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Abstract

Researchers and scientists have developed various approaches and methodologies over time to model and analyze different
types of linear programming problems, such as assignment problems and parametric programming problems. This paper
provides a critical review and classification of existing modelling approaches and solution methods related to linear

programming problems. Moreover, the simplex method is discussed in detail through a comprehensive literature review.
The paper concludes by presenting an integrated research framework that is directly applicable to the present context, along
with suggestions for future research directions.
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1. Introduction

During World War II [1939-1944], Watt and Rowe developed
Operational Research in response to the need to manage scarce
resources [1]. This discipline involves the use of quantitative and
qualitative tools, such as mathematical modeling, optimization,
simulation, statistics, and computer science, to analyze complex
systems and find solutions to problems. Its applications are
diverse, ranging from transportation [2], healthcare [3], and
supply chain management [4], to risk management [5], cost
reduction in manufacturing [6], energy management systems [7],
and call center operations [8]. According to Taha [9], Operations
Research is "The application of scientific methods, techniques,
and tools to problems involving the operations of systems so as to
provide those in control of the operation with optimum solutions
to the problems.” Its primary objectives include improving
efficiency, reducing costs, and increasing effectiveness. Table 1
and Fig. 1 below highlight some of the significant contributions
to Operational Research.
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Table 1. Influence of operational research in the real-life
application by the different researchers in different areas.

Authors Year | Applicati | Significance

ons
Thompson 1985 Job The objective of this
and Zawack schedulin | manuscript is to apply
[10] g problem | parametric programming

techniques to solve the
problem of job
scheduling.

Yuand Lui | 2006 Non- The goal is to find the best

[11] convex solution for a multi-
spectrum | carrier system's
of'a multi- | nonconvex spectrum.

carrier

system.
Sulaiman, 2008 Multi- The objective of this
and objective | paper is to address the
Hamadamee optimizati | problem of solving multi-
n[12] on objective  optimization

problems | problems.

Mohsenian- | 2010 Energy This study focuses on the
Rad et al. consumpti | problem of scheduling

[13] on energy consumption in
the context of a smart
grid.
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Vilaplanaet | 2014 Cloud- The purpose of this Wang | 2008 | Simple Bilevel | Their approach to
al. [14] based research is to gain insight et al. X program | solving the linear-
service | into about the service [21] method ming | quadratic bilevel

quality ) in cloud problem | programming
computing. problem involves

L . . - the use of the
A pictorial representation of the Table.1 is shown in Fig.1

Simplex Method.
Bedek | 2009 Dual Overcurr | Bedekar et al. have
Operation ar et simplex ent utilized the dual
Research al. [22] method relays simplex method to
problem | obtain coordination
of overcurrent
relays in  the
distribution
system.
'::':;"[::::l Bl fieam m'—:““’_ scheduling | |0 Kim | 2014 | Hungar | Power | The objective of
Il uall ueul! . . . . .
" pgmblem g F pgroblem : problem s and ian allocatio | this article is to find
S > > 5 5 Dong method n the . optimal
° ° ° 5 ] [23] problem | solution for power
g g § 5 g allocation in a
g g g § § relay-aided device-
to-device
Nonconvex obiecti communication
Job scheduling || spectrum of M:':;;P’::::e Energy Cloud-based d
problem a multi-carrier probllze mls consumption service system under a
system. P! cellular network.
Fig.1 Pictorial representation of Table 1 Karimi | 2015 | Branch Supply | Implementation of
) ) ) o etal. and chain branch and bound
Overall, Operation research plays an important role in decision- [24] Bound | schedule | technique to get a
making and problem-solving across many industries and sectors. Method | problem | batch delivery

LPP is a common topic in Operation research which is discussed

in detail in the below paragraph. schedule for  the

multi-factory

In this paper, our main aim is to discuss the recent trends and supply chain.
applications of LPP. Linear programming (LP) was invented in
the late 1930s by Soviet mathematician Leonid Kantorovich and
independently by the American mathematician George Dantzig in
1947 [1]. It has many applications in various fields, including
economics [15], finance [16], engineering [17], transportation
[18], and so on. According to V.K. Kapoor [19], "Linear Linear
Pr_og_ra_m_ming is_ the process of qptimizing (maximizing or pr:?;lrllr::"g
minimizing) a linear function subject to linear constraints."
Additionally, we have also discussed some of the major
contributions to the LPP in below Table 2 and Fig. 2.
Table 2: Influence of linear programming problem in the
real-life application by the different researchers in different \
areas. aanr?:l;c: 4 Hungarian Dual simplex Simplex Heuristic
meth:d method method method algorithm
Author | Year | Method | Applicati Significance
s ologies ons g’ §' -§' 2 2
T . = = = T T
Adlak | 2006 | Heuristi | Transpor | The purpose of the 8 i g g g
ha et ¢ tation implementation is 8 g g 5 5
. . = =
al. [20] algorith | problem | to  provide a
m solution for mor?- S:P.P ly Power Overcurrent Bilevel T o
for-less paradox in e allocation relays rogrammin ransportation
. schedule Y prog 9 problem
transportation problem problem problem problem
problem with
mixed restrictions. . S ]
Fig.2 Pictorial representation of Table 2
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Overall, Linear programming problem is an important tool in
Operation research because it provides a systematic and rigorous
approach to solving optimization problems. Additionally, we can
say that the Linear programming problem (LPP) is a mathematical
model that seeks to optimize (maximize or minimize) a linear
objective function subject to a set of linear constraints. The
variables in the Linear programming model represent the decision
variables, which are the quantities to be determined. After
reviewing the introduction, it is evident that there are several gaps
in the study of the linear programming problem. Limited research
has been conducted on linear programming related issues that
arise in various real-world applications. In light of this, our study
aims to address these gaps by discussing recent trends and
advancements in linear programming problems.

The primary objective of our study is to provide insights into
evolutionary methods commonly used in linear programming. We
aim to highlight key aspects of linear programming, such as the
transportation problem and duality problem, to provide
researchers and students with a comprehensive understanding of
linear programming models from a single review paper. This
summary of linear programming models will assist researchers in
discovering and encouraging advancements and developments in
the field of linear programming problems. In this review article,
we cover a comprehensive survey of important aspects of the
simplex linear programming model. We also discuss the existence
of simplex linear programming problems and their sub-areas in
real-life problems.

The structure of the paper is as follows: Section 2, we provide an
overview of the simplex method and discuss related research on
its trending extensions. We also summarize the contributions
made by various researchers on these models in a tabular form.
Section 3 presents a summary of our conclusions regarding the

study of the simplex method.

2. Discuss some of the Recent Trends
and advancements in Simplex Theory

Hedi Nabli [25](2009) examines variations working models of
simplex algorithm and suggests two novel approaches. The first
novelty is the introduction of the formal tableau, which makes it
simple to derive the dual solution from the most recent primal
table without distinguishing between slack and the original
variables. Furthermore, a new alternative to the dual-simplex
algorithm is derived using the formal tableau. By the approach,
the dual is solved using the revised simplex algorithm, and the
primal is obtained by use of the formal tableau. To avoid using
big-M numbers or arbitrary variables, a Non-Feasible Basis
approach (NFB) is offered as an alternative for starting the
simplex algorithm. Computational experiments on problems with
varying numbers of constraints and decision variables
demonstrate the effectiveness of the proposed NFB method,
which is computationally more efficient than the two-phase and
big-M methods. Then lately, Boonperm and Sinapiromsaran [26]
introduced a new approach i.e., splitting constraints into three
groups to solve the simplex method.

For the simplex algorithm, Boonperm and Sinapiromsaran
[26](2014) suggested a method that forgoes the usage of artificial
variables. Their approach entails projecting the issue using
objective plane and categorizing the restrictions into three groups
according to the fixed variable's coefficient. Initially, the
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technique uses restrictions from the positive coefficient group to
solve the issue along the objective direction. If the positive
coefficient group is nonempty, then loosens restrictions from the
negative and zero coefficient groups. They provide an example
problem to compare their method to the simplex algorithm.
Boonperm and Sinapiromsaran's [26] method solves the problem
in two iterations, while the simplex algorithm uses fake variables
to solve the problem in two phases. Thus, their method decreases
the number of variables and constraints to solve the problem by
implementing few parameters than the simplex algorithm.
Further, Nabli and Chahdoura [27] developed a new simplex
algorithm efficiency approach.

Nabli and Chahdoura (2015) [27] proposed simplex algorithm
without the use of artificial variables. This method can detect
infeasibility and redundant constraints. To achieve feasibility, it
can be combined with the NFB method. However, the basis
obtained by this method is generally not feasible, which can be
resolved by using the non-feasible basis method (NFB).
Additionally, Nabli and Chahdoura [27] (2015) propose a new
pivoting rule for NFB that improves its numerical and time
complexity. To help decide which algorithm to use between NFB
and formal non-feasible basis method (FNFB), we also develop
an efficient criterion. Nabli and Chahdoura [27] (2015) also
propose a more efficient pivoting rule for NFB. Additionally, they
also developed the primal-formal non-feasible basis method using
the formal tableau notion. Hence, it is observed that Nabli and
Chahdoura [27] (2015) method helps us to reduce the number of
iterations as well as time. Finally, Sangngern and Boonperm [28]
(2020) proposed another different way to handle the simplex
method.

Sangngern and Boonperm [28](2020) developed a new simplex
method with the initial basis, that considers the angle between the
objective function coefficient vectors and each constraint. This
method uses restrictions with modest angles to generate an initial
basis close to the ideal answer. The non-feasible basis method
avoids artificial variables if the initial basis yields infeasible
solutions. By using linear programming problems, computational
experiments are randomly generated. Sangngern and Boonperm
[28](2020) technique, the Two-phase method, Big-M method and
non-feasible basis method solved the problems. Sangngern and
Boonperm [28](2020) technique outperformed other issues by
demonstrating its potential for tackling real-world optimization
problems.

The statement provides an overview of various approaches to
handle the simplex algorithm efficiently. The methods comprise
by introducing novel ideas like the formal tableau and the non-
feasible basis method, grouping constraints into three categories,
creating an initial basis by measuring the objective function using
coefficient vectors, and implying new pivoting rules. These
approaches aim to reduce the number of iterations, time, and the
use of artificial variables required to solve linear programming
problems. Computational experiments have demonstrated the
effectiveness of these approaches and their potential usefulness
for solving real-world optimization problems.

Conclusion

Linear programming problems, such as assignment problems and
parametric programming problems, have been the subject of
extensive research by scientists and researchers. This paper
critically reviews and classifies existing modelling approaches
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and solution methods related to linear programming problems.
The simplex method is discussed in detail through a
comprehensive literature review. Additionally, the paper
proposes an integrated research framework that is relevant to the
present context and offers suggestions for future research
directions. We aim to conduct a thorough investigation of the
current literature on fuzzy theories, including concepts like
triangular, trapezoidal, and others. We believe that relying solely
on classical theory is insufficient for effectively handling
uncertainty. By focusing on this perspective, our objective is to
explore the literature on fuzzy theory in greater depth, enhancing
our understanding in this field.

Acknowledgements.

I would like to thanks the 2™ EAI International Conference on
Intelligent Systems and Machine Learning (ICISML-2023) for
giving us the opportunity to share our work. I am always grateful
to the editor-in-chief and all the reviewers.

References

[1] Sharma JK. Operation research: Theory and application,
4th edition. Macmillan Publisher India Ltd; 2009.

[2] Quddoos A, Javaid S, Khalid MM. A new method for
finding an optimal solution for transportation problems.
International Journal on Computer Science and
Engineering. 2012;4:1271.

[3] Pearson M, Monks T, Gibson A, Allen M, Komashie A,
Fordyce A, Harris-Golesworthy F, Pitt MA, Brailsford S,
Stein K. Involving patients and the public in healthcare
operational research—The challenges and opportunities.
Operations Research for Health Care. 2013;2:86—89.

[4] Ergun O, Karakus G, Keskinocak P, Swann J, Villarreal M.
Operations research to improve disaster supply chain
management. Encyclopedia Of Operations Research And
Management Science. 2010;6:3802-3810.

[5] Mulvey JM, Rosenbaum DP, Shetty B. Strategic financial
risk management and operations research. European
Journal of Operational Research. 1997;97:1-16.

[6] Porteus EL. Optimal lot sizing, process quality
improvement and setup cost reduction. Operations
research. 1986;34:137-144.

[7] Luna AC, Diaz NL, Graells M, Vasquez JC, Guerrero JM.
Mixed-integer-linear-programming-based energy
management system for hybrid PV-wind-battery
microgrids:  Modeling, design, and experimental
verification. IEEE Transactions on Power Electronics.
2016;32:2769-2783.

[8] Aksin Z, Armony M, Mehrotra V. The modern call center:
A multi-disciplinary ~ perspective on  operations

management research. Production And Operations
Management. 2007;16:665-688.

[9] Taha HA. Operations Research: An Introduction. Pearson
Education India; 2013.

[10] Thompson GL, Zawack DJ. A problem expanding
parametric programming method for solving the job shop
scheduling problem. Annals of Operations Research.
1985;4:327-342.

[11] Yu W, Lui R. Dual methods for nonconvex spectrum
optimization of multicarrier systems. IEEE Transactions
On Communications. 2006;54:1310-1322.

[12] Sulaiman NA, Hamadameen AQO. Optimal transformation
technique to solve multi-objective linear programming
problem (MOLPP). Kirkuk University Journal-Scientific
Studies. 2008;3:96-106.

[13] Mohsenian-Rad AH, Wong VWS, Jatskevich J, Schober R,
Leon-Garcia A. Autonomous demand-side management
based on game-theoretic energy consumption scheduling
for the future smart grid. IEEE transactions on Smart Grid.
2010;1:320-331.

[14] Vilaplana J, Solsona F, Teixid6 I, Mateo J, Abella F, Rius
J. A queuing theory model for cloud computing. The
Journal of Supercomputing. 2014;69:492-507.

[15] McCarl BA, Apland J. Validation of linear programming
models. Journal of Agricultural and Applied Economics.
1986;18:155-164.

[16] Charnes A, Cooper WW, Miller MH. Application of linear
programming to financial budgeting and the costing of
funds. The Journal of Business. 1959;32:20-46.

[17] Delson JK, Shahidehpour SM. Linear programming
applications to power system economics, planning and
operations. IEEE Transactions on Power Systems.
1992;7:1155-1163.

[18] Vignaux GA, Michalewicz Z. A genetic algorithm for the
linear transportation problem. IEEE transactions on
systems, man, and cybernetics. 1991;21:445-452.

[19] Kapoor VK. Operations research techniques for
management. New Delhi: Sultan Chand & Sons.; 2003.

[20] Adlakha V, Kowalski K, Lev B. Solving transportation
problems with mixed constraints. International Journal of
Management Science and Engineering Management. 2006
January;1:47-52.

[21] Wang G, Wan Z, Wang X, Lv Y. Genetic algorithm based
on simplex method for solving linear-quadratic bilevel
programming problem. Computers & Mathematics with
Applications. 2008;56:2550-2555.

EAI Endorsed Transactions on
Energy Web
| Volume 10| 2023 |

D EA 4



A Short Literature on Linear Programming Problem

[22] Bedekar PP, Bhide SR, Kale VS. Optimum coordination of
overcurrent relays in distribution system using dual simplex
method. In: 2009 Second International Conference on
Emerging Trends in Engineering & Technology; 2009. p.
555-559.

[23] Kim T, Dong M. An iterative Hungarian method to joint
relay selection and resource allocation for D2D
communications. IEEE Wireless Communications Letters.
2014;3:625-628.

[24] Karimi N, Davoudpour H. A branch and bound method for
solving multi-factory supply chain scheduling with batch
delivery. Expert Systems with Applications. 2015;42:238—
245.

[25] Nabli H. An overview on the simplex algorithm. Applied
Mathematics and Computation. 2009;210:479-489.

[26] Boonperm Aa, Sinapiromsaran K. The artificial-free
technique along the objective direction for the simplex
algorithm. In: Journal of Physics: Conference Series; 2014.
p. 012193.

[27] Nabli H, Chahdoura S. Algebraic simplex initialization
combined with the nonfeasible basis method. European
Journal of Operational Research. 2015;245:384-391.

[28] Sangngern K, Boonperm Aa. A new initial basis for the
simplex method combined with the nonfeasible basis
method. In: Journal of Physics: Conference Series; 2020. p.
012002.

O EA

EAI Endorsed Transactions on
Energy Web
| Volume 10| 2023 |





