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1. INTRODUCTION 
This paper presents an overview of the work we have developed at INT 

related to different approaches to performing tests of communication protocols 
and telecommunication services. It concerns active test generation, passive 
testing, embedded testing, test execution and their application to real protocols 
and services. 
This work is mainly a work developed by my research group at INT, by myself 
and my PhD students [24, 9, 26, 27, 28, 33, 19, 25] but it is also the result 
of collaborations with colleagues from CNET [3, 6], Bell Labs [4, 10] and 
academic collaborations [5, 36, 35, 14]. It concerns different aspects of testing, 
that we have studied in the last years. This work covers all phases of the testing 
activity. We started by mainly studying the application of formal methods to 
test generation and we have developed a prototype tool, called TESTGEN. This 
tool allows automatic test generation from LOTOS and SDL specifications. 
In its first version it was strongly influenced by I/0 FSMs test generation 
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methods [ 5]. 
To solve the problem of combinatorial explosion of states and to perform 
embedded testing, we have integrated a new composition algorithm. This 
algorithm hides internal actions and controls the composition process in order 
to identify global transitions that reflect the behavior of the component under 
test [26, 28]. 

Following this work, we have defined and implemented new algorithms to 
optimize the resulting test sequences and to perform still embedded testing. We 
have then integrated two new algorithms: one to optimize the test generation [ 4] 
and the other to perform embedded testing using a transition coverage criteria 
of the embedded component [ 1 0]. Finally, we have integrated an algorithm that 
introduces a new approach to testing, passive testing [33]. 

While we were working on developing these testing methods, we started 
to work on open distributed architectures for telecommunications networks. 
We considered that it was interesting to execute the tests on a distributed 
environment in order to test systems implementations obtained from formal 
specifications. We have therefore developed an execution test platform into a 
CORBA environment [25]. 

In the following, I will provide a more detailed description of each of these 
steps of our work and give some previews of our future work. 

2. THE TESTGEN TOOL 
2.1 PRELIMINARIES 

A program specification is composed of a control part and a data part. This 
section deals with the control part only. The control portion of a program, 
which will be referred to as a program specification, can be modelled as an 
Input/Output Finite State Machine (110 FSM) with a finite set of states S={ s 1. 

s2, ... , sn}. a finite set of inputs I={al····· ak}, and a finite set of outputs 
O={x1,x2, ... ,xm}. Both sets include the symbol null used to represent nul( 
inputs or outputs. The next state (8) and output (.A) relation are given by the 
relations 8 : S x I --+ S and >. : S x I --+ 0 . 

The 110 FSM is usually represented by a directed graph G=(V,E), where V= 
{ v 1,v2 , ... ,vn} represents the set of states S, and a directed edge represents a 
transition from one state to another in the 110 FSM. Each edge in G is labelled 
by an input ar and a corresponding output xq. An edge in E from Vi to Vj 

which has label arlxq means that the 110 FSM, in state Si, upon receiving input 
ar produces output Xq and moves to state Sj. A triple (si,Sj,arlxq) is used to 
denote a transition. 

The graph representation is useful for describing and reasoning about test 
generation algorithms. Within this context, we give some basic definitions 
from graph theory. A graph is said to be strongly connected if for any pair of 
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distinct vertices Vi and Vj there is a walk which starts on Vi and ends on Vj. 
A walk W over a graph is a finite, non-empty sequence of consecutive edges. 
Head(W) and Tail(W) denote respectively the vertex where the walk W starts 
and the vertex where it ends. A path is a walk in which each edge of G appears 
exactly once. 
An input/output sequence U = (arl1Xql.arz1xqz, ... ,arn1xqn) is said to be speci
fied for state Si in a specification 110 FSM if there exists a walk W with origin 
si in the graph representation of the 110 FSM such that W = (si,Sjl.arliXql), 
(sjl.Sjz,arzlxqz), ... ,(sjn-l•S]n•arnlxqn). An 110 FSM is said to be fully speci
fied if from each state it has a transition for every input symbol; otherwise the 
110 FSM is said to be partially specified. If an 110 FSM is partially specified 
and a non specified transition is applied, under the Completeness Assumption 
it is obtained that the 110 FSM will either stay in the same state without any 
output or signal an error. The initial state of an 110 FSM is the state the 110 
FSM enters after power-up. An 110 FSM is said to have the reset capability if 
it can move from any state directly into the initial state with a single transition, 
denoted "rilnull" or simply "ri". State Si is said to be weakly equivalent to 
state s j if any specified input/output sequence for Si is also specified for s j. 

A Unique Input/Ouput sequence (UIO sequence) for state si, denoted UIO( i), 
is an input/output sequence with origin Si such that there is nos j i- Si for which 
UIO(i) is a specified sequence for starting state Sj [1]. 
A state possesses multiple UIO sequences if it possesses more than one UIO 
sequence. Some 110 FSMs do not possess UIO sequences for every state. The 
proposed approach to identify a state Si that does not have an UIO is to use a 
signature, a sequence that distinguishes Si from each of the remaining states 
one at a time. A signature for Si uses (n-1) input/output sequences IO( i,m ), 
each of which distinguishes Si from one other state sm. Before applying each 
10 sequence the 110 FSM must be put back into state Si· Suppose that af
ter the subsequence IO(i,m) is applied the specification is in state sk. The 
method proposed in [1] is to use a transfer sequence Tr(k,i), which is the 
shortest path from sk to Si, in order to bring the 110 FSM back to state si. 
Therefore, the signature for state Si is formed by concatenating the sequences 
IO(i, m)@Tr(Tail(IO( i, m) ), i) for all m i- i, where@ indicates the concate
nation of each IO sequence with the corresponding transfer sequence. The test 
generation method presented in the following sections uses a modified version 
of the concept of signature, based on the SIO sequences (Set of IO sequences), 
that we will denoted by Partial Unique Input/Ouput sequence (PUIO). 

2.2 THE PROCEDURE FOR TESTING 
The procedure for testing an implementation (whose behaviour can be de

scribed through an 110 FSM) is essentially divided into two parts [5]: 
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state identification: tl)e implementation is forced to display the response 
of each state to the Unique Input/Output sequence (UIO) (or to the 
chosen signature) checking whether an implementation I/0 FSM has n 
states and that each state identifier preserves its feature. This is carried 
out by repeating the following procedure for each state of the I/0 FSM: 

• the implementation is put into state Pi· presumably isomorphic to 
Si, by applying a reset (assumed reliable) followed by some path 
(already tested) from the initial state so to Si; 

• UIO (or other chosen signature) is applied to the implementation 
and the output is checked to verify whether it was expected or not. 

2 transition testing: each transition is tested. The procedure for testing 
a transition t = (si, Sj, arlxq) from state Si to Sj with input ar is the 
following: 

• the implementation is put into state Pi· known to be isomorphic to 
Si, from the state identification part; 

• input ar is applied and the output is checked to assure that it is Xq 

as expected; 

• the new state of the implementation is then tested to verify if it is 
isomorphic to state Pj· This is done by applying the UIO (or the 
chosen signature) as in the state identification part. 

Any method based on UIOs, or a similar kind of signature, is valid if the UIOs 
or other signatures are unique both in the specification and the implementation. 
This uniqueness of the identification state must be verified. This can be done 
by putting the implementation into state Pi· presumable isomorphic to state 
si, and then applying UIO(j) to the implementation in order to verify that the 
resulting output is not what it was expected if UIO(j) was applied to s j. 

2.3 THE TOOL TESTGEN 
In the first version of our tool TESTGEN, we have adapted the traditional test 

methods, based on finite automata [1, 32] to test generation and their application 
to real protocols. In the previous sections we have provided some basic concepts 
of these methods. These methods present two main advantages: they allow a 
totally automatic test generation, and they guarantee full coverage for certain 
types of faults (transfer and output faults) under certain test hypothesis. 

In the following we will present test generation from a SDL specifica
tion [20], (for a description of test generation from LOTOS, see [7, 8]). The 
procedure to generate test sequences from a SDL specification can be decom
posed in the following steps: 
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Step 1. Note that the method is applied to a SDL specification. This 
means that we start with a system of communicating extended finite state 
machines. This system will be simulated in order to obtain an accessibility 
graph. The accessibility graph that includes data and control parts of the original 
specification is computed using the simulator features of the ObjectGEODE 
tool [34]. This graph is restricted by fixing the values of the parameters in 
messages received from the environment by the system under test. An 1/0 
FSM is obtained. The constraint on the arguments values is a very important 
optimization, since it permits the tool to obtain a graph even in the case of a 
real protocol; 

Step 2. The obtained input/output machine is transformed: transitions 
labelled by internal actions and intermediate states are eliminated using an 
algorithm described briefly in the following section. We then obtain a reference 
finite state machine (see next section); 

Step 3. Certain cases of non-determinism are eliminated using a classical 
determinization algorithm [2], while others cases, which may be significant 
for the test, are conserved. Furthermore, the reference finite state machine is 
transformed in a completely specified machine by the addition, on every state, 
of self-loops having as input labels the inputs not specified for that state and 
null as outputs labels. Notice that this transformation preserves the semantics 
of SDL. In fact, in certain cases it is not necessary to make every state complete. 
It is necessary only in certain states, so a unique identification sequence can be 
obtained; 

Step 4. A minimization algorithm based on trace equivalence is applied. 
This minimization is important, since it makes it possible to obtain states 
identification sequences of reasonable size even for real protocols. In this step, 
we also verify that the finite state machine is strongly connected; 

Step 5. UIOs, multiple UIOs (MUIOs) or partial UIOs (PUlOs) are defined 
for each state. TESTGEN allows the use of these different types of UIO 
sequences. By default, the type that generates the shortest test sequence is 
chosen; 

Step 6. For each state of the minimized automaton, a preamble to put the 
implementation in that state is computed. Then, if possible, one or more UIO 
sequences for the state are computed. As some states may not have a UIO 
sequence, partial UIOs (PUOs) are computed for them. 

Step 7. The test sequence is calculated. Once preambles and UIO (or 
PUIO) are obtained, the generation of the test sequence proceeds in two steps 
as follows: 

• 7.1. First, it is verified that UIO and/or PUIO sequences are uniquely 
accepted by the states in the implementation; 
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• 7 .2. Then, every transition in the specification is verified to have a 
corresponding transition in the implementation. This is done by applying 
to the implementation first the preamble, in order to put it at the start of 
the transition, then the transition itself, and finally the UIO sequences 
to verify that the transition put the implementation in the expected end 
state; 

Step 8. The test generation can operate in two modes, optimized or non
optimized. In the optimized mode, one single test sequence is obtained by 
using an optimization algorithm (either Rural Chinese Postman Tour [1], or 
greedy algorithm with overlaps and multiple UIOs [11]). In the non-optimized 
mode, a set of test independent test cases is obtained. In both cases, the resulting 
test is translated into TTCN. 

2.4 GENERATION OF THE REFERENCE FINITE 
STATE MACHINE 

The global finite state machine (obtained using the ObjectGEODE tool) can 
have redundant states, as well as transitions labelled by internal or empty (null) 
messages. In order to reduce the size of the finite state machine, two transfor
mations are made: 

1. Treatment of internal and empty signals. In the global finite state ma
chine, we distinguish actions that interact with the PCOs (Points of Control and 
Observation, which constitute the interface between the tester and the imple
mentation under test) and actions that are not seen at the PCOs. The latter are 
called internal actions (denoted by r). The test architecture defining the PCOs 
wiii determine the actions that wiii be considered as internal. Empty signals 
(denoted null) are used to model the input of spontaneous transitions, or the 
output of actions that do not produce events. 

We apply a reduction algorithm to the automaton in order to eliminate part 
of the internal actions and empty signals, obtaining a finite state machine with 
fewer states. The principle of this reduction algorithm is to detect certain chains 
of transitions that can be grouped, for they are all internal. The simplest case 
is when two consecutive transitions have the form "in/r" and "r/out" where 
"in" and "out" are actions observable at the PCOs. In this case, these two 
transitions are replaced by a single transition labelled "in/out"; if there are no 
other incoming or outgoing transitions, the intermediate state is eliminated. 
Null signals are eliminated using the same method. But it must be noted that 
the algorithm treats "r" and "nulr' separately and keeps them distinct in the 
resulting machine. This way, certain spontaneous actions are removed; for 
example those that appear after the start state in a SOL specification. On the 
other hand, there may be transitions of the form "in/r" ( a signal from the 
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environment followed by an internal signal), or "in/null" (a signal from the 
environment followed by a null signal) that cannot be removed. This is due to 
the fact that those transitions model the situations where the specified system 
accept an input signal but does not produce an observable answer. Transitions 
labelled with internal signals that cannot be deleted/hidden indicated a bad 
specified or incomplete machine. A more detailed description of this algorithm 
is given in [3, 28]. The experience of using this algorithm has shown that the 
resulting automata has fewer states than the original one. On the other hand, the 
number of transitions usually increases. The reasons for this is that when one 
state is eliminated the number of resulting transitions correspond to the number 
of incoming transitions multiplied by the number of outgoing transitions on 
that state. However, if the number of states eliminated is substantial, then the 
number of transitions also decreases. In the case of the MAP protocol [3], the 
algorithm reduces an automaton with 13.794 states and 45.893 transitions to 
an automaton with 6.193 states and 43.445 transitions. The application to the 
INRES protocol [15] gives the following results: it reduced an automaton of 
175 states and 267 transitions to an automaton with 60 states and 154 transitions. 

2. Minimization based on trace equivalence. This minimization eliminates 
redundancies and therefore reduces the number of states and transitions of the 
automata. In the case of the MAP protocol [3], this minimization produced an 
automaton with 25 states and 187 transitions, from an automaton with 6.193 
states and 43.445 transitions. 

3. EMBEDDING TESTING 
Traditional testing methods proposed to test systems as a whole or to test 

their components in isolation. Testing systems as a whole becomes difficult 
due to their huge size. On the other hand, the purpose of testing can be to test 
only some system components in order to avoid the redundant testing of other 
parts of the system. In this case, we are concerned with embedded testing or 
testing in context [24, 26, 28, 30, 29, 23, 13]. 

Embedded testing is to test the component's behaviour in context and to 
detect if the component's implementation conforms to its specification. It is 
generally assumed that the tester does not have a direct access to the component 
interfaces. The access is then made through another component of the system, 
which acts as a sort of "filter". According to the standard: "if control and 
observation are applied through one or more implementations which are above 
the protocol to be tested, the testing methods are called embedded" [16]. 

Many of these systems can be formally specified as a system of distributed 
interacting extended finite state machines (EFSMs). EFSMs, which are finite 
state machines extended with variables, have emerged for the design and analy-
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sis of both communication protocols and services. They are also the underlying 
model of some formal specification languages (as for example, SDL [20]). 

Concerning embedded testing we have developed two approaches. The 
first one is based on a trace keeping algorithm for automaton composition. A 
detailed presentation of this algorithm is given in [26] and [28]. The generation 
of test sequences from formal specifications has been traditionally based on the 
exhaustive simulation of the specification in order to obtain an automaton that 
represents the global behaviour of the system. Since it is impossible, in most 
of the cases, to deal with the size of the automaton that represents the complete 
behaviour of these systems, a reasonable approach is to simulate the execution 
of the specification by controlling the range of values assigned to each internal 
variable and each parameter of input messages. The closer this range is to the 
real one, the more realistic and the larger the test will be. Obviously, there is 
always a compromise between accuracy (completeness) of the automaton and 
his size. However, even with an automaton of a "computable" size, the process 
of test sequence generation may not be able to cope with that automaton in a 
reasonable period of time. 

In the first version of TESTGEN, to generate test sequences, what we have 
done is to take the "big" automaton (that is, the one which is as close to the 
specification as possible) and then, though the definition of view points (PCOs), 
abstract the signals which are irrelevant in the current consideration or view 
point. Then, we may proceed by minimizing the automaton using an algorithm 
described briefly in the previous section and presented in [5] and [28], which 
removes all internal signals (if the choice of the PCOs is well done). We thereby 
obtain an automaton that corresponds to the "big one", by abstracting details we 
do not yet want to consider. In general, this automaton has a reasonable size, 
and therefore it can be used as input for the process of deriving test sequences. 
However, even with a big automaton generated by simulation, the reduced one 
is often simpler than we would like. 

To solve these problems we have considered the use of a composition al
gorithm in the following way. The idea is to avoid the initial automaton size 
explosion by dividing (which is often already done, if we are dealing with mod
ular systems) the specification into smaller, interrelated modules which are then 
simulated to produce more complete or smaller automata. The simple compo
sition of these automata, without taking into account any kind of abstraction 
(PCOs), would lead to the big automaton of the traditional case. However, if we 
use information about our abstraction level we are able to compose them and 
at the same time avoid the explosion of the model. In other words, we compute 
the global composition of two automata while removing internal actions. 

The implementation of the proposed algorithm also includes mechanisms 
to tackle the following issues: multiple (simultaneous) outputs (i.e. when one 
signal from the environment stimulates several simultaneous outputs from the 
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system), deadlock and livelock detection (if components exchange messages 
indefinitely). A complex strategy for transition marking implements a mech
anism of behaviour exploration that guarantees that all possible branches are 
examined, even in the presence of nondeterminism. This is implemented by al
lowing processes to warn the builder when there was a non deterministic choice 
for the last input, so that the builder can send the same signal a second time 
and a different transition will then be traversed. As a result, non deterministic 
machines can be produced. 

The algorithm also allows the detection of undesired situations that may 
happen during the composition process and that are reported back by the tools 
as error or warning messages: 

• incompatibility errors due that a process was not expecting a given in
ternal signal from its peer machine at its current state. In this case, the 
internal signal is simply forwarded to the environment that instantiates a 
global transition with an error message (for it contains an internal output 
signal that was not supposed to reach the environment); 

• unreachability warnings. During the machines join execution, some 
transitions of either machine may not be traversed and some states even 
may not be visited. This means that a part of the machine behavior was 
not exercised in the joint execution (e.g. one machine was not capable 
of using all the other machine's functionality). This kind of information 
can be useful, for instance, for the detection of some cases of feature 
interaction or to identify the executable part of a component in a given 
context. 

We have also developed another approach to embedded testing that is based in a 
general procedure for embedded testing of EFSMs. This is a work that we have 
presented in [ 1 0]. This procedure can be applied to EFSMs, to Communicating 
Finite State Machines (CFSMs) and to Communicating Extended Finite State 
Machines (CEFSMs). The proposed algorithm is based on a "hit or jump" 
random walk that attempts to cover all transitions of the component EFSMOs. 
This procedure has the advantage of avoiding the construction of the system 
reachability graph. As a matter of fact, the space required is determined by the 
user, and it is independent of the systems under consideration. The algorithm 
has been implemented on the ObjectGEODE tool. It takes advantage of some 
of the functionalities offered by this tool: for instance the use of the simulator 
to produce partial graphs that will be used to produce the test scenarios. 

The first approach for embedding testing that we have developed has been 
applied to embedded testing of the GSM-MAP protocol [19]. Both approaches 
have been applied to the embedded testing of services on a telephone net
work. This case study corresponds to a real system that has been specified 
using the SDL language. In addition to the Basic Call Services (BCSs), two 
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other services are included: Originating Call Screening (OCS) and Call For
ward Unconditional (CFU). These applications are described in [27, 28, 10] 
respectively. 

4. PASSIVE TESTING 
The objective of conformance testing is to evaluate whether a protocol im

plementation has the same behaviour as its specification. In active conformance 
testing, the implementation under test (IUT) is placed in a dedicated testing en
vironment. According to predefined test sequences, one (or more) tester sends 
inputs to the IUT, observes the corresponding outputs and compares them with 
the expected outputs. On the other hand, passive testing consists in collecting 
traces of the messages exchanged between an operating implementation and its 
environment, and verifying whether these traces actually belong to the language 
accepted by the specification automaton. Though passive testing is sometimes 
mentioned as an alternative to active testing [17], only little effort has been 
devoted to this aspect of testing [31, 12]. However, we feel that passive testing 
is worth investigating, since (a) under certain circumstances, it may be the only 
type of test available, e.g. in network management, (b) it is relatively cheap 
and easy to implement, and (c) active testing is sometimes impractical due to 
the complexity of systems. 

In passive testing [31], contrary to active testing, the tester does not control 
the implementation under test. The implementation is in operating condition, 
and the tester only observes the messages exchanged by the IUT and its envi
ronment, in order to check if they correspond to a behaviour compliant with the 
specification. The main difficulty in passive testing is that we have no knowl
edge of the state in which the implementation is at the beginning of the trace 
(no assumption is made about the moment when the recording of trace begins, 
and therefore it is not necessarily the initial state). Each input/output pair of the 
trace is assumed to represent a transition in the specification, and our objective 
is to match the transitions of the trace with those of the specification. The 
passive testing process can be decomposed into two steps: the passive homing 
sequence, in which the current state is found out, and the fault detection phase, 
in which the trace is compared with the specification. 

We have defined an extension of the existing algorithms to consider the 
specification as an extended finite state machine (EFSM) that is presented 
in [33]. We also introduce the principles of passive testing, and an application 
to a real protocol, the GSM-MAP. The proposed algorithm is an extension of 
this of [12] in order to consider an extended finite state machine as the system 
specification. The SDL specification of the GSM-MAP that we used in our 
experiment has been obtained from ETSI standard; this specification has been 
completed in our group [19, 3]. For the purpose of conformance testing, the 
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specification is usually considered as an Extended Finite State Machine, the 
underlying model of SDL. 

The first results were the detection of discrepancies between the global 
SDL specification and the behaviour of the FSM obtained through the decom
position/composition process. These discrepancies were detected within I 0 
input/output pairs after the end of the passive homing sequence and were re
ported as faults by the passive testing software. They turned out to be mostly 
due to some variable values that were inconsistent between the various pro
cesses. This allowed us to correct these inconsistencies in the specification. 
After correction, tests were rerun with the same traces, and no faults were 
detected, which was the expected outcome. In order to assess our tool, faults 
were also added manually in some of the traces. Those faults were detected 
within a few input/output pairs after they occurred. 

Traces varied from 1.000 to about 12.500 input/output pairs. Computation 
time varied between 0.04 to 0.14 seconds on a Sun Ultral. Transition coverage 
varied between 5% and 25% of the transitions, and state coverage varied be
tween 56% and 71% of the states. The global coverage, obtained by taking into 
account all the states reached in the various experiments, and all the transitions, 
was 86% of the states and 46% of the transitions. 

5. EXECUTION OF TESTS ON A CORBA PLATFORM 
Intelligent Networks (IN) represented a remarkable step forward in the do

main of telecommunications systems. The ability to add "intelligent" nodes 
(i.e. computers) into switching networks made it possible to introduce new 
telephonic services. However the service implementation was still dependent 
on the hardware and operating system upon which it was built. Nowadays, 
telecommunication services are migrating to open distributed environments 
where a layer, called middleware, located between the software application 
layer and the hardware layer (i.e. physical and low level programs like operat
ing systems), assures transparency, interoperability and cooperation among the 
several service components in spite of the heterogeneous underlying systems. 
The Telecommunication Information Networking Architectures (TINA) spec
ify the DPE (Distributed Processing Environment) layer which is responsible 
for providing facilities to service programmers, so that they do not need to cope 
with communication details. 

There are many different validation methods for telecommunications systems 
as we have mentioned in the previous sections. All these methods correspond 
to what we call the Testing Generation Phase, which starts with the system 
specification and ends with the generation of test suites. However very little 
has been said about validation of telecommunication services, specifically, re
garding distributed environments like ORB platforms. Thus, on the one hand 
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we see a world-wide move to using distributed platforms to implement telecom
munications services and on the other hand the need for suitable methods to 
validate these systems. 

Our works in this area aim at implementing and validating services on top 
of a TINA-CORBA like platform [25]. In the following we will provide a 
short presentation of the implementation and validation phases that we have 
developed in our test platform. 

For the validation a tester (possibly distributed) must be implemented to 
send stimuli to the several components under test (which compose the System 
Under Test - SUT) and to gather information concerning their reaction to these 
stimuli. Eventually, the tester will give a verdict on the observed behaviour of 
the system. In doing so, we will be able to come up with a practical view on 
the following aspects : 

• test generation and execution; 

• distributed test execution and generation; 

• how to structure the test architecture for TINA-CORBA-like system/ob-
jects. 

The distributed platform chosen was Orbix (TM) [18], which is a full im
plementation of OMG-CORBA. The key advantage of such platforms is that 
they make application construction and integration much easier, since software 
interfaces are defined using a standard language, the Interface Description Lan
guage (IDL) which allows objects to be accessed from anywhere in a distributed 
system. 

In this platform, all interactions (i.e. service requests) are performed by 
means of channels. Each channel is composed of a stub (on the client side) and 
a skeleton (on the server side) which are connected to the Object Request Broker 
(ORB). Channels allow a transparent communication between the client and the 
object implementation. The ORB in turn provides the functionality required to 
communicate across (possibly heterogeneous) platforms. 

A service request consists of the following information : a target object, 
an operation, a list of parameters and an optional request context. "One way" 
operations (called announcements in the ODP terminology [22]) allow asyn
chronous message exchange amongst the various system components. It is 
important to point out that a client can simultaneously be a server to another 
object (or vice-versa). Objects must cooperate (or intemperate) in a useful way 
to achieve a given objective, which is exactly what TINA-CORBA provides. 

Following the guidelines of classical test architectures for protocols as de
scribed in [ 16], we suggest that a test architecture for an open distributed 
object-oriented platform must have two sets of components: tester components 
and components under test that are possibly distributed over several sites. The 
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tester components receive information about the object configuration (i.e. the 
collection of objects able to interact at their interfaces) and the test suite which 
is obtained through some test generation method. Simple systems (with local 
architecture) are usually implemented using one single tester component and a 
single component under test. 

The results of our work are encouraging, particularly taking into account that 
the majority of our colleagues working on the implementation of multimedia 
services on a TINA-CORBA platform do testing manually. Once the module 
representing a service has been implemented, they manually define a test script. 
They repeatedly express the need for a test environment where all phases of 
the testing are automated. The testing environment that we have presented in 
this paper is an effort in this direction: all phases are automated and the test 
results obtained are more complete. Another advantage is the possibility of 
using existing formal description techniques to describe the system (SDL), the 
test suite obtained (using TTCN) and the test script (using MSC) [21]. 

6. CONCLUSIONS AND FUTURE WORK 
The main objective of all the work we have performed is the application of 

formal methods for conformance testing to real protocols and services. Our 
work also contributes to increase the use of formal description techniques and 
formal methods for testing in industry. In France, the use of the SDL language 
in industry has considerably increased in the last years and we realize, through 
our industrial collaborations, that the use of these techniques and associated 
tools is an accomplished fact. 
In the future, we will continue our work related to the test of services on RI and 
TINA-CORBA architectures. We are applying our algorithms for embedded 
testing to the test of components of an audio and multimedia services speci
fied following the requirements of this architecture. We are also working on 
extensions of the testing platform in order to be able to execute test on services 
implemented in these environments. We have also started to work in how to 
provide formal descriptions and validation methods for service administration. 
Furthermore, we will continue our collaborative work concerning more theo
retical aspects of embedding testing, as presented in this conference (36, 35], 
on optimization techniques for test generation [ 4, 1 0] and on the test of timed 
systems [14]. 
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