integer type NUMBER, VECTOR may contain at a maximum

MAX reals, and at a minimum O real.

type VECTOR isarray(NUMBER range <>) of REAL;
type MATRIX isarray(NUMBER range <>, NUMBER range <>) of REAL,;

BERTSamimteger type defimedm3:2. 1.3 a5
NUMBER isrange 0 .. MAX;

_isareal typedefinedin 3.2.1.4 as:

REAL isdigits 15;

The actual number of elements must be specified every time an unconstrained array type is
used, whjile the number of elements must not be specified when asconstrained array type i

used (be

As an e

elements.

If the lower bound of an index range is greater than the upper bound (i.e., if the index range is
zero), then the corresponding array row/column has no component.

NOTE

3216

A record type is a composite type consisting of a sequence of named components. EAST
forbids identical component’names in a record. This sequence contains the declaration of
each component of the-record type. Each declaration indicates the type of the component
Each component typesmust have been previously defined.

+ Ways of storing arrays and, therefore, which array index varies first are discussed

Example 3-7: Unconstrained Array Type Definitions

cause this number is already fixed by the type definition).

ample, MATRIX(1 .. 512, 1 .. 512) designates a.matrix which contains 512*512

in 3.3.1.

Record Type
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The identifiers of all components of a record type must be distinct. Figure 3-20 illustrates the
syntax of a record type specification:

9_[Discriminant Specification]_
Record ( \

Declaration entifier

%/ariant Part Specificatioa7
{ Component 4 d @_o
Declaration Qorecor

AN

Figure 3-20: Record Type Specification Diagram

where a component declaration is specified<s in figure 3-21:

N
Component o Component Type N Index W
Declaration T ldentifier Identifier Constraint J

J
Default Constant N ( )
‘

Frgure 32t —Component Dectarationm Diragram

The optional default value is the one to be given automatically if no other value is given by
an application that could generate such data; it is to be used by a generic software layer.

The constant declaration refers to the Marker in 3.2.3.2.2.
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Figure 3-22 illustrates default value definitions.

Elementary
Value

ult Arravs m
Defautt - Y N
Valle J h Value

EEEE—
| Constant
Identifier
-
EEEE—
Elementary Enumeration
Value = literal O
-
EEEEE—
Real
] Literal
- J
) S
- Integer.
Literal
- .
T =
L String
( Mono-dimension h Literal
Array - J
Value
N J
Arrhy (" Multi-dimension: )
Valle = Array O
Value
N J
( Multi-dimension h —
A ORGP QR
Valjie Value
N J
( Mono-dimension R —
Array = s ( others => Elementary m_o
Valtre \alue

- J - _J

Figure 3-22: Default Value Definition Diagram
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When a constant declaration is present, it means that the component is repeated in the data an
unknown number of times until the marker it represents (as defined in 3.2.3.2.2.2) is en-
countered.

Constant declaration in a record definition makes the record size unknown with the conse-
quences explained in 3.2.4.3 (rules 1 and 2).

An index constraint shall be present for an array component if the array typeJidentifier
corresponds to an unconstrained array type. In this case, the constraint is-Specified as in
figure 3-23:

~
N>

Discrete type or‘Qubtype ]
Identifier J

Index
Constraint = —

R N
Discrete Discrete
Constant — —> Constant -
ifi Identifier
Identifier L ) Q:
.  SEEEE— 9‘@» R
Enumeration Enumeration
Literal — > Literal -
- —_
) )
Integer Integer
Literal — L Literal a
- —

Figure 3-23: Index Constraint Diagram
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The following example presents two record type definitions that consist only of simple

compone

nt declarations:

R

type COMPLEX isrecord

EAL_PART: REAL,

IMAGINARY_PART: REAL;

-- REAL

-- typel
type M
T

T
\Y
F
S

end red
-- DAY

-- type
-- SMA

-- type §
-- VEC]

-- type

end record:

L isareal typedefinedin 3.2.1.4 as.

REAL isdigits 15;

FASUREMENT_BLOCK isrecord

ODAY: DAY := MON;

FMPERATURE: SMALL_INTEGER :=0;

OLUME: SMALL_INTEGER :=0;

RST_SEQUENCE_OF_MEASUREMENTS: VECTOR(1 .. 100)-= (others => 1);
FCOND_SEQUENCE_OF_MEASUREMENTS: VECTOR(1%.10) := (others => 1)
ord;

|s an enumeration type defined in 3.2.1.2 as:

DAY is (MON, TUE, WED, THU, FRI, SAT, SUN);

LL_INTEGER isan integer type defined in 3.2.1.3 as:

SMALL_INTEGER isrange-10 .. 10;

[ORisan array type defined in 3.2.1.5 as:

/ECTORisarray (NUMBER range <>) of REAL,;

Some req
the valug
discrete.

Example 3-8 Record Type Definitions

ords may contain components 6f which the size or even the existence depends on
of another component, called a discriminant. The type of a discriminant must be
Figure 3-24 illustrates the-syntax of a discriminant specification.

Discriminant
Specificationp

N\

Default
Value

Type
Identifier

Discriminant
Identifier

CCSDS 6

42

Figure 3-24: Discriminant Specification Diagram
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Figure 3-25 illustrates the syntax of a variant part, introduced by the presence of a
discriminant.

Variant

Discriminant
O
. Identifier
SPECTHCAalOr \

Variant
Part
Specificatio

=]

Compornent

Degclaration

Variant
Part
Specification

Figure 3-25: Variant Part Specification Diagram

The ¢when others’ clause is mandatory only if all the possible values of the discriminant are
not explicitly named before, in the variant part specification.
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The following example presents a discriminant that conditions the existence of other
components:

type ACTIVITY(TODAY: DAY := MON)isrecord
case TODAY is
when SAT | SUN =>
SLEEPING: DURATION_IN_HOURS;
PLAYING_TENNIS: DURATION_IN_HOURS;
SWIMMING: DURATION_IN_HOURS;
when MON =>
RESTING_AFTER_WEEK_END: DURATION_IN_HOURS;
when others=>
WORKING: DURATION_IN_HOURS;

end case;

end record;

-- DAY]is an enumeration type defined in 3.2.1.2 as:

-- type DAY is (MON, TUE, WED, THU, FRI, SAT, SUN);
-- DURATION_IN_HOURSIis an integer type defined as:
-- type DURATION_IN_HOURSIisrangeO .. 24;

Example 3-9: Record Type Definition.with Discriminant

In this example, TODAY is a discriminant for the type ACTIVITY: other components of thg
record might change depending on the value of TODAY.

The keyword case introduces the variant part, which consists of alternative lists of
compongnts. The keyword when, followed by one or more values (separated by a vertica
bar) of t:re type of the discriminant @f the variant part, introduces a list of components that are
present for the specified value(s) ‘of the discriminant. The keyword others represents all the
possible|values of the type of-thediscriminant that have not been taken into account explicitly
before (ip this example, others is equivalent to TUE | WED | THU | FRI).

The follpwing examplepresents a discriminant that conditions a size:

type SQUARE(LENGTH: NUMBER :=10) isrecord

MAT:YMATRIX(1 .. LENGTH, 1 .. LENGTH);

end regord;

-- NUMBER s an integer type defined in 3.2.1.3 as:

-- type NUMBER isrange 0 .. MAX;

-- MATRIX isan array type defined in 3.2.1.5 as:

-- type MATRIX isarray (NUMBER range <> , NUMBER range <>) of REAL;

Example 3-10: Record Type Definition with Discriminant
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In the previous example, LENGTH is a discriminant for the type SQUARE: the value of
LENGTH determines the size of the matrix. If LENGTH is less than 1 (i.e., LENGTH is
equal to 0), then the matrix has no element. If LENGTH is, for example, equal to 5, then the
matrix has 25 elements.

The EAST syntax requires a default value for each discriminant (if any) in a record type
doplavatinn A _dofardt vialiin Aape nat neaclbiidAa Ay nAaccihls valiin far tha Aicarinmg
uluraractrvrlt. 7\ ULTauTt varue uUuJUlo 1T1UL FIUUIUUU (Ally FUOOIUIC varue TuUr UiIc uirovull Inant Of
corresponding record objects. In the case of the type ‘SQUARE’, the default.value could
have been any allowed value for the integer type ‘NUMBER’, i.e., in the range,0>.. MAX.

Some records may contain components of which the size or the existencexdepend on fthe value
of a data item that is not part of the record: this data item is considered to be a dis¢riminant
for the record, except that the occurrence of this discriminant is not in the record its¢lf. Such
a discriminant is called a virtual discriminant.

The syntax of a virtual discriminant is the same as a ‘classic’ discriminant (see figyre 3-24).
The only difference is that the discriminant identifier egins in this case with ‘VIRTUAL ’
and does not represent any data item occurrence.
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Figure 3-26 presents an example of virtual discriminant use. It describes a packet format.

Packet
| )
Ontional
V,,L.\I,..w
Primary Secondary Source
Header Header ™ Data <.
(48) (variable) O, (variable) ¢~O,
| ‘:
| ! | \ discriminates
Packet Packet Source Y ,
i - | it
[ dentification Sequence Data R ': v
l Control Length< ~~77 7~
| (16) /
//
Segmentation  Source ,/
Type_|d Flag Sequenee /
1
D ) Count discriminates
Secondary (14) e
Header e
Flag ~q.__ T
(1) . . NG ]
Applicatiop (x): Lengthin bits
Process(D
(10)

Figure 3-26: Discriminantsin a Packet Format

Page 3-22 June 2010

© 1SO 2011 — All rights reserved



https://standardsiso.com/api/?name=96100a90e943b81269adf42d38bf7e72

ISO 15889:2011(E)

CCSDS RECOMMENDED STANDARD FOR EAST SPECIFICATION

This tree structure can be described using EAST type definitions as follows:

-- basic data types used in the first branch
type VERSION is (VERSION_1, VERSION_2);

type PACKET_TYPE is(TELEMETRY , TELECOMMAND);

type PRESENCE_FLAG is (ABSENT , PRESENT):;
type PROCESS_IDENTIFICATION is (WORKING , IDLE);

-- structuring type for the Packet Identification
type PACKET_IDENTIFICATION_TYPE isrecord
VERSION_NUMBER: VERSION;
TYPE_ID: PACKET_TYPE;
SECONDARY_HEADER_FLAG: PRESENCE, FLAG,;
APPLICATION_PROCESS_ID: PROCESS IDENTIFICATION;
end record;

-- basic data types used in the second branch
type STATUS is (CONTINUATION_SEGMENT,
FIRST_SEGMENT, LAST_SEGMENT, UNSEGMENTED_PACKHT);

type COUNTER isrange0 .. 16383;

-- structuring type for thesPacket Sequence Control

type PACKET_SEQUENCE_CONTROL_TYPE isrecord
SEGMENTATION_FLAG: STATUS;
SOURCE.SEQUENCE_COUNT: COUNTER,;

end record;

-- basi¢ data types used in the other branches
typeNUMBER isrange0 .. 65535;

type QCTET s range Q.. 255

CCSDS 644.0-B-3 Page 3-23 June 2010
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e

-- structuring types
type DATA_ARRAY isarray (NUMBER range <>) of OCTET;
type SECONDARY_HEADER_TYPE isarray (1 .. 4) of OCTET,

type PRIMARY HEADER TYPE isrecord
PAQKET _IDENTIFICATION: PACKET_IDENTIFICATION_TYPE;
PAJQKET_SEQUENCE_CONTROL: PACKET_SEQUENCE_CONTROL_TYPE;
SOURCE_DATA _LENGTH: NUMBER;

end record;

type FACKET_FORMAT_TYPE(
VIRTUAL_SECONDARY_HEADER_FLAG: PRESENCE_FLAG := PRESENT;
- point to the secondary header flag located in the first branch
VIRTUAL_SOURCE_DATA_LENGTH: NUMBER := 256)
- point to the source data length located in the third brafch
Isrecqrd
PRIMARY_HEADER: PRIMARY_HEADER_TYPE;
case VIRTUAL_SECONDARY_HEADER_FLAG is
when ABSENT =>
SOURCE_DATA 0: DATA_ARRAY (1.. VIRTUAL_SOURCE_DATA_LENGTH);
when PRESENT =>

SECONDARY_HEADER: (SECONDARY_HEADER_TYPE;
SOURCE_DATA 1: DATA_ARRAY (1 .. VIRTUAL_SOURCE_DATA_LENGTH);
bnd case;
end record;

FLAG|. PRESENCE_FLAG;

LENG|H : NUMBER;

PACKET : PACKET FORMAT _TYPE;

-- Actual values of.discriminants

PACKET.VIRTUAL_SECONDARY_HEADER_FLAG : virtual PRESENCE_FLAG := FLAG;
PACKET.VIRTUAL_SOURCE_DATA LENGTH : virtual NUMBER := LENGTH,;

ter sttt N I

The two virtual discriminants ‘VIRTUAL SECONDARY_HEADER FLAG’ and
‘VIRTUAL_SOURCE_DATA_LENGTH’ do not really exist in the exchanged data block.
They serve as a link between other data:

— VIRTUAL_SECONDARY_HEADER_FLAG is supposed to have the value of the
SECONDARY_HEADER_FLAG field in the PACKET IDENTIFICATION block; it
conditions the existence of the SECONDARY_HEADER block. It serves as a link
between these two fields.
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— VIRTUAL_SOURCE_DATA LENGTH is supposed to have the value of the
SOURCE_DATA LENGTH field in the PRIMARY HEADER; it conditions the size
of the SOURCE DATA block. It also serves as a link.

If the size of an array is deduced from several discriminants by a calculation its virtual size
declaration remains unchanged (as shown on example 3-10). The calculation to be done is

doceribhad latar aftar thin Alant Aanlavatinn cantinn foann 2 9 2\ nec chpwam 1n Aavanmanla 2 12
ULOLUITULU TALLUT drter uilc UUJU\JL ulurarativitT ovuuavull \JCC \)-L.\)} Uo OlfTJvvIT I1mt Cl\ulllplc J .

type A_JULIAN_DAY israngel .. (2**32)-1;
type A_SECOND_IN_A DAY isrange0 .. 86399;

type A_JULIAN_DATE isrecord

DAY : A_JULIAN_DAY;

SECOND : A_SECOND_IN_A DAY,
end record;

type A_ TEMPERATURE isdigit 6 range 0.0 .. 100:0;
type TEMPERATURES isarray (A_JULIAN.DAY range<>) of A_ TEMPERAT|URE;

type DATA_RECORD (VIRTUAL_SIZE“A_JULIAN_DAY :=1)isrecord
MEASUREMENTS : TEMPERATURES (1 .. VIRTUAL_SIZE);
end record;

FIRST_DATE : A_JULIAN DATE;

LAST _DATE : A JULIAN.DATE;

DATA : DATA _RECORD;

-- Actual values of discriminant

DATA.VIRTUALZSIZE : virtual DAY _TYPE := LAST _DATE.DAY -
FIRST _DATE:DAY;

Example 3-12: Calculated Size Array

Supported operators are ‘+°, *-’, “*’ ‘[’ “*** (exponent), ‘is_odd’, ‘is_even’, ‘cos’, ‘sin’,
‘tan’, ‘acos’, ‘asin’, ‘atan’, ‘log’, ‘In’, “‘cosh’, ‘sinh’, ‘tanh’, ‘acosh’, ‘asinh’, “atanh’, ‘(’, *)’,
‘I’ (factorial).

The syntax of the virtual declaration for a calculated condition is the same as in example 3-9.

The calculation to be done is described later after the object declaration section, as shown in
example 3-13.
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Operators that parallel generic function calls in Ada may be used in an EAST description.
These are supported by the software application.

type A_RESULT is range 0 .. 100;

type RESULTS (VIRTUAL_BONUS _FLAG : BOOLEAN := TRUE) is record
RESULT_1: A RESULT;
RESULT_2: A RESULT;
case VIRTUAL _BONUS_FLAG is
whenf TRUE => BONUS : A_RESULT;
end caseg;
end record

PREVIOUS_WEEK : A_RESULT;
THIS_WEEK : RESULTS;

-- Actual vhlues of discriminant

THIS_WEEK.VIRTUAL_BONUS_FLAG : virtual BOOLEAN
:= (THIS_WEEK.RESULT _2 - THIS_WEEK.RESULT 1) > PREVIOUS_WEEK;

Example 3-13: Calculated Component Presence Condition

Figure 3-27 illustrates the syntax of an actual discriminant value declaration.

Actlial
T Type :
Discriminant e
Vallie =| EAST path Identifier Function @—O
b

1 Functiortreturns a value compliant with type identifier computed using predefined
operators applied to values designated by their complete EAS T path.

2 The EAST path is built using the name of each hierarchy level from the top to the
designated item.

Figure 3-27. Actual Discriminant Value Declaration Diagram
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3217 TypeSummary

The following diagram (figure 3-28) presents the types that can be found in the logical part of
an EAST description:

24

/
.\

enumeration
CONCD
,_/
CHARACTER * / /

uncenstrained array variant record

\V Y

#) FAST predefined type

Figure 3-28: Type Summary

Scalar types have a binary coding or an ASCII coding, according to their physical description
(see 3.3.3).

A variant record is a record that contains at least one discriminant. An invariant record
contains no discriminant.
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3.22 SUBTYPE DECLARATIONS

A subtype of a given type is used to restrict the set of values of the initial type. The initial
type must be known at the subtype declaration time: either it is a predefined type of the
EAST language or it has been previously declared.

Figure 3-29 illustrates the syntax of a subtype declaration.

Subty
Declard

Subtype

Identifier

Type

Identifier

)
Enumeration

Constraint
~—

N
Integer

Constraint
— e >

>

T
Real
Constraint

| N —

S
Index

Constraint

Figure 3-29: Subtype Declaration Diagram

The congtraint for an enumeration subtype is defined in figure 3-30.
Y S
Enumeration Enumeration
va Literal > Literal —
Identifier Identifier
- - J
S V S—
. Enumeration Enumeration
eration’ | h N :
o) . range ) Constant " Constant ;
i Identifier Identifier
- -
Y S
Character Character
Literal Literal
- -

CCSDS 644.0-B-3

Figure 3-30: Enumeration Constraint Diagram
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If a character literal used as range bound is not a printable character (as defined in annex B),
its constant identifier is used (constants of the type CHARACTER are defined in annex B in
a table called ASCII).

The constant identifier for a character must be prefixed by ‘ASCII.’, in order to avoid any
confusion with other identifiers defined in the current description.

The following example defines some subtypes of CHARACTER:

subtype CAPITAL_LETTER isCHARACTER range ‘A’ .. *Z’;
-- the range bounds are printable

subtype LINE_FORMAT is CHARACTER range ASCIILHT .. ASCII.CR,;
-- the range bounds are not printable

Example 3-14: Character Declarations

The constants of the type CHARACTER, which are-specified in the ASCII table, gre EAST
predefined constants.

The constraint for an integer subtype is defined in figure 3-31.

Integer
Constant

Identifier

O (-
Constraint \

Integer
Literal

Integer
Constant

Identifier

Integer
Literal

Figure 3-31: Integer Constraint Diagram

In the previous diagram, the first integer gives the lower bound and the second the upper
bound of the specified range.
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The constraint for a real subtype is defined in figure 3-32.

Real
Constant

Real
Constant

Identifier

Identifier

Real /\ Number

Constrint | \_°_~/ | of Digits S - N

Real Real
Literal Literal

Figure 3-32: Real Constraint Diagram

[@X

In the previous diagram, the first real gives the lower bound-and the second the upper boun
of the specified range.

The corstraint for an array subtype or for a subtype of. the predefined type STRING is defined
in figurg 3-23 (on page 3-17). In this diagram, the@iscrete literal in the range specification is
any intgger (based or decimal integer) literal or-any enumeration literal. In the same way, the
discretel constant identifier in the range specification is any integer or enumeration constant
(see 3.2.3.2).

The following example defines some.subtypes:

subtype WEEK_END isDAY range SAT .. SUN ;

-- where DAY is an enumeration type defined in 3.2.1.2 as:

-- typg DAY is (MON,.TUE, WED, THU, FRI, SAT, SUN);

subtype VERY_SMALL_INTEGER isSMALL_INTEGER range-5 .. 5;
-- where SMALL XINTEGER is an integer type defined in 3.2.1.3 as:

-- typa SVMAEL INTEGER isrange -10 .. 10;

subtypeMY_REAL isREAL range-9 999.999 .. 9 999.999;

-- whereREAL isareal typedefinedin 3.2.1.4 as.

-- type REAL is digits 15;

subtype SMALL_MATRIX isMATRIX (1..10,1 .. 10);

-- where MATRIX isan array type defined in 3.2.1.5 as:

-- type MATRIX isarray (NUMBER range <>, NUMBER range <>) of REAL,;
subtype NAME isSTRING (1 .. 32);

-- where STRING is a predefined array type (see 3.2.1.1).

Example 3-15: Subtype Declarations
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3.2.3 OBJECT DECLARATIONS

An object is an entity that contains a value of a given type. A declared object is called a
constant if the reserved word constant appears in the object declaration. An object that is not
a constant is called a variable.

The declaration of a variable uses types specified previously in 3.2.1. Variahles cqrrespond
to the data that are to be exchanged. Figure 3-33 illustrates the syntax for the declargtion of a
variable.

Variable L Variable Type Default
Declaration - Identifier Identifier Value

Figure 3-33: Variable Declaration Diagram

(o

The default value (which definition-is given by figure 3-22) is the one to pe given
automatically if no other value is:given by an application generating such data; it is tp be used
by generic software layer.

A variable declaration cansists of only one identifier (the variable identifier) followpd by the
identifier of the type that'describes the corresponding data.

UPDATED_DATA: MEASUREMENT_BLOCK ;

-- MEASUREMENT _BLOCK isarecord type defined in 3.2.1.6
INSTRUMENT_STATUS : STATE := ON;

=="STATE is an enumeration type defined in 3.2.1.2:

-- ON is a default value

Example 3-16: Variable Declaration

CCSDS 644.0-B-3 Page 3-31 June 2010

© 1SO 2011 — All rights reserved 55


https://standardsiso.com/api/?name=96100a90e943b81269adf42d38bf7e72

ISO 15889:2011(E)

CCSDS RECOMMENDED STANDARD FOR EAST SPECIFICATION

3.2.3.2 Declaration of Constants

The declaration of a constant must include an explicit initialization, except for the EOF
Marker declaration (see 3.2.3.2.2). This declaration guarantees that the corresponding object
value cannot be modified after initialization. Figure 3-34 illustrates the syntax of a constant

declaration.
Constant e Constant
Declarption | Identifier
Figure 3-34: Constant Declaration Diagram

Identifier

A constant declaration consists of only one identifier (the constant identifier) followed by the
reserved [word constant, an optional identifier for the constant type, and the value of the
constant.

FIRST [DAY_OF THE_WEEK: constant DAY.:= MON;

Example 3-17: Constant Declaration

The valye of a constant can be specified as a static expression, combining other constant
values and operators (‘+7, “**, “*** ‘2 7 “(C and ¢)’).

‘+’ and [-’ are unary or binary-gperators (addition and subtraction). “*’, */* and “**’ are
binary operators: “*’ is the multiplication operator, ‘/* is the division operator, ***’ is the
exponentiation operatorc- (" and ‘)’ are used to specify an explicit precedence for the
expressign evaluation.

Constants may bé. declared either in the section for the declaration of types or in the section
for the declaration of variables (see figure 3-13). In the first case, they contribute to data
model definitions while they represent, in the second case, some special data occurrences
called markets:

The first definition of a variable within the logical description part delimits the two sections.
Any declaration that occurs before the first variable definition belongs to the section for the
declaration of types. Any declaration that occurs after the first variable definition (including
the first variable declaration itself) belongs to the section for the declaration of variables.

CCSDS 644.0-B-3 Page 3-32 June 2010

56 © 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=96100a90e943b81269adf42d38bf7e72

ISO 15889:2011(E)

CCSDS RECOMMENDED STANDARD FOR EAST SPECIFICATION

3.2.3.2.1 Constantsin the Section for the Declaration of Types
A constant that is declared in the section for the declaration of types can be used:
— in type or subtype declarations for the specification of range bounds,

— in constant declarations for the specification of the values.

In this case, the constant is either an integer constant, a real constant, or an’enymeration
constant, the end objective of the constant being its use as a range bound.

A number declaration is a special form of a constant declaration, where.np,type is spgcified.

Pl: constant := 3.14159 26536; -- a real number
MAXIMUM: constant :=500; -- an integer number
NUMBER_OF_VALUES OF AN _OCTET: constant :=,2**8; -- the integer 256

Example 3-18: Number Declarations

3.2.3.2.2 Markers

A marker declaration is a special form~of a constant declaration, where the type of the
constant is mandatory. A marker is used to delimit the end of the repetition of an eléement. A
marker indicates that the data itemgust above is repeated until the marker value is found.

A marker is a constant whieh should be unambiguously recognized. The type of a marker is
therefore restricted to integer type, enumeration type, character type, or character stripng type.

The element of a repetition delimited by a marker can only be a variable or a compqgnent of a
record type.

3.2.3.2.2.1 ““Markers: Constantsin the Section for the Declaration of Variables

When<a>marker declaration occurs after the declaration of a variable, it means|that this
variable which is declared immediately before the constant occurs an undetermined number
of-times, the last instance being followed by the constant value.

RULE - The marker must follow a declaration of a variable. It cannot be the first
declaration of the section.
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The following example represents a set of values, the number of values being unspecified.
The end of the set occurs when the character string ‘END’ is encountered within the data.

VALUE : COEFFICIENT; -- COEFFICIENT isareal typedefinedin 3.2.1.4 as.
-- type COEFFICIENT isdigits 10 range 0.0 .. 1.0;

END_OF_COEFFICIENTS : constant STRING :="END";

Example 3-19: Marker Declaration

D

The pregsence of the EOF marker implies that the previous element is repeated untihthe Filg
Management System returns an “‘end of file’ indication.

The following convention is adopted: the type of the Marker is an EAST predefined type
called EOF. No explicit value is associated with this constant since this-value is unknown
This is the only case of a constant declaration where the value is absent:

RULE | The EOF marker can only be used once in an EAST description. When used, thg
EOF marker will be the last declaration in the logical description part.

©

—

The next example presents the description of a data file:that contains a header and n values (i
being urjdetermined).

HEADER : HEADER_TYPE; -- any record type

VALUE : COEFFICIENT; -- COEFFICIENT isareal typedefinedin 3.2.1.4 as:
-- type COEFFICIENT isdigits 10 range 0.0 .. 1.0;

END_OF _COEFFICIENTS : constant EOF ;

Example 3-20: EOF Marker Declaration
323222 Markers. Constantsin Record Type Definition

When a|marker-geclaration occurs within the declaration of the components of a record type,
it means thatthe component which is declared immediately before the constant occurs an
undetermined number of times, the last instance being followed by the constant value.

RULE - The marker must follow a declaration of a component. It cannot be the first
declaration in the record.
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The following example represents such a usage of a marker.

type CLIENT_ADDRESS is record
ONE_CHARACTER : CHARACTER,;

END_OF_ADDRESS : constant CHARACTER := ASCII.CR; -- carriage return
end record;

type CLIENT is record

NAME : STRING (1 .. 30);

COMPANY : STRING (1..30);

ADDRESS : CLIENT_ADDRESS;

END_OF_ADDRESSES : constant STRING := "-- End of addresses --";
end record;

Example 3-21: Marker Declarationdn*Record Definition

3.24 REPRESENTATION CLAUSES

Concerning the descriptive features, the representation clauses are one of the most significant
facilities offered by EAST. The representation clauses specify the mapping betjveen the
logical types of the language and their physical representation. EAST provides the length
clauses, the enumeration representation clauses, and the record representation clauses.

A representation clause immediately follows the type whose storage it descrjbes. A
representation clause is Mmandatory in a logical data description, except for varigble-sized
components, for which'the representation cannot be known.
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3.24.1 Length Clauses

A length clause specifies the number of bits that data of a particular type occupy in storage.
Length clauses must be provided for enumeration, integer, and real types. Length clauses
must also be provided for composite types every time it is possible, i.e., every time the size of
the composite type (array or record) is known. In such case, this size is the size of the whole
type. Figure 3-35 illustrates the syntax of a length clause declaration.

Lerfgth
Type Number
Clalise = - .
. Identifier of bits
Declafation

Figure 3-35: Length Clause Specification{dDiagram

The follpwing example presents type declarations with their associated length clauses:

type VALUE isrange0 .. 500;
for VALUE'size use 16; -- bits

type QOLUMN isarray(l .. 10) of VALUE;
for CQLUMN'size use 160; -- 10 times’/16 bits

Example3-22: Length Clause Declarations

If the elements of the described array are not contiguous, the unused space between elements
must be|described explicitly. This results in contiguous elements containing unused space.
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The following example presents an array which contains values and spare fields (for
alignment purpose).

type VALUE isrange0 .. 500;
for VALUE'size use 16; -- bits

type OCTET israngeO .. 255;
for OCTET'sizeuse8;

type SPARE isarray (1 .. 2) of OCTET,
for SPARE'size use 16;

type ELEMENT isrecord
A VALUE: VALUE;
A SPARE: SPARE;

end record;

for ELEMENT'size use 32;

type COLUMN isarray(1 .. 10) of ELEMENT;
for COLUMN'size use 320; -- 10 times 32.bits

Example 3-23: Explicit Description of Unused Space

3.24.2 Enumeration Representation Clauses

An enumeration representation clause specifies the bit pattern for the binary representation of
the value associatedwith each literal of an enumeration type. An enumeration reprgsentation
clause is optionah

If an enumeration representation clause is provided, each literal of the enumeration fype must
be provided with a unique bit pattern. The integer values (corresponding to the given bit
pattern)specified for the enumeration type must satisfy the predefined ordering relat{on of the
type; (1.e., they must increase.

If no enumeration representation clause is provided for a binary enumeration type, default
integer codes are presumed: the value of the first listed enumeration literal is zero; the value
for each other enumeration literal is one more than for its predecessor in the list.
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Figure 3-36 illustrates the syntax of an enumeration representation clause declaration:

/1
O/
Enumeration | | 0 /A

Clause z=( for trllggrﬁirﬁgron use A ( Identifier H =>)— Value w
laration

Figure 3-36: Enumeration Clause Specification Diagram

The infeger value, specifying the mapping with bit pattern, can be expressed using the binary,
octal, decimal or hexadecimal notation. The syntax for a binary,.octal, or hexadecimal valyie
Is: basp # value#.

type CODE is(ADD, SUB , MUL , LDA , STA , STZ);
for CODE use (ADD => 2#1#, SUB => 2#10#,

MUL => 2#11#, LDA => 2#1000#,
STA => 2#11000#, STZ => 2#11111#);

type PAY is (MON, TUE, WED, THU,FRI, SAT, SUN);
for DAY use ( MON => 8#1#, TUE=S 8#2#, WED => 8#3#,
THU => 8#4#, FRI => 8#5#, SAT => 8#6#, SUN => 8#7#);

type TATE is(OFF , ON);
for STATE use (OFF =>0.{ ON => 1);

type BYNCHRONJZATION is (NOMINAL_SYNCHRO , INVERSE_SYNCHRO);
for SYNCHRONIZATION use ( NOMINAL_SYNCHRO => 16#0C# ,
INVERSE_SYNCHRO => 16#F5# );

Example 3-24: Enumeration Clause Declar ations

3.24.3 Record Representation Clauses

A record representation clause specifies the storage representation of records, that is, the
order, position, and size of record components (including discriminants, if any).

A record representation clause occurs immediately after the record type definition and before
the record length clause (if its size is known).
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A component clause specifies the storage position of a component, relative to the beginning
of the record. A component clause must be provided every time it is possible, i.e., every time
the exact location of the component is known (e.g., it is not possible for variable-sized
components).

If component clauses are given for all components, the record representation clause
r‘nmplm‘aly me‘ifiac the mpmcﬂnfnfinn of the record tyne

If some component clauses are missing, the order of these components is specified|as in the
record type definition.

The order of component clauses in a record representation clause is notsignificant.

A representation clause is mandatory for a discriminant, except_for virtual discfiminants
which cannot have a representation clause.

There is an overlap between distinct variants. The EAST_.syntax requires that a variant part is
declared after the fixed part of a record. If the variant’ part has a constant length, fixed
components are allowed to be physically located after the alternative components of the
variant: the actual location of the fixed components-is specified using a record reprgsentation
clause.

Figure 3-37 illustrates the syntax of a component representation. The expression|after the
keyword at indicates a relative distance to the start of the structure. This distance is
expressed in words, the length of a.word being either 16 bits or 32 bits (see page 3-46 for the
declaration of the length). If distance is equal to O, the range is specified relatively to the
beginning (i.e., location 0) of the record. The expressions after the keyword range are the
positions in bits relatively te\the distance.

Component ] Location Location
. @ Distance @ L ‘ S D
Identifier in bits in bits

Figure 3-37: Component Representation Clause Specification Diagram

Component v
Clause™)|

Figure 3-38 illustrates the syntax of a record representation clause.

Record
. Record
CIauSt? --‘ Identifier @
Declaration

Figure 3-38: Record Representation Clause Specification Diagram

Component
Clause

(i O
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The next four examples illustrate the use of record representation clauses, in different cases:

First case: everything is known (the size and the location of every component);

Second case: the number of elements of a component is not known at definition time,
and the size and the location of this variable component are therefore not known;

e choice of the components;

— Hourth case:

Assuming the following definitions of the basic data types used in the four examples:

the record contains alternatives for the choice of the components
followed by a fixed (i.e., known) component.

for M(

for NU

for GA

--real |

-- enunper ation type definition
type DAY is(MON, TUE, WED, THU, FRI, SAT, SUN);
for DAY'size use 8;

-- integer type definitions
type MONTH israngel .. 12;

NTH'sizeuse8;

type YEAR isrange 1900 .. 2100;
for YEAR'size use 16;
typeNUMBER israngel .. 10;

MBER'size use 8;

type ALPHA israngel .. 10;
for ALPHA'sIze use 8;
typeBETA israngel .. 10;
for BE[TA'sizeuse8;

type GAMMA isrange1-: 10;

MMA'size use 8;

typeDELTA israngel .. 10;
for DELTA'sizeuse 8;

ype definition

for VA

type VALCUEI1SAIQITS5;

LUE'sizeuse 32;

-- array type definition
type VECTOR isarray(NUMBER range <>) of VALUE;

Example 3-25: Type Definitions

CCSDS 644.0-B-3
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The following example (figure 3-39) presents the case of a complete record representation
clause. The record representation clause is provided because the size and the location of
every component of the data structure are known.

First Record

Day Month Year Valoe
(8 bits) (8 bits) (16 bits) (32bits)

Figure 3-39: First Tree Structure

This tree structure is described using the following declaration:

type FIRST_RECORD isrecord
THE_DAY_OF_MONTH: DAY;
THE_MONTH: MONTH,;
THE_YEAR: YEAR,;
THE_MEASUREMENT: VALUE;

end record;

for FIRST_RECORD userecord
THE_DAY_OF _MONTH at O rangeO .. 7,
THE_MONTH at Q range 8 .. 15;
THE_YEAR at Orange 16 .. 31;
THE_MEASUREMENT at 0 range 32 .. 63;

end record;

for FIRST_REECORD'size use 64; -- 64 bits

Example 3-26: Complete Record Representation Clause Declaration
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The following example (figure 3-40) presents the case of an incomplete record representation
clause. A fortiori no representation clause could be found after a computed size array or a

computed structure record.

Second Record

Number Year  Vector (1 .. Number) Month
(8 hits) (16 bhits) (?) (8 bits)

Day
(8 bits)

The number of measurements is not known at definition time.< The size of the vector of
measurements is therefore not provided. The tree structure is_described using the following

declarations:

Figure 3-40: Second Tree Structure

THE_YEAR: YEAR,;

THE_MONTH: MONTH,;

THE_DAY_OF_MONTH: DAY;

end regord;

for SECOND_RECORD use record

THE_NUMBER at 0 rangeO .. 7,

THE_YEAR at O range8 .. 23;

-t no component clause for THE_ MEASUREMENT,

- for THE_MONPH nor for THE_DAY_OF_MONTH
end regord;

-- no lgngth clause’for SECOND_RECORD type

type SECOND_RECORD(THE_NUMBER: NUMBER := 1) isrecord

THE_MEASUREMENT: VECTOR(1 ~THE_NUMBER);

EXample 3-27: Incomplete Record Representation Clause Declar ation

In this example, the length of ‘THE_MEASUREMENT’ depends on the value of the
discriminant “THE_NUMBER’. No representation clause can be given for it. Nevertheless the
size is determined by the expression ‘THE_NUMBER times 32°, 32 being the size of the basic
element VALUE. The component “THE_MEASUREMENT’ begins at bit 24. The length of
‘THE_MONTH?’ is known but its location is not known at definition time. No representation
clause can be given for it. The component ‘THE_MONTH’ begins after the end of
‘THE_MEASUREMENT’. In the same way, the length of ‘the_day_of month’ is known, but
its location is not known at definition time. No representation clause can be given for it. The
component ‘“THE_DAY_OF_MONTH?’ begins after the end of ‘THE_MONTH’.
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The following example (figure 3-41) gives the case of a complete record representation
clause, where some components overlap:

Third Record
|

Day Month Year i ﬂ:
8bits) (8 bits) (16 bits)  value |
(32 bits) Alpha | Gamma
(8 bits) (8bits)
Beta Delta

(@Dits) (8 bits)

Figure 3-41: Third Tree Structure

The size of the record is known at definition time: all the alternatives have the same Iength (32
bits if THE_DAY_OF_MONTH is equal MON, and>4*8 bits if THE_DAY_OF _MPNTH is
equal something else). The location of every component is known.

type THIRD_RECORD(THE_DAY_OF@IONTH: DAY := MON) isrecord
THE_MONTH: MONTH,;
THE_YEAR: YEAR,;
case THE_DAY_OF_MONTH is
when MON =>
THE_MEASUREMENT: VALUE; -- 32 bits
when others=>
THE_ALRHA_VALUE: ALPHA, -- 8 bits
THE(BETA_VALUE: BETA,; -- 8 bits
THE) GAMMA_VALUE: GAMMA,; -- 8 bits
THE_DELTA_VALUE: DELTA,; -- 8 bits
endCase;
end record;
for THIRD_RECORD userecord
THE_DAY_OF _MONTH at 0 rangeO .. 7;
THE_MONTH at O range 8 .. 15;
THE _YEARat OTange 16 31;
THE_MEASUREMENT at 0 range 32 .. 63;
THE_ALPHA_VALUE at 0 range 32 .. 39;
THE_BETA_VALUE at 0 range 40 .. 47;
THE_GAMMA_VALUE at 0 range 48 .. 55;
THE_DELTA_VALUE at 0 range56 .. 63;
end record;
for THIRD_RECORD'size use 64; -- 64 bits

Example 3-28: Complete Record Representation Clause Declaration
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NOTE - The components ‘THE_MEASUREMENT’ and ‘THE_ALPHA VALUE’ cannot
appear in the same record, so their storage locations can overlap.

The following example (figure 3-42)presents the case of a complete representation clause,
where components and associated representation clauses are not declared in the same order:

Day Month
(§ bits) (8 hits)

Year
(16 bits)

Value ‘

(32 bits)
Alpha Gamma

(8 bits) (8 bits)

Beta Delta
(8'hits) (8 bits)

Figure 3-42: Fourth Tree Structure

The siz¢ of the record is known at definition time. The variant part has a constant length (32
bits). Alfixed component is located after the variant part.
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type FOURTH_RECORD (THE_DAY_OF MONTH: DAY := MON) isrecord
THE_MONTH: MONTH;
THE_YEAR: YEAR,;
case THE_DAY_OF _MONTH is
when MON =>

TE MEACSIHIDEMENT: \/
TIE _IVIE7TYOUOUMN\E = LI

when others=>
THE_ALPHA_VALUE: ALPHA,; -- 8 bits
THE_BETA _VALUE: BETA,; -- 8 bits
THE_GAMMA _VALUE: GAMMA,; -- 8 bits
THE_DELTA VALUE: DELTA,; -- 8 bits
end case;
end record;
for FOURTH_RECORD userecord
THE_DAY_OF_MONTH at 0 rangeO .. 7;
THE_MONTH at 0 range 8 .. 15;
THE_MEASUREMENT at 0 range 16 .. 47,
THE_ALPHA_VALUE at 0 range 16 .. 23;
THE_BETA_VALUE at 0 range 24 .. 31;
THE_GAMMA_VALUE at 0 range 323."39;
THE_DELTA _VALUE at 0 range 40~.. 47;
THE_YEAR at 0 range 48 .. 63;
end record;
for FOURTH_RECORD'size use64; -- 64 bits

2
T

N
D

it
t

Example 3-29: Complete Record Representation Clause Declaration

The data item of thectype YEAR is declared before the variant part in the regord type
declaration, but afterthe variant part in the record representation clause declaration.

The four previeus examples are an illustration of the following rules:

1 Thereasons for not providing a component representation clause are: the cgmponent
has a variable size or it follows a component that has no component reprgsentation
clause.

2 VWhen no representation clause can be given for a component, Its focation 1S supposed

to be contiguous to the previous component.

3 A fixed component is allowed after the variant part if that part has a constant length,
i.e., if the location of the fixed component can be stated using a component
representation clause.

The storage location of a component, relative to the start of the record, has been expressed
until now in bits in the examples (the distance has been set to 0). For large structures, the
values of expressions given after the reserved word range can be huge.
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The EAST syntax also allows one to express the relative position of a component in distance to
which a number of bits is added. For that purpose, EAST allows two units for the distance:
WORD 16 BITS and WORD_32_BITS, representing respectively a 16-bit word and a 32-bit
word.

WORD _16 BITS and WORD_32_BITS are two EAST predefined identifiers.

Distancgs are expressed in multiples of the selected unit as follows:

(0)
N
word_32_bits
Integer ;
Elstance ©=— Decimal 6
Literal
word" 16 bits

Figure 3-43: Distance Specification Diagram

NOTE [~ The integer decimal literal is. the-value of the distance expressed in the selected
unit, either word_32_bits orrwerd_16_bits.

See below for the previous record representation clause written using the constant
WORD| 32_BITS:

for THIRD_RECORD-userecord

THE_DAY_OF)MONTH at 0 * WORD_32 BITSrange0 .. 7;

THE_MONTH at 0 * WORD_32_BITS range8 .. 15;

THE_YEAR at 0 * WORD_32_BITS range 16 .. 31,

THE SMEASUREMENT at 1 * WORD_32_BITS range0 .. 31;

THEALPHA _VALUE at 1 * WORD_32 BITSrange0 .. 7;

THE BETA_VACUOEar 1 ~WORD_3Z2_BiTSTange 8 .. 15;
THE_GAMMA_VALUE at 1 * WORD_32_BITS range 16 .. 23;
THE_DELTA VALUE at 1 * WORD_32_BITS range 24 .. 31;

end record;

Example 3-30: Record Representation Clause Using WORD 32 BITS
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3.3 PHYSICAL DESCRIPTION

The physical description part adds implementation information to the logical part. While the
logical part of the DDR describes the meaning of the exchanged data, the physical part
describes how the data are physically implemented on the medium.

The mqr‘hinn-dnpnndnnf characteristics include:

— the representation of numerics;
— the way of storing arrays on the medium;

— the way of storing octets on the medium.

This physical part of the Data Description Record consists of-@ package. See helow the
content of the physical part of a DDR.

package physical_package nameis

way of storing arrays (see 3.3.1)

way of storing octets (see 3.3.2)

actual scalar type repfesentations (see 3.3.3)

associationof basic type names with their actual representations (see 3.3.4)

end physical_package name;

The.name of the physical package is an identifier (see 3.1.3) and must be different|from the

name of the package giving the associated logical description.

The physical description part has to be considered to be the instance of a template. Thus, the
syntax used throughout this section is not justified or formally defined. An extended
example of the template is provided in 3.3.5. The next subsections (3.3.1 to 3.3.4) explain
the content of the template. Each time a declaration of the template must be used as it is, it is
called “fixed part of the physical description’ as opposed to the declarations that change from
a description to another one.

Every part of the template is optional (see 3.3.5). There is no required ordering between the
different parts of the template.
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3.3.1 STORING ARRAYS

An array object on a medium consists of a sequence of components. For a multi-dimensional
array, i.e., an array with more than one index range, there are different methods to organize
the sequence: either the first index range varies first or the last index range varies first. The
first described method of storing arrays is called first_index first, and the second one is
called last_index first.

The method for storing arrays on the medium is described in the physical description byusing
an enumegration type. See below the corresponding declaration:

type ARRAY_STORAGE_METHOD is( FIRST INDEX_FIRST,
LAST_INDEX_FIRST);

Fixed Part 3-1 of the Physical Description: Array Storage Method

Using this declaration, it is necessary to declare the actual method for storing arrays, fol
example

ARRAY STORAGE: constant ARRAY_STORAGE-METHOD :=
FIRSTAINDEX_FIRST;

Example 3-31: Actual Array Storage Method
This dec]aration is applicable to the whole’ description.
By defaylt, the array storage is FIRST_INDEX_FIRST.

3.3.2 STORING OCTETSBITS

The method used to stare octets/bits determines the location of the Most Significant Bit
(MSB) and the Least'Significant Bit (LSB) of a data element.

A machine is_sard to be big-endian or little-endian depending on whether the MSB is in thg
lowest of highest addressed octet of the data element.

For a big-endian representation of a multi-octet data element, the MSB is in the first
transmitted octet, i.e., in the first octet on the medium, while it is in the last transmitted octet,
i.e., in the last octet on the medium, for a little-endian representation of a multi-octet data
element.

The big-endian representation for a data element can be viewed as storing the bits from most
to LSB order, and then keeping this same order when output to some medium.

CCSDS 644.0-B-3 Page 3-48 June 2010

72 © 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=96100a90e943b81269adf42d38bf7e72

ISO 15889:2011(E)

CCSDS RECOMMENDED STANDARD FOR EAST SPECIFICATION

The little-endian representation for a data element can be viewed as storing the bits from least
to MSB order, but then re-ordering the bits (from most to least significant) within each octet
when output to some medium.

This machine-dependent characteristic is very important for a correct interpretation of the
data. Its definition is given for multi-octet data elements, but is still applicable for every data

The following example presents the transmission of data elements for-poth |kinds of

machines.
Logically we have:
A B C 0
2 bits 3 bits 16 bits n bjts
ALlA, BBy | B3| CilColCa|Cul i, €r|Cu|Cis|Cis| D1 Dy . ... D,

When writing onto a medium, the machine writes ¢he bits of the current octet first o that the
contained data element bits are ordered from MSB to LSB while maintaining their rglative bit
positions to one another.

Therefore, for a big-endian machine where the bits are stored MSB first, the bit|values in
memory appear as follows:

Al A2 Bl BZ 83 Cl C2 C3 C4 ............ Cll ..... C13 C14 C15 C16 Dl D2 K Dn
21 |20 [ 2% |2t |20 [ 25 |2 |2 2% |............. 2. 22 |22 |2t [2° [2mt (|22l |2°

The bits are transmitted towards the medium octet by octet in the following order:
A1 A, B; BS Bg C:Cy C3 then Cy C5 Ce ..C11 then Ci C13 .. D1 D> D3 and sq forth.

For a little=endian machine where the bits are stored LSB first, the bit values i memory
appear as-follows:

Al A2 Bl BZ 83 Cl C2 C3 C4 .............. Cll.-- C13 C14 C15 C16 Dl D2 K Dn
20 (2t |20 2% [22 | 2% (2t |22 |22 |, 210, |21 |28 21 21 20 |2t .. [2m

The bits are transmitted towards the medium octet by octet in the following order:

C3 C,Cy Bg B, B; A, A; then Cu1 ClO Cg ..Cyu then D3 D, D, C16... Ci and so forth.

Example 3-32: Octet Storage Possibilities
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See below the corresponding declaration:

type BIT_ORDER is( HIGH_ORDER_FIRST, -- big-endian representation
LOW_ORDER_FIRST); -- little-endian representation

Fixed Part 3-2 of the Physical Description: Bit Order

Using this declaration, it is necessary to declare the actual way of storing octets, for examplg:

OCTHET_STORAGE: constant BIT_ORDER := HIGH_ORDER_FIRST;

Example 3-33: Actual Bit Order
This declaration is applicable to the whole description.

The depcription of the way of storing octets (using the type BIT>ORDER) is sufficient {o
fully dgscribe the organization on the medium (even at a bit level).

By defqult, the octet storage is HHGH_ORDER_FIRST.
3.3.3 |REPRESENTATION OF SCALAR TYPES
Scalar types can be either binary encoded or ASCII encoded.
3.3.3.1| Binary Representation of Scalar Types

t

The way to determine the value efia numeric (integer or real), i.e., how to interpret its b
pattern|on the medium, depends‘on its binary representation.

The binary representationof-a numeric indicates its bit pattern on the medium. It includes the
physicdl characteristics~that may differ depending on the machine that has generated the
numeric.

No bingry representation is provided for enumeration types, because they are mapped gn
integers, forowhich the location of the bits from the MSB to the LSB are deduced from
anothern physical information item, called bit order (see 3.3.2). If necessary, negative valugs
are represented in a two's complement form.

If a negative value is present in the enumeration list, then the sign bit is present in any data
occurrence of the enumeration type. If the sign bit is set, the two’s complement shall be used
to decode the integer value.

If all enumeration values are positive integers, then there is no sign bit and any data
occurrence of the enumeration must be considered to be an unsigned integer.
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The binary representation of an integer includes the following characteristics:
— the sign convention, which indicates the complementation, if any;

— the bit ordering, which indicates the location of MSB to the LSB, the sign position, if
any, being the MSB.

‘I'he binary representation ot a real Includes the tollowing characteristics:

the sign position;
— the sign convention, if any;
— the location of the exponent;

— the bias, which is a constant chosen to make the sum ‘of exponent value|and bias
which is a non-negative number;

— the exponent base, which is the integer (two, ten"or sixteen) raised to the pxponent
power in determining the value of the represented number;

— the location of the mantissa.

It must additionally include the identifiér of the convention of the generating [machine,
‘convention of the generating machine*being the method to reconstitute the real values from
the previously defined characteristics.” An Authority and Description Identifier (ADID) is
associated with every registered-convention. See reference [E5] for the list of copventions
and related ADIDs.

The conventions adopted_in this document for the data representation on a mediumm are the
following:

— In multi“octet elements, the first octet is drawn in the leftmost position and|is called
‘Octet Zero’. Successive octets are assigned successively larger numbers.

— _Yithin an octet or binary field (not a multiple of octets), the first bit is drayn in the
leftmost position and is called ‘Bit Zero’.
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The following rule is applicable for a field representing an integer, an exponent or a mantissa
of areal: the bits of the field are not necessarily provided in the right order (MSB to LSB) on
the medium. The aim is to reconstitute the proper bit ordering (MSB to LSB). To achieve
that, the initial field might be divided into an ordered sequence of subfields for which the bit
ordering is respected in each of them. The order of the subfields provides the order of bits
from the MSB to the LSB of the whole field.

Significance 20 22 20 23 22 20 28 20 2t

The bif ordering for this field from the MSB to LSB is: 5-6-7-0-1-2-3-4-8-9.“This can be
summarized using the previous rule in 3 subfields according to the bit"humbers in the
following order: (5,7)-(0,4)-(8,9).

Example 3-34: Bit Ordering

Using the previous conventions and rules, the binary representation of numerics is describeg
in the cofresponding physical description part. It contains;

a fixed part declaring the types wused to describe the representationg
(INTEGER_PHYSICAL_DESCRIPTION and REAL_PHYSICAL_DESCRIPTION)
this part being always the same and present in any physical description part;

part declaring the actual representations used, i.e., a specific part, depending on the
ature of the numerics to be described.

I
=

type NATURAL_NUMBER israhge0 .. 65535;

type LOCATION_OF SUBFIELD is -- subfields composing an integer or the
recor d -- exponent/mantissa of a real.
BEGINNINGZAT_BIT_NUMBER: NATURAL_NUMBER,;

BENDING-AT _BIT_NUMBER: NATURAL_NUMBER;

end regord;

MAXIMUM_NUMBER_OF SUBFIELDS: constant := 255;
type SUBFIELD_NUMBER isrange
1.. MAXIMUM_NUMBER_OF_SUBFIELDS;

type LOCATION_OF FIELD isarray (SUBFIELD_NUMBER range <>)
of LOCATION_OF SUBFIELD;

Fixed Part 3-3 of the Physical Description: Location of Fieldsfor Numerics
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NOTES

1 The MAXIMUM_NUMBER_OF_SUBFIELDS is set to 255. It is an arbitrary value
that is big enough to cover all the identified machine architectures (i.e., the number of
subfields that are necessary to locate the bits of an integer can be up to 255).

2 The upper bound of NATURAL NUMBER is set to 65535, It is an arbitrary value
that seems to be large enough in this context.

type SIGN_CONVENTION is (UNSIGNED, SIGN_AND_MAGNITUDE,
ONES_COMPLEMENT, TWOS_COMPLEMENT);

type LIST_OF_RECOGNIZED_CONVENTIONS is (FCSTC000,FCSTCO001,
FCSTCO0002, FCSTCO0003); -- this list is not exhaustive (see reference [E5])

type INTEGER_PHYSICAL_DESCRIPTION (
NUMBER_OF SUBFIELDS: SUBFIELD NUMBER :=1)isrecord
COMPLEMENT: SIGN_CONVENTION;
LOCATION: LOCATION_OF FIELD (¥:. NUMBER_OF SUBFIELDS);
end record;

type REAL_PHYSICAL_DESCRIPTION(
NUMBER_OF SUBFIELDS IN_EXPONENT: SUBFIELD NUMBER :=
NUMBER_OF SUBFIELDS IN_MANTISSA: SUBFIELD _NUMBER :=1)
isrecord
CONVENTION_USED: LIST OF RECOGNIZED CONVENTIONS;
SIGN_BIT_NUMBER: NATURAL _NUMBER;
COMPLEMENT: SIGN_CONVENTION;
EXPONENT-BASE: NATURAL_NUMBER,;
BIAS: NATURAL NUMBER,;
LOCATION_OF EXPONENT: LOCATION_OF FIELD (
1..NUMBER_OF_SUBFIELDS_ IN_EXPONENT);
LOCATION_OF MANTISSA: LOCATION_OF FIELD (
1..NUMBER_OF SUBFIELDS IN_MANTISSA);
end record;

=

Fixed Part 3-4 of the Physical Description: Binary Description for Numerics

Each time the bits of an integer or the bits of the exponent or mantissa are not contiguously
located on the medium from the MSB to the LSB (see example 3-34), several subfields are
necessary to locate the bits. In these cases, BEGINNING_AT_BIT_NUMBER of the first
element of the array LOCATION_OF_FIELD is supposed to be the bit number of the MSB.
Bit numbers continue in sequence until ENDING_AT_BIT_NUMBER of the last element of
LOCATION_OF_FIELD, which is supposed to be the bit number of the LSB.
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The actual representation of the numerics is given by the declaration of constants of the
previous record types (INTEGER_PHYSICAL _DESCRIPTION for the representation of
integers and REAL_PHYSICAL_DESCRIPTION for the representation of reals).

The actual representation of a numeric is therefore provided by a record value (i.e., the value
of the constant of the relevant record type: INTEGER_PHYSICAL_DESCRIPTION or

REAL_PHYSICALBESCRIPHON)-

Figure B-44 illustrates the syntax of a record value.

7

Record o < ) : Component
alue T Identifier

Figure 3-44: Record Value Specification Diagram

Component

(0>

In the |case of the record types used in the physical part of an EAST description, th
component value is either an enumeration literal, an integer literal or an array value (sg
figure 3-45).

D

R
Enumeration

Literal Value
-

SR
Component Integer
Value " Literal Value O
-

S EE——
Array
— Value
-

Figure 3-45. Component Value Definition Diagram
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Figure 3-46 illustrates the syntax of an array value.

N

ATTay — N Imdex = COMpOnent
Value T AQ/ Value =2 Value /\ )/\

Figure 3-46. Array Value Specification Diagram

The index value is an integer literal. In the case of the array types-used in the physigal part of
an EAST description, the component value is either an enumeration literal, an integer literal,
an array value, or a record value.

The following examples present real cases of two integers and a real that must be degcribed.

A 16-bit signed integer with the following physical representation (big-endian representation):

0 7 8 15
octet© octet 1
\L 214 20
Sign

— The sign positiop.1s bit 0.

— The bit ordering is (0,15), which means that the MSB is bit 1 (bit 0 being the sign bit)
and the LiSB 1s bit 15.

Example 3-35: Bit Orderingfor the Above 16-Bit Signed | nteger

Using-the types declared in the fixed part of the physical description, it is possible to declare
the,actual binary representation of this integer. Assuming that for negative values the two’s
T , T OIS gi T ation:

Binary_Representation_01: constant INTEGER_PHYSICAL_DESCRIPTION :=
(NUMBER_OF_SUBFIELDS =>1,
COMPLEMENT => TWOS_COMPLEMENT,
LOCATION => (1 => (0,15)));

Example 3-36: Actual Binary Representation of the Above 16-Bit Signed I nteger
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In this example, the binary representation indicates that the sign bit is the first bit encountered
(bit 0). Then, a less significant bit is the second bit encountered (bit 1) and so on till the
sixteenth bit (this bit being the LSB of the integer).

In the same way, a 16-bit unsigned integer with the following physical representation (big-
endian representation):

0 7 8 15
octet 0 octet 1

215 20

— The bit ordering is (0,15), which means that the MSB is bit 0 and.L'SB is bit 15.

Example 3-37: Bit Ordering for the Above 16-Bit Unsigned I nteger

Using the types declared in the fixed part of the physical description, it is possible to declarg
the actugl binary representation of this integer. The actual, binary representation is given by
the folloying declaration:

Binary| Representation_02: constant INTEGERPHYSICAL_DESCRIPTION :=
(NUMBER_OF_SUBFIELDS =>1,

COMPLEMENT => UNSIGNED,

LOCATION => (1 => (0,15)));

Example 3-38: Actual Binary-Representation of the Above 16-Bit Unsigned I nteger

In this example, the binary-fepresentation indicates that the most significant is the first bit
encountgred (bit 0). Thenya less significant bit is the second bit encountered (bit 1) and so on
until the [sixteenth bit(this bit being the LSB of the integer).

If the range that.is  specified in the integer type definition (in the logical part of the EAST
descriptipn).allows negative values, then there is a sign bit, and the SIGN_CONVENTION
cannot bpMNSIGNED. If this range specifies only positive values, then there can be a sign
bit (or not) according to the SIGN_CONVENTION. Tf there 1s no sign bif, the Tirst i
number of the first subfield really corresponds to the MSB.
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A 32-bit real with the following physical representation (little-endian representation):

0 7 8

15 16 23 24

31

octet 0

octet 1

octet 2

octet 3

Exponent Sign

<« Mantissa - <« Mantissa —>l <« Mantissa - L« prnnpnf_\

— The sign position is bit 24.

— The location of the exponent includes two subfields (25,3%)and (16,16), which means
that the MSB of the exponent is bit 25 and the LSB is hit*16.

— The location of the mantissa includes three subfields (17,23), (8,15) and (0,}), which
means that the MSB of the mantissa is bit 17 and the LSB is bit 7.

Example 3-39: Bit Orderingfor the Above 32-Bit Real

Using the types declared in the fixed part\of the physical description, it is possible to declare
the actual binary representation of this'real. Assuming that the real is generatedon a PC
(which uses the IEEE 754 convention, identified by FCSTCO0O00, see reference[E5]), the
actual binary representation is given by the following declaration:

BIAS => 127,

LOCATION_OF_EXPONENT => ( 1 => (25,31),

Binary_Representation(03: constant REAL_PHYSICAL_DESCRIPTION :=
(NUMBER_OF_SUBFIELDS_IN_EXPONENT => 2,
NUMBER_OF_SUBFIELDS_IN_MANTISSA => 3,
CONVENTION_USED => FCSTCO000, -- IEEE 754
SIGN_BIT_NUMBER => 24,

COMPLEMENT => SIGN_AND_MAGNITUDE,
EXPONENT_BASE => 2,

2=>(16,16)),

LOCATION_OF_MANTISSA => ( 1 =>(17,23),

2 => (8,15),
3=>(0,7)));

Example 3-40: Actual Binary Representation of a 32-Bit Real

In this example, the binary representation indicates that the most significant bit of the
exponent is the twenty-sixth bit encountered (bit 25). Then from bit 26 through bit 31 the
bits encountered are less significant, and bit 16 is the LSB of the exponent.
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In the same way, the most significant bit of the mantissa is the eighteenth bit encountered (bit
17). Then from bit 18 through bit 23, and then from bit 8 through bit 15, and from bit O

through

NOTE

bit 7, the bits encountered are less significant, bit 7 being the LSB of the mantissa.

— The name of the constant used to identify the binary representation
(Binary_Representation_01 or Binary_Representation_02) could be any identifier
(except a reserved keyword). The only restriction is that a constant identifier

Referen
the defin

3332

ASCll e
types, if
encoded
type (en

There i
the logi
actual rg
ASClIr

The AS§
associat
coding

(NUMBER_OF_CHARACTERS)-" The set of the coding values is therefore represented by &

characte
NUMBH
NUMBH

cannot be defined twice in the physical part.

ce [E5S] provides the way of calculating real values for the conventions, mentioned in
ition of LIST_OF _RECOGNIZED_CONVENTIONS.

ASCI| Representation of Scalar Types

ncoded types are sometimes used to increase the portability of the data. Enumeration
nteger types, and real types can be encoded using character strings. An ASCI|
type is a character string type with a specific format, depending on the nature of th¢
imeration, integer, or real).

cal description of an ASCII encoded type..xThe physical description specifies th
ppresentation of the scalar types. By defatlt, a type is a binary encoded type. A
ppresentation must be associated with the type name, if the type is ASCII encoded.

no difference (except the size) between the logical description of a binary type an}

CIl representation of an enumeration type provides all the character strings
bd with all the enumeration literals of the type. The character strings, which are th¢
values of the enumeration type, have all the same length

r string list, which -is also an array of characters, dimensioned by th¢
FR_OF_OCCURRENCES of the enumeration type and the
FR_OF_CHARACTERS of every occurrence.
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The ASCII representation of an enumeration uses the following types:

type STRING_LIST isarray( NATURAL_NUMBER range <>,
NATURAL_NUMBER range <>) of CHARACTER,;

type ASCII_ENUMERATION_PHYSICAL_DESCRIPTION (
NUMBER_OF_OCCURRENCES: NATURAL_NUMBER :=0;
NUMBER_OF_CHARACTERS: NATURAL_NUMBER :=0) isrecord
REPRESENTATION: STRING_LIST (1.. NUMBER_OF_OCCURRENCES,
1..NUMBER_OF_CHARACTERS);

end record;

Fixed Part 3-5 of the Physical Description: ASCII Description for Enumeration Types

The number of characters used to encode the enumeration type must be the same [for every
enumeration literal of the type. This number is known at definition time.

All characters (i.e., the 256 characters of the Latin Alphabet No. 1—see reference [[L] and/or
annex B) are allowed and are significant, including the space character.

The physical representations of the enumeration literals are provided in the ordef of their
declaration in the logical part.

An enumeration type is either an ASCII encoded type (in this case, its ASCII reprgsentation
shall be present in the physical description part) or a binary encoded type (in thig case, an
enumeration representation clause can be present in the logical description part). Injany case,
enumeration representation clause and ASCII representation are exclusive: they must not be
associated with thie-same enumeration type.

Using the types declared in the fixed part of the physical description, it is possible to declare
the actual ASCII representation of the enumeration types.

For\.eéxample, an enumeration type which has two permitted values: *WORKING’ and
‘IDI E’, identifying a process, can be described in the logical part as follows:

type PROCESS_IDENTIFICATION is (WORKING, IDLE);
for PROCESS_IDENTIFICATION'size use 56; -- bits, i.e., 7 characters

Example 3-41: ASCII Enumeration Type L ogical Declaration
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and in the physical part as follows:

ASCII_Rep_01: constant ASCII_ENUMERATION_PHYSICAL_DESCRIPTION :=
(NUMBER_OF_OCCURRENCES => 2, NUMBER_OF_CHARACTERS =>7,
REPRESENTATION => ("WORKING", "IDLE "));

Example 3-42: ASCII Enumeration Type Physical Description

In this example, three space characters belong to the representation of the enumeratiorvalue
IDLE.

An ASC|I Encoded Decimal Integer is a character string representing an integer value. The
format gf the character string corresponding to an ASCII encoded“decimal integer is
described in figure 3-47:

(oo 1O T [&=
AN Y /_\
o S > digit > o
/\ \_/

Figure 3-47: ASCH Encoded Decimal Integer Format
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An ASCII Encoded Decimal Real is a string representing a real value. The format of the
character string corresponding to an ASCII encoded decimal real is described in figure 3-48:

\ /N N2 AN
A~ PN
o > > AN U w_
/ AN
fo¥
aSa ¢ (space)
4 7 > @ > o
(:> y N
2O
(-

Figure 3-48:“ASCI| Encoded Decimal Real Format
A digit is one of the following characters: ‘0’, ‘1’, *2’, *3’, ‘4’, ‘5’, ‘6’, ‘7’, ‘8, ‘9’.

Only the normalized-ASCII encoded numbers can be described using EAST. There is no
convention for thecASCII representation of infinite values (‘+INF’, *-INF’ or ‘+ «’, % %0’) and
no representationfor ‘“NaN’ (Not a Number).

The ASClrepresentation of an integer or real type specifies the number of charagters used
for thexinteger or real values. The ASCII representation of an integer or real|uses the
following type:

type ASCII_NUMERIC_PHYSICAL_DESCRIPTION isrecord
NUMBER_OF CHARACTERS: NATURAL NUMBER,;
end record;

Fixed Part 3-6 of the Physical Description: ASCII Description for Numerics

Using the types declared in the fixed part of the physical description, it is possible to declare
the actual ASCII representation of the numerics.
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For example, a five-character ASCII decimal integer type can be described in the logical part
as follows:

type COUNTER isrange-1 .. 16383;
for COUNTER'size use 40; -- bits, i.e., 5 characters

Example 3-43. ASCII Integer TypeLogical Declaration

and in the physical part as follows:

ASC|I_Rep_02: constant ASCIl_NUMERIC_PHYSICAL_DESCRIPTION =
(NUMBER_OF_CHARACTERS => 5);

Example 3-44: ASCII Integer Type Physical DesCription

For example, an 11-character ASCII decimal real type can beddescribed in the logical part
follows:

fo3)

S

type KILOMETERS isdigits5;
for KILOMETERS'size use 88; -- bits

Example 3-45: ASCII-Real TypeLogical Declaration

and in the physical part as follows:

ASC|I_Rep_03: constant ASCIl_NUMERIC_PHYSICAL_DESCRIPTION :=
(NUMBER_OF (CHARACTERS => 11);

Example 3-46: ASCII Real Type Physical Description

NOTE| — The )name of the constant used to identify the ASCII representatipn
(ASCII_Rep_01 or ASCII_Rep_02 or ASCII_Rep_03) could be any identif
(except a reserved keyword). The only restriction is that a constant identifier

3.34 RELATIONSHIPBETWEEN THE REPRESENTATION OF SCALAR TYPES
AND LOGICAL TYPES

As seen in 3.3.3, a binary or ASCII representation is provided for some basic types
(enumeration, integer, or real types) defined in the logical part of the DDR. The association
of a type name with the corresponding representation name also has to be provided in this
physical description part. See below how this association is implemented in EAST:

CCSDS 644.0-B-3 Page 3-62 June 2010

© 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=96100a90e943b81269adf42d38bf7e72

ISO 15889:2011(E)

CCSDS RECOMMENDED STANDARD FOR EAST SPECIFICATION

— an enumeration type gives all the basic type names, which are previously defined in
the logical description part and which need a physical representation, by prefixing
them with ‘USER_TYPE_”:

type BASIC_TYPE_NAMES is (USER_TYPE_xxx , USER_TYPE_yyy,
USER_TYPE_zzz, USER_TYPE._ttt);

— the different representations are declared as seen in 3.3.3.1 and 3.3.3.2:

Binary_Representation_01: constant INTEGER_PHYSICAL_DESCRIPTION
:="value"; -- integer type

Binary_Representation_02: constant REAL_PHYSICAL_DESCRIPTION
:="value"; -- real type

ASCII_Representation_01: constant
ASCII_NUMERIC_PHYSICAL_DESCRIPTION
:="value"; -- integer or real type

ASCII_Representation_02: constant
ASCII_ENUMERATION_RHYSICAL_DESCRIPTION
:="value"; -- enumeration.type

... and so forth ...

— finally, the relation between<‘the type names and their binary representations is
specified as follows:

type RELATION(cheice: BASIC_TYPE_NAMES) isrecord
case choice s
when USER_TYPE_xxx =>
PHYS xxx: INTEGER_PHYSICAL_DESCRIPTION
:= Binary_Representation_01;
when USER_TYPE_yyy =>
PHYS_yyy: REAL_PHYSICAL_DESCRIPTION
:= Binary_Representation_02;
when USER_TYPE_zzz =>
PHYS zzz: ASCII_NUMERIC_PHYSICAL_DESCRIPTION
:= ASCII_Representation_01;
when USER_TYPE_ttt =>
PHYS _ttt: ASCII_ENUMERATION_PHYSICAL_DESCRIPTION
:= ASCII_Representation_02;
and so forth ...
end case;
end record;
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335 TEMPLATE OF A PHYSICAL DESCRIPTION PART

This subsection gives an extended template for the physical description part definition. The
italicized part corresponds to the variable part of the description, i.e., what changes from a

physical part to another physical part.

package-physical package-hameis

LAST_INDEX_FIRST);

FIRST_INDEX_FIRST;

ENDING_AT_BIT_NUMBER: NATURAL_NUMBER;
end recprd;

MAXIMUM_NUMBER_OF_SUBFIELDS; constant := 255;

type SUBFIELD_NUMBER is range
1|.. MAXIMUM_NUMBER_OF.SUBFIELDS;

of LOCATION_OF SUBFIELD;

JNES_COMPKEMENT, TWOS_COMPLEMENT);
type LIST_OF .RECOGNIZED_CONVENTIONS is (FCSTC000);

type INTEGER_PHYSICAL_DESCRIPTION (

type ARRAY_STORAGE_METHOD is ( FIRST_INDEX_FIRST,
ARRAY_STORAGE: constant ARRAY_STORAGE_METHOD :=

type BIT_ORDER is ( HIGH_ORDER_FIRST, -- big-endian.representation
LOW_ORDER_FIRST); -- little-endian representation
OCTET_STORAGE: constant BIT_ORDER := HIGH_ORDER_FIRST;

type LOCATION_OF _SUBFIELD is -- subfields composing an integer or the

record -- exponént/mantissa of a real.
BEGINNING_AT_BIT_NUMBER: NATURAL-NUMBER,;

type LOCATION_OF_FIELD is@sray (SUBFIELD_NUMBER range <>)

type SIGN_CONVENTION is (UNSIGNED, SIGN_AND_MAGNITUDE,

NUMBER _OF SUBFIELDS: SUBFIELD NUMBER := 1} is record

COMPLEMENT: SIGN_CONVENTION;

end record;
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type REAL_PHYSICAL_DESCRIPTION(
NUMBER_OF SUBFIELDS IN_EXPONENT: SUBFIELD _NUMBER :=1;
NUMBER_OF_SUBFIELDS_IN_MANTISSA: SUBFIELD_NUMBER :=1)
is record

CONVENTION_USED: LIST OF RECOGNIZED _CONVENTIONS;

SIGN_BIT_NUMBER: NATURAL NUMBER;

COMPLEMENT: SIGN_CONVENTION;

EXPONENT_BASE: NATURAL_NUMBER;

BIAS: NATURAL_NUMBER;

LOCATION_OF EXPONENT: LOCATION_OF FIELD (
1..NUMBER_OF SUBFIELDS_IN_EXPONENT);

LOCATION_OF MANTISSA: LOCATION_OF FIELD (

1..NUMBER_OF SUBFIELDS_IN_MANTISSA);

end record;

type STRING_LIST is array( NATURAL_NUMBER range <>,
NATURAL_NUMBER range <>) of CHARACTER,;

type ASCII_ENUMERATION_PHYSICAL_DESCRIPTION (
NUMBER_OF OCCURRENCES: NATYURAL_NUMBER :=0;
NUMBER_OF CHARACTERS: NATURAL_NUMBER := 0) is record
REPRESENTATION: STRING_LIST ( 1..NUMBER_OF OCCURRENCES,

1. NUMBER_OF _CHARACTERS);
end record,;

type ASCII_NUMERIC_PHY.SICAL_DESCRIPTION is record
NUMBER_OF CHARACTERS: NATURAL_NUMBER;
end record;

Binary_Representation_01: constant INTEGER_PHYSICAL_DESCRIPTION :=
(NUMBER_OF_SUBFIELDS => 1,

COMPLEMENT => TWOS COMPLEMENT,
LOCATION => (1 => (0,15)));

Binary_Representation_02: constant REAL_PHYSICAL_DESCRIPTION :=
(NUMBER_OF_SUBFIELDS_IN_EXPONENT => 1,
NUMBER_OF_SUBFIELDS_IN_MANTISSA => 1,
CONVENTION USED => ECSTC000,

SIGN_BIT_NUMBER => 0,
COMPLEMENT => SGN_AND_MAGNITUDE,
EXPONENT_BASE => 2,
BIAS => 127,
LOCATION_OF_EXPONENT =>( 1=> (1,8),
LOCATION_OF_MANTISSA =>( 1=> (9,31)));
ACII_Rep_01: constant ASCII_ENUMERATION_PHYSICAL_DESCRIPTION :=
(NUMBER_OF_OCCURRENCES => 2, NUMBER_OF_CHARACTERS =>7,
REPRESENTATION => ("WORKING" , "IDLE"));
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ASCIl_Rep_02: constant ASCII_NUMERIC_PHYSICAL_DESCRIPTION :=
(NUMBER_OF_CHARACTERS => 5);

type BASIC_TYPE_NAMES is (USER_TYPE_xxx, USER_TYPE_yyy,
USER_TYPE_zzz, USER_TYPE_ttt);

type RELATION(choice: BASIC_TYPE_NAMES) is record
Case choice 1S
when USER_TYPE_xxx =>
PHYS xxx: INTEGER_PHYSICAL_DESCRIPTION
:= Binary_Representation_01,
when USER_TYPE_yyy =>
PHYS_ yyy: REAL_PHYSICAL_DESCRIPTION
:= Binary_Representation_02;
when USER_TYPE_zzz =>
PHYS zzzz ASCII_ENUMERATION_PHYSICAL_ DESCRIPTION

= ASCII_Rep_01;
PHYS ttt: ASCII_ NUMERIC _PHYSICAL DESCRIPTION
= ASCII_Rep_02;
end case;
end record;

end plysical _package name;

Most of the declarations are optional. Indeed only the types that are used must be declared.
As an ¢xample, the type REAL_PHYSICAL_DESCRIPTION must be defined only if it
used infthe physical part, i.e., if at least one real type is defined in the logical part.

w

The following rules apply:

1 The array storage is optional (ARRAY_STORAGE _METHOD type and
ARRAY_STORAGE constant) if there is no multi-dimensional array in the logica
part, or if thémethod is FIRST_INDEX_FIRST (default value).

2 The octetstorage is optional (BIT_ORDER type and OCTET_STORAGE constant) |f
thesmethod is HIGH_ORDER_FIRST (default value).

3 he type REAL _PHYSICAL_DESCRIPTION 1Is optional It there 1S no Dbinary
representation for real type to provide, i.e., if there is no binary real type in the logical
part.

4 The type INTEGER_PHYSICAL_DESCRIPTION is optional if there is no binary
representation for integer type to provide, i.e., if there is no binary integer type in the
logical part or if they are all considered to be unsigned integers or two’s-complement
signed integers.
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5 The type ASCII_ENUMERATION_PHYSICAL_DESCRIPTION is optional if there
is no ASCII representation for enumeration type to provide, i.e., if there is no ASCII
enumeration type in the logical part.

6 The type ASCII_NUMERIC_PHYSICAL_DESCRIPTION is optional if there is no
ASCII representation for integer or real type to provide, i.e., if there is no ASCII

tanar fvnn anA N~ ACEIL vAnl hvinn 1n tha In~ianl Aot
lllLCgUl LyPC arfiu r1iv /—wovouiarioal LyPC LLILBLL A2 |UH|UU| Pul L.

7 The types BASIC_TYPE_NAMES and RELATION are optional ~if)thgre is no
representation to provide.
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4 RESERVED KEYWORDS

The following reserved keywords are not available for use as declared identifiers. Some of
them are reserved keywords of the Ada programming language (see reference [E3]), but not
of the EAST language. These words are also reserved so that in the case of an Ada
application using an EAST description in accessing the data, the syntax will be compatible,

@tthougtr ot —equivatent T meaning. — Differences betweenm Ada and EAS]  syntax
interpretations are discussed in annex D. Other words are reserved identifiers of the EAST
language and not of the Ada programming language.
a) EAST and Ada Keywords
array digits is package type
at
end null range use
case record
constant for of when
others subtype
b) Other AdaKeywords
abort delta if pragma tagged
abs do in private tagk
abstract procedure tefminate
accept else limited protected then
access elsif loop
aliased entry raise until
all exception mod rem
and exit renames while
new requeue with
begin function not return
bady reverse Xor
generic or
declare goto out select
delay separate
c) PureEAST reserved identifiers
virtual_... word_32_bits word_16_bits east_version virtual

NOTE - Any identifier beginning with ‘virtual ’ is reserved for virtual component

identifier only.
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5 CONFORMANCE

Data conforming to a Recommendation may be said to be in conformance at some identified
level. Identifying conformance levels provides a standard way to classify the required
capabilities of generating and receiving systems.

one conformance level, and that is the entire specification.
which are said to be in conformance to this Recommendation shall recognize t
specification.
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ANNEX A

ACRONYMSAND GLOSSARY

(This annex is part of the Recommendation)

This annex defines key acronyms and the glossary of terms which are used throughout this
Recommendation to describe the Data Description Language EAST.

Al ACRONYMS

ADID Authority and Description IDentifier

ASCII American Standard Code for Information Interchange
BNF Backus-Naur-Form

DDR Data Description Record

EAST Enhanced Ada SubseT

ISO International Standards Organization

LSB Least Significant Bit

LSO Least Significant Octet

MSB Most Significant Bit

MSO Most Significant Octet

A2 GLOSSARY OF TERMS

ADID: in the context of EAST;;"an ADID is an identifier of the EAST Recomnpjendation
within the CCSDS organization. See reference [E2].

Array type: an array(type is a composite type whose components are all of the same type.
Components are selécted by indexing.

Based literal;~a-based literal is a numeric literal expressed in a form that specifieq the base
explicitly.

Character literal: a character literal is formed by enclosing a graphic character betyveen two
apestrophe characters.

Character type: a character type is an enumeration type that represents a character set.

Composite type: a composite type is a collection of components of the same or different
types.

Constant: a constant is a keyword that indicates that the identifier it qualifies has a unique
and specified value.

Constrained array: a constrained array is an array with a constant number of elements.
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Discrete type: a discrete type is either an integer type or an enumeration type. Discrete
types may be used, for example, in case statements and as array indexes.

Discriminant: a discriminant is a component of a record type whose value influences the
structure of this record.

Elementary type: an elementary type does not have components.

Enumergtion representation clause: an enumeration representation clause specifies the bit
pattern fof each literal of the corresponding enumeration type.

Enumergtion type: an enumeration type is defined by the list of its values,” called
enumeratfon literals, which may be identifiers or character literals. All valuesfor a given
enumeration type are different.

Length clause: a length clause specifies the amount of storage in bits associated with a type.

Literal: [a literal is a value represented by its value itself instead\of an identifier. A literal
can be specialized as a numeric literal, an enumeration literal,»a character literal, or a string
literal.

Marker: | a marker is a constant value provided by a.data description. This value will be
found in the data as an end-delimiter of a repetition.

Numeric| literal: a numeric literal is the value of a number, expressed by means of
characters.

Object: an object is either a constant«r a variable. An object contains a value.

Predefingd type: a predefined type is a type provided by EAST, that is, a type that can be
used in any EAST description‘without being previously declared.

Record fepresentationyclause: a record representation clause specifies the storage
representation of the.record type on the medium, that is, the order, position and size of record
components (including discriminants, if any).

Record fype.* a record type is a composite type consisting of zero or more named
componemtsZpossibly of different types

Representation clause: representation clauses specify the mapping between types of the
language and their physical representation.

Scalar type: scalar types are discrete types and real types.

String literal: a string literal is formed by a sequence of graphic characters (possibly none)
enclosed between two quotation marks used as string brackets.
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