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1Introduction   totalworkload，thesupplyprocessshouldbein－  

cl11ded asapartoftheinventoTymOdelsothat  

theworkloaddetermin饉theleadtimeofareplen－  

ishment order．  

Wbconsiderasingle－item，Periodic－reViewin－  

ventory／prod11Ction modelwith tlnCertain de－  

mandsinwhichaprod11CtioncapaL：ityishmited  

perperiod・Demands Dnin period n are rep－  

resentedbyindependentIidentical1ydistributed  

（ⅠID）nonnegativeraDdomvariables，aDda（T，S）  

inventorycontroIpoljcyisconsidered・Underthis  

policy，theinventoryposition（IP；Physicalstock  

pluslotsonordermintlSbackorders）isreviewed  

in every Tlmits oftime and〉at amOment Of  
review，a rePlenishment orderis placed to the  

prodtlCtionfhL：ilityhordertoraisetheIPtoa  

fixedlevelS＞0．An orderwiube delivered at．  

theendof．eachperiod．But，becatLSeOfcapacity  

constraint，theleadtimeisgeneranyrandomand  

theentireordermaynotbefi11edsimultaneously・  

Demands aJeSatisfied by on－handinventoryon  

afirst，COme－first－SerVe（FCFS）basis and excess  

deⅡlands arebackordered．   

Traditionaqy，PerformadlCemeaS11reSOfinven－  

tory systems are calculatedin terms of cost・  

IIowever，1n CertainindtlStries，CtlStOmer Wait－  

1ngtimeshavebecomemoreimportantasperfor－  

mancemeastue（see，e・g・，【1］）・Priortreatments  

ofthisproblem ass11methatthestlPpレprocess  

ise3qgenOW，aSdescribedin［2】；theevol11tionof  

thesupplysystemisindependentofdemandsand  

replenishmentorders・However）COnSideramanlト  

・faL：turerWithafewsaksstlbsidiaJies，Whereeach  

subsidiarycontroIsitsowninventorysystemand  

t．otalordersfrom the stlbsidiaries t．o the manlト  

fhL：turerareCk）Set．Otheproductioncapacit・yPer  

period・ThisscenarioistypicalinJapaneseman－  

ufacttuers．h suchcases，Sinceead ordercon－  

t．ribut，eS tO the血tlCt，tlation ofthemanufacttuer’s  

2 The Associated MC  

BecatlSeOtlrCOnCernisnot opti皿alvaltleS Of  

T，WehenceforthfiⅩT＝1byde6nhgthetime  

tmitappropriately．Thetimeinterval（n－l，n］  

iscalledthenthperiod．Thefonowingnotation  

willbeusedfort，heinventorysystem：  

Jn ＝ theinveDtOry／backorderlevel；  

凡l＝ thequantitiesordered・   

Replenishmentordersareproducedinthepro・  
d11Ctionsystemwitha血itecapacityc＞0：  

Qn ＝ theremainingstobeproduced；  

J㌔ ＝ thenumberprodtlCedduringn・  

WbnotethatfL＝min（qn，C）・   

Theinventory／backorderlevelsatisfics   

ん＋1＝ん＋min（c，β－ん）－β叫1（2・1）  

SincethedemandsD．Lad・eI甲，（Jn）isMarkovian  

withthestatespace（…，－1，0，1，・・・，S－1，S）・   

Next，definetheshor拘Ilforinventoryatthe  

endofperiodn：†も＝S－Jn・TheDlも＝Qn＋1・  

Thisisso，becatBethe（T，S）pohcytriestokeep  

theIP tothe丘ⅩedlevelS．Theprocess（㍍）  
isalso Markovian with the state spaL：e〟十＝  

（0，1，2，・・・）thatsatisfi喘   

㍍＋1＝ maX（0，㍍－C）＋β叫1 （2・2）  

Itshouldbenotedthattherectusion（2・2）does  

notinchdetheordeトuP・tO－1evelS．Thisisthe  

advantagetocon＄idertheshortfallYLratherthan  
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S，Whenc＝∞，itisclearthateo（n）＝1，mean－  

叫gエれ＝Palm鴎tSWely・   

Next consider the waiting timedistribtltions・  

Thewaitingtimeisdefilledasthedi鮎rencebe－  

tweenperiodsinwhichpositivedemandsarrive  

a刀d arefu11ysatisfied・Thewaitingtimefora  

cllStOmerWhoaJrivesduringperiodnisdenoted  

by Wふ．Itisreadilyseen that，glVen Dn＞0，  

吼＝OifandonbifJn2：Owhile帆＝k＞Oif  
andonlyifトJn／cl＝k・Hencetやewaitin写time  

PrObabilityisglVenby   

叩た（几）＝P（【m乱X（一ん，OI／c】＝たl仇＞0）  

A托eranalgebra，Wethenhave  

Jndirectly．Notethattheremrsion（2・2）isthe  

S乱me aS theqlle11elngp事OCeSSOfabulkarriv可，  

batch－SerViceM／D／1queuewhen observedjtlSt  
afterservicecompletion．Hence，（YiL）isstable  

誠longaB theproduction capacityexceeds the  

meandemand，i．e．c＞E（Dl．（Wbassumethat  

theprodtlCtionsystemisDOt．Subjecttofailtlre・）   

Thenextrestlltissimpleb11timportanttochaJ－  

acterizethe（T，S）inventory／production system  

（cf．theKanbansystem）・   

Proposition2．1Ⅳehγe私＋l＝かm♪rαヱヱ  

几．7如上由，妨eode膏γりpOおcy豆βわoderβ0αβ  

わβαよ豆j血統ep陀房〃Md8汀lα乃d・  

Ⅱg（几）一郎恥＋。（几－1）  
（3・1）  wo（几）＝   

1－も   3 Sys七emCharaCteristics  

h10rder t，O COnSider the transient behavior of  

SyStemCharaL：teristics，Wedefine汀（n）＝（灯k（n））  

Where打h（n）＝P（YL＝k）・Itisimportanttobe  

abletoinvestigatpthetransientbehavior，becatlSe  

WeCadlthenunderstandtheimpaJ：tOftheinitial  

inventory／backorderlevelonthesystem血訂aC－  

teristics．Thetransitionmatrixof（1も）isgiven  

byP．Itiswellknownthat訂（n＋1）＝訂（n）P．   

Let Ln denotetheleadtimeofan order made  

atthebeginnlngOfperiodn・Theleadtimeisde一  

触eda5thedi鮎rencebetwee71Periodsinwhich  
anorderismadeandisfunyde加代red・Theor－  
der made at that periodwinbe叫delivered  
after［Q．Jclperiods，Where【ェ】denotesthesmalL  

estintegerzIOtl鴎Sthanx・Hencetheleadtime  

PrObabilityisglVenby  

and wk（n）adeObtainedsimi1arly・Itshouldbe  

notedthat，incontrasttotheleadtimedistribⅦ－  

tion，thewaitingtimedistribution（wh（n））de－  

pendsontheoTder一里山0－1evelStoo．   

Fbr random variabl尊A and B，Ais said to  

beβわcん鮎如α勒タγ馳豪打tbanβif呵J（A）】≧  

Etf（B）】foral1nondecreaBingfuJICtionsf・hthis  

CaSe，WeWriteA≧，tB．   

hthefonowi工場，WeShal1denotebyLn（c）and  

Wふ（c，S）theleadtimeチndthewaitingtimewhen  

theproductioDCaPaL：ityiscandtheordeトtlr＞tO－  

kvelis g．   

Proposition3．1Stwose 4）＝ 0． nen，  

ム叶1（c）≧成上職＋l（c＋1）α乃d吼（c，g）≧或叩托（c＋  
1，g）ルr組C九何dg．  

Proposition乱2 軸poβe も ＝ 0． 7職eれ，  

Ⅳ（c，g）≧或Ⅳ（c，∫＋1）♪r由cんβedc．   

Othermonotonicityresllltsas如enasanumer－  
icalexamplewi11beTePOrtedhtheprtsentation．  

P（たc＜1㌔≦（た＋1）c，仇＞0）  
gた（乃＋1）＝   

P（仇＞0）  

NotethattheleadtiⅡleisconsideredonlyunder  

、theconditionDn＞0．Afteranalgd）ra，WehzⅣe  
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Ⅲ。（兜）－もⅡ2。（陀－1）  
伽（乃＋1）＝   

1一も   
’  

WhererIj（n）＝∑呈＝。打k（n），andek（n＋1）are  

Obtained simi1arly．Theleadtime distriblltion  

（eh（n））doe＄nOtdependontheorder－tlP－tO－1evel  
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