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ABSTRACT 

This paper presents an extension of the roulet
te model based on the 'lost calls cleared' hy
potheses. The main characteristic of this 
model is the facility for simulating the suc
cessive phases of the calls allowi ng consid
eration of the dependency of the system state 
found by a call, with respect to the state 
found by the same call in previous phases. Up 
to the present it has not been considered nec
essary to include this dependence, partly due 
to the . fact that the systems studied would not 
have been affected to any considerable extent 
by such dependence and, c onsequently, it seemed 
s i mpler to include the signalling time in the 
conversation time. 

A detailed description of the method used to 
determine the interval lengths of the event 
generator according to the different traffic 
values, duration of the different phases, etc., 
is given in the paper. A digression is also 
made in order to treat the possible interpreta
tions that can be given to the simulation re
sults i n view of the input data. 

Finally, some practical aspects like program
ming effort, languages, etc., a~e discussed. 

1. INTRODUCTION AND STATEMENT OF THE PROBLEM. 

The roulette method, originally derived by Kos
ten, is one of the most extensively uSed methods 
to support the switching network's dimensioning 
of telephone systems. In essence, this method 
is applied to Markovian birth and death process
es homogeneous in time, and is essentially bas
ed on the substitution of the process to be 
simulated by a Markov chain so that the charac
teristics sought by the actual process coincide 
with those of the associated chain. This model 
was initially applied to the simulation of 
simple processes associated with switching net
works of conventional switching systems, with 
very fe'" stages in which the c e; ndi tional selec-

- tion procedure to set-up a path was applied. 
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These characteristics allowed the use of simpli
fications like the division of the complete net
work into different sections using the condi
tional selection procedure, grouping of signal
ling and speech traffic into a single fictious 
traffic flow, etc. 

A modern telephone system consists of a switch
ing network (which mayor may not include the 
signalling network), trunk and signalling cir
cuits, a bulk memory and either a high speed 
data processor controlled by a large stored 
program or wired logic. In this article only the 
switching network, trunk and signalling devices 
will be considered, assuming that the delays 
introduced by the control unit devices are not 
significant· when compared with the signalling 
and conversational holding times. Generally, in 
these systems, the conditional selection prin
ciple is applied to a greater number of stages, 
in some cases the complete switching network. 
Due to this reason the simplification made by 
dividing the switching network into different 
parts is normally invalid; the present tendency 
is to simulate entire exchanges combining all 
possible traffic flows and considering them as 
independent. However, there exists a dependency 
between the signalling and the speech traffic 
which mayor may not affect the traffic per
formance of the system. This dependence may oc
cur in different ways. For instance, in a switd, 
ing system in which speech and signalling net- -
works are integrated, the establishment of the 
speech path for a local call is n ormally per
formed after completion of the signalling phase 
and release of the associated path in the net
work. For outgoing calls the speech path may be 
occupied before signalling is completed, etc. 
Returning to the case of local calls, the effect 
on the traffic performance of the switching net
work is favourable since the released path or a 
part of it might be used for the speech path. 
On the contrary in the second example several 
paths are known to be simultaneously busy when 
a search for a free path is made between the 
calling party and the outgoing trunk. 

As a consequence, the operational sequence for 
each call type, and the simulUmeous occupation 
of several links of the same switch for one call 
implies a dependency among the successive states 
of the switching network that meets the call 
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throughout its progress. 

In order to simulate a complete switching net
work with these characteristics a choice should 
be made between time true and roulette models. 
In this case the roulette model has been 
chosen primarily because of the saving that 
can be obtained from both running time and 
memory required, especially if large switching 
networks are going to be simulated. 

2. GENERAL ASPECTS OF A ROULETTE MODEL FOR 
SIMULATION OF CONSECUTIVE EVENTS. 

Due to the large variety of switching network 
structures with different philosophies for 
call establishment, the effect of dependence 
explained in the previous section is variable 
from system to system. This fact can make it 
difficult to describe a general roulette in
dependently of the system to be simulated. Holt 
ever, there are some basic aspects of this 
problem which can be described regardless of 
the system under consideration. 

In any telephone switching system it is neces
sary, when treating a call, to perform certain 
operations on a time basis. In what follows 
only those operations which can modify the 
state of the switching network will be taken 
up. These operations, originated by the ac
tions of the subscribers and by the state of 
the switching network to which the call is 
subjected, are managed by the control unit of 
the system. Furthermore, a single action of the 
calling subscriber (dialling of a certain 
number of digits, for instance) may provoke a 
sequence of operations which should be perfor~ 
ed one after the other by the control unit in 
short periods of time provided that the switc~ 
ing network works on a loss basis. On one han~ 
it is assumed that the delay introduced by the 
control unit is negligible and on the other 
that the holding times of control unit devices 
are very small compared with those of the 
speech and signalling networks. It can thus 
be assumed that the c omplete sequence is exe
cuted in a time interval of null duration. 
Nevertheless, the operations will be thought 
to be executed according to the sequence 
defined by the system philosophy. As a con
sequence, the operations which can modify the 
state of the switching network, whether they 
are single or multiple in sequence, define 
theoretical events. Two consecutive events will 
delimit what will be called from now on a pha
se of a call. 

All the previous definitions have been estab
lished for any call of any type. Nevertheless, 
with the objective of obtaining a better un
derstanding of the basic principles of the 
roulette to be used for simulating the switch
ing network of the system the exposition will 
be made for one type of call coexisting in 
the system. 

Let us assume that a call of the selected type 
has "r" phases each of negative exponential 
duration with average values T:1 ' ~2' ........ ~r' 
respectively when they are successful. Furthe£ 
more, let us consider that at a certain time 
"t" the birth coefficient for the call under 
study is ~s. This coefficient will depend, 
in general, not only on the number of calls 
il' i2 .... it- in progress in each of the "r" 
phases, but also on the number of calls of 
other types that are already established at 
that time in the switching network . Therefore 
As is a variable which depends on the state 

"s" of the system. 

Under these c c nditions if one wants to simulate 
such a system by using a roulette model, it 
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will suffice to define in the half open interva 
(0,1] , as many intervals as event s can be genera.! 
ed. Since, as it was explained before,two even~ 
delimit a phase, r + 1 events wi ll define the "r" 
phases. As a consequence the roulette for the 
call type considered will consist of r + 1 
intervals. In their turn, each one will have a 
variable length that will depend on the state 
of the switching network. The total lenght of 
the intervals, corresponding not only to call 
type under study but to all types, will not 
exceed at any time the unity; this condition 
will be called "normalizing condition". 

The random event generator can then be describ
ed in the following terms: 

"A random number belonging to the interval Ij 
will indicate the end of the phase H (except 
for j:l ) and the initiation of the phase j 
(except forj:r+l)". 

Moreover if LIS' L2S" •• _M ~. J)s designate the 
lengths corresponding to the r + 1 intervals 
when the switching network is in the state "s" 
the relations which give the conditions for the 
coincidence of the state probabilities of both 
the actual and the simulated stochastic proces
ses, are the following: 

L 1s 1 ~lL2S: .............. ..... : ~TL(r .. J)s:y 

As il ir 
(2.1) 

where r is a constant for all states of the 
system and for all types of calls. 

In order to build up the roulette it will be 
necessary to determine the value of r which 
meets the normalizing condition. Since there 
are an infinite number of solutions, an opti
mum value for l should be chosen in such a 
way as to obtain the best efficiency in the 
random numbers to be used for event generation~ 
These criteria determine the maximum value of 
r since, in this case, the effective lengths 

of the roulette intervals are also maxima and, 
consequently, the number of random numbers 
without meaning is minimum. The way of obtain
ing this maximum value of Y is to determine 
the state of the switching network in which 
the total interval length is maximum i.e. the 
sum of all intervals corresponding to all 
types of calls. Note that there is no reason 
why the maximum length should coincide with 
the sum of the maximum interval lengths corres
ponding to each event. However, it should be 
pointed out that the determination of this 
maximum value for ¥ can only be done in a QU8.!!. 
titative way in view of the switching network 
characteristics. 

On the other hand, from relations (2.1) it can 
be deduced that the effective length of in-
tervals L2S' L3S ........... L(r + y. is proportional to 
the number of calls in progress in each one of 
the phases associated with each interval . As a 
consequence, each of these intervals can be 
considered as the sum of as many unitary in
tervals as calls in progress in the group of 
links or devices associated with the correspon~ 
ing phases. In a similar way the length of the 
intervals for call originations is proportional 
to the number of traffic sources which are free. 

Summarising the above comments, it is possible 
to conclude that the roulette can be defined 
once the maximum lengths of the intervals 
corresponding to call type originations and 
end of phases, as well as their ~espective 
unitary intervals, are known. 

The adaptation of the basic principles pre
viously explained, to the simulation of an 
entire exchange, requires only the implement-
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"ation of the actual phases and their corres
ponding birth and death coefficients for each 
call type considered. 

In order to show how these basic principles 
should be applied the next section will des
cribe a theor~tical exchange in which several 
types of traffic flow are offered. Section 4 
will give a description of the roulette to 
simulate such exchange. 

J. SIMULATION OF AN ENTIRE EXCHANGE: DESCRIP
TION OF TRAFFIC FLOWS. 

In the following, a terminal exchange in which 
speech and signalling networks can be integra~ 
ed, either partielly or totally, is considered 
Let it be assumed that four different types of 
call: local, incoming, outgoing and transit 
are offered to that exchange. Signalling and 
trunk circuits associated with the switching 
network will be: 

- Local registers (used to receive digits cor
responding to local and outgo ing calls). 

- Incoming registers (used to receive digits 
corresponding to incuming and transi~ calls~ 

- Senders (used for sending the necessary in
formation concerning outgoing and transit 
calls to the distant exchange). 

- Local feed junctors (used for the conver
sational phase of local calls). 

- Incoming and outgoing trunks. 

According to the phase concept given in the 
previous section, a brief description of the 
call treatment of each type of call, as well 
as of the associated phases is needed. Since 
a lot of different variables are going to be 
used through the rest of this paper the follo~ 
ing notation will be used: 

1 : local ; i: incoming ; 0: outgoing ; t: transit. 
't : average duration of a successful phase. 

Natural numbers 1, 2 ,3 ... used as lower index 
will indicate the successive phases through 
which a certain type of call should pass. 

Local and incoming calls: Firstly the calling 
subscriber (incoming trunk) is connected to a 
local register (incoming register) in a loss 
basis. Assuming that the called subscriber is 
free, and all the dig its have been received 
by the corresponding register, a path calling 
(incoming trunk) called subscribeF, is searched 
for on a loss basis (in the case of a local 
call this search is made through the local feoo 
junctors). The path used for the connection to 
the corresponding register mayor may not be 
released before the speech path is established. 
This fact has no effect on the roulette defi
nition. If the called subscriber is busy, the 
path to the associated register is released 
and the call is lost. 

According to the call treatment two phases can 
be considered. The first will be delimited by 
the two everts: call generation, and release of 
the path calling subscribe~ local register 
(incoming register). The second phase is de
termined by the events: establishment of the 
speech path, and release of the call. As a 
consequence ~ll ( "t1i) and t 21 ( r 2i) can be 
considered as the average holding times of 
local registers (incoming registers) and the 
called subscriber respectively. Note that the 
second phase is considered successful when the 
called subscriber is free and the path: call
ing subscriber (incoming trunk) to called sub
scriber is set up. Consequently it will be as
sumed that in ~ ~ the calls addressed to ab
sent subscribers as well as the ringing tone 
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durat ion [Ire taken into ac COUllt . A L su illld for 
simplici ty reasons, it wi 11 be [lSSlImed thn t ~ li 
and ~ . have the same val ues for il L 1 i IIcnmillg 
route s ~l 

Outg oing and transit calls: The fist step is 
to perform a connection: calling subscriber 
(incoming trunk) to local regi ster (incoming 
register). At the time in which the identity of 
the outgoing route is known, the necessary 
paths beL\,eeJl calling subscriber (incoming 
trunk), outgoing trunk, sender and local regis
ter (incoming register) are searched for on a 
loss basis, if the route has free outgoing 
trunks. If any of the connections required can
not be established, the call is lost. Once all 
the digits have been received " in the associated 
register and sent to the distant exchange, all 
paths previously established are released and 
the only path that will remain will 
be the calling subscriber (incoming trunk) to 
outgoing trunk. 

Three phases will be considered for these types 
of calls. The first phase will be delimited by 
the two ~vents: call generation and reception of 
the route identity . The second will be determin
ed by the events: establishement of the necessa
ry paths for the sending phase and release of 
all the paths used for signalling purposes. The 
last phase will be determined by the events end 
of signalling and release of the call. Con
sequently ~ 10 (Z It), Z2o'Z2t)and "l30 (l. 3t) will 
be the average holding times of local registers 
(incoming registers) during the reception of the 
identity, of senders, and of the outgoing trunk 
during the time of handling conversational traf
fic. It should be noted that in l30 ( ~ 3t) the 
calls which fail to be completed t 'or any reason 
in the distant exchange are taken into account. 
Therefore, the phase to which it is associated 
will be considered successful if the path: call
ing subscriber (incoming trunk) to outgoing 
trunk is set up. For simplicity reasons it will 
be assumed that ~ 30" ( 't 3t) have the same va lues 
for all outgoing routes. 

Finally, in order to define properly the dif
ferent traffic flows, a study of the sources 
which produce these traffic flows is advisa
ble. It has to be stated that the subscribers 
are the only traffic sources. Nevertheless, in 
the case of incoming and transit traffic, in
coming routes may be thought of as sources of
fering a Po issonnian traffic truncated by the 
total occupation of the incoming trunks. This 
assumption seems to be sensible provided that 
the distant exchange has a large number of sub
scribers compared to the number of trunks which 
is the normal case. As a consequence, two types 
of sources will be handled: subscribers with 
Poissonnian traffic during idle time, and incom
ing routes with Poiss onnian traffic truncated 
by the total occupation of the trunks. 
The notation can be explained in the following 
terms: 

~,j, k 

C 

1'\ 

They will represent "any subscriber, incoming route of 
the exchange , respectively. 

Birth coefficient of a source when it is free. 

Traffic load per source. 

Average number of caU attempts of a source per time unit. 

External congestion of a route. 

According to the previous assumptions, it is 
possible to define the birth coefficients for 
each type of idle source in the following way: 
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4. ESTABLISHMENT OF THE ROULETTE. 

Based on the basic princ i ples and the call 
handling procedure described in sections 2 a n d 
3 respectively, a description of the roulette 
to be used for the switching network simulation 
will be given in this section. The establish
ment of the roulette will be performed in two 
steps; the first will be devoted to the defi
nition of the unitary intervals associated to 
each one of the events; the second will give the 
method to determine the parameter already 
defined which fulf i ls the "normalizing con
dition". The roulette will be established when 
both cond i tions are realized. 

4.1. LENGTH OF THE UNITARY INTERVALS. 

Two types of unitary intervals will be conside£ 
ed: 

For call generation the unitary interval is the 
associated to one single free source; for the 
end of a phase it is the interval associated 
with one single call in the corresponding pha~~ 

' Let I and R designate the unitary interval 
lenght~ corresponding to call originations and 
end of phases respectively. According to the 
expression (2.1) the following relations give 
the values of the unitary interval lengths: 

F o r local a l: d incoming calls: 

For outgoing and transit calls: 

: R It . '"t it : R 2t' 't2t : R 3t . "'t 3t: r 
4.2. DETERMINATION OF THE "NORMALIZING FACTOR". 

The value of 1 should be chosen in order to ob
tain the best efficiency in the random numbers 
used f o r event generations. It should be point
ed out that, although the time spent by the 
computer in generating a random number is very 
small, the number of operations that should 
be carried out with this random number (until 
knowi ng the necessary characteristics of the 
event to be simulated) can take considerably 
longer. Depending not only on the value chosen 
for ( but also on the traffic characteristics 
of the exchange, the amount of random numbers 
without meaning ("false" number) can be suf
ficiently high to lengthen unnecessarily a sim~ 

l a t i on run. As a consequence it is advisable to 
look for a value of 1 as close as possible to 
the optimum i n order t o min i mize the amount of 
~alse random numbers~ 

A usual procedure to determine a value for r 
is to c a lculate the maximum lengths of the 
r o ul e tt e i nterva ls as s oc i ated to e a ch even t. As 
the events can be described in general terms as 
c a ll or i ginations and end of phases, the min
i mum lengths of the roulette intervals will 
corr~spond to the min i mum and maximum number of 
call s i n progress respectively. As a conse
quenc e the mnximum interval lengths o f the call 
o rig i nClt i on i nterva ls wi 11 be: ' 
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si ji so jt 

for local, incoming, outgoing and transit calls 
respectively. In an analogous way the maximum 
lengths of the intervals associated to the end ' 
of ' phases will be: 

For local calls: N RI . R 11 I N ij ' R 21 

N R z::. N·· . R 2' For incoming calls: Ri . 11; J IJ I 

For outgoing calls: NRI . RIb; N s . R20 IIN ok . R 30 
k 

For transit calls: R Ri . R It ; N s . R2t ; L N ok . R 3t 
k 

where 

NRI : number of local registers. 

NRi : number of incoming registers. 

N1j number of local feed junctors. 

N s number of senders. 

Nij : number of incoming trunk. per incoming route j. 

Nok: number of outgoing trunks per outgoing route k. 

Now, if the "normalizing condition" is imposed 
the value for ( can easily be determined; with 
this value of 1 it is possible to obtain the 
value of the maximum length of each roulette 
interval previouslY defined. As a result of this, 
it is possible to estab l ish a relation one to 
one between the events to be generated and the 
roulette intervals. Figure 1 shows the roulette 
as it is defined by this procedure. 

LOCAL 
TRAFFIC 

INCOMING 
TRAFFIC 

OUTGOING 
TRAFFIC 

TRANSIT 
TRAFFIC 

10h~~I~'i~2l~'~mn~~I®h~2Ttm~~ o ~1I1 0 ~lii CD ~1I0 . @pit 

o NR1"Rtl 0 NRilRII ® NRLIRto @ NRllRu 

o NLI"RzL 0 ~NIIIRZI ® NSIRzo @ Ns"Rzt 

Fig. I 

@ ~NOkIR30 @ ~NOkIR3t 

Call generation and release intervals for 
the simulation of an entire exchange. 

There are some important aspects that should be 
considered when using this roulette, among them 
it is necessary to emphasize the determination 
of the calling and called subscribers, as well 
as the incoming and outgoing routes. In order 
to perform these operations, it is advisable to 
use separate roulettes when the size of the ex
change is so big as to be in risk of losing suf
ficient precision to be able to differentiate 
between two consecutive subintervals in the 
roulette. In any case the theoretical principles 
explained in what follows are val i d independent
ly if additional roulettes are, or are not, us
ed. 

Calling and called subscriber identification: 
For the sake of simplicity i t will be assumed 
that the proportion of outgoing and locally 
originated traffic per subscriber remains the 
same for all subscribers. The same assumption 
is made with respect to the i~coming and locally 
terminated traffic. 

The determination of calling and called sub
scribers will be performed by means of two dif
ferent roulettes; both of them will be composed 
of as many subintervals as subscribers are 
s imulated. Each subinterval will have a length 
proportional to the originating or termi nat i ng 
traffic per free subscriber (depending whether 
it belongs ~o the roulette of determining the 
calling or called subscriber identity respec-
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tively). If a random number belongs to a sub
interval of the first roulette, it will mean 
the origination of a call or no event, depend
i ng whether the associated subscriber is or is 
not free. In the case of the second roulette 
it will mean the possibility of setting-up 
either a new call, or a call lost due to busy 
subscriber. 

Incoming and outgoing route identification: 
The determination of the incoming route will 
be made by means of two roulettes which will 
be used for incoming and transit calls respec
tively. Both of them will be divided into as 
many subintervals as incoming routes. The 
length of each subinterval will be made pro
portional to the incoming or transit traffic 
offered by each incoming route respectively. 

The outgoing route identification will be per
formed in a similar way. The only difference 
is that the length of each subinterval will be 
made proportional to the outgoing or transit 
traffic offered to each outgoing route respec
tively. 

Finally, in order to show how the main roulette 
operates, assume that a random number falls in 
the interval 9 of figure 1. It will indicate 
the end of the sending phase of an outgoing 
call and also the sender associated with such 
a call. Several possibilities exist: 

- The sender indicated by the random number is 
free. Then it is considered as a "false 
random number" and a new generation is per
formed. 

- The sender is busy, but with a transit call. 
In this case it is also a IIfalse random 
number". 

The sender is busy with an outgoing call. 
Due to the call treatment already explained 
in section J,. all paths and associated 
devices which coexist for this call are re
leased and the only path which remains busy 
is the calling subscriber-outgoing trunk. 
Once these operations are performed a new 
random number is generated. 

Consequently, it is possible to distinguish 
inside each interval, effective and ineffec 
tive unitary subintervals. The sum of the 
lengths of the effective subintervals will be 
called the effective length of such interval, 
and its value will depend on the instant con
sidered. If the interval corresponds -to the 
end of a phase of a certain type of call, its 
effective length at a certain time will re
present the traffic carried by the devices 
involved in that phase, at that time. Analo
gously, if it corresponds to call originations, 
it will represent the calling rate of the 
sources involved in that phase. 

The roulette built up by this procedure pre
sents normally the disadvantage of losing a 
big amount of random numbers; this effect is 
due to the fact that the value found for r is 
not the maximum (see section J) that can be 
obtained by the same set of parameters. A~ a 
matter of fact, if the rou1ette of figure I is 
analysed, it is possible to observe that 
devices such as local registers, senders, in
coming registers, etc., are associated with 
two or more intervals in the roulette. This 
situation pr, vokes a low efficiency in the 
random numbers generated, because at least one 
of the effective lengths of the intervals as
sociated with a type of those devices, is very 
small when comp~red with the total traffic 
carried by that group of devices . On the other 
hand, the efficiency of random numbers used 
for call generation can be considered as acceEt 
able. 
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The situation can be improved if, instead of 
considering the intervals associated with the 
events, each interval is associated to a type 
of d~vice. In this case the maximum length of 
the 1nterval can be obtained as the maximum 
value that, for any type of call using these 
devices, can take the following expression: 

where 

N : is the numbel' of devices in the group. 

'). : is the birth coefficient for the type of call originated by these 
devices (if they are sources for some type of call). 

fA- : is the death coefficient of a phase in which these devices are 
involved for the type of call considered. 

I : covers all types of call using these devices_ 

Once the maximum lengths have been determined, 
the IInormalizing condition" will provide the 
value of 1 • This value will be higher than the 
one obtained previously and, as consequence, 
the random number efficiency will be improved • 

5. CONSIDERATIONS ABOUT INPUT DATA. 

In the model proposed the following traffic 
data are required: 

- Originating calling rate per source and des
tination. 

- Average holding time per successful phase of 
each call. 

These data are normally not explicitly given in 
traffic specifications, but if they are comple
te they can be deduced from them by means of 
elementary translation formulae. Normal traffic 
specifications are more oriented to give offer
ed traffic figures per subscriber, to regis
ters a Ld routes so as to allow adequate traffic 
dimensioning of registers and routes. However, 
the meaning of the above offered traffic can be 
controversial; furthermore, its interpretation 
may depend on the system philosophy (due to the 
fact that a call which is offered to a set of 
devices in a certain system, may be lost before 
being offered to those devices in another 
system). The difficulty of defining offered 
traffic figures, independently of the system 
philosphy, has lead to the authors using the 
above mentioned input data; those for the traf
fic model used (lost calls cleared system) are 
completely independent of the system philosophy. 

Now if the definition of traffic offered given 
bY , the Nomemclature Committee of the ITC is ap
pl1ed to the case treated in this paper the 
following formulae can be obtained for the traf 
fic offered per subscriber, incoming and out- -
going route. 

o(s Z C si ('tU + 7 21)+ Cso ('tlo.'t2o .... 't3")+ ~ Csi ( 'l: 2i) 
1 

ALJ ; L C si' 1.'21 
s 

~ : C;i ('t Ii ..- ?: 2i) + Cjt ( 1.' It -t 't2t• "t 3t) 

Att : ~ C sit (Z 20 + 't 30) .... ~ C jk ('t 2t + 1:' 3t) 

where ~, and ~ are the average traffic offered 
by the subscriber S and the route j respectiveJy 
and A~ and Ak are the traffic offered to the 
10cal feed junctors and the outgoing route 
respective1y, assuming no ca11 is 10st in pre-
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selection. 

It is however important to take into account 
that, in order to deduce the carried traffic 
from the above values of the traffic offered, 
it is necessary to consider the losses caused 
not only by the system (or route congestion) 
but also by those produced by the busy called 
party or by any other. Due to these reasons, 
significant differences may exist between of
fered and carried traffic even though the 
Slstetil congestion be low. So , if ~ s ' T j and 

L~ represent the average subscrioer occupancy, 
the traffic carried per inc ming route and the 
traffic carried by local feed junctor respec
tively, it is possible to obtain the following 
formulae: 

? : C (~sl' t. u + ~s2 ' 't 21) + . 
s sI 

+Cso(QSOI ' 't lo +- Q so2 · 1:'20 + Qso3' L. 30)4-

+~ C sij (Q Sij2 .?: 2i) 

J 
T. "E.. C · (Qs"l . t: I' + Q s"2 . ~ 21') + 
J" s SJ 1J 1 IJ 

+~CJ' (Q~·Z + Qk • ...,.. +Qk .....,.. 
k t)1 It tj2 ~ 2t tj3' \..0 3t) 

~ c sI • Q IsI • c:. 21 
T LJ : s 

where Q ~ac represents the probability that an 
attempt of the type K(\,i,o,t) originated by 
source "a" and addressed to destination "b" is 
successful in phases I to c ,and Qxac is the 
average value of Q~ac for all destinations "b". 

6. PROGRAMMING OF THE MODEL. 

The model presented above has been extensively 
used in the simulation of ITT switching sys
tems. Due to the generality of the roulette 
concept described in section 2 it has been pos 
sible to create a modular program in which only 
the specific aspects of the system to be sim- . 
ulated are to be programmed .• The simulation 
program based on this roulette model, for any 
switching network, is made on two main parts: 

- Master program. 

This is the intelligent part of the program 
and it is independent of the particular switch
ing network to be simulated. It performs the 
folloKing tasks: 

- Reading of the traffic data. 
- Definition , from the traffic data, of the 

roulette intervals. 
- Generation of the event to be simulated, de

termining the calling source and the destina
tion.· 

- Generation of random numbers. 
- Computation of statistical data Khich are 

meaningful independently of the system 
simulated. 

- Particular program. 

This is the part that reproduces in the com
puter the particul p r aspects of the switching 
system. The main tasks performed by this sub
program are : 

- Reading of the data ' particul?r for the 
s ystem . 

- To decide if it is p ossible to execute the 
task ordered by the master program (t o de
termine and / or generate one pha se) . 

- Path search . 
- Path establishment a d release . 
- To comp ute statistics partic ular for the 

system simulated . 
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The director program is made of 3268 ASSEMBLER 
instructions and 1383 FORTRAN instructions. 
Typical fiiures for the particular program for 
a 6 stage link system and a 10000 line exchange 
are 1800 ASSEMBLER and 200 FORTRAN instructions. 
The running time for a simulation of the above 
average characteris~ics is of 50000 calls/hour 
in an IBM 370-145 computer. 
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