Final draft ETS| ES 202 784 V1.9.1 (2022-02)

< “.':-;.- _' >

ETSI STANDARD

Methods for Testing and Specification (MTS);
The Testing and Test Control Notation version 3;
TTCN-3 Language Extensions: Advanced Parameterization



2 Final draft ETSI ES 202 784 V1.9.1 (2022-02)

Reference
RES/MTS-202784V191

Keywords
conformance, testing, TTCN-3

ETSI

650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: +334 9294 42 00 Fax: +33 4 93 65 47 16

Siret N° 348 623 562 00017 - APE 7112B
Association & but non lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° w061004871

Important notice

The present document can be downloaded from:
http://www.etsi.org/standards-search

The present document may be made available in electronic versions and/or in print. The content of any electronic and/or
print versions of the present document shall not be modified without the prior written authorization of ETSI. In case of any
existing or perceived difference in contents between such versions and/or in print, the prevailing version of an ETSI
deliverable is the one made publicly available in PDF format at www.etsi.org/deliver.

Users of the present document should be aware that the document may be subject to revision or change of status.
Information on the current status of this and other ETSI documents is available at
https://portal.etsi.org/TB/ETSIDeliverableStatus.aspx

If you find errors in the present document, please send your comment to one of the following services:
https://portal.etsi.org/People/CommiteeSupportStaff.aspx

Notice of disclaimer & limitation of liability

The information provided in the present deliverable is directed solely to professionals who have the appropriate degree of
experience to understand and interpret its content in accordance with generally accepted engineering or
other professional standard and applicable regulations.
No recommendation as to products and services or vendors is made or should be implied.

No representation or warranty is made that this deliverable is technically accurate or sufficient or conforms to any law
and/or governmental rule and/or regulation and further, no representation or warranty is made of merchantability or fithess
for any particular purpose or against infringement of intellectual property rights.

In no event shall ETSI be held liable for loss of profits or any other incidental or consequential damages.

Any software contained in this deliverable is provided "AS IS" with no warranties, express or implied, including but not
limited to, the warranties of merchantability, fithess for a particular purpose and non-infringement of intellectual property
rights and ETSI shall not be held liable in any event for any damages whatsoever (including, without limitation, damages

for loss of profits, business interruption, loss of information, or any other pecuniary loss) arising out of or related to the use
of or inability to use the software.

Copyright Notification

No part may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying and
microfilm except as authorized by written permission of ETSI.
The content of the PDF version shall not be modified without the written authorization of ETSI.
The copyright and the foregoing restriction extend to reproduction in all media.

© ETSI 2022.
All rights reserved.

ETSI


http://www.etsi.org/standards-search
http://www.etsi.org/deliver
https://portal.etsi.org/TB/ETSIDeliverableStatus.aspx
https://portal.etsi.org/People/CommiteeSupportStaff.aspx

3 Final draft ETSI ES 202 784 V1.9.1 (2022-02)

Contents

INtellectual Property RIGNES.... ..ot b e e e en e ns 4
0] Yo (o ST 4
MoOdal VErDS TEMINOIOQY ... .ccteieeiicieee ettt st e e s te s ae e aesbeeaeesbesreentesaeeasessesneensesreeneensessens 4
1 o0 0L SRS 5
2 L= £ 101 S 5
21 NOIMBLIVE FEFEIENCES ... ettt ettt ettt sttt e e e st e beseeebesaeeaeeae e e enteseebesaeebeeneensensesaesbesaessesneeneensens 5
22 INfOrMELIVE FEFEIENCES. ...ttt sttt ettt a et e e e e seeebesaeese e e enseeeseesbesaeeresneeneensens 6
3 Definition of terms, symbols and abbreviations............cccceeeiiieere e e 6
31 LIS (07PN 6
3.2 Y 1210 6
3.3 ADDIEVIBLIONS ...ttt bbbt b bt a et e e e e sh e e b e s bt e he e s e e e e besh e eb e e Rt e Rt et e R et sheebenneenrennen 6
4 Package conformance and COMPELTDIHTITY ...........ooerereieeis e 7
5 Package concepts for the COre [anQUAGE..........c.ocveivi et 7
51 Extension to ETS| ES 201 873-1, clause 4 (INtrodUCLION) ........cerueieiriinieeriisieesie e e 7
5.2 Extensionto ETSI ES 201 873-1, clause 5 (Basic language elements).........ccccvveeveeieeveeseesieeeeeeeeee e 7
53 Extensionto ETSI ES 201 873-1, clause 6 (TYpes and VAlUES).........ccccvveeieeieeieesie e eie e see e e eee e see s 11
54 Extensionto ETSI ES 201 873-1, clause 8 (MOUUIES) .......cceecueeieeiieie et 12
55 Extensionto ETSI ES 201 873-1, annex A (BNF and static SEMantiCs) .........ccovvveveveireerseeseeseesesee e 13
5.6 Extensionto ETSI ES 203 790, clause 5.1 (Classes and ObJECLS).......ccuvceieeieereerieerie e e see e e e eseesee s 14
5.7 Extensionto ETSI ES 203 790, clause A.3 (Additional TTCN-3 syntax BNF productions) .........ccccceeveeeenee. 15
6 PACKAGE SEMAINTICS. ...ttt b e bbb e et e e e e bt bt b nenr s 15
6.0 LT 0T SRS 15
6.1 Extension to ETS| ES 201 873-4, clause 6 (RESITCHIONS) ......cccirviieiiriiieeiirieieierieee st 15
7 TRI and Extended TRI extensions for the package...........covieeieieieese e 15
7.1 EXtENSION 10 ETSI ES 201 873-5......ccuiiieieierieieie ittt sttt ettt s et s e bt enesnenbenenns 15
7.2 Extensionto ETSI ES 202 789, clause 7 (TRI extensions for the package)...........ccceevveerveveeceeiecce e 16
8 TCl exXtensiONS fOr the PACKAGE ... .cueieirietee et 16
8.1 Extension to ETS| ES 201 873-6, clause 7 (TTCN 3 control interface and operations) ...........cccccvereeerennnes 16
8.2 Extension to ETS| ES 201 873-6, clause 8 (Java™ language mapping) ........ccceereeererienererseneeesseneeessesseenns 18
8.3 Extension to ETS| ES 201 873-6, clause 9 (ANSI C language Mapping) .........cccoereeerereeerenmesesesseesseseeneenes 20
84 Extensionto ETSI ES 201 873-6, clause 10 (C++ language Mapping).......c.cccveveereeerreeerseeseeseeseessesssessessnes 21
8.5 Extensionto ETSI ES 201 873-6, clause 12 (C# Mapping Specification of TCl)......ccccccvvvvvcevce e 22
8.6 Extensionto ETSI ES 201 873-6, annex A (IDL Specification of TCI) .....cccceveeveenieece e 22
9 Package Extensions for the use of ASN.LWith TTCN-3 ..o 22
9.1 Extension to ETS| ES 201 873-7, clause 10 (Parameterization in ASN.L) ......cccooeoririiininineeneeeseeseeeees 22
10  Documentation extensionS fOr the PACKAJE. ........ccuveriririri et 26
10.1 Extension to ETS| ES 201 873-10, clause 6 (Tagged paragraphs)...........coevereeereneeerieneeesieseeesieseeesseseeennes 26
10.2 Extensionto ETSI ES 201 873-10, annex A (where Tags can be used)........ccccevvevv e circeeceeseese e 26
L 11 (TSP OP PR PRORPRTRORN 28

ETSI



4 Final draft ETSI ES 202 784 V1.9.1 (2022-02)

Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The declarations
pertaining to these essential IPRs, if any, are publicly available for ETSI members 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 ETS| Secretariat. Latest updates are available on the
ETSI Web server (https://ipr.etsi.org/).

Pursuant to the ETSI Directivesincluding the ETSI IPR Policy, no investigation regarding the essentiality of IPRS,
including I PR 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 ETS| 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 constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its
Members. 3GPP™ and LTE™ are trademarks of ETSI registered for the benefit of its Members and of the 3GPP
Organizational Partners. oneM 2M ™ logo is atrademark of ETSI registered for the benefit of its Members and of the
oneM2M Partners. GSM ® and the GSM logo are trademarks registered and owned by the GSM Association.

Foreword

Thisfinal draft ETSI Standard (ES) has been produced by ETSI Technical Committee Methods for Testing and
Specification (MTS), and is now submitted for the ETSI standards Membership Approval Procedure.

Theuse of underline (additional text) and strike through (deleted text) highlightsthe differ ences between base
document and extended documents.

The present document relates to the multi-part standard ETSI ES 201 873 covering the Testing and Test Control
Notation version 3, asidentified in ETSI ES 201 873-1 [1].

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 allowed in ETSI deliverables except when used in direct citation.
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1 Scope

The present document defines the Advanced Parameterization package of TTCN-3. TTCN-3 can be used for the
specification of all types of reactive system tests over a variety of communication ports. Typical areas of application are
protocol testing (including mobile and Internet protocols), service testing (including supplementary services), module
testing, testing of CORBA based platforms, APIs, etc. TTCN-3 is not 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 protocolsis outside the scope of the present document.

TTCN-3 packages are intended to define additional TTCN-3 concepts, which are not mandatory as concepts in 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:
. Vaue parameters of types.
. Type parameterization.

While the design of TTCN-3 package has taken into account the consistency of a combined usage of the core language
with a number 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 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] 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] 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".

[6] 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”.

[7] I SO/IEC 9646-1: "Information technology - Open Systems I nterconnection - Conformance testing
methodology and framework; Part 1. General concepts'.
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[8] 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".

[9] 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".

[10] Recommendation I TU-T X.683: "Information technology - Abstract Syntax Notation One
(ASN.1): Parameterization of ASN.1 specifications”.

[171] ETSI ES 202 789: "Methods for Testing and Specification (MTS); The Testing and Test Control
Notation version 3; TTCN-3 Language Extensions. Extended TRI".

[12] ETSI ES 203 790: "Methods for Testing and Specification (MTS); The Testing and Test Control
Notation version 3; TTCN-3 Language Extensions. Object-Oriented Features'.

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 hyperlinks included 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 Definition of terms, symbols and abbreviations
3.1 Terms

For the purposes of the present document, the terms given in ETSI ES 201 873-1 [1], ETSI ES 201 873-4[2], ETS
ES 201 873-5[3], ETSI ES 201 873-6 [4], ETSI ES 201 873-7 [5], ETS| ES 201 873-10 [6], ISO/IEC 9646-1 [7] and
the following apply:

subtype compatibility: type"A" has a subtype compatibility to another type "B" if al of the values of type A are type
compatible with type "B"

NOTE: All subtypes defined via subtype definition are subtype compatible with their supertype.
type parameterization: ability to pass atype as an actual parameter into a parameterized object via a type parameter

NOTE: Thisactual type parameter is added to the specification of that object and may completeit.

3.2 Symbols

Void.

3.3 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], ETSI ES 201 873-7 [5], ETSI ES 201 873-10 [6] and
ISO/IEC 9646-1 [7] apply.
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4 Package conformance and compatibility

The package presented in the present document isidentified by the package tag:

. "TTCN- 3: 2014 Advanced Paraneteri zati on" - to be used with modules complying with the present
document.

NOTE: Thisversion of the package only extends the previous versions, identified with the package tag
"TTCN- 3: 2009 Advanced Paraneterization", withtheoption of parameterizing objects- in
addition to types - al'so with signatures. For this reason, modules not containing a formal or actual
parameter of the kind signature are compatible with both versions.

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, in ETSI ES 201 873-1[1] and in
ETSI ES 201 873-4[2].

The package presented in the present document is compatible to:
. ETSI ES201 873-1[1], version 4.5.1;
. ETSI ES201 873-4 [2], version 4.5.1;
. ETSI ES201 873-5[3], version 4.5.1;
. ETSI ES201 873-6 [4], version 4.5.1;
. ETSI ES201 873-7 [5], version 4.5.1;
. ETSI ES201 873-8 [8], version 4.5.1;
. ETSI ES201 873-9 [9], version 4.5.1;
. ETSI ES201 873-10[6], version 4.5.1.

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.

5 Package concepts for the core language

5.1 Extension to ETSI ES 201 873-1, clause 4 (Introduction)

The present package adds the following essential characteristic to TTCN-3:

e type parameterization.

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

Clause 5.2.1 Scope of formal parameters
Add the following text:

Additionally, formal type parameters can be used as types of formal value parameters, return values, r uns on and
syst emclauses, where applicable.

Clause 5.4 Parameterization

Additionally, TTCN-3 supports type and signature parameterization.

ETSI
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Replace table 2 "Overview of parameterizable TTCN-3 objects’ with the following table 2.

Table 2: Overview of parameterizable TTCN-3 objects

Keyword Allowed kind of Allowed form of non- [Allowed types in formal non-type parameter lists
Parameterization type 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
(notes 1 and 2)|type parameterization, type.
signature parameterization
template Value and template Dynamic at run-time all basic types, all user-defined types, addr ess type,
parameterization, type tenpl ate.
parameterization
function Value, template, port and |Dynamic at run-time all basic types, all user-defined types, addr ess type,
(note 1) timer parameterization, conponent type, port type, def aul t, t enpl at e and
type parameterization, tiner.
signature parameterization
altstep Value, template, port and |Dynamic at run-time all basic types, all user-defined types, addr ess type,
(note 1) timer parameterization, conponent type, port type, def aul t, t enpl at e and
type parameterization, timer.
signature parameterization
testcase Value, template, port and |Dynamic at run-time all basic types and of all user-defined types, addr ess
(note 1) timer parameterization, type, tenpl at e.
type parameterization,
signature parameterization
sighature Value and template Dynamic at run-time all basic types, all user-defined types and addr ess
parameterization, type type, conponent type.
parameterization

NOTE 1: Type and signature parameterization are always static at compile-time.
NOTE 2: Only port and component types are parameterizable with signature formal parameters.

Clause 5.4.1 Formal parameters

All typesin TTCN-3 may be parameterized.

Clause 5.4.1.1 Formal parameters of kind value
In addition to the existing rules, TTCN-3 supports val ue parameterizations as follows:
e thevalue parameters of user-defined types shall bein parameters;
e thelanguage element si gnat ur e does not support static value parameterization.
Modify the text as follows:
Restriction a) is relaxed to:

a) Language elements which cannot be parameterized are: const, var, timer, control ,record—of;—set—of;

Restriction €) is changed to:

€) Theexpression of formal parameter's default value has to be compatible with the type of the parameter. The
expression may be any expression that is well-defined at the beginning of the scope of the parameterized
entity, but shall not refer to other parameters of the same or any following parameter list.
Clause 5.4.1.2 Formal parameters of kind template

Restriction d) is changed to:

d) The default template instance has to be compatible with the type of the parameter. The template instance may
be any template expression that is well-defined at the beginning of the scope of the parameterized entity, but
shall not refer to other parametersin the same or any following parameter list.

ETSI
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Clause 5.4.1 Formal Parameters

Is extended by the following clause:

Clause 5.4.1.5 Formal parameters of kind type and signature
Type, template and behaviour definitionsin TTCN-3 can have parameters of kind type.
Syntactical Structure
[ in] [ Typeldentifier | type | signature ] TypeParldentifier [ ":=" ( Type | Signature ) ]
Semantic Description

Types and signatures passed into a parameterized object can be used inside the definition of that object. Thisincludes
the usage as type of value, template, and port parameters, as type of return values and withinr uns on and syst em
clauses of behaviour definitions.

Any type and signature parameterization shall be resolved statically.
Type and signature parameters shall be written in a separate parameter list, enclosed in angle brackets.

Parameters of type kind may have a default type, which is given by atype assigned to the parameter. Similarly,
parameters of signature kind may own a default signature, which isidentified by assigning a signature to the parameter.

The actual parameters of atype parameter can be required to be subtype compatible with a specific type. Thisis
indicated by referring to a specific type in the formal parameter list instead of using the keyword t ype.

Restrictions

a) Formal type and signature parameters shall be in parameters, which can optionally be indicated by the optional
keyword in.

b) When aTypeldentifier is used to specify the kind of the formal parameter, the default types shall be subtype
compatible with the type of the parameter. For type compatibility see ETSI ES 201 873-1 [1] TTCN-3 Core
Language, clause 6.3. The default type shall not refer to other type parameters in the same parameter list.

c¢) Void.
d) Void.
Examples

/1 Definition of a list and a check function
type record of T M/List <in type T>;
function isElement <in type T>(in MList<T> list, in T elem) return boolean { ...}

/1 Definition of a protocol message
type record Data<in type Payl oadType> {
Header hdr,
Payl oadType payl oad

/] restricting the actual type paraneters
// the function can create a conponent of a type that is an extension of CT.
type conponent CT { timer t_guard };
function MyFunction <in CT Conp> (in integer p) runs on CT {
var Conp c := Conp.create;

}s

function Myl ntegerFunction<integer | := integer>(l p) return | {
/'l actual paraneter for | shall be subtype conpatible to integer

ETSI
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Clause 5.4.1.1 Formal Parameters of kind value
Formal parameters with default values are additionally restricted by:
Restrictions

Replace the text as follows:

€)

€) Thetype of avalue parameter with a default value shall not be a type parameter.

Clause 5.4.1.2 Formal Parameters of kind template
Formal parameters with default templates are additionally restricted by:
Restrictions

Replace the text as follows:

a)

a) Thetype of atemplate parameter with a default template shall not be a type parameter.

Clause 5.4.2 Actual Parameters

Is extended by a new clause:

Clause 5.4.2.1 Actual type parameters

Types can be passed into parameterized TTCN-3 objects as actual type parameters. Signatures can be passed into
parameterized TTCN-3 objects as actual signature parameters. Actual type and signature parameters can be provided
both as alist in the same order asthe formal parameters as well asin an assignment notation, explicitly using the
associated formal parameter names. They can also be provided in mixed form, starting with actual parametersin list
notation followed by additional ones in assignment notation.

Actual types can also be given as anonymous nested constructed types.

Syntactical Structure

[ TypeParldentifier ":=" ] ( Type | Signature | NestedTypeDef )
Semantic Description

Actual type parameters that are passed to formal type parameters shall be types or formal type parameters or nested type
definitions. Actual signature parameters that are passed to formal signature parameters shall be signatures or formal
signature parameters. Any compatible type/signature can be passed as actual parameter, i.e. actual parameters are not
limited to those types/signatures only known in the module containing the parameterized definition itself. Formal type
and signature parameters passed as parameters are those from the enclosing scope unit.

An empty type/signature parameter list can be omitted in both the declaration and usage of that object.
Restrictions

a) When using list notation, the order of elementsin the actual parameter list shall be the same as their order in
the corresponding formal parameter list. For each formal parameter without a default type/signature there
shall be an actual parameter. If aformal parameter with adefault is followed by aformal parameter without a
default, the actual parameter can be skipped by using dash "-" as actual parameter. If aformal parameter with
adefault is not followed by a parameter without a default, then the actual parameter can simply be omitted.

ETSI
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b) When using assignment notation, each formal parameter shall be assigned an actual parameter at most once.
For each formal parameter without default-type or signature, there shall be an actual parameter. To use the
default-type or signature of aformal parameter, no assignment for this specific parameter shall be provided.

C) If aformal parameter was defined using a specific component type, then the actual parameter shall be
compatible with the type of the formal parameter. For type compatibility of component types see ETSI
ES 201 873-1[1], clause 6.3.3.

d) Instantiating formal type or signature parameters with actual types/signatures shall result in valid TTCN-3.

EXAMPLE 1.  Type parameterization.

function f <in type T> (in T a, inTh) return T {

return a + b}
var integer c :
var integer c :

f<integer>(1, 2); // correct call, result 3
f <bool ean>(true, false); // incorrect

EXAMPLE 2:  Signature parameterization.
type port P <signature S> procedure { inout S}
function g <signature S> (integer a, P<S> p) return integer {
var integer result;
p.call (s:{a}, 10.0) {
[1 p.getreply(s:{-}) -> value result {}
[T p.-catch(s, exc) { testcase.stop }
[T p.-catch(timeout) { testcase.stop }

return result;

}

tenpl ate integer exc := ?;

signature s1l(integer a) return integer exception(integer);
signature s2(float a) return float exception(bool ean);

type conponent C<signhature S> {

port P<S> p;
}
function h() runs on C<sl1> {
var integer r := g<sl>(1, p) // correct
}
function h2() runs on C<s2> {
var float r := g<s2>(1, p) /1 incorrect; g returns integer and the actual call within
/] function g also returns integer.
}

EXAMPLE 3:  Parameterization with nested types.

type record of union {

@lefault T val,

record { T val, Annotation ann } annotated
} Annot at edLi st <T>;

/'l actual paraneters for fornal paraneter T can be anonynous nested type constructs
type Annot at edLi st<record { integer a,
Annot at edLi st<T : = enunerated { a, b }> b
}> Annot at edPai rs;

5.3 Extension to ETSI ES 201 873-1, clause 6 (Types and

values)
Clause 6.0 General Is extended by the following clause:
Clause 6.0.1 Nested type definitions for field types

Nested type definitions shall not have formal value parameters and shall not have formal type or signature parameters.
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Clause 6 Types and values

Is extended by the following clause:

Clause 6.2.9
In the Semantic Description part, add the following:

In the listsindicating the allowed collection of (message) types or procedure signatures, actual type parameters for types
with formal type parameters can be given as the keyword all to indicate that all instances of the referenced
parameterized type for any data type are allowed to be sent or received (dependent on the direction of the list) over that
port.

In restriction €), the following sentence is added:

MessageType can aso be a generic data type instance where the actual formal type parameters can be replaced with the
keyword all.

Clause 6 Types and values

Is extended by the following clause:

Clause 6.5 Value parameterization of types

TTCN-3 alows the use of value parameters in type definitions. Thisis applicable to all user-defined types, including
subtypes of basic types, and excluding behaviour types and signatures.

The formal parameters may be used inside the type definition. The actual parameters have to be either formal value
parameters of an enclosing type or they have to satisfy the same restrictions as global constants, see ETSI
ES 201 873-1 [1] TTCN-3 Core Language, clause 10.

When referring to a parameterized type, actual parameters have to be provided for each of the formal parameters of the
type.

EXAMPLE 1.  Length restriction.

type record length ( O .. maxAmount ) of flo
3.1

0 a
const MyFloats(3) nyConst :={ 1.1, 2.1,

t MyFloats ( in integer maxAnount );
b
EXAMPLE 2:  Range subtyping.

type integer MyInt ( in integer maxInt ) ( O .. maxint );

const Mylnt(127) myByte := 125;
const Mylnt(127) nyWrd := 65335; // incorrect

EXAMPLE 3:  Passing parameter.
type record MySquarelndex ( in integer maxint ) {
Myl nt (maxI nt) x,
M/l nt (maxint) y
b
EXAMPLE 4:  Generic type wildcard in port definition.
type record R<T> { record of charstring headers, T payload }

type port P message { inout R<all>} // allows any instance of Rwth any data

/Il type

54 Extension to ETSI ES 201 873-1, clause 8 (Modules)

Clause 8.2.3.1 General form of import
Import of definitionsis additionally restricted by:

Restrictions
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i) When importing a parameterized type the parameters are not resolved.

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

The BNF is extended with the following clause and productions:

Clause A.1.6.1.14 Type parameter definitions
This clause isto be added.

784001. Fornal TypeParList ::= "<" Fornal TypePar { "," Fornmal TypePar } ">"
784002. Formal TypePar ::= [ InParKeyword ] [ Type | SignatureKeyword | TypeDef Keyword ]
TypeParldentifier [ ":=" Type | Signature ]

784003. TypeParldentifier ::= ldentifier
784004. TypeActual Parldentifier ::= ldentifier
784005. TypePar Assi gnnent ::= TypeActual Parldentifier ":=" TypeActual Par
784006. Actual TypeParlList ::= ( "<" Actual TypePar { "," Actual TypePar } ">" ) |

("<" Actual TypePar Assignment { "," Actual TypePar Assi gnnent } ">")
784007. Actual TypePar ::= Type | Signature | "-" | Al Keyword
/* STATI C SEMANTI CS The use of Al Keyword is only allowed inside PortDefAttribs */
784008. Actual TypePar Assi gnnent ::= TypeActual Parldentifier ":=" Actual TypePar
784009. Struct Def Fornmal ParList ::= "(" StructDefFornal Par {"," StructDef Fornal Par} ")"
784010. Struct Def Formal Par ::= Formal Val uePar
784011. TypeActual ParList ::= ( "(" TypeActual Par {"," TypeActual Par} ")" ) |

( "(" TypeParAssignnment { "," TypeParAssignnment } ")" )

784012. TypeActual Par ::= Constant Expression | TypeActual Parldentifier

Clause A.1.6.1.1 Typedef definitions

The following include al BNF productions that are modifications of BNF rules defined in the TTCN-3 core language
document ETSI ES 201 873-1. When using this package the BNF rules below replace the corresponding BNF rulesin
the TTCN-3 core language document. The rule numbers define the correspondence of BNF rules.

Additionsto clause A.1.6 of ETSI ES 201 873-1 are identified by underlined font, deletions are identified by
strikethrough font. In case of contradiction between the above clause of part 1 and this clause (i.e. parts of the
productions not marked by strikethrough font is changed in part 1), part 1 takes precedence, i.e. tools supporting the
present document shall apply the insertions and deletions of this clause to the actual part 1 production or static
semantics rule automtically.

16. StructDefBody ::= ldentifierO Addr
[ For mal TypePar Li st] [ Struct Def For mal Par Li st ]
"{" [StructFieldDef {"," StructFieldDef}] "}"
28. UnionDefBody ::= ldentifierO Addr
[ For mal TypePar Li st] [ Struct Def For mal Par Li st ]
"{" UnionFieldDef {"," UnionFieldDef} "}"

34. StructOfDefBody ::= (Type | NestedTypeDef) IdentifierO Addr
[ For mal TypePar Li st] [ Struct Def Formal Par Li st] [ SubTypeSpec]
36. EnunDef ::= EnunKeyword |dentifierO Addr [ Struct Def Formal ParLi st]
"{" EnunerationList "}"
42. SubTypeDef ::= Type ldentifierO Addr
[ For mal TypeParLi st] [StructDef Formal ParList] [ArrayDef] [ SubTypeSpec]
50. PortDefBody ::= |ldentifier [Formal TypeParList] [StructDef Formal ParList] PortDefAttribs
74. Conponent Def ::= Conponent Keyword |dentifier

[ For mal TypePar Li st] [ Struct Def For mal Par Li st]
[ Ext endsKeyword Conponent Type {"," Conponent Type}]
"{" [ Conmponent Def List] "}"

77. Conponent Type ::= Extendedldentifier
[ Act ual TypePar Li st] [ TypeActual ParLi st]
80. Portlnstance ::= PortKeyword Extendedl dentifier [Actual TypeParList]
[ TypeActual ParLi st] PortEl enment {"," PortEl enent}
87. BaseTenplate ::= (Type | Signature) ldentifier
[ For mal TypePar Li st] ["("Tenpl at eOr Val ueFor mal Par Li st")"]
161. FunctionDef ::= FunctionKeyword [ DeterministicMdifier | Control Modifier ] ldentifierO Control

[ For mal TypePar Li st] " ("[ Functi onFor mal ParList] ")"
[ RunsOnSpec] [M cSpec] [ SystenSpec] [ReturnType] StatenentBl ock
178. Functionlnstance ::= FunctionRef [Actual TypeParlList] "(" [Actual ParList] ")"
/* STATIC SEMANTICS — the part is only optional if the FunctionRef uses the Control Keyword and the
referenced control function has no formal paraneters */
181. SignatureDef ::= SignatureKeyword ldentifier [Formal TypeParList]
"("[SignatureFormal ParList] ")" [ReturnType | NoBl ockKeyword]
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[ Except i onSpec]
186. Signature ::= Extendedldentifier [Actual TypeParList]
188. TestcaseDef ::= TestcaseKeyword ldentifier [Formal TypeParList]
"("[ Tenpl at eOr Val ueFor mal Par Li st] ")" Confi gSpec
St at erent Bl ock
193. Testcasel nstance ::= ExecuteKeyword " (" Extendedldentifier [Actual TypeParlList]
"(" [Actual ParList] ")"
[","(Expression | Mnus) ["," SingleExpression]] ")"
195. AltstepDef ::= AltstepKeyword [ Control Modifier ] [ Interleavedkeyword ] ldentifier
[ For mal TypePar Li st ]
"("[FunctionFormal ParList] ")" [RunsOnSpec] [M cSpec] [ SystenBpec]
"{" AltstepLocal DefList A tGuardList "}"
199. Altsteplnstance ::= Extendedldentifier [Actual TypeParlList] "(" [Actual ParList] ")"
419. ReferencedType ::= Extendedl dentifier [Actual TypeParList] [TypeActual ParList]
[ Ext endedFi el dRef er ence]

554. ExtendedFi el dReference ::= {((Dot (ldentifier [Actual TypeParlList] [TypeActual ParList]|
Predefi nedType | FronKeyword | ToKeyword))
| I'ndexRef | DecodedFiel dReference | ("["Mnus "]1") ) }+

/* STATIC SEMANTIC - The Identifier refers to a type definition if the type of the Varlnstance or
Ref erencedVal ue in whi ch the ExtendedFi el dReference is used is anytype. ArrayOrBitRef shall be used
when referencing el enents of values or arrays. The square brackets with dash shall be used when
referencing inner types of a record of or set of type.*/

5.6 Extension to ETSI ES 203 790, clause 5.1 (Classes and
Objects)

Clause 5.1.1.0 General
Change the following paragraph:

Syntactical Structure

[public | private]

type [external] class [@inal | @bstract]
Identifier [Formal TypeParlList] [extends Type]
[ RunsOnSpec] [systenSpec] [ ntcSpec]

“{" {d assMenber} "}"

[finally StatenentBl ock]

Semantic Description
Add the following:
Class definitions may be parameterized with formal type parameters.

Classes defined with formal type parameters can be referenced only by providing an actual type parameter list
compatible with the formal type parameter list of the class.

Examples

type external class @bstract Iterator<T> {
function hasNext() return bool ean;
function next() return T,

}

type external class @bstract Container<T> {
function iterator() return Iterator<T>;
function size() return integer;
function isEnpty() return bool ean;
function add(T p_el enent);
function contains(T p_elenent) return bool ean;

}

type external class Set<T> extends Container<T> {

}

type external class List<T> extends Container<T> {
function getEl enent (integer p_pos) return T,;

}
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type external class MapEntr<Key, Val ue> {
function getKey() return Key;
function getValue() return Val ue;

}

type external class Map<Key, Val ue> {
function get(Key p_key) return Val ue;
function put(Key p_key, Value val);
function keySet () return Set<Key>;
function values() return List<Val ue>;
function entrySet() return Set<MapEntry<Key, Val ue>>;
function contai nsKey(Key p_key) return bool ean;
function contains(Value p_val) return bool ean;

}

var Map<charstring, integer> v_nap := Map<charstring, integer>. create();
var Contai ner<charstring> v_container := ...

sel ect class (v_container) {
case (List<charstring>) { ...}
case (Set<charstring>) { ...}

}

5.7 Extension to ETSI ES 203 790, clause A.3 (Additional
TTCN-3 syntax BNF productions)

The following BNF rules are changed:

033001. C assDef ::=[ ExtKeyword ] C assKeyword [ Final Modifier | AbstractMdifier | TraithModifier]
Identifier [Fornal TypeParList] [ ExtendsKeyword C assTypeLi st]
[ RunsOnSpec ] [ McSpec ] [ SystenSpec ]
"{" O assMenberList "}"
[ FinallyKeyword BasicStatenentBl ock ]

6 Package semantics

6.0 General

The semantics of a declaration with type parametersis defined only for the instantiations of the declaration, i.e. only the
instances of the declaration with actual types provided are considered meaningful.

6.1 Extension to ETSI ES 201 873-4, clause 6 (Restrictions)

Value parameterization of types and general type parameterization are static aspects. They are not relevant for the
operational semantics.

The operational semantics therefore does not provide;

a) A semantics for type parameterization. The instantiation of type parameters has to be done in the definitions
part of aTTCN-3 module. The operational semanticsis defined for the instantiated definitions only.

b) A semantics for value parameterization of types. The instantiation of value parameters of types has to be
donein the definitions part of a TTCN-3 module. The operational semantics is defined for the instantiated
type definitions only.

7 TRI and Extended TRI extensions for the package

7.1 Extension to ETSI ES 201 873-5

Advanced parameterization has no effects on the TRI.
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7.2 Extension to ETSI ES 202 789, clause 7 (TRI extensions for
the package)

7.2 Changes to ETSI ES 202 789, clause 7.6

The description of the operation is modified as follows:

Signature Tri StatusType xtri External Functi on(

in TriFunctionldType functionld,

i nout Tci Paranet erLi st Type paraneterList,
out Val ue returnVal ue)

In Parameters functionld identifier of the external function.

Out Parameters |ret ur nVal ue (optional) encoded return value.

InOutParameters |par amet er Li st a list of enceded parameters for the indicated function. The parameters in
par anet er Li st are ordered as they appear in the TTCN-3 function
declaration.

Return Value The return status of the t ri Ext er nal Functi on operation. The return status indicates the local

success (TRI_OK) or failure (TRI_Error) of the operation.

Constraints This operation is called by the TE when it executes a function which is defined to be TTCN-3

external (i.e. all non-external functions are implemented within the TE).

No error shall be indicated by the PA in case the value of any out parameter is non-null.

Effect For each external function specified in the TTCN-3 ATS the PA shall implement the behaviour. On
invocation of this operation the PA shall invoke the function indicated by the identifier

functi onl d. It shall access the specified in and inout function parameters in par anet er Li st ,
evaluate the external function using the values of these parameters, and compute values for inout
and out parameters in par anet er Li st . The operation shall then return values for all inout and
out function parameters and the return value of the external function.

If no return type has been defined for this external function in the TTCN-3 ATS, the distinct value
nul | shall be used for the latter.

The tri Ext er nal Funct i on operation returns TRI_OK if the PA completes the evaluation of the
external function successfully, TRI_Error otherwise.

Note that whereas all other TRI operations are considered to be non-blocking, the

t ri Ext er nal Funct i on operation is considered to be blocking. That means that the operation
shall not return before the indicated external function has been fully evaluated. External functions
have to be implemented carefully as they could cause deadlock of test component execution or
even the entire test system implementation.

In case that the external function is defined with formal type parameters, the first items in the
parameterList will be representations of the actual type parameters given to the invocation of the
external function, using TypeValue instances that contain the actual type values. Thus, the
parameterList is a concatenation of the actual type parameter list and the actual value parameter
list of the invocation of the external function in the order of the specification of the formal parameter
lists of the declaration of the external function.

8 TCI extensions for the package

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

Clause 7.2.1.2 Communication types
The Tci Behavi our | dType is extended to cover also the actual type parameters.

Tci Behavi our 1 dType A value of type Tci Behavi our | dType identifiesa TTCN-3 behaviour functions,
including actual type parameters.
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Clause 7.2.2.1 Abstract TTCN-3 data types
The following additional operations are defined for the abstract data type Type:

Tci Par anet er Li st Type get Val uePar anet er s() Returns alist of the actual value parameters of thistype.
Thelist can be empty.

Tci Par anet er TypeLi st Type get TypePar anet er s() Returns alist of the actual type parameters of this type.
Thelist can be empty.

Thelist of operations of the class Type infigure 4 Hierarchy of abstract valuesis extended by:
getVaueParameters(): Tci Types.: TciParameterListType

getTypeParameters(): TciTypes:: TciParameterTypeListType

Clause 7.2.2.2.0 Basic rules

A new TypeVal ue subclass of the class Val ue isadded to the diagram.

Type Value

A

IntegerValue Float|\/alue BooleanValue UniversalCharstringValue
CharstringValue BitstringValue OctetstringValue HexstringValue
RecordOfValue RecordValue UnionValue EnumeratedValue
VerdictValue AddressValue Type\l/alue

MatchingMechanism

|

MatchingList ValueRange CharacterPattern MatchDecodedContent
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Thefollowing TypeVal ue abstract datatypeis added:

Clause 7.2.2.2.16 The abstract data type TypeValue

The abstract datatype TypeVal ue isbased on the abstract datatype Val ue. Isis used to represent an actual type
parameter. It specifies how to get and set the actual type of the parameter.

The following operations are defined on the abstract data type TypeVal ue:

Type get Act ual Type()
Returns the actual type of the formal type parameter.

voi d set Actual Type(in Type typelnst)
Setsthe actual type of the formal type parameter.

Clause 7.3.1.1.7 tciStartTestCase
The usage of t ci St art Test Case isadditionally constrained by:

tci Start Test Case shall not be used for testcases with type parameters.

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

Clause 8.2.2.6 TciBehaviourldType
Text is modified as follows:

Tci Behavi our | dType is mapped to the following interface, providing access to the name as well asto the type
parameters of the behaviour.

/1 TCl 1DL Tci Behaviourl dType
package org.etsi.ttcn.tci;
public interface Tci Behaviourld extends QualifiedName {

public Tci Paranet er Typeli st get TypePar anet ers() ;
}
Methods:
. get TypePar anet er s() Returns the list of the actual type parameters of this behaviour.
Clause 8.2.3.1 Type

The interface Type is extended by the two new operations:

/1 TC 1DL Type
package org.etsi.ttcn.tci;
public interface Type {
public Tci Modul eld getDefini ngMdule ();

public String get Narme ();
public int get Typed ass ();
public Val ue new nstance ();
publ i c Tci ParaneterLi st get Val uePar aneters();
public Tci Paranet er TypelLi st get TypeParaneters();
public String get TypeEncodi ng ();
public String get TypeEncodi ngVari ant () ;
public String[] get TypeExt ensi on();

}

M ethods:

get Val uePar anet er s() Returnsthe list of the actual value parameters of thistype.

get TypePar anet er s() Returnsthe list of the actual type parameters of thistype.
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Clause 8.3.2.4

The clause is to be modified.

19

TciTypeClassType

Tci Typed assType ismapped to the following interface:

/] TCl IDL Tci Typed assType
package org.etsi.ttcn.tci;
public interface

Tci Typed ass {

public final static int ADDRESS =0
public final static int ANYTYPE =1 ;
public final static int Bl TSTRI NG =2 ;
public final static int BOOLEAN =3 ;
public final static int CHARSTRI NG =5;
public final static int COVONENT =6 ;
public final static int ENUMERATED =7 ;
public final static int FLOAT =8 ;
public final static int HEXSTRI NG =9 ;
public final static int |NTEGER =10 ;
public final static int OCTETSTRI NG =12 ;
public final static int RECORD =13 ;
public final static int RECORD OF =14 ;
public final static int ARRAY =15 ;
public final static int SET = 16 ;
public final static int SET_OF =17 ;
public final static int UNION =18 ;
public final static int UN VERSAL_CHARSTRI NG = 20 ;
public final static int VERDI CT =21 ;
public final static int DEFAULT = 22 ;
public final static int PORT = 23 ;
public final static int TIMER = 24
public final static int TYPE = 30,
Clause 8.3.4.16 TypeValue

The clause is to be added.

TypeVal ue ismapped to the following interface:

[/ TCl | DL RecordVal ue

package org.etsi.ttcn.tci;

public interface TypeVal ue {
public Type
public void

}
M ethods:

® get Act ual Type

® setActual Type

get Act ual Type() ;
set Act ual Type( Type type)

Final draft ETSI ES 202 784 V1.9.1 (2022-02)

Returns the actual type assigned to this formal type parameter.

Set the actual type of thisformal type parameter.
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8.3 Extension to ETSI ES 201 873-6, clause 9 (ANSI
C language mapping)

Clause 9.2 Value interfaces

The interface of Typeis extended by two additional operations. In addition to that, two functions are added for the new
TypeVal ue abstract data type.

. Notes and
TCI IDL Interface ANSI C representation comments
Type
Tci Par anet er Li st Type Tci Par anet er Li st Type
get Val uePar anet er s() t ci Get Val uePar anet er s( Type i nst)
Tci Par anet er Typeli st Type Tci Par amet er TypelLi st Type
get TypePar anet er s() t ci Get TypePar anet er s( Type i nst)
TypeValue
Type getActualType() Type tci Get TypeVal ueType
(TypeVal ue inst)
void setActualType voi d tci Set T_ypeVaI ueType
(in Type value) (TypeVal ue inst,
Type val ue)
Clause 9.5 Value interfaces
Tci Behavi our | d is extended to hold the actual type parameters.
TCI IDL ADT ANSI C representation (Type definition) Notes and comments
Tci Behavi our 1 dType Qual i fi edName The field aux holds a reference to

an element of type
Tci Par anet er Typeli st Type

Tci Typed assType typedef enum

TCl _ADDRESS_TYPE
TCl _ANYTYPE_TYPE
TCl _BI TSTRI NG _TYP|
TCl _BOOLEAN_TYPE ,
TCl _CHARSTRI NG_TYPE = 5,
TCl _COVPONENT_TYPE = 6,
TCl _ENUVERATED TYPE = 7,
TCl _FLOAT_TYPE = 8,
TCl _HEXSTRI NG TYPE = 9,
TC _I NTEGER _TYPE = 10,
TCl _OCTETSTRI NG _TYPE = 12,
TCl _RECORD TYPE = 13,
TCl _RECORD OF_TYPE = 14,
TCl _ARRAY_TYPE = 15,
TCl _SET_TYPE = 16,
TCl _SET_OF TYPE = 17,
TCl _UNI ON_TYPE = 18,
TCl _UNI VERSAL_CHARSTRI NG TYPE = 20,
TCl _VERDI CT_TYPE = 21,
TCl _DEFAULT_TYPE = 22,
TCl _PORT_TYPE = 23,
TCl _TIMER_TYPE = 24,
TCl _TYPE_TYPE = 30
} Tci Typed assType;

0,
1,
= 2,
3

nmmhun
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8.4 Extension to ETSI ES 201 873-6, clause 10 (C++ language
mapping)

Clause 10.5.2.1 TciBehaviourld

Identifies a TTCN-3 behaviour functions. It is mapped to the following pure virtual class:

cl ass Tci Behaviourld: ORG ETSI _TTCN3_TRI:: QualifiedNanme {

public:
virtual ~TciBehaviourld ();
virtual Tci ParaneterTypeLi st get TypeParaneters() const =0;
virtual Tbool ean equal s (const Tci Behaviourld &bid) const =0;
virtual TciBehaviourld * cloneBehaviourld () const =0;
virtual Tbool ean operator< (const Tci Behaviourld &bid) const =0;

Clause 10.5.2.1.1 Methods
To be extended by the following text:

get TypePar anet er s() Returns the list of the actual type parameters of this behaviour.

Clause 10.5.3.1 TciType

The interface Type is extended by the two new operations get Val uePar anet er s and get TypePar anet er s:

class Tci Type {

publi c:
virtual ~TciType ();
virtual const Tci Modul eld & get Defini ngvbdul e () const =0;
virtual const Tstring & getNane () const =0;
virtual const Tci Typed ass & get Typed ass () const =0;
virtual const Tstring & get TypeEncoding () const =0;
virtual const Tstring & get TypeEncodi ngVariant () const =0;
virtual TciValue * new nstance ()=0;
virtual const Tci ParaneterlList & getVal ueParaneters()const =0;
virtual const Tci Paraneter TypelLi st & get TypePar anet er s() const =0;
virtual Tbool ean equal s (const Tci Type & yp) const =0;
virtual TciType * cloneType () const =0;
virtual Tbool ean operator< (const Tci Type & yp) const =0;

Clause 10.5.3.1.1 Methods
To be extended by the following text:
get Val uePar anet er s() Returns the list of the actual value parameters of this type.

get TypePar anet er s() Returnsthelist of the actual type parameters of thistype.

Clause 10.5.3.23 TypeValue

TTCN-3 actua type support. It is mapped to the following pure virtua class:

class TypeValue : public virtual TciValue {
public:
virtual ~TypeValue ();
virtual Tci Type &getActual Type () =0;
virtual void setActual Type (const Tci Type &p_new type)=0;

}
M ethods:

~TypeVal ue

Destructor
get Act ual Type

Return the actual type of the formal type parameter.
set Act ual Type
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Set the actua type of the formal type parameter.

8.5 Extension to ETSI ES 201 873-6, clause 12 (C# Mapping
Specification of TCI)

New TypeVal ue abstract data type mapping is added:

Clause 12.4.4.9b TypeValue

TypeVal ue is mapped to the following interface:

public interface |Tci TypeValue : |Tci Val ue {
| Tci Type Actual Type { get; set; }
}

Members:

. Act ual Type
Gets or setsthe actua type of the formal type parameter.

8.6 Extension to ETSI ES 201 873-6, annex A (IDL
Specification of TCI)

The definitions of Tci Behavi our | dType and Type are extended to provide also actual type parameters:

struct Tci Behavi our| dType {

TString nodul eNare;

TString baseNane;

Tci Par anmet er TypelLi st Type typeParaneters;

h

/] Abstract data type "Type"
interface Type {
Tci Mbdul el dType get Defi ni ngvbdul e ();

TString get Narme ();
Tci TypeC assType get Typed ass ();
Val ue new nstance ();

Tci Par amet er Li st Type get Val uePar aneters();
Tci Par anet er TypelLi st Type get TypePar anet er s()

TString get TypeEncoding ();
TString get TypeEncodi ngVari ant ();
TStringSeq get TypeExt ension ();
b
9 Package Extensions for the use of ASN.1 with

TTCN-3

9.1 Extension to ETSI ES 201 873-7, clause 10
(Parameterization in ASN.1)

Clause 10 Parameterization in ASN.1
Isreplaced by:

Parameterization of ASN.1 definitionsis specified by Recommendation ITU-T X.683 [10].
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ASN.1 type,value and valueset definitions, parameterized merely with ASN.1 type, value and valueset formal
parameters (i.e. when all formal parameter(s) have the form "DummyType", "DummyType: dummyvalue', " Type:
dummyvalue', "DummyType: Dummyvalueset” or " Type: Dummyvalueset"), can be imported to TTCN-3 and used to
define TTCN-3 definitions. When importing all definitions of an ASN.1 module, such parameterized definitions shall

also be imported.

When tranglating parameterized ASN.1 definitions, the following rules apply, in addition to those given in clause 9 of
ETSI ES 201 873-7 [5]:

a) Inthisclause the following editorial conventions are used:
- visible defined ASN.1 types used as governorsin formal parameters are referred to as Type;

- ASN.1 names which are not identifiers of visible defined types but used as governorsin formal
parametersin the role of types, are referred to as DummyType;

- ASN.1 names which are used as formal parameters identifiersin the role of values, are referred to as
dummyvalue;

- ASN.1 names which are used as formal parametersidentifiersin the role of valuesets, are referred to as
Dummyvalueset.

NOTE 1. According to clause 8.4 of Recommendation ITU-T X.683 [10] "dummyvalue" and " Dummyval ueset”
hide any other ASN.1 definition with the same name within parameterized definitions (including the
parameter list itself) in any given instantiation.

b) For the ASN.1formal parametersin the list using the form of "DummyType" and " DummyType: dummyvalue”,
for each DummyType with distinct names one TTCN-3 type formal parameter shall be created. The names of
the formal parameters shall be the ASN.1 name of the corresponding DummyType, converted according to
clause 8.2 of ETSI ES 201 873-7 [5] and the type of each parameter shall bet ype.

¢) For each value formal parameter in the form of "DummyType:dummyvalue" and " Type: dummyvalue', one
TTCN-3 value formal parameter shall be created. The name of the value parameter shall be the ASN.1 name of
the dummyvalue, converted according to clause 8.2 of ETSI ES 201 873-7 [5]. The type of the TTCN-3 value
formal parameter shall be:

- the TTCN-3 formal type parameter created for the given DummyType in the case of
"DummyType: dummyvalue' ASN.1 parameters; and

- the TTCN-3 type, associated with the given ASN.1 type, in case of "Type:dummyvalue” ASN.1
parameters.

a) For each value set formal parameter in the form of "DummyType: Dummyvalueset” and
"Type: Dummyvalueset", one TTCN-3 type formal parameter shall be created. The name of the type parameter
shall be the ASN.1 name of the Dummyvalueset, converted according to clause 8.2 of ETS| ES 201 873-7 [5].
The type of the TTCN-3 type formal parameter shall be:

- t ype inthe case of "DummyType: Dummyvalueset " ASN.1 parameters and the TTCN-3 type, associated
with the given ASN.1 type, in case of " Type: Dummyvalueset” ASN.1 parameters.

All references to parameterized ASN.1 definitions shall be resolvable at compile-time. The type of the actual
parameters passed to type parameters and type-parameterized value parameters shall be resolvable at compile-time.

When the translated parameterized definitions are referred to in TTCN-3, the consistency of the definition with clause 6
of ETSI ES 201 873-1 [1] shall be checked after resolving the actual parameters. If atype or value parameter is used to
congtrain a type parameter, and the actual type parameter to be constrained is a structured type, this type constraint shall
be considered as a newly constrained subtype, i.e. it shall be allowed (see noteto table 3 of ETSI ES 201 873-1 [1] and
the examples bel ow).

NOTE 2: Asnot all ASN.1 type constrains can be translated to TTCN-3 (see clause 9.1 of ETSI ES 201 873-7 [5]),
users should be cautious to preserve the original intention of the ASN.1 specification, when using
parameterized ASN.1 definitions from TTCN-3.
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EXAMPLES:
-- the ASN.1 module

MyASNL- Par anet eri zedSt uf f DEFINITIONS :: =

BEG N
Type- Par anet eri zed- ASN1-type { MyPar Type } ::= SEQUENCE {
id I NTEGER,
nmessage My Par Type
}

Val ue- Par anet eri zed- ASN1-t ype {

| NTEGER: nyl nt Param MPar Type, MyPar Type: first Paranval ue, MyPar Type: secondPar anVal ue
} 1= SEQUENCE
{

id I NTEGER (0.. nylntParamnm,
message MyPar Type ( firstParanVal ue | secondParanVal ue )

}
Val ueSet - Par anet eri zed- ASNL-type {
I NTEGER: Myl nt Li st Param MyPar Type, MyPar Type: MyVal ueLi st Par am
} 1= SEQUENCE
{

id INTEGER ( O | Myl ntListParam),
message MyPar Type ( MyVal ueLi st Param )

END

/1 WIl be translated to the foll owi ng associ ated TTCN-3 nodul e and decl arati ons:
modul e MyASNL_Par anet eri zedSt uf f

{
type_record Type_Paraneterized_ASNL_type
< type MyPar Type >
{
i nt eger val ue,
My Par Type message
}
type record Val ue_Paraneterized_ASNl_type
< type MyPar Type >
(integer nylntParam M/ParType firstParanVval ue, MyParType secondPar anval ue)
i nt eger id (0.. nylntParan,
My Par Type message (firstParanval ue, secondParanval ue)
}
type record Val ueSet _Paraneteri zed_ASNl_type
< integer Ml ntListParam type MyParType, type MyVal ueLi st Param >{
{
i nt eger id ( 0, MlntListParam),
My Par Type message ( MyVal uelLi st Param )
}
}

/1 And the above definitions can be used |ike bel ow
modul e Usi ng_M/ASNL_Par aneteri zedStuf f {
import from MyASNL_Par aneteri zedSt uff | anguage "ASN. 1: 2008" al | ;

/lauxiliary type definitions
type integer Integer;

type integer OneorTwo ( 1, 2 );

type record M/Record { integer fieldl, integer field2 optional }

type MyRecord MyBroaderRestrictedRecord ( {O,omt}, {1,omt}, {2,omt}, {1,2} )
type MyBroader RestrictedRecord MyRestrictedRecord ( {0,omt},{1,2} )

/luses of the inported ASN. 1 definitions

const Val ueSet _Paraneteri zed_ASN1_t ype
< Oneor Two, MyRecord, MyRestrictedRecord > MyConstl : = {

id:=0,
/1 any other value than O, 1 or 2 should cause an error
message := { fieldl :=0, field2 := omt

/1 any other value than {0,omt} or {1,2} should cause an error
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const Val ueSet _Paraneteri zed_ASN1_t ype
< Oneor Two, integer, OneorTwo > MyConst2 := {

id:=0
/1 any other value than O, 1 or 2 should cause an error
nmessage := 2

/1 any other value than 0, 1 or 2 should cause an error

}

const Val ueSet _Paraneteri zed_ASN1_t ype
< Oneor Two, Oneor Two, OneorTwo > MyConst3 :={ 0, 2}
/'l MyConst3 has the sane value as MyConst2 (their type definitions are practically equal)

const Val ueSet _Paraneteri zed_ASN1_t ype
< Oneor Two, MyBroaderRestrictedRecord, MyRestrictedRecord > MyConst4 : = {
id:=0,
nessage : = {1, 2}

/'l the type of MyConst4 practically denotes the same val ue set as the type of MyConstl

const Val ueSet _Paraneteri zed_ASN1_type < integer , ... > MConst5 := ...

/1l This is OK as the built-in type integer is a subtype of itself

/Il (the first type paranmeter is used to constrain the field "id" within the type definition)
/1 the here the id field would not be constrained by the paraneter.

const Val ueSet _Paraneterized_ASNl_type < Integer , ... > MyConst6 := ...
/1 This is OK as Integer is defined as subtype of integer,
/1 even if they denote the sane val ue set.

const Val ueSet _Paraneteri zed_ASN1_type

< Oneor Two, MyRestrictedRecord, MyBroaderRestrictedRecord > MyConst7 := ...
/] causes an error as MyBroaderRestrictedRecord is not a subtype of My/RestrictedRecord
/1 (the third type paranmeter is used to constrain the second type paranmeter in the field
/1 "message")

All other parameterized ASN.1 definitions, not specified in the previous paragraphs of this clause, shall not be imported
to and referenced in TTCN-3 modules.

For example the following is not legal because it would associate a TTCN-3 type which should take an ASN.1 object
set as an actua parameter.

END

MyASN1nodul e DEFINITIONS :: =
BEG N
-- ASN. 1 Modul e definition

-- Information object class definition
MESSACE ::= CLASS { &mrsgTypeVal ue I NTEGER UNI QUE,
&MVsgFi el ds}

-- Information object definition
set upMessage MESSAGE ::= { &nsgTypeVal ue 1,
&\sgFi el ds OCTET STRING

set upAckMessage MESSAGE :: = { &rsgTypeVal ue 2,
&VsgFi el ds BOOLEAN}

-- Information object set definition
M/Prot ocol MESSAGE ::= {setupMessage | setupAckMessage}

-- ASN. 1 type constrai ned by object set
MyMessage{ MESSAGE : MsgSet} ::= SEQUENCE
{

code MESSACE. &rsgTypeVal ue({MsgSet}),
Type MESSAGE. &VsgFi el ds({MsgSet})

modul e MyTTCNModul e

{

/] TTCN-3 nodul e definition
i mport from MyASNLlnodul e | anguage "ASN. 1: 2002" al | ;

/1 1llegal TTCN-3 type with object set as paraneter

type record Q MESSAGE MyMsgSet) ::= { z fieldl,
M/Message( M/MsgSet) fi el d2}
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To make thisalegal definition the extra ASN.1 type My Messagel has to be defined as shown below. This resolves the
information object set parameterization and can therefore be directly used in the TTCN-3 module.

MyASN1nodul e DEFINITIONS :: =
BEG N
- ASN. 1 Modul e definition

My/Prot ocol MESSACE ::= {setupMessage | setupAckMessage}

- Extra ASN. 1 type to renove object set paraneterization
M/Messagel ::= MyMessage{ MyProt ocol }
END

modul e MyTTCNModul e

/1 TTCN-3 nodul e definition
i mport from MyASNlnodul e | anguage "ASN. 1: 2002" al | ;

/1 Legal TTCN-3 type with no object set as paraneter
type record Q:={ Z fieldl,
M/Messagel field2}

10 Documentation extensions for the package

10.1 Extensionto ETSI ES 201 873-10, clause 6 (Tagged
paragraphs)

Clause 6.6 The @param tag

Thistag shall be used to document the formal parameters of parameterized TTCN-3 definitions and parameters of
signatures.

The @param tag is applicable to all parameterized TTCN-3 definitions.

10.2  Extension to ETSI ES 201 873-10, annex A (where Tags
can be used)

Only the @ar amrow is changed.
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Table A.1: "Relation of documentation tags and TTCN-3" is modified as follows
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1 Preceding language elements of record, set, union or enumerated types only.

NOTE:
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