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USING DYNAMIC PROGRAMMING FOR OPTIMIZING
THE INVESTMENT STRATEGY FOR AN AGRICULTURAL
SHEEP HOLDING: AN INVESTMENT CASE SIMULATION

Nowadays, for achieving the best solution in valuing the economic potential, many investors
appeal to econometrical models in optimizing investment decisions. Allocating financial resources
in production, in agricultural capacities is for many entrepreneurs the best way to achieve eco-
nomic performance by using in a superior manner the available resources applying the efficiency
criteria. This paper presents a model of optimizing the strategy to develop an agricultural holding,
through investments, using dynamic programming for a sheep farm, in the context of best deci-
sion-making.
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BUKOPUCTAHHA TMHAMIYHOTI'O ITPOI'PAMYBAHHA
JII ONTUMIBALIT IHBECTULIIMHOI CTPATETTI BIBIIE®EPMU:
MOJEJIOBAHHA IHBECTULIIMHOI ITIPUBABJIMBOCTI

Y cmammi noxaszano, wo na danuii wac 045 yXeaieHHsa HAUKPAWUX piuleHsb npu oUiHIO8aHHI
EeKOHOMIMHO020 nomenyiaiy 6azamo iH6ecmopié GUKOPUCHIOGYIOMb eKOHOMempu1Hi mMooeii 045
onmumizauii ineecmuuiiinux pimens. Po3nooia ghinancosux pecypcie y ciabcvkozocnodapcokomy
GUPOOHUUMEI 04 Oazambox NIONPUEMYIE € ONMUMAALHUM CNOCOOOM NOKPAUCHHS eKOHOMIMHUX
NOKA3HUKIG [3 GUKOPUCMAHHAM HASAGHUX PeCypCié 3a 6MCUGAHHA Kpumepiié egexmueHocmi.
Ilpedcmaeaeno modeav onmumizayii cmpamezii po36UmKYy CiabCbKk020Cn00apcbKo2o Xo40uUHzy 3a
PAaxyHoK [Heéecmuuiii 3a 00NOMO2010 OUHAMIMHO20 NPOZPAMYBAHHS 6 KOHMIEKCH YX6AAeHHs
HaliKpaw02o piuleHHs npo iHeeCMy8anHs.

Karouoei caoea: ineecmuuyii, dunamiune npoepamyeanHs, eghekmuericms, NPUUHAMMSA DilueHb.
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NCITIOJIB3OBAHUE TUHAMMWYECKOI'O ITPOI'PAMMMPOBAHUA
JIJIL ONTUMM3AIIMA MTHBECTUIIMOHHO¥ CTPATETUM
OBIIE®EPMbI: MOJAEJTMPOBAHUE MHBECTUIIMOHHOM

ITPUBJIEKATE/IbBHOCTU

B cmamove noxasano, wmo 6 Hacmosuiee épems 0451 NPUHAMUA HAUAYHULUX PeUleHUI npu
OUeHKe IKOHOMUMECK020 NOMEHUUAAd MHO2UEe UHBECMOPbL UCHOAb3YIONM IKOHOMEMpU1ecKue
Modeau 0451 ONMUMUSAUUU UHEECMUNUOHHBLX pewenuli. Pacnpedeaenue punancoswvix pecypcos 6
CeAbCKOXO03AUCMBEHHOM NPOU3B00CHIGe 04 MHO2UX NpeOnpuHuUMamenelii CMAaHo8UMCS
ONMUMAAbHBIM CHOCOGOM YAYHWEHUS IKOHOMUMECKUX NOoKazameaeli ¢ UCHOAb306AHUEM
UMEIOWUXCSL Pecypcoe ¢ npumenenuem kpumepues >¢gexmuenocmu. Ilpedcmaeaena mooeav
OnMuUMU3AUUU CHIPAMe2UN PA3GUMUSL CeAbCKOXO03AUCMBEHHO20 X0A0UH2A 3a CHem UHEECIUUUTL C
HOMOWBIO OUHAMUMECKO20 NPOPAMMUPOGAHUS 6 KOHMEKCHEe NPUHAMUS AYHUle20 PeuleHus 06
UHBECHUPOBAHUU.
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Introduction. Investments in development and modernization of production
capacities are, in the context of market economy, an important lever in creating ben-
efits and new opportunities for achieving prosperity. Recovery of economic potential
requires not only a proper identification of allocated resources but also implies a good
definition of the investment destination and adopting the best decision. Planning an
investment program involves the use of appropriate methods of mathematical pro-
gramming in obtaining the best investment options with adequate financial efforts in
the context of limited resources. Using dynamic programming in this sense can be an
important tool in attainment of all objectives in a proposed investment.

Dynamic programming offers a whole range of decisions with major impact,
especially in terms of optimizing the allocated resources in the context of a coherent
decision, which aims to maximize revenues achieving the ultimate efficiency criteria.
A coherent mode of dynamic programming is to make decisions related to successive
stages, depending on the decisions taken in respective sequences and whose results
reflect these decisions.

As Romanu and Vasilescu (1997), Vasilescu et al. (2000), Ionita and Blidaru
(1999) or Cicea et al (2008), Claudiu et al. (2008), Bagher (2011) and Andrei (2010)
suggest, developing a dynamic programming model of investment is based on the
total fund of investment knowledge, the years of performance, the production capac-
ity for each department and economic efficiency indicators characterizing the com-
position of each section of a farm. Also in literature, Gittinger (1972), Vasilescu et al.
(2003), Stoica et al. (2007), Subic et al. (2008) and Vasiljevic (2006), Iarca et al.
(2010), argue that this activity involves defining the production capacity which has to
be built for every year, the quantities of raw materials necessary for functioning,
domestic consumption or sales outside an agricultural unit, so that the profit obtained
during the realization of the economic objective of production volume reaches the to
maximum.

Numerous studies, such as Andric (1991), Vasilescu et al. (200), Subic (2003),
Botezatu and Andrei (2009), Done et al. (2009) state that calculations on the alloca-
tion of investment funds is made only for the duration of execution (of) the econom-
ic purpose. It aims to divide them by departments. This model is used with priority
for integrated production units and the finished product of a polling station is further
down the blank for it. Production capacities of the final sections are designed.

As a result of the project on modernization-development of a farm sheep, the
"PKB" — OPOVO agricultural holding (South Banat, Republic of Serbia) questions
were prepared for an optimal plan of sheep-breeding. The technical-economic doc-
umentation to achieve this investment indicates that initially the agricultural holding
has a number of sheep, which is divided into 3 sections, namely:

- sheep up to 3 months (lambs);

- sheep aged between 3 months and 12 months (sheep);

- sheep aged over 12 months (ewes and rams).

We note that, both sheep from the second section as well as sheep in the third
section, after a year has an average number of offsprings in age from 0 to 3 months,
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which are part of the first section. Of these sheep, some are retained for breeding and
breeding material, others are sold. It is required that the problem is solved by setting
up a plan for breeding and selling sheep, such as in the execution period (d) the gain
a maximum profit from selling sheep, and the number of sheep after this time period
to be at least equal to the final number, designed, respectively, for 3 sections.

Materials and methods. The data available to us are: the total allocated funds of
fixed capital investment is 110,000 EUR which is to be achieved in 3 years, in the first
year the investments amounting to 34,000 EUR, in the second year — 36,000 EUR
and in the third year — 40,000 EUR. The investment funds necessary for sheep-
breeding in section I are of 11,000 EUR, for sheep breeding in section II of 38.500
EUR and sheep breeding in section 111 of 60.500 EUR.

The investment fund is composed of its own resources (meaning 20% from the
sale of animals) and attracted sources of non-refundable character (respectively 80%,
of which 25% of IBRD sources and 55% received capital from the SAPARD program.
Under the terms imposed by the IBRD and SAPARD (the static programming
approach) it is required that the investment fund spent in the first year to be at least
24,000 EUR. Sheep farm is characterized by technical-economic indicators, which
are presented in Table 1.

Table 1. Technical-economic indicators characterizing
the 3 sections of sheep

Number Medium | Unit Production Production Specific
Section Symbol|  of quantity | price capacity cost investment
animals|(kg/animal)(Bkg)physical (ngvalue (Punitary (Bkgjtotal (B} S=I/q
lambs X 175 12 2.8 2,100 5,880 23 4,830 6286
sheep Y 130 40 4.2 5.200 21,840 36 18,720 296.15
ewes and rams Z 560 68 2.5 38.080 95200 2.2 837761 108.04

Source: investments' indicators.

Marking with the symbols X, Y and Z the 3 production sections, in which sheep are
divided, the links between them can be presented schematically as shown in Fig. 1.

” ’ ’ z

Figure 1. The scheme of the links between the agricultural holding's sections

The symbols used in Figure 1 have the following meanings:

X — production capacity achieved in the first division;

Y — production capacity achieved in the second division;

Z — production capacity achieved in the third division;

x”,y”, z” — animals purchased from outside the first division, second and third,
respectively;
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x, ¥, z — production flows between departments, respectively the animals deliv-
ered by the first section to the second section (x), this one to the third one (y) and
self-delivery in the third section (z);

x’,¥’, 7’ — the sales of animals for each department;

4, q, — breeding flows, respectively animals in the form of offsprings of the sec-
ond and third sections delivered to the first section.

We note that production flows between departments (x, y, z), as well as the sales
of animals made by each section (x’, y’, z’) must be established as reduced by animal
mortality. Also, breeding streams (g,, ¢,) should be reduced with offspring stillbirths.
A final statement which refers to the period of execution is putting the condition
through which: the agricultural holding is not allowed to sell and buy at the same
time, the same animal and the agricultural holding is not allowed to sell animals from
the initial endowment.

Results and discussion. Based on these factors, we now can proceed to devel-
oping the mathematical model of dynamic programming. In our case, the model of
dynamic programming of investment is composed of 3 groups of recurrence rela-
tions (constraints) and one objective function (the economic efficiency criterion):

>X§ =X,
ys=Yo
z3=2,

ky .(Y”—1 +y; _y;l)+ kz'Qn—1 +Z; _Z;)X;+1 _X;;+1 =X
X,,_1+X;—X;,+y;+1—y;,+1:Yn+1

Y”_1 +y; _y;’ +Zn—1 +Z; —Z;, +Z;+1 _zll'1+1 =Zn+1

Ky - Costyo v ko @oy+ 20 =20 Yo Xy =Xy 2 X, M= 12,3000 d
Xg_1+Xg=Xg +Yam—Yar12 Yy

” ’ ” ’ 4 7
Zy1+2g—Zg+Yg1+Yag Yo + 201~ 29112 <5

d
Sx 'Xn+1 +Sy YptSz 'Zn+1 < Zln
n=1

|x=0,y=0,2z20

d .
maxF (x,y,z)= > [4n+1 "Pa=Bni1-Pp - @nﬂ "Cc +Bp41-Cp —Apii-Ch ]’ that means:

n=1

d
maXF(X!y!Z):Z{(;H 'px+)/;1+1 'py+2:7+1 'pz)_c(;ﬂ'px"')/;ﬂ 'py+Z;+1 'pz)'

n=1
- IQ(n +X;,1+1 _X;7+1)CX + (Yn +Y;’7+1 _y;7+1)cy + (Zn +Z:+1 _z;r+1)CZJ}
where:

X, Vs 2, — the existing animal effectives (which come from the previous section)
at the beginning of the year #;
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X', ¥, 2, — the animals sold at the beginning of the year n;

x”,y”", 2", — the animals bought at the beginning of the year n+2;

Xp+1 Yot Zn+g — the existing animals (which are delivered to the next section)
at the beginning of the year n + 1;

ky, z, — the average number of animal offspring from the second and third sec-
tions;

X, Y, Z,— final capacity (projected) for the 3 sections of animals;

Gy, Oy, 6,— the production from a monetary unit of fixed capital achieved in the
X, Y and Z department;

1, — the investment in the year #;

A — the sales from 01.01., from 8%-24%;

B — the purchases from 01.01., from 8"-24";

C — the existent from 01.01., from 8 (the animal's flow from the previous sec-
tion, or the existing animal capacity);

p — the sale-purchase unit price;

¢ — the annual unit cost for the growth (breeding) of animals.

We will first set the values to the symbols above, as follows:

[=110.000 EUR; 7,=34.000 EUR, 7,=36.000 EUR, /;=40.000 EUR

X/~175 heads, Y,=130 heads, Z,=560 heads;

sy=62,86 EUR/animal, 5,=296,15 EUR/animal, s,~108,04 EUR/animal;

k,=1,3 offspring; k,=1,5 offspring;

r=2,8 EUR/kg, p,=4,2 EUR/kg, p,=2,5 EUR/kg;

¢=2,3 EUR/kg, ¢,=3,6 EUR/kg, ¢=2,2 EUR/kg.

Now we can write the recurrence relations in 3 stages because the implementa-
tion period is 3 years (d = 3), and in the first year the production capacity operates.
Therefore, the recurrence relations are:

-n=1
x3=X,
ys=Ys
z3=2,
-n=2
k, -y +k,z5+X3—X3=X3
Xz +Y3-Y3=Y3
Zy+Yy5+23-23 =24
-n=3

k, (Vo +ys—ys )tk (Zo+25 - 25 4 Xy - Xy 2 X,
Xo+X5—=X5+Ya—-Ya2Y,

” 4 4 ’ 4 4
Yo+yz—Ya+Zo+2Z3—2Z3+2,—-2,22,

We substitute with the known values and we get:
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y2—Y,=0
ZE_ZZZO

13- y5+15-25 + x5 —x5—-X3=0
X5+y5—ys—Y3=0
Zy+Ys+25-25-2Z53=0
13- (Vo + 5 —y3 )+ 15-(Zy + 25 — 25 J+ Xy — X/, 2175
Xo+X3-X5+Ya—ys2130
Yo+y5—ys+2Z,+25—25+2, -2, 2580
As the investment funds are limited, we still have a group of restrictions, name-

ly:

Substituting the known values, the above system becomes:
62,86- X, +338,46-Y, +98,21- Z, <34.000
62,86- X5 +338,46-Y; +98,21- Z3 <70.000
62,86-175+338,46-130+98,21-560 <110.000

It is noted that the last inequality contains only the known data, so giving up on

it we note only the first two inequalities, thus:
{62,86-X2 +296,15-Y, +108,04- Z, <34.000

62,86 X5 +296,15-Y, +108,04- Z; < 70.000

Due to the fact that, for the sources attracted, the condition of spending at least
24,000 EUR in the first year was imposed, the system above is transcribed as follows:

62,86 X, +296,15-Y, +108,04 - Z, <34.000
62,86 X, +296,15-Y, +108,04 - Z, >24.000
62,86 X5 +296,15-Y; +108,04 - Z; <70.000

Under these conditions, the 3 groups of recurrence relations (constraints) form
a system of equations and inequality written as follows:
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X5 —X,=0

Ya=Y,=0

z;-2,=0

13-y5+15- 25+ x5 — x5 — X5 =0

X3 +Y5=Ys—Ys =0
Zy+ys+23-2,—-2Z,=0

13-V, + v -y )+15-(Z, + 2, - 2+ x| - x, 2175
X, +X5-Xg+Ys—y,a2130

Z,+25— 23+ Y, + Yy —Ys+2,—2, 2560
62,86 X, +296,15-Y, +108,04 - Z, < 34.000
62,86- X, +296,15-Y, +108,04 - Z, >24.000
62,86 X; +296,15-Y; +108,04- Z, <70.000
x20,y>0,z>20

The recurrence relations of the objective function at the 3 stages are:
F(x,y,2)=0
Fo(x,y,2)=— (5 b, +y5 -p,+25-p, )5 ¢, +v5-c,+25c,)
F306.2)= 3Py +v5-py +25 -0, )- (5D +y5-py +25-D, )
[+ x5 -x3) o, + o tys-ys) o, + @+ 25— 24 ) e, |
Fo,y.2)= 0, b, +yia-py +24p, -4 pe+yi-p, +25p, )
—[(X3 +x4-x4)C+WVa+ys-va)e, +(Zs+2; —z;}cz]
Thus, for the approached case the objective function is written as:
maxF(x,y,z)=F,(x,y,2)+F3(x,y,2)+F,(x,y,2)
Replacing with the known values, the objective function becomes:
28+23) x5+
F2 (X’.y!z)=_ ( ” ) 2 ”
(42+36)y;+@5+22) z,
Fy(x,y,z)=@8+23) x5 +(@4,2+36) ys +@5+22) z5 —
-28+23) x5+(@42+36)ys+(25+22)z5-23-X,-36-Y,-22-Z, =
=51-x5+78-y3+47-z5-51-x5-78-y5-47-2;-23-X,-36-Y,-22-2Z,
F,(x,y,z)=28+23) x, +(42+36) y, +@5+22) z, -
-@8+23) x5 +(@4,2+36)y;+(25+22) 2, -23-X3-36-Y;-22-Z5 =
=51-x,+78 -y, +47-2, -51-x, -78-y, —47-2, -23-X3-36-Y;—22-Z,
After the calculations it results:
maxF(x,y,z)=-51-x5-7.8-y5—4,7-z5+
51-x5+78-y53+4,7-z5-51-x5-78-y5 —47-z5 +
+51- X, +78 Y4 +4,7-2, —-51-x, -78-y, —47 -2, -
-23-X,-36-Y,-22-Z2,-23-X3-36-Y;-22-Z3=
=CXx3+x3—x5+Xx,—x3 )51+ Cy3+ys—ya+y, -y ) 78+
+(Czy+zy—za+2zy—25) 47X+ X3) 23 (Yo +Y3)-36—(Z, +2Z5)-22

]:—5,1vx§—7,8vy§—4,7vzé'
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We state that it was the condition that the agricultural holding cannot sell and
cannot buy at the same time the same sheep. In these circumstances, we can write
that there is x”’and there is not x ”, or vice versa (there is no x’and there is x”). As the
x, X" €i X" variables, and the other variables cannot be negative, the above condition is
written as follows: when x =0, then x "#0 and vice versa, when x %0, then x "=0.

Similarly, the question is being made for other variables (y’,y ”,z’,z”). As a result,
we will have to solve 8 variants of the algorithm (based on n = 2 and n = 3), each hav-
ing a system of 6 equations and 6 inequalities, and 21 unknown. Also to each variant
are added the no negativity conditions and the objective function. 8 variants of the
calculation algorithm are:

- variant I: x;"=0; y;"=0; z; =0 and respectively x,=0; y,™=0; z,”=0

- variant II: x;”=0; y;=0; z;”=0 and respectively x,”=0; y,=0; z,”=

- variant I11: x;=0; y;=0; z;=0 and respectively x,=0; y,"=0; z,=0

- variant IV: x;”=0; y;=0; z;=0 and respectively x,"=0; y,=0; z,=0

- variant V: x;=0; y;"=0; z; =0 and respectively x,=0; y,=0; z,”=0

}):

).

- variant VI: x;=0; y;=0; z;”=0 and respectively x,=0; y,=0; z,”=

- variant VII: x;=0; y;"=0; z3=0 and respectively x,=0; y,"=0; z,=0

- variant VIII: x;=0; y;=0; z;=0 and respectively x,=0; y,=0; z,=0

Solving the algorithm the simplex method, after clearing 8 variants, we will
choose the optimal variant, where the agricultural holding's income is maximum.

Conclusions. After the calculations made we conclude that the question submit-
ted to the study has the same solution in 3 variants of calculations, at which is
obtained the minimum loss of —1.917,48 EUR. The optimal solution is determined
by the variants III and 1V (depending on n = 2) and respectively the second variant
(depending on n = 3), Table.2.

According to the optimal variant, in the first year 81.04 sheep will be bought,
then in the third year 105.35 lambs will be sold, 566.87 ewes and rams will be bought.
Therefore, in the fourth year 780.65 lambs, 87.91 ewes and rams will be sold and
253.35 sheep will be bought. This means that in the second year we will have 81.04
sheep, respectively in the third year 647.91 ewes and rams in addition to the original
number. A closer look at the investment funds reveals that the funds needed fit per-
fectly in the original conditions of the problem, the fact which we enabled us to
obtained in the second year a surplus of 10,000 EUR.

Table 2. The optimal variant of dynamic programming problem

N Decision | Solution | Unit Cost or Total Reduced | Basis | Allowable | Allowable
| Variable | Value | Profit ¢(j) | Contribution | Cost Status | Min. c(j) | Max. c(j)

1 |x2s 0 -5,10 0 -0,75 at bound |-M -4,35

2 |y2s 81,04 -7,80 -632,11 0 basic -11,32 3,43

3 |z2s 0 -4,70 0 0 basic -M -2,55

4 |x3p 105,35 5,10 537,30 0 basic 2,40 5,10

5 |y3p 0 7,80 0 0 basic -721 7,80

6 |z3p 0 4,70 0 0 at bound |-M 4,70

Tl o 510 0 0 at bound | -510

ACTUAL PROBLEMS OF ECONOMICS, #4 (142), 2013
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The End of Table 2

8 lyss 0 780 0 0 at bound | 7,80

9 |z3s 566,87 -4,70 -2.664,28 0 basic -8,09 -4,70

10 |x4dp 780,65 5,10 3.981,34 0 basic 4,51 510

L 0 780 |0 0 at bound | -M 780

12 |z4p 87,91 4,70 41317 0 basic 3,95 4,70

13 x4s 0 -5,10 0 0 at bound |-M -510

14 |y4s 235,35 -7,80 -1.835,75 0 basic -8,38 -7,80

15 74s 0 -4,70 0 0 at bound |-M -4,70

16 X2 0 -2,30 0 0 basic -M -1,55

17 Y2 81,04 -3,60 -291,74 0 basic -7,12 7,63

18 72 0 -2,20 0 2,15 at bound |[-M -0,05

19 X3 0 -2,30 0 2,77 at bound |-M 0,47

20 Y3 0 -3,60 0 -15,01 at bound [-M 11,41

21 |73 647,91 -2,20 -1.425,40 0 basic -6,96 M

Objective Function (Max.) = -1.917,48

Nr Left Hand Right Hand| Slack | Shadow | Allowable | Allowable
" | Constraint Side | Direction Side or Surplus| Price |Min. RHS| Max. RHS

1 | 0 = 0 0 -7.88 -184,45 0

2 |C2 0 = 0 0 -1896  |-81,04 87,91

3 |C3 0 = 0 0 -16,40 |0 87,91

4 |C4 0 = 0 0 2,70 -M 105,35

5 |C5 0 = 0 0 3,53 -87,91 0

6 |C6 0 = 0 0 7,65 -87,91 M

7 |C7 175,00 >= 175,00 0 -5,10 -M 955,65

8§ |C8 130,00 >= 130,00 0 -7,80 -105,35 M

9 |C9 560,00 >= 560,00 0 -4,70 -M 647,91

10 |C10 24.000,00 [>= 24.000,00 |0 -0,04 0 34.000,00

11 |C11 24.000,00 |<= 34.000,00  [10.000,00 |0 24.000,00 |M

12 |C12 70.000,00 |<= 70.000,00 |0 0,05 60.502,40 |M

Source: Authors’ own computation
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