Chapter
1 The TTCN Introduction

This chapter isintended to provide an easy — but not necessarily
trivial —introduction to TTCN for the beginner.
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Chapter 1 The TTCN Introduction

Introduction

ISO/IEC 9646 (1TU X.290 series) is afive-part standard which defines
aframework and methodology for conformance testing of implementa-
tionsof OSI and ITU protocols. Thetest notation, the Tree and Tabular
Combined Notation (TTCN), is the third part of this standard, i.e.

| SO/IEC 9646-3.

The use of TTCN isincreasing, and as the notation has now become an
ISO International Standard and alTU Recommendation, we believe
there exists aneed for aguideline on TTCN.

We do not describe the TTCN in the same order that it is presented in
the standard, but instead have used a bottom-up approach. We begin by
introducing some basic TTCN features developed round asimple exam-
ple. Additional features areintroduced as required. We have tried to
concentrate on aspectsthat have beenintroduced in the I Sversion of the
notation, especially concerning the use of ASN.1. We also address the
concurrent TTCN.

We hopethat readerswill find this approach instructive. The guidelines
intends to provide:

» an easy, but not necessarily trivial, introduction for the new-comer
to TTCN;

» anoverview of the TTCN for those users of the notation who are fa-
miliar with earlier versions and who require aquick up-date on the
later features; note, for example, the summary of the extensions.
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Among other things, parts 1 and 2 of 1SO/IEC 9646 define the basic
concepts and abstract methods that are the cornerstone of standardized
conformancetesting. It isbeyond the scope of this guidelineto examine
these concepts in detail, but a knowledge of the terms and concepts de-
scribed below is helpful to understanding the TTCN.

Black Box Implementations

One of the basic premises of the conformance standard is that the im-
plementation of the protocol, called an implementation under test (IUT)
is ablack box.

Any conclusions that we may draw about the conformance of that IUT
will be made by observing and controlling the events that occur at the
lower and upper service interfaces of the IUT. In ISO/IEC 9646 terms
these interactions occur at points of control and observation (PCO) and
are expressed in terms of protocol data units (PDUs) embedded in ab-
stract service primitives (ASPs).

AnIUT istested by atest system. In TTCN the different parts of the test
system are called test components. A test component created by the
main test system isreferred to as a Parallel Test Component (PTC).

Lower Tester and Upper Tester

In simpleterms, the test components which communicate with the lUT
viathe PCOs at the lower interface are collectively called the lower
tester (LT). The test components which communicate with the lUT via
the PCOs at the upper interface are collectively called the upper tester
(UT). There must be at |east one test component always present in the
test system. Thisis called the master test component (MTC) anditisre-
sponsible for coordinating and controlling the test and for setting the fi-
nal verdict of the test.

Communication between test componentsinthe LT is achieved via co-
ordination points (CP). Similarly, UT test components may communi-
cate with each other via CPs.

Coordination between the LT and the UT is achieved by test coordina-
tion procedures (TCP).
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Figure 1. Generalized parallel test architecture (illustrated for a single-layer implementation)

Thelower tester isthe more complex of thetwo components asit isalso
responsible for the control and observation of the protocol data units
(PDUs) embedded in the ASPsthat it sends and receives. In fact, at any
giventimetheLT, when executing atest case, isimplementing aportion
of the relevant protocol.

Test Notation

In order totest the lUT we need to specify the sequences of interactions,
or test events, that we wish the test system to control and observe. A se-

4 Telelogic Tau 4.5 TTCN Suite Methodology Guidelines July 2003



Background

July 2003

guence of such events that specify a complete test purposeiscalled a
test case. A set of test casesfor aparticular protocol iscalled atest suite.

The TTCN isanotation that has been devel oped for the specification of
test cases at alevel that is abstracted from the architecture of any real
test system that these test cases may eventually be run on.

The abstract test cases contain all the information that is necessary to
fully specify thetest purposein terms of the protocol that the lUT issup-
posed to implement. It does not include test system specific informa-
tion. However, this does not mean to imply that the notation itself is ab-
stract - during the last few years the definition of TTCN has become
very precise, with regard to both syntax and operational semantics, and
ishow close to a programming language.

Forms of TTCN

Themain body of | SO/IEC 9646-3 defines the graphical form of the no-
tation (TTCN-GR), where all information is presented using tables.
There is aso an underlying machine processable format (TTCN-MP)
specified in an extended form of BNF (Backus-Naur Form). In this
guideline we shall concentrate on the TTCN-GR.

Requirements on TTCN

From Figure 1 it can be seen that, generally speaking, the SO conform-
ance standard requires that tests are specified in terms of (N-1)-layer
ASPs, (N)-layer ASPs and (N)-layer PDUs. In order to fulfil these re-
guirements the minimum functionality that the TTCN should provideis:

» theability to specify the ASPsto be sent and/or received by the test
system;

» the ability to specify the PDUs embedded in the ASPs;

» gpecification of the order in which ASPs are to be sent and/or re-
ceived at specific PCOs.
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In order to do thisthe TTCN alows:

declaration of ASP and PDU types,
declaration of PCOs,

specification of actual ASPs and PDUs;
specification of instances of behaviour.

We shall examinein detail how these, and other, features are supported
in TTCN to makeit apowerful notation for specifying abstract test cas-
€s.

A Case Study

The Test Case

For the purposes of this guideline we shall invent a simple case study
for an imaginary protocol, which we shall call the X-Protocol. The case
study is based on the architecture introduced in the previous section.
The IUT is an implementation of the X-protocol.

We shall assume that there is an underlying service provider that pro-
videsanetwork service (N), over which we shall run thetest. Thisleads
to the following:

o theLT will be specified in terms of N-SERVICE primitives and X-
PDUs,

 N_DATArequest and CR_PDU;
* theUT will be specified in terms of X-SERVICE primitives,
* X_CONNECTrequest;

Description of the Case Study

Our exampleswill introducethe TTCN features necessary to specify the
simple scenario described below:

» TheMTCinitiatesthetest by CREATING the necessary PTCs. One
lower PTC and one upper PTC for each connection.

* Thelower PTC then establishes an X-connection with the upper
PTC viathe IUT. For the sake of simplicity we will assume that an
(N)-connection has already been set up, and that the X-protocol
does not allow an X_CONNECTrequest to be refused (the example
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has been created to illustrate TTCN features, rather than to specify
asensible protocol).

Thetest then continues with the data phase, where the lower PTC
transmits adata packet which shall bereturned by the upper PTC via
the IUT. The packet shall be returned within agiven period of time.
This processis repeated a given number of times.

After the datatransfer the lower PTC disconnects and sendsiits pre-
liminary result to the MTC which then computes the final verdict
and the test terminates

Purpose of the Test Case
The case study has two test purposes, these can be stated as:

1.

The IUT shall accept and return a given number of data packets
within the time limitations of the protocol over a single X-connec-
tion.

The IUT shall accept and return a given number of data packets
within thetimelimitations of the protocol over two simultaneous X-
connections.

Each test purpose will be expressed as a separate test case.
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Case Study Road-Map

We shall create a TTCN complete mini-test suite that contains all the
TTCN necessary to specify the above test cases. The following table
(thisisnot aTTCN table!) shows the main sections of this examplein
the order in which they would appear in areal test suite. The complete
study can be found in “ The Complete Case Study” on page 121. The
right-hand column of the table tells you where these sections are de-
scribed in this guideline:

Section of test suite

Described in thisguideline

Overview

“Suite Overview Part” on page 114

Configurations

“The Test Configuration” on page 9

Test Suite Parameterization

“Test Case Selection” on page 113

Globa Type Definitions

“TTCN Typesand Vaues’ on page 19

Global Declarations

“Constants and Variables’ on page 94

PCO and CP declarations

“PCOs and CPs” on page 29

Timer Declarations

“Timer Statements” on page 90

ASP, PDU and CM Definitions

“Defining ASP, PDU and CM Types’ on page 38

ASP, PDU and CM Values

“Specifying ASP, PDU and CM Values” on page
56

Behaviour Descriptions

“Dynamic Behaviour Descriptions’ on page 99
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The Test Configuration

Let us start by specifying the test component configurations needed in
the test suite. The conformance standard defines various abstract test
methods. For the purposes of this guideline we shall assume that the
IUT isasingle-layer implementation and that we are testing with the
distributed method. Also, we are testing in a multi-party context be-
cause our second test purpose requires more than one connection.

In this case, the architecture of Figure 1 says that we need:

one MTC;

two lower PTCs

two upper PTCs,

one (N-1) service provider;

four PCOs (two lower L1 and L2 and two upper and U1 and U2);
two coordination points (CP1 and CP2) between the lower PTCs
and the MTC.

Thisisillustrated in the following figure:

M& STER_LOWER_TESTERS [:

UPFER_TESTER1

UFFER_TESTER

LOWER_TESTER1
LOWER_TESTERZ

[M-1] SERWICE FROVIDERS

Figure 2: Illustration of the multi-party distributed test method
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In concurrent TTCN this architecture is specified using the following
tables:

» Test Component Declarations

» Test Component Configuration Declaration (one table per defini-
tion)

Case study 1: Thistablelists al the test components that may be used

in the test suite. They can be thought of as building-blocks that can be

used to construct different configurations. A test component may have

the role of main test component (MTC), or parallel test component

(PTC).

Test Component Declarations in TTCN_TUTORIAL

File Edit DalaDictionary Show Tools SDTLink

1| t5] [ A

Help

Test Component Declarations
Cornponent Mame Cormponent Roke Mr PCOs Mt GF= Cornments

MASTER_LOWER_TE | MTS [u] 2 izin Test Somponent

STER

LOWER_TESTER1 PTS 1 1 Famlkel Test
Sormponent

LOWER_TESTERZ FTC 1 1 Famliel Test
Component

UFFER_TESTER1 FTC 1 u] Famlkel Test
Sormponent

UFPPER_TESTERZ PTG 1 a Pamliel Test
Component

Detailed Comments ;

Figure 3: Test Component Declarations
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Case study 2: Thistable shows the configuration for the single-connec-
tion test case. In any one configuration there should never be more than
oneMTC.

SINGLE PARTY In TTCH_TUTORIAL

File Edit DataDictionary Show Tools SDTLink Help

]| S|l

Test Components Configuration Declaration
Configuration Name : SINGLE_PARTY

Cornmnents : Configuration to test 2 single connection.

Components Used Frids Used CP s Used Cromrnents
WA STER_LOWER_TESTER P TS
LOWER_TESTERH L1 SR Lovwer PTC
LOWER_TESTERZ ud Upper PTG

Detailed Comments :

Figure 4: Test Component Configuration Declaration (SNGLE_PARTY)
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Case study 3: Thistable shows the configuration for the multi-connec-
tion test case.

MULTI PARTY in TTCH _TUTORIAL

File Edit DataDictionary Show Tools SDTLink

Test Components Configuration Dec laration

Comments

Configutation Name : MULTI_PARTY

» Gonfigurtion to test o simultanecus connections.,

Components Used

PCOs Used

CFs Used

Caormnments

MASTER_LOWER_TESTER

GP4, GP2

Upper PTG

]| vrPER_TESTERZ

Cetailed Comments :

Figure 5: Test Component Configuration (MULTI_PARTY)
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Specification of Test System Behaviour

I'IIB_'—|

() i () e

Before we continue with the declaration of the test caselet us now look
at how TTCN describes the behaviour of the various test components.

Many standardized service definitions and protocol specifications use
state diagrams and/or state tables to describe the behaviour of the ser-

vice or protocol.

Test cases are derived from these specifications. However, because con-
formancetesting isconcerned with observing and controlling sequences
of interactions at service interfaces it is more appropriate that we spec-
ify test system behaviour as atree which has branchesfor all the possi-
ble sequences of interactions that may occur between any two given
protocol states.

Behaviour Trees

In TTCN atreeof interactionsis called abehaviour tree. The tree struc-
tureis represented by using increasing levels of indentation to indicate
progression into the tree with respect to time.

Q9

Tree i represented in

B @ s —

Tirne

The shaded nodes af thetyee arethe tevminal nodes (o leaves) B TTCR
@. sach leafis uspolly assipned o verdict.

Figure 6: Atreeisrepresented in TTCN using indentation

Note that an absolute level of indentation does not necessarily mean that nodes are siblings. For
example, although the nodes F and G are numerically at the same level of indentation (i.e. 3) as|
and J, the nodes F and G are in one branch of the tree and the nodes | and J are in another

July 2003
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Behaviour Lines

A nodein abehaviour treeis called abehaviour line. A behaviour line
consists of the following components:

line number;

label;

statement line;
constraint reference;
verdict;

behaviour line comment.

Exactly which components of the behaviour line are used at a specific
time varies. For example, line numbers and comments are always op-
tional and constraint references and verdicts shall only be used when re-
quired.

TTCN Behaviour Description

Behaviour lines are specified in dynamic behaviour tables. There are
three kinds of behaviour tables, each consisting of a header and a body.

* Test Case Dynamic Behaviour;

» Test Step Dynamic Behaviour;

» Default Dynamic Behaviour.

The visual difference between these three tablesis in the header. The
format of the body isthe same for al three. However, there is asignifi-
cant difference, which will be explained later, in how these different ta-
bles are used.
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=
=

Labwl

Bshavlour Deacripton Confrainte Ret | werdlet | Commant

[P R A TR AR

-
(=]

Figure 7: The body of a dynamic behavior table

The table body shows the columns for the line numbers, labels, statement lines, constraint refer-
ences, verdictsand comments. Thelight shading indicatesthe extent of a single behaviour line. The
dark shading indicates the extent of a single statement line.

July 2003

Statement Lines

A sequence of one or more statements, together with the indentation in-
formation, in asingle behaviour lineis caled a statement line. State-
ment lines appear in the behaviour description column of dynamic be-
haviour tables.

Statements

The behaviour of the test system, such as sending and receiving ASPs,
isexpressed using TTCN statements. Statements can be split into three
distinct types:

* events

e actions;

o qudifiers.
Events

Some statements will be successful, i.e. match, depending on the occur-
rence of certain events. There are two types of event: input events and
timer events. Aninput event isthe arrival of an ASP at anamed PCO or
amessage at anamed CP. A timer event isthe expiry of aprotocol tim-
er. The TTCN statements that are events are:

« RECEIVE

Telelogic Tau 4.5 TTCN Suite Methodology Guidelines 15
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« OTHERWISE
« TIMEOUT

Actions

Some statements will always be successful, i.e. execute. We shall call
such statements actions, although thisterm isnot used in ISO/IEC
9646-3. These are actions that are executed by the test system, and
TTCN assumes that they can always be executed successfully. The
TTCN statements that are actions are:

SEND
IMPLICIT_SEND
ASSIGNMENT_LIST
TIMER_OPERATION
GOTO

Qualifiers

Statement lines may include aqualifier statement, i.e. aboolean expres-
sion. We call such statement lines qualified statement lines. No event
can match, nor can any action be executed unless the qualifier included
in the statement line evaluatesto TRUE. An unqualified statement line
is one that does not include a qualifier.

A TTCN qudifierissimply a

+ BOOLEAN_EXPRESSION

Combinations of Events, Actions and Qualifiers

The actual combinations of events, actions and qualifiersthat are a-
lowed are defined by the TTCN-MP. The different combinationswill be
described at the relevant points in this guideline.

Execution and Matching
We shall now consider how a behaviour treeis traversed and executed.

Alternatives

A set of statement lines at the samelevel of indentation, and in the same
branch of thetree are called aset of alter native statement lines, or alter-
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natives for short. Thus, in the Figure 6 on page 13 (A,B), (C, D, E), (F,
G), (1, J) and (H) are all different sets of alternatives.

Because the ordering within any given set of alternativesis significant
it isimportant that all eventsand qualified statements appear before any
unqualified actions.

Execution of the Behaviour Tree

Execution startsat theroot of thetree. That is, thefirst set of aternatives
is repeatedly looped with each aternative being evaluated in the order
of itsappearancein the set. Thislooping continues until astatement line
is successfully executed or matched. If a statement lineis successful
then the next set of alternatives (if any) is entered, and the processisre-
peated.

Execution stops when aleaf of the treeis reached. A final verdict will
also halt execution, see “Verdicts’ on page 86.

In the example shown in Figure 7 on page 15 execution starts by loop-
ing through thefirst set of alternatives (A, B). If B issuccessful then ex-
ecutionterminates. If A issuccessful then the next set of alternatives(C,
D, E) isentered. Let’s assume that the statement line E is successful:
then the next set of alternativesis(l, J). If either | or Jis successful then
execution terminates. Note that if no statement linein any set of alter-
nativesis ever successful then execution gets ‘ stuck’ as we repeatedly
loop through those alternatives.
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Figure 8: Cycle of execution of a test case behavior tree
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TTCN Types and Values

We shall now discuss TTCN datatypesand their values. These are used
to specify the datatypes, including ASPs and PDUsthat are used in the
behaviour descriptions.

TTCN has been tailored to interface with the Abstract Syntax Notation
One (ASN.1, ISO/IEC 8824:1990). Thereisno clear boundary between
TTCN types and ASN.1 types; the distinction is an artificial one. Itis
there, however, to alow test suite specifiersto build the types, ASPs,
PDUs, etc. they need without using ASN.1 if they do not wish to do so.
Thisisrelevant, for example, in lower-layer protocols, where ASN.1is
not normally used in the protocol specifications.

TTCN contains anumber of predefined types. It also allowsthe user to
construct hisown typesfrom the predefined types. This may be doneus-
ing the following tables:

» Simple Type Definitions
» Structured Type Definition (one table per definition)

Predefined Types

TTCN supportsarich set of predefined (built-in) types. The predefined
TTCN types, with the exception of HEXSTRING, are a subset of the
ASN.1 built-intypes and are compatible with their ASN.1 counterparts.
The HEXSTRING type doesnot exist in ASN.1. Theremaining ASN.1
built-in types may aso be used without being explicitly defined.
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HEXSTRING | Fredefined nme unigue to IO

T Predefined tipes defined in both BOMFC 0595-3 and
| mormoseng

| Built-in ppes defined in BOVIEC 828 and which
wapalsode psedin TN est suites without deinp
explicitiy declared.

Figure 9: List of predefined types that may be used in TTCN Test Suites

Value Denotation

Thevalue denotation for the predefined typesisthe samein both TTCN
and ASN.1, see “ASN.1 Types and Values’ on page 23.

Simple User Defined Types

The TTCN user can construct other types based on the simple pre-
defined types, without the need to resort to ASN.1 syntax. These sub-
types are defined in the Smple Type Definitionstable, and they may be
used anywhere in the test suite. They are constructed by restricting the
predefined types (and possibly previously declared subtypes) by speci-
fying:
» vauelists,

which are lists whose elements may consist of literal values only;
*  ranges,

which may be used to restrict INTEGER types only;
» length restrictions,

which may be used to restrict string types only.
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Note:

The TTCN syntax does allow the use of ASN.1 in the Simple Type
Definitions table if wished. We recommend, however, that the spe-
cial tablesfor ASN.1 types be used instead.

e Type Definitions in TTCHM_TUTORIAL

File Edit DataDictionary Show Tools SDTLink

Help

]| 5|l

(]| B 1] 2] ][ 7]

Simple Type Definitions

Typ= Name

Type Definition

Typ= Encoding

Comrments

ffir i Ip bz

MibbleCorEyte

IAS Sting(PA*, *B*, 1GY)

EITSTRING [4..8]

List of termlchamstars.

All positive INTEGER
numbers.

All INTEGER numbers
betwesn 0 and 127 inclusie

EITSTRIMG of minirnurm
kngth of 4 bitsand a
macimum kength of & bits,

Detmiled Comments :

Figure 10: Some miscellaneous simple type definitions
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Case study 4: Definition of a user type for test case results.

Imple Type Definitions in TTCN_TUTORIAL |

File Edit DalaDictionary Show Tools SDTLink

Simple Ty pe Definitions

Type Name Ty pe Definition Type Encoding Comments

{| FEsuLT_TvPE F_Twpe

Cetailed Comments ;

Figure 11: Smple Type Definitions

Structured Types

TTCN hastablesfor the declaration of structured (i.e., complex) types.
Thesetypes, like the predefined types and the simpl e types may be used
anywhere (that iswhy they are defined early on in the test suite). How-
ever, their main use isto substructure ASPs and PDUs and we shall
therefore discuss them in “ Specifying ASP, PDU and CM Values’ on

page 56.
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ASN.1 isused to describe data types. It is often used as a means for de-
fining the PDU structures of many OSl protocols. In the following we
shall give an overview of the ASN.1 type and value notation.

Type References, Value References and
Identifiers

A typereference isthe “name” of an ASN.1 type constructed by the
ASN.1 user. The ASN.1 standard requiresthat the initial character of a
type reference is always an upper case letter.

A valuereference isthe “name” of an ASN.1 value constructed by the
ASN.1 user. The ASN.1 standard requiresthat the initial character of a
value reference is always alower case letter.

Note:

Many test suite specifiersignore this convention, indeed, so does
I SO/IEC 9646-3!

Asyou will see shortly, typereferencesin SETs and SEQUENCES etc.
may be “labeled”. Such labels are called identifiers. The ASN.1 stan-
dard requiresthat theinitial character of an identifier isalways alower
case letter. Value references and identifiers are distinguished by con-
text.

Identifiers and Underscore

The ASN.1 standard allows the character dash (-) in identifiers. TTCN
does not (otherwise there would be ambiguity in arithmetic expressions
between dash and minus). TTCN uses underscore () instead. If ASN.1
definitions areimported, copied, borrowed etc. from external specifica-
tions (e.g. the PDU definitions for a particular protocol) then all occur-
rences of dash in identifiers should be changed to underscore.
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ASN.1 Simple Types

BOOLEAN

BOOLEAN is atype denoted by two distinguished values: TRUE and
FALSE. The TTCN has operators for values of any type whose base
typeis BOOLEAN.

INTEGER

INTEGER is atype denoted by the distinguished values which are the
positive and negative whole numbers, including zero. TTCN has oper-
ators for any values whose base type is INTEGER.

REAL

REAL isadatatype specified asatriple of three INTEGERS consisting
of:

¢ mantissa* base™Ponent
The baseislimited to 2 or 10.

 pi REAL :={ 314159, 10, -5}

TTCN does not have any operatorsfor values of REAL types. If REAL
arithmetic is absolutely necessary this can be achieved by user defined
operations.

BIT STRING

BIT STRING is atype whose distinguished values are the ordered se-
guences of zero, one, or more BITs. Individual BITsinthe BIT
STRING may be named.

» ABiItString ::= BIT STRING{ hit1 (0), bit2 (1), bit3 (2), bit4 (3) }
e avaueABitString ::=1001'B
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OCTET STRING

OCTET STRING is atype whose distinguished values are the ordered
sequences of zero or an even number of HEX digits, each digit corre-

sponding to an ordered sequence of four bits. Individual OCTETSsin
the OCTET STRING may be named.

e AnOctetString ::= OCTET STRING { octetl (0), octet2(1) }
* avaueAnOctetString ::= ‘OF' H
Note:

Thereisan incompatibility between TTCN and ASN.1 over theval-
ue denotation of OCTET STRING. TTCN terminates OCTET
STRING values with the keyword 'O’ rather than the keyword ‘H’.

CharacterString

A variety of character sets are supported. For the purposes of this guide-
linewe shall restrict ourselvesto using the ITU character set IA5String.

ENUMERATED

ENUMERATED types represent the compl ete set of values (domain)

that an instance of a data type may take.

e transport-classessENUMERATED ::={ classl (0), class2 (1), class3
(2), class4 (3), classb (4) }

No TTCN operators can be applied to values of ENUMERATED type.

OBJECT IDENTIFIER

OBJECT IDENTIFIER denotes a named object as a sequence of non-
negative INTEGERS. The naming hierarchy of specific objectsisdecid-
ed by the relevant authority (e.g. 1ISO or ITU). An OBJECT IDENTIFI-
ER specifiesaunique path in this hierarchy, i.e. al objectsare uniquely
named.

o tten-standard OBJECT IDENTIFIER ::={ iso (1) standard (0) 9646
3}

The OBJECT IDENTIFIER for ISO/IEC 9646-3 would be 1.0.9646.3

Objectsthat TTCN needs to reference in this manner might be ASN.1
modules (PDUs etc.) and PICS, PXIT documents.
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OBJECT DESCRIPTOR

OBJECT DESCRIPTOR denotes atext string that references an object.
The difference between an OBJECT IDENTIFIER and an OBJECT
DESCRIPTOR isthat the former is unique, while the latter may not be.

* tten-standard OBJECT DESCRIPTOR ::="The TTCN: ISO/IEC
9646, part 3"

ASN.1 Constructors

Complex data types can be built from the simple predefined types (ex-
cepting HEXSTRING) using ASN.1 constructors. This processisre-
cursive, i.e. constructors can use other constructors (including them-
selves) to an arbitrary level of nesting. The constructor types are:

SEQUENCE
SEQUENCE OF
SET

SET OF
CHOICE

SEQUENCE

SEQUENCE isadatatype denoting an ordered set of elements. This set
may be empty. The elements of this set may be of any ASN.1 type and
may be of different types. The elements in the set may be named.

* ASequence::= SEQUENCE {fieldl INTEGER, field2 BOOL-
EAN}
» avaueASequence::={ field1 123, field2 TRUE }

SEQUENCE OF

SEQUENCE OF is adatatype denoting an ordered set of elements.
This set may be empty. The elements of this set may be of any ASN.1
type but they shall all be of the same type. The elementsin the set may
be named.

*  ASequenceOf ::= SEQUENCE OF INTEGER { fieldl, field2}
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SET
SET isadatatype denoting an unordered set of elements. This set may

be empty. The elements of this set may be of any ASN.1 type and may
be of different types. The elementsin the set may be named.

o ASet::= SET { fidld1 INTEGER, field2 BOOLEAN }

SET OF

SET OF is adata type denoting an unordered set of elements. This set
may be empty. The elements of this set may be of any ASN.1 type but
shall al be of the same type. The elementsin the set may be named.

* ASeOf ::= SET OF INTEGER { field1, field2 }

At first glance SEQUENCE and SET may appear the same. The differ-
enceisthat a SEQUENCE isordered, a SET is not. For instance, in the
previous examples when the SET is eventually encoded it can be trans-
mitted by sending field2 before fieldl, if wished. In the case of SE-
QUENCE field1l must always precede field2. This has implications
when testing, which will be discussed later.

The same applies to SEQUENCE OF and SET OF.

In short, SEQUENCE and SEQUENCE OF rely on ordering to avoid
ambiguity. SET and SET OF rely on the datatype and/or tag of each el-
ement to uniquely distinguish each element.

OPTIONAL

The keyword OPTIONAL in a SEQUENCE or SET indicates that the
presence of that element in the SEQUENCE is not mandatory and may
beincluded or omitted at will.

» ASequence ::= SEQUENCE { fieldl INTEGER OPTIONAL,
field2 BOOLEAN }

e avauel ASequence::={ 123, TRUE}

e avaue2 ASequence ::={ TRUE}

The same applies for SEQUENCE OF, SET and SET OF.
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DEFAULT

In certain casesit is useful to be able to specify aDEFAULT valueto
be used (in encoding) if the element is not present in the data type.

«  ASequence ::= SEQUENCE { field1 INTEGER DEFAULT 0,
field2 BOOLEAN }

CHOICE

A CHOICE typeisadatatypethat definesthe union of one or more data
types. The alternativesin thisunion may be named. Any giveninstance,
i.e. value, of a CHOICE shall be exactly one of the aternatives of the
CHOICE. This hasimplications for testing which will be discussed | at-
er.

e AlIPDUs ::= CHOICE { pdul SEQUENCE({ ..... }, pdu2 SE-
QUENCE( .....}, pdu3 SEQUENCE({ ...} }
e a pduAllPDUs::= pdu2

TAGGED TYPES
Tags are used to distinguish between different occurrences of the same
type. Tags are denoted by anon-negative INTEGER enclosed in square
brackets. Tags are included in the encoding of the datatype. There are
four classes of tags:
+ UNIVERSAL
Universal tags are globally unique and are only defined in the
ASN.1 standard. These tags have a meaning world-wide.
 PRIVATE
Private-use tags are unique within a given enterprise, and are de-
fined by agreement of the partiesinvolved in the enterprise. These
tags have no meaning outside the scope of the enterprise.
» APPLICATION

Application-wide tags are unique within a specific ASN.1 module.
These tags have no meaning outside of the ASN.1 modul e that they
areused in.

» CONTEXT

Context-specific tags are unique within a specific constructor type.
For example, elementsin aparticular SET may be tagged to unique-

Telelogic Tau 4.5 TTCN Suite Methodology Guidelines July 2003



PCOsand CPs

ly distinguish them. These tags have no meaning outside of the
ASN.1 type that they are used in.

IMPLICIT

Thekeyword IMPLICIT may be used together with the definition of the
tagged type. IMPLICIT isaninstruction to an ASN.1 encoder that only
the tag need be encoded and thus transmitted over the network. Thisis
done to reduce the amount of transmitted data. IMPLICIT may only be
used where no loss of essential information would occur. For example,
it should not be used with CHOICE.

EXTERNAL
Use of the EXTERNAL typeisnot allowed in TTCN.

PCOs and CPs

July 2003

The TTCN supports an asynchronous communication model. Commu-
nication between the test componentsand the lUT or service provider is
achieved viapointsof control and observation (PCOs). Communication
between the test components themselves is achieved via coordination
points (CPs).

The Communication Model
We shall use the same queue model to describe both PCOs and CPs:

each PCO/CP has two unbounded first-in-first-out (FIFO) queues;
one queue for SEND, and

one queue for RECEIVE;

exactly two parties must be connected to asingle PCO or CP,

the SEND queue for one party isthe RECEIVE queue for the other,
and vice versa.

Sending an ASP

The SEND action appends an ASP to the relevant PCO send queue.
Eveninthe case of thelUT and the underlying service provider the send
gueue is considered to be unbounded, and that the [UT or service pro-
vider will always accept the ASPssent by an LT or UT.
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Receiving an ASP

A successful RECEIVE pops the ASP from the top of the RECEIVE
gueue. We shall see later that RECEIVE involves two steps:

» receipt of the ASP,
» checking its contents.

Lower Tester or Upper Tester

Service Provider or IUT

Figure 12: lllustration of the PCO and CP queue model

Declaring PCO Types
All PCO types that are used in the test suite must be declared in the

e PCO Type Declarations
Each PCO Type requires the following information:

« thenamethe PCO Type
» therole of the PCO, which is either of the keywordsLT or UT;
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Case study 5: Declaration of the PCO Types N_SAP and X_SAP.

PCO Tupe Declarations in TTCM_TUTORIA

File Edit DataDictionary Show Tools SDTLink Help

PCO Type Declarations

PO Type Fole Comments

Detailed Comments :

Figure 13: PCO Type Declarations

Declaring PCOs
All PCOsthat are used in the test suite must be declared in the

» PCO Declarations
Each PCO requires the following information:

* the name the PCO
» thetype of the PCO;
» therole of the PCO, which is either of the keywordsLT or UT;
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Case study 5: Declaration of the PCOs L and U.

€O Declarations in TTCH. TUTORIAL D

File Edit DalaDictionary Show Tools SDTLink Help

PCO Declarations
PO Name PO Type Role Comments

L1 M_SAFP LT M-z=rice access points at
the lwer tester

L= hN_SAF LT

1 Z_SAP uT H—zarice arcess points at
the uppertester

e T wsar R

Detziled Cormments :

Figure 14: PCO Declarations

Using PCOs and CPs

If the test suite only uses one PCO it is allowed to omit the PCO name
inthe TTCN statements that use them. If there is more than one PCO
used (e.g. asin the distributed method) then the PCO and CP names (if
any) must appear in the TTCN statements that use PCOs or CPs.

PCO and CP Snapshots

We have already described how a behaviour tree is executed by repeat-
edly looping through a set of alternatives until a statement lineis suc-
cessful. At the beginning of each loop a snapshot is taken of each input
gueuein every PCO or CP. Statements are evaluated on the basis of the
state of the snapshots, not on the actual state of the PCO or CP queues.
This has the effect of freezing time while a set of alternativesis being
processed i.e. “prevents’ the occurrence of an event in between snap-
shots. This means that the arrival of an ASP, PDU or CM during pro-
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cessing of a set of aternativesis not registered until the snapshots are
updated.

Declaring CPs

All CPsthat are used in the test suite must be declared. Thisisdonein
the CP Declarations table. Each PCO requires the following informa-
tion:
» the name of the CP;
» therole of the CP,
i.e. the two test components which communicate with each other
over the CP.

Case study 6: Declaration of the coordination points called CP1 and
CP2.

Coordination Point Declarations in TTCHM_TUTORIA

File Edit DataDictionary Show Took SDTLink Help

%) [s|A]1

A e | (B e el

Coordination Point Dec larations

CF Name Comnrnents

Coomdination between the MTC and the FTCs of the ower

Detailed Comments :
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Figure 15: Test Component Declarations

Telelogic Tau 4.5 TTCN Suite Methodology Guidelines 33



Chapter 1 The TTCN Introduction

The SEND Statement
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Thetransmission of ASPsand/or PDUsto the lUT or messagesto other
test system components is one of the fundamental actionsin atypical
TTCN behaviour tree.

Sending an ASP

The SEND statement all ows the test suite specifier to express that an
ASPof acertaintypeisto betransmitted over anamed PCO. The SEND
statement is denoted by:

e PCO_ldentifier | ASP_ldentifier

The SEND statement may be qualified and it may be followed by an
ASSIGNMENT_LIST and/or TIMER_OPERATION. The order in
which these statements may appear in the statement lineis fixed, as
shown below; the square bracketsindicate that the presence of the state-
ment in the statement line is optional:

« SEND®[QUALIFIER]! [ASSIGNMENT_LIST]?
[TIMER_OPERATION]*

Executing a SEND Statement

The numbers on the line above indicate the order, with respect to time,
in which the statements shoul d be executed: the QUALIFIER (if any) is
evauated first. If it evaluates to FAL SE processing stops and the state-
ment line is not successful. If it evaluates to TRUE then the
ASSIGNMENT_LIST (if any) is executed. Only then can the SEND
statement be executed. Finally, the TIMER_OPERATION (if any) is
executed.

« L! N_DATArequest

means. send the Network data request service primitive to the PCO
named L;

e L! N_DATArequest [B=1]
means: if B is equal to 1 then execute the SEND;

« L!N_DATArequest [B=1] (X:=3)

means: if B is equal to 1 then assign the value 3 to X and then per-
form the SEND.
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Sending a PDU

Normally PDUs are embedded in ASPs, and will not be explicitly
named in the SEND statement. However, not all protocols have a ser-
vice definition (e.g. X.25) and TTCN therefore permits the SEND state-
ment to be used explicitly with PDUs instead of ASPs. The action of
sending a PDU is denoted by:

e PCO_ldentifier | PDU_Identifier

Other statements that may be associated with sending a message, and
the order in which the statement lineis processed, is exactly the same as
for an ordinary SEND statement line.

Sending a Coordination Message

The SEND statement is also used to send messages to coordination
points. The action of sending a CM is denoted by:

e CP_ldentifier | CM_Identifier

Other statements that may be associated with sending a message, and
the order in which the statement lineis processed, is exactly the same as
for an ordinary SEND statement line.

The RECEIVE Statement

July 2003

Thereceipt of ASPsand/or PDUsfromthe lUT or messages from other
test system components is one of the fundamental eventsin atypical
TTCN behaviour tree.

Receiving an ASP

The RECEIVE statement allows the test suite specifier to express that
an ASP of acertain type isto be received over anamed PCO. The RE-
CEIVE statement is denoted by:

e PCO_ldentifier ? ASP_Identifier

The RECEIVE statement may be qualified and it may be followed by
an ASSIGNMENT_LIST and/or TIMER_OPERATION. The order in
which these statements appear in the statement line is fixed, as shown
below; the square brackets indicate that the presence of the statement in
the statement line is optional:
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« RECEIVE![QUALIFIER]? (ASSIGNMENT_LIST)3
[TIMER_OPERATION]*

Executing a RECEIVE Statement

The numbers on the line above indicate the order, with respect to time,
in which the statements should be executed: the RECEIVE isevaluated
first, and succeedsif an ASP of the correct typeisat the head of the PCO
gueue. If the RECEIVE fails then processing stops and the statement
lineisnot successful. If the RECEIVE is successful then the QUALIFI-
ER (if any) is evaluated. If the QUALIFIER evauatesto FALSE pro-
cessing stops and the statement line is not successful. If it evaluates to
TRUE then the ASSIGNMENT _LIST (if any) isexecuted. Finaly, the
TIMER_OPERATION (if any) is executed. For example:

* L?N_DATArequest
means: the statement line matches if a Network data request primi-
tiveis at the head of the PCO named L;

* L?N_DATArequest [B=1]
means: the statement line matches if the correct ASP is at the head
of the PCO L and if B isequal to 1;

* L?N_DATArequest [B=1] (X:=3)

means: the statement line matchesif the correct ASP is at the head
of the PCO L and if B is equal to 1. Only when the match has oc-
curred can the ASSIGNMENT _LIST be executed.

Receiving a PDU

Normally PDUs are embedded in ASPs, and will not be explicitly
named in the RECEIVE statement. However, not all protocols have a
service definition (e.g. X.25) and TTCN therefore permits the RE-
CEIVE statement to be used explicitly with PDUs instead of ASPs. Re-
ceipt of aPDU is denoted by:

e PCO_ldentifier ? PDU_ldentifier

Other statements that may be associated with sending a message, and
the order in which the statement lineis processed, is exactly the same as
for an ordinary RECEIVE statement line.
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Receiving a Coordination Message

The RECEIVE statement is also used to accept messages from coordi-
nation points. Receipt of aCM is denoted by:

e CP_ldentifier ? CM_Identifier

Other statements that may be associated with receiving a message, and
the order in which the statement lineis processed, is exactly the same as
for an ordinary RECEIVE statement line.

The OTHERWISE Statement

July 2003

The OTHERWISE statement allows the test suite specifier to express
that an ASP or PDU of any type isto be received over a named PCO.
Note that this includes objects that may not normally be recognized as
proper ASPs or PDUs, dueto the fact that the [lUT may not be working
correctly, i.e. OTHERWISE isacatch-all. The OTHERWI SE statement
is denoted by:

e PCO_lIdentifier ? OTHERWISE
OTHERWISE should not be used at coordination points.

Note:

Always have an OTHERWISE as an alternative to a RECEIVE
event.
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38

ASPs are derived from the relevant standardized service definitions.
When using the distributed method, for example, ASP definitions are
needed for both the (N) and the (N-1) service. There should be one ASP
definition for each ASP used in the test suite.

PDUs are derived from the relevant protocol specifications. There
should be one PDU type definition for each PDU used in the test suite.
If, for the purposes of testing, it is required to use non-standard PDUs
then these too should also be defined in the test suite.

Coordination Messages are a so defined by the test suite specifier.

TTCN has tables that allow the definition of ASPs, PDUs and CM s us-
ing either the simple TTCN tabular format or ASN.1.

Complex TTCN Types
TTCN hastables for the declaration of the following complex types:

ASP Type Definitions;

PDU Type Definitions;
Structured Type Definitions;
CM Type Definitions.

Using these complex types we can define arbitrarily structured ASPs
and PDUs (structured types are substructures of ASPsand PDUs). Ines-
sencethereisno real differencein TTCN between the composition of
the body of an ASP, PDU or structured type. Note the following:

e an ASP has parameters,

where the type of each parameter may be of any type except ASP
type;

» aPDU hasfields,
where the type of each field may be of any type except ASP type;

e astructured type has elements,
where the type of each element may be of any type except ASP type.
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Chaining

Normally, the ASP parameters, PDU fields and structure elements will
be predefined or simple types (note that thisincludes the use of ASN.1,
if wished). However, as noted above, the parameter, field or element
types may aso be PDUs or structures to allow the chaining of these
types to build complex definitions.

ASP Type Def Atypical complex user defined data type: a substructured PDU is em-
bedded in an ASP.
@ > PDU Type Def
@ B Struct Type Def

Figure 16: Srructuring ASPs and PDUs

Complex ASN.1 Types

In ASN.1, constructors such as SEQUENCE and SET are used to build
arbitrarily complex types. ASN.1 definitions may be used in the follow-
ing tables:

ASN.1 Type Definitions;
ASN.1 ASP Type Definitions;
ASN.1 PDU Type Definitions;
ASN.1 CM Type Definitions.

Itisaways possibleto expressthe TTCN tabular format in ASN.1, but
not vice versa. The two formats can be used in combination, if wished.
A common exampleisto use atabular ASP to carry a structured PDU
defined in ASN.1.
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ASP Type Def A structured PDU defined in ASN.1 is chained to a tabular ASP.
[ = ASN.1 PDU Type
[ | ASN.1 Type Def

Figure 17: Sructuring ASPs and PDUs using ASN.1

Local Type Definitions

Therewill alwaysbeat |east onetypedefinitioninan ASN.1table. This
isthe main definition, and it is named in the table header. However,
these ASN.1 tables may also include any number of local definitions
which are only available to the type definitions defined within the table
itself, i.e. the main definition and other local definitions (if any).

Notethat local definitions begin with typereference::=. Thisisnot the
case for the main definition as the type identifier already appearsin the
header.

Type Definitions by Reference

In order to save repeating PDU and other type definitions that are spec-
ified in another standard TTCN allows the following types to be de-
clared by reference rather than explicitly:

¢ ASN.1 ASP Definitions;
* ASN.1PDU Definitions;
* ASN.1 Type Definitions.

A singletableisused for al references to a particular type. The refer-
ence tables are:

» ASN.1 ASP Definitions by Reference;
» ASN.1PDU Definitions by Reference;
* ASN.1 Type Definitions by Reference.
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Note that because the entries in the Type Reference column and the
Module Identifier column follow ASN.1 syntax they may contain the
dash character. Note al so that the module identifier may befollowed by
an optional object identifier.

A5M,1 PDU Twpe Definitions By Reference in TTCH_TUTORIAL

File Edit DataDictionary Show Tools SDTLink
*:
[
ASHN. 1 PDU Type Definitions By Reference
FDU Name PO Type Type Reference [Module |dentified Enc Rule Enc YWariation Comments
icR_PDU N_SAF GR_PDU pelus 1.0.123 4 |-
lco_pou N_S4P CG_PDU pdus 4.0.123.4 |-

Detailed Cormments :

July 2003

Figure 18: Example of PDU definitions by reference
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Defining ASPs

OSl service primitives are often defined in astandard as atuple, i.e. the
primitive name followed by alist of parameters. Each parameter is de-
fined using natural language descriptions and may represent service
control information or service user data. Some parameters are mandato-
ry (i.e. must always be present) while others are optional and, under cer-
tain circumstances, may be omitted.

In TTCN service primitives are called Abstract Service Primitives
(ASPs) and are declared in ASP Type Definition tables.

Case study 7: A service provider ASP type definition.

_DaTArequest in TTCH _TUTORISL

Fie Edit DataDictionary Show Tooks SDTLink

|l S| [A ][] B 2] L[S [+t =2 ]2

ASP Type Definition
ASP Mame: N_DATAmquast

PED Type : N_SAP

Comments : This is the type definition of the N_DATArquest ASF. It has a singke pammeter used to camy userdata.

FParmmetar Hame Parmmeter Type Comments

user_data FOU The PDU metatype i used 1o indicate
that outgoing (ie. frorm LT) FDUs ae
embedded in this Metwork ASP

Detailed Comments :

Figure 19: ASP Type Definition (N_DATArequest)

The PDU Metatype

The above example usesthe PDU metatype. Thisindicatesthat any type

of PDU, and not just a particular type of PDU may be embedded in this
ASP.
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Defining PDUs
In most OSI standards PDUs are usually defined using either:

» asimpletabular-like format, together with informal text; or
* ASN.1 together with informal text.

Inthefirst casethe specification may berather loose, and typing of PDU
fields and substructuring of the PDUs is not always obvious. The test
suite specifier must transpose these definitions to the more powerful
and precise formats available in TTCN.

For example, a standard may describe a particular field as comprising

8-bits, implying that it shall be encoded asaBITSTRING. If none of the
bitsin this BITSTRING need to be referenced individually, it may be

adequate for testing purposes (and easier to understand) if thisfield is

defined asan OCTETSTRING.

In the case of ASN.1 thetypesand structure of PDUs and their fieldsis
usually complete and well-defined, and may be taken directly from the
protocol standard, either by copying them or by reference.
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Case study 8: Type definition of an X_PDU using the TTCN format.

CR_PDUINTTCH _TUTORIAL

File Edit DataDictionary Show Tools SDTLink

Help

PDU Type Definition

{| Fou Hame . GR_PDU
FOO Type : W_SAP
Encaoding Rule Hame :

Encoding Yariation

Comments : This i the type definition of the CR_FPDU

Field Name Fiald Type

Field Encoding

Cormments

QCTETSTRING [1]

1A55tring [0 .. 32]

| Cetmiled Comments :

Figure 20: PDU Type Definition (CR_PDU)
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CR_PDUIn TTCH_TUTOR|AL

File Edit DataDictionary Show Tools SDTLink Help

)]SIk

FDU Name : GR_FDU
PO Type : W_SAP

ASN_1 PDU Type Definition

Encoding Rule Name :
Encoding Wariation

C:ornments : The GR_TPOU type defintion in ASN.A.

Ty pe Definition

SEQUENGE { type OCTET STRING (SIZE i1..41),
dst_mf EBIT STRING (SIZE (4..4)),
sm_ref BIT STRING (SIZE (4..43),

wanable_part VARIAELE_PART, —— Refemnce to an ASN.1 type definition.
usar_data 1ASStrng (SIZE (.32} OF TIONAL
i

Detailed Comments :

Figure 21: Type definition of the same X_PDU using ASN.1
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Substructuring ASPs and PDUs

TTCN structured types (which we will sometimes refer to simply as
structures) are only used to substructure ASPs, PDUs, CMs and other
structured types.

If ASN.1 isused then the ASN.1 type definition table may be used not
only to substructure A SPs, PDUs etc. but also to define types general to
the entire test suite.

Case study 9: Type definition of a PDU substructure using the TTCN
format.

VARIABLE PART in TTCH _TUTORIAL

File Edit DalaDictionary Show Tools SDTLink Help |

|t S| A

Structured Ty pe Definition

Type Name : VARIAELE_PART
Encoding Yariation :
Comments : This is the type definition of the vardable pan of the CR_FDU and the SC_FDU.

Elerment Name Type Definition Fizld Encoding Cormments
pamrA_id BITSTRING [2] Pammetzr identifier.
pamEmA OCTETSTRING [2 .. 4] Cptional pammeterA.
pa=mE_id BITSTRING [2] Pammetar identifier.
pa=me BOOLEAN Cptional parmeter B,

Cetailed Comments :

Figure 22: Sructure Type Definition (VARIABLE_PART)
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VARIABLE PART in TTCM TUTORIAL
File Edit DataDictionary Show Tools SDTLink Help

ASN 1 Type Definition
Typ= Name : WARIABLE_FART

Encoding Wariation :

Ciornments : This is the type definition of the vardabke part of the SR_PDU and the GG_PDU in ASH. 1.

Ty p= Definition

SEQUENCE

{pammi_id BITSTRING (SIZE 2.2)) OPTIONAL, ——Pammeter dentifier.
P OGCTET STRING (SIZE (2. 4 OPTIONAL, ——Optional pammeter A,
pammE_id  BIT STRING (SIZE (2.2 CPTIONAL, ——Pammeter dentifier
pa=mB BOOLEAN CPTIOMAL ——Cptional pamretzr B

}

Detailed Comments :

Figure 23: Type definition of the same substructure using ASN.1
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Defining Coordination Message Types

Coordination messages are special to each test suite and are created by
the test suite specifier. Either the tabular format or ASN.1 may be used.

Case study 10: Type definition of a coordination message.

TC_RESULT in TTCH_TUTORIAL

File Edit DataDictionary Show Tools SDTLink Help |

AR R

CM Type Definition

CM Narne

: PTC_RESULT
Comments © Coomdination message to trnsfer preliminany esul fomteh kbwertester P TCs o the MTC,
Farametar Name Farmmeter Type Comrnents
result RESULT_T¥PE Userdefined type.

Cetziled Comments :

48

Figure 24: CM Type Definition (PTC_RESULT)
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PTC _RESULT in TTCH _TUTORIAL
File Edit DataDictionary Show Tools SDTLink Help

ASN.1CM Type Definition

{| cMMame : PTC_RESULT

4| Gomments :

Ty p= Definition

{| sEcuENCE ¢
mesult RESULT_TYFPE --Userdefined type
{:

Detailed Comments ;

Figure 25: Type definition of the same coordination message using ASN.1
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Using ASPs and PDUs in Behaviour Trees

In this section we will expand our example a bit further and show how
the sequencing of ASPsw.r.t. timeisexpressed in TTCN behaviour de-

scriptions.

X-CONNECT X-CONNECT
response l T indication

N_DATA
indication

N_DATA
request

Chac

N-SERVICE PROVIDER

Figure 26: An N_DATArequest, carrying a CR_PDU, is sent over the network

It resultsinthe lUT generating an X_CONNECTindication, whichisresponded to by the UT tester
sending an X_CONNECTresponse. Thisresultsin an N_DATAindication, carryinga CC_PDU,

appearing at the LT.

Nr | Label | Behaviour Description Constraints Ref Verdict | Comments
1 L! N_DATArequest

2 L? N_DATAindication

8 L? OTHERWISE

Nr | Label | Behaviour Description Constraints Ref Verdict | Comments

U? X_CONNECTIndication
U! X_CONNECTresponse
U? OTHERWISE

WN -

Figure 27: The above scenario can be expressed as two TTCN behavior trees
Note the introduction of the OTHERWI SE statement.
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TTCN Expressions

All valuesin TTCN are quite simply expressions. Note that the TTCN
syntax allows the operands of expressionsto be:

literal values,

constant or variable identifiers;

formal parameter identifiers;

ASP parameters,

PDU or CM fields;

structure elements,

predefined and user defined operations;
expressions, i.e. the syntax is recursive.

Exactly which variables etc. may be used in an expression depends on
the context in which the expression is used. This aspect will be dis-
cussed in the relevant sections.

TTCN Operators

TTCN supports the following kinds of operatorsfor usein expressions:

e arithmetic;
* reational
* logicd.

Arithmetic Operators

TTCN supportsthefollowing arithmetic operators for use only with op-
erands of INTEGER type or derivations of INTEGER type:

° +1 _1 *1 /1 MOD
Expressions that use these operators are called arithmetic expressions.

. 3*(Z+9)
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Equality Operator

The equal to and not equal to operators may be used on values of any
type:

. = <>

Expressions that use these operators must always evaluate to a BOOL -
EAN value:

e B string='01'B
e H_string<>‘FFH

Other Relational Operators

TTCN supportsthe following relational operatorsfor use only with op-
erands of INTEGER type or derivations of INTEGER type:

o < > >z <=

Expressions that use these operators must always evaluate to a BOOL -
EAN value:

e X<=3Y

Boolean Operators

TTCN supports the following logical operators for use only with oper-
ands of BOOLEAN type or derivations of BOOLEAN type:

* AND, OR, NOT

Expressions that use these operators must always evaluate to a BOOL -
EAN value:

« AAND NOT (B ORC)

Qualifiers
A quadlifier is an expression enclosed in square brackets:

e [ expression]
The expression must evaluate to a BOOLEAN value.

« [ X<6ANDH_string<>'FFH]
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Assignment Lists

A TTCN statement may be an ASSIGNMENT _LIST, i.e. alist of as-
signments, separated by commas and enclosed in parentheses:

e (assignmenty, . ..., assignment,)

The left-hand side (1.h.s.) of an assignment must resolveto avariable.
Inthe context of SEND and RECEIVE statementsthel.h.s. of an assign-
ment may resolveto an ASP parameter reference, aPDU field reference
or astructure element reference. The right-hand side (r.h.s.) of the as-
signment is an expression, which must evaluate to a value of atype
compatible with the type of thel.h.s.
o (X:=3 /A:="astring”,Y :=3*(Z+9), H := '"FF'H)

Note:

By type compatibility we quite simply mean that avalue, a, of type
Aistype compatible with type B if aisalega value of both type A
and type B.

TTCN Operations

TTCN supports both a number of predefined operations and a mecha-
nism that allows the definition of user operations. Operations may be
used as operands in expressions.

Predefined Operations

TTCN now supports a number of predefined operations. More are ex-
pected to be added by the work on TTCN extensions. Currently these
operations are:

e« HEX_TO_INT (data_object_reference),
converts aHEXSTRING vaueto an INTEGER value;

* BIT_TO_INT (data_object_reference),
converts aBITSTRING vaueto an INTEGER value;

e INT_TO_HEX (data_object_reference),
converts an INTEGER vaue to an HEXSTRING valueg;

e INT_TO_BIT (data_object_reference),
converts an INTEGER vaueto an BITSTRING value;
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« LENGTH_OF (data_object_reference),
returns the length of the data object reference, which must be of
string type, in units of that string type, e.g. number of bits, number
of characters etc.;

« NUMBER_OF ELEMENTS (data _object_reference),
returns the number of elements in the data object reference (e.g.
PDU field) which must be of type SEQUENCE OF or SET OF;

* IS _PRESENT (data object_reference),

returns TRUE if an OPTIONAL or DEFAULT data object refer-
ence (e.g. PDU field) is present in areceived PDU; otherwise re-
turns FAL SE;

* |S_CHOSEN (data_object_reference),

this operation is used to indicate that we wish to accept a particular
element from a CHOICE. It returns TRUE if the data object refer-
ence (e.g. PDU field), which must be of CHOICE type, matches the
received value.

User Defined Operations

TTCN alowsthe informal definition of user define operations. A pos-
sible approach is to use a programing language to ‘ describe’ the opera
tion.

Note:

The TTCN amendment (PDAM 2) is currently exploring ways of
how user operation descriptions can be made more ‘formal’.

Like the predefined operations user defined operations may be used in
both behaviour trees and as ‘values' in constraints.

Each user defined operationsis declared in a Test Suite Operations ta-
ble.
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Case study 11: Definition of a user defined operation.

INC in TTCH_TUTOR|A
File Edit DataDictionary Show Tools SDTLink

Test Suite Operation Definition
Cperation Name : ING [EINTEGER)

{| Fesun Type  : INTEGER

Ciomments o The INGrementT opestion.

Description

{[iint imcii
int temp;
|
mtum t2rmp+1); #etum the incementad value of i Note that i ts=i i not changed *f

Detailed Cormments :

Figure 28: Test Quite Operation Definition

If an operator does not have any arguments it should be called with an
empty actual parameter list, e.g. DATE ().
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The previous section showed how to define structured ASP, PDU and
CM types. However, when atester SENDsor RECEIVESan ASP, PDU
or CM it is necessary to specify in detail actual values of these complex

types.

Values, or instances, of complete ASPs, PDUsand CMs are called con-
straints. For each ASP, PDU or CM definition table there should be at
least one corresponding constraint table.

The constraint declaration tables are:

ASP Constraint Declaration;

PDU Constraint Declaration;

Structured Type Constraint Declarations;
CM Constraint Declaration.

Static and Dynamic Chaining

ASPs, PDUs and structured types may be chained to allow the construc-
tion of arbitrarily complex ASPs and PDUs. Satic chaining means that
the actual name of a PDU constraint or structure constraint appears as
the value of an ASP parameter, PDU field or structure element, i.e. the
structure is hardwired by symbolic references. Dynamic chaining
means that the linking occurs when the actual constraint is passed as a
parameter in the constraints reference.
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L5F Type Def A nyical compler user dgfined doxa hype. a sudshectured PO is
ewehedded in an ASF

L | FOU Type Def

L | Struct Tope Def

RSP Constraint H
L T FOUConstrairt H
L g Btruct Conitraint

Fach value iz constvaimg, af the compla ppeiliuspoted adovemust
veflect the structure of the e definition.

Figure 29: Relation between structured ASP and PDU types and their constraints

Complex ASN.1 Values

The concept of chaining isan integral part of ASN.1, although it is not
described inthoseterms. It is expressed by the use of typereferences. If
areference is made from one type definition to another then there
should be a corresponding value for that reference in the relevant con-
straints.
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ASP Constraints

Generally, for every ASP type definition, there will be at least one ASP
constraint declaration. However, some service definitionsinclude A SPs
that do not have parameters. In such cases, aconstraint isnot necessary.
The same may apply to coordination messages, but it does not apply to
PDUs. A PDU without fields is a nonsense.

ASP congtraints are very similar to PDU constraints, which are more
fully described in the next section. The rules that apply to PDU con-
straints, also apply to ASP constraints.

Case study 12a: A typical ASP constraint. Note that the constraint is
parameterized - more about that later.

Dy in TTCHM _TUTORIAL
File Edit DataDictionary Show Tools SDTLink Help ]

ASP Constraint Dec laration
Conztraint Hame : NDRany_pdu:POUY

| B o M_DW TAmRquast

Devivation Path

Comments 1A constmint on the M_DATAmRqQuest ASP.

Parmmmetzr Hame Patameter Walue Comments

user_data amy_pdu The actual POU that i camed in the
] ASFP i dynamically chained from the
constrints mfemnce.

Cetailed Comments ;

Figure 30: ASP Constraint Declaration (NDr)
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The DefCon Utility

The DefCon utility isa TTCN Access application that traverses atest
suitein . itex format and generates default constraints for all ASN.1
ASP:sfound in the test suite. The output is directed to the standard ter-
minal output in .mp format.

Case study 12b: A test suite named MyTest . itex contains some
ASN.1 ASP:s. To generate default constraints for these ASP:s and to
store the constraintsin afile named MmyTestCconstraints.mp, the Def-
Con utility should be caled like this:

c:\> defcon MyTest.itex > MyTestConstraints.mp
The generated constraints can then be merged into the . itex file with
the Autolink Merge utility. See “Merging TTCN Test Suitesin the
TTCN Suite” on page 1360 in chapter 36, TTCN Test Suite Generation
for more information.

Naming generated constraints

When calling DefCon, optional arguments may be provided. These ar-
guments specify which pre- and/or postfixes to use for naming the gen-
erated constraints.

The default naming scheme is defined like this:

If thereisan ASN.1 ASP named "MyASP" in thetest suite, DefCon
generates a constraint named "MyASPConstraint" from it. In other
words, the default prefix is empty and the default postfix is"Con-
straint".

The syntax for changing pre- and postfixesis:

defcon [-pre <prefix>] [-post <postfix>] <testsuites>
Note:

Pre- and postfix strings are given without quotes on the command
line.
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PDU Constraints

Generally, for each field in the PDU type definition, there will be a cor-
responding field in the constraint. The value of the constraint field must
be compatible with the type definition for that field. We shall see later
how fields may be omitted or replaced, and how the derivation path en-
try should be used. We shall also see how constraint values are matched.

Case study 13: Declaration of an X_PDU constraint using the TTCN

tabular format.

R1in TTCH_TUTORIAL

File Edit DataDictionary Show Tools SDTLink Help |

b
PDU Constraint Declaration

Constraint Hame : GR1

FOU Type . GR_FOU

Derivation Path

Encoding Rule Mame :

Encoding Variation

Comments : A constrinton the GG_PDU

Field Name Field ¥alue Field Encoding Cormments

type F12

dst_ref 0004'B

sm_ef o0q'e

wanable_part wanable_part_CR4 Refemnce to o structured

constrint
uzar_data Hzllz
Detailed Gomments
Figure 31: PDU Constraint Declaration (CR1)
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CRI in TTCH_TUTORIAL
File Edit DataDictionary Show Tools SDTLink Help

ST

Constraint Hame c GR1

ASN1 PDU Constraint Declaration

POU Type : GR_PDU
Derivation Fath

Encoding Rule Hame :
Encoding Wariation  :

Comments : A constmint on the SR_PDU, using ASN.4 wvalue notation.

Constmint Yalue

{type F1o,
d=t_ref 0o0o4'E,
sm_ref 0ooo'E,
warable_pant wvanabl_part_CRA,
usar_data *Hell*

i

Detmiled Comments :

Figure 32: Declaration of the same constraint using ASN.1
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Structured Type Constraints

Constraints on structured type definitions and ASN.1 type definitions
are constructed in the sameway as ASPsand PDUs. Just asthe type def-
initions may be used by both ASP and/or PDU type definitions, so also
may the constraints.

When the TTCN tabular format is used the structure of the constraints
shall be the same as the structure of the type definitions. That is, if a
PDU field is defined as being of structure type then there will be one
constraint for the PDU and one for the structure.

Thisruleisrelaxed in ASN.1. The structure must be compatible but
there need not necessarily be a one-to-one correspondence between the
type tables and the constraint tables.

Casestudy 14: Declaration of astructured type constraint using TTCN
tabular format.

variable part CR1 in TTCHW _TUTORIA

File Edit DalaDictionary Show Tools SDTLink

|t S|k

Structured Ty pe Constraint Declaration
 vanabk_par_CRd

: WARIABLE_PART

Help 1

Constraint Name
Structuped Type
Derivation Path

Encoding Yariation :

Comments : A constrinton the structure type VARIABELE_PART forteh CR_FDU

Element Hame Element ¥alus Element Encoding Comments

Ot this field

Detailed Gomments :

Figure 33: Structured Type Congtraint Declaration (variable part CR1)
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ariable part CR1 in TTCM _TUTORIA

File Edit DataDictionary Show Tools SDTLink Help

ASHN_1 Type Constraint Declaration
Constraint Hame :iuariable_part_CFf‘I

4| st Type . WARIABLE_PART

Derivation Fath
Encoding Wariation :

Comments : Motz how the first two pammeters ae omited in ASH.A

Constraint Yalue

{pammB_d Y1'B,
pa=mB TRUE
i

Detailed Comments

Figure 34: Declaration of the same substructure constraint using ASN.1
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CM Constraints
Coordination message constraints are also similar to PDU constraints.

Casestudy 15: Declaration of aCM constraint using TTCN tabular for-
mat

PTC_RES in TTCH _TUTORIAL

File Edit DataDictionary Show Tools SDTLink Help

CM Constraint Declaration
Conztraint NHame : PTC_RES (actual_msulk:RESULT_TYPE)

oM Type : PTG_RESULT
Devivation Path
Comments o A constmint on the PTC_RESULT coodination message.
Farmameter Hame Farameter Value Comments
rEsult actual_mresult The actual msult i passed as a

pammetarto the constmint.

Detailed Comments :

Figure 35: CM Constraint Declaration (PTC_RES)
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PTC_RESINTTCN TUTORIAL

File Edit DataDictionary Show Tools SDTLink Help

ASN.1CMConstraint Declaration
Constraint Hame : FTS_RES(any_mesult: RESULT_TYFE)

4| oM Tye . PTS_RESULT

Derivation Fath

4| Gomments

Constmint Yalue

|
1 mesult any_mesult —— The actual msult 5 passed as a pammetarto the constrzint.

Detiled Comments ;

Figure 36: Declaration of the same CM constraint using ASN (we shall assume
that RESULT_TYPE is an ASN.1 ENUMERATED type)
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The TTCN SEND and RECEIVE statements indicate only which ASP
or PDU typeisto be transmitted or received. The constraints columnin
dynamic behaviour tablesis used to state exactly which ASP or PDU
value isto be sent, or is expected to be received. In other words, each
SEND or RECEIVE statement must be accompanied by a constraints

reference.

Note:

Thisrule can be relaxed for parameterless ASPs.

Nr | Label | Behaviour Description Constraints Ref Verdict | Comments
1 L! N_DATArequest ND_r
g L?N_DATAindication NDi
L? OTHERWISE
Nr | Label | Behaviour Description Constraints Ref Verdict | Comments
1 U?X_CONNECTIndication CONind
2 U! X_CONNECTresponse CONrsp
8 U? OTHERWISE
Figure 37: Using constraint referencesin behavior lines
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Parameterized Constraints

Constraints can be parameterized. That is, a constraint name may be
followed by an optional formal parameter list. The formal parameters

can be used in the value column of the constraint.

DT in TTCH_TUTOR]A

File Edit DataDictionary Show Tools SDTLink

Help

]| S|l

(&2 1] 2] ][ 7]

PDU Constraint Declaration

Constraint Hame o DT (actual_datzilASString)
PDU Type s OT_PDU

Derivation Fath

Encoding Rule Name :

Encoding Wariation  :

C:ormnments : This i the type definition of the DT_FDU
Fizld Name Figld Walue Field Encoding Crormnrnents
type P30
user_data actual_dats The actual data is passad
as a pamrmeterio the
constrint.

Detailed Comments :

Figure 38: A parameterized constraint

The actual parameters are passed to the constraint when it is invoked
from the constraints column in a behaviour description.

Nr | Label | Behaviour Description Constraints Ref

Verdict | Comments

2 L! DT_PDU DT1(“A string’)

Figure 39: Invocation of a parameterized constraint

The actual parameter must always resolve to a specific value. In a
SEND constraint thisis the value that will eventually be encoded and

transmitted.
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InaRECEIVE constraint the actual parameter resolvesto the value that
will be matched against the received vaue. No binding occurs, i.e. the
received value is not bound to the actual parameter. If it wished to cap-
ture received values, then this should be done by explicit assignment
statements in the behaviour descriptions.

Dynamic Chaining

A common use of parameterized constraintsisto link ASPs, PDUs and
structures dynamically rather than statically, as we have described ear-
lier. Thelinking occurs when the actual constraint is passed as a param-
eter in the constraints reference.

Label

Behaviour Description Constraints Ref Verdict | Comments

L! N_DATArequest NDr (DT1)

Figure 40: Dynamic chaining of a parameterized PDU in an ASP

An N_DATArequest is used to carry the DT_PDU of the previous example.

68

Sending and Receiving Constraints

Therulesfor sending aconstraint are not the same asthosefor receiving
one. We shall examine each of these aspectsin turn.

Constraints and the SEND Statement

A constraint in the context of SEND specifies the values that will even-
tually be transmitted over the network (at this point in time we will ig-
nore encoding issues). In TTCN this transmitted object is called the
Send Object which is built from information in the relevant constraint.
Note that assignments may override values derived from the constraint
in the Send Object, which iswhy BUILD occurs before
ASSIGNMENT_LIST.

« SEND®BUILD? [QUALIFIER]! [ASSIGNMENT_LIST]®
[TIMER_OPERATION]*
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Constraint Values and SEND

In the context of SEND we shall use the term received constraint value
to mean the value of an ASP parameter, PDU field or CM field of the
ASP, PDU or CM constraint that the test specifier wishesto transmit.
Thetype of the constraint valueis defined in the relevant ASP, PDU or
CM definition.

Congtraint values for Send Objects should always be fully specified at
the time of transmission of the object.

Execute SEND
(Alternative;)

RETURN

QUALIFIER
=TRUE?
(if any)

»
|

no Return value := FALSE

yes or no qualifier

ACTIONS
- BUILD Send Object Return value := TRUE
. EXECUTE ASSIGNMENTS (if any)
. EXECUTE TIMER OPS (if any)
. CONFORMANCE LOG

B W N P

Figure 41: Execution of an alternative that contains SEND

Constraints and the RECEIVE Statement

Thereceipt of an ASP, PDU or CM ismore complex than simply receiv-
ing an ASP, PDU or CM of the correct type. Testing often requires that
the composition of the ASP, PDU or CM is checked in detail. Thisis
achieved in TTCN by specifying aconstraint that the ASP, PDU or CM
isexpected to match. The RECEIVE event can be considered successful
only if al the conditions stipulated in the constraint are satisfied. We
shall, therefore, extend our description of the RECEIVE statement line
of “The RECEIVE Statement” on page 35 to be:

« RECEIVE! MATCHZ2[QUALIFIER]® [ASSIGNMENT_LIST]*
[TIMER_OPERATION]®
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Received Object

TTCN usestheterm Received Object to mean the ASP, PDU or CM that
iscurrently at the top of the relevant incoming PCO or CP queue, and is
being checked during evaluation of a RECEIVE statement.

Constraint Values and RECEIVE

In the context of RECEIVE we shall use the term received constraint
value to mean the value of an ASP parameter, PDU field or CM field of
the ASP, PDU or CM field that the test specifier wishes the received
value to match. Sometimes the received constraint valueis called the
expected value. The type of the expected value, defined in the relevant
ASP, PDU or CM definition, is called the expected type.

Received Value

We shall use the term received value to mean the value of received ob-
ject element. A received value is always, of course, aliteral value, of a
type compatible with the type of the corresponding element inthe ASP,
PDU or CM definition.
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Execute RECEIVE
i e niatue )

'

RETURHN

Corstaht
matche 7 Retarn 1@he = FALSE

a

Retirni@ie = TRUE

E<BECUTE A=s51E NMENT:S (W am)
E<BECUTETIMER OPS (Wan)
POP Recs:bed ORject
CONFORMANCE LOG

Ll R R

Figure 42: Execution of an alternative that contains RECEIVE
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Constraints and the OTHERWISE Statement

Constraints are not used with the OTHERWI SE statement. Remember,
OTHERWISE will dways match if the named PCO incoming queueis
not empty. No other checking is required.

Execute OTHERWISE [
o HE rhatie )

¥

RETURHN

RetiriEe = FALSE .

QUALIFIER
= TRUE?

(0t ang

yes ormo qualifer

Retirnl@ine = TRUE

BCTIOMS

EXBECUTE ASSIGNMENTS (fanh
EXECUTETIMER OPS (Wanh
POP Rece bed Object
CONFORMANCE LOG

Ll R

Figure 43: Execution of an alternative that contains OTHERW SE
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Inthissection we shall takeacloser look at the RECEIV E statement and
how it is used to check the received values against the specified con-
straint values.

Specific Values

In most cases a constraint value will be a specific value. Note that this
is not necessarily alwaysalitera value. In TTCN aspecific valueisan
expression which evaluates to a value compatible with the correspond-
ing element type in the relevant ASP, PDU or CM definition. The
TTCN syntax allows the operands of these expressions to be:

literal values,

constant identifiers;

formal parameter identifiers;
predefined and user defined operations;
expressions, i.e. the syntax is recursive.

When a specific valueis used as a constraint value a successful match
means that the received value is exactly equal to the value to which the
constraint expression evaluates. Specific values can of course, be used
to specify constraint values of al types.

Note:

Wewill talk about matching in different contexts. For example, are-
ceived value can match a constraint value. This does not mean of
course that the entire constraint matches. For that to happen all re-
ceived values must match all component values specified in the con-
straint.

Omitting Values

In many cases it may be necessary to omit ASP parameters or PDU
fields. Inthetabular format all parameters or fields are considered to be
optional and may be omitted. Thisis denoted by writing a dash (-) in-
stead of value.
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Case study 16: Omitting values.

variable part CR1 in TTCH _TUTORIA '

File Edit DalaDictionary Show Tools SDTLink

Help

EREE

Structured Ty pe Gonstraint Declaration

Constraint Name  : vadabk_par_CRA
Structured Type : VARIABLE_FART
Derivation Path

Encoding Yariation :

Comments : A constrint on the stuctue tpe VARIABLE_PART forteh GR_FDU

1 Elerment Narme Elemznt Yalue Elerment Encoding Comments
pammA_id - St this field
paEmA - it this field
pammE_id 01'B
pa=mE TRUE

Detailed Comments :

Figure 44: Structured Type Congtraint Declaration (variable_part CR1)

Inthe ASN.1 only parameters or fields that are defined as being OP-
TIONAL or DEFAULT may be omitted. Thiscan beindicated either by
explicitly using the OMIT keyword, or by not including the parameter

or field in the constraint.
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variable part CR1 in TTCH_TUTORIAL

File Edit DataDictionary Show Tools SDTLink Help

ASHN_1 Type Constraint Declaration

Constraint Mame  © vanable_pan_CR1
ASHNA Type : VARIABLE_PART
Derivation Fath

Encoding Wariation :

Comments : hote how the first two pammeters ae omited in ASH A

Constraint Yalue

{pammE_id T01'B,
pammE TRUE
'

Detailed Comments :

—— iz the same a=:
{parmmi_d OMIT,
paEmA ST,
pammB_d O1'B,
pammB TRUE
}

Figure 45: Omitting valuesin ASN.1 constraints

Replacing Values

In ASN.1 constraints may be constructed from previously defined con-
straints by using the REPL A CE keyword.
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variable_part_CRg in TTCH _TUTOERIA

File Edit DalaDictionary Show Tools SDTLink Help |

EREEE

Constraint Name vadabk_part_CRZ
ASHA Type : VARIABLE_PART
Derivation Path : wanable_part_GRA.
Encoding Yariation :

| comments

REPLACE pammE BY FALSE

Cetziled Comments :

ASN .1 Type Constraint Declaration

Constraint Yalue

Figure 46: Thistable indicates that the constraint variable part CR2 is exactly the same as
variable part CR1, except that the value of paramB is set to FALSE

Matching Mechanisms

In many instancesit isnot possible, or even desirable, to specify that the
field of areceived PDU shall have a specific value. It may be more ap-
propriate to say that a match occursif the received value falls within
certain boundaries or fulfils certain conditions.

TTCN supports anumber of matching mechanisms: matching symbols,
matching operations and attributes that allow the test specifier to ex-
press these matching conditionsinstead of specific values. These mech-
anisms include:

» listsof values
» complemented lists of values
» ranges of INTEGER values

e anyvaue
e any value or omit value
* wildcards
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* if present attribute
* length attributes

Matching Value Lists

A constraint value may be alist of one or more specific values (remem-
ber that specific values include expressions etc. so the elementsin the
list may be quite complex). A match occursonly if thereceived valueis
equal to any one of the valuesin the constraint value list, otherwise the
match fails.

« (‘00'B, ‘11'B) will match if the received valueis either ‘00'B or
‘11'B.

Complementing Value Lists

If avaluelistispreceded by the keyword COMPLEMENT then amatch
occursonly if the received valueis not equal to any of the valuesin the
congtraint valuelist, otherwisethe match fails. Complement can be used
on values of any type.

+ COMPLEMENT (‘00'B, ‘11’'B) will match if thereceived valueis
either ‘01'B or ‘10'B. Note that thisisthe same asthelist: (NOT
‘00'B, NOT ‘11B’).

Matching Ranges

Ranges may only be used to match values of INTEGER compatible
types. ThekeywordsINFINITY and -INFINITY may be used to specify
ranges that may be unbounded in the positive and/or negative direction.

A range matchesif the received value is within the range, including the
upper and lower boundary.

« therange (8 .. INFINITY) matches any INTEGER value greater
than 7.

Matching Any Value

In many cases the test suite specifier is prepared to accept any single
valuefor aparticular field, provided that the actual valueis compatible
with the corresponding element type.
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The matching symbol AnyValueis denoted by “?’. A match will occur
if the received value is any value that is compatible with the expected

type.

» suppose that we have declared a BITSTRING of length exactly 2;
then AnyValue would match oneof ‘00'B, ‘01'B, ‘10'B and ‘11'B
but nothing elsg;

» suppose that we have declared avalue of SEQUENCE OF INTE-
GER type; then AnyVaue will match any SEQUENCE OF INTE-
GER, except an empty sequence.

Matching Any Value, or Omitting It Altogether

The AnyOrOmit matching symbol, denoted by “*”, issimilar to Any-
Value, except that the value may be omitted altogether. If thereisaval-
ue present then amatch will occur if the received valueisany valuethat
is compatible with the expected type; otherwise the value must be omit-
ted. Thisisonly allowed with optional fields.

» suppose that we have declared a BITSTRING of length exactly 2;
then AnyOrOmit would match one of ‘00'B, ‘01'B, ‘10'B and
‘11'B, or avalue could be missing altogether;

» suppose that we have declared avalue of SEQUENCE OF INTE-
GER type; then AnyOrOmit will match any SEQUENCE OF INTE-
GER, including an empty sequence.

Wildcards Within Values
There are two wildcards that may be used within values:

* AnyOne

* AnyOrNone.

The AnyOne symbol, denoted by “?’, is used to replace single elements
within all the string types, and within SEQUENCE, SEQUENCE OF,
SET and SET OF types. However, the element may not be omitted.

» ‘?20'B would match either ‘00'B or ‘10'B;

o “ab?z” will match any character string of length 4 that begins with
ab and ends with z,

» A vaueof SEQUENCE OF INTEGER such as: {1, 2, ?, 3} means
that the third element matches any INTEGER value.
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Note that the denotation isthe same asfor AnyVaue, but the semantics
of the symbol are not the same.

The AnyOrNone symbol, denoted by “*”, is used to replace single ele-
ments or a consecutive number of elements within all the string types,
and within SEQUENCE, SEQUENCE OF, SET and SET OF types. Al-
s0, the element may be omitted.

« “*(0'B would match any BITSTRING value that ended with a zero
bit;

o “ab*Zz" will match any character string that begins with ab and ends
with z, including the string “abz”;

» A vaueof SEQUENCE OF INTEGER such as: {1, 2, *, 3} means
that any SEQUENCE OF INTEGER that beginswith 1, 2 and ends
with 3, including {1,2,3}, will match.

The If_Present Attribute

Thelf_Present attributeisintended for usewith OPTIONAL fields. The
test suite specifier may not know beforehand whether the [UT will be

includingan OPTIONAL valueor not in aparticular PDU - the protocol
allows either or. The test then hasto specify that if the optional valueis
present it should be checked.

e 3IF_PRESENT meansthat either the INTEGER value of 3 will be
accepted for that particular field or no value shall be present.

Note that in the tabular format all fields are considered to be OPTION-
AL . The match will occur if the received valueis any valuethat is al-
lowed by the specified expected type, i.e. they need not be explicitly de-
clared as such. In ASN.1 thisis not the same case; any fields that are
OPTIONAL have to be declared as such.

Length Restrictions
Length restrictions apply to the following types:

BITSTRING
HEXSTRING
OCTETSTRING
CharacterString
SEQUENCE OF
SET OF

Telelogic Tau 4.5 TTCN Suite Methodology Guidelines 79



Chapter 1 The TTCN Introduction

80

File Edit DalaDictionary Show Tools SDTLink

Essentially these are the same length restrictions that may be placed on
the type definitions. The restriction may state the precise length of the
string:

« HEXSTRING[8§]

or it may define arange:

« HEXSTRING[4.. 8]

_constraint in TTCH_TUTORIA

PDU Constraint Dec laration

Constraint Narme © a_constmint (PARBITSTRING)

PDU Typ=

Derivation Fath
Encoding Rule Mame :

Encoding Yariation

L A_TTGN_FDU

Comments : This i5 & constrmint on an incoming FODU
Field Name Fizld Valus Field Encoding Comments

fizkdA [DO'E, 11'B) Accept either BITSTRING
00'Bor4'E

fizldE GOMPLEMENT (008, 11'B) Accept either BITS TRING
0O'Bor44'E

fieldC 8. INFIMNITY) Accept any INTESER value
==8

fiedD 0B Avcept either BITSTRING
Q0B orH0'e

fieHE “0'B Accept any BITSTRING of
any kngth that ends with 2
zem bit

fizdF FPAR [4..8] Avcept any BITSTRING of
kEngth ==4 and kngth ==&

Detailed Gomments

Figure 47: Examples of matching mechanisms used in a PDU constraint
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The TTCN standard says nothing about the actual encoding of values
that are to be transmitted and received over the network. This aspect is
being addressed in the second TTCN amendment, WDAM 2. It will al-
low the TTCN user to specify encodings at several levels:

for all ASPsand/or PDUSs;

for individual ASP types and/or PDU types;

for individual ASP parameters and/or PDU fields;

for individual ASP constraints and/or PDU constraints;

for individual ASP constraint parameters and/or PDU constraint
fields.

Encoding ASPs

It isunusual for a standard to specify the types of the parameters that
constitute an ASP. How ASPs are redlized is an implementation issue,
outside the scope of the standard. Thetypes, therefore, that are given to
TTCN ASPs should not be considered binding - they arethereto givea
consistent representation in the test suite, and are mainly for documen-
tation purposes.

In other words, checking of ASP parameters should be consistent with
the implementation of those ASPsin the test system, rather than the ex-
act TTCN specification.

Encoding PDUs

In contrast to ASPs, PDU fields are typed in the relevant protocol stan-
dard and it is essential that these types are implemented correctly in the
ETS. Asfar asencoding is concerned, TTCN currently refersto the
standards that the PDUs are derived from. For example, if ASN.1is
used it is probable that the ASN.1 basic encoding rules (BER) rules ap-
ply, but not necessarily. Work needs to be done on thisissue.

Manipulation of Encodings

In some cases of testing it may be necessary to manipulate the encoding
of values, e.g. intesting of the presentation layer. Thisaspect, too, isad-
dressed in WDAM 2.
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TTCN allowsthe use of individual components of complex types asop-
erandsin expressionsor asthel.h.s. of an assignment. Such components
include:

asingle ASP parameter;
asingle PDU field;
asingle structure element;
asingle CM field.

In the context of ASN.1 it is possible to access:
anindividual BIT in aBITSTRING;
an element in a SEQUENCE or SEQUENCE OF;

an element in a SET or SET OF;
an element in a CHOICE.

These references may be made either:

* inthecontext of a SEND or RECEIVE statement; or
» by capturing an incoming ASP or PDU for later reference.

References in the Context of SEND and
RECEIVE

These are references to ASP parameters, PDU fields or structure ele-
ments made from a statement line that contains a SEND or RECEIVE
and, most importantly, an associated constraint. In their smplest form
these references are denoted by:

ASP_Identifier . Parameterldentifier
PDU_Identifer . Fieldldentifier
CM_Identifer . Fieldldentifier
StructuredTypeldentifier . Elementldentifier

Suppose that a substructured PDU is chained to an ASP. To reference
the kt element in the structure from a statement line we could write:

* ASP_|dentifier . Parameter; . PDU_ldentifier . field; . Structure-
Identifier . element)

However, because the ASP, PDU and structure identifiers are unique
within the test suite, it is allowed to simply use:
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» Structureldentifier . elementy

For example, if we wish to preserve the value of the user_data field of
theincoming DT_PDU, embedded in an N_DATAindication. This
could be done by writing:

« A :=N_DATAiIndication . user_data. DT_PDU . user_data

Thisisrather verbose and because the PDU identifier isuniqueit is
enough to write:

e A:=DT_PDU . user_data

In other wordsthe ‘ dotted path’ need only contain theidentifiersthat are
enough to give a complete and unique reference.

Referencing ASN.1 Elements

The same mechanism can be used to reference elementsin ASN.1 con-
straints that use SEQUENCE, SEQUENCE OF etc.

Suppose that we have defined the following PDU:

A PDUIN TTCN_TUTORIAL |
Fie Edit DataDictionary Show Took SDTLink Help |

ASN_1 PDU Type Definition
P DU Nare A_PDU

{| oo Type : H_SAP

Encoding Rule Hame :
Encoding Wariation

4| comments

Ty p= Definition

SEQUENGE {field1  EIT STRING,

] fieldZ SEQUENCE OF INTEGER,
fieldZ EOOLEAN

}

Detmiled Comments :

Figure 48: ATTCN PDU Type
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A constraint on that PDU may be:

Z pdu in TTCHN. TUTORIAL |

File Edit DalaDictionary Show Tools SDTLink Help

ASN.1 PDU Constraint Declaration
Constraint Name :a_pdu

1| Fou Type . A_PDU

DCerivation Path
Encoding Rule Hame :
Encoding Yariation

3| Comments

Constrmint Value

{| (et wooiie,

{l ez @122 23,
{| femz TRUE
1l

Detziled Cormments :

Figure49: ATTCN PDU Constraint

Then writing:
Nr | Label | Behaviour Description Constraints Ref Verdict | Comments
L' A_PDU (A_PDU field3 := FALSE) a pdu

Figure 50: A Send Statement
means that the third field in the constraint is overridden and that the
send object a_pdu is transmitted with field3 having the value FAL SE.

Note:

Where possible values should be set using parameters, rather than
by this mechanism.
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In cases where the elements are not named, such asthe elementsin the
SEQUENCE OF INTEGER that compose field2 in our previous exam-
ples, it is possible to reference the element by position. For example, if
we wish to override the value 22 in field2 we simply write:

Nr |L

abel

Behaviour Description Constraints Ref Verdict | Comments

L! A_PDU (A_PDU.fidd2.(2) := 33) a pdu

Figure 51: A Send statement

Individual bitsinaBIT STRING can also be accessed in asimilar man-
ner. If we wish to change the third bit in the value of field1l fromOto 1

we write:

Nr | Label

Behaviour Description Constraints Ref Verdict | Comments

L! A_PDU (A_PDU field1[3] := 1) a pdu

Figure 52: A Send statement

This mechanism cannot be used with other string types.

Capturing Incoming ASPs and PDUs

Anincoming ASPor PDU (i.e. received object) isonly preserved for the
duration of a RECEIVE statement, i.e. components of the received ob-
ject cannot be accessed on statement lines subsequent to the RECEIVE
event. It is possible, however, to declare variables of ASP, PDU or
structure type. These variables are then bound to the received object.
Suppose the variable temp_pdu is of type A_PDU:

Nr

Label

Behaviour Description Constraints Ref Verdict | Comments

L?A_PDU temp_pdu := A_PDU a pdu

July 2003

Figure 53: A Receive statement

We can now access componentsof a_pdu on subsequent statement lines
and not just on the statement line that containsthe RECEIV E statement:
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Nr | Label | Behaviour Description Constraints Ref Verdict | Comments
[temp_pdu.field3]
Figure 54: A Qualifier statement

86

Therearetwo mechanismsin TTCN that provide assignment of verdicts
to atest case. These mechanisms are:

e preliminary results;
» explicit final verdicts.

A preliminary result or explicit final verdict may be associated with any
TTCN statement except for the following:

IMPLICIT SEND;
ATTACH,;
GOTO;

REPEAT.

The Result Variable

TTCN hasapredefined test case variable, known asthe result variable,
caled R. This variable may be used in expressions and the verdict col-
umn of abehaviour description. It is used to store preliminary results
and has the following characteristics:

« A preiminary verdict does not terminate execution of atest case;

» it may appear in expressions as aread-only variable, i.e. it may not
be used on the l.h.s. of an assignment;

* it may only take one of the values: pass, fail, inconc or type defini-
tion. These values are predefined identifiers, and are case sensitive;

» changes are made to its value by entriesin the verdicts column;

« at the start of atest case Ris bound to the value type definition.
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Preliminary Results

The value of Ris changed by recording a preliminary result in the ver-
dicts column. A preliminary result may be one of the following:

* (P) or (PASS), meaning that some aspect of the test purpose has
been achieved,

e (1) or (INCONC), meaning that something has occurred which
makes the test case inconclusive for some aspect of thetest purpose;

» (F) or (FAIL), meaning that a protocol error has occurred or that
some aspect of the test purpose has resulted in failure.

For example:

» writing (FAIL) in the verdict column will bind R to the value fail.
Preliminary results have an order of precedence, for example:

» if Rhasthevaluefail and apreliminary result (PASS) is encoun-
tered in the verdict column, then R cannot be changed to passand it
will remain bound to fail. On the other hand, if R has the value pass
and apreliminary result (FAIL) is encountered in the verdict col-
umn, then R is bound to the value fail .

The table below shows how R may be changed according to the prece-
dencerules:

Current Preliminary verdict

valueof R (PASS) (INCONC) | (FAIL)
none pass inconc fail
pass pass inconc fail
inconc inconc inconc fail

fail fail fail fail

Figure 55: Calculation of the preliminary result variable R

Final Verdicts
Execution of atest case isterminated either by:

» reaching aleaf of the test case behaviour tree; and/or

» anexplicit final verdict on the behaviour line (i.e. in the verdict col-

umn).
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A final verdict may be one of the following:

P or PASS, meaning that a pass verdict is to be recorded;

I or INCONC, meaning that an inconclusive verdict isto be record-
ed;

F or FAIL, meaning that afail verdict is to be recorded;

the predefined variable R, meaning that the value of Risto betaken
asthefinal verdict, unlessthe value of Risnonein which case atest
case error isrecorded instead of afinal verdict.

If no explicit final verdict isreached, then the final verdict isthe value
of R. If Risstill bound to the value none then thisis atest case error.

The final verdict must be consistent with the value of R. For example:

if R hasthe value fail and an explicit final verdict PASS is encoun-
tered in the verdict column, then afinal verdict of fail and not pass
should be recorded. On the other hand, if R has the value pass and
an explicit final verdict FAIL isencountered in the verdict column,
then afinal verdict of fail should be recorded.

The table bel ow shows how the final verdict should be recorded accord-
ing to the value of R:

Current Final verdict

valueof R | prsg) (INCONC) | (FAIL) R
none pass inconc fail *error*
pass pass inconc fail pass
inconc *error* inconc fail inconc
fail *error* *error* fail fail
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The GOTO Statement

In order to be able to express repetitive behaviour in a convenient way,
TTCN allows statement lines to be labelled so that jumps may be made
to them from later pointsin the tree. A GOTO is denoted either by:

+ ->Labeldentifier
or:

*  GOTO Labelldentifier

Infinite loops should be avoided, i.e. entering the GOTO loop should al-
ways depend on some event occurring or condition being fulfilled.

Nr | Label | Behaviour Description Constraints Ref Verdict | Comments
4 |LAB L! N_DATArequest (count := count+1) NDr
5

[count <= max]

->LAB

July 2003

Figure 57: Using GOTO in a behavior tree
The following rules should be followed:

* aGOTO can only be made within asingle tree in a behaviour de-
scription;

» thelabel should be unique within the behaviour description;
* line numbers may not be used as labels;

» thelabel must always be associated with thefirst statement lineina
given set of alternatives, i.e. a GOTO cannot cause ajump to the
middle of a set of aternatives;

» aresult of the previous rule means that a GOTO to thefirst level of
aternativesin atest step (i.e. the test step root) is not allowed;

* aGOTO may only be made to an ancestor node in the behaviour
tree, i.e. ajump to apart of thetree that has previously been execut-
ed;

* no other statements may be used in conjunction with a GOTO.
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Timer Statements

TTCN timers are used to test timer eventsin the IUT. Thisis usually
done by timing an expected response from the IUT using the START
timer operation and the TIMEOUT event. The CANCEL timer opera-
tion is used to stop and reset a running or expired timer.All timers are
declared in the Timer Declarations table. The duration isthe period of
time that will pass from the moment atimer is started to the moment it
expires. Duration is measured in one of the following units:

* ps(i.e. picosecond);
* ns(i.e. nanosecond);
* us(i.e. microsecond);
* ms(i.e. millisecond);
e s(i.e. second);

e min (i.e. minute).

imer Declarations in TTCH_TUTORIA

File Edit DalaDictionary Show Tools SDTLink

|t [S] Al

Timer Declarations
Tirmer Mame Dwration

Help 1

Unit Cormments

Timer

i

Milzxirmurn esponse time

Detailed Gomments

Figure 58: Declaration of timers
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The Timeout List

TTCN maintains atimeout list. If atimer expiresits nameis added to
thetimeout list. Threethings can removethe name of thetimer fromthe
timeout list:

e asuccessful TIMEOUT statement;
» aSTART timer operation;
e aCANCEL timer operation.

The TIMEOUT Statement

The test suite specifier may state that a named timer be checked to see
if it has timed-out. Thisis denoted by:
*  ?TIMEOUT Timerldentifier

When this statement is encountered while processing a statement line
the TIMEOUT will match if the named timer isin the timeout list, oth-
erwisethe TIMEOUT fails.

An alternative use of TIMEOUT is simply:

 7ZTIMEOUT

i.e. no Timerldentifier is given. In this case the TIMEOUT statement
will succeed as long as the timeout list is not empty.

The TIMEOUT statement may be qualified and it may be followed by
an ASSIGNMENT_LIST and/or TIMER_OPERATION. The order in
which these statements may appear in the statement line isfixed, as
shown below; the square brackets indicate that the presence of the state-
ment in the statement line is optional:

« TIMEOUT?[QUALIFIER]! [ASSIGNMENT_LIST]®
[TIMER_OPERATION]*
Note:

TIMEOUT should not be used to guard against a faulty IUT not
sending arequired response. It istheresponsibility of thetest system
to implement detection of such an occurrence.
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Timer Snapshots

We have already mentioned that at the beginning of each cyclethrough
aset of alternatives a snapshot is taken of the incoming PCO queues.
The alternatives are then checked against this snapshot. The samething
isdone for thetimeout list. A snapshot istaken of thislist at the start of
each cycleand if aTIMEOUT alternative is encountered in the set of
alternativesit is checked against the timeout snapshot rather than the ac-
tual timeout list. This meansthat the expiry of atimer during processing
of aset of alternativesisnot registered until the timer snapshot is updat-
ed.

The START Timer Operation

A named timer is started using the START timer operation. Thisisde-
noted by:
e START Timerldentifier

The duration for this timer istaken from the timer declaration. Alterna-
tively, an explicit duration may be given, which overrides the declared
duration:

e START Timerldentifier ( Duration)
If thetimer isaready running when the START isinvoked then the tim-
er iscancelled, reset and then started, i.e. the timer is re-started.

If the timer has expired then its name is removed from the timeout list
beforeit is re-started.

The START_TIMER statement may be qualified and it may be fol-
lowed by an ASSIGNMENT _LIST. The order in which these state-
ments may appear in the statement line is fixed, as shown below:

« [QUALIFIER]! [ASSIGNMENT _LIST]?[START_TIMER]®

Nr

Label

Behaviour Description Constraints Ref Verdict | Comments

START a_timer

?TIMEOUT a_timer

92

Figure 59: Using START and TIMEOUT in a behavior tree
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The CANCEL Timer Operation

A named timer is cancelled using the CANCEL operation. Thisis de-
noted by:

e CANCEL Timerldentifier
An dternative use of CANCEL issimply:

« CANCEL

i.e. no Timerldentifier is given. In this case al running timers are can-
celled and reset and the timeout list is cleared.

Cancelling atimer that is expired will result in the timer being reset and
its identifier is removed from the timeout list.

The CANCEL_TIMER statement may be qualified and it may be fol-
lowed by an ASSIGNMENT _LIST. The order in which these state-
ments may appear in the statement lineis fixed, as shown below:

« [QUALIFIER]! [ASSIGNMENT_LIST]?[CANCEL_TIMER]®

Execute TUMER OF |

@l natue )
RETLRM
QUALIFIER __.
- TRUEF - -
ot vy Ao Retinwhe = FALSE

yeF orm qualiter

ACTIONS
1. EXECUTEA=5IGNMENTS (fan)
Z. EXECUTETIMER OP
A, CONFORMANCE LOG

Retary 1@ = TRUE

Figure 60: Execution of an alternative that contains a stand-alone timer operation
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Constants and Variables

TTCN supports both constants and variables. There are two types of
constants:

» test suite parameters;
e test suite constants,

and two types of variables:
e test suitevariables;

* test casevariables.
The tables used are:

Test Suite Constant Declarations
Test Suite Parameter Declarations
Test Suite Variable Declarations
Test Case Variable Declarations

94 Telelogic Tau 4.5 TTCN Suite Methodology Guidelines July 2003



Constants and Variables

Test Suite Constants and Test Suite
Parameters

Test suite constants are declared globally and may be used anywherein
the test suite, including the constraints part. The value of the constant is
specified at its point of declaration and may not be changed.

Case study 17: Declaration of test suite constants.

est Suite Constant Declarations in TTCH_TUTORIAL

File Edit DataDictionary Show Tools SDTLink

]| S|l

Test Suite Constant Declarations

Constant Name Ty pe Walus Cromrnents

s INTEGER 8

data_string 1AS String *This is & string”

Detmiled Comments :

Figure 61: Test suite constant declarations
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Test Suite Parameters

Test suite parameters are al so constants, but their actual values are not
known to the abstract test suite specifier. These values will depend on
which IUT is being tested, and possibly on the test system itself. In this
sense the values of test suite parameters will be different from IUT to
IUT, but during the testing of any given IUT they will remain constant.

Case study 18: Declaration of test suite parameters.

est Suite Parameter Declarations in TTCH_TUTORIAL

Fie Edit DataDictionary Show Tooks  SDT Link Help

Test Suite Parameter Declarations

Farametzr Name Ty p= PICS/PIEIT Ref Cormments
t_addmesz 1AS5trng PEIT quastion o Lowertester addmss
ui_addmess lAS5tring PEEIT question yy uppertester addmess

Cetailed Comments ;

Figure 62: Test suite parameter declarations

The test suite parameter values are derived from the Protocol Imple-
mentation Conformance Satement (PICS) and the Protocol Implemen-
tation eXtra Information for Testing (PIXIT). These documentsarelike
checklists that are filled-in according to the characteristics of the IUT.

Prior to executing the teststhe PICS and PIXIT are used to bind values
to the test suite parameters. This processis called test suite parameter-
ization.
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Test Suite and Test Case Variables

Both test suite variables and test case variables are declared globally i.e.
they may be used by test cases, test steps and defaults throughout the

test suite. A default value may be specified for each variable, if wished.
If no default value is specified, then the variable is said to be unbound.

Variables should be bound before use, unless they appear on the l.h.s.
of an assignment.

Case study 19: Declaration of test case variables.

Test Case Yariable Declarations in TTCN_TUTORIA

File Edit DataDictionary Show Tools SDTLink Help |}

EREE R ERREEEE

TestCase Variabke Declarations

Yariable Name Ty pe Walue Crornrnents

count INTEGER a This tast case wvanablk i
] used to count t2h numberof
FDUs s2nt and meceivad.

Detailed Cormments :

Figure 63: Test case variable declaration
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Resetting Default Values

The difference between the two kinds of variable iswhen they are reset
totheir default values (if no default valueis specified for avariable, then
resetting means that the variable becomes unbound):

» test suite variable are reset at the end of execution of the test suite,
which meansthat information may be retained between test case ex-
ecution;

* Testcasevariablesarereset at the end of execution of each test case,
i.e. test case variables begin each test case bound to their default val-
ues.

Variables in Concurrent TTCN

When more than one test component exists, as does with concurrent
TTCN, then each test component is supplied with its own copy of each
test case variable.

» Inthe case study we declare the test case variable count. This vari-
ableisavailableto both the lower tester and the upper tester asa sep-
arate copy of count to each, i.e. if thelower tester changesthe value
of count it only changesits copy of count, and not the upper tester’s
copy.

Test suite variables behave the same way in concurrent TTCN as they

do in the non-concurrent version.

Telelogic Tau 4.5 TTCN Suite Methodology Guidelines July 2003



Dynamic Behaviour Descriptions

Dynamic Behaviour Descriptions

There are three types of tables for specifying the behaviour descrip-
tions:

e Test Case Dynamic Behaviour;

* Test Step Dynamic Behaviour;

» Default Dynamic Behaviour.

We have already noted that the difference between the different behav-
iour tablesisin the header, rather than in the body of the tables.

MP_DATA TRAMSFER in TTCH _TUTORIAL

File Edit DataDictionary Show Tools SDTLink 2lp

EREE

(&L 1] =] 2] [ 7]

Test Case Dynamic Behaviour

Test Caze Hame : MP_DATA_TRANSFER
Group

Purpoze
Configuration
{| eroun

| comments

Selection Ref

o MULTDATAS

¢ IUT shall moaire and s=2nd 2 dataowithin time limit, 2 given numberof tiees over twa simultaneaus
Z—connections.

o MULTI_PARTY
: T_DEFAULT

: This test case creates the otehr PTCs in the configumtion necessany for 2 two—connection

configumtion.

Description : Data tmnsfer mubi-connection
1 MHr | Labal Behaviour Description Constraints Ref Verdict Comments
1 GREATE(LOWER_TESTER1:LTS (L1, GF1), 11
LOWER_TESTERZ:LTS (L2, GPE),
UPFPER_TESTER1:UTS (U1},
UPFPER_TESTERZ:UTS (UZ))
z CGRA?PTC_RESULT PTS_RES (pass) =31
3 GPRZ?PTC_RESULT PTC_RES (pass) FASS 21,3
4 GPE?PTC_RESULT PTS_RES (fail) FAIL 23,3
5 CPA?PTC_RESULT PTC_RES (fail) 2)
] GPE?PTC_RESULT PTC_RES (pass: FAIL 21,3
7 GPEYPTC_RESULT PTC_RES ifail) FAlL 2y, 3

Detailed Cormments : 1) The CREATE command binds specific test steps to the mlkevant P TCs in the Test Componant

Declamtions table. It akso implicithy stans execution of each test step (ie. two instances of LT and
ane instance of UT)

2) The preliminan msults fmom the lower tester P TCs ae picked up hers.

3) Final verdict

Figure 64: Fragment of a test case behavior table, showing the header for the test case

July 2003
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Test case Identifiers and Test Group
References

The test caseidentifier appearsin thefirst field and, like most TTCN
identifiers, it should be a name unique to the entire test suite. The sec-
ond field contains the test case reference, which is a path name that
specifies the test case’ s location in the test suite structure.

In the case of test steps this path specifies the test step’slocation in the
test step library. In the case of defaultsit specifiesthelocation of the de-
fault in the default library. These references have the general format:

» Suiteldentifier / Groupldentifiery / . . . / Groupldentifier, /

Note theterminating slash, whichisthelast group namein the path. The
path may begin with the first Groupl dentifier, i.e. the Suiteldentifier is
optional. If the test suite has no hierarchy then the reference is empty.

Test Purpose and Objective

In the test case table the third field is used to specify the test purpose.
The corresponding field in test steps and defaultsis called the objective.

Configuration

The configuration entry isintroduced by the concurrent TTCN to state
the configuration in which this test case behaviour description is used.
Thisfield does not appear in test steps and defaults.

Default Behaviour

The default entry is used to state the default behaviour which should be
used, if any.
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Case study 20: Test step dynamic behaviour.

LT DATA TRAMSFERINTTCH _TUTORIAL

File Edit DataDictionary Show Tools SDTLink

Help

AL

Test Step Dynamic Behaviour

Test Step Mame . LT_DATA_TRANSFER (L:N_SAF, CFF:.CF)

Group 1 TEST_STEP_LIE/LOWER!

Orbjective : Testdata tnsfar

Default ¢ LT_DEFAULTIL)

C:ornments : This test step implements the test body of ourexample t2st case on the bwertesterside.
Description

Me | Label Eehawiour Description Constraints Ref Verdict Comments
1 LAE L!'DA TACUt [count=INGGount)) MDADTA (data_string )i

2 [zount == max] START Timer

3 L?04 TAin NDIDTH {data_string ) (FASS)
N D e
5 FTIMECUT Tirer (FAILY

] GPPIPTG_RESULT FTC_RESifail)

7 CPPIPTC_RESULT PTC_RES(pass)

Detmiled Comments :

July 2003

Figure 65: Test step dynamic behaviour (LT_DATA TRANSFER)
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Using Aliases

102

File Edit DataDictionary Show Tools  SDT Link

One of the main aims of TTCN isto specify behaviour descriptions so
that the human reader can easily understand the TTCN specification of
the test purpose.

The conformance standard requires that behaviour be expressed in
terms of (N) and (N-1) ASPs. However, a behaviour tree consisting of
mostly (N-1)-data requests and indications says very littleto the reader.
What isimportant are the PDUs embedded in these service primitives.
If static chaining is used the reader will have no idea, without turning to
the constraints, what PDU interactions are specified in the test.

The alias mechanism allows ASPs (and if necessary PDUS) to bere-
named to reflect the different PDUs that they carry. The (N-1)-datare-
guest and indication may have several aliases, depending on which (N)-
PDU they are carrying.

alias Definitions in TTCH_TUTORIAL

+| S| |, n
[t ][] SoIEN I A i K
Alias Definitions
Alias Hame Expansion Comments
Le15} h_DA TARquest Alias forthe N_DWATARquest s=nice
primitive used 1o camy & GR_FOU
DATAouL hl_DA TArquest Alizs forteh N_DATAmquest senice
primitive used to camy an outgoing
CT_FLU
Co W_DA TAindication Alias forthe N_DATAIndieation s=rvice
used o camy & CC_PDU
DA TAIN M_DA TAindication Alias forthe N_DATAmRquest service
primitive used 10 camy an incoming
CT_FLCU
CR h_DA TARquast Alias forthe N_DWATARquest s2nice
primitive used camy an outgoing
DR_FDU
Detailed Comments : §
Figure 66: Declaring aliases
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In 1SO/IEC 9646-3 aliases are defined astextual expansions. However,
itisprobably easier to think of aliasidentifiersasaternativesto ASP or
PDU identifiersin the SEND and RECEIVE statements. The effect is
exactly the same, i.e.

e PCO_ldentifier ! Aliasldentifier
e PCO_ldentifier ? Aliasldentifier

T _DATA TRANSFER N TTCH _TUTORIA

File Edit DataDictionary Show Tools SDTLink Help

]| S|l

Test Step Dynamic Behaviour
Test Step Mame: LT_DATA_TRANSFER (L:M_SAF; CFF.CF)
Giroup : TEST_STEP_LIB/LOWERY
Chjective 1 Testdata tRinsfer
Default o LT_DEFALLTIL)
Cornments : This test step implerments the test body of ourexample test case on the bwertesterside.
Description
MHr | Labsl Behawviour Description Constraints Ref Yerdict Cormments
1 LAE LIDATAouUt jcount=INCizount)) NDADTA {data_string )i
2 [count == mac] START Timer
3 L?DATAIR NCHDTH {data_string ) (FASS)
4 -=LAB
il PTIMECUT Tirner (FAILY
s | | ereeromesor e N
7 CPPIPTC_RESULT PTC_RESipass)
Detmiled Comments :

Figure 67: Test Sep dynamic behavior using aliases
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Modularization of Test Cases

104

Test cases can be long and complex. There exist two mechanisms that
alow test casesto be modularized: test steps and defaults.

Test Steps

Behaviour trees can be modularized by splitting them into sub-trees
called test steps. Test steps are either:

» local to abehaviour description; or
* resideinthetest step library.

Test steps may be parameterized, i.e. the calling tree can pass PCOs,
variables, literal values, constraints etc. to the attached test step.

Local test steps

Local test steps may only be used within the behaviour description in
which they appear:

Dynamic Behaviour Test Step Library

Tect Sten
main tree Test Step

local tree

Figure 68: Illustration of local test trees and test step library

The Test Step Library

Test steps that belong to the test step library are specified in Test Step
behaviour tables. These steps may be called by any test case, test step
or default.
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File  Edit

The ATTACH Statement
The ATTACH statement isused to invoke atest step, and is denoted by:

e+ Treeldentifier ActualParameterList
for attachment of alocal test step; or

o+ TestStepldentifier Actual ParameterList
for attachment of atest step in the test step library.

In both casesthe actual parameter list should only beused if thetest step
hasaformal parameter list. Notethat a parameter may also be a PCO or
CP.

Case study 21: The following test step:

LTS in TTCH _TUTOR| A

Data Dictionary Show Tools  SDTLink Help

)| [#]IIE

(&2 1] 2] ][ 7]

Test Step Dynamic Behaviour

Test Step Name: LTS(LN_SAP;, CPFPICF)

Giroup : TEST_STEP_LIB/LOWERY

Chjective o IUT shall meeive and s2nd a data within time limit, 2 given numberof tires,

Default

Cornments

Description

Hr | Label Eehawiour Description Constraints Ref Yerdict Comments

1

2

3

+ESTABLISH_CONMECTION(L)

+GLOSE_COMNNES TIONIL)

Detailed Comments :

July 2003

Figure 69: Test Sep Dynamic Behaviour (LTS
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File  Edit

Case study 22: Isthe same as.

Data Dictionary  Show

Tools SDTLink

Help

Test Step Dynamic Behaviour

Test Step Name: LTS(L:N_SAP; CPF:CGF)

Group : TEST_STEF_LIE/LOWER!

Objective ¢ IUT =shall eceive and s=nd 2 data within tiree limit, 2 given numberof tirmes.

Default : LT_DEFAULTIL)

Comments

Description

Ne | Label Behaviour Description Constraints Ref Yerdict Comments

1 +ESTABLISH_COMMEGTICNL)

2 LAE LD TAout feount=IMNSizount)) NDRDTH [data_string))

3 [count == mae] START Timer

s | Tweeman T DT gy | massl |
a —=LAB

[} +CLOSE_CONNECTICNL)

7 FTIMESUT Tirmer (FAILY

& GPPIPTC_RESULT PTC_RES(fail)

s || seesecowmecmonyy | Ty
10 CPRIFTC_RESULT FTC_RES (fail)

i1 +CLOSE_CONNECSTICN(L)

Detailed Gomments

Figure 70: Test Sep Dynamic Behaviour (LT)

Tree Attachment as a Subroutine Call

TTCN definestree attachment asthe actual expansion of the called tree,
i.e. thetest step, into the calling tree, which may be atest case or another
test step. Whilethisis asensible approach, adequately described in the
TTCN standard, we feel that the view of treating test steps as subrou-
tinesisavalid one, and one that implements the TTCN semantics for
tree attachment correctly. These semantics are easily understood by
anyone with a programming background.

Telelogic Tau 4.5 TTCN Suite Methodology Guidelines
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A test step can be considered as a subroutine when handled in the fol-
lowing manner:

when an attach statement is reached when looping through a set of
alternatives, control is passed to the attached test step;

if no alternative in the first set of alternativesin the test step is suc-
cessful during the first loop through that set of alternatives, then
control returns from the test step to the calling tree, and evaluation
continues with the other alternatives, if any, in the same set of alter-
natives as the attach statement; this has the same effect asif the test
step was actually expanded into the calling tree;

if an alternative in thefirst level of the test step is successful then
execution continues in the test step tree;

if afinal verdict isreached in the test step tree then the execution of
the test step (i.e. the entire test case) is halted and control is not re-
turned to the calling tree;

if nofinal verdict isencountered, before aleaf of thetest step treeis
reached then control returns to the calling tree, and execution con-
tinues with the next set of alternatives (if any) subsequent to the at-
tach statement, i.e. the next level of indentation.
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Execute Test Sten
it zet of atenates) [

LCTIONS LTINS  athe

— gl 19, TRHESHAPSHOTS |- 15. ENTER NEXTSET OF ]
2. UPDATE TIMERS ALTERNATIES s

m

ket

attery ate .
i - ORr
s Mmal wedkeF
] firal wemicd Ate matue
) ) . '
: ! : ACTIONS
1. COMPUTEWERDICT Retr |
etarn @he
¢ 2. RESET WARIMELES = TRUE
3. RESET TIMERS
I Retary i@he
alte ry athe es L ] ¥ = FALSE
'

e @

Figure 71: Execution of a test step

Default Behaviour

The conformance standard requiresthat aTTCN test case must be fully
specified, in terms of behaviour. This means that at any point intime a
tester must be prepared to accept al possibleincoming ASPs or PDUs.
Thisincludes not only the ASPs or PDUsthat are allowed by the proto-
col but also any ASP, legal or otherwise, that the IUT or service provid-
er may issue

The easiest way to take care of thisis by using the OTHERWI SE state-
ment. However, TTCN requires that the OTHERW!I SE statement leads
to afail verdict and this may not always be desirable. For example, it
may be perfectly legal for the underlying network service to issue an
N_DISCONNECTIndication at any time. Certainly, an OTHERWISE
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File Edit DataDictionary Show Tools SDTLink

would pick thisup, but averdict of FAIL in such an instance would be
quite wrong. The only verdict that should be assigned in this caseisIN-
CONClusive, i.e. use with care!

Specifying all possible combinationstendsto clutter up the main behav-
iour description, detracting from the readability of the test case. The de-
fault behaviour can be used to specify this peripheral behaviour inapre-
cise manner. It will often comprise the set of ASPs or PDUs that are al-
lowed by the protocol at any given time but which are not part of the test
purpose, and an OTHERWISE to catch all other unspecified events. It
is also common practice to include ageneral TIMEOUT in the default.

Case study 23: If we specify the following default behaviour.

LT DEFAULT in TTCH_TUTOR|A

]| 5|l

(]| B 1] 2] ][ 7]

Default Dynamic Behaviour

Default Name : LT_DEFAULTL:N_SAF)
: DEFAULT_LIES

Giroup
Objective

Comments

: Geneml catch—all forthe bwertester

Description

Hr | Label Behawiour Dezcription Constraints Ref Yerdict Comments

1 L2 THERWISE FAIL The test i
stopped
irnrnidizthy.

Detailed Commeants

July 2003

Figure 72: Default Dynamic Behaviour (LT_DEFAULT)

Modeling Default Behaviour

Default behaviour can be modeled as atree attachment that isimplicitly
called asthe last alternative in every set of alternatives.
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Defaults Reference

A test case or test step references this default behaviour in the Defaults
entry initsheader. If thisentry is empty then no default behaviour is ap-
plicable.

File Edit DataDictionary Show Tools SDT Link Help
I
Test Step Dynamic Behaviour
Test Step MName: LTSIL:N_SAP; GPP:CGF)
Group : TEST_STEP_LIB/LOWERS
Dhjective o IUT shall mceive and s2nd 2 data within tire limit, 2 given numberof tirmes.
Default : LT_DEFAULTIL)
Comrents
Description
Mr | Label Eehaviour Description Constraints Ref Yerdict Cormments
1 +ESTAEBLISH_COMMECTICNL)
2 |wee | UoaTowpountsmGeouny |1 oDt sy ||
3 || pounemedsmATTwer | T
s | woeman T NDDTise gy | PAss) |
I e e
s | | setesecommecmonyy, | T
R e T
s || eeeercmesucr ] Pro_mesmn ||
s | | seesecommecmonyy | T
w ] ] Tereramesur T e I
e e Y e
Detziled Cormments :
Figure 73: The test step with a default
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File Edit DataDictionary Show Tools SDTLink

Help

|l S]]

Test Step Dynamic Behaviour

(&L B 1] =] 2] [ 7]

Group . TE

Comments

Description

Test Step Name: LTS(LWN_SAP; CPPICP)

ST_STEP_LIE/LCVWERY

Default : LT_DEFALULTIL)

Orbjective : IUT shall moeehe and s2nd a data within time limit, 2 ghen numberof tines.

Me | Label

Behaviour Description Constraints Ref

Verdict

Comments

+ESTABLISH_GONNEGTIONIL)

22 L?OTHERWISE

Detailed Commeants

July 2003

Figure 74: |s the same as the previous test step
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Parameter Lists in TTCN

112

The following TTCN objects may be parameterized:

test suite operations
constraints

test steps

defaults

Formal Parameter Lists

In al cases parameterization isindicated by the relevant TTCN object
identifier being followed by aformal parameter list. For example:

e an_identifier (fparl, fpar2:INTEGER, fpar3:HEXSTRING)

Actual Parameter Lists

Parameterized objects are invoked with an actual parameter list. For
example:

e an_identifier(1, 2, FALSE)
The following rules apply:

» the number of parametersin the actual parameter list must be the
same as the number of parameters in the formal parameter list;

» theactual valuesin the actual parameter list must be of atype that
is compatible with the type of the corresponding formal parameters;

» all actual parameters shall be bound at the time of invocation of the
test suite operation, test step, constraint or default;

» al actual parameters must resolve to specific values.

Call-By-Reference

The TTCN uses textual substitution to define the passing of actual pa-
rametersin test steps and defaults. An aternative, and more intuitive,
way of describing parameter passing for test steps and defaults and yet
retain TTCN semantics is to describe the mechanism in terms of call-
by-reference, in which the called routine (test step or default) has access
totheoriginal argument, not alocal copy. All operationsthat effect that
argument have the same effect on the original.
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Call-By-Value

The TTCN standard states that neither user defined operations nor con-
straints may change the values of any actual parametersthat are passed
to them, i.e. they shall have no side-effects. Thus, for user defined op-
erations and constraints it is more suitable to describe the parameter
passing mechanismin termsof call-by-valueinwhich the called routine
(user defined operations or constraint) works on alocal copy of the ar-
gument. The original argument is not affected by the routine.

Test Case Selection

July 2003

A test suite contains many hundreds, perhaps thousands, of test cases.

In most cases of testing it will only be necessary to choose and run a se-
lection of teststaken from thetest suite. This choosing processiscalled
test case selection. Depending on val ues and answers obtained from the
PICS and PIXIT only a subset of the entire test suite need be executed.

Selection Expressions

TTCN allows each test case to be associate with a selection expression.
These expressions are predicates that will evaluateto TRUE or FALSE
depending on the answers given to the relevant PICS and PIXIT ques-
tions. If no selection predicate is given then the test will always be se-
lected.

The predicates are defined in the Test Case Selection Expression Defi-
nitions table, and references are made to them from the Test Case Index.

Groups of test cases may be selected in asimilar manner by making ref-
erences to selection expressions from the Test Suite Sructure table.
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Structure of a TTCN Test Suite

114

Each TTCN object has a specific position in the hierarchy of the test
suite.

Parts of a Test Suite

The different test suite components may only appear in aspecific order.
A TTCN test suite consists of four parts:

Overview
e Declarations
* Constraints
» Behaviour

Each part contains anumber of TTCN tables. The order in which theta-
bles appear is shown inthe following list. Each bulleted item in thislist
representsa TTCN table. Thetablesthat have number subscripts are ta-
blesfor single TTCN objects, e.g. PDUs and test cases. The tables that
do not have a subscript are multiple TTCN object tables, e.g. simple
type definitions or test suite variables.

Some tables may be displayed in a compact format. Tables printed in
italic font are defined in the TTCN extensions.

Suite Overview Part
The test suite overview consists of four tables:

Test Suite Structure
Test Case Index
Test Step Index
Default Index.

Declarations Part

The declarations part is concerned both with the definition of new (i.e.
not predefined) data types and operations and the declaration of al the
test suite components.

Test Component Declarations

Test Component Configuration Declarations
Simple Type Definitions

Structured Type Definition,
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* ASN.1 Type Definitiony

» ASN.1 Type Definitions By Reference
» Test Suite Operation Definitiong

e Test Suite Parameter Declarations

» Test Case Selection Expression Definitions
* Test Suite Constant Declarations

* Test Suite Variable Declarations

e Test Case Variable Declarations

* PCO Declarations

e CPDeclarations

e Timer Declarations

* ASP Type Definition,

* ASN.1 ASP Type Definition,

» ASN.1 ASP Type Definitions By Reference
+ PDU Type Definition,

* ASN.1PDU Type Definitiong

* ASN.1PDU Type Definitions By Reference
+ TTCN CM Type Definition,

+ ASN.1CM Type Definitiony

e AliasDeclarations
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Constraints Part
The constraints part contains the tablesfor all the ASP, PDU, structure
and CM constraints. Both in the tabular form and the ASN. 1.

» ASP Constraint Declarationy
Note:
ASP Constraints may displayed in acompact format if wished.
* ASN.1 ASP Constraint Declarationy
Note:
ASN.1 ASP Constraints may displayed in a compact format if
wished.

+ PDU Constraint Declaration;
Note:
PDU Constraints may displayed in a compact format if wished.
+ ASN.1PDU Constraint Declaration,
Note:
ASN.1 PDUConstraints may displayed in a compact format if
wished.

» Structured Type Constraint Declarationy
Note:
Structured Type Constraints may displayed in a compact format if
wished.

* ASN.1 Type Constraint Declaration;
Note:

ASN.1 Type Constraints may displayed in a compact format if
wished.
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CM Constraint Declaration,

ASN.1 CM Constraint Declaration;

Dynamic Part
The dynamic part contains all the test cases, al the test stepsin the test
step library and the all the defaults in the default library.

* Test Case Dynamic Behaviourq
Note:
Test groups, i.e. the test suite structure, are not represented here.
Test cases may displayed in acompact format if wished.

» Test Step Dynamic Behaviour,
Note:
Test step groups are not represented here.

» Default Dynamic Behaviour,
Note:
Default groups are not represented here.
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Distributed Development (UNIX)

In the TTCN suite on UNIX, theimplemented version of TTCN does
support modularization of a TTCN document. This support is conve-
niently used to concurrently produce multiple documents with some
definitions in common or to cooperatively produce one large TTCN
document.

The mechanism implemented assumes that each user have a private tar-
get directory and all collaborating users having the same source files.

Thefollowing figures depict how thisisaccomplished. Inthefigures TS
denotes atest suite and M denotes a TTCN module. Numbers are used
to distinguish separate documents.

TS1 TS2

T

M

Figure 75: Two Modular Test Suites using a common Module

Figure 75 depicts the case where two test suites are developed in paral-
lel by two different users with both test suites referencing objects de-
fined in a common module.
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TS

AN

M1 M2

~_7

M3

Figure 76: Alarge Modular Test Suite

Figure 76 depicts the case where alarge test suite (TS) isdeveloped in
parallel by two different users, each responsible for one module of the
test suite (M1 and M 2), with both modules referencing objects defined
in a common module (M3).

In the case where more than one user is to concurrently develop differ-
ent parts of alarge test suite, hereis asimple way to distribute the doc-
ument filesin the file system.

1. First create or select a suitable readable and writable directory ac-
cessible to all users. Thisdirectory will be used to store all files
common to all users and so need to be accessible to all users with
the same path.

2. Next create atemplate system filein this directory containing refer-
ences to all documents (all document files referenced could conve-
niently be present in this directory), creating empty documents for
those documents that will be produced later, set the directory repre-
sentation to the absolute form, save everything, and finally make
this template system file unwritable to protect it from inadvertent
modifications.

At this point it may be wise to assign ownership of the documents
tothe usersthat are responsiblefor them and inhibit write accessfor
others, and al so to remove superfluousfiles (e.g. al TTCN filesthat
have an extra hash-sign, ‘#, prepended to the file name).
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3. Finaly inform all users that they should follow these steps when
they start their work:

— Select or create apersonal target directory, preferably on alocal
disk for optimum speed
— Copy the template system fileto it (i.e. create a persona copy)

The user may now change the directory representation back to the rela-
tive form if so wished.
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Suite Overview Part

The Complete Case Study
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Test Suite Structure
Suite Name o TTCN_TUTORIAL
Standards Ref @ 1S0VIEC oo
PICGS Ref L ISTVIEG aaaa
FIXIT Ref o ISCVIEG bbbb
Test Methodis): Distibuted single lyer (DSE)
Comments
Test Group Reference Selection Ref Test Group Objective Page Nr
SINGLES a3
SINGLES DA TAS 23
MULT! Tests nun ouer rukiple 34
coonnextions
MULT/DATAS 24
Cetailed Comments :
Figure 77: Test suite structure
Test Step Index
Test Step Group Reference Test Stepld Description Fage Nr
TEST_STEFP_LIE/LOWER! LTS 35
TEST_STEP_LIB/LOWERS ESTABLISH_CONNECT 35
TEST_STEP_LIE/LOWER! LT_CATA_TRANSFER 35
TEST_STEP_LIB/LOWERS CLOSE_CONNESTION 36
TEST_STEP_LIE/UFFPER? uTs 36
TEST_STEF_LIE/UFFER! ACCERT_CONMECTION 36
TEST_STEP_LIE/UFFPERY UT_DATA_TRANSFER 37
Detailed Gomments :
Figure 78: Test step index
Default Index
Default Group Reference Defzult 1d Description Page Nr
CEFAULT_LIES LT_DEFAULT 28
CEFAULT_LIES UT_CEFAULT 38
CEFAULT_LIES T_DEFALULT 28

Detmiled Comments :

Figure 79: Default index
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Declarations Part

Simple Type Definitions

Typ= Name

Type Definition

Typ= Encoding

Comrments

RESULT_TYFPE

R_Twpe

Detmiled Comments :

Figure 80: Smpl

e type definitions

Structured Type Definition

Type MName
Encoding Wariztion :

Comments

: WARIABLE_FART

: This is the type definition of the vadable partof the CR_FPDU and the SC_FPDU.

Elemeant Name

Twpe Definition

Fizld Encoding

Comrments

BITSTRING [2]

B O LEAN

Fammeter dentifier.

Cptional pammeter B,

Detailed Comments :

Figure 81: Definition of VARIABLE_PART

Test Suite Operation Definition

Cperation Name: NG (iINTEGER])
Result Type : INTEGER
C:ornme nts : The INGrementT ope=tion.
Description
int ING{i)
int temp;
{

m=tum temp+1); #etum the incemented value of i Note that | ks=l i not changed

)

Detailed Comments :

Figure 82: Definition of INC operation

Test Suite Parameter Declarations

Farametzr Name Ty p= PICS/PIEIT Ref Cormments
t_addmesz 1AS5trng PEIT quastion o Lowertester addmss
ui_addmess lAS5tring PEEIT question yy uppertester addmess

Detailed Gomments :

Figure 83: Test suite parameter declarations
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Test Suite Constant Declarations

Constant Name Type Yalue Cormnments
Rat INTEGER &
data_string 1A55ting *This is a string"
Detailed Comments :
Figure 84: Test suite constant declarations
TestCase Variable Declarations
Yariable Name Typ= Yalue Cormments

count

INTEGER

This test cas= varablke i
usad to counttzh nurmberof
PDUs s=ntand eceived.

Detailed Comments @

Figure 85: Test case variable declarations

PCO Type Declarations

PCO Type Fole Comments

H_SAP LT

H_SAaP ur

Detziled Cormments :

Figure 86: PCO type declarations
PCO Declarations
PO MName PO Type Role Cormments

L1 M_SAF LT MN-s2mwice access points at

the lowertester

H-senice access points at
the uppertester

Detailed Comments :

Figure 87: PCO declarations
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Coordination Point Declarations

CF Name

Comrments

Coomdination betwean the MTC and the PTCs of t2h ower

Detailed Gomments

Figure 88: Coordination point declarations

Test Component Declarations

Component Narme Component Role N PCOs Mr CPs= Cornments
MASTER_LCWER_TE | mTC o 2 flzin Test Componant
STER
LOWER_TESTERY PTS 1 1 Parlkel Test
Component

LOWER_TESTERZ PTC 1 1 Pamlel Test
Component

UPPER_TESTER1 PTG 1 [u] Parlkel Test
Somponent

UFFER_TESTERZ PTG 1 o Pamlel Test
Component

Detailed Comments :

Figure 89: Test component declarations
Test Compone nts Configuration Dec laration

Configuration Mame: SINGLE_PARTY

Comrents 1 Configurtion 1o test 2 single connaction.

Components Used Pl Used CPs Used Cormments
MASTER_LOWER_TESTER P4 TS
LOWER_TESTERH L1 CP4 Lower PTG
LOWER_TESTERZ U4 Upper PTG
Detailed Gomments :

Telelogic Tau 4.5 TTCN Suite Methodology Guidelines
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Test Components Gonfiguration Declaration
Configutation Harme @ MULTI_PARTY
C:omnments » Configurtion to test o simultanecus connections,
Cormponents Used PCO= Used CFP= Used Cormnments
WA STER_LOWER_TESTER CP1, CP2 TS
LOWER_TESTERY Li GFA Lowwer PTG
LOWER_TESTERZ L= cp2 Uppar PTC
UPPER_TESTER1 4 Liowwar P TS
[ vrrer testere | e e vppererc
Detailed Comments @

Figure 91: Declaration of MULTI_PARTY

ASP Type Definition

ASP Name: N_DATAmquast
PG Type : M_SAP

Comments @ This is the type definition of the N_DA TAmquest ASP. It has a single pammeter usad o camy userdata,

Farmmetar Name Parametar Ty pe C:ormnments

s r_data FOU The POU metatype i used o indicate
that utgoing (ie. from LT) PDUs ae
embedded in this Metwork ASF

Cetailed Comments :

Figure 92: Definition of IN_DATArequest

ASP Type Definition

ASP Hame : N_DATAIndication
PG Type : N_SAP

Commeants @ This is the type definition of the N_DATAindization ASP. It has a single pammetar usad to camy userdata.

Parameter Name Farameter Typa Comrments

user_data, PLU The PDU metatype s used to indicate
that utgoing (e, fmm LT) PDUs ae
embadded in this Network ASP

Detailed Comments :

Figure 93: Definition of IN_DATAIndication
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ASP Type Definition

ASP Hame : X_CONNECTindieation
PCO Type : N_SAP

Cormmeants @ This is the type definftion of the X_CONNEC Tindiation ASP. Thaese ASP= ae issued by IUT to the uppear

testar,
Parameter Name Parameter Type Cornmeants
caled_address 1ASString
calling_addmes=s 1ASString
user_data lAGString [0 .. 32]

Detailed Comments :

Figure 94: Definition of X_CONNECTIindication

ASP Type Definition

ASP Hame : X_CONNECTespons:e
FCGO Type @ N_SAF

Gomments © This i the type definition of the X_CONNECSTesponse ASP. These ASPs am iEsued by IUT 1o the upper

testar.
Parametar Name Parametar Type Comrments
galled_addess 1AGString
calling_sddmess lASString
user_data lAGString [0 .. 32]

Detailed Comments :

Figure 95: Definition of X_CONNECTresponse

ASP Type Definition

ASP Hame: X_DATARquast
PCO Type © X_SAP

C:ormmeants @ This is the type definftion of the X_DA TAmRquast ASP. Thess ASP=s am issued by the uppertestarts the
T,

Parameter Name Parameter Type Cornmeants

caled_address 1ASString

Detailed Comments @

Figure 96: Definition of X_DATArequest
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ASP Type Definition

PO Type : X_SAP

ASP Hame: X_DATAindization

C:ommeants @ This is the type definftion of the X_DA TAIndication ASP. Thase ASPs am issued by the uppertesterto the

T,
Parameter Name Parameter Type Cornmeants
caled_address 1ASString
Detailed Comments @
Figure 97: Definition of X_DATAindication
PDU Type Definition
FOU Hame o GR_FDU
PO Type D M_SAP
Encoding Rule Mame
Encoding Yariation
Comrnents : This is the type definition of the CR_PDU
Field Nams Field Typ= Fizld Encoding Comments

usar_data

OCTETSTRING [1]

1A55tring [0 .. 32]

July 2003

Detmiled Comments :

Figure 98: Definition of CR_PDU
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PDU Type Definition

FOU Hame
PCO Type
Encoding Rule Name

Encoding Yariation

T CG_PDU
: M_SAF

1A55ting [0 .. 32]

Comrments : This i the type definition of the GC_PDU
Field Name Fiald Typ= Fizld Encoding Cornmeants
typa OCTETSTRING [1]
dst_ref BITSTRING [4]
sm_ref BITSTRING [4]

Detailed Gomments :

Figure 99: Definition of CC_PDU

PDU Type Definition

FOU Hame
PCO Type
Encoding Rule Name

Encoding Yariation

: DT_POU
t N_SAP

Comrents : This is the type definition of the DT_PDU

Field Name Fizld Typa Field Encoding Comments
type OCTETETRING [1]
s r_data 1ASString

Detailed Gomments

Figure 100: Definition of DT_PDU

CM Type Definition

UM Mame | PTC_RESULT

Commeants @ Goomdination massage to tensfer preliminan msul fmom teh bwer tester PTCS to the WTC.

Farmametar Nama

Farameter Typa

Comments

result

RESULT_TYFE

Userdefined type.

Detailed Commeants

128

Figure 101: Definiti

on of PTC_RESULT
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Alias Definitions

Alims MHame

Expansion

Comments

h_DA TARquest

h_DA TARquast

Alias forthe N_DWATARquest s=nice
primitive used 1o camy 2 SRE_PDU

Alizs forteh N_DATAmquest senice

primitive used to camy an outgoing

Alias forthe N_DATAIndieation s=rvice
uzed to camy 2 SG_POU

Alias forthe N_DATAmRquest service
primitive used 10 camy an incoming
Alias forthe N_DWATARquest s2nice
primitive used camy an outgoing
DR_FDU

Detailed Comments :

Figure 102: Alias definitions
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Structured Type Constraint Declaration

Coonstraint Hame  : wanable_pan_GR1
Structurad Type : VARIABLE_PART
Derivation Path

Encoding Wariztion :

C:ormnments : A constmint on the structure type VARIABLE_PART forteh SR_PDU

Elzmeant Nams Elermant Value Elzment Encaoding Comrmants
parmi_id - it this field
pammA - it this fizld
parmmB_id 1'B
par=mb TRUE

Detailed Comments @

Figure 103: Declaration of variable part CR1

Structured Ty pe Gonstraint Declaration

Constraint Mame @ vadable_pan_CRZ
Structured Type : VARIABLE_FART
Derivation Path

Encoding Yariation :

Comments : A constrint on the stuctue tpe VARIABLE_PART forteh GR_FDU

Elerment Narme Elemznt Yalue Elerment Encoding Comments

O0'B IF_FPRESENT Accept if presant.

Amy valug, or none

Detailed Comments :

Figure 104: Declaration of variable part CR2
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ASP Constraint Declaration

Constraint Name : NDrany_pdu:PDU)
ASP Type ¢ N_DATARguest
Derivation Path

C:omnments oA constRinton the N_DATAmRquest ASF.

Farameter Hame Farametzr Walue Comments

user_data any_pdu The actual POU that s camed in the
ASP i dynamizaly chained fromm the
eonstrints miemnce.

Detailed Comments :

Figure 105: Declaration of NDr

ASP Constraint Declaration

Constraint Name : MO fany_pdu:P D)

ASP Type o M_DATAIndication
Derivation Path
Comments : This is the type definition of the N_DATAIndication ASP. It has a single pammeter used to camy user
data.
Parmametzr Hame Parmmetzr Walue Comments
user_data any_pdu The actual POU that i camed in the

ASP i dynamically chained fromm the
constrints efemnce.

Detailed Gomments :

Figure 106: Declaration of NDi

ASP Constraint Declaration

Constraint Name ;S0 Mind
ASP Type ¢ H_CONMEC Tindieation

Derivation Fath

Comments © A constrinton the X_COMNMEGC Tindication ASF.

Farameter Nama Farametar ¥alue Comments
calkd_addess ui_addmess From test suite pammeters.
calling_addmes=s t_addmss Frorm te=t suite pammeters.
user_data . Acceptany value, or none

Detailed Comments :

Figure 107: Declaration of CONind
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ASP Constraint Declaration

Constraint Name : CONeEp
ASP Type ¢ X_CONMEG Tresponss
Derivation Path

C:omnments 1A constrRint on the X_CONMEC Tresponss ASP.

Farameter Hame Farametzr Walue

Comments

called_addmess

Frorm test suite pammetars.

Crmit optional user data

Detziled Comments :

Figure 108: Declaration of CONrsp

ASP Constraint Declaration

Constraint Hame : DATRg
ASP Type : X_DATARquest

Derivation Path

C:ornme nts : A constinton the X_DATAmquest ASF.

Farametar Nams Farametzr Yalus Comments
called_addmess data_string
Detailed Comments :

Figure 109: Declaration of DATreq
ASP Constraint Declaration

Constraint Name ;. DA Tind
ASP Type : X_DATAIRd ization
Derivation Fath
Comments : A constrinton the X_DATAindiation ASF

Farametar Nama Farameter ¥alua Comments

calkd_addess data_string

Detailed Commeants

Figure 110: Declaration of DATind
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PDU Constraint Declaration

Constraint Name
FDOU Type

Derivation Fath

Encoding Wariation

CGRd
¢ SR_FDU

Encoding Rule Name :

Derivation Fath
Encoding Rule Name :

Encoding Wariation

Comments : A constrint on the SC_PDU
Fizld Name Fizld ¥Value Fizld Encading Comrmants
type FA
dst_ref D001 'E
sm_ref 0oo1'E
vanable_parn wvanablke_part_CA1 Refernce to a structured
constRint
user_data *Hello*
Figure 111: Declaration of CR1
PDU Constraint Declaration
Constraint Name e |
POU Type : GG_PDU

Comments : A constrint on the SC_PDU
Fizld Name Fizld ¥Value Fizld Encading Comrmants
wpe F22
dst_ref D001 'E
sm_ref 0oo1'E
vanable_parn wvanablke_par_CRZ Refernce to a structured
constRint
user_data "

July 2003

Figure 112: Declaration of CC1
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PDU Constraint Declaration

Constraint Hame
FDU Typ=

Derivation Path
Encoding Rule Names:

Encoding Wariation

: DTH (aetual_dataelASSting )
: DT_FDOU

C:ornments : This is the type definition of the DT_PDU
Fizld Nams Field Valus Fizld Encoding Comments
wpe hachel
user_data, actual_data, The artual data s passed

&5 & parmeterto the

constint.
Detailed Comments @
Figure 113: Declaration of DT1
CM Constraint Declaration
Constraint Hame : FTC_RES (actual_resul:RESULT_TYFE)
M Ty pe . PTC_RESULT
Derivation Fath
Gomments : A constrinton the PTS_RESULT coodination message.
Farmmetar Name Farmmmetar Value Comrents

esult

astual_mesul

The actual msult s passed as a
pammetario the constr=int.

Detailed Comments :

Figure 114: Declaration of PTC_RES
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Dynamic Part

| ][] ] ] [ R E ]t 2l 2]

Test Case Dynamic Behaviour
Test Case Name . SP_DATA_TRAMSFER

Group SINGLE/DATAS
Purpose IUT shall meeive and s=nd 2 data swithin time limit, 2 given number of times over a single X-connection

Configuration SINGLE_PARTY

Default T_DEFAULT

Comments This test case creates the other PTCs in the configuration necessary fora single—connection
confgurtion

Selection Ref

Description Data trnstersingle connection

Nr | Label Behaviour Description Constraints Ref Werdict Comments

1 CREATEILOWER_TESTERA:LTS (L1, GPA), 11

UFFER_TESTER1:UTS (U1))

3 CP1?FTC_RESULT FTC_RES (fall) FAIL 2),3)

Cetailed Comments @ 1) The CREATE command binds specifiz test steps 1o the =levant PTCs in the Test Component
Ceclamtions table. |t akso implicitly starts execution of esch test step (ie. one instance of LT and
ane instance of UT)

2 The preliminany msuls from the kwer ester PTos ae piked up here.
3] Final wemict

Figure 115: Definition of SP_DATA_TRANSFER
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File  Edit

MP_DATA TRANSFER In TTCH_TUTORIAL

Data Dictionary  Show  Tooks  SDTLink Help

][]

S|

(S]] 5]l &) [5 1] -] ] 7]

Test Case Dynamic Behaviour

Test Casze Na
Group

Furpose

Configutstion
Default

Comments

Selection Ref

me: MP_DATA_TRANSFER
© MULT/DATAS

o IUT shall meeie and send 2 data within time limit, 2 gven numberof times over o simultaneous
H—connections.

: MULTI_FARTY
: T_DEFAULT

: This test case creates the otehr P TS in the configumtion necessan for a two—connection
configurtion.

Description : Data trnsfer muki-connection
Mr | Label Behaviour Description Constraints Ref Werdict Comments
i CREATE(LOWER_TESTERY:LTS (L1, GP1), 1)

LOWER_TESTERZ:LTS (L2, GF2),
UPFER_TESTERA:UTS (U1},
UPFER_TESTERZ:UTS {U2})

CPEYFTC_RESULT FTC_RES (fail)

Cetailed Comments : 1) The SREATE command binds specific test steps 1o the mlewant PTCs in the Test Somponent

Declamtions table. It also implicithy starts execution of 2ach test step (e, wo instances of LT and
one instance of UT)

2) The preliminany esuls fom the bwer tester PTCs ae picked up heme.

3) Finalwvamrdict

Figure 116: Definition of MP_DATA TRANSFER
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Test Step Dynamic Behaviour
Tezt Step Name: LTS(L:N_SAP; CPP:CP)
Group : TEST_STEP_LIE/LOWER!
Objective + IUT shall moeive and s=2nd a dataowithin time limit, 2 gheen numberof times.
Default
Comments
Description
Hr | Labsl Behaviour Description Constraints Ref Verdiot Comments
1 +ESTAEBLISH_COMMECTICNL)
2 +LT_DATA_TRANSFERILCFF)
2 +CLOSE_CONNECTION(LY
Cetailed Comments :

Figure 117: Definition of LTS

Test Step Dynamic Behaviour

Test Step Mame : ESTABLISH_CGOMMEGTICN (L:M_SAF)

Group : TEST_STEP_LIBSLOWERY

Cbhjective . To establish 2 connection.

Default : LT_DEFAULTIL)

C:ornments : This 5 2 preamble test step used by the bwertestens) to s=t up a connection betwean the bwer
testens) and the uppert=tens). Forteh sake of simplicity we shall assume that the connection cannot
be mfused.

Description

MHr | Labsl Behaviour Description Constraints Ref Werdict Cornments

1

z

Detailed Comments :

Figure 118: Definition of ESTABLISH_CONNECTION
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Test Step Dynamic Behaviour

Test Step Mame: LT_DATA_TRANSFER (L:N_SAF; CPP:CP)

GPPIPTC_RESULT FTC_RES(pass)

Group : TEST_STEP_LIE/LOWERYS

Objective : Testdata tRnsfer

Default : LT_DEFALULTIL)

C:ornme nts : This test step implements the test body of our example test case on the bwertesterside.
Description

Me | Label Eehaviour Description Constraints Ref Werdict Comments
1 LAB LIDA TACut feount:= WG jcount)) WDADTH (dats_string )

Detailed Commeants

Figure 119: Definition of LT_DATA_TRANSFER

Test Step Dynamic Bahaviour

Test Step MHame : CLOSE_CONNECTIOMN(L:N_SAF)

Group : TEST_STEP_LIBSLOWERS

Objective : Close teh connection to the IUT

Default

C:ormnments : This is & postamble test step that closes a connection betwean the bwertestens) and the upper
testans).

Description

Hr | Label Behaviour Description Constraints Ref Werdict Comments

1 LIDR MDACRA)

Detmiled Comments :

Figure 120: Definition of CLOSE_CONNECTION
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Test Step Dynamic Behaviour
Test Step Name: UTS(UX_SAP)
Group : TEST_STEP_LIE/UFPFERY
Orbjective © Accept connection and meeheisend DATA & certain numberof times
Default
Comments
Description
Hr | Labal Behaviour Description Constraints Ref Verdict Comments
1 +ACCERT_COMMNES T (L)
2 +UT_DATA_TRAMSFER{U)
Detailed Commeants

Figure 121: Definition of UTS

Test Step Dynamic Behaviour
Test Step Mame . AGSEP T_COMNECSTIONUE _SAF)
Giroup : TEST_STEP_LIB/UPFPERS
Cbhjective D Accept an X_COMMECTindieation from the kowertester
Default : UT_DEFALLT(L
C:ornments : This 5 2 preamble test step used by the uppertestens) to accept an incoming connection rquest from
the kbwer testens).
Description
MHr | Labsl Behaviour Description Constraints Ref Werdict Cornments
1 U?X_COMMEG Tindication CONind
2 U _CONNES Tresponss COMNEp
Detmiled Comments :

July 2003

Figure 122: Definition of ACCEPT_CONNECTION
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Test Step Dynamic Behaviour

Test Step Mame: UT_DATA_TRANSFER(L:X_SAP)

Group : TEST_STEP_LIE/UFFERY

Orbjective : Respond o incaming data.

Default o UT_DEFAULTL)

Comments : This test step implements teh test body of ourexample test case on the uppertesterside.
Description

Me | Label Eehawiour Description Constraints Ref Verdict Comments
1 LAE U?H_DATAInd ization [count = INGizount)) MDD T (data_string))

2 WM_DA TARguest [count == max]

2 -=LABE

Detmiled Comments :

Figure 123: Definition of UT_DATA TRANSFER

Default Dynamic Behaviour

Default Name : UT_DEFAULTLX _SAP)
Graup : DEFAULT_LIBY
Chjective : Generml catch—all forthe uppertester
Comments
Description
Hr | Labal Behaviour Description Constraints Ref Verdict Comments
1 U THERWISE (FAILY
Detailed Comments :
Figure 124: Definition of UT_DEFAULT
Default Dynamic Behaviour
Default Marme : UT_DEFAULTIU:E_SAP)
Giroup : DEFAULT_LIBY
Objective : Geneml catch-all forthe upper testar
Comments
Description
Hr | Label Behawiour Dezcription Constraints Ref Yerdict Comments
1 U2 THERWISE (FAILY
Detailed Comments :
Figure 125: Definition of UT_DEFAULT
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Default Dy namic Be haviour
Default Mame @ T_DEFAULT
Group : DEFAULT_LIEY
Objective : Genermlcath—all
Comments
Description
Mr | Label Eehaviour Description Constraints Ref Yerdict Cormments
1 Li*OTHERWISE FAIL
2 Le?O THERWISE FAIL
3 1?2 THERWISE FAIL
4 Uz?OTHERWISE FAIL
Detailed Comments ;

Figure 126: Definition of T_DEFAULT
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