
29 
Eight years of experience in test 
generation from FDTs using TVEDA 

Roland Groz, Nathalie Risser 
FRANCE TELECOM CNET DTLIMSV, 
2 avenue Pierre Marzin, F-22307 Lannion Cedex, FRANCE 
Tel: +33 2 96 05 1111, Fax: +33 2 96 05 39 45, 
E-mail: ( groz,risser )@cnetfrancetelecomfr 

Abstract 
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1 IN1RODUCTION 

Conformance and acceptance testing of network equipment is a major concern for a 
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telecommunication operator. Integrating network elements that come from different 
sources can be reliable only if it is possible to ensure that they will intemperate in 
conformance with their interface definitions. Actually, a major part of our R&D 
centre (CNET for France Telecom) is dedicated either to specification of network 
interfaces (protocols and services) or to validating network products from telecom
munication manufacturers through testing. A key point that should be kept in mind 
is that the staff involved in testing activities is at least as numerous as those 
involved in specification. 
FDTs had been initially designed to enhance the quality of specifications. Until the 
end of the previous decade (1980s), CNET invested in FDT tools (for Estelle and 
SDL) mainly on the specification side: editing, simulation, verification, and a tiny 
interest in code generation. The goal was to provide support for better (more relia
ble) ways of designing protocols and services. 

Somehow in the end of the 1980s, we started to realize(!) that FDTs could pro
vide a good basis for supporting some aspects of testing. We think that we just fol
lowed a general trend : when we look at papers presented in the PSTV (and later in 
FORTE) conferences, we feel that although testing was present from the beginning, 
the FDT sub-community broadened its activities to testing in the beginning of the 
1990s (of course, there were pioneers before that time; also, IWPTS was started in 
1988 by B. Davis, S. Chanson and S.T. Vuong). The item on Formal Methods in 
Conformance Testing [ISO 95] was started in ISO and CCITT at the same period. 

Anyway, the use of FDTs to support test activities (mainly test generation in our 
case) has proved a key factor for the extension of FDT practice in our organization. 
In fact, our tool TVEDA has been the driving force for the use of SDL within 
CNET. Thanks to the results gained from using automatic test generation with 
TVEDA, interest in specifying in FDT has risen drastically, a feat which a decade of 
promoting verification techniques had never achieved. 

This paper provides an overview of the development and use of our test genera
tion technique over the past 8 years (1989-1996). Section 2 introduces the back
ground that motivated the development of such a method, the approach we followed 
and the evolution of our tool. Section 3 presents a collection of data on our case 
studies. Section 4 explains how the expectations of customers of test generation 
techniques have evolved. Section 5 concludes on the main lessons we get from 
those 8 years of experience. 

2 MOTIVATIONS AND TECHNICAL APPROACH 

2.1 Background 

Our work on test generation was triggered by a request from the ISDN test division 
in CNET. At that time (1989), our own division had already been working for 8 
years on protocol verification techniques (first with Petri nets and FSM-based 
approaches, later on with Estelle, simulation and model-checking techniques). 

People in the ISDN test division felt relatively comfortable with their test execu
tion environment : they had convenient ISDN testers (viz. machines), they were 
applying IS 9646 (standardized in 1989)[ISO 94] and were relatively happy starting 
to use TTCN. Therefore, they did not expect anything from us on test architecture (a 
hot topic of the early PSTV workshops) or test specification (it is a well known fact 
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that TICN emerged as an ad hoc language - sorry, notation! - designed by test 
experts for test experts who had grown wary and weary of FDT inadequacies). 

They asked for help on two topics: 

1. Optimizing the order of test runs (i.e. the order of test cases). That first problem 
was addressed by a different group in our division (using expert-systems and 
constraint logic programming). 

2. Automating the design of test suites, i.e. automatic test generation. The main 
concern at that time was not only the fact that writing test suites was a lengthy 
and costly job (approximately 1 man-year for an ISDN protocol), but also that 
the maintenance of test suites was costly, because a new test suite had to be rede
signed each time a new version of the protocol was standardized. It was felt that 
even if automatic test generation was costly for the first test suite generation, it 
could prove cost-effective for the maintenance of it. This second problem could 
be solved based on our FDT background. 
At the same time, we knew that test experts: 

• were rather sceptical towards formal descriptions 
• found that the existing theoretical work on test generation from FSM was 

wholly inapplicable to their purpose. 

2.2 State of the art in 1988 and inadequacies 

When we started in 1988-1989, papers had been published on test generation for 
protocols. Most of those papers dealt with FSM, and were either based on previous 
work on the FSM model, such as the DS[Gonenc 70] or W[Chow 78] methods, or 
adapted for protocols, such as Wp[Fujiwara 91], UIO[Sabnani 88], UIOv[Vuong 
89] and UE[Cavalli 92] methods. 

Such methods produce tests in the form of (usually just one) long test sequences. 
If that sequence is correctly accepted by an implementation, then the test is passed, 
otherwise the implementation is considered non-conformant. This type of test suite 
is of no use for a test lab, because the information it provides is too simplistic : 

1. Most of the elements that make a test suite useful (in fact just usable) are miss
ing like test suite structuring and test identification. 

2. Conformance testing for software based protocol implementations is very differ
ent from acceptance checks on chips (which was the initial framework forDS & 
W methods). 
Also, a major drawback for the theoretical FSM methods is the length of the 

sequences they generate (in the hundreds or thousands of events even for toy FSMs 
of less than 10 states). Small bounds on the implementation are unrealistic; there
fore test labs prefer using convenient test suites of a limited size rather than would
be exhaustive test sequences whose exhaustiveness is based on unrealistic assump
tions. In [Groz 95], we discuss more thoroughly the research issues in test genera
tion. 

2.3 Our approach : empirical and pragmatic 

Our analysis of the expectations of test experts and their assessment of the state of 
the art in automatic test generation method resulted in our choice of approach which 
we qualified as both empirical and pragmatic [Phalippou 90a]. Our starting point 
was the request from our test experts to provide them with a test suite that was as 
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close as possible to an existing test suite they used for the LAPD protocol (viz. one 
from the european CTS-WAN project). LAPD is the link layer protocol for ISDN 
D-channel. 

Our approach was empirical because we observed the human mental process (as 
could be inferred from its inputs and outputs) to elicit the underlying algorithmic 
principles for test generation. By design, the tool should directly meet the current 
needs of the LAPD european test centres, but above all it should be generic enough 
to provide valuable tests for other protocols than just LAPD. 

It was also pragmatic because we concentrated on those parts where the added 
value of automatic test generation could be rapidly felt and did not need too much 
research or development. Our initial goal was to generate 90% of the existing 
(human generated) test suite, considering that the 10% left could be left to human 
ingenuity. Given the high cost of test design, computerizing 90% of the task should 
prove very cost-effective. In the case of LAPD, we achieved this goal by leaving 
out, in the first experiment, the generation of test preambles, postambles and test 
constraints (which altogether amounted to only about 50 pages of TTCN out of the 
800 total). Details are reported in [Phalippou 90b] 

The further development of TVEDA confirmed our initial intuitions based on a 
case study and the generalization of its observed principles. 

First, we proved that the test parameters that are fed into the algorithms of 
TVEDA were sufficiently generic to reproduce another completely different test 
suite for the same protocol, namely the ICOT north-american test suite 
[Phalippou 91]. Then we applied our tool to more and more specifications, as will 
be seen in section 3. 

2.4 Tool development 

The evolution of the tool is summarized on figure 1. 
Following a preliminary study on the algorithms, the first version (called VO) 

was developed in a few weeks in the autumn of 1989, and later on slightly enhanced 
in 1990 and 1991. It was developed on the Prolog-based environment that we had 
developed for our Estelle simulation & verification tool called Veda. Rapid proto
typing of our ideas was made easy because we found in this environment all the 
building blocks needed (parsing, grammar transformers etc.) and the language used 
was high-level (Prolog + a specific language for describing grammar transforma
tions called Specode, see [Monin 89]). 

It was later decided to move to a CASE software environment called Concerto. 
TVEDA Vl was therefore functionally very close to VO except for the software 
base, which implied a complete reprogramming of our prototype into the object-ori
ented Lisp language of Concerto called Ulysse. From then on, TVEDA VO could be 
considered as a throw-away prototype. The advantage of using Concerto was the 
ability to integrate easily with the various environments that existed inside Con
certo, in particular for TTCN and SDL. The disadvantage was that software devel
opment of TVEDA was made more difficult, much slower and time consuming. On 
top of that, we had to follow Concerto versions (evolution). With today's technol
ogy, we would probably choose a different approach, keeping our tool separate and 
interfering with other tools through a CORBA based Open ToolBus architecture. In 
V2, the front-processing was redesigned so that both Estelle and SDL specifications 
could be used as inputs; to that end, an internal common EFSM representation in 
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Figure 1 : Tool history. 

Lisp objects was redefined. Later on, the same approach was taken to produce tests 
either in TTCN or for an in-house test language and environment called Menuet. 

Following our pragmatic approach of developing an unsophisticated tool that 
could produce 90% of the TTCN code (to be completed by a test expert), the first 
versions of TVEDA (VO until V2) only implemented the syntactic method, which 
we sometimes also call (test) skeleton strategy. This means that only syntactical 
translations are made on the Estelle or SDL code. Therefore, the tests produced can
not chain several transitions, and correspond to the single transition test method 
paradigm (each test = preamble to start state + 1 transition + postamble from final 
state). However, this syntactic approach is intrinsically limited : it cannot compute 
values in constraints, and it cannot generate preambles and postambles. 

In fact, our pragmatic approach was only of the «first things first» kind. From 
the beginning (in 1988-1989), we had planned that, as a second step, we would 
enrich our tool with semantic computations. Two approaches have been tried and 
implemented [Clatin 95]. 

a. «Symbolic computation>> [Phalippou 94], in fact a mixture of symbolic exe
cution and of a technique called abstract interpretation [Cousot 77]. This ap
proach turned out to be too limited to process real specifications. 
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b. «Simulatiom>, in fact coupling TVEDA to a model-checker for Estelle, 
called Vesar. Thanks to our front-processing architecture, reachability can be 
computed for both SDL and Estelle specifications (the internal common 
EFSM representation is decompiled into Estelle for Vesar). This approach 
proved workable, thanks to well-designed heuristics to adapt the specifica
tion to test generation purposes and to prune the reachability graph. 

With the new version, the test suites were complete: unlike previous versions, 
they included test declarations: PCO, ASP, PDU and constraint values and the test 
cases were complete with the description of preambles and postamble. Simultane
ously, the test purposes evolved from one test for one transition to a set of tests 
going through a set of chosen branches of transitions. These test purposes could be 
expressed (and phrased) according to format expressions depending on parameters 
of the tested path. 

Implementing this major addition in test generation strategy resulted in TVEDA 
V3, started in 1993, but which was only finalized in early 1996. 

In the meantime, CNET and a consortium of companies led by Serna Group had 
responded to a European Commission call for tender based on the then existing 
technology, i.e. TVEDA V2. The corresponding project, called INTOOL/CATG 
took place from the spring of 1995 to the spring of 1997. The outcome is a commer
cial tool called TTCN Maker [Desecures 97], based on a new technology called Fast 
which Serna Group developed for its Concerto environment. 

Talks are now in progress with Verilog and INRIA to integrate TVEDA V3 in 
the Geode environment along with test case computation algorithms from the TGV 
tool [Fernandez 96]. In that case, the reachability analysis would be done directly 
with Geode tool, instead of the Estelle-based Vesar tool. We hope to be able to lift 
the «single SDL process» current restriction of TVEDA. The main drawback will 
be the loss of the ability to input Estelle specifications. 

3 EXPERIENCE IN TEST GENERATION 

3.1 Protocols and services experimented 

In table 1, we mention most relevant automatic test suite generations performed 

Table 1 : Collected applications. 

Application 
Size Effort 

Nbof Cover 
Tests produced 

name tests age 

IN RES 428 II# 100% OK 

LAPD * 95001800 3m-m 765 90% OK +37d 

ISDN D u* 45001700 2 m-m 681 90% 0K+39d 

ISDN D n * 1050011000 5 m-m 2321 90% OK +38d 

ISDN D R6n 1800 131 90% OK 
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Table 1 : Collected applications. 

Application 
Size Effort 

Nbof Cover 
Tests produced 

name tests age 

MAP 18001100 3 m-m 198# not relevant 

RTSE* 54001200 1.5 m-m inadequate 

SDLC 500 34 48 100% -OK 
16# 

TP 4200 0.5 m-m 10 # not relevant 

HOW 5000 0.5 m-m 23# 80% not relevant 

SS1 1673 76# 90% OK 

SS2 1960 10# 90% OK 

SS3 1792 1.5 m-m 106# 90% OK 

SS4 1757 28# 90% OK 

SS5 1801 172 90% OK 

PI X400* 76001115 3 m-m failure 

SDHmngt 348 0.5 m-m 6# 100% OK 

SSCOP 2100195 3 m-m 213# 90% in use 

PME* 6000 inadequate 

Q2931-n 3300 158# 90% OK 

IN Sl 689 0.5 m-d 57# 81% in use 

JNS2 2800 2 m-d 96# 87% in use 

INS3 1100 1 m-d 96# 100% in use 

INS4 1100 1 m-d 115# 100% in use 

using TVEDA until 1996, regardless of the versions and strategies of the tool. Actu-
ally, other specifications were «tested» on TVEDA, but those we mention here cor-
respond to applications for which a client team expressed interest in test generation 
(except INRES, a well known toy example which is presented here just for refer-
ence). 

The specifications are presented in approximate chronological order (again, 
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except INRES). The chronology refers to the time when the test suite considered in 
the subsequent columns was generated with TVEDA (not the time when the formal 
specification was written). 

3.2 Organization ofthe table 

The first column lists the names of the applications (protocols or services) supplied 
to TVEDA. The specifications are often written in LDS, the specifications annotated 
with an asterisk have been described in Estelle. 
The specifications called «SSx» correspond to five military ISDN Supplementary 
Services represented by five different specifications (undetailed for confidentiality 
reasons). 
Similarly, names of the form «IN Sx» correspond to (undetailed) Intelligent Net
work Services. 
The expression «SDH mngt» is a shorthand for an experiment with a part of a proto
col involved in SDH management. 
The small letters «n» and «u» in indicate which side a specification describes: n for 
network and u for user. 

The second column «Size» gives the number of lines of the specification includ
ing the comments; the optional second number (following a «/))) is the number of 
extended transitions of the specification when it is written in Estelle. 

The third column «Effort)) indicates the formalization effort (in manpower : m
m stands for man-month) to get the specification in a formal language. The figures 
represent the effort spent for each specifier regardless of his or her experience in 
formalization, in the domain or in the formal language. Moreover, although most 
specifications were entirely written for test generation, others which already existed 
were simply completed (or made more formal, in the case of existing «pseudo
SOL)) specifications). Basically, when the effort is over 1 man-month, it corre
sponds to a formal specification written entirely from a natural language. Efforts 
counted in man-days correspond to adaptations of existing formal descriptions. 

The fourth column «nb of tests)) gives the number of automatically generated 
tests if it was possible to generate them and in this case if they were significant. For 
the SDLC Protocol, three test suites were generated from one single specification. 
When the «reachability tree analysis)) strategy was used to get the test suite, the 

symbol: # indicates it, otherwise when the syntactic method was used, no symbol 
appears. 

The fifth column «Coverage)) alternatively presents two coverage rate depend
ing on the two TVEDA strategies. Both are instances of what we presented as 
«specification coverage)) in [Groz 96]. The syntactic strategy is linked to the follow
ing rate: number of tests divided by the number of (extended) transitions. The 
«reachability tree analysis)) strategy is linked to the following rate: number of tests 
divided by the number of branches of transitions (the difference may be significant 
for SDL). 

The sixth column «Tests produced)) gives a snapshot appraisal of the results of 
the experiments. The following verdicts are used, listed from the worst to the best : 
1. failure (TVEDA was unable to generate any test) 
2. inadequate (the tests produced were not considered by test experts to be satisfac

tory for this type of protocol) 
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3. not relevant (sensible tests could be produced, but not really considered satisfac
tory by experts for various reasons) 

4. OK (test experts considered the tests were OK to be used in testing); the phrase 
«+X d», used for earlier experiments with TVEDA, refers to a test suite which 
could be considered OK once completed by a test expert for those parts which 
TVEDA was unable to produce automatically at that time (mainly declarations); 
in that case, X stands for the number of days needed for completion; 

5. in use (the test team actually uses the automatically generated test suite instead 
of one written by a test expert). 

3.3 Fields addressed 

The following applications correspond to ISDN protocols or services : the three 
specifications for the ISDN D-channel protocol (i.e. layer three of this protocol), 
LAPD (layer 2), and all the services referring to ISDN SS (mind : in ISDN words, 
TP stands for «Terminal Portability», not «Transport Protocol» or «Transaction 
Processing» as in the OSI world!). 

Broadband communication is covered by two ATM-related protocols : SSCOP 
[Dinsenmeyer 97] and Q2931. 

Intelligent Network services are somehow similar (in nature) to ISDN supple
mentary services. 

RTSE (CCITT X.410) and Pl (CCITT X.409) are OSI layer 7 (application) pro
tocols related (at least originally) to Message Handling Systems (X400 series of 
standards). 

Communication with mobiles is represented by the MAP protocol of the GSM 
standard for wireless (cellular) telephones. 

Finally, we find a few unrelated protocols: SDLC (data networks), SDH man
agement, PME (smart card application). 

As can be seen, TVEDA has proved to be applicable to a large variety of fields. 
Also, the size of the specifications is quite typical of the protocols in those fields, 
and show that there is no particular limit on the size of the applications handled. 

3.4 Writing formal specifications 

One of the most important lessons from this experience is the low cost in writing 
formal specifications. Until about 5 years ago, there was a widespread belief in 
CNET (and we think elsewhere as well) that writing formal specifications was a 
heavy task, which implied specialized manpower (preferably experts in FDTs) and 
required an effort at least as important as writing (from scratch) the corresponding 
specification in natural language. Therefore, the task of writing formal specifica
tions was doubted to be cost effective. Our results show that test generation alone 
may be sufficient to justify writing a formal description. 

In our opinion, this low cost in writing FDT specifications can be attributed to 
the following factors : 

1. Estelle and SDL are FSM based techniques easily understood by rank-and-file 
engineers in an R&D centre such as CNET (in a majority of cases, especially the 
older ones, specifications were written by novice users ofFDTs). 
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2. They are supported by efficient tools (the key factor in this respect is not so 
much in editing as in validation and simulation). 

3. Writing a formal specification from an informal but precise one is more a matter 
of translation than really designing a specification. 

4. Protocols and basic services have a rather low complexity : most of the inherent 
complexity of a network lies in its architecture and layering; once you get down 
to a single element (one protocol module), it is a relatively straightforward au
tomaton. Also, the size results more from the enumeration of transitions for dif
ferent states and types of messages than from embedded structures or functions, 
so that the process of writing specifications is a highly repetitive one. 

3.5 Incomplete test suites 

Until 1994, TVEDA was used to generate test suites with the syntactic method (see 
Tool development page 4 ). Therefore the final customer had to finalize the test suite. 
In the early period, exhaustive assessments had been done on the Link Layer for 
ISDN D Protocol, so we give in this paper the figures for those assessments, even 
though the current release of TVEDA is more powerful. 

After 1995, no completion effort is required any longer. 

3.6 Non significant results 

Two main reasons explain why some results are inadequate or not relevant. 

Firstly, for TVEDA, one SOL process or one Estelle body represent the black 
box and consequently the Implementation Under Test. All its interfaces can be con
sidered as PCOs, or at least can have indirect effects on test generation. Conse
quently, all specifications which describe a protocol or a service distributed on 
several processes or bodies or with interfaces which mix messages from PCOs and 
uncontrolled messages will not have a significant test suite. Some specifications 
which already existed before being handled by TVEDA do not always take into 
account these TVEDA assumptions, so the tests generated from them are inade
quate. Such tests are only satisfactory according to the structure of the specification. 
This is the case for the following specifications : MAP, PME, TP. 

The case of RTSE is slightly different, because the primary goal for writing this 
formal specification (in Estelle) was not to generate a test suite, but to validate an 
existing one. Test validation was conducted by feeding test scenarios into an Estelle 
simulation of the specification with the tool EWS (Estelle WorkStation 
[Ayache 89]). This was quite successful, as 16 errors where quickly found in the test 
suite which was a draft CCITT recommendation, for a total investment (formaliza
tion included) of less than 2 man-months. 

Secondly, TVEDA interprets the specification and some parameters supplied by 
the user on the specification. If the specification describes the protocol or the service 
with too many details or at an inappropriate level of abstraction, sometimes 
TVEDA cannot generate any test suite, or in most cases, TVEDA will generate test 
suites with the same inappropriate level of abstraction. The specifiers generally cor
rected their specification to obtain a significant test suite. The cost of such correc
tions has been included in the «formalization effort» column of our table. 

3. 7 Evolution of the use of tests generated : from case studies to operational 



Eight years of experience in test generation from FDTs using TVEDA 475 

tests 

Results of test generations vary from failure to «in use». In fact, different kinds of 
results were expected from our experiments. Some of them were purely case studies 
for test generation; in other instances, an operational test suite was expected. 

Obviously, the LAPD experiment was a pure case study, since the tests already 
existed and were in use. In accordance with the objectives of our experiment, 
TVEDA might have been used for later versions of the protocol, but this did not 
occur (LAPD has remained stable). 

Later, specifications were used to judge the capabilities of TVEDA to be applied 
to different fields. Less and less, issued test suites were compared with manually 
written already existing test suites. More and more, automatically generated test 
cases were compared to parts of specification they test. The relevance of test pur
poses was analysed according to the usual testing practice, depending on the kind of 
protocol or the network field (ISDN, MHS etc.). The specifications of ISDN D pro
tocol for network side or for user side, RTSE, PI, MAP ... were concerned. 

Things have evolved, and most generated test suites are now put into the field. 
This is the case both for conformance testing, e.g. for protocols such as SSCOP 
[Dinsenmeyer 97], or for other forms of acceptance testing (e.g. test suites given to 
industrial implementers) for instance in the case of Intelligent Network services. 

4 SHIFTING FROM PRODUCTIVITY TO QUALITY CONCERNS 

4.1 Exhaustive assessment of preliminary ISDN results 

This first experiment was conducted on the LAPD protocol. Rapidly set up in 1989, 
this experiment had practically shown the benefits that could be gained from an 
automatic test generation tool based on our empirical approach [Phalippou 90b]. 

The manually written test suite consisted of 646 tests. A test expert for this field 
is supposed to write an average of three test cases during one day. So eleven months 
are required to write such a test suite. 

Three months were necessary to get the specification in the Estelle formal lan
guage (including first level validation of this Estelle code). Approximately, one 
week allowed to adjust TVEDA parameters to obtain a significant result. 

In order to have a proper assessment of the quality of the automatically gener
ated test suite, we decided to have it audited by an independent expert (from a com
pany outside CNET). In 1993, this expert made a thorough assessment, comparing 
each test case from the TVEDA test suite with the CTS-WAN tests. The conclusion 
was that two months would have to be spent to get an operational test suite from the 
automatically generated test suite. This proved that the cost of test generation with 
TVEDA was only 50% of the cost without such a tool. 

This 50% gain had been estimated for V2 of TVEDA. Although we did not pay 
an external auditor for the following versions, it is clear that most of the «comple
tion time» (2 months in the case of LAPD) was no longer needed for the newer ver
sions. This means that the cost would now go down to 30% which means a threefold 
improvement. 

Nevertheless, the test suites still had to be completed. Some tests were missing: 
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principally test cases which contain errors on timers, or on identifiers. Identifiers did 
not follow the usual rules agreed by ISDN test experts. All errors could be cor
rected. 

Anyway, this first experiment showed that cost effectiveness could already be 
achieved. Of course, since the tool had been built for LAPD, this was not convinc
ing enough, and we needed more experiments. 

4.2 Enlargement of test generation field 

So our next task, between 1991 and 1993, consisted in experimenting TVEDA with 
significant specifications from various fields. Several experiments began with 
Estelle specifications. These specifications had significant sizes, between 4000 and 
10000 lines, to assess the capabilities of TVEDA. In parallel, there were requests 
for accepting specifications written in SDL, the formal standard language of ITU. 
So TVEDA was enriched with SDL input capacity. 

As can be seen on table 1, TVEDA proved efficient for lower layer protocols. 
However, the syntactic approach was wholly unfitted to upper layer protocols such 
as RTSE or Pl. For this type of service, typical test purposes refer not only to the 
messages sent in one transition but above all to global procedures as a set of 
exchanged messages or functionality of the service. The state concept is completely 
missing in these test purposes. More over, TVEDA VI and V2 indicated only a syn
tactical form of constraint values, the form roughly derived from the specification. 
In the experiment for RTSE, the description of a constraint was as important as the 
description of the test case, so real constraint values had to be computed to get use
ful test suites. 

4.3 From complete test cases to an increasing test quality 

Between 1993 and 1995 V3 was designed to provide an alternative strategy (namely 
the semantic one) to circumvent the problems encountered on upper layer protocols. 
The tool generally satisfied its customers, apart from its major (still in force) restric
tion: only one SDL process or one Estelle body can be targeted as the black box to 
test. If this restriction is not observed, the test suite may not be completely signifi
cant. Apart from this restriction, the tests produced by TVEDA are now considered 
to be reliable, and in particular more reliable than tests written by an expert; actu
ally, writing tests is error-prone, and automatic test generation avoids this drawback. 
Therefore, although the first advantage of the TVEDA approach was cost effective
ness, the quality of tests has now become a prominent issue (in favour of TVEDA). 
For its customers, TVEDA brought benefits mainly in two directions: 

1. firstly for big size specifications, an enforcement to reduce global time to pro
duce test suites 

2. secondly for smaller specifications, an improvement of the quality of automati
cally generated test suites (thanks to the use of simulations and reachability 
analysis). 

4.4 TVEDA customers 

Between 1993 and 1995, our typical customers would rely on the TVEDA develop
ment team to run the tool on their specifications and provide them with a ready-to
use test suite. The demand of customers increased because TVEDA V2 and the first 
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elements of V3 had proved the benefits of automatic test generation. 
A training course allowed the motivated customers to practise TVEDA and 

become active users. Since 1996, the prototype TVEDA is now run in CNET on a 
pool of workstations with the proper software licences, with a direct access for each 
user. 

Who is the typical customer of TVEDA ? There are different cases, correspond
ing to the successive stages of the life cycle of a specification. One person may 
define the specification to be considered, another may write the formal specification, 
another may be responsible for defining the test architecture and parameters, and the 
test suite may be expected by yet another group (not to mention the ensuing life 
cycle of the tests). 

4.5 How to integrate TVEDA in the new test practices? 

As TVEDA is available for customers, their concern lies now in how TVEDA can 
be integrated in the software life cycle. A practical experiment is today running to 
assess new approaches of testing with different tools of test generations -now some 
test generation tools are commercially available-. Another experiment tries to inter
leave specification steps and test generation steps to compute the global time bene
fit. 

Nevertheless, an astonishing (sic) consequence obviously appears. Automatic 
test generation requires a formalized specification! Once the formalization is done, 
the customer gets for free a form which allows him not only to prepare tests but also 
several fruitful operations: validation, properties verification, animation ... 

In fact, our experience in CNET has been that before the existence of TVEDA, 
virtually no group would invest on formal specification. Writing a formal specifica
tion was seen as a waste of time, because crude levels of verification (cross-reading) 
could be done on the informal specification. Also, informal specifications evolved 
all the time and the formal specifications would be hard to maintain. 

With TVEDA, this investment can be easily justified because tests must be writ
ten, and writing them is tedious and error prone. Time reduction and the increase in 
the quality of tests and consequently of the products has proved a powerful incen
tive for the use of FDTs. 

5 CONCLUSION 

When TVEDA was started in 1989, no commercial tool was available. Things have 
evolved now. In the meantime, tools were first developed for computer aided (but 
not fully automatic) test generation from SDL with STED [Ek 93] (the current com
mercial name is now TTCN Link), and TTCgeN. Based on TVEDA, a new genera
tion of tools that perform automatic generation of test suites appear. They are fully 
automatic because they generate test purposes, instead of relying on a human expert 
to design significant test scenarios. The first commercial tool is TTCN Maker 
[Desecures 97]. 

CNET now considers that the development of such tools can be done by tool 
vendors. We feel that our work on TVEDA has been pioneering in that direction. 
Here are the main lessons that we get from those 8 years of research and develop
ment in test generation. 
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1. The momentum for the widespread use of FDTs within CNET was provided by 
test generation applications. We feel that the main reason for that are psycholog
ical. People working on the specification side are not eager to use methods that 
may question their design practice; on the other hand, writing tests is not a re
warding task, it is boring and despised, therefore there is a strong interest in 
making it smarter with the use of tools. 

2. Only 1 year was needed to develop a prototype to prove the feasibility and cost 
effectiveness of our approach. But 5 further years of case studies and promoting 
were necessary before test suites produced by TVEDA were actually used by pi
lot customers. Technology transfer takes longer than technology development, 
because it takes time to for groups of people to change their practice and move 
from polite interest to practising. 

3. Automatic test generation is feasible, cost effective, and can be integrated in 
product development. 
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Although this paper has been written by two actors in the history of TVEDA, the list 
of contributors is so long that it would by far exceed the capacities of an authors' 
line on the first page. In this last section, we try to mention the most prominent 
actors. 

Philippe Cousin, then at CNET (and who moved to the European Commission 
not long after) provided the initial trigger in the form of the problems mentioned in 
section 2.1. Roland Groz and Marc Phalippou put TVEDA on its track by defining 
the initial approach (empirical and pragmatic), and planning the two step response 
(syntactic, then semantic). Marc Phalippou did most of the Prolog implementation 
of TVEDA VO, with some help from Roland Groz and Jean-Fran~ois Monin. 
Claude Herve from Cap Gemini provided the initial analysis of the CTS-WAN test 
suite thus contributing to the definition of the algorithms, and Philippe Riou from 
the same company wrote the LAPD specification in Estelle. Didier Bouesnard, man
aging director at Cap Gemini Rennes deserves a special mention for his inspired bet 
and faith in the future of FDT and test generation and his support of TVEDA related 
activities: our first contacts date back to as early as 1988. 

The implementation of TVEDA Vl, V2 and V3 was done by the permanent staff 
who joined the TVEDA project (Martine Brossard-Guerlus, Nathalie Risser, Lau
rent Boullier, Isabelle Dinsenmeyer and Marylene Clatin) and by students (Gaetan 
Offredo, Fran~ois Simonneau, Rabe Harou, Fran~ois-Alexandre Fauchier, Roxane 
Arsaut). Richard Thummel from CENA (french Air control R&D centre) did the 
feasibility study for the «simulation» part of TVEDA V3 (interface with Vesar) and 
proposed many interesting solutions. This «simulation~~ part was implemented by 
Marylene Clatin with the help of Roland Groz, while Marc Phalippou developed the 
«symbolic computation» module. 

TVEDA also benefited from collaborations we established with other laborato
ries in test generation. On the international side, CNET collaborated with NIT 
[Arakawa 92] and BTRL [Boullier 94]. On the MAP protocol, we compared our 
approach with that of INT [Anido 96]. We also participated in a french consortium 
[Doldi 96] on a military contract with Claude Jard, Thierry Jeron from IRISA Jean
Claude Fernandez from IMAG [Fernandez 96]), Didier Bouesnard, Sylvie Le Bric
quir, Nathalie Texier from Cap Gemini Rennes and Laurent Doldi fromVerilog. 
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Finally, we also participated in the european consortium for INTOOL/CATG [Dese
cures 97] . Throughout those years, we also collaborated with colleagues working on 
test environments in CNET in Paris, especially with Anne Rouger on SDL test 
selection strategies [Boullier 93] and Michel Martin on Menuet. 

On the customer side, Patrice Desclaud, who headed a project on specification 
and test methodology, was active in promoting TVEDA; in particular, he commis
sioned the audit on ISDN test suites mentioned in section 4.1; this audit was done 
by Gerard Guillerm. We are indebted to our customers, who have become enthusi
astic users of TVEDA; among those, we would like to mention Serge Gauthier, 
Jacques Kerberenes, Marie-Paule Simon and Laurent Dinsenmeyer who have 
accompanied TVEDA since the beginning of its external uses in 1995. 

Finally, we would like to remind that the heart, main contributor and conductor 
of TVEDA has been Marc Phalippou, who headed the project from 1991 to its end 
in 1996. Marc was so successful on this project that he has now moved to other stra
tegic projects for France Telecom. 
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