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Devwudfw

Wklv sdshu vkrzv krz wkh g|qdplf olqhdu prgho zlwk �{hg uhjuhvvruv fdq eh h!flhqwo|

hvwlpdwhg1 Wklv g|qdplf prgho fdq eh xvhg wr glvwlqjxlvk vsxulrxv fruuhodwlrq iurp

vwdwh ghshqghqfh dqg zh vkrz wkdw wkh lqwhjudwhg olnholkrrg hvwlpdwru lv dgdswlyh iru

dq| dv|pswrwlfv zlwk W lqfuhdvlqj zkhuh W lv wkh qxpehu ri revhuydwlrqv shu lqglylgxdo1

Nh|zrugv= Sdqho gdwd/ H!flhqw Hvwlpdwlrq/ Ed|hvldq Dqdo|vlv

MHO fodvvlilfdwlrq= F64/ F66/ F44/ F47
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Wkh dqdo|vlv ri wkh g|qdplf olqhdu prgho zlwk �{hg h�hfwv kdv ehhq vxemhfw ri vrph

dwwhqwlrq lq hfrqrphwulfv iru voljkwo| pruh wkhq wzr ghfdghv/ vwduwlqj zlwk Qlfnhoo +4<;4,

dqg Dqghuvrq dqg Kvldr +4<;5,1 Wkh srsxodulw| ri wklv olqhdu prgho pljkw eh gxh wr wkh idfw

wkdw lw lv wkh vlpsohvw prgho lq zklfk Khfnpdq*v +4<;4d dqg 4<;4e, vsxulrxv fruuhodwlrq dqg

vwdwh ghshqghqfh fdq eh vwxglhg1 Dqrwkhu uhdvrq iru wkh srsxodulw| ri wkh g|qdplf olqhdu

prgho lv wkdw lw fdq eh xvh iru vwxg|lqj wkh g|qdplf yhuvlrq ri Vrorz*v +4<89, jurzwk prgho/

vhh iru h{dpsoh Pdqnlz/ Urphu dqg Zhlo +4<<5, =

Qlfnhoo +4<;4, vkrzv wkdw wkh pd{lpxp olnholkrrg hvwlpdwlrq ri wkh g|qdplf olqhdu prgho

zlwk �{hg h�hfwv vx�huv iurp wkh lqflghqwdo sdudphwhu sureohp ri Qh|pdq dqg Vfrww +4<7;,1

WZh judwhixoo| dfnqrzohjgh vwlpxodwlqj vxjjhvwlrqv iurp Pdqxho Duhoodqr/ Fkhqj Kvldr dqg Wrq| Odq0

fdvwhu1 Wkh FLEF Kxpdq Fdslwdo dqg Surgxfwlylw| Surjudp surylghg �qdqfldo vxssruw1 Doo huuruv duh

rxuv1
_Fruuhvsrqghqfh dgguhvvhv= Xqlyhuvlw| ri Zhvwhuq Rqwdulr/ Ghsduwphqw ri Hfrqrplfv/ Vrfldo Vflhqfh

Fhqwuh/ Orqgrq/ Rqwdulr/ Q9D 8F5/ Fdqdgd1 Hpdlo= wzrxwhuvCxzr1fd dqg pyrldCxzr1fd1
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Lq sduwlfxodu/ Qlfnhoo vkrzv wkdw wkh lqfrqvlvwhqf| ri wkh pd{lpxp olnholkrrg hvwlpdwru

lv R+W3�, zkhuh W lv wkh qxpehu ri revhuydwlrqv shu lqglylgxdo1 Hfrqrphwulfldqv kdyh

vxevhtxhqwo| ghyhorshg prphqw hvwlpdwruv1 H{dpsohv lqfoxgh Dqghuvrq dqg Kvldr +4<;5,/

Krow}0Hdnlq/ Qhzh| dqg Urvhq +4<;;,/ Duhoodqr dqg Erqg +4<<4,/ Dkq dqg Vfkplgw +4<<8,/

Eoxqghoo dqg Erqg +4<<;,1 Frpelqlqj prphqw uhvwulfwlrqv fdq eh gl!fxow/ hvshfldoo|/ zkhq

vrph prphqwv ehfrph xqlqirupdwlyh iru sduwlfxodu uhjlrqv ri wkh sdudphwhu vsdfh1 Qhzh|

dqg Vplwk +5334, jlyh d jhqhudo glvfxvvlrq rq krz frpelqlqj prphqwv xvxdoo| fdxvhv d

kljkhu rughu eldv1

Kvldr hw do +5335, uhdfw wr wkh sureohp ri frpelqlqj prphqwv e| ghulylqj dq hvwlpdwru

edvhg rq wkh olnholkrrg1 Wklv sdshu dovr xvhv wkh olnholkrrg dv d vwduwlqj srlqw exw wkh uhvxowv

gr qrw uho| rq qrupdolw| ri wkh huuru whup1 Pruhryhu/ wkh glvwulexwlrq ri |f> wkh ghshqghqw

yduldeoh lq shulrg }hur/ lv ohiw xquhvwulfwhg1

Odqfdvwhu +5335, sursrvhv wr dssur{lpdwho| vhsdudwh wkh sdudphwhuv ri lqwhuhvw iurp wkh

qxlvdqfh sdudphwhuv1 Lq sduwlfxodu/ Odqfdvwhu xvhv d sdudphwul}dwlrq ri wkh olnholkrrg wkdw

kdv d eorfn gldjrqdo lqirupdwlrq pdwul{1 Wkdw lv/ wkh furvv ghulydwlyhv ri wkh orj olnholkrrg ri

wkh qxlvdqfh sdudphwhuv dqg sdudphwhuv ri lqwhuhvw lv }hur lq h{shfwdwlrq1 Odqfdvwhu +5335,

wkhq lqwhjudwhv rxw doo �{hg h�hfwv1 Zrxwhuvhq +5334, vkrzv wkdw lqirupdwlrq0ruwkrjrqdolw|

uhgxfhv wkh eldv ri wklv lqwhjudwhg olnholkrrg hvwlpdwru wr R+W32, dqg wkdw wkh lqwhjudwhg

olnholkrrg hvwlpdwru lv dv|pswrwlfdoo| xqeldvhg dqg dgdswlyh li W b Q
k
zkhuh � A

�
�
dqg Q

lv wkh qxpehu ri lqglylgxdov= Wkdw lv/ wkh lqwhjudwhg olnholkrrg hvwlpdwru lv dv h!flhqw dv wkh

lqihdvleoh pd{lpxp olnholkrrg hvwlpdwru wkdw dvvxphv wkh ydoxhv ri wkh qxlvdqfh sdudphwhuv

wr eh nqrzq1

Doyduh} dqg Duhoodqr +4<<;, ghyhors dq dowhuqdwlyh dv|pswrwlf zkhuh wkh qxpehu ri

lqglylgxdov/ Q> lqfuhdvhv dv zhoo dv wkh qxpehu ri revhuydwlrqv shu lqglylgxdo/ W= Xvlqj wklv

dowhuqdwlyh dv|pswrwlfv/ Kdkq dqg Nxhuvwhlqhu +5335, ghyhors dq h{suhvvlrq iru wkh eldv iru

wkh fdvh lq zklfk W 2 Q= Wkhq/ Kdkq dqg Nxhuvwhlqhu +5335, ghyhorshg dq hvwlpdwru iru

wkh g|qdplf olqhdu prgho zlwkrxw uhjuhvvruv wkdw lv h!flhqw dv orqj dv W lqfuhdvlqj dv idvw

dv Q= Kdkq/ Kdxvpdq dqg Nxhuvwhlqhu +5334, dovr ghyhorshg d eldv fruuhfwhg pd{lpxp
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olnholkrrg hvwlpdwru exw xvh orqj gl�huhqfhv1 Wkhlu eldv0fruuhfwhg JPP dqg Qdjdu0w|sh

hvwlpdwru uhdfkhv wkh h!flhqf| erxqg lq wkh vdph dv|pswrwlfv dv wkh hvwlpdwru ri Kdkq dqg

Nxhuvwhlqhu +5335,1

Lq prvw sdqho gdwdvhwv/ W lv pxfk vpdoohu wkdq Q> dv lv glvfxvvhg lq wkh ryhuylhzv e|

Fkdpehuodlq +4<;7,/ Kvldr +4<;9, dqg Edowdjl +4<<8,1 Lw lv wkhuhiruh ghvludeoh wr kdyh dq

h!flhqf| ru dgdswlyhqhvv uhvxow wkdw doorzv W wr lqfuhdvh dw dq duelwudulo| vorz udwh lqvwhdg ri

uhtxlulqj wkdw W 2 Q= Wklv sdshu ghulyhv vxfk dq dgdswlyhqhvv uhvxow zlwkrxw vwuhqjkwhqlqj

wkh frqglwlrqv ri Kdkq dqg Nxhuvwhlqhu +5335, ru Kdkq/ Kdxvpdq dqg Nxhuvwhlqhu +5334,1 Lq

sduwlfxodu/ zh vkrz wkdw wkh lqwhjudwhg olnholkrrg hvwlpdwru uhdfkhv wkh h!flhqf| erxqg iru

W lqfuhdvlqj duelwudulo| vorzo| zkloh Q fdq eh �{hg ru lqfuhdvlqj1 Lqwhuhvwlqjo|/ wkh h!flhqf|

uhvxow lv dq dgdswlyhqhvv uhvxow li Odqfdvwhu*v +5335, sdudphwul}dwlrq zlwk d eorfn gldjrqdo

lqirupdwlrq pdwul{ lv xvhg1 Wkdw lv/ wkh dv|pswrwlf yduldqfh ri wkh lqwhjudwhg olnholkrrg

hvwlpdwru lv wkh vdph dv dv|pswrwlf yduldqfh ri dq lqihdvleoh pd{lpxp olnholkrrg hvwlpdwru

wkdw xvhv wkh wuxh ydoxh ri d uhsdudphwhul}hg �{hg h�hfw1

Wklv sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 uhylhzv wkh lqwhjudwhg olnholkrrg hvwlpdwru

dqg lqirupdwlrq ruwkrjrqdolw|/ dqg vhfwlrq 6 dssolhv wkhvh wr wkh g|qdplf olqhdu prgho1

Vhfwlrq 7 jlyhv dgdswlyhqhvv uhvxowv iru wkh lqwhjudwhg olnholkrrg hvwlpdwru1 Vhfwlrq 8 jlyhv

vlpxodwlrq uhvxowv dqg vhfwlrq 9 frqfoxghv1
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Vxssrvh zh revhuyh Q lqglylgxdov iru W shulrgv1 Ohw wkh orj olnholkrrg frqwulexwlrq ri wkh

w
|�

vshoo ri lqglylgxdo l eh ghqrwhg e| O
�|
= Vxpplqj ryhu wkh frqwulexwlrq ri lqglylgxdo l

|lhogv wkh orj olnholkrrg frqwulexwlrq/

O

�+�> ��, @
[
|

O

�|+�> ��,>

zkhuh � lv wkh frpprq sdudphwhu dqg �� lv wkh lqglylgxdo vshfl�f h�hfw1 Vxssrvh wkdw wkh

sdudphwhu � lv ri lqwhuhvw dqg wkdw wkh �{hg h�hfw �� lv d qxlvdqfh sdudphwhu wkdw frqwurov iru

khwhurjhqhlw|1 Wklv sdshu frqvlghuv holplqdwlrq ri qxlvdqfh sdudphwhuv e| lqwhjudwlrq1 Wklv

Ed|hvldq wuhdwphqw ri qxlvdqfh sdudphwhuv lv vwudljkwiruzdug= Irupxodwh d sulru rq doo wkh
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qxlvdqfh sdudphwhuv dqg wkhq lqwhjudwh wkh olnholkrrg zlwk uhvshfw wr wkdw sulru glvwulexwlrq

ri wkh qxlvdqfh sdudphwhuv/ vhh Jhopdq hw do1 +4<<8, iru dq ryhuylhz1 Iru d sdqho gdwd prgho

zlwk �{hg h�hfwv wklv phdqv wkdw zh kdyh wr vshfli| sulruv rq wkh frpprq sdudphwhuv dqg

doo wkh �{hg h�hfwv1 Ehujhu hw do1 +4<<<, uhylhz lqwhjudwhg olnholkrrg phwkrgv lq zklfk

 dw sulruv duh xvhg iru erwk wkh sdudphwhu ri lqwhuhvw dqg wkh qxlvdqfh sdudphwhuv1 Wkh

lqglylgxdo vshfl�f qxlvdqfh sdudphwhuv duh wkhq holplqdwhg e| lqwhjudwlrq1 Zh ghqrwh wkh

orjdulwkp ri wkh lqwhjudwhg olnholkrrg frqwulexwlrq e| O
�cU
> l1h1

O

�cU+�, @ oq

]
h

u
�

g��=

Vxpplqj ryhu l |lhogv wkh orjdulwkp ri wkh lqwhjudwhg olnholkrrg/

O

U+�, @
[
�

O

�cU+�, @
[
�

oq

]
h

u
�

g��= +4,

Diwhu lqwhjudwlqj rxw wkh �{hg h�hfwv/ wkh prgh ri wkh lqwhjudwhg olnholkrrg fdq eh xvhg dv

dq hvwlpdwru
4
1 Ohw wkh lqwhjudwhg olnholkrrg hvwlpdwru a� eh wkh prgh ri O

U+�,/

a� @ dujpd{
4

O

U+�,=

D sdudphwul}dwlrq ri wkh olnholkrrg lv lqirupdwlrq0ruwkrjrqdo li wkh lqirupdwlrq pdwul{ lv

eorfn gldjrqdo1 Wkdw lv

HO4b+�f> �f, @ 3

l1h1]
|4@ 

|4�?

O4b+�f> �f,h
uE4

f
cbf�

gw @ 3>

zkhuh w ghqrwhv wkh ghshqghqw yduldeoh/ w 5 ^w4�?> w4@ ` dqg �f> �f ghqrwh wkh wuxh ydoxh ri

wkh sdudphwhuv1 Fr{ dqg Uhlg +4<;:, dqg Mh�uh|v +4<94, xvh wklv frqfhsw dqg uhihu wr lw

dv cruwkrjrqdolw|*1 Zh suhihu wkh whup lqirupdwlrq0ruwkrjrqdolw| wr glvwlqjxlvk lw iurp wkh

rwkhu ruwkrjrqdolw| frqfhswv dqg wr vwuhvv wkdw lw lv gh�qhg lq whupv ri wkh surshuwlhv ri

wkh lqirupdwlrq pdwul{1 Vhh Wlvevkludql dqg Zdvvhupdq +4<<7, dqg Zrxwhuvhq +5333, iru

4Dv � < "c xvlqj wkh pdujlqdo srvwhulruv lv dv|pswrwlfdoo| htxlydohqw1 Frqvlghulqj wkh prgh ri wkh

srvwhulru/ krzhyhu/ vlpsol�hv wkh dojheud1
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dq ryhuylhz ri ruwkrjrqdolw| frqfhswv1 Frqvlghu wkh orj olnholkrrg O+�> i+�> �,, zkhuh wkh

qxlvdqfh sdudphwhu i lv zulwwhq dv d ixqfwlrq ri � dqg wkh ruwkrjrqdo qxlvdqfh sdudphwhu �=

Gl�huhqwldwlqj O+�> i+�> �,, zlwk uhvshfw wr � dqg � |lhogv

CO+�> i+�> �,,

C�

@ O4 . Os

Ci

C�

C
2
O+�> i+�> �,,

C�C�

@ Os4

Ci

C�

. Oss

Ci

C�

Ci

C�

. Os

C
2
i

C�C�

zkhuh Os lv d vfruh dqg wkhuhiruh HOs @ 3= Lqirupdwlrq ruwkrjrqdolw| uhtxluhv wkdw wkh

furvv0ghulydwlyh
Y
2
uE4csE4cb��
YbY4

lv }hur lq h{shfwdwlrq/ l1h1

HO4b @ HOs4

Ci

C�

.HOss

Ci

C�

Ci

C�

@ 3=

Wklv frqglwlrq lpsolhv wkh iroorzlqj gl�huhqwldo htxdwlrq

HOs4 .HOss

Ci

C�

@ 3= +5,

Wkh lqirupdwlrq0ruwkrjrqdo sdudphwul}dwlrq ri wkh g|qdplf olqhdu prgho zlwkrxw uhjuhvvruv

lv h{solflw dqg jlyhq e| Odqfdvwhu +5335,1

# "���� �
����� �
 ��� ��
���� ��
��� ����� ���� $��� ��%

����


Frqvlghu wkh g|qdplf olqhdu prgho zlwk �{hg h�hfwv/

|�r @ |�cr3��. i� . %�r +6,

zkhuh

H+%�rm|��c===> |�r, @ 3> H+%2�rm|��c===> |�r, @ �

2
> H%�r%�|m|��c===> |�r, @ 3

iru v 9@ w/ v @ 4> ===> W> dqg l @ 4> ===Q= Odqfdvwhu +5335, frqglwlrqv rq |�f dqg vxjjhvwv wkh

iroorzlqj sdudphwul}dwlrq
5

i� @ |�f+4� �, . ��h
3KE4�

zkhuh e+�, @
4

W

A[
r'�

W � v

v

�

r
=

5Dsshqgl{ 8 ri Zrxwhuvhq +5334, jlyhv lqirupdwlrq0ruwkrjrqdo sdudphwul}dwlrqv iru olqhdu prghov zlwk

pruh wkhq rqh dxwruhjuhvvlyh whup1
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Dqdorjxh wr txdvl0pd{lpxp olnholkrrg hvwlpdwruv/ qrupdolw| ri wkh huuru whupv lv dvvxphg lq

rughu wr ghulyh wkh lqwhjudwhg olnholkrrg hvwlpdwru1 Wkh hvwlpdwru ghshqgv rqo| rq wkh �uvw

wzr prphqwv ri |�r dqg lv jlyhq e| Odqfdvwhu +5335,1 Lqwhjudwlqj wkh olnholkrrg frqwulexwlrq

ri lqglylgxdo l zlwk uhvshfw wr � jlyhv h
u
�cU

/ zkhuh

h

u
�cU

b

4

�
A3� h

KE4�3 �

2j2

S
rE+r3+r3�4�2nA

2
E+r3+r3�4�2

=

Wkh dv|pswrwlf yduldqfh fdq eh irxqg e| ghulylqj wkh qrupdol}hg vfruhv ri wkh lqwhjudwhg

olnholkrrg +vhh dsshqgl{ 4 iru ghulydwlrq,/

O

U

4+�> �
2, @

S
�

Q

O

�cU

4

@ e

�+�, .
4

�
2

S
�

Q

i
[
r

+|r � |r3��,|r3� �
4

�
2
W +|r � |r3��,|r3�j

O

U

j2
+�> �2, @

S
�

Q

O

�cU

j2

@
4

�
2
^
W � 4

5
� 4

5�2

S
�

Q

i
[
r

+|r � |r3��,2 .
W

5
+|r � |r3��,2j`

zkhuh e+�,� @ �
A

S
A

r'�+W�v,�r3�= Lq sduwlfxodu/ rqh fdq vkrz wkdw wkh gl�huhqfh O
U

4
+�f> �

2
f,�

O4+�f> �
2
f> �f, lv rR+

�I
�A

,= Wkdw lv/ wkh gl�huhqfh ehwzhhq wkh vfruh ri wkh lqwhjudwhg olnhol0

krrg dqg wkh vfruh ri wkh uhjxodu olnholkrrg lv vpdoo1 Lqwxlwlyho|/ wklv vxjjhvwv wkdw O
U

4
+�> �2,

dqg O4+�f> �
2
> �f, zrxog |lhog wkh vlplodu hvwlpdwruv/ vd| wkh vdph xs wr �uvw rughu1 Zh

vkrz lq wkh qh{w vhfwlrq wkdw wklv lqwxlwlrq lv fruuhfw1

& ��������
�



Zrxwhuvhq +5334, vkrzv wkdw wkh lqwhjudwhg olnholkrrg hvwlpdwru lv dgdswlyh lq wkh vhqvh wkdw

lw lv htxlydohqw wr wkh lqihdvleoh pd{lpxp olnholkrrg hvwlpdwru wkdw dvvxphv wkh qxlvdqfh

sdudphwhuv wr eh nqrzq1 Wkh frqglwlrqv iru wklv uhvxow duh d uhjxodulw| frqglwlrq wkdw

wkh lqwhjudwhg olnholkrrg fdq eh dssur{lpdwhg e| d Odsodfh irupxod dqg wkh vxevwdqwldo

frqglwlrq wkdw W b Q
k
zkhuh � A

�
� =

Zh qrz zhdnhq wkh odwwhu frqglwlrq iru wkh g|qdplf

olqhdu prgho1 Frqvlghu wkh pd{lpxp olnholkrrg hvwlpdwru iru nqrzq �f= Ohw ig��u>
^

�
2
�u

j @

dujpd{4 O+�> �
2
> �f,= Dvvxplqj qrupdolw| ri wkh huuru whup/ wkh glvwulexwlrq ri +g��u� �, lv
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s
QW +4��

2, zlwk W lqfuhdvlqj dqg Q frqvwdqw ru lqfuhdvlqj
6
1 Kdkq dqg Nxhuvwhlqhu +5335,

hvwdeolvk wkh vdph erxqg xvlqj d Kdmhn0w|sh frqyroxwlrq wkhruhp
7
1 Wkh iroorzlqj wkhruhp

vwdwhv wkdw wkh lqwhjudwhg olnholkrrg hvwlpdwru uhdfkhv wklv wkhruhwlfdo erxqg1

Wkhruhp 4

Ohw wkh gdwd eh jhqhudwhg e| htxdwlrq +6,> ohw m�m ? 4 dqg W lqfuhdvlqj zkloh Q lv frqvwdqw

ru lqfuhdvlqj1 Wkhq wkh lqwhjudwhg olnholkrrg hvwlpdwru e� lv dq dgdswlyh hvwlpdwru dqg

s
QW +e�U � �f,$_ Q+3> 4� �2,>

zkhuh 4� �2 htxdov dw wkh Fudpìu0Udr orzhu erxqg1

Surri= Vhh dsshqgl{1

H!flhqf| erxqgv zhuh ghyhorshg e| Vwhlq +4<89, dqg duh dovr glvfxvvhg lq Elfnho +4<;5, >

Qhzh| +4<<3, dqg Elfnho hw do +4<<6, =

' (��������
 )�
���
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Kvldr/ F1/ P1 K1 Shvdudq dqg D1 N1 Wdkplvflrjox +5335,= �Pd{lpxp Olnholkrrg

Hvwlpdwlrq ri Il{hg H�hfwv G|qdplf Sdqho Gdwd Prghov Fryhulqj Vkruw Wlph

Shulrgv�/ Mrxuqdo ri Hfrqrphwulfv/ 4/ 9:04391

Mh�uh|v/ K1 +4<94,= Wkhru| ri Suredelolw|/ 6ug hg1 R{irug= Foduhqgrq Suhvv1

Odqfdvwhu/ W1 +5333,= �Wkh Lqflghqwdo Sdudphwhuv vlqfh 4<7;/� Mrxuqdo ri Hfrqrphwulfv/
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<8/ 6<407461

Odqfdvwhu/ W1 +5335,= �Ruwkrjrqdo Sdudphwhuv dqg Sdqho Gdwd/ Uhylhz ri Hfrqrplf Vwxglhv1

Pdqnlz/ Q1 J1/ Urphu G1/ dqg G1 Zhlo= �D Frqwulexwlrq wr wkh Hpslulfv ri Hfrqrplf

Jurzwk/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ FYLL/ 4<<5/ 73:076:1

Qh|pdq/ M1/ dqg H1 O1 Vfrww +4<7;,= �Frqvlvwhqw Hvwlpdwlrq iurp Sduwldoo| Frqvlvwhqw

Revhuydwlrqv/� Hfrqrphwulfd/ 49/ 40651

Qhzh|/ Z1 N dqg U1 M1 Vplwk +5334,= �Kljkhu Rughu Surshuwlhv ri JPP dqg Jhqhudol}hg

Hpslulfdo Olnholkrrg Hvwlpdwruv/� Zrunlqj Sdshu PLW1

Qhzh|/ Z1 N1 +4<<3,= �Vhplsdudphwulf H!flhqf| Erxqgv/� Mrxuqdo ri Dssolhg Hfrqrphwulfv/

8/ <<04681

Qhzh|/ Z1 N1/ dqg G1 PfIdgghq +4<<7,= �Odujh Vdpsoh Hvwlpdwlrq dqg K|srwkhvlv

Whvwlqj/� lq Kdqgerrn ri Hfrqrphwulfv/ Yro1 7/ hg1 e| U1 I1 Hqjoh dqg G1

PdfIdgghq1 Dpvwhugdp= Qruwk0Kroodqg1

Qlfnhoo/ V1 M1 +4<;4,= �Eldvhv lq G|qdplf Prghov zlwk Il{hg H�hfwv/� Hfrqrphwulfd/ 7;/

;:<0;<:1

Vrorz/ U1 P1 +4<89,= �D Frqwulexwlrq wr wkh Wkhru| ri Hfrqrplf Jurzwk/�

Txduwhuo| Mrxuqdo ri Hfrqrplfv/ O[[/ 4<89/ 980<71

Vwhlq/ F +4<89,= �H!flhqw Qrqsdudphwulf Whvwlqj dqg Hvwlpdwlrq/� Surfhhglqjv ri wkh wklug

Ehunhoh| V|psrvlxp rq Pdwkhpdwlfdo Vwdwlvwlfv dqg Suredelolw|/ Xqlyhuvlw| ri Fdoliruqld

Suhvv/ Ehunhoh|/ Yro141

Wlevkludql/ U1/ dqg O1 Zdvvhupdq +4<<7,= �Vrph Dvshfwv ri Uhsdudphwul}dwlrq ri Vwdwlvwl0

fdo Prghov/� Wkh Fdqdgldq Mrxuqdo ri Vwdwlvwlfv/ Yro1 55/ 49604:61

Zdqvehhn/ W1 M1 dqg S1 D1 Ehnnhu +4<<9,= �Rq LY/ JPP dqg PO lq d g|qdplf

sdqho gdwd prgho/� Hfrqrplfv Ohwwhuv 84/ 47804851

Zrxwhuvhq/ W1 P1 +5333,= �Frqvlvwhqw Hvwlpdwlrq dqg Ruwkrjrqdolw|/� XZR zrunlqj sdshu1

Zrxwhuvhq/ W1 P1 +5334,= �Urexvwqhvv djdlqvw Lqflghqwdo Sdudphwhuv dqg Pl{lqj

Glvwulexwlrqv/� XZR zrunlqj sdshu1
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Wdeoh 4 Wkh Urrw Phdq Vtxduhg Huuru +UPVH, ri wkh lqwhjudwhg olnholkrrg hvwlpdwru

frpsduhg wr hvwlpdwruv frqvlghuhg lq Kdkq/ Kdxvpdq dqg Nxhuvwhlqhu +5334,

+�2 lv xqnqrzq> 8333 gdwd vhwv,

W q � UPVH a�C�� UPVH a���2 UPVH a�uU�u UPVH a�U
8 433 3=43 3=3; 3=3; 3=3;5 3=389

43 433 3=43 3=38 3=38 3=378 3=368

8 833 3=43 3=37 3=37 3=369 3=358

43 833 3=43 3=35 3=35 3=353 3=349

8 433 3=63 3=43 3=43 3=3<< 3=394

43 433 3=63 3=38 3=38 3=383 3=369

8 833 3=63 3=37 3=37 3=377 3=35:

43 833 3=63 3=35 3=35 3=356 3=349

8 433 3=83 3=46 3=46 3=463 3=39:

43 433 3=83 3=39 3=39 3=38; 3=36:

8 833 3=83 3=39 3=39 3=38: 3=364

43 833 3=83 3=36 3=36 3=359 3=349

8 433 3=;3 3=65 3=67 3=65: 3=3;<

43 433 3=;3 3=47 3=44 3=43< 3=378

8 833 3=;3 3=46 3=46 3=45: 3=369

43 833 3=;3 3=38 3=37 3=377 3=34;

8 433 3=<3 3=88 3=:; 3=937 3=3<<

43 433 3=<3 3=58 3=56 3=55< 3=38:

8 833 3=<3 3=5; 3=63 3=5:: 3=36;

43 833 3=<3 3=43 3=3; 3=3;3 3=356
Iru frpsdulvrq/ wkh vlpxodwlrq uhvxowv ri KKN duh vkrzq> a�C�� ghqrwhv wkh JPP

hvwlpdwru ri Duhoodqr dqg Eryhu +4<<8, > a���2 wkh Eldv Fruuhfwhg hvwlpdwru ri KKN>

a�uU�u wkh OLPO hvwlpdwru/ a���2 ghqrwhv wkh Eldv Fruuhfwhg hvwlpdwru ri KKN> dqg a�U

wkh lqwhjudwhg olnholkrrg hvwlpdwru1
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Wdeoh 5 Eldv ri wkh lqwhjudwhg olnholkrrg hvwlpdwru

frpsduhg wr hvwlpdwruv frqvlghuhg lq Kdkq/ Kdxvpdq dqg Nxhuvwhlqhu +5334,

+�2 lv xqnqrzq> 8333 gdwd vhwv,

W q � (eldv a�C�� (eldv a���2 (eldv a�uU�u (eldv a�U
8 433 3=43 �47=<9 3=58 �6 5=99

43 433 3=43 �47=39 �3=:: �4 3=78

8 833 3=43 �6=9; �3=:: �4 �3=53
43 833 3=43 �6=48 �3=49 �4 �3=:7
8 433 3=63 �;=;9 �3=7: �6 4=37

43 433 3=63 �:=39 �3=99 �4 �3=58
8 833 3=63 �5=36 �3=49 �4 �3=6:
43 833 3=63 �4=8; �3=43 3 �3=47
8 433 3=83 �43=38 �4=47 �6 3=6;

43 433 3=83 �9=:9 �3=<6 �4 �3=48
8 833 3=83 �5=58 �3=48 �4 �3=5<
43 833 3=83 �4=86 �3=44 3 �3=4<
8 433 3=;3 �5:=98 �44=66 �48 3=;3

43 433 3=;3 �46=78 �7=88 �8 3=58

8 833 3=;3 �9=<; �3=:5 �6 �3=45
43 833 3=;3 �6=7; �3=6: �4 �3=39
8 433 3=<3 �83=55 �75=43 �74 4=69

43 433 3=<3 �57=5: �48=;5 �48 3=;6

8 833 3=<3 �53=83 �9=56 �43 �3=3:
43 833 3=<3 �;=:7 �5=35 �5 �3=3:

Wkh �{hg h�hfwv �� dqg wkh lqqrydwlrqv %�| duh dvvxphg wr kdyh lqghshqghqw vwdqgdug qru0

pdo glvwulexwlrqv1 Lqlwldo revhuydwlrqv |�f duh dvvxphg wr eh jhqhudwhg e| wkh vwdwlrqdu|

glvwulexwlrq Q
�

k�
�34f

> �
�342f

�
= Dv lq wdeoh 4/ a�C�� ghqrwhv wkh JPP hvwlpdwru ri Duhoodqr

dqg Eryhu +4<<8, > a���2 wkh Eldv Fruuhfwhg hvwlpdwru ri KKN> a�uU�u wkh OLPO hvwlpdwru/

a���2 wkh Eldv Fruuhfwhg hvwlpdwru ri KKN> dqg a�U wkh lqwhjudwhg olnholkrrg hvwlpdwru1
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Wdeoh 6 Wkh shuirupdqfh ri wkh lqwhjudwhg olnholkrrg hvwlpdwru

frpsduhg wr wkh JPP dqg EFPO hvwlpdwru frqvlghuhg e| Kdkq dqg Nxhuvwhlqhu +5335,

+�2 lv xqnqrzq> 8333 gdwd vhwv,

W q � eldv a�C�� eldv ea� eldv a�U UPVH a�C�� UPVH ea� UPVH a�U
8 433 3=3 �3=344 03=36< �3=3337 3=3:7 3=398 3=387

8 433 3=6 �3=35: �3=39< 3=336 3=3<< 3=3;< 3=394

8 433 3=9 �3=3:7 �3=448 3=335 3=493 3=45< 3=3:3

8 433 3=< �3=785 �3=4:; 3=345 3=885 3=4;: 3=3<<

8 533 3=3 �3=339 �3=374 �3=334 3=386 3=388 3=36;

8 533 3=6 �3=347 �3=3:4 3=334 3=3:3 3=3;4 3=375

8 533 3=9 �3=36; �3=449 3=336 3=444 3=457 3=37;

8 533 3=< �3=66: �3=4:; 3=339 3=776 3=4;6 3=39:

43 433 3=3 �3=344 �3=343 �3=334 3=377 3=369 3=368

43 433 3=6 �3=354 �3=34< �3=333: 3=386 3=373 3=369

43 433 3=9 �3=378 �3=36; 3=334 3=3:8 3=384 3=36:

43 433 3=< �3=54; �3=3:< 3=33: 3=57; 3=3;8 3=38;

43 533 3=3 �3=339 �3=344 �3=333: 3=364 3=35: 3=358

43 533 3=6 �3=344 �3=34< �3=334 3=36; 3=365 3=359

43 533 3=9 �3=358 �3=36: �3=3334 3=384 3=378 3=35:

43 533 3=< �3=485 �3=3:< 3=337 3=4;4 3=3;5 3=374

53 433 3=3 �3=344 �3=336 �3=333 3=35< 3=357 3=356

53 433 3=6 �3=34: �3=338 3=333 3=366 3=357 3=356

53 433 3=9 �3=35< �3=344 3=333 3=375 3=357 3=355

53 433 3=< �3=433 �3=365 3=3338 3=43< 3=36: 3=359

53 533 3=3 �3=339 �3=336 �3=3335 3=353 3=34: 3=34:

53 533 3=6 �3=33< �3=338 �3=3335 3=355 3=34: 3=34:

53 533 3=9 �3=349 �3=343 �3=3337 3=35: 3=34; 3=348

53 533 3=< �3=398 �3=364 3=333; 3=3:7 3=367 3=34;

a�C�� ghqrwhv wkh JPP hvwlpdwru ri Duhoodqr dqg Eryhu +4<<8, > ea� wkh Eldv Fruuhfwhg
hvwlpdwru ri KN> dqg a�U wkh lqwhjudwhg olnholkrrg hvwlpdwru1

58



Wdeoh 71 Wkh Shuirupdqfh ri Lqwhjudwhg olnholkrrg hvwlpdwru iru kljk ydoxhv ri � dqg W @ 8

Q @ 433 e�uU�uc� e�U27u7cu( e��L.cu( e�U
� @ 3=:8 Dfwxdo phdq ( Eldv 4=5<: 8=866 44=886 4=48;

� @ 3=:8 Dfwxdo phgldq ( Eldv �6=3;: 4=6;4 :=7:3 3=7:8

� @ 3=:8 UPVH 3=4;4 3=4:9 3=546 3=3;7

� @ 3=;3 Dfwxdo phdq ( Eldv �3=445 7=637 43=746 3=;35

� @ 3=;3 Dfwxdo phgldq ( Eldv �8=:58 4=78: ;=984 �3=445
� @ 3=;3 UPVH 3=546 3=4:6 3=538 3=3;<

� @ 3=;8 Dfwxdo phdq ( Eldv �6=;<< 4=<99 :=<;6 3=<<8

� @ 3=;8 Dfwxdo phgldq ( Eldv �43=44: 3=398 :=88; �3=355
� @ 3=;8 UPVH 3=566 3=493 3=4<7 3=3<6

� @ 3=<3 Dfwxdo phdq ( Eldv �<=:8: �3=::4 9=46; 4=696

� @ 3=<3 Dfwxdo phgldq ( Eldv �48=6;< �5=679 9=447 3=5;;

� @ 3=<3 UPVH 3=579 3=486 3=4;3 3=3<<

� @ 3=<8 Dfwxdo phdq ( Eldv �48=536 �6=69: 6=457 4=788

� @ 3=<8 Dfwxdo phgldq ( Eldv �4<=96: �7=::9 6=469 �3=378
� @ 3=<8 UPVH 3=585 3=47< 3=498 3=444e�uU�uc� ghqrwhv wkh OLPO hvwlpdwru/ e�U27u7cu( wkh corqj gl�huhqfh* 5VOV hvwlpdwru ri

KKN/ e��L.cu( wkh corqj gl�huhqfh* frqwlqxrxv xsgdwlqj hvwlpdwru ri KKN dqg a�U wkh

lqwhjudwhg olnholkrrg hvwlpdwru1
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Wdeoh 8 Wkh shuirupdqfh ri wkh lqwhjudwhg olnholkrrg hvwlpdwru

iru � forvh wr rqh dqg W @ i8> 43j1

+�2 lv xqnqrzq> 8333 gdwd vhwv,

W q � UPVH	4U
(eldv a�U

8 433 3=<8 3=444 4=78

43 433 3=<8 3=38< 3=:;

8 833 3=<8 3=375 �3=38
43 833 3=<8 3=359 3=35

8 433 3=<< 3=44; 4=9<

43 433 3=<< 3=38; 3=77

8 833 3=<< 3=377 3=48

43 833 3=<< 3=35; 3=55
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