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COMPUTING ASPECTS 
OF A TRAFFIC PREDICTION MODEL OF A TELEPHONE EXCHANGE NETWORK 

ABSTRACT 
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London, UK 

The principles involved in co~structing a large computer 
based model are discussed in relation to its development 
specifications by management. Particular attention is 
focussed on the development of a model with flexible 
construction which can be transported between different 
computers. 
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1. INTRODUCTION 

The use of computers for solving teletraffic problems is 
well established. Simulation models and network models 
have been used for some considerable time by many 
telephone administrations for investigating a wide range 
of subjects. In the majority of these cases a clear and 
distinct specification is given to a specialised 
computing team. who carry out the programming in the most 
effective manner on a chosen computer. perhaps using 
existing software packages. Such computer models are 
tailored to a particular computer configuration and 
whilst efficient to run can be difficult to transfer to 
another type of computer. Furthermore. in many cases 
subsequent changes to the programs for enhancing existing 
facilities and providing additional facilities are 
difficult to implement. 

As management is now placing greater reliance on computer 
based models as efficient decision making tools. the art 
of designing models to meet the diverse needs of manage
ment has become increasingly complex. A need to develop 
compatible models which can be used by other managements 
on different computers has involved placing greater 
emphasis on the design of the computer models. A 
computer based model of this type is currently being 
developed by the British Post Office in conjunction with 
three telecommunications manufacturers; The. 
General-Electric Company. The " pfessey Telecommunications 
Group. and Standard Telephones and Cables Ltd. This 
model. a Traffic Prediction model. has a number of 
development constraints placed upon it which have 
dictated a set of programming principles to be followed. 

This paper discusses the nature of these constraints and 
the formulation of the programming principles. 

2. THE TRAFFIC PREDICTION MODEL 

The Traffic Prediction model which is described in 
another paper. (1) has been developed to provide a Jo~nt 
British Post Office and Telephone Industry Committee with 
data about the growth of a telephone exchange network. 
A large data base of information is being built to act 
as a test bed for the evaluation of future telecommuni
cation systems and also to furnish design teams with 
essential statistics for system design and exchange 
dimensioning. 

The model is based on a provincial administrative 
telephone area in the United Kingdom (U.K.) chosen as 
being a statistically representative slice of the whole 
U.K. network. so that a realistic rather than a 
hypothetical topology would be portrayed. The model 
identifies 150 exchanges and the total number of data 
items stored is in excess of 1 million spread over 25 
data files. The total number of lines of program 
statements is of the order of 6000. A programm~ng team 
of two programmers working under a Project Leader has 
been employed. 

3. DEVELOPMENT CONSTRAINTS 

The most critical constraint imposed on the development 
of the Traffic Prediction model was a requirement for 
the computer model to be portable between a number of 
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different computers. This was necessary on two counts. 
Firstly, it was highly desirable in the long term for 
the completed model to be available to each of the 
participants involved in the model design. Secondly, 
because manpower resources were scarce, all programm~ng 
was contracted to a programming team which developed 
the programs on a different computer from the destined 
computer. The programming team was chosen for its 
considerable experience in modelling of telecommunica
tion networks, and this minimised possible liaison 
problems. Full advantage of this experience was taken 
by giving the programming team a maximum amount of 
freedom in design. 

The decision to develop portable programs required a 
minimum computer configuration to be specified. Whilst 
in principle it is possible to make computer programs 
portable between all sizes of computer, considerable 
penalties would be incurred if some of the more attrac
tive features of larger computers, such as larger main 
stores and e greater number of input/output channels 
were not utilised. The size of the model indicated 
that a fairly powerful computer was desirable. This 
does not necessarily mean that smaller computer 
configurations would be excluded, but additional work 
could be required to squeeze the model on to smaller 
computers. 

A further constraint on the development is that a working 
model must be available to management at the earliest 
possible opportunity. It is no use tackling a highly 
sophisticated model with all the conceivable facilities 
included at the first attempt as this usually leads to 
a situation where a satisfactory working model takes 
years to achieve. The development strategy has been to 
provide a basic model in working condition first, with 
thought given to future enhancements at the design 
stage so that more sophisticated versions can be 
developed afterwards. This approach has the advantage 
that management can see exactly how money and effort are 
being expended. Considerable monetary savings can be 
achieved by adopting this approach; for instance, it is 
often found that simple models provide management with 
adequate means for decision making. 

The model is being developed in a research and develop
ment environment where improved ideas are continually 
being proposed. In order to portray new trends, the 
model must be of flexible construction so that changes 
can be easily accomodated. Improvements to design 
occur naturally as experience is gained. Care must be 
taken at the design stage to avoid an inflexible program 
structure; otherwise changes to the model can lead to 
costly rewriting of large areas of the program. While 
it is impossible to predict all changes to model 
requirements, experience has shown where flexibility 
points should be introduced. Flexible computer models 
consume larger quantities of computer running time than 
tailor made versions and this can introduce additional 
costs. A compromise between flexibility and running 
costs must be achieved and this is largely dependent 
upon individual circumstances. In general, network 
type computer models of mathematical construction do not 
consume as much computer time as simulation models using 
Monte Carlo techniques. More flexibility can be 
introduced into the network type of model. 

The above constraints have dictated a programming 
methodoiogy to be defined as a set of programming 
principles. 

4. PROGRAMMING PRINCIPLES 

In order to provide portable computer programs a high 
level computer language which is freely available on 
the majority of computers must be chosen. Furthermore, 
the language must be capable of dealing efficiently 
with both the file handling and the mathematical 
calculations needed in the Traffic Prediction model. A 
language which satisfies most of these requirements is 
Fortran IV, which is available on nearly all computers. 
Although Fortran is primarily a mathematical language 
and is not ideal for file handling operations, it was 
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considered to .be the best choice for the Traffic 
Prediction model. 

The constraints implicit in building a model with a 
flexible structure available for use at the earliest 
opporunity dictated the following approach: 

Development of a model involves harnessing the skills 
of traffic engineering, traffic measurement, system 
engi~eering, computer programming and project management. 
It is desirable to employ two teams, a model building 
team and a programming team. The model building team 
has the responsibility of defining the scope and 
operation of the model into a series of sub-models 
with defined data files acting as interfaces between 
the models (Figure 1). This has several advantages. 
It enables a user of the model to obtain results from 
one sub-model without running the whole model. It 
enables the programmers to concentrate on one task 
at a time thus reducing the problem of liaison with 
the model building team and also reducing the time 
to remove errors from the program. Management is also 
assisted in its task of monitoring progress. The way 
in which the model building team splits the model into 
sub-models is important. The ideal is that the 
divisions appear as natural ones, that the interconnect
ing files contain useful data, and, less frequently, 
that the sub-models are of equal size. Systems 
analysis by the programming team will probably split 
some sub-models into two or more programs which will 
in turn be split into master segments and subroutines 
with some of the subroutines common to a nl®ber if 
not all the programs. 

Extra time must be spent at the design stage in 
defining the boundaries between programs and subroutines 
so that adequate flexibility is maintained. After 
consideration of all conceivable enhancements to the 
basic program, basic versions of programs and subroutines 
are written using simple programming statements. Complex 
and clever programming which take other people 
considerable time to understand are avoided. 

Programming in a simple fashion can reduce the morale 
of programmers; this can largely be overcome by giving 
the computing team greater freedom in setting up the 
model with the advantage that valuable system feedback 
from the programmers can be achieved. This feedback 
is an important factor in ensuring that an early 
working model is available to management. 

Careful documentation of programming methods must be 
maintained to enable subsequent modification and 
extension of programs to be made. Documentation can 
be at two levels, a detailed set of comments in ~he 
program text or a separate handbook of notes. A 
combination of both methods is particularly useful. 

The monetary savings achieved by having flexible 
programs, which can be modified and extended with 
minimal effort, more than offsets the extra cost of 
additional system studies and documentation. These 
savings will become even more substantial in the 
future as programming costs increase further and 
computing cost for a given power of computer reduces. 

The method of specifying models and programs is 
important. A detailed flowchart showing all require
ments ~n a defined order can reduce the freedom of 
design of the programming team, while a scanty 
definition can introduce misunderstandings. A 
compromise between these two extremes has been adopted 
where facilities are specified wherever possible in 
mathematical form, backed by written statements to 
explain accurately more complex problems. As well as 
a well formulated specification, it is essential to 
have good liaison with the programming team. This was 
done by employing a programming team with a tele
communications background. Liaison difficulties have 
been minimised and the usual lengthy testing or 
debugging phase of programs has been reduced. Many 
large computer projects have either failed or been made 
unnecessarily complicated because liaison between 
model building and computing team was poor. 
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In oraer to reauce the program testing stage even 
further, checking procedures have been built into the 
programs. These are designed to highlight faults 
caused by either logical errors or rogue data values 
at the place where they first occur so that less 
effort is needed to search for errors. This approach 
places more effort on the initial design but can 
produce working models more quickly. 

If the principles discussed are rigidly followed a 
model of flexible construction can be available for 
use by management 

5. DATA MANAGEMENT 

5.1 INPUT DATA 

Collection and preparation of input data for large 
computer models is expensive, so careful thought is 
needed at the start of the project to establish the 
nature of the data requirements. Input data must be 
mathematically consistent and this means that attention 
must be given to variation of telephone exchange and 
route busy hours. In many p~ojects data collection 
and file preparation can take longer than the systems 
design and programming so it is essential to start 
collecting data at the earliest po)ssible moment to 
avoid holding up program testing. 

5.2 DATA VETTING 

Once collected, data must be carefully vetted to remove 
rogue values. While this can be done by manual 
inspection, it saves time to prepare input data files 
and then carry out vetting by writing simple computer 
programs to identify extreme data values. While it is 
impossible to find all rogue values by this approach, 
the remainder will mostly be trapped during the running 
of the computer model. 
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5.3 DATA FILES 

Data files have been designed to a standard structure 
so that loading and checking subroutines can be common 
to all files. In most cases programs access data 
values in a serial fashion as this can reduce computer 
running times. In cases where data values must be 
accessed within a file at random, special workfiles 
have been developed so that a modified form of serial 
access with only minimum random searching can be used. 
Additional programming is necessary to achieve this, 
but the efficiency of the program is greatly improved. 
Serially accessed files have extensible data structures 
so that additional data items can be included without 
changes to programs. 

Input data files have been prepared on 80 column 
punched cards as these provide an easy means of 
changing or inserting records. Once loaded, data is 
stored as 80 column card images on industry compatible 
magnetic tape. Files output from sub-models are also 
stored on magnetic tape and these can be directly 
input to other sub-models. 

5.4 FILE COMPATIBILITY 

It is necessary to run a model with a wide variety of 
input data. This can present a problem of compatibility 
of input file issues, so care must be exercised to 
ensure that compatible file lengths and data values 
are used when the model is run. It is possible to 
compare and check file lengths in the program, but 
checking the consistency of data items is more complex. 
A method of reducing compatibility problems is to 
construct hi~tory sheets of each file issue and also a 
running chart detailing file issues to be used for 
each program run. 
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5.5 OUTPUT DATA 

Output data from a number of runs of the Traffic Pred
iction model has been assembled on magnetic tape as 
a large data base of demand for growth of a telephone 
exchange network. The data base is being used as a 
test bed for a further model to evaluate new 
telephone system proposals. The demand data base is 
constrained by switching and transmission policy to 
produce a design data hase. A further application 
for the demand data base is as an information 
retrieval mechanism for telephone design teams. 
Programs have been written to extract data and produce 
statistics and histograms on demand. A standard 
structure for data files has assisted the task of 
writing information retrieval programs. 

6. TECHNIQUES 

Two examples of techniques used during the construction 
of the traffic prediction model are given to illustrate 
the application of the programming principles. 

6.1 THE DOUBLE FACTOR METHOD 

Several times in the model a tentative traffic matrix 
is derived and it is required to adjust the matrix 
so that the first N rows and first N columns have 
each a defined sum. This in principle is done by 
alternatively scaling rows to have desired row sums 
and scaling columns to have desired column sums. The 
technique is attributed to Dr. J. Kruithof. If the 
traffic matrix is 150 elements square then it will 
require the storage of 22,500 values for the matrix 
alone. As this represents a large volume of valuable 
computer main storage, a technique has been devised 
for performing the double factor operation using 
minimal working storage. 

The tec~nique "adopted is to store each successive 
iteration of the matrix on one of two disc files. 
Each iteration reads the matrix from one file in 
serial fashion and writes the improved result to the 
other. The process is then repeated reading, from 
the matrix last written, back to the other. The 
process is terminated either if a specified number 
of iterations is reached, or if the ratios of actual 
column totals to desired totals lie within the range 
1/(1 + E ) to 1 + £ where E is a specified small 
f raction. 

This method has reduced the data storage requirement 
from M2 + 2M values to 5M values for M X M matrix 
where the working store only holds the following: 

1. An ar ray of des i red row sums 
2 . An array of desired column sums 
3. An ar r ay holding one row of the matrix at a time 
4. An array of column multipliers 
5 . An array holding partial totals of the current 

column sums 

The programs developed by this method can cater for 
almost any size of matrix without any change to the 
pr ogram statements. The algorithm has been developed 
as a subroutine in a basic form and a working version 
was available quickly. Improved versions of the 
al gorithm were developed later to cater for additional 
facilities needed by later sub-models. 

6.2 SWITCHED ROUTING 

An example showing how the principles of data 
management and flexible design are satisfied occurs 
i n the programming of a sub-model which uses 
measured route traffic to improve a theoretical 
traffic matrix. In this sub-model the input consists 
of: 

1. a theoretical traffic matrix giving traffic 
between all pairs of exchanges. 
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2. a switched routing schedule defining route 
topologies 

3. a file giving measured route traffic values 

4. efficiency factors at each node which define 
traffic losses due to blocking 

The process consists of taking each theoretical traffic 
matrix element, using the switched routing schedule 
to define the routes followed by this traffic flow and 
then applying the efficiency factors to calculate 
the traffic on those routes. The ratios of calculated 
to measured traffic on every route is averaged for 
each flow and this average is used to correct the 
original theoretical traffic. In total 22500 traffic 
flows each of which involve up to 4 routes are 
identified requiring a very large number of mathe
matical operations. 

In order to design a program of manageable size the 
sub-model algorithm has been broken down into a 
number of simple stages. The random access of 
switched routing and traffic flow data was difficult 
to implement into a simple stage while being 
reasonably efficient and portable. A work file 
operating in a serial fashion was specially constructed 
to store pointers to an array of calculated traffic 
values. The file also stores aggregated efficiency 
factors for each traffic flow. This program construc
tion has achieved simplicity with good computer 
efficiency without sacrificing program flexibility. 

Since this program addresses a large number of data 
items, it was essential to employ a liberal number of 
checks on both input and calculated data to trap 
rogue values. 

7. CONCLUSIONS 

This paper has attempted to indicate the principles 
involved in setting up a large computer based 
Traffic Prediction model. Emphasis has been placed 
on the portability of the model, its flexible 
structure, and providing management with a useable 
working basic model in the shortest time. 

Extra time spent during the initial design to help 
ensure a flexible model structure with good 
documentation and checking facilities, can provide 
an early working model capable of easy modification. 
Good liaison with the programming team is essential 
so it is wise to choose a team who have some 
experience in the type of work being undertaken. 

A computer based model producing a data base of 
information can provide management with a wealth of 
statistics quickly if an efficient method of data 
extraction employing standard data file structures 
is established. 
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