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Abstract In this paper we present the tool iATS (integrated Automatic Iest §.equence gen
erator) for generation of conformance tests in development of digital switching 
systems SI2000. The tool generates test cases in TTCN form from an SDL 
specification of the service or protocol under test. Test cases are derived by im
plemented FSM-based methods. We also describe practical experience of using 
the tool, illustrated by some quantitative results. 
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1. INTRODUCTION 
IskraTEL is a company specialised for production of telecommunications 

systems. Among other products, the company produces digital switching 
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systems SI2000. One of the key issues for the success of the product is 
conformance of the implemented protocols and services with standards and 
requirements of specific market needs. Since the time consumption in manual 
test case generation and provision of adequate test coverage proved to be the 
most critical factors in conformance testing of the system SI2000, a need was 
detected for the automation of conformance test generation procedures. 

In order to improve the software development process of SI2000 systems, 
a general decision to use formal languages was made already at the beginning 
of eighties. The first one actually used in the company was an SDL-like 
language called Specification Language One (SLl) [5]. We migrated to the 
SDL language after it reached its mature stage and its use was supported by 
commercially available tools [16]. Now SDL is successfully used in different 
phases and activities of the software development process. As a result of 
positive experience collected during the long-term use of formal languages 
in the company, the idea appeared in the middle of nineties to automate the 
generation of test cases for conformance testing by means of formal languages 
and methods. The goal was a tool for automatic generation of test cases in the 
standard TTCN (Tree and Tabular Combined Notation) form [9] from an SDL 
specification of the service or protocol to be tested. 

Since no appropriate commercial tools were available on the market, the 
decision was made to develop our own tool adapted to the specific needs of 
conformance test generation for the system SI2000. The tool iATS (integrated 
Automatic Iest S.equence generator) presented in this paper was then devel
oped in the scope of the research and development project "Automation of test 
scenario generation for the system SI2000". The partners of the collabora
tive project were the Jozef Stefan Institute (academic partner) and IskraTEL 
(industrial partner). 

The paper is organised as follows: section 2. presents the general testing 
framework in IskraTEL and exposes the main objectives in the development of 
the tool. Section 3. gives a detailed description of the tool. Section 4. contains 
basic guidelines for writing SDL specifications used as input of the tool. Section 
5. summarises the results of practical use of the tool in test case generation 
for ISDN services and signalling protocols. Finally, section 6. discusses the 
advantages and shortcomings of the tool, and analyses perspectives for its 
improvement in the future. 

2. FRAMEWORK AND OBJECTIVES 
Conformance testing is an important activity in the verification and validation 

phase in the development process of SI2000 systems. The aim of conformance 
testing is to prove the conformity of implemented protocols and services with 
standards or specific customer requirements. The testing architecture used 
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corresponds to the ITU-T X.290 recommendation where the basic test config
uration is represented by the upper and lower tester interacting with the IUT 
(Implementation Under Test). The interaction is performed by means of the 
execution of test suites and cases respectively. We use the terms "test case" and 
"test suite" as defined by ISO OSI terminology [9]. The. definition of a similar 
term used in the following- test sequences- is adopted from [15]: test suites 
selected by test case generation methods are a (test) sequence of input-event 
and expected output-event pairs. 

Test cases for conformance testing are coming from several sources. There 
is a set of conformance test cases collected in the past decade, which have 
been generated manually. Other test cases are either adopted from ETSI (af
ter some minor corrections) or generated automatically by iATS. While the 
manually generated test suites are described in their abstract form (Abstract 
Test Suite- ATS [9]) mainly in MSC (Message Sequence Charts), the ETSI 
and the automatically generated test suites are described in TTCN. For actual 
execution on the system SI2000 they have to be translated into an executable 
form (Executable Test Suite - ETS). Afterwards they are executed on different 
testing platforms using the testing equipment of several providers, not allowing 
the execution of the same ETS on all platforms. 

As the main objective of iATS development, the automatically generated 
ATSs should have been described in a unique form for all testing platforms 
possibly supported later by commercial tools for automatic ETS generation. 
Therefore the standardised TTCN form was selected. The second important 
objective was to integrate the form of the input formal specification into the 
existing formal specification environment adequately supported by existing 
commercial tools. For this reason, SDL was selected. Finally, the tool should 
have been designed also to derive benefit from previous testing results. In 
order to reuse the testing results for pre-tested components, the context test 
generation feature was defined for the cases where only the context should be 
tested in which the components are currently operating. 

3. THE IATS TOOL 
At the very beginning of the tool development we decided to use methods for 

actual test case generation based on the FSM (Finite State Machine) model. The 
reason was the availability of many FSM-based methods with a well-defined 
mathematical background, which cover a wide spectrum of FSM properties. 
Another reason was that the model is very close to the EFSM (Extended Finite 
State Machine) model of SDL. Afterwards the remaining functionality of the 
tool was designed to support the selected FSM-based concept of test case 
generation. The tool differs from the test generation tools for conformance 
testing like TGV, TVEDA, TTCgeN or Autolink [4, 6, 17] basically in the 
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approach because it is based on implicit test derivation methods without defining 
test purposes. 

The development of the tool started in 1995. As a result of the pilot project, 
the first prototype was available in 1996. The functionality of the prototype 
included a simple compiler generating an FSM from a particular SDL spec
ification of an ISDN service, and a test case generator implementing several 
FSM-based methods. It provided output in the form of test sequences described 
by transitions of the FSM, and in a TTCN-like notation. From this list of fea
tures it is evident that it had very limited applicability. Its purpose was only to 
prove the feasibility of the approach in the particular service example. We eval
uated the prototype in real testing of the selected ISDN service and identified 
possibilities for improvement and generalisation of the tool to be applicable to 
a larger set of services and protocols. After that we started the second phase 
of the tool development which ended in 1998. The result was the tool with the 
functionality described herein. 

Using iATS, test cases are generated in the next three steps: 

• Abstraction to FSM. Each EFSM (i.e. process in the SDL specification) 
is first abstracted to a corresponding FSM. Afterwards, the FSMs for all 
processes involved are composed into a combined FSM modelling the 
complete SDL-specified behaviour. 

• Test sequence generation. From the combined FSM, test sequences are 
generated using well-known UIO (Unique Input-Output) methods, or 
test generation methods for non-deterministic protocol machines. The 
selection of the method depends on the properties of the FSM. 

• Translation to TTCN. The generated test sequences are automatically 
translated into TTCN test cases. While the behaviour part of the TTCN 
description is generated completely automatically, constraints in the dec
laration part have to be inserted manually. 

The functionality of each step is covered by a corresponding tool component 
as follows: 

SDL-FSM compiler-simulator. This component is used for abstracting 
each process involved in the given SDL specification to a FSM. Values of 
parameters are inserted by the user of the tool and afterwards considered 
as fixed. 

2 Tool for composition and construction of approximate machines. From 
the FSMs constructed by abstraction from SDL processes, a composed 
FSM is generated. Construction of an approximate machine is possible 
if some constructs in the SDL specification have been declared by the 
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user as hidden, or if the SDL specification describes only the behaviour 
of the context of some pre-tested and correctly-working components. 

3 Test sequence generator and compiler into TTCN. This tool generates test 
sequences from a given FSM on the basis of the selected test derivation 
method. The user may choose between the method suggested by the tool 
as default, and other implemented methods. 

4 Graphical user interface. It integrates the first three components into 
a single tool in X-Windows environment, supports interaction with the 
user and provides a system of friendly help. 

Although all the components have been developed specially for iATS, the 
first three components can also be used as standalone tools. The iATS tool 
has been developed for HP-UNIX and X-Windows environment. It is owned 
and used as an in-house tool by IskraTEL. We describe the functionality and 
theoretical foundations of the first three components from the list above more 
precisely in the following subsections. iATS is described in detail in [7]. 

As the input of the tool, any SDL specification in the textual form may be 
used, being created in correspondence with the methodology briefly described 
in section 4.. The tool generates two main outputs: a set of generated test 
sequences described by transitions of a FSM, and a TTCN description of test 
cases in the standardised form. As an auxiliary output, another description in 
style of TTCN is generated. 

3.1 CONSTRUCTION OF FSM 
We selected FSMs based on the Mealy machines. Since the set of all 

languages defined by FSMs is a subset of the set of all languages defined by 
SDL specifications based on the EFSM model, not all SDL specifications can 
be translated into FSMs. The language of an FSM [8] or an SDL specification 
is a set of all valid input/output sequences. An FSM and an SDL specification 
are considered behaviourally equivalent if their input/output behaviour is the 
same, i.e. the output sequences match for each possible sequence of input 
symbols. 

The compiler consists of its front-end and back-end in the meaning defined 
in [1 ]. The front-end performs lexical, syntax and semantic analysis of the SDL 
specification, while the back-end actually translates the SDL specification into 
the FSM. The syntax analysis is adapted to the SDL-88 syntax definition of 
[19, 20]. The compiler's back end is actually a specially designed simulator of 
SDL processes. 

The basic block of our translation is a single SDL process. Each process is 
translated separately and, at the end of the compilation, merged with the rest of 
the translated processes through FSM composition procedures. The translation 
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of the input and output signals into the input and output symbols is almost 
straightforward. Signal parameters must be handled separately. In order to 
avoid state explosion problem, the set of allowed parameter values should be 
given in advance. No additional help, except the information about the type of 
the parameter, is given to the user in giving the right values by the system. 

The mapping from SDL states to FSM states is not so clear since the state of 
the SDL process in execution can not be characterised only by the SDL state 
name. The state of the SDL process is determined by the state of all variables, 
signal parameters, timers, and by the content of the procedure call stack. In 
order to reduce the FSM only to the set of states, which actually appear during 
the SDL process execution, simulation is required. To a certain degree, we 
can avoid the state explosion problem and still get valuable test sequences 
by limiting the depth of the SDL process simulation. Still, all possible paths 
of execution need to be systematically simulated. The redundant states and 
transitions are removed from the final FSM. The output of the compiler is a 
set of FSMs where each FSM corresponds to one SDL process. The FSMs are 
composed in one FSM representing the input/output behaviour of the source 
SDL specification by sequential and parallel composition techniques. 

A set of limitations is imposed on the SDL specification to make the transla
tion into an FSM possible. Some limitations are introduced simply to reduce the 
complexity of the compilation process. These limitations, by our experience, 
do not strongly affect the expressive power of SDL when telecommunications 
services are in question. The input of the compiler may be an SDL specification 
in the textual form with the contents corresponding to the limitations described 
in the following. 

The tool can handle the constructs "start", "state", "nextstate", "stop", "de
cision", "label" and "join" without any constraints. All transitions should have 
non-empty inputs except the first transition after the construct "start". The 
construct "output" is forbidden in the first transition following the construct 
"start", otherwise there are no restrictions. The resulting FSM may have empty 
output symbols on transitions. Multiple signals may be outputted on the same 
transition; they result in one new output symbol in the FSM output alphabet. 
Signal decomposition is forbidden. The construct "create" should be used 
without parameters. Timers should have no parameters. Variables can be of 
any predefined sort. User defined sorts are currently not supported. Supported 
are all predefined operators on variables of supported sorts. Procedures may 
have parameters called by value or by reference, and local variables. Nesting of 
procedures is forbidden. At the present stage, among frequently used constructs 
the constructs "save", "continuous signal", "import", "export", "viewed", "re
vealed", and "alternative" are forbidden. They are not supported for different 
reasons. In the case of "save", the translation into FSMs using an existing 
method [12] would be possible only for SDL processes with known contents of 
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the input queue. To provide correct results, the same order of signals should be 
guaranteed during test case execution on a real object. This is in the example 
of the system SI2000 testing not possible. "continuous signal" would result in 
a transition with an empty (NULL) input symbol. Consequently, the generated 
FSM would be an unusable input for the test sequence generator. "import", 
"export", "viewed" and "revealed" would require knowledge of current values 
for variables used in different processes. This is not possible since the trans
lation is based on simulation of one SOL process at a time. "alternative" was 
omitted from the list of supported constructs because it is practically never used 
in specifications relevant to conformance testing of SI2000. 

In figure 1 an example of SOL to FSM conversion is given. User defines 
the parameter of the signal A to be 0. Only actual values of the variable x 
contribute to new states. 

3.2 TEST SEQUENCE GENERATION 
The test sequence generator takes as input a file containing the FSM for 

which the sequences are being generated, and a file with control information. 
The FSM file is a text file specifying the initial state of the FSM and listing 
for each transition its source, its destination, its input symbol and the resulting 
actions. An input symbol is either a sequence of ordinary input signals or a 
timer signal. The resulting actions specify the output symbol of the transition (a 
sequence of output signals) and an arbitrary number of settings and/or resettings 
of timers. If the FSM is non-deterministic, the use of timers is forbidden for 
the present, because they are difficult to handle during test generation. 

Optionally, the FSM file can be edited to specify for each transition its cost, 
so that the generator can enhance the implemented test-sequence generation 
methods with additional cost minimisation. The cost of an individual transition 
can be an arbitrary non-negative number properly reflecting the difficulties 
associated with execution of the transition, for example the necessary time or 
resources. By editing the FSM file, one can also indicate which of the transitions 
have already been successfully tested. When building a test sequence as a 
composition of tests for individual transitions, the pre-tested transitions shall 
be ignored and the resulting composite sequence shorter. 

The control information file can be generated with the help of a graphical 
interface that suggests which methods (and their parameters) are worth trying 
in the next run of the test sequence generator. The suggestions are based on the 
diagnostic information resulting from the previous runs. A possible suggestion 
might also be to make the FSM complete or to introduce the reliable reset 
capability. That can be done automatically, by introducing in each state the 
missing input/NULL loops in the first case, or a reset transition with user
defined input and output symbols in the second case. 
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process Demo 
(I, I) 

IDCL X INTEGER: 

C(x) 

x = x+ l 

(FALSE) 

0 
Figure I An example of SDL to FSM conversion 

Based on the observations in [3, 15], we have elected to implement four 
existing test-sequence generation methods, for different purposes. For FSMs 
that are strongly connected, deterministic, with proper UIOs and with the cor
rect number of states in the implementation, the methods proposed in [2, 11] 
have been implemented for transition testing. Method [2] is applicable to most 
practically interesting FSMs, while method [11] is seldom applicable, but gen
erates extremely short sequences. If the reliable reset capability exists, both 
methods can be optionally preceded by testing of state and UIO implementa
tion. In the absence of the reliable reset capability, the available method is 
[21], optionally without its state and UIO testing parts, for they might require 
catastrophically long test sequences. For a FSM that is non-deterministic (or 
even non-observable), only weakly connected, without proper UIOs or with an 
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incorrect number of states in the implementation, the method proposed in [13] 
might help, if the reliable reset capability exists. To cope with states with very 
long characterisation sequences, the test sequences can be interactively opti
mised by gradually increasing the allowed length of the state-characterisation 
sequences as long as the so-called fuzziness degree [13] decreases. 

The generated test sequences are basically represented by the corresponding 
sequences of input symbols of the FSM. For a deterministic FSM, that output 
file of the tool also specifies for each transition its source state, its output 
symbol and its cost. In addition, the cumulative cost is given for each test 
sequence and for their entire set. Another human-readable representation of 
the test cases is a tree in the TTCN [9] style, nicely divided into subtrees to fit 
into the designated page width. The representation is particularly convenient 
for a non-deterministic FSM, as each node of the tree is labelled with a list of 
the potentially corresponding states, and each output symbol with the cost of 
the most expensive among the transitions to which it potentially belongs. 

For a deterministic FSM, the tool also represents the test cases in the standard 
machine-readable TTCN format. The file also specifies the necessary timer 
actions. Besides the timers specified in the given FSM, there is a special timer 
for each pair of a state and an input symbol. Expiration of the timer indicates 
that IUT reacted on the input symbol with a NULL output symbol. The duration 
of such a timer is a parameter of the test specification, so that it can be set to 
suit individual testing needs. 

3.3 TESTING OF COMPONENTS 
The black-box view of the IUT considered in the previous subsection is not 

appropriate when IUT is embedded within a complex system under test. In 
that case, grey-box testing methods are necessary where internal structure of 
the complete system under test is known in the sense of components structure. 
Test cases have to be generated for one particular component operating in the 
context of the remaining part of the system, which is assumed to be correctly 
implemented. 

Basically we selected the model of a system with an embedded component 
given in [14]. We applied it as basis of test case generation for the context 
of pre-tested components with some minor simplifications and differences in 
interpretation. Firstly, the roles of the embedded component and context are 
changed: the embedded component actually to be tested is in our case the 
context represented by a context FSM (so-called component machine in [14]), 
and the rest of the system is a set of components represented by a single product 
FSM (in [14] called the context machine). Secondly, the set of input symbols 
(X) for the complete system under test equals to the set of input symbols of its 
components, i.e. no internal inputs are assumed. The same is assumed for the 
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system under test 

comp 1 comp2 

X y 
IUT -context 

compN 

test suite reference system 

Figure 2 Architecture for testing of context 

set of output symbols (Y). The applied architectural model is shown in figure 
2. The described assumptions significantly reduce general applicability of the 
model, but they adapt it for the use as a theoretical basis for test case generation 
method implemented in iATS. 

We generate test cases for the context of pre-tested components as follows. 
As input, an SDL specification has to be made for each of the pre-tested com
ponents and the context to be tested. SDL specifications are translated into 
FSMs. The transitions of pre-tested components are marked as already suc
cessfully tested (in the meaning described in the previous subsection), and the 
FSMs of components (comp 1 , ... ,comp N) are composed into a product FSM. 
Afterwards an approximate machine for the context is constructed based on 
composition of the product FSM and the context FSM (adaptation of method 
of [14] in accordance with our assumptions about the model). For the con
structed approximate machine, test sequences are generated using the generator 
described in the previous section. 

Besides limitations resulting from the assumptions described above, the 
method has limited applicability also because of the combinatorial explosion 
problem caused by use of FSM composition. The problem is not to construct 
an approximate machine with considerable size, but to apply it as input of 
the test sequence generator. Therefore it is strongly recommended to specify 
each component by a single block containing one process and to restrict the 
number of components. Another problem is that it is often difficult to pre-
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test a component of a real system separately to prove its correct operation. 
However, the method can, to our experience, be successfully used for testing 
ISDN services in context, for example in testing interaction between services. 

4. WRITING SDL SPECIFICATIONS 
The main purpose of an SDL specification used as an input of a test case 

generation tool is to describe the complete behaviour to be tested. To write an 
SDL specification we need a precisely defined input and output, methodological 
rules and an appropriate tool support. The input is adequate information on 
the functionality to be specified. For the case of ISDN services, information 
can be obtained from informal service specifications available in standards or 
internal documents of the system SI2000. The output is an SDL specification 
of the functionality meeting some requirements about its form and contents. 
Methodological rules define how from the input an output should be generated. 
Among software tools supporting the specification activity, an editor (preferably 
graphical) and a syntax checker are the most essential. A semantic checker 
proves to be also a very valuable tool to check the specification against logical 
errors, such as deadlocks for example. We used Verilog GEODE Editor and 
Simulator. 

An SDL specification used as an input of the iATS tool can give prospective 
results in test scenario generation if the abstraction level and precision in the 
specification of the functionality to be tested is appropriate for the derivation of 
conformance test cases, and if the structure of the specification and the proper
ties of the contained EFSM assure optimal results regarding to the implemented 
test derivation methods. 

The requirements belonging to different specification problem_ domains im
ply different methodological rules. A very important question is how to reach 
the appropriate abstraction level and which details of behaviour to present in 
the specification. For the generation of conformance test cases of ISDN ser
vices, for example, we need to specify the behaviour of the system under test 
communicating with a user where all the observable communication should be 
described. The system actions are therefore observed only at the user-system 
interface but actually they are the result of sequences of actions executed in 
different parts of the system: switching system, fixed network, related mobile 
network etc. 

Our methodology is based on a set of rules. Due to different specification 
problem domains the rules are divided into five categories: 

1 Abstraction rules define at which abstraction level the SDL specification 
describes the given functionality. 

2 Naming rules specify how names of all elements of the SDL specification 
are defined. The rules impose restrictions on the structure and contents of 
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names of the complete specification, blocks, processes, signals, channels 
and signal routes. 

3 Structure rules define how the specification has to be structured into 
blocks and processes and how communication paths between them have 
to be specified. They also recommend how the specified functionality 
should be structured into components in means of test scenario generation 
for testing of single components. 

4 Adaptation rules define how the form and contents of the specification 
have to be adapted to the properties of the test scenario generation tool. 
While use of a subset of those rules is mandatory to provide an acceptable 
input for the iATS tool, other rules may be used optionally to provide 
input for iATS giving more optimal results in test scenario generation. 
The mandatory rules impose restrictions particularly on use of some SDL 
constructs and their combinations. The optional rules deal more with the 
number of SDL processes and properties of the EFSM inside the SDL 
specification that are expected to give the best result in the sense of test 
suite length and test coverage. 

5 Mixed rules concern more than one specification domain. The intersected 
domains are adaptation, structure and naming. 

Defining the rules we considered two existing methodologies: ITU basic 
methodological guidelines for use of SDL [10] and the IskraTEL SDL method
ology [ 16]. The reason for consideration of the latter was the need to tailor 
iATS to the previously existing SDL specifications, which have been developed 
in accordance with that methodology. Although we adopted some of its nam
ing and adaptation rules, the most of the rules of our methodology were newly 
defined. 

5. FROM SDL TO ETS 
In the last year the tool was used for generation of test cases for seven ISDN 

services and for some parts of the SS7 and DSS 1 signalling protocols. Our 
experience is described as follows: 

Writing SDL specifications. SDL specifications were already available for 
all services and the selected protocol parts from the design phase. They were 
not usable for test case generation for two reasons: firstly the specifications 
contained all the details of internal system behaviour and secondly they served 
as formal basis for automatic code generation in the implementation phase. 
Therefore we created new SDL specifications describing the observable ser
vice behaviour at a much higher abstraction level (the user-system interface). 
The length and complexity of the specifications were dependent on the com
plexity of the service functionality and the number of users involved. The 
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Table I Some quantitative results for the services CLIP and 3PTY 

service CLIP service 3PTY 
SDL specification length 349lines 995 lines 
number of FSM states 8 36 
effort of writing SDL spec. 0.25 man/month 0.4 man/month 
time for test suite generation 
by iATS- TTCN, no constraints 8 seconds 0.3 hour 
total time of test suite generation -
TTCN with constraints 1 hour 2.3 hours 
time for automatic ETS generation 30 seconds 45 seconds 

specified behaviour was described by a single SDL block containing a single 
SDL process. Some data on the length of the specification and effort required 
for the services CLIP and Three-Party Service (3PTY) can be found in table 1. 

TTCN test case generation. For the created SDL specifications we generated 
test cases using iATS. As the common usable method for test sequence gen
eration from automatically generated FSMs proved the method of [13]. The 
actual fault coverage was as defined for the method of [13]. The method of 
[11] was applicable for none of the automatically generated FSMs from the set 
of the created SDL specifications. Since the functionality was described in the 
specifications by a single SDL process, the FSM was small enough to generate 
practically usable test cases. Time for generation depended completely on the 
properties of the FSM and, consequently, the selection test sequence generation 
method. The TTCN constraints were manually inserted into the automatically 
generated test cases. In table 1 we present some quantitative results on time 
required for generation for the services CLIP and 3PTY. 

Translation into the executable code. The way of translation of test cases 
in TTCN into the executable code depended on the testing platform and equip
ment. While the translation for the test cases later executed on the Tek
elec Chameleon 32 equipment was performed automatically using the Expert 
TTCN-C compiler and an in-house tool, the form for the Alcatel 8610 equip
ment required quite a lot of manual work. Since there is no tool for automatic 
translation into the Alcatel 861 0 form available for the present, iATS has not 
yet become the main tool for designing tests within IskraTEL. 

Time spent and time saved. Generally, we saved by automatic generation of 
test cases in TTCN (ATS) between 20% and 50% of the total time needed for 
complete manual test case generation. For the cases where also the ETS was 
generated automatically, we saved additional 20% of the total time. 
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6. CONCLUDING REMARKS 
We have presented the tool iATS for automatic generation of test cases for 

conformance testing. The tool has been developed to generate conformance 
test cases for services and protocols in the development of digital switching 
systems SI2000. Its main advantage is that it generates a TTCN test suite 
from the given SDL specification automatically except the selection of (fixed) 
signal parameter values and the definition of TTCN constraints. These are 
currently also the main disadvantages of the tool. Practical use of the tool 
has shown that the first disadvantage decreases the general applicability of the 
tool, while the second one results only in time consumption for completion 
of a generated test suite. Developing the tool, we evaluated several existing 
methods for test sequence derivation and developed a methodology for writing 
SDL specifications used as the input of the tool. 

Our main goal for the future is to improve the iATS tool by removing the 
limitation of fixed parameter values in test sequences derivation. In this way 
iATS is currently being enhanced with an additional test case generation method 
based on the EFSM model [ 18]. Here some theoretical work is also being done, 
trying to make the method work for more than one SDL process. We also plan 
to build into the tool the possibility of generating the TTCN constraints more 
automatically using ADTs. 

To our experience, formal description techniques, especially SDL and TTCN, 
are successfully used and becoming well accepted by the industry. The most 
important contributing factors for their success in the industrial use are the 
appropriate tool support in all steps from writing specifications to generation of 
the executable code, and the systematic training of system developers possibly 
already at the undergraduate level. 
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