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Abstract

The objective of the present paper is to review my personal contributions in the field of Uncapacitated Facility Location Problems. This paper is
an analysis of scientific contributions, mainly the relevance, originality and significance of three published articles, around location science. The
published journal articles are derived from a single source asnovel solutions to a real-world case study. They contrast and revolutionize over 60
years of solutions to the UFL problem and k-median problem. The research introduces a new data analysis method, a Hamming distance-based
k-median clustering algorithm based on the R Language. The research also introduces novel reformulations of the UFL and k-median problems
which replace traditional distance matrices with Global Position System (GPS) based Euclidean Distance calculations, simplifying data input and
reducing computational complexity. The reformulations are based on the CPLEX Opl language. The novel software inventions are all used to
solve a real-world problem which involves the near optimal siting of Hazardous Waste Used Lead Acid Battery (ULAB) collection facilities in
the republic of Mauritius. The thrust of this review is to analyze the novelty, compare, contrast and discuss all the remarks made by various
reviewers. Hence this review combines and summarizes the three papers and explains the contribution of the three novel software inventions

developed to solve a real-world problem.
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1. INTRODUCTION

[17[2][3] explore reverse supply chain network design
problems in the automotive industry of the republic of
Mauritius, specifically focusing on the challenge of recycling
Used Lead Acid Batteries (ULABs). The authors examine
logistical issues related to the Uncapacitated Facility Location
problem (UFL) and the k-median location problems. Thus
[17[2][3] deals with the important problem of improving the
safety and effectiveness of the collection, processing, and
disposal of one of the most hazardous parts of the vehicles, the
ULAB.

1.1 An Analysis of the Used Lead Acid Battery (ULAB)
Collection Network Mauritius Using the ESMVERE- R-
Hamming-k-median Clustering Method [1]

The primary contribution of [1] is its investigation of the
important and complex logistical problem of ULABs, which
are a hazardous waste problem [4], faced not only by
Mauritius, but also by other countries. Used batteries, in
general, particularly the lead acid ones are among the most
hazardous waste, and an effective collection, processing, and
disposal of them is of paramount importance to the health and
safety of all communities, particularly those that are more
developed, for example communities that have more vehicles
per capita [3]. The life of these batteries is shorter than the life
of vehicles that may undergo a few battery replacements in
their usable life. This is a highly relevant problem, given the
potential environmental impact of discarded batteries. [1] deals
with quantitative research where a survey was conducted
among a sample of industry experts.

*Corresponding Author: Emmanuel Siyawo Mvere,
Mechanical and Production Engineering Department, University of Mauritius,
Moka, Mauritius.

A total population of 137 experts who were directly and
indirectly involved in the trade of ULABS, that is importation,
reselling, repair and collection were selected. This included
relevant members of the environmental and human health
ministries. A sample population of 40 experts was selected [1]
to represent the total population of 137. A questionnaire was
drafted which contained about 20 questions (some open ended)
which sought to describe the existing structure and network of
the ULAB life in the republic of Mauritius, to determine the
impact of the current trade and disposal system. A descriptive
statistical analysis of the normative answers and briefs of
responses to open ended questions were given, which showed
that many of the respondents acknowledged the need for a new
and safer collection system for ULABs. The small size of the
population and sample in this specialized area is justified given
that Mauritius is a small island which hosts a total population
of less than one million two hundred thousand people, 1.2
million people. [1] Generated some commendable insights on
the yearly system of disposal, effectively correlating it with
environmental degradation and societal health risks. Thus [1]
acknowledges the wide gap in research on this area in the
country Mauritius, where the last research on lead poisoning
was conducted in 1995 by [5]. Thus, despite the adverse
dangers on lead poisoning, no research on the topic had been
conducted in Mauritius for almost 30 years. The second
contribution of [1] is the introduction of a novel data analysis
method which was used to analyze the data. While the research
describes the analysis of a questionnaire dataset, it contributes
a new software invention, a novel clustering method which
was used to identify and interpret the clusters of the
respondents. The new method ascribes a numerical value to the
best choice of the number of clusters k, when using the k-
median hamming distance variant [1]. Thus, this is usually the
most complex decision when clustering data using either the k-
means or its variant the k-median [1]. There is a need to be
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sure of the optimum number of clusters that give the best value
of the k for the best clustering performance [1]. Thus [1]
presents a new data analysis method that may be used to
analyze questionnaire responses in many other contexts.

1.2 [2][3] The Near Optimal Siting of Hazardous Waste
(Used Lead Acid Battery (ULAB)) Collection Facilities in
the Republic of Mauritius Using the [2] ESMVERE
CPLEX UFL Problem Solver , [3] ESMVERE CPLEX k-
median Problem solver algorithm

[2][3] presents a mathematical framework that consists of two
facility location problems the UFL, and the k-median problems
as alternative approaches to finding the best location sites for
the collection facilities of the ULAB batteries. [2][3] present
an innovative approach to the siting of hazardous waste
collection facilities in Mauritius using the novel ESMVERE
Cplex UFL problem solver algorithm, and the ESMVERE
Cplex k-median problem solver algorithms. Both papers
address a significant gap in the literature by applying UFL and
k-median problem-solving techniques in a real-world setting,
using the actual data from the Mauritius statistical office. This
addresses a wide gap in research for these problems as all
known prior work on these problems was mostly theoretical
improvements of the UFL and k-median approximation
algorithms [6][7][8][11].

[6][71[8] solve the problem theoretically by developing faster
algorithms which are seldom tested on software generated
data. Thus, they would achieve theoretically faster algorithm
solutions, however in most cases these would be unusable [7]
in the real world. This would explain why it is still rare to find
a “solved” real-world case study in this area of research.
Although [8] propose an algorithm that is aimed at attempting
real world cases, there is no illustrated example of this
achieving the proposed results. All the solutions and
improvements would not provide a solution that the reader
could test and use in their own context thus [2]and [3] closed
this gap. Both [2]and [3] propose a realistic usable solution
that “solved” this problem in Mauritius to site ULAB
collection facilities. This work demonstrated fluently how the
UFL problem can be solved on real data. Both [2] and [3]
illustrated a step-by-step instance creation process which
familiarizes the reader with how to solve a realistic real-world
problem. In the Appendix both [2] and [3] illustrated an
unrelated, independent, separate sample solution with results,
and provided the code for the readers to test and develop in
their own context. [2] [3] clearly demonstrated the algorithm
solution to the real-world data from Mauritius using the
ArcGIS mapping. The solutions are also visible when they are
input on google earth.

The primary contribution of both [2] and [3] is the removal of
the distance matrix as input in the calculation for the UFL
problem and the k-median problem, replacing the distance
matrix with the GPS input, Euclidean distance formular. This
simplified the data input and reduced computational
complexity for the algorithm making it easy, usable and
convenient as a solution. The small illustration in the appendix
[2][3] proves that the solution is usable in many other cases,
meaning that the same algorithm can be used for other similar
problems. Since their introduction over 60 years ago [12][25]
both the UFL and k-median problem have been solved using
the distance matrix. [9][10] are examples of the CPLEX Opl
software algorithms that solve the UFL problem showing the

input of the distance matrix. [13] is a p-median example of
how both problems were solved. Thus [2] [3] introduce a
solution that does not need the input of a distance matrix but
uses GPS based Euclidean distance calculations. [9][10]
[11][13] and all known prior solutions used the input of a
distance matrix in the calculation of the UFL problem and the
k-median problem.

An Example

We will wse the following small example to imtroduce and motivate the
ideas developed subsequently. Real-world problems are typically much larger
—_———— e ——
{e.g. m = m = 100). Consider the instance of the UFL Problem defined by the
_—
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Applying the greedy heuristic to the example yields

iteration 1: [plt¢) ..... p6(¢]J = (16,15,15,12.10,13).
Hence dy o= 1L and S1 = {1} .
iteration 2:  {pa({1})5..., pel{13)) = {1,0,-1,-1,-1}.

Henca j, = 2 and 52 = 1,2}.

fteration 3: (pal{l.2}),..., pgl{1.23)) = (0,-1,-2.-2).

The set $° of wvalue Z° = 2({5%) = 17 s the greedy solution.

Figure 1. UFL Matrix solution [11]

It would be highly difficult to use this solution in a real-world
scenario, which could explain why there are not so many real-
world examples. All known prior innovations to the UFL and
k-median problem solutions were centered on improvements
and innovations around the matrix [11] [13]. Thus [2][3]
propose a solution which is a novel breakthrough spanning
over 60 years [11] of work in this area.

1.3. Contribution Of The Euclidean Distance Formular To
The UFL and k-median Problem In CPLEX Opl [2] [3]

To the best of our knowledge, all known prior algorithms use
the input of a distance matrix, as input in the calculation. The
removal of the distance-matrix in the calculation is the main
difference between the model solution developed to solve the
UFL and k-median problem in [2][3] compared to all known
prior methods solving this problem. For example, [9] uses the
distance matrix below (a), in a small nine warechouse example.
Even in their short example, to ensure that the distance of each
point to the other remaining eight points is combinatorically
considered, is a big combinatorial task [2][3]. This becomes
even more complex when you must gather the data between all
possible combinations of distances, for example if there are 50
locations : From the first location we label it L 1 to the last
location L 50

L 50 ->2* lists all the possible pairs

L 49 -> 2% lists all possible pairs (same as above, excluding L
50)

2942%4 | 42021

Continue with this to the last location L1 then add them up we
have 1.1258999¢e+15 location distances to place in a distance
matrix. This is somewhat easy when it is randomly generated
by software, however, in real world practice this is extremely
complex. Below is a distance matrix of only 9 locations [2][3].
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Distance Matrix [9][2][3]

Distances [ [0,720,790,297, 283, 296,461, 796,996]
[720,0, 884, 555,722,461, 685,245,1099]
[790,884,0,976, 614,667,371, 645,219]
[297,555,976,0,531,359, 602,715, 1217]
[283,722,614,531,0, 263, 286,629, 721]
[296,461,667,359,263,0, 288,479, 907]
[461, 685,371,602, 286, 288, 0, 448, 589]
[769, 245, 645,715, 629,479, 448, 0, 867]
[996,1099,219, 1217, 721,907, 589,867, 0]]; (a)

This would be impractical in many cases in the real world
where there might be hundreds or thousands of location points,
and the distances that make each pair of distances [2][3]. Thus,
a new model is developed that does not need the input of the
distance matrix but uses the formular for the Euclidean
distance between two points and the input of actual GPS
coordinate location points to solve the k-median problem

(2103] -

The formular for the Euclidean distance between two points is:

d =0 — %)% + (y1 — ¥2)? (b)

The UFL,k-median Cplex Opl Euclidean distance formular
developed for this study

function getDistance (ulabcityl,ulabfacilitycityl) {
return opl. sqrt(opl.pow(ulabcityl.x

—ulabfacilityl.x, 2)

+ opl.pow(ulabcityl.y
—ulabfacilityl.y,2)) } (©)

The new method solves the UFL and the k-median problem by
making a choice between facility locations and client locations,
without considering the distance between all the points as a
distance matrix. The newly developed method only requires
the GPS coordinate location points [2][3]. This means that it
opens the best out of n potential facility locations and assigns
only m clients to these open facilities per calculation [2][3].
They are both heuristic solution techniques, Integer binary
linear programs with binary variables that solve the UFL and
the k-median problem. The new method could also be a useful
contribution to UFL and k-median approximation algorithms,
where they could contribute to faster approximation algorithms
for the UFL and the k-median problem.

2. REVIEWER DISCUSSIONS

2.1a Reviewer 1 comments[2][3]

“The originality of the work is limited, as the models (k-
median and Uncapacitated facility problems) and methods
(direct solution of the models using the OPL-Cplex tool)
addressed are widely known in the literature of Operations
Research. Indeed, it is not difficult to find material about these
problems (see, for example, https://perso.ensta-paris.fr/~diam/
ro/online/cptex/cplexI1271/OPLStudio/opl quickstart/ topics/
opl_quickstart pmedian.htm1 for the k-median and https://
github.com/samarthrnistry/Optimization-Facility-location ~ for
the Uncapacitated facility location). The contribution of the
work is mainly in addressing a specific problem in Mauritius
with these known tools.”

Discussion

Research on these problems is on-going. The reviewer’s
comments present some confronting arguments that demand an
analysis. A brainstorm of what the author immediately
construed is:

e The reviewer might mean the scientific community must
not improve solutions to these problems any longer. The
international scientific location science expert community
must halt, refrain and stop all its current research on these
problems?

e The reviewer might mean all the methods used to solve
these problems are the same. Is it possible that the custom
new solutions proposed can fit under a blanket term of
well-known tools?

e The invented solutions are in the same class as
Mathematical model problems or the software language
used to develop them, and not on how they independently
and uniquely solve these problems.

e Originality of research is based on the model problems
UFL, k-median and not on solutions developed to solve the
problems.

Indeed, both the UFL and the k-median problems are widely
known in literature, since they have been in existence since
[12][25]. However, as many solutions may exist, there is
always need for a better solution. A small improvement can
make a significant difference. More so, the hardness of
approximation on both these problems has not been achieved
1.463 for the UFL problem [21] and 1+2/e for the k-median
problem [22]. Thus, the quest is to develop an original, novel
and better solution than what is already well-known. This
surely cannot be overlooked.

“It can be seen that researchers have tried different
permutations and combinations of various exact, heuristic and
metaheuristic algorithms to develop better solution methods
than the existing ones” [24].

Open minded academia’s will ask relevant and crucial
questions such as: How does the new solution change the
paradigm? How does it challenge the existing solutions? where
does the new and innovative solution lead to? how does it
improve our society?

The statement “originality of the work is limited” connotes to
the work having existed before. It is true to say the UFL and k-
median problem has been in existence [12][25]. This
statement, however, in this context, points to imply that the
work has proposed new problems, which are the UFL problem
and the k-median problem. This is not the case. The work has
clearly proposed new solutions to these existing problems.
These solutions are based on a breakthrough development in
how the problems are solved. Which could in turn lead to the
new solution becoming the best solution to use in this case of
study, and in many similar cases, based on the results and
evidence of its success.

“methods (direct solution of the models using the OPL-Cplex
tool)” The method used is an integer, binary heuristic solution
algorithm which was developed firsthand, it is a newly
invented algorithm, however, the reviewer implies from the
statement that it is a pre-configured OPL-Cplex tool which was
in existence. This statement appears like an accusation, it is
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fraudulent. Then comes the evidence supplied [10] in this case
Figure 3, which is in no way related to how the solution [2][3]
solves the problem.

Type Definition Code availability

Proprietary software  Software whose use or redistribution is restricted
in the way that users cannot do it without permis-
sion

Not publicly available

Custom software Software developed for one organisation or com-
pany
Open-source software Codes that anyone can inspect, apply, modify and
enhance

Often not publicly available

Publicly available

Figure 2. Custom software [33]

“Some researchers have written custom software that directly
structures and solves location models [34][35], relying on
general optimization solvers. While custom software allows
developers to specify their models, it comes with obvious
shortcomings. It is challenging to develop new software, which
requires specific technical skills software design, tackling data
input, model implementation and integration with solvers.
Moreover, in academia, researchers generally neither disclose
the technical details nor release the code of developed
software”[33]

The problems are not original, but a better solution which
exceeds the world’s best in this area might be a new, original
and better method. In an academic setting, the reviewer is also
given a Turnitin score. The Turnitin score defines how much
of the work has been derived from uncited sources, or whether
the work has been plagiarized from another source. If the paper
is submitted with a high Turnitin score, then that is enough
evidence that the work is not original. However, if the Turnitin
score is fairly below an acceptable number, then that is
evidence that the work may be original, such as in this case,
the Turnitin score is below 10.

Otherwise, there is a need for evidence or full disclosure of
similar work. Evidence of similar work. A full year may be
given to the reviewer to go through the body of knowledge in
this field, this is enough time for the examiner or reviewer to
find if similar work has existed. It is damaging, unprofessional
and incompetent to claim a newly developed custom solution
is a well-known tool. This statement oppresses, disqualifies the
newness of a custom solution. It is highly unprofessional to
mention anything at all without detailed evidence. Figure 3,
[10] is not evidence related to Appendix A on both [2][3] in
any way. In a high school examination such errors do not exist.
A high school student would never agree that [2][3] and [10]
are similar programs. See Appendix A and B

2.1b Reviewer 1 comments

The originality of the work is limited, as the models (k-median
and Uncapacitated facility problems) and methods (direct
solution of the models using the OPL-Cplex tool) addressed
are widely known in the literature of Operations Research.

Discussion

Research work on the UFL problem and the k-median problem
is ongoing.[8][14][15][16][17][18][19][20] are all recently
published improvements on both problems in this area of
research. The demand for work on these problems proves even
more that they are one of the most relevant areas of research in
this day. The approximability lower bound of both problems

which is the level of hardness of the problems, have not yet
been achieved 1.463 for the UFL [21], for the k-median 1+2/e
[22]. Recent increases in work on these problems prove even
more the usefulness of solutions to these problems. With the
advent of Artificial Intelligence (AI) and Machine Learning
(ML) more advanced modern-day uses of the algorithms that
solve these problems have arisen. Self-driving vehicles,
drones, computer networks, pattern recognition, image
processing, social media, computer vision, data mining, all
these areas of application and more, have developed the
necessity to know more about the efficient allocation of
resources. An example is, we might need to know where the
median of the locations is to process efficient deliveries for
self-driving vehicles, drones etc. [2][3] go many steps further
by allowing the use of GPS coordinates for ArcGIS or Google
earth in their calculation. The [2][3] solutions are novel and
unique; they solve these problems in a unique way.

The problems have existed since [12][25] but each solution in
[8I[14][15][16][17][18][19][20] addresses the problems
differently. They are published by the best journals in the
world, after a highly credible review process, because they are
uniquely developed solutions that extend the body of
knowledge in the area of research which is ongoing. This is
one of the most relevant areas of research today in terms of the
demand for solutions to the k-median and the UFL. Many
cases demand the elimination of outliers. [8][14][15][16][17]
[18][19][20] are multiple independent software solutions to the
UFL and k-median problem, these solution algorithms are
developed in multiple independent programming languages.
IBM ILOG CPLEX Optimization Programming Language is
one such Language that can be used to write a solution to the
UFL or k-median problem. Other Languages include Gurobi,
Python, MATLAB. The choice of which optimization
programming language is used depends on the choice and
familiarity of the developer with a language. [8][14][15][16]
[17][18][19][20] all solutions developed in various
optimization programming languages however they are not
similar in anyway. [6][7] are among the best works in this area
of research, they can be termed legendary, both authors clearly
mention they were developed using the CPLEX OPL. To a
human of average intelligence, the two solutions are so
contrasting and nowhere near similar that they fit under a
blanket term of well-known CPLEX tool. It would be absurd
for the award of the best student paper at FOCS and ICALP

[6].

The same goes for [2][3] these solutions are independently and
uniquely developed because they are the first known solutions
of these problems in which the distance matrix is removed. To
prove this difference the example given by the reviewer uses a
distance matrix Figure 3 [10]. While it is clearly not difficult to
find material about the problem and solutions developed in
CPLEX OPL, each solution developed is unique. A careful and
wise analysis of every solution and how it permeates the
boundaries of existing knowledge is always necessary.
Comparing [2][3] and the examples given by the reviewer [10]
in this case would clearly show the difference between these
two solutions. Whereas [2][3] solves the problem with the
input of GPS coordinates and Euclidean distance-based
calculations, [10] uses the input of a distance matrix as is the
norm for the past 60 years. Hence [2][3] is a significant step
because it solves the problem efficiently affording the results.
It is developed in such a way that makes it easier for the reader
to understand. However, a simple analysis by an entry level
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high school computer programming student would point out
the difference of the programs between [2][3] against [10]
fluently. An entry level high school programming student
understands that a program consists of input, processing and
output. The first question for an entry level high school student
(and even some brilliant primary school students) would ask is,
where is the input? Or what is the input? Just those two
questions would lead to the fascinating revelation that there is
a big difference between [2][3] and [10].

2.1¢ Reviewer 1 comments

Indeed, it is not difficult to find material about these problems
(see, https://github.com/samarthrnistry/Optimization-Facility-
location for the Uncapacitated facility location). The claims
about consistent contributions to the OR literature should be
toned down as the work does not introduce any new
methodologies or techniques to the scientific community.

Discussion

v @ NewTab X () Optimization-Facifty-Location/ X+ = 0

€ > C % P

@ Files Optimization-Facilty-Location / UFLcpp T

Code | Blame | 255 Lines (199 1oc) - 7.99 K8

P master - |lQa
Q Gotofe )
[ APsPPcpp.
() READMEmd

[ UrLepp
[ UFLALTepp

Figure 3. CPLEX OPL tool [10]

The underlined code commenting sections clearly show that
the program is going to load data, and it is written that the
“second array is distribution cost matrix (between a facility
and a client)”. Thus, the main contribution of [2] and[3] is the
elimination of this distance matrix. To the best of our
knowledge all known prior solutions used the input of a
distance matrix [9] [10][11] [13]. The main contribution had
been stated as a novel algorithm that solves the UFL problem,
which in all simplicity, a knowledgeable reviewer would have
analyzed this difference and argued around, had it been done
anywhere in the world before the review? Thus, leading to an
investigation which involves 1) checking the Turnitin score,
and 2) conduct a google search. In the modern era of Al, one
would have come up with an algorithm closer to the original
[2] [3] if it had existed. A review of these simple 2 steps would
have proved a person of wise and dignified intellect who does
not rush in making claims without a detailed analysis.

2.1d Reviewer 1 comments

(see, for example,https://perso.ensta-paris.fr/~diam/ro/
online/cplex/cplex1271/OPL_Studio/opl_quickstart/ topics/
opl quickstart pmedian.htm1 for the k-median)

Discussion

¥ M Inbox (3968 enneruelme X | G ttpripernsstepunii-d. X DP 404 Notfound x4 = ) £

€30 G o

Not Found

Th ed URL

quickstart gmedianhim () Google Lens. ﬁ) [« Qe

feglex 27LOPL ¢ | quickstart_pe i on

Figure 4. NonexistentCPLEX OPL tool [10]

The website referred for does not exist??
2.1e Reviewer 1 comments

The contribution of the work is mainly in addressing a specific
problem in Mauritius with these “known tools”.

Discussion

The sections above clearly spelled out the difference between
[1][2][3] and what is “known” in this area of research. An
expression of this in the simplest of terms is, the UFL and the
k-median problems are like the question paper in an
examination, and the solutions to these problems solutions
such as [1][2][3] [6][7][8][O1[10][11][12][13] [14][15][16][17]
[18][19][20] are the answer sheets. Hence the evaluation in all
the best journals in the world and all the best Universities, is
based on how the answer sheet extends what is already
“known” or what is “widely available”. How do the proposed
solutions appear newer or better than all “known” prior
solutions to these problems. The evaluation is not based on the
(question paper,) which is existing knowledge but on how the
(answer sheet) compares to what is already known. Hence if a
solution is evaluated and is found to have existed or there
being similar work then it is a “known tool”, there should be
evidence of a similar solution, in terms of input, computation
time, speed, mathematical model, in a few cases the results. If
none of these things are similar except the problem being
solved and the language used, then these are two separate
independent solutions such as [2][3] against [10].

1. There is the “model” (UFL problem and k-median problem
[43])

2. Then there is the mathematical concept behind the solution
the “maxim”, (integer binary heuristic algorithm [2][3],
simple  multi-wave  algorithm  [20], primal-dual
approximation algorithms [6], a hybrid tabu search with
path-relinking simheuristic approach[8])

3. Then there is the software programming language used to
develop an algorithm, which is the practical application of
the mathematical concept.

A solution can be called similar if all 1,2,and 3 are the same.
The solution [10] is not an integer binary heuristic solution,
nor is it a simple multi-wave algorithm, nor is it a primal-dual
solution. It appears to be a Mixed Integer linear program(MIP)
or an Integer Programming Formulation. The reviewer is
analyzing 1 and 3 for the review. 1, “which is taught in basic
causes, and is available everywhere’[43]. The Reviewer failed
to distinguish between the three, 1, 2 and 3.

2.1.1a Reviewer 1 comments

However, the modelling and techniques adopted in the work
are quite basic, as they are based on the direct solution of well-
known mathematical models using the OPL tool.

Discussion

The removal of the distance-matrix in the calculation is the
main difference between the model solution developed to solve
the UFL and k-median problem in [2][3], and all known prior
methods of solving this problem. It cannot be termed “basic”
to develop invent a solution to a problem that has existed for
over 60 years. A careful analysis of [2][3] will reveal how the
solution was invented, this was not a preconfigured tool that
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was in existence, because every solution before [2][3] uses a
distance matrix in the calculation. [2][3] is an everyday usable
solution which allows the input of GPS coordinates in the
calculation of this problem. Thus, again the statement “quite
basic” should follow with evidence of a solution which is more
advanced solving the problem. The approach in the examples
given [10] use a distance matrix. Figure 3 is not solving this
problem faster or more conveniently than [2][3]. The
mathematical models are well known however the best student
papers are being awarded on innovations and improvements to
these models [7][8][14][17][19].

2.2a Reviewer 2 comments [2]

The paper examines the challenge of hazardous waste
management from Used Lead Acid Batteries (ULABs) in
Mauritius, a pressing public health and environmental concern
due to the risks of lead exposure. It proposes a heuristic
solution based on the Uncapacitated Facility Location (UFL)
problem; a mathematical framework designed to minimize
facility setup and transportation costs while ensuring adequate
service coverage. The study introduces the ESMVERE Cplex
UFL Solver, which replaces traditional distance matrices with
GPS-based Euclidean distance calculations, simplifying data
input and reducing computational complexity. Drawing on
methodologies from related optimization problems, including
the Traveling Salesman Problem (TSP) and p-median models,
the authors develop an algorithm tailored for small- to
medium-scale applications. Applied to real-world data from
Mauritius, the model identifies 19 optimal ULAB collection
sites, achieving cost-effective logistics and minimal
transportation distances. The results, visualized with ArcGIS,
align closely with geographic realities, underscoring the
algorithm's practical applicability. However, the solution's
scalability is limited, as it can process only up to seven
facilities and 125 clients per iteration. Enhancements to
address larger datasets are recommended for future research.

Discussion

The initial software used to develop the algorithm developed
for this study had a limitation on instance input size, it was
only reliably usable in cases where there were 7 Facilities and
125 clients [37]. This meant that it opened the best out of 7
potential facility locations and assigned only 125 clients to
these open facilities per calculation. This limitation was with
IBM ILOG CPLEX Optimization Studio 22.1.2 community
edition. This is a free version of the software. The commercial
version of the software does not have the same size limitations.
The IBM ILOG CPLEX Optimization Studio 22.1.2 Developer
Edition was used to test and compare the performance of the
algorithms in larger instances. This enabled the algorithm to
solve larger instances of sizes, up 1000 facilities and 3000
clients.

1BM ILOG CPLEX Optimization Studio Free edition Developer Subscription

Free $199.00 USD*

Figure 5. CPLEX Opl Size Limitation [37]

2.2b Reviewer 2 comments

This study's key contribution is the practical adaptation of
theoretical UFL frameworks to address environmental
challenges, offering a replicable model for hazardous waste
management in other contexts. It highlights the potential for
mathematical modeling to drive practical solutions to global
environmental challenges as well. The paper addresses the
pressing environmental and public health challenge of
managing hazardous waste from Used Lead Acid Batteries
(ULABs) in Mauritius. It proposes a heuristic solution
grounded in the Uncapacitated Facility Location (UFL)
problem, a mathematical model designed to minimize facility
setup and transportation costs while ensuring effective service
coverage. The use of GIS mapping further enhances the study's
relevance, making the findings accessible to stakeholders such
as policymakers and environmental agencies. While the paper
provides a replicable framework for hazardous waste
management, its scalability is limited to seven facilities and
125 clients per iteration, restricting its application to larger or
more complex scenarios. Enhancing computational capacity
and addressing larger datasets in future research could
significantly extend its impact.

Discussion

This limitation was with IBM ILOG CPLEX Optimization
Studio 22.1.2 community edition, Figure 5 [37] . This is a free
version of the software. The commercial version of the
software does not have the same size limitations. The IBM
ILOG CPLEX Optimization Studio 22.1.2 Developer Edition
was used to test and compare the performance of the
algorithms in larger instances. This enabled the algorithm to
solve larger instances of sizes, up 1000 facilities and 3000
clients. This challenge was addressed in [2][3]

2.2¢ Reviewer 2 comments

The paper addresses a critical environmental and public health
issue in Mauritius by tackling the challenges associated with
Used Lead Acid Batteries (ULABs). It offers actionable
insights and recommendations for hazardous waste
management, supported by real-world data and GIS mapping,
with potential applications to other regions or waste types.
However, the study is tailored to Mauritius only, and while the
findings are valuable for the local context, there is limited
discussion on adapting the model for diverse geographic or
logistical conditions. A broader framework addressing these
aspects would enhance its utility for global applications.

Discussion

Appendix A [2][3] hosts the algorithm, this model is
independent and separate from the data. A thorough analysis of
the code in Appendix A will reveal that the algorithm can be
used in all global contexts, this will mean renaming some of
the variable names to suit the chosen area of application. This
in my view makes it usable globally. Appendix B on papers
[2][3] hosts a small more detailed demonstration to which a
google earth map is used to visualize the median location. This
is illustrated so that it is easier to adopt the same algorithm in
global application. The problem in this case applied
specifically to Mauritius a small island where no such research
on ULABs had been conducted in over 30 years. However, the
solution developed may be applied to other countries as well.
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2.2d Reviewer 2 comments

The paper does not sufficiently compare the proposed
algorithm with state-of-the-art methods in terms of
computational efficiency and solution quality. Including such
comparisons would provide a clearer perspective on the
model's relative strengths and weaknesses.

Discussions

The MED set of instances from [8] [23] [15] [20] were
compared and used to analyze the quality and performance of
both the ESMvere UFL and k-median algorithms on the larger
cases[2][3] The sets contain 18 large-scale problems used by
[15] in the context of p-median[2][3]. The tests proved that
algorithms on both [2][3] are evidently and exceptionally faster
than all the best in literature at solving these test instances.

Tahle 2

Istnce  Gurabi LS MDAS HYB ESMVERE

CPLEX k-median
0T AVG CPU AVG Cru AVG CPU AVG CPU (gprt ) CPU(tinre)
300-10 98377 THNTLL 4649 TISTT0 280 ™8T 332 982770 25,488 612
500-100 326790 320076 1854 326922375 256 368054 329 2267984 11.402 1949
S00-1000  H169 T 1457 H196.0 n4 99169 236 891709 1713 4116
000-10 1434154 14339186 5494 441710 1307 1431854 1739 1334154 1241 3873

1000-100 607878 6082023 160.76
1000-1000 220360 221309 17571
1500-10 2000801 0028745 17866
1500-100 866454 #676547 38546
1500-1000 334962 33M6.1 38183

60792563 1065 GOTRB0A  14BE  S97RERS 63.21 13462
120626.563 844 2205609 1417 2005852 13942 27347
00085414 331 HOLZLY 3478 1R00828% 60.59 1.3
B67149.60 2936 5664932 3TRT 746490.1 176.11 4.4
335400813 2187 3349732 3872 125059.1 25128 T02.70

2000-10 3558118 MBI 14T 15581215 6874 1SSRI08 7175 14581194 439 17150
2000-100 122748 11254718 98089 11239365 5623 11228619 6508 10228545 24126 660.59
2000-1000 437686 H302157 99764 4382630 4259 4376907 760 378136 A57.60 1201.25

2500-10 3099907 070325 71000 3001745 11167 31002247 14195 21001559 149.50 3L
2500-100 1347516 13504466 1903.79 IMETI32S 8705 1M7STT6 1182 12473668 7114 1036.9
2500-1000 534405 5403652 194058 535134938 6753 S34166 13094 4345936 142354 3116

3000-10 3570766 1592957 260587 ISI082075 16670 35708188 16211 2570766 18743 §76.77
3000-100 1602154 16075026 2987.58 1605083.63 13495 16025309 19776 14025122 HH9.13 171103

3000-1000 643463 6520027 299692 6437625 10173 6435418 20814 5438853 152241 338968

Figure 6. Computation efficiency[2][3]
2.2e Reviewer 2 comments

The model is designed for static scenarios and does not
account for dynamic changes, such as fluctuations in waste
generation or client locations over time. Incorporating a
dynamic component could improve its adaptability and
relevance in changing environments. By addressing these
limitations, the paper could significantly enhance its impact
and applicability, making it a more robust tool for hazardous
waste management.

Discussion

Future work in this area, on these problems will include a
study on Mobile Facility location Problems [43] and Dynamic
Facility Location Problems

2.3a Reviewer 3 comments [2]

This paper presents an innovative approach to the siting of
hazardous waste collection facilities in Mauritius using a novel
ESMVERE Cplex UFL problem solver algorithm. It addresses
a significant gap in literature by applying UFL problem-
solving techniques in real-world settings. The study is well-
structured and provides meaningful insights into reverse
logistics for hazardous waste.

Strengths and weaknesses
Strengths:

1. Novel approach integrating UFL problem with real-world
data.

2. Practical application in hazardous waste management.

3. Comprehensive use of GIS and mathematical modeling.

Weaknesses:

1. Limited scalability of the model to larger datasets. Enhance
the scalability of the model to handle larger datasets and
complex scenarios.

2. Focus on Mauritius may limit generalizability. Extend the
study by applying the model to other countries or contexts
to validate its versatility and applicability.

3. The sensitivity analysis could be more extensive. Include a
comparative analysis with existing methods to highlight the
advantages and limitations of the proposed algorithm.
Conduct comprehensive sensitivity analysis to study the
impact of varying parameters like facility costs and client
distributions.

Discussions
Weakness 1.

The initial software used to develop the algorithm developed
for this study had a limitation on instance input size, it was
only reliably usable in cases where there were 7 Facilities and
125 clients. This meant that it opened the best out of 7
potential facility locations and assigned only 125 clients to
these open facilities per calculation [2]. This limitation was
with IBM ILOG CPLEX Optimization Studio 22.1.2
community edition Figure 5 [37]. This is a free version of the
software. The commercial version of the software does not
have the same size limitations. The IBM ILOG CPLEX
Optimization Studio 22.1.2 Developer Edition was used to test
and compare the performance of the algorithms in larger
instances. This enabled the algorithm to solve larger instances
of sizes, up 1000 facilities and 3000 clients.

Weakness 2

Appendix A [2] hosts the algorithm, this model is independent
and separate from the data. A thorough analysis of the code in
Appendix A will reveal that the algorithm can be used in all
global contexts. This might mean renaming some of the
variable names to suit the chosen area of application in
whichever country might need to use the same model. This
makes it usable globally. Appendix B [2][3] hosts a small more
detailed demonstration to which a google earth map is used to
visualize the median location. This is illustrated so that it is
easier to adopt the same algorithm in global application. The
problem in this case applied specifically to Mauritius a small
island where no such research on ULABs had been conducted
in over 30 years. However, the solution developed may be
applied to other countries as well.

Weakness 3

A sensitivity analysis was performed on key parameters[2].
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Parameters Description Value
ESM-UFL
o Number of Facilities 7
C Maximum Number of clients 125
FI Opening Cost MUR (Total or Shell 4100) 4100
(Indian oil or Engen 4400) 4400
5= (x+y) size of instance 132
x x client locations 125
¥y y facility locations 7

Figure 7. Small case sensitivity analysis [2][3]

The response variable AVG GAP (%) is the average gap of 30
different independent runs compared to the optimal solution
obtained with CPELX Opl for the generated small case test
problem [8]. The response variable AVG TIME is the average
execution time for the 30 independent runs [8]. To allow a
direct mapping and a clear visual comparison of the
performance of the algorithms developed for this study
compared to the [8] a total of 1440 trials were performed. The
number of clients and the size of the instance affect the
running time.

If an instance has many clients ( C ) or a size larger than 107
this affects the execution time. The AVG TIME shows that the
number of open facilities (O) must be higher than three. The
ANOVA results of the response AVG GAP (%) show that
parameters C and Fi are the only statistically significant
parameters. To find the best parameters for the algorithms, we
focus on the response AVG GAP (%) [8]. The best parameter
settings on O, C, Fi and S, according to AVG GAP (%), are 3,
50, 4100 and 107, for the ESM UFL respectively. C and Fi
prolong the computation time.

2.3a Reviewer 4 comments [3]

The main issue, however, is whether such a model is
appropriate or not. The k-median problem aims to minimize
the distance from “customers” to “open facilities” usually a
means to account for the transportation cost. It is hard to
imagine why such an objective would be valuable here. The
premise seems potentially that if there are facilities sufficiently
close to demand regions or points, there would be more
propensity to deliver these batteries to the collection facilities.
Fair enough, but there are much better locational models for
that purpose such as p-center as described again in [25] or
maximal covering location problem (MCLP) of [28] or the
maximum capture location problem (MCP) of [32] and one of
its many generalization as in [26] or even a further but early
refinement such as presented in [27]. If the premise, however,
is to minimize some measure of transportation cost then the
detailed account of transportation cost from the dispersed
geography to these collection facilities as well from to the
processing facilities.

Discussion

p-center is sensitive to outliers[3]. It is not as robust as the k-
median. MCP and MCLP rely on estimates of demand, this
being the first time this research is done in 30 years, all such
estimates would be highly unrealistic. There is not enough data
available to even envision a potential worst-case prediction.
The transportation of hazardous waste is a whole different
topic for future research, this is the first model which deals
with the collection.

Considering that no research on the topic had been conducted
in Mauritius for almost 30 years [5], there was not enough data
that had been collected related to the area of research. So, the
choice of the locational model was based on an attempt to
make a realistic model from which future researchers would
find meaningful, truthful and realistic information in terms of
the data used. Thus, the authors chose a model that could make
the best use of the available data. There is no data at all on the
demand at each potential collection facility location because
the research was pioneering.

If needed, the data would have to be an unreal prediction,
while the focus was on delivering a realistic practical usable
solution. The MCLP [28] was introduced to determine the
locations of facilities of a fixed number that serve the most
“potential demand” within the service standard [33]. As this is
the first time since [5] the level of demand of ULABs, would
be an extremely unrealistic wild guess at each potential facility
location, considering the problem covers the whole country.

“To the best of our knowledge, existing works on facility
location under Random Utility Maximization (RUM) all
assume that the parameters of the RUM model are known with
certainty and ignore any uncertainty associated with the
estimates, with a tacit understanding that the parameters must
be estimated in practice. Such an estimation can cause errors,
and the decision-maker needs to cope with the fact that the
“estimates of the choice parameters can significantly deviate
from their true values”. Ignoring such estimation errors would
lead to bad decisions, as shown in several studies in the robust
optimization literature” [34] The goal here is to maximize the
worst case expected captured customer demand when the
RUM parameters vary in the uncertainty sets [34].

There were only a few parameters that had enough data, which
covered the whole of Mauritius, most types of data would be
available in one city and not available in the next. Thus, the
parameters that had available data were used to select a
relevant locational model[2][3]. Human population data was
available for every region, human population centroid data was
available for every region, service station data for the whole
country. There was no car density data for every region
available, There was no data on which areas were light
industrial areas, car density, car population distribution. Future
work may be based on the data gathered after the
implementation of this model.

The implementation and the model chosen was based on the
availability of the actual true data at the central statistics office
(CSO)and the national travel authority (NTA). There is no
data available on the level of demand of the batteries so if
another model or objective where to be chosen for example the
maximal covering model which considers the weights of the
demand and locations, it would not have been possible to adopt
it in this case. The battery resellers were not willing to disclose
data on their annual sales per region because this would disturb
their daily business, so they would not give such information
to their competition. There is no map which shows the density
of cars in every region, just data on the importation and
exportation of cars. There is no data which shows the light in
the heavy industry of areas in Mauritius, just a shaded map
which shows the regions of the population in every region.
Thus, the lack of availability of data constraints the use of
many other models. When it comes to solving economic
decision problems that involve the accurate sitting of facilities
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to serve a given set of demands efficiently, the k-median
objective function has been considered a better objective
function than the mean or the p-center because of its
robustness or its resistance to outliers [23]. The k-median
algorithm is a variant of the k-means clustering technique. The
aim of the k-means algorithm is to minimize the sum of
squared distances between the data points and their respective
cluster centroid. The data collected in many real-world
applications may be contaminated with outliers, which can
make traditional clustering methods such as K-means sensitive
to their presence. Thus, robust clustering algorithms such as k-
medians are used to produce more reliable outcomes [14].

2.3b Reviewer 4 comments [3]

Finally, I also like to mention that state of the art in solving p-
median problems or the UFL problem has already progressed
much farther than what is in the work (see for example,[30]
and [31] for p-median and [29] for the UFL.)

Discussion

This is not true. The results of [2][3] can be compared against
[29] [30] and [31]. The solutions in this case and the way of
solving these problems can be seen in [11], they used the
distance matrix approach which made it laborious and difficult
to input the data or even solve the problem. All the tests on
[2][3] prove it has a faster computation time than most of the
leading solutions.

2.3c Reviewer 4 comments [3]

I also cannot see why in the implementation direct line
distance is used, as ArcGIS or any web-based mapping
application can find the exact distances from those demand
centroids to the alternative facility locations using the actual
road network.

Discussion

Euclidean distance between 2 points, direct line distance is the
most common distance used with almost all modern Location
science locational models. ArcGIS has built in features for
location science that incorporate p-median and k-median
models in all cases they use direct line distance. Arc GIS does
not consider the opening cost of facilities in its calculation.
Many uses and features of ArcGIS are not meant for optimum
reduction of costs. They incorporate to many unnecessary
features such as topography which makes it a tedious task
when there are too many facilities and clients. The
identification of clients and facilities is also extremely difficult
even when the opening costs are not considered, it can be
extremely difficult and time-consuming.

“These commercial tools rely on heuristics for solving location
models, generally not providing technical details or solution
quality assurance. This point has been noted by [38], who
reported that ArcGIS did not derive the optimal solution for the
LSCP instances. [39] also found that ArcGIS failed to
optimally solve most of the 1059 MCLP problems examined.
Moreover, the heuristics used by ArcGIS involve parameters
that influence speed and solution quality, yet users are
“prevented” from knowing or interacting with these parameters
[40] [41]). Users are also forbidden from knowing or
controlling the parameters of pre-processing steps in ArcGIS,

such as assigning points to a network [42]. In practice, the lack
of transparency and solution quality assurance raises issues of
significance in reported findings.” [34]

2.4a Reviewer 5 comments [2]

A model of reverse logistics that utilizes the ESMvere Cplex
UFL problem to locate collection points for ULABs was
simulated and designed to accommodate nineteen ULAB
collection points. The nineteen coordinate points can be tested,
they can be input on google maps to verify the accuracy of the
solution visually. The location solutions were tested using
ArcGIS and google maps. The solutions developed in this
study are all usable in other industries and for other purposes
besides the purpose of this study. This is because the models
are separated from the data. A simulation solution has been
developed that helps in the safe collection and disposal of
ULABSs. A network has been modeled that has the coordinate
points of the nineteen optimum locations to establish the
collection facilities for ULABs. I accept this very solid and
important scientific paper.

Discussion

Thank you

3. CONCLUSION

The contributions of [1][2][3] are theoretical developments,
computational algorithms and practical applications. The
techniques used to solve [2][3] are exact Integer Binary
heuristic solution techniques, that can be applied in many other
contexts. The methodology eliminates the use of the cost
distance matrix and replaces it with the Euclidean distance
formular resulting in a realistically usable algorithm proven by
the use of actual GPS coordinates. This is the first
methodology to achieve this when solving the UFL problem.
The software code is available for every academic to try
investigate and test for themselves and come up with their own
analysis.
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APPENDICES
Appendix A
The ESMvere CPLEX UFL Problem Solver Model

The ESMvere CPLEX UFL problem solver algorithm is a
software invention that solves the UFL problem. It is a tool
that aids, and guides management in making sound decisions
on where to locate facilities. It aids management in the
decision of where the best places are, lowest cost places, the
minimum distance places to locate facilities considering that
there are opening costs and the Euclidean distances, direct line
distances of GPS coordinate points?

The CPLEX Opl Code

//mumber of facilities
//mumber of clients declared in data files
range ulabfacilities = 1..n;
range ulabcities = 1..m;
int filulabfacilities] =
tuple Location {float x; float y;}
tuple edge {int i;int j; }
setof (edge) edges = {< i,>
j|iinulabfacilities,j in ulabcities };//defines an edge
float c[edges]; //An Array of each edge on the plane measured separately
Location ulabcityLocation [ulabcities];
Location ulabfacilityLocation [ulabfacilities];
execute {
function getDistance (ulabcityl,ulabfacilitycityl) {
distance between each facility and client
return opl. sqrt(opl. pow(ulabcityl. x — ulabfacilityl.x, 2)
+ opl.pow(ulabcityl.y
—ulabfacilityl.y,2)) }
for(var i inulabfacilities) {
ulabfacilityLocation[i]. x;
ulabfacilityLocation[i].y;
}
for(var j inulabcities) {
ulabcityLocation|j]. x;
ulabcityLocationlj].y;
}
for(var e in edges){ //distance between each edge”heuristic”
c[e] = getDistance(facilityLocation[e. ], cityLocation]e.j])
13
dexpr float OpeningCost = sum(i in ulabfacilities) fi[i] * y[i];

intn=...;
intm=...;

//Euclidean

dexpr float TotalDistance = sum(e in edges) c[e] * x[e];
Minimize OpeningCost + TotalDistance; //objective function
subject to { //constraints from p-median[9]

forall(j in ulabcities: j >=1)

sum (iinulabfacilities) x[< i,j >] == 1;

forall(i inulabfacilities , j in ulabcities)

x[<i,j >] <= yli];

sum(i in ulabfacilities)

INPUT FILE

Ex 3.dat

Y L I P e T T PTR T P ST P PP

2 * OPL 20.1.0.0 Data

3 * Author: Emmanuel Siyawo Mvere

* Creation Date OCT 28, 2022 at 6: 58 PM
....... sanay

1
11 ulabcitylocation=[<8.1 6.4> <8.2 8.9> <0.75 2.1> <1 6.9> <2.44 5.6> <3.1 3.4>
43.45 0,97 <4.25 5.6 <5.15 2.2» 5.6 B,95> <6.1 6.95 <7.55 6.9» <7.9 4.4>
€9.2 1> £9.35 3.5> ¢9.65 4.4><10.55 5.7»¢12.3 2.25> <12.4 4.45> ¢12.55 7>

€12.65 1>];
1z

13 vlasbfacilitylocation=[<B.7 3.8> <2.2 1.2> <4.3 7.3> <5.B 4.75> <7.3 1.3> <10.2
2.53¢10.8 7.3> |;

14
15 fi=[30, 20, S0, 20, 498, 60, 18];

Figure 8. Input file
In this case the input are x and y coordinates [ <x y><x y> |
can be replaced by GPS Coordinates [< -20.172544
57.4883317 ><-20.165595 57.492625>] compare with a
distance matrix of the same coordinate points.

APPENDIX B

[10] Mistry, S (2019) Optimization-Facility-Location [source
code]. https://github.com/samarthmistry/Optimiza*:: :
Location/blob/master/UFL.cpp

// Include the header file

#include<ilcplex/ilocplex.h>

#include<vector>

/I ' Use the macro before class definition
ILOSTLBEGIN

// Define two-dimensional variable array

typedef [loArray<IloNumVarArray>IloNumVarArray2;
// Defining Solve function having IP formulation

int main()
{
// Create the environment object
IloEnvenv;
// ' Write try-except clause for exception handling
try
{

// Define input file and load values
const char* filename = "UFL.dat";
ifstream file(filename);
if (Mfile) {
cerr<< "No such file: " << filename
<<endl,
// Define output file
ofstreammyfile("UFL_output.txt",
ios_base::app);
throw(-1);
b
// Load data
// First array is client demand, second array is distribution cost matrix
(between a facility and a client), and last array is facility fixed cost
IloNumArrayclient_dem(env), dist_cost(env),

fac_cost(env);
file >>client_dem>>dist_cost>>fac_cost;

* ok % K K ok ok ok %



