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ABSTRACT 

In modern switching systems the buildup of 
connections is directly controlled by a com
puter. In the following a flexible modular 
simulation program which can be used for struc
tural investigations of modern common con-
trol systems is explained. 
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1. IN'rRODUCTION 

In modern switching systems the buildup of 
connections is directly controlled by a com
puter. A common-control switching system con
sists essentially of a central processor unit 
(computer), several peripheral control units 
and peripheral equipment (relay sets, swit
ching matrix controllers, identifiers etc.) 
(see Fig. 1) 
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Fig.1 

The peripheral control units perform the data 
exchange between the peripheral equipment and 
the central processor unit. The central pro
cessor unit processes the informations from 
the peripheral equipment with the aid of the 
switching programs and generates instructions 
for switching the switching network (via 
switching matrix controllers) o~ relRv Q~+'. 
instructions which are supplied to the per~
phery. The buildup and breaking-down of 
a connection consists of a defined sequence 
of informations and instructions. As the 
switching systems dealt with here have a 
totally different concept and layout to earlier 
systems, it is of fundamental importance to ob
tain data about their traffic theery perfor
mance. For the design of such common-control 
switching systems it is important to harmonize 
the capacities of the central processor unit 
and the periphery. Besides it is important 
that the system is not self-blocking under 
overload traffic conditions. A mathematical 
model which describes such a system can only 
be theoretically analysed and calculated by 
using considerable simplifications. For this 
reason an extensive system simulation on a 
digital computer is the only way of obtaining 
exact data about the traffic theory behaviour 
of such systems, In the following a flexible 
modular simulation program which can be used 
for structural investigations of modern common 
control systems is explained. 

2. DESCRIP'rION OF THE SIMULA'l'ION PROGRAM 

\fuen a program for a simulation of complex 
systems is prepared, one of the most important 
points that have to be clarified is what has 
to be taken into account and what may be 
negligeble of the system, if as realistic 
results as possible are the goal. After the 
size of the program had been estimated, the 
problem-oriented programming language FORTRAN 



was chosen. At the time the program was be i ng 
prepared on the available digital computer, 
FORTRAN was the only higher-level programming 
language which was suitable for simulation 
ahd which permitted the programs to be seg
mented in a relatively simple way. The simu
lation program consists of about 8000 FORTRAN 
statements and is divided into three segments: 

1. Input of the simulation data 
2. Simulation of the data flow in the 

switching systems 
3. Output of the simulation results. 

2.1. Input of the Simulation Data 

The input data for the simulation program 
falls into two parts: 

a) General system parameters 

b) Characteristics of the traffic offered. 

2.1.1. General System Parameters 

The switching system is simulated in the core 
memory of the digital computer by the simula
tion program a.s a model which consists of 
lists. In essence, the system is characterized 
by the following lists. 
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Fig. 2 

The general system parameters include data 
about the average execution time of the in
structions of the central processor unit, the 
number of the peripheral control units, the 
nUmber and length of the individual lists. In 
FORTRAN a list is characterized by declaring 
an array name A(I), where I is the number of 
computer words reserved for the given array. 
As FORTRAN does not provide the possibility 
of variable array declarations, no seperate 
array name was chosen for each image of a 
l i st in the interest o~ a ~lexible structure 
of the simulation program. 

m places of memory n plac~ of memory 
arroyname A ; : ; : I : : I 

list 1 list 2 
Ex-ample 1 
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If a common array name A is agr eed upon for 
two lists, the f i rst pos ition on the s econd 
list is defined by the address A (M+1). If a 
maximum of M+N positions are agreed on for 
array A in the FORTRAN program, the quantities 
M and N can be varied in the input data. This 
method was also applied to more than t wo lists 
and to two-dimens i onal arrays. 

The general system parameters also include 
data about the number of instr uct ions of the 
central proces s or unit for t he input/output 
program which handles the da t a exchanges 
between the central processor unit and t he 
peripheral control units. For convenient use 
of the simUlation program, the system parame
ter input program was written so that only the 
number and the sequence of the data are lai d 
down in the input card. 

2.1.2. Characteristics of the Traffic Loa d 

The simulation program simulated the processes 
in the correct-time sequence. The inter-arrival 
times of the calls (attempts to build up a 
connection), i.e. the spacing of the first in
formation of the calls offered to the system 
is assumed to be a Poisson input. With the 
aid of an exponentially distributed random 
number Z and the mean inter-arrival time A of 

• 

the calls, the instant of the arrival of • 
the n-th call Xn is formed using the following 
formula: 

(~. ) 

where ~ is the instant of the arrival of 
the (n-~Jth call. The simUlation program 
simulated all of the connection buildup and 
breakdown processes, i.e. it simulated the 
defined sequence of informations and instruc
tions, which pass through the system between 
the periphery and the central. processor unit. 
Infor~ations are the data flow from the periphe
ry to the central processor unit. Instructions 
are the data flow from the central processor 
unit to the periphery • 

Example for the begin of the data flow of a 
connection buildup: 
periphery 

central 
processor 
unit 

periphery 

Jnformations 

Jnstruc.tions 

Exampl4Z2. 

The buildup and breakdown of a connection con
sists of about 40 to 50 informations and in
structions. One of the major difficulties in 
the preparation of~he simulation program was 
to find a tabular form (identification table) 
suitable for the simulation of the call proces
sing functions. In this table the informations 
and instructions belonging to one call are con
secutively numbered and it essentially contains 
the following specifications about the infor-
mations and instructions: . 

For each information: 

a) whether after a specified period of time a 
further information arrives in the periphery~ 
belonging to the same call. I~ it is so the 
number of the new information and the time 
when it arrives is given. 

b) whether there is a critical waiting time 
for the informat i on so that they are not 
allowed to wait longer than a specifi ed 
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period of time in the peripheral equipment. 
If it is so the critical waiting time is 
given. 

c) the number of program instructions which 
m~st be handled in the central processor 
unit. 

d) the number of the switching matrix and/or 
relay set instructions which as the re
sult 9f the information processing are 
fed to the output lists by the central 
processor unit. 

e) the sum and the numbers of the informations 
which must have arrived in the central 
processor unit, to process the information. 

For each instruction 

a) whether an information is generated a 
specified time after the instruction 
has been issued to the periphery. If it 
is so, the number of the new information 
and the time when it is generated, is gi
ven • Wi th the aid of the simulation pro
gram any desired combination with up to 
8 different types of calls can be tested. 

2.2. Simulation of the Data Flow in the 
Switching 'System 

In the main part of the simulation program the 
data exchange between the periphery and the 
central processor unit via the peripheral con
trol units as well as the procestng of the 
informations in the central processor unit 
are simulated. Common control switching systems 
l:q which the central processor unit starts the 
~10 program at fixed intervals, can be examined. 
with the simulation program. The following is 
an example of one~he 170 strategies which 
can be examined wlth the simulation program: 

Each peripheral davtce served by a peripheral 
control unit is simulated with the aid of a 
list into which all informations reaching the 
system are written. An entry into this list 
consllts of the number of the call buildup, 
the number of the information as well as the 
instant of the arrival of the information 

Example 3 1'20 3 11500. 30 

120th call buildup 
3rd information 
1500.30 instant of the arrival of the infor-
mation. °t ° t b °t If a peripheral control unl lS no usy, l 

can accept an information from the periphery 
independently of the central processor unit 
and will be busy during the transfer time TU. 
At the beginning of each tlo intervals, i.e. 
prior to the start of the t/O programs, the 
status of all peripheral control units is 
tested in the simulation program. If the list 
of the peripheral control unit is not empty 
an information is transferred and the peri
pheral control unit is busy up to the in
stant 

where 

TA is the instant of the arrival of the in
formation in the peripheral equipment 

TB is the instant at which the peripheral con
trol unit was last busy. 

This is done for all peripheral control units. 
Before an information is transferred a test is 
made with the aid of the identification table 
to see whether a critical waiting time has 
been exceeded. If it is so, the call is lost. 
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Also , a test is made on each information to 
see whether at a later instant T(;}' another in-
formation of this call arr.ives in the system. 
If so, the new information is written into an 
auxiliary list and is transferred to the peri
pheral device list at instant TC. 

The r/o programs takes over themformationSwhich 
are completely in the peripheral control units 
into an common input list of the central pro
cessor. Subsequently, if present, an instruc
tion of an output list is given to the peri
pheral control unit. The peripheral unit is 
busy for the time TU' in which the instruc-
tion is given to an peripheral device. 

After the tlo program started of fixed inter
vals has ended, the information processing 
begins. The miormations of the input list are 
dealt with by the first in - first out method. 
Only the dynamic number of program instruc
tions required for the processing of the 
information is of importance for the simula
tion. The central control unit is busy for 
the time of the dynamic program run. 

The processing of information, however, depends 
on the call progress status. For this reason, 
a call status table is used to keep a record 
in the simulation program about the status 
of all calls in the system every time. If an 
information of the input list arrives in the 
central processor unit, the arrival is stored 
in the call status store. A compare between 
the identification table and the call status 
store decides whether the information can 
processed immediately. If the compare is nega
tive, because not all informations are avail
able, the information is written in an auxi
liary list (time list) and is processed when 
all informations are available. During the 
processing of an information, instructions can 
be writt~n into the output lists. There are 
several output lists (for the various types of 
peripheral devices) which are handled with 
various priorities by the ~/o program. 

2.3. Output of the Simulation Results 

The results of the simulation can be devided 
into four groups: 

a) Loss calls 

b) waiting time and response time destributions 

c) loading of the central processor unit and 
the peripheral control units. 

d) data about the input/output lists. 

2.3.1. Lost Calls 

Lost calls, i.e. unsuccessfull attempts to 
build up a connection, occur as a result of 
critical waiting times being exceeded when 
specific informations (for instance digits) 
are fetched from the peripheral devices for 
transfer to the peripheral control units. The 
percentage of these lost calls is specified 
for each simulated type of offered traffic. 

2.3.2. Waiting Time and Response Time Distri-
butions 

Waiting time occunwhen informations are 
fetched from the peripheral devices and trans
ferred to the peripheral control units, prior 
to the processing of the informations in the 
input list by the central processor unit as 
well as prior to the issue of the output list 
instructions to the control units. The distri
bution of these waiting times is stated. The 
simulation program offers the possibility of 
examining various input/output strategies 
for a specific system configuration so as to 



minimize the waiting times (and hence the 
number of lost calls). In addition, so-
called response times which provide data 
about the quality of service of a system can 
be measured with the simulation program. The 
response time is the time difference between 
the instant TR and instant TA' where e.g. in
stant T ist ~he instant of arrival of in
formatiAn A in an peripheral device and 
instant T is the instant at which instruc
tion B ~sBissued to a peripheral control unit. 

2.3.3. Loading of the Central Processor Unit 
and the Peripheral Control Units 

As the X/O routine of the central processor 
unit is genuinely simulated, the load of the 
central processor unit, due to the routine 
control of the peripheral control units and 
due to the transfer of informations and the 
issue of instructions, can be exactly measured. 
Moreover, the load of the central processor 
unit by prscessing the informations is given. 
If calls are lostrecause specific informa
tions were not fetched from the periphery 
and transferred to the peripheral control 
unit within a specified time, an unproductive 
load will occur in the central procesor 
unit. The central processor unit instructions 
performed between the start of the connection 
buildup and the fetching of these informations 
were performed in vain. The simulation pro
gram determines the percentage of this un
productive load component when overload traffic 
is offered to the system. 

For each peripheral control unit the number 
of informations which are transferred to the 
input list, as well as the number of instruc
tions which are transferred from the output 
lists to the peripheral equipment is given. 

2.3.4. Data about the Input/Output Lists 

The normal operational sequence of the cen
tral processor unit is disturbed if instruc
tions are to be written into the output 
lists and the space available there is insuffi
cient. ~he central processor unit then runs 
in a waiting loop, interrupted by the 
I/o program until sufficient free positions 
are available. 

The dependence of this time span on the 
length of the output lists can be examined 
by varying the list lengths. Moreover the 
number of the intervalls, during which 
the control units were blocked to the trans
fer of informations from the periphery for 
lack of free positions in the input list is 
stated. 

3. CONCLUSION 

The simulation program is a powerfull tool 
for the system design. With the aid of the 
simulation program various input/output 
strategies were tested to minimize the 
waiting times and the percentage of loss calls 
for a given traffic offer. ~he following 
results are important: 

a) The choise of an r/o strategy is essen
tially dependent on the relation of the 
number of informations to the number of 
instructions of the calls 

b) The length of the 110 interval and the 
number of the peripheral control units 
must be chosen so that the load of the 
peripheral control units is in the 
range of the load of the central pro
cessor unit 
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