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ABSTRACT 

A simulation model g1v1ng the detailed represen
tation of a network with six exchanges situated 
in the southern part of Norway, has been under 
study as a pilot project of TETRASIM [1]. The 
exchanges are of the types 8B from ITT, and ARM 
20, ARM 50 and AKK 50 from L.M. Ericsson, com
prising both local, transit and combined local/ 
transit exchanges. The traffic flow in this net
work is about 1600 Erlang. Data has been collec
ted for the network and 46 surrQunding exchanges, 
and the model generated and run by giving this 
data and appropriate specifications as input to 
the TETRASIM program system. During the simula
tions, 80K 36-bit words were allocated on a Univac 
1108. The CPU-time used per call was found to be 
about 40-70 ms. 

\ 

1. INTRODUCTION 

In connection with the TETRASIM project [1], a 
study 'of a part of the Norwegian telephone net
work has been carried out. The network under 
study consists of six exchanges, comprising both 
local and transit exchanges (see below, fig. 3.1). 
The study was defined as a pilot project of TETRA
SIM. It was carried out partly to create an ex
perimental model and apply it to the study of the 
physical system itself, and partly to gain experi
ence with the application of TETRASIM to the simu
lation of large systems, i.e.: 

to gain experience with collection of input 
pata for the TETRASIM program system 
to give ,an opportunity for future users of 
TETRASIM to -influence the pFogram syste~ in 
orqer to obtain desired output and preferred 
input data structure 
to test the TETRASIM program system with a 
realistic example 
to estimate the core space needed for a large 
simulation 
to get an idea of the running costs for an' 
investigation of a la~ge network. 

The reasons for choosing this partic~lar network 
as the subject of the pilot project were. that its 
size was believed to be manageable for the avail
able computer, and ~hat model descriptions for 
the exchanges involved already had been developed. 
In addition, some special problems in this part 
of the Norwegian telephone network make' it an 
interesting subject. for study. 

This paper will concentrate on describing the 
problems that had to be solved in order to create 
the s imuJation model' 'of the system. 

At the time of writing, only preliminary results 
from the simulations have been obtained. 

1.1 DEFINITIONS 

In the following, the ' i~x exchanges under study, 
with their incoming 'and outgoing trunks, will be 
termed "the network 1\. The surroundings of the 
network, which in fact is the rema~ning part of 
the Norwegian telephone network, is termed "the 
surroundings". The network and the surroundings 
constitute "the system". The simulation model 
generated and run by giving the appropriate data 
of the system (" the input data") to the TETRASIM 
program system is termed "the model". The latter 
is itself split into "the model of the network" 
and "the model of the environment". 

1.2 CONTENTS 

A brief survey of TETRASIM will be given in the 
following section. In section 3 the network will 
be descr i bed. Some problems which we believe are 
typical of the network will be outlined in sec
tion 4 . . In section 5, we will concentrate on 
how the. environment is represented in the model, 
and how the model of the environ'ment is limited 
in order to minimize the core space needed. The 
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work with collection of data is described in sec
tion 6, and the experience with runnins the model 
on a computer (Univac 1108) is dealt with in sec
tion 7. The last .ection will briefly describe 
the information which may be retrieved from ex
periments with the model. 

2. TETRASIM - A BRIEF SURVEY 

In this section the TETRASIM program system is 
briefly dealt with. For a more detailed descrip
tion, the reader is referred to [1]. 

In TETRASIM, detailed templates based upon infor
mation aiven by the manufacturers have been built 
for .ome type. of telephone exchanaes and for com
mon network concepts. The templates are written 
in the SIMULA proarammina lanauase as "CLASS 
declarations". The TETRASIM prosram system is 
built up from these templates, makina it a tool 
for the simulation of telephone networks. 

The TETRASIM prosram system may be conveniently 
divided into the preproces.or, the simulation pro
aram and ' the postproce •• or. The simulation pro
aram is the most time- and apace-consumins part, 
containing the static description of the network, 
the simulation features and the information col
lection. Fig. 2.1 shows how the program system 
is built up. 

PRE 
PROCESSOR 

Fig. 2.1. The TETRASIM program system. 

The preprocessor produces the stream of calls by 
pseudo-random drawings. The callstream file, the 
routing plan, exchange-, route- and subscriber
data, and options are input to the simulation 
program. The simulation program generates and 
links together the model, routes the calls through 
the model and collects information about the 
events which occur during the simulation on two 
files - "the telefile" and "the callfile". The 
postprocessor analyses these files · and lists the 
statistics wanted. 
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2.1 THE SIMULATION PROGRAM 

From a programmer's point of view, the properties 
of a telephone network may be conveniently divi
ded into 

properties common to the .different parts of a 
network, in TETRASIM described by templates as 

calls 
resources 
queues 

properties common to exchanges of the same 
type, described by exchanae templates (partly 
built up of resources and queues) 
properties characterizina the actual network, 
specified by input data. 

Every network with physical components conformina 
to the concepts of TETRASIM may be represented in 
a simulation model. It is assembled from the, pre
defined templates (CLASS declarations). Note that 
these CLASS declarations may be extended or 
altered by the user. 

2.1.1 RESOURCES 

The conc~pt of resources is a natural basis for 
buildins network confisurations. It is used to 
represent all sorts of devices, e.g. registers, 
links, trunks, switches etc. Each device may be 
represented individually, or the devices may be 
represented as ~ group. The resources may have 
the following attributes: 

marking of occupation 
data for the exact position of the devices 
features for collection of statistics. 

2.1.2 EXCHANGE TYPES IN TETRASIM 

Model descriptions of four types of exchanges 
(8B from ITT, ARM 20, ARM 50 and AKK 50 from 
L.H. Ericsson) are incorporated in the simulation 
program. A detailed model of a specific exchange 
is generated by giving the dimensions, the dis
tributing lists, the switching times etc. as tin
put data to the program system. 

The models generated include all logical tests 
for free speech path. All the group selector 
stages, the registers, the trunks, the links, 

• 
• 

the cords, the common markers etc. are represented 
in detail. (Each single device has one bit for 
marking, and it holds information about its • 
exact position in the network.) The subscribers 
are represented in groups in accordance with the 
physical exchanges the models represent. For 
AKK 50 there are 14 subscribers in eaoh group. 
in 8B there are 100. 

Where it is necessary, queues are included in the • 
model to hold calls waiting for service. 

2.1.2.1 THE 8B EXCHANGE 

This exchange is extensively used in the southern 
part of Norway. It is produced by ITT. The 8B 
is a semi-electronic exchange developed in the 
early 1950's, and the central unit is .the multi
switch. 8B may be used as a local, transit, 
special or combined local/transit exchange. Used 
as a local exchange, it may be extended in stages, 
and serve from 100 to 20.000 subscribers. The 
selector stages are divided into the preselection 
stage, the distribution stage (AB-stage) and the 
final selection stage. The pure transit exchange 
consists of the AB-stage only, i.e. a two-stage 
link system. 
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SUBSCRIBERS 

PGS 

INCOMING TRUNKS OUTGOING TRUNKS 

Fig. 2.2. A simplified general junction diagram for 8B. 

The 8B exchanges, using MFC-signalling, are often 
connected to exchanges from the "7" system. The 
"7" exchanges were all developed before World War 
11, but are still used ' in parts of southern Nor
way. 

2.1.2.2 THE ARM EXCHANGES 

ARM is a transit telephone exchange not directly 
connected to local telephone subscribers. It 
provides connection of trunks between local or 
transit exchanges. When an ARM is the first 
transit exchange through which a call has to go 
on its way to the receiving subscriber, a register 
REG in the ARM is used by each call to serve as 
the controlling register until the signalling has 
reached the receiving end. If an ARM exchange is 
not first in a link of exchanges, it is sufficient 
for a call to use a code receiver KMR instead of 
a REG. A KMR is released as soon as the switches 
have been set in the next exchange. In some 
countries a REG is called in the first ARM of 
each new numbering zone into which the call enters. 
The new REG then takes over the control from the 
previous controlling REG, which is subsequently 
released. ARM exchanges are equipped with cross
bar switches and use a multi-frequency code sig
nalling system. 

The ARM has two main design configurations: 
ARM 50 and ARM 20. The former can in practice 
have a maximum size of 570 incoming lines and 570 
outgoing lines. It will then consist of three 
200 groups GVA/GVB, tied together by a C stage. 

ARM 20 can be built to serve 8000 lines. Two ARM 
exchanges can also function as twins, thereby 
doubling the capacity. ' 

2.1.2.3 THE AKK 50 EXCHANGE 

AKK 50 is an automatic telephone system developed 
by L.M. Ericsson, comprising both local and com
bined local/transit exchanges. The exchange may 
serve from 40 to 1000 subscribers, and a combi
nation of. several 1000-groups is possible. 

AKK 50 can be directly connected to the ARF and 
ARM exchanges, or any other telephone system, 
by using interface equipment. The register sig
nalling is carried out by MFC. 

A complete AKK 50 consists of two selector stages, 
the subscribers ' stage and the group selector 
stage. The stages are built as incomplete link 
systems with three and two stages respectively. 

213/3 

2.1.3 t10DEL OF SURROUNDINGS 

To represent the environment of a network under 
study, several kinds of so- called dummy exchange 
models have been developed . The dummy exchanges 
are simplified exchange models with a minimum of 
actions and data structures. For rough estimates 
it is also possible to simulate a network with 
all the exchanges represented by dummy exchanf,es. , 

The simplest dummy exchanges are pure sinks and 
sources and/or pure transit nodes. 

In addition, the dummy exchanges may have regis
ters, queues, control equipment, time delays or 
random rejection. It is natural to represent 
the most important exchanges in the surroundings 
by high level dummy exchanges, and the less im
portant by simple dummy exchanges. 

2.2 INPUT DATA NEEDED BY THE PROGRAM SYSTEM 

2.2.1 TRAFFIC INTERESTS AND SUBSCRIBERS' BE
HAVIOUR 

The traffic to the different destinations ' (the 
sinks in the model) must be specified for all 
sources. This traffic distribution is called the 
traffic interest for the model. In addition, 
data concerning the statistical distribution of 
time intervals between the origins of calls, 
dialling times, conversation times, subscribers' 
patience etc. must be given to the program system. 

2.2.2 ROUTING PLAN 

The calls are routed according to the principle 
of alternative routing. A maximum of six alter
native choices is allowed. For each exchange, 
a minimum of one choice for each possible desti
nation must be given. 

2.2.3 DIMENSIONS, DISTRIBUTING LISTS AND ALARMS 

The distributing lists for an exchange model may 
be punched on cards or generated by a special 
program. In addition, the dimensions and the 
alarms must be' given as parameters. 

2.2.4 OPTIONS 

There exist different options for the collection 
and printing of statistics, the use of files, the 
simulation periods and the sampling mechanism. 
It is also possible to remove those parts of the 
simUlation program which are not wanted. 

2.3 FEATURES FOR MINIMIZING CORE SPACE 

In order to reduce core space: 

the TETRASIM program system is branched 
where possible, and each part run separately 
extensive use is made of data-packing and 
secondary storage 
the program structure is optimized to avoict 
storing of redundant data. " 

2.3.1 VIRTUAL CORE 

The calls flowing in the model need some space 
for temporary storage of data. External flIes 
are needed especially during the conversational 
phase. A special tool called "virtual core" has 
been developed to handle this data storage. 
When a call is connected to the desired B-sub
scriber, the speech path and the termination time 
are stored on a file. This information is called 
into core again when the call is terminated and 
disconnected. 
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3. THE SYSTEM SIMULATED 

The actual network consists of three transit ex
changes and three combined local and transit ex
changes. The normal amount of traffic originated, 
terminated or routed through the network is esti
mated to about 1600 Erlang at peak hours. 

.§.,.2.,lQ, 11 ,1£,.JJ., 14 ,.!2.,.l§., 20, 
21,22,23,24,25,26,27,28,29,30, 
34,~,38 ~,5l,52 

T!3NSBERG 
PREFIX 
(8B) 

SARPSBORG 
PREFIX (ARM 20) 

Fig. 3.1. A simple picture of the system, showing the 
exchanges represented in the model. 

~ represents exchanges in the environ
ment. The underlined figures are dummy excha
nges connected to more than one of the six 
exchanges in the network. 

3.1 THE EXCHANGES 

The 52 exchanges in the model are described be
low. 

3 . 1 . 1 THE SIX EXCHANGES IN THE NETWORK 

These exchanges are represented by detailed 
models 

T01ISBERG PREFIX is an important transit ex
change of type 8B. Its capacity is given by 
25 A- multiswitches, 12 B- multiswitches and 
337 links in the two-stage link system, 750 
outgoing lines and 52 registers. 

SARPSBORG prefix is of type ARM 20 . This is 
a transit exchange with 470 outgoing lines, 6 
group selector stages interconnected by 495 
links, 20 registers, 10 code receivers and 
3 markers. 

HALDEN PREFIX is a " transit exchange of type 
ARM 50. Its capacity is 250 outgoing lines, 
4 group selector stages interconnected by 
400 links, 18 registers, 4 code receivers and 
2 r.larkers. 

SA:JDEFJORD 8B is a group exchange with 2000 
subscribers , 10 A-multiswitches, 4 B- multi 
switches and 144 links in the AB - stage , 220 
outgoing lines and 38 registers . 

LARVIK 8B is of the same type as SANDEFJORD 
8 B, but of the following size : 6000 sub
scribers, 13 A- nultiswitches , 3 B- nultiswitches 
and 98 links in the AB - s tage, 200 outgoing 
lines and 35 registers. 
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AREMARK is a small combined local and transit 
exchange of type AKK 50, with 80 subscribers. 
It has 31 outgoing lines, 6 local trunks and 
5 registers. 

3.1.2 THE EXCHANGES IN THE ENVIRONMENT 

The most important exchanges in the environment 
are OSLO PREFIX, OSLO TERM and OSLO SPECIAL SER
VICE, mainly built up of standard and extended 
8B exchanges. The traffic from these exchanges 
to the rest of the country is about 1500 Erlang. 

The other exchanges represented in the model 
vary in size, with outgoing traffic from 2-3 to 
400-500 Erlang. 

It should be noted, however, that traffic which 
only weakly influences the flow in the network is 
not included in the model. 

4. SOME ACTUAL TRAFFIC PROBLEMS IN THE NETHORK 

This section will suggest some traffic problems • 
which we believe are typical in the network. No 
attempt will be made in this paper to suggest 
solutions to these problems, but the problems 
give rise to interesting future simulations of 
the model. 

In analytical dimensioning methods it is diffi- • 
cult to incorporate all possible factors which 
may influence the traffic handling capacity of 
a telephone network. Particularly, unpre-
dictable effects may be produced when the traffic 
fluctuates beyond normal values. Alternative 
routing and waiting systems have been intro-
duced to reduce such undesirable effects, but 
this may also produce new negative effects as 
discussed below. 

4.1 PROBLEMS DUE TO ALTERNATIVE ROUTING 

Usually the first route tested is the shortest 
one. When a call meets congestion, the alter
native choices may use a longer speech path, 
which involves the need for more equipment and 
longer holding times. The congestion at one 
point thus tends to spread to the surrounding 
equipment when alternative routing is used, 

4.2 PROPAGATION OF QUEUES IN THE NETWORK 

When calls are waiting for some equipment, occu
pation of equipment already seized by these calls 
may last longer than normal. Other queues may 
increase when calls are waiting for this equip
ment. This propagation of queues in the network 
is diminished by not allowing the equipment to be 
occupied for more than a given alarm time, How
ever, calls lost by alarms cause useless occu
pation of equipment, and may also cause repeated 
call attempts. 

4.3 PROBLEMS IN CONNECTION WITH THE REGISTERS 

The registers are specially sensitive to heavy 
loads. With end-to-end signalling, the control
ling registers remain occupied during the search 
for free connection through the network. When
ever congestion is met, the holding times of the 
registers are increased. 

The situation with a heavy load on the registers 
becomes worse when some exchanges borrow regis
ters from other eXChanges. This happens, for 
example, when old exchanges using decadic digit
signalling communicate with exchanges using MFC
signalling . (This is very common in t "he Norwegian 
telephone network.) 

• 
• 
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5. THE MODEL OF THE ENVIRONMENT 

The determination of the surroundings necessary 
to give a realistic flow of traffic in the nodel 
of a network is generally an intricate problem. 
Two competitive conditions ought to be satisfied 
for an environment model: 

The environment model should give a logical 
picture of the surroundings nearest to the 
completely represented network. In particular 
the . flow of traffic between the network and 
the environment should be represented as accu
rately as possibl~ in the model. 

In order to minimize running costs, the model 
of the environment and its traffic should be 
as simple as possible, and the amount of data 
and its complexity as small as possible. 

The model of the environment is built up of 
dummy exchanges. 

5.1 SELECTION OF DUMMY EXCHANGES 

The following factors may serve as the basis for 
definition of an environment nodel: 

all exchanges in direct contact with the net~ 
work should be represented in the nodel 

the most important transit exchanges used by 
traffic generated, terminated or routed in the 
network should be represented 

some additional exchanges must be represented, 
in order to give a more correct overflow traf
fic and thus more realistic traffic character
istics in the network in situations with alter
native routing. 

The routing plan for the system may serve as a 
guide for the selection of dummy exchanges. 

5.2 THE TRAFFIC IN THE ENVIRONMENT 

The flow of traffic between a network and its 
environment ought to be represented as simply as 
possible. Thus, for instance, the traffic to the 
environment should terminate in the first dummy 
exchange, if this does not lead to less traffic 
in other interesting parts of the model . In this 
way, the mean traffic in the network may equal 
the mean physical traffic. However, the more 
dummy exchanges which are incorporated in the 
model, the more realistic the traffic character
istics become. 

5.3 SPECIFICATION OF DUMMY EXCHANGES 

As outlined in 5.2, the traffic in the environ
ment model may be quite different from the physi
cal traffic in this area. It is therefore neces
sary to redimension the equipment in this part of 
the model to obtain the proper traffic character 
istics in the network. "Equivalent random theory" 
may be used as the basis for this work [2]. 

5.4 TRAFFIC INTEREST MATRIX 

The flow of traffic in the environment will be 
reduced, and the dummy exchanges will be brought 
to generate and terminate traffic for physical 
exchanges not represented in the model. When 
setting up the traffic interest matrix for the 
model, this must be accounted for. Starting, 
for instance, with the traffic interests measured 
for the entire Norwegian network, a traffic inte
rest matrix for the model may be achieved by 
moving and removing the elements in the original 
matrix according to the selected dummy exchanges. 

S.S THE ENVIRONMENT FOR THIS PROJECT 

The dummy exchanges representing the environment 
in the pilot project model are selected by 
checking the routing plan for the total Nor
wegian telephone network. All together 46 dummy 
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exchanges were incorporated in t~e model. The 
most important transit and local exchanges were 
equipped with registers and queue possibilities, 
while per ipheral exchanges were generated as pure 
sinks and sources of traffic . 

5. 6 A~J EXAMPLE ~HTH THE OSLO EXCHA)JGES 

OSLO PREFIX is the most important transit ex
change in the system. This exchange is repre
sented as a dummy transit exchange with registers, 
and with possibilities for waiting for registers 
or for a free trunk. 

The local exchanges in Oslo constitute the lar
gest sinks and sources of traffic in the system. 
T0NSBERG PREFIX, for instance, is directly con
nected to these local exchanges, and consequently 
they are represented as a dummy sink of traffic. 

This dummy exchange does not, however, generate 
any traffic in the model . All traffic from the 
subscribers in Oslo to the rest of the syste~ is 
routed through OSLO SPECIAL SERVICE and OSLO P~E
FIX . In the model , OSLO PREFIX generates the 
part of this traffic which is destinated to, or 
routed through, the network . OSLO SPECIAL SER
VICE, and its ' connection to OSLO PREFIX and the 
local exchanges are of no interest in the model, 
and are therefore not represented . 

Traffic from foreign countries to the network is 
also generated in OSLO PREFIX, and the reverse 
traffic is terminated here in the model . 

OSLO SPECIAL 
SERVICE 

J----.... -~ 01-----.---4 

OSLO 

TO FOREIGN 
COUNTRIES 

Fig. 5.1. Part of the Norwegian network. 

OTHER 
EXCHANGES 

To dimension the registers in the dummy exchange 
representation of OSLO PREFIX, we may assume the 
following mean holding times: 

120 secs. for duration of a call 
6 secs. for an occupation of a transit 
register . 
30 secs. for an occupation of a local register. 

We assume the following traffic in the model: 

275 Erlang generated in Oslo to the rest of 
the system, giving 69 Erlang to the local 
registers 
180 Erlang transit traffic , routed through 
or terminating in OSLO PREFIX. This gives 
9 Erlang to the transit registers. 

OSLO PREFIX is equipped with local registers, 
since this exchar.ge generates traffic in the 
model . By dimensioning the number of registers 
to one percent ~ongesti0n, it was found that 
OSLO PREFIX should have 16 transit and 84 local 
registers in our model. 
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6. EXPERIENCES vJITH THE COLLECTION OF DATA TO 
THE PILOT PROJECT 

The input data needed to generate the desired 
model of the system may be grouped as follows: 

data describing the network 
data describing the environment 
traffic interests 
data describing the subscribers' behaviour. 

6.1 DATA DESCRIBING THE NETWORK 

For each exchange that is not a dummy exchange, 
the TETRASIM system requires: 

the dimensions of all types of equipment 
information about the connections between 
different sorts of equipment 
alarms and holding times for this equipment. 

The dimensions and connection data were collected 
from distributing lists offered by the manu
facturers of the actual exchanges. This was 
rather tedious work, but was carefully carried 
out in order to obtain a model which corresponded 
as closely as possible to the physical system. 
The lists were also partly inconsistent, due to 
extensions and different dates of edition. 

6.2 DATA DESCRIBING THE ENVIRONME jJT 

The data was ~ainly obtained fron the routing 
plan and the suggested traffic in this area. 
(See chapter 5.) 

6. 3 TRAFFI C INTERESTS 

As up-to-date information was not available, it 
had to be estimated by extrapolation from old 
measurements. This work was mainly carried out 
by the Norwegian Telecommunications Administ
ration. 

The traffic needed to give a realistic flow in 
the model was found to be about 1800 Erlang. 
Compared to section 3, only a small amount of 
redundant traffic flows in the model . 

6.4 ASSUMPTIONS ABOUT THE CALLS IN THE MODEL 

The subscribers' behaviour in the model is given 
by these characteristics: 

Calls are generated from each source with inter
vals following the exponential distribution 
with the mean taken from the traffic interests. 
Dialling times are drawn fro~ the Poisson dis
tribution. In the simulations, the nean 
value 12 seconds has been used. 
Conversation times are exponentially distri
buted. (It is possible to have different mean 
holding tines for local and long-distance 
calls.) In the simulation the nean value 120 
seconds has been used. 
The case of occupied B-subscriber is covered 
by the negative exponential distribution of 
conversation ti~es. 
The subscribers have finite patience. 

The destination of each call is drawn from the 
distribution of traffic interests of the source, 
and the call is routed in the ~odel according to 
the routing plan. 

7. EXPERIENCE vlITH THE SIMULATIOlJ MODEL 

All the si~ulations carried out in the pilot pro-
ject were executed on a UNIVAC 110S/EXEC S . A 
simulation program based on the 7ETRASI~ program 
system will at present be allocated a naximum of 
80K 36-bit words (this will be extended to 96K) 
on the available installation. 
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7.1 THE CORE SPACE NEEDED 

The simulation program is the most interesting 
part in this respect, as it is the largest. This 
program contains the model of the system, and 
varies in size with the number of types of de
tailed exchanges involved. For the pilot project 
this program consists of about 5500 SIMULA source 
cards. 

The core space needed for the compiled version of 
this program and the SIMULA run time system is 
50K. Much of this core consumption is due to the 
relatively great amount of class and procedure 
declarations necessary to represent the various 
templates. The fixed data of the pilot project 
occupies about 15K. 

7.1.1 CORE SPACE OCCUPIED BY THE MODELS OF THE 
DETAILED EXCHANGES 

The six exchanges of the pilot project need a 
relatively small portion of core for fixed data. 
The representation of the three 8B exchanges occu
pies about 0.5K each, the ARM 20 needs 1.75K, the 
ARM 50 needs 1.25K and the AKK needs about 0.5K. 
This gives a total of about 5K. 

7.1.2 CORE SPACE OCCUPIED BY THE TRUNK DATA 

The total number of line circuits in the pilot 
project model is about 5000 distributed on 150 
different routes . These trunks are represented 
with all necessary inlet ' and outlet co;rdinates, 
and occupy a fixed core space of 2.5K. 

7.1.3 CORE SPACE OCCUPIED BY THE DUMMY EX
CHANGES NW THE PROGRAM CO~CEPTS 

The core space needed for the remaining static 
data structure is about 7.5K. 

7.1.4 DYNAMIC USE OF CORE SPACE 

The calls that are busy in the system need core 
for data about the occupied equipment. This need 
is dyna~ic, varying proportionally to the traffic 
carried. Experience gained so far seems to indi
cate that the available 15K is sufficient to simu
late a network carrying traffic of up to 2000 
Erlang. This would have been impossible without 
features as garbage collection (see section 7.2.1), 
datapacking and virtual core. 

7.2 CPU TIME REQUIRED 

The U~IVAC 1108 computer uses 45 secs. for com
pilation of the 5500 cards, and 10 secs. for 
generating the model, including the reading of 
data cards. 

Estimates ~ade on the basis of the simulations 
performed so far , indicate a time consumption of 
40-70 ms. per simulated call. Thus for the model 
under study, and with the present computer possi
bilities, the total time consumption implies a 
ratio of 1:1 between simulated time and- computer 
time. To simulate one busy hour (about 50000 
calls) on the computer (which has not been done 
so far) , would involve one hour of computer time. 

7.2.1 GARBAGE COLLECTION 

A special mechanism known as garbage collection 
is part of SIMULA's run time system. It is 
called into action when core is filled up. All 
temporary space no longer needed is released, 
and may be used over again. In the present 
case, the garbage collector uses about 0.25 secs., 
to clear up 30K . Garbage collection accounts for 
about 25% of the CPU-time used to run the model . 

• 
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8. OUTPUT FROM SIMULATION RU~S 

The collection of output data in TETRASIl1 has 
been described briefly in [1]. During the simu
lation relevant data from the events, ordered 
sequentially in time, are stored on files . One 
of these files, "the callfile", contains data for 
the origin, the destination, the eventual block
ing point, the point of time of originating and 
the time used for connection for each of the 
calls traversing the system. The other file , 
"the telefile", contains the points of tine when 
the devices of the model are seized or released, 
as well as the points of time when the queues 
change status. These files may be analysed by 
the postprocessor. This program may of course be 
run as often as wanted, and the options for col
lection and output of statistics may be reset for 
each particular run. 

8.1 OUTPUT FROM THE PRESENT MODEL 

In section 4 we outlined some problens with the 
registers in the network. The following items of 
the above example may be of special interest in 
this connection 

load distribution for the registers 

distribution of serving times for the regis
ters, showing for one example the number of 
calls rejected due to exceeded register alarms 

mean traffic, time congestion and state dis
tributions of registers 

mean waiting times, state distributions and 
mean number in queues where calls are waiting 
for registers. This gives a picture of what 
subscribers are experiencing. 

9. CONCLUSION 

Some conclusions may already be drawn from the 
experience gained so far in the pilot project: 

It has been demonstrated that it is possible 
to build a detailed simulation model of a 
large telephone network, involving several 
completely represented exchanges. The size 
of the network described in this paper does 
not by any means represent an upper limit of 
systems which may be studied by the same 
method . 

The project has demonstrated the necessity for 
careful consideration of the factors that are 
of importance in producing correct traffic 
input when simulating a system with general 
exchanges. Thus, one factor to consider is 
the number of exchanges and level of detail in 
the representation of the surrounding network. 

It is a common experience with all simulation 
studies that a major part of the work consists 
of obtaining reliable information about the 
system that may serve as a basis for suitable 
input data to the computer. This experience 
has been confirmed in this case. 

Referring to 1.1, the first aim of the pilot pro
ject has not yet been fulfilled. At the congress 
we hope, however, to be able to present some 
interesting ~esults from the simulations. 
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