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FORMAL TECHNIQUES IN CONFORMANCE—E-
ASSESSMENT

« Verification %
—Check correctness of formal model modeling
« Testing (blackbox): verification *,

—See if Implementation Under Test (IUT)
conforms to its specification Tesi design | ; validation
— Experiments programmed into Test Cases -

« Validation:

- Ensure correctness of test cases in ATS
e —

testing
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KOzZOTT

KAPCSOLAT A KULONBOZO LEiRONYELVEiE-

CONFORMANCE TESTING METHODOLOGY AND FRAMEWORiH-
(CTMF)

Kavetelmények
definidlisa

Jmények
fialasa

Ujra
felhasznilis

Tesztgenerilis

Konformancia teszt
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9646-1 X.290 | General Concepts

| 9646-2 X.291 | Abstract Test Suite
Multi-protocol Testing

Muiti Testi

| 9646-4 : Test
9646-5 X.294 | Requirements on Test Laboratories and Clients for
the C Process
9646-6 X.295 | Protocol Profile Test
9646-7 X.296 ion C
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TERMINOLOGIA

CONFORMANCE TESTING
METHODOLOGY AND FRAMEWORK - CTMF

ASP  Abstract Service Primitive

ATM  Abstract Test Method

cP Coordination Point

T Implementation Under Test

LT Lower Tester

PCO Point of Control & Observation

PCTR Protocol Conformance Test Report

PICS Protocol Implementation Conformance Statement
PIXIT Protocol Implementation Extra Information for Testing
PDU  Protocol Data Unit

SCS System Confomance Statement

SCTR System Conformance Test Report

SUT  System Under Test

TCP  Test Coordination Procedure

uTt Upper Tester
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.
Az IUT egy fekete d oboz \Mw 'HMA)‘)( I a V\Nu.kﬁd
+Lithaté viselked és PCO-kon kereszt ill vezérelhetd és J
megfigyelhet & 1 [ - _
A PDU-k ASP-be beigyazva ker iinek killdésre és
fogadisra a fels & (UT) vagy az als 6 (LT) teszter altal

i

*A teszt ko ordinacié tsbbrésztvevds tesztel és esetén
koordinciés pontokon (CP) kereszt il térténik

»l
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KONFORMANCIA TESZTEK TIPUSAI

« Kételez6 (mandatory)
- Mindenképp teljesiteni kell
« Feltételes (conditional)
- Adott feltételektSl fligg6en kell teljesteni
« Opciondlis (options)
- Gyarto altal szabadon \alaszthatd
« Pozitiv vagy negafv
« Statikus vagy dinamikus

« Basic InterconnectionTests
- Alapvetd konfor i
« Capability Tests
- Az alap képességek h ke a ICS-sel
+ BehaviourTests
- Igazi tesztek melyekkel a megfigyelhet viselkedést teszteljik
+ ConformanceResolution Tests
-Nem y protokoll i ]

yeket teljesiti-e a rendszer
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KONFORMANCIA TESZTELES

< Conformance assessment

MO DSZ E RTANA process overview

A teszteks lépései: ?( AN s .
1. Teszteks elSkészitése (PICS, PIXIT, parametrizalas) ? . e ‘
2. Tesztvégrehajtas - test campaign (teszt kival ) \ é —
3. Teszt jelenes elkészitése (PCTR, SCTR)

Teszt cél (Test Purpose): egy vagy ©bb kdvetelmény
megfogalmazsa

Teszt eset (Test Case): egy teszt cél megvaldsitasa (ETSI), ITU-nél
nem minden esetben eggrtelmi a megfeleltetés

A teszt esetek teszt csoportokba gyiijthetSk az absztrakt
tesztsorozatban (ATS)

TR e 80TR |
»| —‘

— b oo T T
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KONFORMANCIA TESZTELES

DOKUMENTUMAI s
ASPs
Abstraét Test Sulfe Specification in TTON !
—— ]
Conformance Reports Tester &
PCTR, SCTR)
Protocol /‘\‘Ila ( ASP:
Specifications| g/ PDUss
Standards \ p z _\' i
Tester ip t
TSS&TP ) ATS (Executable Test IUT
Suite — ETS)

T0720440-94/d06

Static Testing Dynamic Testing

FIGURE 6/X.290

Conceptual testing architecture

TSS&TP:Test Suite Structur ¢ and Test Purposes

PICS Protocol Implementation Conformance Stat ement
PIXIT: Protocol Implementation eXira InformaTion
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ATS:Abstract Test Suite
PCTR Protocol Conformance Test Report
SCTR System Conformanc e Test Report
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ABSZTRAKT TESZT MODSZEREK EGY
RESZTVEVOS TESZTELES ESETEN
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TESZT MODSZEREK CSOPORTOSITASA

FELSO

Teszt koordinacié

T

TESZTELO

Alsébb réteg-szolgalat

ATMs: Helyi, Tavoli, Elosztott és Koordinalt (X.290 vagy
1S09646-1) teszt architektira
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Isé Is:

= Helyi (Local)
= Felsé PCO egy szabvanyos hardver interfész

- Elosztott (Distributed)
= Felsé tesztelS a SUT része (akar szabvanyos TTCN nyelven)

1] 1l 0-ja é s

- Koordinalt (Coordinated)

* Felsé tesztels yos teszt p

- Tavoli (Remote)
= Nincs igazi fels6 tesztel6 vagy nem érhet6 el, teszt koordinacié is
esetleges (helyette pl. implicit send lehet)
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a) The Local test methods
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Test System SUT
LT TCP ut
.
PCO | ASPs
l«—— PDUs —
PCO | ASPs
Service-Provider

b) The Distributed test methods
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Test System SuUT
uT
TCP
4= Tm-POUs P
le—- POUs \UT

Service-Provider

c) The Coordinated test methods
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Test System
i D
LT TCP
- PDUs
PCO | ASPs
Service-Provider

T0720460-04408
d) The Remote test methods
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WHAT IS MODEL BASED TESTING

Conventional Testing vs. Model Based Testing

TCP Connection sstaléiwment
't sets the segment’s sequence number to a randormumh.

=
e e = > ’
e e

Manual Design

[Troucam | [romcme | [T | [Tremcme | [remcime
Specification
"'-'T" | Eem BT Model Based Testing
I_ﬁ TP Connaction sttt 2
Teszt készlet felépitése [ s | [ vemse | [ s | W sots o S secncs mamber 1. randomank Manual Design
s b L e fop e LIS ¢
T Tt s
Findly,
i ol ; Sr e
| [Towem | [ Tmemn | [Tt | [Tt | [ eeen
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WHAT IS MODEL BASED TESTING

THE MODEL

Conventional Testing vs.Model BasedTesting

Ao Graphical based: FSM;
Model descripton Petri Net; Label Transition System

»>Traverse some state
»Traverse every link
»..etc

TestSuites
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Algorithmically
generated .
g
—— &
s o
3
Mixed: Graphical Solution 3
extended by a language 3
(c++; java; C#...etc.) g
S 2
&2 = s lj g
Algorithmically z L §
generated i W
Pure language based: C++;
Java; C#; TTCN-3 v
= mens)
. Java
© Eosson 2002011, | LZT 123 7751 Um RevRH | 20130421 | Page 22 © Ericsson 2002011 | LZT 1237781 Un Rev ¥ | 20150421 | Page 23
(
L4 . .
e bl ’Lg?”,b G EAL* S%a/wi
Aol deewtibes row o gererats the Test dases Pros and Cons of Model Based Testing Model development of the
- Reduces fault slip through Design and model
development of the Testing
Design phase Testing phase could take place parallel
Covernge: T Ra R 2 model development for
»>Traverse every state testing verifies the model of

the design

some faults could be
found in the “development
phase”

e <>Reduces development
time
>

“»Model Driven Engineering

[ Testing phase
Development time
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MODEL BASED TESTING WHY?

Pros and Cons of Model Based Testing
- Reduces fault slip through
- Maintenance

lf the specification changes

»Change all the affected
TestCases +
TestHarenss

»Complicated |

»Modify the Model

»Easier
maintenance!!
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ERICSSON

TTCN-3

PRESENTATION MATERIAL

TEST COMPETENCE CENTER
ERICSSON HUNGARY

http://tten.ericsson.se/

aﬁo)()\\xbo begm & el

CONTENTS
Protocols andTesting 3
Introduction to TTCN-3 15
TTCN-3 module structure 25
Type system 34
¢ variable dule par 66
Program statements and operatas 76
Timers 83
Test configuration 89
Functions and testcases 100
Verdicts 113
Configuration operatins 118
Data templates 147
Abstract communication operations 189
Behavioral statements 198
Sample testcase imp 220
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l. PROTOCOLS AND TESTING

WHAT IS "PROTOCOL"?
DEFINITIONS

PROTOCOL VERIFICATION, TESTING AND
VALIDATION

CONTENTS

COMMUNICATIONS PROTOCOL
SPECIFICATION

-]

TROUBLES IN PROTOCOL TECHNOLOGY

« Protocol is a setof rules thatgovern the conmunication
« syntactical rules:
« define format (layout) of messages
- are specified using a Formal Description Technique
(e.g. ASN.1, TTCN-3) or proprietary notation (e.g. tabular)
« semantical rules:
« describe beh
meaning of messages
« can be defined formally
(e.g. UML, SDL, MSC, LOTOS, Estelle)
+ Protocol specifications are formabr informal

e A\

(how are ged) and

© Ericsson 2002011, | LZT 123 7751 Us, Rev RH | 20140421 | Page 30

+ Ambig protocd specifi

-Formal definition often missing

-Natural language protocol descriptions are ambiguous
« “Correct” realization is unlikely

-How to implement?

-How to test conformance to specification?
« Formal ques are enployed to detect probl

- Verification, testing and validation
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INDEPENDENCE AND STRUCTURE OF

— TP defines anexperiment
« Focus on a single requirement
« Returns verdict (pas, fail, inconclusive)
« Typically a faction-observation
verdict update
—Action (stimulus): non-blocking
(e.g. transmit PDU, start timer)
- Observation (event): takescare of multiple
alternative events(e.g. expected PDU,
unexpected PDU, timeout)

TEST CASES IN BLACK BOX TEST ABSTRACT TEST CASES
po o 0
* Implementation of Test Purpose / non-blocking . Ab. test hould conta

© Ericsson 2002011 | LZT 1237751 Us Rev RH | 20140421 | Page 32

- preamble: sequence of est events
to drive IUT into initial testing state
from the starting stable festing state
- test body: sequence of test events
to achieve thetest purpose
- postamble: sequence of testevents
which drive IUTinto a finishing stable
testing state
« Preamblepostamble may be absent
« Starting stable testing stateand finishing
stable testing stateare the idle statein
TTCN-3

A
KD

preamble  _body _postamble
idle idle
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REQUIREMENTS ON TEST SUITES

-]

PHASES OF BLACK-BOX (FUNCTIONAL)
TESTING

« All test casesin an ATS must be sound
= Exhaustwetest caseresults passverdict if IUT is comect
(pr y imp with fiite of test cases)

— Soundtest case givesfail verdict if IUT behavesincorrectly
- Completetest case is both sound and exhaustive
« Must pot terminatewith none or aror verdict

© Ericsson 2002011, | LZT 1237751 Um RevRH | 20130421 | Page 34

« Test purpose definition
~ Formally o informally
« TTCN-3 AbstractTest Suite (ATS)
- design or generation
« Executable Test Suite (ETS) implementation
- using the Means ofTesting (MoT)
o Test ion toward p
- with MoT
« Analysis of testresults
- verdicts, logs (validatian)

1 Unde Test (IUT)

©Ericsson 2002011, | LZT 1237751 Us Rev RH | 20110421 | Page 35

ABSTRACT TEST SUITE DESIGN

« Automatic design
-G test purp and ab test di
protocol specificaton in e.g. UML, SDL,ASN.1
- Requires formal protocol specification
- Computer Aided Test Generation (CATG) isan open problem

« Manual design:
- Identify test purposes from protocol specification based on
the testrequirements
- Implementabstract test casesfrom test purposes using a
standardized test notation (TTCN-3)

© Ericsson 2002011, | LZT 1237751 Us Rev RH | 20130421 | Page 38
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ERICSSON

Il. INTRODUCTION TO TTCN-3

HISTORY OF TTCN
TTCN-2 TO TTCN-3 MIGRATION
TTCN-3 CAPABILITIES, APPLICATION AREAS
PRESENTATION FORMATS
STANDARD DOCUMENTS

CONTENTS
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HISTORY OF TTCN TTCN-2 TO TTCN-3 MIGRATION

« Originally: Tree and Tabular Combined Notation

« TTCN-2 was getting used in other aras than Conformance Test
« Designed for testing of protocol implementations based on the OSI Basic

(e.g. Integration, Peformance or System Test)

E::::;z:k':gﬁ:)‘ U Scope.onC sy gy snd « TTCN-2 was too ras!ricti\lle to ::ope with new fhllenges (OSIJ) -
« Versions 1 and 2developed by ISO (B84 - 1997) as part of the widely- * Thel wasr gned to get ag purpose test p

used ISO/IEC 9646conf esting dad language for testing of communicating systems (
« TTCN-2 (ISO/IEC 9646-3 == [TU-T X.292) adopted by ETSI — Breaks up close relation to Open Systems Interconnections model 4

- Updates/maintenance by ETSI in TR 101 666 (TTCN-2++) - TTCN's tabular graphical representation fomat (TTCN.GR) is getting \ hgj\p l\tADW""QgA)Z
) obsolete by TTCN-3 Core Language
. of Test System and SUT/IUT ¥
- Some concepts (e.g. snapshot semantics) are preserved, others (abstract

* Ci by ASN.1 ( Syntax ion One)

data type) reconsidered while some are omitted (ASP, PDU)
- TTCN-3 is not fully backward compatible
+ Name changed:Testing and Test Control Notation

— Used for representing data structures
* Requires expensive tools (e.g. ITEX for editing)

»| >

s i, | 24574 i L | VORGP © s 20201, | LZT 1237751 Un Ao ¥ | 010421 | Page 30
TTCN-3 STANDARD DOCUMENTS TTCN-3 PRESENTATION FORMATS
+ Multi-part ETS| Standardva.1.1 (2009-06-02) o dedionne if * Core Language

- ES 201873: TTCN-3 Core Language i e

- ES 201873-2: Tabular Presentation Format(TFT) between applications

- ES 201873-3: Graphical formatfor TTCN-3 (GFT) Toanbeediedniansy o

- ES 2018734: Operational Semantics by various presentation

~ ES 201873-5: TTCN-3 Runtime Interface {TRI) M

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

- ES 201873-7: Using ASN.1 with TTCN-3 (old Annex D) - Table proformas for

s language elements

- ES 201893-8: TTCN-3: The IDL to TTCN-3 Mapping - coffotmunes théting

- ES 201893-9: Using XML schema withTTCN-3 * Graphical Presentation Format

~ES 201893-10: D ion Comment Sp i S
« Available for d at:http://www.tten-3.org/ formats

»| >

© oo 200, | L2T 127751 U v | 2130021 | P 0 e ;| 2T 18 IO R RRN | 190525 | g

EXAMPLE IN CORE LANGUAGE EXAMPLE IN TABULAR FORMAT
function PO49901 (integer FL) runs on MyMTC E..- Function
{ IMyFunction (integer paral)
LO.send (A RL3(FL, CREF1l, 16));
TAC.start; e u C R
i [Return Type boolean
alt { |Carments le function definition
[1 LO.receive(A_RC1((FL+1) mod 2)) { Local Def Name Type Initial Value Comments
TAC.stop; ocalVar Iboolean false local variable
setverdict (pass) ; alCanst. const float 60 local constant
} |MyLocaiTimer £ imex 15 * MyLocalCanst local timer
[1 TAC.timeout { 3 :
setverdict (inconc) ; 1;, ‘m\‘,;_f‘Ln‘E_
- Localvar := ;
[1 any port.receive { !f (MyLocalVar) {
setverdict (fail) ; MylocalTimer.start ;
) }MylacalThrer.thmxt;
} retum var) ;
END_PIC1();  // postamble as function call ey e
}

© Ericsson 2002011, | LZT 123 7751 Us Rev RH | 20130421 | Page 42
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EXAMPLE IN GFT FORMAT INTERWORKING WITH OTHER LANGUAGES

« TTCN can be integratedwith
other 'type and value'
systems

« Fully harmonized withASN.1
(version 2002except XML
specific ASN.1 features)

_ * CIC#++functions and

XML schema (YSD) : constants can be used
& XML document

« Harmonization possible with
other type and \alue systems
(possibly from proprietary
languages) when required

»
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TTCN-3 IS A PROCEDURAL LANGUAGE H_ z
(LIKE MOST OF THE PROGRAMMING LANGUAGES)
TTCN-3 = C-like control structures and operators plus > STR U CTU R E
+ Abstract Data Types
+ Templates and powerful matching mechanisms
+ Event handling MODULE
+ Timer management MODULE DEFINITIONS PART
+ Verdict management MODULE CONTROL PART
+ Abstract (synchronous and asynchronous) communication GENERAL SYNTAX RULES
+ Concurrercy
+ Test specific constructions: alt, interleave, default, altstep PIGPULE FAIAMETERS
CONTENTS
»|
© Erosson 2002011, | LZT 123 7751 Un Rev RH | 20140421 | Page 48
TTCN-3 SYNTACTICAL RULES AND E E
NOTATIONAL CONVENTIONS TTCN-3 MODULES
« Keywords alwaysuse lowercase letters e.g.: testcase
« Identifiers e.g.: Tinky Winky * Module - Top-level unit of TTCN-3
- consist of alphanumerical charactersaind underscore « A test suite consists of one ormore
- case sensitive modules
—must begin with a letter + A module contains amodule
» Comment delimiters: like in C/C++ Module definitions and an (optional) module
- C-style “Block” comments eg.: /* enclosed remark */ Definitions Part control part
- Block comments must not benested * Modules can haverun-time
- C++style line comments e.g.:// lasts until EOL Module ; par o P
« Statement separatoris the semicolon : Control Part + Modules can haveattributes
- Mandatory except beforeor after } character where it is optional : % s
eg..{ f1(); log(”Hello World!”) }
* Red typesetting signal pported feat .g.: anytype
+ Red frame or typesetting distingiish err: P
» »|
© Ercsson 2002011, | LZT 1237751 Un Rev RH | 20140421 | Page 48 © Eresson 2002011, | LZT 1237751 Un Rev M | 20110421 | Page 48

LZT 123 7751 Uen, Rev R1H 8



© Ericsson 2002-2011.

MODULE DEFINITIONS PART
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MODULE CONTROL PART

Definitions in module definitions part are
globally visible within the modue

odule Parameters

+ Module parameters are external
parameters, which can beset at test
execution

« Data Type definitions are based on the
TTCN-3 predefined types

and Sig

define the test data

+ Ports and Componentsare used to set

up Test Configurations tions

Altsteps

« Functions, Altsteps and Test Cases
describe dynamicbehaviourof the tests Cases

© Edcason 200201 | LZT 12 7751 Un Rew R¥ | 20130421 | Page 50 >

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

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

« Test Cases are usually executed from
the module control part

+ Basic programming statements may
be used to select and control the
execution of the test cases

© Ericason 2002011, | LZT 1237761 Un Rev RH | 20110421 | Page 51

MODULES CAN IMPORT DEFINITIONS w
FROM OTHER MODULES

IMPORTING DEFINITIONS

module M1 module M2
{ {
type integer I;
type set S { type record R {
T F1, s £1,
X £2 T 22
} }

const I one := 1;

import from M1 all;

control {
testcase tc() runs on CT execute (te())
R }

}

control { . }

// Importing all definitions
import from MyModele all;

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

// Importing a single definition

import from MyModule { template t MyTemplate };

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

© Ericsson 2002011, | LZT 1237751 Un, Rev RH | 20140421 | Page 52
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H]

AN EXAMPLE: "HELLO, WORLD! IN TTCN-3

module MyExample {
type port PCOType PT message {
inout charstring;
}
type component MTCType CT {
port PCOType PT My PCO;

av e }
\ testcase tc_HelloW ()

runs on MICType CT system MTCType CT

&

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

}

control {

execute ( tc_HelloW() );
}
}

© Eresson 2002011 | LZT 123 7751 Us Rev RH | 20130421 | Page 54
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IV. TYPE SYSTEM

OVERVIEW
BASIC AND STRUCTURED TYPES
VALUE NOTATIONS
SUB-TYPING

CONTENTS

LZT 123 7751 Uen, Rev R1H



© Ericsson 2002-2011.

TTCN-3 TYPE SYSTEM

2011-04-21

SIMPLE BASIC TYPES

« Predefined basic types
- well-defined value domains and useful operators
* User-defined structured ypes
- built from predefined and/or otherstructured types
« Forward referencing permitted in module definibns part
+ Sub-typing constructions
— Restrict the value domain of the parenttype
* Recursive types pemitted
- As long as recursion loop is firite and alwaysresolvable
« Type compatibility

© Ericsson 2002011, | LZT 123 7751 Un Rev RH | 20170421 | Page 56

e integer
- Represent infinite set of integral values
—Valid integer values: 5, -19, 0
e float
- Represent infinite set ofreal values
—Valid float values: 1.0, -5.3E+14
eboolean: true, false
eobjid
—object identifier e.g.:objid { itu t(0) 4 etsi }
everdicttype
- Stores preliminary/final verdicts of test execution
-5 distinct values: none, pass, inconc, fail, error

© Ericsson 2002011, | LZT 123 7751 Un Rev RH | 20130421 | Page 57

H]

BASIC STRING TYPES

BASIC STRING TYPES CONTINUED

ebitstring
- A type whose distingiished values arethe ordered sequences ofbits
-Validbitstring values: ''B, '0'B, ’ 101100001
- No space allowed inside

shexstring

- Orderedseq of 4bits ni P d as imal
digits:0 1 23456 789abcdefABCDEF

-Validhexstring values: ''H, ’5'H, 'F'H, 'A5'H, ’'50A4F’H
esoctetstring

- Ordered sequences of 8bits octes, rep ted as even ber of
hexadecimal digits

—Valid octetstring values: ''0, 'A5’0, ’C74650’0, ’af’0O
—invalid octetstring values: 1’0, 'A50’0,

© Ericsson 2002011, | LT 123 7751 Us Rev RH | 20140421 | Page 58

e charstring
— A type whose distingiished values arethe ordered sequences of
characters of ISO/IEC 646 plying to the Internati
Version (IRV)-formerly International Aphabet No.5 (IA5) described in
ITU-T RecommendationT.50

- Preceded and followed by double quotes
- Double quote inside charstring is represented by a pairof double
quotes with no intervening space

- Valid charstring values: ””, "abe”, ”""hello!”""

—Invalid charstring values: “"Linképing”, “Café”
euniversal charstring

- UCS-4 coded representation of ISO/IEC 10646characters: "a§”

- May also contain charactes referenced by quadruples, e.g.:

= char(0, 0, 40, 48)

©Ericsson 2002011, | LZT 1237751 Us Rev R | 20130421 | Page 9

OVERVIEW OF STRUCTURED TYPE SYNTAX

-]

STRUCTURED TYPES - record, set

« General syntaxof structured type definitions
type <kind> [elementtype <identifier> | { body} || ;|

« kindis mandatory, it can be:
record, set, union, enumerated, record of, set of

« elementtypeis only used withrecord of, set of

+ body is used only withrecord, set, union, enumerated;
it is a collection of P d list of elements

« Elements consist of<field-type> <field-id> [ optional ]
except atenumerated

+ elementtype and field-type can be areference to any basic oruser-
defined data type oran embedded type definitio

« field-ids have local visibilty (may not be globaly unique)

© Eresson 2002011, | LZT 1237751 Un Rev RH | 20130421 | Page 62

« User defined abstrad container types represenfing:
- record: ordered sequence of elements
- set: unordered list of elements

« Optional elements are pemitted
(using theoptional keyword)

// example record type def.

type record MyRecordType {
integer fieldl optional,
boolean field2

} }

// example set type def.

type set MySetType {
integer fieldl optional,
boolean field2

© Eriosson 2002011, | LZT 1237751 Us Rev RH | 20130421 | Page 63
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DIFFERENCE BETWEEN record AND setH- H-
TYPES VALUE ASSIGNMENT NOTATION

record - ordering of elements is fixed *

et rtr ot e s naeren frmrapmeroy oy o

« unlisted elements’ values remain unbound
- applicable for: record, set, union

 {field1:=0,
field2 := true }

« { field1 := 0,

field2 := true } i :
+ {field1 := 0, k€ B pereR PR WP
field2 := false } field1 =0} . . %
« { field1 := omit, & fieldl := 1,
+ {field1 :=1, field2 = true ) *{ fleld? := true, field? := true

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

field2 := true }

« {field1 := 0,
field2 := false }

+ (field2 = false,
(o Aoy

etc. // fieldl is not present in v _mySetl value
var MySetType v_mySetl := {
field2 := true,
fieldl := omit
}
MyRecordType MySetType
>

etc.

« { field1 := omit,
field2 := true }

© Ericsson 2002011 | LZT 1237751 Un Rev RH | 20130421 | Page 64 © Ericsson 2002011, | LZT 1237761 s Rev RH | 20130421 | Page 85

VALUE LIST NOTATION; REFERENCES STRUCTURED TYPES - union
: Vf'EiZ'ﬁZL’&”.'E" assigned in order of their listing ' 3::;“ o ;:::z:ems iner type representing a single al
- All elements must be present, dropped optional elements must + Optional lemaits are febidden (make no sens)

explicitly specified using the omi t keyword

- Assigning the “not used symbol” (hyphen: -) leaves the value of the
element unchanged

—Valid for: record, record of, set of and array values « Valuelist assignmentcannotbe used!

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

« More elements @an havethe same type as long as their identifies differ
+ Only a single element can eer be present in aunion value

Lvar ype V_I d2 := { 1, true }

+ Reference ar “dot” notation
- Referencing structured type elements
- Applicable in dynamic parts (e.g. function, control) only

v_myRecord2.fieldl := omit;
v_mySetl.fieldl := v_myRecord2.fieldl;

»| »|

© Ercsson 2062011, | LZT 123 7751 Un Rev R | 20130421 | Page 86 ©Ecason 2002011, | L2 1237751 U Rev RH | 20110421 | Page 67
STRUCTURED TYPES — union (EXAMPLE) STRUCTURED TYPES — record of, set of
// union type definition MyUnionT: « User defined abstra¢ container type representing an ordered/unordered
type union MyUnionType { q consisting of the same type

ARGEE: - mumhezl, «{numbert :=0} « ValueHist notation only (there is no element idetifier!)

integer number2,

charstring string « { string := "mystﬁng") // record of types; variable-length array;

} // length restriction is possible

« { number2 :
// union value notation S ¢ 230} type record of integer ROI;
var MyUnionType v_myUnion; * { string := *abc" } // set of types, the order is irrelevant
v_myUnion := (numberl := 12} « { number1 := 1} etc. type set of MySetType MySetList;
v_myUnion.numberl := 12;
// ischosen usage * { string :=""} var ROI v il := (1, 2, 3 };
if (ischosen (v_myUnion.numberl)) { .. } var MySetList v msl := {
v_mySetl, { field2 := true, fieldl := omit }, v_mySetl
}i
» L

© Encason 200201, | LZT 123 7751 Un Rev RW | 20130421 | Page 86 ©Encson 2002011, | LZT 1237751 Un Rev RH | 20110421 | Page 88
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INDEXING
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STRUCTURED TYPES - enumerated

accessed using aray syntax
« Indexing starts with zero and proceedsfrom left to right

« Individual elements of basic sting, record of and set of types can be

var bitstring v_bs := '10001010'B;

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

// the operation below on the variables above

v_bs[2] := '1'B; // results in: v_bs = '10101010'B
v_il[0] :=1; // results in: v il = (1,2, 3,4}

+ Only a single element of astring can beaccessed at atime

[v_ba[O..S] 1= 10000'B; // Error!!!

© Ercsson 2002011, | LZT 123 7751 U, Rev RH | 20130421 | Page 70

+ Implements types which take only a distinct named set of values

I type enumerated Example { tisdag, fredag, onsdag }; I

* Enumeration items:
- Must have a locally (not globally) unique identifier
« Shall only be reused within other structured type definitions
- Must not collide with local or global identifiers
- Distinct integer values may i be i with ion items

type enumerated Examplf { tisdag (2), fredag (5), onsdag };

= Operations on enumerations
- must always use enumeration identifiers — integers values are for encoding!
—are icted to assi: qui and ing
* enumerated versus integer types

- Enumerated types are never compatible with other basic or structured
types!

© Eriosson 2002011 | LZT 123 7751 Us Rev RH | 20130421 | Page 72

STRUCTURED TYPES - enumerated

STRUCTURED TYPES - NESTED TYPES

(EXAMPLES)
// enumerated types
type enumerated Wdayl { day, day, dnesday} ;
type enumerated Wday2 {monday(1), day(5) , wednesday};

var Wdayl v_11 := monday; //variable of type Wdayl
var Wdayl v_12 := wednesday; //variable of type Wdayl

var Wday2 v_21 := monday; //variable of type Wday2
var Wday2 v_22 := wednesday; //variable of type Wday2

// v_21 > v 22 is true
// v_11 > v_12 is false
// v_11 > v_22 causes error: different types of variables!

© Erlcsson 2002011. | LZT 1237751 Us Rev RH | 20130421 | Page 73

« Similarly to other notations (e.gASN.1) TTCN-3 type definitions may be
nested (multiple times)

+ The embedded definitimn have no identifier asociated

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

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

© Eriosson 2002011, | LZT 123 7751 Us Rev RH | 20130421 | Page 74

STRUCTURED TYPES — NESTED VALUES

PREDEFINED CONVERSION FUNCTIONS

type record InternalType {
boolean fieldl,
integer field2 optional
}:
type set SetType {
integer fieldl,
InternalType field2

};

const SetType c set := { // This is a correct constant!
fieldl :=1,

field2 := {(

fieldl
field2

© Eriosson 2002011, | LZT 1237751 Us Rev RH | 20130421 | Page 75

charzint
stezint

floatzint bit2int haxzint oetzint unicharzint

intzf10at strzeloat

ine2bie hexznie octzbit stezbie

int2hex bitzhex octzhex strzhex

charzact
strzoct

intzoct bitzect haxzoct

int2char oct2char
O floatzete bitzete hexzets g

int2unichar

© Ericsson 200201 | LZT 123 7751 Um RevRH | 20130421 | Page 85
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ERICSSON

MODULE PARAMETERS

CONSTANT DEFINITIONS
VARIABLE DEFINITIONS
ARRAYS
MODULE PARAMETER DEFINITIONS

CONTENTS

V. CONSTANTS, VARIABLES,

CONSTANT DEFINITIONS

« Constants can be defined at any placef a TTCN-3 module

« The visibility is restrictedto the scope unit of the definition
(global, local constants)

+ The identifier of th th t keyword
// simple type constant definition
const integer c myConstant := 1;

+ The value ofthe shall be asigned when defined.

Iconn: integer c myConstanu; // parse error! I

« The value assignment may bedone externally

|external const integer c_myExternalConst; |

« Constants may be defined forall basic and strwctured types

© Ericsson 2002011, | LZT 123 7751 Un Rev RH | 20130421 | Page 87

CONSTANT DEFINITIONS (2)

H]

VARIABLE DEFINITIONS

+ The value notation appropriate fotthe constanttype shall be used to
initialize a constant

// compound types - nesting is allowed
//constant definition using assignment notation:

const SomeRecordType c myConstl := {
fieldl := "My string”,
field2 := { field2l := 5, field22 := ’4F'O }

}
// record type constant definition using value list
const SomeRecordType c_myConst2 := {

"My string”, { 5, "4F'0O } }
// record of constant
const dofType c_1

= {0, 3, 2,31}

© Ericsson 2002011, | LZT 123 771 Us, Rev RH | 20130421 | Page 88

« Variables can beused only withincontrol, testcase, function,
altstep, compongnt type definition and bock of statementsscope units

« No global variables— no definition h module definition part
* Must appear alwaysat the beginning of block

[control { var integer il } I

« Exception is the iteration counter of foloops

[for(var integer i:=1; i<9; i:=i+l) { /*.*/ } I

« Optionaly, an initial value may be asigned to the variable.

[control { var integer il :=1 } |

© Ericsson 2002011, | LZT 123 7751 Us, Rev RH | 20130421 | Page 85

VARIABLE DEFINITIONS (2)

ARRAYS

* Uninitialized variable remains unbourd
« Variables of thesame type can be defined in a list

const integer c myConst := 3;
control {
// list of local variable definitions
var integer v_myIntl, v_myInt2 := 2%c myConst;
// v_myIntl is unbound
log(v_myInt2); // v_myInt2 == 6
}

© Ericsson 2002011 | LZT 1237751 Us Rev RH | 20110421 | Page 90

« Arrays can bedefined whereve variable definitons are allowed

// integer array of 5 elements with indices 0 .. 4
var integer v_myArrayl[5];

+ Array indexes stat from zero unless otherwisespecified
« Lower and upper bounds may beexplicitly set:

var integer v_myBoundedArray[3..5];
v_myBoundedArray[3] := 1; // First element
v_myBoundedArray[5] := 3; // Last element

« Multi-dimensional arrays

// 2x3 integer array
var integer v_myArray2[2][3]; // indices from (0,0) to (1,2)

© Eriesson 2002011, | LT 123 7751 Um Rev RH | 20150421 | Page 91
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MODULE PARAMETERS

« Value list notation may be used to sefirray values

v_myArrayl := {1,2,3,4,5}; // one dimensional array
v_myArray2 := {{12,13,14},{22,23,24}}; // 2D array

« A multidimensional array may be replaced by record of types:

// 2x3 integer matrix with 2D array

var integer v_myArray2[2][3];

// equivalent IntMatrix definition using record of types
type record length(3) of integer IntVector;

type record length(2) of IntVector IntMatrix;

// v_myArray2 and v_myArray2WithRecordOf are equivalent
// from the users’ perspective

var I ix v y2With dof ;
» record of arrays without length restiction may in any ber of
elements

© Eriesson 200011, | LZT 1237751 Us RevRH | 20130421 | Page 92

« Parameter values
- Can be set in the test envir t (e.g.
—May have default values
- Remain constants during test run
« Parameters can beimported from anothermodule
« Can only take valuestemplates are forbidden

quration file)

module MyModule

{
modulepar integer tsp myParla := 0, tsp_myParlb;
// module parameter w/o default value
modulepar octetstring tsp myPar2;

© Erlcsson 2002011, | LZT 123 7751 Un Rev RH | 20130421 | Page 83

=
=

ERICSSON

VI. PROGRAM STATEMENTS
AND OPERATORS

EXPRESSIONS
ASSIGNMENTS
PROGRAM CONTROL STATEMENTS
OPERATORS
EXAMPLE

CONTENTS

EXPRESSIONS, ASSIGNMENTS, log, actiond
AND stop

1 !

Expression ) e.g. 2*f1(vl,c2)+1
Condition (Boolean expression) e.g. x+y<z

LHS := RHS
eg.v := {1, f2(vl) }

Assignment (not an operatorl)

Print entriesinto log log(a) ;
log(a,...);

Stimulate or cary out anaction action (”Press button!”) ;

Stop execution stop;

© Ericsson 2002011 | LZT 1237751 Us Rev RH | 20140421 | Page 07

PROGRAM CONTROL STATEMENTS

SAMPLE PROGRAM STATEMENTS AND —E
EXPRESSIONS

Ifelse st " | it (<condifiorn) [ <stmt> }[ else {<stmt})

Select-Case statement select (<expressiorn>) {
case (<template>) { <statement>}

[case (<template-list>) { <statement>} |

[case else { <statement>} |

}
For loop for (<init>; <condition>; <expr>) { <stmt>}
While loop while (<condition>){ <statement>}
Do-while loop do { }while ( %
Label jiti label </abelname>;
Jump to label goto <labelname>;

© Ericsson 2002011, | LZT 1237751 Us Rev RH | 20130421 | Page 58

function f MyFunction (integer pl_y, integer pl_i)
{ var integer x, j;

[for (3 :=1; 3 <=pli; 3 :
i G<ply |
i { x:=3*ply; |
\ log( x )
|
|
|
L

else { x := j * 3;} |

© Ercsson 2002011, | LZT 1237751 Un Rev RH | 20130421 | Page 102
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TIMER DECLARATION
« Timers are defined using thetimer keyword at any place wherevariable
Vl l_ TIM E RS definitions are permitted:
timer T1; // Tl timer is defined
TIMER DECLARATIONS « Timers measure time in seconds unit
TIMER OPERATIONS « Timer resolution is imp ion depedent

« The default duration of atimer can be assigned at declaration sing non-
negative floatirg point value

// T2 timer is defined with default duration of 1s
timer T2 := 1.0;

« Any number of times can be used in parallel
« Timers are independent

CONTENTS « Timers can be passed asparameters to functions andaltster

© Ericsson 2002011, | LZT 123 7751 Un Rev RH | 20150421 | Page 104

“H] ~H]

STARTING TIMERS SUPERVISING TIMERS

« Timers can be started using the start operation: + The running operation can be used todetermire if a timeris running

Iu Stact(2.5); /] starad-Bor-diEe {TE T PSR I (returns a boolean value, doesnot block)
: snly B f PR i o + The timeout operation awaits atimer to expire (blocks)

+ Parameter can be omitted when the timer has a default duration:

[Tz.aurc; // T2 is started with its default duration 1s | // "do something” if T myTimer is running
if (T_myTimer.running) { /* do something */ }

« Timers always start counting from zero upwards
- Start is a non-blocking operation i.e. timers run in the background (execution

continues immediately after start) T_myTimer.timeout; // wait for T myTimer to expire
« Starting a ing timer iti
« Trying to start a timer without duration results in error: // any timer and all timer keywords refer to timers
// visible in current scope
timer T3; // T3 has no default duration J any timer.timeout; // wait until ”some” timer expires
T3.start; // ERROR: T3 has no duration!!! all timer.timeout; // wait for all timers expire

© Ericsson 2002011, | LZT 1237751 U, Rev R | 20190421 | Page 105 © Ericsson 2002011, | LZT 1237751 Un Rev RH | 20130421 | Page 106

EXPIRATION OF TIMERS encvon

* When the duration of a timer expires, then:

—timeout event is generated and VI ' I . TEST C 0 N F l G U RATI O N

- timer is stopped automatically

timer t := 5.0;

t.start; // implement waiting using a timer TEST COMPONENTS AND COMMUNICATION PORTS

t.timeout; // block until expiry TEST COMPONENT DEFINITIONS
COMMUNICATION PORT DEFINITIONS

« Timers can be stopped any time using the stop operation
~ The RTE stops all running timers at the end of the Test Case
— Stopping idle timers results run-time warning

EXAMPLES

t.stop;
// stopping all timers in scope
all timer.stop;

CONTENTS

© Ericason 2002011, | LZT 1237751 U Rev RH | 20140421 | Page 108
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COMPONENTS AND PORTS

GRAPHICAL REPRESENTATION OF E

TEST CONFIGURATION
« IUT is a black box that mustbe put into i.e. test ation) for
testing
- Test configurati ins a set ofcomp ts inter d va their
well-defined ports and the system component,which models the IUTitself
- comp ite testh ior (exceptsystem)
- ports describe thecomponents interfaces
- type and b p ina tion as well asthe
ber of ports in P its depends on the testedntity
« Test configuration in TTCN-3 is concurrentand dynamic
- components execute in parallel processes
- test configuration can varyduring test e)ecution
»
© Ercsson 2002011 | LZT 123761 Un Rev RH | 20110421 | Page 110

comptype_CT

© Ericsson 2002011, | LZT 1237751 Us Rev RH | 20130421 | Page 111

COMMUNICATION PORTS

TTCN-3 VIEW OF TESTING

© Ericsson 200201, | LZT 1237751 s Rev RH | 20130421 | Page 112

+ Ports desaibe thﬁ interfaces of components
* C ication betv p ts p! ds via ports
- ports y g to P
—type and of port dep
« There are two port categories:
- message-based portsfor asynchronous communicatio
- procedure-based ports far synchronous communicaton
« Ports connecting the IUTto the TTCN-3 P ts areimp ted in
C++ and arecalled test ports(TITAN specific!)

d on the testedentity

© Ericsson 2002011 | LZT 123 7751 s Rev RH | 20140421 | Page 113

PORT COMMUNICATION MODEL

]

COMMUNICATION PORT TYPE DEFINITION

+ The port communication is full diplex
- thedi of certain geand si
can be restrictedin the port type definition
« Incoming data is stored in theFIFO queueof the port until the
component processes them

Ypes (in, out, inout)

owner

+ Outgoing data is itted imnediately (without buffering)
L ication can be reali bety peeports only
- Internal (comp p t) ication happ
between conneckd ports -> Communicatian Operations
- External p icati PP

d ports - C " Operations

© Ericsson 2002011 | LZT 1237751 s Rev RH | 20130421 | Page 114

«in: list of messagetypes and/ar
signatures allowed to be
received;

e out: list of messagetypes and/or
signatures allowed to be sent;

_ einout: shorthand forin + out

ining the same b

© Ericsson 2002011 | LZT 123 7751 Um Rev RH | 20110421 | Page 115
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PORT TYPE DEFINITION (EXAMPLE) TEST COMPONENTS
* Test P arethe building blocks of test gurations
// Definition of a message-based + G0 L i
‘{‘-YPG port MyPortType PT message g T’I’;:;‘:‘:;:’é::::::::?;:és)

- Test System Interface (or shortly system)
- Parallel Test Component (PTC)

« Exactly one MTC and one systemcomponent ae always presentin all test
configurations; the MTC and syseem ponerts are born icall
as the 15t two components

+ The test case defi th p t type dby MTC and syst!
components

« Any number of PTCs can be created and destroyed on demand

in ASP_RxTypel, ASP_RxType2;
out ASP_TxType;
inout integer, octetstring;

}

© Eriosson 2002011, | LZT 1237751 U Rev RH | 20130421 | Page 116
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-] 2]

COMPONENT TYPE DEFINITION COMPONENT TYPE DEFINITION (EXAMPLE)

Component type definitins

« belong to the module definitons part

« describe TTCN-3 test components by
defining their ports

« may contain variable/time/ constant
definitions — visible in al
components of this type

// Definition of a test component type
type component MyComponentType CT
{// ports owned by the component:
port MyPortType PT PCO[10];

// component-wide definitions:
const bitstring c_MyConst := '1001'B;
var integer v_MyVar;

timer T MyTimer := 1.0;

}

© Ericsson 2002011, | LZT 123 7751 Us Rev RH | 20140421 | Page 118 © Ericsson 2002011, | LZT 123 7751 Un Rev RH | 20130421 | Page 118

ABOUT FUNCTIONS

Ix- F U N CT I O N S AN D « Describe testbehavior, arganize test executionand structure
TESTCASES S

OVERVIEW OF FUNCTIONS i '?t: _"“:"::d S
- within ule«> externally
FUNGTION DEFINIIONS ~ with reference to a component«— without it
PARAMETERIZATION
PREDEFINED FUNCTIONS

« May have multipleparameters (value, timer, template, port);
TESTCASE DEFINITIONS =

p canbep dby value ar by reference
VERDICT HANDLING g
CONTROLLING TEST CASE EXECUTION *iMay-rerurna valos:attenination
CONTENTS

© Eriosson 2002011, | LZT 1237751 Un, Rev RH | 20150421 | Page 121
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FUNCTION INVOCATION (1)

" + The optional runs on clause
restricts the execution of the

a specific ComponentType
« The optional return clause

that the function must
explicifly return using the
return statement

Local definitions may contain
constants, vaiables and time
visible in the functon

© Eriesson 2002011, | LZT 123 7751 Un Rev RH | 20140421 | Page 122

fi ion onto the i of

specifies the type ofthe value

rs

» The numberand orderof actual paameters shall be the sameas the
number of formalparameters;

« each actual paraneter shall be compatible withthe type of each
corresponding formal p te;

« all variables appearing in the actual pammeter list shall be baund:

function £ MyF 1 (integer pl_1, boolean pl_2) {};
£ MyF 1(4, true); //function invocation

luded in boh definition and invocation if

- Empty p e hall be i
formal parameter list is empty:

function f MyF 2() return integer { return 28 };
var integer v_two := f MyF 2(); //function invocation

© Ericsson 200011, | LZT 1237751 Us Rev RH | 20140421 | Page 123

FUNCTION INVOCATION (2)

PARAMETERS PASSED BY VALUE AND BY =—
REFERENCE

Operands of an expression may invoke a function:

function f 3(boolean pl_b) return integer {
if(pl b) { return 2 } else { return 0 }
}i
control {
var integer i
}

:= 2 * f 3(true) + £ 3(2 > 3); // i=4

The function below uses the ports defined in MyCompType_CT

function f MyF_4() runs on MyCompType CT {
P1_PCO.send(4) ;
P2_PCO.receive ('FA’'O)

}

© Ercsson 2002011 | LT 1237751 Us Rev RH | 20130421 | Page 124

function £_0()

{

var integer v_int" =0;

£l ant); e
//v_int ==0

function £_2 (out integer pl_i)
{ sasence® var integer|

'f'_'z (v_int) ; j :=pl i; //j undef!

//v_int pli:=2
2 }
funotion £_3
_{igout integer pl_i)
. i
£ 3(v_int); s gl

//v_int <. =pli; //) =2

© Ericsson 2002011, | LZT 1237761 Um Rev RH | 20130421 | Page 125

FUNCTION REFERENCES

PREDEFINED FUNCTIONS

« Function type: describes a function signature /

[_t_!Pe function MyFunction FT(in integer pyidx) runs on A CT; |

- Compatible with any function with the }Ae sigature

Ifunction £ function(in integer plAIdx) runs on A CT;

« Function variable: variable with f}aén type
- May contain refaences to ays lep or functions

that is refe variable

d by the
— TakeS a parameter list if there is any

VI ction:= refers (f_function)
/myFunction.apply (5)

© Ericsson 2002011 | LZT 1237751 Us Rev RH | 20130421 | Page 128

Return number of elements in array, rec ordiset of sizeof (ofvalue)

| Return length of string value in a ppropriate unit lengthof (strvalue) I

regexp(str, RE, grpno)
subs tr(stridx, cnt)

Return part of str matching the specified pattern

Return the specified p ortion of the in put string

replace(stridx, cnt, rpl)

Replace specified part of str with repl

ispresent(fieldref)
ischosen(fieldref)

Determine if an o ptional record or set field is present

Determine the ¢ hosen alternative in a u nion type

Generate ran dom float number

© Ericsson 2002011, | LZT 1237751 Um Rev RH | 20130421 | Page 127
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testcase DEFINITION

« A special funcion, which is always executedfuns) on the MTC;

« In the module control part, theexecute () statement is used tostart
testcases;

« The result of test case execution is always ofverdicttype
- with the possible values none, pass, incong, fail or error;

* testcases can be parameterized.

© Ericsson 2002011, | LZT 1237761 Un Rev RH | 20130421 | Page 128

(I mupm;unml )
| runson M'I}'p‘)‘

L& ~ functions

« Component type of MTC is defined
in the header's mandatory runs
on clause

~ « Test System Interface (TSI) is
modeled by a component in the
optional system clause

_ + Can be parametrized similarly to

]

[ system <TSicompType> ]'

« Local constant, variable and time
definitions are visible in the test
case body only

The program part defines the
testcase behavior

© Ericsson 2002011, | LZT 123 7751 Un Rev RH | 20130421 | Page 120

testcase DEFINITION (EXAMPLE)

RUNNING TEST CASES

module MyModule {
// Example 1: MTC & System present in the configuration
testcase tc MyTestCase()
runs on MyMICType CT
system MyTestSystemType SCT
{ /* test behavior described here */ }

// Example 2: Configuration consists only of an MTC
testcase tc_MyTestCase2()
runs on MyMTCType CT
{ /* test behavior described here */ }

* The execute statementinitiates test ase execution
- mandatory paraneter: testcase name;
- optional p eter: ion time limit;
- returns a verdict (none, pass, inconc, fail orerror).
« A test case erminates on termination of Main est Component
~the final verdict of atest case is calculated based on the findlocal
verdicts of thedifferent st components.

(tc_TestC: (), cg_timer);

L >
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CONTROLLING TEST CASE EXECUTION - =- z
EXAMPLES
it X. VERDICTS
// Test cases return verdicts:
var verdicttype vl MyVerdict := execute(tc MyTestCase());
// Test case execution time may be supervised: . 5
vl MyVerdict := execute(tc MyTestCase2(), ’5.0) ¥ verdicttype VS. BUILT-IN VERDICT
// Test cases can be used with program statements: OPERATIONS FOR BUILT-IN VERDICT
for (var integer x := 0; x < 10; x := x+1) MANAGEMENT
{ execute(tc MyTestCase()) }; VERDICT OVERWRITING LOGIC
// Test case conditional execution:
if (vl_SelExpr) { execute( tc MyTestCase2() ) };
} // end of the control part
CONTENTS
>
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_verdicttype BUILT-IN VERDICT

everdicttype
—is a builtin TTCN-3 special type
- can be the type of constant,module paramete or variable
« Cor , module par and variables of verdicttype get their
values via assignment
e verdicttype variables
— usually store theresult of execution

+ MTC and all PTCs have aninstance of builtin verdict object containig
the current verdict of execution

« initialized to none at component creation

« Manipulated withsetverdict () and getverdict operations accading
to the “verdict overwriting logic”

- can change their value o restriction testcase tc_TCO() runs on MyMTCType CT {
var verdicttype v := getverdict; // v == none
setverdict (fail) ;
var verdicttype vl MyVerdict := fail, vl_TCVerdict; v = getverdict; // v == fail
vl _MyVerdict := pass; // vl_MyVerdict == pass setverdict (Péss); .
// save final verdict of test case execution v i= getverdict; // v == fail
vl_TCVerdict := execute(tc _TC()); }
» »
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E VERDICT OVERWRITING RULES IN E—
VERDICT OVERWRITING LOGIC PARALLEL TEST CONFIGURATIONS

« Each testcomponent has its own local vedict initiaized to none at its
creation; the verdict is modified later byetverdict ()

« Global verdict réturned bythe test case is calculated from thelocal
verdicts of all components in the testase configuration.

6lobal verdict returned by
the test case at termination

®— |

MTC . PTC, % ...... PTC, (?

error

(£ai1) (pass) setverdict (inconc)
») >
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z DYNAMIC NATURE OF TEST E
CONFIGURATIONS
X l ¥ C O N F I G U RATI O N « Test configurations in TTCN-3 are DYNAMIC:
O P E RATI O N S - MUST be explicitly set up atthe beginning of each tesfcase;
- MTC is the only testcomponent, which is autenatically present n test
configurations; it takes thecomponent type asspecified in the”runs on”
CREATING AND STARTING OF COMPONENTS clause of thetestcase;
ADDRESSING AND SUPERVISING COMPONENTS - PTCs canbe created or destroyed on demand;
CONNECTING AND MAPPING OF COMPONENTS - ports can beconnected and disconnected any time when needed.
PORT CONTROL OPERATIONS + Consequences:
EXAMPLE = ions of a termi d PTC are automatically rel d
bt ing ges toan d/i ppel port results in dynamic
test case error;
- disconnected or unmapped ports carbe reconnected while their omer
Parallel Test Component is running
CONTENTS
> »
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CREATING PARALLEL COMPONENTS

2011-04-21

COMPONENT NAME AND LOCATIO

« Parallel Test Components (PTCs) must be created as needed using the create

operation.
* The create alive operation creates an alive PTC
* The create op i igil the and returns the unique

component reference for the newly created component.
* The ports of the component are initialized and started.
The component itself is not started.
« Sample code:

var CompType CT vc_CompRef;
ve_CompRef := CompType CT.create;
// ve_CompRef holds the unique component reference

- ~ can be specified atcomponent creation /

// Specifying component name
ptel := newl CT.create(”NewPTCl”);
// Including component name and

ptc2 := newl CT.create (”"NewPTC, o PR R T g )
// Name parameter can be omi, d with dash
pte3 := newl CT.create (-, Jhostgroup3”);

* Name:

- appears in printout apd log file names (metxharacter %n)
- can be used in tesggort parameters, P i
and logging optj of the figuration file

« Location:
- i ddi , FQDN

to a group
group of guratio file
REFERENCING COMPONENTS CONNECTING COMPONENTS
« Ci ting P ts means ing thei ports;

« Referencing components is important when séing up connecfons or
i or identifyig sender orreceiver at ports,

whi'crh h;ve multiple conrnedms

« Components can be addressd by the p it ref btained at
component creation

var C ype_CT ve_C ;
ve_CompReference := ComponentType CT.create;

* MTC can bereferred to using the keyword mtc
+ Each component can reér to itself using the keyword self
* The sy its refi

p

issystem.

© Ericsson 2002011, | LZT 123 7751 Um Rev RH | 20130421 | Page 142

« the connect operation is used toconnect component ports;

« the i to be d are identified#y referencing the two
components and the two ports tcbe connected;

« a port may be connected to seveal ports (1-to-N connection).

ve A := A CT.create; 1/ ve_A: component reference
ve B := B CT.create; 1/ ve _B: component reference
connect (ve _A:A PCO, vc_B:B_PCO); 7 A _PCO: port name

A_CT

© Ericsson 2002011, | LZT 1237751 Us Rev RH | 20130421 | Page 143

MAPPING A TEST SYSTEM INTERFACE POREE |
TO A COMPONENT

STARTING COMPONENTS

= Mapping represents to test system interface ports on components;

* themap is used to i

* a mapping to be established is identified by ing the two p (one
of them must be the system component) and the two ports to be connected;

« only one-to-one mapping is allowed.

ve _C := C_CT.create; // vc _C: component reference
map (ve_C:C_PCO, system:SYS_PCO); // SYS_PCO: port ref.

system

& r system_CT

© Ericsson 2002011, | LZT 123 7751 Us RevRH | 20130421 | Page 144

« The start () operation can be used tostart a TTCN-3 function (behavior)
on a given PTC
« The argument function
- shall either refe (clause “runs on”) to the same component type asthe
type of the component about to be sdrted or shall have noruns on
clause at all;
- can have in ("value") paameters only;
- shall not return anything
+ Non-alive type PTCs can be started only once
+ Alive PTCs can be started multiple times

ifunction f behavior (integer i) runs on CompType CT
{ /* function body here */ }

ve_CompReference.start (f_behavior(17)) ;

© Ericsson 2002011 | LZT 1237761 Us RevRH | 20130421 | Page 149
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CHECKING THE STATE OF A PARALLEL H- E-
COMPONENT EXAMPLES CHECKING THE STATE OF A PTC

+ The running operation returns

- true if PTC was started but not stopped yet if (ve_A.running) { /*do something if vc A is active!*/ }
- false otherwise (if PTC was not started or akeady finished) while (any component.running) { /* do something if at least
« The alive operation checks if PTC is currently alive or not: one component is running */ }
- true if a normal PTC was created but not stopped or ve A.done; // blocks execution until ve A has terminated
if an alive PTC was created but not killed yet all component.done; // blocks the execution until all
—false othenfvlse (PTC does not exist any mare) 7 rarallal best copponents have termitated
: T.ieb‘li:::\:sos:ﬂtoi:n while a PTC is newly created or running; fSiont e Rinlive) _‘ /'d? smmin? i ye s fliv?*/ }
ve B.Killed; // wait until vc B alive component is killed

- does not block otherwise (finished, failed, stopped or killed)
* The killed operation

-blocks while the referred PTC is alive

- does not block otherwise

~is the same as done on normal PTC

© Ericsson 2002011, | LZT 1237751 Un Rev RH | 2010421 | Page 161
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-] -]

TERMINATING COMPONENTS PTC STATE MACHINE

« MTC i when th ted testcase finishes A ereate/ereation of a non-alive PTC
. PTC terminates when the functlon that it is excuting has finished N 5 ') 4‘1..“{... match Lilled/no match
icit stop) or th p t is explicitly stpped/killed using the 2 Inactive TN e
stoplkill operation i ey onsn ilatagt 4o r { start/*compon nt executes fanchion®

_/ donefno match killed/no match
running/tue  aliveltrue

« PTCs cannot suwvive MTC termination: the RTE kills all pendng PTCs at
the end of each st case execution.

| "ruatime error*/error

« The stop operation releasesall resources of a ephemeral PTC; stop/* component terminates” (e ot 1) SOt
alive PTC resources are suspended but remainpreserved Kl componsat erminass” e e 1) 'F rv; D
. *remum from function*/"componeat terminates" \_Gwemo
« The kill operation releasesall resources of the PTC *completion of function®/"component terminates” | sertiorrer
K /—m, ull (soe note 200 kﬂlfn-llf»-m«lil
killed/m
.xmu-m
: s N y t
self.kill; // suicide of a test component s Wimfﬂ:i;‘:‘f;:ﬁ"’&fﬂ i e SOt o 4 W rom W it ot G s
ve A.stop; //terminating a component with reference vc A NOTE 2 Emﬁucznui‘:ﬂm sromerestcomponentony. -
= - can be from another test componert or from the test system (n eor cases
3 i i NOTE 3 Whenever atesl compnent enters s error state, the eror verdict e 1 s lacal vergict, the test
all component.stop;//terminating all parallel components gt inoeyihiy copismeysraaippepeb aeas cl vl the
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ALIVE PTC STATE MACHINE MTC STATE MACHINE

4 ereate alive/creation of an alive PTC

- ! done/no match killed/no match
runningfalse  aliveltrue ,»1 execute” creates the MTC" and *starts the testcase”
. | lnacuvc
stopf canponcnt #ops” Gws ote 2 Ghaaii sk RSltAls ket
= e R Prre Py [ running/rue  alive/tme
Wil comnponent terminates” (o vow 201, 7 \ duneno match killed/no match (" Bmoe unn: mg

runningirue  alivetre (B
| *runtime exror*/arror

Kill7 com ponent terminates” (i mte 14} stop/"coupouen temiales™ g

X starterror
/e | 77 MW companent teminates” o e
st Error OFD ol e i | | *Couplding ofhe ok s component e
stop/"componenl stops” Gemot k) [\ \ 1 start*compouent (o) dll from another componenterror |
run- e exror*ferror xS

turn from Fanct on"/” component terminates®
“completion of function” /" component terminates” spdisill oo s
h

l /] i
lum/mn.l fae.
ey Killed . = Stopped)

m.q/.m(n ) 5,
running fulse N
alivefalce

executes function”

¢ Killed
N ed

NOTE 1 (a) Stop can be efther a stop, self.stop, a siop from another test component,
(b) Kill can be either a ki, seif ki, a kil from another test component or a kil from the test system (in emor

NOTE 2. AKsanicg FTOS st be e as et ard e i ane termingies
NOTE 3 Whenever the MTS enters Its error state, the error verdict is assigned to its local verdict, the test case
terminates and the overalltest ¢ ase result will be error

Y Kl component terminates” Gee ot 28

NOTE 1. (3) Stop can be eier a stop, self.s1p of & S1Wp rom another Lest component,
) KA can be eMer 2 i, S&ia. 3 oM ancthertest omponent f 4 o th tes system (n emar

es)
NOTE 2. (a) S10p can be from anather est companent on
(D) Kil £:an be fmm another test COMPONRNE or fram the test system (In emor cases) only.
NOTE 3 Whenever a test component enters ls error state, the error verdict s assigned to s /0cal vercict, the test
ase terminates and the overall test case rasult will be error
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M N ok D Sta-vt b d"he

RELATIONSHIP BTW. COMPONENT TYPE, | H]
ROLE, REFERENCE EXAMPLE TEST CONFIGURATION
ey W T [vc_B.done; N

type component MTC CT {
port Interface PT p;
port StdIO_PT io;

¥ type component SYSTEM SCT {

port Interface PT p;

testcase tc_1() runs on MIC CT system SYSTEM SCT {
(4 map (mto:p, system:p) A CT B CT

1
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B o
DATA TEMPLATES
XI I . DATA T E M P LATE s « A template is a patttdn (model) that specifiesmessages.

A P for 9 g
- describes all ts of a g
UNDERSTANDING TEMPLATES - contains matching attributes; these can be imgined as extended
TEMPLATE MATCHING MECHANISMS regular expessions;
INLINE TEMPLATES - can only used to receivetrying to send amessage using a receive
MODIFIED TEMPLATES I dy ic test error.
PARAMETERIZED TEMPLATES sl for /

- may contain only precise values pomit;
=5 y specifies a ¢o be sent(but may also bereceived
when the expectedmessage doesnot vary).

PARAMETERIZED MODIFIED TEMPLATES

CONTENTS
»| »|
TEMPLATE MATCHING PROCEDURE TEMPLATE SYNTAX
Match © ‘template <type> <identifier- | formal parameter list | l
Successful | modifies <base tempate identifier> | := <body>

+ <type>can be any simple orstructured type;

match this template?
+ <body> uses the assignment notation for struatred types, thus, it may

E,g' contain nested value assignments;
= « the optiona formal list ins a fixed number of paameters;
the formal pa-amet;s be orvalues;
; « the optionad modifies keyword denotes that this template isderived
detailed from an existing <base templateidentifier>
description of the - cor hing expressi plates ard p. references
expected message shall be assigned to each field of a tmplate.

No match @
Unsuccessful
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SAMPLE TEMPLATE
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2]

MATCHING MECHANISMS

ltype record MyMessageType {

integer fieldl optional,
charstring field2,
boolean field3 };

template MyMessageType tr MyTemplate
(boolean pl_param) //formal parameter list

= { //template body between braces
fieldl := ?,
field2 := (”B”, "o", "Q"),
field3 := pl_param

© Ericsson 2002011, | LZT 123 7751 Us, Rev RH | 20130421 | Page 171

« Determination of the pted variants is done on a pe field
basis.

« The following possibilities exist on field level:
- listing accepted values;
- listing rejected values;
- value range definition
—accepting any value;
- "don't care" field.

+ The following possibilities exist on field value level:
—matching any element;
- matching any ber of iv
- using the functin regexp ()

© Ericason 2002011 | LZT 1237751 Un RevRH | 20130821 | Page 172

SPECIFIC VALUE TEMPLATE

VALUE LIST AND COMPLEMENTED VALUE =-
LIST TEMPLATES

+ Contains constant values oromi t for optional fields

— use the constant instead!
+ Applicable to all basic and structured types
« Can be sent andreceived

+ Template consisting of purely specific values iequivalent to aconstant

template integer Five := 5;

template MyRecordType SpecificValueExample := {
fieldl := omit,

field2 := false

Y

// Template with specific value and the equivalent constant

const integer Five := 5; // constant is more effective here
// Specific values in both fields of a record template

© Ericsson 2002011, | LZT 1237751 Un Rev R | 20140421 | Page 173

+ Value list t enlists all pted values.

« Complemented value list template enlists all values that witiot be
accepted. he

« Syntax is similarto that of value list subtype déinition.
« Applicable to all basic and structured types

// Value list template

template charstring tr_SingleABorC := (”A”, "B", "C");

// Complemented value list template for structured type
template MyRecordType tr_ComplementedTemplateExample := {
fieldl := complement (1, 101, 201),

field2 := true // this is a specific value template field
}:

© Eriesson 2002011, | LZT 1237751 Um Rev RH | 20150421 | Page 174

VALUE RANGE TEMPLATE

H

INTERMIXED VALUE LIST AND VALUE E-
RANGE TEMPLATE

charstring types (and typesderived from these).

range subtype:

+ Value range templatecan be usedwith integer, float and (universal)

+ Syntax of valuerange definition is equivaent to the notation d the value

// Value range

template float tr NearPi := (3.14 .. 3.15);
template integer tr_ FitsToOneByte := (0 .. 255);
template integer tr_GreaterThanZero := (1 ..

infinity);

template must bea single charader string:

* Lower and upper boundary of guniversal) charstring valuerange

// Match strings consisting of any number of A, B and C

template charstring tr PermittedAlphabet := ("A" .. "C");

© Ericsson 2002011, | LZT 1237751 U Rev RH | 20140421 | Page 175

« Value list template can becombined with value range template.
« The valuerange can bespecified as anelementof a value list:

// Intermixed value list and range matching
template integer tr_Intermixed := ((0..127),255);

// Matches strings consisting of any number of capital
// letters or "Hello"
template charstring tr_ NotThatGood :=

(("A".."Z"), "Hello");
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LZT 123 7751 Uen, Rev R1H

24



© Ericsson 2002-2011.

ANY VALUE TEMPLATE -2
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<]

ANY VALUE OR NONE TEMPLATE — *

« Matches all valid values for theconcerned template field type;
- does not match when theoptional fidd is omitted

- applicable to all basic and structuredypes.

« A template contairing ? field can NOT be sent

// Any value template
template integer tr_ AnyInteger := ?;
// Any value template for structured type fields

fieldl := complement (1, 101, 201),
field2 := ?
}:

template ype tr_('mm] d pla le :

+ Matches all valid values for theconcerned template field type;

« can only be used foroptional fields: accepts any valid value inclding
omi t for that field;

- applicable to all basic and structuredtypes.

« A template contairing * field can NOT be sent.

// Any value or none template
template bitstring tr_ AnyBitstring := *;
// Any value or none template for structured type fields

template ype tr_AnyValueO: le := {
fieldl := *, // NOTE: This field is optional!
field2 := ? // NOTE: This field is mandatory!

}i
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THE match () PREDEFINED FUNCTION

THE valueof () PREDEFINED FUNCTION

function match (<value>, <template>) return boolean;

<value> matches the given <template>.
* true is returned on success

« Thematch () predefined function can be usedé check if thespecified

// Use of match()
control {
var MyRecordType v_MRT := {
fieldl := omit, field2 := true
Y

else { log("no match") }
} // "match" has been written to the log

function valueof (<template>) return <type of template>;

+ The valueof () predefined function can be usd to converta specific
value <template> into a value.

« The returned value an be saved into a vaiable whose type is equivalent to
the <type of template-.

« Permitted for specific value templatesonly!

if (match (v_MRT, tx‘_IfPtesentExanple)) { log("match") }

// Use of valueof ()

control {

var MyRecordType v_MRT;

v MRT := valueof (t SpecificValueExample); // OK

Vv_MRT := valueof (tr IfPr le); // d ic error!!
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¥ A

© Erosson 2002011, | LZT 123 7751 Un Rev RH | 20140421 | Page 191

\
1o anplolih wism |

VALUES VS. TEMPLATES

fid Yowtdkaln;

-]

TEMPLATE VARIANTS

« Kind of values in TTCN-3

1 // literal value

const integer ¢ := 1; // constant value
modulepar integer mp := 1; // module parameter value
var integer v := 1; // variable value

* Specific value vs al {r ive) |

template integer t2 := ?;

template integer tl := 1; // specific value template

« Comparing values with values or templates

c¢==1and ¢ ==mp and mp == v // true: all values
tl == ¢ // error: comparing template with a value

valueof (t1) == v // true: tl may be converted to a value
match(mp, t2) == true // t2 can only be matched against mp
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« Inline templates

« Inline modified templates
« Template modification

» Template paameterization
» Template hierachy
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INLINE TEMPLATES
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MODIFIED TEMPLATES

« Defined directly in the sending or receiving operation
+ Syntax:

l[<type> : | <matching> 4]

« Usually ineffective, recommended to usén simple cases only
(e.g. receive any value of aspecific type)

// Ex1: value range of integer
portl_PCO.receive((0..7));
// Ex2: compound types (nesting is possible)
portl PCO.receive (MyRecordType:{ fieldl := *,
field2 :=? } );
// Ex3: receive any value of a given type
portl_PCO.receive (BCCH_MESSAGE:?) ;
\
Y »

// Parent template:
template MyMsgType t MyMessagel := {
fieldl := 123,
field2 := true
}
// modified template:
template MyMsgType t MyMessage2 modifies t MyMessagel :=
{
field2 := false
}
// then t MyMessage2 is the same as t MyMessage3 below
template MyMsgType t MyMessage3 := {
fieldl := 123,
field2 := false
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© Ericason 200201 | LZT 1237751 Un Rev RH | 20110421 | Page 196

b healiak

TEMPLATE PARAMETERIZATION (1)

TEMPLATE PARAMETERIZATION (2)

+ Valueformal parameters accept as actual parameter:
- literal values

k= module par

& variables

// Value parameterization
template MyMsgType t MyMessage
( integer pl_int, // first parameter
integer pl_int2 // second parameter
3
{ // template body follows
fieldl := pl_int,
field2 := t_MyMessagel (pl_int2, omit )
}
// Example use of this template
P1_PCO.send(t MyMessage(l, vl_integer_2))
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« Templateformal parameters accept as actual paameter:

- literal values
At

- > p & variables
+the ial val it, ing sy 1

¢, *etc.) and templates

// Template-type parameterization
template MyIEType tr_IEl(template integer pl_int) :=
( £f1 :=1, £2 := pl int }
template MyMsgType tr MyMessage
( template integer pl_int,
template MyIEType pl_IE

) =

{ fieldl := pl_int, field2 := pl IE }
// And its use:
P1_PCO.receive (tr_MyMessage(?, tr_IEl(¥*) ¥):
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TEMPLATE PARAMETERIZATION (3)

TEMPLATE HIERARCHY

« Parameterizing modified templates
- The formal parameter list of the parent template must be included;
- additional (to the parent list) paraneters may be added

template MyMsgType MyMessaged
( integer par_int, boolean par_bool ) :=

{
fieldl := par_int,
field2 := par_bool,
field3 := ’00FF00’'O

} // and

template MyMsgType MyMessage2
( integer par_int, boolean pdr_bool, octetstring par_oct )
modifies MyMessaged :=

{
field3 := par oct

}

template must be
fully repeated here!
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- Practical template structure/hierachy depends on
- Protocol: comgexity and structureof ASPs, PDUs
- Purpose of testing: conformance vsload testing
« Hierarchical arangement:
- Flat template structue — separate template far everything
- Plain templates refering to each otherdirectly

- Modified templates: new templates can balerived by modifyingan
existing template (provides a simple fornof inheritance)

- Parameterized ith value or formal parameters
— Parameterized modified templates
« Flat structure— hierarchical structue

- Complexity i 3 henf plates d

- Not easy tofind the optimal arrangement
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Xl A RACT
COMMUNICATION
OPERATIONS

ASYNCHRONOUS COMMUNICATION
SEND AND RECEIVE OPERATIONS
CHECK-RECEIVE AND TRIGGER OPERATIONS
PORT CONTROL OPERATIONS (START, STOP, CLEAR)
VALUE AND SENDER REDIRECTS
SEND TO AND RECEIVE FROM OPERATIONS
SYNCHRONOUS COMMUNICATION

CONTENTS

ASYNCHRONOUS COMMUNICATION

send receive
PTC
non-blocking blocking

© Eriosson 2002011, | LZT 1237751 Us Rev RH | 20130421 | Page 205

send AND receive SYNTAX

SEND AND RECEIVE OPERATIONS

+ <Portld>. send (<ValueRef>)
where <Portld> is the name of amessage port containing an out or inout
definition for the type of<ValueRef> and <ValueRef> can be:
- Literal value; constant, variablespecific valuetemplate (i.e.send
late) refe or exp! i

« <Portld> . receive (<TemplateRef) or <Portld>.receive
where <Portld> is the name of amessage port containing an in or inout
definition for the type of <Te and <T can be:
- Literal value; constant, vari ,émp ( ith hi
hani )r or exp! ion; inline |
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- Send and receiveoperations can be used onconnected ports

« Sending or receiving on a port,which has neither connections no
mappings results in test cae error

« The send operation is nonblocking

« The i permtion has blocking ti
(except it is usedwithin an alt or interleae statement!)

« Arriving day in thei ing queue of the destinationport

+ Messages ae sentand received in order

* The i penti ines the #
extracts this only ifthe

e on the ports queue but
the receive op: i
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SEND AND RECEIVE EXAMPLES

VALUE AND SENDER REDIRECT

MSG.send ("Hi!") ;

MSG.send (”Hello!”) ;
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« Value redi the matched ge into a \ariable

« Senderredirect saves the component refeence or address ofthe matched
message's originator

« Works with both receive and trigger

template MsgType MsgTemplate := { /* valid content */ }

var MsgType MsgVar;

var CompRef Peer;

// save hed by Msg late into MsgVar
PortRef .receive (MsgTemplate) -> value Mquz;

// objfain sender of m/saqe in gueue w/o wving ft

Por f . checkf(recei ate) -> ds Peexn) ;

// fextract MégType mpessage afid save it/ with its/Sender
ihar (

PgrtRef. tr; Type:?) /-> value MsgVar sepder Peer;
7 7
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send to AND receive from
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EXAMPLES OF ASYNCHRONOUS
COMMUNICATION OPERATIONS

+ Components A, B, C are of sametype

*Phas 2 ti and 1 mapping in
componentA

+ How does componentA tell the RTE that it
is waiting for an incoming message from
component B only? 7,

« How does A send a ge to l
system?

p.receive (TemplateRef) from B;
p.send(Msg) to system;
p.receive -> sender CompVar;

MyPort PCO.send (f_Myf 3(true)):;
MyPort PCO.receive (tr_MyTemplate(5, v_MyVar));
MyPort PCO.receive (MyType:?) -> value v_MyVar;

any port.receive;

»| >
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SUMMARY OF ASYNCHRONOUS E
COMMUNICATION OPERATIONS
L)
STATEMENTS
- SEQUENTIAL BEHAVIOR
Send a message send ALTERNATIVE BEHAVIOR
Receive a message RPN ALT STATEMENT, SNAPSHOT SEMANTICS
P GUARD EXPRESSIONS, ELSE GUARD
Trig)‘r on ayfen me?{e / ctby(x / ALTSTEPS
?‘ock for/ messag,‘n port qy‘e f(ock / DEFAULTS
INTERLEAVE STATEMENT
CONTENTS
» »|
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ALTERNATIVE EXECUTION - alt H
SEQUENTIAL EXECUTION BEHAVIOR FLAWS STATEMENT
« Unable to prevent blocking operatias from dead-lock g
i.e. waiting for someevent to occur, which does not happen « Go for the alternativethat happens soonest
« Alternative events @n be processed using thealt statement
- R A1l quates ave ety oal_t decrllaes a set of a!teJma(ivescovgring aJI events, which... i
P.send(x); // transmit x on P -> does not block _cantap?:" Lo ff I 2 = == =
T.start; // launch T timer to guard reception i ;zpten : dauw S - =
P.receive(x); // wait for incoming x on P -> blocks : <= i OFCT ‘?satlswsoun hess cmmo."
'}QDL { P Eimcit: // wait for T to.elapse « All alternatives insidealt are blocking operations
// ~** does not prevent eventual blocking of P.receive « The format of alt statement:
w 5 « Unable to hande mutually exclusive events alt { // declares alternatives
L% // 1%t alternative (highest precedence)
// x, y are independent events // 2 alternative
A.receive(x); // Blocks until x appears on top of queue A I
B.receive(y); // Blocks until y appears on top of queue B // last alternative (lowest precedence)
// ¥ cannot be processed until A.receive is blocking } // end of alt
» »
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i e l Syslam
P l

FORMAT OF ALTERNATIVES alt STATEMENT EXECUTION SEMANTICS M
« Alternatives areprocessed accordmg tosnapshot semantics -~ uﬂ&@‘() MIX“- a ? r

+ Guard condition bles or di the i - Alternatives in (snapshot) such hat eacl :

- Usually empty:[]1 equivalentto [true] alternative eventhas “equal chance’ .

5% tains a conditioni§ool ion} [x > 0] « alt waits for one of the d events to happen then ats L

~0 i ly the else key felse] — .1,9 branch corresponding statement block usingequentia behavior o & -
- Blocking operation (event): -i.e. only asingle declared alternative issupposed to happen Qk M

- Any of receive, trigger, getcall, getreply, catch, check, «alt guits after completing the actions related tcthe eventthat happened T

timeout, done orkilled first

—altstep invocation—> altstep « First alternative hashighest priority last has the least wké

- Empty in conjunctbn with [else] guard only - When no alternativesapply —> programming eror (not sound)— dynamic [
- Statement block: testcaseerror!

— Describes acti tob ited on rence « Question: What's the differencebetweenif and alt? UZ‘:AUU:QS

- Optional can be empty (ie. {} or ;)

»| >
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ALTERNATIVE EXECUTION BEHAVIOR E_ E
EXAMPLES SNAPSHOT SEMANTICS

« Take care of unexpected event:

-

. Take a snapshot reflecting current state of test system
2. For all alternatives starting with the 1st:

alt { a) Evaluate guard: false —» 2

[]1 P.receive(x) { /* actions to do */ } b) Evaluate event: would block — 2

[1 any port.receive { /* handle unexpected event */ } c) Discard snapshot; execute statement block and exit alt > READY
} 3. -1

Handle pected events but eent ion with time

P.send (req) : %

';'}lf.art; G o ~_ (event) i
i — 0 ve IH{
alt { i [a Ay b =

[] P.receive(resp) { /* actions to do and exit alt */ } i il :uw# | (o) —

[]1 any port.receive { /* handle event */; repeat } G uren i_
[1 T.timeout { /* handle timer expiry and exit */ } ¥[t3p X1 timer_x.timeout

) i i 3

[ P-reie (B) ) Ssdhvoctel pu
L1 preaie § W(M)
E%T tacnit {5 Wmm
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STRUCTURING ALTERNATIVE BEHAVIOR - E =-
altstep THREE USES OF altstep
« Direct invocation
« Collection of a set of - Expands dy ically to am1t
G “common’” alternatives + Dy ici ion from alt stat it:

( [ Formal parameter list ] ) + Run-time expansian —A further ives to theplace of i 2
2 ; « Invoked inline, inside alt « Default activation

<CbmponentT>] ::‘:me;:;:‘::i"“d L - ‘u . hment of activatedaltstep branches to the end of

s 55 each alt/blocking operation
Local Defi | parameterization

« Optional runs on clause
+ No return value
« Local definitions deprecated

Ml oo, J{¢
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SAMPLE altstep DIRECT INVOCATION

2011-04-21

w - g Atkalap( )

altstep\USAGE - INVOCATION IN alt

// Definition in module definitions part
altstep as_MyAltstep(integer pl_i) runs on My CT {
[1 PCO.receive(pl_i) {..}
[1 PCO.receive (tr_Msg) {..}
}
// Use of the altstep
testcase tc_101() runs on My CT {
as_MyAltstep(4); // Direct altstep invocation.
}
// ..as the same effect as
testcase tc 101() runs on My CT {
alt {
[1 PCO.receive(4) {..}
[1 PCO.receive(tr_Msg) {.}
}
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docahyefinttiprs I |
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ACTIVATION OF altstep TO DEFAULTS

- Altsteps can be used asDefault operations:

- activate: prepends an altstep with given acual parameters to the

current default contexf returns an unique default refeence

- deactivate: the given ence from the text
« Default ins a list psthat is implicitly appended:

- At the end of allalt statements exceptthose with else branch

— After all stand-alone blocking receive/timeout/done ... operations
+ Defaults areused for handling:

- Incorrect SUT behavior

—Periodic messages thatare out of scope of testing

- There are only dynamic defaults in TTCN-3

- The default context ofa PTC can entirelycontrolled runtime

?2, Racersz, Raouduy LAPD-ben
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USING ALTSTEPS: ACTIVATED AS DEFAULT

-~ H]
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STANDALONE RECEIVING STATEMENTS Va
alt

STANDALONE RECEIVING STATEMENTS Va
default

- Any standal iving stat
getreply, done, timeout) beh
into analt statement!

t{eceive, check, getcall,
identically as if it vas

MyPort PCO.receive (tr_MyMessage) ;

* ... is equivalent to:

alt {
[1 MyPort PCO.receive (tr_MyMessage) {}
}
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« Activated default branches ae app d to dal iving
statements, too!

var default d := activate (myAltstep(2));
MyTimer.timeout;

... is equivalent to:

alt {
[] MyTimer.timeout {}
[] MyPort.receive (MyTemplate (2))
{ MyPort.send (MyAnswer) ; repeat }
[]1 MyPort.receive
{ setverdict(fail) }
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MULTIPLE DEFAULTS

« Default branches areappended in the opp order ofheir activati
to the end of altso thatrecently activated defaut branches can
“override” elder branches

altstep asl() runs on CT {

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

altstep as2() runs on CT {

[1 PCO.receive (MgmtPDU:?) {}

}

var default dl, d2, d3; // evaluation order
dl := activate(asl()); // +d1

d2 := activate(as2()); // +d2+dl

d3 := activate(as3()); // +d3+d2+dl
deactivate (d2) ; // +d3+d1l

d2 := activate(as2()); // +d2+d3+d1l
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2011-04-21

XV. SAMPLE TEST CASE
IMPLEMENTATION

TEST PURPOSE IN MSC
TEST CONFIGURATION
MULTIPLE IMPLEMENTATIONS

CONTENTS

SAMPLE TEST CASE IMPLEMENTATION

FIRST IMPLEMENTATION W/O TIMING H-
CONSTRAINTS

-—m G r - .

CT CT

« Test purpose defined by MSC:
tester T - Simple requestresponse protocol
A - Answer timeless than 5s

- Result is pass fordisplayed operation,
otherwise the verdict shall be fail

© Ericsson 2002011, | LZT 1237751 Un Rev RH | 20130421 | Page 241

S g
)

testcase testl() runs on CT { « Test case test1 results emor verdict
map (mtc:P, system:P); on incorrect IUT behavior — test case
P.send(a) ; . t d
P.receive(x) ; Is not soun
P.send(b) ;
P.receive(y) ;
P. @) s tester wT
P.receive(z) ;
setverdict (pass) ; A
)
type port PT message{
out A, B, C;
in X, Y, %; \ error
} £ g 4
type osmponent CF ( ’ « Lower casemer]tlﬁers refer to valid
port PT P; data of appropriate uppercase type!
}
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SOUND IMPLEMENTATION

ADVANCED IMPLEMENTATION

testcase test2() runs on CT { type port PT message {

map (mto:P, system:P); out A, B, C;
P.send(a) ; in X, ¥ &

alt { 1
[] P.receive(x) {setverdict(pass)} type component CT {
[1 P.receive (setverdict(fail)} timer T := 5.0;
[] T.timeout {setverdict(fail)} port PT P;
1

}
Poeenate;
alt {
[] P.receive(y) {setverdict(pass)}
[} P.receive {setverdict(fail)}
[] T.timeout {setverdict(fail)}

« This test case works fine but its
operation is hard to follow

} 1 [ lines!
P.send(c); [T-start;]
alt (

[] P.receive(z) {setverdict(pass)}
[] P.receive {setverdict(fail)}
[] T.timeout {setverdict(fail)}
}

}
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testcase test3() runs on CT { altstep as() runs on CT {
var default d := activate(as()); |[] P.receive {setverdict(fail)}
[] T.timeout {setverdiot(fail)}
map (mte:P, system:P); }
P.send(a); T.start; type port PT message {
receive (x) ; aut
send(b) ; T.start; in X, Y, Z;
receive(y) ;
send(c); T.start;
receive (z) ;

}

LR

type component CT {
timer T := 5.0;
port PT P;

deactivate(d) ;
setverdict (pass) ;
} }

« This example demonstrdes one specific use ofdefaults
» Compact solutk ploying for handlig incorrect IUT
behavior
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