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Intellectual Property Rights

Essential patents

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

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

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.

Foreword

ThisETSI Standard (ES) has been produced by ETSI Technicali®€Committee:-M ethods for Testing and Specification
(MTS).

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

The present document relates to the multi=part standard:ET.SI"'ES 201 873 covering the Testing and Test Control
Notation version 3, asidentified in ETSIMES 201 873-1 [1].

Modal verbs terminology

In the present document "shall”, "shall rot";*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 support of advance matching 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 OMG 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.

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 publicatien and/or edition nuimber 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: Whileany hyperlinksincludedin this clause werevalid 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: "Methodsfor Testing and Specification (MTS); The Testing and Test Control
Notation version 3; Part'1: 'TCN-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)".

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.

[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".
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[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".

[i.4] 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".

3 Definition of terms, symbols and abbreviations

3.1 Terms

For the purposes of the present document, theterms given in ETSI ES 201 873-1 [1], ETSI ES 201 873-4[2], ETS
ES 201 873-5[3] and ETSI ES 201 873-6 [4] apply.

3.2 Symbols

Void.

3.3 Abbreviations

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

4 Package confarmance and compatibility

The package presented in the present document is identified by the package tag:
"TTCN- 3: 2017 Advanced Mat chi ng" - tobeused 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].

The package presented in the present document is compatible to:

. ETSI ES201 873-1[1], version 4.9.1;

ETSI ES201 873-4 [2], version 4.6.1;
e ETSIES201873-5[3], version 4.8.1;
. ETSI ES201 873-6 [4], version 4.9.1;
e ETSIES201873-7[i.1];

e ETSIES201873-8[i.2);

e ETSIES201873-9[i.3];

e ETSIES201873-10[i.4].

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.
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5 Package Concepts for the Core Language

5.0 General

This package defines advanced matching mechanisms for TTCN-3, i.e. new matching mechanisms which go beyond the
matching mechanisms defined in ETSI ES 201 873-1 [1]. This package realizes the following concepts:

. Dynamic matching: allows to specify matching in a function-like fashion, i.e. statement blocks and functions
can be used to define matching.

e  Templateswith variable bindings: ease the retrieval field values of received messages and signatures. For this
the "->" symbol is used to denote a value assignment to a variable or an out parameter in the scope of a
template definition in case of a successful template matching.

e  Additional logical operators: conjunction, implication, exclusion and disunction allow the combination
matching mechanisms for advanced matching.

. Repetition: allows to match repetitions of a sub-sequence templates inside values of a certain type.

o Restrictions for the omit symbol and templates with restriction omit are relieved alowing omit symbols and
templates with restriction omit as operands for the equality operator.

5.1 Dynamic Matching

A dynamic matching is a special matching mechanism..Similar, to other matching mechanisms, it can be considered asa
Boolean function that indicates successful matching for-thevalue to be.matched by returning the valuet r ue and
unsuccessful matching by returning the value f alse.

Syntactical Structure
@dynamic (StatementBlock | FunctionRef)
Semantic Description

The SatementBlock shall return avalue of typebiool ean. The value to be matched is referenced by the special
keyword val ue. When applying this matching smechanism to a value, the StatementBlock is executed and if and only if
the execution returnst r ue, the dynamicamatching function matches. Unsuccessful matching shall returnf al se.

A dynamic matching function can only be used in the context of atemplate, theval ue expression inside the
SatementBlock shall have the same type as the whole template.

The notation @lynani ¢ FunctionRef denotes a shorthand for the special case @lynani ¢ { return

FunctionRef( val ue) } where FunctionRef is areference to a Boolean function with the first parameter compatible
with the template's type. If the function contains more than one parameter, al parameters following the first one shall
have a default value. The type of thefirst formal parameter of the referenced function provides the type context, if this
template's place of usage does not provide atype context already.

Restrictions

a)  Thedynamic matching syntax shall only be used when atype context (as defined in clause 3 of ETSI
ES 201 873-1[1]) is provided.

b) The SatementBlock shall compute a value of type bool ean.

c) The SatementBlock shall be deterministic and side-effect free and follow the restrictions of clause 16.1.4 of
ETSI ES 201 873-1 [1].

d) The SatementBlock shall not use variables that are declared outside of the StatementBlock.

e) The SatementBlock shall not usei nout or out parameters.
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f)  Only if the dynamic matching syntax appears on the right-hand-side of a parameterized template definition, the
formal i n parameters of that definition may be referenced inside the SatementBlock. All other formal i n
parameters shall not be used by the StatementBlock.

g) The FunctionRef shall not havear uns on clause and the SatementBlock shall not use any behaviour that
hasaruns on clause.

EXAMPLE:

type record of integer Nunbers;

tenpl ate Nunmbers mw _sorted := @lynamic { // value is of type Nunbers
for (var integer v_i :=1; v_i < lengthof(value); v_i :=v_i + 1) {

if (value[v_i-1] > value[v_i]) { return false }

}

return true;
} /1l mnv_sorted(v_reclnt) matches all values of type Nunbers
/1 if elements of v_reclnt do not break an ascendi ng order

type record Coordinate { float x, float y };
external function @letermnistic fx_distance(Coordinate p_a, Coordinate p_b) return float;
tenpl ate Coordinate nw_cl oseTo(Coordi nate p_origin := 0.0, 0.0}, float p_maxDi stance := 1.0)
/'l access to in paraneters is allowed
:= @ynamic { return fx_distance(p_origin, value) <= p_naxDi stance; };
/1 mwn_cl oseTo(c,d) matches all val ues of type Coordi nate
/1 which have nmaxi num di stance of d from Coordinate c

external function @letermnistic fx_isPrine(integer p._x) return bool ean;

b. recei ve(@ynanic fx_isPrine)
/Il is the same as p.receive(integer: @ynanic { return fx_isPrinme(vabue) })

5.2 Templates with variable bindings

520 General

The possihilities to retrieve field values-of received messages and signaturesin ETSI ES 201 873-1 [1] are restricted
and cumbersome. To overcome this situation, this clause'implements the definition of templates with variable bindings
that store the actual value matched by atemplate instance:if the matching of all containing templatesis successful. This
feature isimplemented by using the *->" symbol fordenoting a value assignment to avariable or an out parameter in
the scope of atemplate definition in case of a successful template matching. Such a value assignment can syntactically
be specified at al places where a template matching mechanism or atemplate reference is used in atemplate definition
or aninline template.

5.2.1  Value retrieval from matching

In case of asuccessful template match, the value which matches the template can be assigned to a variable. This can be
specified by using the "->" symbol.

Syntactical Structure
Templatelnstance " ->" VariableRef
Semantic Description

If atemplate successfully matches a value and contains a value retrieval assignment for a Templatel nstance, then, if
during the matching process that Templatel nstance and all its containing Templatel nstances contribute to the successful
template match, the part of the value the Templatel nstance was matching is assigned to the VariableRef referenced in
the value retrieval assignment.

EXAMPLE:

tenpl ate integer mw_t1(out integer p)
= (?, (1..3) ->p); // mvtl always natches because of the first list elenent,
/1 and since the (1..3) does not contribute to the successful match
/1 the out paraneter p is not assigned a val ue
tenplate integer mw_ t2(out integer p_small, out integer p_big)
= ((1..3) -> p_snall, (3..5) -> p_big)
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/! due to the preference of (1..3) over (3..5),
/1 matching mw t2 to nunber in (1..3) will cause only p_snall to be assigned,
/1 while matching it to nunber in (4..5) will cause only p_big to be assigned

Restrictions
Additional to the restrictions given in clause 5.2.3, the following restrictions apply:

a) If Templatelnstance describes the matching of a mandatory element in atemplate definition, VariableRef shall
refer to avariable of the same type as the mandatory element.

b) If Templatel nstance describes the matching of an optional element in atemplate definition, VariableRef shall
refer to atemplate variable of the same type as the optional element. In case of a successful matching, the
matching value or omit shall be assigned to the template variable denoted by VariableRef.

c¢) Vaueretrieva shall not be used in special places as described in clause 16.1.4 of ETSI ES 201 873-1 [1] with
the exception of the matching parts of receiving operations. If value retrieval is used in the matching part of a
receiving operation, the assignment to the variables of all the templates is done once the whole matching part
matches and all other conditions for the selection of the alternative are met.

d) Vaueretrieva shall not be applied to templates of set of types or any of their direct or indirect elements,
elements of a permutation matching mechanism or any of their direct or indirect elements.

NOTE: TTCN-3 makes no assumptions about the value of the variable or template variable denoted by
VariableRef My in case of an unsuccessful match.

5.2.2 Declaring out parameters for template definitions

Theretrieval of field valuesin case of successful matching from'a structured val ue can be specified by means of out
parameters of template definitions.

Syntactical Structure
The syntactical structure for global and |ocal-template definitions.does not change:

template[ restriction] [ @fuzzy | Type Templatel dentifier [*(" TemplateFormalParList ")"]
[ modifies TemplateRef | ":=" TemplateBody

Only the static semantics restriction for formal template parameters change in such away that formal template
parameters shall evaluatetoi n or out parameters.

Semantic Description

The semantics of the value retrieval using templates with out parameters can be described by means of the mat ch
operation:

/'l Gven the record type definition
type record MyRecordType {

i nt eger fieldl,

bool ean field2

}

/1 the constant definition
const MyRecordType c_nyRecord : = {
fieldl := 7,
field2 :

true

}

/1 the tenplate definition
tenpl ate MyRecordType mw_nyTenpl atel : = {
fieldl :=7
field2 :

?

}

/1 the same tenplate definition with an out paranmeter matchinstring
tenpl ate MyRecordType mw_nyTenpl ate2 (out bool ean p_nat chi ngBool ): = {
fieldl := 7,
field2 := ? -> p_mat chi ngBool
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/1 and the variabl e decl arations
var boolean v_a, v_b;

/1 then the effect of
v_a := match (c_nyRecord, nw_nyTenpl ate2(v_b));

/1l is identical to
if (mtch (c_nmyRecord, nw_nyTenpl atel) {

v_a := true;
v_b := c_nyRecord. field2 /Il i.e., true
el se {
v_a: = fal se;
}
Restrictions

Additional to the restrictions given in clause 5.2.3, the following restrictions apply:

a) Templatelnstance with out parameters shall not be used as templates of set of typesor any of their direct
or indirect elements.

b) Templatelnstance with out parameters shall not be used as elements of a permutation matching mechanism or
any of their direct or indirect elements. Templatel nstance with out parameters shall not be used in special
places as described in clause 16.1.4 of ETS| ES 201 873-1 [1] with the exception of the matching parts of
receiving operations. If Templatelnstance with out parameters are used in the matching part of areceiving
operation, the assignment to the actual out parameter variables of all the templatesis done only once the
whole matching part matches and all other conditionsTfor the selection.of the alternative are met.

c) Everyformal out parameter of atemplate with out_parameters shall be referenced at most once inside the
template body.

NOTE: Incertain cases atemplate may mateh without assigning avalue to adeclared out parameter. In such
cases, the boundness of the actual out,-parameter has'to be checked even after a successful match before
using it.

EXAMPLE 1:

type union Tree {
i nteger |eaf,
Branch branch

}

type record Branch {
Tree left optional,
Tree right optional

}

tenpl ate Branch mw_branch(out omit Tree p_left, out omt Tree p_right) := {
left :=* -> p_left,
right :=* -> p_right

tenpl ate Tree nw_treebranch(out onmit Tree p_left, out omt Tree p_right) :=
{ branch := nw_branch(p_left, p_right) }

tenpl ate Tree nw_ | eaf (out integer p_value, in tenplate integer p_expected :=?) :=
{ leaf := p_expected -> p_value }
/'l compute the sum of absolute values of all leafs in the given tree

function f_absSunm(onmit Tree p_tree) return integer {
var omt Tree v_left, v_right;
var integer v_val ue;
if (ispresent(p_tree)) {
select (p_tree) {
case (mnv_treebranch(v_left, v_right)) {
return f_absSum(v_left) + f_absSum(v_right);

case (mv_leaf(v_value, (0 .. infinity)) { return v_value; }
case (mv_leaf(v_value) { return -v_value; }

}

el se {
return 0; }
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EXAMPLE 2:

var Tree v_tree;

tmenpl ate Tree mw_anyTree(out integer p_val ue,
out omt Tree p_left, out omt Tree p_right) :=
(nmw_| eaf (p_val ue), nmw_ treebranch(p_left, p_right));

/] extraction of leaf or branch fromv_tree (any value, if present)
if (mtch(v_tree, nw anyTree(v_value, v_left, v_right)) {
if (isbound(v_value)) {
/1 v_value might not have been assigned => needs check

else if (isbound(v_left)) {
/1 v_left and v_right m ght not have been assigned
/1 => needs check

EXAMPLE 3:  Receiving with multiple out parameter templ ates.

signature S(out Tree p_tree) return Tree;

alt {
[match(v_tree, mw | eaf(v_value)] p.receive { }
/1 NOT allowed to use tenplate with out paraneter ,ch alt guard
[1 p.getreply(S:{ nw_|eaf(v_value) } value nw treebranch(v_left, v_ri-ght)) {
/1 if either mw_|eaf or mw_treebranch does not_‘watch, v_value, v left and v_right
/1 all remain unchanged
/1 it is equivalent with the follow ng:
Il [] p.getreply(S: {mv_| eaf (v_val uel)} valwe maitreebranch(vleftl, v_rightl)) {
Il v_left :=v_leftl;
/1 v_right := v_right1;

/1 v_val ue : = v_val uel;
1}
/'l where v_valuel, v_leftl and v rightl areial [xdinternal unbound variables of the

/] appropriate ty

5.2.3 Matching template parameters and variables

Matching template parameters and variables can be safely used for value retrieval during matching. Such parameters
and variables include the @rat ch modifierin their declaration.

NOTE: Storing template instances which are binding local variable references to formal out parameters or
directly to value redirection as normal variables or parameters could lead to situations where the content
of the variable is used though the variables that are bound to its content are not in existence anymore. The
notion of matching templates allows to distinguish normal templates from templates (potentially)
incorporating value retrieval and eliminates the issue with non-existent target variables.

Syntactical Structure
var tenplate [ restriction ]
[ (@azy | @uzzy) [ @etermnistic ] ]
[ @match ]
Type { Varldentifier [ ArrayDef ] ":=" TenplateBody }+ [ ";" ]

n inout | out ] tenplate [ Restriction ]

[ in]
[ ( @azy | @uzzy ) [@eterministic] ]
[ @match ]

Type Val ueParldentifier [ArrayDef] [ ":=" ( Tenplatelnstance | "-" ) ]

Semantic Description

Templates are categorized as matching templates if they have at least one of the following properties:
a)  They are amatching mechanism with avalue retrieval.

b) They are an instance of atemplate with at least one out parameter.
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