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The objective of this research is to estimate the parameters of a logistic regression model with 

one-factor Gaussian copula. When the copula factor Z is known, this copula logistic regression 

model becomes a probit model. Our study finds that this copula logistic regression is a regular probit 

model whose parameters are adjusted by the factor of ~1- p where p is the correlation parameter 

of the Gaussian copula. A simulated data is generated to test the corrected estimation technique 

when the copula factor value is known, and to test the traditional estimation technique when the 

copula factor is unknown. The experiment is done under the following conditions. The dependent 

variables are correlated with Gaussian copula at p = 0, p = 0.2 ,p = 0 .5 and p = 0.8 . The 

independent variable is generated from Bernoulli distribution. The number of the sample groups is 

varied from to 1, 5 to 10. The number of data points in each sample group varies from 100, 500 to 

1000. The performance measurement is the mean square error (MSE) in 100 repetitions. The result of 

this research are as follows: 

We find that the estimation method is correct only when the copula factor value is known and 

the parameter estimates are adjusted by ~1- P and the number of sample group is greater than 1. 

For other cases the traditional regression estimation technique yields either overestimated or 

underestimated parameter values. And other factors that affect the performance of the estimation 

include the level of the correlation parameter, the sample group size and the number of the sample 

groups. We find that the higher the correlation, the higher the MSE. We also find that the higher the 

sample group size, the lower the MSE. 
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fI'l1~L~tJ~1LL~~fI'l1~tf1Aty"ll~.Ilif'l!\n 

~ 
UVI'VI 1 

o 
tJ'VI'U1 
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" vh~1 "lnLl.'II'IJ~ ~~'VI1~~1'IJLfII~M3f111~lnf i~fllJfII1~lnf n1~Ll."r'l'VIrJ';j'VltJ1f111~lnf ~~n~ n1n1'IJ 
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vi", ~'lJl~ In'llJ1'1n ~tl~:;~~~n1~H'~'l'IJ t"'!J';jfin'l~'\!I~~~ LU'IJ~ilm.Jl 'lJtr~,11'IJ ~~ n'l ~';j Lf'l~1:;\f 
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" 
'iil1ntf'U'WlL lHhil ih 1 "'Ln~LL 'W'J ~~ 1 'Wn'l~U1f'1'J1~~~";'WfiL;r1~11h:;n't11Jl 'W~'JLLtJ~11l1~ 

'VI1't1 fl ~ 1 ~ fll 'J 1 tJ ~ ~ ..; 'W fi'i:; 'VI ~ 1 ~ ~ 'J LL tJ ~ 111 1 ~ 1'W LL vl fl :; ~ 1 ~ ~ L n 111 ~ 'W L ~ tJ fll 'J 1 ~ ~ ~ ..; 'W fi~ 'iii :; 
" " ihn1'i~ m~t'll 'Wfll f~i11~ LLri Ln1iL;\tJ'Wfll't1YiYi fl1 (Gaussian copula) L~ tJ f'1'J1tJ~~";'WfiLL1J1J 

'II 

" Ln'liL;tJ'Wfll't1Yi~fl1il LU'Wfll'J1 tJ ~tJ~'Wfic.J1'W'V11~ n1~LL'iiI n LL'iiI~ i'J~"lJ't1~ fll'J't1'Wl 'V16 (q uanti Ie) "lJ't1,:j 

~'JLLtJ~i'J~~iln1'iLL'iilnLL'iiI,:jLL1J1JtJn ~'VIfl1 tJ ~'J LLtJ'i (Multivariate normal variables) LLfl :;L~tJn 

j;j'J LL 1J1J f'1'J 1 ~ Cl ~ Cl't1 tJ Lfl ~ fl ~ fll ~ i1 f'1'J1 ~ if ~ 'tf'Wfi~'J tJ Ln 1iL;tJ 'Wfll 't1Yi ~ fl1 d'J'1 j;j'J LL 1J1J fll 'J 1 ~ 

Cl ~ Cl't1tJ Lfl~ fl ~ fll LL1J1J Ln1iL; tJ'Wf'1'flYi~ fl 1 ~fl1l-J1'im111tJH1. 'Wn1iS Lfll ~1:;iLLfl :;~~tJ e.J fl;J'fl ~fll~ 
't1£11,:j~n~'t1,:jLLfl:;L 'VI~1:;~~vl't11tJ 

1. L~'t1~ n'M"1LLfl:;tJ~:;~1 ru~1Yi1 ~1 iJ LI1l't1 f"lJ't1,:j~ ~tJ'i:;~'V1tfll'J1~Cl ~Cl't1 tJl 'W~'J LL1J1J f'1'J1 ~ 

Cl ~ Cl't1 tJ Lfl~ fl ~ f'1 LL1J1J Ln'l iL;\ tJ'Wf'1't1YiYi fl1 'iii 1 n;J't1 ~ fl m~1fl't1,:j 
'II 'II 

2. L ~'t1 L mtJ1JL ~ tJ1J f'1'J 1 ~ 'J n ~'t1,:j 1. 'Wn 1~tJ ~:;~ 1rurl1Yi1~1iJLI1l't1 f"lJ't1,:j~~tJ~:;~'V1tn1~Cl~Cl't1tJ 
'iii 1 n ~'J LL1J1J f'1'J1l-J Cl ~ tl't1 tJ Lfl~~ ~ f'1 LL1J1J Ln1iL ;\tJ'Wf'I't1YiYi fl1 'iii 1 n;r't1 ~ fl n1 ~~1 fl't1,:j 

'II 'II 

" ' " 
"lJ't11JL"lJ I1lm:n4'tJl 'W~'V1mij,Yi'Wfi~nr1J'U'iil:;f'1~'tl1Jf'1fl~i1,:jm~~nM11 'WCi'tl,:j vl't11tJil • 

1. ~rufl~1J~'lJ't1,:j~'JLL1J1JLfl~~~f'1'tl£11,:j~1tJLL1J1J 2 n~~ (Simple binary logistic model) 

~ tJf11'V1'W~ 

• ~'JLLu~m~ (y) dj'W;J't1~flL~,:jf'lr:wl1Yi LlntJnm'iLL'iilnLL'iiI,:jLL1J1Jf'1'tlYi~fl1L1J't1f':fl~ 

(Copula Bemoulli distribution) J'W~'t1 ~1~,:jLnI1l1'WLLvlfl:;rl'l"1I'tl,:j~'JLLtJ'i~1'l~n 

f'1'J1 ~i~";'Wfiri'W~'J mn1iL;l tJ'Wf1I't1Yi~ fl1 LLfl :;n1'V1'W1n rl1 ~'J LLtJ ~11l1 ~ 51 rl1 LVi tJ,:j 2 

I .. 

f'11 fll't1 0 LLfl:; 1 

• ~'JLLtJ~~~'i:; (X) LU'W;J'tl~flL~,:j~ruJl1Yi L~tJiln1nL'iilnLL'iiI"lLL1J1JL1J't1f':fl~ 

(Bernoulli distribution) ~'JtJYi1'i1iJLf;]'t1f p J'W~'t1 X ~ Ber(p) LlntJilff,:jni'W 

fll'J1~'l.h'iil:;LtI'W'tl £11 'W'iU"lJ't1,:j .. .. 



3 

, 
... - q IV .y. IV r 

2. LW1"llL"lItJ'lJrl'elYi~~1 (Gaussian copula) "f'l~~(;)Url';l1lJ~lJYi'IJfi p = 0, p = 0.2 , 

p = 0.5 LL~~ P = 0.8 

3. ~1'IJ'l'IJnqlJt;j';l'tlth~~Lfl'IJLLI'i~~~'tlU''el~Wl~"f'l(;)~t1~ (m) dj'IJ 1 ,5 LL~~ 1 0 n~lJ 
4. ~1'IJ';l'IJ'1I'lJ1(;)t;j'lt1th~ L'lJLLI'i~~nqlJ"f'l(;)~'tl~ (n) dj'IJ 100, 500 LL~~ 1,000 

5. fh~'IJ(;)~1'IJ';l'IJn1~n~~vh41L'lJLLvi~::;~rn'IJn1~rudj'IJ 100 ffiU 

6. ';hn1~~1~t1~ift1lJ~ (Simulation) ~1lJ~m'IJm~ruYlri1~'IJ(;) 'LDltJH"hhLLn~lJ R .. 

i'UJ)J~31\Jn1"i1..r!J 

1. rl'l1lJllJ~'lJfL'IJ~~;U~~~ ~1lJ1~tll11L~t.J~n1~U~~lJ1ruf'i1Yi1~1ijL~t1ht1~llJU~~~"f'lt .. 
_ .. " .... ~ .,. " J' 

rl';l1lJtlc;\tltltJLL~~t.J~m~';lLrl~~~'tl~~"1n~';lLLtJU'lJlJrl';l1lJ~nj;ltl~lJ1n''IJ 

2. ~1'IJ';l'IJn~lJ l'i';l'elth~ L 'lJn1~"f'l C;\~'el~ LL~::;~ 1 'IJ';l'IJ'1I 'lJ1 (;) l'i'l'elth~ L 'lJLLI'i~ ~n ~ lJ"f'l (;) fit1~ ~ lJ1 n • • 
J' • 'I" .1 ' -.,. %.1 ~.:-
'1I'IJ "f'l1 b ~ t.J fi n 1 ~u ~::;lJ1 rul"l1Yi 1 ~1lJ Lr;]'el ~'11 'el ~ t'llJu ~~t'l 'Yl firl';l1lJ tl (;) tl t1 tJ LLfi ~t.J fi n 1 ~ 

_ .. " ....~... J' 
';l Lrl ~ ~~'tllJfi"1n j;l';l LLtJUl.llJ 1"l';l1lJ L ~lJ 1 ~~ lJlJ 1 n '1Il.l .. 

... 
n1~~{tJild~l.ln1~~{m~~"f'l~'MD (Theoretical Research) ~~~n'M1~~n1~~Ll"ln~tf 

if'tllJ fi ~'l tJ 1"l'l1lJtl (;) tl'tl tJ Lfi~ ~ ~ I"l nniHrtllJ fi t;i';l LLU ~r;]1lJ L 'lJLLtJI fl::;f'i1l~ Ln j;liJ rl';l1lJllJ~l.lBn 'IJ .. .. 
, ... 

LLUtJLn1'1fL~tJ'lJI"l'elYiYifi1 ~~1~~1L il'IJm~~{ tJ ~~il .. 
1. ~n'M1I"l'l1lJllJ-nl.lfiLm'1fL~tJ'lJrl'tlYiYifi1 (Gaussian copula) ~';ltJLlJ"f'l1n{~~llJ-n'IJB L .. 
2. ~n'M1ff~nil.lrl';l1lJ,.h"~LiI'IJ'1I'el~t;j';l LLU~mlJ Ll.lt;i';l LLtJtJ Lfi~~ ~ rl (Log istic model) 

3. ';hn1~~1~tJLLtJtJff~ ni'\Ul1';l~t.h"~LU'IJ (Likelihood function) 'tl~ t;i';lLLtJ~mlJ L 'lJt;i';l 
'II 

LL tJ tJ rl ';l1lJ tl (;) tl 'el tJ Lfi ~ ~ ~ rl L(;) tJ V,1 rl ';l1lJ llJ -n 'lJBLL tJ tJ Ln 1{L ~ tJ'lJrl t1 Yi Yi fi 1 (Gaussian 
v 

copula) L if1lJ1tJ~~ntltJ Ll.lm~LL"mL"~1"l'l1lJ"h"~LiI'IJ'tl~i';l LLUtJ rl';l1lJ tl (;) tl'el tJ Lfi~ ~ ~ I"l 

l11 Hl~ ~tJ LLtJtJff~ ni'Wl1';l~'l.h" ~LU'IJ'1I'tl~ t;i';l LL tJtJ rl';l1lJ tl (;) tltl tJ Lfl~ ~ ~ I"l~ iJ rl';l1lJ llJ-n 'lJB 

, 
IV £II IV %. IV tI'" ...... 1-' 
nl.l"f'l1::;(;)tJl"l'J1lJ¥'ilJYi'IJfi p = 0 ,p = 0 .2 ,p = 0.5 LLfi~ P = 0.8 LLfi~mLLu1'el~1~ 

~1'IJ'l'IJ 1 t;j'lLLtJ~ L~iJn11LLr.WLL"~LLUULUtlf'Jfi~~';ltJYi111ijLr;]tlf p = 0.5 '!'lJPi'el 

X ~ Ber(O.5) ~tJri1~l.l(;)~1l.l'll.l'1ll.l1(;)t;i';l'tlth~Ll.lLLl'ifi::;nqlJ (n) LU'IJ 100, 500 LLfi::; 

1 000 LC;\tJ~1l.l';ll.ln~lJt;j';ltlth~L'lJLLl'ifi~1tlU'1lt1~n11"f'l(;)fitl~ (m) Lill.l1 ,5 LLfi::; 10 nqlJ 

L ~tlv'1lJ1L fll.lm ~~ Ll"ll1 ~tfift1lJ fi" 1 n t;i'l LL utJ Lfi~ ~ ~ I"l LLuuLm'1fL~tJl.lI"lt1YiYifi1 
'II 'II 
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5. v'hmnh::~'lru~hi~u~::~'Vt"in'l~tl{;Hl'tltJ"lI'tl ~ Yn~'lijLV1'tlf PO' PI 

6. v'h m~~ LfiI~'l::~Hftl~~ LL~::LtIhIU L ~ tJU WJ '1 ~ bl n~tl~ 1 'Wm~u ~::l-J'l rufll'lll-Ju~::~'Vl~n'l ~ 
~ ~ 

l~LnV1i1fi1/;n~l~";'Wfin'W1'W~::~ufiI'J'll-Jl~";'Wfi1il'l~1 '''In;rtllJ~~1~m~~'l~tl\l 

7 . t'lruCJ~mij~tJ • 

f'1'lYi'l~'lijLV1tlf~'ln~t'l (;I,!'W ~::~"'l~ru'l"'ln fii'lL~~tJ rl'J'l~fiI~'l(;lLrl~tl'Wn '1 i\l t'ltl\l (Mean Sq uare • 
Error: MSE) LL~::n"'l~ru'l flI'l L~~tJ LL~::~'J'WL~ tJ~ L 'U 'W~'l V1 ~~'l'W1 'Wn'l~'Vl (;I ~tl\l4'l 1 00 ~'el'U 

u~::ntl'Um~~Pl~'W1" 

... 
Yi'l~ijLV1tlf PO' flt ;\l~tllun 

K 

L(Pk - fJki 
MSE. = ..:.:...k=-=-O ___ _ 

I K+l 
I I I '" t 

L~'tl MSE; LL'Vl'W flI'lL~~tJrl'J'l~rl~'l(;1Lrl~'el'Wn'li~~tl\l1'Wm~'Vl(;1~'tl\lrlf\l~ i 

P k LL'Vl'W ~'Ju~::~'lrul~u~::~'Vl~m~"(;ItltltJ~'J~ k ~u~::~'lrul~'Wfilf\l~ i 

K LL'Vl'W ~'l'W'J'W~'JLLU~:a~~:: L(;1tJ~ k = O,l,2, .. . ,K 

... ... 

n'l~'Vl(;l~tl\l''l LiI'W~~n 

L 

LMSE; 
MSE = -,-; =-=-1 _ _ _ 

L 

LPltJ~ L LL'Vl'W ~'l'W'J'Wffi'U1'Wn'l~'VlPl~tl~4'l 

LL~:: MSE LL'Vl'W flI'l L~~tJ rl'J'l ~ rl ~'l (;1 Lrl ~'el'Wn'l i\l t'ltl~"lItl ~ f'1'lU ~::~'lrul~u ~::~'Vl ~n'l ~ 
... 

"(;1tltltJ"'lnn'l~'Vl(;l~tl\l''l 
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U'a:: L!I'!IuvI f'l1 ~~1~:: 1~1''U 

1. vh 1 ~'Vl~1U11.J LLUU 19i'JLLUU f"l'J'UH1 ~ Cl~tJ t~~ ~ ~ 1"11 'lJn 1ru~;r~l.I~iJ f'l'J1l.1 ~l.I~'lJfin'IJLL'Uu 
v v 

LmiL;tJ'lJI"1~"'''W~1 L~l-JL~l-J~1nm'ru~;rtll-J~Liltl~M::ntl~~H'n'IJ~ri1tlif9~Utl 
",) \J .. ~ 

o .!'I 41 .c , "."f 1 ... .J .... "f '" 41 '" • I '" '1 0 

2. ~1 ~11(l 1..11 ~1 LlJ'IJ'Vl1.:J L~~ n~tl.:J ~ 'lJn1 jLLn lJ q)~1 'lJn~Cl.l'Vl ~lJ99tJ~~~ ~'J LL lJj~tl ~l-J 

f"l~U r;1 'Jtl~1~ hJL fltJ.:J YI~ 1 'lJn 1 ~U1l-J1~ LI"1 ~1 ::i;r~ l-J ~ ~~ ~1~~.:J e.J ~ r;l~ n1 jLn ~ ... 

" 
3. vh 1 ~ r:Jfi mfi LI"1~::i;r~~ fi~'JtJl"1'J1l.1Cl ~Cl~tJ 'Lfi~ ~~ l"1uiJ 1"1'J1l.1Cl n ~~.:J LL~::iJ 1.J ~::~ 'Vlfl111Y1 

v v 

X 
l-J1n'lJtl 

4. "'11 ~ Ln(;lI"1'J1l.1L;r 119 L~ tJ'Jn ui n 'Mru::'lJ~.:J Ln 1iL'tJ'lJI"1~YIYI ~1 L ~~ ~1l.11~mJ.111.J 
v 

1.J ~::tJ n [;11;rt 'IJ.:J1tl~1'IJ~ 1..11 

5. L~~LiI'lJLtln~1~~tll"1~1LLfi::;r~2J~~1.:J:a.:J~1~fU~~~'lJ1~~n'M1'Vl(pt~ ~~nn1~ LL'IJ'J'Vl1.:J 

1tlm~'':n.:J1'IJ~4'tJd11.J1'~1~u11u~n'M11'IJu~::L~tl~'IJ 1 ~L~m;rtl~ 



"'" t1'V1'V1 2 

'l1J'Ul'1e"l:;mh'lti~LL'U'U~1~~~~i'lLl.tl1m)Ji1P1'HY1tl'1 2 Pl1 (Binary Dependent Variable 

Model) ;~l~Ll.ri LI.'U'U~1~~~t~~l'1 (Logit model) LI.~:;LI.'U'U~1~~~t'Y11ijl'1 (Probit model) 

i'lLl.'U'ULn1'L;tI'W~~'Y1't:1~1 (Gaussian copula model) i'lLl.'U1I~'l1l..!rI'Ml~tlL~~f\;;~LI.'U'U 

Ln1'L;tl1J~~'Y1'Y1~1 (Logistic regression model with Gaussian copula) LI.~:;i'd~th~n11 
'II 

tl1:;~nlJl1"~1'Wi'lLl.'U1I~'l1)JrI"'rI~tlt~~f\~~LI.'U'ULm'L;m.!~~'Y1~~1 

2.1 U1l1J41~il~;1~/lLLtl'i~1JJilA1L;;!I~ 2 A1 (Binary Dependent Variable Model) 

LI.'U'U~1 ~~\I~iltl)J,j1l..! 1 'l-n'l 'Wn11,j1)J1 'l-ifil LI") l1:;\Hf~)J ~~ii ~m~tN:;'1I~-:J i'd LI. tl1lJl1)J L tJ1J 
'II 

L~~~tlU11'Y1~iiPl1LtJ1JhJl~ 2 Pl1 (Binary response) ~~ LI.'U'U~1~~~L~~l'1 (Logit Model) LI.~:; 

LI.'U'U~1~~~LYlriJl'1 (Probit Model) LI.'U'U~1~~\I.,r~f\~~n f\)J)J~(h~'d~1Jll'1i'1l~~f')'d1l..!'\.h"l:;LtJ1J~ 

"l :;l\l Ln lJl fOh~~\I m1Ln '" L ~ lJl n 11N1 'Wi'd~ th\ll)J~'WfiLtJ1JL~-:J Lt\'1Jrl'U i'l mJ 1~f\ 1:; 'Ll?l tI LL 11 'U ~ 1 ~ ~ \I • 
L'Y11Ul'1 'l" ~'l~'Wl 'Vli'1l~~m1L1."lnLl."l~ LI.'U'l.J1Jn~ LI.~LL'U'U~1~~\I L~~'Vl 'l"~'l~'Wl 'Vli ~~-:J n11L1."l nLL"l\l 

LI.'U'U L~~ f\~ ~ 'W~ n"l1 nen11LL"l nLl."'l~~-:Jf\~\lLLlJln j;]1-:Jrl'W~"ll'd~tl~1t1~~\ln11LL"l n LL"'l\l Lc;)tlt'l'l'W 

D ~1 ml~~ m 1LL"l n LI."l-:J LI.'U'U L~~ f\ ~ ~ "l:;~'W1 n~1n 1m"l n LI."l~ LL'U1I t 'Y11Ul'1 ~th~ hri (PI1l..! I:.J ~ n 11 

D1:;)J1NPl1Yl111lJ LlJl~fL 'WLL'U'U~1~~\I L~~'VlLl.~:;LL'U'U~1~~\I t 'Y11U'Vl ti-:J 'l ~ 1:.J~~hl LI.(PI n "h~ rl'W)J1 n 
... 

,rn (fi1lJl1 r.r'W'Vl:i'L~~m, 2542: 16-24) ~1'V1f'U'l1J\l1'W~r.rtlil~~n~1'd~1~ti\lLl.'U'U~1~~\lL~~'VlLL~:; 
... 

LI.'U'U~1~~-:JLYl1U'Vl (Daniel A. Powers LI.~:; Yu Xie, 2000) ;\ll1t1~:;L~tI",l'l~hJil 

2.1.1 U1J'U"h~il~t~~'VI (Logit model) 

LI.'U'U~1~~\lt~~l'1 ii1DLL'U1I~)J~'W;~d 
'II 

n1~'W"''l~ Yt· Lil'Wi'dLLD:i'~1L'Vl'W"f1 (Latent variable) "1l~\I'VIt.i'ltll\lLn(;l~ i ; i = 1,2, ... ,n 

~iiltlLL'U'ULil'WYl\ln-n1JL~\lLt\''W (Linear function) "1l~~i'lLLtl1~M:; K + 1 i'l (I, X il '""" X iK ) ~ 
iil)J'l.h:;~l'1i (PO,!)l' .. . ' 13K ) LI.~:;~i1~'l1)J1")~1Cf1L~~~'W (eJ LCfltI~ ej rln11L1."lnLl."l\l 

LI. 'U1I L~~ ~ ~ I") LCfI tl1D LI. 'U1IYl\l n-n'WL ~-:J Lt\' 'W L il 'W;\le 
'II 

K 

y,. = Lf3kXjk +ej (1) 
k=O 
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(2) 

" 1 \I'Vl1~tJntJ";vi';lu.tJ'ifl1L'Vl\ll1 y /. Lti~1~1'lmritJ'ift!lJfl,"ffii~LnVlrh L~",1~ ~~,r\lt.lfl~~fi 

;~Li:l\l~~~i~LnVlL~~t!~u1~1tJful"'d~l\lvi';lu.tJ~\I (Dummy Variable) u.'Vl\l~';ltJrh y/ ~~d 

Y; = 1 lh Y;· > 0 

Y; = 0 Ll1 Y;·::;; 0 (3) 

o 

n1,"\I£9lm'lL '1i';l~ Vlfl1£9l U.N~1\1~t! ~1~1~~1'it!~ (Reservation wage) ,"~'1tJt1~ 'i~vrtJ ~'1~'1~~ 

LLN~ 1 \I iii ~C~~ vi £9l~\I 1 iii L.;J'1 i';l ~ Vl fl'1 £9l U. N ~1 \I '"'1 n\l '1 tJ ~ 1~ L~ \It! ~ '1~'1~ ~ ~ '1n~1 ~ 1~'1~ ~ '1 'l'f.l~ 

LL'l~~1\1"'~L~'fl n 1ti L'1 n ~ Vlfl1£9l LL'i~~'1\1 u.Pi Ll1,"1 n\l '1 tJ~1~ L~\I'fl f'h~ '1~~ ~~ n~'1,"1'fl L'Vb fltJ ~ '1~ '1~ 
'II 

~1'i'fl~ U.N~1\1"'~L~'flnL''1i';l~Vlfl'1£9lU.'i~~1\1 ;~rh~'1~~1'i'fl~LiJ\I~~~u.Vlnvh~LtJVI'1~~m~tnJ~ 
'1l'f.l~LLN~'1\1~m4'tJhl~'1~'1'i()i~LnVl L~ u.vi~~~ W54' tJi~ Ln VI L~~'fl m'lvi £9l ~\I 1", L.;J'1 i';l ~,"1'f.llti L.;r '1 

'II 'II 

i';l~Vlfl1I?1LLN~'1\1 ~~,r\l vi';lLLtJ'ifl1L'Vl\l'Vl1.\lvi';l'flth~d ~'fl pj1~'1~~'1'i'fl~ (Jr.) u.fI~vi';lLLtJ'i~ 

i~LnVll~ ~'f.lm'iL.;r'1n~,"1'flhJLihn~l1lfl'1£9lLL'l~~'1\1 (Y) LU\lrX\I 

p[Y; = 1]= ply;· > 0 J 

= p(t fJ /c X j/c + ej > oJ 
/c ;o 

=p(e/ >-~PkXLt J 

=l-F(-~P/c XLt J 

= F(~ fJ /C X jk J 

(4) 

L£9ltJ~ F ~'fl Yl'~n..n\lm'iLL"'nLLIiI~~~~~ (Cumulative distribution function) '1l'fl~~'1I"1';l'1~ 

I"1fl1c;tLI"1~'fl\l (e j ) ~iJl1lLLtJtJm'iu.lilnLL"'~LLtJtJLt'I~~~1"1 
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1um·ti1~h Yj ~Lr'hJ'~tJ~UJ11~,,~;:jn1~LL"nu.'·Nu.UULU~fu~~ (Bernoulli distribution) 
~ ~ 

~,:j!Ol'lrl'J'ltJkh,,~d1u(lnriTvIUe;)~tJ~tJn'l~ (4) ~'l~fu~fi~H1.un'l~u~~tJ'ln.uoh~tJ1h~~Y1~n'l~ 
~ 

(Ie;) (I~ tJU.UU~'l~~\I L~~\'l~ L ~tJ'l~~tJ u.~~Ltlu~iltJ tJ ~~ '3fil1'l'J~kh"~LtluM~ e;) (Maximum 
~ . 

likelihood) ~,:ju.u'J~e;)'tkm'lnJ~~tJ1nJ!Ol'lltJtl~~~Y1tn1~(lt?l(l~tJ~tJ~fid ~'f) 'ti'lm~u~~tJ'lruLt?ltJ 
n'l~~'l fOi'llJl'Ju 'l~tJ'lru'!l~\lltJu 'l~~Y1~n1 '1(1 e;) (I'f) tJ~'ti'l1 ~ rl'J'l tJ'Il1" ~LtI ui'J tJ'!I'f),:j;r~ tJ ~;:j !Ol'l~,:j 

~ ~ 

~~(;l u.~~'luu.uu'!I~\I~tJm~\lniWl'l'J~'Il'l,,~dju (Likelihood function) iJ~ULLUU~\ld . .. ~ 

(5) 

"'ln~tJn1'l (4) Lri~Yl',:jniun'l'lu."mL"\I~~~tJ'!I'f),:jfOi'lrl'J'ltJrl~'l(;lLrl~'f)U (e;) iJn'l~u."n 

U.",:jU.UUL~~~~rl ,,~1~~'l 

Lt?lm1tJn~tJm'l (6) ~'l Logistic Response Function 

LL~~YlU~'l 

1'; 

1 

(6) 

(7) 

(8) 

"'l n ~ tJ m '1 (8) ''l,:j ~k! "~L ~k!~'l rl'J'ltJ l tJ~k!fil U'lU u. UU'!I~\I~ tJ m 'lYl'\I niU11'l'J ~kh" ~L tlu 
~ 

1~1~~tl1u'lUL;\lL~U ~\l1~iJm'lufu't~~f!i1u'lUL~\lL~U ~\ld 
~ ~ ~ ~ 



" 'hJLn~L~~m~nr ~\lil 

Odd Ratio = OR = p(y = 1) = ~ 
p(y = 0) 1- Pi 

ex{t,/J,X. ] 
= 

1 + ex{t,p.x. ) 

:. OR = exJ'IPkXik] \k=O 

n'tl~ Natural logarithms 'Il~\lt'll-Jm~ (9) IOj~l~ 

9 

1 

(9) 

(10) 

,r'IJ~~ IOj1nt'll-Jm~ (10) IOj:;l~m~LLtl~NL~~'Vl (Logit transformation) ~1-~L1£Jn~n~£h\l~~\I~1 

Vi\lni'IJ~~ut'l'IJ~\lt~~'Vl (Logit Response Function) ~'fl 

(11 ) 

(12) 

., 
~\I~'IJ t'l1l-J1~m'tI'IJt'll-Jn1~Vi\l n-n 'lJ1l1'J :;tJ11Oj:;L tl 'IJ L ~~£lL 'IJ~tl'll~\I m nLIOjn LLIOj\l LLUU L~~ t'l ~ f3I 

'lJ 'lJ 

" (Logistic) 1~~\l11 

n 

L = IT Pi Y, (1- Pi Y-Y, 
1=1 

n 

In(L) = I {Yi In(PJ+(1- Yi)ln(l- pJ} 
1=1 
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lnL = f{r; In( ~i ) + In(l- p;)} 
1=1 1 Pi 

(13) 

,r'l.l~'fl rot~~'UJ'l'1t1,"1rlTr~1rlilLVI'flf,'fl\lilJu'1~~Yltm'1t1r;Hl'flrJ (Po ,fJ1,· .. ,/3 K ) L(;)rJn1'1 

,"1rl1 First order condition 'lI'fl\l~lJn1~\lni'\Ul1'l~"hrot~Ltl'l.l1l?lm11,"'I.l(;) 

k = O,l, .. . ,K (14) 

alna~(P) = u(P)= ~ (fi - Ai )Xi = 0 (15) 

L~. A, =i~p,x~ )=ex{~p,x" ){l+ex{~Pkx,,)] 

2.1.2 LL'l..J'l..J41~il.:JLV.~ijyl (Probit model) 

LL tJtJ~ 1~ 'fl\l LVi '1DYl 51 '1lJ LL'l..JU~1 ~ 'fl\l LilJ ~'I.lL"ll 'I.lL~ rJ'J n'l.lfltJ LL tJ tJ~1~'fl\l L~~ Yl ~\I LL~ (;)\11 'I.l .. 

K 

y;" = 'LPkXik +ei (16) 
k=O 

'i' • .!"I .... .1 r . '..t'..J ..I .... 1 
~(;)tJ fi Lu'l.lmLLu'1~1LYl'l.lYl (Latent variable) ~'fl\l,"'I.l'JtJ'Ci\lLnVlYl i; i = 1,2, ... , n YllJluLLUtJ 

Ltl'l.l~\lni'l.lL=n\lLt\''I.l (Linear function) 'lI'fl\l~'JLL1.h~~'1~ (1, Xii , ... X iK ) ~iJVi1'11ijLVI'flf")J'fl\l 

ilJu'1:;~Yltm'1t1"'t1'fltJ (/30,/31,,,,, /3K) LL~~rl1f')'J1lJf')~1(;)Lf')~'fl'l.l (e;) 1I?ItJ~ ei iJlULLUtJ 

n1 '1LLrot n LLrot\lLtl'l.lLLtJutln~ 

1'1.lYl1\1lJntJ~~'JLLlJ'1~1L'Vl'l.li f l · hl~1lJ1'1mritJ'~''fll.J~,"ffil\lLn(;]rl11~r.i1\1 ~\I~'I.l~~~Vifi 

;\lLtI'I.l~\I~l\lLnVl1~~'fl\l~1lJ1lJfu1~Ltl'l.l~'lLLlJ'1~'\J (Dummy Variable) LLYl'l.l~'JrJrl1 fi ~\ld 

fi = 1 tl1 f i• > 0 

fi =0 tl1 f i • ~O ( 17) 



p[Y; = l]= ply;· > oj 

~p(t,p,x" +e, >0) 

=p(e; >-tf3/cXiJc) 
k=O 

=1-q>( - ~f3kXiJc) 

~ <I>(t, p,X" ) 

11 

(18) 

~tJ~ q> ~'tl if\lfl-n'IJn1:i'LL"'ImL"'I.:ItI\~~tJ (Cumulative distribution function) '1I'tl.:lrhf')'J'nl 

f')t'l'W1Lf')~'tl'IJ (e;) ~illllLL1J1Jn1:i'LL"'ImL"'I.:ILL1J1Jlln~ 

"'I'1nrl'1 Yj ~Lfi1J';rm.Jt'll-..n1~"'I~iJn'1:i'LL"'InLL"'I.:ILL1J1JL1J'tlf'IJt'l~ (Bernoulli distribution) ~.:If'h " ... 

f'1'J'1tJ"h"'l~Lij'IJt.1nfhVl'\J(;) t(?ltJ~tJn'1:i' (18) LLt'l~"'I~LLll:i'~'lJmtJrhvi'J LLth~~:i'~ (X;) ~illllLL1J1J 
" '1I'fl.:l~tJn1:i'if.:ln-n'Wl'1'J~'\.hOl~Lij'IJ (Green, 2000: 811-895) ;.:I;J, 

(1 9) 

"'I'1n~tJm:i' (18) Ld'flif\ln-n'IJn'1:i'LL"'ImL"'I\l~~~tJ'1J'tl.:lrl'1f')'J'1tJMn(?lLf')~'tl'IJ (e;) iln'11LL"'In 

LL"'I.:ILL1J1Jllnil ;.:IJ'IJ 11lLL1J1J'1J'tl.:lif.:ln-n'IJn1:i'LL"'InLL"'I.:I Lij'IJ;.:I~ .. 

(20) 
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K 

1]; = <t>-l[pj]= LPkXjk (22) 
ko:(J 

,r'U~~ m~LLtl~-3LYi~ihl (Probit transformation) ~-3LtI'Uj;j'de.Jner'U'll~-3yt-3n-n'lJ.n1~LLlijnLLr,N 

t'l::;t'll-J'll~\lj;jr;)LLtlnilJ~i1m~LLlijmLIij-3LLuutln~lJ1ml1'U (The inverse of the standard cumulative 

normal distribution function) t'l1lJ1~m;JtJ'lJ.l~LtI'U 

K 

probit(p;) = cp-I (p;)= 17i = 'LfJkXik (23) 
k=fJ 

LLutJtln~l-J1(;ljl1'U (Standard normal distribution) 

1VItJtln~LL~r;)mro~::;l-J1ruLLUU~1~~-3L;J\lL~'U rf3r.ftJlij:;'tft3firi1«\lt'l~\li(~tJ~~(;) (Ordinary 

Least Squares: OLS) -:jfim~~\ln~1r;)1,,]t'l1lJ1~(1't-n~ntJm~tl~:;l-J1ruLLutJ~1~~\I~i1«n'M'ru:;1,,] 

LtI'UL~'UIJl~\I (Nonlinear Model) 1fin1~~Iij::;'t.jftl~::;lJ1ruLLUtJ~1~~\lLYi~U'VIIij:;'t-ir5fin1~L~mn'lJ. 

nULLUU~1~~-3 L~~'V1 ~~ 't.jfm~tl~:;lJ1ru~'dtJ-:jfifl1r;):;'tl1'"l::;LtI'Ut'l-3t'l(;) (Maximum Likelihood .. . 

L~ IJ$(~p,x. nl-$(~Pkx.)r' 

lnL ~ ~ {y, M(t, P,X. ) + (1- y,)+ -<I>(~ IV. )]} (24) 
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~~~1lJ1~tl'VI1r11Yi1~1i1Ll'lt1f"llt1~~lJtI~~~'Vlin1~tlC;H1t1rJ (Po ,/31 , . • . ,p K) t~rJn1~'VI1r11 First 

order condition "lJt1~if~niW11')~t.!1"t~Lilu WltJrh'VIu~ 

alnL(p) = 0 
aPk ' 

k = O,I, ... ,K (25) 

LL~~~1lJ1~tlm~LLn~lJm~'VI1rh First order condition 'llt1~LLtJtJ~1~t1~tYirij'Vl ~~YitJ~1 

Lri'tl ¢I LL 'VlU if~niurl'J1lJ'VIU1LL t.!U"lJt1~~,)LLtI~~lJ~ilm~LL"tnLL"t~LLtJtJtln ~lJ1l'l~~1U 

<I> I LL'VlU if~nium~LL"tnLL"t~~~~lJ"lJtN~'JLLtI~~lJ~ilm~LL"tnLL"t~LLtJtJtln~lJ1l'l~~1U 

n~rJ1 'J1U'l!tlUqJ'l!1 (2548) 1~nfi1'J~~m~'Vlc;)~'tltJ~lJlJ~31ut~tJLLti~t1t1milu~t1~~'JU 

~'tl m '1'Vl ~ ~'fltJ rl'J1lJ ilurJ ~1 ~ qJ"ll'fl~ ~lJtI'1~~ 'Vl i rl 'J 1lJ tl (;l tl 'tl tJ t~ ~ ~ ~ r1 "lJIM ~'J LL tI 'l~ ~ '1~LL~ ~ ~lJi'J 

Ho :f3k =0 

H I :f3k :t:O 
;k = O,I, ... ,K 

~ , 

(27) 

m'l'Vl~~'fltJ~lJlJ~l1U;r1~~uil 'fl1"tl-if~i1~'Vl~~'tltJ'J'tl~~ (Wald test) ,~iln1'lLL'"lmL"t~ 
, ~ 

LLtJtJlr1n1i~~'tl~ WltJ~'tl~~1~~'l~L'VhntJ 1 ~rJ~i1~'Vlc;)~t1tJ'J'tl~; Lilu~~il 

(28) 

LLl'll un ~ru.~ rl1 ~ lJtI'l~~ 'Vltm'ltl c;) tl'tl tJil rh lJ1n"t ~l111 ~ rh r1 ~1 ~ Lr1~'flUlJ 11n 'l~1 uil ri 1lJ1 n 

~'J rJ ~~"t ~l111 ~ rl1 ~ Ci~'Vl c;)~ 'fltJ'J'fl ~;il rI 1 ~t1 tJ LL~ ~l111 ~Ln ~ rl'J 1lJ~ c;)Yi ~ 1 ~ 1 un1 'l'Vl c;) ~t1 tJ 

tI'l~IJ1'Vl~ 2 ~u ~~,ru 1 unnn~ rl1~ lJtI'l~~'Vltil rl1lJ1 n'VI1t1 ~'J LLtI 'l~~ 'l~Lilu~'J LLtI'lL:n~ rl ruJ11Yi • 
~~~t1~U.tI~N 1 ~t1~1 Ultl~'JLLtI'l~U (Dummy variable) hlrl'J'll-ifrh~i1~'Vl~~'tltJ'Jt1~~ LL~rl'J'll-if 
~Ci~'Vlc;)~t1tJt1lJl'11~'JUrl'J1lJr1'J'l"t~Lilu ~i1t1.:jPl1~M~LYhntJ 1 t~tJ'"l~l-if Block Chi-Square ~ 

, ~ 

block 2 hl~,)lJ~'JLL1.J'1i)M~ X k lu"llru~~ block 1 '1'JlJlJi'JLLtI'li1M~Xk B1.u~lJm'l ~.:jil 

Block Chi-Square = [- 2LL(b/ock2)] - [- 2LL(block 1)] 

= [- 2LL(XI>X2,·· ·,X.H ,Xk+l , .. ,X K )]- [- 2LL(XI>X2,···,X K)] (29) 



Ho : /32 = 0 

HI: /32 * 0 
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'''In m~~ m~t'l Lm£.llJ L Yl£.llJ ~ ii~Vl (;1~tllJ'ltlflc;f I.I.fl ~i j;]~'lfl'l'\Jrl'l'll-J rl'l ~,,~dl\J L(;1£.1 Agresti 

(2002) l~~~,jrj'l l~n~w~'1l~'l (;1vi'ltlth.:jL~ n~ii~'VI(;1~tllJi l'l~'lfl'l~rl'l 'll-J rl'l ~"~Lth~"~L ~tl ~tll~ • 

H 0 : /31 = 132 = ... = 13K = 0 

HI : il 13k * 0 tlthnJtl£.l 1 rh, k = 1,2, ... , K (30) 

... 
n'l ~'V1 (;1~tllJ ~ l-J l-J ~ l'l ~;j" ~l~Yl 'Hl-n~rl'l 'll-J rl'l~" ~L iI'IJ L(;1 £.I~" 'l ~ru 'l" 'l n ~ii ~'V1 (;1~ tllJ 

il'l~fl'l'IJrl'l'll-J rl'l1" ~LiI'IJ ;'1 LU'lJi l'l ~1 fl'l'IJ'1ltl'l rh~Vh 1 "'Yl'l n-n'IJrl'l'll-J rl'lj" ~LiI'lJL~tl 51 vi'l 1.I.,j ~ 

tlM~ K vi'l (L I ) rilJf'h~l11l"'Yl'ln-n'IJrl'l'll-Jrl'lj"~LiI~L;jtlih~'Yi'l~ri'lrl'l~ (Lo) ;Jri1l-J'ln~~(;1 
... 

rK,n!'IJ ,,~1~~'l 

~a;;~.~~1Jti.n~~1.I"~1~"~l"\~lill.l = -210{ ~: J 
= - 2 [log(Lo ) -log(Lo )] 

= -2[LL(O)- LL(I)] 

, , , 

(31 ) 

f'1'l~ii~'VI~~tllJil'l~'l£ll'l'IJrl'l'll-Jrl'l~"~LiI'IJ ~tlFi1 - 2LL ~L,j~£.I'IJLLt1fl'l1,j ~\lLvhrilJ 

~flj;}'l\l'1ltl\lf'1'l - 2LL(O) I.I.fl~ - 2LL(XI , X 2 , . .. , X K) ,r'IJ~l-J'l£.l~\ln'lnt1~ £.I'IJI.I.,jfl\l'1ltl\lrh 

- 2LL ~~(;1~'1L~tl51vi'lI.l.,j~tl~~~l'IJ~l-Jm~ K vi'l L~tlLYI£.IlJrilJL~tl51L~'Yi'l~f'11fi1'1~ ~'1r;l'l~~vI'l\l 

;Jf'1'll-J'ln LL~~'1~'lL~tlL~l-Jvi'lLL,jffi~j~L';h 1,jl~~l-Jm~I.I.i\''ll1'll'" - 2LL fl(;1fl'ltlth'll-J'lnfl'l~~ h1 

,j~L~fi Ho ,r~~tlf'1'l - 2LL l~tJ(;1rl'l'll-JL~l-J1~~l-J'1ltl'l~l-Jn1~Lfl~~~rl r;l'l~l-Jn'l~Lfl~~~rl 

L~l-J'l~~l.J f'1'l - 2LL "~;Jf'1'l~1 ,r'IJ~tl - 2LL LiI'lJrl'l'll-Jrl~1(;1Lrl~tl'IJl'IJn1~'Yi£.l'lnnlhtl'l 

~l-Jm~rl';l'll-JC1(;1C1tltJ Lfl~~~rl ~'1 LL~ 'M ~'1 ~fl vI'l'l'1ltl\lf'1'l rl'l1l.Je1(;1Yifl'l(;1l 'lJn'l~Yi £.I'l n ~nr'1ltl'l~ l.J m ~ 
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~(Yll-Jtl~tltltJ Lfl~~~ I")L~tl i,lJiJ i':l bblh'tl\'l~:; riu ~1 ~':l1l-J~t'lYifl1t'l1 "lJm~YitJ1m'n!"lItl\l~l-Jm~~':l1l-J 

tl~tltltJLfl~~~~L~tliJ~':lLLU~:a~~:; K ~':l ~1tltl1"L1tJn fih~ti~Yl ~\'ltlU~ ~~1~':l"IJ~':l1l-J I")':l~":; 

LiI"IJ~l Model Chi-Square ,r"IJ~tl 

Model Chi-Square = [- 2LL(Po)]- [- 2LL(,Bo,/3p""PK)] 

= [- 2LL(O)]- [- 2LL(Xo,Xp .. . ,X K)] (32) 

LLfl:;1 "lJnl ~Yl c;]~ tlU~ l-J l-J ~ ~l"IJtl n ~':l"IJL iI"lJn1~~"1 ~W 1 ~~':l" \'ltlU ~':l1l-J L 'VIl-J1 :;\'ll-J"lItl\l 

~l-Jm~~':lll-Jtlc;]tltltJLfl~\'l~1Pl Lc;]tJi1\'ll-Jl-J~31"IJn1~Yl~\'ltlU ~tl 

1 
H ° : Model : p = K 

1 +exp( - 'IPk X ik) 
k=O 

1 
HI: Model: p= K (33) 

l+exp(-'IPkXlk) 
k=O 

" ~l'V1fU\'ll-Jl-J~~l"IJil,,:; 1-if~ti~Yl t'l\'ltlU~n1 ~\l ~tl\l 1 "lJn1~~ ~'l" \'ltlU IPl ~ tl\l"tl\l (Goodness 

of fit test) "lItl\l ~ l-J n1 ~1Pl'l1l-J tl (;HltltJ Lfl~ ~ ~ I") 1 'Wn~ci1i':lLLU~:a M:;Lij"IJi'l LL U ~L ~\l IPl WJl1Yi ~'l"IJ • 
nnll~ ~':l LLU~tl ~ ~:;LiI"IJ~'l LL U ~b =D\lml-Jl W Lijtl,,:; Hf\'lti~i,1Pl n1 ~\l\'ltl\l ~ ~'l" ~tlU 1Pl':l1l-J b 'VIl-Jl:;~ l-J 

"lItl\llULLUUIPl'lll-Jil-J~"lJfi":;~'il\l LbU\lfil1i':l bLU~:aM:;tltl mil 'W'1h\l1 ntl'W 'W'il n"l n~ri\l ~ 1l-J1~tl H' 

~Ci~Yl~~tlUIPl':l1l-JL'VIl-J1:;~l-J"lI'il\l Hosmer and Lemeshow's goodness of fit test (H-L) i,~ 

b"1l"IJn"IJ ~tJ H-L i1n1~LL"mb"\l~tJU~:;l-J1WLLUlJi,~n1~\l\'ltl\l 

~l'V1fun1rl rn ~:;;u 1Pl'l1l-J il-J~"lJfi~:;~~l\l ~'l LLu~m l-J riu i':l LLU ffi \'l~:; ,,:; Hf i l-J U ~:;~Yltn 1 ~ 

~t'l~"lJ1" (R2) ~tJ1"IJn1fjLIPl~1:;,r~':l1l-Jtlrntl'iltJLfl~\'l~~fih R2 ~i,~,,:;i,lJ1'llfihirn~'l"IJ~LLYf,,1\l 

"lItl\l fiI':lll-J er"IJLLU~"lI tl\l ~'l LL U ~~ll-J~tl~UltJi,~ ~':l tJ i':l LLU ~tl \'l~:; tl tll\l hri ~ 1l-J fih R2 ~1 ~furj rn 

~:;;Ufil':lll-Jil-J~"lJfiI."lJnl~~LlPln:;,rfil':lll-Jtl~tltltJLfl~~~~ l~LLn Cox & Snell R2 (R~ )LLfl::: 

Nagelkerki 's R2 (R~) ~\lL1tJnrh R~ LLfl::: Ri:s ~1 Pseudo R2 LrntJ R~ ":;l-J1nn~1 ~ 
L~l-Jtl LLvi,rn":;~ln~l~l R2 "lI'il\lLYlfilUfil~LfiI~1:;,rfil'J1l-J(lrn(ltlm~\lL~"IJ 
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2.2 Ln1iLiiI!1'lJfl'el~~~1 (Gaussian copula) ... 

LWliL~m.lflfl"'frj~1 (Gaussian copula) Lth.lfl'JI~~l-Jvr'l.lfi~eJl'1.l'VlI,ml~LL"l mL"l\li'J~ .. 
lIfl\lfl'Jfl'l.lh1tf (quantile) (p[Y, < y" Y2 < Y2' ... ' Yn < Y n D "lJtl\lIil'JLLtJ~~l-Ji'Jl-J~i1m~LL"lmL"l\l 
LL'l.J1JtJn~ (Multivariate normal variables) ~'JtIL~'Vl1ni~\H~'l-Jvr'l.lfiL~\lL~'l.l L 

Var (Y,) 

L = Cov (y2 ,yJ 
COy (Y, ,Y2 ) 

Var (Y2) 

Cov (yn,yJ COy (Yn ,Y2 ) 

0-

LL~:;L 'I.lmrilll'tl\lLn1iL~tJ'l.lfl'tl'YfYi~1 L 'l.li'JLL'l.J'l.Ji11~ ih"''I.lr;) 
" 

1 p 

p='Z= 
p 1 

p p 

COY (Y\, rJ 
COY (r2 ,YJ 

Var (rJ 

p 

P 

1 

LL~dh",'I.lC;) U = (U"U 2 , ••. UJ LL'Vl'l.l Ln1iL'tJ'I.lfl'tl'Yi~~1 n Iil'JLLlh ~\I,r'l.l Yf\lni'l.lm~LL'"lmL"l\l 
i'Jl-JlIfl\lLn1iL~tJ'I.lflflYlYl~1 (Filip Lindskog. 2001) i1nJLL'l.J'l.J~\I~ 

" " 

ega (u) = <I>~ (<I> -I (u
I
), <I> -I (u 2 ), .. • , <I> - 1 (un)) (34) 

~ 11:;1, exp( - ~ ,'(1:-1 -I), J 
. 

~ _ Ga "'.'!f"'" . ..... ()...... ... .. 
IJ'1tJ Cr. (u) fl'tl TI\ln"D'l.ln1~LL"lmL"l\lr.Jl-JlI'tl\lLn1"l!L"l!tJ'I.lfl'tl'Yi~~1 U = U"U2 , .• U n 'Vll-JLl-J'Vlm"l! 

%, ........ .!- .J. ( ) .... ( ) 
~",lIIl-J'Yi'l.lfiL"D\lLlII'l.l L Ll-J'tlfll U = U"U2 , .. .un L'Vlln'l.J U = U"U 2 ' . . . U n 

<l> ~ ~fl VI\I ni'l.lnl~LL"lnLL"l\l~:;~l-JlI'tl\lIil'JLLlh~~~i1nl~LL"l n LL"l\l LL'l.J'l.JtJ n ~ ~1 ~1~1'l.l 

n Iil'JLLtJ1 ~'Jml-J'Vl1ni ~"'~l-Jvr'l.lfiL:n\lL~'l.l L 

<I> -1 ~'tl 1il'J em er'l.lll'tl\lYf\lni'l.lnl~LL"tmL"t\l ~:;~l-JlIfl\l Iil'JLL tJ~~~~ i1nI1LL"lnLL"l\lLL'l.J'l.J • 
tJn~ 

~fl Ll-J'Vl1ni fl'Jll-J LLtJ1tJ1'J'l.li'J l-J~~~l-J1 ~~ (Symmetric) LL~:;dj'l.l'l.J'JnLL tJ'I.lfl'l.l 

(Positive definite) 
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~1'V1nJn~tilLn1.ni~tJuf'I'flyj'YW I (Gaussian copula) 2 ~'JLl.1.h (Alexander Mcneil et aI., 1999) 
'II 

... 
l;t"UtnlJH ;~il 

(35) 

3~lJ1 ~~Lfl\~'M~M (2548) 1~mh'JH~1 L'V1RURLm.nL~tJUR'f)yjl:1~1LtlUL'V1RUR~UtJlJLilu 

'f)t.h~lJ1n ~1'V1f'Um~'1~'f)~~'JLLU~~lJ~lJL~'f)'V1~'11.Jn'1~Ll.limLLr.N fhu1lJ LL~~el'VIllJ...rufi L ~'f)~"11 n • 
L'V1Rilfi)~LijuL'V1fi)UR~i1~u(;1'f)u1un'1~vl1~~'1tJ ~~1~i1mnl'1L'V1f'1ilf'l~lJ'11'~'1'Wriu'f)th~Ll.yji'VI~'1tJ 

(Logistic regression model with Gaussian copula) 

~'J Ll.'U'U f'I'J 1lJ tl (;1 tl 'fl tJ t~ ~ ~ ~ R LL'U 'lJ Ln1 .nLentJ Uf'l'flyj yj~'1 dj 'W~'J Ll. 'lJ 'lJL~~ ~ ~ R~ i1 
'II 

(Multivariate normal variables) L(;1tJi1.r (;1ClU~~~~r)L'lluL~mri'lJ~'JLL'lJ'U f'I'J'1lJCl (;1Cl'tltJL~~~~ flI , ' 

... 
Ll.'U'lJU n ~ L yj tJ ~ LL~ ~ 'J Ll. U ~(;1'1lJ 1 u~ 'J LL'lJ 'lJ ili1 n 1 ~LL"I n LL"I ~ LL'U'lJ f'I 'tl yj l:1 ~ '1 L 'U'tl f~~ ~ (Copula 

Bernoulli distribution) mh'J ~'tl ~'JLLU~mlJ1 ULL~t'\~f'hl~Ln(;1i1n'1nL"In Ll.'"i~Ll.'lJ'lJL'U'flfut'\~~i1 
'II 

R'J1lJllJ...rufiriu~'Jmn'1.nLtjjtJ'WflI'f)yjl:1t'\1 ;~,ru ~'JLl.U~mlJ (y) i1f1h1~'LyjtJ~ 2 '"'1 ~'tl a Ll.t'\~ 1 

(36) 
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<-

~,:jU'W ruLLU1J"lltNfIl),ln1J'Yi,:jn-n'lMl'1'l:;t.h'"l:;LiI'W (Likelihood function) "ll'fN ~'lLL!hl9l'l),l1 t.! .. 

f fmsx( I-p"y, ) f Ga 
L = . . ... . Cl: (U 1 ,U 2 ,· ··, u n )du Jdu 2 ···du n 

mm( y , ,1- p ,) 
(37) 

<-

'"I'ln~'l'l),li),l~'W1fLL'1JULn'1ofL~tJt.!~~'Yi'Yi~'l ~,:jLLfIlV),:jln t.!fIl),ln'lJ' (34) u'W Lrln'l~t.!~ 1 '" ~h .. 
fIl~i),l~t.!fin),l (p) 1'WUJ'Vl1noffll~i),l~'WfiL;,:jLt\t.! L LiI'Wfl'l P L~tJ'lrit.!~),l~ 

1 P P 
0 P 1 p ... dI 

'Wt.!~~ p= 

P P 1 

" I I I 

~,:jut.! ~,:jfll'llJ'l~m~tJt.!fl'l'llJilJ~t.!fiLLUU Ln'liL' tJ t.!~ ~'Yi ~ ~ 'l e; ~,:j b1),l'"l'l n fl'l'1),l ~~'1 '" L~ ~~t.! 
o % ..J , 'i' ~ "... 0 %'" .. .. ... 

~t.!'ltJ~,:jLn(;]'Vl i; i = 1,2, ... , n '"I'1n Lt.!fIllJn1~ (16) L~tJ Lv)lJn1~t.!'lfl'l'l),l~),l'Yi'WfiLLUULn1"llb"lltJt.! 

fl~'Yi'Yi~'l b <if '1),l'llh:;n~u 1 t.!~'d'llJfl~'l"'b~~~t.!,r'W ~'ltJ~fi"ll~,:j ~'l LLUUU'"I4'm~,:j b~ tJ'l (one factor .. 
<...... 

model) IMt.! 

(38) 

(39) 

b~'fl e; LL'Vlt.! ~'lLL~~,:j'1l~,:jbn'1iLiDtJt.!fl~'Yi~~'l~t.!'ltJtf,:jbn(;]~ i; i = l,2, .. . , n ~'ltJ 

fIl~i),l~'Wfi P 

z LL'Vlt.! fl'lU'"I4'tJ"ll'fl,:j~~'Yi~~'l ~tJ~ Z ~ NCO,l) 



, 
ov d 

UUrI'fl Probit model: 

K 

17; = <l>-l(PJ= IJ3k X;k 
k~O 

, , " 
L'flm~Y1r.t~Lnt;lL'\.H?m11nliij'fl'Yl:ntJflh Z Lilu~'l~ • 

p[Yj = 11 z]= Ple; ~ ¢-l(pJJ 

= plJOz + $=Pc l ~ <1>-1 (pJj 
= p(C

i 
~ <1>-I(PI)_ 5z] 

$=P 

=p 

=<1> 
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(40) 

(41 ) 

,!UL'fl'l ~1 VI ftJ LVI '1 t.J ~ 1 'I.ln'"111l1 ~'J LL tJtJ L .... 1U'YllJ1 Hi' L ~'fl'l4:l1 n iI pJ LL tJtJ ~ t'l 'fl t;l fiI ~'fl 'I n'l.lntJ 

Ln 1 o{L~rJ'I.lFl'fl"""" ~ 1lJ1n n~11'i'J LLtJtJL~~'Vl ;'lVi11 "'~1 rJ ~ 'fl n 1 nLrlt'llJ n11V111'i 'JtJ1~lJ 1 ru .. 
~lJtJ1~~'Yl'BfiI'J1l-J Ll t;l Ll'fl rJ LL~~r.t1 n~1~mh'JlJ1 LL~'J 1'i'J LLUtJ~'l ~'fl'l~1 '" t.J ~ n11~ mt1~1n~ L~rJ'l 
n'l.l ~'l~'I.l~'l ~1lJ11Ll1l 1lJ11-if LL 'Vl'l.ln 'I.ll~ '!'I.l~ 'fl L11t'l1lJ11LltJ1~lJ1ruPi 1 .... 1:nn LPl'fl fr.t1 nl'i'JLLUU 

fiI'J1lJLlt;lLl'flrJ ~~ t'l ~ f'1 LLUU Lm-IL ~ rJ'I.lfil'fl .... ':1 ~1 ~'J rJ miJ Lfil11 ~-X f'1'J1lJ Ll t;l Ll'fl rJ L .... ro 'Yl L~'fl Ll1'Yll1U 

" .- ' 
flhifr.t4'm'fl'lfil'fl ........ ~1 Z 1'1.lm1~ntn 'I.l'flnr.t1n~flhtJ1~lJ1ru~lJtJ1~~'Ylfifil'.l1lJLlt;lLl'flrJr.t1nY11~ .. 
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~ '"I '1 1n.l'l mn LIiI1'l:;~"iUL ~ tl1tl tJU~ 'IItl\l'lJ m'VlLL 'IA\l~;i\l 

ihw\J(;) Y LL'VlU ~m~'IItl\l~nph tr;,tJLLtJ\lw!.i'JtJ;rtll-J~tltlmU"l2 mil-J ~tl .. ... 
"" " .. "1 ... 00' ...... Y = 0 mLuU~n~U"jjU(;) ~ffi .. 
" Y = 1 tl'lLu"l~n~il NPL .. 

" " X LL'VlU i"l1'ltJ'!;I'IItl\l~n~il tr;,tJLLtJ\lW!.i'JtJ;rmJ~tltlmUU 2 n~l-J 
... , , 

X = 0 tl'l~n~il~1'ltJ1~U1:;~'lJ~'l (~1'ltJ1~~tlL~tlU~'ln~'l 15,000 'lJ'l'Vl) .. 
" X = 1 tl'l~n~il~1'ltJ1~U1:;~'lJ~\l (~1'ltJ1~~tlL~tl"l~\ln~'l 15,000 'lJ'l'Vl) .. .. ~ 

,rU~tl ri'l~U(;)L~ X - Ber(p) L~tlfll'J'll-J~:;(;)'JmL~:; ~'ltJ~tlm1~n'M1 n~'l'J~tl 

LUmn LIiI1'l:;~ fll'J'll-Jtl(;)tltltJ L~~~ ~ fll tr;,mr'J hJ L~tl'Vl1'l'lJ rhl'i'J LLU1~ ~UL'"I ~ n'M1 

~\l LL~ (;)\l B;r 'l\l ~ ULL~ 'J ~ 'll-J'l :ftl~ 'l1'i'J LLU 1L ~~ 'l~l-J'l~ ~'l\ll'i 'J LL 'lJ'lJ L ~ tl HfL Un'l1Vi tJ'l n nll" 

"" " ttlm~m1Lii(;)~ilL~mtl\l~n~il~tl1u1~ tlth\l 11ri ml-JL "l'lJ'l\lFl1\lI'i'JLLU:f L U;r'l\l~Utl'l'"lti\l hl 
.... .. ... " "1' "... cv_ ...... ..J... 0 cv cv_ 

LVitJ\lVitl ~Umffifj'lJ'ltJ'II'el~~ I.D'1 lilrotl'JU L "ltl\l'"l'lntJ\ll-J,j'"l'"ltJtlU'Vll-J fll'J'll-J~'l fll 'kJLL~:;l-J nl-J m1 

~:;L~tJ~1tl hl1~~'ll-J'l~ '"I '1 1n.l'l ~ \ltl'l'"l1~ LLri ,j '"I { tJ'Vl'l\l LflI:fM3fi!1'l ~ 1Jl f1:;~ 'lJl-J~1l'l fll~ ~ 
" e.J~n1:;'Vl'lJ(;]'el'VlnfllULUn~l-J,ru1 • • 

" , 
tr;,tJri'l~U(;) Z LL'VlU ~1Jl1'l(;)tlmilm~urJ Y1~m:fU1'lJ;r'el~~L~tl~LU~l-J'l~:f3'l"lLL~'J 
, " 

~\l Z ~\ln~'l'Jil wtJn~'l ,j'"l{tJFltlViVi~'l ~\lLL~(;)\l1t)1"l~l-Jm:f (38) .. 
" " n~'l'J~'el ~~1'l(;)'elmilm~"lrJ (z)il ~tl~'lLUU,j'"l{tJ'Vl'l\lLfi!lm3n'"lLU1:;~'lJl-J~1l'lfll 

I '" I '" '" 

Y1~ e.J~n:f:;'Vl'lJ(;]'el~n~il'Vlm'ltJ ~\ltl'l~~1'lC;)'elmil tJ ~\l i1e.J~ L ~~n~ilLL(;]~:;fllui1Ltlm ~Ln c;) 
~ 1 ~ V 

~ oj ([ D J'" ......:.:. .....J ~ " .... ~"lLt'itJ P ~ = 1 l-J'ln'lluVi:ftll-J1 nu c;)\luu,j'"l'"ltJ Z 'Vll-J'ln1:;'Vl'lJ"l ~\le.J~L~ Y l-J 

" , " 
fll'J'll-Jll-J~ufinu'!;I ~\l,ru L"lm:f~ LM'l:;~I'i'JLL'lJ'lJY1'Vl1'l'lJrh,j'"l{tJ~~:f'l C;)'elmilm~urj' (Z) 
..... 0" ..,J ~- ~oj" ... ~,,:.:. ( [ D " 'lI\ll-Je.J~'Vl'lL~ttln'l~'Vl~n~ULn(;)~ULt'itJVi:ftll-J1 nu~(;)uu P Yi = 11 z 1C;)LL~C;)\ln'l1 

~~'"I"l1t)1u~l-Jm1 (41) ;r'l\l~U 
, .- " 

'!!U~ 'el n'l1U 1:;l-J '1 n.lrh ll-JU 1:;~'Vl flfll 'J'll-J tl c;) tl tl tJ ~'l ~1'lJ I'i 'J LL'lJ'lJil ~'ll-J'l1tl Hf m:f 

i3 LFl:i"l:;~ iii 'J'll-J tl c;) tl'el tJ LL'lJ'lJ t Vi :fU'Vl ~'Vl:i"l'lJ rh,j'"l{ tJ IiItl Vi Vi ~'l Z LL~:;~ m 1U1'lJ rhl'i 'J .. 
u1:;l-J'ln.lll-JU:f:;~'Vltfll'J'll-Jtlc;)tltltJtr;,tJm1~n.l~'JtJ ~1- p ~\l~'ln~:;L~tJ,j'"l{tJfll'elVi~~'l~ 

1'Jl-J~\lm1U1'lJfli'lI'i'JU1:;l-J'ln.lll-JU:f:;~'VltFl'J'll-Jtl"'tltltJtc;)tJn'l:f~n.l~'JtJ ~1- p e.J~m:f 
"" , 

U1:;l-J'l n.l'"l:;L U"lL"11UL1 ~\l'!!U L "l\l'l ui3 { tJ il~\l1~'Vh n'l1~'l ~ tl\l.;J tll-J ~ L fitl U :f:;l-J'l n.lrh .. 
.- " 

ll-JU:f:;~'VlflLUnnil~\ln~'l'JL~~'lil tr;,tJm:f~'lLQ"l\l'lU~{tJ~\lLL~(;)\l1t)1"l'lJ'V1~'el1U 



d 
'U'Yl'Yl 3 

UUUfll,;)ltJnt'ln'fltJ'lfl~~~~UUULn1iL;!tJUfll'flYfVlfl1 ~tJ'fl1~tJ~fimnL~rl~,ffll,;)1t1nt'ln'fltJLYlrijyl 
'II 

r ~ 

lUm'1Vl1ir.llJ'1~tl1ruFh~tlth':;~Ylfin1'1nt'ln'fltJ ~tJ'l~~"1'lru1m'ru~mnLU'I.! 4 n'1ru ~-1il 

1. 

2. 

3. 

4. 

n1cUhlYl'llU fih11,,~tJ"ll'fl-1~'flYl~fl1 Z ufl:;ufufihvi',;)U'1:;tl1 rui tlU '1:;~Yli"fll,;)l tin t'ln'fltJ 

~tJm'1l!lru~htJ ~I- p 

n1cUYlrlUfih11,,~ml'fl-1fll'tlYlYlfl1 Z 
'II 

~ , 
1 un 11Yl t'1fl 'fl-1 "'1'1 n m'ru~ n'ft11 'l.!n'1cUj;]l -11 .;)'1\1 ~u,r'W L u'I.!n'1'1Yl t'l fl'fl'l L Yl 'tlYl t'l ~'tlU fll'J'1 tI 

n n ~'fl-1 1 'l.!n '1nh:;tI '1rur1'1 ~tJU'1:;~ Yl~n'1'1n ~n 'tltJ ~'1 ~fu n 'It;ll Yl '1'1U r1111" ~tJ "ll'tl\l fi1 'tlYlYl fl'1 Z 
.. 'II 

ufl:;ufufihi'JU'1~tI'1ruitlU'1~~Yl~fi1'J'1t1n~n'tltJbt'1tJn'1'1l!lru~';)tJ ~I- p L~'tl P ~'tl r1'1 

~~itl~'I.!1rL 'Wvi'';) LLU U Ln'1iL tntJ'I.!fll'fl Yl Yl fl '1 ;\1 'l~ LL~ t'1-1 Bl 'WUYl ~ 2 1 'I.! i'J';)'tl vi';) UUU fll'J '1 tI 
'II 

n ~ n 'tl tJ bfl~ ~ ~ fll LLUU LmiLtn tJ'I.!fi1'tl't'lYlfl'1';)'1-1 ~'I.! Ufl :;vh n '1'1'Vl t'1 ~'tlU L ~tJ L~ til 'l.!n'1ril'llJYl '1'1U r1 '1 
'II 

11"'1~tJ"ll'fl\lfll'fl't'lYlfl1 Z L ~'tl-1"'1'1n~'tl\lm'1YlrlU~'1r.Jfl m nJ '1~tI'1 rur11 ~ tlU'l~~'Vl tm 'In ~ n'fl tJ LU'I.! 
'II 

fll'fl't'l't'lfl'1 Z ufl:;m'cUYl'1'1ur1'111"'1~tJ"lltl'lfll'fl't'lYlfl'1 Z ~-1'l~~ln'1'l'Vl~fl'tl-1~-1UUu~iJn1'lufu 
'II 'II 

r1'1i,;)U'l:;tI'1 ruitlu'l~~Yltm1nt'ln'fltJ L~tJm1I!lru~'JtJ .JI- p LLfl~UUU~'llJ iJ n '11ufu r1'1 vi'J 
r ~ 

U'l:;tI'1ru~tJU '1:;~ Ylfin'1'1n ~ n'tl tJlt'l1 LLfl :;~'1~fu r1'111"roftJ"ll'fl\l fll'tlYl~ fl'1 Z ~'1~fu-1'1'W~~tJil 

~'fl~ '1 Lu'Wi';) uu 'l~ i1 U Ylu'1Yll 'l.!n '1'1U'l~tI'1 rur1'1 i tJU '1~~ Ylt n'1 '1n t'1 n'fl tJ ~'J tJ ~fi~ Lfl '1'1:;,f fl'J '1 tI 

nt'ln'fltJuuu bYl'1DYl ~\lin 1.u~i'Juuu fl'J'1t1t1t'ln'fltJ Lfl~~~ fllUUULn'1iL;!tJ'Wfll'flYlYlfl'1 j;]'fl1.u 
'II 'II 

, ~ 

~'1~ fu.;) 'tllJ fl ~HiL 'I.!-1 '1'1.!~~ tJil LU'I.!.;) 'tl\Jfl "'11 n n'1 'l~'1 fl'tl-1 Lt'l tJ Hi' L Yl fi1 Ufll n'1'l~'1 fl'tl'l be;) tJ~fi 

tI'flu~fl'1fLfl (Monte Carlo Simulation Method) Ufl~~'1n'1nLfll'1'1:;~l'fl\Jfl~';)tJbU'1un'ltl R b~tJ 
... ~ 

iJur.J'I.!m'lYl t'1fl'fl-1LLfl:;i'l.!(;l'fl'l.!l 'l.!mn~tJ ~'ll1i'fl1.uil 
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" " ~'l ,"1'lJ n 'l~,~h L U 'I.l-1 'l'l.l~{ fJ r1 1-1il1.~ ri'l,"'I.lC91 ~ (l'l'l.ln'l :nUn'l ~~'l ~ tN ~ 'l-11 L 'I.ln'l1~ n hi 

LL~ ~LllifJ'lJ L YI fJ'lJ n'l11.J 1~l-J 1 Nfll1 ~ l-J1.J 1~iYl in'l1(l VI (l'tl fJ"1l 'tl-1 ~'l LL'lJ'lJ ~'l'll-J (l Vl (ltl fJ L~~ ~ ~ PI LL'lJ 'lJ 

Ln'lefL;fJUPltl'Yi'tJ~'l1'1.ln1ru~'l-11 .;r'l-1~'I.l ;-1~tl1.1.J~ 

3.1.1 ~'lLL1.J1~M~ (X) ~'l'l.l'l'l.l 1 ~'lLL1.J1 LVlmUU~'lLL1.J1L;i-1fOlNI1'l'Yi ~~m1LL"InLL"I-1LL'lJ'lJ 

L'lJtlf~~~ (Bernoulli distribution) ~'lfJ'Yi'l:i''lijLj;}tlf p ,r'l.l~tl X ~ Ber(p) LVlfJlJ 

Yl-1 ni'l.lr1'lIl-J't.!I"1 ~LiI'I.l'fl~1 'I.ll1.J'1ltl-1 

" " . 
1U-1'lU~{fJFl1-1il"l~~n'M'lYl p = 0.5 

3.1.2 t;]'JLL1.J1(;l'll-J (Y) LiI'I.l~'lLL1.J1L;i-1fOlrul1'l'Yi LVlfJiln'l1LL"InLL"I-1LL'lJUPltl'Yi'tJ~'lL'lJtlf~fl~ 

(Copula Bernoulli distribution) (p[r = y I z D ,rU~tl flh~-1Ln(;l1'1.lLL~fl~f'11"1l'fl-1~'J 
LL1J1(;l'llJ~Fl'J'll-J~l-J~'I.lfiri'l.l~'JfJ LmefL;fJ'I.lFltl'Yi~~1 (Gaussian copula) LLfl~ri'lV!'I.l(?) 

rht;]'JLL1J~ml-J~f'11LYifJ-1 2 f'11 ~tl a LL~~ 1 
. 

..... ~ tV ..y fV fI" 

3.1.3 Ln'l"llL"lIfJ'I.lr1'fl'Yi~~'l (Gaussian copula) Yl1~Vl'lJFl'lIl-JINl-J'Yi'l.lfi p = 0 , p = 0.2 . 

p = 0.5 LLfl~ P = 0.8 

3.1.4 ri'lV!U(?)'Yi'l1'lijLj;}tlf~l-J1.J1~~Ylim1(lc;)(l'flfJ fll = 1 LL~~ flo = -0.47 LC9IfJ~'l'l.l'Jruf'1 1 

flo ~1~r1'J'll-J't.!'l"l~LiI'I.l1'1.lm1LnC91LV![;Jmnlliilu 0.5 

3.1.5 ~'lu'J'I.ln~l-J~'Jtlth-1~H1.'I.lLL~~~ffi'lJ'1ltl-1m1YlC91~'fl-1 (m) LiI'I.l 1, 5 LL~~ 1 a n~l-J 
3.1.6 ~1'1.l'l'l.l'1l'l.lIC91~'Jtl~'l-11'1.lLL~~~n~l-J (n) LiI'I.l 100, 500 LL~~ 1,000 

" 3.1. 7 ri'lV!UVl~'l'l.l'l'l.lmm1~Yi'l~'l1'1.lLL~~~~(l'lun'l1wLilu 100 ffi'lJ 

3.1 .8 Yi'lm~'l~tl~.;rtll-J~ (Simulation) mlJ~(l'l'l.lnI1~ri'lV!'I.lVl LVlfJ1;rt1.J1LLn1l-J R .. 

'" '" " " iUtntlu1un'l1~'lLUU-1'l'l.l~{fJ1'1.lm1~n'M'lr11~il il~~il 

3.2.1 ~ n h'l Fl'J'll-J~ l-J~'I.lfiLL'lJ'lJLn'l iL' fJ'I.lPltl'Yi"rJ ~'l (Gaussian copula) 

~v!~lJ~'I.lfi p 
" 

3 .2.2 ~n'M'lLL'lJU~I~tl~ L~~YlLL~~LLU'lJ~I~'fl~ L'Yi roYl 'Yi~'fllJ'i~~n'M'll1.JLL'lJ'lJ'1ltl~Yl-1 niur1'J 1l-J 

't.!'l"l ~L iI'I.l'lltl-1 ~ 'J LL1.J1tn'll-J 1 'I.lt;]'J LL U'lJ L~~ ~ ~ Fl L ~tl t1'l1.1.J1-if ~ IV! 1'lJ m 11.J 1~l-J1 Nf'1 1 

~l-J1.J1~~Ylin'l1(lVl(ltlfJ 
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1 UWl1U." n U.~~ fi'I'l'UJu1~:;Lilu~ t'l~ Pi'l LL U U 1"1 'J 1 ~ rI ~Hlt'l tI t~ ~~ ~ f'l vh 1 m~ lU u.uu 

Yf~ n-r'Wl1'l:;u1~ :;Lilu~t'l~ i'l u.uu fi'I'l1 ~ rI (;1 rI't) tI t~~ ~ ~ fi'I~ vi'J u.u~m~ 1 ULL~~:;rhl~ Ln j;] 

iJfi'I'l1)Jl~nufinu 
o 0 " .J, ~ ...... 

3.2.4 ~11n1~~1~t'l~~t'llJ~'" ~"ll ~Un1~~tI 

3.2.5 vh n1 ~u~:;~1n..ll~u~:;~."tn1~rI (;1 rI'tl tI t(;1 tI'tl1 ~ tI~fin1~il Lfi'I~1:;'lf fi'I 'l1 ~ rI '" rI'tl tI u.uu 

t~~u." (Probit regression) 1u 4 mru~m~t1~\.:l~U 

3.2.6 Vhn1f3Lfi'lrl:;'lfLmtiuLYItlue.J~n1~(;1~'tl~u.~:;~~,je.J~n1f3r.rtl • 
I '" I I 

Lil'tl~~1niul11'tluYi 3.2.1 - 3.2.3 1u~fi~'lLD,u~1uilr.rmilun1~~mf1L~~ilLfi'I~1:;'lf ~~ 
~ , 

~1t1~:;L~tI(;1~'tl~n1~~1Lilu~1u~r.rtl1uiul11t'lu~~ nfl'l'l m4'tI~~''tlL~Ut'llu1 uu."YI 21 u~'J''tl Pi'J .. 

~ 

3.2.6) iJ~1t1~:;L~tI(;1n1~~1LD,'lJn1f3r.rtl ;~~'tlluiJ 

1. fh~U"'~1U'l'IJnq~r;i'l't)th~~H1uLLI'l~:;~'t)U~'t)~n1~"''''~'tl~ (m) LiJU 1 I 5 LL~:; 10 

n~)J~tI~n~~''tl~~Luu.~~:;n~~dju~~~:;I'l't)nu 
,. .. " " 

2. n1V1U(;1~1U'lU'U1",i'l't)th~LUu.I'l~:;nq~ (n) LUU 100, 500 LL~:; 1,000 

3. ~11~vi'lu.u~~~~:; (x) ~1U'lU 1 vi'lu.u~ LiJuPi'JLLu~L:n~~nUl1'Yj L"'tln1V1u"'L~iJn1~ 

LL~nu.~~u.UULU'tlf~~~ (x - Ber(O.5)) 

4. ~11~f'l'J1)Jl~nufiLn1iL~tlUf'I't)~~~1 e~. LUWW'ltll~Lnj;]~ i; i = 1,2, .. . ,n u.~:;nq~ 

i'J'tlth~~ J'; J' = 1,2, ... ,m ~tI,t'ltJ~luLLr;l~:;n~~JI;i''Jt'lth~LiJu~~~:;~'tlnu U.~''tl~~L'IJ .. . .. 
u.~~ :;rhl~ Ln l11iJ fi'I'l1 ~l~n'IJfinu~'J tI Ln1iL ~ tlUfi'lt'l ~'Yj~1 t"'tI n1V1U(;1L ~ f011 ~~ltJnufi .. 
~'l~ (p) LUL~.,,1ni~Vll2JnufiL~~Lf;\'u L LiJUf011 P L~tl'JnUVl2J'" ;~,rU~1~1:i'rI~11~ 

fi'I'J12Jl~n'IJfiLLUULn1efL~tlUfi'I'tl~~~1~'JtI~fi one factor model ;~~ .. 

e~ = .[Pz} + .Jl- P&ij (42) 

t(;1t1~ Z} - N(O,!) LL~:; &ij - N(O,l) 



r:r\ B~t'~ rl~~nLt' 
" 

n LnB~n~t'l4 ~mA.LLtntmnlJ' t'l4 ~",lf\ n~n ~ t'L Jfrl~~nLt'n L t'B~L~gLUnB~n~l1%ktL~ 
" " " 

u;!.u~~gU 

'" n., 
;: ~ ~"n L u;!.U~gLU~~ t'BlLl1rl~ mrl~,gLU t'l4~" B~ HA.LLtrg;:~" t'L~L~I1I1"rtn L ~~rt~ L~!t'\ 

~t'B~l4IIULU~~L!: 1J~"u;!.U~p1~u;:~~"nLrlBLll4Ll~LU~lA.~;:~r~~L~ruL~;:~ruLUL~B~' , .., 
• t-S~IIlA.!.LU~t3 [l!.~:::~" 111i~ 1 I1IiW '!.LU 

t'B~L~tLUn L ~f1BJfULbl4tl,k1.L~ ~B~'~~LM.L~I111l1rl~' I1rl~' 
n. 

L~L!:IJ~" p1tU V l4~ktt'14oL~u~p1~unlJ't'f1'ml41 Z L~M.M.B~t'BlI.rl~bDL~I1L~lA.rt\~~U 
" 

nL~~m~mB~l4lA.~LUL~;:~" d -It rllJ!t'ru~~LUrll41,rlBLll4Ll~LIJ~~lA.~;:tr~~ruL~;:~rlJ~L!el , .. 
'" '" l1%rtLU~~ z L~M.M.B~t'BlI.rl~bDL~I1L~lA.~~~un1jBl4'~LgLM.L!elruL~;:grgLUnLt'B~uLl~LIJ~ 

, , 

I1B~ l4lA.B~ 'J1.n LunLU ~ t'B~ L~g LU L~;: ~" lA. GgM.l rl BLll4 Ll ~ LIJ~j1.;:~~'~LUrllJ!t'JBl4'~~LM.L!el 

n. 
ruL~;:grgLUL~;:bUrl~~nLt'nLL~M.M.B~nrl~'JtLu'I1I1"~~~~~lrlBUl4U~LIJ~I1m'IJ~t'BlLrlBUl4Ll 

" 
'" g LU~lA.~;:~r~ ~ L~ru L~;:grg Lun L n ].t'~ lA. ~~l t'B~L~l1m' 1111 t'rl ~,~uL ~~ B Jfj1.;:Lg~, ~LU~~~ L 

.. " 
,If\ lA.Gg M.l t'B~ L~I1I1" t'~ UI1I1" IJ~ l1%ktL ~rl BLll4 Llg LU&lA.~::~r~ 1IL!elruL~::trgLUn 'LH L~lA.GgM.l , " .. 
t'B~L~I1I1"fa,!l LB!t'\t'~ (~v) tLU~~n Urvl4 ~,,~t'~lA.GgM.ll1l1"lJ~nlJ'rll4~::!!..nB~I11-~I1I1"IJ~ , , 

'" • n. 
~L L~ Z L~M.M.B~fa~bDL!elI1~lA.ULkt ~L~~g\t'L[JB ULfa!t'\L~l4~t'~nlJ';:bLr-~LIJ~::IJLLtj1.;:Lg~,~ 

'" n. 
gLUt'~ nB~I11-t'LJfnB!elnlJ';:bLr-;:IJLLtn1-Yt'Mo~LU~~t'BlI.l1m'[l~n~';:b n].L~M.M.B~nfa~'joLu, 

, " 
11 m, ~ ~ ~ ~ ~1 fa BU l4 Ll ~ L IJ~ rm" IJ~ t'B II. fa B Lll4 Llt L U& lA. ~;:t r~ 11 L ~ru L ~;:t rt L U 11% kt L~ 

.. 
IiSll ~ Il!.LUg lA. d.:;!, IT 11 ~!'S~' 11 L!.LML~ru LI1:;!,IT!.LU , r; .",.,p _ I ." 

~ ;:~" 0 B~ L!el G t'fa~'!t'\L!el 

~ (J:) ~Ll4~r"lJ,if1rll41 nl1l1fa~mfaW' v ;:~" £ ~nB~n~uLbrulJnL~rll41, (uo!lnq!JlS!p 

IIInoUJ88 8lndo8) ~~ntBmL~~UA.B~l1m't'b"Ub"gLU~lA. (J:) ~L~trl"IJ~t'Lt~ .~ . "'" .. ...,.. I· ~ " 

[1;'0-= oFf L~~lrulJnL~ t'~ 

S·O nrl,rutLU~kt'l4U,gLUn'nn';:bLn~LIJ~kt' lA. 0[/ L~Lkt;:~" 1= 'Ff l4nktLU ;:~" I:D ,JI .. It I; I ~ "r-I 0 

fiX'[/ + oFf = Cd) ,-<I> = fiu ~(Ov) gLU~~ULb nnt'l4 ~ ,., 
" 

(fi x'[/ + 0[/)<1> = lid 

(OG) gLU~~ULblA.GgM.lt'B~L~I1I1"UL!!..L~rulJnL~ 

VG 



., 
LL~'U1l1..,;1 3.2 LLe.J'\Ul1ViLl.~C;)-.1i\llwtl\l1\lm~~1LU\l-.11\l~4'fJ 

U1.j,m~wflmnhHll~l1~mv.:j L~'U 4 mw fiv 

1. mWi~l1~lUtohi1~~tJf1v'rt~m Z 
<' 

2. mWi~l1~lmhi1~~tJf1V'rt~fll Z um:ui'ufh~11.h~1J1W~lJ1.h~iYl1im~fI~flVU l~um~ 

tlW"'1tJ ~1- P 

3. mWl1~lutohi1~~Uflm .. ~m Z 
<' 

4. mWl1~lufhi1~~tJflVVillfll Z LLfl~Ui'u~h~1U~~lJ1W~lJU~~iYl1im~fI~flVtJ l~wm~tlw 

1l1tJ ~1- P 

I 

.1 
fffl.:j Gaussian copula I 

t>11'U1W~h Probit model, fhl1'U~ /31 = 1 

LLfl::t>11'U1Wtoh /30 = -0.47 

Copula Bernoulli 

"I ' "' .. " ""'" . lJ~~1J1Wf11Vil~llJL~V~ ~1tJ11i Probit regresslOn 

I I 
1 

'--______ --if 0 : 0 ) l mm~11~fltJ.:jC]11~1'U1'U 100 ~vu 

~ 

I I 

25 



.... 
'U'YI'YI 4 

~ ~ I r 

mn4'tJPl1,:juij1' (Jl tltl:i':;~,:j filL Yi~ ~ mt1 LL~:;1.h:;'-l1 rurh~'-ltl:i':;~'VIfin1:i'tl {;l tl~tJ L 'IJ~'J LL'lJU • 

mrVI1f11~'Jtl:i':;'-l1ru~'-ltJ:i':;~'VI~n1:i't1{;lt1~tJ LL~:;1~yhm:i'~1~~,:j;r~'-l~L~~'VIVl~~'lJrl'J1'-lt1n~'el,:j 
~ ~ 

L'lJm:i'tJ:i':;'-l1ru~'-ltJ:i':;~'VI~n1:i't1{;lt1'tltJh.m:i'ril~'VI:i'11Jfl1if"l4'mf~,:jPl~'Yi'Yi~1 Z LL~:;Yhn1:i' 
~ 

o " 

'VIVl~~UL~'-lL~'-lL'lJn:i'rilhJ'VIr1'lJfl1if"l4'tJ''tl,:jrl'tl'Yi'Yi~1 Z LmtJLLtJ,:jLtl'IJn:i'ril~m~n";,:j~'-l{;l 4 nnu 
~ 

1. mrill~'VIr1'lJfl1if"l4'tJ''tl,:jrl'tl'Yi-.:1~1 Z 

2. nnul~'VIr11Jrhif"l4'tJ'n~,:jrl~'Yi'Yi~1 Z LL~:;tJ1'lJrh~'Jtl:i':;'-l1rui'-ltJ:i':;~'VItrl'J1'-lt1Vlt1'eltJ 
~ 

1VltJn1:i'~ru~'JtJ ~l-p 

3. mril'Vl:i'1Ufl1if"lr.rtJ'n~,:jrl~'Yi'Yi~1 Z 
~ 

L{;ltJm:i'~ru~'JtJ ~1- P 

L'lJm:i'LmtJU L ~tJ'lJ~~m:i''V1 Vl~~,:j,r'IJ "l:;~"l1:i'ru1"l1n rl1L~~ tJ PI'J1 '-l rl~1 Vl Lrl ~~ 'lJri1i,:j~'el,:j 

(Mean Square Error: MSE) Ltl'IJLnru"Vl1'IJn1:i'~Vl~'lJL"l~1 :i':;~'lJrl'J1'-l~'-l~'lJfiLL~:;~1'IJ'J'lJn~'-l , 

;rm;l~ 1m 1'IJLLl'l~:;n:i'ril~m~n~.yh 1 \\1~fI"11.h:;'-l1ru'n~'li'-l1..l:i':;~'VI~n1:i't1Vlt1'tltJil I'll 1m\L~ tJ'lrlU 

rl1'Yi1r121 L(Jl'tlf'-l1n~~{;l 'IJ'tl n"l 1 n~6'l~"l1:i'ru1 rl1 L~~tJ LL~:;ri1 PI'J1'-l rl~1 m Lrl ~'tl'IJ'-l1 (Jl :i'~1'IJ 1 'IJ • os 

m:i''VI{;lfl'tl,:j~1~1'IJ'J'IJ 1 00 ffiU tJ:i':;n'tlun1:i'~{;l~'lJ1"l L ~~ 1 \\1~~~n1:i''VI{;l~'tl'l~~'Jtl:i':;'-l1 ruijrl1 

1n~L~tJ,:jrl1J"r'f1:i'121L(Jlt)fl~'-l1n~~Vl • 

" ~qjimtnrLL'VI'lJrl'J1'-l~'-l1tJl'l1'l1 ~'lu 

n LL'VI'IJ 'n'IJ1{;l~'J~rJ1'l1 'lJLLl'l~:;mi'-l~'Jt)rJ1,:j • 
m LL'VI'IJ n~'-l~'J'tlrJ1,:j~1if1'IJLL~~:;:i''elu'n~'ln1:i''V1{;l~t),:j • 
p LL'Vl'IJ :i':;~U rl'J1 '-l i '-l~'lJfil 'IJ~'JLLtJ:i'Vl1 '-l 

MSE LL'VI'IJ I'll L~~ tJ rl'J1 '-l rl ~1 Vl Lrl ~'el'IJn1 i,:j ~'el,:j"lf t),:j i'-ltJ :i':;~'VI~n1:i'tl Vl tl'el tJ 

Mean LL'Vl'IJ o.J l:tl q~ 
rl1L~flml'tl,:j '-l :i':;~'Vlfin1:i't1{;lt1t)tJ 

SO LL'VI'IJ ~'J'lJL~mL'lJ'IJ'-l1(Jl:i'~1'IJ'n~,:ji'-l1.h:;~'Vltn1:i'tlVlt1~tJ 

bo,b l LL'Vl'IJ ~'JtJ:i':;'-l1rurl1i'-ltl:i':;~'VI~n1:i't1Vlt1'eltJ'nt),:j'Yi1:i'121L(Jlt)f Po, PI 
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m~,J'l L~t.!'el ~~ n'l~~r.r tJ 1 t.!WI nmtJ'lJ L ~ tJu Fl'lD ~:;'-l'l ru'1J'el..:! l '-lD~:;~ Yltn'l ~tli1l tl'el tJ 1 t.!~ 'd 

LLUUrl'd1'-ltl(;ltl'eltJ ~~ ~ ~ rl LLUU Lm-nL:n tJt.!rl'el Vi Vi ~1 L(;ItJ'el1« tJ'lfim~'l LPI ~1:;i rl'J1 tltl (;I tl'el tJ LVi roYi .. 
~ ~ 

,rt.!~~1LLt.!ml'elmtlt.! 4 mci1~n'rn ;~il 

... ~ ... 
n'1W"n1:t1Y1 4.1 

YlrlU~h,j"l{tJ'1J'el~rl'elVil:1~1 Z 

4.1.1 n~ru~'lt.!'dt.!'1Jt.!1i11~'d'eltl1~1t.!LLIJi~:;n~tlVl(;l~'el":! {n} Lvhnu 100 L(;ItJil~1t.!'Jt.!n~'-l 

~'dtltl'l~1t.!m1l'l(;l~'el~ {m} Ltlt.! 1, 5 LL~:; 10 n~tI LL~:;n1~t.!(;I~:;;Url'J1t1ltl";t.!fitt.! 

~'JLLUULtlt.! p = 0, p = 0.2 . p = 0.5 LL~:; P = 0.8 

4 .1.2 nnn~1t.!'dt.!'1Jt.!1 (;I~'J'el tl1~ 1 t.!LLIJi ~:;n~tlYi (;I ~'el~ {n) L vhnu 500 L(;) tJil~1t.!'Jt.!n~ tI 

~'Jtlth..:!1t.!m1l'l(;l~'el":! {m} Ltlt.! 1, 5 LL~:; 10 n~tI LL~:;n1~t.!(;I~:;;Url'J1t1ltl";t.!fitt.! 

~'JLLUULtlt.! p = O. P = 0.2 . P = 0.5 LL~:; P = 0.8 

4.1.3 nnu~1t.!'Jt.!'1Jt.!1(;)~'J'eltl1~1t.!LLIJi~:;n~tlVl(;)~M {n} L'vi'lnu 1000 L(;ItJiJ~1t.!'Jt.!n~tI 

~'Jtltl1..:!1t.!m~YI(;)~'el":! {m} Lilt.! 1. 5 LL~:; 10 n~tI LL~:;n1~t.!(;I~:;;Url'J1t1ltl";t.!fitt.! 

~'JLLUULilt.!p = O. P = 0.2 • P = 0.5 LL~:; P = 0.8 

4.1.4 n~ril~'lt.!'Jt.!~'J'eltl1..:!~..:!~tI(;)1t.!LLIJi~:;"ll(;){mn}Lvhnu 500. 1000 LL~:; 5000 LL~:; 

n'l~t.!(;)~:;;Url'J1t1ltl";t.!fitt.!~'JLLUULilt.! p = O. P = 0.2 • P = 0.5 LL~:; P = 0.8 

n'1ruAn1:t1;14.2 ~~n1fjr.rmllitJuL~tJu'lfim~D~:;tl1ruFl1ltlD~:;~'VItn1~tl(;)tl'eltJlt.!mci1hJ 

'VI~'lU~h,j"r.rtJ'1Jtl~ rltlViVi ~'l Z LL~:;;:J n 1 ~D fu rh ~'dD ~:;tI'l rul tiD ~:;~ Vltf'l'J1 tI tli1l tl'el tJ L(;I tJ m ~ .. 
f!lru~'JtJ ~1 - P 

4 .2.1 n~ci1~1t.!'dt.!'Ilt.!1(;1~'J'eltl1~1t.!LLIJi~:;n~tlYI(;)~'el":! {n} Ll'hnu 100 Li1ItJil~1t.!'Jt.!n~tI 

~'Jtlth..:!1t.!m1l'l(;)~'el":! {m} Ltlt.! 1. 5 LL~:; 10 n~tI LL~:;n1~t.!(;I~:;;Uf'I'J1t1ltl";t.!fitt.! 

~'JLLUULilt.! p = 0, p = 0.2 . P = 0.5 LL~:; P = 0.8 

4.2.2 n~ril~'lt.!'.lt.!'Ilt.!'l(;l~'.l'eltl1..:!1t.!LLIJi~:;n~tI'VI(;)~'el":! {n} Lvi'lnu 500 L(;)tJiJ~1t.!'Jt.!n~tI 

~'.ltltl1..:!1t.!m~'VI(;I~'el":! {m} Lilt.! 1. 5 LL~:; 1 0 n~tI LL~:;n1~t.!(;I~:;;Url'J1t1ltl";t.!fitt.! 

~'.lLLUULilt.! p = O. P = 0 .2 • P = 0.5 LL~:; P = 0 .8 

4.2.3 n~ril~1t.!'.lt.!'1Jt.!1(;)~'.l'eltl1..:!1t.!LLIJi~:;n~tlYI(;)~tl..:! {n} L.,.hnu 1000 L(;)tJ;:J~1t.!'Jt.!n~tI 

~'.ltltl"l..:!lt.!m~'VI(;)~'el":! {m} Lilt.! 1. 5 LL~:; 1 0 n~tI LL~:;n1~t.!(;I~:;;UWJ1t1ltl";t.!fitt.! 

~'.lLLUULilt.! p = O. P = 0 .2 . P = 0.5 LL~:; P = 0.8 
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" 
4.2.4 nnU~1'IJ';)tJr;l'J~r.h~i~'\!ItJ(P\ltJLl.v1fl:;"ll(P\ {mn)L"IIhritJ 500, 1000 LLfl:; 5000 Ll.fl:; 

r'h'\!ltJ(P\1:;;tJf'1'J'ltJtftJ~tJfiLtJr;l,;)Ll.l.JtJLUtJ p = 0 , p = 0 .2 , p = 0.5 LLfl:; p = 0.8 

.... ~ "'" 
n'irut'lm~'lVl 4 .3 

4.3.1 nnu~'ltJ'JtJ'1ltJ 'l (P\ r;l'J~ rh~ 1 tJLl.v1fl:;nqtJ'V1(p\ fl~~ (n) L"IIh ritJ 100 L(P\ tJ iJ~'l tJ'JtJnq tJ 

11i'J~th~ltJn'l1'V1(p\fl'el~ (m) LUtJ 1,5 Ll.fl:; 10 n~tJ Ll.fl:;n'l'\!ltJ(P\1:;~tJf'1'J'ltJtfJ.J~tJfiLtJ 

11i'JLl.tJtJLUtJ p = 0 , p = 0 .2 , P = 0 .5 Ll.fl:; p = 0 .8 

4.3.2 nni1~'ltJ';)tJ'1ltJ'l(p\I1i'Jmh~ltJLl.v1fl:;n~tJ'V1(p\fl~~ (n) LvhritJ 500 L(;ltJiJ~'ltJ'JtJnql-J 

11i';)~th~ltJn'l1'V1(p\fl~~ (m) LUtJ 1,5 Ll.fl:; 10 nql-J Ll.fl:;n'l'\!ltJ(P\1:;~tJf'1'J'lJ.JlJ.J~tJfiLtJ 

11i'JLl.tJtJLUtJ p = 0 , p = 0 .2 , p = 0.5 Ll.fl:; p = 0.8 

4.3.3 nnU~'ltJ'JtJ'1ltJ'l(p\I1i'J~th~ltJLLv1fl:;n~l-J'V1rnfl~~ (n) Lyi'lritJ 1000 L(;ltJiJ~'ltJ'JtJnql-J 

11i'J~th~ltJn'l1'V1rnfl~~ (m) LUtJ 1, 5 LLfl:; 1 0 n~l-J LLfl:;n'l'\!ltJ(;l1:;~tJf'1'J'lJ.JlJ.J~tJfiLtJ 

I1i'JLLtJtJLUtJp=O, p=0.2 , p=0.5 LLfl:; p=0.8 

4.3.4 nnU~'ltJ';)tJl1i'J~th~i~'\!ItJ(;lltJLl.v1fl:;"ll(;l{mn)L~hritJ 500, 1000 LLfl:; 5000 LLfl:; 

n'l'\!ltJrn1:;~tJf'1'J'lJ.JtfJ.J~tJfiLtJl1i'JLl.tJtJLUtJP = 0 , p = 0 .2 , P = 0 .5 LLfl :; p = 0.8 

n'1ruAnH1vf 4.4 I:-Jfln'l1~~mmtJtJL~tJtJ~fim11.J1:;l-J'lrurhlJ.J1.J:i':;~'V1tn'l1(l(p\(l'eltJltJn1ru 

'V1l'ltJ f'hif~4'tJ f'1~~~fl'l Z LLfl :;iJn'l :i'1.Jfw·h 11i'J1.J1:;tJ'l rul tJ1.J1:;~'V1~f'1'J'll-J (l (P\ (l'el tJ L(P\ tJ n'l1f'1 ru 
~ ~ 

4.4.1 n1ru~'ltJ';)tJ'1ltJ'l(p\I1i'J~th~ltJLl.~fl:;n~l-J'V1(p\fl~~ (n) LVi'lritJ 100 L(;ltJiH'ltJ';)tJnql-J 

11i'J~th~ltJm1'V1(p\fl'el~ (m) LUtJ 1, 5 LLfl:; 10 nql-J Ll.fl:;n'l'\!ltJc;w:;~l.Jf'1'J'lJ.Jtfl-J~tJfiLtJ 

r;l'JLl.l.JtJLUtJ p = 0, p = 0.2 , P = 0 .5 Ll.fl:; p = 0 .8 

4.4.2 n1ru.~'ltJ'JtJ'1ltJ'l"'I1i'J~th~ltJLl.v1fl:;nqtJ'V1rnfl~~ (n) L'vhritJ 500 L"'tJiJ~'ltJ'JtJn~J.J 

r;l'J~th~ltJm1'V1(p\fl'el~ (m) LUtJ 1, 5 Ll.fl:; 10 n~l-J Ll.fl:;n1'l~tJ(P\1:;~1.Jf'1,;)'lJ.Jll-J~tJfiLtJ 

11i'JLl.UtJLUtJ p = 0, p = 0.2 , p = 0 .5 Ll.fl:; p = 0.8 

4.4.3 n1N~'ltJ'JtJ'1ltJ'l"'I1i'J~th~ltJLl.v1fl:;nqm'lrnfl~~ (n) L"IIi'lritJ 1000 L(P\tJiJ~'ltJ'.ltJn~l-J 

11i'J~th~ltJm1'V1(;lfl'el~ (m) LUtJ 1, 5 Ll.fl:; 10 n~l-J LLfl:;n'l'\!ltJ(P\1:;~Uf'1'J'lJ.Jtfl-J~tJfiLtJ 

11i'JLl.tJtJLUtJp=O, p=0.2 , p=0.5 LLfl:; p=O.8 

4.4.4 n1ru.~'ltJ'JtJr;l'J~th~i~'\!Il-JrnltJLLv1fl:;"llrn (mn) LvhritJ 500, 1000 LLfl:; 5000 LLfl:; 

n'l'\!ltJ(P\1:;~tJf'1'J'll-JtftJ~tJfiLtJl1i'JLl.UtJLiJtJ p = 0 , p = 0 .2 , P = 0 .5 LLfl:; p = 0 .8 
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ruLL1J1Jm~1L~\!'tl!:J~n'1:n4'tJ1\!LL~~:;n~ru~n~'nr\! LilJ~1n!:J~n1~~4'tJ~1n~1~1\l LL~:; ., 

LL~ £9I\lruJ1'l'Yi 1 "1m ~LllitJ1J L ~ tJ1J r)1 L~~ tlflt'J1lJ 1"1 fl1 c;) LI"I ~ 'tlwi 1 ~\l ~ 'tl \l "ll 'tl\l i lJ ·l.h:;~ 'VI tn 1 ~t:l c;) t:l 'tl tJ .. ., 
'VInn~rilrl'tltJ YiffilJi\l'tlB1J1tJ!:J ~ n1 ~~4'tJ 1 \!LL~fl:;n ~nl~ n~1 LC;)tJ!:J ~ n'l ~';j LI"I ~1:;'If.;r'tllJ ~ 1 \!LL~~:; . ., ., 
mnl~n~ LiI\!~\lil 

n1WAnH1v1 4.1 eJ~n111{t1L mtl1J L Vitl1J1fin11tJ1~ ~1rufhi lJtl1~iVl~n11t1 j;lt1'tltl1. 'U 

n1rubJVl11U fohif~~tl'1l'tl\j FI'tl"''''~1 Z ... 
., , 

n1n4'tJ 1 \!n~rilil1.~.yh n1 ~~ n~1 n~nlVl ~1 \!'J \!"lJ\!1 c;) ~'J'tl rl1\l ~'J'tl rl1\l 1 \!n1 ~'VI £9I~'tl\l LiI\! 

100, 500 LL~:; 1000 ~tJ1\!LLlJi~:;"ll\!1£91~'J'tlrl1\l 1~Yhn1~~n~1m~tl~:;lJ1rur)1ilJ1.h:;~'VItm~ 
.J., .,t: .... fI" 0 IQ.I'I 

t:l~t:l'tltJ'VI~:;£9I1J~'J1lJrilJYi\!i1 P = 0, p = 0.2 , p = 0.5 LL~:; P = 0.8 LL~:;~1\!'J\!nqlJ~'J'tlm\l 

1\!m~'VI~~'tl\lLiI\! 1, 5 LL~:; 10 n~lJ ~\l!:Jfln1~';j4'm~'J\!d.w1L~\!'tl1\!~1~1\l~ 4.1.1 - 4.1.3 ~'J\! • 
1 \!n~ril4 . 1.4 LiI\!n1~.w1L~\!'tlltJJl1YiLL~ ~\l mru~1\!'J\!~'J'tlrl1\l~\l~lJ £911 \!LLlJi~:;~ £91 (mn) ~ 
L'thn\!1\!LLlJifl:;n~rurl'tltJ ~\lL'vhn1J 500, 1000 LLfl:; 5000 L£9Iwi1'~~\!£9I~:;~1J1"I'J1lJilJ~\!fiL\!~'J 

LL1J1JLiI\! P = 0, p = 0.2 , p = 0.5 LL~:; P = 0.8 

..I I .J ... 0.... , .J 
j;!111\jVl 4.1 .1 ~1~1-!1LL~£9I\l1"l1L~fltJfIl'J1lJrlfl1£91Lrlfl'tl\!n1fl-!l~'tl-!l (MSE) rl1L~~tJ (Mean) LL~:; 

~'J\!L~mL1J\!lJ1~~l1\! (SO) L~'tl"lJ\!1C;)~'J'tlrl1-!11\!n1J"Vl£9lfl'tl\lL'vhn1J 1 00 

p=O p=0.2 p=O.5 p=0.8 

m bo bi 
bo b l bo bi 

bo I b l 

1 MSE 0.0697 0.6131 3.2551 11.4260 

Mean -0.481 0.986 -0.578 1.212 -1.007 1.853 -2.031 3.344 

SO 0.174 0.332 0.873 0.646 1.964 1.299 3.393 1.886 

5 MSE 0.01034 0.02735 0.07193 0.17677 

Mean -0.486 1.019 -0.483 1.024 -0.491 1.041 -0.516 1.069 

SO 0.081 0.117 0.199 0.122 0.318 0.206 0.466 0.364 

10 MSE 0.00498 0.0147 0.03803 0.08651 

Mean -0.475 1.006 -0.492 1.015 -0.506 1.031 -0.524 1.051 

SO 0.053 0.085 0.147 0.085 0.237 0.136 0.329 0.247 
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CJ~m~1 {tJLmtJUL~tJum:i'tl:i'~~1rufih~~lh:;~'Vltm~t1(;1t1't1tJ~TVlfun:i'ri1hJ'Vl~1Ufil1 

if"\{tJPI't1'Yi'Yi~ 1 z L~'t1'11'W1(;l1?i')'t1thU'vhnu 100 'YiU~1 Ld't1:i'~~U~,)1~~tJ~'WfiL~~f'W filIL~~tJ 
" 

fil'.l1~fil~1V1Lfil~'t1'Wril;~t'\'t1,:jiJfil1L~tJ~'W'YJnn~~I?i')'tIth~ ;~~~~~U~'.lI~~tJ~'Wfi P = 0 iJ 

filIL~~tJI"'JI~fil~1(;lL~~'t1'Wri1;-1t'\'t1~~It'\~ ~tJnfl~vi'J't1th~ 1 nfl~ iJfil1L~~tJfil'J1~fil~1~L~~'t1'W •• • 
0 ... c:. J' . '" tV ...... ..J.l'.J 0 I 

m ~H t'\ 'tI~ L 'Yi ~"lI 'Wfil 't1'W"lI1~ ~ 1 n 1(;1 tJL~ 'Yi 1~1. 'W1~~U ~'l1 ~ ~ ~'Yi'Wfi'Vl t'\~"lI 'W LLlJ1 L~'t1 ,,\1'W'J 'Wn ~ ~ 
~ . 

vi'.l't1~1-1 L~~;'Wyh 1 ~1"11L~~tJ fil'Jl~filfl1~L~~'t1'Wri1;,:jt'\'tI ~ iJLL 'W'.l1,j~ L ~ tJf'WI"1't1'W.;r1~,j't1 ul 'WLL~~~ 
cv ~cv.....;.t 

1:;(;lU PI,)1 ~¥'l ~'Yi'Wfi'Vl t'\~"lI'W 
~ 

Ld't1~,,\11ru11"11L~~tJLL~~~'.l'WL;jtJ~LU'W~11J11~I'Wl'Wm1'Vl~~'t1~~1 100 ffiU tl:i'~n't1Um:i' 
vi~~'Wl,,\'YiU~1 fil1L~~ml't1~1"11tl~~tJ1ru~~tl1~~'Vltm:i't1~t1't1tJ bo l'W'YJn~~~U~'J1~~~~'Wfi LL~~ 

'Vln nfl ~ vi') 'tIti 1-1 iJ fil 1 ~1 n ~ 11"11 'Yi 111ij LlJ1't1 f~ fil'.l ~"\ ~L il 'W (U nderesti mate) 1~ tJL~'Yi 1 ~ 1. 'Wn fl ~ • • • 
vi')'t1ti1-1Lyhnu 1 nfl~ LLfl~1.'W~~~Ufil'J1~~~~'Wfi~t'\-1f'W ~'J'Wrhtl1~l-J1ru~~tl:i'~~'Vltn1~ . ~ 

t1 ~ t1't1 tJ bl iJ I"i 1 ~ ~ n ~11"i 1'Yi 1 n ij LlJ1 't1 f~ PI') ~Iij ~L il 'W (Overestimate) ~ 1~ fu ~ 'J'WLn tJ~ LU'W 

~11J1~fil'Wl 'Wm~'Vl~~'t1-1 100 :i''tlU 'YiU~1m:i'n:i':;,,\1tJ"l1'tl-1rl1tJ~~~1ru"ll'tl-1~l-JtJ:i'~~'Vltm~t1~t1't1tJ 
d.9 

~1Tl~Y1 4.1.2 1J11:i'1~LLt'\~~1"i1L~~tJPI'J1~~~1(;1LPI~'fl'Wri1;~t'\'t1-1 (MSE) fil1L~~tJ (Mean) LL~~ 

~'.l'WLnmLU'W~11J11~1'W (SO) L~'tl"ll'W1~1?i')'t1ti1~l'Wm~'M'i't1,:jLlhnu 500 

p=o p=O.2 p=O.5 p=0.8 

m bo bl 
bo bl 

bo bl bo I bl 

1 MSE 0.0479 0.3943 1.3491 8.0767 

Mean -0.512 1.023 -0.630 1.170 -0.860 1.554 -1.590 3.035 

SO 0.265 0.155 0.778 0.367 1.369 0.623 2.928 1.513 

5 MSE 0.0024 0.0310 0.0881 0.2302 

Mean -0.466 1.005 -0.482 1.021 -0.504 1.054 -0.531 1.102 

SO 0.036 0.060 0.235 0.084 0.382 0.166 0.567 0.359 

10 MSE 0.0012 0.0140 0.0401 0.0879 

Mean -0.468 1.004 -0.484 1.008 -0.498 1.020 -0.511 1.032 

SO 0.026 0.041 0.159 0.053 0.258 0.115 0.353 0.224 



31 

tJ~ m ~';j r.f tJ L mtl U L ~tlU WI nJ ~:;l-l'lrurh~ mJ ~:;i "r'l~n'l ~t;] ffl t;]'tl tl~'l~fu n~rilhl"r'l~'lu r1 '1 

if"r.ftJPI'tlViVi~'l Z Lrl'tl~U'lffl~'J'tlth~L'Vhriu 500 ViU~'l Lrl'tl~:;~UPI'J'll-l~l-l~Uiii~l-l~U r1'lL~~tl 
'II 

PI'J'll-lPl~'lfflLIi\~'tluri'l~~~'tl~ilr1'lL~l-l~U"r'lnn~l-l~'J'tltl'l~ ;-:J~~:;~UIi\'J'll-l~l-l~Ufi P = 0 iJ • • 
rl'lL~~tlli\'J'll-lIi\~'lfflLIi\~'tlUri'l~-:J~'tl-:J~'l~ffl LC;ltJn~l-l~'J'tltl'l-:J 1 n~l-l iJ r1'lL~~ tl PI'J'll-lIi\~'l VI LPI~'tlU •• • 
0 ..... ~J"I" .., .., .... .J..t..::lO ..... t":'..t 
n'l ~~ ~'tl-:J LVi l-l"llUfll'tl U~ 'l-:J l-l'l n [;\ 'll-l ~:;VlU PI'J'll-l ~ l-l ViUfi"r'l ~-:J"lIU LtJ 'tl" '1 u'Jun ~ l-l [;\'J 'tl tJ'l~ LVi l-l"llU 

~:;~UPI'J'll-l~l-l~ufi 

Ld'tl~"'l ~ru'l r1'l L~~ mL~:;~'JULrimLUUl-l'l[;\~~'lU1 Un'l1'Vlffl~'tl~4'l 100 ffiU ,j~:;n'tl1Jm ~ 
~ffliu 1"ViU~'l rl'lL~~tl~'tl~rl'l,j~:;l-l'lru~l-l,j~:;i"r'l~m~t;]fflt;]'tl tl bo 1 U'VJ n ~:;~U PI'J'ltJ~l-l~ufi LL~:; 

"r'ln n ~l-l ~'J'tl tl '1 ~ iJ r1 '1 ~ '1 n ~ '1 rl'lVi '1 ~'l i1 L[;\'tl f~ PI'J~" :;LUU (U nderestimate) Lffl m~Vi'l:;1 un ~ l-l • • • 
~'J'tltl'lwvhriu 1 n~ l-l LL~:;1 U~:;~1J PI'J'll-lIfl-l~ufi~~~~u ~'JUrl'l,j~:;l-l'l ru~ l-l,j~:;i"r'l~n'l ~ 

• 'II 

t;] ffl C1 'tl tJ bl iJ rl '1 ~ ~ n ~ '1 rl '1 Vi '1 ~'l ij L[;\ 'tl f~ PI 'J~":; d:l U (Overestimate) ~ '1 ~ fu ~ 'JUL ri tJ-:J LU U 

l-l'lf;1~3'lU 1 um~"r'l VI~'tl~ 1 00 ~'tl1J ViU~'lmm~:;"'ltl"ll'tl~ r1'l,j~:;tJ'l ru"ll'tl~ ~ l-l,j~:;i"r'l~m~C1 VI C1'tltl 

rl'tlU;)'l-:J l-l'l n 1 U ~:;~U fll 'J'll-llf l-l~ufi~~ LL~:; 1 u~'lu'Jun ~ l-l ~'J'tl tl'l-:J~U'tl tl 
'II • 

.cI I ..J .J 0 IV I ..J 
j;l1rl.:J'YI 4.1.3 [;\'l~~LL~ffl-:Jfll'lL~~tJPI'J'll-lPl~'lfflLfll~'tlUm~~~'tl~ (MSE) PI'lL~~tl (Mean) LL~:; 

~'JULritJ~LUUl-l'lf;1~3'lU (SO) L~'tl"llU'lffl~'J'tltl'l-:J1um~f?l~'tl~L'Vhriu 1 000 

p=O p=O.2 p=0.5 p=0.8 

m bo bl bo bl 
bo bl 

bo bl 

1 MSE 0.0098 0.1540 1.1070 7.0681 

Mean -0.471 1.003 -0.550 1.111 -0.761 1.511 -1 .506 2.955 

SO 0.108 0.090 0.514 0.169 1.261 0.544 2.713 1.404 

5 MSE 0.0010 0.0198 0.0634 0.1736 

Mean -0.468 1.005 -0.47 1.018 -0.488 1.044 -0.500 1.089 

SO 0.025 0.038 0.180 0.084 0.302 0.186 0.442 0.382 

10 MSE 0.0005 0.0105 0.0327 0.0796 

Mean -0.467 0.999 -D.470 1.004 -0.472 1.014 -0.474 1.029 

SO 0.017 0.025 0.134 0.058 0.222 0.130 0.313 0.249 



32 

e.Jflm:i'fjr.rtJLmmJL~tJ'Un'1nJ:i':;~1ruf011l~u:i':;~Yltn1:i'~VI~tltJ~1~funnnhJYln'Uf011 

if~r.rtJflItl'Vi'Vifl1 z Lrltl'1l'W1V1~'Jtl£hmhnu 1000 'ViU~1 L~tl:i':;;Uf"l'J1~l~~'WfiL~~~'W f011L~~tJ 
'II 

, , , 
• ... ... 0.... 0 ... 

f"l1L~fltJf'l'J1~f"lfl1V1LflIfltl'Wn1fl-:lt1ltl-:lVl1qVl 1tl-lfl-l~1f"ltl p = 0.2, P = 0.5 LLfl:; p = 0.8 

m~~1~tJ LvttJ~n~tI~'Jtl£h-:l 1 n~~ i1f011L~~Wll'J1~flIfl1V1LflI~tl'Wri1i-:lt1ltl-:lL~~~'Wf01tl'W;J1-:1~1n • • 
.......... ..-IJ' ... 0 . .., f ~.l',.,J .-=- 0., 

m ~1:;VlU fOI'J1t1itl'Vi'WfiYlt1l-:l '1I'W Ltltl ~1'W'J'Wn fl ~ Vl'Jtl tJ 1~ L 'Vi ~ 'tl 'Wf'l1 L ~ fl tJ flI'J 1 ~ f'l fl1 VI Lf'l fl tl 'Wm fl~ 
'II • 

q ~~J', 1.1'" I ......... ..J.l' "'0 I 

t1I tl~ ~ LL 'W'J L 'WtI L'Vi tI '11 'Wf'l tl 'W 'tl1 ~ 'W tl tJ 't 'WLLVl fl:;1:;(1! tJ flI 'J 1 tI i tI 'Vi 'WfiYl t1I ~ , 'W LL fl:; L~ tl ~ 1 'W 'J 'Wn fl ~ 
." . 

'Wtln~1n~£i-:l'VitJ~1 't 'W'1I'W1V1~'Jtl£h~ 't 'Wnnw£ltltJd il~1 L~~ tJ f"l'J1 ~ f"l fl1 VI Lf"l ~tl'lJf11i-:l~tl-l ~1n~1 

'tl'W1 VI ~'Jtl £I1~~ n ~1'J ~1 LL~'J;J1~~'W 't 'WLL~fl:;1:;~'U flI'J1t1l tI~'\Jfi LLfl:; 't 'WLL~ fl :;n~ ~ lJi'Jtl £1 1-:1 • 
L~tl~~11ru1 ~1 L~~ tJLLfl:;~'J'WLnmLU'W~1Vl1ti1'W't 'Wn1:i'YlVlfltl~41 100 1tl'U U1:;n'fl'Um 1 

d.9 

vlVl~'W't~'VitJ~1 't 'Wn~tI~'Jtl£l1~ L Yl1ntJ 1 n~~ il~1L~~tJ'1Itl~rhu1:;tl1rul~u:i':;~Yltm1~VI~tltJ • • 
bo ~1n~1f011'Vi111nLVltlf~f"l'J1~:;LiI'W LL~~1U1:;~1ru'1l'fl~i~u:i':;~Yltn11ClVlCltltJ bl ~~n~1 

I ....... .J 't ........ .,...J..t 0 levi 

f"l1'Vi 1:i'1 ~ LVltl1Yl fOI'J :i'~:;dj'W LVI m~'Vi 1:; 'W1:; If)U f'l 'J1 tJ i tJ'Vi'WfiYl t1I~'1I '\J ~ 'J'W~ 1 'W'J 'Wn fl tJ (;1'J tltJ1 ~ '" . 
LYl1nu 5 n~tJ i1~1L~~tJ'1Itl~f011U1:;tJ1ruitJU1:;~Yltm1~If)CltltJ bo ~1n~1f011'Vi111ijLVltlf~f"l'J1 

~:;Lij'WL~nUtlmLfl:;f011U1:;tJ1 ru"ll'fl~i tJu:i':;~Ylim 1~ If) ~'fl tJ bi ~~ n ~ 1 rl 1 'Vi 1:i'1 n LVI 'el fL ~ n Utl tJ 't 'W 

1:;~tJflI'J1t1ltJ~'Wfi~t1I~ LLfl :;mltJvl'Jtl £I1~L 'thnu 1 a n~ ~ ilrl1L~~tJ'1Itl~f011U1:;tJ1rurl'el'W;J1~ 
.". . 

1.n ~ L~ tJ~ nu f011'Vi111 ij LVltl f LLfl:; 1. 'WYl n :i':;~tJ flI'J1 ~itJ~'Wfif011 L ~~ tJ"lI'el~ f011U :i':;tJ1rul ~U :i':;~ Yl in 11 • 
Cl If)~tltJ fl If) fl~ L~tl~1'W'J'Wn~ tJ~'Jtl £11-:1 L ~ tJ~ 'IJ ~ 1~f'U~'J'WLn tJ-:I LtJ 'WtJ 1 VI 1,31'W 1. 'Wm:i'Yl Vlfltl~ 100 

1tlU 'VitJ~ 1 n11n1:;~1 tJ'1Itl~ f011U 1:;tJ1 ru'1l tl~ itJ U :i':;a Yl t n11~ If) ~ tl tJ f01 'fl 'W;J 1~ ~1 n 1. 'W 1:;~ tJ 

f'l'J1 tJ l ~ ~ 'Wfi~ ~ LLfl:; 1. 'W~1 'W'J 'Wn ~ tJ ~ 'J tl £11 ~ ~Utl tJ LLfl:;i/ n 11n 1:;~1 tJ fl If) fl ~ L~ 'fl ~1 'W'J 'Wn ~ tJ "'. . 
~1n m 1')-:1 m 11 Lf"l1'):;'\f rl1 L~~ tJ flI'J1tJ flI fl1 f;I Lf'l~tl'Wri1 i~t1Itl~'1Itl~~ tJU1:;~ Ylim:i'Cl If) Cl 'el tJ 1. 'W 

3 n1ril£ltlm~tlLu~tJ'\J'tl'W1f;1lJi'Jtl£l1~Ltl'W 100, 500 LLfl:; 1000 ;r1~~'W,r'\J t1I1tJ11Cl~~11ru1~1n 

lUfl1'ViLLt1IVI~n11LmtJ'UL Y1tJUri1L~~tJflI'J1~ f"lfl1If)LflI~tl'Wihi~t1Itl~~1:;~Uf'l'J1~ltJ~'Wfi P = 0, 

p = 0.2 , p = 0.5 LLfl:; p = 0.8 ~1'W'J'Wn~~lJi'Jtl£l1wvl1ntJ 1, 5 LLfl:; 10 n~tJ LLfl:;"lI'W11f) • • 
vl'Jtl£l1-:1 't'WLL~fl:;n~tJYlVlfl'tmtl'W 100, 500 LLfl:; 1000 ~~ru~ 4.1.1 - 4.1.3 ;-:I~tllud . '" 
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n.lYI 4.1.1 u,~~~m~Lm£J1Jfih~1L~~£JPl'.l1)JPlt'l1~LPl~tl\lri1i~~tl~~~:;~1J1"l'.l1)Jl)J~\lfi p = 0, ... 
p = 0.2 , p = 0.5 u,t'l:; p = 0.8 LLt'l:;~1\l'.l\lnq)J~'.ltlth~L'Vhn1J 1, 5 LLt'l:; 10 n~)J 1\lLL~t'l:; 

~\l1~~'.ltlt.h~ 
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ZtJiI 4.1.2 u.~"' .:m11LmtJujih!il1L1l~tJfII'J1lJrol~1"'Lrol~tl~ri'Ur~~tl~~1~;Urol'J'UJilJ~~fi p = 0, 

p = 0.2 , p = 0.5 u.~~ P = 0.8 U.~~~1~'J~'II~1"'~'Jtlth~LYhnu 100, 500 LL~~ 1000 1~u.1Jl~~ 

n~lJ~'Jtlth~ 
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n) p=O ,) p=O.2 
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t!f1~~~t'~ v' ~ 'v ~f1lt'~ 0009 :::~" OOO~ '009 n.1JLIA'L~~t'~ ra~~tyl~u:::~~"t'~.ll.n,VLIA' 
'" , 

lA.(UUl) ~~:::~~"n' ~ttk1.t'lA.~f1~ll.nfJnLbftnun.~k1.L~ 8'0 = d :::~" ~'O = d ' Z'O = d P'=' I I. ,.., " 0 I'=" ,.. 0 
, " 
'0 = d J!,\~111I1UJ~n.~:::~~t'~~t'~L~n~~~'~L~~I1LfJ~ra~t!.'L~n.ra~mraW'~LUraLn.~~ 

:::~mJ.Ll!t'~~"~LUnlJ' Uf1~ ~~ t'~U'~un \n!1-t'14 .!t'~n1JLIA '!1~~~I1k1.t'~~f1@JfnfJnL~~tyl~uULb 
" '" I" I 

.. n.ra~, n.ra~'~Lu~~!'\ \ra1t'~@Jf~~"~ \ L~ !'\b'~ i-!1~ ~t'9bL@fJL~Ut'~:::ru~u~n \n.ra~ mraw, 

~LUt'~ ooo~ :::~" 009 'OO~ = UUl @~n~ n1JLIA'!1~(UUl) ~~:::~!!l"n\~f1@JfnfJnL~ 
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!,\@~~'~L~~I1Lc..~ra~t!.'L~n.ra~ ,rmW'l.LunlJ' n,!\!'\jf1t'LJfU'l.U £ t'~ra@~U'l.Un \ ULb 
I' "" 
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?1.c..?1.L~:::u).t!.m~l n~ULl1tt~' t'LfJ~fJ~~L?1.Il.!'\c..?1.L~@~'t'~~~ Lra~~:::~" ra@1:t'LfJ~c..~~Lnll. 
• • ?1.c..nL~~~t'c..flon \ ULI1t'LJfn~~ N~~ ~~Lun \tt1:1 fJn ,,~ra~l t'LfJ~c..~I1~UUlA.:::~"J?1.~111I1LfJ~ 

n.14:::l.Uv.nV~~~L~ ~t'~~t'~L~n@~l!j'~ L~l!jttLfJ~ ra~t!.'L~ n}tt~ nL~~c..~ ~Lnll.@~' '£ 

t'~ra~n 

" 
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b b It b 
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, , 
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• • L • n. ~:::l.U lA.n' :::~" !'\ Il.tt M., t' Lra @fJ ~ tt ~ unfJ!'\ L b~I1' t'~ ~ ~ ra@l!j:::~" ra@nt' Lra ~ fJ~ 11 ~ U ,.. " .f~ I,... or-I '" I,..' 

?1.c..nL~~ ~ul.11t'c..lL-n \ c..~, ~c..l.t'L~@t'~ ~~tt1:1 fJn ,,~ra~l t'L~@c..~~LnIl.U v.:::~"Jn~tt1ttLc..l!j 
b • _____ _ 

n.~:::l.ulA.n \t'~~ ~Lbfl1t'~~t'~Lun~~ bfH~ L~l!j 11 Lc..l!m ~t!., L~ nll.ttM.' t'Lra @c..~ tt~ unc..nLb@tt, 'G ,.., I fa' .... 0 r-,... I ,r ~ I ,. I 0 I"" 

n.~L~ttL~ 8'0 = d :::~11 ~'O = d 'z'o = d @~ ~ 0 ~ 

Lttt'~t'@l. ~~L~t'~~t'~Lun~~~1~L~~I1LfJ~ra~t!.'L~tt 0 = d gnM.111ttLc..bfn.~:::~ ~ ,. 0 r-r" I p.;r ... ,.. ,. 

lA. t'Lra~c..~~L!,\Il.Uv.n' :::~"t'Lra~fJ~l1t3uutm' Lc..n.M.nULbU~n GTv lA,f"Il:::~" ~ Tv lA.rlgn, ~ I'" "I,.. I "I ~ ~I" ,..,. It 

• • tt~U ~ n.1JLIA 't'L~~c..~tt~un \nb1 ~ i-.!t'~~u, t'1t'~ ULI1t'LJf!,\~~!,\~I1~ 't'@~t'~L~n@~bf'~L~~ 

I1Lc..bfra~t!.'L~~ 8'0 = d Jn~tt1ttLfJbfn.~:::1.~:::LM.t!.m~1 t'L~@fJ,lfl~LnIl.Uv.:::~"t'L~~c..,lfl 

I1~UU v.n \!,\Il.I1M. 'Lbfttt'~~t'~Lun~~ l!j'~ L~ l!jtt Lc..l!j ra~t!.'L~ nil. 11 M. , gl'UJ.tt1ttL c..bf n.~:::l.@tt' '~ I .t ~ I,.. ,.. 0 !P r-I .r ~... ,. ,.. r 

t!t'~ Z L~M.M.~bft'~lr.ra~bDL~n.Ll.lA.!1~t1ll.U?1.\~k1.L~ (3SV'J) t'@~t'~L~n@2~'~L~bf 
" , . .. ttLc..bfra~t!.'L~t'@Il.N~f1"nra~f1'l.Lun.1JfJra~m~~l.LU~~f1l.~\jl.LttL~ £Tv -~Tv f1l.ULb 

9£ 



9 

8 
7 

6 
w 5 

~ 4 
3 

2 

1 

o 

... 

-+- m =1 n=500 

_m=5n=100 

rho=O rho=0 .2 rho=O.5 rho=0 .8 

"tI) n~ru~'1'1.!'J'I.!.;r'e1lJfl";,nUJj;lt'l.!LL~fl:;'~ (mn)Lvhriu 1000 

12 

10 

8 
w 

'" 6 
:::iE 

4 -+- m =l ,n=1000 

2 _ m =10,n=100 

0 

rho=O rho=0 .2 rho=O.5 rho=0 .8 

---- -- - ---.-----------~ - -- --

... 
flI) mru~'1'1.!'J'I.!.;r'e1lJfl.,;\l'nJj;l t'l.!LL~fl:;'~ (mn) Lvhriu 5000 

w 

0 .2 
0 .18 
0.16 
0.14 
0 .12 

~ 0 .1 
0 .08 
0 .06 
0.04 
0.02 

o 

-+- m =5,n=1000 

_ m =10,n=500 

+-~~~------,-------,--~-, 

rho=O rho=0 .2 rho=0 .5 rho=0.8 

L-_________________________________________ -' 
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fOnnnJ 4.1.4 ;~u.~(;I~m~LmmJLYltl'lJrilL~~tlflI'J'UJflI~l~LflI~'tl'Wnl~'H~'tl~L'Wm'ru ... 
" " ~l'W'J'Wif'tl~~[;j''J'tl£h~'Yi,nU.J~L'Wu.vI~:;''l1~ (mn) YlL'vilri'W ,~l~LLri~l'W'J'Wif'tl~~ 500, 1000 u.~:; 

5000 L'W 3 n~ruifl~~'W,r'W Vi'lJ~l nqlJ[;j''J'tl£h~ (m )~j;h~ri'WiJe.J~vI'tl,",lL~~tlflI'Jl~flI~l~L~~'tl'W 

rili~~'tl~lJlnn~l~'Wl(;1[;j''J'tl£h~ (n) t~m~'tl~l'W'J'Wnq lJ[;j''J'tl th~L ~lJ;'W '"'1 L~~tI ~'Jl~ ~~1~ 
L~~'tl'Wfh i~~tl~iJ ril~ (;I~~L'W.,.m~~;r'tllJ~ t~tI ~:;;'lJnl~~ (;l ~~'1Itl~ rilL~~ tI~'Jl ~flI~l~L~~'tl'W .. .. 
rili~~'tl\lL'Wn~ru~nfllJ[;j''Jtlth\l 1 nfl~ri'lJnfllJ[;j''J'tlth\l 5 milJ ~1'tl 10 nfi~ (;\lL'Wn~ru. n, ~) iJ 

.. "" " " 
ilJl~n1~~(;)~\l'"''tl'W;rl\llJln L'WU.vI~:;~:;~'lJ~'JllJilJ'ti'Wfi fli'J'WL 'Wm'runfllJ[;j'')'tl£ll\l 5 nfilJri'lJ 10 • • 
nfilJ (~\lL'Wn~ru fDl) ,",lL~~tlfDl'JllJfDl~l~Lrl~'tl'Wril~\l~'tl\liJilJl~nl~~~~~~l~u.(;In"h\lri'WlJln,rn • 
0 .... ""0 ",':'..1' G I I .J .J 0 IV CIII, 

~1~~'lJ n ~ruVl"ll'W'J'Wll ~'tI'tllJ~ L VilJ'tI'W "I:;L ~'W'Jl ~1 L~~ tI l"I'JllJ fDl~ 1 (;I LfDl~'tl'Wn1 ~\l ~'tl\llJ flIl ~ (;I ~\l . .. 
~'J tI ~'WPI'tlL 'Wn~ril~ iJ~l'W'J'W '!I'Wl~ [;j'')'tl£l1\l,J'tl tI fDl'J ~iJ nl ~L ~lJ ~1 'W')'Wn filJ vl')'tl £ll\lL "'lJl n;'W • 
.. ",,,"'0 .J i.I ..J"..t ~ 

L Vifl fl\l e.J ~ L WtlfllJ ~ lJ"ll'W,)'W~l nViflVl~l ~1 ~ClL ~e.J~ nl ~1..l ~~lJl ruVl Cl nlJltl\llJl n'1l'W 'Wfl n"ll n'W"l:; ... .. 
Q' I I ..J .. 0.... ~ I .a:. J' cv cv ... .J X 

L ~'W'Jl~lL~~tll"I'JllJflI~l(;1 L~~'tl'Wn1~\l~fl\llJflI1L Vi lJ~'WlJIllJ ~~~ 'lJ fDl'JllJi lJ'Vi'WfiVl~\l'1l'WVl n"ll ~'1I'tl\l ... .. 
, .. " 

if'tllJ ~ en\l U. ~ (;l~ L'" L ~'W~1 nl ~1..l ~:;lJl Nrili ~1..l ~:;~ Vlfit(;ltl Hf nl~";j LfDl ~l:;iLb'lJ 'lJ t 'Vi ~ij Vltl~\l hI .. 

ilJ1..l~:;~Vlin1~Cl(;ltl'tltl bo ~ln~l,",lVil~iiLlJIflf~flI,)~"I:;dj'W (Underestimate) LL~:;rh1..l~:;~lru 

'1I'tl\li~1..l~~~Vlinl~ClInCl'tltl hI ~\ln~lril'Vil~liiL(;I'tlf~I"I,)~"'I~Lil'W (Overestimate) ~n~\ln1~ 

n~:;"Ilt1'11tl\l ril1..l~:;lJl NilJ1..l~:;~Vlim~tl(;lCltltlL 'Wnl~Vl(;)~tl\l 1 00 ~fl'lJ ri'tl'W.;Jl\llJl n L 'WVl n • 
~l'W'J'WnfllJ [;j'') 'tl £l1\l LLvi b~fl~l'W'J'WnfllJ [;j',)'tl £l1\l bb~:;~ l'W,)'W~'Wl (;l [;j'')'tl £ll\lL 'Wbbvl ~:;n fllJ b ~ lJ~ 'W •• • 
't11L '-"ril b~~ml'tl\l ril1..l~:;lJ1NilJ1..l~~~Vlin1~tlInCl'tltlU.~~fl,)'Wb~ tI\l b'lJ'W~l(;1~~l'WiJ ril~ ~~\lL 'WVl n 

d.9 • 

I I I I I 
GIl ..... Q.o" _... ... 1_ ... Ocv 0 cv 

Vlq ~ L~'tlL Vltl'lJn'lJm'NtI'tltl'tl'W u.~:;"llnn1~'Vi"ll~Nl 1"11 L~~ tI 1"1,)1 ~ flI ~1 ~ L~ ~'tl'Wn1 ~\l~'tl\l~1~~'lJ 

n~ru.l~Vl~'lJ rilif"'l4'tI'tIfl\l fDl'tlViVi~l Z ~ Vi'lJ~l rilL~~tlflI,)llJ l"I~l~LfDl~'tl'Wril~\l ~ 'tl\liJ '"'1 ~1~ In~ .. . 
~:;~'lJI"I'Jl~ilJ'ti'Wfi p = 0 ~l'W'J'WnqlJvl')'tl£ll~L"'hri'lJ 10 U.~:;~l'W,)'W"ll'Wl(;1vl,)fl£ll\lL.,.ilri'lJ 

.. " , 
1000 1..l ~:;n 'tl 'lJ ri tJ ril1..l ~:;lJl ru"ll 'tl\l i lJ1..l~:;~ Vlfin1~tl (;) tl'tl tI ~ 1 ~f'lJ n ~ru.tlfl~ n~l ri 1 'Vi 1 ~1 ii L(;I 'tl fYl .. 

~ 'i' 'I.... .... ... ..J X ... 0 'I" ,- ~ 
~'J~"'I:;LlJ'W ~lnm~Vil:; ~'W~~~tJ flI'Jl~ i~'Vi'WfiVl~~'1I'W "I\lVll ~ ~nl~1..l~:;lJl Nf011ilJ1..l~:;~Vlfim~ .. 
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n1wiilnH1v1 4.2 ~~ n1'j1~mmtl'U L ii!J'U1fin1'jtl'j:: ~1 rufhi ~t1~i'VIifn1tHl ~ Cl'2l!i1. 'lJ 

n'jNl~'VI'j1tl fhif~~tI"jJ'2l.:J fl'2lYiYi~1 Z U~::t1i'tl fh ~'ltl~ ~1 rui ~t1~i'VI iffl'l1 ~ Cl61 Cl'2ltl 
" 

tf\tln1'j'!lru~'l!J ~1- p 
~ , 

n1 ~~4'tll 'lJm·ru.ill~Yh n1~~ n'rn n nU~~1'IJ,)'IJ''lJ1 c;) r;i')'a ~1.:J r;i';l'a~1.:j 1 'lJn1 ~'VI C;)~'a~LU'IJ 

100, 500 U~:: 1 000 'LVltJl'IJLI.~~~''IJ'1c;)r;i')'a~'1~ 1~Yhnl~~m~t1nl~tl~~~1n.\f"hl~lh::~'VIi"n1~ 

tlc;)tl'atJ~~~i'Ufl,)1~l"J';'lJfi p == 0, p == 0.2 , p = 0.5 LL~:: p == 0.8 LL~::~1'IJ';l'IJn~~r;i';l'a~1~ 
, ~ , 

l'IJm~'VIC;)~'a~LU'IJ 1, 5 LL~:: 10 nfi~ ;~C.J~n1~14'm'b'IJilU'1Lf\'IJ'a1'IJVI'1~'1~Vl4 . 2.1 - 4.2.3 ~,)'IJ • 
l'IJn~ru. 4.2.4 LU'lJn1~U1 Lf\'IJ'altlll'1'Yi Ll.f\ c;) ~ n nU~I'IJ';l'IJr;i,)'a~I.:ji.:j~~ c;) 1 'lJU~ ~~, c;) (mn) ~ 

L·,hri'IJ1'IJu~~~n~ru.~'atJ ;~L"'hri'U 500, 1000 LI.~:: 5000 L~tJrh~'lJC;)~::~UI"!';lI~l~';'lJfiI.'lJr;i';l 

Ll.UULiI'IJ p = 0, p = 0.2 , p = 0.5 LI.~:: p = 0.8 

.a I .J .J 0 CV I .J 
(;I1'j1.:J'VI 4.2.1 VI1~.:jUf\C;)~1"!1L~~tI~';lI~~~IC;)LI"l~'a'IJnl~~f\'a~ (MSE) I"lIL~~tJ (Mean) LL~~ 

~,)'lJL~mLU'IJ~1V1~31'IJ (SO) L;j'a''lJlc;)r;i';l'a[h'll'IJm~C;)~'a~L'Vhriu 1 00 

p=o p=0.2 p=O.5 p=0.8 

m bo bl 
bo bl 

bo bl 
bo I bl 

1 MSE 0.0670 0.4724 1.4509 1.7109 

Mean -0.481 0.986 -0.517 1.084 -0.712 1.311 -0.908 1.495 

SO 0.174 0.332 0.782 0.578 1.389 0.919 1.517 0.844 

5 MSE 0.0103 0.0258 0.0777 0.1995 

Mean -0.486 1.019 -0.432 0.916 -0.347 0.737 -0.231 0.478 

SO 0.081 0.117 0.178 0.109 0.225 0.145 0.208 0.163 

10 MSE 0.0050 0.0162 0.0614 0.1848 

Mean -0.476 1.006 -0.440 0.908 -0.358 0.729 -0.235 0.470 

SO 0.053 0.085 0.132 0.076 0.167 0.096 0.147 0.110 

C.J ~ n'1 ~14' tI L mtJ U L ~ tJ U n1 nl ~~~1 n.\1ii '1 ~ ~tl ~::~ 'VIi"n'1 ~Cl c;) tl'a tJ ~'1 ~iu n nullJ 'VI~IU Iii '1 

if" 4' til"! 'a 'Yi'Yi ~ 1 Z LL~::i1 n1 ~tl iu Iii 1 r;i') tl~::~ 1 n.\~ ~tl ~::~ 'VI i"1"l,)'1 ~ tl c;) tlYl tJ LC;) tJ n'1 ~I"! n.\~ ') tJ .. .. 
~1- p L~Yl''IJ'1c;)I'i'';l'a~1~L'''hriu 100 'YiU~11'IJ~::i'UI"l,)1~~~';'lJfi~~~~'IJ 1ii1L~~tJl"!';l1~1"l~1C;) 
LI"!~'a'IJrh;~f\'a~ilIiiIL~~~'IJ'VInn~~r;i';l'arJ1~ ;'1~~::;UI"!';l'1~l~';'lJfi p = 0 i11ii'1L~~tJI"l'J'1~ • • 
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R~l(;1 LR~'tl'Wihi.:J~'tl.:J~'1f~(;11VltJ~~l'W'J'Wn~lJ(;]'J'ath.:J 1 milJ i1f'11L'U~tJR'JllJR~1 !1lLR~'tl'Wril~.:J • • • 
"':.1',,, ... %"' .... ..I.t'i' ..J ... 

~'tl.:J L'Yi lJ 'D'WR'tl'W'Dl.:JlJl n (;IllJ ~:;(;1lJ R'JllJ ~ lJYl 'Wfi'Vl ~.:J'D'W ~~ tlL'U'Yil:;'V1 ~:;(;1lJ p = 0.5 LL~:; 

P = O. 8 ~1~flJ~1'W'J'Wn~lJ~'J'tlril.:J~L~~'tl'YilJ~1 f'11L'U~tJR'J1lJFI~1(;1LR~'tl'Wri1~.:J~'tl.:J;jLL 'W'J LoWlJ 

..:. .x I '" '" I'" .... ...cJ .t ~ .... I" 0 I 

L "Ii lJ'D 'WR 'tl 'W'Dl.:J 'W'tl tJ 1 'WLL(;I ~ :;~:;~ lJ FI'J llJ ~ lJ"Ii 'Wfi'Vl ~\I'D 'W 'W'tl n lin n'WtJ.:J"IilJ'J 1 LlJ 'tl4lj1 'W'J'Wn~ lJ 

~'J 'a ri 1.:J L ~ lJ~'Wf'11 L'U~ tJ f"I'JllJf"I ~l (;1 LR ~'tl 'Wri1~.:J ~ 'tl.:J;j ~l ~(;1~.:J l)JlJln,j'n 1 'WLL~ ~ :;~:;~lJ 

R'J1lJ~lJ~'Wfi 

L~'tl~4ljl~ru1~lL'U~tJLL~:;~'J'WL~tJ.:JLlJ'WlJ1(;l~l1u1'Wm~(;1~'tl.:J4l 100 ffilJ lh:;n'tllJm~ 
(;]",~'W14lj"lilJ~l ~l~flJ~l'W'J'Wnt'llJPi'J'tlril.:J 1 nt'llJ ;j~11h:;lJ1ru'D'tl.:J~lJU~:;~'V1'in1~{)~Hl'tltJ bo • • 
~l n~l ~lYl1 ~l i1L(;I'tlf ~'J'W~ l1h:;lJlru'D'tl.:J~ lJlh:;~'Vlin1~{) (;1{)'tltJ bl~.:J n~1 ~1"1i1~1i1 L(;I'tl f 

~ r 

~1~f1J~1'W'J'Wn~lJPi'J'tlril.:JLYhnlJ 5 LL~:; 1 0 n~lJ,r'W ~11h:;lJlru'D'tl.:J~lJlh:;~'V1fim~{)~Cl'tltJ bo 

~.:J n~l f'1l"1il~l i1 L(;I'tl f ~'J'W~11h:;lJ1ru'D'tl.:J ~ lJll1:;~'Vl'in1~Cl(;1Cl'tltJ bl ~1n~1 ~'l"li'lni1 L(;I'tl f 

L(;1 tlL'U "Ii'l:;1 'W ~:;~lJ R'JllJ ~ lJ~'Wfi~ ~.:J;'W ~1 ~fu ~'J'WL~ tJ.:J LlJ'WlJ'l (;I ~lllJ "IiU~'l mm~:;4lj'ltJ'1J'tl.:J 
f'1'l U~:;lJl ru'D'a.:J~ lJu~:;~'V1~m~Cl '" Cl'tl tJ f'1'tl'Wcif 'l.:J lJ1 n ~ tJ L'U"Iil:; 1 'W~:;~u FI'JllJ~ lJ~'Wfi~.:J .. 

.Gi I ..J .. 0 IV I .c:J 
(;llTH'VI 4.2.2 (;I'W'l.:JLL~(;1.:JFI'lL'U~tJR'JllJR~l"'LR~'tl'Wnl~.:J~'tl.:J (MSE) R1L'U~tJ (Mean) LL~:; 

~'J'WL~tJ-:jLU'WlJl(;1~l'l'W (SD) L~'tl'1J'W'l(;1Pi'J'tlri'l.:Jl'Wm~"'~'tl.:JLyhnlJ 500 

p=O p=0.2 p=0.5 p=0.8 

m bo bl bo b i bo bl bo b i 

1 MSE 0.0479 0.2991 0.5742 1.1685 

Mean -0.512 1.023 -0.564 1.046 -0.608 1.099 -0.711 1.357 

SD 0.265 0.155 0.697 0.328 0.968 0.441 1.310 0.677 

5 MSE 0.0024 0.0291 0.0818 0.2001 

Mean -0.466 1.005 -0.431 0.913 -0.356 0.746 -0.238 0.493 

SO 0.036 0.060 0.210 0.075 0.270 0.118 0.254 0.161 

10 MSE 0.0012 0.0167 0.0656 0.1914 

Mean -0.468 1.004 -0.433 0.902 -0.352 0.721 -0.229 0.462 

SO 0.026 0.041 0.143 0.047 0.182 0.081 0.158 0.100 



41 

e.J fl m~~r.i tJ L mmJ L Y1 tJ lJ n 1 ~U ~:;lJ1 ruri 1 ~ lJ U ~:;~ 'Vl'in 1 ~(l (;1 (ltl tJ ~ 1 'VI flJ n ~rilhJ'Vl n lJ ri 1 

ihr.i tJ '"'tlYiYH~1 Z LLfl:;iln1 ~U flJ rh ~ 'lU ~:;lJ1 ru~ lJU ~:;~'Vli,",'l1lJ(l (;1 (ltl tJ L(;1 tJ n1~,", rucX'l tJ 
~ ~ 

~1- p Ldtl1U1(;1~'ltlth~LYhnlJ 500 YilJ';h Ldtl~:;~UPl'l1lJ~lJ~Ufi~~~~u ri1L~~tJ,",'l1lJ,",fl1'" 
L'"'~tlurhi~gjtl~ilri1L ~lJ~U'YlnmllJ~'ltlth~ L"'tJ~n~ lJ~,)tlth" 1 n~ lJ ilrhL~~tJ ,",,)1lJ .. , , .. 

..:::J 0 IV ..:.t I "" IV ... .- .J 
,",fl1"'L,",fltlUmfl~gjtl~LYilJ'Ufi'ltlU"lI1~lJ1n1u~:;",ufi'l'l1lJ~lJYi'Ufi p = 0.5 LLfl:; p = 0.8 ~,)'U'Vl 

, IV , ..J ...... ~~..: J' , ~ ~., , IV .Y. IV ... ..J J' ,Ji 
n fllJ (;l')tl tJ1.:1'Vl L 'VIfltllJLL U'l b UlJ L Yi lJ, U'"'tlU11" 'Utl tJ b 'ULLVlfl:;~:;C;\lJ fi'l,)1lJ l:i lJ Yi'Ufi'Vl M 1 U 'Utl n fin n 'U . ~ 

IV ,.. 0 'IV''': J' , .J .. 0 IV ... , ., 

tJ.:IYi lJ'l1 LlJtl"'l1 u')un q lJ VI'ltl tJ1.:1 L Yi lJ1U,",1 L~ fltJ fi'l,)1lJ PI fl1 (;1 L,", fltlUn1 fl.:l gjtl.:llJ fi'l1 fl{;l fl.:l b 'U'VJ n 

~:;~Ufi'l,)1lJ~lJ~'Ufi 

L~'tl~"'l1 ~ru1ri1 L~~ tJLLfl:;~'l'UL~tJ"LlJ'UlJ1V1:i'l1'U1 um1'V1(;1fltl.:l41 1 00 ~tllJ u~:;ntllJn1 ~ 
~",~'U1"'lYilJ~1 ~1'V1flJ~1'U'l'UnqlJ~,)tlth.:l 1 nqlJ ilri1U:i':;lJ1ru'tl.:l~lJu~:;~'Vlim~(l{;l(ltltJ bo 

~1n~1 ri1Yi1 ~1 i1LVltlf ~')'Uri1U ~:;lJ1ru"lltl.:l~ lJU:i':;~'Vltn1~(l"'(ltltJ bl ~"n~1 ri1'Yi1 :i'1i1 L(;ltl f 
~ ~ 

~1'V1flJ~1'U')'Un~lJr;i'ltlri1.:1b'thrilJ 5 LLfl:; 1 0 n~lJ,r'U ri1U:i':;lJ1ru"lltl.:l~lJu:i':;~'Vlfim:i'(l{;l(ltltJ bo • • 
~"n~1ri1Yi1 ~1 i1L(;ltlf ~')'Uri1U :i':;lJ1 ru''tl-:J ~ lJu:i':;~'Vlim'l(l{;l(l'tltJ bl ~1 n~1 ri1Yi1~1ij L(;l'tl f 

.., cv ... .J .t o...J I 

L{;l m~ Yi1:;1 U:i':;(;1lJ fi'l'l1lJ ~ lJ'Yi'Ufi'Yl ~"1'U gj1 'VI ~lJ~ ,)'ULlJ tJ"L lJ'UlJ1(;l :i'~1'U YilJ,)1 m :i'm:;"'l1tJ"lI'tl-:J 

ri 1U :i':;lJ1 ru1tl.:l ~ lJU ~:;~'Vlim:i'(l '" (ltl tJ ritl'U';)1" lJ1 n 1 'U:i':;~lJ fi'l,)1lJ~ lJ~'Ufi~-:J 

... 
(;l1'n.:J'VI 4.2.3 

m 

1 MSE 

Mean 

SO 

5 MSE 

Mean 

SO 

10 MSE 

Mean 

SO 

p=o 

bo bl 

0.0098 

-0.471 1.003 

0.108 0.090 

0.0010 

-0.468 1.005 

0.025 0.038 

0.0005 

-0.467 0.999 

0.017 0.025 

p=0.2 p=O.5 

bo bl 
bo bl 

0.1160 0.4718 

-0.492 0.993 -0.538 1.068 

0.460 0.149 0.892 0.385 

0.0205 0.0731 

-0.428 0.911 -0.345 0.739 

0.161 0.075 0.214 0.132 

0.0148 0.0655 

-0.420 0.898 -0.334 0.717 

0.120 0.052 0.1567 0.092 

p=0.8 

bo bl 

0.9965 

-0.674 1.321 

1.213 0.628 

0.1960 

-0.223 0.487 

0.198 0.171 

0.1948 

-0.212 0.460 

0.140 0.111 



42 

e.I~WI~'l4' tJ LmmJL VI tJ'l.m 1 ~tl ~~~1 ruri Ii ~tl ~~~'VI~m~{l e;) {l'tltJ ~ 1~ f'lJ n ~rilhl 'VI ~1 'lJ ri 1 

,j~4' tJ flIt'lYt't'i~ 1 Z LL~~;:Jnl~tlf'lJ ~ 1 LJl'Jtl ~~~1 rui ~tl ~~~'VItfll 'Jl ~(l e;) (l t'l tJ be;) r.J nl~flI ru~'J tJ 
~ ~ 

.. 0.., _I~X • ., I J.J IV cv~ <ICIIII 

flI'Jl~flI~Ie;)LflI~t'l"klnlM~t'l-!l~flI1LYt~lI"k1'V1nn~~V1'Jt'ltJl-!1 "l!-!I'VI~~e;)'lJFI'JI~i~'Yi"klfi p = 0 ~ • • , , , 
~IL~~tJflI'Jl~flI~Ie;)LflI~t'l"klihi'l~'tl'lPil~e;) ~'tl-!l~-!I~I~t) P = 0.2, p = 0.5 LL~~ P = 0.8 

o IV <i'_ J I ... I I q I .J .:tI 0 cv ~.x I " 

m~~Ie;)'lJ IoD'1tJ'VIn~~V1'Jt)m-!l 1 n~~ ~flI1L~~tJFI'Jl~ flI~1 e;) LflI~t)"kInl ~'1~t)'1 L Yt ~lI"k1fl1t)"kIlIl'1 ~ln • • 

". I I 

lI"k11 e;)LJl'Jt'lth'lL "kImru.tlt)r.J~ ;:J~IL~~tJ flI'Jl~ flI ~1 e;) LflI~t)"kIihi'l~t)'1 ~ln~I'11"k11e;) ~'Jt'ltll'1L"kIn nil 

tl'eltJ~n~I'J~ILL~'J;rl-!1vi'"kI L "kILL~~~~~~'lJflI'Jl~i~~"kIfi LL~~ L "kILLvl~~mhJ~'Jt'ltll'1L "kIm~ e;)~'el-!l • 
.. .- 1.J.oJ " L~t)'Yi"lI~rul flI1L~~tJLL~~~'J"kILUtJ'I LU"kI~IV1~ll"k1 ~"kIm~'VIe;)~'tl\l 1 00 ~'tlU tl~~n'tlUnl~ 

~e;)~"kIL"l'YiU~1 ~1~fu~I"k1'J"kIn~~~'Jt)tll\1 1 n~~ ;:Jriltl~~~lru"ll'tl\li~tl~~~'VI~m~{le;){lt)tJ bo • • 
~1 n~1 ~IYtl~1 i1 LVlt) f ~'J"kI~ltl~~~1 rullt'l\li ~tl~~~'VI~m~{lj;Hl'tltJ bl ~\I n~1 ri l'Yil~li1 L{;\'tl f 

~ ~ 

~1~fu~I"k1'J"kIn~~LJl'J'tltll\1LYhnu 5 LL~~ 1 a n~~,r"kl riltl~~~lru"ll'tl-!li~tl~~~'VIfim~{le;){l'tltJ bo • • 
~\ln~1 ~1'Yil~1 i1LVlt) f ~'J"kI~ltl~~~1 ru"llt)\I i ~tl~~~'VI~m~{le;){l'tltJ bl ~1 n~1 ril'Yil~1 i1 L{;\'tl f 

be;)m~'Yil~L "kI~~r;iuflI'Jl~i~~"kIfi~~\I;"kI ~1~fu~'J"kILri tJ\lLU"kI~I{;\~ll"k1L "kIm~'VIe;)~'tl\l 100 ffiU 

YtU~lmffi~"lltJ"lIt'l-!l~ltl~~~lru"llt)\li~tl~~~'VI~nl~{le;){lt'lr.Jri'tl"kl;rI'1~lnL"kI~~r;i'lJfil'Jl~i~~"kIfi 

~\I LL~~ L"kI~I"k1'J"kIn~~~'J'tltll\1~i.l'tltJ 

~lnVll~'1mnLflI~~\f~IL~~tJflI'Jl~flI~Ie;)LflI~t)"kInli-!l~t)\I"lIt'l\li~tl~~~'VI~nl~{le;){lt)tJL"kI 

3 mru.tlt)m~t)Ltl~tJ"kI"lI"kIIe;)~'Jt)tll\1LtI"kI 1 00, 500 LL~~ 1 000 ;rl\1~"kI,r"kl ~1~1~{l~"lI~rul"lln 

ltlfll'YiLL~e;)-!lnl~LllitJULYltJU~IL~~tJFI'Jl~FI~I~LFI~t'l"klnli-!l~t'l'l~~~r;iUflI'Jl~i~~"kIfi p = 0 , 

p = 0.2 , P = 0.5 LL~~ P = 0.8 ~I"k1'J"kIn~~~'Jt)tll'1L"lnU 1, 5 LL~~ 10 n~~ LL~~lI"k11~ 

~'J'tltll'1L"kILLvl~~n~~'VI~~t)\lLtI"kI 100, 500 LL~~ 1 000 r;i'l~tl~ 4.2.1 - 4.2.3 r;i\lvl'el1tl~ . .. 



n) 

n) 

1.8 

1.6 

1.4 
1.2 

~ 1.0 
~ 0.8 

0.6 

0.4 
0.2 • 

-+-rho=O 

_ rho=0.2 

---*"- rho=O.5 

-.- rho=0.8 

0.0 L~t::::="""",,;;:::a;===*--

1.4 

1.2 

1.0 

w 0.8 
III 

~ 0.6 

w 

0.4 

0.2 

0.0 

1.2 

1.0 

0.8 

~ 0.6 

0.4 

0.2 

10 

• 

5 10 

<i1v1Vn~1IR1.1h~ 

-+-rho=O 

_rho=0.2 

--.- rho=O.5 

-+- rho=O.8 

-+- rho=O 

_ rho=0 .2 

-"- rho=O.S 

.-----... -+- rho=0.8 

0.0 L~==:::::~;;;:;;==;;:t.-
5 10 

<i11I1Un.1IR"Ih~ 
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atlV1 4.2.1 U.~!il~n11LmtJ'l.J,"hl"i'lL~~tJl"ltYl~I"I~'l!ilLI"I~fl'IJn'ltr~~fl~~1:;~'l.JI"I'J'l~l~~'lJfi p = 0, 

p = 0.2 , p = 0.5 u.~:; P = 0.8 LL~:;~'l'IJ'J'lJn~~I1i'Jfl~'l~LVhn'l.J 1, 5 LL~:; 1 0 n~~ 1'IJLL(J]~:; 

"ll'IJ'l!il ~'Jfl~'l~ 



n) 

~) 

fOl) 

1.8 

1.5 

1.2 

... 
~ 0.9 

... 
II) 

~ 

0.6 

0.3 

0.0 

0.21 

0 .18 

0.15 

0.12 

0.09 

0.06 

0.03 

0.00 

0.21 

0.18 

0.15 

... 0 .12 
II) 

~ 0.09 

0.06 

0.03 

~rho=O 

___ rho=0.2 

-.- rho=O.s 

~ ___ rho=0.8 

100 

• 

... 

• 

100 

• 

500 

""".,'lIImAn., ... ,. 

• 

1000 

• 

~rho=O 

___ rho=0.2 

• 
------.. -+- rho=O.s 

• 

500 

• 

--.- rho=0.8 ----. 

1000 

• 

-.-rho=O 

___ rho=0.2 

•• ___ -"'111 • .....-------.. ... -.- rho=O.s 

--.- rho=0.8 

• • • 0.00 ..l-_~="""",_ ..... ___ +-_ 

100 500 

"",.")tlllmAn., • .,~ 
1000 
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~VI 4.2.2 LI.~"'-.1n1~LmtJ'lJ1"i11"i1Lil~tJfOl'J'UJfilfl1"'LfiI~t:l'IJn1i-.1~t:l-.1~~::;'lJfiI'J1~tf~'~\1if p = 0, 

p = 0.2 , p = 0.5 LLfl:: p = 0.8 LLfl::~1'IJ'J'IJ~'lJ1"'~'Jt:lri1-.1L'Vhn'lJ 100,500 LLfl:: 1000 L'lJLLlJ1m:: 

ngl~~'Jt:lri1-.1 • 



n) p = 0 

0.10 

0.08 

",0.06 
11\ 

~ 
0.04 

0.02 

-+-m=l 

-ll-m=5 

...-m=10 

0.00 .L...!:::::::~~_-I-_ 

100 1000 

1"1) p = 0.5 

1.5 

1.2 

-+-m=l 

~m=S 

0.3 ...-m=10 

100 1000 
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'11) p = 0.2 

0.5 

0.4 

'" 
0.3 

-+-m=l 

-+-m=5 ~ 0.2

1 
0.1 

....-m=10 

~) 

'" 

L.-JIE~if::=:~''--0.0 

100 1000 

p=0.8 

1.8 ~ 

1.5 

1.2 
-+- m=l 

~ 0.9 
-ll- m=5 

0.6 
-.-m=10 

0.3 
I • • 

0.0 

100 1000 

100, 500 LL~~ 1000 LL~~~1'\.\(n.!nq~i'ltlth~L'vhn'lJ 1, 5 LL~~ 10 nq~ 1'\.\LLlJi~~~~~'lJ 

1"I'l1~~~~'\.\fi 
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~'lnltJ 4.2.1 - 4.2.3 fl'll-J'l~m~~tJe.J~n'l~';H'm~£Jr;)ritJm~LtJ~£J'lJLLtJM~'fl\lrl'lL'il~£Jrlr;)'ll-J 

rl~'l'" LflI~'el'IJn'l~\lMN (MSE) ~'l~i'tJ 1 'lJn ~ru,1~'VI ~'ltJ rl'ltr~4' £J''el\l flI'el.,.n~~'l Z LL~ :;iln'l ~tJi'tJ 
rl'll'ir;)tJ~:;l-J'lru~l-JtJ~:;~'VItfllr;)'ll-J(1"'(1'el£Jt(;1£Jm~'!1r;lJ(ph£J ~1- p ;\l~ 

1. Ld'el~:;;tJ flI'J'll-J~l-J~'lJfiL ~lJ~'IJ rl 'l b 'il ~ £J rlr;)'llJflI ~'l '" Lrl ~'el 'lJn'l ~\l fl'el\l iJ rl 'lL ~ l-J~'IJ 1 'IJ"t'J n n ~ l-J 
l'ir;)'eltl'l\l t"'m'il.,.n:;~~:;;tJrl'J'll-J~l-J~'lJfi p = 0.8 iJrl'lL'il~£JflI'J'll-JflI~'l"'Lrl~'el'IJn'l~\lfl'el\l 
rl'el'IJ;J'l\l)J'ln ~\l~\lLn~1~,j"'L~'lJ1'IJmil-JI'ir;)'eltl'l\lL"hritJ 1 mi)J L'IJ~tJ~ 4.1.1 LL~:;~tJ~ 4.1.2 " 1..... 
'IJ'el n~'ln~YitJ~'lL 'IJ'VI n ml)J l'ir;)'el tl'l\l LL~:; 1 'IJ",m,'IJ'l '" l'ir;)'eltl'l\l ~ ~:;;tJflIr;)'l)J~)J~'lJfi p = 0 iJ • • • 
, .J ...; 0.... ~ .. 

flI'lL'il~£JflIr;)'l)JflI~'l(;1LflI~'fl'IJn'l~\lfl'el\l~'l~'" ~'el\l~\ll-J'lfll'el p = 0.2, p = 0.5 LL~:; P = 0.8 

~'l)J~'l;tJ 

2. Ld'el ~'l'IJ'J'lJn~)J 1'i'J'el tl'l\l L ~ )J~'IJ rl'l L'il~ £J flI'J'l)J flI~'l '" LflI ~'el'IJn'l ~\l fl'el\liJ flI'l~ "'~\lL 'IJ 'VIn ~:;; tJ • • 

n ~)J 1'i'J 'el tl 'l\l U'el £J LL~:;flI 'at.! 1 ~ (;1 ~ \l L~ 'el ~ 'l 'lJr;) 'lJn ~ l-J I'i 'J'el tl 'l\l L ~ l-J ~ 'IJ LL ~:;1 'IJ 'VI n~:;; tJ • •• 
flI'J'l)J ~ )J~'lJfiYitJ~'l ~'l 'lJr;)'lJn ~)J l'ir;) 'el tl'l\l L "hntJ 1 0 il rl'l L'il~ £J flIr;)'ll-J flI ~'l '" Lrl~ 'el 'lJn'l~\lfl 'el\l • 

" 'IJ'el£J~\l 

3. Ld 'el ~ 'IJ'l '" I'i r;)'el tl 'l\l L ~ l-J~'IJ rl'l L'il ~ £J rl'J 'l)J flI ~'l (;1 br1 ~ 'el 'lJn 'l ~ \l fl 'el\liJ rl 'l ~ (;1 ~\l1 'IJ"t'J n~:;; tJ 
r1r;)'l)J ~ )J~'lJfiLL~:;'VI n n~)J l'ir;)'eltl'l\l t(;1 tJiJ LL 'lJr;) t Ul-J L 'lJn'l ~~ (;1~\l rl'el'IJ;J'l\ll-J'l n 1 'IJ-n'J\l~iJ~ 'l'IJr;) 'IJ • • 

"" 'I 
~'ln L 'lJmru,tl'el£J"I'i\l 3 n~ru,;J'l\l ~'lJU'IJ Lil'IJmm.~£JtJL Y1£JtJflI'l L'il~£JflIr;)'llJr1~'l (;1 LflI ~'el'IJn'l~\l 

fl'el\l ~'el\l LLJ;!~:;n ~ lJ LL~ :;LLJ;! ~ :;''IJ 'l (;1 'VI '" ~ 'el \l L -n 'IJ 1 'lJmrutl 'el £J 4.2.1 L u'lJn ~ru,~, 'IJ'l (;11'i'J 'el tl'l \l • 
n = 100 tt'I£J~~'l'IJ'J'lJn~)J m = 1,5 LL~:; 10 n~l-J LU'lJm~Lm£JtJLY1£JtJL'IJ~n~ru:;~'l'IJ'J'IJ;J'ell-J~ .. ~ 

1'IJLLJ;!~:;'''' (mn)l~L"hn'IJ ,r'IJ~'el mn = 100, 500 LL~:; 1000 ~\ln'l~LmtJtJLY1tJtJL'IJ~n~ru:; 

;\l n ~ 'lr;) 'el 'l" rJ\l '" l~i '" L" 'IJ ";'lLoX Ln (;1;J 'el fl\l ~ £J L 'lJe.J ~ n 'l ~L llitJtJ L Y1£J tJ~ 'l n n ~ru, ~ ~ 'l 'lJr;)'IJ ;J'ell-J ~ 
~ ~ 

"I " " 
i\l~lJ(;1Y11~L "hri'IJ1~ ~\lU'IJL 'lJn~ru~\lJ;!'elltJil L U'lJn'l~LLfl MI1'lYiLL~:;'elfitJ'l£J n'l ~Llli£JtJL Y1 £JtJ 

... , , 

p ~ 0.8 ~'l~i'tJmru,~'l'IJr;)'IJ;J'el~~i\l~l-J'" 1'IJLLJ;!~:;'''' (mn) Y1L"hn'IJ"Jl'el\lLbJ;!~:;nniltl'el£J OD\liJrl'l 

L"hntJ 500, 1000 LL~:; 5000 ;\l~tJ~ 4.2.4 ~\lJ;!'elltJ~ 
~ 



" n) mrll~'l'l.l,)'I.l;rt1~~'Vi.:nnJ~ t'l.l~vl~~"ll~ (mn) L'Yhn'lJ 500 

1.4 

1.2 

1 

IA.I 0 .8 
11'1 

~ 0.6 

0.4 

0 .2 

o 

_ m =1,n=500 

_m=5,n=100 

rho=O rho=0 .2 rho=O.s rho=0 .8 

" "II) mrll~'l'l.l,)'I.l;rt1~~'Vi-!l'\UJ~ t'l.lLLlJl~~"ll~ (mn) L'Yhn'lJ 1000 

1.2 

1 

0.8 

IA.I -+- m =1,n=1000 11'1 0 .6 
~ _m=10,n=100 

0 .4 

0.2 

0 

rho=O rho=0 .2 rho=O.s rho=0.8 

" 
PI) n~rll~'l'l.l,)'I.l;rt1~~'Vi-!l~'-J~ t'l.lLLlJl~~"ll~ (mn) Lvhn'lJ 5000 

0.25 

0 .2 

0.15 
IA.I 
11'1 
~ 

0.1 

0 .05 

0 

- m =5,n=1000 

_m=10,n=500 

rho=O rho=0 .2 rho=O.s rho=0 .8 
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"I1m'1.J 4.2.4 ~~LL~c;\ .m1nmtJuLl1tJuFl1L'il~tJf')'J1'-1Fl~1C;)LFl~'tlUn1~'l~'fl~hlnnll~1'w,)u .. 
if'el'-l~~'J'tlth~,r'l'VI'-lc;\luLLvi~~"l!c;\ (mn) ~L'vi1nu ~~1~LLri~1u'JU;r'tl'-l~ 500, 1000 LL~:; 5000 .. . .. 
'I ... ,," ~ , ,>V , ( }.J"': x.J 'I" , .J .... 0 .... 

~UnnlJ"lI1,:jI'lUUU 'ViU'J1 nq'-lm'tltJ1~ m VlL'Vi'-l"llUt't~eJ~ ~'VI1"l1L'il~tJPI,)1'-1Fl~1C;)LPI~'tlUn1~~~'tl,:j 

~C;\~'l~tJ:i'~;Um:i'~C;\M'JI'tl'lFl1L'il~tJf')'J1'-1f"1~1C;\Lf"1~'tlUn1~'l~'tNlunnil~n~'-I~'J'flth,:j 1 n~'-I 

nUnfl'-l~'J'tlth,:j 5 mt'-l 'VI";'tl 10 n~'-I (~'llunnll n, "lI) ijt1j;]:i'1n1:i'~C;)~'l~LLl'lnvi1,:jnU • • • 
Fl'tlU;r1'l'-l1n ~'Julum'ru,n~'-I~'J'tlth,:j 5 n~'-Inu 10 n~'-I (;'llunnlll"l) l"i1L'il~tJf"1'J1'-1f"1~1C;) • • • 
LI"l~'tlUn1~'l~'tl'liJt1j;]:i'1m:i'~C;)~'l~1~LLl'lnvi1'lnu'-I1mrn LL~:;fI'tlU;r1'lilrh~lm\'L~tJ,:jnU'-I1n ,iu 

, , 
"0 . .., ...... 0 .... 1 I'" ... 0.., 

f')'tl "I1U'lUn ~ '-I I'l 'J'tltJ1'l'-lUVlU 1Vl ~ 1 f"1 '1J l'l'tln1:i'~ c;) ~,:j"ll'tl,:j f"11 L'il~ tJ PI'J 1 '-I f"1 ~ 1 c;) Lf"1 ~ 'tlUn 1 ~'l ~'tl,:j 

'-I1nn~1~1U'lU"lIU1C;)~'J'tlth,:j (n) ~1~~,:jeJ~1~~1L'il~tJl"l'J1'-1f"1~1C;)Lf"1~'tlUn1~,:j~'tl,:j~c;)~'l ,r,:j~ 
IV I .:. X ~ G It"; .. 0 IV ... I ..:. .l' 

"lIU1C;) m'tl tJ1'l L 'Vi'-l'JIU U'tln~1nU'"I~L 'VIU'J1 f"11 L'il~ tJ f"1'J 1 '-I 1"l~1 c;) Lf')~'tlUn1M Ml~'-I f') 1 L'Vi '-I"lIUI'l1'-1 

:i'~;UFl'J1'-1i'-l~Ufi~~'l~uY1n"l!C;)"II'tl'l;r'fl '-I ~ ~'l LL~C;)'l 1 ~L ~U~1 m:i'1.J :i':; '-I 1 rul"i1 i '-IU :i'~~Vlt'Lc;)tJ 1 i 
tI 41 1 'U 

>-

m:i'~ LI"l :i'1~'lf LLUU L 'ViruVlilti,:j 1~ L 'VI'-I1~~ '-I ~1'V1ro 1 um'ru,l~Vl:i'1u fl1U"I4' tJ Fl'fl'ViY'l ~1 Z LL~:;ij m:i' .. 

u~:;ijn1ru1'UFh~'ltl~~1rui'~'lI~i'VItf'l'l1~Cl"'Cl'tl!JL"'!Jn1'a~rur;i'l!J ~1- P 

~1'V1fuVln"llU1C;)~'J'tlth'l Y'lU~1 ~1u'Jun~'-I~'J'flth'l 1 n~~ 1~l"i1U:i':;"J1ru"ll'tl'li~U:i'~~'V1t' • •• 
m:i't1c;)t1'eltJ bo ~1n~1f11'Vi1:i'1ilLVl'tlf (Underestimate) ~'JU~11.J:i':;'-I1ru"ll'el,:ji~1.J:i'~~Vlt'm:i' 

t1c;)t1'tlt] bl ~,:jn~1ri1Y'11:i'1i1Lj;]'flf (Overestimate) ~1'V1fu~1U'Jun~'-I~'J'flth,:jL'vhnu 5 LL~:; 10 

n~~Ju ~1U:i'~'-I1ru"ll'tl'li~tl:i'~~Vlt'n1:i't1c;)t1'tltJ bo ~,:jn~1l"i1'Vi1:i'1ilLVl'flf (Overestimate) ~'Ju . .. 

rhU:i'~~1ru"ll'tl,:ji~1.J~iVlim:i't1c;)t1'tltJ bl ~1n~1f11Y'11:i'1i1LI'l'tlf (Underestimate) Lc;)m'ilY'l1:;lu 

~:i'~;Uf"1'J1'-1i'-l~ufi p = 0 ~1u'Jun~~~'J'tlth,:jLYi1nu 10 LL~~~1U'JU"lIU1C;)~'J'tlth,:jLYhnu 

1 000 LL~~i,:j Lnj;] 1~~11 un:i'ru,~ nM1n 1~ri11.J:i':;~1rui~1.J:i':;~Vlin1:i't1c;)t1'eltJ ~1n~11 un:i'rill~ 
Y1:i'1Ul"i1U"I4'tJ"lI'tl'lf')'tlY'lY'l~1 ZL~'tl'l'"l1nlun:i'ru,1~Vl:i'1U~1U'"l4'tJ"II'tl'lFl'tl'ViY'l~1 Z LL~:;nn11 .. .. 
UfU~1~'J1.J:i':;'-I1rui'-l1.J:i':;~'V1t'f"1'J1~t1c;)t1'fltJLc;)tJn1:i'':1ru~'JtJ ~1- p ~ djun11tlfuri1~'J 

U:i':;'-I1ru'"l1nn:i'tnl~'V111Urhu'"l4'tJ"lI'tl'lPl'tlY'lY'l~1 Z ~nl1 ;'lJulum1u:i'~'-I1ruri1i~u:i':;~'V1t' .. 
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n'UUAn'M1;i 4.3 eJ'an1~4'!1 b mmJ b Vi!ltl1fin1'i'l1~~1rufi1i' ~'l1'i~iYl1n1'ir;'l ~r;'I'il!l1. 'U 

n'iNYI'i1t1 fi1tr~~!l1I'il~ fl'il"'''''a1 Z ... 
" , 

mn4'tl1um·ru.~ 1Jh11n1~~mt1nnllYl~1u'JU'1lU1~~'Jtl£h~~'JtlF.J1~1un1~V1{;\~'fl~Ltlu 

100, 500 u.~:; 1000 'It;ttl1Uu.(;]~:;'1l'l.!1c;)i'JtlF.J1,:j 1~Yhm~~nM1m11.h:;lJ1rurhilJ1.h·:;~V1im~ 

(lc;)(ltltl~~:;;tJfl'J1lJilJ~Ufi p = 0, p = 0.2 , p = 0.5 LL~:; P = 0 .8 u.~:;~1u'J'\Jn~lJi'JtlF.J1~ 

hm1~c;)~tl,:jLtlU 1, 5 u.~:; 10 milJ ;~e.J~m~~4'!I~'J'I.ln'\l1L~Utl1'\Jm~'N~ 4.3.1 -4.3.3 ~'J'\J • 
1 um'w 4.3.4 LtI'\Jn'l1'\l'1L~'\J't) lUll') 'Yi u.~ c;),:jn~ru.~1u'Jui'JtlF.J1-l~-l'VIlJ c;) 1 '\Ju.(;] ~:;, c;) (mn) ~ 

L'thn'\J1'\Ju.~~:;n~ru.F.Jtltl ~-lL'Vhn'lJ 500, 1000 u.~:; 5000 Lc;)tlri1'V1'\J{;\~:;r;1'lJf"I'J1lJilJ~'\Jfil.utJi'J 

U.tJ1JLtI'\J P = 0 , p = 0 .2 , p = 0 .5 u.~:; p = 0.8 

..r::.I t .d .4 0 CV I .J 
~1'i1~Y1 4.3.1 V11~~U.~c;),:jf"l1L~~t1f"1'J1lJf"I~1C;)Lf"I~'flUm~-l~tl~ (MSE) fl1L~~t1 (Mean) u.~:; 

~'J'\JL~t1-lL1J'\JlJ1(;l~~1'\J (SO) L~tl"1l'l..n~i'JtlF.J1~1'\Jm~C;)~'fl~L'Vhn'lJ 1 00 

p=O p=0.2 p=0.5 p=0.8 

m bo bl 
bo bl 

bo bl 
bo I bl 

1 MSE 0.0697 0.6131 3.2551 11.4260 

Mean -0.481 0.986 -0.578 1.212 -1.007 1.854 -2.031 3.344 

SO 0.174 0.332 0.874 0.646 1.965 1.299 3.393 ' 1.888 

5 MSE 0.0109 0.0245 0.1428 1.1036 

Mean -0.489 1.021 -0.541 1.139 -0.684 1.444 -1.108 2.305 

SO 0.088 0.116 0.097 0.125 0.127 0.165 0.166 0.266 

10 MSE 0.0050 0.0149 0.1223 1.0606 

Mean -0.476 1.007 -0.532 1.124 -0.672 1.429 -1 .088 2.299 

SO 0.054 0.085 0.056 0.087 0.080 0.117 0.120 0.195 

e.J~mil4'mmmJL Y1t1U m ~u~:;lJ1rurhilJu~:;~Vlim~(l~f:ltl tI ~1'V1f'lJ n nll VI ~11J rhtr~4't1 

f"Itl'Yi~~1 z L~tl"1lU1C;)~'J't)F.J1,:jL'Vhn'lJ 100 'Yi'lJ~1 L~'t)~:;;'lJfl'J1lJilJ~'I.lfiL~lJ;'\J fii1L~~t1 

f"I'J1lJf"I~1{;\LfiI~tl'\Jri1i,:j~tl,:jiJ~1L~lJ;UVlnn~lJi'JtlF.J1,:j ~-l~~:;r;11Jf"I'J1lJilJ~'\Jfi p = 0 il • • 
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fOl~1(;1LflI~'fl'Wn1i'l~'fl-:jL~'-J~'Wrl'fl'W.;r1'l~nnIJ11'-J~:;~1.JflI~1'-Ji~~'Wfi~~'l~'W LL~:;L~'fl~1'W~'Wn~~ .. , 
~ I .:. J' ~.., 1..1 0 I.... I ~.l' I .J ... 
m'fl rJ1'l L Yi'-J' 'W 'Wtl n'"l1 n'W tJ'lYi 1.J~1 L'-J'fl '"l1'W~'Wn~ ~{;I~'fltJ1'l L 'Yi ~''WflI1 L~~ tJ flI~1 ~ flI ~ 1(;1 LflI f;'l'fl'W , 

I I I ..... 

L~'fl~~11N1 rl1L~~ mL~:;~~'WLiirJ'lL1.J'W'-J1{;1~~1'W1'Wn1rvl(;1f;'l'fl'l~1 1 00 ~'fl1.J l.b:;n'fl1.Jn1 ~ 
u 

~ (;1 ~ 'W1'"lYi1.J~ 1 1 'W \'I n ~:;; 1.J rl ~1 '-J i '-J ~ 'Wfi LL~:;Yl n n ~ ~ ~ ~ 'fl tJ1 'I il rl1 L~~ rJ"t1'fl'l rl1 U ~:;~ 1 N '; , , 

i'-J1.b:;~Yltn1~~(;1~'fltJ ho ~1n~1rl1Yi1~ilL{;I'flf ~~'Wrl1U~:;'-J1N''fl'li'-Ju~:;~V1tn1~~(;1~'flrJ hi 

~'ln~1rl1Yi1~ilL(;I'flf~m~Yi1:;1'Wn~'-Jvi'~'fltJ1'lL'thri1.J 1 n~'-J LL~:;1'W1:;;1.Jrl~'1~i~~'Wfi~~'l~'W 
11 .. II " 

~1~ f1.J~~'WL~tJ'l L1.J'W'-J'1 {;I ~l1'W Yi1.J~1 n1 ~n~:;'"l1tJ''fl'l rl11.J1:;'-J1 N''fl'l i '-JU ~:;aYl t"n 1 ~~ (;1 ~ 'fl rJ 

rl'fl'W.;r1'l~1 n 1 'W~:;~1.J rl~1~i'-J~'Wfi~'l LL~:;n~ '-J vi'~'fltJ1'lU'fl rJ LL~ :;L~'fl~1'W~'Wn~ '-J vi'~ 'fl tJ'1'l ~ 1 n ~'W .. , . 
_ I .J ~ 0.... I ~ 

j;l1THI'VI 4.3.2 m~'lLL~(;1'lrl1L~~tJrl~1~flI~1(;1LfOlf;'l'fl'Wn1~'l~'fl'l (MSE) flI'1L~~tJ (Mean) LLf;'l:; 

~~'WL~rJ'lL1.J'W~1(;1~31'W (SO) Lrl'fl''W1(;1~~'fltJ1'l1'Wn1rvl(;1~'fl'lL'vhri1.J 500 

p=O p=0.2 p=O.5 p=0.8 

m ho hi ho hi ho hi ho hi 

1 MSE 0.0479 0.3943 1.3491 8.0767 

Mean -0.512 1.023 -0.630 1.170 -0.860 1.554 -1.590 3.036 

SO 0.265 0.155 0.779 0.367 1.369 0.623 2.928 1.513 

5 MSE 0.0025 0.0121 0.1118 0.9385 

Mean -0.466 1.005 -0.524 1.125 -0.665 1.423 -1 .043 2.240 

SO 0.039 0.060 0.043 0.063 0.052 0.066 0.066 0.085 

10 MSE 0.0012 0.0102 0.1077 0.9373 

Mean -0.468 1.004 -0.525 1.122 -0.663 1.418 -1 .048 2.238 

SO 0.027 0.040 0.029 0.040 0.034 0.044 0.050 0.075 

~~ n1 ilroltJ LmtJ1.J L Yl rJ1.J n'1~U~:;'-J1Nrl1i ~1.b:;~Yli"n1 ~~ (;1 ~'fl tJ ~ 1 VI f'lJ n nll Yl ~11.J rl1 U'"lrol rJ 

flI'fl'Yi~~1 Z L~'fl"ll'W1(;1vi'~'fltJ1,:jL'Vl1ri1.J 500 Yi1.J~1 L~'fl~:;~1.JflI'J1~i~~'WfiL~'-J;'W rl1L~~tJ 

flI'J1'-JflI~1(;1LflI~'fl'Wn1i'l~'fl,:j51rl1L~'-J~'WYlnnfl~vi''J'fltJ1,:j ~'l~~:;~1.Jf')'J1~i'-J~'Wfi p = 0 51 . , 
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.. 0.., ~.xl '" .., .., ... .J J'.Jo . 
rl f'l1 (;l Lrl f'l tll.!n 1 f'l'l ~tl 'I L'Vi tI'If l.!rl tll.! 'If 1 '1t1 1 n (;'II tI ~:;(;l 'lJ rl 'J 1 tI ~ tI 'Vi l.!fi'Vl ~ 'l 'If l.! Ltl tl'"lIl.!'Jl.!n f'l tI 

~ . 
..... I .;,.r ~.., I " 0 I.......! J' I .J .. 
mtlrJ 1.::1 L'Vitl"JIl.! l.!tln'"ll nl.!rJ.::I'Vi'lJ'J1 Ltltl'"lIl.!'Jl.!nf'l tlVl'Jtl m.::lL 'Vi tI'lfl.!rll L~~ rJ rl'Jl tI Fl~ 1 (;l Lrl~'fll.! • 
rhtr.::l~tl.::lilrhf'l(;l~.::I t l.!Yln ~:;~'lJ rl'JIt1~tI~l.!tf L(;lrJ;JLL l.!'J L~tlnrl ~f'l (;l~.::IL;''J 1l.!nfi tI~'Jtlth'l~'flrJ • • 

,,,"'0 ,.,. J' 
LLf'l:;~.::I~'1tlrJl.::1"J111Ltltl'"lIl.!'Jl.!nqtl(;'l'JtlrJl.::1t11n'lfl.! 

.. ... I..J"; :: 
Ltltl'Vi'"l1 ~ru.1 rll L~~ mL~:;~'Jl.!L'lJ rJ.::IL'lJl.!tlIVl~~1l.!1l.!m~(;l~'fl.::l"Jj1 1 00 ~'fl'lJ tl~:;ntl'lJm ~ 

~ (;l ~ l.!1'"1'Vi'lJ~ 1 1l.! Yl n ~:;~ 'lJ rl 'J 1 tI ~ tI ~l.!tf LL~:;'Vl n n fi tI ~ 'J tl til.::1 il ~ 1 L~~ rJ'lftl.::l rh tl ~:;tI 1 ru. • • • 
~tltl~:;~Yl~m~{)(;l{)tlrJ bo ~ln~I~I'ViI~i1L(;'Itlf ~'Jl.!rhtJ1:;tllru.'lftl'l~tltl~:;~'Vl~m~{)(;){)tlrJ bi 

~.::In~I~1'rn~i1L(;'Itlf 'U;)m~'ViI:;t l.!nfitl~'Jtltil.::1L'Vhn'lJ 1 nfitl LL~ :;1l.!~:;~'lJ rl'JIt1~ tI~l.!tf~~.::I 1 ~ 
.. " 'I " 

~ IL~~ rJ"JItl.::l~ltl~:;tll ru.~.::1 n~I~I'ViI~i1L(;'Itlf~tll.!;rI.::1t11n ~1,"f'lJ ~ 'Jl.!L~ rJ'l L'lJ l.!tI 1 (;'I ~lll.! 'Vi'lJ~ 1 

m1n~:;'"IlrJ'lftl.::lrlltl ~:;tI 1 ru.'lftl.::l ~ tltl~:;~Yl tnl1{) (;l{)tlrJ ~tll.!;r 1.::1 til n t l.! ~:;~'lJ rl'J 1 tI ~tI~l.!tf~.::I 

.. I .c:J .. 0 fV I .J 
(;1111-3\'1 4.3.3 (;11~I'1LL~(;l'lrlIL~f'lrJrl'Jlt1rl~I(;lLrl~'fll.!nl~.::I~'fl'l (MSE) rlIL~~rJ (Mean) LLf'l:; 

~'Jl.!L~rJ'IL'lJl.!~I(;'1~31l.! (SO) L~tl'lfl.!I(;l~'Jtltil'11l.!m~(;l~tl.::lL'Vhn'lJ 1000 

p=O p=O.2 p=O.5 p=O.8 

m bo bi bo bi 
bo bi bo bi 

1 MSE 0.0098 0.1540 1.1070 7.0681 

Mean -0.471 1.003 -0.550 1.111 -0.761 1.511 -1.506 2.955 

SO 0.108 0.089 0.514 0.167 1.261 0.544 2.713 1.404 

5 MSE 0.0011 0.0100 0.1088 0.9736 

Mean -0.469 1.005 -0.523 1.122 -0.662 1.422 -1.056 2.257 

SO 0.028 0.038 0.031 0.040 0.031 0.043 0.071 0.136 

10 MSE 0.0005 0.0089 0.1058 0.9339 

Mean -0.467 0.999 -0.522 1.118 -0.662 1.416 -1.048 2.237 

SO 0.018 0.025 0.020 0.029 0.022 0.032 0.034 0.057 

tJf'lmn{rJLmrJ'lJLYlrJ'lJm1tl1:;tllru.flil~tltl1:;~'Vltnl~{)(;){)'flrJ~l~run~WYl~'lJ~lif'"l{rJ 

rltl'Vi~f'l1 z L~tl'lfl.!I(;l~'Jtltil'lL'Vhn'lJ 1000 'Vi'lJ~1 L~tl~:;~'lJFl'JIt1~tI~l.!tfL~tI;l.! fliIL~~rJ 

rl'Jlt1rlf'lI(;lLFl~tll.!riltr'l~tl.::lilrlIL~~;l.!Ylnnfitl~'Jtltil'1 ~'l~~:;(;)'lJFl'JIt1~~~l.!tf p = 0 il • • 
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I I I I '" 

Pl1~~1;lJ Lt;,tJ~n~~~'J'flth,:j 1 n~~ if~1L~fltJFl'J1~Fl~1c;lLFl~'fl'l.lfi1~,:j~'fl,:jLYi~;'lJri'fl'IJif1,:j~1n • • 
'" % ", .. ..I J' .J 0 ,."...: J' .'1"" ..I 

l'I1 ~~::~lJ Fl'J1 ~ ¥'i ~Yi'l.!fiYl~,:jll 'IJ LL~ ::L~'fl"1'IJ'J'lJn~ ~ Pl'J'fl tJ 1,:j L rUJ'1l 'I.!'Vl1 ~ '" Fl1L~~ tJl"l'J1 ~ 

..; 0., .ctI "'~~I ""''I I'" ....... .J.l' .al 
Fl~1~LFl~'fl'IJm~N~'fl,:j~LL 'IJ'J L'IJ~L Yi~''I.!Fl'fl'IJ'1,:j'IJ'fltJ ~ 'lJLLPI~::~::(;)lJ Fl'J1~~ ~'Yi'l.!fiYl~,:j''IJ LL~::L~'fl .. 

Fl'J1~~~~'lJfi L~tJiJLL 'IJ'J LU~n1~~""~,:jLj'J 1'IJnq~~'J'flth-3U'fltJ LL~::~,:jM'fltJ1,:j;r11 Ln'fl~1'IJ'J'I.! 

nq ~ ~'J'fltJ1,:j ~1 n;'I.! 'I.!'fl n"1 n dJ-3YilJ~11 'lJ1l'l.!1 c;l~'J'fltl1,:j 1 'lJn~rutJ'fl tJ d iJ f'i1 L~~ tJ 1"l'J1 ~ 

Fl~1 c;lLFl~'fl'\.lfi1~,:j ~'fl-3 ~1n~1''1.!1 "" ~'J'fl tl1,:j 1 'lJn 1N tl'fl tJ~ n ~1'J~ 1 LL~'J ;)1-3 ~ 'IJ 1 'lJLL~~ ::~::c;i lJ 

Fl'J1~~~~'lJfi LL~::1'1.!LLvl~::n~~~'J'fltl1,:j1'IJmnt(;)~'fl,:j • 
L~'fli;"1 ~Cl.!1 Pl1 L~; tJ LL~::~'J'lJL;jtJ,:jLlJ'I.!~1P11l1'IJ1 'lJm~YI"'fl'fl-341 1 00 ffilJ th:;n'fllJm~ 

~ '" ~ 'lJ1" 'YilJ~ 1 1'IJ YI n ~::; lJ Fl 'J1 ~ ~ 1.J~ 'l.!fl LL~::YI n n ~ 1.J r;j 'J 'fl tl1,:j if !ph L~~ tJ'1l'fl,:j ri 11h:;,n Cl.! • • • 
~~lh::~Yltm~t1VH1'fltJ bo ~1n~1ri1'Yi1~1ijLPl'flf ~'J'I.!f'i1tJ~::~1Cl.!1l'fl-3l~th:;~'Vltm~t1""t1'fltJ bI 

~-3n~1P11Yi1~1iJLPl'flfLP1m~'Yi1:;1'IJn~~~'J'fltl1,:jL"hnlJ 1 n~l.JLL~::1'IJ~:;c;ilJl"l'J11.J~~~'lJfi~~-3;'IJ 
4iJ "1 "".} 

~1 ~ rh L~~tJll'fl,:jPl 1tJ ~:;1.J1 Cl.!~,:j n~1 Pl1Yi1 ~ 51 LPl'fl fPl'fl'IJ;h,:j1.J1 n ~1,"flJ ~'J 'l.!Ln m L lJ'lJ1.J1l'1 ~~1'IJ1 'IJ 

mnt"'~'fl-3 1 00 ffilJ YilJ~1mm~:;"1tJll'fl-3~1tJ~::~1Cl.!''fl,:j~l.JtJ1::~'Vltn1~t1 ~ t1'fltJPI'fl'IJif1-31.J1n 

1'IJ~:;;lJflI'J1~~~~'lJfiM LL~~1'1.!~1'IJ'J'lJn~~~'J'tltJ1,:j~U'fltJ LL~~L~'tl~1'IJ'J'lJn~~r;j'J'tltJ1 'Unn~'IJ ... . 

"1nm~,:jmilLI"l~1~lfri1L~~tJFl'J11.J1"l~1""LFl~'fl'IJn1~,:j~/eN"1I'fl,:j~l.JtJ~~~'Vltn1~t1""t1'fltJ1'IJ 

3 n~Ntl'flm~'flLtJ~tJ'IJ'1l'l.!1~~'J'fltl1,:jLtI'lJ100, 500 LL~:; 1000 ;r1,:j~'IJ,r'l.! ~1~1~t1~"1~ru1"1n 

ltJJl1YiLL~"',:jn1~LllitJlJL Y1tJlJPl1L~~tJFl'J1~ Fl~1c;lLFl~'fl'l.!n1i-3~'fl,:j~1~c;ilJFl'J1~~1.J~'lJfi p = 0 , 

p = 0.2 , p = 0.5 LLfl~ P = 0.8 LL~:;~1'IJ'J'lJn~~~'J'fltJ1,:jLYhnlJ 1, 5 LLfl:; 10 n~~ c;i,:j~tJ~ . . .. ... 
4.3.1 - 4 .3 .3 c;i,:jvl'flltJil 
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3't1v1 4.3.1 1.L~(;1,:jmjbm£Juf'i1f'i1b~~£J~'J1lJ~~1(;1b~~'el'IJri1i,:j~tl,:j~j:;~U~'J'UJ~lJ~'lJfi p = 0, 

p = 0.2 , p = 0.5 I.L~:; P = 0.8 bb~:;~1'IJ'J'lJnqlJl1i'J'eltJ1,:jb'Vhriu 1, 5 I.L~:; 10 nqlJ 1'IJ1.Lr;l~:; 

"1J'lJ1(;1~'JtltJ1,:j 
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-.-rho=0.8 
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* 0 .0 L-_ .... - = ............. ----11 __ -

1.2 

1.0 
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-nJYI 4.3.2 1.I.~~~m1bmtJtI .. hfli1b~~tJr1'd1~r1~1~blil~'t)'I.\f11i~~'t)~~1~~t1r1'd1~i~~~fi p = 0, 
" 
p = 0.2 , p = 0.5 bb~~ P = 0.8 1.I.~~~1~'d~'lJ~1~j;j''d't)f.h~b·vhntl 100, 500 bb~~ 1000 t~bblJi~~ 

n~~j;j''d't)f.h~ • 
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100, 500 LL~:; 1000 LL~:;~1U'dUnq~~'d'tlthw'hnu 1, 5 LL~:; 10 nq~ L'lJLLI'l~:;~:;~u 

1il'd1~~~~'lJfi 
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, ~ 

fiI~1(;'1LfiI~'llUri'Hr~~'ll~ (MSE) ~1~flJLum'cil'VlrllJrhtr"'l4'tl'll'll~fil'llYfri~1 Z ~~U ,. 
...... .., r":'.l' I .J ...i 0.... -a I .:. J' I 

1. LlJ'll1:::(;'IlJ fiI'J1lJ ilJYiUfiL YUJ'lIU 1"l1L~~tl 1"l'J1lJl"l ~1 (;'ILI"l ~'llUn1~~ ~'tl~lJI"l1L YilJ'lIU1 u'V1nn~ lJ • • 
IV, 'i' ..I IV % IV ... ..., ..I 
111'J'lltl1~ ~(;'ItJL~Yi1:::'Vl1:::(;'IlJl"I'J1lJrllJYiUfi p = 0.5 LL~::: p = 0.8 lJI"l1L~~fJl"I'J1lJ 

fil~1(;'1LI"I~'llUri1i~~'ll~L~lJ~uri'llu;h~lJ1n ~-:li-:lLnl11'l~i(;'lLunfllJvT'J'llth-:lL'VhnlJ 1 nfllJ LL~::: • • 
~1~flJ1u'YJnnqlJi'J'llth-:l YilJ~1 ~1:::~lJl"I'J12-JilJ~Ufi p = 0 ilri1L~~tlfil'J1lJl"lfl1(;'1LfiI~'llU 

, 
0.... 0" 0 .... 

n1~-:I~'ll-:11111~(;'1 ffi~~-:llJ1I"1'll P = 0.2, P = 0.5 LL~::: p = 0.8 11l1)J~1(;'1lJ 

1"I'J1lJ i)J~ufiLL~:::'YJ mlU1t'1 i'J'llth-:l Lt'ItlilLL U'J LU2-Jflt'lfl~'llth~1'Jt'I L1'J 1 U·jh-:lLL1n~ i1~1U'JU 

n fllJ i'd'll th~ U'll tl LL~ :::rl'll fJ1 fl (;'I fl~ Lri'll ~ 1U'Jun fl2-J ~ 'd'll th~ L ~)J~ U LLfl:::1 U'Vl n1:::~lJ • •• 
1"l'J12-Ji2-J~ufiYilJ~1 ~1u'dunfl)JvT'J'llth-:l L'Vh nlJ 10 ilri1 L~~tl 1"I'J1)J I"Ifl1t'1 LfiI~'llUri1i-:lfl'll-:1 • , , 
o .... 0 , .... I ,.... I 0., ... 0 I 

m~t'I 1'll~fl-:llJ11"1'll "'I1U'dUnm-JI11'd'llfJ1~L'Vl1nU 5 LLfl::: 1 n~)J11l1)J~1~lJ LU'll-:l"'l1n"'l1U'dUn~2-J 
~ II " It 

cv IcJ':'.t~ I .. 1':-" 
111'J'llfJ1-:1'VlL Yi)J'lIUU"'I:::'lI'Jtlfl (;'I1"l'J12-J I"Ifl1 (;'I Ll"lfl'll U 1 un 1 :nJ1:::)J1 n.l1"l1 i)Jt11:::~'Vlfin11r1 (;'I rI'tl tiL," 

~ 

U'lltlfl-:l 

3. Lri 'll'llU1 t'I i'J'll th-:l L ~ )J~U ri1 L~~ tll"I'd12-J I"l fl1 (;'I LI"l ~ 'lluri 1 i-:l ~'ll-:lil ri1~ (;'I ~-:lL U'Vl n 1:::r;1lJ • 

'lIU1(;'1~'d'llth~U'lltl LL~:::ri'lltl1 ~(;'I~-:lLri'll~1U'JU'lIU1~~'J'llth~L~)J)J1n~u tt'lm~.,.n:::~1U'JU 
CV I , .... _,.J ... 0.., ~ 

'lIU1(;'1m'llfJ1-:1L'Vl1nU 1 000 )J1"l1L~~tll"l'd1lJl"l~1(;'1LI"l~'tlUn1~-:lfl'll-:l11l1~t'I 

~ ~ I I 

"'I1n1un1rutl'lltl'ti-:l 3 n1cil;h-:l~u,ru Lilun11LmtllJLVltllJri1L~~tll"l'd1)J1"l~1(;'1LI"I~'lluri1i-:l 

fl'll-:1'l1'll-:1LL~fl:::nq)JLL~:::LL(;]~:::"JlU1(;'1'Vl(;'l~'ll-:l L"llU 1Un1ciltl'llt1 4.3.1 Lilunnu~'lIU1t'1i'd'llth-:l 
'i'_ ..Jo, '."1.1"'!!. ... 'I ov 0 " n = 100 IJ?1tl'Vl"'l1U'Jun~)J m = 1,5 LLfl::: 10 n~)J LuUn11LlJ1t1UL'VltlU ~Uflmtn.l:::"'I1U'dU'lI'll2.Jfl 

1ULL~fl:::~(;'I (mn)hiL'Yhnu ~U~'ll mn = 100, 500 LLfl::: 1000 ~~n11Lmtl1JLVltllJ1uin~n.l::: 

~~nfl1'd'll1"'1ti-:l t'lhli(;l L"'IU vi1 1~'Ln(;l;r'll~~itl1 Ue.J~n11LmtllJL VltllJ"'I1nn1ru~~1U'JU.;r'll)Jfl ,. ,. 

i~~)J~~hIL 'Vhnu'l~ r;1.:)'!u1 un1cil~-:lj;J'll 'lt1~ L lIun11LL~ (;'I.:).ti1YiLL~ :::'ll~lJ1t1n11LmtllJL VltllJ 

ri1L~~tll"I'd12-Jfil~1~Lfil~'lluri1i-:lfl'll-:l~1:::~lJfil'J12-Ji)J~ufi p = 0, p = 0.2 , P = 0.5 LL~::: 
p = 0.8 ~1~fun1ru~1U'Ju;r'll2.Jfli-:l,"2-J~LULL~fl:::'(;l (mn)~L'Vhnu'll'tl-:lLLj;Jfl:::n1ciltl'llti ~.:)ilri1 
L'YhnlJ 500, 1000 LL~::: 5000 ~':)1t1~ 4.3.4 ~-:I(;]'tl1t1~ ,. 



" 
n) nnn~'l'\J'J'\6;''fl~fl'Vi\l~tJC;) l.'\6LLj;Jfl~'c;) (mn) LYhnu 500 

9 

8 
7 
6 

IA.I 5 
'" :E 4 

3 
2 

1 

---+- m =1,n=500 

_m=5,n=100 

o +-__ ~':~~~~~~-----. 

rho=O rho=0.2 rho=O.s rho=0.8 

" 'lI) n1ril~1'\6'J'\6;r'fl~fl'Vi\l~tJc;) l.'\6LLlJ1fl~'c;) (mn) Lyhnu 1000 

8 

7 

6 

5 
IA.I 

---+- m =1,n=1000 '" 4 
:E _m=10,n=100 3 

2 

1 

0 

rho=O rho=0 .2 rho=O.s rho=0 .8 

1.2 

1 

0.8 
IA.I i 0.6 

0.4 

0.2 

o +-~.-~--~~,--

- m =5,n=1000 
_ m =10,n=500 

rho=O rho=O.2 rho=O.s rho=0.8 

------------ --_.- ---_.- --- ----
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.;rtl~flvi':lmhnr'nuJj;)luLL~fl:;'llj;) (mn) ~Lfhriu ~\l1~LLri~1U':lU.;r'fl~fl 500, 1000 LLfl:; 5000 

hm~nHh\lrX'!.l~U 'Y1U~1 n~~vi':ltltl1\l (m )~L~~;U~\lJ:Jfll~Pl1L~~tJl"l'J1~l"lfl1j;)LI"l~tl'!.ln1~\l~'fl\l 
flj;)fl\l Lv1tJ~:;;'lJn1~fl C1lfl\ll1tl\l Pl1L~~tJ I"I':l1~lilfl1 j;) LI"l ~tlUri1~\l ~tl\ll un ~ru~ n~ ~vi':ltltl1\l 1 n~ ~ 

riun~~vi':l'fltl1\l 5 n~~ ~1tl 10 ni'i~ (;\llun~ru n, 11) il~Vl~1n1~flC1lfl\l~LLV1n~1\lriu , , " 

, , 
o IQ,o" ,aI 00" I q ... 0., 

"l1U':lUn q ~Vl'ltltJ 1\l ~UVlU1V1~1,", '1l Vltl n1~fl j;) fl\l"Dtl\l f'l1 L~fl tJ f'l 'l1 ~ I"Ifl1 j;) Llil fltlUn1 fl\l ~tl\l 

~1 n n~1~1 '!.l':lU"lI U1 j;) vi':ltl tl1\l (n) ~hl ~\lJ:Jfll ~ ~1L~~ tJ 1il'l1 ~ 1"1 fl1 j;) LIil~tlUri1i\l~tl\lfl j;)fl\l 
~ crll..l AI 0.., q,.ra:..t .... 1V ... .cJJ' 

Utln"l1nU"l:;L~U'l11"11L~fltJ,",'l1~I"Ifl1j;)L,",fltlUmfl\lt1ltl\l~,",1L'Y1l-J"lIUVl1l-J~:;j;)U1"l':l1~i~'Y1'!.lfiVl~\l"ll'!.l 

VI n"ll ~l1tl\l.;r'fll-J fl Lv1m~'Y11:; 1 '!.l~;'lJI"I':l1~i ~~'!.lfi~\l1 ~\lLL~~\ll ~ L ~u':h mnJ~:;~1 ru~ 1i l-J,j ~:;~Vlff 
1 1 ~ tJ 

~1~ f'lJVI nl1 U1 ~ vi':ltl tl1\l 'YlU~1 1 '!.l~:;;'lJ f'l'J 1l-J i~~'!.lfi~ ~ \l ;U~\l J:Jfll ~ ~1L~~ tJl1tl\l 
• 'IJ 

~h,j~:;~1rui~,j~:;~Vlffmnlj;)CltltJ bo ~1n~1P11Yn~nLVltlf (Underestimate) ~':l'!.l~1,j~:;~1ru 

"lItl\li~,j~:;~Vlffn1~Cl j;)CltltJ bl ~\ln~1 ~1'Y11~1nLVltl f (Overestimate) 1 U'Yln n~ l.Jn1~Vlj;) fltl\l 
'IJ • • 

I I '" I r 

tj;)tJL~'Y11:;Lijtl~:;~'lJf'l':l1~i~~'!.lfiL~~;'!.l~\lJ:Jfll~~1L~~tJ"II'fl\lPl1u~:;~1ruil-Ju~:;~'Ylfim~ClC1lCl'fltJ 

~1~~\l;ul.J1n ~n~\ln1~m':;"l1tJ"IItl\l~hu~:;~1ruil.Ju~:;~Vlffm~ClC1lCl'fltJl '!.ln1~'Yl~fltl\l 1 00 ~tl'lJ 

~'flu.;r1\l~1n 1 U~:;~'lJ,",':l1~~ ~~ufi~~\l LLfl:;lu~1u':lun~~vi':ltl tl1\l~i(tltJ LL~ L~tlL ~l.J~1U':l'!.l 
'IJ , 

n ~ ~ vi ':ltl tl1\ll111 ~ Pl1 L ~ ~ tJ "IItl\l ~ 1,j ~:;l.J1 ru~ ~u~:;~ 'Ylff m~Cl ~ Cltl tJ LL fl:;~ ':lUL ~ tJ\l L'lJ'!.ll.J1 Vl~~1UiJ 

Pl1flj;)fl\llu"t'Jn~:;;'lJI"I':l1~~~~ufi LLfl:;n1~~"'1~ru1P11L~~tJlil':l1~l"lfl1~Lf'l~tl'!.lri1~\l~tl\l~1~f'lJ 
'" , I I I 

n~cil'Yl~1UPl111"lr.rtJ"IItl\ll"ltl'Y1'Y1fl1 Z il 'Y1U~1 Pl1L~~tJf'l':l1l-Jl"lfl1~LI"l~'fl'!.lri1~\l~'fl\liJPl1~1~~V1 
'IJ • 

~:;~'lJf'l':l1~i~~'!.lfi p = 0 ~1'!.l':lun~~vi'ltltl1\lL'Vhriu 10 LLfl:;~1'!.l':l'!.l"ll'!.l1~vi':ltltl1\lL'Vhri'lJ 

1 000 u~:;ntl'lJri'lJfihu~:;~1ru"lltl\lil.J,j~:;~'Ylffm~Clj;)(1tltJ~1~f'lJnnu~~\ln~1~1'Y11~1ijLVltlf~ 
'IJ 
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n'iWAn~1v1 4.4 ~~W1'i~~mmfJ'ULVifJ'U1fin1~tJ~t~1rufihi~tJ~i'VItn1'Hl~flilfJi.'U 
n'iW'VI~'U fl1if~4'fJ"lIil~ flil'Yi'Yi~1 Z LL~ttJ~'U fl1 ~'ltJ~t~1rui ~tJ~ti'VItfl'l1 ~fl ~flilfJ ... 
L~fJn1~~ru~'lfJ ..jl- p 

n11~4'tJlum'ril~ 1~vhn11~m~nn~ril~~1U'JU'U1~~'J~rh~~'J'elrh~lun1nl~fl'el~LUU 

100, 500 LLfl:; 1000 ~tJluLLtJifl:;,u1~~'J~rh~ 1~"'1n11~m~t1n11tJ1:;~1rurhl~tJ1:;~."tn11 

~1,"fulumril4.4.4 LUUn11U1L~'I.!~ltJJl1'YiLL~c;)~n~ril~1U'J'I.!~'J~rh~i~,"~~ l'1.!LLtJifl:;'~ (mn) 

~L'Vhri'l.!luLLtJifl:;n~riltl~tJ ~~L'(hritl 500, 1000 LLfl:; 5000 t~tJfi1,"'I.!~~:;~tlfl'J1~l~~'I.!€l'l.!~'J 

LLtltlLU'I.! P = 0, p = 0.2 , p = 0.5 LLfl:; p = 0.8 

j;l1~~Vf 4.4.1 ~1~1~LL~~~ri1L~~tlfI'J1~flfl1~LfI~~uih~~~~~ (MSE) ri1L~~tI (Mean) LLfl:; 

~'J'I.!L~mLtl'l.!~1~1~1'1.! (SO) Lij'el''I.!1~~'J'eltl1-!11'1.!n1fi1C;)fl'el-!lL'Vhritl 1 00 

p=O p=0.2 p=0.5 p=0.8 

m bo bl 
bo bl 

bo bl 
bo I bl 

1 MSE 0.0697 0.4724 1.4509 1.7109 

Mean -0.481 0.986 -0.517 1.084 -0.712 1.311 -0.908 1.495 

SO 0.174 0.332 0.782 0.578 1.390 0.919 1.517 0.844 

5 MSE 0.0108 0.0092 0.0092 0.0047 

Mean -0.487 1.012 -0.484 1.018 -0.481 1.015 -0.481 1.017 

SO 0.087 0.117 0.083 0.106 0.085 0.105 0.041 0.054 

10 MSE 0.0050 0.0038 0.0041 0.0025 

Mean -0.476 1.007 -0.476 1.004 -0.474 1.008 -0.481 1.017 

SO 0.053 0.084 0.048 0.073 0.052 0.074 0.041 0.054 

t.lfln1f54'tlLmtltlLYltltln1ru1:;~1ruri1l~th:;~."tn11t1~t1~tI~1,"ftln~ril"'~1tlri1if~4'tI 

fI~'Yi~fl1 Z LLfldjn11tJftlfii1(;]'JtJ~:;l.J1rull.JtJ~:;~."tfl'J1l.Jt1~t1~tlt~tln11f!Jru~'JtI ..jl- p 
, , 

L;jfl«tllJl~r;l'l!l£iI-.3LvilritJ 100 Vi1J~1 ~1~fu~IU'l'\Jn~l-JIJ1'lflt11~ 1 nfilJ ~ILil~tJfi\'JI~~fil(1l • • 
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, ~ 

L;jtlL ~mJnul'U'YInn1ru.ritl'UVlt!1i1 ~1V1fu~1'U'J'Un~tllJi'Jtlt.h"l 5 LL~:; 1 0 n~tI ~:;L t1'U~11 'ULl.I'i~:; 
~ ~ ~ 

.... %,., ..... , J ... 0.... 1 '" ... .... 'i' J., %,.... .. 
~:::~Ufil'J1l-h'itl~'Ufi tlfil1L~~tJfil'J1t1fil~1~Lfil~tl'Un1 M~tl"l n~ LfiltJ"l n'U ~~ tJ'YI~:::~U fil'J1t1 rl tI~'Ufi 

_ • ..J ... 0 .... ~ ... 0 I .... I .:..t 
p = 0.2 tI 1"11 L~~tJ 1"1'J1 tI 1"1~1 ~ LI"1 ~tl'Un1 \'1"1 ~tl"l [;11 ~ ~ LI.~ :::Ltltl~1'U'J'Un~ tllJI'Jtl tJ1"l L ~ tI"n 'U 

, J ... 0 ....... , L .... %, ...... 
1"11 L~~ tJ 1"1'J1t1 1"1 ~1 ~ LI"1~tl'-!m fl"l~tl"l tI fil1fl ~ fl"l '-!'Y1 n ~:;~U fiI'J1t1 rltl~'Ufi • 

I I I '" 

L;jtl~~1 ~ru1Pi1L~~ tJLl.fl:;fI'J'ULUtJ"lLU'-!tl1 [;1~l1'UL 'Un1~'YI~~tl"l.n1 1 00 ffiU tl~:::ntlUm ~ 
.... ~L ,"';0 ,.." ~J'-J"I~ .... %, ......... , J 

lJI ~rl'-! ~~U'J1 Ltltl~1,-!'J'-!n ~tI [;1'JtltJ1"lL ~tI "n'Url"l f.J~ ~ VI ~ 'U'YI n ~:::~ tJ 1"1'J1 tlrltl~ '-!fitl fil1 L~fl mltl"l • • 
Pi1tl~:;tl1 ru~ tltl~~'YI'im1{) '" {)tl tJ Ll.fl :::fI'J'-!L;j tJ"l L U 'Uti 1 (;J ~~1'-!Pi tl,-!;J1"lLn t\' L~ tJ"l n'Utl1 n ~ ni"l 

Pi1 L~~tJ'JJtl"l Pi1tl ~:::tl1 ru~ tltl ~:;~'YI'in11{)~ ()tltJri"lLnt\' L~ tJ"l nu Pi 1~111nL[;1tl ftl1n L '-!"tJ n 1:;; U 

fil'J1 tI ~tI~'-!fi Ll.fl:::m 1n 1:;~1tJ "n tl "l Pi 1 tl1:::tl1 ru~ tltl~:;~ 'YI'in1~{) ~ {)tltJPitl,-!;J1"l t!tl tJ tJ n L t)'-!n 1ri'l 

~1,-!'J'-!n~ tI;Jtltlfl 1 n~tI ~1 ~Pi1tl1:;tl1ru~tltl1:::~'YI'in11{)~{)tltJ~"ln~1 rh~1nnL(;Jtl f . ~ . ~ 

'i'_ "I" %,.., .. J J' 
I.I'1m~~1:; ~'-!1:;~Ufil'J1t1rltl~'-!fi'YI~"l"n'-! 

'II 

4 I .J ~ 0., I .J 
(;J1"rl.:l'VI 4.4.2 [;1111"lLl.~~"lfil1L~fltJfiI'J1t1l"1fl1~LfiI~tl'-!n1fl"l~tl"l (MSE) 1"11L~~tJ (Mean) LI.~::: 

fI'J'-!L;jtJ"lLU'-!tl1(;J1l1'-! (SO) L~tl'JJ'-!1~~'Jtlth"lL'-!m~~~tl"lL'vhntJ 500 

p=O p=0.2 p=O.5 p=0.8 

m bo bl 
bo bl 

bo bl 
bo bl 

1 MSE 0.0479 0.2991 0.5742 1.1685 

Mean -0.512 1.023 -0.564 1.046 -0.608 1.099 -0.711 1.357 

SO 0.265 0.155 0.697 0.328 0.968 0.441 1.310 0.677 

5 MSE 0.0025 0.0022 0.0017 0.0013 

Mean -0.466 1.004 -0.469 1.006 -0.471 1.007 -0.466 1.001 

SO 0.039 0.059 0.038 0.054 0.036 0.046 0.031 0.041 

10 MSE 0.0012 0.0009 0.0007 0.0005 

Mean -0.468 1.004 -0.470 1.003 -0.470 1.004 -0.469 1.002 

SO 0.027 0.040 0.025 0.033 0.022 0.029 0.020 0.026 

f.Jflmn4'tlLmtJUL~tJtJm1tl1:::tl1rurh~tltl~:;~'YI'in11{)~{)tltJ~1V1fun1ru.'YI11tJPi1,j~4'tJ 

filtl~X1~1 Z LI.~:::~n11tlfurh~'Jtl~:::'-l1ru~tltl1:::~'YI'ifil'J1t1{)~CltltJL"'tJm~~ru~'JtJ ~1- p 
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, ~ 

L;j'tlL~mJritl1uVlnm'rllri'tlU'\.nJ1il ~1~ru~1U'JUn~l.JrK'l'tlth,:j 5 LL~~ 10 n~l.J "'I~L~U~11uLLI1l~~ 
" . . 

."n1~;t1Pl'J1l.Jil.J~ufi • 
J .... ,~ .J ~ 'I 1;' .1 
Ll.J'tlYi"'l11ru1Pl1L~~tJLL~~¥'l'JULtltJ,:jLtlUl.J1~1l1U ~Un1~~~'tl,:j'll1 100 ffitl u1~n'tltln11 

rK~~UL"'IYitl~1 L~'tl~1U'JUn~lJrK'J'tlth~L~l.JfU~~t:J~L~U."n1~;t1Pl'J1l.Jil.J~Ufiilfll1L~~tJ"l1'tl,:j • • 
fll1U1~l.J1ruilJU1~~."im1r1~r1'tltJ LL~~~'lUL~ tJ,:j Ltl Ul.J 1 Vl1l1UfIl'tlU;r1\lLm\'L~m riUlJ1n t) n~\l 
fll1 L~ ~ tJ"D'tl\l fIl1U 1~lJ1 rui lJU1~~."tn1~r1~r1'tl mi\lLnt\' LPitJ\l ritl fll1Yi1 ~1 ij LVl'tl flJ1n L U't'J n ~~; 1.1 

Pl'J1lJilJ~Ufi LL~~m~m'~"'I1tJ"l1'tl\lfll1U1~l.J1ruilJtJ~~~."tm~r1~r1'tltJfIl'tlUi1\lil'tltJ tJnL~un~rll 

~1U'JUn~lJ;r'ellJ~ 1 n~l.J ~L 'IX fIl1U ~~lJ1 ruilJtJ~~a."tn1~r1~r1'tlmH n~1 fIl1Yi1~1 n L~'el f 
It 'U II III 

'i'_ 'I OV .Yo OV "..,J .t 
W1m~Yi1~ ~U~~"'tlPl'J1l.J¥'ll.JYiUfi"'~\l"DU 

" 
...::.I I .J ... 0 CV I .J 

V11"11-3V1 4.4,3 Vl1~\lLLM1\lPl1L~~tJPl'l1lJPl~1I?lLPl~'tlUn1~\l~'tl\l (MSE) Pl1L~~tJ (Mean) LL~~ 

~'JUL~tJ\lLtlUlJ1Vl~~1U (SO) L~'tl"DU1",rK'J'tlth~Lum~I?l~'tl\lLYhritl 1 000 

p=O p=O.2 p=O.5 p=O.8 

m bo bi bo bi 
bo bi 

bo bl 

1 MSE 0.0098 0.1160 0.4718 0.9965 

Mean -0.471 1.003 -0.492 0.993 -0.538 1.068 -0.674 1.321 

SO 0.108 0.090 0.460 0.149 0.892 0.385 1.213 0.629 

5 MSE 0.0011 0.0011 0.0007 0.0007 

Mean -0.469 1.003 -0.467 1.003 -0.468 1.004 -0.469 1.004 

SO 0.028 0.038 0.028 0.037 0.024 0.029 0.020 0.025 

10 MSE 0.0005 0.0005 0.Q004 0.0003 

Mean -0.467 0.999 -0.467 0.999 -0.469 1.001 -0.469 1.001 

SO 0.018 0.025 0.019 0.026 0.016 0.022 0.012 0.018 



62 

eJ~mi.i4'tJLmmJL~tJumnl~:-;lJ'1ruf'hilJu~:-;~."tn'1nl(;lrl'tltJ~1'Vlfunnu.,,~'1U~'1U"I4'tJ 

f'lt:lVi~~'1 Z u.~:-;iln'1~ufu~1;'.lU~:-;lJ1ruilJu~:-;~."tf'l'.l1lJrl(1lrl'tltJL(;\tJn'1~~ru~'.ltJ ~l- p 

Ldt:lL ~tJuriul'IJ."nmrilri'tlt.!~ih~ ~'1~fu~'1'IJ'.l'IJnt'llJ;'.lt:lth\l 5 LL~:; 1 0 n~lJ "I:-;L ~'IJ~'11 'lJu.~~:-; • • • 
~:-;r;iuf'l'.l1lJilJ~'lJfi i1~1L~~tJf'I'.l'1lJf'I~'1(;1Lf'I~t:l'IJri'1i-3~t:l-3 tn~L~tJ\lri'IJlJ1n L(1ltJ"I:-;L ~'lJl~i(1l1 'IJ 

~'1'IJ'.l'IJmilJ;'.lt:ltl1\1L vi1riu 1 0 n~lJ u.~:-;f'1'1L~~tJf'I'.l'1lJf'I~1(1lLf'I~'tl'IJri1i\l~'tl\l~(;I~\lL~nut:ltJl 'IJ 

... %, ... .,..J..t ";0 ..... ...:..t . .J ..; 0..-
~:-;(;IUf'l'.l1lJrilJVi'IJfi"'~\I"JI'IJ U.~:-;LlJt:l"l1'IJ'.l'IJn~lJVl'.lt:l tJ1-3 L VilJ"JI'IJ f'11 L~~tJ 1"l'.l1lJ f'l~1 (1l Lfl ~t:l'IJn'1~-3 

'II • 

~t:l-3 il ~1 ~ (;1M 1 'IJ'Vln~:;r;iu f'l'.l1lJi lJ~'lJfi 
J - ..J .J .J 1 l;' .1 
LlJt:lVi"l1~ru1f11L~~tJU.~:;ri'.l'IJLUtJ-3LU'IJlJ1Vl~~1'IJ 'lJm~"'(;I~'eWl!1 100 ~'flU 1J~:-;n'tlun'1~ 

;(1l~'lJt"lViU~1 Ld'tl~1'IJ'.l'IJnfilJ;'.lt:ltl1-3L ~lJ;'IJ~-3 eJ~ 1m 'IJ."n ~:-;r;iUf'l'.l1lJilJ~'lJfiil ~1 L~~ tJ"JI'tl-3 • • 
~1,j:r:-;lJ1ruilJ,j~~."tm~rl(;lrl'fltJ U.~:;~'.l'IJLritJ-3 L U'IJlJ1 Vl:r~1'IJf'1'tl'IJ;1-31n ~ L~ mri'IJlJ1 n ~ mY \I 
~'1 L~ ~ tJ "JIt:l\l f'11,j :r:;lJ1 rui lJ,j~:;~."tn1~rl (;I rl'fltJtJ-3ln ~ L~ tJ\I riu ~1 Vi1 ~1lj LVl'tl flJ1 n 1 'IJ."n ~:-;~ u • 

ilJ,j~:-;~."tm~rl(;lrl'fltJ~'tl'IJ;J1-3i\t:l tJ tJnLtJ'lJn ~ru~1'IJ'.l'IJn ~ lJ;J'tllJ ~ 1 nfi lJ ~l ~ ~1U ~:-;lJ1 ru 
• 'IJ • 

ilJu~:-;~."tm~rl(;lrlt:ltJ~\ln~'1~1Vi1~ijLVl'tlf~tJL~Yi1:-;t'IJ~:-;r;iufl'.l1lJilJ~'lJfi~~\I;'IJ 
'II 'II 

"I1n Vl1~1\1m i.i Lf'I~:;i f'11 L~~ tJ f'l'.l1lJ fI~'1 (;I LI"l ~t:l'IJri'1 i-3 ~'fl\l'1l'tl-3i lJ,j ~:-;~." tn '1 ~rl (;I rl 'fl tJ 1 'IJ 

3 nniltl'tlmd'tlLu~tJ'IJ'1l'IJ'1(;1;'.l'fltl1\1LiI'IJ 100. 500 LL~:-; 1000 .;r1\1~'IJ,r'IJ ~1l-J1~rl~"I'1~ru1"1'1n 

lUIl'1Viu.~(;I\lm~LmtJuL~tJUf'11L~~tJf'I'.l1lJf'l~1(;1Lf'I~'tl'IJri'1i\l~'fl\l~~:-;~Ufl'.l1lJilJ~'lJfi p = O. 

P = 0.2 , p = 0.5 LL~:-; P = 0.8 LL~:-;~1'IJ'.l'IJn~lJ;'.lt:ltl1\1L'(hriu 1. 5 LL~:; 10 n~lJ ~\I~U~ 
... 

4.4.1 - 4.4.3 ~'tlluil 



n) 

fiI) 

1.8 
1.6 
1.4 

1.2 

~ 1.0 
~ 0.8 

0.6 

0.4 

0.2 

~rho=O 

_rho=0.2 

--.- rho=O.5 

-'- rho=O.8 

0.0 ~~~~~;;u...----[J---

1.2 

1.0 

0.8 
.... 
~0.6 

0.4 

0.2 

1.2 

1.0 

0.8 
.... 
~ 0 .6 

0.4 

0.2 

5 10 

1111')un~Jlri'').''''~ 

5 10 
1111,)lIn~Jlri''). th~ 

~rho=O 

____ rho=0.2 

--.- rho=0.5 

- rho=0.8 

~rho=O 

___ rho=0.2 

-.-. rho=O.5 

-'- rho=0.8 

0.0 -"---.... --~ ...... ----g.---

5 10 

1111,)lIn~JlJh • ..... 
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atlVl 4.4.1 1.l.~~,:jn'l~LllitJ'lJri1ri1L~~tJfiI'J1'-Jfilfl1~Lf")~'tl'\.lri1~,:j~'tl,:j~~~~'lJfiI'J1'-Ji'-J~'\.lfi P = 0, 

p = 0.2 , p = 0.5 I.l.fl~ P = 0.8 LLfl~~1'\.l'J'\.ln~'-JI1i'J'tlth,:jL·fhn'lJ 1, 5 LLfl~ 10 n~'-J l.'\.ll.l.l1ifl~ 

'lI'\.l1~~'J'tlth,:j 



n) 

'11) 

1"1) 

loB 

1.5 

1.2 

w i 0.9 

0.6 

0.3 

0.012 

0.010 

O.OOB 

w 
i O.006 

0.004 

0.002 

100 500 

"'"')1Itnn"A').1h~ 

1000 

~rho=O 

__ rho=0.2 

-.- rho=O.s 

~rho=O.B 

~rho=O 

__ rho=0.2 

-.- rho=O.s 

-+-rho=O.B 

0.000 -'--------------

100 500 1000 

"'"')1ItI,""A.,.1h~ 

n~ru~'nJ'J'lJn~tJlJi'J'flth~L'Vhn'U 10 • 

0.006 

0.005 

0.004 
~rho=O 

w 

i O.003 __ rho=0.2 

0.002 -'- rho=0.5 

0.001 
-+-rho=O.B 

0.000 

100 500 1000 
"'"')'nl1n"A')."~ 
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atJVI 4.4.2 LL~~~m~LmtJ'U1ii11ii1L~~tJPl'J1tJPl~1~Lrl~'fl'IJri1i~~'fl~~~:;~'Url'J'nJ~l.J~'lJfi p = 0, 

p = 0.2 , P = 0.5 LL~:; P = 0.8 LL~:;~1'IJ'J'IJ'lI'lJ1~~'J'flth~L'Vhn'U 100, 500 LL~:; 1000 1'IJLL~~:; 

n~l.JlJi'J'flth~ • 



,) p= 0 

0.08 

0.06 

1&1 

~0.04 

0.Q2 

-+-m=l 

-+-m=5 

....... m=10 

0.00 .L....:.....::::::::~~--4--

100 

Pl) p = 0.5 

1.5 

1.2 

1&1 0.9 
III 

~ 0.6 

OJ 

1000 

-+-m=l 

-+-m=5 

-+-m=10 

0.0 -'---.--.... -----
100 1000 

0.5 

0.4 

-+-m=l 

---m=5 

0.1 

0.0 L-______ ---.-- ___.-

100 

-:I) p=0.8 

1&1 

1.8 

1.5 

1.2 

~ 0.9 

0.6 

OJ 

1000 

-t-m=l 

..... m=5 

-i-m=10 

0.0 -'-------...... --.... -

100 500 1000 
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100, 500 LL~:-; 1000 LL~:-;~rl'l.l'Jun~3-I~'J'tltl1-:1LVhn'IJ 1, 5 LL~:-; 10 n~3-I 1ULLIJl~:-;~:-;~'IJ 

I"l 'J 13-1 ~ 3-1"; uti 
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~lnltl 4.4.1 - 4.4.3 ~1l-JI~tl ~ ~tl ~ ~ n'1~~r.f m~tJ'JntJn1~Ltl~ tJULLtl~\l~'fl\l rll L'tl~ tJ fO)'J 1l-J 

fil~IV1Lfil~tl'l.!fili\l~tl\l (MSE) ~1'V1f1JtunnllYl~tJrhif~r.ftJ1Itl\lfiltl'Yn~~1 Z LL~:;~n1~tlftJrll~'J 
" tl~:;l-Jlruil-Jll1:;~Y1~fil'Jll-JtlVltltltJtVltJn1~~ru~'JtJ ~l- p ;\lU 

1. L~tl~:;;lJfil'J1l-Jil-J~UfiL~l-J~Y ~1'V1ftJ~1U'JUnql-J~'Jtl£11\l 1 nql-J rl1L'tl~tJfO)'J1l-Jfil~IV1Lfil~'flU 
0.... ...:.t .... %. .... ... .J .t 'i' .... 'i''' 'I ...: .t ~, ....... 
n1M~tl\lL ~l-J1IU~1l-J~:;VllJfil'J1l-J~l-J~UfiYl~\l1lU ~VltJl-J LL U'J ~Ul-J ~Un1~L'Yil-J1IU bl-Jl-J1nUnLl-J'fl .. 

" 
LfltJtJnlJLUYlnmruntlu'VI,J1il ~1'V1ftJ~1U'JUn~l-Ji'Jtl£11\lLVhnlJ 5 LL~:; 10 n~l-J 'YilJ':hLULL[;) • • • 

rltltJ1 flC;)~'1 Ldtl~'1'l'!'Jun~l-Ji'Jtl£11\lL ~l-J~U LLfI:; t uYlm:;;lJ fil'J1l-Ji l-J~Ufi~ lJtJ1 ~1 u'Jun ~ l-J • • • 
61' I I'" q,.J .. 0 .... ~ ..ell 0 , 

~'Jtl tJ1\l L 'YllnlJ 10 l-J fill L'tlfl tJ fil 'J1l-J filfl1 VI LflIfltlUn1f1\l~tl\l ~1q VI ~tl\lfl\ll-J1 fil tl ~1U'Jun ~ l-J 

CV I I.... I 0 CI.o'.J 0 I'" I .J": J' ~ I 

~'JtltJ1\lLYllnlJ 5 LLfI:; 1 n~l-J~1l-J~1V1tJ LU'fl\l~1n'"lIU'Junfll-J~'J'flm\lYlL'Yil-J~UU'"I:;"ll'JtJflC;) • • 
fO)'Jll-J filfl1 (iI Lfil~'flU L um ~tl ~:;l-J1 rurl1 i l-Jtl~:;~Y1~n1~tl VI tltl tJ L 'IX,J'fl tJfl\l 

3 . Ldtl1lU1 c;) ~'Jtl £11'1 L ~l-J~U rll L'tl~ tJ fil'Jll-J fO)fll c;) Lfil ~tlurili\l ~tl\l;J rllf1 c;) fI'IL U'Vl n~:; ~lJ • 

t.- '" I I 

~1n L un~ril£1tltJYi\l 3 n~ril;rI\l ~u'!!u Lilun1m.n-tJ1JL~tJlJrl1L'tl~tJfil'J1l-JflIfl1 c;) LflI ~tlUril i\l 

~tl\l1ltl\l LL[;)~:;n~l-JLLfI :;LL[;) fI:;1IUI C;)'VlVl ~'fl\l L"llU L un ~ril£1'fl tJ 4.4.1 Lilun ~ril~'lJUI c;) i'Jtl £1 1'1 • 
n = 100 'LvltJ~~IU'Jun~l-J m = 1,5 LL~:; 1 a n~l-J Lilum~LmtJlJL~tJtJtuin~ru:;~1U'JU;r'fll-JfI .. .. 
LULL[;)fI:;'llVl (mn)hiLvi'lnu ~U~tl mn = 100, 500 LLfI:; 1000 ;\ln1~LmtJlJLfltJtJtuin~ru:; 

~\l n ~1'J tl1~ ~\l c;) hJi VI L~U vii t'IX Ln c;);rtl~\li tJL U~ flnl~LmtJtJ L ~tJtJ~1 n n ~til~~1U'JU;rtll-J ~ .. .. 
i'I'VIl-J(iI~hiL .,hnu't~ ;\l,rut un~til;\l [;)tl 'ttl~ Lilunl~LL~ MI11'YiLLfI :;tlfllJ1 tJ n1 nmtJtJ L ~ tJtJ 

rlIL'tl~tJfil'J1l-JfilfllC;)Lfil~'fluri1i\l~'fl\l~~:;;tJfO)'J1l-Jil-J~ufi p = 0, p = 0.2 , P = 0.5 LL~:; 
" , , 

p = 0.8 ~1'V1run~w~IU'JU;rtllo!fI";\l'VIl-Jc;)tuLL[;)fI:;'llc;) (mn)flLYi'lnU'1ltl\lLL[;)fI:;mW£1tltJ tn\l;Jrll 

LyhntJ 500, 1000 LLfI:; 5000 ;\lltl~ 4.4.4 ;\l[;)tl'ttl~ 



1.4 

1.2 

1 

w 0.8 

'" :E 0.6 

0.4 

0.2 

~m=l,n=500 

_m=5,n=100 

o +-~~~------~--~--r-~~-. 

rho=O rho=0.2 rho=O.s rho=0.8 

" 
'11) m'ril~TIJ'J'\.l.;r~~~li.:J'I.nJ'" 1'\.lu.~~~~", (mn) Lyi1rilJ 1000 

1.2 

1 

0.8 
w 

'" 0.6 
:E 

0.4 

0.2 

0 

0 .0015 

0.0012 

0.0009 
w 

'" :E 0 .0006 

0 .0003 

0 

~ m =l,n=1000 
_ m =10,n=100 

rho=O rho=O.2 rho=O.s rho=0.8 

• 

~ m =5,n=1000 

_ m =10,n=500 

~-. 

rho=O rho=0.2 rho=O.s rho=0.8 
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if'eltl~~'J'flth'n~"nu.J",l~LLvi~~'1l'" (mn) ~LYi1n~ ;'11~LLri~1~'J~if'fltlfl 500. 1000 LLfI~ 5000 
.. • 'II 

l~m'nl;h'l~~,r~ 'YilJ~1 n~tI~'J'flt!1'1 (m) ~L~tI~~~'1~fll~rl1L~~tJlil'J1t11il~1"'LFl~'el~ri1~'1~'fl'l 
fI"'~'1 ~tJ~~;lJm~~"'~'1"lf'fl'lrh L~~tJ Fl'J1 tI Fl ~1 C'l Llil ~'fl~rh ~'1~'fl'l L~tJ L ~~1~i '" L~w~1nn~nl n) 

I ,.., I "..J .. 0.., J' .., 
LL~~ '!l) 'YilJ'J1nqtllJl'J'fltJ1'1 1 nqtlIil1L~~tJFl'J1t1Fl~1(;1LIil~'el~n1~'1~'el'l~'1"lf~1JI1t1~~"'lJ 

1"\'J1t1ltl~~1fil~'1~'J~1~n~cilmltl~'J'flth'l 5 ntitl~1-'fl 10 ntitl rl1L~~tJl"\'J1t1Fl~1~LIil~'fl~ri1~'1 \J .. .. q 

~'fl'lilrl11m\'L~tJ'In~tl1n l~YJ n~~;lJFl'J1t1ltl~~fi ~1~flJ1 ~n~ru Fl) 'YilJ~1rl1 L~~tJ 1"\'J1 tI 

.. Q cv .... I "1 "' ... cv .. tV ..t": ... ~ J' I .J 
1il~1"'LIil~'fl~m~'1~'fl'ltlI"\11il'fl~'!l1'1 nfl LliltJ'In~ LL~~LtI'elJ'~"'lJlil'J1 tI~ tI'Yi~fi~'1'!l~1"\1L~~ tJ 1il'J1 tI 

Fl~1"'LI"\~'fl~ri1~'1~'fl'lijLL ~'J LUtl~C'l~'11.tltl1mrn ~1n 1 ~nnuif1'1~~e~ ~L ii~~11 ~n~ tI ~'J'fl t!1'1~ 
tl1nn~1 1 ntitl r\1L~~tJl"\'d1t1Fl~1"'LIil~'fl~ri1~'1~'fl'lijrl1 rl'fl~if1'1U'fltJ LLfI~ijr\11n~L;;\tJ'In~1 ~ • 

u.~::ijn1'itJ~lJfh~'ltJ~)J1Wi)JtJ~i'VItfl'ntl"~"'il!lL~!ln1'i~W~'l!l ~1- p 

~1~ flJ'Vl n"lf~1 C'l ~'l'flt!1'1 'YilJ~ 1 L~'fl ~1~'J'Wn ti tI vl'J'fl t!1'1 L ~ tI;~fl 'I ~ ~ 1\\1 'W'Vl n :i'~;lJ • • • 
• .- 0-

Fl'J1t1ltl~~fi~ri1L~~tJ'!l'el'lrl11h~tl1rultll.l:i'~~'Vl~m:i'!.I~!.I'eltJ ri'fl'Wif1'11m\\~tJ'In'Wtl1n t1n~'1 

rl1 L~ ~ tJ"lf'fl'l ri1tJ~~tl1 rultltl :i'~~ 'Vlin1:i'!.I C'l!.l'fl tJ J'Iln ~ L~ tJ'I n lJ rl1 't'j1 ~1;j L~ 'el ftl1 n 1 ~YJ n :i'~; lJ 

Fl'J1t1l tI~~fi LC'ltJ;J n1~n :i'~~1 tJ"1I'fl'lif'fl tlfI rl1'iJ :i'~tl1 rui tltl ~~~'Vltn1:i'!.I C'l!.l'fl tJ rl'fl~if1'1U'fl tJ 
'II 

tJnL.)'Wn:i'nl~1~'J'Wnti tlif'fltl ~ 1 nti tI ~1 ~ rl1 tl:i'~tI'1 Nltli.h~~'Vltn'1:i'!.I C'l!.l'fl tJ~ ~'1 n~ '1 
.... .. "U 

rl1't'j1~1;jLIJI'flfL~nu'fltJL"'m~'t'j1~1'W~~;lJFl'J1t1ltl~'Wfi~~'1~~ Ld'flLYltJlJnlJm'ru~n~ri'fl'W,"U1 
'II 

'" I I I 

II tl:i'~n'fllJnlJm~~1~ru1 rl1 L~~ tJ 1"\'d1t1 Fl ~1 '" Llil ~'fl'Wri1 ~'1~'fl'lYl ij rl11n~ Lf;) tJ'I n'Wtl1 n 1 ~U.vifl~ 

:i'~;lJ 1il'J1t1i tI~'Wfi~ ~~1~'d ~n ti tI ~'J'fl t!1'1 LL~~~1'W'J'W'!l'W1 '" ~'J'flt!1'1t11 n ,r~~'fl 1 ~n:i'ru 'VI ~1lJ rl 1 • 

~1- P ~'1~~vi'flIil'J1t1!.1n~'fl'l1~n1:i'tl:i'~tl1ru L(;1tJ~~tlt!nlJ~1~'J~ntitl~tl1n't'j'fl ~'1,r'W n1:i' 
'II'" 

tl:i'~tl1Nrl1 ~tJ'fl1~mLlJlJ~1~'fl'l L't'j~U'VI 1~n:i'ru'Vl:i'1lJrl1u94'tJ"1I'fl'lI"\'fl't'j't'j~1 z LL~~il m:i'tlflJ 
'II 
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"I1nn~ril~n~ 4.1 - 4.4 ~1~1~Cl~~t.J~mnJ~:;).nw~hi~u~:;~'YIfm~Cl"'Clt1tJ~L'.n.J1:;~~~~'" 
1 ULL~~:;m'ril~m;1 ~,:j1~LLri~1U'JUnq~~'Jt1th,:jLYhri'lJ 1 0 LL~:;~1U'JU'lIU1"'~'Jt1th,:j 1 ULL~~:; 

" nq~LYhri'lJ 1000 ;,:jLL~rM1ulUl)1"fjlJl'el1Uil 

o 

-0.2 

-0.4 
C 
IV 
~ -<>.6 

-0.8 

-1 

-1.2 

rho=O rho=0.2 rho=0 .5 rho=0 .8 

-+-case1 

___ case2 

--.- case3 

X case4 

ItlYl 4.5 LL~"',:j,",1L~~tJ'lIt1,:j,",1U~:;~1Wi~u~:;~'YI'i Po ~~:;;'lJfiI'J1~i~~ufilJl1,:j11uYJn 

n~ril~n~ 

2.5 

2 

c 1.5 

"' ~ 1 

0.5 

-+-case1 

~case3 

x case4 

o ~------------------------
rho=O rho=O.2 rho=O.5 rho=O.8 

ItlYl 4.6 LL~MI"i1L~~tJ'lIt1,:j1"i1U~:;~1Wi~u~:;~'YI'i PI ~~:;;'lJfiI'J1~i~~ufi~1,:j11uYJn 
n~ril~n~ 

1.2 

1 

0 .8 
'AI 
01\ 0 .6 
~ 

0 .4 

0 .2 

0 

rho=O rho=0.2 rho=O.5 rho=O.8 

. "n1lll"'UIll'anf,,' 

-+-case1 

_case2 

_ case3 



... 
tJ'VI'VI 5 

~ ~ r 

n'11~4' £J ~ f~v'L ih,\n 'l1~ m~n LL~::tJ ~::lJ'l ruflhi lJU ~:;; 'Vlfln'l1f1 (?1 fltl £J 1 ~r;i 'd LLUU ~'d 'llJ 

flC'lfltl£J L~~~~ ~LL1J1JLmefL:n£J~flltlYlYl~'l ~£Jm~£J~fimihf')~:;ifll'd'llJfI C'lfltl £J L Yl ~ij'Vll k!n '1 1'V11 
'II 

~£Jm~l!lru,~h£J Jl- P 

3. n~cil'Vl~1Jfli1if~4'£J'1Itl~flltlYlYl~'l Z 
'II 

LVl£Jlk!~'l~~4'£J~1~.yhm~~m~nlk!~m~m1ruvh~1 ~~~ 

• ~'dLL1JUL~~~~~tl~1~41mL1J1J 2 n~lJ (Simple binary logistic model) 

• ~'lLLtJ1mlJ (y) iim~LL~mL~~LLU1JfllflYl~t'l1L1Jflf~t'l~ ,r\!~tl I"hi~Ln(;ll~LL~~:;l"h'1l'tl ~ 
~'lLLu~mlJiil"l'l'llJilJ~k!fink!~'dmmefL:nm.!~flYlYl~1 LL~:;iif'11L~m 2 f'11 ~fl a nu 1 

'II 

• ~'lLLtJ1~~~:; (x) ~~m~t1~l'l.!'lk! 1 ~'lLLtJ1 L(?1£Jiin'l~LL~nLL~~LL1JULUtlf~t'l~ ~'l£J 
Yl'l~ijL(;lflf P = 0.5 

• 
• 
• 
• 

.-... .J.... %..... .-
Lm"l!L"l!£J~l"lflYl~t'l'l 'Vl~:;(?1U~'d'llJl>'ilJYlk!fi p = 0, p = 0.2 , p = 0.5 LL~:; P = 0.8 

~'lk!'lk!n~lJ~'dfl~1~1~m~'VlC'l~fl~ (m) Lilk! 1,5 LLt'l:; 10 n~lJ 

~1k!'lk!'1I~1C'1~'lfl~1~ 1 ~LLvl~:;n~lJ~'lfl~l~ (n) Lilk! 100, 500 LL~:; 1,000 

n1'V1k!C'I~1~'dk!m1m:;.yh~11~LL~~:;~m~m1ruLil~ 1 00 ~flU 

Ln ru"V11. kIn 1 n mtJ 1J L V1 £J 1J CJ t'l n 1 ~~ L~ 11 :;ii fllJ t'l,l-k! ~ :;~~ 'l~ru'l ~1 n f'1 1 L~~ tJ ~ 'l1lJ ,. 
... Go' ~ I..J -J 

~t'l'l C'I LI"l~flk!lJ1(;l~~1k! (MSE) u~:;nflunUm1'Yi"11ru1"1n ~'l L'Tlt'ltJ LL~:;fb~Lum LU~lJ1 (;l~~1k! 
4.9 4.9 

lk!m~C'I~fl~~1~1k!'lk! 1 00 ~flU ;~~llJ'l~fI~~c.Jt'lmi34'£Jl~~~~ , 
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i'J l-J 'lI'fl~ fi'I'J'fl 'WL'Vl £f (Quantile) 'lI'fl~ vi'J LL tJ ~t'il-Ji'J l-J~ i1 n'l ~LL"'l n LL"'l ~ LL tI t1tJ n ~'\..H~ 'l tJ ~'J LL tJ ~ • 
(Multivariate normal variables) L(;ItJ~vi'Ju.tJ~ml-JLiI'Wvi'Ju.tJ~L~~fi'lCW1'lYi i11ii'lLYltJ~ 2 Iii'l ~'fl • 

" Lme[L;tJ'Wfi'I'flYiYi~'l ;~U.t'l(;l~L.n'Wt'll-Jn'l~ (37) i1~tJu.t1t1;~il 
'II 'II 

f f max( 1 - PI ' Y I ) f Ga 
L = . . ... . C E ( U 1 , U 2 , . .. , Un) du 1 du 2·· · du n 

mm( YI ,1- P I) 

mijLfII~::il1'l'J::,.('l"'l::LiI'Wt'l~t'l (;I~'lL~mn 'flth,:j hriml-J '\nn'Vl~t1 fh U"'l { tJ fi'I'flYiYi ~'l ~'Ju't1t1~ 
'II • 'II . " 

-ntJ''fl'W'''l::~t;jltJLiI'W~'Ju.tIt1 LYirij'Vl;~~U.t'lt;j~Ln'Wt'll-Jm~ (41) ~~,r'W~~ L~ 'fl'l~mLtJtI~'l~'fl~ L Vi~D'Vl 

l-J'llft 'Wm~tJ~::l-J'l rulii'l ~ l-JtJ ~::~'Vlim~(l t;j (l'fl tJ ~TVlftl ~'J LLtJtI~ 'W'fl n"'l 'l n~1~ ~~ Ln 111 ~ 'l ~ 'l n i1 n 'l ~ 

~::L~ tJU"'l{ tJ fII'flYfYi ~'l~ eJ ~n'l ~tJ ~::l-J'l ru~'l Vi 'l ~'l ij LI1I 'fl f'll 'fl,:j ~ l-JtJ ~::~'Vlin'l1(l t;j (l'fl tJ"'l::i1 ~ n'M"ru:: 
'II 

LiI'WL"li 'W h ~,:j L~~'l m 1~'l ~'fl~t'l (l'l'Wn'l~nrL ~'fl'Vl t;j t'l'eltJ fII'J'll-J t.] n ~'fl,:j 1 'Wn 'l ~tJ ~::l-J'l ruri 'lVi 'l ~'l;j LI1I'el f 

1'L.ln1ru~'Vl~t1~'lU"'l{tJ'lI'fl~fi'I'flVi"rJ~'l Z LL~::~'lm~'Vl(;lt'l'eltJL~l-JL~lJl'Wn1ruhl'Vl~t1ri'lu"'l{mf'fl~ 
" fII'flVi~~'l Z L(;ImLu~LiI'Wn1ru~n'M"'l'tl~~l-J~ 4 n~ru~~mh'J1tJ.;r'l~~'W L~tJL~t'l,tln'l~ 

LmtJtJL ~tJtlLL~::mffiiitJ1'ltJeJ~m1~{tJ LiI'W 5 ~'J'L.l ;,:j~ 

hJ'Vl~tJ~'lU"'l{tJfII'flYi~~'l Z u.~::n1ru'Vl~tJrhu"'l{tJfi'I'flYi'tJ~'l Z 

5.1.1 .1 Li1fJ!:Ji1nl~1if1Jfill?i'J1in:J.JlfiJ~mJT::~YlinlTflPWtWrM~n-JT~ruM'J~ ~l- p 

(nTruf1nWl 1: nTruf1nWl3) 

- m~~"'l1ru'l"'lnlii'l L~~tJfi'I'J'll-Jfi'I~'l~fh~~t'l'fl~1::~~'l-:) m'nl~n'M"'l 1 rltJ mnl~ n'M"'l 

" . " 
3 ,r'L.l YitJ~'l Lij'fl~'l'W'J'Wn~l-J~'J'flti'l,:jl'L.lm~'Vl(;l~'fl-:) 1 n~l-J "vi-:)t'l'fl~n~ru~n'M"'li1 • • 
Iii'l L~ ~ tJ fII'J 'llJ fII ~ 'l (;I rl'l ~~ t'l'fl~ L Yi'l rl'L.l U.~ Ln'fl ~ 'l'W'J 'Wn ~ l-J vi'J 'fl ti'l~ 1 'Wn 'l~'Vl t;j ~ 'fl-:) • 
L ~l-J;'WIii'lL~~tJfi'I'J'll-J fi'I~'l(;lrl'l~~t'l'fl~ 1 'Wn~ru~n'M"'l 1 i11ii'l~'ln~'ll 'Wnnll~ n'M"'l 3 

~ m~Vi'l:: 1 'W~::;t1 rl'J'll-J ~ l-J~'L.lfiYl ~~ 

- m~~"'l'l1ru'lri'lL~~tJU.~::~'J'WLritJ-:)LtI'L.llJ'l11l1l'l'L.ll'Wm~'Vl(;l~'fl~4'l 1 00 ~'eltJ Vitl~'l 
Iii 'l L~ ~ tJ'lI 'el ~ vi 'JtJ 1::l-J'lru~ lJtJ ~::~'Vl in 'l1(l (;I (l 'fl tJ.,r~ t'l'fl-:) n 1nl~ n'M"'l 'fl til 'W~ f'I 'Vl'l~ 

'II 
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L~tJ'Jn~ nfh'J~~ f'11L~~ml~-1f'111.l~:;lJ1N~lJl.l~:;~Vlifn1~rI(Ml'eltJ bo ~1n11 

f'1'l't, 1 ~1 ij L~ ~ f (U nderestimate) fl'Jklf'1 1 L~ ~ tJ'!I M f'111.l ~:;lJ 1 N~ lJl.l~:;~Yl if n1 ~ 

rI~rI~tJ bl ~-1n11f'1'l'rn~1ih~~f (Overestimate) LL~:;L~~~1~'Jkl;r'el~~lJ1n;~ 

n~ru.~ m~t1 1 ;:j f'11 L~~ tJ'!I~-1 f'111.l ~:;lJ1N~ lJ1.l1:;~ Vlifn11r1~ rI~ tJ1nt\' L~ m n lJ 

'Yi1~1ijL~~flJ1nn111 kln1ru~m~t1 3 ~1~ftJf'11fl'J~L~tJ-1LtJ~lJ1~~31kl,r~ 'YitJ11 

1klnnu~m~t'l 3 ;:jl"hfl'J~L;:jtJ-1LtJ~lJ1m31~~~tJnrj1n~ru~m~t'l 1 1ii~~;r1-1lJ1n 
'i'_ , .... .Jo ".J ,.., %. ....... .J 
U)'ItJL~'Yi1:; ~~mNVl'"l1kl'J~'!I~lJ~VllJ1nLL~:; L~~:;~tJl"l'J1lJ~lJ'Yi~fiVl~-1 w w 

phif'"l4'tJfil~'Yi~~1 Z LL~:;1.lJVl~lJl"hif'"l4'tJfII~'Yi~~1 Z L~tJ1.lJ1.Pliln1~l.lftJf'11~'J 

1.l~:;lJ1N~lJ1.l1:;~Vltn1~rI~rI~tJL~tJn11f!lN~'JtJ Jl- p ,r~ 1~c.J~n111.l~:;lJ1N 
f'11~ lJl.l~:;~Vltn1~rI~rI~tJ1 ~~flIYl1-1 L~tJ'Jn~~-1 mh'J H;r1-1 ~~ Lb~:;bd~~1 'W'J~ 

;r~lJ~L~lJ~~LL~11n~ril1lJYl~tJf;\1if'"lr.ltJfII~'Yi'Yi~1 Z ilIii11.l1:;lJ1ru~lJl.l~:;~Ylifn1~ w w 

rI ~ rI'el tJ1n t\' Lfi tJ-1 'Yi 1 ~1 ij L~ ~ fbLj;] n1 m ~:;'"l 1 tJ '!I 'el-1;r 'ellJ fl ri lJ 1 n ~ d~l 'Wb -rl 'W~'el1 '"l .. 
L ~'el-1lJ1"1 nn ~ril~hJVl ~'1 tJ Iii 1 if" 4' tJ I"l 'el 'Yi 'Yi ~1 ri il in 'Mru:;L~ tJ'J n 'WntJ n '1 ~~ LI"l ~1:;tf w 

I"l'J 1lJ rI ~ rI~ tJ L~~ ~ ~ I"l LL tJtJl.l n ~ ;-11"l'J1lJ ~ lJ 'i'Wfi~ Ln ~f ~hJ1~ L u'W if"r.l tJ ~U'1lJ 1 

Yi"1~ru1~-1Yi11 ~1"l'J1lJ~lJ'i~fi~L ;r111.l~~1 klL Vl~lJ'!I'el-11"l'J1lJ I"l ~1~ LI"l ~~kl ;~~-1 t.J ~ 
j;]~ 1"l'J 1lJ'.1n ~ ~-11 kln111.l ~:;lJ1 Nf;\1 ~ lJ1.l1:;~ Yl ifn1 ~rI ~ rlt} tJ ~~ Lb~ 111 kln ~ru~ 

~, ~ 

n1~n~:;"1tJ'!I~-1;r~~~,r~f'1~'W;r1-1lJ1n ,rkl~~'ei ~~1n11LLnrj-1'!1'el-1;r~~~ 1 ~n ~ru~ 

f;\~~;r1-1~-1 ~1~ftJ 1 ~mril~Yl ~1lJ f;\1if"'lr.ltJ 1"l~'YiYi~1 Z ~il n1 ~~~ L'el1if"'lr.ltJ'el1"'1~ w .. 

"li~~~ ~1 ~L Vl~ lJ 1"l'J1lJ 1"l~1 ~ LI"l~~kl~~ n lJ1U1~ LLt\''J ;~ Lu~n1 ~ (;) L"ll tJ 1"l'J1lJ el ~'Yi ~ 1 ~ 

tJ1~~'J~"'I1nn~ril1lJYl1'1tJl"hif"'lr.l tJ 1"l~'Yi'Yi ~'1~~tl1 ~L Vl~lJ 1"l'J1lJ 1"l~'1 ~ LI"l~~'W LLj;]~ w .. 

..... " II ..J1 I '" ~ Q' I .:[ 

m ~'VI t.J~ n1~1.l1:;lJ1 ruVl lJ'.1n~~-1kl~ Lij~t.J~lJ1"1 nI"l11.l~:;lJ1ru~lJl.l~:;~Ylfin'l ~ 

rI(;)rI~tJ~1Pl,r~~~ill"l'J1lJ~lJ~klfiL~tJ'J;r~~ 1 kl~'JLLtJtI~tl ~-1bL~(;)-11.n 'W~lJn1~ (41) .. 
;-1tl11lJiln1~l.lftJf;\1~'J1.l~:;lJ1N~lJl.l~:;~Vljfn1~rI(;)rI~tJL(;) tJn1~f!l N~'JtJ Jl- P 

.- I" I 

,,:;Yi11'" c.J ~ n1 ~1.l ~:;lJ1 Nf;\ 1 ~ lJ1.l1:;~Ylfin11r1 ~ rI~ tJVl1~,r~il f;\ 1 ~ 1'V11'el~,:j n 1 1 
" 

'Yi1~1ijL~'elf~tl1~1(;)~th~'VI~-1 L~tJL~~1.~i~"'1nt.J~n1~Vl(;)~~~1~mril~mt1 4.3 

l.kltJVl~ 4 
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5.1.1.2 ,ift1i1 nI7liftll'l·I~r;lh:::.Jlruff:.Jlh::~YlinI7f1t91f1t1V r(fltJWI7eJru~r;v Jl- p 

(nnf1~n7!t12: n7n1,;n7!t14) 

Wl~~"1 ~ru1"1 n~1L'!l~tJ PI,;)1t1 Pli'l1~ n1i~t'l/eHI ~:;'VI~1~ n~nl~ n'tt1 2 nlJ 

n~ru~m:t1 4 ,!U YilJ~1 L~tl~1U';)Un~tI~'lmh~ 1 n~tI~~t'ltl ,m~nl~m~t1il • • 
1.1 0., ..... "'0 ICV t ..:...t,-l 

Pl1 L'!li'ltJrl'l1t1rli'l1~ n1i'l~t'ltl~L 'Vl1nu LLVl LtI'el"1u';)uni'lti (;1';)tltJ1~ L Yi tI"IIUrl1L'!li'l tJ • 
rl,;)1t1P1i'l1~n1i~t'ltl~lun~ru~mt1 4 iJrh~1n~11unnil~m~t1 2 L~m'!lYn:;ltl 

~:;~lJPI,;)1t1itl~u1f~~~ 
- I..J .J..J 1 1;' I 

m~Yi"1~ru1P11L'!li'ltJLLi'l:;¥'i'lULlJtJ~LlJUtl1(;1~~1U um1'Vl~i'ltl~"l!1 1 00 ffilJ YilJ,;)1 

lun~ru~mt1 2 il~1L'!l~tJ"tl~ri11.h:;tl1ru'll'tl"litl1.1~:;~'Vltm~t1~t1tltJ bo ~"In~1 

ri1Yi1~1i'lLlJltlf (Overestimate) ~';)uri1L'!l~tJ'Iltl~~11.1~:;tl1ru"tl~itl1.1~:;i'Vltm~ 

t1e;}t1'tltJ bl ~1n~1~1Yi1nijLVltlf (Underestimate) lu'VJnn~tI~';)tlth~ LL~ 
~ ~ I I 

m'ru~n~ 4 -WU iJL~tJ~n~tI~';)tlth"l 1 n~tlL'Vh-wu VliJ~1L'!l~tJ'Iltl"lri11.1~:;tl1ru~~ •• \l 

n~1Yi1 n ijLVltl f LLi'l :;Ldtl~1U';)tln ~tI ~';)mh"l L ~ tI~U Yi'1J~1 t-li'l n1~1.1~:;tl1 ruri1 • 
itl 1.1'1:;~'Vltn 1 '1() ~ ()'fl tJiJ ~11n ~ L~ tJ~ ri 1Yi1 ~1 ij LVl 'el fI. 'W 'VJ n ~:;~ lJ rl,;) 1 tli tI~u1f 

1.1 '1:;n 'ellJ nlJn1'1n '1:;"1 tJ'Il'fl~ ri11.1 ~:;tl1 rui tl1.1 '1:;~ 'Vlim '1() e;} t1'el tJ ri'tl'W;r1~~'tltJ ~'l tJ 

nI7f)i1li71VCJ~ "1mJi'lm~'Vle;}i'l'tl~';)1"1~'W,rU t'l1t11~()t'l'11.1l~~1nnill).j'Vl~1lJri1 • 
if,,4'tJ PltlYiYi i'l1 Z ~ iJn1~1.1 1lJ ri1 ~';)1.1 ~~tl1 rui lJ1.1 ~:;~'Vlin1 ~t1 e;} t1tltJ Le;} tJm~rlru 

~ ~ 

I ., I 

Yi1 ~1 ij LVl 'fl fri'fl 'W';) 1 "IlJ1n ~"I n ~1,;) B;r 1"1 ~'W VI d:J 'WL 11 Uil'tl1" L U'fl"l tl1" 1 n 1 tl 
., r 

n~ril~ n~ il d:J'Wn1 ~1.1 1lJ ri1 ~,;)1.h~tl1 rui tl1.1 ~~~ 'Vlfln 1 n1 ~ t1'tl tJ Le;}tJ n1~~ru~';) tJ 

Jl- P "1nn~ril~l).j'Vl~1'1Jri1if"4'tJ~LLtJ"I'tl~1 UL 'Vl'tltl'll'el"l rl,;)1t1 Pli'l1e;}LPI~'flULLi'l~ 
., ., I 

l.).j1.~,j 1 if" 4' tJ -W 'WL i 1 tI 1~ ~ 1 ~ru 1 vi"l LLvi LL ~n LLi'l ~ Lij 'tl1. 1.1 1.1 1lJ ri 1 ~ ';) 1.1 ~:;tI 1 ru 

itl1.h:;~'Vltn1'1t1~t1'fltJ~1.~ L~tJn1~~ru~';)tJ .Jl- p L;h1.1.1 "dhl,xtJi'ln11 

1.1~~tl1ruitl1.1~:;i'Vltm~t1 ~ t1'fl tJ~1.rn).j t1 n !1i''fl''l LL~~1'V11lJ 1 'Wn ~nl~'Vl ~1lJ ri1 if" 4' tJ 
~ 

-I... ... .Of IV ...I.J I ~ .. 

PI'flYi-.:1 i'l1 Z 'Vl tI n 1'1~"I L tl1u""tJ'fl1" 'Vl"lltl'W'fl ~ b 'WL 'Vl 'fltl rl,;)1 tI PI i'l1 e;} LPI i'ltl'W'fl'fl ntl1 

,J1"1LLt\'';) LLi'l :;1.~iJ n 1~~ t'l,,'!!vi';) LLlJlJ ~"It'l tI n1 ~ (41) tl 'tllJo;h 1,x n1 ~1.11lJ ri1 vi';) .. 
1.1'1:;lJ1ruilJ1.1~~i'Vltn1~()~()'fltJL~tJn1~~ru~';)tJ .Jl- p,!u ~"It-li'l~'flPl'l1t1 
t1n!1i''fl''l'lltl''ln1ru1:;tl1ruri1itl1.1 '1~~'VliPl,;)1 tI t1 e;} t1tltJ Le;} tJ~ 1u';)un ~ tI vl'ltltl1"1 1"1';) ~ 
~ . 
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~hl il n 1n.J fu Iii 1 ~'dU ~:;lJ1 rullJu~:;i'Vltn1 ~tl t1'I tl ~ tlLL~:;il n1 ~U fu Iii 1 ~'d U~:; lJ 1 ru 

llJU~:;i'Vlin1~tl~tl~tJL~tJn1~~ru~'dtJ ~1- p 

5.1.2.1 Liffl 'WYlJlUfhiffii4'£Jf)flWtffl1 Z (n~n1~mn 1: n~n1~n'Wl2) 

fil 'd 1lJ f'l ~ 1t1'1 n1 i\l ~~\I ~ ·m~1 n~ci1~ mt1 2 Iii ~'l6;r1\1lJ1 n Lt1'I tlL'tlYi 1:;\ 'W ~ :; ~ U 

.,:-: ....... ..J ';0 t .. I ":J' . ...J 0.., 
f'l'd1lJ ~ lJYi'l6fi'Vl ~\I LL~:;LlJ~~ 1'W'd'Wn qlJ ~'d~ tJ1\1 L YilJ 'tI'Wfil1 L'tl ~ tJ fil'd1lJ fil f'l'l ~ n1 f'l\l 

~~\I\'Wn~ci1~m~t'l 1 ~\ln~1n~ci1~m~t'l 2 LYltJ\lL~ni\~tlLvl1'!'l6\'WLL(;]f'l:;~:;~U 

fil'd'llJilJ~'Wfi 

- n1~~"1~n,nlii1L'tl~tJLLf'l:;~'d'WL~tJ\ILU'WlJ1~~31'l6'l'l6n'l~'Vlt1'lf'l~\l41 100 ~~U ViU~1 
i\l~~\lm'ci1~ m;1'!'Willii1 L'tl~ml~\lIii'lu~:;lJ1rullJU ~:;~'Vltfil'd1lJtl ~tl~ tJ \ 'WYi fI\ 

" .... ,... ,J , .1 ~.I ~ ~ b 
'Vl'l..:JI1IN'tI1lJn'W nf'l'l'dfil~ fil'lL'Tl~tJ'tI~..:Jfil'lu~:;lJ'lru~lJu~:;~'V1fin1~tl(;)tl~tJ o ~..:J 

n~1 r1'lYi'l~1 ij L~~f (Overestimate) ~'d'WIii'lL'tl~ tJ'tI~\I lii'lU~:;lJ1 rullJu~:;~Yltm~ 
~ II __ ... .Jo S/ .x 

tl~tl'fltJ bl I'l'lm'lfil1Vi1~'llJLI1I'fl~ (Underestimate) LL~:;LlJ~"I1'W'd'W'tI~lJf'llJ1n'tl'W 

nnu~ n'tt1 1 il Iii 1 L'Tl~tJ'tI~..:Jr1'lU~:;lJ1rui lJU~:;iYltfil'd1lJtl ~ tl'fl tJ \n~ L~tJ ,:)flU 

Vi1n ij L~~ flJ1nn~1 \ 'Wn~ci1~m~t1 2 ~1~fu rh~'d'WL~m LU'WlJ1 ~~~1'W~1~'!'W 
YiU~'l L~ 'fl~ 'l 'W'd'Wmi lJ ~'d~ ri'l..:J \ 'Wn1~'Vl ~fI~\llJ'ln;'Wn nu~ mi'l 2 iltf n~ru:;n1 ~ • 
m:;"I1tJ'tI~\I;r~lJf'li\~tJn~1mril~n~ 1 hllJ1m!n 

n1tfl.ihh1£Jf.lfl ~1ne.Jf\n1~'Vlt1'lf'l~\I~1~;r'l..:J~'W'!'W ~1lJ1~tl~~U1~~1'~·..:Jmci1~il • 
n1rufULLf\:;hJ1~ilm~ufuPi1~'dU~:;lJ1ruilJu~:;i'Vltn1~tl~tl~tJL~tJn'l~filru~'dtJ .. 
~1- p ~tJ~1,j'Vl~'lur1'lif~r.ftJfil~Yi~fl1 Z'!'W \~e.Jfln1~U~:;lJ'lrurhilJU~:;~Ylt 
n1~tl ~tl~ m~tJ..:JLU'W"I1nYi1~1ijL~~flii~'W;r1..:JlJ1n ~..:Jm=h'd Bi'l..:J ~'W LL(;] L~~~1'W'd'W 

;r~lJflL~lJ;'l6n~ci1~1,jl~iln1~ufuPi1~'dU~:;lJ1ruilJu~:;~'Vltn1~tlt1'ltl~tJL~tJn1~ .. 

I '" t I 

Vi1 ~'l ij LI1I'flfLL(;] n1 m~:;"11 tJ'tI~..:J;r~lJ f'ln lJ'l n ~'d tJ VI LU'l6L -D'W il'fl 'l"l L il~..:J lJ 'l "11 n n ~rilVi 

1,j'Vl~'lU Iii 1 if "I 4' tJ fil ~YiYif'l'l LLfI :;1,j1~i1 n1 ~ufu r111'i'dU ~:;lJ'l ruilJU ~:;~'Vltn 1 ~ .. 

" " n1~~ Lf'l ~1:;lf fil'd1lJ tl ~tl~ tJ ~..:Ju'Wif"l4' tJ ~\I n ~'l'd il~..:J ~..:J e.J ~ (;] 'fl fil'd 'llJ tl n ~~..:J \ 'Wn1 ~ .. 
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I"l'1L~~ tJ'lItl.:J ~Tlh:;lJ'1ru ln~ LFl tJ.:J n'lJYll ~'1 ij LlJltlfri lJl'1lJ LL!?In'1m~:;~'1mltl\l';]'e) ~ I:'l 

,xUI"l 'tlU ;r'1.:J '-1'1 n ~'1," fu n ~ru~hl'Vl n 'lJ PI '1 if ~ r.f tJ ~ tl Yl Yll:'l '1 LLI:'l:;~ n '1 ~1.J fu PI '1111 'J 
'II 

1.J~:;lJ'1rui'-llh':;~'Yl~m:i'Cl~CltltJL~tJm:i'l!lru~'JtJ .Jl- p fhilu~l:'l~l~~'1nm~,J'1 

n ~ruLL~nlJ'1l1 fu PI '1 ~'J1.J~:;lJ'1 rui lJ1.J ~:;~'Yl~n'1 ~Cl ~ Cltl tJ L~ tJ m ~I!l ru~'J tJ .Jl-P 
~.:J Lilun'11"li'JtJ1.Jfu fOl'1 ~'J1.J~:;lJ'1 rui '-IU ~:;~'Vl~n'1~t1 ~ Cltl tJ~~ PI'1~\l n~ '1 Yl '1 ~'1 ij LlJl 'e) f 

" "... , ""...., -.. ~ ,J" ", .J b,"'-I~'1I:'l~fl.:J bnflLfiltJ.:JnUfl'1nl.,JLlJl'e):i''-I'1n'llU LLfl:;~.:Je.Jfl b,"fil'1L~fltJ~'J'1lJ 

I"lfl'1 ~LI"l ~tluri'1i.:J£'ltl\l~ "h I:'l ~ 1:'l.:J~ '1 n n :i'ruLL~n LLvi~'1,"fut un :i'ru~~'Jl1~:;lJ'1 ru 

i lJ 1.J :i':;~ 'Yl 'Bn'1:i'Cl ~ Cltl tJ ~ PI '1 hi LLlJl n!?l'1 \l riUfl '1:i''1 i1 LlJl 'e) flJ '1m!n L~ tl~'1 u'Ju;rtl ~ fl 
L ~lJ;U m:i'l1fu ~'1l1:i':;~J'1ruilJ1.J :i':;~'Yl ~m:i'Cl ~ Cltl tJ lJl Nd ~.:J~.:J ~ I:'l t ~ PI '111 :i':;lJ'1 ru 

i lJ1.J:i':;~'Yl~n'1 ~Cl ~ Cltl tJ~l~ ~'1 n~'1fl '1:i''1i1 LlJltl fw) n; u ,rutltllJ LL£'l ~\l~ '1 n'1:i'1.J f'lJ 

fOl'11.J:i':;'-I'1rullJl1~:;~'Yl~n'1:i'Cl~CltltJL~tJn'1:i'l!lru~'JtJ .Jl- p tun:i'nl~llJ'Yl~'1'lJfOl'1 
..-

if~r.ftJfiltlfl~I:'l'1 Z ,rurj'\lllJL,"lJ'1:;£'llJ 

5.1.2.2 LiffJ'YIrJIJl'hlf'i4'ElflfJ'WttW1 Z (nt61~m~t13: nni1~m:t,4) 

mm~'1:i'ru'1~'1nfOl'1L~~tlfil'J'1lJfilfl'1(;)ri'1~.:J£'l'e).:J~:;,"~'1.:Jmru~n~'1 3 nlJn:i'ru~m~n 

4 ,xu 'YitJ~'1~'1L~~tl~'J'1'-1filfl'1(;)ri'1~\l£'l'e)\llunnil~n~ 4 ~flh~'1n~'1mru~n~'1 3 

lu'Yln:i':;~tJilJ~ufiLLfl:;'Ylnn~lJ;rtllJl:'l 
41 41 1 \J 

" ..-
m:i'~~'1:i'ru'1~'1L~~ tlLLfl:;~'JUL;jtJ\lLtJUlJ'1 r;]:i'~'1U 1 un'1 ~'Vl (;) 1:'l'el.:J~'1 100 :i''eltJ 'YitJ~'1 

nnn~n~'1 3 ~PI'1L~~mJtl\lfOl'1l1:i':;lJ'1ruilJ1.J~:;~'Yl~n'1:i'Cl~CltltJ bo ~1n~'1 

I"l'1fl'1 n ij Lr;]tl f (Underestimate) ~'JUPl'1 L~~ tJ~'e)\l I"l'111 :i':;'-I'1 ruilJl1:i':;~'Yl~m:i' 

Cl(;)CltltJ bl Mn~'1fOl'1fl1:i''1ijLlJltlf (Overestimate) lu'Ylnn~lJ~'Jtltl'1.:J ~'1,"flJ 
'II • • 

'" "'. I 

nnn~n~ 4 ,ru ~Lyjmn~lJl11'J'tltl'1\l 1 n~lJLyh,ru~~I"l'1L~~tJ~'tl\lfOl'1l1:i':;lJ'1ru • • 
ilJ1.J~:;~'Vl~m:i'Cl(;)Cl'tltJ£'l ,m~'1fl'1~'1ij LlJl'tl f dj'e)~'1u'Jun~ '-I ~'J'tl tl'1\lL ~ lJ;U ~fl m:i' 

'II , 

1.J :i':;lJ '1 rul"l '1 ilJ1.J:i':;~'Yl~n1 :i'Cl~ Cl'tl tJln ~ Lf1 tl\l PI '1 Yl '1 n ~ LIJI'tl f1 U'Yl n ~:;~'lJ , 

n, ffiihJrJ ElfJ~ ~'1n ~fl m~'Yl (;) fl 'tl\l ~1~;r '1 \l ~ u,xu t'l '1'-1 '1:i'Cl t'l :i'ul~ ~'1 mnl~ 'Yl:i'1 'lJ • 
Pl1if~r.ftJ ~tlflfll:'l'1 Z ,xu m:i'1.J ftJ I"l'1I11'J1.J:i':;lJ'1 ruilJU :i':;~'Yl~m :i'Cl(;)Cl'tl tl L(;) tlm:i' 

'II 

I!lru~'JtJ .jl- P iJ'lJ'YltJ'1'Yl~'1~qjvitll"l'J'1lJ~n~tl\l~tl\lm:i'U:i':;lJ'1ruPl'1ilJl1:i':;~'Yl~ 

1"l'J'1lJCl(;)Cltltl~\lLLt'l(;).:Jlu£'llJn'1~ (41) Lti'e)\l~'1nn:i'nl'Vl:i''1'lJ''hif~r.ftl~'e)fl~fl'1 Z LLvi 

llJl~~m:i'1.JftJPI'1I11'J1.J:i':;lJ'1ruilJu~:;~'Yl~m:i'Cl(;)CltltJL~tJn1:i'l!lru~'JtJ .jl- p ~:; 
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1"1 'J'UJ (l ~ (l'tlm!'W 'tl1 ~ ~-:! ~ flL ~1'i'J lh:;~1 ru~l~:J iJ ~ ru~~im Lil'WI'i'Jlh-:;~n ru~ ~ • 
~-:! ~-:! t-lfl vl'tln 11fl 1U ~fl vl'tl 11J LLvl L~'tl iJ n I~U 1U ~h l'i'Ju ~:;2J1 rui2JU1:;~'Vltnl 1 • 
f.l(;l(l'tltJL~tJnI1~ru~'JtJ ~1- p 1n12J~1~~~~'W1.'Wi'J·h 2.3 ri'tl~.vhL~I'i'l . . . 
• I ... ~ "!'l .... I ... ",-",~,,,, ... l' dI 
u 1:;~lru'Vl ~~Lu'W~'JlJ~:;2JIru~~rufl~'lJ ~'Vl ~~ L'tl'WL'tl m LLfl:;~~'J1 ~~-:! L\'i'W~-:!'J1 "lI-:! 

!'l ..-.c., al... cr '1" ... ~ al " 
LlJ'W~ru~~'lJ~~'W-:!''tl-:!~'liJ1:;~lru'Vl(;l L(;ltJlij:;L~'W~(;llijlnn1ruP'lm~tl 4 "'L~t-lflnI1 

U ~:;~ 1 ruflll i~u 1::~ ."t~'lI~ (l ~ (l'tl tJ Ln trLPltJ -:! fill YlI ~1 ij L~'tl fL 'W 'Vl n ~::;'lJ • 

n1~~1ij11rulf111L~~tJ~'lI~~flll91ril~-:!fl'fl-:!~:;WJI-:!nnll~m~n 1 ri'lJnnll~m~tl 4 

YlU~I~IL~~tJ~'l12J~fll~rili-:!fl'tl-:!L'Wmril~n~ 4 ilflll~ln~IL'Wn~cil~m~n 31'W 

'VI n ~:;;'lJi2J~'WfiLLfl:;'Vl nn~ ~;r'tl2Jfl 
II "'" ~ \I 

n1~~IijI~rulf111L~~tJLLfl::~'l'WLri£l-:!L'lJ'W2J11n~~1'W1 'Wn11'Vl 191 fl 'tl-:! 41 1 00 ~'tl'lJ Yl'lJ~1 

1'Wnnil~mtl 1 iJfIIIL~~£I''tl-:!f111U~:;~lrui~iJ~:;~'Vl~n11(l191(l'fl£l bo ~ln~1 

rl1Yl111ij LIn'tlf (Underestimate) ~'J'WfIIl L~~ £I''tl-:! f111U ~:;2JIrui2JiJ~:;~'Vltn1~ 

n~ril~mtl 4 ~'W;jLYl£l-:!n~~I'i'l'tlril'l 1 mi2JL'Vh~'W~iJ~IL~~£I''fl'lrlliJ~:;2JIru~-:! 
•• 'IJ 

n~IYlI ~1 ij LVl'tl f L~ £I~L 'W~ 1'W'l'Wn ~ 2.1 I'i'l'fl ri 1-:! ~ L ~ ~~ 'W t-l flnl ~U 1:;2.11 ru~h • 
i ~U1:;~."tnl~(l ~(l'tl£l1ntrL~m I"lIYlI ~1 i3 L~'el fL 'W'VJ n 1::~'lJ 1"1'l12J tf 2J~'Wfi LLfl:: 

~n'Mru:;m1m:;lijltJ'tl-:!flIliJ~:;2JIrui2JU1::~."tm1(l~(l'tltJfII'tl'W;rI'l,J'tl£l 
," , 

wlffintfnE1~fi ~lnt-lfln1~'Vll91fl'el-:!Vll~.;rI-:!~'W,r'W ~12J1~(lMultJl~In1~Vl;jiflij{£1 • 
" .J" 0'''' ,_".l' .... I"1'flYlYlflIL'I~ILnm''tl-:! .,,1 ~~t-lflm1U~:;2JIruflll~Ii'I'lI~tmVl'fl-:!2JIn''W L 'W'tl'l~ln 

'IJ 'IJ 

if Iij { tJ fiI 'el YllJ fll ~ 'Vl ~ 1 'lJ fill ~ rh u1 £I U L ~ i1 'el 'W1'i'l LL U 11 ~ ~ 'I L ~ ~ L ~ 2.1 ~ 'I ;j 

l"1'll~i~~'Wfi~1'fl;jt-lfln1:;'Vl'lJvl'tlI'i'J LLU~~ fl'W1" ~ n'Ml LLfl:;~'l ~~ L ~ L'Vl'tl2J'1J'fl'l1i'l'l12J 

1"1~II91L~~'tl'Wil ~1f'l (;If'l'l ,,11 ~t-lf'l nl~~ LI"1 ~1:;,r~'lI~ (l ~ (l'tltJ~iJ WJI2J(l n~'tl'l LLfl:;;j ., 

iJ ~::~'VlfillIYl2J1 n~ 'W LLvl'tlril'l hn VlI2JU"{ tJ ~'elYlYl f'l1~~'el Lil'WUIij{ £I~ m::'Vl'lJ vl tl 
'II 

'" , '" I 

;rtl~1 f'l~'l n~ 2.1 l:JltJl Lil'W,'tl2JflVl n1:;'Vl'lJ 1 'WLLvlf'l :;f111i-:! Ln IJ1 ~-:!t!'Wti-:!~I'W'l'Wn ~ 2.1 
-..-; II \I .. 

;r'el~f'l~ln;'W ri'tl2J~'l~fl1~m1u~:;2JIru~li~iJ1:;~'Vlt~'lI~(l~(l'tl£l;jfil'l12J(ln~'tl'l 
'II 'II 

.t " .1'" , ..... 1 %.1'" ~ 'i' " 2.11 n ''W~ 'ltJ LLf'l:;n 1 ~u ~'lJ ~11n 'J u ~:;~ 1 ru·Ci ~u 1:;fl 'Vlfinl~(lI91(l 'tl £I ~~ £I m 1~ruWJ £I 
'II 
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, , 

~~ ~ 1~f'lJ 1 'Wn1 ~~ Lfil ~1:;lf fil'l1tl fl "'flt1 £I L(;l £I 'Vi'l hJ ~ n~:;fl:;Lfl £J~1'e) hliJn 1~,j 1 

U"I4' tJ filtlYfYi fl1 L ih tJT~"I1 ~nJ1 ;~ L 11 'Wfil'l1 tl ~ '" Vi fl1 '" ~tl1"1 Ln "';'W lJ t1 tJ LLfl:;~ nVi 'lJ .. 

, , " 
f'l'lru.1tl1~~1~nJ1tvJ£J~tO!1n~'l'e)th~ 2.4 1'W'lJ'VI~ 2 ~~m1fl:;Lfl£JU"I4'£Jf'l'e)Vi~fl1il 

'e)1~ ~~ tJ fl vl'e) 1"l'l1tl fln ~t1 ~ 1 'Wn 1nJ~:;tl 1 nJf'hi tltJ ~:;~'VI 'in 1 ~fl '" fl'e) £I ~~ LLfl "'~ tJ fl .. 
m~'VI"'flt1~1'Wm·tll~n~ 4.1 ;~fl1tl1~fl£Jn~'lt1th~L~t11 "'L ~'WJl1Vit1rh~i", L~'W1 'W 

m ~LmtJ'lJ L ~tJ'lJ tJfl mru ~:;tJ1nJf'h i tJtJ~:;~ 'VI'in 1 ~fl '" flt1 tJ ~:;~~ 1~ n ~tll1~ iJ U ~ 4' tJ 
, 

filt1Vi~fl1 (n~ril~n~11) LLfl:;;jU~4'£J filt1Vi~fl1 (n1tll~n~14) Lihtl1Lnmif'e)~ 1 'W 

... ..J ... 0 " ... ( ) .,.:; 

n~nJ'VItJ~1'W'l'W"Il'e)2Jfl'W'e)£J n = 100, m = 5 IM'W 

0.2 

0.15 

~ 

~0.1 

0.05 

rho=O rho=0.2 rho=O.s rho=0.8 

atlvl 5.1 LLfl(;l~PII1L~~£JfiI'l1tlfilfl1(;lLfiI~t1'Wri1i~flt1~ ~~:;~'lJfiI'l1tlitl~'Wfivl1~1 
~:;~~1~m'ril~n~11 n'lJn~ril~n~ 4 

" 
"I1n ...... lih~~'\Ju'W to!:;L ~'W~1m~fl:;Lfl£JUtO!4'£J f'lt1ViVifl1~1~f'lJ 1 'Wn ~tUift1 tlfl iJ ~u .... 

1~ tl1 n iJ tJ fllJ1 'e) f'l 'l1 tl fl n rXt1 ~ 1 'Wn 1 ~tJ ~:;tJ 1 nJrl1 itJ tJ ~:;~ 'VI 'in 1 ~fl '" fl t1 £I .. 
," , 

ri'e)'Wih~ tJ1n L(;l£J L~Vi1:;1 'W~:;~'lJfiI'l1tlitl~'Wfi~fl~ ~~U'W~1~f'lJn ~tll~ift1tJfl1~ .. .. 
tJ1 n~ L~ 1~ f'l'l~fl:;Lfl£JU~4'£J I"ltlViVifl1 ~~ mh'l ~1 ~f'lJ 1 'Wn~tU~~1'W'l'Wift1 tlfltl1 n .. .. 
'!'W L~ rr~Vit1 £Jt1 tl fu tJ fl mru~:;tl1 nJPII1i tltJ ~:;~'VI'ifil'l1 tl fl '" flt1 £I 1 'Wn ~tU1~ iJ U to! 4'£1 

fiI'e)ViVifl11rJ;'U1~ (~~~tJ 4.7) Ltit1~~1nPll1L~~£Jfil'l1tlfilfl1"'LfiI~'e)'Wri1i~flt1~ 1 'Wm'tU .. .. 
~fl~ n~11 'Wmril~;j Uto!4' £I filt1ViVi fl11~ tJ1 nun L~t1 L ~ £J'lJn 'lJ ~1'W'l'Wift1 tJ fl~,Jt1 £I .. .. .. 
t1th~hri ~1 tJ t11 rX t1 ~ n1 ~1 "'Hi' tJ fl n1 ~tJ ~:;tJ 1 nJfli1itltJ ~:;~'VI~n1 ~fl (;l fl'e) £I ~ 



t:t-~~~ ~u~t1l~u v t-~ 
" " 

t-Blt.fl{!'l.1~l.1~LU~IA.~~~rm~L~mLI't~~~LU~~t-~~"t-~L~nbP~~l.1~LI'tL~t-~ (8leW!lS8J8pUn) 
~ , 

~B~'t!L~LM.L~L~UL~ Iq flBl.1~l.1~LU~IA.~~~f1tt~mLtt~~f1L~t-BIt.Il~~'L~nr.,~ (8leW!lS8J8I\O) ,~ , 

~{!,~'t!L~LM.L~L~Ut-~ Oq flBl.1~l.1~LU~IA.~~tf1tt~mLtt~tf1L~t-Blt.fl~~'L~ L~J1M. d -It flr.,~ 
~ ~ 

m~~Lufl~lflBl1~l1tLU~IA.~~tf1tt~mLtt~tf1r.,14lL~J1~f1tLU~~ Z L~M.M.B~t-Blt.fl!-t!.DL~J1LtlA. 
~ , 

rt~~~tun~~~" (8leW!lS8J8I\O) ~B~'t!LtUJ.L~L~Ut-~ Iq IlBl.1~l.1tLU~IA.~~tf1tt~mLI't~tf1L~ , ~ 

t-BJr.fl~~'L~nr.,~ (8lew!lS8J8pUn) ~B~'t!LtLM.L~L~UL~ 0q flBl.1~l.1tLU&IA.~~tf1tt~mLtt~tf1L~ , ,~ 

t-Blt.fl~~'L~ L~J1M. d -It flr.,~m~tLufl~lflBl1~l1tLU~IA.~~tf1tt1mLtt~tf1r.,14lL~J1~f1 
tLU~~~rt~t-9~ Z L~M.M.BWt-BJr.fl~bDL~J1LtlA.rt~~~"L~J1LtlA.~t1ltUn~J1~k1.L~ ~B~'t!LtLM.L~ 

~ . . L~ut-~mLtt~t f1t L U~ ~~ ~ L~n,!l>n~' rt~ I't ~ U ~ L~UU Lttt-BJtI t-LIl Br.,14l tt~ unt,nL ~~fl ~1 
" , 

~b IA.ULtttB~' tt LtLM.L~ t-flW' ~ u' ~~"t-B~ulmBl1~l1~LUglA.~~~r1tt~LWmLtt~~r1~LU~I':Ik1.' lA.r.,fl~' r-" JI... I,.." I." r'" I· ~ I I· "ltr--'" 

t1l~Ut-fl~' d -It 1lr.,~mW~LUfl~1IlBl1~l1tLU~IA.~~~f1I't~ruLtt~tf1r.,14lL!JJ1~f1~LU~~~" Z 
~ 

L~M.M.BWt-BJr.fl!-t!.DL~J1LtIA.~tU~k1.L~ L~J1M. n,!l>nJtlt-LJf~u~~tU v t-~Il~~LU~~ULb 
" " 

utu~~wnv ULbll@11~l1tLU~IA.~~tf1tt1L!JruLtt~t~LUn~fl!,~LU~I':If1l~ v· ~·s 

• Ilr.,~tmu ~ Lt,UULI't ", , 
no It n. no 

~t r.,w ~ tt@ Jftt ~ un r.,nL~ ttL~ ~t~ t-LIl@ U Ltt ~ ~ tt B Jfn r.,n L~~~" fl @h1o ~~tt{!.Jfnr.,nL ~ 

~~tun ~ t-~ ~ {!.If]' t!LtLM.t-Il~"~U~1l @11~ l.1tLU~IA.~~tf1tt ~ L~mLtt~tf1~LU~ 1':1 ~ \ 
" ~ 

BL 



1~~n1~~~1~~tl~~1ru 

l~tl~i"tn1~Cl"Cl~!J 

(n~ri1f1n'rJ'J 1) 

x ~~n1rU1~~1ClJ~1 

~~tl1~a"t'ltmffi{;ltltltJ bo 
I 

o I I ..... 

/111m1fl11 .... 1rl~L/11tl:i' 

(U nderesti mate) 

x ~~mrU1~~1ClJ 

~~tl:i'~a"t'ltm1tlc;)tltltJ bl 

I I ........ 

~\lm1fl11""1rl~L/11tl:i' 

( Overesti mate) 

x ~~n1rU1~~1ClJ~1 

~~tl:i'~a"t'ltmffic;)tltltJ bo 
I 

o " ....,. 
1111n~1fl11""1rl~Ll11tl1 

(Underestimate) 

x ~~mrU:i'~~1ClJ 

~~t1:i'~~"t'ltm:i'tlc;)tltltJ bl 

'I ....... 
~\lm1fl11""1rl~Ll11tl:i' 

(Overestimate) 

~n1ruf1Jfh~~tl~~1ru 

l~tl~i"tn1~Cl"Cl~!J 

(n~ri1f1n~12) 

x ~~n1:i'tl1~~1ClJf'h 

i~t11~a"t'ltm:i'tl{;ltltltJ bo 

( Overesti mate) 

I 
o ' I ... II" 

/111mnfll1 .... 1:i'1~Ll11tl1 

(Underestimate)) 

(n]'ri1f1n~4) 

~~n1nJ:i'~~1ClJph 

i~t1:i'~a"t'ltn1:i'tlc;)tltltJ 

(Overestimate) 
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5.1.5 ~~ue.J ~n') ~fj4' m~ tl'H1 UU~ 4' tl~ ij e.J ~ PI 'f1f'i 1 L~~ tl ~'J1 ~ ~ ~1 (?) L~ ~ 'f1 'l.lfl 1 i'l ~'f1'l1 'Wn1 ~ 

• 

• 

• 
~ ~ 

U~:;~1rufihi~u~:;a'VIfin1~tl~tl'f1tl ~'lil 

.:. .l' .... .... ... ..1.:. J' ..,........J 0 '" 

~'f1'lL'Yi~'!l'WP11~~:;~1J~'J1 tJitJ'Yi'Wfi'VI L 'YitJ'1I'W L{?)m~'Yi1:;1 'W~:;{?)U WJ'l tJi tJ'Yi'Wfi'VI~'l'VI11 ~ 

f'i1L~~ tl jO)'J1tJ fiI~1~ LfiI~'f1'Wf11i'l~'f1-lii fll1 L ~tJ~-l~'lJtJ1 n'Lt;) tl L ~ 'Yi1 :;~1'W'J 'Wn ~ tJ ~'J'f1 t!1'l 1 

nfl~ ~'J'Wl'IJm'ru~m~t1 4 'Yi1J~11'IJnfltl~'Jfl£h'l 1 nfl~ ijf'i1L~~tlfO)'J1t1fO)~1{?)Lfil~fl'W • •• 
0.... ...:.t cv .Y. cv ... ..J .t 'i' .." 'i''' 'I ..,: J' ~, cv 

n'l~'l~fl'lL 'YitJ'!l'WP11tJ ~:;{?)1J ~'J1tJ lI'itl'Yi'Wfi'VI~'l'1l'W L(;I£JtI LL 'W'J L'WtJ L 'Wn1 ~L 'Yi tJ'1I'W LtltJ1n'Wn 

L~'f1L~£Jun1Jl'IJn~rurifl'W~U1e ~1~fu~1'W'J'Wmi~~'J'f1t!1'lL'vhnu 5 LL~:; 10 nfltJ 'YiU~1 • • 

fl£l1'l~(;IL1'J 1 'W-D'J-l LLm~ii~1'W'J'Wnfl tJ~'J'f1 £l1'l 1 n fl~ LLfl :;f'i'f1 £11 fl (?) fl'l Lri'f1~1'W'J'Wnfl ~ •• • 
~'J'f1£l1'lL~tI;'WLtI'IJ 5 LL~:; 10 mitJ ~1'f1'f11~nfl1'JL~~1 ~1'IJ'J'WnfltJ~'J'f1£l1'lLLtl~e.Jner'IJ • • 
..,. J .. 0.., ~ 0 lev I.J~J'J' I 
nu ~1 L~fl £I ~'J1 ~ ~ fl1 (?) L~ fl'f1 'Wn1 fl'l ~ 'tl'l'W'WL 'f1'l LLfl:;~1'W'J'lJnfl tJ m'f1tl1-l'VI L 'Yi ~ "Il'W'W~:;"jj 'J £I • 
~(;Ifil'J1t1~~1{?)L~~'f1'Wl'Wn11tl1:;tJ1rufll1i~tl~:;a'VIfn11tl{?)tl'f1£Jl~U'f1tlfl'l 

, , , I'" ... 0.., cv ... ., .... o ..... I 

~{?)fl'l'!lfl-l~1 L~~tl jO)'J1tJ fiI ~1 (?) LfiI~'f1'IJn1fl'l~'f1'l tl1n'IJn L~'f1 L 'VI £JUnU~1'IJ'mn ~ ~ Vl'J'tl £J'l'l • , ~ 

L~m'"'WL~i{?)L"'W"1nn~ruY1~1'W'J'W"jj~.;rfl~flLYhn'W (~'l~tl 4.1.4 - 4.4.4) 'Yi'l1'IJ ... " 
n1ru~n~ 1 - 4 ~-l'YiU~11"11L~~tl~'J1tJfiI~1{?)L~~'f1'IJihi'l~'f1'lLtl~tl'WLLtl~'l(;11~nfltJ~ • 
LU~£J 'WLtl LL'l £J~'lJ'W1 (?) ~'J 'f1 £l1-l1 'Wn11'V1 (?) fl 'f1'l hJL~ii e.J fl PI'f1 n'l1~ (;) fl'l '!l'f1-l f'i 1 L~~ tl fO)'J1 ~ 

e.Jfl~ttl~lnn'lffimj1LLfl:;tl1:;~1ruf'i 1i tI1J~a 'VI~n'l~tl (;Itl'f1£J 1 'W~ 'J LLUU fiI'J1tJ tl (?) tl'tltl L~~ ~ ~ ~ 

LLUU Ln'liL ;£J'Wfilfl'Yi'Yifl1 L(;I tlilfin11tl1:;tI 1 rui ~tl~:;a 'VI~n'l1tl(;)tlfltl~ 1 ~ fu n 1ru.~ 'VI 11 U f'i 1'11" 4'£1 
" ~ ~ ~ 

"1Ifl-l ~'f1Vi'Yi fll Z 1 'WLLPlfl:;n1~~ m~t1'1l''W 'YiU~l~'J LLUU~'f1'Yi'Yifl1il ~'f1 ~'JLLU1J LVi 1U'Vl ~'l'll''IJ~'l H' 
.. " 

'lfim ij Lfill1:;i jO)'JltJ tl (?) tlfl tl L'Yi 1u'VI1 'Wn'l ~1 1"11 ~'JU1:;tJlru"1l'f1-l i tJU~a'VIfn'l1tl (?) tl'f1 £Jl~ L(;I £I ~ 'J 

tl1:;tllruitltl1:;a'Vl~m1tl{?)tlfltl~1~J'WjO)'J1,j,ltJ11lfuI"l1 'lL'l£Jm1'!1ru~'J£J ..jl- p ~-lVh 1'\\1.~~'J 
r I .... I 

U1:;~lrui~tl~:;a'Vlfin'l1tl{?) tl'f1 tl~ L ~tJ1:;~ ~~1~fu ~'J LL1J 1J ill 'W'Vl n~:;~u ~'J1tJ i tJ~'Wfi ~~1'IJ'J'IJ • 



fl~ ~~ Z l.,~M.M,~~N~lLrl}bJ:l.,~I1UlA.rt~t1'tutd~~I1~~lltl.,ttl.,~ 

1.4. l'1.~gWt~l.,~rul.,tt;:tf1tLUl.,IA.;:blA.bV~~l.,I'1.IA.I'1.I~Pt'1lo 1'1.1'1.l.,1A., d -It rlt,~ru~tl.,Urll!J1 ,.. !P'ID'-" lOr-' I r='" F' ~ , " 
.. rl~ll~lltl.,U&IA.~;:tflttlrul.,tt;:tflt,1l.,~I1~fltl.,U~;:~" z l.,~M,M,~~t'~lI.rl!,bJ:l.,~I1UIA. 

.. 
IA.rutUI'1.' ;:l.,M,t!r,~, l.,lA.lltl.,ttl.,~ t'llo rl~1l~lltl.,UglA.~;:tfltt1t'~lI.ru l.,tt;:t flt,~ l.,~ l.,k1.t l.,U 
r'f'=I' " "k 0 .,. .. '--~ I 

" 1'1. ~ IA.Gt M,1 rl~lllilll tt l.,t,l!l j\;:l.,t~, ~t l.,U~~ ~ t:t'~~ rl~~I'1.l.,t'I1~k1.l.,~ l., ~ M, M,~l!Il'1.rl ~ ,}l.,U, 
" " 

1111" ~~ ~ ~~1 rl ~lllilll ttl.,t,~I1I1" t11'1. ~rl ~lllilllt l.,U~IA.~;:t fltt1l.,)!4ru l.,tt;:t fltl.,UI'1. ~ G'G'g 

" I'1.II.Ul.,ttt'~~Ullttl.,t~ 
.f' " 
. " ~rl~1lIillltl.,U&IA.~;:tfltt1l.,~rul.,tt;:tfltl.,U~~»~l.,~t'~rlt,~Ul.,ttttl!ltt~u;:~~"I'1.~~tt~k 

.. 
• • I'1.tl'1.l.,b;:~" tt~U ~ l.,t,UUl.,ttt'~~lillA.tt~UI'1.t,I'1.l.,bttlA.rutUl1tk1.l.,~;:l.,ttk1.mt'tl!lrlbt,nl.,t' ~ 'G'g o I I '0 pc.pc.1D' ,.. 0 ,...,..,.. .... 

, " " 

;:n. "sn.~'SIl. l'9 ,. 

~g 



... , 
nflm (nU"1!tJU'1)"1!'1 . n'1~'~h~~'1~lf'tl).Jfl\u~'1tli'lLLt1~. ~).J~~f,:j~ 1. m'lb'Vl'Vi).J~'1~~~: fi~~).J~'1J', • • 

2548. 

l~).J'1 ~~LflIm3~1 m~'1fl'il,:ji'lLLt1'1q).Jfi).J~'lm'Vl~Ufllflltl'Vil:1fl'1L~'il'Vl~1'lJm~LL"nLL"''lgh~1).J 

LLfl~~~~ ).J~~fi. ~'Vl £l'1U'Vi~fim'1J 'll'1).J~'1uru;j V1 11'1~~"1!'1 ~ t1 @i I"HlJ~'Vil ru"1! tll"l'1 ~ V1 f 

LLfl~m~U'1); ,Yflfl,:jn~ru).J~l~'Vlmitl, 2548. 

filV11 4'~'Vl'1'Lfo1~n'1. "LL'lJ'lJ~'1fltl,:ji'lLLt1'1hlvltlL ~tl,:j". Ltln~'1ru'1~ntl'lJ ~'1'lJ~~mml"lm3ij~ 2. 

n,,:jL'Vl'Vi"1: ~ru~Ll"lm3fl1'1~l9lf ).J~'1~'Vlmitlfi'1'1).JflI'1~l9lf, 2542. 
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111fHJ'U'Jn 



o ..., ... 

~1fl'l.J'YI 

morm(n) 

2 rbinom(n, size, prob) 

3 pnorm(q) 

4 qnorm(p) 

5 data. frame( ... , row. names = 

NULL) 

6 glm(formula, family, data) 

7 summary (object, .. . ) 

8 rbind(x) 
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LLVIU n1~U(;I~1U'lUllfl\jfl, size LL'VIW"l1U'l'l.! 
0-

"f.:JLun11V1(;1flfl.:J LLfl~ prob LL'VIU"'l1~1l1~~ 

LtlUllt1.:JL~[;Jn11ru~~uL~ 

~~1.:J~.:Jniun11LL~nLL~.:J1lt1.:Ji'lLLu1q~~~n11 

LL~mL~.:JLL'lJ'lJUn~~1P11l1'l.! L(;ItJ q LLVIU 

L'lnL(;lt1fnt1.:J quantile 

~~1.:J quantile function 1lt1.:Ji'dLLu1q~YI~n11 

bL~mL~.:JLL'lJ'lJUn~~1P11l1U L(;ItJ p LLVIU 

L'lnLPlt1fllt1.:JfiI'l1~1l1~~Ltlu 

, 
r ..,4..,Q .tV 

b'lnL(;lt11 ~fl1tJ1 PI'd "l!.:J'ln(;l'l~fiI'l1~m'db Vl1n'l.! 

~tJLLJ;ifl~~Vl~Jl (Column) ~t1 ~~.:Ji'dLLU1 LLfl~ 

LLPlfl~LLCl'd (Row) ~t1 ;Jt1\jflLJh-:J11lt1-:J 1 Case 

~f1.:J~~n11i'dLL'lJ'lJL ;.:JL~ui'l1u (generalized 

linear models) Lun11'3L"11~\Hft1\!flLVltJ 
, ., tV.'" 

formula LL VI Uflm~tru~llt1-:J (;l'd LL'lJ'lJ 'VI Plt1.:Jn 11 

fixed Pi1 family LLVIU im~tru~1lt1.:J~-:Jni'l.!n11 

LL~nLL~.:J1lt1.:J"'l1~fiIfl1~L"~t1u~1t1~.:Jniu 



# Simulate one sample group and number of data 100. 

Z <- rnorm(1) 

E1 <- rnorm(100) 

rh01 <- 0 #Fix rh01=0 

U1 <- (sqrt(rh01)*Z)+(sqrt(1-rh01)*E1) 

BetaO <- (-0.47) 

Beta1 <- (1) 

X <- rbinom( 100,1,0.5) 

W1 <- BetaO+(Beta1*X) 

P1 <- pnorm(W1) 

I nvP1 <- qnorm(P1) 

Y <- ifelse(U1 <= InvP1, 1,0) 

#Test Probit Regression 

Data <- dataJrame(Y,X,Z) 

Data <- edit(Data) 

Probit <- glm(Y-X, family=binomial(link=probit),data=Data) 

summary(Probit) 

# Simulate sample group equal to 5 and number of data 100. 

TempO <- dataJrame(Y=5,X=5,round=0) 

for (i in 1 :5){ 

Z <- rnorm(1) 

E1 <- rnorm(100) 

rh01 <- 0.2 #Fix rh01 =0.2 

U1 <- (sqrt(rh01)*Z)+(sqrt(1-rh01)*E1) 

BetaO <- (-0.47) 
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Beta1 <- (1) 

X <- rbinom(100,1,O.5) 

W1 <- BetaO+(Beta 1 *X) 

P1 <- pnorm(W1) 

InvP1 <- qnorm(P1) 

Y <- ifelse(U1 <= InvP1, 1,0) 

round <- i 

Temp <- dataJrame(y=Y,X=X,round=round) 

TempO <- rbind(TempO,Temp) 

} 

#Test Probit Regression 

Data <- TempO[TempO$Y!=5 & TempO$X!=5 & TempO$round!=O,] 

Data <- edit(Data) 

Probit <- glm(Y-X, family=binomial(link=probit),data=Data) 

summary(Probit) 

# Simulate one sample group and number of data 500. 

Z <- rnorm(1) 

E1 <- rnorm(500) 

rho1 <- 0.5 #Fix rho1=0.5 

U1 <- (sqrt(rho1)*Z)+(sqrt(1-rho1)*E1) 

BetaO <- (-0.47) 

Beta1 <- (1) 

X <- rbinom(500,1,O.5) 

W1 <- BetaO+(Beta 1 *X) 

P1 <- pnorm(W1) 

InvP1 <- qnorm(P1) 

Y <- ifelse(U1 <= InvP1, 1,0) 
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#Test Probit Regression 

Data < - dataJrame(Y,X,Z) 

#Data <- edit(Data) 

Probit <- glm(Y-X+Z, family=binomial(link=probit),data=Data ) 

summary(Probit) 

# Simulate one sample group and number of data 1,000. 

TempO <- data.frame(Y=5,X=5,round=0) 

for(i in 1:10){ 

Z <- rnorm(1) 

E1 <- rnorm(1000) 

rho1 < - 0.8 #Fix rho1 =0.8 

U1 <- (sqrt(rho1)*Z)+(sqrt(1-rho1)*E1) 

BetaO <- (-0.47) 

Beta1 <- (1) 

#Fixed BetaO=-0.47 

#Fixed Beta 1 = 1 

X <- rbinom(1000,1,O.5) 

W1 <- BetaO+(Beta1*X) 

P1 <- pnorm(W1) 

InvP1 <- qnorm(P1) 

Y <- ifelse(U1 <= InvP1, 1, 0) 

round <- i 

Temp <- data.frame(Y=Y,X=X,round=round) 

TempO <- rbind(TempO,Temp) 

#Test Probit Regression 

Data <- TempO[TempO$Y!=5 & TempO$X!=5 & TempO$round!=O,] 

Data <- edit(Data) 

Probit <- glm(Y- X+Z, family=binomial(link=probit),data=Data) 

summary(Probit) 
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