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In this paper are presented:

The main problems =zppearing in the organization, planning
and management of Research Programs in the particular con
ditions of a developing country, Cuba.

Some mathematical models applied to®the socio-economical-
development of a new agricultural region.

Algorithms and programs to collect and to process informa
tion coming from experts. These algorithms are applied -
to the microlocalization of socio-economical objects.

INTRODUCTION

The developing countries face great problems in the efficient exploitation
of their resources. In order to solve the top-priority problems related-
to social and economic development, i is necesary to concentrate to the-
maximum the efforts of all the'organizations. mainly those ol research =--
institutions. The solving of each one of these problems requires the -
implementation of complex, long-range research programs, with well-defi=--
ned aims and the participation of several research and production organi-
zations, Programs concerning the development of new economic regions znd
mainly those related to agroindustrial regions are extremely necessary, -

but only seldom carried out in developing countries.

The main objective of the research program is to develop the policy for =

the long range socio-economical development of a region, and mainly to:

- establish the correct rythm and proportions for the development of the
region;

- reach the stability in the development and management of natural, hu--

man and material resources;

"~ develop the social infreestructure allowing to stabilize the quantity-

structure, settlement and reproduction of labor fo?ces.

to muximize the net integral effect (profit) of the economical activi=-

ties in the regiong
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A retrospective analysis of the economic development of the region was per-
formed, in order to have a clear picture of its current situation and trends

The main results of the analysis were:

= the need of increasing the efficiency of the organization and-
planning of the program, due to its complexity and to the lack of expe--

rience in our country;

- the need of using formal methods to process the qualitative information-
reported by the experts, due to the lack of reliable statistical data;

- the need of developing some mathematical models for planning long range-
agricultural production;

- to characterlzé the social factors affecting the economic development of=-
the region. .

Some of the experiences achieved in the organization and planning of a Re--
search Program are offered, as well as, some implemented mathematical mo---
dels, and the approach used to microlocalize the socio-economic objects in-

a new agroindustrial region.



MATN FACTORS OF THE PROGRAM

When we analize the Reseach Program (DIPOTET-79), we observe there are, in =-
our country, external factors, that we must take as compulsory, and intérnal-
factors, particular for the Region, determining, to some extent, its develop~

ment,

The extermal factor "policy for long range socio-economical development of ==

the country" determine:

~ global requirements in products, raw materials and services from the Re---
gions

- the external resources to be allocated in the Region;

- indicators for social and institutional infraestructure to be developed in

the Region.

In short, the economic development of the Region mainly depends on the effi- ~
cient management and exploitation of the external resources in the sense of =-
satisfying the requirements. Thus, it is possible to distinguish the follo--

wing strongly related general aspects:

- To develop and stabilize the population of the Region. Therefore, it is -
needed to derive demographic models, to characterize the social factors --

affecting the economic development and to control the wmigration.

- To characterize the natural resources of the Region, Therefore, it is ===-=
needed to do a very complex work, the inventory and evaluation of these ==

resources.

- To know and to evaluate the material resources, the available infraestruc-
ture and the tradition and experiences of the inhabitants of the Region,--
Therefore, it is needed to perform a retrospective analysis of the socio=--
economic development of the Region, in order to derivea diagnosis of its -

present situation.

- Conservation and, if possible, amelioration of the environment, mainly ta-
king care of the consequences of human economical activities on natural re
sources, Therefore, it is needed to estimate local and global limits in -

the exploitation of these resources.

- The organization and management of the former four factors in order to =---
maximize the net effect (global profit) of the socio-economical activities
of the Region.

Each one of the former points may be considered, due to its compexity, as a-



_40_

research subprogram where several organizations must participate in.

Being a developing region, it was needed to apply a dynamic approach in the -
works of the Program (Fig. 1). This approach allowed us to improve, frequen-
tly, the available information about the object, and to use the new informa=-
tion in decision making.

OUTPUT OF
RESULTS

REGION EXPERTS COORDINATION
ANALYSIS POINT

INFORMATION
BASE

Fig. 1 Preliminary system to study the Region

With the improvement of the information base and, therefore, the new knowledge
about the object and its environment it is possible to develop an information=-
system for planning long range economic development of the Region (DIPOTET-79)
In other words, it is needed to perform the planning of long range invesiments

projects for the Region based on some kind of man-machine system helping the -

OUTPUT OF PLAN ANNUAL
RESULTS CONTROL PLAN
ALTERNATIVES
4
—e STMULATION | o e
ANALYSIS Planning
REGION
DATA BASE
NEW
INFORMATION

Fig. 2 System for planning long range economic development
of the developing Region

"man", responsible for decision making, to evaluate the consequences of diffe-
rent plan alternations and to control, if necessary, the deviations of actual-

plans.



R

Some mathematical tasks to be solved within the Research Program are:

1=

To derive formal methods for the management of Research Programs in our -

particular conditions.

To develop models for rational land exploitation.

To develop models for planning long range agricultural production.

To derive models for the microlocalization of socio-economical objects.

To develop models and MIS for the main enterprises of the Region,

Next we present some results about the Programs management, and the first ver

sion of the mathematical models implemented in the developing Region.
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ORGANIZATION AND PLANNING OF THE PROGRAM

Production and service enterprises deal with concrete and well-defined tasks
and subtasks. Scientific institutions deal with research themes., Thusg, =-=--
themes must be formulated for each institution from the activities and jobs =

belonging to the tasks of the program assigned to them.

Next we will present the procedures that must be carried out for collecting -
and processing the data that will enable us to derive the reseachi plan.

Let a set J = (1, ..., n) of research institutions belonging to one organiza

tion which must carry out a research program P in a given time T.

The Scientific Council of the Organization divides the Program P into several

sets of important tasks P1, P2’ Ao Pm.
Then, P L (P.'g ecey Pm)a

We use the form given in Fig. 1 to obtain the listing of the institutions of-
the organization vs the tasks that they are going to undertake, respectively.
For each Pi€ P; iEI = (1, eee, m) the Scientific Council establishes the
deadline time ti =T,

This deadline time ti depends on several factors, but mainly on the will of -

the user and the domestic requirement of the Organization.

The performance of each task is divided into r subtasks, for example in the-

following 12 subtasks:

1) description of the tasks

2) formalization of the task

3) selection of methods and techniques to solve the task
4) collection and filtering of data

5) development of algorithms

6) programming

7) implementation of programs

8) analysis of results

9) improvement of the description of the task
10) modelling improvement

11) implementation of the solution of the task

12) drafting of reports, handbooks and user instructions.

The form shown in Fig. 2 offers the listing of all institutions vs the w-w-
subtasks where they will participate, respecively.



Tasks INSTITUTES ENTERPRISES
ACC|Bot.| Geog.| IMACC| Met.| Ocea.| Suel.| Zool.| P.P.] MINAG| CEATM| CONST M ien st Educ.| Transp
8 L ‘| Const.| Econ, . )
1 + + 4: + +
2 + + + + + + + +
10 + + + + + + + + + + + + + - + +
Fig. 1 Institutions vs Tasks
Suptaske) lis i WY 4t 5l 8 | BBl e 10 | 31 iz Name of participants
Tasks
1
2
10

Fig. 2 Institutions vs subtasks

€y
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The Research Council builds up, using these forms (see Fig. 2)

a':21” wxp VROTe 9‘216 (0,1)3:4 € Tim (15 es0, m)
jéJ: (11 evey n)
1€L= (1) ey r)

the matrix .l\"j =

a.il = 1 means that institute J participates in the carrying out of task i in-
the subtask 1. The institution J lists the jobs and activities to be perfor-

J = 1
il r
are elaborated with the former list and the unification and generalization of

med within the time interval ti' for each case a The research themes-
other activities. The resources needed are established as well as the onset -

and completion dates.

In those cases when szl =0; JEJ; i €I; 1 €L; in other words, when none
of the n institutions participate in the solution of one subtask a9 it is -
necessary to find other institutions that would open new themes concerning --

subtask ail'

The form shown in Fig. 3 in used to list the research themes of the Program -
vs the subtask where they will take part, respectively. These three forms --
are the additional blanks that must be filled out in the organization and ---
planning (ACC-80) of the Program.

Program P is then formed by a set W = (1, ..., s) of research themes.

Let a.‘.l’l € (0,1) denote each element (subtask a1 related to theme w) in Flge3
wEW; 1€ I; 1 €L each theme w, w& W is then related to a set AY of sub----
tasks a.:l.
Then, Ak/\ AO = Ako; k, O €EW; is the set of subtasks where both themes k, O-
participate in simultaneously, cardinal NkO of set Ako is considered to indi-

cate some relationship between themes k and 0; k, O E W,

The graph shown in Fig. 4 is the matrix N = "Nko ” o formed by cardinals-
of the intersections sets (see Fig. 4) will, of course, be symmetric in res--

pect to the main diagonal.

In our case, we separate from the graph a subgraph, the maximun linked tree.-
Each node of the tree will be a theme. The value of the links will be given-
by their correspondent elements in matrix N, indicating some degree of rela-

tionship among the themes.

The procedure to construct the tree is the following:
1) Selection of the maximum element Npp in the main diagonal of matrix

N. Node (theme) p is the root of the tree hierarchical structure -
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Themes

e 1 2 3 4 A P e LY. 2] o7 28 29 30
1 37
2 32 |38
3 17 |17 | 26
4 18 |18 | 14 26
5 6 6 6 6 14
25 1% L1l 28 14 | 6 R s P E AT AP
26 7 | 10 8 14 | -2 E 35
27 30 |32 | 22 ez 117 22 35 | 100
28 5 11
29 2 12
30 2 g I 2 6

Fig. 4

97
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of the tree.

2) If tree has not free nodes then go to 3 else, search the nodes1 corres-

ponding to the next level testing the following conditions;

2l JInt Npi 2 Nki Tor éach ki 'k, 15 p € Wi p % 1 Ak # p; then node-

i is linked to node p in the former level and is a leaf of the --

tree.
< . P | B
2.2) T Npk B Npi N, for each k; k, i, p€ W; i 4 p#ki¢i;
then node p is linked to node i in the former level.
2;3). If Npk:> Npi < N, for, at least, one k; k, i, p EW; eeae-

i#p#%k#i; then node i is not linked to node p. If there is-
another node in former level, then DO p that node and go to 2.1,-
else ADD 1 to the level counter and GO TO 2.

3) EXIT,
In Fig. 5 the maximun linked tree is shown.

In our example, this subgraph aids the leaders of the program in deci-

sion-making concerning the management of the research.
For example:

a) it is obvious that theme 27 is really a "bottleneck", and it is --
absolutely necessary to assure its resource allocation;
b) the subtrees derived from nodes 2 and 3 respectively may be consi=-
dered as subprograms to improve program management;
c¢) themes 4, 12, 5, 17, 26 are practically isolated and it may be ---
possible that their works may begin in advance or be delayed -----
(within time interval ti), according to resource allocation pro=--

blems.

What we have presented above are only examples. There are many applications-
of the tree and it is also possible (Dipotet, 1980) to derive other useful --
subgraphs from the graph shown in Fig. 5.

RESOURCE ALLOCATION PROBLEMS

With the information received from the themes of the Program for each task --
P,, P, € P; i € I; we establish its working stages (P,(1), ..., P,(%;)), =---
where Pi(t), > ] TS B R ti; is the working stage in time t.

For each Pi(t) we determine its resource vector

1 See the detailed algorithm in (Dipotet-80)
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rl(t) == (ril(t)’ o0ey rik(t)' e e oy riq(t))
where X € K = (1,..., q) is the resource number.
Then 2 r,. (t) = R, (t), resource requirements k in time t.
s ik k - -
iglI
The function Rk(t) may vary (see Fig. 6). In some cases, the resource k, ---
k € K, is difficult to obtain, but generally the "rate of change" of the re--

source -maximum or minimum increase or decrease at the time unit- is known.

R (%)

R (%) R, ()

R, ()

Fig. 6

[ || Sp——

In these cases, it is convenient to use function, (see Fig. 6) with only one
meximum and max Rk(t) = max ﬁk(t). '
t t

However, when we have some surplus in a given resource, k for example, (see -
Fig. 6), this surplus may be used in other research programs during the same-
time interval T. When it is not possible to use them, it seems reasonable to
reduce them so that max Rk(t) could be the minimun amount, and Rk(t) will be
almost parallel (Fig.t7) to axis %.

Rk(t)

Fig. 7

b

!
i
1
0 T

We tried to solve the former problem as follows:
a) varying the content of stages Pi(t) and, therefore, vector ri(t), -
but maintaining value ti;
b) varying the set of tasks Pi, or participating in another set of ----
tasks;

¢c) varying ti € T, but keeping the stage contents;
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d) combining the former three approaches.
Next we describe one algorithm for building up the function Rk(t). Suppose -
we know the maximun rate of increasing (Vk) and decreasing (D, ) resource

k., We finde =Z*R‘k(t) and hk = Rk ¢ 1P hk £ Vk and D, , then (T) = hk;

T
if D> h >V, then R (1) = v, and wlow Pps Ve o,
I |
1

We then compare h.k with 2 Vk and Dk'

1
If by » 2V then ‘ﬁk(z) = 2V,;

1 n
I E g hk > Dk then Rk(T) = Dk’

Then, form Rk - Vk we substract, respectively, 2\7k or Dk (or both) and divide
byT-20rT-3toobtainh.i.

T

The Procedure continues, until step r where 12Dk - hk - 11Vk;

1,1,€2% - (1, 2, ..., 2z). Thus in the former (r-1) steps the values of fuc-
9P < & - - < < R = R =

tion Rk(t) for 0 £ ¢ £ 1, 1and T-C, + 2<%t £T+1 (Rk(o) Rk(T+1) 0)

were obtained.

o r
For other t values, l1 £t £€7T - l2 + 1, we suppose Rk(t) = h'k'
Thus, ‘fzk(t) is derived for all t, t€ (1, «.., T).

2 :;
From the algorithm it follws that g:_ B (t) = } 7 R(%).
=1 =1

However, it may be possible not to satisfy the resource constraints. It means

INERNCONE I NN

1€ I
It is possible to determine which resource distribution satisfies the cons---
traints for all tasks and all times t for ﬁ‘k(t) function.

%]
(t)
We determine coefficient ak(t) = Rk and derive for each task i, i€ I, --

R, (t)
the resources vectors r;(t), rl(t) = (ril(t).a1(t), e riq(t).aq(t)).

For it, 1}6:‘1. r,, (t)ea (1) = a () i);lrik(t) = a, (t).R (%) = ﬁk(t).

In this case, we assign rl(t) to each stage Pi(t), i€ I; t€(1, eeey T); ===
instead of ri(t), then the works must be updated within the stage.

It may happen that, for some tasks, resources are not enough for the whole =--
time interval T and for other task they are in exceses. Then, experts must -
analize and rectify the resource distribution plan. However it is possible -

to apply mathematical programming methods for estimating the optimal, in a --
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certain sense, resource distribution plan.

For example, the following quadratic programming problem is cosidered. To -
determine X(t) values satisfying

mi : & (t) x(t) (t) ]2 with th traint
. - ’ con rainis
i, i o cons

T

T
;er(t).x(t) = tL:T" r; ()5 X(¢) 2 ); 1€ L

In this work we have T variables and q x m type equality constraints.

Suppose we obtain the solution for X9TO = 1 for all t = (1, ..., T) using it
as initial solution, it is possible to continue using, e.g., the gradient --
method.

This problem statement is not at all senseless. It means that the resource
allacation of each stage of all tasks with the same proportionality coeffi--
cient must be changed, in order to obtain a resource distribution plan, for-
time interval T, as near as possible to be best Rk(t) (Fig. 7) and assurring
for every task that the total requirement in T for every resource is obtai=-

ned.
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PARCELS DISTRIBUTION IN REGIONAL PLANNING

For the solution of this task we used different linear programming models. -
Let us present (DIPOTET-81) the simplest one.

Let:

0 H X" &
[}

R R B

. ®

k
e, =
J

(1, «es, n) be the set of towns (or users of the agricultural production);
(1, «o., k) be the set of differents productions;
(1. ..., m) be the set of parcels;

the area of parcel i, 1€ I;
the production per unity of area of type k, k€ K, culture in parcel i;
costs associated to the production of k, k€K, in parcel i, i€ I;

transportation cost for the unity of k, k€ K, form parcel i, i€ I, to con

sumer j, J€ J;

costs related to the consumption of the k product by the consumer j, jC J;

The task is how to distribute the parcels in order to satisfy the demands with =-

minimum costs.

Let us denote by xikj the volumes of type k product transported form parcel i, =--

i€ I, to consumer j, jE€J. Then, our task is to solve the following linear pro=-
gramming problem:
to determine: min (<:;..{j + df + e.) xf.fj
x; 1€I jE€J k€K J
with the constraints:
k
) = 8,
JEJ k€K Xk
:
- 1
k k
X, ‘®'D
jex J
k
xi;j = 0

Let us suppose the solution for this task is

k k
X, = > ST
ij =13



Then we obtain
xk = xk
= =13
The volumes of k products in parcel i, i I, and

k
s

e

the areas of parcel i, i€ I, planted with k, k K.

This simpie model may be complicated (DIPOTET-81) with other constraints re-
lated to resources, production tcchnology, manpower and also the dynamic of -
the Region. Then, it may be possible to use a block type linear programming
problem (GOLSHTEIN-66).

In our case (the development of a new Region) it is needed to find mechanisms
to intensify the production and to improve efficiency enterprises using this-

resource (land).
For this reason we added to the former model the following elements:

= (1,2, ..., T) a set of time periods; is the planning period;

p; = price (estimated) for product k, k K at time period t, t o3

fz = cost associated to parcel i, i€ I, at time t, in order to be considered
suitable for planting;
1t = cost (tax) for 1 ha of parcel i, i€ I, at time period t s



PLANNING PERENNIAL CROPS

For the solution of this task, it is possible to use different models ======-
(DIPOTET-81), We think, in our particular, case, the most suitable approach-
is the simulation optimization one (BEAUSOLEIL-80) but it presents some imple
mentation problems. For this reason we have developed and implemented, with-
good results, a linear programming model (ALEXEIEV-DIPOTET-1978), similar, in
some sense, to Csaki's ideas (CSAKI-76). Next we present these ideas and af-

terwards our model.

Let

J = (1, ooy J) Dbe the set of hectareas in a given region;

t = (1, +eo, T) be the set of time periods, T is the planning horizon;

x.(t
J()

the number of hectareas used for perennial crop j, j€J, at period t,
€T ;

k;(t) = the number of hectareas, used for new plantings of perennials of type
J, JEJ, at time t, t€ T ;
k;(t) = the number of hectareas of perennial of type j removed at year t, ===

t€ T ;
bjk = proportion of lands of type k, k€ J,(i.e. with trees of type k) progres
sing to type j, j€J, in one year.

The state equations are then defined as

s o
0 + e
xd(t+1) = kz ; bJ.k (t) Xy (t) = kJ.(t) = kJ. (t)

or in matrix form

x(t+1) = Bx(t) + k'(t) - X (t)

where x(t) = (x1(t), e xs(t)) is the set state vector

and k(1) = (k*, (%), «oey k2(£))5 K7(£) = (K7, ..., k (%)) ave the control veg

tors.

We ilustrate the state equations por the perennial crop with an example of ci-
trus fruit production, Consider de following production time periods:

Age of trees

Years
x1(t) 0 -1
x,(t) 1 =2

x3(t) 2 -3
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xs(t) 4 , . . producing * or mature tress

The state equation for new plantings is
x1(t+1) = k;(t)
the trees in the second year

xz(t+1) = b21x1(t)

and trees in the fith and succeding years (producing or mature trees)
xs(t+1) = b55x5(t) + b54x4(t)

With the given b .. (J = 1, eceey 5) (k = 1, ooy 5)

jk
In the matrix form the state equations are written:

x(t+1) = Bx(t) + hkj(t);

wheré — T et ]

21
32
43

o O O o O
OO O o ©O O
. O B O
o O © O O
g Oy 0 O O
© O © O =

54 55 | ¥

here we have 5 state variables x(t) = (x1(t), ooy xs(t)); one control variable
k;(t) and t = 1 year,

The system of state variables can be simplified by succesive substitution. For
example:
xs(t+1) = b55x5(t) + bk:(t-4)
wi.re b = b54 b43 b32 b21
Thus we have one state variable, one time delay and t = 1 yecar.

If we cheose time period equals 5 years, then we can even eliminate time delay.

The state equation then reduces to:

xs(t+1) = Ssxs(t) + i (t), where

* Note: We consider different production of mature trees from 5 to 10 years
(age of trees)
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E(t) = the number of planting during 5 year period;
55 = shows what proportion of trees, planted during a 5 years period, will
be producing.

Next we present the implemented model
Let,

T = (78, ece, 78 + T) be the set of time periods, T is the planning hori-
zon;
J = (79, 80, ..., 85) Dbe the set of years when the parcels were conditio-
ned to be planted;
I = (69, 70, ..., 85) be the set of years when trees planted;
= (1, eeo, 4) Dbe the set of types of parcels, according to their degree

of erosion;

Parameters:

kt

Cij = additional investments at year t, tC'Z, related to reconstructions at-

year j, J € J, for 1 ha. of parcel type k, k € K, planted at year i, ==
i€¢I,andt a j>1

= production at year t, t€ T, for 1 ha. planted at year i, i € I, for --
parcel type k, k€ K, reconstructed at j, j € J;

kt processing cost at year t, t€ Y, for 1 ha. of parcel of type k, k € K,
planted at i, i € I, and reconstructed at j, j € J; ’
95
integrated cost related to processing 1 ha. of parcel of ty
Latt pe k, k € K, planted at i, 1 € I, and reconstructed at j, -
JeJ;
t

c = processing cost at year t, tQ‘Z, related to the utilization of 1 ha., of
parcels planted at j, J € J3;

P = price for 1 Ton. purchased production at year t,'te‘z H

= area for k type parcels planted at i, i € I;

sY = area of new parcels ready to be planted at year j, j € J;

Q = ginking funds at year t, t € T, for the factory processing the fruits;

q~ = sinkings funds (for unity of capacity) for the enlargement of the facto
ry at year T, T€ T;
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actual processing capacity for the factory at the beginning of the ===
planning period;

Decision variables:

area for k type parcels, planted at year i, i € I, and reconstructed -
at j, j€ J; :

= area planted at year J, j € J;

= volume of fruits produced at year t, teT;
= enlargement of the capacity of the processing factory at T years;

= profit obtained by fruit production and processing at year t, t€7;

= 1investments at year t, t€%; for the enlargement of social infraestruc-

ture;

Constraints:

10-

2:-

30-

40-

5--

85

"
XX = 8 ,1€I; k€ K
J= =

condition constraining k type parcels planted at i, i¢ I;

J
xj = S, j€J;
condition constraining new parcels planted at j, J€ J;
i t
t. t kt t ' t* t t
py-z?(if Z,(c..u:.)x)-;_§ g 5° =¥ W@
= ict ¥ck ¥ 374 =
t'. t€ Ci

balance conditions to form profits resulting from production, processing -
and purchase of the fruits at year t, t H
t
B T Flmy: fn wngi) =7 =0, ty 568
iJ "13 37
J=T9 i€ I k=1

conditions to produce the volume of fruits at year t;

t ]
yt - zt g Ms b tQ'Z;

t'=79

conditions for the factory to process the volume of fruits produced;

It is demanded to maximize the general profit for the planning period. It ===

means:
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t=79 kKT &

The model was succesfully implemented and is actually used, mainly, for crop-
prediction and resource allocation problems within the citrus enterprise "Isla
de la Juventud"”.



PLANNING LON RANGE LIVESTOCK

Next we present the general ideas (CSAKI-76) of a DLP model for a livestock
production system, and the implemented version for our particular case (MO-
RIN-DIPOTET-81).

Let
I =(1, .., 8) be the set of differents type of animals;
T = (1, ..., T) be the set of time periods, T is the planning horizon;

xi(t) = the number of animals of type i, i€ I, at year (period) t, t€ T ;
k:(t) = the number of animals of type i, i€ I, purchased at period t, t€ 9;

k;(t) = the number of animals of type i, i€ I, sold at period t, t€ ¢ ;
a1j = the coefficient which shows what proportion of animals of type j, =--
JE J, will progress to type i, i€ I, in the succeding period.

Then we can write the state equations for the livestock subsystem as:
s

x; (£41) = };- a; 4%, (8) + kI(t) - k(%) (1)
or in matrix form
x(t+1) = Ax(t) + kT(t) - K (%)
Here x(t) = (x1(t), S ey xs(t)) is the vector of state variables;
' (t) =(ky(£), +0ey ko(t)) and k™ (8) = K;(£), o.., k_(t)) are vectors of --
control varizbles.

In our particular case, and for the Pig-breeding subsystem example we have:

1

1 t = 1 month (time unit)
(0=1m) x1(t+1) = a61x6(t)
b,x, (t) kJ'(t) (1-b,)x, () x,(4+1) = & x (t) = k () b,
2 ! 3 + (1-a24)x2(t)
- (1-4m) xz(t) (1-4m) x3(t) : :
2t K () k(%) : "
K3 (t) 5 3 5 ;
4 5 xé(:+1) = 346x4(t) + agex (%)
(4=9m)m | x,(t) | (4-9m) [ x(t) + kg (1+1) = k(%)
k;(t) , \\\\ State variables:
ky () & Z(b) = (g snesy 22)
6 Control variables
xc(t) (9m —=)




kK (t) = (x;(t), k;(t))

+ + _+ +
K*(t) = (K5(8),,E5(8), Kj(t))

Values for a,b and constraints equations, depend on local conditions and pro-
duction technology (MORIN-81),

In our case, we obtained the optimal flock structure at time to (for x, known)
using natural, capacity, food, manpower and technological constraints and ILP =-

program package.

With this structure as initial conditiony we derived the time (year) recurren-
cy x(t)—ex(t+1), x(t+1) = Ax(t) + k+(t) - k (t) (for fixed local conditions -

and techlszology, it means constraints) trying to maximize the flock ==eecece—--
(z = E. xi(t)) keeping its internal optimal structure.
t€?

For the time being, the accuracy of the results we obtained with this model is
enough, nevertheless we are working on different type of models, for this sa-

me livestock system.
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PROBLEMS ON SOCIO-ECONOMICAL OBJECTS MICROLOCALIZATION

The elements of this problem are:

a set J = (1, ¢ee, n) of raw materials sources;

a get I = (1, ..., m) of points where it is possible to place the enterpri
ses for processing the raw materials;

a known function b:J—eR, whose values bj represent the volumes of raw ma-
terials coming from the sources j, J€ J;

an unknown (a2 priori) function X:I—R whose value Xi is the capacity of -~
point i, i€ I, for processing raw material;

a function x: I x J—=R such that xij is the quantity of raw material from
source j, JE J, to be elaborated in point i, i€ I;

a known family (gi: R-——-R)i T of functions such that

Oif i #
8i(xj) 2 building and maintenance cost for the enterprise i, i¢ I, de--
pending on capacity Xi.

a known function T: I—»R whose value Ti is the building cost for object~
1y A€ T3

a known function K: I—=R for the processing cost of raw material unity in
the object i, i€ I;

a function c: I x J—R transportation cost of raw material from j, jE€ J,~
to i; if d: I x J—»R is the distance matrix for points i and j, then, ==
generally, the transportation point is proportional (p: R—=R) to the --
distance and cij = P i, dij‘

a function P : 21———R defined on the set of parts w C I
P(w) = j cijxij % 2 gi(xi)

i€l icw

Jedg

P(w) is interpreted as the cost of construction, maintenance and transport
for objects at ponnts i, i€ w. .

the actual shape of 8; is gi(xi) = (Ki xi + Ti). Sign (xi) it is possible
to show (Figueroa-Jachaturov 78) that P(w) may be calculated in the follo-

wing way:

P(w) = Ze’ b, ma (G +K)+  Jm

i€ w igw

The problem now is to calculate an o C I such that P(X) = min P(w) with the

we I
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following mnatural constraints b;j = ;xi;j (all raw materials are distribu-
e ted to the enterprises)
>
xij 0
X5 (the capacity of point i is --
completely used)

There are algoritms (Jachaturov-78) for the exact solution of the former pro
blem,

In our particular case, we must offer recomendations for building some socio-

economical objects under the following conditions (Jachaturov-Figueroa 78):
P(w) = Z bj min (lij e P + Ki) + q Z Ti;

J€ igw icw
Where p and q are some kind of fuzzy parameters with the following meaning:

p is the transportation cost for the production unity to the unity of distan
ce;

q is the normative coefficient for efficiency in capital investments.

|li.'jl is a known matrix giving the distances between points i, i€ I, and j,--

j€ J, respectively.

The available information about p and q may be graphically represented as --
fuzzy sets originated by statistical sources (or others)

]
11 11

Fig.8

Y p Y =g
We also consider the case when there is no information about p or q. Then -
the task of "more rational, instead of optimal, microlocalization of the ob-
jects"; nust be solved.

We suppose, simplifying, (Vi€ I), Ki = K, Ti = T,

Then, P(w) = p min 1, +K T b+ q|w|m
JeJdigw e d -

We next investigate the task solution for one parameter.

We investigate for q fixed, for example, q = 1.
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Then P(w) =(;)% x::é:nwlij) P+ I w I T+ K jgj bj

- We first determine an interval for parameter p, p € [A,B] , Where:
if p ¢ A the solution has cardinal minimum not nullj;
if p>B the solution has cardinal maximum (it is needed to build in all --
points).

- We solve several systems of linear equations to find subintervals (in p) --
where the solutions do not change within it. We obtain, for example

/S1

— Fig.9

0

A£ Wy - w2} w3 ;14:W5 :B
together with a "fuzzy structure” S1 on the set of solutions Wis eaey w5

such that the maximum degree of pertenence belongs to the more stable ===
(for parameter variation) set;

- A refinement of the former partition is calculated. The subinterval =----
(li’ li+1) corresponding to the solution w, is divided into subintervals -
’\J' Rj+1' (,\i 1 kr = li+1)' j=1, eee, T; where the raw material -
supply from the sources to the processing plants do not change. We obtain

also a fuzzy structure on the subintervals.

s

Fig, 10

— —_—

w;z i 63 4‘74% : w5 b
- If some a priori information about parameter p is available, it may be a -

fuzzy one.

A M (p)
Fig. 11

)
|
]
1
3
=

-

X B P

We take its restriction (see Jachaturov-Figueroa 79) to[A.B] " f/\u[A B]' We-
’

may propose, for management decision making, the algebraic product of all fu-

zzy structures considered extended to 2I

Oifw:wifori=1, ooy D
R(w) = ,

(S1'82' /()(wi) = S1(wi).32(wi)./2 (wi)
where/(- (wi) = max/? (p)

PE [11 ’ li+1]
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It is possible to show that there is an interval [2, P ]such that, if p £ p-
then only one object must be built and, if p > 5 then it is needed to build--

objects in all available places. We are then interested in the interval ----

We cannot (due to the high dimensionality of the job) calculate a straight--

line for each w C I such as

P(w)=();z;i€nlij)p+ | w | T+KEj,bj
w

and to consider the envelope (convex, piecewise linear curve) of that family-
of straight lines.

P(w) 4

Fig. 12

With this approach we could obtain a partition for interval in subin--

tervals where the optimal solution w could be constant.

To avoid the former difficulties we applied a method which consisted in the~-
a priori determination of a very thin and uniform partition of the subinter--
val [p, S] . For each value of p corresponding to the nodes of the partition
we caIculate (Jachaturov-76) the global minimum for function P(w). In this -
case we developed (Jachaturov-Figueroa 78) an algorithm for searching local -

minimum and, afterwards' we select the "best" one.

In that way we obtain a partition of[ P, 5] in stability subintervals of the

minimum of p.

Supported by heuristical criteria we assign, in that way, to all wC I one =--
priority. For example, we can assign one priority proportional to the measu-
re of the stability respecting the variation of p. The wC I outside the par-
tition receives priority o., Thus, one fuzzy set structure on. - ZIis deri--

ved which solves our task.

We obtained the solution for q = 1. This allows us to determine a partition-
of the first quadrant in the following way,



Fig. 13

- P

Where each area of the plane is a stability area for the solution., Thus, -
if a pair is known,we can derive the subset which allows us to obtain the mi
nimum, When q diminishes and the socio-economical objects are cheaper (the
building); the solution may change, increasing the number of objects (for p-
fixed)., If q is fixed and transport cost is reduced, we decrease the number
of objects.

When we have the solution as a priority structure on the power set of I ===--
(fuzzy subset of I), for each subinterval [lk' 1k+d (:_[p, 5] corresponding

to a not null priority subset, we then obtain & Partition of |1,, 1k+1] -——
into stability subintervals for the assignation of elements of J to those of
wk.

If gij = lij'lk and Cij = lij'1k+1; then,

P(w,) = Eb min C .+ (G, =-C..) + B 3
k iTs ;]iewk-i;j ij T =i i;;’k i

Where, for each j¢ J, the function ?éfw [gij & X (Cij - gij
k

ment of the straigh lines of the following type

ﬂ is the envelop

Fig. 14

A

0 1

It is not difficult to show (Figueroa-T79) that the sum of all the former ---
funcions, P(wk), is a function of the same type.
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It is also possible to show that on each subinterval[)‘k, A k+1 ] the assig-

nations are constants.

Now we can determine (for each w( I with its priority a priority structure-
on the set of their possible assignations, as we have done before with the -
subsets w( I.

For simplifying the results, we list only the support of the fuzzy subset --
determined by the priority structure. In the listing, we present several --
(one for each wC I with positive priority tables composed of two columns ==
one for asignation and the other for priority and as many rows as there are-

assignations with no null priority.

The former algorithms have been applied (Figueroa-79) to the microlocaliza--

tion fo some socio-economical objects in the Island of Pines.,



DISCRETE MODELS IN REGIONAL PLANNING

The elements of the general problem are:

a gset J = (1, ..., n) of raw materials sources;

a set I = (1, ..., m)of points where it is possible to place the enterpri

ses for processing the raw materials;

- aset 2= (1,2, v.., T) of time periods, where T is the planning period;

- a known function b: J —— R, whose values b;’ represent the volumes of raw
materials coming from the sources j, j £ J, at time te

- an unknown (a priori) function X: I——-R whose value XI is the capacity =
of point i, i € I, for processing raw material al time t 62’;

- a function x: I x J — such that x;;j
from source j, j € J, to be elaborated in point i, i € I, at time t € ‘2-:

- a function ¢: I x J ——R transportation cost of raw material from j, ---
J €. T, %o 1, 1€ I, at-time tE 2'/, if d: I x J—— R is the distance ma-

trix for points i and j, then, generally, the transportation point is pro

is the quantity of raw material ---

portional (p: R—R) to the dista.nc: and ©y 4 ™ Pe di

- a function x: I x J —=R such that Xy 13 is the quantigy of raw material -
from source j, j & J, to be elaborated in point i, i & I, at time tE& Z’

- a known function T: I —=R whose value '1‘i is the building cost for object
iy 36 Ty

- a known function K: I——=R whose value KI is the processing cost of raw-
ma.terial unity in the object i, i £ I, at time t & 27

- & (X ) are the building and processing cost for the enterprise i, i € I,-~

at time t, tE 2’ depending on capacity X, ;
Let XI = Z x;.c_a. then the task of optimal object micolocalization for a gi=-
JjEJ

ven region may be formulated as:

to determine, m.%n Z Z. Z i;j iJ + Z ZS (X )

X g i€1 j€3 t€T i€I teE?

the constraints are:

Zx =b§

1€I
S T
JEJd

t

xij =2 0

If functions gi(XI) are linear, then we face a transport dynamic task and to
solve it we apply the 1linear programming methods. Nevertheless, generally,
these functions gi(Xz) are not linear, but discrete discontinuos ones, diffi

culting the solution for this task in the general case.



If gi(I:) = (KixI + Ci) Sign xI (DIPOTET-81) then our task will be reduced

to:

min Z Z Z?, (cIJ + KI) xId +

t
Z '.l‘:L Sign xi

t 1€I JE€IT te ¥El
xi,j
t

X = b
121 4 T2

t t t

x = a,; X = 0
jCdq i i ij

This task is a multi-extremes one in non-linear programming. It may be sol-
ved using combinatorical methods, using the "branch and bound" method. Howe
ver, for using these methods in medium size problems, powerful computers are

needed.

For long range planning, in our case, it is possible to use a simplified mo-
del not considering capacity (XI) constraints.

Then, our task will be the following:

to determine,

min Z Z Z dIJ x:j+ 1;1 Ti SianI

4t 1€T1 Jeg te e

iJ
Z xIJ = b;, xzj = 0
i€1 5
t t t
were dij = cij + Ki

Next we present the combinatorical version for the former problan statement.,
Let wCI be a subset where we suppose must be buil the objects to microloca
lize.

Then, on the set-of all subsets w(_I it is possible to define function P(w)
in the following way:

P(w) = min Z Z Z/\,d:j ij + Z T3

t iew JEJ ter i€Ew
X, .
ij
E t t
X, = b
iCw ij J
xt = 0, i€w
ij ?

There are not constraints linking the variables by t,then wemay write:



P(w) 2 min Z Z d

te? t 1€w j€J 1" i€w
14

There are not constraints of the type Xt = az then it is possible to write:
P(w) = Z Z b min d 2 '1‘

e j€5 9 i€w
P(w) = Z Z min btdzj+ ZTi

tet jE€ET iew Y iew
To solve this task it is needed: to buit T matrix ; de ; then, to =-=-

find Z. min b

dtj for every t, t € 2: then to sum up (index t) and to add -

J
2 T .
iew
In the most simple case, when d‘t = d.. (it means ct = 0.3 Kt = K,) it is -
' 13 © %44 et L Sl

possible to write:

P(w)=:ini;w j; dij Z ij+ ;_wTi
ij

t
i!

then xzj for every t must take value O or =
(exclusive) b;’ because of constraints.

We have not constraints X: =g

icCw
Then, to determine the P(w) value it is possible to use the following

P(w)=Zmind (Zb)+ZT

iew

Now, the computations to find P(w) are very simplified because the task is -
now a not dynamic one and it is possible to calculate

P(w)=Zm1n djsd+ Z’l‘i; (T)

JEJ i€Ew i€w

here b, = b is only once calculated before computing the P(w) values -

J J

for every w(CI.

We remark that in this simple case P(w) is related to distance and building-
cost and (I) fulfill (for the moment) the requirements of our problem (ob==--

jects microlocalization a developing region).
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MonenupoBaHHe COLIPI&.HBHO—E)KOHOMPI‘IGCKOI"O Pa3BUTHA
HEKOTOPOr'O HOBOI'O CEJIbCKOXO3ANUCTBEHHOI'O DaroHa

[lepdekTo lunorer

B pa6oTe naeTcA O6mas KOHUEMIMA MHOODMALIMOHHOH CHCTEM
MOIEePKUBaIEel KOMIJIEKCHOE DAa3BUTHE B OTCTAaJbIX 06JacTAX Da3BHU-
BalMMXCA CTpaH. Takxe ONUCHBAKWTCA MATEMATHYECKUM NPOrDPaMMHDOBa-
HUEM DemaeMbie MOLENM IJIA HEKOTOPHX KOHKDETHHX TMOACHCTEM /NpOeK-
TUDOBaHUE BHIDAWMBAHUA MHOTOJIETHHIX, Da3MemeHHEe COLHAIbHO-3KOHO—
MMUYECKUX OOBEKTOB, U T.IH./.

Egy uj mez6gazdaségi terllet tdrsadalmi-gazdaségi
fejlédésének modellezése

A dolgozat egy, a fejlédS6 orszédgok elmaradottabb terii-
leti egységeinek komplex gazdasédgi fejlesztését tdmoga-
t6 informéciés rendszer koncepcibéjét vézolja fel. A
szerzf az &ltaldnos leirds mellett tdbb konkrét részrenc
szerre /évelStermesztés tervezése, tdrsadalmi-gazdaségi
objektumok elhelyezése, stb/ matematikai programozéssal
megoldhaté modellt is kézdl.



	Perfecto Dipotet: Egy új mezőgazdasági terület társadalmi-gazdasági fejlődésének modellezése���������������������������������������������������������������������������������������������������
	Oldalszámok������������������
	37���������
	38���������
	39���������
	40���������
	41���������
	42���������
	43���������
	44���������
	45���������
	46���������
	47���������
	48���������
	49���������
	50���������
	51���������
	52���������
	53���������
	54���������
	55���������
	56���������
	57���������
	58���������
	59���������
	60���������
	61���������
	62���������
	63���������
	64���������
	65���������
	66���������
	67���������
	68���������
	69���������
	70���������
	71���������
	72���������


