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This report proposes enhanced methods for performance evaluation of formally specified 
communication protocols. A concept as well as an implementation is shortly described 
which combines the techniques of formal specification and stochastic simulation. A main 
focus is on semi-automatic generation of a program for stochastic simulation directly from 
a given protocol specification in SDL. Further, a new method is introduced to estimate 
the hardware performance requirements to run a given communication protocol properly. 
By means of an appropriate hardware emulation system that has been implemented, it 
becomes as well possible to compare different protocol implementations with regard to 
the efficiency of hardware utilization. 

1. Technical Approach 

The importance of using formal specification techniques for the development of commu
nication protocols is generally undisputed. SDL 1, the most popular specification language 
in the field of telecommunication, is specialized to describe the behaviour of systems. It is 
widely used to specify telecommunication standards as well as it has been selected in many 
international projects as the standard description language for the specification of fu ture 
telecommunication systems. As stated in [2] SDL is now well supported by tools which 
allow the writing and the correctness analysis of SDL documents. Although SDL has pri
marily been designed for description purposes, further acceptance and importance of SDL 
will also be determined through possibilities to integrate formal (SDL-)specifications as a 
main part in an entire protocol development cycle. This means for example to use SDL in 
a project as a description and formal programming language from the software require
ments specification phase up to final software implementation. Therefore, it isn't sufficient 
having tools 'just' providing code generation facilities but having objective methods to 
evaluate the quality of (proposed) protocols in terms of performance, resistance against 
error failures etc. as well as to compare different SDL development tools with each other. 
The approach presented here deals with concepts and realizations combining the methods 
of stochastical simulation and formal protocol specification. Futhermore, concepts and 
methods will be described which make it possible to determine the computing power of a 
processor system required to run a protocol. The main improvements with respect to the 
development cycle of communication protocols can be summarized as follows: 
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• hardware independent comparison of different communication protocols under defi
ned traffic conditions, 

• early insight in dynamic behaviour of newly designed protocols, 
• performance evaluation of protocols independent from the existence of a communi

cation network, 
• support of hardware selection processes for terminal equipment, switches etc. by 

estimating the computing power needed by protocols, 
• estimation of additional system load caused by protocol options and/or extensions. 

Experiences with the methods and appropriate tools described above will also have direct 
impact on the further development of the SDL language: through the use of SDL as a lan
guage for protocol implementation it will be possible to orientate the SDL standardization 
process closer to user requirements. 

2. SPEET: a Toolset for Stochastic Simulation of Formally Specified Protocols 

As described above the following approach places formal protocol specifications in SDL 
in the centre of an entire software development and hardware design process. A main 
aspect is to consider that the program for a stochastical simulation as well as a final pro
tocol implementation should be generated semi-automatically from a formal specification. 

2.1. Simulation model 
The development of a tool integrating formal protocol specification and stochastical 

simulation brought up two major tasks: on the one hand to identify simulation and eva
luation specific components as well as to determine essential components of a real pro
tocol environment, and on the other hand to combine them in a suitable manner with 
the SDL concepts. The resulting model shown in Figure 1 is closely related to the laye
red structure of a communication system as defined by the ISO/OSI model. It consists 
of severa! independent applications supporting a distributed simulation if necessary. The 
traffic-generator must be seen as the essential part of the simulation environment because 
modelling of typical workload has central importance for performance analysis. The idea 
is to describe workload as it would be caused by users, applications and/or protocollay
ers on the top of the protocol stack to be examined through suitable arrival processes. 
The simulation control directs all the processes involved in the simulation run by provi
ding a globally unambiguous time-base for asynchronous and synchronous discreet-event 
simulation. The stochastic evaluation module comprises new algorithms to estimate the 
stationary distribution function of simulated data as well as to gain a cost effective control 
of the length of a simulation run. The OSI-layers located below the protocol to be exami
ned and/or the physical transport medium of a communication network are substituted 
by the channel model. It comprises details about the server processes/ strategies for the 
substituted protocols, time constraints in view ofmedium access etc. Moreover, the hard
ware simulator makes it possible to determine the computing power of a processor system 
required to execute a protocol properly under given (protocol specific) timing conditions. 

2.2. lmplementations and Results 
A powerful realization of the concept was performed without any limitations to the usa

ge of SDL; we make rather use of the general view that a SDL system is embedded in an 



454 

simulalon 
cammw\ieal«t 

oommunicaion 
dwulcl 

Figure 1. Simulation model 
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enviroment and communicates with it by means of signals. As shown in Figure 1 the code 
automatically generated by an SDL tool (e.g. SDT2) from a given specification, is used to 
build the stochastical simulation program. Ali the modules described in section 2.1 have 
been implemented as independent processes and have been combined to a toolset called 
SPEET (SDT Performance Evaluation Toolkit) . Practica! experiences with SPEET have 
shown that the demands on a SDL development tool can be reduced to a minor degree 
in order to use the cade generated from a SDL specification directly for the generation of 
a simulation program. The SPEET tool has also successfully been used for performance 
analysis of the GSM signalling protocol LAPDm· Appropriate results are published in [1). 
Moreover, as a further development of the SPEET tool new measures for hardware de
pendent protocol performance evaluation have been derived. Hardware emulation results 
show that a new measure called CPU- workload is a suitable number as well for hardware 
performance evaluation as for hardware dependent protocol analysis. Current work focus
ses on the design of a SDL-protocol suitable as benchmark and on design criterions for 
protocol specifications in SDL with regard to an efficient target hardware utilization. 
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