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Khouja and Mehrez【‖considered a flexibleproduction  
rateinlhe classicaleconomic production］ot sjze（EPL）  
modc］．TheyassumedlhaIlheprocessmayshirLfroman“in－  
COntrOrStatetOan“OUトOr－COnlroZ’’stateatanyrandomtime  
Whereit starts producing no｛Onfbrmlngilems・They  
formu7ated the model10deLerminelhe production rale and  
PrOduclionlot sizelhalminimjze the annualexpected10tal  
COSl．ln this article，WeIook allheproblem ofKhoLua and  
Mehrcz【1］as an economic manufacturing quantily（EMQ）  
PrOblemwilhs10Chaslicmachinebreakdownandrcpairs・We  
nrslhrmulaleLhemodelwilhgenera）faiIureandrepalrlime  
dislrjbulionsandlhendcrivclheopt［ma‖otsizeandopl）ma］  

produclionrateunderexponenlialmachineraiIureandrepalr  
lime distributions．We a）so exlend Lhe mode］10 Lhe case  

Where cerLain sarely stOCksininvenlory may be userulto  
improveservice）eveltocustomers．   

2．Assump亀孟omsamdm旭仕孟om   

Inas］ng）e－maChines】ngle－PrOductsilualion，仙emachine  
is su叫eclto stochaslic hreakdown and repalrS．When the  

machine ra‖ure occurs，ilis delecIcdimmediale］y and（hen  
mainLenance aclivllyis sLarted．Aner mainlenance，lhe  
machineis restored back to the sameinitialworkjng  
conditions．Thedemand rateis a known cons（anlwhereas the  

PrOduction rateis a decision variab】e．Bolh Lhe fa‖ure rale  

andunilproduclioncostdependonlheproductionrate．Upon  
machine ra‖ure，lhe！demandis me（firs（rromlhe on－hand  
inventorγaCCumulaledduringtheproductjon run．Irlheon－  
handinventoryis surncjent10 meC（up demand durjng  
machine repair，then a new produclion cyc］eis noIstarted  

Unlitlheinven（OTYlevelcomes down101he zeroleve）．  

Shortages may occurdue10）onger repa］rlimeinlhe case  
wherea］1theunsatisfieddemandsareJost．  

Todeve］oplhemodelweusethe†o］low．ngno（alion：  
D－COnSlantdemandrate，P－Variab】eproductionrale，Cn－  
SCtUPCP札q－holdingcosI，q－OPPOパリn－Iycos＝heIo】郡I  
Sa）es，C，－COTTeCtiverepaircos（，C（P）－unilproduc（ioncost．  
T－ T．V．deno1．ngLimctomachinerai】ure，S－ r．V．deno11ng  
repairlimeuponmachinerai】ure，f（・），F（・）－P．df，C・dfofr，  

g（う，G（う一P・d√，C．d．′or∫，e－PrOduclionlotsize・   

3．Mo【】elroml】Ia揖on   

ExpeCledcyc］e］engthorlheproduction－inven10rySySlem  

E［durationoracyc）efT＝t）Pt）dt  
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＋Cげげ′＋C．∫＋q博イダーβノ′りg（∫埴』祈り  

l〈  Cん（P一β）¢2  
＋J（c。＋  ＋C（P）e）dF（／）．（2）  
¢／′  2P上）   

Our叫ecLiveistoflndlheoptlma】produclionraleP’and  
oplimallotsizeQ’lhalminimize  

gTてイP．eノ＝UイP，eJ／Wlげ，eノ  
Sut→ectto  

β ＜P  

P≦Pm又，  

WherePna，islhedesignedma又imumproduclionrale・  
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klF什Pノ＝1－eXPトス（P）り，Where  

A（P）＝／（J；P）／（1－F（ー；P））and G（∫）＝トexp卜／∬I，  

JJ（＞0）beingtherepalrraleuponmachinefaiIure．InLegral］ng  

andsimp）ifyingequalions（1）and（2），Wegel  

w．（P，e）＝－L（1－g －A（P）¢／P 
β止（P）  

）  
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【トe －ト（P）・と崇）嘗】，  
4．1．SerYice）eYeL me＆StJremenl  

Let SL・betheserviceleve］achievedwhenasafblySt∝k  

S／ismaintainedby血unreJiableproductionsystem・By  

renewaZrewardtheorem（Ross［2］）SLcanbedefinedas  

A（P）  

（5）  
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u，（P，e）＝C。＋（  E［production amounlpercycle］  
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D・E［cyclelength】  

Thee叩eCtednumberofunitsproducedperCyC］eisgJVenby  
J／＋（P一β）l  
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Proposilionl・Foranyg∫Ven P（D＜P≦瑞一aX），｝（P）and  

C（P）．叫（P・Q）isconcaverora11Q＞0・   

Proposition 2・Ldこ占7C－（P，e2）≦ErC一（P，クー）brlwo  

distinct（21and（220re，givenJ，叩＜P≦㌦al），A（P）and  

C（P）・ThcnETCl（P・Q）isapseudoconvex 

lhat岬e2）≧U（P，¢l）＋（eユー¢1）誉・弼・   

If¢and varelheLagrangemu】liplierscorTeSpOnding  

lo theLconstrained（3）and（4）respective］y，thenlhe Kuhn－  

Tucker（KT）necessarycondilionsforoplimaIitygive  
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∂U－（P，e）  ∂w】（P，¢）   
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∂Ul（P，e）  ∂叫（P，e）  
A（P，…（P，。，【… 一昔］  －Uバグi¢）  

Thuswehave， SL，＝  ∂p  ∂P  
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¢（P一∂）＝O  

y（㌦ax－P）＝0  

¢，y≧0．  

NolelhalSL＜）asP＞DandSL→1asS［→00   
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C］ear）y，Q＝Oas P＞D・T［p＜瑞一aX霊hen v＝O・The opli171aJ  

Va】uesorPand QcanbeohtainedbysoIvingthesystemor  
nonlincar cqualions（7）and（8）．Neverlhelcss，We Can’l  

guaranlee thalthe obtained solutioTIWHlglVelhe g）obal  

minimum・TrP＝㌔、。X thenlhcoptimaJvaJueorQcan be  

Oblainedfrom（7）．However，nOreaSiblesolulionorlhemodcl  

exisIsirP＞㌔－aX・  
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