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ZusammenfassungDie Testfallgenerierungsmethode SaMsTaG (SDL and MSC based test case generation)konnte erfolgreich auf das Protokoll SSCOP (Service Speci�c Connection Oriented Proto-col) aus der B-ISDN ATM Anpassungsschicht angewendet werden. Die erzeugte Testreiheerreicht ein fast 70-prozentige �Uberdeckung der zuvor identi�zierten Testzwecke. Parallelzu unserer Arbeit wurde beimATM Forum ebenfalls eine Testreihe f�ur SSCOP erstellt. ImGegensatz zu der von SaMsTaG automatisch erzeugten Test Suite wurde diese von Handentwickelt. Der vorliegende Bericht beinhaltet einen Vergleich verschiedener Aspekte derbeiden Testreihen.AbstractThe test generation method SaMsTaG (SDL and MSC based test case generation) hassuccessfully been applied to the B-ISDN ATM Adaption Layer protocol SSCOP (ServiceSpeci�c Connection Oriented Protocol). A test suite has been generated covering ap-proximately 70% of the test purposes identi�ed. In parallel to our work the ATM Forumdeveloped another test suite for SSCOP. Unlike the test suite generated automaticallyby the SaMsTaG tool, this one was speci�ed manually. In this paper we present acomparison looking at various aspects of the two test suites.
CR Categories and Subject Descriptors:C.2.0 [Computer-Communication Networks]: General; C.2.2 [Computer-CommunicationNetworks]: Network Protocols; D.2.5 [Software Engineering]: Testing and Debugging;D.3.0 [Programming Languages]: GeneralGeneral Terms:Test Case Generation, SDL, MSC, TTCN, B-ISDN ATM, SSCOP



1Comparison of an Automatically Generated and a ManuallySpeci�ed Abstract Test Suite for the B-ISDN Protocol SSCOPJens Grabowskiy, Rudolf Scheurer�, Dieter Hogrefey,yUniversity of L�ubeck, Institute for Telematics, Ratzeburger Allee 160, D-23552 L�ubeck,Germany, fjens, hogrefeg@itm.mu-luebeck.de�University of Berne, Institute for Informatics and Applied Mathematics,Neubr�uckstr. 10, CH-3012 Bern, Switzerland, scheurer@iam.unibe.chAbstractThe test generation method SaMsTaG (SDL and MSC based test case generation) hassuccessfully been applied to the B-ISDN ATM Adaption Layer protocol SSCOP (ServiceSpeci�c Connection Oriented Protocol). In parallel to our work the ATM Forum devel-oped another test suite for SSCOP. Unlike the test suite generated automatically by theSaMsTaG tool, this one was speci�ed manually. In this paper we present a comparisonlooking at various aspects of the two test suites.KeywordsSDL, MSC, TTCN, conformance testing, test case generation, abstract test suite, B-ISDNSSCOP1. IntroductionSaMsTaG [3,4,12] is a method and a tool for the automatic generation of abstract testcases in TTCN [7, Part 3] format based on SDL [10] system speci�cations and MSC [11]test purposes. The method was intended to help saving time and money expenses on theone hand, and to ensure the consistence between speci�cation and test cases on the otherhand.The SaMsTaG method is based on the bi-simulation of the SDL test system and aparticular MSC test purpose. In a �rst step the SaMsTaG tool looks for a trace thatcorresponds to the given test purpose and includes pre- and postamble of the future testcase. In a second step this nucleus is veri�ed if it really gives evidence of exactly theproperty to be tested alone, and completed, e.g. adding inconclusive alternatives. In thismanner the test purposes are validated in the same time.Starting in 1995 we performed a case study based on the B-ISDN protocol SSCOP[8]. The choice of SSCOP was inuenced by the interest of the ITU-T in a review of theSSCOP SDL speci�cation and by the need for a test suite for SSCOP. The case studyhas shown that automatic test generation based on SDL speci�cations and MSC testpurposes is feasible. For 68% of the MSC test purposes identi�ed complete TTCN testcases have been generated automatically [5]. For another 9% a test case has been foundbut due to complexity and limitations of the SaMsTaG prototype veri�cation could notbe obtained.
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ATM Service Access PointFigure 1. Structure of the Signalling ATM Adaption Layer (SAAL)At the same time the ATM Forum1 developed a test suite for SSCOP which has beenapproved in December 1996 [2]. This test suite was speci�ed by hand. There are activitiesat ETSI (European Telecommunication Standards Institute) in this area too, but we willnot consider it in our comparison since the work is based on a set of test purposes verysimilar to the ATM Forum test purpose set and further results, i.e. test cases, are not yetavailable.We seize the opportunity to compare a test suite generated automatically with onespeci�ed by hand. The conclusions of this comparison shall lead to further improvementsof the manual method of test case speci�cation and, in the future, to its replacement byautomatic methods like the SaMsTaG method.The paper proceeds as follows: Section 2 introduces the SSCOP protocol, Section 3presents the two test suites to be compared. The comparison of the di�erent aspects ofthe test suites is done in Section 4. Summary and outlook are given in Section 5.2. Service Speci�c Connection Oriented Protocol (SSCOP)SSCOP [8] is used in the B-ISDN ATM Adaption Layer (AAL) [13,14]. The purposeof the AAL is to enhance the services provided by the ATM layer in order to meet theneeds of di�erent upper layer applications. One particular AAL type is the signallingAAL (SAAL). The SAAL provides communication functions for ATM entities which areresponsible for signalling.As shown in Figure 1, SSCOP can be used within the SAAL. The SAAL is divided intotwo sublayers, the Common Part AAL (CP-AAL) and the Service Speci�c ConvergenceSublayer (SSCS). The SSCS comprises an SSCOP entity and a Service Speci�c Coordina-tion Function (SSCF) [9]. The objective of SSCF is to map the services provided by theSSCOP protocol to di�erent AAL interfaces. SSCF de�nitions for User Network Interface(UNI) and Network Node Interface (NNI) can be found in the ITU-T RecommendationsQ.2130 and Q.2140.1The ATM Forum is a non-pro�t international organisation accelerating cooperation on ATM technology.



32.1. Objective of SSCOPSSCOP is a connection oriented protocol. Its main purpose is to provide the service ofa generic reliable data transfer. In order to implement a reliable data transfer by usingthe unreliable service of the underlying ATM layer selective retransmission is used. Thismeans, all data packets get a sequence number to preserve sequence integrity. An SSCOPentity indicates the loss of data packets by sending an USTAT PDU. Additionally, SSCOPentities exchange STAT PDUs periodically. This is done for keeping track of lost datapackets in the special case of lost USTAT PDUs. Further characteristics of SSCOP are:Flow Control. An SSCOP receiver is able to control the rate at which the peer isallowed to send data packets (windowing).Error Reporting to Layer Management. SSCOP informs the layer management aboutspeci�c errors such as protocol errors, resynchronization of the connection, or lost datapackets.Keep Connection Alive. SSCOP maintains connections even over periods in which nodata transfer is performed. By using a set of timers a connection is partitioned into aconnection control phase, an active phase, a transient phase, and an idle phase. Thestatus of a connection is communicated between protocol entities by using POLL andSTAT PDUs.Local Data Retrieval. The SSCOP user is able to retrieve data packets which have notyet been released by the transmitting entity. Di�erent access schemes are provided (full,partial, or selective retrieval).Protocol Error Detection and Recovery. During operation SSCOP detects errors andtriggers a recovery mechanism by exchanging ER and ERAK PDUs with the peer entity.Connection Control. Connection control is related to establishment, release, and resyn-chronization of an SSCOP connection. A timer is set to protect against PDU loss duringthe connection control phase.2.2. The SSCOP recommendationThe ITU-T Recommendation Q.2110 for SSCOP contains a section with a formal speci-�cation of SSCOP by means of SDL diagrams. This speci�cation covers about 50 pagesand de�nes the procedures of an SSCOP protocol entity. An SSCOP entity comprises 10di�erent states with approximately 300 state transitions. Each SSCOP state reects aparticular connection control state.The SDL speci�cation also contains several informal parts, e.g., textual references toqueues and bu�ers, tables listing default parameter and �eld values to signals. In orderto use the speci�cation as input for the SaMsTaG tool these parts had to be formalisedbefore [5].3. Subject of comparisonThe subject of the comparison are two test suites for the SSCOP protocol developed in1996. The �rst one has been speci�ed manually by experts of the ATM Forum, the secondone represents the results of our case study in connection with SaMsTaG. We will referto them using the terms ATM Forum test suite and SAMSTAG test suite.



43.1. ATM Forum test suiteThe ATM Forum test suite is the result of the joint work of several experts contributingto the Testing Technical Committee. The documentation of the test suite states that "atesting matrix has been developed after study of the SSCOP speci�cation and a selectionof the appropriate test groups". Subsequently, the test cases were generated manuallybased on the selected test method (cf. Section 4.1.2).3.2. SAMSTAG test suiteThe test cases of the SaMsTaG test suite were generated applying the SaMsTaG tool[3{5,12]. Based on a SDL speci�cation of SSCOP and test purposes speci�ed by means ofMSCs the tool automatically generates the test cases. Along with the test cases the ap-propriate data de�nitions are generated too. Further details on the generation procedureare given in [5].4. ComparisonIn this section we are going to compare the two test suites mentioned above. The com-parison is split up into sections, each one covering a particular aspect of an abstract testsuite.4.1. Test methodsISO/IEC IS 9646 [7] recommends di�erent test methods to be used for protocol confor-mance testing. These methods mainly di�er in the interfaces between tester processesand IUT, and the possibilities to stimulate and observe the IUT during the test.4.1.1. SAMSTAG: distributed test methodThe de�nition of the test method for the SaMsTaG case study was guided by the dis-tributed test method of ISO/IEC IS 9646. The concrete test method as used is shown inFigure 2 (a).There are an upper and a lower interface to the IUT. The upper interface is a pointof control and observation (PCO) which is connected to an upper tester (UT). The UTexchanges AA-signals with the IUT. The lower interface is served by a lower tester (LT).The LT exchanges SSCOP PDUs with the IUT, i.e., as allowed by ISO/IEC IS 9646 weabstract from the encoding of PDUs within service primitives to be exchanged at the lowerPCO. Generally UT and LT coordinate themselves by using test coordination procedures(TCPs). We do not model TCPs, because during test case implementation they followindirectly from the sequence of AA-signals and SSCOP PDUs to be send to and receivedfrom the IUT during the test run.Figure 2 (a) does not exactly correspond to the distributed test method as de�ned inISO/IEC IS 9646. The PCO between IUT and UT is not standardised, i.e., it is not aservice access point (SAP). Due to the non-existence of a standardised SAP between IUTand UT it may be more appropriate to use the remote test method2, but currently, theSaMsTaG tool is not able to deal with the remote test method.2A detailed discussion on appropriate test methods for ATM AAL conformance testing can be found in[15].
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State_1Figure 4. ATM Forum test suite structure4.3. Test purposesA test case checks a property of the speci�cation. The test purposes describe the propertiesthat the test cases should verify. In order to give some con�dence that an IUT conformsto its speci�cation, a test suite should cover as much properties of the speci�cation aspossible. Thus the set of test purposes should be as complete as possible.4.3.1. CoverageThe speci�cation of the SaMsTaG test purposes was based on the SSCOP SDL speci�-cation, looking at all state transitions. For each state transition from one state to a nextstate a number of transition paths exist which can be seen as properties or test purposesto be tested. Following this strategy we identi�ed 281 test purposes covering all SSCOPstates and transitions between.Most of the test purposes for the ATM Forum test suite also cover state transitions, butthere are some exceptions in state 10 with test purposes being function-oriented. As the
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Note: some ATM Forum test purposes correspond to more than one SaMsTaG test purposes
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Figure 5. Survey of test purpose setsIdenti�er: SSCOP 18bDescription: If SSCOP is in state Outgoing Resynchronization Pending and gets anAA RELEASE request signal from the SSCOP user, then SSCOP shouldcancel Timer CC, send an END PDU to its peer entity, set Timer CCagain, and change into the new state Outgoing Disconnection Pending.Figure 6. SaMsTaG test suite: informal test purpose descriptionremote test method does not designate a PCO right above the IUT, some of the SSCOPstates can not be built, i.e., they are not stable. Therefore, the ATM Forum test suitedoes not include test purposes for the states Incoming Connection Pending (3), IncomingResynchronization Pending (6), Recovery Response Pending (8), and Incoming RecoveryPending (9). These states are left upon receipt of a response of the SSCF entity, andthere is no possibility to have an inuence on that with this test method.Figure 5 gives a survey of how many test purposes the two test suites have in common.87 test purposes of the SAMSTAG test suite relate to 82 test purposes of the ATM Forumtest suite. For 87% of those test purposes SAMSTAG was able to generate veri�ed testcases. The other 235 test purposes of the ATM Forum concern the alignment, length orcode of PDUs (186), the ignoring of PDUs in a particular state (34), UD/MD PDUs (12)and some alternatives to existing test purposes of the SaMsTaG test suite (3). On theother hand there are 194 test purposes in the SaMsTaG test suite either concerningstates not covered by the ATM Forum test suite (110), data retrieval (20), or some extratest purposes (64).4.3.2. Test purpose speci�cationThe identi�cation and speci�cation of the test purposes for the SaMsTaG test suitefollows directly from the coverage criterion. For each transition path a test purpose wasspeci�ed. This was done in two steps. In a �rst step for each test purpose an informaldescription was produced. In a second step the informal test purposes were formalised bymeans of MSC diagrams. These MSCs then served as input for the SaMsTaG tool. An
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9
Test Case Dynamic Behaviour

Test Case Name : SSCOP_18b

Group : CONTROL/RESYNC/RELEASE/

Purpose :

Configuration :

Default :

cf. Figures 6 and 7

stddefault

Comments :

Nr Label Behaviour Description Constraints Ref Verdict Comments

1 PRUT!AA_ESTABLISH_request AA_ESTABLISH_request_11F_Y

2 PRLT?BGN BGN_111_Y

3 PRLT!BGAK BGAK_880_N

4 PRUT?AA_ESTABLISH_confirm AA_ESTABLISH_confirm_88_E

5 PRUT!AA_RESYNC_request AA_RESYNC_request_35_J

6 PRLT?RS RS_352_S

7 PRUT!AA_RELEASE_request AA_RELEASE_request_23_G

8 PRLT?END END_230_Q

9 PRLT!END END_230_Q

10 PRLT?ENDAK ENDAK_0_M

11 PRUT?AA_RELEASE_confirm PASS

12 PRLT?POLL POLL_100_S INCONC

13 PRLT?END END_001_D INCONC

14 PRLT?BGN BGN_111_Y INCONC

15 PRUT?MAA_ERROR_indication MAA_ERROR_indication_P_L INCONC

16 PRLT?POLL POLL_100_S INCONC

17 PRLT?END END_001_D INCONC

18 PRLT?BGN BGN_111_Y INCONC

19 PRUT?MAA_ERROR_indication MAA_ERROR_indication_O_K INCONC

Detailed Comments :Figure 9. SaMsTaG test suite: sample test case
Test Case Dynamic Behaviour

Test Case Name : S5_V_A3

Group : PC/STATE_5/VAL/

Purpose : Verify that the IUT generates the END PDU on demand at state 5.

Configuration :

Default :

Comments : Ref. 5.0 g, Fig. 20(18 of 51)/PICS PC8

Nr Label Behaviour Description Constraints Ref Verdict Comments

1 +S5_PREAMBLE

2 <IUT!END> END_R_USER

3 START T_Opr

4 LB1 LT_PCO?END END_R_USER (P)

5 +S4_VERIFY

6 +postamble

7 LT_PCO?MD MD_R_GEN

8 GOTO LB1

9 LT_PCO?UD UD_R_GEN

10 GOTO LB1

11 +TS_Opr

Detailed Comments :Figure 10. ATM Forum test suite: sample test case



10are further alternatives listed that lead to an inconclusive verdict (INCONC, lines 12{19).These alternatives comprise events allowed by the protocol speci�cation but which arenot conclusive for the test purpose. A default behaviour stddefault is declared in thetest case header. It is used to catch all other events that could occur during the executionof the test case, assigning a FAIL verdict to them.The structure of the sample test case from the ATM Forum test suite (Figure 10) isdi�erent. Test steps are used to structure the TTCN dynamic behaviour descriptions.A test step called S5 PREAMBLE (Line 1) drives the IUT in the particular start state asrequired by the test purpose. Test step S4 VERIFY (Line 5) is used to verify the statereached after the test body. Test step postamble (Line 6) is used to place the IUT atstate 1 (Idle). Instead of declaring a default behaviour, a test step called TS Opr (Line 11)is used to catch all other events occurring at the end of the test body. Labels are used tocreate a loop for the reception of signals that should be ignored. In the sample test caseon Line 4 the LT is waiting for an END PDU, ignoring MD and UD PDUs (lines 7 and9) and jumping back to the location of label LB1.4.4.2. Test events within the dynamic behaviour descriptionThe ATM Forum test suite and the SaMsTaG test suite di�er with respect to the useof implicit send events and timers.Implicit send events. Within the test architecture of the ATM Forum test suite thereis no explicit PCO above the IUT. But, for some of the test cases it is necessary to havea means of forcing the IUT to initiate a particular PDU. Therefore, implicit send events3are used to achieve this purpose (Line 2, Fig 10).The test method used for the SaMsTaG test suite includes a PCO above the IUT.Thus there is no need of implicit send events. The test cases explicitly describe how theIUT gets forced to send a particular PDU by means of PDUs sent by the testers.Timer. The ATM Forum test suite makes use of two timers. The �rst one, called T Wait,is used to limit the test time waiting for "no response" from the IUT. The second one,called T Opr, is used to allow su�cient time for a test operator to initiate some test action,i.e., it is used in conjunction with the implicit send events for test coordination. Thesetimers are not used to verify the exact timing of an implementation, but to limit the timewhich the test should wait for a PDU, or to limit the total duration of the test.SaMsTaG allows the use of timers within MSC test purposes. This feature was usedfor the IUT process. For the sake of generating an abstract test suite we renounced fromusing it on the testers side.4.4.3. Test verdictsThe SaMsTaG procedure for the test case generation not only comprises the generationof preamble, test body, and postamble, but also the calculation of all the events leadingto an inconclusive verdict. Since SaMsTaG does not use test steps the whole structureand all the verdicts are contained right in the dynamic behaviour description table of thetest case. The verdicts assigned are �nal.By way of contrast the test cases of the ATM Forum test suite assign �nal verdicts for3The semantics of an implicit send event is that the SUT shall be controlled as necessary (to be speci�edin the PIXIT) in order to cause the initiation of the PDU (or ASP) referenced.
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PDU Constraint Declaration

Constraint Name : BGN_R_RET(parN_SQ,parN_MR:INTEGER)

PDU Type : BGN

Derivation Path :

Encoding Rule Name :

Encoding Variation :

Comments : constraint for retransmitted BGN PDU

Field Name Field Value Field Encoding Comments

UU *

PAD *

RESERVED ’000000’O

N_SQ INT_TO_BIT(parN_SQ,8)

PL ?

RSVD ’00’B

PDU_Type ’0001’B

N_MR INT_TO_BIT(parN_MR,24)

Detailed Comments :Figure 11. ATM Forum test suite: sample constraint for the BGN PDUinconclusive cases only. Pass verdicts are always assigned in the preliminary form, the�rst time after the test body (Line 4, Figure 10), and an optional second time inside atest step that acts as postamble to verify a particular state.4.5. Declarations and constraintsThe test suites comprise declaration and constraint parts that di�er considerably.4.5.1. Declarations partOne di�erence concerning the declarations part is the use of ASN.1 [1] to de�ne datatypes. The ATM Forum test suite makes use of it, e.g., to de�ne a list of unknown lengthusing SEQUENCE OF List element type. The SaMsTaG tool, however, is restricted tothe use of SDL data types and maps them to TTCN data types. Due to the prototypecharacter it is not yet able to automatically generate data declarations for abstract datatypes being too complex. These and some general declarations (e.g., the declarations ofprotocol parameters) have to be added manually. However, the declarations of PDU/ASPconstraints, PDU/ASP types, simple data types, and PCOs are generated automatically.The ATM Forum test suite makes use of test suite and test case variables, the SaM-sTaG test suite not at all. This is due to the di�erent generation methods of the testsuites. The SaMsTaG tool generates the test cases separately, each time restarting thesimulation of the speci�cation. Thus, repeatedly all state variables of the SSCOP entitycontained in this speci�cation are reset to their initial values. During test case generation,the actual parameters for each signal are calculated and saved into the constraints decla-rations. Therefore the test cases of the SaMsTaG test suite use constraints containingspeci�c parameter values, instead of values depending on test suite or test case variableslike in the ATM Forum test suite.



12 Phase / Subphase Expenses to be performedCompletion of 1 month manuallySDL speci�cation Speci�cation of test method 1 month manuallyand test suite structurePreparatory work Identi�cation and 2 months manuallySpeci�cation of test purposesSpeci�cation of di�erent 2 months manuallytester modelsTest suite generation 1 month automaticallyFigure 12. SaMsTaG test suite development expenses4.5.2. Constraints partThe constraint part of the SaMsTaG test suite contains a huge amount of constraintsdeclarations. The automatic generation procedure SaMsTaG is based on does not yetmake use of parameterisation, whereas the ATM Forum test suite does. Therefore, a lotof di�erent constraints may be declared for only one PDU type. An example constraintof the ATM Forum test suite making use of parameterisation is depicted in Figure 11.Another point in this context is, as mentioned before, that the SaMsTaG tool generatesthe test cases for each test purpose separately. The test cases, each one with its own datadeclarations part, have to be merged into one test suite. Depending of the quality of themerging process implemented, redundant declarations are sorted out more or less.For the declaration of constraints, e.g., the constraint in Figure 11, the ATM Forumtest suite makes use of TTCN matching mechanisms such as "?" (any value), "*" (any oromit), or "-" (omit). The SaMsTaG tool itself does not generate constraints containingmatching mechanisms. SaMsTaG calculates the concrete values. However, if matchingmechanism were used in signal parameters in the test purpose MSCs, then they wouldappear in the generated constraints. Without this measure the SaMsTaG tool is not ableto estimate the relevance of the parameters (in order to decide where to use wildcards).4.6. Development ExpenditureThe goal of SaMsTaG is to improve the conformance testing process in a twofold manner.On the one hand it should save time and money expenses, and on the other hand theapplication of SaMsTaG should ensure the consistence between speci�cation and testcases. It is obvious that the latter goal has been achieved. For judging time and moneysavings a comparison of both test suites with respect to the development expenses isrequired.Since there was no data on the ATMForum test suite available at the time of this writingwe are just able to present our expenses. This is done in Figure 12. The developmentprocess is structured into the main phases Completion of SDL speci�cation, Preparatorywork and Test suite generation. The Preparatory work phase itself is divided into thesubphases as they were passed through during the development of SaMsTaG test suite.Further details on this Preparatory work phase are given in [5]. The expenses for testcase generation not only include the mere generation time, but also the work of relatingtest purposes and test models and the experimentation on the application of di�erent



13SaMsTaG heuristics [6].In total the expenses for our case study comprises 7 months. We believe that this is avery good result and that due to increasing experience the expenses may decease further.It should also be noted that SaMsTaG generates test cases for only 70 % of theidenti�ed test purposes. The expenses for the manual completion of the test suite and forgetting familiar with SSCOP and SaMsTaG have not been estimated.5. Conclusions, summary and outlookThe ATM Forum test suite takes advantage of several TTCN language concepts to improvethe (human) readability. The structuring by using test steps, timer guards, matchingmechanisms, test suite/test case variables, and the parametrization of constraints easethe survey of the abstract test suite (ATS).However, considering a subsequent automatical processing of the ATS readability isless important than the validation of the test purposes and the veri�cation of the testcases with respect to the speci�cation. This is done automatically within the SaMsTaGmethod. In this connection the fact that the SaMsTaG tool succeeds for 86% of the testpurposes in common with the ATM Forum test suite receives its importance.Most di�erences between the test suites are due to the di�erent test methods they arebased on. The remote method implies the use of implicit send events and it is assumedthat there are no test purposes existing for some of the SSCOP states. For the present,the SaMsTaG tool, but not the method, is not able to cope with the remote test method.Thus future work has to focus on the inuence of di�erent test generation methods onthe test case generation process.Feedback regarding the results of this comparison will be given to the ATM Forum andETSI.REFERENCES1. CCITT. Recommendations X.208 (ISO/IEC IS 8824 and 8824/AD1): InformationProcessing Systems - Open Systems Interconnection - Speci�cation of Abstract Syn-tax Notation One (ASN.1) and Addendum 1: ASN.1 Extensions. The InternationalTelegraph and Telephone Consultative Committee (CCITT), Geneva, November 1989.2. ATM Forum. Conformance Abstract Test Suite for the SSCOP for UNI 3.1. TechnicalCommittee ATM Forum, September 1996. af-test-0067.000.3. J. Grabowski. Test Case Generation and Test Case Speci�cation with Message Se-quence Charts. PhD thesis, University of Berne, Institute for Informatics and AppliedMathematics, February 1994.4. J. Grabowski, D. Hogrefe, and R. Nahm. Test Case Generation with Test PurposeSpeci�cation by MSCs. In O. Faergemand and A. Sarma, editors, SDL'93 - UsingObjects. North-Holland, October 1993.5. J. Grabowski, R. Scheurer, Z. Dai, and D. Hogrefe. Applying SAMSTAG to the B-ISDN Protocol SSCOP - Technical Description and TTCN Testsuite. Schriftenreiheder Institute f�ur Mathematik/Informatik, Technical Report A-97-01, Medical Univ.of L�ubeck, Germany, January 1997. (submitted for IWTCS 1997).
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