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ABSTRACT 

We deal in this paper with a problem arising when 
several kinds of traffic are offered to a circuit 
switched network. It can be considered that 
telephone networks may be used for both telephone 
calls and data transfers. The mean holding times 
for these two kinds of traffic will be very 
different. It is thus necessary to develop a 
method for di si gni ng such networks. We propose 
here a method which allows firstly to calculate 
the mean and variance of overflowing traffics 
when Poi sson traffi cs are offered, and secondly 
to determine the blocking probability of a last 
choice trunk group when several peaky traffics, 
for each class of users, are offered. Finally, 
numerical results are given to validate the 
method, and dimensioning considerations are 
discussed. 

1- INTRODUCTION 

This study is focused on the evaluation of a 
circuit switched network to which are offered 
several kinds of traffics. It is not strictly 
speak i ng a study concerni ng i ntegrati on of 
services but we are concerned with the 
utilization of a telephone network in which 
several classes of customers are introduced. In 
fact, it is more and more usual to utilize a 
telephone network to carry telematic 
communications: terminal to terminal or terminal 
to computer connections. These kinds of 
communi cat; on have durati on characteri sti cs very 
different from those of classical telephone 
calls. This is especially true in France with the 
wide scale introduction of small terminals at the 
subscriber's home (the IIMinite111 terminals used 
for the Electronic Directory). Local 
communications due to the utilization of the 
IIMinitel ll for the electronic directory may be 
quite short (1 or 2 minutes) compared with the 
holding time of a local call. Convers1y, a 
terminal to computer connection in the toll 
network may be very long (half an hour or more) 
compared with the inter-city calls. It is thus 
natural to study the grade of service of a 
network when these k; nds of communi cati ons are 
introduced. A related problem is the dimensioning 
of such networks. 

The study will be conducted in the following 
way: 

1- the study of the overfl owi ng process when 
Po; sson traffi cs are offered. The steady state 
system of equations which can be derived leads to 
a linear system which can only be solved 
numerically by matrix inversion. An approximate 
solution is then presented, to evaluate the mean 
and variance of the overflowing traffic for each 
class of traffic. The results are compared with 
the exact results mentioned above and show a 
maximum relative error of about 10% for the 
second moment. 

2- when a trunk . group receives several 
overflow streams, it is necessary to calculate 
its blocking probability. The first part of the 
study has gi ven the mean and vari ance of each 
flow, for each customer class. We can therefore 
establish the global characteristics of the flow 
offered to the last choice trunk group. From this 
information, we calculate, as in the ERT method, 
an lIequivalent trunk groupll which allows us to 
calculate the blocking probability. The result is 
obtained by inversion of the system of equations 
of the approximate method developed in part 1-
This results in very simple calculations and 
numerical values are compared with simulations. 

3- The 1 ast part of the paper va 1 i dates the 
method and gives some considerations on the 
dimensioning problem, when the proportion of each 
traffic varies. 

The assumptions of the study are the following: 
two classes of customer are considered, each one 
being characterized by the mean call holding 
time, whose values are 1/~1 and 1/~. For each 
class, the duration of the calls are supposed to 
be exponentially distributed. The values of ~1 
and ~2 must be considered as different. 

To model the network, the method wi 11 be copi ed 
on class i ca 1 techni ques used for te 1 ephone 
networks: it is supposed that trunk groups can be 
ordered, so that trunk group i can be calculated 
as soon as all trunk groups j, j < i have been 
evaluated. The problem is then to calculate the 
mean and vari ance of the overfl owi ng traffi c for 
each trunk group when the offered traffic is 
Poi sson. When the traffi c is peaky (i n the case 
of an overflow), it is necessry to evaluate the 
block i ng probabi 1 i ty of the trunk group. These 
are classical assumptions used to calculate 
telephone networks, at least for hierarchical 
networks when end to end blocking probability is 
not the criterion. This classical theory will be 
extented here for the case of a mixture of 
traffics. 
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2- CALCULATION OF OVERFLOWING TRAFFICS 

We suppose now that the two flows are offered to 
a trunk group of size N. We will use the 
following notations: 

- ~land ~2 are the rates of service for the 
two classes of customers, 

- "'1 and "'2 are the arrival rates, which 
are supposed Poisson, 

- mi1' mi2' vi are mean,second moment and 
variance of overflow traffic i, 

- Ai is the offered tra ffi c . for cl ass i, 
equal to "'i /~i' 

- A is the total traffic, equal to A1+A2• 

The following results can be derived from the 
classical theory: 

P(N) E(A,N) 
AN/N! 

i=N 
E Ai/i! 

i=O 

mi1 = Ai P(N) , i=1,2 

P(i,j) = p(O)(Al/i!)(A~/j!) 

(2-1) 

(2-2) 

(2-3) 

P(i,j) is the steady state probability of having 
i customers of class 1 and j customers of class 2 
on the first choice trunk group. P(i) is the 
steady state probability of having a total of i 
customers. 

We also have: 

P(i) = P(O) Ai/i! 

The only real problem is thus to calculate the 
variance or the second moment of each overflowing 
traffic. 

2-1 EXACT SOLUTION 

Define P(i,j,k) to be the steady state 
probability of having: 

- i customers of class 1 on the first choice 
trunk group, 

- j customers of class 2 on the first choice 
trunk group, 

- k customers of class 1 overflowing. 

i and j can vary from 0 to N, and k varies from 0 
to infinity. The following system (equations 2-4) 
can be derived from the Chapman-Kolmogorov 
theory: 

("'l+A2)P(0,0,O) 

= ~lP(1,O,O)+~2P(O,1,O)+~lP(O,O,1) 

( "'1 + "-2 +i ~1 + j ~ ) P ( i , j , 0 ) 

="'lP(i-1,j,O)+"'2P(i,j-1,O)+(i+1)~lP(i+1,j,O) 

+(j+1)~2P(i,j+1,O)+~lP(i,j,1) i+j<N 

("'1+i~1+j~2)P(i ,j,?) 

="'lP(i-1,j,O)+"'2P(i,j-1,O)+~lP(i,j,1~ . 
l+J=N 

("'1+"'2+i~1+j~2+k~1)P(i ,j,k) 

="'lP(i-1,j,k)+"'2P(i,j-1,k)+(i+1)~lP(i+1,j,k) 

+(j+1)~2P(i,j+1,k)+(k+1)~lP(i,j,k+1) 
i+j (N 

("'1 +i ~1 +j ~ +k ~1 ) P ( i , j , k ) 

="'lP(i-1,j,k)+"'2P(i,j-1,k)+"'lP(i,j,k-1) 

+(k+1)~lP(i,j,k+1) i+j=N 

Define f(i,j) = E kP(i,j,k) 
k=O 

We rrul ti ply each equati on of the previ ous system 
by k, and sum over k to find the following system 
(2-5) : 

("'1+"'2+~1)f(O,O)=~lf(1,O)+~2f(O,1) 

( '" 1 + '" 2+i ~1 + j ~2+ ~1 )f ( i , j) = '" 1 f ( i -1 , j ) + "'2 f ( i , j -1 ) 

+(i+1)~lf(i+1,j)+(j+1)~2f(i,j+1) i+j<N 

( i ~ 1 + j ~2 + ~ 1 ) f ( i , j ) = '" 1 f ( i -1 , j ) + "'2 f ( i , j -1 ) + '" 1 ~ ( i. ' j ) 
l+J=N 

By this method, we obtain a system of 
(N+ 1)( N+2 ) /2 equations wi th the same number of 
unknown variables f(i,j). A numerical resolution 
by inversion of the linear system is then 
possible. The summation of all equations of 
system 2-5 leads to: 

"'1 
mU = .E. f(i,j) = ~1 P(N) 

1,J 

This relation may be used to verify the accuracy 
of the variables f(i,j). To calculate the second 
moment of overflow traffic 1, it is nece~sary to 
multiply each equation of system 2-4 by k and to 
sum all these ~uations over i and j. The terms 
of the form k P(i,j,k) will disappear after 
summat ion, and the fo 11 owi ng resu 1 t is fi na lly 
obtained after some simplifications: 

'" m12=. ~ k2p(i,j,k)~ (P(N)+. ~ f(i,j)) 
1,J,k r-1 l+J=N 

The prev; ously calcul ated coeff; cents f(;,j) 
are thus sufficent to calculate the first two 
moments. 

. E. f( i ,j) (2-6) 
1 ,J 

ml2 = mll + . ~ f(i,j) (2-7) 
l+J=N 
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2-2 APPROXIMATE CALCULATION. 

The exaGt method presented in the previous 
section is certainly not satisfactory from .a 
practical point of view. It is thus necessary to 
imagine an approximate method, which should be 
fast · enough and whose accuracy will be evaluated 
by comparison with the exact analysis. 

The bas i c idea whi ch wi 11 be devoped now is to 
model the first choice trunk group by a switch, 
which will be remain closed during a negative 
exponentia·lly distributed time, with a rate a, 
and will remain closed during an exponential time. 
with rate ~. This method is derived from the 
classical simplified IPP (Interrupted Poisson 
Process) of Kuczura [1]. Figure 1 explains the 
model. 

figure 1: The simplified IPP model 

The full IPP calculates three parameters (~,a,~) 
to match the three moments of the overfl owi ng 
traffic. Here, as in the simplified IPP, ~ is 
kept to its real value, a and ~ are calculated to 
match the two first moments. However in our 
problem, ~ is not defined since there are two 
traffics. We have therefore to evaluate the 
parameters of the IPP using an "equivalent flow", 
whose arrival rate is ~ = ~1 +~2 and whose mean 
service time ~ is such that A = A/~ :this is the 
exact flow when ~1 = ~2. The switch is in fact 
defined as if both trafflcs have the same holding 
time. This is justified by the fact that the 
steady state probabilities of the trunk group are 
independant of the service rates for each class. 

The equivalent flow generates an overflow traffic 
whose mean and variance are known from the 
classical formulas: 

m = AP(N) 
A 

v = m(1 - m + ---- (2-8) 
N+1+m-A 

The IPP for this equivalent flow gives a renewal 
process whose Laplace transform is given by: 

~ ( ~ + s ) 
g( s) = 

s2 + s ( ~ + a + ~ ) 

From this last formula, it is known that: 
~ 

P(N) = 
a + ~ 

m2 - m = v + m2 - m = m ---.,.;:Qu..(..t::;!.l.l.-) -
1 _ g(~) 

This gives: 

(2-9) 

(2-10) 

So g(~) can be calculated directly from (2-8) and 
(2-10). Then, in (2-9), a+~ can be replaced by 
~/P (N) or by ~A/m to obtai n a 1 i near equati on in 
~. 

Finally, the solution for a and ~ is 

~~- g(~)l- ~~g(~) 
~ = 

~g(~) + ~g( ~)/m - ~ 

a = (A~ - ~m)/m 

We apply this simplified model to each individual 
flow. The IPP defined by a and ~ is applied to 
each individual traffic 1 and 2 to obtain: 

with: 

g i ( ~i) 
mi2 = mil + mil ------

1 - gi (~i ) 

~~ + ~i ( ~i + a + ~ ) + ~i ~ 

Thus, we obtai n an approximati on for the second 
moment and variance of each individual 
overflowing traffic. Of course, this method does 
not cons i der the covari ance between overfl owi ng 
traffics, but it will be shown in the following 
sections that this approximation is reasonable. 

2-3 EVALUATION OF THE APPROXIMATE SOLUTION 

The first remark is that the proposed model gives 
exact results in the special case where ~1= ~2. 

. This property can easily be verified, but tfie 
proof will not be given here. It consists in 
verifying that the known formulae are found, that 
is (cf [2]): 

E(n~) = P~ E(n2) - Pi (l-Pi )E(n) 

with Pi = Ai/A. 

For th e genera 1 case where ~1 and ~2 a re not 
equal, we give a comparison of results in table 
1. Several cases are studied, with A = 10 and N = 
10. First, we examine the case where A1= AL' then 
the case where the traffi cs are not equal. For 
each case, the ratio ~1/~2 varies from 1 to 20. 
We have only shown the results concerning the 
second moment, since the first is given exactly. 

The results are certainly not . perfect, but give 
only a 10% maximum rel ati ve error. The error ; s 
less than that in most cases, however it is 
increasing with the ratio of the holding times. 
We will show below that the results are 
sufficient to solve the problem of cluster 
networks, when several trunk groups overflow on a 
common trunk group. 
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N = 10 flow 1 flow 2 

A A " " 1-1- 1-1- propo- exact propo- exact 
1 2 1 2 1 2 sed method sed method 

method method 

5 5 1 1 2.7782 2.7782 2.7782 2 .• 7782 
10 5 2 1 2.9319 2.9371 2.6104 2.6442 
15 5 3 1 . 3.0040 3.0290 2.5206 2.5836 

5 5 20 5 4 1 3.0459 3.0892 2.4647 2.5507 
25 5 5 1 3.0732 3.1318 2.4265 2.5289 
50 5 10 1 3.1337 3.2372 2.337-0 2.4813 
100 5 20 1 3.1673 3.3037 2.2840 2.4552 

8 2 1 1 6.0822 6.0822 0.7020 0.7020 
16 2 2 1 6.2171 6.2335 0.6657 0.6698 
24 2 3 1 6.2680 6.3118 0.6505 0.6566 

8 2 32 2 4 1 6.2947 6.3598 0.6421 0.6494 
40 2 5 1 6.3112 6.3922 0.6368 0.6448 
80 2 10 1 6.3451 6.4676 0.6256 0.6352 
100 2 20 1 6.3626 6.5117 0.6196 0.6302 

2 8 1 1 0.7020 0.7020 6.0822 6.0822 
4 8 2 1 0.7492 0.7461 5.8723 5.9354 
6 8 3 1 0.7785 0.7755 5.7165 5.8625 

2 8 8 8 4 1 0.7985 0.7967 5.5962 5.8186 
10 8 5 1 0.8130 0.8128 5.5006 5.7891 
20 8 10 1 0.8500 0.8578 5.2170 5.7211 
40 8 20 1 0.8742 0.8914 4.9935 5.6811 

Table 1 Comparison of second moments: 
exact and approximate solutions 

3- MIXTURE OF OVERFLOW TRAFFICS. 

3-1 THE MODEL. 

For network dimensioning, it is necessary to 
evaluate classical clusters. We now examine the 
case of several trunk groups overfl owi ng onto a 
final choice trunk group. The following figure 2 
al so gives the notation used: 

"10 ~ I "20 ) 
~ ____ N~I trunk group 0 

J 
m11 vl1 

/m21 v21 

trunk group 1 "11 ----7 G "21~ 

v1p 
v2p 

"lp ----7 
"2p ----7 ~ trunk group P 

figure 2 Case of multiple overflow 

The previous section has shown how to calculate 
the two first moments of each individual 
overflow traffic. Using the assumption of 
independence of traffi cs, the fol1 owi ng 
expressions can be derived: 

(3-1) 

The problem is to evaluate the lost traffic on 
the last choice trunk group of size N. In a first 
step , we will calculate the parameters of a 
switch (a and ~) and equivalent input rates "1 
and "2' by a method whi ch is the exact converse 
of tnat presented in section 2-2. The four 
unknown variables a, ~, "1' "2 must be derived 
from the equations: 

"1 ~ 
M1 --

1-1-1 a + ~ 
(3-2) 

"2 ~ 
M2 

1-1-2 a + ~ 
(3-3) 

2 gl ( 1-1-1) V1 + M1 - M1 
(3-4) 

M1 1 - gl (1-1-1) 

2 g2( 1-1-2) V 2 + M2 - M2 
(3-5) 

M2 1 - g2( 1-1-2) 

with: 
"1 ( ~ + 1-1-1 ) 

(3-6) 
1-1-1 + 1-1-1("1+ a + ~) + "1~ 

"2 ( ~ + 1-1-2 ) 
(3-7) 

I-I-~ + 1-1-2 ( "2+ a + ~) + "2~ 

It is in fact quite easy to solve this system. 
Fi rst, it can be noted that gl (1-1-1) and 92 (1-1-2) are 
known from (3-4) and (3-5). o-efi ne Xi by the 
following equation which can be obtained from 
(3-6) : 

1 1-I-1(1-I-1+a+~) ~ 1-I-1+a+~ 
X1=M1( -1) = M1 - - ---

gl(1-I-1) "1(~+1-I-1) a+~ 1-I-1+~ 

We find: 

a 
1-X1 =--

1-1-1 

a + ~ 1-1-1 + ~ 
(3-8) 

and in a simil ar way: 
a 1-1-2 

1-X2 (3-9) 
a + ~ 1-1-2 + ~ 
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As Xl and X2 are known, ~ can be obtained from: 

{3-10} 

All other variables are then derived directly 
from {3-8} {to get a} and {3-2} and {3-3} to 
obtain Al and A2' 

The problem is now to calculate the blocking 
probability of the final trunk group. The first 
idea, which seems natural, is to calculate it 
di rectly from the IPP. Defi ne A=A1 +A2 and IJ.=A/A. 
These data will be the input of the model 
described in figu~e 3: 

Figure 3: The model to calculate the 
blocking probability. 

We defi ne PI {i} to be the probabi 1 i ty that the 
trunk group is in state i when the switch is 
closed, and P2{i} the corresponding probability 
when it is open. The following system of 
equations (3-11) can be established: 

(Ha}P 1{0) 

~P2{0} 

{A+i lJ.+a }P 1 {i} 

( i IJ.+ ~ ) P 2 { i} 

(NIJ.+a)P 1 (N) 

{ N IJ.+ ~ } P 2 ( N ) 

~P 2 { 0 } + ~ 1 {1 } 

~P1{0} + ~2{1} 

~P 2 {i} + AP 1 { i -I} + { i + 1 } ~ 1 ( i + 1 ) 

aP 1{i} + {i+l)~2{i+1} 

~P 2 (N) + AP 1 (N-1 ) 

aP 1 (N) 

The matrix of this system is triangular, so that 
values of P1{i) and P2{i) can be obtained with a 
single loop, with a complexity no greater than 
the calculation of the Erlang formula. The 
blocking probability is then equal to 
Pl(N)*(a+f3)/f3. 

This solution will be referred as solution I in 
the following section which analyses the results. 
It will be shown that in some cases this 
solution, although it is simple, gives erroneous 
values. 

It is also possible to imagine a ·solution 
consisting in calculating an "equivalent trunk 
group", {following the idea of the ERT method}, 
whi ch corresponds to our IPP. Two methods are 
then possible: 

a) The total traffic offered to the 
equivalent trunk group is known: A=A1/1J.1+A2/1J.2' 
It is also known that the blocking pro5abllify of 

the equiv\lent trunk group P{N*} is equal to 
~/{a+~}. N can thus ~e obtai~ed by inversion of 
the Erlang formula P{N )=E{A,N }. 

b} We defi ne A=A1 +A2 and IJ.=A/A. It is then 
possible to calculafe the variance of the 
"equiv~lent overflowing traffic" using: 

A{~ + IJ.) 
g{ IJ.} = -~------

1J.2 + IJ.( A+a+~} + A~ 

The usual formula for the variance, 
A 

v = M { 1 - M + -*-:------
N +l+M-A 

allows us to calculate N* in a linear way without 
the use of the Erlang formula. 

In fact, in the* general case, the two values 
obtained for N may be slightly different, 
leading to different values for the blocking 
probabi 11 ty. Numeri cal cal cul ati ons, compared 
with simulations, show that Erlang inversion 
gives better results for the blocking 
probability. But the conclusion is that the 
equivalent trunk group and the IPP are not in 
exact correspondance. To match the two models, it 
may be necessary to modify the value of the ratio 
1J.1/1J.2· 

It seems in fact unnatural to modify the values 
of 1J.1 and 1J.2. The fo 11 owi ng argument shows that 
it may be necessary to match the model of section 
2: Consider a cluster with two overflowing trunk 
groups whe.re .A12=0 and. A21 =0. In this case, IJ.2 
has no slgnlTlCanCe 1n trunk group 1 ana 
similarly 1J.1 for trunk group 2. Only the ratios· 
A11/1J.1 and A22/IJ.L affect the caracteristics of 
t~e overall overflowing traffic. It is then 
necessary to calculate the ratio 1J.1/1J.2 to obtain 
a realistic model. The problem is to calculate 
thi s rati 0, knowi ng that the system of equati ons 
of the systew is not linear. The equation 
~/(a+~}=E(A,N ) must be added to the system of 
equations (3-2) to (3-7), 1J.2 being an unknown 
variable. The way to solve the system is the 
foll owi ng: 

1- choose 1J.1=1, IJ.2 large enough, 

2- increase 1J.1 by a step (1 for example), 

3- At each step, calculate a, ~, A1' ~ as in 
the beginning of this section, ana N as in 
solution b, 

4- when the *si gn of the difference between 
~/a+~ and E(A,N ) changes, modify the step of 
evolution of 1J.1 { divide by 10 for example} and 
modify the sense of variation of 1J.1' 

5- iterate steps 2 to 4 ~ntil the difference 
between ~/a+~ and E{A,N ) is as small as 
desired. 

The resulting model is then such that it 
corresponds exactly to the case of section 2. The 
blocking probability of *the last choice trunk 
group is equal to E(A,N+N }(a+f3}/f3. 
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3-2 E'VALUATION OF THE METHOD 

Some results and comparisons with simulation runs 
are summurized in table 2. The relative propor
tion of the holding times for each type of 
traffic seems to be the critical parameter of the 
problem. In the first part of table 2 (examples 1 
to 5), x is the same on each trunk group and the 
results (theoretical and simulation) show that 
the blocking probabilities are constant and 
therefore independent of x. Thi s is probably a 
quite important result and the following 
assertion can be formulated: 

"If the proportion x of the traffic of each 
class is the same on all trunk groups in a 
cluster, then the blocking probability is 
independent of x, and therefore the performance 
can be evaluated using the equivalent random 
theory. 11 

It is certainly not possible to prove this 
assertion with the model presented here since the 
values for the blocking probabilities may vary 
with x, but with a very small relative variation. 
I have tri ed to prove thi s resul t di rectly but 
without success. 

The second part Qf table 2 {examples 6 to ll} 
shows the results when the coefficients x are not 
equa 1 for each trunk group. It can be observed 
that now the blocking probabilities vary quite 
widely: from 0.082 to 0.123 with the model, from 
0.083 to 0.097 with the simulation. The 
conclusion is that the mixture of traffics may 
have a significant effect on blocking 
probabilities and therefore on network 
dimensioning. 

First trunk group : Offered traffic 8 Erlang; Size 10 trunks 
Second trunk group : Offered traffic 6 Erlang; Size 7 trunks 

Last choice trunk group : Size 6 trunks 

example nb. 1 2 3 4 5 6 7 8 9 10 11 

All 0.8 2 4 6 7.2 2 6 4 0.8 7.2 4 

D A12 7.2 6 4 2 0.8 6 2 4 7.2 0.8 4 

A xl 10% 25% 50% 75% 90% 25% 75% 50% 10% 90% 50% 

T A21 0.6 1.5 3 4.5 5.4 4.5 1.5 5.4 5.4 0.6 0.06 

A A22 5.4 4.5 3 1.5 0.6 1.5 4.5 0.6 0.6 5.4 5.94 

x2 10% 25% 50% 75% 90% 75% 25% 90% 90% 10% 1% 

P1 0.011 0.011 0.011 0.011 0.011 0.012 0.010 0.015 0.014 0.010 0.008 

Method P2 0.017 0.017 0.017 0.017 0.017 0.018 0.015 0.023 0.022 0.015 0.012 
I 

P 0.092 0.092 0.092 0.092 0.092 0.101 0.082 0.123 0.117 0.084 0.065 

P1 0.011 0.011 0.011 0.011 0.011 0.013 0.011 0.013 0.016 0.014 0.011 

Method P2 0.016 0.016 0.016 0.016 0.016 0.019 0.017 0.020 0.024 0.022 0.017 
II 

P 0.088 0.088 0.088 0.087 0.087 0.103 0.093 0.113 0.130 0.119 0.091 

P1 0.012 0.012 0.011 0.012 0.012 0.012 0.012 0.013 0.012 0.010 0.012 

Simu- P2 0.015 0.016 0.015 0.014 0.014 0.014 0.015 0.015 0.014 0.015 0.014 
1 ati on 

P 0.088 0.090 0.087 0.087 0.087 0.091 0.083 0.097 0.095 0.084 0.084 

P by ERT 0.089 

P1: proportion of lost traffic for traffics offered to the first trunk group 
P2: 11 11 11 11 second trunk group 

P : Blocking probability of the last choice trunk group 

Table 2: Validation of the method 
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The method I (using the initial values for ~1 and 
~2) seems to be more stable when the parameter x 
varies. However the validity of this model can be 
questioned when the coefficient x for one stream 
takes a very small value compared to the other 
stream: this is the case of example 11 with xl = 
50% and x2 = 1%. 

Model II gives perfect results when all the x's 
are equal, but is unstable in the converse case. 
We have found no rational explanation for this 
phenomenon. The reason is probably that the 
covari ance between overflow traffi cs has not be 
considered. Further research in that direction is 
necessary. 

4 CONSIDERATIONS ON DIMENSIONING AND CONCLUSIONS. 

Still with the same examples as in section 3-2, 
we have tri ed to dimensi on the network such that 
the blocking probability of the last choice trunk 
group is equal to 1%. The same set of 11 examples 
has been considered, in two cases: firstly with 
exactly the same traffi cs as those presented in 
table 2 (data part); secondly with a Poisson 
additional traffic of 3 Erlangs offered directly 
to the last choice trunk group such that x=50%. 

The results for the dimensioning of the last 
choice trunk group are summerized in table 3. The 
first line corresponds to the first case without 
additional traffic, and the second line to the 
case where the three Erlang traffic is added. We 
have used model I to solve this problem. It can 
be considered that example 11 is suspicious since 
the results of table 2 were not in agreement with 
the simulation. 

These two sets of examples show that the 
dimensioning of the network may vary (in these 
examples by about 20%) with the variation of the 
proportion of each class of traffic. 

First trunk group : Offered 
Second trunk group : Offered 

example nb. 1 2 3 4 5 

case 1 10 10 10 10 10 

case 2 11 11 13 12 12 

The whole study can eas ily be extended to the 
case where more than two classes of customers are 
considered. To get the mean and variance of 
overflow traffics, the same model as in section 
2-2 can be used without difficluties. The 
converse problem (for the blocking probabilities 
and for dimensionning) imply the recalculation of 
the ratios of the holding times. 

Thi s study can be cons i dered as a fi rst approach 
to the problem of mixture of traffics. It may 
probably be fruitfull to investigate the effect 
of covariance of flows, which was not considered 
here. It seems very difficult to obtain a better 
model than the one presented without adding a lot 
of complexity. It can be also concluded that 
mixture of traffics has no influence on grade of 
se~vice a~ soon as the proportions of each class 
of traffi c remai n in a narrow space for each 
stream. 
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traffic 8 Erlang; Size 10 trunks 
traffic 6 Erlang; Size 7 trunks 

6 7 8 9 10 11 

10 9 11 10 9 9 

13 12 12 12 12 14 

Table 3 Size of the last choice trunk group for 1% blocking probability. 
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