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ABSTRACT 
 

 

The iconstraint istructure iof ithe itransportation iproblem iis iso iimportant ithat ithe iliterature iis 

ifilled iwith iefforts ito iprovide iefficient ialgorithms ifor isolving iit. iThe iintent iof ithis 

idissertation iis ito ipresent ian iefficient iapproach ifor ifinding ian iinitial ibasic ifeasible isolution 

iof ithe itransportation iproblem i(TP). iThe iproposed imethod iis iillustrated iwith iseveral 

inumerical iexamples. iAn ianalysis ito iidentify ithe ireason iof idifferent isolutions iby idifferent 

imethods iis ialso icarried iout. iFinally ia icomparative istudy iis imade, iand iwe iobserved ithat ithe 

imethod ipresented iherein igives ia ibetter iresult. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 

 

 

 
ACKNOWLEDGEMENT 

 

The isatisfaction iof isuccessful icompletion iof iany itask iwould ibe iincomplete iwithout imentioning 

ithe ipeople iwho imade iit ipossible iand iwhose iconstant iguidance iand iencouragement icrown iall iof 

imy iefforts iwith isuccess. iI iexpress imy ideep isense iof igratitude ito imy iparents, imy ibrother iand imy 

iguide iDr. iDhirendar iKumar, iAssistant iProfessor, iDepartment iof iApplied iMathematics, iDelhi 

iTechnological iUniversity ifor iher iinspiration, iconstant iassistance, ivaluable isuggestions, 

isympathetic iadvice, ifruitful iconversation iand iunparalleled iencouragement imade ithroughout ithe 

icourse iof istudy, iwithout iwhich ithis ipiece iof iwork iwould inot ihave itaken iits ipresent ishape. 

 

 

Rohit i 

(2K20/MSCMAT/25) 

Mahender iHarsolia 

(2K20/MSCMAT/16) 

 

 

 

 

 

 

 

 

 



vi 

 

 

 

 

 

 

Table iof iContents 
DECLARATION .............................................................................................................. ii 

CERTIFICATE................................................................................................................iii 

ABSTRACT...................................................................................................................... iv 

ACKNOWLEDGEMENT ............................................................................................... v 

Lists iof iTables .................................................................................................................viii 

List iof iFigures ................................................................................................................... ix 

LIST iOF iABBREVIATIONS .......................................................................................... x 

CHAPTER i1 .................................................................................................................... 11 

INTRODUCTION .......................................................................................................... 11 

1.1. Background iof ithe istudy ............................................................................................... 12 

1.2. Why iwe ichoose iTransportation iProblem ...................................................................... 13 

 i i i i1.3. i iStructure iof ithe istudy .......................................................................................... 13 

CHAPTER i2 .................................................................................................................... 15 

TRANSPORTATION iPROBLEM ............................................................................... 15 

2.1 Definition ....................................................................................................................... 15 

2.2 Main iObjectives ............................................................................................................. 15 

2.3 Basic iSteps ..................................................................................................................... 15 

2.4 Mathematical iFormulation ........................................................................................... 16 

2.4.1 The idecision ivariables ............................................................................................... 16 

2.4.2 The iobjective ifunction ............................................................................................... 16 

2.4.3 The iconstraints .......................................................................................................... 17 

2.5 Network iRepresentation ............................................................................................... 18 

2.6 Balanced iTransportation iProblem ................................................................................ 19 

2.7 Unbalanced iTransportation iProblem ............................................................................ 19 

2.8 Matrix iTerminology ....................................................................................................... 19 

2.9 Some iBasic iDefinitions .................................................................................................. 20 

CHAPTER i3 .................................................................................................................... 23 

EXISTING iSOLUTION iPROCEDURE....................................................................... 23 

3.1 Row iMinimum iMethod i(RMM) ..................................................................................... 23 

3.2 Column iMinimum iMethod i(CMM)................................................................................ 24 



vii 

 

3.3 North iWest iCorner iMethod i(NWCM) ........................................................................... 24 

3.4 Least iCost iMethod i(LCM) .............................................................................................. 25 

3.5 Vogel’s iApproximation iMethod i(VAM) ......................................................................... 26 

3.6 Extremum iDifference iMethod i(EDM) ........................................................................... 26 

3.7 Optimality iTest .............................................................................................................. 27 

3.7.1 Stepping iStone iMethod ............................................................................................ 27 

3.7.2 The iModified iDistribution iMethod i(MODI) ior iu-v imethod ....................................... 28 

TRANSPORTATION iMODEL ..................................................................................... 29 

PROPOSED iALGORITHM .......................................................................................... 30 

NUMERICAL iILLUSTRATION .................................................................................. 31 

Example iillustration........................................................................................................ 32 

RESULTS iAND iDISCUSSION ..................................................................................... 34 

CONCLUSION ............................................................................................................... 35 

REFRENCES .................................................................................................................... 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



viii 

 

 

 

Lists iof iTables 
 

Table i1: iTotal iProduction iCost iAnalysis…………………………………………………4 

Table i2: iMatrix iRepresentation iof iTransportation iProblem…………………………….12 

Table i3: iExamples………………………………….……………………………………32 

Table i4: iSolve iStep iby iStep………………………….………………………………….32 

Table i4.1.……………………………………………….………………………………..32 

Table i4.2…………………………………………………………………………………33 

Table i4.3…………………………………………………………………………………33 

Table i4.4…………………………………………………………………………………34 

Table i4.5…………………………………………………………………………………34 

Table i5…………………………………………………………………………………...35 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



ix 

 

List iof iFigures 
 

Figure i1: iNetwork iRepresentation iof iTransportation iProblem.................... i10 

Figure i2: iTransportation iProblem iModel…………………………………..30 

  



x 

 

LIST iOF iABBREVIATIONS 
 

Cases 

Column iMinimum iMethod i(CMM) .............................................................................................. 11 
Extremum iDifference iMethod i(EDM) .......................................................................................... 11 
Least iCost iMethod i(LCM) ............................................................................................................ 11 
Modified idistribution iMethod i(MODI).......................................................................................... 27 
Northwest iCorner iMethod i(NWCM) ............................................................................................ 11 
Row iMinimum iMethod i(RMM) ................................................................................................... 11 
total iopportunity icost i(TOC) ......................................................................................................... 12 
transportation iproblem i(TP) .......................................................................................................... 11 
Vogel’s iApproximation iMethod i(VAM) ...................................................................................... 11 
 



11 

 

CHAPTER i1 
 

INTRODUCTION 
 

The itransportation iproblem i(TP) iis ia ispecial iclass iof ilinear iprogramming iproblems, iwhich ideals iwith ithe 

itransportation iof ia isingle ihomogeneous iproduct ifrom iseveral isources i(production ior isupply icenters) ito 

iseveral isinks i(destinations ior iwarehouses). iWhen iaddressing ia iTP, ithe ipractitioner iusually ihas ia igiven 

icapacity iat ieach isupply ipoint iand ia igiven irequirement iat ieach idemand ipoint. iThe imain iobjective iof iTP iis ito 

idetermine ithe iamounts itransported ifrom ieach isource ito ieach isink ito iminimize ithe itotal itransportation icost 

iwhile isatisfying ithe isupply iand idemand irestrictions. iThe ibasic isteps ifor iobtaining ian ioptimum isolution ito ia 

iTP iare i: 

 i i i i i i i iStep i1: i iMathematical iformulation iof ithe itransportation iproblem; 

 i i i i i i i iStep i2: i iDetermining ian iinitial ibasic ifeasible isolution i i 

 i i i i i i i i iStep i3: i iTo itest iwhether ithe isolution iis ian ioptimal ione. iIf inot, ito iimprove iit ifurther i 

 i i i i i i i i i i i i i i i i i i i itill ithe ioptimality iis iachieved. 

In ithis istudy, iwe ihave ifocused ion iStep i2 iabove iin iorder ito iobtain iefficient iinitial ibasic ifeasible isolutions ifor 

ithe itransportation iproblem. iSeveral iheuristics iviz. iRow iMinimum iMethod i(RMM), iColumn iMinimum 

iMethod i(CMM), iNorthwest iCorner iMethod i(NWCM), iLeast iCost iMethod i(LCM), iExtremum iDifference 

iMethod i(EDM) iand iVogel’s iApproximation iMethod i(VAM) ihave ibeen ideveloped ito ifind ian iinitial ibasic 

ifeasible isolution ito ia itransportation iproblem. iAlthough isome iheuristics ican ifind ian iinitial ibasic ifeasible 

isolution iquickly, ioften ithe isolution ithey ifind iis inot iespecially igood iin iterms iof iminimizing itotal icost. iOther 

iheuristics imay inot ifind ian iinitial ibasic ifeasible isolution ias iquickly, ibut ithe isolution ithey ifind iis ioften igood iin 

iterms iof iminimizing itotal icosts i. 

VAM iis ibased ion ithe iconcept iof ipenalty icost. iA ipenalty icost iis ithe idifference ibetween ithe ilowest icell icost iin 

ithe irow ior icolumn iand inext ito ilowest icell icost iin ithe isame irow ior icolumn. iIt ithen imakes iallocation ias imuch 

ias ipossible ito ithe iminimum icost icell iin ithe irow ior icolumn iwith ithe ilargest ipenalty icost. 

 

In icase iof iEDM i ia ipenalty icost iis ithe idifference ibetween ithe ihighest icell icost iin ithe irow ior icolumn iand ithe 

ilowest icell icost iin ithe isame irow ior icolumn. iIt ithen imakes iallocation ias imuch ias ipossible ito ithe iminimum 

icost icell iin ithe irow ior icolumn iwith ithe ilargest ipenalty icost. 
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In i iSerdar iKorukoğlu iand iSerkan iBalli iproposed iImproved iVAM iby iintroducing itotal iopportunity icost 

i(TOC) imatrix. iThe iTOC imatrix iis iobtained iby iadding ithe i‘row iopportunity icost imatrix’ i(for ieach irow, ithe 

ismallest icost iof ithat irow iis isubtracted ifrom ieach ielement iof ithe isame irow) iand ithe i‘column iopportunity icost 

imatrix’ i(for ieach icolumn, ithe ismallest icost iof ithat icolumn iis isubtracted ifrom ieach ielement iof ithe isame 

icolumn). iIt ithen icalculates ipenalty icosts i(difference ibetween ithe ilowest icell icost iin ithe irow ior icolumn iand 

inext ito ilowest icell icost iin ithe isame irow ior icolumn) iand imakes iallocation ias imuch ias ipossible ito ithe icell 

ihaving ilowest iunit itransportation icost iamong ithe irow ior icolumn icontaining ihighest ithree ipenalty icosts. 

In ithis ithesis, iwe icalculate ithe ipointer icosts iby itaking idifference iof ihighest icost iand inext ismaller ito ithe 

ihighest icost ifor ieach irow iand ieach icolumn iand iconsider ihighest ithree ipointer icosts. iWe ithen imake iallocation 

ito ithe icell ihaving ilowest iunit itransportation icost iamong ithe irow iand icolumn icontaining ihighest ithree ipointer 

icosts. iIf imore ithan ione icell icontain ilowest-cost, iwe iallocate ito ithe icell iwhere iallocation iis imaximum. iWe 

iillustrate ithe iproposed imethod inumerically iand iordeal ithe ioptimality iof ithe ipresented imethod iby iModified 

iDistribution imethod iand iStepping iStone imethod i. iAs ia ifinal ipoint, ian ianalysis ito iidentify ithe igrounds iof 

idifferent isolutions iby idifferent imethods iis ialso icarried iout. 

 

1.1.Background iof ithe istudy 

One iof ithe iearliest iand imost iabundant iapplications iof ilinear iprogramming itechniques ihas ibeen ithe 

iformulation iand isolution iof ithe itransportation iproblems ias ia ilinear iprogramming iproblem. 

The istandard iform iof ithe iproblem iwas ifirst iformulated, ialong iwith ia iconstructive isolution, iby iFrank iL. 

iHitchcock iin i1941, iwhen ihe ipresented ia istudy ientitled i‘The iDistribution iof ia iProduct ifrom iseveral isources ito 

iNumerous iLocalities’. iThis ipaper isketched iout ithe ipartial itheory iof ia itechnique iforeshadowing ithe isimplex 

imethod; iit idid inot iexploit ispecial iproperties iof ia itransportation iproblem iexcept iin ifinding istarting isolutions. 

In i1947, ianother iinvestigator iT.C. iKoopmans, ias ia imember iof ithe iCombined iShipping iBoard iduring iWorld 

iWar iII, ialso ipresented ia istudy icalled i‘Optimum iUtilization iof ithe iTransportation iSystem’. iThis ihistoric 

ipaper iwas ibased ion ihis iwartime iexperience. iBecause iof ithis iand ithe iwork idone iearlier iby iHitchcock, ithe 

iclassical icase iis ioften ireferred ito ias ithe iHitchcock iKoopmans iTransportation iProblem. 

In i1963, ilinear iprogramming iformulation iand ithe iassociated isystematic imethod iof isolution iwere ifirst 

ideveloped iby iG.B. iDantzig i. 
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1.2.Why iwe ichoose iTransportation iProblem 
 

At ithis imoment iwhat iis ithe imain iproblem iof iour icountry?  iIt iis ihigh icost iof icommodity. iFor ithis ipurpose iwe 

ianalysis ithe itotal iproduction icost iof ia iproduct iand iwe iget itwo itypes iof icost i: 

 i i i i i i i i i i i i i i i i i i(i) iFixed icost iand i i i 

 i i i i i i i i i i i i i i i i i i(ii) iVariable icost. i 

In ifixed icost iwe ihave iSalaries iof iStaff, iRent iof ibuilding, iDepreciation iof imachines iand iequipment, iInterest 

ion icapital iinvested iand iInsurance. 

In iVariable icost iwe ihave iMaterials iCost, iTransportation iCost, iFuel iCost, iPacking iCost, iMaintenance iCost, 

iAdvertisement iCost iand iCommission ito iSalesman. i 

 

 

 

 

 

 

 

Table i1: iTotal iProduction iCost iAnalysis 

Among ithese itransportation icost ihas ia igreat iaffect ito ithe iproduction icost. iIf iwe ican ireduce ithe itotal 

itransportation icost iwhile isatisfying ithe idemand iand isupply irestriction, iit iwill ibe ipossible ito isupply iproduct 

iwith icomparably ilow icost. iAs ia iresult ithe iprice iof icommodity iwill ireduce iby imaintaining ithe iquality iof ithe 

iproduct. 

1.3. i iStructure iof ithe istudy 
The ioverall ireview iof ithis ithesis iintroduces ian iefficient ialgorithm ifor ifinding ian iinitial ibasic ifeasible isolution 

iof ia itransportation iproblem. iThis idissertation iincludes iThree ichapters. iEach iChapter iprovides ithe isequential 

iideas ifrom ibeginning ito iend iare ias ifollows: i 

Total Production Cost 

Fixed Cost Variable Cost 

Salaries of Staff Materials Cost 

Rent of building Transportation Cost 

Depreciation of machines and 

equipment 

Commission to Salesman 

Interest on capital invested Packing Cost 

Insurance Maintenance Cost 

 Advertisement Cost 

 Fuel Cost 
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 In iChapter itwo- iTransportation iproblem iwhich idescribes, ialso iformulates ithe itransportation iproblem 

iand iits ibasic iintegrants. 

 Chapter ithree ipresents idetailed ialgorithm iof iexisting isolution iprocedure ifor ifinding ian iinitial ibasic 

ifeasible isolution iof ia itransportation iproblem iand ialso iprovides ithe ialgorithm ito itest ithe ioptimality iof 

ithe isolution. 

Finally ithis idissertation iincludes ithe iReferences iof idifferent iauthors iand ilinks ifrom iwhere iwe icollect ithe 

iimportant inotes iand itechnique ito idiscuss iin ithis idissertation ito iachieve iour imaximum igoal iof iminimizing 

itotal itransportation icost iof ia itransportation iproblem. 
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CHAPTER i2 
 

TRANSPORTATION iPROBLEM 
 

2.1 Definition 
 

The itransportation iproblem iis ia ispecial iclass iof ilinear iprogramming iproblems, iwhich ideals iwith ithe 

itransportation iof ia isingle ihomogeneous iproduct ifrom iseveral isources i(production ior isupply icenters) ito 

iseveral isinks i(destinations ior iwarehouses). iWhen iaddressing ia iTransportation iproblem, ithe ipractitioner 

iusually ihas ia igiven icapacity iat ieach isupply ipoint iand ia igiven irequirement iat ieach idemand ipoint. iMany 

idecision iproblems, isuch ias iproduction iinventory, ijob ischeduling, iproduction idistribution iand iinvestment 

ianalysis ican ibe iformulated ias iTransportation iProblems. iGood ifinancial idecisions iconcerning ifacility 

ilocation ialso iattempt ito iminimize itotal itransportation iand iproduction icosts ifor ithe ientire isystem. iThe 

itransportation iproblem ican ibe irepresented ias ia isingle iobjective itransportation iproblem ior ias ia imulti-

objective itransportation iproblem. 

 

2.2 Main iObjectives 
 

The imain iobjective iof iTransportation iProblem iis ito idetermine ithe iamounts itransported ifrom ieach isource ito 

ieach isink ito iminimize ithe itotal itransportation icost iwhile isatisfying ithe isupply iand idemand irestrictions. 

 

2.3 Basic iSteps 
The ibasic isteps ifor iobtaining ian ioptimum isolution ito ia iTransportation iProblem iare: i 

 i i i i i i i i iStep i1: i iMathematical iformulation iof ithe itransportation iproblem; 

 i i i i i i i i iStep i2: i iDetermining ian iinitial ibasic ifeasible isolution; i 

 i i i i i i i i iStep i3: i iTo itest iwhether ithe isolution iis ian ioptimal ione. iIf inot, ito iimprove iit ifurther i 

 i i i i i i i i i i i i i i i i i i i i i i itill ithe ioptimality iis iachieved. 
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2.4 Mathematical iFormulation 
The itransportation iproblem ican ibe istated ias ian iallocation iproblem iin iwhich ithere iare im isources i(suppliers) 

iand in idestinations i(customers). iEach iof ithe im isources ican iallocate ito iany iof ithe in idestinations iat ia iper iunit 

icarrying icost icij i(unit itransportation icost ifrom isource ii ito idestination ij). iEach isources ihas ia isupply iof iSi iunits, 

i mi1  iand ieach idestination ihas ia idemand iof idj iunits, nj1 . iThe iobjective iis ito idetermine iwhich iroutes 

iare ito ibe iopened iand ithe isize iof ithe ishipment ion ithose iroutes, iso ithat ithe itotal itransportation icost iof imeeting 

idemand, igiven ithe isupply iconstraints, iis iminimized. 

 

2.4.1 The idecision ivariables 

A itransportation iproblem iis ia icomplete ispecification iof ihow imany iunits iof ithe iproduct ishould ibe itransported 

ifrom ieach isource ito ieach idestination. iTherefore, ithe idecision ivariables iare: 

  i jix  iThe iamount iof ithe ishipment ifrom isource i i  i ito idestination i i j , i 

 i i i i i i i i i i i i i i i i i i i i iwhere i mi ,......,2,1  iand i nj ,......,2,1  

 

2.4.2  iThe iobjective ifunction 

Consider ithe ishipment ifrom iwarehouse i i  ito idestination j . iFor iany i i  iand iany j , ithe itransportation icost iper 

iunit iis i jic  i; iand ithe isize iof ithe ishipment iis i jix . iSince iwe iassume ithe icost ifunction iis ilinear, ithe itotal icost iof 

ithis ishipment iis igiven iby i jiji xc . iSumming iover iall i i  iand iall i j  inow iyields ithe ioverall itransportation icost 

ifor iall isource-destination icombinations. i 

That iis, iour iobjective ifunction iis: 

Minimize: 



n

j
jiji

m

i
xcz

11
 i 
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2.4.3 The iconstraints 

Considering iwarehouse i i . iThe itotal ioutgoing ishipment ifrom ithis iwarehouse iis ithe isum i niii xxx  ......21 . 

iIn isummation inotation, ithis iis iwritten ias i 


n

j
jix

1
. iSince ithe itotal isupply ifrom iwarehouse i i  iis i iS  i, ithe itotal 

ioutgoing ishipment icannot iexceed i iS . iThat iis, iwe imust irequire 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i 



n

j
iji Sx

1
 i i; i i i i i i i i i i i i i i i mi ,......,2,1  

Again, iconsidering idestination j . iThe itotal iincoming ishipment iat ithis ioutlet iis ithe isum jmjj xxx  ......21

. iIn isummation inotation, ithis iis iwritten ias i 


m

i
jix

1
. iSince ithe idemand iat ioutlet i j  iis i jd , ithe itotal iincoming 

ishipment ishould inot ibe iless ithan i jd . iThat iis, iwe imust irequire 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i



m

i
jji dx

1
 i; i i i i i i i i i i i nj ,......,2,1  

Of icourse, ias iphysical ishipments, ithe i i jix ’s ishould ibe inon-negative ii.e. i 0jix . 

Then ithe ilinear iprogramming imodel irepresenting ithe itransportation iproblem iis igenerally igiven ias i 

 i i i i i i i i i i i i i i iMinimize i i 



n

j
jiji

m

i
xcz

11
. 

 i i i i i i i i i i isubject ito i  i i i i i



n

j
iji Sx

1

 i i; i i i i i i i mi ,......,2,1  

   i i i i i i i i i i i i i i i i



m

i
jji dx

1

 i i i i; i i i i i i i nj ,......,2,1  

    i i i i i i 0jix .  i i i ifor iall i i i  iand i j . i 
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In imathematical iterms ithe iabove iproblem ican ibe iexpressed ias ifinding ia iset iof i jix ’s, i mi ,......,2,1 ; i i

nj ,......,2,1  ito 

 i i i i i i i i i i i i i i i i i iMinimize i i 



n

j
jiji

m

i
xcz

11
. 

 i i i i i i i i i i i i i i i i i i i isubject ito i i i i i i 



n

j
iji Sx

1
 i i; i i i i i i i mi ,......,2,1  

   i i i i i i i i i i i i i i i i i i i



m

i
jji dx

1
 i i i; i i i i i nj ,......,2,1  

    i i i i i i 0jix .  i i i ifor iall i i i  iand i j . i 

 

2.5  iNetwork iRepresentation 

We irepresent ieach isource iand idestination iby ia inode, ithe iamount iof isupply iat isource i i  iby i iS , ithe iamount iof 

idemand iat idestination i j  iby i jd , ithe iunit itransportation icost ibetween isource i i  iand idestination i j  iby i jic and 

ithe iamount itransported ifrom isource i i  ito idestination j  iby i jix . iThe iarcs ijoining ithe isource iand idestination 

irepresent ithe iroute ithrough iwhich ithe icommodity iis itransported. iThen ithe igeneral itransportation iproblem 

ican ibe irepresented iby ithe inetwork ias iin ithe ifollowing ifigure. i 

 

 

 

 

 

 

 

 

Figure i1: iNetwork iRepresentation iof iTransportation iProblem 
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2.6 Balanced iTransportation iProblem 

When ithe itotal isupply iamount iis iequal ito ithe itotal idemand ithen ithis itransportation iproblem iis icalled ithe 

iBalanced iTransportation iproblem. iThat iis iin ithe ibalance itransportation iproblem i 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i 



n

j
j

m

i
i dS

11
 

 i iwhere i i


m

i
iS

1
 iis ithe itotal isupply iamount iand i i 



n

j
jd

1
 iis ithe itotal idemand iamount. 

2.7 Unbalanced iTransportation iProblem 

An iunbalanced itransportation iproblem iis ione iin iwhich ithe itotal isupply iof ithe isources iand ithe itotal idemand iat 

idestination icentre iare inot iequal. iThis icreates ithe ifollowing itwo isituations: 

i. When ithe itotal icapacity iof ithe iorigins iexceeds ithe itotal irequirement iof idestinations, ia idummy 

idestination iis iintroduced iin ithe itransportation itable iwhich iabsorbs ithe iexcess icapacity. iThe icost 

iof ishipping ifrom ieach iorigin ito ithis idummy idestination iis iassumed ito ibe izero. iThe iinsertion iof ia 

idummy idestination iestablishes iequality ibetween ithe itotal isources icapacities iand itotal idestination 

irequirements. 

 

ii. When itotal icapacity iof iorigins iis iless ithan ithe itotal irequirement iof idestinations, ia idummy iorigin iis 

iintroduced iin ithe itransportation itable ito imeet ithe iexcess idemand. iThe icost iof ishifting ifrom ithe 

idummy iorigin ito ieach idestination iis iassumed ito ibe izero. iThe iintroduction iof ia idummy iorigin iin 

ithis icase iestablishes ithe iequality ibetween ithe itotal icapacity iof isources iand ithe itotal irequirement 

iof idestinations. 

 

2.8 Matrix iTerminology 

The imatrix iused iin ithe itransportation imodels iconsists iof isquares icalled i“cells”, iwhich iwhen istacked ifrom 

i‘columns’ ivertically iand irows i‘horizontally’. i The icell iallocated iat ithe iintersection iof ia irow iand ia 

icolumn iis idesignated iby iits irow iand icolumn iheading. iThus ithe icell ilocated iat ithe iintersection iof irow iA iand 
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icolumn i4 iis icalled icell i(A, i4). iUnit itransportation icosts iare ipositioned iin ieach icell. iThe iavailabilities iof ieach 

isource iare iplaced iin ithe ilast icolumn iwhile ithe irequirements iare iplaced iin ithe ilast irow. 

Sources 
Warehouses Supply 

1 2 3 4 5 15 

A 2 5 8 1 9 25 

B 5 6 8 7 10 20 

C 1 2 5 8 2 10 

Demand 16 10 18 12 14  

Table i2: iMatrix iRepresentation iof iTransportation iProblem 

2.9 Some iBasic iDefinitions 

i. Source 

It iis ia ilocation ifrom iwhich ishipment iare idispatched. 

 

ii. Destination 

It iis ithe ilocation ito iwhich ishipment iare itransported. 

 

iii. Unit iTransportation iCost 

It iis ithe icost iof itransporting ione iunit iof ithe iconsignment ifrom ia isource ito ia idestination. 

 

iv. Feasible isolution 

A iset iof inon-negative ivalues i jix , i mi ,......,2,1 ; i nj ,......,2,1  i ithat isatisfies ithe iconstraints iis 

icalled ia ifeasible isolution ito ithe itransportation iproblem. 

 

v. Basic ifeasible isolution i 

A ifeasible isolution ithat icontains ino imore ithan i 1 nm  inon-negative iallocation iis icalled ia ibasic 

ifeasible isolution ito ithe itransportation iproblem. 

 

 

vi. Optimal isolution 
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A ifeasible isolution i(not inecessarily ibasic) iis isaid ito ibe ioptimal iif iit iminimizes ithe itotal itransportation 

icost. 

 

vii. Non-degenerate ibasic ifeasible isolution i 

A ibasic ifeasible isolution ito ia i  nm  itransportation iproblem ithat icontains iexactly i 1 nm  

iallocations iin iindependent iposition. 

 

viii. Degenerate ibasic ifeasible isolution i 

A ibasic ifeasible isolution ithat icontains iless ithan i i 1nm  inon-negative iallocations. 

 

ix. Loop 

An iordered iset iof iat ileast ifour icells iin itransportation itable iis isaid ito ibe ia iloop iprovided 

 i i i i i i i i ia) i iAny itwo iadjacent icells iof ithe iordered iset ilie ieither iin ithe isame irow ior iin i 

 i i i i i i i i i i i i i i ithe isame icolumn. i 

 i i i i i i i i ib) i iNo ithree ior imore iadjacent icells iin ithe iordered iset ilie iin ithe isame irow ior i i 

 i i i i i i i i i i i i i i icolumn. 

 

 

 

 

 

 

 

 

 

 

 

x. Pointer iCost 

Difference iof ihighest icell icost iand inext ismaller ito ithe ihighest icell icost ifor ieach irow iand icolumn. iIn 

icase iof irow, iwe icall iit irow ipointer iand ifor icolumn, iit iis icolumn ipointer. 

 

xi. Independent iand iNon-independent iallocation 

           
          

          
          

          
          

          
          

 

A loop is formed 

           
          

          
          

          
          

          
          

 

Do not form a loop 



22 

 

If ithe ioccupied icells ido inot imake ia iclosed iloop, ithen ithe iallocations iare isaid ito ibe iindependent. iAgain 

ia iloop imay inot iinvolve iall ithe iallocation. iSuch iallocation iwith iwhich ia iloop ican ibe iformed iare iknown 

ias inon-independent iallocation. i 

 

xii. Algorithm 

A istep-by-step iproblem-solving iprocedure, iespecially ian iestablished, irecursive icomputational icourse 

iof iaction ifor isolving ia iproblem iin ia ifinite inumber iof isteps iis icalled ian iAlgorithm. 
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CHAPTER i3 
 

EXISTING iSOLUTION iPROCEDURE 
 

The itransportation iproblem ihas ibeen iformulated iby ivarious iinvestigators iand isolved ito ivarious idegrees. iThe 

isystematic imethod iof isolution iwas ifirst igiven iby iDantzig. iThere iare imany imethods iof idetermining ian iinitial 

ibasic ifeasible isolution. iWell-known iheuristics iare iNorth iWest iCorner iMethod, iRow iMinimum iMethod, 

iColumn iMinimum iMethod, iLeast iCost iMethod, iVogel’s iApproximation iMethod iand iExtremum iDifference 

iMethod. iThese imethods idiffer iin ithe iquality iof ithe istarting ibasic isolution ithey iproduce iand ibetter istarting 

isolution iyields ia ismaller iobjective ivalue. iDetailed ialgorithms iof ithese imethods iare igiven ibelow: 

 

3.1 Row iMinimum iMethod i(RMM) 
Row iMinimum iMethod iis iused iwhen ithe ipurpose iof icompleting ithe iwarehouse iNo. i1 iand ithen ithe inext. iRow 

iminimum icost iis iuseful iin ismall inumber iof isupply iand iwhen ithe icost iof itransportation ion isupply. iThe icost iof 

itransportation iis iless ithan iNorth iWest iCorner iMethod. iDetailed iprocess iis igiven ibelow: 

Step i1: iConsider ithe ifirst irow iand iidentify ithe ilowest icost icell iof ithe ifirst irow. 

Step i2: iAllocate ias imany iunits ias ipossible iequal ito ithe iminimum ibetween iavailable isupply iand idemand iso 

ithat ieither ithe icapacity iof ithe ifirst isupply iis iexhausted ior ithe idemand iof ithe ijth idistribution icenter iis isatisfied 

ior iboth. iThen ithree icases iarises: 

Case i1: iIf ithe icapacity iof ithe ifirst isupply iis isatisfied, icross ioff ithe ifirst irow iand imove ibelow ito ithe isecond 

irow. 

Case i2: iIf ithe idemand iof ithe ijth idistribution icenter iis isatisfied, icross ioff ithe ijth icolumn iand ireconsider ithe 

ifirst irow iwith ithe iremaining idemand. 

Case i3: iIf ithe icapacity iof ithe ifirst isupply ias iwell ias ithe idemand iof ithe ijth idistribution icenter iis icompletely 

isatisfied, imake ia izero iallocation iin ithe isecond ilowest icost icell iof ithe ifirst irow. iCross ioff ithe irow ias iwell ias 

ithe ijth icolumn iand imove ibelow ito ithe isecond irow. 
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Step i3: iContinue ithe iprocess iuntil iall irows iand icolumn iare isatisfied. 

 i 

3.2 Column iMinimum iMethod i(CMM) 
Column iMinimum iMethod iis iused iwhen ithe ipurpose iof icompleting ithe idemand iNo. i1 iand ithen ithe inext. 

iColumn iminimum icost iis iuseful iin ismall inumber iof idemand iand iwhen ithe icost iof itransportation ion idemand. 

iThe icost iof itransportation iis iless ithan iNorth iWest iCorner iMethod. iThe istandard iinstructions iare iparaphrased 

ibelow: i 

Step i1: iConsider ithe ifirst icolumn iand iidentify ithe ilowest icost icell iof ithe ifirst icolumn. 

Step i2: iAllocate ias imany iunits ias ipossible iequal ito ithe iminimum ibetween iavailable isupply iand idemand iso 

ithat ieither ithe idemand iof ithe ifirst idistribution icenter iis isatisfied ior ithe icapacity iof ithe iith isupply iis iexhausted 

ior iboth. iThen ithree icases iarises: 

Case i1: iIf ithe idemand iof ithe ifirst idistribution icenter iis isatisfied, icross ioff ithe ifirst icolumn iand imove iright ito 

ithe isecond icolumn. i i 

Case i2: iIf ithe icapacity iof iith isupply iis isatisfied, icross ioff ithe iith irow iand ireconsider ithe ifirst icolumn iwith ithe 

iremaining idemand. 

Case i3: iIf ithe idemand iof ithe ifirst idistribution icenter ias iwell ias ithe icapacity iof ithe iith isupply iis icompletely 

isatisfied, imake ia izero iallocation iin ithe isecond ilowest icost icell iof ithe ifirst icolumn. iCross ioff ithe icolumn ias 

iwell ias ithe iith irow iand imove iright ito ithe isecond icolumn. 

Step i3: iContinue ithe iprocess iuntil iall icolumns iare isatisfied. 

3.3 North iWest iCorner iMethod i(NWCM) 

A iparticularly isimple imethod iof idetermining ian iinitial ibasic ifeasible isolution iof ia itransportation iproblem iis 

ithe iso-called iNorth iWest iCorner iMethod, iintroduced iby iCharnes iand iCooper, iwhere ithe ibasic ivariables iare 

iselected ifrom ithe iNorth iWest iCorner i 

(i.e. itop ileft icorner). iThe istandard iNorth iWest icorner irule iinstructions iare iparaphrased ibelow. 

Step i1: iSelect ithe inorth iwest i(upper ileft ihand) icorner icell iof ithe itransportation itable iand iallocate ias imany 

iunits ias ipossible iequal ito ithe iminimum ibetween iavailable isupply iand idemand. i 

Step i2: iAdjust ithe isupply iand idemand inumbers iin ithe irespective irows iand icolumns. 
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Step i3: iIf ithe idemand ifor ithe ifirst icell iis isatisfied, ithen imove ihorizontally ito ithe inext icell iin ithe isecond irow. 

Step i4: iIf ithe isupply ifor ithe ifirst irow iis iexhausted, ithen imove idown ito ithe ifirst icell iin ithe isecond irow. 

Step i5: iIf ifor iany icell, isupply iequals idemand, ithen ithe inext iallocation ican ibe imade iin ieither iin ithe inext irow ior 

icolumn. 

Step i6: iContinue ithe iprocess iuntil iall isupply iand idemand ivalues iare iexhausted. 

North iwest icorner imethod iprovides iquick isolution ibecause icomputations itake ishort itime ibut iyields ia ibad 

isolution ibecause iit iis ivery ifar ifrom ioptimal isolution. 

 

3.4 Least iCost iMethod i(LCM) 
The iheuristics iwe idescribe ifor ifinding ian iinitial ibasic ifeasible isolution ito ia itransportation iproblem iis icalled 

ithe ileast icost imethod. iIt iis ialso iknown ias iMatrix iminima iMethod ior iMinimum iCost imethod ior iBest iCell 

iMethod. iIn ithis imethod, ithe ibasic ivariables iare ichosen iaccording ito ithe iunit itransportation icost. iThis 

iheuristics istrikes ia icompromise ibetween ifinding ia ifeasible isolution iquickly iand ifinding ia ifeasible isolution 

ithat iis ioptimal ior ivery iclose ito ithe ioptimal isolution. iDetailed iprocesses iare igiven ibelow: 

Step i1: iIdentify ithe ibox ihaving iminimum iunit itransportation icost iin ithe icost imatrix iof ithe itransportation 

itable. iIf ia itie ioccurs, ichoose iany ione iof ithem irandomly. 

Step i2: iAllocate ias imany iunits ias ipossible iequal ito ithe iminimum ibetween iavailable isupply iand idemand. 

Step i3: iAdjust ithe isupply iand idemand inumbers iin ithe irespective irows iand icolumns. 

Step i4: iNo ifurther iconsideration iis irequired ifor ithe irow ior icolumn iwhich iis isatisfied. iIf iboth ithe irow iand 

icolumn iare isatisfied iat ia itime, idelete ionly ione iof ithe itwo, iand ithe iremaining irow ior icolumn iis iassigned izero 

isupply i(or idemand). 

Step i5: iContinue ithe iprocess ifor ithe iresulting ireduced itransportation itable iuntil iall ithe irim iconditions iare 

isatisfied. 
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3.5 Vogel’s iApproximation iMethod i(VAM) 

The iVogel iApproximation i(Unit ipenalty) imethod iis ian iiterative iprocedure ifor icomputing ian iinitial ibasic 

ifeasible isolution iof ia itransportation iproblem. iThis imethod iis ipreferred iover ithe ithree imethods ii.e. iNorth 

iWest iCorner iRule, iRow iminimum iMethod iand iColumn iMinimum iMethod, ibecause ithe iinitial ibasic ifeasible 

isolution iobtained iby ithis imethod iis ieither ioptimal ior ivery iclose ito ithe ioptimal isolution. iThe istandard 

iinstructions iare iparaphrased ibelow: i 

Step i1: iIf ieither i(total isupply i> itotal idemand) ior i(total isupply i< itotal idemand), ibalance ithe itransportation 

iproblem. 

Step i2: iDetermine ithe ipenalty icot ifor ieach irow iby itaking idifference iof ilowest icell iin ithe irow iand inext ito 

ilowest icell icost iin isame irow iand iput iin ifront iof ithe irow ion ithe iright. iIn ia isimilar ifashion, icalculate ithe 

ipenalty icost ifor ieach icolumn iand iwrite ithem iin ithe ibottom iof ithe icost imatrix ibelow icorresponding icolumns. 

Step i3: iChoose ithe ihighest ipenalty icosts iand iobserve ithe irow ior icolumn ito iwhich ithis icorresponds. iIf ia itie 

ioccurs, ichoose iany ione iof ithem irandomly. 

Step i4: iMake iallocation imin i(Si,dj) ito ithe icell ihaving ilowest iunit itransportation icost iin ithe iselected irow ior 

icolumn. 

Step i5: iNo ifurther iconsideration iis irequired ifor ithe irow ior icolumn iwhich iis isatisfied. iIf iboth ithe irow iand 

icolumn iare isatisfied iat ia itime, idelete ionly ione iof ithe itwo, iand ithe iremaining irow ior icolumn iis iassigned izero 

isupply i(or idemand). 

Step i6: i iCalculate ifresh ipenalty icosts ifor ithe iremaining isub-matrix ias iin iStep i2 iand iallocate ifollowing ithe 

iprocedure iof iSteps i3, i4 iand i5. iContinue ithe iprocess iuntil iall irows iand icolumns iare isatisfied. 

Step i7: iCompute itotal itransportation icost ifor ithe ifeasible iallocations iusing ithe ioriginal ibalanced 

itransportation icost imatrix. 

 

3.6 Extremum iDifference iMethod i(EDM) 
Step i1: iDetermine ithe ipenalty icost ifor ieach irow iby itaking idifference iof ihighest icell icost iin ithe irow iand 

ilowest icell icost iin ithe isame irow iand iput iin ifront iof ithe irow ion ithe iright. iThese inumbers iare icalled irow 
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ipenalties. iIn ia isimilar ifashion, icalculate ithe icolumn ipenalties ifor ieach icolumn iand iwrite ithem iin ithe ibottom 

iof ithe icost imatrix ibelow icorresponding icolumns. 

Step i2: iChoose ithe ihighest ipenalty icosts iand iobserve ithe irow ior icolumn ito iwhich ithis icorresponds. iIf ia itie 

ioccurs, ichoose iany ione iof ithem irandomly. 

Step i3: iMake iallocation imin i(Si,dj) ito ithe icell ihaving ilowest iunit itransportation icost iin ithe iselected irow ior 

icolumn. 

Step i4: iIgnore ithe irow iand icolumn, ifor ifurther iconsideration, iwhich iis isatisfied. iIf iboth ithe irow iand icolumn 

iare isatisfied iat ia itime, idelete ionly ione iof ithe itwo, iand ithe iremaining irow ior icolumn iis iassigned izero isupply 

i(or idemand). 

Step i5: iCalculate ifresh ipenalty icosts ifor ithe iremaining isub-matrix ias iin iStep i2 iand iallocate ifollowing ithe 

iprocedure iof iSteps i2, i3 iand i4. 

Step i6: iContinue ithe iprocess iuntil iall irows iand icolumns iare isatisfied. 

Step i7: iCompute itotal itransportation icost ifor ithe ifeasible iallocations iusing ithe ioriginal ibalanced 

itransportation icost imatrix 

This itechnique iis iapplicable ito ifind ian iinitial ibasic ifeasible isolution iof ia itransportation iproblem iwhich iis ialso 

ivery imuch inearer ito ioptimal isolution iand iin imost iof ithe icase iit iyields idirectly ithe ioptimal isolution. iThe 

ifollowing isteps isummarize ithe iapproach. 

3.7 Optimality iTest i 

Make ian ioptimality itest ito ifind iwhether ithe iobtained ifeasible isolution iis ioptimal ior inot. i iAn ioptimality itest 

ican, iof icourse, ibe iperformed ionly ion ithat ifeasible isolution iin iwhich 

a. Number iof iallocation iis im+n-1, iwhere im iis ithe inumber iof irows iand in iis ithe inumber iof icolumns. i 
b. These i im+n-1 iallocation i ishould ibe iin iindependent ipositions. 

Now itest iprocedure ifor ioptimality iinvolves iexamination iof ieach ivacant icell ito ifind iwhether ior inot imaking ian 

iallocation iin iit ireduces ithe itotal itransportation icost. iThe itwo imethods iused ifor ithis ipurpose iare ithe iStepping-
Stone iMethod iand iThe iModified idistribution iMethod i(MODI) ior iu-v imethod. 

3.7.1  iStepping iStone iMethod 

It iis ia imethod ifor ifinding ithe ioptimum isolution iof ia itransportation iproblem. iThe idetailed iprocess iis igiven 

ihere: 
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Step i1: iDetermine ian iinitial ibasic ifeasible isolution iusing iany ione iof ithe ifollowing imethod: 

i. Row iMinimum iMethod; 
ii. Column iMinimum iMethod; 

iii. North iWest iCorner iMethod; 
iv. Least iCost iMethod; 
v. Vogel’s iApproximation imethod; 

vi. Extremum iDifference iMethod; 
vii. Proposed iMethod. 

Step i2: iMake isure ithat ithe inumber iof ioccupied icells iis iexactly iequal ito i im+n-1, iwhere i𝑚 iis ithe inumber iof 

irows iand i𝑛 iis ithe inumber iof icolumns. 

Step i3: iSelect ian iunoccupied icell. iBeginning iat ithis icell, itrace ia iclosed ipath, istarting ifrom ithe iselected 

iunoccupied icell iuntil ifinally ireturning ito ithat isame iunoccupied icell. 

Step i4: iAssign iplus i(+) iand iminus i(-) isigns ialternatively ion ieach icorner icell iof ithe iclosed ipath ijust itraced, 

ibeginning iwith ithe iplus isign iat iunoccupied icell ito ibe ievaluated. 

Step i5: iAdd ithe iunit itransportation icosts iassociated iwith ieach iof ithe icell itraced iin ithe iclosed ipath. iThis iwill 

igive inet ichange iin iterms iof icost. 

Step i6: iRepeat isteps i3 ito i5 iuntil iall iunoccupied icells iare ievaluated. 

Step i7: iCheck ithe isign iof ieach iof ithe inet ichange iin ithe iunit itransportation icosts. iIf iall ithe inet ichanges 

icomputed iare igreater ithan ior iequal ito izero, istop; ian ioptimal isolution ihas ibeen ireached. iOtherwise, igo ito iStep 

i8. 

Step i8: iSelect ithe iunoccupied icell ihaving ithe imost inegative inet icost ichange iand idetermine ithe imaximum 

inumber iof iunits ithat ican ibe iassigned ito ithis icell. iThe ismallest ivalue iwith ia inegative iposition ion ithe iclosed 

ipath iindicates ithe inumber iof iunit ithat ican ibe ishipped ito ithe ientering icell. iAdd ithis inumber ito ithe iunoccupied 

icell iand ito iall iother icells ion ithe ipath imarked iwith ia iplus isign. iSubtract ithis inumber ifrom icells ion ithe iclosed 

ipath imarked iwith ia iminus isign. 

Step i9: iGo ito iStep i3. 

 

3.7.2 The iModified iDistribution iMethod i(MODI) ior iu-v imethod 

The iModified iDistribution iMethod ialso iknown ias iMODI imethod ior iu-v imethod iprovides ia iminimum icost 

isolution ito ithe itransportation iproblem. iIn ithe iStepping iStone iMethod, iwe ihave ito idraw ias imany iclosed ipaths 

ias iequal ito ithe iunoccupied icells ifor itheir ievaluation. iTo ithe icontrary, iin iMODI imethod, ionly iclosed ipath ifor 

ithe iunoccupied icell iwith imost inegative iopportunity icost iis idrawn. iThe imethod, iin ioutline, iis: 
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Step i1: iDetermine ian iinitial ibasic ifeasible isolution iusing iany ione iof ithe ifollowing imethod: 

i. Row iMinimum iMethod; 
ii. Column iMinimum iMethod; 

iii. North iWest iCorner iMethod; 
iv. Least iCost iMethod; 
v. Vogel’s iApproximation iMethod; 

vi. Extremum iDifference iMethod; 
vii. Proposed iMethod. 

viii.  

Step i2: iMake isure ithat ithe inumber iof ioccupied icells iis iexactly iequal ito im+n-1, iwhere i𝑚 iis ithe inumber iof 

irows iand i𝑛 iis ithe inumber iof icolumns. 

Step i3: iCompute ithe irow iindices, i iu  iand icolumn iindices jv . 

Step i4: iDetermine ithe iopportunity icost ifor inon ibasic ivariable iusing i  jiijji vuc  . 

Step i5: iIf i 0 ji for iall iunoccupied icells, iStop; ithe isolution iis ioptimal. iOtherwise, iGo ito iStep i6. 

Step i6: iIdentify ithe iunoccupied icell iwith ithe inegative iopportunity icost iand iselect iit ias ithe iincoming icell. iIf 

imore ithan ione iunoccupied icell icontains inegative iopportunity icost, iselect ithe icell iwith imost inegative 

iopportunity icost. 

Step i7: iDraw ia iclosed iloop ior istepping istone ipath iassociated iwith ithe iincoming icell. 

Step i8: iAssign ian ialternate iplus iand iminus isigns ion ithe icorner ipoints iof ithe iclosed ipath iwith ia iplus isign iat ithe 

icell iselected ias ithe iincoming icell. 

Step i9: iThe ismallest ivalue iamong ithe icell iwith ia iminus isign ion ithe iclosed ipath iindicates ithe inumber iof iunits 

ithat ican ibe ishipped ito ithe iincoming icell. iNow, iadd ithis iquantity ito iall ithe icells ion ithe icorner ipoints iof ithe 

iclosed ipath imarked iwith iplus isigns, iand isubtract iit ifrom ithose icells imarked iwith iminus isigns. iIf ithere iis ia itie, 

iselect iany ione iof ithe itied icell. iThe itied icells ithat iare inot iselected iwill ibe iartificially ioccupied iwith ia izero 

iallocation. 

Step i10: i iGo ito iStep i3. 

 
TRANSPORTATION iMODEL 
 
The igeneral iand iusual iform iof ithe iTP iis iavailable iby ithe ifollowing iModel: 
 

 Destination  𝐷1 𝐷2 𝐷3 … i𝐷𝐽……. 𝐷𝑛 SUPPLY 
𝑎𝑖 Source 
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𝑆1  𝑥11   𝑥12   𝑥13   .   .  𝑎1 
𝑐11 𝑐12 𝑐13   

𝑆2  𝑥21         .   .  𝑎2 
𝑐21 𝑐22 𝑐23   

. 
… i. i𝑆𝐼….. 

          …𝑥𝑖𝑗…     𝑎𝑖 
     

𝑆𝑚  𝑥𝑚1   𝑥𝑚2   𝑥𝑚3      𝑥𝑚𝑛  𝑎𝑚 
𝑐𝑚1 𝑐𝑚2 𝑐𝑚3  𝑐𝑚𝑛 

DEMAND 
𝑏𝑗 

𝑏1 𝑏2 𝑏3 𝑏𝑗 𝑏𝑛  

 
Figure i2: iTransportation iProblem iModel 

 

Suppose ithere iare in idestinations iand im isources. iLet i𝑎𝑖 ibe ithe inumber iof i supply iunits ipresented 

iat isources i𝑖 iand ilet i𝑏𝑗 ibe ithe inumber iof idemand iunits irequired iat idestination i i, i𝑐𝑖𝑗 irepresents i the 

i cost i of i transporting i one i unit i of i commodity ifrom i source i 𝑖 ito i destination i𝑗. i i iIf i(𝑥𝑖𝑗 i ≥ i0) i is 

ithe inumber iof i i i units itransported ifrom isource i𝑖 ito idestination i, ithen ithe iequal ilinear 

i programming i representation i will i be i determine i non-negative i value i of i𝑥𝑖𝑗 i satisfying iboth 

ithe iavailability iconstraints 
𝑛 

𝑗=1 

𝑥𝑖𝑗=𝑎𝑖 
(𝑖 i = i1,2,3 i… i… i. i𝑚)…….(a) 

 

as iwell ias ithe irequirement iconstraints 
 

𝑚 

𝑖=1 

𝑥𝑖𝑗=𝑏𝑗 (𝑗 i= i1,2,3 i… i… i. i𝑛)…….(b) 

 

and iminimizing ithe itotal icost iof itransportation 
 

𝑚 

𝑖=1 

𝑛 

𝑗=1 

𝑥𝑖𝑗𝑐𝑖𝑗 ......................... (c) 

 
 

It iis ialso iassumed ithat itotal iavailabilities i∑ i𝑎𝑖 i satisfy ithe itotal irequirement i∑ i𝑏𝑗 i that iis 

 

 
 

This iis iknown ias ibalanced iproblem. 

 

 
PROPOSED iALGORITHM 

Step1: i i iCalculate iin i1st
 iapproximation ithe ipenalty iby itaking ithe idifference ibetween ilowest iand 

inext ilowest icost iin ieach irow ior icolumns. 

∑

∑

𝑍 = ∑ 
∑
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Mathematically 
|𝑐12 i− i 𝑐11| i Considering i 𝑐12 i is ismallest iand i𝑐11 i i iis inext ismallest icost iin irow iand i|𝑐21 i −𝑐11| i i21 iis 

ismallest iand i𝑐11 i is inext ismallest icost iin icolumn. 

Step2: i i iTaking i i i ilargest i i i idifference i i i iin i i i icolumn i i i iand i i i ismallest i i i idifference i i i iin i i i irow 
(𝑏𝑗)& i(𝑎𝑖) iassuming i𝑎𝑖 iminimum icost iin irow iand i𝑏𝑗maximum icost iin icolumn. iReduce ithe imatrix 

i(row ior iColumn) iwith izero isupply ior idemand. 

Step3: iCalculate iin i2nd
 iapproximation ithe ismallest icost iin ithe itransportation itable i𝑥𝑖𝑗 i= 

imin(𝑎𝑖𝑏𝑗), iassuming i𝑎𝑖 iminimum icost iin irow ior i𝑏𝑗 iminimum icost iin icolumn. iReduce ithe imatrix 

iwith izero isupply ior idemand. 

Step4: i compute i1st& i2nd
 iapproximation ialternative iespecially ito iget ia idesired iminimum icost. 

Step5: iMinimizing itotal icost iof itransportation 
 

𝒁 i = i 𝑥11𝑐11 i+ i𝑥12𝑐12 i… i… i.. 𝑥𝑚𝑛𝑐𝑚𝑛 Where i i i 

 
 

NUMERICAL iILLUSTRATION 
 
In ithis ipaper, iconsider ifour idifferent-size icost iminimizing itransportation iproblems, iselected iform 

iliterature. iWe ialso iuse ithese iexamples ito iperform ia icomparative istudy iof iproposed ialgorithm 

i with i northwest i corner i and i least i cost i methods. i We i solve i example i 2 i step-by-step 

icontinuous. 

 
 
Eaxmple-1 

 Destination 
Source 

D1 D2 D3 D4 D5 Supply  273 

S1 4 1 2 4 4 60 
S2 2 3 2 2 2 35 
S3 3 5 2 4 4 40 
Demand 22 45 20 18 30 ∑ i135 

Example-2  Destination i

Source 
D1 D2 D3 Supply  143 

S1 6 8 4 14 
S2 4 9 8 12 
S3 1 2 6 5 
Demand 6 10 15 ∑ i31 

 

Example-3  Destination 
Source 

D1 D2 D3 D4 Supply  415 

S1 7 5 9 11 30 
S2 4 3 8 6 25 
S3 3 8 10 5 20 
S4 2 6 7 3 15 
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Demand 30 30 20 10 ∑ i90 
 

Example-4   
Destination i

Source 

D1 D2 D3 D4 Supply  2850 

S1 3 1 7 4 300 
S2 2 6 5 9 400 
S3 8 3 3 2 500 
Demand 250 350 400 200 ∑ i1200 

Example-5  Destination 
Source 

D1 D2 D3 Supply  555 

S1 6 4 1 50 

S2 3 8 7 40 
S3 4 4 2 60 

Demand 20 95 35 ∑ i150 

 

 i i i Table i3: iExamples 

 
Example iillustration 
We ipresent ihere ithe istep-wise isolution iof ione iof ithese iproblems ifor ibetter iunderstanding iof ithe 

ireader. iConsidering ithis, istep iby istep iallocations iin ivarious icost icells iare iexplained ibelow ionly 

ifor iEx-2 ifrom iTable i3 

 
Destination i

Source 
D1 D2 D3 Supply 

S1 6 8 4 14 
S2 4 9 8 12 
S3 1 2 6 5 
Demand 6 10 15 ∑ i31 

Table i4: iSolve istep iby istep iproblem i2 

 

 

STEP:1 iCalculate ithe ipenalty iby itaking ithe idifference ibetween ilowest iand inext ilowest icost 

iin ieach irow ior icolumns iTable i4.1. 
 

 
Destination i

Source 

D1 D2 D3 Supply Row 

ipenalt
y 

S1 6 8 4 14 2 
S2 4 9 8 12 4 
S3 1 5 

2 
6 0 1 



33 

 

Demand 6 5 15 ∑ i31 
 

Column 
penalty 

3 6 2   

Table i4.1 

 
 
STEP2: iUsing iTable i4.1, iTaking ismallest idifference iin irow iis imin{2,4,1}=1 iand ilargest 

idifference iin icolumns imax{3,6,2}=6,x32=min{5,10}=5 ithen idelete ithe iS3 irow ibecause iits izero 

isupply. i|D2-S3=|10-5|=5 iis ireaming idemand 
 

 
Destination i

Source 

D1 D2 D3 Supply 

S1 6 8 4 14 
S2 4 9 8 12 
Demand 6 5 15 ∑ i26 

Table i4.2 

STEP3: iNow iwe icomputing iapproximation ithe ismallest icost iin ithe itransportation iTable i4.2 iis i4 

 
 
Destination i

Source 

D1 D2 D3 Supply 

S1 6 8 14 
4 

0 

S2 4 9 8 12 
Demand 6 5 1 ∑ i12 

Table i4.2 iis i4 

 
X13= imin{14, i15}=14 ithen idelete ithe iS1 irow ibecause iits izero isupply i|D3-S1|=|15-14|=1 

iis ireaming idemand. 
 

 
Destination i

Source 

D1 D2 D3 Supply Row 

ipenalt
y 

S2 4 9 1 
8 

12-1 4 

Demand 6 5 0 ∑ i11 
 

Colum 
penalty 

2 4 7   

Table i4.3 
 
STEP4: iSimilarly irepeat ithe iabove isteps, iUsing iTable i4.3 itaking ithe ismallest iand inext ismallest 

ipenalty iin ieach irow{4} iand ieach icolumn i{2,4,7} inow itaking iminimum ipenalty iin irow iis i4 iand 
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imaximum ipenalty i in icolumn iis i7 ix23=min{12,1}=1 i then idelete iD3 icolumn. 
 
 
 
 
 

Destination 
Source 

D1 D2 Supply 

S2 6 
4 

9 11-6=5 

Demand 0 5 ∑ i5 

 

Table i4.4 

Now iwe icompute iminimum icost iin itransportation iTable i4.4 iis i4, ix21=min{6,11}=6 

ithen idelete ithe iD1colums ibecause iits izero idemand i|11-6|=5 iis iremand isupply. 
 

Destination 
Source 

D2 Supply 

S2 9 i5 5-5=0 
Demand 0 ∑ i0 

 

Table i4.5 
 
In ilast icell isame ipenalty irow iand icolumn, ix22= imin{5,5}=5 ithen idelete ithe iwhole 

imatrix ibecause iits izero isupply iand idemand. 

STEP5: iUsing iTable i4 iTotal iallocates ithe ipoint ifor iobtained iminimize icost 

 
Destination 

Source 
D1 D2 D3 Supply 

S1 6 1 
8 

14 
4 

14 

S2 6 
4 

5 
9 

1 
8 

12 

S3 1 5 
2 

6 5 

Demand 6 10 15 ∑ i31 

Table i4.6: iZ= i4*14+4*6+9*5+8*1+2*5=143 

 

RESULTS iAND iDISCUSSION 
 
We itest ithe iperformance iof iproposed imethod iin icomparison ito iNWCM iand iLCM iby iconsidering 

ifive idifferent-size iexamples. iTable-3 ishows ithat ithe iresult iobtained iusing iproposed imethod iin 
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iexamples1, i2, i4 iand i5 iis isame ias ithe ioptimal iresult, iwhile iin iexample3 iit iis iclose ito ithe ioptimal 

isolution. iIt ican ibe iclearly iseen ithat ithe iproposed imethod igives imore ieffective iresults iin icontrast 

ito ithe iexisting imethods i– iNWCM iand iLCM. 
 
 
 

No: iof 

iexampl
e 

Type 

iof iprobl
em 

Result 

iof iNWC
M 

Result 

iof iLCM 
Result 

iof ipropos
ed 
Method 

Optimal i

Solution 

Example-1 3*5 363 278 273 273 
Example-2 3*3 228 163 143 143 
Example-3 4*4 540 435 415 410 
Example-4 3*4 4400 2900 2850 2850 
Example-5 3*3 730 555 555 555 

Table i5 
 
CONCLUSION 
 

In ithis ipaper, iwe ihave ideveloped ian iimproved ialgorithm ifor iobtaining ithe iinitial i basic ifeasible 

isolution iof itransportation iproblems. iThe iproposed ialgorithm iis ialso itested ifor ioptimality. iA 

icomparison iof iproposed ialgorithm iis imade iwith iLeast iCost iMethod iand iNorth iWest iCorner 

iMethod iby iconsidering i5 inumerical iexamples. iIt iis iobserved ithat ithe iproposed ialgorithm iyields 

imore ireliable iresults iin icontrast ito ithe iconventional imethods. 
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