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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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof]
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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ist of patent declarations received (see www.iso.org/patents).
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Introduction

Diagnostic test sequences are utilized whenever automotive components or functions with

diagnostic

abilities are being diagnosed, tested, reprogrammed or initialized by off-board test equipment. Test
sequences define the succession of interactions between the user (i.e. workshop or assembly line staff),

the diagnostic application (the test equipment) and the vehicle communication interface

as well as

any calculations and decisions that have to be carried out. Test sequences provide a means to define

interactive, guided diagnostics or similar test logic.

Today, the automotive industry mainly relies on paper documentation and/or proprietary authoring

environmments to document and to implement such test sequences for a specific test, 3
An puthor who is setting up engineering, assembly line or service diagnostic test applicat
to Jmplement the required test sequences manually, supported by non-uniform-test
documentation, most likely using different authoring applications and formats fér,each s
appllication. This redundant effort can be greatly reduced if processes and tools suppo
congept.

Thg ISO 13209 series proposes an open and standardized format for the human- and machin
desfription of diagnostic test sequences. The format supports the requirements of ti
diagnostic test sequence logic uniformly between electronic system'suppliers, vehicle mar
and| service dealerships/repair shops.

Thif document represents the requirements and technical spegification for the fundament
format, namely the “OTX core”. The core describes the basic structure underlying every OTX
This comprises detailed data model definitions of allkrequired control structures by

seqpence logic is described, but also definitions of the’outer, enveloping document structu;

pplication.
ions needs

sequence
becific test
't the OTX

e-readable
ansferring
ufacturers

of the OTX
document.
which test
e in which
| extension

test sequence logic is embedded. To achieve extensibility the core also contains well-defineq
points that allow a separate definition of additional OTX features—without the need to chanfge the core
datf model.

ISO

(which may also be applied for proprietary extensions).

Thif document is the most generic and stand-alone part of the ISO 13209 series. In princip
applicable in other areas for any sequential logic description, even outside the automoti
Autpmotive-specific features(ape, therefore, contained solely in ISO 13209-3I21,

13209-3[2] extends the core by a set of\additional features, using of the core extension mechanism

e, it is also
e domain.
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Road vehicles — Open Test sequence eXchange format
(0TX) —

Part 2:
Core data model specification and requirements

1
Thi

Thd
req

The
satil
rep
pro

Thy
and
stat
exc
whi
diag
defi
Wit
con
tim
seq

—

The
spe

For

Scope
5 document defines the OTX core requirements and data model specifications.

requirements are derived from the use cases described in ISO 132091, They are li
hirements section.

data model specification aims at an exhaustive definition of all QX Core features impl
sfy the core requirements. Since OTX is designed for describing test sequences, which

resent a kind of program, the core data model follows jthe’basic concepts commd
bramming languages.

s, this document establishes rules for syntactical entities like parameterised procedure

variable declarations, data types, basic arithmetie/ logic and string operations, fl
ements like loop, branch or return, simple statements like assignment or procedure cal
bption handling mechanisms. Each of these syntactical entities is accompanied by sem|
ch determine how OTX documents are interpreted. The syntax rules are provided by
brams and XML schemas, whereas the semantics are given by UML activity diagrams
nitions.

h respect to documentation use casés, special attention is paid to defining a specification

cept (which allows for “hybrid” test sequences: human readable test sequences that are 4
e machine-readable) and so-called floating comments (which can refer to more than one

ience).

core data model does.not define any statements, expressions or data types that are depe
cific area of application.

the convenience-of the user, the ISO 13209-2 OTX XML schema definition file (XSD) is

alonpgside this doéument.

2

Normative references

Thd

tted in the

bmented to
themselves
n to most

s, constant
bw control
| as well as
antic rules
UML class
and prose

realisation
t the same
hode of the

ndent on a

published

following documents are referred to in the text in such a way that some or all of th

pir content

constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 13209-1, Road vehicles — Open Test sequence eXchange format (OTX) — Part 1: General information
and use cases

ISO

22901 (all parts), Road vehicles — Open diagnostic data exchange (ODX)

IEEE 754:2019, IEEE Standard for Floating-Point Arithmetic

RFC 2045, Multipurpose Internet Mail Extensions (MIME) Part One: Format of Internet Message Bodies

RFC 2046, Multipurpose Internet Mail Extensions (MIME) Part Two: Media Types
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W3C XSD (all parts):2012, W3C Recommendation: W3C XML Schema Definition Language (XSD) 1.1

W3C XML:2008, W3C Recommendation: Extensible Markup Language (XML) 1.0

W3C XLink:2010, W3C Recommendation: XML Linking Language (XLink) Version 1.1

3 Term

s, definitions and abbreviated terms

3.1 Terms and definitions

For the pu
apply.

ISO and IE

ISO On
IEC Elg

3.1.1
attribute
<UML> prd

3.1.2
attribute
<XSD/XML

3.1.3
constant
identifier g

3.1.4
context
environme

Note 1 to ¢
situations. (
the test app|
setting cont
test sequen

3.1.5
expressio
syntactica

return valge

3.1.6

Fposes of this document, the terms and definitions given in ISO 13209-1 and the follew

[ maintain terminology databases for use in standardization at the following addresSses:

line browsing platform: available at https://www.iso.org/obp

ctropedia: available at https://www.electropedia.org/

perty of a UML class

> named property of an XSD complex type or an XMEelement

f a non-writable memory location

ntal circumstances which influencge test sequence (3.1.11) execution

ontextual information dep€nds on factors such as the particular vehicle that is currently attache
ication (e.g. the current vehicle's model type, the engine type), on the test application settings (g
rolling whether the te§t sequence shall run in debug mode) or on other factors such as whethe
fe is running in a manrUfacturing or a service workshop environment, etc.

N
construct 'which describes a specific computation with a set of arguments and a sij

fing

ntry: OTX test sequences can.be configured to behave differently according to different conjtext

dto

.g.a
the

ngle

identifica
method or

3.1.7

Hiomrroutine
software by which a diagnostic application identifies contextual information

procedure signature
description of the interface of an OTX procedure

3.1.8
reference
value whic

3.19
session

h refers to data in memory

instance of test sequence (3.1.11) execution
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10

term
value described by and computed from an expression (3.1.5)

3.1.

11

test sequence
test procedure (3.1.12) defining a full test

Note 1 to entry: A test sequence is also a procedure, but notall procedures are test sequences. Inan OTX document,
the procedure representing a test sequence shall be named “main”. By using procedures, a test sequence may be
splitinto several procedure modules. An adequately assembled set of frequently needed procedures may serve as

tes
pr
sta

3.1
val

procedure
cedure
d-alone, parameterisable flow of OTX actions that can be called from othertOTX procedy

13
dity

named Boolean expression (3.1.5) used for activating/deactivating.parts of the OTX tes

(3.1

Not
ass(

31
varj

.11) according to the current context (3.1.4) situation

e 1 to entry: Parts of OTX test sequences which are marked witha validity name shall be execute
ciated Boolean expression is true according to the current coitext situation.

14
iable

identifier of a writable memory location

Not
non
OTX

e 1 to entry: The term “variable” is used as a colective term for document scope variables, loc
constant parameters and also items in non-constant lists or maps or other compound data st|
, these can be addressed by giving the identifier of the variable or parameter, optionally accom

path into compound data structures which-allows the inner parts of variables or parameters to be ad

3.2

API
IFD
JRE

Abbreviated terms

Application Programming Interface
Interface Definition (OTX extension)

Java Runtime Environment

NOP Noe-Operation Performed

oT

res

sequences

d only if the

h1 variables,
Fuctures. In
panied by a
dressed.

OEII Original Equipment Manufacturer

Oppn Test sequence PX(‘h;mgP

UML Unified Modelling Language

XML Extensible Markup Language

XSD XML Schema Definition
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4 Requirements and recommendations

4.1 General

Since OTX is merely a static data format and not a software application, it shall be kept in mind that all
of the following entries (requirements or recommendations) are related to static format features and
not to the behaviour of any OTX-based software product. All such products are indirectly affected by
the requirements or recommendations given in this document considering that they shall be able to
write, read or execute valid OTX documents according to the rules given in this document. Aside from
that, requirements towards any such product are not in the scope of this document.

4.2 Basic principles for requirements and recommendations definition

Basic prirciples have been established as a guideline to define the OTX requirements| or
recommenfations:

— OTXrdquirements or recommendations specify the conditions that the OTX dataymodel and forfnat
shall satisfy,

— all stakeholders (system suppliers, OEMs, tool suppliers), which offer diagnestic test procedures|are
expected to implement and follow the requirements of this document;

— the copntent of OTX documents and the quality of the information is the responsibility of|the
originator,

— the runtime system defines an OTX home directory. It is the.entry directory for all relative file pnd
direct¢ry access (see Annex F).

4.3 CluTering of requirements and recommendations

Table 1 provides an overview of the main categories of OTX requirements or recommendations. Hach
category njay have one or more entries.

Table 1 — Main requirements clustering

# | Main(title of requirement clus- Brief description
ter
1 |Genergl format and language Requirements or recommendations regarding the general aspects l{ke
requirements the chosen programming paradigm, file format (XML), etc.

2 |Test s¢quence development pro- |Requirements or recommendations about different stages in the teqt
cess sfipport procedure authoring process, outlining human-readable (documenta-
tion) versus machine-readable (execution) test procedures

3 |Langupge feature details Requirements or recommendations concerning details like declara-
tions, data types, expressions, statements, etc.
4 |Boundaries Features that should not be part of OTX

4.4 Entries priorities

Each of the following requirements and recommendations carries a priority-attribute which can be set
to SHALL or SHOULD.

— SHALL:
The requirement represents stakeholder-defined characteristics, the absence of which will result in
a deficiency that cannot be compensated by other means.

— SHOULD:
If the recommendation-defined characteristic is not or not fully implemented in the data model, it

4 © IS0 2022 - All rights reserved
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does not result in a deficiency, because other features in the data model can be used to circumvent
this.

4.5 General format and language aspects
Core_RO1 - Machine readable format
Priority: SHALL

Rationale: The focus of OTX is on the exchange of data between tools in the vehicle diagnostic process.
To leverage highest efficiency, the tools shall be able to operate automatically on OTX files (e.g. for
importing and exporting of OTX-relevant data).

Degcription: OTX format shall be machine-readable to allow a tool to open an existing dogument for
editing, checking, displaying or executing.
Core_R02 - Platform independence
Priprity: SHALL

Ratiionale: If OTX would bind to specific hardware, operating system-or-application, its poterjtial usages
are|diminished and applicability of the ISO 13209 series is decreased.

Degcription: OTX shall not be dependent on any specific hardware or software platform. OTX shall not
be ound to any particular hardware, operating system or application.

Corne_R03 - Well-defined syntax and semantics
Priprity: SHALL

Ratiionale: OTX shall be a machine-readable (data format. This implies an unambiguously defined
synfax and semantics.

Degcription: All OTX elements shall be-defined clearly (syntax + semantics). For the syntax definition,
XML Schema shall be used. For the behavioural/semantics specification, a prose description|shall exist.

Core_R04 - Universal language
Priprity: SHALL

Ratiionale: Diagnosticapplications can be seen as domain-specific computer programs. Th¢se require
conjplex computation$.and no limits are known or foreseen today that allow OTX to be restricted with
respect to Turing<completeness.

Degcription:-OTX shall have the ability to solve any computable problem (Turing-completer]ess).

NOTE Legacy sequences can (theoretically) be transformed to OTX and back, if the legacy sequence format
and|OTX.are Turing-complete.

Core_RO5 - Minimal Tanguage
Priority: SHOULD

Rationale: Fulfilment of this recommendation reduces the implementation effort necessary to integrate
OTX into tools and is thus a very relevant market-driving factor for OTX.

Description: OTX should be defined with the minimal set of language elements necessary to reach
Turing-completeness.

OTX is required to be not designed for comfort of expressing computational programs (as are
programming languages like Java, C++ or Delphi), but rather for effectiveness of transporting diagnostic
application knowledge unambiguously between different tools/parties in the diagnostic process.

© IS0 2022 - All rights reserved 5
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Core_R06 - Structured programming approach
Priority: SHALL

Rationale: Structured programming can be seen as a subset or sub discipline of procedural
programming, one of the major programming paradigms. It removes reliance on the GOTO statement
for controlling the flow of a program. Using GOTO statements in programming often leads to a complex,
tangled and unreadable control structure, which is clearly not desired in OTX.

Description: OTX shall follow the structured programming approach. Only flow control statements
branch, loop return, continue, break and throw may implicitly induce jumps. The behaviour of these

jumps sha
explicit GO

Core_RO7
Priority: S

Rationale
executed d
exactly for

Descriptid
imperative

Core_RO8
Priority: S

Rationale
production

I'be well-defined In the prose semantic documentation of each of these statements)
TO statement which allows to jump anywhere in the procedure shall not be supported.

- Imperative structure
HALL

Test procedures are usually considered as a procedure of commands that need ta
ne after one by a runtime system. Since the imperative programniing paradigm matd
this concept, it is well suited for OTX.

n: OTX shall only support program structures that can be translated by a compiler
programming languages.

- Extensibility
HALL

The scope of diagnostic applications in the "diagnostic process is wide. Engineer
and after sales applications interface nunierous and diverse devices, server applicat

An

be
hes

nto

ing,
ons

and modules, which cannot be completely addressed*with the first release of the standard and which

evolve ove

Descriptic
the diagno

4.6 Test
Core_RO09
Priority: S

Rationale
example th
In this cas

" time.

n: OTX shall be extendable to intégrate means to access new technology employed wi
btic process. It shall be possible te-integrate interfaces of various base technologies into (

sequence development)process support
- Embed non-machine readable content
HALL

Use cases-will occur where diagnostic applications shall be expressed in OTX but,
e interfaces to all used devices are not available (e.g. how to communicate to a nut runy
b it would be preferable to express the diagnostic application in OTX and express the 1

standardiz

led-deVice access in prose or in pseudo code. An OTX-compliant tool could then import s

hin
TX.

for
er).
on-
uch

a file and mark the parts of the diagnostic application that need to be replaced with executable con

[ent

by a diagnostics engineer.

Description: OTX shall provide means to express parts of a diagnostic application in a non-machine
readable format. This non-machine readable content shall be clearly marked so that processes operating
on OTX files can identify it.

Core_R10 -

High level test procedure

Priority: SHALL

Rationale: In a step-wise test procedure design process, it can become necessary to specify procedures
in prose-form only. Skeletal control structures might already be part if this high-level description, but
the details of implementation might not be known at design time (loop conditions, exact service names,
etc.).

6 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=68f99235f7e009469bd064734b0dbd6b

IS0 13209-2:2022(E)

Description: It shall be possible to describe test procedures at a high level.

Core_R11 - Exchange high level test procedure

Priority: SHALL

Rationale: A test procedure specified in prose-form only shall nevertheless pose a valid OTX document,
even though it is not executable.

Description: It shall be possible to exchange a high-level test plan using a plain text description.

Core_R12 - Fw‘hangp a flllly functional test prnrpdnrp

Pri

Rat
nev

Deg
pro

Cor
Pri

Rat
pos

Deg
pro

Con
Pri

Rat
floy
sing
pur]
Deg
mol

4.7

4.7

Cor

prity: SHALL

ionale: A test procedure containing no prose-form, but only implementation de
pertheless pose a valid OTX document, even though it is not easily human-readable.

cedure.
e_R13 - Exchange an intermediate stage test procedure
prity: SHALL

ionale: A test procedure containing a mix of prose and €ully implemented parts shall n¢
P a valid OTX document.

cedure.

e_R14 - Floating comments

prity: SHALL

/ of commands in a test procedure. Such comments shall not be locally bound or contai

e statements; they shall be defined aside from the flow and only point to parts of it. Con
ely informational nodes that'shall not be relevant for execution of a test procedure.

cription: It shall be(possible add floating comments to a test procedure that can refe
e statements its flow or its sub-flows at any block depth.

Languagéfeature details

1 Deeclarations

e-R15 - Declarations

tails shall

cription: It shall be possible to mix high-level description and implementation details on the same

bvertheless

cription: It shall be possible to mix high-level deseription and implementation details on the same

ionale: Situations will occur wheré.comments are needed that can be freely attached to parts of the

hed within
hments are

" to one or

Priority: SHALL

Description: OTX shall support the declaration of constants and variables as well as test procedure
parameters. A declaration shall contain a name, a data type, an optional initialization value and an
optional description.

Core_R16 - Initialisation

Priority: SHALL

Rationale: It shall be possible to set the initial value for an identifier to a value other than the default.

Description: OTX shall support the optional initialization of declared identifiers.
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Core_R17 -

Constant declarations

Priority: SHALL

Rationale: There will be cases when an OTX author wants to guarantee that the value of an identifier in
the test procedure cannot be changed. Therefore, the author needs to have a means to mark an identifier
as a constant. The value of a constant is not allowed to change during the lifetime of the constant.

Description: OTX shall support the declaration of constants. Constants shall be set with the declaration
(initialization is mandatory).

Core_R18

YMariahla doaclanagi: oo
CIUIT

Priority: S

Rationale
a means fd
during pro

Descriptig
Core_R19
Priority: S
Rationale

Descriptid
test procec

Core_R20

vdl IdUIC ULt lidli a

HALL

In order to reflect the fact that an identifier can change its value during procedurie execuf
r marking identifiers as variables is needed. The value of a variable is allowed to cha
cedure execution; new values can be assigned to it.

n: OTX shall support the declaration of variables.

- Input parameter declarations

HALL

When a test procedure is called, information will need te be passed to the called proced

n: OTX shall support declaration of any number of input parameters that are passed to
ure from the caller.

- Output parameter declarations

Priority: SHALL

Rationale
procedure

Descriptid
shall be as

Core_R21

after it has executed.

n: OTX shall support declaration of any number of output parameters. Output parame
ignable to variables in the ¢alling test procedure.

- Two-way parametey declarations

Priority: SHOULD

Rationale
that any m

Descriptid
two-way p

There are sitrations when a variable reference shall be passed to a called test sequencg
bdifications'will be visible to the caller also.

n: OTX*should support declaration of any number of two-way parameters. Any declg
hrameter is passed from the caller to the test procedure. Any changes of the value of a t

ion,
nge

lire.

the

When a test procedure is called,dnformation will need to be retrieved from the caflled

fers

, SO

red
WO-

way paramnt

eter can be assioned to variabhles of the caller test seguence.
5 o

NOTE

This is the combination of input and output parameters.

4.7.2 Data types

Core_R22

- Strong typing

Priority: SHALL

Rationale: In order to have the possibility to translate into various other languages, OTX shall be
strong typed. This means that the binding of a variable to a data type persists during the variables
whole lifetime.
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Description: OTX shall be a strong typed, static checked language.

Core_R23 - Data types

Priority: SHALL

Rationale: To maintain a state during test-procedure execution, information needs to be stored in
memory. Since the type and the structure of the stored information needs to be known for a typed
language (be it a string, an integer or a map, etc.) declared parameters, it shall be possible to mark
variables and constants with the corresponding data type.

OTN
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Cor
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e_R24 - Extension mechanism for data types

brity: SHALL

ionale: There will be situations when the predefined set of data types-will not be
refore, OTX shall be extensible by new data types.

cription: It shall be possible to extend the set of data types by new-data types. This shall
bl]-defined extension mechanism.

e_R25 - Raw memory data type

prity: SHALL

cription: OTX shall support a raw memory data type.
e_R26 - Integer data type

prity: SHALL

cription: OTX shall support an integer‘data type.
e_R27 - Floating-point data type

prity: SHALL

cription: OTX shall support a floating-point data type.
e_R28 - String data'type

prity: SHALL

cription: OQFX shall support a string data type.
e_R29=Boolean data type

prity: SHALL

Description: OTX shall support a Boolean data type.

Cor

e_R30 - Container data type

Priority: SHALL

sufficient.

happen by

Description: OTX shall support at least one container data type. It shall be possible to access,
dynamically add and remove elements in the container. The elements in the container shall all be of the
same data type. Recursive declaration shall be possible (e.g. container of containers of integers).

4.7.

Cor

3 Expressions

e_R31 - Expressions
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Priority: SHALL

Description: OTX shall support expressions. At runtime, it shall be possible to evaluate such an
expression in a well-defined way. After evaluation, it has exactly one return value of a defined data
type and shall not have any side-effects. This means, no data from the test procedure is allowed to be
changed by evaluation of the expression but the variable where the evaluated value will be assigned to.

NOTE I

Core_R32

n general, OTX expressions correspond to the term “function” in the mathematical sense.

- Extension mechanism for expressions

CLLALL

Priority:

Descriptid
happen by

Core_R33
Priority: S

Descriptid
types (lists

Core_R34

TIIY1T

n: It shall be possible to extend the set of expressions by new expression types. This's
a well-defined extension mechanism.

- Literal expressions
HALL

n: OTX shall support literal expressions defined for each simple data type and for collec
, maps, etc.). The literal shall represent the value of the literal expression directly.

- Dereferencing expressions

Priority: SHALL

Descriptid
parameter

Core_R35

n: OTX shall support dereferencing expressions. Theyshall allow reading data reference
, variable- or constant-names.

- Combined expressions: functions

Priority: SHALL

Rationale
expression

Descriptid

IMPORTALI
mathemat
special tre
of OTX tod

Core_R36
Priority: S

Descriptid

OTX shall allow creation of higher-level expressions (functions) that contain of
s as arguments. The evaluation shall happen recursively.

n: OTX shall support a well-defined set of functions.

NT Most programming languages describe very frequently used mo
ical functions by operators (+ for add(a,b), * for multiply(a,b), etc.) There shall be
atment of operators in OTX; they shall rather be described like functions. It is the ]
Is to show themnras operators, if needed.

- Basic function set
HALL

n: OTX shall support the basic functions:

hall

fion

her

5tly
no
ask

relatio
logical
— string:
Core_R37

Priority: S

10

mathematical: addition, subtraction, multiplication, division, negation, modulo, power,

bitwise: conjunction, disjunction, negation,

ns: equality, greater than, less than,
: conjunction, disjunction, negation,

concatenation.

- Statements

HALL
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Rationale: Statements are needed to represent single commands or higher-level control structures in a
procedure. In order to achieve Turing-completeness, a set of basic statements with different semantics
shall be part of OTX. Statements are made up out of distinct parts, for example, in a loop statement,
parts are a condition which is a logic expression, and a sub-sequence of commands. A procedure call
statement consists of other parts, namely the called procedures name and a list of parameters.

Description: OTX shall support statements.
Core_R38- Extension mechanism for statements

Priority: SHALL

Degqcription: It shall be possible to extend the set of statements by new statement types{ This shall
happen by a well-defined extension mechanism.

Corle_R39 - Blocks of statements
Priprity: SHALL

Ratjionale: Situations will often occur where a sequence of statements-needs to be groupeld together.
The sequence of grouped statements builds a block. There may alsazbe’blocks in blocks fecursively.
Blo¢ks are needed for defining the body of a loop, branch case, etc.;but also for simply groviding a
better overview in a test procedure.

Degcription: It shall be possible to define blocks of statements,recursively.
Corle_R40 - Block statement

Priprity: SHALL

Deqcription: It shall be possible that blocks of statements can be used as statements themsaglves.
Corle_R41 - Assignment statement
Priprity: SHALL

Deqcription: OTX shall support an assignment statement for assigning expression values to|variables.
Core_R42 - Call procedure statement
Priprity: SHALL

Degcription: OTX shall support a call statement for calling other OTX test procedures with a list of
arghiments that corvespond to the test procedure parameter list. The call shall be synchronpus, i.e. the
caller shall waitantil the called test procedure returns.

Cone_R43.='Branch statement

Priprity: SHALL

Description: OTX shall support a branch statement, which allows reacting to different conditions.
Core_R44 - Parallelisation statement
Priority: SHALL

Description: OTX shall support a parallelisation statement, which allows executing two or more blocks
at the same time. The sub-sequences shall be embedded within the parallelisation statement.

Core_R45 - Loop statement

Priority: SHALL
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Description: OTX shall support a loop statement, which allows executing a block repetitively, as long as
a defined condition is met.

Core_R46 -

Priority: S

Continue statement

HALL

Description: OTX shall support a continue statement. If used within aloop sub-sequence, this shall stop
block execution immediately and induce the next iteration. Outside of a loop, it shall have no meaning.

Core_R47 -

Break statement

Priority: S

Descriptig
sequence €
after theb

Core_R48
Priority: S

Descriptid
procedure

Core_R49
Priority: S

Rationale
exception §
exception-
exception f

Descriptig
to differen

Core_R50
Priority: S
Rationale
Descriptid
Core_R51

Priority: S

HALL

n: OTX shall support a break statement. If used within a loop block, this shall force the s

xecution to stop immediately. The outer block shall then be continued at the statement r
foken loop. Outside of a loop, it shall have no meaning.
- Return statement
HALL
n: OTX shall support a return statement. This shall force the gkecution of the running
to stop immediately and pass control to the caller.
- Exception handler statement
HALL
When an exception occurs during test procedure execution, it is needed to treat such

o that execution may still be continued in a conitrolled manner. It should be possible to de
monitored blocks in the procedure, and als@'to define blocks dedicated to handle a partic

ype.

n: OTX shall support a statement foryexception handling. The statement shall allow reac
L exceptions in different ways.

- Throw statement

HALL

Under certain circdamstances it is necessary to throw exceptions intentionally.

n: There shall'be a throw statement that allows throwing an exception of a particular ty
- Validity-sinformation for statements

HALL

Rationale

ub-
ght

test

| an
fine
1lar

[ing

pe.

Enable/disable statements according to validity information.

Description: There shall be a well-defined means to add validity information to any statement in OTX
procedures. The validity information defines under which predefined context conditions the statement
is valid. Invalid statements are to be skipped at runtime.

4.8 Boundaries

Core_BO1 -

No graphical procedure layout information

Priority: SHALL

12
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Description: It shall be possible to represent a procedure graphically without the need for supporting
geometric information in the exchange format.

NOTE Meta data can be used to transport such information. It is up to the tool where the information is
stored, if needed.

Core_BO02 - Performance
Priority: SHALL

Rationale: OTX is solely a data format.

Deqcription: No requirements on OTX performance exist.
Core_B03 - No versioning and configuration management
Priprity: SHALL

Ratjionale: The versioning and configuration of OTX files is a process-dependent aspect of using OTX.
OTX shall not define or prescribe a process.

Degcription: OTX shall not comprise data model aspects or techniques that relate to[ document
vergioning or configuration management of OTX files.

Corle_B04 - Licensing
Priprity: SHALL
Ratjionale: OTX is solely a data format.

Deqcription: OTX shall not be based on any techhology that limits its application and distribution or
distiribution of files that are OTX-compliant by legal restrictions or licensing cost.

Core_BO05 - No explicit memory management
Priprity: SHALL

Degcription: OTX shall not give the possibility to handle memory management, contrpl garbage
collectors or other runtime system tasks which are out of the diagnostic scope.

Corle_B06 - No exception handling for environment fail
Priprity: SHALL

Deqcription: OTX does not need to define exception handling for environment failure. If the runtime
environment has problems, test sequence execution shall stop. Only named exceptions can|be used at
the[differentactions and terms.

Core_B07 - No global variables

Priority: SHALL

Description: OTX shall not allow variables with global scope.
Core_B08 - No string translation utilities

Priority: SHALL

Description: No string translation utilities are required in the core language. The language is
translation-agnostic.

Core_B09 - No unit localization utilities

Priority: SHALL
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Description: No unit localization utilities are available in the core language. The core language is unit-
agnostic.

5 Introduction to modelling in UML and XSD

5.1 General aspects

The Unified Modelling Language (UML, see Reference [3]) is used to define the OTX data model formally
and unamblguously It enhances readablllty by graphlcal data model dlagrams The ab111ty to create
different view it A—Ere

compared fo modelllng dlrectly by usmg the XML Schema Def1n1t10n Language (XSD, see W3C XSD (all
parts):201R). In combination with state-of-the-art UML-to-XSD generator technologies, usinglUML|is a
powerful mhodelling method.

A short intfroduction to UML is given in this clause. For the sake of brevity, only those-aspects of ML
that are ndeded for the understanding of the OTX data model are described at this‘point. This mdans
that, from the large set of available UML diagrams, only the use of class diagrams for OTX modellingfand
the activity diagrams for specifying OTX behavioural aspects will be exemplifi€d) Special attention will
be paid to the use of specific XSD stereotypes which are needed for preparingthe UML model precigely
towards X$D generation.

5.2 Clasps diagrams

5.2.1 General

By using UML class diagrams, a set of classes and the strictural interdependencies in between those
classes can be described graphically. There are two major means of description in class diagrgms:
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UML modelling element used for the OTX data model is the class. A class represents a s¢t of
similar objects. Generally, a class cambe instantiated many times. Every instance of a class is called an

object.

A class car] contain any numbér, of named, typed “attributes” (defining the properties of these objelcts)
and “methiods”) (definingCthe actions an object can perform). A class may also have a so-called
“stereotypp”-accretion thatindicates the special usage of the class for a particular problem domain

CAUTION — In UMEnomenclature, any kind of class-properties are called “attributes”, wherleas
in XSD theére is the'distinction between “attribute” and “element” properties. In order to ayoid
confusion§, the term “attribute” is henceforward to be understood as class attribute in [the
context of[lUML diagrams, while in the XSD context it is to be perceived as an XSD type attriblrte.

Classes can also be “abstract”, this means they cannot be instantiated. In the OTX data model, abstract
classes are used to transport a common set of properties to child classes (see 5.2.3 about inheritance
relationships).

Figure 1 shows the representation of a class and its attributes in UML notation. A class is symbolized by
arectangle having up to three fields.

— The top field contains the name of the class, e.g. contact. For abstract classes, the class name is
italic. The stereotype «xsbcomplexType» denotes that this class shall be mapped to an XSD complex
type in the corresponding XML schema (stereotypes for the problem domain XSD).

1) For the static OTX data model, methods are irrelevant and are not used.
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— The second field contains the attributes of the class, e.g. the string labelled contactid, another
string labelled name and an integer labelled age. The type descriptor is denoted directly after the
colon behind the label. The stereotypes «xsbelement» and «XSDattribute» specify that name and
age map to elements, whereas contactid maps to an attribute (in the XSD domain). Each attribute
in the class also carries cardinality information in square brackets, e.g. [0. .11, [1..*], [2], etc. The
cardinality defines how many instances of the attribute may appear in an instance of the class. If
there is no cardinality shown, a default cardinality of [1] applies. Furthermore, a default value for

the attribute may be specified.

— There is no third field here - in other contexts it is used for methods which are irrelevant for the

OTX data model

5.2]3 Inheritance relationships

By @ising inheritance relationships, classes can inherit attributes from other classes.

«XSDcomplexType»
Contact

«XSDattribute»
+ contactld: xsd:string
«XSDelement»

+ name: xsd:string
+ age: xsd:integer [0..1]

Figure 1 — UML representation of a'class

In Higure 2, a new class BusinessContact is derivedfrom the class contact. This means thaft implicitly

the(class BusinessContact has all the same attriblites as contact plus those that are defined
for the new class BusinessContact, e.g. the string attribute company. Contact is called thg
supgr-class; BusinessContact is called the(child or sub-class of the inheritance relationsh
the|sub-class adds more detail to the super-class and is thus more specific, inheritance re

areloften called “specializations”.

«XSDcomplexType»
Contact

«XSDattribute»
+ contactld: xsd:string

«XSDelement»
+ name: xsd:string

+ age: xsd:integer [0..1]

«XSDcomplexType»
BusinessContact

pecifically
parent or
p. Because
Jationships

Figure 2 — UML representation of inheritance relationship

«XSDelement»

+ company: xsd:string

Inheritance relationships can be used to build inheritance trees of arbitrary depth. A class in such
a tree inherits all attributes from those classes in the transitive closure of all ancestors (parents,
grandparents, etc.) in the inheritance tree.

NOTE Concerning the mapping to XSD, it is important to point out that XSD only supports single inheritance.
As a consequence, UML models containing classes with more than one direct super-class cannot be mapped
correctly. Apart from that, mapping to XSD is straightforward.

© IS0 2022 - All rights reserved
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UML diagrams usually show certain aspects or fractions of the overall data model. Therefore, diagrams
exist where a super-class of another class is not shown. To still reflect the fact that a class is a child
of the hidden super-class, a special notation form has been chosen in this document, as presented in
Figure 3: an additional property is shown to the upper right of the class BusinessContact, denoting its
super-class named contact.

Contact

«XSDcomplexType»
BusinessContact

«XSDelement»

+ COINpdITly. XSU.StIIIg

Figure 3 — Alternative UML representation of inheritance relationship

5.2.4 Agpregation relationships

Besides the inheritance relationship, a pair of classes may also have an aggregation?) relationghip.
Aggregatidn relationships are used if an object of one class is contained in an@bjéct of another clasg.

An aggregation relationship is drawn as a line with an unfilled diamond at the end of the containing
class. In thp OTX data model, the relationship end at the contained class’always carries a so-called fole
name. A rdle can be used to distinguish two objects of the same elass when describing its use in|the
context of the association. The role end also carries a cardinality information, e.g. “0..1”, “1. . *”, “2” |etc.
The cardinfality defines how many instances of the associated elass may be contained in an instande of

the class.

«XSDcomplexType»
Contact
«XSDcomplexType»
«XSDattribute» 1 Address
+ contactld: xsd:string homeAddress
«XSDelement» «XSDelement»
+ name: xsd:string 0.1 | + street: string
+ age: xsd:integer [0..1] workAddress | + city: string

Figure 4 — UML representation of aggregation relationship

Figure 4 giyes an example oftwo classes with aggregation relationships defined. A contact may have fwo
addresses,|that is, two objects of type address: one of the addresses plays the role called homeaddrpss,
the other plays workaddress. The cardinalities are 1 respectively “0..1". In other words, this has|the
following semantics:= A contact has exactly one home address and an optional work address”.

5.3 Ma11ping to the XML Schema Definition language (XSD)

5.3.1 General

The OTX target data model format is an XML Schema Definition (XSD). In this subclause, a very shortidea
of how the UML model is mapped onto XSD language features is given. It does not claim to be complete,
but is only a subsidiary that simplifies the comprehension of the OTX examples given throughout this
document.

2) The special case of aggregation, namely composition, does not apply in the scope of XSD data model
implementation. Composition means that an object may only be contained in exactly one other object. Since in
instance XML documents, element snippets can be moved to different places in the document or even in between
different XML documents, there is no reason for this restriction. Therefore, only aggregation relationships are used
in the OTX data model.
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The general rules for mapping are given in the following subclause, they are accompanied by a UML
example together with its corresponding XSD output and a valid XML document according to the XSD.

5.3.

2 Mapping rules

The following mapping rules apply.

A class is mapped onto an XSD complex type with XSD sequence content as a default content type
[the order of elements in an XSD sequence is significant (!)]. In cases where the stereotype of the

class is not «xsbcomplexType», analogous rules are applied and explained in the place ne

eded.

Thn
sec

Attributes of a class are mapped onto attributes of the XSD complex type, if the «xsp
stereotype is defined for the UML attribute. A cardinality of [1] will set the XSD attribut
use = "required"; a cardinality of [0..1] will resultin use = "optional".If ther€is'no
given, the default, use = "optional", applies.

Attributes of a class are mapped onto sub elements of the XSD complex type, if the «x{
stereotype is defined. The cardinality of the attribute is mapped to the candinality prope
sub element (XSD element properties minOccurs, maxOccurs). As an example, a cardinalif]
will result in minOccurs = "1" and maxOccurs = "unbounded". Ifthere is no cardinality
default, minoccurs = "1" and maxOccurs = "1", applies.

httribute»
e property
Cardinality

bDelement»
rties of the
y of [1..%]
r given, the

Classes connected to another class via an aggregation relationship are mapped onto sup elements

in the corresponding XSD complex type of the containing’ class by the following rule
names at the aggregation (contained end) are mapped onto the sub element name prg
name of a contained class is the type property of the'corresponding sub element. The
of an aggregation (contained end) is mapped to_the cardinality of the sub element (X
properties minOccurs, maxOccurs).

An inheritance relationship between a super-class super and a child class child is m4
the XSD extension base property of the XSD complex type child, e.g. base = "Super
inheritance (more than one super-class) cannot be mapped correctly to XSD, because
single inheritance only.

An abstract marked class is mapped to an XSD complex type with the property abstract

oughout the document same other stereotypes are used that have not been explained
ion. These include the following:

«XSDsequence», «%XSDchoice», «XSDall», these are stereotypes for classes representi
sequence, choiceor all content-model separately or outside of an XSD complex type;

«XSDsimpleType» to make a class represent a simple content type, e.g. classes derived f
integer;

«XSDtopLevelElement», this makes a class represent a document root element (only used
QTX data model for the <otx> element definition itself).

5: The role
perty. The
Cardinality
bD element

\pped onto
. Multiple
XSD allows

= "true".

within this

hg an XSD

'om string,

once in the

5.3.

5.3.

3 Full mapping example

3.1 UML model example

Consider the example UML data model “Directory” depicted in Figure 5. The example model is designed
for describing the structure of XML documents representing a contact-directory.

© IS0 2022 - All rights reserved
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«XSDcomplexType» < «XSDtopLevelElement»
Directory directory

contact | 0..*

«XSDcomplexType»
Contact
«XSDcomplexType»
«XSDattribute» 1 Address
+ contactld: xsd:string homeAddress d
xsd:strin,
«XSDelement» «XSDelement» 0.1 g
+ name: xsd:string U.l [+ s.treet: xsd:s.trmg country «XSDsimpleType»
+ _age: xsd:integer [0..1] workAddress | + city: xsd:string Country

«XSDcomplexType»
BusinessContact

«XSDelement»
+ company: xsd:string

Figure 5 — Mapping example: “Directory” UML model

5.3.3.2 UML to XML translation
The translgtion of the UML to XML happens like the followings

— Theroptofeverysuch document shall be the top-leveliélement <directory>. Since the corresponding
directjory class is derived from Directory, an uunbounded list of <contact> elements is alloywed
below |< directory > .

— The <dontact> elements are of contact.type, so each of them has an attribute contactid and|the
elements <name>, <age> (optional), <homeaAddress> and <workaddress> (optional).

— Simplgtype elements like <name> (0fxsd:string type) or <age> (of xsd: integer type) are described
implicytly within the aggregating contact class.

— Features that are complex.themselves, like the <homeAddress> (of address type), are described
explicitly by an own addres’s class, which is connected to contact by an aggregation relation3).

— The elpments <homéAddress> and <workAddress> have simple string sub elements <street> fand
<city3 and also <geuntry>.

— In UM, <country>is modelled in a special way: it is a simple string and could have been modelled as
such, Hut Here the alternative display of inheritance relationships shall be exemplified (see Figur¢ 3).

5.3.3.3 XSD result

According to the mapping rules given above, an XSD model can be derived from the UML model, as
shown in the XSD source code below. With the resulting XSD, any XML document claiming to be a
contact-directory can be validated for directory schema compliance.

Sample of directory

3) This modelling approach is just a guideline, it is not mandatory - de facto, this could have been modelled
alternatively by adding «xSDelement» attributes "homeAddress" and "workAddress" directly to the class "Contact".
Both approaches would lead to the same XSD /XML result (compare 5.2.2). However, modelling containment relations
explicitly with drawn aggregation relations creates a better overview - especially in larger UML diagrams.

18 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=68f99235f7e009469bd064734b0dbd6b

IS0 13209-2:2022(E)

<?xml version="1.0" encoding="UTF-8"?>

<xsd:schema targetNamespace-"http://example.org/directory"
xmlns="http://exam di
xmlns:xsd="http:// or
elementFormDefault="cqualified">

/XMLSchema"

<xsd:element name-'"directory" type="Direc

<xsd:complexType name-"Directory">
<xsd:sequence>
<xsd:element name-"contact" type="Contact" minOccurs-"0" maxOccurs-"unbounded" />
</xsd:sequence>
</xsd:complexType>

<xsd:complexType name-="Contact">
<xsd:sequence>

Note that the elements of the complextype Directory, Contact, BusinessContact and Addx
aboye are contained in <xsd:sequence> tags. In XSD, there are two additional complex corjtent types,
nanE]ely <xsd:choice> and <xsd;all>. In the UML diagrams, the to-be-generated content

shojn; the default used by the:utilized schema generator is <xsd:sequence>. Only in cases

minOccurs- 1" maxOccurs- 1. />
minOccurs="0" maxOccurs="1" />
minOccurs="1" maxOccurs="1" [>
minOccurs="0" maxOccurs="1" [>

<xsd:element
<xsd:element
<xsd:element
<xsd:element
</xsd:sequence>
<xsd:attribute name-"contactld" use="required" type="xsd:string" />
</xsd:complexType>

<xsd:complexType name-"Address">
<xsd:sequence>
<xsd:element name-"street" type="xsd:string" minOccurs-"1" maxOceurs-"1" />
<xsd:element name-'c /" type="xsd: ing" minOccurs="1" max@ecurs="1" />
<xsd:element name-"country" type="Country" minOccurs-"0" max@ccurs-"1" />
</xsd:sequence>
</xsd:complexType>

<xsd:simpleType name-="Country'">
<xsd:restriction base-"xsd:string" />
</xsd:simpleType>

<xsd:complexType name-="BusinessContact'">
<xsd:complexContent>
<xsd:extension base="Contact">
<xsd:sequence>
<xsd:element name-"company" type-¥lsd:string" minOccurs="1" maxOccurs="1" />

</xsd:sequence>
</xsd:extension>
</xsd:complexContent>
</xsd:complexType>
</xsd:schema>

other content types apply, it-will be pointed out especially in the specification.

5.3/13.4 XML instance-document

An KML instance document according to the XSD is given below.

Sample showing some directory entries

ess shown

[ype is not
where the
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<?xml version="1.0" encoding="UTF-8"?>

<directory
xmlns="http://example
xmlns:xsi="http:/
xsi:schemaLocation="http://example.org/direc

g/directory"

XMLSchema-instance"

ry directory.xsd">

<contact contactId-"cor

wtactl">

<name>Ant je Vanderdam</name>
<age>27</age>
<homeAddress>
<street>V kant 23</street>
<city>R am</city>

<country>Netherlands</country>
</homeAddress>
</contact>
<contact contactlId-="contactZ " xsi:type-"BusinessContact >
<name>Peter Piper</name>
<homeAddress>
<street>Brc St. 34</street>
<city>S ield</city>
<country>USA</country>
</homeAddress>
<workAddress>

<street>Schema Ave 42</street>

<city>Validationtown</city>
</workAddress>
<company>0TX-Works</company>
</contact>
</directory>

Special attention shall be paid to the xsi: type attribute. This is needed i places where the underly
complex tylpe for an element can be one out of the set of child types,The type chosen is stated by
attribute. (ompare this to the example XML document above, wher@aContact is cast to the child ¢
BusinessC¢ntact.

ring
this
lass

The OTX dgta model relies on the xsi: type attribute whereverprospective extensions to the data mgdel

are to be expected, whose names are not known at the time of core data model creation.

6 OTX principles

6.1 General

The OTX rgpresents a high-level domain-specific language which is especially designed for graph
notation and editing.

The syntay of the language is defined by the UML data model and the corresponding XML schema.

ical

The

semantics are defined by this doeument. The general principles followed by the OTX are described hiere.

6.2 XMI format

OTX documents shall\be represented as XML as described in the W3C XML recommendation (W3C X
2008). Using XME-in combination with XSD enables OTX to benefit from the whole strength of X
with its greatrumber of off-the-shelf solutions, its world-wide acceptance and adoption. XML is the]
format of choige also because:

ML:
ML,
file

20

XML is designed to represent hierarchically structured information, which applies especially for
test sequences;

the basic XML rules for well-formedness eliminate the need for defining an own set of such basic
grammar rules specific for OTX;

checking XML documents for well-formedness is a well-defined task for which a great many number
of solutions exist off-the-shelf; thus, there is no need to implement well-formedness-checkers
specifically for OTX;

by modelling the detail correlations of the OTX grammar by using XSD, validity checking can be
done by off-the-shelf solutions;
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— the interpretation of OTX documents in authoring-, checker- and runtime-applications is assisted
by off-the-shelf XML parser frameworks; many of them are schema-driven. This prevents

implementations of specific low-level OTX parsers.

IMPORTANT — To ensure the exchangeability an OTX document shall be valid, against the OTX
xsd!.

6.3

Imperative and structured programming paradigm

OTX follows the paradigm of imperative, structured programming:

6.4

In

sou
the
fact
to |
hid
gra
spe
tha

6.5
The

imperative: OTX procedures define sequences of commands for the computer to perfor

structured: there are no explicit jumps allowed in the OTX. Instead, branches; loops
handlers, return, continue, break and throw statements as well as proceduré)calls dg
implicitly and in a controlled manner. Therefore, the OTX also defines a blocksfructure,
found in all languages that follow the structured programming paradigm:

Graphical authoring of OTX sequences

contrast to other programming languages where programs“are usually edited in
'ce code editors, OTX aims at sequence editing using graphical authoring tools. This k
cumbersome and error-prone line-by-line source code editing work from the sequend
that allows XML to be the preferred file format for OTX—even though XML is often
e too verbose. The complexity of managing the OTX:XML code shall happen in the b
len from the sequence author. On the other hand, the OTX format supports features
bhical authoring tools, which are broadly disregarded by source-code edited languages,
Cification and realisation compartments in statements, or floating comments that can li
h one statement, just to mention a few.

Specification/realisation concept
OTX format offers explicit supportfor a three-stage development of test sequences.

Specification stage: a test Sequence may be described at specification level only. Thi
for early stages in the test)sequence development process, when not all of the details f]
an executable test sequénce are known. The specification stage allows the developn]
sequences at a prose)level, which is human readable, but not fully executable—i.e.
sequence logic may-already be there, but single steps in the sequence are filled by pros
runtime interpreter cannot make use out of it. However, starting from this stage, the tes
can be continucusly broken down by the following stages.

Intermediate stage: OTX also allows intermediate stage test sequences, which o
transforming a specification stage test sequence towards a realisation stage sequen
intermediate stage test sequence may contain parts that are already fully executable, wh

n;

exception
fine jumps
s typically

text-based
eeps away
e author, a
denounced
hckground,
needed by
b.g. explicit
hk to more

5 is helpful
Dr creating
ent of test
Lhe overall
e only, so a
t sequence

ccur while
e. Such an
breas other

parts are still at specification stage. The sequence author uses the human readable inforn

ation from

the specification stage parts and implements those parts following the specification instructions by

adding realisation counterparts. At any step in this process, the sequence is validly sa
exchangeable.

veable and

— Realisation stage: At this stage, there are no more specification-only parts in the sequence. The

6.6

sequence is then fully executable. Note that even at this stage, specification parts of th

€ sequence

may still be contained, but not without their corresponding realisation. With other words, this

coexistence represents an “executable specification”.

Modular OTX extension concept and OTX-based runtime architecture

The OTX data model is structured into a language core and various functional extensions. It is
important to note that the OTX core, as well as the extensions defined by this document, does only

©IS
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provide syntactical definitions for the elements of test sequences and a functional description of the
expected behaviour. The implementation of the runtime behaviour itself is not part of the OTX standard.
This is necessary to allow for the needed freedom when implementing OTX runtime components to
fit specific use cases. For example, it would be impractical for the OTX standard to define the specific
implementation of an HMI library, as the requirements and backend frameworks for HMI functionality
will differ for each test environment.

Diagnostic application

[

Figure 6 ¢

specificatipn of the OTX core data model touches the extensions only by defining extension interf:

which serv

This separ
to be used
or even act
application
which mak
environme

The actual
an OTX se

dpcuments

OTX subsystem

(e.g. OTX-Interpreter, ...)

Y

0T)> )

OTX

—_/

OTX core processing

!

)

!

I

OTX HMI OTX environment OTX DiagCom Other interface
interface adapter interface adapter interface adapter adapters
A A A [ A
v v v N v
HMI | | 0S API | | e.g. MCD 3D AP} | | Other
HMI 0S API
. . . . e,g. MVCI Other
implementation implementation
e.g. keyboard, mouse, e.g. system clock, file; Vehicle ECUs e.g. ext. measurement,

screen

system

HIL, special app. features

Figure 6 — OTX-based’runtime architecture

mprises an overview of the standard extensions specified in ISO 13209-3[2], The follow

e as hooks for the respectiveextensions. Otherwise, the core is fully stand-alone.

htion of OTX structure, (intent) and runtime implementation (execution) will allow for
s a test sequence exchange format that can be deployed throughout an entire organizaf
oss company boundaries. Figure 6 illustrates the architecture of an OTX runtime diagnd

e use of OTX core data model constructs, as well as of various extension interfaces (K
nt-specifics; vehicle communications and other proprietary functionalities).

runtime system implementation knows how to map, e.g. an HMI extension action wi
Huence to the GUI framework that is used by the diagnostic application. For example

N_‘Cl

ing
\ces

DTX
ion,
stic

. The OTX subSystem that is part of the diagnostic application is interpreting OTX sequeices

[M],

hin
an

after-sales

1: 3 ralat o H Pial 2 + £ 4 L el H dial it
CllJlJll\,ClLlUll llllslll, Lllcll.l all U1 /A L‘uuu,cuu:uus Lulistrutt tu - a java JVVllls \.ucuus CllLLL_y

that

allows interaction with the workshop mechanic. The same OTX sequence could also be executed on a
manufacturing station, where the diagnostic application implementation would map the ‘ChoiceDialog’
construct to a state machine connected to manufacturing line measurement equipment instead of a GUI

interface.
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6.7 Context concept

Diagnostic test sequences require a technique for getting access to a diversity of contextual information.
Such information can be, e.g. vehicle related, diagnostic application related, user related or application

area related. A few instances of contextual information are mentioned here.

Vehicle related: data about the currently diagnosed vehicle's model, vendor, identification

number, engine-type or other identification data concerning the physical and electronical vehicle

configuration.

Diagnostic application related: application version, name, used vehicle communication interface

type or version or also diverse settings of the application.
User related: login name, idle time, user access rights, etc.

Application area related: information about the location where the test sequences are
make the difference, e.g. between manufacturing, engineering or workshop-appliance.

reneral, contextual information may be required by heterogeneous subsystems of a

applied, to

diagnostic

ication. Concerning OTX, only the provision of contextual information to the OTX supsystem is

pplication.

hpplication
routines).

0
Instead, OTX only specifies how context-dependent OTX documents shall declare the partichar context

leclaration
m.

by an OTX
e mapping

me¢hanism which allows for OTX-authors to integrate context dependent OTX docume
appllication by adjusting the ntapping and adding new identification routines.

From the perspective of an OTX test sequence, contextual information is treated like static i1
Contextual informatiofi-¢annot simply be set by an OTX test sequence—if this would be pos
seqpence would be@ble to set, for example, the engine-type information of the currently
vehjicle to “diesel’}.despite the fact that the concrete vehicle is gasoline driven. Consequent]
seqpiences shall*only be able to read contextual information by indirectly utilizing the ide
routines pravided by the diagnostic application.

again for implementing identification routines. Diagnostic applications should also| provide a

s into the

formation.
sible, a test
diagnosed
y, OTX test
ntification

© IS0 2022 - All rights reserved

23


https://standardsiso.com/api/?name=68f99235f7e009469bd064734b0dbd6b

IS0 13209-2:2022(E)

Identification routines OTX document containing

(application specific ) context declarations oA

String Vehicle.getVin () -—.)__ VIN

(type:String, default:““)

String Vehicle.getModel () -_‘)__ MODEL
(type:String, default:““)

String Vehicle.getSteering () -—.)—- STEERING
(type:String, default:“LEFT “)
Boolean Config.isManufacturing () )__ MANUFACTURING
(type:Boolean , default:false)
Boolean Config.isAftersales () 3__ SERVICE
(type:Boolean , default:true)
Boolean Config.isDebug () )__ DEBUG MODE

(type:Boolean , default:false)

Figure 7 — Mapping context declarations to identification routines

The OTX c¢ntext concept has several advantages.

Transparency: working with context data is almost similar to werfking with global constantg
OTX aythors.

Compdtibility: integrating OTX into existing diagnostic applications does not require a chang
the original context identification/management strategy of the application or the diagnostic ses
management, etc.

Exchamgeability: since OTX documents declare edch context item they require explicitly and
well-defined place, using an OTX sequence orjginating from a foreign diagnostic application
requirps an adjustment of the mapping between context declarations and identification rout
(and ppssibly the implementation of new_identification routines). In this way a context depend
OTX dpcument can be “docked” to heterogeneous diagnostic applications.

Cooperation: by agreeing upon an.QTX-file or a set of OTX-files declaring commonly used con

for

e of
bion

in a
nly
nes
lent

fext

data, tyvo or more parties can improve their cooperation concerning OTX test sequence developmgent.

Simulgtion: various contekt) situations can be simulated by, e.g. feeding simulated dat3
identiffication routines.

Aside from the abeye/topics, the context concept is crucial for the validities concept whic
described in 6.8.

6.8 Valigdlities;concept

Based on the/context concept described above, OTX offers the validities concept which allows

to

h is

for

configuring test sequences for varying runtime contexts. The behaviour of such a configured test
sequence changes according to the context it is running in. An OTX author can use this to configure and
prepare generic purpose test sequences for different scenarios. At runtime, the test sequence adapts its
behaviour according to the configuration.

To achieve this ability, an OTX author first needs to define validities: a validity encapsulates a Boolean
term. The OTX author may use the declared validities for marking parts of his test sequence to be valid
only if a connected validity is true at runtime. An invalid part will not be executed at runtime—Ilike
this, the author can activate and deactivate parts of the sequence in a context-driven manner.

24

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=68f99235f7e009469bd064734b0dbd6b

IS0 13209-2:2022(E)

. DEBUG_MODE
. X Yes
is true?
No
WriteLogMessage
\l/
Valid for "DEBUG_MODE"
! MODEL is MODEL is
\ "VintageModel"? No "ModernModel"? No WriteLogMessage
Yes Yes \L
EnterBatteryVoltage ReadBatteryVoltage Valid for "isVintageModel" w
(Mechanic) (DiagnosticService)
Valid for "isModernModel"
ReadBatteryVoltage
! . (DiagnosticService)
Voltage \L Voltage
below10V? ) below 10V ?
No Yes ; No Yes

Show Message Show Message . . Show Message Show Megsage
"Voltage OK" "Voltage Low" . : "Voltage OK" "Voltage Low" !

Figure 8 — Validities concept, example of use

Consider the example’test sequence to the left of Figure 8. This sequence does not use valldities. It is
desjgned to do thefollowing.

a) |If the diagnostic application's runtime system is in debug mode, it shall write a log message.

b) |The battery voltage of a vehicle shall be measured. According to the type of vehicle uder test (a

vintage model, a modern model or neither of these, e.g. a bicycle), this shall happen in different
ways:

1) vintage model: the voltage shall be measured and entered into the system manually.
2) modern model: the voltage can be queried automatically (by using a diagnostic service).
3) itis some other type of vehicle with no battery: nothing can be measured.
c) Ifthe measured voltage is too low, a message “voltage low” shall be shown, otherwise “voltage OK”.

The test sequence to the right of Figure 8 does (superficially) the same, but it uses validities in every
place where context-dependent decisions are taken.

a) The step “WriteLogMessage” is marked to be valid for “DEBUG_MODE” only. It will be inactive if the
Boolean value of the context item “DEBUG_MODE” is false.
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b) The step for measuring the voltage comes in two different flavours: one is valid only for
“isVintageModel”, the other only for “isModernModel”. If none is valid, no action is specified (there
is some other type of vehicle). The validities “isVintageModel” and “isModernModel” are validity
terms analysing the current value of the “MODEL” context item.

c) The voltage value is dynamic: it is neither predictable at authoring time nor depending on the
context. It is only known at runtime. It is not a configuration. That is why validities are not used

here.

The context items “MODEL’ and “DEBUG_MODE”, and the validity terms “isModernModel” and
“isVintageModel” can be defined, for example, in a central document and be reused by all OTX authors

who want {
The advant

— Adisti

contexlt values known at authoring time) and dynamic data (which is computed atTuntime).

— Validitly information controls the flow implicitly regarding context, not explicitly by normal dyne]lmic
brancl} conditions. This fact is also reflected in the more compact way of representation, the “p

test se

— Sets o

of redyndancy, since authors can reuse preconfigured validities€ortheir test sequences. This
improyes maintainability.

— Filteri

simulated environment. This produces very compact views of test sequences for a given con

(mask

— Filtered test sequences may be extracted and/or_e€xported. This results in test sequences which
tailored for a specific context.

— Enabldgs the signature concept which is described later in this document.

Figure 9 shows the filtering of test sequences according to simulated contexts. In the left context, de

mode is on

The example is of course naive, it_serves only for comprehension. In real world test sequences,

validity co

vehicle type series, ECU variants, vehicle configuration codes, different operating systems, diffe
application] areas like in axgpair workshop or an assembly line, etc.

Especially

compact annd at thesame time flexible representation of test sequences.

26

o configure their test sequences towards the same context situations.
ages of this approach are the following.

hction is drawn between decisions based on static context data (e.g. enumerationsof expe

quence logic becomes more apparent.

commonly used validities can be stored separately, in a central place. This prevents 2

ng: OTX authoring system may allow the author to configure certain context situations

steps that are not valid).

the model is a vintage car.dn the right context, debug mode is off, the model is a modern

hcept can be used for various purposes, for example, to configure sequences for diffe

concerning,graphical OTX authoring environments, the validity concept supports

ted

”

re

lot
hlso

in a
fext

are

bug
car.

the
fent
fent

the
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Figure 9 — Validities concept, filtering

6.9| Signature concept
Theg OTX signature concept is designed to stipport dynamic linking.

The concept allows for defining prototype procedures called signatures. A signature is like alprocedure
but|without programme content (imiplementation); it consists only of a name, a set of |[parameter
declarations and a prose specifigation. Procedures that implement a signature contain the $ame set of
parpmeters like the signature-and they have to implement a programme that accomplishes the task that
wag specified in prose in the Signature. Hence, a signature defines an interface which implementing
profedures have to obey. If this precondition is met, implementing procedures can be called indirectly
via p signature - the caller only needs to know the parameters and the specification of the signature, the
caller does not need+to know implementation details which are hidden in the implementing procedures
(in $imple words: “Lwant you to accomplish this, but I don't care how you accomplish it”).

Signatures afe'‘especially suited for cases where a task has to be carried out differently depending on
the|context;*but superficially it is still the same task. The variant in which the task is cagried out is
chopendynamically at runtime when the context becomes known. At authoring time, this i left open.
Thip @lows writing generic test sequences that do not need to be changed as long as used interfaces
(thecalled signatures] do not change.

The signature concept is closely linked to the validities concept (see above). Consider the example
in Figure 10. The generic procedure “Voltage_Test” needs to read the current battery voltage of a
vehicle. In the example, there are two kinds of vehicles: a vintage model where the voltage needs to be
measured manually by a mechanic and a modern model where the voltage can be read automatically
by electronic test equipment. Since the author of the generic procedure does not know how to measure
the voltage in the different cases, she/he leaves the work up to colleagues who implement the signature
“ReadBatteryVoltage” that she/he provides. The output are two procedures, “Manual_ReadVoltage”
which works for the vintage model, and “Auto_ReadVoltage” which works for the modern model. Both
procedures obey to the signature, they do the same job (returning the voltage) by different means.
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.............................................

Signature "ReadBatteryVoltage(out:V)"

Specification:
"Read the battery voltage from vehicle
under test. Return voltage by output

parameter V"
................... ,

ReadBatteryVoltage
out:voltage
Voltage

below 10V ?

N0\|/

Yes \I/

call.Procedure
Show Metsage Show Message 'Choose Valid. Q— - —=> implements "ReadBatteryVoltage"
“Voltagt OK ] "Voltage Low* implementation © valid for "isVintageModel"
X .
R o Y- S
I SRR ) PO S
: call+ Procedure "Auto_ReadValtage(out:V)"
tm e implements "ReadBatteryVoltage"
¢ validfor  "isModepgpModel"

.............

At runtime
with respe

The advan
even if thel
a third var

test sequerjces. Also, this supports cases where test sequéence modules are developed by more than

party; the
parties.

Since the §
not knowrj

Figure 10 — Signatures concept

the procedure call is redirected dynamically to the implementing procedure which is vj
ct to the current context (validities “isVintageModel” or {isModernModel”).

fage of this approach is that the generic procedure is\stable; it does not have to be cha
iant of voltage reading). This improves maintaihability and long-time availability of gen

signature concept is a way to define clear\and formal interfaces between these distriby

ignature concept is dynamic (the-effective procedure that will be carried out is in gen
until runtime), special arrangenients in the OTX runtime application are required.

ged
e is a new context situation to be considered (e.g,.&new high voltage battery which reqlﬂres

alid

eric
one
ted

bral
The

indirectior] via the signature to the calléd procedure has to be resolved. For this task a mappinlg is
needed whiich allows looking up a validprocedure implementing a given signature. Details on this tppic
are specifigd in 7.14.5 concerning the-Procedurecall action.

7 OTX ¢ore data model-specification

7.1 General

The follow|ng represents the full data model specification of the OTX core, data model version "1.0}0".

For each O

the exact

be interpreted (by

X feature, syntax and semantic definitions are provided. The syntax definition will spefci

OTX runtime systems or graphical OTX authoring tools).

The specification aims at describing the data model in a hierarchical way, following the document
structure from top to bottom, starting at the <otx> root element. Commonly used features that appear
in more than one place in the structure are described in 7.16.

The OTX core data model specification is accompanied by additional information given in the annexes.
— Annex A specifies the OTX data types and shall be followed.

— Annex B specifies the runtime behaviour concerning scope and memory allocation of OTX constants
and variables and shall be followed.
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Annex C contains a comprehensive listing of all checker rules and shall be followed. The rules are

needed because some constraints existing on OTX documents cannot be ensured by XSD validation

alone. These constraints need to be checked by additional checker applications.

Annex D describes the extenson mechansim of the OTX core data model and shall be followed. By

the creation of OTX extensions new features can be added to the format. Nevertheless, there are

well-defined extension rules which shall be adhered by every correct OTX extension.
Annex E describes the special schema annotations for exceptions and shall be followed.

Annex F contains the definition of the OTX home directory and is recommended.

7.2| High-level overview of the OTX core data model

Figlire 11 shows a high-level overview of the OTX core data model. It only contains,a subs
attifibutes and relationships of the overall model; nonetheless it reflects thelidea of th
structure of OTX documents. Details are given in later clauses; this is a quick walk-through.

OTX documents contain header information like the document name, metadata or imports
global scope information like global declarations and validities follewed by a list of so-
profedures and a list of procedure signatures (for brevity, not all of the€se properties are sh

dities are named Boolean terms which can be used for,€enfiguring context-dependant
viour.

rocedure itself contains a procedure name, a spgecification and a realisation section
concept described in 6.5. The realisation of the(procedure contains parameter and log
aration blocks as well as a flow of nodes representing the procedure logic. It may also cd
bmments that may be linked to various placeés in the flow.

procedure parameters declaration block; in-, out- and inout-parameters can be declared
he diagram). Local variables and constants are declared in the declarations block (not sh
bram). Each declaration (parameter; constant or variable) has a data type chosen from a
h types. Semantically, the declared identifiers are visible to all nodes in the procedure flo

ruted sequentially. There are different kinds of nodes: simple nodes representing single
e carried out (Actioh,)Return, Continue, Break, Throw and TerminateLanes) and compq
may themselves €mbed flows (Group, Loop, Branch, Parallel, MutexGroup and Handler).
comparable to theblock concept as used by other programming languages.

bt of types,
P essential

and other
ralled OTX
own in the

procedure

heeded for
al variable
ntain a list

[not shown
own in the
list of OTX
W.

heart of every procedure-isrepresented by its flow element. It contains a list of nodes that shall be

commands
und nodes
OTX flows
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«XSDtopLevelElement»

otx

NamedAndSpecified

«XSDcomplexType»
Otx

«XSDelement»
+ imports: Imports [0..1]
+ declarations : GlobalDeclarations [0..1]
+ validities : Validities [0..1]
sighatures 0.1 procedures 0.1
«XSDcomplex{Type» «XSDcomplexType»
Signaturges Procedures
procedure 1.*
NamedAndSpecified
realisation «XSDcomplexType»
«XSDcomplexType» ProcedureRealisation
Procedure 0.1
«XSDelement»
+ comments : Comments [041]
+ parameters : ParameterDeclarations [0..1]
+ declarations : LocalDeclarations [0..1]
+ throws Throws [0.. 1]
flow | 1
«XSDchoice» «XSDcomplexTyp ...
Nodes N Flow
action | 1 group | 1 loop | 1 branch.\\\. parallel | 1 mutex | 1 handler | 1 0.1
Node | | CompoundNode CompoundNode CompouhdNode CompoundNode CompoundNode CompoundNode
«XSDchoice»
«XSDcomp... «XSDcomp... «XSDcomp.... «XSDcomp.... «XSDcomp... «XSDcomp... «XSDcomp... EndNodes
Action Group Loop Branch Parallel MutexGroup Handler
break |1 continue |1 throw | 1 return |1 terminateLanes | 1
EndNode EndNode EndNode EndNode EndNofle
«XSDcomp... «XSDcomp... «XSDcomp... «XSDcomp... «XSDcomp...
Break Continue Throw Return TerminateLands

Figure 11 — High-level overview of the OTX core data model

7.3 Document root

7.3.1 Description

This element stands for the document root of 0TX documents. It serves as the “entry point” for any OTX

parsing application and constitutes a kind of envelope around the test sequence logic itself.

It mainly comprises header information for packaging, naming and versioning of an OTX document and

about the links to other OTX documents (import information). It is also the parent for all global entities
defined in a document, namely global constants, document variables, contexts, validities, signatures

and procedures.

30
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7.3.2 Syntax

Every OTX document starts with the document root element <otx> which is derived from the complex
type otx. The syntax is shown in Figure 12.

«XSDtopLevelElement»

otx

NamedAndSpecified

«XSDcomplexType»
Otx

«XSDattribute»
+ package: PackageName «XSDcomplexType»
+ version: token AdminData
<7
"

timestamp: dateTime
modelVersion: int [0..1] «XSDapg

«XSDelement» +  XLinKAttributes
adminData: AdminData [0..1]
imports: Imports [0..1]
declarations: GlobalDeclarations [0..1] string
validities: Validities [0..1]
extendedElement: extendedElement [0..1] «XSDsimpfleType»
PackageName

+ o+ 4+ + o+

+signatures | 0.1 +procedures<e 0.1

«XSDcomplexType» «XSDcomplexType»
Signatures Procedures

Figure 12 — Data modelview: OTXdocument root

7.3]13 Semantics

The otx type is derived from NamedardSpecified (See 7.16.4). It contains attributes conderning the
ovefall document in general:

— |id: otxIid [1] (derived frem»NamedAndSpecified, see 7.16.4)

This represents the <otx> element's id. It shall be unique among all other ids in a docun]ent. Please
refer to 7.16.4 for details concerning ids in OTX documents.

— |name: OtxName “{1] (derived fromNamedAndSpecified, see 7.16.4)

This attribute shall contain the name of the OTX document. The name shall match thq file name,
which simplifies finding an OTX document by name. Among all the OTX documents defined within
the same package, the document name shall be unique in order to avoid ambiguities. This is crucial
fordocating OTX documents, e.g. when calling a procedure defined in another OTX docjiment (see
79and 7.14.5).

Associated checker rules:

— Core_Chk001 - document name matches file name (see C.2.1);

— Core_Chk002 - package-wide uniqueness of document names (see C.2.2).
— package: PackageName [1]

This attribute shall represent the package which the OTX document belongs to.

The PackageName type is a pattern-restriction of the xsd: string simple type. The value space of the
attribute is restricted by a regular expression which enforces a dotted notation of package names,
e.g. "com.myCompany .myOtxDocuments" (see 7.16.2 for the PackageName type).
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Recommendations:

— OTX documents can be stored in a file system or in a database. If stored in a file system,
certain constraints on the organization of files and folders allow a simple implementation to
find OTX documents easily. The same applies to the uniqueness of file names, which is ensured
automatically by the file system if the OTX-files reside within a folder dedicated to their common
package. The package name (in dotted notation) can simply be translated into a directory path
or vice versa, whereas the OTX document name can be translated directly to the file name. This
practice is strongly recommended. It is an analogy to the file system organization of packages
and classes recommended by Reference [1], subclause 7.2.

— Fofr the transport of larger OTX projects consisting out of numerous interlinked OTX-files’Land
packages, the usage of the PDX archive format specified by the ISO 22901 series is-$trongly
refommended. In the case of an MVCI4/ODX (see the ISO 22901 series) based system, fhis
allows transporting OTX data along with the ODX data required by the OTX sequeTices.

— THe file name extension should be *.ptx. The following values are predefinedfer CATEGORY:

—| OTX-MAIN for the main OTX document which is the entry point for the runtime executfion.
The element is optional. No more than one OTX document in the\PDX can have the QTX-
MAIN category. The referenced OTX document shall have a maih.procedure.

—| OTX-DATA for all other OTX documents.
— ThHhe file extension for OTX documents should be *.otx.
— THe attribute F-XSD-VERSION shall contain the OTX version instead of ODX-version.

— THe index xml can have an optional version number of the PDX file directly after the prolog in
the format of a processing instruction. The format of the version is unspecified.

Sample: < ?PTX version = "1.2.3.4"7 >

— Algernatively (if the latter recommendation is not applicable), the Java JAR file formdt is
recommended. It represents a simple*and popular archiving method. It is, like PDX, based on
the ZIP archive format. Therefore, both approaches PDX and JAR could even be combined infone
prpject file.

IMPORTANT — OTX documents are unambiguously identified with the combination of
packape-name and their own name. This allows for having equal document nameg in
different OTX packages and avoiding ambiguity.

IMPORTANT — Global entities (global constants, procedures, validities, etc.) contained in
the OTX document are unambiguously identified with the combination of package- and
document-name,'and their name. This allows for having equal global names in different O TX
files apd avoiding ambiguity.

xmlns [|:pBefix]: anyURI [0..1] (standard XML attribute)

The special purpose attribute xmins is specified in W3C XMLNS:2009. It defines the XML schema
namespace to which an XML document complies to. The information is used by XSD validation for
testing document compliance to corresponding schema(s).

With regards to OTX, the attribute shall associate the XSD namespace “http://iso.org/0Tx/1.0.0"
to the <otx> document root element, which can then be tested by validation for compliance to the
OTX XSD.

NOTE The OTX data model version (1.0.0) to which this specification adheres is included in the OTX
namespace URI “http://iso.org/0TX/1.0.0". For future versions of the standard the version number in
the URI will be adapted accordingly. With this technique, the correct XSD version to be used for validation of
an OTX document can be identified unambiguously.
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If any OTX extension features are used in the document, the XSD namespaces of the respective
extension schema shall be associated by using the xm1ns attribute as well (extension namespaces
are defined by the schemas specified by ISO 13209-3 [2]).

If the xmime:contentType attribute is used in <metaData> elements of an OTX document, the
namespace “http://www.w3.0rg/2005/05/xmlmime” shall be associated by xm1ns also.

For making the the xsi: type and the xsi:schemaLocation attributes available in OTX documents,
the “XML Schema instance” namespace “http://www.w3.0org/2001/XMLSchema-instance” shall be
associated W3C XSD (all parts):2012.

vverview ol common AML namespace associations used 1or Ul A:
— xmlns = "http://iso.org/0OTX/1.0.0"

— =xmlns:diag = "http://iso.org/0TX/1.0.0/DiagCom"

— xmlns:hmi = "http://iso.org/OTX/1.0.0/HMI"

— xmlns:myext = " (custom OTX extension namespace)"

— xmlns:xsi = "http://www.w3.0rg/2001/XMLSchema-instance"
— xmlns:xmime = "http://www.w3.0rg/2005/05/xmlmime¥

IMPORTANT — The prefixes used as abbreviations fer the lengthy namespace quallifiers can
be chosen freely. Each prefix provided shall be unique in the scope of the docume¢nt (this is
enforced automatically by XSD validation).

version: xsd:token [1]
This attribute shall contain the version of the OTX document (for supporting versioning|systems).

NOTE2 OTXdoes not prescribe any rules for versioning. It just defines a location where simplg versioning
information can be put, if needed. For hoere complex versioning tasks, the metadata elements cah be used.

timestamp: xsd:dateTime [1]

This attribute shall contain the document creation timestamp. Further information| regarding
document history is al§odescribed by the <adminData> element, see below.

modelVersion: xsd7iint [0..1]

This optionaléattribute shall contain the model version of the OTX document. The only valid value
is 2022. It_.ndeans that the model version is ISO 13209-2:2022. For backwards compaltibility the
attribute can be omitted. In this case the model version is 2012 or ISO 13209-2:2012.

IMPORTANT — New versions of the core data model shall be backward compatijble. Thus,
every OTX document that was valld in earlier OTX versions (ISO 13209-2:2012) [must stay

validintho pncaoraia o OT X vorciain—IALL ithaolit oy oo dfor aanizal o o b o ok s t
VvAdalliu III LIy uP\;UllllllE AR WL N AZ Olull’ YWILIIUUL ull.’ TIICOCWU IV IIIAIITUAI UVl aAauUuluIiiidauiv 1iix 1 a lon.
<metaData> : MetaData [0..1] (derived from NamedAndSpecified, see 7.16.4)

This optional element shall contain meta information concerning the OTX document as a whole. For
a description of Metabata refer to 7.16.5.

<specification> : xsd:string [0..1] (derived from NamedandSpecified, see 7.16.4)

The static string content of this optional element shall be used to describe the purpose of the OTX
document in simple prose.
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— <adminData>: AdminData [0..1]

This optional element shall be used for linking to document history information via XLink
attributes, as specified by W3C XLink:2010. The history information shall be structured according
to the apMINDATA element as specified in the ISO 22901 series. The linked information should be
located in the top-level <metapata> element of the OTX document (see above), but it may also be

stored

externally.

— <imports>: Imports [0..1]

Contai

ns a list of <import> elements for importing external OTX documents (see 7.4).

— <declJrations>: GlobalDeclarations [0..1]

Eleme}
be def

— <valid

Alistd

— <signgtures> : Signatures [0..1]

This optional element shall contain a list of <signature> elements) The complex type signatuz
specif]ed in 7.7.
— <procgdures> : Procedures [0..1]

This o

specified in 7.9.

— <exten

Declar
extens

IMPO
which
ensur

7.34 Ex

The examyj
<imports>,
<specificy

Sample fo

1t representing the global declaration block. This is the place where global constants s

ities>: Validities [0..1]

f global scope validity terms shall be defined here (see 7.6).

btional element shall contain a list of <procedure> elements. The complex type Proceduq

dedElement> : ExtensibleElement [0 ()*]

es a general element which can be eXtented by new general functionality defined in new
ions using the standardised exténsion mechanism, example: test cases for unit tests.

extension implementers shall follow in order to conform to ISO 13209-2. It shal
bd that no OTX requirements are violated.

hmple

le below contains a skeletal OTX document. The example does not use the <adminba
<metadata®, <validities>, <procedures> OI <signatures> elements, but it contain
i tion>element. Examples for the missing elements are given in following sub clauses.

" aDocumentRootExample

hall

ned. Except for the global scope, the semantics are equivalent to locally declaredprocedure
constants. The type is not further specified here, see 7.5 for details.

DTX

TANT — The extension mechanism described here only defines the syntactic rules

be

ta>,
S a

<?Xml version="1.0" encoding="UTLE-8 7>

<otx xmlns="http://iso )TX/1.0.0" did="1"
name="00 '
package
version
timestamp 010-
xmlns:xsi="http://
xsi:schemaLocation

<specification>Example for showing the OTX document root structure</specification>
</otx>
NOTE The xsi:schemaLocation attribute is only a local, in-document hint for XML parsers (validators)

which maps each used XML namespace to an absolute or relative path (URL) where the corresponding XSD
files are located. XML parsers can use alternative techniques for resolving corresponding XSD files, e.g. an XML
catalogue. The xsi:schemaLocation attribute is optional and will therefore not appear in all further OTX

examples.

34
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Following the recommendation for OTX packages given above, the full file system path to the example
file is "[0TX Base Directory]/org/iso/otx/examples/DocumentRootExample.otx". Here, the chosen
format for the package value allows a simple translation from logical namespace to physical location of
the OTX document. By contrast, in a database the namespace and the document name can be used as
primary keys to access the document.

7.4

7.4.

Imports

1 Description

The
to i
sign
blo
spe

7.4

top-level <imports> section contains a list of <import> elements. They are used by an OT¥ document

mport global names defined in other OTX documents. Imported names are all visible
ature- and validity-identifiers as well as all visible identifiers declared in the global
k. They can be referenced from the importing document by using otxLink type attribute
cified later.

2 Syntax

Figlire 13 shows the syntax of the Imports type.

7.4
Thd

«XSDcomplexType»
Import

«XSDcomplexType» import

Imports 1.%

«XgDAttMbute»

#\ package: PackageName
%% document: OtxName

+ prefix: OtxName

Figure 13 — Dataimodel view: Tmports

3 Semantics
<import> element has the following semantics:
package: PackageName [1]

Contains the package which the imported document belongs to (see 7.16.2 for the »
type).

document: OtxName [1]

Contains the{document name of the document which shall be imported (see 7.16.3 for t
type).

prefix: OtxName [1]

rocedure-,
leclaration
, as will be

hckageName

he otxName

Defines a prefix which serves as an alias for the imported document. It shall be used i

h all places

where an imported name from the imported document is accessed. For accessing, the counterpart

of otxName called otxLink is used (see 7.16.3 for the otxName and otxLink types).

The prefix name can be chosen freely insofar as it complies with the syntax enforced by otxName.
Another restriction is that a prefix shall be unique among all other import prefixes defined in the

same document (this is enforced by an xsd:key restriction in the OTX schema).

Associated checker rules:

Core_Chk003 - no dead import links (see C.2.3);

Core_Chk004 - no unused imports (see C.2.4);

Core_Chk006 - match of imported document's data model version (sse C.2.6).

© IS0 2022 - All rights reserved

35


https://standardsiso.com/api/?name=68f99235f7e009469bd064734b0dbd6b

IS0 13209-2:2022(E)

7.4.4 Example

The example below shows an OTX document importing two other OTX documents. The first imported
document named "Signatures" of package "org.iso.otx.examples" gets the prefix "sig". The other
document named "validities" of the same package gets the prefix "vai". The use of the prefixes is
shown in the procedure "test", which refers to a signature "sig:mySignature" and to a validity
"val:myValidity". Both identifiers "mySignature" and "myvalidity" shall be declared in the document
identified by the respective prefixes (for the sake of brevity, imported documents are not shown here).

Sample of

imports

<2xml _wversionz"1 0" oncodingz"IITEF_Q"2>

7.5 Glol

7.5.1 De

The globa
variables ¢
apply as sp
validity te

cross-document usage (see <imports> element;7.4).

The counts
signatures

Concerning
to Annex B

7.5.2 Sy

The global
the syntax

.0. 2

o"

<otx xmlns="http: id="
name="1mpo
package="org.
version="1.0"
timestamp="2010-11-11T14:40:10" >

<imports>
<import package="org.
<import package="org.
</imports>

ples" document="Signatures'" prefix="
ples" document="Validities" prefix="

<procedures>
<procedure name-'"t
<specification>A
</procedure>
</procedures>
</otx>

" "y

1>

" implements="sig:mySignature" validFor="val:myVallid*ty" id-=

test procedure.</specification>

al declarations

scription

declaration block is the place where global identifiers for constants, document sd
nd context variables shall be declared. For each type of global declaration special r
ecified in the following. Globally declared identifiers shall be visible for every procedure
m defined in the same document, but they can also be imported by external documents

brparts of the global declaration block are the local parameter declaration block used
and procedures (see 7Z.11).and the local declaration block used by procedures (see 7.12).

b scope and memory alloeation, special rules shall apply for global declarations. Please r
for further specifigations.

ntax

<declarations> block is enclosed top-level by the <otx> element (see 7.3.2). Figure 14 sh
of the GlobalbDeclarations type.

f «XSDcomplexType»

GlobalDeclarations

ope
1les
and

for

by

ofer

DWS

«XSDelement»

+ constant: GlobalConstantDeclaration
variable: DocumentVariableDeclaration
context: ContextVariableDeclaration
state: StateVariableDeclaration

¥
¥
¥
+ declaration: ExtensibleGlobalDeclaration

«XSDcomplexType»
GlobalConstantDeclaration

Declaration Declaration Declaration Declaration

«XSDcomplexType» «XSDcomplexType»

ContextVariableDeclaration

«XSDcomplexType»
StateVariableDeclaration

«XSDcomplexType»
DocumentVariableDeclaration

Declaration

ExtensibleGlobalDeclaration

l

«XSDattribute»
+ visibility: Visibility [0..1]

«XSDattribute» «XSDattribute»

+ visibility: Visibility [0..1]

«XSDattribute»
+ visibility: Visibility [0..1]

«XSDattribute»
+ visibility: Visibility [0..1]

I I t J{

J

+ visibility: Visibility [0..

1]

)

36

Figure 14 — Data model view: GlobalDeclarations
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7.5.3 Semantics

All of the three global declaration types have properties inherited from their common base type
Declaration and NamedAndSpecified. For the semantics of inherited properties see 7.16.7. Only the
specific semantic properties of each type of peclaration are described here. GlobalDeclarations
allows for declaring an arbitrary number of global constants, document variables and context variables
(by utilizing <xsd: choice> with choice cardinality [1..*]):

— name: OtxName [1] (derived from Namedandspecified, see 7.16.4)

This attribute represents the name of the global declaration. It shall be unique throughout all
global scope identifiers defined In the same OTX document. This constraint is verifjagle through
XML Schema validation (by the <xsd:key> constraint "UniqueGlobalIdentifierNamés"/q4pecified in
the OTX schema).

— |<constant>: GlobalConstantDeclaration

Declares a global constant identifier. The value of a constant is fixed at-deelaration timp - it is not
allowed to be changed.

— wvisibility: Visibility = {PRIVATE |PACKAGE |PUBLIC} [0..'1]

The attribute is a visibility modifier. The visibility levels are described by the yisibility
enumeration (see 7.16.8), which allows the following attribute values:

— "PRIVATE": the constant shall be used only from procedures or validities defjned in the
same document. This means that the constaut shall be invisible for other OTX documents.
This is the default.

— "PACKAGE": the constant shall be used only from procedures or validities defined in the
same package like the local OTX do¢ument. This means that the constant shall be invisible
for OTX documents belonging te other packages.

— rpUBLIC": the constant can-be used from anywhere.
Associated checker rules:
— Core_Chk051 - immutability of constants, input parameters and context variables (§ee C.2.51);
— Core_Chk009 - mandatory constant initialization (see C.2.9).
— |<variable>: DocuméntVariableDeclaration

Declares a dociiment variable which is only visible to procedures and validity terms defined within
the same.décument.

— wvisibility: Visibility = {PRIVATE |PACKAGE |PUBLIC} [0..1]

The attribute is a visibility modifier. The visibility levels are described by the Yisibility
enumeration (see 7.16.8). For document variables, the attribute value is fixed to "PRIVATE".
This ensures that document variables are not visible to other OTX documents.

— <context>: ContextVariableDeclaration
Declares a context variable. See 6.7 for further information about the OTX context concept.
— wvisibility: Visibility = {PRIVATE|PACKAGE|PUBLIC} [0..1]

The attribute is a visibility modifier. The visibility levels are described by the visibility
enumeration (see 7.16.8), which allows the following attribute values:
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"PRIVATE": the context variable shall be used only from procedures or validities define

din

the same document. This means that the context variable shall be invisible for other OTX

documents. This is the default.

"PACKAGE": the context variable shall be used only from procedures or validities define

din

the same package as the local OTX document. This means that the context variable shall

be invisible for OTX documents belonging to other packages.
"PUBLIC": the context variable can be used from anywhere.

checker rules:

hk051 - immutability of constants, input parameters and context variables (see C.2.51),

Fiables play a special role in the OTX data model. They represent a connection to.'contex
n which is defined by the surroundings, e.g. information about the currently-diagng
e name of the workshop where the diagnostic application is running in, the“user nam
[ly logged in user. Unlike normal variables, the value of context variables,cannot be cha
OTX actions. In OTX procedures, context variables shall—despite the hame—be treate
Context variables can only be changed by identification routines of{the test application
rhen another vehicle gets connected to the diagnostic application;Zan identification rou
5, e.g. the model or the vehicle identification number and makes-this information availab
ntime. OTX procedures can then read that information by using the context variable w
the respective context information.

Irs may define default values for context variables (this shall be done by using the <id
e 7.16.7). For cases when the value of a context variable cannot be determined, the def]
es instead. If no explicit default value is givenythe implicit default value defined for
hta type applies. For data types for which no implicit value is specified, the context vari

ments declaring context variables shduld be connected to corresponding identifica
ich return the current value of the\contextual information in scope. Therefore, diagno
s require a mapping between-context variables and according identification routi
ng may be kept in application ‘specific places, but it may also be contained in metad
nts of an OTX document (sg&7.16.5).

dations:

ized—reading such a variable will produce a@n exception at runtime, as specified in 7.15.3.
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l1</data>

The [applicationId] should be a string identifying the specific diagnostic application for which
the mapping applies. The string should be in dotted notation, providing as much uniqueness as
possible, e.g. "com.myCompany.myApplication". The [PackageName] identifies the package that
contains the OTX procedure which serves as the identification routine.

The [DocumentName]

< data key = ”[Application Id].OtxDocument” > [DocumentName]</data>

identification routine.

< data key = "[Application Id].OtxProcedure" > [ProcedureName]</data>

identifies the document that contains the OTX procedure which serves as

The [ProcedureName] should be the name of the OTX procedure providing the identification routine.

38
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< data key = "[Application Id].OtxOutParameter" > [ParameterName]</data>

The [ParameterName] should be the name of the OTX procedure's out parameter which contains the

context information.

By following this recommendation, the exchangeability of OTX documents can be ameliorated: a
diagnostic application using an OTX document created by another application may add its own mapping
information to its specific identification routines without having to overwrite the mapping of the other
application.

<state>: StateVariableDeclaration

Declares a state variable.

Test sequences require a technique to provide different status information to'the en
e.g. progress of execution or currently selected ECU. This is the intention of state varis

Vironment,
hbles. State

variables are the counterpart of context variables, see context concept (see\6!7). They provide the

mechanism to transport status information from inside a procedure to|the environn
context variables are the mechanism to transport environment information to the proce

IMPORTANT — State variables can only be set and cannot read inside OTY, i.e. the
shall not be based on the value of a state variable.

IMPORTANT — OTX documents declaring state _variables should be con
corresponding setting routines which can set the current value of the status
Therefore, test applications require a mapping between state variables and accordi
routines. The mapping may be kept in application specific places, but it may also be
in metadata compartments of an OTX document (see 7.16.5). The recommend
metadata compartments described in 7.5.3 shall be applied also for state variable

OTX authors may define default values for state variables. If an initial value is defined
routine should be called immediately after declaration of the state variable. For dat
which no implicit value is specified; the state variable is un-initialized, the setting rout
be called. If no initial value is defihed and the variable value is never written inside a
the setting routine will never be_dalled. Inside a procedure the setting routine will only
the value of that variable is ¢hanged.

Changes of a state variable’shall be immediately reported to the runtime environment.
Associated checker rules:

— Core_ChkO51- immutability of constants, input parameters and context variables (3
— Core_€hk065 - write only state variables (see C.2.65).
visibility: Visibility = {PRIVATE |PACKAGE |PUBLIC}

[0..1]

hent, while
dure.

e test logic

nected to
in scope.
ng setting
contained
ations for
5.

the setting
W types for
ne will not
procedure,
be called if

ee C.2.51);

fisibility

The" attribute is a visibility modifier. The visibility levels are described by the 1

L i Wl 0]}

des L R loial 11 4] £o11 s PR | i 1
CIHUIICT atiUIT {STCT 7. 1U. O J, WIIILIT dIIUWS LIIT TUITUWITS AT TOULT VAIUTS.

"PRIVATE": the context variable shall be used only from procedures or validities
the same document. This means that the context variable shall be invisible for
documents. This is the default.

"PACKAGE": the context variable shall be used only from procedures or validities

defined in
other OTX

defined in

the same package as the local OTX document. This means that the context variable shall be

invisible for OTX documents belonging to other packages.
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— rpuBLIC": the context variable can be used from anywhere.

<declarartion>: ExtensibleGlobalDeclaration

Declares a global declaration which can be extented by additional realisations defined in new OTX

extens

ions using the standardised extension mechanism.

— wvisibility: Visibility = {PRIVATE |PACKAGE|PUBLIC} [0..1]

The attribute is a visibility modifier. The visibility levels are described by the visibility
enumeration (see 7.16.8), which allows the following attribute values:

7.5.4 Ex

The examp

A glob
which

A Bool
docunj
variab

"PRIVATE": the context variable shall be used only from procedures or validities define
the same document. This means that the context variable shall be invisible for other
documents. This is the default.

"PACKAGE": the context variable shall be used only from procedures or validities define
the same package as the local OTX document. This means that the context variable s
be invisible for OTX documents belonging to other packages.

"PUBLIC": the context variable can be used from anywhere.

hmple
le below defines a global constant, a document variable a3 Well as two context variables:

h1 constant float named "p1", initialized by float value.*3.14159265". Its visibility is "puBrz
means that the constant can be accessed by any other importing OTX document.

ean document variable named “dv”. The visibility attribute is not given explicitly in

d in
DTX

d in
hall

Ic"

the

ent; nonetheless the variable is implicitly ©#rRIvaTe". This setting is fixed for all docunpent

es by the OTX schema.

A cont

A cont
metad
world’

Sample of

40

bxt variable "vin", which is connectedto an identification routine. The metadata assigne

d to

the comtext variable contains a mapping to the identification routine; it is an OTX procedure nained
"getV{hicleIdent" belonging to the-package "identification". The out-parameter "vin" yi
the coptext value (the vehicle identification number of the currently diagnosed vehicle).

ext variable "HAs SuNRoOF", there is no mapping to an identification routine given in

blds

the
real

hta. If there is no external mapping also, the context variable is not connected to the “
- in this case the défault value fa1se will apply.
GlobalDeclarvations
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<?xml version="1.0" encoding="UTF-8"?>
<otx xmlns*”ht*~-’/ir OTX/1.0.0" 4id="3"
name-=" lonsExamp
package*"
version="1
timestamp-""2
xmlns:xsi="http:

tX.example

01/XMLSchema-instance">

<declarations>
<constant name-="PI" visibility-"PURBLIC" id="3-dl1">

<specification>This defines a global constant</specification>

<realisation>

<dataType xsi:type-"Float"><init value="3.14159265"/></dataType>

</realisation>
</constant>

IS0 13209-2:2022(E)

<variable name="dv" 1d="3-dZ">

<realisation>
<dataType xsi:type-"Boolean"/>
</realisation>
</variable>

<context name-="VIN'" visibility-"PUBLIC"
<specification>Holds the VIN of the cu
<metaData>
<data key-'"com.myCo
<data key-'"com.my
<data key-'"com.myComp:
</metaData>
<realisation>
<dataType xsi:type-"String"/>
</realisation>
</context>

id="3-d3">

<realisation>
</realisation>
</context>

</declarations>
</otx>

7.6| Validity terms

7.6J1 Description

<specification>? document-wide visible variable</specification>

rrently diagnosed vehicle</dpeeification>

oany .myApp.OtxPac kaq*">1 dentification</data®™

">getVehicleldgme</data>
">vin</data>

<context name="HAS SUNROOF" visibility="PUBLIC! ¥d="3-d4">
<specification>True if diagnosed vehicle haid\& sunroof</specification>

<dataType xsi:type-"Boolean"><init value®"false"/></dataType>

OTX documents may contain a list of validity terms. This is required for the validities concept, see 6.8. A
validity term is a uniquely nafned, reusable Boolean term which is defined at global level. Valjdity terms
are|primarily used to configure test sequence behaviour according to runtime context. In fontrast to
Bodlean context variablés which can be used as validity, too, validity terms allow describinglcompound

Bodlean expressions which may depend on more than just one Boolean value.

Validities can be-addressed cross-document; this allows defining a set of popular validities |n a central

OTX documentwhich can be reused by other OTX documents via otxLink association.

Actfon nodes, Group nodes and Procedures can be connected to validity terms by the validrdr attribute
(sed¢ 744 7.13.4.2 and 7.9.). At runtime, the Boolean term value of the referenced validity term is
evaluated; it determines whether an ActionRealisation, GroupRealisation Or a Procedure] is valid or

not.

7.6.2 Syntax

Figure 15 shows the syntax of the validities type.

© IS0 2022 - All rights reserved
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7.6.3 Semantics

The propeities of the validity type have the following semantics:

42

NamedAndSpecified
«XSDcomPlz_ex.Type» validity «XSDcomplexType»
Validities 1 Validity
«XSDattribute»
+ visibility: Visibility [0..1]
«XSDelement»
+ realisation: BooleanTerm [0..1]

Figure 15 — Data model view: validities

id: ofxid [1] (derived from NamedAndSpecified, see 7.16.4)

This r¢presents the <validity> element's id. It shall be unique among all other’ids in a documjent.
Please|refer to 7.16.4 for details concerning ids in OTX documents.

name: [OtxName [1] (derived from NamedAndSpecified, see 7.16.4)

This aftribute represents the name of the validity term. It shall he unique throughout all glpbal
scope |identifiers defined in the same OTX document. This‘constraint is verifiable thr;ﬁlgh
XML Sghema validation (by the <xsd:key> constraint "UniqueGlobalIdentifierNames" specified in
the OT[X schema).

Actionp, groups and procedures can be connected tg_validity terms by referring to the name
(through the validror attribute containing an otxLink)-

visibillity: Visibility = {PRIVATE |PACKAGE |PUBLIC} [0..1]

The attribute is a visibility modifier. The Visibility levels are described by the visibility
enumgration (see 7.16.8), which allows thé-following attribute values:

— rpRIVATE": the validity term shall.be accessible only by the same document. This means that
the validity term shall be inyiSible for other OTX documents. This is the default.

— "ir.CKAGE": the validity term shall be accessible only by OTX documents of the same packiage
like the local document./This means that the validity term shall be invisible for documegnts
belonging to other packages.

— rppBLIC": the validity term shall be accessible by any other OTX document.
<metaData>: MetaData [0..1] (derived from NamedAndSpecified, see 7.16.4)

This optienal element is used for adding metadata to a validity term. For details on the Metanata
type, refen to 7.16.5.

<specification> : xsd:string [0..1] (derived from NamedandSpecified, see 7.16.4)

The static string content of this optional element shall be used to specify the purpose of the validity
term for human readers. The complement of <specification> is the element <realisation> (see
below).

Associated checker rules:
— Core_Chk007 - have specification if no realisation exists (see C.2.7).
<realisation> : BooleanTerm [0..1]

The BooleanTerm given by the <realisation>element represents the validity condition: the validity
term holds if and only if the term evaluation returns true with respect to the runtime context.
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Validity term truth values may be evaluated on first use. Later uses of a validity term do not
require re-evaluation as long as no relevant context change occurred. In between context changes,
validity term values may be treated as runtime constants. Only in the case when a context changes,

concerned validity terms should be re-evaluated on next use.

4 Example

The example below defines two validities: they can be used to identify in which environment the
runtime is located, either in a repair workshop or at an assembly line. Of course, relevant context
information shall be available for the OTX runtime system, namely via the LocaTION context variable.

Sadlple of ValidityTerm

<term xsi:type="StringlLiteral" value="D&Nersh />
</realisation>
</validity>
<validity name="Assembly'" id="4-v2">
<specification>Valid if uted %t an assembly line</specification>
<realisation xsi:type=" >
<term xsi:type="Strin valueOf="context : LOCATION" />
<term xsi:type="StringLitésgl" value=" mblyLine" />
</realisation>
</validity>
</validities>
</otx>
7.7| Signatures
7.7{1 Description

OT]

an interface description to another software module whose inner implementation details d

to b
obe]
pre
by ¢
con

<?xml version="1.0" encoding="UTF-8"?>

<otx xmlns="http://iso.org/0TX/1.0.0" id="4"
name="Validity’ mEx
package="o iso.otx.examples"

version="1.0
timestamp-=
xmlns:xsi="1

on

w3.0rg/2001/XMLSchema-instance">

<imports>
<import document-="contexts" package="org.iso.otx.examples'l prefix-="context"/>
</imports>

<validities>
<validity name="Workshop" id="4-v1">
<specification id if e
<realisation xsi:typ
<term xsi:type="Strin

" valueOf="conteit

( signatures suppdrbDthe design by contract concept: generally speaking, a signature®

e known by the/user of that module. As long as the user and the implementing softwarg

represents
o not need
module(s)

y to the signature specification, the interoperability is guaranteed: the user has to fullfill all the

requisités described by the signature (e.g. by providing correct Procedurecall argumel
ProcedureSignature, see 7.8) and the software module implementing the signature is g
pléte‘the function specified by the signature if the prerequisites are fulfilled.

1ts defined
bligated to

oT

allows different types of signatures. In the OTX core data model there only one type o

f signature

called Proceduresignature. OTX extensions may specify additional signatures for extension-specific
purposes, so for example the ScreensSignature of the HMI extension as specified in ISO 13209-3[21,

7.7.2 Syntax

Figure 16 shows the syntax of the signatures type.

4) This is also called interface, prototype or header in other programming languages.

© IS0 2022 - All rights reserved
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7.7.3 Semantics

The properties of the signature type have the following semantics:

44

«XSDcomplexType»
Signatures

signature 1.*

xsd:string NamedAndSpecified
«enur-n.er?lt.ion» «XSDcomplexType»
Visibility Signature
PACKAGE realisation ExtensionInterface
PRIVATE QST 01| «XSDcomplexType»
PUBLIC +  visibility: Visibility [0..1] SignatureRealisation

kFigure 16 — Data model view: signatures

id: ofxid [1] (derived from NamedandSpecified, See 7.16.4)

This r¢presents the <signature> element's id. It shall be unique among alt'other ids in a documjent.
Please|refer to 7.16.4 for details concerning ids in OTX documents.

name: [OtxName [1] (derived from NamedAndSpecified, See 7.16.4)

This afttribute represents the name of the signature. It skall' be unique throughout all glpbal
identiffiers defined in the same OTX document. This constraint is verifiable through XML Sch¢ma
validation (by the <xsd:key> constraint "UniqueProcedureAndSignatureNames" specified in|the
OTX sdhema).

visibillity: Visibility = {PRIVATE|PACKAGE |PUBLIC} [0..1]

The aftribute is a visibility modifier. The*visibility levels are described by the visibility
enumeration, which allows the following attribute values:

— "PRIVATE": the signature is visible only within the same document. This means that using|the
signature from outside of the document is not allowed.

p— s

— "EI:CKAGE": the signature (s,Visible only within the same package. Using the signature ffom
outtside of the package isnot allowed. This is the default.

— rppBLIC": the signdture can be used from anywhere.
<metaData>: MetaData [0..1] (derived from NamedAndSpecified, see 7.16.4)

This optional element is used for adding metadata to a signature. For details on the Metapata type,
refer tp 7.16:5.

<specilfication> : xsd:string [0..1] (derived from NamedAndSpecified, see 7.16.4)

The static string content of this optional element shall be used to specify the purpose of the
signature for the human reader. The complement of <specification> is the element <realisation>
(see below).

Associated checker rules:
— Core_Chk007 - have specification if no realisation exists (see C.2.7).
<realisation> : SignatureRealisation [0..1]

SignatureRealisation is an abstract type. This means that for the <realisation> element, a
concrete child of signatureRealisation shall be chosen by using the xsi: type attribute. In the OTX
core, there is only one child available, namely Proceduresignature (see 7.8). OTX extensions may
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derive further child types, e.g. the Screensignature in the HMI extension (see ISO 13209-3 [2]). For
details about derived signatureRealisation types refer to the respective specifications.

7.8 Procedure signatures

7.8.1 Description
The Proceduresignature type is required for the signature concept (see 6.9).

Where procedures declare a set of parameters, a set of local variables and constants and the procedure
flo T IT; i —FProcedures
which implement a specific procedure signature need to have the same set of parameters|(see 79 on
profredures). Procedure signatures represent the “empty shell” of such procedures.

Sigmature-implementing procedures can be called indirectly via a procedure 'signature. This is
desfribed in the Procedurecall action, see 7.14.5.

7.8{2 Syntax

Figlire 17 shows the syntax of the Proceduresignature type.

SignatureRealisation

«XSDcomplexType»
ProcedureSignature

«XSDelement»
+ parameters: ParameterPeclarations [0..1]
+ throws: Throws [0:31]

Figure 17 — Data model view: procedureSignatures

7.8)]3 Semantics

ProfedureSignature iS a SignatureRealisation (7.7). Only the specific semantic properties of the
ProfedureSignature type are described here.

The properties of Proceduresignature have the following semantics:

— |<parameters>: (Parameters [0..1]

Parametersigf-the signature shall be declared in this block (see 7.11).
— |<throws>:; Throws [0..1]

Exteptions shall be declared in this block. Each exception listed here may potentially belthrown by
sighature-implementing procedures.

— <exception>: Exception [1..%*]

Represents the exceptions. For each exception, the type shall be chosen by the xsi:type
attribute.

IMPORTANT — A signature without <realisation>represents a NOP (No Operation) at runtime.

7.8.4 Example

The first example below shows a couple of signatures in an OTX File. While the latter two signatures
are only in specification stage, the first one, GetIgnitionState, is in realisation stage. The procedure
signature describes procedures which return the state of the ignition of a vehicle. Since this is a
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signature, there is no implementation; it is up to the signature-implementing procedures to define how
exactly the ignition state shall be computed.

The second example below shows two signature-implementing procedures. The first gets the ignition
via a diagnostic service sent to the vehicle (valid for a workshop environment) whereas the other gets
it by measuring at the OBD connector (valid for an assembly line environment). Please refer also to the
example given in 7.14.5.4 (Procedurecall).

Sample of Signatures

<?xml version="1.0" encoding="UTF-8"7?>

<otx xmlns="http://iso.org/0Tx/1.0.0" id="5"
Tame S ool cnmanp e
package="org.iso.otx.examples"
version="1.0"
timestamp="2009-10-20T14:40:1
xmlns:xsi="http://

2001 /XMLSchema-instance">

<signatures>
<signature name-="getlIgnitions
<specification>Returns the
<realisation xsi:type-"Prc
<parameters>
<outParam name-="state'" id="
<specification>Ignition s
<realisation>
<dataType xsi:type-"Boolean" />
</realisation>
</outParam>
</parameters>
</realisation>
</signature>

e id="5-s1">
of the ignition.</specification>
Signature">

esult. true:ON false:0FF</specification>

<signature name-"checkHeadlights" id="5-s52">
<specification>Tests the head lights for proper fubctioning.</specification>
</signature>

<signature name="retri
<specification>Return
</signature>
</signatures>
</otx>

IN" id="5-s53">
the vehicle Identifsation number.</specification>

Sample of[ImplementingProcedures

<?xml versg
<otx xmlng
name="1Inpleme
package
version

UTF-8"7?>
1.0.0" dd="6"

xmlns:x4i

<importd>
<impofjt prefix-"sig" package-"org.iso.otx.examples" document="SignatureExample" />
<impoxjt prefix-"val" paekage-"org.iso.otx.examples" document="Validities" />
</impor{s>

<procedyres>
<procqdure name%'"detIgsByDiagSe
<spqcification>Cet:
<reglisation>
<garameters>
<éutParam name="state" id="6-dl">

rvice" implements=
> by using a diagno

"sig:getIgnitionState" wvalidFor="val:Workshop" id="6-pl"p
rvice</specification>

stic se

<specification>Tonition state result. true:ON | false:0FF</specification>
<realisation>
<dataType xsi:type-"Boolean" />
</realisation>
</outParam>
</parameters>
<flow>
<!-- The implementation goes h -=>
</flow>
</realisation>
</procedure>

<procedure name-"getIgsByObdConnector" implements="sig:getIgnitionState" wvalidFor="val:Assembly" id="6-p2">
<specification>Gets the state by measuring via OBD connector</specification>
</procedure>
</procedures>
</otx>
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7.9 Procedures

7.9.1 Description

A <procedure> element represents an executable unit in an OTX document. It can be used as the entry
point for OTX interpreters when a test sequence shall be executed, but it can also be the target of a
procedure call from another OTX procedure (see 7.14.5).

7.9.2 Syntax

Figyret8shiows the Symtax of the Proceduze LY PE.

«XSDcomplexType» «XSDcomplexType»
Procedures ProcedureRealisation XSDcofnplexType»
«XSDelement» o Flow
+realisation * comments: Comments [0..1]
+procedure| 1 * + parameters: ParameterDeclarations [071]
— 0.1 |* declarations: LocalDeclarations [0..1]
NamedAndSpecified + throws: Throws [0..1]
string «XSDcomplexType»
. Procedure
«erjumeration»
Visibility «XSDattribute» +extended \N
PACKAGE + Visibility: Visibility [0..1] ealisation «XSDcom x@e»
E{II{BVLI?EE + Implements: OtxLink [0..1] ExtensiblePro %reRealisation
+ validFor: OtxLink [0..1] 0.1 N «XSDcompplexType»
«XSDelement» Thirows
+ comments: ments [0..1] XSDel .
+ paramexﬂ: arameterDeclarations [0..1] easBclemen
+ declarations: LocalDeclarations [0..1] + exeption: Ejeption [0..%]
+ thQ@rhrows [0.1]
Ne

Figure 18 — Data‘model view: procedures

7.9{3 Semantics
The properties of the Procedure type have the following semantics:
— |id: otxid [1] (derivedfrom NamedAndSpecified, see 7.16.4)

This represents the Kprocedure> element's id. It shall be unique among all other ids in ajdocument.
Please refer to 7.16 for details concerning ids in OTX documents.

— |name: OtxName [1] (derived from NamedAndSpecified, see 7.16.4)

This attribute represents the name of the procedure. It shall be unique throughout globalidentifiers
defined~in the same OTX document. This constraint is verifiable through XML Schemd validation
(by <xsd:key> constraints specified in the OTX schema).

: procedure
has the value "main", then this procedure shall be treated as a top-level procedure which
represents the entry point for test sequence execution in an OTX application. Main-
procedures shall always be public. They can be called by other OTX test sequences also like
normal procedures.

Associated checker rules:
— Core_Chk008 - public main procedure (see C.2.8).
— wvisibility: Visibility = {PRIVATE|PACKAGE|PUBLIC} [0..1]

The attribute is a visibility modifier. The visibility levels are described by the visibility
enumeration, which allows the following attribute values:
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— "pPRIVATE": the procedure shall be visible only within the same document. This means that
calling the procedure from outside of the document is not allowed. This is the default.

— "PACKAGE": the procedure shall be visible only within the same package. Calling the procedure
from outside of the package is not allowed.

— rpUBLIC": the procedure shall be visible from any document in any package.

implements: OtxLink [0..1]

This optional attribute supports the signature concept (see 6.9). It shall contain the qualified name

of the

Associ

validHor: OtxLink [0..1]

This o
concef

constant or to a validity term (by otxLink). At runtime, the.truth value of the associated con

variab
value
proced

Associ
— Co
— Co

<metal]

This optional element is used _for adding metadata to a procedure (refer to the Metabata t)
7.16.5).

<speci

The st
proced
(see bd

Associ

4 £ £l ot pa | 3 1 £
xsuatul\. Iial da tJl uLltiluaul v llllPlblllbllLO-
hted checker rules:

re_Chk053 - no dangling OtxLink associations (see C.2.53);

re_Chk026 - no duplicate validities for procedures implementing the same’signature
p.26);

re_Chk027 - procedure parameters match signature parameters (see C.2.27).

t (see 6.9 and 6.8). It can be connected to a Boolean“Context variable, a global Boo1

e, constant or the validity term determines whether'a procedure shall be executed (vali
S true) or not (validity value is false). This allows context-based disabling/enablin
ures. Refer to the Procedurecall action described in 7.14.5.

hted checker rules:
re_Chk053 - no dangling OtxLink associations (see C.2.53);
re_Chk013 - correct referencing of'validities (see C.2.13).

ata>: MetaData [0..1] (derived from NamedAndSpecified, see 7.16.4)

fication> : xsdPstring [0..1] (derived from NamedAndSpecified, see 7.16.4)

atic string.content of this optional element shall be used to specify the purpose of
ure for the human reader. The complement of <specification>is the element <realisati
low),

hted checker rules:

see

btional procedure attribute supports the signature conceptywhich is based on the validities

ean
fext
ity
5 of

'pe,

the
on>

— Core_Chk007 - have specification if no realisation exists (see C.2.7).

<realisation> : ProcedureRealisation [0..1]

Specifies the procedure implementation parts. When a procedure enters realisation stage in the
test sequence development process (after specification stage), this element shall be instantiated.
Its type, ProcedureRealisation, represents a wrapper for all elements needed for the procedure
implementation:

© IS0 2022 - All rights rese
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<comments>: Comments [0..1]

This optional element is a container for an arbitrary-length list of floating comments. They shall

be used for commenting parts of the procedure flow implementation for the human
a description of the comment type, refer to 7.10.

<parameters>: Parameters [0..1]
Parameters of the procedure shall be declared in this block (see 7.11).

<declarations>: Declarations [0..1]

reader. For

Local variables and constants of the procedure shall be declared in this block (se€ {12

<throws>: Throws [0..1]

Exceptions shall be declared here. Each exception listed may potentially be thra
procedure under certain circumstances.

— <exception>: Exception [1..%*]
Represents the exceptions. For each exception, the type is chosen by the xsi : type at
<flow>: Flow [1]

This block contains the procedure logic (see 7.16.9)The logic is represented by a g
nodes, each of which has type-specific semantics{see 7.13).

— |<extendedRealisation> : ExtensibleProcedureRealisation [0..1]

Declares a procedure which can be extended by additional realisations defined in
extensions using the standardised extension mechanism, example: flow chart proce
procedure can be called by the ProcedureCall.

[ts type, ExtensibleProcedureRealisation, represents a wrapper for all elements nee
procedure implementation:

<comments>: Comments. [0..1]

This optional eleméntis a container for an arbitrary-length list of floating comments
be used for comimenting parts of the procedure flow implementation for the human
a description.6fithe comment type, refer to 7.10.

<parameters>: Parameters [0..1]
Parameters of the procedure shall be declared in this block (see 7.11).

<declarations>: Declarations [0..1]

wn by the

tribute.

equence of

new OTX

dure. This

Hed for the

They shall
reader. For

Local variables and constants of the procedure shall be declared in this block (see 7.

12).

<throws>: Throws [0..1]

Exceptions shall be declared here. Each exception listed may potentially be thrown by the

procedure under certain circumstances.

— <exception>: Exception [1..%*]

Represents the exceptions. For each exception, the type is chosen by the xsi : type attribute.

IMPORTANT — A procedure without <realisation> Or <extendedRealisation> represents a NOP
(No Operation) at runtime. The same applies procedure signatures without <realisation>.

© IS0 2022 - All rights reserved
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7.9.4 Example

The example below shows two procedures defined in the same OTX document. The first is an entry
point test sequence (name = "main"). The other is a procedure that can be used only by procedure
calls from within the same package. It implements the signature “sig:writeMsg” which is defined in the
document “signatures” in the package “org.iso.otx.examples”. It can be executed only if the validity
value of “val:DebugMode” is true. The validity term is defined in the document “validities” in the
same package. Both procedures neither declare any parameters, variables or constants, nor contain a
program flow. These sub-elements are declared in the following subclauses.

Sample of

Procedures

<?xml vey
<otx xmln

name=""H

packagd
versior
timestd
xmlns : A

<import
<impd
<impd
</impoq

<proced
I <prod
1
, <sH
1 <r¢g
1
| <
1 <r¢g
1
«3/Prg

—_———

I <prod
: val
I <sg
| <zd
1 4
| <re
|_</pzrg
</procH
</otx>

7.10 Floating comments

7.10.1 De

Procedure

inside of n
OTX editor
thought to
test seque

sequence developtuent.

A single co

sion="1.0" encoding="UTF-8"?>
s="http://iso.org/0OTX/1.0.0" 4id="7"
>dureExam

g.iso.otx.examples"
1. v
Imp="2009-10-20T14:40:10"

si="http://wwy 3.0rg/2001/XMLSchema-instance">

s>
rt prefix="sig" package="org.
rt prefix="val" package="org.i
ts>

=s" document="Signatures" />
~s" document="Validities" />

S > M _____
ledure name="main" visibility="PUBLIC" id=" 1>

lecification>This is an empty top-level pr sdure, a test sequence</gpecification>

alisation>

flow/>

alisation>

cedure>

ledure name="
idFor="val:D
lecification>2
alisation>
flow/>
alisation>

1gMsg" implements= W
1gMode" visibility="PACKAGE
empty procedure implementing a signatur&N\with validity information.</specification>

ldures>

scription

bdes and to othér-comment nodes also, as specified below. This feature supports graph
s by allowing‘any graphically presentable OTX feature to be linked to comments. They
help test sequence authors to provide additional, human readable information during
hce development process, especially for the specification and intermediate stage in

miment carries a text message for the human reader, and has a list of links pointing to

5 allow an optional <gomments> element. It contains any number of <comment> elements wIich
can be linKed to any number, 6fjnodes inside the procedure flow. Comments can link to sub-struct

res
ical
are
the
test

the

elements i

tite procedure tirat the cComment Tefers to.

7.10.2 Syntax

Figure 19 shows the structure of the complex type Comment.

50
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«XSDcomplexType»
Comments

comment | 1.*

7.10.3 Semantics

The

«XSDcomplexType» links «XSDcomplexType» xsd:string
Comment 0.1 CommentLinks «XSDsimpleType»
OtxIdRef

«XSDattribute» link Y 1.%

+ id: OtxId

«XSDelement» «XSDcomplexType» tags

+ metaData: MetaData [0..1] CommentLink derivation = restriction

+ text: xsd:string pattern = [a-zA-Z0-O\\\-\\|:_#/]+
«XSDattribute»
+  targetld: OtxIdRer

Figure 19 — Data model view: comment

properties of the comment type have the following semantics:
id: OotxId [1]

This represents a <comment> element's id. It shall be uniqie among all other ids in a
Please refer to 7.16.4 for details concerning ids in OTX decuments.

<metaData>: MetaData [0..1]

Used for adding metadata to a comment. For details on the Metapata type, refer to 7.16.5.

<text>: xsd:string [1]

The comment text that shall be displayed to the human reader.
<links>: Links [0..1]

Contains an arbitrary-length list0f <1ink> elements.

<link>: CommentLink [1. )*]

Links the comment tona-commented entity by its target1d attribute:
— targetlId: OtxIdRef [1]

The link/between a comment and the commented entity is established with th

document.

P targetId

attribltte of the comment link. The attribute value shall match the id of a commented entity.

Otherwise, a comment link might point to nowhere which is undesirable. XML
enforces that for each target1d value, there is an entity in the procedure with the cor}

validation
‘esponding

id value (using <xsd:keyref> constraints specified in the OTX schema).

The otxIdref type is the counterpart of the otxid type. In analogy to otxid, it is

a pattern-

restriction of the xsd:string simple type. The value space of the attribute is restricted by the
regular expression “[a-za-z0-9\\\-\.\|:_#/1+", which allows the basic letters, numbers as

well as a set of delimiters.

NOTE Entities to which a comment's <1ink> can point to are the flow nodes, branch case conditions,

loop conditions as well as comments themselves.

7.10.4 Example

The example below shows two comments linked to different entities in the procedure. The first
comment points at the action node in the procedure flow and at the group in the loop node. The second
comment points at the loop configuration and to another comment.

© IS0 2022 - All rights reserved
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Sample of Comments

<

?xml version="1.0" encoding="UTF-8"?>
://iso.org/0TX/1.0.0" id="8"

name—

7.11 Pard

package=" otx.examples"
version="1.0"
timestamp="2009-10-20T14:40:10"
xmlns:xsi="http:/, >rg/2001/XMLSchema-instance" >
<procedures>
<procedure name-"main'" wvisibility-"PUBLIC" id="8-pl">
<specification>Demonstration of a commented procedure</specification>
<realisation>
<eomments>_ | __ _ _ _ _ _ __ _ _ oo .
<comment id-"cmtl">
Stext>This is 5 comment for fwo nodes in the flow</text>
<links>

<link targetId-"actionl" />
<link targetId-"groupl" />

</links>
- Xfeemment> Y ,
"~ <eomment id-"cmto'> T T T TTTTTTTTTTTTTmmmmmm I OONT )
: <text>This comment is linked to another comment and a loop configurationgyteXt>
1 <links>
: <link targetId-"looplconfig" /> 1
| <link targetId-"cmtl" /> :
: </1links>
I__ <feemment> = y
</comments>
<flow>
<action id-"actionl" />
<loop id="loopl" name="emptyLoop">
<realisation>
<configuration id-"looplconfig" />
<flow>
<group id-"groupl" />
<action id-"action2" />
</flow>
</realisation>
</loop>
</flow>
</realisation>
</procedure>
</procedures>
/otx>
meter declarations

7.11.1 Description

The paramleter declaration block allows for declaring in-, inout- and out-parameters of signatures
procedures. This information-is/especially important for the Procedurecall action, as specifiec

7.14.5.

7.11.2 Syntax

and

The declarption black <parameters>islocated in the <realisation>element of procedures or signatyres
(see 7.7 andl 7.9)\Figure 20 shows the syntax of the parameterbDeclarations type.

SLQR, 1
TASDTCOIMpPITX Ty pe»

ParameterDeclarations

«

+

+

+

XSDelement»
inParam: InParameterDeclaration
inoutParam: InOutParameterDeclaration
outParam: OutParameterDeclaration

Declaration Declaration Declaration
«XSDcomplexType» «XSDcomplexType» «XSDcomplexType»
InParameterDeclaration InOutParameterDeclaration OutParameterDeclaration

52

Figure 20 — Data model view: parameterbDeclarations
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7.11.3 Semantics

All parameter declaration types have common properties inherited from their common base types
Declaration and NamedAndSpecified. For the semantics of inherited properties see 7.16.7. Only the
specific semantic properties of each type of Declaration are described here.

The syntactical order of parameter declarations is semantically irrelevant. Parameter identifiers have
procedure wide scope. ParameterDeclarations allows for declaring an arbitrary number of in-, out- and

inout-parameters (by utilizing <xsd:choice> [1..*]):

Sigature’or Procedure parameter declarations carry a name attribute (derived from Namedand

see

<inParam>: InParameter

Declares an input parameter of the signature or procedure. When calling a signature,ob
an input argument may be omitted if and only if there is an initial value defined fdr'the
This initial value shall apply in place of the missing argument. Input parameters shall bg
constants - the value is not allowed to change throughout procedure execution.

Associated checker rules:
— Core_Chk051 - immutability of constants, input parameters and context variables (
— Core_Chk030 - input- and in&output-argument omission (see'C.2.30).
<inoutParam>: InOutParameter

Declares an input/output parameter of the procedure. Arguments for in&output paran
be passed by reference. This means that any change.to the parameter value is visible t
also. When calling a signature or procedure, an input/output argument may be omitted
if there is an initial value defined for the parameter.

Associated checker rules:
— Core_Chk030 - input- and in&outpiit-argument omission (see C.2.30).

<outParam>: OutParameter

Declares an output parameter of the procedure. Output parameters shall be returned t1

The caller may omit outputiparameters freely (e.g. in the case when there is no interest i
returned values). If theprocedure never changes (e.g. assignment of a new value or m
of an existing value including deep changes on complex values) a declared output pars
there is no explicitinitial value defined for it, the output argument variable stays uncha
procedure throws*an exception the output parameter stays unchanged. Otherwise th
rule shall apply; if the parameter has an explicit initial value, or the procedure writes i
will be assighed to the corresponding output argument variable (this rule is also applic
a procedure is terminated as a result of TerminateLanes).

716.4). Local parameter declaration names shall be unique among all local declaratio

procedure,
parameter.
treated as

ee C.2.51);

eters shall
b the caller
f and only

the caller.
one of the
odification
ymeter and
hged. If the
e following
L, the value
hble where

Specified,
h and local

1 1 : oy - : L 11 1 1 XZnay 1 1
paldlllGLUl uclldliatlUIl TIdIICS. TS COISLI AL 15 VETITIdUIC LHTOUGIL AL SUICIIIA - Vdll

<xsd:key> constraints specified in the OTX schema).

dation (by

Furthermore, parameter declarations with the same name as a global declaration shall be allowed.
At this, OTX follows the concept of shadowing: if an identifier is used which is declared both locally
and globally, the local identifier shadows the global identifier. This means that the global identifier is
invisible and not useable by any node in the local procedure. Since this may lead to unwanted situations,
identifier shadowing is discouraged. To avoid it, distinct names should be used for local and global
declarations. Another solution is making an OTX document import itself; this provides a prefix which
can be used for unambiguously referring to global declarations.

Associated checker rules:

Core_Chk052 - identifier shadowing (see C.2.52).
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7.11.4 Example

The example given below shows a procedure "ListItemMeanvalue" with two parameter declarations:

— alist

of Integer type input parameter named "1istOfInt",

— aFloat type output parameter named "mean".

Sample of

<?xml

<
</p1
</otx3

7.12 Locd

7.12.1 De

The local d
declaring

7.12.2 Sy

The local d
shows the

ParameterDeclarations

version="1.0" encoding="UTF-8"?>
)TX/1.0.0"

id="9" version="1.0 ="2009-10-20T14:40:10"

Imlns:xsi="h
cedures>
rocedure name="ListltemMeanValue" wvisibility="PUBLIC" id="9-pl">
<specification>
Demonstration of parameter declarations. The pr dure arithmetic averagg«ofi/the
input list's items ("list" parameter) and rettu in output parameter [ean"
</specification>
<realisation>
<parameters> _ _ _ _ _ _ _ _ _ _ i
I <inParam name-="lis Nt id="9-d1"> }
: <specification>Ing parameter: List of Integers</specification>
1 <realisation> :
: <dataType xsi:type="List" >
: <itemType xsi:type="Integer"/>
h </dataType> !
: </realisation> :
1

\_</inParam>

<outParam name-"mean"
<specification>Output parameter: Mean value (Float)</specification>
<realisation>
<dataType xsi:type="Float"/>
</realisation>
</outParam>

<flow/>
</realisation>
procedure>
ocedures>

11 declarations

scription

eclaration block allows\fdr declaring constants and variables which are visible only for
rocedure.

ntax

eclaration block <declarations> is enclosed in the <procedure> element (see 7.9). Figur
syntax.of the Localbeclarations type.

«XSDcomplexType»

the

N
—_

LocalDeclarations

54

«XSDelement»
+ constant: ConstantDeclaration
+ variable: VariableDeclaration

Declaration Declaration
«XSDcomplexType» «XSDcomplexType»
ConstantDeclaration VariableDeclaration

Figure 21 — Data model view: LocalDeclarations
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7.12.3 Semantics

All local constant and variable declarations have common properties inherited from their common
base type Declaration and NamedAndSpecified. See 7.16.7 for semantics of inherited properties. Only
the specific semantic properties of each type of beclaration are described here.

The syntactical order of variable and constant declarations is semantically irrelevant. Constant and
variable identifiers have procedure wide scope. LocalDeclarations allows declaring an arbitrary
number of local constants and variables (by utilizing <xsd: choice> [1..*]):

<constant>: Constant

Locpl constants and variables carry a name attribute (derived from Namedandspecified,
Locpl constant and variable declaration names shall be.uhique among all local declaratio
parpmeter declaration names. This constraint is verifiable through XML schema vali

<xs

Fur
OT3
in

Declares a constant identifier for the procedure. The value of a constant is fixed at declaj
it is not allowed to change throughout procedure execution.

Associated checker rules:
— Core_Chk009 - mandatory constant initialization (see C.2.9).
<variable>: Variable

Declares a variable identifier for the procedure. The value of the variable is allowed
throughout procedure execution. If no initial value is given, the default initial value def]
data type applies (refer to 7.16.7.4).

H: key> constraints specified in the OTX schema.

ation time,

to change
ined for its

bee 7.16.4).
n and local
Hation (by

thermore, local declarations with the samethame as a global declaration shall be allow
[ follows the concept of shadowing: if an identifier is used which is declared both locally a

global identifier is invisible and not useable by any node in the local procedure. Since this

unv
loca
api

Ass

7.1
The

1 and global declarations. Another solution is making an OTX document import itself; th
efix which can be used for unambiguously referring to global declarations.

pciated checker rules:

Core_Chk052 - idémtifier shadowing (see C.2.52).

2.4 Example
examplé.below shows the declaration of

a locdl constant float named "p1", initialized by float value “3.14159265”",

ed. At this,
d globally

he same OTX document, the local idéntifier shadows the global identifier. This meams that the

ay lead to

Fanted situations, identifier shadowing is discouraged. To avoid it, distinct names should pe used for

s provides

T tocat vartabte mamed < - wiith tras o data ty pe assigned to it yet:

Sample of LocalDeclarations
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<
<

?xml version="1.0" encoding="UTF-8"?>

otx xmlns="http:/ org/0TX/1.0.0" 4id="10"
name-"Local
package="or
version="1.
timestamp="2009
xmlns:xsi="http:// rg/2001/XMLSchema-instance">

<procedures>
<procedure name-"main" visibility-"PUBLIC" id="10-pl">
<specification>Demonstration of variable and constant d
<realisation>
<declarations>

‘larations</specification>

<specification>2 I float value</specification>

7.13 Nod

\
1
1
<realisation>
<dataType xsi:type="Float"> |
<init value="3.14159265" /> :
</dataType>
</realisation>
</constant> i

1 <variable name-"v" id="10-d2"> :
: <specification>2 local variable of yet unknown type</specification> \
I </variable>

</declarations>
<flow />
</realisation>
</procedure>
</procedures>
/otx>

ES

7.13.1 Overview

OTX nodes
elements, g

Nodes can

— Atomi
should
Break,
there
which

— Compd
Branch
nodes,

In order to
in Figure 2
common t
derived frg

represent the single steps in the program flew of a procedure. They appear in Flow-t
ee 7.16.9.

be atomic or compound.

nodes®) are single steps containitg no further embedded flows. At runtime, atomic ng
be executed as one monolithic unit. The following node types are atomic: Return, Conti
TerminateLanes, Throw, ExtensibleEndNode. In general, Action nodes are also atomic,
hre exemptions depending)on the ActionRealisation type (e.g. the Procedurecall ac
is not atomic).

und nodes®) are steps that embed one or more flow(s) recursively (Node types Group, L
, Parallel,Mute%Group, ExtensibleCompoundNode, and Handler). To execute these compo
their inner flow(s) shall be interpreted step by step as well.

reflect thexabove distinction in the data model, the inheritance hierarchy of 0TX nodes sh
12 has<been implemented: there is an abstract base type Node which contains all feat
b all Wwodes, refer to the Node specification in 7.13.2 for details. All compound nodes

ype

des
hue,
but
[ion

pop,
und

wn
res
are

mthe abstract type compoundNode. All other nodes are in general atomic nodes (implici

ly).

Furthermore, there 1s an abstract sub-classiiication EndNode 10T nodes that can only be used at the end
of a node sequence, refer to the specification of all EndNode types in 7.13.4.10. The special role of the
Action node is specified in 7.13.3.

5) OTX atomic nodes can be seen as the equivalent to one-line statements in line-based programming languages.

6) OTXcompound nodes are the equivalent to control statements that stretch over more than one line in text-based
programming languages. Those statements usually enclose an inner block of statements which is often introduced
by "{" and closed by "}" brackets.
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«XSDcomplexType»
Action

«XSDcomplexType»
Parallel

«XSDcomplexType»
Group

«XSDcomplexType»
NamedAndSpecified CompoundNode <

«XSDcomplexType»

«XSDcomplexType» MutexGroup
Node X «XSDelement»
+ realisation: Flow [0..1]

«XSDcomplexType»
Loop

«XSDattribute»
+ disahled: xsd-hoolean [ﬂ 1]

«XSDcomplexType»
Handler

«XSDcomplexType»
Branch

4XSDcomplexTypp»
ExtensibleCompoundNode

«XSDcomplejType»
Continug

«XSDelement»

XSO mplexType» + target: OtxNajme [0..1]
Throw
«XSDcomplexType» «XSB@alement»
— EndNode e +tealisation: ExceptionTerm [0..1] «XSDcomple{Type»

Break

«XSDelement»
«XSDcomplexType» + target: OtxNajme [0..1]

Return

«XSDcomplexType»
ExtensibleEhdNode

«XSDcomplexType»
TerminateLanes

Figure 22 '— Data model view: Node inheritance hierarchy

7.18.2 Node

7.18.2.1 Description

Thip type serves as the abstract base for all Node types. The properties of the type are therefgre part for
all derivednodes.

7.13.2.2 Syntax

The syntax of the abstract type Node is shown in Figure 22.

7.13.2.3 Semantics
Node is based on Namedandspecified. The properties of the Node type have the following semantics:
— id: otxId [1] (derived from NamedAndSpecified, see 7.16.4)

This represents a node's id. It shall be unique among all other ids in a document. Please refer to
7.16.4 for details concerning ids in OTX documents.
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name: OtxName [0..1] (derived from NamedandSpecified, see 7.16.4)

The attribute represents the human readable counterpart to the id attribute. It shall serve authors
to identify nodes easily by name on the surface of a graphical OTX editor. There are no constraints
concerning uniqueness of the name attribute values; nonetheless uniqueness is recommended, but
not enforced.

Associated checker rules:

— Core_Chk010 - unique node names (see C.2.10).

disabled—=sdTbooteamr—f{fatsettruei—Tt6—%%

By using this attribute a node can be switched-on and -off: a node with disabled = "truetshall be
ignored at runtime; otherwise it shall be executed normally?). If the attribute is not set,'theé node is
enabled (default is disabled = "false").

NOTE OTX XSD does not allow nodes after an EndNode regardless if it is disabled orfenabled (see 7.1p.9).
Associpted checker rules:

— Cdare_Chk011 - no disabled nodes (see C.2.11).

<metaData>: MetaData [0..1] (derived from NamedAndSpecified,See 7.16.4)

This optional element is used for adding metadata to a node. For/details on the Metapata type, refer
to 7.16]5.

<specification> : xsd:string [0..1] (derived from N&medAndSpecified, see 7.16.4)

The sifnple xsd: string content of this optional element shall be used to specify the purpose of|the
node for the human reader. The complement of<specification> is the element <realisation>
which s not specified for the Node type, becausejit is specific for each distinct node type (see belpw).

ata

An Action| node«issa simple node in a flow (see “single-line statement”). The runtime behavjour
of an Actjon«ngde can be customized for different contexts by applying the Validities congept

(see 6.8).

hble

ActionRealisatio ation
of all core actionRealisations can be found in 7.14. Action nodes are in general to be treated as
atomic, but there are exemptions depending on the ActionRealisation type. Exemptions are especially
emphasized in the specification for the particular type of ActionRealisation.

7.13.3.2 Syntax

Figure 23 shows the syntax of the action node type.

7) This is comparable to commenting out lines or blocks of source code in text-based programming languages.
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Node L ExtensionInterface
realisation
«XSDcomplexType» . «XSDcomplexType»
Action ActionRealisation

«XSDattribute»
+ validFor: OtxLink [0..1]

Figure 23 — Data model view: Action

7.18:3:3—Senrarntics

Actfion iS a Node which is Namedandspecified. The semantics of all derived properties @ye’described in
7.13.2. Only the specific semantic properties of action are described here.

The properties of action have the following semantics:
— |realisation: ActionRealisation [0..%*]
This is the counterpart of the <specification> element for an action’node.

IMPORTANT — As long as no <realisation> elements are set, an Action node has o runtime
semantics which means that it shall be skipped during éxecution.

In an action node, multiple <realisation> elements aré& allowed. At runtime, the validity of each
<realisation> shall be evaluated one by one (in theyorder of appearance in the OTX flocument).
The first valid element found shall be executed.

The precise behaviour of the finally executed.xréalisation> element is determined by tlhe value of
the xsi: type attribute: Any complex type extending ActionRealisation can be inserteld here, e.g.
the types ProcedureCall, Assignment Or ListInsertItems, just to name a few.

The behaviour of all OTX core ActionRealisations is described in 7.14.
— wvalidFor: OtxLink [0..1]

An ActionRealisation:may be connected to a Boolean context variable, a global Boolean
constant or a validity-term (by otxLink). Analysing the validFor attribute of a <realisation>
element in an aetion node determines whether the <realisation> is valid or nof. Here, the
following rules.apply:

— if there\is no validror attribute, the <realisation> is valid;

— if'there is a validFor attribute, the Boolean context variable, constant or the validity term
referenced by the otxLink shall be evaluated. The <realisation> is valid if and only if the
result is true.

Associated checker rules:

— Core_Chk012 - no unreachable realisations in Action and Group nodes (see C.2.12);
— Core_Chk053 - no dangling OtxLink associations (see C.2.53);
— Core_Chk013 - correct referencing of validities (see C.2.13).

Figure 24 shows a behavioural description of the action node. The examples in 6.8 show the benefits of
the static validity concept which sets itself apart from the dynamic branch node, even if the behaviour
shown in Figure 24 resembles the branch node behaviour to a great extent.
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enter

action
realisation(s)
given

no
yes

[ expcute 1st realisation
—
1

egve
action

7.13.3.4 Bxample

The exam
named “V
an Action
variables

“ActionExample.otx” uses action realisations which are defined by the OTX extension schemas K
DiagCom and Logging (see 1SO 13209-3[2]). They are introduced to the root of the document by

Figure 24 — Behavioural description: Action

N
enter 1st realisation enter 2nd realisation enter Nth realisation
1strealisation 2nd realisation Nth realisation
. is vali No . is vali No o is vali No
evaluate validity| evaluate validity| evaluate validity]| <
Yes Yes Yes
execute 2nd realisation execute Nth realisation skip getion nqde
(execute nothing)
J \ [ J [

le below shows context variables and validity terms which are defined in a central docunpent
lidities.otx” and another document named “ActionExample.otx” using the validity term
hode with multiple <realisation> elements. With this setup, the one-time defined con

d validity terms can be reused by-any other OTX document that imports this document

S in
fext

[M],
the
ully

namespaceg definition attributes xmlns:hmi, xmlns:diag, xmlns:log together with the respective f
qualified npmespace strings (see 7.3).

Sample of|Validities
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<?xml version="1.0" encoding="UTF-8"7?>

<otx xmlns="http://iso.org/0TX/1.0.0" 4id="11"
name-="Validiti
package="org.iso.otx.examples"
version="1.0"
timestamp="2009-10
xmlns:xsi="http://

)01/XMLSchema-instance">

<specification>

Central validity term
u validity terms anc
</specification>

nition document,
d here.

<declarations> __ ___________ _______ .

I <context name-="DEBUG MODE" id="11-dl1">
<specification>

N

Reflects the current debug setting: true: debugging 1s on. false: debugging 1s of
</specification>
<realisation>

<dataType xsi:type-"Boolean">

<init value-"false" />

</dataType>
</realisation>
\ </context>

<context name-"VMODEL" id="11-d2">
<specification>Reflects the currently diagnosed vehicle's model</specification>
<realisation>
<dataType xsi:type-"String" />
</realisation>
\ </context>

-
1
1
1
1
1
1
1
1

| <validity name-="1i:
| <specification>Valid if cor

1 <realisation xsi:type=" ual™>

' <term xsi:type-"StringValue" valueOf-")
: <term xsi:type="StringlLiteral" value="UV
1

1

</realisation>
</validity>

-
: <validity name="isVintag "oAid="11AA>
| <specification>Valid if context vazii¥le MODEL=="VintageCar"</specification>
: <realisation xsi:type=" ual™>
| <term xsi:type-"StringValue', valueOf="MODEL" />
: <term xsi:type-"StringlLitera!% value="VintageCar" />
| </realisation>
' <fvalidity>_ _ __ _ _ NN ]
</validities>
</otx>

» o«

bort> element. All visible global scope identifiers of the imported document (here, these
ables and validity terms) are then accessible by using the freely chosen prefix val.

first action nodevin “ActionExample.otx” writes a log message if the Boolean conte
BUG_MODE" is_€rjje. The <realisation> uses the WriteLog action realisation from
ironment exténsion.

second\action node reads the battery voltage. Whether the voltage is read by manu
bmatically by a diagnostic service depends on the current vehicle-related context.

S g g g

et access to the declaratipnstin “Validities.otx”, “ActionExample.otx” needs to import it Ipy using an

hre context

kt variable
n the OTX

al input or

[fthe context variable MODEL equals "vintageModel", then the validity term "isvintageM¢del" holds

and the first<realisation> of the Action node is executed. The <realisation> uses the InputDialog
action realisation from the OTX HMI extension which allows the mechanic to input a measured

voltage value (details for Inputbialog are not given here).

If the context variable MODEL equals "ModernModel", then the validity term "isModernModel"
holds and the second <realisation> of the Action node is executed. The <realisation> uses the
ExecuteDiagnosticService action realisation from the OTX DiagCom extension to read the voltage

automatically from the vehicle.

If none of the validity terms hold, no action is performed.

Sample of Actions

©IS
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<?xml version="1.0" encoding="UTF-8"?>

<otx xmlns=" org/0TX/1.0.0" id="12"
name="Actionkxar
package="org.
version="1.0"
timestamp—”m

</imports>

<procedures>
<procedure name-"maln' visibility-"PUBLIC" 1d="11-pl">
<specification>Check battery voltage of vehicle</specification>
<realisation>
<declarations>
<variable name="voltage" id="11-dl">
<specification>Variable for the measured voltage</specification>
<realisation>
<dataType xsi:type-"Float"/>
</realisation>
</variable>
</declarations>

<flow> _ _ e
| <action id-"al'>
<specification>liirite Lo

1

: ug only)</specification>
1 <realisation validFo W

1

1

1

1

" xsi:type="1c teLofy>

<l-— Act

onRea
</realisation>
</action>

/ <action id-"a2">
<specification>R

e bk
odernCar" xsi:type="diag

ng a diagno

ead

<reallsatlon validFor

<!-- A

:ExecuteDiagService">

</realisation>
</actlon>
<branch id="bl">

<specification>S!

<realisation>

<l-— b

on voltage level read</specification>

< C
</reallsat10n>
</branch>
</flow>
</realisation>
</procedure>

</procedures>
<fotx>

7.13.4 Compound nodes

7.13.4.1 Overview

Nodes derived from the abstract compoundNode type contain one or more nested Flow-type elements.
The set of all such nodes represents the control structures of OTX. The following subclauses specify
each of the compoundNode subtypes shown in Figure 22.

NOTE The abstract and empty CompoundNode type itself needs no further specification because it serves for
logical data model structuring only.
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7.13.4.2 Group node

7.13.4.2.1 Description

The simplest of all compound nodes is the Group node. It can be used to wrap a sequence of nodes
together. Nodes contained in a Group form a higher-level unit that can be treated as one logical block
by authors. This makes sense especially for nodes that belong together logically; grouping allows the
author to demonstrate this togetherness and to provide clarity through modular sequence design.

Like the action node (see 7.13.3), the runtime behaviour of a Group node can be customized for different

con
imp

NO']
pro
mak

7.1

lementing group flows for each anticipated context situation.

ing a loop out of a group or extracting a procedure based on a group.

8.4.2.2 Syntax

Figlire 25 shows the syntax of the croup node type.

7.1

Gro
pro
wit

CompoundNode - Flow
realisation
«XSDcomplexType» o «XSDcomplexType»
Group - GroupRealisation
xXSDattribute»
+ validFor: OtxLink [0..1]

Figure 25 — Data model view: Group

8.4.2.3 Semantics

ip iS @ CompoundNode Which is @ Node which is NamedAndSpecified. The semantics of

h the following semantics;
<realisation>: GroupReéalisation [0..*]

This optional element is the counterpart to the <specification> element described fi

— wvalidFor: OtxLink [0..1]

A GroupRealisation can be connected to a Boolean context variable or a validit

exts hy npp]ylng the validities concept (cnn 6 R) (‘nnfnvhcpnmﬁr‘ behaviour can be con flgured by

E In a graphical OTX authoring environment, groups can be used for folding and anfolding parts of a
edure in order to create views with different levels of detail; it can be used for refactoring taskq as well, e.g.

hll derived

perties are described in 7.13.2.-Only the specific properties of the croup type are descfribed here,

r the Node

type. Since GroupRealisation is derived from the Flow type (see 7.16.9), the <realisatidn> element
is a contain€pfor a sequence of nodes which shall be executed one by one in the order of appearance.

y term (by

otxLink). Analysing the validFor attribute of a <realisation> element in a droup node

determines whether the <realisation> is valid or not:

— Ifthere is no validFor attribute, the <realisation> is valid.

— Ifthereis a validFor attribute, the Boolean context variable, global Boolean constant or the

validity term referenced by the otxLink shall be evaluated. The <realisation
and only if the result is true.

Associated checker rules:

> is valid if

— Core_Chk012 - no unreachable realisations in Action and Group nodes (see C.2.12);

— Core_Chk053 - no dangling OtxLink associations (see C.2.53);

© IS0 2022 - All rights reserved
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Core_Chk013 - correct referencing of validities (see C.2.13).

The context-specific behaviour of Group nodes with multiple <realisation> elements is analogous
to the action node behaviour which is shown in Figure 24.

7.13.4.2.4

Example

The example below shows a procedure-flow level group (id = "group1") with three nodesinit: anaction
node (id = "actionl"), an embedded Group node (id = "group2") and a Return node (id = "retl").
The embedded group itself contains a single action node (id = "action2"). In this example, Group
nodes are not rnnfm(f—dpppndpnf (nn validFor nﬂ'rihnfp)

Sample of

The examp
the <£low>

7.13.4.3 1

7.13.4.3.1

For repetit

Groups

<?xml version="1.0" encoding="UTF-8"7?>

<otx xmlns="http://iso.org/0TX/1.0.0" id="13"
name="Gro np]l
package="o
version="1.
timestamp="
xmlns:xsi="ht

73.0rg/2001/XMLSchema-instance">

<procedures>
<procedure name-"main" visibility="PUBLIC" id="13-pl">
<specification>Demonstration of nested flows</specification>
<realisation>
<flow>

oupl">

<specification>2 group containing a group</&pecification>
<realisation>
<action id-"actionl" />

<specification>Inner group</specification>
<realisation>

<action id-="action2" />
</realisation>

<return id-"retl" />
</realisation>
</group>

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

N - =

~

<action id="action3N\J/>
</flow>
</realisation>
</procedure>
</procedures>
</otx>

le also demonstrates-thée use of the Flow type which occurs with two different names h|
element of the procedure and the <realisation> elements of the groups.

oop node

Description

ive execution of a sequence of nodes, the Loop node shall be utilized. OTX supports sev

ere:

bral

loop config

urations which are commonly called (do-)while-, for- and for-each-loop

7.13.4.3.2

Syntax

Figure 26 shows the syntax of the Loop node. The syntax of the significant sub-element <configuration>
(which allows choosing and configuring different loop types) is depicted in Figure 27.

64
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CompoundNode realisation «XSDcomplexType»
«XSDcomplexType» o1 LoopRealisation
Loop -

«XSDelement»
+ configuration: LoopConfigurationHeader
+ flow: Flow

Figure 26 — Data model view: Loop

Header

7.1

Loo
pro

IMBORTANT — continue and Breakniodes have a special meaning for loops, as specified

(Co
nar

is optional). This is enfored by <xsd:key> constraints specified in the OTX schema.

Loo

loop. For configuring-the LoopConfigurationHeader type is used, which is described separ

foll
Thd

«XSDcomplexType»
LoopConfigurationHeader

realisation | 0.1

D «XSDcomplexType» j
LoopConfigurationRealisation

1

«XSDcomplexType» «XSDcomplexType» «XSDcomplexType»
WhileLoop ForLoop ForEachLoop
«XSDattribute» «XSDelement» SDelement»
+ isPostTested: xsd:boolean [0..1] + counter: IntegerVariable +-/ locator: Variable
«XSDelement» + start: NumelricTerm + collection: CollectionTerm
+ test: BooleanTerm + end: NumericTerm

Figure 27 — Data model view: 1.oopConfigurationHeader

8.4.3.3 Semantics

b iS a CompoundNode which is a Nodewhich is NamedandSpecified. The semantics of
perties are described in 7.13.2. Only the specific properties of the Loop type are describe

tinue) and 7.13.5.4 (Break):Since these nodes specify their target by using the targg
ne, the name attribute is mandatory for loops (unlike the base type NamedandSpecifid

wing sections.
top-levelproperties of the Loop type have the following semantics:

<realisation>: LoopRealisation [0..1]

hll derived
1 here.

in 7.13.5.3
eted loop's
d where it

b nodes shall be coufigired in order to define the desired type of loop, (do-)while-, for- and for-each-

itely in the

This optional element is the counterpart to the <specification> element described for the Node

type. In the <realisation> parts of a loop, a <configuration>and a <€low> are indispen

— <configuration>: LoopConfigurationHeader [1]

sable:

Represents the loop header which defines the loop configuration type (plus the derived

properties of the Header base type, see 7.13.4.9).

— <realisation>: LoopConfigurationRealisation [1]

This element determines the loop configuration type of the Loop node. Since
LoopConfigurationRealisation isan abstractbase type for the differentloop configuration
types, the xsi: type attribute shall be used to choose the type of interest. Semantics of the
individual loop types are described below.
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— <flow>: Flow [1]

This element is a container for a sequence of nodes which shall be executed one by one in the
order of appearance. For details about the F1ow type, see 7.16.9.

Semantics of the whileLoop configuration

The (do-)while-loop is a generic loop with a test that controls repetition of the included flow. The test is
a Boolean term. As long as the test condition holds, the loop flow is executed repeatedly. In OTX, it can
be configured whether the test shall be checked before (while-loop) or after the first flow execution
(do-while-loop).

The whileloop configuration is derived from LoopConfigurationRealisation and has the following
semantic properties:

— isPosfTested: xsd:boolean = {false|true} [0..1]

This optional attribute controls whether the condition for the next loop shall be€ested prior to|the
next ldop iteration start (the default) or after finishing the loop flow. Note that flows in post tegted
loops yvill always be executed at least once.

— <testX}: BooleanTerm [0..1]

This c¢ntains the Boolean term that shall be evaluated prior to exéeuting the loop flow. Syntaxfnd
semantics of terms like BooleanTerm are specified in 7.15.

Figure 28 illustrates the runtime behaviour of pre-tested while~and post-tested do-while- loops.

enter enter
while-loop do-while-loop
test

expression
is "true”

no

execute loop flow

yes

test

expression
execute loop flow is "true"”
leave
a’g while-loop

Figuré 28 — Behavioural description: while- and do-while-loop

no

leave
do-while-loop

Semanticq of the-ForLoop configuration

The OTX fdr-leop allows configuring a start and an end value (integer terms). When the loop starts,the
start value is assigned to the counter (an integer). Prior to each iteration, the counter value is compared
to the end value. If the counter value exceeds the end value, the loop exits, otherwise the iteration is
carried out. After each iteration—also after the final one—the counter is incremented by one. The
counter value can be accessed and be used for any kind of computation in the loop flow.

IMPORTANT — Since a counter is visible procedure-wide in OTX, it is accessible on the outside of
the loop as well.

IMPORTANT — When entering a for-loop, the old counter value will be overwritten implicitly by
the start value. After finishing the final iteration normally (not by break), the counter value will
be incremented one more time. This value is the exit value visible to the follower nodes of the
loop node.
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NOTE1 Incontrastto the for-each-loop behaviour which throws a ConcurrentModificationException ifits
collection is changed during loop execution, it is valid to change a for-loop's counter value while the for-loop is
active.

The ForLoop configuration is derived from LoopConfigurationRealisation and has the following
semantic properties:

— <counter>: IntegerVariable [1]
This element identifies an 1nteger variable that shall be used as the counter of the for-loop.

— Zstart>: NumericTerm [1]

The value of the NumericTerm given by <start> shall be evaluated once when entering 'ie for-loop.
It represents the start value which is assigned to the counter (see above). Float values shall be
truncated.

— |<end>: NumericTerm [1]

The value of the NumericTerm given by <end> shall be evaluated once when entering the for-loop.
It represents the end value which is compared to the counter value prior to each iteration. Float
values shall be truncated.

See|the activity diagrams in Figure 29 for the runtime behaviout-of for-loops.

enter
for-loop

Cset counter to start value )

counter
<=end

yesd/

execute loop flow

no

C increase counter by 1 )
a.g leave
for-loop

Figure 29 — Behavioural description: for-loop

IMRORTANT — The counter variable shall be increased by 1 at the end of each loop iteration

even if terminated by a continue node. Only in the case that a loop iteration is terminated by a
Break node, the counter variable shall not be increased before leaving the loop.

Semantics of the ForEachLoop configuration

The OTX for-each-loop is configured by a collection (a list or a map) and a so-called locator and value
variables. The collection is expressed by a list or map expression which shall be evaluated initially. The
flow of the loop shall be executed repeatedly for each item found in the collection. The current item of
an iteration can be accessed by using the locator variable which contains the index or key of the list
or map item, respectively. Furthermore, the current item can be accessed by using the value variable,
which contains the the list item or map value. Like this, the current item can be used for any kind of
computation in the loop flow.

©1S0 2022 - All rights reserved 67


https://standardsiso.com/api/?name=68f99235f7e009469bd064734b0dbd6b

IS0 13209-2:2022(E)

IMPORTANT — If the collection is a rList, there is a defined order for the iterations: the loop
starts with the first List item (index 0), followed the second item and so on. By contrast, there is
no particular order defined for Map.

IMPORTANT — Since the locator and value variables are visible procedure-wide, they are

accessible

on the outside of the loop as well.

IMPORTANT — When entering a for-each-loop, the old value of the locator variable shall be
overwritten implicitly by the index/key of the first item of the list/map. Similarly, the old value
of the value variable shall be overwritten implicitly by the first item/value. After leaving the
loop, the variable values of the final iteration will be visible to the follower nodes of the loop

node.

IMPORTA]
Since they
on a for-e
when a co
throw con

IMPORTA
represent

NOTE2 YV
collection i
handling to

The ForEa(

semantic properties:

<locat

This e
each-Iq

NT — Actions derived from ListModifier and MapModifier are collection modifi
change a collection's length (rist case) or size (Map case), applying such modificati
ach-loop's collection during loop execution may cause serious inconsisténcies
lection item is accessed which does not exist anymore). Therefore, OFXruntimes s
burrentModificationException When such modifications occur.

NT — By contrast, changing the value of items of a for-each-loop’s collection does
a concurrent modification and shall not cause a concurrentModificationException.

Vhen catching a ConcurrentModificationException, it is possible that the data in a for-each-lo
already corrupt (e.g. when a List item has been removed). In this)case, it is not possible for excep
restore the original collection.

thLoop configuration is derived from LoopConfigurationRealisation and has the follow

or>: Variable [0..1]

ement points to an Integer or a String-that shall be used as the locator variable of the
op.

<valu

This element points to a variable that shall hold the list items or map values.

<coll

The te

shall itlerate.

Associated
Core_(

Core_(

>: Variable [0..1]

ction>: CollectionTetrm) [1]

EI'S.
ns

e.g.
nall

not

op's
tion

ring

for-

'm value expressed’by<collection> represents the List or Map over which the for-each-loop

checker rylés:
hk014 ~gerrect locator variable type in for-each-loop (see C.2.14);

hk056 - no modification of collection inside foreach-loops (see C.2.56);

Core_

Throws:

hk063 - locator or value in for-each-loop (see C.2.63);

Core_Chk064 - correct value variable type in for-each-loop (see C.2.64).

ConcurrentModificationException

It is thrown in case that the collection is modified while the loop is active. Modifications can be
triggered by actions inside of the loop or from the outside, e.g. by actions in a parallel lane.

See the activity diagram in Figure 30 for the runtime behaviour of for-each-loops.
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enter
for-each-loop

( evaluate collection term )

another collection
item is available

yes

(set locator to index or key \

|\ of current item )

execute loop flow

a.g leave
for-each-loop

Figure 30 — Behavioural description: for-each-loop

7.18.4.3.4 Example

The examples below demonstrate a while-, for- and for<each-loop. Example 1 shows an en
loop (the loop condition is always true). Example 2 shews a for-loop which counts from 1 to
iterption, a dialog is shown containing the current Ieop iteration number. Example 3 shows
loop which iterates over a list of values. The value-of the current iterations list item is shown

Sample of while-loop

<loop id="loopl" name="mu
<specification>An)endl
<realisation>
<configuration id="looplconfig">
<specification>Alway op condition</specification>

<realisation xsi:type-' p">
Ktest xsi:type-"Booleanliteral" value="true" />
</realisation>
</configuration>
<flow>

<action id-"al" />
<action id-"a2" />
</flow>
</realisation>
</loop>

Sample for<doop

<loop id="loop2" name="my
<specification>lLoop r
<realisation>

less while
10. In each
a for-each-
in a dialog.

<configuration id="loop
<specification>Start at 1, end at 10, counter variable is i</specification>
<realisation xsi:type="ForLoop">
<counter xsi:type="IntegerVariable'" name="i" />
<start xsi:type="IntegerlLiteral" value="1" />
<end xsi:type="IntegerlLiteral" value="10" />
</realisation>
</configuration>
<flow>
<action id="az3">
<specification>Shows the iteration number i</specification>
<realisation xsi:type="hmi:ConfirmDialog" messageType="INFO">
<hmi:message xsi:type="ToString" >
<term xsi:type-"IntegerValue" valueOf="i"/>
</hmi :message>
</realisation>
</action>
</flow>
</realisation>
</loop>
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Sample for-each-loop

<loop id="loop3" name="myForEachLoop">
<specification>lLoop iterates ov items of list L and shows them</specification>
<realisation>

<configuration id="1loo
<specification>Collec
<realisation xsi:type oop">
<locator xsi:type="Inte Variable" name="index" />
<collection xsi:type-"ListValue" valueOf="L" />
</realisation>
</configuration>
<flow>
<action id="a4">
<specification>Show the value of current List item by using the iterator</specification>
<realisation xsi:.type-"hmi:Confirnbialog" messageType-"TNFQ">
<hmi :message xsi:type="StringValue"
valueOf="1L">
<path>
<stepByIndex xsi:type-"IntegervValue" valueOf="index" />
</path>
</hmi :message>
</realisation>
</action>
</flow>
K/realisation>
</|Loop>

locator variable is index</specification>

7.13.4.4 Branch node

7.13.4.4.1| Description

For conditional execution of flows, Branch nodes are used. With @Bzanch node, a series of one or njore
condition/flow pairs can be defined. The conditions are evaluated one after the other, in the orddr of
appearance in the document. The flow of the first true condjtion found will be executed. If no condition
holds, an ¢ptional unconditional flow will be executed, if.given. The Branch construct is comm¢@nly
referred tg as “if..elseif..else”-statement.

7.13.4.4.2| Syntax

Figure 31 dhows the syntax of the Branch node type.

«XSDcomplexType»
ConditionalFlow

«XSDelement»
+ condition: ConditionHeader
+ flow: Flow

CompoundNode realisation «XSDcomplexType»
«XSDcamplexType» BranchRealisation Header
Branch 0.1 «XSDcomplexType»
«XSDelement» ConditionHeader
+ if: ConditionalFlow
+ elseif: ConditionalFlow [0..*] TSDE T
+ else: Flow [0.1] + realisation: BooleanTerm [0..1

Figure 31 — Data model view: Branch

7.13.4.4.3 Semantics

Branch iS a CompoundNode Which is a Node which is Namedandspecified. The semantics of all derived
properties are described in 7.13.2. Only the specific semantic properties of Branch are described here.

— <realisation>: BranchRealisation [0..1]

Contains one <i£> element followed by an optional list of <elseif>elements and an optional <else>
element:
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<if>: ConditionalFlow [1]

This is the only mandatory part of the Branch node. At runtime, its <condition> shal

1 always be

the first to be tested, prior to any <elseif> conditions. If the condition holds, its <€1ow> shall be

executed. Otherwise, any trailing <elseif> or <else> elements shall be processed.

<condition>: ConditionHeader [1]

The <realisation> of the element is a BooleanTerm which represents the test to be carried
out prior to flow execution. For additional properties from the Header base type, see

7.13.4.9.

Figlire 32 shows an activity diagram describing the runtime behaviour of a Branch.

NOTE In graphical representation, the condition header can be shown by a “diamond” shay
— <flow>: Flow [1]
The flow to be carried out when the condition holds.

<elseif>: ConditionalFlow [0..*]

If there is more than one conditional flow to be defined, a list.of <elseif> elemer
used.

At runtime, the <condition> of each <elseif> is tested gne by one, after the <if> pa
processed. The <£1ow> of the first <elseif> with a £xye condition shall be executd
semantics are identical to the <i£> element (see ahoVe).

<else>: Flow [0..1]

If none of the <if> or <elseif> elements could be executed, the <else> flow shall apy
where no <else> exists, the whole <branch> node is skipped.

' enter branch

if 1st elseif Nth elseif
condition

is "true”

evaluate "if" W
condition

no no no

condition condition
5| evaluate 1st ~,| evaluate Nth

ts shall be

't has been
bd. Further

ly. In cases

is "true" is "true”
"elseif" condition "elseif" condition

execute'if" flow execute 1st "elseif” flow execute N-th "elseif" flow executq

"else" flow

leave branch

Figure 32 — Behavioural description: Branch

7.13.4.4.4 Example

The example below shows a simple Branch node.
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Sample of

Branches

<branch id="branchl">
<specification>if-elseif-el
<realisation>
<if>
<condition id="ifcond">
<specification>Unreach
<realisation xsi:type="
</condition>
<flow>
<action id="al"
</flow>
</if>
<elseif>
<condition jd-"clceiflcond"

se branch</specification>

(condition always false)</specification>
leanLiteral" value="false" />

flow

/>

>

7.13.4.5 K

7.13.4.5.1

A parallel
synchrono

7.13.4.5.2

Figure 33 5

7.13.4.5.3

Parallel i
properties

<reall

<specification>unspecified elseif condition</specification>
</condition>
<flow>
<action id-="a2" />
</flow>
</elseif>
<else>
<action id-"a3" />
</else>
</realisation>
</branch>

arallel node

Description

node consists of two or more flows (lanes) that shall* be executed simultaneously
1sly. Optionally nested parallel lanes can be supported

Syntax

hows the syntax of the parallel node type:

CompoundNode réalisation «XSDcomplexType»
«XSDcomplexType» ParallelRealisation
Parallel 0.1
«XSDelement»

+ lane: Flow [2.%]

Figure 33 — Data model view: parallel

Semantics

5 2 CompoundNode Which is a Node which is Namedandspecified. The semantics of all deri
are described in 7.13.2. Only the specific semantic properties of parallel are described h

sation>: ParallelRealisation [0..1]

and

ved
ere.

Contai

ns at least two <lane> elements. All given lanes shall be executed in parallel.

<lane>: Flow [1..%*]

Every lane is a flow of nodes. See 7.16.9 for a detailed description of the F1ow type.

Associated

72

checker rules:

Core_Chk015 - correct nesting of Parallel nodes (see C.2.15).
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enter
parallel
: : fork

execute 1stlane execute 2nd lane execute N-th lane

join

exit
parallel

Figure 34 — Behavioural description: raralilel

Figlire 34 shows an activity diagram describing thefuntime behaviour of a pParallel nodel The lanes

afte
sha

r the fork shall be executed simultaneously. Sin€e the paraliel node's normal runtime behaviour
| be synchronized, a parallel node shall not;complete until all of its lanes have completdd.

co
in
717

The
sha

ditions may occur. For that reason one lane should not rely on the execution of any pther lane
he parallel node. In order to gain thread safety, authors should use MutexGroup nodes (see
.4.6).

CA.H’TION — The relative timing of node-execution in different lanes is not determined - race

re are several conditions which induce special completion rules for the paraliel nodel The rules
| be applied when a Return-hode, a TerminateLanes node or an exception occurs in the lahes.

TerminateLanes node:

This special endJiode induces a special behaviour: if a TerminateLanes node is executdd in one of
the lanes, all other lanes are signalled to complete prematurely.

IMPORTANT — On receiving a premature completion signal, all lanes shall| complete

Atomic nodes are action nodes with an atomic ActionRealisation as well as the pnd nodes

immediately after completion of the last atomic node, MutexGroup or finally bloxE( (if any).

Réturn, Break, Continue, TerminateLanes and Throw. Since there is no completiop timeout

defined for atomic nodes, finally blocks or MutexGroup nodes, lane completion is delayed
no matter how long the node takes to complete. This avoids producing undefined states
and implies possibilities of deadlocks. An OTX author is responsible for avoiding deadlock
situations.

IMPORTANT — Terminating a called Procedure using TerminatelLanes is not recommended
because the behaviour may not be predictable. It is possible that the author of the called
Procedure did not expect it to be terminated from the outside at arbitrary positions. Thus, it
is recommended practice to pass a flag into the called procedure, so that the called procedure
can terminate itself in a controlled manner.
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— Return node:

If a Return node is executed in one of the lanes, the lane shall complete, but the jump induced by the
Return node shall be delayed until all other lanes complete. After this, the Procedure completes.

— Throw of an unhandled exception:

If a node in one of the lanes throws an exception which is not handled in that lane, the lane shall
complete, but the throw is delayed until all other lanes have completed. After this, the exception
is thrown upwards. If more than one exception was delayed, the first thrown exception shall be
thrown upwards and the others shall be discarded.

Concerning concurrency issues which might occur on multicore systems, the following rules apply;

— When there are two or more delayed exceptions which occurred simultaneously (same timestainp),

itisn
OTX 1

— When
timest
wheth

7.13.4.5.4

The examp
and action
lanes are n|

Sample of

t specified which exception will be thrown upwards. The behaviour depends onithe spe
Intime implementation.

there is a delayed exception and a delayed return which occurred simultaneously (s

hmp), the behaviour is unspecified, it depends on the specific OTX runtime implementag

b1 an exception is thrown upwards or the Procedure completes.

Example

le below shows a simple parallel node with three lanes«The lanes contain branches, Iqg
5 to be carried out in parallel. It also contains a TexminateLanes node (other nodes in
ot further specified for this example).

Parallel nodes

<parallel id-"parallell">
<specification>Demonstration of thade parallel lanes</specification>
<realisation>
<lane>
<action id="al"/>
<branch id="b1">
<realisation>
<if>
<conditiom id="blcl"/>
<flow>
<terpminateLanes id="t1"/>
</ £Low>
</if>
</redlisation>
</branch>
</lane>
<lane>
<action id="a2"/>
<loop id="11" name="MyLoop"/>
</lane>
<lane>
<action id-"a3"/>
<action id-"a4"/>
<action id-"a5"/>
</lane>
</realisation>

rific

—n

on

ops
the

————</paTIIIETS

7.13.4.6 MutexGroup node

7.13.4.6.1

Description

The MutexGroup node is designed for resolving concurrency issues which might occur within the scope
of Parallel nodes, as specified in 7.13.4.5. Syntactically, the MutexGroup node has similarities to the
Group node because it can be used to wrap a sequence of nodes together, but beyond that it has special
semantics concerning parallel execution, as specified below.

74
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7.13.4.6.2 Syntax

Figure 35 shows the syntax of the MutexGroup node type.

CompoundNode
«XSDcomplexType» «XSDcomplexType»
MutexGroup MutexFlow
«XSDelement» «XSDattribute»
+ realisation: MutexFlow [0..1] + mutexLock: OtxLink [0..1]

Figure 35 — Data model view: MutexGroup

7.18.4.6.3 Semantics

MutfxGroup iS a CompoundNode Which is a Node which is Namedandspecified., The’semantics of|
properties are described in 7.13.2. Only the specific properties of the MutexGroup type are
herg, with the following semantics:

In

res

<realisation>: MutexFlow [0..1]

This optional element is the counterpart to the <specification> element described f
type. It is a Flow of nodes (see 7.16.9).

<mutexLock>: OtxLink [0..1]

This optional attribute can be connected to_a declaration of type MutexLock (by otx|
attribute is set, entry to the flow shall be.controlled by that MutexLock. If the attribute
entry to the flow shall be controlled by a-ene runtime-specific, global lock.

Imlti-threaded environments, more.than one process can try to access the same val
urce(s). This can cause serious-concurrency issues and shall be dealt with properlj

conpurrency situation shown to the'left of Figure 36.

enter enter
parallel parallel

fork fork

all derived
described

r the Node

ink). If the
is omitted,

iable(s) or
. Consider

/
( MutexGroup \

ds
D0?

! |
| |
! I
! I
! [ ] I
: funds = 0 :
| |
1 | V-

: : spendMoney/()

\ RN Y

I
I
I
I
|
|
|
1
: yes
I
1
I
|
[

join join
exit exit
parallel parallel

Figure 36 — Behavioural description: MutexGroup
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In the above example, both lanes try to access the variable "funds". The condition in lane 2 aims to
make sure money is only spent if there are enough funds available. In lane 1, "funds" changes its value
to 0. In parallel execution this change might happen after the condition "funds > 1002" is checked in
lane 2 but before "spendMoney () " is executed. In this case the result is unexpected. At the time the
procedure is called, the value is not greater than 100 anymore even though this value was checked. The
condition for the procedure call is not valid and the procedure should not be called.

In general, parts of code where multiple threads try to access the same variable(s) or resource(s)
are called critical sections. By only allowing one thread at a time to enter a critical section, access is
effectively reduced to one thread at a time - other threads have to wait for their turn.

The OTX MgtexGroup node is shown to the right of Figure 36. It allows wrapping critical sections s
pens in a controlled manner (as it is mutually exclusive). Of all MutexF1ows which refén to

access hap
Same Mutej
MutexLock,

MutexLocks
Likewise,

reentrant.
lane shall 1

The node closely resembles the synchronized block as specified by Reference [9], subclause 14.19.
Associated| checker rules:

— Core_(hk053 - no dangling OtxLink associations (see C.2.53];

— Core_(hk066 - correct referencing of MutexLocks (see 62.66).

7.13.4.6.4| Example

The example below shows a specification-levelxOTX snippet which demonstrates the concurrg
situation decussed above (see Figure 36).

Sample of|MutexGroup

b
K.

Therefore, a MutexGroup which is nested inside another MutexGroup within the same par

Lock, only one shall be executed at a time. Similarly, of all MutexFlows which do not réfer
only one shall be executed at a time.

shall be reentrant: a single parallel lane may acquire the MutexLock~mbre than o
he global lock, which is used for MutexGroups without the mutexLock‘attribute, shal

ot cause a deadlock.

that
the
to a

nce.
be
hllel

ncy
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<parallel id-"pl">
<specification>Controlled c
<realisation>

currency</specification>

<lane> <!-- left lane -->
<mutex id="m2'">
<specification>Critical section</specification>
<realisation>
<action id="al">
<specification>fun

<l—= 7
</action>
</realisation>
</mutex>
</lane>

7.1

7.1

The
(exq
blo

7.1

<lane> <!-—- 71gh
<mutex id-="m2
<specification>Critical section</specification>
<realisation>
<branch id="bl">
<specification>Spend money if funds are greater 100</specificatipn>
<realisation>
<if>
<condition id="blcl">
<specification>Condition
<!-- Impl te on goes here -
</condition>
<flow>
<action id="calll">
<specification>Call proc

<!'-— Imp

eater 1007</specification>

</action>
</flow>
</if>
</realisation>
</branch>
</realisation>
</mutex>
</lane>
</realisation>

</parallel>

8.4.7 Handler node

8.4.7.1 Description

Handler node is designed, for monitoring sections of a procedure for unexpected
eptions). If an exception was\thrown in the monitored section, it can be treated by so-d
ks.

8.4.7.2 Syntax

Figuire 37 shows the syntax of the complex type Handler.

Thd
ford

<realisation> element of Handler has a special design: in addition to the mandatory <4
es authors’'to implement:

either a single but mandatory <finally> flow or

behaviour
alled catch

ry> flow, it

a list of at least one <catch> flow followed by an optional <£inally> flow.

Like this, it is guaranteed that there is at the least a <€inally> when no <catch> is given, but if there are
<catch> flows, <finally> becomes optional.

© IS0 2022 - All rights reserved
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CompoundNode o «XSDcomplexType»
«XSDcomplexType» realisation HandlerRealisation
Handler 0.1
«XSDelement»
+ try. Flow
«XSDchoice» «XSDsequence»
Finally&CatchesOrOnlyFinally Finally&Catches
«XSDelement» «XSDelement»
+ finally: Flow + catch: CatchingFlow [1..%}
+ finally: Flow [0..1]
Figure 37 — Data model view: Handler
7.13.4.7.3| Semantics
Handler iS|a CompoundNode which is itself a Node which is Namedandspecified. The semantics of all

derived pr
here.

A <handler
treatment

When an ¢
flow for tr

<catch> execution, node execution will resume right after the <handler> node (if the catch execu

completes

hnd/or a <£inally> flow. The <handler> node monitorsithe <try> flow for exceptions.

xception is raised in the monitored <try> flow, it@ompletes abruptly. If there is a <cat
pating the kind of exception that was raised, control is passed to that <catch> flow. Al

hormally). Otherwise, if there is no <catchfor the exception raised, the exception is pas

upwards t
by outer ha
isa<final

or if a catclp flow has thrown also or not.

IMPORTALI
described
Java langu
comprehe

Handler ha

<reali

This d
descril

an outer <handler> that shall treat the_exception, and so on. If the exception is not trez
ndlers either, the exception is passedito the runtime system itself (out of OTX scope). If t}
Ly> flow, it will always be executedat the end, disregarding if there was any exception or

NT — The full runtime behaviour of the <handier> node is even more complex t
above. Since the semantics are equivalent to the semantics of the try statement in
age, the specification given by Reference [9], subclause 14.20 is indispensable for
nsion of the <handler> node.

s the following properties:

sation>;~HandlerRealisation [0..1]

ped for the Node type. It is a container for a <try> flow, <catch> flows and a <€inally> flo

> node contains a so-called <try> flow accompanied by@list of <catch> flows for except

bperties are described in 7.13.2. Only specific semantic properties of Handler are described

—n

on

ch>
fter
fion
sed
ted
lere
not

han
the
full

ptional: element is the machine-readable counterpart to the <specification> elenpent

WV

<try>: Flow [1]

Represents the flow that is monitored by the Handler. Potentially thrown exceptions may
be treated by <catch> flows. Any occurring exception in this flow will cause it to complete

ab

ruptly.

<catch>: CatchingFlow [1..%*]

When an exception is thrown in the <try> block, the <catch> flows of a Handler are analysed
one by one in order of appearance in the OTX document. The first <catch> with a matching
exception type will be executed. If there is no matching <catch>, control is passed to the
next outer handler (after executing the <finally> flow, if given). Refer to 7.13.4.8 for a detail

de

78

scription of catchingFlow.
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Associated checker rules:
— Core_Chk016 - no redundant exception catches (see C.2.16).
— <finally>: Flow [0..1]

If existing, this flow will always be executed at the end of the <handler>. It will also be executed,
if there is no <catch> treating the type of exception, or if the <catch> flow also completed
abruptly.

7.13.4.7.4 Example

The
cau

Sample of Handler

example below shows the Handler node. In its <try> flow, an exception is thrown explicitly which is
bht by a <catch> flow. Also refer to 7.13.5.5 for an overview of the Throw node type:

©IS
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<?xml version="1.0" encoding="UTF-8"7?>

<otx xmlns="http:// OTX/1.0.0" 4id="18"
name="HandlerExample"
package="org.1i
version="1.0"
timestamp-"2009-10
xmlns:xsi="t
xmlns:hmi="1

1/XMLSchema-instance"
.0/HMI">

<procedures>
<procedure name-"main" visibility-"PUBLIC" id="18-pl">
<realisation>
<declarations>

<realisation>

1
! <dataType xsi:type-"UserException" />
| </realisation>

| </variable>

/declarations>

<throws>
<exception xsi:type-"Userkxcept
</throws>

<flow>_ _ _____
,” <handler id-"handlerl">
1 <specification>Handler with a finally a
<realisation>
<try>
<throw id-"throwl">
<specification>Throw
<realisation xsi:type="
<qualifier xsi:type="
<text xsi:type="StringLiteral"
value="This 1s an exc tion th
</realisation>
</throw>
</try>
<catch>
<exception id-="exc
<specification>Csz
<realisation>
<type xsi:type='
<handle name="
</realisation>
</exception>
<flow>
<action id="a3">
<specification>Show %~
<realisation xsi:types"hmi:NMe
<hmi:message xsi:type-"GetExc

“reate">

tions</speeification>

erException" />
rExc" />

alog">
ptionText">

</hmi :message>
<hmi :messagelype xsi:type="IntegerLiteral"
valuef"147 />
</realisation>
</action>
</flow>,
</catchy>
<finaldy>.
<action id-"finalAction" />
</fimally>
</reatrisation>
N\ </Randler>

P e e i it

</feadisation>
</procedure>
</procedures>
</oftx>

a catch</specification>

onfigured by the autHer</specification>

StringLiteral" value="MyManua}txc

thout rgasea!'"

ext</specification>

<exception %si‘type-"ExceptionvVariable" name="userExc" />

on" />

7.13.4.8 CatchingFlow

7.13.4.8.1 Description

The catchingFlow type bundles information about a to-be-caught Exception to a Flow that handles it.
The flow shall only be executed if there was an exception of the right type thrown in the enclosing

exception Handler, see above.

7.13.4.8.2 Syntax

Figure 38 shows the syntax of the catchingFlow type.

80
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«XSDcomplexType» «XSDcomplexType»

CatchingFlow CatchRealisation
Header
«XSDelement» realisation | «XSDelement»
+ exception: CatchHeader «XSDcomplexType» + type: Exception
+ flow: Flow CatchHeader -1, handle: ExceptionVariable [0..1]

Figure 38 — Data model view: catchingFlow

7.18.4.8.3 Semantics
CatfhingFlow has the following semantic properties:
— |<exception>: CatchHeader [1]

Represents the catch header which aggregates information about the-gxception <type> and the
<handle>to which a caught exception shall be assigned to (plus the derived properties of{the Header
base type, see 7.13.4.9).

— <type>: Exception [1]

Allows choosing one out of the list of all Exception types.(by using the xsi: type attifibute). The
base type Exception may be chosen here as well: Inthis’case, any kind of exception if caught by
the catchingFlow.

The <flow> of the catchingFlow shall only bg executed if the type of the thrown exception
matches (or is a subtype of) the type given*here.

If an <init> sub-element ocurrs here, ifshall be ignored (see UserException, 7.16.7.4

Refer to 7.16.7.4.8 for a definition of-core Exception types.

Associated checker rules:

— Core_Chk057 - no use of init in catch header exception type definition (see C.2.37).
— <handle>: ExceptionVariable [0..1]

If the associated/<flow> element needs to access the exception object itself, the optional
<handle> element allows assigning the object to an Exception type variable.

Associated-checker rules:
— SCore_Chk019 - type-safe exception catches (see C.2.19);
" Core_Chk053 - no dangling OtxLink associations (see C.2.53).

— frows>TFlow {1}

The flow shall be carried out when the exception stated by the <exception> element has been
caught (see 7.16.9).

7.13.4.8.4 Example

Refer to the example given in 7.13.4.7.4.
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7.13.4.9 Header type

7.13.4.9.1 Description

The compound nodes Loop, Branch and Handler use the Header type as a container for heading
information like loop conditions, the if- or else-if-case conditions in a branch or the exception indication
in catch blocks of a handler. In graphical representations of OTX-sequences, this information can be
displayed in distinct graphical shapes, e.g. a “diamond” for displaying conditions.

The abstract Header type describes the common features used by all of its subtypes, namely
LoopConfir urati nnﬂnnﬂnv’ ConditionHeader and catchlicader

7.13.4.9.2| Syntax

Figure 39 dhows the syntax of the Header type.

«XSDcomplexType»
LoopConfigurationHeader

NamedAndSpecified
<} «XSDcomplexType»
ConditionHeadér

«XSDcomplexType»
Header

«XSDcomplexType»
CatchHeader

Figure 39 — Data model view:'Header

7.13.4.9.3| Semantics

With respgct to graphical representation, headers-play a similar role as nodes: they can be displgyed
by graphicpl shapes, they can be specified or/and realized, floating comments may point to them pnd
they may cprry a name. The only differenceto'the abstract Node type is the missing disabled attribute,
which doeg not make sense for headers.

The properties of the abstract Headef type have the following semantics:

— id: ofxid [1] (derived frgm NamedAndSpecified, see 7.16.4)
Semanttics are identicalto-the Node semantics, see 7.13.2.

— name: [OtxName [0{/%] (derived from NamedAndSpecified, see 7.16.4)
Semantics areidentical to the Node semantics, see 7.13.2.

— <metalatd>:' MetaData [0..1] (derived from NamedAndSpecified, see 7.16.4)

Semantfics are 1dentical to the Node semantics, see /.13.2.
— <specification> : xsd:string [0..1] (derived from NamedAndSpecified, see 7.16.4)

Semantics are identical to the Node semantics, see 7.13.2.

7.13.4.9.4 Example

Below is an example of two different uses of the Header type: As a specification stage loop condition
(the <configuration> element is of Header type) and as a branches if-case condition (the <condition>
element is of Header type).

Sample of Header
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Figlire 40 shows.the syntax of the ExtensibleCompoundNode type.
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<?xml version="1.0" encoding="UTF-8"?>

<otx xmlns-=" P org/0TX/1.0.0" 4id="19"
name-""He: X S
package="org.iso.otx.examples"
version="1.0"
timestamp="2009-10-20T1
xmlns:xsi="http:/ /1 W

):10"

/2001/XMLSchema-instance">

<procedures>
<procedure name-="main" visibility-="PUBLIC" id="19-pl">
<specification>Demonstration of a loop</specification>
<realisation>
<flow>

<loop id="loopl" name="myLoop">
<realisation>

8.4.10

8.4.10.1

8.4.10.2

lares a compound node wihich can be extented by additional realisations defined iq
bnsions using the standardised extension mechanism, example: switch-case statement.

>Icondl™>
scified loop condition</specification>

| <configuration 1id-"10O
: <specification>uns
| </configuration> !
<flow />~~~ TTTTTTTTTTTTTTTTTTTTTommmmm T o mmmm T m T
</realisation>
</loop>

<branch id="b1">
<realisation>
i <condition id-"bic
' <specification>Th
1 <realisation xsi:type="Boc¢
1
1
1

true</specification>
iteral”

value="true" />
</condition>

<action id="al" />
</else>
</realisation>
</branch>

</flow>
</realisation>
</procedure>

</procedures>
</otx>

ExtensibleCompundNode

Description

Syntax

Vs

CompoundNode ExtensionlInterface

«XSDcomplexType» +realisation

ExtensibleCompoundNode

«XSDcomplexType»
CompoundNodeRealisation

7.13.4.10.3

( ) N )

Figure 40 — Data model view: ExtensibleCompoundNode

Semantics

The properties of ExtensibleCompoundNode have the following semantics:

realisation: CompoundNodeRealisation [O0..*]

new OTX

This optional element is the counterpart to the <specification> element described for the Node
type. It declares a compound node, which can be extended by new realisations.

© IS0 2022 - All rights reserved
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IMPORTANT — The extension mechanism described here only defines the syntactic rules to
which extension implementers shall obey in order to conform to this document. It shall be
ensured that no OTX requirements are violated.

7.13.5 End nodes

7.13.5.1 Overview

Reconsider 7.16.9 concerning the behaviour of flows. After flow processing has executed the last node
of a flow, control is passed to the next-in-row node in the outer flow. If there is no more outer flow—this
is the case fwhen the end of the procedure level Ilow 1s reached—the procedure execution ends.

This is the[standard behaviour for implicit flow ends. By contrast, the explicit EndNode types-described
in the folloving clauses enforce a different end-of-flow behaviour.

7.13.5.2 Return node

7.13.5.2.1| Description

A Return node shall complete the execution of a procedure immediately. Gontrol shall be passed Hack
to the callgr. Return nodes are allowed at any nesting depth. Return is a‘controlled jump with a well-
defined jumnp target, namely the end of the procedure. Compare thiste the structured programnjing
paradigm E 6.3.

7.13.5.2.2| Syntax

Figure 41 dhows the syntax of the Return node type.

EndNode

«XSDcemplexType»
Reéturn

Figure 41 — Data model view: rReturn

7.13.5.2.3 | Semantics

Return iS aji EndNode Which js'‘aNode which is Namedandspecified. The semantics of all derived properfties
are descrilled in 7.13.2. Only-the specific semantic properties of Return are described here.

IMPORTANT — For'\the rparallel node, special semantics apply when Return is executed in
parallel 13nes. For.details, see 7.13.4.5 which is indispensable for the comprehension of [the
correct be]haviour of Return in Parallel.

The activify diagram in Figure 42 clarifies the semantics. It shows a procedure flow which congists
out of a Branch and another node labelled “last node in procedure”. The if-flow in the branch contains a
node “node” followed by a Return node. There is no default case.

— Without the explicit Return node, “last node in procedure” would always be executed after branch
execution, since control would pass to the next node in the outer procedure level flow, independent
of the truth value of the if-condition.

— With the explicit Return node, procedure execution ends immediately and “last node in procedure”
is bypassed if the condition is true.

A corresponding example OTX document is given below.

This ability of the Return node is helpful in situations where the procedure execution shall end
prematurely because certain circumstances are met.
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enter
procedure flow

(o, )

ranch node

no

if-condition

[

: - J
I

I controlled

: jump out of

: procedure last node in procedure)

I

I

1 exit

procedure flow

Figure 42 — Behavioural description: Return

7.18.5.2.4 Example

Sample of Return

<?xml version="1.0" encoding="UTF-8"7>

<otx xmlns="ht ://1 org/OTX/ ¢ QIO" id="20"
name="Return
package="o
version="1
timestamp="2009-10-20TK4:10D:10">

otx.example N’

<procedures>
<procedure name \M=in" visibility="PUBLIC" id="20
<realisation>
<flow>
<branch id="branchl">
<specification>Branch with
Krealisation>
<if>
<condition id="condl">
<specification>Ca
</condition>
<flow>
r<action id="
| <return id-'
! <specification>By
| </return>

a return</specification>

ire completion</specification>

pro

</realisation>
</branch>
<action id="a2">
<specification>I
</action>
</flow>
</realisation>
</procedure>
</procedures>
</otx>

dure</specification>
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7.13.5.3 Continue node

7.13.5.3.1 Description

A continue node completes execution of a Loop flow immediately and initiates the next iteration, after
loop condition evaluation. continue shall be used only within Loop nodes, at any nesting depth. continue
is a controlled jump with a well-defined jump target, namely the first node of the Loop flow. Compare
this to the structured programming paradigm explained in 6.3.

7.13.5.3.2 Syntax

Figure 43 dhows the syntax of the continue node type.

EndNode

«XSDcomplexType»
Continue

«XSDattribute»
+ target: OtxName

Figure 43 — Data model view: continue

7.13.5.3.3| Semantics

Continue i an EndNode which is a Node which is NamedAndspecified. The semantics of all derived
propertiesfare described in 7.13.2. Only the specific semanticproperties of continue are described hfere.

Figure 44 shows the runtime behaviour of loops withiested continue nodes. For the sake of breyity,
the condition test has been left out in the figure. The condition shall always be tested before the f{irst
node in thg loop flow will be executed.

/ loop'mame="OuterLoop” \
_____________ first action in
| controlled outer loop
I jump to outen
: loop start
1
| / loop name="InnerLoop" \
1
1
) firstactionin |— _ _ _ _ _ _
1 inner loop controlled 1
I jump to inner :
1
X loop start |
1 branch !
1 1
1 1
1 1
1 1
1 1
T <@ &
continue continue
\ target="OuterLoop" /

Figure 44 — Behavioural description: continue

The properties of continue have the following semantics:
— target: OtxName [0..1]

This attribute specifies which of the outer loops shall be continued. If the attribute is omitted, the
default target shall be the innermost loop. Otherwise, the value shall match the name attribute of
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the targeted loop in the procedure. This is ensured by XML validation. However, XML validation
cannot ensure that the continue node is in fact nested in the targeted loop. There is a checker rule

defined for ensuring this requirement.

Associated checker rules:

7.1

7.1

AB
the

Brepk is a controlled jump with a well-defined jump target, namely the next/node afte
Compare this to the structured programming paradigm explained in 6.3.

7.1

Figlire 45 shows the syntax of the Break node type.

7.1

Bre
are

The properties of Break have'the following semantics:

Ass

Core_Chk020 - correct nesting of Continue node (see C.2.20).

3.5.4 Break node

L 41 Docerintian
PO T DCSCITPUUIT

reak node forces Loop execution to complete immediately. Control is passed to thenext
“broken” Loop node. Break shall be used only within Loop nodes, at any nesting depth.

8.5.4.2 Syntax

EndNede

«XSDcomplexType»
Break

«XSDattribute»
+ target: OtxName

Figure 45 —Data model view: Break

8.5.4.3 Semantics

bk iS an EndNode which is a Node which is Namedandspecified. The semantics of all derived
described in 7.13.2. Only the'specific semantic properties of Break are described here.

target: OtxName \[0..1]

This attribute-names the target Loop node which is forced to complete immediately. If th
is omittedythe default target shall be the innermost loop. Otherwise, the value shall
name attribute of the targeted loop in the procedure. This is ensured by XML validatior
XMlsyalidation cannot ensure that the Break node is in fact nested in the targeted loop
checker rule defined for ensuring this requirement.

node after

- the Loop.

properties

e attribute
match the
. However,
There is a

ociated checker rules:

Core_Chk021 - correct nesting of Break node (see C.2.21).

Figure 46 shows the runtime behaviour of loops with nested Break nodes. For the sake of brevity, the
condition test has been left out in the figure. The condition shall always be tested before the first node
in the loop flow will be executed.

©IS

02022 - All rights reserved
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/ loop name="OuterLoop" \
/ loop name="InnerLoop" \
start
branch

I N 7 -7
: break break |

target="OuterLoop" !
A ’ o
1 controlled :
: jump out of 1
I firstactionafter | inner loop !
! inner loop
1
1

N J
1
| controlled
I jump out of
1
1 _oEte_r l_oo_p _______ first action after
outer loop
Figure 46 — Behavioural descriptien: Break
7.13.5.5 Throw node
7.13.5.5.1| Description

There are different reasons for exceptions to ocgur:

Exceptions
evaluation
exceptions

For examp
not the aut|

can be thrown implicitly, e.g. by ‘the execution of an action node (see 7.13.3) or during
of a Term (see 7.15). For any, of such action nodes and Term types, the potentially thr¢wn
are defined in this document:

e, the pivide term throws an ArithmeticException under well-defined conditions. Here, it is
hor who throws the-exception explicitly, but it is the evaluation algorithm for pivide whigh is

executed bly the runtime system which throws the exception implicitly. The only task left for the author

is to defing
7.13.4.7).

By contras
when an €

informatiorl describing the user defined exception.

7.13.5.5.2

areaction onto'the potentially expected exception by using a <catch> in a Handler node [see

t, the Throw node is a means to throw exceptions explicitly. The author can define exalctly
xception shall be thrown and he/she may configure the exception by providing textual

Syntax

Figure 47 shows the syntax of the Throw node type.

88

«XSDcomplexType»
Throw

EndNode

«XSDelement»

+ realisation: ExceptionTerm [0..1]

Figure 47 — Data model view: Throw
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7.13.5.5.3 Semantics

Throw is derived from EndNode which is a Node which is Namedandspecified. The semantics of all derived
properties are described in 7.13.2. Only the specific semantic properties of Throw are described here.

The properties of Throw have the following semantics:
— realisation: ExceptionTerm [0..1]

Specifies an ExceptionTerm that returns the exception object that shall be thrown. This can be
either the value of an exception variable of any Exception type, or a newly created userException.

Associated checker rules:
— Core_Chk017 - checked exceptions (1) (see C.2.17);
— Core_Chk018 - checked exceptions (2) (see C.2.18).

IMBPORTANT — Special semantics apply when exceptions are thrown,'in parallel [lanes. For
detpils see 7.13.4.5 which is indispensable for the comprehension_ of the correct behaviour of
Thrpw in Parallel.

7.18.5.5.4 Example

An gxample is provided in the Handler specification, see 7.134:7.4.
7.18.5.6 TerminateLanes node

7.18.5.6.1 Description

The TerminateLanes end node is exclusively designed for deployment in Parallel node lands. It allows
aborting the execution of all lanes in a Parallel node without having to wait for them tp complete
normally (for details about the paraliei'node, see 7.13.4.5).

A TerminateLanes Node shall only~terminate lanes inside the enclosing parallel node,|its nested
Parpllel nodes and called pProcedures. It shall not terminate parent parallel lanes of the¢ enclosing
Parhllel node.

7.1B.5.6.2 Syntax

Figuiire 48 shows theSyntax of the TerminateLanes node type.

EndNode

«XSDcomplexType»
TerminateLanes

s 4.0 Dad dal a .
rigurc o DUdld ITIMMUUTCT VICW. [TIIMITIdtESLdllT

7.13.5.6.3 Semantics

TerminateLanes is derived from EndNode which is a Node which is Namedandspecified. The semantics of
all derived properties are described in 7.13.2. Only the specific semantic properties of TerminateLanes
are described here.

When a TerminatelLanes node is executed in one of the lanes of a Parallel node, all other lanes are
signalled to complete prematurely.

IMPORTANT — Additional semantics for TerminateLanes are specified in 7.13.4.5. These are
indispensable for the comprehension of the correct behaviour of TerminateLanes in Parallel.
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IMPORTANT — Onreceiving a premature completion signal, all lanes shall complete immediately
after completion of the last atomic node or finally block (if any). Atomic nodes are Action nodes
with an atomic ActionRealisation as well as the end nodes Return, Break, Continue, TerminateLanes
and Throw. There is no completion timeout defined for atomic nodes, a lane shall wait no matter
how long the node takes to complete. This avoids producing undefined states.

DEPRECATED Do not use TerminateLanes, because it can lead to unexpected behaviour if a called procedure
is terminated by its caller. TerminateLanes can be replaced by code that modifies some variable to indicate that
the parallel lanes should terminate. The parallel lanes should check this variable regularly and terminate in an

orderly fash

ion.

Associate

Core_(

Core_(

7.13.5.6.4

An exampl
7.13.5.7 H

7.13.5.7.1

Declares a
using the s

7.13.5.7.2

Figure 49 5

7.13.5.7.3

The propet

checRer Tutes:
hk022 - correct nesting of TerminateLanes node (see C.2.22);

hk060 - usage of deprecated elements (see C.2.60).

Example

b is provided in the parallel specification, see 7.13.4.5.
xtensibleEndNode

Description

h end node which can be extented by additional realisations defined in new OTX extens
tandardised extension mechanism, example: goto.

Syntax

hows the syntax of the ExtensibleEndNéde type.

EndNode ExtensionInterface

+endNode
0.1

«XSDcomplexType»
EtensibleEndNede

«XSDcomplexType»
EndNodeRealisation

Figure 49 — Data model view: ExtensibleEndNode

Semantics

ties Of ExtensibleCompundNode have the following semantics:

realis

x.1

{on+ EndNedeReali .

LO.
rTo—"1

ons

This optional element is the counterpart to the <specification> element described for the Node
type. It declares an end node, which can be extended by new realisations.

IMPORTANT — The extension mechanism described here only defines the syntactic rules to
which extension implementers shall obey in order to conform to this document. It shall be
ensured that no OTX requirements are violated.

90
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7.14.1 Overview
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The following describes all ActionRealisation extensions defined in the OTX core. Those are designed
for setting the behaviour of action nodes, as specified in 7.13.3.

7.14.2 Syntax

The syntax of all ActionRealisation types is shown in the overview of Figure 50.

Figure 50 — OTX core ActionRealisation extensions overview

© IS0 2022 - All rights reserved

Node «XSDcomplexType» «XSD¢oxhplexType»
«XSDcomplexType» — Assignment InArgument
Action 7
«XSDelement» <<]<%m~ihm »
? + result: Variable infrg | 4 param: (JtxName
realisation | * +  term: Term ¥| «XSDelemeng
ExtensionInterface + term: Tefm
«XSDcomplexType»
ActionRealisation «XSDcorpplexType»
<} «XSDcomzlexTyp]si-» InOufArgument
ProcedureCa arguments i
«XSPattribute» L «XSDgempl... inoutArg
+ falidFor: OtxLink [0..1] i 0.1 Arguments 1| «XSDattributp»
«XSDattribute» " + param: (JtxName
A + procedure: OtxLink
+ throwExceptionOnAmbiguousCall: xsd:boolean [0..1] <<XST)elfAmen 3 i
+ variable: [Variable
outArg
«XSDcorpplexType»
1 OutArgument
«XSDattributp»
+ param: (JtxName
«XSDelemeng»
+ variable: |Variable
«XSDcomplexType» «XSDcomplexType» «XSDcomplegkType»
ShiftRight ShiftLeft SetHit
XSDcomplexType» «xSDelemepeh) «XSDelement» «XSDelement»
ByteFieldModifier + positions: NumericTerm + positions: NumericTerm + index: NumericTerm
1 < + position: Numer|cTerm
+ value: BooleanT¢rm
iXSEEiese:dt-»B teFieldVariabl «XSDcomplexType» «XSDcomplexType»
ylerield: PyterieldVaniable ReplaceSubByteField AppendByteField
«XSDelement» «XSDelement»
+ newByteField: ByteFieldTerm + otherByteField: ByteFieldTerm [1.*]
+ index: NumericTerm
«XSDcomplexType» «XSDcomplexType» «XSDcomplgkType»
ListConcatenate ListAppendItems ListClear
XsDecompl N «XSDelement» «XSDelement»
e, + otherList: ListTerm [1.*] + item: Term [1.%]
Y\ —~
XSDel
: liset'ezi% iable «XSDcomplexType» «XSDcomplexType»
< ListInsertitems ListRemoveltems
«XSDelement» «XSDelement»
+ index: NumericTerm + index: NumericTerm
+ item: Term [1.*] + count: NumericTerm
«XSDcomplexType» «XSDcomplexType»
MapUnion MapClear
«XSDelement»
XSD lexT!
« l:l:)lr:l{;:;iﬂ%];re» + otherMap: MapTerm [1.*]
~J
:XSDSIET";M»V iabl «XSDcomplexType» «XSDcomplexType»
map: Vapvariabe MapPutltems MapRemoveltems
«XSDelement» «XSDelement»
+ item: Mapltem [1..*] + key: Term [1.%]
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7.14.3 General considerations
There are several basic considerations concerning all of the action realisation types.

IMPORTANT — The evaluation order of arguments of the actions is not always specified.
Therefore, if exceptions occur in more than one argument, the behaviour may differ for different
OTX runtime systems.

IMPORTANT — Actions modify the value of one or several variables. In order to guarantee that
variable values are always in a defined state, all arguments of an action and all preconditions
shall be checked before modifying a variable value.

IMPORTANT — List, Map, Bytefield variables are always initialized. If the List declaration is{not
explicitly jnitialized (omitted <init> element), an empty list shall be created and assigned'to(the
List identifier.

7.14.4 Aspignment

7.14.4.1 Description

The assigrment action assigns a value to a variable.

7.14.4.2 Syntax

The syntay of the ActionRealisation action type is shown in Figute 50.

7.14.4.3 Semantics

Assignment iS an ActionRealisation. See 7.13.3 for details on the Action node type.

The propet

<resul

This d
7.16.6

This d
seman

Associated

Core_(

7.14.5 Pr

<termX:

ties of Assignment have the following sémantics:
t>: Variable [1]

escribes the variable to which the resulting value of term evaluation shall be assigned
for the variable type).

Term [1]

kics of all OTX core terms are described in 7.15.
checker rules:

hk023=type-safe assignments (see C.2.23).

bcedureCall

bscribes the valueswhich shall be evaluated out of the given term at runtime. The evalua

see

Fion

7.14.5.1 Description

This action calls another OTX procedure (directly or indirectly via a signature). If there are input
parameters declared by the callee, the Procedurecall action allows describing a list of corresponding
arguments which shall be passed to the callee at runtime. OTX procedures do not have one single
dedicated return value, instead they can define a set of output parameters which can (but do not have
to) be used by the caller.

Procedure calls can happen in-document or cross-document; the latter means that a procedure defined
in one document can call another signature or procedure defined in another, separate document. In the
latter case, the visibility information of the called signature or procedure shall be taken into account
(see 7.7 and 7.9). Procedures or signatures which are not visible to the caller shall not be callable.
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7.14.5.2 Syntax

The syntax of the Procedurecall action type is shown in Figure 50.

7.14.5.3 Semantics

ProcedureCall iS an ActionRealisation. See 7.13.3 for details on the action node type.

IMPORTANT — Procedurecall represents an exemption concerning the atomicity of action nodes.
It is not atomic. If a Procedurecall is executed in a parallel lane and a TerminateLanes node is
executed in another lane, procedure execution shall be completed prematurely. The same rules

as for prematurely completed lanes apply, see 7.13.4.5 for details.

Sin
the

Thd

e Procedurecall is closely linked to the specification of the Procedure and signaturel types and
r parameter declarations, compare the following to 7.9 and 7.11.

properties of Procedurecall have the following semantics:
procedure: OtxLink [1]

Contains the fully qualified name of the called procedure or“signature. For crosg-document
calls, a prefix is needed which indicates the external documerit. The prefix shall be defined by a
corresponding <import> element in the <imports> section/of the OTX document (see 7.4). For in-
document calls, no prefix is needed. See 7.16.3 for details fthe otxLink type.

IMPORTANT — The target of a procedurecall shall'be visible to the caller. The information
given by the visibility attribute of the called signature or procedure shall to be faken into
account.

IMPORTANT — If the target of a Procedurecall is a procedure or signaturg without
<realisation>, the call shall be a NOP.. The same applies for the call of a procedurne which is
not valid with respect to the context. Given arguments of the procedurecall actiorn| shall stay
unchanged.

Associated checker rules:

— Core_ChkO053 - no dangling OtxLink associations (see C.2.53);
— Core_Chk028 - No'Operation (NOP) ProcedureCall (see C.2.28);
— Core_Chk024 ~%orrect target for ProcedureCall (see C.2.24);

— Core_ChK025 - procedure signature has at least one implementing procedure (see .2.25);

— Core=Chk017 - checked exceptions (1) (see C.2.17);
— _ Core_Chk018 - checked exceptions (2) (see C.2.18).

| throwExceptionOnAmbiguousCall: xsd:boolean = {falsel|true} [0, .1]

For indirect calls (i.e. the call target is a signature), this attribute determines the behaviour
when call ambiguity occurs: if two or more of the implementing procedures are valid, an
AmbiguousCallException shall be thrown when throwExceptionOnAmbiguousCall = "true" (the
default). Otherwise, the first valid procedure in alphabetic order shall be executed (see Figure 51
and the following).

<arguments>: Arguments [0..1]

This simple container element represents the list of arguments for a procedure call. The content-
type of Arguments iS <xsd:choice> [1..*] which allows an arbitrary-length list of <inarg>,
<inoutArg> and <outArg> elements.

Associated checker rules:
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Core_Chk029 - correct ProcedureCall arguments (see C.2.29).

Semantics of the argument types:

<inArg>: InArgument

This describes an input argument. In the callee, input arguments shall be treated like
constants; they cannot be written (like for constants, a static checker rule interdicts this).
An input argument may be omitted if and only if there is an explicit initial value defined for
the corresponding parameter. This initial value applies in place of the missing argument. The
parameter for the argument is identified by name; the value that shall be passed into that
paffameter 15 described by a term:

—| param: OtxName [1]

This is the name of the parameter which receives the argument value.
—| <term>: Term [1]

This is the term describing the argument value.

NATE 1 In graphical presentation of the procedure call, the initial\value of an in-argument{can
be[shown in an accentuated way to the author. Like this, the author gets feedback about the omitted
argument (maybe she/he did not omit it on purpose).

<ipoutArg>: InOutArgument

This describes an input/output argument. Any changeS.made to the corresponding parameter
in|the callee shall be visible in the associated argdment variable of the caller. An input/
output argument may be omitted if and only if there is an explicit initial value defined for|the
cofresponding parameter. In the called procedure, this initial value applies for the paramgter
inplace of the missing argument value.

The callee parameter for the callers argument is identified by name, the callers argument|is a
vafriable:

—| param: OtxName [1]

This is the name of the-callee parameter which receives the argument value.

—| <variable>: Variable [1] (see 7.16.6)

This representsthe variable which shall be used for the input/output parameter.

IMPORTANT — In parallel execution (Parallel node), any changes made to an input/
output argument or parameter will be visible in the caller and the callee at the sgme
timerIf the callee changes the value of the parameter, the new value will be availgble
on the outside, in the parallel lanes using the argument variable. Vice versa, if|the
argument variable value is changed in one of the parallel lanes, the change wil] be
visible 1n the corresponding parameter of the callee.

NOTE 2 In graphical presentation of the procedure call, the initial value of an inout-argument
can be shown in an accentuated way to the author. Like this, the author gets feedback about the omitted
argument (maybe he/she did not omit it on purpose).

<outArg>: OutArgument

This describes where the returned value of an output parameter shall be assigned to. The
caller may omit output arguments freely (e.g. in the case when there is no interest in one of the
returned data).

The callee parameter for the callers argument is identified by name, the callers argument is a
variable:
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param: OtxName [1]
This is the name of the parameter whose returned value is of interest.

<variable>: Variable [1] (see 7.16.6)

This describes the variable to which the returned parameter value shall be written.

IMPORTANT — The writing-back of the returned parameter value into the
variable shall not happen until termination of the called procedure.

ciated checker rules:

argument

Thn

The
sen|
(seq

The

Core_Chk030 - input- and in&output-argument omission (see C.2.30).

ows:

InvalidReferenceException

It is thrown if one of the inout-arguments is invalid (e.g. an uninitialized variable).

AmbiguousCallException

unambiguously).

antics differ depending if a procedure was directlyvalled or if there is an indirection via
Figure 51).

two major cases to be considered are the fellowing.

In the direct case, the called procediire will be executed after input argument eval
passing, if it is valid with respect tothe context. If the procedure is not valid, nothing
(NOP).

time), an OTX runtime'\system is required to have a signature-to-procedure-mapping:

signature name, the mapping shall contain alist of all proceduresimplementing that signa
a signature is called) the runtime system shall infer the procedure from the mapping. T
system shall pnly identify procedures which are visible to the document defining the
(see visibidity attribute for signatures and procedures, 7.7 and 7.9) and which are
respect to\the context (see validities concept, 6.8). If there is more than one applicable

©IS

It is thrown in case of indirect call via signature and throwExcéptionOnAmbiguousCall 3
two or more implementing procedures are valid at the sametime (call target cannot be g

"true": if
etermined

OTX procedure call is closely linked to the signattwe concept (see 6.9). Therefore, the runtime

h signature

llation and
s executed

In the indirect case (the callitarget is a signature) a procedure implementing the signature needs
to be identified. Since this)is a dynamic process (the linking is done at runtime, not af

authoring
For a given
fure.When
he runtime
signature
valid with
procedure

available.for the signature and the attribute throwExceptionOnAmbiguousCall iS true an exception
shall;hbe thrown. Otherwise, the first applicable procedure (in ascending alphabetic g
be executed The ordering shall be done after package document- and procedure namg.

rder) shall
If there is
ents shall

be set to init-values of the correspondmg parameters, if init-values are prov1ded in the signature.

Otherwise, inout- and out-arguments stay unchanged.

IMPORTANT — It is recommended that OTX runtime applications should log cases when

ambiguous procedure calls occur. This supports later debugging.

02022 - All rights reserved
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enter

ProcedureCall

called entity is a

signature or a signature identify visible and valid
procedure? implementation procedure

for signature
procedure
applicable
d implementing
procecure no (NOP) procedure no

is valid?

found?

yes d/ yes d/

execute implementing
procedure

apply signature initial
parameter values to inout and
out arguments

Execute procedure

leave
ProcedureCall

Figure 51 — ProcedureCall Activity

7.14.5.4 Bxample

Examples ] and 2 below show two Procedurecall action nodes.

— A call to a procedure computeDbelta which isxdescribed in the same document. Note the matching

paramgter names in the call and in the procedure definition. Two input arguments, a literal integ
and an|integer variable x are passed to parameters a and b. The output parameter delta is retur
into vgriable x of the caller.

— A call fo a procedure via a signatiire named modifyvalue. The external document containing
signatfire is identified by the pnefix sig. The names defined in the document are imported to
local document by an <imgoxt> element. Implementation procedures for the signature ope
on a single input/output ‘argument x which is passed to the value parameter (no implementa
procedures given here}):

Sample of[ProcedureCall

er 5
ned

the
the
rate
[ion
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<?xml version="1.0" encoding="UTF-8"?>
<otx xmlns="h //iso.org/0TX/1.0.0" name="Procedu
version="1 timestamp="2009- 20T14:40:10" id='
xmlns:xsi="http://www .org/2001/XMLSc

re

“allExample" package="org.iso.otx.examp
on

ema-instance">

x.example document-

</imports>
<procedures>
<procedure name-"main" visibility-"PURBLIC" id="20-pl">
<specification>Demonstration of variable, constant and p
<realisation>
<declarations>
<variable name-"x" id-="20-dl1" />
</declarations>

/ <action id-' 1 N

<specification>
<realisation xsi:type-
<arguments>
<inArg param-"a'">
<term xsi:type-"IntegerlLiteral" value="5" />
</inArg>
<inArg param-"b'">
<term xsi:type-"IntegervValue" valueOf-"x" />
</inArg>
<outArg param-"delta'">
<variable xsi:type-"IntegerVariable" name="d" />
</outArg>
</arguments>
</realisation>
</action> ,

N T L e e e e e e e o o e e e e e e o e e e e e -

ocated 1n same document</specification>
~Call" procedure="computeDelta'>

. ~

<action id-=

an external
1" procedure

graiure</specification>
<realisation xsi:typ g :modifyValue">
<arguments>

I
1
1
1
1
1
: <inoutArg param-"val
1
1
1
1
1
1

<variable xsi:type="IntegerVariable"(name="x" />
</inoutArg>
</arguments>
</realisation>
\ </action>

N e

</realisation>
</procedure>
<procedure name-='"'c¢
<specification>Cor
<realisation>
<parameters>
<inParam name-"a" id-='{20¢H2" />
<inParam name-"b" id-"20-d3" />
<outParam name-"dc\ta" id-"20-d4" />
</parameters>
<flow />
</realisation>
</procedure>
</procedures>
</otx>

the difference between two values</specification>

pute

Sample of Signatures

<?xm]l ¥ersion="1.0" encoding="UTF-8"?>

<otx \&mlns="http://iso.org/0TX/1.0.0" name="Si turebExample" package="o
version="1.0" timestamp="2009-10-20T14:40:10" id="21 "
xmlns:xsi="http:// .org/2001 /XML ">

otx.examples

ema-insta

<signatures>
<signature name-='T lue" id="21-s1">
<specification> = Domber o corometer volioL/snecificatrion>

<realisation xsi:type="ProcedureSignature">
<parameters>
<inoutParam name="value'" id=
<realisation>
<dataType xsi:type="Integer" />
</realisation>
</inoutParam>
</parameters>
</realisation>
</signature>
</signatures>
</otx>

21-dl">
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7.14.6 ByteFieldModifiers

7.14.6.1 Overview

ByteFieldModifier actions are designed for modifying bytefields. They shall only operate on ByteField

variables.

7.14.6.2 ShiftRight

7.14.6.2.1

Description

Shifts a By
significant

7.14.6.2.2

The syntax

7.14.6.2.3

ShiftRight iS a ByteFieldModifier Which is an ActionRealisation. Seg’7.13.3 for details on the act

node type.
The propet
— <byteH
This id
— <posit
Itis th
Throws:
— OutOfE
Itis th

IMPORTALI
7.14.6.3 S

7.14.6.3.1

LeField right. Bits at the most significant positions will be stuffed by zero. Bits at the'

positions will be discarded. The size of the ByteField will not change.

Syntax

of the shiftRight action type is shown in Figure 50.

Semantics

ties of shiftRight have the following semantics:

ield>: ByteFieldvariable [1] (derived from ByEeFieldModifier)
entifies a ByteField variable which shall be shifted right.

ions>: NumericTerm [1]

e number of positions to shift. Float'Values shall be truncated.

oundsException
rown if the numer of positions to shift is a negative number.

NT — The shiftRight operation shall have no effect on an empty ByteField.
hiftLeft

Description

Shifts a By
significant

7.14.6.3.2

téField left. Bits at the least significant positions will be stuffed by zero. Bits at the

Syntax

The syntax of the shiftLeft action type is shown in Figure 50.

7.14.6.3.3

Semantics

past

ion

ost

ShiftLeft iS a ByteFieldModifier Which is an ActionRealisation. See 7.13.3 for details on the Action

node type.

98
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The properties of shiftreft have the following semantics:

<byteField>: ByteFieldVariable [1] (derived from ByteFieldModifier)
This identifies a ByteField variable which shall be shifted left.
<positions>: NumericTerm [1]

It is the number of positions to shift. F1oat values shall be truncated.

Throws:

IMRPORTANT — The ShiftLeft operation shall have no effect on an empty ByteField.

7.1

7.1

Set;

7.1

The syntax of the setBit action type is shown in Figure 50.

7.1

Set
typ

The properties of setBit have the following semantics:

OutOfBoundsException

It is thrown if the numer of positions to shift is a negative number.

1.6.4 SetBit

1.6.4.1 Description

a bitin a ByteField.

1.6.4.2 Syntax

1.6.4.3 Semantics

h

<byteField>: ByteFieldvVariable [1] (derived from ByteFieldModifier)
This identifies a ByteField'variable in which the bit shall be set.

<index>: NumericTerm [1]

shall be truncated.

<position>: NumericTerm [1]

truncated.

Bit iSaByteFieldModifier Which is an ActionRealisation. See 7.13.3 for details on the Aktion node

This is a term-identifying the byte of the ByteField in which in the bit shall be set. Float values

This\is a term representing the bit position in the byte chosen by <index>. Float values shall be

<value>: BooleanTerm [1]

If the Boolean term given by <value> returns true the bit shall be set to 1, otherwise to 0.

Throws:

©IS

OutOfBoundsException

[t is thrown if the index is not within the range [0,n-1], where n is the size of the ByteField.

OutOfBoundsException

[t is thrown if the bit position not within the range [0, 7] of allowed bit positions.

02022 - All rights reserved
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7.14.6.5 ReplaceSubByteField

7.14.6.5.1

Description

Replaces parts of a ByteField at a given position by overwriting it with another ByteField.

7.14.6.5.2

Syntax

The syntax of the ReplacesubByteField action type is shown in Figure 50.

7.14.6.5.3

ReplaceSullByteField iS a ByteFieldModifier Which is an ActionRealisation. See 7.13.3 for-detail

the Action

The propet

— <byteHield>: ByteFieldVariable [1] (derived from ByteFieldModifier)

This id
<newBy

This 1

<inde
<inde

This is
shall s

IMPORTA]I
ByteField
minimum

Throws:

OutOfH

Itis th
7.14.6.6 A

7.14.6.6.1

Appends B;

]

Semantics

node type.

ties of ReplaceSubByteField have the following semantics:

entifies a ByteField variable in which part shall be replaced.
teField>: ByteFieldTerm [1]

epresents the new ByteField which shall overwrite the/original ByteField startin
>,

>: NumericTerm [1]

b ONn

b at

D

anumeric term representing the byte index in the original ByteField where the replacenpent

fart. Float values shall be truncated.

NT — If the replacement exceeds thebyte size of the original ryteField (size of orig}
< index+size of new ByteField), then the original bytefield will be extended to
size necessary to hold the excess.bytes.

oundsException

rown if the index isnot'within the range [0,n-1], where n is the size of the ByteField.
\ppendByteField

Description

FteFi&ld values to the end of another ByteField.

nal
the

7.14.6.6.2

Syntax

The syntax of the AppendByteField action type is shown in Figure 50.

7.14.6.6.3

Semantics

AppendByteField iS a ByteFieldModifier Which is an ActionRealisation. See 7.13.3 for details on the
Action node type.

The properties of AppendByteField have the following semantics:

— <byteField>: ByteFieldvVariable [1] (derived from ByteFieldModifier)

This identifies a ByteField variable to which the other ByteField values shall be appended.

100
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— <otherByteField>: ByteFieldTerm [1..%*]

This represents the ByteField values which shall be appended.
7.14.7 ListModifiers

7.14.7.1 Overview

ListModifier actions are designed for modifying lists. They shall only operate on List variables.

7.14.7.2Z ListConcatenate

7.14.7.2.1 Description

Thif action concatenates lists. The modified list shall contain all original items in®ke front, pJus shallow
copjes of the items of the other lists in the end. The lists shall be concatenated-one after tHe other (in
thelorder of appearance in the OTX document). The items shall be ordered like they were ordered in the
original lists.

7.14.7.2.2 Syntax

The syntax of the ListConcatenate action type is shown in Figute 50.

7.14.7.2.3 Semantics

LiskConcatenate iS a ListModifier which is an ActiénRealisation. See 7.13.3 for details on|the action
node type.

The properties of ListConcatenate have the following semantics:
— |<1list>: ListVariable [1] (derived from ListModifier)

This identifies a List to which shallow copies of the items of the other lists shall be appgnded.
— |<otherList>: ListTerm [L.\“*]

Shallow copies of the items in the lists given by <otherList> elements shall be appended to the end
of <1ist>. The lists shall be concatenated one after the other (in the order of appearancefin the OTX
document).

Asspciated checker rules:

— |Core_Chk081- type-safe ListConcatenate (see C.2.31).

7.14.7:3 ‘ListAppendltems

7.14.7.3.1 Description

Appends one or more items to the end of a list.

7.14.7.3.2 Syntax

The syntax of the ListappendItems action type is shown in Figure 50.

7.14.7.3.3 Semantics

ListAppendItems iS a ListModifier Which is an ActionRealisation. See 7.13.3 for details on the Action
node type.
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The properties of ListappendItems have the following semantics:

— <list>
This id

<item>

: ListVariable [1] (derived from ListModifier)
entifies a List variable to which the items shall be appended.

: Term [1..%*]

Each <item> element given here shall be appended to the end of the <1ist>. Items are represented
as terms which shall be evaluated first before the resulting value will be appended. Items shall be
appended in the order of appearance in the OTX document.

Associated

Core_(

7.14.7.4 1

7.14.7.4.1

Inserts ong

7.14.7.4.2

The syntax

7.14.7.4.3

ListInsert
node type.

The propet

This id

This d

have the index value 0.Thé€’items shall be inserted in front of the item that was originally locate

the giv

Each 4
which

<listX:

<inde®>: NumericTerm [1]

<item3:

checker rules:

hk032 - type-safe ListAppendltems (see C.2.32).
istInsertltems

Description

ore more items into a list at a defined position.

Syntax

of the ListInstertItems action type is shown in Figure 50.

Semantics

L Ttems iS A ListModifier which is an ActionReailisation. See 7.13.3 for details on the act

ties of ListInsertItems have the following semantics:
ListVariable [1] (derived fromr ListModifier)

entifies a List variable into Wwhich the items shall be inserted.

bscribes the position-in the list where the items shall be inserted. The first item in a list s

en index. Float Values shall be truncated.
Term [1 .. *]

item>»element given here shall be inserted to the <1ist>. Items are represented as te

the orderof appearance in the OTX document

shall.be evaluated first before the resulting value will be inserted. Items shall be inserte

ion

hall
d at

ms
d in

Associated

Throws:

checker rules:

Core_Chk033 - type-safe ListInsertltems (see C.2.33).

OutOfBoundsException

It is thrown if the index is not in the list (index < 0 or index > length-1 of list).
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7.14.7.5 ListRemoveltems

7.14.7.5.1 Description

Removes one or more items from a list at a defined position.

7.14.7.5.2 Syntax

The syntax of the ListRemoveItems action type is shown in Figure 50.

7.1

Lis
leng
for

Thn

7.1

7.1

Ren

7.1
The

./.5.3 Semantics

LRemoveItems iS a ListModifier which is an ActionRealisation. If index + count eXcq
rth, the action shall remove as many elements as possible and shall not throw an exception
Hetails on the Action node type. The properties of ListRemoveItems have the felowing sq

<list>: ListVariable [1] (derived from ListModifier)
This identifies a List variable from which items shall be removed.
<index>: NumericTerm [1]

This describes the position where item removal starts. The{irst item in a list shall hav|
value 0. Float values shall be truncated.

<count>: NumericTerm [1]

This describes the number of items that shall.be removed starting from the index. F1
shall be truncated.

OWS:
OutOfBoundsException

It is thrown if the index is not in_the list (index < 0 or index > length-1 of list) or count
(count < 0).

1.7.6 ListClear

1.7.6.1 Description

noves all itemis from a List.

1.7.6.2_Syntax

syntax of the ListClear action type is shown in Figure 50.

ed the list
.See7.13.3
mantics:

b the index

oat values

is negative

7.14.7.6.3 Semantics

ListClear iS a ListModifier which is an ActionRealisation. See 7.13.3 for details on the Action node
type. The properties of Listclear have the following semantics:

©IS

<list>: ListVariable [1] (derived from ListModifier)

This identifies the List which shall be cleared.

02022 - All rights reserved
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7.14.8 MapModifiers

7.14.8.1 Overview

MapModifier actions are designed for modifying maps. They shall only operate on Map variables.

7.14.8.2 MapUnion

7.14.8.2.1

Description

Unites (me
items of th

7.14.8.2.2

The syntax

7.14.8.2.3
MapUnion i
type.

The propet

<map>:
This id

This d
the <of

IMPORTALI
value is oy

Associated

Core_(

Core_(

rges) maps. The modified map shall contain all original items, plus shallow copies ,of]
e other maps.

Syntax

of the Mapunion action type is shown in Figure 50.

Semantics

the

5 a MapModifier Which is an ActionRealisation. See 7.13.3 forkdetails on the action node

ties of Mapunion have the following semantics:
MapVariable [1] (derived from MapModifier)

entifies a Map to which the other maps shall be mierged.

<othenMap>: MapTerm [1..*]

pscribes the maps which shall be merged to the <map>. To do so, all items of the maps give
therMap> elements shall be shallow cepied to <map>.

NT — Ifthe modified map already contains the key of a putitem, then the correspond

erwritten.

checker rules:

hk023 - type-safe assignments (see C.2.23);
hk042 - type-safe’MapUnion (see C.2.42).

7.14.8.3 NlapPutltems

7.14.8.3.1

Description

ing

Puts one o

7.14.8.3.2

¢ [I101c I1dp il.tflllb illLU d II1dp.

Syntax

The syntax of the MapPutItems action type is shown in Figure 50.

7.14.8.3.3

Semantics

MapPutItems iS @ MapModifier Which is an ActionRealisation. See 7.13.3 for details on the action node

type.

104
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The properties of MapPutItems have the following semantics:

<map>: MapVariable [1l] (derived from MapModifier)
This identifies a Map variable that shall receive the new items.

<item>: MapItem [1..%*]

Each <item> element given here shall be put into the <map>. The map items are represented as key/

value pairs:

— <key>' SimpleTerm [1]

This describes the map item key by which the to-be-put item can be addressed later!
— <value>: Term [1]

This describes the map item value.

IMPORTANT — If the key of a put item already exists in the map, the new item v

ove
(M1

Ass

7.1

7.1

Ren

7.1
The

7.1

Map

rwrite the original item value. This behaviour is similar )to the assignme
"key"]: = "value").

pciated checker rules:

Core_Chk038 - type-safe MapPutltems (see C.2.38).
1.8.4 MapRemoveltems

1.8.4.1 Description

noves a set of items from a map.

1.8.4.2 Syntax

syntax of the MaprRemoveItens action type is shown in Figure 50.

1.8.4.3 Semantics

RemoveItems iS a MapModifier which is an ActionRealisation. See 7.13.3 for details on

node type.

The

properties 6fMapRemoveItems have the following semantics:
<map>:‘\MapVariable [1] (derived from MapModifier)

This identifies a Map variable from which items shall be removed.

alue shall
nt action

the Action

<key>: Term [1..%*]

Each <key> element describes a key of a map item that shall be removed.

Associated checker rules:

Core_Chk039 - type-safe MapRemoveltems (see C.2.39).

Throws:

©IS

OutOfBoundsException

It is thrown if a key does not exist in the map.

02022 - All rights reserved
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7.14.8.5 MapClear

7.14.8.5.1 Description

Removes all items from a Map.

7.14.8.5.2

Syntax

The syntax of the MapClear action type is shown in Figure 50.

7.14.8.5.3

MapClear i
type. The

— <map>:
This id

7.15 Terr

Semantics

s

7.15.1 Ovierview

OTX terms
resulting v
complex d3
data mode
as an inpuf

MapVariable [1] (derived from MapModifier)

entifies the Map which shall be cleared.

represent syntactic expressions which can be evaliated in order to yield a value.
hlue of a term can be a simple value (e.g. an integer ifithe OTX Integer case) or a refereng
ta (e.g. areference to a list in the OTX List case). Térms are required in various places in|
, when a value needs to be computed which is then, for example, assigned to a variable,
parameter for a procedure call, or used as the:condition truth value in a branch.

5 2 MapModifier which is an ActionRealisation. See 7.13.3 for details on the action node
roperties of Mapclear have the following semantics:

The
e to
the
sed

«XSDcomplexTyp .|

BooleanTerm

Nt

| «XSDcemplexTyp ...
@lehrm
.\

«XSDco

ExtensionInterface

mplexType»
Term Q
O

«XSDelement:
+ metaData

X
MetaDa @Q

t
S,

«XSDcomplexTyp .|

StringTerm

L_| «XSDcomplexTyp ..

NumericTerm

«XSDcomplexTyp .|

FloatTerm

«XSDcomplexTyp .|

IntegerTerm

«XSDcomplexTyp .|

ByteFieldTerm

«XSDcomplexTyp .|

ListTerm

<XSDCOMPpIEXTYD ..

CollectionTerm

«XSDcomplexTyp ..

MapTerm

Figure 52 — Data model view: Term hierarchy

«XSDcomplexTyp ..

ExceptionTerm

As shown in Figure 52, every OTX term is categorized according to its return type. The OTX syntax
prescribes a term hierarchy; the leaf term categories (term to the right side of the hierarchy figure)
correspond directly to the OTX data types, e.g. every stringTerm will return a string value.
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The higher-level term categories bundle other term categories, e.g. all terms returning an Integer
(IntegerTerm) and terms returning a Float (FloatTerm) are in the category NumericTerm. The higher-

level categories are used in places where more then one data type is allowed, for example, in

a for-each-

loop, the collection over which the loop iterates may be a List or a Map, So the collectionTerm is used

which bundles both MapTerm and ListTerm.

There is also the high-level term simpleTerm which serves to separate terms returning simple values

from terms returning references.

NOTE

ORTANT — The abstract OTX core terms are extensible. This means that OTX ¢

Anmnex D).

to the way terms are modelled in OTX, they ar¢’appearing in parsed form in OTX ¢
if means that OTX terms do not have to be parsed anymore for computing the expressio
sequence, OTX does not have to define any operator precedence rules to disambiguate te
y needed in languages with expression strilgs in combination with infix-notation).

e all terms are derived from the Term type, they may optionally contain a <metabata> ¢
cified in 7.16.5).

7.15.2 Literal terms

7.15.2.1 Description

Thd
the

simplest types ofi\terms are the literal terms. They are a notation for representing a fix
source code ofan-OTX document.

All PTX core data types (without the Exception type) provide a literal notation term. In
simple datafypes, a literal term returns the fixed value for simple data types at runtime. F
dath types,a reference to the List or Map object constructed out of the literal is returned.

In OTX applications, simple OTX data types can also be implemented as boxed types if necessary.

1 for terms
.g. the add

which is a NumericTermbecause it returns an integer value if all summand arguments afe integer,

cify all the

bFieldTerm

of a term

xtensions

y derive new terms from any of the abstract term ¢ategories defined in the OTX core (see

locuments.
h tree. As a
‘ms (this is

lement (as

ed value in

Lhe case of
Or complex

7.18.22 Syntax

Figure 53 shows the syntax of the literal term types.
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BooleanTerm IntegerTerm FloatTerm StringTerm
«XSDcomplexType» «XSDcomplexType» «XSDcomplexType» «XSDcomplexType»
BooleanLiteral IntegerLiteral FloatLiteral StringLiteral
«XSDattribute» «XSDattribute» «XSDattribute» «XSDattribute»
+ value: xsd:boolean + value: xsd:long + value: xsd:double + value: xsd:string
ByteFieldTerm ListTerm MapTerm
«XSDcomplexType» «XSDcomplexType» «XSDcomplexType»
ByteFieldLiteral ListLiteral MaplLiteral
«XSDattribute» «XSDelement» «XSDelement»
+ value] xsd:hexBinary + itemType: DataType + keyType: CountableType
+ items: Listltems [0..1] + valueType: DataType
ExceptionTerm + items: Mapltems [0..1]
«XSDicomplexType» «XSDcomplexType»
UserlixceptionLiteral «XSDcomplexType» «XSDcomplexType» Mapltem
Listltems Mapltems
«XSDelenjent» «XSDelemerjty
+ qualiffer: StringLiteral «XSDelement» «XSDelement» + key: SimpleTerm
+ text: ptringLiteral + item: Term [1.%] + item: Mapltem [1.*] + _value: Term

Figure 53 — Data model view: Literal terms

7.15.2.3 SYemantics

7.15.2.3.1| Boolean Literal

BooleanLiteral iS a BooleanTerm. It returns the Boolean value of the literal.
Its propertiies have the following semantics:

— value: xsd:boolean [1]

This aftribute contains a fixed Boolean value. Refer to W3C XSD (all parts):2012 for an overviey of
allowel values for xsd:boolean.

7.15.2.3.2 | IntegerLiteral

IntegerLiteral iS an IntegerPerm. It returns the Integer value of the literal.
Its propertiies have the following semantics:

— value: xsd:long ([1]

This aftribute contains a fixed integer value. Refer to W3C XSD (all parts):2012 for an overviey of
allowed values for xsd: 1ong.

7.15.2.3.3 FloatLiteral

FloatLiteral iSa FloatTerm. Itshall returnthe Float value of the literal.
Its properties have the following semantics:

— wvalue: xsd:double [1]

This attribute contains a fixed double value. Refer to W3C XSD (all parts):2012 for an overview of
allowed values for xsd:double.
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7.15.2.3.4 StringLiteral

StringLiteral iS a StringTerm. It shall return the string value of the literal.

Its properties have the following semantics:

value: xsd:string [1]

This attribute shall contain the fixed string value. Refer to W3C XSD (all parts):2012 for a
of allowed values for xsd:string.

noverview

7.1

Byt

Its properties have the following semantics:

7.1

Lis

By fising the ListLiteral term, a list of <item> elements’Cah be described which shall repres

not
inte

The

p.Z.5.0 bytekleldLiteral

bFieldLiteral iS a ByteFieldTerm. It shall return the ByteField value of the literal.

value: xsd:hexBinary [1]

This attribute shall contain a fixed hexadecimal value or an empty ByteField. Refer to W
parts):2012 for an overview of allowed values for xsd:hexBinary.

5.2.3.6 ListLiteral

FLiteral iS a ListTerm. It shall return a new List created.out of the literal list items.

htion of each list item. It is possible to describe nésted item literal structures, e.g. a ma
gers. All literal items in a list shall be of the same-datatype.

ListLiteral properties have the following$eémantics:
<itemType>: DataType [1]

This specifies the data type ofzallMtems in the list, in a flat or recursive way (list of §

recursively. All items in the<items> element shall be of the type stated here.
Associated checker rules;

— Core_Chk034 &0 use of init in list item type definition (see C.2.34).
<items>: ListItems [0..1]

This is the\Wrapper element for the literal List items. If <items> is omitted, this shall re
empty.list.

— Kitem>: Term [1..%*]

3CXSD (all

bnt a literal
b of lists of

trings, list

of floats, list of lists of integers). For this definition, the pataType complex type itself is reused

bresent the

Each <item> shall represent an item in the list literal. The item literals need to be of the exact

(deep) type stated in the <itemType> element (see above).

Associated checker rules:

— Core_Chk036 - ListLiteral and ListCreate item types follow item type definition (see C.2.36);

— Core_Chk037 - ListLiteral items are literal terms (see C.2.37).

7.15.2.3.7 MaplLiteral

MapLiteral iS a MapTerm. It shall return a new Map created out of the given literal Map items.

© IS0 2022 - All rights reserved
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A MapLiteral term contains a list of <item> elements which shall represent a literal notation of each
key/value pair of the map. It is possible to describe nested item literal structures, e.g. a map of lists of
integers.

The MapLiteral properties have the following semantics:

— <keyType>: CountableType [1]

This defines the data type for the keys of all key/value pairs in the map. The key type shall be a
simple, countable type. All keys in the <items> element shall be of the type stated here.

-y d ol 1 1
ASSOCI t\.u CITCCRCT T UOICS,

Care_Chk044 - no use of init in map key type definition (see C.2.44).

— <valu

This d
of stril
type it

Associ

— <itemg>: MapItems [0..1]

Co

This ig
empty

<i
Th

<vplue>: Term [1]

Th

Associ

Co
(s4

Co

Type>: DataType [1]

ngs, map of list of floats, map of maps of integers). For this definition, the"pataType com
self is reused recursively. All values in the <items> element shall be of.the type stated he
ated checker rules:

re_ChkO045 - no use of init in map value type definition (see C:2.45).

the wrapper element for the literal Map items. If <items> is omitted, this shall represent
map.

tem>: MapItem [1..%*]
is represents key/value pair items in the.map literal.
<key>: SimpleTerm [1]

This is the key literal of the map’item literal.

is is the value literal of the map item literal.
ated checker rules:

re_Chk047 <MsadpLiteral and MapCreate key&value types follow key&value type defini
e C.2.47);

re_Chk048 - MapLiteral items are literal terms (see C.2.48);

efines the data type for all values of the key/value pairs in the map, flat@r.recursive (fnap

blex
e,

the

fion

Co

re-Chk043 - unique keys in MapLiteral (see C.2.43).

7.15.2.3.8 UserExceptionLiteral

UserExceptionLiteral is an ExceptionTerm The term shall be used for creating a customized exception
(2 UserException). The most prominent uses of this term are the initialization in UserException
declarations as well as the explicit Throw node which allows for the author to customize and throw such
an exception.

The properties of UserExceptionLiteral have the following semantics:

— <qualifier>: StringLiteral [1]

This string literal allows for the author to provide a short qualifier for the exception initialization.
A qualifier shall be used to categorize an exception.
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— <text>: StringlLiteral [1]

This string literal allows for the author to provide a text which characterizes the exception's reason.

7.15.2.4 Example

The two examples below show literal terms for all types. The terms are embedded in an assignment
action node here, they can appear in other places like loop conditions or procedure call arguments also.

The first example shows the simple data type literal terms, the second example shows the complex type
literal terms.

Saerle of simple type literal terms

<action id="al">
<realisation xsi:type="~A nment">

<result xsi:type-" ariable" name="b" />
<term xsi:type-"F Literal" value="true" />
</realisation>
</action>
<action id="a2">
<realisation xsi:type-"As

nment ">
<result xsi:type-"Intege sble" name="i" />
<term xsi:type-"IntegerLiteral" value="42" />
</realisation>
</action>

<action id="a3">
<realisation xsi:type
<result xsi:type="FloatV
<term xsi:type-"FloatLiter
</realisation>
</action>

nment ">
able'" qame="f" />
al" yalue="42.0815" />

<action id="a4">
<realisation xsi:type="Asci¢nment'">

<result xsi:type-"Stwuldgvariable" name="s" />
<term xsi:type-"StmihdLiteral" value="Hello World!!!"™ />
</realisation>
</action>

Sample of complex type literal terms
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<action id="a5">
<realisation xsi:type='"!
<result xsi:type="Byt
<term xsi:type="Bytc
</realisation>
</action>

ent">
riable" name="bf" />
" value="002A" />

ignm

<action id="a6">

<realisation xsi:type="
<result xsi:type="Li
<term xsi:type="L1 >
<itemType xsi:type-"Inte

<items>
<item xsi:type-"IntegerlLiteral" value="4" />
<item xsi:type="Int riiteral" value="2" />

ke e .

o AL R 11 1 non /
7

="myListOfInts" />

7.15.3 De

7.15.3.1 I

Dereferend
contained

Since the s
types of th

7.15.3.2 §

Figure 54 5

o ——e —
</items>
</term>
</realisation>
</action>

<action id="a7">
<realisation xsi:type="
<result xsi:type=" r
<term xsi:type="MapLiteral
<keyType xsi:type="String"/>
<valueType xsi:type-"Integer"/>
<items>
<item>
<key xsi:type="StringlLiteral" value="stdN
<value xsi:type="IntegerlLiteral" value="13209
</item>
<item>

ignment">

<value xsi:type-"IntegerLiteral" valuedl2" />
</item>
</items>
</term>
</realisation>
</action>

referencing terms

pescription

nside of a complex structureylike a list or map.

yntax

hows the syntax of the dereferencing term types.

:" name="myMapOfintegers" />

ard>
v />

<key xsi:type-"Stringliteral" value="stdDbgchmentParts"/>

ing terms are used for reading the value of variables or constants or values which|are

yntax and semantics of,all.dereferencing terms are similar for all data types (only the data
e returned data differ), a-general description applying to all types is provided hereby.
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«XSDattribute»
+ valueOf: OtxLink

«XSDelement»
+ path: Path [0..1]

IntegerTerm

«XSDcomplexType»
IntegerValue

FloatTerm

«XSDcomplexType»
FloatValue

StringTerm

«XSDcomplexType»
StringValue

«XSDattribute»
+ valueOf: OtxLink

«XSDelement»
+ path: Path [0..1]

«XSDattribute»
+ valueOf: OtxLink

«XSDelement»
+ path: Path [0..1]

«XSDattribute»
+ valueOf: OtxLink

«XSDelement»
+ path: Path [0..1]

ByteFieldTerm ListTerm MapTerm ExceptionTerm
«XSDcomplexType» «XSDcomplexType» «XSDcomplexType» «XSDcomplexType»
ByteFieldValue ListValue MapValue ExceptionlValue
«XpDattribute» «XSDattribute» «XSDattribute» «XSDgttrjbute»
+ | valueOf: OtxLink + valueOf: OtxLink + valueOf: OtxLink + ‘valueOf: OtxLink
«XpDelement» «XSDelement» «XSDelement» SDelement»
+ | path: Path [0..1] + path: Path [0..1] + path: Path[0..1] 4+ path: Path [Q..1]
Figure 54 — Data model view: Dereferencing.téerms
7.15.3.3 Semantics

The

Ass

properties of all addressing terms have the following.sethantics:
valueOf: OtxLink [1]

This contains the name of the variable, constant'or parameter where the value is stored.
of interest resides deeper within a complexdata structure like a List or Map, the <pat
shall be utilized to address the data inside\of the structure.

<path>: Path [0..1]

The element addresses parts of complex structures like List or Map. It is built out of
index- and name-steps which allow navigate into the structure:

— <stepByIndex>: NumericTerm [1]

This step of a <path® shall be used for locations addressed by index. [tems in a List ang
Map with Integer'Keys shall be addressed in this way.

— <stepByName>: StringTerm [1]

This stepof a <path> shall be used for addressing locations by name. Items in a Map W
keys.shall be addressed in this way.

pCiated checker rules:

[f the value
h> element

a series of

| items in a

rith string

Core_Chk053 - no dangling OtxLink associations (see C.2.53);

Core_Chk050 - type-safe variable and constant usage (see C.2.50).

Throws:

©IS

OutOfBoundsException

It is thrown only if a <path> is set: the <path> points to a location which does not exist (like a list

index exceeding list length, or a map key which is not part of the map).

02022 - All rights reserved
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— InvalidReferenceException

[t is thrown for Exceptionvalue only: if the variable value is not valid (this can happen since there
is no implicit initialization for the Exception types).

NOTE In a graphical OTX editor, variable value terms can be displayed in the common notation form used
by all major programming languages. For example, for a Booleanvalue term for a variable b, the display in a
graphical OTX editor simply shows b; a term with a <path> pointing to the item at index i in a list L. of Booleans,
L[i] In a graphical OTX editor be displayed, etc.

7.15.3.4 Example

Sample of

dereferencing terms
<branch id="branchl">
<realisation>
<if>
<condition id-="! C

<specification>
PR bl et g L
1

<realisation xsi:type-"BE

anvalue" valueOf-"myListOfBool">
: <path>

| <stepByIndex xsi:type-"IntegervValue" valueOf=-"i" />

: </path>

| </realisation>

<flow>
<action id-"al" />
</flow>
</if>
</realisation>
</branch>

The example above shows a Booleanvalue term which is used in a Branch node condition. By

valueOf at
list of Boo

fribute and the <path> element, the Boolean valu€-at index i is read from myListofBoo
eans). Note that the <stepByIndex> element jn the <path> is a dereferencing term as |

(Integervdlue).

7.15.4 Cr

7.15.4.1 1

There are
Since literd
dynamic),
7.15.4.2 S

Figure 55 s

pation terms

Jescription

cases when a List, a Map-Ora UserException have to be created dynamically at runt
| terms cannot be used for-that task (because the item literals are fix in the source code,
DTX provides a set of erédtion terms.

yntax

hows the syntax of the creation term types.

the
1 (a
vell

me.
not
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MapTerm ExceptionTerm
«XSDcomplexType» «XSDcomplexType»
MapCreate «XSDcomplexType» «XSDcomplexType» UserExceptionCreate
Mapltems Mapltem
«XSDelement» «XSDelement»
+ keyType: CountableType «XSDelement» «XSDelement» + qualifier: StringTerm
+ valueType: DataType + item: Mapltem [1..%] + key: SimpleTerm + text: StringTerm
+ items: Mapltems [0..1] + value: Term
ListTerm
«XSDcomplexType»
ListCreate «XSDcomplexType»
Listltems
«XpDelement»
+ | itemType: DataType «XSDelement»
+ | items: ListItems [0..1] + item: Term [1.%*]
Figure 55 — Data model view: Creation terms
Note that the types ListCreate and MapCreate are of <xsd:choice> [0..1] content-type. For the

Lis
eler
eler

7.1

7.1
Lis
iten
Lis
seni

LcreateTerm, this means that authors can either use the <étherList> element or a lis
nents, but not both. Also, for the MapcreateTerm, either the <otherMap> element or a lis
nents can be used, but not both.

b.4.3 Semantics

5.4.3.1 ListCreate

LCreate iS a ListTerm that allows for creating a new list which is created by appending a
1s to it (shallow copies). The ListcredteTerm returns the newly created list.

LCreate iS of <xsd:choice> [0, J1] content-type. The choices of Listcreate have the
antics:

<itemType>: DataType [1l]

Specifies the data type of all items in the list, in a flat or recursive way (list of strings, li
list of lists of integers ...). For this definition, the pataType complex type itself is reused 1
All items in the<items> element have to be of the type stated here.

Associatedehecker rules:
— (Core_Chk034 - no use of init in list item type definition (see C.2.34).

<items>: ListItems [0..1]

F of <item>
t of <item>

biven set of

e following

S5t of floats,
ecursively.

This is the wrapper element for the List items. If <items> is omitted, this shall represent the empty

list.

— <item>: Term [1..%*]

Each <item> shall represent an item in the newly created list. The items need to be of the exact

(deep) type stated in the <itemType> element (see above).

Associated checker rules:

— Core_Chk036 - ListLiteral and ListCreate item types follow item type definition (see C.2.36).
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7.15.4.3.2 MapCreate

MapCreate iS a MapTerm that allows for creating a new map which is created by putting a given set of
key/value items to it (shallow copies). The MapcreateTerm returns the newly created list.

MapCreate iS of <xsd:choice>

semantics:

Throws:

<keyType>: CountableType [1]

This defines the data t
simple

Associ

<valu

Co
Co

hted checker rules:

re_Chk044 - no use of init in map key type definition (see C.2.44);

re_Chk045 - no use of init in map value type definition (see C.2.45).

Type>: DataType [1]

[0..1]1 content-type. The choices of Mapcreate have the following

ype for the keys of all key/value pairs in the map. The key type shall be a

This defines the data type for all values of the key/value pairs of the newly created map, flat or

recursfve (map of strings, map of list of floats, map of maps of integers). For this definition,

DataT

type st

Associ

<itemd>: MapItems [0..1]

This is
map.

Associ

Co

<i
Th

e complex type itself is reused recursively. All values in thé <items> element shall be of]
ated here.

hted checker rules:

re_Chk045 - no use of init in map value type definition (see C.2.45).

the wrapper element for the Map items.Af <items> is omitted, this shall represent the en

tem>: MapItem [1..%*]
is represents key/value pairitems of the newly created map.
<key>: SimpleTerm [1]
This is the key offhe'map item.
<value>: Term [1]
This is the'value of the map item.

hted ehecker rules:

Co

re_Chk047 - MapLiteral and MapCreate key&value types follow key&value type defini

(see C.2.47).

OutOfBoundsException

It is thrown if two or more items in the literal have the same key.

7.15.4.3.3 UserExceptionCreate

the
the

pty

fion

UserExceptionCreate iS an ExceptionTerm which is used for creating a customized exception
(a UserException). The most prominent use of this term is the explicit Throw node which allows for the
author to customize and throw such an exception. The term returns a reference to the newly created
exception.
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The properties of UserExceptionCreate have the following semantics:
— <qualifier>: StringTerm [1]

This allows for the author to provide a short string qualifier for the customized exception. A
qualifier may be used to categorize an exception.

— <text>: StringTerm [1]

This allows for the author to provide a text which characterizes the reason for the exception.

7.15 A4 Example
Thed example shows the creation of a List, a Map and a UserException.

Theg rist is created out of to literal integers 10 and 20 and the value of i (known only at ruptime). The
Map| is created out of two literal key/value items. The UserException is createdi¥a Throw npde, with a
quallifier and a text defined by stringLiteral termes.

Sample of creation terms

<action id="ag8">
<specification>Cr«
<realisation x51 type—

es

I<term xsi: type—”T i
<itemType xsi:type-
<items>
<item xsi:type="I
<item xsi:type="I
<item xsi:type="I
</items>

jerLiteral" value="10" />
jerLiteral" value="20" />
' valueOf="i" />

</realisation>
</action>

<action id="a9">
<specification>Cr

itemg\UstdNumber": 13209 and "stdDocumentParts":3 </specificafion>

S a meé
<realisation xs:L t_ype*‘k

/<term xsi: t_ype—”
<keyType xsi: type— £
<valueType xsi:type="Intege
<items>
<item>
<key xsi:type-!StyinglLiteral" value="stdNur
<value xsi:typei"IntegerLiteral" value="1-
</item>
<item>
<key xsi?type-"StringlLiteral" value="stdDocumentParts" />
<value.-xsi:type-"IntegerlLiteral" value="3" />
</itefm>
</itefis>,

er™ />
09" />

</realisation>
</action>

<thtew id-"t1">
<specification>Thrc stomizec ception</specification>

,<real:|.sat:|.on xsi:type-

sobtiont />
<text xsi:type*”ﬁtrinﬁLifera,” value="Somethi bad happened!" />
| </realisation> )

</throw>

Loqualifier xsi-typal alitorol ypalugo 'l

7.15.5 Conversion terms

7.15.5.1 Description

This category of terms is required to convert values of one data type to another data type. Since
conversion depends on the data types and the conversion direction, special rules apply for each
conversion term type.
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Since the syntax and general semantics of all conversion terms are similar for all data types, a general
description applying to all types is provided first, followed by the special rules for each data type

conversion.

NOTE

terms exist for these types.

7.15.5.2 Syntax

Figure 56 shows the syntax of the conversion term types.

Since no use cases for converting to List, Map or Exception types were identified, no conversion

BopleanTerm

«XSDcompllexTyp...
ToBoojean

IntegerTerm

«XSDcomplexTyp...
Tolnteger

FloatTerm

«XSDcomplexTyp...
ToFloat

StringTerm

«XSDcomplexTyp...
ToString

ByteFieldTe

«XSDcomplexTyp.,
ToByteField

m

«XSDelement]
+ term: Tefm

«XSDelement»
+ term: Term

«XSDelement»
+ term: Term

«XSDelement»
+ term: Term

«XSDelen¥ént»
+ ("térm: Term

Figure 56 — Data model view: Conversion terms

7.15.5.3 Semantics
Every conversion term describes the value that shall be converted with'a <term> element:
— <term}: Term [1]

This re¢presents the value that shall be converted to a value of a particular data type.

IMPORTANT — The conversion terms are only specified herein for Boolean, Integer, Float, Stging
and ByteFjeld arguments. For all other core OTX data types, the behaviour is unspecified (exdept
for the Todtring conversion, see below). OTX applications may provide custom implementations
of the conyersion terms for other data types.df a conversion term is applied to data of a type| for
which no jimplementation exists, a runtinié.exception shall be thrown.

7.15.5.3.1| ToBoolean

This term phall return the Boolean ¢ounterpart of the argument term. The conversion is specified for
the followipg data types (the behaviour for other OTX core types is unspecified).

— Integer Returns false if 0, otherwise true

—  Floag Returns false if 0.0, otherwise true.

—  ByteField Returns false if empty, otherwise true.

—  String Returns true if the string value is "true", ignoring case, otherwise false.
— Boolean

Returns the copy of the value.

7.15.5.3.2 Tolnteger

This term shall return the integer counterpart of the argument term. The conversion is specified for
the following data types (the behaviour for other types is unspecified).

Boolean Returns 1 if the value is true, otherwise o.

—  Float Returns the integer part (the digits to the left of the decimal point - truncation).
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Thi
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ByteField Returns the integer value of the bytefield. For interpretation of the
little endian byte order and n-bit two's complement shall be used, wh

bytefield,
ere n is the

bytefield's size multiplied by 8 (i.e. The total number of bits in the original
bytefield). For finer control of the byte order used for conversions, see decodeinteger

term in 7.15.6.3.1.

String Returns the integer value of the string. The string shall constitute an integer literal,
as specified by Reference [9], subclause 3.10.1, otherwise an exception is thrown.

IMPORTANT — The reference implementation for this conversion

implementation.
Integer Returns the copy of the value.

OutOfBoundsException

(in that case, the value space of xsd:long is exceeded, see Annex.A). Conversions from|
-INF or NAN shall result this exception, or if the value exceeds the value range of intege

TypeMismatchException

[t is thrown in the string case only: if the string doesiot constitute an integer value lif]

5.5.3.3 ToFloat

5 term shall return the Float counterpart ofdhe argument term. The conversion is speci

is the Java
from this

[t is thrown in the ByteField case only: if the ByteField is empty or.its size is greater than 8 bytes

Float INF,
.

eral.

fied for the

follpwing data types (the behaviour for other OTX core types is unspecified).

— Boolean Returns 1.0 if the value is true, otherwise 0. 0.

— Integer Returns a float copy of the integer value.

— | ByteField  Returngthefloatvalue of the ByteField (interpretation according to IEEE|754:2019).
The result shall be stored in double precision, regardless of the argumpnt being a
single)precision (32-bit) or a double precision (64-bit) ByteField. For int¢rpretation
of.the ByteField, little endian byte order shall be used.

— String Returns the float value of the string. The string shall constitute a floal literal, as
specified by Reference [9], subclause 3.10.2, otherwise an exception is thrown.
IMPORTANT — The reference implementation for this conversion |s the Java
method java.lang.Double.valueOf (). There shall be no deviation|from this
implementation.

—  Float Returns the copy of the value.

Throws:

TypeMismatchException
[t is thrown in the string case only: if the string does not constitute a float value literal
OutOfBoundsException

Itis thrown in the ByteField case only: if the ByteField's bit-size is neither 32 bit nor 64
value cannot be interpreted as single or double precision according to IEEE 754:2019).
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7.15.5.3.4 ToByteField

This term shall return the ByteField counterpart of the argument term. The conversion is specified for
the following data types (the behaviour for other types is unspecified).

— Boolean Returns 0xo01 if the value is true, otherwise 0x00.

— Integer Returns the smallest possible two's complement representation of the integer
(using the smallest possible number of bytes). Concerning byte order in the re-
sulting ByteField, little endian shall be used. With this, e.g. 127 converts to 1-byte
01111111, (0x7F) -127 0 10000001, (0x81) whereas 6719 converts to 2-hyte
00111111, 00011010, (0x3F 0x1A), -129 t0 01111111, 11111111, (0x7F O0xEF),fand
so on. Therefore, the size of the resulting ByteField depends on the inputinteger's
magnitude. For explicit control over integer encoding, the EncodeInteger term
specified in 7.15.6.3.2 should be used.

— Flopt Returns the 64-bit double precision encoded value according to-1EEE 754:2p19.
Concerning byte order in the resulting ByteField, little endian’ shall be used,

— String Returns the UTF-8 encoded value.

— BytpField Returns the copy of the value.

7.15.5.3.5| ToString

This term ghall return the string counterpart of the argument térm. The conversion is specified for{the
following data types (the behaviour for other OTX core types.is unspecified):

— Boglean Returns "true" if the value is €xue, otherwise "false".
— Integer Returns the value in decimal string representation.
— Flgat Returns the value in-deéimal string representation. For an overview about stfing

representations of\floats see Reference [9], subclause 3.10.2.

IMPORTANT. == The reference implementation for this conversion is|the
Java methaod java.lang.Double.toString(). There shall be no deviation
from its'specification.

— Stying Returns the copy of the value.
— ByteField Returns the UTF-8 interpretation.
Aspociated checker rules:

— €ore_Chk062 - usage of string:Decode instead of ToString for ByteFields (see C.2.62)

All invalid bytes related to the current encoding shall translated to the so-called Unknown Character
sign “0” (0xEFBFBD). In this case a re-conversation into a byte field will result in a different value, see
sample below:

MyString = ToString (&66FC72); -> "fllr"
MyByteField = ToByteField (MyString); -> &66EFBEFBD72

IMPORTANT — Tostring shall not cause a runtime exception (see 7.15.5.3). For this, the Tostring
conversion shall be custom implemented for all other OTX data types in a way appropriate for
the specific data type8). A Tostring conversion applied, for example, onto an arbitrary List of
Integers shouldyield a resultsimilarto "{4;12;13}". This allows for, e.g. writing debug messages
containing serialized complex data during test sequence development.

8) The conversion term ToString represents an analogy to the Java method java.lang.Object.toString()
which is designed to be overridden by new classes (see §4.3.2 of The Java™ Language Specification [2]).
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Throws:

— OutOfBoundsException

Itis thrown in the ByteField case only: if the value cannot be interpreted as string in UTF-8 format.

This exception is listed here for compatibility with the 2012 edition of the standard. It will never be

thrown, as specified above.

7.15.5.4 Example

Thd example below SHows a two-Step conversion In an Assignment action: a rfloat literal cont
conferted to an integer which is then converted to a string. The string is assigned to a vaniah

"3"[in this example.

Sample of conversion terms

<action id="al1l0">

<specification>Conv 1 float literal to integer, then to string<f$pe€ification>
<realisation xsi:type="
<result xsi:type="StringVariable" name="s" />

<term xsi:type="
<term xsi:type="Tolnteger">
<term xsi:type="FloatLiteral" value="3.14159265
</term>
</term>
</realisation>
</action>

DMQ3INB4626433832795" />

7.15.6 Integer conversion terms

7.15.6.1 Description

Thif category of terms allows converting betwéen Integer and ByteField values. Comps3
genpric conversion terms ToInteger (ByteField) and ToByteField(Integer) as described
intgger conversion terms allow controlling'the Bytefield size, encoding type for negative iy

byte order which shall be used for this.Special kind of conversions.

7.15.6.2 Syntax

Figlire 57 shows the syntaxofthe integer conversion term types.

hining Pi is
le s will be

red to the
| in 7.15.5,

tegers and

IntegerTerm ByteFieldTerm
«XSDcomplexType» «XSDcomplexType»
Decodelnteger Encodelnteger
«XSDattribute» «XSDattribute»
+ encodingType: EncodingType [0..1] + encodingType: EncodingType [0..1]
+ byteOrder: Endianness [0..1] + encodingSize: EncodingSize [0..1]
«XSDelement» + byteOrder: Endianness [0..1]
+ bytes: ByteFieldTerm «XSDelement»
iteger—HrtegerFern
xsd:string xsd:string xsd:string
«enumeration» «enumeration» «enumeration»
EncodingType EncodingSize Endianness
UNSIGNED 8-BIT LITTLE-ENDIAN
SIGNED-BINARY 16-BIT MIXED-ENDIAN
TWOS-COMPLEMENT 32-BIT BIG-ENDIAN
64-BIT

Figure 57 — Data model view: Integer conversion terms

© IS0 2022 - All rights reserved
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7.15.6.3 Semantics

7.15.6.3.1 Decodelnteger

DecodeInteger iS an IntegerTerm. It returns the decoded integer value of the ByteField argument. The
term provides control over the byte order which shall be used for decoding as well as the way how the
ByteField shall be decoded regarding n-bit unsigned, n-bit signed binary or n-bit two's complement
interpretation, where n is the ByteField's size multiplied by 8 (in other words: the total number of bits
in the original ByteField). Each ByteField size between 1 and 8 is possible.

— encodj ' i = = = NT} [17]
This siLecifies how the bytes of the ByteField shall be interpreted (after respecting byte order)

— UNBIGNED: the ByteField shall be interpreted as an unsigned integer value) With this
inferpretation, a ByteField of, for example, 11111110,, is decoded as 254.

— SIENED-BINARY: the most significant bit in the ByteField shall be interpréted as the sign and
the rest as the binary encoded absolute integer value. With this interpretation, a ByteField of,
for example, 11111110, is decoded as -126; a BIG-ENDIAN ByteField 0x80007E is also decodefl as
-1p6.

— Twps-coMPLEMENT (default): the ByteField shall be interpreted according to the most wiglely
used encoding called two's complement. With this interpretation, a ByteField of, for example,
110111110, is decoded as -2; a BIG-ENDIAN ByteField OxFEFF82 is decoded as -126.

— DbyteOnder: Endianness = {LITTLE-ENDIAN|MIXED-ENDIAN|BIG-ENDIAN} [1]

This specifies the byte order which shall be respected prior to decoding the ByteField value. [The
most Wwidely used byte order LITTLE-ENDIAN is the, default. The byte order of MIXED-ENDIAN is
unspe¢ified. It depends on the runtime system which of the following two orders are used:

— MSB_FIRST MSW_LAST ;
— MSB_LAST MSW_FIRST .

NQTE For explanation see Table:2,

— <byteg>: ByteFieldTerm [1]

This rg¢presents the Byterield value which shall be converted to integer.
Throws:
— OutOfHoundsException

Itis thyown'fthe ByteFieldis empty or the value space of xsd: 1ong could be exceeded (see Annex A).

This haippens if the ByteField's size is greater than 8 bytes, or when using uUNSIGNED interpretation

on an 8- Bytefield iN h-the mo anificantb . =¥ hlso
occur if the byte order is MIXED-ENDIAN and the ByteField size is odd.

7.15.6.3.2 Encodelnteger

EncodeInteger iS a ByteFieldTerm. It returns a ByteField which contains the encoded value of
the original integer argument. For the encoding, n-bit unsigned, n-bit signed-binary or n-bit two's
complement representation of the integer can be chosen, where n shall be chosen out of 8, 16, 32 and 64
bit. The term also provides control over the byte order which shall be used for encoding.

— encodingType: EncodingType = {UNSIGNED |SIGNED-BINARY | TWOS-COMPLEMENT} [O0..1]

This specifies how the Integer value shall be encoded (examples using B1G-ENDIAN byte order):
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— UNSIGNED: the Integer shall be written to the ByteField, using all available bits (including the
sign-bit). For negative integers, its absolute value shall be encoded. With this encoding, an
Integer value of, for example, . 129 is encoded as 10000001,, and an Integer value of, e.g. -129
will also be encoded as 10000001,.

— SIGNED-BINARY: with this encoding, the first bit in the resulting bytes shall mark the sign; the
other bits encode the absolute value. According to this, for example, 129 is encoded as 00000000,
10000001,, whereas, e.g. -129 will be encoded as 10000000, 10000001,. Two bytes are required
in the example, since the sign-bit reduces the value space.

— TwWOoS-COMPLEMENT (default): the Integer shall be encoded according to the most widely used
encoding called two's complement. With this encoding, an Integer value of, for example, 129 is
encoded as 00000000, 10000001,, whereas a negative Integer value of, e.g. -129.Will'be encoded
as 11111111, 01111111,. Two bytes are required here, since the sign-bit reduces the value space.

— |encodingSize: EncodingSize = {8-BIT|16-BIT|32-BIT|64-BIT} [0..1]

This specifies how many bits shall be used for the encoding. This shall belused to restrjict the size
of the resulting ByteField which can be useful if, e.g. only small integers are encoded, or if it is
required that resulting ByteFields always have the same specified size. However, if gn encoded
integer requires more bits than specified by this attribute, an, éxeeption will be raised. Since the
OTX Integer datatype is 64 bit, an encoding size of 64-B1T is the‘default value.

— |byteOrder: Endianness = {LITTLE-ENDIAN|MIXED-ENDIAN|BIG-ENDIAN} [0..1]

This specifies the byte order which shall be used when'writing the encoded 1nteger value into the
resulting ByteField. The most widely used byte order L1TTLE-ENDIAN is the default. The|byte order
of MIXED-ENDIAN is unspecified. It depends on~the runtime system which of the following two
orders are used:

— MSB_FIRST_MSW_LAST;

— MSB_LAST MSW_FIRST.

Table 2 — Byte order (8 Byte values) - memory data deposition

Byte Order Increasing address - >

n n+1 n+2 n+3 n+4 n+5 n+6 n+7
MSB_FIRST_MSW_LAST Byte; Byte, Byte; Byte, Byte: Byte, Byte, Byteg
MSB_LAST MSW_FIRST Byteg Byte, Byte, Bytes Byte, Bytes Byte, Byte;
MSB_FIRST Byte, Byteg Bytes Byte, Bytes Byte, Byte; Byte,
MSB_LAST Byte, Byte; Byte, Bytes Byte, Bytes Byteg Byte,

NOTE  Byte, = = Most Significant Byte

Byte, = = Least Significant Byte
MSB_FIRST = = Motorola / BIG_LENDIAN
MSB_LAST = =Intel / LITTLE_ENDIAN

— <integer>: IntegerTerm [1]

This sepresents the Integer value which shall be converted to ByteField.
Throws:
— OutOfBoundsException

It is thrown if the number of bits required for encoding the Integer value exceeds the number of
bits specified by the encodingsize attribute (overflow).
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7.15.6.4 Example

— The example below shows two integer conversions: the Integer value -42 is encoded into the
ByteField named "bytes", using BIG-ENDIAN byte order and Twos-coMpLEMENT encoding. After
execution of the assignment action, "bytes" will have a value of 11111111, 11010110,. The second
action converts the ByteField with value 10010101, (0x95) to Integer by using LITTLE-ENDIAN, and

“.n

UNSIGNED interpretation. After execution, “i” will have a value of 149.

Sample of integer conversion terms

<action id="al">
<specification>Converts a i
<Jfealisation xsi.type .
<result xsi:type="B
<term xsi:type="Enc Ir
<integer xsi:type="Int
</term>
</realisation>
</action>

value to ByteField</specification>

ariable" name="bytes" />
er'" byteOrder="BIG-ENDIAN'" encodingSize="16-BIT">
rlLiteral" value="-42" />

<action id="za2">
<specification>Converts =

d value to Integer</specification>

<realisation xsi:type=' ">
<result xsi:type="1 iable" name="1i" />
<term xsi:type='"Dec 1teger" encodingType="UNSIGNED">
<bytes xsi:type-"ByteFieldLiteral" value="95" />
</term>
</realisation>
</action>

7.15.7 Logic operations

7.15.7.1 Description
The logic dperation terms provide the most basic and widely used logical connectives for the Boolean

algebra, ngmely conjunction (Logicand), disjunction.(Zogicor), exclusive disjunction (Logicxor) and
negation (jogicNot).

7.15.7.2 Syntax

Figure 58 dhows the syntax of the logic pperation term types.

BooleanTerm BooleanTerm BooleanTerm BooleanTerm
«XSDcpmplexType» «XSBcomplexType» «XSDcomplexType» «XSDcomplexType»
LogicAnd LogicOr LogicXor LogicNot
«XSDelemerjt» «X§Delement» «XSDelement» «XSDelement»
+ term: BgoleanTerm [2..¥] 4+ term: BooleanTerm [2..*] + term: BooleanTerm [2..*] + term: BooleanTerm

Figure 58 — Data model view: Logic operations

7.15.7.3 Yemantics

7.15.7.3.1 LogicAnd

LogicAnd iS a BooleanTerm which represents the Boolean conjunction. Returns true if and only if the
values of all operands are true.

— <term>: BooleanTerm [2..%*]

This represents the list of BooleanTerm operands of the conjunction. Terms shall be evaluated in the
order of appearance in the OTX document.

IMPORTANT — Since OTX terms do not have side-effects, the evaluation of Logicand operand
terms shall complete when the first false operand has been identified; Logicand returns false
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then without evaluating the remaining operand terms. Note that one consequence of this is that
exceptions which might have occurred in the remaining operands are bypassed.

IMPORTANT — In a graphical representation, LogicAnd shall be represented by the operator
symbols A or ss (or just and) in infix notation. This is the most common representation form used
in mathematical notation and by many programming languages.

7.15.7.3.2 LogicOr

LogicOr iS a BooleanTerm Which represents the Boolean disjunction. Returns true if and only if at least

one

ofthe operandsis +rue

<term>: BooleanTerm [2..%*]

order of appearance in the OTX document.

This represents the list of BooleanTerm operands of the disjunction. Terms shalhbe’evalyated in the

IMRORTANT — Since OTX terms do not have side-effects, the evaluation of LogicOr operand

ter
the

IMRORTANT — Since OTX terms do not have side-effects, the. evaluation of Logico

ter
wit
exc

NOT
in irf

7.1

Log
the

n without evaluating the remaining operand terms. This may improve execution s

ms shall complete when the first true operand has beenddentified; Logicor returng
hout evaluating the remaining operand terms. Note\that one consequence of t}
eptions which might have occurred in the remaining 6perands are bypassed.

E In graphical representation, LogicOr can be represented by the operator symbols V or | |
fix notation.

5.7.3.3 LogicXor

icXor iS a BooleanTerm Which represents the Boolean exclusive disjunction. Returns tr
operands is true, but not all.

<term>: BooleanTerm [2..%*]

This represents the BooleanTerm operands of the exclusive disjunction. Terms shall be e
the order of appearance’irthe OTX document.

ms should complete when the first true operand has been identified; Logicor refurns true

eed.

r operand
true then
nis is that

(or just or)

he if one of

aluated in

NOTE In graphical representation, LogicXor can be represented by the operator symbol @(or|just xor) in
infix notation.
7.15.7.3.4 LogicNot
LogfcNot is~d BooleanTerm wWhich represents the Boolean negation. Returns true if and jonly if the
opefrand isfalse.
— l<term>+—RBeecleanTferm—{1}
This represents the BooleanTerm operand of the negation.
NOTE In graphical representation, LogicNot can be represented by the operator symbol - or ! (or just not).

7.15.7.4 Example

The example below shows a branch condition with represents the logical implication a - b, which is

exp

ressed by its logical equivalent not(a orb).

Sample of logic operation terms

©IS
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<branch id="branch2">
<realisation>
<if>
<condition id="branchZcondition">

"a->b"

ot">

<specification>I imlicat alias "not(al|b)" hold?</specification>
<realisation xsi:type="I
<term xsi:type="Logi
<term xsi:type-'"B
<term xsi:type="Boc
</term>
</realisation>
</condition>
<flow>
<action id="a11" />
</flow>
</if>

,0gic
NN
nvalue" valueOf="a" />
~anValue" valueOf="b'" />

7.15.8 Re

7.15.8.1 I

The relatid
(1sEqual),

(zsLessorHqual) and greater-then-or-equal (IsGreaterOrEqual).

While equz
used for si
met depen

</realisation>
</branch>

lational operations

pescription

nal operation terms provide the most basic and widely used comparatoers, namely equ3

lity

inequality (IsNotEqual), less-than (IsLess), greater-then (IsGreater), less-then-or-equal

lity and inequality can be applied for all kinds of terms, theother comparators shall onl

ling on the data type of the operands.

7 be

mple terms. Before such a simple term comparison can be(performed, preparations shall be

— Float fr Integer case: ordinary comparison is based on the'numerical values of the operands| No
prepaijatory steps to be taken.
— Strind case: relations are based on the lexicographijeal order (also known as alphabetical order) of
the st¥ing operands. Ordering shall happen according to the Unicode character set(19],
— Booledn case: the convention true is greater than false applies. All other relations are based on
this.
IMPORTANT — When an integer value'is compared to a Float value, automatic promotion offthe
Integer shall be performed. This means that the Integer is automatically cast to Float and then
the valueq are compared.
7.15.8.2 Syntax
Figure 59 dhows the syntax of the relational operation term types.
BooleanTernt BooleanTerm
«XSDcpmplexType» «XSDcomplexType»
IsEqual IsNotEqual
«XSDelemerjt «XSDelement»
+ term: T 2 b QR 2
BooleanTerm BooleanTerm BooleanTerm BooleanTerm
«XSDcomplexType» «XSDcomplexType» «XSDcomplexType» «XSDcomplexType»
IsLess IsGreater IsGreaterOrEqual IsLessOrEqual
«XSDelement» «XSDelement» «XSDelement» «XSDelement»
+ left: SimpleTerm + left: SimpleTerm + left: SimpleTerm + left: SimpleTerm
+ right: SimpleTerm + right: SimpleTerm + right: SimpleTerm + right: SimpleTerm
Figure 59 — Data model view: Relational operations
126 © IS0 2022 - All rights reserved
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7.15.8.3 Semantics

7.15.8.3.1 IsEqual

IsEqual iSaBooleanTerm Which tests for equality of two or more operands. For simpleTerm arguments,
true is returned if and only if the values of all terms are equal. For terms returning a reference value
(e.g. areference to a List or Map), true is returned if and only if the references returned by all terms are

equ

al.

<term>: Term [2..%*]

order of appearance in the OTX document.

This represents the operands which shall be tested for equality. Terms shall be evalupted in the

IMPORTANT — Since OTX terms do not have side-effects, the evaluation of 1sEquall operand

ter
ret
of t

Ass

ms shall complete when the first unequal to others operand has beenyidentifi

his is that exceptions which might have occurred in the remaining,operands are by
pciated checker rules:

Core_Chk049 - uniform relation operand type (see C.2.49);

Core_Chk061 - usage of util:Compare instead of IsEqual afid IsNotEqual (see C.2.61).

; IsEqual

irns false then without evaluating the remaining operand terms. Note'that one copsequence

passed.

For terms
P terms are

NOTE In graphical representation, IsEqual can be represented by the operator symbol = or
justlequals) in infix notation.

7.15.8.3.2 IsNotEqual

IsNptEqual iS a BooleanTerm Which tests fon ‘inequality of two or more operands. For $impleTerm
arghments, true is returned if and onlyf not all of the values of the terms are equal.

retirning a reference, true is returnedifand only if not all of the references returned by th

equial.

<term>: Term [2..%*]

This represents the operands which shall be tested for equality. Terms shall be evalu
order of appearance in the OTX document.

hted in the

IMRORTANT — Since OTX terms do not have side-effects, the evaluation of 1sNotEqual operand

ter
ret
of t

Ass

ms shall complete when the first unequal to others operand has been identified;

his is that.exceptions which might have occurred in the remaining operands are by

pciated-checker rules:

[sNotEqual

irns true then without evaluating the remaining operand terms. Note that one copsequence

passed.

Core _Chk049 - uniform relation operand type (see C.2.49);

Core_Chk061 - usage of util:Compare instead of IsEqual and IsNotEqual (see C.2.61).

NOTE In graphical representation, IsNotEqual can be represented by the operator symbol ! = or < >

or#

in infix notation.

7.15.8.3.3 IsLess

IsLess iS a BooleanTerm. Returns true if and only if the <1eft> value is less than the <right> value.

©IS

<left>: SimpleTerm [1]

This represents the value that shall be less than the <right> value.
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— <right>: SimpleTerm [1]

This represents the value that shall be greater than the <1eft> value.
Associated checker rules:
— Core_Chk049 - uniform relation operand type (see C.2.49).

NOTE In graphical representation, IsLess can be represented by the operator symbol < in infix notation.

7.15.8.3.4 IsGreater

IsGreater [iS @ BooleanTerm. Returns true if and only if the <1eft> value is greater than the gright>
value.

— <leftX: SimpleTerm [1]

This r¢presents the value that shall be greater than the <right> value.
— <righy>: SimpleTerm [1]

This r¢presents the value that shall be less than the <1eft> value.
Associated| checker rules:
— Core_(dhk049 - uniform relation operand type (see C.2.49).

NOTE In graphical representation, IsGreater can be represented by the operator symbol > in infix
notation.

7.15.8.3.5| IsGreaterOrEqual

IsGreaterQrEqual iS a BooleanTerm. Returns truedfand only if the <1eft> value is greater or equal than
the <rightp value.

— <lefty: SimpleTerm [1]

This r¢presents the value that shdll-be greater or equal than the <right> value.
— <right>: SimpleTerm [1]

This r¢presents the value that shall be less or equal than the <1eft> value.
Associated| checker rules:
— Core_(Jhk049 —damiform relation operand type (see C.2.49).

NOTE In graphical representation, IsGreaterOrEqual can be represented by the operptor
symbol 2 pr=>" = ininfix notation.

7.15.8.3.6 IsLessOrEqual

IsLessOrEqual iS a BooleanTerm. Returns true if and only if the <1e£t> value is less or equal than the
<right> value.

— <left>: SimpleTerm [1]
This represents the value that shall be less or equal than the <right> value.
— <right>: SimpleTerm [1]

This represents the value that shall be greater or equal than the <1eft> value.
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Associated checker rules:
— Core_Chk049 - uniform relation operand type (see C.2.49).

NOTE In graphical representation, IsLessOrEqual can be represented by the operator symbol £ or <
in infix notation.

7.15.8.4 Example

The Branch node in the example below contains a condition (£ < 10)&s(f = 10) using IsLess and
IsEqual relations.

Saerle of relational operation terms

<branch id="branch3">
<realisation>
<if>
<condition id="branchlc
<specification>Is £
<realisation xsi:type="I
<term xsi:type="Isl
<left xsi:type="
<right xsi:type="Integer
</term>
<term xsi:type="Is 1>
<term xsi:type-"F] Jalue" valueOf="f" />
<term xsi:type-"IntegerlLiteral" value="10" />
</term>
</realisation>
</condition>
<flow>
<throw id="t1">
<realisation xsi:type="UserExceptionChgdte'>
<qualifier xsi:type="StringLiterd)! value="Stran
<text xsi:type="StringlLiteral'\walue="Something
</realisation>
</throw>
</flow>
</if>
</realisation>
</branch>

) AND f equals 10 !?</specification>
gicAnd">

>

tvValue" valueOf="f" [/>

Literal" value="10" />

Problem" />
t terribly wrong!" />

7.15.9 Mathematical operations

7.15.9.1 Description

Theg mathematical operation’/terms provide the most basic mathematical operators, namely addition
(adq), subtraction (subtzract), multiplication (Multiply), division (Divide), abs (absolutevalye), modulo
(Modlulo), negation (Negate) and rounding (Round).

7.15.9.2 Syntax

Figiire 60 shows the syntax of the mathematical operation term types.
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«XSDcomplexType»

NumericTerm NumericTerm NumericTerm

«XSDcomplexType»
Subtract

«XSDcomplexType»
Multiply

«XSDcomplexType»

Add Divide

NumericTerm

+

«XSDelement»
numeral: NumericTerm [2..]

«XSDelement» «XSDelement»

numeral: NumericTerm [2..¥]

«XSDelement»
numeral: NumericTerm
subtrahend: NumericTerm

+ numeral: NumericTerm

divisor: NumericTerm

+ +

+ +

«XSDcomplexType»
AbsoluteValue

NumericTerm IntegerTerm NumericTerm

«XSDcomplexType»
Round

«XSDcomplexType»
Negate

«XSDcomplexType»
Modulo

NumericTerm

«XSDelemer

+ numeral

«XSDelement» «XSDelement»

numeral: NumericTerm

«XSDelement»
numeral: NumericTerm

(o2

numeral: NumericTerm;
divisor: NumericTerm

NumericTerm + + +

+

7.15.9.3 9

7.15.9.3.1

The OTX 13teger and Float data types have restricted value spaces, @s'specified in Annex A. Theref]

the mathe

specifically

operation
situations.
Reference

7.15.9.3.2

Add iS a NunjericTerm which returns the sum of allits operands.

This is

of app

IMPORTA
operands:

Float prigr to the operation and the returned value is Float. Otherwise, the returned val

Integer.

NOTE I

7.15.9.3.3

<numeXq

Figure 60 — Data model view: Mathematical operations

emantics

General

matical operations described in the following may catse overflows or underflows. M
r an overflow or underflow situation occurs when the-mathematically correct result o
s outside of the value space of Integer or Float. 0TX does not define exceptions for th
Overflows and underflows shall be handled in-analogy to the specifications given
9], subclause 4.2.

Add

al>: NumericTerm [2..%*]

the numeric operands (srsuihmands) of the addition. Terms shall be evaluated in the o}
parance in the OTX document.

NT — The actual €eturn data type of the add term depends on the data types of
if one of the operands is Float, all Integer operands are automatically promote

In graphical’representation, Add can be represented in infix notation by the operator symbol +.

Subtract

ore,
ore
f an
ose

by

der

the
to

Subtract iS a NumericTerm which returns the numerical difference between the operands.

This is

This is

<numeral>: NumericTerm [1]

a numeric term which represents the minuend value.

<subtrahend>: NumericTerm [1]

a numeric term which represents the subtrahend value.

IMPORTANT — The actual return data type of the subtract term depends on the data types of
the operands: If one of the operands is Float, all 1nteger operands are automatically promoted
to Float prior to the operation and the returned value is Float. Otherwise, the returned value is

Integer.
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7.15.9.3.4 Multiply

Mul

tiply is a NumericTerm which returns the product of the operands.

<numeral>: NumericTerm [2..*]

In graphical representation, Subtract can be represented in infix notation by the operator symbol -.

This is the numeric term which represents the factor values. Terms shall be evaluated in the order

of appearance in the OTX document.

a types of

or * in infix

IM — ultiply

theloperands: If one of the operands is Float, all Integer operands are automatically, prjomoted to
Flopt prior to the operation and then the returned value is Float. Otherwise, the retufned value
iSI1teger.

NOTE In graphical representation, Multiply can be represented by the operator §ymbol -, x

notgtion.

7.15.9.3.5 Divide

Div

Thn

typ
tru

IMELORTANT — The result of'Divide is computed in two different ways, depending o

ide iS a NumericTerm Which returns the quotient of two operands,
<numeral>: NumericTerm [1]

This is a numeric term which represents the dividendwvalue.
<divisor>: NumericTerm [1]

This is a numeric term which represents the-divisor value.

ows:

ArithmeticException

It is thrown if both dividend and-divisor are integer and the divisor value is zero.

s of the operands: if(both dividend and divisor are integer, then the fraction (q
ncated and an 1ntegex result is returned. If dividend or divisor are rloat, thenario

h the data
otient) is
vt fraction

is returned.

NOTE In graphical representation, Divide can be represented in infix notation by the operator §ymbol /.
7.15.9.3.6 Modulo

Modjilo4ds\a NumericTerm which returns the remainder of a division. If the dividend value is pjpsitive, the
retlllrned remainder will be positive. If the dividend value is negative, the returned remainlder will be
negative.

Thr

<numeral>: NumericTerm [1]

This is a numeric term which represents the dividend value.
<divisor>: NumericTerm [1]

This is a numeric term which represents the divisor value.
OWS:

ArithmeticException

It is thrown if both dividend and divisor are integer and the divisor value is zero.

© IS0 2022 - All rights reserved

131


https://standardsiso.com/api/?name=68f99235f7e009469bd064734b0dbd6b

IS0 13209-2:2022(E)

IMPORTANT — The result of Modulo is computed in two different ways, depending on the data
types of the operands: if both dividend and divisor are integer, then the returned remainder is
Integer. If dividend or divisor are rFloat, then a Float remainder is returned. In the Float case,
the Java approach shall be applied (see Reference [9], subclause 15.17.3 “Remainder Operator
%") which truncates the quotient for the modulo computation. Note that this is not the IEEE
754 approach which rounds the quotient (see IEEE 754:2019). The Java approach shall also be
followed if numeral and/or divisor is negative, or if one of them is INF, -INF, —-0.0, or NaN.

NOTE In graphical representation, Modulo can be represented in infix notation by the operator symbol % (or
just mod).

7.15.9.3.7 | AbsoluteValue
AbsoluteValue iS a NumericTerm which returns the value of the operand without regard to it$ sign.
— <numenal>: NumericTerm [1]

This is|the numeric term whose absolute value shall be returned.

IMPORTANT — The actual return data type of the absolutevalue term depends on the data type
of the operand: if the operand is Float, then the returned value is F1oat:Otherwise, the returhed
value is Integer.

NOTE In graphical representation, Absolutevalue can be represented by enclosing the operator i ||

symbols, e.g. |a|.

7.15.9.3.8| Round
Round is anfIntegerTerm which returns the rounded integer value of the operand.
— <numenal>: NumericTerm [1]
This is|the numeric term that shall be rounded to the nearest integer towards plus infinity.

In cas¢ the range of the Integer type is exceeded through the rounding operation or NaN, -INF or
INF, thie behaviour is tool specific.

EXAMPLLE
Round(-0.0) = =
Round(j0.1) = =1
Round(1.9) = =-1
Round(|1.234) =<

7.15.9.3.9| Negate

Negate iS a NumericTerm which returns the value of the operand with inverted sign.
— <numeral>: NumericTerm [1]
This is the numeric term that shall be negated.

IMPORTANT — The actual return data type of the Negate term depends on the data type of the
operand: If the operand is Float, then the returned value is Float. Otherwise, the returned value
iS Integer.
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7.15.9.3.10 RoundToNearest
RoundToNearest iS an IntegerTerm which returns the rounded integer value of the operand.
— <numeral>: NumericTerm [1]

This is the numeric term that shall be rounded to the nearest integer. If there are two nearest
integers, the term shall be rounded to the nearest integer towards plus infinity for positive numbers
and rounded to the nearest integer towards minus infinity for negative numbers.

In case the range of the Integer type is exceeded through the rounding operation or NaN, -INF or

INLE el 1 1 H H 4= 1 £
TINT, LT UTIHIAVIUUL 15 TUUT SPTUILIT.

EXAMPLE
Round(-0.0) = =
Round(0.5) = =
Round(-1.5) = =-2
Round(1.546) = =

7.15.9.4 Example
The example below shows mathematical terms in a Branchcondition E-m*c2 = = 0.

Sample of mathematical operation terms

<branch id="branch4">
<realisation>
<if>
<condition id="branchlgbrition">
<specification>Is E-m¥c ?</specification>
<realisation xsi;type-
<term xsi:type-“Subtr
<numeral xsi:type-"
<subtrahend xsi:type="
<numeral xsi:type-=' valueOf="m" />
<numeral xsi:type="I valueOf="constants:c" />
<nimeral xsi:type-"FloatValue" valueOf-"constants:c" />
</subtrahend>
</term>
<term xsi:type-"IntegerlLiteral" value="0" />
</realisation>
</condition>
<flow>
<action id="al1">
<specification>Einstein was
</action>
</flow>
</if>
</realisation>
</branch>

right!!!</specification>

7.1510ByteField operations

7.15.10.1 Description

For operating on ByteField data, there is a set of special operations defined in the OTX core. These are
the bitwise logical operations BitwiseAnd, BitwiseOr, BitwiseXor and BitwiseNot which are similar to
the Boolean logic operations, and other ByteField related operations ByteFieldGetSize and GetBit.

7.15.10.2 Syntax

Figure 61 shows the syntax of the ByteField operation term types.

© IS0 2022 - All rights reserved 133


https://standardsiso.com/api/?name=68f99235f7e009469bd064734b0dbd6b

IS0 13209-2:2022(E)

+ byteField: ByteFieldTerm [2]

+

byteField: ByteFieldTerm [2]

+

byteField: ByteFieldTerm

ByteFieldTerm ByteFieldTerm ByteFieldTerm ByteFieldTerm
«XSDcomplexType» «XSDcomplexType» «XSDcomplexType» «XSDcomplexType»
BitwiseAnd BitwiseOr BitwiseNot BitwiseXor
«XSDelement» «XSDelement» «XSDelement» «XSDelement»

+

byteField: ByteFieldTerm [2]

IntegerTerm

«XSDcomplexType»

ByteFieldTerm
«XSDcomplexType»

BooleanTerm

«XSDcomplexType»

ByteFieldGetSize SubByteField GetBit
«XSDelement» «XSDelement» «XSDelement»
+ byteField:[ByteFieldTerm + byteField: ByteFieldTerm + DbyteField: ByteFieldTerm
+ index: NumericTerm + index: NumericTerm
+ count: NumericTerm + position: NumericTerm
Figure 61 — Data model view: Byterield operations
7.15.10.3 Semantics
7.15.10.3.1 BitwiseAnd
BitwiseAnd iS a ByteFieldTerm Which operates on individual bits of ByteField values. It returns|the
bitwise comjunction of the two ByteField operands.
— <byteHield>: ByteFieldTerm [2]
These pre the two ByteField operands of the conjunction. Terms shall be evaluated in the ordgr of

appearance in the OTX document.

IMPORTANT — If an operand is shorter than the other, it is promoted to the length of the other
by bit stuffing (0-bits) from the left prior to executing the bitwise operation. The length of
returned ByteField is the length of the longerone.

NOTE I
&.

7.15.10.3.

BitwiseOr
bitwise dis

These
appeat

graphical representation, Bi twise&And can be represented in infix notation by the operator sy7]

p BitwiseOr

is a ByteFieldTerm_wWhich operates on individual bits of ByteField values. It returns
junction of thetWo ByteField operands.

<byteHield>: ByteFieldTerm [2]

are thestwo ByteField operands of the disjunction. Terms shall be evaluated in the ordg
anee in the OTX document.

the

hbol

the

r of

1 £ A3

IMPORTA

h 1a. 'S il £l £l 2 3 Ead-i i+l 1 il £l l.1
) § 11l dil UPCI diliU 15 SIIUI LU UIidir UIIT ULIICIL, It IS lll UIIIULCU LU LUIIv lcllsl.ll Ul LiiT Ul er

by bit stuffing (0-bits) from the left prior to executing the bitwise operation. The length of the
returned ByteField is the length of the longer one.

NOTE
|.

134

In graphical representation, BitwiseOr can be represented in infix notation by the operator symbol
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7.15.10.3.3 BitwiseXor

BitwiseXor iS a ByteFieldTerm which operates on individual bits of ByteField values. It returns the
bitwise exclusive disjunction of the two ByteField operands.

<byteField>: ByteFieldTerm [2]

These are the two ByteField operands of the exclusive disjunction. Terms shall be evaluated in the

order of appearance in the OTX document.

IMPORTANT — If an operand is shorter than the other, it is promoted to the length of the other

by
ret

NOTI

7.1

Bit
bity

NOTI

7.1

Byt
con|

7.1

Sub.
give

ade P o o L£O- Joita) £ &1 laofs H ' da 41 Jaide H da Tl 1
UIL STUIIIIlg (UTUILS ) ITUIIT LIIT ITIL PIIvl U TATUULIIIEG UIT UITWIST UpPTI datiUll. TIIT ITCI

irned ByteField is the length of the longer one.

E In graphical representation, BitwiseOr can be represented in infix notation by the operat

5.10.3.4  BitwiseNot

hiseNot iS a ByteFieldTerm Which operates on individual bits of a ByteField value. It 1
Vise negation (the inverse) of the ByteField operand.

<byteField>: ByteFieldTerm [1]
This is the ByteField operand that shall be inverted.

E In graphical representation, LogicNot can be represented by the operator symbol ~.

5.10.3.5 ByteFieldGetSize

bFieldGetSize iS an IntegerTerm Which returis the number of bytes that the ByteFie
fains.

<byteField>: ByteFieldTerm [1]

This is the ByteField operand whose size shall be returned.

5.10.3.6  SubByteField

ByteField iS a ByteFieldTerm which reads a given number of bytes from a ByteField sf
n byte index. The yead' bytes are returned as a ByteField value.

<byteField>:/ ByteFieldTerm [1]
This is theéByteField from which the sub-bytefield shall be read.
<index>: NumericTerm [1]

This'is the byte index of the first byte of the sub-bytefield to be read. Float values shall be

gth of the

br symbol ~.

eturns the

|d operand

arting at a

truncated.

Thr

<count>: NumericTerm [1]

This is the total number of bytes to be read starting from <index>. If <count> equals 0, an empty

Bytefield shall be returned. Fioat values shall be truncated.
OWS:

OutOfBoundsException

It is thrown if the index is not within the range [0,n-1], where n is the size of the ByteField.

OutOfBoundsException

It is thrown if index+count > size of the ByteField or countis negative.
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7.15.10.3.7 GetBit

GetBit iS a BooleanTerm Which returns true if the bit at the given byte index and bit position is 1,
otherwise it returns false.

— <byteField>: ByteFieldTerm [1]
This is the ByteField in which the bit shall be looked up.

— <index>: NumericTerm [1]

This isthe hyfn index ofthe hyfp inwhich the bit of interestresides. gloatvaluesshall be truncated.

— <posifjion>: NumericTerm [1]

This is|the bit position of the bit within the identified byte. F1oat values shall be truncated.
Throws:
— OutOfHoundsException

It is thfown if the index is not within the range [0,n-1], where n is the sizeof the ByteField.
— OutOfHoundsException

It is thfrown if the bit position not within the range [0, 7] of allawed bit positions.
7.15.11Lidt-related terms

7.15.11.1 Description

List relateld terms operate on lists; OTX provides a terim to identify the length of a list (ListGetLength)
and a query for the existence of a value in a list (ListContainsvalue).

7.15.11.2 Syntax

Figure 62 dhows the syntax of the ListTelated term types.

IntegerTerm BooleanTerm ListTerm
«XSDcomplexType». «XSDcomplexType» «XSDcomplexType»
ListGetLength ListContainsValue ListCopy
«XSDelement» «XSDelement» «XSDelement»
+ list: ListTerm + list: ListTerm + otherList: ListTerm
+ value: Term

Figure 62 — Data model view: 1ist related terms

7.15.11.3 Semantics

7.15.11.3.1 ListGetLength
ListGetLength iS an IntegerTerm that returns the number of items contained in a List.
— <1list>: ListTerm [1]

This is the ist whose length shall be computed.
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7.15.11.3.2 ListContainsValue

ListContainsValue iS a BooleanTerm that returns true if and only if the given value is contained in the
List.

— <1list>: ListTerm [1]
This is the L.ist which shall be checked for the <value> to exist.

— <value>: Term [1]

This is the value whaoase existence in the List shall be tested. If the <value> represents.g reference,

then it is tested whether the reference is part of the List or not.

Asspciated checker rules:

— |Core_Chk059 - type-safe ListContainsValue (see C.2.59).

7.15.11.3.3  ListCopy
LisfCopy iS a ListTerm that returns a List which contains shallow copiesof all items of another List.
— |<otherList>: ListTerm [1]

This is the rist which shall be copied.
7.15.12Map-related terms

7.15.12.1 Description

Simjilar to the List related terms, OTX provides terms which operate on Map values. Therf is a term
to iflentify the size of a map (MapGetsize),Query terms for testing the existence of a key oy a value in
a map (MapContainsKey and MapContainsvalue) and a term for extracting a list of keys oyt of a map
(MapGetKeyList).

7.15.12.2 Syntax

Figlire 63 shows the syntax of the Map related term types.

ListTerm ListTerm MapTerm
«XSDeomplexType» «XSDcomplexType» «XSDcomplexType»
MapGetKeyList MapGetValueList MapCopy
X¢Delement» «XSDelement» «XSDelement»
4+ map: MapTerm + map: MapTerm + otherMap: MapTerm
BooleanTerm BooleanTerm LntegerTerm
«XSDcomplexType» «XSDcomplexType» «XSDcomplexType»
MapContainsKey MapContainsValue MapGetSize
«XSDelement» «XSDelement» «XSDelement»
+ map: MapTerm + map: MapTerm + map: MapTerm
+ key: SimpleTerm + value: Term

Figure 63 — Data model view: Map related terms
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Semantics

MapContainsKey

MapContainsKey iS a BooleanTerm that returns true if and only if the given key is contained in the Map.

<map>:

MapTerm [1]

This is the Map which shall be checked for the <key> to exist in one of the Map items.

<key>:

SimpleTerm [1]

This is
Associated

Core_(

Core_(

A

7.15.12.3.

MapContaif
Map.

— <map>:
This is

This i
then it

Associated

Core_(

7.15.12.3.3

MapGetSizg

— <map>:
This i

7.15.12.3.

MapGetKeyL:

13

the key whose existence in the Map shall be tested.
checker rules:

hk023 - type-safe assignments (see C.2.23);
hk040 - type-safe MapContainsKey (see C.2.40).

MapContainsValue

isValue iS a BooleanTerm that returns true if and only if the-given value is contained in

MapTerm [1]

the map which shall be checked for the <value> to exist in one of the Map items.

<valug>: Term [1]

the value whose existence in the Map shall be tested. If the <value> represents a refere

is tested whether the reference is part«of'the Map or not.
checker rules:

hk041 - type-safe MapContainsValue (see C.2.41).

MapGetSize
is an IntegerTernithat returns the number of items contained in a Map.

MapTerm [1]

the Map whose size shall be computed.

MapGetKeyList

the

hce,

special case when the Map is empty, the returned List shall also be empty.

<map>:

MapTerm [1]

This is the Map whose keys shall be extracted into a List.

138
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7.15.12.3.5 MapGetValuelList

MapGetValueList iS a ListTerm that returns a new List which shall contain shallow copies of the values
of a given Map. In the special case when the Map is empty, the returned List shall also be empty.

— <map>: MapTerm [1]

This is the Map whose values shall be extracted into a List.

7.15.12.3.6 MapCopy

Mapfopy 1S a MapTerm that returns a Map which contains shallow copies of all items of another|mMap.
— |<otherMap>: MapTerm [1]

This is the Map which shall be copied.
7.15.13Exception-related terms

7.15.13.1 Description

For|treating exceptions in a catch block of a handler, the getter térms GetExceptionOriginatorNode,
GetExceptionQualifier, GetExceptionText and GetStackTrace-are pI‘OVided.

7.15.13.2  Syntax

Figlire 64 shows the syntax of the Exception related term types.

StringTerm StringTerm. StringTerm ListTerm
«XSDcomplexType» «XSDcomplexType» «XSDcomplexType» «XSDcomplexType»
G¢tExceptionOriginatorNode GetExceptionText. GetExceptionQualifier GetStackTrjace
«XpDelement» «XSDelement» «XSDelement» «XSDelement»
+ | exception: ExceptionTerm + exception: ‘ExceptionTerm + exception: ExceptionTerm + exception: ExceptionTerm

Figure 64— Data model view: Exception related terms

7.15.13.3 Semantics

7.15.13.3.1 GetExceptionOriginatorNode

GetExcepticgnQriginatorNode iS a StringTerm Which returns the id of the node that caused thg¢ exception
(seq 7.13.2):

— |<exception>: ExceptionTerm [1]

This represents the exception.

7.15.13.3.2  GetExceptionQualifier
GetExceptionQualifier iS a StringTerm which returns the exception qualifier (see A.3.5).
— <exception>: ExceptionTerm [1]

This represents the exception.

IMPORTANT — Exception qualifiers are only defined for explicit exceptions (in OTX core, the
only explicit exception is userException). Therefore, GetExceptiongualifier shall return a string
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representation of the exception's data type when it is applied on implicit exceptions. The format
of the string is unspecified.

7.15.13.3.3  GetExceptionText

GetExceptionText iS a StringTerm Which returns the exception text (see A.3.5).

— <exception>: ExceptionTerm [1]

This represents the exception.

7.15.13.3.

GetStackTrace

GetStackTface iS a ListTerm (List of String) which shall return the procedure call stack for-a g
exception. [The call stack shall be determined when the exception is created, not when it is thrown.

zeroth ele
in the seq
returned lj
myProcedul

— <excef

This rg
7.15.14Va

7.15.14.1

The only v
to the curr

7.15.14.2

Figure 65 5

ent of the list shall represent the top of the stack, which is the last procedure invoca
llence. Typically, this is the point at which the exception was created“and thrown.
st shall contain the fully qualified names of the invoked procedures, exg.{ "myCompany . d
re" , "myCompany.otx.main"}.

tion>: ExceptionTerm [1]

presents the exception.
idity concept related terms

Description

ent context.

Syntax

hows the syntax of the validity related term types.

BooleanTerm

«XSDcomplexType»
IsValid

«XSDattribute»
+ validity: OtxLink

Figure 65 — Data model view: Validity concept related terms

ven
The
[ion
The
tx.

hlidity concept related term Isvalid allows testing a validity for its truth value with respect

7.15.14.3

Semantics

IsValid iS a BooleanTerm which returns true if and only if the validity term referenced by otxLink is
true with respect to the current context (see 6.8). This term shall be used if two or more validity terms
shall be pulled together by, e.g. LogicAnd, LogicOr or LogicXor. The term shall also be applicable to
Boolean context variables or global Boolean constants (in this case, the 1svalid term is semantically

equivalent

to the Booleanvalue term).

— wvalidity: OtxLink [1]

This is

the validity term (or Boolean context variable) that shall be tested.

Associated checker rules:

— Co

140

re_Chk053 - no dangling OtxLink associations (see C.2.53);
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— Core_Chk013 - correct referencing of validities (see C.2.13).

7.15.14.4 Example

The example below shows the definition of a validity called "DieseldrivenConvertible" which is valid
if and only if validities "Convertible" and "Dieseldriven" are both valid (the latter validities are not

further specified for this example).

Sample of validity caoncept related terms

<?xml version="1.0" encoding="UTF-8"?>
<otx xmlns-"http://i rg/0TX/1.0.0" did="23"

name="Validity onExample"
package="oc
version="1.
timestamp="20 0
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-ins

0:10"

<validities>
<validity name="Convertible" id="23-v1">

en'" id="23-v2">
vehicle under test is a Diesellyspecification>

erm bes here -->

<validity name-="Dieseld
<specification>True if

[ +

<! a
</validity>

<validity name="DieseldrivenC tible" id="23& 3™
<realisation xsi:type="Logi >
<term xsi:type-="IsValid" validity-"C
<term xsi:type="IsValid" validity-"Di
</realisation>
</validity>
</validities>
</otx>

rartNole" />
sQMriven" />

7.16 Universal types

7.16.1 Overview

In 216 are described auxiliary types,/elements or attributes that are used by various types
data model. Since they cannot betassociated to one specific feature of the model only, they ar¢

in this comprehensive section.
7.16.2 PackageName

7.16.2.1 Description

The PackageNane type prescribes the syntax for package naming. It is used by the package :

the kotx> r00t element (see 7.3) and the <import> element (see 7.4).

7.16/2:2" Syntax

<specification>Tr test is a convertible</specification>
<!-- Validity term
</validity>

in the OTX
b described

ittribute of

Figure 66 shows the syntax of the PackageName type.

xsd:string

«XSDsimpleType»
PackageName

tags
derivation = restriction
pattern = [a-zA-Z][a-zA-Z0-9]*(\.[a-zA-Z][a-zA-Z0-9]*)*

Figure 66 — Data model view: packageName
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7.16.2.3 Semantics

The simple type PackageName is derived from xsd:string. The type restricts the value space of
xsd:string by the regular expression " [a-zA-Z] [a-zA-Z0-9]* (\. [a-ZzA-Z] [a-zA-Z0-9] *) *".

As a consequence, a PackageName is segmented into one or more alphanumeric chunks which are
separated from each other by a dot ("."). Each chunk shall start with a letter; all following characters
shall be alphanumeric. This guarantees and enforces a uniform naming scheme for package names to
which OTX authors shall obey.

Valid uses of this naming scheme allow identifiers like, for example, "com.MyCompany .0txSequences5"
or "My50t#Sequences", whereas Invalid uses are, €.g. "com._ MyCompany.OTX", "mesSéquencesTegt",
"9thPackage" or just the empty string.

7.16.3 OtkName and OtxLink

7.16.3.1 Description

The two ir
OTX data
as global
(document]
syntax of s

7.16.3.2 S

Figure 65 3

h

terrelated simple types otxName and otxLink are described here. Inyvarious places of|
odel, otxName is used for naming entities like signatures, procedures or validities as

tinternally or cross-documents). Both otxName and otxLink’, reépresent restrictions on
uch names and references, as described below.

yntax

hows the syntax of the otxName and otxLink typ€s:

xsd:string xsd:string

«XSDsimpleType»
OtxName

«XSDsimpleType»
OtxLink

derivat|
patter

tags tags
derivation = restriction

pattern = (_*[a-zA-Z][a-zA-Z0-9_]*:)?_*[a-zA-Z][a-zA-Z0-9_]*

on = restriction
=_*[a-zA-Z][a-zA-Z0-9_]*

7.16.3.3 S

7.16.3.3.1

The simple
by a regula

Figure 67 = Data model view: otxName and otxLink

emantics

OtxName

type'OtxName is derived from xsd:string. The type restricts the value space of xsd: stz
rlexpression pattern "_*[a-zA-2Z] [a-zA-Z0-9_]*".

the
vell

d local declarations. Its counterpart otxLink is used for referring to these named entities

the

ing

As a consequence, an otxName shall start with a letter (optionally preceded by any number of underscore
characters); all following characters shall be alphanumeric. This guarantees and enforces a uniform
naming scheme to which OTX authors shall obey.

Valid uses of this naming scheme allow identifiers like, for example, "MyProcedure", " validityl0",
"PI" or "_y2", whereas invalid uses are, e.g. "9x", "___" or just the empty string.

7.16.3.3.2 OtxLink

The simple type otxLink is derived from xsd:string. The type restricts the value space of xsd:string
by a regular expression pattern “(_*[a-zA-Z] [a-zA-Z0-9_]*:)?_ *[a-zA-Z] [a-zA-Z0-9_]*".
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According to the pattern, the otxLink syntax allows two ways of referring to a named entity, depending
on whether the target entity is defined in the same document, or whether it is defined in an external
document (which was imported to the local document as specified in 7.4). In the first case the syntax
equals the otxName syntax. In the latter case the syntax equals “otxName:0OtxName": here the first part
shall be the name of the prefix assigned to the particular OTX document where the target entity is

defi
Vali

ned, the second part (after the colon) is the entity name itself.

d uses of this naming scheme allow document-internal references like, for example, "MyProcedure"

or "x", but also cross-document references to entities defined in external documents like, e.g.
"sig:mySignature5" OI "constants:PI".

Ass

7.1

7.1

Thd
a sy
and

7.1

Figlire 68 shows the syntax of the Namedandspecified type.

7.1
The

pciated checker rules:
Core_Chk053 - no dangling OtxLink associations (see C.2.53);

Core_Chk005 - no use of undefined import prefixes (see C.2.5).
b.4 NamedAndSpecified

b.4.1 Description

abstract type Namedandspecified is used by every type that shall be identifiable, namgable, carry
ecification text and/or supply metadata. Types using thisarg, e.g. all Node types, variable, constant
parameter declarations, the Procedure and signature types or the otx root type itself.

b.4.2 Syntax

I
«XSDcomplexType» Q\

NamedAndSpecifi string
XSDattribut {[\'6'
+«id: Oixfcli T C\)j“ «XSDsimpleType»
+ name: OthamQ}}l] otxld

«XSDelement»
+ specificatioh: xsd:string [0..1]
+ extend : ExtensibleData [0..1]
+ meta X MetaData [0..1]

Figure 68 — Data model view: NamedandSpecified

b.4.3 Semantics

abstract type NamedAndspecified has the following semantic properties:

id; otxId [1]

©IS

The attribute value represents the unique identifier of a Namedandspecified element. It shall be
unique among all other ids in the same OTX document. This constraint is verifiable through XML
schema validation (by <xsd:key> constraints specified in the OTX schema). The otx1d type is a
pattern-restriction of the xsd:string simple type. The value space of the attribute is restricted
by the regular expression “[a-za-20-9\\\-\.\|:_#/1+", which allows the basic letters, numbers as
well as a set of delimiters.

The id attribute is useful concerning versioning, differencing or concurrent editing of OTX
documents. It facilitates traceability of changes that occurred in between different versions of an
OTX document because an element can still be identified even after having been moved or changed
thoroughly.

Concerning id value allocation, OTX authoring applications shall provide the following.
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— When a new Namedandspecified element is created, the application shall generate and assign a

unique id-value to the element's id attribute.

— After creation, applications shall not alter id values anymore. An id shall stay with its element
as an inherent part as long as the element exists, it shall not be changed even if the element is

moved or the contents of the element are changed.

— For each copy of an element, a new unique id value shall be generated and assigned to the copy.

— The allocation and handling of id values should happen automatically in the background.

No

user action should be required (manual creation of unique ids is an awkward task, beyond that

th's 1S IOt acceptable concerning useability). Id values should not be SHown to the USer
m@st importantly, they shall not be editable by the user.
NQTE Users can certainly bypass these rules by editing OTX-documents directly (e.g. with a siy
text editor). Therefore, these rules only make sense as long as the user works within an OFX autho
application. This provided, optimal process stability concerning change traceability iss€nsured.
Associpted checker rules:

— Cdre_Chk058 - unique OtxIds (see C.2.58).

Reconpmendation:

hind,

hple
ring

The sflandard requires ids to be unique only within the scepe of their local OTX documient.

Even Bhetter process stability concerning change traceability ‘€an be gained when guarante
id unifjueness on larger scales, e.g. uniqueness among a-full set of OTX documents, proje
company wide uniqueness or even universal uniqueness, To achieve this, it is beneficial to
Univerfsally Unique Identifiers (UUID) for the id attribute, as specified by Reference [6].

name: [OtxName [0..1]

This r¢presents the OTX name of a NamedAndspecified element.

do nof|, there are special rules defined for those types who require it. The rules are enfor
by <xsf:key> restrictions in the OTX Schema.

IMPO{TANT — Since some NamedAndSpecified types require the name attribute while oth
<specilfication>: xsd:string [0..1]
This allows adding a descriptive specification to the Namedandspecified element.

<exterldedData>: ExtensibleData [O0..*]

This declares geferal data for Namedandspecified which can be extented by new general (
definefl in new,OTX extensions using the standardised extension mechanism. For example, it
be usef to specify specification relevant content in a better structured way.

IMPORTANT — The extension mechanism described here only defines the syntactic rule

Ping
cts,
use

ers
ced

lata
can

S to

which extension implementers shall obey in order to conform to this document. It shal
ensured that no OTX requirements are violated.

<metaData>: MetaData [0..1]

be

If metadata are added to a NamedandSpecified element, the <metapata> shall be used (see 7.16.5).
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7.16.5 MetaData

7.16.5.1 Description

The complex type MetaData is used by several types in the OTX data model, e.g. by the otx, Procedure
and Node types, which contain a <metabata> element. The MetaData type allows tools to store additional,
mainly tool-specific data.

IMPORTANT — By definition, any metadata in an OTX document shall be ignorable or even
removable at any time without changing the original logic of the procedures contained.

7.16.5.2 Syntax
Figlire 69 shows the syntax of the Metabata type.

There are no syntactical constraints on the metadata itself (however, there are.semantic cqnstraints).
Synltactically, each <data> element in a <metaData> element can consist of:

— |a simple string (since pata is a mixed type),

— |an embedded XML document valid to an arbitrary XML schetmd (see anyContent Which is an
<xsd:any> wildcard element in the OTX schema) or

— |XLink attributes which allow pointing to metadata sourees/which may be contained in gn external
document (see W3C XLink:2010).

The validation setting processContents = "lax"is'set for the <xsd:any> wildcard, which is
usef for arbitrary XML style metadata. This setting means that XML content will not be[taken into
accpunt by validators unless the corresponding XML schema for the XML content is given [e.g. by the
xmlf schemaLocation attribute).

«XSDcomplexType» data «XSDcomplexType» «XSDany»
MetaData 0 Data 01 AnyContent
«XSDattribute»
+ key: xsd:string «XSDattributeGro ..
+ =>: contentType [0..1] «groupref» specialAttrs
<<XSDaf1y» . + base: xml:base
+ XLinkAttributes + lang: xmllang
+ space: xml:space
+ id: xmlid

Figure 69 — Data model view: MetaData

7.16.5.3 \Semantics

Sincethecomntaied retadataare potentiatty tootspecificamdmon=stamdardized; it s ot guaranteed
to be understood by every OTX conform application. This is why the data shall not be used by any OTX
application in a way that the behaviour of the procedure logic is changed.

A <metaData>element is merely a container for an arbitrary-length list of <data> elements. The following
describes the meaning of the corresponding pata type:

— key: xsd:Name [1]

This attribute contains a key used by applications to identify a specific metadata item. All key
names shall be unique within the scope of the surrounding <metadata> element. This is ensured by
XML schema validation (by <xsd:key> constraints specified in the OTX schema).

Recommendations:
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There should be no overlapping of keys between different suppliers. For this reason, the company
name or tool name should be used as prefix.

— xXmime:

contentType: xsd:string [0..1]

This optional attribute is used to describe the content type of the metadata. This information can
be used by applications, e.g. to start a viewer which can handle this kind of content. The content
type string shall be formatted according to the rules given in RFC 2045 and RFC 2046.

— =xml:specialAttrs (xml:base, xml:lang, xml:space, xml:id [all optional])

This af
names
metad
e.g. de
about

— W
— W
— W
— XLinK|

The optional XLink attributes as specified by W3C XLink:2010.allow pointing to a URI of an exte

resouf
of the

Recom

If the }
used a

— Mixed|

The c(
applic3
within|

pace http://www.w3.org/XML/1998/namespace, standardized by the W3C. For |A
hta, these attributes can optionally be used to specify some further properties of&he d
[ining the language of the contents, how spaces should be treated. For detailed-informa
he use of the attributes, refer to the following W3C recommendations:

BC XMLNS:2009: General information about the xml : namespace;
BC XML:2008: Attributes xml:lang and xml: space;
BC XMLBASE:2009: Attribute xml :base.

Attributes

ce which contains the actual metadata. It is also possible to point to particular places in
pxternal resource.

mendation:

(Link attributes are set, any other contentbetween the <data>and </data> markup ma
5 an alternative when the external resource cannot be accessed; otherwise it may be igno

content (text or any XML data)

ntent of <data> elements has no semantic defined by the OTX standard. Semantics
ition specific and need to-he‘defined separately. If non-standardized namespaces are U
the XML data, the cogresponding XML schemas shall be transported alongside the }

ml”:
DTX
ata,
fion

‘nal
bide

I be
red.

are
sed
(ML

x>

docunjent; otherwise, the OFX document is not valid.
7.16.5.4 Bxample
The example below shows different uses of <data> elements in the <metabata> section of the <q
element.
Sample of|[MetaData
146 © IS0 2022 - All rights reserved
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<?xml version="1.0" encoding="UTF-8"7?>

<otx xmlns //iso.org/0OTX/1.0.0"
name-"Ve
package-
version="1
timestamp-""2
xmlns:xmime-
xmlns:xlink=" ht

id-"24"

xmlns:xsi="http://u ance">
<metaData>
<data key-"kl" xlink:href-"../images/ .jpeg" xmime:contentType-"image/jpeg" />

<data key-"k2" xmime:contentType-" ion/xhtml+xml">

<html xmlns="http:// 0rg/1999/xhtml" xml:lang-"en" lang-"en">
<head><title>XHTMI ment</title></head>
<body>
<p>This 1s an example of meta-data, structured after XML rules</p>
</body>
</html>
</data>
<data key-"k3" xml:lang-"en-GB" xml:space="preserve''>Some simple meta informatidm</dath>
<data key-="k4"><![CDATA[More meta <data>]]></data>
</metaData>
</otx>
Thd first use (key = "k1") is an xlink to an external document, there is @¥int for the cdntent type
of this document (xmime:contentType = "image/jpeg"). The second (key = "k2") is an example for
metladata which has XML form, in this case it is a XHTML document. Sinee there is no scherpa location

givg
wel
con

7.1

7.1

The
use
OT3
ini
will

loop configuration) node with its <counter> element, which identifies the Integer variable

con|
the

Sin
typ

7.1

Figlire 70 shows the syntax of the variable types.

formed) XHTML. The third use (key = "k3") shows metadatathat is represented by s
fent. The last use shows metadata contained in an unparsed.€DATA section.

.6 Variable access

b.6.1 Description

variable access types represent the countefpart of the dereferencing terms (see 7.15.3]

({ nodes and actions when the variabléicontainer itself is of primary interest, not the v
. This is the case, for example, in aitassignment action: the calculated value given by
be assigned to the variable identified by <result> (see 7.14.4). Another example is thg

fain the current iteration number at runtime (see 7.13.4.3). In all of these cases, the curré
variable is not relevant,

e all variable subtypes have uniform syntax and semantics, a general description app|
s is provided hereby.

b.6.2 Syntax

n for the XHTML content in this example, validation will succeed éven if the data were n¢ valid (but

fatic string

which are

1 to read the actual value stored in a declaration. By contrast, variable access types are used by

hlue stored
the <term>

Loop (for-
which shall
nt value of

lying to all

©IS
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ExtensionInterface

«XSDcomplexType»
Variable

—> «XSDattribute»

«XSDcomplexType»
Path

7.16.6.3 S
The propet

— name:

«XSDelement»
+ name: OtxLink + stepByName: StringTerm
«XSDelement» + stepByIndex: NumericTerm
+ path: Path [0..1]
«XSDcomplexType» «XSDcomplexType» «XSDcomplexType»
BooleanVariable IntegerVariable StringVariable
«XSDcomplexType» «XSDcomplexType» «XSDcomplexType»
MutexLockVariabl FloatVariable ExceptionVariable
«XSDcomplexType» «XSDcomplexType» «XSDcomplexType»
ByteFieldVariable ListVariable MapVariable

Figure 70 — Data model view: variablg\ypes

emantics
ties of all variable types have the following semantics:

OtxLink [1]

This cpntains the otxLink to the declaration-which is of interest. For getting access to data which

reside
utilize

— <pathX:

The el
index-

— <s

This st
Map Wi

— <s

b deeper within a complex data-structure like a List or Map, the <path> element shal
d which points to the data insideof the structure.

Path [0..1]

bment addresses parts of complex structures like List or Map. It is built out of a serie
and name-steps whieh’allow navigate into the structure (by utilizing <xsd:choice> [1..

tepByIndex>: {NumericTerm [1]

ep of a <path> shall be used for locations addressed by index. Iltems in a List and items
Lh Integer’keys shall be in this way. Float values shall be truncated.

tepByName>: StringTerm [1]

be

s of
*]);

in a

This step of a <path> shall be used for addressing locations by name. Items in a Map with string
keys shall be addressed in this way.

The OTX data model does not allow any variable subtype to refer to immutable data (constants).

Associated checker rules:

— Core_Chk053 - no dangling OtxLink associations (see C.2.53);

— Core_Chk050 - type-safe variable and constant usage (see C.2.50);

— Core_Chk051 - immutability of constants, input parameters and context variables (see C.2.51).

148
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7.16.6.4 Example

The example below shows an Integervariable term which is used as the in an Assigrment
name attribute identifies the integer variable i. The value assigned to i is the valuggf'another
which is dereferenced by using the Integervalue term (see 7.15.3).

Sample 1 of VariableAccess

Co

the|result by using the name attribute with a <path>. The target resides in the complex str
Lisk of Map), more specifically at L[1, "key1"]. TheAssignment also uses the valueof attri
Int[gerValue term for reading the constant named c.

Sa

IS0 13209-2:2022(E)

rows:

OutOfBoundsException

It is thrown only if there is a <path>: if the <path> points to a location which has not been allocated

(like a list index exceeding list length, or a map key which is not part of the map).

In a graphical OTX editor, variable types can be displayed in the common notation form used by
all major programming languages. For example, for a Booleanvariable type for a variable b, the
display should simply show b; for a Booleanvariable with a <path> pointing to index i in a list L of

Booleans, L[i] should be displayed.

<action id="al">
<specification>Assignment i:=7</specification>
<realisation xsi:types'Assigurent'>.

<term xsi:type-"Integ
</realisation>
</action>

nsider the other example in the OTX snippet below, Theé Assigment action addresses th

ple 2 of VariableAccess

<declarations>
<variable name="1">
<specification>A i) of maps of {string:integer} items</specification>
</wvariable>
<constant name-'"."“/>
</declarations>

<flow>
<action @Ads™al">
<specification>Assign the

<result xsi:type-="Inte
'~ <path>
1 <stepByIndex xsi:type="1 Literal" value="1" />
: <stepByName xsi:type-"StringLiteral"” value="keyl" />
1 </path>
<term xsi:type-"IntegervValue" valueOf="c" />
</realisation>
</action>
</flow>

hction. The
variable 3,

e target of
licture L (a
bute in the

7.16.7 Declarations

7.16.7.1 Overview

Test sequences need a facility for storing data that represents the state of the program during
execution. In OTX, data are stored in global constants, document variables, context variables, procedure
parameters, local constants and local variables. These are declared in the global declaration block, the
parameter declaration blocks or local declaration blocks, as shown in the overview given by Figure 71.
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«XSDcomplexType»
GlobalDeclarations

+ declaration:

«XSDelement»

+ constant: GlobalConstantDeclaration

+ variable: DocumentVariableDeclaration
+ context: ContextVariableDeclaration

ExtensibleGlobalDeclaratior

«XSDcomplexType»
ParameterDeclarations

«XSDelement»

Declaration

«XSDcomplexType»
GlobalConstantDeclaration

Declaration

«XSDcomplexType»
DocumentVariableDeclaration

Declaration

«XSDcomplexType»
ContextVariableDeclaration

«XSDattribute»
+ visibility: Visibility [0..1]

«XSDattribute»
+ visibility: Visibility [0..1]

«XSDattribute»
+ visibility: Visibility [0..1]

Declaration
«XSDcomplexType»

Declaration

«XSDcomplexType»
InOutParameterDeclaration

InParameterDeclaration

Declaration

«XSDcomplexType»
OutParameterDeclaration

+ inoutParar:

+ inParam: [IhParameterDeclaration

+ outParam: [OutParameterDeclaration

InOutParameterDeclaration|

«}SDcomplexType»
LocalDeclarations

«XSDelement»
+ constant:

onstantDeclaration
+ variable: ariableDeclaration

Declaration|

«XSDcomplexType»
ConstantDeclaration

Declaration

«XSDcomplexType»
VariableDeclaration

NamedAndSpecified
«XSDc ’lexType>
Ex @ eDeclaratipn

Figure 71 — Data model view: Declarations

NOTE The XSD complex types GlobalDeclarations, ParametersDe€larations and LocalDeclarations
are of <xsd{choice> [1..*] content-type, which is not explicitly shown'in Figure 71.

Since it shgll be possible for nodes in the procedure flow to.vefér to the data, every declaration carries a
globally/lofcally unique identifier. To every identifier, an OTX-data type may be assigned. The declarafion

and the da

7.16.7.2 Declaration

7.16.7.2.1

Description

a type assignment are specified in the following.

The peclagation type is used for declarations in the global, local and parameter declaration blocks. [The

visibility of declared identifiers depends on the location of the declaration and of the visibility mod
(see 7.16.8).

7.16.7.2.2

Syntax

fier

Generally 4poken, everydeclaration is composed of a name (the identifier) and a data type. Comparje to
the Declarption typein Figure 72, which is the base for all parameter, constant and variable declaration

types.
¥ -
ébmedAndSpecified realisation «XSDcomplexType» dataType ExtensionlInterface
5 textypes 0.1 DeclarationRealisation 1 <XSBromptextypes
Declaration DataType

150

Figure 72 — Data model view: Declaration
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7.16.7.2.3 Semantics

Declarations shall be processed before procedure execution. Memory needs to be reserved for the
data, according to the data type. The properties of the abstract peclaration type have the following
semantics:

7.1

7.1
The

id: otxId [1] (derived from NamedandSpecified, see 7.16.4)

This represents a declaration's id. It shall be unique among all other ids in a document. Please refer

to 7.16.4 for details concerning ids in OTX documents.

- 24040
TrEame T OtxXName 1] (dEI tved-from Namedamdspecifisd, sec 7 101)

The value of the attribute represents the human readable identifier for the data.
declarations, the name shall be unique among all global identifiers of the same doc

constraints are verifiable through XML schema validation (by <xsd:key>CoHstraints s
the OTX schema).

<specification> : xsd:string [0..1] (derived from NamedAndSpecified, see 7.16.4)

The static string content of this element shall be used to specify the purpose of the decl
the human reader. The complement of <specification> is the element <realisation> (s

Associated checker rules:
— Core_Chk007 - have specification if no realisatiomexists (see C.2.7).
<realisation>: DeclarationRealisation [0..,1]

For declarations at specification stage, having'a name for the declaration is sufficient. For

for exactly this task - it contains a <datlaType> sub element:
— <dataType>: DataType [1]

This element represents the data type for the declared data. It can be chosen out of
available OTX data types;-these are derived from the abstract pataType complex type.
about data type assignment.

The runtime characteristics of all data types required by the OTX core are fully s
Annex A.

b.7.3 ExtensibleDeclaration

b.7.3:1 Description

For global
iment. For

local declarations, it shall be unique among all declaration identifiers in the/procedure. These

pecified in

aration for
be below).

realisation

stage, the declaration needs a data type-assignment. The optional <realisation> element is used

the list of
bee 7.16.7.4

pecified in

htion block

EXtensiblepeclaration type is used for declarations in the global extensible declar

which can be extented by additional realisations defined in new OTX extensions using the standardised
extension mechanism. The visibility of declared identifiers depends on the location of the declaration
and of the visibility modifier (see 7.16.8).

7.16.7.3.2 Syntax

Generally spoken, every extensible declaration is composed of a name (the identifier) and a data type.
Compare to the ExtensibleDeclaration type in Figure 73.
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«XSDcomplexType» +realisation «XSDcomplexType» +dataType «XSDcomplexType»
EtensibleDeclaration 0..1 | ExtensibleDeclarationRealisation 1 DataType

7.16.7.3.3

Figure 73 — Data model view: ExtensibleDeclaration
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This e

availalle OTX data types; these are derived from the abstract pataType complex type. See 7.14

about

eleme;Lt is used for exactly-this task - it contains a <dataType> sub element:

declarations shall be processed before procedure execution. Memory needs to be réesef
a, according to the data type. The properties of the abstract ExtensibleDeclaration
llowing semantics:

xId [1] (derived from NamedAndSpecified, see 7.16.4)

presents a declaration's id. It shall be unique among all other ids in a doeiiment. Please r
14 for details concerning ids in OTX documents.

otxName [1] (derived from NamedAndSpecified, see 7.16.4)

hema validation (by <xsd:key> constraints specified inithe OTX schema).
fication> : xsd:string [0..1] (derived from nNamedAndSpecified, see 7.16.4)

htic string content of this element shall be uséed to specify the purpose of the declaration
man reader. The complement of <specification> is the element <realisation> (see belo

ated checker rules:
re_ChkO007 - have specification jf no realisation exists (see C.2.7).

sation>: ExtensibleDeclarationRealisation [0..1]
hlisation stage, the declaration needs a data type assignment. The optional <realisati

taType>: DataType [1]

ement représents the data type for the declared data. It can be chosen out of the lig

lata type assignment.

ved
ype

pfer

| be

for

tensible declarations at'spécification stage, having a name for the declaration is sufficient.

on>

t of
).7.4

The ru
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7.16.7.4 Data type assignment

. | istics of all d red by the OTX ull fiedl in

For each OTX data type, there are different rules concerning the declaration and especially the
initialization of identifier values.

An overview about the possible data types that can be assigned to an identifier at declaration time is
given in Figure 74. This subclause defines the syntax of data type assignment. A definition of the OTX
data types concerning internal data type structure and value space of each data type is provided by

Annex A.
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