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Introduction

Many decisicon problems are now formulated as linear
programs, requiring the maximization or minimization of a
linear cbjective Tunction subject %o linear constraints. SBuch

programrs often have special structure, The nonzero elements
;Of the constraint matrix may appear in diagonal blecks, except
for relgtively few rows. 3Such structure is almost always

found in truly large problems, since these commonly

~erise from linking of independsnt subunits. Decomposition
methods are developed to take advantage of this structure to
achieve silgnificant gains in computaticnal effdciency and
reduction in computer memory regulrements. Such methods are
Justified only for truly large problems, which cannet otherwise

be solved because of time and/or storage limitgtions.

Hational Planning is a field which suggests the
‘application of decomposition metnods. The national_economy
is ysually divided into several sectors. Within sach sector
there are many constralnts which are unaffected by the
activities of other sectors, bubt therg are few constraints

and common objectives that tle all the sectors together.

In this thesis we try to present the,Eormulation
of the problem of the socio-economic development, on the
national lewvel,into a large-scale and multicriteria linear

programning problem. We also present a method for itsr
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solution using the direct decomposition method4’ This is done
in chapter 3. We consider sswveral objective functions
simultanionsly to reflect the different aspects of socio-
econonic cevelopment. In general the reguirement that all
functions be maximized at the same Time is a contradictory one.
Generally the maximization of one of the objective functions
will cause a deviation of at least one ¢ther function from
ite maximum. e thus have to find the feasible solution that
can be considered the best regarding the maximization of all
cbjeetive furections. We shall consider the optimal solution
t0o be that sclution for which the summation of the relative
deviations oI the different objective functions from their
optima is minimwi., This turns to be the optimal solution of
an overall objective function equal t0 the summation of the
different objective function each one weighted by Tthe

reciprocal of its optimal wvalus.

In Chapter 4 we present a program package for the
method, The program 1s written in FORTRAN language for the
general cease with NBobjective functions and K sectors. The
package 1g self documented. In writing tne program we prefer
to save gstorage on the expense of mors calculations. But
always these calculations are simple and few. Flow charts
are also presenbted. The program can sclve problems that
have a starting basic feasible solubion, i.e., those for

which the elements of the constant ¢olumn are nonnegative,
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In chapter 2 we give a review to 4 different
decomposition methods. The first is Dantzig-wolfe method
which is the first one to be developed and the most well xnown
and used. The method consists of g finite number of steps.

It can be considered the most efiiclent one since a phase I
procedure can be applied to it in order to obtaln a starting
basic feasible soiution when the evident starting soiuticon is
not feasible,:similar to the simplex method of linesz-
programming. 1t was Tthe publication of the Dantzig—Wolfe
decomposition principle in 1960 that initiated the studies ir
this field. We next review Grabowski vertical decomposition
method which solves tie problem through three steps. In Tae
first stepy it solves a parametric linear programming problen
for each sector by using Jordan~Gausg and Fourisr-X¥otzkin
gelimination methods for solviag a system of linear constraints.
In the second step s linear progrzmming central problen is
formed and solved by the simplex method. The third step is
simple substitution of the results of the secoand stew in the
golution of The first stepr To obbaln the solusion of tone
original problem. The rethod is quite interssting from the
theoreticsl point of wview. But in applicasior the Droblem of
step 2 may be very large, 1% even could be larger than thke
criginal problem. The third reviewed method is the direct
decomposition metnod which we choose ©0 apply o our .
muitiobjective problem, We cnoose 1% because it is the
simplest one, =znd it works with the whole mairix of
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goefficients for one time while Dantzig-Wolfe method solves
sector problems several times and coordinstes different
solutions through a master problem that is to be solved

. several times alsoc., For a problem of K sectors, the direct
E-1
K

decomposi?ion method saves aboub of the storage capacity
that is needed in case of solution with the simplex.msthod.

It has the disadvantage that it solves only = problem <. whicgh
the initial basic scolution is feasibls. DLastly we give a shorst
review to Kornai-Liptak metnod. The method was developed in
1962 in Hungary to so0lve the two level plenning model of the
1966/70 plan,. The model was built to determing the targets of
production and foreign trade for 1970, the terminal year of
the plan period, and the pattern of investments activities for
the pericd 1966 to 1970. This method nowever, has proved Lo
be interesting only from the theoretical point of wview;
practicaliy, 1ts convergence is very slow and Dantzig-Wolfe

method kas been used instead of it for practical application

in Hungary.

Chaster 1 is an introductory one, 1t demonestrates

the importance of decomposition methodsin national planning.

for publication in the Hungarian Journal SZIGHA.
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CHAPTER (1)

The Importsnce of Decomposivion lMethods

in Hadional Flanning

1.1. Infroduction:

Since the second world war there is a strong direction
towards congsuxrption by the people everywhere. As sociswy
developed srnd 1ts svandsrd increased, the ratio of
industralised msterial ingreased, beczuse the human need for
basic necessitles of life such as food and cloth reaches
saturation at a certain level, but other services and
consumption goods, which mostly need industrial krowledge and
production, have an open and exitended range before thex.
Fulfilrent of Tae consunption zims of the people becomes one

of the basic obligations of the nmodern stete.

4 great problem faced by the developing countries is
that its abllity <0 increcse productblon espsecially dirdustrial
procduction is far behind the consumpiion attituce o the
people. A limi¥ should Sken be put to the consurption
attitudse to mzke it approximately equal to the =sbility to
increase procuctlion, either in agrizaltural or industrial
products. This is The basic resson whicn msde thinking, in

post war years, to look at the soclsety as a whole in metters
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of production and consumption and this creates the idea of
national planning. In national planuning, we get a
comprehensive view that covers a period of five years, or less
or more, to draw a picuture indicating the directions of

production and consumption and showing the different kinds

_ of economic, social and political relations.

National planning is a technique that can be defined
as an application of the scientific method in thinking to
the problen of sg¢clo-econonic development on the national
comprehensive level, including not only material elements

but also social and politicgel elements as well.

Decision meking is the practical expression of power,
which 1s according to any political system coancentrated in
the hands of a few, who should take the decisions necessary
to lead thesociety forwerd, National planning tries on a
geientific basis 0 help in naking correct decision‘in
accordance with the objectives and ideals of society.
National Planning, like any sclentific techmique, derpends
first on observations, then on hypothetical selutions in
the form of model or tueory. Tests prove the validity of
the hypothesis, then theories ars changed accordingly.
Experiments snd observaiions are repeated day after day

untill we find an acceptable theory.

HNational planning implies full utiligation of alil

productive resources of the country. 1t also implies certain
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bagic objectives of which the national plans are instruments
of reslisation. In general terrs, the basic objective of
planning may be stated as tne most rapid incresse in the
maberial and cultural standard of living of the people,
posaible under existing historical circumstances. The

objectives of planning may be stated as:

l. rapid industralisation of the country,

2., modernisation of agriculture.

These two objectives are interrelated arong each other, ovne
cannot be realised without the other. Industralisation
requires a substantial increase 1in marketable agricultursal
cutput in order to feed the 1ncressing non-agricultural
population. This reguires moderunisation of the methods of
agricultural production, agricultural machinary snd Implemerts,
tractors, and fertilizers, etc. These must be produced by

industry.

In soclslist and develoring economies, planning is
more gspentlial than in capitalist economies. This is bscause
in these soclalist econcmies there doeg not excist a labour
market , in the precise sense, nor a cagpital market. Thus the
market mechanism is replaced by planning in running and ¢
developing these economies. It determines the conditions of

reproduction and distribution of sccial products,
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1.2, The Use of Mathematical Kodels ir Planning:
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Just as those engaged in other soclal sciences, the
econcmist too, is inclined to envy the scilentist for his
being able to resort to experimentation. Tne scientist is
in a position to check his nypothesis by means of experiments
which can be repesated as nsny times as necessary., fow,
matheratics has provided a tool which brings our deci, iine
aleo in thils respect nearel to the naturzl scisnces. The
natural scientist would change the cordiftions of his experment
in accordarce with certain purgoseful prirciple snd would
Tegister the reaction of the tes%t subject to the changes.
We are proceeding in a similar manner when working our program
in several variants. Changing the conditions of the experiment
(the model's tramework and numericsal values) in accordance
with cersain purcoseZul prireiples, we would register the
resction of the Lest subjects: the optimal program. The character
of the exzerinment will, of course, differ in nany respects from
that of emperical experimentstiocn in the field of natursl
sciences. OCur experimenss will be carried out on zaper only,
by means of figures. The two types of experiment series have,
non the less, some importsnt sralogous charscteristics such as
the recordlng of the eiftrects of systematic changes in Bhe
conditions, the numerical mezsuring of these effects and the

possibility of repetition.
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The mathematical models are not clalmed to be substitutes
tor the traditional [(non mavheraticsl) methods of planning. 4
kind of cooperation must be established between the traditional
and mathematical planning methods., The mathematical modals
used 1n planning can revezl possible contradietion and
equilibrium failures between the targets of the plan worked out
by the traditional methods. The planners are neot always able
with the traditionsl planning methods to survey and coe:dinate
"all the wutually dependent trends as conéistently es is
poseible with the constraints system of the mathsratical

prograrming model.

The first mathematiical technigue used in planning may be
input-output snzlysis., It is one of the most ilmportant tools
of planning. It covers the purpose of establishing the
guantitative relations between various branches of productioh
which must be mainfained in order to assure a smooth flow of
production in the national economy. It studies the conditions
of mutuzl consistency of the 1npubs of warious brasnches of the
nstional economy wiich resuit from the fact that the output of
one branch is the source of input in other branckes. In all
countries which have recourse to long term planning, production
targets are set with the aid of a system of relations which
is identical or similar +o an open Leontilef input-output
model, This is explicitly recognized in western countries.

In soviet-type econories, the accent is laid on "material

bélance-sheets" for input and output quantities. Bubt this
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method is basically lLittle different - if at all - from that

originaved by Leonsief,

aAnother important tool is linesr prograuming which has
the advantage of introducing the optimization principle to the
plan objectives, The problem of national planning can be
formulated as a linear programming problem, We may either
prepare a highly aggregated programming medel, in which case
the freedom of choice is extremely narrow znd the extreme
_éggregatiou,ana excessive simpiification endanger the utility
of the computed results, or else we work oub a very large
scale model that is free from these deficiencies, but in this
case the numericel computing of the problem cannot be carried
out, even with the most poweriul electronic computers. Solution
of such large scale problemrs can be made by decomposing them
into several linear programming problems of moderate size and

using decomposition methods to solve them.

Dynamic models are recently employsd in socialist
economics. A dynamic model offers a number of sdvantages
as compared with a static model wnich doess not ensure the
organic coordination of the gross output plan with the plan
of investments. In a static model of the inter-sector balance
productive 1nvestrents are regarcded as given, with tTheir
subsequent specifications in an iterative way. In a dynamic
model productive investments, linked witan the expansion of

output, are ascertained as a result of the solution of
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