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This paper summarises the experienc,~s of introducing SDL in the company 

lskraTEL. The main methodological rules collected in lskraTEL SDL Methodology 

(ISDLM) are presented. An overview of extended and added features during the 

simulation and implementation phase is described in detail. Final results of 

prototype and final product are discussed. Finally, the experience of using SDL-

88 and the GEODE tool is mentioned, as are our future plans and expectations. 

1 INTRODUCTION 

The Iskra company was established half a century ago. During recent years it 

has developed from a general electrical and electronic equipment producer to a 

number of specialised factories. lskraTEL is one of them, highly specialised in 

building telecommunications systems and other systems with similar characteristics. 

While planning the development of 512000 exchanges in the late seventies, a 

general decision was made to use a high-level language for describing telephone 

application. The result of this was the mathematical definition of SDL-Iike 

language called Specification Language One (SL 1) as well as SL 1 compiler and 

SL 1 interpreter (Exel 1982). The foundation was the theory of extended finite state 

machines and the constructs are very similar to SDL: states and setstate 

constructs, input events, output events, sequential actions, decisions (if and case 

statements), put and get statements with remote subroutines, subroutine calls 

(global and local), joins and labels, set, reset and test flag actions and macros. 
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Our SL 1 editor is strictly textual. We can make graphical print-out but nothing 
more. There is no facility for simulation of description in phrasal representation. 
As is evident from the list above the vocabulary is much smaller than that of 
SDL: it lacks process creation, continuous signal and more sophisticated services, 
channel substructure, etc. 

Therefore we decided to migrate to a common language for unambiguous 
specification and description of telecommunications systems. SDL is in the mature 
stage supported by commercially available tools. We selected SDL because it 
provides: 

• a better way of making clear specifications of the complex 
telecommunications systems and protocols, 

• easy transfer from specifications to design, 
• high-level testability throughout the entire development cycle and 

verification according to previous phases, 
• target code generation, 
• automatic implementation and testing, 
• suitable documentation and consistency between the executable code 

and the documentation. 
Although we use a restricted set of SDL-88, we are trying to introduce some 

additional principles of modularity and data encapsulation which will allow us to 
migrate to SDL-92 and strong object orientation with minimal cost. Our general 
decision is to stay with SDL-88 until automatic code generation with efficient 
executable code for target is available. 

In developing the new generation of telephone exchanges we made several 
migrations 

• from 8-bit to 32-bit technology, 
• from SL 1 to SDL and MSC, 
• from assembler to C language, 
• from our own operating system to commercially available real-time 

operating system pSOS+. 
As SL 1 language, similar to SDL language, has already been used, we did 

not expect many problems on migration from an implementation-oriented 
development to a design-oriented one. Our general opinion is that a radical 
change in thinking would have had to be made if the object-oriented 
methodology had been introduced. 

The following terms: method, methodology, activity, technique and tool are 
used in this paper as defined in Reed (1993). 
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2 THEORETICAL BACKGROUND AND PRACTICAL 
EXPERIENCE 

223 

The introduction of SDL and new methodology based on it is laborious work and 

needs to be planned very carefully and with due consideration. 

Thanks to very useful books and manuals, especially CCITI (1988b), Haugen 

(1993) and Reed (1993), we did not need to start at the very beginning. We 

found the ITU-T recommendations and SISU guidelines very helpful. The results of 

the SPECS project were also an excellent source of information. All these 

guidelines helped us to accommodate lskraTEL SDL Methodology in the whole 

development cycle fairly easily, although we had many specific requirements 

which necessitated our writing many of our own rules. 

To introduce and test these rules we decided on a prototype approach. The 

main goal of developing our prototype, the description of which is outside the 

scope of this paper and is described in detail in Robnik (1995L was to answer 

the questions: 
• what are the advantages of using FDTs like SDL? 

• how much effort needs to be put into migration from implementation

oriented to design-oriented development? 

• how good is the support of CASE tools? 

Because this development showed us the benefits and advantages of using 

SDL, its results were also: 
• methodological guidelines and rules, 

• requirements for our own tools, 
• final tool selection. 

The outcome of theoretical knowledge and practical experience was the set of 

rules. The main activities covered by these rules are analysis, functional and non

functional design, implementation, documentation and also verification and 

validation after each activity (including simulation). For some of the above the 

new rules were only an extension of those already existing (e.g. analysis phaseL 

for others complete modification or complete innovation (e.g. simulation and 

implementation phase). 

3 THE SET OF RULES 

As mentioned in the previous section, we had defined sets of different rules 

according to the activities in which they were to be used and their general 

meaning. They are broadly divided into six groups as follows: 

A-rules - analysis rules, 
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D-rules - design rules, 
1-rules - implementation rules, 
N-rules- notation rules, 
V-rules - verification and validation rules (including simulation rules), 
T -rules - tool dependent rules (for all tools used). 

Our methodology does not impose any rigid life-cycle model. The activities 
introduced can form various models. 

3.1 The analysis rules 

The analysis covers documents such as requirements specification (e.g. functional 
and non-functional requirements), where the needs of the user and the owner are 
clearly described so that they can also be clearly understood by the developer, 
and functional specification, where each functional service of the system is fully 
described in detail. Terms are defined in a dictionary which is brought up-to
date as necessary. 

Using SL 1, all functional requirements and specifications were written in the text 
form only. We modified this rule in the following way. 

A-rule: Functional specification is written in text form with some parts specified 
in SDl. 

We use functional decomposition and MSC for the description of the behaviour 
of the system. The rule is as follows. 

A-rule: Make the functional decomposition of the system and for each function 
describe typical sequences of message exchange at each layer of 
interface. 

We would like to extend this and specify almost all functionalities in SDL and 
describe their behaviour using MSC diagrams. These diagrams will be the basis 
for final validation of our system carried out by the application of automatically
generated test cases. 

3. 2 The design rules 

The functional specifications serve as the basis for functional design and the non
functional requirements for implementation design description. The rules for 
functional as well as for implementation design are called design rules. 
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These rules give advice on how to structure the system, define at which layer 
to put the data type definitions, where to use user-defined data types and 
operators, which processes to put inside the SDL system and which in its 
environment and how to define and describe processes. 

D-rule: There is at least one static process under each block-leaf. 

Functional description may become large and complex and different groups of 
people may be involved in its production. The reference mechanism allows us to 
split it into diagrams of a reasonable size and to reuse them in future products. 

D-rule: Use the reference mechanism for the SDL parts which are used at more 
than one place and which are to be reused in future products. 

Although variables defined in a process are visible in this process and in all 
enclosed procedures, their use is allowed only in procedures in certain rigidly 
specified cases. This is for reasons of readability and clarity. 

D-rule: The process variables may be changed in procedures only for 
initialisation purposes. Otherwise, they must be passed into procedures 
as IN/OUT parameters. 

In addition to ADTs the C language is used for programming the processes 
that are used for hardware driving and scanning. In blocks that represent 
hardware the SDL code is replaced by the user code, which allows the 
programmer sufficient flexibility. The other reason for this solution is clear interface 
between SDL and non-SDL part of the system which is described with signal 
routes. 

D-rule: The processes which directly communicate with the signalling processes 
are a part of SDL/PR description written in C. The interfaces are 
defined in SDL and the processes treated as external processes. 

3.3 The implementation rules 

This activity covers target code generation and system integration. The code is 
generated automatically from the implementation design which fulfils non-functional 
requirements, such as target operating system and libraries, target architecture, 
performance requirements, timing information, etc. The code generated and that 
written by hand are integrated, compiled and linked with the necessary libraries. 
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Additional refinement may have to be done to obtain product code optimised 
according to size and speed. All rules used in the implementation activity are 
called the implementation rules. Some of them are mentioned below. 

1-rule: The directory organization on the development machine is unique for 
each module of the product and is relative to the PRODUCT_DIR and 
MODULE variables set in the user's UNIX shell environment. 

1-rule: Copy the official SDL and operating system library for each product 
module and modify only those files which it is necessary to modify 
according to specific needs. 

1-rule: Use the predefined tokens SIM, RTE_UNIX and RTE_PSOS in the user
written code for simulation code, code for UNIX application and code 
for the pSOS+ application respectively. 

3.4 The verification and validation rules, including 
simulation rules 

In order to control the results of each activity, we introduced the rules for 
verification and validation at each phase of the development cycle. We called 
them V rules. These rules include also the simulation rules and the testing rules 
for the target. The methodology for final product validation is not covered by 
these rules. Some of the rules are listed below. 

V-rule: Use global time in MSC descriptions and local time only in special 
cases. 

V-rule: The implementation SDl/PR description may have only permissible 
semantic warnings. 

V-rule: Use the simulator of ISDN and analog telephone for functional testing 
of the telephone exchange. 

V-rule: Use the compiler directive -DTRACE_PRINT in order to include in-house 
made tracer for the testing on the target. 

Some of these rules will have to be stated more precisely: the next revision of 
ISDLM will include these improvements. The areas not yet covered by the above 
rules include the standardisation of the report forms and their contents. 



SDL collected in Iskra TEL SDL methodology 227 

3. 5 The notation rules 

These rules define which subset of SDL-88 may be used and how. The stepwise 
development method for writing SDL specifications and the naming rules for the 
different SDL constructs are described in detail. We start by describing the static 
structure of the system (system, blocks, processes, procedures, channels, routes) 
and continue by developing a skeleton of the processes and procedures which is 
created from MSC and may include informal parts. We refine the description and 
finalize it in order to obtain a fully formal implementation description. The data 
types used are described as abstract data types and are introduced at different 
layers of the system structure. Some of the rules are listed below. 

N-rule: Use English names for all SDL constructs. 

N-rule: Use comments for the following SDL constructs: decision, continuous 
signal, create request, start symbol in the procedure and for all SDL 
declarations. 

N-rule: Use the officially defined prefixes stored in the official database of the 
products library for the required SDL and MSC constructs. 

N-rule: The logical answers are ordered; the first answer is TRUE or FALSE, 
the second is ELSE. 

3.6 The tool-dependend rules 

We put considerable effort into minimizing the number of rules which are tool 
dependent. These rules cover not only the SDL tool GEODE, but also the target 
environment tool pSOSystem and the tool for structural analysis and design 
Teamwork. Nevertheless, the rules for using in-house made tools are also 
presented. 

From the SDL point of view the general technology for storing the SDL tools 
and library, handling new versions, archiving the SDL library in the official 
products library and installing procedures are precisely defined. 

T -rule: Use UNIX variables GEODE and GEODE_ISKRA for the installation 
directories of the SDL tool and the SDL library respectively. 

T -rule: Use Postscript format for official document printing and Framemaker 
format for including the part of SDL description in the text document. 
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T -rule: Include the header files which are closely connected to the operating 
system in the C file with < >, others with 11 11 

4 NEW MECHANISMS 

Previous sections have presented the set of methodological rules. This section 
discusses four mechanisms that are used to make the description more organized, 
readable and reusable. 

4.1 Prefix mechanism 

The main purpose of using prefixes is to make the SDL description as readable 
as possible. This mechanism provides a unification and we have been using it in 
two different ways: 

• to use standard C functions and C data types directly in SDL tasks, 
• to distinguish very simply between various SDL constructs. 

We have selected prefix c_ as a general prefix for C library functions and C 
data types used in our descriptions. All other prefixes are stored in our database 
together with information on which SDL entity each prefix belongs to. We would 
like to extend this mechanism also for other tools (C programming, structural 
analysis and design, etc.). Some of them are presented in Table 1 . 

Table 1 Prefixes 

prefix SDL entity 
L_ literal name 
F structure member -
T - syntype, newtype 
v_ process variable 
VF - process formal parameter 
VL_ local variable in procedure 
TM timer -
DL ,IE ,Create, etc. prefixes of the signals 

The checking of correct prefix usage is an obvious task of the release 
procedure for each new revision of SDL/PR description. Thanks to this mechanism 
global replacements and various kinds of browsing are very easy tasks. 
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4.2 Reference mechanism 

The mechanism of remote SDL descriptions is extremely useful and important, 

especially in the case of telecommunication products when we have large 

descriptions and different groups of people are involved in their production. We 

have seen several advantages in using it. Generally there is no limitation to 

putting the reference on each entity in the static architectural description of our 

system except PR declaration. The main criteria for where to put references are 

the functional criteria and reusability of the unit. Another of them should be 

project division among different groups of people. To recognize these units inside 

the system and to define preciselly the interfaces among them where necessary is 

an exacting task. The references may also be nested. The reference mechanism is 

fully supported by the GEODE tool. 

4.3 General message output handling 

The SDL as such does not support the operators with a variable number of 

parameters. We use only those which are defined by signature. For example 

there is no equivalent operator definition for C printf function. Our main effort 

was directed on identifying the appropriate operator for the message output 

handling for various types of parameter according to our needs. First we 

categorized output messages and standardized them. We defined a new type 

with various numbers of operator parameters covering all types of parameters in 

use. While using c_ prefix for this operator there is no function prototype 
generated. The ANSI C allows one to declare functions with variable numbers of 
parameters. In functions so defined we can filter the messages and also send 

them to the various output devices. 

4.4 ADT design and its tool support 

We found ADT definition as recommended by ITU-T very difficult to use. During 

the prototype design we came to the final decision to implement all the operators 

of the user-defined data types directly in C. Some of the literals were described 

using synonyms, which gave us the opportunity to change their values very easily 

by a single operation. 
As the main criteria for at which layer of static architectural decomposition to 

put the data type definition we followed two general rules: 
• to encapsulate the data type definition as much as possible, 

• to put the data type definition at the first possible level so that it may 
be seen to the processes under different sub-blocks. 
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The employment of user-written code is minimal. Most of the local data 
structures have been designed as SDL data types. Generally the C code is used 
for ADTs dealing with database access and for time consuming tasks and 
complex data structure. The GEODE tool generates the interface for each newtype 
automatically if there are operators described by user-written code. Our main 
goal was to find the principle of modularity also for ADTs. We finally decided to 
have one 'make' file with compilation rules for each ADT and at least one C file 
for operators. 

Thanks to the C preprocessing we could produce the final executable code 
from only one source file. By using SIM, RTE_PSOS and RTE_UNIX preprocessing 
defines we distinguish among codes for simulation purposes, for target or for 
applications running on the development machine. This allows us to include ADT 
dynamically for different purposes at compilation time or even as a part of ADT 
libraries at linking time. All data about the part of SDL/PR description for 
signatures, the references of 'make' and C files are stored in our database for 
ADTs. To reuse ADTs from the library very efficiently we hope the reference 
mechanism will also be available inside the GEODE tool in the very near future. 

5 SIMULATION AND RUN-TIME ENVIRONMENT 

In this section we will concentrate on the new subactivities in our development 
cycle, simulation and implementation. This section completes our overview of the 
new verification and validation technology introduced in the product development 
cycle. 

5.1 The standard directory structure 

Our procedures and environment organization on the development machine are 
based on standard directory structure. So far we have generated only one 
executable file for the target. However, the directory organization is very flexible 
and open to multi-processor configuration. Generally there may be no more than 
three subdirectories for each module: SIM, RTE_PSOS and RTE_UNIX. The user
written code is stored only in one place; otherwise we use symbolic links. For 
each functionality inside telephony application which is manually coded (e.g. for 
hardware driving scanning) the separate subdirectory is made with one 'make' 
file. This organization makes local testing simpler and provides modularity and 
reusability. 
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5.2 Simulation environment for each functionality inside the 

telephone exchange 

The key idea in our approach is to perform exhaustive unit tests prior to 

integration, and to perform complete functionality tests before going to the target. 

The goal was to achieve maximum concurrency of different activities in the 

development process hardware, system software and the application software. For 

this reason the whole application has been tested and integrated on the 

development system, and then simply compiled with different tools for the target. 

Compilation procedures are built in such a way as to make it possible to 

build the simulation and the target packages from the same source code. 

In order to simplify the testing ISDN and analog phone simulators were 

developed and have been used together with the SDL simulator. The complete 

telephony application has been built up together and tested using this tool. The 

main characteristics of the simulator are as follows: 
• it runs on HP 7XX workstation connected to Ethernet, 

• there is a server on each workstation which starts the phone and 

creates UNIX mailboxes for communication and connection between the 

phone and the simulated telephone exchange, 
• the main application, started by user, downloads the phone 

configuration, starts GEODE simulator and gives a request for phone 

starting to the server, 
• the application and signalling unit in the phone are designed in SDL 

(automatic code generator for UNIX is used), while graphical interface 
and communication software is manually written in C language, 

• the ISDN services: Terminal Portability, Call Hold, Call Waiting, 

Multiple Subscriber Number, Calling Line Identification Presentation, 

Calling Line Identification Restriction, Keypad Functionality are 
implemented. 

The benefit of using the ISDN phone has already been seen. The integration 
phase between the services and DSS 1 signalling was in practice made at the 

UNIX level. A number of functional tests were performed. Therefore, we did not 

have any serious problems running the basic call control or, for example, the 

hold service on the target for the first time. 

5.3 The benefit of Formal Verification 

GEODE Formal Verifier was used only on a minor part of SDL description at the 

very early design phase. These tool's many limitations inhibit its subsequent use. 
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Some exceptions were found. The scenarios produced helped us detect and 
correct these errors. 

5.4 Test environment for user-written code in C 

User-written code has been tested in two ways. First the unit tests were 
performed, and subsequently the code was tested together with the SOL system. 
Approaches for unit tests were different for different user code. ADTs were 
compiled with simple user interface through which it was possible to compare 
output values for characteristic combination of input parameters. 

Device drivers were tested with complex programmes that generated heavy 
load on the device. Database was tested with a number of test programmes that 
were used to test functionality of database as well as to measure the 
performance of database functions. 

5.5 Test environment for the target 

To facilitate the testing on the target our own SOL tracer has been developed 
and built in the generated C code. The aim was to generate a tool that will 
allow developers to observe the behaviour of the system while working in real
time environment. The tracer consists of trigger events and filters, which makes the 
trace files more readable. Output of the SOL tracer is similar to the MSC. 
Analysis of the trace is manual, (though it might become automated later) and it 
leads to the quick diagnosis of the fault. System software has been tested using 
the less systematic chosen test environment. Each of the system software 
functionalities has its own specific testing strategy. 

6 RESULTS 

The detailed description of our prototype and our product is outside the scope of 
this paper. To give a general picture we would like to give some figures which 
have helped us to reach final conclusions. 

6. 1 Results of the prototype 

The main characteristics of the pilot project were: 
• an ISDN PABX telephone exchange with DSS 1 signalling (basic rate 

access 2B+D) and basic call control were developed, 
• supplementary services and functions which are not directly signalling 

related (call charging, recovery mechanism, diagnostics) are outside the 
scope of the model, 
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• a modified waterfall model was used with the standard phases 

(analysis, design, implementation, the whole chain of testing), 

• the subset of entities from SDL-88 recommendation according to the 

limitation of GEODE I tools, C language as the implementation 

language and pSOS+ as the target operating system with VMEexec 

environment were used. 
Six people were involved. 
The results in the table below give an overview of number of lines produced 

and effort put into this pilot project. 

Table 2 Results of the prototype 

SDl PR C code lor C code lor DSP C code lor l1 
description ADTs and l2 af DSS 1 

Number af lines 5407 3939 6181 9023 

Effort (m/m) 20 12 

Number of scenarios 60 standard testing 

Number of MSCs 15 methods 

Number of processes 6 4 

Proportion 
(generated / user- 64% 36% 

written code) 

These results are not surprising in a prototype approach. The conclusions were 
generally in favour of introducing SDL and the technology based on it. The 
results encouraged our managers who finally gave the green light for the use of 

the design-oriented paradigm based on SDL in our company. 
After complition of our pilot project the SDL user group was set up. The key 

users from different sectors inside the R&D department working on the product 
based on SDL currently meet every week. The main objectives of the group are 

• to focus on problems and try to obtain solutions on the use of SDL 

from the technical and organizational points of view, 

• to exchange experiences, 
• to discuss features and problems with tools (not only SDL tool), 

• to introduce new rules in the ISDLM which will be respected in our 

development process, 
• to coordinate and modify the use of SDL inside all sectors in R&D, 

• to provide prompt and global information about all conclusions made 

at SDL meeting. 
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We are aware of the fact that the lack of correct information at the right 
place and the right time could be a handicap to the success of the project and 
the cause of many problems and misunderstandings. The participants and other 
key people are informed about the conclusions via electronic mail. The minutes 
are also available on-line via in-house application sdl_env so all users may be 
informed promptly. All new methodological rules and modifications of existing 
ones are suggested and accepted or rejected at these meetings. 

6. 2 Results of the product development 

After complition the development phase, the benefit obvious from the conclusions 
of 
the pilot project has been confirmed. Some quantitative figures collected in the 
table below are evidence of this. 

Table 3 Results of the product 

SDL PR description C code for ADT s C code for the rest of 
the system 

Number of lines 46 543 35 692 51 797 
Effort (m/m) 334 290 

Number of scenarios 300 standard testing 
Number of MSCs 45 methods 
Number of processes 51 19 

Proportion 
(generated / user- 59% 41% 

written code) 

It has to be pointed out that level 2 of DSS 1 has been implemented using SDL 
as the result of experiences from the pilot project. The SDL part of level 2 is now 
5000 lines of SDL code and about 2000 lines of C for the complete functionality 
for level 2 versus 9000 lines of C for significantly restricted functionality in the 
pilot project. In addition, we found the following advantages 

• fewer design errors were made because the graphical form was easier 
to understand, 

• it is easier to detect an error inside SDL description, 
• because of fast iteration process during the development cycle, updates 

and reconstruction were done more quickly, 
• because of automatically produced documentation, all suggestions for 

improvement were accepted more easily, 
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• because the inconsistency in the text specifications was discovered and 
corrected in earlier phases, the final code was more efficient and 
stable. 

7 FUTURE WORK 

Our main goal is to make the SDL Methodology stable and mature. We shall 
certainly continue to use SDL. In addition we would like 

• to fill a gap between functional specifications and final validation with 
the aim of automation of final functional testing, 

• to go a step further from design-oriented approach to structural 
analysis or possibly to object-oriented approach, 

• to put more effort into validation after each development phase with the 
intention of finding errors at the very beginning of their occurrence, 

• to include ASN.1 notation for data type description for protocols, 
• to produce an adequate generated code with respect to speed and 

size, 
• to use SDL for the hardware specification and design process. 
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