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ABSTRACT

ThemainpurposeofthisstudyistopresentasystematicmethodologybasedonfuzzyMulti-Criteria
Decision-Making(FMCDM)modelstohelpusersevaluatecomputeralgebrasystems(CAS).CAS
isasoftwarepackageforthemanipulationofmathematicalformulas.Thesuggestedmethodologyis
user-centredwhichinvolvesusers’subjectiveevaluationjudgments.Userjudgmentsarerepresentedby
meansoffuzzylinguisticmodellingtechniques.Anevaluationcriteriaframeworkbasedontheconcept
oftheusefulnessofCASisdeveloped.Next,twoFMCDMmodels–fuzzyAnalyticalHierarchy
Process(FAHP)andfuzzyTechniqueforOrderPreferencebySimilaritytoIdealSolution(FTOPSIS)
areproposedfortheevaluationprocedure.TheFAHPisappliedtodeterminetherelativeimportance
weightsofqualitativeevaluationcriteria;theFTOPSISisappliedtoranktheCASalternatives.The
illustratedcasestudydemonstratestheapplicabilityandeffectivenessoftheproposedmethodology.
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INTRODUCTION

Over the last years, the number of Computer Algebra Systems (CAS) on the market have been
increasingatanexplosiverate:DeriveMaple,Mathematica,Maxima,MuPAD,WIRIS,andetc.A
CASiscomputer-basededucationalsoftwaretomanipulateandsimplifyalgebraicexpressions(Lauri,
Marina,&Eno,2011;Feride&Nilcan,2012).Suchasystemmightbeusedforsymbolicintegration
ordifferentiation,substitutionofoneexpressionintoanother,simplificationofanexpression.The
primarygoalofCASis toautomate tediousalgebraicmanipulation tasks.Thespecificusesand
capabilitiesofthesesystemsvarygreatlyfromonesystemtoanother(Kostas,2008).UsersofCAS
areconsideredasprimarystakeholders.Theiropinionsarecentralforsuccessfuldesign.Insucha
marketenvironment,evaluation(orselection)ofaCASbecomesanimportantproblemtoauser
whomustchoosethemostappropriateCASthatmeetss/hepreferences(orrequirements).Since



International Journal of Software Innovation
Volume 8 • Issue 1 • January-March 2020

2

thefinaldecisionneedstosatisfy,simultaneously,severaluserswithheterogeneouscharacteristics,
theevaluationofaCAScanbeconsideredasacomplexMultiCriteriaDecisionMaking(MCDM)
problem.Suchaproblemcomprisesafinitesetofalternatives,amongstwhichthedecisionmakers
mustselectaccordingtotheweightsofafinitesetofcriteria(orattributes).TheMCDMapproach
haspreviouslybeenappliedtotheprocessofsoftwareevaluationin(Tanja&Borka,2007),where
theauthorshavedemonstratedtheapplicabilityandflexibilityoftheapproachtotheevaluationof
learningmanagementsystems.Anotherresearchisthework(Daniel&Yi-ShunWang,2008)which
employstheMCDMapproachtotheevaluationofweb-basede-learningsystemsbasedonlearner
satisfaction.However,duringtheresearchprocess,theauthorshavenotencounteredaresearchon
theevaluationofCASbasedonamodelofMCDM,althoughthereisastudywhichcomparesthe
CAS-basedteachingmethodofmathematicswiththetraditionalteachingmethodofmathematics
intermsoflearningoutcomesoflearners(Vlachos&Kehagias,2000;AhmadFauziMohdAyub,
2010).Recently,theauthorshavebegunaresearchtoattempttoemployfuzzyAnalyticalHierarchy
Process(FAHP)methodtotheevaluationprocessofCAS(Ilham&Feride,2013).Thepurposeof
thispaperis todevelopideaspresentedby(Ilham&Feride,2013).Particularly,bothcriteriaset
andMCDMmodelareexpanded.Theconceptoftheusefulnessisastartingpointoftheevaluation
proceduretoindicatedsystems,howwellagivensystemsupportsthesatisfactionandneedsofusers.
Itiscalledtheusercenteredevaluationframeworkwhichincorporatesusers’evaluationjudgments.
Users’judgmentsareintrinsicallyimprecise,uncertain,imperfect,ambiguous,andvagueinformation.
However,theMCDMmethodsmentionedabovearenotabletomakeanadequatedecisionunder
uncertaininformation.Ithasbeenpresentedby(Bellman&Zadeh,1970;Enrique,Eduardo&Jose,
2007)thatthedecisionanalysisprocesswithuncertaininformationcanadequatelybehandledby
meansoffuzzylinguisticmodelingtechniques.Theconceptoftheusefulnessofacomputer-based
systemcanfurtherbeanalyzedwithintheusabilityandutilityconcepts(Nielsen,1993).Theusability
isbasedontheuseofasoftware,i.e.interfaceofferedbyasoftware,andtheutilityisbasedonthe
tasksthatcanbedonebyasoftware,i.e.contentofferedbyasoftware(https://msdn.microsoft.com/
en-us/library/ms997577.aspx).

ThemainpurposeofthisstudyistopresentasystematicmethodologybasedonafuzzyMCDM
(FMCDM)modeltohelpusersevaluateCAS.First,theevaluationcriteriaframeworkbasedonthe
usefulnessofCASisdeveloped.Second,FAHPmethodiscomplimentedbyotherMCDMmethod-
fuzzyTechniqueforOrderPreferencebySimilaritytoIdealSolution(FTOPSIS)-fortheevaluation
procedureofCAS.TheFAHPisappliedtodeterminetherelativeimportanceweightsofqualitative
evaluationcriteria;theFTOPSISisappliedtoranktheCASsalternatives.Theillustratedcasestudy
demonstratestheapplicabilityandeffectivenessoftheproposedmethodology.

The paper is organized as follows. Section 2 presents theoretical basics: i) modeling users’
preferencesusinglinguistictechniquesoffuzzylogic,andii)basicoperationswithfuzzynumbers.
AsystematicevaluationmethodologybasedontwoFMCDMmethods-FAHPandFTOPSIS-is
presentedinSection3.Section4considersacasestudyofapplyingtheproposedmethodologyby
constructingatreetypehierarchalcriteriastructureandbyapplyingFAHPandFTOPSISmethods.
Section 5 presents the evaluation results of the case study. Section 6 concludes the suggested
methodologyanddiscussesfutureoftheresearchinthefield.

THEORETICAL BASICS

Linguistic Modeling of Preferences
Itismuchmoreconvenientforusers,experts,anddecisionmakerstoexpresstheirpreferences(or
evaluationjudgments)inalanguagethatisclosetonaturallanguage.Suchsubjectivepreferences
areperception-basedandqualitativenature.Theyareinherentlyvague,incompleteanduncertain
knowledge. Linguistic techniques of fuzzy logic provide a framework to deal with this kind of



 

 

14 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/the-evaluation-of-computer-algebra-

systems-using-fuzzy-multi-criteria-decision-making-

models/243377

Related Content

Building and Operating a System to Promote Regional Competitive

Industries Through Cross-Sectoral Collaborations: Findings From the

Experience in Germany
Yuki Kawabata (2019). International Journal of Systems and Service-Oriented

Engineering (pp. 1-22).

www.irma-international.org/article/building-and-operating-a-system-to-promote-regional-

competitive-industries-through-cross-sectoral-collaborations/233839

Business Survival Inside and Outside of Chinese IT clusters
Yixuan Wangand Bowen Jiang (2018). International Journal of Systems and Service-

Oriented Engineering (pp. 1-15).

www.irma-international.org/article/business-survival-inside-and-outside-of-chinese-it-

clusters/213951

Autonomous Human Flow Counting Service With Deep Neural Network
Shing Hwang Doong (2018). International Journal of Systems and Service-Oriented

Engineering (pp. 18-36).

www.irma-international.org/article/autonomous-human-flow-counting-service-with-deep-neural-

network/218288

Macros and Subroutines
 (2017). Microcontroller System Design Using PIC18F Processors (pp. 49-71).

www.irma-international.org/chapter/macros-and-subroutines/190444

Formal Methods for Specifying and Analyzing Complex Software Systems
Xudong He, Huiqun Yuand Yi Deng (2009). Systems Analysis and Design for

Advanced Modeling Methods: Best Practices  (pp. 243-264).

www.irma-international.org/chapter/formal-methods-specifying-analyzing-complex/30026

http://www.igi-global.com/article/the-evaluation-of-computer-algebra-systems-using-fuzzy-multi-criteria-decision-making-models/243377
http://www.igi-global.com/article/the-evaluation-of-computer-algebra-systems-using-fuzzy-multi-criteria-decision-making-models/243377
http://www.igi-global.com/article/the-evaluation-of-computer-algebra-systems-using-fuzzy-multi-criteria-decision-making-models/243377
http://www.igi-global.com/article/the-evaluation-of-computer-algebra-systems-using-fuzzy-multi-criteria-decision-making-models/243377
http://www.irma-international.org/article/building-and-operating-a-system-to-promote-regional-competitive-industries-through-cross-sectoral-collaborations/233839
http://www.irma-international.org/article/building-and-operating-a-system-to-promote-regional-competitive-industries-through-cross-sectoral-collaborations/233839
http://www.irma-international.org/article/business-survival-inside-and-outside-of-chinese-it-clusters/213951
http://www.irma-international.org/article/business-survival-inside-and-outside-of-chinese-it-clusters/213951
http://www.irma-international.org/article/autonomous-human-flow-counting-service-with-deep-neural-network/218288
http://www.irma-international.org/article/autonomous-human-flow-counting-service-with-deep-neural-network/218288
http://www.irma-international.org/chapter/macros-and-subroutines/190444
http://www.irma-international.org/chapter/formal-methods-specifying-analyzing-complex/30026

