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Abstractや

Previousやworksやhaveやestablishedやsynonymityやbetweenやtheやnotionsやofや

uncertaintyやandやunreliability,やexploitingやthisやinやderivingやmarginalやvaluationsや

ofやtravelやtimeやandやschedulingやunderやuncertainty.ややWhilstやvalidやforやforecastingや

demand,やsuchやvaluationsやfailやtoやilluminateやtheやcostsやofやbearingやunreliabilityやまや

hereinやreferredやtoやasやtheや�reliabilityやpremium�.ややTheやpaperやderivesやmarginalや

valuationsやofやtravelやtimeやandやschedulingやatやtheやcertaintyやequivalent,やshowingや

theseやtoやdivergeやfromやthoseやunderやuncertainty.ややThatやdivergence,やwhichや

representsやtheやmarginalやvaluationやofやreliability,やraisesやtheやpossibilityやofやbiasや

shouldやtheやcostsやofやunreliabilityやnotやbeやincludedやinやappraisal.や

やや
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1.やIntroductionや

や

Althoughやaやpreciseやunderstandingやhasやoftenやseemedやelusive,やitやisやwidelyや

acceptedやthatやtheやreliabilityやofやtransportやsystemsやmayやimpactやuponやtheやchoicesや

ofやtravellers.ややPreviousやresearchやhasやilluminatedやseveralやfacetsやofやthisや

proposition,やbutやoftenやwithoutやtheやauthorityやofやcomprehensiveやevidenceやonや

theやvalueやofやreliabilityやtoやtravellers.ややThatやsuchやevidenceやisやlackingやcanやperhaps,や

inやturn,やbeやattributedやtoやtheやdifficultyやofやformulatingやaやresearchやapparatusやthatや

carriesやtheoreticalやvalidity,やisやinsightful,やbutやremainsやpracticable.ややTheseや

aspirationsやareやtheやconcernやofやtheやpresentやpaper.ややや

や

Theやtaskやofやreviewingやrelevantやliteratureやisやwellまservedやbyやtheやrecentや

contributionsやofやNolandやandやPolakや(2002)やandやDeやJongやetやal.や(2004),やandやitや

wouldやseemやunnecessaryやtoやofferやfurtherやcommentaryやinやthisやregard.ややSufficeや

toやsay,やDeやJongやetやal.やdistinguishやbetweenやthreeやapproachesやtoやtheやvaluationやofや

reliability,やspecifically:やI)やmeanやvs.やvarianceやofやtheやtravelやtimeやdistribution,やII)や

percentilesやofやtheやtravelやtimeやdistribution,やandやIII)やschedulingやmodels.ややTheや

presentやpaperやexploitsやtheやthirdやapproachやinやparticular,やwhichやisやfoundedやonや

theやhypothesisやthatやtravellersやmayやaccommodateやexpectationsやofやunreliabilityや

throughやtheirやtripやscheduling.ややや

や
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Inやtheやanalysisやofやtripやscheduling,やSmall�sや(1982)やapproachやhasやreceivedや

considerableやsupport.ややSmallやextendsやtheやmicroeconomicやtheoryやofやtimeや

allocationや(Becker,や1965;やDeやSerpa,や1971),やsupplementingやtheやusualやobjectiveや

problemやofやutilityやmaximisationやsubjectやtoやmoneyやandやtimeやconstraintsやwithやaや

tripやschedulingやconstraintやderivingやfromやVickreyや(1969).ややImplicitやinやSmall�sや

approach,やhowever,やisやtheやassumptionやthatやschedulingやchoicesやareやmadeや

underやcertainty,やandやthisやwouldやseemやtoやimposeやconsiderableやrestrictionやonやitsや

applicability.ややTheやusualやaccommodationやofやuncertaintyやまやatやleastやinやtermsやofや

microeconomicやtheoryやまやisやtoやreformulateやtheやobjectiveやproblemやfromやtheや

maximisationやofやutilityやtoやoneやofやmaximisingやexpectedやutility,やasやfirstや

proposedやbyやvonやNeumannや&やMorgensternや(1947).ややTheやlatterやisやindeedや

exploitedやbyやNolandや&やSmallや(1995),やwhoやestablishやmergerやbetweenやtheやworksや

ofやvonやNeumannや&やMorgensternやandやSmall.や

や

Twoやparticular,やbutやrelated,やpropertiesやofやNolandや&やSmall�sやanalysisやmightやbeや

noted.ややFirst,やbothやtheやchoiceや(i.e.やdepartureやtime)やandやpayまoffや(i.e.やarrivalやtime)や

dimensionsやareやrepresentedやcontinuously;やthisやcarriesやtheやattractionやofや

permittingやeasyやcalculationやofやtheやoptimalやdepartureやtime.ややSecond,やinterestやisや

restrictedやtoやtheやmorningやcommuteやofやcarやtravellers.ややContinuityやinやdepartureや

timeやwouldやappearやmoreやreasonableやforやcarやtravellersやthanやforやusersやofやpublicや

transportやservices,やsinceやtheやlatterやareやtypicallyやconstrainedやbyやfixedやserviceや

intervals.ややBatesやetやal.や(2001)やdevelopやNolandや&やSmallやfurther,やfirstやconsideringや
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itsやamenabilityやtoやpublicやtransportやusers,やandやthenやapplyingやtheやanalysisやtoやanや

interestやinやmarginalやvaluationsやofやtravelやtimeやandやschedulingやunderや

uncertainty.ややTheseやmarginalやvaluationsやderiveやfromやchoicesやbetweenやtwoや

publicやtransportやservices,やwhereinやeachやserviceやoffersやaやrangeやofやdepartureや

times,やandやtheやconsequentやarrivalやtimesやareやcharacterisedやbyやuncertainty.や

や

TheやpresentやpaperやfollowsやtheやbasicやthesisやofやNolandや&やSmallやandやBatesやetやal.,や

butやpursuesやaやnumberやofやextensions.ややTimeやisやrepresentedやasやaやdiscreteや

variableやinやbothやdepartureやandやarrivalやdimensions.ややNotやonlyやisやthisやmoreや

faithfulやtoやvonやNeumannや&やMorgensternや(1947),やbutやitやpermitsやreadyや

accommodationやofやpublicやtransportやusers.ややTheやdiscreteやrepresentation,や

furthermore,やisやamenableやtoやoneやofやtheやprincipalやanalyticalやtoolsやofやtravelや

demandやanalysis,やnamelyやtheやRandomやUtilityやModelや(RUM).ややAsideやfromやthisや

presentationalやdistinction,やtheやsubstantiveやcontributionやofやtheやpaperやisやtoや

applyやtheやworkingsやofやNolandや&やSmallやandやBatesやetやal.やtoやanやinterestやinや

travellers�やattitudesやtoやrisk.ややSpecifically,やtheやpaperやreconcilesやtheやtransportや

planner�sやnotionやofやunreliabilityやwithやtheやmicroeconomist�sやnotionやofやriskや(e.g.や

Pratt,や1964;やArrow,や1970),やandやinやsoやdoingやrevealsやtheやtreatmentやofやriskやwithinや

marginalやvaluationsやofやtravelやtimeやandやschedulingやunderやuncertainty.ややThisや

provokesやtheやpropositionやofやaやfurtherやmetricやforやvaluingやreliability,やreferredやtoや

asやtheや�reliabilityやpremium�.ややTheやreliabilityやpremium,やwhichやisやdrawnやfromや

analogyやwithやPratt�sや�riskやpremium�,やisolatesやthoseやcostsやarisingやspecificallyや
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fromやunreliabilityやand,やequivalently,やtheやbenefitsやthatやwouldやtranspireやshouldや

unreliabilityやbeやeliminated.ややTheやpaperやexploitsやtheやreliabilityやpremiumやinや

derivingやaやfurtherやsetやofやmarginalやvaluationsやofやtravelやtimeやandやscheduling,や

thisやtimeやatやtheや�certaintyやequivalent�.ややTheやlatterやvaluationsやareやthenやcomparedや

withやthoseやderivedやunderやuncertainty,やanやexerciseやthatやservesやtoやyieldや

marginalやvaluationsやofやreliabilityやperやse.ややTheやpaperやconsidersやtheやrelevanceやofや

marginalやvaluationsやofやreliabilityやforやbothやforecastingやandやeconomicやappraisal.やや

や

や

2.やTheoryやofやindividualやchoiceやunderやuncertaintyやや

や

Microeconomicやtheoryやofやindividualやchoiceやunderやuncertaintyやisやfoundedやonや

theやpropositionやthatやthereやexistsやsomeやrelationやbetweenやanやindividual�sやchoicesや

underやriskやorやuncertaintyやandやaやdistributionやofやoutcomes.ややThisやhasやbeenや

exploitedやinやtheやreliabilityやliterature;やinやtheやpresentやpaperやweやshallやexamineや

theやparticularやpropositionやthatやtravellersやchooseやaやtimeやofやdepartureやonやtheや

basisやofやaやdistributionやofやtheやconsequentやarrivalやtimes.ややTheやinterpretationやofや

theやprobabilityやdistributionやhasやbeenやtheやsourceやofやsomeやcontentionやinやtheや

microeconomicやliterature,やsinceやitやisやembroiledやwithやtheやdichotomyやbetweenや

riskやandやuncertainty.ややKeynesや(1921,や1936)やandやKnightや(1921)やareやhelpfulやinやthisや

regard,やcharacterisingやriskやasやsituationsやwhereやprobabilitiesやofやoutcomesやareや

knownや(orやknowable),やandやuncertaintyやasやsituationsやwhereやsuchやprobabilitiesや
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mayやbeやneitherやknowableやnorやdefinable.ややThoughやitやoffersやanやappealingやclarity,や

itやwouldやnotやseemやcrucialやtoやtheやsubsequentやanalysisやthatやoneやcommitsやtoやthisや

orやanyやotherやtypology.ややRatherやtheやtermsやriskやandやuncertaintyやwill,やinやwhatや

follows,やbeやusedやinterchangeablyやwithoutやimplication.や

や

Moreやcentralやtoやourやinterestやisやtheやpreciseやnatureやofやtheやrelationやbetweenやanや

individual�sやchoicesやunderやuncertaintyやandやtheやdistributionやofやoutcomes;やthisや

mayやbeやformalisedやinやtheやfollowingやterms:ややや

や

Letや E やbeやaやfiniteやandやexhaustiveやsetやofやmutuallyやexclusiveや�events�:や

や

{ }KeeE ,...,1= や

や

Letや E やbeやassociatedやwithやaやvectorや ,やwhichやisやreferredやtoやasやaや�prospect�,やandや

givesやtheやprobabilityや やthatやeachやeventや

w

kp Eek ∈ やwillやoccur,やtogetherやwithやtheや

payまoffや やtoやtheやindividualやshouldやthatやeventやindeedやoccur,やthus:やややkw

や

( )KK ppww ,...,;,..., 11=w や

や

Followingやtheやusualやrulesやofやprobability,やitやisやnecessarilyやtheやcaseやthatや

,やimplyingやthatや∑
=

=
K

k
kp

1

1 10 ≤≤ kp やforや Kk ,...,1= .ややや
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や

Letや やbeやaやfiniteやandやexhaustiveやsetやofやsuchやprospects,やfromやwhichやtheや

individualやisやinvitedやtoやchooseやhisやorやherやpreferredやprospect:やや

S

や

{ }NS ww ,...,1= や

や

TheやseminalやexpositionやofやvonやNeumannや&やMorgensternや(1947)やestablishedやaや

setやofやnecessaryやandやsufficientやaxiomsやonやtheやaboveやdefinitionsやsuchやthatやanや

individualやcouldやbeやrepresentedやasやifやchoosingやtheやprospectや やthatやyieldsや

maximumやexpectedやutility.ややTheseやaxiomsやhaveやsubsequentlyやbeenやadaptedやinや

variousやways;やofやparticularやnoteやinやthisやregardやareやtheやcontributionsやofや

Marschakや(1950),やHersteinやandやMilnorや(1953)やandやFishburnや(1970).ややInやwhatや

follows,やhowever,やweやremainやfaithfulやtoやtheやoriginalやexposition,やwhichや

providesやaやbasisやforやtheやfollowingやproposition:ややや

Sn ∈w

や

Forやanyやpairやofやprospectsや Srq ∈ww , :やや

や

rq ww f やiffや ( ) ( )rq YY ww ≥ や

や

whereや やisやtheやexpectedやutilityやofやprospectや ,やandやisやitselfやgivenやby:や( nY w ) nw

や
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( ) (∑
=

=
K

k
knknn wUpY

1

w ) やforやallや Sn ∈w ややや や や や や (1)や

や や や や や や

whereや やisやtheやutilityやderivingやfromやpayまoffや .や( knwU ) knw

や

Havingやsummarisedやtheやtheory,やletやusやconcludeやthisやsectionやwithやdiscussionやofや

severalやissuesやthatやfollow.ややAやfirstやpointやtoやmakeやisやthatやvonやNeumannや&や

Morgenstern�sや(1947)やaxiomsやareやnotやsufficientやtoやsupportやaやcontinuousや

representationやofやtheやpayまoffやdimension,やasやadoptedやbyやNolandや&やSmallや(1995)や

andやBatesやetやal.や(2001),やforやwhichやtheやexpectationsやoperationやinや(1)やwouldや

requireやintegration.ややAやcontinuousやrepresentationやisやinやfactやfeasible,やbutやmustや

beやsupportedやbyやaやsetやofやaxiomsやthatやdivergesやfromやvonやNeumannや&や

Morgenstern�s;やseeやFishburnや(1970)やforやfurtherやinstruction.や

や

Aやsecondやpointやisやthatやaやdiscreteやrepresentationやofやtheやchoiceやdimensionや

promotesやreadyやapplicationやtoやRUM,やasやdemonstratedやbyやMarschakやetやal.や

(1963).ややThisやcontrastsやwithやtheやinherentlyやambiguousやprocessやofや�discretising�や

aやcontinuousやdimensionや(e.g.やJotisankasaやetやal.,や2004).ややInやexploitingやMarschakや

etやal.�sやdemonstration,やitやisやusefulやtoやarticulateやtheirやbasisやforやadoptingやaや

probabilisticやrepresentation,やwhichやisやasやfollows.ややConsiderやanやindividualや

facedやwithやaやrepeatedやchoiceやtaskやunderやuncertainty.ややOnやanyやgivenやrepetitionや

ofやtheやchoiceやtask,やheやorやsheやisやableやtoやorderやaやsetやofやprospectsやinやtermsやofや
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expectedやutility,やbutやonやsuccessiveやrepetitionsやthisやorderingやmayやshowや

variability.ややMoreやformally,やtheやprobabilityやofやchoosingやanyやprospectや や

canやbeやexpressedやasやRUM,やsuchやthat:や

Sq ∈w

や

( ) ( ) ( ){ }rqq YYSP www ≥= Pr やforやallや rqSr ≠∈ ,w ややや や や (2)や

や

Aやthirdやpointやconcernsやtheやcomparabilityやofやexpectedやutilityや ( )nY w やacrossやtheや

prospectsや .ややBaumolや(1958)やdismissesやtheやconventionalやwisdomやthatや

choiceやunderやuncertaintyやpermitsやtheやmutationやofやutilityやfromやanやordinalや

metricやtoやaやcardinalやone;やthatやisやtoやsayや(1)やreliesやindeedやonやtheやpropositionやthatや

やisやcardinal,やbutやthisやdoesやnotやdistractやfromやtheやrequirementやthatや や

isやanやentirelyやordinalやconstruct.ややMoreover,やthereやisやnoやbasisやforやinterpretingや

differencesやinやexpectedやutilityや(orやanyやratioやthereof)やacrossやprospects.ややWhilstや

theやdefinitionやofやRUMや(2)やadheresやtoやthisやrequirement,やitやisやimportantやtoや

ensureやthatやapplicationsやofやRUMやtoやforecastingやorやappraisalやdoやnotや

inadvertentlyやstrayやintoやcardinality.ややTheやlatterやpossibilityやisやconsideredやbyや

Batleyや(2006),やwhoやdemonstratesやthatや�logやsum�やmeasurementsやofやconsumerや

surplusやderivedやfromやRUMやcarryやanやinferenceやofやcardinality.や

Sn ∈w

( knwU ) ( )nY w

や

Finally,やitやmightやbeやacknowledgedやthatやvonやNeumannや&やMorgenstern�sや(1947)や

analysisやhasやbeenやtheやsubjectやofやsustainedやassaultやalmostやeverやsinceやitやwasや
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conceived.ややInやtheやcontemporaryやliterature,やexperimentalやeconomistsやhaveや

beenやactiveやcontributors,やpresentingやinstancesやofやindividualやchoicesやthatや

apparentlyやviolateやexpectedやutilityやmaximisationや(Kahnemanや&やTversky�sや

(2000)やcompendiumやincludesやseveralやsuchやworks).ややThisやhasやpromptedや

generalisationsやofやvonやNeumannや&やMorgenstern�sやanalysis;やforやexample,や

severalやofやtheやidentifiedやviolationsやmayやbeやaccommodatedやthroughやnonまlinearや

formsやonやtheやeventやprobabilitiesや やinや(1);やseeやEdwardsや(1955)やandやKahnemanや

&やTverskyや(1979).ややWhilstやimportantやtoやacknowledge,やthisやcritiqueやhasやnotやtoや

dateやsucceededやinやdeposingやtheやparadigmやofやexpectedやutilityやmaximisation,や

andやitやwouldやthereforeやseemやentirelyやreasonableやtoやadhereやtoやvonやNeumannや&や

Morgensternやinやwhatやfollows.ややや

knp

や

や

3.やTheやtheoryやappliedやtoやtripやschedulingや

や

TheやcontributionsやofやNolandや&やSmallや(1995)やandやBatesやetやal.や(2001)やestablishや

precedenceやinやapplyingやtheやtheoryやofやindividualやchoiceやunderやuncertaintyやtoや

theやcontextやofやtripやscheduling.ややTheやpurposeやofやtheやpresentやsectionやisやtoや

explicateやthisやapplication;やtheやsubsequentやanalysisやfollowsやtheseやprecedentや

worksやreasonablyやfaithfully,やsaveやforやtheやrepresentationやofやtimeやasやaやdiscreteや

variable.や
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や

3.1.やPreliminaryやdefinitionsや

や

Inやapplyingやtheやtheoryやoutlinedやinやsectionや2やtoやtripやscheduling,やitやwouldやseemや

reasonableやtoやrepresentやchoiceやinやtermsやofやdepartureやtimeやandやeventsやinやtermsや

ofやarrivalやtime,やandやtoやpostulateやthatやuncertaintyやderivesやfromやtheやdistributionや

ofやarrivalやtimesやforやanyやgivenやdepartureやtime.ややWithやreferenceやtoやNolandや&や

Small�sやtypology,やthisやdistributionやcouldやfeasiblyやderiveやfromやrecurrentやdelay,や

fromやincidentまrelatedやdelay,やorやfromやbothやofやtheやaforementioned.ややMoreや

formally:やや

や

Letや A やbeやaやfiniteやandやexhaustiveやsetやofやarrivalやtimes:や

や

{ }KaaA ,...,1= や

や

Letや やbeやaやfiniteやandやexhaustiveやsetやofやdepartureやtimes:やD

や

{ }NddD ,...,1= や

や

Theやlatterやcorrespondsやtoやtheやchoiceやsetや ,やasやdefinedやinやsectionや2:やS

や
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{ }NS ww ,...,1= や

や

Letやtheやexpectedやutilityや やofやanyやprospectやnY Sn ∈w やbeやgivenやby:や

や

∑=
=

K

k
knknn UpY

1

や や や や や や や や (3)や

や

whereや やisやtheやutilityやderivingやfromやtheやarrivalやtimeや ,やhavingやdepartedやatや

,やandや やisやtheやassociatedやeventやprobability.や

knU ka

nd knp

や

3.2やUtilityやfunctionや

や

Itやremainsやtoやequipやutilityや やwithやmoreやpreciseやform.ややWhilstやtheやtheoryやofや

sectionや2やwouldやseemやtoやimposeやfewやrestrictionsやonやsuchやform,やtheやtripや

schedulingやliteratureやdemonstratesやconsiderableやsupportやforやSmall�sや(1982)や

utilityやfunction,やandやthisやfunctionやisやstraightforwardlyやadoptedやbyやNolandや&や

Smallや(1995)やandやBatesやetやal.や(2001).ややInやwhatやfollows,やweやshallやourselvesやfollowや

thisやconvention,やbutやinやsoやdoingやdemonstrateやthatやSmall�sやutilityやfunctionや

impliesやparticularやpropertiesやwithやrespectやtoやtravellers�やattitudesやtoや

unreliabilityやinやarrivalやtime.や

knU

や

WithやreferenceやtoやSmallや(1982),やdefineやutility:や
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や

kkkknkn LSDLSDETU δγβα +++= やややや や や や や (4)や

や

where:や

T やisやtravelやtimeや

SDE やisやscheduleやdelayやearlyや

SDL やisやscheduleやdelayやlateや

L やisやaやdummyやvariableやthatやisやunitaryやinやtheやcaseやofやlateやarrival,やandやzeroや

otherwiseや

や

HenceやSmall�sやutilityやfunctionや(4)やcanやbeやseenやtoやbeやaやlinearやfunctionやofやfourや

attributesやまやtravelやtime,やscheduleやdelayやearly,やscheduleやdelayやlateやandやaや

latenessやdummyやまやwhereやtheやlatterやthreeやareやconditionedやbyやtheや�preferredや

arrivalやtime�や( )やofやtheやtraveller,やwhichやweやtakeやasやgiven.ややOnやthisやbasis,やletや

usやreまexpressやtheやattributesやofや(4)やinやtermsやofやourやdimensionsやofやinterestやまや

arrivalやtimeやandやdepartureやtimeやまやforやgivenや :や

PAT

PAT

や

nkkn daT −= や

( )[ ]0,max kk aPATSDE −= や

( )[ ]0,max PATaSDL kk −= や

1=kL やifや ( ,や やotherwiseや) 0>− PATak 0=
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や

Nowやcompletingやourやapplicationやofやtheやtheoryやofやindividualやchoiceやunderや

uncertaintyやtoやtheやcontextやofやtripやscheduling,やletやusやexplicateやtheやdefinitionやofや

theやprospectやvector,やthus:やや

や

( ) ( )[ ]KnnKKKKnnn ppLSDLSDETLSDLSDET ,...,;,,,,...,,,, 11111=w や

や

MoreoverやtheやadoptionやofやSmall�sやutilityやfunctionやimpliesやtheやpropositionやthatや

payまoffsやareやgivenやbyやanやamalgamやofやtheやfourやattributesやofやthatやfunction,やthreeや

ofやwhichやareやmeasuredやinやtimeやunits,やandやtheやfourthやasやaやdummyやvariable.やや

ThusやwhileやpreviousやapplicationsやofやvonやNeumannや&やMorgensternや(1947)や

haveやfocussedやheavilyやonやmonetaryやpayまoffs,やitやwouldやinやtheやpresentやcontextや

seemやnatural,やandやnotやoutsideやtheやremitやofやtheやtheory,やtoやrepresentやpayまoffsやinや

timeやunits.ややInやanyやcase,やtravelやcostsやdoやnotやroutinelyやvaryやbyやarrivalやtime,やsuchや

thatやtheやarrivalやtimeやdimensionやmayやnotやbeやreadilyやamenableやtoやmonetisation.やや

Thatやdoesやnotやprecludeやtheやpossibilityやthatやarrivalやtimeや(inやparticular,やlateness)や

mayやincurやincidentalやcosts.ややRatherやanyやsuchやcostsやwillやariseやasやaやfunctionやofや

arrivalやtime,やasやwouldやseemやintuitiveやinやtheやcaseやofやlateness,やandやtheやattitudesや

ofやtravellersやtoやsuchやcostsやwillやmanifestやinやtheirやattitudesやtoやtheやuncertaintyやofや

arrivalやtime.や

や
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Letやusやderiveやaやschematicやrepresentationやofやtheやutilityやfunctionや(4)やforやanyや

departureやtimeや ,やbutやrestrictやattentionやtoやaやbinaryやsubsetやofやarrivalやtimesやDd n ∈

AA ⊆
~

.ややInやparticular,やletや { ji aaA , }~
= ,やwhereinやtheやfollowingやrelationsやhold:や

.ややThatやisやtoやsay,やletや やbeやtheやearliestやfeasibleやarrivalやtimeや

(i.e.やinやfreeやflowやconditions),やandやletや やandや やbeやtwoやfurtherやarrivalやtimesや

thatやareやdefinedやarbitrarilyやsaveやforやtheやrequirementやthatや やfallsやbeforeやtheや

やandや やafterやtheや .や

ji aPATaa <<≤min mina

ia ja

ia

PAT ja PAT

や

Figureや1:やSmall�sやutilityやfunction,やforやgivenやdepartureやtime,やwithや βα < やや(ABOUTや

HERE)や

や

ThisやisやillustratedやbyやFigureや1,やwhichやrepresentsやarrivalやtimeやonやtheやhorizontalや

axis,やandやutilityやonやtheやvertical.ややAllやattributesやofやtheやutilityやfunctionやareや�bad�,や

i.e.や 0,,, <δγβα やinや(4),やandやU やisやthereforeやdrawnやinやtheやlowerやrightやquadrantや

ofやtheやfigure;やnoteやalsoやthatやU やoriginatesやatやtheやearliestやfeasibleやarrivalやtimeや

.ややNowやconsiderやtheやutilityやderivedやatやarrivalやtimesや やandや ,や

respectively:やや

mina ia ja

や

Atや :やiaa = ( ) ( ii aPATdaU )−+−= βα や

Atや :やjaa = ( ) ( ) δγα +−+−= PATadaU jj や

や
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Considerやalsoやtheやutilityやderivedやasやtheやarrivalやtimeやapproachesやtheや やfromや

やandや ,やrespectively:やや

PAT

ia ja

や

Asや ( ) :や0→− iaPAT ( )dPATU −→α ( ) ( )ii aPATda −+−→ αα や

Asや ( ) 0→− PATa j :や ( ) δα +−→ dPATU ( ) ( ) δαα +−−−→ PATada jj や

や

WeやcanやnowやestablishやtheやslopeやofやtheやutilityやfunctionやU ,やwhichやforやarrivalや

timesやbeforeやtheや やmustやbeやPAT ( )βα − ,やandやforやarrivalやtimesやafterやtheや や

mustやbeや (

PAT

)γα + .ややForやpurposesやofやillustration,やFigureや1やexploitsやSmall�sや(1982)や

empiricalやfindingやthatや βα < ,やi.e.やthatやtravelやtimeやimposesやgreaterやdisutilityや

thanやscheduleやdelayやearly.ややThisやengendersやtheやpropertyやthatやU やisやstrictlyや

decreasingやinやutility,やandやsteeperやafterやtheや やthanやbefore.ややContrariwise,やifや

itやinsteadやheldやthatや

PAT

αβ < ,やthenやtheやtwoやportionsやofやU やwouldやshowやopposingや

slopes,やwithやarrivalやtimesやbeforeやtheや PAT やcharacterisedやbyやpositiveやslope,やandや

arrivalやtimesやafterやtheや PAT やbyやnegativeやslope.ややInやthisやlatterやcase,やtheやabsoluteや

slopeやofやtheやfirstやportionやofやU やmayやbeやgreaterやthanやorやlessやthanやtheやsecondや

portion,やdependingやonやtheやrelativeやdisutilityやofやscheduleやdelayやearly.ややFigureや2や

embodiesやtheやrelationsや αβ < やandや ( ) ( )γαβα +<− ,やsuchやthatやtheやtwoや

portionsやofやU やshowやopposingやslopes,やwithやtheやportionやbeforeやtheや や

carryingやlowerやabsoluteやslopeやthanやtheやportionやafterやtheや .や

PAT

PAT

や
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Figureや2:やSmall�sやutilityやfunction,やforやgivenやdepartureやtime,やwithや αβ < やや(ABOUTや

HERE)や

や

Finally,やitやmightやbeやobservedやthatやFiguresや1やandや2やdivergeやfromやtheやmoreやusualや

presentationやofやSmall�sやutilityやfunction,やasやperhapsやillustratedやbyやFigureや1やofや

Batesやetやal.や(2001).ややThisやisやbecauseやFiguresや1やandや2やofやtheやpresentやpaperや

considerやbothやtravelやtimeやandやschedulingやparameters,やwhereasやFigureや1やofや

Batesやetやal.やconsidersやonlyやschedulingやparameters.ややTheやpresentationやadoptedや

inやtheやpresentやpaperやisやmotivatedやbyやaやdesireやtoやclearlyやarticulateやtheやrelationや

ofやtheやcompleteやutilityやfunctionやtoやtheやexpectedやutilityやfunction,やanやinterestやthatや

weやshallやpursueやinやtheやfollowingやsections.ややMoreover,やitやisやperhapsやhelpfulやまやforや

purposesやofやdistinctionやまやtoやreferやtoやFigureや1やofやBatesやetやal.やasやSmall�sや

�schedulingやfunction�,やandやtoやFiguresや1やandや2やofやtheやpresentやpaperやasやSmall�sや

�utilityやfunction�.ややや

や

3.3やExpectedやutilityやfunctionや

や

Forやreasonsやofやbrevity,やthisやandやsubsequentやsectionsやwillやfocusやattentionやonや

Small�sやutilityやfunctionやwithやtheやpropertyや βα < ,やi.e.やasやinやFigureや1,や

particularlyやasやthisやpropertyやcarriesやtheやempiricalやsupportやofやSmallや(1982)や

himself.ややWhilstやitやshouldやbeやreassuredやthatやtheやgeneralやprinciplesやofやtheや
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analysisやextendやalsoやtoやfunctionsやwithやtheやpropertyや αβ < ,やi.e.やasやinやFigureや2,や

someやdifferencesやinやanalysisやdoやarise,やandやtheseやareやremarkedやuponやwhereや

relevant.やや

や

Inやorderやtoやpromoteやexpositionalやclarity,やletやusやonceやagainやrestrictや

considerationやtoやaやbinaryやsubsetやofやarrivalやtimesや AA ⊆
~

,やwhereや { }ji aaA ,
~
= ,や

thisやtimeやimposingや(atやleastやforやtheやmoment)やtheやrestrictionやonlyやthatや .やや

Forやeachやdepartureやtimeや ,やdefineやtheやprospect:やや

ji aa <

Dd n ∈

や

( ) ( ) ( )[ ]ininjjjjniiiinn ppLSDLSDETLSDLSDET −= 1,;,,,,,,,w や や や

や

Nowやpropagatingやexpectedやutilityや(3)やwithやtheやutilityやfunctionや(4),やletやusやwriteや

theやexpectedやutilityやderivingやfromやtheやaboveやprospect:やや

や

[ ]{ }
( )[{ }jjjjnin

iiiininn

LSDLSDETp

LSDLSDETpY

δγβα ]
δγβα

+++−+
+++=

1
や や や や (5)や

や

Orやmoreやgenerally:や

や

( ) ( ) ( ) ( )nnnnn LESDLESDEETEY δγβα +++= や や や や (6)や

や
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Figureや3:やUtilityやandやexpectedやutilityやfunctions,やforやgivenやdepartureやtime,やwithや βα < や

(ABOUTやHERE)や

や

Theやbinaryやsubsetやofやarrivalやtimesやinや(5)やpermitsやeasyやtranslationやtoやtheや

diagrammaticやanalysisやofやFigureや3,やwhereinやthreeやcasesやmightやusefullyやbeや

identifiedやdependingやonやtheやrelationやofやtheやarrivalやtimesやtoやtheや PAT ,やthus:や

Caseや1:やや やPATaa ji ≤<

Caseや2:やや ji aaPAT <≤ や

Caseや3:やや ji aPATa << や

Letやusやdrawやsomeやobservationsやrelatingやtoやeachやofやtheやthreeやcases,やasやfollows:や

や

Caseや1:やや やPATaa ji ≤<

Expectedやutilityやまやlabelledや 1CaseY やinやtheやfigureやまやwillやinやthisやcaseやfallやsomewhereや

onやtheやsectionやofやtheやutilityやfunctionやU やprecedingやtheや PAT ;やpreciselyやwhereや

willやdependやonやtheやprobabilityや やthatやarrivalやtimeや やactuallyやoccurs.やip ia

や

Caseや2:やや ji aaPAT <≤ や

Byやcontrastやtoやtheやpreviousやcase,やexpectedやutilityや 2CaseY やwillやnowやfallや

somewhereやonやtheやsectionやofやtheやutilityやfunctionやU やthatやcomesやafterやtheや .やや

Sinceやutilityやisやstrictlyやdecreasingやinやtravelやtime,やitやmustやholdやthatや

PAT

1Case2Case YY < ;ややhenceやCaseや1やdominatesやCaseや2.や
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や

Caseや3:やや ji aPATa << や

AgainやwithやreferenceやtoやFigureや3,やconsiderやtheやpairやofやarrivalやtimesや やandや

,やwhichやsatisfyやtheやrequirementsやofやCaseや3,やbutやareやotherwiseやdefinedや

arbitrarily.ややIfやweやidentifyやtheやpointやatやwhichや やandや やintersectやtheや

utilityやfunctionやU ,やthenやexpectedやutilityや

3Case

ia

3Case

ja

3Case

ia 3Case

ja

3CaseY やwillやfallやsomewhereやonやtheや

straightやlineやjoiningやtheseやtwoやpoints.ややTheやdiscontinuityやofやU やintroducesや

someやcomplexities,やhowever,やasやweやshallやseeやinやdueやcourse.や

や

3.4やChoiceやbetweenやprospectsや

や

Havingやderivedやexpectedやutilityやforやanyやdepartureやtimeや Dd n ∈ ,やletやusや

considerやtheやchoiceやbetweenやaやpairやofやprospectsや Srq ∈ww , ,やwhichやcorrespondや

toやtheやdepartureやtimesや .ややFurthermore,やletやDdd rq ∈, rq dd < ,やsuchやthatや やisや

theやearlierやofやtheやtwoやdepartures.ややSinceやvonやNeumannや&やMorgenstern�sや(1947)や

axiomsやreferやentirelyやtoやtheやpropertiesやofやpairs,やaやbinaryやchoiceやwouldやnotや

seemやunreasonablyやrestrictive.ややItやmightやalsoやbeやremarkedやthatやbinaryやchoiceや

wouldやseemやparticularlyやamenableやtoやimplementationやwithinやStatedや

Preferenceや(SP).ややや

qd

や

Followingやsectionや2,やitやmustやholdやthat:やや
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rq ww f やiffや や0≥− rq YY

qr ww f やiffや や0≥− qr YY

rq ww ~ やiffやbothや やandや0≥− rq YY 0≥− qr YY や

Sinceやtheseやthreeやpreferenceやrelationsやareやdictatedやbyやtheやdifferenceやinや

expectedやutility,やletやusやderive:や

や

( ) ( )( )[ ]LSDLSDEappddYY iqirrqrq ∆+∆+∆+∆−+−=− δγβαα や や (7)や

や

where:や

( ) 0>−=∆ ij aaa や

( ) 0≤−=∆ ij SDESDESDE や

( ) 0≥−=∆ ij SDLSDLSDL や

1=∆L やifや ,や やotherwiseやji aPATa << 0=

や

Itやmayやthereforeやbeやseen,やwithやreferenceやtoや(7),やthatやtheやdifferenceやinやexpectedや

utilityやisやaやfunctionやofやtheやdifferenceやinやdepartureやtime,やasやwellやasやdifferencesや

inやexpectedやarrivalやtime,やexpectedやscheduleやdelayやearly,やexpectedやscheduleや

delayやlateやandやtheやexpectedやlatenessやdummyや(whereやtheやlatterやmayやotherwiseや

beやreferredやtoやasやtheやprobabilityやofやlateness).や

や
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NowやdirectingやattentionやtoやFigureや4,やletやusやtranslateやtheやprecedingやalgebraicや

analysisやtoやaやdiagrammaticやone.ややTheやreader�sやattentionやisやfirstやdrawnやtoやtheや

utilityやfunctionsや やandや ,やwhichやpertainやtoやtheやdepartureやtimesや やandや や

respectively.ややWithやreferenceやtoやtheやhorizontalやaxis,やnoteやthatやtheやtwoや

departuresやwill,やassumingやconstantやfreeやflowやtravelやtime,やhaveやdifferentやtimesや

forやtheirやearliestやfeasibleやarrivalsや(i.e.や

qU rU qd rd

( ) ( )rq dada minmin < ).ややTheやtwoやutilityや

functionsやoriginate,やtherefore,やfromやdifferentやpointsやonやtheやarrivalやtimeやaxis.やや

Withやreferenceやtoやtheやverticalやaxis,やtheやtwoやfunctionsやareやseparatedやbyやtheや

constantや ( )rq dd −α ,やwhichやrepresentsやtheやutilityやdifferenceやarisingやfromやtheや

differenceやinやtheirやrespectiveやdepartureやtimes.ややOtherwiseやtheやtwoやfunctionsや

carryやtheやsameやproperties,やwithやcommonやschedulingやparametersやandや PAT .や

や

Figureや4:やChoiceやbetweenやdepartureやtimes,やwithや βα < や(ABOUTやHERE)や

や

Havingやdefinedやtheやrelevantやevents,やweやcanやnowやderiveやtheやexpectedやutilityや

functionsやrelatingやtoやtheやprospectsや やandや ;やtheseやfunctionsやareやlabelledや や

andや やrespectivelyやinやtheやfigure.ややPreciselyやwhereやexpectedやutilityやfallsやonや

theseやfunctionsやwillやbeやdeterminedやbyやtheやexpectedやarrivalやtimesや

qw rw qY

rY

( )qaE やandや

.ややIfやhoweverやitやholdsやthatや( )raE iaa ≤min ,やi.e.やtheやearlierやarrivalやtimeやwithinやtheや

prospectsやfallsやatやorやafterやtheやearliestやfeasibleやarrivalやtime,やitやwouldやseemや

uncontroversialやtoやmakeやtheやassertionやthatや ,やi.e.やtheやearlierやdepartureやiriq pp >
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qd やisやmoreやlikelyやtoやarriveやatや やthanやtheやlaterやdepartureや .ややThoughやitやisやleftや

inやpracticeやtoやempiricalやinvestigationやtoやidentifyやtheやexpectedやarrivalやtimesや

ia rd

( )qaE やandや ,やtheやfigureやillustratesやaやsituationやwhereや( )raE ( ) ( )rq aEPATaE << ,や

withやanやoutcomeやthatや .ややInやthisやsituation,やtherefore,やprospectや やwouldや

beやchosenやoverやprospectや .ややや

rq YY > qw

rw

や

や

4.やMarginalやvaluationsやofやtravelやtimeやandやscheduling,やandやtheやreliabilityや

premiumや

や

Theやpreviousやsectionやappliedやtheやtheoryやofやindividualやchoiceやunderや

uncertaintyやtoやtripやscheduling.ややThisやequipsやusやwithやtheやnecessaryやtheoryやtoや

nowやdevelopやtheやprincipalやinterestやofやtheやpaper,やwhichやisやinやtheやvalueやofや

reliabilityやtoやanやindividualやtraveller.ややWhilstやacknowledgingやthatやtheやvalueやofや

reliabilityやhasやbeenやvariouslyやdefinedや(seeやdeやJongやetやal.,や2004),やtheやfollowingや

analysisやwillやexploitやandやextendやBatesやetやal.�sや(2001)やdefinition,やwhichやisや

groundedやinやtheやtheoryやofやsectionや3.ややLetやusやfirstやsummariseやBatesやetやal.�sや

definition,やbeforeやconsideringやitsやextension.ややや

や

4.1やBatesやetやal.�sやmarginalやvaluationsやofやtravelやtimeやandやschedulingやunderやuncertaintyや

や
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FollowingやBatesやetやal.,やtheやreliabilityやofやarrivalやtimeやmayやbeやrepresentedやinや

termsやofやtheやeventやprobabilitiesやofやvonやNeumannや&やMorgenstern�sや(1947)や

analysis;やwithやreferenceやtoや(5),やforやexample,やanyやchangeやinやreliabilityや(i.e.や や

andや )やwillやimpactやuponやexpectedやarrivalやtimeやand,やbyやimplication,やexpectedや

travelやtime,やexpectedやscheduleやdelayやearly,やexpectedやscheduleやdelayやlate,やandや

theやexpectedやlatenessやdummy.ややApplyingやthisやrepresentationやofやreliabilityやtoや

empiricalやinvestigation,やBatesやetやal.やdeviseやandやimplementやaやbinaryやchoiceやSPや

experiment,やandやfromやthisやdataやinferやmarginalやvaluationsやofやexpectedやtravelや

time,やexpectedやscheduleやdelayやearly,やexpectedやscheduleやdelayやlateやandやtheや

expectedやlatenessやdummy.ややややや

ip

jp

や

LetやusやillustrateやtheやnubやofやBatesやetやal.�sやempiricalやinvestigation,やbutやwithinやtheや

contextやofやourやownやworking.ややWeやbeginやbyやsupplementingやtheやexpectedやutilityや

functionや(5)やwithやaやvariableやrepresentingやtravelやcost,やnotingやimportantlyやthatや

costやisやindexedやbyやdepartureやtimeやbutやnotやbyやarrivalやtime.ややMoreやformally,やforや

anyやprospectや Sn ∈w やlet:や

や

nnn cYY φ+=ˆ や や や や や や や や や (8)や

や

whereや やisやtheやtravelやcostやofやprospectや .ややAdoptingや(8),やletやusやreturnやtoやtheや

choiceやbetweenやtheやpairや

nc nw

Srq ∈ww , .ややCriticalやtoやthisやchoiceやisやtheやpointやatや
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whichやtheやindividualやisやindifferentやbetweenやtheやprospects;やreまworkingや(7)やweや

canやestablishやthat:やや

やや

Ifや やthen:や0ˆˆ =− rq YY

( ) ( ) ( )( )[ ]LSDLSDEappddcc iqirrqqr ∆+∆+∆+∆−+−=− δγβααφ や (9)や や

や

Theやpropositionやnowやemergesやthatやanやindividualやtravellerやmightやbeやwillingやtoや

exchangeやanやadjustmentやinやcostやdifference,やi.e.やtheやleftまhandやsideやofや(9),やforや

adjustmentsやinやoneやorやmoreやofやtheやtravelやtimeやandやschedulingやdifferences,やi.e.や

theやrightまhandやsideやofや(9).ややAcceptingやthisやpropositionやofやexchange,やitやwouldや

seemやaやrelativelyやsmallやextensionやtoやisolateやtheやrateやofやexchangeやbetweenや

travelやcostやandやeachやconstituentやofやexpectedやutility,やandやtherebyやderiveや

marginalやvaluationsやofやexpectedやtravelやtime,やexpectedやscheduleやdelayやearly,や

expectedやscheduleやdelayやlate,やandやtheやexpectedやlatenessやdummy.ややForや

example,やletやusやderiveやmarginalやvaluationやofやexpectedやtravelやtimeや ,や

thus:ややや

( )( )TEVo

や

Ifや 0ˆˆ
0,,
=−

=δγβrq YY やthen:や

( ) ( ) ( )[ ] ( ){ }qrrqqr ddaEaEcc −+−=− αφ や

( )( ) ( )
( ) ( )[ ] ( )qrrq

qr

ddaEaE

cc
TEVo

−+−

−
==

φ
α や や や や や (10)や
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や

Marginalやvaluationsやofやexpectedやscheduleやdelayやearlyや ( )( )SDEEVo ,やexpectedや

scheduleやdelayやlateや ,やandやtheやexpectedやlatenessやdummyや や

canやbeやderivedやanalogously,やasやshownやinやAppendixやA.やや

(( SDLEVo )) ( )( )LEVo

や

4.2やAttitudesやtoやunreliabilityや

や

Theやexpositionやofやsectionや3やwould,やinやapplyingやtheやtheoryやofやindividualやchoiceや

underやuncertaintyやtoやtheやreliabilityやofやarrivalやtime,やseemやtoやestablishや

synonymityやbetweenやtheやmicroeconomist�sやnotionやofやuncertaintyや(orやrisk)やandや

theやtransportやplanner�sやnotionやofやunreliability.ややThisやinやturnやprovokesやanや

interestやinやreconcilingやBatesやetやal.�sやmarginalやvaluationsやofやtravelやtimeやandや

schedulingやunderやuncertaintyやwithやestablishedやmicroeconomicやmethodsやforや

valuingやtheやriskやinherentやinやprospects.ややInやpursuingやthisやinterestやoneやmight,や

rekindlingやtheやearlierやdiscussionやinやsectionや3.2,やdistinguishやbetweenやattitudesや

toやriskyやmonetaryやoutcomesやandやattitudesやtoやriskyやtimeやoutcomes.ややWhilstやtheや

formerやhaveやattractedやconsiderableやresearchやattention,やtheやlatterやhaveやnot,や

henceやtheやopportunityやforやfurtherやinvestigation.や

や

Toやthisやend,やletやusやconsiderやtheやparticularやconceptやofやtheや�riskやpremium�や(Pratt,や

1964),やwhichやcarriesやanやappealingやintuitionやandやcommandsやconsiderableや
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supportやacrossやtheやmicroeconomicやcommunity.ややTheやriskやpremiumやarisesやfromや

theやrelationやbetweenやtheやexpectedやutilityやfunctionやandやitsやunderlyingやutilityや

function,やandやisやcruciallyやdictatedやbyやtheやindividual�sやattitudeやtowardsやrisk.やや

Beforeやproceedingやtoやtheやriskやpremium,やletやusやthenやconsiderやattitudesやtoやriskやasや

theyやapplyやtoやourやinterestやinやtheやreliabilityやofやarrivalやtime.ややWeやbeginやbyや

derivingやtheやutilityやofやtheやexpectedやarrivalやtime,やthus:ややや

や

( )( ) ( )[ ] ( )( )[ ] ( )( )[ ] ( )( )nnnnnn aELPATaEaEPATdaEaEU δγβα +−+−+−= 0,max0,max

や

where:や

( ) ( ) jiniinn apapaE −+= 1 や や や や や や や (11)や

( )( ) 1=naEL やifや ( )( ) 0>− PATaE n 0,や= やotherwiseやや

や

Thenやcomparingやtheやutilityやofやtheやexpectedやarrivalやtimeやtoやexpectedやutility,や

Jensen�sやinequalityや(seeやforやexampleやJohansson,や1991)やprovidesやaやbasisやforやtheや

followingやinferences:やや

̇ Ifや やthenやtheやtravellerやisや�riskやneutralやinやarrivalやtime�や( )( nn aEUY = )

)

)

̇ Ifや やthenやtheやtravellerやisや�riskやpreferredやinやarrivalやtime�や( )( nn aEUY >

̇ Ifや やthenやtheやtravellerやisや�riskやaverseやinやarrivalやtime�や( )( nn aEUY <

Itやremainsやtoやestablishやtheやprevalenceやofやtheseやthreeやrelations,やwhichやagainや

invokesやtheやsameやthreeやcasesやasやsectionや3.3:や

や
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Caseや1:やや やPATaa ji ≤<

Thisやalwaysやyieldsやtheやequalityや ( )( )nn aEUY = ,やsuchやthatやtheやtravellerやexhibitsや

riskやneutrality.ややや

や

Caseや2:やや ji aaPAT <≤ や

Theやequalityや やagainやholds,やandやanやinferenceやofやriskやneutralityやmayや

thereforeやbeやdrawn.や

( )( nn aEUY = )

や

Caseや3:やや ji aPATa << や

Thisやcaseやisやmoreやambiguous,やandやitやisやinstructiveやtoやintroduceやtheやfurtherや

dichotomy:やや

や

Caseや3.1:や や( ) PATaE n <

WhereやCaseや3やholdsやandやtheやexpectedやarrivalやtimeやisやearlierやthanやtheや ,やtheや

differenceやbetweenやexpectedやutilityやandやutilityやofやtheやexpectedやarrivalやtimeやisや

givenやbyやtheやquantity:やや

PAT

や

( )( ) ( ) ( ) ( )[ ]jjjinnn LPATaPATapaEUY δγβ +−+−−=− 1 や

や

Sinceや 0,, <δγβ やandや やbyやdefinition,やandや10 ≤≤ inp ( ) 0>− PATa j やbyや

assumption,やitやmustやbeやtheやcaseやthatや ( )( )nn aEUY < .ややTheやtravellerやthereforeや
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exhibitsやriskやaversion.ややThisやcanやbeやconfirmedやthroughやreferenceやtoやFigureや3,や

whereinやtheやutilityやfunctionやU やliesやaboveやtheやexpectedやutilityやfunctionやY や

throughoutやtheやintervalや [ ].ややややPATai ,

や

Caseや3.2や ( )naEPAT < やや

WhereやCaseや3やcontinuesやtoやholdやbutやtheやexpectedやarrivalやtimeやisやnowやlaterやthanや

theや PAT ,やtheやdifferenceやbetweenやexpectedやutilityやandやutilityやofやtheやexpectedや

arrivalやtimeやbecomes:や

や

( )( ) ( ) ( )[ ]LaPATaPATpaEUY iiinnn δγβ −−+−=− や

や

whereや ( )( )nj aELLL == やや

や

Inやaやsimilarやmannerやtoやbefore,や 0,, <δγβ やandや 10 ≤≤ inp やbyやdefinition,やandや

やbyやassumption.ややUnlikeやCaseや3.1,やhowever,やitやcannotやbeや

determinedやaやprioriやwhichやofや やandや

( ) 0>− iaPAT

nY ( )( )naEU やwillやbeやtheやgreater.ややRatherやoneや

mustやdeferやtoやtheやempiricalやoutcome,やwhichやwillやbeやdictatedやbyやtheやproximityや

ofやtheやarrivalやtimesや やandや やtoやtheや .ややWithやreferenceやtoやFigureや3,やforや

example,やtheやutilityやfunctionやU やliesやaboveやtheやexpectedやutilityやfunctionや やforや

anyやarrivalやtimeやinやtheやintervalや

ia ja PAT

Y

[ ]jaPAT , ;やi.e.やriskやaversion.ややContrastやthisやwithや

Figureや5,やwhereinやtheやexpectedやutilityやfunctionやintersectsやtheやverticalやsegmentや
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ofやtheやutilityやfunction,やandやtheやutilityやfunctionやthereforeやliesやbelowやtheや

expectedやutilityやfunctionやthroughoutやtheやintervalや [ ]jaPAT , ;やi.e.やriskやpreference.や

や

Figureや5:やUtilityやandやexpectedやutilityやfunctions,やforやgivenやdepartureやtime,やwithや βα < や

(ABOUTやHERE)や

や

Beforeやmovingやon,やitやshouldやbeやacknowledgedやthatやPolakや(1987)やpursuesや

similarやinterestsやtoやtheやabove,やalbeitやwithやdifferentやfocus.ややPolakやdevotesや

carefulやattentionやtoやtheやformやofやhisやutilityやfunction,やpostulatingやthatやtheや

functionやshouldやbeやmonotonicallyやdecreasingやinやtravelやcostやandやdemonstrateやaや

constantやdegreeやofやriskやaversionやtoやtravelやcostや(seeやPrattや(1964)やandやArrowや

(1970)やforやdiscussionやofやmeasuresやofやriskやaversion);やcontrastやthisやwithやtheや

presentやpaper,やwhichやisやfoundedやonやattitudesやtoやtimeやriskやratherやthanやcostやrisk.やや

Adoptingやanやexponentialやformやasやaやworkingやrepresentationやofやtheやpostulatedや

properties,やPolakやseeksやtoやidentify,やinやaやsimilarやmannerやtoやsectionや3.4やabove,や

theやpreferredやdepartureやtimeやofやanやindividualやtraveller.ややThenやdevelopingや

ideasやfurther,やheやintroducesやtheやnotionやofやtheや�safetyやmargin�,やasやproposedやbyや

Gaverや(1968)やandやKnightや(1974),やandやestablishesやaやrelationshipやbetweenやtheや

magnitudeやofやtheやsafetyやmarginやandやtheやdegreeやofやriskやaversion.や

や

4.3やTheやreliabilityやpremiumや
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や

Returningやtoやourやownやanalysis,やletやusやnowやdevelopやPratt�sや(1964)やconceptやofや

theやriskやpremiumやinやtheやcontextやofやtripやscheduling.ややAsやaやprecursor,やletやusやfirstや

introduceやtheやconceptやofやaや�certaintyやequivalent�,やwhichやinやtheやpresentやcontextや

mayやbeやdefinedやasやfollows.ややTheやcertaintyやequivalentやrelatingやtoやanyやprospectや

やisやtheやarrivalやtimeやSn ∈w na~ やthatやyieldsやtheやsameやutilityやwithやcertaintyやasやtheや

expectedやutilityやofやtheやprospect.ややInやCasesや1やandや2やofやtheやpreviousやsection,やbothや

ofやwhichやimplyやriskやneutrality,やutilityやandやexpectedやutilityやareやoneやandやtheや

same,やandやtheやnotionやofやaやcertaintyやequivalentやisやthereforeやsomewhatや

tautological.ややや

や

OfやratherやmoreやinterestやisやCaseや3,やsinceやitやcarriesやaやpotentialやforやriskやaversion.やや

Subsequentやdiscussionやwillやrevealやanやintuitionやthat,やinやdevelopingやtheや

certaintyやequivalentやforやCaseや3,やtheやcertaintyやequivalentやshouldやbeやconstrainedや

toやfallやwithinやtheやintervalやofやarrivalやtimesやdefinedやbyやtheやprospect,やi.e.や

jni aaa ≤≤ ~ .ややLetやusやforやtheやmomentやsimplyやacceptやthisやrequirementやand,やbyや

analogyやtoやCasesや3.1やandや3.2,やdistinguishやbetweenやcasesやwhereやtheやcertaintyや

equivalentやfallsやbeforeやandやafterやtheや ,やasやfollows:やややPAT

や

Caseや3.3:や PATaa ni <≤ ~ や
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Inやdevelopingやthisやcase,やletやusやestablishやまやbyやwayやofやassertionやまやequivalenceや

betweenやexpectedやutilityやandやtheやutilityやderivingやfromやtheやcertaintyや

equivalent,やi.e.やや

や

Letや ( ) ( nnnn aPATdaY )~~ −+−= βα ,やwhereや PATaa ni <≤ ~ やや

や

Rearranging,やweやcanやthenやidentifyやtheやcertaintyやequivalent:や

や

( )βα
βα

−
−+

=
PATdY

a nn
n

~ や や や や や や や (12)や

や

Caseや3.4:や jn aaPAT ≤< ~ や

Nowやrepeatingやtheやsameやexercise,やbutやforやaやcertaintyやequivalentやlaterやthanやtheや

:やPAT

や

Letや ( ) ( ) ( )nnnnn aLPATadaY ~~~ δγα +−+−= や

や

whereや ( ) 1~ =naL やifや ( ) 0~ >− PATan ,や 0= やotherwise,やandや jn aaPAT ≤< ~ やや

や

Rearranging:や

や

 33



( )
( )γα

δγα
+

−++
= nnn

n

aLPATdY
a

~
~ や

や

Noteやthat,やwithやreferenceやtoやearlierやdiscussionやinやsectionや3,やtheやdenominatorやofや

theやcertaintyやequivalentやforやCasesや3.3やandや3.4やisやgivenやbyやtheやslopeやofやtheや

relevantやsectionやofやtheやutilityやfunction.ややWhilstやtheやaboveやworkingやcarriesやanや

apparentやclarity,やitやmightやhoweverやbeやcautionedやthatやtheやpropertiesやofやtheや

functionやまやmoreやparticularly,やitsやdiscontinuityやまやcarryやtheやimplicationやthatやanや

exactやcertaintyやequivalentやisやnotやempiricallyやguaranteed.ややNevertheless,やletやusや

proceedやtoやtheやdefinitionやofやtheやriskやpremium.や

や

Inやgeneralやterms,やtheやriskやpremiumやmeasuresやtheやindividual�sやwillingnessまtoま

pay,やinやunitsやofやtheやpayまoff,やtoやavoidやtheやriskやofやchoosingやanやuncertainや

prospect.ややOrやmoreやsuccinctly,やtheやriskやpremiumやmeasuresやtheや�costやofやriskや

bearing�.ややApplyingやtheseやdefinitionsやtoやourやinterestやinやtheやreliabilityやofやarrivalや

time,やtheやriskやpremiumやまやorやinやpresentやparlance,やtheや�reliabilityやpremium�やまや

measures,やforやaやgivenやdepartureやtime,やtheやdelayやinやarrivalやtimeや(withやitsや

consequentやimpactsやonやtravelやtime,やscheduleやdelayやearly,やscheduleやdelayやlateや

andやtheやlatenessやdummy)やthatやtheやindividualやwouldやbeやwillingまtoまpayやinや

exchangeやforやeliminatingやtheやunreliability.ややTheやreliabilityやpremiumやthusや

measuresやtheやcostsやborneやbyやtheやtravellerやthatやariseやspecificallyやfromや

unreliabilityやinやarrivalやtime.や
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ややや

Nowやadoptingやgreaterやformality,やdefineやtheやreliabilityやpremium:や

や

( )([ 0,) ]~max nnn aEaK −= や や や や や や や (13)や

や

Sinceやtheやpayまoffやisやinやthisやinstanceやdefinedやonやaやbadや(i.e.やarrivalやtime),やtheや

expectedやpayまoffやmustやbeやsubtractedやfromやtheやcertaintyやequivalentやinやorderやtoや

yieldやtheやreliabilityやpremiumや .ややNoteやtheやrequirementやonやtheやsignやofや ,や

whichやimpliesやthatやaやnonまzeroやreliabilityやpremiumやisやrepresentativeやofやriskや

averseやbehaviour.ややTheやreliabilityやpremiumやisやillustratedやdiagrammaticallyやinや

Figuresや6やandや7,やagainやwithや

nK nK

βα < .ややFigureや6やconsidersやanやexpectedやlateやarrival,や

andやdemonstratesやthatやaやtravellerやwouldやyieldやequalやutilityやfromやtheやprospectや

やandやtheやcertainやarrivalやtimeやnY na~ ,やtherebyやidentifyingやtheやreliabilityやpremiumや

toやbeやtheやdistanceや ( nn aEa − )~ .  Figureや7やappliesやanalogouslyやtoやtheやcaseやofやanや

expectedやearlyやarrival,やwithやsimilarやresult;やtheやtravellerやwouldやbeやindifferentや

betweenやtheやprospectやandやaやcertainやarrivalやtimeやjustやearlyやofやtheや .ややWhilstや

Figuresや6やandや7やwouldやseemやreasonablyやclear,やtheやdiscontinuityやofやU や

introducesやsomeやcomplexities;やifやinやparticularやY やintersectsやtheやverticalや

segmentやofやU やinやtheやmannerやofやFigureや5,やthenやtheやcertaintyやequivalentやmayや

fallやbeforeやtheやexpectedやarrivalやtime,やsuchやthatやtheやriskやpremiumやbecomesやzero

inやaccordanceやwithや(13

PAT

や

).や
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や

Figureや6:やTheやreliabilityやpremiumやofやanやexpectedやlateやarrival,やforやgivenやdepartureやtime,や

withや βα < や(ABOUTやHERE)や

や

Figureや7:やTheやreliabilityやpremiumやofやanやexpectedやearlyやarrival,やforやgivenやdepartureや

time,やwithや βα < や(ABOUTやHERE)や

や

Ifやweやnowやextendやdiscussionやofやtheやreliabilityやpremiumやtoやconsiderやtheや

relationや αβ < ,やthenやitやisやapparentやthatやfurtherやcomplexitiesやarise.ややWithや

referenceやtoやFigureや8,やwhichやomitsやsomeやlabellingやinやtheやhopeやofやpromotingや

clarity,やtheやopposingやslopesやofやtheやtwoやsegmentsやofやU やyieldやtheやpairやofや

certaintyやequivalentsや na~ やandや ′
na~ .ややItやmightやbeやnotedやthat,やwhereasや na~ やfallsや

withinやtheやintervalや [ ]ji aa , ,や やdoesやnot.ややFurthermore,やwhilstや′
na~ na~ やfallsやafterやtheや

expectedやarrivalやtimeやandやthereforeやyieldsやtheやpossibilityやofやaやnonまzeroや

reliabilityやpremiumや(acknowledgingやagainやtheやpossibilityやofやaやzeroやreliabilityや

premiumやshouldやY やintersectやtheやverticalやsegmentやofやU ),や ′
na~ やfallsやbeforeやtheや

expectedやarrivalやtimeやandやwillやneverやthereforeやyieldやaやnonまzeroやreliabilityや

premium.ややHence,やweやarriveやatやanやintuitionやforやtheやconstraintや jni aaa ≤≤ ~ や

introducedやatやtheやoutsetやofやthisやsection.や

や
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Figureや8:やTheやreliabilityやpremiumやofやanやexpectedやearlyやarrival,やforやgivenやdepartureや

time,やwithや αβ < や

や

Beforeやproceeding,やitやisやusefulやtoやdistinguishやtheやnotionやofやtheやreliabilityや

premiumやfromやtheやaforementionedやnotionやofやtheやsafetyやmargin,やinやthatやeachや

derivesやfromやaやdifferentやreferenceやpoint.ややWhereasやtheやreliabilityやpremiumや

derivesやfromやtheやreferenceやpointやofやtheやcertaintyやequivalent,やtheやsafetyやmarginや

derivesやfromやtheやreferenceやpointやofやtheや .ややThisやprovokesやtheやimportantや

distinctionやthatやtheやsafetyやmarginやpertainsやonlyやtoやearlyやarrivals,やwhereasやtheや

reliabilityやpremiumやmayやpertainやtoやeitherやearlyや(i.e.やFigureや7)やorやlateや(i.e.や

Figureや6)やarrivals.ややIndeed,やtheやnecessarilyやtheoreticalやdiscussionやaboveやmightや

beやembellishedやwithやtheやremarkやthatやtheやreliabilityやpremiumやoffersやrationaleや

forやaやpracticeやthatやisやwidelyやappliedやinやtheやpublicやtransportやindustry,やthus.ややAnや

operator,やifやfacedやwithやtheやsituationやpresentedやinやFigureや6,やcouldやintroduceやanや

increasedやjourneyやtimeや(i.e.や

PAT

nn da −~ ,やsuchやthatやtheやindividualやincursやaやlateや

arrival)やandやstillやmaintainやmarketやshareや(i.e.やmaintainやtheやindividual�sやlevelやofや

utilityやatや ),やprovidedやitやcouldやensureやfullやreliabilityやofやserviceや(i.e.やmoveやfromや

theやexpectedやutilityやfunctionやY やtoやtheやutilityやfunctionや ).や

nY

U

や

4.4やReconcilingやtheやreliabilityやpremiumやwithやBatesやetやal.や

や
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Havingやintroducedやtwoやalternativeやnotionsやofやtheやvalueやofやreliabilityやまやtheや

reliabilityやpremiumや(sectionや4.3)やandやBatesやetやal.�sや(2001)やmarginalやvaluationsや

ofやtravelやtimeやandやschedulingやunderやuncertaintyや(sectionや4.1)やまやletやusやnowやseekや

toやreconcileやthem.ややToやthisやend,やandやexploitingやtheやanalysisやofやtheやpreviousや

section,やweやcanやreまexpressやexpectedやutilityやasやtheやutilityやatやtheやcertaintyや

equivalent:やや

や

( ) ( ) ( )[ ] ( )[ ] ( )nnnnnnn aLPATaaPATdaaUY ~0,~max0,~max~~ δγβα ′+−′+−′+−′== や

や

Ifやtheやindividualやtravellerやisやriskやaverseやthenやweやcanやsubstituteやforや na~ やusingやtheや

riskやpremiumや ,やthus:やnK

や

( )[ ] ( )( )[ ]
( )( )[ ] ( )( )nnnn

nnnnnn

KaELPATKaE

KaEPATdKaEY

+′+−+′+
−−′+−+′=

δγ
βα

0,max

0,max
やや や (14)や

や

Shouldやweやnowやintroduceやtravelやcostやtoや(14)やinやtheやmannerやofや(8),やthenやweやcanや

deriveやaやfurtherやsetやofやmarginalやvaluations,やbutやthisやtimeやatやtheやcertaintyや

equivalent.ややForやexample,やletやusやderiveやmarginalやvaluationやofやtravelやtimeやatやtheや

certaintyやequivalent:や

や

Ifや 0ˆˆ
0,,
=−

=δγβrq YY やthen:や

 38



( ) ( ) ( ) ( )[ ] ( ){ }qrrqrqqr ddaEaEKKcc −+−+−′=− αφ や

( ) ( )
( ) ( ) ( )[ ] ( )qrrqrq

qr

ddaEaEKK

cc
TVo

−+−+−

−
=

′
=
φ
α や や や (15)や

や や や

Marginalやvaluationsやまやatやtheやcertaintyやequivalentやまやofやscheduleやdelayやearly,や

scheduleやdelayやlateやandやtheやlatenessやdummyやareやmoreやcomplicated.ややWhilstやitや

isやreasonableやtoやrestrictやattentionやtoやCaseや3や(i.e.や ji aPATa << ),やrememberingや

thatやtheやreliabilityやpremiaや やandや やareやpertinentやonlyやtoやconditionsやofやriskや

aversion,やthisやdoesやnotやconstrainやtheやcertaintyやequivalentsや

qK rK

qa~ やandや ra~ やtoやfallや

eitherやsideやofやtheや PAT .ややRatherやitやisやnecessaryやtoやdefineやthreeやfurtherや

possibilities,やasやextensionsやofやCasesや3.3やandや3.4,やthus:やや

Caseや3.5:や PATaa rq ≤~,~ や

Caseや3.6:や rq aaPAT ~,~≤ や

Caseや3.7:や rq aPATa ~~ << や

や

TableやIやdisplaysやtheやcompleteやsetやofやmarginalやvaluationsやatやtheやcertaintyや

equivalent,やwithやtheやfirstやthreeやcolumnsやdiscriminatingやbyやtheやaboveやthreeや

cases.ややOfやparticularやinterestやisやwhetherやtheseやmarginalやvaluationsやatやtheや

certaintyやequivalentやaccordやwithやthoseやpreviouslyやderivedやunderやuncertainty.やや

Forやpurposesやofやthisやcomparison,やitやisやusefulやtoやconsiderやhowや(10)やandや(A1)やtoや

(A3)やapplyやtoやCaseや3,やandやtheseやareやgivenやinやtheやfinalやcolumnやofやTableやI.や
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や

TableやI:やMarginalやvaluationsやofやtravelやtimeやandやschedulingやunderやuncertaintyやandやatや

theやcertaintyやequivalentや(ABOUTやHERE)や

や

WithやreferenceやtoやTableやI,やcomparisonやofやtheやmarginalやvaluationsやofやtravelや

timeやunderやuncertaintyやandやatやtheやcertaintyやequivalent,やwhichやareやgivenやbyや

φα や(i.e.やfromやequationや(15))やandや φα ′ や(i.e.やfromやequationや(10))やrespectively,や

revealsやthatやtheやdenominatorsやofやtheやtwoやvaluationsやdifferやbyやtheやquantityや

( )rq KK − .ややTheseやvaluationsやwillやthereforeやbeやequalやonlyやifや .ややWhilstや

theやlatterやequalityやmayやfeasiblyやhold,やthereやisやnoやaやprioriやbasisやforやnecessarilyや

expectingやthisやresult,やandやitやwouldやseemやquiteやpossibleやthatやmarginalや

valuationやofやtravelやtimeやunderやuncertaintyやwillやdifferやfromやthatやatやtheやcertaintyや

equivalent.や

rq KK =

や

Nowやconsiderやmarginalやvaluationやofやtheやlatenessやdummy.ややInやCasesや3.5やandや

3.6,やtheやmarginalやvaluationsやunderやuncertaintyやandやatやtheやcertaintyやequivalentや

(i.e.や φδ やandや φδ ′ やrespectively)やwillやbeやequalやifや rq cc = .ややInやCaseや3.7,やsimilarや

equalityやwillやariseやifやbothや やandや1=iqp 0=irp .ややNoteやinやpassingやthat,やasやsectionや

3.4やhasやalreadyやconsidered,やoneやwouldやinやpracticeやexpectやtheやinequalityや

やtoやhold,やwhichやwouldやbeやconsistentやwithやequalityやbetweenやmarginalやiriq pp >
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valuationsやofやtheやlatenessやdummyやunderやuncertaintyやandやatやtheやcertaintyや

equivalent.や

や

Finally,やtheやmarginalやvaluationsやofやscheduleやdelayやearlyや ( )φβφβ ′, やandや

scheduleやdelayやlateや ( )φγφγ ′, やshowやsimilarやdifferencesやinやtheirやformulaeや

whenやcomparingやuncertaintyやwithやtheやcertaintyやequivalent.ややItやwouldやhoweverや

seemやmoreやdifficultやtoやpredictやtheやoutcomeやaやpriori,やandやoneやmustやinsteadやdeferや

toやempiricalやinvestigation.ややや

や

Thatやnotwithstanding,やtheやprecedingやtheoreticalやargumentやhasやilluminatedやtheや

possibilityやthatやmarginalやvaluationsやofやtravelやtimeやandやschedulingやatやtheや

certaintyやequivalentやwillやshowやdiscrepancyやfromやtheやsameやvaluationsやunderや

uncertainty.ややWhetherやtheoreticalやdiscrepancyやresultsやinやempiricalやdiscrepancyや

remainsやtoやbeやseen,やandやthisやprovokesやaやcallやforやfutureやworkやaddressingやsuchや

matters.ややShouldやtheやdiscrepancyやbeやconfirmedやempirically,やthenやitやcarriesや

importantやinterpretationやasやtheやindividualやtraveller�sやwillingnessまtoまpayや(nowや

inやmonetaryやunits)やtoやeliminateやunreliabilityやinやarrivalやtime.ややForやexample,やtheや

quantityや ( )φαφα −′ やrepresentsやtheやindividual�sやwillingnessまtoまpayやtoや

eliminateやunreliabilityやinやarrivalやtime,やspecificallyやasやitやimpactsやuponやtravelや

time;やitやmightやthereforeやbeやreferredやtoやasやtheや�marginalやvaluationやofやreliabilityや

inやtravelやtime�.ややSimilarやinterpretationsやapplyやtoやtheやotherやconstituentsやofや
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Small�sや(1982)やutilityやfunction;やtheやquantityや ( )φβφβ −′ やmightやbeやreferredやtoや

asやtheや�marginalやvaluationやofやreliabilityやinやscheduleやdelayやearly�,やandやsoやon.や

や

や

5.やTheやprevalenceやandやdistributionやofやbenefitsやfromやtheやreliabilityやpremiumや

や

Whilstやmarginalやvaluationsやofやtravelやtimeやandやschedulingやunderやuncertaintyや

areやinやthemselvesやperfectlyやadequateやforやpurposesやofやforecastingやindividualや

choiceやunderやuncertainty,やitやisやonlyやthroughやtheirやcomparisonやtoやmarginalや

valuationsやofやtravelやtimeやandやschedulingやatやtheやcertaintyやequivalentやthatやtheや

effectやofやunreliabilityやinやarrivalやtimeやonやchoiceやcanやbeやrevealed.ややSuchやinsightや

mightやusefullyやinformやpublicやtransportやoperatorsやasやtoやtheやeffectsやofやchangesや

inやreliabilityやonやtheやindividualやtraveller�sやchoiceやofやdepartureやtime.ややMoreや

generally,やtheやminimisationやofやriskやmayやbeやanやimportantやpolicyやaspiration,やandや

marginalやvaluationsやofやreliabilityやcould,やtoやthisやend,やofferやaやusefulやmeansやofや

discriminatingやbetweenやalternativeやinvestmentやoptions.やややや

や

Thoughやintrinsicやtoやmarginalやvaluationsやofやreliability,やarguablyやtheやmoreや

significantやcontributionやofやtheやreliabilityやpremiumやisやtoやeconomicやappraisal.やや

AsやPearceやandやNashや(1981)やobserve,やtheやprojectedやbenefitsやofやanyやtransportや

schemeやまやwhichやmayやincludeやbenefitsやfromやimprovedやreliabilityやまやshouldや

mitigateやforやtheやcostやofやinherentやrisk,やandやfailureやtoやdoやsoやintroducesやtheや
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possibilityやofやbias.ややHenceやitやwouldやseemやcrucialやtoやmakeやexplicitやstatementやofや

theやcostやofやunreliabilityやinやarrivalやtimeやtoやtheやindividualやtravellerや(orや

equivalently,やtheやbenefitやofやeliminatingやthatやunreliability),やwhichやforやanyや

prospectや やisやgivenやby:やSn ∈w

や

( ) ( )[ ]
( )[ ] ( )( )[ ]{ }
( )[ ] ( )( )[{ }]

( ) ( )( )[ ]nn

nn

nn

nnn

aELaL

PATaEPATa

aEPATaPAT

aEaKVo

−′
+−−−′
+−−−′

+−′=

~*

0,max0,~max*

0,max0,~max*

~*

φδ
φγ
φβ
φα

や や (16)や

や

Notingやimportantlyやthatやtheやpotentialやbenefitやofやeliminatingやunreliabilityや

manifestsやonlyやunderやcircumstancesやofやriskやaversion,やletやusやconsiderやtheや

prevalenceやofやsuchやbenefitやinやrelationやtoやtheやsameやthreeやcasesやconsideredや

earlier.や

や

Caseや1:やや やPATaa ji ≤<

Inやthisやcase,やthereやwouldやbeやnilやbenefitや(i.e.や ( ) 0=nKVo やinや(16))やtoやtheやtravellerや

fromやtheやeliminationやofやunreliability;やthisやisやbecauseやtheやtravellerやexhibitsやriskや

neutrality.や

や

Caseや2:やや ji aaPAT <≤ や

ThisやwouldやyieldやtheやsameやoutcomeやasやCaseや1.や
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や

Caseや3:やや ji aPATa << や

Theやtravellerやmightやorやmightやnotやrealiseやbenefitやfromやtheやeliminationやofや

unreliability,やasやfollows:や

や

Caseや3.1:や や( ) PATaE n <

Thereやwouldやbeやunambiguousやbenefitや(i.e.や ( ) 0>nKVo ),やsinceやtheやtravellerや

exhibitsやriskやaversion.や

や

Caseや3.2や ( )naEPAT < や

Theやprevalenceやofやbenefitやwouldやdependやonやtheやproximityやofやtheやarrivalやtimesや

やandや やtoやtheや ,やandやtheirやconsequentやeffectやonやattitudesやtoやia ja PAT

unreliability.や

やt eやou

や

Since heやabov tcomesやareやdictatedやbyやtheやrelationやofやtheやarrivalやtimesや ia

andや ja やtoやtheや PA

や

T ,やoneやcould foreやexpectやtheやprevalenceやofやbenefitやto

varyやbyやtheやdepartureやtimesや Dd n

やthere や

∈ .ややThatやisやtoやsay,やoneやmightやreasona

expectやrelativelyやearlyやdeparturesやtoやpertainやtoやCaseや1,やrelativel

blyや

yやlateや

eparturesやtoやCaseや2,やandやintermediateやdeparturesやtoやCaseや3.やややd

や
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Itやshouldやbeやemphasised,やhowever,やthatやtheやaboveやconclusionsやapplyや

specificallyやtoやtheやcaseやofやanやindividualやtraveller.ややIf,やasやisやmoreやcommon

practice,やoneやisやinterestedやinやaやsampleやofやtravellers, やtheやusersやofやaや

particularやpublicやtransportやdeparture,やthenやtheやsampleやwouldやtypicallyや

demonstrateやsomeやheterogeneityやinやrespectやofやtheや PAT .ややTheやimplicationや

followsやthat,やforやanyやimprovementやinやtheやreliabilityやofやarrivalやtimeやforやthatや

service,やsomeやusersやmightやrealiseやaやbenefitやfromやthatやimprovement,やwhilstや

othersやmightやnot.ややTheやtotalやbenefitやtoやtheやsampleやwouldやthereforeやdependやon

theやnumberやofやbeneficiaries,やandやtheirやindividualやvaluationsやofやtheやreliability

premium.ややWithやreferenceやtoや(2),やinterestやinやaやsampleやofやindividualsやisやoften

developedやthroughやaやreまinterpretationやofやRUM,やwithや�repetitions�やbecomi

�individuals�,やandやprobabilitiesやofやchoiceやderivingやfromやdifferencesやinやtheや

preferencesやofやindividualsやacrossやtheやsample.ややIrrespectiveやofやwhetherやitや

derivesやfromやintraまindividualやorやinterまindividualやvariabilityやinやpreferences,や

extensionやofやtheやreliabilityやpremiumやtoやaccommodateやRUMやwouldやgiveやriseやto

やinや

やsay

や

や

や

ngや

や

istributedやmarginalやvaluationsやofやtravelやtimeやandやscheduling,やasやwellやasやtoや

ng.や

d

distributedやmarginalやvaluationsやofやreliabilityやinやtravelやtimeやandやscheduli

や

Asideやfromやtheやmatterやofやaggregation,やaやfurtherやrestrictionやofやtheやaboveや

analysisやisやtoやaやbinaryやsubsetやofやarrivalやtimes,やandやitやisやappropriateやtoや

acknowledgeやthatやtheやclarityやofやCaseや3やbecomesやcompromisedやonceやtheやsetやofや

arrivalやtimesやisやextendedやbeyondやtheやbinary.ややInやsuchやcircumstances,やtheや
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relationやbetweenやtheやutilityやofやtheやexpectedやarrivalやtimeやandやexpectedやutilityや

remainsやpertinentやbutやmustやbeやrevealedやempirically.ややThatやsaid,やandやwi

referenceやtoやtheやaspirationsやoutlinedやinやtheやintroductionやtoやthisやpaper,やitやmig

beやarguedやthatやaやbinaryやsubsetやofやarrivalやtimesやwouldやbringやappealingや

convenienceやtoやSPやanalysisやofやtheやreliabilityやpremium.ややInやshort,やtheやb

thや

htや

inaryや

aseやisやfarやfromやabstract.ややInやcontrastやtoやCaseや3,やtheやunambiguousやresultsやofや

asesや1やandや2やreadilyやextendやtoやtrinomialやorやlargerやarrivalやtimeやsets.や

やbyや

men esや

am),やinやin

c

C

や

や

6.やWorkedやexampleやofやtheやreliabilityやpremiumや

や

Letやusやnowやillustrateやtheやtheoreticalやexpositionやofやtheやreliabilityやpremium

meansやofやaやworkedやexample,やnotingやthatやweやwillやrestrictやattentionやtoやaやsingleや

individualやandやthereforeやavoidやtheやcomplicationsやofやaggregationやjustや

tioned.ややWithやreferenceやtoやTableやII,やwhichやquantifiesやallやtimesやinやminut

afterやmidnight,やconsiderやaやoneまwayやcommuteやwithやaやdepartureやtimeやprofileやofや

420 や(i.e.や7:00am)やtoや 495 や(i.e.や8:15 crementsやofや5やminutes.ややArrivalや

timesやareやsimilarlyやdefinedやinやincrementsやofや5やminutes,やandやrevealやaやminimumや

journeyやtimeやofや30やminutesや(i.e.や 450min =a ).ややThisやcouldやbeやrepresentativeやofやaや

highまfrequencyやscheduledやpublicやtransportやservice;やalternatively,やitやcouldやbeやa

discreteやapproximationやtoやaやcarまbasedやjourney.ややTheやbodyやofやtheやtableやd

theやeventやprobabilitiesやbyやdepartureやandやarrivalやtimes.ややItやmightやbeやobserved

や

isplaysや

や
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thatやtheやsubsetやofやarrivalやtimesやvariesやbyやdepartureやtime,やandやcontainsや

betweenやtwoやandやfiveやpossibleやarrivals.ややSinceやtheやproblemやisやmoreやgeneralや

anやtheやbinaryやsubsetやofやarrivalやtimesやconsideredやabove,やanalysisやofやCaseや3や

や

eやthe やp

expectedやutilityやgivenや や(4)やandや(6 ectively. ateやth

th

mustやthereforeやdeferやtoやtheやempiricalやresultsやthatやfollow.や

や

TableやII:やPayまoffやmatrixやforやworkedやexampleや(ABOUTやHERE)や

や

Inやfocussingやonやtheやreliabilityやpremium,やitやisやunnecessaryやtoやexplicitlyやconsider

travelやcost,やandやw refore roceedやwithやtheやformulationsやofやutilityやandや

by )やresp ややLetやusやpopul eseやwithや

theやestimatesやofや γβα ,, やandやδ やfromやModelや(1)やofやSmallや(1982),やspecificallyや

106.0−=α ,や 065.0−=β ,や 254.0−=γ やandや 58.0−=δ ,やnotingやthatや βα < .ややLet

assumeやalsoやthatや 525=PAT や(i.e.や8:45am).ややFigureや9やplotsやtheやvariousやattribu

ofやexpectedやutilityやまやexpectedやtravelやtime,やexpectedやscheduleやdelayやearly,や

expectedやscheduleやdelayやlate,やandやtheやexpectedやlatenessやdummyやまやagainstや

expectedやarrivalやtime.ややTheやpropertiesやof isやfigure

やusや

tesや

やaccordやwith やofや

literature,やforやexampleやFigureや2やofやBatesやetやal.や(や

igureや9:やExpectedやtravelやtime,やSDE,やSDLやandやlatenessやdummyやvs.やexpectedやarrivalや

timeや(ABOUTやHERE)や

やth やthose

previousやpresentationsやinやtheや

2001),やandやconfirmやtheやpositionやofやtheや PAT やatや525.や

や

F
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や

Figureや10やplots,やforやeac rtureやtime,やexpectedやutilityやY やandやutilityや

expectedやarrivalやtimeや ( )( )aEU .ややItやmightやbeやremarkedやthatやmanyやofやtheや

departureやtimesやareやinferior,やinやthatやtheirやmaximumやutilityやfallsやshortやofやtheや

minimumやutilityやofやotherやdepartures.ややOnやthisやbasis,やweやcanやrestrictやatt

toやdepartureやtimesやinやtheやrangeや450やtoや475.ややIndeedやexpectedやutilityやisや

maxi ithinやthisやrange,やspecificallyやatや465.ややComparingやtheやplotsや

andや ( )( )aEU ,やitやcanやbeやobservedやthatやexpectedやutilityやandやutilityやofやtheや

expectedやarrivalやtimeやcoincideやforやtheやvastやmajorityやofやdepartureやtimes;やthe

departuresやpertainやtoやCasesや1やandや2や(i.e.やtheirやrespectiveやarrivalやtimesやfallや

eitherやalwaysやbeforeやorやalwaysやafterやtheや PA

hやdepa ofやtheや

entionや

misedやw of

seや

やY や

T ).ややByやcontrast,やtheやtwoやplotsや

divergeやforやtheや465,や470やandや475やdepartures,やea やwhichやpertainsやtoやCa

(i.e.やtheirやrespectiveやarrivalやtimesやstraddleやtheや PA

chやof seや3や

T ).ややMoreやspecifically,や

expectedやutilityやisやlessやthanやtheやutilityやofやtheやexpectedやarrivalやtimeやforやtheや465や

andや470やdepartures,やwhereasやtheやreverseやappliesやforやtheや475やdeparture

withやreferenceやtoやtheやdiscussionやofやsectionや4.2,やitやmayやbeやseenやthatやtheや

preferredやdepartureやti

.ややHenceや

meやofや465やisやrelativelyやriskyやinやcomparisonやtoやotherや

vailableやdepartures.や

dやutilityやandやutilityやofやexpectedやarrivalやtime,やbyやdepartureやtimeや

BOUTやHERE)や

a

や

Figureや10:やExpecte

(A
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や

Finally,やletやusやconsiderやanやexampleやofやtheやreliabilityやpremium,やtakingやtheや

particularやcaseやofやtheや465やdepartureや(sinceやthisやdepartureやisやcharacterisedやbyや

riskやaversion).ややTheやempiricalやutilityやfunctionやforやthisやdepartureやisやshow

Figureや11;やthisやfollowsやtheやcharacteristicやshapeやofやtheやtheoreticalやutilityや

tionsやin resや1やandや3やtoや7,やwithやdistinctやsectionsやbeforeやandやafterやtheや

PA

nやinや

func やFigu

T ,やandや βα < .ややTheやempiricalやexpectedやutilityやfunction,やbyやcontrast,やcannotや

beやshownやinやtheやmannerやofやtheやtheoreticalやexamples,やsinceやweやhaveやexpand

theやsetやofやarrivalやtimesやbeyondやtheやbinary.ややSufficeやtoやsay,やthe ar

edや

や rivalやtimeや

owや fromや510やtoや530,やhenceやtheやpointsやlabelled や

igureや11:やUtilityやandやexpectedやutilityやfunctionsやfor

wind extendsや やY .

や

F や 465=d や(ABOUTやHERE)や

Forやtheや465やdep alやtimeや(11),や

や

arture,やweやcanやcalculateやtheやexpectedやarriv givingや

( ) 25.515465 =aE ,やandやtheやcertaintyやequivalentや(12),やgivingや 90.517~
465 =a

bilityやpremiumや(13),やweやcanやcalculateや

( ) 65.2

.ややThenや

toやtheやreliaapplyingやtheseや

~
465465465 =−= aEaK ,やsuchやthatやaやcertainやarrivalやtimeや2.65やminutesやlater

thanやtheやexpectedやarrivalやtimeやwouldやyieldやtheやsameやutilityやasやtheやexpectedや

utilityやofやtheやprospect.ややFinall

や

y,やtheやvalueやofやthisやreliabilityやpremiumやis,やwithや

eferenceやtoや(16),やgivenやby:ややや

や

r
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( ) 65.2465 ×⎥
⎦

⎤
⎢
⎣

⎡ ′−′
=

φ
βα

KVo や

や

Contrastやthisやwithやtheや460やdeparture,やwhereや ( )( )460460 aEUY = やand やや

Henceやeliminationやofやunreliabilityやinやarrivalやtimeやwouldやforやtheや465やdepartureや

(i.e.やCaseや3)やyieldやanやadditionalやbenefitやtoやtheやindividual,やbutやthereやisやnoや

possibilityやofやsimilarやbenefitやforやtheや460やdepartureや(i.e.やCaseや1).や

や

や

7.やSummaryやandやconclusionや

や

Unreliabilityやisやendemicやinやmanyやtransportやsystems,やandやthisやstimulatesや

interestやinやwhetherやandやhowやunreliabilityやimpactsやuponやtheやchoicesやofや

travellers.ややTheやpaperやpursuedやspecificやinterestやinやtheやeffectやofやunreliabilityやinや

arrivalやtimeやonやschedulingやchoice.ややFollowingやtheやprecedentやofやNolandや&や

Smallや(1995)やandやBatesやetやal.や(2001),やthisやwasやdevelopedやthroughやtheやmarriageや

ofやSmall�sや(1982)やutilityやfunctionやwithやvonやNeumannや&やMorgenstern�sや(1947)や

theoryやofやindividualやchoiceやunderやuncertainty.ややArisingやfromやtheやlatterやunionや

isやtheやpropositionやthatやunreliabilityやimposesやdisutilityやonやtheやtraveller.ややHenceや

theやpotentialやforやbenefitやshouldやunreliabilityやbeやreducedやorやindeedやeliminated.や

や

や ( )  0460 =KVo .
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Inやcontrastやtoやtheやprecedentやworksやonやreliability,やtheやpresentやpaperやadop

discreteやrepresentationやofやtime,やmotivatedやinやparticularやbyやaやdesireやto

implementationやwithinやtheやapparatusやofやRUMやandやSP.ややTheやsubstantiveや

contributionやofやtheやpaper,やhowever,やwasやtheやscopeやofやtheやtheoreticalや

exposition,やwhichやofferedやsignificantやextensionsやbeyondやtheやextantやreliabilit

literature.ややWithやreferenceやtoやtheやtheoreticalやliteratureやonやattitudesやtoやriskや(e.g.

Pratt,や1964;やArrow,や1970),やtheやpaperやconsideredやtheやimplicationsやofやSmall�s

utilityやfunctionやforやtravellers�やattitudesやtoやunreliabilityやinやarrivalやtime,やand

particularやidentifiedやcircumstancesやunderやwhichやtravellersやwouldやbeやriskや

averse.ややInやresponseやtoやtheやlatterやobservation,やandやdrawingやanalogyやwithや

Pratt�sや(1964)やconceptやofやtheやriskやpremium,やtheやpaperやintroducedやtheやnotionや

theや�reliabilityやpremium�.ややThisやmeasures

tedやaや

やpromoteや

yや

や

や

やinや

ofや

,やforやaやgivenやdepartureやtime,やtheやdelayや

やarrivalやtimeやthatやtheやindividualやwouldやbeやwillingまtoまpayやinやexchangeやforや

layや

,やtheや

in

eliminatingやunreliabilityやinやarrivalやtime.や

や

Theやpaperやthenやsoughtやtoやreconcileやthisやconsiderationやofやattitudesやtoやriskやwithや

Batesやetやal.�sや(2001)やmarginalやvaluationsやofやtravelやtimeやandやschedulingやunderや

uncertainty.ややTheやlatterやariseやfromやtheやpropositionやthatやanやindividualやtravellerや

would,やinやchoosingやbetweenやprospects,やbeやwillingやtoやexchangeやtravelやcostやforや

expectedやtravelやtime,やexpectedやscheduleやdelayやearly,やexpectedやscheduleやde

late,やandやtheやprobabilityやofやlateやarrival.ややExploitingやtheやreliabilityやpremium

paperやestablishedやaやbasisやforやcomparisonやbetweenやmarginalやvaluationsやofや
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travelやtimeやandやschedulingやunderやuncertainty,やandやanalogousやvaluationsや

derivedやatやtheやcertaintyやequivalent.ややThisやcomparisonやrevealedやtheやtheor

possibilityやthatやtheやtwoやsetsやofやvaluationsやmightやshowやdiscrepancy.ややShouldや

thisやtheoreticalやdiscrepancyやmanifestやinや

eticalや

empiricalやdiscrepancyやまやwhichや

emainsやtoやbeやseenやまやthenやitやcarriesやimportantやinterpretationやasやtheやmarginalや

yや

kや

tedや

rや

ceや

Thusや

rやanyやparticularやdepartureやtime,やanやimprovementやinやtheやreliabilityやofやarrivalや

meやmightやyieldやbenefitやforやsomeやtravellersやbutやnoやbenefitやforやothers.や

r

valuationやofやreliabilityやinやarrivalやtime.ややや

や

Whilstやmarginalやvaluationsやofやtravelやtimeやandやschedulingやunderやuncertaint

areやadequateやforやdemandやforecasting,やeconomicやappraisalやshouldやmitigateやtheや

projectedやbenefitsやofやaやschemeやagainstやtheやcostsやofやriskやbearing,やandやthisやisや

whereやtheやreliabilityやpremiumやbecomesやpertinent.ややItやisやcrucialやtoやacknowledgeや

thatやreliabilityやbenefitsやariseやonlyやunderやtheやparticularやcircumstancesやofやris

aversion,やandやthatやriskやaversionやis,やinやtheやtermsやofやtheやutilityやfunction,やdicta

byやtheやrelationやofやtheやpossibleやarrivalやtimesやtoやtheやpreferredやarrivalやtime.やや

Moreover,やtheやprevalenceやofやbenefitやwillやlikelyやvaryやbyやdepartureやtimeやfo

givenやpreferredやarrivalやtime.ややThisやassumesやaやsingleやindividualやhowever;やon

theやanalysisやisやextendedやtoやaやsampleやofやindividuals,やtheやoutcomeやwillやbeや

complicatedやbyやheterogeneityやinやtheやpreferredやarrivalやtimeやand,やitやfollows,や

heterogeneityやinやtheやprevalenceやandやmagnitudeやofやreliabilityやbenefits.やや

fo

ti

や
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AppendixやA:やDerivationやofや ( )( )SDEEVo ,や ( )( )SDLEVo やandや ( )( )LEVo や

や

Ifや 0ˆˆ
0,,
=−

=δγαrq YY やthen:や や や や や や や (A1)や

( )( ) ( )
( ) SDEpp

cc
SDEEVo

iqir

qr

∆−

−
==

φ
β やや や や や や や や

や

Ifや 0ˆˆ
0,,
=−

=δβαrq YY やthen:や や や や や や や (A2)や

( )( ) ( )
( ) SDLpp

cc
SDLEVo

iqir

qr

∆−

−
==

φ
γ や や や や や や や

や

Ifや 0ˆˆ
0,,
=−

=γβαrq YY やthen:や や や や や や や (A3)や

( )( ) ( )
( ) Lpp

cc
LEVo

iqir

qr

∆−

−
==

φ
δ や や や や や や や
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Figureや1:やSmall�sやutilityやfunction,やforやgivenやdepartureやtime,やwithや βα < やや
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Figureや2:やSmall�sやutilityやfunction,やforやgivenやdepartureやtime,やwithや αβ < や

arrival time
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Figureや3:やUtilityやandやexpectedやutilityやfunctions,やforやgivenやdepartureやtime,やwithや βα < や

arrival time
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Figureや4:やChoiceやbetweenやdepartureやtimes,やwithや βα < や

arrival time
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Figureや5:やUtilityやandやexpectedやutilityやfunctions,やforやgivenやdepartureやtime,やwithや βα < や

arrival time
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Figureや6:やTheやreliabilityやpremiumやofやanやexpectedやlateやarrival,やforやgivenやdepartureやtime,や
withや βα < や
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Figureや7:やTheや reliabilityやpremiumや ofや anや expectedや earlyや arrival,や forやgivenやdepartureや
time,やwithや βα < や

arrival time

utility

 
ia  

jaPAT

iU

 
jU

Y

U

nY

( )naE na~

nK

 

 66



Figureや8:やTheや reliabilityやpremiumや ofや anや expectedや earlyや arrival,や forやgivenやdepartureや
time,やwithや αβ < や
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Figureや9:やExpectedやtravelやtime,やSDE,やSDLやandやlateやpenaltyやvs.やexpectedやarrivalやtimeや
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Figureや10:やExpectedやutilityやandやutilityやofやexpectedやarrivalやtime,やbyやdepartureやtimeや
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465Figureや11:やUtilityやandやexpectedやutilityやfunctionsやforや
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やTableやI:やMarginalやvaluationsやofやtravelやtimeやandやschedulingやunderやuncertaintyやandやatやtheやcertaintyやequivalentや
CERTAINTYやEQUIVALENTや UNCERTAINTYや
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TableやII:やPayまoffやmatrixやforやworkedやexampleや
や

a a a a a a a a a a a a a a a a a a a a a a

450.00 455.00 460.00 465.00 470.00 475.00 480.00 485.00 490.00 495.00 500.00 505.00 510.00 515.00 520.00 525.00 530.00 535.00 540.00 545.00 550.00 555.00

d 420.00 0.90 0.10

d 425.00 0.85 0.10 0.05

d 430.00 0.60 0.30 0.10

d 435.00 0.20 0.50 0.20 0.10

d 440.00 0.30 0.50 0.15 0.05

d 445.00 0.20 0.60 0.10 0.10

d 450.00 0.05 0.50 0.30 0.15

d 455.00 0.20 0.50 0.20 0.10

d 460.00 0.10 0.70 0.10 0.10

d 465.00 0.30 0.50 0.10 0.05 0.05

d 470.00 0.05 0.60 0.20 0.10 0.05

d 475.00 0.60 0.20 0.10 0.10

d 480.00 0.30 0.50 0.10 0.10

d 485.00 0.50 0.30 0.10 0.10

d 490.00 0.60 0.20 0.20

d 495.00 0.50 0.30 0.10 0.10  
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