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arccoveredbytheambulanccplacedonthe  

block豆．  

。Pji占thenumberofcal1sintheblockj・   

o dijisthedistancebetweenthecentroidof  

theblockiandj．   

0Mis the maximum capacity ofanambu－  

lanceteamforoneyear．  

0 Kis the number of ambulance cars to be  

located．  

Thisisa（versionof）capacitatedfacilitylocation  

problem・ThecapacityM playsaroletomain－  
tainuniformityinthenumberofcallscoveredby  

each ambulance team．In this modelwe use the  

capacityMasaparametertofindasolutionwith  

abalancebetweentheefnciencyanduniformity・   

3。Mo鮎皿ap〉p軋五ca七五om  

Wbapplythemodcl（1）toShiqjukuwardinTbkyo  
metropolitanarea．．Shinjukuwardhas151blocks  

（N＝（1，2，…，151））andreceivedapproximately  

25000ambulancecal1sonweekdaysin2002・There  
arelOambulancecarsinShinjukuward（K＝10）・  

Firstweanalyzetheactuallocationofambulance  

stations．Fig．1shows actua1locationofambu－  

lance stations by00r□．Since there are two  

stationsoneachtwoambulancecarsstandbyun－  

deractualdeployment，eightstationsareshownin  

thefigure．ThosestationswhichequlpStWOam－  

bulancesare designatedby O，Othersareshown  

by0．WbsoIvedthemodel（1）byfiⅩingthevari－  

ables zitO the actualpositions and M＝6000・  

Accordingtotheoptimalsolutionxij theparti－  

tionoftheareaareshowninFig．1．Theop七imal  

value ofobjectivefunctionis shownin the sec－  

ondcolumnofThble．1．Tbfindtheuniformityof  

theserviceweinvestigatethevarianceoftheto－  

taltravelingdistanCeOftheindividualambulance  

car．Let L＊＝（i：2＝i＝1）be the set ofpo－  

sitions which ambulance stationislocated．Fbr  

i∈L＊，di＝∑鎧1dijXijisthetotaltravelingdis－  

tance ofthe ambulance carloca，ted ati．We cal－  

culatethesamplestandarddeviationofdi，thatis  

皿。Im七rodⅦC七iom  

Ambulancecenterlocationproblemshavebeenin－  

vestigatedforlongtimebymanyreSearChes・We  
trytosoIvethisproblembyapplyingoptimi21ation  

methodsandcomputersimulationtechniques・Two  
objectives are takeninto accountin our analy－  

ses．OneistheefBciencyoftheambulanceservice  

SyStem，Whichismeasuredbythetotaltraveling  

dist．ance of the ambulance cars．Anotheris the  

uniformityoftheservices，Whichismeasuredby  

the diHerences amongtheindividualambulance  

teams with respect to the totalnumber ofcalls  

andthetotaltravelingdistance，Wbfirstgivethe  

mathematicalformulationoftheproblem，andre－  

port the application results on apart ofTbkyo  

metropolitanarea．Queuingsimulationsarealso  

glVen丘nally．   

2。Op七五mizaも五ommode皿  

Givenasetofblocks，denotedbyN，intheam－  

bulanceservicearea，eaChblockj∈Nreceivespj  

callsfortheambulanceserviceinoneyear．Sup－  

poseKambulancecarsareavailableinthisarea・  
Which blocks should tbe ambulance car stations  

beplaced？We丘rsttrytominimizethetotaltrav－  
elingdistanCeOfthe ambulance cars，leadingto  

thefo1lowlngformulationoftheambulanceloca－  

tionproblem：  

m   

minimaze ∑  
l，J＝1  
TI   

subjectto∑xij≧pj   ］∈N  

i＝1  

れ      ∑句≦肋i  宜∈Ⅳ  

J＝1  

z‘＝∬  

i＝1  

∬壷ブ≧0，Zi∈（0，1）  

where  

（1）  

⑳Zi＝1，ifanambulancestationisplacedon   

theblocki；Zi＝0，Otherwise．  

O Xijisthenumberofcallsintheblockjwhich  
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充ち∑監1（di－d）2，Whered＝妄∑竺1di・  Thisresult，Sfo1lowsbecausethenumberofcallsis  

unequallydistributcdi血thcarca．The smallM  

Value 

． 

βd   

OWnin t，he third column ofTablc．1．VVe  

alsocalculatethetotalnumberof．callscoveredby  

theindividualambulanCe，thatis，Pi．＝∑鎧1Xij  

fori∈L＊，and theirsamplcstandarddeviation  

3p，WhichisintheforthcolumnofTable・1・  

Figure2：Optimalsolution（M＝2600）  

Figurel：Actuallocationofambulancestations  

andthepartitionobtainedbymodel（1）  4．Simulation result  

Weuseastochasticsimulationtoanalyzetheso－  

lutionsof（1）・Inthesimulationwenotethcop－  
eration rate ofeach ambulance and ratio ofcalls  

Whichareoperatedbythenearestambulancesta－  

tion．VVe ca11this rat．io the covered rate．Table  

2shmmarizetheresult．Theoptimalsolutionfor  
M＝2600reducesthegaplnOperationrate，al－  

thoughthecoveredratehasverysmallchange．  

〟  Obj．func．   βd   βp   

actual  17979340  1052640  1492   

2600  10465261  603474  123   

2700  10303365  583571  272   

2800  10249020  580480  328   

2900  10227482  582549  351   

3000  10191301  548377  443   

3500  10078745  458255  667   

4000  10052582  435792  787   

actual  〟＝2600  

OPerationraLe  covered rate  OPerationrate  covered rate   

stdev．   0．11   0．13   0．03   0．11   

maX．   0．62   0．70   0．51   0．69   

min．   0．27   0．33   0．40   0．33   Tablel：Optimalvalue and the standard devia－  
tionsforvarious M．  

Varylngtheparameter Mgives severalsolu－  

tionsof（1）・Tablelalsoshowsthecorresponding  

result・Fig．2showstheoptimallocationofambu－  

1ancestations（designatedbyO）andthepartition  

ObtainedbysoIvingthemodel（1）withthepa，ram－  

eter M＝2600．In Tablelwe can see that t．he  

actua1locationisinferiortoanyothersolutionsof  

VariousMinboththesenseofobjectivefunction  

value and standard deviations of the individual 

travelingdistanCeOrnumberofcoveredcalls．An－  

Otherfindingisthatthe・Standarddeviationofthe  
numberofindivid11alcoveredcalls亨pdecreasesas  
theparameterMdecreases．Theindividualtrav－  

elingdistance，however，1nCreaSeSaSMdecreases．  

Table2：Simulationresult  
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