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1． 皿uctlon  

Rec¢ntly．alot of efforts are d¢VOt¢d  

to the m色tbod＄ Of Hon七色 C包ご10 ＄1mulatlon．  

だOr eXample． Ma∑－kov Chaln 凹Ont¢ Cal＝■O  

metbods for8ayslan ¢Stlmatlon．  

ェn tb◎ rlsk（Safety）assessm◎nt．the  

Lat¢n Hyp¢ご¢ub¢ Samplln9（LHS）Hont¢ Carlo  

methodls defaultly necessary．Because lts  
lmpo工■tant 七色Sk．the unc◎rtalnty analysIs．  
requlres the ¢Stlmatlon of th¢ prOpagatlon  
Of uncertalnty． wblcb ls usualユy not  

analytl（⊃ally tractabl色． and ev◎n an  
Ordlnal 凹Onte Carlo method can not be  
applled du◎  tO tbe h19b l¢Ⅴ◎1 0f  
dlmenslonalま．ty．Only the LHS 凹Ont◎ Carlo  

methods can overcom色 the dl至flculty wltb  
lts capablllty to reduce the var且ance of  
tbe output of the MontB Carlo slmulatlon。  

me 乙HS method．d¢Veloped by HcKay．  

Conover and Be（〕kman【1】．1s an ex七色nSlon o空  
Stratlfylng method． and shows good  
performance in variance reduction． but  
that requires the stratification of the  
marginal＄  With equal probabllities  
（equiprobabilit：Y prOperty）．which means  

the nec◎S＄1ty of the easlly tエーaCtable  
lnverse functlon of the marglnal  
distribution funCtlon． Th◎n  ◎Sp㊤Cially－  

1t ls not dlrectly appllcable to tbe  
p工・Oblem wlth corヱ■¢1at¢d （ dependent ）  
Varlables．  

To handle the dependencY in LHS Monte  
Carlo simulation．the author introduce the  
idea of  importance sampling method  
developed by Rubln【2】．practlcally．thls  

mew metbod do not エーequlr¢ tb◎1mtractabl¢  
1nte9ratlon o至  the den＄1ty o至 multl－  
Varla七色   dls七三ー1butlon 蜜unctlon∫  80 b◎  

appll¢d to som㊦1ar9e Sy5t¢m pエーOblem．   

2．DeDendent Varlables  

地色 depend匂nCy ln varlabl¢S O至t¢n  
app¢aエーSln tbe Monte Carlo slmulatlon．For  

¢Ⅹampl¢．1n th◎ un（⊃ertalnty analysIs．＄Ome  

unc¢rtalnty bas tbe same or191n goエー th匂  
SpeCified group members， th¢n BOm◎  

¢Orr◎1atlons wlthln the same var且ables o空  
uncertalnty o更 SuCh members aどe tO b◎  
assumed。On tbe otber hand．1n ＄Om◎1arg¢  

＄y＄tem mO由1 0更 ＄tmCtual ど色11ablま・ty  
p工・Obl¢m．On¢ Can flnd tb¢ d◎p¢ndency ln  
Str¢SS Varlabl¢＄   and／0エー   至raglllty  
Varlabl◎＄ ○空 SOme adjacent compon◎nt8．  
Foヱ・th◎ COntrOl of th◎ COrご唱1atlons．  

Zman and Conover propo＄ed dependence  
lnductlon a190rltbm（rank¢d Chol◎Sky（RC）  
method）【3】 and th¢ rank¢d Gram－Scbmldt  
（RGS）a190rltbm was lntroduced by Ow¢n【4】。  

But tb¢Se m¢tbods can handle only low  
Value of co工・relatlons．That ls ¢＄Sentlally  

due to th¢  Cartesian stratification  

framework of LHS m◎thod lts¢1f．  

工n thls pap㊤r．tbe autho工■ prOpOSeS th¢  

n色W m¢thods whlcb （コan lntroduce non－  
Cart¢Slan  ＄tratl至1catlon＄ and th匂n Can  
bandle tb◎ blgb corr色1atlon problem．   

3．Latln HvT）◎rCube SamDlinq【LHSIMethod  

閻e ar◎ 1nt¢ご¢S七色d ln th¢ Class of  
estlmators o更 the fom   

JI 叫町‥，∬月恒／Ⅳ）芸g（∬‘） （1）  

ぬ◎r¢g（・）＝肝blはa叩蜜00Ctlon．  

m◎㊤Stlmator訂 represents the sampl¢  
mea勘ぬ1chls肌色Stlmator of厘（∬）．紬r  

g（∬）＝∬． r鵬  ＄肌ple mment 至Or  

g（∬）＝∬′ 弧d 帥pl出Cal dlstrlbutlon  

餌nctlonlf g（∬）＝且 空也ニ．g≦∬．＝0  
0th色rWIs⑳．  

For Latln Hyp¢rCube Sampllng．  

郎＝町1（（方ノ¢）－ぴヴ）／柁）  

g＝も…，用 ノEl，…，ク  （2）  

Wb¢ご色  

好ノ（恥。‥，冗ノ¢）；ご弧dom p色rmutatlon of  

f＝恥…，用  

and all乃！outcom◎8拡◎¢即ally probable．   

ぴヴ；ぴ（0胡ご弧80mVarlabl㊤   

（th◎S◎ n p unl空0ヱⅦVarlat色S arB  
mutually まnd◎p¢nd¢nt）。  

王n tbls paper，W¢ dl＄CuSS the lattlc色  

VerSlon・1n w旭Cbぴヴ1n（2）1s r叩1ac①d  

by th◎ COnStant Value．0。5（Owen【4】）．   

4。 工．atln Hvp¢rCub¢ ェmロOrtanCe SamDllnq  

（LH王SIM色thod  

℡b◎1由a oflmportance－Samplln9 method  
ls lntroduc◎d a8 follows；  

L¢t th◎ 8訓pl◎ SpaCe ぶ of X b¢  

pa武1tlon◎dlnto∬飢Sコ01nt strata旦・  

L如 y b色th◎1n飢CatOr Of th色Stara 旦．  

tbatlsぶプ £or y＝γ・地色n Welntroduce  

地層8七色七色6paC¢（Ⅹ，咋then  

∫（Ⅹ，y）巳′（Ⅹ）．ま更Ⅹ∈ぶγ，y＝γ  

＝0．   0tb◎甜1白色．  （）  

Next．  choo8①  an lmportanc¢－Sampllng  

d18tヱ・1butlon foヱ・y．Wh◎re lts 由nslty  
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fs（Y）is an approximation of f（Y），an  

fs（Y）has positlve support wherever f（Y）  
does．  

℡he key l＄ the selectlon of 8ample  
distribution．We have three variatlons：  

（a）Carteslan（LH工S－Cl  

（4）  

ク J∫（り瑚／慨）■  
in the case of llttle correlations  

between Xl’s・To get Y．ve can drav Yl  

鉦Om／1（1）．弧d next draw ち 餌Om  

／2（ち）．…‥ ㌔ from ′〃化）1n tbe  
manner of the lattice version of（2）．Zf  

f（Y）can be represented as the same fom  
as（4）．that is an ordinary LHS．but one  

Can COntrOl（reduce）the correlations by  
theimportance formulation．  
（b）steT）tranSition（LHIS－STl  

ク  以り＝／1（叩′ノ（肌1）・（5）  

in the case of low value of correlatlons  

between adjacent Xt’s and little  
COrrelations for the others‘・1■s are  

drawnin the same manner a6（a）・Zfち．8  

have identical distribution then ve can  

usethes肌e′ノ（ちlち＿1）・  

（C）fulltransition（LH工S－FTl  

′∫（り＝川）かノ（帆，…，羊）・（6）  
for the hlghly correlated（コaSe．   

men ／（∬lり＊ム（り provldes an  
importance－Sampling distribution  for  

（ズ，り．merefore．calculatら  

root mean square error of correlation  

（RMSEC）among columns of X．工f RMSECis  
used to the uncorrelated case． then lt  

reduced to RHSC．  

Sample problems are（1）uncorrelated  
CaSe for LH工S－C． （each marglnal  

dlst・～N（0，1）．ph＝0．forJ≠椚．where  

PLm：COrrelation betveen colum l and  

column コ Of X）（2）cases oflow value  
COrrelation between ad］acent component＄  
for LH工S－ST （ Pb”＝C：COnStant． for  

∽＝トlor〝l＝J＋1′ ph＝00therwl＄e）．  

（3） correlations are set to each  
COmpOnentS for LHIS－FT（Pbn＝C：COnStant．  

forJ≠∽ト  
Figure l shows RMSEC（RMSC）versus  
n for p ＝ n － 1．The new methods show＄  

rather good performance．  

10  50  100  500  

Sample 8ize（n）  

Fiq．1RMSEC（RMSC Iversus n  
for ロ ゴ n － 1   

（the values for RC and RGS algorithm from  
【4】ar¢ al＄O Shown：tWO llnes）．   

6．Concludlnq Remarks  

New methods for LHS wlth dependent  

Varlables are proposed． These methods  
allovs LHS Monte Carlo simulation＄ tO be  

p8rformedwlth hlgh values of correlatlon．  

r賊e001【1】HcKey． H． D． et． al‥  

Technometrics．21．239－245（1979）［2）Rubin．  

D．B‥JÅSA．82．543－546（1987）【3】工mn．R．  

L．．et． al．，Communicatlon Zn StatiBtlc  

Part B，Simulations and Computation．11．  
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′（ズ′，羊）  
（J＝1，‥．，〝）   （7）  1＝   

／（ズ′l羊）＊／∫（羊）  

and estimate the marginal density for  

′（ズ）by  
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5．performance  

Oven［4】examined the effectivene88 0f  
tvo algorlthms．（1）ranked Cholo＄ky（RC）  
m色thod and（2） ranked G工・am－Schmldt（RGS）  
a190rlthm  for reduclng ofトdla90nal  
COrrelations． He adopted the root mean  
Square COrreiation（RMSC）among columns of  
X as a perfomance measure．Ⅵセー1uS¢ the  
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