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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 non-governmental, in
liaison with 1SQ,_ also take part in the work 1SO collaborates closely with the International Flectrotechnical
Commissipn (IEC) on all matters of electrotechnical standardization.

Internatiorjal Standards are drafted in accordance with the rules given in the ISO/IEC Directives,|Part 3.

Draft Interpational Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies cast|ng a vote.

Attention is drawn to the possibility that some of the elements of this International-Standard may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

Internationjal Standard ISO 15889 was prepared by the Consultative Commiittee for Space Data Systems (CCSDS)
(as CCSDIS 644.0-B-1, May 1997) and was adopted (without modification's except those stated in clause 2 of this
Internationjal Standard) by Technical Committee ISO/TC 20, Aircraft, and space vehicles, Subcommittee SC 13,
Space datp and information transfer systems.
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INTERNATIONAL STANDARD

ISO 15889:2000(E)

Space data and information transfer systems — Data description
language — EAST specification

1 Scope

This Interpational Standard specifies the requirements for the data description language‘ EAST
(CCSDS (010) for space data and information transfer systems.

2 Reqgulirements

Requirements are the technical recommendations made in the following publication (reproduced on
pages), which is adopted as an International Standard:

CCSDS 64
language -
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Annex E 0
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3 Revi
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d paragraphs of publication CCSDS 644.0-B-1.

\Y
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AUTHORITY
Issue: BlueBook, Issue 1
Date: May 1997
Location: S&o José dos Campos
Séao Paulo, Brazil

Thig document has been approved for publication by the Management Council of the
Consultative Committee for Space Data Systems (CCSDS) and represents the consensus

and

technical agreement of the participating CCSDS Member Agencies. The procedtﬂre for review

authorization of CCSDS Recommendations is detailed iRrde=dures Manual for the

Consultative Committee for Space Data Syst@eference<[E1]), and the record of{Agency

part
Sec

Thig Recommendation is published and maintained by:

CC$DS Secretariat
Program Integration Division (Codé MG)

Nati
Was

cipation in the authorization of this document ‘¢an be obtained from the CCSDS
retariat at the address below.

pnal Aeronautics and Space ‘Administration
hington, DC 20546, USA

CCSDS 644.0 -B-1 Page i May 1997
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STATEMENT OF INTENT

The Consultative Committee for Space Data Systems (CCSDS) is an organization officially
established by the management of member space Agencies. mhetteée 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 results of Committee actions are terrRedommendationsand are not

B

PR RPN I AT TR P A o
constaereapmamg-ofrany - Agency:

Thi$ Recommendationis issued by, and represents the consensus of, thenCC$DS Plenary
body. Agency endorsement of thiecommendationis entirely voluntary,‘>Endorgement,
however, indicates the following understandings:

0 | Whenever an Agency establishes a CCSDS-redtaedard, thisstandard will be|in
accord with the relevaiecommendation Establishing such&andard does nt
preclude other provisions which an Agency may develop.

0 | Whenever an Agency establishes a CCSDS-reftadlard, the Agency will pyovide
other CCSDS member Agencies with the follewing information:

--  Thestandard itself.

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

0 | Specific service arrangements shall be made via memoranda of agreement. Neither this
Recommendation nor_any ensuingstandard is a substitute for a memorapdum of
agreement.
No [later than five years from its date of issuance,Reisommendationwill be reviewed by

the| CCSDS tohdetermine whether it should: (1) remain in effect without chapge; (2) be

changed to_ reflect the impact of new technologies, new requirements, or new djrections; or,
(3) pe retired or canceled.

In these instances when a new version &tewommendationis issued, existing GCSDS-
related Agency standards and implementations are not negated or deemed to be non-CCSDS
compatible. It is the responsibility each Agency to determine when such standards or
implementations are to be modified. Each Agency is, however, strongly encouraged to direct
planning for its new standards and implementations towards the later version of the
Recommendation.

CCSDS 644.0 -B-1 Page ii May 1997
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FOREWORD

This Recommendation is a technical Recommendation for the standardization of a language to
be used for providing syntactic and in some degree semantic information about data
interchange using Standard Formatted Data Units (SFDUS).

This Recommendation provides the syntax specification of the language EAST which is a
subset of the Ada language

Thrqugh the process of normal evolution, it is expected that expansioh; deletion, or
modification of this document may occur. This Recommendation is therefore| subject to
CCSDS document management and change control procedures which.are defindd in reference
[E1]}] Current versions of CCSDS documents are maintained at the CCSDS Web|site:

http://www.ccsds.org/ccsds/

Quesstions relating to the contents or status of this document should be addiessed to the
CCSDS Secretariat at the address indicated on page i.

CCSDS 644.0 -B-1 Page iii May 1997
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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.

— British National Space Centre (BNSC)/United Kingdom.
— Canadian Space Agency (CSA)/Canada.

— Centre National d’Etudes Spatiales (CNES)/France.

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

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

— National Space Development Agency of Japan (NASDA)/Japan:.
— Russian Space Agency (RSA)/Russian Federation.

Observer Agencies

— Austrian Space Agency (ASA)/Austria.

— Central Research Institute of Machine Building"(TSNIIMash)/Russian Fedgeration.

— Centro Tecnico Aeroespacial (CTA)/Brazil.

— Chinese Academy of Space Technology (€AST)/China.

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

— Communications Research Laboratory (CRL)/Japan.

— Danish Space Research Institute<(DSRI)/Denmark.

— European Organization for thexExploitation of Meteorological Satellites
(EUMETSAT)/Europe.

— European Telecommunications Satellite Organization (EUTELSAT)/Europe.

— Federal Service of Scientific, Technical & Cultural Affairs (FSST&CA)/Belgium.

— Hellenic National Space Committee (HNSC)/Greece.

— Indian Space Research Organization (ISRO)/India.

— Industry Canada/Communications Research Centre (CRC)/Canada.

— Institute of/Space and Astronautical Science (ISAS)/Japan.

— Institute @ Space Research (IKI)/Russian Federation.

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

— MIKOMTEK: CSIR (CSIR)/Republic of South Africa.

— _Keorea Aerospace Research Institute (KARI)/Korea.

-+ Ministry of Communications (MOC)/Israel.

= Natiomat-Oceanic & Atmospheric Administratiom {(INOAA)USA:

— National Space Program Office (NSPO)/Taipei.

— Swedish Space Corporation (SSC)/Sweden.

— United States Geological Survey (USGS)/USA.

CCSDS 644.0 -B-1 Page iv May 1997
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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 interchange them in a
more uniform and automated fashion within and among Agencies participating in the
Consultative Committee for Space Data Systems (CCSDYS).

This Recommendation defines the EAST language used to create descriptions of data,¢alled
Datia Description Records (DDRs). Such DDRs ensure a complete and exact understanding
of the data and allow it to be interpreted in an automated fashion. This means that a soffware
tool is able to analyze a DDR and interpret the format of the associated data»This allows the
soffware to extract values from the data on any host machine (i.e., on a different maching from
thelone that produced the data).

A flrst look at reference [E4], which is a tutorial for the EAST, language, may aid the user in
ungerstanding this document. Reference [E4] describes the reguirements, explains how {o use
the|EAST language to describe non-ambiguous data, and suggests practices and tools {o the
USefs.

This Recommendation is registered under the CESDS Authority and Description Ideftifier
(ADID): CCSDO0010.

1.2 APPLICABILITY

The specifications in this document are applicable to al space-related science and engineﬁri ng
dat@ exchanges where data descriptions are desired, and these descriptions need to provide an
ungmbiguous description of therecord structure of the data

1.3 RATIONALE

The Consultative.Committee for Space Data Systems has defined the Standard Fornpatted
Datia Unit (SFPU) concept for the implementation of standard data structures to be usgd for
thejinterchange of data within and among space agencies.

SFIDUY data products may be viewed as containi ng appllcatlon data (that is the data which is of
pl’ll’ |a|y IIILCI CDL, C H a.,Lual IIIUuJuICI I'ICI ILD} al |u uaLa quIIPLIUII IIIIUI IIIG.LIUII \Lhat D 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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14 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.

A Pl al oo e ounal o Al ; ~F & ool 4
- | AATINICA U CUNMATIo AL UNTYTTIo ANU UTNIT Yluoodl' y Ul LTTTTIO UoSCU T TTT LNITO UULUITICT L.

- | Annex O defines the character set to be used in an EAST data description, aswell|as a
predefined type called CHARACTER.

- | Annex O provides the EAST forma specification using a smple variant-of the Bagkus-
Naur-Form (BNF).

- | Annex 0 lists the main differences between the Ada programming-tanguage and EAST.

- | Annex 0 lists the informative references.

1.5 DEFINITIONS
1.5.1 TERMS

The fterms used throughout this document arellisted in annex A. They are aso explaingd in
the text when they are first used.

1.5.2 NOMENCLATURE

The following conventions apply:throughout this Recommendation:

a) thewords ‘shdl’ and\ must’ imply a binding and verifiable specification;
b) the word ‘ should ‘implies an optional, but desirable, specification;

c] theword fmay’ implies an optiona specification;

d) thewerds‘is, ‘are’, and ‘will’ imply statements of fact.
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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 ::= symboal is the item being defined.

¢) Thediagram on the right of the ::= symbol is the corresponding definition.
d) A vertical branch represents a choice.
@) A repetition isindicated by aloop-back covering the object to be repeated.

f)) 1f the name of any syntactic category starts with an italicized part, it is equivaent {o the
category name without the italicized part. The italicized(part is intended to cgnvey
some semantic information. For example, an “IntegerAdentifier” is an Identifier;| i.e,
the definition of the category Identifier applies, but the’reader has additional sempantic
information (it is an integer).

Theg following example presents a diagram specifying the declaration of Item A. Item A is
defijned as first a keyword (“type’), then followed:by an italicized Item B (already defined, and
known as Item B), then followed by a keyword (“is’) and a delimiter (“(”). Then this
structure is followed by a choice betweendtems B and C. The choice may be repeatel any
nunpber of times, each time a delimiter- (“,”) is inserted. The structure is ended by two
delimiters (*)” and “;”).

(D
o/

Item A L Italicized O C
53

Figure 1-1: Example of Syntax Diagram
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The syntax of the language is described using a smple 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 arepeated item. Thisitem may appear zero or more times.

dy A vertica bar separaies aternaiive items unless It occurs immediaiely aiter an opening
brace ({): in this case it represents the character ‘vertical bar’.

)| If the name of any syntactic category starts with an italicized part, it is equivaent tg the
category name without the italicized part. The italicized part is intended to cofvey
some semantic information. This facility used for the BNF intends to assmilate ejery
eement like <italicized_part_name> to the previoudy defined € ement <name>.

The tollowing example presents the definition of Item A using a simaple variant of BNF. |tem
A ig| defined as first a keyword (“type’), then followed by~an itaicized Item B (ar¢ady
defined, and known as Item B), then followed by a keyword(“is’) and a delimiter (“("). |The
structure is followed by a choice. The choice may be repeated any number of times, each fime
a delimiter (“,”) is inserted. The structure is ended dy two delimiters (*)” and “;”). [The
choi¢e is between Items B and C.

<Item A> ::= type <lItalicized_Item B> is (.<choice> { , <choice>} ) ;
<choice> ::= <ltem B> | <ltem C>

Example 1-1: Example of BNF

In the case of any confusion, the syntax diagram and the associated text are always the
refeffience for the EAST-syntax, and not the BNF.

This|document uses examples to illustrate the EAST. The following conventions are usgd in
the exampl es:

a)| beld‘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.
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1.6 REFERENCES

The following documents contain provisions which, through reference in this text, constitute
provisions of this Recommendation. At the time of publication, the editions indicated were
vaid. All documents are subject to revison, and users of this Recommendation are
encouraged to investigate the possibility of applying the most recent editions of the documents
indicated below. The CCSDS Secretariat maintains a register of currently valid CCSDS
Recommendations.

[1] | Information Processing—8-Bit Single-Byte Coded Graphic Character Sets=Pajrt 1:
Latin Alphabet No. 1. International Standard, SO 8859-1:1987. Geneva-1S0, 1987.

[2] | Information Processing—Universal Multiple-Octet Coded Character Set (UCS).
International Standard, |SO/IEC 10646-1:1993.
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2 OVERVIEW

2.1 DESIGN AIMS

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

fone
ptic

(or
interpretable) language. The formal nature of EAST alows the control of data descriptions
and the interpretation of datain an automated fashion.

2.2 | STRUCTURE OF AN EAST DESCRIPTION

An EAST Data Description Record (DDR) includes a-syntactic, and in some way semantic,
description of the data called alogical description, which is followed by a physical description.
The [physical description makes possible the-linterpretation of the actual bit patterns
encountered on the medium. Each descriptionpart of a DDR consists of an EAST unit, cglled
apagkage: one for the logical part and anothéer one for the associated physical part.

The |ogical part of an EAST description‘includes:

- | alogical description of alicomponents of the exchanged data (see 3.2.1 and 3.2.2);
- | their size in bits (see3.2.4.1);

- | their locationwithin the set of the described data (see 3.2.4.3).

The physical part-of an EAST description includes:

- | the representation of some basic data types (enumeration, integer, and real) defingd 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-1 Page 2-1 May 1997
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A DDR created using the EAST Language has the following structure:

Data Description Record

package name_of the_logical_description is

Logical Description (see 3.2)

and nama nf tha Innical dacerintian -
eHOHaHEe— e 10GIca—GeSEHPHORS

package name_of the physical description is

Physical Description (see 3.3)

end name_of _the_physical_description ;

Thellogical description aways precedes the physical 'description. The logical and the physical
packages are mandatory even if the content of thephysical one can be empty (see section B.3).

The|two part design of the DDR is intended to allow interchangeable physical description
part$ for one logical description part, provided that the length of fields in bits in the logical
desgiption are supported by field-lengths of the same number of bits in the physica
desgription part. For example, a‘32 bit real number on a IEEE architecture has a phyjsical
desaription different from the ene on a 1750 architecture, athough lengths in bits of eachifield
are ¢qual. Note that the representations written to an exchange medium do not have to be the
oneg typically supported by the writing machine.

The[data block associated with the DDR contains one or more complete sets of data.
The[ DDR descfibes a single set only and is repetitively applied to fully interpret the
datg block.

2.3 LFANGUAGE 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 logica 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
iIsamodel, 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 mode
(e.g., thetype DATE may describe a CCSDS date). An object hasaname aso: thisnameisa
way to provide (if any) the particularity of the occurrence (eg., the object
DATE_AT_THE BEGINNING OF THE ORBIT of the type DATE may represent a
particular date). The name used to identify atype or an object can be any identifier except for
an EAST reserved keyword (reserved keywords are provided in section 4).

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

Numgeric types provide a means of describing whole numbers and real numbers. Whole
numipers are described using integer types. Rea numbers are described using floating goint
types, with relative bounds on the error.

Composite types alow definitions of structured objects with related components. ([The
composite types of the EAST language are arrays and' records. An array is an object with
indexed components of the same type. The array, type STRING is predefined and given in
sectipn 3.2.1.1. A record is an object with named,components of possibly different types.

rd may have specia components called discriminants. Discriminants specify efther
of alternative record structures:isto be used or the dynamic size of an internal grray
pnding on the values of the discriminants).

The goncept of type is refinedby:the concept of subtype, whereby a user can constrain the set
of aljowed values of a type..)Subtypes can be used to define subranges of scalar types|{and
arrays with alimited set-of-index values.

Representation clalses are used to specify the mapping between logica types and their
physical representations. For example, the user specifies that objects of a given typd are
represented with a given number of bits, or the components of a record are represented using
agiven sterage layout.

NOTES

1 EAST is asubset 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 adataitem, but also al its physical aspects.
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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 0). The rules of composition are given in 3.1. They are applicable to the whole EAST

DD

3.1

Al
nun;
give

3.1,

In S
whe
any

Ad

or
cha

Eac

R.

LEXICAL ELEMENTS

N in this section.
1 SEPARATORS AND DELIMITERS

ome cases an explicit separator is required to separate adjacent lexical elements (na
N without separation, interpretation as asingle lexical elementdspossible). A separal
of a space character, a control character, or the end of aling

A space character is a separator except within a comment, a string literal, or a
character literal.

Control characters other than horizontal tabulation are always separators. Horiz
tabulation is a separator except within agomment.

The end of aline is always a separator. What defines the end of a line is specifi
annex 0.

elimiter is either one of thefollowing special characters:
& () * .~ L < = > |

pne of the following compound delimiters, each composed of two adjacent
racters:

= S )** = = >= <= << >> <>

exical element is either a delimiter, an identifier (which may be a reserved wojd), a
neric literal, a character string, a string literal, or a comment. The rules of compesitign are

mely,
for is

space

ontal

ed in

pecial

h,of \the special characters listed for single character delimiters is a single delimiter €

xcept

if t

hic“charactar ic 1iced ac a9 charactar of 9 comnornd dalimitar or ac 2 charactar
LLE=" A B \¥ Bw v w: ) TV U A CAJ A Ul CaoLUd T AVl |rJUu| L\ ] ALITTTITU A" ) ] A4 ] CAJ L Ul oo Lud

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

of a

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 aso as reserved words. See below in Figure 3-1, the lexical
definition of an identifier:

L etter

\dentifier | = ( Leter ) @ X

Figure 3-1: lIdentifier Definition Diagram

All tharacters of an identifier are significant, including any:<underline character insgrted
betwjeen a letter or a digit and an adjacent letter or digit. ddentifiers differing in the uge of
corrgsponding upper and lower case letters are consideredto be the same.

3.1.4 NUMERIC LITERALS

A nymeric litera is either a decimal literal or @based litera. A decimal literd is a nunperic
literal expressed in the conventional decimal, notation (that is, the base is implicitly ten). A
baseql literal is a numeric literal expressediin‘aform that specifies the base explicitly. The pase
can ¢nly be either two, eight, or sixteen:

In another way, a numeric literal\is either an integer literal (decimal or based) or a red litera
(decimal or based).

a) decimal literals

Integer
Decimal
Literal

= —o

Decimal
Literal

Real
Decimal

Literal

Figure 3-2: Decimal Literal Definition Diagram
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where Integer Decimal Litera and Real Decimal Literal are defined as in Figures 3-3

and 3-4:

Figure 3-3: Integer Decimal Literal Definition Diagram

Redl
Literal

Figure 3-4: Real Decimal LiteralDefinition Diagram

where Integer and Exponent are defined.&s in Figures 3-5 and 3-6:

Figure 3-5: Integer Definition Diagram

@
G — | -
o Lo

Figure 3-6: Exponent Definition Diagram
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An underline character inserted between adjacent digits of a decimal litera does not
affect the value of this decima literal. The letter E of the exponent, if any, can be
written either in lowercase or in uppercase, with the same meaning. Leading zeros are

allowed. No spaceisalowed in adecimal literal.

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

Example 3-1: Decimal Literals

based literals

Integer
Based
Literal

Based
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:

Integer, Based
st (D @y (o)
Litera

Figure 3-8: Integer Based Literal Definition Diagram
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Literal

Redl Based Based
. (#)
Based |:: a Integer ’ Integer *) Exponent

Figure 3-9: Real Based Literal Definition Diagram

where Based Integer is defined asin Figure 3-10:

*) See restriction below.

Based
Integer

@)

Figurel3:10: Based Integer Definition Diagram

The only lettersallowed 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 litgral of
which it isapart is16. A letter in a based literal can be written either in lowercasg or in
uppercase;-with the same meaning. No spaceis allowed in abased literal.

2#1111 1111# 16#FF# 016#0FF#  -- integer literals of value 255
16#E#E1  2#1110 0000# -- integer literals of value 224
16#F.FFAE+2 2#1.1111 1111 111#E11  -- red literals of value 4095.0

Example 3-2: Based Literals
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c) integer literals

Integer
Decimal
Literal

Integer
Literal " 7
Integer
Based
Figure 3-11: Integer Literal Definition Diagram
d real literals
Real
Decimal
Literal
Real
Literal
Real
Based
Literal
Figure 3<12: Real Literal Definition Diagram
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LOGICAL DESCRIPTION

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 i

tems

(using object declarations).

logical part of the Data Description Record consists of a package. This unit iSjintrog
he keyword package, followed by the package name, and ends withd®end pag
e;”. The package nameis an identifier (see 3.1.3).

bs are models, and objects are instances (or occurrences) of -these models.
arations describe therefore the structure of the data elements which may occur i

uced
kage

Type
N the

desgribed data, while the actual data occurrences are represented by the declaratign of
variables and constants.
A type (except predefined type), a subtype or a constant-(except predefined constant) myst be
decliared in the package before being used.
The| declaration of variables must occur in the latter section of the logical description.
Congtants may be declared in the type declaration section or in the section for the declargtion
of yariables: 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.
Figure 3-13 summarizesthe content of the logical part of a DDR.
pdckage logical package name is

Section for the Declaration of Types: Definition of the Data Models

=) 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 Occurrences

- variable and constant declarations (see 3.2.3.1 and 3.2.3.2)

end logical_package name ;
Figure 3-13: Logical Part Structure
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3.2.1 TYPE DECLARATIONS

The type is characterized by a set of permissible values. Several classes of types exist: scalar
types (enumeration types, integer types, and real types), array types, and record types. Some
types are EAST predefined types (see 3.2.1.1); the other types are user defined types and
must be declared according to a specific syntax (see 3.2.1.2, 3.2.1.3, 3.2.14, 3.2.15 ad

3.2.1.6).

3.2.1.1 Predefined Types

Thete are three predefined types provided by the EAST language: CHARACTER, STRING
and EOF. Predefined means that no previous declaration has to be made explicitly by the|user

to uge one of these types.

The|predefined type CHARACTER is an enumeration type (see mext subsection for the
enureration definition syntax rules), whose values are the 256 characters of the 8-bit cpded
Latim Alphabet No. 1. character set (see annex 0 and reference [)1]).

The alues of the predefined type STRING are one-dimensiona arrays of the predefined ftype

CHARACTER, indexed by values in increments of onexof any positive integer type.

The humber of characters must be specified every-time the type is used.

As gn example STRING(1 .. 10) designates a 10 character string, while STRING(10 .{ 22)

designates a 13 character string.

The [predefined type EOF is exclusvely used to declare a fictive end delimiter called EOF

Marker (see 3.2.3.2.2).

3.2.1.2 Enumeration Fype

An gnumeration typée-is defined as a set of enumeration literals. An enumeration litera |s an
identifier or a character literal for one of the possible values of the type. Figure B-14
illusfrates the-syntax of an enumeration type specification. Each enumeration literal yields a

diffgrent enumeération vaue.

Enumeration

e Enumeration
Type = @ | dentifier

Declaration

()
o/

00,

Enumeration
Literal

20,0

Figure 3-14: Enumeration Type Specification Diagram
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where the enumeration literal is defined asin Figure 3-15:

—~1 ldentifier |—

. \ )
Enumeration

Literal

N Character
Literal

Figure 3-15: Enumeration Literal Definition Diagram

Thelfollowing example presents some enumeration type definitions.

type DAY is (MON, TUE, WED, THU, FRI, SAT, SUN);
type STATE is (OFF , ON);
type ROMAN DIGITis (I’ ,'V’ X" 'L’ ,‘C ,'D, "M,

Example 3-3: Enumeration Type)Declarations

3.2.1.3 Integer Type

An [nteger type is defined as a set of integer values specified by arange. Each bound gf the
rande is an integer constant identifier (see 3.2.3.2) or an integer literal (see 3.1.4). Notq that
both bounds need not have the same integer type and that negative bounds are allowed.| The
range L .. R specifies the valueifrom L to R inclusive if the relation L <= R is true. A null
rangeis arange for which therelation R < L istrue; no value belongsto a null range.

Figure 3-16 illustratesthe syntax of an integer type specification.

Integer Integer

Constant
Identifier

Constant
Identifier

| riteger

o Integer
Type  |:=Caype) | dentifier 9@
Declaration

Integer Integer
Literal Literal

Figure 3-16: Integer Type Specification Diagram
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The following example presents an integer type, defined using integer literals (-10 and 10) and
an integer type, defined using a constant identifier (MAX).

type SMALL_INTEGER is range -10 .. 10;
type NUMBER is range 0 .. MAX;
-- where MAX could be defined as:. MAX :=100;

Example 3-4: Integer Type Declarations

3.2.1.4 Real Type

Real|types provide approximations to real numbers, with relative bounds on errors.."The @rror
bound is specified as arelative precision by giving the required minimum numberofr significant
decimal digits. The range bounds are optional. When they are specified, they are either|rea
congant identifier (see 3.2.3.2) or red literal (see 3.1.4).

Figure 3-17 illustrates the syntax of areal type specification.

Real

Type =
Dgclaration

of Digits

Real
Constant Constant

Identifier Identifier

Real Real
Y] Literal Literal ™

AN
I

Figure 3-17: Real Type Specification Diagram

The fottowing exampte presants SoIme reat type definitions.

type COEFFICIENT is digits 10 range 0.1 .. 1.0;
type REAL is digits 15;

Example 3-5: Real Type Declarations

CCSDS 644.0 -B-1 Page 3-10 May 1997
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NOTE - The range is optiona in a rea type declaration. If the rea 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).

3.2.15 Array Type

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

A discrete typeis either an enumeration type or an integer type.
Anfarray typeis characterized by:

4 anordered list of indices,

4 thetype of each index;

4 thelower and upper bound for each index;
{ thetype of the components.

The order of indices is significant. The index type<and component type declarations|must
pre¢ede the array type declaration that makes use of them, except if one of these types is a
preglefined type of the EAST language.

A gne-dimensiona array has a distinct component for each possible index value. A multi-
di niens’ ona array has a distinct component for each possible sequence of index values that can

be flormed by selecting one value for_each index position within the list of indices (in the given
order).
CCSDS 644.0 -B-1 Page 3-11 May 1997
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The possible values for a given index are all the values between the lower and upper bounds,
inclusive; this range of values is caled the index range. Figure 3-18 illustrates the syntax of
an array type specification.

O
Array Index

= @_}m@é@ @ Specification -

_ —

Array
Type

Deflaration

e Identifier

Figure 3-18: Array Type Specification Diagram

An gray type can be constrained (i.e., have afixed number of gléments) or unconstrained {i.e.,
havel an undetermined number of elements), depending on the Specification of the indiced In
mult{-dimensional array types, the indices are either al determined or all undetermined.

Anindex is specified as follows:

Discrete Type
9_' | dentifier ]‘ @ NS

Discrete

A\

Index
Syecification

Discrete
Constant
|dentifier

Constant
|dentifier

3,
O
Y

Enumeration
Literal

Enumeration
Literal

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.
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The following example defines array types, for which the number of elements is known: 100
charactersin aline, and 7 states in a schedule.

ty

ty

pe LINE is array(1 .. 100) of CHARACTER,;
CHARACTER is an EAST predefined type

pe SCHEDULE is array(DAY) of STATE;

DAY is an enumeration type defined in 3.2.1.2 as:

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

The
bec]
MA

Example 3-6: Constrained Array Type Definitions

ause of the definition of the integer type NUMBER, VECTOR may contairn-at a max
X reals, and at aminimum O real.

following example defines array types, for which the number of elements:is.not known:

mum

pe VECTOR is array(NUMBER range <>) of REAL,;

pe MATRIX is array(NUMBER range <>, NUMBER range'<>) of REAL;
NUMBER is an integer type defined in 3.2.1.3 as:

type NUMBER is range 0 .. MAX;

REAL is a real type defined in 3.2.1.4 as:

type REAL is digits 15;

The
usex
use

AS
de

Example 3-7: Unconstrained Array Type Definitions

actual number of elements must be specified every time an unconstrained array ty
l, while the number of elements must not be specified when a constrained array ty
 (because this number is aready fixed by the type definition).

an example, MATRIX (153512, 1 .. 512) designates a matrix which contains 512
hents.

pe is
pe is

*512

If the lower bound of .awindex range is greater than the upper bound (i.e., if the index rafge is

ZEx(

NO

D), then the corresponding array row/column has no component.

TE - Ways of storing arrays and, therefore, which array index varies first are disc
MY'section 3.3.1.

issed

3.2.

1.6 Record Type

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

CCSDS 644.0 -B-1 Page 3-13 May
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The identifiers of all components of a record type must be distinct. Figure 3-20 illustrates the
syntax of arecord type specification:

+[DiSCI’i minant Specificatior}_

Record
-?;c[)):% e @ Record 9_@
Declaration Identifier

AN
/

é—glariant Part Specificatioa—

/N

| Component |
’l Declaration |

N
/

A\

G o

Figure 3-20: Record Type Specification Diagram

A\

wheye a component declaration is specified asin Figure 3-21.:

A4

Component | | Component Type Index 9@-0
Declaration | Identifier Identifier Constraint

Figure 3-21: Component Declaration Diagram
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An index constraint shall be present for an array component if the array type identifier
corresponds to an unconstrained array type. In this case, the constraint is specified as in

Figure 3-22:
)
o/
4 ] N\
Discrete Type or Subtype
}elentifier
N J
Index . ) /E— N\
Constraint | _C(/L Discrete Discrete T
Constant Constant
Identifier Identifier
) N
Enumeration Enumeration
Literal Literal
— — v )

Figure 3-22: Index Constraint Diagram

The following example presents two record type: definitions that consist only of gmple
component declarations:

typpe COMPLEX is record

REAL_PART: REAL;

IMAGINARY_PART: REAL;

end record,;

--|[REAL is a real type defined in 3.2.1.4 as:

type REAL is digits 15;

type MEASUREMENT BLOCK is record

TODAY: DAY,

TEMPERATURE: SMALL_INTEGER,;

VOLUME: SMALL_INTEGER,

FIRST_SEQUENCE_OF MEASUREMENTS: VECTOR(1 .. 100);
SECOND_SEQUENCE_OF MEASUREMENTS: VECTOR(1 ..10);
erjd-record;

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

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

-- SMALL_INTEGER is an integer type defined in 3.2.1.3 as:

-- type SMALL_INTEGER is range -10 .. 10;

-- VECTOR is an array type defined in 3.2.1.5 as:

-- type VECTOR is array (NUMBER range <>) of REAL;

Example 3-8: Record Type Definitions

CCSDS 644.0 -B-1 Page 3-15 May 1997
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Some records may contain components of which the size or even the existence depends on the
value of another component, called a discriminant. The type of a discriminant must be
discrete. Figure 3-23 illustrates the syntax of a discriminant specification.

Discriminant

o 2= ) :
SPECITTCATONT | [dentifier ~ | Identifier ) | Vaue |

Figure 3-23: Discriminant Specification Diagram

Figyre 3-24 illustrates the syntax of a variant part, introduced by- the presence pf a

discriminant.
Variant Discriminant
Part = N
Stfecification \dentifier
Variant
Part
Component Specification
&) Por I
LDecIaratlonJ
Variant
Part
)
ZAN — Component | Specification | /d\ :
> Wwhen others = Declaration —Wu_o
(> ®
Figure 3-24: Variant Part Specification Diagram
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The “when others’ clause is mandatory only if al the possible vaues of the discriminant are

not

explicitly named before, in the variant part specification.

The following example presents a discriminant that conditions the existence of other
components:

ty

pe ACTIVITY(TODAY: DAY :=MON) is record
case TODAY is

CATICLIN —
UTY

wiheon
VVIICTT OV | -
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;
d 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_HOURS is an integer type defined as:
type DURATION_IN_HOURS is range 0 .. 24,

Int

Example 3-9: Record Type\Definition with Discriminant

nis example, TODAY is adiscriminant for the type ACTIVITY: other components

record might change depending on the value of TODAY .

The

keyword case introduces:the variant part, which consists of alternative lig

conmpponents. The keyword when, followed by one or more values (separated by a ve

bar
pre
pos
bef

The

of the type of the discriminant of the variant part, introduces a list of components th
bent for the specified value(s) of the discriminant. The keyword others represents &

pre (in this example, othersis equivalent to TUE | WED | THU | FRI).

following example presents a discriminant that conditions a size:

bf the

ts of
rtical
At are
| the

5ible values of the'type of the discriminant that have not been taken into account explicitly

ty!

&SQUARE(LENGTH: NUMBER =10} is record

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

end record;

NUMBER is an integer type defined in 3.2.1.3 as:

type NUMBER is range 0 .. MAX;

MATRIX is an array type defined in 3.2.1.5 as:

type MATRIX is array (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
declaration. A default value does not preclude any possible value for the discriminant 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, intherange 0 .. MAX

Somg records may contain components of which the size or the existence depend oncthe Vidue
of afdata item that is not part of the record: this data item is considered to be a.discrimipant
for the record, except that the occurrence of this discriminant is not in the record itself. $uch
adisgriminant is called avirtual discriminant.

The pyntax of a virtual discriminant is the same as a “classic” discriminant (see Figure 3{23).
The pnly difference is that the discriminant identifier begins in this.case with “VIRTUAL _”
and ¢loes not represent any data item occurrence.

CCSDS 644.0 -B-1 Page 3-18 May 1997
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Figure 3-25 presents an example of virtual discriminant use; it describes a packet format.

Packet
, | [.]
- Optional -
|
Primary Secondary Source
Header Header - Data ==
(48) (variable) . (variable) \
I |
l ! l discriminates
Packet Packet Source p
I I Control Length \*
16 /
Version '_|_| (16)
Nug)b er Segmentation Source
Tyrl)e_l d Flag Sequenge
&) (2 Coppt discriminates
Secondary (14) P
Header 7
Flag
€ O
Application (x) : Length in bits
Process ID
(11)
Figure 3-25: Discriminants in a Packet Format
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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);

-- Btructuring type for the Packet Identification

type PACKET _IDENTIFICATION_TYPE is record
VERSION_NUMBER: VERSION;

TYPE_ID: PACKET_TYPE;

SECONDARY_HEADER FLAG: PRESENCE FLAG;
APPLICATION_PROCESS ID: PROCESS IDENTIEICATION;
end record;

-- pasic data types used in the second branch
type STATUS is (CONTINUATION_SEGMENT,
FIRST_SEGMENT, LAST _SEGMENT, UNSEGMENTED_PACKET);

type COUNTER is range O .. 16383;

-- ptructuring type for the Packet Seguence Control

type PACKET_SEQUENCE_CONTROL_TYPE is record
SEGMENTATION_FLAG: STATUS,
SOURCE_SEQUENCE COUNT: COUNTER;
end record;

-- pasic data types‘ysed in the other branches
type NUMBERisrange 0 .. 65535;

type OCIET is range O .. 255;

CCSDS 644.0 -B-1 Page 3-20 May 1997
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o
-- structuring types
type DATA_ARRAY is array (NUMBER range <>) of OCTET,;
type SECONDARY_HEADER TYPE isarray (1 .. 4) of OCTET;

type PRIMARY_HEADER_TYPE is record
PACKET_IDENTIFICATION: PACKET_IDENTIFICATION_TY PE;
PACKET_SEQUENCE_CONTROL: PACKET_SEQUENCE_CONTROL_TYPE;
URCE DATA LENGIH: NUMBER;
end record;

type PACKET_FORMAT_TY PE(
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 branch
is record
PRIMARY_HEADER: PRIMARY_HEADER_TYRPE;
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);
end case;
end record;

Example 3-11:Logical Description of the Packet Format

Thg two virtua discriminants “VIRTUAL_SECONDARY_HEADER FLAG’ | and
“VIRTUAL_SOURCE_PATA_LENGTH” do not really exist in the exchanged data lylock.
Thay serve as alink’between other data:

{1 VIRTUAL: SECONDARY_HEADER_FLAG is supposed to have the value the
SECONDARY_HEADER _FLAG field in the PACKET IDENTIFICATION blogk; it
congditions the existence of the SECONDARY_HEADER block. It serves as a link
between these two fields.

- 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 dso servesasalink.
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3.2.1.7 Type Summary

The following diagram presents the types that can be found in the logical part of an EAST
description:

K

enumeration

CHARACTER *

*)

unconstrained array

e

Y

EAST predefined type

\4

Figure 3-26: 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.
contains no discriminant.

CCSDS 644.0 -B-1
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3.2.2 SUBTYPE DECLARATIONS

A subtype of a given type is used to restrict the set of values of the initial type. The initia

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 3-27 illustrates the syntax of a subtype declaration.

Enumeration
7 Constraint
~—— O
= 0
Integer
Constraint
~— - .
$ubtype | Subtype Type /) >_°
Declaration Identifier Identifier o
Real
Constraint
~—
.
Index
x4 Constraint
Figure 3-27: Subtype Declaration Diagram
The constraint for an enumeration subtype is defined in Figure 3-28.
/S—— /S —
Enumeration Enumeration
—> Literal —~1  Literal —
Identifier Identifier
- -
Enumeratien Enumeration Enumeration
i . = @ Constant O Constant C)—o
Consifat | dentifier | dentifier
- -
/S—— /—
Character Character
T o —
Literal Literal
- -
Figure 3-28: Enumeration Constraint Diagram
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If a character literal used as range bound is not a printable character (as defined in annex 0),
its constant identifier is used (constants of the type CHARACTER are defined in annex O 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 is CHARACTER range ‘A’ .. ‘Z’;

-- the range bounds are printable

subtype LINE_FORMAT is CHARACTER range ASCII.HT .. ASCII.CR,;

-- the range bounds are not printable

Example 3-12: Character Declarations

The onstants of the type CHARACTER, which are specified\in the ASCII table, are EAST

predefined constants.

The gonstraint for an integer subtype is defined in Figure 3-29.

Integer

Constraint

Integer
Constant

Identifier

Integer
Literal

_Q_

Integer
Constant

Identifier

Integer
Literal

In the-previous diagram.
bound of the specified range.

CCSDS 644.0 -B-1
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Figure 3-29: Integer Constraint Diagram
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The constraint for areal subtype is defined in Figure 3-30.

Real Real
Constant Constant

Identifier Identifier

Real Number
Constraint |~ of Digits
Red Red
Literal Literal

Figure 3-30: Real Constraint Diagram

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

The constraint for an array subtype or for a subtype of the predefined type STRING is defined
in Higure 3-22 (on page 3-15). In this diagram, the discrete literal in the range specificatjon is
any|integer (based or decimal integer) literal or any enumeration literal. In the same way, the
disgrete constant identifier in the range specification is any integer or enumeration comstant
(se¢ 3.2.3.2).

Thg following example defines some.subtypes:

btype WEEK_END is DA¥.range SAT .. SUN ;
--where DAY is an enumeration type defined in 3.2.1.2 as:

-- typ€ REAL is digits 15;

subtype SMALL _MATRIX is MATRIX (1..10,1 .. 10);

-- where MATRIX is an array type defined in 3.2.1.5 as:

-- type MATRIX is array (NUMBER range <>, NUMBER range <>) of REAL,;
subtype NAME is STRING (1 .. 32);

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

Example 3-13: Subtype Declarations
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3.2.3 OBJECT DECLARATIONS

An object is an entity that contains a vaue 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
aconstant is called avariable.

3.2.3.1 Declaration of Variables

The declaration of a variable uses the previous type, subtype, or constant declarations.
Varigbles correspond to the data that are to be exchanged. Figure 3-31 illustrates the syntax
for the declaration of avariable.

Variable
|dentifier

Variable | .._ Type

|dentifier

Declaration

Figure 3-31: Variable Declaration/Biagram

A variable declaration consists of only one identifier (the-variable identifier) followed by the
identifier of the type that describes the corresponding-data.

UPDATED DATA: MEASUREMENT BLOEK ;
-- MEASUREMENT_BLOCK is a record, type defined in 3.2.1.6

Example-3:14: Variable Declaration

3.2.3.2 Declaration of Constants

The |declaration of a eonstant must include an explicit initiaization, except for the EOF
Marker declaration.(see 3.2.3.2.2). This declaration guarantees that the corresponding olpject
valug¢ cannot be-modified after initialization. Figure 3-32 illustrates the syntax of a congtant

declaration.
Constant | -- Constant
Declaration| | dentifier
Figure 3-32: Constant Declaration Diagram

|dentifier
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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 3-15: Constant Declaration

Stant

ied_a gtati

1, and ),

valyies and operators (‘+', ‘¥, *** f

‘+' [and ‘-’ are unary or binary operators (addition and subtraction). ‘*’, ‘/~and ‘***¥ are
bingry operators. ‘*’ is the multiplication operator, ‘/’ is the division operator, ‘**’ |s the
exppnentiation operator. ‘(" and ‘)’ are used to specify an explicit precedence far the
expfession evaluation.

Corstants may be declared either in the section for the declaration.of types or in the sgction
for fthe declaration of variables (see Figure 3-13). In the first-case, they contribute td data
model definitions while they represent, in the second case;.some special data occurrgnces
callpd markers.

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 (inclpiding
the first variable declaration itself) belongs to the section for the declaration of variables.

3.23.2.1 Constants in the Section:for the Declaration of Types

A cpnstant 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,

4 in constant declarations for the specification of the values.

In this case, thexconstant is either an integer constant, a real constant, or an enumeiation
congtant, the-end objective of the constant being its use as a range bound.

A numberdeclaration is a special form of a constant declaration, where no type is specifigd.

Pl: constant := 3.14159 26536; -- areal number
MAXIMUM: constant := 500; -- an integer number

NUMBER_OF VALUES OF AN_OCTET: constant := 2**8; -- the integer 256

Example 3-16: Number Declarations
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3.2.3.2.2 Markers: Constants in the Section for the Declaration of VVariables

A marker declaration is a special form of a constant declaration, where the type of the
constant is mandatory and occurs within the section for the declaration of variables.

A marker is used to delimit the end of the repetition of an element. Its declaration occurs
after the declaration of a variable. This variable that is declared immediately before the
constant occurs an undetermined number of times, the last instance being followed by the
constant value.

Am

arker is a constant which should be unambiguously recognized. The type of amark

thergfore restricted to integer type, enumeration type, character type, or character string type.
The ffollowing 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 datal

VALUE : COEFFICIENT; -- COEFFICIENT is a real type defined in 3.2.1.4 as:

-- type COEFFICIENT is digits 10 range 0.0 .. 1.0;
END_OF_COEFFICIENTS: constant STRING := “END™
Example 3-17: Marker Declaration

The glement of arepetition delimited by a marker ean only be avariable.
The presence of the EOF marker implies that the previous element is repeated until the|File
Manggement 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 unkngwn.
Thisfisthe only case of a constant declaration where the value is absent.
NOTE - The EOF marker can only be used once in an EAST description. It is the|last

declaration,in the logical description part.

The hext example presents the description of a data file that contains a header and n valugés (n
being undetermined).
HEADER : HEADER_TYPE; -- any record type

EN

VALUE : COEFFICIENT; -- COEFFICIENT is a real type defined in 3.2.1.4 as:

-- type COEFFICIENT is digits 10 range 0.0 .. 1.0;

D_OF _COEFFICIENTS: constant EOF ;

Example 3-18: EOF Marker Declaration
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3.2.4 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 between 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 describes. A
representation clause is mandatory in a logical data description, except for variable-sized
conpponents, for which the representation cannot be known.

3.24.1 Length Clauses

gth clause specifies the number of bits that data of a particular typeceupy in stgrage.
th clauses must be provided for enumeration, integer, and real types. Length clpuses
must also be provided for composite types every timeit is possible, i©.-every time the gze of
the composite type (array or record) is known. In such case, this size is the size of the whole

Length
Clause
[Declaration

- I dentifier )_D

Figure 3-33: Length Clause Specification Diagram

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

type VALUE is range;0 .. 500;
for VALUE’size se"16; -- bits

type COLUMN is array(1 .. 10) of VALUE;
for COLUMN'size use 160; -- 10 times 16 hits

Example 3-19: Length Clause Declarations

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

for

for

typ
for

tyg

end
for

typ
for

type VALUE is range 0 .. 500;

VALUE’size use 16; -- bits

type OCTET is range O .. 255;

OCTET size use 8;

e SPARE is array (1 .. 2) of OCTET;
SPARE’size use 16;

e ELEMENT is record
A _VALUE: VALUE;
A_SPARE: SPARE;

| record;

ELEMENTsize use 32;

e COLUMN is array(1 .. 10) of ELEMENT;
COLUMN’size use 320; -- 10 times 32 bits

3.24

An €
the \
claus

If an
be p
patte
type

If nc

Example 3-20: Explicit Description of Unused Space

.2 Enumeration Representation-Clauses

e is optional.

i.e., theysmust increase.

integ

er’eodes are presumed: the value of the first listed enumeration literal

numeration representation clause specifies the bit pattern for the binary representatign of
alue associated with each-literal of an enumeration type. An enumeration representation

enumeration representation clause is provided, each literal of the enumeration type must
fovided with a~tnique bit pattern. The integer values (corresponding to the given bit
rn) specified.fer the enumeration type must satisfy the predefined ordering relation of the

eAumeration representation clause is provided for a binary enumeration type, default

is zero; the Vfalue

for each other enumeration literal is one more than for its predecessor in the list.
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Figure 3-34 illustrates the syntax of an enumeration representation clause declaration:

Enumeration
Clause

..: Enumeration,
h I dentifier

Dectaration

-

Figure 3-34: Enumeration Clause Specification Diagram

The integer value, specifying the mapping with bit pattern, can be expressed using the binary,
octdl, decimal or hexadecimal notation. The syntax for a binary, octal, or hexadecimal value

IS pase# valuet.

type CODE is

foy CODE use (ADD => 2#1#, SUB => 2#10#,

type DAY is (MON, TUE, WED, THU, FRI,; SAT, SUN);
foy DAY use ( MON => 8#1#, TUE =>8#2#, WED => 8#3#,

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

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

(ADD, SUB,MUL , LDA , STA , STZ);

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

THU => 8#4#, FRI.=F8#5#, SAT => 8#6#, SUN => 8H#TH);

INVERSE_SYNCHRO => 16#F5# );

3.243% Record Representation Clauses

Example 3-21: Enumeration Clause Declarations

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
therecord. A component clause must be provided every timeit is possible, i.e., every time the

exact location of the component is known (eg.,

components).

it is not possible for variable-sized

If component clauses are given for al components, the record representation clause
completely specifies the representation of the record type.

If some component clauses are missing, the order of these components is specified as in the

reco
The

A re
cann

The
decl

d type definition.
prder of component clauses in arecord representation clause is not significant.

presentation clause is mandatory for a discriminant, except for virtual diseritminants w
ot have a representation clause.

hich

com
var
clau

Figu
keyv
expr
decli
begi

posifions in bits relatively to the distance.

hred after the fixed part of a record. If the variant part has.a constant length,

onents are allowed to be physically located after the aternative components o
t: the actual location of the fixed components is specified using a record represents
e,

re 3-35 illustrates the syntax of a component representation. The expression aftel
pord at indicates a relative distance to the start of the structure. This distanc

ration of the length). If distance is equal to O, the range is specified relatively tc
nning (i.e., location 0) of the record, “The expressions after the keyword range arg

e is an overlap between distinct variants. The EAST syntax requiresthat a variant p]xt IS

ssed in words, the length of a word being either 16 bits or 32 bits (see page 3-39 fof

ixed
the
htion

the
e is
the
the
 the

)
Q

omponent Component Location Location
“= Distance

Figu

Figuret3-35: Component Representation Clause Specification Diagram

re 3-36 illustrates the syntax of arecord representation clause.

Record . d
ecor
Clause ‘ | dentifier
Declaration

Component
Clause

end record 0 o

Figure 3-36: Record Representation Clause Specification Diagram
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The next four examplesillustrate 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;

AsS

choice of the components,

by afixed (i.e., known) component.

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

third case: the global size of the record is known, but there are two aternatives for the

fourth case: the record contains alternatives for the choice of the compohents, follpwed

ty
fo

ty
fo
ty
fo
ty
fo
ty
fo
ty
fo
ty
fo
ty
fo

enumeration type definition
be DAY is (MON, TUE, WED, THU, FRI, SAT, SUNJ);
DAY ’size use §;

integer type definitions

be MONTH is range 1 .. 12;
 MONTH’size use 8;

be YEAR is range 1900 .. 2100;
' YEAR’size use 16;

be NUMBER is range 1 .. 10;
 NUMBER’size use §;

be ALPHA is range 1 .. 10;
 ALPHAsize use 8;

be BETA is range1:-/10;
 BETA’size use-§;

be GAMMA-is.range 1 .. 10;
 GAMMAsize use §;

be DELTA is range 1 .. 10;

' DELTA’size use §;

real type definition

type VALUE is digits 5;
for VALUE’size use 32;

array type definition

type VECTOR is array(NUMBER range <>) of VALUE;

Example 3-22: Type Definitions
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The following example 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 Vaue
(8 bits) (8 bits) (16 hits) (32 hits)

Figure 3-37: First Tree Structure

This|tree structure is described using the following declaration:

type FIRST_RECORD is record
THE_DAY_OF MONTH: DAY;
THE_MONTH: MONTH,;

THE_YEAR: YEAR,
THE_MEASUREMENT: VALUE;

end record;

for|FIRST_RECORD use record
THE_DAY_OF _MONTH at O«range O .. 7,
THE_MONTH at O range 8%15;
THE_YEAR at O range. 16 .. 31;
THE_MEASUREMENT at O range 32 .. 63;
end record,

for|FIRST_RECORDsjZe use 64; -- 64 bits

Example.3-23: Complete Record Representation Clause Declaration
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The following example presents the case of an incomplete record representation clause.

Second Record
Number Y ear Vector (1 .. Number) Month Day
(8 bits) (16 bits) (?) (8 hits) (8 bits)

The
Me;
degd

Figure 3-38: Second Tree Structure

> number of measurements is not known at definition time.  The size of the vec
hsurements is therefore not provided. The tree structure is described using the foll
arations:

or of
wing

ty

ern

ern

for SECOND_RECORD use record

pe SECOND_ RECORD(THE _NUMBER: NUMBER:=1) is record
THE YEAR: YEAR,
THE_MEASUREMENT: VECTOR(1 .. THE_NUMBER);
THE_MONTH: MONTH,;
THE_DAY_OF MONTH: DAY;

d record;

THE_NUMBER at O range .0 .. 7,

THE_YEAR at O range'8 .. 23;

-- no component clause for THE_ MEASUREMENT,

-- for THE_MONTH nor for THE_DAY_OF MONTH
d record;
no length clausefor SECOND RECORD type

In
disq

Example 3-24: Incomplete Record Representation Clause Declaration

this example, the length of “THE_MEASUREMENT” depends on the value @

riminant “THE_NUMBER”. No representation clause can be given for it. Nevertl

70 1o AdAaotormined- hhvytho ovnroccion-“TRIE MNIMPER f1mnac 29" 29 Ihaviney thie ci—=n

f the
neless

the

GALC TO ULLUITInricu lJy uaune W\PIWUII LI II__I\IUIVII_JI_I\ Urrco Jvyo , Jo UC!IIB Ui oo

of the

basic element VALUE. The component “THE_MEASUREMENT” begins a 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 gives the case of a complete record representation clause, where some
components overlap:

Third Record
|
Day Month Year
(8 bits) (8 bits) (16 bits) Value

(32 bits)
Alpha Gamma

(8 bits) (8 bits)
Beta Delta
(8 bits) (8'bits)

Figure 3-39: Third Tree Structure

The|size of the record is known at definition time:  all the aternatives have the same Igngth
(32 bitsif THE_DAY_OF _MONTH isequal MON, and 4*8 hitsif THE_DAY_OF MONTH
is equal something else). The location of every component isknown.

type THIRD_RECORD(THE_DAY_OF MONTH: DAY := MON) is record
THE_MONTH: MONTH,;
THE_YEAR: YEAR,
case THE_DAY_OF MONTH is
when MON =>
THE_MEASUREMENT:-VALUE; -- 32 bits
when others =>
THE_ALPHA_VALUE: ALPHA; -- 8 bits
THE_BETA_VVALUE: BETA; -- 8 bits
THE_GAMMA_VALUE: GAMMA,; -- 8 hits
THE_DELTA_VALUE: DELTA,; -- 8 bits
end case;
engd record;
for THIRD_RECORD use record
THESDAY_OF MONTH atOrangeO .. 7,
THE MONTH at O range 8 .. 15;
THE_YEAR at O range 16 .. 31;

T MEACIIDECAMENIT o4 N o~ s 29 Iale i
T WILAAOUTRLIVIEINT At U TAariytc oo .. U9,

THE_ALPHA_VALUE at O range 32 .. 39;
THE_BETA_VALUE at 0 range 40 .. 47,
THE_GAMMA_VALUE at O range 48 .. 55;
THE_DELTA_VALUE at O range 56 .. 63;
end record;
for THIRD_RECORD’size use 64; -- 64 bits

Example 3-25: Complete Record Representation Clause Declaration
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NOTE - The components “THE MEASUREMENT” and “THE ALPHA VALUFE’
cannot appear in the same record, so their storage locations can overlap.

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

Fourth Record

Day
(8 bits)

Month

(8 hits) v aiu .

(32 bits)

Alpha Gamma

(8 bits)

(&bits)

Beta Ddta
(8hits) (8 hits)

Year
(16 bits)

Figure 3-40: Fourth:Tree Structure

The size of the record is known at definition time. The variant part has a constant length (32
bit$). A fixed component is located after-the variant part.
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type FOURTH_RECORD (THE_DAY_OF MONTH: DAY :=MON) is record
THE_MONTH: MONTH,;
THE_YEAR: YEAR;
case THE_DAY_OF MONTH is
when MON =>
THE_MEASUREMENT: VALUE; -- 32 bits
when others =>
THE ALPHA_VALUE! ALPHA; -- 8 DItS
THE_BETA_VALUE: BETA; -- 8 hits
THE_GAMMA_VALUE: GAMMA; -- 8 bits
THE_DELTA_VALUE: DELTA; -- 8 bits
end case;
end record;
forfFOURTH_RECORD use record
THE_DAY_OF MONTH atOrangeO .. 7,
THE_MONTH at O range 8 .. 15;
THE_MEASUREMENT at O range 16 .. 47,
THE_ALPHA_VALUE at O range 16 .. 23;
THE_BETA_VALUE at O range 24 .. 31,
THE_GAMMA_VALUE at 0 range 32 .. 39;
THE_DELTA_VALUE at O range 40 .. 47;
THE_YEAR at O range 48 .. 63;
end record;
forlFOURTH_RECORD’size use 64; =64 bits

Example 3-26: Complete-Record Representation Clause Declaration

The |data item of the type YEAR is declared before the variant part in the record type
declaration, but after the vartant part in the record representation clause declaration.

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

1 The reasons for not providing a component representation clause are:  the component
has a‘variable size or it follows a component that has no component representgtion
clause.

2 YAl han no ranrecantation clanica can ha aivan far 2 componaent ite loeation ic |nn3wj
VVITOUIT TV |\JrJ|\JW||LMI.|U|| A\ A, = wapw v ) u\.oulv\alll\.ll uwlllvull\.&llL’ T TULLAATUTT 1

e o o
to be contiguous to the previous component.

3 A fixed component is alowed after the variant part if that part has a constant length,
i.e, if the location of the fixed component can be stated usng 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 bitsisadded. For that purpose, EAST alows two units for the distance:
WORD_16 BITSand 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.

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

0
N

— word_32_bits
Integer
Literal
-

Figure 3-41: Distance Specification Diagram

NOTE - The integer decima litera is the\value of the distance expressed in the selected
unit, either word_32_bitsor woerd 16 _hits.

Sed below for the previous record” representation clause written using the comstant
WQRD_32 BITS:

for THIRD_RECORD use record

THE_DAY_OF(MONTH at 0* WORD_32 BITSrangeO.. 7,
THE_MONTH<at 0 * WORD_32_BITSrange 8 .. 15;
THE_YEAR-at 0* WORD_32 BITSrange 16 .. 31;
THE_MEASUREMENT at 1 * WORD_32 BITSrange 0 .. 31;
THEALPHA_VALUE at 1* WORD_32 BITSrangeO.. 7,
THE BETA_VALUEat 1* WORD_32 BITSrange 8 .. 15;
THE_GAMMA_VALUE at 1* WORD_32 BITSrange 16 .. 23;

TLE DELTA NALLIE a1 1 * \AM/JORND 22 DRDITC rannn 24 21-
L= I A W A AR Y R = = =3 = VYV O\ O

LELELL =~ = DT TroTaurige o 9IL,;

end record;

Example 3-27: 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 machine-dependent 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 a package.” See below| the
content of the physical part of aDDR.

pa¢kage physical _package name is

way of storing arrays (see 3.3.1)

way of storing octets (see 3.3.2)

actual scalar type representations (see 3.3.3)

association of basic type names with their actua representations (see 3.3.4)

end physical_package name ;

The hameof 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 atemplate. Thus, the
syntax used throughout this section is not justified or formally defined. An extended example
of the template is provided in section 3.3.5. The next sections (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.
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Every part of the template is optional (see 3.3.5). There is no required ordering between the
different parts of the template.

3.3.1 WAY OF 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 ways to organize the
sequence: either the first index range varies first or the last index range varies first. The first
described way of storing arrays is caled first index first, and the second one is called
last| index_first.

Thg way of storing arrays on the medium is described in the physical description by usipg an
enumeration 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

Usipg this declaration, it is necessary to declare the actual:\way of storing arrays, for example:

ARRAY_STORAGE: constant ARRAY STORAGE METHOD :=
FIRST INDEX_FIRST;

Example 3-28: Actual Array Storage Method
Thig declaration is applicable to the whele description.

By pefault, the array storage is FIRST_INDEX_FIRST.

3.3 WAY OF STORING OCTETS/BITS

Thg way of stofifig octets/bits determines the location of the Most Significant Bit (MSB)) and
the Least Significant Bit (LSB) of a data element.

A machine is said to be big-endian or little-endian depending on whether the MSB is ijn the
lowest-or highest addressed octet of the data elemen

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 isin 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.
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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 e ements, but is still applicable for every data
element, whatever its length and its position (on octet boundary or not) within the data set.

The following example presents the transmission of data e ements for both kinds of machines.

Logigaly we have:

A B C D
2 bits 3 hits 16 bits n bits
Al A2 Bl Bz Bg Cl C2 C3 C4 ................................. C13 C14 C15 C16 Dl D2 ......... Dn

When writing onto a medium, the machine writes the bits of the current octet first so that the
contgined data element bits are ordered from MSB to LSB while maintaining their relative bit

positions to one ancther.

Thergfore, for a big-endian machine
mempry appear as follows:

where the bits are stored MSB first, the bit valugs in

A1|A2[B1|B2[Bs|Ci |C [Cs |Cy

............ Cigeeee. |C13 | Cua [Cy5 | Ci [D1 [D2 | ... | Dpy

21 20 22 21 20 215 214 213 212

............. ... |2 |22 |28 20 |2 |2m ]2

The hits are transmitted towardsthe medium octet by octet in the following order:

A A, B;B,B;C; C.Cs then C,

For glittle-endian machine where the bits are stored L SB firgt, the bit values in memory appear

C5 Ce Cll then Clz C13 ... D1 D> D3 and so forth.

asfollows:
AL A2 |BiB2 B3 |Cy |Co [C3 | Ca |, Ciie.. |C13 [C14 |Ci5 |{Cis | D1 [D2 |... |Dn
DI IPT 2 [2Z [0 [ 2[R 10 S [oB [ [ [0 [ >

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

C3 Cz Cl B;B,B; As A; then Cll C10C9 C4 then Dz D> D, Cl6... Clz and so forth.

Example 3-29: Octet Storage Possibilities
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See below the corresponding declaration:

type BIT_ORDER is ( HIGH_ORDER_FIRST,
LOW_ORDER_FIRST);

-- big-endian representation
-- 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 example:

OCTET_STORAGE: constant BIT_ORDER := HIGH_ORDER_FIRST;

Example 3-30: Actual Bit Order

This declaration is applicable to the whole description.

The description of the way of storing octets (using the type BIT_ORDER) is sufficient tg fully
destribe the organization on the medium (even at a bit level).

By pefault, the octet storage is HIGH_ORDER_FIRST.

3.3]3 REPRESENTATION OF SCALAR TYPES

Scaar types can be either binary encoded or ASCII encoded.

3.3[3.1 Binary Representation of Sealar Types

Thg way to determine the value of a numeric (integer or real), i.e.,, how to interpret its bit
pattern on the medium, depends:on its binary representation.

The binary representation-of a numeric indicates its bit pattern on the medium. It includes the
physical characteristicsithat may differ depending on the machine that has generated the

nUNeric.

No|[binary representation is provided for enumeration types, because they are mappéd on

integers, for'which the location of the bits from the MSB to the LSB are deduced

from

another. physical information item, called bit order (see 3.3.2). If necessary, negative alues

arefepresented in atwo'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 al enumeration values are postive 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.

The binary representation of a real includes the following characteristics:

thao oo nacitirans
= Uic dull pUdLIUI I
- | the sign convention, if any;
- | the location of the exponent;

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

- | the exponent base, which is the integer (two, ten or sixteen).raised to the exponent
power in determining the value of the represented number;

- | the location of the mantissa.
It must additionally include the identifier of the conwention of the generating mac:rine,

“conyention of the generating maching” being the method to recongtitute the real values from
the }re\/iously defined characteristics. An Authority and Description Identifier (ADID) is

assotiated with every registered convention. -See reference [E5] for the list of conventions
and related ADIDs.

The [conventions adopted in this document for the data representation on a medium are the
following:

- | In multi-octet elements,-the first octet is drawn in the leftmost position and is cdlled
“Octet Zero”. Successive octets are assigned successively larger numbers.

- | Within an octet or-binary field (not a multiple of octets), the first bit is drawn 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 ared: 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 initia 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.

Bit number O 1 2 3 4 5 6 7 8 9
1 [ [ 1 1 | [ |

Significance 22 22 22 22 22 2 22 20 2.2

The bit 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 umbers in the
following order: (5,7)-(0,4)-(8,9).

Example 3-31: Bit Ordering

Usipg the previous conventions and rules, the binary representation’of numericsis descriljed in
the corresponding physical description part. It contains:

a fixed pat declaring the types used«.t0 describe the representdtions
(INTEGER _PHYSICAL_DESCRIPTION and?REAL_PHYSICAL_DESCRIPTION),
this part being aways the same and present in‘any physical description part;

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

type NATURAL_NUMBER is range 0 .. 65535;

type LOCATION_OF SUBFIELD is -- subfields composing an integer or the
record -- exponent/mantissa of aredl.
BEGINNING.‘AT_BIT_NUMBER: NATURAL_NUMBER,;

ENDING_AT BIT_NUMBER: NATURAL_NUMBER,

end record;

MAXIMUM_NUMBER_OF_SUBFIELDS: constant := 255;
type SUBFIELD_NUMBER is range
1. MAXIMUM_NUMBER OF SUBFIELDS;

type LOCATION_OF FIELD is array (SUBFIELD_NUMBER range <>)
of LOCATION_OF _SUBFIELD;

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

1 The MAXIMUM_NUMBER_OF _SUBFIELDS is set to 255. It is an arbitrary vaue
that is big enough to cover al 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 (FCSTCO000, FCSTCO001,
FCSTC0002, FCSTC0003); -- thislist is not exhaustive (see reference [E5])

tyge INTEGER_PHY SICAL_DESCRIPTION (

NUMBER _OF SUBFIELDS: SUBFIELD NUMBER“=1) is record
COMPLEMENT: SIGN_CONVENTION;

LOCATION: LOCATION_OF FIELD (1..NUMBER_OF SUBFIELDS);
end record;

type REAL_PHY SICAL_DESCRIPTION(

NUMBER_OF SUBFIELDS IN_EXPONENT: SUBFIELD_NUMBER :=1;

NUMBER_OF SUBFIELDS INMANTISSA: SUBFIELD_NUMBER := 1)

is necord

CONVENTION_USED: L1ST_OF RECOGNIZED_CONVENTIONS;

SIGN_BIT_NUMBER~NATURAL_NUMBER;

COMPLEMENT: SIGN_CONVENTION;

EXPONENT _BASE: NATURAL_NUMBER,

BIAS. NATURAL NUMBER;

LOCATIONYOF 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 3-31), severa 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 actua 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_PHY SICAL_DESCRIPTION for the representation of reals).

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

Figure 3-42 illustrates the syntax of arecord value.

Component

Record L <> s
Value "

Figure 3-42: Record Value Specification Diagram

In the case of the record types used in the physical part of an EAST descriptior], the
component value is either an enumeration literal, anvinteger literal or an array value.

Figlire 3-43 illustrates the syntax of an array value.

Component

o | e

Figure 3-43: Array Value Specification Diagram

Theg index value is an integer literal. In the case of the array types used in the physical pgrt of
an EAST description, the component value is either an enumeration literal, an integer literal,
an array value, or arecord value.

The following examples present real cases of two integers and areal that must be described.
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A 16-bit signed integer with the following physical representation (big-endian representation):
0 78 15
octet O octet 1

- 214 20
Sign

The sign position is bit 0.

The bit ordering is (0,15), which means that the MSB is bit 1 (bit O being.the sigr] bit)
and the LSB is bit 15.

Example 3-32: Bit Ordering for the Above 16-Bit Signed Integer

Using the types declared in the fixed part of the physical description;.it' is possible to deglare
the actual binary representation of this integer. Assuming that fotr negative values the two’'s
complement is used, the actual binary representation is given by-the following declaration:

Binary_Representation_01: constant INTEGER_PHY.SICAL_DESCRIPTION :=
(NUMBER_OF SUBFIELDS=>1,
COMPLEMENT =>TWOS_COMPLEMENT,

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

Example 3-33: Actual Binary Representation of the Above 16-Bit Signed Integer

In this example, the binary representation indicates that the sign bit is the first bit encounfered
(bit D). Then, a less significant, bit is the second bit encountered (bit 1) and so on til| the
sixtgenth bit (this bit being the-.'SB of the integer).

In the same way, a 16-hityunsigned integer with the following physical representation (big-
endi gn representation):

0 78 15
octet O octet 1
215 20

- Thebit ordering is (0,15), which means that the MSB is bit 0 and LSB is bit 15.

Example 3-34: Bit Ordering for the Above 16-Bit Unsigned Integer
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Using the types declared in the fixed part of the physical description, it is possible to declare
the actual binary representation of this integer. The actual binary representation is given by

the following declaration:

Binary_Representation_02: constant INTEGER_PHY SICAL_DESCRIPTION :=
(NUMBER_OF SUBFIELDS=>1,
COMPLEMENT => UNSIGNED,
LOCATION => (1 => (0,15)));

Hxample 3-35: Actual Binary Representation of the Above 16-Bit Unsigned Integl]er

In this example, the binary representation indicates that the most significant ds the finst bit
encpuntered (bit 0). Then, aless significant bit is the second bit encountered(bit 1) and jso 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 legical part of the FAST
desgription) allows negative values, then there is a sign bit, and-the SIGN_CONVENTION
canpot be UNSIGNED. If this range specifies only positive vialues, then there can be & sign

bit {(or not) according to the SIGN_CONVENTION.

number of the first subfield really corresponds to the M SB.

A 32-bit real with the following physical representation (little-endian representation):

0 7 8

15 16

23 24

If<there is no sign bit, the firgt bit

31

octet O

octet 1

octet 2

octet 3

Exponent

Sign

= Mantissa ® 4 )"Mantissa ® - Mantissa® - Exponent ®

{ Thesign position is bit 24.

41 The loeation of the exponent includes two subfields (25,31) and (16,16), which means
that the M SB of the exponent is bit 25 and the LSB is bit 16.
4 The location of the mantissa includes three subfields (17,23), (8,15) and (0,7), which
means that the MSB of the mantissais bit 17 and the LSB is bit 7.

Example 3-36: Bit Ordering for the Above 32-Bit Real
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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 generated on a PC
(which uses the IEEE 754 convention, identified by FCSTCO0QO, see reference[ E5]), the actual
binary representation is given by the following declaration:

Binary_Representation_03: constant REAL_PHY SICAL_DESCRIPTION :=
(NUMBER_OF _SUBFIELDS IN_EXPONENT => 2,
NUMBER_OF SUBFIELDS IN_MANTISSA => 3,
CONVENTION_OUSED—>FCSTCO00, —tEEE 74
SIGN_BIT_NUMBER => 24,
COMPLEMENT => SIGN_AND_MAGNITUDE,
EXPONENT_BASE => 2,
BIAS=> 127,
LOCATION_OF EXPONENT =>( 1=>(25,31),
2 =>(16,16)),
LOCATION_OF MANTISSA =>( 1=>(17,23),
2 =>(8,15),
3=>(0,0));

Example 3-37: Actual Binary Representation of a 32-Bit Real

In this example, the binary representation indicates that the most significant bit of| the
expgnent is the twenty-sixth bit encountered (bit 25). Then from bit 26 through bit 31 thg bits
encountered are less significant, and bit 16 isthe LSB of the exponent.

In the same way, the most significant bit\ef the mantissa is the eighteenth bit encountereq (bit
17).| Then from bit 18 through bit/23; and then from bit 8 through bit 15, and from bit O
throygh bit 7, the bits encountered are less significant, bit 7 being the LSB of the mantissaj

(Binary_Representation_01 or Binary_Representation_02) could be any identifier
(except a reserved keyword). The only restriction is that a constant identifier
cannot be-defined twice in the physical part.

NOTE - The name ofcthe constant used to identify the binary repr&eentinion

Refegrence [E5], provides the way of calculating real values for the conventions, mentiongd in
the definitien-of LIST_OF RECOGNIZED_CONVENTIONS.

3.3.3.20 ASCII Representation of Scalar Types

ASCII encoded types are sometimes used to increase the portability of the data. Enumeration
types, integer types, and real types can be encoded using character strings. An ASCII
encoded type is a character string type with a specific format, depending on the nature of the
type (enumeration, integer, or real).
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There is no difference (except the size) between the logical description of a binary type and
the logical description of an ASCII encoded type. The physical description specifies the actual
representation of the scalar types. By default, a type is a binary encoded type. An ASCII
representation must be associated with the type name, if the type is ASCII encoded.

The ASCII representation of an enumeration type provides al the character strings
associated with all the enumeration literals of the type. The character strings, which are the
coding values of the enumeration type, have al the same length
(NUMBER_OF CHARACTERS). The set of the coding values is therefore represented by a
character string list, which is also an array of characters, dimensioned Dy the
NUMBER_OF OCCURRENCES of the enumeration type and the
NUMBER_OF CHARACTERS of every occurrence.

Thg ASCII representation of an enumeration uses the following types:

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

type ASCIl_ENUMERATION_PHY SICAL_DESCRIPTION (

NUMBER_OF OCCURRENCES: NATURAL.NUMBER :=0;

NUMBER_OF CHARACTERS: NATURAL>NUMBER := 0) is record

REPRESENTATION: STRING LIST (15‘NUMBER_OF OCCURRENCES,
1'.. NUMBER_OF CHARACTERS);

end record:;

Ei

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

Thg number of characters used to encode the enumeration type must be the same for gvery
enumeration litera of the type.sFhis number is known at definition time.

All [characters (i.e., the 256 Characters of the Latin Alphabet No. 1.—see reference [1] gnhd/or
anngx 0) are allowed and are significant, including the space character.

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

An lenumeration type is either an ASCII encoded type (in this case, its ASCII representation
shall be present in the physical description part) or a binary encoded type (in this cage, an
enumeration representation clause can be present in the logical description part). In any case,
enumeration representation clause and ASCII representation are exclusive: they must not be
associated with the 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.
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For example, an enumeration type which has two permitted vaues. “WORKING” and
“IDLE”, 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 3-38: ASCII Enumeration Type Logical Declaration

and jn the physical part asfollows:

ASCII_Rep 01: constant ASCII_ENUMERATION_PHYSICAL_DESCRIPTION =
(NUMBER_OF OCCURRENCES =>2, NUMBER_OF CHARACTERS=>7,
REPRESENTATION => (*WORKING” , “IDLE "));

Example 3-39: ASCII Enumeration Type Physical Description

In this example, three space characters belong to the representation-of the enumeration yalue
IDLE.

An ASCII Encoded Decimal Integer is a character sttihg representing an integer value. | The
format of the character string corresponding to an.ASCII encoded decimal integer is described
in the Figure 3-44:

O
N /\
o > digit S o
N/ / \"/

Figure 3-44: ASCII Encoded Decimal Integer Format
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An ASCII Encoded Decimal Redl is a string representing a real value. The format of the
character string corresponding to an ASCIlI encoded decimal rea is described in the

Figure 3-45:
o= [0 [
N N
ol N N a /d@__
7 7 \/
A4 / \

_@_
\—@—\ < space
\_@_/

-@-

AN
/7

Figure 3-45: ASCII'Encoded Decimal Real Format
A digit is one of the following charecters. ‘0’,‘1',‘2',‘3',‘4,‘'5','6', ‘7", ‘8, ‘9.

Only the normalized ASCII _encoded numbers can be described using EAST. Therelis no
convention for the ASCII representation of infinite values (“+INF”, “-INF’ or “+ ¥”, “+ ¥")
and no representation far {NaN” (Not a Number).

The ASCII represettation of an integer or real type specifies the number of characterg used
for [the integer<or real values. The ASCII representation of an integer or real uses the
follpwing type:

type ASCII_NUMERIC_PHY SICAL_DESCRIPTION is record
N

NIMBRED OFE CHARACTEDRC: I\II\TI ID\'I_\‘

|
TNOTVIDL T\ 1 A4 BN VARY BAVALN Sy gy = g X S B 7 A W R | =N A4 A AN =] == i v

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
asfollows:

type COUNTER is range -1 .. 16383;
for COUNTER’size use 40; -- bits, i.e., 5 characters

Example 3-40: ASCII Integer Type Logical Declaration

and inthe physical part asfollows:

ASCI_Rep 02: constant ASCII_NUMERIC_PHYSICAL_DESCRIPTION :=
(NUMBER_OF CHARACTERS => 5);

Example 3-41: ASCII Integer Type Physical Description

For ¢xample, an 11-character ASCII decimal rea type can be described in the logical pgt as
follows:

type KILOMETERS is digits 5;
for| KILOMETERS'size use 88; -- bits

Example 3-42: ASCII Real Type Logical Declaration

and in the physical part as follows:

ASCIl_Rep_03: constant ASCII_NUMERIC_PHYSICAL_DESCRIPTION :=
(NUMBER_OF CHARACTERS => 11);

Example 3-43:* ASCII Real Type Physical Description

NOTE - The name @©f ' the constant used to identify the ASCIlI representgtion
(ASCIl_Rep-01 or ASCII_Rep 02 or ASCII_Rep 03) could be any identifier
(except-a-teserved keyword). The only restriction is that a constant identifier
cannot be defined twice in the physical part.

3.34 REEATIONSHIP BETWEEN 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 rea types) defined in the logical part of the DDR. The association
of a type name with the corresponding representation name aso has to be provided in this
physical description part. See below how this association is implemented in EAST:
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- an enumeration type gives al the basic type names, which are previoudy defined in the
logical description part and which need a physical representation, by prefixing them with
“USER_TYPE_”:

type BASIC_TYPE_NAMES s (USER_TYPE_xxx , USER_TYPE yyy,
USER_TYPE_zzz, USER_TYPE._ttt);

- thedifferent representations are declared as seenin 3.3.3.1 and 3.3.3.2:

Binary_Representation_01: constant INTEGER_PHY SICAL_DESCRIPTION
= “value’; -- integer type

Binary_Representation_02: constant REAL_PHY SICAL_DESCRIPTION
= "value’; -- real type

ASCII_Representation_01: constant
ASCII_NUMERIC_PHY SICAL_DESCRIPTION
.= “value’; -- integer or real type

ASCIl_Representation_02: constant
ASCII_ENUMERATION_PHY SICAL”DESCRIPTION
= “value’; -- enumeration type

... and so forth ...

finaly, the relation between the type names and their binary representations is specified
asfollows:

type RELATION(choice: BASIC_TYPE_NAMEYS) is record
case choiceis
when USER_TYPE_xxx =>
PHY S-xxx: INTEGER_PHY SICAL_DESCRIPTION
= Binary_Representation_01,
when USER_TYPE_yyy =>
PHYS yyy: REAL_PHYSICAL_DESCRIPTION
:= Binary_Representation_02;
when USER_TYPE_zzz =>
PHYS zzz: ASCII_NUMERIC_PHY SICAL_DESCRIPTION
:= ASCIl_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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3.3.5 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 name is

tyFQI\DD/\V STORACGCE METHO
\"ZAYIBVAv | < O IV A4

=l T\ \

B-is{—FHRST—HNDEX—FHRST
LAST_INDEX_FIRST);

ARRAY_STORAGE: constant ARRAY_STORAGE_METHOD :=
FIRST INDEX_FIRST;

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
regord -- exponent/mantissa of areal.
BEGINNING_AT BIT_NUMBER: NATURAL NUMBER,;

ENDING_AT _BIT_NUMBER: NATURAL_NUMBER,

engl record;

MAXIMUM_NUMBER_OF SUBFIELDS: constant := 255;
tyde SUBFIELD_NUMBER is range
1..MAXIMUM_NUMBER_OF,SUBFIELDS;

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

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

tyde LIST_OE-RECOGNIZED _CONVENTIONS is (FCSTC000);

type INFTEGER_PHY SICAL_DESCRIPTION (

NUMBER_OF SUBFIELDS:. SUBFIELD NUMBER :=1) isrecord
COMPLEMENT SIGN_ CONVENTION;

LOCATION: LOCATION_OF FIELD (1..NUMBER_OF SUBFIELDYS);
end record;
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type REAL_PHY SICAL_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);

ehd record;

type STRING_LIST isarray( NATURAL_NUMBER range <>,

NATURAL_NUMBER range <>) of CHARAECTER,;

type ASCII_ENUMERATION_PHY SICAL_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;

type ASCII_NUMERIC_PHY SICAL "DESCRIPTION is record
NUMBER_OF CHARACTERS: NATURAL_NUMBER,
ehd record;

Binary_Representation_01: constant INTEGER_PHY SICAL_DESCRIPTION :=
(NUMBER_OF SUBFIELDS=>1,

COMPEEMENT => TWOS_COMPLEMENT,

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

Binary_Representation_02: constant REAL_PHY SICAL_DESCRIPTION :=
(NUMBER_OF _SUBFIELDS IN_EXPONENT =>1,

NUMBER_OF SUBFIELDS IN_MANTISSA =>1,
CONVENTION_USED => FCSTCO000,

SIGN_BIT NUMBER—1;

COMPLEMENT => SIGN_AND_MAGNITUDE,

EXPONENT_BASE => 2,

BIAS=> 127,

LOCATION_OF EXPONENT =>( 1 => (1,8),

LOCATION_OF MANTISSA =>( 1=>(9,31)));

ASCI1_Rep_01: constant ASCII_ENUMERATION_PHY SICAL_DESCRIPTION :=
(NUMBER_OF _OCCURRENCES => 2, NUMBER_OF CHARACTERS =>7,
REPRESENTATION => (“WORKING™ , “IDLE™));
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ASCII_Rep_02: constant ASCII_NUMERIC_PHYSICAL_DESCRIPTION :=

(NUMBER_OF_CHARACTERS => 5);

e BASIC_TYPE_NAMESis(USER_TYPE xxx , USER_TYPE_yyy,
USER_TYPE_zzz, USER_TYPE_ttt);

e RELATION(choice: BASIC_TYPE_NAMES) isrecord
case choiceis
when USER TYPE xxx=>

PHYS xxx: INTEGER_PHY SICAL_DESCRIPTION
:= Binary_Representation_01,
when USER_TYPE_yyy =>
PHYS yyy: REAL_PHYSICAL_DESCRIPTION
:= Binary_Representation_02;
when USER_TYPE_zzz =>
PHYS zzz: ASCII_ENUMERATION_PHY SICAL_DESCRIPTION

:= ASCIl_Rep_01;
PHYS ttt: ASCII_NUMERIC PHYSICAL_DESCRIPTION
:= ASCIl_Rep_02;
end case;
end record;
end physical_package name;

Most of the declarations are optional. Indeed-only the types that are used must be declared.

As gn example, the type REAL_PHYSICAL_DESCRIPTION must be defined only if |it is

used|in the physical part, i.e., if at least.one real typeis defined in the logical part.

The following rules apply:

1 The array storage is optiona (ARRAY_STORAGE METHOD type |and
ARRAY_STORAGE constant) if there is no multi-dimensiona array in the logical
part, or if thesmethod is FIRST _INDEX_FIRST (default value).

2 The octet'storage is optiona (BIT_ORDER type and OCTET _STORAGE constant) if
the method isHIGH_ORDER_FIRST (default value).

3 The type REAL_PHYSICAL_DESCRIPTION is optional if there is no bipary

|_representation for real type to provide, i.e., if there is no binary real type in the logjical
part.

4 The type INTEGER_PHY SICAL_DESCRIPTION is optiona 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 al considered to be unsigned integers or two’ s-complement
signed integers.
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5 The type ASCII_ENUMERATION_PHY SICAL_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_PHY SICAL_DESCRIPTION is optional if there is no
ASCII representation for integer or rea type to provide, i.e, if there is no ASCII
integer type and no ASCII real typein the logica part.

7 The types BASIC TYPE NAMES and RELATION are optiona if there 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 aso reserved in order to avoid any problem in the
case of an Ada application accessing the data. Other words are reserved identifiers of the

EAST language and not of the Ada programming language.

a) EAST and Ada Keywords

array digits is
at
end null
case
constant for of
others

b) Other Ada Keywords

abort delta if
abs do in
abstract
accept ese limited
access egf loop
aliased entry
al exception mod
and exit
new

begin funetion not
body

generic or
declare goto out
delay

c) Pure’EAST reserved identifiers

package

range
record

subtype

pragma
private
procedure
protected

rase
rem
renames
regueue
return
reverse

select
separate

type
use

when

tagged
task
terming
then

until

while
with

Xxor

viTtoal . word_32_hits word_16_hits

NOTE - Any identifier beginning with “virtual " is reserved for virtua 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.

The Recommendation for Data Description Language EAST Specification recognizes only
one conformance level, and that is the entire specification. Therefore recipient systems which
are said to be in conformance to this Recommendation shall recognize the entire specification.
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ANNEX A

ACRONYMS AND GLOSSARY

(Thisannex 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

ASdll American Standard Code for Information Interchange
BNH Backus-Naur-Form

DDR Data Description Record

EAST Enhanced Ada SubseT

ISO International Standards Organization

LSB Least Significant Bit

LSO Least Significant Octet

MSE Most Significant Bit

MSO Most Significant Octet

A 2| GLOSSARY OF TERMS

ADID: in the context of EAST, an ADUDis an identifier of the EAST Recommendation
withjn the CCSDS organization. See reference

[E2]

Array type: an array type4s-a composite type whose components are al of the same type.
Components are selected by indexing.

Basqd literal: a based literal is a numeric literal expressed in a form that specifies the pase
explicitly.

Character literal: acharacter literal isformed by enclosing a graphic character between|two
apogrophecharacters.

Charactertype: acharacter typeis an enumeration type that TEpresents a character Set.

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

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

Constrained array: aconstrained 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.

Enumeration representation clause: an enumeration representation clause specifies the bit
pattern for each literal of the corresponding enumeration type.

Enyimeration type: an enumeration type is defined by the list of its vaues, ¢alled
enumeration literals, which may be identifiers or character literals. All values for a given
enumeration type are different.

Length clause: alength clause specifies the amount of storage in bitsassociated with a fype.

Lit¢ral: aliteral is avalue represented by its value itself instead oP an identifier. A literd can
be gpeciaized as a numeric literal, an enumeration literal, a chiasacter literal, or a string literal.

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

Numeric literal: anumeric litera is the value of'a number, expressed by means of charagters.
Object: an object is either a constant or avariable. An object contains avalue.

Predefined type: a predefined type.is'a type provided by EAST, that is, a type that cpn be
usefl in any EAST description without being previously declared.

Regord representation clause: a record representation clause specifies the stprage
representation of the recordtype on the medium, that is, the order, position and size of rgcord
conpponents (including-discriminants, if any).

Regord type: ©a-record type is a composite type consisting of zero or more named
components,essibly 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.

Subtype: a subtype is a type together with a constraint, which constrains the values of the
type to satisfy a certain condition. The values of a subtype are a subset of the values of its

type.
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Type: atypeis a named set of characteristics. This name can be used to define sets of
values.

Unconstrained array: an unconstrained array is an array with avariable number of elements.
Variable: avariableisan identifier that represents a dataitem occurrence.
Variant part: avariant part of a record specifies alternative record components, dependent

on the discriminant of the record. Each value of the discriminant establishes a particular
alterpative of the variant part.

Virtpal Discriminant: a virtua discriminant is a discriminant that is not included in the
composite type that it discriminates.
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