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PREFACE 

The r e s e a r c h  r e p o r t e d  herein  was performed under  t h e  auspices of the  Technolo- 
gy, Economy, and Society (TES) Program at IIASA. A t  the  same time, the  au thors  
have incorporated in this new r e s e a r c h  area some resu l t s  obtained in 1985 from 
t h e  Regional Issues Project .  

This p a p e r  r e p o r t s  on establishing a preliminary ( f i rs t  version), conceptual ,  and 
instrumental solution t o  the  complicated problem of s t ra teg ic  choices f o r  com- 
panies, taking into account  the i r  probable  technology/production capabil i t ies and 
the  s t ra teg ic  behavior of o t h e r  competing companies. The model developed is  used 
also t o  account f o r  t h e  requirements imposed on s t r u c t u r a l  changes by social (e.g., 
employment) and natural  habitat  (e.g., pollution) balances f o r  the  region and/or  
company. 

The system-based evaluation of company and/or  region capabil i t ies allow poli- 
cymakers t o  examine the  f a c t o r s  of long-run sustainable choices in addition t o  
more immediate values of profitability. 

The r e s e a r c h  work is c a r r i e d  out  by IIASA in collaboration with All-Union 
Research Insti tute f o r  System Studies (USSR). The second final computerized ver -  
sion of this model is  t o  be  completed by the  end of 1986, 

Prof .  A. Kochetkov 
Assessment of Technology 
and Ente rpr i ses  
Technology, Economics 
and Society Program 



m T E G Y  SELECTION FOR FLTX 
DE;VELOPKENT IN A REGION 

A.Kochetkov, K L i v s h i t s  a n d  0.PcheLintsev 

1. The M a i n  Problems 

The systems approach  requ i res  the  integri ty of t h r e e  units: the  problem- 

orientation principle ( the  predominant charac te r i s t i c ) ,  t h e  wide interaction of 

scientific methods, and advances in the  empirical base  of r e s e a r c h  subjects  and 

methods. The las t  point must be  par t icular ly  emphasized. N e w  information tech- 

nology enables t h e  integration of information flows t h a t  are generated at di f ferent  

levels of the  socioeconomic system. This produces a wide spectrum of large-scale 

and long-term consequences. In pa r t i cu la r ,  sociological information systems form 

a technological basis f o r  g r e a t e r  public part icipation in decision making. 

All t h e  above methodological considerations a r e  of value t o  r e s e a r c h  of r e -  

gional problems. Nowadays, regional development faces  many obstacles  generated 

primarily by a lack of understanding of t h e  n a t u r e  of regional systems. These in- 

clude a specific institutional context,  s ince the  basic p a r t  of a region's  economic 

base  is ,  in f a c t ,  removed from the  regional prerogat ive  and managed by l a rge  in- 

dust r ia l  firms o r ,  in countr ies  with planned economies, by t h e  respect ive  c e n t r a l  

and sec to ra l  authorit ies.  

A s t ra ightforward solution t o  problems of regional development is  impossible 

unless this a spec t  is  managed. The sett ing up of a regional economic base  should 

be  considered as a n  a r e a  suited t o  coordination based on information exchange and 

close cooperation between industrial f irms and local and cen t ra l  authorit ies.  



The major problem h e r e  is t h e  compatibility of regional author i t ies  and t h e i r  

responsibilities. This implies tha t  the  management of regional development cannot 

b e  reduced t o  a d i r e c t  allocation of resources ,  since t h e r e  a r e  many o t h e r  influ- 

ences. Thus, t h e  c o r e  of the  proposed solution is  the  coordination of management 

activities: 

Between companies in a region. 

. Between companies and local authorit ies.  

The development of regional information systems and se rv ices  is  evidently a 

sine qua non of this activity. 

The focus  of s t ra teg ic  regional analysis on spatial  interaction between indus- 

t r i a l  Firms implies a wider use of economic c r i t e r i a .  The result ing model should be  

a n  instrument f o r  in-depth efficiency analyses. This can  b e  provided, in o u r  opin- 

ion, only by optimization techniques. 

An efficiency-analysis approach  is  necessitated a lso  by the  historical  context  

of regional s t ra teg ic  analyses. In many countries,  including the  USSR, production 

intensification is  today t h e  basis of national socioeconomic development. Under 

these  conditions, regional planning and management should Focus upon t h e  t e r r i -  

to r i a l  a spec t s  of economic intensification, such a s  t h e  res t r i c t ion  of new industrial  

construction,  increased replacement investment, and improved efficiency of the  

existing industrial  assets .  Various aspec t s  of institutional suppor t  and implemen- 

tat ion of such a s t r a t e g y  have been developed and used in Lhe USSR and o t h e r  so- 

cial ist  countries,  such a s  t h e  GDR. 

All these  principles were embodied into t h e  s t r u c t u r e  of Lhe proposed model, 

which should b e  f u r t h e r  developed along four  lines: 



(1) Labor market analysis. 

(2) Ecology analysis, or,  in a wider sense, the calculation of  externalities. 

(3) The redistribution e f f e c t s  o f  development of  the regional economic base, in- 

cluding the so-called complex social standard o f  living. 

(4) Resources for regional strategy implementation. 

Here we shall concentrate upon the first o f  these problems, labor market 

analysis; the three other questions will be only slightly touched upon. 

An introductory remark is necessary. We have just mentioned that the region- 

al economic base is a set o f  large industrial firms located in the region. A firm is 

but a specialized institution fitted to  solve mostly economic problems (economic in 

a wide sense of  the term, i.e., including problems that are technological, manageri- 

al, etc.). I t  is unlikely that a firm will be an adequate tool for solving many other 

problems - social, ecological, cultural, etc. These can be solved only by interac- 

tion between various specialized institutions - industrial firms, national and locai 

authorities, public organizations, and the like. Close cooperation and partnership 

between all o f  these are therefore a necessary condition for a well-balanced re- 

gional development. 

Development of  a regional economic base increases pressure on local iabor 

markets. To include in the model constraints to  regulate the workforce to  an 

upper limit ( to involve a workforce that is less than or equal to  the available man- 

power o f  the region) and a lower limit (the employment in the region should exceed 

a given high share o f  all the labor stock) is, o f  course, only a formal way to  solve 

this criticai problem. It seems to  be impossible (except when enormous subsidies 

or compensations are invoived) to provide full regional employment based only on 

the spontaneous decision-making o f  large, profit-seeking firms. The only way t o  al- 

leviate the acuteness of  the problems is, many experts believe, to  reduce the 



number of weekly working hours ,  a s  discussed by D r .  Moeller from t h e  Institute f o r  

Applied Systems Analysis and Prognosis in Hannover, FRG, in his p a p e r  Finding 

Strategic Labour Market Policies for Lower Sazony via Systems Analysis (Moell- 

er ,  1985). One essential  r ese rva t ion  is  t h a t  this  could not be  o r d e r e d  by s t a t e  law 

- i t  i s  only possible to convince t r a d e  unions and e n t e r p r i s e  associations t h a t  a 

quicker  reduction in working time is  t h e  only way to avoid s e v e r e  unemployment 

problems. 

Conversely, in countr ies  with planned economies t h e r e  i s  a t ight l abor  market. 

This p reven t s  the  development of more flexible ways of unemployment based on dif- 

ferent ia t ing t h e  length of the  work day,  work week, and work y e a r  f o r  women with 

small chi ldren,  f o r  pensioners,  f o r  students,  and s o  on. Some resu l t s  have been 

achieved by planning work places and information exchange between industries and 

local  author i t ies  in regional systems within t h e  USSR and Czechoslovakia. In pa r -  

t icular ,  t h e  regional r e g i s t e r  of population, connected with t h e  national one,  may 

become a useful tool for solving th is  problem. The balance between new industrial  

construction and improvement of existing jobs is  a key problem t o  b e  deal t  with by 

both c e n t r a l  and local  authorit ies.  

A set of well-known demographic and migration models can be  used t o  p red ic t  

t h e  national and regional manpower constraints.  In pa r t i cu la r ,  the  Markovian-type 

models of in terregional  migration, developed at IlASA by Rogers and his colleagues 

(Rogers, 1981), are useful  f o r  regions  and countr ies  with a s table  network of set- 

tlements and stabilizing demographic processes.  The efficiency of th is  approach  

h a s  been proved by a Swedish case-study in South-Western Skane. Soviet exper i -  

ence  of microanalytical socioeconomic prediction based on regional sociological 

enquiries can a lso  be  used. We r e f e r  h e r e  primarily t o  new techniques of so- 

cioeconomic da ta  processing tha t  have been developed at the  All-Union Insti tute 

f o r  Systems Studies and r e f e r r e d  to generally as "determination analysis". 



Determination analysis is  a tool to evaluate regular i t ies  and to form typolo- 

gies using s tab le  local re la t ions  between par t i cu la r  values of quali tat ive variables.  

It provides a c l e a r  in terpreta t ion of resu l t s  at each s t e p  of t h e  analysis and a ve- 

rification of the  significance of each var iable  while generating typologies. I t  also 

enables one t o  observe  "the density of packing" of groups  within typologies, so in- 

creas ing t h e  rel iabil i ty of t h e  resu l t s  (Chesnokow, 1982). 

This new technique was successfully used f o r  processing t h e  d a t a  of many so- 

ciological enquiries,  including those c a r r i e d  out  by the  All-Union Insti tute in 1979, 

1980, and 1982 in a c l u s t e r  of towns and villages of t h e  Krasnoyarsk region in Si- 

ber ia .  

Determination analysis can  be  of significant value in processing microlevel 

da ta  about p r e f e r e n c e s  and behavior  of firms, households, local r epresen ta t ives ,  

etc.. collected in sociological and e x p e r t  enquiries. 

Externali t ies,  redis t r ibut ion effects ,  and r e s o u r c e  provision f o r  regional 

development should a l so  b e  investigated. The basic hypotheses tha t  may by dis- 

cussed a r e  a s  follows: 

(1) For  externali t ies:  t h e  well-known concept  t h a t  it is  only t h e  d i r e c t  compensa- 

tion of negative external i t ies  (and, conversely,  subsidies f o r  positive e x t e r -  

nalities) that  may lead to a Pareto-optimal economic state. 

(2) For distr ibutive effects:  seeking a trade-off between tendencies of in te r re -  

gional equalization and t h e  stabil i ty of distributional s h a r e s  of a l l  t h e  regions 

can  be  considered as t h e  fundamental purpose  of regional s t ra teg ic  choice.  

(3) For  r e s o u r c e  provision: t h e  system of in te r re la ted  t e r r i t o r i a l  funds - nation- 

al ,  regional,  and local  - should b e  developed and supported as a necessary  

tool f o r  t h e  corresponding budget formation. 



The concise presenta t ion of the  above theses  can be  made with t h e  help of the  

seven l ists  tha t  foliow. 

L i s t  1. The systems methodology approach  in tegra tes  t h r e e  elements: 

(1) Problem orientation t o  give the  subject .  

(2) Scientif ic tools t o  give t h e  method. 

(3) Integrating information flows from macro- and micro-levels t o  give t h e  

empirical (information) basis. 

L i s t  2. Theory: Region in t h e  Socioeconomic System. A polyhierarchical  s t ruc -  

t u r e  of th is  system i s  postulated, including: 

(1) A set of industrial  firms t h a t  forms the  economic base  of regions.  

(2) A set of local authorit ies.  

(3) A c lus te r  of cen t ra l  functional and programming institutions. 

L i s t  3. Theory: Regional S t ra tegy  should be  Focused on t h e  Analysis of t h e  

Economic Base. The economic base  is  the  key element of regional s t ruc -  

t u r e  and t h e  c o r e  of regional s t ra teg ic  planning and management. This im- 

plies that :  

(1) Efficiency analyses of spat ia l  interaction between firms are necessa ry  

f o r  regional s t r a t e g i c  planning. They r e q u i r e  a wide use of optimization 

techniques. 

(2) The coordination between firms i s  t h e  main tool of regional s t ra teg ic  

management. 



Lis t  4. Problems t o  be  discussed: 

(1) Labor market s t ruc ture .  

(2) Ecology and externali t ies.  

(3) Intra- and inter-regional distribution of income and wealth; complex so- 

cial s tandard of living. 

(4) Resources f o r  regional s t ra tegy  implementation. 

Lis t  5. Regional s t ra tegy  approach t o  labor-use problems: 

(1) Use of nationwide predictions of demographic change and migration. 

(2) Integrated analysis of employment and education. 

(3) Regional programming systems of work places. 

(4) Development of flexible employment systems f o r  women, pensioners,  stu- 

dents. etc. 

L i s t  6. Determination analysis (DA) of socioeconomic data: 

(1) DA i s  a new method f o r  multidimensional calculation of conditional f r e -  

quencies. 

(2) DA can be  used f o r  analysis of da ta  from both sociological and e x p e r t  en- 

quiries. 

(3) DA strengthens  t he  possibilities of processing information generated a t  

t he  microlevel of regional systems. 

Lis t  7. Problems f o r  t he  future:  

(1) Do regional externali t ies r equ i r e  a system of d i rec t  compensations and 

subsidies? 



(2) Distribution - a trade-off between regional equalization and stabilization 

should be  achieved.  

(3) Resources  f o r  regional s t r a t e g y  can be  accumulated through a system of 

funds - national, regional, and local. 

A s  has  been remarked. optimization methods and t h e  corresponding tech- 

niques are very  suitable f o r  finding s t ra teg ies  f o r  firm development within a re- 

gion. 

This approach  allows us to account  f o r  t h e  most important f a c t o r s  t h a t  de te r -  

mine regional policy, both in i t s  object ive  and in i t s  constraints.  The most impor- 

t an t  factors of t h e  system include l abor  resources ,  employment and migration. 

ecology and living conditions, interaction between regions,  and interaction of  f irms 

within the  region. These considerations are descr ibed in t h e  model for selection of 

a f i rm's  development s t ra tegy .  This example i l lus t ra tes  well t h e  possibility of us- 

ing optimization methods f o r  forming t h e  elements of regional development. 

2. Model for Selecting Strategies for Dwelopment of Firms within a 

Region 

2.1. Formulation of the problem and initial premises 

An important t r end  in modern regional investigations is  t o  develop methods of 

s t ra teg ic  regional policy realization in di f ferent  regions.  This involves the  

problem of generating t h e  regional economy on t h e  basis of industrial  author i t ies  

and under  market  conditions - according t o  decisions made by some of t h e  firms. 

The problem will b e  considered as follows: 

(1) In some regions of  t h e  study, s e v e r a l  f irms a r e  active.  Other regions  a r e  

considered as a unit without being divided into firms. 



(2) Every firm can  produce some goods, any of which can b e  one of the  t h r e e  

types  (mass, specif ic ,  new) according t o  the  firm's capaci ty  res t r ic t ions .  

(3) There  a r e  some areas of consumption with a fixed market  capaci ty  and fixed 

p r i c e s  f o r  each good. 

(4) There  are assumed measures of stimulation ( o r  limitation) f o r  some 

productions. The activity of each firm in the  market  can be  increased t o  a 

determined value. 

(5) Considered as being needed f o r  studies of t h e  long term are t h e  possible 

var iants  in firm specialization, t h e  use of d i f fe ren t  innovations, progress ive  

technologies, etc. ,  and the  production cos t s  and investments and t h e i r  

distr ibution f o r  each variat ion.  Transpor t  costs  between the  regions and a lso  

sa les  and consumer-service costs a r e  assumed. 

(6) Production and sa le  costs a r e  nonlinear. 

(7) Labor,  ecological, and o t h e r  res t r i c t ions  a r e  taken into consideration. 

(8) Restrict ions of profitability ( to c o v e r  investment) and of t h e  activity of 

severa l  f irms in t h e  markets are also  considered.  

The model follows the  simple c r i t e r ion  that  a s c a l a r  optimization problem is 

under  consideration. 

In the  model some assumptions a r e  accepted:  

(1) The charac te r i s t i c s  of the  r e a l  situation are aggregated.  Thus, t h e  number of 

regions,  markets ,  f i rms in a region,  var iants  of s t ra tegy ,  and goods is  assumed 

to be about ten. Under these  conditions f irms in one region a r e  considered 

disaggregative ( fo r  o t h e r  regions  i t  i s  assumed that  only one firm produces  a l l  

the  goods). 



(2) It is assumed that development strategies for a firm and all the data can be a 

prior* (or by interactive process) formed by representative experts. This 

data comprises ( f o r  every variant) the following: 

( i )  Data on goods specialization and modification for  the period under 

consideration. In this case, experts determine, o f  course, not the value 

o f  production, but the possibility o f  production. 

( i i )  The e f f e c t  o f  di f ferent  methods o f  production in the various scenarios 

(including new technologies) and dif ferent  restrictions o f  production 

capacity 

(iii) The volume o f  investments and present-value costs of  production, 

transportation, and sale for the period under consideration (or use a 

calculation method depending on production structure and production 

volume). 

( iv)  Possible influence on the environment, influence coefficients for 

di f ferent  ingredients, and weight coefficients for  individual influences. 

( v )  Normative values o f  employment for  professional groups and as a whole. 

with assumed upper and lower limits. 

(vi)  Forecast of  production demand and prices in the markets. 

(vii) Use of  economic characteristics, such as discount rate and the dynamic, 

marginal period of  investment. covering possible volumes of  subsidies, 

duties, etc. 

(3 )  I t  is assumed that production restrictions for  specific and new goods are 

known for  all firms and regions, but those for mass goods only for  the firms o f  

a given region. 

(4) I t  is assumed that all goods delivered to the markets are sold and demand is 

satisfied. 



(5) The c r i t e r ion  f o r  selecting of t h e  most efficient  va r ian t  (including 

specialization, innovations, e tc . )  is  t h e  minimum tota l  cos t s  of production. 

t ranspor ta t ion,  and sa le  according t o  forecasted demand of goods in al l  

markets. 

(6 )  A l inear  approximation is  adopted f o r  functions of production,  t ranspor ta t ion.  

and sa le  costs,  including a p a r t  t h a t  i s  independent of the  s t r a t e g y  variant .  

Some of these  assumptions can b e  easily eliminated, re laxed,  o r  introduced in 

d i f fe ren t  ways. The formal model of development of t h e  regional economic base  

involves optimization models widely used in planning. In pa r t i cu la r ,  i t  is based on 

t h e  Soviet exper ience  of solving problems in economic s e c t o r s  and in te r sec to r  

problems of production allocation and t r a n s p o r t  development. 

The di f ferences  between existing models and o u r  model involve the  following 

factors :  

(1) Variations tha t  involve d i f fe ren t  goods production and specialization. 

(2) Large-scale innovations (new technologies) 

(3) The possibility of goods production using t h r e e  modifications (new, mass, 

specific) .  

(4) Social r es t r i c t ions  (employment. environmental protect ion,  and o thers ) .  

(5 )  The expediency of  economic stimulation (o r ,  otherwise,  r es t r i c t ions )  to 

produce di f ferent  goods with the  help of subsidies. taxes ,  e tc .  

(6) Specific costs  of realization and consumer se rv ice  f o r  each region and 

market. 

Accordingly, t h e  vec to rs  t h a t  desc r ibe  the  variat ions available to a f i rm's  

s t ra tegy  have a complex s t r u c t u r e .  Together with in teger  var iables  t h a t  

charac te r i ze  goods production o r  nonproduction by the  firms, vec to rs  include the  

- 



number of technologies used, feasible capaci ty ,  investment, and o t h e r  variables.  

The formal model i s  adequate f o r  problems of development of interconnected 

economy s e c t o r s  in t h e  region under  conditions of economic independence and 

increasing firms' responsibility. Use of this model can  provide t h e  necessary  

information and control  of firm's activity by cen t ra l  and local author i t ies .  

The model is based on principles of system analysis. namely: 

(1) Necessary coordination between t h e  micro- (including firms) and macro-level 

pa ramete rs  of t h e  socioeconomic system. 

(2) Efficiency analysis as the  main tool of regional s t ra teg ic  planning, in 

pa r t i cu la r  t o  determine t h e  optimization model. 

(3) Use of coordination between firms as a main tool of s t ra teg ic  regional 

management. 

The most important p a r t  of t h e  model is  t h e  analysis of l abor  resources .  

Here ,  t h e  following a r e  assumed: 

(1) Wide use of national demographic and migration forecasts .  

(2) Integration of employment and education analyses (including professional 

training and re t ra ining) .  

(3) Elaboration of long-term regional development programs of employment. 

(4)  Combination of national regulation of t h e  length of the  working day,  week, and 

y e a r  with f lexible forms of employment f o r  working women, pensioners,  and 

youth. 



2.2. Basic designations 

a. volume of production capacity.  

- - 
C,C , C ,  the  production, t ranspor ta t ion,  and sa le  costs ,  respectively.  

C, ,C,, lump-sum and present-value (operating) components of the  cost .  

d ,D; ac tua l  and admissible influence on t h e  environment. 

C ,  set of aamissible values (for instance,  G n  i s  the  set of possible s t ra teg ies  

f o r  firm n ) .  

i ,  index of t h e  region.  

j , index of goods. 

k , index of s t r a t e g y  var iant .  

L , employment (number of workers) .  

n , index of the  firm in the  region considered.  

P, goods p r ice  in t h e  market.  

r ,  index of t h e  market.  

s ,  index of goods modification ( s  =1, mass: s =2, specific;  s =3, new). 

t . index of time (year) .  

u , index of professional group. 

X, volume of goods production (scaler  o r  vector) .  

Z ,  demand f o r  a good in a region.  

7 ,  duties (subsidies) f o r  goods sale on t h e  market.  

6, subsidy (fine) f o r  goods production. 

E ,  coefficient of goods modification and interchangeability. 

(, value of goods demand. 



7, ident i f ier  f o r  se lected s t ra tegy  variation. 

19, index of poilution mode. 

v ,  contribution of t h e  firm t o  the  market. 

T, marginal period.  

Tot, feasible period t o  cover  investment. 

v ,  discount r a t e .  

q ,  weight coefficient  f o r  t h e  significance of t h e  ingredient. 

In t h e  objective function (1) t h e  indexes =7,tT, and r e p r e s e n t  production. 

t ranspor ta t ion,  and sa le ,  respectively.  

Although according t o  t h e  assumptions a l l  t r anspor ted  goods are sold, the  

d i f fe ren t  designations a r e  used in (1) f o r  s t r u c t u r a l  c lar i ty .  

When a value has  u p p e r  and lower limits a n  as te r i sk  marks t h e  lower limit and 

a double as te r i sk  t h e  upper  limit. 

2.3. T h e  o b j e c t i v e  f u n c t i o n  

Total costs  of t h e  period a r e  minimized: 

2.4. Algori thm of the c o s t  v a l u e  c a l c u l a t i o n  

The following equations a r e  separa te ly  re la ted  to t h e  firms of t h e  f i r s t  region 

(n = 1 , 2 ,  . . , N ; i  = 1) and t o  t h e  o t h e r  regions (i = 2. ... I). 



Production costs in the  f i r s t  region: 

Transportation costs  from the f i r s t  region: 

F=lk = -0 t 
Cni + C C j s r  . ,-C,js, 

f , S , T  

Saie  costs  of goods from the  f i r s t  region: 

Production costs in o t h e r  regions: 

Transportation costs in o the r  regions: 

Saie  costs of goods from o t h e r  regions: 

In t he  above formula, the  upper  index 0 means tha t  the  function i s  a 

component of the  totai  cost  tha t  is independent of t he  production value. For 

instance, F;it is independent of t he  t ransporta t ion component of t he  total cost  of 

t ransporta t ion of firm n f o r  s t ra tegy  k f o r  its development in t years .  

Accordingly, Fi jST is t he  specific cost  to firm n f o r  t ransporta t ion of goods j 

with modification s from the  f i r s t  region to  market r .  Other components of the  

cost  are interpreted analogously. Moreover, the  two summands in parantheses  a r e  

not in te rpre ted  a s  a sum to  show the  information s t r u c t u r e  of the  corresponding 

p a r t s  of t he  costs. 



2.5. The main bounding conditions of the model 

(a)  The production value cannot be  more than the  production capacity 

(b) Demand f o r  every  good in every  region is  satisfied 

(c) Only one variat ion can be  reaiized f o r  each region and f o r  each firm 

(d) Pollution in a region cannot be  more  than the  admissibie Levei f o r  each 

pollutant 

As a who le  

(e) Employment in the  region should b e  r e s t r i c t e d  t o  lower and upper  Limits 

For e v e r y  profess ional  g r o u p  



As a whole 

( f )  The contribution of the  firm t o  the  market should have limits (lower bound 

according to profi tabil i ty,  upper  according t o  anti-monopoly regulation) 

= t  GI.. < -  t 
"njsr "njsr C G j s r  + C e j s r  

n f > l  

(g) Production should be  profi table f o r  each firm 

(h) Marginal per iod of investment r e t u r n  should not be  more than feas ible  

Subscr ipts  e and z mean t h a t  only lump-sum investments o r  present-value costs  are 

given in t h e  cos t s  within t h e  brackets .  

2.6. Analysis and modification of the model for selection of development 

strategies for firms in a region 

The model descr ibed is  one of many possible types. Different modifications of 

this model can  be  developed according t o  the  objective function and boundary 

system, by changing t h e  number of paramete rs  considered in t h e  model, by t h e  

method used t o  consider  t h e  dynamics, by d a t a  limitation, etc. 

For instance, in t h e  c a s e  where the  demand zL, f o r  each good in t h e  region is  

considered unknown and cannot b e  fo recas t  and where the  flexible (according t o  

demand) p r i c e s  of t h e  goods in the  market  are given with t h e  help of some function 

J":,,(Z~,), c r i t e r ion  (1) should be  changed t o  give t h e  maximum prof i t  



Some modifications of the  model may be required because  a number of f a c t o r s  

(parameters)  included might not be  essential  under  al l  conditions. More often than 

not t r anspor t  cos ts  a r e  considerably smaller f o r  some s t ra tegies .  And if th is  

a spec t  i s  excluded c r i t e r ion  (1) would be  

In such cases  t h e  algorithm of cost  calculation, equations (2)-(4), should be  

changed, a s  well a s  t h e  const ra ints  system. 

2.7. Algorithm of the problem solution 

The model descr ibed i s  a r a t h e r  complex problem f o r  mathematical 

programming, being of l a r g e  dimensions and with nonlinear objective functions and 

mixed (both in teger  and continuous) variables.  A common approach  t o  solving th is  

kind of problem i s  t o  use approximate methods of local  optimization, based on 

methods l ike "branch and bound", d i r e c t  random choice of va r ian t s  combined with 

heuvrist ic techniques. In t h e  USSR w e  have used a two - s tage  o p t i m i z a t i o n  t o  

solve problems like this. 

The two-stage optimization i s  based on the  principle of dividing into two 

groups  of var iables  (Benders, 1962). Approximate stepwise methods are used f o r  

t h e  group of continuous var iables ,  and corresponding algorithms of choice  o r  

methods of in teger  programming a r e  used f o r  t h e  group of integer variables.  

E x p e r t  methods are very  important f o r  solving this c lass  of 2roblem. 

Moreover, using e x p e r t s  becomes r a t h e r  useful and necessary  at each new s tep  of 

the  model, especially when analyzing and in terpret ing the  resul ts .  The 



intensification of the  ro le  of exper t s  has led t o  changes in t h e  p rocedure  f o r  

searching f o r  a local optimal solution and the  new procedures  have been formed 

with the  help of a n  in teract ive  process .  

There  a r e  two extreme positions in the  set of in teract ive  p rocedures  used f o r  

selecting the  development s t ra tegy  f o r  firms in a region. 

(1) Selection of t h e  s t ra tegy  is  realized by exper t s .  A s  h a s  been remarked,  in 

th is  p rocedure  a feas ible  set of s t ra teg ies  and all  the  d a i a  are obtained from 

exper t s .  Values of t h e  objective function are calculated with t h e  help of 

computers. Exper t s  choose t h e  s t r a t e g y  with t h e  bes t  value of t h e  objective 

function according t o  resu l t s  of t h e  analysis, taking into consideration 

fac to rs  tha t  could not b e  ref lected in t h e  formalized model. 

(2) Selection of  t h e  s t r a t e g i e s  is  realized automatically. In this p r o c e d u r e  the  

ro le  of the  e x p e r t s  i s  a lso  ve ry  important, s ince they provide a l l  t h e  initial 

data  and s e v e r a l  pa ramete rs  in t h e  calculating scheme. The b e s t  s t r a tegy  is  

determined as a resu l t  of computer model solution, with t h e  help of special  

p rocedures  of two-stage optimization. The solution is  then subjected t o  

e x p e r t  analysis and cor rec t ion  if necessary .  Thus, both using special  

computer p rocedures  and cor rec t ing  solutions during t h e  in teract ive  p rocess  

are suitable f o r  t h e s e  two cases. 
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