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OPERATIONS RESERCH_IN NATIONAL AND MULTI-LTVLL PLANNING

A rapid increase in the productivity of all
sectors is required in developing countries
for the betterment of th2ir people and re-
moval of abysmal poverty. This may be
achieved through the institution of planning
at the national, sectoral and regional levels.
Proper choice of projects to be included in.
the plan, their location and regional distri-
bution play an important role in increasing
the productivity of planned sectors of the
‘déconomy and in the development of various .’
regions. This paper discusses the appli-
cation of operations research models in the
dual hierarchial framework by regions and
sectors of a national economy.

A class of computational techniques known as
decomposition methods exhibit hierarchical
problem structure quite similar to the nualti-
level planning problem. Detailed sectoral
models or regional models involving project
selection and spatial details could be inte-
grated into a balanced national plan using
such a planning and computational framework.
An analysis of the various commodities pro-
duced would indicate the level at which
project decisions for that commodity should
be undertaken. The partial decomposition of
the complex._national problem makes planning
more amenable to the application of operations
research models for project-selection and
optimization. '

Introduction

- A rapid increase in the productivity of all sectors
of the economy ig & primary requirement in the developing
countries in their'Struggle-again&t:poVerty, hunger and over-
population in trying 16 better the living standards of the
masses. Proper planning of the economy and motivating the
psople will be necessary to make even modesal ach ievements

in this field. -In the process of achieving & Tast rate of
growth in the gross national product (GNF) or avsrage fer
capita income planning process should cleo kring about
development of all the regions in a country in a balanced
panner. It must provide for adacuate resources for invest-



ments in the various sectors 6f the (conomy, determine appro-
priate growth targets in related sectors and ensure coordina-
tion among them, avoid shortages, hotilenecks and wastages
and reduce regional imbalances aes a result of development.

'In a vast country like India, with a federal system
of government and wide diffexrence among.1ts regions, planning
should be simultaneously carried out ab-ihe national, sectoral
and regional levela to achieve these objectivss of planning.
The process .of planning and plan impleémentation also involves
& hierarchy of institutions at the central, sectoral and re-
gional levels. @ There could be serious shori-coming in the
planning process if &1l decisions regarding &llocation of
resources, investments and project selection are taken in a
centralized top-down approach by the nationel planning agency
and lower levels are directed to implement the planned projects.
This is mainly bécause it is very difficult for the central
planning agency to acquirs conplete and detailed information
and expertise regarding all the sectors and regions of the
country. The national planning agency usually prepares a
highly aggregated national plan which does not consider the
spatial aspects of planning including project selection and
locational choices while these are highly essential in _ cons<-
sidering the economics and viability of the various alternatives
in investment and also in the successful implementation oi the
plan. These decisions are usually taken at the lower echelons
and in the abseunce of a proper multi-level plannirg framework,
it is a difficult task to coordinate those interrelated de-
zisions into an integrated national plan with sufficient
details. '

It is desirable to degcmpose the nationgl planning
problem by sectors and also by regions into mdnageable sub-
problems. The sectoral..decomposition is necessary for detailed
project formulation and project selection which ghould include
a study of the spatial aspects such as trarnsportation costs and
locational decisions, the economic aspects such as choice of
technology and economies-of-scale and the temporal aspects of
+time phasing and scheduling of projects. The regional de-
composition would involve preparation of comprehensive dsvelop-
ment plans for the regions based on rescurce endowments,
sconomic and other advantages of the regions and their. social
neseds. Such plans should include project allocations for
income and employment generaticn and provicion of social in=
frastructure, the basic objectives of such plans heing overall
development and the regions and Treduction of regional’
inbal aneces. '



Optimal allocation of recources in such & "dusl
hierarchical system" is difficult to accomplish through the
application of one comprehensive model specifically with any
kind of spatial details or at the project leval of die-
aggregation. The nmulti-level planning problen involving two

#0r three hierarchical levels obtained by sectoral or regional
deconposition assumes an added complexity as the sectoral
and regional plans will have to be coordinated. The alloca-
tion of investments in a particular region by all the sectoral
plans when combined together should result in = corprzhensgive
regional plan. Conversely, allocations for any sector in
Plans for different regions should be optimal in some scnse
for that sector for the whols country and the growtil of one
sector sho 14 We in proper ratio to the growth of related
sectors.

This is the central problem in multi-level planning.
This .paper discusses the application of operaztions researech
‘models in designing a multi-level planning framework by rcegions
and sectors of a national economy. Operatione raesesrch modals -
have already found wide ap$1ication in det=2iled zestcral
'planning work for a single!s? or for several. interrelated
sectors-. ;echniques Such as linear grogramming ; dynamic
Programming” and network flow theory” have been: applied in
; ] a a iad at
hdfgégﬁg%kgggplems regarding size, location ¢ nagure of

e Y .0
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investment projﬁcts» Programning ricdels based on inter—
industry tables’ are also quite common for rational or regional
rRlanning. The challengs before us is to design a:multi-level
planning framework within whieh such sectoral and regional
models could be interlinked and coordinatei with any aggregated
central level model available, T

The application of a class of computatioanal techniques
known as decomposition methods is highly ussful in this area as
decomposition methods exhibit multi—levél"ﬁtructu}e of programs’
ming problems and their solution technigues are baséd on in~
formation flow and iteration of problem solution pbpestween various
hierarchical levels gquite similar to the situation«faced in
multi-level planning. This approach will be exanfined later in
the paper, '

The complexity of the planning problem in the dual
hierarchical multi-level system can be reducel considerably if
the interlinkages between the sectors ani regions rre only
partial, which-indeed is the case.  An enalysis of the various
commodities produced by a country indicates that the investment
decigions regarding certain comnodities could be taken at
regional levels independént of the activities of ‘he other
regions as these decisions do not have appreciable effects out~
side the region.in question. Again there are. other commodities
~where investment decisions and their regional alincation must
be arrived at by a central bogy for all the regionsg simultane-~
ously. Following Tinbergen's® scheme all the comnodities could
be clasgified into regional or local produets, national products
and world products and again into shiftable or non-rhiftable ;
industries. Such classification gives an incication as to the’
industries or products to be included in regional, sectoral
and national plans enabling us to obtain & decomposition of
the multi-level planning model .nto yarious sub-mcdels some
of which are largely independent of higher level models could
be solved in isolated and the solvticn fed into higher level
models. This aspect of partial interlinkages between highepr
and lower level models have been exanined later.-

Balanced and Unbalanced Development

One of the iﬁportant issue in regional pleanning is= the

7+ Eckaus, Richard S., and Kirit S. Parikh, Planning for Growth:
Multi-Sectoral Intertemporal Models Applied in India, The MIT
Press, Cambridge, Massachusetts, 1968. '

8. Tinbergen, J., Essasy in Regional and World Planning,
National Council of Applied Econonic Research, New Delhi,
July 1966, Chapter 11. :
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extent to which development should be geographically baranced
or unbalanced. The gualitative arguments in favour of balanced
and those against h?ge ?een described by many authors. The
analytical models? which try to arrive at any conclusions
regarding the allocation of investments in a multi- ~region
system are based on highly simplistic assumptions renurdlng‘
consumption, savings and productivity of capital. - Uncder these
assumption they obtain the expected conclusion that if the
objective is to maximize national income, then investments in
less productive regions could only be Juatified‘under very
rarely occuring situations such as when higher savings rate

in the less productive region more than comocensates for the
low productivity of capital. But the basic question is not
whether to invest in one region or the other, but in which
proportion the available resources should be allocated. ~The
dynamic aspects of the situation are also rarely considesred

in these models. A less productive region may also becone
gqually productive as a highly productive region at lesast for
the prodactlon of some commodities if certain 7nltl 11 dnvest-
ments are made in building the necessary inlras.ructure
(transportation, power, etc.), service facilitivs and training
of personnel. dgain excessive concentration of investmenti in
certain areas will raise the land price, increass wage rates
and overtax the infrastructural ﬁacilities,'as 2 result de-
crea31gg the proeductivity of capital in that arta overa long
peri{Hy Bge time.

— - —_——

? Rahman, M.A., "Regional Allocztion of Investmsnt,” Quarterly
Journal of Economics, February, 1963, pp.26-39.

10 Donfnan R., ‘"Regional Allocation of Investment — Comment,
Quarterly Jburnal of Economics, Februeary, 1963, pp.162- 65

11 Bose, A.N., “Economlc Development and Balanced Reglonal
Growth," Indian Journal of Regional Science, Vol. I, No.l,
1968~ 69, Pp. 37-52.



Commodity Glasses and Locational Decisions

- The aboéve discussion leads us to another important
issue = the effect of the nature of the commodity or servige
ih questiomn on its spatial location. Some commodities are .comm
paratively fobtloose and can be located almost in any region
without loss of productivity and that some are consirained to
be located in certain regions. We follow Tinbergen'Z in divid-
ing *he commodities into three classes ~ world goods, national
goods. and Tegional (and local) goods. A regional commodity
cannot’ be imported or exported from any region due to techni~.
cel reasons {(e.g. water resources project, buildings, local
services). A national commodity or service cannot be exported
or imported under normal circumstances the Yest examples being
slectricity &nd ‘transportation. - The world goods or commodities
are friee to crdss international borders. The above divisicn
i3 market or transportation oriented. Similarly national
or world commodities ¢ould be divided into shiftable (footlopse)
and nonshiftable commoditiés. A non-shiftable industry is
resources: or raw material based and can be located at the
same region.only, whereas a shiftable industry can oe located
in many different regiomns (e.g. electronics).’ :

Under the division of commodities described above, one
can have a better idea regarding the freedom available in the
location of economic activities and the level in organizations
where planning for these activities could be carried out.
Obviously planning for regional conmadities and services could
be done best at the regional level and locational decisions
regarding thase will not have appreciable effects on other
regions. The national commodities and services should be plan-
ned at the natiomal level. As the locations of non-shiftable
commodities [e.g. coal and other mining) ave more or less deter-
mined by the availability of raw material and other constraints,
one can play with shiftable commodities to obtain ebjectives of"
regional income targets if these are specified by the central
planning agency. Transportation costs and economies~of~ssale
have important roles in determining the location of national
goods and services. Preferably, detailed location-allocation
models should be used to determine their regional distributions.

Operations Researgh Md&e;*gg;_ggggggg_glﬁggigg_

At the highest level of the multi-level plamning systen,
a magrorsconcmic dynamic model can be used at sectoral level of
aggregation. If & sbate model is chosen, 2 long term perspective

——— enlin

12 Tinbergen, J.; op.cit,



plan should be available. The most recent inpult-output matrix
arailable should be utilized for building the central level
model. ILinear programming structure based on an input-output
matrix is guite suitable for the dynamiec multi-sectoral model.
Similar models have been extensively reported in the literature
and would not be discussed her: in detail. * Considering
the acahe uwnemployment situaxtiom in India, an additional feature
of this model could be the inclusion of manpower requirements
under different skill categories as an integral part of the
modal. Availability of foreign aid and upper limits on ex-
ports could be considersd exogenously given to the model.
However, certain import substitution activities could be con-
sidered and foreign exchange hecomes an additional consStraint

in the model.

13

The multi-sectoral dynamic model should include at
least two or more Five Year Plan periods and appropriate ter-
minal conditions (such as growth at a constant rate beyond, the
terninal - year) The planning horizon can be divided into a
number of equal time periocds each ranging between 2 and 4 years.
Specific assumptions could be made regarding consumption, the
sinplest being the assumption of a gradualist consumption
path (i.e., aggregats consumption growing at an annuazl rate r).
In this case, the terminal consumption will bes naximized.

&} ternatively, assumption of non—decr3331ng -per capita con-
sump%ibﬂ“could be made and the sum of discounted GNP ovar ths-
Planning horigon is maximized. The main constraints of the
resulting linear programming problem will be due %o material
balance, capacity, terminal conditions, exports, forcign
exchange, labour demand and supply, consumption and savings.,
The detailed nature such a model could be decided upon hascl
on the availabla numerical data, objectives of the model

and its computational needs. The solution of the multi-
ssctoral linear programming nodel provides ceriain major
guidelines regarding the prder of magnitude of- pre cduetion
and investment in various' sectors. The dual solution of

the linear programme would also generate shadow prices for
the resources common to different ssctors sauch as cap1t=1
labour, foreign exchange, ete.

If a two-level plannlng proceas is considered at the
central and sectoral levels, the solution cf the central level
model can generate intsrnally consistent time-wiss projecticrs
of needed output for each sector and can provide shadow prices
of factors allocated by the central planning agency among the

13 Bekaus, Richard 5., and Kirit S. Parikh, op. cit.



various sectors. The sectoral models should he formulated at
project level condidering Jlocations, ftechnological and capacity
alternativea. The opitimal solution of seetoral models for
given sectoral demands provides improved technical coefficients
suech as incremental capital output ratios (ICOR), manpower and
utility coefficients which can be used to update and mcdify

the central levél inter~industry natrix used. Thus an iteratiw
scheme will improve the quality of both the models and their
solutions after each iteration and information exchange. The
process can be terminated after a few iterations and sectoral
plans could be finalized.

_ The effect of wvarious policy alternatives on the
sectoral allocations could be studied using the multi~sectoral
central level model. These might involve decisions regarding
the amount of foreign a2id, self reliance, export and import
policies, choice between capital and labour-intensive techno-
logies and other assumptions regarding savings, consumption
and strategies for development. The shadow prices generated,
to be useful in planning, should be stable and realistic.. It
is expected that a sufficiently long planning horizon will
help in achieving this objectivs. .

Spatial Sectorsl Models for Project Selection

At the second level of the multi-level planning
system, a class of sectoral models are conceived which encona
pass all the sectoral activities for the producticn of national
and world commodities and services. Each sectoral model will
be at the project or industry level of disaggretation, will
consider substitution effects and make choices between alter-
native locations, technologies and capacities of projects. The.
salection of activities or products to be included in a parti-
cular sector and the decision regarding the total number of
seetoral models requires considerable amount of judgemént and
knowledge of the economy. A common rule would be to group
together strongly interrelated or substitutable activities
or products within a single sector.

For certain sectoral activities, the sectoral model
is the lowest level at which project decisions are made. For
example the decision regarding investment in a new steel mill,.
its capacity, composition and location could be best decided
within the framework of a model of the steel ssctor for the
whole economy. If the optimal solution specifies a project
to be located at a particular regicm, it -could be included
later in the regional model and would provide useful infor-
mation regarding manpower and utility requirements and the
advisability of locating anciliary and secondary industriea
in the region. But at the rsgional level (disiriect or



state level) medel, it would bs difficult to decide yhether
the steel mill should be included among the list of approved
projects for the ragiocn.

For a better understanding of the compcsition of a
sector?% modecl a representative sectoral model of the Energy
sector ™ is briefly discussed here. A nationwyide model of the
energy sector can pe. formitlated to analyse the production,
distribution and consumption of wvarious energy and fuel re~
sources. This would include coal, petroleum and its products,
electricity and nitrogeneous fertilizer. Damands for electri-
city, fertilizer, petroleum.and its various products such as
- motor gasolene, naptha, kerosene, fuel oil, etc. and coal for
cther nuses excluding preoduction of power and nitrogenous
. ®ertilizer are given exogenocusly to the model. Spatial
locations of theso demands and their distribution at these
demand centres ars given inputs for the sectoral model.
“Production awd transportation activities for coal, electricity,
petroleum products and fertilizer are considered and locaticnal,
technological and size alternatives are analysei. Production
of non~coking coal at various fivolds is considered in the
EBnergy sector model whereas that of coking coal could be in-
¢luded in a sesctoral model for g tesl. For clectricidy
generation, hydro, thermal (coal, fuel_oil, natural gas) and
nuclear technolpogies will ke compared. > Kitrogenous ferti-
lizer (should be included in the scctoral model for energy
as it can use coal, naptha or fusl oil as feed stock aid |
fuel. As importation of petroleum or its products induces
foreign exchange expenditure, substitution activitics of fuel
oil and kerosene by coal or electricity would be included,

The objective function of the model would be mini-
migeation of total cost for satisfying 2ll energy deémands.
8pecific constrainte could be included on the total capital
investmont and foreign exchange reguirements of the resulting
plan. These values will *e supplied from the solution of the
central level model. The shadow pr-ces of capital or foreign
‘exchange obtained from the solution of the sectoral: model could
be compared with those obtained from the solution of OuTbr
sagtoral models and the central level model. -To obtain 2
reglistie value of shadow price for capital, manpowsr con-

— ———

14 Interim report (May 1972) of the Fusl Policy Commlttee,
Ministry of Steel and Mines, Govt. of India, :

15 Regional models for electrici%y sector iz discussed In
Mukherjee Shishir, K.,.op.cit. -
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straints should be included in sectoral models. 4s the o
sectoral model is at a project or industry level, it is casi::
to obtain manpower needs by skill categories from the projocs
feasibility reports. o

The detailed nature of the constraints. for a sectors”

model will depend on the nature of the sector and the policy
questions to be asked by the model. ‘ The policy questions
asked for a sectoral model are more related to the oper ations
of the partieular sector. In the Energy sectoral modsl .
described above, various policies regarding the pricing of
~Petroleum and its products, optimal fertilizer production
technology, ¢oal-oil substitution, dieselisation as agains+t
electrification of railways and investments in oil explorati-
could be -asked and from the quantitative snswers obtained

8 ration&l energy policy would emerge. Similarly sectoral
models in the area of Steel and Heavy Engineering, Agri-
cultural and Water Resources and Transport could *he for-
mulated and their solution could provide answer® to various
policy questions which are not obvious from the central
level studies. ' o ' -
Regional Planning Models

R_.gional planning models can sérve. *yo.basgic pur- -

poses. Their main use.is in comprehensive planning for a
region and in models of this kind all planned préjects for

the regional goods are included for combined project evalua-
tion. These models can be constructed at the state or dis-
trict level. Specifically a backward arsa or an area with _
high growth potential could be chosen for special attention.
Structurally, the model is a linear programme for optimum

P roject selection under constraints of regional demand, tota’
investment, manpower and local resources (for resource basgecd
industriess and for maximizing the gross regiondl product

(or total value added).- The regional economy is open and ..
thers are usually no barriers to the flow of national ox

world goods and services according the market mechanism.

These constraints will ensure that regionmal self-sufficiency
is not aimed at a high cost Sor commodities which cou’d ve
produced elsewhere and transported to the region o satisfy
local :demand. Conztraints on employment needs of the region’
and minimum needs1¢”for esgential commoditi&s could be
imposed on the regional model. Thus g -comprehengive region” ..
plan based on socio-economic datd (population and employment

16 Planning Gommiiaidﬁ; Govt. of India, "Approach to tke
Fifth Plan, 1974-79," Section IV, January 1973. C
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could become a major wehicle for the implementation of develop-
ment of the backward and not-so-backward regions prcmised in
plan documents if resources could be provided for and appro-
rriate implementation machinery set up.

Regional models are also useful to analyse detailed
spatial or local aspects of sectoral plans as the inclusion
cf all details regarding & sector in the economy-wise secticreol
plan might make it too large and . unwieldy for computational
purposes. For example, to supplement the sectoral energy mocal
discussed in the last section, regional models of 2lectricity
generation and transmission could be -fc:nrmulatex:i.r'3 This model
vould include details of existing and proposed generating plent.
of different ¥Xinds and eoxisting and proposed generating plants
of different kinds and existing and proposed transmission lines.
The optimal solution will provide & winimum-cost plan for
regional power system. Structurally the model could be a mix i
integer linear programme (to consider individibilitles in
project decision) or a net work programming nosdel {to ccu9i -
the transmission network in detail). Certain non-linearities
could alsc be accomodated in this cperaticns rasearch mode.. To
provide another example, a district level agricultural and
irrigation model can be formulatsd. This will include veorious
minor and major irrigation schemes, spescial cropping projects
such as high-yield wheat, rice or cotton, mulitiple cropping
patterns, agri-based industries, poultry, dairy and animal
husbandry in B much greater ‘detzil than is possible in a
sectoral model on agriculture.

The comprehensive regional planning nodels cdiscussed
earlier will communicate directly both with sectorsl madels
(through shadow prices of commodities) and ths central level
model %through shadow prices of capital, et¢c.). But the re-
gional planning model for a particular sector wi’l only
commuriicate with the corresponding sectorazl model. Regional
plans also illustrate the effects of planned projects on the
population of the region in terms of growth in par capita of
income and employment generated. These and other socio-
sc¢onomic indexes should be compared for various regions to
snsure that regional inequities are not perpetuated. Othasrwise,
1atieonal averages of such indexes lose their msaning as they
aay n3t bs representativs of various regions of the country.

. There has been increasing interest in the dsvelopment
f regional input-output tables and some piog?gring work has
reen carried out for several states of Indis. Taovgh they

7 Shishir K. Mukherjee, op.cit.

g Alagh, Yoginder K., S.P. Kashyap, 12roblems and ilzes of
Regicnal Input-Output Models," invesak, Vol.1, No.1l,
June, 1971. : o >



12

present'specifid structure of regional dconomy, their utility
in the preparation of regional plans are still limited _
specially in developing countries due to some of the inherent
1igitatibns of input-output analysis which become more notice-
able at the regional level. For large country, the inter-
regional flows are considerable and the treatment of national
and world goods creates problems in regional input-output
tables though for local or regional goods their use could be
recommended. '

plulti-level Planning Systems_and _Decomposition Procedure

~We have discussed a proposal for decentralization of .
planning by constructing a hierarchy of model systems and. a.
scheme of interaction between these models according to various
interlinkages among these models. This is illustrated in the
following diagram which shows the communication pattern bet-

woen models at various levels. Decomposition procedures
" also discuss similar interactions and communic:tion between
problems at hierarchial levels. If all these models could be - -

formulated and integrated at one place, (i.¢. at the central
planning lavel) perhaps the complox large system could be
numerically solved by sone kind of decomposition procedure.
Even if these were possible, we are not proposing an inter-
pretation of this kind of the proposed planning scheme as
then it could uardly be called mailti-level planning. We are
interested in a planning procedure wiere sectoral and regional
level organizations actually get involved in the decision~
making and implementation of the planning proczss and the
decomposition-like seheme of communicaticn and jterations
between models of various levels is utilized for coordinating
their activities into an organic Twhole'.

Walras has described by ntatonnements", an iterative
process by which the market finds 1its equilibrium. against
this we have the iterative schemes used for decomposition
procedures where these are only ateps within a computer and
jterations do not seffect the econony before an optimal _
solution is reached. Our proposed planning process will per-.
haps lie somewhere in between these two extremes. Only =a ’
few iterations could be performed before a periodic plan 1is
decided upon and executed. These iterations will improve
the solution of the total system though it may not reach
the optimal solution, But action could not be stopped while
s search for an optimum solution goes on. This difficulty
is inherent in the operation of a decomposable organizational
system as iterations in an organizational sst up consune much
more time and effort .than they do in a computer. A similar
scheme of plamnning using decomposition principle has been
described by Dantzig'? under "Central Planuning without
Complete Information at the Center.!

19 Dantzig, George, B., Linaar Prog;ammiﬁg and Extensions,
Ckapter 23, Princeton, N.J., Prinmaton University Press,

1963.
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To appreciate the comments of the last par agraph, the
reader should have some familiarity with decomposition.p;o-
cedures. _The most yell-known. amocng them, the decomposition
principle was first proposced by Dantzig agd Wolfe as a ]
solution technique for large block-angular lingar programming

“problems by decomposing them into smaller, more manageable
sub-problens.. Variouszqther nore reoent'aPprqaches1have pegn
described by Geoffrion®'. In a decomposition procodure ?ne
total problem is not solved at one step as done by the_Smelex
me thod of linear programming. The problem is divided into a
master problem and & nuamber of sub-problems. The mgstgr
problem may not even be explicitly known at the beginning of
the conmputation. A simplex~like iteration is performed on
the master problem to find an optimal solution and this
generates a price wvector (which may be interpreted as shadow
prices) for the constraints of the master problem. The price
vector defines objective functions for the sub-problems and
they are then solved. Solution of the sub-problems generate
new.activities to be added to the mastoer .problem which then
goes through another iteration. The solution procass is ter-
minated when no activities ecould be obtained from the solution
of the sub-problem which can improve the solution of the
master problem. The similarity between this procedure and the
multi-lgvel planning process where prices are used for: communi-

“‘cation is obvious,

- 4 different procedure for multi-level plonning has
also been reported in literature<®s= .. In this approach, the
central level model allocates the scarce resources among
sectors, i.e., -determines input quotas and output targets. The
sectors in turn send information to the eontral level rogarding
shadow prices for the scarce ressurces in an attsopt to bid
for them. It should be noted thet the information content_has .
changed here from our earlicr convention of prices flowing
downward and production plans upwards. Only practice will
demonstrate if any of these systems could be utilized in the
decision making processcs of multi-level planning. We recomihend
that inspite of all the short-coaings, nulti-level planning
should be practised, perhaps with its broader interpretation
in the organizational sense.

20 Dantzig, George, B., and Philip Wolfé, "Decomposition
Principle for Limnear Programs," Operati-ns Besgarch,
Vol. 8, No.1, Jan. 1970. :

21 Geoffrion, 4., "Elsnents of Large—Scale Mathematical
Programming," Management Scicnce, Vol.16, No.11, July 1970.

22 Kornai, J., and Liptak, T., "Two Level Planning,n
Economstrica, 1965,

23 Weitzman, M., "Iterative Multi-level Planning with
Production Targets," Econometrica, January 1970.
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OPER AT IONS RESEARCH_IN NATIONAL AND MJLTI-LEVEL PLANNING

A rapid increase in the productivity of all
‘gsectors. is required in developing countries
for the betterment of their people and re-
moval of abysmal poverty. This may be
achieved through the institution of plannirg
at the national, sectoral and regiondl levels.
Proper choice of projects to be included in
the plan, their location and regional distri-
bution play an important role in increasing
the productivity of planned sectors of the
economy and in the development of various
regions. This paper discusses the appli-
cation of operations research models in the
dual hierarchial framework by regions <nd
sectore of a national econony.

L class of commutational techniques kuown aZ
decomposition methods exh./.bit hierarehical
problem structure quite sinilar 42 the multi-
level planning problem. DNotailed s=-toratl
models or reginnal models involving prcject
selection and spatial deteils could be inte-

~grated into a balBuced notional po.an using
such a planning and cemputaticnal framework.
An analysis of tha various commodities pro-
duced would indica*e the level at which
project decisioas for that commea: ty szhould
‘be undertaken. The partial decompocition of
the complex._national problem mak:s planning
more amenable -to the appiication of cperations
research models for projsct selection and
cptimization.

4L rapid increase in the productivity of all sectors.
of the economy. is a primary requirement in the developing
countries in their struggle against poverty, hunger and over—:
population in trying to better the living standards of the
masses. Proper planning of - the economy and ‘motivating the
people will be necessary to make even modest ach ievements
in this field., In the process of achieving a fast rate of
growth in the gross national broduct'(GNP)‘or average Pper
capita income planning process should alego bring about
development of all the regions in a country in'a balanced
manners . It must provide for adeguate resources Zor invest



ments in the various sectors of the economy, determine appro-
priate growth targets in related sectors and ensure coordina
tion among them, avoid shortages, Wottlenecks and wastages
‘and Teduce regional imbalances as a result of development.

In a vast country like India,  with.a federal system
of government and wide difference among its regions, planning
shonld be simultaneously carried out at the xational, sectoral
and regional levéels to achieve these objectives of planning.
The process of planning and plan implementation also involves
a hierarchy of institutions at the central, sectoral” &and re-
- gional levels. There could be serious short-coming in the )
planning process if all decisions regarding 'allocation of
resources, investments and project gelection are ~Laken in a
centrélized top-down approach by the national’ planning agency
and lower levels are directed to implement the planned projects
This is mainly because it is very difficult for the central
planning agency to acquire complete and detailed information
and expertise regarding all the sectors and regions cf the
country. The national planning agency usually prepares a
highly aggregated national plan which does not consider the
spatial aspects of planning including project selection and
locational choices while these are highly essantial in _ come-
sidering the economics and viability of the various alternative
in investment and-also in the successful implerentation of the
plan. These deéaisions are usually  taken at the lower echelons
and in the absense of a proper multi=level planning framework,
it is a diffiecult task to cdoordinate those interrelated de-
cisions into an integdrated national plan with sufficient
details. ' :

It is desirable to decompose the mational planning
problem by sectors and also by regicns into manageable sub=-
problems. The seectoral..decompdsition is necessary for detaile
project formulation and project selection which should include
a study of the spatial aspects such as transportation costs and
locational decisions, the economic aspects such as choice of
technology and economies-of-scale and the temporal aspects of
time phasing and scheduling of projects. - The regional de-
composition would involve preparation of -comprehensive develop-
ment plans-for the regions based on resource endowments,
economic and other advantages of the regions. and their social
needs. Such plans shoild include project allocations-for N
income and employment generation and provision of social in-
frastructure, the basic. objectives of such plans being overall
development and the regions ahd reduction of Tregional B
imbal ances. ) : '
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Optimal allocation of resources in such a "dual
hierarchical system" is difficult to accomplish through the
application of one comprehensive model specifically with any
kind of spatlal details or 4t the project level of dis~
aggregation. The multi-level planning problem involving two
or three hierarchical levels obtained by sectoral or regional
decomposition assumes an added complexity as the sectoral
and regional plans will have to be coordinated. The alloca-
tion of investments in a particular region by all the sectorsl
plans when combined together should result in a ccmrrehensive
regipnal plan. Conversely, allocations for any sector iz
plans for different regions should be optimal in some sense
for that sector for the whole country and the growth of one
sector sho- 1d be in Proper ratio to the growth of related
sectors.

This is the central problem in muliti-le-el planning.
This paper discusses the application of opsravicias research
models in designing a multi-level planning framework by reglons
and sectors of a national economy. Operations rassearch models
have #@lready found wide ap?llcetlon in Aetailed cectoral .
plannin§ work for a single or for seversl 1nterrelated
sectors gechniques such as linear grogrlmwihg”, dynamic |
programming” and mnetwork flow thecry” have pesn applied in
decision problems regarding size, location annd nature of

1 Kendrick, David A., Proaramngi_Iggggt"Fnt 1n the Proce gs
Industriess: 4n Approech to _Secioral: Planuing , qubrldge,
The MIT Press, 1967.

2 Meyer, John R., (Ed.), Techn"ques of Transport Plannlng,
Vols.I & II, The Brookings institution, Tra;ﬁ*ort Research
Program, Washlngton, D.C.1971.

3 Manne, L.S., and Merkowitz, H.M., (Eds.), Key Sectors of
the Mexican Economy, 1960-1970," in Studies _in Process
Analysis, Cowles Foundation Monograpih 18, Chap 16
John Wiley & Sons, N.Y. -

4-Weisakopf, Thomas E., "4 Progranmlng Model for Import _
Substltutlon in India," Sankhya, Series B, Vol.29, Parts t
and 2, Dec. 1967, pp.257~306. '

5.Erlenkotter, Donald, "Sequencing Expansion_ Projects,
Opsrations Research Vol. 21 No.2, March-April 1973,

Pp.5423-553
5 Mukherjee, Shishir K., A Netwolk Programming Approach to
Investment Plannlng for Electric Power Systenms," prepared

for' pressntwtion at the 20th.. International.- Meetlng .of the
Institute of Management Sclences, Tel szv, June "1973.



irdvestment projscts. Programming modnls Pased on intep~
iAdustry tables' are also quite common for nstional or regional
;lannlng, The challenge before us is to design a multi-level
planning framework withir which such sectoral and reglonal
models could be interlinked and cocrdinated with any aggregated
central level mo:c.'le'I availechle.

The appllcatlon of & clase ol computational technigues
known as decomposition methods is highly useful in this area 4as
deccmp031tlon methods exhibit multi-leval sfiructure of programs’
ming problems and their solution teechnigjues are based on in-
formation flow and iteration of problem solution between various
hierarchlcal levels quite similar to the situatiof faced in
multi-level planning. This approach will be examined later in
the paper,

The complexity of the planning problem in the dual
hierarchical multi-level system can be reduced considerably if
the interlinkages between the sectors and reginns are only
partial, which indeed is the case. 4n analysis of ths various
commodities produced by a country indicates that the investment
decisions regarding certain commodities c¢ould be tuksn z%
regional levels independent of the activities of “the other
regions :as these decisions do nct have apprecizble: effects oute
gide the region.in question. Again there are other commodities
where investment decisions and their regional allocatior must
be arrived at by a central bcgy for all the regions s multane-
ously. TFollowing Tinbergen'ts® scheme all the commodities could
be classified into reglonal or loeal products, mational products
-and world products and again into shiftable or non~shiftable
industriés. Such classification gives an indication as to the
indugtries or products teo be included in regional, sectoral
and national plans enabling us to obtain a decOmposltlon of
the multi-level planning model .nto vaplous sub-models . some
of which ere largely independent of higher level models could
be &solved in isolated and the solution fed into “higher level
models. This aspegt of partial interlinkages betwezsn hlghex
and lower levél models have been examlned later.\-\

Balanged and Unbalggged Devel opment

One of'théfimportant'issue'in regiohal planning i1g the "

. Fckaus, Richard S., and XKirit S5, Parikh, Plan11b£ for; Growth:
Multl-Sector%é JIntertemporal Modesils Anplled 1n Lnala% The MIT
Prcss, Cambridpe, Massachuysetts, 1968, .

8., Tinbergen, J., Esgasy in Regjional and Worli TL nnn__g,
Natiopnal Council of" Appiieé Fconomic ‘Resesarck, Wewr DelkI,

Faly: 1966 ‘Chapter 11.




extent to which development sh1ould be geogr aphlcally’balanced
or unbalanced. The qualitative arguments in favour of balanced
and those against h%ge aen drscribsd by many zuthoers. The
anzlytical models? which try to arrive at any conclusions
regarding the ellocation of investwments in a multi-regionm
system are based on highly simplistic assumptions regarding
consumptlon, savings and productivity of capital. Under these
assunpPtion they obtain the expectad conclusion that if the
objective is to maximize nationaly income, then investments in
less productive regions -could only be justified under very
rarely occuring situations such as when higher savings Tate

in "the less productive region more than comneénsates for the
low productivity of capital. But the basic question is not
whether to invest in cne region or the other, but in which
proportion the available resources should be allocated. The
dynamic aspescts of the situation are also rarely conwsidered

in these models. 4 less productive region may also beccome
equally productive as a highly productive region &t least for
the production of some commodities if certain initizl invest-
ments are made in building the necessary infrastruciure
(transportation, power, etc.), service facilities and tralnlng
of personnel. Again excessive concentration of investment in
certain areas will raise the land price, increase wage vates
and overtax the infrastructural f36111t168, as’ g result de=-
creasing the productivity of capital in that arca overa long
period of time. .

9 Rahian, M;A., "Hegional Allocation of Investment." Quarterly
Journal of Economics, February, 1963, pp.26-39.

10 Dorfman, R., "Regional Allocation of Investment - Comment,t
Quarterly Journal of Econowmics, February, 1963, pp.162 65

i1 Boss, A.-., "Economic Development and BaLanced Regional
Growth," Indian Journal of Ragional Science, Vol I, N¢.1,



Commodity Glasses aggﬁéocational Decisions

= The above dlscu851on leads us to another 1mportant
issue - the effect of the naturs of thée commodity or service
in question on its spatial locdtion. Some commo&ltles are com~
paratively footlooseé and can be located almost in- any region
without loss of. product1v1ty and that some are constrained to.
be Iocated in éertain regions. We follow Tlnbergen12 in divid-
ing the commodities into three classes = world goods, natlonal
goods ‘and regional (and local) goods. A reglonal commodity
cannot be 1mported or exported from any region dde to techni-
cal réasons (e.g. water resources projeet, buildings, local
services). A national commodity or .service cannot be exported
or imported under normal circumstances the best ‘examples being
electriecity and’ transportatlon.- The world goods br commodities
are free to crogs international borders. The acove division
is market or transportation oriented. Similarly natioral
or world commoditiss could be divided into shifteble (footlonse)
and nonshiftable commodities. 4 non-shiftabl~s indusiry is
resources or raw material based :and can be loca%tcd at the
same region only, whereas a shiftable 1ndustr can ve located
in. many dlfferent .regions (e.g. electronics). :

_Under the division of commodltles described above, one
can have a better idea regarding the freedow available in the
location of economic activities and the level in organizations
wherz planning for these activities cculd be carried out.
Obviously planning for regional commadities. and -services could
be done best at the regional lsvel and locational decisions
regarding these will not have apprecisble sffects on other
regions. The national commodities and services should be plan-
ned at the national lewvel. As ths locations of non-shiftable
commodities {e.g. coal and other mining) are more or less deter~-
mined by the: availability of raw material and other constraints,
one can .play with shiftable commodities to cbtain objectives of
regional income targets if thesc are specified by the cesntral
planning agency. Transportation costs and economies-oqucale,
Have important roles in determining. the location of naticnal
geods and services. Preferably, detziled location-allocation
models should be used to determine their regional distributions.

OSpersztions Rgggérch;MCdel for Central Planning

At the highest level of the multi-level planning systen,
& masro-scononic dynamic medel can be used at sectorazl level of
aggregation, If a state model is chosen, a long term perspective

e s A

12 Tinbergen, J., op.cit.



plan should be available. The most recent input~output matrix
available should be utilized for building the central level
model, Linear programming structure based on an input-output
natrix is quite suitable for the dynamic multi-sectoral model. 13
Similar models have been extensively reported in the literature
and would not be discussed here in detail, " Considering
the acutie unemployment situntion in India, an additional feature
of this model could be the inelusion of manpower requireflents
under different skill categories as an integral part of the
model. Availability of foreign aid and upper limits on ex-
ports could be considersd exogenously given to the model.
However, certain import substitution activities could be con-
sidered and foreign exchange becomes an additionsl constraint

in the model. -

The multi-sectoral dynamic model should include at
least two or more Five Year Plan periods and appropriate ter-
minal conditiens (such as growth at a constant rate beyond the
terminal year). The planning horizon can be divided into a
number of equal time periods each rangihg between 2 and 4 years.
Specific assumptions could be made regarding consumption, the
simplest being the assumption of a gradualist consumption
path (i.e., aggregate consumption growing at an .annual rate r).
In this case, the terminal consumption will be maximized.

Al ternatively, assumption of non-decreasing per c¢apita con-
sumption could be made and the sum of discounted GNP over the
- Planning horizon is maximized. The main constraints of the
resulting linear programming problem will be due to material
balance, capacity, terminal conditions, exports, foreign
exchange, labour demand and supply, consumption and savings.
The detailed nature such a model could be decided upon based
on the availabiz numerical data, ob jectives of the model
and 1its computational needs. The solution of the multi=’
sectoral linear programming nodel provides certain major
guidelines regarding the order of magnitude of production
and investment in various sectors. The dual solution of
the linear programme would also generate shadow prices far
.the resources common to different sectors such as capital,
labour, foreign exchange, etc. :

If a two-level planning process is considered at the .
central and sectoral levels, the solution of the central level
imodel can generate internally consistent time-wise projections
lof needed output for each sector and can provide shadow prices
)of factors allocated by the central planning agency among the

— ]

'3 Eckaus, Richard S., and Kirit S. -Parikh, op. cit.
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various sectors. The sectoral models should be formulated at
project level considering locations, techniological and capacity
alternatives. The optimal solution of seétoral models for
given sectoral demands provides improved technical coefficients
such as incremental capital output ratios (ICOR), manpower and
utility coefficients which can be used to update and modify

the central level inter~industry matrix used. Thus an-iterative
scheme will improve the quality of both the models and their
solutions after each iteration and information exchange. The .
process can be terminated after a few iterations and sectoral
plans could be finalized. '

The effect of various policy alternatives on the
sectoral allocations could be studied using the multi-sectoral
central level model. These might involve decisions regarding
the amount of foreign aid, self reliance, export and import
policies, choice between capital and labour--intensive techno-—
logies and other assumptions regarding savings, consumption .
and strategies for development. The shadow pricos generated,
to be useful in planning, should be stable and rcalistic. It
is expected that a sufficiently long planning horizon will
help in achieving this objective. '

Qgggigilggggggal Models for Project Selection
. ™ ’ :

At the second level of the multi-level planning
system, & class of sectoral models are conceived which encots
pPasgsa¥l the sectoral activities for the production of national
and world ‘dommodities and services. Each sectoral model will
be at the projecdt -or industry lewvel of disaggretation, will
consider substitutidn effects and make choices botween alter—
native locations, technologies and capacities of projects. The
selection of~activities or products to be included in a parti-
cular sector and the decision regarding the total number of
sectoral models requires considerable amount of judgemént and
knowledge of the economy. A common rule would be to group
together strongly interrelated or substitutable activities
or products within a single sector.

. For certain sectoral activities, the sectoral model
is the lowest levelyet whieh project decisions are made. For
example thé decision regarding’ investment in.4 .new steél mill,!
its capacity, composition and location could ¥b, best decided- ..
within the framework of a model of the steal sector for the
whole economy. If the optimal sclution specifies & project
to be located at a particular region, it could be included
later in the regional model and would provide useful infor-
mation regarding manpower and utility requirements and the
advisability of locating anciliary and secondary industries
in the region. But at the regional level (district or




?

state level) model, it would be difficult to decide whether
the steel mill should be included among the list of approved
projects for the region.

For a better understanding of the. composition of sa
sector?z-model a representasive sectoral model of the Energy
sector is briefly discussed hsre. 4 nationwide model of che
energy sector can be formulated to analyse the production,
distribution and consumption of wvarious energy and fuel re-
sources. This would include coal, petroleum and its products,
electricity and nitrogencous fertiliger. Dzmands for electri-
city, fertilizer, petroleum and its various products such as
notor gasolene, naptha, kerosene, fuel 0il, ete. and coal for
other ‘usss excluding production of power and nitrogenous
Tertiliger are given sxogenously to the model. Spatial
locations of these demands and their distribution at these
demand centres are givenm inputs for the sectoral model.
Production awd transportation activities for coal, electricity,
petroleun products and fertilizer are considered and locational,
technological and size alternatives are analysec. Production
of non-coking coal at various fields is considered i1 the
Energy scctor model whereas that of coking coal could be in-
cluded in a sectoral model for s teel. For electricity
generation, hydro, thermal (eoal, fuel, oil, naitural gas) and
nuclear technolpgies will be compared.'? Nitrogenous ferti-
lizer (shouBld be included.in the sectoral model for energy-
as it can use coal, naptha or fuel o0il as fesd stock and
fuel. 4As importation of petroleum or its products inducese
foreign exchange expenditure, substitution activities of fuel
0il and kerosene by coal or electricity would be included.

The objective function of the.amodel would be mini-
mization of total cost for satisfying all energy demands.
Specific constraints could be included on the total capital
investment and foreign exchange requirements of the resulting
plan. These values will ®e supplied from the solution of the
central level model. The shadow prices of capital or foreign
exchange obtained from the solution of the sectoral model covld
be compared with those obtained from the golution of other
sectoral models and the central level model. To ortain a
realistic valué of shadow price for capital, manpower con-

t— e ————,

14 Interim report (May 1972) of the Fuel.Policy‘Gqﬁmittee5
Ministry of Steel and Mines, Govt. of ZIndia.

15 Regional models for electricitj sector is discussed in

Mukher jee Shishir, K., op.ecit.
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straints should be included in sectoral models. 4s the o
sectoral model is at a project or industry level, it is casi::
to obtain manpower needs by skill categories from the projocs
feasibility reports. o

The detailed nature of the constraints. for a sectors”

model will depend on the nature of the sector and the policy
questions to be asked by the model. ‘ The policy questions
asked for a sectoral model are more related to the oper ations
of the partieular sector. In the Energy sectoral modsl .
described above, various policies regarding the pricing of
~Petroleum and its products, optimal fertilizer production
technology, ¢oal-oil substitution, dieselisation as agains+t
electrification of railways and investments in oil explorati-
could be -asked and from the quantitative snswers obtained

8 ration&l energy policy would emerge. Similarly sectoral
models in the area of Steel and Heavy Engineering, Agri-
cultural and Water Resources and Transport could *he for-
mulated and their solution could provide answer® to various
policy questions which are not obvious from the central
level studies. ' o ' -
Regional Planning Models

R_.gional planning models can sérve. *yo.basgic pur- -

poses. Their main use.is in comprehensive planning for a
region and in models of this kind all planned préjects for

the regional goods are included for combined project evalua-
tion. These models can be constructed at the state or dis-
trict level. Specifically a backward arsa or an area with _
high growth potential could be chosen for special attention.
Structurally, the model is a linear programme for optimum

P roject selection under constraints of regional demand, tota’
investment, manpower and local resources (for resource basgecd
industriess and for maximizing the gross regiondl product

(or total value added).- The regional economy is open and ..
thers are usually no barriers to the flow of national ox

world goods and services according the market mechanism.

These constraints will ensure that regionmal self-sufficiency
is not aimed at a high cost Sor commodities which cou’d ve
produced elsewhere and transported to the region o satisfy
local :demand. Conztraints on employment needs of the region’
and minimum needs1¢”for esgential commoditi&s could be
imposed on the regional model. Thus g -comprehengive region” ..
plan based on socio-economic datd (population and employment

16 Planning Gommiiaidﬁ; Govt. of India, "Approach to tke
Fifth Plan, 1974-79," Section IV, January 1973. C
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could become a major vehicle for the implement-tion of develop-
ment of the backward and not-szon-~backward regiens promised in
plsn doduments if rescurces could be provided for and appro-
priate implementation machinery set up.

Regicnal models are also useful to analyse detailed
apatial or local aspects of sgctoral plang as the ineclusicn
of all details regarding z sector in the economy-wise sectoral
plan might make 1t too large and - unwieldy for conputational
purposes. For example, to supplement the sectoral =znergy model
discussed in the last section, regional mcdels o ﬁelectricity
generation and transmission could be formulated. This model
would include details of existing and propoged generating plants
of different kinds and existing and propossd generating plante
of different kinds and existing and proposed transmisgion lines.
The optimal solution will provide a minimum-cost plan for
regicnal power system. Structurally the model could be a mixed
integer linear programme (to consider individibilit¥ss in
project decision) or a net werk programming model (%o consider
the transmission network in detail). Certain non-linesrities
could also be accomodated in this operations research moiel. To
provide another example, a district levecl agricultural and
irrigation model can be formulated. This will in2lude various
rinor and major irrigation schemes, special cropping projects
such- as high-yield wheat, rice or cotton, rnultipjle eropping
patterns, agri-based industries, poultry, dairy and animal
husbandry in a much greater detail than i3 possible in a
sectoral mcdel on agriculturs.

The comprehensive regional planning models discussed
garlier will communicate directly both with sectorzl madels
(through shadow prices of commodities) and ths csntral level
model (through shadow prices of capital, ete.). But the re-
gional planning model for a particular sectcer will only
communicate with the correspondiag sectoral model. Regional
plans also illustrate the effects of planned projects on the
population of the region in terme of growth in per capita of
income and employment generated. These and other socio-
sconomic indexes should be compared f£or various regions %o
ensure that regional inequities are not perpetuated. Dtherwise,
national averages of such indexes lose their meaning as they
nay not be representative of vaurious regions of the country.

There has been increasing interest in the development
of regisnal input-output tables and soms pion?gring work héas
been carried out for geveral states of India. Though they

17 Shishir K. Mukhorjee, op.cit.

18 Alagh, Yoginder K., 8.P. Kashyap, "Problems and Uses of

Begional Input-Output Models," invesak, Vol.l. Na 1.
Jiune . 1amr
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_'present specific structure or regional gconomy, thailr utlllty
in the preparation of regional plans are still limited .
specially in developing couniries due to: some of the inherent
lipitatidns of input-output analysis which become more notice-
able at the regional levei. For large country, the inter-
regional flows are considerable and the treatment of national
and world goods creates problams in ‘regional input-output
tables though,for local or reglonal goods thelr use could be
recommended. o

'Multl-level Plannlng sttems and Decomg_51tlon Procedure

We have dlscussed a proposal for decentr llzatlon of
planning by constructing a hierarchy of model systems and a
" scheme of interaction between these models according to varicus
interlinkages among these models. This is illustrated in the
following diagram which shows the communication pattern bet-

wean models at vwarious levels. Decomposition procedureg .
also discuss similar interactions and communicatisn between
problems at hierarchial levels. If all these models could be -+

formulated and integrated at one place, (i.e. at the central
planning level) perhaps the complex large system could be
numerically solved by some kind of decomposition procedure.
Even if these were possible, we are not proposing:an inter-
pretation of this kind of the proposed planning scheme as
then it could nardly be called multi-level planning. We are
. interested in a planning procedure where sectoral and regional’
level organizations actually get involved in the decision-
making and implementation of the planning process 2nd the
decomposition-~like scheme of communication and iterations
betwaen models of various levels is utilized for ‘coordinating
191r act1v1tles 1nto an organic 'whole' :

_Walras.has described by "tatonnements" , an iterative
process by which the market finds its equilibrium. against
this we have the iterative schemes used for decomposition
procedurés where these are only steps within a computer and
iterations do not effect the economy before an optimal
solution is reached.. Dur proposed planning process will per-
haps lie somewhere in between these two extremes. Only a
few iterations could be performed before arperiodic plan 1s
decided upon and executed. These iterations will improve

he solution of the total system though it may not reach -
the optimal solution. But action could not be stopped while-

a search for an optimum solution goes'on.‘ This difficulty
is inherent in the operation of a decomposable organizational
system as iterations in an organlzatlonal set up consume much
more time and effort than they do in a computer. 4 similar.
scheme of planning using decomposition principle has been
described by Dantzig 7 under "Central Planring without
Gomplete Informaticn at the Center."_ . .~ . = _
19 Dantzig, George, B., Linzar Prog_ammlng and 4xt¢n31ons, :

Chapt2r 23, Princeton, N.J., Princeton University Press,

T963.
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To appreciate the comments of the las+t par agraph, the
reader should have some familiarity with decomposition pro-
cedures. _The most . well-known among them, the decomposition
principle®~’, was first proposed by Dantzig and Wolfe as a
solution technique for large block-angular. linear programuing
problems by decomposing them into smaller , more mznageable
sub-problems. Variousg?ther more recent .appreoaches have been
described by Geoffrion®!, In a decompositién procecdurs the
total problem is not solved at one step as done by the simplex
me thod of linear programming. The prcblem is divided into a
~naster problem and & nuaber of sub~problems. The mzster
problem may not even be explicitly known at the beginning of
the computation. & simplex-like iteration is performed on
the mastcr problem to find an optimal solution and this
fenerates a price vector (whieh may be interpreted as shadow
prices) for the constraints of the master problem. The price
vector defines objective functions for the sub-nrobloms and
they are then solvad. Solution of the sub-problems generate
new activities to be added to the mastar problanm which then
goes through another iteratinn. The solutiorn procuss is ter-
“minated when no activities could be obtained ironm the s2lution
of the sub-problem yhich can improve the scldtion of the =
master problem. The similarity between this procedure and the
multi-~level planning process where Prices are used fore communi-
cation is obvious. '

_ A different procedure for pulti-level planning has

~also been,reported in literatupsof 2 . In this approach, the
central level model allocates the scarce resources among
sectors, i.e., determinus inrzt quotas and rutput targets. The'
sectors in turn send information to the cer+tral level regarding
shadow prices for the scarce resnurces in. zn attempt tc bid
for them. It should be noted that the 4dnformation content has
changed here from our earlier conven*ion of'prices'flowing
downward and production plans upwards. Only practice will
demonstrate if any of these systems could be utilized in the
~decision making processcs of multi-Jlevel planning. We recommend
that inspite of all the short-conings, multi~levsl flanning
should be practised, perhaps with 1its broader interpretation
in the organizational sense. : f

—— —

2C Dantzig, George, B., and Philip Wolfe, "Decomposition
Principle for Linear Programs," Operationg Research,
Vol. 8, No.1, Jan. 1970.

21 Geoffrion, 4., "Elements of Lerge-Scale Mztlematiecal
Programming ," Management Science, Vol.16, Is.11, Tuly 197¢.

22 Kornai, J., and Liptak, T., "Two Level Planning, v
Beonometrica, 1965.

23 Weitzman, M., "Iterative Multi-level Planning with
Production Targets,n Beonometrica, January 1970,
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