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PREFACE 

The problems of t h e  b e s t  a l l o c a t i o n  of  l i m i t e d  r e s o u r c e s  
f o r  d i f f e r e n t  a g r i c u l t u r a l  a c t i v i t i e s  have a t t r a c t e d  t h e  a t t e n -  
t i o n  of  many r e s e a r c h e r s .  These problems can be  t r e a t e d  by 
l i n e a r  programming (LP) . 

I n  r e c e n t  y e a r s  however it was understood t h a t  b e t t e r  re- 
s u l t s  could  be  achieved when t i m e  a s p e c t s  o f  r e sou rce  a l l o c a t i o n  
a r e  t aken  i n t o  account .  Thus we come t o  t h e  planning problems 
of  t h e  growth of  a g r i c u l t u r a l  farms,  and t h e  problems become 
dynamical ( m u l t i s t a g e )  l i n e a r  programming ones  (DLP) . I t  should  
a l s o  b e  noted t h a t  t h e  l a r g e r  t h e  s c a l e  of a g r i c u l t u r a l  a c t i v i t i e s  
be ing  cons idered ,  t h e  g r e a t e r  t h e  economic e f f e c t  t h a t  can be  
ob t a ined .  So, t h e s e  problems a r e  b a s i c a l l y  l a r g e - s c a l e .  

I n  t h i s  i n t r o d u c t o r y  paper  s imple  DLP models f o r  l i v e s t o c k  
b reed ing  wi th  feed  produc t ion  a r e  cons idered .  Th i s  approach may 
be  used f o r  t h e  op t imal  p lann ing  of  c a t t l e ,  p i g ,  and s h e e ~  breed inq  
farms,  p o u l t r y  farming,  op t imal  c o n t r o l  o f  f i s h  b reed ing ,  f u r  
farming,  e t c .  S i m i l a r  problems a l s o  a r i s e  when p lann ing  t h e  
mig ra t i on  of wi ld  animals  o r  suppress ion  of p e s t s  i s  neces sa ry .  





SUMMARY 

This paper considers the dynamic linear programminq model 
for multi-species livestock farming with a feed production sub- 
system. 

The problem is to determine the optimal livestock mix with 
the projected growth rate and corresponding development of feed 
production in order to obtain the maximum profit for the given 
planning horizon. 

As examples the planning model for a dairy farm and the 
control problem of age/size structure of a biological papula- 
tion are given. 





Dynamic Linear Programming Models 

for Livestock Farms 

Introduction 

In this introductory paper planning and control models for 

large livestock farms are considered. These models allow to 

elaborate optimal plan of farms development for long-range period 

(5 - 10 - 30 years) or to design a control system for the farms 
in stationary regime (production scheduling). Such kind of 

models were considered, for example in [I - 61. 

The models are formalized as dynamic linear programming (DLP) 

problems. DLP is a next stage of linear programming (LP) 

development and is aimed for solution of large-scale optimization 

problems [7]. 

In the paper the general DLP model for multi-species live- 

stock farm with forage production subsystem is considered 

(section 1). As particular cases of this model, the planning 

model for a dairy farm (section 2) and control model of age 

structure and size of a biological population (section 3) are 

given. 

1. Multi-species livestock farm 

We consider here the planning problem for a large livestock 

farm with several species of animals. The problem is to 

determine the optimal livestock mix with projected growth rate 

in order to obtain the maximal profit for the given planning 

period (T years). The livestock subsystem is considered 

together with forage producing subsystem. 



L i v e s t o c k  subsys tem.  W e  c o n s i d e r  a l i v e s t o c k  subsys tem 

c o n s i s t i n g  o f  n s p e c i e s  o f  an imals .  A l l  a n i m a l s  i n  accordance  

w i t h  t h e i r  t y p e  i and a g e  T are d i v i d e d  i n t o  N g roups .  

L e t  
a 

x i ( t )  b e  t h e  number o f  a n i m a l s  o f  t y p e  i and 

group a a t  s t a g e  ( i . e .  y e a r )  t .  

An animal  b e l o n g s  t o  group a ,  i f  i t s  a g e  i s  T ,  and 

aA < T < ( a + l ) A ,  A i s  g i v e n  t i m e  i n t e r v a l  ( d a y s ,  months,  

y e a r s )  . 

V e c t o r  xa ( t )  d e f i n e s  t h e  a n i m a l s '  d i s t r i b u t i o n  o v e r  

t h e i r  t y p e  ( s e x )  i n  g roup  a a t  s t a g e  t: 

L e t  t h e  r e p r o d u c t i v e  age  b e g i n  w i t h  t h e  g roup  a l  and end 

by g roup  a2.  U s u a l l y ,  a 2  = N - 1 .  Then t h e  number o f  a n i m a l s  

born  ( t h a t  i s ,  o f  g roup  0 )  a t  y e a r  t + l  i s  e q u a l  t o  

where P ( a )  i s  a b i r t h  m a t r i x  o f  group a ;  t h e  e lement  p i j  ( a )  

o f  P ( a )  shows t h e  number o f  a n i m a l s  o f  t y p e  i "produced" ( b o r n )  

by one  an imal  o f  t y p e  j and g r o u p  a. 

F o r  example, l e t  t h e  fa rm keep two k i n d s  o f  an imals :  cows 

and sows o f  one  p r o d u c i n g  g roup  a, and d u r i n g  e a c h  y e a r  e a c h  cow 

h a s  one c a l f ,  w h i l e  e a c h  sow h a s  t e n  p i g s  born  ( w i t h  a p p r o x i m a t e l y  

e q u a l  d i s t r i b u t i o n  o v e r  s e x ) .  Then t h e  e q u a t i o n s  ( 1 )  c a n  b e  

w r i t t e n  as  



0 where x l ( t + l )  is  t h e  number o f  h e i f e r s  born  a t  y e a r  t + l ;  

0 
x 2 ( t  + 1) i s  t h e  number o f  b u l l s  b o r n ;  

0 x3 ( t  + 1 ) i s  t h e  number of  p i g s  ( f e m a l e )  b o r n ;  

0 x 4  ( t  + 1 )  i s  t h e  number of  p i g s  ( m a l e )  bo rn ;  

x q ( t )  (i = 1 , 2 , 3 , 4 )  i s  t h e '  number of  a n i m a l s  of  t y p e  i 

and group a a t  y e a r  t .  

E v i d e n t l y ,  t h e s e  e q u a t i o n s  b r e a k  down i n t o  two independen t  

se t  o f  e q u a t i o n s .  

The t r a n s i t i o n  o f  a n i m a l s  from group  a i n t o  g roup  a + l  i s  

d e s c r i b e d  by e q u a t i o n  

wh&re t h e  s u r v i v a l  m a t r i x  S ( a )  shows w h a t  p a r t  o f  an imal .  g roup  

a p r o g r e s s e s  t o  g roup  a + l  f o r  one y e a r .  

I f ,  f o r  example, A = 1 y e a r  and g roup  a s u f f e r s  a n  a t t r i t i o n  
a r a t e  o f  r: ( 0  f ri $ 1 )  each  y e a r ,  t h e n  t h e  e q u a t i o n  ( 2 )  c a n  b e  

w r i t t e n  as 



It should be noted that the attrition rate r: may express 

not only the death rate but the effect of certain breeding policy 

(e.g. culling of cows at a given age). 

Let us introduce a vector 

Then equations ( 1 ) and (2) can be combined 

where 

G is the growth matrix [ 8 1  . 

Let us also introduce vectors 

u(t) = {uq(t) and 

where ul (t) ((vq (t)) is the number of animals of type i and 

group a, purchased (sold) at stage t. 

Then the dynamic of type and age distribution of animals 

will be described by equation 



with given initial distribution 

and constraints 

Schematically the equations (5) with the matrix (4) are 

given on figure 1. 

Along with evident constraints (7) it is necessary to take 

into account constraints associated with the care and feeding 

of animals. 

In rather general form they can be written as 

where the component fk(t) of vector 

determines the available quantity of the k-th resource; the 

element. of matrix F shows the per ,unit. consumption of the ki 
k-th resource by animals of type i and group a. 

However, the livestock farms usually have their own forage 

production. In this case it is necessary to introduce equations 

which describe the development of forage production. 



Crop s u b s y s t e m  

L e t  

z ( t)  b e  t h e  q u a n t i t y  o f  t h e  k - t h  r e s o u r c e  ( c o r n ,  k 
h a y ,  e t c . )  a t  s t a g e  ( y e a r )  t ( k  = 1 , .  . . , m ) ;  

w ( t)  b e  t h e  q u a n t i t y  o f  t h e  k - th  r e s o u r c e  k 
p u r c h a s e d  d u r i n g  y e a r  t ;  

y k ( t !  b e  t h e  number of  h e c t a r e s  f o r  p r o d u c i n g  

( p l a n t i n g )  o f  t h e  k - th  c r o p  r e s o u r c e ;  

ak b e  t h e  c r o p  c a p a c i t y  o f  o n e  h e c t a r e  f o r  t h e  

k - t h  f o r a g e  r e s o u r c e .  

Then t h e  f o r a g e  ( r e s o u r c e )  p r o d u c t i o n  w i l l  be  d e f i n e d  by t h e  

t e r m :  

where A i s  a d i a g o n a l  m a t r i x  w i t h  e l e m e n t s  a on  t h e  main k 
d i a g o n a l  (k = l , . . . , m ) .  

I f  s e v e r a l  t y p e s  k (k  = 1 ,  ..., m) o f  f o r a g e  c a n  b e  p roduced  

on  d i f f e r e n t  l o t s  j ( j  = 1 ,  ..., J), t h e n  it s h o u l d  b e  i n t r o d u c e d :  

Yk j ( t)  i s  t h e  number o f  h e c t a r e s  o f  l o t  j 

( j  = 1 , .  . . ,J) used  f o r  p r o d u c t i o n  of  

t h e  k - t h  r e s o u r c e  (k  = 1 , .  . . ,m) a t  

y e a r  t ;  and 

a 
k j 

i s  t h e  c r o p  c a p a c i t y  f o r  k - t h  r e s o u r c e  

o f  t h e  j - t h  l o t .  

I n  t h i s  case w e  h a v e  

w i t h  c o n s t r a i n t s  

m 

where y is  t h e  t o t a l  a r e a  o f  t h e  j - t h  l o t .  
j 



: .. . . , , .  The.. d o r a g e  ( r e s o u r c e )  consumption i s  d e f i n e d  by t h e  t e r m  

where e lement  b a of  m a t r i x  B = { b  a ) shows t h e  p e r  u n i t  con- 
k j k j 

sumption of t h e  k - th  r e s o u r c e  o f  an imals  o f  t y p e  j and g roup  a 

( c f .  (8)). 

Thus t h e  e q u a t i o n  d e s c r i b i n g  t h e  m a t e r i a l  b a l a n c e  o f  r e s o u r c e s  

i s  g i v e n  by 

w i t h  i n i t i a l  c o n d i t i o n  

z ( 0 )  = z 0 

and c o n s t r a i n t s  

z ( t ) > O ,  y ( t ) > O ,  w ( t ) > O  . 

I f  some t y p e s  o f  r e s o u r c e  a r e  b o t h  purchased  and s o l d ,  t h e n  

it i s  n e c e s s a r y  t o  i n t r o d u c e  t h e  t e r m  

+ ~ ( t )  = w (t) - W- ( t) , (1 0a )  

+ where w ( t)  > 0 i s  t h e  v e c t o r  of r e s o u r c e s  purchased a t  y e a r  t 

and w - ( t )  0 i s  t h e  v e c t o r  of  r e s o u r c e s  s o l d  a t  y e a r  t. I n  t h e  

c a s e  of  (10a)  t h e  s i g n  of  v e c t o r  w ( t )  i s  n o t  p rede te rmined .  

T o t a l  a r e a  o f  a l l  l o t s  canno t  exceed Y :  



Other  c o n s t r a i n t s  on v a r i a b l e s  a r e  a l s o  p o s s i b l e .  For 

example, t h e  q u a n t i t y  of z k ( t )  can be  l i m i t e d  by s t o c k  c a p a c i t y  

o f  t h e  farm: 

where Ek (t) i s  g iven .  

I f  t h e r e  i s  no p o s s i b i l i t y  ( o r  n e c e s s i t y )  t o  s t o c k  t h e  

k - th  r e s o u r c e  a t  a l l ,  t h e n  t h e  equa t i on  ( 9 )  i s  reduced t o  

c o n d i t i o n  

Equat ions  ( 5 )  and ( 9 )  a r e  s t a t e  e q u a t i o n s ,  which d e s c r i b e  

t h e  development o f  t h e  systems i n  t i m e .  

For s t a t e  e q u a t i o n s  ( 5 )  , ( 9 )  w e  s h a l l  s i n g l e  o u t :  

t h e  s t a t e  v a r i a b l e s :  x ( t )  and z ( t ) ;  

t h e  c o n t r o l  v a r i a b l e s :  u ( t ) ,  v ( t )  a n d y ( t ) ,  ~ ( t ) .  

Choosing t h e  c o n t r o l s  I u ( t )  , w ( t ) ,  y  (t) , w ( t )  1 one can 

compute th rough  ( 5 )  and ( 9 )  f o r  bo th  i n i t i a l  s tates x0 and z0 

t h e  cor responding  s t a t e  t r a j e c t o r i e s  I x  ( t )  1 and {z  ( t)  1 .  

Each c o n t r o l  and i t s  a s s o c i a t e d  t r a j e c t o r y  de t e rmines  

t h e  v a l u e  o f  performance i ndex  of  t h e  system. I n  t h e  c a s e  

cons ide red  it i s  a p r o f i t ,  which can b e  o b t a i n e d  d u r i n g  t h e  

t o t a l  p l ann ing  pe r iod .  Thus t h e  problem is  t o  o b t a i n  maximal 

p r o f i t  f o r  t h e  p l ann ing  p e r i o d  T .  

The fo l l owing  f u n c t i o n  may b e  cnosen f o r  measure o f  

e f f e c t i v e n e s s :  



where 

a a ( t )  = {a i  ( t )  1 i s  t h e  per  u n i t  revenue from animals  of t ype  i 

and group a i n  year  t a f t e r  deduc t ion  of t h e  

c o s t  of c a r e  and o t h e r  expenses (except  feed- 

producing expenses ) ;  

B ( t)  = { B f  ( t)  1 i s  t h e  r e t u r n  pe r  animal of t ype  i and group a ,  

s o l d  i n  year  t ;  

y ( t )  = { y k ( t ) )  i s  t h e  c o s t  of s t o r i n g  a u n i t  of t h e  k-th r e sou rce  

dur ing  yea r  t ;  

6 ( t)  = { 6 k ( t )  1 i s  t h e  expenses p e r  u n i t  of t h e  k- th  r e sou rce  

purchased a t  year  t ;  

a 0 (t) = 1 B i  ( t  1 i s  t h e  expenses p e r  animal of type  i and group a 

purchased a t  year  t ;  

~ ( t )  = { p k ( t )  1 i s  t h e  expenses of growing one h e c t a r e  of t h e  

k- th  t ype  of fo rage  a t  yea r  t .  

F i n a l l y ,  t h e  problem can be formulated a s  fo l lows .  

Problem 1  --------- To f i n d  c o n t r o l s  { u ( t )  , v ( t )  , y ( t )  , w ( t )  3,  s a t i s f y i n g  
t h e  s t a t e  e q u a t i o n s  (5), ( 9 )  w i t h  t h e  i n i t i a l  s t a t e s  ( 6 ) ,  ( 9 a )  

and c o n s t r a i n t s  ( 7 ) ,  ( l o ) ,  ( 1 1 ) ,  ( 1 2 ) ,  which  maximize t h e  

performance i n d e x  ( 1  3 ) .  

Various mod i f i ca t ions  and v e r s i o n s  of Problem 1 a r e  p o s s i b l e .  

Two p a r t i c u l a r  c a s e s  of Problem 1 a r e  considered below. 



2. Planning model for a dairy farm [ 5 ]  . . , ,. .,. .,. 

In this model the cattle are divided into four groups 

(fig. 2). 
. . 

The number of milk-producing cows (group 4 cattle) at year t 
4 is xl(t).* During each year, each milk-producing cow has one 

calf, and approximately one half of all calves born will be bulls, ' 

the other half being heifers. Consequently, 

1 4 1 , . ,  , 

Xl (t) = 0 . 5 ~ ~  (t) - Vl (t) 
1 4 1 (14) 

x2(t) = 0 . 5 ~ ~  (t) - v2(t) 
1 1 where vl(t), v2(t) are numbers of heifers and bulls sold at birth. 

Calves are not sold while they are of group 2. Besides, 

the progression from group 1 to group 2 is made in the same 

year. Hence, 

Group 2 cattle will become group 3 in the next year and 

all bulls of that age are to be sold. Hence, 

Group 4 suffers an attrition rate of approximately 70% each 

year and at the same time the group 4 population is enlarged by 

*Here the notations are slightly changed in comparison with [5]. 
(According to notations of section 1) . 



the infusion of the previous period group 3 heifers that were 

kept. Hence, 

4. 
x1(t+1) = x 3  (t) + 0.7~: (t) . 

1 .  
(1 7) 

Using (14) to (17) one can write the equations, which 

describe the cattle subsystem as follows: 

4 x13(t + 1) = 0 . 5 ~ ~  (t) -vl ' (t) - v;(t) 
4 ~ ~ ~ ( t +  1) = 0 . 5 ~ ~  (t) -v: (t) - (t) ; x23 (t+l) = 0 

4 3 x:(t+ 1) = 0 . 7 ~ ~  (t) +xl (t) ; 

or, in matrix form: 

where 

0 0.5 

x(t) = 

0 0.7 

Conceptual representation of the dairy farm is given in 

figure 3 [ 51  



Now the crop subsystem together with the crop-cattle inter- 

action will be described. 

The crop subsystem is described by equations, each of which 

equates the amount of a certain crop grown during a year t plus 

the amount available in storage to the amount that will be 

consumed in that year t plus the amount that is placed in storage 

for use in subsequent years. Therefore, we have the following 

equations. 

1) For silage: 

where the coefficients bpi (i = 1,2; a = 2,3,4) show the yearly 

per capita consumption of silage by the various cattle groups of 

the herd, and the coefficient al indicates that each hectare yields 

al tons of silage. 

The storage for silage is limited: - 
2, (t) < Zl (t) (20) 

2) For corn: 

a where the coefficients a2 and b2i (a = 1,2,3,4; i = 1,2) have 

the same meaning as in (19). It is supposed that there is no 

corn storage at the farm. 

3) For haylage: 

(haylage is consumed only by group 4 cattle), with 



4) For hay: 

where w4(t) is the amount of hay purchased in year t. 

In matrix form the equations (191, (211, (221, (24) can be 

rewritten as: 

where 

z (t) = 



E v i d e n t l y ,  

Bes ide s ,  a v a i l a b l e  c a p a c i t y  of l a n d  f o r  c u l t i v a t i o n  i s  

l i m i t e d .  

The problem i s  t o  maximize t h e  t o t a l  p r o f i t  d u r i n g  t h e  

p l ann ing  p e r i o d  T  (T = 25 y e a r s )  : 

- p ly l  ( t)  + P 2 Y 2 ( t )  + p 3 y 3 ( t )  + ~ 4 ~ 4 ( ~ )  - 

where 

a i s  t h e  revenue  from milk  o f  one cow o f  group 4 ;  
1  
1  2 .  

a  , a  and  a3  a r e  t h e  c o s t  o f  c a r e  and o t h e r  expenses  f o r  

groups  1 ,  2  and 3; 

1  3  
t h e  meaning o f  c o e f f i c i e n t s  Bi , Bi , p j t  y j t  64 (i = 1 , 2 ;  

j = 1 , 2 , 3 , 4 )  i s  s i m i l a r  t o  t h o s e  o f  ( 1 3 ) .  

Thus, w e  c an  f o r m u l a t e  t h e  f o l l o w i n g  problem. 

ProbZem 2 --------- To f i n d  c o n t r o Z s  { v ( t ) ,  y ( t )  , w ( t )  1 s a t i s f y i n g  t h e  
s t a t e  e q u a t i o n s  ( 1 8 ) ,  ( 2 6 1  w i t h  c o n s t r a i n t s  ( 1 8 a ) ,  ( 2 0 ) ,  ( 2 1 ) ,  

( 2 3 ) ,  ( 2 5 ) , ,  ( 2 6 ) ,  u h i c h  max imi ze  t h e  pe r fo rmance  i n d e x  ( 2 9 )  f o r  
0 0 g i v e n  i n i t i a Z  s t a t e s  x ( o )  = x  , z ( o )  = z  . 



3. The age  s t r u c t u r e  c o n t r o l  of  s p e c i e s  p o p u l a t i o n  use  [ 6 1  

The f o l l o w i n g  problems c a n  be  s i n g l e d  o u t  h e r e :  

1 )  d e t e r m i n a t i o n  o f  o p t i m a l  s t a t i o n a r y  s t r u c t u r e  o f  t h e  s p e c i e s  

p o p u l a t i o n ;  

2 )  c o n t r o l  o f  t h e  p o p u l a t i o n  w i t h  g i v e n  s t r u c t u r e ;  

3) d e t e r m i n a t i o n  o f  o p t i m a l  t r a n s i t i o n  o f  t h e  p o p u l a t i o n  t o  

a  g i v e n  new s t r u c t u r e .  

The s o l u t i o n  o f  t h e  f i r s t  problem i s  n e c e s s a r y  f o r  long-range  

u s e  of a  s p e c i e s  p o p u l a t i o n .  

L e t  t h e  envi ronment  b e  s t a t i o n a r y  and t h e  a g e  s t r u c t u r e  of 

t h e  s p e c i e s  p o p u l a t i o n  under c o n t r o l  be  i n  e q u i l i b r i u m  s t a t e .  

Then t h e  change of  p o p u l a t i o n  d i s t r i b u t i o n  i n  t i m e  w i l l  be  

d e s c r i b e d  by e q u a t i o n *  

where 

x ( t )  i s  t h e  p o p u l a t i o n  d i s t r i b u t i o n  o v e r  t y p e  o f  s p e c i e s  

and a g e  ( s t a t e - v e c t o r  o f  t h e  s y s t e m ) ;  

u ( t )  i s  t h e  i n t e n s i t y  v e c t o r  o f  removing s p e c i e s  from t h e  

p o p u l a t i o n ;  

G ( t )  i s  t h e  growth m a t r i x .  

The v a r i a b l e s  have  t h e  e v i d e n t  c o n s t r a i n t s  

x ( t )  >, O f  u ( t )  2 0 . (31 

I t  i s  a l s o  n e c e s s a r y  t o  t a k e  i n t o  accoun t  t h e  r e s o u r c e  

c o n s t r a i n t s :  

where m a t r i x  F ( t )  = f  ( t )  d e t e r m i n e s  t h e  p e r  u n i t  consumption 
k j 

........................................................................ 

* I n  [ 6 1  t h e  c o n t i n u o u s  model i s  c o n s i d e r e d .  



of resource k by species j at stage t, the vector f = ifk} 

represents the available quantity of resource k. 

The performance index can be given in the form 

where a(t) is the per unit profit (a(t) 3 0)  or expenses 

(a (t) $ 0)  from the species population use; B (t) is the per 

unit profit from removing the species outside of the population. 

As a result we obtain the following problem. 

P r o b l e m  --------- 3  T o  f i n d  c o n t r o l  Iu(t)} and t r a j e c t o r y  Ex(t)}, 
0 

s a t i s f y i n g  s t a t e  e q u a t i o n  ( 3 0 )  w i t h  i n i t i a l  s t a t e  x(o) = y , 
and  c o n s t r a i n t s  ( 3 1 ) ,  ( 3 2 ) ,  w h i c h  m a x i m i z e  t h e  p e r f o r m a n c e  

i n d e x  ( 3 3 1 .  

If it is necessary to find an optimal transient process 

from the given initial state 

T to the given terminal state x then the boundary condition 

x(T) = x T 

is added to the constraint of Problem 3. 

4. Canonical form of DLP problems 

The problems considered above are related to the class of 

dynamic linear programming problems [ 7 ] .  One can see that 

Problems 1 to 3 and their modifications can be reduced to the 

following canonical form: 

P ~ l o b l e m  4 To  f i n d  a  c o n t r o l  --------- 
u = Iu(o), u(1), ..., u(T-1)) 

and a  t r a j e c t o r y  

x = {x(o) , ~ ( 1 )  , . .. , X(T) 1 



s a t i s f y i n g  t h e  s t a t e  e q u a t i o n s  

w i t h  i n i t i a l  c o n d i t i o n  

X(0) = x0 

w i t h  c o n s t r a i n t s  

~(t)x(t) + D(t)u(t) ,< f(t); x(t) ? 0, u(t) 2 0 (36) 

w h i c h  maximize  t h e  pe r fo rmance  i n d e x  

Here x (t) = {xl (t) , . . . , xn(t) 1 is the state of the system 
at stage t; u(t) = {ul (t) , . . . , ur (t) 1 is the control action 
at stage t; f(t) = Ifl (t), . . . , fm(t)) is the given (resource) 
vector; matrices A (t) , B (t) , G (t) and D (t) have the corresponding 
dimensions. 

Various modifications and particular cases of Problem 1 are 

possible [9] . 

One can consider Problem 4 as an ordinary LP problem with 

constraints given in the form of equalities (34), (35) and 

inequalities (36) , (37) (see Table 1) and use for its solution 
the standard LP codes. However, the DLP problems of large 

dimensions require the development of special DLP methods [7,101. 

Conclusion 

Some models of planning and control of species population 

have been considered. These problems can be used for the optimal 

planning of cattle-breeding, pig-breeding farms, poultry farming, 

optimal control of fish-breeding, fur farming, etc. Similar 

problems also arise when planning of migration of wild animals 

or suppression of pests is necessary. 



The first practical examples show that the solution of such 

DLP problems may yield significant economic effect. Thus, 

authors of [ 5 ]  write that the solution of DLP planning problems 

for the dairy farm with a herd of 1000 head of cattle (using 

a planning horizon of 2 5  years) has given a possibility to triple 

productivity and to increase profit tenfold. 

The solution of DLP problem for determining optimal age 

structure of a herd of cattle [6] increases the revenue up to 

5  - 7%. 

It should be stressed here that the larger the scale of the 

livestock farm model that is being considered, the greater the 

economic effect that can be obtained. 

In conclusion, the author has a pleasure to thank C. Csaki 

for many fruitful comments and suggestions and H. Carter for 

discussions on the subject. 
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