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Operational planning within agricultural production systems plays a pivotal
role in facilitating farmers' decision-making processes. This study introduces
a novel mathematical model aimed at optimizing plant maintenance planning
through the efficient allocation of labor, optimal utilization of machinery,
and strategic scheduling. Utilizing mixed integer non-linear programming
(MINLP), the model integrates lean principles to minimize waste and
improve operational efficiency. The primary contributions of this study
include the development of a comprehensive maintenance planning model,
the application of advanced mathematical techniques in agriculture, and the
enhancement of resource allocation strategies. The results demonstrate
significant improvements in maintenance task scheduling, reduced
downtime, and enhanced productivity, ultimately contributing to sustainable
farming practices and food security. This model serves as a strategic
decision-support tool for farmers, enabling data-driven planning and
resource utilization to achieve both short-term efficiency and long-term

agricultural viability.

This is an open access article under the CC BY-SA license.

©00

Corresponding Author:

Saib Suwilo

Department of Mathematics, Faculty of Mathematics, Universitas Sumatera Utara
JI. Dr. T. Mansur No. 9, Medan, North Sumatra 20155, Indonesia

Email: saib@usu.ac.id

1. INTRODUCTION

Agricultural production presents farmers with numerous challenges, such as resource allocation,
planting timing, maintenance operations, and harvesting, all of which significantly impact crop quality, yield,
and resource utilization. Reducing resource consumption while promoting sustainable agricultural practices is
essential for both economic and environmental reasons. Thus, informed decision-making regarding
agricultural production and yield optimization is crucial for achieving these goals [1], [2]. At the heart of
agricultural success lies operational planning, providing a structured framework for optimizing resources,
managing risks, and enhancing efficiency. By systematically organizing activities, allocating resources, and
anticipating challenges, operational planning enables farmers to make informed decisions throughout the
production cycle. The integration of data-driven analysis, proactive risk management, and innovative
technologies within operational planning not only improves productivity but also promotes sustainability and
resilience in agricultural systems, contributing to long-term viability and global food security [3].

The agricultural production process can be divided into three primary stages: sowing, plant
cultivation, and harvesting. Each stage requires meticulous planning and resource allocation to ensure
optimal crop growth and yield. Prioritizing plant maintenance efforts is crucial for facilitating optimal plant
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growth and productivity, thereby ensuring favorable outcomes. Effective maintenance planning helps
maintain equipment functionality and efficiency, which is essential for uninterrupted agricultural operations.

This study introduces a novel mathematical model designed to optimize plant maintenance planning
within agricultural production systems. Traditional approaches to maintenance planning often lack precision
and adaptability, limiting their effectiveness. Our proposed model integrates advanced mathematical
techniques with domain-specific knowledge, providing a comprehensive framework for maintenance
scheduling. By considering factors such as equipment usage patterns, maintenance costs, and production
schedules, the model enables strategic planning of maintenance activities to minimize downtime, reduce
costs, and maximize overall productivity [4]-[6].

Representing a significant advancement in agricultural operations management, our innovative
mathematical model aligns with the specific requirements and constraints of agricultural production systems.
By offering decision-makers insights into the timing and prioritization of maintenance tasks [7], the model
facilitates proactive interventions to prevent breakdowns and ensure smooth farming operations. Ultimately,
the model aims to enhance the efficiency and sustainability of agricultural activities, contributing to the
broader goals of sustainable farming and food security.

Despite the critical role of operational planning in plant maintenance, scholarly literature on this
subject remains limited. This paper addresses this gap by proposing an optimization-based approach to
solving plant maintenance planning challenges through the development of a comprehensive plant
maintenance planning model. Leveraging mixed-integer nonlinear programming (MINLP) techniques, the
proposed model optimizes resource allocation and scheduling for plant maintenance activities, thereby
enhancing agricultural productivity and sustainability. Our model provides a strategic tool for farmers,
allowing them to make data-driven decisions that support both short-term efficiency and long-term
agricultural viability.

2. THE COMPREHENSIVE THEORETICAL BASIS

The literature on operational planning for plant maintenance remains relatively limited, with
existing studies primarily focusing on physiological, chemical, and physical aspects of plant growth and
maintenance. However, these studies typically lack emphasis on waste reduction or comprehensive
operational planning and scheduling for diverse plant maintenance tasks. Several works have addressed
resource optimization in agricultural contexts. For instance, Guo et al. [8] presented a mathematical model
for optimizing water consumption, while Adham et al. [9] explored the use of rainwater to enhance plant
water usage efficiency. Additionally, the studies [10], [11] delved into modeling perishable biological
conditions and decision-making regarding cereal crops, sugar beet, and vegetables, respectively.

Further studies have focused on production planning and optimization. Caixeta-Filho [12] proposed
a model for scheduling citrus fruits, while Biswas and Pal [13] developed crop planning models aimed at
minimizing inputs and operating time. Moreover, operational research techniques have been utilized to
optimize harvest quantity and yield, as demonstrated by studies [14], [15]. Despite these contributions, the
integration of lean manufacturing (LM) principles into crop maintenance tasks has been largely overlooked
[16]-[18]. Solano et al. [4] noted the absence of tools for farm management akin to those used in other
industries, presenting an opportunity to leverage LM principles for waste reduction.

Moreover, recent studies have highlighted the potential of combining optimization techniques with
LM methodologies to enhance agricultural processes. For example, the studies [19], [20] addressed
challenges in agricultural production systems such as rock removal operations, planting, and irrigation. The
studies [21], [22] focused on waste reduction strategies in harvesting operations, underscoring the importance
of minimizing costs associated with waste.

Furthermore, there has been a growing interest in applying Industry 4.0 technologies to agricultural
processes, with researchers exploring ways to enhance efficiency and control systems. Rosales et al. [23]
investigated the application of Lean methods in horticultural supply chains, while the studies [24], [25]
proposed differentiated lean implementation frameworks tailored to small and medium farms. These studies
highlight the potential of integrating modern technologies and management methodologies to optimize
agricultural operations and enhance sustainability. In summary, while significant progress has been made in
addressing various aspects of agricultural production and maintenance, there remains a need for further
integration of optimization techniques, LM principles, and advanced technologies to achieve sustainable and
efficient agricultural systems. This paper aims to contribute to this evolving field by proposing a
comprehensive approach that combines MINLP with LM principles to optimize resource allocation,
minimize costs, and improve operational efficiency in plant maintenance planning.
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3. METHOD

The conceptual framework of a mathematical model for plant maintenance planning involves the
integration of various elements and constraints to develop decision variables for maintenance operations. The
model aims to optimize maintenance activities, resource allocation, and scheduling to ensure the reliability
and performance of plant equipment. The proposed conceptual framework draws on mathematical
optimization principles to guide the development of decision variables and constraints for maintenance
planning. Additionally, the integration of lean principles and optimization in agricultural production systems
offers a conceptual model for the construction of a mathematical model, emphasizing the need to consider
waste products, sustainability, and agricultural operations in the development of decision variables and
objective functions. The conceptual framework also considers the utilization of mathematical models and
computer simulations to support effective resource allocation and decision-making in disease dynamics,
highlighting the relevance of mathematical modeling in informing maintenance planning decisions.
Additionally, the integration of maintenance and production planning in the conceptual framework
emphasizes the development of a cost-based model for integrated planning, ensuring that maintenance
strategies are effectively incorporated into production control.

The utilization of mixed integer nonlinear programming (MINLP) provides a powerful framework
for encapsulating the intricacies of planning in various domains. MINLP has been applied to address complex
scheduling, control, and optimization challenges in diverse fields, including chemical processes,
manufacturing, energy, and infrastructure planning. The integration of MINLP enables decision-makers to
consider discrete and continuous variables, nonlinear relationships, and integer constraints, offering a
comprehensive approach to addressing planning complexities.

MINLP presents a complex optimization paradigm wherein certain variables are constrained to
assume integer values, while both the objective function and the feasible region are delineated by nonlinear
functions. This optimization technique finds extensive utility across various domains, encompassing
industrial processes, financial operations, scientific management, engineering endeavors, and operations
research. Integer variables serve to model logical relationships, fixed costs, piecewise linear functions, joint
constraints, and indivisible resources, thus adding a layer of intricacy to the optimization process.
Concurrently, nonlinear functions are indispensable for accurately capturing physical properties, covariance,
and economies of scale.

MINLPs constitute a formidable class of optimization challenges owing to the confluence of integer
variable optimization and nonlinear function solving. This modeling paradigm is ubiquitous in optimization,
encapsulating nonlinear programming (NLP) and mixed-integer linear programming (MILP) as constituent
subproblems. Expressing MINLP succinctly, it may be represented as (1).

Minimize fx)
with constraint c(x) < 0
x€X
x; ELVi€E] (1)

In the context where f:R™ - R and c: R™ - R™ represent doubly differentiable continuous functions,
X c R™ denotes a finite polyhedral set, and I € {1,2,---,n} signifies a set comprising indices of integer
variables, it is evident that maximization, along with more general constraints such as similarity constraints,
or lower and upper bounds I < c(x) u, are pertinent considerations.

Problem (1) emerges as an NP-hard combinatorial challenge, owing to its inclusion of MILP,
consequently necessitating traversal through a considerably vast search tree for solution determination.
Moreover, nonconvex integer optimization problems are typically deemed undecidable, as demonstrated by
Jeroslow [26]. The author provides instances of quadratically constrained integer programs and illustrates the
inability of computational devices to compute solutions for all problems within this class. Resolving problem
(1) can be achieved by either ensuring convexity of X or by presuming convexity of the problem functions.

Within the scope of this paper, x®) denotes the iteration of x, while f* = f(x®) signifies the
calculation of the objective function on x®). The same nomenclature convention is maintained for
constraints, gradients, and Hessians concerning x®). Subscripts are employed to denote components, wherein
x; represents the i-th component of x. For the set J c {1,2,---,n}, x; corresponds to the x-component
associated with J, with x, designated as an integer variable. Additionally, ¢ = {1,---,n} — I and x, denote
continuous variables. The dimensions of the integer space are indicated by p = |I|. Notably, the floor and
ceiling operators are symbolized by |x;| and [x;], representing the largest integer less than or equal to x; and
the smallest integer greater than or equal to x;, respectively. Given two matrices of size n xn, Q and X, X o
Q=X , X7=1Qy;X;j represents their inner product. In general, the presence of an integer variable x; € Z
leads to the feasible region of problem (1) being non-convex.
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4. RESULTS AND DISCUSSION
4.1. Modelling
The plant maintenance planning problem addressed in this study encompasses several key elements,

including the area designated for maintenance, a sequence of maintenance activities, and the planning
horizon, all while ensuring the preservation of harvest quality. The primary objective function aims to
minimize crop maintenance expenses while effectively distributing resources and scheduling tasks within the
agricultural production framework. Utilizing MINLP-based models allows for the integration of pertinent
parameters and variables essential to this problem domain. The following components are elucidated herein:
Assumptions:

— The designated lot or hectare for maintenance is predetermined.

— Costs associated with cultivation activities are pre-established.

— The duration and temporal window for task execution are well-defined.

— The repercussions of maintenance task failures on crop growth or subsequent harvests are understood.
Set:

I: Hectares under cultivation, i = 1,2,3, ...,/
J: Stages of the process (fertilization, irrigation, and weed control.), j = 1,2,3, ...,]
T: Planning periods, t = 1,2,3, ..., T
Parameter:
T;;- Time required to maintain hectare i in stage j
D;;: Lots of land i requiring labor in period t
CC;: Cost per hectare for assessment within the optimal time window
CE;: Cost per hectare for assessment outside the optimal time window
DH,: Working days in period t
HC;: Hours per crew for labor type j
TP;,: Time lost by machinery in stage j during period ¢ (irrigation system and weed control equipment.)
CC;: Cost of hiring someone for process stage j
CD;: Cost of firing someone for process stage j
CTP;: Cost per unt time lost due to machinery used in process stage j
Decision variables:
X;;: Quantity of hectare i to be managed during normal period t (within the optimal time window)
XE;;: Quantity of hectare i to be managed during normal period t (outside the optimal time window)
Ej.: Number of available employees for stage j in period t
ECj.: Number of employees to be recruited for stage j in period ¢
ED;,: Number of employees to be fired at stage j in period ¢
Binary Variables:
Q4;: Variable activating one crew or group for work t (considering that shifts indicate work done at each
process stage)
Q,,: Variable activating shift 2 for work t
Qs,: Variable activating shift 3 for labor ¢
Problem formulation:

Min Z = Z Z Z(Ci ¥ X0 + CE; * XEye + CCj * ECy¢ + CD; * EDjy + CTP; + TP;,)
T T T

With constraints:

YiTi* Xie — Qe + Qpp + Qg) *DH, * HC % Ejy + TP, <0 VjEJVLET )
YTy *XEy —2(Qqp + Qp) *DH, *E;; <0 Vj€EJVtET (3)
Qe+ Qe +Q3) =2 VEET (4)
Ej-1y +ECy —ED;y =E;, Vj€JVLET (5)
Xi+XE;=D; VieELVteT (6)
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XE;; >0 VIi€ELVteT (7)
X =0 VielLVteT (8)

Constraint (2) delineates the requirements for time loss. Constraint (3) denotes the prerequisites for
conducting crop maintenance work within the optimal time window. Constraint (4) elucidates the activation
requirements for shifts or work crews. Constraint (5) establishes the working requirements within specified
timeframes with available employees. Constraint (6) specifies the employees needed to fulfill the required
hectares to be tended. Constraints (7) and (8) indicate positive integer variables.

4.2. Algorithm
Below is the outlined optimization algorithm. Assume the following:

a. Feasible vector x satisfies[B S N]x=b,I<x<u

b. Corresponding function value f (x) and gradient vector g(x) = [98  9s In]".

¢. Number of superbasic variables, s(0 < s < n —m).

d. LU factorization of the m x m basis matrix B.

e. RTR factorization of the quasi-Newton approximation to the s X s matrix ZTGZ (Note that G, Z, and
ZTGZ are never fully computed).

f. Vector rr satisfying B'n = gs.

g. Reduced gradient vector h = g5 - S'r.

h. Small positive convergence tolerances TOLRG and TOLDJ.

Step 1. (Test for convergence in the current subspace). If ||k|| > TOLRG go to step 3.
Step 2. ("PRICE", e.g., Estimate Lagrange multipliers, add one superbasic).
a. Calculate A =gy —NTm
b. Choose 4, <-TOLDJ (4,,> +TOLD)J), the largest element A corresponding to a variable below (above)
its bound. If none, stop; necessary Kuhn-Tucker conditions for optimal solution met.
c. ifnot,
choose g = g, or q = g, according to |,| = max(|4,,], |44, D;
— add a, as anew column to S;
— add 4, as anew element to h;
— add corresponding new column to R.
d. increment s by 1.
Step 3. (Compute search direction, p = Zps).
a. Solve RTRp, = —h.
b. Solve LUpg = -Sp;.

Ps
c. setp= [ps]
0

Step 4. (Test ratios, "CHUZR").

a. Find a4, 0, the largest value of a for which x + op is feasible.
b. If a;,q,> 0 proceed to Step 7.

Step 5. (Line Search).

a. Find ¢, an approximate o*, where;

F(x+a*p)= min

0<OB<amax

b. Update x to x + ap and set f and g and g to their values at the new x.

Step 6. (Compute reduced gradient, k" = Z7g).

a. Solve UTLT 7 = gg.

b. Calculate new reduced gradient, h = g,—S" .

c. Modify R to reflect some recursive variable-metric changes in RTR, using a, p, and changes in reduced
gradient, h—h.

d. Seth=h.

e. If a < a4, proceed to step 1. No new constraints found, so we remain in the current subspace.

Step 7. (Change base if necessary; remove one superbasic). Here a < a,,,, and for some p(0 < p<m+3s)

the variable corresponding to column p of [B S] has reached one of its bounds.

Strategic plant maintenance planning in agriculture by integrating lean ... (Gayus Simarmata)
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a. If a basic variable reaches its bound (0 < p <m).
B S . . .
— swap p™ and g™ columns of [xT] and [xT] respectively, where g is chosen to keep B nonsingular
B S

(this requires a vector zp satisfying U L" z,, = ey);
— modify L, U, R and = to reflect these changes in B;
— calculate new reduced gradient h = g,— ST 7,
— proceed to (c).
b. If not, superbasic variable reaches its bound (m < p <m + s). Determine ¢ = p—m.
c. Make g™ variable in S nonbasic at the appropriate bound, thus;

S R
_ -th
remove g™ column from [XST] and [hT]

— return R to triangular form.
d. Decrement s by 1 and proceed to step 1.

The tables included in the paper provide essential data for understanding the optimization of plant
maintenance planning. Table 1 lists the number of hectares to be cultivated during normal periods,
indicating the distribution of land management tasks across different time periods. Table 2 presents the
variables XE;;, showing the quantity of hectares managed outside the optimal time window, which may
incur higher costs. Table 3 details labor allocation, including the number of laborers available, utilized, and
unused across different maintenance periods. These tables collectively illustrate the model's efficiency in
land use and labor distribution, supporting the goal of minimizing costs and enhancing productivity in
agricultural operations.

Table 1. Number of hectares to be cultivated in normal period
X

1 2 3 4
1 350 350 350 300
2 700 700 700 750
3 300 300 300 300
4 300 300 300 410
5 300 300 300 300
6
7
8

300 300 300 300
300 300 310 460
118333 300 300 300

Table 2. Variables XE;;

XE
1 2 3 4
1  200.00000 200.00000 250.00000 200.00000
2 300.00000 300.00000 300.00000 250.00000
3 200.00000 200.00000 200.00000 150.00000

Table 3. Number of labors
Avail Used Unused
150.00000 450.0000  0.00000
150.00000  0.00000  0.00000
160.00000  0.00000  10.00000
160.00000  0.00000  0.00000

A wNR|X

5. CONCLUSION

This paper presents a comprehensive model for plant maintenance planning aimed at minimizing
production costs within agricultural operations. The proposed model encompasses the planning of labor
resources, scheduling of operations, identification of maintenance areas, utilization of machinery, and the
overarching objective of cost minimization for farmers. In numerous agricultural contexts, production
planning is often reliant on farmers' practical expertise and empirical knowledge. However, despite the
collection of relevant data, inadequate analysis frequently results in planning discrepancies, leading to
elevated operational costs associated with plant maintenance and jeopardizing harvest quality. The
optimization model introduced herein serves as a decision-support tool, offering systematic guidance to
mitigate planning errors and optimize resource utilization effectively.

Int J Elec & Comp Eng, Vol. 14, No. 6, December 2024: 6279-6286



IntJ Elec & Comp Eng ISSN: 2088-8708 O 6285

REFERENCES

[1]
[2]
[3]
[4]

[5]
[6]

[71
(8]
[9]

[10]

[11]
[12]
[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

A. Sharma, G. S. Yadava, and S. G. Deshmukh, “A literature review and future perspectives on maintenance optimization,”
Journal of Quality in Maintenance Engineering, vol. 17, no. 1, pp. 5-25, Mar. 2011, doi: 10.1108/13552511111116222.

T. Teslenko, V. Voronkova, and M. Hakova, “Green agro-production as a factor of competitiveness, sustainability, efficient and
ecologically safe agriculture,” E3S Web of Conferences, vol. 452, Nov. 2023, doi: 10.1051/e3sconf/202345201001.

C. A. V. Cavalcante, P. A. Scarf, P. Do, and S. Wu, “Special issue on reliability, risk and maintenance,” Pesquisa Operacional,
vol. 42, no. spel, 2022, doi: 10.1590/0101-7438.2022.042nspe1.00268218.

N. E. C. Solano, G. A. G. Llinas, and J. R. Montoya-Torres, “Towards the integration of lean principles and optimization for
agricultural production systems: a conceptual review proposition,” Journal of the Science of Food and Agriculture, vol. 100,
no. 2, pp. 453-464, Jan. 2020, doi: 10.1002/jsfa.10018.

Y. Gu, Z. Yang, T. Zhu, J. Wang, and Y. Han, “Optimal decision-making model of agricultural product information based on
three-way decision theory,” Agriculture, vol. 12, no. 1, Dec. 2021, doi: 10.3390/agriculture12010041.

L. Rabhi, N. Falih, L. Afraites, and B. Bouikhalene, “Digital agriculture based on big data analytics: a focus on predictive
irrigation for smart farming in Morocco,” Indonesian Journal of Electrical Engineering and Computer Science, vol. 24, no. 1,
pp. 581-589, Oct. 2021, doi: 10.11591/ijeecs.v24.i1.pp581-589.

W. Zhang et al., “Harvester maintenance resource scheduling optimization, based on the combine harvester operation and
maintenance platform,” Agriculture, vol. 12, no. 9, Sep. 2022, doi: 10.3390/agriculture12091433.

W. Guo, T. Liu, F. Dai, and P. Xu, “An improved whale optimization algorithm for forecasting water resources demand,” Applied
Soft Computing, vol. 86, Jan. 2020, doi: 10.1016/j.as0c.2019.105925.

A. Adham, J. G. Wesseling, M. Riksen, M. Ouessar, and C. J. Ritsema, “A water harvesting model for optimizing rainwater
harvesting in the wadi Oum Zessar watershed, Tunisia,” Agricultural Water Management, vol. 176, pp. 191-202, Oct. 2016, doi:
10.1016/j.agwat.2016.06.003.

G. E. Shackelford et al., “Evidence synthesis as the basis for decision analysis: a method of selecting the best agricultural
practices for multiple ecosystem services,” Frontiers in Sustainable Food Systems, vol. 3, 2019, doi:
10.3389/fsufs.2019.00083.

B. Recio, F. Rubio, and J. A. Criado, “A decision support system for farm planning using AgriSupport II,” Decision Support
Systems, vol. 36, no. 2, pp. 189-203, Oct. 2003, doi: 10.1016/S0167-9236(02)00134-3.

J. V Caixeta-Filho, “Orange harvesting scheduling management: a case study,” Journal of the Operational Research Society,
vol. 57, no. 6, pp. 637—642, Jun. 2006, doi: 10.1057/palgrave.jors.2602041.

A. Biswas and B. B. Pal, “Application of fuzzy goal programming technique to land use planning in agricultural system,” Omega,
vol. 33, no. 5, pp. 391-398, Oct. 2005, doi: 10.1016/j.omega.2004.07.003.

S. Janssen et al., “A generic bio-economic farm model for environmental and economic assessment of agricultural systems,”
Environmental Management, vol. 46, no. 6, pp. 862-877, Dec. 2010, doi: 10.1007/s00267-010-9588-x.

S. LU, Y. LIU, H. LONG, and X.-H. GUAN, “Agricultural production structure optimization: a case study of major grain
producing areas, China,” Journal of Integrative Agriculture, vol. 12, no. 1, pp. 184-197, Jan. 2013, doi: 10.1016/S2095-
3119(13)60218-X.

N. E. Caicedo Solano, G. A. Garcia Llinas, and J. R. Montoya-Torres, “Operational model for minimizing costs in agricultural
production systems,” Computers and Electronics in Agriculture, vol. 197, Jun. 2022, doi: 10.1016/j.compag.2022.106932.

N. E. Caicedo Solano, G. A. Garcia Llinas, J. R. Montoya-Torres, and L. E. Ramirez Polo, “A planning model of crop
maintenance operations inspired in lean manufacturing,” Computers and Electronics in Agriculture, vol. 179, Dec. 2020, doi:
10.1016/j.compag.2020.105852.

S. Gupta, P. Gupta, and A. Parida, “Modeling lean maintenance metric using incidence matrix approach,” International Journal of
System Assurance Engineering and Management, Oct. 2017, doi: 10.1007/s13198-017-0671-z.

L. Cai et al., “Multivariate and geostatistical analyses of the spatial distribution and source of arsenic and heavy metals in the
agricultural soils in Shunde, Southeast China,” Journal of Geochemical Exploration, vol. 148, pp. 189-195, Jan. 2015, doi:
10.1016/j.gexplo.2014.09.010.

C. R. Eastwood, J. G. Jago, J. P. Edwards, and J. K. Burke, “Getting the most out of advanced farm management technologies:
roles of technology suppliers and dairy industry organisations in supporting precision dairy farmers,” Animal Production Science,
vol. 56, no. 10, 2016, doi: 10.1071/AN141015.

S. Thuankaewsing, S. Khamjan, K. Piewthongngam, and S. Pathumnakul, “Harvest scheduling algorithm to equalize supplier
benefits: a case study from the Thai sugar cane industry,” Computers and Electronics in Agriculture, vol. 110, pp. 42-55, Jan.
2015, doi: 10.1016/j.compag.2014.10.005.

D. Mishra and S. Satapathy, “Technology adoption to reduce the harvesting losses and wastes in agriculture,” Clean Technologies
and Environmental Policy, vol. 23, no. 7, pp. 1947-1963, Sep. 2021, doi: 10.1007/s10098-021-02075-2.

C. Rosales, J. Brenes, K. Salas, S. Arce-Solano, and A. Abdelnour-Esquivel, “Micropropagation of Stevia Rebaudiana in
temporary immersion systems as an alternative horticultural production method,” Revista Chapingo Serie Horticultura,
vol. XXI1V, no. 1, pp. 69-84, Jan. 2018, doi: 10.5154/r.rchsh.2017.08.028.

H. Barth and M. Melin, “A green lean approach to global competition and climate change in the agricultural sector — a Swedish
case study,” Journal of Cleaner Production, vol. 204, pp. 183-192, Dec. 2018, doi: 10.1016/j.jclepro.2018.09.021.

L. V. Reis et al., “A model for lean and green integration and monitoring for the coffee sector,” Computers and Electronics in
Agriculture, vol. 150, pp. 6273, Jul. 2018, doi: 10.1016/j.compag.2018.03.034.

R. C. Jeroslow, “There cannot be any algorithm for integer programming with quadratic constraints,” Operations Research,
vol. 21, no. 1, pp. 221-224, Feb. 1973, doi: 10.1287/opre.21.1.221.

Strategic plant maintenance planning in agriculture by integrating lean ... (Gayus Simarmata)



6286 O ISSN: 2088-8708

BIOGRAPHIES OF AUTHORS

Gayus Simarmata RIE s currently a doctoral candidate in the mathematics doctoral
study program at the Faculty of Mathematics and Natural Sciences, Universitas Sumatera
Utara, Medan, Indonesia. He holds a master of science degree from the same institution, where
he completed his studies in the master of mathematics study program. Additionally, he earned
a bachelor of education degree, specializing in mathematics education, from the Faculty of
Teacher Training and Education, Universitas HKBP Nommensen, Medan, Indonesia. For
correspondence, he can be reached at email: gayuspermata224@gmail.com.

Saib Suwilo © EJ B © serves as a professor of combinatorics in operations research at the
Faculty of Mathematics, Universitas Sumatera Utara, Medan, Indonesia. He earned his
bachelor of mathematics at the same institution, demonstrating early dedication to his field. He
further pursued his academic interests at the University of Wyoming, Laramie, USA, where he
completed both his master of science and doctoral degrees in mathematics with a focus on
Combinatorics. His research primarily explores the intersections of combinatorics and
operations research, contributing significantly as an author and co-author of various scholarly
publications. For correspondence, he can be contacted via email: saib@usu.ac.id.

Opim Salim Sitompul £ B8 12 received his B.S. degree in mathematics from Universitas
Sumatera Utara, followed by an M.Sc. degree in computer science from Universitas Indonesia.
He completed his Ph.D. in computer science at Universitas Kebangsaan Malaysia. Currently,
he holds the position of professor at Universitas Sumatera Utara. His research interests
encompass data structures, information systems with a focus on business informatics, and
database management. He is actively engaged in advancing these fields and welcomes
academic correspondence via email at opim@usu.ac.id.

Sutarman g 2 has been appointed as an associate professor in the Faculty of
Mathematics at Universitas Sumatera Utara, Medan, Indonesia. He holds a bachelor of
mathematics degree from the same institution. Furthering his education, he completed a master
of science in statistics at the University of Illinois Urbana-Champaign, USA, and earned his
doctorate in statistics from Universiti Kebangsaan Malaysia (UKM). His research focuses on
statistics and operations research, areas in which he has published extensively. He can be
reached for academic inquiries via email at sutarman@usu.ac.id.

Int J Elec & Comp Eng, Vol. 14, No. 6, December 2024: 6279-6286


mailto:gayuspermata224@gmail.com
mailto:saib@usu.ac.id
mailto:opim@usu.ac.id
mailto:sutarman@usu.ac.id
https://orcid.org/0009-0005-0842-3360
https://scholar.google.com/citations?user=J802wi0AAAAJ&hl=id
https://www.scopus.com/results/authorNamesList.uri?sort=count-f&src=al&sid=cd22a73c5cd34a71c0d40caa339bdd83&sot=al&sdt=al&sl=44&s=AUTHLASTNAME(Simarmata)+AND+AUTHFIRST(Gayus)&st1=Simarmata&st2=Gayus&orcidId=&selectionPageSearch=anl&reselectAuthor=false&activeFlag=true&showDocument=false&resultsPerPage=20&offset=1&jtp=false&currentPage=1&previousSelectionCount=0&tooManySelections=false&previousResultCount=0&authSubject=LFSC&authSubject=HLSC&authSubject=PHSC&authSubject=SOSC&exactAuthorSearch=false&showFullList=false&authorPreferredName=&origin=searchauthorfreelookup&affiliationId=&txGid=ed41dfce5a60d447d4317d99d73655d5
https://www.webofscience.com/wos/author/record/KVC-1622-2024
https://orcid.org/0000-0002-6653-9127
https://scholar.google.co.id/citations?hl=id&user=_kgPjJUAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=6504683544
https://www.webofscience.com/wos/author/record/32292732
https://orcid.org/0000-0001-6069-1841
https://scholar.google.co.id/citations?user=82fzUYsAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=46661988300
https://www.webofscience.com/wos/author/record/2135792
https://orcid.org/0000-0003-2171-9260
https://scholar.google.co.id/citations?hl=id&user=X9rxiAcAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=55964801300
https://www.webofscience.com/wos/author/record/32292750

