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This paper shows how object oriented programming concepts may be used to establish a framework for 
supporting simulation model programming. It describes how this has been implemented in a system 
written in CH called SIC. Its support of stochastic simulation concerns three fields: First, a library of 
simulation tools for random number generation and statistical analysis is offered along with a mechanism 
for implementing process oriented simulation. Second, a modeling toolkit has been set up and may easily 
be extended by the user, facilitating model construction and reuse of components in different programs. 
Third, based on s:.lch a toolkit and the SIC program structure, a system for graphical generation of 
simulation programs has been established with an X window based graphic editor, which is also used 
for graphic output of intermediate and final results. The reusability of model components offered by the 
object oriented design techniques of CH is illustrated by examples of queueing network models comparing 
different scheduling strategies. A simulation model of the DQDB MAN is presented showing how such 
structured models may be implemented appropriately in SIC. 

1 Simulation Issues 

Discrete Event Simulation is still the most widely used 
means for analyzing the performance of randomly driven, 
complex digital systems such as communication systems. 
The reliability of the results obtained by simulation 
strongly depends on the qualities of the random num
ber generators applied and on the statistical methods used 
for analyzing the data observed during a simulation run. 
Their accuracy of course rises with the number of observa
tions made. This leads to a demand for high event counts, 
which in turn calls for a good efficiency of the program ex
ecution. Finally, the methods used for mapping a model 
into a simulation program influence the modeling safety. 

The significance of the latter aspect increases as the 
investigated models grow more complex. In the context 
of simple models the main issue was to retain the model's 
functionality inside the simulation program. To maintain 
models of higher complexity more safely, this aim needs to 
be supported by retaining the model's structure as clearly 
as possible inside a simulation program. Smaller programs 
certainly profit by a good program design as well. 

2 Object Oriented Simulation 

Recently, one topic seems to dominate many new software 
systems: object orientation. While the basic idea was orig
inally established in the context of simulation program
ming by the language SIMULA, its recent upshot orig
inated from other projects such as SMALLTALK. The 
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use of these systems in simulation programming, how
ever, is impeded by their relatively poor performance, as 
compared to "traditional" programming languages. Even 
though the object oriented programming language SIM
ULA has been available for a long time, it didn't prevail 
since. This is largely due to the fact that SIMULA has 
developed as a mainframe language and implementations 
were not very efficient. Moreover, the UNIX operating 
system meanwhile emerged in the scientific and technical 
society, giving rise to a broader use of the C programming 
language. 

On the other hand, it has been noted before [15] that 
object oriented concepts can help to maintain the model's 
structures inside a simulation program in a natural way. 
The rationale for this is that simulation models usually 
describe the components of a system and the interactions 
between them. This may naturally be reflected by object 
oriented structures which increases the reliability of the 
resulting model, for the correctness of the program can be 
assured more easily. 

This perception was the motivation for STROUSTRUP to 
develop the programming language C++ [13] as a superset 
of the language C, adding concepts of object oriented pro
gramming to it. When introducing these new language 
features, care was taken to maintain as much efficiency 
as possible. Thus, C++ obviously combines the expressive 
power of object orientation with the efficiency of the C 
programming language, making it ideally suited for simu
lation programming. 
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3 SIC - a System for Stochastic Simulation 

Written entirely in CH, a simulation system called SIC1 [6] 
was developed. A portable kernel enabling process ori
ented simulation is at its core. 

The key aspects of SIC are presented in this section. 
Based on the syntax of CH, SIC gives a framework for 
defining a process as well as for setting up an entire simu
lation program. On top of that, a set of building blocks for 
creating queueing network simulation models has been set 
up allowing simulation programs to be established in a well 
structured manner. This was extended to allow graphical 
specification of simulation models. The methods used for 
ensuring statistical reliability are outlined. Finally, some 
possibilities offered to further speed up simulation runs 
will be described. 

3.1 Structure of a SIC Program 
Processes are defined in a SIC program as classes. A class 
in CH describes both a data object and the operations 
allowed for it. These operations are specified in CH as 
member functions of a class. The properties of classes 
may be inherited by so-called derived classes . This allows 
a set of classes to share common properties easily. 

3.1.1 Process Structure 
A process class in SIC is derived from a base class task. 
The definition of a process consists of three distinct and 
distinguishable parts which match the modeler's view in a 
natural way: 

persistent data: The persistent data comprise those 
variables of a process which describe its state and 
which thus have to retain their values during deac
tivation phases of a process. They are contained in 
the class definition of a process class. 

initialization: The initialization of a process serves to 
maintain correct initial values of a process 's persis
tent data. Additionally, it serves to parameterize a 
process. 

algorithmic behavior: The algorithmic behavior of a 
process is specified in a special member function of 
a process class called run. This function defines the 
operation of a process, its cooperation with other pro
cesses and its access to resources. 

3.1.2 Process Oriented Simulation in SIC 
Processes are ~he active entities inside a simulation model. 
In stochastic simulation, processes usually execute repet
itively while interacting with their neighbors. Such inter
actions, however, may require the execution of a process 
to be suspended either unconditionally or until some con
ditions are met, e.g. until some resources are freed. Later, 
they have to be resumed at the point of their previous in
terruption. This leads to a behavior of processes which is 
usually referred to as co-routine execution. 

lSIC: ~imulation in Q++ 

For the sake of portability, process oriented simulation 
is implemented in SIC by mapping the co-routine behavior 
of a process to procedure calls. A preprocessor ensures 
that execution is resumed at the appropriate point in the 
sequence of a process's actions . This implementation does 
not depend on additional routines in assembly language. 

Due to this, SIC could easily be installed on various 
UNIX systems. A portation of SIC to PCI AT- type per
sonal computers with MS-DOS has been completed. As 
the implementation of process-oriented simulation in SIC 
does not rely on address-calculations, this could be done 
without major difficulties . Otherwise, the segmented ad
dress space of the PC architecture might have required 
additional efforts. 

An aspect of this co- routine implementation is that 
statements which might interrupt processes may only be 
placed in their run member function and not in an arbi
trary function called from run (although it is of course 
possible to call other functions from the run function) . 
This restriction has not been an impediment for the im
plementation of simulation models. 

3.1.3 Program Structure 
As mentioned, processes are defined inside SIC as classes. 
By setting up a process's class description, only the tem
plate of a process is given; the incarnation 2 of a process 
is carried out separately. This concept allows the creation 
of several process incarnations from one process definition. 
As it is possible to parameterize a process in SIC, each pro
cess incarnation may be set up individually, e.g. concern
ing its stochastic characteristics and the model resources 
it utilizes. Thus sets of processes with the same structure 
are maintained efficiently in SIC. 

Based upon the process structure described above, a 
typical SIC program is shown in Fig. 1. Its first part 
consists of definit ions of processes in the above-mentioned 
form and of passive components used to specify the pro
cesses's cooperation. Incarnations of these components are 
created and parameterized in the subsequent main pro
gram. In the context of queueing models, the structure 
of the investigated system is thus defined here, specifying 
both the model's topology and parameterization. In the 
case of the network shown in Fig. 2, its structure is com
pletely defined by naming the queues to read from resp. to 
write to for each server. 

3.2 A Modeling Toolkit 
Process specifications and the main program may of course 
be grouped in different modules which are translated sep
arately. This offers a path to elegantly establish a library 
with components of simulation models. Their use consid
erably reduces the effort of writing a simulation program 
while simultaneously advancing its clearness. 

A toolkit of components for queueing network models 

2The term incarnation is used throughout this paper to denote 
both the action of creating an object from a c++ class and the re
sulting object itself. 



Process 1 
<persistent data> 
< initialization> 
< algorithmic behavior> 

Process 2 

Main program 

< Creation of queues etc. > 

< Creation of random number generators> 

< Creation of process incarnations> 

start of simulation 
< output of results ... > 

Fig. 1 Structure of a SIC program 

was established for SIC. It contains several predefined pro
cess types for setting up the active parts of a simulation 
program. Additionally, building blocks for modeling the 
interaction of processes are included. These are various 
queue objects according to the structure mentioned below, 
and semaphore objects for controlling access to resources. 

Queues in SIC present themselves to the user as two 
different classes - qhead and qtail, which are intercon
nected internally. This concept improves modeling secu
rity by assigning specific operations to a queue's head resp. 
tail: messages may be inserted with queue_put only at a 
qtail object, reading with queue_get is only allowed at a 
qhead object. This allows some programming errors to be 
discovered already at compile time. 

501 S1 

01 

Fig. 2 Queueing model with several stations 

An advantage of distinguishing between head- and tail
objects of queues becomes apparent when considering the 
open queueing network model in Fig. 2 [8]. It consists of 
nine stations Sl, .. ,S9. Each station consists of a server, 
drawn as a circle here, and a queue. All servers operate 
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in the same manner: they pick a message from a queue's 
head, process this message, and forward it to another des
tination after simulating their service time. Thus it seems 
obvious to create all server incarnations from the same pro
cess class. Taking a closer look, however, one notes that 
some servers put their messages immediately into queue
tails, some lead to exits from the network SK1, .. ,SK3, oth
ers forward them through branching points D1, .. ,D6 into 
one of several possible directions with a specific probability 
assigned to each branch. If implemented in a straightfor
ward way, for each of these cases a specific server process 
type would have to be defined. This would make the re
sulting program more complicated. As the different servers 
would operate similarly with respect to their internal be
havior while forwarding the messages to different targets, 
the same code would have to be replicated several times. 
This prevents code reuse and makes it necessary not only 
to ensure its correctness repeatedly, but also to maintain 
the equivalence among all copies after changes have been 
made. 

decision 

queue-put 

/ 

Fig. 3 Structure of a decision object in SIC 

Using the object oriented features of C++, however, it is 
possible to develop this model in a more structured way. 
A generalization of the concept of queues was introduced 
in SIC by setting up a class hierarchy for queues. This 
paves the way to treat all servers in this model equally. 



604 

The classes qhead and qtail are merely base classes in 
SIC. Derived from these there are several queue types, e.g. 
FIFO queues. Queues implementing other strategies, e.g. 
priorities, are included as well. This was for instance used 
to perform the examinations shown in section 4.1. 

To cope with a model where messages are routed as in 
Fig. 2, two new object types have been derived from the 
base class qtail: a sink object for removing messages 
from the system and a decision object implementing a 
branch in the flow of messages. 

The structure of a decision object is shown in Fig. 3. 
Like any other object derived from class qtail it has a 
member function queue_put to enter a message. Here, this 
function forwards the message to one of a choice of qtails, 
again using their queue_put member function. Internally 
it uses a random number generator RG to choose the tar
get direction according to a branching probability Pi. To 
take advantage of this scheme, processes in the toolkit are 
written to operate on objects of the base class qtail and 
thus may interface to any object derived from this type. 

Using these components allows all process incarnations 
in the model in Fig. 2 to behave identically and thus to 
be created from the same process class. Only one addi
tional process type has to be defined to implement the 
stations S01, . . ,S03, where messages are generated and 
entered into the network. 

3.3 Graphical Program Generation 

Program generators are often used to simplify the creation 
of programs in a special and limited context of applica
tions. They usually compose a program by arranging and 
parameterizing predefined components according to user 
specifications [5]. For the sake of efficiency and simplicity, 
they often immediately generate machine code or some 
other intermediate language which the average user typi
cally is not acquainted with. 

The SIC program structure naturally leads to a sepa
ration between the definition of the model's components 
and their incarnation and parameterization. This not only 
enables one to establish a modeling toolkit in form of a li
brary of simulation model components. It also forms a ba
sis to further facilitate the generation of simulation models 
by program generators. In conjunction with a library of 
model components as described in section 3.2, a program 
generator may concentrate on creating the main program 
for SIC defining the model's structure and parameteriza
tion. 

A system for graphical generation of queueing network 
simulation programs was developed for SIC. It is based on 
a graphic editor written for SIC in CH called NETCAD 
running under the X window system. The integrated pro
gram generator is able to create a SIC program from a 
schematic drawing that the user has composed. An exam
ple for its operation is the network diagram in Fig. 2. It 
was created using the graphic editor NETCAD. After in
teractively adding parameters to the model, a SIC program 
can be generated from this drawing. 
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Fig. 4 Screen view of the NETCAD graphic editor 

For drawing simulation models, a multi window mode 
has been added to the graphic editor. In this mode, diverse 
model components are offered in a menu which may be 
used to compose a queueing network model. A view of 
the editor screen is given in Fig. 4. After parameters 
have been added, a simulation program may be generated , 
translated and run without leaving the editor. The results 
of such a simulation run may in turn be visualized in the 
editor display, e.g. as distribution functions. 

The program generator creates programs which look like 
those written manually. This increases transparency and 
enables the user to quickly create a program source by 
means of the graphic editor which can be extended and 
modified later on if desired. 

When designing this program generator system, care 
was taken to ensure that the introduction of new model 
components is achieved by merely setting up configura
tion files. These are comprised of graphic files which con
tain the graphical appearance of model components and 
parameter files which describe their logical structure. For 
each model component, it specifies recursively the optional 
and required parameters, such as service time characteris
tics of a server or the maximum size of a queue. The model 
components mentioned in section 3.2 were implemented 
as a first example for this graphical program generation 
system. New model components may easily be added by 
editing the configuration files mentioned above. 

3.4 Statistical Reliability 
A central component of every simulation system is the sta
tistical analysis of the values observed during a simulation 
run. In SIC, the new LRE algorithm3 [11] for obtaining 
the stationary distribution function of correlated random 
variables is implemented, which is able to determine this 
function with an a priori chosen maximum value of the 
relative error cmax . Based on the accuracy desired and 
taking into account the variable's local correlation coeffi
cient , the LRE algorithm determines the number of trials 

3LRE: Limited Relative E.rror 



required and thus controls the length of the SIC simula
tion run objectively. Other simulation systems often leave 
it up to the user to determine the simulation run length; 
the accuracy of the observation is then given as an a pos
teriori result. In this paper, the results shown in Fig. 6 
and Fig. 8 were obtained using the LRE algorithm. In 
addition to the LRE algorithm, conventional methods for 
statistical evaluation are offered which determine the mo
ments of observed random variables such as their mean 
value and variance. 

Together with the statistical evaluation, the quality of 
the random number generators is of significant importance 
for the reliability of simulation results. Especially high
dimensional correlation effects of these random numbers 
are among the less obvious factors which influence the reli
ability of simulation results [9]. Because of this, SIC offers 
a choice of random number generators: besides conven
tional pseudo random number generators, a quasi- ideal 
table random number generator based on physical phe
nomena is provided [4]. 

3.5 Parallelization 
Besides the ease and security of modeling, the efficiency 
of simulations is still an issue, especially in the context 
of communication systems modeling. Parallel processing 
offers a way to speed up simulations. In the context of 
a broader examination of parallel simulation systems [6], 
the SIC system was extended to enable simulations to be 
executed as parallel programs. Implemented on a UNIX 
shared local memory multiprocessor, it is used to explore 
the simulation speedup that may be gained by using a 
commercial parallel hardware for this purpose. 

C 1 
C· 

1 

Random Cl Cl 
Simulation Statistical 

Number 
I I 
I Execution I Analysis 

Generation 
I 

cn c:n 

Fig. 5 Functional parallelization in SIC 

The functional parallelization approach is used to par
allelize SIC programs. In this approach, certain functions 
of simulation programs are distributed to several proces
sors. This kind of task division is performed independent 
of the model examined. In the parallel version of SIC, the 
generation of random numbers and the statistical anal
ysis are carried out by separate processors respectively 
(Fig. 5). This approach was also investigated on a spe
cial hardware [2], [7]. The tasks distributed here can work 
independently from each other, e.g. random numbers may 
be generated in advance and simulation results may be 
analyzed asynchronously from their production. A set of 
buffered communication channels cl,'" cn is required for 
their cooperation, providing for transfer of the different 
types of random numbers used in the simulation model, or 
of the results obtained at different observation points in 

605 

the model respectively. 
Using the object oriented features of C++ and based 

upon the structure of SIC it is possible to translate the 
same simulation program source to either a sequential sim
ulation program or to a parallel one. The internal struc
ture of SIC forms a basis to achieve this in a way trans
parent to the user: both random number generators and 
the statistical analysis are called in SIC via member func
tions of their respective classes. In the single-program 
case, these classes are implemented to perform the desired 
operations themselves. In the parallelized program, they 
act as interfaces to the communication channels mentioned 
above. Thus the parallel version is integrated mainly by 
providing an alternative library for some internal classes 
inside SIC and by a preprocessor, which serves to create 
the additional processes needed. 

4 Network Simulations in SIC 

This section describes simulation studies which have been 
carried out using the system SIC. The first example gives 
new insight into the effect of different queueing strategies 
on the statistical properties of the traffic carried. The sec
ond example illustrates how the object oriented modeling 
approach employed in SIC was advantageously applied for 
modeling the DQDB MAN protocol. 

4.1 Queueing Strategies in a Multi-Station Net-
work 

The specific advantages of using the modeling approach 
described show up clearly when examining various schedul
ing alternatives in more complex networks such as Fig. 2. 
The behavior of this model when running its stations with 
different scheduling strategies was observed. Besides the 
normal FIFO case, the effect of SRPT scheduling in the 
stations was examined. 

SRPT4 is a preemptive scheduling procedure where pro
cessing of a message is suspended whenever a shorter one 
enters the queue. It has been shown that the SRPT 
strategy minimizes sojourn times in queueing systems and 
that it is optimal in this respect over any other schedul
ing strategy [10,12], even if overhead times are taken into 
account [3]. By including SRPT scheduling in the SIC 
toolkit, its effect on sojourn times in the complex network 
in Fig. 2 could easily be examined [6]. To accomplish 
this, all nine stations of this model had to be replaced by 
stations performing SRPT scheduling. 

Here an advantage of the toolkit approach can be noted: 
it allowed the implementation of the SRPT strategy to be 
coded and verified first in a simple model whose results can 
be obtained analytically. Without touching their code, 
the stations performing SRPT scheduling could later be 
integrated into the complex network model. 

Using the LRE-algorithm for statistical analysis, dis
tribution functions of the message delay in each station 
were obtained. To investigate the influence of the SRPT 

4SRPT: ~hortest Remaining £rocessing Time first 
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Fig. 6 Complementary dJ. G( r) of delay time r in sta
tion S9 of the queueing model in Fig. 2 compar
ing the results of SRPT scheduling with the FIFO 
case. (p(r): local correlation coefficient, relative 
error concerning G(r): Cmax = 0.05) 

strategy on the delay time, SRPT was introduced into all 
stations. The example given in Fig. 6 compares the re
sults obtained for station S9 in Fig. 2. For these results 
no analytical methods are available. With parameters se
lected as in [8] and hyperexponential service times with a 
coefficient of variation of 2 in the stations, Fig. 6 com
pares the effect of SRPT with that of FIFO scheduling. 
It can be noted that the complementary distribution func
tion G( r) of delay time r for the SRPT case lies below that 
for FIFO by a factor of up to 10. Roughly the same factor 
is gained for the mean value as well. Additionally, the in
fluence on the local correlation coefficient p( r) should be 
noted. While in the FIFO- case it quickly approaches the 
value 1, it stays below 0.1 in the SRPT case. This is due to 
the resequencing of messages done by the SRPT strategy. 

4.2 Modeling the DQDB Man 
To examine the applicability of the modeling approach of 
SIC the implementation of a real-world problem was exam
ined. The DQDB MAN media access protocol as described 
in the IEEE 802.6 Draft Proposal [1] was chosen because it 
represents a modeling problem that contains easily distin
guishable components which can be implemented as sepa
rate entities in an object oriented simulation model. How
ever, the operation principles of this model may lead to 
an inefficient simulation implementation. The goal was to 
find an efficient implementation without sacrificing struc
ture. 

4.2.1 The DQDB Protocol 
The DQDB5 network is based on a dual bus architecture 
(see Fig. 7) providing asynchronous (packet switched) and 

5DQDB = Distributed Queue Dual Bus 

Bus A ... 

Bus B 

Fig. 7 DQDB architecture 

an equivalent to isochronous (circuit switched) services by 
reserving part of the bandwidth. Both modes of opera
tio.n work independently sharing the total capacity of the 
network. 

Access to the bus for asynchronous traffic is controlled 
by the distributed queue protocol. For each bus free slots 
are generated by a slot generator. The slot size is 53 octets 
with a segment payload of 48 octets. This definition is in 
agreement with the ATM 6 cell size, which will facilitate 
the connection of DQDB networks and Broadband ISDN. 
The distributed queue protocol is based on two control 
bits in each slot, the busy bit, which is set if the slot is 
used, and a request bit, which indicates that a station has 
a packet it wishes to send. 

Each station maintains a request counter and a count
down counter for each bus. The request counter is incre
mented for each request bit received and decremented for 
each empty slot that passes the station on the other bus. 
The request counter approximates the number of pack
ets waiting in the distributed queue for one bus . To send 
a packet on Bus A a station first sets a request bit on 
Bus B, it then copies the request counter into the count
down counter after which the request counter is set to zero. 
Now the countdown counter is decremented for each empty 
slot passing the station allowing access to an empty slot 
when it reaches zero. 

The standard also defines 4 priority levels which are 
implemented by the corresponding number of request bits 
within each slot and request and countdown counters 
within each station, i.e. a distributed queue is imple
mented for each priority level. These priorities can be 
used to approximate the SRPT strategy [12] that was dis
cussed in section 4.1. This strategy can be applied to the 
message level by using a special packet numbering mecha
nism. This leads to lower mean transfer times for messages 
because short messages have priority. 

4.2.2 Model Structure 
First a straightforward model of the DQDB network was 
implemented in SIC for validation purposes and speed com
parison. In this model SIC tasks were defined for the packet 
generator, the bus and the station. Bus and packet gen
erator are created only once, but each station has a sepa
rate task incarnation. In this straightforward model each 
station maintains its request and countdown counters as 
described above. This means that each arrival of a slot 
at a station is an event to be handled by the simulation 

6 ATM = Asynchronous Transfer Mode 



program leading to a very inefficient solution. Each bus 
operating at 50 Mbit/ s generates a slot of 53 octets every 
8.48 j.Lsec, accordingly a network with 25 stations will gen
erate about 354 million events in 1 minute of simulated 
time not counting events for packet arrivals. Especially 
for low network loads most of the events do not change 
the state of the station. In the next section an optimized 
model is described which utilizes the information known 
within the simulation program to minimize the number of 
events. 

4.2.3 The Optimized Model 

In the optimized model a look ahead scheme is used to 
minimize the number of events. In this model the station 
does not maintain any counters. This information is now 
shifted into the slot description. For each slot a station 
can reserve the request bit or busy bit. If a station wants 
to set a request bit the slots that have not yet arrived 
at this station are searched for a free request bit and the 
slot is marked as reserved. The station will be activated 
only for this slot. If there is no free request bit a special 
mechanism is used which will reserve the request bit when 
new slots are generated. If a station finds a slot marked 
as reserved for a request, it can decide whether its own 
request will be first and it can then move the reservation 
of the other station to a later slot. A similar scheme is used 
for reserving slots with empty busy bits . Slots are defined 
within the Bus Task , which offers member functions for 
the operations described above and which generates new 
slots. 

The speedup of processor time obtained with the op
timized model is load dependent as was explained above. 
For a normalized throughput of 0.1 to 0.9 a speedup factor 
of 16 down to 2.3 was obtained. 

This improved simulation model was validated against 
results obtained by the straightforward model as well as 
by another simulation program in PASCAL and by an ap
proximation method [14]. 

4.2.4 Results 

In this section some results are presented that use an ex
ponential arrival process for packets with the arrival rate 
being equal for all stations. Increasing this arrival rate 
raises the network load. The packet destinations are gen
erated according to a uniform distribution. This does not 
affect the network load because each slot can be used only 
once, but it modifies the transfer time of a packet. The 
'number of stations is 25, the station latency is 8 bits, the 
bus length is set to 100 km, and the transmission rate is 
50 Mbit/ s for each bus with a slot size of 53 octets . In the 
examples given below the total bandwidth was available 
to the asynchronous service. 

Fig. 8 shows the mean transfer time of a packet for 
different stations and the mean overall transfer time. This 
example demonstrates that the DQDB protocol is not com
pletely fair. Stations at the end of the bus , here station 
1, are at a disadvantage mainly because on the average 
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mean transfer time versus normalized throughput 

0.1 

0.01 '------l._--'-_....L-_L-...LL_--L._..l.----l 

1 

o : ~ 
o 200 1.00 600 800 

transfer time T [J.l.s) 

Fig. 9 DQDB Network: Complementary Distribution 
Function G(r), local correlation coefficient p(r) 
and relative error c( r) of transfer time r for sta
tion 1. 

it takes longer to set a request bit and because the mean 
propagation delay from station 1 to all the other stations 
as destinations is longer. 

The second type of result obtained is shown in Fig. 9. 
Here the complementary distribution function G( r) is 
shown together with the local correlation coefficient p( T) 
and the relative error c( T) for the transfer time T of one 
station. Note that the relative error is always below the 
prescribed value of 5 %. For the given network load (nor
malized throughput 0.9) the local correlation coefficient 
shows the influence of the distributed queueing strategy 
which is closely related to the FIFO strategy. 
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5 Conclusion 

In the context of SIC, CH has proven well suited for 
simulation programming in several respects. Besides the 
obvious fact that its object oriented features enable the 
implementation of a model scenario in a natural way, it 
maintains an efficiency of program execution which allows 
the utilization of these features adequately in a simulation 
without paying a performance penalty. The separation be
tween the definition of model components and their incar
nation was well supported by CH. This was especially im
portant for the graphic program generation system. CH 
also helped to implement a version of SIC offering trans
parent parallelization on UNIX multiprocessor systems. 

An extension that is planned for SIC concerns the event 
list. Depending on its size, different algorithms are opti
mal for its implementation. Choosing the appropriate al
gorithm respectively may avoid wasting resources. There
fore, a dedicated event set class will be introduced for the 
implementation of this feature. Further, it is planned to 
include provisions for animated simulation into the simu
lation system resp. the graphic editor. Such a feature has 
educational as well as practical aspects: while helping to 
understand how simulation works in general, it may also 
help to verify the correct operation of a simulation pro
gram interactively. 
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