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1．Introduction  
Thispaperisconcernedwithminimalcostrebalancing  
problemunderconca．vetranSaCtioncostsandminimal  
tranSaCtionunit（MTU）constraints・   

Recently，WeprOpOSedabranchandbound algo－  

rithmfbrsoIvingaconcavecostportfoIiooptimization  
problemunderthemean－absolutedeviationframework  
【3】・Weusedapiecewiselinearunderestimatingfunc－  

tionfor the concave cost．function and solved the re－  

sulting linear subproblems by a branch and bound 

methodusingawell－designedproblemreductiontech－  
nique．Weshowedin［3］、thatthisalgorithmgenerates  

agoodsolutioninaveryefBcientmanner．   

Here，Weformulatetherebalancingproblemasthe  
piecewise－COnCaVeCOStminimizationproblemandap－  
ply the same branch and bound algorithm uslng a  
piecewiselinearconvexunderestimation strategyfor  

Calculatingaoptimalsolution．Wewillextend・thisal－  

gorithmtoevenmoredifBcultclassofproblemwhere  
t，he amount of transactionis constrained to be the  

integer multiple ofminimaltransaction units、The 

problem thus becomes aconcaveminimizationprob－  

lemwithintegerconstraintsonthevariables・   

2．MinimalCostRebalancingunderCon－  
CaVe Ttansaction Costs  
Let2：Obetheportfolioathandandassumethatan  
investorwantStOrebalancetheportfolioinsuchaway  
thatthenewportfblioxsatisfiestheconditionthatits  

expectedrateofreturnE［R（x）］isgreaterthansome  

COnStantPandthattheriskisW【R（x）7issma11erthan  

SOme COnStant W．   

Asinthemeanabsolutedeviation（MAD）model  
【2，3】，WeWillemploytheabsolutedeviationa5themea－  

SureOfriskinthisrebalanclngprOblem．   

Ⅳ回 ＝ β【l月（諾）一句月（瑚1】  
T rl  

＝ ∑p‘l∑（rJ【－rj）∬ゴト  

t＝1 J＝1  

TheexpectedreturnisglVenby  
Il   

叩（昔）】＝巾）＝∑rJ町  

j＝1  

Let S be aninvestable set．Then the minimum cost  

rebalanclngprObl占mcanbeformulatedasfo1lows．  

minimize c（x）  

Subjectto 明月（ご）】≧ p，  

Ⅳ【月（可】≦ 叫  

諾∈β，  

Where c（x）is a concavetransaction cost associated  

Withthepurchase／saleofstockSand   

ぶ＝（諾lO≦∬J≦αJ，j＝1，‥・，れト  

Letusintroduceanewsetofvariables，   
り＝＝諾－〇0．  

Thentheaboveproblem◆canberepresentedasfbllows：  
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（P）  

whel・e  
II II  

C＝（（u，Z）l∑γメリj≧β－ ∑上場  
J＝1  j＝1  

II  

z‘＝p上∑【（rJt－rJ）り＋（rj亡－rj）軌  

メ＝1  

r  

∑l勾l≦叫亡＝1，…，r；V∈V），  
l＝1  

WhereVisthesetoffeasiblev’scorrespondingtoS，  

andcj（vj）isthecostassociatedwithpurchasingvj  

units（ifり＞0）andsellingvjunits（ifvj＜0）ofj  

thasset・Letusassumeagainthatcj（vj）ispiecewise  

COnCaVeandthatり（0）＝0fora11j・   

WbconstruCtabranChandboundalgorithmwhich  
WillbeexplainedinSection3．Let（Hk）beasubprob－  
1em：  

n  

minimize ∑cj（vj）  
j＝1  

Subjectto（v，Z）∈G，  
郎≦り≦αタ・  

（鳥）  

Wbwillapproxきmatethefunctioncj（vj）intheinterval  

【αき，Pf］byapleCeWise－1inearconvexunderestimating  

functionc吉（vj）andqefinearelaxed＄ubproblem：  
れ  

minimize ∑4（vj）  
ゴ＝1  

Subjectto（v，Z）∈G，  

郎≦り≦αぎ・   

（Qた）  
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【β空，V！］and【v空，α空】wherev空isthesthcomponent  

oftheoptimalsolutionvkof（Qk）．Thissubdivision  
SChemeusuallyaccelerateconvergence，thoughitisりOt  

thebreticallyguaranteed．  

4・Comput？tionalExperim 
We conducted numericaltests ofthe algorithm pro－  
posedinthispaperuslngmOnthlydataof2001StOCks  

chosenfromNIKKEI225Index．Weusedthebreadth  

firstruleforchoosingsubproblemsinStep300fthe  
branchandboundAlgorithmandLJ－Subdivisionstrat－  
egythroughoutthe・teSt．AIsowechooseE＝10．5in  
OIlr COmputation．・We choose appropriatelevelofp  
and win view ofthe new efncient丘ontier calculated  

byanewsetof36monthlydata．   
As‾expected，theperformanceofthealgofithmis  

moreorle甲the same as the that ofportbliocon－  
StruCtion problem reportedin［3］．This 

problemprovesthataninvestor 
． 

astheorlglnali）Ortblioandtheelapseoftimeisshort  

enough．However，itincreasesas the ela・pSeOftime  

andthediscrepancyofpandwfromtheorlglnalport－  
blioincreases．  

（Computationalresultswillbepresentedatthetime  

Ofpresentation）   

5．Concl血sions  
Wbshowedinthispaperthat theportbliorebalanc－  
1ng prOblem under concave transaction costs can be  
SOIvedinapracticalamountoftime．Thesuccessde－  
pendsupontheuseofmeanabsolutedeviationmodel，  

elaborationoftheclassicalbranchandbound method  

uslng（ノ－Subdivisionstrategy．   
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WhichcanbereducedtoalinearprogrammlngprOb－  
1embyusingastandardmethod．  

3■・ABranchandBoundAlgorith血  
lO．P＝（（昂）），f＝＋∞，▲た．＝0．．  

20IfP＝（4，），thengoto90；Other†isegoto30・  

30 Chooseaproblem（島）∈P：  

Il  

minimize 

ブ＝1  

subjectto（v，Z）∈G，’βk≦v≦αk．  

（島）   

P＝P＼（（亮））．  

40Letc＄（vj）bealinearunderestimatingfunctiopof  

Cj（vj）overtheintervalP＄・≦vj≦αタ，（j＝1，・・ 

anddefinealinearprogrammingproblem  

†l  

minimize 9k（v）＝∑c5（vj）  

j＝1  

subjectto（v，Z）∈G，βた≦v≦αた．  

（（J－）  

If（Qk）isinfbasiblethengoto20．Otherwise雷占tvkb？  
qnoptimalsolutionof（Qk）・  

IfIf（vk）．－gk（vk）［＞Ethengoto80．Otherwi占elet  

九＝／（㌦）．   

50Iffk＞fthengoto70；Otherwisegoto60・  

60Iff＝fk；令＝bkandelirpinateallthesubprob－  
1ems（鳥）forwhich9t（vt）≧f・  

70If9k（vk）≧jthengoto20．Otherwisegoto80．   

80Let  

cβ（甘卜烏（γ空）＝maX（cj叫）－C錘か），  

筑＋1＝ ∫た∩（可β㌣≦町≦（βき＋α空）／2），  
筑十2 ＝ ぶた∩（可（β空＋α空）／2≦uβ≦α誉），  

anddefinetwosubproblems：  

（恥1）maxmZe（J（り）＝町Z）∈C，U∈恥1）・  
（月＋2）maxlmlZe・（J（v）l（Ⅴ，Z）∈C，？∈筑＋2）・  

P＝PU（n．1，月．2），k＝k＋1よndgoto30．  

90 Stop：i）isanEOptimalsolutionof（IL）．   

Theorem3．1：めconvergestoanE－Optimalsolution  
Of（昂）asた→∞・   

Proof：Seee．g．【1，4】□  

Tbaccelerateconvergence，Wemayreplacethebisec－  

tionschemebytheLJ－Subdivisionscheme【1】，inwhich  

theinterval［β空，α空】isdividedintotwosubintervals  
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