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Intellectual Property Rights

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

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

Foreword

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

The present document is part 1 of a multi-part deliverable covering the Testing and Test Control Notation yersion 3, as
identified below:

Part1: "TTCN-3 Core Language";

Part2:  "TTCN-3 Tabular presentation Format (TFT)";
Part3:  "TTCN-3 Graphical presentation Format (GFT)";
Part4:  "TTCN-3 Operational Semantics";

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

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

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

Part8:  "The IDL to TTCN-3 Mapping";

Part9:  "Using XML with TTCN-3";

Part 10: "TTCN-3 Documentation Comment Specification".
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1 Scope

The present document defines the Core Language of TTCN-3. TTCN-3 can be used for the specification of all types of
reactive system tests over a variety of communication ports. Typical areas of application are protocol testing (including
mobile and Internet protocols), service testing (including supplementary services), module testing, testing of CORBA
based platforms, APIs, etc. TTCN-3 is not restricted to conformance testing and can be used for many other kinds of
testing including interoperability, robustness, regression, system and integration testing. The specification of test suites
for physical layer protocols is outside the scope of the present document.

TTCN-3 is intended to be used for the specification of test suites which are independent of test methods, layers and
protocols. Various presentation formats are defined for TTCN-3 such as a tabular presentation format

(ES 201 873-2 [i.1]) and a graphical presentation format (ES 201 873-3 [i.2]). The specification of these formats is
outside the scope of the present document.

While the design of TTCN-3 has taken the eventual implementation of TTCN-3 translators and compilers into
consideration the means of realization of Executable Test Suites (ETS) from Abstract Test Suites (ATS) is outside the
scope of the present document.

2 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
reference document (including any amendments) applies.

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

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

2.1 Normative references

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

[1] 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".

[2] ISO/IEC 10646: "Information technology - Universal Multiple-Octet Coded Character Set (UCS)".

[3] ITU-T Recommendation X.292 Series X: "Data Networks and Open System Communications;

Open Systems Interconnection - Conformance testing; OSI conformance testing methodology and
framework for protocol Recommendations for ITU-T applications - The Tree and Tabular
Combined Notation (TTCN)".

NOTE: The corresponding ISO/IEC standard is ISO/IEC 9646-3: "Information technology - Open Systems
Interconnection - Conformance testing methodology and framework - Part 3: The Tree and Tabular
Combined Notation (TTCN)".

[4] ITU-T Recommendation T.50: "Terminal Equipment and Protocols for Telematic Services;
International Reference Alphabet (IRA) (Formerly International Alphabet No. 5 or IA5); Lavigne 12/11/12 14:28
Information technology - 7-Bit coded character set for information interchange". | Formatiert: Schriftfarbe: Automatisch )

NOTE: The corresponding ISO/IEC standard is ISO/IEC 646: "Information technology - ISO 7-bit coded
character set for information interchange".

ETSI
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ITU-T Recommendation X.290: "Data Networks and Open System Communications; Open
Systems Interconnection - Conformance testing; OSI conformance testing methodology and
framework for protocol Recommendations for ITU-T applications - General concepts".

The corresponding ISO/IEC standard is ISO/IEC 9646-1: "Information technology - Open Systems
Interconnection -Conformance testing methodology and framework; Part 1: General concepts".

IEEE 754: "IEEE Standard for Floating-Point Arithmetic".

Informative references

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]

[i.2]

[i.3]

[i4]

[i.5]

[i.6]

[1.7]

[1.8]

[i.9]
[i.10]

[i.11]

[i.12]

[i.13]

[i.14]

ETSI ES 201 873-2: "Methods for Testing and Specification (MTS); The Testing and Test Control
Notation version 3; Part 2: TTCN-3 Tabular presentation Format (TFT)".

ETSI ES 201 873-3: "Methods for Testing and Specification (MTS); The Testing and Test Control
Notation version 3; Part 3: TTCN-3 Graphical presentation Format (GFT)".

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)".

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)".

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".

ETSIES 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".

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

ETSIES 201 873-10: "Methods for Testing and Specification (MTS); The Testing and Test
Control Notation version 3; Part 10: TTCN-3 Documentation Comment Specification".

Void.

Object Management Group (OMG) (2001): "The Common Object Request Broker: Architecture
and Specification - IDL Syntax and Semantics". Version 2.6, FORMAL/01-12-01.

ETSI ES 202 781: "Methods for Testing and Specification (MTS); The Testing and Test Control
Notation version 3; TTCN-3 Language Extensions: Configuration and Deployment Support".

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

ETSI ES 202 785: "Methods for Testing and Specification (MTS); The Testing and Test Control
Notation version 3; TTCN-3 Language Extensions: Behaviour Types".

ETSI ES 202 782: "Methods for Testing and Specification (MTS); The Testing and Test Control
Notation version 3; TTCN-3 Language Extensions: TTCN-3 Performance and Real Time Testing".
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3 Definitions and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions given in ITU-T Recommendation X.290 [5],
ITU-T Recommendation X.292 [3] and the following apply:

actual parameter: value, expression, template or name reference (identifier) to be passed as parameter to the invoked
entity (function, test case, altstep, etc.) as defined at the place of invoking

basic types: set of predefined TTCN-3 types described in clauses 6.1.0 and 6.1.1 of the present document
NOTE: Basic types are referenced by their names.
communication port: abstract mechanism facilitating communication between test components

NOTE: A communication port is modelled as a FIFO queue in the receiving direction. Ports can be
message-based or procedure-based.

compatible type: TTCN-3 is not strongly typed but the language does require type compatibility
NOTE: Variables, constants, templates, etc. have compatible types if conditions in clause 6.3 are met.
completely initialized: values and templates of simple types are completely initialized if they are partially initialized

NOTE: Values and templates of structured types and arrays are completely initialized if all their fields and
elements are completely initialized. In case of record of, set of, and array values and templates, this means
at least the first n elements are initialized, where n is the minimal length imposed by the type length
restriction or array definition (thus in case of n equals 0, the value "{}" also completely initializes a
record of, a set of or an array).

data types: common name for simple basic types, basic string types, structured types, the special data type anytype and
all user defined types based on them (see table 3 of the present document)

defined types (defined TTCN-3 types): set of all predefined TTCN-3 types (basic types, all structured types, the type
anytype, the address, port and component types and the default type) and all user-defined types declared either in the
module or imported from other TTCN-3 modules

dynamic parameterization: form of parameterization, in which actual parameters are dependent on run-time events;
e.g. the value of the actual parameter is a value received during run-time or depends on a received value by a logical
relation

exception: in cases of procedure-based communication, an exception (if defined) is raised by an answering entity if it
cannot answer a remote procedure call with the normal expected response

formal parameter: typed name or typed template reference (identifier) not resolved at the time of the definition of an
entity (function, test case, altstep, etc.) but at the time of invoking it

NOTE: Actual values or templates (or their names) to be used at the place of formal parameters are passed from
the place of invoking the entity (see also the definition of actual parameter).

global visibility: attribute of an entity (module parameter, constant, template, etc.) that its identifier can be referenced
anywhere within the module where it is defined including all functions, test cases and altsteps defined within the same
module and the control part of that module

Implementation Conformance Statement (ICS): See ITU-T Recommendation X.290 [5].
Implementation eXtra Information for Testing (IXIT): See ITU-T Recommendation X.290 [5].

Implementation Under Test (IUT): See ITU-T Recommendation X.290 [5].
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in parameterization: kind of parameterization where the value of the actual parameter (the argument) is bound to the
formal parameter when the parameterized object is invoked, but the value of the formal parameter is not passed back to
the actual parameter when the invoked object completes

NOTE 1: The arguments are evaluated before the parameterized object is entered.

NOTE 2: Only the values of the arguments are passed and changes to the arguments within the invoked object have
no effect on the arguments as seen by the invoking object.

inout parameterization: kind of parameterization where the actual parameter is bound to the formal parameter when
the parameterized object is invoked

NOTE 1: The invoked object uses the actual parameter directly, so that all changes made on the formal parameter
become immediately effective on the actual parameter.

NOTE 2: Inout parameters can be used for functions, altsteps, and test cases only.

known types: set of all TTCN-3 predefined types, types defined in a TTCN-3 module and types imported into that
module from other TTCN-3 modules or from non-TTCN-3 modules

left hand side (of assignment): value or template variable identifier or a field name of a structured type value or
template variable (including array index if any), which stands left to an assignment symbol (:=)

NOTE: A constant, module parameter, timer, structured type field name or a template header (including template
type, name and formal parameter list) standing left of an assignment symbol (:=) in declarations and or a
modified template definitions are out of the scope of this definition as not being part of an assignment.

local visibility: attribute of an entity (constant, variable, etc.) that its identifier can be referenced only within the
function, test case or altstep where it is defined

Main Test Component (MTC): See ITU-T Recommendation X.292 [3].

out parameterization: kind of parameterization where the value of the actual parameter (the argument) is not bound to
the formal parameter when the parameterized object is invoked, but the value of the formal parameter is passed back to
the actual parameter when the invoked object completes

NOTE 1: Out parameters can be used for functions, altsteps, and test cases only.
NOTE 2: An out formal parameter is uninitialized (unbound) when the invoked object is entered.

NOTE 3: The value is passed back to the actual parameter only if within the invoked object a value is assigned to it.
If no value is assigned, the actual parameter remains unchanged when the invoked object completes.

Parallel Test Component (PTC): See ITU-T Recommendation X.292 [3].

partially initialized: values are partially initialized if a concrete value has been assigned to it or to at least one of its
fields or elements

NOTE 1: A template variable is initialized if a matching mechanism has been assigned to it or to at least one of its
fields or elements, directly or indirectly via expansion (see clause 15.6). A template is initialized if a
matching mechanism has been assigned to it, directly or indirectly via expansion (see clause 15.6).

NOTE 2: Thus, constants and templates are always initialized at declaration. Variables (both value and template)
are initialized if they, or at least one of their fields or elements has been used on the left hand side of an
assignment (including initial value assignment at declaration). except when they were uninitialized before
the assignment and the right hand side does not change any of its field or element. Module parameters are
initialized either at declaration or by the test system before test execution.

port parameterization: ability to pass a port as an actual parameter into a parameterized object via a port parameter

NOTE: This actual port parameter is added to the specification of that object and may complete it.
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qualified name: TTCN-3 elements can be identified unambiguously by qualified names

NOTE: For modules, the qualified name is the <module name>. For global definitions such as testcases,
functions, etc., the qualified name is <module name>.<definition name>. For control, the qualified name
is <module name>.control. For local definitions, such as variables, local templates, etc. within a global
definition, the qualified name is <module name>.<global definition name>.<local definition name>.

right hand side (of assignment): expression, template reference or signature parameter identifier which stands right to
an assignment symbol (:=)

NOTE: Expressions and template references standing right of an assignment symbol (:=) in constant, module
parameter, timer, template or modified template declarations are out of the scope of this definition as not
being part of an assignment.

root type: root types of types derived from TTCN-3 basic types are the respective basic types

NOTE 1: The root type of user defined record types is record, the root type of user defined record of and array
types is record of, the root type of user defined set types is set, the root type of user defined set of
types is set of. The root type of user defined union types is union and the root type of anytypes is
anytype. The root types of special configuration types are default or component, respectively.
Port types do not have a root type.

NOTE 2: As address is more a predefined type name than a distinct type with its own properties, the root type of
an address type and all of its derivatives are the same, as the root type was, if the type was defined
with a name different from address.

static parameterization: form of parameterization, in which actual parameters are independent of run-time events;
i.e. known at compile time or in case of module parameters are known by the start of the test suite execution

NOTE 1: A static parameter is to be known from the test suite specification, (including imported definitions), or the
test system is aware of its value before execution time.

NOTE 2: All types are known at compile time, i.e. are statically bound.
strong typing: strict enforcement of type compatibility by type name equivalence with no exceptions
System Under Test (SUT): See ITU-T Recommendation X.290 [5].

template: TTCN-3 templates are specific data structures for testing; used to either transmit a set of distinct values or to
check whether a set of received values matches the template specification

template parameterization: ability to pass a template as an actual parameter into a parameterized object via a template
parameter

NOTE 1: This actual template parameter is added to the specification of that object and may complete it.
NOTE 2: Values passed to template formal parameters are considered to be in-line templates (see clause 15.4).

test behaviour: (or behaviour) test case or a function started on a test component when executing an execute or a
start component statement and all functions and altsteps called recursively

NOTE: During a test case execution each test component has its own behaviour and hence several test behaviours
may run concurrently in the test system (i.e. a test case can be seen as a collection of test behaviours).

test case: See ITU-T Recommendation X.290 [5].
test case error: See ITU-T Recommendation X.290 [5].

test suite: set of TTCN-3 modules that contains a completely defined set of test cases, optionally supplemented with
one or more TTCN-3 control parts

test system: See ITU-T Recommendation X.290 [5].

test system interface: test component that provides a mapping of the ports available in the (abstract) TTCN-3 test
system to those offered by the SUT
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timer parameterization: ability to pass a timer as an actual parameter into a parameterized object via a timer
parameter

NOTE: This actual timer parameter is added to the specification of that object and may complete it.

type compatibility: language feature that allows to use values, expressions or templates of a given type as actual values
of another type (e.g. at assignments, as actual parameters at calling a function, referencing a template, etc. or as a return
value of a function)

tvpe context: "In the context of a type" means that at least one object involved in the given TTCN-3 action (an
assignment, operation, parameter passing etc.) identifies a concrete type unambiguously Lavigne 12/11/12 14:28

Geloscht: unqualified name:

NOTE: Either directly (e.g. an in-line template) or by means of a typed TTCN-3 object (e.g. via a constant,
variable, formal parameter etc.).

unqualified name: unqualified name of a TTCN-3 element is its name without any qualification
user-defined type: type that is defined by subtyping of a basic type or declaring a structured type
NOTE: User-defined types are referenced by their identifiers (names).
value notation: notation by which an identifier is associated with a given value or range of a particular type
NOTE: Values may be constants or variables.

value parameterization: ability to pass a value as an actual parameter into a parameterized object via a value
parameter

NOTE: This actual value parameter is added to the specification of that object and may complete it.

3.2 Abbreviations

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

API Application Programming Interface
ASP Abstract Service Primitive

NOTE: See ITU-T Recommendation X.290 [5].

ATS Abstract Test Suite

BER Basic Encoding Rules

BMP Basic Multilingual Plane

BNF Backus-Nauer Form

CORBA Common Object Request Broker Architecture
ETS Executable Test Suite

FIFO First In First Out

GFT Graphical presentation Format

1CS Implementation Conformance Statement

IDL Interface Definition Language

IRV International Reference Version

IUT Implementation Under Test

IXIT Implementation eXtra Information for Testing
MTC Main Test Component

PDU Protocol Data Unit

NOTE: See ITU-T Recommendation X.290 [5].

PTC Parallel Test Component

SDL Specification and Description Language
SUT System Under Test

TCI TTCN-3 Control Interfaces

TFT Tabular presentation Format

TRI TTCN-3 Runtime Interfaces

TSI Test System Interface
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TTCN-3 Testing and Test Control Notation version 3
Uucs-4 Universal Coded Character Set
UTF-8 Unicode Transformation Format-8
XML eXtensible Markup Language
4 Introduction

TTCN-3 is a flexible and powerful language applicable to the specification of all types of reactive system tests over a
variety of communication interfaces. Typical areas of application are protocol testing (including mobile and Internet
protocols), service testing (including supplementary services), module testing, testing of CORBA based platforms, API
testing, 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.

TTCN-3 includes the following essential characteristics:
. the ability to specify dynamic concurrent testing configurations;
. operations for procedure-based and message-based communication;
. the ability to specify encoding information and other attributes (including user extensibility);
. the ability to specify data and signature templates with powerful matching mechanisms;
. value parameterization;
d the assignment and handling of test verdicts;
. test suite parameterization and test case selection mechanisms;
. combined use of TTCN-3 with other languages;
. well-defined syntax, interchange format and static semantics;
. different presentation formats (e.g. tabular and graphical presentation formats);
d a precise execution algorithm (operational semantics).

NOTE: The present document uses the following pattern of concept description: concepts, principles and
mechanisms are explained in (introductory) text at the beginning of a clause. For every concept having
concrete syntax, the syntactical structure of that concept is presented afterwards. The syntactical structure
follows the conventions for the TTCN-3 syntax description in clause A.1.1 and uses rules of the TTCN-3
BNF given in clause A.1. A semantic description follows the syntactic structure. The restrictions on the
concept are listed subsequently. Finally, examples on the usage of the concept are given.

In case of a contradiction between the body of the present document (clauses 5 to 27) and annex A of the present
document, annex A has the priority.

4.1 The core language and presentation formats

The TTCN-3 specification is separated into several parts (see figure 1).

The first part, defined in the present document, is the core language.

The second part, defined in ES 201 873-2 [i.1], is the tabular presentation format.
The third part, defined in ES 201 873-3 [i.2], is the graphical presentation format.
The fourth part, ES 201 873-4 [1], contains the operational semantics of the language.
The fifth part, ES 201 873-5 [i.3], defines the TTCN-3 Runtime Interface (TRI).

The sixth part, ES 201 873-6 [i.4], defines the TTCN-3 Control Interfaces (TCI).
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The seventh part, ES 201 873-7 [1.5], specifies the use of ASN.1 definitions with TTCN-3.
The eight part, ES 201 873-8 [i.6], specifies the use of IDL definitions with TTCN-3.

The ninth part, ES 201 873-9 [i.7] specifies the use of XML definitions with TTCN-3.
The tenth part, ES 201 873-10 [i.8] specifies documentation tags for TTCN-3.

The core language serves three purposes:

a)  as a generalized text-based test language in its own right; Lavigne 12/11/12 14:28
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b)  asa standardized interchange format of TTCN-3 test suites between TTCN-3 tools;

c)  asthe semantic basis (and where relevant, the syntactical basis) for various presentation formats.

The core language may be used independently of the presentation formats. However, neither the tabular format nor the
graphical format can be used without the core language. Use and implementation of these presentation formats shall be
done on the basis of the core language.

The tabular format and the graphical format are the first in an anticipated set of different presentation formats. These
other formats may be standardized presentation formats or they may be proprietary presentation formats defined by
TTCN-3 users themselves. These additional formats are not defined in the present document.

TTCN-3 may optionally be used with TTCN-3 packages, which define additional concepts for specific purposes.

TTCN-3 may optionally be used with other type-value notations in which case definitions in other languages may be
used as an alternative data type and value syntax. Other parts of the TTCN-3 standard specify use of some other
| languages with TTCN-3. The support of other languages is not limited to those specified in the ES 201 873 series of
documents but to support languages for which combined use with TTCN-3 is defined, rules given in the present Lavigne 12/11/12 14:28
document shall apply. Formatiert: Schriftfarbe: Automatisch
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Figure 1: User's view of the core language, its packages and the various presentation
formats

The core language is defined by a complete syntax (see annex A) and operational semantics (ES 201 873-4 [1]). It

contains minimal static semantics (provided in the body of the present document and in annex A) which do not restrict
the use of the language due to some underlying application domain or methodology.
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4.2 Unanimity of the specification

The language is specified syntactically and semantically in terms of a textual description in the body of the present «

document (clauses 5 to 27) and in a formalized way in annex A. In each case, when the textual description is not Lavigne 12/11/12 14:28

exhaustive, the formal description completes it. If the textual and the formal specifications are contradictory, the latter Formatiert: Absatze nicht trennen, Zeilen
shall take precedence. nicht trennen

Unknown
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4.3  Conformance e .
For an implementation claiming to conform to this version of the language, all features specified in the present Feldfunktion gedndert

document shall be implemented consistently with the requirements given in the present document and in
ES 201 873-4 [1].

5 Basic language elements

The top-level unit of TTCN-3 is a module. A module cannot be structured into sub-modules. A module can import
definitions from other modules. Modules can have module parameters to allow test suite parameterization.

A module consists of a definitions part and a control part. The definitions part of a module defines test components,
communication ports, data types, constants, test data templates, functions, signatures for procedure calls at ports, test
cases, etc.

The control part of a module calls the test cases and controls their execution. The control part may also declare (local)
variables, etc. Program statements (such as i f-else and do-while) can be used to specify the selection and
execution order of individual test cases. The concept of global variables is not supported in TTCN-3.

TTCN-3 has a number of pre-defined basic data types as well as structured types such as records, sets, unions,
enumerated types and arrays.

A special kind of data structure called a template provides parameterization and matching mechanisms for specifying
test data to be sent or received over the test ports. The operations on these ports provide both message-based and
procedure-based communication capabilities. Procedure calls may be used for testing implementations which are not
message based.

Dynamic test behaviour is expressed as test cases. TTCN-3 program statements include powerful behaviour description
mechanisms such as alternative reception of communication and timer events, interleaving and default behaviour. Test
verdict assignment and logging mechanisms are also supported.

Finally, TTCN-3 language elements may be assigned attributes such as encoding information and display attributes. It is
also possible to specify (non-standardized) user-defined attributes.

The TTCN-3 language elements are summarized in table 1.
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Table 1: Overview of TTCN-3 language elements

Language element Associated |Specified in|Specified in|Specified in|Specified in
keyword module module functions/ test
definitions control altsteps/ | component
test cases type
TTCN-3 module definition module
Import of definitions from other module  |import Yes
Grouping of definitions group Yes
Data type definitions type Yes
Communication port definitions port Yes
Test component definitions component Yes
Signature definitions signature Yes
External function definitions external Yes
Constant definitions const Yes Yes Yes Yes
Data/signature template definitions template Yes Yes Yes Yes
Function definitions function Yes
Altstep definitions altstep Yes
Test case definitions testcase Yes
Value variable declarations var Yes Yes Yes
Template variable declarations var template Yes Yes Yes
Timer declarations timer Yes Yes Yes

NOTE:

The notions "definition" and "declaration" of variables, constants, types and other language elements are
used interchangeably throughout the present document. The distinction between both notions is useful only
for implementation purposes, as it is the case in programming languages like C and C++. On the level of
TTCN-3, the notions have equal meaning.

5.1

Identifiers and keywords

TTCN-3 identifiers are case sensitive. TTCN-3 keywords shall be written in all lowercase letters (see annex A).
TTCN-3 keywords shall neither be used as identifiers of TTCN-3 objects nor as identifiers of objects imported from
modules of other languages. The same rules apply to names of predefined TTCN-3 functions (see annex C).

5.2 Scope rules

TTCN-3 provides nine basic units of scope:

a)  module definitions part;
b)  control part of a module;
c)  component types;

d)  functions;

e)  altsteps;

f) test cases;

2)  statement blocks;

h)  templates;

1) user defined named types.
NOTE 1:
NOTE 2:

NOTE 3:

Additional scoping rule for groups is given in clause 8.2.2.

Additional scoping rule for counters of £or loops is given in clause 19.4.

in another statement block or within compound statements, e.g. as body of a while loop.
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NOTE 4: Built in TTCN-3 types like integer, charstring, anytype, etc. are not scope units, but all named
user defined types are scope units, independent of their kinds.

Each unit of scope consists of (optional) declarations. The scope units: control part of a module, functions, test cases,
altsteps and statement blocks may additionally specify some form of behaviour by using the TTCN-3 program
statements and operations (see clause 18). Lavigne 12/11/12 14:28
Formatiert: Schriftfarbe: Automatisch

Definitions made in the module definitions part but outside of other scope units are globally visible, i.e. may be used
elsewhere in the module, including all functions, test cases and altsteps defined within the module and the control part.
Identifiers imported from other modules are also globally visible throughout the importing module.

Definitions made in the module control part have local visibility, i.e. can be used within the control part only.

Definitions made in a test component type may be used in a component type extending this component type definition,
and in functions, test cases and altsteps referencing that component type or a compatible test component type (see

clause 6.3.3) by a runs on clause. Lavigne 12/11/12 14:28
Geldscht: -

Test cases, altsteps and functions are individual scope units without any hierarchical relation between them,

i.e. declarations made at the beginning of their body have local visibility and shall only be used in the given test case,
altstep or function (e.g. a declaration made in a test case is not visible in a function called by the test case or in an
altstep used by the test case).

Stand-alone statement blocks and statements within compound statements, like e.g. if-else, while, do-while, or
alt statements may be used within the control part of a module, test cases, altsteps, functions, or may be embedded in
other statement blocks or compound statements, e.g. an i f-else statement that is used within a while loop.

Statement blocks and embedded statement blocks have a hierarchical relation both to the scope unit including the given
statement block and to any embedded statement block. Declarations made within a statement block have local visibility.

The hierarchy of scope units is shown in figure 2. Declarations of a scope unit at a higher hierarchical level are visible
in all units at lower levels within the same branch of the hierarchy. Declarations of a scope unit in a lower level of
hierarchy are not visible to those units at a higher hierarchical level.
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Figure 2: Hierarchy of scope units

EXAMPLE 1:  Local scopes

module MyModule
{ H
const integer MyConst := 0; // MyConst is visible to MyBehaviourA and MyBehaviourB

function MyBehaviourA()
{ .

const integer A := 1; // The constant A is only visible to MyBehaviourA
}
function MyBehaviourB ()
{ H

const integer B := 1; // The constant B is only visible to MyBehaviourB
}

EXAMPLE 2:  Component type scopes

type component MyComponentType {
const integer MyConst := 1;

type component MyExtendedComponentType extends MyComponentType {
var integer MyVar:= 2 * MyConst; // using MyConst of MyComponentType

ETSI



25 ETSI ES 201 873-1 V4.4.1 (2012-04)

5.21 Scope of formal parameters

The scope of formal parameters in a parameterized object (e.g. in a function definition) shall be restricted to the
definition in which the parameters appear and to the lower levels of scope in the same scope hierarchy. That is they
follow the scope rules for local definitions (see clause 5.2).

5.2.2 Uniqueness of identifiers

TTCN-3 requires uniqueness of identifiers, i.e. all identifiers in the same scope hierarchy shall be distinctive. This <
means that a declaration in a lower level of scope shall not re-use the same identifier as a declaration in a higher level of Lavigne 12/11/12 14:28
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The identifier of a module (its module name) or of an imported module belongs to the scope unit of the module and
cannot be used as identifier for other definitions inside this module. Identifiers for fields of structured types, gnumerated

values and groups do not have to be globally unique, however in the case of enumerated values the identifiers shall only Lavigne 12/11/12 14:28
be reused for gnumerated values within other enumerated types. The rules of identifier uniqueness shall also apply to
identifiers of formal parameters.
EXAMPLE 1:  Nested scopes
Lavigne 12/11/12 14:28
Todu]'.e MyModule Geldscht: enumeration

const integer A := 1;

function MyBehaviourA()
{ H
const integer A := 1; // Is NOT allowed: clash with global constant A
if (..)

{

const boolean A := true; // Is NOT allowed: clash with local constant A

}

EXAMPLE 2:  Independent scopes

// The following IS allowed as the constants are not declared in the same scope hierarchy

// (assuming there is no declaration of A in module header)

function MyBehaviourA ()

{ H
const integer A := 1;
}
function MyBehaviourB ()

{ H
const integer A := 1;
}

EXAMPLE 3:  Module scopes

module MyModuleB {
import from MyModuleA { .. }

function MyFunction() {
var integer MyModuleB:= 1; // Is NOT allowed: class with module name

}

type boolean MyModuleA; // Is NOT allowed: class with imported module name
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Ordering of language elements

Generally, the order in which declarations can be made is arbitrary. Inside a statement block, such as a function body or
a branch of an i f-else statement, all declarations (if any), shall be made at the beginning of the statement block only.

EXAMPLE:

// This is a legal mixing of TTCN-3 declarations

var MyVarType MyVar2
const integer MyConst:

3;
1;

if (MyVar2+MyConst > 10)

{

var integer MyVarl:= 1;

MyVarl:= MyVarl + 10;

| Declarations in the module definitions part and in a component type definition may be made in any order. However
inside the module control part, test case definitions, functions, altsteps, and statement blocks, all required declarations
must be given beforehand. This means in particular, local variables, local timers, and local constants shall never be used
before they are declared. The only exceptions to this rule are labels. Forward references to a label may be used in goto
statements before the label occurs (see clause 19.8).

54

Parameterization

TTCN-3 allows to parameterize modules, templates, functions, altsteps and testcases. Values, templates, timers, and
ports may be used as actual parameters. A summary of which language elements can be parameterized and what can be
passed to them as parameters is given in table 2.

NOTE: Type parameterization for TTCN-3 is defined in the optional package [i.12].
Table 2: Overview of parameterizable TTCN-3 objects
| Keyword Allowed kind of Allowed form of Allowed types in formal parameter lists
Parameterization Parameterization
module Value parameterization Static at start of run-time |all basic types, all user-defined types and address
type.
template Value and template Dynamic at run-time  |all basic types, all user-defined types, address type
parameterization and template.
function Value, template, port and Dynamic at run-time  |all basic types, all user-defined types, address
timer parameterization type, component type, port type, default,
template and timer.
altstep Value, template, port and Dynamic at run-time  |all basic types, all user-defined types, address
timer parameterization type, component type, port type, default,
template and timer.
testcase Value, template, port and Dynamic at run-time  |all basic types and of all user-defined types,
timer parameterization address type and template.
NOTE: Signatures are not shown in the table, because a signature declares parameters only. The templates for the
signatures can be parameterized, however.

5.4.1

Formal parameters

TTCN-3 modules, structured types, templates, functions, altsteps, and testcases may be defined incompletely, i.e. some
entities (variables, templates, ports, timers, etc.) used by the above objects may not be resolved in the definition of the
object. These objects are called parameterized objects. Formal entities replacing the unresolved entities in the
parameterized object's definition are called formal parameters.

Formal parameters of parameterized templates, functions, altsteps, and testcases are defined in formal parameter lists.
Formal parameters of modules are defined in module parameter definitions (see clause 8.2.1).
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Formal parameters shall be in, inout or out parameters (see definitions in clause 3.1). If not stated otherwise, a

formal parameter is an in parameter. For all these three sorts of parameter passing, the formal parameters can both be
read and set (i.e. get new values being assigned) within the parameterized object. Formal parameters can be used Gelbscht: 3.1

directly as actual parameters for other parameterized objects, e.g. as actual parameters in function invocations or as

actual parameters in template instances.

Formal in parameters may have default values. This default value is used when no actual parameter is provided.

NOTE: Although out parameters can be read within the parameterized object, they do not inherit the value of
their actual parameter; i.e. they should be set before they are read.

5411 Formal parameters of kind value
Values of all basic types, all user-defined types, address type, component type, and default can be passed as value
parameters.
Syntactical Structure
[ (in | inout | out ) ] Type ValueParIdentifier [ ":=" ( Expression | "-" ) ]

Semantic Description

Value formal parameters can be used within the parameterized object the same way as values, for example in
expressions.

Value formal parameters may be in, inout or out parameters. The default for value formal parameters is in
parameterization which may optionally be denoted by the keyword in. Using of inout or out kind of parameterization
shall be specified by the keywords inout or out respectively.

In parameters may have a default value, which is given by an expression assigned to the parameter. Formal parameters
of modified templates may inherit the default values from the corresponding parameters of their parent templates; this
shall explicitly be denoted by using a dash (don't change) symbol at the place of the modified template parameters'
default value.

TTCN-3 supports value parameterization according to the following rules:

. the language element module allows static value parameterization to support test suite parameters, i.e. this
parameterization may or may not be resolvable at compile-time but shall be resolved by the commencement of
run-time (i.e. static at run-time). This means that, at run-time, module parameter values are globally visible but

not changeable (see more details in clause 8.2); Lavigne 12/11/12 14:28
. the language elements template, testcase, altstep and function support dynamic value Geldscht: 5.2

parameterization (i.e. this parameterization shall be resolved at run-time).

NOTE: Component and default references are also handled as value parameters. In the case of component
references, the corresponding component type is the type of the formal parameter. In the case of default
references the TTCN-3 type default is the type of the formal parameter.

Restrictions

a Language elements which cannot be parameterized are: const, var, timer, control, record of, =«

set of, enumerated, port, component and subtype definitions, group and import. Lavigne 12/11/12 14:28
Formatiert: B1, Keine Aufzéhlungen oder
b)  Formal value parameters of templates, and of altsteps activated as defaults (see clause 20.5.2) shall always be Nummerierungen

in parameters.
c)  Restrictions on module parameters are given in clause 8.2.
d)  Default values can be provided for in parameters only. Geldscht: §.2.
¢)  The expression of the default value has to be compatible with the type of the parameter. The expression shall

not refer to elements of the component type of the optional runs on clause. The expression shall not refer to

other parameters of the same parameter list. The expression shall not contain the invocation of functions with a
runs on clause.
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f)  Default values of component type formal parameters shall be one of the special values null, mtc, self,
or system.

) Default values of default type formal parameters shall be the special value null.

{r

h)  The dash (don't change) symbol shall be used with formal parameters of modified templates only (see also
clause 15.5).

i For formal value parameters of templates the restrictions specified in clause 15 shall apply.
Examples

EXAMPLE 1: In, out and inout formal parameters

function MyFunctionl (in boolean MyReferenceParameter) { .. };
// MyReferenceParameter is an in value parameter. The parameter can be read. It can also be set
// within the function, however, the assignment is local to the function only

function MyFunction2 (inout boolean MyReferenceParameter){ .. };
// MyReferenceParameter is an inout value parameter. The parameter can be read and set
// within the function - the assignment is not local

function MyFunction3 (out template boolean MyReferenceParameter){ .. };
// MyReferenceParameter is an out value parameter. The parameter can be set within the function,
// the assignment is not local. It can also be read, but only after it has been set.

EXAMPLE 2:  Reading and setting parameters

type record MyMessage {
integer f1,
integer f2

}

function f MyMessage (integer p_int) return MyMessage {
var integer f1, f2;
f1 := £ mult2 (p_int);
// parameter p int is passed on; as the parameter of the called function f mult2 is
// defined as an inout parameter, it passes back the changed value for p_int,
f2 := p_int;
return {fl, f2};

}

function f mult2 (inout integer p integer) return integer {
p_integer := 2 * p integer;
// the value of the formal parameter is changed; this new value is passed back when
// f_mult2 completes
return p_integer-1

}
testcase tc_01 () runs on MTC_PT ({

Pl.send (f_ MyMessage(5))
// the value sent is { fl1 := 9 , f2 := 10 }

EXAMPLE 3:  Function with default value for parameter

function f comp (in integer p_intl, in integer p int2 := 3) return integer {
var integer v := p intl + p_int2;
return v;

}

function f () {
var integer w;

w := f_comp(1l); // same as calling f_comp(1,3);
f comp(1,2); // value 2 is taken for parameter p_int2 and not its default value 3
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EXAMPLE 4:  Direct passing of formal parameters to functions
function f MyFunc2 (in bitstring p refParl, inout integer p refPar2) return integer {

}

function f MyFuncl (inout bitstring p refParl, out integer p refPar2) return integer {

return f MyFunc2 (p_refParl, p_refPar2);
}

// p_refParl and p_refPar2 can be passed directly to a function invocation

54.1.2 Formal parameters of kind template
Template kind parameters are used to pass templates into parameterizable objects.

Syntactical Structure

[ in | inout | out ] template [ Restriction ] Type ValueParIdentifier
[ ":=" ( TemplateInstance | "-" ) ]

Semantic Description
Templates parameters can be defined for templates, functions, altsteps, and test cases.

To enable a parameterized object to accept templates or matching symbols as actual parameters, the extra keyword
template shall be added before the type field of the corresponding formal parameter. This makes the parameter a
template parameter and in effect extends the allowed actual parameters for the associated type to include the appropriate
set of matching attributes (see annex B) as well as the normal set of values.

Formal template parameters can be used within the parameterized object the same way as templates and template
variables.

Formal template parameters may be in, inout or out parameters. The default for formal template parameters is in
parameterization.

In parameters may have a default template, which is given by a template instance assigned to the parameter. Formal
template parameters of modified templates may inherit their default templates from the corresponding parameters of
their parent templates; this shall explicitly be denoted by using a dash (don't change) symbol at the place of the
modified template parameter's default template.

Formal template parameters can be restricted to accept actual parameters containing a restricted set of matching
mechanisms only. Such limitations can be expressed by the restrictions omit, present, and value. The restriction
template (omit) can be replaced by the shorthand notation omit. The meaning of the restrictions is explained in
clause 15.8.

Restrictions

a)  Only function, testcase, altstep and template definitions may have formal template parameters.

b)  Formal template parameters of templates, of functions started as test component behaviour
(see clause 21.3.2) and of altsteps activated as defaults (see clause 20.5.2) shall always be in parameters.

c Default templates can be provided for in parameters only.

d)  The default template instance has to be compatible with the type of the parameter. The template instance shall
not refer to elements of the component type in a runs on clause. The template instance shall not refer to other
parameters in the same parameter list. The template instance shall not contain the invocation of functions with
aruns on clause.

¢)  Default templates of component type formal parameters shall be built from the special values null, mtc,
self, or system.

) Restrictions specified in clause 15 shall apply.

2)  The dash (don't change) symbol shall be used with formal parameters of modified templates only (see also
clause 15.5),,
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Examples

EXAMPLE 1: Template with template parameter

// The template
template MyMessageType MyTemplate (template integer MyFormalParam) :=
{ fieldl := MyFormalParam,

field2 pattern "abc*xyz",

field3 := true

}

// could be used as follows

pcol.receive (MyTemplate (?));

// Or as follows

pcol.receive (MyTemplate (omit)); // provided that fieldl is declared in MyMessageType as optional

EXAMPLE 2:  Function with template parameter

function MyBehaviour (template MyMsgType MyFormalParameter)
runs on MyComponentType
{ .

pcol.receive (MyFormalParameter) ;
}

EXAMPLE 3:  Template with restricted parameter

// The template
template MyMessageType MyTemplatel (template ( omit ) integer MyFormalParam) :=
{ fieldl := MyFormalParam,

field2 pattern "abc*xyz",

field3 := true

}

// could be used as follows

pcol.send (MyTemplatel (omit)) ;

// but not as follows

pcol.receive (MyTemplatel (?)); // AnyValue is not within the restriction

// the same template can be written shorter as
template MyMessageType MyTemplate2 (omit integer MyFormalParam) :=
{ fieldl := MyFormalParam,

field2 pattern "abc*xyz",
field3 := true
}
54.1.3 Formal parameters of kind timer

Functions and altsteps can be parameterized with timers.
Syntactical Structure

[ inout ] timer TimerParIdentifier
Semantic Description

Timers passed into a parameterized object are known inside the behaviour definition of that object. Timer parameters
can be used within the parameterized object like any other timer, i.e. they need not to be declared inside the
parameterized object.

Timer parameters shall preserve their current state, i.e. only the timer is made known within the parameterized object.
For example, also a started timer continues to run, i.e. it is not stopped implicitly. Thereby, possible timeout events can
be handled inside the function or altstep to which the timer is passed.

Formal timer parameters are identified by the keyword timer.
Restrictions

a)  Formal timer parameters shall be inout parameters, which can optionally be indicated by the keyword inout. Lavigne 12/11/12 14:28

Formatiert: B1, Keine Aufzéhlungen oder
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b)  Only function - with the exception of functions started as test component behaviour (see clause 21.3.2) -
and altstep definitions may have formal timer parameters.
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Examples
// Function definition with a timer in the formal parameter list
function MyBehaviour (timer MyTimer)
{ H
MyTimer.start;
}
// could be used as follows
function MyBehaviour2 ()
{ H
timer t;
MyBehaviour (t) ;

5414 Formal parameters of kind port
Functions and altsteps can be parameterized with ports.
Syntactical Structure

[ inout ] PortTypeIdentifier PortParIdentifier
Semantic Description

Ports passed into a parameterized object are known inside the behaviour definition of that object. Port parameters can be
used within the parameterized object like any other port, i.e. they need not to be made visible by a runs on clause.

Ports passed in as parameters shall preserve their current state, only the port is made known within the parameterized
object's body. For example, a started port continues to send/receive messages, i.e. it is not stopped implicitly; thereby,
possible port events can be handled inside the function or altstep to which the port is passed to.

Restrictions
a Formal port parameters shall be inout parameters, which can optionally be indicated by the keyword inout. b Lavigne 12/11/12 14:28
b Only function - with the exception of functions started as test component behaviour (see clause 21.3.2) - E?Jrr?;telfig:n?ngegeme Aufzahlungen oder

and altstep definitions may have formal port parameters.

Examples

// Altstep definition with a port in the formal parameter list
altstep MyBehaviour (MyPortType MyPort)

{ H
[] MyPort.receive { setverdict(fail); stop; }

542 Actual parameters

Values, templates, timers and/or ports can be passed into parameterized TTCN-3 objects as actual parameters. Actual
parameters can be provided both as a list in the same order as the formal parameters as well as in an assignment
notation explicitly using the associated formal parameter names.

Syntactical Structure

( Expression | // for value parameter
TemplateInstance | // for template parameter
TimerRef | // for timer parameter
Port | // for port parameter
"=t // to skip a parameter with default
ParameterId ":=" ( Expression | TemplateInstance | TimerRef | Port )
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Semantic Description

Actual parameters that are passed by value to in formal value parameters shall be variables, literal values, module
parameters, constants, variables, value returning (external) functions, formal value parameters (of in, inout or out
parameterization) of the current scope or expressions composed of the above.

Actual parameters that are passed to inout or out formal value parameters shall be variables or formal value
parameters (of in, inout or out parameterization).

Actual parameters that are passed to in formal template parameters shall be literal values, module parameters,
constants, variables, value or template returning (external) functions, formal value parameters (of in, inout or out
parameterization) of the current scope or expressions composed of the above, as well as templates, template variables or
formal template parameters (of in, inout or out parameterization) of the current scope.

Actual parameters that are passed to inout or out formal template parameters shall be variables, template variables,
formal value or template parameters (of in, inout or out parameterization) of the current scope.

Actual parameters that are passed to formal timer parameters shall be component timers, local timers or formal timer
parameters of the current scope.

Actual parameters that are passed to formal port parameters shall be component ports or formal port parameters of the
current scope.

When a formal parameter has been defined with a default value or template, respectively, then it is not necessary to
provide an actual parameter. The actual parameters are evaluated in the order of their appearance. If for some formal
parameters, no actual parameter has been provided, their default values are taken and evaluated in the order of the
formal parameter list.

The empty brackets for instances of parameterized templates that have only parameters with default values are optional
when no actual parameters are provided, i.e. all formal parameters use their default values.

Restrictions

a)  When using list notation, the order of elements in the actual parameter list shall be the same as their order in <
the corresponding formal parameter list. For each formal parameter without a default there shall be an actual Lavigne 12/11/12 14:28
parameter. The actual parameter of a formal parameter with default value can be skipped by using dash "-" as Formatiert: B1, Keine Aufzéhlungen oder
actual parameter. An actual parameter can also be skipped by just leaving it out if no other actual parameter Nummerierungen
follows in the actual parameter list ; either because the parameter is last or because all following formal

parameters have default values and are left out. Lavigne 12/11/12 14:28
Geldscht: -

b)  Either list notation or assignment notation shall be used in a single parameter list. They shall not be mixed.

¢)  When using assignment notation, each formal parameter shall be assigned an actual parameter at most once.
For each formal parameter without default value, there shall be an actual parameter. In order to use the default
value of a formal parameter, no assignment for this specific parameter shall be provided.

d)  The type of each actual parameter shall be compatible with the type of each corresponding formal parameter.

¢)  Actual parameters passed to restricted formal template parameters shall obey the restrictions given in
clause 15.8.

f)  All parameterized entities specified as an actual parameter shall have their own parameters resolved in the
top-level actual parameter list.

g If the formal parameter list of TTCN-3 objects function, testcase, signature, altstep or
external function is empty, then the empty parentheses shall be included both in the declaration and in
the invocation of that object. In all other cases the empty parentheses shall be omitted.

h)  Restrictions on the use of signature parameters are given in clauses 15.2 and 22.3.

i) Restrictions on parameters passed to altsteps are given in clauses 16.2.1 and 20.5.2.
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Examples

EXAMPLE I: Formal and actual parameter lists have to match

// A function definition with a formal parameter list
function MyFunction (integer FormalParl, boolean FormalPar2, bitstring FormalPar3) { ..}

// A function call with an actual parameter list
MyFunction (123, true,'1100'B);

// A function call with assignment notation for actual parameters
MyFunction (FormalParl := 123, FormalPar3 := '1100'B, FormalPar2 := true);

EXAMPLE 2:  In parameters

function MyFunction (in template MyTemplateType MyValueParameter){ .. };
// MyValueParameter is in parameter, the in keyword is optional

// A function call with an actual parameter
MyFunction (MyGlobalTemplate) ;

EXAMPLE 3:  Inout and out parameters

function MyFunction (inout boolean MyReferenceParameter) { .. };
// MyReferenceParameter is an inout parameter

// A function call with an actual parameter
MyFunction (MyBooleanVariable) ;
// The actual parameter can be read and set within the function

function MyFunction (out template boolean MyReferenceParameter) { .. };
// MyReferenceParameter is an out parameter
// A function call with an actual parameter

MyFunction (MyBooleanVariable) ;
// The actual parameter is initially unbound, but can be set and read within the function.

EXAMPLE 4:  Empty parameter lists

// A function definition with an empty parameter list shall be written as
function MyFunction(){ .. }

// and shall be called as
MyFunction () ;
// A record definition with an empty parameter list shall be written as

type record MyRecord { ..}

// and shall be used as
template MyRecord Mytemplate := { .. }

EXAMPLE 5:  Nested parameter lists

// Given the message definition
type record MyMessageType
{

integer fieldl,
charstring field2,
boolean field3

}

// A message template might be
template MyMessageType MyTemplate (integer MyValue) :=
{
fieldl := MyValue,
field2 := pattern "abc*xyz",
field3 := true
}

// A test case parameterized with a template might be
testcase TC001l (template MyMessageType RxMsg) runs on PTCl system TS1 ({

MyPCO.receive (RxMsg) ;
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// When the test case 1is called in the control part and the parameterized template is
// passed as an actual parameter, the template's actual parameters must be provided
control

{ :
execute (TCO01 (MyTemplate (7))) ;

5.5 Cyclic Definitions

Direct and indirect cyclic definitions are not allowed with the exception of the following cases:

a)  for recursive type definitions (see clause 6.2); Lavigne 12/11/12 14:28
. .. . . . Formatiert: B1, Keine Aufzahlungen oder
b)  function and altstep definitions (i.e. recursive function or altstep calls); Nummerierungen

c cyclic import definitions, if the imported definitions only form allowed cyclic definitions.

NOTE 1: Indirect cyclic definitions may be a result of imports of definitions that are needed for the usage of a
definition but do not need to be known in the importing module (see clause 8.2.3.1).

NOTE 2: For the detection of cycles only the main identifiers of the definition are used. For example, field
identifiers are not used.

Examples
EXAMPLE 1:  Module with cyclic constant definition that is not allowed
module MyModule {
;ype record ARecordType { integer a, integer b };
// T;e following two lines include a cycle that is not allowed

const ARecordType cConst := { 1 , dConst.b}; // cConst refers to dConst
const ARecordType dConst { 1, cConst.b}; // dConst refers to cConst

}

EXAMPLE 2:  Modules with cyclic import that is allowed

module MyModuleA {
import from MyModuleB { type MyInteger }
type record of MyInteger MyIntegerList;
}

module MyModuleB {
type integer MyInteger;
import from MyModuleA { type MyIntegerList }

6 Types and values

TTCN-3 supports a number of predefined basic types. These basic types include ones normally associated with a
programming language, such as integer, boolean and string types, as well as some TTCN-3 specific ones such as
verdicttype. Structured types such as record types, set types and union types can be constructed from these
basic types. enumerated types are specific structured types being constructed of enumerated values.

The special data type anytype is defined as the union of all known data types and the address type within a module.

Special types associated with test configurations such as address, port and component may be used to define the
architecture of the test system (see clause 21).

The special type default may be used for the default handling (see clause 20.5).
Feldfunktion geandert

The TTCN-3 types are summarized in table 3.
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Table 3: Overview of TTCN-3 types

Class of type Keyword Subtype

Simple basic types integer range, list
float range, list
boolean list
verdicttype list

Basic string types bitstring list, length
hexstring list, length
octetstring list, length
charstring range, list, length, pattern
universal charstring range, list, length, pattern

Structured types record list (see note)
record of list (see note), length
set list (see note)
set of list (see note), length
enumerated list (see note)
union list (see note)

Special data type anytype list

Special configuration types address
port
component

Special default type default

NOTE:  List subtyping of these types is possible when defining a new constrained type

from an already existing parent type but not directly at the declaration of the first
parent type.

NOTE: Behaviour types for TTCN-3 are defined in the optional package [i.13].

6.1 Basic types and values

6.1.0 Simple basic types and values
TTCN-3 supports the following basic types:

a integer: a type with distinguished values which are the positive and negative whole numbers, including <

ZEro. Lavigne 12/11/12 14:28
Formatiert: B1, Keine Aufzéhlungen oder
Values of integer type shall be denoted by one or more digits; the first digit shall not be zero unless the Nummerierungen
value is 0; the value zero shall be represented by a single zero.
b)  float: atype to describe floating-point numbers and special float values. - Lavigne 12/11/12 14:28
. . . Formatiert: B1, Keine Aufzéhlungen oder
In general, floating point numbers can be defined as:<mantissa> x <base><exponent>, Nummerierungen

where <mantissa> is a positive or negative integer, <base> a positive integer (in most cases 2, 10 or 16)
and <exponent> a positive or negative integer.

In TTCN-3, the floating-point number value notation is restricted to a base with the value of 10. Floating
point values can be expressed by using two forms of value notations:

. the decimal notation with a dot in a sequence of numbers like, 1.23 (which represents 123x1072),
2.783 (i.e. 2783 x 10-3) or -123.456789 (which represents -123 456 789 x 107%); or

. by two numbers separated by E where the first number specifies the mantissa and the second
specifies the exponent, for example 12.3E4 (which represents 123 x 103) or -12.3E-4 (which
represents -123 x 1075).
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NOTE 1: In contrast to the general definition of float values, the mantissa of in theTTCN-3 value notation, beside
integers, allows decimal numbers as well.

The special values of the float type consist of infinity (positive infinity), ~infinity (negative infinity) and the
value not_a_number. For the ordering of special values see clauses 7.1.1 and 7.1.3.

Y

NOTE 2: -pot_a_number (i.e. minus not a number) is not to be used.
¢) boolean: a type consisting of two distinguished values.
Values of boolean type shall be denoted by true and false.

d) verdicttype: a type for use with test verdicts consisting of 5 distinguished values. Values of
verdicttype shall be denoted by pass, fail, inconc, none and error.

6.1.1

TTCN-3 supports the following basic string types:

Basic string types and values

NOTE 1: The general term string or string type in TTCN-3 refers to bitstring, hexstring, octetstring,
charstring and universal charstring.

a) bitstring: atype whose distinguished values are the ordered sequences of zero, one, or more bits.

Values of type bitstring shall be denoted by an arbitrary number (possibly zero) of the bit digits:
0 1, preceded by a single quote (') and followed by the pair of characters 'B.

EXAMPLE I:  '01101'B.

b) hexstring: a type whose distinguished values are the ordered sequences of zero, one, or more hexadecimal
digits, each corresponding to an ordered sequence of four bits.

Values of type hexstring shall be denoted by an arbitrary number (possibly zero) of the hexadecimal
digits (uppercase and lowercase letters can equally be used as hex digits):

0123456789abcdefABCDEF

preceded by a single quote (') and followed by the pair of characters 'H; each hexadecimal digit is used to
denote the value of a semi-octet using a hexadecimal representation.

EXAMPLE 2:  'aB01D'H

'ab01ld'H
'AbO1D'H

¢) octetstring: atype whose distinguished values are the ordered sequences of zero or a positive even
number of hexadecimal digits (every pair of digits corresponding to an ordered sequence of eight bits).

Values of type octetstring shall be denoted by an arbitrary, but even, number (possibly zero) of the
hexadecimal digits (uppercase and lowercase letters can equally be used as hex digits):

0123456789abcdefABCDEF

preceded by a single quote (') and followed by the pair of characters 'o; each hexadecimal digit is used to
denote the value of a semi-octet using a hexadecimal representation.

EXAMPLE 3:  'Fr96'0
'££96'0

'Ff£96'0

d) charstring: are types whose distinguished values are zero, one, or more characters of the version of
ITU-T Recommendation T.50 [4] complying with the International Reference Version (IRV) as specified in
clause 8.2 of ITU-T Recommendation T.50 [4].

<

<
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The IRV version of ITU-T Recommendation T.50 [4] is equivalent to the IRV version of the International
Reference Alphabet (former International Alphabet No.5 - IAS), described in ITU-T Recommendation
T.50 [4].

Values of charstring type shall be denoted by an arbitrary number (possibly zero) of non-control
characters from the relevant character set, preceded and followed by double quote ("). Graphical characters
include the range from SP(32) to TILDE (126). Values of charstring type can also be calculated using the
predefined conversion function int2char with the positive integer value of their encoding as argument (see
clause C.1).

NOTE 3:

The predefined conversion function is able to return single-character-length values only.

In cases where it is necessary to define strings that include the character double quote (") the character is
represented by a pair of double quotes on the same line with no intervening space characters.

EXAMPLE 4:  The charstring "ab"cd" is written in TTCN-3 code as in the following constant declaration. Each of

the 3 quote characters that are part of the string is preceded by an extra quote character and the

whole character string is delimited by quote characters, e.g.
var charstring vl char:= """ab""cd""";

| ¢)  The character string type preceded by the keyword universal denotes types whose distinguished values are «
zero, one, or more characters from ISO/IEC 10646 [2].

| universal charstring values can also be denoted by an arbitrary number (possibly zero) of characters from the “
relevant character set, preceded and followed by double quote ("), calculated using a predefined conversion function
(see clause C.1.2) with the positive integer value of their encoding as argument or by a "quadruple".

NOTE 4:

The predefined conversion function is able to return single-character-length values only.

In cases where it is necessary to define strings that include the character double quote (") the character is
represented by a pair of double quotes on the same line with no intervening space characters.

The "quadruple" is only capable to denote a single character and denotes the character by the decimal
values of its group, plane, row and cell according to ISO/IEC 10646 [2], preceded by the keyword char
included into a pair of brackets and separated by commas (e.g. char (0, 0, 1, 113) denotes the
Hungarian character "ii"). In cases where it is necessary to denote the character double quote (") in a
string assigned according to the first method (within double quotes), the character is represented by a
pair of double quotes on the same line with no intervening space characters. The two methods may be
mixed within a single notation for a string value by using the concatenation operator.

EXAMPLE 5:  The assignment : "the Braille character" & char (0, 0, 40, 48) & "looks like this" represents the

literal string: the Braille character & looks like this.

NOTE 5: Control characters can be denoted by using the predefined conversion function or the quadruple form.

By default, universal charstring shall conform to the UCS-4 coded representation form
specified in clause 14.2 of ISO/IEC 10646 [2].

NOTE 6: UCS-4 is an encoding format, which represents any UCS character on a fixed, 32 bits-length field.

This default encoding can be overridden using the defined variant attributes (see clause 27.5). The
following useful character string types utf8string, bmpstring, utfl6string and iso8859string using these
attributes are defined in annex E.
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6.1.1.1 Accessing individual string elements

Individual elements in a string type may be accessed using an array-like syntax. Only single elements of the string may
be accessed.

Units of length of different string type elements are indicated in table 4.

Indexing shall begin with the value zero (0). The index shall be between zero and the length of the string minus one for
retrieving an element from a string. For assigning an element to the end of a string, the length of the string should be
used as index.

EXAMPLE 1:  Accessing an existing element

// Given

MyBitString := '11110111'B;
// Then doing
MyBitString[4] := '1'B;

// Results in the bitstring '11111111'B

EXAMPLE 2:  Specific cases

var bitstring MyBitStringA, MyBitStringB, MyBitStringC;

MyBitStringA := '010'B;

MyBitStringA[l] := '11'B; //causes an error as only individual elements can be accessed
MyBitStringB := '1'B;

MyBitStringB[4] := '1'B; //causes an error as the index is larger than the length of the lhs
MyBitStringC := ''B;

MyBitStringC[0] := '1'B; // value of MyBitStringC is '1'B
MyBitStringC[1l] := '0'B; // value of MyBitStringC is '10'B

6.1.2 Subtyping of basic types

User-defined types shall be denoted by the keyword type. With user-defined types it is possible to create subtypes
(such as lists, ranges and length restrictions) on basic types, structured types and anytype according to table 3.

6.1.2.1 Lists of femplates

TTCN-3 permits the specification of a list of distinguished femplates as listed in table 3. The femplates in the list shall

be instances of the type being constrained and the set of values matching at least one of these templates shall be a subset
of the values defined by the type being constrained. The subtype defined by this list restricts the allowed values of the
subtype to those values matching at least one of the templates in the list. The templates in the list shall only (directly or
indirectly) reference other templates or constant expressions, Constant expressions used (directly or indirectly) in the
template expressions shall meet with the restrictions in clause 10 for constant expressions used in type definitions.

EXAMPLE:

type bitstring MyListOfBitStrings ('01'B, '10'B, '11'B);
type float pi (3.1415926);
type charstring MyStringList ("abcd", "rgy", "xyz");
type universal charstring Specialletters
(char(0, 0, 1, 111), char(0, 0, 1, 112), char(0, 0, 1, 113));

6.1.2.2 Lists of types

TTCN-3 permits the specification of a list of subtypes as listed in table 3 for value lists. The types in the list shall be
subtypes of the root type. The subtype defined by this list restricts the allowed values of the subtype to the union of the
values of the referenced subtypes.

EXAMPLE:
type bitstring BitStringsl ('0'B, '1'B );

type bitstring BitStrings2 ('00'B, '01'B, '10'B, '10'B);
type bitstring BitStrings_1 2 (Bitstringsl, Bitstrings2);
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6.1.2.3 Ranges

TTCN-3 permits the specification of range constraints for the types integer, charstring, universal
charstring and £loat (or derivations of these types). For integer and £loat, the subtype defined by the
range restricts the allowed values of the subtype to the values in the range including or excluding the lower boundary
and/or the upper boundary. The upper boundary shall be greater than or equal to the lower boundary.

In order to specify an infinite integer range, the keyword -infinity or infinity can be used instead of a value
indicating that there is no lower or upper boundary; -infini ty shall not be used as the upper bound and infinity
shall not be used as the lower bound for integer ranges.

Also for float, -infinity or infinity can be used as the bounds in range restrictions. Using the special value
-infinity as the lower bound shall indicate that the allowed numerical values are not restricted downward and the
special value ~infinity is also included. If both the lower and upper bounds denote -infinity, no numerical
values are included, only the special value ~infinity. Using the special value infinity as the upper bound shall
indicate that the allowed numerical values are not restricted upward and the special value infinity is also included.
If both the lower and upper bounds denote infinity, no numerical values are included, only the special value
infinity. If exclusive bounds (!infinity or !-infinity) is used instead, only the respective numerical float
values are included in the range. In case of £loat, the special value not_a_number is not allowed in a range
constraint.

In the case of charstring and universal charstring types, the range restricts the allowed values for each
separate character in the strings. The boundaries shall evaluate to valid character positions according to the coded
character set table(s) of the type (e.g. the given position shall not be empty). Empty positions between the lower and the
upper boundaries are not considered to be valid values of the specified range.

Constants used in the constant expressions defining the values shall meet with the restrictions in clause 10.

EXAMPLE 1:
type integer MyIntegerRange (0 .. 255); // range from 0..255
// (with inclusive boundaries) 5 "
type integer MyIntegerRange (-infinity .. -1); // all negative integer numbers Lavigne 12/11/12 14:28
type integer MylIntegerRange (0 .. !256); // the same range as above (with left Geloscht: ) ;
// inclusive and right exclusive boundary)
type integer MyIntegerRange (!-1 .. 255); // the same range as above (with left
// exclusive and right inclusive boundary)
type integer MyIntegerRange (!-1 .. !256); // the same range as above
// (with exclusive boundaries)
type float piRange (3.14 .. 3142E-3);
type float LessThanPi (-infinity .. 3142E-3);
type float Numbers (-infinity .. infinity); //includes all float values but not_a_number
type float Wrong (-infinity .. not_a number); // causes an error as not_a_number is not
// allowed in range subtyping
EXAMPLE 2:
type charstring MyCharString ("a" .. "z");
// Defines a string type of any length with each character within the specified range
type universal charstring MyUCharStringl ("a" .. !"z");

// Defines a string type of any length with each character within the range from a to y

// (character codes from 97 to 121), like "abxy";

// strings containing any other character (including control characters), like

// "abc2" are disallowed.

type universal charstring MyUCharString2 (char(0, 0, 1, 111) .. char(0, 0, 1, 113));

// Defines a string type of any length with each character within the range specified using
// the quadruple notation

6.1.2.4 String length restrictions
TTCN-3 permits the specification of length restrictions on string types. The length boundaries are based on different

units depending on the string type with which they are used. In all cases, these boundaries shall be inclusive boundaries
only and evaluate to non-negative integer values (or derived integer values).

ETSI



EXAMPLE:

type bitstring MyByte length(8);
type bitstring MyByte length(8 .. 8);

type bitstring MyNibbleToByte length(4 ..

40

8);

Table 4 specifies the units of length for different string types.
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// Exactly length 8
// Exactly length 8
// Minimum length 4, maximum length 8

Table 4: Units of length used in field length specifications

Type Units of Length
bitstring bits
hexstring hexadecimal digits
octetstring octets
character strings characters

For the upper bound the keyword infinity may also be used to indicate that there is no upper limit for the length.
The upper boundary shall be greater than or equal to the lower boundary.

6.1.2.5 Pattern subtyping of character string types

TTCN-3 allows using character patterns specified in clause B.1.5 to constrain permitted values of charstring and
universal charstring types. The type constraint shall use the pattern keyword followed by a character

| pattern. All values denoted by the pattern shall be a subset of the type being sub typed. Constants used in the constant
expressions defining the values shall meet with the restrictions in clause 10.

NOTE: Pattern subtyping can be seen as a special form of list constraint, where members of the list are not
defined by listing specific character strings but via a mechanism generating elements of the list.

EXAMPLE:

type charstring MyString (pattern "abc*xyz");
// all permitted values of MyString have prefix abc and postfix xyz

type universal charstring MyUString

(pattern "*\r\n")

// all permitted values of MyUString are terminated by CR/LF

type charstring MyString2 (pattern "abc?\g{0,0,1,113}");

// causes an error because the character denoted by the quadruple {0,0,1,113} is not a

// legal character of the TTCN-3 charstring type

type MyString MyString3 (pattern "d*xyz");

// causes an error because the type MyString does not contain a value starting with the

// character d

6.1.2.6 Mixing subtyping mechanisms

6.1.2.6.1 Mixing patterns, lists and ranges

Within integer and £loat (or derivations of these types) subtype definitions it is allowed to mix lists and ranges. It
| is possible to mix both femplate list and type list subtyping with each other and with range subtyping. Overlapping of

different constraints is not an error.

EXAMPLE 1:

type integer MyIntegerRange
type float lessThanPiAndNaN

Within charstring and universal charstring subtype definitions it is not allowed to mix pattern, template

list, type list, or range constraints.

(1, 2, 3,

(-infinity ..

10 ..

120,
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6.1.2.6.2

EXAMPLE 2:

type charstring
// contains

type charstring
// contains

type charstring
// contains

Within charstring
to constraints containing list, range or pattern subtyping in the same subtype definition.

EXAMPLE:

type charstring
// contains

type charstring
// contains
// a to z

type charstring
// contains

type charstring
// contains

type charstring
// contains

// a to z

type charstring
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MyCharStr0 ("gr", "xyz");
character strings gr and xyz;

MyCharStrl ("a".."z");
character strings of arbitrary length containing characters a to z.

MyCharStr2 (pattern "[a-z]#(3,9)");
character strings of length form 3 to 9 characters containing characters a to z

Using length restriction with other constraints

Within bitstring, hexstring, octetstring subtype definitions lists and length restriction may be mixed in
the same subtype definition.

and universal charstring subtype definitions it is allowed to add a length restriction

When mixed with other constraints the length restriction shall be the last element of the subtype definition. The length
restriction takes effect jointly with other subtyping mechanisms (i.e. the value set of the type consists of the common
subset of the value sets

identified by the list, range or pattern subtyping and the length restriction).

MyCharStr5 ("gr", "xyz") length (1..9);
the character strings gr and xyz;

MyCharStré ("a".."z") length (3..9);
character strings of length from 3 to 9 characters and containing characters
MyCharStr7 (pattern "[a-z]#(3,9)") length (1..9);

character strings of length form 3 to 9 characters containing characters a to z

MyCharStr8 (pattern "[a-z]#(3,9)") length (1..8);
character strings of length form 3 to 8 characters containing characters a to z

MyCharStr9 (pattern "[a-z]#(1,8)") length (1..9);
any character strings of length form 1 to 8 characters containing characters

MyCharStrl0 ("gr", "xyz") length (4);

// causes an error as it contains no value

6.2

Structured types and values

The type keyword is also used to specify structured types such as record types, record of types, set types, set
of types, enumerated types and union types.

Values of these types may be given using an explicit assignment notation or a short-hand value list notation.

EXAMPLE 1:
const MyRecordType MyRecordValue:= //assignment notation
{
fieldl '11001'B,
field2 := true,
field3 := "A string"
}
// Or
const MyRecordType MyRecordValue:= {'11001'B, true, "A string"} //value list notation
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When specifying partial values (i.e. setting the value of only a subset of the fields of a structured variable) using the
assignment notation only the fields to be assigned values must be specified. Fields not mentioned are implicitly left
unspecified. It is also possible to leave fields explicitly unspecified using the not used symbol "-". Using the value list
notation all fields in the structure shall be specified either with a value, the not used symbol "-" or the omi t keyword.

EXAMPLE 2:

var MyRecordType MyVariable:= //assignment notation

{

fieldl := '11001'B,
// field2 implicitly unspecified
field3 := "A string"
}
// Or
var MyRecordType MyVariable:= //assignment notation
{
fieldl := '11001'B,
field2 -, // field2 explicitly unspecified
field3 := "A string"

}

// Or

var MyRecordType MyVariable:= {'11001'B, -, "A string"} //value list notation

It is not allowed to mix the two value notations in the same (immediate) context.

EXAMPLE 3:

// This is disallowed
const MyRecordType MyRecordValue:= {MyIntegerValue, field2 := true, "A string"}

In both the assignment notation and value list notation, optional fields shall be omitted by using the explicit omit value
for the relevant field. The omit keyword shall not be used for mandatory fields. When re-assigning a previously
initialized value, using the not used symbol or skipping a field in assignment notation will cause the relevant fields to
remain unchanged.

EXAMPLE 4:

var MyRecordType MyVariable :=
{

fieldl := '111'B,
field2 false,
field3 := -
}
MyVariable := { '10111'B, -, - };

// after this, MyVariable contains { '10111'B, false /* unchanged */, <undefined> }

MyVariable :=
{
field2 := true
}
// after this, MyVariable contains { '10111'B, true, <undefined> }

MyVariable :=
{

fieldl -
field2 false,

field3 := -

}
// after this, MyVariable contains { '10111'B, false, <undefined> }

When using value list notation in a scope where the optional attribute is set to "implicit omit", for each
mandatory field there shall be an actual element. Optional fields wished to be omitted by the implicit mechanism, but
followed by fields to which a value or template is assigned explicitly, shall be skipped by using the not used symbol "-".

When all remaining fields at the end of the type definition are optional and they are wished to be omitted by the implicit

mechanism, either the not used symbol "-" can be used for some or all of them or they can simply be left out from the
notation.
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EXAMPLE 5:

o

type record R {
integer ’
integer f2 optional,
integer f3,
integer f4 optional,
integer f5 optional

h

omit, omit }

Where applicable TTCN-3 type definitions may be recursive. The user, however, shall ensure that all type recursion is
resolvable and that no infinite recursion occurs.

In case of record and set types, to avoid infinite recursion, fields referencing to its own type, shall be optional.

EXAMPLE 6:

// Valid recursive record type definition
type record MyRecordl
{
FieldTypel fieldl,
MyRecordl field2 optional,
FieldType3 field3
}

// Invalid recursive record type definition causing an error
type record MyRecord2
{
FieldTypel fieldl,
MyRecord2 field2,
FieldType3 field3
}

In case of union types, to avoid infinite recursion, at least one of the alternatives shall not reference its own type.

EXAMPLE ¢: Lavigne 12/11/12 1
// Valid recursive union type definition Geldscht: 6

type union MyUnionl

{

MyUnionl choicel,
charstring choice2
}

// Invalid recursive union type definition causing an error
type union MyUnion2
{

MyUnion2 choicel,

MyUnion2 choice2

6.2.1 Record type and values

TTCN-3 supports ordered structured types known as record. The elements of a record type may be any of the basic
types or user-defined data types (such as other records, sets or arrays). The values of a record shall be compatible
with the types of the record fields. The element identifiers are local to the record and shall be unique within the
record (but do not have to be globally unique).

EXAMPLE 1:

type record MyRecordType
{

integer fieldl,
MyOtherRecordType field2 optional,
charstring field3

}

type record MyOtherRecordType
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bitstring fieldl,
boolean field2
}

Records may be defined with no fields, i.e. as empty records.

EXAMPLE 2:

type record MyEmptyRecord {}

A record value is assigned on an individual element basis. The order of field values in the value list notation shall be
the same as the order of fields in the related type definition.

EXAMPLE 3:
var integer MylIntegerValue := 1;

const MyOtherRecordType MyOtherRecordValue:=
{

fieldl := '11001'B,

field2 := true
}

var MyRecordType MyRecordValue :=

{

fieldl := MyIntegerValue,
field2 := MyOtherRecordValue,
field3 := "A string"

}
The same value specified with a value list.
EXAMPLE 4:

MyRecordValue:= {MyIntegerValue, {'11001'B, true}, "A string"};

6.2.1.1 Referencing fields of a record type

Elements of a record shall be referenced by the dot notation TypeIdOrExpression.ElementId, where
TypeIdOrExpression resolves to the name of a structured type or an expression of a structured type such as
variable, formal parameter, module parameter, constant, template, or function invocation. E1ement Id shall resolve to
the name of a field in the structured type. Fields of record type definitions shall not reference themselves.

EXAMPLE 1:

MyVarl := MyRecordl.myElementl;
// If a record is nested within another type then the reference may look like this
MyVar2 := MyRecordl.myElementl.myElement2;

EXAMPLE 2:

type record MyType

{
integer fieldl,
MyType.field2 field2 optional, // this circular reference is NOT ALLOWED
boolean field3

}

If a field in a record type or a subtype of a record type is referenced by the dot notation, the resulting type is the set of
values allowed for that field imposed by the constraints of the field declaration itself (i.e. any constraints applied to the
record type itself are ignored).

EXAMPLE 3:

type record My
{

ype2

integer fieldl (1 .. 10),

charstring field2 optional
1
I

type MyType2 MyType3 ({1, omit}, {2, "foo"}, {3, "bar"})
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type MyType3.fie trai t
type MyT T y
type MyT Tyr rair
type MyT Type type

6.2.1.2 Optional elements in a record

Optional elements in a record shall be specified using the optional keyword.
EXAMPLE I:

type record MyMessageType

{
FieldTypel fieldl,
FieldType2 field2 optional,

FieldTypeN fieldN
}

Optional fields shall be omitted using the omit symbol.
EXAMPLE 2:
MyRecordValue:= {MyIntegerValue, omit , "A string"};

// Note that this is not the same as writing,
// MyRecordValue:= {MyIntegerValue, -, "A string"};
// which would mean the value of field2 is unchanged

6.2.1.3 Nested type definitions for field types

TTCN-3 supports the definition of types for record fields nested within the record definition. Both the definition of
new structured types (record, set, enumerated, set of, record of, and union) and the specification of
subtype constraints are possible.

EXAMPLE:

// record type with nested structured type definitions
type record MyNestedRecordType
{
record
{
integer nestedFieldl,
float nestedField2
} outerFieldl,
enumerated {
nestedEnuml,
nestedEnum2
} outerField2,
record of boolean outerField3

}

// record type with nested subtype definitions
type record MyRecordTypeWithSubtypedFields
{

’

integer fieldl (1 .. 100
(2 .. 255)

charstring field2 length

6.2.2 Set type and values

TTCN-3 supports unordered structured types known as set. Set types and values are similar to records except that the
ordering of the set fields is not significant.

EXAMPLE:

type set MySetType
{
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integer fieldl,
charstring field2
}
The field identifiers are local to the set and shall be unique within the set (but do not have to be globally unique).

The value list notation for setting values shall not be used for values of set types.

6.2.2.1 Referencing fields of a set type

Elements of a set shall be referenced by the dot notation (see clause 6.2.1.1). Elements of set type definitions shall not
reference themselves, For referencing field types of set types, the same rules apply as in clause 6.2.1.1 for fields of

record types.
EXAMPLE:

MyVar3 := MySetl.myElementl;

// If a set is nested in another type then the reference may look like this

MyVar4 := MyRecordl.myElementl.myElement2;

// Note, that the set type, of which the field with the identifier 'myElement2' is referenced,
// is embedded in a record type

6.2.2.2 Optional elements in a set

Optional elements in a set shall be specified using the optional keyword.

6.2.2.3 Nested type definition for field types

TTCN-3 supports the definition of types for set fields nested within the set definition, similar to the mechanism for
record types described in clause 6.2.1.3.

6.2.3 Records and sets of single types

TTCN-3 supports the specification of records and sets whose elements are all of the same type. These are denoted using
the keyword of. These records and sets do not have element identifiers and can be considered similar to an ordered
array and an unordered collection respectively.

NOTE 1: Subtyping of record of and set of types see in clause $.2.13.

EXAMPLE 1:

type set of boolean MySetOfType; // is an unlimited set of boolean values

The value notation for record of and set of can be both the value list notation and the assignment notation
(usable to address multiple elements) or an indexed notation (usable to address an individual element), which is the
same value notation as for arrays (see clause 6.2.7). There is one exception from this general rule: in the case of
defining modified templates, the assignment notation is also allowed to be used (see clause 15.5).

When the value list notation is used, the first value in the list is assigned to the first element, the second list value is
assigned to the second element, etc. No empty assignment is allowed (e.g. two commas, the second immediately
following the first or only with white space between them). Elements to be left out of the assignment shall be explicitly
skipped in the list by use of the not-used-symbol "-".

Indexed value notations can be used on both the right-hand side and left-hand side of assignments. The index of the first
element shall be zero and the index value shall not exceed the limitation placed by length subtyping. If the value of the
element indicated by the index at the right-hand of an assignment is undefined, this shall cause a semantic or run-time
error. If an indexing operator at the left-hand side of an assignment refers to a non-existent element, the value at the
right-hand side is assigned to the element and all elements with an index smaller than the actual index and without
assigned value are created with an undefined value. Undefined elements are permitted only in transient states (while the
value remains invisible). Sending a record of or set of value with undefined elements shall cause a dynamic
testcase error.
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EXAMPLE 2:

// Given

type record of integer MyRecordOf;

var integer MyVar;

// Using the value list notation

var MyRecordOf MyRecordOfvar := { 0, 1, 2, 3, 4 };

// The same record of, defined with the assignment notation
var MyRecordOf MyRecordOfVarAssignment := {
:= 0,

W N e

yi

//Using an indexed notation
MyVar := MyRecordOfVar[0]; // the first element of the "record of" value (integer 0)
// is assigned to MyVar

// Indexed values are permitted on the left-hand side of assignments as well:
MyRecordOfVar([l] := MyVar; // MyVar is assigned to the second element
// value of MyRecordOfvar is { 0, 0, 2, 3, 4 }

// The assignment

MyRecordOfvar := { 0, 1, -, 2 };

// will change the value of MyRecordOfVar to{ 0, 1, 2 <unchanged>, 2};

// Note, that the 3™ element would be undefined if had had no previous assigned value.

// The assignment

MyRecordOfvar[6] := 6;

// will change the value of MyRecordOfVar to{ 0, 1, 2 , 2, <undefined>, <undefined>, 6
// Note the 5 and 6" elements (with indexes 4 and 5) had no assigned value before this
// last assignment and are therefore undefined.

MyRecordOfVar[4] := 4; MyRecordOfVar[5] := 5;
// will complete MyRecordOfVar to the fully defined value { 0, 1, 2, 2, 4 , 5, 6 };

NOTE 2: The index notation makes it possible e.g. to copy record of values element by element in a for loop.

For example, the function below reverses the elements of a record of value:

function reverse (in MyRecordOf src) return MyRecordOf
{
var MyRecordOf dest;

var integer i, srcLength := lengthof (src);
for(i := 0; i < srclength; i:= i + 1) {
dest[srcLength - 1 - i] := src[i];

}
return dest;
}

Embedded record of and set of types will result in a data structure similar to multidimensional arrays
(see clause 6.2.7).

EXAMPLE 3:

// Given
type record of integer MyBasicRecordOfType;
type record of MyBasicRecordOfType My2DRecordOfType;

// Then, the variable myRecordOfArray will have similar attributes to a two-dimensional array:

var My2DRecordOfType myRecordOfArray;

// and reference to a particular element would look like this

// (value of the second element of the third 'MyBasicRecordOfType' construct)
myRecordOfArray [2][1] := 1;
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6.2.3.1 Nested type definitions

TTCN-3 supports the definition of the aggregated type nested with the record of or set of definition. Both the
definition of new structured types (record, set, enumerated, set of and record of) and the specification of
subtype constraints are possible.

EXAMPLE:

type record of enumerated { red, green, blue } ColorList;
type record length (10) of record length (10) of integer Matrix;
type set of record { charstring id, charstring val } GenericParameters;

6.2.3.2 Referencing elements of record of and set of types

It is also allowed to reference the inner type of record of and set of types by using the index notation but with a

dash. The notation TypeId[-], where TypeId resolves tothe name of a record of or set of type, references

the inner type of TypeTd. If the type definition restricts the element type of the record of or set of type. referencing

the inner type of that type yields a type which contains all values from the constrained type, Lavigne 12/11/12 14:28

Formatiert: Schriftfarbe: Automatisch
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type record of integer MyRecordOfInt;
type record of record {
integer f1,
set { integer sl, boolean s2 } f2
} MyRecordOfRecord;
type record of record of integer MyRecordOfRecordOfInt;
type record of record {
integer f1,
record of boolean f2
} MyRecordOfRecord2;

// Referencing the inner integer type
type MyRecordOfInt[-] MylInteger;
const MyRecordOfInt[-] c_MyInteger:= 5;

// Referencing the nested record type
type MyRecordOfRecord[-] MyInnerRecord;
const MyRecordOfRecord[-] c_MyRecord := { fl = 5; f2 := { sl := 0; s2 := true }}

// Referencing the set type nested in the inner record
type MyRecordOfRecord[-].f2 MyNestedSet;
const MyRecordOfRecord[-].f2 c MySet := { sl := 0; s2 := true }

// Referencing the innermost boolean
type MyRecordOfRecord[-].f2.s2 MyBoolean;
const MyRecordOfRecord[-].f2.s2 c_MyBool := false;

// Referencing the inner record of
type MyRecordOfRecordOfInt[-] MyInnerRecordOfInt;
const MyRecordOfRecordOfInt[-] c_MyInnerRecordOfInt := { 0, 1, 2, 3 };

// Referencing the integer type within the inner record of
type MyRecordOfRecordOfInt[-][-] MyInteger2;
const MyRecordOfRecordOfInt[-][-] c_MyInteger2 := 1;

// Referencing the boolean type within the nested record
type MyRecordOfRecord2[-].f2[-] MyInnermostBoolean;
const MyRecordOfRecord2[-].f2[-] c_MyInnermostBoolean := true ;

trainedRecordOfInt (1 .. 10);

type record length (5) of record of integer
type Co OfIn ] Constr
// defines

// to the r

str

10 but the re
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6.2.4 Enumerated type and values

TTCN-3 supports enumerated types. Enumerated types are used to model types that take only a distinct named set of

values. Such distinct values are called gnumerated values. Each gnumerated value shall have an identifier. Operations

on enumerated types shall only use these identifiers and are restricted to assignment, equivalence and ordering
operators. The identifiers of enumerated values shall be unique within the enumerated type (but do not have to be

shall only be reused within other structured type definitions and shall not be used for identifiers of local or global
visibility at the same or a lower level of the same branch of the scope hierarchy (see scope hierarchy in clause 5.2).

globally unique) and are consequently visible in the context of the given type only. The identifiers of enumerated values

‘ EXAMPLE 1:  Declaration of enumerated types and values

type enumerated MyFirstEnumType {
Monday, Tuesday, Wednesday, Thursday, Friday
bi

type integer Monday;
// This definition does not clash with the previous one
// as Monday in MyFirstEnumType is of local scope

type enumerated MySecondEnumType {
Saturday, Sunday, Monday
bi
// This definition is legal as it reuses the Monday jidentifier within

// a different enumerated type

type record MyRecordType {
integer Monday
Vi
// This definition is legal as it reuses the Monday jJdentifier within

// a distinct structured type as identifier of a given field of this type

type record MyNewRecordType {
MyFirstEnumType firstField,
integer secondField
bi

var MyNewRecordType newRecordValue := { Monday, 0 }
// MyFirstEnumType is implicitly referenced via the firstField element of MyNewRecordType

{Each gnumerated value may optionally have a user-assigned integer value, which is defined after the name of the
enumerated value in parenthesis. Each user-assigned integer number shall be distinct within a single enumerated

type. For each gnumerated value without an assigned integer value, the system successively associates an integer

number in the textual order of the gnumerated values, starting at the left-hand side, beginning with zero, by step 1 and
skipping any number occupied by any of the gnumerated values with a manually assigned value. These values are only

used by the system to allow the use of relational operators. The user shall not directly use associated integer values but
can access them and convert integer values into enumerated values by using the predefined functions enum2int and

int2enum_(see clauses 16.1.2, C.1.29 and C.1.4).

NOTE 2: The integer value also may be used by the system to encode/decode enumerated values. This, however is
outside the scope of the present document (with the exception that TTCN-3 allows the association of
encoding attributes to TTCN-3 items).

For any instantiation or value reference of an enumerated type, the given type shall be implicitly or explicitly
referenced.

NOTE 3: If the enumerated type is an element of a user defined structured type, the enumerated type is implicitly
referenced via the given element (i.e. by the identifier of the element or the position of the value in a
value list notation) at value assignment, instantiation. etc.

EXAMPLE 2:  Using enumerated types (see also example 4 of clause 8.2.3.1)

// Valid instantiations of MyFirstEnumType and MySecondEnumType would be
var MyFirstEnumType Today := Tuesday;
var MySecondEnumType Tomorrow := Monday;

// The following statements however cause an error as the two variables are instances
// of different enumeration types

Today := Tomorrow;

Today == Tomorrow;
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// The following operation is correct

if (Today == Monday ) {...}

// the type of variable Today identifies the type context of MyFirstEnumType for the
// equality operator

// But the following causes an error

if ( Tuesday == Wednesday ) {...}

// there is no TTCN-3 type(d) object to establish the type context for the equality operator
// Please note that the values Tuesday and Wednesday are defined within the type

// MyFirstEnumType only, but this is not sufficient to establish the type context

When a TTCN-3 global or local definition is declared using an imported enumerated type, the name of that definition

shall not be the same as any of the gnumerated values of that type. Lavigne 12/11/12 14:28
Gelscht: enumeration value names

6.2.5 Unions

TTCN-3 supports the union type. The union type is a collection of alternatives, each one identified by an identifier.
Only one of the specified alternatives will ever be present in an actual union value. Union types are useful to model data
which can take one of a finite number of known types.

EXAMPLE:

type union MyUnionType
{
integer number,
charstring string
bi

// A valid instantiation of MyUnionType would be
var MyUnionType age, oneYearOlder;
var integer agelnMonths;

age.number := 34; // value notation by referencing the field. Note, that this
// notation makes the given field to be the chosen one

oneYearOlder := {number := age.number+l};

ageInMonths := age.number * 12;

The value list notation for setting values shall not be used for values of union types.

6.2.5.1 Referencing fields of a union type

Alternatives of a union type shall be referenced by the dot notation (see clause 6.2.1.1). The same rules for the
referenced field type as in clause 6.2.1.1 apply. Alternatives of union type definitions shall not reference themselves.

EXAMPLE:

MyVar5 := MyUnionl.myChoicel;

// If a union type is nested in another type then the reference may look like this
MyVar6 := MyRecordl.myElementl.myChoice2;

// Note, that the union type, of which the field with the identifier 'myChoice2' is referenced,
// is embedded in a record type

6.2.5.2 Option and union

Optional fields are not allowed for the union type, which means that the optional keyword shall not be used with
union types.

6.2.5.3 Nested type definition for field types

TTCN-3 supports the definition of types for union alternatives nested within the union definition, similar to the
mechanism for record types described in clause 6.2.1.3.
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6.2.6  The anytype

The special type anytype is defined as a shorthand for the union of all known data types and the address type in a
TTCN-3 module. The definition of the term known types is given in clause 3.1, i.e. the anytype shall comprise all the
known data types but not the port, component, and default types. The address type shall be included if it has been
explicitly defined within that module.

The fieldnames of the any type shall be uniquely identified by the corresponding type names.

NOTE 1: As a result of this requirement imported types with clashing names (either with an identifier of a
definition in the importing module or with an identifier imported from a third module) cannot be reached
via the anytype of the importing module.

EXAMPLE:

// A valid usage of anytype would be
var anytype MyVarOne, MyVarTwo;
var integer MyVarThree;

MyVarOne.integer := 34;
MyVarTwo := {integer := MyVarOne.integer + 1};
MyVarThree := MyVarOne.integer * 12;

The anytype is defined locally for each module and (like the other predefined types) cannot be directly imported by
another module. However, a user defined type of the type anytype can be imported by another module. The effect of
this is that all types of that module are imported.

NOTE 2: The user-defined type of anytype "contains" all types imported into the module where it is declared.
Importing such a user-defined type into a module may cause side effects and hence due caution should be
given to such cases.

6.2.7 Arrays

Arrays can be used in TTCN-3 as a shorthand notation to specify record of types. They may be specified also at the
point of a variable declaration. Arrays may be declared as single or multi-dimensional. Array dimensions shall be
specified using constant expressions, which shall evaluate to a positive integer values. Constants used in the
constant expressions shall meet with the restrictions in clause 10.

EXAMPLE I:

type integer MyArrayTypel[3]; // A type with 3 integer elements
type record length (3) of integer MyRecordOfTypel; // The corresponding record of

var MyArrayTypel al:= { 7, 8, 9 };
var MyRecordOfTypel rl:= al; // MyArrayTypel and MyRecordOfTypel are compatible
var integer myArrayl[3]:= rl; // Instantiates an integer array of 3 elements
// with the index 0 to 2
// being compatible to MyArrayTypel and MyRecordOfTypel
var integer myArray2[2][3]; // Instantiates a two-dimensional integer array of 2 x 3 elements

// with indexes from (0,0) to (1,2)

Array elements are accessed by means of the index notation (1), which must specify a valid index within the array's
range. Individual elements of multi-dimensional arrays can be accessed by repeated use of the index notation.
Accessing elements outside the array's range will cause a compile-time or test case error.

EXAMPLE 2:

MyArrayl[1l] := 5;

MyArray2[1][2] := 12;

MyArrayl([4] := 12; // ERROR: index must be between 0 and 2
MyArray2[3][2] := 15; // ERROR: first index must be 0 or 1
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| Array dimensions may also be specified using ranges (with inclusive boundaries only). In such cases, the lower and <

upper values of the range define the lower and upper index values. Such an array is corresponding to a record of with a Lavigne 12/11/12 14:28
fixed length restriction computed as the difference between upper and lower index bound plus 1 and indexing starting Formatiert: Absatze nicht trennen, Zeilen
from the lower bound of the array definition. nicht trennen
EXAMPLE 3:
type integer MyArrayType2[2 .. 5]; // A type with 4 integer elements, indices starting with 2

type record length (4) of integer MyRecordOfType2; // The corresponding record of

var integer MyArray3[l .. 5]; // Instantiates an integer array of 5 elements
// with the index 1 to 5

MyArray3[1] := 10; // Lowest index
MyArray3[5] := 50; // Highest index
var integer MyArray4[l .. 5][2 .. 3 ]; // Instantiates a two-dimensional integer array of

// 5 x 2 elements with indexes from (1,2) to (5,3)

NOTE: It is not possible to define an array type with a variable amount of elements. Neither is it possible to
define an unlimited array with a lower bound on the array index.

The values of array elements shall be compatible with the corresponding variable or type declaration. Values may be
assigned individually by a value list notation or indexed notation or more than one or all at once by a value list notation.
When the value list notation is used, the first value of the list is assigned to the first element of the array (the element
with index 0 or the lower bound if an index range has been given), the second value to the next element, etc. Elements
to be left out from the assignment shall be explicitly skipped in the list by using dash.

Indexed value notation can be used on both the right-hand side and left-hand side of assignments. The index of the first
element shall be zero or the lower bound if an index range has been given. The index shall not exceed the limitations
given by either the length or the upper bound of the index. If the value of the element indicated by the index at the right-
hand of an assignment is undefined, this shall cause an error. Sending an array value with undefined elements shall
cause an error. All elements in an array value that are not set explicitly, are undefined.

For assigning values to multi-dimensional arrays, each dimension that is assigned shall resolve to a set of values
enclosed in curly braces. When specifying values for multi-dimensional arrays, the leftmost dimension corresponds to
the outermost structure of the value, and the rightmost dimension to the innermost structure. The use of array slices of
multi-dimensional arrays, i.e. when the number of indexes of the array value is less than the number of dimensions in
the corresponding array definition, is allowed. Indexes of array slices shall correspond to the dimensions of the array
definition from left to right (i.e. the first index of the slice corresponds to the first dimension of the definition). Slice
indexes shall conform to the related array definition dimensions.

EXAMPLE 4:
MyArrayl[0]:= 10;
MyArrayl[1l]:= 20;
MyArrayl([3]:= 30;

// or using an value list
MyArrayl:= {10, 20, -, 30};

MyArray4:= {{1, 2}, {3, 4}, {5, 6}, {7, 8}, {9, 10}};
// the array value is completely defined

var integer MyArray5[2][3][4] :=
{
{
{1, 2, 3, 4}, // assigns a value to MyArray5 slice [0][0]
{5, 6, 7, 8}, // assigns a value to MyArray5 slice [0][1]
{9, 10, 11, 12} // assigns a value to MyArray5 slice [0][2]
}, // end assignments to MyArray5 slice [0]
{
{13, 14, 15, 16}, {17, 18, 19, 20}, {21, 22, 23, 24}
} // assigns a value to MyArray5 slice [1]
bi

MyArray4[2] := {20, 20};
// yields {{1, 2}, {3, 4}, {20, 20}, {7, 8}, {9, 10}};
MyArray5(1] := { {0, O, 0, O}, {0, O, O, O}, {0, O, O, O}};
// yields {{{1, 2, 3, 4}, {5, 6, 7, 8}, {9, 10, 11, 12}},
// {{o, o, o, 0}, {0, 0, 0, O}, {0, O, O, O}}};
MyArray5[0]1[2] := {3, 3, 3, 3};
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// yields {{{1, 2, 3, 4}, {5, 6, 7, 8}, {3, 3, 3, 3}},
// {{o, 0, o, 0}, {0, 0, O, O}, {0, O, O, O}}};

var integer MyArrayInvalid[2][2];
MyArraylInvalid := { 1, 2, 3, 4}

// causes an error as the dimension of the value notation

// does not correspond to the dimensions of the definition
MyArrayInvalid(2] := { 1, 2 }

// causes an error as the index of the slice should be 0 or 1

6.2.8 The default type

TTCN-3 allows the activation of altsteps (see clause 16.2) as defaults to capture recurring behaviour. Default references
are unique references to activated defaults. Such a unique default reference is generated by a test component when an
altstep is activated as a default, i.e. a default reference is the result of an activate operation (see clause 20.5.2).

Default references have the special and predefined type default. Variables of type default can be used to handle
activated defaults in test components. The special value null represents an unspecific default reference, e.g. can be
used for the initialization of variables of default type.

Default references are used in deactivate operations (see clause 20.5.3) in order to identify the default to be
deactivated.

Default references have meaning only within the test component instances they are activated, i.e. a default reference
assigned to a default variable in test component instance "al" of type "A" has no meaning in test component instance
"a2" of type "A".

The actual data representation of the default type shall be resolved externally by the test system. This allows abstract
test cases to be specified independently of any real TTCN-3 runtime environment, in other words TTCN-3 does not
restrict the implementation of a test system with respect to the handling and identification of defaults.

6.2.9 Communication port types

Ports facilitate communication between test components and between test components and the test system interface.

TTCN-3 supports message-based and procedure-based ports. Each port shall be defined as being message-based or
procedure-based. Message-based ports shall be identified by the keyword message and procedure-based ports shall be
identified by the keyword procedure within the associated port type definition.

Ports are bidirectional. The directions are specified by the keywords in (for the in direction), out (for the out
direction) and inout (for both directions). Directions shall be seen from the point of view of the test component
owning the port with the exception of the test system interface, where in identifies the direction of message sending or
procedure call and out identifies the direction of message receive, get reply or catch exception from the point of view
of the test component connected to the test system interface port.

Each port type definition shall have one or more lists indicating the allowed collection of (message) types or procedure
signatures together with the allowed communication direction.

For configuration purposes the port type may have one map param and one unmap param declaration indicating the
allowed additional parameters for the respective operation. These formal parameters must be value parameters.

Whenever a signature (see also clause 14) is defined in the out direction of a procedure-based port, the types of all its
inout and out parameters, its return type and its exception types are automatically part of the in direction of this
port. Whenever a signature is defined in the in direction for a procedure-based port, the types of all its inout and out
parameters, its return type and its exception types are automatically part of the out direction of this port.

Ports used for the communication with the SUT may need to address specific entities within the SUT. In addition, <
several address schemes may be supported by one SUT at different ports. To support such addressing schemes, TTCN-3 Lavigne 12/11/12 14:28
allows to bind an address type to a port. Values of this type may be used for addressing purposes in communication Formatiert: Absatze trennen

operations (see clause 22.1) and be stored in variables. The handling of address types bound to different ports by means

of the dot notation is explained in clause 6.2.12.
Feldfunktion geandert
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Syntactical Structure

Message-based port:

type port PortTypeldentifier message "{"

J (address Type ;") |
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Formatiert: Absatze nicht trennen

|
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v (map param " (" { FormalValuePar [","] }+/))") |
y (unmap param " (" { FormalValuePar [","] }+))") |
¢ ((in | out | inout) { MessageType [ "," ] }+ ;") }
nym
Procedure-based port:
type port PortTypeldentifier procedure "({"
4 (address Type ,';" ) |
, (map param " (" { FormalValuePar [","] }+ /)") |
y (unmap param " (" { FormalValuePar [","] }+))") |
¢ ((in | out | inout) { Signature [ "," ] }+.';") }

Geloscht: ") " ]

wyn
Restrictions

Jn addition to the general static rules of TTCN-3 given in clause 5. the following restrictions apply:
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a)
b)

At most one address type should be bound to a port type.

At most one map parameter list should be defined for a port type.

¢) At most one unmap parameter list should be defined for a port type.

Examples

EXAMPLE 1:  Message-based port

// Message-based port which allows types MsgTypel and MsgType2 to be received at, MsgType3 to be
// sent via and any integer value to be send and received over the port

type port MyMessagePortTypeOne message

{

in MsgTypel, MsgType2;
out MsgType3;
inout integer
}
EXAMPLE 2:  Procedure-based port

// Procedure-based port which allows the remote call of the procedures Procl, Proc2 and Proc3.
// Note that Procl, Proc2 and Proc3 are defined as signatures
type port MyProcedurePortType procedure
{
out Proc3

Procl, Proc2,

}
EXAMPLE 3:  Message-based port with address type definition
type port MyMessagePortTypeTwo message
{

address integer; // if addressing is used on ports of type MyMessagePortTypeTwo
// the addresses have to be of type integer
MsgType2;

inout MsgTypel,

}

NOTE: The term message is used to mean both messages as defined by templates and actual values resulting
from expressions. Thus, the list restricting what may be used on a message-based port is simply a list of

type names.
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EXAMPLE 4:  Usage of param in port declaration h

// Message based port which allows MsgTyped4 to be send and received over the port
// and MsgType5 and MsgType6 as configuration parameter type
type port MyMessagePortType message
{
inout MsgTyped;
map param (in MsgType5 pl, out MsgType6 p2);
}

// Procedure based port which allows the remote call of the procedure Procl
// and MsgType5 as configuration parameter type
type port MyProcedurePortType procedure
{
out Procl;
unmap param (MsgType5 pl);

6.2.10 Component types

6.2.10.1 Component type definition

The component type defines which ports are associated with a component (see figure 3). The port names in a
component type definition are local to that component type, i.e. another component type may have ports with the same
names. Port names in the same component type definition shall all have unique names.

PCO2 PCO3
MyMTC MyPTC p—
/I of MyMTCType w— Il of MyPTCType
PCO4
PCO1 PCO1

Figure 3: Typical components

It is also possible to declare constants, variables and timers local to a particular component type. These declarations are
visible to all testcases, functions and altsteps that run on an instance of the given component type. This shall be
explicitly stated using the runs on keyword (see clause 16) in the testcase, function or altstep header. Component type
definitions are associated with the component instance and follow the scope rules defined in clause 5.2. Each new
instance of a component type will thus have its own set of constants, variables and timers as specified in the component
type definition (including any initial values, if stated). Constants used in the constant expressions of type declarations
for variables, constants or ports shall meet with the restrictions in clause 10, however constants used in the constant
expressions of initial values for variables, constants or timers do not have to obey these restrictions.

Syntactical Structure

type component ComponentTypeldentifier "{"
{ ( PortInstance

VarInstance

TimerInstance

ConstDef ) }

o
Semantic Description

Component type definitions specify the creation, declaration and initialization of ports and component constants,
variables and timers during the creation of an instance of a component type. These instances can be used as the main
test component, as the test system interface or as a parallel test component. Every instance of a component type has its
own fresh copy of the port, constant, variable, and timer instances defined in the component type definition.

Restrictions

No specific restrictions in addition to the general static rules of TTCN-3 given in clause 5.
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Examples

EXAMPLE 1:  Component type with port instances only

type component MyPTCType

{
port MyMessagePortType PCO1, PCO4;
port MyProcedurePortType PCO2;
port MyAllMesssagesPortType PCO3

}

EXAMPLE 2:  Component type with variable, timer and port instance

type component MyMTCType
{
var integer MyLocallnteger;
timer MyLocalTimer;
port MyMessagePortType PCOl
}

EXAMPLE 3:  Component type with port instance arrays

type component MyCompType
{
port MyMessagelnterfaceType PCO[3]
port MyProcedureInterfaceType PCOm[3][3]
// Defines a component type which has an array of 3 message ports and a two-dimensional
// array of 9 procedure ports.

6.2.10.2 Reuse of component types
It is possible to define component types as the extension of other component types, using the extends keyword.

Syntactical Structure

type component ComponentTypeldentifier extends ComponentTypeldentifier "{"
{ ( PortInstance
| VarInstance
| TimerInstance
| ConstDef ) }
nyn

Semantic Description

In such a definition, the new type definition is referred to as the extended type, and the type definition following the
extends keyword is referred to as the parent type. The effect of this definition is that the extended type will implicitly
also contain all definitions from the parent type. It is called the effective type definition.

It is allowed to have one component type extending several parent types in one definition, which have to be specified as
a comma-separated list of types in the definition. Any of the parent types may also be defined by means of extension.
The effective component type definition of the extended type is obtained as the collection of all constant, variable, timer
and port definitions contributed by the parent types (determined recursively if a parent type is also defined by means of
an extension) and the definitions declared in the extended type directly. The effective component type definition shall
be name clash free.

NOTE 1: It is not considered to be a different declaration and hence causes no error if a specific definition is
contributed to the extended type by different parent types (via different extension paths).

The semantics of component types with extensions are defined by simply replacing each component type definition by
its effective component type definition as a pre-processing step prior to using it.

NOTE 2: For component type compatibility, this means that a component reference ¢ of type CT1, which extends
CT2, is compatible with CT2, and test cases, functions and altsteps specifying CT2 in their runs on
clauses can be executed on ¢ (see clause 6.3.3).
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Restrictions
In addition to the general static rules of TTCN-3 given in clause 5, the following restrictions apply:

a)  When defining component types by extension, there shall be no name clash between the definitions being
taken from the parent type and the definitions being added in the extended type, i.e. there shall not be a port,
variable, constant or timer identifier that is declared both in the parent type (directly or by means of extension)
and the extended type. It is not considered to be a name clash if a specific definition is contributed to the
extended type via different extension paths.

b)  When defining component types by extending more than one parent type, there shall be no name clash
between the definitions of the different parent types, i.e. there shall not be a port, variable, constant or timer
identifier that is declared in any two of the parent types (directly or by means of extension). It is not
considered to be a name clash if a specific definition is contributed to the extended type via different extension
paths.

c)  Itisallowed to extend component types that are defined by means of extension, as long as no cyclic chain of
definition is created.

Examples

EXAMPLE 1: A component type extension and its effective type definition

type component MyMTCType
{
var integer MyLocallnteger;
timer MyLocalTimer;
port MyMessagePortType PCOl
}

type component MyExtendedMTCType extends MyMTCType
{

var float MyLocalFloat;

timer MyOtherLocalTimer;

port MyMessagePortType PCO2;
}

// effectively, the above definition is equivalent to this one:
type component MyExtendedMTCType
{

/* the definitions from MyMTCType */

var integer MyLocallnteger;

timer MyLocalTimer;

port MyMessagePortType PCOl

/* the additional definitions */
var float MyLocalFloat;
timer MyOtherLocalTimer;
port MyMessagePortType PCO2;
}

EXAMPLE 2: A component type extension chain and forbidden cyclic extensions

type component MTCTypeA extends MTCTypeB { /* .. */ };
type component MTCTypeB extends MTCTypeC { /* .. */ };
type component MTCTypeC extends MTCTypeA { /* .. */ }; // ERROR - cyclic extension
type component MTCTypeD extends MTCTypeD { /* .. */ }; // ERROR - cyclic extension

EXAMPLE 3:  Component type extensions with name clashes

type component MyExtendedMTCType extends MyMTCType
{
var integer MyLocallnteger; // ERROR - already defined in MyMTCType (see above)
var float MyLocalTimer; // ERROR - timer with that name exists in MyMTCType
port MyOtherMessagePortType PCOl; // ERROR - port with that name exists in MyMTCType
}

type component MyBaseComponent { timer MyLocalTimer };
type component MyInterimComponent extends MyBaseComponent { timer MyOtherTimer };
type component MyExtendedComponent extends MyInterimComponent
{
timer MyLocalTimer; // ERROR - already defined in MyInterimComponent via extension

}
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EXAMPLE 4:  Component type extension from several parent types

type component MyCompB { timer T };
type component MyCompC { var integer T };
type component MyCompD extends MyCompB, MyCompC {}
// ERROR - name clash between MyCompB and MyCompC

// MyCompB is defined above
type component MyCompE extends MyCompB {
var integer MyVarl := 10;

}

type component MyCompF extends MyCompB (
var float MyVar2 := 1.0;
}

type component MyCompG extends MyCompB, MyCompE, MyCompF {
// No name clash.
// All three parent types of MyCompG have a timer T, either directly or via extension of
// MyCompB; as all these stem (directly or via extension) from timer T declared in MyCompB,
// which make this form of collision legal.
/* additional definitions here */

6.2.11 Component references

Component references are unique references to the test components created during the execution of a test case.
Syntactical Structure

system | mtc | self | VariableRef | FunctionInstance
Semantic Description

A unique component reference is generated by the test system at the time when a component is created. It is the result of
a create operation (see clause 21.2.1). In addition, component references are returned by the predefined operations
system (returns the component reference of the test system interface, which is automatically created when testcase
execution is started), mte (returns the component reference of the MTC, which is automatically created when testcase
execution started) and self£ (returns the component reference of the component in which self£ is called).

Component references are used in the configuration operations such as connect, map and start (see clause 21) to
set-up test configurations and in the £rom, to and sender parts of communication operations of ports connected to
test components other than the test system interface for addressing purposes (see clause 22 and figure 6).

In addition, the special value null is available to indicate an undefined component reference, e.g. for the initialization
of variables to handle component references.

The actual data representation of component references shall be resolved externally by the test system. This allows
abstract test cases to be specified independently of any real TTCN-3 runtime environment, in other words TTCN-3 does
not restrict the implementation of a test system with respect to the handling and identification of test components.

A component reference includes component type information. This means, for example, that a variable for handling
component references must use the corresponding component type name in its declaration.

The configuration operations (see clause 21) do not work directly on arrays of components. Instead a specific element
of the array shall be provided as the parameter to these operations. For components, the effect of an array is achieved by
using an array of component references and assigning the relevant array element to the result of the create operation.

Restrictions
In addition to the general static rules of TTCN-3 given in clause 5, the following restrictions apply:
a)  The only operations allowed on component references are assignment, equality and non-equality.

b)  The variable associated with VariableRef (being a component type variable, a component type parameter, etc.)
or the return type associated with FunctionInstance must be of component type.
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EXAMPLE 1:  Component references with component type variables

// A component type definition

type component MyCompType {
port PortTypeOne PCOl;
port PortTypeTwo PCO2

}

// Declaring one variable for the handling of references to components of type MyCompType

// and creating a component of this type
var MyCompType MyCompInst := MyCompType.create;

EXAMPLE 2:  Usage of component references in configuration operations

// referring to the component created above
connect (self:MyPCOl, MyCompInst:PCOl);
map (MyCompInst:PCO2, system:ExtPCOl);

MyCompInst.start (MyBehavior (self)) ;

// self 1is passed as a parameter to MyBehavior

EXAMPLE 3:  Usage of component references in from- and to- clauses

MyPCOl.receive from MyCompInst;

MyPCO2.receive (integer:?) -> sender MyCompInst;

MyPCOl.receive (MyTemplate) from MyCompInst;

MyPCO2.send (integer:5) to MyCompInst;

EXAMPLE 4:  Usage of component references in one-to-many connections

// The following example explains the case of a one-to-many connection at a Port PCOl
// where values of type Ml can be received from several components of the different types

// CompTypel, CompType2 and CompType3 and where the sender has to be retrieved.
// In this case the following scheme may be used:

var M1 MyMessage, MyResult;

var MyCompTypel MyInstl null;

var MyCompType2 MyInst2 null;

var MyCompType3 MyInst3 := null;

alt {
[] PCOl.receive (M1:?) from MyInstl -> value MyMessage §ender MyInstl {}
[] PCOl.receive (M1:?) from MylInst2 -> value MyMessage §ender MyInst2 {}
[] PCOl.receive (M1:?) from MyInst3 -> value MyMessage §ender MyInst3 {}

}

MyResult := MyMessageHandling(MyMessage); // some result is retrieved from a function

if (MyInstl != null) {PCOl.send(MyResult) to MyInstl};

if (MyInst2 != null) {PCOl.send(MyResult) to MyInst2};

if (MyInst3 != null) {PCOl.send(MyResult) to MyInst3};

EXAMPLE 5:  Usage of self

var MyComponentType MyAddress;

MyAddress := self; // Store the current component reference
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EXAMPLE 6:  Usage of component arrays

// This example shows how to model the effect of creating, connecting and running arrays of
// components using a loop and by storing the created component reference in an array of
// component references.

testcase MyTestCase () runs on MyMtcType system MyTestSystemInterface
{

var integer i;

var MyPTCTypel MyPtc[11l];

for (i:= 0; i<=10; i:=i+1)

{
MyPtc[i] := MyPTCTypel.create;
connect (self:PtcCoordination, MyPtc[i]:MtcCoordination);
MyPtc[i].start (MyPtcBehaviour());

6.2.12 Addressing entities inside the SUT

An SUT may consist of several entities which can be addressed individually. The global address data type may be used
if only one data type is needed. If several data types at different ports are needed for addressing SUT entities, the type
used for addressing via a port instance shall be declared in the corresponding port type definition.

Syntactical Structure
TemplateInstance
Semantic Description

The actual data representation of the global address type is resolved either by an explicit global address type
definition within the test suite, address type definitions within port definitions, or externally by the test system (i.e, the
address type is left as an open type within the TTCN-3 specification). This allows abstract test cases to be specified
independently of any real address mechanism specific to the SUT.

If an address type is bound to a port type definition, addressing of SUT instances (i.e, to- and from-directives in

communication operations) via instances of that port type shall be restricted to values of the bound address type.

If several address types exist within a test suite, ambiguities shall be resolved by means of the dot notation. For
example, a type reference within a variable definition used to store an SUT address may be prefixed by a port type
identifier or a module identifier. If both a global address type definition and port definitions with an address type
definition exist in a module, the global address type shall only affect ports without an explicit address type definition.
The consistent use of explicit address type definitions within port definitions is recommended over the use of global
address type definitions.

Explicit SUT addresses for a globally defined address type shall only be generated inside a TTCN-3 module if the type
is defined inside the module itself. If the type is not defined inside the module, explicit SUT addresses for a global
address type shall only be passed in as parameters or be received in message fields or as parameters of remote
procedure calls.

In addition, the special value null is available for the address type to indicate an undefined address, e.g. for the
initialization of variables of the address type.

If a port type definition includes the declaration of a type that shall be used for addressing SUT entities, only values of
that type shall be used in to, from and sender parts of receive and send operations of port instances of that type
mapped to the test system interface.

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

a)  Templatelnstance shall be of type address or of the type of the address declaration in a port type definition. <
If Templatelnstance is of type address, it and can be an address type value, an address type variable, etc.
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b)  For addressing purposes, the address data type shall only be used in the to, from and sender parts of
receive and send operations of ports mapped to the test system interface.

Examples

EXAMPLE 1:  Global address type

// Associates the type integer to the open type address
type integer address;

// new address variable initialized with null
var address MySUTentity := null;

// receiving an address value and assigning it to variable MySUTentity
PCO.receive (address:?) -> value MySUTentity;

// usage of the received address for sending template MyResult
PCO.send (MyResult) to MySUTentity;

// usage of the received address for receiving a confirmation template
PCO.receive (MyConfirmation) from MySUTentity;

EXAMPLE 2:  Port type-specific address type

type record MyAddressType { // user-defined type
integer fieldl;
boolean field2;

}

type port MyPortType message {
address MyAddressType; // address declaration
inout integer;

}

type component MyComponentType

{
port MyPortType PCO;

}

function myFunction () runs on MyComponentType {
var MyAddressType SUT_Address := { 5, true}; // address value for addressing via ports

// of MyPortType

PCO.send (integer: 5) to SUT Address; // use of address value in to

PCO.receive (integer: ?) from SUT Address; // use of address value in from

EXAMPLE 3:  Elaborated address example
type AddressTypel address; // address type definition on module level

type port MyPortTypel message {
inout MsgTypel;
}

// address types bound to port types
type port MyPortType2 message {
address AddressType2; // values of type AddressType2 can be
// used to address SUT entities.
inout MsgType2;
}
type port MyMessagePort3 message {
address AddressType3; // values of type AddressType3 can be
// used to address SUT entities.
inout MsgType3;
}
// component type definition
type component MyComponentType
{

port MyPortTypel PCO1;
port MyPortType2 PCO2;
port MyPortType3 PCO3

}
// The following behaviour is considered to be executed on an instance of MyComponentType.
// Furthermore, it is considered that the ports PCOl, PCO2 and PCO3 are mapped ports, i.ey
// used for the communication with the SUT.
/ Lavigne 12/11/12 1
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// new address variable initialized with null

var address MySUTentityl := null; // type of MySUTentityl is AddressTypel
var MyPortType?2.address MySUTentity2 := null; // type of MySUTentity2 is AddressType2

var MyPortType3.address MySUTentity3 := null; // type of MySUTentity3 is AddressType3

// receiving an address values and assigning them to variables
PCOl.receive (MsgTypel:?) from address:? -> sender MySUTentityl;
// Address type of module scope,
// no prefix needed
PCO2.receive (MsgType2:?) from MyPortType2.address:? -> sender MySUTentity2;
// Resolution of address type
// by means of a prefix
PCO3.receive (MsgType3:?) from MyPortType3.address:? -> sender MySUTentity3;

// usage of the received address values for addressing purposes
PCOl.send (MyResult) to MySUTentityl;

PCO2.receive (MyConfirmation) from MySUTentity2;

PCO3.send (MyRequest) to MySUTentity3;

6.2.13  Subtyping of structured types

TTCN-3 allows subtyping of structured types as given in table 3.

6.2.13.1 Length subtyping of record ofs and set ofs
TTCN-3 permits constraining the number of elements in instances of record of and set of types.

The 1length keyword followed by a value or a range (with inclusive boundaries only) within brackets and used
between the record or set and the of keywords, restricts the allowed lengths of the given record of or set
of type. The value or the bounds within the brackets shall be non-negative integer values, except when the infinity
keyword is used at the place of the upper bound, in which case the maximum number of the elements is not constrained.

Record of and set of type definitions may be used to define new record of or set of subtypes. In this case the
rules of the previous paragraph apply, except that the Llength keyword and the value or range defining the allowed
number of iterations (within brackets) shall be placed following the identifier of the new type.

Constants used in the constant expressions of length subtyping shall meet with the restrictions in clause 10.

EXAMPLE 1:  Length restrictions of record of and set of types

type record length(10) of integer MyRecordOfTypelO;
// is a record of exactly 10 integers

type record length(0..10) of integer MyRecordOfType(O_10;
// is a record of a maximum of 10 integers

type record length(10..infinity) of integer MyRecordOfTypelOup;
// record of at least 10 integers

type record length(0..infinity) of integer MyRecordOfTypeOup;
// an unrestricted record of integer type

EXAMPLE 2:  Length subtyping of referenced record of types

type record of charstring StringArray;
// is an unlimited record of, each element shall be a charstring

type StringArray StringArray34 length(4 .. 5);

// 1s a record of 4 or 5 elements, each element is a charstring
// it is equivalent to

// type record length(4 .. 5) of charstring StringArray34a;

type StringArray34 StringArray34again length(4 .. 5);
// the same as StringArray34

type StringArray34 StringArray6 length(6);
// causes an error as record ofs with 6 elements are not legal values of StringArray34
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EXAMPLE 3:  Length subtyping of referenced set of types

type record MyCapsule {
set of integer mySetOfInt
}

type MyCapsule.mySetOfInt MySetOfIntSub length(5..10);
// unordered list of 5 to 10 integers

6.2.13.2 List subtyping of structured types and anytype

List subtyping is possible when defining a new type based on an existing parent type, but not directly at the declaration
of the first parent type (see table 3).

Subtypes defined by a list subtyping restrict the allowed values of the subtype to the values matched by at least one of
the templates in the list. In case of list subtyping of record, set, record of, set of, union and anytype
types, the list may contain both femplates and subtypes of the parent types of the type being constrained. The collection
of femplates denoted by the type(s) referenced in the list become instances of the new subtype. When constraining
record of,set of,union and anytype types, all templates of the expanded list (i.e. after resolving the type

references) shall be valid {i.c. complete) templates of the first parent type, except in the case of ficld assignment

notations for constrained record or set types,where the fields that are not explicitly present in the value notation are seen
as containing Any for mandatory fields and AnyOrOmit for optional fields of the type.

In case of enumerated types, the template list subtyping shall contain only values of the parent type.

EXAMPLE 1:  List subtyping of record types

type record MyRecord {

integer f1 optional,
charstring f2,
charstring £3

}

type MyRecord MyRecordSubl (
{ f1 := omit, f2 := "user", £3 := "password" },
{ f1 := 1, f2 := "User", £f3 := "Password" }
) // a valid subtype of MyRecord containing 2 values

type MyRecord MyRecordSub2 (

MyRecordSubl,
{ f1 := 2, £2 := "uname", £3 := "pswd" },
{ f1 := 3, £2 := "Uname", £3 := "Pswd" }
) // a valid subtype of MyRecord, containing 4 values; notice that values of

// MyRecordSubl are identified by referencing MyRecordSubl

type MyRecordSubl MyRecordSub3 (

f2 := "user", f3 : "password" },
f2 := "User", f£3 := "Password" }
) // Jjnvalid type as { fl := 1, f2 := "user", £3 := "password" } is not a legal value of

// MyRecordSubl (notice field f1)

type MyRecord MyRecordSub4 (
{ f2 := "user", f3 := "password" },
{ f2 := "User", = "Passw

) // any valid value of MyRecord,
// £2 := "user" AND f3 := "pass

ere the combination of f2 and f3
d" or f2 := "User" AND f3 :=

type MyRecord MyRecordSub5 (

{ £f2 := "user", f3 := pattern "password|Pas },
{ f1 = (1 . )) f2 =" r" }
) // a valid s P f MyRecord containing all values ich match one of the given templates
// { fl1 := : 'user", f3 := pattern "password]|Pas: rd" } or
// { f1 := f2 := "User", f3 := ? }

EXAMPLE 2:  List subtyping of record of types
type record of charstring StringArray;

type StringArray StringArrayListl (
{ "aa" },
{ "bbb", "cc" },
{ "ddd", "ee", "ff" }

); // valid subtype of StringArray
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type StringArrayListl StringArrayList2 (
{ "aa" },
{ "bbb", "cc" }

); // valid subtype of StringArrayListl

type StringArrayListl StringArrayList3 (
StringArrayList2,
{ "ddd", "ee", "ff" }

); // valid, but equivalent to StringArrayListl

type StringArrayListl StringArrayListd (
StringArrayList2,
{ "ddd", "ee", "fff" }
); // empty type as { "ddd", "ee", "fff" } is not a value of StringArrayListl
// (notice the extra character f in the third element)

EXAMPLE 3:  List subtyping of union types

type union MyUnion {

integer cl,
charstring c2,
charstring c3

bi

type MyUnion MyUnionSubl (
{ cl :=20 1},
{ cl :=11}
); // a valid subtype of MyUnion containing two values

type MyUnion MyUnionSub2 (

MyUnionSubl,
{ c2 := "mine" },
{ ¢c3 := "yours" }

); // a valid subtype of MyUnion containing four values; notice that values of
// MyUnionSubl are identified by referencing MyUnionSubl

type MyUnionSubl MyUnionSub3 (
{cl =01,

{cl =21}
); // causes an error as { cl := 2 } is not a value of MyUnionSubl

EXAMPLE 4:  List subtyping of enumerated types
type enumerated MyEnum { first, second, third, fourth, fifth };

type MyEnum EnumSubl ( first, second, third );
// a valid subtype of MyEnum

type EnumSubl EnumSub2 ( first, second );
// a valid subtype of EnumSubl

type EnumSubl EnumSub3 ( first, second, fourth );
// causes an error as fourth is not a value of EnumSubl

type MyEnum EnumSub4 ( EnumSubl, fourth);

// causes an error as type references are not allowed in the yemplate list
// of ted t .
ot enumerated types Lavigne 12/11/12 1
EXAMPLE 5:  List subtyping of anytype Gelbscht: value
type anytype MyAnySubl (
{ integer := 5 },
{ boolean := false },
{ bitstring := '0011'B },
{ charstring := "mine" },
{

MyEnum := first }
):; // a valid subtype of anytype, consisting of 5 values

type MyAnySubl MyAnySub2 (

{ integer 51,
{ boolean false },
{ bitstring := '0011'B }

); // a valid subtype of MyAnySubl, consisting of 3 values
type anytype MyAnySub3 (

MyAnySub2,
{ octetstring := 'FF'O }

ETSI



65 ETSI ES 201 873-1 V4.4.1 (2012-04)

); // a valid subtype of anytype, consisting of 4 values, 3 of which are defined
// by referring to MyAnySub2

type MyAnySubl MyAnySubd (

{ integer := 5 },
{ boolean false },
{ MyEnum := second }
); // causes an error as { MyEnum := second } is not a value of MyAnySubl

type MyAnySubl MyAnySub5 (

MyAnySub3,
{ MyEnum := first }
); // causes an error as { octetstring := 'FF'O } (defined via referencing MyAnySub3) is

// not a value of MyAnySubl

6.2.13.3 Subtyping of the iterated type of record ofs and set ofs

A type restriction following the identifier of a newly defined record of or set of type (i.e. when the keywords
record and of or set and of are used in the definition) shall constrain the innermost type. The newly defined
iterated type shall be a subset of the innermost type. If the innermost type is a basic type, the subtyping rules in

clause 6.1.2shall apply. If the innermost type is referencing a structured type or anytype, the rules in clauses 6.2.13.1

and 6.2.13.2 shall apply. Lavigne 12/11/12 14:28
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// is an unlimited record of, each element shall be a charstring of 2 or 3 characters

type record length(0..10) of charstring Stringl2ArraylO length(12);
// is a record of a maximum of 10 strings each with exactly 12 characters

type record of record of charstring Stringl2Array2D length(12);
// is a two-dimensional unlimited array of strings each with exactly 12 characters

type set length(5) of set length(6) of charstring Stringl2Array2D56 length(12);
// 1s an unordered two-dimensional array of the size 5%*6 strings, each with
// exactly 12 characters

const String23Array c_str23arr_a := { "aa", "bbb", "cc", "ddd", "ee", "ff" };
// valid, all charstrings are 2 or 3 characters long

const String23Array c_str23arr_b := { "a", "bbbb", "cc", "ddd", "ee", "ff" };
// causes an error as "a" and "bbbb" are not 2 or 3 characters long

const Stringl2Array2D56 c_strl2arr2D56_a := {
{ "aa", "aaa", "bb", "bbb", "cc", "ccc" },
"dd", "ddd", "ee", "eee", "ff", "fff" },
"gg", "ggg", "hh", "hhh", "ii", "iii" },
"jj", "3jji", "kk", "kkk", "11", "111" }
"mm", "mmm", "nn", "nnn", "oo", "ooo" }
}; // valid, a 5%6 matrix of charstrings being 2 or 3 characters long

const Stringl2Array2D56 c_strl2arr2D56 b := {
{ "a", "aaa", "bb", "bbbb", "cc", "ccc" },
{ "dd", "ddd", "ee", "eee", "ff", "fff" },
{ "gg", "ggg", "hh", "hhh", "ii", "iii" },
€ "33, "333", "kk", "kkk", "11", U111 ),
{ "mm", "mmm", "nn", "nnn", "oo", "ocoo", "pp" }
}; // causes an error as "a" and "bbbb" are not 2 or 3 characters long and
// the 5th inner record of has 7 elements

EXAMPLE 2:  Length subtyping of structured innermost types of record ofs

type record of String23Array String23Array45 length(4 .. 5);

// is a two-dimensional array, the first dimension is unlimited,

// the second dimension is restricted to 4 or 5 elements and each element

// 1s a charstring of 2 or 3 characters. It is equivalent to:

// type record of record length(4 .. 5) of charstring String23Array45 length(2 .. 3);

const String23Array45 c_str23arrd5 a := {
{ "aa", "bbb", "cc", "ddd" },
{ "ee™, "EFE", "gg", "hhh", "ii" }
}; // valid, 4 or 5 elements in the inner record of, all containing 2 or 3 characters
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const String23Array45 c_str23arrd5 b := {
{ "aa" , "bbb", "cc" }
}; //causes an error as there are only 3 elements in the inner record of

const String23Array45 c_str23arrd5 c := {
{ "aa", "bbbb", "cc", "dd" }
}; //causes an error as "bbbb" contains 4 characters
type record length(0 .. 1) of String23Array String23Array0145 length(4 .. 5);
// is a two-dimensional array, the first dimension is limited to 0 or 1 elements,

// the second dimension is restricted to 4 or 5 elements, each element is a
// charstring of 2 or 3 characters.

const String23Array0145 c_str23arr0145 a := {

{ "aa", "bbb", "cc", "ddd" },
}; // a valid 1*4 array of charstrings, each of 2 or 3 characters
const String23Array0145 c_str23arr0145 a := {

( "aa", "bbb", "cc", "ddd" },

{ "ee", "EEE", "gg", "hhh", "ii" }

}; // causes an error as there are two elements in the outer record of

const String23Array0145 c_str23arr0145 b := {
{ "aa" , "bbb", "cc" }
}; // causes an error as there are only 3 elements in the inner record of

const String23Array0145 c_str23arr0145 c := {

{ "aa", "bbbb", "cc", "dd" }
}; // causes an error as "bbbb" contains 4 characters
type record of String23Array45 String23Array6 length(6);

// empty type as String23Array45 is restricted to 4 or 5 elements,
// thus length restriction 6 is outside the allowed range

6.2.13.4 Mixing subtyping mechanisms

In the case of structured types and the special type anytype, it is forbidden to mix different subtyping mechanisms
(e.g. list and length) in the same definition.

6.3 Type compatibility
Generally, TTCN-3 requires type compatibility of values at assignments, instantiations and comparison.

For the purpose of this clause the actual value to be assigned, passed as parameter, etc., is called value "b". The type of
value "b" is called type "B". The type of the formal parameter, which is to obtain the actual value of value "b" is called
type "A".

NOTE: As address is more a predefined type name than a distinct type with its own properties, the same type
compatibility rules apply to an address type and to its derivatives as the rules were if the type was
defined with a name different from address.

6.3.1 Compatibility of non-structured types

For variables, constants, templates, etc. of simple basic types and basic string types the value "b" is compatible to type
"A" if type "B" resolves to the same root type as type "A" (e.g. integer) and it does not violate subtyping,
(e.g, ranges, length restrictions) of type "A".

EXAMPLE 1:  Compatibility of integers

// Given
type integer MyInteger(l .. 10);

var integer x;
var MylInteger y;

// Then
y :=5; // is a valid assignment
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