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The Monte-carlo-simulation-technique is a 
well established means of examination of 
exchange-systems and their facilities if 
aspects of the traffic theory need to be 
considered. 

In general, there are two different 
approaches towards simulation: 

- loss systems can satisfactorily be 
examined by time independent simulation 
111 

- queuing systems are requi ring the time 
true model 13,4/. 

Common to both systems is first an 
exponential growth of necessary core memory 
in relation to the size of the system and 
secondly the lack of significant criteria for 
the prediction of the length of simulation. 

The paper will submit proposals for 
improvement of both of the stated problems in 
time independent simulation. 

The structure of the simulationmodel for the 
t i m e i n d e pen den t Mlo n t e - car 1 0 - s i m u 1 a t ion i s 
shown in fig. 1. 
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fig.1: Simulation Model for the Monte-Carlo
Method 

Traffic sources are represented through a 
pseudo random generator /1/. Sources with an 
offered t~affic, which is poisson 
distributed, prove to have a constant 
probability both for the occurance of an 
offered call and release in any moment. This 
specific behavior can be easily copieod by a 
random genera tor, tha t delivers eq uall y 
distributed random digits. Adequate random 
numbers can be created through 
congruence method /2/. The 
pseudo randomness is desired, 

ITC-9 

the additive 
property of 
so that the 

behavior of the traffic sources . is 
reprod ucable. In the further sta temen ts the 
random events are always to be understood as 
pseudo random events. 

By carrying out simulation the random numbers 
get a meaning (fig. 2). Numbers out of the 
range "offered call" effect an occupation 
trial in the model of the system structure by 
the model of processing strategy. The counts 
of offered calls and the counts of 
congestions are added up in the memory area 
which is reserved for results. 

Numbers out of the range "release" result in 
a trial of release according to the 
processing strategy. The probability of loss 
can be determined through the quotient 

lost calls 
B = -------------

offered calls 

after an appropriate number of simulation 
events have taken place. 

Range of numbers 

offered call I release I meaningless event 

fig.2: Meanig of random events 

For carrying out the simulation there are 
program storage and worK~ng storage 
necessary. The program storage includes the 
definition of the processing strategy through 
program d i rec t ions. The process i ng s t ra tegy 
encloses: 

the order of occupation of free trunks or 
lines 

the examination 
switching 

of bypasses in toll 

- the controll of roll up traffic 

the interpre~ation of the random numbers 

- the release 

In the working storage the structure of the 
exchange system is defined. 
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Through the structure the following will be 
determined within a telephone exchange 
sys~em: 

- the number of trunk groups 

- the number of trunks 

- ·the number of switching centers 

-the ' toll switching 

~..he size of program storage depends on the 
complexi ty of the processing strategy. The 
demand for the working storage grows with the 
exchange. The approximate amount of working 
stor~ge for a simulation of trunk-individual 
exchange system can be calculated as follows: 

The meaning of the abbreviations is listed 
below: 

WST words of working storage 
TG number of trunk groups 
T maximum number of trunks 
E number of exchanges 

It becomes obvious that the demand of storage 
grows with the second power of the number of 
trunks and switching centers. 

If a higher program language without the 
possibility of bit manipulation is used, the 
trunk-individual exchange system needs a 
single word of storage, in which the status 
can be noted for every trunk. 

The question arises, if it is really I 

necessary to know at any moment which trunk 
is occupied or free or if it would be 
sufficient to notice the number of occupied 
trunks for each group. In the latter case one 
wouldn't need to reserve one wordr for each 
trunk to note the binary information of the 
trunk status, but it would be enough to have 
only one storage word for the group in which 
the increase and decrease counting of the 
occupation status is placed. In the following 
t his s i m u 1 a t ion t e c h n i que sh a 11 be call e d : 
"group-individual simulation". 

The advantage of saving storage goes along 
with a deviation of the simulation model from 
the reality. In the model of the trunk
individual exchange system the 
accordance of the model with the reality is 
reached through the division of the random 
generator (traffic source)(fig.3). The 
generation of one number in the occupation 
range TG 1 resul ts in the search of a free 
trunk. Selection and holding of tne trunk is 
carried out by the program. The appearance of 
a number in the release range T2 results in a 
release of trunk 2, in case this trunk was 
occupied. This strategy corresponds with the 
reality, because in reality an offered call 
will be brought ' to a free trunk; later on 
exactly that trunk that was occupied, will be 
released. 
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Range of numbers 

offered call I release J 
TG1 I I I I 

meaning less 
T1 T2 T3 

fig.3: Division of the random generator 
(traffic source) for a trunk
individual model which simulates one 
trunk group with 3 trunks 

The range of release interval results to /1/ 

z 

1:A + 1:T 

and the holding intervals 

The advantage of dividing the generator into 
intervals is the lack of a meaningless number 
range in the random generator. 

Using the grou.p-individual simulation a 
single trunk can't be released since there is 
no correspondence of a trunk to a storage 
word. Therefor the generator division changes 
according to figure 4. If there is a firm 
definition of the release interval TG1A, 
there will be more effective releases in the 
group-individual model in comparison to the 
trunk-individual model, because there is no 
means of testing whether the trunk, that is 
to be released, is free or not. 

fi g .4: 

Range of numbers 

offered call I release J 
1------+-------1

1 
meaningless 

TG1 B 1 TG1A 

Division of the 
(traffic source) 
individual model 

random 
for 

generator 
a group-

However the accordance wi th the reali ty can 
be restored if the release interval TG1A will 
be constructed variably. It has to be reduced 
in proportion to the number of occupied 
trunks: 

In th i s formula Tn is identical with the 
release interval of the trunk-individual 
model in figure 3 and Zoccup resembles the 
number of occupied trunks. In using the 
group- ind i v id ual method the need of worki ng 
storage is reduced approximatly to 

WST = TG(23+T+E)+E(3E 2 +4E-4) 

The adaption of the group-individual model to 
reality is possible even with a fixed release 
interval, if one allows to write negative 
values to the storage word that denotes the 
group status. Through this procedure 
inadmissable releases are eliminated, because 
the state "free trunk" doesn't exist for a 
release. 
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Problems that 
of simulation 
15,6,1,B/. 

occur through 
time are 

the estimation 
presented in 

J'he simulation model answers to a step A in 
the offered traffic wi th the transient 
response B(t), that consists of a stationary 
and an instationary term (fig. 5) . The 
solution of figur 5 can be determined by 
consideration of a fini te homogenous Markow 
chain to 19,10,111 

B(t) 

k=O 

A(tlt 

A ---'_-------

fig.5: Theoretical transition behavior of the 
loss B(t) to a step A in the offered 
traffic 

f3 represents the constant probability for 
the release occurance. This resul t doesn't 
correspond to the transient response B(t) 
(fig.6),that was actually observed. 

.... 
B~--~------~~~~ 

fig.6: Transition behavior in the loss B(t) 
in the simulation model 

The cause for the deviation can be found in 
the fact that the traffic generator can't 
produce a step in the offered traffic. His 
transient behavior consists of an stationary 
and an instationary part, too. 

B(t) 
N 
L 

k=O 

N! 

The usage of this formula is stopped by 
difficulties that arise in the estimation of 
the unknown trans ien t A (t) , the unknown 
start-out-offer A(O) and the unknown 
transition behavior of the probability of a 
release event f3 (t). 

As of now the waviness of the transient 
function B(t) is determined in the course of 
simulation through different methods in order 
to estimate the necessary time of simul~tion. 
Simulation can be stopped if the waviness 
stays under a certain limiting value. 

ITC-9 

The moment of interruption can be determined 
more easily, if the transient function of the 
loss B(t) is put into relation to the 
"effective occupation events". Effective 
events are holding trials that lead to an 
occupation of a trunk. 

Through this the large influence of the loss 
B to the cri terion of interruption can be 
weakened. Figure 1 shows the correlation 
between the lasting of simulation and the 
reliability of the results. This relation 
has been found empirically. 

""Sl. 

B:2'f.'.:-+--~ .. i 

ZV(t2) - Zv(tl) Zv: lost c 'alls 

ZA(t2) - ZA(tl)' ZA: offered calls 

fig.1: Estimation of the stationary loss B 

Conway 181 stated the dependency between 
starting conditions and simulation time. 
These considerations lead to methods of 
estimation of the stationary value of the 
transient function B(t) (fig.B). ZL resembles 
the loss events while Zo stands for the 
offered events. Through computation of mean 
values from different estimations the number 
of nece ssa ry s imula t ion even t s can be 
s i g n i f i can t 1 Y red u c e d ( fig. 9 ) . The 0 p t i m,a 1 
estimation width 

t2 - t1 = 2000 

and the optimal estimation distance 

effective events was found emperically , too. 

IV' 
[o;.J 

eo 

40 

20 

,11 

[%1 
24 

20 

111 

12 

- 4 

8 

- 12 

- 16 

- 20 

- 24 

- 28 

- 32 

103 104 105 

Zw effective events 

L1 Difference 

Ivl Confidence Interval 

S · 99 % 

106 

.; 

Zw 

fig.8: Difference between the estimated and 
the theoretical loss 
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fig _ 9: Difference between the estimated and 
the theoretical loss. The estimated 
loss is the average ou t of severa 1 
values 

Beginning with the known methods of time 
'independent simulation of exchange systems 
the paper shows that, in certain practical 
cases, it is possible to reduce computer 
storage significantly by using the group
individual simulation method. 

Building on the solutions for the transient 
behavior of a simulation model the paper 
introduces an estimation method for the 
results of simulation through which the 
lasting of the simulation can be reduced by 
the factor 100. 
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