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In t h is  paper are p resen ted :
The main problems appearing in  the o rg a n iza tio n , p lanning  
and management o f  Research Programs in  the p a r t ic u la r  con 
d it io n s  o f  a develop ing country, Cuba.
Some m athem atical models ap p lied  toH h e so c io -eco n o m ica l-  
development o f  a new a g r ic u ltu r a l reg io n .
Algorithm s and programs to  c o l le c t  and to  p rocess inform a 
t io n  coming from ex p er ts . These a lgorithm s are ap p lied  -  
to  the m ic r o lo c a liz a t io n  o f  socio -econ om ica l o b je c ts .

INTRODUCTION

The develop ing co u n tr ie s  fa ce  g rea t problems in  the e f f i c i e n t  e x p l o i t â t !  
o f th e ir  resou rces. In order to s o lv e  the to p -p r io r ity  problems r e la te d -  
to s o c ia l  and economic development, i  i s  necesary to  concentrate to the-  
maxirnum the e f f o r t s  o f  a l l  the o r g a n iza tio n s , m ainly those o f  research  — 
in s t i t u t io n s .  The so lv in g  o f  each one o f  these problems req u ires the 
im plem entation o f  complex, long-range research programs, w ith  w e l l - d e f i— 
ned aims and the p a r t ic ip a tio n  o f  se v er a l research  and production organi­
z a t io n s . Programs concerning the development o f  new economic reg io n s and 
mainly those r e la te d  to a g r o in d u str ia l regions are extrem ely n ecessa ry , -  
but on ly  seldom carried  out in  d evelop ing c o u n tr ie s .

The main o b je c tiv e  o f  the research  program i s  to  develop the p o lic y  fo r  -  
the long range socio -econ om ica l development o f a reg io n , and mainly to : 

e s ta b l is h  the co rrect rythm and proportions fo r  the development o f  the 
reg ion ;

-  reach the s t a b i l i t y  in  the development and management o f n a tu r a l, hu— 
man and m ateria l resou rces;

develop the s o c ia l  in fr a e s tr u c tu r e  allow ing to  s t a b i l iz e  the q u an tity -  
s tr u c tu r e , se ttlem en t and reproduction  of lab or fo r c e s ,

to maximize the net in te g r a l  e f f e c t  (p r o f it )  o f  the econom ical a c t i v i ­

t i e s  in  the region;
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A r e tr o sp e c tiv e  a n a ly s is  o f  the economic development o f  the reg io n  was per­
formed, in  order to  have a c le a r  p ic tu r e  o f i t s  current s it u a t io n  and tr e n d s

The main r e s u lt s  o f  the a n a ly s is  were:

-  the need o f  in c r e a s in g  the e f f ic ie n c y  o f  the org a n iza tio n  and-
planning o f  th e  program, due to  i t s  com plexity and to  the la ck  o f  expe— 
r ien ce  in  our country;

the need o f  u s in g  formal methods to process the q u a lita t iv e  in form ation-  
reported by th e  exp erts, due to  the lack  o f  r e l ia b le  s t a t i s t i c a l  data;

-  the need o f  develop ing some m athem atical models fo r  planning long range- 
a g r ic u ltu r a l production;

-  to charactemtLze the s o c ia l  fa c t o r s  a f fe c t in g  the economic development o f -  
the region .

Some o f the exp er ien ces  ach ieved  in  the org a n iza tio n  and p lanning o f  a Re—
search  Program are  o ffered , a s w e l l  a s , some implemented m athem atical mo----
d e ls ,  and the approach used to  m ic r o lo c a liz e  the socio-econom ic o b jec ts  in -  
a new a g r o in d u str ia l region .

0
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MAIN FACTORS OF THE PROGRAM

When we a n a liz e  the Reseaeh Program (DIPOTET-79), we observe th ere  are , in  — 
our country , ex tern a l fa c to r s ,  th a t  we must take a s  compulsory, and in te r n a l-  
fa c t o r s ,  p a r tic u la r  fo r  the R egion, determ ining, to  some e x te n t , i t s  develop­
ment.

The e x te r n a l fa c to r  "policy  fo r  long  range socio -econ om ica l development o f — 
the country" determine :

-  g lo b a l requirem ents in  p roducts, raw m ateria ls  and s e r v ic e s  from the Re----
g ion;

-  the ex tern a l resou rces to be a l lo c a te d  in  the Region;

-  in d ic a to r s  fo r  s o c ia l  and in s t i t u t io n a l  in fr a e s tr u c tu r e  to be developed in  
the Region.

In sh o r t, the economic development o f  the Region m ainly depends on th e  e f f i—  
c ie n t  management and e x p lo ita t io n  o f  the extern al resou rces in  th e  sense o f  -  
s a t is fy in g  the requirem ents. Thus, i t  i s  p o ss ib le  to  d is t in g u is h  the f o l i o — 
wing s tr o n g ly  r e la te d  general a s p e c ts :

To develop and s t a b i l i z e  the popu lation  o f the R egion. T herefore, i t  i s  -  
needed to  derive demographic m odels, to ch a ra c ter ize  the s o c ia l  fa c to r s  — 
a f fe c t in g  the economic development and to c o n tro l the m igration .

-  lb  c h a r a c te r iz e  the n atu ra l reso u rces  o f the R egion. T h erefo re , i t  i s --------
needed to  do a very complex work, the inventory and ev a lu a tio n  o f  th ese  — 
reso u rces .

-  To know and to eva lu ate  the m a te r ia l resou rces, the a v a ila b le  in fr a e s tr u c -  
ture and the tr a d it io n  and ex p er ien ces  o f the in h a b ita n ts  o f  the R e g io n .~  
T herefore, i t  i s  needed to perform a r e tr o sp e c tiv e  a n a ly s is  o f  the so c io — 
economic development o f  the R egion, in  order to  d er ivea  d ia g n o sis  o f  i t s  -  
p resen t s itu a t io n .

-  C onservation and, i f  p o s s ib le , am eliora tion  o f  th e  environm ent, m ainly ta ­
king care o f  the consequences o f  human economical a c t i v i t i e s  on natura l re_ 
so u rces , Therefore, i t  i s  needed to  estim ate lo c a l  and g lo b a l l im it s  in  -  
the e x p lo ita t io n  o f  th ese  r e so u rc e s .

-  The org a n iza tio n  and management o f  the former fo u r  fa c to r s  in  order t o ----
maximize the net e f f e c t  (g lo b a l p r o f i t )  o f  the soc io -econ om ica l a c t i v i t i e s  
o f  the Region.

Each one o f  the former p o in ts  may be considered , due to i t s  com pexity, as a -

<
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resea rch  subprogram where se v e r a l org a n iza tio n s must p a r t ic ip a te  in .

Being a developing reg ion , i t  was needed to apply a dynamic approach in  the -  
works o f  the Program (P ig . 1 ) . T h is approach a llow ed  us to  im prove, frequen­
t l y ,  the a v a ila b le  inform ation about the o b je c t , and to use the new informa-*- 
t io n  in  d ec is io n  making.

P ig , 1 P relim inary system to study the Region

With the improvement o f  the in form ation  base and, th e re fo r e , the new knowledge 
about the o b ject and i t s  environment i t  i s  p o s s ib le  to  develop an inform ation- 
system  fo r  p lann ing  long range economic development o f  the Region (DIPOTET-79) 
In other words, i t  i s  needed to  perform the p lanning o f long range investm ents  
p r o je c ts  fo r  the Region based on some kind o f  man-machine system  help in g  the -

P ig . 2 System f o r  planning long range economic development 
of the d evelop in g  Region

"man", r e sp o n sib le  fo r  d e c is io n  making, to eva lu a te  the consequences o f d i f f e ­
ren t plan a lte r n a t io n s  and to  c o n tr o l ,  i f  n ecessa ry , the d e v ia tio n s  o f a c tu a l-  

p la n s .
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Some m athem atical tasks to he so lv ed  w ith in  the Research Program are:

1 - To d er ive  formal methods fo r  the management o f  Research Programs in  our -  
p a r t ic u la r  co n d itio n s ,

2 - To develop models fo r  r a t io n a l  land  e x p lo ita t io n ,

3- To develop models fo r  p lanning long range a g r ic u ltu r a l production .

4 - To d er ive  models fo r  the m ic r o lo c a liz a t io n  o f  soc io -econ om ica l o b je c ts .

5 - To develop models and MIS fo r  the main e n ter p r ise s  o f  the Region,

Next we presen t some r e s u lt s  about the Programs management, and the f i r s t  ver  
s ió n  o f  the mathem atical models implemented in  the d evelop ing Region.
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ORGANIZATION AND PLANNING OP THE PROGRAM

Production and s e r v ic e  e n te r p r ise s  dea l w ith con crete  and w e ll-d e f in e d  task s
and suhtasks. S c i e n t i f i c  i n s t i t u t io n s  deal w ith resea rch  themes. Thus, ------
themes must he form ulated fo r  each in s t i t u t io n  from th e a c t i v i t i e s  and jobs -  
belongin g  to the ta sk s  o f  the program assign ed  to  them.

Next we w i l l  p resen t the procedures th a t must be c a r r ie d  out fo r  c o l le c t in g  -  
and processing  th e  data that w i l l  enable us to d er ive  the reseach i plan.

Let a se t  J « (1 ,  . . . , n ) o f  re sea rch  in s t i t u t io n s  belongin g to one organize
t io n  which must carry  out a re sea rch  program P in  a g iv en  tim e T.

The S c ie n t i f ic  C ouncil o f the O rgan ization  d iv id es  the Program P in to  sev era l 
s e t s  o f  important ta sk s  P1, Pg, P .

Then, P = ( P ̂ , • • • » Pm) .

We use the form g iv en  in  P ig . 1 to  ob ta in  the l i s t i n g  o f  the in s t i t u t io n s  o f -  
the organ ization  v s  the tasks th a t they are going to  undertake, r e sp e c t iv e ly .  
Por each P ^ £ P ;  i  é l  I = (1 , . . . ,  m) the S c ie n t i f i c  Council e s ta b lish e s  the
deadline time t^ T.

This deadline tim e t^  depends on se v e r a l fa c to r s , but mainly on the w i l l  o f  -  
the user  and the dom estic requirem ent o f  the O rganization .

The performance o f  each task  i s  d iv id ed  in to  r  su b task s, fo r  example in  th e -  
fo llo w in g  1 2  su b task s:

1 ) d e sc r ip t io n  o f th e  ta sk s
2 ) fo rm a liz a tio n  o f  th e  ta sk
3 ) s e le c t io n  o f  methods and techniques to  so lv e  the task
4 ) c o l l e c t io n  and f i l t e r i n g  o f  data
5 ) development o f a lgorith m s
6 ) programming
7 ) im plem entation o f  programs
8 ) a n a ly s is  o f r e s u lt s
9 ) improvement o f  th e  d e sc r ip t io n  o f the task

1 0 ) m odellin g  improvement
1 1 ) im plem entation o f  th e  so lu tio n  o f the task
1 2 ) d r a ft in g  o f r e p o r ts , handbooks and u ser  in s tr u c t io n s .

The form shown in  P ig . 2 o f f e r s  the l i s t in g  o f a l l  in s t i t u t io n s  vs the ------
subtasks where th ey  w i l l  p a r t ic ip a te ,  r e sp e c iv e ly .



Tasks INSTITUTES ENTERPRISES

ACC Bot. Geog. IMACC Met. Ocea. Su el. Zool. P .P . MINAG CEATM CONST. Mat.
Const.

Hid.
Econ. Educ. Transp.

1 + + + + +

2 + + + + + + + +

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

P ig . 1 I n s t i t u t io n s  vs Tasks

10

P ig . 2 I n s t i t u t io n s  vs subtasks
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The Research C o u n c il builds up, u s in g  th ese  forms ( s e e  P ig. 2)

where а ^ £ 1  ( 0 , 1 ) ;  i  é l  I  = (1,  . . . .  m)

3 é l J = ( 1 , • • •»  n)
1 £  L = (1,  , r )

= 1 means th a t in s t i t u t e  j p a r t ic ip a te s  in  the carrying out o f  task  i  in -  
the subtask 1. The in s t i t u t io n  3 l i s t s  the jobs and a c t i v i t i e s  to  be p erfo r­
med w ithin the tim e in te r v a l t . ,  fo r  each case a 1?., = 1. The research  them es-

1  x l
are elaborated w ith  the former l i s t  and the u n if ic a t io n  and g e n e r a liz a t io n  o f  
oth er a c t i v i t i e s .  The resou rces needed are e s ta b lis h e d  as w e ll as the onset -  
and completion d a te s .

the matrix A'j ■äi

In those cases when 7 .a?  ̂ = 0; 3 é l  J ; i  £ .1 ;  1 €1 L; in  other words, when none 
o f  the n i n s t i t u t io n s  p a r t ic ip a te  in  the s o lu t io n  o f  one subtask a ^ ,  i t  i s  -  
necessary to f in d  o th er  in s t i t u t io n s  that would open new themes concerning — 
subtask a

The form shown in  P ig . 3 in  used to  l i s t  the resea rch  themes o f  the Program -  
vs the subtask where they w i l l  take p art, r e s p e c t iv e ly .  These th ree  forms —
are the a d d it io n a l blanks that must be f i l l e d  out in  the org a n iza tio n  a n d ----
planning (ACC-80) o f  the Program.

Program P i s  th en  formed by a s e t  W = ( 1 ........... s )  o f  research them es.

Let а ^ ^ ( 0 , 1 )  denote each elem ent (subtask a^^ r e la te d  to theme w) in  F ig .3
w(E.W; i £ I ;  1 L each theme w, w W i s  then r e la te d  to a s e t  AW o f  sub------
ta sk s a™ . i l

к 0 kOThen, А Л A = A ; k, 0 é l W; i s  the se t  o f  subtasks where both themes k, 0 -
kOp a r tic ip a te  in  sim u ltan eou sly , card in a l N^q o f  s e t  A i s  consid ered  to in d i­

ca te  some r e la t io n s h ip  between themes к and 0; k , 0 W.

The graph shown in  P ig . 4 i s  the m atrix N = 
o f the in te r s e c t io n s  s e t s  (se e  P ig . 4) w i l l ,  
pect to the main d iagonal.

N.kO sxs formed by card in a ls-
o f  cou rse, be symmetric in  r e s —

In our case, we sep arate  from the graph a subgraph, the maximun lin k ed  t r e e . -  
Each node o f th e  tr e e  w i l l  be a theme. The va lu e  o f  the l in k s  w i l l  be g iv en -  
by th e ir  correspondent elem ents in  m atrix N, in d ic a t in g  some degree o f  r e la ­
tion sh ip  among th e  themes.

The procedure to  con stru ct the tr e e  i s  the fo llo w in g :
1) S e le c t io n  o f the maximum element N in  the main d iagonal o f m atrix

PP
N. Node (theme) p i s  the root o f  th e  tr e e  h ie r a r c h ic a l stru ctu re  -



Tasks
Themes 1 2 3 4 5 6 7 8 9 1 0

1 0 1 8 0 2 3 0  ( 1 , 1 ) 1 ,4 ,  8  
9 ,12

1 , 4 , 8  
9 , 1 2

1 , 4 , 8
9 , 1 2

1 , 4 , 8
9 , 1 2

1 , 4 , 8

9, 3
1 , 4 , 8
9 , 3

1 , 4 , 8

9 , 3
4,11

10280222 ( 1 , 2 ) 1 , 2 , 4 ,
8 , 9 , 1 2

1 , 2 , 4 ,
8 , 9 , 1 2

1 , 2 , 4 ,
8 , 9 , 12

1 , 2 , 4 ,
8 , 9 , 1 2

1 , 2 , 4 ,
8 , 9 , 1 2

1 , 2 , 4 ,
8 , 9 , 1 2

4,11

10380143 ( 1 , 3 ) 1 , 4 , 5 ,
8 , 9 , 1 2

1 , 4 , 5 ,
8 , 9 , 1 2

1 , 4 , 5 ,
8 , 9 , 1 2

1 , 4 , 5 ,
8 , 9 , 1 2

4,11

10480535 ( 1 , 4 ) 1 , 2 , 3 ,
4 , 9 , 1 2

1 , 2 , 3 ,
4 , 9 , 12

1 , 2 , 3 ,
4 , 9 , 12

1 , 2 , 3
4 , 9 , 1 2

4,11

10580541 ( 1 , 5 ) 1,4 1 , 2 ,
4 , 7 ,
8 , 9 ,

1 0 , 1 2

1,4 4,11

10780521 ( 1 , 6 ) 1 , 2 , 4 ,
8 , 9 , 1 2

1 , 2 , 4 ,
8 , 9 , 1 2

1 , 2 , 4 ,
8 , 9 , 1 2

1 , 2 , 4 ,
3 , 8 , 9 ,
1 2

4,11

1 0 7 8 1 5 2 1  ( 1 , 7 ) 1 , 2 , 4 ,
8 , 9 , 1 2

1 , 2 , 4 ,
8 , 9 , 1 2

1 , 2 , 3 ,
4 , 8 , 9

4,11

1 0 9 8 0 2 2 2  ( 1 , 8 ) 1 , 2 , 4 ,
8 , 9 , 1 2

1 , 2 , 4 ,
8 , 9 , 1 2

1 , 2 , 4 ,
8 , 9 , 1 2

1 , 2 , 4 ,
8 , 9 , 1 2

1 , 2 , 4 ,
8 , 9 , 1 2

4,11

P ig. 3 Them es vs subtasks



Themes
Themes 1 2 3 4 5 25 2 6 27 28 29 30

1 37
2 32 38
3 17 17 26
4 18 18 14 2 6 *

5
•

•

»

6 6

•

•

»

6 6 14
•

•

•

ф

•

*

•

25 17

*

•

17 2 6 14

•

•

#

•

6 2 6

2 6 7 1 0 8 14 2 8 35
27 30 32 2 2 2 2 11 2 2 35 1 0 0

28 2 2 2 2 2 2 5 6 11

29 2 2 2 2 2 2 2 2 3 1 2

30 2 2 2 2 2 2 2 2 5 3 6

I
J*
СП

I

P ig . 4



- 47 -

o f  the tr e e .

2) I f  tre e  h a s  not fr e e  nodes then go to  3 e l s e ,  search  the nodes1 co rres­
ponding to the n ext l e v e l  t e s t in g  the fo llo w in g  co n d itio n s;

2.1)  In f Npi ä Nk i fo r  each k; k, i ,  p £  W; p ^ i  ^ к ^ p; then  node- 
i  i s  lin k ed  to  node p in  th e  former l e v e l  and i s  a l e a f  o f  the — 
t r e e .

2 .2)  I f  Npk  ̂ Np i * N ^ fo r  each k; k, i ,  p £. W; i  ф p ф к ф i ; -  
then node p i s  lin k ed  to node i  in  the former le v e l .

2 .3)  I f   ̂ < Nj^ fo r , a t l e a s t ,  one k; k, i ,  p £  W; --------
i  /  p /  к /  i ;  then node i  i s  not lin k ed  to  node p. I f  th ere  i s -  
another node in  former l e v e l ,  then DO p th a t node and go to  2 . 1 , -  
e ls e  ADD 1 to  the le v e l  counter and GO TO 2.

3) EXIT.
In P ig . 5 the maximun link ed  tr e e  i s  shown.

In our example, t h i s  subgraph a id s  the lea d ers  o f  the program in  d e c i­
sion-m aking concerning the management o f  the research .

For example :

a) i t  i s  obvious th a t theme 27 i s  r e a l ly  a "bottleneck", and i t  i s  — 
a b so lu te ly  n ecessary  to assure i t s  resource a llo c a t io n ;

b) the su b trees  derived  from nodes 2  and 3  r e s p e c t iv e ly  may be c o n s i­
dered as subprograms to improve program management;

c) themes 4 , 1 2 , 5 , 17, 26 are p r a c t ic a l ly  i s o la t e d  and i t  may be ----
p o ss ib le  th a t t h e ir  works may b eg in  in  advance or be delayed  --------
(w ith in  tim e in te r v a l  t^ ) , accord ing to resou rce a l lo c a t io n  pro----
blems.

What we have presen ted  above are only exam ples. There are many a p p lic a t io n s -  
o f  the tre e  and i t  i s  a lso  p o ss ib le  (D ip o te t , 1980) to  derive other u s e fu l  — 
subgraphs from the graph shown in  P ig . 5.

RESOURCE ALLOCATION PROBLEMS

With the inform ation  r e c e iv e d  from the themes o f  the Program fo r  each ta sk  —
P^, Pi  £  P; i  £  I; we e s ta b l is h  i t s  working sta g es  (Pi ( l ) ,  . . . ,  P ^ ( t ^ ) ) , ------
where P^( t ) ,  i £  I;  t ^ t^ ; i s  the working stage  in  tim e t .

Por each P^(t) we determ ine i t s  resource v e c to r

1 See the d e ta ile d  a lgorithm  in  (D ip o te t-8 0 )
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i \ ( t )  = ( r i;L( t ) ,  . . . .  r i k ( t ) ,  r i q ( t ) )

where к £  К = ( 1 , . . . ,  q) i s  the resou rce  number.

Then L L  r i k ( t )  = Rk( t ) ,  resource requirem ents к in  time t .
i £ I

The fu n ctio n  R ^ t)  may vary (se e  P ig . 6 ) .  In some c a se s , the resou rce  k, — 
к £  К, i s  d i f f i c u l t  to ob ta in , but g e n e r a lly  the "rate o f  change" o f  the re ­
source -maximum or minimum in crease  or decrease a t the time u n it -  i s  known.

P ig . 6

In th ese  c a se s , i t  i s  convenient to use fu n c tio n , (se e  P ig . 6 ) w ith  only one
maximum and max R, ( t )  = max R, ( t ) .

t  t  K

However, when we have some surplus in  a g iven  resou rce , к fo r  example, (see  -  
P ig . 6 ) ,  t h is  surp lus may be used in  o th er research  programs during the same­
time in te r v a l  T. When i t  i s  not p o s s ib le  to use them, i t  seems reason able to  
reduce them so th at max R^(t) could  be the minimun amount, and R ^(t) w i l l  be 
almost p a r a l le l  (P ig . ^7) to a x is  t_.

Rk ( t )

P ig . 7

We tr ie d  to so lv e  the former problem as fo llo w s:  
varying the content o f  
but m aintain ing value t

a) varying the content o f s ta g e s  P ^ (t) and, th ere fo re , v e c to r  r ^ ( t ) ,

b) varying the s e t  o f ta sk s P^, or p a r t ic ip a tin g  in  another s e t  o f  ------
ta sk s ;

c) varying t^ ê T, but keeping the stage  con ten ts;
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d) combining th e  former th ree  approaches.
Next we describe one algorithm  fo r  b u ild in g  up the fu n ctio n  R^(t ) .  Suppose -

we know th e  maximun ra te  o f  in crea sin g  (V, ) and decreasing (D. ) resource— К к
k. We find  R̂ . = J ^ R ^ t)  and ; i f  ^   ̂ and Dk, then ^ ( T )  = 1^;

i f  Dk> hk > Vk, th en  ^ ( 1 ) = Vk and h^ *k
T -  1

We then compare h^ w ith  2 Vk and Dk

 ̂ •» vuI f  h^ i  24.

I f  “J > “n

then 1^(2) = 2Vk ; 

then Rk(T) = Dk.

Then, form -  Vk we su b stra c t , r e s p e c t iv e ly , 2Vk or (or both) and d iv id e  
by T -  2 or T -  3 to  obta in  h^ .

The Procedure c o n tin u e s , u n t i l  s te p  r where ^2^k ~ к ~ ^1Vk ’
l l ’ ^2^*^ = (1* 2 , . . . ,  z ) .  Thus in  the former ( r - 1 )  s tep s  the v a lu es  o f  fu c -  

t io n  Rk(t)  f o r  0 í  t  -  1 and T -  C2  + 2 Í  t  Í  T + 1 (3^(0)  = ^ ( T + l )  =°)
were obtained.

tn p
Рог other t  v a lu e s , 1̂   ̂ t   ̂ T -  1^ + 1, we suppose R ^ t)  = h^.

Thus, Rk( t )  i s  d er iv ed  fo r  a l l  t ,  t £ ( 1 ,  . . . .  T).
T T

Prom the a lgorith m  i t  fo llw s  th a t T~’i Rk( t )  = } ' R ^ t ) .
t =1 t = 1

However, i t  may be p o ss ib le  not to s a t i s f y  the resou rce c o n s tr a in ts . I t  means

LL rik(t) t VtJ-
i t  i s  p o ssib le  to  determine which resource d is tr ib u t io n  s a t i s f i e s  the cons----
t r a in t s  for  a l l  ta sk s  and a l l  tim es t_ fo r  It ( t )  fu n ctio n .

*к<‘ >We determine c o e f f ic i e n t  ak( t )
V ‘ >

and d er ive  fo r  each ta sk  i ,  i £ I ,  —

1 1th e  resources v e c to r s  r ^ ( t ) ,  r ^ ( t )  = ( r ^ C t J . a ^ t ) ,  . . . ,  r i q ( t ) . a ^ ( t ) ) .  

Por i t ,  Ç  r i k ( t ) . a  ( t )  = a ( t )  C rik(t) = a ( t ) . R  ( t )  = R ( t ) .
i €  I i T i

In th is  case , we a s s ig n  r ? ( t )  to  each stage  P^Ct),  i £  I;  t £ ( 1 ,  . . . ,  T) ; ----
in ste a d  of r ^ i t ) ,  then the works must be updated w ith in  the s ta g e .

I t  may happen t h a t ,  for  some ta sk s , resou rces are not enough fo r  the whole — 
tim e in te r v a l T and for  oth er  ta sk  they are in  e x c ese s . Then, exp erts must -  
a n a liz e  and r e c t i f y  the resource d is tr ib u t io n  p lan . However i t  i s  p o s s ib le  -  
to  apply m athem atical programming methods fo r  estim atin g  the optim al, in  a —
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c e r ta in  sen se, resource d is tr ib u t io n  p lan.

Рог example, the fo llo w in g  quadratic programming problem i s  co sid ered . To -  
determ ine X(t)  va lu es s a t is fy in g

In t h is  work we have T v a r ia b le s  and q x m type e q u a lity  c o n s tr a in ts .

Suppose we obtain  the s o lu t io n  fo r  X9T0 = 1 fo r  a l l  t  = (1 , . . . ,  T) u sin g  i t  
as i n i t i a l  s o lu tio n , i t  i s  p o ss ib le  to continue u s in g , e . g . , the grad ien t — 
method.

This problem statem ent i s  not at a l l  s e n s e le s s . I t  means th at the resource  
a l lo c a t io n  o f  each s ta g e  o f  a l l  ta sk s w ith  the same p r o p o r tio n a lity  c o e f f i — 
c ie n t  must be changed, in  order to  ob ta in  a resou rce  d is tr ib u t io n  p lan , fo r -  
tim e in te r v a l T, as near as p o ss ib le  to be b est R^(t) (Pig* 7) and a ssu m in g  
fo r  every task  that the t o t a l  requirem ent in  T fo r  every resource i s  o b ta i­
ned.

min

T T
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PARCELS DISTRIBUTION IN REGIONAL PLANNING

For the s o lu tio n  o f  t h is  task  we used  d iffe r e n t  l in e a r  programming models. 
Let us present (DIPOTET-81) the s im p le st  one.

Let :

J = ( 1 , . . . ,  n) be the set  o f
К = ( 1 , . . . ,  k) be the set  o f
I = ( 1 . . . . .  m) be the set  o f
S. =

l the area o f  p a rce l i ,  i £  !

к
r i  - the production  per u n ity

<  -
c o sts  a s s o c ia te d  to the ;

II tra n sp o rta tio n  cost fo r
sumer j , J;

e . = c o sts  r e la te d  to the consum ption o f  the к product by the consumer j ,  JC J 
3

The ta sk  i s  how to  d is tr ib u te  the p a r c e ls  in  order to s a t i s f y  the demands w ith  -  
minimum c o s ts .

Let us denote by x . . the volumes o f  type к product tran sp orted  form parcel i ,  — 
i  3

i £  I ,  to consumer j ,  j £  J. Then, our task  i s  to so lv e  the fo llo w in g  lin e a r  pro­
gramming problem:

1c 1cto determ ine: min (c . . + d. + e . )  x. .
x. . i £ l  J £  J k £K  1 3  1  3 1 3

13

w ith  the c o n s tr a in ts :  
к

= s .
j £ j  k£ К „к

i £ l

r.l
к .кx. . = b .
1 3  d

x. . = 0
i3

Let us suppose the so lu tio n  fo r  t h i s  task  i s

к к
X.  . =  X .  .

13 ~ -̂3
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T hen we o b t a in

The volumes o f к products in  p a rce l i ,  i  I ,  and

the areas o f  parcel i ,  i £  I ,  p lan ted  w ith  к, к К.

This sim ple model may be com plicated  (DIPOTET-81 ) w ith  o th er c o n s tr a in ts  re ­
la te d  to  resou rces, production  tech n ology , manpower and a lso  the dynamic o f  -  
the Region. Then, i t  may be p o s s ib le  to  use a b lock  type l in e a r  programming 
problem (GOLSHTEIN-6 6 ) .

In our case (the development o f  a new Region) i t  i s  needed to f in d  mechanisms 
to  in te n s i fy  the production  and to improve e f f ic ie n c y  e n te r p r ise s  u sin g  t h is -
re sourc e ( land) .

For t h is  reason we a d d e d  to  the former model the fo llo w in g  elem ents:

= ( 1 , 2 ,  . . . ,  T) a s e t  o f  time p er iod s; i s  the planning period;  

p^ = p r ice  (estim ated ) fo r  product к, к К at time period  t ,  t  . ;

f^ = c o s t  a sso c ia ted  to  p a rce l i ,  i £  I ,  at time t ,  in  order to  be considered  
s u ita b le  fo r  p la n tin g ;

1  ̂ = c o s t  (ta x ) fo r  1 ha o f  p arcel i ,  i £  I ,  at tim e period  t  ;
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PLANNING PERENNIAL CROPS

Рог the s o lu tio n  o f  th is  ta sk , i t  i s  p o ss ib le  to  use d if fe r e n t  m o d e ls --------—
(DIPOTET-81) ,  We th in k , in  our p a r t ic u la r , c a se , the most s u ita b le  approach- 
i s  the sim u la tion  op tim ization  one ( BEAUS0LEIL-80) but i t  p re sen ts  some impie 
m entation problem s. For t h is  reason  we have developed and implemented, w ith -  
good r e s u lt s ,  a l in e a r  programming model (ALEXEIEV-DIPOTET-1978), s im ila r , in  
some sen se, to  C sá k i's id eas (CSAKI-76). Next we presen t th ese  id ea s  and a f ­
terwards our m odel.

Let

J = (1 , 
t  m ( 1  ,

Xj ( t )  =

k j ( t )  = 

k ? t } =

. . . ,  j )  be the s e t  o f  h ectareas in  a g iven  region;

. . . ,  T) be the s e t  o f  tim e p er io d s, T i s  the planning horizon; 
the number o f  h ectareas used  fo r  p eren n ia l crop j ,  j £ J ,  a t period  t ,  

t £ #  ;
the number o f  h ec ta r e a s , used fo r  new p la n tin g s  o f  p eren n ia ls  o f  type  

J. d £ J .  a t time t ,  t £  У ;
the number o f h ectareas o f  p eren n ia l o f  type j removed a t year t ,  ----

;
b ., = proportion  o f  lands o f  type k, k £ J , ( i . e .  w ith  tr e e s  o f  type k) progrès

sin g  to  type i ,  j £ J ,  in  one year.

The s ta te  eq u ation s are then d efin ed  as

X j ( t + 1 ) = £  b j k  ( t )  x k  ( t )  + k } ( t )  -  k ] ( t )
k= 1

or in  matrix form

x(t+1)  = B x ( t ) + k+( t )  -  k"( t )

where x ( t )  => ( x . ( t ) ,  . . . ,  x ( t ) )  i s  the s e t  s ta t e  v ec to rs
and k+( t )  -  (k+ ( t ) ,  . . . ,  k+( t ) ) ;  k~( t )  = (k7 , . . . »  к ( t ) )  are the co n tro l ve£  
to r s .

We i lu s t r a te  th e  s ta te  equation s рог the p eren n ia l crop w ith an example o f  c i ­
tru s  fr u it  prod u ction . Consider de fo llo w in g  production tim e p er iod s:

Age o f  t r e e s
Years

x / t ) 0  -  1

x 2 ( t ) 1 -  2

* 3 ( t ) 2 - 3



*4( t )
*5(t )
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3 - 4
4 .  . . producing * or mature tr e s s

The s ta t e  equation fo r  new p la n tin g s  i s  
x ^ t + 1 ) = k j ( t )

the tr e e s  in  the second year

x 2 ( t +1  ) = b g ^ C t )

and tr e e s  in  the f i t h  and succed ing y ea rs  (producing or mature tr e e s )

x3 ( t+ 1 ) = 'b5 5 x5 ( t )  + t 54x4 ( t )

With the g iven  Ъ ( j 5) (k  = 1............5)

In the m atrix form the s t a t e  equation s are w r itten :

x ( t + 1 ) = B x (t) + h k j ( t ) ;

where
0 0 0 0 0 - i ~

b 21
0 0 0 0 0

В = 0 b32 0 0 0 h в 0

0 0
Ъ43

0 0 0

0 0 0 Ъ54 Ь55
0

here we have 5 s ta te  v a r ia b le s  x ( t )  = ( x ^ t ) ,  . x^Ct ) ) ;  one co n tro l var ia b le  
k | ( t )  and t  = 1 year .

The system  o f  s ta t e  v a r ia b le s  can be s im p lif ie d  by su c c es iv e  s u b s t itu t io n . For 
example :

x3 (t+1)  = b5 5 x5 ( t )  + b k |( t -4 )  

w h.re b = b5 4  b4 3  b3 2  b21

Thus we have one s ta t e  v a r ia b le , one tim e delay and t  = 1 year .

I f  we choose time p eriod  equals 5 y e a r s , then we can even e lim in a te  time delay . 
The s t a t e  equation then reduces to :

Xj-Ct+I) = b^x^(t) + к ( t ) ,  where

* N ote: We con sid er  d iffe r e n t  production  o f  mature tr e e s  from 5 to  10 years
(age o f  tr e e s )
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£ ( t )  = the number o f  p la n tin g  during 5  year p eriod ;
Ъ = shows what proportion  o f  t r e e s ,  p lanted  during a 5 y e a rs  period , w i l l  

be producing.

Next we present the implemented model

L et,

% = (78, . . . ,  78 + T) be the s e t  o f  time p e r io d s , T i s  th e  planning h o r i­
zon;

j  = ( 7 9 , 80 , . . . »  85) be th e  s e t  o f  years when the p a rce ls  were c o n d it io ­
ned to be p lanted ;

I = (69,  70,  . . . ,  85) be the s e t  o f  years when tr e e s  p lan ted ;
К = (1 , . . . »  4)  be the s e t  o f  typ es o f p a r c e ls , according to  th e ir  degree 

o f erosion ;

Parameters :

Ckt = a d d it io n a l investm ents a t  year t ,  t €  X , r e la te d  to r e co n stru c tio n s  a t -
1 J

year j ,  j G J* fo r  1 ba. o f  parcel type к, к G К, p lan ted  at year i ,  — 

i  G I ,  and t  i  j > i

kt
aid

production a t year t ,  t  G 7 , fo r  1 ha. p lan ted  at year  i ,  i  G I ,  fo r  —  

parcel type к, к G К, recon stru cted  at j ,  j G J»

kt

с t
i

p rocessin g  co st  at year  t ,  t  G Ï  » fo r  1 ha. o f  p arcel o f  type к, к G К, 

planted a t i ,  i  £ I ,  and recon stru cted  a t j ,  j G J;

95

C
t-7 9

in te g r a ted  c o s t  r e la te d  to  p rocessin g  1 ha. o f  parcel o f  t £  
ре к, к С K, p lan ted  at i ,  i  G I» and recon stru cted  at j ,  -  

i  G J;

p rocessin g  co st  a t year  t ,  t £ % , r e la te d  to the u t i l i z a t io n  o f  1 ha. o f  

p a rce ls  p lan ted  at j , j G J;

p rice  fo r  1 Ton. purchased production a t year t ,  t  G *£ ;

area fo r  к type p a r c e ls  p lan ted  at i ,  i  G I ;

area o f  new p a rce ls  ready to be p lanted  a t year j ,  j G J;

sin k in g  funds a t year t ,  t G , fo r  the fa c to ry  p ro cess in g  the f r u i t s ;

s in k in gs funds ( fo r  u n ity  o f  cap acity ) fo r  the enlargem ent o f  the facto_ 

ry at year  T, T G T ;
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M = a c tu a l p rocessin g  cap acity  fo r  the fa c to ry  a t the beginning o f  the ----
planning p eriod ;

D ec isio n  v a r ia b le s  :

area fo r  к type p a r c e ls , p lanted  a t year i ,  i  £  I ,  and reco n stru cted  -  
at j , à £ J ;

area p lan ted  a t year j ,  j £  J;

volume o f  f r u i t s  produced at year t ,  t £ T ;

enlargement o f  the cap acity  o f  the p rocessin g  fa c to ry  a t T y ears;

p r o f it  ob ta in ed  by f r u i t  production and p rocessin g  a t year t ,  t£ T  ;
«

investm ents a t year t , t  £  ï  ; fo r  the enlargement o f  s o c ia l  in fr a e s tr u c  
ture;

C on stra in ts : 

85
1 . -

‘13
k i

s , i  £  I ;  к £ K;

c o n d i t i o n  con stra in in g  к type p a r c e ls  p lan ted  a t i ,  i £  I

2 . -  x.. = s , j £  J;

,  t  t  3 . -  p у

co n d itio n  co n stra in in g  new p a r c e ls  p lan ted  at j ,  j £ J;

Л -, , ч— r V - »  / kt t\ ч JL, f  t* t  _t7 . с Щ  (c +  c . ) x 4) -  ^  q z  - V  - Q
j^T9 i £  I k £  К J

4 . -

t  , t £  t  ;

balance co n d itio n s  to form p r o f it s  r e s u lt in g  from production , p rocessin g  
and purchase o f  the f r u i t s  at year t ,  t  ;

ZÜL ( L I  Z H aï î  + -  y t  = ° .  t» t  € 2Г ;
j=79 i £  I k= 1  J J J J

con d ition s to produce the volume o f  f r u i t s  a t year  t ;

5 . -  У
t

ZZat  ^  - t  é M ; t  ' ,  t  £ 7 ;
t'=79

co n d itio n s fo r  the fa c to r y  to  p rocess the volume o f  f r u i t s  produced;

I t  i s  demanded to  maximize the general p r o f it  fo r  the p lanni ng p er iod . I t  -
means :
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95

С
t=79

t  t  
P У £ c c

к i c J ix? i + ° j V  • Q—►max

The model was s u c c e s fu lly  implemented and i s  a c tu a lly  used , m ainly, fo r  crop- 
p red ic tio n  and resou rce  a l lo c a t io n  problems w ith in  the c i t r u s  e n ter p r ise  " Is la

0

de la  Juventud".

»I

i Ьф. if
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PLANNING LON RANGE LIVESTOCK

Next we present the gen era l id ea s (CSAKI-76) o f  a DLP model fo r  a l iv e s to c k  
production system , and the implemented v ersion  fo r  our p a r t ic u la r  case  (M0- 
RIN-DIPOTET-81) .

Let
I = (1 , s) be the s e t  o f  d if fe r e n ts  type o f  an im als;
% = (1 , . . . .  T) be the s e t  o f time p er io d s, T i s  the planning horizon; 
x±( t )  = the number o f  anim als o f  type i ,  i £  I ,  a t year  (p eriod ) t ,  t £  4, ;

k | ( t )  = the  number o f  an im als  o f  typ e  i ,  i C l ,  purchased a t  p e r io d  t ,  t £ $ * ;

k^ (t) = the number o f  anim als o f  type i ,  i £ I ,  so ld  a t p eriod  t ,  t  £  £  ;
a ^  = th e  c o e f f ic ie n t  which shows what proportion o f  anim als o f  type j ,  —

j £  J , w i l l  progress to  type i ,  i £  I ,  in  the succed ing period .

Then we can w rite  the s ta t e  equations fo r  the l iv e s to c k  subsystem  as :
3

* i ( t + D  = ai;jX; j ^  + (1)

or in  m atrix form
x (t+ 1 ) = Ax(t )  + k+( t )  -  k” ( t )

Here x ( t )  = (x ( t ) ,  . . . »  x ( t ) )  i s  the v ec to r  o f  s ta t e  v a r ia b le s ;I s
к ( t )  =(k^( t ) * k * ( t ) ) and k“ ( t )  = k ~ ( t ) ,  • k ~ ( t ) ) are v e c to r s  o f  —
co n tro l v a r ia b le s .

In our p a r tic u la r  c a se , and fo r  the P ig-breed ing subsystem  example we have:

t  = 1 month (t im e  u n i t )

x - |( t+1 ) = a6 lx6 ( t )  
x2(t+ 1 ) = a l2 x. j (t )  -  k” ( t )  b2

+ ( 1 - a 24) x2( t )

x6(t+1) = a46x4(t) + a66x6(t) 
+ kg(t+1) - k”(t)
State variables:

X ( t )  =  ( X ^ ,  . . . ,  X g )

Control variables

T

V i ( t )

k " ( t )

k * ( t )

k4 ( t )

< ( * )

(0-1m)
J' 'v-

k̂  ( t ) ( 1 - b2 ) x 1( t )

2
( 1-4m) x2 ( t )

3

( 1-4m)

*J<t)

4
(4-9m)m x4 ( t )

5
(4-9m)

x , ( t )

k^( t  )

^ ( t )

. ( t )
6

(  Qm — Ф)
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k~( t )  = u ; ( t ) ,  . . . .  k” ( t ) ) 

k+( t )  = ( k 2 ( t ) 1 , k ^ ( t ) ,  k * ( t ) )

• • •  t

Values fo r  а.Ъ and co n stra in ts  eq u a tio n s, depend on lo c a l  c o n d itio n s  and pro­
duction  technology (MORIN-81).

In our case, we obtained  the op tim al f lo c k  s tru c tu re  at tim e to  ( fo r  x̂  known) 
u sin g  n a tu ra l, c a p a c ity , food , manpower and tec h n o lo g ic a l c o n str a in ts  and LP -  
program package.

With th is  s tr u c tu r e  as i n i t i a l  con d ition ^  we derived  the tim e (year) recurren- 
cy x ( t ) —*.x(t+1), x(t+1 ) = A x(t) + k+( t )  -  k“ ( t )  ( fo r  f ix e d  lo c a l  co n d itio n s -  
and technology, i t  means c o n s tr a in ts )  try in g  to  maximize the f lo c k  ----------------

For the time b e in g , the accuracy o f  the r e s u lt s  we obtained  w ith  th is  model i s  
en ou gh , n e v e r th e le s s  we are working on d if fe r e n t  type o f  m odels, fo r  t h is  sa ­
me liv e s to c k  system .

s
optim al str u c tu r e .

t£*
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PROBLEMS ON SOCIO-ECONOMICAL OBJECTS MICROLOCALIZATION

The elem ents o f t h is  problem are:

a se t  J = (1 , . . . ,  n) o f  raw m a ter ia ls  sources;
-  a  s e t  I  = (1 , . . . ,  m) o f p o in ts where i t  i s  p o s s ib le  to p lace the enterpri^ 

se s  fo r  p rocessin g  the raw m a ter ia ls ;
a known fu n ctio n  b :J —»R, whose va lu es b, rep resen t the volumes o f  raw ma-

J
t e r i a l s  coming from the sources j ,  j £ J ;

-  an unknown (a p r io r i)  fu n ction  X:I—»R whose value X̂  i s  the ca p a c ity  o f  — 
p oin t i ,  i £  I ,  fo r  p rocessin g  raw m ateria l;
a fu n c tio n  x: I  X J —~R such that x . . i s  the q u an tity  o f  raw m a ter ia l from

1 J
source j ,  j £ J ,  to  be elab orated  in  point i ,  i £ I ;
a known fam ily  ( g . : R -R). _ o f  fu n c tio n s  such thatl  I

% < V  ■
0 i f  i  |1 i
b u ild in g  and maintenance cost fo r  the en terp r ise  i ,  i £ I ,  de— 
pending on capacity  X^.

a known fu n ctio n  T: I ----*R whose value T̂  i s  the b u ild in g  co st  fo r  o b je c t­

i f  i  £  I  ;
-  a known fu n ctio n  K: I — »R fo r  the p rocessin g  c o s t  o f  raw m ater ia l u n ity  in  

the o b jec t i ,  i £  I*
-  a fu n c tio n  c: I  x J—►R tra n sp o rta tio n  co st o f  raw m ateria l from j ,  j £ j , -

to i ;  i f  d: I  x J — *■ R i s  the d ista n ce  m atrix fo r  p o in ts  i  and j ,  then, — 
g e n e r a lly , the tra n sp o rta tio n  p o in t i s  p rop ortion a l (p: R ---- ^R) to the —
d ista n ce  and c . .

i j p • V

a fu n c tio n  P : 2

P(w)

■ R defined  on the se t  o f  p a rts  w C l

C  o±
i  £  I
j e  J

dxi d + C
1  £  w

P(w) i s  in te r p r e te d  as the cost o f  co n str u c tio n , maintenance and tran sp ort  
fo r  o b je c ts  at ponnts i ,  i £ w .

-  the a c tu a l shape o f  g.̂  i s  g ^ X ^  = (K  ̂ Xi  + T^). Sign (Xi ) i t  i s  p o ss ib le  
to show (P igueroa-Jachaturov 78) th at P(w) may be c a lc u la ted  in  the f o l l o ­
wing way :

P(w) =
Ï
min (C. . + K. ) +

£ w i j E . * lX £  w

The problem now i s  to c a lc u la te  an oc C I  such th a t P(e< ) = min P(w) w ith  the
w£ I
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( a l l  raw m ater ia ls  are d is tr ib u ­
ted  to the e n te r p r ise s )

x^.. (th e  cap acity  o f  p o in t i  i s  — 
com pletely  used)

There are a lg o r itm s ( Jachaturov-78) fo r  the exact so lu tio n  o f  the former pr£ 
blem.

In  our p a r t ic u la r  c a se , we must o f fe r  recom endations fo r  b u ild in g  some s o c io -  
economical o b j e c t s  under the fo llo w in g  co n d itio n s  ( Jachaturov-Figueroa 78) :

fo llow in g  n a tu r a l c o n str a in ts  b . =
J £ xi

i£ «

p(w) = min ( l id . p + K±) + q P . T . ;
i G  w i  G w

Where p and q a re  some kind o f  fuzzy  param eters w ith  the fo llo w in g  meaning:

p is  the t r a n s p o r ta t io n  cost f o r  th e  p ro d u c tio n  u n ity  to  th e  u n i t y  o f  d is ta n  

ce ;

q i s  the n o rm a tiv e  c o e f f ic ie n t  f o r  e f f ic ie n c y  in  c a p i t a l  in v e s tm e n ts .

1. . is  a known m a tr ix  g iv in g  th e  d is ta n ce s  between p o in ts  i ,  iG  I»  and j , —  
J

j  G J* r e s p e c t iv e ly .

The a va ilab le  in form ation  about p and q may be g ra p h ica lly  rep resen ted  as — 
fuzzy se ts  o r ig in a te d  by s t a t i s t i c a l  sources (or  oth ers)

the task o f "more r a tio n a l, in s te a d  o f  op tim al, m ic r o lo c a liz a t io n  
jec ts" , nust be so lv ed .

F ig . 8

q. Then -  
o f the ob-

We suppose, s im p lify in g , (V i  £  I ) , = K, T̂  = T.

Then, P(w) = p ) ’ min 1 . + К LL b,  + q I w| T.
Í c *  i £ w  1J iG j  -

We next in v e s t ig a t e  the task  s o lu t io n  fo r  one parameter.

We in v e s t ig a te  f o r  q f ix e d , fo r  example, q = 1
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Then P(w) =( У 7 min 1. .)  p + I w | T + К  ̂ \ b .
3 i €  w 1J d £ *  J

-  We f i r s t  determ ine an in te r v a l  fo r  parameter p, p £  I A,В , where: 
i f  p < A  the s o lu t io n  h a s  card in a l minimum not n u ll;
i f  p > В the so lu t io n  h a s  card in a l maximum ( i t  i s  needed to b u ild  in  a l l  — 
p o in t s ) .

-  We so lv e  se v er a l system s o f  l in e a r  equations to f in d  su b in terv a ls  ( in  p) — 
where the so lu t io n s  do not change w ith in  i t .  We o b ta in , fo r  example

_____ P ig .9

°  AC w1 ' W2 4 w  ̂ W4 1W5 3B ^
togeth er  w ith  a "fuzzy stru ctu re"  S1 on the s e t  o f  s o lu t io n s  Jw^, . . . .  ŵ j
such th at the maximum degree o f  pertenence belongs to  the more s t a b l e ---- ;
( fo r  parameter v a r ia t io n )  s e t ;

- A refinem ent o f the former p a r t it io n  i s  c a lc u la te d . The su b in terv a l -------
( 1 . ,  1 ) corresponding to the s o lu tio n  ŵ  i s  d iv id ed  in to  su b in terv a ls  -

A у  A-j + 1. ( A f  = 1± , Xr  = l i+ 1 ) .  j = 1. . . . .  r ; where the raw m ateria l -  
supply from the sources to  the p rocessin g  p la n ts  do not change. We obta in  
a lso  a fuzzy stru c tu re  on the su b in ter v a ls .

/
P ig . 10

— I— H H—K- -f— I— I-
»1 W2  W4 ' ' ŵ  В F

-  I f  some a p r io r i in form ation  about parameter p i s  a v a ila b le , i t  may be a 
fuzzy  one.

P ig . 11

We take i t s  r e s t r ic t io n  (se e  Jachaturov-Pigueroa 79) to^A.ßj , f  g j . We-
may propose, fo r  management d e c is io n  making, the a lg eb ra ic  product o f  a l l  fu-

T
zzy s t r u c t u r e s  c o n s id e r e d  e x te n d e d  t o  2

R(w) =
0 i f  w = w. f o r  i  = 1, . . . ,  5 

( S ^ S g .  y ? ) ( w i ) = S1 (wi ) . S 2(wi ) .  уй  (w± ) 

w here  J i (w ^ ) = m a x y / (p )

p e  [ v  4 + 1
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I t  i s  p o ss ib le  to  show that th ere  i s  an in te r v a l such th a t , i f  p ^
then only one o b je c t  must be b u i l t  and, i f  p ^ p then i t  i s  needed to  b u ild — 
o b jects  in  a l l  a v a ila b le  p la c es . We are then in te r e s te d  in  the in te r v a l  ------

We cannot (due to  the high d im en sio n a lity  o f  the job) c a lc u la te  a s tr a ig h t— 

l in e  fo r  each w C I  such as

P(w) = ( min 1 . )p + I w I T + K 2Z, Ъ.
3 i £  w j 3

and to  con sid er  th e  envelope (con vex , p iecew ise  l in e a r  curve) o f  th at fam ily -  
of s tr a ig h t l i n e s .

With th is  approach we could o b ta in  a p a r t it io n  fo r  in te r v a l  in  subin—
te r v a ls  where th e  optim al s o lu t io n  w could  be con stan t.

To avoid the form er d i f f i c u l t i e s  we ap p lied  a method which c o n s is te d  in  th e— 
a p r io r i d eterm in ation  of a very th in  and uniform p a r t it io n  o f  the su b in ter— 
va l £p, p j  . Por each value o f  p corresponding to the nodes o f  the p a r t it io n  
we c a lc u la te  ( Jachaturov-76) the g lo b a l minimum fo r  fu n ction  P(w). In t h is  -  
case we developed ( Jachaturov-Pigueroa 78) an algorithm  fo r  search ing lo c a l  -  

minimum and, a fterw a rd s1 we s e le c t  the "best" one.

In that way we o b ta in  a p a r t it io n  o f   ̂ p, p j in  s t a b i l i t y  su b in ter v a ls  o f  the  
minimum o f p.

Supported by h e u r is t ic a l  c r i t e r ia  we a ss ig n , in  that way, to a l l  wÇ I o n e ----
p r io r ity . Por example, we can a s s ig n  one p r io r ity  p rop ortion al to the measu­
re o f  the s t a b i l i t y  resp ectin g  th e  v a r ia t io n  o f  p. The w£ I o u ts id e  the par­
t i t i o n  r e c e iv e s  p r io r ity  o. Thus, one fuzzy se t  stru ctu re  о п л = 2^i s  d e r i­
ved which s o lv e s  our task .

P(w)

P ig . 12

P

We obtained the so lu t io n  for  q = 1. This a llow s us to determ ine a p a r t it io n -  
o f  the f i r s t  quadrant in  the fo llo w in g  way,
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P ig . 13

Where each area o f the plane i s  a s t a b i l i t y  area fo r  the s o lu t io n . Thus, -  
i f  a p a ir  i s  known, we can derive the subset which a llo w s us to ob ta in  the mi 
nimum. When q d im in ish es  and the socio -econ om ica l o b je c ts  are cheaper (th e  
b u ild in g );  the s o lu tio n  may change, in crea sin g  the number o f  o b je c ts  ( fo r  p- 
f ix e d ) .  I f  q i s  f ix e d  and tran sp ort c o s t  i s  reduced, we decrease the number 
o f o b je c t s .

When we have the s o lu t io n  as a p r io r i t y  stru ctu re  on the power se t  o f  I ------
(fu zzy  subset o f  I ) ,  fo r  each su b in terv a l jl^ , 1^+1| (^ ^ p , p ]  corresponding
to a not n u ll  p r io r ity  su b se t, we then obtain  a p a r t it io n  o f  ^1^, l k+1j ----
in to  s t a b i l i t y  su b in ter v a ls  fo r  the a ss ig n a tio n  o f  elem ents o f  J to  those o f

V

I f  S i j  = V 1* and 5i j  = l i j * l k+1 ’ th en ’

P(V C  b min Ç. +
j e  j  i £  w. Со±з - V * c

i € » k
V

Where, fo r  each j £ J ,  the fu n c tio n  min
i €  wkL

ment o f  the s tr a ig h  l in e s  o f  the fo llo w in g  type

+ Л (C ^  “ S ij ) ]  i s  envelo£

P ig . 14

I t  i s  not d i f f i c u l t  to show (F igu eroa-79) that the sum o f  a l l  the former ----
fu n c io n s, P(wk) ,  i s  a fu n c tio n  o f the same type.
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K .g.15

I t  i s  a lso  p o s s ib le  to show th a t  on each su b in terv a l^ А X k+1
n a tio n s  are c o n s ta n ts .

the a s s ig -

Now we can determ ine (fo r  each w £ I  w ith  i t s  p r io r ity  a p r io r ity  s tru c tu re -  
on the se t  o f  t h e ir  p o ss ib le  a s s ig n a t io n s , as we have done b efore  w ith the -  

su b se ts  wÇ I .

Por s im p lify in g  th e  r e s u lt s ,  we l i s t  only the support o f  the fuzzy  subset — 
determined by th e  p r io r ity  s tr u c tu r e . In the l i s t i n g ,  we presen t sev era l — 
(one fo r  each wC I  with p o s i t iv e  p r io r ity  ta b le s  composed o f  two columns ~  
one fo r  a s ig n a tio n  and the o th e r  fo r  p r io r ity  and as many rows as there a r e -  
a ss ig n a tio n s  w ith  no n u ll p r io r i t y .

The former a lgorith m s have been ap p lied  (F igueroa-79) to  the m ic r o lo c a liz a — 
t io n  fo some soc io -econ om ica l o b je c t s  in  the Is la n d  o f  P in es .
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DISCRETE MODELS IN REGIONAL PLANNING

The elem ents o f  the gen era l problem are:

-  a s e t  J = (1 , n) o f  raw m ater ia ls  sources;
-  a s e t  I  = (1 , . . . ,  m )of p o in ts  where i t  i s  p o s s ib le  to  p lace the enterpri^ 

se s  fo r  processin g  the raw m a ter ia ls;
- a  s e t  2/ = (1 .2 ,  . . . .  T) o f  tim e p er iod s, where T i s  the planning period;
-  a known fu n ctio n  b: J -----»- R, whose va lu es b̂  rep resen t the volumes o f  raw

m a ter ia ls  coming from the sources j ,  j é  J , a t tim e t  £
R whose va lu e  X̂  i s  the ca p a c ityan unknown (a p r io r i)  fu n c tio n  X: I-

o f  p o in t i ,  i  é l  I ,  fo r  p ro cessin g  raw m ateria l a l  tim e t  £12”;
-  a fu n c tio n  x: I X J ---- - such th a t x? . i s  the q u an tity  o f  raw m a t e r ia l ----Г J

flx>ra source j , j £ . J , to  be e lab orated  in  p o in t i ,  i  éC I ,  at tim e t C
-  a fu n c tio n  с : I  x J ------*R tra n sp o rta tio n  c o st  o f  raw m ateria l from j , ----

j é l  J , to i ,  i C l ,  a t tim e t £ l  i f  d: I  x  J ------ - R i s  the d ista n ce  ma­
t r ix  fo r  p o in ts  i  and j ,  then , g en e r a lly , the tra n sp o rta tio n  point i s  pro_
p o r tio n a l (p: R-

-  a fu n ctio n  x: I  x J
■R) to  the d istan ce  and c . .

t  3
Ci j

p- yR such that x., .. i s  the q u an tity  o f raw m ater ia l
from source j ,  j J , to  be e lab orated  in  p o in t i ,  i £  I ,  at time t<£
a known fu n ction  T; I  -R whose value T̂  i s  the b u ild in g  cost fo r  ob ject

i ,  i  £ . I;
a known fu n ctio n  К: I «■R whose value If i s  the p rocessin g  co st  o f  raw-
m ater ia l u n ity  in  the o b je c t  i ,  i  é l  I ,  at tim e t é )  ”2"; 

~t,-  g^CXy are the b u ild in g  and p rocessin g  co st fo r  the en terp r ise  i ,  i  £1 I , — 

at time t ,  t é .  2 / , depending on cap acity  X^;

x* . then the ta sk  o f  optim al o b ject m ic o lo c a liz a t io n  fo r  a g i -Let X.i* .  Ц  *
j £  J

ven reg ion  may be form ulated as :

E E Cto determ ine, min tc . E
* ±C  I  jéTJ t  С Ъ  x i  i c ii j

Z l g i C x J ) ;
t £ ^  1 i

the c o n s tr a in ts  are :

£  * ? «  
i t l  1 3

= bticl

III

+
и

н

t  Ä t  
Xi j  ~ ai

x ^ . — 0
i j

I f  fu n c tio n s  g^(X^) are l in e a r ,  then we fa ce  a tran sp ort dynamic task  and to 
so lv e  i t  we apply the l in e a r  programming methods. N e v er th e le ss , g e n e r a lly , 
th ese  fu n c tio n s  g^(X^) are not l in e a r ,  but d isc r e te  d isco n tin u es  ones, d iffi_  
c u lt in g  the so lu tio n  fo r  t h is  ta sk  in  the genera l ca se .
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I f  g±(X*) = (К±Х* + c ±) S i«n xi  ( DIPOTET-81 ) then our ta sk  w i l l  be reduced 
to  :

min

z
i £ i

I ,

z z
i £ l d £ J

t л
xid - bd

t t
:id * V

, t  r t ,  t  
(cij + V  xij +

t
cid

X т± Sign X* 
i e i  1 1

This task i s  a m u lti-extrem es one in  n o n -lin ea r  programming. I t  may be s o l ­
ved using com b in a tor ica l methods, u sin g  the "branch and bound" method. How£ 
ver , for  using  th e s e  methods in  medium s iz e  problems, pow erful computers are 
needed.

Por long range p lan n in g , in  our c a s e ,  i t  i s  p o ss ib le  to u se  a s im p lif ie d  mo­
d el not co n s id er in g  capacity (X^) c o n s tr a in ts .

Then, our ta sk  w i l l  be the fo llo w in g :

to determine,

Y t t
Lu X. . = b ,

i C l  13 3
t t twere d . . = c , . + K.
i j  i l  1

i n  z zt i € i  d£J 
id

Z 1*. X*. 
t e r  ^

X? . » 0id

Next we present th e  com binatorical v ersio n  fo r  the former probűan statem ent.

Let w C I be a su b se t  where we suppose must be b u il the o b je c ts  to  m icroloca  
l i z e .

Then, on the s e t  o f  a l l  su b sets  w ^ I  i t  i s  p o ss ib le  to d e fin e  fu n c tio n  P(w) 
in  the fo llo w in g  way:

P(w) = min X  X  x Y  + X
t i £ w  j« £ j  Х&Г 13 13 i<£w 1

Xid

X
i £  w id

x  ̂ i  0, i£w

There are not c o n s tr a in ts  l in k in g  the v a r ia b le s  by t , t h e n  we may w rite;
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P(w) Z .  min Z  2 1  d x* + 2 1  T.
t e r _ t  i6Iw  J i £ wX. .

id
t  tThere are not c o n s tr a in ts  o f  the type X̂  «e a  ̂ then  i t  i s  p o ss ib le  to  w rite

P(w) = 51 51 bj min dj . + 21 T.
t e r  j e  j  *> 13 ié iw  1

P(w) = z  . z  . min b'. vi. . -г у_.
t € 2 r d f e r  i e w  3 i T ,

>* * E  \

To so lv e  th is  task  i t  i s  needed: to b ú it  T m atrix t  t bj d . 
d id

; th en , to

Z t t  У  mxn
min b . d. . fo r  every t ,  t €. then to sum up (index t )  and to  add

t) it)

£  Vie_w
■fc -t tIn the most sim ple c a s e , when d. . = d. . ( i t  means c . .= c . К. = K. ) i t  i si j  ij) 1 3  1« 1  1

p o s s ib le  to w r ite :

v  £  *13 1 L &  * Z  «,
, " ' T 3 t  € _ îr  3 i £ w

P(w) = min 4 .
t  iC w  d ^ J

xid
t  t  tWe have not c o n str a in ts  X. ^ a .  , then x . . fo r  every t  must take va lu e  0 or

,  V t  x V  и
( e x c lu s iv e )  b . ,  because o f  c o n str a in ts .

3

/  x. = b.id з
V  r t

i £ w

Then, to determine the P(w) value i t  i s  p o s s ib le  to use the fo llo w in g

P(w) = 2 1  min d. . ( 2 1  + 2 1  T.
d € j  J tG .' i '3 i £ w

Now, the computations to f in d  P(w) are very s im p lif ie d  because the ta sk  i s  
now a not dynamic one and i t  i s  p o ss ib le  to  c a lc u la te

P(w) = Z  min d . . b . + Z  T-i ? 
dêTJ ié lw  3 3 i £ w

( I )

S - ’
b. i s  on ly  once c a lc u la te d  before computing the P(w) v a lu eshere b . = * , ~ .

3 t e r  3 
fo r  every w C I.

We remark that in  t h is  sim ple case P(w) i s  r e la te d  to  d istance and b u ild in g  
c o s t  and ( I )  f u l f i l l  ( fo r  the moment) the requirem ents o f  our problem (ob— 
d ec ts  m ic r o lo c a liz a t io n  a developing r e g io n ) .
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de l a  Producc ion  a L argo  P lezo  de una Empresa  

P o r c i n a .
S u b m i t te d  to O ourna l  CCA. Habana. Cuba.

V IES IEL IO VSK I  V. ET. AL. -  8 2 :  A lg o r i th m s  and Programs  

f o r  O b je c t  M i c r o l o c a l i z a t i o n .
T e c h n i c a l  R e p o r t .  IMACC. ACC. HABANA. CUBA
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Перфекто Дипотет

В работе дается общая концепция информационной системы 
поддерживающей комплексное развитие в отсталых областях разви­
вающихся стран. Также описываются математическим программирова­
нием решаемые модели для некоторых конкретных подсистем /проек­
тирование выращивания многодетных, размещение социально-эконо­
мических объектов, и т . д . / .

Egy ú 1 m ezőgazdasági  t e r ü l e t  t á r s a d a l m i - g a z d a s á g i  

f e j l ő d é s é n e k  m o d e l le z é s e

A d o lg o z a t  e g y , ,  a f e j l ő d ő  o rs zá g o k  e lm a r a d o t ta b b  t e r ü ­
l e t i  e g y s é g e in e k  komplex g a z d a s á g i  f e j l e s z t é s é t  támoga­
tó  i n f o r m á c i ó s  r e n d s ze r  k o n c e p c i ó j á t  v á z o l j a  f e l .  A 

s z e r z ő  az á l t a l á n o s  l e i r á s  m e l l e t t  több k o n k r é t  részrenc  

s z e r r e  / é v e l ő t e r m e s z t é s  t e r v e z é s e ,  t á r s a d a l m i - g a z d a s á g i  

objektumok e l h e l y e z é s e ,  s t b /  m a t e m a t ik a i  p ro g ra m o z á s s a l  
m egoldható  m o d e l l t  i s  k ö z ö l .
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