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ABSTRACT 

One of the problems that nowadays demands considerable attention 
from traffic engineers is the determination of the call handling 
capacity of SPC switching systems. This paper discusses four 
examples of new ' traffic problems that have arisen with this new 
generation of switching systems, and then addresses the problem of 
defining processor capacity and discusses several approaches to the 
dimensioning of a multiprocessing system. 

A survey is given of the main analytical methods curren tly em
ployed for estimating the capacity of ·an SPC system, in which both 
non-probabilistic and probabilistic meth.:>ds are covered. Following 
this, a brief discussion is given of the principal techniques of 
system simulation currently used to estimate SPC capacity. 

1. INTRODUCTION 

Among" the many new ideas that have appeared during the last 20 
years in the field of automatic telephone switching systems, the 
stored program control technique;is one of the more fascinating. 
Since many forms of stored program control have appeared 
(Ref. 1), it seems advisable to state at the beginning that the type 
of SPC systems that we are gciling to consider in the context of 
this paper are those common control systems that are characterized 
by a central control unit whose basic structure is similar to a gen
eral purpose computer, and ~y a s.!t of programmed instructions (typ
ically 100,000 or more) that are stored in memories and which can 
be modified by programs. Having made this qualification, I would 
like to present a brief historical perspective* of this type of sys
tem. 

The SPC technique was investigated by the Bell System in the 
1950's and it was accomplished, for the first time anywhere, in 
November, 1960 with the cutover of the Morris exchange in 
Illinois (Ref. 4). The Morris system had a space-<iivision switching 
matrix of gas tube crosspoints. The common control equipment 
consisted of a central control logic unit associated with barrier grid 
stores for temporary memory (having a capacity of 32 kilobits and 
a 2.5 microsecond cycle time) and a flying spot store of 2.5 mega
bits for program and translation storage. The size of the total 
program was about 50,000 instructions. Other important events 
during that time in the research and development of SPC systems, 
were the SOCRATE (1964) (Ref. 5), ARISTOTE (1964) (Ref. 6) 
Systems in France. Nevertheless, it was in 1965 with the cutover 
of the first ESSl exchange in Succasunna (Ref. 7) that we can 
say that the technology of SPC switching systems came of age. 
From that time on, some of the major developments are as fol
lows: 

* Excellent and much more detailed survey papers exist on the 
development of electronic switching. For those interested, see 
Refs.: 2, 3. 
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System Exchange Cutover. Date Ref. 

10C Wilrijk (Belgium) 1967 (8) 
AKE-12 Tumba (Sweden) 1968 (9) 
SPl Britannia (Canada) 1969 (10) 
ESS2 Oswego (USA) 1970 (11) 
DEX-2 Ushigame (Japan) 1970 (12) 
EI0 Perros-Guirec (France) 1970 (13) 
D-I0 Kasumigaseki (Japan) 1971 (14) 
EWS-l Munich (West Germany) 1973 (15) 

So many SPC systems have been cutover in the 1970's, that it 
would be exceedingly space-consuming to extend this list. With the 
unceasing flow of new design ideas and new developments in the 
speed, computing power and microminiaturisation of electronics, it 
is impossible in this era to see the end of SPC development. 

But fro m the traffic engineering point of view, which is undoubt
edly the main subject of interest of most people here, what new 
traffic problems, if any, have appeared through the development of 
SPC systems? Let us look at four typical traffic problems tackled 
by traffic engineers in support of the design of SPC systems, and 
let us see if these problems were also inherent in the previous 
generation of crossbar common control systems, and to what extent 
the nature of these problems has changed. 

Firstly, there is the. problem of estimating the overall capacity of 
an exchange during steady-state conditions. Obviously, this problem 
was faced in all previous generations of switching systems; but 
the complexity of the problem has increased greatly with SPC 
systems. Why? Partly because an SPC exchange is expected to 
provide a greater range of call-handling services than the previous 
generation of exchanges, and partly because the greater concentra
tion of functions within a small number of centralized processors 
leads to a much more complex queueing structure, encompassing 
many subtle queueing disciplines. But we should recognize that the 
fundamental problem of estimating the steady-state capacity of an 
exchange has not changed. 

Secondly there is the problem of estimating the capacity of an 
exchange to handle non-steady-state overload conditions. In at least 
two ways, this problem has an importance for SPC systems and 
little or no importance for previous common-control systems. SPC 
systems have a versatility in providing overload control mechanisms 
that was effectively not present in crossbar systems; these overload 
control mechanisms can significantly alter the behaviour of the ex
change over short periods of time, and are not amenable to steady
state methods of analysis. 

Additionally, the possibility of single processor failures within a 
multiprocessing SPC system provides a mechanism for a dramatic 
increase in the traffic load on the remaining processors, and this 
phenomenon has no parallel in the case of earlier common control 
systems. Therefore I conclude that this second problem of transient 
overload capacity has a meaningfulness and importance in application 
to SPC systems that is quite distinct from its applicability to pre
vious types of switching systems . 

Thirdly there is the problem of deciding the optimum q ueueing 
strategy within the control unit to suit a given choice of switch
block and peripheral equipment. In an SPC system, the overall 
queueing strategy is embedded in a wide range of intricate decilions 
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concerning processor interworking arrangements, use of interrupt 
procedures, allocation of timers, allocation of program functions and 
internal queues to different hardware and software priority levels, as 
well as the more obvious decisions concerning the service discipline 
of individual queues. Traffic engineering criteria must be balanced 
against many other design criteria, especially system reliability and 
minimum overall cost, and for this reason the usefulness of the 
traffic engineer's contribution must depend upon his being closely 
involved in the design process, from the earliest stages of system 
design. 

Fourthly, there is the problem of dimensioning the internal queues 
within the common control of an exchange, once the control 
structure has been well dermed. This is not a new problem, since 
the common control in a crossbar exchange may also be accurately 
regarded as being a multi-server multi-queue system. The nature of 
the problem has changed, however, owing to the far greater speed 
of the server in the SPC exchange. Whereas in crossbar exchanges, 
the problem of dimensioning the internal queues resolves itself in 
the problem of calculating the required number of servers (e.g. the 
numbers of registers and markers), in SPC systems this problem 
resolves itself in the additional problem of calculating the required 
capacities of the queues. 

In all four cases, then, the nature of the traffic problem has appre
ciably changed with the introduction of SPC systems, whether or 
not the problems were inherent in previous types of switching 
systems. We are still far from achieving general solutions or even 
general methodologies in any of these areas, although much useful 
work has been done. For this paper, I wish to concentrate on the 
problem of determining the control capacity of an SPC exchange 
under steady-state conditions, and to give a survey of the analytical 
and simulation techniques which are currently being used to solve 
this problem. Before embarking on this survey, I feel it is essential 
to raise the fundamental problem of defining processor capacity 
itself(Ref. 16). 

2. DEFINING PROCESSOR CAPACITY 

Defining the traffic handling capacity of an SPC system is a compli
cated problem because of the many variables that make up this 
concept. One of the most important is the capacity of the proces
sors that govern the system and it is my intention here to provide 
some views about this concept. 

There are many factors that influence the processor capacity. These 
factors can be classified as those that depend on the processor it
self (e.g. software structure, processing times of the different types 
of calls, memory etc) and those which depend on the environment 
in which the processor is going to work (e.g. call-type distribution*, 
grade of service, etc). Furthermore, the configuration of the proces
sors (simplex, duplex, multiprocessing) as well as their method of 
interworking (load sharing, microsyncronization. etc) also have a clear 
impact. A · last but not least factor is the effect of equipment 
faults but in order to simplify the problem we will assume that 
the exchange is free of faults. 

Therefore a general definition of processor capacity must be capable 
of encompassing a wide range of application as well as being intel
ligible and manageable in pra,ctice. As a consequence, it seems better 
to initiate an analysis of this problem by detennining those factors 
which are essential and which should be included in the definition. 

This analysis can be initiated by looking at the role played by a 
single processor in an SPC system. The processor can be considered 
as a server that detects through appropriate devices calls coming 
from the external world, makes the appropriate decisions and 
finally establishes or rejects the calls. 

* Call-type distribution: This is a generic term to represent the 
breakdown of calls into categories, taking into account: 
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a) Origin and destination. 
b) Degree of completion (sometimes called call mix) (Ref. 17). 
c) Types of signalling, metering, etc (sometimes called call 

pattern). 

It is clear that calls occupy the processor in two senses: there is 
both memory and processing time occupancy. From the processor 
capacity point of view, both must be estimated. In practice, the 
estimation of processor memory occupancy is relatively straightfor
ward in SPC switching systems, since the vast majority of memory 
is allocated by the designers in an almost deterministic way*. The 
more difficult task is the estimation of processing time occupancy, 
since complex queueing mechanisms play a decisive role. We will 
then concentrate on the problem of defining processor capacity from 
the point of view of processor time occupancy. 

A preliminary conclusion that we obtain. from looking at the problem, 
is that the processor capacity could be measured as the number of 
call attempts that are treated in a given unit of time. However, 
since the processor spends different processing times for each type 
of call, the processor capacity must innately depend upon the re
quired call-type distribution. This is the main justification for intro
ducing the concept of the call-type distribution since from the view
point of the processor it is necessary to break down the total volume 
of call attempts into a range of categories, in such a way that call 
attempts belonging to a given category will require the same proces
sing tasks. We shall designate the busy hour as our unit of time and 
the Busy Hour Call Attempts (BHCA) as the unit of capacity; and 
we must define the call-type distribution as the one appropriate to 
busy hour conditions. 

Under these conditions, for a given environment with a fixed call
type distribution, it is possible to determine the occupancy that is 
produced by each call attempt that appears in the processor, and 
as a consequence to determine the number of BHCA which corre
sponds to what we shall call maximum permissible occupancy 
(m.p.o.). This means the maximum occupancy at which the proces
sor can work without introducing delays that would produce a drop 
in its efficiency; expressed in other words: if the occupancy is in
creased beyond this level, throughput will not increase, on the 
contrary, it may decrease . 

A practical way of measuring the m.p.o. is to measure the ratio of 
carried calls to offered calls for a fixed call-type distribution while 
slowly increasing the number of BHCA. When this ratio starts to 
decrease one has reached the m.p.o. This criterion would not be 
very useful if the m.p.o. changed significantly for different call- type 
distributions; but our own practical experience has been that, for 
a given system, the m.p.o. does not vary significantly with the call
type distribution. So, with this motivation, we define maximum 
capacity of the processor, for a given call-type distribution, as the 
number of BHCA which corresponds to the maximum permissihle 
occupancy. 

Have we then considered all the main factors that can influence the 
capacity? Clearly the answer is no, because besides giving service 
it is necessary to provide it in accordance with a specified grade of 
service (GaS) (and note that GaS should include probabilities of 
call delays as well as call loss for the key phases of the call). Here 
both manufacturers and administrations are faced with the difficult 
problem of defining realistic and measurable performance indicators 
for the nominal load and overload situations that the exchange can 
encounter. 

Let us now introduce the concept of nominal processor capacity 
defining it as the number of BHCA with the corresponding call
type distribution that will meet the most restrictive performance 
indicator established in the GaS for nominal load specification. If 
as normally happens the maximum capacity exceeds the nominal 
capacity we will still have some available capacity for overload con
ditions. The processor's overload capacity can be defined in til.e same 
way as its nominal capacity, merely recognizing that the GOS speci
fication and call-type distribution may both take different values in 
the overload situation. 

* More complex problems can arise in determining the optimum 
finite capacity of memory units (Ref. 18); or in estimating the 
optimum storage allocation strategies for instructions and data 
in the case of multiprocessing because of the large number of 
tasks that are simultaneously competing for memory (Ref. 19). 
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Up till now we have considered only one processor. The problem ' 
of defining the control capacity is more complicated if we consider 
that a second processor is invariably provided for reliability reasons, 
and wish to take into account the operation of both processors. 
In practice, administrations currently appear to take one of the 
following approaches: 

(a) To require that GOS criteria for both nominal load and over
load conditions are met all the time, regardless of single 
processor failures; or 

(b) To require that GOS criteria for both no minal and overload 
conditions are met by the complete set of processors, and that 
when a single processor fails during nominal load traffic, the 
system should be capable of meeting the normal GOS criteria; 
or 

(c) As in case (b) but permitting relaxed GOS criteria in the case 
of single processor failures during nominal load traffic. (In 
practice these relaxed GOS criteria are usually the same as the 
GOS criteria for overload conditions in the absence of processor 
failures). 

The second and third approach do not prescribe GOS criteria for 
the combination of single processor failure and overload traffic ' 
conditions, and are therefore apparently less severe than the first 
approach. In practice, any of these approaches may be arbitrarily 
severe or arbitrarily accommodating, depending upon the figures 
chosen for the overload traffic and for the GOS criteria. But what 
are the implications of these different approaches for the designer 
or traffic engineer wishing to dimension the system? . 

Firstly, note that in the case of a microsynchronized system, the 
designer has no choice b ut to follow the first approach, even if 
the customer has specified his requirements in terms of the other 
approaches. This is because the additional processors increase the 
reliability but not the traffic handling ability of the system. The 
designer of a microsynchronized system must ensure that the 
maximum capacity of a single processor will exceed both the re
quired nominal capacity and the required overload capacity of the 
system, in order to meet the GOS criteria for nominal and over
load conditions. 

On the other hand, the strategy for dimensioning a load-sharing 
system will differ according to the different approaches. In the 
first case, since a single processor must satisfy both the normal and 
overload GOS criteria, the designer must ensure that the maximum 
capacity of a single processor will exceed both the nominal capac
ity and the overload capacity of the system. As a consequence, the 
full load-sharing system will have a capacity well in excess of the 
administration's stated requirements. In the second and third cases 
there is no need for the maximum capacity of a single processor 
to exceed the required overload-capacityof the system, although 
it must significantly exceed the required nominal capacity of the 
system. The full load -sharing system must of course be dimensioned 
to satisfy the overload GOS criteria. In this way, the real system 
capacity will be closely tuned to the administration's stated re
quirements. 

These thoughts can now be brought together, and summarized as 
follows. For a given type of SPC switching system, one cannot 
talk meaningfully about its control capacity except in terms of a 
given set of call-type distributions and GOS criteria. From the 
administration's point of view, it is highly desirable to know two 
particular indicators of the control capacity, each being expressed 
in terms of BHCA: firstly the Nominal Capacity (being the maxi
mum nu mber of BHCA which can be treated according to a given 
call-type distribution and set of GOS criteria, typical of normal 
Busy Hour conditions in that exchange); secondly, the Overload 
Capacity (being the maximum number of BHCA which can be 
treated -according to a second call-type distribution and second set 
of GOS conditions, typical of overload conditions in that exchange). 
From the manufacturer's point of view, since he is designing a 
system to suit a wide range of network applications, it is highly 
desirable to know a third figure of merit, the Maximum Capacity 
of the exchange ( being the maximum number of BHCA that can 
satisfy a certain set of standardized call-type distributions and a 
substantially relaxed set of GOS criteria). 
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3. ANALYTICAL METHODS FOR ESTIMATING PROCESSOR 
CAPACITY 

Havina given some consideration to the meaning of processor cap
acity, let us now look at the problems encountered when trying 
to estimate it. We shall need to consider the modelling of SPC 
switching systems and how these models are used in predicting per
formance. First we shall consider analytical models, and then, in a 
later section of this paper, simulation models. 

Analytical models can be classified in many ways. An initial distinc
tion can be made between models which are basically non-probabil
istic and models which are probabilistic (which means in practice, 
based upon queueing theory). Let me begin by surveying the non
probabilistic models. 

Non-probabilistic methods invariably begin by decomposing the 
real-time processing into two basic components: traffic dependent 
tasks and traffic independent tasks (or overhead). To determine 
which tasks belong to each component is something that can only 
be done by considering a specific system and analyzing the way in 
which the processor operates. 

It is generally assumed that the overhead processing time is constant, 
and we should note that this assumption is not inviolate: even when 
exchange equipment dimensions are fixed, overhead processing time 
may be automatically changed during overload or fault conditions. 
Nevertheless, it is usually a reasonable assumption for fixed exchanJe 
equipment and steady-state, fault-free conditions. Concerning the 
traffic-dependent processing time, a linear relationship is usually 
assumed between this processing time and the number of BHCA. 

By means of this linear assumption, one can calculate the number 
of BHCA which will occupy a given fraction, Q, of the overhead
free processing time . This fraction Q is chosen to ensure that the 
system will satisfy the dominant service constraint, a useful term 
introduced by Farber (Ref. 20) to refer to the first GOS criterion 
to be violated upon increasing the processor's occupancy in the 
exchange. In practice, the dominant service constraint can vary from 
exchange to exchange. The choice of fraction Q is of course nothing 
more than an engineering guess; one cannot begin to estimate Q 
accurately without lifting the lid of a Pandora's box called queueing 
theory. 

These general assumptions are to be found in the majority of non
probabilistic methods. One of these, due to Farber, deals with the 
frequency of execution of the Base Level program cycle as the 
variable of interest, rather than processor occupancy as such. 
Farber's method constitutes an example of how it is possible to 
combine a linear model with other techniques such as simulation in 
a practical and manageable way. The problem of estimating proces
sor capacity becomes one of identifying the dominant service con
straint and determining the corresponding processing time available 
for processing calls; the model was verified for both ESSl and 
TSPS NOl (Traffic Service Position System) by means of both 
simulations and traffic measurements and can be applied to syst~ms 
similar to those mentioned (Refs. 20, 21). The inherent limitations 
in the general applicability of this method derive mainly from the 
basic assumption of linearity as well as from the difficulty of iden
tifying a small number of system variables which can characterize 
the traffic behaviour of the system, at least with respect to the 
dominant service" constraint. Nevertheless, this author would say that 
from his own experience, the assumption of a linear relationship 
between processor occupancy and BHCA holds well in steady-state, 
fault-free conditions with a constant call-type distribution, up to 
the designed occupancy level for overload capacity. 

Another method that makes use of the same linear assumption was 
presented by my colleagues and myself during the last Congress 
(Ref. 22). The "customers" served by the processor in this model 
are not the calls but the actual priority levels in which the proces
sor's tasks are ordered. The model considers different types of 
levels such as levels with a scheduled cycle of entries, levels whose 
mission is to treat peripheral units, and levels whose occupancy 
depends on traffic demand without any other constraint. By con
sidering steady state conditions the model provides estimates of the 
average execution frequencies of each level, the average occupancy 
of each level, and upper bounds of the waiting times for the 
completion of service in each level. This information is relevant for 
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forecasting possible bottlenecks in the software as well as for com
paring differen t design alternatives with regards to the allocation 
of programs within each priority level. Obviously its limitations 
again arise from the linear assumption previously mentioned. * 

I now wish to turn to the probabilistic methods of analyzing SPC 
control capacity. One observes a growth in the research literature 
in two areas, whose frontiers are steadily approaching each other, 
but have yet to meet. One area consists of those papers directly 
relevant to switching systems where the authors have attempted to 
provide a global analysis of the system performance taking into 
account the most significant call-failure mechanisms: internal and 
external congestion, subscriber behaviour, etc. (Refs. 26, 27). Gen
erally call failures due to equipment failures are ignored but this 
area is wide open for investigation by teletraffic researchers. The 
strength of the global analyses is that they aim to produce esti
mates of system performance, particularly under overload conditions, 
in terms of the GOS indicators most relevant to telecommunications: 
the probabilities of loss and delays in calls of different types. The 
current weakness of these global analyses is their assumption of 
greatly simplified waiting-time distributions, almost invariably a 
simple negative exponential distribution, to characterize the internal 
delays in the control, and this assumption is not really adequate 
during transient overload conditions. 

The second relevant area consists of the hundreds of research pa
pers appearing in the last few years concerned with the analysis 
of queueing structures typical of contemporary real-time general
purpose computer systems.** These papers are being published 
at a faster rate than teletraffic engineers can absorb them, and we 
find ourselves skimming through them, selecting those papers in 
which the postulated queueing problem appears relevant to an SPC 
switching system, and then attempting to come to grips with the 
mathematics. The selection process is difficult because most of 
these papers are simply not oriented to switching systems. But even 
those which are related to SPC switching systems do not form 
exceptions to the general observation that the mathematics of 
queueing theory as applied to real-time computer ~ystems has be
come increasingly formidable. 

The queueing structure which exists with in an SPC control arises 
partly from the economics of concentrating a large number of 
control functions in a small number of processors, and partly from 
the design strategies used to ensure that the waiting times for dif
ferent tasks are kept within acceptable limits. A typical SPC control 
system may incorporate a mixture of both pre-emptive and non
pre-emptive priority strategies (Ref. 31); normally a pre-emptive 
priority is created by assigning a function to a particular level of 
so-called hardware interruptaOO. a non-preemptive priority is created 
by assigning a function to a software queue within a given level 
of hardware interrupt. The problem of derivingoptimum scheduling 
strategies in terms of a minimum number of interrupts for a given 
number of priority levels and a given response-time constraint for 
each individual level, has been extensively treated by Herzog in 
several contributions (Refs. 32, 33). His models consider Poissonian 
input, for each of several parallel FIFO queues, unlimited waiting 
room in the queues and a single server with a general erlangian 
distribution of service times. The results obtained include the 
average response time (waiting+processing time), the average waiting 
times for each priority level, and the average number of interrupts 
per demand in a given priority level, etc. 

Nevertheless, in ord er to determine processor capacity one should 
bear in mind that besides the effect of having tasks ordered accord
ing to priorities, one of the most important characteristics of SPC 
systems is the high degree of dependence among the different 

* Another model presented in Ref. 23 provides a method of 
evaluating the different cycle times in visiting the different 
queues in the processor, as well as determining the optimum 
relative frequencies with which different queues should be 
visited. These problems have also been extensively treated 
by simulation in Ref. 24 and probabilistic studies of the type 
of queueing described in the model can be found in Ref. 25. 

** An excellent review of the different types of models can be 
found in Ref. 28. See also Ref. 29 for computer perform
ance evaluation and Ref. 30 for time-sharing systems. 
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tasks. In the central processors, many of the requests for executing 
specific programs as a result of the previous execution of other 
programs, produces a feedback effect which should be taken into 
account. As a consequence, the input process to the queues in the 
central processors cannot be regarded as a Poisson process since the 
arrival times of the individual demands are not independent of each 
other; only the arrival process of fresh tasks can be modelled as 
Poissonian. It is the opinion of this author, who is not an expert 
in queueing theory, that feedback priority queueing theory has not 
yet reached a sufficient state of sophistication to treat this problem. 
However, I would not be do ing justice to the researchers if I did 
not say that many valuable contributions have been made during 
the past few years which approach this problem in a more realistic 
way. One may refer to the work of Enns, Wignall, Gosztony, Chan 
and Chung (Refs. 34, 35, 36, 37). We are fortunate that a 
particularly interesting paper in this area has been contributed to 
this Congress (Refs. 38). 

In analyzing the traffic behaviour of common control units in SPC 
systems, we need to consider not only the central processors but 
the periphery as well, which includes all peripheral devices that 
receive or transmit signals to the central processors. It appears to 
me that some of the traffic problems that can arise in the control 
of peripheral units can be treated by certain well recognized prac
tical methods for dimensioning crossbar switching systems (Refs. 39, 
40). Nevertheless, there are many other traffic problems in this 
area that deserve further attention. In this line one welcomes se
veral contributions that have been made to study the traffic charac
teristics of the transfer of information between the central processor 
and the peripheral devices (Refs.41, 42'.). In SPC systems this 
transfer only takes place at certain instants of time that depend on 
the scheduling strategy adopted for the system; once again we are 
confronted with a queueing problem, but fortunately a much simpler 
queueing problem than that represented by the total behaviour of 
the SPC control system. 

Useful results for the waiting-time distributions of calls at peri
pheral devices can be 0 btained by modelling this subsystem as a 
single-stage or a two-stage set of queues. The key simplifying 
assumption introduced in these models is to model the call arrival 
process to the queues as Poissonian, which probably distorts the 
effect of the previous processing of the calls; but without such 
a simplifying assumption it is not possible to analyse this subsystem 
in isolation from the total queueing structure of the exchange. 
Apart from the simplifying assumption of Poissonian input, the 
analysis of the peripheral control subsystem can often be carried 
out in an exact and realistic way, and hence can provide useful 
infOrmation for the system designers concerning the relative advan
tages of different control strategies, at a relatively early stage of 
system design. As a practical measure, a full-scale simulation of 
the SPC control should be used to check the validity of the sub
system models, but this full-scale simulation can normally only be 
made at a very late stage in the system design process. 

4. SIMULATION METHODS FOR ESTIMATING PROCESSOR 
CAPACITY 

Simulation is one of the most commonly used techniques for invest
igating the call handling capacity of an SPC system's central control 
and for obtaining insights into the performance of the control under 
different traffic situations. During the last few years there have 
been so many papers written describing simulations for particular 
SPC systems (Refs. 43, ........ 55) that to give a complete 
survey would make this paper far too long; instead of doing that, 
I would like to concentrate on the most general simulation methods 
that exist at present for dimensioning and estimating the capacity 
of SPC control units. 

There are a large number of different kinds of simulation models 
but the two main techniques that nowadays apply to SPC control 
unit are: environmental simulation and time-true simulation. 

The technique of environmental simulation was developed first in 
1967 (Ref. 49) as a tool to perform the debugging of the programs 
written for an SPC switching system. Basically, the environmental 
simulator uses a separate general-purpose digital compute!; or the 
same type of computer used as a central processor in the SPC 
system, to substitute for all elements of the system (the peripheral 
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siqnalling and control devices, and the switching network) except 
the processors governing the exchange and their software. The 
simulator operates in real time and simulates the whole environment 
of the system processors, its role being to generate all the telephonic 
events associated with the calls offered to the system. ' An interface 
transforms these events into the actual signals that the periphery 
provides ' in a working exchange. The simulator is also responsible 
for responding to the signals sen t from the central processor to the 
periphery. An accurate timer in the interface synchronizes the 
interchange of signals between the two subsystems. The central 
processor has no way of recognizing that part of the exchange 
has been replaced, and the current states of the switching network 
and of all other peripherals (lines, trunks, markers, etc.) are kept in 
the simulator's memory. 

Once the environmental simulation exists for system testing purposes 
it is quite logical to apply it to traffic simulation (Ref. 50). One 
cannot find a more accurate tool for this purpose, since the pro
cessors and software are the actual ones, provided that the environ
ment is adequately represented in the simulator. The only problem 
from the traffic point of view is to ascertain that the generation 
of call attempts and associated events is done according to the 
patterns applying in real traffic. This in itself raises some problems 
because, for instance, the simulator should be capable of simulating 
large exchanges, and furthermore, generating traffic loads exceeding 
the system capacity. This creates a memory problem in the labo
ratory installation since the amount of memory required can be very 
large, for a big exchange. This type of problem can be solved by 
simulating a smaller numb er of terminals, offering calls at a higher 
rate than the equivalent number of terminals in the real exchange, 
and correspondingly reducing the average conversation time (Refs. 
51, 52). 

The main strength of the environmental simulation as applied to 
traffic studies in SPC systems is the great level of realism that can 
be reached when traffic capacity or overload behaviour are to be 
investigated. The main weaknesses are: firstly, that the effort in 
preparing the input data for the simulator is very heavy, since the 
simulator .must keep track of the individual call occupancies at each 
line, trunk and network access device in the simulated exchange; and 
secondly, that since the fully-developed SPC software is being used, 
there is no practical possibility of evaluating different design alter
natives. 

In the field of time-true simulation (Ref. 53), the object is to 
provide a simplified model of both the central control and its en
viro nment, incorporating in the model only those features relevant 
to traffic engineering purposes. For convenience, a time-true simu
lation is usually carried out using a general-purpose computer, and 
using a simulation-oriented high-level computer language. 

The degree of simplification of the simulation model can vary 
considerably, to suit different purposes. I shall briefly describe 
three techniques, which in order of increasing complexity are the 
load-type, the sub call-type and the call-type simulation techniques. 

In a load-type simulation, we simulate as accurately as possible 
the number of action requests per program and the program exe
cution times at different levels of priority within the processors, 
according to the number of BHCA and call-type distributions, but 
the calls themselves are not simulated, and therefore the dependen
cies and feed back effects between different programs are ignored. 
By ignoring the calls, one can also eliminate the need to simulate 
the internal queueing mechanisms, including the control of peri
pheral devices, and also the map of the switchblock connection 
states. Despite this extreme degree of simplicity, a load:type simu
lation can provide useful and reasonably accurate results for the 
total processor occupancy, used to estimate system capacity, and 
for the actual execution frequency of each program (as opposed 
to its scheduled frequency). Furthermore, a load-type simulation 
can be performed at a relatively early stage of system design. 

In a subcall-type simulation, the calls are broken down into separate 
}iBses or "subcalls" such as PRESELECTION, SELECTION, 
ANSWER, RELEASE, etc., such that each sub call is initiated by 
an external signal which can be modelled by a simple independent 
renewal process, such as the Poissonian. The dependence between 
different phases of a call is ignored with this technique, but all 
the feedbacks between the programs serving a given sub call , and 
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the appropriate queueing disciplines, are accurately modelled. Thus 
sufficient information is incorporated into the sub call-type simulation 
to enable accurate estimates to be made of subcall delay during 
steady-state conditions, such as dial-tone delay and post-dialling 
delay, without the need to retain a more detailed memory of the 
state of a complete call. The technique of subcall-type simulation 
has been already described and critically assessed in considerable 
detail (Ref. 54) in an earlier session of this Congress. 

A full call-type simulation includes a much more detailed memory 
of the stares of individual calls, in which the proper dependence 
between different phases of each call are accurately modelled, 
including the individual signalling events (which are not all modelled 
separately in a subcall-type simulation). Secondly, the call-type 
simulation takes into account the traffic-dependent memory require
ments, such as call-buffers and hoppers, in order to dimension 
these (Ref. 55). In other respects it is like a subcall-type simulation: 
the proper queueing disciplines and feedbacks between programs are 
incorporated, including the control sequences for the peripheral 
devices, and the map of the switchblock connection states is not 
simulated; instead, the path-search variable exec~tion times ar-;
modelled by a random variable, and the probability of internal or 
external blocking is decided by another random variable, whose 
statistics are based upon the specified call-type distribution. 

The penalty incurred in constructing a call-type simulation instead 
of a sub call-type simulation is relatively low in terms of memory 
requirements but is high in terms of computing time. For obvious 
reasons, the call-type simulation takes longer to reach a steady
state condition, starting from an empty system, and the ratio of 
computing time to simulated time is found to be appreciably 
higher in practice. Nevertheless, to investiqate central control per
formance during transient and overload conditions, the subcall-type 
simulation cannot serve this purpose, whereas the full call-type 
simulation can. 

Perhaps a few words should be spent in justifying the exclusion of 
the system "map" of switchblock connection states, since this map 
is normally excluded from all three types of time-true simulation 
techniques. Our studies of interactions between the switchblock 
and the control have shown that the call occupancy of the 
switchblock varies very slowly compared with changes in the 
time-occupancy of the central processors, and for this reason it is 
adequate to model the congestion in a switchblock as a random 
process independent of the states of individual calls in the central 
control. On the other hand, the validity of modelling the path
search execution times by an independent random process may 
vary from good to bad, depending upon the particular exchange 
conditions, such as the diversity in the number of routes and sig
nalling devices, and the path-search algorithm in the real system. 

5. CONCLUSIONS 

Finally, I come to my conclusions. In this paper, I have drawn 
attention to four typical traffic problems tackled by traffic 
engineers in support of the design of SPC systems, which may be 
summarized as the steady-state control capacity problem, the 
transient overload capacity problem, the optimum queueing stra-
tegy problem, and the queue-dimensioning problem. While showing 
the continuity that some of these problems share with problems 
encountered in previous common control systems, I have attempted 
to explain how and why the nature of these problems has changed 
with SPC systems. In the rest of my paper I have put most 
emphasis on the steady-state control capacity problem, and I have 
given a survey of the principal analytical and simulation methods 
used for calculating the traffic capacity of an SPC control system. 
In this survey, I have tried to give a bird's eye view, to give a 
broad perspective of the mountains and valleys; possibly the queueing 
theorists among you may be disappointed that I have not made a 
closer topographical examination of the individual rivers, but the 
rivers have yet to meet and form a mighty river, and some of the 
rivers have yet to reach the sea. 

Any given method for estimating control capacity will only be of 
general value when we, as an international group of teletraffic 
engineers, can agree on common definitions of exactly what we 
mean by the "control capacity" of an SPC switching system. For 
this reason I have devoted a significant part of my paper to 
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discussing the concept of processor traffic capacity, and to putting 
forward certain suggestions for your consideration. I note that it 
has an indirect bearing 0 n the new Question (G) of the CC lIT 
Study Group XIII's study program for the next four years, partic. 
ularly that clause of Question (G) which asks: "Should any ........ 
recommendations include general loss or delay standards or both 
which should be met by any type of common·control switching' 
system, and specify safeguards against their differing degrees of 
sensitivity to overload and failure conditions? " 

More generally, it has a direct bearing on the need for the inter. 
national teletraffic community to ensure that its set of standard 
definitions of teletraffic engineering terminology remains sufficiently 
relevant and sufficiently extensive to cover modern switching 
systems. I fear that the set of definitions produced by the 
Nomenclature Committee at the 5th International Teletraffic 
Congress, in 1967, is fast becoming out of date. Perhaps the 9th 
Teletraffic Congress will be an appropriate time to resuscitate 
the Nomenclature Committee. 

I have touched upon the need for traffic engineers to become 
closely involved in the design of SPC switching sytems from the 
earliest stages of system design, in order to maximize their con. 
tribution to the design. This need is even more evident with the 
latest generation of microprocessor·controlled switching systems in 
which the choice of hierarchical control structure is wide ope~, 
allowing considerably greater freedom in the decentralization or 
centralization of functions within the control system. For these 
systems, the traffic engineer will need to become involved in the 
design process from the very beginning. 

Having presented you with the cheerful prospect of considerable 
further work, I thank you for your attention, ladies and gentlemen. 
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