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AI‡STRACT

The modeling method，Which has been

usedin science and englneerlng fbr many

ycat・S，COuldhaveastronglmPaCtOnmaritime

education：WhilethebroadtechnologlCalprog－

ress、Whichhastakenplaceoverrecentyears、

hascausedagreatneedfbrtechnoIogyeduca－

tion，the existlng edueationalstruCtureS have

notdevelopedatthesamerate．Therefore，the

modctingmethodinmaritimeeducationcould

bcascientitうc solutionto abetterunderstand－

Ing and，Ofcourse，fbrbest solutions ofthe

PrOblemsarise・

We brieny presentthe reasonsfoT uSlng

modelinglnmaritimetranSPOrtation・Startlng

什omlhe classicaltranSPOrtation model，We

build multidimensional maritime tranSPOrta－

tion models andindicate methods to soIve

Lhese rnodels．Furtherpossibilities ofinvesti－

gationandmodelingarealsopolntedout・

INTRODUCT10N

Manyapplicationsofenglneenngandsci－
ellCemakeuseofmodels．ThetermHmodel”is

usually used fbrastruClure，Which has been

usedpu叩OSelytoexhibitfeaturesandcharac－

lcristicsofsomeotherobjects．Generallyonly
someofthesefぬturesandcharacteristicswill

bcretainedinthemodeldependinguponthe

usetowhichitistobeput．
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Themodelingmethodisbuiltuponamen－

talactivity，Whichallowsone，throughseveral
loglC OPerations，tO PrOCeSS PreViously ob－

tainedinformationinorder to create a theo－

reticalmodel．This developed modelis then

reproducedasapracticaJmodelwithwhiehto

experiment．The practicalmode】renects all

theoreticalfunctions andinteractions，Which

Canbeeasilyperfbrmed，COntrOlledandmeas－

uredduringanexperiment．

Theexperimentallyobtainedresultsarees－

Semialtoassessthepracticalmodelandtode－
Velop氏山血er orimproveits st独IS and fta－

tures・ARerthisprocess，theimprovedmaterial

isreadyfbrnexttrial，Whichinthiscaseisa

large－SCale experiment．This proccss can be

repeatedsatisfactorilyfbrseveralconsecutive

StepS．A氏er a number ofiteratiollS the hal

versionofthemodelisreached．

Somemodelsareconcrete，butmoreonen

areabstractmodels，eSPeCiallylnOPerational

research．These models　will usually be

mathematicalinthatalgebraicsymbolismwill

beusedtomirrortheintemalrelationshipsin
theobiect（oRenanOrganization）beingmod－
eled．

There are a number ofreasons fbr uslng

modeling：

a）theactualexerciseofbuildingamodeloften

revealsrelationships、Whichwerenotapparent

tomanypeople・

ぶg∫∫fp〃レ’β一肌）r揖〃gGrの甲J



b）havingbuiltamodelitisusuallypossibleto

analyseit mathematically to help suggest

COurSeS，Whichmightnototherwisebeappar－

ent．

C）experimentationis po亭Sible witha model

Whereasiti琴錦enr10tPOSSibleordeSirabletO

experimentwiththe叫ectbeingmodeled．It
WOuldclearlybepoliticallydi魚cult，aSWellas

undesirable，tO eXPeriment withunCOnVen－

tionaleconomiCmeasuresinacountryifthere
WaS a high probability ofdisastrous failure．

The pursuit ofsuch courageous experiments

WOuld be more（though not perhaps totally）

acceptableonamathematicalmodel．

The essential ftature of a mathematical

modelin operational researchis thatitin－

VOIves a set of mathematical relationships

（SuCh as equations，inequalities，loglCal de－

Pendencies，etC．），Which correspond to some

more down－tO－earth relationshipsin the real

WOrld（SuCh as teclmological relationships，

physicallaws，marketingconstraints，etC．）．

MARITIMETRANSPORTATION

MODELING

Whilethe broad teclmologlCal progress，
Whichhastakenplaceoverrecentyears，has

CauSedagreatneedfortechnologyeducation，

the existlng educational struCtureS have not

developed at the same rate．Therefbre，the

modeling methodinmaritime transportation

couldbeascientincsolutiontoabetterunder－

Standingand，Ofcourse，fbrbest solutionsof

theproblemsarise．

Firstly，We Start ftom the classicaltranS－

POrtationproblemandexplainwhythismodel

isnotvery goodformaritimetransportation．

ThenweirrlprOVethemodelbyintroducingthe

thirdindex．Finally，multi－indextranSPOrtation

problemscanbeconsidered．

TheclassicaltranSPOrtationmodelassumes

thattheperunitcostforeachpotentialorlgln

destinationpalriskn0wnaPnOri．Themodel

doesn’ttakeinconsiderationthetypeofship，
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thevariouscommoditiestobetranSPOrted，the
dif托rent characteristics of the VeSSels and

Otherfhctors，Whichalsocaninfluencetheto－

talcostoftransportation・Therefbre．wehav亡

to consider moreindices to build realistie

maritimetranSPOrtationrrlOdels・βyirltrOduc－

i喝触伽rd喜田由井毎r山e type50rgOOds
transported，We Obtain a three－dimensional

maritimetranSpOrtationmodel．rtisveryclear

thatthemultidimensionaltranSPOrtationmod－

elscouldbeverygoodrepresentationsorreal

Situations，butthecomputationalproblemsare

really very difncult・Moreindices weintro－

duce，mOre realisticthe maritime transporta－

tion models become；in the same time，the

problembecomesmoreandmoredifncultto
SOIve．

AIso，it cannot be assumed thdt Carriers

wiHbeableto serveevery orlgin destinatioll

pairforwhichtheyaretheleast－COStearrier

becauseofcapacltyCOnStraintsonthevarious

camiers．Consequently，itisimpossibletoas－

Slgn，aPnOri，theapproprlateperunittrans－

portationcostsnecessarytouseclassictrans－

POrtationproblem・

Otherm亘iordi脆rencesbetweenclassical

transportation problems and ship problems

couldbe：

■　destinationofshipsmaybechangedatseaこ

雷　Shipsaredi飴rent丘・OmeaChotherintheir

operatingcharacteristics（．capaeity，Speed）・
aswellastheircoststructure．Due Lo ftc－

quentnuctuationsintheshipmarkeLeven

twoidenticalshipsmayhavequitedi晩r－
entcoststruCtureS；

■　shipsdonotnecessarilyretumtOtheirori－

gin；

lL therearemOreSOurCeSOfuncertaintyand

muchlonger voyagesin maritime trans－

portation．

Adetailedanalysisaboutthe characteriS－

ticsandthepeculiaritiesofmaritimetranspor－

tationwasmadebyD．Ronenl6］・
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AlItheseargumentSdenotethatthe stan－

dard tranSpOrtation model cannot叩Ply to

Simulateshipproblems．

Dependingontheknowndatesandonthe

typeSOftheconstraintsadequatetotheprob－

lem，there are severalthreemitime tranS－
POrtation models．Takinginto accounttheir

maincharacteristics，WeCanmake a general

unitpresentationofthethreedimensionalcase．

Theobiectivefunctionbecome

z＝∑∑∑cljkX小

I＝tl，…，椚），J＝tl，…，巾，K＝（1，…如and

WhereindependentonthesigniRcationofin－

dexesi・j，kineachmodel，tcijk）represents

thematrixofumitcostsofhanSPOrtationand

（Xi，k）representsthe unknown matrix of

COmmOditiestobetransported．

TherearetwodistincttypeSOfconstraints

br血ev細めlesxijk‥

a．PlanarConstraintsrPCI

Fixingtwoindexesofthematrix〈Xijk），i，

j，thesummationofxijk，fbrallk，Shouldbe

equaltotheelementsofarealtwoindexesse－

（PC）∑xl∃k＝a。，f∈Ⅰ，ノ∈J

The struChreofthisconstmintstypeim－

POSeSthe existence ofthree distinct planar
COnStraints，aS maXimum，Onefor each two

indexesgroupii，ji，U，k）andti，k），denoted
by（PCl），げC2）and（PC3）：

げCl）∑x。k＝aij，≠∈Ⅰ，ノ∈J

PC2）∑Ⅹ1〕k＝bjk，ノ∈J，た∈K

PC3）∑Xijk＝Clk，f∈Ⅰ，た∈K
う∈J
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b．AxialConstraints（ACI

Fixingoneindexofthematrix（Xijk），i・e・

i，the double sumOfxijk，foralljand k，

shouldbeequaltotheelementsofarealone

indexsequenceai：

（AC）∑∑xljk＝ai，f∈I

SimilarlytotheplanarCaSe，thestruCture

Ofthisconstraintstypeimposestheexistence
of three distinct axialconstraints，aSmi－
mum，Oneforeachi，j，kindex，denotedby

（ACl），（AC2）and（AC3）：

（ACl）∑∑xijk＝ai，i∈Ⅰ

（AC2）∑∑Ⅹ項＝b），ノ∈J

（AC3）∑∑xljk＝ck，た∈K

Accordingtothe di鮎rerrt typeS Ofcon－

Straids，themodelwillbecalledaxial，Planar

Ormixed．Foreverymodel，thekn0wndatesof

the problem are distinct，butthereare three

COmPatibilityrelations（CR）betweenallthese

dates，WhichassurethemathematiCalequilib－

rium，aSaCOnSequenCeOftheeconomicequ1－

1ibriumbetweendemandandsupply：

（CRl）∑alj＝∑C上k＝aJ∈Ⅰ

（CR2）∑aij＝∑b，k＝b，，j∈J

（CR3）∑bjk＝∑cik＝Ck，k∈K

Fromtheabovecompatibilityrelations，it

followsthewell－kn0wnequilibriumCOndition

forthetranSPOrtationproblem：

匹C）∑ai＝∑b，＝∑ck

Applyingthe three dimensionalmitime
廿ansportation models to carry homogeneous

goods（COntainers，Oil，ChemiCalS，．Ore，etC・），We

havetoanalysetheinLluenceofdi脆renttypeS
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Ofships．Therefore，thethirdindexkwillde一

血ethetypeofvesseldsedtotrarLSpOrtthe

COmmOdity・Weillustrate belowthe slgnifi－
CanCeOfallindexesanddates：

i theoriginport（loadingport）

j　thedestinationport（unlOadingport）

k　thetypeofvesselusedtotranSPOrthom0－

geneouscommodity

Cijk　theunitcostoftranSPOrtationfromitoj

uslngaktypevessel

Xijk　theamOuntOfgoodsloadedintheori－

glnPOrtitobetranSPOrtedintheportjwitha

ktypeship，SOthatthetotalcostoftran印Orta－
tionshouldbeminimum

aij theamountOfcorrmodidestransported

丘omitoJ

bjk theam0untOfcommOditiesdemanded

inthedestinationportjandtransportedwitha

ktypeVeSSel

Cik theamOuntOfgoodstranSPOrted ftom

theonglnPOrtiwithaktypeship

aithetotalamOuntOfcommoditiesstoredin

theporti

bぅthetotalamountofcommoditiesdemanded

intheunloadingportj

Ckthe totalamount Of commodities tranS－

portedwiththektypeships．

The mostimportant　three dimensional

tranSpOrtationmodelsarethethreeaxialprob－

lem（themodel血chco血ainsallthree dis－
tincttypesofaxialconstraints）andthethree

PlanarPrOblem（contains all three distinct

typesofplanarCOnStraints）．

Introducing afourthindexforthe com－

modities tranSPOrted，We Obtainfour dimen－

Sionalmaritime tranSPOrtation models．These

problemsaremoredifRculttosoIve，butthe

models are more realistiC，eSpeCially taking

intoaccourrttheships，WhichcantranSPOrtdif－

ftrenttypesofgoods．

K且Haley【31is也eau也orof也ealgo－
rithmforsoIvingthethreeplanartranSPOrta－

tion problems．Hisalgorithmisanentirely

SPreadingof“modimethod’’，are重nementof

Simplexappliedtotheclassicaltransportation

〟丑軋り九mg以rdJGeれg用JdぷJe川砂

PrOblem（G．B．Dantzig）．Wehavetopointout
that some problems remain concemlngthe

COmPutationalaspectsandalsonothingforits

SOlutionisdescribedbyHaley．W．Junglnger

l4］made some advanCeSin　the above－

mentioned problems・Anyhow，Startlng With
thefour dimensional tranSpOrtation models，

the applicationofHaley’Salgorithmis only

theoretical，due to comptdational　aspects・

Therefore，anOtherapproachwasnecessary・A

newandmodemwayofrepresentingthemul－

tidimensionaltranSPOrtation problemsis ob－

tainedbyusingthehypergraphanditscharac－

teriSticmatrix（Junginger［4】）．

Thescarcityofpublishedworkinthisarea

indicatesthelowlevelofpenetrationofmari－

timetransportationmodelsintorealindustrial

叩Plications．When a ship costs millions of

dollarsanditsdailyoperatlngCOStSarethou－

Sandsofdollars，largeprontsmavbeexpected

丘omimprovingitsschedulingprocess・There－

fore，Wehopethatadoptionofthe maritime

transportatiOnmodelsofthispaperwillresult

insigmifiCantCOStSaVmgSintheoperationsof

Shippingcompanies・

MODELINGOFh4AmTIME
EDUCATION

To achieve a better standard ofmaritime

education，SOmeimportantmeasures haveto
beundertakentoensurethatmoremodemcur・

riculaaredeveloped．Usingmodeling，WeCan

improvemaritimeeducation・Themethodap－

PearStObeextremelyemcientinplarmlnga

modem curriculumand，eVen mOreimpor－

tantly，itschainstruCturePrOVidesanOpPOrtu－

mityforfurthersystemdevelopment・Itallows

fortherestruCturingandmodemiZationofex・

istingstudysystemswithoutundesirabledis－

turbancesandheavyexpenditures．

According to an educational modeling

chartPudlowskil5］，theproposedmodelstarts

丘omaneXistingmaritimeeducationstruCture

anddesignanewsystemtobeanalyzed・

ge血0〃rβ－恥r鳥f〝gG′0岬j
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Themainstepsinmodelingmaritimeedu－

Cationcouldbe：

a）descriptionofactualcurriculum

b）identificationofgoals

C）correlationwithgeneraleducationalmodels

d）recognltionofjobrequirements

e）developmentofalocalcurriculum，Which
individualisesmaritimeeducation

f）developmentofaidcurriculum（Englishlan－

guageandcomputerscience）

f）developmentofinitialandcontinuetraining，

PreParefbrlifトlongleamlng
g）accordingbetweentheoreticalandpractical
bnnation．

Everyoftheabove－mentionedstepscould

beinterpretedasasubsystemwithinputsand

OutPutS，butall ofthemareinterdependent

processes based on teaching，leamlng，re－

SearChing．Forthismodeltheprocessvariables

are boththe humanreSOurCeS（teachersand

Students）andmaterial／informationresources

（equipament，COmPuterS，0thersaids）．These

resources must be harmoniously used to

achievespeci丘ededucationaland／ormaritime

O切ectives．

Ⅰnordertotestthee餌ciencyofthemodel，

it’snecessarytO eXPerimentthepracticalre－

PrOductionofthemodel．Theincludingactivi－

tiesmustbe easilycontrolled，meaSuredand

assess，Onthe other side，am再Or difnculty

regardingexperimentalresultsisdetermlnlng

Ofcontrol groupsand experimentalgroups，

takinglntO aCCOuntthe greatimportanCe Of
maritimework．

ItisextremelylmPOrtanttO点ndways to

meettherequlrementSOftheneweconomy．In

arq）idlychanglngWOridandaswiftlytech－

nology，idealcurriculaarePraCticalimpossible

toachieve．Whateducationcandoistopro－
videthe basicsand teach a methodology of

Self・development．
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