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Abstract
Pradice has down that concurrent TTCN is siitable to describe cmplex distributed conformance tests.
Unfortunately, the entire test behaviour may be distributed over several TTCN tables and dften it is difficult to
keep the overall view of the test case when reading TTCN. A combined use of MSC and TTCN may improve the
readability of test cases and make them more understandable. In this paper we discussthe use of MSC for the
specification of test purposes and the generation of MSCs from TTCN test cases.
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1. INTRODUCTION

The ISO Conformance Testing Methoddogy and Framework (CTMF) [1S96461:94] has been primarily
developed for the test of communicaion protocols and services. CTMF focuses on conformance testing, i.e.,
black-box testing of functional requirements of an implementation urder test (IUT) while performing
communication tasks.

Functional requirements define the interadions between a system under test (SUT) and atest system. An SUT
is a mmbination of an IUT, eg., an implementation of a protocol entity, together with an urderlying
communication service A test system comprises all software and hardware components necessary to run tests
against the SUT. Tests define sequences of stimuli to and the foreseen responses from an SUT.

The test spedfication language recommended by 1SO and ITU-T for the description of conformance test
suites for OS| protocols isthe Tree and Tabular Combined Notation (TTCN) [1S96463:96]. TTCN gives gatic,
dynamic and test spedfic information in form of tables containing textual information. Pradice has $own that
red test cases may consist of several hurdreds of TTCN tables. Pradice has aso shown TTCN is not very
intuitive, even if tools are used.

A posshility for improving the readability of TTCN test suites is a wmbined use of the Message Sequence
Chart (MSC) languege and TTCN. MSC is aformal languege recommended by ITU-T in Rec Z.120[Z.120.96],
i.e., in contrast to TTCN, MSC has a formal semantics definition based on basic process algebra [MR93,
Z.120B:95]. MSC can be daraderised as a trace languege which concentrates on message interchange of
communicating entities (such as rvices, processes, or protocol entities) and their environment. An advantage of
an MSC isits clea graphicd layout which immediately gives an intuitive understanding of the described system
behaviour.

Several attempts have been made to use MSC for test case spedficaion and test case implementation. These
attempts make use of the dea and intuiti ve understanding of MSC diagrams', but, have to ded with the problem
that MSC is not meant to be atest spedficaion and implementation language. In particular, concepts necessary
for expresgng testing purpases are not implemented. For example, there exists (&) no notion of test verdicts, (b)
no passhility to spedfy types and constraints, i.e., instances of PDUs and ASPs, (¢) no passhility to describe
variables and constants for test cases or test suites, and (d) no notion of test architedures, PICS, and PIXIT. Asa

! In the foll owing the breviation MSC is also used to refer to an MSC diagram. In case of ambiguiti es we will use the terms
MSC language and MSC diagram instead.



consequence, MSC is used dften in combination with other spedficaion languages for testing purposes(e.g.,
[GHN93] or [ETSI98]) which provide & least parts of the missng information or additional assumptions.
Furthermore, MSC languege extensions have been made in order to adapt MSC to the needs of testing (e.g.,
[GHNS95])).

Our intention is the other way round, we want to improve the readability of TTCN test suites and make them
more understandable by propasing a cwmbined use of MSC and TTCN. The MSCs explaining atest suite may be
generated in advance of, in paralel with, or, possbly by means of todls, after the TTCN test suite production.
There ae two reasons for a ambined use of TTCN and MSC. First, TTCN is used in standards for describing
abstrad conformancetest suites. Products claiming to conform to a protocol standard have to passatest based on
the wrresponding standardised abstrad test suite. All manufadurers of such a product have to implement the
corresponding standardised test suite. Manufadurers not using TTCN have to interpret the TTCN test cases and
(re-)implement them in their environment. Addtional MSCs may be helpful to avoid errors due to
misinterpretations of the test suite. Sewnd, the dynamic behaviour of a test case in concurrent TTCN is
distributed over several TTCN tables where every table mntains the dynamic behaviour of a single test
component. The combined behaviour of test components is not described explicitly since @ncurrent TTCN does
not provide means for representing the overall configuration of test components and the tempora ordering of test
events graphicdly. Combining concurrent TTCN with MSCs ®ams to be afeasible gproach to enhance the
readability of test case specifications.

In the following the use of MSCs for the spedfication of test purposes (Sedion 2) and the generation of
MSCs from TTCN (Sectiof) is discussed. The paper will conclude with a summary and an outlook (Sgction

2. SPECIFYING TEST PURPOSES BY USING MSCS

The most common combined use of MSC and TTCN is the test purpose (TP) spedficaion by means of MSC and
the following definition of the entire test behaviour by using TTCN. The TTCN development based on MSC TP
may be done manually or be supparted by tods [ETSI98, GSHD97, SEGHK98]. The foll owing two examples
taken from Intelli gent Networks (IN) [Th694] and Integrated Digital Services Networks (ISDN) [Hal94, Tan89
explain the use of MSC for TP description.

2.1 IN example

The oonformance test suite for the Intelligent Networks Applicaion Part (INAP) Capability Set 2 (CS-2)
[ETSI97] is currently under development within the European Telecommunication Standards Institute (ETSI). In
contrast to cather protocol standards, INAP CS-2 includes a normative and exeautable SDL spedfication.
Therefore it was decided to generate the INAP CS-2 TTCN test suite by means of tools.

The TTCN generation is based on a test suite structure and test purpose document [ETSI98a] on which the
relevant ETS|I committee has to agree The TPs are identified manually and described within an informal tabular
notation and as MSC. The MSC TP descriptions were developed by means of simulation, i.e., the SDL
spedfiction was smulated and the simulation run was recrded in form of an MSC, or spedfied manually. Pre-
and Postambles are referred to by means of MSC references and are dso dacumented in form of MSCs. In order
to automate the TTCN generation all message parameters have been included in the MSC diagram. The
following example may clarify the procedure.

Figure 1 shows the informal tabular description of the test case IN2_A_BASIC_AT_BV_02. The purpose is
to test a part of the Activity Test (AT) function of the INAP cagpability set 1 (CS-1) within INAP CS-2. The test
case startsin the state Originating Sable Two Party as indicated by the preamble O_S2P. After exeaution of the
test body (described by the entries Test description and Pass criteria) the system has to be driven bad into its
initial state. By performing the postamble SigConA_release_thenB al connedions are released. The
corresponding MSC TP representation is presented in Figure 2a° the referenced pre- and pastamble ae shown in
Figure 2b. Based on the SDL spedficaion and the presented MSCs the TTCN test case description in Figure 3
has been generated [ETSI98L]. Pre- and Postamble ae referred to by using TTCN test steps (which not shown in
this paper). By comparing the MSC and TTCN descriptions it can be seen that the MSC TP signal exchange
leads to #2ASSverdict.

2 For the sake of readability some of the message parameters have been omitted.



IN2_A BASIC_AT BI 01

Purpose: Test of invalid Activity Test (AT) invoke
Requirement ref.:
Preamble: O_S2P

Test description:

Activity Test invoke with argument sent by SCF to SSF during preamble

Pass criteria

SSF issues TC_error indicating unexpected Parameter

Postamble

SigConA_release_then_B

Figure 1 Informal INAP CS-2 TP description

TC_ContinueReq
[51, 0SSF]

TC_Continuelnd

msc O_S2P
SCF | [CS2_SSF| [sigCon_A] [SigCon_B]
Setupind
[{callRef 1, calledPartyNumber ...}]
TC_Beginind
[61, 0SSF, TRUE]
TC_Invokelnd
[101,51,IDP,TRUE,|...]
msc IN2_A_BASIC_AT_BI_01 [IZEl,;\,/;;e;é_.]
\ SCF \ \CSZTSSF\ \Sigc?n_A\ \SigCPn_B\ TC_invokeRe
0._S2P ] [2,51,2,CON, ..]
TC_ContinueReq
TC_InvokeRe [51, 0SSF] SetupReq
[3,51,3,AT,short]] [{callRef 2, calledPartyNumberl|...}]

msc SigConA_Release_thenB

B oSS, TRUE] | SCF | [cs2_SsF| [sigCon_A] [sigCon_B

TYC £ ’ ind Releaselnd

rrorin
= lIRef 1, '00'H
[3,61, TRUE,unexpected ParameterPar : Null] TCTEndInd {callRef 1, cause 1

‘ [51, basic, FALSE] ReleaseReq

[ SigConA_Release_thenB } [{callRef 2, cause 'OF'H}, senderRef]
(&) MSC TP (b) Pre- and Postamble of (a)

Figure 2 MSC representation of the TP descriptiofrigure 1

Test Case Dynamic Behaviour
Test Step Name: IN2_A BASIC_AT_BI 01
Purpose:
Default: OtherwiseFall
Nr [L. Behaviour Description Constraints Ref. Verdict | C.
1 +0_S2P
2 SCFITC_InvokeReq CIR_ActivityTest_001
(PIX_Invokel3,Tsv_Dialogldl)
3 SCF!ITC_ContinueReq C_TC_ContinueReq (Tsv_Dialogld1)
4 SCF?TC_Continuelnd C_TC_Continuelnd_001
(Tsv_Dialogldl)
5 SCF?TC_Errorind C_TCErrorindunexpectedParameterPar | (PASS)
(PIX_Invokeld3,TsvDialogld1)
6 +SigConA_Release thenB
Detailed Comments:

Figure 3 TTCN generated from the SDL in [ETSI97] and the MSCBigure?2




System A (A-Subscriber) System B (B-Subscriber)

maximal end-to-end delay
Application R - Application

Communication System

ISDN network

B channels B channels

D channel D channel

Figure 4 ISDN user interface
2.2 ISDN example

In ISDN [Hal94,Tan89] the basic subscriber interfaceprovides two 64kbps (kilo bits per second) B channels and
one 16 kbps D channel. The B channels are used by appli cations for data exchange. The D channel isasignalling
channel and used for the management of connedions between users or applicaion processes. Asauming that
communication of applicaion processes is bound by a maximal end-to-end delay, this quality-of-service (QoS)
requirement has to be enforced within the communicaion system (Figure 4). Whenever the end-to-end delay
bewmmes greaer than the negotiated end-to-end delay, the communicaion system should indicate the violation of
the QoS requirement to the gplicaions and abort the wnnedion (using the signalling protocol on the D
channel).

A test case for testing compliance of the mmmunicaion system on the B-subscriber® site with the aove
stated QoS requirement would involve threelower testers which control B and D channels on the A-subscriber
site and one upper tester which replaces the gopli cation processon the B-subscriber site. Lower and upper tester
arerunningin paralél, i.e., in concurrent TTCN they are described as test components. The test components have
to perform the following functions: connedion establishment on the D channel, QoS negotiation on the D
channel, data transmission on the B channels, and connection abort on the D channel.

The HMSC in Figure 5a provides an overall view of the test case behaviour. The functionality isindicaed by
means of MSC references. Stable testing $tatesdescribed by means of condition symbols.

The test case starts in the stable testing state disconnected. An ISDN connedion setup is performed. Thisis
done by using the ISDN signalli ng protocol on the D channel. The MSC in Figure 5b shows a refinement of this
procedure. After connedion establi shment when the system isin a connected state, the QoS parameters have to
be negotiated.

In order to put the SUT into normal operation during a cetain period d time, anormal data transfer hasto be
performed, i.e., all QoS parameters have to be kept. The behaviour of lower tester controlling and observing the
B channels comprises the sending and reception of data padets. Sending a data padket means that atime stamp is
generated and transmitted with the data padket to the SUT. Thisway, the SUT is able to cdculate the end-to-end
delay from the time stamp received and the local time of the receiver's clock

In the course of exchange of data padkets the test components controlli ng the B channels on the A-subscriber
site atempts to increase the end-to-end delay. This can be done by using an additional buffer for all messages to
be sent or by producing incorred time stamps. Eventualy, the SUT determines that the maximal end-to-end
delay is not further guaranteed. Therefore the mnnedion has to be @orted. Thus, the SUT indicaes the

3In ISDN the A-subscriber is meant to be the calling party. Thus, the B-subscriber is the called party.
“4 A stable testing state denotes a global system state where the system is stable until a tester process provides the next input.

5 For simplicity we assume that all clocks are synchronised.



disconnedion to the upper tester and sends an abort indication message to the lower tester which controls the D
channel. The test case ends mistonnected state.

The dynamic behaviour of two test components for the provided test case example is partly provided in
Figure 6 and Figure 7. The overal view and the communication between al system components is hidden in
several tables. Each table describes just part of the behaviour of one test component.

msc TestCaseOverview v

disconnected

I
[ISDN-ConneCtionSetUpj

I

connected

I
QoS-negotiation ]
‘ msc ISDN-ConnectionSetUp
NormalDataTransfer

‘ [LT-B1]| [LT-B2][LT-D] [SuT] [ uT |
I I I I I
QoS-Violation ]
‘ disconnected
v v Setup
EQOS-Violation] [Errorlndication] SetupAck Setup
A A Connect Connect
I
[ ISDN-Disconnection ] ConnectAck ConnectAck
I
disconnected connected
N e g g e
(a) Test case overview (b) Detailed ASP exchange (partially)

Figure 5 MSC description of the ISDN test case example

Test Step Dynamic Behaviour
Test Step Name: B-LT
Default:
Nr | Label Behaviour Description Constraints Ref. | Verdict | Comments
1 CP1?CM1 C_Connected RECEIVE
2 |L1 Start T1 Timer op.
3 ? TIMEOUT TIMEOUT
4 +QoSViolationl ATTACH
5 LIDATAreq C_Data SEND
6 GOTO L1 GOTO
Detailed Comments:

Figure 6 TTCN test step description for Lower Tester B Channel

Test Step Dynamic Behaviour
Test Step Name: D-LT
Default:
Nr | Label Behaviour Description Constraints Ref. | Verdict | Comments
1 [disconnected] Boolean
2 +ISDN_ConnectionSetUp ATTACH
3 [connected]
4 CP1!ICM1 connected SEND
5 +ISDN_Disconnection
Detailed Comments:

Figure7 TTCN test step description for Lower Tester D Channel



Both, the IN and the ISDN example show that the MSC language is alitable to increese the readability of test
case descriptions. HM SCs provide agraphicd means for an abstrad overall view of the test case behaviour and
MSCs can be used to describe more detailled communicaion aspeds, i.e., the mncrete message exchange
between SUT and test components.

3. GENERATING MSCS FROM TTCN
The second possibility of a combined use of TTCN and MSC is the generation of MSCs from TTCN test cases.
3.1 Simulation instead of mapping

The ntrol flow of a TTCN test case might be very complex and, in case of concurrent TTCN, be distributed
over severa test components. The different test components co-ordinate themselves by exchanging co-ordination
messages (CMs) at co-ordination points (CPs). CPs are meant to be FIFO queues, i.e., the communication is
asynchronous like the inter-process communicaion of SDL. In general, there is no one-to-one relation between
the description of CM send events and the corresponding CM recave events. This one-to-one relation is a
prerequisite for a direct mapping from TTCN to MSC. Therefore, such a direct mapping cannot be provided.

However, the visualisation of TTCN by means of MSCs can be redised by using a simulation approach. The
test case to be visualised has to be simulated, the traces have to be recorded and the trace &ents can then be
mapped onto an MSC.

The atire gproadc is of course to generate dl test event traces leading to a final test verdict and to map
these traces onto MSC diagrams. This means that the visualisation of a TTCN test case is represented by a set of
MSC diagrams. If the TTCN test case includes loops, the number of traces and, thus, the set of MSCs visualising
the test case may be infinite. For these cases only finite prefixes of the traces are considered for visualisation.

Within the set of MSCs visuaising a test case three subsets can be identified. Eadch subset includes MSCs
which describe test event sequences leading to one of the three TTCN test verdicts, i.e., we can distingush MSCs
leading to PASS, INCONCLUSIVE, and FAIL verdicts.

The problems related to our simulation approach are wmplexity due to the TTCN interleaving semantics,
implicit complexity and the influence of data on the behaviour description.

Simulation based on interleaving Semantics
The TTCN simulation should be based on the standardised TTCN snapshot semantics. This €mantics can be
interpreted as an interleaving semantics, i.e. parallelism is described by interleaved sequences of test events.

A problem of interleared event sequences and the MSC representation is that an MSC describes a partialy
ordered set of events. Thus, al interleaved sequences of events belonging to the same partial order will be
mapped onto identicd MSCs. An example taken from Inres [Hog91] may clarify this. Figure 8 and Figure 9
spedfy the dynamic part of atest case for testing the Initiator part of the Inres ystem.The expeded test run for
getting a PASSverdict is sown in Figure 10.° For readability the runis lit up into threeMSCs cdled Setup,
DataTransfer and Release. DataTransfer can be interpreted as test body which uses the preamble Setup and
the postamble Release. The test configuration (Figure 11) consists of an upper tester (UT) which aso is the
main test component (MTC), a lower tester (LT) which is redised by a paralel test component (PTC) and an
SUT consisting of an Initator entity and an urderlying Medium service The points of control and observation
(PCOs) used to exchange data between UT and SUT and between lower tester and SUT are ISAP and MSAP.
UT and LT co-ordinate themselves by exchanging co-ordination messages (CMs) at the m-ordination point
CM1.

The intention of the test case is to ched if the Initiator buffers a data padage while it waits for the
adknowledgement of the data padkage sent previously. The expeded test runis that the UT creaes the LT, and
after connedion establishment (Figure 10b) the UT sends the first data padkage (DATreq[1]) to the SUT which
transmits the padkage to the LT (DT in Figure 10a). The LT indicates the receotion of the first data padkage via
the CM RecDAT to the UT. On reception of RecDAT the UT sends the second DATreq to the SUT and the
CM SendDAT to theLT.

% Inconclusive and fail cases of the test case ae treaed in the default behaviour descriptions which are not presented in this
paper.



Test Case Dynamic Behaviour
Test Step Name: InresTestCaseExample
Configuration: ConfigOne
Default: OtherwiseFall
Nr | Label Behaviour Description Constraints Ref. | Verdict | Comments
1 CREATE(LowerTester,PTCDescription)
2 ISAP!CONTreq
3 ISAP?CONCconf
4 ISAP!DATreq (DATreq.S:=1) DATreqdef
5 CP1?RecDAT
6 ISAP!DATreq (DATreq.S:=2) DATreqdef
7 CP1!SendDAT
8 CP1?CorDAT (PASS)
9 ISAP?DISind
Detailed Comments:

Figure 8 Inres example main test component (MTC)

Test Step Dynamic Behaviour
Test Step Name: PTCDescription
Default: OtherwiseFail
Nr | Label Behaviour Description Constraints Ref. | Verdict | Comments
1 MSAP?CR
2 MSAP!ICC
3 MSAP?DT (S:=DT.S) DTdef
4 CP1!RecDAT
5 MSAP?DT [S=DT.S] DTdef
6 MSAP?DT [S=DT.S] DTdef
7 MSAP?DT [S=DT.S] DTdef
8 CP1?SendDAT
9 MSAP!AK (AK.Nr:=S) Akdef
10 MSAP?DT [DT.S=S + 1] DTdef
11 CP1ICorDAT
12 MSAP!AK (AK.Nr:=S+1) | Akdef
13 MSAPIDR
Detailed Comments:

Figure 9 Inres example parallel test component (PTC)

The LT waits until the third repetition of the transmisson of the first data padkage and chedks that the second
data padkage was @nt during the threerepetitions. Then the LT adknowledges the first data padkage (AK[1]) and
consumes the second data padkage (DT[2]). Afterwards the LT indicaes the wrred receotion of the two data
padkages to the UT (CM CorDAT) and adknowledges the receotion of the second data padkage (AK[2]). Finally
the connection is releasdeigure10c).

By simulation of the presented TTCN, more than 9000test event traces al | eading to a PASSverdict can be
generated. A posshility to avoid the explosion of interleared event tracesis partial order simulation as presented
in [TGH95] for SDL specifications.

Implicit complexity

For test cases of the same test environment, often only a few things change. To avoid the duplication of identicd
parts common data types, variables, default constraints descriptions, preanbles, postambles, default behavior
descriptions, or even complete test components are often colleded in amodule and bind to the test case before its
compil ation and exeaution.” The imported definitions and behaviour may be very complex and, therefore, a test
case which looks very simple may have a very complex behaviour.

" The latest version o the TTCN definition takes this fad into ac@urt by allowing definition, import and export of TTCN
modules.



msc DataTransfer msc Setup
uT SUT
uT SUT LT
e | [ s ] LT [ mrc ] [ res | [ Prc]
ffffffffffffffffff
CONreq CR
[ Setup ]
CcC
CONconf
DATreq [1] —‘—‘ DT [1]
| = | ] |
RecDAT X O RecDAT
‘ > DT [1] (b) Preamble
DATreq [2] . . DT [1]
j DT [1]
SendDAT O O SendDAT
AK [1]
DT [2]
CorDAT O CorDAT msc Release
AK [2] uT SUT LT
MTC Inres PTC
[ Release ] ) DR
DISind
(a) Testbody (c) Postamble

Figure 10 Expected test behaviour as MSC

CP1
uT LT

% ISAP 8) MSAP
. SUT
Initiator

Medium

Figure 11 Inres example test configuration

Data influence

TTCN suppats the definition and use of test suite and test case variables. Variable values and the values of
message parameter® may influence the behaviour of test cases. For the simulation of a TTCN test case the values
provided by the SUT cannot be predicted. This problem can be tadkled by providing values manually or by using
a simulator which is able to handle symbolic values.

3.2 MSC representation

Normally, when spedfying systems or defining test purpases, the MSC description focuses on the system to be
spedfied or the system to be tested, i.e., system or SUT axes are placed in the midde and environment or test
componentixescanbe found at the bordersof the diagram.For the visualisation of TTCN test cases, this view

8 TTCN distinguishes between three types of messages: co-ordination messges (CMs), abstrad service primitives (ASPs)
and protocol data units (PDUs). CMs are exchanged among test comporents, ASPs and PDUs are exchanged between test
components and SUT.



msc InresVisualisationl msc InresVisualisation2
ISAP uT CP1 MSAP ISAP uT MSAP
[PCO | [MTC | [ CP | LT | PCO | | PCO | | MTC | LT PCO
fffff - - > PTC | - - - - ] - - pTC
CONreq CR CONreq CR
CONCconf CcC CONconf CcC
ATreq[1] DT [1] DATreq[1] DT [1]
ecDAT ecDAT DT 1 RecDAT DT [1]
ATreq[2] . DT | DATreq[2]
DT [1] DT [1]
SendDAT o oAt DT[] SondDAT DT [1]
AK 1] AK [1]
DT [2] DT [2]
CorDAT CorDAT AK [2 CorDAT AK [2]
DISind 2 DISind
DR DR
| I I | ] [ ] ] [ |
(a) Testbody (c) Postamble

Figure 12 MSC visualisations of the Inres example test case leading to a PASS verdict

has to be changed. A TTCN test case describes the cmmmunication among test components at CPs, and between
test components and their environment at points of control and olservation (PCOs). A test case provides no
information about internal structure and communication of the SUT.

Within an MSC visualising a test case, we may represent test components, PCOs and CPs. An MSC lealing
to a PASSverdict with these componentsis $own in Figure 12a. The mapping of test event sequence generated
by means of simulation onto an MSC is straightforward:

e TTCN CREATE events are mapped onto MSC CREATE

¢ TTCN send events are mapped onto MSC message outputs (start of a message arrow)

e TTCN receive events are mapped onto MSC message inputs (head of a message arrow)

¢ Missng MSC message inputs and outputs describe the communication with the test case environment and can

be added automatically, because the involved PCOs are mentioned in TTCN send and receive events.

TTCN assignments are mapped onto MSC tasks.

e TTCN timer operations are mapped onto MSC timer operations (the READTIMER operation has to be
mapped onto an MSC task)

e TTCN qualifiers may be described by means of MSC conditions or comiremds,

¢ Entry and exit points of TTCN tree attachments may be indicated by MSC conditions or comments
The representation of a CP within an MSC might be alittle mnfusing because aCP is just a FIFO queue

between two test components and does not provide much new information. For the visuali sation we may abstrad

from CPs as gown in Figure 12b. With the help of todls other views which abstrad from certain aspeds of atest

case description may be generated with the help of todls. An example of such a view might be an MSC which

include only axes for the test components (communicaion with PCOs may be indicated by using tasks), i.e.,

concentrates on the communication among test components.

4. SUMMARY AND OUTLOOK

We discussed the use of MSCs for improving the readability TTCN test cases. If MSCs are used for test purpose
description, i.e., before the TTCN production, commercial todls already exist which suppart or even automate the
generation of TTCN.

Our approach for the generation of MSCs from TTCN test cases is based on the simulation of the test cases.
The simulation runs are recorded and can then be mapped onto MSCs. This means, that in general, a TTCN test

° Due to lack of space assignments and qualifiers are not visualiSilie12.



case is visualised by a whole set of MSCs. The problems of our simulation approach are complexity due to the
TTCN interlearing semantics, implicit complexity inherited from modules which are common for an entire test
suite, and the influence of data and message parameter values on the test case behaviour. Some of these problems
can be tadkled by using partial order simulation and symbolic values for simulation. The mapping of the
simulation runs onto basic MSCsis graight forward. A part of the simulation approach has been implemented in
a student thesis [Heg95]. Experiments with the prototype were promising, but also emphasise the mmplexity of
test cases written in concurrent TTCN.

Our future work will focus on solving the problems mentioned above and aso on the generation of MSCs
with more complex constructs (e.g., inline expressions, MSC references) and HMSCs.
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