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Abstract

Integrated systems, such as silvopastoral systems (SPS), are strategies for the sustainable
intensification of livestock farming. The "La Aguada" Silvopastoral System (SPS-LA) in the
Rio Cuarto, Cordoba-Argentina, originally presents a topology of five areas. This study
proposes a "Simplified La Aguada Silvopastoral System" (SPS-LAS), reduced to three areas:
treeless pasture area, confinement area, and silvopastoral area. The objective was to develop
and apply an optimization model for managing cattle movement in this simplified system. An
integer linear programming (ILP) model was formulated to maximize animal weight gain and
minimize management costs. The model was implemented and validated by computer
simulation on the Octave platform, evaluating a herd of 100 animals over 12 months. The
simulation, executed on a simple desktop, generated an optimal solution for herd allocation.
The results indicated a preference for allocating resources to the "silvopastoral area" justified
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by the lower associated cost, while the "confinement area" was used as a contingency unit.
The ILP model proved to be a robust tool for planning and optimizing livestock production in
simplified integrated systems.

Keywords: integer linear programming, livestock management, animal allocation
1. Introduction

The Livestock-Forestry integration (LFI), a subtype of agroforestry systems, is
conceptualized as a production strategy that simultaneously or sequentially combines
livestock and forestry components in the same area. This type of sustainable intensification
aims to optimize land use and promote synergistic interactions between the elements of the
system, moving away from the monoculture model (BALBINO et al., 2011). The introduction
of the tree component in pastures mitigates the thermal stress of animals, providing
significant improvements in animal welfare and performance. In addition to the direct
benefits to livestock, the system contributes to the improvement of the physical, chemical and
biological attributes of the soil, enhances nutrient cycling, increases carbon sequestration and
allows for the diversification of income sources for rural producers (CORDEIRO et al.,
2015).

According to PLEVICH et al. (2019), the Silvopastoral System - La Aguada (SSP-LA) is a
livestock production model developed in Rio Cuarto, Cérdoba, Argentina. The structure of
this system is composed of the integration of five distinct management areas: a silvopastoral
area, two pasture areas without tree components (North and South), and two feedlot areas
(North and South). The model is designed to allow the flow and rotation of animals between
these different units, notably with the silvopastoral area acting as an exchange hub for the
pasture areas, and these, in turn, connecting to their respective feedlot areas. The application
of computational modeling and simulation to manage the movement of cattle between the
areas, with monthly monitoring, is also detailed. The problem was mathematically structured
as an Integer Linear Programming (ILP). The objective function aims to maximize the
economic outcome, seeking to optimize the total weight gain of the animals at the expense of
the costs incurred for an area to be suitable for receiving the herd. The model is conditioned
by a set of constraints that regulate the allocation of animals and the suitability of each area.
These constraints include the maximum number of animals that each area can support per
month, the requirement for each animal to be in a single area each period, and the transition
rules between the different subsystems. These movement rules are fundamentally dependent
on the animal's live weight condition in relation to the weight stipulated for slaughter.

Although the robustness of the original SSP-LA model (VENTURA et al., 2019) is evident,
its five-area topology imposes significant operational and analytical challenges. The
simultaneous management of multiple pastures and feedlot areas, with complex transition
rules, requires a level of control and monitoring that can become an obstacle to large-scale
adoption, especially on properties with more limited management resources. Additionally,
structural complexity translates into high-dimensional computational models, demanding
greater effort in parameter collection and potentially increasing the computational cost to
obtain optimal management solutions.
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In this context, a gap emerges regarding the viability and optimization of silvopastoral
systems that, although inspired by robust models such as "La Aguada," present a leaner
configuration. It becomes pertinent to investigate whether a simplified topology, with fewer
management areas, can represent a favorable balance between management complexity and
productive efficiency. Structural simplification could reduce implementation costs and
facilitate daily management, but it demands a reassessment of optimization models to adapt
animal allocation strategies to the new systemic reality, justifying the development of a
specific model for this reduced configuration.

2. Materials and Methods

The Simplified Silvopastoral System — La Aguada (SSP-LAS) is presented as a new
productive model, whose topology is detailed in Figure 1. The structure of this system is
based on the integration of three distinct management components: confinement area, treeless
pasture area, and silvopastoral area. The flow diagram for animal transit within the system
shows the operational interrelationships, indicating bidirectional transit between the
confinement area and the treeless pasture area. Additionally, the model provides for a
bidirectional rotation between the treeless pasture area and the silvopastoral area. As the
name indicates, the system is a simplification of the original SSP-LA, resulting from the
union of the northern and southern areas of the previous system.

Confinement Area

1~

Treeless Pasture Area

D

Silvopastoral Area

Figure 1 - Graphical Representation of the Simplified Silvopastoral System - La Aguada
(SSP-LAS)

To optimize herd movement dynamics in the SSP-LAS, a PLI model was structured. The
central objective of this model is to maximize animal weight gain while simultaneously
minimizing operational management costs. The mathematical formulation governing the
system is based on the following components: indices, parameters, decision variables, and
constraints, which will be detailed subsequently.
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2.1 Indices

i =1,...,n; where n represents the number of animals in the herd considered;
j = 1 — treeless pasture area, j = 2 — confinement area and j = 3 — silvopastoral area;

k=1,...,12 (months of the year);
2.2 Parameters

PV;; — Live weight of the animal {, in the area j (kg);
PVA;; — Live weight for slaughter of the animal i, in the area j (kg);
G — Weight gained by the animal i in the area j in the month (kg);

N-

[ — Maximum number of animals allowed in the area j in the month k;

¢;j — Cost for the area j become fit and able to receive the animal i during the month k.

For each area j, itis S; = {i: PV;; < PVA;} e S, = {i: PV;; << PVA;}.

Both sets indicate animals with insufficient live weight for slaughter and extremely low live
weight for slaughter, respectively.

2.3 Variables

X =1 If the area j is ready to receive the animal i in the month k
=0 Otherwise

Vijg =1 If the animal i is located in the area j in the month &
=0 Otherwise

2.4 Restrictions

1) For each month k, the number of animals i that can remain in area j, cannot exceed the
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quantity of Ny, animals.
i=1 Yk = Ny j=123; k=12 .12
i1) Each animal i must be in one and only one area j each month k.
Y1y =1 k=1,2.,12;, i=1..,n

iii) If animal i is in a treeless pasture area (j = 1) in the month k, with a live weight strictly
lower than the appropriate weight for slaughter, and in the month k + 1, the silvopastoral
area (j = 3). The area is ready to receive this animal, so the animal can be moved to the

silvopastoral area in the following month k + 1.
Xi1k = y53(f€+1} H i € S:L = {L' PVH_ < pVAe‘L} H k= 1, ,11

1v) If animal 1 is in the silvopastoral area (j = 3) in the month k, with a live weight strictly
lower than the appropriate weight for slaughter, and in the month k 4+ 1, the treeless pasture
area (j = 1) The area is ready to receive this animal, so the animal can be moved to the

northern area of treeless pasture in the following month k + 1.
Xi3k = yfl(k'f-l} ; i € 33 = {L: PVYE3 < PVAE'_:{} ; k= 1, ....,11

v) If animal i is in a treeless pasture area(j = 1) in the month k, If the live weight is
significantly lower than the appropriate weight for slaughter, the animal can be moved to the

northern confinement area (j = 2) in the month k -+ 1.
Yitk = Yia(k+1) > i€5, ={i: PVyy <<PVAyu} ; k=111

vi) If animal i is in the confinement area (j = 2) in the month k, if the animal's live weight

is strictly less than the appropriate weight for slaughter, then the animal must remain in that

86 http://jas.macrothink.org



ISSN 2166-0379

\\ M acrothi“k Journal of Agricultural Studies
A Institute ™ 2026, Vol. 14, No. 2

area for the month. k + 1.
Yizk S Vit 5 L€ Sp={LPVp<PVAp} ; k=1,..11

vii) If animal { is in the confinement area (j = 2) in the month k, if an animal has a live

weight that is significantly lower than the appropriate weight for slaughter, then that animal
must remain in the same area for the following two months.

Yizk < Yi2tke+1) T YVizk+2) L€8; ={l: PV << PVApY; k=1,...,11

viii) Each animal must have at least one designated area in the SSP-LAS each month of the
year.

Yiixpzl  i=LlL..n k=1,.,12
ix) If the animal { is in the confinement area (j = 2) in the month k, If the animal's live

weight is strictly less than the appropriate weight for slaughter, then the animal should not be

in the silvopastoral area (j = 3) in the month k + 1.
Yiok TV =1, k=1,...,11

x) If the animal i It is located in a silvopastoral area (j = 3) in the month k, if the live
weight is strictly less than the appropriate weight for slaughter, then the animal should not be
in the confinement area. (j = 2) in the month k + 1.
Ve +Yowsn =1, k=1,...11
x1) Animal i can only occupy area j in month k if that area is available for occupation.
Yiik ‘:_:xflk , ,f. = 1,2,3 k=1,2,....12 i =1,....,?’l
The PLI (Programmable Logic Interface) for optimal control of cattle movement in SSP-LAS

can be represented as follows, considering that a computational language was used for
numerical simulation and development of optimal solutions:

n 3 12 n 3 12
Maximize Z Z i Yijek — Z E Z Cijk Xijk
§=] e =] el =1 f=] e =] e o =1
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Subject to:
z?:q_yf}fk < P&;-k i = 1,2,3 N k= 1,2, v l2
Y Vi =1 k=12,..,12 ; i=1...,n

Ntk S Visgesny ;L€ Sy = {8 PV < PVAR}: k=1,...,11

Xigk = Yiukeny 3 L€ S3={EPVg<PVAg}; k=1,..,11

Yitk = Yi2(k+1) 5 i€8 ={t:PVy <<PVA4} ; k=1,..11

Yiok = Yizterny + LE Sa={l: PV <PVAp} ; k=1,...,11

Yizk < Yize+1) T Vizk+2) i €8, ={i: PV << PVAp} k=1,..11
Yiixgpzl  i=Ll..m k=1,.,12

Yiok T Vizeen =1, k=1,...,11

Viak + Veagsn <1, k=1,...,11

Yijk = X1k j=123 k=12..12 i=1,....n

Xijier Yije = 0,1

For the operationalization and validation of the proposed PLI model for the SSP-LAS, a
computer simulation was employed using the Octave programming language, a high-level
platform designed for numerical calculations. This tool was used specifically for the execution
of the numerical simulation of animal flow, and for the development of optimal management
solutions, as described in the PLI formulation.

3. Results and Discussion

The implemented model was validated through a numerical simulation, using the Octave
programming language for processing and developing optimal solutions. The simulation was
run for a planning horizon of 12 monthly periods and applied to a herd of up to 100 animal units
(A1 to A100). This processing was conducted on a simple desktop, requiring a total execution
time of 44,627.4 seconds. The generated results detail the optimal allocation of each animal in
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one of the three management areas (treeless pasture area, confinement area, or silvopastoral
area) for each evaluated period, as it is presented in Table 1.

Based on the quantitative analysis of the simulation results presented (Table 1), compared with
the availability of use for each animal in each period, a preference is observed in the allocation
of animals to the silvopastoral area throughout the 12-month planning horizon, always sending
or remaining in this area whenever this area is available for the animal, and the animal is at an
adequate weight to occupy it. Although the values demonstrate a relatively balanced rotation
system, they also indicate that the animal is only sent to or remains in the confinement area
when the animal is below or extremely below the weight it should have for its age, or there is no
possibility of it leaving this area because there is no space in the treeless pasture area.
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Table 1. The quantitative analysis of the simulation results

Pasture area without trees

Confinement area

Silvopastoral area

A3 A5 A9 A10 A14 A18
A21 A26 A28 A29 A31 A32 A39

A4AT A5 ATTAIZAIS A17A22 | A7) AR0ATIAR AT AR ASS | A2 A6 AI3 AI6 A9 A23 A24
period 1 | /A25A27A30 A34A35 AdL e oy o2 %5 | A33A36 A37 A8 A40 A47
A48 A53 AS4 A56 AGB A6 ATO | (00 0T 0T AGS AL A0S A00 A58 A59 A75 AT6
AT2ASSABIA94 496 A99 | AeTATIATI AT ASIAS2 e | AT8 ATO ABD AB3 A84 ASS AB6
A100
A2A3AI0ATI A13A14A17 A2$:§5A30§§? P ig;‘ﬁg AT ASAIZAIS A16A19 A25
A22A23 A4 A33 A35A36A37 | A0S ATIASY AT AL AT AN | A27 A4 A38 AdD A41 A48
Period 2 A4TASOAGTAG3AG4 AGS | 1 NS ATONST ASTASS 0T | 455 Ase A58 A59 A6S
A6 177 ABD A83 ABS AB6 A96 | o2 ASTATHATS LT ASLABZ | A69 AT0 A72 AT5 A76 A78 A79
A98 A99 : oo A84 ASS A89 A94
AdAT SAILAIZAIS A7 A22 A3A5 \OAI0AIS \20A21 | AZ \GAI3AI4AI6AI0A23
A25 A26 A27 A30 A32 A34 A36 | A28 A29 A31A39 A42 A44 A4S | A24 A33 A35 A38 A40 Adl
Period3 | A37A47 AdBAS4 AS6A64AGS | Ad6A5] A52ASS A6D AG2AT3 A53 A57 A58 A59 A6l
A66 A6T A68 A70 A7l A72 ATS AS1A82 AS7A90 A9T A93 | A63A69 A77 A79 ASO A83 A84
A76 A78 A85 ASS ABY A92 A98 A95 A97 A100 A86 A94 196 A99
A2AS5 A5 A1l Al4 A17A23 A‘zg . ;‘igﬁ; ; nAf} flﬁg A4 A6ATAIZAI3AIS A16 A9
A24 A26 A30 A35 A36 A37 A40 A Adz S | A22 A25 A27 A33 A34 A38 A4T
. A46 A51 A52 A55 AGD A62 A64 3
Period 4 | A4l A54 AG3 | A 02 AR | A48.449 453 A58 A59 A61 AG5
A76 777 A78 A80 A83 A94 A96 A68 A69 A72 AT5 A79 AS4 A86
s A82 A85 AS7 A0 A91 A92 A93 AT
A95 A97 A100
AAZZZA:;‘; :3‘0‘ :3132 A13A/\‘3155 :3271 A3 A9 A10 Al4 A18 A20 A28 AS AG A8 AL6 A17 AI9 A23
PUTRVERE DTSR A29 A31 A32 A39 A44 A45 A46 | A24 A25 A26 A36 A38 A4l
Period 5 A52 A55 AG0 A62 AG6 ATOAT3 | A48 A58 A59 A63
A61 A64 A65 A67 A8 A69 A7 ,
A o A A A e A81 A87 A9 A9T A92 AO3 | A75 477 A78 A79 A83 A84 A86
o A95 A97 A98 A100 A96 A99
A2Ad \GATAIZAI5 A0 AZ23
A5 A8 AL A3 AL6 A17 A2I A‘zg = ;‘;gﬁgﬁﬁ o gﬁ o | A26A27430 434 435 A36 A37
Period 6 | A22A24A25A33A40 43 Ase | 420 ITTASTATI AL A A0 | 458 Ad1 442 A47 A48
A63 AG4 A70 A75 AT6 A e ag Ao0 AOT | 453436 A58 AS9 A61 AGS AGB
A78 A83 A86 A92 A96 A99 o e e LAY | A69 ATI A72 ATO ABD AB2 AB4
: A85 A55 A89 A94
A4AS AlLAIZAL3
A2 Ai?g AA;75 A2l :4262“\‘4?3 :‘fg AT0AI4AI8 A20 A28 A29 | A16A17A19 A24 A25 A26 A30
Period? | il Aty Arm s Ada T A | A3IA32A39A44 AISAS2AGD | A33A36A38 A40 A4l AL
ol Ay a3 g A62 A6T AT0 A73 A74 AST A87 A54 457 A58 A59 A61 A63
od os A90 AOT A93 A95 A9TAT00 | AGSA69 A72AT5AT6 A77 A78
A79 A83 A84 A86 A96 A99
N 4‘:‘;21 ;‘1;‘85 - 41‘20&'3'5‘? 430 A14A20 A21 A28 A29A31 | A3 AGATAIZAIS AIGAI9 A22
M A A32 A39 Add A45 AS2 AGD AG2 | A23 A25 A27 A30 A33 A34 A36
Period 8 1 AGI AGe A A3 ioe | AGTATOATIATI A74 ABDASL | A37A38 Ad6 A47 AdS A49 A5
A Aoa \T5 | ABS5ABTASD A1 A92 A9TA95 | ASS ASEAS9 AG4 AGS A8 AT
o A97 A9 A100 A79 A82 A86 A8S
A2 A3 A7 A5 ATl AI2Z A3 Al4 A26 A28 A29 A31 A39 AlgA:gsAz . :;g ;;g ;;Z) ‘:;g
A15 A21 A22 A25 A27 A32 A44 A5 A50 AS2AS6 AGO AG2 | ‘i) Ass A28 430 AT3AJ0 AT
Period 9 | A35A37A40 A43A46A4TASI | ATOATIATIAT4ABDABS AST | ‘a9 Act Aca AGe AcD Aoe e
AS5 157 A64 AG5 A6TA68 AT2 | A90 A9T A92 A93 A95 A9T A9S A Aae s
A81 A82 A8S A89 A99 A100 HEATA
A2ZA4AS AIOAILALG Ald 220 A21 A22 A28 A29 ATAIZAI3AIS A9 A27
A17AI8A23 A24 A25A26A30 | A31A32A39 Ad4A45 50 AS2 | A33 A34A36A38 A0 Adl A46
Period 10 | A35A37 A42 A1% A47 A48 ASI A60 A62 AT0 A73 A74 AST A55 157 A58 A59 A61 A64
A53 A54 A63 A71 A75 AT6 A90AOT A92 AO3A9SAYT | AG6S5A66AGT AG8 A6 AT2 AT
A78 A80 A83 A85 A94 A96 A9S A100 A81 AB2 A84 A86 ASS A8Y A99
90 http://jas.macrothink.org
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ATAIOATI A16 Al A5 A2 AZA4A5 16 0 AIZAT3
A22A27A32 A3TA40 | A3 A28 A29 A31 A39 A8 A19 A23 A24 A25 A26
Period 11 | A41A46 ASI AS4AS5 157 A66 AS2 A30 A33 A34 A38 A48
' A67 AG8 A69 AT1 AT6 A80 A81 A70 AT3 A9 A59 AG1 A63 A64
A82 A84 A8 ASS A89 A94 495 A97 A98 A100 | A65A72ATS A83
A99 A86

A2A4ASAIZA17AISA23 | A3A9A10AII Al4 gL A At A

A26 A30 A32 A40 A28 A29 A31 A37 A39 b
: A46 A48 A51 AS4 ASS A58 A59
Period 12 A61 A63 ATS AS2 AG6AT0 | A A A A
AT6 A83 A85 A86 AT3 A90 191 A94 A97 e e
: A80 A81 A82 A89

A5 A98 A100 oo

The choice of the silvopastoral area in the simulation is due to it having the lowest cost for
fattening cattle, while avoiding sending or keeping animals in the confinement area, since this
has the worst cost for fattening cattle, thus proving the efficiency of the mathematical model
presented.

4. Conclusion

This study demonstrated the development and application of an optimization model for
managing livestock movement in the silvopastoral system - La Aguada Simplified
(SSP-LAS). Formulating the problem as integer linear programming (ILP), aiming to
maximize animal weight gain and minimize management costs, proved to be a viable
approach for structuring allocation decisions. Computer simulation validated the model's
operability for the proposed scenario and, even when executed on simple computing
equipment, resulted in a detailed optimal solution for the management flow.

The analysis of the results indicated that the model prioritizes the silvopastoral area as the
central component of fattening, being preferentially used when the animal's conditions and
the availability of the area are met. In contrast, the confinement area was designated as a
contingent management unit, used primarily for animals that did not reach the appropriate
weight, or when the other areas reached their limit capacity. The proposed PLI model,
therefore, constitutes a robust tool for planning and optimizing livestock production in
simplified integrated systems.
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