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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 ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The prog¢edures used to develop this document and those intended for its further maintenance af

describefl in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for t
different| types of ISO documents should be noted. This document was drafted in accordance, with t}
editoriallrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attentiof is drawn to the possibility that some of the elements of this document may be’the subject
patent rights. ISO and TISA shall not be held responsible for identifying any or all such patent right
Details of any patentrights identified during the development of the document will bé in the Introductia
and/or op the ISO list of patent declarations received (see www.iso.org/patents).
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(TBT) see the following URL: Foreword - Supplementary information

mittee responsible for this document is [SO/TC 204 Intelligent transport systems, in cooperatig
Traveller Information Services Association (TISA), TPEG Applications Working Group throug
A Liaison status.

1219 consists of the following parts,*under the general title Intelligent transport systems -
d travel information (TTI) via transport protocol experts group, generation 2 (TPEGZ2):

2: UML modelling rules [Technical-Specification]

3: UML to binary conversion.iules [ Technical Specification]
4: UML to XML conversion’rules [ Technical Specification]

5: Service framework [ Technical Specification]

6: Message mahagement container [Technical Specification]
7: Location referencing container [Technical Specification]

18:4Irdffic flow and prediction application [ Technical Specification]
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1: Introduction, numbering and versions [ Technical Specification]
9: Service and network information [Technical Specification]

10: Conditional access information [Technical Specification]

14: Parking information application [Technical Specification]

15: Traffic event compact application [Technical Specification]

16: Fuel price information application [Technical Specification]
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— Part 19: Weather information application [ Technical Specification]
— Part 20: Extended TMC location referencing [Technical Specification]
— Part 21: Geographic location referencing [Technical Specification]

— Part 22: OpenLR-location-referencing [ Technical Specification]

— Part 23: Roads-and-multi-modal-routes-application [ Technical Specification]
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Introduction

History

TPEG technology was originally proposed by the European Broadcasting Union (EBU) Broadcast
Management Committee, who established the B/TPEG project group in the autumn of 1997 with a brief
to develop, as soon as possible, a new protocol for broadcasting traffic and travel-related information
in the multimedia environment. TPEG technology, its applications and service features were designed
to enable travel-related messages to be coded, decoded, filtered and understood by humans (visually
and/or audibly In the users language) and by agent systems. Originally a byte-oriented data streain
format, yhich may be carried on almost any digital bearer with an appropriate adaptation layer, Was
developdd. Hierarchically structured TPEG messages from service providers to end-users were designgd
to transfer information from the service provider database to an end-user’s equipment.

Oneyearflaterin December 1998, the B/TPEG group produced its first EBU specifications, Two documents
were rel¢ased. Part 2 (TPEG-SSF, which became ISO/TS 18234-2) described the Syntax,/'Semantics arnd
Framing|structure, which was used for all TPEG applications. Meanwhile Part 4 (TPEG-RTM, whigh
became ISO/TS 18234-4) described the first application, for Road Traffic Messages.

Subsequently in March 1999, CEN TC 278/WG 4, in conjunction with ISO/T€204/WG 10, established|a
project gifoup comprising members of the former EBU B/TPEG and they contintied the work concurrently.
Further parts were developed to make the initial set of four parts, enabling the implementation of|a
consistent service. Part 3 (TPEG-SNI, ISO/TS 18234-3) described theService and Network Informatign
Application, used by all service implementations to ensure appropriate referencing from one servige
source tg another.

Part 1 ([TPEG-INV, ISO/TS 18234-1), completed the series; by describing the other parts and thejr
relationghip; it also contained the application IDs usediwithin the other parts. Additionally, Part j5,
the Publjc Transport Information Application (TPEGSRTI, ISO/TS 18234-5), was developed. The s¢-
called TREG-LOC location referencing method, which“énabled both map-based TPEG-decoders and ngn
map-basgd ones to deliver either map-based location referencing or human readable text informatiop,
was issyed as ISO/TS 18234-6 to be used.in“association with the other applications parts of the
ISO/TS 18234-series to provide location referencing.

The ISO/ITS 18234-series has become known as TPEG Generation 1.
TPEG Gdneration 2

inauguration of thé Traveller Information Services Association (TISA) in December 20(7
derived from former Forunis and the CEN/ISO development project group, the TPEG Applications
Working|Group took over-development work for TPEG technology.

It was about this time‘that the (then) new Unified Modelling Language (UML) was seen as having maj¢r
advantages for thedevelopment of new TPEG Applications in communities who would not necessarily
have binpry ph¥ysical format skills required to extend the original TPEG TS work. It was also realizgd
that the XMEformat for TPEG described within the ISO/TS 24530-series (now superseded) had a greater
significahee)than previously foreseen; especially in the content-generation segment and that keeping
two physical formats in synchronism, in different standards series, would be rather difficult.

As aresult TISA set about the development of a new TPEG structure that would be UML based - this has
subsequently become known as TPEG Generation 2.

TPEG2 is embodied in the ISO/TS 21219-series and it comprises many parts that cover introduction,
rules, toolkit and application components. TPEG2 is built around UML modelling and has a core of rules
that contain the modelling strategy covered in Parts 2, 3, 4 and the conversion to two current physical
formats: binary and XML; others could be added in the future. TISA uses an automated tool to convert
from the agreed UML model XMI file directly into an MS Word document file, to minimize drafting
errors, that forms the Annex for each physical format.

vi © ISO 2015 - All rights reserved
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TPEG2 has a three container conceptual structure: Message Management (Part 6), Application (many
Parts) and Location Referencing (Part 7). This structure has flexible capability and can accommodate

many differing use cases that have been proposed within the TTI sector and wider for hie
message content.

rarchical

TPEG2 also has many location referencing options as required by the service provider community,

any of which may be delivered by vectoring data included in the Location Referencing Conta

iner. The

following classification provides a helpful grouping of the different TPEG2 parts according to their

intended purpose:

I'polkit parts: TPEGZ-INV (Part 1), TPEGZ-UML (Part Z), TPEGZ-UBCR (Part 3), TPEGZ-UXCR
TPEG2-SFW (Part 5), TPEG2-MMC (Part 6), TPEG2-LRC (Part 7)

Special applications: TPEG2-SNI (Part 9), TPEG2-CAI (Part 10)

Lpcation referencing: TPEG2-ULR (Part 11), TPEG2-ETL (Part 20), TPEG2-GLR (Patt 21), TP
(fPart 22)

Applications: TPEG2-PKI (Part 14), TPEG2-TEC (Part 15), TPEG2-FPI (Paft 16), TPEG2-TFP (|
TPEG2-WEA (Part 19), TPEG2-RMR (Part 23)

(Part 4),

EG2-OLR

Part 18),

TPEG2 has been developed to be broadly (but not totally) backward-compatible with TPEG1 tq assist in
tansitions from earlier implementations, while not hindering the FPEG2 innovative approach gnd being

able to support many new features, such as dealing with applications having both long-term, un
content and highly dynamic content, such as Parking Information.

This Technical Specification is based on the TISA specification technical/editorial version
TPEG2-UBCR/1.1/001.

thanging

number:

© ISO 2015 - All rights reserved
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Intelligent transport systems - Traffic and travel

information (TTI) via transport protocol experts group,

generation 2 (TPEG2) —
Part 3:

UML to binary conversion rules

Scope

1
This Technical Specification specifies the rules for converting TPEG application UML models to
b

[§0/TS 21219-2. Rules for converting compound data types are also defihed:

2| Normative references

The following documents, in whole or in part, are normativély referenced in this document
irldispensable for its application. For dated references,©nly the edition cited applies. For
r¢ferences, the latest edition of the referenced documenty{including any amendments) applies.

190/ TS 18234-2:2013, Intelligent transport systems —Traffic and travel information (TTI) via transpo
group, generation 1 (TPEG1) binary data format — Part2: Syntax, semantics and framing structure (TH

[90/TS 21219-2, Intelligent transport systems<< Traffic and travel information (TTI) via transport
experts group, generation 2 (TPEG2) — Part 2: UML modelling rules

]

§0/TS 21219-5, Intelligent transport systems — Traffic and travel information (TTI) via transport
experts group, generation 2 (TPEGZ2) == Part 5: Service framework
I40/1EC/IEEE 60559, Informatien‘technology — Microprocessor Systems — Floating-Point arithr

Abbreviated terms

3
The abbreviated térms defined in ISO/TS 21219-2 and the following apply.
LB Leéast Significant Bit

M

SB Most Significant Bit

the TPEG

nary format description. It contains the binary format definition of the abstract data types defined in

and are
undated

't experts
EG1-SSF)
protocol

protocol

netic

4 Rules for UML to hinnry format dpcrripfinn conversion

4.1 Definition of binary format description

The binary format description of TPEG applications is included in application specifications as a

normative annex. This annex shall be named according to the following scheme:

[Full application name], TPEG-binary representation

The annex shall have four subclauses: Introduction, Application framing and signalling, Application
components and Application datastructures. The content of these subclauses is subject to the specifications

in this clause.

© ISO 2015 - All rights reserved
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The introduction shall use a similar formulation as in the following:

This chapter defines the application framing and the format of the [Full application name] message
components, datastructures and its attributes for the TPEG binary representation of [application
abbreviation] as described in [reference to TPEG framework]. For further descriptions of these objects
see the related clauses [reference to clauses] in this specification.

The Application framing and signalling subclause shall have three parts: Application identification,
Version number signalling, and Application framing. The Application identification part shall define the
Application Identifier (AID) that is used for the application. The Version number signalling shall define
the majdr and minor version number of the application that are signalled within the SNT applicatio

The App

ication framing part shall state in what kind of service component the application shall-k

transmitited. TPEG Service Component (SC) types are defined in [ISO/TS 21219-5. Currently, the followir
Service (omponent types are defined:

— Serv
—  Serv
— Serv
— Serv
— Serv
The wor

TPE
Com

CompFrame - Standard SC

CompFrameProtected -SC with data CRC

CompFrameCountedProtected - SC with message count and data CRC
CompFramePrioritisedProtected — SC with group priority and data.ERC
CompFramePrioritisedCountedProtected - SC with group priority; message count and data CRl

ling shall be similar to the following:

described in [reference to TPEG framework].

The Application components description shall have a'first subclause with title List of generic compone
IDs. This|clause contains unique component IDs for‘each application UML class that is not stereotypg
as <<DatpStructure>>. The component IDs should’be ordered in the order of appearance in the model.

The list pf generic component IDs subclause is followed by subclauses providing the binary form

descript
formatd
defined i

on of each application UML class that is not stereotyped as <<DataStructure>>. This binaf
escription shall follow the rulés as specified in 4.5. The generic component ID of each compone
In the list of generic companent IDs shall be inserted in the binary format description where t}

rules of 4.5 read ‘gcid’.

The Appl
UML cla
rules as

cation datastructures description shall provide the binary format description of each applicatid
s that is stereetyped as <<DataStructure>>. This binary format description shall follow t}
pecified in 45,

[ binary format messages of the [Full application:name] type are transmitted in Servig
onent Frames of the [Service Component Frame type] type. Service Component Frames ay

n.
e

18

At

y
Nt

L

e
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4.2 Abstract data types

This section presents the binary format definition of the abstract data types that are defined in the
TPEG UML modelling rules document ISO/TS 21219-5.

Data type Binary format definition
BitArray <BitArray>:=
m * <byte>[1..*]; : Byte containing bits. MSB signals following bytes
Bit-set{=13}-si

nalslooicaltrua
eSO gica e

igy
Bit not set (= 0) or not present signals logical false

The bits in a BitArray are encoded in a sequence of bytes, where the first bit|of each
byte (MSB) is a continuation flag (marked as CF in the figure below)y If this Hit is
set (=1) there follows at least one more byte in this BitArray. THellast byte always
has the continuation flag not set (=0). A BitArray representsc list of Boolean| values
which is implemented in the same way as for all lists. The-first byte holds bits num-
bered from zero to six in that order. The second byte helds/bits numbered seven to
13, again in that order, and so on.

The ordering is sequential from first bit (MSB) to(last bit (LSB).

Byte 0 Byte 1

Bit number \Bit number \
CFlo [1 [2 [3[4 [5 [6 |CF|7 [8 [9 [10[11]12]13] |..

Figure 1 — Binary format coding oPBitArray

NOTE: If all bits after a certain bitin'a BitArray are not set, the remaining byjtes con-
taining only unset bits may be removed. The continuation flag of the new lagt byte is
set to false. Decoders shall jintérpret undefined bits as logical value false.

EXAMPLE: BitArray = 05thex: Bit 4 and bit 6 are set, the BitArray consists offonly one
byte (continuation flagdot set).

Boolean The TPEG binary foymat knows three representations for Booleans.
- Mandatory Booleans are stored in the selector of a class
- Multiplemandatory Booleans are stored in <MultipleBooleans>

- Single, optional Booleans are stored in a table of type typ008:0ptionalBoolean as
defined in ISO/TS 21219-2

The default value of a Boolean is false.

DataStructure <DataStructure>:= : Name of data structure
<.>, : Content of data structure
DateTime <DateTime>:= : Date and time
<IntUnLo>; : Number of seconds since

1970-01-01T00:00:00

Ileas 1 1. g s o M LI1T O
UIHIVET Sal CUUTUIIIdtTU T IHIICT (U TL )

NOTE The formula for date and time calculation is given in Annex D of ISO/
TS 18234-2:2013.

© IS0 2015 - All rights reserved 3
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Data type Binary format definition
DaySelector <DaySelector>:=
<BitArray>(selector), : DaySelector
if (bit 0 of selector is set)
<Boolean>(Saturday), : every Saturday
if (bit 1 of selector is set)
<Boolean>(Friday), : every Friday
if (bit 2 of selector is set)
<Boolean>(Thursday), : every Thursday
if (bit 3 of selector is set)
<Boolean>(Wednesday), : every Wednesday
if (bit 4 of selector is set)
<Boolean>(Tuesday), : every Tuesday
if (bit 5 of selector is set)
<Boolean>(Monday), : every Monday.
if (bit 6 of selector is set)
<Boolean>(Sunday); : everyySunday
DistanceMetres <DistanceMetres>:=
<IntUnLoMB>; “Distance in integer units of metres
DistancefentiMetres <DistanceCentiMetres>:=
<IntUnLoMB>; : Distance in integer units of centimetres
Duration <Duration>:=
<IntUnLoMB>; : Time duration in number of seconds
FixedPerrentage <FixedPercentage>:=
<IntUnTi>; : integer value of percentage
FixedPoiptNumber <FixedPointNumber>:=
<IntSiLOMB>(integerPart), : integer part of the number
<IntUnTi>(decimalPart); : fraction of 2 decimal digits [0...99]
Float <Eleat>:=
4 * <byte>; : ISO/IEC/IEEE 60559 single precision floating
point number [4]
NOTE Floating-point numbers are in the form of s (m / 2N-1) 2¢, with s the sign, m
the mantissa, e the exponent and N the number of bits in the mantissa. For single
precision floating point numbers, N = 24. The first bit in the mantissa is always one
and can therefore be omitted.
Sign: 31 (bit #)
Exponent 23-30 (bit #)
Mantissa 0-22 (bit #)
IntSiTi <IntSiTi>:=
<byte>; : Two’s complement
IntSiLi <IntSiLi>:=
<byte>, : MSB, two’s complement
<byte>; : LSB, two’s complement
4 © IS0 2015 - All rights reserved
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Data type Binary format definition
IntSiLo <IntSiLo>:=
<byte>, : MSB, two’s complement
<byte>,
<byte>,
<byte>; : LSB, two’s complement
IntSiLoMB <IntSiLoMB>:=
m * <byte>[1..5]; : MSB of each byte is continuation flag. Twq’s com-
plement after elimination of continuation flags.
The signed multi-byte is defined in the same way as IntUnLoMB except’in cape of
signed value interpretation; the complement on two is used on the #Zbit wid¢ byte
series. The count of bytes is then defined by the magnitude of the‘positive vdlue to be
stored in multi-byte. The three reserved bits in byte #5 shall be set to 111 inl case of
negative numbers with 5 byte length and 000 otherwisefto be up-ward comjpatible
in case of introduction of a 64-bit integer value in futufe, Signed values fI‘OrlfO to -26
are stored in one byte, to -213 in two bytes, to —220/in three bytes, to -227in four
bytes and to =232 in five bytes.
EXAMPLE A value 62 hex (0110 0010) would be encoded with the one pyte
0x62. The integer value A7 hex (1010 0111) wyould be encoded with a two-byjte
sequence 0x8127. The signed representation of -1 is 0x7F. And -2345 is repiesented
in two bytes so that the complement,en two is 0x36D7 = (110 1101.101 0111). A seri-
alisation in multi-byte then results in1110 1101.0101 0111 = 0XxED57.
IntUnTi <IntUnTi>:=
<byte>; : Primitive
IntUnLi <IntUnLi>:=
<byte>, : MSB
<byte>; : LSB
IntUnLo <IntUnLo>:=
<byte>; : MSB
<byte>,
<byte>,
<byte>; : LSB
IntUnLoMB <IntUnLoMB>:=
m * <byte>[1..5]; : MSB of each byte is continuation flag.
Three LSBs from last byte are reserved for future use.
A multi-byte integer consists of a series of bytes, where the most significant bit is the
continuation flag and the remaining seven bits are a scalar value. The continuation
flag indicates that a byte is not the end of the multi-byte sequence. A single ipteger
value is encoded into a sequence of N bytes. The first N-1 bytes have the continuation

flag set to a value of one (1). The final byte in the series has a continuation flag value
of zero (0). This allows to know exactly the end of a series of bytes belonging to one
multi-byte, being the one with MSB = 0.

The bytes are encoded in “big-endian” order i.e. most significant byte first. The
maximum number of concatenated bytes is 5, so that the maximum unsigned integer,
which can be encoded is 2(40-5) - 1. However, the actual specification defines the
three most significant bits of the fifth byte as “reserved for future use”. This leads
into the maximum number 2(32) - 1 which is the maximum value of a four byte
unsigned integer.

© IS0 2015 - All rights reserved 5
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Data type Binary format definition
ShortString <ShortString>:=
<IntUnTi>(n), : Number of bytes, n
n * <byte>; : String of characters. The number of characters
depends on the chosen character set
LongString <LongString>:=
<IntUnLi>(n), : Number of bytes, n
n + <byte>; T String of characters. The number of characters
depends on the chosen character set.
LocalizedShortString <LocalizedShortString>:=
<typ001:LanguageCode>(languageCode), : Specifies the language
used for this string.
<ShortString>(string); : Short string
LocalizedLongString <LocalizedLongString>:=
<typ001:LanguageCode>(languageCode), ~Specifies the language
used for this string
<LongString>(string); : Long string
Probability <Probability>:=
<FixedPercentage>; : Probabilitiessmapped to whole percents
Serviceldentifier <Serviceldentifier>:=
<IntUnTi>(SID_A), : Serwice identification part A
<IntUnTi>(SID_B), sService identification part B
<IntUnTi>(SID_C); : Service identification part C
Table <Table>:=
<IntUnTi>(entry); : The corresponding table defines valid entries of |
table
Timelnterval <Timelnterval>:=
<BitArray>(selector)
if (bit 0 of selector is set)
<IntUnTi>(years), : Number of years
ifbit 1 of selector is set)
<IntUnTi>(months), : Number of months
if (bit 2 of selector is set)
<IntUnTi>(days), : Number of days
if (bit 3 of selector is set)
<IntUnTi>(hours), : Number of hours
if (bit 4 of selector is set)
<IntUnTi>(minutes), : Number of minutes
if (bit 5 of selector is set)
<IntUnTi>(seconds); : Number of seconds
6 © IS0 2015 - All rights reserved
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Data type Binary format definition
TimePoint <TimePoint>:=
<BitArray>(selector)
if (bit 0 of selector is set)
<IntUnTi>(years), : Number of years
if (bit 1 of selector is set)
<IntUnTi>(months), : Number of months
if (bit 2 of selector is set)
<IntUnTi>(days), : Number of days
if (bit 3 of selector is set)
<IntUnTi>(hours), : Number of hours
if (bit 4 of selector is set)
<IntUnTi>(minutes), : Number of minutes
if (bit 5 of selector is set)
<IntUnTi>(seconds); : Number of seconds
The year value has a range of [0..130] and is(calculated by subtracting 1970 from the
actual year. The year range [1970..2100]thus maps to values [0..130].
TlimeToolkit <TimeToolkit>:=
<BitArray>(selector)
if (bit 0 of selector is set)
<TimePoint>(startTinie), : Starting time
if (bit 1 of selector is’set)
<TimePoint>(stopTime), : Stopping time
if (bit 2 of selector is set)
<Timelnterval>(duration), : Time interval
if (bit 3 of selector is set)
<typ002:SpecialDay>(specialDay), : Special day type selection
if (bit 4 of selector is set)
<DaySelector>(daySelector); : Weekday selector
Velocity <Velocity>:=
<IntUnTi>; : Speed in whole metres per second
Weight <Weight>:=
IntUnLoMB>; : Weight in whole kilogrammes
The character set used in [ LocaliZed) short and long Strings is signailed in the I PEG SNI application for

each TPEG Service. The character set may either be of the ISO 8859- series or the UTF character sets.

4.3 Binary format specific data types

Data type Binary format definition

MultipleBooleans <MultipleBooleans(n)>:=
<IntUnLoMB>(n), : Number of Booleans in bitArray.
<BitArray>(bitArray); : BitArray containing a series of bit switches. Each

bit switch represents one Boolean.

© ISO 2015 - All rights reserved
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4.4 TPEG tables

TPEGtableshaveupto 256 entries. Each entryisaddressed by its code whichis defined in the specification
of the respective table. As the highest code value is 255, table codes are represented by an IntUnTi in the
TPEG binary format.

Data type Binary format definition

TPEG table <<enumera- e.g.

tion>> <typ001:LanguageCode>:=  as defined in ISO/TS 21219-2
<IntUnTi>(code); : Language code

4.5 Compound data types

4.5.1 Rule 1: Classes

A class shall be converted into a generic component having a header consisting of;
— gengric component ID;

— total length of the component in bytes;

— length of the attributes (not being sub-components) within the cofnponent in bytes.

UML Binary format definition
class UML Transition <Class1(gcid)>:=
IntUnTi>(gcid); : id of this component
Class1 <IntUnLoMB>(lengthComp), : number of bytes in component

<IntUnLoMB>(lengthAttr), :number of bytes in attributes

<..>; : component data

4.5.2 Rule 2: Datastructures

A class with stereotype £<DataStructure>> defines a data record without a component header. A clags
with steffeotype <<DataStructure>> does not have a generic component ID.

UML Binary format definition
class UML Transition <Class2>:=
) <..>; : content definition

«DataStructure»
Class2

4.5.3 Rule 3: Selector

Presence of optional attributes of a class is signalled in a preceding selector bitarray. The selector
bitarray also encodes mandatory Boolean values. The index in the selector corresponds with the order
of the optional elements and mandatory Booleans in the model.
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The selector bitarray is inserted immediately before the first occurring instance of either an optional
attribute or a mandatory Boolean.

Additional rules for selector use and placement for components that are modelled as attributes (using
the <<OrderedComponentGroup>> stereotype) apply. These rules are defined in Rule 4d and Rule 4e.

UML

Binary format definition

class UML Transition

<ClassWithOptAttr(gcid)>:=
<IntUnTi>(gcid),

: id of this component

ClassWithOptAttr

+ attr1: typel
+ attr2: type2 [0..1]

<IntUnLoMB>(lengthComp),
<IntUnLoMB>(lengthAttr),
<typel>(attrl),
<BitArray>(selector),

if (bit O of selector is set)

: number of bytes in component
: number of bytes in attribiuites
: mandatory attribute

: selector

ClassWithBoolean

+ attrl: type1
+ attr2: Boolean
+ attr3: type3 [0..1]

<IntUnLoMB>(lengthComp),

<IntUnLoMB>(lengthAttr);

<typel>(attrl),

<BitArray>(selector),

if (bit 0 of selegtoris set)
<Boolean>(attr2),

if (bit 1 efselector is set)
<type3>(attr3);

<type2>(attr2); : optional attxibute
Hlass UML Transition <ClassWithBoolean(gcid)>:=
<IntUnTi>(gcid), : id«ofthis component

(humber of bytes in component
: number of bytes in attributes
: mandatory attribute

: selector

: Boolean attr2 has value true

: optional attribute

4|5.4 Rule 4: Attributes

4(5.5 Rule 4a: Datatypes

cllause (4.5):

4{5.6°_YRule 4b: Ordering

Rule 4 consists of five sub-rules, each specifying how to handle class attributes.

Aftributes of prinfitive data type shall be converted into binary format as defined in 4.2, 4.3 ar

Aftributes of eompound data type shall be converted into binary format according to the rul

d4.4.

bs in this

The order of the attributes as 1isted In the U ML modet shatl be preserved.

UML Binary format definition
<ClassWithAttr(gcid)>:=

<IntUnTi>(gcid),

class UML Transition

: id of this component

ClassWithAttr <IntUnLoMB>(lengthComp), : number of bytes in component

<IntUnLoMB>(lengthAttr),
<typel>(attrl),

+ attrl: typel

:number of bytes in attributes
+ attr2: type2

: the first attribute

<type2>(attr2); : the second attribute
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4.5.7 Rule 4c: Single multiplicity
No additional rules.

NOTE The explicit notation for single multiplicity ([11) may be omitted in a model. If not stated otherwise, an
attribute has single multiplicity.

4.5.8 Rule 4d: Multiplicity [0..n] and Multiplicity [1..n]

Attributes with multiplicity [0.n] or [1.n] not stereotyped as <<OrderedComponentGroup>> or
<<UnordfredComponentGroup>> shall indicate the number of occurrences before the Iist of attribut¢s

using a rhultibyte “n”. The presence of an attribute list with multiplicity [0..n] is indicated in a selectq
In this cgse, Rule 3 applies.

=

For Boolgans, the multibyte “n” indicates the number of bits that are used. The bits are, stored infa
multiplebooleans list (see 4.3).

UML Binary format definition
class UMU Transition <ClassWithAttributeList(gcid)>:=
<IntUnTi>(gcid), : id of this component

Class|VithAtributeList <IntUnLoMB>(lengthComp), : number ‘of bytes in component

o 2 e
atpt: typet [1..n] <IntUnLoMB>(lengthAttr), :nuniber of bytes in attributes

<IntUnLoMB>(n), {n >0}

n * <typel>(attrl); »the attribute list
class UML|Transition <ClassWithBooleanList(gcid)>:=

<IntUnTi>(gcid), : id of this component

¢ , .
lasspithBooleantist <IntUnLoMB>(ledgthComp), : number of bytes in component

+ attf{1: Boolean [1..n]

<IntUnLoMB3(lengthAttr), :number of bytes in attributes

<MultipleBooleans(n)>; : the Booleans list
class UM Transition <ClassWithOptAttrList(gcid)>:=
<IntUnTi>(gcid), : id of this component

ClasqWithOptAttrL ist <IntUnLoMB>(lengthComp), : number of bytes in component

+ s typet [0..0] <IntUnLoMB>(lengthAttr), :number of bytes in attributes

<BitArray>(selector), : selector
(~ if (bit O of selector is set)
{
<IntUnLoMB>(n),
n * <typel>(attrl), : optional attribute

I3

NOTE1 Ifnequals zero, the multibyte n is still present having value zero, but no attributes are instantiated.

For Components with multiplicity [0.n] or [l.n], included as attribute (stereotyped as
<<OrderedComponentGroup>> or <<UnorderedComponentGroup>>) or as aggregation, the following
applies:

If the Component is included in a class that is not stereotyped as <<DataStructure>> (a Component),
the multibyte “n” and the selector shall not be used for indicating the presence and multiplicity of
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the Component. If the Component is included in a class that is stereotyped as <<DataStructure>>, the

Component shall be treated as a regular attribute.

n * <childComponent>(attr2),

UML Binary format definition
class UML Transition <ClassWithOptCompList(gcid)>:=
CliaWIOBSEH L <IntUnTi>(gcid), : id of this component
«OrderedComponentGroups <IntUnLoMB>(lengthComp), : number of bytes in component
+ attr1: childCompoenent [0..n]
«UnorderedComponentGroup» <IntUnLoMB>(lengthAttr), :number of bytes in attributes
e
n * <childComponent>(attril), : the component list ufierdered {

L
dlass UML Transition <DataStructureWithOptCompList>:=
«DataStuctures <BitArray>(selector), : selector if (bit'0, of selector is seft)
DataStructureWithOptCompList
«OrderedComponentGroup» {
+ attr1: childComponent [0..n] <lntUnLOMB>(n)
n * <childComponent>(attrl), : optional component
5

NPTE 2 Components included in other Components require aounultiplicity indication and selector
mponent is identifiable by its ID and carries its own length.information. The number of Components ¥
Cpmponent can be derived from the containing Component léngth attribute.

(@)

NPTE 3  DataStructures cannot include classes by aggregation or as <<UnorderedComponentGroup>|

5.9 Rule 4e: Multiplicity [0..1]

4

Aftributes with multiplicity [0..1] *.not stereotyped as <<OrderedComponentGrog
<xUnorderedComponentGroup>> require a selector that indicates the presence of the attril
Rule 3 for placement rules of the selector.

p

Fesence of Booleans with multiplicity [0..1] is not indicated in a selector. Booleans with my
[Q..1] are represented using the table typ008:OptionalBoolean.

bntry as a
vithin the

p>> or
bute. See

Itiplicity

<typ008:OptionalBoolean>(attr1l), :Optional Boolean, as defin

UML Binary format definition
lass UML Transition AN <ClassWithSimpleMultiplicity(gcid)>:=
; <IntUnTi>(gcid), :id of this component
ClassWithSimpleMiltipicity
+ st @alean 0.1] <IntUnLoMB>(lengthComp), : number of bytes in component
+ atgwe2 [0.1] <IntUnLoMB>(lengthAttr), : number of bytes in attribukes

bd in

ISO/TS 21219-2

<BitArray>(selector),
if (bit 0 of selector is set)
<type2>(attr2); : optional attribute

ForComponentswithmultiplicity[0..1],includedasattribute (stereotypedas<<OrderedComponentGroup>>

or <<UnorderedComponentGroup>>) or as aggregation, the following applies:

© ISO 2015 - All rights reserved
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