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Evaluation of some test generation tools on a real protocol example 
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Abstract : we present the results of a test generation experiment for the GSM MAP protocol. 
We analyse how the official ErSI SDL specification must be completed and transformed to fit 
the requirements offour test generation tools. Then we compare and contrast the test suites 
which are obtained, and we analyse the key problems that remain to be solved in order to ob
tain operational results. 
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1 Introduction 

Research in automatic test generation is currently very active, as can be inferred from the pub
lication of many test generation methods based on various specification models. Among the 
most popular ones, we can mention the methods based on finite automata [Fujiwara 91], on la
belled transition systems [Brinksma 88], on abstract data types [Gaudel 92]. 

Most of these methods allow sound and efficient test cases to be generated. However they usu
ally require non-standard formal specifications of the systems to be tested. They lead to very 
large test suites and the tools which support them do not always allow realistically large speci
fications to be handled. This can explain why, up to now, these methods have hardly been ap
plied to produce operational test suites, at least for telecommunication applications. 

However, some attempts have been made to develop methods and tools which do work from 
standard specification languages, are able to handle realistic applications and produce a reason
able number of test cases. To reach these objectives, tradeoffs must be made between accepting 
a reduced coverage of the specification, putting some limitations on the specification con
structs that are accepted by the tools, and allowing the test generation process to be manually 
assisted if some parts of the test suite cannot be computed easily. In this category of tools we 
can list GTS and STG tools [Kelly 93] (from British Telecom Laboratories) and TELVIS 
[Rouger 89] and TVEDA [Phalippou 90] (from France Telecom-CNET). 
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In order to assess the usefulness of such tools, it is necessary to experiment with them on a real 
protocol example, and to evaluate how far we are from applicable results. We report such an 
experiment in this paper. 

We comment briefly on the choice of the example (the MAP protocol from GSM european mo
bile telephone system) and we describe the experiment: completion and transformation of the 
original ETSI specification, brief presentation of the tools, summary of the results. Then we 
analyse the lessons of this experiment, trying to aknowledge what has been achieved so far and 
to analyse the key problems that still have to be studied. 

2 Experiment description 

Let us begin with an overview of the experiment that has been performed. 

2.1 The experiment 

In order to evaluate the capabilities of GTS, STG, TEL VIS and TVEDA, we took as an exam
ple the Mobile Application Part (MAP) protocol specification which is defined in the context 
of the Global System for Mobile Communications (GSM). 

The MAP specification is composed of about 700 lines of SDL/pR, including labels, proce
dures and dynamic process creation SDL constructs. The specification is concise and complex 
and is a good reference for testing the capabilities and the limitations of the four tools. It is also 
an interesting example because test suites for MAP are currently being produced at ETSL 

2.1.1 The MAP protocol 

The ETSI document [ETSI 92] specifies the operational version 2 of the MAP protocol de
signed to support services and facilities provided in phase 2 of GSM implementation. 

MAP is an application protocol which is used by the signalling procedures managing the ex
change of information between a Mobile Service Switching Center (MSC) and the databases 
VLR and HLR (Visitor Location Register and Home Location Register) containing the charac
teristics of the Mobile Station (MS). 

MAP consists of a set of MAP services which are provided to MAP service-users by a MAP
service provider. The MAP-service provider makes use of the services offered by the Transac
tion Capabilities (TCAP) of CCITT Signalling System n.7 which refers to a protocol structure 
above the network layer interface (Le. the SCCP service interface, see figure 1). 

2.1.2 Test architecture 

MAP services are used by GSM signalling procedures. When such a procedure takes place in 
the network, an application process invocation is created in each system component involved. 
Part of the application process invocation acts as a MAP user and handles one or several MAP 
dialogues. For each dialogue it employs an instance of the MAP service provider. 

The test architecture [ETSI 94] [Berkhout 90] is described in figure 2. The test system simu
lates the behaviour of an MSC. The implementation under test consists of the MAP part of a 
VLR. The upper tester is composed of a set of MAP-user procedures which is described as if a 
set of interworking functions (IWF) between the MAP-user and other protocol entities was im
plemented. 
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The SDL specification we started from, describes a system which includes three blocks: 
MAP _user, MAP yrovider and TCAP. For the experiment, emphasis has been put on the 
MAP yrovider block whose description is shown on figure 3. It is composed of three process
es: 
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Figure 3: architecture of the SDL specification 

1. the MAP DSM process which handles a dialogue. There exisls one process instance per 
MAP dialogue. 

2. the PERFORMING_MAP _SSM process which handles a MAP service performed during a 
dialogue. Instances of this process are created by an instance of the MAP _ DSM process for 
each MAP service to be performed. 

3. the REQUESTING_MAP _SSM process which handles a MAP service requested during a di
alogue. Instances of this process are created by an instance of the MAP _DSM process for 
each requested MAP service. 

A process MAP DSM exchanges external signals with the MAP user and the TCAP blocks 
and internal sigilals with the other processes of the MAP yrovider block.The external signals 
are either MAP service primitives or TCAP service primitives. 

2.1.4 Identification of the system under test 

Due to insufficient time being available to formalise the complete MAP specification, a sub 
system of the complete system under test was chosen for the experiment. The MAP_provider 
block was chosen because it was seen to be the most interesting for testing i.e. the core of the 
system behaviour. 

For the experiment, the MAP_provider block represenls the system under test. It is connected 
to ils environment with four channels VI, V2, PI and P2. The channels are identified as the 
PCO's [ISO 9646]. Because we only consider a subset of the true system under test it is not 
possible to make a direct comparison between our resulls and ETSI test cases for MAP. 

2.1.5 Completion of the specification 

The specification of the MAP_provider which is in the ETSI document has most of the behav
ioural aspecls formally described, although the data aspecls are totally informal. 
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For this experiment, the first effort was to formalize the data aspects of the specification. This 
was done without taking into account the limitations of the test generation tools, in order to see 
the limitations of the tools when applied to a real example and to have a good basis for the im
provement of the tools. 

When formalized, the specification needed to be validated. We used an in-house CNET simula
tor [Cavalli 88] which allows validation of a specification by two approaches: exhaustive anal
ysis and interactive simulation. This allowed some errors to be detected and reported to ETSI 
and ensured that the test generation study was performed with a specification which had a good 
level of correctness. 

2.1.6 Transformation of the specification 

The specification has been transformed into a format supported by the four tools. The SDL 
constructs not supported by the tools were mapped into supported constructs as accurately as 
possible. Some examples are as follows: 

1. The Join construct was replaced by replicating parts of SDL transitions. 

2. Procedures were expanded out so that the procedure behaviour was inserted into process be
haviour wherever a procedure call is made. 

3. Dynamic Process Creation was replaced by having a number of statically instantiated proc
esses. An interesting feature of the MAP specification is that no limit to the number of dy
namically created processes is stated. The transformed specification may therefore be 
regarded as incomplete in this respect. Although it has been suggested that several instanti
ations of each process should be defined, this would not lead to significantly better coverage 
than just a single instantiation of each. Therefore, in order to limit the complexity, just one 
process of each type has been defined. 

4. User defined data was converted to pre-defined types. In the case of user defined literals, 
these were simply encoded as unique integer values. After test generation any such values 
appearing as parameters in the test suite could easily be replaced with the appropriate liter
als. 

5. Timers were modelled using SDL signals. When a timer is started a unique signal is sent to 
the environment. Timer expiry is represented by input of a corresponding signal. These spe
cial signals would be detected in the resulting test suite and replaced with appropriate 
TICN timers. It is recognised that this transformation is not strictly in accordance with the 
SDL semantics, although timers are difficult to test whichever method is used. 

2.2 The tools 

2.2.1 TELVIS 

T-ELVIS [Rouger 89] [Rouger 92] is a fully automatic test case model generator from SDL 
specifications. A test case model is defined by a set of processes which model sequences of in
put signals to be received and output signals to be sent on the interfaces of the implementation 
of the system under test. It describes a specific behaviour of the system environment. Data val
ues associated with signals are not automatically computed, but a set of constraints on data val
ues is automatically provided by T-ELVIS. We plan, for the future, to study the connection of 
T-ELVIS to a data constraints solver. 

The test selection strategies which are implemented in T-ELVIS are based on the exploration of 
the structure of an SDL process specification. T-ELVIS statically splits an SDL process graph 
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into paths according to criteria called metrics. Each path begins at the START state of the proc
ess and ends at a state determined by the metric. At the time being, two metrics are implement
ed: the first one consists of extracting paths without looping twice on the same SDL state; the 
second one consists of not looping twice on the same state and the same transition. 

Extracted paths are then split between the different interfaces of the SDL process (we assume 
that there exists one SDL channel per PCO) and complemented (inputs are transformed into 
outputs and vice-versa) in order to specify the behaviour of the processes within the environ
ment of the SDL process. 

T-ELVIS produces the test case models either in the SDL language or in an in-house CNET no
tation which is called LEM [Langlois 90] and for which exists a test execution environment. 

The structural based method implemented in T-ELVIS has the advantage of producing a finite 
number of test models. The length of the test suite depends on the structure of the SDL specifi
cation and the metric which is chosen. In order to generate a reasonable number of test cases, 
appropriate specification writing rules have to be respected. 

T-ELVIS is built upon the CONCERTO/SDL environment [Camacho 89]. It works on an inter
nal representation which is built upon the semantic and syntaxical internal representation of an 
SDL specification in the CONCERTO environment. Thus, test generation is performed if and 
only if the SDL specification has a certain level of correctness. 

2.2.2 TVEDA 

TVEDA is an automatic test case generator for conformance testing, which is the process of 
verifying that a particular implementation satisfies a given specification. The definition of such 
a test suite must take into account many parameters, such as the test architecture, testers re
quirements or test case design for instance (for more details see [ISO 9646]). Thus TVEDA 
takes as input a model of the implementation, in our case the SDL formal description of the 
MAP protocol, and a description of the test architecture and other test information as it has 
been describe in the previous section. An SDL specification can be considered as an automaton 
(states and input/output transitions) extended by data. This model, called extended finite state 
machine (EFSM), is the kernel of TVEDA strategy. 

The strategy TVEDA currently uses for generating tests for one EFSM has been inspired from 
the test strategy used manually for low-layer protocols such as ISDN D protocol: one test is 
created for each extended transition. Starting from the initial state of the EFSM, a preamble 
brings the ruT into the start state of the extended transition (step 1). Then the transition is acti
vated, the output from the ruT is checked (step 2), and a check sequence checks that the final 
state of the IUT is correct (step 3). Actually, only step 2 is performed by TVEDA. For this ba
sic mechanism, the main difficulties which are solved are : 

1. how to take into account the apparent non-determinism of the IUT. The ruT is considered 
as a black box, and therefore the tester has an incomplete knowledge about its internal state 
and an incomplete control over the events which may happen in it. 

2. how to use the data part of the EFSM in order to compute the constraints (the values) on the 
messages which are sent to and received from the JUT. For the moment this is done syntac
tically in an approximate way. 

Applying such a method to SDL behaviours requires a definition of what constitutes a transi
tion. We identify a transition as being one path in a SDL state construct. Each transition is as
sociated to a couple (state, event) and eventually to an additional constraint imposed on data 
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structures in order to select a particular path. This method allows a reasonable number of test 
cases to be generated because it is bounded by the number of transitions the specification con
tains. TVEDA generates tests on a per process basis, which means that it can not combine sev
eral processes or test nested processes. In our case study, this is not really a limitation because 
the specification of the MAP GSM protocol has been written with the aim of being accepted by 
our four tools and such forbidden constructions were well-known at the beginning of the mod
elisation. 

After transforming several constructions of the specification and translating it into an internal
use representation, TVEDA applies its strategy to compute a test oriented finite state machine 
(TOFSM) according to the test architecture described in the data file. This so called representa
tion is test-language independent and allows computation of test suites for numerous languag
es. TOFSM especially provides facilities to handle non-determinism, structure the test suite or 
distinguish particular variables of the implementation which are controllable during the test 
session. In this application, test cases have been produced in TICN-DIS format. 

2.2.3 GTS 

BT's Graphical Toolset (GTS) is an in-house tool for the generation of test specifications and 
executable tests (not described ) from SDL protocol specifications. GTS has been evolved 
from proven manual methods, which were used successfully within BT, for conformance test
ing of ISDN equipment. The role of GTS is to improve the quality and reduce the costs for test 
generation, by semi-automation of the test generation process. 

The GTS methodology consists of a number of stages. Initially, GTS automatically produces 
documentation from the SDL specification, giving an overview of the behaviour in terms of 
unique process transitions, state tables, and the possible values of process variables. This docu
mentation and the SDL specification are used by the test engineer to develop a test strategy. 
From this strategy a number of test purposes are developed, identifying those aspects of the 
protocol which are to be tested. The skill of the test engineer is needed to ensure that each test 
is effective, and focussed on a particular test purpose. 

GTS generates a simulation which is used to explore the behaviour of the SDL. During test 
generation the test engineer interacts with GTS to produce test behaviours, which typically in
volves selecting a particular transition and input signal parameters from a range of alternatives 
offered by GTS. The test engineer is guided during test generation by visibility of signal flows 
in message sequence chart form, SDL process states, variable values and input signal queues. 
When the engineer is satisfied the test is complete it is saved. Comprehensive documentation 
for each test is produced automatically in MSCs and in a format similar to TICN. 

Test generation begins at the root behaviour of the SDL system and the test preamble and test 
postamble must be generated with each test. Finally the tests can be compiled, using the GTS 
test code generator, (not done in this study) into an executable form to run on BT's Digital 
Communications Tester. 

2.2.4 STG 

The BT SDL Test Generation Tool (STG) is an experimental tool intended to provide a basis 
for investigations into SDL test generation methods. Its objective is to provide a high degree of 
automation for generating TICN test suites and additionally to provide an indication of the 
complexity of a specification and hence the size of the resulting test specification. 
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The approach used by STG is based on state space exploration of an SDL specification. All 
possible behaviour paths, consistent with a given set of metrics, are identified and stored in the 
form of an Asynchronous Communication Tree (ACT). In the current version of the tool, trans
lation of the ACT to TICN test behaviours is a manual process. However, techniques for this 
translation which have been identified elsewhere [Prove-catg 92] could be used as a basis for 
automation. 

The tests which can be derived from the ACT all begin at the root of system behaviour. They 
each then follow one particular behaviour path of the system, allowing for any non-determin
ism, to the point on the path where system behaviour analysis was terminated. Thus the con
cept of test preamble and main body implicitly form part of a test behaviour. However the 
provision of test postambles is less clear. 

The methodology implemented by STG provides a very thorough treatment of data. It calcu
lates all possible system input signal parameter values which will lead to the same system be
haviour path. These input signal parameter values are efficiently expressed as a conjunction of 
range statements, termed behaviour data conditions. System output parameter values are ex
pressed in terms of input parameter values. The objective of this approach is to ensure that all 
possible system behaviours are identified, including those affected by data. 

In order to constrain the size of the system behaviour tree to a manageable size a number of 
metrics are provided by STG. This includes the so called "Reasonable Environment" which 
imposes restrictions on the behaviour of the environment of the system, and an overriding 
depth metric. However it is forseen that future versions of the tool should incorporate a more 
advanced test selection strategy as part of behaviour analysis and test extraction. 

2.3 The results 

2.3.1 TELVIS 

Since the tool is fully automatic, the time and effort to produce the test suite for the 
MAP _DSM process is very low. It takes about five minutes to check whether the semantic stat
ic of the SDL specification is correct and to generate the whole test suite in the internal format. 
It has taken about one and a quater hours to archive the whole set of test case models. 

With the first metric, 2267 test cases models have been generated. This represents the number 
of paths with no loop on a same state in the specification. This large number is explained by 
considering the structure of the SDL specification: there is a procedure within the MAP _DSM 
process which is rather big. In our modelisation of the MAP _DSM process, the behaviour of 
the procedure is duplicated three times (with all possible paths of the procedure at each time) 
which multiplies the number of paths. The connection of T-ELVIS to a data constraints solver 
would eliminate some generated paths, because valid paths of the procedure are given by the 
values of parameters within the procedure calls. 

Furthermore, the length of the test suite produced by TELVIS depends on the way the specifi
cation is written. For instance, to specify a system which receives five inputs and then stops, 
we can either model it with five states, each state being associated to one input, or with a 
unique state and a branch on that state for each input. With the first metric we obtain one test 
case in the first case and five in the second. 

As a conclusion, T-ELVIS in its present status produces a finite number of test case models, 
which represent the complete static coverage of an SDL process specification. A convenient 
test suite is obtained from what is produced by T-ELVIS by solving the constraints on data as-
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sociated with each test case model and by using appropriate specification writing rules. In the 
case of the MAP example we did not apply such rules since it was a common example. This 
explains the number of test cases produced. Nevertheless, we have evaluated that on this exam
ple the length of the test suite decreases to 1500 when constraint solving techniques are ap
plied. 

2.3.2 TVEDA 

The time and effort to produce the test suite with TVEDA appears to be very low. In that sense 
we can assume that the future of such tools is promising.The main work to obtain a correct test 
suite was to write and adapt the data file of TVEDA to take into account the test architecture. 
This step has been made in about four hours. Finally, the last step to produce test suites is to 
run TVEDA on the work station. It takes about half an hour of cpu time. 

However, the TTCN test cases produced are not directly usable as they appear only as test case 
skeletons. That means that the preamble and postamble of a test case are not actually comput
ed. Despite this restriction, we claim that the test generation is useful because: 

1. it gives a precise idea of the size and the number of test cases which have to be produced for 
a specified protocol. Moreover, the coverage of these test cases can be evaluate. 

2. even if TVEDA does not directly produce test cases as input for a TTCN compiler, the 
sense of each test case is exploitable. It is just the manner of driving the test through the IUT 
which is not specified. 

3. test cases are easy to complete manually in order to obtain compilable test suites. This can 
be achieved with a reasonable cost in comparison to time taken for manually written test 
suites. The reason is that in many protocols, preambules are not numerous in the whole test 
suite and are easy to arrange among themselves if we consider the similarity that often aris
es. 

4. the aim of future work on TVEDA is to obtain complete and compilable test suites. 

In our case study of the MAP protocol, 152 test cases have been produced with TVEDA for the 
MAP _ DSM process. We will detail in the next section with the analysis and comparison of the 
test suites we obtained. 

2.3.3 GTS 

The generation of SDL documentation required minimal operator interaction and took about 5 
minutes. In contrast, the formulation of a test strategy required more effort. For the study, the 
simple strategy of testing each unique transition at least once was adopted and took 30 minutes 
to develop (more complex strategies could take considerably longer) . 

The production of each test specification took only a matter of minutes, involving the repeated 
selection of transitions and parameter values until the required test specification was produced. 
For the MAP specification, each test took on average, 7 minutes to produce. It was estimated 
from the test strategy, that to conformance test the MAP protocol adequately would require in 
the region of 100 tests, which would take 13 hours in total to complete. However for the study, 
an appropriate subset of these tests was produced. 

Currently GTS does not handle non-determinism, and so tests are single threaded, but this was 
not a problem in the study. 

GTS has provided a five-fold reduction in manpower over manual techniques. An additional 
advantage is that given the knowledge that GTS is in full control of the detail of test genera-
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tion, the test engineer has the opportunity to focus on enhancing the test strategy by exploring 
different test avenues in a controlled manner. 

2.3.4 STG 

Very little human effort was required to generate a behaviour tree representation of the MAP 
system, the only task necessary being the production of a metric script. However it is difficult 
to establish the amount of machine time necessary to perform system behaviour analysis. This 
is due to the exponential relationship of time taken to depth of analysis. At around the depth 
necessary to produce tests with a similar amount of behaviour as those produced by the other 
tools, this effect had a very significant impact. For example increasing the depth of analysis 
from say 10 to 14, increased time taken from several minutes to many hours. It should be 
pointed out however that the tree generation techniques employed by STO are not necessarily 
intended to be the fastest or mostefficient. Establishing that this phenomenon actually occurs 
when using the underlying methodology is more important than the absolute times observed 
when applying the prototype tool. 

The largest amount of time spent during the experiment with STO was during manual extrac
tion of tests from the ACT. This was performed for a number of test behaviours to establish the 
processes necessary for the transformation. 

Due to the problem of state space explosion encountered in the experiment it was not possible 
to demonstrate complete coverage of the specification. However with the maximum depth that 
could be attained, of approximately 14, a reasonable coverage of the paths was achieved, 
which by inspection was estimated to be well in excess of 50%. 

The feedback which STO offers to the tool operator gives an indication of the behaviour char
acteristics of the specification. 1\vo in particular were found to be a useful source of informa
tion. The 'maximum system state depth' gives a good indication of the depth of the test 
behaviours which have been generated. The 'number of system states created' gives some 
measure of the complexity of the dynamic behaviour of the system. 

3 Lessons from the experiment 

From the experiment which has been described in the previous part, we can draw some conclu
sions that should help to understand what has been achieved so far and what points need fur
ther study. This assessment of the experiment deals with three subjects : the formal 
specification status, the ability to handle real specifications, and the adequacy of the test gener
ation methods. 

3.1 Formal specifications status 

A significant amount of work was needed to transform the currently available ETSI specifica
tion into a completely formalized specification. As stated previously, most of the behavioural 
aspects of the MAP protocol are formally described in the ETSI document, although the data 
aspects are totally informal. 

The formalization of the data aspects took about one man/month. This includes meetings with 
teams who specify the MAP protocol. When formalizing the data part, it appeared that there 
were also some missing behavioural aspects. Thus the specification was not complete and so 
some effort was put into improving the initial specification by adding the behaviour which had 
been omitted. 
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When totally formalized, the specification needed to be validated in order to generate test cases 
from a specification which had a good level of correctness. This work also took about one man! 
month, using an in-house CNET simulator. 

3.2 Handling real specifications 

All four tools imposed some limitations on the SDL constructs which could be supported. 
Therefore, as explained earlier, the specification had to be simplified for the experiment. In ret
rospect this proved to be a useful exercise as many of the tests which we obtained directly from 
the simplified specification could be manually transformed back into a form consistent with the 
original specification. This involved for example, substitution of literals in place of integer val
ues and replacing particular SDL signals with TTCN timers. The one transformation which 
caused some difficulty was dynamically created processes transformed to statically instantiated 
processes. In this case, tests aimed at verifying the dynamic creation mechanism could not be 
automatically generated and had to be produced manually. 

The lesson to be learned from this is that although many of the test generation tools around to
day do not support full SDL, it may well be possible to apply them to more complex specifica
tions using approaches similar to those described here. The transformation of a specification 
into a simpler form has some parallels with the way in which the SDL language itself is de
fined. Some complex constructs in SDL are defined in terms of simpler constructs, termed ba
sic SDL, for which a formal semantics exists. The question which we then have to ask is 
"What is the appropriate SDL subset to be supported for testing"? 

3.3 Test generation methods 

Finally, the test cases which have been produced by the four tools have been compared with 
the users needs, in order to evaluate the respective advantages and drawbacks of the four test 
generation methods. We analysed the test generation methods under the following four criteria. 

3.3.1 Test coverage 

This greatly varies between the tools. Each tool implements a different test selection strategy : 
GTS test selection is left to human choice, STG test selection can be controlled by the metric 
and the depth chosen, TEL VIS offers a choice between two metrics, and TVEDA has a full 
built-in test selection process which can be influenced by the data file. It is not possible to 
claim a priori that one strategy is better than an other : such an assessment would require a 
means to evaluate the balance between the error-detection efficiency and the cost of each one 
of the test suites. 

From the experiment, we can only conclude that the number of test cases which are found by 
the tools (except TELVIS when no specific writing rules are applied) is reasonable when com
pared to common standard test suites for this kind of protocol. 

3.3.2 Test case format 

Here again the format in which test cases are expressed depends on the tool. TVEDA produces 
standard TTCN, but only skeletons that must be manually completed (declarations, constraints, 
preambles and check sequences) before being processed by a compiler. GTS produces MSCs, 
and TEL VIS SDL : although these languages are well-known by protocol experts and can be 
easily read, they are not standard notations for test case description. Notice that TELVIS can 
also produce test cases in a in-house notation for which there exists a test execution environ
ment, called Menuet [Langlois 90]. But in any case the tests produced by TELVIS must be 
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completed with data values before being executed. Finally, the STG output has to be manually 
translated into TTCN. 

As a conclusion, the outputs from the tools are understandable and manageable, but none of 
them can really be used directly. 

3.3.3 Performance considerations 

All four tools were able to generate a set of tests from the simplified specification. This indi
cates that they were able to handle realistic specifications, albeit in a simplified form. 

The computation time and large amount of memory required by the STG tool indicate that a 
state space exploration approach will have some restrictive limits unless efficient tree building 
and storage techniques are used, or more powerful test selection mechanisms are used. On the 
other hand, the highly pragmatic approach taken by TELVIS, TVEDA and GTS can probably 
handle much larger specifications. This can explained by the fact that these tools implement a 
more severe test selection strategy. 

3.3.4 Integration of test generation methods 

It is interesting to observe that the test generation methods offer differing degrees of automa
tion and in some cases automate different parts of the test generation process. For example 
TVEDA and GTS could be used to complement each other. TVEDA provides useful test case 
selection and a test suite structure in a skeleton format. GTS on the other hand provides a 
mechanism for developing complete test case behaviours once a test suite structure has been 
developed. In a similar way, TEL VIS provides another test selection mechanism: TELVIS out
put data part could be completed using GTS. 

A similarly close relationship may exist between STG and GTS. The rationale for this is that 
the highly automated STG approach is useful for developing sets of tests which each have a 
common theme related to associated test selection criteria. GTS can complement this by pro
viding a more direct approach to developing particular tests not easily captured using general 
test selection criteria. 

4 Conclusion 

We have reported in this paper a test generation experiment for the GSM MAP protocol based 
on the use of four different test generation tools. We have analysed the lessons of this experi
ment, and we have reached the following conclusions : 

1. The standard ETSI SDL specification of GSM is not a completely formalised specification, 
and must be significantly enhanced to be processable by the test generation tools. In terms 
of manpower, we can say that half of the effort was required to formalise the ETSI specifi
cation. 

2. The transformation of a complex specification into a simpler one for test generation can al
low less powerful tools to handle complex specifications. Performing the transformation 
forces one to consider the key parts of the specification which ought to be considered during 
testing. 

3. The test cases which are produced do not currently satisfy the needs of the test developers. 
This is due to the limitations of the test generation methods which are implemented in the 
tools that have been used. However, these results can provide useful help to assist the man-
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ual test development process, and they have underlined some of the key problems on the 
way to automatic test generation. 
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