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Abstract . In this paper, a demand forecasting method for new telecommunication services using historical data 

of eXisting telecommunication services is proposed. This method has two phases. First, a regression model is chosen 

using the results of forecasts for existing services. Then, the new service demand, forecasts by that model are 

corrected using the correction coefficient. The correction coefficient is determined by errors in the forecasts for 

existing services. Numerical results using field data are also shown. 

1. Introduction 

On developing the Integrated Services Digital Network, many kinds of new 

telecommunication services are planned. When the communication systems of 

these services are designed, it will be essential to forecast the demand of 

each service accurately for dimensioning of resources. 

In Japan, a regression model including economic factors as explanatory 

variables has been used to forecast the demand for telephones. In addition, 

another regression model reflecting economic situations and the number of 
11) 

subscribers has been used for the telephone traffic forecasting These 

models are based on the historical data of demand which is obtained over a 

long period. However, there is little historical data for the new service. 

Therefore, it is difficult to directly adopt these models and apply them to 

forecast demand for new telecommunication services and therefore some good 

ideas are necessary in order to adopt them. 

A few methods have been proposed to forecast the demand of new telecom-

.. . . '11' G'l . 6) d h h d f munLcatLon serVLces. JennLngs-WL Lams- L steLn propose t e met 0 or 

forecasting the replacement scenarios from existing services to new services. 

However, this method did not include the calculation method for concretely 
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projecting the demand of new services. Similar problems mentioned above occur 

with the forecasting involved for new products. Kimura and Tsuruta8) showed 

the possibility of adopting the logistic curve for VTR demand forecasting. 

However, they also expressed the difficulty in estimating parameters. 

Mikami 10) forecasted the demand of the new 'door' by Quantification Method 1
5 ) 

using height and color as explanatory variables. In this case, based on the 

historical states record of many doors to date, the relationship between the 

users' preference and each factor (height or color) was cleared enough to 

forecast the demand of 'new doors' accurately. However, it cannot be expected 

that such relationships become clear with telecommunication services. 

Katsumura7) tried to forecast the rate of replacement from an old product to a 

new product based on the experience of the new product's engineers and market

ing division staff using a regression analysis. It is expected that most of 

the new telecommunication services will not replace the old ones but add to 

them. Therefore, Katsumura's method cannot be directly adopted. However, it 

is important to take advantage of such prior information on new products or 

new telecommunication services in order to forecast their demand. 

In this paper, a demand forecasting method for new telecommunication 

services using historical data of existing telecommunication services is 

proposed. This method has two phases. Eirst, a regression model is chosen 

using the results of forecasts for existing services. Then, the new service 

demand forecasted using that model is corrected by the data from existing 

services. This method of forecasting demand proposed in this paper implicitly 

assumes that the tariff of the new services will not change and the sales 

effort for new services and existing services are the same. 

2. A Demand Forecasting Method 

While introducing a new service, it may be possible to forecast demand 

by using the new service's data. For example, when there is more data than 

the number of regression parameters. it is possible to forecast in principle 

using this regression model. However. forecasting is very difficult when the 

amount of daUI is insufficient. In this paper, a forecasting method using 

the historical data from existing services is proposed to make up for the 

shortage of historical data for a new services. 
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2.1 Choice of models 
In an effort to fit a regression model to a certain series of data, a 

forecaster usually chooses a regression model using criteria such as AIC 1) or 

I . I I' ff" 4) 1 I d' f h d H . h mu t~p e corre at~on coe ~c~ent ,ca cu ate rom t e ata. owever, ~n t e 

case of a new service, the interval in which the service's historical data is 

obtained is short compared to the length of the lead time. In the proposed 

method, a regression model is chosen from the results of demand forecasts for 

existing services. 

Regression models under consideration are as follows. Explanatory varia

bles consist of economic factors and time because of the ease in obtaining 

data. The number of regression parameters should not be more than thre,=. 

because there is not a great deal of historical data and demand forecasting 
2) 9) 12) using complicated models has not been always successful " In addi-

tion, the form of the regression model is linear or log-linear for the easy 

calculation. Candidate models are shown in Table 2.1. 

Table 2.1 Candidate Models 

1 Y = a + bt + ct 2 16 y = a'exp(bt + cyx) 

2 y = a + bt 17 Y = a'exp(byx) 

3 y = a + bt + ex 18 yy = a + bt + eyx 

4 y = a + bx 19 yy = a + byx 

5 y = a'exp(bt + ex) 20 y = a'exp(bt + cyx) 

6 y = a'exp(bx) 21 y = a'exp(byx) 

7 y = a·exp(bt) 22 !J.y = a + bt + et 2 

8 yy = a + bt + et 23 !J.y = a + bt + ex 

9 yy = a + bt 24 !J.y = a + bx 

10 yy = a + bt + ex 25 !J.y = a'exp(bt + ex) 

11 yy = a + bx 26 !J.y = a'exp (bx) 

12 yy = a'exp(bt + ex) 27 !J.y = a + bt + eyx 

13 yy = a·exp(bx) 28 !J.y = a'exp(bt + eyx) 

14 y = a + bt + eyx 29 !J.y = a'exp(byx) 

15 y = a + byx 
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y demand 

t time 

x economic factor (Gross National Expenditure) 

lly (t ) 

yy(t) 

yx(t) 

yet) - yet - 1) 

yet) / yet - 1) 

x(t) / x(t - 1) 

a, b, c : regression parameters 
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These candidate models are employed to forecast the demand of existing 

telecommunication services using only their historical data during the starting 

period of their serv~ces. Then, those forecasted results are compared to the 

observed data. 

The details are as follows. The i-·th existing service is assumed to 

start at time T
i

(i=l, .. ,n) and the new service is assumed to start at time TO' 

The demand of the i-the existing service at time T
i

+t
1
+t

2 
is forecasted at 

time T
i

+t
1 

using only the historical data up to time Ti+tl (i=l, ... ,n). Then, 

the results of the forecasting are compared with the observed data, which can 

be obtained because the i-th existing service has been introduced more than 

t
1
+t

2 
years ago. 

2.2 Correcting the model's bias 

Let the variable to be the interval ~n which historical data can be ob

obtained and a regression model is fitted. This interval 'to' is short for 

forecasting the demand of new serv~ces. Therefore, the regression model, even 

if unbiased during the interval to' may be biased during the lead time 't2 ' . 

In this section, correcting methods of regression parameters using the 

results of demand forecasts for existing service are shown. Historical demand 

data of each service (the new service and existing services) should be normal

ized to use these methods. In this paper, demand data is normalized by the 

demand for each service at time T
i

+t
3

. 

In the following, for a vector x and a matrix x, let x, and X' denote 

the transpose of the vector ~ and the matrix X. 

The demand of the new service is assumed to take the form of the follow

ing linear regression model. 

(2.1) y (t) 
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yet) : the demand for the new service at 

xk(t): the value 

e(t) 

f\ 

x 

the error 

the k-th 

l!..' (Ta) 

l!..' (Ta+ 1) 

of the k-th explanatory 

at time t. 

regression parameter. 

time t. 

variable 

The following expression is obtained from this matrix. 

(2.2) 

at time t. 

In addition, similar expressions can be obtained for the i-th existing 

service. 

(2.3) 

where 

x. 
~ 

+ e. 
-~ 

x.' (T.) 
-~ ~ 

x.'(T.+1) 
-~ ~ 

x.'(T.+ta) 
-~ ~ 

U=l •..• ,n). 

y. = (y.(T.), y.(T.+1), .••• y.(T.+ta»' 
-~ ~ ~ ~ ~ ~ ~ 

y.(t): the demand of the i-th existing service at t. 
~ 

In eq. (2.2). take note that the interval in which historical data is employed 

is ta' Let t2 be the lead time for the forecasting demand of the new service. 

(A) Correction method 1 
Consider the correcting coefficient c(ta;t

2
), and the following model for 

the i-th existing service. 

(2.4) 

U=l, ... ,n). 
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Equation (2.4) shows that eq. (2.3), that is the model constructed during the 

starting period of the service, has bias c(to ;t 2). The regression parameters 

~, ~1""'~n and the correction coefficient c(tO;t2) in eqs. (2.2)-(2.4) are 

chosen to minimize the following criterion J. This criterion J expresses that 

the sum of the regression errors of the new service and existing services 

during their starting period and of existing services at time Ti+tO+t2 should 

be minimized. 

J = (y-x~)'(y-x~) + I~=I(~i-Xi~i)'(~i-Xi~i) 

+ I~=I (Yi (Ti +tO+t2 ) - l!.i' (Ti+tO+t2)~ic(tO; t2»2 

The solutions are following. 

(2.5) 

(2.6) 
13. 
-~ 

, A 

(X. Y. +cx. (T . +to+t2) Y . (T . +to+t2» . 
~ -~ -~ ~ ~ ~ 

(2.7) A In c = i=1 (x.'(T.+tO+t2)Y·(T.+tO+t2»/(I~ l(x.'(T.+tO+t 2)S.)2). 
-~ ~ -~ ~ ~= -~ ~ -~ 

Now, the forecast with corrections using t.he results of demand forecasts of 

existing services is 

(B) Correction method 2 
Correction method means "all models have the same bias during the lead 

time". because the same correction coefficient c is employed to all models 

(eq. (2.4». Correction method 2 employs different correction coefficients 

because it is implausible that all models have the same bias during the lead 

time. 

First, DCi). the 'distance' between the i-th existing service and the 

new service. is considered. The correction coefficient of the new service is 

then calculated, reflecting the correction coefficient of each existing service 

and the distance D(i). It is assumed that the existing service which has 

similar historical demand data to the new service during their starting period 

will be similar in the future. Therefore, the distance D(i) depends on the 

difference between the historical data of the existing service and that of 

new service. An alternative idea. for D(i) is, for example, that D(i) might 

depend on the s imi.lari ty of servi.ce at tri bute. 
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The regression models for the new service demand is eq. (2.2) and for 

existing service demand, (2.3). Their least squares estimators are 

(2.9) 

(2.10) i3. = (x. I X . ) -1 X . I Y . 
-~ ~ ~ ~ -~ 

(i=1 , •.. ,n). 

Let c. be the correction coefficient for the regression model of i-th existing 
~ 

service. 

(2.11) 

where 

(2.12) 

c. 
~ 

(i=l, ••.• n). 

Let ; be the estimator of c, correction coefficient for the regression model 

of the new service. In this paper, the following is employed as c. This 

correction coefficient ; is based on the Bayesian interpretation shown in the 

appendix. 

(2.13) c 

where 

(2.14) 

(S - S.)I(S - S.). 
-~ - -~ 

This estimator c has the desirable characteristics shown in the following. 

If S ~ e .. then; + c .• - -~ ~ 
Therefore, if the process in which the i-th existing 

service penetrates in the society from time Ti to time Ti+tO' 

the penetrating process of the new service, then c=c .• If S. 
~ -~ 

ferent from e, that is Is - 6 .. 12 
+ 00, then; is not dependent - - -~ 

is the same as 

is quite dif-

on c. at all. 
~ 

In addition, if forecasts at time Ti+tO+t2 using eq.(2.3) and the data from 

time Ti to time Ti+tO are quite accurate for all existing services, then c=l, 

because c.=1 (i=I, ..• ,n). 
~ 

Using this coefficient c, the demand forecast Y(TO+tO+t2) is 

(2.15) 

3. Numerical Results 

Eight telecommunication services, i.e., telex, digital data exchange, 

leased circuit service, paging service, telephone call waiting service, two 

kinds of online services and television have been considered. 
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Twenty-nine models in Table 2.1 were applied to these services using the 

data of their starting period (t 1 = 3.4.5 years and t2 = 5.10 years) and the 

results of their forecasts were compared (see 2.1 Choice of models). 

The results are shown in Tables 3.1. 3.2. Taking these results into 

account, models 1, 4 and 24 are desirable. Model 1 is employed in the follow

ing. 

Table 3.1(a) Results of,Forecasting (t
2

=5) 

Digital Leased Paging Call Online Online 
No. Telex TV Data Ex- Circuit Service Waiting Service Service 

change Service Service I II 

1 0 +++ 0 0 0 ++ 0 0 

2 +++ + + + 0 0 ++ +++ 0 0 

3 - +++ 0 ++ + +++ 0 0 

4 0 + ++ 0 0 0 +++ 0 0 

5 + + -- 0 ++ - - - - - -- ---
6 --- - -- 0 0 - -- - -- - -- - --
7 - -- - -- 0 0 - -- - -- - -- - --
8 - -- - -- +++ + -- +-- - -- - -- - --
9 + + + + + + 0 - ++ + + + ++ +-

10 + + + + -- 0 +- + +- ++- + + + +++ 

11 - -- + + + 0 0 - -- - -- - -- - -. -. 

12 + + + +- 0 +- + +- + +- + + + + ++ 

13 - -- - -- 0 0 - -- - -- - -- - --
14 + + + +++ 0 0 + + + + + + 0 0 

15 +++ + + + + + + + ++ +++ + + + + + + + + + 

16 - -- - -- 0 0 - -- - -- - -- - --
17 + + + + + + + + + + ++ + + + + + + + + + +++ 

18 + ++ ++- -- - - + +- + +- +++ + --

19 - -- ++- 0 0 - -- - -- - -- - --. 

20 + + + + +- -- ++ ++- + +- +++ + +--

21 - -- - -- 0 0 - -- - -- - -- - --. 

22 0 ++ ++ - 0 0 +++ + --

23 0 ++ 0 + + + + ++ 0 0 

24 0 + ++ 0 0 0 + 0 0 

25 - ++ - * - + 0 - --
26 --- - -- - - * - -- +- -- - ---
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Digital Leased 
Paging Call Online On line 

No. Telex TV Data Ex- Circuit Wa:iting Service Service 
change Service Service Service I II 

27 0 ++ 0 - 0 + - + 

28 0 - -- 0 * - -- + -- - + 

29 + + + + + + +++ * + + + + + + +++ + + + 

where 

of three times of forecasts (t 1=3,4.5), 

o (realization·0.6)~(a forecast)~(realization·3.0) is true for three times. 

+ (a forecast)~(realization·0.6) 

(realization·3.0)~(a forecast) 

* A forecast cannot be obtained. 

Table 3.1(b) Results of Forecasting (in detail) (t 2=5) 

(sum of absolute forecasting errors normalized by the best one) 

Digital Leased 
Paging Call Online Online 

No. Telex TV Data Ex- Circuit Waiting Service Service 
change Service Service Service I II 

1 2.83 1. 89 1. 18 5.38 1. 29 1.34 3.01 11.4 

2 8.73 2.41 2.92 4.33 2.03 2.70 1. 73 1 

3 5.92 2.03 2.99 13.8 2.13 2.57 1 1. 48 

4 4.49 2.24 2.99 1 1 2.58 1. 15 1. 28 

14 9.04 2.43 2.41 4.01 2.25 2.67 2.28 1. 28 

22 3.60 1 5.46 100.0 2.39 2.13 16.3 24.1 

23 1 1. 57 3.17 174.8 1.83 1. 28 2.23 12.2 

24 1. 89 1.63 1.04 5.59 2.87 1. 25 2.94 11.4 

27 3.13 1. 54 1 117 .0 1.03 1 13.3 12.9 
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Table 3.2(a) Results of Forecasting (t
2
=10) 

Leased Leased 
No. Telex TV Circuit No. Telex TV Circuit 

Service Service 

1 0 0 0 16 - -- - -- 0 

2 0 ++ 0 17 +++ + ++ 0 

3 0 + ++ 18 + + + ++- -
4 0 + 0 19 - -- + +- 0 

5 - +-- ++ 20 +++ + +- - -

6 - --- - -- - - 21 - -- - -- 0 

7 - --- - -- 0 22 0 0 -
8 - --- - -- +-- 23 0 + + + + 

9 +++ - -- - 24 0 0 0 

10 +++ - -- +- 25 - + * 
11 - --- + ++ 0 26 - -- - -- * 
12 +++ + +- + 27 0 0 -

13 - --- - -- 0 28 0 - -- * 
14 0 ++ 0 29 + ++ + + + * 
15 +++ +++ 0 

where 

of three times of forecasting (t=3,4,5) 

o (realization-O.l)~(a forecast)~(realization·l0.0) is true for three times. 

+ (a forecast)~(realization-O.l) 

(realization-l0.0)S(a forecast) 

* A forecast cannot be obtained. 

Table 3.2(b) Results of Forecasting (in detail) (t
2

=10) 

(sum of absolute forecasting errors normalized by the best one) 

Leased Leased 
No. Telex TV Circuit No. Telex TV Circuit 

Service Service 

1 2.60 3.11 3.57 24 1 1. 63 1 

4 2.73 3.97 1. 19 25 270.8 1. 33 -

22 1.91 1 1. 79 27 2.56 1. 95 71. 7 
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The effectiveness of this proposed method is verified using three tele

communication services. i.e .• leased circuit service. and two kinds of on line 

services. We regard one of the three services as the new service and the 

other two services as the existing services in turn. 

Historical data of these services are normalized by the data at time 

Ti+6 (t
3
=6) years. Forecasts without correction (forecasts by the regression 

model 1) and forecasts with correction method 1 and 2 have been done. where 

t o=3.4.5 and t 2=5,10 (eqs. (2.3)-(2.15». Results are shown in Table 3.3 and 

Fig. 3.1. 

Table 3.3 Results of Forecasting 

(sum of absolute forecasting errors) 

:~~--"::: 
Forecasts 

Correction without 
Method 1 Service Correction 

Leased circuit 

Online service 

On line service 

service 

I 

II 

10.0 

5.0 

+ 

8.55'10" 3.59'10" 

1.16'10 3 1.34'10 3 

1.23.10" 6.96' 10 3 

x 

• realiz ation 

x forecasts 
without correction 

.tl.correction 
metbod 1 

* correctic;rn 
method G 

2.0 Ti Ti + 3 Ti + 1 
TIME (year) 

Fig. 3.1 An example of forecasts 

Correction 
Method 2 

1 .58 '10" 

1.85'10 3 

7.67'10 3 
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In this example, there is an improvement in accuracy except for online 

service I. Fo~ecasts of existing services from the data of the service's 

starting period usually give overestimates. These overestimates will be 

reduced if the correction' coefficient is applied. In the case of online 

service I, however, the accuracy of forecasts by a regression model without 

correction is quite good, and the correction method does not function well. 

4. Conclusion 
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A two stage demand forecasting method for new telecommunication services 

has been proposed. First, an appropriate regression model has been chosen 

using the forecasting results for existing telecommunication services. 

Second, forecasts using the model chosen in the first stage are corrected 

according to the correction coefficient. The correction coefficient is 

determined by errors in the forecasts for existing services and is the esti

mate for errors in the forecasts for the new services. 

A numerical example with field data showed the appropriate models. In 

addition, the proposed method showed the accuracy improvement in forecasting 

for the new services using numerical examples. 

An alternative idea that D(i) should be determined by the similarity of 

service attribute will enable us to forecast the new service demand before the 

start of the service. In addition, more field analysis is necessary to varify 

the effectiveness of this method. 
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Appendix 

Let N(X,y2) represent the normal distribution with average x and variance 
2 

y • 
2 

A prior distribution of e is assumed to be N(l, w). This prior distri-

bution means that the regression model eq.(2.2) has no bias. The correction 

coefficient e. ~s independent of each other and has the distribution N(e, 
~ 

(D(i)w)2). This means that each correction coefficient e. distributes around 
~ 
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the correction coefficient c, and c. with smaller D(i) is closer to c. This 
~ 

model shows that if the distance between the processes of the i-th existing 

service penetrating in the society and of the new service is small, c
i 

and c 

are almost equal. Then, the posterior distribution of c, f(clc
1

, ... ,c
n

) is 
3) 

by employing Bayse's Theorem • 

iJ. 

<X { IT 
i=l 

(c._c)2 2 
1 ( ~ )} • 1 exp(- (c-l)_) 

D(i)o exp - 2(D(i)0)2 8 202 

<X exp{- (_l_+,n 1 ). (c-
20 2 Li=l 2 (DU) 0)2 

I7=1 C/D
2

(i)+1 

L~=1 l/D2(i)+1 

exp{- (-1-+Ir:_ 1 ). (c-e)} 
20 2 ~-1 2(D(i)0)2 

This means c is the posterior expectation of c. 
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