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Lq wklv sdshu/ zh vwxg| wkh olplwlqj glvwulexwlrqv iru wkh ruglqdu| ohdvw vtxduhv +ROV,/ wkh �{hg
h�hfwv +IH,/ �uvw gl�huhqfh +IG,/ dqg wkh jhqhudol}hg ohdvw vtxduhv +JOV, hvwlpdwruv lq d olqhdu wlph
wuhqg uhjuhvvlrq zlwk d rqh0zd| huuru frpsrqhqw prgho lq wkh suhvhqfh ri vhuldoo| fruuhodwhg huuruv1 Zh
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Uhpdun : Zh h{shfw wkdw wkh htxlydohqfh uhvxowv lq Wkhruhpv 407 zloo frqwlqxh wr krog li zh uhsodfh wkh

wlph wuhqg e| wkh L+4, uhjuhvvru/ wkrxjk wkh vshhg ri frqyhujhqfh ri hvwlpdwruv zloo eh vorzhu1 Dovr d ixoo|

prgl�hg yhuvlrq ri wkh hvwlpdwruv pd| eh qhhghg li wkh uhjuhvvru lv fruuhodwhg wr wkh uhjuhvvlrq huuru zlwk wkh
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kdv ehhq vwxglhg e| Ndr dqg Fkldqj +4<<:,1

Uhpdun ; Qrwh wkdw


�4[ @
�
L
Q


	�4
�
[ @

59997
	�4{
111

	�4{

6:::8 >
zkhuh

	�4 @
4

�5
y

#
D�4 � �5

�

�5
y

. ��5
�

d
W

d
3

W

$
>

D�4 @
4

4� �5

59999999999997

4 �� 3 3 3 � � � � � � 3

�� 4 . �5 �� 3 3 � � � � � � 3

3 �� 4 . �5 �� 3 � � � � � � 3
111

3 3 3 3 � � � �� 4 . �5 ��
3 3 3 3 � � � 3 �� 4

6::::::::::::8
>

d
W

@ D�4�
W

@
4

4 . �

59999999999997

4

4� �

4� �
111

4� �

4

6::::::::::::8
>

dqg

� @ �
3

W

D�4�
W

@
+4� �,W . 5�

4 . �
=

8



Wkhq

D�4{ @
4

4� �5

59999999999997

4 �� 3 3 3 � � � � � � 3

�� 4 . �5 �� 3 3 � � � � � � 3

3 �� 4 . �5 �� 3 � � � � � � 3
111

3 3 3 3 � � � �� 4 . �5 ��
3 3 3 3 � � � 3 �� 4

6::::::::::::8

59999999999997

4

5

6
111

W � 4

W

6::::::::::::8

@
4

4� �5

;AAAAAAAAAAAA?AAAAAAAAAAAA=
+4� �,

5 {.

59999999999997

�5

3

3
111

3

� +W � W�. 4,

6::::::::::::8

<AAAAAAAAAAAA@AAAAAAAAAAAA>
>

dqg

d
W

d
3

W

{ @

574 . +4� �,
�S

W�4

w@5
w
�
. W

+4 . �,5

68

59999999999997

4

4� �

4� �
111

4� �

4

6::::::::::::8
=

Lw iroorzv wkdw

	�4{ @
4

�5
y

#
D�4 � �5

�

�5
y

. ��5
�

d
W

d
3

W

$
{

@
4

�5
%

;AAAAAAAAAAAA?AAAAAAAAAAAA=
+4� �,

5

{.

59999999999997

�5

3

3
111

3

� +W � W�. 4,

6::::::::::::8

<AAAAAAAAAAAA@AAAAAAAAAAAA>
�

9



4

�5
%

4� �

4. �

�5
�

�5
y

. ��5
�

%
4 . +4� �,

#
W�4[
w@5

w

$
. W

&
;AAAAAAAAAAAA?AAAAAAAAAAAA=
+4� �,

59999999999997

4

4

4
111

4

4

6::::::::::::8
. �

59999999999997

4

3

3
111

3

4

6::::::::::::8

<AAAAAAAAAAAA@AAAAAAAAAAAA>
=

Fohduo| U
�
	�4{

� 9@ U +{, dqg khqfh U
�

�4[

� 9@ U +[,/ zkhuh U vljql�hv wkh udqjh vsdfh ri d pdwul{1 Lw

iroorzv e| Nuxvndo*v wkhruhp +4<9;, wkdw JOV dqg ROV duh qrw htxlydohqw hyhq dv|pswrwlfdoo|1

Dvvxpswlrq 5 %
lw

@ g+O,�
lw

>zlwk g+O, @
S
4

m@3
g
m

Om/
S
4

m@3
m mg

m

m ?4 dqg �
lw

� llg
�
3> �5

�

�
=

Wkhq zh kdyh iroorzlqj Fruroodu|=

Fruroodu| 4 Vxssrvh %
lw

iroorzv Dvvxpswlrq 5 dqg ohw |
lw

eh jhqhudwhg iurp d vlpsoh wlph wuhqg prgho lq

+4, zkhuh

y
lw

@ �y
lw�4

. %
lw

dqg lqlwldo frqglwlrq lq Dvvxpswlrq 41 Wkhq

+d,
s
QW

�e�
ROV

� �
�

g$ Q
�
3> <

7
�5
�

�
>

+e,
s
QW 6

�e�
IH

� �
�

g$ Q
�
3>

g

5
+4,45�

5

�

+4��,
5

�
>

+f,
s
QW

�e�
IG

� �
�

g$ Q
�
3> g5+4,�5

�

5��
5^�W `.5

4��
5

�
>

+g,
s
QW 6

�e�
JOV

� �
�

g$ Q
�
3> g

5
+4,45�

5

�

+4��,
5

�
=

Uhpdun < Wkh JOV hvwlpdwru lq Fruroodu| 4 ljqruhv wkh L+3, vhuldo fruuhodwlrq dvvrfldwhg zlwk g+O,/ gxh
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Uhpdun 44 Vlqfh y
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Uhpdun 45 Wkh �
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fdq qrw eh frqvlvwhqwo| hvwlpdwhg zkhq wkh huuru whup lv L+4,=

Wkh olplwlqj glvwulexwlrqv ri ROV/ IH/ IG/ dqg JOV hvwlpdwruv duh jlyhq lq wkh qh{w Wkhruhp1

Wkhruhp 5 Ohw |
lw

eh jhqhudwhg iurp d vlpsoh wlph wuhqg prgho lq +4, zkhuh

y
lw

@ y
lw�4

. %
lw

>

zlwk %
lw

� llg
�
3> �5

%

�
dqg y

l4
@
S

^�W `

m@3
%
4�m=

= Wkhq

+d,
s
QW

�e�
ROV

� �
�

g$ Q
�
3> 6�

5

%
+;.48�,

53

�
>

+e,
s
QW

�e�
IH

� �
�

g$ Q
�
3> 9

8
�5
%

�
>

+f,
s
QW

�e�
IG

� �
�

g$ Q
�
3> �5

%

�
>

+g,
s
QW

�e�
JOV

� �
�

g$ Q
�
3>
k
4 . +4��,5 �

l
�5
%

�
=

Uhpdun 46 Wkh olplwlqj glvwulexwlrq ri wkh JOV ghshqgv rq wkh yduldqfh frpsrqhqw/ � @
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dqg wkh

sdudphwhu wkdw jryhuqv wkh yduldqfh ri wkh lqlwldo huuru/ �=

Uhpdun 47 Li � ? 4 wkhq 4

8
. 8

7
�. 5��� ��5 A 3= Khqfh wkh JOV hvwlpdwru lv dovr pruh h!flhqw wkdq

wkh ROV hvwlpdwru zlwk � @ 41 Krzhyhu/ wkh JOV frxog eh ohvv h!flhqw wkdq IG ru IH hvwlpdwruv1 Iru

h{dpsoh/ wkh JOV lv ohvv h!flhqw wkdq IG xqohvv � @ 3 ru � @ 41 Dovr wkh JOV lv pruh h!flhqw wkdq wkh

IH rqo| li +4��,5 � ? 4

8
=

Uhpdun 48 Wkhruhp 5 frq�upv wkh uhvxowv ri Edowdjl dqg Fkdqj +4<<5,/ l1h1/ wkh uhodwlyh shuirupdqfh ri

wkh hvwlpdwruv ghshqgv rq wkh yduldqfh ri wkh lqlwldo huuru lq sdqho gdwd1

Uhpdun 49 Wkh IG hvwlpdwru lv wkh prvw h!flhqw hvwlpdwru zlwk � @ 4=

Uhpdun 4: Lq Dsshqgl{ H/ zh ghulyh wkh olplwlqj glvwulexwlrq ri IH hvwlpdwru zkhq wkh huuru whup/ y
lw

>

lv qhduo| L+4,1
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Uhpdun 4; Lw fdq eh vkrzq wkdw
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dqg wkhq U
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	�4{

� 9@ U +{, dqg U
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�4[

� 9@ U +[, = Lw iroorzv wkdw e| Wkhruhp 4 lq Nuxvndo +4<9;, wkdw

wkh ROV dqg JOV duh qrw htxlydohqw hyhq dv|pswrwlfdoo|1

Uhpdun 4< Iurp Wkhruhpv 4 dqg 5 zh nqrz wkdw zkhq wkh huuru whup lv L+3, wkh IH hvwlpdwru lv dv|ps0

wrwlfdoo| h!flhqw dqg zkhq wkh huuru whup lv L+4,/ wkh IG hvwlpdwru lv dv|pswrwlfdoo| h!flhqw1 Khqfh wkh

lqihuhqfh rq � lq +4, fdq eh fduulhg rxw xvlqj wkh w0vwdwlvwlf iurp wkh IH zkhq wkh huuru whup lv L+3, dqg

iurp wkh IG hvwlpdwru zkhq wkh huuru whup lv L+4,1Wkh whvwv rq zkhwkhu wkh huuru whup lv L+3, ru L+4, lq

+5, fdq eh irxqg lq Ndr +4<<:, dqg PfFrvnh| dqg Ndr +4<<;,1

7 Wkh H�hfwv ri d Ilwwhg Lqwhufhsw

Dq lqwhufhsw lv qrw lqfoxghg lq +4, vlqfh wkh lqwhufhsw fdq qrw eh frqvlvwhqwo| hvwlpdwhg e| dq| phwkrg zkhq

wkh huuru whup lv L+4,1 Krzhyhu/ lw lv xvxdo lq hpslulfdo zrun iru sdqho uhjuhvvlrq wr lqfoxgh dq lqwhufhsw

+h1j1/ Edowdjl/ 4<<8,1 Frqvlghu wkh iroorzlqj prgho lq sodfh ri +4,=
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Iurp wkh surri ri Wkhruhp 4 zh nqrz wkh lqfoxvlrq ri d �wwhg lqwhufhsw lq +<, grhv qrw dowhu wkh dv|pswrwlf

glvwulexwlrq ri e�
IH

wkdw lv jlyhq lq Wkhruhp 41 Wkxv/ wkh IH hvwlpdwru kdv wkh vdph olplwlqj glvwulexwlrq

zkhwkhu ru qrw dq lqwhufhsw lv lqfoxghg lq wkh uhjuhvvlrq1 Krzhyhu wkh olplwlqj glvwulexwlrq ri e�
ROV

zloo eh
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d�hfwhg e| d �wwhg lqwhufhsw1 Lq wklv fdvh/ wkh olplwlqj glvwulexwlrq ri e�
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vlqfh wkh ROV lv lghqwlfdo wr wkh IH hvwlpdwru xqghu prgho +<,1 Dovr iurp wkh surri ri Wkhruhp 4 zh qrwh

wkdw wkh suhvhqfh ri wkh lqwhufhsw grhv qrw lq xhqfh wkh olplwlqj glvwulexwlrq ri wkh JOV hvwlpdwru1 Wkh

iroorzlqj wzr wkhruhpv surylgh wkh olplwlqj glvwulexwlrqv ri wkh IH/ IG dqg JOV hvwlpdwruv xqghu prgho

+<, zlwk vwdwlrqdu| huuru whup dqg qrqvwdwlrqdu| huuru whup1
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Uhpdun 53 Wkhruhp 6 vkrzv wkdw/ zkhq wkh huuru whup lv L+3,/ wkh suhvhqfh ri wkh lqwhufhsw grhv qrw

fkdqjh wkh olplwlqj glvwulexwlrq ri wkh JOV hvwlpdwru1
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Uhpdun 54 Wkhruhp 7 vkrzv wkdw wkh olplwlqj glvwulexwlrq ri wkh JOV hvwlpdwru ghshqgv rq wkh lqlwldol}d0

wlrq sdudphwhu � zkhq wkh huuru whup lv L+4, dqg wkh suhvhqfh ri wkh lqwhufhsw1 Wkh JOV hvwlpdwru lv wkh

prvw h!flhqw hvwlpdwru vlqfh lw lv
s
QW frqvlvwhqw zkloh wkh rwkhu hvwlpdwruv duh

s
QW frqvlvwhqw li � @ 3=

Krzhyhu/ wkh JOV hvwlpdwru frxog eh ohvv h!flhqw wkdq wkh IH dqg IG li � A 3 dqg odujh1 Iru h{dpsoh/ wkh

JOV lv ohvv h!flhqw wkdq wkh IG li � A 4

7
dqg lv ohvv h!flhqw wkdq wkh IH li � A 6
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Uhpdun 55 Li y
lw

lv L+4,/ l1h1/ � @ 4> wkhq wkh IH dqg IG hvwlpdwruv kdyh wkh vdph olplwlqj glvwulexwlrqv

wkdw duh jlyhq lq Wkhruhp 51

8 Ihdvleoh JOV Hvwlpdwruv

Iru wkh ihdvleoh JOV hvwlpdwruv zh qhhg wkh hvwlpdwlrq ri wkh yduldqfh frpsrqhqwv/ �> dqg wkh dxwrfruuh0

odwlrq frh!flhqw �1 Wkh sdudphwhu � fdq eh hvwlpdwhg hdvlo|/ l1h1/
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lv wkh hvwlpdwhg uhvlgxdo/ wdnhq iurp wkh IH hvwlpdwlrq ri wkh prgho lq +4,1 Lw fdq eh vkrzq wkdwe� lq +43, lv d frqvlvwhqw hvwlpdwru ri � e| xvlqj +e, lq Wkhruhp 41 Wkh yduldqfh frpsrqhqw fdq eh hvwlpdwhg

lq wkh vdph zd| dv iru wkh prghov zlwkrxw dxwrfruuhodwlrq e| xvlqj wkh yduldqfh ghfrpsrvlwlrq dqg wkh

Sudlv0Zlqvwhq +SZ, wudqvirupdwlrq dv Edowdjl dqg Ol +4<<4, srlqwhg rxw1

Rq wkh rwkhu kdqg/ wkh h!flhqf| ri wkh JOV hvwlpdwru dovr uholhv rq � dv zh nqrz iurp Wkhruhp

51 Pdhvklur +4<:9, srlqwhg rxw wkdw wkh Frfkudqh0Rufxww +FR, surfhgxuh/ zklfk ljqruhv wkh lqirupdwlrq

frqwdlqhg lq wkh �uvw revhuydwlrq/ shuirupv zruvh wkdq ROV iru vprrwko| wuhqghg uhjuhvvruv1 Ehdfk dqg

PdfNlqqrq +4<:;, dqg Sdun dqg Plwfkhoo +4<;3, vxjjhvwhg wkdw zkhq wkh uhjuhvvruv duh wuhqghg/ hvwlpdwlrq

xvlqj wkh SZ wudqvirupdwlrq lv pruh h!flhqw wkdq xvlqj wkh FR surfhgxuh1 Wkh lpsruwdqfh ri wkh lqlwldo

revhuydwlrq lq sdqho gdwd uhjuhvvlrq zlwk DU+4, huuru whupv kdv ehhq vwxglhg uhfhqwo| e| Edowdjl dqg Fkdqj

+4<<5,1 Krzhyhu/ zkhq � @ 4> �
l

fdq qr orqjhu eh frqvlvwhqwo| hvwlpdwhg e| dq| phwkrg dqg khqfh �5
�

lv qr

orqjhu lghqwl�deoh1 Lw olplwv wkh xvhixoqhvv ri wkh JOV hvwlpdwru zkhq wkh huuru whup lv L+4,1

9 Ilqlwh Vdpsoh Vlpxodwlrqv ri Hvwlpdwruv

Lq wklv vhfwlrq zh zloo hydoxdwh wkh �qlwh vdpsoh surshuwlhv ri wkh ROV/ IH/ IG/ JOV0FR/ JOV0SZ dqg

lqihdvleoh JOV hvwlpdwruv dqg dvn zkhwkhu wkh L+3, dqg L+4, dv|pswrwlf yduldqfh surylgh d xvhixo jxlgh iru

fkrrvlqj dprqj wkh hvwlpdwruv lq vpdoo vdpsohv1 Wkh prgho lv vhw dv iroorzv=
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@ 43 dqg ohw � @
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5
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5
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wdnh wkh ydoxhv +3> 3=5> 3=7> 3=9> 3=;, = Wkh iroorzlqj vdpsoh vl}h frp0

elqdwlrqv duh xvhg= Q @ 58> 83 dqg W @ 58> 83= Hdfk h{shulphqw lqyroyhv 43> 333 uhsolfdwlrqv1 Iru hdfk

uhsolfdwlrq zh hvwlpdwhg wkh prgho xvlqj ROV/ IH/ IG/ JOV0FR/ JOV0SZ dqg lqihdvleoh JOV hvwlpdwruv1

Wkh vlpxodwlrqv zhuh shuiruphg e| d Xowud Hqwhusulvh 63331 JDXVV 6=5=64 zdv xvhg wr shuirup wkh vlpxod0

wlrqv1 Udqgrp qxpehuv iru �
l

dqg %
lw

zhuh jhqhudwhg e| wkh JDXVV surfhgxuh UQGQV1 Dw hdfk uhsolfdwlrq/

zh jhqhudwhg dq Q+W . 4333, ohqjwk ri udqgrp qxpehuv dqg wkhq vsolw lw lqwr Q vhulhv vr wkdw hdfk vhulhv

kdg wkh vdph phdq dqg yduldqfh1 Wkh �uvw 4> 333 revhuydwlrqv zhuh glvfdughg iru hdfk vhulhv1

Wdeohv 405 jlyh wkh phdq vtxduh huuru +PVH, ri wkh ydulrxv hvwlpdwruv ri � uhodwlyh wr wkh lqihdvleoh JOV

hvwlpdwru iru ydulrxv ydoxhv ri �> �> dqg � zkhq Q @ W @ 581 Zh gr qrw uhsruw wkh fdvhv zkhq Q dqg W

duh pruh wkhq 58 vlqfh wkh uhvxowv duh vlplodu wr Wdeohv 4 dqg 51 Zh dovr gr qrw uhsruw wkh eldv zklfk zdv

qhjoljleo| vpdoo iru doo wkh hvwlpdwruv1 Wkh IH/ JOV0FR dqg JOV0SZ hvwlpdwruv duh hvvhqwldoo| h!flhqw

dqg duh suhihuuhg wr wkh IG dqg ROV hvwlpdwruv dv suhglfwhg iurp Wkhruhp 4 zlwk � ? 4 exw qrw wrr forvh

wr 41 Krzhyhu/ zkhq � @ 4> wkh IG hvwlpdwru lv h!flhqw dqg lv suhihuuhg wr wkh ROV dqg IH hvwlpdwruv dv

suhglfwhg iurp Wkhruhp 51 Wkh ROV/ JOV0FR dqg JOV0SZ hvwlpdwruv shuirup srruo| iru odujh ydoxhv ri

�1 Lqwhuhvwlqjo|/ wkh IH dqg IG hvwlpdwruv shuirup zhoo iru odujh ydoxhv ri �1 Wklv revhuydwlrq zdv dovr

qrwhg e| Edowdjl +4<;4/ s1 76,1 Lq jhqhudo/ wkh IG hvwlpdwru lv ehwwhu wkdq wkh ROV zkhq � lv odujh dqg lv

ehwwhu wkdq wkh IH hvwlpdwru zkhq � lv forvhu wr 41 Krzhyhu/ wkh IG hvwlpdwru lv zruvh wkdq wkh ROV zkhq

� lv vpdoo dqg dovr zruvh wkdq wkh IH zkhq � lv vpdoo1 Wkh uhodwlyh shuirupdqfh ri wkh ROV/ IH dqg IG

dovr ghshqgv fulwlfdoo| rq � zkhq � @ 4= Zkhq � @ 3> wkh IG hvwlpdwru lv dv h!flhqw dv wkh lqihdvleoh JOV

hvwlpdwru dqg grplqdwhv wkh ROV dqg IH hvwlpdwruv1 Dv zh h{shfwhg iurp Wkhruhp 5/ wkh IG hvwlpdwru

lv pruh h!flhqw wkdq wkh lqihdvleoh JOV hvwlpdwru zkhq � A =4> wkrxjk wkh ehwwhu shuirupdqfh ri wkh IG

hvwlpdwru ghfuhdvhv dv � lqfuhdvhv1 Ryhudoo/ wkh IH hvwlpdwru shuirupv uhodwlyho| zhoo zkhq frpsduhg wr

rwkhu phwkrgv1

: Frqfoxvlrq

Wklv sdshu frqvlghuv d olqhdu wlph wuhqg prgho zlwk rqh0zd| huuru frpsrqhqw zlwk vhuldoo| fruuhodwhg huuru

whup dqg vwxglhv wkh olplwlqj glvwulexwlrqv ri wkh ROV/ IH/ IG/ JOV0FR/ dqg JOV0SZ hvwlpdwruv1 Wkh

uhvxowv duh frq�uphg e| phdqv ri Prqwh Fduor h{shulphqwv1 Wkh pdlq �qglqjv duh=

41 Wkh JOV0FR dqg JOV0SZ hvwlpdwruv shuirup zhoo li wkh yduldqfh frpsrqhqw/ �> lv vpdoo dqg forvh

wr }hur zkhq � ? 4=
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51 Wkh IG hvwlpdwru grplqdwhv wkh rwkhu hvwlpdwruv zkhq � @ 4 iru doo ydoxhv ri �=

61 Wkh IH hvwlpdwru lv uhfrpphqg lq sudfwlfh vlqfh lw shuirupv suhww| zhoo iru doo ydoxhv ri � dqg �=
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Fruuhodwhg Huuruv/� Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :</ 4;705331

^;` Fklspdq/ M1 V1 +4<:<,/ �H!flhqf| ri Ohdvw0Vtxduhv Hvwlpdwlrq ri Olqhdu Wuhqg Zkhq Uhvlgxdov duh

Dxwrfruuhodwhg/� Hfrqrphwulfd/ 7:/ 448045;1

^<` Juhqdqghu/ X1 dqg Urvhqeodww/ P1 +4<8:,/ Vwdwlvwlfdo Dqdo|vlv ri Vwdwlrqdu| Wlph Vhulhv/ Zloh|/ Qhz

\run1

^43` Kdplowrq/ M1 +4<<7,/ Wlph Vhulhv Dqdo|vlv/ Sulqfhwrq Xqlyhuvlw| Suhvv/ Sulqfhwrq1

^44` Ndr/ F1 +4<<:,/ �Vsxulrxv Uhjuhvvlrq dqg Uhvlgxdo0Edvhg Whvwv iru Frlqwhjudwlrq lq Sdqho Gdwd/�

Mrxuqdo ri Hfrqrphwulfv/ iruwkfrplqj1

^45` Ndr/ F1/ dqg Fkldqj/ P0K1 +4<<:,/ �Rq wkh Hvwlpdwlrq dqg Lqihuhqfh ri d Frlqwhjudwhg Uhjuhvvlrq lq

Sdqho Gdwd/� Hfrqrphwulf Wkhru|/ xqghu uhylvlrq1

^46` Nuçphu/ Z1 +4<;5,/ �Qrwh rq Hvwlpdwlqj Olqhdu Wuhqg Zkhq Uhvlgxdov duh Dxwrfruuhodwhg/� Hfrqr0

phwulfd/ 83/ 43980439:1
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^47` Nuxvndo/ Z1 +4<9;,/ �Zkhq duh Jdxvv0Pdunry dqg Ohdvw Vtxduhv Hvwlpdwruv LghqwlfdoB D Frruglqdwh

Iuhh Dssurdfk/� Dqqdov ri Pdwkhpdwlfdo Vwdwlvwlfv/ 6</ :30:81

^48` Pdhvklur/ D1 +4<:9,/ �Dxwruhjuhvvlyh Wudqvirupdwlrq/ Wuhqghg Lqghshqghqw Yduldeohv dqg Dxwrfruuh0

odwhg Glvwxuedqfh Whupv/� Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 8;/ 7<:08331

^49` PfFrvnh|/ V1/ dqg Ndr/ F1 +4<<;,/ �D Uhvlgxdo0Edvhg Whvw ri wkh Qxoo ri Frlqwhjudwlrq lq Sdqho Gdwd/�

Hfrqrphwulf Uhylhzv/ 4:/ 8:0;71

^4:` Sdun/ V1 M1/ dqg Plwfkhoo/ E1 P1 +4<;3,/ �Hvwlpdwlqj wkh Dxwrfruuhodwhg Huuru Prgho zlwk Wuhqghg

Gdwd/� Mrxuqdo ri Hfrqrphwulfv/ 46/ 4;805341

^4;` Skloolsv/ S1 F1 E1/ dqg Sdun/ M1 \1 +4<;;,/ �Dv|pswrwlf Htxlydohqfh ri Ruglqdu| Ohdvw Vtxduhv dqg Jhq0

hudol}hg Ohdvw Vtxduhv lq Uhjuhvvlrqv zlwk Lqwhjudwhg Uhjuhvvruv/� Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo

Dvvrfldwlrq/ ;6/ 44404481

^4<` Vxpphuv/ U1/ dqg Khvwrq/ D1 +4<<4,/ �Wkh Shqq Zruog Wdeoh> Dq H{sdqghg Vhw ri Lqwhuqdwlrqdo

Frpsdulvrqv 4<8304<;;/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 439/ 65:069;1

^53` Yrjhovdqj/ W1 M1 +4<<;,/ �Wuhqg Ixqfwlrq K|srwkhvlv Whvwlqj lq wkh Suhvhqfh ri Vhuldo Fruuhodwlrq/�

Hfrqrphwulfd/ 99/ 456047;1
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Wdeoh 4= Uhodwlyh H!flhqflhv ri Hvwlpdwruv

� @ 3 � @ 3=4

� � ROV IH IG JOV0FR JOV0SZ ROV IH IG JOV0FR JOV0SZ
3 3 4 1568 1387 1<4< 1<89 4 1568 1387 1<4< 1<89

315 1<<: 1574 13:< 1<57 1<94 1<<: 156< 13:; 1<56 1<93
317 1<;5 1583 1458 1<65 1<9< 1<;5 1578 1449 1<5; 1<99
319 1<83 159< 154: 1<77 1<;5 1<7< 1588 14;7 1<68 1<:7
31; 1;:9 1676 1783 1<8: 1<<8 1;:4 163; 1688 1<7< 1<;;
31< 1;46 17<6 1:3< 1<94 1<<< 1:<4 1775 18<5 1<88 1<<7
31<8 1:<< 1987 1;:8 1<9< 4133: 1:7< 194: 1;39 1<86 1<<5
413 1;86 1;64 1<8: 1;36 1;<9 41364

315 3 184; 19;6 148: 1<4: 1<89 184; 19;6 148: 1<4: 1<89
315 1956 193; 1534 1<58 1<97 1958 1939 14<; 1<59 1<98
317 1:65 1849 158: 1<67 1<:6 1:6; 183< 1574 1<6: 1<::
319 1;4; 1758 1676 1<74 1<:< 1;59 173: 15<6 1<79 1<;8
31; 1;5; 1738 1865 1<79 1<;7 1;58 1697 1753 1<7< 1<;;
31< 1:;8 184< 1:79 1<7; 1<;8 1:97 1798 1955 1<7< 1<;;
31<8 1::9 1996 1;;: 1<88 1<<6 1:5< 1959 1;4; 1<79 1<;7
413 1;78 1;6; 1<97 1::9 1;:< 41346

317 3 159; 1;6< 14<6 1:7: 1::< 159; 1;6< 14<6 1:7: 1::<
315 1687 1::< 158: 1::< 1;46 1688 1::; 1587 1:;4 1;48
317 179< 19;7 1674 1;57 1;93 17:: 19;3 1655 1;67 1;:3
319 1944 188< 1783 1;:5 1<3< 195< 1879 16<6 1;<7 1<65
31; 1:64 17:; 195: 1<47 1<85 1:6; 1767 1834 1<67 1<:5
31< 1:6: 1885 1:<< 1<5< 1<98 1:54 17<; 199: 1<6< 1<<;
31<8 1:74 19:; 1<3: 1<6: 1<:6 19<< 196< 1;69 1<69 1<:6
413 1;5; 1;78 1<:5 1:7: 1;9< 41333

319 3 1469 1<4< 1544 1798 17;8 1469 1<4< 1544 1798 17;8
315 14;; 1;:; 15;< 1859 187< 14;< 1;:; 15;: 185; 1884
317 159< 1:<< 16<; 1947 1974 15:9 1;34 16:< 195: 1987
319 16<7 19:7 1876 1:56 1:87 1749 19:6 17;8 1:8< 1:<5
31; 18:3 188< 1:67 1;74 1;:9 18<5 1855 1936 1;;6 1<53
31< 197: 193: 1;:6 1;<8 1<64 196< 187; 1:67 1<4< 1<89
31<8 19:; 1:36 1<74 1<43 1<78 1976 1997 1;9; 1<53 1<8:
413 1:<3 1;85 1<;4 1:39 1;96 1<<7

31; 3 1388 1<9: 1555 14<4 14<< 1388 1<9: 1555 14<4 14<<
315 13:; 1<76 1644 1584 1594 13:< 1<76 163; 1585 1596
317 144; 1;;6 1773 1677 168< 1455 1;<4 1755 1687 16:3
319 14;< 1::6 1955 17;: 183< 1537 1:<3 189< 1858 187<
31; 165; 1978 1;7: 19<3 1:4< 168< 1978 1:67 1:8< 1:<6
31< 1787 19:; 1<:8 1;55 1;89 1796 195: 1;6< 1;97 1<33
31<8 1868 1:7< 41336 1;9< 1<37 1848 1:44 1<5< 1;<6 1<5<
413 19;9 1;8< 1<<3 1949 1;96 1<<6

Qrwh=
+d, Q @W@ 581
+e, Uhodwlyh h!flhqf| lv wkh udwlr ri wkh phdq vtxduh huuru ri wkh lqihdvleoh JOV hvwlpdwru wr wkh phdq
vtxduh huuru ri wkh hvwlpdwru jlyhq lq urz 51
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Wdeoh 5= Uhodwlyh H!flhqflhv ri Hvwlpdwruv

� @ 3=58 � @ 4

� � ROV IH IG JOV0FR JOV0SZ ROV IH IG JOV0FR JOV0SZ
3 3 4 1568 1387 1<4< 1<89 4 1568 1387 1<4< 1<89

315 1<<: 1573 13:; 1<56 1<93 1<<: 1573 13:; 1<56 1<93
317 1<;5 1578 1449 1<5; 1<99 1<;5 1578 1449 1<5; 1<99
319 1<7< 1586 14:< 1<68 1<:6 1<7< 1586 14:< 1<68 1<:6
31; 1;9< 15<4 1649 1<77 1<;6 1;9; 15;; 1643 1<76 1<;5
31< 1:9< 16<; 1834 1<86 1<<5 1:85 169< 1784 1<7: 1<;9
31<8 19;< 189< 1:54 1<85 1<<4 1:35 17<< 1945 1<83 1<;<
413 1:68 41354 414:8 18<< 4198: 41<3:

315 3 184; 19;6 148: 1<4: 1<89 184; 19;6 148: 1<4: 1<89
315 1958 1939 14<; 1<59 1<98 1958 1939 14<; 1<59 1<98
317 1:6; 183; 1573 1<6; 1<:: 1:6; 183; 1573 1<6; 1<::
319 1;5; 1737 15;9 1<7: 1<;9 1;5: 1737 15;9 1<7: 1<;9
31; 1;58 1678 16:7 1<7< 1<;; 1;57 1674 169: 1<7< 1<;:
31< 1:78 174; 185: 1<84 1<;< 1:5; 16;; 17:7 1<7; 1<;:
31<8 19:7 18:: 1:64 1<7; 1<;: 18;; 1839 194< 1<83 1<;<
413 19;6 1<8< 41438 17<5 416:8 418;6

317 3 159; 1;6< 1456 1:7: 1::< 159; 1;6< 14<6 1:7: 1::<
315 1688 1::; 1587 1:;4 1;48 1688 1::; 1587 1:;4 1;48
317 17:: 19;3 1655 1;67 1;:3 17:: 19;3 1655 1;67 1;:3
319 1966 1878 16;9 1;<: 1<68 1966 1878 16;9 1;<: 1<68
31; 1:78 1748 1783 1<75 1<;4 1:77 1744 1775 1<76 1<;5
31< 1:3: 177< 1899 1<7< 1<;: 19<5 174: 1843 1<7< 1<;;
31<8 197< 18<3 1:7; 1<77 1<;5 189< 184; 1967 1<84 1<;<
413 196: 1<47 41385 173: 41484 41658

319 3 1469 1<4< 1544 1798 17;8 1469 1<4< 1544 1798 17;8
315 14;< 1;:; 15;: 185; 1884 14;< 1;:; 15;: 185; 1884
317 15:9 1;34 16:< 195: 1988 15:9 1;34 16:< 195: 1988
319 1753 19:7 17:: 1:97 1:<: 174< 19:7 17:: 1:97 1:<:
31; 193: 183: 1884 1<38 1<76 193; 1836 1874 1<3; 1<79
31< 1969 17<< 195; 1<6< 1<:: 1959 1798 189: 1<7: 1<;8
31<8 1937 1946 1::: 1<6: 1<:8 1869 186; 198< 1<84 1<;<
413 18<5 1;;6 41349 1675 1<;< 4146<

31; 3 13:< 1<76 163; 14<4 1596 1388 1<9: 1555 14<4 14<<
315 13:; 1<76 1644 1585 1594 13:; 1<76 163; 1585 1596
317 1455 1;<4 1754 1688 16:4 1455 1;<4 1754 1688 16:4
319 153: 1:<7 1896 1864 1887 153: 1:<7 1895 1864 1887
31; 16:< 1967 19;< 1:<: 1;65 16;5 1965 19:< 1;37 1;6;
31< 17:9 18;9 1:6; 1<36 1<73 17:< 1889 19:: 1<59 1<97
31<8 17<9 1994 1;6; 1<55 1<8< 1787 18;8 1:4: 1<7< 1<;:
413 1853 1;9: 1<<; 15;< 1;<7 4135<

Qrwh=
+d, Q @W@ 581
+e, Uhodwlyh h!flhqf| lv wkh udwlr ri wkh phdq vtxduh huuru ri wkh lqihdvleoh JOV hvwlpdwru wr wkh phdq
vtxduh huuru ri wkh hvwlpdwru jlyhq lq urz 51
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