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SIMULATION OF THE GROUP SELECTOR STAGE 
IN THE ITT »88» EXCHANGE 

ABSTRACT 

BjcDrn Husstad 
Norwegian Computing Center 

Oslo, Norway 

A time-true simulation model which describes in 
detail the processing of the individual calls 
through the group selector stage has been deve
loped. The purpose is to verify the nerformance 
of the system and to be able to experiment with 
the model in order to understand the system 
better. 

A study of a particular exchange is reported, 
and some conclusions are given. The study 
located a modified exchange which seems to be 
more desirable than the one given by stapdard 
synthesis procedure. 

Tryggve Thornes 
Standard Telefon og Kabelfabrik AS 

Oslo, Norway 

1. INTRODUCTION AND DESCRIPTION OF THE PHYSICAL 
SYSTEM 

This paper is based on a simulation study of a 
part of the ITT 8B exchange which is a very im
portant comnonent in the Norwegian Telephone Net
work. It is used as a local exchange, a transit 
exchange or a combination of both. The parts of 
the exchange which are of particular interest in 
this paper are the two group selector stages, re
ferred to as A- and B-stag~. The model also 
contains the registers. Fig. 1 shows this nart 
of the exchange ' and its closest surroundings. 

Each stage in the group selector consists of a 
set of multiswitches and their control devices. 

, The multiswitch gives a maximum of 36 inlets full 
access to a maximum of 104 outlets. There is one 
control device, the ESBO, which serves the calls 
one at a time, for each multiswitch. The ESBO 
can test whether there is at least one free line 
or link in a given groun of trunks or links. If 
more than one line is free, a free line is selec
ted and occupied randomly. The method of 
through looking is used when testing the links, 
i.e. if there is a free outlet in the given 

(") l~vel l through the B-stage. 

The maximum time available for an ESBO to serve 
a call is of the order 2-4 sec., the minimum 
service time is 0.3 sec. 

By "the topology of the system" we will mean the 
number and size of multiswitches in the two 
stages and the connections between the multi
switches and the outgoing trunks and between the 
two stages. The number of connections between a 
multiswitch and a trunk group is called the 
access to that level. The access to a given 
level is normally the same for all multiswitches 
in the same stage . The access from the A-stage 
to each of the multiswitches in the B-stage is 
usually the same. 

A given multiswitch is connected to a certain 
trunk group via a certain subset of lines in the 
trunk group. This set varies from multiswitch 
to multiswitch. By "grading" we mean all sub
sets over trunk groups and multiswitches. 

The synthesis problem consists of choosing both 
the topology and the associated control strategy 
which, with a given" set of traffic input, gives 
a nerformance/cost of the system within a small 
range from the optimum. 

The topology is complex enough to make it prac
tically impossible to use traffic theory alone 
to determine optimal configuration. This is 
applicable even for very special and simplified 
descriptions of the ESBO's and registers. The 
consequences of the simplifications introduced 
in the analytical treatment are difficult to 
predict. 

(i) level is synonymous to traffic direction. 
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The purpose of our simulation study is to be 
able to: 

1. Check if the standard rules for dimensioning 
give the desired performance of the system. 

2. If possible to locate better configurations 
than standard dimensioning would. 

3. Use the model as a tool to imorove under
standing of the system and the interactions 
of its different parts. 

2. SOME QUESTIONS OF INTEREST IN CONFIGURATION 

The rules for synthesising the exchange do not 
lead to a unique optimal system. Generally, the 
designer will have some degree of freedom in 
choosing the ultimate topology, parameters con
cerning the control equipment, and may even 
choose between a few hunting strategies (how and 
when to use alternative routing). 

A sample of questions which are difficult to 
answer from traffic-theoretical calculations 
alone or reasoning are: 

1. What is the best ratio between access to 
trunks and links in the A-stage? 

2. For a given total access from the A-stage to 
the trunks, what is the best subdivision of 
the various individual trunk groups. \Vhich 
specific trunk groups, if any, should be 
connected only to the B-stage? 

3. The synthesis often leaves the B-stage with
out all possible inlets used in the multi
switches. Would it payoff to fill up the 
multiswitches? 

4. For a given access to trunks, what is the 
influence of different gradings? 

5. What is the optimal time limit for the con
trol devices? 

3. THE COMPUTER MODEL 

Our computer model should fulfil the following 
cri teria: 

1. It should be similar enough to the physical 
system to allow the user to discriminate and 
pick out the best configuration. 

2. It should not be more detailed than to serve 
the functions outlined in section 1 and 2. 

The first criteria implies that the model should 
not contain simplifications compared with the 
physical system for which we cannot deduce the 
implications. 

We have chosen SIMULA as the computer tool to 
satisfy these demands. SIMULA is a general pur
pose lan~uage which is also particularly well
suited for building simulation models. The lan
guage is characterised by strong model-closeness 
and security towards programming errors and hieh 
efficiency in pro~ram comnilation and execution. 
For the size and complexity of the problem at 
hand, SI~ULA seems to be the only feasible tool. 
The language is now implemented on several com
puters. 

The model describes the processing of the indivi
dual attempted calls, one after another, The 
interarrival times and holding times are fixed 
by the aid of random number generators. So far 
we have been using exponential distributions, 
but the model also makes it possible to use empi
rical distributions. 
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The calls offered to the system start by looking 
for a free register/cord-combination. The con
trol equipment will take care of the calls if 
they are successful. From here on the hunting 
procedure is made very close to the real system. 

This means that if no free trunk is found immedi
ately the search continues in the A- and B-stage 
and alternates between these in accordance with 
the exchange's operational sc~eme, including 
the "fight" for an idle ESBO. 

vfuen connecting to a link, the ESBO checks if an 
idle link is connected to a switch which can 
reach a free outlet in the desired direction. 
The hunting terminates when a free outlet is 
found or at maximum search time. Maximum search 
time can be the time limit of the register or of 
the ESBO. 

If the attempted call does not find a free 
register/cord-combination, the model will collect 
a certain number of attempted calls in a queue. 
There they can wait for a certain length of time • 
Hence the A-stage is fed both from the direct 
generated sequence of calls and from the queue. 
This feature gives a crude account of the time 
limit for control devices in previous stages. 

The simulation model with statistics and input/ 
output fills about 2QOO Hollerith cards. A pro
gram which automatically, from a set of para
meters, generates gradings satisfying certain 
criteria but not necessarilv being optimal, fills 
200 cards. This nrogram can be used together 
with the main simulation program. 

The execution of the model on UNIVAC 1108 takes 
on average 7 ms for each call under normal load 
conditions, regardless of the size of the ex
change. 

4. THE CONFIGURATIONS STUDIED 

The system which we have studied most extensively 
is a local exchange for 10000 subscribers. The 
A-stage has 11 full size multiswitches. The 
system contains 18 outgoing levels and 10 local 
levels containinp, 363 trunks and 180 local links 
respectively. The number of trunks in different 
levels varies from 37 to 10 in most simulations. 
We have chosen to give full access from the 396 
cords to the 52 registers. This is a somewhat 
better access than used in practice. The purpose 
is to prevent the registers from being too strong 
a bottleneck in order to expose the A/B-stage 
itself for heavy traffic. The maximum search 
time is 30 sec. 

The simulations are nerformed with the optional 
queue for the attempted calls in order to take 
into account the time available to look for a 
free register/cord combination in the previous 
stage in the exchange. 

The purpose was to investigate some topologies 
and (partly) control strategies under different 
load conditions. With reference to Table 1, we 
will summarise the simulations: 

1. Different topologies. 

Most of the simulation studv runs with 6 multi
switches (MS) in the B-stage. Some simulations 
in which we wanted to investigate the pure link 
system, have 11 MS. With 6 MS the number of in
lets is 32 in most runs. This is the number 
given by the synthesis procedure. We also per
formed simulations with 36 inlets. The syn
thesis gives an access of 5 to eac~ of the MS in 
the a-stage from each A- stage MS , and this is the 
access aoplied in most runs. We have, however , 
also investigated the performance with an access 
of 3. In the case of a pure link-configuration 
the access is 9. 

• 
• 

• 
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The influence of connecting some trunks only to 
the B-stage has been studied. We also split a 
smaller group of trunks into individual levels 
and studied whether these should be given access 
only in the B-stage. We investiRated the effect 
of two different gradings under otherwise identi
cal situations. The gradings both satisfy stan
dard grading requirements. However, grading 11 
is thought to be better than grading I because 
it is less ordered and should give a more uni
form load on the trunks within the levels. 

2. Different dynamic behaviour. 

Some attemnted calls will be switched through to 
the B-stage, but may find that the intended out
let has just been snatched by another call. If 
the B-stage ESBO is not able to find a free out
let within its time-cycle, it could choose either 
to let the call continue the hunting only within 
the assigned multiswitch in the B-stage, or re
lease the link and place the call in front of 
the A-stage again. 

Both strategies have been simulated, the first 
is marked B and the last R in Table 1. 

3. Different loads on the exchange. 

The exchange is synthesised for a load which we 
will call the standard load. In addition to this 
load we have exposed the configurations to excess 
load and also to three types of uneven loads on 
the different trunk groups relative to standard 
load. All loads can be scaled with a factor 
relative to the standard load. The scale factors 
1.0, 1.2 and 1.4 have been used. The different 
uneven loads are: 

LOCAL with about 30% excess load On local 
trunks On account of the remaining trunks 

PEAKS which has four selected trunk groups 
with 40% excess load. Two of the levels 
are large, and two small, one of which is 
a local leve 1. 

HBLOCK which has two selected trunk groups 
designed to be high blocking groups. In 
accordance they are given higher load. 
The rest of the trunk groups have standard 
load. 

In Table 1 type and scale factor together with 
the total generated load are given. 

In these simulations the traffic enters the A
stage with uniform load on the multiswitches. 

5. DISCUSSION OF THE RESULTS 

The attempted calls in the simulation are drawn 
from random number generators and hence are sub
ject to statistical fluctuations. With finite 
simulation time the results will deviate from 
the asymptotic infinite time value. The sequence 
of attempted calls follows the same pattern in 
our simulations. However, the sample entering 
the selector stage is somewhat different due to 
different load and sequence of .calls not ob
taining access to a free register/cord-combi
nation. 

With similar topologies hav1ng the same sample 
we assume that there will be a correlation be
tween the results. Simulation experiments indi
cate that for the samples we are ~onsidering, 
the standard deviation of the congestion is about 
10% or less. This indicates the uncertainty in 
the case of comparison between independent 
results. With these remarks in mind we can most 
probably draw the following conclusions (refe
rence to simulations concerned in parenthesis). 
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1. When standard load is applied, (1) s h m<ls 
t h at the AB-stage performs well below the 
1 % total congestion for wh ich it is designed. 

2. A comoarison of performance with 32 and 36 
. inlets in the muitiswitches in the B-stage 

under otherwise identical tonoloF,y and 
traffic situations favours 36 inlets. (1) 
versus (2) and (4) versus (5) shows lower 
load on t h e registers particularly with heavy 
loads. The e xtra cost in filling up the B 
mult i switches could be saved by applying 
fewer registers or simpler access to the 
registers. We call this topology the modi
fied exchange. The conclusion holds for both 
operational modes Band R of the B-ESBO (see 
also (8) versus (9) and (12) versus (11». 

3. The pure link system wh ere all traffic goes 
via the B-stage does not perform better than 
the modified exchange mentioned above. This 
applies to standard traffic with traffic fac
tors up to 1.4. 

4. If we choose to have access 3 from the A
stage to a certain multiswitch in the B
stage, it is better to give all trunk groups 
access in the A-stage than to have the local 
links only in the S-stage. This applies to 
standard excess load «17) versus (12» and 
more obviously for excess load particularly 
on the local links «16) versus (25». 

The best of these configurations is compa
rable with the configuration o btained from 
the synthesis for standard excess loads (see 
(6) versus (13) and (7) versus (17». 

5. The two modes (R) and (B) of operation of 
the B-stage give about the same total handled 
traffic. The (R) mode however, loads the 
registers somewhat more heavily. (See (4) 
versus (12) and (5) versus (11». 

6. The modified group selector stage gives good 
performance for up to 40% excess of the 
regular load. The stage is more sensitive 
to excess uneven load and particularly so 
for type PEAKS. 

7. The control equipment (ESBO's) is found to 
have only small influence on the traffic 
handling capacity of the system. This is 
found by comparing the columns in Table 1 
concerning "no. of calls offered the AB
stage" and the times the ESSO's have been 
started. 

6. CONCLUSION 

We have demonstrated a simulation model that 
makes it possible to study the behaviour of the 
A/B- selector stag e in detail under a variety of 
topologies and conditions. Some of the results 
obtained are quoted above with reference to 
Table 1. The model provides a very detailed 
account of the behaviour of the system such as 
state diagrams for groups of devices, histograms 
for time used by the different groups of control 
devices in processing the attemnted calls and 
more detailed description of performance of each 
individual level. . 

Space does not permit full presentation of these 
results. Among other conclusions these results 
show that the system is not too sensitive to the 
different gradings anplied. 

The freedom we have to vary parameters and loads 
makes it impossible to explore the whole interes
ting parameter space. So far we have arrived at 
a topology which seems better than the one ob
tained from standard synthesis procedure. It 
remains to be seen whether our conclusions also 
hold for .the physical system. 
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Simulations for other exchanges are planned. A 
study of a large exchange which uses alternative 
routing and different control strategies is 
currently being carried out, and a study of 
smaller exchanges will follow. 

Simulation makes it possible to select the "best 
exchange" after criteria which involve more than 
stationary behaviour for a few sets of loads on 
outgoing trunks. It might be useful to include 
the systen's behaviour under uneven loads on the 
A-stage multiswitches and the dynamic behaviour 
of the exchange under quickly changing load con
di tions. 

from other exchanges 
-------- ----------) --- - ------, 
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The part of the ITT 88 exchange which has been 
simulated (fully drawn ' lines) and its closest 
surroundings (stippled lines). 
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