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ABSTRACT 

TETRASIM has been developed as a user-oriented 
system for telephone simulation. The aim is to 
enable the user to simulate: 

- a part of an exchange 
- one complete exchange 
- a network of exchanges. 

TETRASIM is based on the simulation language 
SIMULA. The class-subclass concept of this 
language has greatly influenced the structure of 
TETRASIM, which, in its present form, appears as 
a collection of modules, easily replaceable and 
modifiable. 

The paper, after a short introduction, starts 
with a brief description of some of the basic 
SIMULA concepts. Thereafter the most important 
component types of TETRASIM are described. 
These are: 

CALL represents the telephone calls. 

TELERESOURCES - a resource being defined as 
a group of devices. The resources corres
pond to the various types of equipment, 
like lines, registers, etc., that are found 
in telephone systems. 

TELESTATISTICS. This class is defined to 
collect output information during the simu
lation run. One TELESTATISTICS object is 
allocated to every TELERESOURCE. 

LOGIC. An object of this type corresponds 
to one logical function within an exchange. 
The three main functions defined . are: 
preselection, group selection and B selec
tion (final selection). 

EXCHANGE. An object of this type is a com
bination of TELERESOURCES and LOGIC objects, 
and corresponds to a physical exchange. 

TELEQUEUE represents the various points 
in a system where waiting for a free device 
is possible. 

The use of these concepts is described by means 
of a simple switching example. The paper is 
concluded by a description of the information 
needed to perform a simulation (input), and of 
the most important types of simulation results 
(output) . 
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1. INTRODUCTION 

TETRASIM (TEle-TRAffic-SIMulation) provides simu
lation of teletraffic systems by means of digital 
computers . The project aim is the development of 
a system which will be applicable for the solu
tion of practical dimensioning problems connec~ed 
with the development of the telephone network ~n 
No rway . It is, therefore, primarily concerned 
with simulation of the types of systems that are 
already in use, or which will be installed for 
use in this country - these systems being mostly 
~anufactured by L.M. Ericsson and ITT. The aim 
is to enable the user to simulate, at will: 

a part of an exchange 
one complete exchange 
a network of exchanges. 

TtTRASIM is carried out by a team vIi th represen
tatives from the following institutions: 

The Norwegian Computing Center 
The Norwegian Telecommunications Adminis
tration 
A/S Elektrisk Bureau (associate of L.M. 
Ericsson) 
Standard Telefon- og Kabelfabrik A/S 
(associate of ITT). 

Digital simulation has become an important method 
for the analysis of dimensioning problems in 
telephone systems, as a supplement to the more 
formal methods based on, for example, the applied 
theory of probability. 

The use of simulation has been dependent on 
application of rather advanced programming tech
niques in combination with detailed knowledge 
about the telephone system to be simulated. 
The TETRASIM project is motivated by the need to 
make computer simulation available also for 
engineers without programming experience. 

The reason for the choice of SIMULA as the basis 
of TETRASIM, apart from its properties as a simu
lation language, was that SIMULA offers a number 
of facilities that are especially useful in the 
construction of user oriented software. The 
class concept makes a systematic decomposition 
or-a-system into subcomponents possible. Th~s, 
the program description of a large and compll
cated telephone system may be made more manage
able by programming the separate components one 
at a time. The inherent modularity means a cor
responding ease in the modification and extension 
of such a program. This paper will, after a pre
sentation of the most important SIMULA concepts, 
describe main components of the TETRASIM program 
system. The simulation process will be illus
trated by a simple example. The paper is con
cluded with a brief description of the infor
mation needed to perform a simulation (input), 
and a description of the simulation results ob
tainable (output). 
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2. SIMULA CONCEPTS - A SUMMARY 

The SIMULA language contains ALGOL 60 as a sub
set, and extends its range of structuring 
features by the class facility. SIMULA classes 
are used to classlfy and describe complete con
cepts. These encompass data st~ucture, action 
pattern and action capability. Several instances 
of any class may coexist at any time, and refe
rences and relationships can be established be
tween them. 

Mechanisms exist for developing hierarchies of 
concepts. The basic proRerties of concepts can 
be written as a class definition which serves as 
a foundation for further development. Specific 
characteristics can be added, in the format of 
lower level subclass definitions, and this pro
cess of progressive refinement can be repeated as 
often as required. 

The following is intended as a brief introduction 
to SIMULA. A full description may be found in 
the manuals, for example (1). 

The class definition in SIMULA takes the form of 
an ALGOL block, with the data structure making 
up the block head in the form of declarations of 
integers, reals, arrays, etc. The operation rule 
is formulated as the statements of the block. 
Like ALGOL, it is often very convenient to ar
range typical "patterns of action" in the form of 
procedures. 

To a given class definition (declaration), there 
may correspond several individual objects that 
exist simultaneously and independently of each 
other. They may differ with respect to the actu
al values of their numerical attributes, and the 
current stage of execution of their operation 
rule (their "program"). In a simulated tele
phone system there will, for instance, exist 
several individual calls, each with different 
places of origin and destination, and which are 
at different stages in the calling procedure. 
They may, nevertheless, all be regarded as mem
bers of the same class ("call"). 

The introduction of subclasses makes it possible 
to represent objects that may have some proper
ties in common, while other properties may be 
different. The common properties may be defined 
in a class declaration: 

class A; 
begin <A data>; 

<A procedures>; 
<A statements>; 

To define subclasses, the class name (A) is used 
as a prefix to a new class declaration. Objects 
belonglng to the subclass will have two sets of 
properties, one defined in the class A and one 
in the new class definition. Thus, if we want 
to define a subclass B: 

A class B; 
begln < B data>; 

< B procedures>; 
<B statements>; 

This is equivalent to the "concatenated" class 
declaration 

class B; 
begln <A data>; <B data>; 
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<A procedures>; <B procedures>; 
<A statements>;< B statements>; 
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When several objects exist in parallel, the need 
often arises to access the local attributes of a 
certain object. SIMULA contains a simple naming 
mechanism, namely, a · special type of variable, 
called a ref-variable, which may be used to put 
name on an object. Local attributes may then be 
accessed by the so-called "dot-notation". Thus, 
if an object named X contains an integer variable 
I, the value of this attribute may be assessed by 
the statement 

J := X.I 

(The integer variable J assumes the value of the 
attribute I of the object called X). 

By this mechanism, it is also possible to call 
procedures "on behalf of" a certain object. If 
the class declaration of the object X contains the 
definition of a procedure P, the procedure may be 
called "from the outside" by writing 

X.P; 

This has the same effect as the following state
ment within X itself: 

P; 

In both cases, the procedure P will operate in 
its "local surroundings", that is, every time an 
identifier from the class declaration of X is 
mentioned within the procedure body, this will be 
taken as the corresponding attribute of the par
ticular object X. Remote call on a procedure is 
very useful, and is used frequently in TETRASIM. 
This usefulness is enhanced by the powerful "vir
tual" mechanism, which makes it possible to let 
each subclass have its own version of a given 
procedure. 

3. THE MAIN TETRASIM PROGRAM COMPONENTS 

The formalization of a simulated telephone system 
in TETRASIM is shown schematically in fig. 1. 

CALL 
pBJECT 

Fig. 1. 

IEXCHANGE O~u~ 

ILINESI Cl ~ 
Main TETRASIM object types 
(simplified) . 

~ 
U 

The active component is the telephone call. The 
resources (lines, links, registers, markers etc.) 
are grouped together in the various exchanges in 
the system. The call, originating in one ex
change, triggers the procedure of search for free 
devices that together will form a speech con
nection to the B subscriber. In addition, a re
quest for resources in the form of control de
vices is transmitted through the system. (These 
devices are occupied only while the connection is 
being established.) 

3.1 THE ACTIVE COMPONENT - THE CALL 

The definition of the class CALL in TETRASIM is 
very simple. Every call contains two attributes 
ADl and AD2 - the serial numbers of the exchange 
of origination and destination, respectively. 
Calls may be generated according to given proba
bility distributions in these two variables, and 
with time intervals according to a given distri
bution in time. The generation may be a part of 
the simulation, but often it is more convenient 
to compute attributes of individual calls in a 
separate program, prior to the simulation run, 
and to store them as records on some external 
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memory device. This device is then used as an 
input file to the simulation itself. 

A call object starts its life by "operating upon" 
its exchange of origination (given by ADl) which 
itself is represented as an object. By "remote 
access", procedures that perform the hunting and 
switching processes in this exchange are called . 
The exchange may call on another exchange to 
transmit the call further, until the exchange of 
destination is reached. This process is de
scribed in detail in section 3.5 below. The ana
logy with the "real" process should be evident. 

3 . 2 THE CLASSES TELERESOURCE AND TELESTATISTICS 

The class TELERESOURCE contains a definition of 
properties common to all resources that normally 
occur within a telephone system . 

A resource, by definition, is a group of devices. 
It may be a group of links, a trunk group or a 
group of control devices. To each group - a 
resource object - are associated certain attri
butes and procedures that are common to all re
sources. The number of devices - the "capaclty" 
of the group, and the number occupied, are examp
les of such attributes. The procedures mainly 
serve the purpose of testing the state (occupied/ 
free) of the devices belonging to the group, and 
of occupying and releasing devices. Some examp
les are 

BOOLEAN PROCEDURE RESOURCE IDLE; 

This procedure returns the value false if all 
devices within the resource are occupied, true 
otherwise. 

BOOLEAN PROCEDURE DEVICE FREE(I); INTEGER I; 

The procedure returns the value true if device 
number I is true, false otherwise. 

PROCEDURE UPDATE(I); 

This procedure performs the function of actually 
occupying a device I which has been previously 
tested. 

There are several subclasses associated with 
TELERESOURCE. The most , important of these are: 

TELERESOURCE CLASS LINE RESOURCE; 

This type of resource is used when there is no 
need to keep track of individual devices. The 
most typical example is a full availability group. 
The two numerical attributes: capacity and number 
of devices occupied, are sufficient to charac
terize such a group . 

TELERESOURCE CLASS BIT RESOURCE; 

This resource is used when there is need to re
tain information about individual devices, but 
the information is limited to occupied/free. In 
this case, the information may be stored in one 
bit. 

TELERESOURCE CLASS WORD RESOURCE; 

This type of resource is used when one bit is in
sufficient to contain the information about an 
individual device . In this case, one whole word 
~s used .. A group of trunks ~etween two exchanges 
lS a typlcal example of such an object. For 
every trunk, in addition to the state, it is 
necessary to know which position it occupies in 
the terminal selector stages in both exchanges. 
It has been found by experience that the infor
mation may usually be stored in the form of in
tegers with restricted range, so that one 36-bit 
word. in almost all cases is sufficient to repre- ' 
sent one device. 
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Every TELERESOURCE object is connected with an 
object belonging to a CLASS TELESTATISTICS. The 
latter is concerned with monitoring and recording 
the state of the corresponding resource for the 
purpose of collecting information to be output 
after the simulation run. This function is per
formed by a local procedure MEASURE. Subclasses 
to TELESTATISTICS serve the purpose of facilita
ting the definition of different levels of detail 
in the ~nformation collecting process. Usually, 
there wlll not be a need to collect the same 
detailed statistics for all resources - for some 
re~o~rce~ only a f7w key figures, such as average 
~tlllza~l~n (trafflc carried) and time congestion, 
lS sufflclent. To collect detailed output for 
all resources would mean a waste of computer time. 

The connection between a TELERESOURCE object and 
a TELESTATISTICS object is established in the 
following way: Every TELERESOURCE object contains 
a local attribute , STATISTICS, which serves as a 
reference to (a name on) "its" TELESTATISTICS 
object. Every time a change of state of the TELE
RESOURCE object occurs (a release or a seizure), 
the procedure MEASURE of the TELESTATISTICS ob
ject is called by the following statement 

STATISTICS.MEASURE; 

MEASURE then creates a record of information that 
will later form the basis of suitable output 
reports following the completion of simulation. 
The record may be written on an ' external memory 
device (disk, drum or tape), so that the actual 
editing of output may be performed after the simu
lation by a special, independent program. This 
has the advantage, during development, that the 
information is not lost, even if the simulation 
breaks down prematurely (e.g. because of some 
bug) . 

The actual information collected by MEASURE is 
different for different subclasses of TELESTATIS
TICS. The most important subclasses are: 

TELESTATISTICS CLASS TELEMEASURE; 

These objects collect only the most basic infor
mation a~o~t t~e resource in question, namely 
total utlllzatlon (up to the time of measurement) 
and total congested time. Thus, after the simu
latio~, mean utilization and time congestion may 
be prlnted for such a resource . In addition 
~owever,.objects of type TELEMEASURE ~ put'key 
lnformatlon on an external file. One such record 
consists of: serial number of the resource num
ber within the resource of the device just ~eized 
(or released), a code for its seizure or release 
and simulated time. In this case, after the end' 
of simulation, it will be possible to retrieve 
complete statistics for all resources from the 
file. Subclasses to TELERESOURCE (see below) 
will then not be needed. 

TELEMEASURE CLASS TELE STATE MEASURE; 

In addition to utilization and time congestion, 
the state histogram of the resource is also re
corded by this type of object . 

TELEMEASURE CLASS TELE LOAD MEASURE; 

This tYP7 ~f o~ject, in.addition to recording the 
total ~t71lz~tlon and tlme congestion, records 
the utlllzatlon of every single device enabling 
the manner in which the total load on the re
source is 'shared betvleen the individual devices 
to be studied . 

TELE STATE MEASURE CLASS TELE ARRIVAL MEASURE; 

In addition to the recordings performed in class 
TELE STATE MEASURE, objects of type TELE ARRIVAL 
MEASURE will collect a histogram of time inter
vals between new requests for the resource. 
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A printout of arrival time intervals may be of 
interest, for example, in the study of overflow 
groups. 

3.3 REPRESENTATION OF EXCP~NGES 

The definition of resources forms a basis for 
building composite objects, such as exchanges. 
An exchange may , as a first approximation, be 
regarded as a collection of different types of 
resources (fig. 1). To define an exchange, it 
is, however , not sufficient to know only which 
types of resources it consists of and how many 
of each type, but it is also necessary to repre
sent the interconnections between the resources, 
and the logical functions built into the control 
devices. This is required in order to simulate 
the hunting for free devices, triggered by an 
incoming call, in the right sequence and with 
the proper time delays. For this purpose, a 
CLASS LOGIC is defined. An object of this type, 
generally speaking, may be regarded as a collec
tion of resources, together with the definition 
of a hunting procedure. In TETRASIM, it is used 
to represent one logical function. 

An exchange is decomposed into 3 main function 
types, namely (fig. 2). 

r---
P G 

L----
, 
34 

Fig. 2. The functions of a complete exchange: 
P: preselection (concentration), 
G: group selection, 
B: B selection (expansion), 
1: Local call, 
2: Incoming call, 
3: Transit call, 
4: Outgoing call. 

- Preselection. The coupling of a local sub
scriber through the concentration network . 
Typically, this procedure includes the occu
pation of a register. 

- Group selection. The search for a free trunk 
to an outgoing or local level . 

- B selection. Selection of B subscriber 
through the expansion network. 

It is to be noted that this decomposition is 
by function, and that parts of the network may 
well be shared between components, e.g . between 
the preselection and B selection functions. 

In accordance with this scheme, TETRASIM con
tains the definition of 3 main subclasses to 
LOGIC: 

LOGIC CLASS PRESELECTION; 
LOGIC CLASS GROUP SELECTION; 
LOGIC CLASS B SELECTION; 

The objects corresponding to these 3 class defi
nitions will contain references to the TELE
RESOURCES that together represent the network and 
the control devices wit h in the object. The hun
ting and connection process is contained within 
a (Boolean) procedure, called CO NNECTION PATH 
AVAILABLE . (The detailed definition of this pro 
cedure is different for each of the 3 sub
classes .) This is an example of the use of the 
"virtual" mechanism <section 2) . 
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The LOGIC subclasses form a natural basis on which 
the exchange concept may be built. Just as, for 
example, a local exchange will consist of a pre
selection, a group selection and a B selection 
(expansion) part, the class EXCHANGE may contain 
references to three obJects, namely, one for each 
of the LOGIC subclasses. A pure transit exchange 
will contain only one reference (to a GROUP SELEC
TION object). 

The class EXCHANGE must itself be able to execute 
some-rffiPOrtant functions, namely: 

to accept a request from a local subscriber 
or an incoming call 

to support the interface between the three 
components that are necessary to transmit a 
call throughout the exchange 

to pass an outgoing or transit call on to 
another exchange. 

For the sake of convenience, these functions are 
divided between the two procedures (local to 
CLASS EXCHANGE): 

ACCEPTCALL for accepting incoming or 
transit calls (from other 
exchanges). 

POSSIBLE TO ESTABLISH CONNECTION to trans
mit a call from a local sub
scriber (Boolean procedure). 

The latter provides the "triggering point" for a 
new call. By calling the procedure, with infor
mation about the location of the B subscriber, 
the hunting process through the network is 
started. In section 3.5 below, it is shown, by 
an example, how this process is carried out. 
The relation between an EXCHANGE object and its 
components is shown in fig. 3. 

EXCHANGE 
OBJECT 

PRESELECTION 
OBJECT 

LOCAL PROCEDURE 
CONNECTION PATH 
AVAILABLE 

ELERESOURCE 
OBJECTS 
USED IN 
PRESELECTION 

LOCAL 
PROCEDURES: 

POSSIBLE TO 
ESTABLISH 
CONNECTION, 

GROUP SELECTION 
OBJECT 

LOCAL PROCEDURE: 

ELERESOURCE 
OBJECTS 
USED IN 
GROUP 
SELECTION ACCEPTCALL. 

CONNECTION PATH 
AVAILABLE 

Fig. 3. 

TELERESOURCE 
OBJECTS 
USED IN 
B SELECTION 

Relationships between four of the main 
TETRASIM object classes. 
An exchange object may contain . 
references (the arrows) to preselectlon, 
~ selection and B selectlon obJects. 
Each of these ln turn have local 
references to objects of class TELE
RESOURCE. 

The LOGIC subclasses unlike the TELERESOURCE and 
TELESTATISTICS classes described in 3.2, are not 
complete, but rather serve as a general framework 
to guide the detailed programming. When a model 
of a definite exchange type is to be constructed, 
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detailed definition of the LOGIC objects (e.g. 
the procedure CONNECTION PATH AVAILABLE) and of 
the exchange part (e.g. ACCEPTCALL and POSSIBLE 
TO ESTABLISH CONNECTION) have to be supplied . 
Within TETRASIM, at the time of writing, models 
for the exchanges AKK and ARM (L.M. Ericsson) 
and 8B (ITT) have been completed, while another 
(ARF) is nearly completed. The plans for the 
near future include the exchanges ARK and AGF 
(L.M. Ericsson) and lIB and 7 series (ITT). 

So far, only exchange models where all important 
functions are represented in detail, have been 
described. In a simulation involving one part 
of a network it will in most cases be desirable 
to represent one or several exchanges in crude 
detail only. Typically, these are exchanges 
that form the surroundings to the main network . 
These exchanges usually serve as traffic sources 
and/or sinks, but may also execute transit func
tions. TETRASIM contains the definition of sub
classes to PRESELECTION, GROUP SELECTION and B 
SELECTION, by means of which it is easy to con
struct models of simplified exchanges (called 

_ "dummy exchanges"). 

Example: 

In the GROUP SELECTION CLASS SIMPLE GROUP SELEC
TION (subclass to GROUP SELECTION), the outlets 
are considered as a full availability group , wor
king on the loss principle. (If a free outlet 
exists, a call will thus be switched through im
mediately - otherwise it will be lost.) 

In the SIMPLE GROUP SELECTION C~ASS GROUP SELEC
TION WITH WAITING, (subclass to GROUP SELECTION), 
the simplification of full availability is re
tained, but the register function is added in the 
form of an alarm period. A blocked call is al
lowed to wait until the expiry of this period, 
before being finally dismissed. Thus, simplifi
cation to several levels is possible. 

3.4 REPRESENTATION OF QUEUES 

The SIMULA system class HEAD is generally avail
able to represent ordinary queues. Even if no 
physical devices corresponding to queues exist in 
a simulated exchange, it is often very convenient 
to establish a list structure containing the 
calls waiting for a certain group of devices. 
E.g. in the "exchange" of fig. 2, it would be 
natural to associate one queue with each of the 
exchange parts, namely: a "preselection queue", 
(representing subscribers waiting for a free 
register), a "group selection queue" (for calls 
blocked in the group selection part) and a "B 
selection queue" (incoming and local calls 
waiting for available devices in the final selec
tor stages). When a device is released, the cor
responding queue (or queues) can be scanned 
(usually on a random basis) to pick out a call 
that may use the resource in order to proceed 
one step further towards the B subscriber. 

By the use of class HEAD as a prefix, a number of 
queue types for special purposes have been de
fined in TETRASIM, under the common heading TELE
QUEUE. Most of these extensions are motivated 
by the need to collect output information re~ 
lated to the queues in a convenient way. Thus, 
as in the case of a TELERESOURCE, the degree of 
detail in the output information may be control
led by the user. 

Some examples: 

TELEQUEUE CLASS MEASURE TELEQUEUE; 

In this subclass, mean and maximum waiting time, 
as well as mean and maximum queue length is re
corded. 

MEASURE TELEQUEUE CLASS DELAY STATISTICS 
TELEQUEUE ; 

In addition to the statistics of MEASURE TELE
QUEUE, an object belonging to this class will 
count the number of calls that had to wait longer 
than a certain (preset) time limit. 

DELAY STATISTICS TELEQUEUE CLASS SERVINGTIME 
TELEQUEUE; 

This class adds the collection of the complete 
waiting time distribution. 

TELEQUEUE CLASS TELEQUEUE ON FILE; 

This class is analogous to TELEMEASURE and places 
key information (queue number, simulated time, 
number of calls, etc.) on an external storage 
file for every change of state in the corres
ponding queue. By using this class, it is pos
sible to let a special program collect, edit and 
print the information required after the simu
lation is finished. 

3 .5 SWITCHING EXAMPLE 

As an example of the use of the concepts de
scribed in 3.1 - 3.4, consider the sequence of 
events that take place in the simulation model 
when a call is being transmitted through a simple 
system (fig. 4). The A subscriber and the B 
subscriber are connected with the exchanges 1 and 
3, respectively, while 2 is a pure transit ex
change. Thus, 1 and 3, being subscriber ex
changes , consist of preselection, group selection 
and B selection parts, while 2 executes the group 
selection function only. 1 and 3 might, for 
example , be 8B or AKK 50 exchanges, while 2 could 
be an ARM 20 or an 8B transit exchange. 

I DD~C] I/~~-ll D D;GJ I 
I I :[g, : 

L _____ : , ______________ .: 

Fig. 4. A simple network. The example in the 
text describes a call from a subscriber 
in exchange 1 to a subscriber in ex
change 3 (the dotted line in the 
figure ). 

If we assume that a simulation model of this sys
tem has been set up by means of TETRASIM, we will 
have 3 objects representing the 3 exchanges. 
(The global reference array EXCHANGE is used to 
name the exchanges in the system. Thus, we have 
EXCHANGE(l), EXCHANGE(2), EXCHANGE(3).) 
These objects contain references to objects of 
type LOGIC, and these in turn have references to 
the TELERESOURCE objects that represent the re
sources within the corresponding part of the ex
change (fig. 3). For instance, exchange 1 will 
contain a reference, PRESEL, to a PRESELECTION 
object. This object, if the exchange is an 8B, 
will contain references to the TELERESOURCE ob
jects that represent the different lLF/FS and 
2 LF groups'. 

In our example, the attributes ADl and AD2 of the 
call (3.1) have the values 1 and 3. The swit
ching procedure is triggered by the statement, 
executed by the CALL object 

IF EXCHANGE(l).POSSIBLE TO ESTABLISH 
CONNECTION THEN STORE (X,T); 

The sequence of events to follow is: 
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EVENT IN SYSTEM: 

1) Exchange 1 takes control of the switching 
process. 

2) The logic in the preselection network of ex
change 1 tries to establish connection 
through the preselection block (including 
register) . 

3) The path through the preselection network, 
and the register become occupied. The regis
ter tries to establish connection, through 
the group selection stages, with an outlet 
to exchange 2. The necessary devices are 
occupied. 

4) Exchange 2 takes control of the switching 
process. A control device in this exchange 
(typically a code receiver or a register) 
receives digits, from the register in ex
change 1, sufficient to perform the selection 
of outgoing route in exchange 2. 

5) The path through exchange 2 is established 
and the necessary devices occupied. The 
register in this exchange is then (usually) 
released. 

6) Connection path through the final selector 
stages of exchange 3 is tested and seized. 

7) No special event. 
(In the simulation model, a certain amount 
of book-keeping is necessary to ensure that 
the right devices are released after the 
conversation has been completed.) 
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SIMULA DESCRIPTION: 

1) The procedure POSSIBLE TO ESTABLISH CON
NECTION of exchange 1 is called (by remote 
access). The procedure contains two attri
butes, DATAl and DATA2 that are used to store 
information about the connection path used 
in the preselection and group selection 
stages (in exchange 1), respectively. 

2) POSSIBLE TO ESTABLISH CONNECTION executes 
the statement 

PRESEL.CONNECTION PATH AVAILABLE 

,that will test and possibly occupy the TELE
RESOURCES necessary to establish connection 
through the preselecti'on part (including 
register) . 

3) POSSIBLE TO ESTABLISH CONNECTION will store 
the preselection path in DATAl, and proceed 
to call CONNECTION PATH AVAILABLE in the 
GROUP SELECTION object of exchange 1. This 
procedure will try to establish connection 
with an outlet to exchange 2. The connection 
path is stored in DATA2. 

4) Connection with exchange 2 is now estab
lished, and POSSIBLE TO ESTABLISH CONNECTION 
will leave control to this exchange by exe
cuting the statement 

EXCHANGE(2).ACCEPTCALL(Y); 

The parameter Y is used to transmit infor
mation about the call's ultimate destination, 
and about the incoming junction used in ex-
change 2. ( 

5) ACCEPTCALL contains one local attribute, 
DATA2, which, in this case, is used to store 
the connection path through the group selec
tor stage in exchange 2. To distinguish 
from the previous DATA2, the designation 
DATA2(2) is used here. 
The connection through the stage is estab
lished through a call on the procedure 
CONNECTION PATH AVAILABLE belonging to the 
GROUP SELECTOR object of exchange 2. 

6) Connection with exchange 3 is now estab
lished, and this exchange is started by the 
statement (in the previous ACCEPTCALL): 

EXCHANGE(3).ACCEPTCALL; 

This time, the B SELECTOR object of exchange 
3 is activated (by a call on its procedure 

• 
• 

• 
CONNECTION PATH AVAILABLE). The path through ~ • 
the stage is stored in DATA2 of ACCEPTCALL 
(DATA2 ( 3) ) . 

7) The whole path between the A and the B sub
scriber has now been established. Infor
mation about the devices occupied is found 
in DATAl, DATA2, DATA2(2) and DATA2(3). This 
information must be preserved until the call 
has been completed. It may, for example, be 
stored on some external device. ACCEPTCALL 
of exchange 3 ends with storing DATA2(3), 
thereafter ACCEPTCALL of exchange 2 continues 
from the statement above (6) and stores 
DATA2(2). Finally, POSSIBLE TO ESTABLISH 
CONNECTION will proceed from the statement 
mentioned in 4), store DATAl, DATA 2 , and re
turn the value TRUE to the call that started 
the process. In addition it will return in
formation as to where (on the external de
vice), the data records DATA2(3), DATA2(2), 
DATAl, DATA2 are to be found. This is trans
mitted as the X value to the procedure STORE. 
This procedure, which stores information 
about the call itself (possibly on external 
device), is executed, because of the result 



• 
• 

• 
• 

EVENT IN SYSTEM: 

8) A call in the process of hunting may wait 
for free devices as long as the time limit 
of the device in control of the selection 
has not been exceeded. This device is 
usually a register. The usual procedure 
when a time limit is exceeded, is to release 
all devices up to the point of congestion. 
The subscriber then has to make a new at
tempt. 

9) The network may be connected with moni
toring devices, where, e.g. information 
about utilization is recorded. 

4. TETRASIM INPUT-OUTPUT 

The items of input data collection and of simu
lation results output are best understood by de
scription in connection with a practical case 
(2). The description below only contains a brief 
summary of these items: 

4.1 INPUT 

The necessary input to a simulation model may 
roughly be divided into 4 groups. 

4.1.1 EXCHANGES REPRESENTED IN DETAIL 

As described in 3.3, TETRASIM contains detailed 
description of (at present) 3 exchange types 
(with others to be included). For these ex
changes, the types of resources and the internal 
logic is predefined, and it is left to the user 
merely to give the numbers of devices of each 
type. In some cases (particularly link systems) 
interconnection lists also have to be provided. 

4.1.2 "DUMMY" EXCHANGES 

These are the exchanges not to be represented in 
full detail. TETRASIM offers several alternative 
possibilities to describe such an exchange, and 
input to select the proper options to be used in 
erecting this part of the system must be pro
vided, in addition to information about re
sources. For example, an exchange may function 
as a simplified transit exchange, and will then 
be represented by a corresponding group selec
tion object. 

4.1.3 ROUTING INFORMATION 

For all exchanges, the connections with other 
exchanges must be specified. For each of the 
exchanges represented in detail, the position in 
the inlet/outlet selector stages of every line 
from/to other exchanges in the system. must also 
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SIMULA DESCRIPTION: 

TRUE of the IF-test. The second argument to 
STORE, T, is the value of simulated time 
when the call will be finished. (At this 
point of time, the data record DATA2(3) .... 
will be retrieved, decoded, and the approp
riate TELERESOURCEs released.) 

8) If blocking conditions in any of the ex
changes are met, and if waiting for a free 
device is allowed, the call will be included 
in the appropriate TELEQUEUE. In this case, 
the CALL object, as well as the procedure 
POSSIBLE TO ESTABLISH CONNECTION , with its 
chain of ACCEPT CALLs will be left "hanging 
at the program point where the condition 
was found, either until the release of a 
device by some other call makes it possible 
to proceed further towards the B subscriber, 
or until the time limit of some control de
VIce (usually a register) is r~ached. In the 
latter case, the devices occupied are re
leased immediately, and the call object is 
terminated. 

9) As described in sections 3.2 and 3.4, every 
seizure and release of a device, and every 
change in the state of a queue, produces the 
side-effect of collecting output information 
about the resource (or queue) in question. 
The use of an external memory device in this 
collection process is preferable in the simu
lation of large systems, where there is 
shortage of core space. (The demand for dyna
mically allocated space is roughly propor
tioned to the traffic carried by the system.) 

be given. In the cases where the call from A to 
B subscriber may have to pass through one or 
more transit exchanges, routing plans must be 
provided. 

4.1.4 TRAFFIC DATA 

The traffic offered to the system from every 
local exchange and its distribution with respect 
to place of destination must be given. While 
the first of these items is usually easily ob
tainable, e.g. from traffic measurements, the 
second is most often not. Measurements of traf
fic carried by the different routes in the net
work are not sufficient to deduce the traffic 
distributions unambiguously, so a "reasonable 
guess-" is usually a necessary supplement. Some 
types of traffic recording equipment are, how
ever, able to collect the dialled number for 
every call, and, in that case, the data can serve 
as direct input to a simulation. 

4.2 SIMULATION RESULTS 

The results of a simulation take the form of 
output information described in connection with 
the TELERESOURCE (3.2) and TELEQUEUE (3.4) 
classes. The most important items are: 

For resources: 

Traffic carried for the whole group 
Traffic carried by every single device 
Time congestion 
State distribution. 

For queues: 

Average number in the queue 
Maximum number in the queue 
Percentage of time the queue length has 
exceeded a certain (preset) value 
State distribution of the queue 
Average waiting time in the queue 
Waiting time distribution for calls in the 
queue. 
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The selection of items on this list is made by 
means of input options. 
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