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Goal Programming Regression with Serial Correlation: Policy Implications for
Japanese Telecommunications Infrastructure Development
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1. Introduction

The purpose of this article is to extend their G-
P/CR (Goal Programming/Constrained Regression)
technique further in a manner that it can incorporate
Serial Correlation (SC) in GP regression. This arti-
cle explores such a new research direction, because SC
needs to be incorporated into a regression model in an-
alyzing many time-series data sets. As a research ex-
tension of many conventional studies on GP regression,
this article will present a new type of GP/SC model, a
new algorithm and its related analytical features, along
with its application to Japanese telecommunications in-
frastructure and its derived policy implications.

2. Goal Programming Regression with Auto-

correlation

2.1. Regression and Error Structure

A regression structure and an error term incorporated
in GP regression can be expressed by

Y :th+€lv t=1 (21)
where y; is the observed dependent variable of the ¢th
time period, 8 = (81,062,--.,0m)T is a column vec-
tor representing parameter coefficients to be measured,
Xi = (Tit, T, - - - Tent) T 1S the ¢t row vector of an ob-
served design matrix, and 7, is an observed error in the
¢t time period (¢ = 1,...,n). This article extends the
error structure in a manner that n, is further broken
down into two error components:e;_; and 7. That is,

t=2,... (2.2)
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€ = P€—1 + Mty y 1L

Here, p is a coefficient for a first-order SC and 7, is an
unobserved, identically distributed error. The condi-
tion, |p| < 1, is assumed for the SC. The time period
of (2.2) starts from ¢t = 2 to incorporate the SC into
GP formulation. Equation (2.1) can be expressed by

Y= Yo+ [Xe — pXe )B4, t=2,...,n. (2.3)

2.2.  Goal Programming Formulation

The L, regression applied to (2.3) minimizes the sum of
absolute error deviations for estimating p and 8. Math-
ematically, it becomes

minimize Z lys — X8 — p(y1-1 — X1-108)]
=2

: (2.4)
subject to —1<p< 1.

Problem (2.4) can be rewritten by the following non-
linear GP problem:

min Y [df +d;]

t=2

pyi-1 + [Xy ~ pXi1)B+

df —dy =y, t=2,...,n
-1<r<1

[ : unrestricted and
df >0andd; >0,t=2,...,n.

s.t.
(2.5)

It is important to note that when p = 0, (2.5) becomes
the original GP/CR model proposed by Charnes et al.
[2]. Thus, the most important feature of (2.5) can be
found in the existence of p in the GP formulation.
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3. Computational Effort

The linear programming problem, hereafter referred to
as P(p), may be formulated as follows:

n

min zj[dt+ +d;] (3.6)
t=2

s.t. (X, — pXe B+ df —di =y = Pyi-1,
t=2,...,n,

dt'>0andd;, >0 t=2,...,n

Using (3.7), our algorithm to solve GP/SC can be sum-
marized by the following step-by-step description:
Step 0: Obtain the lower bound (£, ) of GP/SC by

&L = —?%ipng J Z[yt = Xif = p(ys—1 — Xi10))-

t=2

Determine a small number (#) and the number of in-
tervals M.

Step 1: Setr =1, {y = o0, p}, = —1, and pf, = 1,
and I" = p, = .

Step 2: Compute p] = &’%‘—’“ + ;—Mz for all 7 =
-M,...,M.

Step 3:  Given p{(i = =M, ..., M), solve problem

P(p?). Let &7 be the optimal objective value of P(p]).

Step 4: Find the smallest (£) by¢™ = _Jmin & Let

¢ and B" be the parameter estimates attaining ¢.
Step 5: If £&" — &, <0, then set ([),B) = (p", ") and
stop this algorithm.

Step 6: If & — &y > 6, then set (ﬁ,ﬁ) = (p", /") and
stop this algorithm. Otherwise, set & = £, pit' =
max{ 7 — s, 7, }, and gyt — min{ 5"+ 7, 7l )
Step 7: Set I"*! = p;tt — pi*! and r = 7 + 1. Return
to Step 2.

Property 3.1. Given any small positive number (8),
the proposed algorithm terminates itself within a finite
number of iterations.

As a methodological alternative to GP/SC, this re-
search uses a well-known time- series technique, AR(1),
"First-Order Serial Correlation,” which is usually
solved by the Maximum Likelihood Iterative Tech-
nique [1]. Since the AR (1) procedure is commonly
incorporated into commercial softwares such as TSP
(Time-Series Processor), this article omits a detailed
description regarding the technique so as to avoid a
descriptive duplication, except noting that its detailed
description can be found in User’s Guide of TSP; Ver-
sion 4.2 (1994, pp. 33-35).

4. Japanese Information Infrastructure Devel-

opment

4.1. Japanese Information Infrastructure

In 1990, Nippon Telegraph and Telephone (NTT) an-
nounced an ambitious future plan for connecting every
home and office in Japan through a nation-wide fiber
optic communications network between 1995 and 2015.
This research will focus upon the following three pol-
icy issues:
(a) Is pricing strategy the most important for the use
of Japanese telecommunications network?
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Table 1: Resulting Parameter Estimates

Parameter Estimates Methodology
AR(1) GP/SC

Constant 5.592 8.017
Ave. Calling Charge | -1.138 | -2.015 | -1.264 | -0.884
Ave. Per-Capita GNP | 6.196 | 5.626 | 4.363 | 3.387
Access Lines 13.148 | 12.559 | 13.455 | 13.506
o 0.993 | 0.968 | 0.997 | 0.952
R 0.823 | 0.907 | 0.845 | 0.912

(b) Is there income elasticity in the telecommuni-
cations network?

(c) Is there externality in the telecommunications net-
work?

hereafter, because of our data accessibility and research
feasibility. )

4.2. Empirical Results and Policy Implications

In an effort to empirically respond to the three pol-
icy questions, this research applies GP/SC to a real
data set regarding Japanese telecommunications net-
work. This data set conveys information concerning P
(a penetration rate), W (an average calling charge), B
(average per capita GNP: Growth National Product),
and N (a network size). Here, the penetration rate (P)
is measured by the ratio of telephone subscribers to a
total population and the network size (V) is measured
by the number of access lines. The average per capi-
ta GNP (B) is used to express the average Japanese
spending budget. The functional form used in this em-
pirical study can be restructured as the following linear
model:

Pt = a+bWt+cB¢+dN,. (47)

Here, parameter estimates to be measured for (4.7) are
expressed by a,b,c and d, respectively. This empirical
study incorporates the number (V) of access lines as
an independent variable in (4.7) so as to express a scale
effect of Japanese telecommunications network. Exam-
ining the sign and magnitude of the parameter estimate
(d), this research can empirically confirm the existence
and magnitude of network externality [the third pol-
icy assertion]. Furthermore, the parameter estimate
"b” informs the size and magnitude of price elasticity
[the second policy assertion]. Moreover, the parameter
estimate "¢” represents income elasticity of Japanese
telephone access [the first policy assertion]. The data
points used for this empirical study are sampled in the
annual periods from 1953 to 1991. The sources of the
data set are Miyajima (3] and NTT, Multimedia Ser-
vice Promotion Headquarters. When applying GP/SC
to the data set, this research needs to adjust this data
set s0 as to avoid a case in which an independent vari-
able with a large magnitude dominates other small ones
in our computational processes. Here, the data adjust-
ment implies that each data is divided by the data in
1973. Thus, each adjusted data is expressed in a unit-
less form. Resulting AR(1) and GP/SC estimates are
summarized in Table 1. This table contains parameter
estimates, with and without a constant parameter, for
AR(1) and GP/SC. An empirical finding in Table 1 is
summarized in the following manner:

Empirical Finding: [Methodology] In both the model
with a constant parameter and the other model, this re-
search cannot find any major difference between AR(1)
estimates and GP/SC ones. Moreover, a high degree

cal findings indicate a methodological validity that this
research can derive policy implications from Table 1.
All of them can be summarized by the following four
policy implications.

Policy Implication 1 (Pricing Policy): The pa-
rameter estimate of W (Average Calling Charge) has
negative signs in the four cases of Table 1, indicating
that an increase in a calling charge produces a negative
impact on a network penetration rate (P). Thus, pric-
ing policy is important for the use and expansion of a
telecommunications network in Japan.

Policy Implication 2 (Income Elasticity): The B
(average per capita GNP) estimate becomes positive,
indicating that the income of telephone subscribers has
a positive impact on whether individuals want to par-
ticipate into the Japanese telecommunications network.
Thus, this empirical evidence confirms the existence of
income elasticity.

Policy Implication 3 (Network Externality): The
N (access lines) estimate becomes positive, indicat-
ing that the number of access lines has a positive im-
pact on whether individuals want to participate in-
to the telecommunications network. The value of
telecommunications network depends upon the size of
network. The more people participate into a network,
the more value is added to the network. This indicates
the existence of network externality.

Policy Implication 4: The magnitude of IV is larger
than that of the other two estimates (Wand B). This
empirical finding implies that the network externali-
ty is more important than the calling charge and the
spending income in the use and growth of the Japanese
telecommunications network. Many policy makers and
individuals interested in Japanese information infras-
tructure development believe that pricing policy is the
most important for the network development. How-
ever, this empirical result indicates that the size of
the network is more important than the pricing policy
in terms of the development of the Japanese informa-
tion infrastructure. Furthermore, it is easily expected
from this empirical result that the success of the fu-
ture Japanese Information Highway depends upon the
number of network subscribers at the initial stage of
the network development.

5. Conclusion

This study has proposed a new type of GP use for time-
series regression. The most important feature of the
proposed GP technique is that it can incorporate SC
in its time-series analysis. As an important case study,
this research applies the proposed GP technique to ob-
tain policy suggestions for the future development of
Japanese information infrastructure. Empirical find-
ings identified from the GP/SC application are summa-
rized in four policy implications. This research believes
that those policy implications may serve as a policy
making basis for the future development of Japanese
Information Highway.

References

(1] Beach, B. M. & MacKinnon, J. G. (1978) “A Max-
imum Likelihood Procedure for Regression with
Autocorrelated Errors”, Fconometrica 46, 51-58.

Charnes, A., Cooper, W.W. & Sueyoshi, T. (1986)
“ Least Square/Ridge Regression and Goal Pro-
gramming/Constrained Regression Alternatives”,
European Journal of Operational Research 27, 146-
157.

2

of R? scores, more than 0.823 and 0.907 in AR(1) and [3] Miyajima, M.(1993) Anatomy of Telecommuni-
0.845 and 0.912 in GP/SC, indicate the appropriateness cations Policy (in Japanese). Tokyo Institute of
of a model fit to the observed data set. Those empiri- Technology, Tokyo, Japan.

—239—





