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l Introduction  

A dynamic network includes transit times on 

edges・We present a compound problem of  
dynamic networkflow and asinklocationin a  

tree network．Alocation problem based on a  

dynamicflowisavariationofthequickesttrans－  

Shipment problemwhichis・tOSendexactlythe  
rightamountofflowoutofeachsourceandinto  

eachsinkintheminimumoveralltime．Hoppe  

and Tardos［1】presented thefirst polynomial－  

time algorithmfor the quickest transshipment  

problem・However，their algorithmis not e侃－  

Cientenough・Hence，inthispaper，WeCOnSider  

theprobleminasimplernetworkoftreestruc－  

ture・Thisproblemcanberegardedasadynamic  
flowversionofthel－CenterPrObleminatreenet－  
work．   

We adopt a sophisticated data structure，an  

intervaltree・We show that by uslnginterval  
treesthesinklocationproblemcanbesoIvedin  

O（nlog2n）timewhichimprovesupontheprevi－  
OuSreSults【2］・Here，nisthenumberofvertices  

in the network．   

2 Problem Description 

WeconsideradynamictreenetworkN＝（T＝  
（TIE），C，T，d），WhereVisasetofvertices，Eisa  

SetOfedges，C：E→R＋istheupperboundfor  

therateofflowthat enterseachedgeperunit  

time，T：E→R＋is a transit timefunction，  

andd：V→R＋isasupplyfunction．Here，R＋  

denotesthesetofallnonnegativereals・   

Theproblemtobeconsideredhereistofind  

asink t∈V suchthat we cansendgivenini－  
tialsupplies d（v）（v ∈V＼（t））to sink t as  

quickaspossible・SupposethatweareglVena  
SinktinT．Then，Tis regarded as anin－tree  

一・■→ T（t）＝（tlE（t））withroot t，i・e・，eaChedgeof  
Tis oriented toward the root t．Fbr any arc  
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→ e∈E（t），any O∈ R＋，We denote by fe（0）  
theflowrateenteringarceattimeOwhichar－  

rivesattheheadofeattimeO＋T（e）．Wecall  

－● ふ（β）（e∈且（γ＊），β∈ R＋）a coれ加祝0祝βdy－  
→ namicPowinT（v’）（withasinkv＋）ifitsatisfies  

thefo1lowingthreeconditions；（1）capacitycon－  
Straints，（2）flow conservation，and（3）demand  

COnStraints．   

Fbracontinuousdynamicflowf，1etOfdenote  

thecoPletiontimeforfandletC（v’）denote  
themlnimumO／amOngallcontinuousdynamic  

一・◆ flowsfinT（v＊）．Westudytheproblemofcom－  
putingasinkv＋∈VwithminimumC（v＊）．   

3 Algorithm  

In the algorithm，We keeptwotables，Arrivm9  

Ibble Av and Sendin97bble Svforeachvertex  

v E V. Arriving Table A, represents the sum 

Oftheflow rates arrlVlng at the vertex v as a  

functionoftimeO．SendinglもbleSvrepresents  

theflowrateleavlngthevertexvasafunction  

OftimeO・WedescribeAlgorithmSingle－Phase  
WhichissimplerthanthealgorithmproposediIl  

【2】・  

Intuitively，OuralgorithmfirstconstructsAr－  

rlVlngTablesAvfora111eavesv．Thenwefinda  

leafv＊whichisnotanoptimalsink（morepre－  
Cisely，aleafv＊suchthatThasanoptimalsink  

Otherthanv＊），andremoveit血・OmT．Ifsome  

VerteXVbecomesaleafofthemodifiedtreeT，  

thenthealgorithmcomputesArrivlngTableAv  

forthisvertexvbyuslngArrivlngtablesforthe  

Verticesthatareadjacenttovandhavealready  

beenremoved・Thealgorithmrepeatedlyapplies  
thisproceduretoTuntilTbecomesaslnglever－  

text，andoutputssuchavertextasanoptimal  

sink．   

Foradjacentverticesvandp（v）inT，deleting  

edge（v，P（v））fromTyieldstwoconnectedcom－  
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ponents・Denoteby二T（γ，P（？））・the．co申ponent 

OntainingvandbyT（p（v），V）the6ne∴COPtain－  

1ngP（v）．Time（v，P（v））fepr占sent’sthe’coInple－  

tiontimeinwhich alltheinitialsupplies d（v）  
（v∈T（v，P（v）））cailbesenttop（v）asquickas  

possible．   

Algorithm SINGLE－PHASE  

Input：AtreenetworkN＝（T＝’（TIE）；C，▼7－，d）．  

Output：Anoptimalsink t that has themini－  
mumcompletiontime C（t）amonga11ver－  
tices・OfT．  

Step・0：Let W：＝V，’andlet L be the set of  

a111eaves ofT．Foreachv∈・L，COnStruCt  

ArrivingTableAv．  

Stepl：Foreachv∈・L，COnStruCtSendingTa－  

bleSvfr6mvtop（v）basedonceilingAvby   
C（v，P（v）），Wherep（v）’isavertexadjacenfto  

VinT．Compute．thetime Time（v，P（v））．  

Step2：Compute a 

r五me（u＊，p（示＊））〒mi恥∈上・r盲me（γ，詭））．  

LetⅣ：＝．Ⅳ＼（γり，エ：＝エ＼（γり・   

IfthereexistsaleafvofT［W］suchthatv   
isnotcontainedinL，  

then：  

LetL：＝Lu（v）・ConstructArrivingTable  
AvbasedonaddingSending・TableSv／Shifted   
byT（vl，V）forthpverticesvlthatareadjacent  

tovinTandhavealreadybeenremovedfrom  

lγ．   

Compute？ending Table S。from v t？P（v）  

basedonAL，Wherep（v）isavertexadjacent  

touinr【Ⅳ］・  

Computethetime Time（v，P（v））．  

Step3：If［WJ＝1，then 

． 

□   

Notethatin白tep2，atmOStOneleaf心ofT［W］  

is・nOtCOntainedinL，andLisalwaysthesetof  

a111eavegofT［W］after・Step2． 

4 DatastructuresforAvandSv  

We consider data structure for Arriving Table 

Av and SendingTable Sv．Algohthm SINGLE－  

PHASErequiresO（n2）timeifexplicitrepresenta－  
tionsareusedforAvandSv．Therefore，Weneed  

．S9Phisticated■・data．structuresfor thern so that  

WeCane氏cientlyhandlethreebasicoperations，  
・・Add－7bbl占（・i：ら．，addin立上ables），S岬－7bble（i．e．，  

Shiftingatable），andCeil－7bble（i・e・ 

bysoIneCApacityLc）・WeadoptinteⅣaltreesto  
representtables，Whicharestandarddatastruc－  

turesforasetofintervals，Sinceourtablescanbe  

regardedassetsofintervals．ItiskndwIlthatin－  

tervaltreescanhandleoperationsAdd－7bbleand  

S岬－7bble efBciently．Hoふever，intervaltrees  

donotseemtohandleoperation Ceil－7bblee阻・  
Cientlyifweimplementintervaltreesstr斗ightfor－  
Wardly．Wedevelopamethodtorepresentthose  

tablesimplicitly．Themethodcanhandleallthe  

three operations efnciently．Althoughwe skip  

thedetails，byapplyingittoalgorithm■SINGLE－  

PHASE，WehaveanO（nlog2n）timealgorithm．  

Theorem 

namictreenetworkscanbesoIvedinO（nlog2n）．  

5．ConcludingRemarks  

We have described our result on an algorithm 

for quickestflowsin a tree network．Finally，  

We nOte that the sinklocation problemfor dy－  

namicflowscanfurtherbeextendedinm．anydi－  

recti．ons・Some ofthemare（1）tofind asink  

towhichwecansendaflowofmaximumValue  

frornsourceswithingivenfiⅩedtime，（2）tocon－  

Siderthesinkldcationproblem9ngeneral（non－  
tree）dynamic networks，and（3）tdconsider a  

multiple－Sinklocation problem．These‘areleft   

forfuture research．  
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