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Intellectual Property Rights

Essential patents

IPRs essentia 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 member s and 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 Directivesincluding the ETSI IPR Policy, no investigation regarding the essentiality of IPRS,
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 areindicated 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) highlights the 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 be interpreted as described in clause 3.2 of the ETS| Drafting Rules (Verbal formsfor 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 for object-oriented featuresin TTCN-3. TTCN-3 can be used for the
specification of al 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 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.

While the design of TTCN-3 package has taken into account the consistency of acombined 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 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)".

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".
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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, the termsgivenin 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 givenin ETSI ES 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 conformance and compatibility

The package presented in the present document is identified by the package tag:
"TTCN- 3: 2018 (hject-Oiented features" -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 ETS| 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 4.10.1;

ETSI ES 201 873-4 [2], version 4.6.1;
e ETSI ES201873-5[3], version 4.8.1;
° ETSI ES201 873-6 [4], version 4.9.1;
e ETSI ES201873-7[i.1];

e ETSI ES201873-8[i.2);

e ETSI ES201873-9[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.

ETSI
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5 Package Concepts for the Core Language

5.0 General

This package defines object-oriented features for TTCN-3, i.e. it extends the TTCN-3 core language (ETSI
ES 201 873-1 [1]) with well-known concepts from object-oriented programming and modelling languages. This
package realizes the following concepts:

. classes (i.e. class definition, scope rules, abstract and external classes, refinement, constructors, destructors,
methods, visibility, and built-in classes);

. objects (i.e. ownership, object references, select class-statement, dynamic class discrimination and casting);
and

. exception handling (i.e. ability to define exception handling for functions, external functions, altsteps and test
cases).

5.1 Classes and Objects

51.0 General

This clause introduces the concepts of class types and their values, called objects as well as the operations allowed to be
applied to these objects.

51.1 Classes

5.1.1.0 General

Syntactical Structure

[public | private]

type [external] class [@inal | @bstract | @rait]
Identifier [extends O assType {"," ldentifier}]
[runsOnSpec] [systenSpec] [ntcSpec]

“{" {d assMenber} "}"

[finally StatenentBl ock]

Semantic Description

A classisatype where the values are called objects. A class can declare fields (variables, constants, templates, timers,
classes), methods and properties as its members. Each member name inside the class shall be unique, thereis no
overloading. The private and protected fields and methods are only accessible by the methods of the class, while the
public members of the class can be accessed also from behaviour not defined in the class. The private members of the
class can be accessed directly only by members of the classitself. All members which are neither private nor public are
protected and can also be accessed by members of subclasses.

All fields may be declared without initializer, even const and template fields.

A class can be declared with the @trait modifier. Such aclassis called atrait class. Other classes are called normal
classes. A trait classis an abstract class and can not be instantiated. It also shall only declare methods without function
bodies as members and no constructor.

A normal class can extend at most one other normal class and also any number of trait classes. The extended normal
classis called the superclass, the extended trait classes are called the supertraits, while the extending classis called the
subclass of all the classesit extends. Trait classes can only extend trait classes but not normal classes. The resulting type
of aclass definition is the set of object instances of the classitself and all instances of its direct or indirect subclasses. A
subclass is a subtype of its direct and indirect superclasses and supertraits and its object instances are type compatible
with them. If aclass does not explicitly extend another class type, it implicitly extends the root class type obj ect .
Thus, al classes are directly or indirectly extensions of the obj ect class.

ETSI
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A classinherits all members of its superclass and its supertraits that it does not override in its own class body. A non-
private non-abstract member from the superclass can always be accessed inside the class body by using the dotted
notation on the keyword super . Non overridden non-private members can be accessed without any dotted notation
before the member name.

A class can have optional runs on, mtc and system clauses. This restricts the type of component context that can create
objects of that class and all methods of this class. If a class does not have one of these clauses, it inheritsit from its
superclass, if the superclass has one. If the superclass has or inherits a runs on, mtc or system clause, the subclass may
declare each of these clauses with a more specific component type than the one inherited. The function members of
classes shall not have runs on, system or mtc classes but inherit them from their surrounding class or its superclasses.

Classes can be used asfield or element types of structured types.
Restrictions
a Void.

b)  Passing of object references and structured types containing fields or elements of class type to the create
operation of a component type or afunction started on another component is not allowed.

¢) No subtyping definition is allowed for class types viathe normal subtype definition.

d) Nolocal/global constants or module parameters of class type or structured types containing fields or elements
of classtype are alowed.

€) Classtype cannot be the contained value of an any type value.
f)  Thefunctions of aclass shall not have aruns on, mtc or system clause.
g) Therunson type of aclass shall be runs on compatible with the runs on type of the behaviour creating a class.

h)  Therunson type of aclass shall be runs on compatible with the runs on type of the superclass and the
supertraits.

i)  Themtc and system type of aclass shall be mtc and system compatible with the mtc and system types of the
superclass and the supertraits, respectively.

j)  Classextension shall not contain cycles such that a class directly or indirectly extends itself.
k) Referenceto aclassshall not occur more than once in the list of classes being extended.

[)  Neither fields not non-abstract methods shall be declared in trait classes.

m) Trait classes shall not define a constructor and shall not define afinally block.

n) A classshall extend at most one normal class.

0) If astructured type contains afield of aclasstype, thistype is not seen as a data type and its values cannot be
used for encoding or decoding, sending or receiving and neither used as an actual parameter (or part thereof) to
afunction started on another component.

Examples

EXAMPLE 1:
external function newd obal Id() return charstring;
type class @rait Identifiable {

public function @bstract setld(charstring id);

public function @bstract getld() return charstring;

}

type class Myldentifiabled ass extends Identifiable {
create() {
setld(newd obal 1 d());
}

var charstring id;

ETSI
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public function setld(charstring id) { this.id :=id}
public function getld() return charstring { returnid }
}
var ldentifiable v_idObj := MyldentifiableCd ass.create();

var charstring v_id := v_idObj.getld();

EXAMPLE 2: pardlel inheritance

type class @rait A {
function @bstract f();
}

type class @rait B {
function @bstract f();
}

type class C extends A B {
/1 legal, as it inherits A f() and B.f() and they have the sane paraneters and return cl ause
}

type class @rait B2 extends A {
function @bstract f(); // overrides A f()

}

type class C2 extends A, B2 { // legal, as B2 does not clash with A
function f() { ... } // inplements A f() and B2.f()

}

type class C3 extends A {
function f() { ... } // inplenments A f()

}

type class D extends C2, C3 {
I/l illegal, as it only one non-trait class can be inherited

}

type class E extends A C2 {
/1 legal, but inheriting A is redundant
}

51.1.1 Scope rules

Class constitutes a scope unit. For the uniqueness of identifiers, the rules specified in clause 5.2.2 of ETSI
ES 201 873-1 [1] apply with the following exceptions:

a) ldentifiersfrom the higher scope can be reused for member declarations. A reference to areused identifier
without a prefix occurring inside a class scope shall be resolved as a reference to the class member. In order to
refer to the declaration on the higher scope, the identifier shall be preceded with a module name and adot (".").

b) Identifiers of member declarations can be reused inside methods for formal parameter and local declarations.
A reference to areused identifier without a prefix occurring inside a class method shall be resolved asa
reference to the formal parameter or local declaration. In order to refer to the member declaration, the
identifier shall be preceded with thet hi s keyword and a dot.

¢) Reusing identifiers of members of the component type specified in the runs on clause of the class for members
and inside methods for formal parameters and local declarationsis not allowed.

EXAMPLE:

modul e C assMWbdul e {
const integer a := 1;

type class MO ass() {
const integer a := 2;
function doSonething (integer a := 3) {
log(a); // logs 3 (for the default val ue)
log(this.a); // logs 2
l og(d assModule.a); // logs 1

function doSonet hi ngEl se () {
log(a); // logs 2
log(this.a); // also logs 2
|l og(d assMbdul e.a); // logs 1
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51.1.2 Abstract classes

A class can be declared as @abstract. In that case, it is allowed that it also declares abstract member functions, abstract
properties or properties with abstract getters or setters who shall be defined by all non-abstract subclasses. An abstract
method function has no function body but can be called in al concrete instances of subclasses of the abstract class
declaring it. Other members of the abstract class or its subclasses may use the abstract functions asiif it was concrete
where at runtime the concrete overriding definition will be used.

Abstract getters and setters have no body but the properties containing them can be referenced in all concrete instance
of subclasses of the abstract class declaring them. Other members of the abstract class or its subclasses may reference
abstract properties asif they were concrete. At runtime the concrete overriding definition will always be used.

NOTE 1. Abstract classes are only useful as superclasses of concrete classes.
Restrictions
a) Abstract classes cannot be explicitly instantiated.

b) If aclassthat isnot declared abstract extends an abstract class, al methods, property getters and setters that
have no implementation in the superclass shall be implemented in this class.

NOTE 2: Variables of an abstract class type can only contain references to instances of non-abstract subclasses.

5.1.1.3 External classes

A class may also be declared as external. In that case, it may declare external member functions without a function
body. It is alowed to omit the external keyword from these function declarations. External classes can extend
non-external classes but classes not declared as external shall not extend from external classes. External classes may
also define other members like normal classes. When instantiating an external class, the external object being created is
provided by the platform adapter and the external method calls to the external object are delegated via the platform
adapter to the corresponding method of the external object.

NOTE 1: External classes are away to use object-oriented library functionality in TTCN-3 while still remaining
abstract and independent of actual implementation. Librariesfor common constructs like stacks,
collections, tables can be defined or automatic import mechanisms could be provided.

If an object of an external classisinstantiated, it implicitly creates an external object and the internal object hasa
handle to the external one. The reference to the external object is called a handle. When an external method is invoked
on the internal object, the call is delegated to the handle.

NOTE 2. External objects are possibly shared between different parts of the test system. Therefore, racing
conditions and deadlocks have to be avoided by the external implementation.

Restrictions
a Vod
b) Void
¢ Void

d) Aninterna class shall not extend an external class

EXAMPLE:

type class @bstract Collection {
function @bstract size() return integer;
/1 internal default inplenentation
function isEnpty() return bool ean {
return size() == 0
}
}
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type external class Stack extends Coll ection {
function push(integer v);
function pop() return integer;
function isEnpty() return boolean; // external inplenentation overrides internal
function size() return integer; // external inplenmentation of abstract function}

5114 Final Classes

If aclass shall not be subclassed, it may be declared as @ i nal . Fina classes cannot be abstract.

51.15 Constructors

Syntactic Structure

create "(" { Formal Paraneter , }* ")"

[ external "(" { Formal Paranmeter , }* ")" ]
[":" dassType "(" { Actual Paraneter , }+ ")" ]
[ StatenentBl ock ]

Semantic Description
A class may define a constructor called cr eat e.

If no constructor is defined inside a class body, an implicit default constructor is provided where the formal parameters
of the constructor are the parameters of the (implicit or explicit) constructor of the direct superclass and one additional
formal i n parameter for each declared var and var template field or automatic property of the classitself unless they
are declared with the @ nt er nal modifier and also all const ort enpl at e fieldswith no initializer in their order
of declaration with the same type asin the declaration. If avar or var templatefield has an initializer, the additional
formal in parameter created for it, for the implicit constructor, shall have the initializer value as the default value of the
formal parameter.

NOTE: Having adefault valuein theimplicit constructor for the var and var template fields with initializer,
makes it possible to skip that parameter when invoking the implicit constructor, or to override it with
another value if explicitly provided.

The constructor is invoked on atype reference to the class and the result of thisinvocation is a new instance object of
the constructor's specific class. If aclassis extending another class with a constructor with at |east one parameter
without default, that constructor shall be invoked by adding a super-constructor clause to the constructor declaration.
The super-constructor clause consist of areference to the class being extended and an actual parameter list. An implicit
constructor will automatically pass the required actual parametersto the constructor of its superclass.

In the constructor, it is alowed to refer to the object being constructed ast hi s to reference the fields of the object to
be created in case that the names of the formal parameters clash with the names of those fields. They are explicitly
allowed to have the same names as class members.

When an object is created via the invocation of a constructor, the fields of each class body in the class hierarchy that
haveinitiaizers are initialized before the execution of that class body's constructor body. The fields of a superclass that
haveinitiaizers areinitialized before the fields of the subclass. Also, the constructor of the superclassis executed
before the constructor body of the subclass. Thus, it is ensured that all initialization of the superclass hierarchy aswell
aslocal fieldswith initializersis finished before the execution of a constructor body.

Since the members of a class body can appear in any order and forward references are allowed between them, afield
with an initializer which is referenced by the initializer of another field, isinitialized first.

Asthe underlying external constructor of external classes might need additional parameters, these can be provided via
the additional external formal parameter list. If no interna constructor needs to be defined, the constructor may be
defined without external formal parameter list and no body. In that case, the formal parameter list defines the formal
parameters passed to the external constructor.

Restrictions
a)  All formal parameters of the constructor shall bei n parameters.

b)  The constructor body shall not assign anything to variables that are not local to the constructor body or
accessible fields of the class the constructor belongsto.
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€)  The constructor body shall not use blocking operations.
d) Theinitiaization of amember field shall not invoke any member function in the object being initialized.
€)  The constructor body shall not invoke any member function in the object being initialized.

f) A member constant or template shall be initialized exactly once, either by itsinitialization part or by at most
one constructor body.

g) Direct orindirect cyclic initialization is not allowed. That istheinitializer of afield shall not use the same field
directly or indirectly.

h)  Theinitializer of afield shall not use afield that does not have an initializer.

EXAMPLE 1.

type class Md ass {

}

var integer a;

const float b;

const float ¢ :=7;

tenplate float nyTenplate := ?;

/1 inplicit constructor:

/1 only using variable fields and non-variable fields with no initializer
/lcreate(integer a, float b) { // no parameter for c and nyTenpl ate

/1 this.a := a;
/1l this.b :=b
11}

type class MO ass2 extends MO ass {

}

tenpl ate integer t;

/1 explicit constructor

create(tenplate integer t) : MyCass(2, 0.5) {
this.t :=t;

}

type class Myd ass3 extends Myd ass {

var float f;

/1 inmplicit constructor:

/] create(integer a, float b, float f) : MyOdass(a, b) {
/1 this.f :=f;

/1 }

EXAMPLE 2:

For each initialization statement it is marked with itsinitialization order in the comment.

type class MySuperd ass {

}

var integer a :=5; // 1

const float b;

create(integer a, float b) {
this.a:=a; /] 3
this.b :=b; // 4

type class MySubd ass extends MySuperd ass {

var tenplate integer t :=7?; [/ 2

create(tenplate integer t) : M/SuperC ass(2, 0.5) {
this.t :=1t; // 5

}

EXAMPLE 3:

type class MySuperd ass {

var integer a := 1;

var float b;

[/ inplicit constructor:

/1 only using variable fields with and without initializer

/'l create(integer =1, float b) {
/1 this.a := a;
/1 this.b :=b
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11}
}
type class MySubd assWthDefault extends MySuperd ass {
var float f := 1.0;
/1 inmplicit constructor:
/] create(integer a := 1, float b, float f := 1.0) : MySuperdass(a, b) {
/1 this.f :=f;
/1 }
}
5.1.1.6 Constructor invocation
Syntactic Structure
Cl assReference "." create [ Actual ParList ] [ external Actual ParList ]

Semantic Description

To instantiate on object, the constructor of the classisinvoked. The result of that operation is areferenceto a newly
constructed of the given concrete class.

If the constructor is a constructor of an external class that has an external formal parameter list, an additional external
actual parameter list is given following the external keyword. If the constructor is to be invoked with a parameter list
with no actual parameters, then the whole actual parameter list may be omitted.

If the constructor of an external classisinvoked, first the external object is created using the given external formal
parameters, then the internal constructor is evaluated to initialize the internal part of the object.

EXAMPLE:

type class Naned {
var charstring nane;

}

type external class Address extends Nanmed {
create(charstring nane)
external (charstring host, int portNr)
Naned( nane) {}

}

type external class UnnamedAddress {
create (charstring host, int portNr);
}

var Address v_addr := Address.create("Connection 1") external ("127.0.0.1", 555);
var UnnanedAddress : = UnnanedAddress. create("127.0.0.1", 555);
var Stack v_stack := Stack.create(); // only inplicit external constructor without paraneters

/1 calling inmplicit constructor with default val ues

var MySubC assWthDefault v_nysubl := MySubC assWthDefault.create(1l, 1.0, 1.0);
var MySubC assWthDefault v_nysub2 := MySubd assWthDefault.create(1l, 1.0);

var MySubC assWthDefault v_mysub3 := MySubC assWthDefault.create(b := 1.0);

51.1.7 Destructors
Syntactic Structure

finally StatenentBl ock
Semantic Description

A destructor may be provided using afinally declaration following the class body. This destructor will be invoked
automatically at the latest before the system deallocates an object instance (which istool specific and out of the scope of
the present document) or when the owning component is terminates. The StatementBlock has access to al members
accessible to the class. The StatementBlock is semantically afunction body of afunction without return clause.

When deallocating the object instance, the destructor of the associated classis invoked first, followed by the destructor
of al parent classesin the reverse order of superclass hierarchy.
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51.1.8 Methods

A method is a function defined inside the class body. It has the same properties and restrictions as any normal function,
but it isinvoked in an object which can be referred to by thet hi s object reference. A method invocation can access
the class's own fields and also the inherited protected fields and methods of its superclasses.

A method inherited from a superclass can be overridden by the subclass by redefining a function of the same name and
with the same formal parameter list. When amethod is called in an object, the version of the most specific class of the
super class hierarchy of the concrete class that defines the method in its body will be invoked. The overridden method
can be invoked from the overriding class by using the keyword super asthe object reference of the invocation. If a
method shall not be overridden by any subclass, it can be declared as @ i nal .

Public methods, if not overridden by the subclass, are inherited from the superclasses. If apublic method is declared in
aclass, it can be invoked also in all objects of itsdirect or indirect subclasses.

If a public method is overridden, the overriding method shall have the same formal parametersin the same order asthe
overridden method. Public methods shall be overridden only by public methods. Protected methods may be overridden
by public or protected methods.

The return type of an overriding function shall be the same as the return type of the overridden function with the same
template restrictions and modifiers.

Methods shall havenor uns on, syst emor nt ¢ clause directly attached to them. However, they inherit these
clauses from their surrounding class.

5.1.19 Method invocation

Syntactical Structure

[(Ohjectlnstance | "super") "."] ldentifier "(" FunctionActual ParList ")"
A method invocation is a function call associated with a certain object defined in the class of that object.

Methods are invoked using the dotted notation on an object reference. Inside the scope of a class, methods of the same
class or any visible inherited methods can be invoked without the ObjectInstance prefix if the object the method shall be
invoked in is the same object as the one invoking it. The usual restrictions on actual parameters, as well as runs on, mtc
and system types apply also on method invocations. All other restrictions that apply to called functions also apply to
method invocation.

The super keyword shall only be used from inside a class member definition to access one of the accessible methods
inherited from the super class of the member's containing class.

51.1.10  Visibility

Fields can be declared as private or protected. Methods can be declared as private, public or protected. If no visibility is
given then the default modifier protected is assumed.

Private member functions are not visible and can be present in multiple classes of the same hierarchy with different
parameter lists and return values.

Public member functions can be called from any behaviour running on the object's owner component.
Restrictions

a) A field of any visibility cannot be overridden by a subclass.

b) A public member function can only be overridden by another public member function.

c) Private members can only be accessed directly from inside their surrounding class's scope.
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51.1.11 Built-in classes

The abstract special built-in class called obj ect isthe superclass for al classes that do not explicitly extend another
class.

The pseudo definition of that classis:

type class @bstract @uiltin object {
/1 This function will return a tool-specific descriptive string by default
/1 but can be overridden by subcl asses
public function toString() return universal charstring;

/1 1 ndicates whether sonme object is semantically equivalent to this one,
/1 according to sone equival ence rel ation.
/1 The default inplenentation returns true if and only if both this and obj
/1 are the sane object instance, otherw se returns false.
public function equal s(object obj) return bool ean {
return this == obj;
}

NOTE: The @builtinisonly added for illustrative purposes and not part of the TTCN-3 language.
EXAMPLE:

type class Square {
public function getSideLength() return integer { ...}

b.lljblic function equal s(object obj) return bool ean {
if (this == obj) {
return true;

else if (obj of Rectangle) {
/Il arectangle is a square its width and height are of equal I|engths
var Rectangle rectangle := obj => Rectangl e;
return rectangl e. get Wdt h() == get Si deLengt h() and
rectangl e. get Hei ght () == get Si deLength();

}
else if (obj of Square) {
return get SideLength() == obj =>Square. get Si deLengt h();

return fal se;

}

type class Rectangle {

public function getWdth() return integer { ...}
public function getHeight() return integer { ...}
public function equal s(object obj) return bool ean {
if (this == obj) {
return true;
}

else if (obj of Square) {
return obj.equal s(this);

}
else if (obj of Rectangle) {
var Rectangle r2 := obj => Rectangle;
return getWdth() == r2.getWdth() and
get Hei ght () == r2.getHeight();

return fal se;
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5.1.1.12 Properties

Syntactic Structure

var [ TenplateMdifier ] { @bstract | @inal | @letermnistic | @nternal }
Type @roperty ldentifier

[ ":=" Tenpl at eBody ]

[ "{"

[public | private] { @bstract | @inal | @eterninistic }
@et [ "=>" TenplateBody | StatementBlock ] [";"]

|
[public | private] { @bstract | @inal | @leterninistic }
@et [ "=>" Assignnent | StatementBlock ] [";"]

}
"y
]

Semantic Description

A class property is a class var member which is referenced like arecord field for reading and writing with the dotted
notation, but implemented via getter and setter functions that are provided in the definition of the property (allowing
value checking/normalization/conversion when setting a value and on-the-fly computation when getting the value). It
can be syntactically mixed in acompound var declaration with other variables.

Properties are in many regards similar to member functions, they can be declared with modifiers and visibility and it is
allowed to override them in subclasses. When overriding a property, it is allowed to add a getter or setter even if it was
not present in the parent class. Such a getter or setter is available only in the overriding class and its subclasses. When
overriding a property, if agetter or setter is present in the parent class but not in the overriding class, then the getter or
setter from the parent class is inherited by the overriding class.

Modifiers can occur either on the property level or in a getter and setter declaration. Modifiers declared on a property
level arevalid for both the getter and setter.

Visibility can be declared on the property declaration level or before the getter and setter declarationsinside the
property body separately. If no visibility is declared before a getter or setter directly, the visibility of the property
declaration isused for it.

While most properties are declared with a property body containing either a getter or setter function, it isalowed to
declare a property without abody. Such a property is called an automatic property. Automatic properties are similar to
member variables, they are always generated with an associated anonymous member variable and a getter that returns
this variable and a setter that assigns a value to this variable. While they are similar to member variables, there are two
important differences: automatic properties can be public and it is possible to override them in subclasses. If a class
contains an implicit default constructor, this constructor contains aformal parameter for each anonymous member
variable associated with an automatic property with the name of the automatic property as the name of the formal
parameter.

All getters and setters shall have a body unless they are declared abstract. A body of a getter can be specified in two
distinct forms: either in asimple form that contains a single TemplateBody or in an extended form that consist of a
statement block. In case of the simple form, referencing the property on the right hand side of an assignment will return
the TemplateBody referenced in the getter declaration. When the extended form is referenced on the right hand side of
an assignment, the statement block of the getter function will be executed and the value from ther et ur n clause of this
block will be returned.

A body of a setter can be specified in two distinct forms: either in a ssimple form that contains a single assignment or in
an extended form that consist of a statement block. The setter is executed when the property is referenced on the left
hand side of an assignment. Both forms of the setter may reference a special variable val ue. Thisvariable works as an
i n formal parameter of the setter function. It is of the same type as the property itself and when the setter isinvoked,
the value from the left hand side of the assignment where the property was referenced is passed into it as an actual
parameter according to the rules specified in clause 5.4.2 of ETS| ES 201 873-1 [1]. Theval ue variable of the setter
function has the same template modifiers as the property itself.
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Properties that contain a setter (including automatic properties that have an implicit setter) may be optionally declared
with an initial value. The initial value follows the identifier of the property and is preceded by an assign symbol. The
initial value is automatically passed to the setter when an instance of the defining classis created. This automatic
invocation takes place after execution of a constructor of the parent class and before execution of the constructor of the
defining class. Properties are automatically initialized in the declaration order.

Restrictions

a)

b)

c)

d)

€)

f)

9)

h)

)

With the exception of a specia case of automatic properties, a property shall always have a getter or a setter or
both of them. An empty property body is not allowed.

The TemplateBody in the simplified form of the getter function and in the return clause of the common form of
the getter function shall be compatible with the property type according to the rules specified in clause 6.3 of
ETSI ES 201 873-1 [1]. If the property has no TemplateModifier, the TemplateBody shall contain avalue.
Otherwise, it might contain a template that fulfils the restrictions set by the TemplateModifier that are
specified in clause 15.8 of ETSI ES 201 873-1[1].

When passing a value to the value variable of the setter function, the rules specified in clause 5.4.2 of ETSI
ES 201 873-1[1] shall apply.

If aproperty or its getter or setter contain the @let er mi ni st i ¢ modifier, rules for derministic functions
specified in clause 16.1.0 of ETSI ES 201 873-1 [1] shall apply to the body of the concerned getter or setter.

An error shall be produced when a property that has no getter is referenced on the right hand side of an
assignment.

An error shall be produced when a property that has no setter is referenced on the left hand side of an
assignment.

An error shall be produced if execution of the extended form of a getter is terminated by reaching the end of
the statement block without executing ar et ur n statement or a statement that terminates component
execution (such asst op ort est case. st op).

Theinitial value of a property shall be compatible with the property type. If the property has no
TemplateModifier, the initial value shall resolve into avalue. Otherwise, it might resolve into atemplate that
fulfills the restrictions set by the TemplateModifier of the property. These restrictions are specified in

clause 15.8 of ETSI ES 201 873-1[1].

Abstract properties shall always contain a property body. Getters and setters declared inside an abstract
property shall have no body. If the @bst r act modifier is attached to a getter or setter, the getter or setter
shall have no body.

An error shall be produced if an index or dot notation is applied to a property referenced on the left hand side
of an assignment.

EXAMPLE:

type class Rectangle {
private var integer heightVal;
public @roperty integer width; // automatic property w dth
public @roperty integer height { // property with a getter and setter
@et => heightVal; // sinple formof a getter
@et { // extended formof a setter

}

if (value > 0) { // sinple data integrity check

hei ght Val := val ue;

public @roperty integer perineter {
@et { // extended formof a getter

}
}
}

return 2 * (width + height);

var Rectangle v_rect := Rectangle.create(heightVal := 10, width :=9); // instantiation using an

/1 inmplicit constructor

v_rect.width := 16; // change the width to 16
log (v_rect.perineter); // prints 144 to the |og
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v_rect.perimeter := 100; // causes an error as the referenced property has no setter
v_rect. height := -100; // does not change the heightVal variable

5.1.2 Objects

51.2.0 General

Objects are the instances of classes. Each instance comprises an instance of the data of the fields of the class (including
all superclasses) and allows invocation of its public methods by other behaviour and protected or private methods by
behaviour defined by the object's classitself.

5.1.2.1 Ownership

Each object is owned by the component on which it was created. The owning component of an object can be referenced
viathesel f component reference. Methods of objects can only be invoked by behaviour that aso runs on the owning
component. An object is created on acomponent if its constructor was invoked by a behaviour running on that
component.

5.1.2.2 Object References

Objects are always passed by reference (even though their formal parameters can still bein, inout or out, dependent on
the usage of that parameter). A variable of a class type contains only areference to the object instance and the object is
not copied when used as an actual parameter or assigned to avariable, but only the reference to the object. Therefore,
multiple variables can contain a reference to the same object simultaneously.

Restrictions

a) Object References shall not be passed as actual parameter or part of an actual parameter to either the create
operation of a component type or afunction started on a component.

NOTE: Since objects cannot be shared by different component contexts and for each component at most one
behaviour is running, no parallel conflicting access to any of the objects fields or methods is possible.

EXAMPLE:

type class MO ass() {
var integer a := 0;
function increment () {
a:=a+ 1
}

function getter() return integer {
return a;
}

}

type record of Myd ass RCC,

var M/ ass v_a := MyC ass.create();

var ROC ny_roc := {v_a};

var ROC ny_roc2 :=ny_roc; //create a copy
v_a.increnment();

my_roc[0].increment();

my_roc2[0].increnent (
var integer v_tenpl :
var integer v_tenp2 :

’rry_roc[O].getter(); Il returns 3
ny_roc2[0].getter(); // returns 3

11~

5.1.2.3 Null reference

An object variable that is not initialized with an object instance contains the special valuenul | . An object variable or
parameter may be compared with the special value nul | with the equality and inequality operators or can be assigned
the special valuenul | explicitly.
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5124 Select class-statement

Syntactical Structure

select class "(" Ohject ")"
"{" { case "(" dassReference ")" StatementBl ock }+ [El seCase] "}"

Semantic Description

The class of an object can be discriminated for viathe 'select class' statement that is similar to a select union statement
insofar that it allows only superclasses and known subclasses of the object reference's class in the context. If more than
one case contains a superclass of the actual class of the given object instance, the first of these cases will be chosen by
the select class statement.

In case that the Object is not an instance of any of the ClassReferences in the different cases, the statement block in the
ElseCasg, if present, will be executed.

EXAMPLE:

type class A {}
type class B extends A {}

var Av_a := B.create();
select class (v_a) {
case (B) { ...} // wll be chosen
case (A) { ...} // will not be chosen
}
Restrictions

a) If aclassfrom one caseisasuperclass of aclass from another case, then the case of the subclass shall be
precede the case of the superclass.
5.1.2.5 Of-operator (Dynamic Class Discrimination)
Syntactical Structure
bj ect of C assReference
Semantic Description
To check whether an object isan instance is of a certain class, the of operator may be used.
It yields a Boolean value which istrue if and only if the most specific class of the object referenced on the left-hand side
is either equal to or a subclass derived from the class type reference on the right-hand side.

5.1.2.6 Casting

Syntactical Structure
hj ect Reference "=>" ( Classldentifier | " (" ClassReference ")" )
Semantic Description

An object reference can be cast to another class of the object's known class's set of direct or indirect superclasses and
direct or indirect subclasses. This operation yields an object reference to the same object but can be used as being of the
type being cast to. If the referenced class to be cast to is an expression that is not a simple identifier, the expression shall
be written in parenthesis.

Restrictions

a) If theclassthe object is being cast to is not in the set of superclasses or the concrete class of the object, the cast
operation shall result in an error.
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5.1.2.7 Comparison
Syntactical Structure

ObjectReference "==" ObjectReference |
ObjectReference "!=" ObjectReference
Semantic Description

Two object references can be compared for equality or inequality. Two object references are equal if and only if they
reference the same object instance. An object reference is equal to the specia null object reference if it does not
reference an object instance.

Restrictions

a)  Object references can only be compared if they are type compatible, i.e. if they both have the same declared
classtype or if the declared type of one of the referencesisadirect or indirect superclass of the declared type
of the other reference.

Examples

type cl ass Shape {}
type class Grcle extends Shape {}
type class Rectangl e extends Shape {}

var Crcle v_circle := Circle.create();

var Rectangle v_rectangle := Rectangle.create();
var Shape v_shape := v_circle;

v_shape == v_circle // allowed => true

v_circle !'=v_rectangle // not allowed

v_shape == null // allowed => false

v_shape == Circle.create() // allowed => fal se
5.1.2.8 Object Templates

Syntactical Structure

"{" { ( FieldName | Functionlnstance ) ":=" TenplateBody [","] } "}"
Semantic Description

An object template is a matching mechanism to be used for objects similar to those used for record values. It can be
used as a TemplateBody in template declarations for templates of class type and everywhere else where a TemplateBody
is acceptable except in sending and receiving operations as objects can neither be sent nor received.

If an object template is used in a matching operation to match against an object reference, it matchesif and only if for
all assignmentsin the compound assignment notation the matching mechanism on the right hand side of the assignment
matches the value yielded by the evaluation of applying the left hand side of the assignment as dotted notation to the
object.

NOTE 1. Itisnot necessary to add an assignment in the template for all public properties that exist in the class. For
al public properties that are not assigned any matching mechanism in the template, a"don't care”
semanticsis assumed. Thisis especially useful for using templates for objects of subclasses that might
have additional properties.

Object templates declared for a class can aso be used to match against objects of all subclasses.

The modifies operation is allowed also for Object templates with the same procedure as for record templates, but only
FieldName assignments are modified while Functionlnstance assignments are not modified, though additional
Functionlnstance assignments may be added.

It is allowed to have multiple Functionlnstance assignments of the same method in the same object template, possibly
with different actual parameters.

NOTE 2: Usage of Functionlnstance assignments can lead to contradictory assignments that would lead to the
object template not matching any object of the class.
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Restrictions

a) TheFieldNamein an assignment in the template shall be the name of a public value property of the template's
class. Thetype of the property shall be compatible with the corresponding TemplateBody on the right hand
side.

b)  The name of the function in the Functioninstance in an assignment in the template shall be the name of a
public method of the template's class. The actual parameter lists given in the Functionlnstance shall be
compatible with the formal parameter lists of that method and the return type of the function shall be avalue
type compatible with the corresponding TemplateBody on the right hand side.

c) Thegetter of apublic property or the function used on the left hand side of an assignment in an object template
shall be deterministic and shall fulfill the restrictionsimposed on content of functions used in special places
givenin clause 16.1.4 of ETSI ES 201 873-1 [1].

d) Thenamesin FieldName assignments in an object template shall be unique, i.e. no FieldName shall appear
more than once on the left hand side.

€)  Object templates shall not be used in sending or receiving operations.

f)  Object template shall not be used as values and can not be converted to avalue with the val ueof operation.
Examples

EXAMPLE 1:
type class Pair { public var integer @roperty a, @roperty b}
tenplate Pair t :={ a:=(1.. 20) }
type class Triple extends Pair { public var integer @roperty c }
mat ch(Triple.create(1,2,3), t) // returns true

EXAMPLE 2:
type class @bstract Shape { public function @bstract area() return float; }
/1 smal | Shape would nmatch for all objects whose class is derived from Shape
/1 and where the result of the nethod call to area() fulfills the constraint.
tenpl ate Shape snal | Shape := { area() := (0.0 .. 20.0) }
// contradictory tenplate:
tenpl ate Shape enpty := {

area() := (0.0 .. infinity),
area() := {-infinity .. 10.0)

5.1.3 Extension to ETSI ES 201 873-1, clause 7.1.8 (Presence checking
operators)

Clause7.1.8.0 General

The presence checking operators (ispresent, ischosen, isvalue and isbound) shall also apply to object references and
invocations of methods of objects.

If resolving a dot notation on an object would produce an error (the object referenced or returned by the invoked
method having the null value) the following happens:

. No error is produced.

. Evaluation of all remaining unresolved fields in the ExtendedFieldReference is stopped. All remaining parts of
the ExtendedFiel dReference that are located right from the operation that would normally produce an error up
to the end of the presence checking operator are not eval uated.

. The presence checking operator yieldsthevaluef al se.
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The rule on specia handling of dot notation, index notation, object method invocation and decoded field references
is not applied recursively. Errors occurring during the invocation of an object's method are not affected by thisrule.
Clause 7.1.8.1 Theispresent operator
Thei spresent operator can also be used to check if an object instance is present.
For an object instance argument thei spr esent operator returns:
e Thevauef al se if the object is set to the null value.
e Thevauet r ue otherwise.
Examples

EXAMPLE:

/1l Gven
type class A {}

var A v_al;

var Av_a2 := A create();
var bool ean v_checkResult := ispresent(v_al) // yields false
v_checkResult := ispresent(v_a2) // yields true

Clause 7.1.8.3 Theisvalue operator
Thei sval ue operator always returns the value true for an object instance.
Examples

EXAMPLE:

/1l Gven
type class A {}

var A v_al;

var Av_a2 := A create();
var bool ean v_checkResult := isvalue(v_al) // yields true
v_checkResult := isvalue(v_a2) // yields true

Clause7.1.8.4 Theisbound operator
Thei sbound operator always returns the value true for an object instance.
Examples

EXAMPLE:

/1l Gven
type class A {}

var A v_al;

var Av_a2 := A create();
var bool ean v_checkResult := isbound(v_al) // yields true
v_checkResult := isbound(v_a2) // yields true

5.2 Exception handling

520 General

This clause introduces exception handling into TTCN-3. It provides means to define exception handling for functions,
externa functions, atsteps and test cases.
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5.2.1 Extension to ETSI ES 201 873-1, clause 16.1.0 (Functions)
Clause 16.1.0 General
The syntax of functionsis extended with an optional except i on clause.

Syntactical Structure

function [ @leterministic | @ontrol ] Functionldentifier
"(" { ( Formal Val uePar | Fornual TenplatePar ) [","] } ")"

[ runs on Conponent Type ]

[ ntc Conponent Type ]

[ system Conponent Type ]

[ return [ tenplate ] Type ]

[ exception "(* {Type [*,"]}+")" ]

St at ement Bl ock
Clause16.1.0 General
The semantic description part is extended.

Functions may have an exception list. The exception list declares, what exception types may be raised during the
execution of the function either directly or indirectly.

NOTE 1. The exception list can be used to communicate to the callers of the function what exceptions to prepare
for and by toolsto perform stronger static checks. For backward compatibility reasons the exception list is
optional.

NOTE 2: The exception list might not be exhaustive. With activated atsteps it might not be possible to precisely
know what exceptions might be raised within a function directly or indirectly.

If the statement block of afunction hasaf i nal | y block, the finally block is always executed before control returnsto
the location of the call of the function.

5.2.2 Extension to ETSI ES 201 873-1, clause 16.1.3 (External Functions)
Clause16.1.3  General
The syntax of external functionsis extended with the optional except i on clause.

Syntactical Structure

external function [ @etermnistic | @ontrol ] ExtFunctionldentifier
"(" { ( Formal Val uePar | Fornmal TenplatePar ) [","] } ")"
[ return [ tenplate [ Restriction] ] Type ] [ exception "(" {Type [","]1}+ ")" ]

Clause16.1.3  General
The semantic description part is extended.

External functions may have an exception list. The exception list declares, what exception types may be raised during
the execution of the external function.

NOTE 0: The exception list can be used by tools to perform stronger static checks. For backward compatibility
reasons the exception list is optional.

NOTE 1. The exception list might not be exhaustive. It might not be possible to precisely know what exceptions
might be raised within an external function directly or indirectly.
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5.2.3 Extension to ETSI ES 201 873-1, clause 16.1.4 (Invoking functions
from specific places)

Clause 16.1.4 General
Thelist of restrictions is extended to avoid side effects.

n) Raising an exception with the raise exception statement.

5.2.4 Extension to ETSI ES 201 873-1, clause 16.2 (Altsteps)
Clause16.2.0 General
The syntax of altstep is extended with the optional excepti on,cat chandfi nal | y clauses.

Syntactical Structure

altstep [ @ontrol ] [ interleave ] Altstepldentifier
"(" { ( Formal Val uePar | Fornual TenplatePar) [","] } ")"
[ runs on Conponent Type ]

[ nmtc Conponent Type ]

[ system Conponent Type ]

[ exception "(" {Type [","]}+ ")" ]

e
{ ( Varlnstance | Tinerlnstance | ConstDef | TenplateDef ) [";"] }
Al t Guar dLi st

ny
{ CatchBl ock }
[ FinallyBlock ]

Clause16.2.0 General
The semantic description part is extended.

Altsteps may have an exception list. The exception list declares, what exception types may be raised during the
execution of the altstep either directly or indirectly.

NOTE 0: The exception list can be used to communicate to the callers of the altstep what exceptions to prepare for
and by tools to perform stronger static checks. For backward compatibility reasons the exception list is
optional.

NOTE 1. The exception list might not be exhaustive. With activated atsteps it might not be possible to precisely
know what exceptions might be raised within an altstep directly or indirectly.

Altsteps may have afinally block. If present the finally block is always executed before control returns to the location
of the call of the altstep every time the altstep isinvoked, regardless of whether implicitly as an activated default or
explicitly from another alt statement.

5.2.5 Extension to ETSI ES 201 873-1, clause 16.3 (Test cases)
Clause 16.3 Test cases
The semantic description part is extended.

The StatementBlock of Test cases may have afinally block. If present the finally block is aways executed before the
test case terminates.

Exceptions raised directly or indirectly within the test case and not handled latest by the catch clauses of the
StatementBlock of the testcase resultsin the testcase finishing with a dynamic error. In this situation the dynamic error
has to reference not handling the exception as the reason of error.

NOTE 0: The reason for the dynamic error is not the raising of the exception, but the lack of handling within the
testcase.
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Extension to ETSI ES 201 873-1, clause 18 (Overview of program

Thelist of statementsin table 15 of ETS| ES 201 873-1 [1] needs to be extended with a rai se exception statement as

shown below.
Statement Associated keyword or Can be Can be invoked | Can be directly
symbol directly or |by functions, test| or indirectly
indirectly cases and invoked from
invoked by | altsteps running | specific places
module on test (see note 1)
control, but components
not by test
components
Expressions (...) Yes Yes Yes
Basic program statements
Assignments = Yes Yes Yes (see note 4)
If-else if (.){. }else{.} Yes Yes Yes
Select case select case (...) { case Yes Yes Yes
(..){...}caseelse{...}}
Select class select class (...) { case Yes Yes Yes
(..){...}caseelse{...}}
For loop for (.){...} Yes Yes Yes
While loop while (..){...} Yes Yes Yes
Do while loop do {...} while (...) Yes Yes Yes
Label and Goto label / goto Yes Yes Yes
Stop execution stop Yes Yes
Returning control return Yes (see note 5) Yes
Leaving a loop, alt, altstep or break Yes Yes Yes
interleave
Next iteration of a loop continue Yes Yes Yes
Raise exception raise Yes Yes Yes
Logging log Yes Yes Yes
Statements and operations for alternative behaviours
Alternative behaviour alt {...} Yes Yes
(see note 2)
Re-evaluation of alternative behaviour |[repeat Yes Yes
Interleaved behaviour interleave {...} Yes Yes
(see note 2)
Activate a default activate Yes Yes
Deactivate a default deactivate Yes Yes
Configuration operations
Create parallel test component create Yes
Connect component port to connect Yes
component port
Disconnect two component ports disconnect Yes
Map port to test interface map Yes
Unmap port from test system interface|lunmap Yes
Get MTC component reference value |mtc Yes Yes
Get test system interface component |system Yes Yes
reference value
Get own component reference value |self Yes Yes
Start execution of test component start Yes
behaviour
Stop execution of test component stop Yes
behaviour
Terminating the testcase with an error |testcase.stop Yes Yes
verdict
Remove a test component from the  |kill Yes
system
Check termination of a PTC behaviour|running Yes
Check if a PTC exists in the test alive Yes
system
Wait for termination of a PTC done Yes

behaviour
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Statement Associated keyword or Can be Can be invoked | Can be directly
symbol directly or |by functions, test| or indirectly
indirectly cases and invoked from
invoked by | altsteps running | specific places
module on test (see note 1)
control, but components
not by test
components
Wait a PTC cease to exist killed Yes
Communication operations
Send message send Yes
Invoke procedure call call Yes
Reply to procedure call from remote |reply Yes
entity
Raise exception (to an accepted call) [raise Yes
Receive message receive Yes
Trigger on message trigger Yes
Accept procedure call from remote getcall Yes
entity
Handle response from a previous call |getreply Yes
Catch exception (from called entity) |catch Yes
Check (current) message/call check Yes
received
Clear port queue clear Yes
Clear queue and enable sending & start Yes
receiving at a to port
Disable sending and disallow stop Yes
receiving operations to match at a port
Disable sending and disallow halt Yes
receiving operations to match new
messages/calls
Check the state of a port checkstate Yes
Timer operations
Start timer start Yes Yes
Stop timer stop Yes Yes
Read elapsed time read Yes Yes
Check if timer running running Yes Yes
Timeout event timeout Yes Yes
Verdict operations
Set local verdict setverdict Yes
Get local verdict getverdict Yes Yes
External actions
Stimulate an (SUT) action externally [action | Yes | Yes |
Execution of test cases
Execute test case execute Yes Yes
(see note 3)

NOTE 1: Specific places are defined in clause 16.1.4. Only operations that do not have any potential side effects on
snapshot evaluation are allowed.

NOTE 2: Can be used to control timer operations only.

NOTE 3: Can only be used in functions and altsteps that are used in module control.

NOTE 4: Changing of component variables is disallowed.

NOTE 5: Can be used in functions and altsteps but not in test cases.

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

Clause19.0 General

Thelist of statementsin table 17 needs to be extended with the raise exception statement as described below.
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Basic program statements
Statement Associated keyword or symbol

Assignments =

If-else if (.){. .}else{.}

Select case select case (...){ case (...) {...} case
else{...}}

Select class select class (...) { case (...){...}
case else{...}}

For loop for (..){...}

While loop while (...) {...}

Do while loop do {...} while (...)

Label and Goto label / goto

Stop execution stop

Returning control return

Leaving a loop, alt, altstep or |break

interleave

Next iteration of a loop continue

Raise exception raise

Logging log

Clause 19.14 Statement Block

The syntax of statement block is changed as shown below.
Basi cSt at ement Bl ock: "{" { Local Definition | Statement } "}"

St at ement Bl ock: Basi cStatenment Bl ock {catch "(" Type ldentifier ")" BasicStatenentBl ock }
[finally BasicStatenentBl ock]

Clause19.14  Statement Block
The semantic description part is extended.
A basic statement block is a sequence of declarations and statements.

Statement blocks can be used like basic program statements to introduce a local scope in the flow of control of TTCN-3
behaviour. The declarations and statementsin a basic statement block are executed in the order of their appearance,
i.e. sequentially.

A statement block consists of a basic statement block with optional additional catch clauses, that can be used to handle
exceptions raised directly or indirectly within the basic statement block and an optional finally clause which is executed
after the basic statement block execution. When an exception is raised by a statement in the basic statement block the
catch clauses are tried in order of appearance to find one of the same type for data types or one the exception can be cast
toif itisatype class kind exception. Execution continues with the basic statement block of the first catch clause whose
type matches the type of the raised exception.

The catch clause declares a variable of an exception, with the type and identifier provided, to hold the value of the
exception within the catch clause. The scope of this variable islimited to the basic statement block of the catch clause,
i.e. itisonly visible inside the body of the catch clause.

NOTE: The scope of the catch and finally blocksis on the same level with the scope of the basic statement block.
Local variables declared within the basic statement block are not visible in the catch and finally clauses.

Clause19.14  Statement Block
Thelist of restrictions is extended:

a) The control transfer statementsr et ur n, andr ai se shall not beusedinthe fi nal |y clause. Functions
that can raise exceptions shall not be called in the finally clause.

b) The basic statement block of acat ch clause shall obey the same semantic restrictions as the basic statement
block it follows.

Clause 19 is extended with anew clause.
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NEW: Clause 19.15 The Raise exception statement

Ther ai se exception statement raises an exception, causing the execution to continue at the catch block closest in the
procedure call hierarchy, also executing all f i nal | y blocks it encounters while traversing the procedure call
hierarchy.

Syntactical Structure

rai se Tenpl at el nst ance
Semantic Description

Ther ai se statement is used to raise an exception. On executing ar ai se exception statement the statement blocks,
loops, al t statementsori nt er | eave statement within the encompassing function/altstep/testcase are left. If the
encompassing function, altstep or testcase has a catch block with the exact same type as that of the raised exception
value for datatypes or one the exception can be cast to if it is a class type exception, execution continues in that catch
block. If the encompassing function or altstep does not have catch blocks or none of the catch blocks can handle the
raised exception, execution leaves the function or altstep to handle the exception in the calling function, altstep or
testcase. An exception not handled via catch clause of the StatementBlock of atestcase shall cause a dynamic error.

If the StatementBlock of afunction, altstep or testcase has afinaly block, thisfinally block is aways executed before
the function, altstep, testcase terminates. If an exception was raised and handled in a catch block, the finally block is
executed after the catch block. If there was no exception raised, or an exception was raised but not handled in any catch
blocks the finally block is executed before the function, altstep or testcase terminates.

The parameter of ther ai se operation shall evaluate to avalue, that the exception will have.

Exceptions are specified as types. Therefore the exception value may either be derived from a template conforming to
the template(value) restriction or be the value resulting from an expression (which of course can be an explicit value).
The type of the value specification to ther ai se operation shall be determinable as it is necessary to avoid any
ambiguity of the type of the value being raised.

NOTE 0: Thetype of the raised exception should be provided explicitly for literal values. Catch clauses with
synonym types or restricted types will only catch exceptions of the same type.

Restrictions

In addition to the general static rules of TTCN-3 given in clause 5 and shown in table 15, the following restrictions
apply:

a)  Anexception shall only be raised inside afunction, altstep or testcase.

b)  The Templatel nstance shall conform to the template(value) restriction (see clause 15.8).

c) Exceptions shall not be raised directly or indirectly inside finally blocks of functions, altsteps or testcases.
Examples

EXAMPLE 1

raise ( v_nyVariable + v_yourVariable - 2);
/] Raises an exception with a value which is the result of the arithnetic expression

rai se integer:5; /1 Raises an exception with the integer value 5

rai se charstring:"Oalal";
/] Raises an exception with the charstring value "Oala!"

EXAMPLE 2:  Catching an exception raised in acalled function.
type record of charstring t_registeredNanes;
type conponent nyConponent {

var t_registerdNanes v_registeredNanes;

function f_init(in charstring nane) exception (charstring, integer) runs on myConponent

{

if (nane_was_not _registered) {
raise ("Could not initialize " & nane); // when the exception is raised f_init termnates
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}

function f_operation(in charstring userl, in charstring user2) exception (integer)
runs on myConponent {

f_init(userl);

f_init(user2);

} catch (charstring e) {
/1 the exception is available for processing in the e variable
/'l release resources and term nate function
} catch (integer e) {
//there was sone ot her issue
/'l rel ease resources
raise e; /// the exception is raised again to be handled in the calling function

}
EXAMPLE 3:  Finaly is always executed.

function f_operation2(in charstring userl, in charstring user2) exception (charstring)
runs on nyConponent {

f_init(userl);

f_init(user2);

} finally {
/1 finally is executed whether there was an exception or not before the function term nates

}
EXAMPLE 4:  The exception can travel through several functionsin the call hierarchy until handled.

function f_operation3(in charstring userl, in charstring user2) exception (charstring)
runs on nyConponent {
f_operation2(userl, user2); // an exception is raised in f_init

} finally {
/1 after the finally block in f_operation2 this finally block is al so executed
/1 the exception is not caught.

}
EXAMPLES:  Exception not caught latest in atestcase is reported as dynamic error.

testcase t_nyTest1() runs on myConponent {

f_init("userl");

f_init("unknown user");// bad argument will raise an exception in f_init

...1l because of the raised exception execution continues in the finally bl ock
} finally {

...l via the runs on conponent resources can be freed

/1 as the exception is not caught dynamic error is reported

}
EXAMPLE 6: Thetype of the exception has to match the type of the catch clause exactly.

function f_exanpl e() exception (integer) {
rai se integer:5

}

type integer Ml nteger Synoni m
type integer Myl ntegerRange (0 .. 255);

function f_exanpl e2() {
f _exampl e();
} catch (Ml ntegerRange e) {
/'l The exception is not caught here
/1 The type of the raised exception and the type of the catch type has to be the sane
} catch (MylIntegerSynonime) {
/'l The exception is not caught here
/1l The type of the raised exception and the type of the catch type has to be the sane
} catch (integer e) {
/1l As the exception raised in f_exanple was raise with the integer type it is handl ed here
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6 TRI Extensions for the Package

6.1 Extensions to clause 5.3 of ETSI ES 201 873-5 Data
interface

Clause 5.3.2 Communication

The clause is to be modified:

Tri Excepti onType

A value of type Tri Except i onType isan encoded type and value of an exception
that either isto be sent to the SUT or has been received from the SUT. This
abstract type is used in procedure based TRI communication operations and
raising exception during execution of external functions, constructors, destructors
and methods.

Clause 5.3.4 Miscellaneous

The clause is to be extended:

Tri G assl dType

Tri Obj Handl eType

A vaue of type Tri d assl dType isthe name of aclass as specified in the
TTCN-3ATS.

A value of type Tri oj Handl e contains platform-specific data allowing access to
external objects.

6.2 Extensions to clause 5.6.3 of ETSI ES 201 873-5
Miscellaneous operations

Clause 5.6.3.4 triExternalCreate (TE — PA)

Thisclauseisto be added.

Signature

Tri StatusType tri External Creat e
in Trid assldType cl assld,
i nout TriParaneterlistType paraneterlist,
out Tri Cbj Handl eType creat edhj ect)

In Parameters

classld identifier of the external class
Out Parameters |returnVal ue handle to the created object
InOutParameters |par anet er Li st a list of encoded parameters for the indicated constructor. The parameters
in par anet er Li st are ordered as they appear in the TTCN-3 constructor
declaration.

Return Value

The return status of the t ri Ext er nal Cr eat e 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 invokes a constructor specified in a class which is
defined as external in TTCN-3.

In the invocation of a t ri Ext er nal Cr eat e operation by the TE all in and inout constructor
parameters contain encoded values. No error shall be indicated by the PA in case the value of any

out parameter is non-null.

ETSI



32 Final draft ETSI ES 203 790 V1.4.1 (2022-02)

Effect

The PA shall implement the behaviour for each external class specified in the TTCN-3 ATS. On
invocation of this operation, the PA shall invoke the constructor of a class indicated by the identifier
cl assl d. It shall access the specified in and inout constructor parameters in par anet er Li st ,
create a new external object instance 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 encoded values
for all inout and out constructor parameters and a handle to the created external object.

The t ri Ext er nal Cr eat e operation returns TRI_OK if the PA completes the constructor of the
external class successfully, TRI_Error otherwise. In the latter case, the distinct value nul | shall be
returned as the object handle.

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

tri Ext er nal Cr eat e operation is considered to be blocking. That means that the operation shall
not return before the construction of the external object has been finished. External constructors
have to be implemented carefully as they could cause deadlock of test component execution or
even the entire test system implementation.

Clause 5.6.3.5

triExternalFinally (TE — PA)

This clause isto be added.

Signature

Tri StatusType tri External Final | y(
in Tri Obj Handl eType handl e)

In Parameters

handl e handle to the object being destroyed

Return Value

The return status of the t r i Ext er nal Fi nal | y 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 invokes a destructor specified in a class which is defined
as external in TTCN-3.

Effect

The PA shall implement the behaviour for each external class specified in the TTCN-3 ATS which
contains a destructor definition. On invocation of this operation, the PA shall invoke the destructor of
the object whose handle is in the handl e parameter.

The tri Ext er nal Fi nal | y operation returns TRI_OK if the PA completes destruction of the
external object successfully, TRI_Error otherwise.

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

tri Ext ernal Fi nal | y operation is considered to be blocking. That means that the operation shall
not return before the destruction of the external object has been finished. External destructors have
to be implemented carefully as they could cause deadlock of test component execution or even the
entire test system implementation.

Clause 5.6.3.6

triExternalMethod (TE — PA)

This clause is to be added.

Signature

Tri StatusType tri External Met hod(
in Tri Obj Handl eType handl e,
in String met hodNane,
i nout Tri ParaneterlistType paraneterlist,
out Tri Paraneter Type returnVal ue)

In Parameters

handl e
nmet hodNanme

handle of the affected object; nul | for static methods
name of the called method

Out Parameters

r et ur nVal ue (optional) encoded return value

InOutParameters

par amet er Li st a list of encoded parameters for the indicated method. The parameters in
par anet er Li st are ordered as they appear in the TTCN-3 method

declaration.

Return Value

The return status of the t r i Ext er nal Met hod 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 invokes a method specified in a class which is defined as
external in TTCN-3.

In the invocation of a t r i Ext er nal Met hod operation by the TE all in and inout parameters
contain encoded values. No error shall be indicated by the PA in case the value of any out
parameter is non-null.
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Effect The PA shall implement the behaviour for each method of all external classes specified in the
TTCN-3 ATS. On invocation of this operation, the PA shall call a method net hodNane of an
external object whose handle is in the handl e parameter. It shall access the specified in and inout
method parameters in par anet er Li st , pass the values of these parameters to the called
method, and compute values for inout and out parameters in par anet er Li st . The operation shall
then return encoded values for all inout and out method parameters and the encoded return value.
If no return type has been defined for this method in the TTCN-3 ATS, the distinct value nul | shall
be used for the latter.

The t ri Ext er nal Met hod operation returns TRI_OK if the PA completes the method of the
external object successfully, TRI_Error otherwise.

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

tri Ext er nal Met hod operation is considered to be blocking. That means that the operation shall
not return before the method call has been finished. Methods of external classes have to be
implemented carefully as they could cause deadlock of test component execution or even the
entire test system implementation.

Clause5.6.3.7 triRaiseException (PA — TE)
This clause isto be added.

Signature void tri External Rai se(in Tri Excepti onType exc)
In Parameters exc encoded exception to raise
Constraints This operation can be called by the PA only during execution of t ri Ext er nal Functi on,
tri External Create,tri External Final |y ortri External Met hod.
Effect The operation raises an exception that can be later processed by the TE in the cat ch statement.

The exception is provided in an encoded form. The TE performs decoding when the

tri External Function,tri External Create,tri External Finally or

tri Ext er nal Met hod where the exception was raised returns. Decoding is performed in the cat ch
statement.

6.3 Extensions to clause 6 of ETSI ES 201 873-5 Java™
language mapping

Clause 6.3.3.20 TriObjHandleType

This clause is to be added.

Tri C assl dType ismapped to the following interface:

/1 TRI 1DL Trid assldType
package org.etsi.ttcn.tri;
public interface Tridassld {
public String toString();
public String getd assNane();
publ i c bool ean equal s(Tri Cl assld id);

}
M ethods:

. toString
Returns the string representation of the class as defined in TTCN-3 specification.

. get d assNane
Returns the class identifier as defined in the TTCN-3 specification.

. equal s

Comparesi d with thisTri O assl d for equality. Returnst r ue if and only if both classes have the same class
identifier, f al se otherwise.
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Clause 6.3.3.20 TriObjHandleType

This clause isto be added.

Tri Obj Handl eType ismappedtothej ava. | ang. Obj ect class.
Clause 6.3.3.21 TriObjHandleWrapper

This clause isto be added.

TriObjHandleWrapper isused inthet ri Ext er nal Cr eat e operation as a placeholder for the created object
handle.

public interface Tri Obj Handl eW apper {
public void setHandl e( Obj ect handl e);
public Onject getHandl e();

}

Methods:

. set Handl e
Sets the contained object.

. get Handl e
Gets the contained object.

Clause6.5.3.1 TriPlatformPA

This clauseisto be extended.

/1 TriPlatform

/1 TE -> PA

package org.etsi.ttcn.tri;
public interface Tri Pl atfornPA {

// Ref: TRI-Definition 5.6.3.4
public TriStatus tri External Create(Tri C assldType cl assl d,
Tri Paramet er Li st paraneterlList, TriCbjHandl eWapper handl e);

/1l Ref: TRI-Definition 5.6.3.5
public TriStatus tri External Finally(Object handle);

/!l Ref: TRI-Definition 5.6.3.6

public TriStatus tri External Met hod(Obj ect handle, String nethodNane,
Tri ParaneterLi st paraneterlList, TriParanmeter returnVal ue);

}

Clause6.5.3.2 TriPlatformTE
This clause is to be extended.

/1 TriPlatform

/1 PA-> TE

package org.etsi.ttcn.tri;
public interface Tri Pl atfornTE {

/1 Ref: TRI-Definition 5.6.3.7
public void tri Rai seException(Tri Exception exc);
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6.4 Extensions to clause 7 of ETSI ES 201 873-5 ANSI C
language mapping
Clause 7.2.1 Abstract type mapping

This clause is to be extended.

TRIADT ANSI C Representation Notes and comments
Tri d assl dT&/.be Qual i fi edNane
Tri Obj ect Handl eType typedef void *
Tri Cbj ect Handl e;

Clause 7.2.4 TRI operation mapping

This clause is to be extended.

IDL Representation ANSI C Representation
Tri StatusType tri External Create (in Tri Status tri External Create
Tri d assl dType cl assld, inout (const Trid assld* classld,
Tri Par anet er Li st Type paraneterlList, out Tri ParaneterLi st* paraneterlist,
Tri Obj Handl eType creat edObj ect) Tri Cbj ect Handl e* handl e)
Tri StatusType tri External Finally (in Tri Status triExternal Finally
Tri Obj Handl eType handl e) (Tri Qpj ect Handl e handl e)
Tri StatusType tri External Met hod(in Tri Status tri External Function
Tri Cbj Handl eType handle, in String (Trid assld handl e, char* met hodNarne,
met hodNane, inout Tri ParanmeterlListType Tri ParaneterlLi st* paraneterlist,
paraneterList, out Tri ParameterType Tri Paramet er* returnVal ue)
r et ur nVval ue)
voi d tri Rai seException(in voi d tri Rai seExcepti on(const
Tri ExceptionType exc) Tri Excepti on* exc)

6.5 Extensions to clause 8 of ETSI ES 201 873-5 C++ language
mapping

Clause85.19 TriClassld

This clause isto be added.

A value of type TriClassldType represents the name of a class as specified inthe TTCN-3 ATS. It isaderived class
from QualifiedName, mapped to the following pure virtual class:

class TriCassld : public QualifiedNanme {
publi c:
virtual ~Tridassld ();
virtual Tbool ean operator== (const TriC assld &sid) const =0;
virtual Tridassld * cloned assld () const =0;
virtual Tbool ean operator< (const Trid assld &sid) const =0;

}

Methods:
. ~Tri C assld
Destructor.
. oper at or ==

Returns true if both TriClassld objects are equal.
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. cl oned assl d
Returns a copy of the TriClassld.
. oper at or <
Operator < overload.
Clause 8.5.20 TriObjectHandle
This clause isto be added.
A value of type TriObjectHandle type is mapped to avoid pointer:
typedef void * Tri Qbj ect Handl e;
Clause 8.6.3 TriPlatformPA

This clause is to be extended.
class TriPlatfornPA {
public:

// For each constructor on an external class specified in the TTCN-3 ATS i npl enent the behavi our.
virtual TriStatus triExternal Create (const Trid assld *classld, TriParaneterList
*paranet erLi st, Tri Qbj ect Handl e * handl e) =0;

/I For each destructor on an external class specified in the TTCN-3 ATS i npl enent the behavi our.
virtual TriStatus triExternal Create (Tri Cbject Handl e handl e) =0;

/] For each method on an external class specified in the TTCN-3 ATS i npl enent the behavi our.
virtual TriStatus triExternal Method (Tri Cbj ect Handl e handl e, const Tstring & net hodNang,
Tri Paranet erLi st *paraneterList, TriParanmeter *returnVal ue)=0;

}
Clause 8.6.4 TriPlatformTE

This clauseisto be extended.

class TriPlatfornlE {
public:

/] Rai ses an exception during execution of external code in PA
virtual void triRai seException (const Tri Exception *exc)=0;

6.6 Extensions to clause 9 of ETSI ES 201 873-5 C# language
mapping

Clause9.4.2.19 TriClassld

This clause isto be added.

Tri C assl dType C# mapping isderived fromthe | Qual i fi edNane interface:

public interface |ITridassld : |QualifiedNane {}
Clause 9.4.2.20 TriObjectHandleType mapping
This clause is to be added.

Tri Obj ect Handl el dType ismapped to the C# obj ect class.
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Clause9.5.2.3 TriPlatformPA

This clause is to be extended.

public interface |TriPlatfornPA {

/1 M scel | aneous operations
/1 Ref: TRI-Definition clause 5.6.3.4
Tri Status Tri External Create(lTri G assld classld,
| Tri Paranet erLi st paraneterList, out object handle);

/1l Ref: TRI-Definition clause 5.6.3.5
Tri Status Tri External Final |l y(object handle);

/1 Ref: TRI-Definition clause 5.6.3.6

Tri Status Tri External Met hod(obj ect handl e, string nmet hodNamne,
| Tri ParaneterLi st paraneterList, |TriParaneter returnVal ue);

}
Clause9.5.24 TriPlatformTE
This clause is to be extended.

public interface |TriPlatfornTE {

/1 Ref: TRl Definition clause 5.6.3.7
voi d Tri Rai seException(l Tri Exception exc);

7 TCI Extensions for the Package

7.1 Extensions to clause 7.2.2.1 of ETSI ES 201 873-6 Abstract
TTCN-3 data types and values

The definition of the getTypeClass operation shall be modified of the following way:

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, ANYTYPE, ARRAY, BITSTRI NG, BOOLEAN,
CHARSTRI NG, COWPONENT, ENUMERATED, FLQAT,
HEXSTRI NG, | NTEGER, OCTETSTRI NG RECORD,
RECORD OF, SET, SET_OF, UNI QON,
UNI VERSAL CHARSTRI NG, VERDI CT, DEFAULT, PORT,
TI MER, CLASS.

7.2 Extensions to clause 7.2.2 of ETSI ES 201 873-6 Abstract
TTCN-3 data types and values

Clause 7.2.25 Abstract TTCN-3 classes
This clause isto be added.

According to the present document, TTCN-3 user-defined classes will be represented at the TCI interfaces using the
abstract datatype Cl ass. The abstract datatype Cl ass isbased on the abstract datatype Ty pe.

The following operations defined for abstract datatype Ty pe work differently in the abstract datatype Cl ass:

Val ue new nst ance() The method creates an Objectlnstance containing areferenceto anul |
object of the class.
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The following operations are defined for abstract datatype C ass:

bj ectl nstance create(Tri Conponent | dType c, Tci ParaneterListType tciPars)
Calls the constructor to create a new instance of this class using the
supplied parameters for the specified component. Created objects are
aways considered to be initialized.

O assSeq get Supercl asses () Returns the superclasses of the current class.
TStringSeq get Fi el dNanes () Returns the names of al public fields defined in the class.
TStringSeq get Met hodNarres () Returns the names of al public methods of the class.

Tci Par anmet er TypelLi st Type get ConstructorParneters ()
Returns formal parameters of the class constructor.

Tci Par anet er TypelLi st Type get Met hodParaneters (TString net hodNane)
Returns formal parameters of the specified public method. The distinct
value nul | isreturned if the method does not exist or is not public.

Type getFi el dType (TString name) Returns the type of the specified public field. The distinct valuenul | is
returned if the member variable does not exist or isnot public.

Type get Met hodRet urnType (TString nane)
Returns the return type of specified public method or the distinct value
nul | if no return value is defined, the method does not exist or it is not
public.

Clause 7.2.2.6 ClassSeq
Thisclauseisto be added.

The abstract datatype ClassSeq is used to represent alist of classes.

7.3 Extensions to clause 7.2.2.2.0 of ETSI ES 201 873-6 Basic
rules

Figure 4 isto be extended.

ETSI



39 Final draft ETSI ES 203 790 V1.4.1 (2022-02)

Type
&
Class Value
A
IntegerValue FloatValue BooleanValue UniversalCharstringValue
CharstringValue BitstringValue OctetstringValue HexstringValue
RecordOfValue RecordValue UnionValue EnumeratedValue
VerdictValue AddressValue Objectinstance
MatchingMechanism
A
MatchingList ValueRange CharacterPattern MatchDecodedContent

Figure 4: Hierarchy of abstract values

7.4 Extensions to clause 7.2.2.2 of ETSI ES 201 873-6 Abstract
TTCN-3 values

Clause 7.2.2.16 Theabstract data type Objectlnstance

This clause is to be added.

The abstract datatype Obj ect | nst ance isbased on the abstract datatype Val ue. It isused to modify the
referenced object and to access public object fields and methods.

The following operations are defined on the abstract datatype Obj ect | nst ance:
Tri Conponent | dType get Omner () Returns the component that owns the object instance.

TString getld () Returns an identifier of the object which is unique within the owner
component context.
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voi d set Obj ect (njectlnstance source)
The operation sets the referenced object to be the same one as the one
referenced by the sour ce parameter. In case the source object does not
contain a null reference, the object instance and the source object shall be
owned by the same component.

Val ue getField (TString fiel dName)
Returns the value of the referenced public member field. The distinct value
nul | isreturned if the object does not contain the referenced field or the field
is not accessible.

Val ue cal | Met hod(TString nmet hodNanme, Tci ParaneterLi st Type tci Pars)
Cdllsthe method of the object instance. The distinct value nul | isreturned if
the method does not return any value. A runtime error is generated if the
method does not exist or if the given parameters do not conform to the formal
parameters of the declared method.

7.5 Extensions to clause 7.3.4.1 of ETSI ES 201 873-6 Abstract
TCI-TL provided

Clause 7.3.4.1.122 tliObjCreateEnter
This clause isto be added.

Signature void tliQojCreateEnter(in TString am in TInteger ts, in TString src,
in TInteger line, in TriConponentldType c, QualifiedNane cl assNane,
in Objectlnstance obj, in Tci ParaneterlListType tciPars)
In Parameters am An additional message.
ts The time when the event is produced.
src The source file of the test specification.
l'ine The line number where the request is performed.
c The component which produces this event.
cl assNane The class of the constructor being called.
ob The object being created.
tci Pars The parameters of the constructor.
Return Value Voi d
Constraint Shall be called by TE to log the entering of a constructor of an object. This event occurs after the
constructor has been entered.
Effect The TL presents all the information provided in the parameters of this operation to the user, how
this is done is not within the scope of the present document.

Clause 7.3.4.1.123 tliObjCreatel eave

This clauseisto be added.

Signature void tli Qoj CreateLeave(in TString am in Tinteger ts, in TString src,
in TInteger line, in TriConponentldType c, QualifiedNane cl assNane,
in Objectlnstance obj, in Tci ParaneterlListType tciPars)
In Parameters am An additional message.
ts The time when the event is produced.
src The source file of the test specification.
l'ine The line number where the request is performed.
c The component which produces this event.
cl assNane The class of the constructor being called.
obj The created object instance.
tci Pars The parameters of the constructor.
Return Value Voi d
Constraint Shall be called by TE to log the leaving of an object constructor. This event occurs after the
constructor has been left.
Effect The TL presents all the information provided in the parameters of this operation to the user, how
this is done is not within the scope of the present document.
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Clause 7.3.4.1.124 tliObjFinallyEnter

This clause isto be added.

Signature

void tliQojFinallyEnter(in TString am in Tinteger ts, in TString src,
in TInteger line, in TriConponentldType c, QualifiedNane cl assNane,
in Obj ectlnstance obj)

In Parameters am An additional message.
ts The time when the event is produced.
src The source file of the test specification.
l'ine The line number where the request is performed.
c The component which produces this event.
cl assName The class of the finally block being executed.
ob The object instance being destroyed.
Return Value Voi d

Constraint Shall be called by TE to log the entering of a destructor of an object. This event occurs after the
destructor has been entered.
Effect The TL presents all the information provided in the parameters of this operation to the user, how

this is done is not within the scope of the present document.

Clause 7.3.4.1.125 tliObjFinallyL eave

Thisclauseisto be added.

Signature

void tli Qoj CreateLeave(in TString am in Tinteger ts, in TString src,
in TInteger line, in TriConponentldType ¢, QualifiedName cl assNane,
in bjectlnstance obj, in TciParaneterlListType tciPars)

In Parameters am An additional message.
ts The time when the event is produced.
src The source file of the test specification.
I'ine The line number where the request is performed.
c The component which produces this event.
cl assNane The class of the finally block being executed.
obj The object being destroyed.
Return Value Voi d

Constraint Shall be called by TE to log the leaving of an object destructor. This event occurs after the
destructor has been left. Accessing any members, properties and methods of a destroyed object
with exception of methods used for comparison shall cause an error.

Effect The TL presents all the information provided in the parameters of this operation to the user, how

this is done is not within the scope of the present document.

Clause 7.3.4.1.126 tliObjM ethodEnter

This clause isto be added.

Signature

void tliQoj MethodEnter(in TString am in Tinteger ts, in TString src,
in TInteger line, in TriConponentldType ¢, QualifiedNanme cl assNane,
in Objectlnstance obj, in TString nethodNane,

in Tci ParaneterListType tciPars)

In Parameters  |Am An additional message.
Ts The time when the event is produced.
src The source file of the test specification.
I'ine The line number where the request is performed.
C The component which produces this event.
cl assName The class of the method being called.
obj The affected object instance.
nmet hodNane The name of the called method.
tci Pars The parameters of the called method.
Return Value voi d

Constraint Shall be called by TE to log the entering of an object method. This event occurs after the method
has been entered.
Effect The TL presents all the information provided in the parameters of this operation to the user, how

this is done is not within the scope of the present document.
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Signature

voi d tli Coj MethodLeave(in TString am

in TInteger line, in TriConponentldType c, QualifiedNane cl assNane,

in Objectlnstance obj,

in TciParaneterlistType tciPars, in Value returnVal ue)

in Tinteger ts, in TString src,

in TString net hodNane,

In Parameters

Am An additional message.

Ts The time when the event is produced.

src The source file of the test specification.

I'ine The line number where the request is performed.
C The component which produces this event.

cl assNane The class of the method being called.

obj The affected object instance.

nmet hodNane The name of the called method.

tci Pars The parameters of the called method.

r et ur nval ue

The return value of the called method.

Return Value

voi d

Constraint Shall be called by TE to log the leaving of an object method. This event occurs after the method
has been left.
Effect The TL presents all the information provided in the parameters of this operation to the user, how

this is done is not within the scope of the present document.

Clause 7.3.4.1.132 tliObjVar

This clause is to be added.

Signature void tliQojVar(in TString am in Tinteger ts, in TString src,
in TInteger line, in TriConponentldType c, QualifiedNane cl assNane,
in Objectlnstance obj, in TString nane, in Val ue val ue)
In Parameters  |Am An additional message.
Ts The time when the event is produced.
Src The source file of the test specification.
Li ne The line number where the request is performed.
C The component which produces this event.
cl assName The class declaring the member variable.
obj The affected object instance.
name The name of the member variable.
val ue The new value of the member variable.
Return Value Voi d

Constraint Shall be called by TE to log the modification of the value of a field of an object. This event occurs
after the field value has been changed. In case of @ azy fields, it is called also after performing
evaluation as the evaluation result is automatically assigned to the field.

Effect The TL presents all the information provided in the parameters of this operation to the user, how

this is done is not within the scope of the present document.

Clause 7.3.4.1.133 tliObjGetEnter

Thisclauseisto be added.

Signature void tliObjCetEnter(in TString am in Tinteger ts, in TString src,
in TInteger line, in TriConponentldType c,
in bjectlnstance obj, in TString propertyNane)
In Parameters  |Am An additional message.
Ts The time when the event is produced.
src The source file of the test specification.
l'ine The line number where the request is performed.
C The component which produces this event.
obj The affected object instance.
propertyName The name of the referenced property.
Return Value voi d
Constraint Shall be called by TE to log the entering of an object getter. This event occurs after the getter has
been entered.
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Effect

The TL presents all the information provided in the parameters of this operation to the user, how
this is done is not within the scope of the present document.

Clause 7.3.4.1.134 tliObjGetLeave

This clause is to be added.

Signature

void tliQoj CGetLeave(in TString am in Tinteger ts, in TString src,
in TInteger line, in TriConponentldType c,
in Objectlnstance obj, in TString propertyNane,
in Val ue val ue)

In Parameters  |Am An additional message.
Ts The time when the event is produced.
Src The source file of the test specification.
Li ne The line number where the request is performed.
C The component which produces this event.
j The affected object instance.
pr opert yName The name of the referenced property.
returnVal ue The value return by the getter.
Return Value Voi d

Constraint Shall be called by TE to log the leaving of an object getter. This event occurs after the getter has
been left.
Effect The TL presents all the information provided in the parameters of this operation to the user, how

this is done is not within the scope of the present document.

Clause 7.3.4.1.135 tliObj SetEnter

This clauseisto be added.

Signature

void tliQojSetEnter(in TString am

in TInteger line,

in Cbjectlnstance obj,

in Val ue val ue)

in Tinteger ts, in TString src,
in TriConponent | dType c,
in TString propertyNane,

In Parameters Am An additional message.
Ts The time when the event is produced.
src The source file of the test specification.
l'ine The line number where the request is performed.
C The component which produces this event.
obj The affected object instance.
propertyName The name of the referenced property.
val ue The value passed to the setter.
Return Value Voi d

Constraint Shall be called by TE to log the entering of an object setter. This event occurs after the setter has
been entered.
Effect The TL presents all the information provided in the parameters of this operation to the user, how

this is done is not within the scope of the present document.
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Signature

void tliQpj CetLeave(in TString am

in TInteger line,

in Obj ectlnstance obj,

in Tinteger ts, in TString src,
in Tri Conponent | dType c,
in TString propertyNane)

In Parameters  |Am An additional message.
Ts The time when the event is produced.
src The source file of the test specification.
l'ine The line number where the request is performed.
C The component which produces this event.
obj The affected object instance.
propertyName The name of the referenced property.
Return Value voi d
Constraint Shall be called by TE to log the leaving of an object setter. This event occurs after the setter has
been left.
Effect The TL presents all the information provided in the parameters of this operation to the user, how

this is done is not within the scope of the present document.

7.6

language mapping

Clause 8.3.2.4 TciTypeClassType

This clause is to be extended.

Extensions to clause 8 of ETSI ES 201 873-6 Java™

Tci Typed assType ismapped to the following interface:

/1 TQ
package org.etsi.
public interface

public final stati
public final stati
public final stati
public final stati
public final stati
public final stati
public final stati
public final stati
public final stati
public final stati
public final stati
public final stati
public final stati
public final stati
public final stati
public final stati
public final stati
public final stati
public final stati
public final stati
public final stati
public final stati
public final stati

}

Cc

O0O0000000O000000000O0O000O0O0

I DL Tci Typed assType
tten.tcei;
Tci Typed ass {

nt
nt
nt
nt
nt
nt
nt
nt
nt
nt
nt
nt
nt
nt
nt
nt
nt
nt
nt
nt
nt
nt
nt

ADDRESS
ANYTYPE

Bl TSTRI NG
BOOLEAN
CHARSTRI NG
COVPONENT
ENUMERATED
FLOAT
HEXSTRI NG

| NTEGER
OCTETSTRI NG
RECORD
RECORD_OF
ARRAY

SET

SET_OF

UNI ON

UNI VERSAL_CHARSTRI NG
VERDI CT
DEFAULT
PORT

TI MER

CLASS

Clause 8.3.6.7 Abstract class mapping

This clause isto be added.

Cl ass ismapped to the following interface:

/1 TC 1DL Type

package org.etsi.ttcn.tci;
public interface O ass extends Type {

public Objectlnstance create (Tri Conponentld c,

public Cass[]
public String[]

get Supercl asses ();
get Fi el dNares () ;

L 1 e U 1 1 1 1 O A VO (IO VA 1
O©CO~NOOUTWNEFEO

)
[

Tci Par anet er Li st tciPars);
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public String[] get Met hodNares () ;
public Tci Paranet er TypelLi st get ConstructorParneters ();
public Tci Paranet er TypelLi st get Met hodParaneters (String nmethodNane);

public Type get Fi el dType (String name);
public Type get Met hodRet urnType (String nethodNane);
}
Methods:
e create Callsthe constructor to create a new instance of this class using the supplied

parameters for the specified component.

e get Supercl asses Returns the list of superclasses of this class.

e getFi el dNanes Returns the names of al public fields defined in the class.

e get Met hodNanes Returns the names of all public methods of the class.

e getConstructorParneters Returns the formal parameters of the class constructor.

e get Met hodPar anet er s Returns the formal parameters of the specified public method.

e getFiel dType Returns the type of the specified public field.

e get Met hodRet ur nType Returns the return type of specified public method or the distinct value nul |

if no return typeis declared.
Clause 8.3.6.8 ClassSeq
This clause isto be added.
Cl assSeq abstract data type mapped to an array of TciClass.
Clause 8.3.4.16 Objectlnstance
This clause isto be added.

hj ect | nst ance ismapped to the following interface:

/1 TC |1DL Dynam cMatch

package org.etsi.ttcn.tci;

public interface Objectlnstance extends Val ue {
public Tri Conponentld get Owmer ();

public TString getld ();
public void set Ohj ect (Onoj ectlnstance source);
public Val ue cal | Method (String met hodNane, Tci Paraneterlist tciPars);
}
Methods:
e get Omner Returns the component that owns the object instance.
e getld Returns the unique identifier of the object instance.
e setQbj ect The operation sets the referenced object to the same reference as the given
object.
e getField Gets the value of the referenced public field.
e call Method Cadlls amethod of the object instance.

Clause85.4.1 TCI-TL provided

The TciTLProvided interface is to be extended:

package org.etsi.ttcn.tci;
public interface Tci TLProvi ded {

public void tliObjCreateEnter(String am int ts, String src, int line, TriConponentld c,
Qual i fi edNanme cl assNanme, Obj ectlnstance obj, Tci ParaneterlList tciPars);
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public void tliObjCreatelLeave(String am int ts, String src, int line, TriConponentld c,
Qual i fi edNanme cl assNanme, Obj ectlnstance obj, Tci ParaneterlList tciPars);

public void tliObjFinallyEnter(String am int ts, String src, int line, TriConponentld c,
Qual i fi edNanme cl assNanme, Obj ectlnstance obj);

public void tliQbjFinallyLeave(String am int ts, String src, int line, TriConponentld c,
Qual i fi edName cl assNane, bjectlnstance obj);

public void tliCbjMthodEnter(String am int ts, String src, int line, TriConponentld c,
Qual i fi edName cl assNanme, Obj ectlnstance obj, String methodNare,
Tci Paranet erLi st tciPars);

public void tliCbj MethodLeave(String am int ts, String src, int line, TriConponentld c,
Qual i fi edName cl assNanme, Objectlnstance obj, String nmethodNare,
Tci Paranet erLi st tci Pars, Val ue returnVal ue);

public void tliQbjVar(String am int ts, String src, int line, TriConponentld c,
Qual i fi edName cl assNane, bjectlnstance obj, String nane, Val ue val ue);

public void tliObjGetEnter(String am int ts, String src, int line, TriConponentld c,
Qual i fi edName cl assNane, ojectlnstance obj, String propertyNane);

public void tliCbjCGetLeave(String am int ts, String src, int line, TriConponentld c,
Qual i fi edName cl assNane, bjectlnstance obj, String propertyName, Val ue returnVal ue);

public void tliQbjSetEnter(String am int ts, String src, int line, TriConponentld c,
Qual i fi edName cl assNane, ojectlnstance obj, String propertyNane, Value val ue);

public void tliCbjSetLeave(String am int ts, String src, int line, TriConmponentld c,

Qual i fi edName cl assNane, bjectl| nstance obj,

String propertyNane);

7.7

language mapping

Clause9.2 Data

Table 5 isto be extended.

Extensions to clause 9 of ETSI ES 201 873-6 ANSI C

TCI IDL Interface ANSI C representation Notes and
comments
Class

Value create(TriComponentldType ¢, [Val ue tci Obj Oreate(Type cl's, TriConmponentid c,

TciParameterListType tciPars) Tci Paramet er Li st Type tci Pars)

ClassSeq getSuperclasses () Type* tci Get Supercl asses (Type cls) Returns null
pointer or a
null-pointer
terminated array

TStringSeq getFieldNames () String* tciGetd assFi el dNanes (Type cls) Returns null

TStringSeq getMethodNames () String* tci Getd assMethodNanes (Type cls) pointer or a
null-pointer

terminated array

TciParameterTypeListType
getConstructorParmeters ()

Tci Par armet er TypelLi st Type*
tci Get O assConstructorParaneters (Type cls)

TciParameterTypeListType
getMethodParameters (TString
methodName)

Tci Par amet er TypelLi st Type*
tci Get O assMet hodPar aneters (Type cls,
net hodNane)

String

Type getMemberType (TString name)

Type tci Get O assFi el dType(Type cls, String nane)

Type getMethodReturnType (TString
methodName)

Type tci Get 0 assMet hodRet urnType (Type cls,
String nmet hodNane)

Objectinstance

TriComponentldType getOwner ()

Tri Conponent I d tci Get Obj Omer (Val ue obj)

TString getld ()

char * tci Get Obj Uni quel d (Val ue obj)

void setObject (Objectinstance source)

voi d tci Set Ovj ect (Val ue obj, Val ue source)

Value getField (TString fieldName) Val ue tci Get Gbj Field (Value obj, String
fi el dNane)
Value callMethod(TString Val ue tci Cal | Ooj Met hod( Val ue obj, String

methodName, TciParameterListType
tciPars)

nmet hodNane, Tci Par anet er Li st Type tci Pars)
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src, int line, TriConponentld c

Tci Par anet er Li st Type tci Pars);

void tli CbjCreatelLeave
(String am int ts, String

src, int line, TriConponentld c

Tci Par anet er Li st Type tci Pars);

void tliQojFinallyEnter
(String am int ts, String

void tliObjFinallyLeave
(String am int ts, String

voi d tli Qbj Met hodEnt er
(String am int ts, String

src, int line, TriConmponentld c

Src,

nt |ine, TriConponentld c

src, int line, TriConmponentld c

String nmet hodName, Tci Paramet erLi st Type tci Pars);

voi d tli Obj Met hodLeave
(String am int ts, String

String met hodName, Tci Paranet erLi st Type tci Pars, Val ue returnVal ue);

voi d tli ObjVar
(String am int ts, String
String nane, Val ue val ue);
void tliObjCGetEnter
(String am int ts, String
String propertyNane);
voi d tli Obj GetLeave
(String am int ts, String
String propertyNane, Val ue
voi d tli ObjSetEnter
(String am int ts, String
String propertyNanme, Value
void tli Cbj SetLeave
(String am int ts, String
String propertyNane);

Clause9.5 Data

Qual i fi edNanme cl assNanme, Val ue obj,

Qual i fi edNanme cl assNane, Val ue obj,

Qual i fi edName cl assNane, Val ue obj);
Qual i fi edNanme cl assNanme, Val ue obj);

Qual i fi edNanme cl assNane, Val ue obj,

src, int line, TriConmponentld c, QualifiedName cl assNanme, Val ue obj,

src, int line, TriConmponentld c, QualifiedNanme classNane, Val ue obj,

src, int line, TriConmponentld c

src, int line, TriConponentld c
returnVal ue);

src, int line, TriConponentld c
val ue);

src, int line, TriConponentld c

The definition of the TciTypeClassType in the table 7 is to be modified.

Qual i fi edName cl assNane, Val ue obj,

Qual i fi edNanme cl assNane, Val ue obj,

Qual i fi edNanme cl assNanme, Val ue obj,

Qual i fi edNanme cl assNane, Val ue obj,

TCI IDL ADT

ANSI C representation (Type definition)

Notes and comments

TciTypeClassType

typedef enum

TCl _ADDRESS TYPE =
TC _ANYTYPE_TYPE =
TG _BI TSTRI NG_TYPE

TCl _COVPONENT_TYPE = 6,
TCl _ENUVMERATED_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,
TCI_UNION_TYPE = 18,
TCl _UNI VERSAL_CHARSTRI NG TYPE = 20,
TCl _VERDI CT_TYPE = 21
TCl _DEFAULT_TYPE = 22,
TCl _PORT_TYPE = 23,
TCl _TI MER_TYPE = 24,
TCl _CLASS TYPE = 25

} Tci Typed assType;
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7.8 Extensions to clause 10 of ETSI ES 201 873-6 C++
language mapping
Clause 10.5.2.14  TciTypeClass

This clause is to be extended.
typedef enum

TCl _ADDRESS
TCl _ANYTYPE
TCl _BI TSTRING = 2,
TCl _BOOLEAN = 3,
TCl _CHARSTRI NG = 5,
TCl _COVPONENT = 6,
TCl _ENUVERATED = 7,
TCl _FLOAT = 8,
TCl _HEXSTRING = 9,
TCl _I NTEGER = 10,
TCl _OCTETSTRI NG = 12,
TCl _RECORD = 13,
TCl _RECORD OF = 14,
TCl _ARRAY = 15,
TCl _SET = 186,
TCl _SET_OF = 17,
TCl _UNI ON = 18,
TCl _UNI VERSAL_CHARSTRI NG = 20,
TCl _VERDI CT = 21
TCl _DEFAULT = 22,
TG _PORT = 23,
TCI _TIMER = 24
TCl _CLASS = 25
} Tci Typed ass;

0,
1,

Clause 10.5.3.23 Class
This clause isto be added.

TTCN-3 class support. It is mapped to the following pure virtual class:

class Tcidass : public virtual TciType {
publi c:
virtual ~Tcidass ();
virtual Qbjectlnstance * create(const TriConponentld & c, TciParaneterList & tciPars) =0;
virtual const std::vector<Tci Cass*> & get Supercl asses () const =0;
virtual const std::vector<Tstring*> & getFiel dNanes () const =0;
virtual const std::vector<Tstring*> & get Met hodNanes () const =0;
virtual const Tci Paraneter TypelLi st & get ConstructorParneters () const =0;
virtual const Tci Paraneter TypelLi st & get Met hodParaneters (Tstring nethodNane) const =0;
virtual const Tci Type & get Menber Type (const Tstring & nane) const =0;
virtual const Tci Type & get Met hodReturnVal ue (const Tstring & nane) const =0;
virtual Tbool ean operator== (const Tci O ass &p_cl ass) const =0;
virtual Tcidass * clone () const =0;
virtual Tbool ean operator< (const Tci O ass &p_content) const =0;

}
Methods:

~Tci d ass
Destructor

create
Calls the constructor to create a new instance of this class using the supplied parameters for the specified
component

get Super cl asses

Returns the superclasses of the current class
get Fi el dNanes

Returns the names of al public fields defined in the class
get Met hodNanes

Returns the names of all public methods of the class
get Construct or Parneters

Returns formal parameters of the class constructor
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get Met hodPar anet er s

Returns formal parameters of the specified public method
get Fi el dType
Returns the type of the specified public field
get Met hodRet ur nVal ue
Returns the return type of specified public method or the distinct value null if no return value is defined
oper at or ==
Returns true if both objects are equal
cl one

Return a copy of the matching mechanism
oper ator<

Operator < overload
Clause 10.5.3.24  Objectinstance
This clause is to be added.

TTCN-3 implication and exclusion matching mechanism support. It is mapped to the following pure virtual class:

class hjectlnstance : public virtual TciValue {
publi c:
virtual ~Qbjectlnstance ();
virtual const Tri Conponentld & getOaner () const =0;
virtual const TString getld () const =0;
virtual void set(bject (Objectlnstance & val) =0;
virtual TciValue * getField (const Tstring & fiel dNane) =0;
virtual Value call Method(const TString & nmethodNanme, Tci ParaneterlList & tciPars) =0;
virtual Tbool ean operator== (const Objectlnstance &_obj) const =0;
virtual Qbjectlnstance * clone () const =0;
virtual Tbool ean operator< (const Cbjectlnstance &_content) const =0;

}
M ethods:

~Cbj ect I nst ance
Destructor
get Omner
Returns the component that owns the object instance
getld
Returns the unique identifier of the object instance
set bj ect
The operation sets the referenced object
getField
Returns the value of the referenced public field
cal | Met hod
Calls amethod of the object instance
oper at or ==
Returnstrue if both objects are equal
cl one
Return a copy of the matching mechanism
oper ator<

Operator < overload
Clause10.5.325 ClassSeq
This clause isto be added.
The d assSeq abstract datatypeis mapped to st d: : vect or <Tci O ass*>.
Clause 10.6.4.1 TciTIProvided

This clause is to be extended.

//Called by TEto log the entering of a constructor

virtual void tliQbjCreateEnter (const Tstring &m const tinmeval ts, const Tstring &src, const
Tinteger line, const TriConponentld *c, const QualifiedName *cl assName, const Objectlnstance *obj,
const Tci Paranet erList *tciPars)=0;

//Called by TE to log the | eaving of a constructor

virtual void tliQbjCreateLeave (const Tstring &m const tinmeval ts, const Tstring &src, const
Tinteger line, const TriConmponentld *c, const QualifiedName *cl assNane, const bjectlnstance *obj,
const Tci ParameterList *tciPars)=0;
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//Called by TE to log the entering of a destructor

virtual void tliQbjFinallyEnter (const Tstring &m const tineval ts, const Tstring &src,
const Tinteger line, const TriConponentld *c, const QualifiedName *cl assNane,

const bj ectl nstance *obj ) =0;

//Called by TE to log the | eaving of a destructor

virtual void tliQbjFinallyLeave (const Tstring &m const tineval ts, const Tstring &src,
const Tinteger line, const TriConponentld *c, const QualifiedName *cl assNane,

const bj ect | nstance *obj ) =0;

//Called by TE to log the entering of an object nethod

virtual void tliObjMethodEnter (const Tstring &m const tineval ts, const Tstring &src,
const Tinteger line, const TriConponentld *c, const QualifiedName *cl assNane,

const (bj ectlnstance *obj, const Tstring &methodNanme, const Tci ParaneterlList *tci Pars)=0;

//Called by TE to log the | eaving of an object nethod

virtual void tliObj MethodLeave (const Tstring &m const tineval ts, const Tstring &src,
const Tinteger line, const TriConponentld *c, const QualifiedName *cl assNane,

const (bj ectlnstance *obj, const Tstring &methodNanme, const Tci Paraneterlist *tciPars,
const Tci Val ue *returnVal ue) =0;

//Called by TE to log the nodification of a nmenber variable of an object

virtual void tliQbjVar (const Tstring &m const tineval ts, const Tstring &src,
const Tinteger line, const TriConponentld *c, const QualifiedName *cl assNane,
const bj ectlnstance *obj, const Tstring &ane, const Tci Val ue *val ue) =0;

//Called by TEto log the entering of an object getter

virtual void tliQojGetEnter (const Tstring &m const tinmeval ts, const Tstring &src, const Tinteger
l'ine, const TriConponentld *c, const QualifiedName *cl assName, const Objectlnstance *obj,

const Tstring &propertyNane)=0;

//Called by TE to log the | eaving of an object getter

virtual void tliQbj GetLeave (const Tstring &m const tineval ts, const Tstring &src, const Tinteger
l'ine, const TriConponentld *c, const QualifiedName *cl assName, const Objectlnstance *obj,

const Tstring &propertyNanme, const Tci Val ue *returnVal ue)=0;

//Called by TE to log the entering of an object setter

virtual void tliQbjSetEnter (const Tstring &m const tineval ts, const Tstring &src, const Tinteger
line, const TriConponentld *c, const QualifiedNanme *cl assNane, const Objectlnstance *obj,

const Tstring &propertyNane, const Tci Val ue *val ue) =0;

//Called by TE to |l og the | eaving of an object setter

virtual void tliQbjSetEnter (const Tstring &m const tinmeval ts, const Tstring &src, const Tinteger
I'ine, const TriConponentld *c, const QualifiedName *cl assNanme, const Objectlnstance *obj,

const Tstring &propertyNane)=0;

7.9 Extensions to clause 11 of ETSI ES 201 873-6 W3C® XML
mapping
Clause 11.3.3.30  Objectinstance

bj ect | nst ance typeis mapped to the complex type specified below. The content of the XML elements based on
the Qbj ect | nst ance type shal be equal to the string produced by theval ueToSt ri ng operation (described in
clause7.2.2.2.1 of ETSI ES 201 873-6 [4]):

<xsd: conpl exType name="(bj ect | nst ance" >
<xsd: group ref="Val ues: BaseVal ue"/ >
<xsd:attributeGoup ref="Val ues: Val ueAtts"/>
</ xsd: conpl exType>

Items:
e  BaseVal ue Object instance content described in clause 11.3.3.1 of ETSI ES 201-873-6
. Val ueAtts Value attributes described in clause 11.3.3.1 of ETS| ES 201-873-6
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Clause11.4.2.1 TCI-TL provided

This clause is to be extended.

<xsd: conmpl exType name="tl|i Cbj CreateEnter">
<xsd: conpl exCont ent m xed="true">
<xsd: ext ensi on base="Events: Event">
<xsd: sequence>
<xsd: el ement nanme="cl assNanme" type="Types: QualifiedName" />
<xsd: el ement nanme="obj" type="Val ues: Obj ect | nstance" />
<xsd: el ement nanme="tci Pars" type="Types: Tci Paranet er Li st Type" m nCccurs="0"/>
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType name="t|i Cbj Cr eat eLeave" >
<xsd: conpl exCont ent m xed="true">
<xsd: ext ensi on base="Events: Event">
<xsd: sequence>
<xsd: el enent nane="cl assNanme" type="Types: QualifiedName" />
<xsd: el enent nane="obj" type="Val ues: Obj ect | nstance" [>
<xsd: el enent nane="tci Pars" type="Types: Tci Paranet er Li st Type" m nCccurs="0"/>
<xsd: el enent nane="returnVal ue" type="Val ues: Val ue" m nCccurs="0"/>
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType name="t|i Coj Fi nal | yEnter">
<xsd: conpl exCont ent m xed="true">
<xsd: ext ensi on base="Events: Event">
<xsd: sequence>
<xsd: el ement nanme="cl assNanme" type="Types: Qualifi edName" />
<xsd: el enent nane="obj" type="Val ues: Obj ect | nstance" [>
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType name="t|i Qbj Fi nal | yLeave" >
<xsd: conpl exCont ent m xed="true">
<xsd: ext ensi on base="Events: Event">
<xsd: sequence>
<xsd: el ement name="cl assNanme" type="Types: Qualifi edName" />
<xsd: el ement nanme="obj" type="Val ues: Obj ect | nstance" />
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType name="t|i Cbj Met hodEnt er" >
<xsd: conpl exCont ent mi xed="true">
<xsd: ext ensi on base="Events: Event">
<xsd: sequence>
<xsd: el enent nane="cl assNanme" type="Types: QualifiedName" />
<xsd: el enent nane="obj" type="Val ues: Obj ect | nstance" [>
<xsd: el ement name="net hodNanme" type="Si npl eTypes: TString" />
<xsd: el ement name="tci Pars" type="Types: Tci Paranet er Li st Type" m nCccurs="0"/>
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conmpl exType name="t|i Cbj Met hodLeave" >
<xsd: conpl exCont ent m xed="true">
<xsd: ext ensi on base="Events: Event">
<xsd: sequence>
<xsd: el enent nane="cl assNanme" type="Types: QualifiedName" />
<xsd: el enent nane="obj" type="Val ues: Obj ect | nstance" [>
<xsd: el enent nane="rnet hodNane" type="Si npl eTypes: TString" />
<xsd: el enent nane="tci Pars" type="Types: Tci Par anet er Li st Type" m nCccurs="0"/>
<xsd: el ement name="returnVal ue" type="Val ues: Val ue" m nCccurs="0"/>
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
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<xsd: conpl exType name="t|i Cbj Var" >
<xsd: conpl exCont ent m xed="true">

<xsd: ext ensi on base="
<xsd: sequence>
<xsd: el enent
<xsd: el enent
<xsd: el enent
<xsd: el enent
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

Events: Event ">

name="cl assNanme" type="Types: QualifiedName" />
name="obj " type="Val ues: Obj ect | nstance" [>
nane="nane" type="Si npl eTypes: TString" />
nane="val " type="Val ues: Val ue" m nCccurs="0"/>

xsd: conpl exType nanme="t|i Qbj Get Enter">
<xsd: conpl exCont ent m xed="true">

<xsd: ext ensi on base="
<xsd: sequence>
<xsd: el enent
<xsd: el enent
<xsd: el enent
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType name="t|i Cbj

Event s: Event ">

name="cl assName" type="Types: Qual i fi edName" />

name="obj " type="Val ues: Cbj ect | nstance" />

<xsd: conpl exCont ent m xed="true">
<xsd: ext ensi on base="Events: Event">

<xsd: sequence>
<xsd: el ement
<xsd: el enment
<xsd: el enent
<xsd: el enent
</ xsd: sequence>

</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

name="propertyNane" type="Si npl eTypes: TString" [>
Get Leave" >

nane="cl assNanme" type="Types: Qualifi edName" />
nane="obj" type="Val ues: Obj ect | nstance" />
name="propertyNane" type="Si npl eTypes: TString" [>

name="r et ur nVal ue" type="Val ues: Val ue" m nCccurs="0"/>

<xsd: conpl exType name="t|i Cbj Set Enter">
<xsd: conpl exCont ent m xed="true">

<xsd: ext ensi on base="

<xsd: sequence>
<xsd: el enent
<xsd: el ement
<xsd: el ement
<xsd: el enent
</ xsd: sequence>

</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

Event s: Event " >

nane="cl assNanme" type="Types: Qualifi edName" />

nane="obj" type="Val ues: Qbj ect|nstance" />

xsd: conpl exType name="t|i Cbj Set Leave" >
<xsd: conmpl exCont ent mi xed="true">

<xsd: ext ensi on base=

<xsd: sequence>
<xsd: el enent
<xsd: el enent
<xsd: el enent
</ xsd: sequence>

</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

Extensions to
mapping

Clause 12.4.2.4 TciTypeClassType

7.10

This clauseisto be extended.

name="propertyNane" type="Si npl eTypes: TString" [>
name="val ue" type="Val ues: Val ue" />
"Events: Event ">

name="cl assNane" type="Types: QualifiedName" [>
name="obj " type="Val ues: Cbj ect I nstance" />
name="propertyNane" type="Si npl eTypes: TString" />

clause 12 of ETSI ES 201 873-6 C# language
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Tci TypeCd assType ismapped to the following enumeration:

publ i c enum Tci Typed ass {
Address = 0,
Anytype = 1,
Bitstring = 2,
Bool eanType = 3,
Charstring = 5,
Conponent = 6,
Enunerated = 7,
Fl oat = 8,
Hexstring =
I nt eger Type
Cctetstring
Record = 13,
RecordOF = 14
Array = 15
Set = 16,
SetO>F = 17,
Uni on = 18,
Uni versal Charstring = 20,
Verdict = 21,

9,
= 10,
=12

Default = 22,
Port = 23,
Timer = 24,
Cass = 25
}
Clause12.4.7  Abstract class mapping

This clause isto be added.

TheIDL typed ass ismapped to the following interface:

/1 TC 1DL Type
package org.etsi.ttcn.tci;
public interface |ITci d ass :

| Tci Type {

| Tci Obj ectl nstance Create (I Tri Conponentld c, |TciParaneterlList tciPars);

| Tci d ass[] Supercl asses { get;
Fi el dNanes { get };
Met hodNames { get;

String[]
String[]

}

}

| Tci Par anet er TypeLi st ConstructorParneters { get; }
| Tci Par anet er TypeLi st Get Met hodPar aneters (String net hodNane);

| Tci Type
| Tci Type
}
Methods:
e (Create

® Supercl asses

® Fiel dNanes

e Met hodNanes

e ConstructorParneters
® Cet Met hodPar aneters
® CetFieldType

®  Get Met hodRet ur nType

Clause12.4.8  ClassSeq mapping
This clause isto be added.

Cet Fi el dType (String nane);
Get Met hodRet urnType (String net hodNane) ;

Calls the constructor to create a new instance of this class using the supplied
parameters for the specified component.

Returnsthe list of superclass of the current.

Returns the names of al public fields defined in the class.
Returns the names of al public methods of the class.
Returns formal parameters of the class constructor.
Returns formal parameters of the specified public method.
Returns the type of the specified public field.

Returns the return type of specified public method or the distinct value nul |
if no return value is defined.

The Cl assSeq abstract datatypeismappedto| Tci O ass[] .
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Clause12.4.4.16  Objectlnstance
This clause isto be added.

The IDL type Cbj ect | nst ance is mapped to the following interface:

public interface | Tci Objectlnstance : |Tci Val ue {
| Tci Conponent|ld Oaner { get; }
String Id { get; }
voi d Set Obj ect (| Tci Obj ect | nstance source);
| Tci Val ue GetField (String fiel dNane);
| Tci Val ue Cal | Method (String nethodNane, | Tci Paraneterlist tciPars);
}
Methods:
® Owner Returns the component that owns the object instance.
e Id Returns the unique identifier of the object instance.
e Set bj ect The operation sets the referenced object.
e CetField Returns the value of the referenced public field.
e Call Method Calls amethod of the object instance.

Clause 12.5.4.1 TCI-TL provided

The ITciTLProvided interface is to be extended:

public interface |Tci TLProvi ded {

void Tli Qbj CreateEnter(string am SystemDateTine ts, string src, int line,
| Tri Conponentld c, |QualifiedNane classNane, | Tci Objectl|nstance obj,
| Tci Par anmet er Li st tci Pars);
void Tli Qbj CreatelLeave(string am SystemDateTine ts, string src, int line,
| Tri Conponentld c, |QualifiedNane classNane, | Tci Objectlnstance obj,
| Tci ParaneterlList tciPars);
void TliObjFinallyEnter(string am SystemDateTinme ts, string src, int line,
| Tri Conponentld c, |QualifiedNane cl assNanme, | Tci Qbjectlnstance obj);
void Tli Qoj Finall yLeave(string am SystemDateTine ts, string src, int line,
| Tri Conponentld c, |QualifiedNane classNane, |Tci Objectlnstance obj);
voi d Tli Obj Met hodEnter (string am System DateTine ts, string src, int line,
| Tri Conponentld c, |QualifiedNane classNanme, | Tci Qbjectlnstance obj, string nmet hodNane,
| Tci ParaneterlList tciPars);
void Tli Qbj Met hodLeave(string am System DateTine ts, string src, int line,
| Tri Conponentld c, |QualifiedNane className, |Tci Qbjectlnstance obj, string nmet hodNane,
| Tci Paramet erLi st tci Pars, |Tci Val ue returnVal ue);
void TliObjVar (string am SystemDateTine ts, string src, int line,
| Tri Conponentld ¢, |QualifiedNanme className, | Tci Qbj ectlnstance obj, string nane,
| Tci Val ue val ue) ;
void TliObj GetEnter(string am SystemDateTime ts, string src, int |line,
| Tri Conponentld c, |QualifiedName cl assName, | Tci Qbj ectlnstance obj, string propertyNane);
void TliObj Get Leave(string am SystemDateTine ts, string src, int line,
| Tri Conponentld ¢, |QualifiedNane classNanme, | Tci Qbjectlnstance obj, string propertyNane,
| Tci Val ue returnVal ue);
void TliObjSetEnter(string am SystemDateTinme ts, string src, int |line,
| Tri Conponentld ¢, |QualifiedNane classNanme, | Tci Qbjectlnstance obj, string propertyNane,
| Tci Val ue val ue) ;
voi d TliObj Set Leave(string am SystemDateTinme ts, string src, int |line,
| Tri Conponentld c, |QualifiedName className, | Tci Qbj ectlnstance obj, string propertyNane);
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8 XTRI Extensions for the Package (optional)

8.1 Changes to clause 5.6.3 of ETSI ES 201 873-5
Miscellaneous operations

Clause5.6.3.4 triExternalCreate = xtriExternalCreate

Signature

Tri StatusType xtri External Creat e(
in Trid assldType cl assld,
i nout Tci ParaneterlistType paraneterlist,
out Tri Cbj Handl eType creat edhj ect)

In Parameters |cl assld identifier of the external class
Out Parameters |cr eat edbj ect handle to the created object
InOutParameters |par amet er Li st a list of enceded parameters for the indicated constructor. The parameters in
par anet er Li st are ordered as they appear in the TTCN-3 constructor
declaration.

Return Value

The return status of the xt ri Ext er nal Cr eat e 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 invokes a constructor specified in a class which is
defined as external in TTCN-3.

In the invocation of a t r i Ext er nal Cr eat e operation by the TE all in and inout constructor
parameters contain enrceded values. No error shall be indicated by the PA in case the value of any
out parameter is non-null.

Effect

The PA shall implement the behaviour for each external class specified in the TTCN-3 ATS. On
invocation of this operation, the PA shall invoke the constructor of a class indicated by the identifier
cl assl d. It shall access the specified in and inout constructor parameters in par anet er Li st ,
create a new external object instance 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 enceded values
for all inout and out constructor parameters and a handle to the created external object.

The xt ri Ext er nal Cr eat e operation returns TRI_OK if the PA completes the constructor of the
external class successfully, TRI_Error otherwise. In the latter case, the distinct value nul | shall be
returned as the object handle.

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

xtri Ext er nal Cr eat e operation is considered to be blocking. That means that the operation
shall not return before the construction of the external object has been finished. External
constructors have to be implemented carefully as they could cause deadlock of test component
execution or even the entire test system implementation.
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Clause5.6.3.6 triExternalMethod = xtriExternalMethod

Signature Tri StatusType xtri Ext ernal Met hod(

in Tri Obj Handl eType handl e,

in String nmet hodNane,

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

In Parameters handl e handle of the affected object; nul | for static methods
nmet hodNane name of the called method
Out Parameters |ret urnVal ue (optional) enceded return value
InOutParameters |par amet er Li st a list of enceded parameters for the indicated method. The parameters in
par anet er Li st are ordered as they appear in the TTCN-3 method
declaration.
Return Value The return status of the xt ri Ext er nal Met hod 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 invokes a method specified in a class which is defined as

external in TTCN-3.

In the invocation of a xt ri Ext er nal Met hod operation by the TE all in and inout parameters
contain enceded values. No error shall be indicated by the PA in case the value of any out
parameter is non-null.

Effect The PA shall implement the behaviour for each method of all external classes specified in the
TTCN-3 ATS. On invocation of this operation, the PA shall call a method net hodNane of an
external object whose handle is in the handl e parameter. It shall access the specified in and inout
method parameters in par anet er Li st , pass the values of these parameters to the called
method, and compute values for inout and out parameters in par anet er Li st . The operation shall
then return enceded values for all inout and out method parameters and the encoded return value.
If no return type has been defined for this method in the TTCN-3 ATS, the distinct value nul | shall
be used for the latter.

The xt ri Ext er nal Met hod operation returns TRI_OK if the PA completes the method of the
external object successfully, TRI_Error otherwise.

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

xtri Ext er nal Met hod operation is considered to be blocking. That means that the operation
shall not return before the method call has been finished. Methods of external classes have to be
implemented carefully as they could cause deadlock of test component execution or even the
entire test system implementation.

Clause5.6.3.7 triRaiseException - xtriRaiseException

Signature voi d xtri Rai seException(in Val ue exc)
In Parameters exc enceded exception to raise
Constraints This operation can be called by the PA during execution of t ri Ext er nal Functi on,
tri External Create, tri External Finally ortriExternal Met hod.
Effect The operation raises an exception that can be later processed by the TE in the cat ch statement.
| N . . orm. lina i : . | _

8.2 Extensions to clause 6 of ETSI ES 201 873-5 Java™
language mapping
Clause 6.5.3.1 Changesto TriPlatformPA

This clause is to be extended.

/1 TriPlatform

/1l TE -> PA

package org.etsi.ttcn.tri;

public interface xTri Pl atfornPA {

// Ref: TRI-Definition 5.6.3.4
public TriStatus triExternal Create(Trid assldType cl assld,
Tci Paramet er Li st paraneterlList, TriCbjHandl eWapper handl e);

/1l Ref: TRI-Definition 5.6.3.6
public TriStatus xtri External Met hod(Qbj ect handl e, String nethodNane,
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Tci Paramet er Li st paraneterlList, TciParameter returnVal ue);

}
Clause 6.5.3.1 Changesto TriPlatformPA

This clause is to be extended.

/1 TriPlatform

/Il PA ->TE

package org.etsi.ttcn.tri;

public interface xTriPlatfornlE {

// Ref: TRI-Definition 5.6.3.7
public void tri Rai seException(Val ue exc);

8.3 Extensions to clause 7 of ETSI ES 201 873-5 ANSI C
language mapping
Clause 7.2.4 TRI operation mapping

This clause is to be extended.

IDL Representation ANSI C Representation
Tri StatusType xtri External Create (in Tri Status xtri External Create
Tri d assl dType cl assld, inout (const Trid assld* classld,
Tci Par anet er Li st Type paraneterlList, out Tci Paranmet er Li st* paranet er Li st
Tri Obj Handl eType creat edObj ect) Tri Cbj ect Handl e* handl e)
Tri StatusType xtri External Met hod(in Tri Status xtri External Function
Tri Obj Handl eType handle, in String (Trid assld handl e, char* met hodNarne,
met hodNare, inout Tci ParameterlLi st Type Tci Paranmet er Li st* paraneterLi st,
par anet er Li st, out Tci Paraneter Type Tci Paranmet er* returnVal ue)
ret urnVal ue)
voi d xtri Rai seException(in Val ue exc) voi d xtri Rai seExcepti on(const Val ue* exc)

8.4 Extensions to clause 8 of ETSI ES 201 873-5 C++ language
mapping
Clause 8.6.3 TriPlatformPA

This clause is to be extended.

class xTriPlatfornPA {
publi c:

// For each constructor on an external class specified in the TTCN-3 ATS i npl enent the behavi our.
virtual TriStatus xtriExternal Create (const Trid assld *classld, TciParaneterList

*par anmet erLi st, Tri Qbj ect Handl e * handl e) =0;

// For each method on an external class specified in the TTCN-3 ATS i npl enent the behavi our.
virtual TriStatus xtriExternal Method (Tri Obj ect Handl e handl e, const Tstring & nethodNane,

Tci Par anet er Li st *paraneterList, TciParanmeter *returnVal ue)=0;

}
Clause 8.6.4 TriPlatformTE

This clause is to be extended.

class xTriPlatfornlE {
public:

/] Rai ses an exception during execution of external code in PA
virtual void xtri Rai seException (const Tci Val ue *exc) =0;
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8.5 Extensions to clause 9 of ETSI ES 201 873-5 C# language
mapping
Clause9.5.2.3 TriPlatformPA
This clause is to be extended.
public interface | XTri Pl atfornPA {
/1 M scel | aneous operations
/'l Ref: TRI-Definition clause 5.6.3.4
Tri Status XTri External Create(lTri G assld classld,
| Tci Par amet er Li st paraneterlList, out object handle);
/] Ref: TRI-Definition clause 5.6.3.6
Tri Status XTri Ext ernal Met hod(obj ect handl e, string methodNare,
| Tci Par anmet er Li st paraneterlList, |TciParanmeter returnVal ue);

}
Clause9.5.24 TriPlatformTE

This clauseisto be extended.

public interface | XTri Pl atfornTE {

/1 Ref: TRl Definition clause 5.6.3.7
voi d XTri Rai seException(| Tci Val ue exc);
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Annex A (normative):
BNF and static semantics

Al Extensions to TTCN-3 terminals

Thelist of reserved terminals which are keywordsin table A.3in ETSI ES 201 873-1 [1] needs to be extended with
class, finally, object and this. The extension of table A.3in ETSI ES 201 873-1 [1], clause A.1.5.0 is shown below.

action fail nobl ock sel ect
activate fal se none sel f
addr ess finally not send
alive f | oat not 4b sender
al | f or nowai t set
al t friend nul | setverdi ct
al tstep from si gnature
and function obj ect start
and4b octetstring stop
any getverdi ct of subset
anyt ype getcall om t super set
getreply on system
bitstring goto optiona
bool ean group or tenpl ate
br eak or4b test case
hal t out this
case hexstring override ti meout
call timer
catch i f par am to
char i fpresent pass trigger
charstring i mport pattern true
check in permut ati on type
cl ass i nconc port
cl ear infinity pr esent uni on
conpl ement i nout private uni ver sal
conponent i nt eger procedure unnap
connect interl eave public
const val ue
continue kill rai se val ueof
control killed read var
create receive vari ant
| abel record verdi cttype
deactivate | anguage
decnmat ch I ength recursive whi | e
def aul t | og rem with
di sconnect r epeat
di spl ay map reply xor
do mat ch return xor 4b
done nmessage runni ng
m xed runs
el se nod
encode nodi fi es
enuner at ed nmodul e
error nmodul epar
except ntc
exception
execut e
ext ends
ext ensi on
ext erna
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A.2  Modified TTCN-3 syntax BNF productions

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

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

BNF changes in clause A.1.6.1.1 Type definitions

12. StructuredTypeDef ::= RecordDef |
Uni onDef |
Set Def |
Recor dOf Def |
Set Of Def |
EnunDef |
Por t Def |
Conponent Def |
MapDef |
d assDef

BNF Changes in clause A.1.6.1.3 Template Definitions

100. Fi el dSpec ::= (_ Fiel dReference | Functionlnstance ) AssignnentChar (Tenpl ateBody | M nus)

BNF changes in clause A.1.6.1.4 Function definitions

161. FunctionDef ::= FunctionKeyword [ DeterministicMdifier | Control Modifier ]
IdentifierOrControl "(" [ FunctionFornal ParList ] ")"
[ RunsOnSpec ] [ McSpec ] [ SystenSpec ] [ ReturnType ] [ ExceptionSpec ]
St at erent Bl ock

172. StatenentBl ock ::= BasicStatenmentBl ock [ CatchBlocks ] [ FinallyBlock ]

179. FunctionRef ::=1[ ( ldentifier | Cbjectlnstance ) Dot ]
( ldentifier | PreDefFunctionldentifier | Control Keyword )

BNF changes in clause A.1.6.1.7 Altstep definitions

195. AltstepDef ::= AltstepKeyword [ Control Modifier ] [ InterleaveKeyword ]
Identifier "(" [ FunctionFormal ParList ] ")"
[ RunsOnSpec ] [ McSpec ] [ SystentBpec ] [ ExceptionSpec ]
"{" AltstepLocal DefList AtCGuardList "}" [ CatchBlocks ] [ FinallyBlock ]

BNF changes in clause A.1.6.1.10 External function definitions

247. ExtFunctionDef ::= ExtKeyword Functi onKeyword [ DetermnistichMdifier | Control Mdifier ]
Identifier "(" [ FunctionFornal ParList ] ")"
[ ReturnType ] [ ExceptionSpec ]

BNF changes in clause A.1.6.3.1 Variable instantiation

259. Singl eVarlnstance ::= [PropertyMdifier] Identifier [ArrayDef]
[ Assi gnnment Char Expressi on] [ PropertyBody]
/* STATI C PropertyBody shall only be present if PropertyMdifier is also present */
262. Si ngl eTenpVar | nstance ::= [PropertyMdifier] Identifier [ArrayDef]
[ Assi gnnment Char Tenpl at eBody] [ PropertyBody]
/* STATIC PropertyBody shall only be present if PropertyMdifier is also present */
263. ValueRef ::= [ ThisOp Dot Identifier [ExtendedFiel dReference]

BNF changes in clause A.1.6.4.1 Component Operations

269. CreateQp ::= Type Dot CreateKeyword [Actual ParlLi st
[AliveKeyword |
Ext er nal Keyword Act ual ParLi st]
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BNF changes in clause A.1.6.5 Type

405. PredefinedType ::= BitStringkeyword |
Bool eankKeyword |

Char Stri

ngKeyword |

Uni versal CharString |
I nt eger Keyword |

Cctet Str

i ngKeyword |

HexSt ri ngKkeyword |
Ver di ct TypeKeyword |
Fl oat Keyword |

Addr essKeyword |

Def aul t Keyword |
AnyTypeKeyword |

Ti mer Keyword |

Qbj ect Keywor d

BNF changes in clause A.1.6.6 Value

Final draft ETSI ES 203 790 V1.4.1 (2022-02)

437. ReferencedValue ::= ( ( Extendedldentifier Thi sOp ) [ Ext endedFi el dRef erence] )
| ReferencedEnunval ue

BNF changes in clause A.1.6.8.2

Behaviour statements

492. Behavi our Statenents ::= Testcasel nstance |

BNF changes in clause A.1.6.8.3

562. RelOp ::= "<" | ">" | ">="

Functi onl nst ance |

Ret ur nSt at enent |

Al t Construct |

I nterl eavedConstruct |
Label St at enent |

Got oSt at enent |

Repeat St at enent |
Deacti vat eSt at ement |
Al t st epl nstance |
ActivateQp |

Br eakSt at enent |

Conti nueSt atenent |
Rai seExcepti onSt at enent

Basic statements

A.3  Additional TTCN-3 syntax BNF productions

This clause includes all additional BNF productions that needed to define the syntax introduced by this package. All
rules start with the digits "033". The numbering of other rules start with number 033001.

Additional BNF rules related to clause A.1.6.1.1 Type definitions

033001. C assDef ::=[ ExtKeyword ] O assKeyword [ Final Modifier | AbstractMdifier | TraitMdifier
Identifier [ ExtendsKeyword Cl assTypeList ] [ RunsOnSpec ] [ McSpec ]

[ SystenBpec ]
"{" O assMenberList "}"

[ FinallyKeyword BasicStat enent Bl ock ]

033002. C assKeyword ::= "cl ass"

033003. ThisQp ::= "this"

033004. SuperQp ::= "super"

033005. Final Modifier ::="@inal"

033006. AbstractMdifier ::= "@bstract"

033007. FinallyKeyword ::= "finally"

033008. (bj ect Keyword ::= "object”

033008a. O assType ::= ReferencedType | ObjectKeyword

/* STATI C SEMANTI CS — ReferencedType shall evaluate to a class. */
033009. C assMenberList ::={ ClassMenber [ WthStatenment ] [ Semi Colon ] }
033010. ClassMenber ::=[ MenberVisibility ]

( Varlnstance |
Ti mer | nst ance |
Cl assConst Def |
Cl assTenpl at eDef |
G assFuncti onDef |
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Const ruct or Def |
Cl assDef )
"public" | "private"
[ ExtKeyword ] Functi onKeyword
[ Final Modifier | AbstractMddifier ] [ DetermnisticMdifier ]
Identifier "(" [ FunctionFormal ParList ] ")" [ ReturnType ]
[ StatenentBl ock ]
033013. ConstructorDef ::= CreateKeyword
"(" FunctionFormal ParList ")"
[ External Keyword " (" FunctionFormal ParList ")" ]
[ ":" ReferencedType Actual ParlList ]
[ StatenentBl ock ]
[ * STATI C SEMANTI CS — ReferencedType shall evaluate to a class. */

033011. MenberVisibility ::
033012. d assFuncti onDef

033013a. O assConstDef ::= Const Keyword Type C assConst Li st

033013al. O assConstlList ::= SingleC assConstDef {"," SingleCd assConst Def}

033013a2. SingleC assConstDef ::= Identifier [ArrayDef] [ Assignment Char Constant Expression ]
033013b. Cl assTenpl at eDef ::= Tenpl at eKeyword [ Tenpl at eRestri cti on]

[ FuzzyModi fier [DeterministicMdifier]]

BaseTenpl ate [DerivedDef] [ Assignnent Char BaseTenpl at eBody ]
"@rait"
O assType { "," OassType }

033014. TraitModifier
003015. O assTypeli st

Additional BNF rules related to clause A.1.6.1.4 Function definitions

033016. BasicStatementBl ock ::= "{" [ FunctionDefList ] [ FunctionStatenentList ] "}"

033017. CatchBl ocks ::= CatchBlock { CatchBlock }

033018. CatchBl ock ::= CatchOpKeyword "(" Type ldentifier ")" BasicStatementBl ock

033019. FinallyBlock ::= Finall yKeyword Basi cSt at ement Bl ock

033020. Objectlinstance ::= ( ThisOp | ValueRef | Functionlnstance ) [ ExtendedFi el dRef erence ]

Additional BNF related to clause A.1.6.3.1 Variable Instantiation

033021. PropertyModifier ::= "@roperty"

033022. PropertyBody ::= "{" ( PropertyGetterDef [PropertySetterDef] |
PropertySetterDef [PropertyGetterDef] ) "}"

033023. PropertyGetterDef ::= ["public"| "private"]

[AbstractModifier | Final Modifier] [DetermnistichMdifier]
"@et" [ "=>" TenplateBody | StatenentBlock ] [";"]

033024. PropertySetterDef ::= ["public"| "private"]
[Abstract Modifier | Final Modifier] [DeterninisticMdifier]
"@et" [ "=>" Assignnment | StatementBlock ] [";"]

Additional BNF rules related to clause A.1.6.8.2 Behaviour statements

033025. Rai seExceptionStatenment ::= Rai seKeyword Tenpl at el nst ance
/* STATI C SEMANTI CS - The Tenpl atel nstance shall evaluate to an explicit value. */
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Annex B (normative):
Standard Collections

B.1 The TTCN3_standard _collections module

B.1.0 General

The classes and external functions defined in this module provide users with the following commonly used data
structures.

nodul e TTCN3_st andard_col | ections {

function instanceEqual (obj ect el ementl, object el enment2) return bool ean {

return elementl == el enent 2
public external function createlLinkedList(in equal sFunctionType equal sFunction := instanceEqual)
return LinkedLi st;
public external function createQeue(in equal sFunctionType equal sFunction := instanceEqual)

return Queue;
public external function createPriorityQueue(in conparatorFunctionType conparator Functi on)
return PriorityQueue;
public external function createStack(in equal sFunctionType equal sFunction := instanceEqual)
return Stack;
public external function createRingBuffer(in integer maxSize) return RingBuffer;
public external function createHashMap(in hashFunctionType hashFuncti on,

i n equal sFuncti onType equal sFunction) return HashMap;
public external function createSet(in equal sFuncti onType equal sFuncti on : = i nstanceEqual)
return Set;

public type class @bstract Exception {
}

type class @bstract Iterator {
function @bstract hasNext() return bool ean;
function @bstract next() return object;
}
type class @bstract Collection {
function size() return integer;
function contains(object elenent) exception Exception return bool ean;
function @bstract iterator() return Iterator;
}
type class @bstract List extends Collection {
public function @bstract add(object el enment) exception Exception;
public function @bstract renove(object el ement) exception Exception return bool ean;
public function @bstract get(integer index) exception Exception return object;

public type class @bstract LinkedList extends List {
public function @bstract getFirst() exception Exception return object;
public function @bstract getlLast() exception Exception return object;
public function @bstract renoveFirst() exception Exception return object;
public function @bstract renpvelLast() exception Exception return object;
public function @bstract addFirst(object el enment) exception Exception;
public function @bstract addlLast (object el enment) exception Exception;

public type class @bstract Queue extends Col |l ection {
public function @bstract add(object el ement) exception Exception;
public function @bstract renove() exception Exception return object;

public type function conparatorFunctionType(in object elenmentl, in object elenent?2)
exception Exception return integer;
public type class @bstract PriorityQueue extends Qeue {

public type class @bstract Stack extends Coll ection {
public function @bstract push(object elenment) exception Exception;
public function @bstract pop() exception Exception return object;

}

public type class @bstract R ngBuffer extends Collection {
public function @bstract put(object el enent) exception Exception;
public function @bstract get() exception Exception return object;
public function @bstract capacity() return integer;
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}

public type function hashFuncti onType(in object el enment) exception Exception return integer;
public type function equal sFuncti onType(in object elenmentl, in object elenment2) exception Exception
return bool ean;

public type class @bstract HashMap {
public function @bstract put(object keyEl ement, object val ueEl enment) exception Exception;
public function @bstract get(object keyEl enent) exception Exception return object;
public function @bstract containsKey(object keyEl enent) exception Exception return bool ean;
public function @bstract renove(object keyEl ement) exception Exception return object;
public function @bstract keySet() return Set;
public function @bstract values() return List;
public function @bstract size() return integer;

public type class @bstract Set extends Collection {
public function @bstract add(object el ement) exception Exception return bool ean;
public function @bstract renove(object elenent) exception Exception;

}
}

B.1.1 The Collection class

The abstract Collection class represents a data structure that is a collection of elements. It is used as a base class of more
specific collection data structures like lists and sets.

External function and class methods:

. size
Returns the number of elements stored in the LinkedList.

. cont ai ns
Returns the value true if the given element is contained at least once in the collection.

. iterator
Returns an Iterator object for iterating over the elements of the collection.

B.1.2 The List class

The abstract List class represents alist of elements where each contained element has an index (starting from 0).
External function and class methods:

. add
Adds the given element to thelist.

o renove
Triesto remove one instance of the provided element from the List.
Returnstrueif an element was removed, false if no elements were removed.
Note that a List might contain the same element several times, in which case only one instance will be
removed.

. get
Getsthe element at the given index from the ligt, if theindex inin therange (0 .. size()-1).

B.1.3 The LinkedList class

The abstract LinkedL ist class represents a double linked data structure for storing objects.
A new Instance can be created viathe external function createl inkedList. It is derived from the abstract List class.

External function and class methods:

. creat eLi nkedLi st
Factory function for creating a new LinkedList instance.
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get First
Returns the first element of the LinkedList if it is not empty.
Raises an exception if the LinkedList is empty.

get Last
Returns the last element of the LinkedList if it is not empty.
Raises an exception if the LinkedList is empty.

renovelast
Removes and returns the last element of the LinkedList if it is not empty.
Raises an exception if the LinkedList is empty.

addFi r st
Adds anew element as the first element of the LinkedList if thisis possible.
Raises an exception in case of error, for example: running out of memory.

addLast
Adds a new element as the last element of the LinkedList if thisis possible.
Raises an exception in case of error, for example: running out of memory.

iterator
Returns an iterator over the elements of this LinkedList.
The elements are iterated from first to last.

size
Returns the number of elements stored in the LinkedList.

B.1.4 The Queue class

The abstract Queue class represents a queue data structure for storing objects. This data structure uses a First In First
Out semantics, meaning that the element added first will also be the element removed first. It is derived from the
abstract class Collection.

A new Instance can be created via the external function createQueue.

External function and class methods:

creat eQueue
Factory function for creating a new Queue instance.

add
Adds an element to the end of the Queue if thisis possible.
Raises an exception in case of error, for example: running out of memory.

renove
Removes and returns the first element of the Queue if it is not empty.
Raises an exception if the Queue is empty.

si ze
Returns the number of elements stored in the Queue.

B.1.5 The PriorityQueue class

The abstract PriorityQueue class represents a priority queue data structure for storing objects. This data structure stores
its elements ordered according to the comparator function. This data structure does not alow null elements.
A new Instance can be created via the external function createPriorityQueue. It is derived from the class Queue.

External function and class methods:

createPriorityQueue
Factory function for creating a new PriorityQueue instance.

conpar at or Funct i onType
Used to compare the 2 provided elements for their ordering.
Returns a negative integer if the elementl is less than element2.
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Returns O if the element1 is equivalent to element?2.

Return a positive integer if element1 is greater than element2.

Functions of this type can also raise an exception, for example if the object received as one of their actual
parametersis not of the expected class.

. add
Adds an element to the PriorityQueue if thisis possible. The element will be added before all elements that are
greater than the element and after al elements that are smaller than or equal to the element. Thereby itis
ensured that always the smallest element first added to the queue is at the head of the queue.
Raises an exception in case of error, for example: running out of memory or adding anull object.

. renove
Removes and returns the head element of the PriorityQueueif it is not empty. The head element has the lowest
priority among the elements of the PriorityQueue.
Raises an exception if the PriorityQueue is empty.

. si ze
Returns the number of elements stored in the PriorityQueue.

B.1.6 The Stack class

The abstract Stack class represents a stack data structure for storing objects. This data structure usesa Last In First Out
semantics, meaning that the element added last will also be the element removed first.
A new Instance can be created via the external function createStack.

External function and class methods:

. creat eSt ack
Factory function for creating a new Stack instance.

. push
Pushes an element onto the Stack if thisis possible.
Raises an exception in case of error, for example: running out of memory.

. pop
Removes and returns the element inserted last from the Stack if it is not empty.
Raises an exception if the Stack is empty.

. size
Returns the number of elements stored in the Stack.

B.1.7 The RingBuffer class

The abstract RingBuffer class represents a ringbuffer data structure for storing objects. This data structure uses a First In
First Out semantics, with afixed size limit. This means that the element added first will also be the element removed
first. Aninstance of this collection can only accept elements to the maximum amount it is created for.

A new Instance can be created via the external function createRingBuffer.

External function and class methods:

. creat eRi ngBuffer
Factory function for creating a new RingBuffer instance, with the provided maximum size.

. put
Adds an element to the end of the RingBuffer if thisis possible.
Raises an exception in case of error, for example: reaching the maximum allowed size of the buffer.

. get
Removes and returns the first element of the RingBuffer if it is not empty.
Raises an exception if the RingBuffer is empty.

. si ze
Returns the number of elements stored in the RingBuffer.
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capacity
Returns the maximum capacity of the RingBuffer.

B.1.8 The HashMap class

The abstract HashM ap class represents a hashmap data structure for storing key-value pairs of objects. This collection
can be indexed with the keyElement part of the pair, to receive the valueElement of the pair.
Note that each key has to be unique according to the given equalsFunction.

A new Instance can be created via the external function createHashM ap.
The hash value of the keyElement object can be calculated using the provided hashFunctionType function and the
equality of two given keyElements can be determined using the provided equalsFunctionType function.

External function and class methods:

cr eat eHashMvap

Factory function for creating a new HashMap instance, that will use the provided hashFunction for calculating
the hash values of the key element objects and an equal sFunction for determining the equality of keys. The
two functions need to fulfil the property that for all pairs of objects 01, 02, if equalsFunction(o1,02) istrue
then also hashFunction(ol)==hashFunction(02) istrue.

hashFuncti onType

A behaviour type allowing the user of the collection to provide their implementation for calculating the hash
value of their key element objects.

Functions of thistype will be called with akey element object as their only parameter and shall return an
integer value that represents the hash value of the object.

Functions of this type can also raise an exception, for example if the object received as their actual parameter
is not of the expected class.

equal sFuncti onType

A behaviour type alowing the user of the collection to provide their implementation with an equality relation
between key objects insofar that different object instances of the same content can be seen as equal which
allows to ensure the uniqueness property for the keys as there can be no two different key instances k1, k2
where equalsFunction(k1.k2) istrue.

put

Adds anew keyElement - valueElement pair to the HashMap.

If the HashMap aready contains a pair with the same keyEL ement, the old pair is removed before inserting the
new pair.

Raises an exception in case of error, for example: running out of memory.

get

Returns the valueElement part of a keyElement - valueElement pair in the HashMap, if such a pair with the
provided keyElement object existsin the HashMap.

Raises an exception if the HashMap has no keyElement - valueElement pair with the provided keyElement.

cont ai nsKey

Returnstrue if the HashMap contains a keyElement - valueElement pair with the provided keyElement, false
otherwise.

Raises an exception in case of error, for example the hashFunction raised an exception.

renove

Removes a keyElement - valueElement and returns the valueElement part of a keyElement - valueElement pair
in the HashMap, if such a pair with the provided keyElement object exists in the HashMap.

Raises an exception in case of error, for example the hashFunction raised an exception.

keyset
Returns a Set object containing a set of the keyElements of all the keyElement - valueElement pairsin the
HashMap.

val ues
ReturnsaList object containing the valueElement objects of al the keyElement - valueElement pairsin the
HashMap.
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. si ze

Returns the number of pairs stored in the HashMap.

B.1.9 The Set class

The abstract Set class represents a set data structure for storing objects. This data structure is unordered and contains
unigue elements.
A new Instance can be created via the external function createSet.

External function and class methods:

. cr eat eSet
Factory function for creating a new Set instance. It may be passed an equal sFunction to determine equality and
ensure uniqueness of the contained set elements. Per default, instance equality is used.

. add
Adds an element to the Set if thisis possible.
Returns true if the element could be added, returnsfalse if the element was already present in the set and so
was not added (to ensure uniqueness).
Raises an exception in case of error, for example: running out of memory.

. renove
Removes the provided element from the Set if it is present in the set.
Returnstrue if the element was located in the Set, fal se otherwise.
Subclasses might raise an exception.

. cont ai ns
Returnstrueif the Set contains the element, false otherwise.
Subclasses might raise an exception.

. iterator
Returns an iterator over the e ements of this Set.
The elements are not iterated in any particular order.

. size
Returns the number of elements stored in the Set.

B.1.10 The Exception class

The abstract Exception class represents a generic exception that can be raised by standard collections.

Note that later the list of raised exception can be updated with more specific exceptions.

B.1.11 The lterator class

The abstract Iterator class represents an iterator over a collection. An instance of the Iterator class allows to iterate over
the elements of a collection.

Class methods:

. hasNext
Returnstrue if theiterated collection still has elements not yet visited by the iterator.

° next

Returns the next element in the collection and steps the iterator for the upcoming collection.
Raises an exception if the collection has no more elements not yet visited.
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