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ABSTRACT

Asseedselectionisachallengingtaskduetothepresenceofhundredsofvarietiesofseedsofeach
kind,somehomeworkisnecessaryforselectingsuitableseedsasnewvarietiesandkindsofseeds
areintroducedinthemarketeveryyearhavingtheirownstrengthsandweaknesses.Thecomplexities
involvedinthecharacteristicsintheformofparametersresultsinuncertaintiesandasaresultsome
uncertaintybasedmodelorhybridmodelsofmorethanisrequiredtomodelthescenarioandcome
outwithadecision.Softsetshaveenoughofparameterizationtoolstosupportandhenceisthemost
suitableoneforsuchastudy.However,ashybridmodelsaremoreefficient,theauthorsselectamodel
calledtheintervalvaluedfuzzysoftset(IVFSS)andproposeadecision-makingalgorithmforthe
selectionofseeds.Arealdatabaseofseedsisusedforexperimentalverificationoftheefficiencyof
thealgorithm.Thisisthefirstattemptforsuchastudy.Theuseofsignedprioritiesandintervalsfor
themembershipofvaluesforentitiesmakesthestudymoreefficientandrealistic.
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INTROdUCTION

Itistheopinionofmanyfarmersthatseediswhereallbeginsandfinishes:itisthebeginningand
theend.Accordingtotheirownperceptionsofseedselection,theiraimisinselectingseed,and
theeffectsoftheirpracticesonthegeneticstructureoftheirvarieties.Someobserversconveythe
impressionthatfarmerswhodonotselectseedbeforeplantingare“bad”ordisinterested(Perrier
1982;Hernandez1985;SandMeieretal.,1986).Thetraditionalmethodsadoptedforseedselection
havebeencontinuouslychanging.However,scientificstudyforselectionofseedisveryimportant.
Thesestudieswillsupportthefarmersintheirselectionprocessbythewayimprovingtheproduction.
A combination of experimental and survey data is used to relate farmers’ selection to variety
characteristics;examinetheeffectofselectioninthepresenceofgeneticinstabilityandrecordfarmers’
perceptionsoftheirownpractices.Findingsarelikelytoberelevantfor,althoughnotnecessarily
representativeof,othersystems(Louetteetal.,1998).

Seedselectioncanbeverychallenging.Thereareseveralhundredsofvarietiesofseedsofeach
kind.Manynewvarietiesandkindsareintroducedinthemarketeveryyearhavingtheirownstrengths
andweaknesses.So,italwaysrequiresalittlehomeworkbeforechoosingseedvarieties.Choosing
thewrongonemaybeabletoreducetheproductionbythewaycausingalotoflosstothefarmers.
Yieldiswhatdrivesprofitabilityandhencehighyieldingvarietiesarealwaysinafarmer’smind.
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Butthecharacteristicsoftheseedsalsovaryaccordingtothesoiltype,whetherthelandisirrigated
oneoradrylandandtheoverallweatherconditionetc.

Farmersalsoreplace,renew,ormodifytheseedstocksfortheirvarietiesbyintroducingseed
obtainedfromotherfarmerswithinandoutsidethecommunity.Althoughfarmersrarelypoolseed
lotsofdifferentvarieties,theycommonlymixseedlotsconsideredtobeofthesamevarietytoobtain
neededseedquantities.Recognitionofthispracticeledtothedefinitionofa“seedlot”asthephysical
unitofseedsofagivenvarietyusedtoproducethenextseason’scrop.Farmersappeartoidentifya
seedlotasbeingofavarietyifitresemblesitphenotypically,meaningthatavarietyisthenasetof
farmers’seedlotsbearingthesamename.Resultsofanalysisofphenotypicdiversity,bothamong
theseedlotsofavariety,andamongvarietieswithseedlotsbearingdifferentnames,supportthe
hypothesisthatavarietycorrespondscloselytothatofaphenotype.Thedomainofagriculturehas
variousbrancheslikesoilandseedmanagement,waterandirrigationetc.Theproblemsinvolvedin
theseareasarecomplexbecauseofmanyfactorssuchasclimateconditions,locationetc.So,asthe
complexityincreasestheuncertaintiesinvolvedintheseareasalsoincrease.

Nowadayfarmersfacelotofagriculturalproblemssuchasdrought,naturaldisasteretc.There
arefewtechniquestoovercometheseagriculturalcrises.Someofthesearementionedin(Devereux,
2002;Dercon,2002).Farmersarethemajorusersofseedinmostcountries(Tripp,2001).Forthe
selectionofseeds,farmerhastoanalyzetheenvironmentalandotherfactorswhichinfluencethe
seeds.Forexample,climateisoneoftheimportantfactorswhichaffecttheseeds.Colomboetal
(Colombo,2008)discussedhowclimatevariationswillaffectthegrowthoftreeseedsinCanadian
areas.Healsomentionedabouttheuncertaintyinclimate.Sometimes,thefarmersorresearcherswho
areworkinginthisareacannotbeabletorealizetheexactclimateduetotheuncertaintiesinvolved.
Fewfactorswhichaffecttheclimatearementionedin(Colomboetal.,2007).So,theimportanceof
uncertaintymodelsarises.

Thecomplexitiesofthecharacteristicsoftheseedsandtheotherconditionsassociatedmake
itdifficultforselectionofseedsnotonlyforthefarmersbutalsofortheexperts.Thereareseveral
uncertaintiesinvolvedinthecharacteristicsoftheseeds.Thesecharacteristicsaremanyatimecannot
bemeasuredinacrispmannerandrequiresuncertaintybasedmeasurementslikethegradingand
evensometimesthevalueslieinintervalsinsteadofbeingatomic.

Thereareseveraluncertainty-basedmodelsintheliteraturelikethefuzzysets(Zadeh,1965),
intervalvaluedfuzzySets(Zadeh,1975),roughsets(Pawlak,1982)andsoftsets(Molodtsov,1999).
Also,wehaveseveralhybridmodelsobtainedbycombiningtwoormoreofthesemodels.

Someoftheapplicationsoffuzzylogicinagriculturalfieldsarediscussedin(Rosalineetal.,
2009)arehowfuzzylogiccanbeusedinpestmanagement,howitcanbeusedtoanalyzethesoil,
howitcanbeusedtodevelopanexpertsystemforvariouscrops.Someapplicationsoftheroughset
modelarediscussedin(Zhu,2009).

Theproblemwithmodelslikefuzzysetsislackofparametrization.However,wehavetodealwith
parametersefficientlyinselectingseed.So,softsetseemstobeanidealmodelforthisapplication.
Also, hybrid models (Sooraj et al., 2017a, 2017b; Tripathy et al., 2016a, 2016b, 2016c, 2016d,
2016e,2017;Mohantyetal.,2017)havebeenfoundtobemoreefficientthantheindividualones.
Since,intervalvaluedfuzzysetsaremoregeneralmodelsthanfuzzysets,wehavechosenthehybrid
modelofintervalvaluedfuzzysoftsetasthemodeltocapturethecharacteristicsofthisapplication
ofseedselection.Also,wehaveprovisionsforthefarmertospecifyhisprioritylevelfordifferent
characteristics,whichobviouslyeffecttheselectionofseedsaccordingtohislikingandsuitability.
Wefollowtheconceptofpositiveandnegativeparameters.Ourapproachhasbeendetailedthrough
areal-lifedatasetandtheresultsobtainedareencouraging.Thedetailofthesegmentsofthispaper
isasfollows.
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PReLIMINARIeS

Inthissection,wepresentthedefinitions,notationsandconceptsrequiredtobeaddressedinthepaper.
LetUbeauniverseofdiscourse.

Definition 1:Afuzzysubset(FS)XofUisrepresentedbyitsmembershipfunctiondenotedbyµX 
andgivenas

µX U: [ , ]→ 0 1  (1)

whereµ αX u( ) [ , ]= ∈ 0 1 foru U∈ .
LetInt([0,1])thesetofallclosedsubintervalsoftheinterval[0,1].

Definition 2:AnintervalvaluedfuzzysubsetXofUisrepresentedbyisamappingµX suchthat

µ
X
U: → Int ([0,1])  (2)

where ∀ ∈ = ⊆− +u U u u u
X X X

, ( ) [ ( ), ( )] [ , ]µ µ µ 0 1 .Here, µ
X
−  and µ

X
+ represent the lowerandupper

membershipfunctionsofX.
An interval valued fuzzy set reduces to a fuzzy set when the lower and upper membership

functionsareidentical.
ByP(U)andF(U)wedenotethepowersetofUandthefuzzypowersetofUrespectively.

Definition 3:Apair(F,E)iscalledasasoftset(SS)overtheuniversalsetU,where

F E P U: ( )→  (3)

suchthat∀ ∈e E ,F(e)isasubsetofU.
In(Tripathyetal.,2015a)characteristicfunctionapproachtothisdefinitionwasprovided,which

ismoreconcise,rigourandeasytouseasfollows:

Definition 4:ASSisapair(F,E),whichisdefinedthroughafamilyofcharacteristicfunctions
χ( , ) :F E
a a E∈{ } givenby

χ( , ) : { , }F E
a U → 0 1 ,whereFisasdefinedaboveand

χ
( , )

( )
, ( );

, .F E
a x

if x F a

Otherwise
=

∈






1

0
 (4)

Definition 5:Wedenoteafuzzysoftset(FSS)overUby(F,E)where
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F E F U: ( )→  (5)

suchthat∀ ∈e E ,F(e)isafuzzysubsetofU.

Definition 6:AFSSisapair(F,E),whichisdefinedthroughafamilyofmembershipfunctions
{ : }

( , )
µ
F E
a a E∈ givenby

µ( , ) : [ , ]F E
a U → 0 1  (6)

Whereµ α( , )( ) [ , ]F E
a x = ∈ 0 1 ,whereµ αF e x( )( )= .

An Example:SupposeUisasetofseedsunderconsiderationandEisasetofparameters.Ingeneral,
eachparameterisawordorasentence.

In this example we take E= {quality of seeds, shell life, cost of purchasing the seeds, soil
characteristics,environmentalfactors}.

Here,asoftset(F,E)describesthe“selectionofqualityseeds”,whichafarmerisgoingtoselect.
Suppose,therearesixtypesofseedsintheuniverseUgivenbyU={ , , , , , }s s s s s s1 2 3 4 5 6 andE=
{ , , , , }e e e e e1 2 3 4 5 .Here,theparametersaremorespecificallydefinedase

1
=qualityofseeds,e

2

=shelllife,e
3
=costofpurchasingtheseeds,e

4
=soilcharacteristics,e

5
=environmentalfactors.

SupposethatF(e
1

)={ , }s s2 4 ,F(e
2

)={ , }s s1 3 ,F(e
3
)={ , , }s s s3 4 5 ,F(e

4
)={ , , }s s s1 3 5 andF(

e
5
)= s1{ } .

Thuswecanviewthesoftsetasthecollectionofapproximationsas(F,E)={qualityofseeds=
{ , }s s2 4 , shell life={ , }s s1 3 , cost of purchasing the seeds={ , , }s s s3 4 5 , soil characteristics=

{ , , }s s s1 3 5 ,environmentalfactors= s1{ } .
LetIVF(U)denotethesetofallintervalvaluedfuzzysetsdefinedoverU.

Definition 7:Apair(F,E)iscalledasanintervalvaluedfuzzysoftset(IVFSS)overtheuniversal
setU,where

F E IVF U: ( )→  (7)

suchthat∀ ∈e E ,F(e)isanintervalvaluedfuzzysubsetofU.

Definition 8:AnIVFSSisapair(F,E),whichisdefinedthroughafamilyofmembershipfunctions

µ( , ) :F E
a a E∈{ } suchthatforeveryx U∈

µ µ µ( , ) ( , ) ( , )( ) ( ), ( )F E F E F E
a a ax x x= 




− +  (8)
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Here,µ µ( , ) ( , )F E F E
a a− + and arecalledtheloweranduppermembershipfunctionsassociatedwith

µ( , )F E
a .

Definition 9:Giventwointervalvaluedfuzzysoftsets(F,E)and(G,E)overacommonsoftuniverse
(U,E), (F,E) issaid tobe intervalvaluedfuzzysoftsubsetof(G,E), F E G E, ,( ) ⊆ ( ) and
∀ ∈a E , ∀ ∈x U .

µ µ µ µ( , ) ( , ) ( , ) ( , )( ) ( ) ( ) ( )F E G E F E G E
a a a ax x and x x− − + +≤ ≤  (9)

Definition 10:Foranytwointervalvaluedfuzzysoftsets(F,E)and(G,E),wesaythat(F,E)is
equalto(G,E)writtenas(F,E)=(G,E)and ∀ ∈x U ,

µ µ µ µ( , ) ( , ) ( , ) ( , )( ) ( ) ( ) ( )F E G E F E G E
a a a ax x and x x− − + += =  (10)

MOdeL SeLeCTION ANd THe PROPOSed ALGORITHM

Theconceptofsoftsetswasintroducedin(Molodtsov,1999),whichisaparameterizedfamilyof
subsets.Acharacteristicfunctionbaseddefinitionwasprovidedin(Tripathyetal.,2015a).Thefuzzy
softset(FSS)modelwasintroducedin(Majietal.,2001)andthecorrespondingmembershipfunction
approachisdueto(Soorajetal.,2016).AnextensionofFSStothecontextofintervalvaluedfuzzy
softsets(IVFSS)isduetoYang(Yangetal,2009).Thecorrespondingapproachbyusingmembership
functionapproachisin(Tripathyetal.,2017).

Some applications of soft sets were discussed (Molodtsov, 1999). It includes stability and
regularization,Gametheoryandoperational researchandsoftanalysis. In (Majietal.,2002)an
applicationtoDecisionmakingisproposed.Decisionmakingistheprocessoftakingdecisionsto
findthebestchoicefromtheavailablechoices.Decisionmakingisclassifiedintotwocategories.
That is, Individual decision making and Group decision making. If the decision is taken by an
individualdecisionmaker(expert),thenthisprocessiscalledsingledecision-makingprocess.Here,
theexperthasthefullrighttotakethedecisions.Butinthecaseofreallifeproblems,anexpertis
notsufficientenoughtakeproperdecisions.So,morethanonedecisionmakerisnecessaryinmany
cases.Theprocessoftakingdecisionswiththehelpofmorethanonedecisionmakeriscalledgroup
decisionmaking.Manydecision-makingapplicationsarediscussedbyCagmanetal.(Cagmanand
Serdar,2010).Theyintroduceduni-intdecisionmakingmethods,tofindthesuitablechoice.Many
researchersintroducedhybridmodelsofsoftsetsandfuzzysetsintodecisionmakingproblemsand
gametheory(DengFengLi,2014,2016;DengFengLietal,2010a,b;Weietal,2015).

InthecaseofFSSs,thegradeofmembershipplaysanimportantrole.Forexample,wecansay
theseedis80%toleranttodrought.So,itcanbementionedundertheparameter‘droughttolerant’
withthevalue0.8.Insomecases,whenweareanalyzingacollectionofseedswecannoteffectively
judgetheexactmembershipdegree.Whenwecheck,someseedsare60%droughttolerant,some
othersare70%andfeware90%droughttolerant.InthiscasetheneedofIVFSSsisaroused.So,we
canmentiontheseedsdroughttolerantliesintheintervalof60%-90%.Then,itcanbementioned
undertheparameter‘droughttolerant’withthevalue[0.6,0.9].Takingagooddecisionaboutthe
selectionofseedsandthefarmisbecomingmorecomplicatedbecauseoftheuncertaintiesinvolved
invariousfactorssuchasclimate,thequalityofseedsetc.Here,theuncertaintymodelsplayacrucial
roletoselectthebestpossiblealternativefromtheavailablechoices.



International Journal of Fuzzy System Applications
Volume 7 • Issue 2 • April-June 2018

49

AnapplicationofIVFSSisdiscussedbyTripathyetal(Tripathyetal,2017).Inthispaper,we
applythemodeltothefieldofagricultureandherewetakearealdatasetforanalysisinsteadof
anysyntheticdataset.Asexpressedearlier,weusethenotionsofnegativeparameters,priorityof
parametersinthispaper.Severaldecision-makingalgorithmshavebeenpresentedearlierbyusing
theseconceptsin(Tripathyetal.,2016a,2016b,2016c,2016d;Soorajetal.,2016).

Ifapersonwantstopurchaseacar,thenhehastoconsidersomeoftheparametersrelatedtothe
car.Someoftheparametersonehastoconsiderarebeautiful,color,price,mileageetc.Asweknow,
asthepriceofcarincreasesthentheinteresttopurchasethatcarwillreduce.i.e.,theparameters
whichaffectthedecisionadverselyarecalledasnegativeparameters.Someofthesituationswhere
thepositiveornegativeparameterscanbeusedareasfollows:

• Ifthevalueoftheparameterisdirectlyproportionaltotheinterestofthecustomerthenwesay
thatisapositiveparameter.

• Ifthevalueoftheparameterisinverselyproportionaltotheinterestofthecustomerthenwe
saythatisanegativeparameter.Forexample,‘Beautiful’isapositiveparameter.Ifthevalueof
parameter‘Beautiful’increasesthenthecustomer’sinterestwillalsoincrease.Lowerpriceis
alwayspreferredandhence‘Price’isanegativeparameter.

Algorithm

1. Inputtheprioritydatatable.Getthepriorityoftheparametersfromtheuserwhichliein[-1,1].
Thedefaultpriorityvalueforaparameteris0(Zero)thatmeanstheparameterhasnoimpacton
decisionmakingandcanbeoptedoutfromfurthercomputation.

2. InputtheIVFSS,intheformofatwo-dimensionalarray,whereentitiesareintervalswithend
valueslyingintheunitinterval[0,1].

3. Extract the pessimistic, optimistic and neutral values from the interval valued fuzzy sets.
Pessimisticvalueisthelowervalueintheinterval,optimisticvalueisthehighervalueinthe
intervalandneutralvalueliesinbetweentheinterval.Wecanusedifferentformulastofindthe
neutralvalue.

4. Dothefollowingstepsforthecomputationofpessimistic,optimisticandneutralvaluesofIVFSSs.
a. Multiply thepriorityvalueswith thecorrespondingparametervalues toget thepriority

table.
b. Computetherowsumofeachrowintheprioritytable(PT).
c. Constructthecomparisontable(CT)byfindingtheentriesasdifferencesofeachrowsum

withthoseofallotherrows.
5. Constructthedecisiontablebasedonthenormalizedscoreequation

NormalizedScore=
−

−
= ∈

=

∑2

1
1

* (| | * | | * | | )

| | * | | * | | *(| | )
,

| |

c k j RC

k j c c

ix
i x K

i j

 (11)

where|c|isthenumberofcandidates,k={optimistic,pessimistic,neutral}.So,k=3and|j| isthe
numberofjudges.Rc

ix
istherankgivenbytheithjudgewithrespecttoapproachx.

6. Theobjecthavinghighestvalueinthefinaldecisioncolumnorrankingcolumnistobeselected.
Ifmorethanoneobjectarehavingthesamerank,thentheobjecthavinghighervalueunderthe
highestabsoluteprioritycolumnisselectedanditcanbefurthercontinued.
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Computational Complexity of the Algorithm
Computationalcomplexityoftheproposedalgorithmasfollows.

ForasetofseedsS,letthenumberofcandidates,givenby|S|=n
ForasetofparametersE,letthenumberofparametersbe|E|=m

Inthecaseofsingledecision-makingproblems,thenumberofjudgesbe|J|=1.
Nowwecalculatethetimecomplexityofthealgorithmasfollows:

Step 1:Inthisstep,wetakeinputfortheprioritytable.ThisoperationcostsO m( ) .Thenthepriorities
are ranked based on their absolute values. This would involve sorting, which would cost
O m m( log ) .

Step 2:Inthisstep,weinputtheIVFSStable.Wetakedataofnseedseachhavingmparameters.
Becauseeachmemberofanintervalconsistsoftwomembershipvalues,thetimecomplexityin
thisstepisO mn( )2 .

Step 3:Theoptimistic,pessimisticandneutralvaluetablescanbeconstructedinasinglescanofthe
IVFSStable.ThetimecomplexityofthisoperationisO mn( ) .

Step 4a:ThetimecomplexitytoobtaintheprioritytableisO mn( ) .
Step 4b:TocomputetherowsuminprioritytablesthetimecomplexityisO n( ) .
Step 4c:Thecomparisontablefordifferentcandidatesisconstructedbycomparingtherowsums

foreachcandidatewiththoseofallothercandidates.ThisprocesshasthecomplexityO n( )2 .

Tobepreciseitis n
2

2
asthe(j,i)thelementofthematrixisnegativeofthe(i,j)thelement.

Step 5: The decision table is constructed based on the normalized score equation. The score
computationtakesthetimecomplexityofO n( ) .Rankingtheseedsbasedontheirscoreshas
thetimecomplexityO n n( log )

Theconstructionoftherankmatrixiscarriedoutbytakingtheranksfromallthedecisiontables
foreachcandidate.ThetimecomplexityforthistaskisO mn( ) .Thenormalizedscorecanbecalculated
inO n( ) .Thefinalranksofthesecanbefoundbysortingthescores.ThiswouldcostO n n( log ) .

WenotethatsinceStep4canbecarriedoutinparallel,thetimecomplexityfortheentirestep
4isdominatedbythatofStep4.c.,whichisO n( )2 .

Hence,thetimecomplexityoftheentirealgorithmwhichisthesumofthecomplexitiesofall
thefourstepscomesouttobeO m m n mn n n( log log )+ + +2 whichreducestoO n( )2 .

Illustration of Functionality of the Algorithm
Here,weexplainthealgorithmwiththehelpofasmallexampleforbetterunderstandingandthen
weapplyitinalargedataset.Considerthecaseofafarmerwhoneedstofindtheseedswhichare
suitableforhiscriteria.Someoftheparametersthefarmerconsidersareproductivityofseeds,climate,
sizeoftheseed,costofpurchasingtheseeds,temperatureandtypeofsoil.

WedenoteasetofseedsasU s s s s s s= { , , , , , }
1 2 3 4 5 6

andtheparameterset,E={productivityof
seeds,climate,geneticpurity,costofpurchasingtheseeds,physicalpurity,germinability}.Wedenote
the parameters as e1, e2, e3, e4 and e5 for further calculations, where e1, e2, e3,e4 and e5 denotes
productivity of seeds, climate, size of the seed, cost of purchasing the seeds and temperature
respectively.ConsideranIVFSS(U,E)whichdescribesthe‘selectionofbestseeds’.

Table1showsthevaluesofvariousparametersofseedsintheIVFSSinaselectionprocess.
Here,inIVFSSs,weneedtoconsiderthreecases.
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I. Pessimistic:Itisthelowervalueinaninterval.
II. Optimistic:Itisthehighervalueinaninterval
III.Neutral:Neutralvalueliesinbetweentheinterval.Wecanusedifferentformulastofindthe

neutralvalue.Here,neutralvaluesareobtainedbytakingtheaverageofpessimisticvaluesand
optimisticvalues.

Neutral value
pesimistic value optimistic value

 
  

=
+
2

 (8)

Forexample:Ifaseeds1hasvalueundertheparameter‘climate’asaninterval[0.2,0.5],then
0.2isthepessimisticvalue,0.5istheoptimisticvalueand0.35istheneutralvalue.

Thenwehavetoconsider threecases.a.Pessimisticdecision-makingb.Optimisticdecision
makingandc.Neutraldecisionmaking.Pessimisticrankingistheworstranking,Optimisticranking
isthebestrankingandNeutralistheaverageranking.Inpessimisticdecisionmaking,weconsider
thelowermembershipvalueofeachparameter.Inoptimisticdecisionmakingweneedtotakethe
uppermembershipvalueofeachparameterandinneutraldecisionmakingweneedtotakeaverage
ofbothpessimisticandoptimisticvalues.First,weareconsideringthepessimisticcase.Thevalues
ofthepessimisticcaseareshowninTable2.

Theprioritiesoffarmerfortheparameterse1,e2,e3,e4ande5are0.7,0.3,0.2,-0.5,0.4.The
prioritytableobtainedisshownbelowinTable3.

Thecomparisontableisformedasinstep4cofthealgorithm,whichisshowninTables4to6.
In thesameway,comparison table foroptimisticandneutralcasescanbecalculatedand is

showninTable5andTable6.

Table 1. Tabular representation of IVFSS

U e1 e2 e3 e4 e5

s1 [0.2,0.4] [0.3,0.5] [0.8,0.9] [0.4,0.7] [0.6,0.9]

s2 [0.4,0.8] [0.6,0.9] [0.2,0.5] [0.7,1] [0.5,0.6]

s3 [0.5,0.8] [0.7,0.9] [0.7,0.8] [0.8,1] [0.5,0.7]

s4 [0.6,0.8] [0.5,0.9] [0.8,1] [0.5,0.9] [0.7,0.8]

s5 [0.1,0.4] [0.9,1] [0.3,0.6] [0.1,0.5] [0.8,1]

s6 [0.9,1] [0.5,0.7] [0.1,0.3] [0.2,0.4] [0.3,0.7]

Table 2. Pessimistic values

U e1 e2 e3 e4 e5

s1 0.2 0.3 0.8 0.4 0.6

s2 0.4 0.6 0.2 0.7 0.5

s3 0.5 0.7 0.7 0.8 0.5

s4 0.6 0.5 0.8 0.5 0.7

s5 0.1 0.9 0.3 0.1 0.8

s6 0.9 0.5 0.1 0.2 0.3
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Table 3. Priority Table for Pessimistic case

U e1 e2 e3 e4 e5

s1 0.14 0.09 0.16 -0.2 0.24

s2 0.28 0.18 0.04 -0.35 0.2

s3 0.35 0.21 0.14 -0.4 0.2

s4 0.42 0.15 0.16 -0.25 0.28

s5 0.07 0.27 0.06 -0.05 0.32

s6 0.63 0.15 0.02 -0.1 0.12

Table 4. Comparison for Pessimistic case

sj
si

s1 s2 s3 s4 s5 s6 Row_sum Rank

s1 0 0.08 -0.07 -0.33 -0.24 -0.39 -0.95 5

s2 -0.08 0 -0.15 -0.41 -0.32 -0.47 -1.43 6

s3 0.07 0.15 0 -0.26 -0.17 -0.32 -0.53 4

s4 0.33 0.41 0.26 0 0.09 -0.06 1.03 2

s5 0.24 0.32 0.17 -0.09 0 -0.15 0.49 3

s6 0.39 0.47 0.32 0.06 0.15 0 1.39 1

Table 5. Comparison Table optimistic decision making

sj
si

s1 s2 s3 s4 s5 s6 Row_sum Rank

s1 0 -0.05 -0.15 -0.28 -0.23 -0.36 -1.07 6

s2 0.05 0 -0.1 -0.23 -0.18 -0.31 -0.77 5

s3 0.15 0.1 0 -0.13 -0.08 -0.21 -0.17 4

s4 0.28 0.23 0.13 0 0.05 -0.08 0.61 2

s5 0.23 0.18 0.08 -0.05 0 -0.13 0.31 3

s6 0.36 0.31 0.21 0.08 0.13 0 1.09 1

Table 6. Comparison Table for neutral decision making

sj
si

s1 s2 s3 s4 s5 s6 Row sum Rank

s1 0 0.015 -0.11 -0.305 -0.235 -0.375 -1.01 6

s2 -0.015 0 -0.125 -0.32 -0.25 -0.39 -1.1 5

s3 0.11 0.125 0 -0.195 -0.125 -0.265 -0.35 4

s4 0.305 0.32 0.195 0 0.07 -0.07 0.82 2

s5 0.235 0.25 0.125 -0.07 0 -0.14 0.4 3

s6 0.375 0.39 0.265 0.07 0.14 0 1.24 1
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Thefinaldecisionistheaverageofpessimistic,optimisticandneutraldecisionmakingandit
isshowninTable7.

FromTable7,wecanseethatseeds6isthebestchoice.Thenextchoicesareintheorderof
s ,s ,s ,s  and s

4 5 3 2 1
.

eXPeRIMeNTAL ANALYSIS ANd ReSULT

ThealgorithmwascodedbyusingPythoninalaptophavingIntelcorei3processor,2GBRAM,
320GBHDDand1.7GHZclockspeed.Adatatablehaving172riceseedsand21parameterswas
takenasinput.Theresultsareencouragingandwehavenotproducedthetablesbecauseofspace
constraintsandthecomplexityofthecomputation.Thestudyconductedonthevariousriceseeds
available on the Southern part of India. The rice seed varieties are Aduthurai, Chithiraikkar,
Akshayadhan,etc.Here,weuses s s

1 2 3
, , .... torepresentthericeseedvarietiesforbrevity.

Weappliedtheabove-mentionedalgorithmintothericeseeddatasetandcalculatedthepriority
table,comparisontableanddecisiontable.Asaresult,werankedtheobjectsfrom1to172asper
thenormalizedscoreequation.Theobject,whichishavingthehighestnormalizedscore,isthebest
seedforthatfarmer.Inthefollowingsection,descriptionoftheparametersthatweusedinseeddata
isdiscussed

Parameter description

1. Moisture Content: A direct relationship exists between moisture content and deterioration
rates,storability,susceptibilitytomechanicaldamage,insectinfestationlevel,andfungiattack.
However,thisisnotamandatorytestwithastandardseedtesting.

2. Cost of Purchasing the Seeds:Asinothercases,costorexpenseofpurchasinganyproducts
canbetreatedasnegativeparameter.Ifthecostofpurchasingtheseedsishigh,thenthefarmer
willnotpreferthatseeds.

3. Soil Characteristics:Soilcharacteristicsareanotherimportantpositiveparameter,wherethe
farmerchecksthequalityofthesoilandtheavailabilityofwaterinthatsoilarea.Soilcanbe
sandy,clay,muddy,alluviumandgravel.Soilcanbesalineoralkalinealso.

4. Local and Global Market:Thisisanotherpositiveparameter,wherethefarmerthinksabout
theyieldthathecouldgetlocalorglobalmarketforhisproducts.

5. Watering:Whetherwateringfacilitiesareavailableforthatareaornot.Wecantreatthisparameter
asapositiveone.

6. Travel Facility:Thisparametermentionshowfarthefarmislocatedfromthefarmersplace.If
thefarmisclosetohisplace,thenthefarmercangiveenoughconcentrationtohisfarm.This

Table 7. Decision Table

Pessimistic Optimistic Neutral Normalized Score FINAL RANKING

s1 5 6 6 0.211111 6

s2 6 5 5 0.222222 5

s3 4 4 4 0.266667 4

s4 2 2 2 0.333333 2

s5 3 3 3 0.3 3

s6 1 1 1 0.366667 1
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canbetreatedasanegativeparameterbecauseasthedistanceincreases,thenthecareforthat
formwillbereduced.

7. Yield:Thisparameterdealswiththeyieldthatwewillbegettingfromtheseseeds.
8. Market Quality:Thisparametersayswhethertheseedpurchasedfromagoodmarketorfrom

alow-qualitymarket.
9. Crop Duration:Thisparameterdealswiththedurationofbetweentheplantingandharvesting.
10.Quality of Seed:Qualityofseedscanbetreatedaspositiveparameter.So,thefarmerwillbe

givingmoreprioritytothequalityoftheseed.
11.Temperature:Thisparametersaysaboutthetemperatureandclimateconditions.Thatis,whether

thetemperatureisaffectingpositivelyornegativelyforthegrowthofseeds.
12.Environmental Conditions:Thisparameterdealswiththeenvironmentalconditionsrequired

forthegrowthoftheseeds.
13.Variety Purity:Itisalsocalledgeneticpurity.Geneticpurityreferstotruenesstotype,orthe

degreeofcontaminationofseedscausedbyundesiredgeneticvarietiesorspecies.
14.Germinability:Itmeansthedegreeofabilityofaseedtogerminateorsprout.
15.Physical Purity:Itmeansthephysicalcompositionofseedlots.
16.Vigour:Seedvigourisdefinedas“theSumtotalofthosepropertiesoftheseedwhichdetermine

thelevelofactivityandperformanceoftheseedorseedlotduringgerminationandseedling
emergence”.

17.Storability:Itdealswithwheretheseedsarestoredandhowthestoragefacilityaffectstheseeds
etc.

18.Physiological Purity:Itdealswiththeshape,sizeandcoloroftheseeds.
19.Flood Tolerant:Itdealswithsurvivabilityofaplantinfloodsituations.
20.Drought Tolerant:Itdealswithsurvivabilityofaplantindroughtconditions.
21.Shelf Life:Seedvitalityorshelflifeisanimportantparameter.Ifyousavedseedfromlastseason

ortheseasonbeforeorifyou’vebeengivenseedandarenotsurehowlongit’sbeenaround,you
mightwanttoperformaseedvitalitytestacoupleofweeksbeforeyouplantosow.

Amongtheabove-mentionedparameters,“costofpurchasing theseeds”and“travel facility”are
consideredasnegativeandrest19comeunderpositivecategory.Also,theparameter“seedsize”has
zeropriorityasfarmersneednotworryaboutthesizeoftheseeds.Itmaybenotedthatthedefault
priorityvalueofaparameteristakenas“zero”.

Results Obtained
Hereweshowtheresultsobtained.Weareshowingapartoftheresultsduetothespacerestrictions.
FromthefinaldecisionTable(Figure7),wecanseethatthe‘seed120’isthebestchoiceforthefarmer.

Figure1showsthepriorityoftheparametersassignedbythefarmer.Here,thefarmerhasselected
theprioritiese3(Costofpurchasingtheseeds)ande6(Travelfacility)asnegativeparameters.Asper
thefarmer’sneed,heisallowedtochangetheparameterspriority(seeFigures2-8).

Top15bestriceseedsavailableforthefarmerfortheselectedregionareshowninFigure8.We
rankedallthericeseedsbasedonthenormalizedscoreequation.

Figure 1. Parameter Priority Table
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Figure 2. Priority Table of Pessimistic Case

Figure 3. Priority Table for Optimistic case
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FUTURe wORK

Thepresentalgorithmcanbeextendedtosomemoregeneralisedhybridmodels.Also,theabove-
mentionedalgorithmcanbemodifiedsuitablysothatitcanbeappliedtogroupdecisionmaking
problems. Inparticular, in theaboveapplication, a farmercanbehelpedbyagroupof experts.
Otherwise,inlargeagriculturalindustriesthedecisiontoselectseedsisusuallydonebyaboardof
experts.Asaresulteachresearcherhastoentertheirowninterestsandaccordingtothattheyhaveto
findtheresults.Theseedselectionalgorithmcanalsobeappliedtootherdirectionsofagricultural
research.

CONCLUSION

Seed selection isoneof the importantproblems facedby farmers.There are severalparameters
involvedascharacteristicsofseeds.Also,thesecharacteristicsareuncertainbynature.So,tohandle
theuncertaintiesinvolvedintheseedselectionprocess,uncertaintybasedmodelsarenecessaryto
handlethemwhichshouldhaveeasyandefficientparameterizationfacilities.Keepingthisinmind,
weselectedahybridsoftsetmodelforourstudyandpresentedanalgorithmwhichdependsupon
IVFSS.Thereisnootheralgorithmintheliteratureforthisapplication,sofarasourknowledge
goes.Wetookarealdataset,whichissufficientlylargetoperformexperimentdependinguponour
algorithmandpresenteditsoutputandanalyzed.Thisalgorithmhasthescopetobeappliedtoany
suchreal-lifesituationsinthefieldofagriculture,whichwillserveasanaidtoexpertsalso.The
computationalcomplexityofthealgorithmisobtained,inordertoestimatethetimevariationof
computationoftheresultsdependinguponthedatasize.

Figure 4. Priority Table for Neutral values
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Figure 5. Comparison Table of Pessimistic case

Figure 6. Comparison of Optimistic Case
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Figure 7. Comparison Table for Neutral Values

Figure 8. Decision Table in sorted order
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