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3．ComputationalEfrbrt  

ThelinearprogrammlngprOblem，hereafterrcferredto  
asP（戸），maybeformulatedasbllows‥  

1．Introduction  

The purpose of this articleis to extend their G－  
P／CR（GoalProgramming／Constrained Regression）  

techniquefurtherinamannerthatitcanincorporate  
SerialCorrelation（SC）in GP regression・Thisarti－  
Cleexploressuchanewresearchdirection，becauseSC  
needstobeincorporatedintoaregressionmodelinan－  
alyzlngmany time－Seriesdatasets・Asaresearchex－  
tensionofmanyconventionalstudiesonGPregression，  
thisarticlewillpresentanewtypeofGP／SCmodel，a  

newalgorithmanditsrelatedanalyticalfeatures，along  
withitsapplicationtoJapanesetelecommunicationsin－  
frastructurcanditsderivedpolicylmplications．  
2．GoalProgramming Regressioh with Auto－  

correlation  

2．1．RegressionandErrorStructure  

Aregressionstructureandanerrortermincorporated  
inGPregressioncanbeexpressedby   

的＝ズ誹＋亡£，  f＝1，‥．，m．（2．1）  

whercylistheobserveddependentvariableoft・hetth  
time period，β＝（β1，β2，．．．，βm）Tis acolumn vec－  
torrepresentingparametercoefBcientstobemeasured，  

Xt＝（xlt，X2t，．．．，Xmt）Tisthetthrowvectorofanob－  
SerVeddesignmatrix，and77tlSanObservederrorinthe  

tthtimeperiod（t＝1，．．．，n）．Thisarticleextendsthe  
error structurein amanner that T7tis further broken  
downintotwoerrorcomponents：E仁1andT］t．Thatis，   

亡t＝酋＿1＋恥  f＝2，…，れ－（2・2）  

Here，Pisacoefhcientforafirst－OrderSCand77tisan  

unobserved，identically distributed error・The condi－  

tion，lβl≦1，isassumedfortheSC・Thetimeperiod  
Of（2・2）startsfromt〒2toincorporatetheSCinto  
GPformulation・EquatlOn（2・1）canbeexpressedby   

仇＝βyt＿1＋匪－βズt＿1］β＋恥亡＝2，…，m．（2．3）  

2．2． GoalProgrammingFormulation  

TheL，regreSSionappliedto（2・3）minimizesthcsumof  
absoluteerrordeviationsforcstimatingpandβ．Math－  
ematically，itbecomes  

n ∑圃＋舶  
f＝2  

（3・6）   

【ズt一戸ズト1］β＋吋－d「＝仇一触＿1，  
f＝2，．‥，m，  

打≧Oand釘≧O f＝2，…，乃・  

Using（3・7），OuralgoriFhmtosoIveGP／SCcanbesum－  
marizedbythefollowlngStep－by－StePdescription：  

StepO：Obtainthelowerbound（EL）ofGP／SCby  

∈ェ＝ min    －1≦p≦1  

Determineasmal1number（0）andthenumbcrofin－  
tervals〃．  

Stepl‥ Setr＝1，Eu＝∞，PL＝－1，andpU＝1，  

andJr＝βL＝銘・  

Computepr＝拉許＋品iforalli＝  Step2：   
ー〟，．．．，〟．  
Step3：Givenp；（i＝－M，・・・，M），SOIveproblcm  
P（pr）・LetETbetheoptimalobjectivevalueofP（p；）・  
Step4‥Findthesmallest（Er）byEr＝ 

＿M 

PrandβrbetheparameterestimatespttainingEr・  
Step5：IfEr－EL≦0，thenset（i），β）＝（pr，βr）a11（1  
stop this algorithm. 

Step6：IfEr－Eu≧0，thenset（i），β）＝（pr，βr）and  
stopthisalgorithm．Otherwise，SetEu＝Er，Prl＝  
max†pr一志戒），andpUl＝min（pr＋品，PU）・  
Step7：Setr＋1＝PUl－P㌢1andr＝r＋1．Return  
toStep2，  

Property3・1・Cれe乃α氾y5？αggpOβ豆如em祝mわer「∂ノ，  
／／′・J小りい川JりJJ／り′′／／川′／・・川′川りJバ再′げ〃州′′川ノ′－′√・／・  

m㍊mわer（げ克erαわ0ア15．  

Asamethodologicalalternative 
． 

”First－Order SerialCorrelation】”whichis usually  

SOIved by the Maximum LikelihoodIterative Tech－  
Pique［1］・SincetheAR（1）procedureiscom；nonly  
lnCOrpOratedinto commercialsoftwares such as TSP  
（Time－SeriesProcessor），thisarticle omitsadetailed  
description regarding the technique so as to avoid a  
descriptiveduplication，eXCePtnOtingthatitsdctai1ed  
descriptioncanbefoundinUser’sGuideof▲TSP，Vcr－  
Sion4・2（1994，pp・33－35）・  

4．JapaneseInformationIn丘astructureDevel－  

OPment，  

4．1．JapaneseInformationIn丘・aStruCtufe  

In1990，NipponTelegraphandTelephone（NTT）an－  
nouncedanambitiousfutureplanforconnectingevery  
homeandofhceinJapanthroughanation－Wide負ber  
Opticcommunicationsnetworkbetween1995and2015．   
Thisrescarchwillわcusuponthefollowlngthreel）01－  
1CylSSueS：  
（a）Ispricingstratcgythcmostimportanthrtheusc  
OfJapanesetelecommullicationsnetwork？  

n  

minimize ∑1yt－Xlβ－P（ytLl－Xト1β）F  
£＝2  

Subjectto －1≦p≦1・  

（2・4）  

Problem（2・4）canberewritten bythefollowingnonT  
linearGPproblem：  

†l  

min ∑圃＋d「］  
‘＝2  

S・t・柑ト1＋［弟－βズト1】β＋  

好一釘＝的，よ＝2，…，㍑  

－1＜r＜1  

β：unreStrictedand  

釘≧Oand釘≧0，f＝2，．．．，m．  

（2・5）  

ItisiTPOrtanttOnOtethatwhenp＝0，（2・5）becomes  

theorlglnalGP／CRmodelproposedbyCharnesetal．  

【2］．Thus，themostimportantfeaturcof（2．5）canbe  
foundinthecxistenceofpintheGPformulation．  
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CalfindingsindicateamethodologlCalvaliditythatthis  
researchcanderivepolicylmplicationsfromTablel・  
Allofthemcan besummarized bythefbllowingfour  
policylmplications．  
PolicyImplicationl（Pricing Policy）：The pa－  
rametere誓timateofW（AverageCallingCharge）has  
negativeslgnSin thefourcasesofTablcl，indicating  
thatanincreaseinacallingchargeproducesanegative  
！mpactonチ？etWOrkpenetrationrate（P）・Thヮs，pric－  
1ngpOlicylSlmpOrtantfortheuseandexpanslOnOfa  
telecommu11icationsnetworkinJapan．  
PolicyImplication2（IncomeElasticity）：TheB  
（averagepercapitチGNP）estimatebecomespositive，  
indicatingthatthelnCOmeOftelephonesubscribershas  
apositiveimpactonwhetherindividualswanttopar－  
ticipateintotheJapanesetelecommunicationsnetwork・  
Thus，thisemplrlCalevidenceconfirmstheexistenceof  
incomeelasticity．  
PolicyImplication3（NetworkExternality）：The  
N（accesslines）estimate becomes positive，indicat－  

ingthat thenumberofaccesslincshasapositiveim－  
pact on whetherindividuals want to participatein－  
to the telecommunications network． The value of  

telecommunicationsnetworkdepends upon thesizc of  
network．Themorepcopleparticipateintoanetwork，  
themore valueisadded to the net，WOrk．Thisin（1icatcs  

theexistenccofnetworkcxternality．  
PolicyImplication4：ThemagnitudeofNislargcr  
thanthatoftheothertwoestimates（WandB）．This  

emplrlCalfindinglmplies that the network externali－  
tyis moreimportant than the ca11ingchargea・nぐIthe  
SpendinglnCOmeiIltheuseandgrowthofthetJal）anCSC  
telecommunicationsnetwork．Manypolicymakersa11（1  
individualsinterestedinJapaneseinわrmationinfras－  
tructuredevelopmentbelievethatprlClngpOlicyisthe  
mostimportant br the network development．How－  
ever，this emplricalresultindicates that thc size of  
thenetworkismoreimportantthantheprlClngl）01i（：y  
in termsofthedevelopment oftheJapaneseiIlforma－  
tioninfrastructure．Furthermore，itiseasilyexI）eCte（l  

from this emplrlCalresult tha・t the success ofthe fu－  
tureJapaneSehlformationHighwaydepends11pOl－tho  
number ofnetwork subscribcrs at theinitia・1stage of  
thenetworkdevelopment．  
5． Conclusion  

Thisstudyhasproposedanewt・ypeOfGPusefortimc－  
Series regression．The mostiInpOrtant feature ofthe  
proposed GP techniqueis thatit canincorporate SC  
initstime－Seriesanalysis．Asanimportantcarsestudy，  

thisresearchappliestheproposedGPtechniquctoob－  
tain policy suggcstions for the future develoi）1ne11t Of  
Japaneseinfbrmationinfrastructure．EmplrlCalfind－  
ingsidenti缶edfromt・hcGP／SCaPPlicationarcsumlna－  

rizedinfourpolicyimplications．Thisrescarchbclieves  
that those policy implicatiorls may serve as a policy 
making basis fbr thc future development of．JapaIICSe  
InformationHighway・  
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Tablel：ResultingParameterEstimates  
Paramet．erEstimates   Methodology  

AR（1）  GP／SC   
Constant   5．592   8．017   

－1．138    －1．264    Ave・CallingCharge   －2．015   －0．884   

Ave．Per－CapitaGNP  6．196  5．626  4．363  3．387   

AccessLines   13．148  12．559  13．455  13．506   

P   0．993  0．968  0．997  0．952   

月2   0．823  0．907  0．845  0．912   

（b）Is thereincome elasticityin the tclecommuni－  

cations network？  
（c）Isthereexternalityinthetelecommunicationsnet－  
work？  
hereafter，becauseofourdataaccessibilityandresearch  
f6asibility．  

4．2．EmplrlCalResultsandPolicyImplications  

In an effort to emplrlCal1y respond to the three pol－  
icy questions，this research applies GP／SC to a real  

data set regardingJapanese telecommunications net－  
WOrk・ThisdatasetconveysinformationconcernlngP  
（apenetrationrate），W（anaveragecallingcharge），B  

（averagepercapitaGNP：GrowthNationalProduct），  
チndN（anetworksize）・Here，thepenetrationrate（P）  
1SmeaSuredbytheratiooftelephonesubscriberstoa  
totalpopulationandthenetworksize（N）ismeasured  
by the numberofaccesslines・Theaveragepercapl－  
taGNP（B）is used toexpress the averageJapanese  
Spendingbudget・Thefunctionalわrmusedinthisem－  
piricalstudycanberestructuredasthefollowlnglinear  
model：  

月＝α＋わl弟＋cβt＋d凡・   （4・7）  

Here，ParametereStimatestobemeasuredfor（4．7）are  
expressedbya，b，Candd，reSpeCtively．TllisemplrlCal  

Studyincorporatesthe number（N）ofaccesslinesas  
anindependentvariablein（4・7）soastoexpressascale  

effectofJapanesetelecommunicationsnetwork．Exam－  

iIllngthesignandmagnitudeoftheparameterestimate  
（d），thisresearchcanempirical1yconfirmtheexistence  
チndmagnitudeofnetworkexternality［thethirdpol－  
1CyaSSCrtion］・Furthermore，theparamefereStimate  
”b”informs thesizcand magnitudeofprlCeelasticity  
［thesecondpolicyassertion］・Moreover，theparameter  
estimate”c”representsincome elasticity ofJapanese  

telephoneacccss［thefirヲtpOlicyassertion］・Thedata  
pointsusedforthisemplrlCalstudyaresampledinthe  
annualperiods from1953to1991．Thesourcesofthe  
datasetareMiyajima〔3］andNTT，MultimediaSer－  
VicePromotionrIeadquarters・WhenapplyingGP／SC  
tothedataset，thisresearchneedstoadjustthisdata  
SetSOaStOaVOidacaseinwhichanindependentvari－  
ablewithalargemagnitudedominatesothersmallones  
inourcomputationalprocesses・Hcre，thcdataadjust－  
mentimpliesthateachdataisdividedbythedatain  
1973・Thus，eaChadjusteddataisexpressedinaunit－  
1essform・ResultingAR（1）andGP／SCestimatesare  
SummarizcdillTablel．Thistablecontainsparameter  
estimates，Withandwithoutaconstantparameter，br  
AR（1）andGP／SC・AnefnPirical丘ndinginTablelis  
Summarizedinthcfollowlngmanner：  
EmpiricalFinding：［Methodology］Inboththemodel  
Withaconstantparametcrandtheothermodel，thisre－  
SearChcannot負n（1anymajordifferencebetwccnAR（1）  
CStimatcsalld GP／SCones．Moreover，ahighdegree  
ofR2scores，mOrethanO・823andO・907inAR（1）and  
O・845andO・912inGP／SC，indicate叫eappropriatenp竺S  

Ofamodelfittotheobserveddataset．Thoseemplrl－  
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