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ABSTRACT 

A technique for forecasting point-to-point traffic of a 
region served by a telephone network is outlined in this 
paper. To take into account the particular conditions 
of the region, this technique makes use of two statisti
cal parameters: the average calling distance and the 
distance factor. This technique has been used in AGT 
(Alberta Government Telephones). It has been found that 
the technique is simple to use and produces sufficiently 
accurate forecasted traffi c data 'for network pl anni ng 
purposes. 

1.0 INTRODUCTION 

Fundamental traffic data for telphone network planning 
is the point-to-point traffic flow in the network. If 
there is historical traffic data between every two points 
in the network, techniques are available to forecast 
future traffic flow with a fair degree of accuracyl,2 

However, in practice, historical traffic data between 
two particular points may not be available. Furthermore, 
even if historical traffic data between the two points is 
available, the data may not have much use when new 
technologies such as distributed switching are intro
duced3, when telephone exchange boundaries are changed, 
or when the tariff structure is altered (eg. from toll 
to flat rate calling). 

Therefore, it is desirable to have a simple traffic fore
cast technique which can be used for generating future 
point-to-point traffic data with sufficient accuracy, 
even for the case where some of the points in the net
work have no historical traffic data. Such a technique 

is suggested in this paper. 

2.0 THE NETWORK 

Let the telephone network in a region have n points (i.e. 
n switching centers). Each point i serves an area Ai 
having Mi main stations. The average busy hour originat
ing and terminating traffic per main station served by 
point i are ai erlangs and bi erlangs respectively. The 
distance between point i and point j is Sij' The ratio 
of the traffic from point i to point j during the busy 

hour of point i, to the engineering busy hour traffic 

from point i to point j is Rij . The n th point of the 
network represents the point serving the rest of the 

world. Thus, in general, Mn, An' an' bn, and Snj are 
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not known. 

For network planning purposes, it is required to estimate 
Eij , the amount of the engineering busy hour traffic from 
any point i to any point j in the network. Since point n 
serves the main stations located outside of the region 

considered, there is no need to estimate Enn' 

3.0 INTRA- AND INTER-AREA CALLING PROBABILITIES 

To estimate E .. , the technique introduced here is based 
, 'J 

mainly on the following three assumptions: 
(i) The busy hour average calling distance Di for the 

main stations served by point i in the telephone 

network is a function of Mi and Ai' The larger 

Mi' the shorter Di ; and the larger Ai' the lo~ger 

Di · 
(ii) If a telephone call is made during the busy hour 

from one of the main stations served by point i in 
the telephone network, the probability that the 
called main station is located within the point 
serving area Ai follows the Rayleigh distribution. 
The probability is called the intra-area calling 
probability, and is denoted by Yii' 

(iii) Each point i in the telephone network is located 
at the weighted center of its serving area Ai' 
The inter-area calling probability Yik where k~i 

is the probability that the called main station is 
located within the point k serving area Ak if a 
telephone call is made during the busy hour from 
one of the main stations in area Ai served by 
point i. This probability Yik decreases as the 
distance Sik between the two points increases. 

Since D.is a ' function of M. and A. according to assumption 
. ' _ '-A./4D~2 (,), let a(Mi,Ai ) - 1 - e , , (1) 

Then, by assumption (ii), Yii =a(Mi , Ai)' (2) 

To determine Yik where kti, define an image of point k to 
be co-located with point i in the network. The image 
serves an imaginary area Bik having Nik imaginary main 
stations, such that its main station density is the same 
as that of area A .. That is Nik = Mi (3) , r A:-. 
Thus, the image together with P6~nt i'will serve a total 

area Ai + Bik having total Mi + Nik main stations. Hence, 
the inter-area calling probability from point i to the image 

of point k is ' B~k = a (Mi + ~ik"Ai + Bik ) - a(~i' Ai)' (4) 
According to assumption (iii), Yik and hence Bik should 
decrease as 5 ik increases. Because of (3), it is there-
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fore sufficient to let Nik = f(M i , Sik) . Mk (5) 
where f(M i , Sik) is called the distance factor of point 

i, and is a decreasing function of Sik for a given Mi · 
To satisfy the condition that point k may indeed be 
co-located with point i, it is necessary that 

f(M i , Sik) = 1 if Sik = O. (6) 

Since Mn and Sin are not known,ein (the inter-area 
calling probability from point i to the image of point n 
which serves the rest of the world) may be determined 

by projecting the images of all other points to be 
co-located with point i in the network. That is, 

n-l n-l 
e· = 1 - a(M. + E N·k,A.+E 1 B· k)· (7) , n , k = 1 , , k= , 

k;i k;i 
Note that, during the busy hour of point i, 

n 

E YiJ·=l. 
j=l 

(8) 

However, by projecting the images of the points to be 
co-located with point i, it is possible that 

n 
E e· k -

Yii + k=l ' - x 
k;i 

(9) 

where x may not be exactly unity. Therefore, applying 

normalization, . = L2.!.l Q. if k4i (10) 
Y, k x - y ... ~, k r 

Thus, if Di and f(Mi , Sik)'}or every point i in the 

network are known, the probabilities Yij'S can be 
computed. 

4.0 STATISTICAL PARAMETERS 

The average calling distance Di and the distance factor 
f(M i , Sik) can be determined statistically. It should 
be noted that there is no need to have a huge volume of 
historical traffic data for determining the two para-

meters: Di and f(M i , Sik)' However, to ensure good 
accuracy, the historical traffic data used for determin

ing the two parameters must be representative. That is, 
the historical traffic data should include those points 

ranging from low to high main station density areas, 
those points ranging from small to large size of areas, 

those points ranging from small to large number of main 
stations, and those points ranging from short to far 
distance apart in the network considered. The historical 
traffic data for the region served by the network need 
not include all the points in the region. Furthermore, 
the historical traffic data from any point in the network 
need not be complete in order to be useful for determin
ing the two parameters. Partial historical traffic data 
such as the example tabulated below is considered useful 
for determining the two parameters as long as it is 

representative. 
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Example of point i hi~torical traffic data 
To Main Point i busy 

Point Stations Area Distance hour traffic 

2 

5 

k 

8 

Gi2 
Gii 
Gi5 
Gik 
Gi8 

All other - Gi - (G i2 + Gii 
+ Gi5 + Gik + Gi8 ) 

where Gi is the busy hour total originating traffic from 

point i. 
- 1 

From (1) and (2), D. = .,I A./4ln( -1--:-) (11) , , - y .. 
Thus, a sample Di corresponding to each'~et of available 

historical traffic data {Mi , Ai' Yii} can be found. The 
historical value of y . . may be estimated by 

G. . " 
Y ii = ~ (12) 

Gi 
where Gi is the busy hour total originating traffic from 

point i, and Gii is the busy hour traffic from point i to 
point i itself. According to assumption (i), Di may be 

expressed in terms of Mi and Ai as follows: 
D. = C . A. Cl/M .C2 (13) , 0 , , 

where Co' Cl' and C2 are constants and can be determined 
from the historical traffic data with (11), (12), and 

(l3) . 

To satisfy (6) and assumption (iii), the distance factor 

of point i may be expressed as· k C 
( :>~ ) 5 

f(M., S. ) = e -C3 C6 + S,k/Smax (14) 
, ,k M.C4 , 

where Smax is longest distance between two points in the 
network, and C3, C4, C5, and C6 are constants. These 

constants can be determined from a set of available 

historical traffic data {Mi , Ai' Mk, Sik' Yik} with (1), 
(3), (4), (5), (13), and (14) by matching the calculated 

e ik's to the historical Yik's. The historical value of 

each Yik may be estimated .by Y ik = Gik (15) 
G. 

where Gik is the point i busy hour traffic from point i 
to point k in the network. 

5.0 THE TRAFFIC 

Thus, with a small amount of historical traffic data from 

the region served by the network, the statistical para
meters Di and f(M i , Sik) can be determined. Hence, the 

probabilities Yij'S can be computed as outlined in 
Section 3.0 above. It remains to estimate each Eij , the 

amount of the engineering busy hour traffic from each 
point i to every point j in the network. 

Obviously, during the traffic busy hour of any point 
with the exception of point n in the network, the traffic 
from point i to point j is YijaiMi' Therefore, 

Eij = YijaiMi/Rij' i;n. (16) 
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If the ratio of traffic from point j to point i during the 
busy hour of point i, to the engineering busy hour traffic 

Eji is also Rij , ~~~n, 
En1· = (b.M. - I E..R .. ) / R., i;n. 

1 1 j=l Jl lJ n1 
( 17) 

However, for network planning purposes, it may be suffic
ient to assume that the engineering busy hour traffic 
from point n to point i is proportional to E

in
. That is, 

Eni = biEin/ai , i;n. (18) 

6.0 AN APPLICATION 

Based on this technique, computer programs have been 
designed to forecast traffic for network planning purposes 
in AGT (Alberta Government Telephones). Computer program 
GTF.C5 has been designed for a local network of up to 25 
class 5 central offices, and computer program GTF.C4up 
for a toll network of up to 20 class 4 offices. The busy 
hour total originating and terminating toll traffic of 
each class 4 office depends on the condition of the local 
network of the region served by the class 4 office. For 
example, if a direct toll trunk group is added between 
two class 5 central offices located in different regions, 
the busy hour total originating and terminating toll 
traffic of the two class 4 offices serving the two 
regions would be reduced. Therefore, a computer program 
GTF.C54 has been designed to forecast busy hour total 
originating and terminating toll traffic for each class 
4 office taken into account of various local network 
conditions. The busy hour total originating and termin
ating toll traffic of each class 4 office together with 
ltS affected local conditions is .input into . 
GTF.C4up to generate point-to-polnt tol I trafflc and 
forecast the toll trunk requirement. 

To use this technique, the traffic forecast computer 
programs require the statistical parameters. A computer 
program GTF.PARAM has been designed for determining the 
constants of equations (13) and (14) for a given set of 
historical traffic data. Figs. 1 and 2 show the statis
tical parameters O. and f(M., S'k) respectively for the 1 1 1 
AGT local network, and Figs. 3 and 4 show the statistical 

Parameters O. and f(M., S'k) respectively for the AGT toll 1 1 1 
network. 

It can be seen from Figs. 1,2, 3, and 4 that the statis
tical parameters so determined can be used for forecasting 
traffic in general trend. To improve the accuracy of 
traffic forecasting for a particular network, the traffic 
forecasted for the present year should agree well with 
the actual traffic. presently flowing in the network. This 
may be accomplished by adjusting Rij'S to match the fore

casted traffic for the present year with the actual 
traffic presently flowing in the network. In practice, 
the information of actual traffic presently flowing in 
the network may not be completely available. In this case, 

R .. 'S should be adjusted to match the forecasted traffic 
1 J . . 

with actual traffic wherever possible; and the remalnlng 
R .. 's are estimated based on judgement. Computer program 
lJ 

GTF.MATCH has designed for this purpose. 
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7.0 CONCLUSIONS 

In conclusion, the technique suggested here makes use of 
two statistical parameters to take into account the par
ticular conditions of the region served by a telephone 
network. The two parameters are the average calling 
distance and the distance factor. These two parameters 
can be determined from a small amount of historical 
traffic data for the region considered. 

The technique suggested here has been shown to be very 
simple to use for forecasting point-to-point traffic 
including those points of the network in the region having 
no historical traffic data. From the AGT application, the 
point-to-point traffic forecasted with this technique has 
been found to be sufficiently accurate for network plan
ning purposes. 
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AGT LOCAL NETWORK. 

The straight line is based on equation 

(13) . 
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Distance factor f(M i , Sik) for the 
AGT LOCAL NETWORK. The smooth curves 

are based on equation (14) with 
constants C3 = 0.00001473, C4 = 0.1956, 
C5 = 2.152, C6 = 0.03, and Smax = 1000. 
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Fig. 3. Average calling distance Di for the 

AGT TOLL NETWORK. 
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The straight line is based on equation (13). 
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Distance factor f(M i • Sik) for the AGT 
TOLL NETWORK. The smooth curves are based 
on equation (14) with constants C3= 0.1805, 
C4 = 0.2576, C5 = 1.288, C6 = 9.0 and 

Smax = 2000. 
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