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Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential |PRs, if any, ispublicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards', which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org/).

Pursuant to the ETSI IPR Palicy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
can be given asto the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Foreword

ThisETSI Standard (ES) has been produced by ETSI Technical Committee Methods for Testing and Specification
(MTS).

The present document is part 4 of a multi-part deliverable. Full details of the entire series can be found in part 1 [1].

NOTE: All formatting in the present document has been done intentionally. Underlined words denote special
elements of the formal semantics. Their meaning is described in clauses 7 and 8.

Modal verbs terminology

In the present document “shall”, "shall not”, #'should!’, "should net"”,'may*,"need not", "will", "will not", "can" and
"cannot" areto beinterpreted as described 'in clause 3.2 of the' ET SI"Drafting/Rules (Verbal forms for the expression of
provisions).

"must" and "must not" are NOT,.alowed in ETSI deliverables except when used;in direct citation.
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1 Scope

The present document defines the operational semantics of TTCN-3. The present document is based on the TTCN-3
core language defined in ETSI ES 201 873-1 [1].

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected location might be found at
https://docbox.etsi.org/Reference/.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are necessary for the application of the present document.

[1] ETSI ES 201 873-1: "Methods for Testing and Specification (MTS); The Testing and Test Control
Notation version 3; Part 1: TTCN-3 Core Language'.

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited-version applies For non-specific references, the latest version of the
referenced document (including-any'amendments) applies.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

Not applicable.

3 Definitions and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions givenin ETSI ES 201 873-1 [1] apply.

3.2 Abbreviations

For the purposes of the present document, the following abbreviations apply:

BNF Backus-Nauer Form

MTC Master Test Component

SUT System Under Test

TTCN Testing and Test Control Notation

ETSI



10 ETSI ES 201 873-4 V4.6.1 (2017-05)

4 Introduction

This clause defines the meaning of TTCN-3 behaviour in an intuitive and unambiguous manner. The operational
semantics is not meant to be formal and therefore the ability to perform mathematical proofs based on this semanticsis
very limited.

This operational semantics provides a state oriented view on the execution of a TTCN module. Different kinds of states
are introduced and the meaning of the different TTCN-3 constructsis described by:

1) using state information to define the preconditions for the execution of a construct; and
2)  defining how the execution of a construct will change a state.

The operational semanticsis restricted to the meaning of behaviour in TTCN-3, i.e. functions, altsteps, test cases,
module control and language constructs for defining test behaviour, e.g. send and r ecei ve operations, i f -el se-, or
whi | e- statements. The meaning of some TTCN-3 constructs is explained by replacing them with other language
constructs. For example, i nt er | eave statements are short forms for series of nested al t statements and the meaning
of eachi nt er | eave statement is explained by its replacement with a corresponding series of nested alt statements.

In most cases, the definition of the semantics of alanguage is based on an abstract syntax tree of the code that may be
described. This semantics does not work on an abstract syntax tree but requires a graphical representation of TTCN-3
behaviour descriptions in form of flow graphs. A flow graph describes the flow of control in afunction, alt step, test
case or the module control. The mapping of TTCN-3 behaviour descriptions onto flow graphsis straightforward.

NOTE: The mapping of TTCN-3 statements onto flow graphsisan informal step and is not defined by using the
BNF rulesin ETSI ES 201 873-1 [1]. The reason for thisis that the BNF rules are not optimal for an
intuitive mappingibecauseseveral static semanticrul es anecaded inte BINF rules in order to allow static
semantic checks during the syntax check.

5 Structure of the present document

The present document is structured into four;parts:

1) Thefirst part (see clause 6) describes restrictions of the operational semantics, i.e. issues related to the
semantics, which are not covered by the present document.

2) The second part (see clause 8) defines the meaning of TTCN-3 short cut and macro notations by their
replacement with other TTCN-3 language constructs. These replacementsin a TTCN-3 module can be seen as
pre-processing step before the module can be interpreted according to the following operational semantics
description.

3) Thethird part (see clause 9) describes the operational semantics of TTCN-3 by means of flow graph
interpretation and state modification.

4)  Thefourth part (see clause 10) specifies the mapping of the different TTCN-3 statements onto flow graph
segments, which provide the building blocks for flow graphs representing functions, at steps, test cases and
module control.

6 Restrictions

The operational semantics only covers behavioural aspects of TTCN-3, i.e. it describes the meaning of statements and
operations. It does not provide:

a) A semanticsfor the data aspects of TTCN-3. Thisincludes aspects like encoding, decoding and the usage of
data imported from non-TTCN-3 specifications.

b) A semanticsfor the grouping mechanism. Grouping is related to the definitions part of a TTCN-3 module and
has no behavioural aspects.
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A semanticsfor thei nport statement. The import of definitions has to be done in the definitions part of a
TTCN-3 module. The operational semantics handlesimported definitions as if they are defined in the
importing module.

A semantics for the visibility of definitions. The correct usage of imported definitions declared with publ i c,
privat e andfri end vishility hasto be checked by other means.

A semantics for fuzzy and lazy evaluation of variables and parameters. However, notes in the appropriate
clauses of this standard refer to places where fuzzy and lazy evaluation has to be considered.

7

7.0

Replacement of short forms

General

Short forms have to be expanded by the corresponding complete definitions on a textual level before this operational
semantics can be used for the explanation of TTCN-3 behaviour.

TTCN-3 short forms are:

lists of module parameter, constant and variable declarations of the same type and lists of timer declarations;
stand-alone receiving operations;

stand-alone altsteps calls,

tri gger operations,

missing r et ur n and st op statementsat the'end of function ‘and test case definitions;

missing st op execution statements;

i nterl eave statements;

sel ect - case gstatements;

break and conti nue statements,

di sconnect and unmap operations without parameters; and

default values of missing actual parameters.

In addition to the handling of short forms, the operational semantics requires a specia handling for module parameters,
global constants, i.e. constants that are defined in the module definitions part, and pre-processing macros. All references
to module parameters, global constants and pre-processing macros shall be replaced by concrete values. This means, it
is assumed that the value of module parameters, global constants and pre-processing macros can be determined before
the operational semantics becomes relevant.

NOTE 1: The handling of module parameters and global constants in the operational semantics will be different

from their handling in a TTCN-3 compiler. The operational semantics describes the meaning of TTCN-3
behaviour and is not a guideline for the implementation of a TTCN-3 compiler.

NOTE 2: The operational semantics handles parameters of and local constants in test components, test cases,

functions and module control like variables. The wrong usage of local constantsor i n, out andi nout
parameters has to be checked statically.
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7.1 Order of replacement steps

The textua replacements of short forms, global constants and module parameters have to be done in the following
order:

1) replacement of lists of module parameter, constant, variable and timer declarations with individual
declarations;

2) replacement of global constants and module parameters by concrete val ues;

3) replacement of all sel ect - case statements by equivalent nested i f - el se statements;

4)  embedding stand-alone receiving operationsinto al t statements;

5) embedding stand-alone altstep callsinto al t statements;

6) expansionofi nterl eave statements;

7) replacement of al t ri gger operationsby equivalentr ecei ve operationsand r epeat statements;

8) addingr et ur n at the end of functions without r et ur n statement, adding sel f .st op operations at the end
of testcase definitions without ast op statement;

9) adding st op at the end a module control part without stop statement;

10) expansion of break statements;

11) expansion of continue statements;

12) adding default parametersto di sconnect and unnap operations without parameters; and
13) adding default values of parameters.

NOTE: Without keeping this order of replacement steps; the.result'of the replacements would not represent the
defined behaviour:

7.2 Replacement of global constants and module parameters

Constants declared in the modul e definitions part are global for module control and all test components that are created
during the execution of a TTCN-3 module. Module parameters are meant to be global constants at run-time.

All references to global constants and module parameters shall be replaced by the actual values before the operational
semantics starts the interpretation of the module. If the value of a constant or module parameter is given in form of an
expression, the expression has to be evaluated. Then, the result of the evaluation shall replace al references of the
constant or module parameter.

7.3 Embedding single receiving operations into alt statements

TTCN-3 receiving operations are: r ecei ve,tri gger,getcal | ,getrepl y,catch,check,ti meout, and
done.

NOTE: Theoperationsr ecei ve,trigger,getcall,getreply,catch andcheck operate on portsand
they allow branching due to the reception of messages, procedure calls, replies and exceptions. The
operationst i meout and done are not real receiving operations, but they can be used in the same
manner as receiving operations, i.e. asalternativesinal t statements. Therefore, the operational
semantics handlest i neout and done like receiving operations.

A receiving operation can be used as stand-al one statement in afunction, an altstep or atest case. Thet i neout
operation can also be used as stand-al one statement in modul e control. In such a case the receiving operation as
considered to be shorthand for an al t statement with only one alternative defined by the receiving operation. For the
operational semanticsan al t statement in which the receiving statement is embedded shall replace all stand-alone
occurrences of receiving operations.
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EXAMPLE:
/1 The stand-al one occurrence of

M/CL. trigger(MType: ?);

/1 shall be replaced by

ait {
} [1 MCL.trigger (MType:?) { }

Il or

WPTC. done;

/1 shall be replaced by

al't {
[T MPTC. done { }
}

7.4 Embedding stand-alone altstep calls into alt statements

TTCN-3 alows calling altsteps like functions in functions, altsteps, test cases and module control. The meaning of a
stand-alone call of an altstep isgiven by anal t statement with one branch only that calls the altstep. Theal t
statement is responsible for the-snapshot that i seval uated withi n thealtstep:and farthe invocation of the default
mechanism if none of the alternativesin'the atstep can'be'‘chosen.

NOTE: An altsteps used in module'control ‘canonly include aternatives with t i meout operationsand an el se
branch.

EXAMPLE:
/1 The stand-al one occurrence-of

@AI tstep(MyParlval);

/1 shall be replaced by

ait {
[T nyAltstep(MyParlval) { }
}

7.5 Replacement of interleave statements

Themeaning of ani nt er | eave statement is defined by its replacement by a series of nested al t statements that has
the same meaning. The algorithm for the construction of the replacement for ani nt er | eave statement is described in
this clause. The replacement shall be made on a syntactical level.

Withinani nt er| eave statement it is not allowed:

1) tousethe control transfer statementsf or , whi | e, do-whi | e, got 0, acti vat e, deacti vat e, st op,
repeat andreturn;

2) tocal atsteps,
3) tocal user-defined functions which include communication operations;

4)  toguard branches of thei nt er | eave statement with Boolean expressions; and

5) to specify el se branches.
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