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Intellectual Property Rights

Essential patents

IPRs essential or potentialy essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI membersand non-members, 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 as to 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.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not congtitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

Foreword

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

The present document relates to the multi-part standard ETSI ES 201 873 covering the Testing and Test Control
Notation version 3, as identified below:

Part 1:  "TTCN-3 Core Language";

Part2:  "TTCN-3 Tabular presentation Format (TFT)";
Part 3:  "TTCN-3 Graphical presentation Format (GFT)";
Part 4. "TTCN-3 Operational Semantics';

Part 5.  "TTCN-3 Runtime Interface (TRI)";

Part 6:  "TTCN-3 Control Interface (TCI)";

Part 7:  "Using ASN.1 with TTCN-3";

Part8: "ThelDL to TTCN-3 Mapping";

Part9:  "Using XML schemawith TTCN-3";

Part 10: "TTCN-3 Documentation Comment Specification”;
Part 11: "Using JSON with TTCN-3";

Part 12: "Using WSDL with TTCN-3".

NOTE: Part 2 of the multi-part deliverable ETSI TS 201 873 isin status "historical” and is not maintained.
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Modal verbs terminology

In the present document "shall", "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" areto beinterpreted as described in clause 3.2 of the ETS| Drafting Rules (Verba forms for the expression of
provisions).

"must” and "must not" are NOT alowed in ETSI deliverables except when used in direct citation.

ETSI
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1 Scope

The present document defines the Behaviour Types package of TTCN-3. TTCN-3 can be used for the specification of
all types of reactive system tests over avariety of communication ports. Typical areas of application are protocol testing
(including mobile and Internet protocols), service testing (including supplementary services), module testing, testing of
APIs, etc. TTCN-3 isnot restricted to conformance testing and can be used for many other kinds of testing including
interoperability, robustness, regression, system and integration testing. The specification of test suites for physical layer
protocols is outside the scope of the present document.

TTCN-3 packages are intended to define additional TTCN-3 concepts, which are not mandatory as conceptsin the
TTCN-3 core language, but which are optional as part of a package which is suited for dedicated applications and/or
usages of TTCN-3.

This package defines types for behaviour definitionsin TTCN-3.

While the design of TTCN-3 package has taken into account the consistency of a combined usage of the core language
with anumber of packages, the concrete usages of and guidelines for this package in combination with other packages
is outside the scope of the present document.

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 |ocation 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] ETSI ES 201 873-4: "Methods for Testing and Specification (MTS); The Testing and Test Control
Notation version 3; Part 4: TTCN-3 Operational Semantics'.

[3] ETSI ES 201 873-5: "Methods for Testing and Specification (MTS); The Testing and Test Control
Notation version 3; Part 5: TTCN-3 Runtime Interface (TRI)".

[4] ETSI ES 201 873-6: "Methods for Testing and Specification (MTS); The Testing and Test Control
Notation version 3; Part 6: TTCN-3 Control Interface (TCI)".

[5] I SO/IEC 9646-1: "Information technology -- Open Systems Interconnection -- Conformance
testing methodology and framework; Part 1. General concepts’.

[6] ETSI ES 202 784: "Methods for Testing and Specification (MTS); The Testing and Test Control
Notation version 3; TTCN-3 Language Extensions. Advanced Parameterization”.

[7] ETSI ES 201 873-10: "Methods for Testing and Specification (MTS); The Testing and Test
Control Notation version 3; Part 10: TTCN-3 Documentation Comment Specification”.
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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.

[i.1] ETSI ES 201 873-7: "Methods for Testing and Specification (MTS); The Testing and Test Control
Notation version 3; Part 7: Using ASN.1 with TTCN-3".

[i.2] ETSI ES 201 873-8: "Methods for Testing and Specification (MTS); The Testing and Test Control
Notation version 3; Part 8: The IDL to TTCN-3 Mapping".

[i.3] ETSI ES 201 873-9: "Methods for Testing and Specification (MTS); The Testing and Test Control
Notation version 3; Part 9: Using XML schemawith TTCN-3".

3 Definitions and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions given in ETSI ES 201 873-1 [1], ETSI
ES 201 873-4[2], ETSI ES 201 873-5[3], ETSI ES 201 873-6 [4], | SO/IEC 9646-1 [5] and the following apply:

behaviour definition: definition of an altstep, function, or testcase that can be called explicitly
NOTE: A control part isnot considered a behaviour definition, because it cannot be called explicitly.
behaviour type: type of behaviour definitions

NOTE: Behaviour types are of kind altstep, function, or testcase.

3.2 Abbreviations

For the purposes of the present document, the abbreviations given in ETSI ES 201 873-1 [1], ETSI ES 201 873-4 2],
ETSI ES 201 873-5[3], ETSI ES 201 873-6 [4] and | SO/IEC 9646-1 [5] apply.

4 Package conformance and compatibility

The package presented in the present document isidentified by the package tag:
"TTCN- 3: 2009 Behavi our Types" -to beused with modules complying with the present document

For an implementation claiming to conform to this package version, all features specified in the present document shall
be implemented consistently with the requirements given in the present document and in ETSI ES 201 873-1 [1] and
ETSI ES 201 873-4 [2]. All features marked [ AdvancedParameterization] have to be implemented only in case that this
package is used together with the Advanced Parameterization package [6].

The package presented in the present document is compatible with:
e ETSIES201873-1[1] (V45.1).
e  ETSI ES201873-4[2] (V4.4.1).
e  ETSI ES201873-5[3] (V4.5.1).

ETSI



e  ETSI ES201873-6[4] (V4.5.1).

e  ETSIES201873-7[i.1] (V45.1).

e ETSI ES201873-8[i.2] (V4.5.1).

e  ETSI ES201873-9[i.3] (V45.1).

e  ETSI ES201873-10[7] (V4.5.1).
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If later versions of those parts are available and should be used instead, the compatibility to the package presented in the
present document has to be checked individually.

The package presented in the present document is also compatible with:

. ETSI ES 202 784 [6] Package Advanced Parameterization (V1.3.1);

and can be used together with this package.

If later versions of those packages are available and should be used instead, the compatibility to the package presented
in the present document has to be checked individualy.

5

5.1

Clause 5.4

Parameterization

Package concepts for the core language

Extension to ETSI ES 201 873-1, clause 5 (Basic language
elements)

Values of behaviour types can be passed as parameters as indicated in table 2.

Table 2: Overview of parameterizable TTCN-3 objects

Keyword Allowed kind of Allowed form of Allowed types in formal parameter lists
Parameterization Parameterization
module  |Value parameterization |Static at start of run-time |all basic types, all user-defined types and addr ess
type.
type Value parameterization |Static at compile-time all basic types, all user-defined types and addr ess
(see note) type.
template |Value and template Dynamic at run-time all basic types, all user-defined types, addr ess
parameterization type, t enpl at e, and behaviour types.
function |Value, template, port and |[Dynamic at run-time all basic types, all user-defined types, addr ess
timer parameterization type, conponent type, port type, def aul t,
behaviour types, t enpl at e and ti nmer.
altstep Value, template, port and [Dynamic at run-time all basic types, all user-defined types, addr ess
timer parameterization type, conponent type, port type, def aul t,
behaviour types, t enpl at e and t i ner .
testcase |Value, template, port and |Dynamic at run-time all basic types and of all user-defined types,
timer parameterization addr ess type, t enpl at e, and behaviour types.
signature |Value and template Dynamic at run-time all basic types, all user-defined types and addr ess
parameterization type, conponent type, and behaviour types.
NOTE: Record of, set of, enumerated, port, component and sub-type definitions do not allow parameterization.

Clause 5.4.1.1

Also, values of behaviour types can be passed as value parameters.

Formal parameters of kind value

ETSI
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5.2 Extension to ETSI ES 201 873-1, clause 6 (Types and
values)

Behaviour typessuch asal t st ep, functi on,andt est case may be used to define flexible behaviour of TTCN-3
libraries.

No subtyping is defined for behaviour types.

Clause 6.2 Structured Types and Values

Extend clause 6.2 Structured types and values by the following clause 6.2.13.
6.2.13 Behaviour Types

6.2.13.1 Behaviour Type Definitions

Behaviour types are the set of identifiers of altstep, function, and testcase definitions with a specific parameter list, runs
on, system and return clauses. They denote those altsteps, functions, and testcases, respectively, defined in the test suite
that have a compatible parameter list and compatibler uns on or syst emclauses.

Syntactical Structure
type function BehaviourTypeldentifier
[ "<" { Formal TypePar [","] } ">" ] NOTEl
“(" [ { ( Formal Val uePar | Formal Ti merPar | Fornmal Tenpl atePar | Formal PortPar ) [","] } ] ")"
[ runs on ( Conponent Type | self ] NOTE2
[ return [ tenplate ] Type ]
type altstep Behavi our Typel dentifier
[ "<" { Formal TypePar [","] } ">" ] NOTE1l
"(" [ { ( Formal Val uePar | Formal Ti nerPar | Fornal Tenpl atePar | Fornal PortPar ) [","] } 1 ")"
[ runs on ( Conponent Type | self ] NOTE2
type testcase Behavi our Typel dentifier
[ "<" { Formal TypePar [","] } ">" ] NOTEl
(" [ { ( Formal Val uePar | Formal TenplatePar ) [","] } 1 ")"

runs on Conponent Type
[ system Conponent Type ]

Semantic Description
Behaviour types define prototypes of altsteps, functions, and testcases.

NOTE 1. [AdvancedParameterization] If the advanced parameterization package [6] is also supported, behaviour
types can have type parameters.

NOTE 2: runs on sel f indicates a specific compatibility check, see extension of clause 6.3.
Restrictions

a) Therulesfor formal parameter lists shall be followed as defined in the TTCN-3 Core Language [1] clause 5.4
and extended in clause 5.1 of the present document.

b) Behaviour typesof kindal t st ep may havear uns on clause, behaviour types of typef unct i on may
havear uns on clause and areturn clause, behaviour types of kindt est case shall havear uns on
clause and a shall have syst emclause.

c¢) runs on self shal not be used for test cases.
Examples

EXAMPLE 1:  Function type with one parameter and a return value.

type function MyFuncl ( in integer pl ) return bool ean;

ETSI
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EXAMPLE 2:  Function type with one parameter, ar uns on clause and areturn value.

type function M/Func2 ( in integer pl ) runs on MyConpType return bool ean;
EXAMPLE 3:  Altstep type with atype parameter and ar uns on clause.

type altstep MAltstepl<type T> ( in T pl ) runs on MyConpType;
EXAMPLE 4:  Testcase type without parameter, withar uns on clause and asyst emclause.

type testcase MyTestcasel ( ) runs on MyConpType system MySysType;

6.2.13.2 Behaviour Values

The values of a behaviour type are the identifiers of altsteps, functions, and testcases with compatible parameters and
runs on, systemandr et ur n clauses. Both predefined and user-defined, including external, functions can be used
as values. Type compatibility of behaviour typesis defined in the extension to clause 6.3.5 within the present document.

Syntactical Structure
Vari abl eRef | Functionlnstance | FunctionRef | AltstepRef | TestcaseRef | null
Semantic Description

Theliteral behaviour values are the identifiers of the predefined and user-defined altsteps, (external) functions, and
testcases and the special value nul | . The special value nul | isavailable to indicate an undefined behaviour value,

e.g. for theinitialization of variables. Behaviour values can be passed around as parameters and behaviour values can be
stored. Behaviour values can be used, together with a corresponding list of actual parameters, to invoke the behaviours
in statements and expressions. Behaviour values can a so be used, again together with a corresponding list of actual
parameters, inacti vat e, st art, and execut e statements, respectively.

The only operators (see clause 7.1 of the TTCN-3 core language [1]) on behaviour values that are defined are the check
for equality and inequality.

Restrictions
a) Vauesof abehaviour typewitharuns on sel f clause shall not be sent to another test component.

b) Valuesof abehaviour typewitharuns on sel f clause shall not be used in a start test component
operation.

c¢) Thespecia valuenul | shall not be used to invoke a behaviour.
Examples

EXAMPLE:

type function M/Func3 ( in integer pl ) return charstring;
function blanks (in integer pl) return charstring {

[l return a charstring of pl blank characters
}

var MyFunc3 nyVarl : = bl anks;
var MyFunc3 nyVarl : = int2char;
6.2.13.3 Deferred Behaviour Type Definitions

Deferred behaviour types are the set of altstep, function, and testcase behaviors with possible runs on, system and mtc
clauses paired with their actual parameter list which can be passed to the activate, start and execute operations,
respectively. They denote those instantiations of altsteps, functions, and testcases defined in the test suite that have
compatibler uns on, syst emor it ¢ clauses.

Syntactical Structure

type function BehaviourTypeldentifier
[ runs on Conponent Type ]

[ system Conponent Type ]

[ ntc Conponent Type ]

ETSI
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type al tstep Behavi our Typel dentifier
[ runs on Conponent Type ]

[ system Conponent Type ]

[ nmtc Conponent Type ]

type testcase Behavi our Typel dentifier

runs on Conponent Type
[ system Conponent Type ]

Semantic Description

Deferred behaviour types define references to executable behaviors. Deferred function behaviour types define the set of
behaviours that can be started on a ptc. Deferred altstep behaviour types define the set of behaviours that can be
activated as default alternatives. Deferred testcase behaviour types define the set of behaviours that can be executed
from the control part.

The actual parameters of a deferred behaviour value are evaluated when creating the value.
Restrictions

a) Thesamerestrictions apply for the start, activate and execute operations that apply for functions, altsteps and
testcases used directly in these statements in a non-deferred way.

Examples
EXAMPLE 1:  Deferred function type with.
type functi on MyFuncl,;
EXAMPLE 2:  Deferred function type with arunson clause.
type functi on MyFunc2 runs on MyConpType;
EXAMPLE 3:  Deferred atstep type with arunson clause.
type altstep M/Altstepl runs on MyConpType;

EXAMPLE 4: Deferred testcase type with aruns on clause and a system clause.

type testcase MyTestcasel runs on MyConpType system MySysType,;

6.2.13.4 Deferred Behaviour Values

The values of a deferred behaviour type are the un-executed instantiations of altsteps, functions, and testcases together
with their compatible actual parameters which have compatible runs on, system and mtc clauses to those in the
behaviour type. Type compatibility of deferred behaviour typesis defined in the extension to clause 6.3.5 within the
present document.

Syntactical Structure
Vari abl eRef | Functionl nstance

Semantic Description

Theliteral deferred behaviour values are the function instance expressions of the user-defined altsteps, (external)
functions, and testcases. Deferred behaviour values can be passed around as actual parameters or stored in avariable.
Deferred atstep, function or testcase behavior valuescanbe usedinact i vat e, st art , and execut e statements,
respectively.

The only operators (see clause 7.1 of the TTCN-3 core language [1]) on deferred behaviour values that are defined are
the check for equality and inequality.

Restrictions

a)  Only infunctions, atsteps and tescases without inout or out parameters shall be used as deferred behaviour
values.

b)  For the actual parameters of a function behaviour value instance, restrictions from 21.3.2 of the core language
specification shall apply.
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c) Forthe actua parameters of an alstep behaviour value instance, restrictions from 20.5.2 of the core language
specification shall apply.

d) Forthe actua parameters of atestcase behaviour value instance, restriction from 26.1 of the core language
specification shall apply.

Examples

EXAMPLE 1:

type function MyFunctionBehavi our;
function MyFunction (in integer pl) {
...

var MyFuncti onBehavi our v_nyBehavior := MyFunction(4); // does not invoke MyFunction(4)
var PtcType ptc := PtcType.create;
ptc.start(nyBehavior); // starts M/Function(4) on conponent ptc

EXAMPLE 2:

type altstep M/Al tstepType runs on PtcType;
altstep MyAltstep(integer i) runs on PtcType {
[l ..

}
var M/Al tstepType v_nyAltstep := MA tstep(3);
activate(v_nmyAl tstep);

EXAMPLE 3:

type testcase MyTestcaseBehavi our runs on PtcType;

testcase MyTestcase(integer i) runs on PtcType { ...}

function runTest Case( M/ Test caseBehavi our p_nyTest case) {
execute(p_nyTestcase, 1.0);

control {
var MyTest caseBehavi our v_nyTestcase : = MyTestcase(3);
runTest Case(v_nyTest case);
runTest Case(M/Testcase(4)); // execution is deferred to runTest Case

Clause 6.3 Type compatibility
Clause 6.3 Type compatibility is extended by:

6.3.5 Type compatibility of behaviour types

Altsteps are only compatibleto al t st ep behaviour types, functions are only compatibleto f unct i on behaviour
types, testcases are only compatibletot est case behaviour types. A behaviour object (an altstep, function or testcase)
isavalue of agiven behaviour type, if the parameter lists are compatible, if the return clause is compatible, and if the
runs on and syst emclauses are compatible, provided they exist.

The parameter list of an object is compatible with the parameter list of atype if the order of the parametersisidentical,
aswell asdirection, kind, type, name of the parameters, and whether a default exists. If the parameter is of kind

t enpl at e, then also potential template restrictions have to be identical. Compatibility of parameter lists appliesto the
type parameter ligt, if exists (i.e. when the advanced parameterization package [6] is also supported and atype
parameter list is defined), and the value parameter list separately.

The return clause of afunction is compatible with the return clause of afunction typeif it is either absent in case the
function type does not have a return clause, or it is of identical kind and type if the function type has areturn clause. In
case thereturn clause isof kind t enpl at e, then potential template restrictions have to be identical, too.

Ther uns on clause of an object is compatible with ther uns on clause of a behaviour type, if it is either absent in the
object or, if ther uns on clause exists, the component type in ther uns on clause of the behaviour type is the same or
is an extension of the one in the object. According to the first condition, an object without ar uns on clauseis
compatible with a behaviour type that hasar uns on clause.
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The syst emclause of atestcase object is compatible with the sy st emclause of atestcase type, if the component type
inthe syst emclause of the testcase type is an extension of the one in the testcase object. If the object or the behaviour
type does not have asyst emclause, then the component type of ther uns on clauseisused instead (see ETSI

ES 201 873-1[1], clause 9.2) and the compatibility rulesin this clause shall fulfil for the runs on clauses of the object
and the type.

For functionsit does not matter whether the function is an external function. If the parameter lists are compatible, then
an external function is aso compatible with the function behaviour type.

EXAMPLE:

/1 Gven
type conponent MyConpTypeO { };
type conponent MyConpTypel { integer a };
type conponent MyConpType2 { integer a;
fl oat b };
type function MyFunc ( in integer pl ) runs on MyConpTypel return bool ean;
type function M/FuncNoRunsOn ( in integer pl ) return bool ean;

//conpatible with M/Func, identical paraneterlist, runs on clause, return type
function f1 (in integer pl) runs on MyConpTypel return boolean { /*.*/ };
//conpatible with M/Func, conponent type in type extends the one of the function
function f2 (in integer pl) runs on M/ConpTypeO return boolean { /* ..*/ }
//conpatible with MyFunc, function does not have runs on cl ause

function f3 (in integer pl) return boolean { /* ..*/ }

/linconpatible with MyFunc, additional paranmeter w thout default val ue

function g1 (in integer pl, in boolean p2) runs on MyConpTypel return boolean { /*.*/ };
/linconpatible with MyFunc, missing return clause

function g2 (in integer pl) runs on MyConpTypel { /*.*/ };

/linconpatible with M/Func, different kind of paraneter

function g3 (in tenplate integer pl) runs on MyConpTypel return boolean { /*.*/ };
/linconpatible with MyFunc, conponent type of function is an extension of the function type
function g4 (in integer pl) runs on M/ConpType2 return boolean { /* ..*/ }

/linconpatible with M/FuncNoRunsOn, function has runs on clause, type does not have one
function g5 (in integer pl) runs on M/ConpTypel return boolean { /* ..*/ }

6.3.6 Type compatibility of behaviour types with runs on self

Function and altstep types can be defined withar uns on sel f clause. If a specific value is assigned to a variable or
parameter of such a behaviour type, thenther uns on clause of the enclosing definition is used in the compatibility
check.

The compatibility check mentioned above is not possible for the module definitions part and module control part
because they have no r uns on clause. Therefore, module parameters and global constants in the module definitions
part as well aslocal constants and variablesin the module control part shall not be of behaviour typesusingar uns on
sel f clause.

A value of abehaviour type withar uns on sel f clause can always be used in afunction or altstep invocation.
Restrictions
a) Behaviour type definitions of module parameters and global constants shall have nor uns on clause.

b) Behaviour type definitions of local constants and variables in the module control part shall have nor uns on
clause.

EXAMPLE:

/1 Gven
type conponent MyConpTypeO { };
type conponent MyConpTypel { integer a };
type conponent MyConpType2 { integer a;
fl oat b };
type function MyFuncType ( in integer pl ) runs on self;

function MyFuncl ( in integer pl ) runs on MyConpTypel { /* ...*/ };
function M/Func2 () runs on MyConpType2 {
var MyFuncType func;
func := MyFuncl; // correct,
/'l MyConpTypel of MyFuncl is conpared agai nst MyConpType2 of MyFunc2
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6.3.7 Type compatibility of behaviour types

Deferred altstep behaviour values are only compatible to deferred al t st ep behaviour types, deferred function
behaviour values are only compatible to deferred f unct i on behaviour types, deferred testcase behaviour values are
only compatible to deferred t est case behaviour types. A behaviour object (an atstep, function or testcase) is a value
of agiven behaviour type, if ther uns on, syst emand mtc clauses are compatible, provided they exist.

Ther uns on clause of an object is compatible with ther uns on clause of a behaviour type, if it iseither absent in the
object or, if ther uns on clause exists, the component typeinther uns on clause of the deferred behaviour typeisthe
same or is an extension of the one in the object. According to the first condition, an object without ar uns on clauseis
compatible with a deferred behaviour type that hasar uns on clause.

The syst emclause of adeferred testcase behaviour object is compatible with the sy st emclause of a deferred
testcase behaviour type, if the component type in the syst emclause of the deferred testcase behaviour typeis an
extension of the one in the deferred testcase behaviour object. If the object or the deferred behaviour type does not have
asyst emclause, then the component type of ther uns on clauseis used instead (see ETSI ES 201 873-1 [1],

clause 9.2) and the compatibility rulesin this clause shall fulfil for the runs on clauses of the object and the type.

EXAMPLE:

/1 Gven

type conponent MyConpTypeO { };

type conponent MyConpTypel { integer a };

type conponent MyConpType2 { integer a;
fl oat b };

type function MyFunc runs on MyConpTypel;

type functi on MyFuncNoRunsOn;

/1 instantiations of f1 are conpatible with MyFunc runs on cl ause

function f1 (in integer pl) runs on MyConpTypel return boolean { /*.*/ };

/] instantiations of f2 are conpatible with M/Func, conponent type in type

/1 extends the one of the function

function f2 (in integer pl) runs on MyConpTypeO return boolean { /* ..*/ }

// instantiationos of f3 conpatible with M/Func, function does not have runs on cl ause
function f3 (in integer pl) return boolean { /* ..*/ }

/linconpatible with MyFunc, conponent type of function is an extension of the function type
function g4 (in integer pl) runs on M/ConpType2 return boolean { /* ..*/ }

//inconpatible with M/FuncNoRunsOn, function has runs on clause, type does not have one
function g5 (in integer pl) runs on MyConpTypel return boolean { /* ..*/ }

5.3 Extension to ETSI ES 201 873-1, clause 7 (Expressions)

Values of behaviour types can be passed around as parameters, stored in variables, exchanged among components,
compared against each other, and applied to parameter lists. No other operation is defined on values of behaviour types.

Values of deferred behaviour types can be passed around as parameters, stored in variables, exchanged among
components, compared against each other, and used in the component start, activate and execute operations, dependenot
on their behaviour kind. No other operation is defined on values of behaviour types.

Clause 7.1.3 Relational operations

The operators of equality and non-equality can be applied to values of the same behaviour type. Each behaviour value
can be compared with nul | . No other valueisequal tonul | .

The operators of equality and non-equality can be applied to values of the same deferred behaviour type.
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54 Extension to ETSI ES 201 873-1, clause 8 (Modules)

Clause 8.2.1 Module parameters
Module parameters of behaviour types can be declared.

Module parameters of deferred behaviour types can be declared.

5.5 Extension to ETSI ES 201 873-1, clause 10 (Declaring
constants)

Constants of behaviour types can be declared.

Constants of deferred behaviour types can be declared.

5.6 Extension to ETSI ES 201 873-1, clause 11 (Declaring
variables)

Variables of behaviour types can be declared.

Variables of deferred behaviour types can be declared.

5.7 Extension to ETSI ES 201 873-1, clause 15 (Declaring
templates)

Clause 15.7 Template matching mechanisms

Template matching mechanisms can be used for behaviour types and deferred behaviour types asindicated in the
following extension of table 11 TTCN-3 matching mechanisms.

Used with values of | Value Instead of values Inside values Attributes
> g2 - | & ° - = |e35| § | =
S sla_| 32|05 8 ||| & |55 %5 [s2| &
o [>|EB| o | 5 |2292 5| Q| &| E |go| 5 |28 8
8 s 2 =R 2 £ 3 o| 2 |g5| ¢
= - =4 = > <=9 © o S g =2 [EENGA £ o+ >~
S £l2 5 < P4 S ) a w O o s a9 o
ba) e S z > 2 n - e @ | =
Q O |o < o c >0 o @
2 O z < | £2
altstep Yes |Yes| Yes | Yes | Yes | Yes Yes
(see (see
note) note)
function Yes |Yes| Yes | Yes | Yes | Yes Yes
(see (see
note) note)
testcase Yes |Yes| Yes | Yes | Yes| Yes Yes
(see (see
note) note)
NOTE:  When used, shall be applied to optional fields of record and set types only (without restriction on the type of
that field).
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5.8 Extension to ETSI ES 201 873-1, clause 16 (Functions,
altsteps and test cases)

Clause 16.1.1 Invoking functions

A function can aso be invoked by the appl y operation by referring to an expression of a behaviour type of kind
function and to a parameter list.

Syntactical Structure

apply "(" Value "(" [ { ( TinerRef | Tenpl atel nstance |
Port | ComponentRef | "-" ) [","]1 } ] ") ")"

NOTE: Thissyntactical structure supplements the syntactical structurein ETS|I ES 201 873-1 [1] with an
alternative option.

Restrictions

g) Thevalueinanappl y operation shall be an expression of a function type but it shall not be the literal name
of afunction.

Examples

var MyFuncType v_func := .

appl y(v_func(M/Var2)); /1 the function stored in v_func is applied to MyVar2
Clause 16.2.1 Invoking altsteps

An atstep can be invoked by referring to a val ue of a behaviour type of kind altstep.

Syntactical Structure

apply "(" Value "(" [ { ( TinerRef | Tenplatelnstance |
Port | ConponentRef | "-" ) [","] } ] ")" ")"

NOTE: Thissyntactical structure supplements the syntactical structurein ETSI ES 201 873-1 [1] with an
aternative option.

Restrictions

a) Thevaueinanappl y operation shall be an expression of an altstep type but it shall not be the literal name of
an atstep.

5.9 Extension to ETSI ES 201 873-1, clause 19 (Basic program
statements)

Clause 19.11 The log statement

Values of behaviour types shall be logged as indicated in the following extension of table 17 TTCN-3 language
elements that can be logged.

Used in a log statement What is logged Comment

behaviour type variable actual value or See notes 4 and 9.

identifier "UNINITIALIZED"

formal parameter identifier See comment column  |in case of behaviour type parameters the
actual value shall be logged (see notes 4
and 9).

NOTE 4: The string "UNINITIALIZED" is logged only if the log item is unbound (uninitialized).

NOTE 9: For values of behaviour types the name of the definition qualified with the module of its

definition shall be logged. For predefined functions the function name only shall be logged.
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Values of deferred behaviour types shall be logged as indicated in the following extension of table 16 TTCN-3 language
elements that can be logged.

Used in a log statement What is logged Comment
Deferred behaviour type actual value or See notes 4 and 10.
variable identifier "UNINITIALIZED"
formal parameter identifier See comment column  |in case of deferred behaviour type
parameters the actual value shall be
logged (see notes 4 and 10).

NOTE 4: The string "UNINITIALIZED" is logged only if the log item is unbound (uninitialized).

NOTE 10: For values of deferred behaviour types the name of the definition qualified with the module
of its definition shall be logged. For predefined functions the function name only shall be
logged. In both cases, additionally, the actual parameter lists of the behaviour value are
logged.

5.10 Extension to ETSI ES 201 873-1, clause 20 (Statements
and operations for alternative behaviours)

Clause 20.5.2 The activate operation
Altsteps can also be activated by referring to a value of an altstep type.

Syntactical Structure

activate "(" apply "(" Value "(" [ { ( TinerRef | Tenpl atel nstance |
Port | ComponentRef | "“-" ) [","1 } 71 ") ")" ")"

NOTE: Thissyntactical structure supplementsthe syntactical structurein ETS|I ES 201 873-1 [1] with an
aternative option.

Restrictions

b) Thevaueintheappl y operation shall be an expression of an altstep type but it shall not be the literal name
of an altstep.

Altsteps can also be activated by referring to a deferred altstep behaviour value.

Syntactical Structure

activate "(" VariableRef ")"

NOTE: Thissyntactical structure supplements the syntactical structurein ETSI ES 201 873-1 [1] with an
aternative option.

Restrictions
a) VariableRef shall refer to a deferred altstep behaviour.

5.11 Extension to ETSI ES 201 873-1, clause 21 (Configuration
Operations)

Clause 21.2.2 The start test component operation
Functions can also be started on other components by referring to a value of a function type.

Syntactical Structure
( VariableRef | Functionlnstance ) "." start "(" apply "(" Value "("

[ { ( TimerRef | Tenplatelnstance | Port | ConponentRef | "-" ) [","] } ]
)T
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NOTE: Thissyntactical structure supplements the syntactical structurein ETSI ES 201 873-1 [1] with an
aternative option.

Restrictions
a) Thevaueintheappl y operation shall be an expression of afunction type but it shall not be the literal name
of afunction.
Examples

function MyFirstBehaviour() runs on MyConponent Type { ...}
type function MyBehavi our Type () runs on MyConponent Type

Var MyConponent Type MyNewPTC;
var MyConponent Type M/Ali vePTC,
var MyBehavi our Type MyFunction : = MFirstBehavi our;

M/NewPTC .= MyConponent Type. cr eat e; /] Creation of a new non-alive test conponent.
M/Al i vePTC : = MyConponent Type. create alive; // Creation of a new alive-type test conponent

M/AI i vePTC. start (appl y(M/Function())); // Start function indicated by variable M/Function
Functions can a so be started on other components by referring to a deferred function behaviour value.
Syntactical Structure

( VariableRef | Functionlnstance ) "." start "(" Variabl eRef ")"

NOTE: Thissyntactical structure supplements the syntactical structurein ETS|I ES 201 873-1 [1] with an
alternative option.

Restrictions

a The Vari abl eRef given asparameter to the start operation shall refer to a deferred function behaviour.
Examples

function MyFirstBehaviour() runs on MyConponent Type { ...}
type function MyBehavi our Type runs on MyConponent Type

;/ar My Conponent Type MyNewPTC,
var MyConponent Type M/Al i vePTC;
var MyBehavi our Type MyFunction : = MyFirstBehaviour();

M/NewPTC : = MyConponent Type. cr eat e; /] Creation of a new non-alive test conponent.
M/Al'i vePTC : = MyConponent Type.create alive; // Creation of a new alive-type test conponent

M/AI i vePTC. start (My/Functi on); /] Start function indicated by variable M/Function

5.12 Extension to ETSI ES 201 873-1, clause 26 (Module
control)

Clause 26.1 The execute statement
A testcase can also be executed by referring to avalue of atestcase type.

Syntactical Structure

execute "(" apply "(" Value "(" [ { ( Tenplatelnstance | "-" ) [","] } 1 ")"
" Timervalue ] ")" )"

NOTE: Thissyntactical structure supplements the syntactical structurein ETSI ES 201 873-1 [1] with an
aternative option.

Restrictions

a) Thevaueintheappl y operation shall be an expression of atestcase type but it shall not be the literal name
of atestcase.
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A testcase can also be executed by referring to a deferred testcase behaviour value.

Syntactical Structure

execute " (" Variabl eRef

"," TimerValue ] ")" ")"

NOTE: Thissyntactical structure supplements the syntactical structurein ETSI ES 201 873-1 [1] with an
aternative option.

Restrictions

a The Vari abl eRef given asparameter to the execute operation shall refer to a deferred testcase behaviour.

5.13 Extension to ETSI ES 201 873-1, annex A (BNF and static
semantics)

5.13.0 New keywords and TTCN-3 syntax BNF productions

New TTCN-3 Keywords
Thelist of keywords is extended by the following keywords:
apply

New TTCN-3 syntax BNF productions
The BNF is extended with the following productions.

NOTE: [AdvancedParameterization] Formal TypeParList is applicable only when the advanced parameterization
package [6] is aso supported.

785001. Behavi ourDef ::= ( AltstepKeyword TypeReference [ Formal TypeParLi st]
[ "("[FunctionFornal ParList] ")" ] [RunsOnSpec] [ SystenSpec] [McSpec]) |
( FunctionkKeyword TypeRef erence [ Formal TypePar Li st]
[ "("[FunctionFormal ParList] ")" ] [RunsOnSpec] [ SystenSpec] [M cSpec]
[ ReturnType] ) |
( TestcaseKeyword TypeRef erence [ Formal TypePar Li st]
[ "("[Tenpl at eOr Val ueFor mal Par Li st] ")"] Confi gSpecSt at enent Bl ock)
785002. NestedBehavi ourDef ::= ( AtstepKeyword "("[FunctionFormal ParList] ")" [RunsOnSpec] ) |
( FunctionKeyword "("[FunctionFormal ParList] ")" [RunsOnSpec] [ReturnType] ) |
( TestcaseKeyword "("[Tenpl at eOr Val ueFor nal ParLi st] ")"
Conf i gSpecsSt at enent Bl ock)
785003. Behavi ourVal ue ::= Extendedl dentifier /*A tstepRef, FunctionRef or TestcaseRef */ | "null"
785004. Appl yKeyword ::= "apply"

5.13.1 Changesto ETSI ES 201 873-1, clause A.1.6 (TTCN-3 syntax BNF
productions)

The following productions from [1] TTCN-3 Core Language clause A.1.6 are modified.

12. StructuredTypeDef ::= RecordDef | UnionDef | SetDef | RecordO Def | Set O Def | EnunDef |
Port Def | Conponent Def |
Behavi our Def
17. NestedTypeDef ::= NestedRecordDef | NestedUni onDef | NestedSet Def |
Nest edRecor dOf Def | NestedSet Of Def | NestedEnunDef |
Nest edBehavi our Def
164. RunsOnSpec ::= RunsKeyword OnKeyword ( Conponent Type | SelfQp )
175. Functionlnstance ::= ( FunctionRef " (" [Actual ParList] ")" ) |
(__Appl yKeyword " (" Primary " (" [Actual ParList] ")" ")" ) |
( Extendedldentifier )
/* STATI C SEMANTI CS: Extendedl dentifier shall only be used in the context of the start operation */

190. Testcaselnstance ::= ExecuteKeyword "(" ( Extendedldentifier ["(" [ActualParList] ")"] ) |
(_ApplyKeyword "(" Primary "(" [TestcaseActual ParList] ")" ")" )
[","(Expression | Mnus) ["," SingleExpression]] ")"

[ ** STATI C SEMANTI CS: Actual ParList shall only be optional if the Altsteplnstance is the paraneter
of an activate statenent*/
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Ext endedl dentifier "(" [Actual ParList] ")"
BitStringVal ue |

Bool eanVal ue |

Char Stri ngVal ue |

Nunber | /* EnuneratedVal ue */
Gstring |

Hstring |

Ver di ct TypeVal ue |

Identifier | /* EnuneratedVal ue */
Fl oat Val ue |

Addr essVal ue |

OnitValue |

Behavi our Val ue

196. Altsteplnstance ::
412. PredefinedVal ue ::

6 Package semantics

6.1 Replacements
The following clauses shall replace the following clausesin ETSI ES 201 873-4 [2] (V4.4.1):
e  Clause 6.2 replaces clause 9.2 Activate statement in ETS| ES 201 873-4 [2] (V4.4.1).
. Clause 6.3.0 replaces the main text part of clause 9.17 Execute statement in ETSI ES 201 873-4 [2] (V4.4.1).

. Clause 6.3.1 replaces clause 9.17.1 Flow graph segment <execute-without-timeout> in ETS| ES 201 873-4 [2]
(V4.4.1).

e  Clause 6.4.0 replaces the main text part of clause 9.24 Function call in ETSI ES 201 873-4 [2] (V4.4.1).

. Clause 6.4.1 replaces clause 9.24.4 Flow graph segment <user-def-func-call> in ETSI ES 201 873-4 [2]
(V4.4.1).

. Clause 6.4.2 replaces clause 9.24.5 Flow graph segment <predef-ext-func-call> in ETSI ES 201 873-4[2]
(V4.4.1).

e  Clause 6.5 replaces clause 9.46 Start component operation in ETS| ES 201 873-4[2] (V4.4.1).

In the clauses 6.2 to 6.5 all figure numbers, figure references and clause references are related to the clauses and figures
in ETSI ES 201 873-4 [2] (V4.4.1) and not to any clause or figure in the present document.

6.2 Activate statement

The syntactical structure of theact i vat e statement is:

activate(<al tstep-name>([<act-par-desc,> .., <act-par-desc>])) |
activate(appl y(<al t st ep-expr>([<act-par-desc,> .., <act-par-desc>]))) |
acti vat e(<def erred- al t st ep- behavi our >)

The<al t st ep- nane> and the<al t st ep- expr > denote the identifier of the altstep that is activated as default
behaviour, and <act - par - descr >, ..., <act - par - descr > describe the actual parameter values of the altstep
at the time of its activation. The <deferred-altstep-behaviour> denotes a reference to a deferred atstep behaviour. The
operational semantics assumes that <al t st ep- name> isaliteral name of the altstep type and can be handled like the
<al t st ep- expr >, i.e., asan expression that evaluates to a value of the altstep behaviour type. Furthermore, it is
assumed that for each <act - par - desc > the corresponding formal parameter identifier <f - par - 1 d,> isknown,

i.e. the syntactical structure above can be extented to:

activat e( <al t st ep- name>( (<f-par-1d,> <act-par-desc,>), .., (<f-par-l1d > <act-par-desc>))) |
activate(appl y(<al tstep-expr> ((<f-par-1d,> <act-par-desc,>), .., (<f-par-ld >, <act-par-
desc,>))))
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The flow graph segment <act i vat e- st mt > in figure 37 defines the execution of theact i vat e statement. The
execution is structured into four steps. In the first step, the identifier of the altstep to be activated is determined. The
identifier may directly be given by an altstep name or be given in form of an expression that evaluatesto the altstep
identifier. In the second step, a call record for the altstep iscreated. In the third step the values of the actual parameter
are calculated and assigned to the corresponding field in the call record. In the fourth step, the call record is put asfirst
element in the DEFAULT-LIST of the entity that activates the default.

NOTE: For atsteps that are activated as default behaviour, only value parameters are allowed. In figure 37, the
handling of the value parametersis described by the flow graph segment <value-par-calculation>, which
isdefined in clause 9.24.1.

segnent
<activate-stnt>

A

. /'l The expression shall eval uate to a value of the altstep
<expressi on> /'l behavi our type. The value may be given as a literal
"""" /1 by neans of the altstep nane in the activate statenent.

let { // loca scope
var altstepName := Entity. VALUE-STACK top();
Entity. VALUE- STACK pop();
construct-cal |l -record Entity. VALUE-STACK push( NEW CALL- RECCRD( al t st epNane) ) ;
"1 } // end of local scope
Entity. NEXT- GONTROL(t rue);
RETURN,;

* /'l For each pair (<f-par-1d>, <act-paraneter-desc;>) the
/'l val ue of <act-paraneter-desc; is cal culated and
| // assigned to the corresponding field <f-par-Id;>

<val ue-par-cal cul ation> /1 in the call record. The call record is assumed to be
/'l the top elenment in the val ue stack.

<

Entity. DEFAULT- LI ST.add( Enti ty. VALLE- STACK. top());
) /1 We assune that only a reference to the cal record has
activate- def aul t /1 been pushed onto the value stack. This reference has

“““ /'l not been renmoved fromthe value stack. It is the result
/1 of the activate statenent.
Ent i ty. NEXT- CONTROL(t r ue);
RETURN

Figure 37: Flow graph segment <activate-stmt>

6.3 Replacements in Execute statement's operational
semantics

6.3.0 Execute statement

The syntactical structure of theexecut e statement is:

execut e( <t est Casel d>([ <act-par,> .., <act-par_>)]) [, <float-expression>]) |
execut e(appl y(<test Case-expr>([<act-par,> .., <act-par_>)]) [, <float-expression>])) |
execut e( <def erred-t est Case- behavi our> [, <fl oat-expression>])
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Theexecut e statement describes the execution of atest case that isidentified by a<t est Casel d> ora

<t est Case- expr > with the (optional) actual parameters <act - par 1>, ..., <act-par,> or a <deferred-
testcase-behaviour> which denotes a reference to a deferred testcase behaviour.. Optionally the execute statement may
be guarded by a duration provided in form of an expression that evaluatesto af | oat . If within the specified duration
the test case does not return a verdict, atimeout exception occurs, the test case is stopped and an er r or verdict is
returned.

NOTE: The operational semantics models the stopping of the test case by a stop of the MTC. In redlity, other
mechanisms may be more appropriate.

If no timeout exception occurs, the MTC is created, the control instance (representing the control part of the TTCN-3
module) is blocked until the test case terminates, and for the further test case execution the flow of control is given to
the MTC. The flow of control is given back to the control instance when the MTC terminates.

The flow graph segment <execut e- st nt > in figure 67 defines the execution of an execut e statement.

segnent <execute-stnt> l

<execut e-wi t hout - ti meout >
OoR /1 An execute statenent may or nay
<execute-timeout> [T /1 not be guarded by a tineout

\4

Figure 67: Flow graph segment <execute-stmt>

6.3.1 Flow graph segment <execute-without-timeout>

The execution of atest case starts with the creation of the mt ¢. Then the mtc is started with the behaviour defined in the
test case definition. Afterwards, the module control waits until the test case terminates. The creation and the start of the
MTC can be described by using cr eat e and st art statements:

var McType nyMIC : = M cType. create;
myMIC. st art ( Test CaseNanme( P1..Pn));

or, if the testcase is identified by a behaviour expression:

var McType nyMIC : = M cType. create;
nyMIC. st art (appl y(nyTest CaseVar (P1..Pn)));

NOTE 1: For the replacements sketched above, the operational semantics assumes that all referenced definitions
(e.g. M cType, Test CaseNane, nyTest CaseVar ) exist and that all definitions which are needed
for the referenced definitions also exist (e.g. atestcase behaviour type definition for myTest CaseVar).

NOTE 2: For the case where the test case isidentified by a behaviour expression, the operational semantics
assumes for the replacement sketched above that the type of the MTC M ¢ Type isreferenced in the
runs on clause of the behaviour type definition of variable myTest CaseVar .

The flow graph segment <execut e- wi t hout - t i neout > in figure 68 defines the execution of an execut e
statement without the occurrence of atimeout exception by using the flow graph segments of the operationscr eat e
andthestart.
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segnment <execute-w thout-ti meout > i

/1 Creation of the MIC

<cr eat e- op>

MIC : = Entity. VALUE- STACK. top();
TC VERDI CT : = none;

DORE : = NULL;

init-test-case-state Enti ty. NEXT- CONTROL(tr ue);
RETURN;

<start-conponent - op> /1 Start of MIC

Entity. STATUS : = BLOCKED;

/1 MIC will set status to ACTIVE
/1 before it termnates

""" Entity. NEXT- CONTROL(true);
RETURN;

wait-for-termnation

v

Figure 68: Flow graph segment <execute-without-timeout>

6.4 Replacements in Function call's operational semantics

6.4.0 Function call

The syntactical structure of afunction call is:

<function-name>([ <act - par-desc,> ..., <act-par-desc>]) |
appl y(<function-expr>([<act-par-desc,> .., <act-par-desc >])

The<f unct i on- nanme> and the <f unct i on- expr > denote to the identifier of the function that isinvoked. The
operational semantics assumes that <f unct i on- nane> isaliteral value of the function behaviour type.
<act - par - descr >, ..., <act - par -descr > describe the actual parameter values of the function call.

NOTE 1: A function call and an atstep call are handled in the same manner. Therefore, the altstep call
(see clause 9.4) refersto this clause.

Furthermore, it is assumed that for each <act - par - desc ;> the corresponding formal parameter identifier
<f - par - 1 d;>isknown, i.e. the syntactical structure above can be extented to:

<functi on-name>((<f-par-1d,> <act-par-desc,>), .., (<f-par-1d > <act-par-desc>)) |
appl y(<function-expr>((<f-par-1d,> <act-par-desc,>), .., (<f-par-1d >, <act-par-desc>)))
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The flow graph segment <function-call> in figure 80 defines the execution of afunction call. The executionis
structured into three steps. In the first step, the identifier of the function to be called is determined. The identifier may
directly be given by the function name or be given in form of an expression that evaluates to the function identifier. In
the second step, acall record for the function is created. In the third step the values of the actual parameter are
calculated and assigned to the corresponding fields in the call record. In the fourth step, the parameters called by
reference are handled. In the fifth step, two situations have to be distinguished: the called function is a user-defined
function (<user - def - f unc- cal | >), i.e. there exists a flow graph representation for the function, or the called
function is a pre-defined or external function (<pr edef - ext - f unc- cal | >). In case of auser-defined function call,
the control is given to the called function. In case of a pre-defined or external function, it is assumed that the call record
can be used to execute the function in one step. The correct handling of reference parameters and return value (has to be
pushed onto the value stack) isin the responsibility of the called function, i.e. is outside the scope of this operational
semantics.

NOTE 2: If the function call models an altstep call, only the <user - def - f unc- cal | > branch will be chosen,
because there exists a flow graph representation of the called altstep.

NOTE 3: The<function cal | > segment isalso used to describe the start of the MTC inan execut e
statement. In this case, acall record for the test case is constructed and only the
<user - def - f unc- cal | > branch will be chosen.

segnent
<function cal |I>

I/l The expression shall evaluate to a val ue of the
/] function behaviour type. The val ue nay be given as a
/I literal by neans of the function nane.

<expressi on>
¢ let { // |ocal scope
var funchame : = Entity.VALUE STACK. top();
construct-cal l-record ] /1 funcName remains on the VALUE-STACK

Entity. VALUE-STACK push( NEW CALL- RECARD( f uncNane) ) ;
J

} /1 end of local scope
Entity. NEXT- GCONTROL(true);
<val ue- par-cal cul ation>

RETURN;
* | ) . . .
/'l Retrieves the | ocations for variables and tiners
=l /] used as reference paraneters and decl ared nanes of
<ref-var-par-calc> OR

/'l port paraneters

For each pair (<f-par-ld>, <act-paraneter-desci>) the
val ue of <act-paraneter-desc; i s calculated and
assigned to the corresponding field <f-par-ld;>

in the call record. The call record is assumed to be
the top elenent in the val ue stack.

~——
~——

<ref-timer-par-calc> OR
<ref-port - par-cal c>

<predef -ext-func-cal | >
OR e

The called function may ei ther be an external or
predefi ned function, or a user-defined function.

~—
~—

<user - def - func-cal | >

Figure 80: Flow graph segment <function-call>
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Flow graph segment <user-def-func-call>

The flow graph-segment <user - def - f unc- cal | > (figure 84) describes the transfer of control to a called

user-defined function.

segnent <user-def-func-cal | >

user -def - func-cal |

let { // loca scope
var cal | Record : = Entity. CONTROL- STAKK. top();
Entity. CONTRA - STACK. pop();
var funchName := Entity. CONTROL- STACK.top();
Entity. CONTRQL- STACK. pop();
Entity. CONTRQ.- STACK. push(cal | Record);

} /1 end of local scope

/1 Storage of return address

Enti ty. NEXT- CONTROL(t rue);

/1 Control is transferred to called function

Enti t y. CONTRQ.- STACK. push( GET- FLOW QRAPH(f unct i on-nane)) ;

RETURN,

Figure 84: Flow graph segment <user-def-func-call>

6.4.2

Flow graph segment <predef-ext-func-call>

The flow graph-segment <pr edef - ext - f unc- cal | > (figure 85) describes the call of a pre-defined or external

function.

NOTE:
in one step.

Infigure 85, it is assumed that the call record can be used to execute the pre-defined or external function

segnent <predef - ext-func-call >

<predef-ext-func-cal | >

let { // loca scope
var cal |l Record := Entity. CONTROL- STAXK. t op();
Entity. CONTRA - STACK. pop();
var funchName := Entity. CONTROL- STACK.top();
Entity. CONTRQL- STACK. pop();
/1 Application of external function
funcNane(cal | Record) ;

} // end of local scope
Entity. NEXT- GCONTROL(t rue) ;
RETURN;

Figure 85: Flow graph segment <predef-ext-func-call>

6.5

Start component operation

The syntactical structure of thest art component operation is:

<conponent - expressi on>. start (<functi on- name>( <act - par - desc,>, .., <act-par-desc, >)) |
<conponent - expressi on>. start (appl y(<function-expr>(<act-par-desc,> ., <act-par-desc>))) |
<conponent - expressi on>. start (<def erred-functi on- behavi our >)
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Thest art component operation starts a component. Using a component reference identifies the component to be
started. The reference may be stored in avariable or be returned by afunction, i.e. it isan expression that evaluatesto a
component reference.

The<f unct i on- nanme> and the <f unct i on- expr > denote the identifier of the function that defines the
behaviour of the new component. <deferred-function-behaviour> denotes a reference to a deferred function behaviour.
The operational semantics assumes that <f unct i on- nane> isalitera name of afunction and can be handled like
the<f uncti on- expr >, i.e. asan expression that evaluates to a value of the function behaviour type. <act - par -
descr >, ..., <act - par-descr > provide the description of the actual parameter values of the f uncti on. The
descriptions of the actual parameters are provided in form of expressions that have to be evaluated before the call can be

executed. The handling of formal and actual value parametersis similar to their handling in function calls
(see clause 9.24).

The flow graph segment <start-component-op> in figure 120 defines the execution of the st ar t component operation.
The start component operation is executed in five steps. In the first step, the identifier of the function to be started is
determined. In the second step, a call record is created. In the third step the actual parameter values are calculated. In
the fourth step the reference of the component to be started is retrieved, and, in the fifth step, control and call record are
given to the new component.

NOTE: Theflow graph segment in figure 120 includes the handling of reference parameters
(<ref -var - par - cal c>). Reference parameters are needed to explain reference parameters of test
cases. The operational semantics assumes that these parameters are handled by the MTC.
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segnment <start-conponent - op>

/] The expression shall evaluate to a value of the
<expressions [ /1 function behaviour type. The value may be given as a

p /1 literal by means of the name of the function in the
/1l start conponent operation

let { // local scope

v var functionName := Entity. VALUE- STACK. t op();
[/ function nane renmins on the VALUE- STACK
construct-call-record .. push( NEW CALL- RECORD( f unct i onNane) ) ;

} /1 end of |ocal scope
Entity. NEXT- CONTROL(true);
RETURN;

/1 For each pair (<f-par-1di> <act-paraneter-desci>) the
..| // value of <act-paraneter-desci is calculated and

<val ue- par - cal cul ati on> /| assigned to the corresponding field <f-par-1Idi>

/1 in the call record. The call record is assuned to be

/1 the top elenent in the value stack.

/1 This flow graph segnment is also used to explain

/1 the execute statemmt. Test cases are allowed to have
<ref-var-par-cal c> /1 reference paraneters. The operational senantics

/1 assunes that these paraneters are owned (and updated)
/1 by the starting conponent.

\ 4

< i > i
expression> | /1 The expression shall evaluate to a conponent reference.

/1 1t refers to the conponent to be started

control -trans-to-conponent

let { // local scope
var toBeStarted := Entity. VALUE- STACK top();
/1l toBeStarted is a local variable that stores the
/1 identifier of the conponent to be started

Entity. VALUE- STACK. pop();
/1 Renopval of conponent reference. Afterwards the
/1 call record is on top of the value stack

toBeSt art ed. VALUE- STACK. push(Entity. VALUE- STACK. top();
/Il Call record is transferred to toBeStarted.

Entity. VALUE- STACK. pop();
/1 Renoval of the call record fromthe val ue stack
/1 of the starting component (= Entity).

var functionNane := Entity. VALUE- STACK. top();

Entity. VALUE- STACK. pop();
/Il Retrieval of the function identifier and
/1 renmoval fromthe val ue stack

t oBeSt art ed. CONTROL- STACK. push( GET- FLOM GRAPH( f unct i onNane) ) ;
// Control stack of toBeStarted is set to
/] the start node of its behaviour.

t oBeSt art ed. STATUS : = ACTI VE;
// Control is given to toBeStarted

if (DONE. nenber(toBeStarted)) { // Update DONE |i st
DONE. del et e(toBeSt art ed);

} /1 end of local scope

Entity. NEXT- CONTROL(true);
RETURN;

Figure 120: Flow graph segment <start-component-op>

ETSI



28 ETSI ES 202 785 V1.5.1 (2017-08)

7 TRI extensions for the package

This package does not have an effect on TRI.

8 TCI extensions for the package

8.1 Extensions to ETSI ES 201 873-6, clause 7 (TTCN-3
control interface and operations)

Clause 7.2.2.1 Abstract TTCN-3 types

Three additional type classes are used to distinguish the three kinds of behaviours: ALTSTEP, FUNCTION and
TESTCASE They are also used for deferred altstep, function and testcase behaviour values, respectively.

Tci Typed assType get Typed ass() Returns the type class of the respective type. A value of
Tci Typed assType can have one of the following constants:
ADDRESS, ALTSTEP, ANYTYPE, BI TSTRI NG BOOLEAN,
CHARSTRI NG, COVPONENT, ENUMERATED, FLOAT,
FUNCTI ON, HEXSTRI NG | NTEGER, OBJI D, OCTETSTRI NG
RECORD, RECORD OF, SET, SET_OF, TESTCASE, UNI ON,
UNI VERSAL_CHARSTRI NG VERDI CT.

Clause 7.2.2.2 Abstract TTCN-3 Values
Clause 7.2.2.2 Abstract TTCN-3 Valuesis extended by figure 4.

Type Value

Integervalue FIoatVa,lu’é

CharstringValue UniyefsalCha

Bitstringvalue /' ObtetstringValue / HexstringValue
RecordOfValue RecordVa[ﬂe UnionValue
EnumeratedValyé Verdictvalue AddressValue

BehaviourValue

Figure 4: Hierarchy of abstract values
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The abstract data type BehaviourValue

The following operations are defined on the base abstract datatype Behavi our Val ue, which isused to represent
both behaviour values and deferred behaviour values. The concrete representations of these operations are defined in the
respective language mapping sections:

Val ue get Nane()

Returns the name of the behaviour.

Tci Modul el dType get Def i ni ngMbdul e()  Returns the module identifier of the module in which the behaviour is

defined. Returns the distinct value nul | if the behaviour is a predefined
function.

8.2 Extensions to ETSI ES 201 873-6, clause 8 (Java language
mapping)

Clause 8.2.2.4

TciTypeClassType

Clause 8.2.2.4 TciTypeClassType shall be extended as follows:

Tci Typed assType ismapped to the following interface:

/1 TCI 1DL Tci Typed assType
package org.etsi.

public interface
public final
public final
public final
public final
public final
public final
public final
public final
public final
public final
public final
public final
public final
public final
public final
public final
public final
public final
public final
public final
public final
public final

Clause 8.2.4

tten.tci;
Tci Typed ass {

static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static

int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int

ADDRESS =0;
ANYTYPE =1

Bl TSTRI NG =2;
BOOLEAN =3
CHARSTRI NG =5;
COMPONENT =6 ;
ENUMERATED =7;
FLOAT =8 ;
HEXSTRI NG =9;
| NTEGER = 10 ;
oBJID =11
OCTETSTRI NG =12 ;
RECORD = 13 ;
RECORD_OF =14 ;
SET = 15
SET_OF = 16 ;
UNI ON =17 ;
UNI VERSAL_CHARSTRING = 19 ;
VERDI CT =20 ;
ALTSTEP =21 ;
FUNCTI ON =22 ;
TESTCASE = 23 ;

Abstract value mapping

Clause 8.2.4 Abstract value mapping shall be extended by:

8.2.4.16

BehaviourValue

Behavi our Val ue ismapped to the following interface:

/1 TC 1DL Type

package org.etsi.ttcn.tci;
public interface Behavi ourVal ue {

getNane ();

public Tci Modul eld getDefini ngMdule ();

public String

}
M ethods:

. get Nane()

. get Def i ni nghodul e()

Returns the name of the behaviour as defined in the TTCN-3 module.

Returns the module identifier of the modul e the behaviour has been defined in.
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8.3 Extensions to ETSI ES 201 873-6, clause 9 (ANSI C
language mapping)

Clause 9.2 Value Interfaces

Clause 9.2 Value Interfaces shall be extended by:

TCI IDL Interface | ANSI C representation | Notes and comments
BehaviourValue
Value getName() Val ue tci Name(Val ue inst) Returns the name of the
behaviour as a CharstringValue.
TciModuleldType getDefiningModule() |Tci Modul el dType t ci Defi ni nghobdul e Returns the module identifier of
(Val ue inst) the module in which the

behaviour is defined. The
module identifier will be empty
in case the behaviour is a
predefined function.

Clause 9.5 Data
Clause 9.5 Data shall be extended by:

TCIIDL ADT ANSI C representation (Type definition) Notes and comments
TciTypeClassType typedef enum TCI_ALTSTEP_TYPE,
{ TCI_FUNCTION_TYPE, and
TA_ADDRESS_TYPE, TCI_TESTCASE_TYPE added.

TCl _ANYTYPE_TYPE,
TCl _BI TSTRI NG_TYPE,
TCl _BOOLEAN_TYPE,
TCl _CHAR_TYPE,
TCl _CHARSTRI NG_TYPE,
TCl _COVPONENT_TYPE,
TCl _ENUMERATED_TYPE,
TCl _FLOAT_TYPE,
TCl _HEXSTRI NG_TYPE,
TCl _I NTEGER_TYPE,
TCl _OBJI D_TYPE,
TCl _CCTETSTRI NG_TYPE,
TCl _RECORD_TYPE,
TCl _RECORD_OF_TYPE,
TCl _SET_TYPE,
TCl _SET_OF_TYPE,
TCl _UNI ON_TYPE,
TCl _UNI VERSAL_CHAR TYPE,
TCl _UNI VERSAL_CHARSTRI NG_TYPE,
TCl _VERDI CT_TYPE,
TCl _ALTSTEP_TYPE,
TCl _FUNCTI ON_TYPE,
TCl _TESTCASE_TYPE

} Tci Typed assType;
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8.4 Extensions to ETSI ES 201 873-6, clause 10

(C++ language mapping)

Clause 10.5.2.14 TciTypeClass
Clause 10.5.2.14 TciTypeClass shall be extended by the three behaviour type classes as follows:

Defines the different type classesin TTCN-3 (i.e. boolean, float, etc.). It is mapped to the following pure virtual class:

class Tci Typed ass {

public:
static const Tci Typed ass TCl _ADDRESS
static const Tci Typed ass TCl _ANYTYPE
static const Tci Typed ass TCl _BI TSTRI NG
static const Tci Typed ass TCl _BOOLEAN
static const Tci Typed ass TCl _CHARSTRI NG
static const Tci Typed ass TCl _COVPONENT
static const Tci Typed ass TCl ENUMERATED
static const Tci Typed ass TCl _FLOAT
static const Tci Typed ass TCl _HEXSTRI NG
static const Tci Typed ass TCl | NTEGER
static const Tci Typed ass TCl _OCTETSTRI NG
static const Tci Typed ass TCl _RECORD
static const Tci TypeC ass TCl _RECORD OF
static const Tci Typed ass TCl _ARRAY
static const Tci Typed ass TCl _SET
static const Tci TypeC ass TCl _SET OF
static const Tci Typed ass TCl _UNI ON
static const Tci TypeQ ass TCl _UNI VERSAL_CHARSTRI NG
static const Tci Typed ass TCl _VERDI CT
static const Tci Typed ass TCl _ALTSTEP
static const Tci TypeCd ass TCl _FUNCTI ON
static const Tci TypeC ass TCl _TESTCASE

~Tci Typed ass ()
Tbool ean equal s (const Tci TypeC ass &p_ot her) const

Tstring toString () const
Ti nt eger get TypeC ass() const

Clause 10.5.3 Abstract TTCN-3 data types and values

Clause 10.5.3 Abstract TTCN-3 data types and values shall be extended by:

10.5.3.18 BehaviourValue

A value of BehaviourValue represents an altstep, function or testcase in a TTCN-3 module. It is mapped to the
following pure virtual class:

cl ass Behavi our Val ue {

publi c:
virtual ~BehaviourValue ();
virtual const Tci Modul eld & getDefini ngvbdul e () const =0;
virtual const Tstring & getNane () const =0;
virtual Tbool ean equal s (const Behavi ourVal ue &behVal) const =0;
virtual BehaviourValue * cl oneBehaviourVal ue () const =0;
virtual Tbool ean operator< (const BehaviourVal ue &behVal) const =0;
}
10.5.3.18.1 Methods
. ~Tci Type ()
Destructor.

. get Def i ni nghModul e ()

Return the defining module as defined inthe TTCN-3 ATS.
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. get Nane ()
Return behaviour name as defined in the ATS.

. equal s (const Behavi our Val ue &behVal)

Return true if the behaviours are equal.

. cl oneType ()
Return a copy of the BehaviourValue.

. operat or< (const Behavi ourVal ue &behVal)

Operator < overload.

8.5 Extensions to ETSI ES 201 873-6, clause 11 (W3C XML
mapping)

Clause 11.3.3.1 Value
Clause 11.3.3.1 Value shall be extended by:

Val ue ismapped to the following complex type:

<xsd: conpl exType nanme="Val ue" m xed="true">

<xsd: choi ce>
<xsd: el ement name="integer" type="Val ues:|ntegerVal ue"/>
<xsd: el enent nane="float" type="Val ues: Fl oat Val ue"/ >
<xsd: el ement nane="bool ean" type="Val ues: Bool eanVal ue"/ >
<xsd: el ement nanme="verdi cttype" type="Val ues: Verdi ctVal ue"/>
<xsd: el ement name="bitstring" type="Val ues:BitstringVal ue"/>
<xsd: el ement name="hexstring" type="Val ues: Hexstri ngVal ue"/>
<xsd: el ement name="octetstring" type="Val ues: CctetstringVal ue"/>
<xsd: el ement nanme="charstring" type="Val ues: CharstringVal ue"/>
<xsd: el enent nane="uni versal _charstring" type="Val ues: Uni versal CharstringVal ue"/>
<xsd: el enent nane="record" type="Val ues: RecordVal ue"/>
<xsd: el ement nanme="record_of" type="Val ues: Recor dCf Val ue"/ >
<xsd: el ement nanme="array" type="Val ues: ArrayVal ue"/>
<xsd: el enent nane="set" type="Val ues: Set Val ue"/>
<xsd: el enent nane="set _of" type="Val ues: Set O Val ue"/ >
<xsd: el ement nanme="enuner at ed" type="Val ues: Enurer at edVal ue"/ >
<xsd: el ement nanme="uni on" type="Val ues: Uni onVal ue"/ >
<xsd: el enent nane="anytype" type="Val ues: AnytypeVal ue"/>
<xsd: el enent nane="address" type="Val ues: Addr essVal ue"/>
<xsd: el ement nane="behavi our" type="Val ues: Behavi our Val ue"/ >

</ xsd: choi ce>

<xsd: attributeGoup ref="Val ues: Val ueAtts"/>

</ xsd: conpl exType>

<xsd:attributeG oup name="Val ueAtts">
<xsd: attribute name="nane" type="Si npl eTypes: TString" use="optional"/>
<xsd: attribute name="type" type="Si npl eTypes: TString" use="optional"/>
<xsd: attribute name="nodul e" type="Si npl eTypes: TString" use="optional "/>
<xsd: attribute name="annot ati on" type="Si npl eTypes: TString" use="optional "/>
</ xsd: attri buteG oup>

Choice of Elements:

. i nt eger Aninteger value.

e float A float value.

e  bool ean A boolean value.

. verdi cttype A verdicttype value.
. bitstring A bitstring value.

. hexstring An hexstring value.
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. octetstring An octetstring value.
. charstring A charstring value.

. uni versal _charstring A universal charstring value.

. record A record value.

. record_of A record of value.

. array An array value.

e  set A setvalue.

° set _of A set of value.

J enuner at ed An enumerated value.

. uni on A union value.

. anyt ype An anytype value.

o addr ess An address value.

. behavi our A behaviour value.
Attributes:

. name The name of the value, if known.

. type The type of the value, if known.

o nodul e The module of the value, if known.

. annot at i on A helper attribute to provide additional matching/mismatching information, etc.
11.3.3.21 BehaviourValue

Behavi our Val ue ismapped to the following complex type:

<xsd: conpl exType name="Behavi our Val ue" >
<xsd: sequence>
<xsd: el enent nane="nane" type="Types: QualifiedNane"/>
</ xsd: sequence>
</ xsd: conpl exType>

Elements:
. name The qualified name of the behaviour.
Attributes:

. none.

Clause 11.3.3.12 RecordValue

All clauses for structured values are to be extended with an element for a BehaviourValue.
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11.3.3.12 RecordValue

Recor dVal ue ismapped to the following complex type:

<xsd: conmpl exType nanme="RecordVal ue">
<xsd: choi ce>
<xsd: choi ce m nCccurs="0" maxCccur s="unbounded" >
<xsd: el ement name="integer" type="Val ues:|ntegerVal ue"/>
<xsd: el enent nane="float" type="Val ues: Fl oat Val ue"/ >
<xsd: el enent nane="bool ean" type="Val ues: Bool eanVal ue"/>
<xsd: el ement nanme="verdi cttype" type="Val ues: Verdi ctVal ue"/>
<xsd: el ement name="bitstring" type="Val ues:BitstringVal ue"/>
<xsd: el enent nane="hexstring" type="Val ues: HexstringVal ue"/ >
<xsd: el enent nane="octetstring" type="Val ues: CctetstringVal ue"/>
<xsd: el ement nanme="charstring" type="Val ues: CharstringVal ue"/>
<xsd: el ement nanme="uni versal _charstring"
t ype="Val ues: Uni ver sal CharstringVal ue"/>
<xsd: el enent nane="record" type="Val ues: RecordVal ue"/>
<xsd: el ement nanme="record_of" type="Val ues: Recor dC&f Val ue"/ >
<xsd: el ement nanme="array" type="Val ues: ArrayVal ue"/>
<xsd: el enent nane="set" type="Val ues: Set Val ue"/>
<xsd: el enent nane="set _of" type="Val ues: Set O Val ue"/ >
<xsd: el ement nanme="enuner at ed" type="Val ues: Enurer at edVal ue"/ >
<xsd: el ement nanme="uni on" type="Val ues: Uni onVal ue"/ >
<xsd: el enent nane="anytype" type="Val ues: AnytypeVal ue"/>
<xsd: el enent nane="address" type="Val ues: Addr essVal ue"/>
<xsd: el enent nane="behavi our" type="Val ues: Behavi our Val ue"/ >
</ xsd: choi ce>
<xsd: el ement name="nul | " type="Tenpl ates:null"/>
<xsd: el enent nane="omt" type="Tenplates:onmt"/>
</ xsd: choi ce>
<xsd: attributeGoup ref="Val ues: Val ueAtts"/>
</ xsd: conpl exType>

Sequence of Elements:

. i nt eger Aninteger value.

e float A float value.

e  bool ean A boolean value.

. verdi cttype A verdicttype value.
. bitstring A bitstring value.

. hexstring An hexstring value.
. octetstring An octetstring value.
. charstring A charstring value.

. uni versal _charstring A universal charstring value.

. record A record value.

. record_of A record of value.

. array An array value.

e  set A setvalue.

° set _of A set of value.

J enuner at ed An enumerated value.
. uni on A union value.

. anyt ype An anytype value.

o addr ess An address value.
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A behaviour value.
If no field is given.

If the field is omitted.

The same attributes as those of Vaue.

11.3.3.13

RecordOfValue

Recor dOFf Val ue ismapped to the following complex type:

<xsd: conpl exType nanme="Recor dCf Val ue" >

<xsd: choi
<xsd:

<xsd:

<xsd:

<xsd:

<xsd:

<xsd:

<xsd:

<xsd:

<xsd:

<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:

<xsd:
<xsd:

ce>

el ement name="integer" type="Val ues: | ntegerVal ue" m nCccurs="0"
maxCccur s="unbounded"/ >

el enent nane="float" type="Val ues: Fl oat Val ue" m nCccurs="0"
maxCccur s="unbounded"/ >

el ement nanme="bool ean" type="Val ues: Bool eanVal ue" m nCccurs="0"
maxCccur s="unbounded"/ >

el enent nane="verdi cttype" type="Val ues: Verdi ctVal ue" m nCccurs="0"
maxCccur s="unbounded"/ >

el ement name="bitstring" type="Val ues:BitstringVal ue"
m nCccur s="0" maxCccur s="unbounded"/ >

el enent nane="hexstring" type="Val ues: Hexstri ngVval ue"
m nCccur s="0" maxCccur s="unbounded"/ >

el ement nanme="octetstring" type="Val ues: CctetstringVal ue"
m nCccur s="0" maxCccur s="unbounded"/ >

el enent nane="charstring" type="Val ues: CharstringVal ue"
m nCccur s="0" maxCccur s="unbounded"/ >

el ement nanme="uni versal _charstring"
t ype="Val ues: Uni ver sal Char stri ngVal ue" m nCccurs="0"
maxCccur s="unbounded"/ >

el enent nane="record" type="Val ues: RecordVal ue" mi nCccurs="0"
maxCccur s="unbounded"/ >

el ement name="record_of" type="Val ues: RecordO Val ue"
m nCccur s="0" maxCccur s="unbounded"/ >

el enent nane="array" type="Val ues: ArrayVal ue"
m nCccur s="0" maxCccur s="unbounded"/ >

el enent name="set" type="Val ues: Set Val ue" ni nCccurs="0"
maxQccur s="unbounded"/ >

el enent nane="set _of" type="Val ues: Set O Val ue"
m nCccur s="0" maxCccur s="unbounded"/ >

el enent nanme="enuner at ed" type="Val ues: Enuner at edVal ue"
m nCccur s="0" maxCccur s="unbounded"/ >

el enent nane="uni on" type="Val ues: Uni onVal ue" m nCccurs="0"
maxCccur s="unbounded"/ >

el enent nane="anytype" type="Val ues: AnytypeVal ue" m nCccurs="0"
maxQccur s="unbounded"/ >

el enent nane="address" type="Val ues: Addr essVal ue" mni nCccurs="0"
maxCccur s="unbounded"/ >

el enent nanme="behavi our" type="Val ues: Behavi our Val ue" nmi nCccurs="0"
maxQccur s="unbounded"/ >

el ement name="nul | " type="Tenpl ates:null"/>

el enent nane="onmit" type="Tenplates:onmt"/>

</ xsd: choi ce>
<xsd:attributeGoup ref="Val ues: Val ueAtts"/>
</ xsd: conpl exType>

Choice of Sequence of Elements:

i nt eger Aninteger value.

f1 oat A float value.

bool ean A boolean value.
verdi cttype A verdicttype value.
bitstring A bitstring value.
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. hexstring An hexstring value.
. octetstring An octetstring value.
. charstring A charstring value.

. uni versal _charstring A universal charstring value.

. record A record value.

) record_of A record of value.

. array An array value.

. set A setvalue.

. set _of A set of value.

. enurer at ed An enumerated value.

. uni on A union value.

e anytype An anytype value.

. addr ess An address value.

e behavi our A behaviour value.

. nul | If nofield isgiven.

. om t If thefield is omitted.
Attributes:

. The same attributes as those of Vaue.

11.3.3.14 ArrayValue

Ar rayVal ue ismapped to the following complex type:

<xsd: conpl exType name="ArrayVal ue">
<xsd: choi ce>

<xsd: el enent nane="integer" type="Val ues: |ntegerVal ue" m nCccurs="0"
maxCccur s="unbounded"/ >

<xsd: el ement nanme="float" type="Val ues: Fl oat Val ue" m nCccurs="0"
maxCccur s="unbounded"/ >

<xsd: el enent nane="bool ean" type="Val ues: Bool eanVal ue" ni nCccurs="0"
maxCccur s="unbounded"/ >

<xsd: el ement nanme="verdi cttype" type="Val ues: Verdi ctVal ue" m nCccurs="0"
maxCccur s="unbounded"/ >

<xsd: el enent nane="bitstring" type="Val ues:BitstringVal ue"
m nCccur s="0" maxCccur s="unbounded"/ >

<xsd: el ement nanme="hexstring" type="Val ues: HexstringVal ue"
m nCccurs="0" maxCccur s="unbounded"/ >

<xsd: el enent nane="octetstring" type="Val ues: CctetstringVal ue"
m nCccur s="0" maxCccur s="unbounded"/ >

<xsd: el ement nanme="charstring" type="Val ues: CharstringVal ue"
m nCccur s="0" maxCccur s="unbounded"/ >

<xsd: el ement name="uni versal _charstring"
t ype="Val ues: Uni ver sal Char stri ngVal ue" m nCccurs="0"
maxCccur s="unbounded"/ >

<xsd: el enent nane="record" type="Val ues: RecordVal ue" m nCccurs="0"
maxCccur s="unbounded"/ >

<xsd: el ement nanme="record_of" type="Val ues: RecordO Val ue"
m nCccur s="0" maxCccur s="unbounded"/ >

<xsd: el ement nanme="array" type="Val ues: ArrayVal ue"
m nCccur s="0" maxCccur s="unbounded"/ >

<xsd: el enent nane="set" type="Val ues: Set Val ue" m nCccurs="0"
maxQccur s="unbounded"/ >

<xsd: el enent nane="set_of" type="Val ues: Set O Val ue"
m nCccur s="0" maxCccur s="unbounded"/ >
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maxQccur s="unbounded"/ >
uni on" type="Val ues: Uni onVal ue"

maxQccur s="unbounded"/ >

<xsd:

el emrent nane="

maxQccur s="unbounded"/ >

<xsd:

el enent nanme="

maxQccur s="unbounded"/ >

<xsd:

el emrent nane="

maxQccur s="unbounded"/ >

<xsd
<xsd:
</ xsd: choi ce>

cel enent nanme="nulI" type="Tenplates:null"/>
el enent nane="onit" type="Tenplates:onmt"/>

<xsd:attributeG oup ref="Val ues: Val ueAtts"/>

</ xsd: conpl exType>

Choice of Sequence of Elements:

. i nt eger
. fl oat
. bool ean

. verdi cttype
. bitstring
. hexstring
. octetstring

. charstring

. uni ver sal _charstring
. record

. record_of

° array

. set

. set _of

. enurmer at ed

. uni on

U anyt ype

. addr ess

J behavi our

. nul |

[ om t
Attributes:

Aninteger value.

A float value.

A boolean value.

A verdicttype value.
A bitstring value.

An hexstring value.
An octetstring value.
A charstring value.

A universal charstring value.
A record value.

A record of value.

An array value.

A setvalue.

A set of value.

An enumerated value.
A union value.

An anytype value.

An address value.

A behaviour value.

If no field is given.

If the field is omitted.

. The same attributes as those of Value.
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enuner at ed" type="Val ues: Enuner at edVal ue"

mi nCccurs="0"
anytype" type="Val ues: Anyt ypeVal ue" ni nCccurs="0"
addr ess" type="Val ues: Addr essVal ue" ni nCccurs="0"

behavi our" type="Val ues: Behavi our Val ue" ni nCccurs="0"
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11.3.3.15 SetValue

Set Val ue ismapped to the following complex type:

<xsd: conpl exType name="Set Val ue" >
<xsd: choi ce>
<xsd: choi ce m nCccurs="0" maxCccur s="unbounded" >
<xsd: el ement name="integer" type="Val ues:|ntegerVal ue"/>
<xsd: el enent nane="float" type="Val ues: Fl oat Val ue"/ >
<xsd: el enent nane="bool ean" type="Val ues: Bool eanVal ue"/>
<xsd: el ement nanme="verdi cttype" type="Val ues: Verdi ctVal ue"/>
<xsd: el ement name="bitstring" type="Val ues:BitstringVal ue"/>
<xsd: el enent nane="hexstring" type="Val ues: HexstringVal ue"/ >
<xsd: el enent nane="octetstring" type="Val ues: CctetstringVal ue"/>
<xsd: el ement nanme="charstring" type="Val ues: CharstringVal ue"/>
<xsd: el ement nanme="uni versal _charstring"
t ype="Val ues: Uni ver sal CharstringVal ue"/>
<xsd: el enent nane="record" type="Val ues: RecordVal ue"/>
<xsd: el ement nanme="record_of" type="Val ues: Recor dC&f Val ue"/ >
<xsd: el ement nanme="array" type="Val ues: ArrayVal ue"/>
<xsd: el enent nane="set" type="Val ues: Set Val ue"/>
<xsd: el enent nane="set _of" type="Val ues: Set O Val ue"/ >
<xsd: el ement nanme="enuner at ed" type="Val ues: Enurer at edVal ue"/ >
<xsd: el ement nanme="uni on" type="Val ues: Uni onVal ue"/ >
<xsd: el enent nane="anytype" type="Val ues: AnytypeVal ue"/>
<xsd: el enent nane="address" type="Val ues: Addr essVal ue"/>
<xsd: el enent nane="behavi our" type="Val ues: Behavi our Val ue"/ >
</ xsd: choi ce>
<xsd: el ement name="nul | " type="Tenpl ates:null"/>
<xsd: el enent nane="omt" type="Tenplates:onmt"/>
</ xsd: choi ce>
<xsd: attributeGoup ref="Val ues: Val ueAtts"/>
</ xsd: conpl exType>

Sequence of Elements:

. i nt eger Aninteger value.

e float A float value.

e  bool ean A boolean value.

. verdi cttype A verdicttype value.
. bitstring A bitstring value.

. hexstring An hexstring value.
. octetstring An octetstring value.
. charstring A charstring value.

. uni versal _charstring A universal charstring value.

. record A record value.

. record_of A record of value.

. array An array value.

e  set A setvalue.

° set _of A set of value.

J enuner at ed An enumerated value.
. uni on A union value.

. anyt ype An anytype value.

o addr ess An address value.
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behavi our A behaviour value.
nul | If no field is given.
omi t If the field is omitted.
butes:
The same attributes as those of Value.
3.16 SetOfValue

Set O Val ue ismapped to the following complex type:

<xsd: conpl exType name="Set O Val ue" >

Choi

<xsd: choi ce>

<xsd: el ement nanme="integer" type="Val ues: | ntegerVal ue" m nCccurs="0"
maxCccur s="unbounded"/ >

<xsd: el enent nane="float" type="Val ues: Fl oat Val ue" m nCccurs="0"
maxCccur s="unbounded"/ >

<xsd: el ement nanme="bool ean" type="Val ues: Bool eanVal ue" m nCccurs="0"
maxCccur s="unbounded"/ >

<xsd: el enent nane="verdicttype" type="Val ues: Verdi ctVal ue" m nCccurs="0"
maxCccur s="unbounded"/ >

<xsd: el ement nanme="bitstring" type="Val ues: BitstringVal ue"
m nCccur s="0" maxCccur s="unbounded"/ >

<xsd: el enent nane="hexstring" type="Val ues: Hexstri ngVal ue"
m nCccur s="0" maxCccur s="unbounded"/ >

<xsd: el ement nanme="octetstring" type="Val ues: CctetstringVal ue"
m nCccur s="0" maxCccur s="unbounded"/ >

<xsd: el enent nane="charstring" type="Val ues: CharstringVal ue"
m nCccur s="0" maxCccur s="unbounded"/ >

<xsd: el ement nanme="uni versal _charstring"
t ype="Val ues: Uni ver sal Char stri ngVal ue" m nCccurs="0"
maxCccur s="unbounded"/ >

<xsd: el enent nane="record" type="Val ues: RecordVal ue" m nCccurs="0"
maxCccur s="unbounded"/ >

<xsd: el ement nanme="record_of" type="Val ues: RecordO Val ue"
m nCccur s="0" maxCccur s="unbounded"/ >

<xsd: el enent nane="array" type="Val ues: ArrayVal ue"
m nCccur s="0" maxCccur s="unbounded"/ >

<xsd: el enent nane="set" type="Val ues: Set Val ue" mi nCccurs="0"
maxQccur s="unbounded"/ >

<xsd: el enent nane="set _of" type="Val ues: Set O Val ue"
m nCccur s="0" maxCccur s="unbounded"/ >

<xsd: el enent nane="enuner at ed" type="Val ues: Enuner at edVal ue"
m nCccur s="0" maxCccur s="unbounded"/ >

<xsd: el enent nane="uni on" type="Val ues: Uni onVal ue" m nCccurs="0"
maxCccur s="unbounded"/ >

<xsd: el enent nane="anytype" type="Val ues: AnytypeVal ue" nmi nCccurs="0"
maxQccur s="unbounded"/ >

<xsd: el enent nane="address" type="Val ues: AddressVal ue" ni nCccurs="0"
maxCccur s="unbounded"/ >

<xsd: el enent nane="behavi our" type="Val ues: Behavi our Val ue" m nCccurs="0"
maxQccur s="unbounded"/ >

<xsd: el enent nane="null" type="Tenplates:null"/>

<xsd: el enent nane="omt" type="Tenplates:onmt"/> </ xsd: choi ce>

<xsd: attributeGoup ref="Val ues: Val ueAtts"/>
</ xsd: conpl exType>

ce of Sequence of Elements:
i nt eger Aninteger value.
f1 oat A float value.
bool ean A boolean value.
verdi cttype A verdicttype value.
bitstring A bitstring value.
hexstring An hexstring value.
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An octetstring value.

A charstring value.

. uni versal _charstring A universal charstring value.
e record A record value.

. record_of A record of value.

. array An array value.

o  set A setvalue.

° set _of A set of value.

e  enunerated An enumerated value.

. uni on A union value.

. anyt ype An anytype value.

e  address An address value.

J behavi our

. nul |

[ om t
Attributes:

A behaviour value.
If no field is given.

If the field is omitted.

. The same attributes as those of Value.

11.3.3.18

UnionValue

Uni onVal ue ismapped to the following complex type:

<xsd: conpl exType name="Uni onVal ue" >

<xsd: choi ce>

<xsd: el enent
<xsd: el enent
<xsd: el enent
<xsd: el enent
<xsd: el enent
<xsd: el enent
<xsd: el enent
<xsd: el enent
<xsd: el enent

type="Va
<xsd: el enent
<xsd: el enent
<xsd: el enent
<xsd: el enent
<xsd: el enent
<xsd: el enent
<xsd: el enment
<xsd: el ement
<xsd: el enent
<xsd: el enent
<xsd: el ement
<xsd: el ement

</ xsd: choi ce>

nane="i nteger" type="Val ues: | ntegerVal ue"/>
name="fl oat" type="Val ues: Fl oat Val ue"/ >
name="bool ean" type="Val ues: Bool eanVal ue"/>
nane="verdi cttype" type="Val ues: Verdi ct Val ue"/>
nane="bitstring" type="Val ues: BitstringVal ue"/>
name="hexstring" type="Val ues: Hexstri ngVal ue"/>
name="octetstring" type="Val ues: CctetstringVal ue"/>
nane="charstring" type="Val ues: CharstringVal ue"/>
nane="uni ver sal _charstring"

ues: Uni ver sal CharstringVal ue"/>

name="record" type="Val ues: RecordVal ue"/>
name="record_of" type="Val ues: Recor dOf Val ue"/ >
nane="array" type="Val ues: ArrayVal ue"/>
nane="set" type="Val ues: Set Val ue"/ >

name="set _of" type="Val ues: Set O Val ue"/ >
name="enuner at ed" type="Val ues: Enuner at edVal ue"/ >
nane="uni on" type="Val ues: Uni onVal ue"/ >
nane="anytype" type="Val ues: Anyt ypeVal ue"/ >
name="addr ess" type="Val ues: Addr essVal ue"/ >
name="behavi our" type="Val ues: Behavi our Val ue"/ >
nane="nul | " type="Tenplates: null"/>

nane="onit" type="Tenplates:omt"/>

<xsd: attributeGoup ref="Val ues: Val ueAtts"/>

</ xsd: conpl exType>
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Choice of Elements:

. i nt eger Aninteger value.

. f1 oat A float value.

e  bool ean A boolean value.

. verdi cttype A verdicttype value.
. bitstring A bitstring value.

. hexstring An hexstring value.
. octetstring An octetstring value.
. charstring A charstring value.

. uni versal _charstring A universal charstring value.

. record A record value.

. recor d_of A record of value.

. array An array value.

o set A setvalue.

° set _of A set of value.

. enuner at ed An enumerated value.

e union A union value.

. anyt ype An anytype value.

e address An address value.

. behavi our A behaviour value.
Attributes:

. The same attributes as those of Value.

11.3.3.19 AnytypeValue
Anyt ypeVal ue ismapped to the following complex type:

<xsd: conpl exType name="Anyt ypeVal ue">
<xsd: choi ce m nCccurs="0" maxCccur s="unbounded" >
<xsd: el ement nanme="integer" type="Val ues:|ntegerVal ue"/>
<xsd: el enent nane="float" type="Val ues: Fl oat Val ue"/ >
<xsd: el enent nane="bool ean" type="Val ues: Bool eanVal ue"/>
<xsd: el ement nanme="verdi cttype" type="Val ues: Verdi ctVal ue"/>
<xsd: el ement name="bitstring" type="Val ues:BitstringVal ue"/>
<xsd: el ement name="hexstring" type="Val ues: Hexstri ngVal ue"/>
<xsd: el enent nane="octetstring" type="Val ues: CctetstringVal ue"/>
<xsd: el ement nanme="charstring" type="Val ues: CctetstringVal ue"/>
<xsd: el ement nanme="uni versal _charstring"
t ype="Val ues: Uni ver sal CharstringVal ue"/>
<xsd: el enent nane="record" type="Val ues: RecordVal ue"/>
<xsd: el enent nane="record_of" type="Val ues: RecordO Val ue"/ >
<xsd: el ement nanme="array" type="Val ues: ArrayVal ue"/>
<xsd: el ement nanme="set" type="Val ues: Set Val ue"/>
<xsd: el enent nane="set _of" type="Val ues: Set O Val ue"/ >
<xsd: el enent nane="enuner at ed" type="Val ues: Enuner at edVal ue"/>
<xsd: el ement nanme="uni on" type="Val ues: Uni onVal ue"/>
<xsd: el ement nane="address" type="Val ues: Addr essVal ue"/ >
<xsd: el enent nane="behavi our" type="Val ues: Behavi our Val ue"/ >
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<xsd: el ement name="nul | " type="Tenpl ates:null"/>
<xsd: el ement name="omt" type="Tenpl ates:omt"/>

</ xsd: choi ce>

<xsd:attributeGoup ref="Val ues: Val ueAtts"/>

</ xsd: conpl exType>

Choice of Elements:

. i nt eger
(] fl oat
° bool ean

° verdi cttype
. bitstring
. hexstring

° octetstring

. charstring

. uni versal _charstring
[ record

. record_of

[ array

J set

(] set _of

. enuner at ed
. uni on

. addr ess

. behavi our

Attributes:

Aninteger value.

A float value.

A boolean value.

A verdicttype value.
A bitstring value.

An hexstring value.
An octetstring value.
A charstring value.

A universal charstring value.
A record value.

A record of value.

An array value.

A set value.

A set of value.

An enumerated value.
A union value.

An address value.

A behaviour value.

. The same attributes as those of Vaue.

ETSI ES 202 785 V1.5.1 (2017-08)

9 Extensions to TTCN-3 documentation comment
specification for the package

9.1 Extensions to ETSI ES 201 873-10, annex A (Where Tags
can be used)

Add ", function behaviour types' to the cell "Functions (TTCN-3 and external)

, altstep behaviour types' to the cell

"Altsteps’ and ", test case behaviour types® to the cell "Test cases’ in the header of table A.1 of [7].

Table A.1 shows an example for the extended Table A.1. Please note, that other packages may also extend the same
table. Underlined character shows the insertions by this package.
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Table A.1: Relation of documentation tags and TTCN-3

sbBe) Jaylo ul pappaqw3

(2 asne|o 295s)
wJoy woldwi ul pasn

suoniuiiep
[eao| uauodwo)d

syied |011U0D

sdnoio

Sa|Npon

SadAT Inoineqeq
3Sed 1s9] 'sase) 1sal

SodAl JnoiAeyaq
daisife 'sdaisiy

Sa0AT INOIABUSq

—_——

uonounj - (feutaixa
pue g-NDOL1) suonoung

saJinjeubis

sare|dwa ]

x1

Ssluelsuod

x1

sledajnpon

X1

sadA] 10d

sadA] 1usuodwo)d

sad/] ereq painionns

x1

X

sadA] ereq ajdwis

X

@ut hor

@onfi

@esc

@xception

@renber

@ar am

riorit

@ur pose

@ enar k

@ ef erence

@ equirene

nt

@eturn

@i nce

@t at us

@erdict

@ersion

1 Preceding language elements of record, set, union or enumerated types only.

NOTE:
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