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1 Introduction   

SerialCorrelation（SC）isacommonfeatureinre－  
gressionanalysisfortime－Seriesdataset・Thepur－  
poseofthisarticleistoexploremathematicalprop－  

ertiesofLeastAbsoluteValueEstimation（LAVE）－  
SC，includingitsformulation，algorithm，multiple  

SOlutions，and globaloptimality，Where SCis ex－  

pressedbyafirst－Orderautocorrelateddisturbance．   

Researchrationalesupportingthedevelopment  

Of LAVE－SCis suggested by the fact that L2－  
basedtimeseriesanalysisisseriouslyin且uencedby  
theexistenceofanoutlierand／ornon－nOrmaler－  
ror distributions．This researchisfully aware of  

theexistenceofafewpreiousstudies［3】・For  
example，Weiss（1990）ha51nVeStigatedLAVE－SC  

from the perspective ofits statisticalproperties，  

WhileSueyoshiandSekitapi［1］proposeanumer－  
ical（computer－intensive）approachforI」AVE－SC．  
Unfortunately，thetworesearche仇）rtSdonotpay  

serious attention to analytical features related to 

theLAVE－SC．Therefore，thisarticlefocusesupon  

theLAVE－SCproblem丘omtheanalyticalviewof  
GPsothatwecandiscussnewmathematicalpro－  

grammlngPrOpertiesregardingtheestimationtech－  

nlque・  

2 Formulation   

Aregressionstructureanderrortermstobeexam－  

inedinthisarticleisexpressedby  

yt＝Xtβ＋EtWhereEt＝Pet＿1＋11t，t＝l，．．．，n （1）  

Here，ytlSanObserveddependentvariableatthetth  
timeperiod，andXtrepresentsan（mxl）vector  

Ofobservedindependent variables．The vectorβ  

are parameter coe侃cients to be measured and Et  

is an error thatisfurther broken downinto two  

errorterms：etTlandT7t．Here，PISaCOefBcientfor  

SCandrltisanunobserved，identicallydistributed  

error．Thecondition，lpl＜1，isusuallyassumed  

forthecoe瓜cient representing thefirst－OrderSC，  

as well．   

Equation（1）canbeexpressedby  

肌 ＝ ズtβ＋酋＿1＋仇   

＝ Pyt－1＋（∬モーβガト1）β＋勒  
（2）  

Tb estimate both p andβ，Weformulate regres－  

Sion（2）asthefollowingLAVE－SCproblem：  
m   

min∑1研一βyト1－（∬モーβ∬ト1）βト  

亡＝2  

（3）   

Alternatively，  

min．∑賀2吋＋d「  
s．t．拗＿1＋（ズモーPズt＿1）β＋吋－dJ＝机（4）  
吋≧Oand町≧O f＝2，…，m．  

Here，17tisfurther broken downinto two error  

terms：d［andd［．Eachofthemrepresentsposi－  
tiveornegativedeviationsofrlt，reSpeCtively．   

Let飢（p，β）＝的一冊ト1－（ズ亡・－βズト1）βand  
f（p，β）＝∑？＝2lgt（p，β）lthenproblem（3）canbe  
reformulatedasminf（p，β）l・Functions9t（p，β）and  

f（p，β）havethefollowingproperties．  

Theorem 2．1gt（p，β）isquasi－COnVeXhnctionor  

ヴ祝αβ盲－COれC肌e♪▲mC如れ．  

Theorem 2．2釣rαれαrゐかαr軸β∬ed戸，J（β，β）  

盲βαp盲ece－び盲βe g哀れeαr舟れC如れ扉β．凡rαれαrゐ盲一  

加r軸β∬edβ，J（β，β）ねαp盲ece一び盲βeJ去れeαr♪▲乃C－  
王立0和げβ．   

3 Algorithm  

SinceTheorem2．1impliesthat（4）isanonlinear  

programmlng prOblem，this study cannot depend  

uponanordinalGPalgorithmtosoIveLAVE・How－  
ever，thisstudyutilizesthefo1lowlngiterativeGP  

PrOCedure to obtain a solution of（4）because of  

Theorem2．2．   

Stepl：Set k＝1．Identifyavectorofinitialβ   

estimates．Letβkbesuchasolution．［Or－  
dinary Least Square andLAVE，aVailablein  
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many statisticalsoftwares such as TSP and  

SAS／ETS，Can PrOCedure theinitialβesti－  

mates・】   

Step2：Inordertoobtainthepestimate，theGP  

modelminf（p，βk）is 
＾ 

Step3：UsingPk＋1，theGPmodelminf（βた＋1，β）   

is soIved to obtain the estimates ofβand   
let βk＋1be the estimates obtained from  

minJ（β頼1，β）．  

Step4：Iftheobjectivefunctionf（p，P）sat－   

isfies thefouowing condition：f（βた，βk）≦  

f（h＋1，βk＋1），thenset（p＋，β＋）＝（j3k，βk）and  
StOp this computationalprocess．Otherwise  

k＝k＋1andgotoStepl．   

Thisstudyprovidesfourimportantperspectivesre－  

gardingthisLAVE－SCalgorithm，eaChofwhichcan  

besummarizedinthefo1lowlngmanner・  
（a）First，manySpeCialcomputer 

． 

featuresofminβf（h＋1，β）arefullyutilizedtore－  

duceitscomputationalefbrtandtime．  

（b）Second，WhensoIvingLAVEmin。f（p，Bk），We  
Canutilizethefo1lowlngSimpleapproach：  

βた＋1＝  

e血n醸，酪‥，ym幾 ん］  
（c）Third，thereisacommonassilmptionrelated  

tomin。f（p，Bk）andminβf（j3k．1，β）；theproblem  
degeneracydoesnotoccuratavectororoptihlal  

parameter estimates．Here，this article describes  

the degeneracy problem，using minβf（Pk＋1，β）・  

The degeneracy may occur when the parameter  

VeCtOrβofminβf（Pk＋1，β），COmpOSingmunknown  

parameterestimates，isfittedtoadatasetinwhich  

asleast m sampleobservationsareontheregres－  

Sion hyperplane．Ifmore than m sample obser－  

Vations are on the regression hyperplane，the de－  

generacy mayoccur．Mathematically，thisdegen－  

eracy can be defined by thefo1lowlng Statement：  

the problem occurs when optimald［or d［for  

SOmetbecomesabasicvariableandequalszeroin  

minβf（j3k＋1，β）・Inadualformofminβf（βk＋1，β），  

thedegeneratedpointisasampleobservationwith  

Wt＝lor－1anditisontheregressionhyperplane  
wherewtisthedualvariableoftheithconstraint  
OfminβJ（βれ1，β）・  
（d）Finally，the above degeneracy corresponds  

to the”perfect co11inearity”，Whichis not a se－  

rious problemin a view ofstatistics because we  

CanSOIveitbydropplngOneOfperfectlycorrelated  

Variables・Themulticollinearityisexactlyspeaking  
”near－COllinearity”thatseveralvariablescloselylo－  

Cate eaChotherin adataspace．A di伍culty as－  

SOCiatedwiththenear－CO11inearityisthat whenit  

OCCurS，ParametereStimatesbecomeverylargein  

thosemagnitudesand／orproducesignsoppositeto  

OureXpeCtation．Tbdealwiththis typeofstatis－  

ticaldifnculty，WemaylnCOrpOrateadditionalcon－  

Straints，eXpreSSlng prlOrinformation on parame－  

terestimations・Weputthefo1lowlngtWOaSSump－  
tions：  

（Al）TheprameterSpaCeS（U）isclosed・  

（A2）TherelSSOmeObjectivevaluessuchthatthe  
SOlutionset S＝（（p，β）l（p，β）∈Uandf（p，β）≦  

S）・Then，Wehavethefo1lowingthreeproperties：  

（Pl）Whenthealgor！thmdoesnot 
〈 

（2）It the algorithm terminates，then  

mlnpf（p，β）＝minβf（p’，β＊）＝f（p’，βポ）・  
（P3）Assumethattウealgorithmgeneratesanin－  
finitesequence（（βた，晶）fk＝1，2，・・・・），then！here  
existsalimitvalueJ＊suchthatlimk→∞f（βた，βk）＝  
r・Ifr＜s，thenthefo1lowingconditioniミmain－  

tained：min。f（p，β）＝minβf（β，β）＝f（β，β）．   

4 NumericalResults   

Inthepresentation，WeWi11illustratedi侃cultyfor  

SOIvingtheLAVE－SC problem鈷・OmSimpleexam－  
PlesandshowhowmuchourGPapproachcanim－  

provethestatisticale侃ciencybycomparlngitwith  
apreviousalgorithmice飲）rt．   
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