
Zk| qrw xvh vwdqgdug sdqho xqlw urrw whvw iru
whvwlqj SSS

Mrkdq O|kdjhqW

Vwrfnkrop Vfkrro ri Hfrqrplfv
Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh/ Qr1 746

Ghfhpehu 7/ 5333

Devwudfw

Lq wklv sdshu zh vkrz wkh frqvhtxhqfhv ri dsso|lqj d sdqho xqlw urrw
whvw zkhq whvwlqj iru d sxufkdvlqj srzhu sdulw| uhodwlrqvkls1 Wkh glvwul0
exwlrq ri wkh whvwv lqyhvwljdwhg/ lqfoxglqj wkh LSV whvw ri Lp hw do +4<<:,/
duh lq xhqfhg e| d frpprq vwrfkdvwlf wuhqg zklfk lv xvxdoo| qrw df0
frxqwhg iru1 Wkh uhvxow lv wkdw wkh vl}h whqgv wr rqh zlwk wkh qxpehu ri
furvv0vhfwlrqv1

MHO= F45> F55> F56

4 Lqwurgxfwlrq

Wkhuh lv d odujh dprxqw ri olwhudwxuh rq whvwlqj sxufkdvlqj srzhu sdulw| +SSS,
gxh wr wkh hfrqrplf lpsruwdqfh ri wkh uhodwlrqvkls1 SSS vwdwhv wkdw lq wkh orqj
uxq wkh h{fkdqjh udwh dgmxvwhg sulfh ohyhov lq wzr frxqwulhv vkrxog eh wkh vdph1
Rwkhuzlvh lw lv sur�wdeoh wr h{sruw2lpsruw jrrgv1 Wkh prvw frpprq zd| wr
whvw wkh SSS uhodwlrqvkls lv wr dsso| wkh vwdqgdug dxjphqwhg Glfnh|0Ixoohu xqlw
urrw whvw +DGI, wr wkh uhdo h{fkdqjh udwh %

w

@ oq +S
lw

,�oq +S
mw

,.oq +U
lmw

, zkhuh
S
lw

+S
mw

, lv wkh sulfh ohyho lq frxqwu| l +m, dqg U
lmw

lv wkh h{fkdqjh udwh ehwzhhq
frxqwu| l dqg frxqwu| m> doo lqgh{hg iru wlph shulrg w= Vkloohu dqg Shuurq +4<;8,
vkrz wkdw wkh srzhu ri wkh DGI whvw lv yhu| orz iru wkh qxpehu ri revhuydwlrqv
hqfrxqwhuhg lq uhdo zruog gdwd vhwv1 Khqfh/ SSS lv riwhq uhmhfwhg/ vxevhtxhqwo|
vwxglhv xvh d sdqho yhuvlrq wkdw lqfuhdvhv wkh srzhu1 Wkh prvw frpprqo| xvhg
duh wkh rqhv ri Ohylq dqg Olq +4<<5/ 4<<6, dqg Lp/ Shvdudq dqg Vklq +4<<:,1
Rwkhu yhuvlrqv iru wkh whvw kdyh ehhq sursrvhg e| h1j1 Txdk +4<<7,/ Euhlwxqj
+4<<:,/ Kdgul +4<<;,/ PfNrvnh| dqg Ndr +4<<;,/ Pdggdod dqg Zx +4<<<, dqg
Jurhq +5333,1 Sdshuv whvwlqj SSS zlwk sdqho xqlw urrw whvw lqfoxghv Dexdi
dqg Mrulrq +4<<3,/ Iudqnho dqg Urvh +4<<9,/ PdfGrqdog +4<<9,/ Rk +4<<9,/ Zx

W
Ghsduwphqw ri Hfrqrplf Vwdwlvwlfv/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ S1R1 Er{ 9834/ VH0

446 ;6 Vwrfnkrop Vzhghq1 H0pdlo= vwmoCkkv1vh1
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+4<<9,/ Frdnoh| dqg Ixhuwhv +4<<:,/ Sdshoo +4<<:, dqg R*Frqqhoo +4<<;,/ vhh
wkh vxuyh|v ri Iurrw dqg Urjr� +4<<8, dqg Edqhumhh +4<<<,1

Wkhuhiruh whvwlqj SSS xvlqj sdqho xqlw urrw whvwv duh zlgho| xvhg/ krzhyhu/
wklv sdshu vkrzv wkdw wkh lqihuhqfh xvhg lq wkhvh dssolfdwlrqv duh olnho| wr eh
zurqj/ l1h1 wkh dfwxdo vl}h pd| eh yhu| idu iurp wkh qrplqdo1 Wkh edvh fxu0
uhqf| xvhg lqwurgxfhv d frpprq vwrfkdvwlf wuhqg zklfk lv qrw dffrxqwhg iru lq
wkh glvwulexwlrq ri wkh whvw vwdwlvwlfv1 Prvw ri wkh sdshuv phqwlrqhg xvh whvw
vwdwlvwlfv zklfk kdyh d qxoo ri d xqlw urrw exw wkh glvwulexwlrq lv dovr h�hfwhg
zkhq wkh qxoo lv dq L +3, yduldeoh1 Zh fdq vroyh wkh sureohp e| xvlqj wkh
sdqho frlqwhjudwlrq phwkrg sursrvhg e| Mdfrevrq hw do +5333,1 Wklv lv d sdqho
yhuvlrq ri wkh pxowlyduldwh frlqwhjudwlrq prgho ri Mrkdqvhq +4<;;,1 Hfrqrplf
wkhru| vxjjhvwv zkdw wkh frlqwhjudwlqj yhfwruv vkrxog eh ehwzhhq sulfhv dqg
h{fkdqjh udwh1 Khqfh zh fdq wuhdw wkh whvwv dv sdqho xqlw urrw whvwv lqvwhdg ri
sdqho frlqwhjudwlrq whvwv1

Rxu sdshu dqdo|wlfdoo| ghulyhv vrph xvhixo h{suhvvlrqv zklfk khosv wr xqghu0
vwdqg wkh frqvhtxhqfhv ri wkh frpprq vwrfkdvwlf wuhqg1 Vhtxhqwldo dv|pswrwlfv
duh xvhg/ l1h1 �uvw zh ohw W dqg wkhqQ $ 4/ vhh Skloolsv dqg Prrq +4<<<,1 Wkh
Ohylq dqg Olq +4<<5, whvw lv vkrzq wr glyhujh zlwk wkh qxpehu ri furvv0vhfwlrqv1
D Prqwh Fduor vlpxodwlrq lv wkhq fduulhg rxw wr dqdo|}h wkh frqvhtxhqfhv iru
vrph sdqho xqlw urrw whvwv1 Wkh whvwv lqyhvwljdwhg lq wkh Prqwh Fduor duh wkdw
ri Lp/ Shvdudq dqg Vklq +4<<:, dqg Jurhq +5333,1 Wkh odwwhu wzr whvwv kdyh d
qxoo ri xqlw urrw wkhuhiruh zh kdyh d orrn dw PfNrvnh| dqg Ndr +4<<;, zklfk
kdv L +3, dv qxoo1 Wkh uhvxow lv wkdw iru yhu| vpdoo sdqhov/ Q @ 5/ wkh vl}h lv
dssur{lpdwho| fruuhfw exw iru odujhu sdqhov/ Q � 43> wkh vl}h fdq eh vljql�fdqwo|
glvwruwhg/ l1h1 wkh vl}h lv pxfk wr odujh1

Wkh sdshu lv rujdql}hg dv iroorzv= Wkh qh{w vhfwlrq lqwurgxfhv wkh �vwd0
wlvwlfdo� SSS prgho dqg wklv SSS vshfl�fdwlrq lv xvhg wkurxjkrxw wkh sdshu1
Vhfwlrq 6 dqdo|}hv wkh frqvhtxhqfhv iru vrph sdqho xqlw urrw whvw1 Wkh Prqwh
Fduor vlpxodwlrq lq Vhfwlrq 7 lv xvhg wr vkrz krz odujh wkh frqvhtxhqfhv fdq
eh1 Vhfwlrq 8 frqfoxgh wkh sdshu1

5 Qxoo ri xqlw urrwv dqg wkh SSS

Whvwlqj wkh qxoo ri d xqlw urrw lq d xqlyduldwh vhulhv lv riwhq edvhg rq wkh Glfnh|0
Ixoohu w|sh ri htxdwlrq +ru wkh dxjphqwhg w|sh,=
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+4,

zklfk xqghu wkh qxoo ri d xqlw urrw +� @ 3, ehfrphv

�{
w

@ h
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D sdqho yhuvlrq pd| eh edvhg rq/ dv lq Ohylq dqg Olq +4<<6/ 4<<6, dqg Lp hw
do +4<<:,/ 5

9997
�{

4w

�{
5w

111
�{

Qw

6
:::8 @

5
9997

�
4

{
4w�4

�
5

{
5w�4

111
�
Q

{
Qw�4

6
:::8.

5
9997

h
4w

h
5w

111
h
Qw

6
:::8 +6,

zkhuh Q lv wkh qxpehu ri furvv0vhfwlrqv/ � lv wkh �uvw gl�huhqfh rshudwru dqg h
lw

duh glvwxuedqfhv zlwk �qlwh yduldqfh dqg lqghshqghqw dqg lghqwlfdoo| glvwulexwhg
ryhu wlph1 Qrwh wkdw �

l

pljkw ru pljkw qrw eh htxdo wr �
m

> l 9@ m1 Wkh sdqho
qxoo lv �

4

@ �
5

@ === @ �
Q

@ 3= Xqghu wkh dowhuqdwlyh/ ghshqglqj rq zklfk whvw
xvhg/ vrph ru doo �

l

duh ohvv wkdq }hur1 Iurp +6, lw fdq eh vkrzq wkdw wkhuh duh
Q udqgrp zdonv lq wkh v|vwhp xqghu wkh qxoo1 Zkhq whvwlqj iru frlqwhjudwlrq
{
w

lv wkh uhvlgxdo iurp d uhjuhvvlrq1
Ohw �s

l

ghqrwh wkh orj ri wkh sulfh ohyho lq frxqwu| l dqg u
lQ.4

wkh orj ri wkh
h{fkdqjh udwh ehwzhhq frxqwu| l dqg Q . 4= Wkh SSS uhodwlrqvkls vwdwhv wkdw
�s
lw

� s
Q.4w

. u
lQ.4w

@ %
w

vkrxog eh d frlqwhjudwlqj uhodwlrqvkls1 Wr pdnh wkh
qrwdwlrq vlpsohu zh ohw s

lw

@ oq +S
lw

�U
lQ.4w

, > l1h1 wkh sulfh ohyho lq frxqwu|
l lv lq wkh fxuuhqf| ri frxqwu| Q . 41 Ixuwkhu/ dvvxph wkdw doo s

l

dqg s
Q.4

duh L +4, = Wkhuh duh qxphurxv hpslulfdo hylghqfh wkdw sulfhv duh L +4, > vhh h1j1
Fxoyhu dqg Sdshoo +4<<:, dqg Oduvvrq hw do +4<<;,1 Zh fdq dovr mxvwli| lw iurp
wkh vdph nlqg ri dujxphqw wkdw fodlpv wkdw vwrfn sulfhv duh L +4, = Li wkhuh duh
frlqwhjudwlrq ehwzhhq s

lw

dqg s
Q.4

wkh vdph vwrfkdvwlf wuhqg gulyhv wkh wzr
yduldeohv1 Dv d frqvhtxhqfh/ s

mw

> l 9@ m> vkduh wkh vdph wuhqg/ l1h1 doo sulfhv duh
gulyhq e| wkh vdph vwrfkdvwlf wuhqg1 Li wkhuh lv qr frlqwhjudwlrq wkhuh lv wzr
vwrfkdvwlf wuhqgv/ rqh iru hdfk sulfh ohyho1 Lq d sdqho zh kdyh
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zkhuh zh whvw vlpxowdqhrxvo| li %
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kdyh d qrq0vwdwlrqdu| ehkdylru wkurxjk d
sdqho xqlw urrw whvw1 Xqghu wkh qxoo ri qr frlqwhjudwlrq wkh Q �uvw sulfhv duh
jhqhudwhg e|
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Khqfh/ wkh yduldeohv wkdw duh xvhg lq wkh sdqho xqlw urrw whvw duh jhqhudwhg
dffruglqj wr5
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zlwk fryduldqfh pdwul{

H
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zkhuh 
 lv wkh fryduldqfh pdwul{ iru wkh �uvw Q sulfh ohyhov dqg �5 lv wkh
fryduldqfh iru wkh Q . 4= Wkh fryduldqfh pdwul{ ehwzhhq wkh �uvw Q dqg wkh
odvw sulfh ohyho lv �= Wkh lpsruwdqw wklqj wr qrwh lv wkdw hdfk htxdwlrq ri +:,
frqwdlqv rqh frpprq udqgrp zdon ehvlghv wkh qrw frpprq rqh1

Xqghu wkh dowhuqdwlyh ri frlqwhjudwlrq wkh gdwd jhqhudwlqj surfhvv lv5
9997

%
4w

%
5w

111
%
Qw

6
:::8 @

5
9997

s
4w

� s
Q.4>w

s
5w

� s
Q.4>w

111
s
Qw

� s
Q.4>w

6
:::8 +<,

zkhuh s
Q.4>w

lv jhqhudwhg dffruglqj wr +9,1 Qrwh khuh wkdw wkhuh lv rqo| rqh
vwrfkdvwlf wuhqg gulylqj doo sulfhv1

Vrph qrwdwlrq= Wkh Eurzqldq prwlrq jhqhudwhg e| %
lw

@ s
4w

� s
Q.4>w

lv
ghqrwhg E

l

+	, @ Z
l

+	, �Z +	,
Q.4

dqg zkhq E
l

+	, lv qrupdol}hg wr kdyh
xqlw fryduldqfh pdwul{ E
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l
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= Qrwh wkdw Z
l

dqg Z
Q.4

pljkw eh
ghshqghqw1 Ixuwkhu/ $ ghqrwhv wkh olplw zkhq W $ 4=

6 Frqvhtxhqfhv iru vrph whvw

614 Ohylq dqg Olq +4<<5,

Wkh sdqho xqlw urrw whvw sursrvhg e| Ohylq dqg Olq +4<<5, lv edvhg rq wkh
uhjuhvvlrq/ l @ 4> ===> Q>
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+44,

Wkh| vkrzhg wkdw wkh w�vwdwlvwlf frqyhujhv wr d vwdqgdug qrupdo glvwulexwlrq
xqghu wkh dvvxpswlrq ri lqghshqghqw udqgrp zdonv1 Wr vhh wkh frqvhtxhqfhv lq
wkh SSS fdvh/ wkh wkuhh sduwv ri wkh w�vwdwlvwlf lv dqdo|}hg1 Iluvw lw lv reylrxv
wkdw a� lv d frqvlvwhqw hvwlpdwru ri �/ khqfh a�@� $ 4 zlwk W 1 Wkh lqqhu sduw ri
wkh ghqrplqdwru whqgv/ zlwk W> wr
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Lw lv zhoo nqrzq wkdw 4s
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nxuwrvlv wkdq zkdw zrxog eh lpsolhg e| d qrupdo glvwulexwlrq1 Wkh sduw wkdw
lq xhqfhv wkh vwdwlvwlf wkh prvw lv wkh odvw lq htxdwlrq +49,/
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615 Lp/ Shvdudq dqg Vklq +4<<:,

Zlwk qr odjv/ wkh dv|pswrwlf yhuvlrq ri wkh Lp/ Shvdudq dqg Vklq +4<<:, +LSV,
whvw lv
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Wkh yduldqfh ri �w
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616 Jurhq +5333,

Wkh sdqho xqlw urrw whvw ri Jurhq +5333, vlpxowdqhrxvo| whvwv K
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617 PfNrvnh| dqg Ndr +4<<;,

Wkh sdqho frlqwhjudwlrq whvw ri PfNrvnh| dqg Ndr +4<<;, lv hdvlo| prgl�hg wr
ehfrph d sdqho whvw iru xqlw urrwv1 Wkh OP whvw vwdwlvwlf lv
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dqg v5 lv d frqvlvwhqw hvwlpdwru ri wkh orqj uxq yduldqfh/
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Wkh sdqho whvw lv wkh vwdqgdugl}hg OP whvw vwdwlvwlf/
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zkhuh �
OP

dqg v5
OP

duh wkh h{shfwdwlrq dqg wkh yduldqfh ri wkh OP whvw
vwdwlvwlf1 Lw fdq eh vkrzq/ vhh h1j1 Vklq +4<<7,/ wkdw wkh OP whvw vwdwlvwlf lv
glvwulexwhg dv wkh txdqwlw|
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Dv vhhq iurp htxdwlrq +58, > lq wkh SSS fdvh wkh dv|pswrwlf glvwulexwlrq
zrxog eh
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vr yduldqfh zrxog eh h�hfwhg1 Li zh dvvxph wkdw doo sulfhv kdyh wkh vdph yduldqfh
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7 D Prqwh Fduor vlpxodwlrq

Wr hydoxdwh wkh frqvhtxhqfhv d vpdoo Prqwh Fduor vlpxodwlrq lv fduulhg rxw1 Iru
vlpsolflw| zh dvvxph wkdw doo yduldeohv kdyh wkh vdph yduldqfh exw zh fkdqjh wkh
fruuhodwlrq ehwzhhq wkh edvh sulfh dqg wkh rwkhu sulfhv/ � @ �3=:8>�3=58> 3> 3=58> 3=:81
Zh fkrrvh Q @ 5> 8> 43> 83> 433> 533 dqg 733= Wklv zloo doorz xv wr revhuyh zkdw
wkh vl}hv frqyhujh wr dqg krz idvw1 Wkh ohqjwk ri wkh udqgrp zdonv dssur{l0
pdwlqj wkh Eurzqldq prwlrqv lv ;33 dqg wkh qxpehu ri uhsolfdwhv lv 4333331 D
8( qrplqdo vl}h lv xvhg wkurxjkrxw1

Wkh uhvxowv ri wkh Prqwh Fduor vlpxodwlrq lv frpsxwhg lq Wdeohv +4,/ +5,
dqg +6, iru LSV/ Jurhq +5333, dqg Pfnrvnh| dqg Ndr +4<<;, uhvshfwlyho|1 Wkh
wdeohv vkrz wkh vl}hv ri wkh whvwv zkhq wkh ruljlqdo whvw surfhgxuh ehhq xvhg1
Iru wkh LSV whvw wkh phdq dqg yduldqfh xvhg duh dv|pswrwlf yhuvlrqv ri wkrvh
suhvhqwhg lq Lp/ Shvdudq dqg Vklq +4<<:,1 Diwhu vwdqgdugl}dwlrq/ wkh LSV whvw
vwdwlvwlf lv frpsduhg wr wkh Jdxvvldq glvwulexwlrq1 Wkh Ohylq dqg Olq +4<<5, lv
qrw vlpxodwhg dv wkh glvwulexwlrq lv vkrzq wr eh glyhujhqw1

Wdeohv +4,� +6, lq khuh

Wkh uhvxowv iurp wkh Prqwh Fduor vlpxodwlrq duh wkdw wkh vl}h iru orz ydoxhv
ri Q lv kdugo| h�hfwhg krzhyhu iru kljkhu ydoxhv wkh vl}h vhhpv yhu| glvwruwhg1
Wkh vl}h lv pxfk eljjhu wkdq wkh qrplqdo vl}h1 Zkhq wkh fruuhodwlrq ghfuhdvhv
iurp 31:8 wkh h�hfw rq wkh vl}h ehfrphv ixuwkhu glvwruwhg1 Lw vhhpv olnh wkh
whvw vwdwlvwlf ri Jurhq +5333, lv wkh rqh zklfk lv h�hfwhg ohdvw/ wkhq wkh rqh
sursrvhg e| PfNrvnh| dqg Ndr +4<<;,1 Wkh LSV whvw shuirupv edgo| zlwk d
vl}h ri ryhu 83( iru Q @ 733 dqg fruuhodwlrq ohvv wkdq 31:81 Iru doo wkuhh whvwv
wkh vl}h vhhpv wr vorzo| whqg wr rqh zlwk wkh qxpehu ri furvv0vhfwlrqv1

;



8 Frqfoxvlrq

Lq wklv sdshu zh kdyh vkrzq wkh frqvhtxhqfhv wr wkh glvwulexwlrq ri vrph sdqho
xqlw urrw whvw vwdwlvwlfv zkhq whvwlqj wkh SSS wkhru|1 Doo wkh whvwv lqyhvwljdwhg
duh lq xhqfhg e| d odujh h{whqw1 Lq prvw fdvhv wkh vl}h ehfrphv pxfk wr odujh/
uduho| lw lv qrw lq xhqfhg dw doo1 Wkh vl}h xvxdoo| lqfuhdvhv zlwk wkh qxpehu
ri furvv0vhfwlrqv lq wkh sdqho dqg zkhq wkh fruuhodwlrq ehwzhhq wkh edvh sulfh
ohyho dqg wkh rwkhu sulfh ohyhov ghfuhdvhv1 Wkh vlpxodwlrq vkrzv wkdw wkh vl}h
whqgv wr rqh iru doo wkh wkuhh whvw vwdwlvwlfv dowkrxjk vorzo|1

Iru sudfwlfdo sxusrvhv wkh uhvxowv ri wklv sdshu kdyh wzr pdmru lpsolfdwlrqv
zkhq whvwlqj wkh SSS k|srwkhvlv1 �uvwo|/ wkh vl}h ri d sdqho xqlw urrw whvw
lv olnho| wr eh idu iurp wkh qrplqdo1 Rqh uhdvrq iru xvlqj d sdqho whvw lv wr
lqfuhdvh wkh srzhu ri wkh whvw exw wkh lqfuhdvhg vl}h pdnhv lw gl!fxow wr mxgjh li
d uhmhfwlrq ri wkh qxoo ghshqgv rq lqfuhdvhg srzhu ru wr d wr odujh vl}h1 Vhfrqgo|/
dv wkh glvwulexwlrq khdylo| ghshqgv rq wkh fruuhodwlrq ehwzhhq wkh vwrfkdvwlf
wuhqgv/ wkhvh hvwlpdwhv duh qrw dydlodeoh1 Wkhuhiruh lq sudfwlfh lw lv yhu| gl!fxow
wr fruuhfw wkh vl}h1 Lw lv lqwhuhvwlqj wr qrwh wkdw wkh uhvxowv krog luuhvshfwlyho|
ri whvwv zlwk d qxoo ri xqlw urrw ru iru qr xqlw urrw qxoo1

Dfnqrzohgjphqwv

Ilqdqfldo vxssruw iurp Wkh Vzhglvk Irxqgdwlrq iru Lqwhuqdwlrqdo Frrshudwlrq
lq Uhvhdufk dqg Kljkhu Hgxfdwlrq +VWLQW, lv judwhixoo| dfnqrzohgjhg1 L dp
dovr Judwhixo wr Suri1 P1 K1 Shvdudq zkr dfwhg dv p| vsrqvru dw p| Srvw0Grf
vwd| lq Idfxow| ri Hfrqrplfv dqg Srolwlfv/ Xqlyhuvlw| ri Fdpeulgjh dqg wr Klqd
Fkrnv| dqg Uroi Oduvvrq iru frpphqwv1

Uhihuhqfhv
Dexdi/ Q1 dqg Mrulrq/ S1 +4<<3, Sxufkdvlqj srzhu sdulw| lq wkh orqj uxq/ Mrxuqdo
ri Ilqdqfh 77/ 48:04:81

Edqhumhh/ D1 +4<<<, Sdqho gdwd xqlw urrwv dqg frlqwhjudwlrq= Dq ryhuylhz/
R{irug Exoohwlq ri Hrqrplfv dqg Vwdwlvwlfv 94/ 93:095<1

Euhlwxqj/ M1 +4<<:, Whvwlqj iru Xqlw Urrwv lq Sdqho Gdwd Xvlqj d JPP
Dssurdfk/ Vwdwlvwlfdo Sdshuv 6;/ 586059<1

Frdnoh|/ M1 dqg Ixhuwhv/ D1 +4<<:, Qhz sdqho xqlw urrw whvwv ri SSS/ Hfr0
qrplfv Ohwwhuv 8:/ 4:0551

Fxoyhu/ V1 dqg Sdshoo/ G1 +4<<:, Lv wkhuh d xqlw urrw lq wkh lq dwlrq udwhB Hy0
lghqfh iurp vhtxhqwldo euhdn dqg sdqho gdwd prghov/ Mrxuqdo ri Dssolhg Hfrqr0
phwulfv 45/ 76807771

Iudqnho/ M1D dqg Urvh/ D1N1 +4<<9, D sdqho surmhfw rq sxufkdvlqj srzhu
sdulw|= Phdq uhyhuvlrq ehwzhhq dqg zlwklq frxqwulhv/ Mrxuqdo ri Lqwhuqdwlrqdo
Hfrqrplfv/ 73/ 53<05571

<



Iurrw/ N1D1 dqg Urjr�/ N1 +4<<8, Shuvshfwlyhv rq SSS dqg orqj0uxq h{0
fkdqjh udwhv/ lq J1 Jurvvpdq dqg N1 Urjr� +Hgv1,/ Kdqgerrn ri Lqwhuqdwlrqdo
Hfrqrpplfv/ Yro1 LLL/ Qruwk0Kroodqg/ Dpvwhugdp1

Jurhq/ M1M1M +5333, Qhz pxowl0frxqwu| hylghqfh rq sxufkdvlqj srzhu sdulw|=
Pxowlyduldwh xqlw urrw whvw uhvxowv/ Hfrqrphwulf Lqvwlwxwh Uhsruw HL 53330<2D1

Kdgul/ N1 +4<<;, Whvwlqj iru vwdwlrqdulw| lq khwhurjhqrxv sdqho gdwd/ Plphr1
Lp/ N1V1/ Shvdudq/ P1K1 dqg Vklq/ \1 +4<<:, Whvwlqj iru xqlw urrwv lq khw0

hurjhqrxv sdqhov1 Plphr/ Ghsduwphqw ri Dssolhg Hfrqrplfv/ Xqlyhuvlw| ri
Fdpeulgjh1

Mdfrevrq/ W1/ Oduvvrq/ U1/ O|kdjhq/ M1 dqg Qhvvìq/ P1 +5333, Lq dwlrq/
H{fkdqjh Udwhv dqg SSS lq d Pxowlyduldwh Sdqho Frlqwhjudwlrq Prgho/ Plphr1

Mrkdqvhq/ V1/ +4<;;, Vwdwlvwlfdo dqdo|vlv ri frlqwhjudwlqj yhfwruv/ Mrxuqdo ri
Hfrqrplf G|qdplfv dqg Frqwuro 45/ 56405871

Oduvvrq/ U1/ O|kdjhq/ M1 dqg Oùwkjuhq/ P1 +4<<;, Olnholkrrg0edvhg frlqwh0
judwlrq whvwv lq khwhurjhqhrxv sdqhov/ Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg
Ilqdqfh Qr 583/ Vwrfnkrop Vfkrro ri Hfrqrplfv1

Ohylq/ D1 dqg Olq/ F1I1 +4<<5, Xqlw urrw whvwv lq sdqho gdwd= Dv|psrwlf dqg
�qlwh vdpsoh surshuwlhv/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Fdoliruqld dw
Vdq Glhjr/ Glvfxvvlrq Sdshu Qr1 <50<61

Ohylq/ D1 dqg Olq/ F1I1 +4<<6, Xqlw urrw whvwv lq sdqho gdwd= Qhz uhvxowv/
Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Fdoliruqld dw Vdq Glhjr/ Glvfxvvlrq
Sdshu Qr1 <60891

PdfGrqdog/ U1 +4<<9, Sdqho xqlw urrw whvwv dqg uhdo h{fkdqjh udwhv/ Hfr0
qrplfv Ohwwhuv 83/ :0441

Pdggdod/ J1V1 dqg Zx/ V1 +4<<<, D Frpsdudwlyh Vwxg| ri Xqlw Urrw Whvwv
zlwk Sdqho Gdwd dqg d Qhz Vlpsoh Whvw/ R{irug Exoohwlq ri Hrqplfv dqg Vwdwlv0
wlfv 94/ 96409851

PfNrvnh|/ V1 dqg Ndr/ F1 +4<<;, D uhvlgxdo0edvhg whvw iru wkh qxoo ri
frlqwhjudwlrq lq sdqho gdwd1 Hfrqrphwulf Uhylhzv 4:/ 8:0;71

R*Frqqhoo/ S +4<<;, Wkh ryhuydoxdwlrq ri sxufkdvlqj srzhu sdulw|/ Mrxuqdo
ri Lqwhuqdwlrqdo Hfrqrplfv 77/ 404<1

Rk/ N1\1 +4<<9, Sxufkdvlqj srzhu sdulw| dqg xqlw urrw whvwv xvlqj sdqho
gdwd/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh 48/ 738074;1

Sdshoo/ G1K1 +4<<:, Vhdufklqj iru vwdwlrqdulw|= Sxufkdvlqj srzhu sdulw| xq0
ghu wkh fxuuhqw  rdw/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 76/ 64606651

Skloolsv/ S1F1E1 dqg Prrq/ K1U1 +4<<<, Olqhdu Uhjuhvvlrq Olplw Wkhru| iru
Qrqvwdwlrqdu| Sdqho Gdwd/ Hfrqrphwulfd 9:/ 438:044451

Txdk/ G1 +4<<7, H{sorlwlqj furvv0vhfwlrq yduldwlrqv iru xqlw urrw lqihuhqfh
lq g|qdplf gdwd/ Hfrqrplfv Ohwwhuv 77/ <04<1

Vkloohu1 U1 dqg Shurq/ S1 +4<;8, Whvwlqj wkh udqgrp zdon k|srwkhvlv= Srzhu
yhuvxv iuhtxhqf| ri revhuydwlrq/ Hfrqrplfv Ohwwhuv 4;/ 407;1

Vklq/ \1 +4<<7, D uhvlgxdo0edvhg whvw iru frlqwhjudwlrq/ Hfrqrphwulf Wkhru|
43/ <404481

Zx/ \1 +4<<9, Duh uhdo h{fkdqjh udwh vwdwlrqdu|B Hylghqfh iurp d sdqho
gdwd whvw/ Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj 5;/ 870961

43



Wdeohv

�qQ 5 8 43 83 433 533 733
31:8 313647 313657 313684 313939 313;<< 3146<8 315496
3158 313663 31377; 313985 3155:4 316897 317:4< 3185<<
3 313683 313896 313<<4 31667: 3177:< 3184<6 318868
03158 313739 313:<4 3147;< 31743< 317;59 31864< 318895
031:8 313944 3149:6 315;3; 31783; 317;;: 318467 31856;

Wdeoh 4= Vl}h ri wkh LSV whvw zkhq whvwlqj iru SSS1

�qQ 5 8 43 83 433 533 733
31:8 3137;3 3137:4 3137;; 313869 313977 313:77 313<68
3158 313834 313849 313883 31434< 314788 3153:9 3159;9
3 313839 31389; 3139;7 31475; 31537; 315:35 3164:4
03158 31386< 313973 313<35 314<6; 3158;7 3163:9 316676
031:8 3139:4 3143;: 314967 315:64 31638; 316636 3165<<

Wdeoh 5= Vl}h ri wkh Jurhq +5333, whvw zkhq whvwlqj iru SSS1

�qQ 5 8 43 83 433 533 733
31:8 313769 313747 3136<9 313:48 314375 314859 314:97
3158 31383: 313959 313;45 314954 315339 31575< 31586:
3 313874 313:7: 314337 314<3; 31557; 315947 3159<4
03158 313935 313;;4 3144<8 3153;: 315746 315:38 315;43
031:8 313:45 314487 31485; 315685 315949 315;73 315<67

Wdeoh 6= Vl}h ri wkh PfNrvnh| dqg Ndr +4<<;, OP whvw zkhq whvwlqj iru SSS1
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