© Ericsson 2002-2013. 4/6/2018

=
2

ERICSSON

TTCN-3 COURSE

PRESENTATION MATERIAL

TESTCOMPETENCE CENTER
ERICSSON HUNGARY

http://ttcn.ericsson.se/

Copyright © Ericsson AB 2018. All rights reserved.

This program and the accompanying materials
are made available under the terms of the Eclipse Public License v1.0

which accompanies this distribution, and is available at

http://www.eclipse.org/legal/epl-v10.html

LZT 123 7751 Uen, Rev R1N



© Ericsson 2002-2013. 4/6/2018

Copyright © Ericsson AB 2018. All rights reserved.

This program and the accompanying materials
are made available under the terms of the Eclipse Public License v1.0
which accompanies this distribution, and is available at

http://www.eclipse.org/legal/epl-v10.html

LZT 123 7751 Uen, Rev R1N 2



© Ericsson 2002-2013.

CONTENTS

Protocols and Testing

Introduction to TTCN-3

TTCN-3 module structure

Type system

Constants, variables, module parameters
Program statements and operators
Timers

Test configuration

Functions and testcases

Verdicts

Configuration operations

Data templates

Abstract communication operations
Behavioral statements

Sample test case implementation

= 1O |00 [N | |W N |= W
s lBIRISIBIS IR |5

(4}

-
N
o

-
N
(4]

-
(4]
w

-
©
N

N
o
»

N
w
-

LZT 123 7751 Uen, Rev R1N

4/6/2018



© Ericsson 2002-2013. 4/6/2018

=
>

ERICSSON
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COMMUNICATIONS PROTOCOLS

* Protocolis a set of rules that controls the communication
» syntactical rules (static part):
» define format (layout) of messages

* semantical rules (dynamic part):

» describe behavior (how messages are exchanged) and
meaning of messages

A protocol is a set of rules that controls the communication between entities in
different systems.

Protocols define format (syntax), order of messages sent and received among network
entities, as well as actions taken on message transmission or reception (behaviour).

Behaviour of the protocols can be defined using natural language (e.g. English) or some
formal description technique. Examples for the latter: SDL, Estelle and Lotos. They are
compilable specification languages. None of them has outweighed the others.

AASN.1 Abstract Syntax Notation One (ITU-T X.680-X.699)
ATTCN-3 Testing and Test Control Notation version 3 (ETSI ES 201 873)

AJML Unified Modeling Language (http://www.omg.org/uml/, ITU-T Z.109 [SDL combined
with UML])

ASDL: Specification & Description Language. (ITU-T Z.100-Z.109) Most popular in the
industry.

AMSC Message Sequence Charts (ITU-T Z.120-Z.129)

A OTOS: Language of Temporal Ordering Specifications (1ISO8807) is widely used in the
academic world. LOTOS is based on communicating processes.

Kstelle (ISO9074) is based on extended finite automata.

LZT 123 7751 Uen, Rev R1N 6
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PROTOCOL TECHNOLOGY

Informal K
specification I

Formal |
specification I

|
Implementationl.[ Test cases ]

* Ambiguous
* Not complete

+ ASN.1, TTCN-3,...
« UML, SDL, MSC, ...
+ Verification, validation

» Conformance tests
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TESTING

Verdict:

pass,

fail,

inconclusive

* Black box testing

~Implementation/System
Under Test

-Point of Control and
Observation

* Not possible to test all the
situations

—~Test Purposes
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FORMALTECHNIQUES IN CONFORMANCE E

ASSESSMENT
Protocol
* Verification: specification
— Check correctness of formal model 2 1 Modeling

Verification Fbrmal protocol

description

* Testing (black-box):

- Check if Implementation Under Test (IUT)
conforms to its specification

- Experiments programmed into Test Cases :
- Validation: l
— Ensure correctness of test cases of ATS b

TestPurposes 1 : Validation
ATS

l Testexecution

Testresults

ATS: Abstract Test Suite, a collection of Abstract Test Cases.
ETS: Executable Test Suite, a set of Executable Test Cases.
IUT: Implementation Under Test

LZT 123 7751 Uen, Rev R1N 9
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TESTTYPES

« Conformance testing

— Function tests
* Regression tests
- System tests

* Interoperability testing

* Performance (Load) testing

LZT 123 7751 Uen, Rev R1N 10
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TEST CASES IN BLACK-BOX TEST

Implementation of Test Purpose

Stimulus ) non-blocking
— TP defines an experiment alternatives
* Focus on a single requirement | "5.°cking events
« Returns verdict (pass, fail, inconclusive) Q

Typically a sequence of action-observation- e
verdict update:

non-blocking

- Action (stimulus): non-blocking / R
(e.g. transmit PDU, start timer) v b.'ockingm :
— Observation (event): takes care of multiple (’\A) :

alternative events (e.g. expected PDU, N
unexpected PDU, timeout)

Black-box testing means that the internal structure of the tested software product is not known: the
only way to test it is to send a message ("'stimulus”) to the system and to analyse the received
response. The latter is compared to the due response determined beforehand using the reference
specification. If the comparison ("pattern matching") between the real and the expected response
fails, the test case is considered as "failed" otherwise "passed".

The test script language must have means to match the expected and the received messages
even if the message elements arrive in different order, or some of them (the optional ones) are
missing. Usually, there are more than one possible responses; all of them must be accepted.

Once the match is determined, the next stimulus is constructed taking into consideration the data
having received in the response, and so on.

The test script language must be prepared to determine that the expected response is not received
within the specified time frame: it must handle timing ("temporal") requirements.

3.3.118 test purpose: A prose description of a well defined objective of testing, focusing on a
single conformance requirement or a set of related conformance requirements as specified in the
appropriate OSI specification (e.g. verifying the support of a specific value of a specific parameter).
3.3.3 abstract test case: A complete and independent specification of the actions required to
achieve a specific test purpose, defined at the level of abstraction of a particular Abstract Test
Method, starting in a stable testing state and ending in a stable testing state. This specification may
involve one or more consecutive or concurrent connections.

Note 1: The specification should be complete in the sense that it is sufficient to enable a test
verdict to be assigned unambiguously to each potentially observable test outcome (i.e. sequence
of test events).

Note 2: The specification should be independent in the sense that it should be possible to execute
the derived executable test case in isolation from other such test cases (i.e. the specification )
should always include the possibility of starting and
3.3.31 executable test case: A realization of an abstract test case.

3.3.107 test case: An abstract or executable test case.
Abbreviations

IUT: Implementation Under Test
SUT: System Under Test

LZT 123 7751 Uen, Rev R1N 11
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INDEPENDENCE AND STRUCTURE OF E
ABSTRACT TEST CASES

* Abstract test cases should contain

- preamble: sequence of test events
to drive IUT into initial testing state
from the starting stable testing state

- test body: sequence of test events

to achieve the test purpose ».
— postamble: sequence of test events

which drive IUT into a finishing stable

testing state

* Preamble/postamble may be absent

=)

preambIeA body postamble

» Starting stable testing state and finishing [ %)
stable testing state are the idle state in e -
TTCN-3

3.3.121 testing state: A state encountered during testing, comprising the combination of
the states of the SUT, the test system, the protocols for which control and observation is
specified in the ATS, and, if relevant, the state of the underlying service.

3.3.93 stable testing state: A testing state which can be maintained, without prescribed
Lower Tester behaviour, sufficiently long to span the gap between one test case and the
next in a test campaign.

3.3.47 initial testing state: The testing state in which a test body starts.

3.3.110 test event: An indivisible unit of test specification at the level of abstraction of the
specification (e.g. sending or receiving a single PDU).

3.3.117 (test) preamble: The sequences of test events from the starting stable testing
state of the test case up to the initial testing state from which the test body will start.

3.3.105 test body: The sequences of test events that achieve the test purpose.

3.3.116 (test) postamble: The sequences of test events from the end of the test body up
to the finishing stable testing state(s) for the test case.

LZT 123 7751 Uen, Rev R1N 12
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REQUIREMENTS ON TEST SUITES

« All test cases in an ATS must be sound

— Exhaustive test case results pass verdict if IUT is correct
(practically impossible with finite number of test cases)

— Sound test case gives fail verdict if IUT behaves incorrectly
— Complete test case is both sound and exhaustive
* Must not terminate with none or error verdict

ATS is exhaustive if all test cases are exhaustive (all passing implementations are
compliant)

ATS is sound if all test cases are sound (all implementations that do not pass are not
compliant)

ATS is complete if all test cases are both sound and exhaustive

LZT 123 7751 Uen, Rev R1N 13
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PHASES OF BLACK-BOX (FUNCTIONAL) E
TESTING

» Test purpose definition
- Formally or informally
* TTCN-3 Abstract Test Suite (ATS)
- design or generation
* Executable Test Suite (ETS) implementation
- using the Means of Testing (MoT)
* Test execution against the Implementation Under Test (IUT)
- with MoT
* Analysis of test results
- verdicts, logs (validation)

LZT 123 7751 Uen, Rev R1N 14
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ABSTRACT TEST SUITE DESIGN

« Manual design:

- ldentify test purposes from protocol specification based on
the test requirements

- Implement abstract test cases from test purposes using a
standardized test notation (TTCN-3)

* Automatic design:
— Generate test purposes and abstract test cases directly from formal
protocol specification in e.g. UML, SDL, ASN.1

- Requires formal protocol specification
— Computer Aided Test Generation (CATG) is an open problem
- Model Based Testing

Once the protocol specification is formalised, it is theoretically possible to generate
executable test cases automatically. However, this procedure, called Computer Aided
Test Generation (CATG) is only being developed.

Otherwise, one needs to design abstract test cases manually. Manual test suite design
starts with the formulation of test purposes from protocol specification. Test purposes are
implemented in test cases.

LZT 123 7751 Uen, Rev R1N 15
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TEST EXECUTION

» Realize Executable Test Suite (ETS) from Abstract Test Suite (ATS) using
the chosen Means of Testing (MoT)

- MoT=TITAN
— ATS->ETS = build project

» Execute the ETS on the test system against the IUT
- execute in TITAN

* Observe the verdict of executed test cases
- pass, fail, inconclusive (none, error)

The test system is the link between fiabstracto and fiexecutableo. It derives executable
test cases from abstract test cases and executable test suites (ETSs) from abstract test
suites (ATSs). The test system and any additional equipment and procedures that may be
required for the execution of test cases together are called the Means of Testing.

LZT 123 7751 Uen, Rev R1N 16
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. INTRODUCTION TO TTCN-3

HISTORYOF TTCN
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HISTORY OF TTCN

» Originally: Tree and Tabular Combined Notation

* Designed for testing of protocol implementations based on the OSI Basic
Reference Model in the scope of Conformance Testing Methodology and
Framework (CTMF)

» Versions 1 and 2 developed by ISO (1984 - 1997) as part of the widely-
used ISO/IEC 9646 conformance testing standard

* TTCN-2 (ISO/IEC 9646-3 == ITU-T X.292) adopted by ETSI

- Updates/maintenance by ETSI in TR 101 666 (TTCN-2++)
+ Informal notation: Independent of Test System and SUT/IUT
* Complemented by ASN.1 (Abstract Syntax Notation One)
- Used for representing data structures
» Supports automatic test execution (e.g. SCS)
* Requires expensive tools (e.g. ITEX for editing)

Test notation is used to describe abstract test cases. The test notation can be an
informal notation (without formally defined semantics) or a Formal Description Technique
(FDT). TTCN-2 is an informal notation with clearly defined, but not formally defined
semantics.a

The International Organization for Standardization (ISO*) has standardised first two
versions of TTCN. The very same standard has been adopted as ITU-T and ETSI
standard. Data structure definitions written in ASN.1 can be imported to TTCN-2.

TTCN-2 test cases can be edited using special software, e.g. ITEX. Executable test
cases are produced and run with help of e.g. SCS.

Abbreviations:

ETSI
IEC International Engineering Consortium
ITU-T International
SCS System Certification System
(Ericsson's TTCN test case execution platform)
ITEX Interactive TTCN Editor and eXecutor

(from the Swedish firm Telelogic)

* Because "International Organization for Standardization" would have different abbreviations in different
languages ("IOS" in English, "OIN" in French for Organisation internationale de normalisation), it was decided
at the outset to use a word derived from the Greek isos, meaning "equal”. Therefore, whatever the country,
whatever the language, the short form of the organization's name is always ISO.

LZT 123 7751 Uen, Rev R1N 18
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TTCN-2TO TTCN-3 MIGRATION

* TTCN-2 was getting used in other areas than Conformance Test
(e.g. Integration, Performance or System Test)

* TTCN-2 was too restrictive to cope with new challenges (0Sl)

* The language was redesigned to get a general-purpose test description
language for testing of communicating systems

— Breaks up close relation to Open Systems Interconnections model

— TTCN's tabular graphical representation format (TTCN.GR) is getting
obsolete by TTCN-3 Core Language

— Some concepts (e.g. snapshot semantics) are preserved, others (abstract
data type) reconsidered while some are omitted (ASP, PDU)

— TTCN-3 is not fully backward compatible
* Name changed: Testing and Test Control Notation

Language development was being done in the following framework:
ETSI MTS/STFs 133, 156, 213, 253

TTCN-3 can be used for protocol testing (for mobile and Internet protocols),
supplementary service testing, module testing, the testing of CORBA-based platforms,
the testing of Application Programming Interfaces (APIs) and many more applications.
The language is not restricted to conformance testing, but can be used for
interoperability, robustness, regression, system, and integration testing.

The syntax of TTCN-3 is new, but the language has retained (and improved upon) much
of the well proven capabilities of its predecessors. Its main features include:

Mynamic, concurrent testing configurations

Asynchronous and asynchronous communication mechanisms
AEncoding information and other attributes (including user extensibility)
Mata and signature templates with powerful matching mechanisms
Arype and value parameterization

Anssignment and handling of test verdicts

Arest suite parameterization and test case selection mechanisms
ACombined use of TTCN-3 with ASN.1

Awell defined syntax, interchange format and static semantics
Moptional presentation formats (eg. tabular conformance presentation format, MSC
(Message Sequence Chart) format)

Mrecise execution algorithm (operational semantics)

Aexecution and control of test cases

LZT 123 7751 Uen, Rev R1N 19
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TTCN-3 STANDARD DOCUMENTS
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¢ Multi-part ETSI Standard v4.2.1 (2010)

— ES 201 873-1: TTCN-3 Core Language

— ES 201 873-2: Tabular Presentation Format (TFT)

— ES 201 873-3: Graphical format for TTCN-3 (GFT)

— ES 201 873-4: Operational Semantics

— ES 201 873-5: TTCN-3 Runtime Interface (TRI)

- ES 201 873-6: TTCN-3 Control Interface (TCl)

— ES 201 873-7: Using ASN.1 with TTCN-3 (old Annex D)

— ES 201 873-8: TTCN-3: The IDL to TTCN-3 Mapping

— ES 201 873-9: Using XML schema with TTCN-3

- ES 201 873-10: Documentation Comment Specification
» Available for download at: http://www.ttcn-3.o0rg/

The latest ETSI TTCN-3 Core Language standard edition dates from 2005. The exact

URL is http://ttcn.ericsson.se/standardization/downloads.shtml#ttcnv3.

LZT 123 7751 Uen, Rev R1N
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TTCN-3 PRESENTATION FORMATS

Text format T

* Core Language
— is the textual common
interchange format
between applications
- can be edited as text or
accessed via GUIs offered
by various presentation
formats
* Tabular Presentation Format
(TFT)
~ Table proformas for
language elements
- conformance testing
* Graphical Presentation Format
(GFT)
* User defined proprietary
formats

© Ericsson 2002-2013. | LZT 123 7751 Uen, Rev RIN | 2013-02-07 | Page 21

The Core Language has a textual format, that, as opposed to the mp format of the
TTCN-2 language, can be read by humans.

Tabular format was originally meant to facilitate the migration from TTCN-2 to TTCN-3. It
is sparingly used nowadays.

In the graphical format (similarly to MSC) it is not possible to define types, templates etc.
User Defined Formats are open to anyone.

LZT 123 7751 Uen, Rev R1N
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EXAMPLE IN CORE LANGUAGE

function P049901 (integer FL) runs on MyMTC
{
LO0.send (A _RL3(FL, CREFl, 16));
TAC.start;
alt {
[] LO.receive (A RC1((FL+1l) mod 2)) {
TAC.stop;
setverdict (pass) ;
}
[] TAC.timeout {
setverdict (inconc) ;
}
[] any port.receive {
setverdict (fail) ;
}

}
END_PTC1() ; // postamble as function call

Core Language is the basic language. White space or new line characters are not taken
into consideration; it makes it similar to a programming language. Different TTCN-3
applications use it for data interchange.

You should not strive to understand the example, rather get a look and feel of it. It looks
like any ordinary programming language.

LZT 123 7751 Uen, Rev R1N 22
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EXAMPLE IN TABULAR FORMAT

Function

Name MyFunction (integer paral)
Group
Runs On MyComponentType
[Return Type boolean
Camments example function definition

Local Def Name Type Initial Value Caments
MyLocalvar boolean false local variable
MyLocalConst const float 60 local constant
MyLocalTimer timer 15 * MyLocalConst local timer

Behaviour

if (paral == 21) {

}
if (MyLocalvar) {

}

MyLocalVar := true;

MyLocalTimer.start;
MyLocalTimer.timeout;

return (MyLocalvar);

Detailed Comments |detailed comments

Tabular Presentation Format resembles the most the TTCN-2 format, it is specified
mainly for compatibility reasons. Editing is done in strictly specified tables, but data is

saved in Core Language.

The example shows the same extract in Tabular Format: we can fill in the name of the
test case, any comments, the type of the variables. The behaviour is specified as text in

the next raw.

LZT 123 7751 Uen, Rev R1N
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EXAMPLE IN GFT FORMAT

function mewGuest(float eatingTime)
rurs onr MeeType
self Pl

car SeazdssignmentType aSeat:
ar GuestType mewFIC := rull: H
timer Ti := maxWaitingTime:

war defmule def
:= aetivate (3tandardDefauls()) i

standardSeatBeguese
n >

cE
=CFcype

ale T SeathssignmentType
T -> value aSeat

‘r,evFTC = GuestType.creates: |
|

Fonbe:: self:CP, newPTC:CE): ‘

H

ap (newPTC:P1,
system:gPCO[aSeat.numbez]):

newPTC.stare

aGuest(1200.0))

ctivePTCs := activePTCs + 1;
reatedPICs := createdPICs + 15

e FeatRejectType
3

function

var JeatAssignmentType aleat:
var GuestType newPIC := mull:

simer

var default def := activate(StandasdDefauls()):

// Reguest for a seat
P1.send( standardSeacRequest):

ales
0

}
(9}
1
n

}
1

retuzn;

}

1.3tarts

newGuest (£loat eatingTime) runs om MeeType [

T1 := mawWaitingTimes

Bl.receive (JeathssignmentType:?) -> value afeas [
newPIC := Guestlype.cceate:

connectself:CP, mewPTC:CE):
map (newPIC:P1, system:gPCO[afeat.number]):

newPTC.stars (aGuess(1200.0)):
activePTCs := activePTCa+l; // Update MIC variables

ereatedPICs := createdPTCa+l;

Fl.receive (JeatiejectType:?) [ // ¥o seat assigned
setverdict (inconc):

Tl.vimeous { // No answer on seat requess
setverdict (inconc) s

Graphical Presentation Format reminds the Test Sequence Chart or MSC. The
messages sent and received are represented by arrows; there are additional special
symbols for dynamic behaviour, cycles, decisions. For the time being, no editing program
handling this format is known to us, however, there are programs capable of displaying

Core Language programs in Graphical Format.

The perpendicular lines symbolize the components or, more precisely, the ports of the
components. The horizontal arrows represent the messages sent and received. Boxes of
various shape are representing the diverse operations coded in the Core Language.

LZT 123 7751 Uen, Rev R1N

4/6/2018

24



© Ericsson 2002-2013.

INTERWORKING WITH OTHER LANGUAGESH

ASN.1 Types

R values
& values

C/C++ functions

dala constdanis

IDL

& XML document

Other types

XML schema (XSD)

* TTCN can be integrated with
other 'type and value'
systems

* Fully harmonized with ASN.1
(version 2002 except XML
specific ASN.1 features)

* C/C++ functions and
constants can be used

* Harmonization possible with
other type and value systems
(possibly from proprietary
languages) when required

The most important language TTCN-3 can interwork with is ASN.1. TTCN-3 has been
designed from the beginning to ensure that definitions written in ASN.1 can be imported
into test suites without the need for any modifications. With other words, when a protocol
is specified in ASN.1 there is no need to rephrase it. Likewise, information in other format
can be reused, e.g. functions written in C++ can be called from within the TTCN-3
module. It is planned to harmonize TTCN-3 with XML (eXtended Markup Language) and
IDL (Interface Definition Language), but it can be harmonized with other 'type & value'

system.

LZT 123 7751 Uen, Rev R1N
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TTCN-31S A PROCEDURAL LANGUAGE E
(LIKE MOST OF THE PROGRAMMING LANGUAGES)

TTCN-3 = C-like control structures and operators plus
Abstract Data Types

Templates and powerful matching mechanisms

Event handling

Timer management

Verdict management

Abstract (synchronous and asynchronous) communication
Concurrency

Test specific constructions: alt, interleave, default, altstep

+ + + + + + + +

TTCN-3is a procedural language,

i.e., using the concept of the unit and scope. Unit corresponds to TTCN-3 modules, which are
built of procedures (functions). Scope is the viewing range of a definition. There are seven
scoping units in TTCN-3; they are dealt with later.

Abstract Data Types
Data can be specified independently from its coding and physical representation.

Templates

When sending a message, templates make possible to parameterise the message. When
receiving a message, parameters or wildcards in templates render possible to accept or reject
('to match") a group of possible messages.

Event handling

While executing the program, we can wait for different events. The incidental arrival of these
independent events Influences the further program execution. Events are among others:
reception of a message, completion of a test component, timer expiration.

Timer management
Timers can be started, stopped. The actual value of a timer can be read as well whether a given
timer is running. The expiration of a timer can be checked.

Verdict management
Test verdict can be pass, fail, inconclusive, none or error. The final verdict is determined with
regard to the outcome of each test step.

Abstract communication

Between the test executor system and the implementation under test there are two different
communication possibilities. Message based communication is asynchronous while procedure
based communication is synchronous. There is communication also between components.

Concurrency
Parallel test components (PTCs) are working concurrently, they can be created and destroyed.

Test specific constructions: alt, interleave, default, altstep
éare used to specify message reception behavior

LZT 123 7751 Uen, Rev R1N 26
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TEST ARRANGEMENT AND ITSTTCN-3 a
MODEL

Test System = SUT

A
} ASPs | ASPs
Pco Networkl‘mI

Network

LZT 123 7751 Uen, Rev R1N 27
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ERICSSON

. TTCN-3 MODULE
STRUCTURE

SYNTACTICALRULES
MODULE
MODULE DEFINITIONS PART
MODULE CONTROL PART
GENERALSYNTAXRULES
MODULE PARAMETERS

CONTENTS

The principal building blocks of TTCN-3 are modules.

The module definitions part specifies the top-level definitions of the module and may
import identifiers from other modules. TTCN-3 does not support the definition of variables
in the module definitions part. This means that global variables cannot be defined in
TTCN-3.

The module control part may contain local definitions and describes the execution order
of the actual test cases. A test case shall be defined in the module definitions part and
called in the control part.

General syntax rules describe the file format, capitalisation, delimiters, identifiers etc.

The module parameter list defines a set of values that are supplied by the test
environment at run-time. During test execution these values shall be treated as constants.
Module parameters shall be defined within the module definition part only.

LZT 123 7751 Uen, Rev R1N 28
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TTCN-3 SYNTACTICAL RULES AND E
NOTATIONAL CONVENTIONS

+ Keywords always use lower case letters e.g.: testcase
* Identifiers e.g.: Tinky Winky
— consist of alphanumerical characters and underscore
— case sensitive
- must begin with a letter
+ Comment delimiters: like in C/C++
- C-style “Block” comments e.g.: /* enclosed remark */
- Block comments must not be nested
- C++-style line comments e.g.: // lasts until EOL
» Statement separator is the semicolon

- Mandatory except before or after } character, where it is optional
eg.:{ £f1(); log(”Hello World!'”) }

 |In this material:

- Red letters orjred frames | : erroneous examples

Keywords are listed in table A.3 of the ETSI standard 201 873-1. These words must not
be used as identifiers.

Identifiers are case sensitive and may only contain lowercase letters (a-z) uppercase
letters (A-Z) and numeric digits (0-9). Use of the underscore ( _) symbol is also allowed.
An identifier shall begin with a letter.

Comments written in free text may appear anywhere in a TTCN-3 specification.

LZT 123 7751 Uen, Rev R1N 29



© Ericsson 2002-2013. 4/6/2018

= |

TTCN-3 MODULES

module <modulename> « Module - Top-level unit of TTCN-3
[obj id <object identiﬁer>] * A test suite consists of one or more
{ modules
* A module contains a module
Module definitions and an (optional) module
Definitions Part control part.
* Modules can have run-time
Module parameters —> module parameters
Control Part * Modules can have attributes

}

[with { <attributes> 1}]

A test suite consists of one ore more modules. There is no hierarchy between modules.
Modules are written as free text files: line breaks or paragraph marks may be used
without restrictions. A module consists of a (optional) definitions part, and a (optional)
module control part. Usually, the definitions part is longer, the control part only states the
execution order of the test cases. Module parameters are supplied to the module at run-
time and are considered constant during test execution. Module attributes give additional
information, like coding rules or the size of a table.

The beginning of a module is indicated in the header by the keyword "module” followed
by the module name (here:modulename ). Thereafter between curly brackets appears the
definitions part followed by the control part. Module attributes (here: the encoding rule
valid for the whole module) may be given after the closing curly bracket of the module.
Attributes are introduced by the keyword "with" whereas the attributes themselves are
listed between curly brackets.
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MODULE DEFINITIONS PART

A
Definitions in module definitions part are
globally visible within the module Module Parameters
* Module parameters are external Data Types
arameters, which can be set at test
P ) ? Constants .
execution
Signatures

+ Data Type definitions are based on the

TTCN-3 predefined types e

Signature Templates

» Constants, Templates and Signatures

define the test data Communication Ports

Test Components
* Ports and Components are used to set

up Test Configurations Functions

* Functions, Altsteps and Test Cases Altsteps

describe dynamic behaviour of the tests Test Cases

Module Parameters are supplied by the test environment at run-time and are treated as
constants during test execution.

Data Types : a common name for simple basic types, basic string types, structured
types, the special data type and all user defined types based on them.

Procedure Signatures (or signatures for short) are needed for procedure-based
communication.

Templates are used to either transmit a set of distinct values or to test whether a set of
received values matches the template specification. A template can be thought of as
being a set of instructions to build a message for sending or to match a received
message. Message Templates are used over message based ports, whereas Signature
Templates are used over procedure based ports.

Test components are connected via their Communication Ports. Each port is modelled
as an infinite FIFO queue which stores the incoming messages or procedure calls until
they are processed.

Test Components are the owner of the ports. Each test component has a unique
reference created during the execution of a test case.

Altsteps are special functions used to specify and structure test behaviour.
Test Cases are functions running on MTC and returning the result of the test ("verdict").
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MODULE CONTROL PART

y T A
control

{

Control Part :
Local Definitions

lest Case Execution .

}

y 4
[with ({ <attributes>} |

The main function ofa TTCN-3
module: the main module’s control
part is started when executing a Test
Suite

Local definitions, such as variables
and timers may be in the control part

Test Cases are usually executed from
the module control part

Basic programming statements may
be used to selectand control the
execution of the test cases

The module control part manages the execution of the test cases.

In the module control part the execute statement is used to start test cases. Program
statements may be used in the control part of a module to specify such things as the
order in which the test cases are to be executed or the number of times a test case may
be run. Variables, timers etc. (if any) defined in the control part of a module are only
locally visible, i.e., they shall be passed into the test case by parameterization when

required.

As the result of the execution of a test case a test case verdict of either none, pass,

inconclusive, fail or error shall be returned.
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MODULES CAN IMPORT DEFINITIONS E
FROM OTHER MODULES

module M1 T°d"‘1e M2
{

2 import from M1 all;
type integer I;

type set S { type record R {
T E1 S £l
il | e
} }
const I one := 1;

control {

testcase tc() runs on CT execute (tc())
S }

}
control { .. }

Modules can import definitions from any module. Identifiers imported from other modules
are globally visible throughout the importing module. It is possible to import to various
extent:

Aingle definitions;

Kyroups of definitions;

Aall templates, functions and types;
Al definitions.

The default import mechanism imports referenced definitions without their identifier. A
recursively imported definition, in turn, is imported together with all referenced definitions,
i.e. the identifier of all referenced definitions becomes visible and usable in the importing
module.
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IMPORTING DEFINITIONS

// Importing all definitions
import from MyModule all;

// Importing definitions of a given type
import from MyModule { template all };

// Importing a single definition
import from MyModule { template t MyTemplate };

// To avoid ambiguities, the imported definition may be
// prefixed with the identifier of the source module
MyModule.t MyTemplate // means the imported template
t_MyTemplate // means the local template

It is possible to re-use definitions specified in different modules using the import
statement. An import statement can be used anywhere in the module definitions part. It
shall not be used in the control part.

TTCN-3 supports the import of the following definitions: module parameters, user defined
types, signatures, constants, external constants, data templates, signature templates,
functions, external functions, altsteps and test cases.

The rules of importing are depicted in the chapter 7.5 of ETSI standard ES 201 873-1.

Legend: the import options preceded by comments in red are not implemented in the
TITAN environment.
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VERSION INFORMATION

« Specifies if the TTCN-3 module requires a minimum version of another
TTCN-3 module or a minimum version of TITAN.

module’s own version information can
} be specified in an extension attribute
with { B
extension “wersion R1A”;— ‘

module supplier ({ ‘

|}

TITAN RS8C or later. module can be specified

module X has to be compiled with minimum version of an imported

module X { module importer ({

e \ import from supplier all;

} }

with { ‘ with { _
extension “requires TITAN R8C”; extension “requires supplier R2A”

} }

It is possible to re-use definitions specified in different modules using the import
statement. An import statement can be used anywhere in the module definitions part. It
shall not be used in the control part.

TTCN-3 supports the import of the following definitions: module parameters, user defined
types, signatures, constants, external constants, data templates, signature templates,
functions, external functions, altsteps and test cases.

The rules of importing are depicted in the chapter 7.5 of ETSI standard ES 201 873-1.

Legend: the import options preceded by comments in red are not implemented in the
TITAN environment.
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AN EXAMPLE: “HELLO, WORLD!" IN TTCN-3

module MyExample {

type port PCOType PT message {
inout charstring;

}

type component MTCType CT {
port PCOType PT My PCO;

}

testcase tc_HelloW ()

runs on MTCType CT system MTCType CT

{
map (mtc:My PCO, system:My PCO) ;
My PCO.send ( "Hello, world!” ):;
setverdict ( pass );

}

control {

execute ( tc HelloW() )
}

This classical example illustrates how many definitions should be made to complete a
module.

The main point is the testcase called HelloW. The message is sent over the port
My_PCO defined previously.

The port, component, testcase definition form the module definitions part followed by the
module control part.
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TTCN-3TYPE SYSTEM

* Predefined basic types
- well-defined value domains and useful operators

» User-defined structured types

- built from predefined and/or other structured types
» Sub-typing constructions

- Restrict the value domain of the parent type
* Aliasing

» Type compatibility
» Forward referencing permitted in module definitions part

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 objid and verdicttype. Structured
types such as record types, set types and enumerated types can be constructed from
these basic types.

User-defined type is defined by subtyping of a basic type, defining a structured type or
constraining the anytype to a single type by the dot notation.

Definitions in the module definitions part may be made in any order but forward
references should be avoided for readability reasons.

Sub-types are user-defined types formed from simple basic and basic string types using
lists, ranges and length restrictions.

Parameterisation: all user-defined type definitions support static value parameterization
(i.e. this parameterization shall be resolved at compile-time); template, signature,
testcase, altstep and function support dynamic value parameterization (i.e. this
parameterization shall be resolvable at run-time).

Type compatibility: TTCN-3 is not strongly typed. For non-structured variables,
constants, templates etc. the value "b" is compatible to type "A" if type "B" resolves to the
same root type as type "A" and it does not violate subtyping (e.g. ranges, length
restrictions) of type "A". In the case of structured types (except the enumerated type, that
is never compatible with other basic or structured types) a value "b" of type "B" is
compatible with type "A", if the effective value structures of type "B" and type "A" are
compatible. The communication operations are exceptions to the weaker rule of type
compatibility and require strong typing.
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SIMPLE BASIC TYPES

* integer
- Represents infinite set of integer values
—Valid integer values: 5, -19, 0
s float
- Represents infinite set of real values
—-Valid float values: 1.0, -5.3E+14
*boolean: true, false
* objid
—objectidentifier e.g.:objid { itu_t(0) 4 etsi }
* verdicttype
— Stores preliminary/final verdicts of test execution
-5 distinctvalues: none, pass, inconc, fail, error

Integer: a type with distinguished values which are the positive and negative whole
numbers, including zero.

Float: a type to describe floating-point numbers. Floating point numbers are represented
in TTCN-3 as: <mantissa> x <10Q><exponent>.

Boolean: a type consisting of two distinguished values: true, false.

Objid: a type whose distinguished values are the set of all object identifiers conforming to
clause 6.2 of ITU-T Recommendation X.660.

Verdicttype: a type for use with test verdicts consisting of 5 distinguished values.
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BASIC STRING TYPES

*bitstring
- A type whose distinguished values are the ordered sequences of bits
- Valid bitstring values: B, ’'0’B, ’101100001’'B
- No space allowed inside

* hexstring

- Ordered sequences of 4bits nibbles, represented as hexadecimal
digits:0 1 2 3456 78 9abcde fABCDETF

- Valid hexstring values: '’'H, '5'H, 'F’H, 'A5’'H, ’'50A4F’'H
* octetstring

— Ordered sequences of 8bit-octets, represented as even number of
hexadecimal digits

- Valid octetstring values: '’0, 'A5’0, ’'C74650'0, ’af’oO
- invalid octetstring values: 1’0, ’A50’0,

Bitstring: a type whose distinguished values are the ordered sequences of zero, one, or
more bits.

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.

Octetstring: a type whose distinguished values are the ordered sequences of zero or a
positive even humber of hexadecimal digits (every pair of digits corresponding to an
ordered sequence of eight bits).
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BASIC STRING TYPES CONTINUED

* charstring

- Values are the ordered sequences of characters of ISO/IEC 646
complying to the International Reference Version (IRV) - formerly
International Alphabet No.5 (I1A5) described in ITU-T Recommendation
T.50

- In between double quotes
= Double quote inside a charstring is represented by a pair of
double quotes
- Valid charstring values: 7”7, ”abc”, ””"hello!”"”
- Invalid charstring values: ”“Linképing”, ”Café”
*universal charstring
- UCS-4 coded representation of ISO/IEC 10646 characters: 79"

— May also contain characters referenced by quadruples, e.g.:
= char (0, 0, 40, 48)

Universal charstring: The "quadruple” is 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.
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SPECIALTYPES (1)

canytype

- Introduced to allow mapping of CORBA IDL to TTCN-3;

- Defined as a shorthand for the union of all known types ina TTCN-3
module, where known type embraces all built-in types, user-defined
types, imported ASN.1 and other imported external types.

- The fieldnames of the any type shall be uniquely identified by the
corresponding type names using the "dot" notation.

- Performance problems — not to use unless explicitly necessary!

= all used types must be listed at the end of the module
- with {extension “anytype ... “}

module my Module {
type record MyRec {integer i, float f}
control { var anytype v_any;

v_any.charstring := “three”;
v_any.MyRec := {{ 1,true} }
} with { extension “anytype charstring, MyRec”} >
CORBA Common Object Request Broker Architecture
IDL Interface Description Language

The specification of CORBA IDL can be read by following the Uniform Resource Locator:
http://www.omg.org/technology/documents/idi2x_spec_catalog.htm

module my_Module {

type integer money;

type record MyRec {

integer i,

float f

}

control {

var anytype v_any;

V_any.integer := 3;

[/l ischosen(v_any.integer) == true

v_any.charstring := fAithreeo;

}

}

with {

extension fAanytype integer, charstringo // adds two fields

extension Aanytype MyReco // adds a third field
extension fAanytype moneyo // adds the money type

}
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SPECIALTYPES (2)

Configuration types are used to define the architecture of the test system:
* port
- A port type defines the allowed message and signature types between
test components — Test Configuration
* component
- Component type defines which ports are associated with a component
— Test Configuration
* address
- Single user defined type for addressing components
- Used
= to interconnect components
— Test Configuration
= in send to/receive from operations and sender clause
— Abstract Communication Operations

Address shall only be used in receive and send operations of ports mapped to test
system interface. Only one definition of type address may exist in a test suite.

SUT: System Under Test

Each port type definition shall have list(s) indicating the allowed collection of message
types and/or procedures together with the allowed communication direction.

Component definitions shall be made in the module definitions part. It is possible to
define constants, variables and timers local to a particular component.
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e default

- Implementation
dependent type for
storing the default
reference

— A default reference is the
result ofan activate
operation

- The default reference can
be used to a
deactivate given
default
— Behavioral Statements

function P0O49901 (integer FL) runs

on MyMTC
{

L0.send (A_RL3(FL, CREF1,
16));

TAC.start;

alt {

[1] LO.receive (A _RC1(FL)) {
TAC.stop;
setverdict (pass) ;

[] TAC. timeout {

}
[] any port.receive ({
setverdict (fail) ;

}
END_PTC1() ;

setverdict (inconc) »

Received messages are usually examined in an alt statement. When no branch of the alt
matches the received message, the previously activated default(s) are examined. It is
possible to have several defaults activated at same time and deactivate them one by one.
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OVERVIEW OF STRUCTURED TYPE SYNTAX

» General syntax of structured type definitions:
type <kind- [element-type] <identifier- [ { body }1[; ]
* kind is mandatory, it can be:
record, set, union, enumerated, record of, set of
element-type is only used with record of, set of
» body is used only with record, set, union, enumerated;
it is a collection of comma-separated list of elements
» Elements consist of <field-type> <field-id> [ optional ]
except at enumerated
element-type and field-type can be a reference to any basic or user-
defined data type or an embedded type definition
« field-ids have local visibility (may not be globally unique)
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STRUCTURED TYPES - record, set

type record MyRecordType {
integer fieldl optional,
boolean field2

// example record type def.

» User defined abstract container types representing:
- record: ordered sequence of elements
— set: unordered list of elements
* Optional elements are permitted (using the optional keyword)

// example set type def.

type set MySetType {
integer fieldl optional,
boolean field2

}

In the above example, "type" of the elements is integer or boolean, their "identifier" is
field1 or field2. The same identifiers may be used in both record and set, because it is not
mandatory to use globally unique names.

Optional elements may or may not be present when assigning value to the constructs.

A record or a set may be an element of another record or set.
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DIFFERENCE BETWEEN
record AND set TYPES

record - ordering of elements is fixed
set — order of elements is indifferent

o {field1:=0,
field2 := true }

o {field1:=0,
field2 := false }

o {field1:=1,

* { field1 := omit, field2:=true}

field2 := true}

etc.

¢ { field1 := omit,
field2:=true}

MyRecordType

. {field1:=0,
field2 := true}

= { field2 :=true,
field1:=0}

| *{field1 := omit,

field2:= true} °{field2:=true,

field1:=1}
* {field1:=0,
field2 := false }
etc.

* { field2 := false
field1 := omit

MySetType

The main difference between record and set is the following: elements of a record must

be referenced in the same order as defined, whereas elements of a set may be
referenced in arbitrary order. In other words, the ordering of the set fields is not

significant.
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VALUE ASSIGNMENT NOTATION
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» Values may be explicitly assigned to fields
- not present optional elements must be set to omit
- values of the unlisted elements remain unbound
— applicable for: record, set, union

var MyRecordType v_myRecordl := {
fieldl := 1,
field2 := true

}

var MyRecordType v_myRecord?2

{

field2 := true // fieldl presents, but unbound
}
var MySetType v;mySetl = {

field2 := true,

fieldl := omit // fieldl is not present

}

Value notation: notation by which an identifier is associated with a given value or range

of a particular type

Assignment notation: in the curly brackets following the name of the record or set, the
element identifier must be present to designate which element is the value is assigned to.
It is important to know that every identifier of the record or set must be listed. Omitted

optional elements must be given the value "omit" otherwise its value remains
undetermined (unbound), resulting in run-time error.
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VALUE LIST NOTATION

* Value list notation
- Elements are assigned in the order of their definition
— All elements must present, dropped optional elements must
explicitly specified using the omit keyword
- Assigning the “not used symbol” (hyphen: -) leaves the value of the
element unchanged
- Valid for: record, record of, set of and array, but not for set

Vvar MyRecordType v_myRecord3 := { 1, true }

var MyRecordType v_myRecord4 := { omit, true }

var MyRecordType v_myRecord5 := { -, true } // <unbound>,true
v_myRecord5 := { 1, - } // 1, true

var MySetType v _mySet2 := { 1, true } // not for set

var MyRecordType v_myRecord6é := { true } // not all fields!

Value-list notation: in the curly brackets following the name of the record, values of the
elements are listed one by one. Every identifier of the record must be listed. Omitted
optional elements must be given the value "omit" otherwise its value remains
undetermined (unbound), resulting in run-time error. In contrast to value assignment
notation, all elements must appear inside the initializer. Application of the hyphen (-)
leaves the corresponding field unchanged. Attention! Such a field is unbound unless it
has been given a value earlier. It is not allowed to mix value-list notation and assignment
notation in the same context! The not-used symbol is only valid in value-list notation.
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STRUCTURED TYPES - NESTED VALUES

]

type record InternalType {
boolean fieldl,
integer field2 optional
i
type record RecType {
integer fieldl,
InternalType field2

15

const RecType c rec := {
fieldl := 1,
field2 := { fieldl :=
field2 :=

}
}:

// same as previous, but with
const RecType c rec2 := { 1,

true,
omit

value list
{ true,

omit } }
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FIELD REFERENCES

* Reference or “dot” notation
— Can not be used at specification, only for previously defined

variables

- Referencing structured type fields
— Applicable in dynamic parts (e.g. function, control) only

.v_myRecordZ.fieldl

:= omit;

v_mySetl.fieldl := v_myRecord2.fieldl;

type record Rl {
integer i,
boolean b

}

type record R2 {
Rl 1,

integer i2

var R2 r2;
r2.32 = 2-
r2.ri.1 =1-
¥2-i =117
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STRUCTURED TYPES —union

» User defined abstract container type representing a single alternative
chosen from its elements

Optional elements are forbidden (make no sense)

* More elements can have the same type as long as their identifiers differ
* Only a single element can present in a union value

Value list assignment cannot be used!

* The ischosen (union-ref.field-id) predefined function returns true if
union-ref contains the field-id element

Union type is useful to model a structure which can take one of a finite number of known
types.
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STRUCTURED TYPES - union (EXAMPLE)

// union type definition MyUnionType
type union MyUnionType {
integer numberl,

integer number?2, *{ number1:=0}

charstring string
} ¢ { string := "mystring" }
// union value notation e { number2:= 0}

var MyUnionType v myUnion := tri "abc' |
ey \ . - . |
{numberl := 12} Ustring:=ebc=}

var MyUnionType v_myUnion; « { number1 := 1} etc.
v_myUnion := {numberl := 12}

v_myUnion.numberl := 12; . { string = -m}
// usage of ischosen

if(ischosen(v_myUnion.numberl)) £ - }

For the union type, assignment notation and dot notation may be used. (First, respective
second row in the example on the middle of the slide.) Value-list notation (listing of
element values without their identifiers) must not be used.
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STRUCTURED TYPES - record of, set of

» User defined abstract container type representing an ordered /unordered
sequence consisting of the same element type

» Value-list notation only (there is no element identifier!)

// record of types; variable-length array;
// length restriction is possible

type record of integer ROI;

var RO v il = { 1, 2; 3 };

// set of types, the order is irrelevant
type set of MySetType MySetList;
var MySetList v _msl := {
v_mySetl, { field2 := true, fieldl := omit }, v _mySetl
};

remember:

var MySetType v_mySetl := {
field2 := true, 3
fieldl := omit

}

The only difference between record of and set of appears when comparing them. Two
records of are only equal when they contain the equal elements in the same order. Two
sets of are equal if there is exactly one pair for each element.

These records and sets can be considered similar to an ordered array and an unordered
array respectively.
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STRUCTURED TYPES - NESTED TYPES
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« Similarly to other notations (e.g. ASN.1) TTCN-3 type definitions may be
nested (multiple times)

« The embedded definition have no identifier associated

// nested type definition:
// the inner type ”set of integer” has no identifier

| type record of set of integer OuterType;

// ..could be replaced by two separate type definitions:
| type set of integer InnerType;

| type record of InnerType OuterType;
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* Individual elements of basic string, record of and set of types can be
accessed using array syntax

* Indexing starts by zero and proceeds from left to right

INDEXING

var bitstring v _bs := '10001010'B;

var ROI v_il := { 100, 2, 3, 4 };

// the operations below on the variables above
v_bs[2] := '1'B; // results: v _bs = '10101010'B
v_il[0] := 1; // results: v il = {1, 2, 3, 4}

» Only a single element of a string can be accessed at a time

v_bs[0..3] := ’0000'B; // Error!!!

When indexing a string type element, index corresponds to different units of length in
function of the string type. A bitstring is indexed by bits, a hexstring by hexadecimal digits,
an octetstring by octets and finally a character string by characters.
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NOT-USED, omit AND UNBOUND
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* unbound - uninitialized value

* omit - structured type’s optional field not present

* not-used (“-”) — preserves the original value, in value list notation only

var ROI u, v := { -, 2, - }; // v = {<unbound>, 2, <unbound>}
log(sizeof(v)); // 3

v[0] :=1; // v== {1, 2, <unbound> }

u = v;

vis{= =3 /Mlv=1{1, 2, 3}

var MyRecordType rl, r2, r3, r4;

rl := { field2 := true } // rl == { <unbound>, true }
r2 := { -, true }; // r2 == { <unbound>, true } = rl
r3 := { omit, true }; // r3 == { omit, true } !'= rl
r4d := { 1 }; // PARSE ERROR!

‘type record MyRecordType {

integer fieldl optional,
boolean field2
}

NOTEZ1: The comments at the assignment examples of r2 and r3 might be misleading:

an unbound value never can be a right-hand-side value, not even for relational operators!

It causes a run time error!

NOTEZ2: Just for convenience: the typedefs. from one of the earlier slides:

/I example record type def.
type record MyRecordType {
integer field1 optional,
boolean field2
}
/I example set type def.
type set MySetType {
integer field1 optional,
boolean field2
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STRUCTURED TYPES — enumerated

* Implements types which take only a distinct named set of values (literals)

‘ type enumerated Ex1 {tuesday, friday, wednesday, monday}; l

* Enumerationitems (literals):
Must have a locally (notglobally) unique identifier
» Shall only be reused within other structured type definitions
Must not collide with local or global identifiers
— Distinctinteger values may optionally be associated with enumeration items

type enumerated Ex2 {tuesday(l) ,friday(5), wednesday, monday};

» Operations on enumerations
must always use literals —integer values are only for encoding!
- are restricted to assignment, equivalence and comparing (<,>) operators
* enumeratedversus integer types
— Enumerated types are never compatible with other basic or structured
types!

For each enumeration without an assigned integer value, the system successively
associates an integer number in the textual order of the enumerations, starting at the left-
hand side, beginning with zero, by step 1 and skipping any number occupied in any of the
enumerations with a manually assigned value. These values are only used by the system
to allow the use of relational operators.
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(EXAMPLES)

// enumerated types
type enumerated Wdayl {monday, tuesday, wednesday};
type enumerated Wday2 {monday(l), tuesday(5), wednesday};

var Wdayl v_11 := monday; //variable of type Wdayl
var Wdayl v_12 := wednesday; //variable of type Wdayl
// v 11 > v 12 is false

var Wday2 v _21 := monday; //variable of type Wday2
var Wday2 v_22 := wednesday; //variable of type Wday2
[/ v 21 > v 22 is true

// V_ll > v_22 causes error: different types of variables!

// v_11 > 2 causes error: enumerated is not integer

STRUCTURED TYPES - enumerated E

Although the TTCN-3 standard does not require it, it is a good practice to begin user-
defined type names with uppercase letters and to use lowercase letters as the first letter
of element, variable and constant names. That's why weekdays are written in small letters
violating English orthography.

Comparison is only possible between two elements of the same enumeration type.
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SUB-TYPING

* Deriving a new type child from an existing parent type by restricting the new
type’s domain to a subset of the parent types value domain:
- D(child) ¢ D(parent)
* child has the same root type as parent

* Applicable to elements of
structured types also

» Various sub-typing constructs:
— value range,
— value list,
- length restriction,
- patterns,
- type alias.

—— parent

42

| child || 11673

etc.
‘ -1248 v

One way to create user-defined types is sub-typing a basic type. (The two other ways
already discussed are defining a structured type or constraining the anytype to a single
type by the dot notation.) By sub-typing the value set of the original type is restricted to
certain values. In case of string types also the length of the string can be restricted.
Mathematically spoken, the set D(New) is the proper subset of set D(basic) and has the
same type as the original basic type.

universal charstring / charstring types can be sub-typed with patterns (not supported in
TITAN yet, as of v1.6.pl3 (R6D))
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TTCN-3 permits the specification of a range of values of type integer, charstring,
universal charstring and float. The lower boundary and the upper boundary are included
in the range of permitted values. In the case of charstring and universal charstring
types, the boundaries mean character positions according to the coding rules of the
respective character set.

The keyword infinity may be used in order to specify an infinite integer or float range.

LZT 123 7751 Uen, Rev R1N

4/6/2018

61



