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ABSTRACT

Introduction: This paper involves assessing the most suitableanse company for company ¥sing
Multiple Criteria Decision Making (MCDM). This corapy is one of the biggest financial organizations
and problems were identified with the existing @& of insurance tender selection. The manualeatur
of the current process is very tedious and takemstl three months to complete and this increases th
probability of error and also leads to employeaatisfaction.

Artifact: To provide a solution to this problem, several MCDidels including Analytical Hierarchy
Process (AHP), Analytical Network Process (ANP) achnique for Order Preference by Similarity to
the Ideal Solution (TOPSIS) and Fuzzy Sets werearehed to determine the best MCDM model for this
scenario.

After conducting a thorough research it was coretuthat the best approach would be to use a hybrid
methodology that combines AHP and TOPSIS. By usiH® to calculate the weights and using TOPSIS
to determine the best alternative, accurate resatishe obtained, as it combines the strengthiseofito
methodologies. In terms of time and complexity alsis hybrid methodology doesn't involve a high
level of complexity as in ANP and also with regawdhe time factor, although the calculation of gies
may require some time, using TOPSIS the best altemcan be determined relatively fast.

Methodology: To validate and verify the quality and to ensurat tthe system worked as intended,
several testing strategies such as User Acceptastiag and Accuracy testing was used. The samples
used for these testing methods were the staff @& ifmsurance department in company X.
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Results: The results of the user acceptance testing showeder 70% satisfaction with the system. The
system had been greatly improved in terms of the taken as well as the efficiency and accuradfief
decision.

Two cases were taken for the accuracy testing andoth cases the manual calculation and system
calculation matched except for slight differenceshte decimal point. However the overall resultseve
the same. This showed that the model worked sutitlyss determining the best insurance tender.

Conclusion: AHP-TOPSIS could be combined to form a more eiffecmodel that combines the
strengths of each model to reduce its limitationerder to select the best insurance tender. Bigusiis
model the throughput efficiency of the evaluatiangess was increased to 70% and the time taken to
complete the overall process was reduced to atdea®nth.
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1. Introduction

Insurance is an important concept especially foarfcial organizations as all the risks must bey full
insured in order to avoid loss. Insurance is a omeaef risk transfer and finding the right insuigeran
important decision that would not only cover thegntial risks to the organization but also find the
insurer with the best premium.

The decision to which insurance company to sefeonportant and it is based on several criteris€h
criteria including market position, quick servicedaprofessional capability, many of which are hird
compare and quantify and therefore can be regasledViICDM problem.

Company X was investigated and it was found thatethwere some drawbacks in the selection of
insurance tenders. It was identified that there avgsoblem in the accuracy of decision making.hie t
past years some of the selected insurance compdidie®t pay the claims and rejected claims which
were under the agreement.

With the current advancement of technology it isgilole to make use of IT solutions in order tolfade

the decision making process and provide more atxuesults. In order to provide a solution to this
problem, research was conducted into several MCD#thods to determine the best method to solve this
problem.

2. Problem Statement

“How to improve the insurance tender procedurelasimanual nature of the existing tender procedure
system is very tedious and time consuming therelrgasing the probability of error and also leaditoy
employee disatisfactién
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3. Literature Review

The methodology selected is a hybrid methodolédyP - TOPSIS, combining both TOPSIS and AHP.
Four types of MCDM methods were evaluated and edpib the scenario of this project. Based on the
evaluation conducted, it was identified that the DMC methods such as AHP, ANP, TOPSIS and Fuzzy
sets can be used in this context; however the deagfreffectiveness in addressing the problem daeg v

According to Kinoshita (2005), AHP is very effedivn the decision making process as it ensures
procedural rationality. Kinoshita (2005) also statkat AHP is very similar to the human behavior in
decision making and also the pairwise comparisemgoted ensures that all possibilities are explsed
that the best results can be provided. Chen (2813%) supports Kinoshita (2005) stating that AHR is
decision making approach that is easy to understawdimplement. According to Chen (2005), AHP
considers both qualitative and quantitative aspestsictures the problem and provides the best
alternative depending on the criteria. Forman aads32001) add that AHP provides a way to simplify
the complexity of a problem.

Chen (2005) further states that AHP has been axtpsmplemented in problems where many criteria
need to be evaluated in order to find the bestrative. Korhonen and Voutilainen (2006) stated tha
AHP is a widely known and used standard for solMil@DM problems and that it has the ability to
consider both subjective and judgmental informati@rlP’s use in a similar scenario to this project,
where AHP was used in finding the most preferrdirade structure between banks and insurance
companies, proved to be very successful accordik@thonen and Voutilainen (2006).

Forman and Gass (2001) while stating that AHP @bably the most widely used decision making
approach they say that AHP is rarely used by ifsel§olving MCDM problems; it is used in conjurooti
with other methods. Helper and Mazur (2007) stast despite a few limitations AHP is an effectivela
accurate method of finding the relative importanteach of the needs in the hierarchy; it captatiethe
necessary criteria and thoroughly evaluates theam innderstandable and simple manner.

After considering these factors it was decided thgtlementing AHP would be of great use in solving

this problem, however only AHP would not be suffit, however since it is an effective and accurate
method and it was said by authors that AHP was irsedmbination with other models it was decided to

implement a hybrid method involving AHP.

According to Percin (2010), although ANP may bénapte, easy to use and flexible approach it invelve
a very complex procedure that requires a lot mateutations compared to AHP and thus demands more
effort. He also states that due to this complesitd time consuming nature there are only a few
applications of ANP.

However, in contrast to AHP, ANP considers the déepacy among the criteria and alternatives thereby
giving more accurate results (Percin, 2010). Acomydo Poonikom, O’Brien and Chansa-ngavej (2004),
ANP has the ability to incorporate economic, cost sk factors in its evaluation and although #ynbe

a very complex process it helps to capture the ¢exitp of the real world.

Considering all these factors and due to the caxitglend time consuming nature of ANP, it was
decided that ANP would not be necessary to solie globlem. As said by several authors, it is not



Proceedings of the International Symposium on thayiic Hierarchy Process 2013

necessary to use complex methodologies to solMgqs when it can be done in a simpler manner thus
saving the time and effort.

According to Olsen (2004), TOPSIS requires onlyitih subjective input compared to some of the other
MCDM methods and it can also identify the bestratitive very quickly. He further stated that inteér
situations TOPSIS performed better than AHP, howeween the number of criteria increased TOPSIS
performed less accurately than AHP. Olsen (200hén stated that in order to obtain accurate tesal
TOPSIS accurate weights must be obtained.

As stated by Markovic (2010), TOPSIS is a very ukafethod for solving MCDM problems and it isn’t
very complex compared to the other MCDM methodso ldad Qing-sheng (2006) also state that the
evaluation in TOPSIS is scientific, accurate andcfical. However according to Aghajani and Hadi-
Vencheh (2011), even though TOPSIS identifies #st hlternative as the alternative that is closette
positive ideal solution and farthest from the nagaideal solution, this is not always the caseanirg
that the alternative closest to the positive iddilition is not exactly the furthest from the negatdeal
solution.

Taking into consideration these factors, TOPSISnseto be an effective method in solving MCDM
problems, however although limited, there is stilbjective information used which may bias theltesu

According to Chen (2005), fuzzy sets were introdudee to the inability to clearly identify the whig

of the criteria and alternatives involved. As slatey the Department for Communities and Local
Government (2009), fuzzy sets capture the incassist of our natural language in discussing the
problems and it attempts to capture these and ifpémem using membership functions.

However Saaty (2007c) states that people use fsets/ when it is known that it has been ranked the
worst of the methods available. Buede and Maxwl€IBB) as cited by Saaty (2007¢) have also statgd th
AHP is a consistent technique whereas fuzzy idahst consistent. Beheshti & Lollar (2008) stateat t
the fuzzy set theory hasn’t been widely implementethanagement aspects. Ordoobadi (2009), further
stated that the application of fuzzy sets aloneynmar provide accurate results.

Taking into consideration these factors, it wasidkst that implementing fuzzy sets was not suitéite
this project.

After evaluating all the above discussed methodetognd taking into consideration several factachs
as time and complexity etc... it was decided to geaghwith a hybrid methodologgfHP — TOPSIS
combining both AHP and TOPSIS to bring about a neffective model.

The reason for this integration was because in TOHSIs argued by several authors that the stiec
input received can bias the results obtained asviights of the criteria and ratings of alternatiage
both obtained through judgment as shown in theiegmdn of TOPSIS earlier.

However in AHP, although the traditional AHP methody be subjective, using Ishizaka’s method the
results are much more accurate. Ishizaka propasiad the transitivity rule in pairwise comparisdhas
further reducing the amount of subjective inputereed. This advantage of AHP can be integrated into
TOPSIS to reduce or eliminate its disadvantage.
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The method of TOPSIS where the best alternatigeliscted depending on its distance from the pesitiv
and negative ideal solution has been praised byynsgating that it is a very effective method and
produces accurate results. Also many have saidttfalows the human rationale in using this apgrio
thereby making it easier to understand and practice

So by using AHP to calculate the weights and u3i@¢SIS to determine the best alternative, accurate
results can be obtained, as it is combining thengths of the two methodologies. In terms of timd a
complexity also this hybrid methodology doesn’tatwe a high level of complexity as in ANP and also
with regard to the time factor, although the caltioh of weights may require some time, using TGP SI
the best alternative can be determined relativaedy. f

4. Artefact

The proposed system is a client server applicatiime reason for implementing a client server
application is so that the system can be extermétetinsurance companies and the company brairthes
order for them to submit quotations and the finaimfermation respectively, whilst the standalone
system is used by the employees of company X.

The proposed solution is as follows:

Retrieval of CDM methods in
necessary Insurance Tender Model driven DSS

Management System

<> Standalone system (X,\:

. =

Database

_ Website )

Submnssnon of

Submission of
proposal by quotatlons

branch finance
ompany X
Company information

Subml/s;o\n§v T

\ Insurance Companies

Company X branches

Figure 1: Solution Architecture

The users of the system are the insurance compdh&sranches of Company X and also the Staff of
Company X. The figure above depicts some of theaemwhy these users need access to the system.

In the proposed solution, AHP is used to calculateweights and TOPSIS is used to rank the altessat
in order to determine the most suitable insuranompany. The database is used to store all the
information regarding the processes involved inicigd login details and quotation details.
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5. Methodology

According to Nidhra and Dondeti (2012), the maimpmse of testing is to validate and verify the gyal

of the solution developed and is done with theritibe of breaking the system (i.e. with the intentof
finding bugs). Therefore testing is conducted andbveloped solution to validate and verify theligga
and to ensure that the system works as intendeelr Afsearching many testing methods it was dedimled
go ahead with the Unit Testing, Integration Testifystem Testing, User Acceptance Testing and
Accuracy Testing.

Shelly and Rosenblatt (2012) mentioned that the gbanit testing is to identify and fix any errors that
may cause the system to unexpectedly crash andraong in the code logic. Therefore the entireeyst
will be tested unit by unit to ensure that it riassintended. According to Anderson (20lihjegration
testing refers to testing where components are combingether and tested to ensure smooth running
between the integrated componer@gstem testinginvolves testing the entire developed solution and
ensures that the system has the required funcitiesa{Shelly & Rosenblatt, 2012)Jser Acceptance
testing involves allowing the users or stakeholders ofstystem to test the system and allows the users to
decide if the requirements have been met from thagispective and in their environment (Atkins, 2009
Accuracy testing is performed for the model, in this case for AHBPSIS, to ensure that the model
works accurately.

6. Results

On the first iteration of unit testing and integuattesting, defects were encountered, therefsecand
iteration was run for each of those testing mettadtts the defects were corrected and it ran sniypoth
System testing was also conducted successfully.

User acceptance testing was conducted using aiguegire after having the user’'s experience the
system. The feedback received differed comparativet it can be summarized as follows:

For the standalone system:

80% — 75% 78% 78%
70% L_—_—-—l
JEO Clerk Clerk Senior Manager

m Overall Feedback

Figure 2: Feedback for standalone system
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For the website:

75% 71% 74%
65%
Insurance company Branch
m Overall feedback

Figure 3. Feedback for website

Accuracy testing was conducted on the model us&HP TOPSIS. First it was conducted using real
values from company X, where the manual decisisaltavas compared with the result from the system.
Information on the selected insurance companieghferpast ten years as well as the other insurance
companies considered was obtained from companyh¥. ré€sults showed 5/10 differences, however in
those cases, it was identified that the selectsaréamce company (from the manual decision) waslenab
to perform as expected, whereas, the system seélaateore capable insurance company.

Secondly, two cases were taken, one case whef@Rhegas less than 0.1 and another case where the CR
was more than 0.1. The manual calculation was cosdpaith the system calculation. In both cases the
manual calculation and system calculation matchexdp for slight differences to the decimal point.
However the overall results were the same.

7. Conclusion

Decision making is not an easy task especiallyhia scenario where the current system operates in a
manual environment thus giving rise to many prolslesuch as employee dissatisfaction and low
efficiency. In addition to this if the appropridatesurance company is not selected it poses a hisigeor

the company as it could incur severe losses in@fary incidents.

MCDM methodologies were investigated in order teedmine the best method possible to implement in
the proposed system. The MCDM models considerddded AHP, ANP, TOPSIS and Fuzzy sets. Each
of these models were deeply investigated and gigaieal to this scenario to assess each model's
suitability. The results of this research and aggion showed that each model had its own advastage
and disadvantages. When considering AHP it providedery simple and humanly solution to the
problem and also with its use of the pairwise canispa matrix explored all possible aspects in otder
provide the best result, however many criticizedPAfdr its tediousness as the criteria involvedeased
and also due to it being entirely subjected to tisers input. When considering ANP, although it
improved on certain limitations of AHP, it involvedhigh level of complexity and was time consuming.
Many authors also stated that ANP is mostly usednvAHP cannot be applied. However AHP was
applicable and therefore it was decided not tongo the complexities of ANP. TOPSIS was praised by
many authors for its method of selecting the b#strative by calculating the distances to the tpasi
and negative ideal situations; however it was @géd for its calculation of weights. Fuzzy setsrave
criticized by some authors as the worst of the mathavailable, whilst some authors acknowledged its
method. In the application of fuzzy however it viasnd that it was entirely based on judgment ard th
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degree of subjectivity was high and therefore rmotsidered as part of the solution. After evaluatiig
the considered models it was decided to go ahe#d avhybrid model — AHP TOPSIS as both these
models could be combined to form a more effecticeleh

However several limitations were also identifiedthviregard to the model chosen. Although AHP
TOPSIS provided an effective solution to the problat hand, the transitivity rule applied to AHP in
calculating the weights has certain flaws as wesnsluring the testing stage. The transitivity isillesed

in AHP to reduce the number of user inputs in thigewise comparison matrix thus reducing the level o
subjectivity. The scale used in AHP ranges frora @ &nd 1/2 to 1/9 but when the transitivity prpieiis
applied, when the user inputs large values fromsttade, the transitivity results in producing valuit

of the scale in the pairwise matrix. These vallres thave no meaning according to the scale. Althoug
this limitation does not affect the project at hdadely it is still a risk and a limitation of thdentified
solution. Another limitation identified was thatettdesired values in TOPSIS were based on expert
judgment as the organization wished to have a bitentontrol in the process. A future enhancement
could be to look into fuzzy sets to come up with tlesired values.

Throughput Efficiency

94.15%
100000 63:55% 72 62%  70.68%
60.00% 47.58% % 48.24% 49.83%
40.00% -
28883/@ o - HAS-IS efficiency
. 0 ..
Information  Proposal Quotation  Evaluation uTO-BE efficiency
Gathering preparation application and
process process process  shortlisting
process

Figure 4: Throughput Efficiency

By using this model the throughput efficiency oé tavaluation process was increased to 70% and the
time taken to complete the overall process wascedito at least a month. Also the AS-IS and TO-BE
comparison showed a great increase in the ovefaliemcy of the processes. As shown in figure i, a
the processes showed efficiencies well above 50%had undergone significant improvement compared
to the AS-IS processes.
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