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"Ŝ
'f
+J& 
 �J�,

� H+Y�c|n�3&Y �
�c|n�n�3^ 
 Y�c|3�Y �

�c|n�3R,+J^ 
 �JR,
�

� yhf

� "S
r'f

�JrJ
�
rn�

��
yhf

� "S
r'f

�JrJ
�
rn�

���
4FFFFD

@
"[
�'f

3C "[
�'f

"[
&'f

wu+J&J
�
&n� 
 �J�

�J �
�n�,

4D.
"[
�'f

3C "[
�'f

"[
&'EfjE�3���

wu+J&
�J �
&n�3� 
 �J�J

�
�n�n�,N6

4D
. +ye � 6,

"[
�'f

"[
�'f

wu

#
+J�n� 
 �J�,

#
6[
,'�

h�c� 
 h�c�

$
+J �

�n�n� 
 �J �
�n�,

$
@ L . LL . LLL> vd|1

:4



Vlqfh wu+D 
 E, @ wu+D,wu+E, dqg wu+D, � +urzv++D,,�*2mmDmm iurp +;15, lq Ohppd
</ zh kdyh

L @
"[
�'f

wu

# "[
&'f

J&J
�
&n�

$
wu

3C "[
�'f

�J�
�J �
�n�

4D
�

% "[
�'f

�����wu
# "[
&'f

J&J
�
&n�

$�����
&57 "[

�'f

������wu
3C "[

�'f

�J�
�J �
�n�

4D������
68

� p

# "[
&'f

mmJ&mm
$2# "[

&'f

mm �J&mm
$2

? 4 e| Dvvxpswlrq <1

E| Ohppd 43/

LL �
"[
&'�

"[
�'f

mmJ&mmmm �J&3�mmmm �J� mmmmJ�n�mm.
"[
�'�

3C "[
&'f

"[
�'f

mmJ&mmmm �J&n�3�mmmm �J�mmmmJ�n�n�mm
4D

�
3C "[

�'f

mmJ� mm
4De.# "[

�'f

"[
&'f

mmJ&mmmm �J&n�mm
$3C "[

�'f

"[
�'f

mm �J�mmmmJ�n�mm
4D

�
3C "[

�'f

mmJ� mm
4De.

3C "[
�'f

mmmJ� mm
4D23C "[

�'f

mmJ�mm
4D2 ? 4=

Vlploduo|/ zh fdq vkrz wkdw iru vrph P A 3

LLL � P

3C "[
�'f

mmJ� mm
4De ? 4=

Dovr/ zh fdq vkrz e| prgli|lqj wkh dujxphqwv xvhg deryh wkdw

H

����� �I
?

?[
�'�

U2c�cA

�����
2

/ H

����� �I
?

?[
�'�

U�c�cA

�����
2

@ R
�
�
A

�
>

dqg

H

����� �I
?

?[
�'�

Uec�cA

����� @ R
�t

?
A

�
> H

����� �I
?

?[
�'�

UDc�cA

����� @ R
�I

?
A

�
>

vr doo wkh ghvluhg uhvxowv duh suryhg dqg wkh ohppd iroorzv1 �

41 Surri ri Wkhruhp <

Wr hvwdeolvk mrlqw olplw qrupdolw| ri wkh SIP hvwlpdwru a��8� > lw lv hqrxjk wr
vkrz wkdw/ dv +q> W $ 4, zlwk q@W $ 3>

�I
?

?[
�'�

#
�
A

A[
|'�

+ aHn
�c|[

�
�c| � a�n

e%,

$
, Q

�
3> �2 +
%% 

e�%,

�
>

:5



dqg %
�
?

?[
�'�

+
�
A 2

A[
|'�

[�c|[
�
�c|

,&3�
R$ 5
3�%% =

Wkh odwwhu uhvxow iroorzv gluhfwo| iurp wkh surri ri Wkhruhp 9/ vr zh frqfhqwudwh rq
wkh iruphu1

Ohw �n
e% @ �e% �
e%
3�%%�%% dqg Hn

�c| @ H�c| �
e%
3�%%�[�c|= Wkhq/

�I
?

?[
�'�

#
�
A

A[
|'�

+ aHn
�c|[

�
�c| � a�n

e%,

$

@ �I
?

?[
�'�

#
�
A

A[
|'�

+Hn
�c|[

�
�c| ��n

e%,

$

� +a
e%
a
3�%% �
e%


3�
%% ,

�I
?

?[
�'�

#
�
A

A[
|'�

+�[�c|[
�
�c| ��%%,

$
� s

q+a�e% ��e%, . a
e%
a
3�%%

s
q+a�%% ��%%,=

Iluvw/ +a
e%
a
3�%%�
e%
3�%% ,

�I
?

S?
�'�

�
�
A

SA
|'�+�[�c|[

�
�c| ��%%,

�
@ rR+4, ehfdxvh a
e%

a
3�%%�

e%
3�%% @ rR+4, dqg �I

?

S?
�'�

�
�
A

SA
|'�+�[�c|[ �

�c| ��%%,
�

@ RR+4, e| Ohppd 4;

dqg Hmm[�cfmme ? P iru vrph frqvwdqw P 1 Qh{w/ dffruglqj wr Wkhruhpv < dqg 43
lq Kdqqdq +4<:3/ ss1 5;3�5;6, +ru Sursrvlwlrq 4 lq Dqguhzv/ 4<<4,/ zh nqrz wkdw
Hmma
8c� �H a
8c�mm2 @ g

A R+4,> dqg mmH a
8c� �
8 mm2 @ �
g2^R+4,= Wkxv/

Hmmsq+a
8 �
8 ,mm2 @ H

����� �I
?

?[
�'�

+a
8c� �H a
8c� .H a
8c� �
8 ,

�����
2

@ Hmma
8c� �H a
8c�mm2 . qmmH a
8c� �
8 mm2
@

�
g
A . ?

g2^

�
R+4,=

Vlqfh wkh edqgzlgwk sdudphwhu N $ 4 zlwk N@W $ 3 dqg N2^@W $ � A 3 iru vrph
t A �

2 e| Dvvxpswlrq 44> lw iroorzv wkdw Hmmsq+a
8 �
8 ,mm2 $ 3 dv +q> W $ 4, zlwk
q@W $ 3= Wkh vdph dujxphqw fdq eh dssolhg wr a�8 = Lq frqvhtxhqfh/ zh kdyh

s
q+a�e% ��e%,> a
e%

a
3�%%
s
q+a�%% ��%%, @ rR+4,=

Wkh uhpdlqghu ri wkh surri lqyroyhv vkrzlqj wkdw

4s
q

?[
�'�

#
�
A

A[
|'�

�
Hn
�c|[

�
�c| ��n

e%

�$
, Q

�
3>

4

5
+
%% 

e�%,

�
>

dqg wklv lv hqwluho| dqdorjrxv wr wkh surri ri Ohppd 4;1 Wkh pdlq frqwulexwlrq ri
�I
?

S?
�'�

�
�
A

SA
|'�+H

n
�c|[

�
�c| ��n

e%,
�
iurp wkh EQ ghfrpsrvlwlrq lv

�I
?

?[
�'�

#
�
A

A[
|'�

�
Je+4,�
e%


3�
%%F%+4,

�
Y�c|S

�
�c|3�F%+4,

�
$

@ �I
?

?[
�'�

T�cA >
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dqg lw lv hdv| wr vhh wkdw

H^yhf+T�cA ,+yhf+T�cA ,,
�` @

#
�
A

A[
|'�

|3�
A

$
+
%% 

e�%,

$ �
2+
%% 

e�%, @ H^yhf+T�,+yhf+T�,

�`>

zkhuh T� @ +Je+4, � 
e%
3�%%F%+4,,
U
gZ�Z

�
�F%+4,�1 Wkxv/ e| Wkhruhp 6/ zh kdyh

wkh ghvluhg uhvxow1 Doo wkh uhpdlqghu whupv lq wkh EQ ghfrpsrvlwlrq ri
�I
?

S?
�'�

�
�
A

SA
|'�+H

n
�c|[

�
�c| ��n

e%,
�
frqyhujh lq suredelolw| wr }hur e| Ohppd 4; dqg

wkh prphqw erxqg Hmm[�cfmme ? P> iru vrph frqvwdqw P= �

Uhihuhqfhv

^4` Dqguhzv/ G1 Z1 N1 +4<<4,= Khwhurvnhgdvwlflw| dqg Dxwrfruuhodwlrq Frqvlvwhqw
Fryduldqfh Pdwul{ Hvwlpdwlrq/ Hfrqrphwulfd/ 8</ ;4:�;8;1

^5` Dsrvwro/ W1 +4<:7,= Pdwkhpdwlfdo Dqdo|vlv/ Uhdglqj= Dgglvrq0Zhvoh|1

^6` Edowdjl/ E1 +4<<8,= Hfrqrphwulf Dqdo|vlv ri Sdqho Gdwd/ Qhz \run= Zloh|1

^7` Eloolqjvoh|/ S1 +4<9;,= Frqyhujhqfh ri Suredelolw| Phdvxuhv/ Qhz \run= Zloh|1

^8` Eloolqjvoh|/ S1 +4<;9,= Suredelolw| dqg Phdvxuh/ Qhz \run= Zloh|1

^9` Fdqmhov/ H1 dqg P1 Zdwvrq +4<<:,= Hvwlpdwlqj Ghwhuplqlvwlf Wuhqgv lq wkh
Suhvhqfh ri Vhuldoo| Fruuhodwhg Huuruv/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :</
4;7�5331

^:` Fkdpehuodlq/ J1 +4<;7,= Sdqho Gdwd/ lq ]1 Julolfkhv dqg P1 Lqwuloljdwru +hgv1,/
Kdqgerrn ri Hfrqrphwulfv/ Yro1 5/ Dpvwhugdp= Qruwk�Kroodqg1

^;` Gxgoh|/ U1 +4<;<,= Uhdo Dqdo|vlv dqg Suredelolw|/ Zdgvzruwk ) Eurrnv2Froh
Pdwkhpdwlfv Vhulhv1

^<` Hlfnhu/ I1 +4<96,= Fhqwudo Olplw Wkhruhpv iru Idplolhv ri Vhtxhqfhv ri Udqgrp
Yduldeohv/ Dqqdov ri Pdwkhpdwlfdo Vwdwlvwlfv/ 67/ 76<�7791

^43` Judqjhu/ F1 Z1 M1 dqg S1 Qhzerog +4<:7,= Vsxulrxv Uhjuhvvlrqv lq Hfrqrphwulfv/
Mrxuqdo ri Hfrqrphwulfv/ 5/ 444�4531

^44` Kvldr/ F1 +4<;9,= Dqdo|vlv ri Sdqho Gdwd/ Fdpeulgjh= Fdpeulgjh Xqlyhuvlw|
Suhvv1

^45` Kdoo/ S1 dqg F Kh|gh +4<;3,= Pduwlqjdoh Olplw Wkhru| dqg lwv Dssolfdwlrqv/
Qhz \run= Dfdghplf Suhvv1

^46` Kdqqdq/ H1 +4<:3,= Pxowlsoh Wlph Vhulhv/ Qhz \run= Zloh|1
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^47` Lp/ N1/ K1 Shvdudq/ dqg \1 Vklq +4<<9,= Whvwlqj iru Xqlw Urrwv lq Khwhurjhqhrxv
Sdqhov/ plphr1

^48` Ohylq/ D1 dqg F1 Olq +4<<6,= Xqlw Urrw Whvwv lq Sdqho Gdwd= Qhz Uhvxowv/ XF
Vdq Glhjr Zrunlqj Sdshu1

^49` Pdjqxv M1 dqg K1 Qhxghfnhu +4<;;,1 Pdwul{ Gl�huhqwldo Fdofxoxv1 Qhz \run=
Zloh|1

^4:` Pdw|dv/ O1 dqg S1 Vhyhvwuh +hgv1, +4<<5,= Wkh Hfrqrphwulfv ri Sdqho Gdwd/
Ervwrq/ PD= Noxzhu Dfdghplf Sxeolvkhuv1

^4;` Pxlukhdg/ U1 +4<;5,= Dvshfwv ri Pxowlyduldwh Vwdwlvwlfdo Wkhru|/ Qhz \run= Zl0
oh|1

^4<` Sdun/ M1 dqg S1 F1 E1 Skloolsv +4<;;,= Vwdwlvwlfdo Lqihuhqfh lq Uhjuhvvlrqv zlwk
Lqwhjudwhg Surfhvvhv= Sduw L/ Hfrqrphwulf Wkhru|/ 7/ 79;�7<:1

^53` Sdun/ M1 dqg S1 F1 E1 Skloolsv +4<;<,= Vwdwlvwlfdo Lqihuhqfh lq Uhjuhvvlrqv zlwk
Lqwhjudwhg Surfhvvhv= Sduw LL/ Hfrqrphwulf Wkhru|/ 8/ <8�4641

^54` Shgurql/ S1 +4<<8,= Sdqho Frlqwhjudwlrq> Dv|pswrwlf dqg Ilqlwh Vdpsoh Surs0
huwlhv ri Srrohg Wlph Vhulhv Whvwv zlwk dq Dssolfdwlrq wr wkh SSS K|srwkhvlv/
Lqgldqd Xqlyhuvlw| Zrunlqj Sdshuv lq Hfrqrplfv Qr1 <8�3461

^55` Shvdudq/ K1 dqg U1 Vplwk +4<<8,= Hvwlpdwlqj Orqj0Uxq Uhodwlrqvklsv iurp
G|qdplf Khwhurjhqhrxv Sdqhov/ Mrxuqdo ri Hfrqrphwulfv/ 9;/ :<�4461

^56` Skloolsv/ S1 F1 E1 +4<;9,= Xqghuvwdqglqj Vsxulrxv Uhjuhvvlrqv lq Hfrqrphwulfv/
Mrxuqdo ri Hfrqrphwulfv/ 66/ 644�6731

^57` Skloolsv/ S1 F1 E1 +4<;;,= Zhdn Frqyhujhqfh ri Vdpsoh Fryduldqfh Pdwulfhv
wr Vwrfkdvwlf Lqwhjudov yld Pduwlqjdoh Dssur{lpdwlrqv/ Hfrqrphwulf Wkhru|/ 7/
85;�8661

^58` Skloolsv/ S1 F1 E1 +4<;<,= Sduwldoo| Lghqwl�hg Hfrqrphwulf Prghov/ Hfrqrphwulf
Wkhru|/ 8/ 4;4�5731

^59` Skloolsv/ S1 F1 E1 +4<<8,= Ixoo| Prgl�hg Ohdvw Vtxduhv dqg Yhfwru Dxwruhjuhv0
vlrq/ Hfrqrphwulfd/ 96/ 4356�43:;1

^5:` Skloolsv/ S1 F1 E1 dqg V1 Gxuodxi +4<;9,= Pxowlsoh Wlph Vhulhv Uhjuhvvlrq zlwk
Lqwhjudwhg Surfhvvhv/ Uhylhz ri Hfrqrplf Vwxglhv/ 86/ 7:6�7<81

^5;` Skloolsv/ S1 F1 E1 dqg E1 Kdqvhq +4<<3,= Vwdwlvwlfdo Lqihuhqfh lq Lqvwuxphqwdo
Yduldeohv Uhjuhvvlrq zlwk L+4, Surfhvvhv/ Uhylhz ri Hfrqrplf Vwxglhv/ 8:/ <<�
4581

:8



^5<` Skloolsv/ S1 F1 E1 dqg F1 Ohh +4<<9,= H!flhqf| Jdlqv iurp Txdvl0Gl�huhqflqj
xqghu Qrqvwdwlrqdulw|/ lq S1 P1 Urelqvrq dqg P1 Urvhqeodww +hgv1,/ Dwkhqv Frq0
ihuhqfh rq Dssolhg Suredelolw| dqg Wlph Vhulhv= yroxph LL Wlph Vhulhv Dqdo|vlv
lq phpru| ri H1 M1 Kdqqdq1 Qhz \run= Vsulqjhu�Yhuodj1

^63` Skloolsv/ S1 F1 E1 dqg K1 Prrq +4<<:,= Olqhdu Uhjuhvvlrq Olplw Wkhru| iru Qrq0
vwdwlrqdu| Sdqho Gdwd1 Xqlyhuvlw| ri Dxfnodqg Glvfxvvlrq Sdshu lq Hfrqrplfv1

^64` Skloolsv/ S1 F1 E1 dqg M1 Sdun +4<;<,= Rq Irupxodwlrq ri Zdog Whvwv ri Qrqolqhdu
Uhvwulfwlrqv/ Hfrqrphwulfd/ 89/ 4398�43;61

^65` Skloolsv/ S1 F1 E1 dqg Y1 Vror +4<<5,= Dv|pswrwlfv iru Olqhdu Surfhvvhv/ Dqqdov
ri Vwdwlvwlfv/ 53/ <:4�43341

^66` Sroodug/ G1 +4<;7,= Frqyhujhqfh ri Vwrfkdvwlf Surfhvvhv/ Qhz \run= Vsulqjhu
Yhuodj1

^67` Txdk/ G1 +4<<7,= H{sorlwlqj Furvv0Vhfwlrq Yduldwlrqv iru Xqlw Urrw Lqihuhqfh
lq G|qdplf Gdwd/ Hfrqrplf Ohwwhuv/ 77/ <�4<1

^68` Urehuwvrq/ G1 dqg M1 V|prqv +4<<5,= Vrph Vwudqjh Surshuwlhv ri Sdqho Gdwd
Hvwlpdwruv/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/ :/ 4:8�4;<1

^69` Vkrudfn/ J1 dqg M1 Zhooqhu +4<;9,= Hpslulfdo Surfhvvhv zlwk Dssolfdwlrqv wr
Vwdwlvwlfv/ Qhz \run= Zloh|1

^6:` Xkolj/ K1 +4<<7,= Rq Mh�uh|v* Sulru Zkhq Xvlqj wkh H{dfw Olnholkrrg Ixqfwlrq/
Hfrqrphwulf Wkhru|/ 43/ 966�9771
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