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ABSTRACT,

Some data regardihg telecomnunication
traffic in Pakistan have heen collected begining

from 1954 upto September, 1966. Certain data

rertaining to the local telephone subscribers
at Dacca, interwing and Dacca-Iondon telegraph
traffic along with the technical losses, hourly
booked and effective trunk calls on Dacca-
Karachi circuit and subscribers trunk dialling
on Dacca~Chittagong circuits have been studied

~and systmatic statistical analysis has been

attempted.

Significant correlation between Total
interwing and Dacca-Tondon effective tele-
graph traffic and technical loss are found to
exist. Auto correlation function of the inter-
wing and Dacca-TLondon technical loss (hours)
have been determined for various time intervals
(numbers df months). The correlation of
hourly booked calls and effective calls has
been found and a high value has been obtained.
The correlation between the effective minutes
and hourly percentage of circuits time available
has been determined with a view to examine
the edohomic utilisation of this system.

The statistical characteristic of the Dacca -
Chittagong direct dialling system has been
investigated in detail and certain signifi-
cant conclusion regarding the effectiveness
of the'existing facilities have been

arrived at.
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CHAPTER ~ I.

INTRODUCTION .

Study of traffic flow is most important
for efficient planning'and dMaintenance of teleco-
mmunica:tion systems. A complete idea of the charac-
teristics of traffic is of very great help'to any |
.administratibn dealing in telecommunication. The
telecommunication organisations are greatly interest-
ed in analysing the traffic pattern as the same helps
them to predict the future pattern of traffic flow.

Full knowledge of the traffic pattern helps
the administration to know whether the existing set
up is adequate to deal with the demand. Sometimes it
happens that the overall set up is adegquate to deal
with the existing traffic but the phasing is not
proper. A proper ahalysis bf the traffic pattern
reveals such discrepancies which may be corrected
appropriately and economically.

For quality control'work as applied to tele-
communication it is necessary to have complete study
of the pattern of tfaffic;

In planning and equipaent designing the
knowledge'of traffic is essential to calculate the '
guantities of different components.,

It .is not sufficient for the Engineer to say
how a work can be done; he must also say how ecpno-
mically the work can bhe done.

Apart frqm this, a Telecoununication QOrgani-
.sation nust be able to predict its requirements in
nen and material for a future period. Such prediction
requires traffic analysis and its projected values

in future.
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A systematic study of such problems has
not been done in Pakistan as far as is known to
the author, In Europe and America such works have
been done to a considerable extent. Problems in
different countries differ because of the social
and economic structure of the country. Problems
faced by our country is not the same as it is in
other countries due to obvious reasons.

One of the modern tendency of the present
day is the steadily increasing use of statistical
methods in a wide variety of scientific fields.

Many Engineering firms lwe used statisfical methods
with profit and it is expected that such methods of
study in the field of Telecommunication Traffic
would be egually profitable.

The fluctuations of traffic is very complex
and frequently the under lying causes of fluctuations
are not clearly understood. The process is known as
a random process, although the random phenomenon may
possess a statistical regularity. Because of the
complexity and incomplete understanding of the
phenomenon, no simple laws are available to describe
their behaviour exactly. Hence an important charactef—
istic of the random phenemenon is that in the process
of its fluctuations the future can not often be
predicted precisely.

Closely related to the notion of random
phenomenon are the notions of random events and their
probahilities. A random event is one, whose relative Frequency
of occurence, in a very long sequence of observations
of randomly selected situation in which the event
may occur, approaches a stable limit value as the
number of observations is increased to infinity;
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the limit value of the relative frequency is called
the probability of the random event. A fundamental

idea is that traffic should be considered statisti-
cally and described in accordance with the concepts
of probability theory.

It is frequentlﬁ argued that results of statis-—
tical investigation can be interpreted according to
individual taste and are, therefore, unreliable, Of
the fallacies about statistics, the most persistent
is illustrated by the remarks of a judge that he was
not influenced by statistics, he only relied on facts.
In one sense, statistics are only accumulated facts
and any distinction between statistics and facts is
not understandable. If proper use is made of the
data through statistical manipulation it will reveal
facts inherent in the data, and in so far as this
process makes evident relationship which could not
otherwise have been detected, it does add to the
total information. Telecommunication sngineers are
often discouraged from using statistical methods
as they have no time to read a large number of
theoritical volumes in order to cover completely
their applied problems. The mathematical theory
of probability is involved and is spread in a
widely scattered literature.

We need not look far to find problems using
statistical idea., The concept of average is used
by every one in referring to a man of average measure-
ment of ear to mouth distance. We use a single
figure of an average to represent the whole group
of men. We use the single guantity, the average,
to describe the characteristic of the group. For
example, the average distance between the lips and
the centre of the ear of a group of men is 14 c.m.
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We do not mean all men in the group have a measure-
ment of 14 c.m. We use the average as number which
describes the whole group of men, so that if we

were to pick a man at random and measure the distance
between his lips and centre of the ear we would
expect it to be 14 C.M.

Another concept is that of dispersion or
variability. An Engineer may say a group of conden-
sers is more variable in gquality than another group.
For example the measurement between the lips and the
centre of the ear varies from 11 c.m, to 17 C.M.
Dispersion measures how many data are away from the
mean,

Correlation is another commonly used statis-
tical description. Increase in one variable may be
accompanied by an increase or decrease of another
variable. The variables are then said to be correlated.

In the opening stages of statistical investiga-
tion we will need collection of a large amount of y
data from which to extract the quantities relevant
to our purpose. Collection of data takes a long time
and sometimes we need data of several years before
we can deduce some useful results. Unfortunately we
have practically no data available and whereever
available, they are not complete. Certain observa-
tions have been made and data collected which in
all cases may not be sufficient to reach any con-
clusion.

Many excellent statistical tools are
available, some of which, although very simple,
are powerful techniques in the methodwéolution of
many important problems encountered in telecommunica-
tion traffic fields., This, in fact, will help our
telecommunication organisation in evolving standard



methods which may be utilised to tackle the ever
expanding planning and maintenance problems.

1%
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CHAPTER IT,
SURVEY QOF PAST STUDIES

To the Author's knowledge, works on this field
has not yet been done in Pakistan., In Pakistan, Tele-
communication is entirely a Government enterprise.
Recently a planning cell has been organised to do the
perspective planning for the next 20 years.

A section has been organised to collect data
and process it. It is in its initial stage and any works
worth mentioning has yet to be done. In fact, statisti-
cal methods are yet to be introduced.

Works on this line are done in some telecommunica-
tion administrations in Europe and America. But very
little is known about their works. A series of articles
entitled "A simple introduction to the use of statistics
in telecommunication Engineering" by J.F. DOUST and
H.J.JOSEPHS5, F.5.5. A.M.I.E.E. may be cited as an
example.,

These articles show how statistical methods are
used in analysing samples which obey "Normal probability
Law", the poisson probability law" etc,

they show how simple tests on specially prepared
graph papers indicate whether or not statistical stabi-
lity has been obtained. whey also show how reguired .
probability characteristics are obtained from the graphs
without going through laborious mathematics,

they have also shown how small samples can be
dealth with "students' 't' method", using tables of 't
and probability chart for 't' test,

pivariate distributions have been analysed
clearly showing how the test of significance of correla-
tion co-efficients are obtained from small samples,

In the first article of the above named series,

a problem to determine the best length of hand micro-
telephone has been considered. For this purpose meaéure-
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ments were taken at random from different individuals,
At the first instant 1945 measurements were taken. It
was processed in the statistical way and found by
different tests that the data were not sufficient.
Next, another set of 1945 data were taken and combined
with the previous 1945. The whole was again processed
and tested and it was concluded that sample was now
big enough to represent a 'Population' and it was
stable. The above sample followed normal probability
law and it was shown how to use probability paper

for such works.

Comparatively small sample has been dealth
with and it was shown that data was sufficient as it
responded to the tests prescribed.

In the second article it has been shown how
to deal with small samples. When samples are small
it may not be possible to draw exact conclusion as to
the properties of the parent *Universe' from which they
were drawn, but the limits between which those pro-
perties must lie can be determined with a desired
degree of certainty.

To check tne adjustment of a machine which
produce electrical insulating washers a small sample
of 10 washers were available., Students 't' test showed ' -

~that deviations were not altogether due to chance,

the machine adjustment might be wrong. This was sig-
nificant. The truth of the assumption was doubtful,
Table of 5% and 1% level of significance for

different values of N was used to save laborious calcu-
lations.,

In the third article the concept of discon-
tinuous variables were introduced and Poisson proba-
bility law was utilised to calculate the number of
lock outs occuring in 50 telephone connections of a
certain 4-wire circuit., Theoritical and observed
frequencies were tabulated and it was found to obey
nearly 'Poisson Law',
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Probability charts have been introduced which
are very helpful in calculation. Some other applica-~
tions of Poisson probability paper have also been
shown. '

In the fourth article Force-displacenent
characteristics of carbon granules has been discussed,
From the data obtained the co-efficient of correlation
has been calculated.

By the significance test it was established
that real carrelation exists,

Apart from the above "Ki squarred test " (X% test)
has been introduced to telecommunication.

The above articles are excellent demonstration
of the use of statistical methods in telecommunication.
They can be used as guiding examples for

further works on telecommunication traffic,
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CHAPTER TTI.

CERTAIN STATISTICAL TECHNIQUES TO BE APPLIED.

It is necessary in the investigation of any
phenomenon to observe and record some characteristics
of the object under consideration. We must have
observation of some form. The observation used as an
illustration are the height measurement of a number
of people.

3.1 Histogram

A Histogram is a picture of a number of
observations. Suppose 5 measurements have been taken
in nearest inches as follows:

68, 72, 66, 67, 68. We then represent them by equal
units of area above a scale marked with those heights
(figure 3.1). |

If we take another few measurements we would
get a picture from which we can form at sight an idea
of how the heights are distributed at various values
along a line in inches (Fig. 3.2).

It is not difficult to see from this histogram
that the average height is around 69 or 70 inches
and a small proportion of the heights are less than
66 inches or morethan 7% inches.

This picture or Histogram is particularly
useful when a large number of measurements have been
taken,

We have drawn here histogram assuming that
height is a discrete variable. The above description
of how to draw a histogram will thus apply to discrete
measurements as they occur and will apply to continuous
measurement if they are grouped into a number of cate-
gories. Even if the measurements had been made to a
much greater precision, they could be represented
by the above histogram by combining all measurements
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between 68.5 to €9.5 into the group 69 inches etc.
The measurements can of course be grouped into any
length interval., If we had assumed that the measure-
ments had been made to the nearest % inch, we would
have obtained a histogram similar in appesarance

to that above but the data would be grouped into
about twice as many groups.

It is important to record observation to the
reguired degree of precision. For most studies 8 to
20 groups would meet the usual requirements.,

If more and more observations were taken and
the histograms were constructed by grouping the
measurements into intervals of less and less width,
it is possible to imagine that the histograms would
approach a smooth curve which would represent more
truly the distribution of continuous measurements.
Fig. 3.4 illustrate such a smooth curve.

The interval chosen for the classification
is referred to as the group interval and the freguency

in any particular group interval is the group fre-

quency.
5.2 FPrequency polygon,

Another graphical description with which each
measurement occurs is given by a freguency polygon.
This is constructed by joining midpoints at the top
of each column in the Histogram. For the histogram
in fig. 3.5 the frequency polygon would be as in
fig. 3.5, '

“When these Histogramg or frequency polygons,
are drawn with proportion in place of actual
frequencies, we call them "freguency distribution"
of the measurements they represent.

Suppose that, instead of indicating the
number or proportion of measurements at each length
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as in the Histogram 5.7, we wished to draw a
corresponding polygon which would indicate

the percentage of measurements shorter than a
given length. If we look at the Histogram, we can
see that starting from the left and progressing
towards right, when we have reached the point
6%.5 inches O measurements or Zero percent is
below that value; by the time we have reached

the values of 64.5 inches, we know one measure-
ment is shorter than 64.5 inches, If we continue
in this manner and make the following columns,
wherein the first column represent the height,
the second column the number of individuals whose
measurements are less than that height, the third
column indicate the percentage of measurements
which are less than thet height and the fourth
column indicate the propnortion of measurements with
height less than that height. If provortions

are used in drawing the graph, the polygon is
called a cumulative distribution polygon.

The cumulative distribution indicates by
its height, above a particular point on the scale
the proportion of the area in the corresponding
Histogram %o the left of that point (fig.3.6).

We have shown how a distribution is represent-
ed by Histogram and frequency Polygon, but it is
not always possible or convenient to do so.

247 Measurement of Central values.

Central value refers to the location of
centre of the distribution. One of the intuitive
notions of a centre of a distribution is the
arithmatic mean or average. It is defined as the

sum of all observation:divided by the number of
observations,



If there are small number of observations,
we shall add them directly and divide the total
by the number of observations. if we have four
ocbservations, X1, X2, X3 and X4 than 'm' mean =
X'l +X2+X3+X4

4

Many occasions will arise when we need
adding very large number of observations. We then
use symbol 2 for summation, for example '_}‘f':Xi,z

— 4 =)
Xy +X, + X5 + X, and X = ¥ xi /4

Similarly é?)h: is the sum of 20 observa-
tions. o

The arithmatic mean is equal to the sum of
the N observations divided by the number of observa-
tions.

Mz

X{
1

N

; = i

22

Let fi be the frequency of observation of value

X. Then £ X+ F2Xa+ ~—-- fuXx = 3 fix:

=

Total number of observations is

ot fe + f——~-~-—-§k:§ fo TN

L=t

thus we have

M=

X = 3 ‘fsxc/_:}éf;

La
3t

2.4 Other measures of Central value =

Two other commonly used measure of a distri-
bution are the mode and the median., The mode is the
value which occur most frequently. In Histogram it
is the mid point of the interval with the greatest



frequency. The median is the point on the scale of
observations which has an equal area under the
Histogram on either side. Then the median is the
middle observations if there are odd number of
cases and is the mean of the two central observa-
tions if there are an even number of cases.

3.5 YMeasure of dispersion. The variance,

An important concept in statistics is that
an average does not in itself give a clear picture
of a distribution. The graphs of fig: 3.7 show a
group of distribution all having the same arith-
matic mean yet obviously differing in general
appearance.

Another type of measure which helps to
clarify the shape of the distribution is a .measure-
ment which indicate how the observations are spread
out from the average, such a measure could be
called a measure of dispersion, spread or variabi-
lity. It is usually desirable to have a measure
which will be large if observations are distant
from the mean and small if they are close to the
mean. |

At first glance the sum of the deviationfsof

the observations from the mean.

may seemy@ to be a good measure for thispurpose, but
on further examination its value is seen to be
always equal to zero,

This difficulty may be overcome by
squaring the deviations before they are added. The
variance is defined as the sum of squares of the
deviations of the observations from-i- divided
by the total number of observationsg In symbols

23
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X1 - X is the deviation of the 1lst observation

from the mean, Xg—'K" is the deviation of the 2nd

observation from the mean, and so on. Thus the

variance which we shall represent symbolically

by 32, is
s - = K)o Ky R - (Xn-X) - T, {xi-%)*
N ' N

~Maz

5.6 Standard deviation

Since all the deviations were squared at
the start it is convenient to take the sguare root
of the average sum of sguares, so that the final
measure has the same dimension as the original
observations from which it was obtained. This is
known as the standard deviation of the distribu-
tion.

Mean deviation - The calculation of this is best

illustrated by an example,

Iet us consider the set of cricket score of
a cricketer A.

The mean 1s found as 50. Next subftracting
the mean score from each individuzl score we have.

( X - X ) values as

-50, 02, 47, -~ 46, 26, - 49, 38, 52, - 36,
-44

Now since the sum of all these deviations is
automatically zero, a measure of spread can not be
based on them as they stand. If the magnitude

of the deviation is used, irrespective of their
sign, a measure is obitained which is a guide to
the spread of the observations. This is called the
mean deviation and is obtained by summing the
deviations regardless of their sign and dividing
by the number of observations involved.

25



26

3.7 Univexse and Samplé
Any set of individuals (or objects) having

some common characteristics constitute a 'popula-
tion' or 'Universe'. Any sub set of a population
is a 'sample' from that population.

The term population may refer either to
the individuals measured or to the measurements
themselves., There is then a 'distribution of
the measurements of a sample' which we actually
observe and study and a 'distribution of +the
measurenents of the universe' which may exist
but usually not in observed or recorded form.

ORe of the most important problems in statistics
is to decide what information about the distribu-
tion of the population can be inferred from the
study of the sample.

A third type of distribution consists of _
the distribution of measurement made on each of all
possible samples of fixed size which could be
taken from a universe. For example, if we took all
possible samples of 10 students from a given
school and computed the mean height of each sample,
we would have a large number of means.. These
means form a distribution, which we call the
. sampling distribution of the mean of samples of
size 10,

3.7.1 Population or universe

A universe can be finite or it can be
infinite., In many cases a universe will be finite
but so large that we treat it as though it were
infinite.,

Many populations are so scattered as to
be inaccessible as a whole. For example, in
studying some characteristics of all the telephone
instruments produced in a factory it might be
impracticalldeto take measurements on all telephones
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N R
but quite responsible to measure a sample.

The wvardous descriptive words and measure-
ments which we have previously mentioned are applied
to the distribution of the universe, as well as to
the other distributions. We shall be specially
interested to the standard deviation and the mean.,
We shall deRote the arithmatic mean of the universe
by 'w and the standard deviation of the universe by ¢

Any measurable characteristics of an
universe is called a para-nmeter. m and & are
examples of parameters.

3.7.2 Sanmple

The size of a sample usually represented
by the letter N, is the number of individuals in
the sample. A sample may be of any size from N = 1
to the number of items in the universe,

The measurements on the inBividuals in the
sample will form a distribution which will have
a mean, denoted by X, and a standard deviation,
denoted by 'S'. Presumably X and 'S', which we
can measure, should give us some information
about m and & , whose values are usually not
knoWn. X and 3 are different from sample to sample,
while m and ¢ are constant, i.e, have particular
value for a particular universe.

A value computed entirely from a sample is
8alled a statistic. X, S, the madian, the mode of
the sample are examples of statistics.

The method of choosing a sample is an
important factor in determining what use can be
nade of the sample. If some individuals in the
“universe are more likely to be chosen than others
the sample is said to be biased. If has been found
that subjective methods of picking individuals
from a sample often lead to biased samples,
apparently due primarily to subconscious or
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conscious preferences of the person making the
selections. To prevent this bias and to avoid
criticism of bias even if the sample is not
biased, some non-subjective method of choosing a
sample should be employed.

3.8 Random sampling

When every individual in the population has
and eqgual and independent chance of being chosen
for a sample, the sample 1s called a random sample.
Technically every ind.vidual chosen should be
measured and returned to the population before
another selection 1s made. This means, of course,
that an individual can be choseu twice in the same
sample. If the population is large compared with
the sample size, very little error will result from
the procedure of not returning each individual to
the population. In practice the individual is
rarely returned, and in fact it is frequently
impossible to do so, as in a case where the indivi-
dual is changed or destroyed by the examination.

In many cases care 1is actually taken to prevent the
same individual from appeéring twice in the sample.
Where there is a small universe we return each
individual before drawing anofher.

2.9 Sampling distribution

Any statistic (measurement on a sample) has

a sampling distribution. Suppose, we have from

a universe, all possible samples. On each sample

we perform the necessary computations to find X

and 5. We should then have a universe of means and
a universe of 5. By examination of the sampling
distribution of the mean we can tell how freguently
the mean ¥ will fall in any interval we wish to
discuss. The values which are obtained for the mean



29

are governed by probablility in exactly the same

way as any other quantity which is subject to
accidental fluctuations., It has a certain distri-
bution law with its own standard deviation; the
same is true for any statistics that can be calcu-
lated. The question arises, therefore, as to how
widely and according to what law a statistic,
such as a mean or a standard deviation may be
expected to vary. These two important statistics
obey laws of distribution which are nearly "normal®,
They are exactly normal when derived from a data
which satisfy the "normal law", and approximately
"normal® in which the data satisfy skew ( or
unsymmetrical ) distribution laws. Since the frequen-
¢y distribution of a statistic follows a "normal
law" it is apparent that the determination of
its standard deviation (or standard error as it
is called in this case) makes it possible to form
an estimate of the confidence that can be placed
in the observed values of that statistic. The standard
error of the mean X and the standard deviation 8, of
a normal sample are given approximately by the simple
expression o/yw and gfan respectively.

For a large sample the distribution tend
to be 'normal'. There are two other principal
distributions namely the Poisson distribution and
the Binomial distribution, It is important to have
a general knowledge of these distributions and the
mathematical formula by which they are represented.
%3.9.1 The normal distribution

A variate is said to be normally distributed
when it takes all values from -«to +<cwith fre-~
yuencies given by a definite mathematical law,
namely, that the logarithm of the fregquency at any
distance d from the centre of the distribution is
less than the logarithm of the frequency at the
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céntre by a guantity proportional to d2 +« The dis-

tribution is symmetrical with the greatest fre-
quency at the centre. Although the variation is
unlimitéd; the freguency falls off to exceedingly
small values at any considerable distance from
the centre. Fig. 5.8 represents a normal curve of

distribution. The equation of the normal curve is

| ng x;rniz

. CX:
where m = mnmean of the distribution

s = standard deviation of the distribution

X = Abscissa, measurenent marked on
horizental axig,

Y = Qrdinate, height of curve correspond-
ing to an assigned value of X.

N = Number of observations,

The total area bhetween the curve and the
X - xis 1s one sguare unit.

J'he first step in analysing the data obtained
from a large sample is to see whether or not the
relative frequency points can be fitted by the Dbell
shaped normal charactertistic shown in fig.3.9. In
fig 3.9 A is the deviation from the arithmatic
mean and the solid line is the curve Jjoining the
relative frequency points.

The probability that the deviation does not
exceed A is given by the ratio of the area
enclosed hetween the bell shaped curve and the
ordingtes erected at A, to the total area under
the curve, It isshown in works of theory of
statistics that it 1s simple to express the percent-
age of the total area in terms of standard devia-
tion. The standard deviation measure the extent
to which the individual values are scattered.



R

o el = ey e e el e - l—— —— o —— il e

(2}
FiG 3-8

Normal Distribution .

CFIG. 39 .
Nopsmal Disfribulran.

!

3



It can be shown that if the frequency
distribution follows normal probability law, then

50% of the area lies within m + 0.67450

68.27 " " " m+ G
95.956/0 1 " " m 4 o0
99.73%&J " " " m + 30‘

3,9.2 Probability raper
From the data obtained it is possible to

obtain the arithmatic mean and the standard devia-
tion. whe next phase is to find whether the data
obtained from a random sample does or does not
depart significantly from the normal probability
law. Since the gocdness of fit of the data with the
bell-~shaped curve is a matter of personal openion
the difficulty of attaching the proper significance
to deviations from the ideal bell-shaped curve

is apparent,

The problem of attaching proper significance
to these sampling deviations was attacked by Allen
Hazen, an American Civil Engineer. Hazen found that
by plotting the cumulative freguency per cent
figures instead of actual frequency figures he
obtained curves which were straight from 30%
to 70%. This fact is illustrated in figure 3.10
which has been obtained by plotting cumulative
frequency figures instead of relative frequencies.,
Hazen found that by changing the vertical scale
he could readily transform the cumulative frequency
curve into a straight line. It can be seen from fig.
3.10 that the scale needs little alteration for
values from 20 to 80 percent. Beyond these limits
the greater the difference from the middle 50%
Yalues the greater must be the alteration to the
scale.
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Now a cumulative frequency curve is in
effect an intergral curve, and this led Hazen to
pfoduce a scale such that the intergal of the normal
bell~-shaped probability curve would plot as a
straight line., Consequently any series of observa-
tions which varied in accordance with the normal
probability intigral would also plot as a straight
line if such a scale was used on co-ordinate paper.
In constructing this probability scale Hazen marked
the centre of the scale 0.5. The other points on |
the scale are laid off in either direction from
the centre point so that the pairs of values 0.4
and 0.6, 0.3 and 0.7, 0.1 and 0.9 etc. are res-
pectively eqguidistant from the centre. The distanees
from the centre are made proportional to the
corresponding values of area under the normal
probability curve. This type of paper is known as
"Arithmatic probability paper™.

It can be seen that the dotted line drawn on
such a probability paper from certain data as in
fig 3.11ﬂ does not appear to be a good straight line.
Hence it can be said that the sample does not
appear to be guite stable. Now, if we draw a
straight line joining some other data on the same
or similar probability paper then the sample can
be said to be stable. It can now be concluded
that the value of m and S obtained from this
sample closely agree with the real values that
exists od in the parent universe from which the
sample was drawn. On probability paper the stan-
dard deviation is approximately egual to the
difference between the values of the ordinates
at 84% line and the median value at 50% line,

Thus, if the data plots as a straight line on the
arithmatic probability paper the most probable
value of the mean and the standard deviation can



25

be approximately determined by direct inspection,

3.9.3 Small Samples
So far we have assumed that the number of

observations are very large. The above is true
even when the sample size is not very large but
for very small samples, say of size 2 to ten,
the above methods may not be very satisfactory.

The knowledge as to the nature of the
distribution law obeyed by the mean and other
statistics that are commonly calculated from
measured data has been used in an elegant way
in the costruction of control charts the purpose
of which is to reveal at a glance whether or
not the population from which a smple is drawn
is of normal type. Provided the value of the
parameter ¢ is known,the c&ntrfl chart can be
made into an useful tool.

When samples are small it is not possible
to draw exact conclusions as to the properties
of the parent population from which they were
drawn, but limits between which these properties
must lie can be determined with desired degree
of certainty. The determination of such limits
is often of gr%ﬁt value.

Qut line of "Students" theory,

It has been stated that if samples of N

items are drawn from a normal population, it

will be found that phe means of the samples

are distributed around the mean of the popula-
tion according to the normal probability law with
a standard error of §/YN where ¢ is the stan-
dard deviation of the sampled population. To

test any assumption concerning the mean of =
random sample, as for example, that the mean X

of the sample deviates by more than a specified
amount from the mean m of the population,
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it is necessary to alculate,

X-m
6/VN

which is the ratio of the deviation of the mean
of the sample to the true standard error of the

mean. ‘Then the eguation.

(¢ T var
with define the frequency distribution of the
statistic, *t' if it is distributed normally. By
calculating the area under this curve between
-X and the ordinate at the value of 't' obtained
from the sample, it would be possible to state
the pronability of obtaining a greater value of
‘t’ and hence a greater deviation of ¥ from m,
if another sample were tested.

It is important to note, however, that
the value of the standard deviation & 1is
usually Yinknown, and conseguently it is necessary
to estimate it from the N items in the sample,
Use might be made of the standard deviation of

the sample, nanely,

s = e/ - —- - - --@

where the summation extends over all the observed
X value in the sample. Prof. R.A.Fisher, however,
has shown by the method of maximum likelihood,
that the most probable estimate of & is given

by T S
VN - S
% AN

Replacing O by 1its estimated value, equation for
't becomes
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where =5 is the estimated standard error.
N=I ..
It will be observed that the guantity t is now

the ratio of the deviation of the mean of a

small sample to the estimated standard error of
the mean. It was found by 'Student®' that for
small values of N, the ratio or statistic 't given
by (5) is not distributed normally like equation
(1) but take%lthe form,

-+
g -LOwv1/2]1 (- E) /@
[((-2)/27] 1 Imze ol
where n = KN=1

Bquation (6) is called the Student's dis-
tribution and although it is normal the probabi-
lity of obtaining a greater or less value of't‘
than that given by a particular sample can be
obtained as before by integrating the curve
between - o¢ and the ordinate at the value of
t under censidefation.

As N becomes larger, Student's distribu-
tion approaches a normal distribution. For N>30
it is permissible Eo use the tables of normal

probability integratg calculated by Sheppard
from equation (2) by replacing the independent
variable by t[(n-2)/n ]% and for N > 100 the
quantity‘t'itself may be used as the independent
variable.
%.9.4 Probability Chart.

By integrating the frequency distribution

expressed by the equation (6) between the limits
—o¢ to %, R.,A. FPisher and Student in 1925 tabu-
lated the probability that the ratio (5) will be
less than a specified value t for the various
values of N. These tables, which are based on
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expansion of students' distribution, are bulky.
It can be shown, however, that for Engineering
application, it is possible to construct a
nomograph from Fishers' solution and thereby
dispose with the necessity for obtaining the
original table. This probability chart is shown
in fig. 3,12 and covers most of the practical
values of t, N and P, likely to be met in
Engineering practice. As a simple example of
the use of this nomograph consider a small
sample of 6 observations and suppose it is
found by calculation that t = 2.2; then

putting a straight edge on the chart between

N =6and t = 2.2 the probability value of

0.96 can be read from the t scale, Thus the
probability that random samples will give
values of t less than 2.2 is 0,96 approximately.
The probability is therefore (1-0.96) that
random -~ sample of this size will have value
of t greater than 2.2, and 2(1-0.96) that this
value lies outside the range - 2.2 to + 2.2,

In mathematical notation this may be written

as

P ({1 4la> 2.4) =0.08

which means that if a large number of samples

of 6 were taken, it would be found that, on .
the average, about 8 samples per hundred had

t values outside the range -~ 2.2 to + 2.,2. Con-
sequently it may be inferred that the deviations
observed in the sample are not altogether due

to chance and the assumption may be wrong.

These considerations lead to the discussion

of what are to be regarded as "significant
probabilitiesm,



s ey

[ scaLe
P SCALE ¢
o7+
0.7l
0724
107
o134
0744
N scaLE orsL
4 =4 .
or64  TF
orrl
0781+
—40-9
078 +
5 L 0.80-1—
o814 Lo
0-82+
64 084 + 1
7L 086 —1-2
84 0881 -3
9+ 0904 -
10 4
1"+ 092 4+ 5
i 094 ]Ai
ta 4 94t
s
181 . +r-
8 c-96 4+
25 4
0-98 +
059 1
0997 +
0-999 +
09999

FlG. 347 - Pro&ﬂél‘//-f}‘ Ehord for P ” Test



40

3.9.5 Significant probability Table,
At this stage it will be interesting to

see how't behaves in multiple sampling. As an
example consider the distribution of t values
obtained from 500 samples of 10 items. The fre-
quency distribution of the t values obtained
from these samples are shown by dots in fig.3.13
and the solid curve to fit these dots may be
calculated from *students' distribution. It

will be found that the departure of the t dis-
tribution from the normal distribution is much
too small to be noticed. 0f the area under

the curve only 5% lies beyond the ordinates
errected atla’and + a and only 1 percent lies
beyond the ordinates erected ats«b and -b. For
samples of 10 items the t value corresponding

to + a is + 2.26, the t value corresponding to
+ bg'is + 5.25., It will be seen that only a few
values of t are larger than 2.26 or smaller

than -2,26, and very few values indeed are
found to exceed the limit of + 3.25. Neverthe-
less, these extreme values do occurg at times

in sampling, but the probability of their occu-
rrence (usually writte# P(.it) > t ) is

very small. Thus, the significance of the mean
X, is determined by the value of P (I¢t! > 1t ),
which is the probability that, if another sample
of the same size be taken, the value of 4]
calculated from it will exceed the value calculat-
ed from the original sample. If this probability
is greater than 5%, than the probability is regard-
ed as 'not significi%nt'. In other words, the

deviations observed in the sample are such as
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may be ascribed to pure chance. If this pro-
bability lies between 1 percent and 5%, then
the probability is regarded as *'significantt.
In other words, the deviations observed may
not be due to pure chance, and then the pro-
bability ® ( |t! = +t) is referred to as
'significant'. If the probability is much
less than 1% the deviations observed are
almost certainly not due to chance and then
the probability P ( it} > t) is referred
as 'highly significant'. Hence the actual
probability limits below which samples are
regarded ags significant are:

(1) P(C {t) > % ) = 0.05 not signifi-
cant.
~ela ¢ .05 Ssignificangt.

(2) »
(3) »

NI\

.0} highly signi-
ficant.
In fig:3.)3 only one percent of the total area
under the curve lies beyond theordinate drawn
at b and -b and this small area is shaded
black in the figure. The t value corresponding
to + b is 3.25 and is a value that will be
exceeded, on an average, only once per 100
samples. If a samplé of 10 items gave a t value
greater than %.25 the assumption about the
value of the mean I ﬁould be ab%ndoned. it
will be noticed that the distribution of t
changes with the number N of items in the
sample. To meet this difficulty the 5 percent
and 1 percent probability levels of (%)
have been calculated for various values of N
and are given in the table 1.
%5.9.6 Confidence limits.

In the previous case of a sample of 10 a
mean of 100 was assumed and t test showed that
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T ABLE I.

i s § 15 fwp 5% 1% § nb 5% § 1%
® 12.706 63.657 13 2.179 3.055 24 2,069 2.807
%3 4.%50% 9.925 14. 2.160 3.012 25 2.064 2.797
4 3.182 5.841 A5 2.145 2.977 36 2.045 2.756
5 2.776 4.604 16 2.131 2.947 35 2.030 2.724
6 2.571 4.0%2 17 2,120 2.921 40 2.021 2.704
7 2.447 %.707 18 2.110 2.898 50 2.008 2.678
8 2.365 %.499 19 2,101 2.878 60 2.000 2.660
9 2.%0% 3.355 20 2.09% 2.861 80 1.990 2.638

10 2.262 3.250 21 2.086 2.845 100 1.984 2.626

11 2.228 3.169 22 2,080 : 2831 200 1.972 2.601

12 2.201  3.106 23 2.074 2.819 1000 1.962 2.581

43



the truth of the assumption was doubtful.
Instead of making guesses about the true
value of mean m and applying t test to each
guess, 1t is better to determine, from equa-
tion ( 1 ) the limits of m required to satisfy
given probability conditions. Suppose it 1s
required to be 95% sure that the mean m of the
population will lie within certain limits. For
the 10 items in the sample, the t value corres-
ponding to a probability of (100-395) per cent
or 5 per cent is, from table above, found to
be 2.262. .
Suppose the X and S value of the sample
are 95,2 and 6., If, then, m is taken to satisfy
egither of the relations,

95.2 - m = 2,262 orm - 95.2 = 2,262
6 3
NS5 Vo

Then the value of m would satisfy 95% condition

of certainty. lhese limiting values are 90.676
and 99.724 respectively and consequently the
inequality 90.68 & m £ 99.72 may be written.
If m were taken as less than 90.676 or greater
than 99.724, then 't', found from the sample
values of X and S, would exceed 2.262 and the
sample would be regarded as inconsistent at

5% level of significance. But whatever the
true value of m may be, in repeated samples,
simultaneous values of X and S would be
obtained such that |tl & 2.262 in 95% of the
cases. the ¥#alues of 90.68 and 99.72 may be
called the 9%% confidence limits of m corres-
ponding to 10 items in the sample and it may
he concluded that,

m = (95.2 + 4.5) with 95 percent con-
fidence.
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It is obvious, of course, that the 1%
level of t may be used to give confidence
limits at that level, and it is convenient
to notice that the two equations giving the
confidence limits can be written in the

general form,

X-M -4+ } ov m=-xz+ S_.t

S /N o B R
where  S/¥n- is the estimated standard
error.

The two mean t ftest,.
R.A.,Fisher has shown that students?®
distribution can be applied to a variety of

problems. Of these problems, one that appears
gquite freyuently is the comparison of two
samples obtained from different sources. The
means may be different and it is then necessary
to determine the probability that the difference
is due to the samples having been drawn from
different populations or the probability that
the samples have been drawn from the same
population and that the difference is due to
chance. These probabilities may be determined
as follows:~

Tet K1 and KQ be the means of two samples
of N1 and N2 items respectively and let S1 and
52 be their standard diviations. Then to test
for significance, we calculate,

Xy — %2

—_ ; n

(N| 4+ N2 2 NiSE -+ N:.S:‘.z z
Ni+N2-2 NiNo

wna. N — Ni+N2-—]

.t




46

)
gy means of the chart the probability

thast two other similar samples would give a
value of 't' exceeding that given by the samples
under consideration can be determined. The
significance or otherwise of this probability,

P ( |£] >t ), can be found from table 1

The following sample will illustrate the
method.

Samples of rubber insulating material
were received from two sources and to determine
the amount of mineral matter in each a number
of ash content determinations were made. The
results were as shown in table # below.

Percent ash content,

No. § Source A { Source B
1§ 243 ' 18,2 g
2 § 20.8 0 16.9 )
3 g 2%.7 g 20.2 g
4 I 21.3 § 16.7 ]
5 1 17.4 boo- :
Hean § 21.5 )} 18 )

Applying the above'test,

for source A, N1 = 5, X1 = 21.5 and

2
S1 = 6,004
for source B, N, = 4, X2 = 18 and
2 _
Sg = 1.945

Substituting these value &n the expression for %,
t
- ﬂ%)(3001+77&l

S X4
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and N =5 +4 -1 = 8

For t = 2.245 and N = 8., The probabidity chart

gives P= 0.97 and thus the probability P( |&} > 2.245)
is given by 2(1-0.97) = 0.06 thus there are about

6 chances in 100 of observing a greater difference

in percentage ash content, and at the 5 pircent

level of significance we find from table ¥. that

for N = 8

2.245 £ 2.365

and therefore, no significant difference has been
detected between the two sources on this count.

3.9.7 Discontinuous distributions.

Frequently a wvariable is not able to take
all possible values, but is confined to a parti-
cular series of values such as the whole
numbers., The normal distribution is the most
important of the continuous distributions; but
among discontinuous distribution the posson
series is of the 1st importance. If a variate
can tagke the values O, 1, 2, 3 seeseeeX sevene
and the relative frequencies with which the values
occur are given hy the series .

®

e (1, m, 11;_? ;oM --0)

then nunber is distributed in the posson

series. The total freguency is unity, since
2 3
e Mmoo+ o -
2} 3]
Whereas the normal curve has two unknown
parameters, m and ¢ , the Poisson series has
only one. This value may be estimated from a

series of observations, by taking théir mean,
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the mean being a statistic as appropriate to the
poisson series as it is to the nor@al curve., It may

be shown theoritically that if the probability of an
event is exceedingly small, but a sufficiently large

nunber of independent cases - are taken to obtain a

number of occurrences, then this number will be
distributed in a poisson series. For example the

chance of a man being killed by horse kick on any

one day is exceedingly small, but if an &BY corps

of mén are exposed to this risk for a year, often

one or more will be killed in this way. The following
data were obtained fromthe records of 10 army corps

for 20 years, supplying 200 such observations.

Death frequency

i obsgrved Expected%
i O 109 108.67
i 1 65 66.29 {
i 2 22 20.22 §
( 3 3 4,11 i
4. 1 0.6 ¢
i 5 .. 0.08 §
) 6 ‘. 0.01 ]

The average, x , is 0.61 =2hd taking this as an estimate

P
of m the numbers calculated agree excellently with those

observed.

The peoisson distribution can be derived as
an approximation to the binonmat distribution for
a certain range of values for N and P, This distri-
bution can be shown to arise from a different

axiomatic approach.

We consider a fixed unit of time, T (Perhaps
a second, day or week), in which certain events may
occur, We shall assume that event occur independently
and that for short periods of time, At.The proba-
bility of one evenl occurring is proportional to the



49

length of time At , that is, is egual to C &% ’

where C is constant during the time period T. We shall

| assume that the probabiility of two or more events
occuring in At is so small that it may be neglected.
With these assuptions it can be shown, using tools
of'calculaxs, that

-™m _ t
m=C =

.
Pr = %?r e

If we are observing real events and condi-
tions under which they are being observed seem to
correspond to the above assumption i.e., the events
are reasonably independent and the probability that
an event occurs is proportional to the length of time
interval, then the freguency of an observed event -
may follew the poisson distribution.

The poisson distribution for several values
of mean m are shown in fig .14 .Smooth continuous
curves have been drawn through the discrete points
which represent the distribution merely to show more
clearly the form of the distribution. It can be seen
from figure 3 -4 that the skewness of the poisson
distribution is very large for distributions which
have small values of m and is less in those with
larger value of m. The poisson distribution tends
to approach that of the normal law as m increases and
would eventually become identical with the normal
law if m become infinite. Since, however, m must
alaways remain finite, the distribution can never
reach exact equivalence to the normal distri-
bution, although for large values of m the differencecc
between the two distributions is extremely small.
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The characteristics of the distribution are

simple in that, although skew, they are completely
determined by one parameter alone, namely, the
arithmatic mean m .

According to the poisson distribution the
probabilities of occurrence of the values o, 1, 2
etc. are given by the series.

-m R r
e (1, m, m __..
21

)

m
™

where m is the arithmatic mean. Thus
according to the series the chance that there are
exactly 4 occurrences of an event in a large group
of trialsirgiven by '€ ¥4! . The chance that
there will be at least 4 occurrences in the group
will be given by the sum of the series starting at
4, namely

-m iz A+ r
e (mam 4 -c-om )
]l @+ v

In general the chance or probability Pr that
an event will happen at least r times in a large group
of trials, may be written as

-m i
e Tﬂp — m 4 — - Q{")
1 e |

This expression can be written as

- vz T
Pr= ¢ 2 m
m=7 ot
This series is known as poiss¥on's expon-
ential summation and is one of the fundmental
expressions in modern probability theory. For
purposes of calculation, however, it is possible
to transform Pr into a more convenient form.

ML hoo

- n
Noting that € 2 T the sum of all
MNzo .

CHL
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possible chances, is equal to unity.Pr may be
written in the finite form

_eMnE T -
Bro= AT 2 T

which is convenient for numerical calculations.
In engineering application of the poissonts law
the summation form is generally used instead
of the individual term form, because usually the
chance of exceeding a certain 1limit, rather than
the chance of obtaining any one particular value,
is reguired. :

it has been found that the rapid application
of the Poisson summation to practical problems
is greatly facilitated by use of what may des-
cribed as Poisson probability paper. Such a table
is shown is figure 3.15 . The curves of figure
3,15 give the relationship between m, the mean
number of occurrences of an event in a large group
of trails and the probability Pr that the actual
number of occurrences in any such group of tﬁals
will equal or exceed any given number r. A linear
scale is used for m, # the curves indicate
particular values of r starting at r = 1. To cover
on a large scale a smaller range of m and r
values, the probability chart shown in fig 3.15
has been produced which give the individuwal r
curves in unit steps fromm = o to n = 15. This
probability chart and the chart at figure %.16
were prepared by Dr.G.A.Campbell. These proba-
bility charts enable the Comparison of actual
data with the corresponding poisson summation
to be easily made graphically, thereby avoiding
tedious calculations. The charts can be used as
go-ordinate papeTrs on which to plot any distri-
bution of data, theoritical or observed, provided
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calculated frequencies fit the observed
frequencies resonably closely.

For the purpose of testing the good-
ness of £fit it is desirable to plot both the
theoritical and observed frequencies on
poisson probability paper. To use this chart
as back ground for plotting the observed
frequency distribution we begin by erecting
a vertical line at point m = 3.87. The
corresponding theoritical poisson distribu~
tion is represented by the point in which
the vertical line cuts the r curves, or for
convenience, simply by the vertical line
itself as shown in figure 3.15., The observed
distribution may be plotted with r and Pr
as independent variable and the horizental
deviations of these points from the verti-
cal line serve as a measure of the discri-
pancy between the two distributions. Since
a goodness of fit test is to be made between
a theoritical and an observed frequency dis-

tribution, +the wvalues of
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the values of the variable are limited to positive
integers and zero.
" The use of Poisson Probability paper.

In the vast majority of practical cases
the Engineer will know whether or not he is dealing
with a discontinuous variable. If observations are
made of the occurrence of a discrete event which
either definitely happens or fails to happen, it is
likely that the frequency distribution will be of
the poisson type. As an example consider the
occurrence of faults on a particular type of relay
contact in automatic exchanges as shown in the table

below:

TABIE.

C R R L
L e

—
N
>
T
[ax
-]
(80
O
—
"
N
W

ed fre
quency%57

%)
O
\H
W
Mo
T
\n
N
[AN]
i
-}
0]
[aS)
-\']
N
N
-~J
=
R e s ehnhhh:
T N N L LT e

Calcu- §
lated _254
freque

§

ncy

<O

ISP EUUPRR N UURU S

[\]

-

\

no

\

\N

O

[04]

W

O

I

%)

\A

£~ -

JEY —
-+~ W

-“---O‘-'-.‘m-'d.--‘-‘-'-‘-!_4"‘4"‘.4‘

O +
oy W
I

—

(&

S Lt T A it Tadndadnde el

[\
0

P L L T L T R e bl ettt
P L L k. L I R L b o
A LR LR SR T R R I N
N L LR L L L R E R R R R T
D L L L L L e L E R TR P
B L I L T L E TR R R e A R

B L L R e R e it o et

From the nature 0f the event under observation
it may be assumed that the observed frequency distribu-
tion will follow a Poisson probability law. To test
this assumption the theoritical fregquencies are calcu-
lated and compared with the observed frequencies.

The mean of the observations is 35.87 and using
this value the theoritical freguencies can be
calculated, Prom the table it can be seen that the



of the prebability pr are the values of the observed
relative frequencies and these x can be calculated
from the ebserved data as shown in table 2.

It can be seen from figure 3,15 that there is
a good fit between the observed dots and the vertical
line and conseguently it may be cencluded that the
sample examined indicates that the number of con-

tact faults follews a pelissen prebability law,

A Peissen gignificance test,

It is necessary fe bear in mind several
practical conditiens which must werk against any
perfect agreement between an ebserved distributioen
and the corresponding peissen distribution.

In the first place, the sample considered
will necessarily consist ef a finite number N of items
instead of an infinite number as assumed in the
mathematical theery, and in the second place, the
items considered may net be cempletely independent
a5 asgumed in the theery,

In a stable peissen sample the herizontal
deviations from the vertical line erected at its
mean value m, should be very small, whereas if the
nunber of items n is teo small te ensure stabllity,
the plotted points will fall about a vertical line

to the left or right ef m, the distance being reduced

$7
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TABLE II.

ARRANGE:ENT OF DATA FPOR A POISSON TEST:

Number of g Qbserved § Number with 8 Relative
contact i frequency { at least the i frequency
faults per i of I values of 1 (Pr)
exchange ; cccurrence, { O,1,2,...etc.§
per weelk. i ;
0 57 2608 1.0000
1 203 2551 «978
2 383 2348 . 900
) 525 1955 . 753
4 552 1440 «552
5 408 908 . 248
6 273 500 .192
7 139 227 .087
8 45 88 .03%4
9 27 4% L0165
10 10 16 .0061
11 4 6 L0023
12 0 2 00077
1% 1 2 .00077
14 1 1 .00038
Sum of ]
frequencies | =2608
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as'the number of items in the sample is increased,
if, however, the mean ef the pepulation is unstable
er varying in any manner, the pletted peints will
slepe te the right as shewn in fig 3.17 Curve 3, If
& rendem sample has been drawn from a stable popul-
atioen, but net a peissen poepulation, its distributien
of dots will be away from the peissen vertical line
and sloping to the left,

3.9.8 The Bineminal prebability law,.

If the prebability ef eccurrence of an event
is P, andthe prebability ef failure is q, then if a
randem sample of n trials are taken, the fréquency
with which the event eccurite, o, 1,2.cccceee 1l .
4imes are given by the expansien ef the binominal—(:n?)'h

The binoeminal distribution law is ene of the
fundamentals of prebability theery established by
Bernoulli in the 17th century.

Wan P=q and n210 the binemial distributiocn
reduces te nermal distributisn. if n > 1000 and P# Qs
but neither ie very small, the binemial distributien
again reduces to the nermal ferm, A speclal case
arises when p —>e and n—»«. in such a way that the
preduct np remains finite and equal te the mean m, then
binemial distribution reduces te pelssen expenential

geries,
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3.9.9 The X2 Test

By the poisson test of stability we have
shown ﬁhether certain observed data obey poisson
distribution or other distribution.

There is a powerful method, dependent
upon the statistic known as X2 (Ki squared)
distribution which can be used as a means of
testing the agreement between observation and
hypothesis.

The element common to these tests is
the Comparison of the numbers actually observed
to fall into any nuuber of classes with the
nunbers which upon some hypothesis are expected.
ir *the entire range of variables is divided ingo
v classes and fo 1s the observed frequency in
a particular class, and fE the fregquency which
.could be expected to fall in that class on sone
hypothesis, then X2 may be found by dividing
the square of the difference between fo and fE
by fE and summing these quotients for all of the
r classes into which the variable has been
divided. This in symbols, |

X° =S (fo-tE)®
E

When X2 has been calculated consultation
of tables will indicate the probability
of the calculated value being exceeded as a result
of the random sampling. If this probability is
less than 0.05, then X2 may be regarded as show-
ing that the observed data depart significantly
from the hypothesis which is being examined,
Table % is an extract of the X2 table for
P = 0.05,
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TABYLE TIII.

n X2 n x2 g n g X2

1 3.841 11 19,675 21 32.671
2 5.991 12 21.026 22 33,924
3 7.815 13 22,562 23 35,172
4 9.488 14 2%.685 24 %26.415
5  11.070 15 24.996 25 37.652
6 12.592 16 26,266 26 58.885
7 14.067 17 27.587 27 40.113
8  15.507 18 28,869 28 41.337
9 16.919 19 30.144 29 42.557
0 18.307 20 31.410 30 43,773
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In order to utilise the table it is
necessary to know also the value of n with which
the table 1s to be entered. The rule for finding
n is that n is equél to the numberddegrees of
freedom in which the observed series may differ
from the hypothetical; in other words, it is
equal to the number of classes the frequencies
in which may be filled up arbitrarily, without
altering the expectation. As an example an
analysis of the occurence of contxact faults of
a particular type of rekhy will be made, It is

~required to examine the hypothesis that the

observed frequency distribution of faults form
a poisson series. Table 4 contains the data.

To determine the hypothetical or expected
frequencies fE on the assumption that the dis-
tribution of faults form a poisson series, we
calculate the mean m and make the number ¥
agree with the observed. The mean is %,892;
and since N, the total number of observations,
is 398, it is, a simple matter to calculate
the poisson freguencies recorded in the 3rd
row of the table., Before X°
it will be necessary to divide the range of

can be calculated

the variable into groups. Inspection of the

table shows that 10 groups can be conveniently
taken as 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 and over,
the last six frequencies being combined into

one group because 1t is an empirical rule

that a class having a theoritigal freguency

less than 5 should never be used. The theori-
tical freguency for the last group is 7.28, this
being the sum of the six freguencies classged toge-
ther. Details of the arithmatic is shown in the



TABLE IV.

No.of ) Observed g Hypthetical | Fo-fe § (Fo-fe)
cont- § frequen- i frequency 3 i /Afe
act g cy fo. i (Calculated) 1} )
faults ; fe. § g
per Ex- | ; J )
change ) { g
per week. {§ B )] )
0 14 8.12 5.88 4,26
© o1 37 31.61 5.%9 0.92
2 76 61.51 14.49 3,41
3 70 79.80 - 9.80 1.20
4 64 77.64 ~15.64 2.40
5 5% 60.47% -T.4% 0.9
6 31 29.20 -8.20 1.72
7 19 21.80 -2.80 0.3%6
8 14 10.60 3.40 1.09
9 9 4-59§
10 5 1-78%
1 2 .65 % 12,72 22.2%
12 . 1 0.201
13 0 o.osg
14 0 0.02 7

€4



table. The sum of the 5th row is 38,50, which

is the value of X2. To get the required probabi-
lity,table of X2 is consulted; but before this
is done it must be carefully noted that although
10 groups have been used to calculate X2, the
number of degrees of freedom n is only 8, since
both n and m are fixed in the formation of the
poisson series. ¥rom the table it is found for

8 degrees of freedom that X° is 15.507. The
calculated value is much greater than this;
hence the theoritical poisson series is a bad
fit to the ebsorved fault distribution. Frdm
more detailed table it can be found that for
this value of X2 the probability P is less than
0.001; consequently it may be concluded that

the observed fault distribution certainly does
not fellow poisson law.

If P is between 0,1 and 0.9 there is no
reason to suspect the hypothesis tested. If it
is below 0.02 it is strongly indicated that
the hypothesis fails to account for the whole
of the facts. There will be a very small chance
of error if values of P lower that 0.05 be
taken to indicate a real discrepancy. There is,
however, a large chance of error if very large
values of P ( P>0.95) are obtained. This
rather surprising result arises becawm a large
value of P normally correspond to small value
of X2 that is to say a very close agreement
between theory and fact. Now such agreements
are rare; almost as rare as great divergencies;
very close agreement between theory and fact is
too good to be true. X2 test can be applied to
" a number of problems in telecommunication.

6§



3.10 Bivariate distributions:

In applying arithmatic probability paper
to certain sets of observations it may be found
that the points do not fall upon straight lines,
but in smooth cures., Attempts have, therefore,
been made to modify the paper by changing the
linear scale in such a way that these special
cases would plot as a straight line. In statisti-
cal theory the logarithmic transformation is of
unigue importance, 5{

In many practical applications of logarithe-—
mic probability paper two distinct variables,
each of which is subject to sampling flunctua-
tions, are concerned.

It is relatively simple matter to fit
straight lines to observations plotted on logari-
thmic probability paper, but this gives no
direct information about the stability of the
relationship between the variables or the
magnitude of the sampling fluctuations, and
has no practical value until the stability of
the relationship between the two variables has
been established. If, however, it can be shown
by probability tests what the variables are
calculated and that the plotted data are
statistically stable, then the slmpe of the
straight lines on logarithmic probability
paper can be used to form a valueable statis-
tical index for the forecasting of future
trends.

3.11 The Coefficient of Correlation.

There are many instances in which an

increase in one variable is accompanied by

an increase in another. In other words, large
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values of one variable tend to be associated
-with large values of the second, whereas small
value of the first tend to be associated with
small values of the second, without the existence
of a strict mathematical relationship betwsen
the two., The variables are then said 1o be ‘
correlated. Of course an increase in one variable
may be accompanied by a decrease in the other,
that is, large values of each variable may tend
to be associated with small values of the other.
This situation is known as inverse or negative
correlations.

The most widely used measure of correla-
tion for N pairs of values of the variables x
and y is defined by the eguation. '

Y:Z ("'#%2("9_,_) I () |

N On &
In this equation ¥ and ¥ are the means

of the variable and Fx and Jy represent their
standard deviations. Since the various values

of the variables will always be considered in

pairs, an X and a Y, therefore will always be

the same number N of X's and ¥Y's.

If there is a complete positive correla-
tion between X and Y, the coefficient of
correlation r has unity value; if it has com-
plete negative correlation it has - 1 value.
Complete correlation is, however, very rare;
most practical cases give incomplete correla-
tion with value of r between +1 and -1. If
there is no correlation at all between the
variables, r is zero.

For dealing with small samples equation
(1) may be transformed into the form

Slfgl __(}-3) 6

. O% O3

¥ =




which is a more convénient form for dealing
with small samples,

3.12 Test for significance of Correlation
Coefficient,

The value of correlation coefficient
will very rarely be found to be unity or Zero.
It is, therefore, ﬁecessary to apply a test to

decide whether the correlation coefficient di-
ffer significantly from zero or in other words,
whether correlation actually exists., It must
always. be remenbered that Correlation coeffi-
cients, 1like other statistics, are subject to
fluctuations of the sampling. It can be shown
that, when N is large, i.e., N>50, (r), the
standard error of r takes the form

oy . B - - - - -0

If r»2 o(r) the correlation coefficient is

regarded as differing significantly from zero.
If however, N is less than 50 equation (3)
should not be used to calculate (r); the signi-
ficance of a correlation coefficient could

then be assessed by the t method. This method
involves the calculation of t, where

T.]-_I"rl - - - __.@

oz e - -
Trowr

The simplest way is to use Table 5 which has
been prepared to enable the significance of
correlation coefficients obtained by mere
inspection, Table 5 is used by noting that if

a calculated value of r is as big or bigger

than the value given in the table for the appro-
priate value of n, then the correlation differs
significuntly from zero; in other words it
indicates a real degree of correlatiun beiween
the two variables.
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TABLE

N r g N g r
3 0.997 16 0.497
4 0.950 17 0.482
5 0.878 18 0.468
6 0.811 19 0.456
7 0.755 20 0.444
8 0.707 21 0.433
9 0.666 22 0.423
10 0.632 27 0.381
11 0.602 32 0.349
12 0.576 37 0.325
13 0.553 42 0.304
14 0,532 47 0.288
15 0.514 52 0.273
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%.1% Regression line.

At this stage we may consider a biva-

" riate distribution occurring in telecommunica-
tion. Suppose that 50 measurements were taken

on busy hours for number of operators present

X, effective calls passed Y. These measurements
provide 50 paired numbers ( w, y ) which

may be plotted as points in a plane. The result-
ing collection of points is called a scatter or
dot diagram,an example of which is shown im

fig helow.z.\8

'here is often a tendency for values of
X to conform in some way to the corresponding
values of Y; and such tendency towards a
functional relationship, although obscured by
random fluctuations, will manifest itself in
the scatter diagram by the greater density
of dots along a certain line., This line 1is not
sharply defined but its estimation is important
to engineers, for it is a swidged image of a
line which may be fine and clear cutin the
parent population of which the observations
are only a random sample. This latent curve
or mathematical relationship Y={F(x) is
called a regression or the regression of T
ond X; likewise, the inverse form X=F (y)
is called the regression of X on Y.

Owing to errors of random sampling, the
observed regression line which arise are
usually irregular, but it is usually possible
to fit straight lines to them and to show
mathematically that the observed regression
lines do not depart significantly from the
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fitted regression lines. It can be shown that
these straight lines can be repressented by
simple equations

(r-3) = e Gy - @

) - B G8) - s

where the letters have same meaning as before.

Equation (5) is the regression straight line &
Y on X and the equation (6) is the regression
straight line of X on Y. As before r is the
coefficient of correlation between the variabl-
es x and 7.

If r=1, the two regression lines are
identical and the regression straight lines
coincide., If r=0, the two lines are horizontal
and vertical respectively and cut at right
angles. The lines cross for any intermediate :.
value of r, so that the larger the value of r,
the smaller is the acute angle between them.
The two lines always cross at points X, ¥ on
the graph. The angles these lines make to
the horizontal and vertical axes respectively
are measured by the expressions.

O
Cre £

and these are called the coefficients of re-
gression. ' |

These equations can be used in pradice
to express one variable in terms of the other.
The variables considered may be, for example,
the power factor of electrolytic condensers and
temperature, or the mutual conductance and

anode current under given conditions in



thermionic valves, or any other pairs of-
correlated variables arising in telecommunica-
tion, In all these examples it is necessary

to calculate the means X and ¥ and their standard
deviations ¢x and Oy, ‘hen the coefficient
of correlation r can be calculated, and if this
differs significantly from zero, equation (5)
and (6) can be used., As an example, suppose
that in an electrical investigation a large
number of paired values of two variables x and
y were measured and it was found that

Z=- 0.21, ¥ = 0.81
Cx= 1.818,; ¢4 = 2.8

andf¥ = 0.666 was found to be more than twice

its standard error (i.e., significantly &i@@eﬁ&a-

t1y different from zero). _
Then, substituting these values in equa-

tion (5) and (6) there results - '

Y - 0.81 = 0.7990 (X+0.21)
and X +0.21 = 0.5551 (Y¥-0.81)

which can be put into the form

0.7990x + 0.9778
0.5551Y - 0.6596

Y
and X

il

It

This simple example shows that it is
only a matter of straight forward mathematics’
t0 estimate one variable in 'terms of the other
and to plot the regression lines across the
scatter diagram,
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CHAPTER TV,

" Gollection of Data.

In tﬂe beginning of any Statistical work
it is reguired to collect a large amount of
raw material or data from which the relevant
informations are extracted. Thus the tele-
communication traffic investigator may have
to count the busy hour traffic for several
days or even several years, The method or care
given to the collection of this raw material
is important. The strength of a chain lies
in the strength of the wezkest link and it is
useless to reach intricate conclusion from
insufficient or inacurate datz. Before any
form of elaborate analysis it is essential +to
know the limitations and accuracy of statisti-
cal material and to be aware of the kind of
errors that canlarise.

4.1 : Most common sources of data are:

1) Questionéires - The data are obtained
by forms designed by the statisti-
c¢lan and conpleted by General
public, .

2) Observations - The data are collect-
ed by the investigatzow himself
recording ¥ the results -of a series
of observations but not necessarily
relying on the general public for his
information.

4.1.1 (uestionaires and their completions is
not a common practice in this Coﬁntry as it

is in Europe, America, Japan etc., These forms,
if completed properly, can provide raw
materials for a large number of studies,
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Because of literacy factor and because of no
standard practice in the country correct com-
plation of the data, which ¥nvolve general
-public, is not possible. However, if such
gquestionaire are confined to a counwyy such
as the telephone users in a city, we may
expect correct result and be sure of its re-
liability for most pfactical purposes.,

Cleafly the efficiency of such collec-
tion of material depends largely on how these
questions are framed, for bad questions can
prodube wrong informations. This applies to
all enquiries made by questionfiaire, and in the
design of any statistical form there are
certain rules which must be followed if
resonable results are to be obtained, Briefly
these rules are -

(a) The form should be as coneise as
possible and there should be the minimum
number of questions nhecessary to obtain the
required information.

(b) The guestions should be simple, and
unambiguous in their possible interpretation,

(c) Questions which are likely to arouse
strong feelings and hence attract inaccurate
answers should be avoided. For example, asklng
a man whether he has any physical deformlty
is guite 1likely to produce an incorrect answer,

(d) The form should be made as attractiwe
as possible to the eye by means of a suitable
layout and clear type.

(e) When asking confidential informa-
tion in a voluntary enguiry the personsy
name should not be put on the form unless

m b p— e e o
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it is essential. This precaution is likely
to produce accurate replies to the confidential
questions. _ |
From the above it is clear that the
designing of any form entils a great deal of
thoughts and that it is essential to imagine
before hand the kind of answer that. each ques-
tion will provoke and whether that answer is
the one that is required. It is, therefore, a
good plan to try out a questionnaire on a few
people before having a large nunber printed.
A question that may seem simple and clear
cut to the authors can culte easily prove a stumb=
ling - block to users of the form, If a trained
enumerator is to aid people to fill up the
form then the questions asked can be a little
more involved tham if the survey is to be
carried out by post, but i1t must be remembered
that the public 1is less likely to discbse con-
fidential personal informaticn if the survey
is carried out through an enumerator than
throush an impersonal medium.
4.1.2 4 large amount of statistical data is
obtained not by questionnaire but By the
investigator himself going out into the field
and counting or collectingbitems. This is the
source described earlier as observations.
Whatever the type of data it is essential to
adopt a system of collection that is both
logical and tidy, so that the data will
still be understood at some latef date.
desults should, therefore, always be
recorded in a note book since odd scraps of
paver are easily lost. whe heading of each
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page must give details of the raw material
contained on that pages together with the date
and place of collection. It is very tempi-
ing to say at the time of collection that
this information is so obvious that it need
not be recorded, but if the material is not
used for some time such an omission may be
regretted, especially if a large amount of
other material has been used or collected
meanwhile. Hecord should be made with a
sharp pencil, as ink is very liable to

smudge and become unreadable, especially in
outdoor field work. If the data are required
for future reference it should be converted
to ink later. | _ )

The recording of the data in a note-
book is guite straight forward if-a‘systematic
method is followed. Iet us suppose a series
of Barometer readings is being made evely '
guarter of an hour at three different
levels in a tall telecommunication building.
Three columns are needed. The first for the
time, the second for the level, and the third
for the barometric Beight. Any one looking
at the sheet at a future data would be able
to understand what had been done and the
results would leave no room for ambiguities.
No set of raw materials should be accepted
unless it contains all the relevant informa-—
tion.

When the nature of the survey has
been agreed the observers can be briefed
and then sent out for the actual collection
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of the data. At frequent intervals the- _
results obtained to date is collected and
inspected to maxe sure that they conform to
the requirement and no unforeseen snags

have arisen. At the end of certain period
say one weex-all the data can be collect-

. ed ready for analysis. At this staze it will
consist of a large nunrber of pages in obser-
ver's note books, and the next staze in the
investigation is to reduce this large <olume
of figures to a few managable ones to bring
out the particular points of interest. '
4,2 From the mass of data it is usually
difficult for any one to pick out.the
salient features of the data without m1851ng
important points. It is therefore necessary
to condense the raw figures into some more
managable form which will enable the investi-
gator to pick out at once those features
that are intended to be pursued further.

Tables are made in an orderly mahner.
A glance at the table gives a clear picture.
Some times all the figures in the table are
reduced to percenta,e of the total. It is much
easier and conveys a more vivid impression
to‘say 52.3% rather than to say 412 out of
788. In such cases the total number of observa-
tion on which the percentage is based must be
given.

The information collected by the
observer or available to him has now been
reduced from loﬁg series of figures'in a nete
book into a fewvell chosen and appropriate
tables., Sometimes the tables themselves are
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sufficient to prove the point under discussion
and no further analysis is necessary. But in
many cases the tabulation has merely put the
raw data in a form suitable for further com-
parisons.

' Freguently the tables produced con-
tain so much information that it is still
impossible to disentangle the reguired bits
and pieces of information. Tn these circums—
tances a further series of smaller tables
are needed., Alternatively it may be possible
to prepare some form of diagram; which many
people will find easier to understand than a
table of figures, to present in a clear and
foreeful manner, the important aspects of
the information.

The second method i.e. the method of
observation was adopted in collecting the raw
materials. In the case of obtaining telephone
and Telegraph traffic figures from old records
a lot of difficulty was encountered. Zlost of
the informations were recorded after sorting
out relevant files from old records. Ho
systematic records are available and it took
several days only to find the relevant bits of
papers from Whigh to extract the inforwmations.

In case of recording the information
about the local calls originated by telephone
subscribers a recording machine was used., This
machine recorded the nuwaiber of attempted
calls, the nuaber of calls matured and the
nugber of ineffective calls., Maximug holding time,
average holding time were obtained from the read-
ings of the same machine (Frontis piece)

DA-Ctg. direct dialling readings were
obtained from meters.
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TABLE VI.

CHARACTZRISTIC OF CERTAIN RANDOMLY
SELECTED TELEPHONE SUBSCRIBERS AT

DACCA.

; ; ; } {
514 Date {§ Subs- § Subs- BNo.ofg'No.ofngax.ﬁ.Averaﬁ
No .} i crib- feribe QCallsQ callsﬁ holdQ -ge 1}

] §er.s fer. QattemQ ineffQ ing i hold- §

B jcate- | § -pted; uect—a time o ing }

)] §gory. | ) iive. % time. §
1§ 2§ IR 5 6 & 7 8 ]
1. 11.7.65% Business A 50 12

12.7.65 n 30 16

1%.7.65 " 18 g 18%-55° 1M_5g"°

14.7.65 n 86 48

15.7.65 1 46 22
2. 16.8.65 " 4 -

17.8.65 u 49 50

18.8,65 n 22 8

19.8.65 h 12 8

20.8.65 18 5  7M.25%  1%_56°

21.8.65 " 17 7

22.8.65 n 11 1

23.8.,65 " 1% 5
3, 17;5.25 " 43 20

18.5.65 1 83 49

19.5.65  =n 49 29 11758 oM ppS

20.5.65 " 79 50

21.5.65 " g1 58
4.-2406.65 " D 1 -

25.6.65 n 5 4

26.6,65 " 2 1 m s m s

27.6.65 " 6 p 2 =457 17-16

28.6.65 " 3 2
5. 24.5.25 n B ;5 9

25.5.65 t 8 10 m s m 5

26.5.65  n 15 10 2 -5 0°-46

27.5.,65 B 23 11
i, 21.9.64 Doctor A 1% 5

22.9.64 " 41 26

2%.9,64 " 51 34 18M-50°% 2P_533

24.,9,64 " 25 9

25.9.64 " 14 7
2., 28.11.64 B 3 1

29.9.64 " 29 23 4™.15°% 17438

30,11.64 23 14

g0



T ABLE VI, (Contd). Dorfieepee,

Sl.g Date § Subs- [ Bubs-{No.of { No.of § Max. { Aver-
NOT i crib- § eribs § calls § calls § hold~ § age }
j er's jer. {attemp ineffd ing § holdd

! §cate- | § -pted.J ect- § time. ] ing §
9 § gory. § § i ive. § § time.}
T35 2 1 5 1 & 1 5 1§ 6 T8
3. 17.12.64 Doctor C 11 5
18.12.64 " 6 ] 3M_50% 1M21g°
19.12.64 " 15 13
4, 11.12.64 n D 10 7
12.12.64 " 20 15 3M_20% M_g08
1%,12.64 " 26 9
5, 30.11.64 " E 14 13
1.12.64 0 15 11 11".35°5 2™M_1%°
3.12. 64 " 7 5
6. 7.9.64 " F 4 1
8.9.64 L 13 8
9.9.,64 " 2% 15
10.9.64 0 18 10
11.9,64 0 30 21 58™M_20° 4M.%17
12.9.64 " 10 4
1%.9.64 " 10 5
12.9. 64 " 28 17
15.9.64 n 33 24
16.9.64 " 16 -
17.9.64 " 20 7
18.9.64 0 14 6
29.9.64 " 02 20
20.9,64 " 9 3
1. 1.9.65 Advocates 14 11
5.9.65 " 2 1
4.9.65 " 8 4
5.9.65 " 2 2
2, 23.9,65 " 5 2
24.9.65 o 28 22
55.9.65 n 5 1
26.9.65 L 8 o 130.30% zM_g°
27.9.65 n 14 9
28.9.65 " 11 5
29.9.65 " 8 4
30.9.65 ! 18 12
1. 24.1.65 Profession D 20 6
25.1.65 " 51 28
26.1.65 0 45 21 14%-35% 10_5°
27.1.65 " 42 50 _
28.1.65 " 17 13
29.1.65 " 12 10
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?TABLE yE (Contd). Boper—5.
S1. ] Date § Subs- ¢ Subs~- { No.of § Fo.of § Max. | Aver
No. § §f crib- 3 6rib- § calls ) calls } hold § ~age
§ jer's 5 er., f attem { ineff } -ing { hold
b { cate- § -pted. § -ect ¢§ timed -ing
: i zory. | ; f —ive. § § time.
i [ b b g T S
1. 29.9.64 Judge. & 3 1
%0.9.64 " 8 4
1.10.64 " 14 6 9"-0% 1%.58%
2.10.64 n 18 5
53.10.64 " 19 12
4.10.64 " 6 -
5.10.64 " 1 -
1. 30.7.64 C 10 5
31.7.64 43 34
1.8.64 24 26
2.8,64 20 2%
%.8.64 24 11
4.8.64 15 8
5.8.64 8 3
6.8.64 19 10
7.8.64 26 22
8.8.64 B 2
9.8.64 16 11
1. 16.4.64 B 6 2
17.4.64 5 - m s i .8
18.4.64 3 - I 22
19.4.64 10 6
20.4.64 25 16
2. 15.5.64 PBX Line 26 2% L.n s .m .S
16.5.64 " 6 1 2-200 1S5
17.5.64 " 1% 2



TABLE VII

MONTHLY INTERWING AND DACCA-TONDON
TELEGRAPH TRAFFIC & TECHNICAL ITO0SS.

onth | I | oG

j Traffic. § To08s5. 8 Traffic. §J Ioss.
April/63 48,512 250.%5 13,492 140.30
May/63 48,310 86.55 13,426 61.10
June/63 51,888 138,10 13,150 39.25
July/6% 49,853 201.52 13,727 60.15
Augt/63 51,251 188,39 14,522 125,36
Sept/63 48,871 302.%5 13,863 191.55
vet/63 50,612 214.10 16,988 298.00
Nov/63 52,482 409.26 17,687 372.00
Dec./63 54,746 422,40 16,706 372.10
Jany/64 49,721 '355.30 16,935 509,20
Feby/64 51,760 409.15 16,638 311,35
March/64 57,562 354 .45 17,132 179.55
April/6a 24769 402.55 16,885  293-35

May/ 64 55,250 451,18 16,243 226,20



TABLE VII. (Contd) Raga-ad-

Month g INTERWING g DACCA-LONDON

| Tearric. ] Tees. | fearfic, | Toss.
June /64 59,553 189.20 16,5%6 252.30
July/64 53,244 334.50 17,470 212.25
Aug/64 55,475 438,00 17,021 177.00
Sept/64 54,688 452,40 16,959 249.65
Oct/64 54,221 358,00 17,263 268,10
Nov/64 52,282 396,52 16,064 357.10
Dec./64 57,679 333.30 16,863 277.30
Jaﬁy/65 54,011 280.50 16,212 420,50
Feby /65 50,241 282.27 15,165  357.10
March/65 66,058 474 .40 18,784 448,30
April/65 67,696 253.30 16,625 226,50
'May/65 73,341 477.35 16,213 313,55

June /65 69,607 354.10 15,451 194.45
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TABLE VITII.

HOURLY VARIATION OF BOOKED CALLS
AND EFFECTIVE CALLS ON DACCA-
KARACHT CIRCUIT(PERIOD OF OBSERV-
ATION 22.,11.65 TO 27.11.65).

Sl. 0 Hours, Calls § Calls
No. ) booked. ] effective,
1 0=6 278 151
2 6-7 16 8
3 7-8 72 31
4 8-9 154 83
5 9-10 193 102
6 10-11 186 110
7 11-12 214 151
8 12-13 145 121
9 12-14 171 116
10 14-15 106 86
11 15-16 119 78
12 16-17 105 86
12 17-18 117 84
14 18-19 114 62
15 19-20 112 46 -
16 20-21 99 54
17 21-22 111 40
18 22-23% 56 g
19 25-24 23 23




g8

TABLE IX-A.

HOURLY VARTIATION OF EFFECTIVZ HMINUTES AND
THE PEACENTAGE OF THE CIRCUIT TIIE® AVAIL-
A331E BETWVEEN DACCA AND KARACHI.

Hours. i Date. { Bffective § Percentage of
i 22.11.65. J minutes. { the circuits
] { § time available.

0-6 londay 27 16.66

6-7 " 3 4,166

7-8 n 15 45.83

8-9 " 6% 58.%%

9-10 " 60 83.3%
10-11 ' 1 87 80.55
11-12 t 93 90.277
12-13% n 108 97.22
13-14 " 72 51.3%88
14-15 - 72 65.27
15-16 " 66 79.166

16-17 " 51 70.83
17-18 " 6% 66.66
18~19 " 87 87.5
19-20 " 60 64,58
20-21 " 39 29,16
21=-22 " 27 4.166
22-2% " 24 18.75

2524 " 24 29.166
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TABLE IX-B.

HOURLY VARTATION OF EFFECTIVE MINUTES AND
THE PERCENTAGE OF THE CIRCUIT TIME AVAIL-
ABLE BETWEBN DACCA AND KARACHI.

Hours g Date { Effective § Percentage of
] 24.11.65. § minutes. ) the circuits
Q { § time available.

0-6 Vednesday. 152 45.83%

6-7 " 3 8.25

-8 " - 21 58.%%

8-9 " 57 50.00

9-19 " 87 61.1

10-11 " 102 59.72
11-12 " 111 79.16
12-1% " 96 79.16
13«14 . " 51 56,11
1415 " 105 66.666
15-16 t 60 . 100.00
16-17 " 90 ' 89.58
17-18 " 60 64.58
18~19 " 24 25.5%
19-20 " 9 10.47
20-21 " 50 : 45.8%
2122 i ' 9 18.75

22 -23 " 0 0

25-24 " 27 37.5




T ABLE

IX-C.

HOURLY VARTATION OF EFFECTIVE MINUTES AND
THE PERCENTAGE OF THE CLRCULT TINE AVAIL-

ABRLE BETWEEN DACCA AND KARACHT.
Hours. § Date. ) Bffective | Percentage of
i 26.11.66 iy minutes. § the circuits
J to ] § time available.
0-6 Friday 186 41.66
6-7 " 0 0
7-8 " 12 29.16
8~9 " 39 45,83
9-10 " 117 68.05
10-11 n 111 80.55
11-12 " 120 97.22
12-173 " S 86.11
12-14 " 69 76.738
14-15 " 27 70.85
15-16 n 51 95.83
16-17 " 72 85.416
17-18 n 72 50
18-19 " 45 58.%3%
19-20 " 35 64.58
20-21 n 81 72.916
21-22 " 15 8.533
22-23% n 0 0
1" 20 41,66

25-24

Q0



52TABLE X.

COEFFICIENT OF VARTIATION OF CERTAIN

RANDCIILY SELECTED TELEPHONE
CRIBERS AT DACCA.

SUBS-

51, [ Category. § Standarad

§ Standard § Coeffi-{§ Coeffi-

No. § § deviation § deviation § cient off cient of
) § of the to-§ of ineff- § variat- § variati-
{ § tal no.of { ective § ion of {§ on of
{ i calls., § calls, § total § igeffec—
{ § §j calls. § tive ca-
ﬁ | ! ! ) 11s.
1. Business 23.05 15.42 0.50108 0.6451
2. " 12.66 8.77 0.69%69 1.0962
3. " $19.27 14.27 0.27927 0.3%4466
4. " €1.93 1.33 0.5676 0.7288
5. o 5.54 . 707 0.27358 0.0707
1. rrofession 6 .66 %.96 0.67566 0.99
2. " 7.95 6.01 0.8045 1.252
2. " 12,03 10.12 0.58554  0.76847
4, ' 15.24 9 0.43899 0.5
1.  Doctors. 3.56 3.4 0.2966  0,3541
2. " 15.1 5.22 0.5317 0.3%22
3. w 1.1 4.03 0.60556 0.713%2
4., M 3,68 4.99 0.2452 ?.788
5. " 6.59 5.4 0.55%1 0.%291
6. " 8.52 7.61 0,473% 00,7557
1. Advocate. 4.97 ' 5.94 0.7645  0.985
2. " 7.5 6.54 0.60206 0.91789

91
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TABLE XI.

CORRELATION BETWEEN MONTHILY TOTAL
INTERVING TSLEGRAPH TRAYFIC AND
TECHNICAL T.O5S.

Sl.% Total g Bech., g Average of X%.Average of %orrre-

No. § Trafflc.Q 1oss. 3 T ; % ; 2§ig?f

H E B s licient.
1. 48.512x10°  250.35
2. 48.310 "¢ 86.55
3, 51.888 " 128,10
4, 49.85% ¢ 201.52
5. B1.251 " 138,00
6. 48.¢77 " 202,25
7. 50.612 " 214.10
8. 52.482 " 405.20
9. 54.746 " 422,40
10. 49.712 » 355.%0
11, 51.760 " 409.15
12. 57.562 " 354.45
13. 54.769 " 402.55
14. 55.250 " 451.18
15. 59.55% v 189.20
16. 53.244 ® 334.50

17. 55.475 v 438,00
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P ABLE XI. (Contd). Page.2.

31. Total I Tech. { Average of x § 4verage § corre~

No. § Traffic. § Loss. i X Jofy § lation
9 ] { j v § co~eff
) ] g § § -icie-
g g d ] § nt.

18. 54.688x10°  452.40

19. 54,221 ¢ 358.00

20. 52.282 7 29652 o5 uox107  325.5% L5644

21. 57.679 33%.30

22i. 54.011 ¢ 280,50

2%. 50,241 n» 282.27

24. 66,058 474,40

25, 67.696 ¢ 25%.%0

26, 75.%41 ¢ 477.35

27. 69.607 " 554.10



TABLE XITI.

CORRETLATION BETWEEN MONUTHLY TOTAL
DACCA-TONDON TELEGRAPH TRAFFIC AND
TECHNICAT, LOSS.

gé.g Total g_ Tech. g iverage ofB.%;erage mor?e_

* ) Traffic. i 1oss. 3 : 5 { 7 y %?E;g?_

] i ] J Hcient.
1. 13,492x10°  140.30
2, 13.426x " 61.10
3. 1%,150x " 39,25
4. 13,727 60.15
5. 14.522 125.36
6. 13.863 191.55
7. 16.986 298,00
8. 17.687 372.00
9. 16.706 " 372.10
10. 16.935 509.20
11, 16,638 311.%5
12, 17.1%32 v 179.55
1. 16.885 293,35
14. 16.243 » 226.20
15. 16.536 " 252,30
16, 17.470 " 212.25



TABLE XII.(Contd} Page.?2
S1l. 0 Eotal. § Tech., § hverage of | Average gCorJ_:'e-r
No. § Traffic. § Toss. fx. _ of y. lation
! } X § Qco-eff
g & § icient.
17. 17.021x10 177.00
18. 16.859 "  249.55
19. 17.265 " 268.10
20. 16.064 % 357.10
21. 16.863 277.30
22, 16,212 ¢ 420.50 16.07’53{10—j 11145%.27 0.68887
23. 15.165 357.10
24, 18.787 " 448.3%0
25. 16.625 " 226,50
26, 16.215 ¢ 31%.55
27. 15.451 " 194.45
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. T AR L, E XTIITI.

AUTO CORRELATION OF (INTERWING)
TECHNICAT, TOS3.

vo. 3 ] Soivelstion. | meima
g ‘ ) § value.
1 1 110817.10 0.826733
2 2 93414 ,69 0.69690
3 3 92345.85 0.688950
'4 4 117284.94 0.87498
5 5 121430.49 0.905911
6 6 93698.57 0.6990
7 7 77781 .22 0.58027
8 8 134042.28 1.00
9 9 180251.02 0.807588
10 10 ' 119604.77 0.89229
11 11 9457048 0.705529
12 12 101573,42 0.75777
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TABLE XIV.

AUTO CORRELATION OF RNACCA-LONDON
TECHNICAL LOSS.

S1. b lDelay. § Auto -ﬂ' % of the
No. { § correlation. { maximum
)] J § value.
1 1 768%2.68 0.738929
2 2 67144.83 0.648756
3 3 818282.76 6.786971
4 4 56200.,58 0.54050
5 5 59680.38 0.573967
6 6 67149.87 0.645804
7 7 84046.45 0.'808304
8 8 52719.27 0.50702
9 .9 103978. 64 1.00
10 10 65009.87 0.625223
11 11  44654.08 0.429454
12 12 5380038 0.517417




o]
E)

Y —1

W CORRELAT!I O CF DACUA L ONODN TEURNICAE. LOSS.

F1o. 64

-
——
e =TT
o et - S

e F

S |

I S . . .

“6 I 2 3 4 5 a5 7 @& © 10 0
il A1

FE L Gﬁ'—\_‘ 'HS



TABLE XV,

MONTHLY LOGARITHIIIC VARTIATION OF
TOTAL INTERWING AND DACCA~-LONDON
TEIEGRAPH TRAFFIC AND TECHNICATL

L0SS.
Honth. § Togof, § Log of . | Tog of § Log of
§ total § Technical } total ) Technical
§ traffic. { Loss. § traffic. { loss.
April/63. 4.68583 2.4002 4.1300 2.1470
May /6% 4., 6840 1.9375 1.1279 1.59%8
June/63  4.6840 2,1402 4.1189 1.59%8
July/63  4.6975 2.3021 4.,1%75 1.7793
Aug/63 4.7098 - 2.2750 4.1620 2.,0881
Sept/6%  4.6899 2.4805 41417 2.2822
Oct./63  4.704% 2.3%06 4.2%02 2.4742
Nov/6% 4.7200 2.6118 4.2476 2.5705
Dec./63  4.7284 2.6257 4,2229 2.5706
Jany/64  4.6966 2.5506 4.2288 2.7070
Feby/64  4.7140 2.6118 4.2209 2.49%3
March/64 4,7602 2.5495 4.25%57 2.2545
April/64 4.7%86 2,6047 4.2275 2.4674
May/64 4.7423 2.6544 4.2106 2.3545
June/64  4,7750 2.2770 - 4.2184  2.4019
July/64  4.7263 2.524% C4.2421 2.%268
hug./64  4.7440 2.6415 4.2309 2.2480

JoXs



T ABLE XV. (Contd) Page.Z.

Month. I Log of ] Log of { Tog of 1§ Log of

§ total § Technical [ total { technical

§ traffic. § loss. § traffic. ) loss.
Sept/64 4.,7580 2.6555 4.2295 2.5972
oct/64 4.7542 2.5539 4.,2572 2.4285
Nov./64 4,7185 -2.5982‘ 4.20'57 2.5528
Dec./64 4.7610 2.5228 4,2269 2.4450
Jany/65 4.7325 2.4480 4.2098 2.6237.
Feby./65 4.7010 2.4505 4.1808 2.5528
March/65  4.8200 2.6762 4.2737 2.6517
April/65  4.8305 2.4036 4.2207 2.3551
May/65 4.8655 2.6789 4,2098 2.49%6
June /65 4.8427 2.5238 4.,1890 2.2888

101
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TABLE XVI.

HOURLY CORRELATION BETWEEN BQOOKED
AND EFFECTIVE CALLS ON DACCA-
KARACHT CIRCUIT.FOR A

Hour, § Calls - § Calls { Average of ﬁ‘Average‘ofﬁ_corre—
§ booked. § effec § x. _ i v _ § lation
g [ ~tive. § X ) y § co~eff
] ] ) ) § —-cient.
0-6 278 151
6-7 16 - 8 i
-8 72 1
8-9 154 8%
9-10 193 102
10-11 186 110
11-12 214 151
12-13 145 121
15-14 171 116
14-15 106 86 .
15-16 119 8 124.789 75.842 0.91261413
16-17 105 86
17-18 117 84
18-19 114~ _ 62
19-20 112 46
20-21 99 54
21-22 11 40
22-23 56 9

23-24 23 23
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CORREIATION BETWEEN EFFECTIVE MINUTES
AND PERCENTAGE OF CIRCUIT TIME AVAIL:

TABTLE

XViI-A,

~-ABILE ON DACCA-KARACHI CIRCUIT.

Monday :
Hour, § Calls § calls | Average | Average | corre-
§ booked. § effec § of x. § of y. @ lation
0 § -tive. § z 5 7 Qoq—effi—
) b ] b § cient.
0-6 27 16.66
6-7 p) 4.166
7-8 15 45,8%
8-9 63 58.33
8-10 60 83-33%
10-11 87 80-55
11-12 93 - 90-277
12-15 108 97.22
1o-14 72 51.588 54,789  54.921  0.8933
14-15 72 65.27
15-16 66 79.166
16-17 51 70.8%
17-18 6% 66.66
18-19 87 87.50
19-20 . 60 64 .58
20-21 39 23.16
21=-22 27 4.166
22-273 24 18.75
2%-24 24 29.166
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T ABLE XVIT-B.

CORREIATION BETJ/EEN EFFECTIVE JIINUTES
AND PERCENTAGE OF CIRZCUIT TIIE AVAIL-
ABLE Ol DACCA-X4rACHTI CIRCUIT.

Wednesday:
Tour. § Calls {Calls [ Average { Average of § corre-
§ booked. § effec~ § of x. i vy. _ ) lation
) § tive. ] % & .y ] cg—effi—
[ i . § 3 § cient.
0-6 1%2 45,8%
6=17 p. 8.%3
7-8 21 56.33
8-9 57 50.00
G-10 87 61.10
10-11 102 59.72
11-12 111 79.16
12-1% 96 79.16
1%-14 51 36.11
14-15 105 66.66 .
15-16 60 100.00 56.5263 49,704 0.612716
16-17 80 83.58
17-18 60 164,58
18-19 24 3%.55
19-20 9 10.41
20-21 . 20 45.8%
21-22 9 18.75
22-2% 0 0.00
2%-24 27 37.50
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TABLE XVII-C.

CORRELATION BETWEEN EFFECTIVE INMINUTES
AND PERCENTAGE OF CIRCUIT TUME AVAIL-

! ABIE ON DACCA-KARACHI CIRCUIT.
Friday:
flour. § Calls [ Calls | Average] Average | Corre-
{ booked. j effec- § of x. | of y. glation'
B § tive. 3 ] § cq~eff;—
) g ) )] J cient.
0-6 186 41,66
67 0 0.00
-8 12 29.16
8-9 .59 45.83%
9-10 17 68.05
10-11 111 80.55
11-12 120 97.22
12-13 75 86,11
1%-14 69 76.28
14-15 27 70.83
15-16 51 95.8% 60.7894 56.4606  0.517
16-17 72 85.41
17-18 72 50.00
18-19 45 58.%3
19-20 5% 64.58
20-21 81 - 72.91
21-22 15 8.33
22-27% 0 0.00
2%-24 20 41 .66
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-2 A TETEPHONE TAUNKING PrROBI4ENM:

Narayangan] Exchange hus an equipped capacity
of 2000 lines.

It is recuired to find out how many junction
lines will be reguired to Dacca Bxchange if with
certain call duration

(a) One out of every thousund culls between

two exchanges is allowed to fail (b) One

out of everylhundred calls between the two
Exchanges is allowed to fail,(c) 5 out of
every 100 calils are allowed to £ail, (d)10
out of every 100 calls are allowed to faill

(e} 15 out of every 100 calls are allowed

to fail, (f) 20 out of every 100 calls are

allowed to fail.

Supnosed duration of the calls are 14 minutes,
2 minutes, » minutes, 4 minutes and 6 minutes.
Also suppose that during the busy hour of the day
each of the 2000 subscribers makes a call to Dacca

Bxchange.

Let us regard the problem as one involving
independent Bernonlli trials. iie suppose that for
each telephone at Narayangan], say the jth tele-
phone, there is a probabilify that an outside line
will be required (either as the result of an incom-
ing call or an outgoing call) one could estimate
by observing in the course of an hour how many
minutes hj an outside line 1s engaged, and estima-
ting pj by the ratio hj/60. In order to have
reveated Bernonlli trials, we assuae P1=FP2..--- o
pn=P. ‘e next asswne independence of the events
A1, A2, An in which Aj is the event that the jth
telephone demands an outside line at the moment
of time at which we are gegarding the Marayangan]
exchange. whe probability that exactly r outside

lines wiil be in demand at a given moment is,
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B Y ﬁ\ -
by the binomial law, given by --- L“;)? A

Consequently, if we let r denote the wember
of outside lines connected to the Warayangan]
switch room and make the assumption that they
are all free at the moment at which we are regard-
ing the Narayanganj BExchange, then the probabil-
ity that a person desiring an outside line will
find one available ig the same as the probability
that the number of outside lines demanded at
that moment is less than or equal to

3 (g e

r=0 .
where the equality sign holds if vhe polsson

approximation to Jhe binomial appliles.

For different values of holding time the
value np will differ and hence the probabilities.
To determine these probabilities the poisson
probability paper (fig 3.16) has been used.This
has saved the tedious calculations and lot of
time (Chapter 3).

On the. poisson probability paper the horizon-
tal m scale determine the average number of
simultaneous cwulls from the subscribers, the
vertical Pr scalie the probability that all the
junction lines will be in use when & subscriber
attempts to make a calil; the number of Jjunction
lines is represented by the r curves. A vertical
line is drawn at the apypropriate value of m on
the probability paper. The poisson distribution
of the problem is then represented by tne points
in which the vertical line ereacted on the calcu-
iated m value cuts the r curves, or for conve-
nience, simply by the vertical line itself.
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To determine the number of junction linés
required to meet say the 1 in 100 condition a
horizontal line from Pr= 0+01 is drawn to cut
the vertical 1line erected at the appronriate
values of m. At the point of intersection of
the two lines the value of r, the nuitber of
Junction lines reguired to meet 1 in 100 condi-
tion is found. . :

For different values of probability of
cetting a free line number of outside lines
required will be different. Those values will
also differ for different values of holding
time. Table XVIIT gives the value of r for
different holding times.



TABLE XVIIIf

THE VALUE OF r DETERMINED FROI

T /40 1730 7720 § 1775 7770

Poisson ] }
Approximation. i i { B
.999 n=2000 - 74 95 132 171 245
.99 " 68 87 125 ‘ 161 255
.95 " 62 81 117 155 - 22%
. 90 " 60 . 78 113 149 218
..85 " 58 T 111 146 215

280 " ; 57 . 95 108 1475 211°
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54 DA-CTG. DIRECT DIATLLING SYSTEM:

ASSUMPTIONS: Dacca-Karachi booked calls were
examnined for 6 days between 22.11.65 to 27.11.65
and it was found that the peak hour call is
about 10.%4% of the 24 hours traffic on an ave-

rage, There were 1357 calls in the year 1963
between Dacca & Chittagong on an average when
No. of local lines at Chittagong were 5000. At
present there are 6000 lines at Chittagong and
if we assume that the No. of outgoing calls

and incoming cé&lls are increased in that pro-
portion, then there could be 2713 Trunk call at
Chittagong (both incoming and outgoing).Roughly
every subscriber will have half a call per-day.
Because of easy accessibility of lines between
Chittagong and Dacca 1t will be reasonable to
assume that about 20% of these calls will ve
originated during the busy hour instead of
10.%4% as in the ‘case 0f Karachi-Dacca.

Therefore, 20% cf 2713 calls will be
originated during the busy hour 1.e. roughly
550 subscribers will make a call (either an
dincoming call or outgoing callj to Dacca.
Because of delay ail the subscribers did not
use to make calls., We would expect another
550 subscribers to attempt a call during
busy hour due to easy accessibility i.e.1100
- subscriber will attempt a call during the
busy hour. Table XIX gives the values of r
for different holding times and different

probabilities.



TABTLE XIX.

THE VALUE OF r DETERMINED FROM
FIG.3.15 & FIG.2.16.

rorooon /120 Toa/e0 1 oaza0 § a/s0 ja/es
“Approximation. § i { b ]
99.9% n=1100 21 34 46 57 70
99 % " 18 30 41 B2 63
95 % " 15 27 37 47 58
90 % " 13 25 55 45 55
80 % L 12 2% 33 42 53
70 % " ' 11, . 21 31 40 51
60 % " 10 - 20 29 58 48
50% " 10 19 27 36 46
40 % n 9 18 26 35 45
30 % " 8 17 25 34 43
20 % "w 7 16 24 52 42
10 % " 6 14 22 30 38
5 G " 5 12 19 27 26
1 % " 4 10 17 24 32
1% " 2 7 1% 20 28
&5 6/20 7720 4760 3/126___10/120
PEEEA 80 . 91 103 113 124
#9997, ! 73 85 95 104 114

4957 " 67 79 88 97 107




T A BILE XIX. (Contd). Page.?.

— o120 ] 7/i80 7760 ] Y O S
Approximation. § { i ] E
»907 n=1100 65 75 85 95 104
80 62 71 | 81 90 100
/. 60 68 78 87 97
y 60 57 66 76 85 94
g505 M 56 64 74 83 92
P21/ 54 62 72 81 90
Q30 52 60 70 77 87
J20 49 57 68 75 85
0 46 54 63 72 81
B 43 50 58 68 75
J87 v 40 47 56 62 70
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CHAPTRERR VI,

DISEESSION OF RESULTS:

6.1 Characteristics of cert.in randomnly
selected telephone subscriber of Dacca.

Table VI18 an example of how datu for in-
dividual subscriber can be culculated and utili-
sed. Average holding tiuwe and average number of
calls originated by each type of subscriber can
indicate the nature of %Ftype of the subs.which
can be utilised to calculate traffic rattern in
future planning. For example a business Subs. A
has an average holding time of 2 minutes and
originatés about 46 culls a day. Similarly re-
lation between coefficient?;ariation and the
ratio between averuge and maximun holding time
could be investigated und Possibly significant
inforumation about the churacteristic of the Subs.
of different types could be found with suft'icient
data. On the whole the dats presented in this %
table can be treated as an exawple how statisti-
cal information regarding telephone subs. can be
usefully treated.

6.2 Interwing Telegrauph Traffic:

The existance of reul corelation between
total traffic and the technicaul loss, although
of a4 low magnititude, may be taken as an indica-
tion that the swificdons causes of technical loss
are not accounted with performsnce and opreration
of the equipment but due to other external causes,
weuther condition possibly belgprimarily responsi-
ble for the bulk of # technical loss. However,
the existence of the correlation itsel? can be
interpreted'as a fact that with larger voliue
of traffic more eguipment would be in use and,
therefore, more technical losses would originate



due to more defects in the equipments themselves
or in the lack of operating facilities.

6.2 Dacca-Tondon Telegraph Traffic:

The same conmiments as above apply in gen-
ral to this case. The higher fi,ure of corelation
coefiiicient secims to indicate that in this case
the naintenance of operating facilities of the
equipment need iwmore caireful attention.

6.4 Auto covrelation of technical losses,

6n Dacca-Xarachi and Dacca-ILondon
wireless Telegraph Traffic.

The auto-correlation of the technical
losses with varying time gdps in umonths were
studied with the aiﬁ:to discover the effect of
weather cycles, if any, on the technical losses.
The irrégular, but approxigate weavy nature of
the auto-covrelation function curves obtained
(figure 5.% and 5.4) is perhaps o clear indica-
tion of the fact that the chaunge in atmospheric
condition due to “"cycles of weather" is a signi-
ficant factor in ;;ig;;ing the technicazl losses.
Due to altbgether different types of climate
existing at the same time in different Regions
covered by the transmitted waves it would not
be paying to try to make a detailed analysis
of these cuves in terms of atmospheric condi-
tions existing at the points of transmission
and reception. However in each case maximum
auto-correlations is fowid to exist with a time
gap of 6-8 months which seems to be a likely
phenemenon in as much as a period of 6-8 months
covers a time length which mey produce similar
atmospheric conditions on either side of the
peak of season. '

6.5 Hourly variation of DA~KR booked
calls & effective calls,
Hourly variation of Dacca-Karachi
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booked culls and effective: calls were studied
with a view to find out whether the cct.avail-
able and the overation facilities available dur-
ing any period of time were calculated in rela-
tion to the hourly vuriation of booked calls.
Datas for six days between 22.11.65 to 27.11.65
wére obtained and average hourly variations

were found. Correlation coefficient of the hourly
variation between effective calls and booked
calls has been calculated and this is found to
be .&%.This ie in fact very high and it can

be. said that the availability of ccts. and
operating facilities were correctly phased.

6.6 Hourly variation of paid minutes

and percentage of mircuit time
available,

To find out the econouics of the sys-
tem,cowrelation of the 1mid minutes per hour and
percentage of cct. time available during that
hour has been calculated. It is found that on
Monday the 22.11.65 high coerelation of§9% existed.
Data for ednesday the. 24.11,65 and for 26.11.65
were obtained and analysed in a siuil.r manner.
There also covrelation co-efficient of .64 and
.51 respectively have been found which are
higher than the significant coyrelation.They also
show that real coerelation between the percentage
of cct. time availuble and the effeciive minutes
on Dacca-Karachi cct, are in existance. Purther
more it could be said that on Monday the 22.11.65
the system was being far more econouically used
than on VYednesday and Friday. This may be an
exceptional happening; however such & technic

{20
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can be effectively used in assessing whether
the facilities available in a telecomaunication

system are being most economically utilised.

6.7 Dacca-Warayanganj Trunking problem.
It is seen fro.: table XVIII that '
99.% success in obtzining a free line between

Narayangan] and Dzcca, the number of junction
lines required are 74, 95, 122, 171 and 245 for
average call durations of 1.5 minutes, 2 minutes}
3 miﬁutes, 4 minutes and 6 minutes respectively.
The corresponding figure for 8% success are n
57, 75, 108, 143 and 211 lines. It is estimated
that the telephone conwmunication system would be
reasonably successful if the vrobability of obtai-
ing a free line during the peuk hour lifes &
somewhere between 80C% and 100%k.

‘ Proun study of the call durations in
Dacca (refer Table VI) the average holding time
is found to be 2bout 2 minutes.Conside€ring the
facts that Narayanganj & Dacca are entirely two
Axaas separate towns the average duration of cull
between Dacca & Nafayanganj would perhaps be
slightly longer..With shese facts in mind it
seems reasonable to estimate that under the
existing system of arrangement i.e. with 150
junctions between Dacca and Narayangan] there
would be a reasonable degree of success in
making a telephone call between the twe locali-
tdes at the peak hours,

It is toc be remembered that the assum-
ption that every subscriber at Narayangan]
would atteupt a call to Dacca at the peak hours
is not based on any known'findings, however,such



an assumption seems to constitute & reazsonable
test on the efficigﬂcy of the telecom.system.

The fact that the method of analysis
adopted in this warticular type of situation
with reasonable estimate of the average call
duration found experimeﬁtally from a similar
population of subscribers, givew as the required
no. of junction lines figures in the range of
actually existing number of Junction lines,
points to the usefulness of the application of
statistical method of analysis.,

6.8 Dacca~Chittagong Direct dialling.
6.8.1 Utilisation factor: - The durations

within 24 hoars for which each trunk line was

in use were recorded. the total duration for
both full rate and half rate calls were calcula-
ted. Figures for three typical normal days were
16017, 15822,12572. Wow the total maximun minutes
over the 24 hour period that the lines could
have been in use = 48 x 24 x 60 =69120. From
this the ratio vetween the actual minutes in

use to the rated cupacity in minutes (1.e.69120)
-come out to be 16017, 15822,12572 i.e..2317,
.200, .1820 respef816¥1,°91804182120 ¢ mentioned
> day. An average figure of .2012 be taken.

This averase figure which is an indi-
cation of the extent to which the overall
Dacca-Chittagong direct dialling system is in
actual use, can be terimed as the "atilisation
factor" of the system. )

6.8.2 Statistical Analysis:- 4 similar

Statistic.l method of analysis as in the case

of Dacca Narayanganj telephone traffic is adopted
(Refer 6.7) and the results‘presented in (Fig.5.y
and Table XIX). '
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The data corresponding to high proba-
bilities (90% to 99.9%) of obtaining a free line
in this system are expected to be of considerable
practical use. For example it is found that for
an average duration of call of two minutes and
with 48 channels in service the probability of
getting a free line at the peak hour is 95%
(assuming that 1100 call originate in the peak
hour) as assumed in section 5 (Table XIX).
Addition of another 10 lines %g = 21% to the
system would increase the probability of getting
a free line by only 4.9 to 99.9% and similarly
for other durations. A similar type of conclu-
sion could be drawn for other call duration.

The data for very low probability
figures is of special interest in this connection.
For example a very low probability figure
(0.001) of getting a free line at the peak hour
is a physical indication of the fact that all
the 48 lines are in use for all the 60 minutes
0of the peak hour or in other words the calls
are randomly spaced, ®ver all the 48 channels
successively in such a way that no further
calls can be placed on the entire system at
that hour which means that the system is being
used at its rated capacity satistically.

The total duration that the system was
in use for typical days (Section 6.8.1) are
known. The total no.of calls both ways for
those % days were also recorded and was found
to be 8177,7348 and 8009 respectively,

Average duration of calls is thus found to be
about 2 minutes.
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The meximum available minutes for 48 channels
in the peak hour = 48 x 60 = 2880 ch@anel minutes.
With an average call duration of two wminutes and
all the lines being in use all the time through-
out the hour i.e., Zero (.001) probability of gett-
ing free lineythe total No. of Calls that can
pass both ways = 2880 = 1440

‘ 2

However, by refering to the probability cal-
culation in fig.5.9 it is seen that e with 48
lines the condition for Zero probability of gett-
ing free line would regulre a cull duration in
the range of %% to 4 minutes; call duration of
3% minutes at the peak hour would thus mean that
only 2880 = 82> calls would pass both ways at
the pedk’hour. This figure is substantisliy Aiffe-
rent from 1440 obtained on the Tbasis of 2 minutes
average duration as indicated by the recorded
figures.

The statistical assumption that 1100 persons
are trying to originate a call at the peaknégﬁne,
therefore, to have been on the lower side.

Using the -observed call duration of 2'
minutes with the given No.of channels = 48 and
studying the case of Zero probability of getting
a free line at the peak hour, reference is made
to fig 3.16. The conditionsimposed in this case
are satiffied with a value of N= 73 x 30 = 2190
or in other viords 2190 subscribers would probably
be attempting a'call at the peak hour instead-ef
1100 as assuned previously. As seen before with
an average duration of two minutes, max.No.of
calls that can be handled by the system =1440.



There would thus be an "QVERFIOW" of 730 calls
at the peak hour. It seems therefore, reasonable
to conclude that the system is still inadequate
in handling the peak hour traffic even with all
the channels in good condition.

Frowu the peak hour call overflow of 730

the total overflow throughout 24 hours would be

equal to 750x24 = 17520, However the actual over
flow during 24 hours period would be lower than
this.

From recordings of all overflows in
minutes of the same 3 days figures 13869,13540,

5317 have been found.

.6.8.3 System Effectiveness: - Two other

figures indicative of the effectiveness of the
existing system cun also be derived from the
above considerations

A. System Zffectiveness Factor:- This will

be defined as the ratio;
actual daily.Wo.of materialized calls.

Totsl daily No.of originating calls.

or Actual duily of No.of materialized calls

Materialized calls +dally overflow.

In the system under consideration, systen effec-
tiveness factor for 2 typical orking days are
b8l TT o, - 1348 8009

B177+15869G T348+1 35540 B009+5217

or.%62, .351, .805 i.e. an average of .442.

These fiagures are indications of the
characteristic of the subscriber population of
the two areas, as reflected on the co .munication

‘system.
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B, Peak hour statisticual effectiveness factor:

This factor will bhe defined as the ratio;

No.of maxm.possible calls of a
"given duration duaring the peak hr.
Estiuate. otutistical demand at
peak hour,

T the Da-CTG direct diwiling chaaiels under
investigation, for calls of avera,e duration of
2 minutes,

Peak hour statistical Effectivness Factor

1440
2790

= . 66 or 6659

This means that at the peak hour, the number

of channels provided is capable of handling
about 66+ of the actual demand on the system

in the peak hour. This is obtained by statisti-~
cally estimating the »robable demand on the
system. during the peak hour.

It is thus evident that adoption of a
suitable statistical methed of analysis of any .
teleconmunication system is c..pable of providing
mach pseful'data, and practical guidance,in
evaluating and improving existing systems, or

in designing new telecowmunication system.
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