
ON OPTIMUM CONTROL OF 

MULTI-RESERVOIR SYSTEMS 

I l y a  V .  Gouevsky 

December 1974 

Research Reports  a r e  p u b l i c a t i o n s  r e p o r t i n g  on 
t h e  work of t h e  au thor .  Any views o r  conclu- 
s i o n s  a r e  t h o s e  of t h e  a u t h o r ,  and do n o t  
n e c e s s a r i l y  r e f l e c t  t h o s e  of IIASA. 





On Optimum Con t ro l  of Mul t i -Reservoi r  Systems 

I l y a  V. Gouevsky 

1. I n t r o d u c t i o n  

I n  t h i s  paper  t h e  m u l t i - r e s e r v o i r  sys tems which a r e  i n  

o p e r a t i o n  a r e  cons ide red  ( e .g .  see F i g u r e  1 ) .  I n  r e c e n t  

y e a r s ,  many papers  have been devoted t o  t h e  a n a l y s i s  of  

t h e s e  sys tems [l, 2 ,  31. IIASA has  a l s o  made a  s i g n i f i c a n t  

c o n t r i b u t i o n  t o  t h i s  f i e l d  [4,  51.. Never the le s s ,  a u t h o r s  

a g r e e  t h a t  t h e r e  a r e  many q u e s t i o n s  which a r e  f a r  from be ing  

s e t t l e d .  They p e r t a i n  t o  t h e  fo l lowing  problems: 

i) development of mathematical  models d e s c r i b i n g  and 

p r e d i c t i n g  h y d r o l o g i c a l ,  e c o l o g i c a l ,  economical  and 

s o c i a l  p rocesses ,  

ii) development o f  models f o r  o p t i m i z a t i o n  o f  t h e  

c o n t r o l l e d  p r o c e s s e s  i n  m u l t i - r e s e r v o i r  sys tems,  

iii) development o f  d e c i s i o n  making models which t a k e  

i n t o  account  t h e  a c t i v e  p a r t  of  people  i n  t h e  

wa te r  r e s o u r c e s  systems.  

The m u l t i - r e s e r v o i r  systems combine l a r g e  r e g i o n s  w i t h  

d i f f e r e n t  h y d r o l o g i c a l ,  economical  and even p o l i t i c a l  

c o n d i t i o n s .  On t h a t  account ,  it is  d i f f i c u l t  t o  s t a t e  

t h a t  i n  t h e s e  sys tems unequivocal  s o l u t i o n s  e x i s t  a s  f a r  

a s  optimum c o n t r o l  i s  concerned.  There fo re ,  optimum 

c o n t r o l  of  w a t e r  r e s o u r c e  sys tems,  and p a r t i c u l a r l y  m u l t i -  

r e s e r v o i r  sys tems,  shou ld  b e  a  dynamic i t e r a t i v e  p rocess  
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w i t h  t h e  fo l lowing  phases :  r e c o g n i t i o n  o f  t h e  sys tem 

( i n c l u d i n g  i t s  v e r b a l  and q u a n t i t a t i v e  d e s c r i p t i o n )  ; 

s i m u l a t i o n  and o p t i m i z a t i o n ;  d e c i s i o n  making and  i t s  

implementa t ion ;  e v a l u a t i o n  of t h e  consequences  and r e t u r n  

t o  t h e  r e c o g n i t i o n  phase .  T h i s  p rocedure  is  shown i n  

F i g u r e  2 .  

I n  t h i s  paper  an approach  is  p r e s e n t e d  which i n v o l v e s  

t h e  development  of  o p t i m i z a t i o n  models f o r  c o n t r o l  of  t h e  

m u l t i - r e s e r v o i r  sys tem w i t h  a r b i t r a r y  c o n f i g u r a t i o n s .  I t  

i s  assumed t h a t  i n  t h i s  sys tem t h e  r e s e r v o i r s  a r e  t h e  

b a s i c  c o n t r o l l e d  e l emen t s  and  t h e i r  w a t e r  r e s o u r c e s  a r e  

used f o r  h y d r o e l e c t r i c  ene rgy  g e n e r a t i o n ,  i r r i g a t i o n ,  

w a t e r  supp ly  of  c i t i e s ,  r e c r e a t i o n ,  f i s h  and  w i l d l i f e  

enhancement, e t c .  The o b j e c t i v e  i s  t o  de t e rmine  t h e  

optimum r e l e a s e  p o l i c y  o v e r  t h e  s p e c i f i e d  r e l e a s e  p e r i o d s  

i n  acco rdance  w i t h  t h e  prede termined  c r i t e r i o n  and s e t  o f  

c o n s t r a i n t s ,  which i n c l u d e  f o r  example s t o r a g e  r e s e r v a t i o n s  

f o r  f l o o d  c o n t r o l  and f o r  r e c r e a t i o n a l  u s e ,  mandatory 

r e l e a s e s  t o  t h e  u s e r s ,  e t c .  

2 .  Methodology 

The d e s c r i p t i o n  o f  t h e  o p t i m i z a t i o n  model w i l l  be 

made, w i t h  no l o s s  of  g e n e r a l i t y ,  on t h e  b a s i s  o f  t h e  

example shown i n  F i g u r e  1. The g e n e r a l i t y  assumpt ions  which 

have been c o n s i d e r e d  i n  t h i s  model a r e  t h e  fo l lowing :  

1. The main w a t e r  c o n t r o l l e d  r e s o u r c e s  i n  t h e  

sys tem a r e  r e s e r v o i r s .  They have  a  r e s t r i c t e d  c a p a c i t y  and  

t h e i r  r e s o u r c e s  a r e  used  bo th  f o r  s a t i s f a c t i o n  o f  t h e  u s e r s '  



Figure 2. Iterative process of optimal control. 
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demand and f o r  f lood  c o n t r o l .  

2 .  The inf lows and a l l o c a t i o n  processes  a r e  considered 

i n  t h e  i n t e r v a l  of  t ime ( t l ,  tk) , div ided  i n t o  k  s u b i n t e r v a l s  

( s t a g e s ) .  

3.  The func t ion  d e s c r i b i n g  t h e  r e l a t i o n s h i p  between 

t h e  u s e r ' s  l o s s  and t h e  amount of water  d i s t r i b u t e d  t o  him 

is  given f o r  each u s e r .  

4 .  A l l  s o c i a l ,  p o l i t i c a l  and o t h e r  q u a l i t y  c o n s t r a i n t s  

can be  expressed ( a t  l e a s t  roughly) i n  a  q u a n t i t y  r e l a t i o n s h i p .  

5.  Because of t h e  f i n i t e  volume of t h e  r e s e r v o i r s ,  t h e  

a v a i l a b l e  amount of wa te r  i n  t h e  system is c o n t r o l l e d  i n  a  

r e s t r i c t e d  manner. 

6 .  I t  is  assumed t h a t  a l l  t h e  p rocesses  i n  t h e  system 

a r e  p r e d i c t a b l e  and can be eva lua ted  i n  a  q u a n t i t a t i v e  manner 

i n  t h e  i n t e r v a l  ( t l ,  tk ) .  T h i s  assumption means t h a t  t h e  

model i s  d e t e r m i n i s t i c .  

Le t  us cons ide r  t h e  system shown i n  Figure  3 under t h e  

above mentioned assumptions. Th i s  f i g u r e  p r e s e n t s  t h e  same 

system a s  is  shown i n  Figure  1, bu t  t h e  p rocesses  a r e  

d iv ided  i n t o  four  s t a g e s .  T h i s  means t h a t  bo th  s p a t i a l  and 

temporary l inkage  a r e  shown. 

The b a s i c  p rocess  i n  each r e s e r v o i r  i s  s t o r a g e  and 

a l l o c a t i o n  of water  a t  every s t a g e .  Using t h e  t y p i c a l  

scheme of t h e  ith r e s e r v o i r  a t  t h e  sth s t a g e ,  shown i n  

F igure  4 ,  t h e  fo l lowing equa t ion  can be w r i t t e n :  



- 1 X r - 6 i s  ,' Vi, s , 
rERiS 

3 where Zis is state (amount of water in [Im 1) of the i t h 

reservoir at the sth stage; is state of the i th 'i, s-1 

reservoir at the ( ~ - 1 ) ~ ~  stage; Zio is initial state at 

t = t  1 ; 

Ic is cth main uncontrolled input of the i th 

reservoir at the sth stage, 

c E Cis, Cis is a set of numbers, 

Cis = 11,2, ..., C, ... 'is I, for all i,s, 

Eq is qth additional uncontrolled input, 

q E QiSr QiS = 1 1 , 2, . . . ,q, . . . ,wiS 1 , ith reservoir , 

sth stage, 

X is pth main controlled input, 
P 

p E P - is, Pis - lUis + 1, Uis + 2r...rPr...rVisIr 

ith reservoir, sth stage, 

Xh is hth controlled output for allocating the 

amount of water Xh to the user h, h E His, 

His = 11.2,. . . ,h,.. . ,I. I, ith reservoir, 
1 S 

sth stage, 

'~his equation is written under the assumption that 
the amounts of water in the input and in the output of the 
hydropower station HPSis are equal. 



i t h R ~ ~ ~ R v O I R  AT THE 
sth STAGE 

HYDROPOWER STATION OF 
i th  RESERVOIR AT THE 
S ~ ~ S T A G E  

--- TEMPORARY LINKAGE - SPATIAL L I N K A G E  

FIGLIRE 3. SPATIAL AND TEMPORARY LINKAGE B.ETWEEN 
THE RESERVOIRS 



ICr C E  Cis = {1,2,...,~,...,~~~} - main uncontrolled inputs, 

Sq q E QiS = {1,2,. . . ,q, . . . ,wis) - additional uncontrolled 
inputs, 

X h l  he His = {1,2, ..., h, ..., R .  - controlled outputs, 
1 S 

x,, re RiS = {R. +1,Ris+2,...,r,...,uis~ - additional 
1 s 

controlled 
outputs, 

- X pe Pis - {uis+l,uis+2 ,...,p,...IVis} - main controlled 
PI  inputs. 

(All upper variable indexes referring to the ith reservoir at 

the sth stage are omitted.) 

Figure 4. Typical scheme of the ith reservoir 

at the sth stage. 



Xr is rth additional controlled output of the 

ith reservoir at the sth stage, r E Ris, 

is the minimum admissible amount of water 

in the ith reservoir at the sth stage 

Taking into consideration that the set Pis = both 

for all initial reservoirs and for all corresponding stages 

(e.g., for reservoirs 1, 3 and 7 at stages 1, 2, 3 and 

4 in Figure 3) and that the main controlled inputs of the 

ith reservoir are additional controlled outputs of the 

previous reservoirs, the variables X for all 
P 

p E U Pis can be eliminated. For example, if the r th 

Vi,s 

output of the (i-k) th reservoir is linked with the p 
th 

input of the ith reservoir (see Figure 5 ) , then 

The coefficient ui 0 < 1, reflects the losses 
i-k' 

along the additional controlled output (called canal below), 

linking the (i-k) th and ith reservoirs. 

After transformation (2) has been made, the controlled 

outputs for every reservoir are reduced to those belonging 

to the aete Hi, and Ri, for all i and s .  





The function fh (Xh) , h E His, all i, s, can be put 

in accordance with every controlled output. This function 

measures the losses which the user will suffer if the water 

allocated to him is Xh. This function reflects some 

economical, social and political aspects of the water 

allocation problem. 

In the cases where one user receives water from two or 

more reservoirs the problem of obtaining the function 

fh(Xh) arises. For example, Figure 5 shows that the 

amount of water XL for the !Lth user comes from both 

the ith and (i-k) th reservoirs. In such cases the 

determination of the functions fh(Xh) and f(X ) can be 
'i-k, s 

made on the basis of: the costs connected with transferring 

the amount of water X and XQ h 
, and the preferences of 

i-k, s 

the users for the value of Xh and XL . The latter 
i-k,s 

presuppose that the utility function of Xh and XL 
i-k, s 

should be involved. 

In a similar way, the function f (Xr) can be put in 
r 

accordance with every additional controlled output (canal) 

r E Ris, all i and s. This function usually depends on the 

following factors: 

i) the amount of water needed for keeping up the 

ecological equilibrium in the canal, for fish and 

wildlife enhancement, etc. 
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F i g u r e  6 .  C a n a l ' s  g o a l  f u n c i l ~ n .  
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gi and ei a r e  f i x e d  
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F i g u r e  7 .  Terminal  f u n c t i o n  f o r  ith r e s e r v o i r  

a t  kth s t a g e .  ( n o t  t o  s c a l e )  . 



ii) the amount of water needed for recreational use 

and navigation, 

iii) the maximum value of Xr, r E RiS which leads to 

flooding and other destruction. 

The function shown in Figure 6 reflects some of these 

requirements. 

In the model under investigation, the 3rd type of the 

function is involved. By means of this function (let us 

call it terminal function) the final state of the i th 

reservoir can be determined. 

Let us denote with gi the expected quantity of inflow 

in the time interval (tk, tm), m > k and with ei the expected 

demand of water in the same interval from the ith reservoir. 

Then, the terminal function f .  (Zik) can be expressed as 
1 

i f g  i +Zik(ei 

fi(Zik) = 

if gi + Zik > e i 

An example of this function is shown in Figure 7. 

The main goal of systems control is to determine a 

release policy from the reservoirs (variables xiS), and an 

allocation of the released water between the users 

(variables Xh) and additional controlled outputs (variables 

Xr) , so that the total loss, expressed by the equation (4) , 

will be minimum. 



where  

xis  
X = EXhr  X r l  Z i k r  o  ' h € H i S ,  r cRis ,  f o r  a l l  i ,s3 

When one  min imizes  ( 4 )  t h e  f o l l o w i n g  p h y s i c a l  and o t h e r  

c o n s t r a i n t s  a r e  i n c l u d e d :  

a )  The t o t a l  r e l e a s e  from t h e  r e s e r v o i r  c a n n o t  be  i n  

e x c e s s  o f  t h e  a v a i l a b l e  w a t e r  and  t h e  e x p e c t e d  i n f l o w .  

b )  Each r e s e r v o i r  i = 1, ..., n  a t  e v e r y  s t a g e  S = 1, ..., k 

h a s  a  c o n s t r a i n t  c a p a c i t y .  

C )  The c o n t r o l l e d  v a r i a b l e s  Xr and  Xh have  a  lower  and 

a n  upper  boundary ,  r e s p e c t i v e l y .  The lower  boundary u s u a l l y  

r e f l e c t s  t h e  mandatory  demand o f  t h e  u s e r ,  w h i l e  t h e  uppe r  

boundary q u a n t i f i e s  t h e  g o a l  of t h e  u s e r  o r  r e p r e s e n t s  t h e  

p h y s i c a l  r e s t r i c t i o n s  on t h e  c o r r e s p o n d i n g  c a n a l .  

d )  R e s e r v o i r  s t o r a g e  c o n s t r a i n t s  c o r r e s p o n d i n g  t o  

r e c r e a t i o n a l  u s e ,  f l o o d  c o n t r o l ,  e t c .  

e )  C o n s t r a i n t s  which t a k e  i n t o  a c c o u n t  t h e  p o s s i b i l i t y  

o f  o n e  u s e r  o b t a i n i n g  w a t e r  from two o r  more r e s e r v o i r s .  

The f i v e  t y p e s  o f  c o n s t r a i n t s  ment ioned  above  c a n  be  

q u a n t i f i e d  i n  t h e  f o l l o w i n g  way. 



+ I Sq - I for all i and s =l, ..., k - 1  , 
FQis 

+ I Xp + I Sq - 6ik , for all i and s = k  , 
papis 9EQis 

+ 1 Sq - (Mis - Yis) , for all i and s , 
wQis 

where 

MiS is the maximum utilized storage in the ith reservoir 

- at the sth stage (usually Mil = - *  = Mis - . = Mik) 

yis is the empty volume in the ith reservoir at the s th 

stage required for flood control, 

if the amount of water XQ for the !Lth user is obtained from 

both the ith and (i-k) th reservoirs. 

The expression N{-} means that there is a set of such 

constraints depending on the structure of the system. It is 

assumed that indexes of all the users in the system obtaining 

water from more than one reservoir belong to the set His. 



- - 
xh < Xh 2 vn,vh 2 0, xh 2 0 , for all h€His and 

all i and s , 

- - 
2, < Xr < vrl Vr 2 0, xr > 0 , for all r€Ris and 

a l l i a n d s  , 

(11) xis - 1 xh 1 0 , for all i and s , 
0 h€His 

where 
yhr yr and XAs are the lower boundaries of the 

is vhr vr and Xo respectively, 

- - 
vhr u and ?is are the upper boundaries of the r 

is vhr vr and Xo respectively . 

The variables X p€PiS, all i and s ,  and the variables 
PI 

Z. all i and s = 1, ..., k - 1  can be eliminated using the 1s 

recurrent equation (1) and equation (2) . 
Hence, the set of linear inequalities defined by 

( 5 ) ,  (61, ( 71 ,  ( 8 1 ,  (91, (lo), (111, (12) and (13) can be 

expressed in the following more compact abbreviated form 



is X = {xh, Xr, Zik, Xo , hsHis, r€Ris, for all i,s] . 

The matrix A contents L columns and D rows, 

where 

D = 3nk + 2L + a ; a is the number of 

constraints of the type ( 8 )  , 

B is a vector column having D components. 

Putting together (4) and (14) the following nonlinear 

optimization problem is derived: to find 

min F(X) 

subject to 

3. Some Computational Procedures 

The main property of the problem (14) is its separable 

function F(X) and the set of linear constraints. That means 

that for solving the problem, some routine programming 

procedures could be applied (especially the separable 

programming technique [6 ]  ) . Nevertheless, this problem 

can comprise a huge number of variables even if the system is 

not so large. For example, for the system shown in 



Figure  3, t h e  ma t r ix  A has 338 rows (246 of t h e  rows 

r e p r e s e n t  c o n s t r a i n t s  of type  ( 9 )  , (10) , (12) and (13) ) 

and 123 columns when only  f o u r  s t a g e s  a r e  considered and 

i f  f o r  s o l v i n g  t h e  problem n o n l i n e a r  programming is used.  

Because of t h i s ,  i n  t h i s  paper an idea  f o r  a  s p e c i f i c  

procedure  f o r  t h e  problem (15)  i s  given. '  Th i s  procedure 

c o n s i s t s  of  t h e  fo l lowing:  

a )  The v a r i a b l e s  Gis = 1 X h ,  each having O i s  v a lues  

~ E H ; ~  

1 2  
GiS , GiS , . . . , G e s  , . . . G!iS , a r e  in t roduced ;  

where 

b )  The optimum a l l o c a t i o n  f o r  a l l  t h e  v a r i a b l e s  

be longing t o  t h e  s e t  HYs f o r  every  r e s e r v o i r  i a t  each s t a g e  

s and f o r  a l l  v a l u e s  of t h e  parameter p = l l . . . l O i s  i s  

found. A f t e r  t h a t ,  f o r  eve ry  va lue  of  t h i s  parameter  t h e  

va lue  of t h e  func t ion  

is determined.  



1 1  
C )  The f u n c t i o n  Fis ( G i s )  = F (Fis ( G i s )  , .. . ,FTs (G!~) . . . 

'is 'is) 
Fis (Gis  i = 1, ..., n ;  s = 1, ..., k i s  d e r i v e d  by i n t e r p o l a t i o n  

between t h e  v a l u e s  o f  t h e  f u n c t i o n s  FeS ( G y s )  , p = I , . . .  r e i s ;  

a l l  i and s. 

d )  The o p t i m i z a t i o n  problem (15 )  is  s o l v e d  unde r  t h e  

c o n d i t i o n  t h a t  f o r  e v e r y  r e s e r v o i r  a t  e a c h  s t a g e  o n l y  t h e  

v a r i a b l e s  x i S ,  Gis and  t h o s e  b e l o n g i n g  t o  t h e  s e t  H i s  e x i s t .  

A s  a  r e s u l t ,  t h e  optimum v a l u e s  o f  t h e  v a r i a b l e s  

i s  
Xo , G i s t  X h r  X r ,  heHls,  r c R i s f o r  a l l  i and s a r e  

o b t a i n e d .  

e )  The optimum v a l u e  of  t h e  v a r i a b l e s  X h ,  hcHrs i s  

o b t a i n e d  a f t e r  w e  come back  t o  i t e m  b  w i t h  t h e  optimum 

v a l u e  Cis.  

T h i s  p r o c e d u r e  i s  d e s c r i b e d  i n  d e t a i l  i n  t h e  

b l o c k - d i a g r a m  shown i n  F i g u r e  8 .  

4 .  P o s s i b i l i t i e s  o f  t h e  Model 

Using t h e  model t h e  d e c i s i o n  maker (DM) can:  

1. Find  t h e  o p t i m a l  a l l o c a t i o n  o f  w a t e r  r e s o u r c e s  i n  

t h e  sy s t em between b o t h u s e r s  and r e s e r v o i r s  a t  

p r e d e t e r m i n e d  s t a g e s  i n  t i m e .  

2 .  S i m u l a t e  t h e  p a r a m e t e r s '  i n f l u e n c e  on t h e  o p t i m a l  

a l l o c a t i o n .  The model p a r a m e t e r s  which s h o u l d  b e  changed 

a r e :  Ic; yis; 6is; f  ( X  ) , hcHis; f r (Xr )  , r € R i s ;  h h  

mandatory  and demand r e l e a s e s .  From t h i s  s i m u l a t i o n  one  c a n :  
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n k  

n  

i=l 
s u b j e c t  t o  

A ' X '  2 B '  

where A ' ,  X '  and B '  a r e  t h e  new ma t r i x  and 
vec to r  r e s p e c t i v e l y  ob ta ined  a f t e r  r ep l ac ing  
a l l  t h e  v a r i a b l e s  belonging t o  t h e  s e t  HYs 
w i t h  one v a r i a b l e  G:, 

I End 

4 

Figure 8.  Computational decomposition procedure.  

, 

min 1 fh (Xh)  

heH'! 1s 

s u b j e c t  t o  

I Xh = zis 
~ E H ' ! .  

1s 

u < X  < U h  - h -  h -  

s .= S'.+ 1 



a )  Evaluate  t h e  s e n s i t i v i t y  of t h e  optimum processes  

i n  t h e  system. By means of t h i s ,  t h e  accuracy of t h e  d a t a  

f o r  t h e s e  parameters can be eva lua ted .  

b )  Trace  t h e  change of t h e  opt imal  va lues  of t h e  

v a r i a b l e s  Xr  (amount of water  i n  c a n a l s  l i n k i n g  t h e  r e s e r v o i r s )  

and o b t a i n  t h e  d i s t r i b u t i o n  f u n c t i o n  of X r .  With t h i s  

func t ion  one can e v a l u a t e  t h e  p laces  where t h e  f l o o d  i s  

expected,  and accordingly:  

- p l a n  and c r e a t e  new d i k e s  and r e s e r v o i r s  

- change t h e  optimum a l l o c a t i o n  by means of  

dec reas ing  t h e  yis  and i n c r e a s i n g  t h e  of  h igher  

r e s e r v o i r s  s o  t h a t  t h e  v a r i a b l e s  Xr a r e  i n  pre- 

determined i n t e r v a l s .  

5. Using t h e  Model f o r  Control  of Multi-Reservoir  System 

I n  t h e  beginning of t h i s  paper ,  it had been mentioned 

t h a t  t h e  op t imiza t ion  model would be an a u x i l i a r y  one when 

t h e  d e c i s i o n  making model of t h e  m u l t i - r e s e r v o i r  system is  

developed. I n  genera l  terms t h e  d e c i s i o n  making model can 

be p resen ted  i n  t h e  fo l lowing procedure:  

1. The op t imiza t ion  problem (15) i s  solved fol lowing 

t h e  a lgor i thm shown i n  Figure  8 (when t h e  number of v a r i a b l e s  

i s  l a r g e )  o r  by o t h e r  ( d i r e c t )  methods when t h e  number of 

v a r i a b l e s  a l lows t h e  use of convent ional  procedures .  The 

ob ta ined  r e s u l t s  f o r  optimum a l l o c a t i o n  of wa te r  a r e  c a l l e d  

opt imal  program. 



2 .  The r e l a t i o n s h i p  between t h e  op t ima l  program and t h e  

changed parameters  of  equa t ion  (15)  is  o b t a i n e d ,  i . e .  a s e t  

of  opt imal  programs is genera ted .  

3 .  The DM e v a l u a t e s  t h e  ob ta ined  opt imal  programs by 

t h e  set of predetermined c r i t e r i a  and s e l e c t  t h e  b e s t  

program. T h i s  i s  c a l l e d  t h e  " r a t i o n a l  program" and it i s  

v a l i d  f o r  t h e  f i r s t  s t e p  of c o n t r o l  of  t h e  wa te r  r e source  

system. 

4 .  The procedure desc r ibed  i n  i t e m s  1 t o  4 i s  repea ted  

a f t e r  t h e  f i r s t  s t e p ,  by t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  new 

in fo rmat ion  f o r  t h e  p rocesses  i n  t h e  system. 

6 .  Some Problems f o r  Future  I n v e s t i g a t i o n  

The improvement i n  t h e  model ' s  adequacy should b e  

accomplished a f t e r  i t s  ref inement  wi th  r e s p e c t  t o :  

1. Development o f  s t o c h a s t i c  o p t i m i z a t i o n  model. A 

d i s t i n c t i v e  f e a t u r e  o f  t h e  model (15)  i s  t h a t  t h e  va lues  

of v e c t o r  B and t h e  f u n c t i o n s  f h ( X h ) ,  f r (Xr )  can be 

cons ide red  as  a  s t o c h a s t i c  v a r i a b l e .  Some r e s u l t s  and 

i n v e s t i g a t i o n s  on t h i s  type  o f  o p t i m i z a t i o n  problems a r e  

g iven f o r  example i n  C7] . 
2 .  Development of  t h e  s p e c i f i c  models f o r  o b t a i n i n g  t h e  

f u n c t i o n s  fh(Xh)  and f r ( X r )  t a k i n g  i n t o  account economical ,  

s o c i a l  and phys ica l  p rocesses  i n  t h e  system under i n v e s t i g a t i o n .  

3.  S p e c i a l  a t t e n t i o n  should be paid  t o  t h e  a c t i v e  p a r t  

o f  man, and t o  t h e  c l o s e l y  r e l a t e d  problems of d e c i s i o n  

making. 
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