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ABSTRACT 

For simulation of entire exchanges, an agree
ment must be made concerning the treatment of 
calls (internal and from other exchanges) ter
minating on subscribers found busy. 

For simulation according to the Kosten model, 
cnree different simplifying assumptions are 
investigated which are relatively easy to im-
plement in a simulation program: . 

A. If the called subscriber is found busy, 
another subscriber is selected at random; 
this process is repeated until a free sub
scriber is found. 

B. Calls meeting with subscriber-busy condi
tion are treated as ordinary lost calls, 
i.e. they contribute with the mean holding 
time to the traffic offered. 

C. Calls meeting with subscriber-busy condi
tion are treated as special lost calls, the 
holding time of which is considered zero in 
the model, i.e. they do not contribute to 
the traffic offered. 

Following a discussion of these three assump
tions, preference is given to Model C for 
practical reasons. 

When defining the model, it becomes apparent 
that the theoretical definition of traffic 
offered is in contrast to the interpretation 
normally used in practice. 

Model C is fully described by a set of formu
las which are used for the preparation and 
evaluation of the simulations. Any traffic 
distribution among subscribers can be chosen. 
This makes it necessary to approximate the 
probability of subscriber-busy condition prior 
to simulation. 
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1. PROBLEr.t AND ASSUMPTIONS 

For economic reasons, modern centrally-con
trolled switching systems use switching net
works comprising multi-stage link systems. All 
types of calls are usually set up in one step 
on the conditional path-finding princ~ple. The 
determination of traffic handling capacity and 
the dimensioning of such networks represent 
special problems of traffic theory. It is nowa
days customary to apply, for the determination 
of capacity or at least for verification of 
calculation methods, traffic simulation pro
cedures. 

Fig. 1 Switching network and connections 

For the simulation of less-centralized ex
changes, the switching network can be broken 
down into parts which can be investigated sep- · 
arately, normally considering only one type of 
traffic. In contrast, modern switching networks 
(Fig. 1) must be treated as an entity, and sev
eral types of traffic as well as connection 
possibilities (Fig. 2) must be applied simul
taneously for their investigation. 
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Fig. 2 Connections in an exchange 
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changes 
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In order to outline a specific problem, a 
simple case sh.-': 1 be discussed here, where 
register tra{ . ~ and special lines (coin tele
phones, sp~ ~ ,~. services etc.) will not be con
sidered. The simulation will cover only the 
connections shown in Fig. 2 and the resulting 
traffics. Hence, the traffic sources are sub
scribers, incoming and both-way junctors. It 
is assumed that the s ubsc r i bers generate traffic 
having Engset distributi on. Special subscriber 
behavior - (repeated call attempts) will not be 
considered, because it is difficult to gener
alize and would complicate the simulation. The 
incoming and both-way junctors pass to the 
switching network traffic of Erlang distribu
tion. The traffic sinks are subscribers as well 
as outgoing and both-way junctors which handle 
the traffic originated by the sources. When a 
call is switched to a free junctor of the 
desired direction, it exists for a random dura
tion. The further call establishing process 
cannot be observed, since only one exchange is 
being simulated. Calls terminating in the ex
change (internal calls as well as incoming 
calls from other exchanges) are routed to the 
subscribers. They may be lost because they 
cannot reach the wanted subscriber due to 
blocking in the switching network, or because 
the wanted subscriber is found busy. 

In the following, it will be shown that the 
treatment of calls meeting with subscriber
busy condition constitutes a major problem. 
There are several obvious approaches, three of 
which will be discussed here; however, they 
considerably affect the simulation results, so 
that a critical choice must be made in order to 
obtain results which reflect actual conditions. 
It will be seen that the customary definition 
of traffic offered will meet with difficulties 
and that a definition, anyhow, is very pro
blematic. 

2. HODEL VARIANTS 

Traffic simulation is performed according to 
the model of Kosten [~ • The various types of 
calls (internal, outgoing, incoming and transit) 
have negative exponentially distributed hold
ing times of equal mean value. The entire sys
tem is assumed to operate on the loss principle 
for all types of calls. 

Simulations according to the Kosten model are 
well-known [2,3] • This paper deals with the 
simulation of entire exchanges and, in parti
cular, with the effects of the treatment of 
subscriber busy calls. The final objective is 
to establish rules for the allocation of ran
dom numbers for the various random events. 

Below, three models are discussed to which the 
above-mentioned assumptions are applied; calls 
meeting with subscriber-busy condition, how
ever, are treated in different ways. Under
lying these models are simplifying assumptions 
which only approximate real conditions. How
ever, they are raatively easy to include in a 
simulation program. 

2.1 Model A 

When a call finds the wanted subscriber busy 
because he either generated or received a 
call, a different subscriber is selected for 
this call on a random basis. This process is 
repeated until a free ' subscriber is found. 
In practice, it will never occur that all 
subscribers are busy, since the switching 
network doe's not offer that many connection 
paths. 
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In model A t here are, consequent'ly, no s ub
scriber-busy cal ls, a lthough their percent a ge 
is relatively high in r e ality (20 % o r eve n 
more). This leads to pessimistic s i mulat ion re- • 
suIts, i.e. excessive b l o cking values, because 
at times of heavy traffic and resultant limited 
connection possibilities, it is attempted to set 
up all connections although many calls f ind t h e 
wanted subscribers busy and actual l y should no 
longer load the switching network . 

The distributi on function of total traffic i n 
the switching network is substantially falsi 
fied in this model and a signifi c ant simulation 
result - the probability of subscri ber busy 
condition at unequal subscriber traffic values -
is in this case unobtainable. These are the 
principal drawbacks of model A. 

2.2 l.fodel B 

Subscriber-busy calls are treated as ordi
nary lost calls as they occur due to b l ock
ing in the switching network. They are con
sidered to have the same mean holding time 
as the other calls, and they contribute with 
this holding time to the traffic offered. 

Underlying this model is the well-known defini
tion of traffic offered [4] , i.e. all call 
attempts (including subscriber-busy calls) are • 
multiplied with the mean holding time which is 
known from measurements of real traffic. Since 
subscriber-busy probability is normally quite 
high, there is a considerable difference be-
tween the traffic offered to the switching net-
work and the carried and measurable traffic 
load. 

The traffic values specified for dimensioning 
of exchanges are normally based on measurements 
of traffic loads. In order to derive from the 
traffic load the traffic offered, the sub
scriber-busy probability must be known which, 
however, has so far been difficult to measure. 
It is therefore assumed that in practice only 
the loss resulting from blocking in the switch
ing network is being considered in the calcula
tions. This would be contradictory to model B, 
and the simulation results would be too opti
mistic since the load on the switching network 
during the simulation would be smaller, by the 
number of subscriber-busy calls, than expected. 

It is obvious that there is a discrepancy be-
tween theoretical definition and practical 
interpretation of the traffic offered. It should 
therefore be clarified in each instance how the 
traffic offered, as specified for dimensioning, • 
should be interpreted. 

2.3 Model C 

Subscriber-busy calls are treated as special 
lost calls which in practice have very short 
holding times and in the model, according to 
the assumption, holding times of zero length. 
In this model, subscriber-busy calls do not 
contribute to the traffic offered. 

The assumption with respect to subscriber-busy 
calls is in contradiction to the known defini
tion of traffic offered (4] . On the other hand, 
it comes very close to the interpretation of 
traffic offered as it is presumably ' generally 
applied. In a simulation according to model C, 
the load on the switching network will be 
smaller, by the amount of loss occurring in the 
switching network, than the traffic offered. 
This clearly ShO\,lS how problematic it is to give 
a generally applicable definition of the traffic 
offered. 

• 
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During the simulation, subscriber-busy calls are 
treated in the same way in models Band Ci they 
have no effect on the traffic flow in the switch
ing network because they are rejected as lost 
calls before a new call arrives. The only differ
ence is in the length of the random number in
tervals and, therefore, in the generated and 
carried traffic. 

2.4 Choice of model 

For practical Easons, preference is given to 
model C over model B, although no proof can be 
presented that would justify this choice and 
although this model is in contradiction to the 
definition of traffic offered. r-todel A is ex
cluded because of the unrealistic assumption 
with respect to subscriber-busy calls. Further 
fundamental work will have to be performed to 
clarify the situation. 

Two examples will illustrate why model C has 
been given preference: 

From the exchange B, a trunk group arrives at 
the investigated exchange A. The traffic load 
of this trunk group can be measured to derive 
from it the traffic offered. It can be assumed 
that this calculation does not take into con
sideration the subscriber-busy probability of 
exchange A, since this probability is usually 
unknown and would be difficult to determine 
as it depends on subscriber traffic distribu
tion. Subscriber-busy calls are included in the 
measured t~affic and they affect the actual 
mean holding time, but the calculated traffic 
offered exceeds the measured traffic load only 
by the amount corresponding to the loss of the 
trunk group. Model C takes this into account 
in a considerably better manner than model B. 

The second example illustrates the following 
problem: Assume that the dimensioning specifi
cations indicate 0.10 erlang traffic per sub
scriber. What is the traffic load to be ex
pected per subscriber in a switching network 
properly dimensioned for approx. 1 % loss? Con
sidering internal traffic only, model B has 
only 0.089 erlang traffic at equal load on all 
subscribers, or 0.079 or even 0.069 erlang which 
is closer to real load distribution. The traffic 
load is further dependent on the mare of ex
ternal traffic, since subscriber-busy condition 
is not considered for outgoing traffic. Inde
pendent from the load distribution and the per
centage of outgoing traffic, model C simulates 
0.099 erlang traffic carried per subscriber • 

The second example clearly shows the effect of 
model choice on the blocking values obtained 
by simulation or, in case of predetermined 
blocking values, on the traffic capacity which 
is normally a statement of the permissible to
tal traffic offered. 

3. DESCRIPTION OF l10DEL C 

A traffic model for the simulation of complete 
exchanges will be fully defined, i.e. formu
las will be given which make it possible to 
derive, from the predetermined traffic data for 
the simulation, the necessary input data and, 
after the simulation, the output data. 

Each individual subscriber of the exchange is 
observed and, with respect to his call condi
tion, represented in the computer. The total 
traffic (outgoing and incoming) must be freely 
selectable in order to be able to simulate 
any distributions of subscriber traffic. In
ternal, outgoing, and incoming calls must be 
considered, and a distinction must be made be
tween successful and rejected calls, noting 
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whether calls have been rejected due to the lack 
of free connection paths or because of sub
scriber-busy condition. In order to be able to 
use the Kosten simulation method in its simple 
form, it is assumed for this traffic model that 
all types of calls have a negative exponential 
distribution of holding times with the same mean 
value. In view of tile assumption that sub
scriber-busy calls have a holding time equal to 
zero, this assumption is not matter-of-fact. 

3.1 Notations and definitions 

In view of the variety of call, traffic and loss 
types, it appears advisable to use some pre
determined notations. 

The following indices will be used: 

'}..-

o -
t -

any subscriber of the exchange 
originating 
terminating 
carried call " -.(,.-, - blocked call due to lack of free paths 
lost call due to subscriber-busy condi
tion 
internal 

e- external 

The number of calls or call attempts per hour is 
designated c, for example 

c~o- Number of originating call attempts 
of subscriber A 

c..,.o = ('-;to'l;" .... CJ.OG.:. + c.).o~~) + (C).o~e +- c,..o~~). 

This equation shows the necessary ·breakdown of 
call attempts of the subscriber A . The 
quadruple indices are self-explanatory. In mo
del C it has been assumed tnat internal calls 
can be rejected because of subscriber-busy con-
dition (C.~O$i, ), while there is no such loss 
for outgoing calls. 

The traffic load per subscriber is designated 
'1 ' e.g. 

l?i\ - load of subscriber A 

~,. - ~ho+-'1.H -('1;'0t. ~ ~~oe.) +(1~f~ +- ().t&). 
In model C, the traffic offered is defined by 

(1) 

where ~ represents the mean holding time. Lost 
calls due to subscriber-busy condition Cs 
are not considered in this formula (1), accord
ing to the assumption. The traffic offered per 
subscriber is, for example, 

0<...).,. - traffic offered of subscriber ,.. 

01..).. =- ci...)"'o +- o/...)..t - ( o(),.o;" + O{.xe e ) t ~ ~+~ f- a{.)..fc.). 

The following loss probabilities are used in 
the relationships between traffic offered and 
traffic carried: 

~~- Loss probability for internal calls due 
to blocking in the switching network or 
of the internal junctors 

boe- Loss probability for outgoing traffic 
(switching network plus trunk group) 

Bte - Loss probability for incoming external 
calls due to blocking in the s\,li tching 
network. 



Examples: 

7i\b~ - o(.?-b~ (1\ - ?> L ) 

'7)..Oe. = o(."oe. (1 -10«') 

1At~ - o(.)..~e (1 - b H .) 

The probability of subscriber-busy condition 
is equal for terminating internal and external 
calls, since their occurrence is random. 

Therefore, 

- subscriber busy proba
bility. 

3.2 Call and release probability 

For negative-exponentially distributed hold
ing time, the probabiDty that an existing call 
will terminate within the short time interval 

.6t is 

(2) 

The conditional probability for a call attempt 
by subscriber >-- during the time interval .6 t, 
under the condition that the subscriber is free, 
is 

(3) 

During the non-active intervals (1 - '1).. ) , 
subscriber A must initiate c::."o call at
tempts on the average. As mentioned earlier, 

applies, and with the definition of traffic 
offered as applied to model C, 

0(.. AOC. == .L... ( C)..o de.- +- c. ;o~e.) 

0( )..o~ =<.e.... (C>,o'a ~ of- C).o'(;'i. + C"os J -.l-. (.).0 S Z 

-~(c).r>\ .. ~ ~c,..o";" f- s.os.~ )(1 - c. .C:~$~. G')' 
)..04" AO~'- + ).O!>l 

Since the subscriber-busy probability is 

(4) 

we can conclude for the call probability (3) 
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3.3 Generation of artificial telephone traffic 

For traffic simulation according to the method • 
of Kosten [lJ , it is necessary to determine the 
intervals for calling and release numbers. 

Assume that the release intervals for junctors 
are unity [3] ; according to equation (5), the 
calling number interval of subscriber A t hen is 

r", 0 = l'" + I-': - ~>-o~ · + o<..;'oe (6) 
,... )..0," Aoe -(-1-tpJ(1- t>~) 1-1~' 

The first term of the sum represents the inter
nal calls, the second one the external calls. 
This subdivision is necessary in view of the 
fact that internal calls can meet with sub
scriber-busy condition. 

The length of the calling number intervals for 
terminating incoming traffic (Erlang distribu
tion) of subscriber A is obvious 

(7) 

The random number generator is defined by join
ing together all intervals of calling and 
release numbers, i.e. each possible random num
ber is classified and its occurrence initiates 
a well defined event. 

In the case of transit traffic, the interval 
length corresponds to the traffic offered. For 
incoming and transit traffic, the interval length 
must be divided by (1 - B) if the los·s on the 
trunk group is not negligibly small. 

~~len preparing the simulation (input data for 
the computer), only the different values of 
traffic offered are known. The traffic loads ~~ 
can be substituted in the above formulas by the 
traffic offered 0(.).. in the case of low loss, 
or they must be computed for estimated loss 
figures. The subscriber-busy probability can be 
estimated as shown in the following section. 

3.4 Subscriber busy probability 

• 

If personal and business relations are excluded 
and if there are ~ subscr~bers, the pro
~abili ty of subscriber A. calling subscriber /lA, 
~s ( • 
Personal and business relations can also be con
sidered, but for a general investigation of 
switching networks this seems to be superfluous. 

The probability of finding subscriber ~ busy 
is obviously ~~ • Therefore, the probability 
of any originated internal call of subscriberA 
meeting with subscriber-busy condition is 

""'-

L tX.r4:- '1r 
u ~~_~_1~ ____ _ 
°5(.).. "-'-

L 01..,1: 
lA. ,.1 
:L. -i J.. • 
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If the number of subscribers is large, the in
fluence of subscriber A carl be neglected and 
we can write more general 

""'-

Urt '1("' 
';) _;) ... 1) -+1"--"- ---
t:> ~ .D S ~ 0 se. ::0 """' 

Lo(~f-
(8) 

fv' -1 

In most cases, ~ can be substituted by 0/..,., , 
and very often ("olt'+ = 0(,...0 , i.e. Dt""t--- 0(r-/2 
Hence, we obtain as an approximation for the 
subscriber-busy probability 

(9) 

For simulations, it is often assumed that sub
scriber traffic ' is equally distributed, i.e • 
«-I:"- - D<- i according to equation (9), the re
su~t then is simply 

3.5 Calculation of output data 

In order to perform the simulation, it has 
been necessary to introduce many approxima
tions because the loss probability and the 
subscriber-busy probability were not known. 
After the simulation, we know these values as 
they have been derived by sampling. Using the 
same formulas, we can now derive from the ran
dom number intervals the actual traffic 
offered, which in most cases will slightly de
viate from the original values because" the 
simulation was prepared on the basis of ap
proximations. 

4. CONCLUSIONS 

During the development of a traffic model for 
the simulation of entire exchanges, it be-
came apparent that the treatment of subscriber
busy calls constitutes a problem. The dis
cussion of several solutions "(models A, B, and 
C) leads to a fundamental problem of traffic 
theory - the definition of traffic offered. 
A discrepancy between the theoretical definition 
and the practical interpretation of this term 
became obvious. 

All developments of electronically controlled 
switching systems are supported by traffic 
simulations. Usually, entire exchanges are 
simulated in order to determine the traffic 
handling capacity of the switching networks. 
The discussion of the models A, B, and C re
vealed that the choice~ the " model has a major 
impact on the simulation results. For this 
reason, everybody using simulation results 
should know the model employed, and he should 
further know whether the results are opti
mistic, pessimistic, or realistic. 

In order to simplify the situation, one parti
cular model should be standardized and intro
duced internationally. 
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