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ABSTRACT 

This paper deals with the phenomenon that in a 
switching network the individual link groups 
between any two stages do not have a uniform 
traffic load. Such a non-uniform load within 
the switching network can be due to the follow
ing causes: 
External causes: When subscribers and trunks 

are assigned to the switching 
network, uniform distribution 
of the load over the individ
ual matrices is not achieved. 

Internal cause: The specific mode of opera-
tion of the switching control: 

The effect of non-uniformly loaded link groups 
on the grade of service is analyzed in four
stage switching networks composed of two-stage 
link blocks. This effect is always shown to be 
unfavorable. The influence of the externally 
caused non-uniform load on the grade of serv
ice of configurations employing the structure 
under consideration is intensified as the mean 
load of the links leaving the 1st- and last
stage matrices increases. With regard to the 
internal causes it is important for the switch
ing control for outgoing traffic to be based on 
a suitable strategy. 

1. INTRODUCTION 

For economic reasons, the switching networks of 
telephone switching centers are not normally 
designed to be free of blocking; that is to 
say, in the event of a momentary very large 
volume of traffic it may happen that offered 
calls cannot be processed because of a lack of 
paths through the switching network. As a meas
ure of the grade of service of such a non
blocking-free switching network it is customary 
to state the point-to-point loss. This is de
fined as the probability of the non-establish
ment of a connection between any momentarily 
idle line connected to the input side of the 
switching network, and any momentarily idle 
line conne9ted to the output side of the 
switching network (point-to-point connection). 
The magnitude of the point-to-point loss is a 
function of the magnitude of the flow of traf
fic switched via the switching network during 
the observation period. 

There are numerous (approximate) calculation 
methods for determining the point-to-point loss 
in a specified switching network configuration 
- depending on the existing traffic load. Ref
erence is made here especially to /1/, a study 
which summarizes and comments on the most 
important of these methods. 

The magnitude of the point-to-point loss in a 
switching network is affected not only by the 
existing load but also by the strategy accord-
ing to which the available idle paths through 
the switching network for establishing the 
point-to-point connections are seized (/2/, 
/3/), since it is possible by this strategy to 
influence the distribution of the traffic load 
in the link groups in the switching network. 
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This distribution in turn influences the block
ing characteristics of the switching network. 

The degree to which the path selection strategy 
used in the establishment of point-to-point 
connections can influence the distribution of 
the traffic load over the links is illustrated 
by an example: In fig. 1 we have a four-stage 
switching network in which the possible paths 
(9, in our example) for the point-to-point con
nection between the first line on the left 
(subscriber end) and the last line on the right 
(trunk end) are indicated. By means of a suit
able hunting sequence for these 9 paths when 
establishing the point-to-point connection 
under consideration it is possible to effect, 
say, a difference in the load levels within the 
9 paths (hunting with a fixed sequence and 
fixed starting point), or to cause all 9 paths 
to have the same mean traffic load (hunting 
with a randomly selected starting point). 
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Fig. 1: Four-stage model switching network No.1 

The influence of the path selection strategy is 
limited, however, to the paths available for 
the point-to-point connection in each individ
ual case. In our example these cover the 9 out
~uts from a switching matrix of the A-stage 
{i.e. a link group AB), the nine links BC which 
connect a link block AB to a link block CD 
(i.e. a link group BC), and the nine links CD, 
which lead to a switching matrix in the D-stage 
(i.e. a link group CD). If the total offered 
traffic is offered uniformly over the whole 
width of the switching network, and distributes 
itself uniformly, the same mean traffic load 
and the same load distribution exists in all 
link groups between the same stages • 

This paper deals with the phenomenon that the 
same traffic load does not exist in all link 
groups between the same-stages in a switching 
network, and it examines the resulting effect 
on the point-to-point loss of the switching 
network. Different loading of the link groups 
between the same stages can be due to the 
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following three main reasons: 
a) Internal cause: The strategy used for estab

lishment of the pOint-to-group connections 
b) External cause: Different traffic load of 

the switching matrices at the subscriber end 
c) External cause: Different traffic load of 

the switching matrices at the trunk end. 

2. THE CONFIGURATIONS ON WHICH THE ANALYSIS 
IS BASED 

The analysis is performed on a number of four
stage switching configurations which are built 
up from link blocks AB and CD in an elongated 
trunking arrangement according to the principle 
of the configuration in fig. 1. The configura
tions in question are approximately equal in 
size. They cover T = 1024 or T = 1152 subscri
ber lines and L = 320 or 360 trunks (L=5/16·T). 

For the purpose of describing the switching 
networks studied, an abbreviated form of nota
tion is used. In this form the network shown in 
fig. 1 can be described as follows: 

Switching network No.1: 
-18rq - 8fs--v-819 -q15 

8 q ~ 9 9 
® ® 

Other networks considered are: 
Switching network No.2: 

~6110 -gl8-vr-811t --101-10 
lJ 10 A 40 .,. 

® ® 
Switching network No.3: 

32. 11-1--,+ Is -...,-8'S - -11 Is 
1+ -11 /'- 11 t1 

@ ® 
Switching network No.4: 

12.112-4"J0--.rGI6 -12./40 

.-If&, 12. /' 12. " 
(W ® 

Switching network No.5: 
321-13-61"~'6-"31-10 

" -13 13 b 
@ ® 

Under the conditions stated below, all five 
configurations have approximately the same 
point-to-point loss and are therefore almost 
equivalent as far as their traffic capacity is 
concerned. 
The conditions are: 
- Via these configurations, only point-to-point 

connections between randomly selected sub
scriber lines and randomly selected trunks 
are established. 

- The hunting sequence for the possible paths 
in the process of establishing the point-to
point connections has a fixed starting pOSi
tion. 

- The traffic offered to the switching network 
is random traffic of the second variety: The 
mean calling rate per unit of time is propor
tiDnal to the number of momentarily idle sub
scribers. Each subscriber has the same aver
age traffic load, namely 0.15 Erl. Every 
trunk has the same average traffic load, 
namely 0.48 Erl. 

The point-to-point losses were determined by 
means of traffic simulation. Their values are 
indicated in fig. 2. 

The simulation runs on which the values in 
fig. 2 are based always included enough call 
attempts to ensure that the limits of the con-
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fidence intervals deviate by less than 1~ from 
the mean value given in fig. 2, assUming a con
fidence coefficient of 0.95. 
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Fig. 2: Point-to-point loss in the case of 
exclusive switching of randomly 
selected point-to-point connections. 

There is a considerable difference between the 
five switching networks as regards the number 
of links between the stages and hence in the 
mean traffic load of the links. These load 
values are assembled in Table 1. 

Switching Mean load of links in Erl. 
network Link AB Link BC CD No. Link 

1 0.30 0.30 0.27 
2 0.24 0.24 0.48 
3 0.44 0.22 0.22 
4 0.15 0.40 0.40 
5 0.37 0.37 0~37 

Table 1: Mean traffic load of the links when 
switching point-to-point connections 
only. 

3. THE INFLUENCE ON THE GRADE OF SERVICE OF THJ 
SWITCHING NETWORK OF THE STRATEGY USED IN 
THE ESTABLISHMENT OF POINT-TO-GROUP CON
NECTIONS 

For subscriber switching networks in the field 
it can be assumed that only the incoming 
offered calls - i.e. approximately half of all 
offered calls - are pure point-to-point con
nections. The other half are usually outgoing 
traffic which can be established as point-to
group connections. A point-to-group connection 
is a connection between a particular line at 
the switching network (calling subscriber) and 
any trunk of ~ (dia1ed) group. 

For switching a point-to-group connection there 
are generally several different possible paths 
to several idle trunks of the group, i.e. 
several possible point-to-point connections . 
The switching control selects one of the non
blocked possible point-to-point connections 
according to a specified strategy and switches 
the connection. 

The distribution of the load over the individ
ual link groups can be greatly influenced by 
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the strategy applied in the selection process. 
The effects are examined in the following on 
the model switching configurations by means of 
traffic simulation. 

For this purpose it is assumed for the configu
rations in question that half of all the con
nected trunks carry incoming traffic which is 
switched via point-to-point connections to the 
subscribers. The other half of the trunks are 
divided into five equal serving trunk groups. 
The terminal locations of the trunks of each 
group are distributed uniformly over the whole 
D-stage. 

The traffic offered to the switching network by 
subscribers and trunks remains unchanged in 
respect of the original model. The distribution 
of the total offered load over the offering 
trunk group and the five serving trunk groups 
is proportional to the size of the groups. The 
serving trunk groups are so dimensioned that no 
appreciable loss can occur because of a lack of 
idle serving trunks. In this way it is possible 
to prevent a trunk group loss from affecting 
the results (smoothing of traffic). 

In the case of establishment of point-to-group 
connections in outgoing traffic, three diffe
rent strategies are considered for selection of 
the path to be switched from the various non
blocked possible paths: 
1st strategy: Preferential seizure of link 

block CD No. 1. 
2nd strategy: Preferential seizure of link 

block CD situated opposite sub
scriber link block AB. 

3rd strategy: No preferential seizure. 

!~_~!ge!_e!g~!§g!l_~~~§~~!!~~_e§!~~§_Q~ 

~!~~_~~Qg~_g~_~2~_1 

According to this strategy, the switching con
trol tests the connection possibilities to the 
momentarily idle serving trunks of the dialed 
trunk group in the sequence of the numbering of 
the link blocks CD to which these are connecte~ 
starting with link block CD No. 1. 

The effect of this strategy is that link block 
CD No. 1 is heavily loaded by all outgoing con
nections. This heavy load affects the serving 
trunks connected to this link block, the link 
groups CD within the first link block CD and 
the link groups leading in the outgoing direc
tion from all link blocks AB to the first link 
block CD. As the number of the link block CD 
increases, the traffic load becomes smaller. 
The last link block CD has virtually no out
going traffic load. The following Table 2 gives 
an idea of .the magnitude of the difference in 
the load. 

Switching Mean load of the link groups in Erl 
network Link Link BC Link CD No. AB to 1st to last in 1st in last 

link link link link 
block block block block 
CD CD CD CD 

1 0.30 0.44 0.15 0.39 0.14 
2 0.24 0.34 0.12 0.68 0.25 
3 0.44 0.32 0.11 0.32 0.11 
4 0.15 0.57 0.20 0.57 0.20 
5 0.37 0.53 0.19 0.53 0.19 

Table 2: Mean traffic load on links caused by 
outgoing and incoming traffic, when 
applying strategy No.1. 
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This difference in load has the following 
effect on the grade of service of the switching 
network for the incoming calls: 
Incoming calls arriving in link block CD No.1 
encounter a very high link load. For these 
calls there will be an increased loss probabil
ity. 
Incoming calls arriving in the last link block 
CD encounter a very low link load. For these 
calls the loss probability will be extremely 
low. 
The numerical values for the point-to-point 
losses of incoming traffic when applying the 
first strategy can be read off the diagram in 
fig.3. The dashed line shows the point-to-point 
loss for those incoming connections arriving in 
the heavily loaded link block CD No.1i the 
solid line shows the mean point-to-p01nt loss, 
referred to all incoming calls. 
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Fig.3: Grade of service of the model configura
tions when using different strategies 
for establishment of outgoing connec
tions 

- - - offered calls arriving at an 
unfavorable point 

----- mean value as referred to all 
incoming calls 

342·3 



A comparison of this line with that in fig.2 
shows that for all switching networks under 
consideration the mean point-to-point loss of 
the incoming calls has increased considerably 
as compared with the mode of operation employ
ing exclusively random selection of point-to
point connections (point-to-point loss ~ 0.5~). 
The very one-sided loading of the switching 
network therefore has an adverse effect on the 
grade of service of all the configurations con
sidered: The virtually blocking-free switching 
of the incoming seizures arriving at a favor
able point in the switching network does not, 
on average, cancel out the increased losses of 
the incoming calls arriving at an unfavorable 
point. 
The increase in the mean point-to-point loss 
differs very much, however, in the individual 
configurations. Together with Table 1 it can be 
seen that the increase in loss is directly re
lated to the mean traffic load of the links CD. 
The lower this load is, the more insensitive 
the configuration is to non-uniform loading of 
this link group. 

~~_e~gQ~~_e~~~~g!l_~~~~~~~~!!~_e~!~~~_Q~ 

~~_~!~~_~~Qg~_g~_e!~g!~~~_Q~~Qe!~~_e~e~!~~~ 

~!~~-~~Qg~-~ 

According to this strategy the switching con
trol tests the connection possibilities to the 
idle serving trunks of the dialed trunk group 
in the same sequence as in the case of the 
first strategy, but it always begins with the 
link block CD that has the same number as the 
link block AB of the calling subscriber. The 
hunting process takes all link blocks CD into 
consideration; i.e. after the last link block 
CD, hunting continues with link block CD No.1 
if necessary. 
This strategy avoids the different traffic 
loads of the individual link blocks CD produced 
by the first strategy. All link blocks CD now 
have the same average traffic load. In this 
configuration there is only a non-uniform dis
tribution of the load in the case of link 
groups BC. Of these groups, those between the 
link blocks AB and CD with the same number are 
subjected to a very heavy load by outgoing 
traffic. The links BC between link blocks AB 
No. i and link blocks CD No. i-1, on the other 
hand, have virtually no outgoing traffic load. 
The following Table 3 provides a survey of the 
link loads occurring when the second strategy 
is applied. 

Switching Mean load of the link groups in Erl. 
network Link Link BC Link No. AB CD 

Group with Group with 
highest lowest 
load load 

1 0.29 0.84 0.15 0.26 
2 0.24 0.78 0.12 0.47 
3 0.43 0.75 0.11 0.22 
4 0.15 0.89 0.20 0.39 
5 0.36 0.87 0.19 0.36 

Table 3: Mean traffic load of the link groups 
when applying strategy No.2. 

Table 3 shows that in the case of the second 
strategy the link groups BC concerned have an 
extremely high traffic load· much higher than 
when the first strategy is applied. This very 
high link load results in a very 'high loss for 
the incoming calls - as shown by the relevant 
lines in fig.3. The point-to-point loss is bet
ween 15 and almost 4~ for calls that arrive 
unfavorably. The mean loss over all incoming 
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calls is about 10 times as high as in the con
figurations which switch only randomly selected 
point-to-point connections. 

In the case of this strategy the switching con
trol again tests the connection possibilities 
to the idle serving trunks in the sequence of 
their terminal location, but it begins at a 
steadily advancing starting point. The result 
is that a uniform average traffic load on the 
link groups between any two stages is achieved. 
A comparison of the corresponding line in fig.3 
with fig.2 shows that the point-to-point losses 
in all configurations drop to the values which 
- within the scope of the accuracy of the simu
lation results - are exactly equal to those 
already determined for the case of exclusive 
switching of point-to-point connections. 

RESULT OF THIS ANALYSIS: 

A non-uniform traffic load on the link groups 
between any two stages has an unfavorable 
effect on the grade of service in switching 
networks with the type of structure under con
sideration. A non-uniform traffic load of this 
ki~d can be caused by an unfavorable processing 
strategy for the establishment of point-to
group connections in outgoing traffic, even 
though the external load on the switching net
work is completely uniform. In order to keep 
the blocking probability in the switching net
work as low as possible, the switching control 
for outgoing traffic should be based on a stra
tegy which achieves as uniform a traffic load 
as possible on the link groups. 

4. CONCERNING THE EFFECT OF AN EXTERNAL 
TRAFFIC IMBALANCE ON THE GRADE OF SERVICE 
OF THE SWITCHING NETWORK 

4.1 NON-UNIFORM TRAFFIC LOAD ON THE TRUNK SIDE 

When the wiring plan is prepared for the 
assignment of the individual trunks to the ter- . 
minal locations at the switching network the 
aim is always to achieve a traffic load which 
is as nearly uniform as possible for all ma
trices. As a result of incorrect estimates or 
subsequent modification of the load of individ-
ual trunks or whole trunk groups, however, it 
is possible for deviations from the ideal uni
form load distribution to occur. 
An increased load on one or more matrices D of 
a link block CD means an increased load on the 
affected link groups CD within this link block 
and possibly also an appreciably increased load 
on the link groups BC between this link block 
CD and the link blocks AB. 
A load distribution of this kind is equivalent 
to that achieved in the analysis dealt with in 
the preceding section in the case of applica
tion of the first strategy for establishment of 
point-to-group connections. The effect of a 
non-uniform traffic load on the switching net
work on the trunk side thus has the same ten
dency as the effects of this first switching 
strategy, which have already been examined. 
The analysis' dealt with in the preceding sec
tion have shown that the increase in the point
to-point loss is a function of the mean traffic 
load of the links between the last two stages. 

• 
• 

• 

• 

• 

Table 1 shows that of all the model switching • 
networks considered, configuration No.3, which 
has the lowest mean traffic load of the links 
CD, is the least sensitive to a non-uniform 
distribution of the traffic load over the 
switching network by the trunks. Configurations • 
No. 2, 4 and 5 are most severely affected by 
this. 
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4.2 NON-UNIFORM TRAFFIC LOAD ON THE SUBSCRIBER 
SIDE 

For the purpose of studying the effect of non
uniformly loaded subscriber matrices on the 
grade of service of the configurations under 
consideration it was assumed that the total 
number of all connected subscribers consists of 
two groups of the same size· one with a high 
load, the other with a low load. The offered 
load of the two subscriber groups is in the 
ratio 5:3. The mean offered load as referred to 
all connected subscribers is still 0.15 Erl. 
The subscribers are assigned to the terminals 
at the switching network in such a way that in 
each link block AB only high-load subscribers 
are connected to one half of all matrices A and 
only IOW-load subscribers to the other half. 
This assignment causes that in the link 
groups AB within each link block AB there is a 
difference in load in the ratio 5:3. 
The trunks are connected to the switching net
work as in the cases analyzed so far and they 
are operated in the same way. For establish
ment of the point-to-group connections the 
third strategy recommended in Section 3 is 
assumed. In this way the link groups BC and CD 
always have the same respective traffic load • 

t 
2~--------------------------
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Fig. 4: Grade of service of the model configu
rations for different subscriber 
matrix loads 

offered calls for subscribers of 
heavily loaded matrices 
mean value as referred to all 
incoming calls 

- .. - Reference curve from fig. 3. 

The values for the point-to-point losses of the 
incoming traffic on the basis of the assumed 
non-uniform loading of the subscriber matrices 
is shown in fig.4. The dashed line indicates 
the point-to-point loss of the incoming traffic 
for the high-load subscribers, and the solid 
iine indicates the mean value of the point-to
point loss, as referred to all subscribers. For 
purposes of comparison, the line from fig. 3 
representing a uniform traffic load has been 
incorporated in fig.4 (dashed-dotted line). 
Together with Table 1 the anticipated result is 
shown, namely that the loss increase is a 
direct function of the mean traffic load on the 
links AB between the first two stages. In con-
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figuration No.4 with an extremely low load on 
the links AB there is practically no loss in
crease for the high-load subscribers as compa
red with the case of uniform subscriber loading, 
in spite of the very great difference in the 
loading of the subscriber matrices. The most 
sensitive configuration as regards subscriber 
load imbalance is configuration No.3, which has 
the highest mean load of the links AB. 

4.3 RESULT OF THIS ANALYSIS: 

Non-uniform traffic loads on the matrices of 
the first and last stages have an adverse 
effect on the grade of service in switching 
networks employing the kind of structure under 
consideration here. The degree to which the 
loss is increased is a direct function of the 
mean traffic load of the links leading away 
from the matrices of the first and last stage. 
The lower this link load is, the less sensitive 
the grade of service of the switching network 
is, to a non-uniform external load. 
In reversed switching networks /3/, where sub
scribers and trunks are connected to the same 
matrices A, a low traffic load on the links AB 
is an advantage as regards a possible non
uniform loading of the matrices A both by sub
scribers and by trunks. 
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