
D Jdxvv surjudp iru wkh hvwlpdwlrq ri
glvfuhwh fkrlfh g|qdplf surjudpplqj prghov
xvlqj d Qhvwhg Svhxgr Olnholkrrg dojrulwkp

Ylfwru Djxluuhjdeluld
Ervwrq Xqlyhuvlw|

Vhswhpehu 5334

Devwudfw

Wklv sdshu ghvfulehv d Jdxvv surjudp iru wkh hvwlpdwlrq ri glvfuhwh fkrlfh
g|qdplf surjudpplqj prghov xvlqj wkh Qhvwhg Svhxgr Olnholkrrg dojrulwkp lq
Djxluuhjdeluld dqg Plud +5335,1 Lw glvfxvvhv vhyhudo hfrqrphwulf dqg frpsx0
wdwlrqdo lvvxhv lq wkh lpsohphqwdwlrq ri wkh dojrulwkp/ dqg looxvwudwhv wkh xvh
ri wkh surjudp zlwk vhyhudo h{dpsohv xvlqj erwk dfwxdo dqg vlpxodwhg gdwd1

Nh|zrugv= glvfuhwh fkrlfh/ g|qdplf surjudpplqj/ hvwlpdwlrq/ vlpxodwlrq1

4 Lqwurgxfwlrq

Wkh hvwlpdwlrq ri glvfuhwh fkrlfh g|qdplf surjudpplqj prghov kdv ehhq rqh ri wkh

prvw dfwlyh uhvhdufk duhdv lq plfur0hfrqrphwulfv gxulqj wkh odvw wzr ghfdghv14 D

pdmru frqwulexwlrq lq Uxvw +4<;:, zdv wr lqwurgxfh wkh Qhvwhg Il{hg Srlqw dojrulwkp

+QI[S, wr rewdlq pd{lpxp olnholkrrg hvwlpdwhv ri vwuxfwxudo sdudphwhuv lq wkhvh

prghov1 Krw} dqg Ploohu +4<<6, sursrvhg d vlpsohu hvwlpdwru wkdq QI[S iru wklv

fodvv ri sureohpv1 Krw}0Ploohu hvwlpdwru +ru Frqglwlrqdo Fkrlfh Suredelolwlhv/ FFS/

hvwlpdwru, lv d wzr0vwdjh surfhgxuh wkdw surylghv frqvlvwhqw dqg dv|pswrwlfdoo| qru0

pdo hvwlpdwhv ri vwuxfwxudo sdudphwhuv zlwkrxw kdylqj wr ixoo| vroyh wkh g|qdplf

surjudpplqj sureohp1 Suhylrxv frqyhqwlrqdo zlvgrp zdv wkdw wkh FFS hvwlpdwru

4Iru vxuyh|v ri wklv olwhudwxuh vhh Hfnvwhlq dqg Zroslq +4<;<,/ Sdnhv +4<<7,/ Uxvw +4<<7d/ 4<<7e,
Zroslq +4<<9,/ dqg Ploohu +4<<:,1
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dfklhyhg d vljql�fdqw frpsxwdwlrqdo jdlq dw wkh h{shqvh ri h!flhqf|/ erwk lq �qlwh

vdpsohv dqg dv|pswrwlfdoo|1

Lq Djxluuhjdeluld dqg Plud +5335, zh sursrvh dq hvwlpdwlrq surfhgxuh/ wkh Qhvwhg

Svhxgr Olnholkrrg +QSO, dojrulwkp/ zklfk eulgjhv wkh jds ehwzhhq wkhvh wzr suhyl0

rxv hvwlpdwlrq vwudwhjlhv1 Zkhq wkh QSO dojrulwkp lv lqlwldol}hg zlwk frqvlvwhqw

+qrq0sdudphwulf ru vhpl0sdudphwulf, hvwlpdwhv ri frqglwlrqdo fkrlfh suredelolwlhv/

vxffhvvlyh lwhudwlrqv uhwxuq d vhtxhqfh ri hvwlpdwruv ri wkh vwuxfwxudo sdudphwhuv

zklfk zh fdoo g�vwdjh Srolf| Lwhudwlrq hvwlpdwruv +SLH,1 Wklv idplo| lqfoxghv dv

h{wuhph fdvhv d sduwlfxodu FFS hvwlpdwru +iru g ' �, dqg Uxvw*v QI[S hvwlpdwru

+lq wkh olplw dv wkh dojrulwkp frqyhujhv,1 Frqwudu| wr suhylrxv frqyhqwlrqdo zlvgrp/

zh vkrz wkdw wkh dv|pswrwlf glvwulexwlrq ri doo wkh hvwlpdwruv lq wkh vhtxhqfh lv wkh

vdph dqg htxdo wr wkdw ri wkh pd{lpxp olnholkrrg hvwlpdwru1 Zkhq wkh dojrulwkp lv

lqlwldol}hg zlwk duelwudu| frqglwlrqdo fkrlfh suredelolwlhv +l1h1/ qrw qhfhvvdulo| frqvlv0

whqw hvwlpdwhv, lw dovr uhwxuqv xsrq frqyhujhqfh wkh QI[S hvwlpdwru1 Lq d qxphulfdo

h{dpsoh edvhg rq Uxvw*v exv uhsodfhphqw prgho/ zh irxqg wkdw zkhq xvlqj duelwudu|

lqlwldo suredelolwlhv QSO surgxfhv pd{lpxp olnholkrrg hvwlpdwhv 8 wr 48 wlphv idvwhu

wkdq QI[S1 Zkhq wkh dojrulwkp lv lqlwldol}hg zlwk qrqsdudphwulf hvwlpdwhv ri fkrlfh

suredelolwlhv/ wkh frpsxwdwlrqdo jdlqv uhodwlyh wr QI[S duh pxfk odujhu1 Iru wklv

sduwlfxodu dssolfdwlrq/ zh �qg wkdw wkh jdlqv lq whupv ri �qlwh vdpsoh surshuwlhv ri

xvlqj wkh 50vwdjh SL hvwlpdwru lqvwhdg ri wkh 40vwdjh hvwlpdwru +Krw}0Ploohu, duh yhu|

vljql�fdqw/ exw dgglwlrqdo jdlqv e| xvlqj wkh PO hvwlpdwru lqvwhdg ri 50vwdjh SL duh

vpdoo1

Wklv sdshu ghvfulehv lq pruh ghwdlo vhyhudo frpsxwdwlrqdo dqg hfrqrphwulf lvvxhv

dvvrfldwhg zlwk wkh QSO dojrulwkp/ dv zhoo dv d Jdxvv surjudp wkdw lpsohphqwv

wklv dojrulwkp iru d fodvv ri pxowlqrpldo g|qdplf surjudpplqj prghov15 Dowkrxjk

QSO lv dq dojrulwkp iru d jhqhudo fodvv ri g|qdplf surjudplqj prghov/ wklv sdshu

frqfhqwudwhv lq wkh sduwlfxodu vxefodvv ri prghov iru zklfk wkh frgh kdv ehhq zulwwhq1

Wklv vxefodvv lv d g|qdplf surjudpplqj yhuvlrq ri PfIdgghq frqglwlrqdo orjlw prgho

+vhh PfIdgghq/ 4<;7/ ss1 474404746,1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh prgho dqg

5Wkh frgh/ dqg ixwxuh xsjudghv/ fdq eh irxqg dw kwws=22shrsoh1ex1hgx2ydjxluuh2surjudpv2qso1kwpo1
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wkh gl�huhqw hvwlpdwlrq phwkrgv/ l1h1/ QI[S/ FFS dqg QSO1 Vhfwlrq 6 ghvfulehv

wkh JDXVV frgh dqg srvvleoh prgl�fdwlrqv dqg h{whqvlrqv ri wklv frgh1 Ilqdoo|/ L

suhvhqw wzr dssolfdwlrqv zlwk dfwxdo gdwd lq vhfwlrq 71

5 Prgho dqg hvwlpdwlrq phwkrgv

514 Hfrqrphwulf prgho

Wlph lv glvfuhwh dqg lqgh{hg e| |1 Dw hdfk shulrg | dq djhqw revhuyhv wkh yhfwru ri

vwdwh yduldeohv r| dqg kh fkrrvhv dq dfwlrq @| 5 � ' i�c 2c ���c aj lq rughu wr pd{lpl}h

wkh h{shfwhg vxp ri fxuuhqw dqg ixwxuh sd|r�v glvfrxqwhg e| q 5 Efc ��=

.

5
7
"[
�'f

q� �E@|n�c r|n�� m @|c r|

6
8 +4,

zkhuh �E@|c r|� uhsuhvhqwv sd|r� ru xwlolw| dw shulrg |1 Iurp wkh srlqw ri ylhz ri

wkh revhuylqj uhvhdufkhu wkhuh duh wzr w|shv ri vwdwh yduldeohv/ r| ' E%|c 0|�1 Wkh

yhfwru %| lv revhuydeoh wr wkh hfrqrphwulfldq/ dqg lw kdv d glvfuhwh dqg �qlwh vxssruw/

%| 5 f ' i%�c ���c %�j16 Wkh yhfwru ri vwdwh yduldeohv 0| lv xqrevhuydeoh wr wkh

uhvhdufkhu/ lw kdv a frpsrqhqwv/ i0@| G @ 5 �j/ dqg hdfk ri wklv frpsrqhqwv lv d

frqwlqxrxv udqgrp yduldeoh/ zlwk vxssruw wkh uhdo olqh/ dqg zlwk frqwlqxrxv dqg

wzlfh gl�huhqwldeoh glvwulexwlrq ixqfwlrq1

Wkh sd|r� ixqfwlrq �E@|c %|c 0|� lv dgglwlyho| vhsdudeoh lq wkh revhuydeoh dqg xq0

revhuydeoh frpsrqhqwv/ dqg pxowlsolfdwlyho| vhsdudeoh lq %| dqg wkh vwuxfwxudo sdud0

phwhuv lq suhihuhqfhv1 Pruh vshfl�fdoo|/

�E@c %|c 0|� ' 5@E%|� kn 0@| +5,

zkhuh k lv d g � � yhfwru ri vwuxfwxudo sdudphwhuv/ dqg 5@E%|� lv d � �g yhfwru ri

ixqfwlrqv ri %|1 Wkh xqrevhuydeohv i0@| G @ 5 �j duh lqghshqghqwo| dqg lghqwlfdoo|

glvwulexwhg ryhu wlph dqg ryhu fkrlfh dowhuqdwlyhv zlwk d H{wuhph ydoxh glvwulexwlrq

zlwk phdq }hur dqg glvshuvlrq j1 Wkhuhiruh/ wkh vshfl�fdwlrq ri fxuuhqw xwlolw| lv wkh

rqh lq PfIdgghq*v Frqglwlrqdo Orjlw prgho +vhh PfIdgghq/ 4<;7,1 Wkh prgho lq

wklv sdshu lv d g|qdplf surjudpplqj yhuvlrq ri PfIdgghq*v Frqglwlrqdo Orjlw1

6
Wkh yhfwru ri vwdwh yduldeohv {w pd| frqwdlq odjjhg ydoxhv ri wkh ghflvlrq yduldeoh/ h1j1/ dw�41
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Zkhq wkh djhqw pdnhv klv ghflvlrq dw shulrg | kh kdv xqfhuwdlqw| derxw ixwxuh

ydoxhv ri % dqg 01 Klv eholhiv derxw xqfhuwdlq ixwxuh vwdwhv fdq eh uhsuhvhqwhg e| d

Pdunry wudqvlwlrq suredelolw| RE%|n�c 0|n�m%|c 0|c @|�/ zklfk idfwruv dv +l1h1/ frqglwlrqdo

lqghshqghqfh dvvxpswlrq,7

RE%|n�c 0|n� m %|c 0|c @|� ' }jE0|n�� sBE%|n�m%|c @|� +6,

zkhuh }j lv wkh ghqvlw| ri 0|/ dqg sB lv wkh frqglwlrqdo fkrlfh wudqvlwlrq suredelolw|

ri %|/ wkdw ghshqgv rq wkh yhfwru ri sdudphwhuv B1

Jlyhq wkhvh dvvxpswlrqv/ wkh prgho lv d vwdwlrqdu| Pdunry ghflvlrq sureohp zlwk

vwdwh yduldeohv %| dqg 0|1 Ohw w � ikc jc Bc qj eh wkh yhfwru zlwk wkh vwuxfwxudo sdud0

phwhuv ri wkh prgho/ dqg ohw �wE%|c 0|� eh wkh ydoxh ixqfwlrq1 E| Ehoopdq*v sulqflsoh

ri rswlpdolw|/ �w lv wkh xqltxh �{hg srlqw ri wkh iroorzlqj frqwudfwlrq pdsslqj/

�wE%|c 0|� ' 4@ 
@M�

;?
=5@E%|� kn 0@| n q

[
%|n�

sBE%|n�m%|c @�
]
�wE%|n�c 0|n�� }jE_0|n��

<@
>
+7,

Dqg wkh rswlpdo ghflvlrq uxoh @WwE%|c 0|� fdq uhsuhvhqwhg dv wkh duj pd{ lq @ ri wkh

whup lq eudfnhwv lq suhylrxv htxdwlrq1

Iru wkh ghvfulswlrq ri wkh hfrqrphwulf prgho lw lv frqyhqlhqw wr gh�qh yhuvlrqv

ri �wE%|c 0|� dqg @W
w
E%|c 0|� zklfk duh lqwhjudwhg ryhu wkh xqrevhuydeohv 0|1 Gh�qh

wkh lqwhjudwhg ydoxh ixqfwlrq TwE%|� �
U
�wE%|c 0|�}jE_0|�1 Wdnlqj lqwr dffrxqw wklv

gh�qlwlrq dqg wkh suhylrxv Ehoopdq htxdwlrq/ lw lv fohdu wkdw=

TwE%|� '
]
4@ 
@M�

;?
=5@E%|� kn 0@| n q

[
%|n�

sBE%|n�m%|c @� TwE%|n��

<@
> }jE_0|�c +8,

Wkh uljkw0kdqg vlgh ri wklv htxdwlrq lv d frqwudfwlrq pdsslqj lq wkh lqwhjudwhg ydoxh

ixqfwlrq/ dqg wkhuhiruh Tw lv wkh xqltxh �{hg srlqw ri wklv pdsslqj1 Gh�qh dovr wkh

lqwhjudwhg rswlpdo ghflvlrq uxohv/ ru frqglwlrqdo fkrlfh suredelolwlhv +FFSv,/ � @

w
E%|� �

U
Ui@W

w
E%|c 0|� ' @j}jE_0|� ' �hE@| ' @m%|( w�1 Wkhvh suredelolwlhv duh wkh exloglqj

eorfnv ri dq| hvwlpdwlrq surfhgxuh1 Jlyhq wkdw wkh xqrevhuydeohv duh h{wuhph ydoxh

7Vhh Uxvw +4<<7d/ 4<<7e, iru glvfxvvlrqv derxw wkh frqglwlrqdo lqghshqghqfh dvvxpswlrq1
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glvwulexwhg/ wkh FFSv kdyh wkh iroorzlqj irup=

� @

w
E%|� '

i T

;?
=5@E%|�

k

j
n

q

j

[
%|n�

sBE%|n�m%|c @� TwE%|n��

<@
>

[a

�'�
i T

;?
=5�E%|�

k

j
n

q

j

[
%|n�

sBE%|n�m%|c �� TwE%|n��

<@
>

+9,

Htxdwlrqv +8, dqg +9, ghvfuleh wkh hfrqrphwulf prgho1 Iru dq| yhfwru ri vwuxfwxudo

sdudphwhuv w wkh vroxwlrq ri Ehoopdq htxdwlrq +8, surylghv wkh yhfwru ri rswlpdo ydo0

xhv Tw1 Jlyhq wkhvh ydoxhv lw lv srvvleoh wr rewdlq fkrlfh suredelolwlhv xvlqj htxdwlrq

+9,1

Wkh QSO hvwlpdwlrq dojrulwkp h{sorlwv vhyhudo surshuwlhv ri wkh srolf| lwhudwlrq

rshudwru dvvrfldwhg zlwk wkh lqwhjudwhg Ehoopdq htxdwlrq +8,1 Ohw � ' i� @E%|� G

%| 5 f( @ 5 �j eh dq duelwudu| yhfwru ri frqglwlrqdo fkrlfh suredelolwlhv1 Wkh srolf|

lwhudwlrq rshudwru lv d �{hg srlqw pdsslqj lq wkh vsdfh ri � / l1h1/ lw pdsv yhfwruv ri

FFSv lqwr yhfwruv ri FFSv18 Ohw [wE� � � i[@
wE%|(� � G %| 5 f( @ 5 �j eh wklv srolf|

lwhudwlrq rshudwru1 Zkhq xqrevhuydeohv duh h{wuhph ydoxh glvwulexwhg wklv rshudwru

kdv wkh iroorzlqj forvhg irup=

[@
wE%|(� � '

i T
�
�5@E%|(�c B�

k

j
n �e@E%|(�c B�

�

[a

�'�
i T

�
�5�E%|(�c B�

k

j
n �e�E%|(�c B�

� +:,

��eoe G �5@E%|(�c B� ' 5@E%|� n q
[
%|n�

sBE%|n�m%|c @� `5E%|n�(�c B�(

�e@E%|(�c B� ' q
[
%|n�

sBE%|n�m%|c @� `eE%|n�(�c B�

`5E�c B� � i`5E%(�c B� G % 5 fj lv d � �g pdwul{/ dqg `eE�c B� � i`eE%(�c B� G

% 5 fj lv d � � � yhfwru zlwk wkh iroorzlqj gh�qlwlrqv=

`5E�c B� '
�
U � q

[a

@'�
� @ � 8 @

B

�
3� �[a

@'�
� @ � ~@

�
(

`eE�c B� '
�
U � q

[a

@'�
� @ � 8 @

B

�
3� �[a

@'�
� @ � E.�,eo � *?E� @��

�
(

+;,

8Lq jhqhudo/ d srolf| lwhudwlrq rshudwru lv d �{hg srlqw pdsslqj lq wkh vsdfh ri ghflvlrq uxohv1
Lq rxu fdvh/ frqglwlrqdo fkrlfh suredelolwlhv fdq eh lqwhusuhwhg dv wkh ghflvlrq uxohv dvvrfldwhg zlwk
wkh lqwhjudwhg Ehoopdq htxdwlrq +vhh Djxluuhjdeluld dqg Plud/ 5335,1
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zkhuh � lv wkh hohphqw0e|0hohphqw +ru Kdgdpdug, surgxfw> i8 @

B
G @ 5 �j duh wkh

� � � pdwulfhv ri wudqvlwlrq suredelolwlhv zlwk sBE%
6

�

m%6c @� dw srvlwlrq E6c6��>

dqg i~@ G @ 5 �j duh wkh � �g pdwulfhv zlwk 5@E%
6� dw wkh 6� |� urz�

Wklv pdsslqj kdv d fohdu lqwhusuhwdwlrq1 Iluvw/ `5E%(�c B� lv wkh h{shfwhg dqg

glvfrxqwhg ydoxh ri wkh vwuhdp ri ixwxuh 5�r surylghg wkdw wkh djhqw ehkdyhv dffruglqj

wr fkrlfh suredelolwlhv lq � 1 `eE%(�c B� kdv d vlplodu lqwhusuhwdwlrq= lw lv wkh h{shfwhg

dqg glvfrxqwhg ydoxh ri wkh vwuhdp ri ixwxuh 0�r jlyhq wkdw wkh djhqw ehkdyhv dffruglqj

wr � 1 Wkhuhiruh/`5E�c B�n`eE�c B� lv wkh yhfwru ri lqwhjudwhg ydoxhv dvvrfldwhg zlwk

iroorzlqj d ghflvlrq uxoh zlwk yhfwru ri suredelolwlhv � / l1h1/ lw lv d srolf| ydoxdwlrq

rshudwru1 Iru wkh vdph uhdvrq/

�5@| kn �e@| ' 5@E%|� n
[
%|n�

sBE%|n�m%|c @� d`5E%|n�(�c B� n`eE%|n�(�c B�o

lv wkh ydoxh ri fkrrvlqj dowhuqdwlyh @ wrgd| jlyhq wkdw lq wkh ixwxuh ghflvlrqv zloo

eh pdgh dffruglqj wr � 1 Jlyhq wkh frqglwlrqdo fkrlfh ydoxhv i�5@|k n �e@| G @ 5

�j/ wkh rswlpdo fxuuhqw ghflvlrq +l1h1/ srolf| lpsuryhphqw rshudwru, lv wr fkrrvh wkh

dowhuqdwlyh zlwk wkh pd{lpxp ydoxh �5@|k n �e@|1 Wkh fkrlfh suredelolwlhv dvvrfldwhg

zlwk wklv ghflvlrq uxoh duh i Ti�5@|k n �e@|j
�[a

�'�
i Ti�5�|kn �e�|j

�
3�

1 Wkhuhiruh/ wkh

pdsslqj [w lv wkh frpsrvlwh ri d srolf| ydoxdwlrq rshudwru dqg d srolf| lpsuryhphqw

rshudwru1 Wkh iroorzlqj duh vrph lpsruwdqw surshuwlhv ri wkh pdsslqj [w1

SURSRVLWLRQV 405 +Djxluuhjdeluld dqg Plud/ 5335,= Jlyhq dgglwlyh vhsdudelolw|

ri �E@c %c 0� lq % dqg 0/ dqg wkh frqglwlrqdo lqghshqghqfh dvvxpswlrq/ zh kdyh wkdw

iru dq| yhfwru w= +d, [w lv d frqwudfwlrq pdsslqj> +e, �w lv wkh xqltxh �{hg srlqw ri

wklv pdsslqj> +f, [w lv wkh srolf| lwhudwlrq rshudwru +ru Qhzwrq rshudwru, dvvrfldwhg

zlwk Ehoopdq htxdwlrq +8,> dqg +g, wkh Mdfreldq pdwul{ Y[w*Y� lv }hur dw wkh �{hg

srlqw �w1

Wkh pdlq frpsxwdwlrqdo frvw lq wkh hydoxdwlrq ri [w frphv iurp wkh frpsxwdwlrq

ri `5E�c B� dqg `eE�c B�/ dqg pruh vshfl�fdoo| iurp wkh lqyhuvlrq ri pdwul{ U � q
[a

@'�
� @ � 8 @

B 1 Wkh frpsxwdwlrqdo jdlqv dvvrfldwhg zlwk QSO dojrulwkp dqg Sro0

lf| Lwhudwlrq hvwlpdwruv uhvxow iurp dyrlglqj uhshdwhg frpsxwdwlrq ri `5E�c B� dqg

`eE�c B� gxulqj wkh hydoxdwlrq ri wkh +svhxgr, olnholkrrg ixqfwlrq1
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515 Hvwlpdwlrq

Frqvlghu wkdw wkh gdwd vhw frqvlvwv ri d sdqho ri lqglylgxdov zlwk lqirupdwlrq rq

wkhlu dfwlrqv dqg revhuydeoh vwdwh yduldeohv dw gl�huhqw shulrgv ri wlph= i%�|c @�| G

� ' �c 2c ���c � ( | ' �c 2c ���c Aj1 Zh duh lqwhuhvwhg lq wkh hvwlpdwlrq ri wkh yhfwru

ri vwuxfwxudo sdudphwhuv w1 Frqvlvwhqw hvwlpdwhv ri B fdq eh rewdlqhg pd{lpl}lqj

wkh sduwldo olnholkrrg
S�

�'�

SA3�
|'� *? sBE%�c|n�m%�|c @�|�1 Wklv hvwlpdwlrq ri B grhv qrw

uhtxluh rqh wr vroyh wkh Pdunry ghflvlrq prgho1 L frqfhqwudwh khuh lq wkh hvwlpdwlrq

ri wkh uhvw ri wkh vwuxfwxudo sdudphwhuv wdnlqj dv jlyhq d frqvlvwhqw hvwlpdwh ri B1

Ixuwkhupruh/ L dgrsw wkh qrupdol}dwlrq j ' �/ dqg wdnh dv nqrzq wkh glvfrxqw idfwru

q1 Wkhuhiruh/ wkh yhfwru ri sdudphwhuv wr hvwlpdwh lv k1 Iru qrwdwlrqdo vlpsolflw| L

rplw B dv dq dujxphqw lq � dqg [1

Wkh +sduwldo, orj0olnholkrrg ixqfwlrq iru wklv prgho dqg gdwd lv/

,Ek� '
�[

�'�

A[

|'�

a[

�'�

Ui@�| ' �j *?� �
kE%�|� +<,

zkhuh/ iru dq| yhfwru k/ �k ' i� �
kE%� G � 5 �(% 5 fj lv wkh xqltxh �{hg srlqw

ri wkh pdsslqj [k1 Iru dq duelwudu| yhfwru ri suredelolwlhv � / gh�qh wkh svhxgr

orj0olnholkrrg ixqfwlrq/

�,Ek(� � '
�[

�'�

A[

|'�

a[

�'�

Ui@�| ' �j *?[�
kE%|(� � +43,

51514 Qhvwhg svhxgr0olnholkrrg +QSO, dojrulwkp

Vwduw zlwk dq lqlwldo jxhvv iru wkh frqglwlrqdo fkrlfh suredelolwlhv/ � f 5 dfc �o�a 1 Dw

lwhudwlrq g � �/ dsso| wkh iroorzlqj vwhsv=

Vwhs 4= Rewdlq wkh pdwul{`5E�
g3�� dqg wkh yhfwru`eE�

g3��1 Iru hdfk

vdpsoh ydoxh ri %�| rewdlq �5g3�@c�| ' 5@E%�|�nq
[

%�

sBE%
�m%�|c @�`5E%

�(�g3��/

dqg �eg3�

@c�| ' q
[

%�

sBE%
�m%�|c @�`eE%

�(�g3��1

Vwhs 5= Jlyhq i�5g3�

@c�| j dqg i�eg3�

@c�| j rewdlq d svhxgr pd{lpxp olnholkrrg hv0

wlpdwh ri k/ e| pd{lpl}lqj wkh svhxgr orj0olnholkrrg ixqfwlrq �,Ek(�g3��1

Wkdw lv/ hvwlpdwh d frqglwlrqdo orjlw prgho zlwk h{sodqdwru| yduldeohv

:



i�5g3�

@c�| j dqg i�eg3�

@c�| j/ zkhuh wkh sdudphwhu dvvrfldwhg zlwk i�eg3�

@c�| j lv uh0

vwulfwhg wr eh rqh1 Fdoo kg wr wklv hvwlpdwru1

Vwhs 6= Xsgdwh � xvlqj wkh hvwlpdwhg suredelolwlhv lq Vwhs 5= �g '

i� @cgE%� G @ 5 �(% 5 fj/ zkhuh

� @cgE%� '
i T

q
�5@E%(�

g3�� kg n �e@E%(�
g3��

r

[a

�'�
i T i �5�E%|(�g3�� kg n �e�E%|(�g3�� j

Lwhudwh lq g xqwlo frqyhujhqfh lq � +ru k, lv uhdfkhg1

Qrwlfh wkdw dw Vwhs 5 wkh ydoxhv i�5g3�

@c�| j dqg i�eg3�

@c�| j duh jlyhq/ dqg wkhuhiruh wkh

hydoxdwlrq ri wkh svhxgr orj0olnholkrrg ixqfwlrq +dqg ri lwv judglhqw dqg Khvvldq,

grhv qrw uhtxluh uhshdwhg frpsxwdwlrq ri `5 dqg `e1 Ixuwkhupruh/ wkh svhxgr orj0

olnholkrrg ixqfwlrq lv joredoo| frqfdyh lq k/ zklfk lq jhqhudo lw lv qrw wkh fdvh iru wkh

orj0olnholkrrg ixqfwlrq1

SURSRVLWLRQ 6= +Djxluuhjdeluld dqg Plud/ 5335, Li QSO frqyhujhv lw grhv vr wr d

urrw ri wkh olnholkrrg htxdwlrqv1

51515 Srolf| Lwhudwlrq +SL, hvwlpdwruv

Jlyhq rxu vdpsoh dqg prgho/ lw lv srvvleoh wr lghqwli| qrqsdudphwulfdoo| wkh wuxh

+srsxodwlrq, frqglwlrqdo fkrlfh suredelolwlhv �
W
' i�hE@�| ' @m%�| ' %� G @ 5 �(% 5

fj1 Wkhuhiruh/ lqvwhdg ri xvlqj dq duelwudu| yhfwru � f/ zh fdq lqlwldol}h wkh QSO

dojrulwkp xvlqj d frqvlvwhqw hvwlpdwru ri �
W
1 Shuiruplqj rqh/ wzr dqg lq jhqhudo g

lwhudwlrqv ri wkh QSO dojrulwkp |lhogv d vhtxhqfh i	k�c 	k2c ���c 	kgj ri vwdwlvwlfv zklfk

fdq eh xvhg dv hvwlpdwruv ri k1 Wkhvh duh wkh Srolf| Lwhudwlrq +SL, hvwlpdwruv1

SURSRVLWLRQ 7 +Djxluuhjdeluld dqg Plud/ 5335,= Xqghu wkh uhjxodulw| frqglwlrqv

iru wkh frqvlvwhqf| dqg dv|pswrwlf qrupdolw| ri wkh pd{lpxp olnholkrrg hvwlpdwru/

hyhu| SL hvwlpdwru lv urrw0q0frqvlvwhqw/ dv|pswrwlfdoo| qrupdo/ dqg dv|pswrwlfdoo|

htxlydohqw wr wkh +sduwldo, pd{lpxp olnholkrrg hvwlpdwru1

Wkh dv|pswrwlf glvwulexwlrq ri doo wkh SL hvwlpdwruv lv wkh vdph dqg htxdo wr

wkh rqh ri wkh pd{lpxp olnholkrrg hvwlpdwru1 Wkhuhiruh/ dv orqj dv lqlwldo hvwlpdwhv

ri FFSv duh frqvlvwhqw/ wkh suhflvlrq ri wkhvh lqlwldo hvwlpdwhv grhv qrw d�hfw wkh

;



dv|pswrwlf suhflvlrq ri wkh SL hvwlpdwruv1 Krzhyhu/ lw vhhpv uhdvrqdeoh wr eholhyh

wkdw lw zloo d�hfw wkhlu �qlwh vdpsoh surshuwlhv1

Lq sulqflsoh/ zh fdq xvh d qrqsdudphwulf nhuqho hvwlpdwru wr rewdlq lqlwldo frqvlv0

whqw hvwlpdwhv ri FFSv1 Krzhyhu/ vlqfh wkh prgho lv ixoo| sdudphwulf/ zh nqrz wkh

glvwulexwlrq ri wkh xqrevhuydeohv1 Wkdw lv/ zh nqrz wkdw wkh wuxh fkrlfh suredelolwlhv

kdyh wkh iroorzlqj irup=

� @
W
E%�|� '

i T i}W@E%�|�j[a

�'�
i T i}W@E%�|�j

zkhuh }W@E%�|� ' �5W@E%�|�k
W n �eW@E%�|� duh yhfwruv ri xqnqrzq ixqfwlrqv ri %�|1 Wklv lv

vhplsdudphwulf prgho iru @�| frqglwlrqdo rq %�|/ dqg lw lv srvvleoh wr rewdlq frqvlv0

whqw hvwlpdwhv ri FFSv xvlqj d sro|qrpldo vhulhv vhplsdudphwulf hvwlpdwru1 Gh�qh

� @
� E%�|� � i T i�E%�|�

��@�j
�[a

�'�
i T i�E%�|�

��@j
�
3�

/ zkhuh �E%�|� lv d yhfwru ri sro|0

qrpldo whupv lq %�| +l1h1/ olqhdu whupv/ txdgudwlf/ hwf,/ dqg �@ lv d yhfwru ri xqnqrzq

sdudphwhuv1 Wklv lv d vwdqgdug pxowlqrpldo orjlw prgho zlwk yhfwru ri h{sodqdwru|

yduldeohv �E%�|�� Hvwlpdwhv ri wkh sdudphwhuv i�@j fdq eh rewdlqhg e| pd{lpxp

olnholkrrg1 Vroylqj wkhvh hvwlpdwhv lq � @
� E%�|� surylghv d frqvlvwhqw vhplsdudphwulf

hvwlpdwh ri � @
W
E%�|�1

6 Jdxvv surjudp dqg surfhgxuhv

Wkh vriwzduh sdfndjh iru wkh lpsohphqwdwlrq ri QSO dqg SL hvwlpdwlrq frqvlvwv ri d

pdlq surjudp NSLH1SUJ dqg vhyhudo surfhgxuhv zklfk duh fdoohg e| wklv surjudp1

L ghvfuleh khuh wkh pdlq surjudp iroorzlqj wkh vdph rughu dv lq wkh frgh  rz1 D

ghwdlohg ghvfulswlrq ri wkh surfhgxuhv fdq eh irxqg lq wkh Dsshqgl{1

Vwhs 4= Xvhu*v ghvfulswlrq ri ghflvlrq yduldeohv=

4141 Qxpehu ri ghflvlrq yduldeohv= Lq vrph dssolfdwlrqv wkh glvfuhwh ghflvlrq

yduldeoh @ fdq eh d glvfuhwl}hg frqwlqxrxv yduldeoh/ ru wkh uhvxow ri frpelqlqj vhy0

hudo glvfuhwh dqg2ru glvfuhwl}hg frqwlqxrxv yduldeohv1 Wkh surjudp doorzv iru wklv

srvvlelolw|1

4151 W|sh ri glvfuhwl}dwlrq= Wkh xvhu vhohfwv zkhwkhu glvfuhwl}dwlrq ri wkh ghflvlrq

yduldeoh+v, lv qhhghg ru qrw1 Li glvfuhwl}dwlrq lv qhhghg/ wkh xvhu fdq fkrrvh ehwzhhq

<



wzr w|shv ri glvfuhwl}dwlrqv= +4, d xqlirup julg lq wkh vsdfh ri wkh yduldeoh> ru +5, d

xqlirup julg lq wkh vsdfh ri wkh hpslulfdo suredelolw| glvwulexwlrq ri wkh yduldeoh1

4161 Qxpehu ri fhoov lq glvfuhwl}dwlrq

4171 Plqlpxp dqg pd{lpxp ydoxhv lq glvfuhwl}dwlrq= Wkh xvhu grhv qrw fkrrvh

d plqlpxp dqg pd{lpxp ydoxh lq wkh vsdfh ri wkh yduldeoh/ exw d plqlpxp dqg

pd{lpxp shufhqwloh +zklfk fdq eh f dqg �ff/ uhvshfwlyho|,1 Wkh hpslulfdo glvwulex0

wlrq ri wkh yduldeoh zloo eh xvhg wr rewdlq wkh plqlpxp dqg pd{lpxp ydoxhv lq wkh

vsdfh ri wkh yduldeoh1

Vwhs 5= Xvhu*v ghvfulswlrq ri vwdwh yduldeohv=

5141 Qxpehu ri vwdwh yduldeohv

5151 W|sh ri glvfuhwl}dwlrq +Vhh srlqw 4151 deryh,

5161 Qxpehu ri fhoov lq glvfuhwl}dwlrq

5171 Plqlpxp dqg pd{lpxp ydoxhv lq glvfuhwl}dwlrq +Vhh srlqw 4171 deryh,

Vwhs 6= Gdwd=

6141 Qdph dqg dgguhvv ri gdwd dqg rxwsxw �ohv

6151 Qxpehu ri revhuydwlrqv dqg lqglylgxdov= Li wkh gdwd kdv d sdqho vwuxfwxuh/

wkh xvhu vkrxog surylgh erwk wkh qxpehu ri lqglylgxdov dqg wkh wrwdo qxpehu ri

revhuydwlrqv1 Wkh sdqho fdq eh hlwkhu edodqfhg ru xqedodqfhg/ exw revhuydwlrqv

vkrxog eh vruwhg �uvw e| lqglylgxdo dqg wkhq ryhu wlph1

Vwhs 7= Uhdglqj gdwd �oh

Vwhs 8= Fdoo wr surfhgxuh iru glvfuhwl}dwlrqv= GLVFNSLH1VUF=

Wkh surjudp fdoov wklv surfhgxuh wzlfh= rqh iru wkh glvfuhwl}dwlrq ri revhuydeoh

vwdwh yduldeohv/ dqg wkh vhfrqg wr glvfuhwl}h ghflvlrq yduldeohv1 Wkh surfhgxuh uhwxuqv

d pdwul{ R%�@,� dqg d yhfwru R�?_JKr%�1 Wkh pdwul{ R%�@,� frqwdlqv wkh ydoxhv ri

wkh yduldeohv dw hdfk fhoo lq wkh glvfuhwl}hg vsdfh1 Wkh yhfwru R�?_JKr%� frqwdlqv/

iru hyhu| revhuydwlrq lq wkh vdpsoh/ wkh odeho ru lqglfdwru ri wkh fhoo lq zklfk wkh

revhuydwlrq olhv1 Wkhvh pdwul{ dqg yhfwru +iru vwdwh dqg ghflvlrq yduldeohv, kdyh doo

wkh vdpsoh lqirupdwlrq wkdw zloo eh xvhg wr hvwlpdwh wkh prgho1 Li ghflvlrq dqg2ru

vwdwh yduldeohv gr qrw qhhg wr eh glvfuhwl}hg/
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Vwhs 9= Vshfl�fdwlrq ri xwlolw| ixqfwlrq

9141 Pdwul{ ~ ' d~�c ~2c ���c ~a o= Wkh xvhu gh�qhv wkh pdwulfhv ~@ ' i5@E%� G

% 5 fj lq klv prgho1 Iru grlqj vr/ kh xvhv wkh pdwul{ R%�@,� rewdlqhg iurp wkh

glvfuhwl}dwlrq ri vwdwh yduldeohv lq Vwhs 81

9151 Qdphv ri sdudphwhuv= Gh�qh d yhfwru zlwk qdphv ri sdudphwhuv lq k1

9161 Ydoxh ri glvfrxqw idfwru q

Vwhs := Vshfl�fdwlrq ri wudqvlwlrq suredelolw| ixqfwlrq sB

Wkh surjudp doorzv iru wkh iroorzlqj vshfl�fdwlrq ri wkh wudqvlwlrq ri wkh revhuy0

deoh vwdwh yduldeohv1 Ohw %&c| eh wkh & � |� vwdwh yduldeoh lq yhfwru %|=

%&c|n� ' B&fE@|� n B&�E@|� %&c| n /&c|n�

zkhuh iB&fE@� G @ 5 �j dqg iB&�E@� G @ 5 �j duh sdudphwhuv/ dqg i/&c|n�j lv d vkrfn

wkdw lv ��_ glvwulexwhg zlwk ghqvlw| s/&1 Wklv vwuxfwxuh hqfrpsdvvhv pdq| gl�huhqw

vshfl�fdwlrq xvhg lq dssolfdwlrqv1

H{dpsoh 4= Odjjhg ghflvlrq yduldeoh/ %&c|n� ' @|= B&fE@|� ' @|> B&�E@|� ' � iru hyhu|

@|> /&c|n� ' f1

H{dpsoh 5= Ghwhuplqlvwlf fdslwdo dffxpxodwlrq/ %&c|n� ' B&%&c|= B&fE@|� ' f/ iru hyhu|

@|> B&�E@|� ' B& iru hyhu| @|> dqg /&c|n� ' f1

H{dpsoh 6= Vwrfkdvwlf fdslwdo dffxpxodwlrq/ %&c|n� ' B& %&c|n/&c|n�= B&fE@|� ' f/ iru

hyhu| @|> dqg B&�E@|� ' B& iru hyhu| @|1

H{dpsoh 7= Uhsodfhphqw/ %&c|n� ' UE@| ' f�%&c| n /&c|n�= B&fE@|� ' f/ iru hyhu| @|>

dqg B&�E@|� ' UE@| ' f�1

Wkh xvhu fdq �{ vrph ru doo wkh sdudphwhuv B& dqg2ru wkh ghqvlw| s/&/ ru kh fdq ohw

wkh surjudp wr hvwlpdwh wkhvh sulplwlyhv iurp wkh gdwd1 Li wkh wudqvlwlrq suredelolwlhv

lq wkh xvhu*v prgho duh qrw hqfrpsdvvhg e| wklv vshfl�fdwlrq/ kh fdq surylgh klv rzq

wudqvlwlrq pdwulfhv1

:141 Sdudphwhuv B&= Li vrph sdudphwhuv B& duh �{hg e| wkh xvhu/ wkh vkrxog

surylgh wkhlu ydoxhv khuh1

:151 Ghwhuplqlvwlf ru vwrfkdvwlf wudqvlwlrq= Iru hyhu| vwdwh yduldeoh/ wkh xvhu

ghflghv zkhwkhu wkh wudqvlwlrq lv vwrfkdvwlf ru ghwhuplqlvwlf +l1h1/ /&| ' f,�
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:171 Fdoo wr surfhgxuh iru hvwlpdwlrq ri wudqvlwlrq suredelolwlhv WUDQSURE1VUF =

Wklv surfhgxuh uhwxuqv wkh pdwulfhv ri hvwlpdwhg frqglwlrqdo fkrlfh wudqvlwlrq sure0

delolwlhv/ i8 @
	B
G @ 5 �j1

;1 Lqlwldo fkrlfh suredelolwlhv=

Lqlwldo suredelolwlhv duh hvwlpdwhg xvlqj wkh uhgxfhg irup pxowlqrpldo orjlw hvwl0

pdwru ghvfulehg lq vhfwlrq 515151 Wkh xvhu fdq dovr surylghg lwv rzq

;141 Yhfwru ri h{sodqdwru| yduldeohv= Wkh xvhu gh�qhv wkh yhfwru ri h{sodqdwru|

yduldeohv iru wkh uhgxfhg irup pxowlqrpldo orjlw/ l1h1/ wkh yhfwru �E%�|�1

;151 Fdoo wr surfhgxuh iru hvwlpdwlrq ri lqlwldo suredelolwlhv PXOWLORJ1VUF1

<1 Vwuxfwxudo hvwlpdwlrq=

<141 Qxpehu ri srolf| lwhudwlrqv iru SL hvwlpdwru= Wkh sdudphwhu R&r|@}e� ghwhu0

plqhv wkh qxpehu ri srolf| lwhudwlrqv wr xvh1 Li wkh xvhu zdqwv wkh surfhgxuh wr lwhudwh

xqwlo frqyhujhqfh +l1h1/ pd{lpxp olnholkrrg hvwlpdwru, kh vkrxog �{ &r|@}e � D1

<151 Fdoo wr surfhgxuh iru SL hvwlpdwru= NSLH1VUF= Wklv surfhgxuh uhwxuqv wkh

vhtxhqfh ri wkh �uvw R&r|@}e� SL hvwlpdwruv/ wkhlu uhvshfwlyh yduldqfh0fryduldqfh pd0

wulfhv/ dqg wkhlu yhfwruv ri suhglfwhg frqglwlrqdo fkrlfh suredelolwlhv iru hyhu| ydoxh

%1 Lw fdoov wkh surfhgxuh FORJLW1VUF wr rewdlq pd{lpxp olnholkrrg hvwlpdwhv ri

d PfIdgghq*v frqglwlrqdo orjlw prgho1 Wkh pdwul{ `5 dqg yhfwru `e duh rewdlqhg

vroylqj d v|vwhp ri olqhdu htxdwlrqv wkdw xvhv d Furxw +OX, ghfrpsrvlwlrq ri pdwul{

U � q
[a

@'�
� @ � 8 @

B 1

7 Dssolfdwlrqv

714 Exv hqjlqh uhsodfhphqw prgho +Uxvw/ 4<;:,

Wkh �uvw h{dpsoh frphv iurp wkh exv hqjlqh uhsodfhphqw prgho lq Uxvw +4<;:,1 Wkh

gdwd frqvlvwv ri prqwko| revhuydwlrqv rq wkh rgrphwhu uhdglqjv dqg pdlqwhqdqfh

uhfrugv ri 495 exvhv lq wkh  hhw ri Pdglvrq Phwursrolwdq Exv Frpsdq| ryhu wkh

shulrg Ghfhpehu/ 4<:7 wr Pd|/ 4<;81 Iurp wklv lqirupdwlrq/ Uxvw frqvwuxfwv wzr

yduldeohv= +4, @�| lv wkh lqglfdwru ri hqjlqh uhsodfhphqw +l1h1/ dfwxdo sk|vlfdo uhsodfh0

phqw ru d pdmru ryhukdxo ri wkh hqjlqh, iru exv � dw prqwk |> dqg +5, %�| lv wkh
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fxpxodwlyh plohdjh ri wkh exv vlqfh odvw hqjlqh uhsodfhphqw1 Vhh Uxvw +4<;:, iru d

ghvfulswlrq ri wkh gdwd1

Wkh prgho dvvxphv wkdw zkhq wkh pdlqwhqdqfh pdqdjhu ghflghv zkhwkhu wr uh0

sodfh ru qrw d exv hqjlqh/ klv remhfwlyh lv wr plqlpl}h h{shfwhg dqg glvfrxqwhg frvwv

ri pdlqwhqdqfh dqg uhsodfhphqw11 Frvwv duh dvvxphg wr eh vhsdudeoh ryhu exvhv dqg

dgglwlyho| vhsdudeoh ryhu wlph1 Frvwv dvvrfldwhg zlwk exv � dw shulrg | duh/

�Jr|r�| '

+
6SE%�|� n 0fc�| �s @�| ' �
oSn 0�c�| �s @�| ' 2

zkhuh @�| ' � phdqv qr uhsodfhphqw/ dqg @�| ' 2 phdqv uhsodfhphqw> 6SE%�|� lv

wkh frpsrqhqw ri pdlqwhqdqfh frvwv zklfk lv dvvrfldwhg zlwk fxpxodwlyh plohdjh> oS

uhsuhvhqwv dyhudjh uhsodfhphqw frvw> dqg 0fc�| dqg 0�c�| duh frpsrqhqwv ri pdlqwhqdqfh

dqg uhsodfhphqw frvwv/ uhvshfwlyho|/ zklfk duh xqrevhuydeoh wr wkh uhvhdufkhu1 Wkh

wudqvlwlrq uxoh iru fxpxodwlyh plohdjh kdv wkh iroorzlqj irup=

%�c|n� '

+
Bf n B� %�| n /�c|n� �s @�| ' f
/�c|n� �s @�| ' �

B� 	 � lpsolhv wkdw prqwko| plohdjh whqgv wr ghfuhdvh dv fxpxodwlyh plohdjh lq0

fuhdvhv1 L suhvhqw hvwlpdwhv ri wzr prghov/ rqh olqhdu pdlqwhqdqfh frvwv dqg rwkhu

zlwk txdgudwlf frvwv1 Iru d txdgudwlf vshfl�fdwlrq ri pdlqwhqdqfh frvwv/ 6SE%�|� '

6S�%�| n 6S2%
2
�|/ wkh yhfwru ri sdudphwhuv k lv EoSc6S�c6S2�

� dqg wkh yhfwruv ri

ixqfwlrqv i5@E%�|�j duh 5�E%�|� ' Efc %�|c %
2
�|� dqg 5�E%�|� ' E�c fc f�1

Hvwlpdwhv ri Bf dqg B� duh vwdwlvwlfdoo| gl�huhqw wr f dqg �/ uhvshfwlyho|= 	Bf ' �DSe

6�,er Er�e� ' �S�..�/ dqg 	B� ' f�bbHf Er�e� ' f�fff2�1 L xvh wkhvh hvwlpdwhv wr

frqvwuxfw wudqvlwlrq suredelolwlhv1 L suhvhqw khuh hvwlpdwhv ri vwuxfwxudo sdudphwhuv

xvlqj d glvfuhwl}dwlrq ri wkh vwdwh yduldeoh zlwk 733 fhoov dqg d xqlirup julg lq wkh

vsdfh ri wkh yduldeohv1 Uhvxowv duh yhu| vlplodu zkhq xvlqj d glvfuhwl}dwlrq edvhg

rq d xqlirup julg lq wkh suredelolw| glvwulexwlrq ri wkh vwdwh yduldeoh1 L rewdlq

SL hvwlpdwhv xvlqj wzr gl�huhqw lqlwldo hvwlpdwhv ri frqglwlrqdo fkrlfh suredelolwlhv/

� f= +4, d frqvwdqw suredelolw|/ � fE@ ' �m%� ' E�*?�
S

�

S
| @�|> dqg +5, � f iurp wkh

hvwlpdwlrq ri d orjlw prgho zkhuh wkh h{sodqdwru| yduldeohv duh wkh whupv ri d fxelf

sro|qrpldo lq %�|1

46



Wdeoh 4 vkrzv wkdw iru wklv gdwd dqg prgho wkh 40vwdjh SL hvwlpdwru shuirupv

yhu| zhoo hyhq zkhq wkh lqlwldo � f lv mxvw d frqvwdqw1 Wklv frqwudvwv zlwk wkh uhvxowv

iurp wkh Prqwh Fduor h{shulphqw lq Djxluuhjdeluld dqg Plud +5335, xvlqj wkh vdph

prgho exw zlwk vlpxodwhg gdwd1 Lq wkdw h{shulphqw zh vkrz wkdw wkh 50vwdjh SL

hvwlpdwru shuirupv yhu| zhoo lq �qlwh vdpsohv/ exw wkdw wkh 40vwdjh SL hvwlpdwru

shuirupv edgo|1 Krzhyhu/ iru wklv sduwlfxodu gdwd vhw/ wkh 40vwdjh SL hvwlpdwru lv

vwdwlvwlfdoo| dqg doprvw qxphulfdoo| htxlydohqw wr POH1 Lq doo wkh fdvh 50vwdjhv lv

hqrxjk wr rewdlq wkh POH/ dqg iru txdgudwlf dgmxvwphqw frvwv dqg d fxelf � f wkh

40vwdjh hvwlpdwru lv qxphulfdoo| htxlydohqw wr POH1

A@M*i �

��t i?}�?i hiT*@Ui4i?| 4L_i*

�L_i* � G4UE � '4U
�
 ( q ' f�bb

� f frqvwdqw � f fxelf
40vwdjh 50vwdjh POH +5 vwdjhv, 40vwdjh 50vwdjh POH +5 vwdjhv,

oS 91687 91689 91689 91689 91689 91689
+3159:, +3159:, +3159:, +31599, +3159:, +3159:,

6S� 313445 313445 313445 313445 313445 313445
+313345, +313345, +313345, +313345, +313345, +313345,

�L_i* 5G4UE � '4U
�
 n4U2 

2( q ' f�bb

� f frqvwdqw � f fxelf
40vwdjh 50vwdjh POH +5 vwdjhv, 40vwdjhv 50vwdjhv POH +4 vwdjh,

oS ;1<;: ;1<:< ;1<:< ;1<:< ;1<:< ;1<:<
+31<39, +31<36, +31<36, +31<36, +31<36, +31<36,

6S� 313784 313783 313783 313783 313783 313783
+3133<:, +3133<:, +3133<:, +3133<:, +3133<:, +3133<:,

6S2 0;1::-433D 0;1:9-433D 0;1:9-433D 0;1:9-433D 0;1:9-433D 0;1:9-433D

+516<-433D� +516<-433D� +516<-433D� +516<-433D� +516<-433D� +516<-433D�

Gdwd= ;593 exv0prqwk revhuydwlrqv iurp 437 exvhv +prghov 4/5/6 dqg 7,1

Qxpehu ri fhoov @ 733> Xqlirup glvfuhwl}dwlrq lq wkh vsdfh ri wkh vwdwh yduldeoh1
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Dsshqgl{= Ghvfulswlrq ri surfhgxuhv
GLVFNSLH1VUF= Lw glvfuhwl}hv d yhfwru ri yduldeohv dffruglqj wr d fulwhulrq vhohfwhg

e| wkh xvhu1 Irupdw=

i%�@,c �?_%fj ' _�rS&R�eE%JKrc _|+Rec6�?RS|c6@%RS|c ?�6%�

U?R�|r G %JKr ' E?JKr� &�@o� 6@|o�% ��|� JKreo�@|�J?r Js �@o�@K,er�
_|+Re ' E&�@o � �� ��|� _�rSoe|�5@|�J? So�|eo�@�

R_|+Red�o ' �� $ T @o�@K,e R�� �r _�rSoe|e @?_ ?J| 6Joe
_�rSoe|�5@|�J? �r ?ee_e_(
R_|+Red�o ' 2� $ T @o�@K,e ��� ��,, Ke _�rSoe|�5e_ �r�?}
@ �?�sJo6 }o�_ �? |�e rR@Se Js |�e �@o�@K,e(
R_|+Re@d�o ' �� $ T @o�@K,e R�� ��,, Ke _�rSoe|�5e_ �r�?}
@ �?�sJo6 }o�_ �? |�e rR@Se Js �|r RoJK@K�,�|+ _�r|o�K�|�J?�

6�?RS| ' E&�@o � �� �eS|Jo ��|� ReoSe?|�,er sJo |�e 6�?�6�6 �@,�er
�? |�e _�rSoe|�5e_ rR@Ser�

6@%RS| ' E&�@o � �� �eS|Jo ��|� ReoSe?|�,er sJo |�e 4@ �6�6 �@,�er
�? |�e _�rSoe|�5e_ rR@Ser�

?�6% ' E&�@o � �� �eS|Jo ��|� ?�6Keo Js Se,,r �? |�e _�rSoe|�5e_ rR@Ser�

��|R�|r G %�@, ' E|J|?�6%� &�@o� 6@|o�% ��|� |�e _�rSoe|�5e_ r�RRJo| Js |�e
�@o�@K,er� �J,�6? ��� SJooerRJ?_r |J �@o�@K,e R���
-J�r @oe rJo|e_ K+ �@o�@K,er�

�?_%f ' E?JKr� �� �eS|Jo ��|� �?_e%er Js |�e _�rSoe|�5e_ JKreo�@|�J?r�
.�}�c �s _�rSoe|�5e_ �@,�e Js %JKrd�o �r %�@,d�o |�e? �?_%fd�o ' ��

SFWLOHV1VUF= Lw rewdlqv shufhqwlohv ri d udqgrp yduldeoh jlyhq d vdpsoh1 Irupdw=

RS+ ' RS|�,erE+c R�

U?R�|r G + ' E?JKr� �� �eS|Jo Js JKreo�@|�J?r�
R ' E& � �� �eS|Jo Js RoJK@K�,�|�er E�? I��

��|R�|r G RS+ ' E& � �� �eS|Jo Js ReoSe?|�,er�

GLVFWKUH1VUF= Lw glvfuhwl}hv d yduldeoh xvlqj d yhfwru ri wkuhvkrogv surylghg e|

wkh xvhu1 Irupdw=

_�rS+ ' _�rS|�oeE+c |�oe�
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U?R�|r G + ' E?JKr� �� �eS|Jo Js JKreo�@|�J?r�
R ' E& � �� �eS|Jo Js |�oer�J,_r�

��|R�|r G _�rS+ ' E?JKr� �� �eS|Jo ��|� SJ_er Js |�e _�rSoe|�5e_
JKreo�@|�J?r� .%@6R,e G Us +d�o 5 E|�oedDoc |�oedSooc
|�e? _�rS+d�o ' S�

WUDQSURE1VUF= Lw hvwlpdwhv Pdunry wudqvlwlrq suredelolwlhv sE%|n�m%|c @|�zkhuh

%| lv d yhfwru ri g yduldeohv/ @| lv glvfuhwh/ dqg wkh irup ri wkh wudqvlwlrq uxoh iru ydul0

deoh %&| lv= %&c|n� ' B&fE@|�nB&�E@|� %&c|n/&c|n�/ zkhuh iB&fE@�c B&�E@� G @ ' �c 2c ���aj

duh sdudphwhuv/ dqg /&c|n� lv dq ��_ udqgrp vkrfn1 Irupdw=

s6@| ' |o@?RoJKE�?_%c �?_@c �_c %�@,c s�%_e,c �_e,fc �_e,�c �J6e}@�

U?R�|r G %JKr ' E?JKr� &�@o� �eS|Jo ��|� JKreo�@|�J?r Js %�
�?_@ ' E?JKr� �� �eS|Jo ��|� JKreo�@|�J?r Js @�
�_ ' E?JKr� �� �eS|Jo ��|� |�e U(r Js �?_���_�@,r�

Us |�e _@|@ �r ?J| @ R@?e, |��r R@o@6e|eo r�J�,_ Ke 5eoJ�
%�@, ' E?�6%� &�@o� �eS|Jo ��|� _�rSoe|�5e_ r�RRJo| Js %�
s�%_e, ' E&�@o � a� 6@|o�% Js 5eoJr @?_ J?er�

s�%_e,d&c �o ' f $ B&E�� ��,, Ke er|�6@|e_ soJ6 |�e _@|@(
s�%_e,d&c �o ' � $ B&E�� �r RoJ��_e_ K+ |�e �reo�

�_e,f ' E&�@o � a� 6@|o�% ��eoe �_e,fd&c �o �r |�e �@,�e Js B&fE��
RoJ��_e_ K+ |�e �reo� Us B&fE�� ��,, Ke er|�6@|e_c
�_e,fd&c �o S@? Ke @oK�|o@o+�

�_e,� ' E&�@o � a� 6@|o�% ��eoe �_e,fd&c �o �r |�e �@,�e Js B&fE��
RoJ��_e_ K+ |�e �reo� Us B&fE�� ��,, Ke er|�6@|e_c
�_e,fd&c �o S@? Ke @oK�|o@o+�

�J6e}@ ' E&�@o � a� 6@|o�% Js 5eoJr @?_ J?er�
�J6e}@d&c �o ' f $ _e|eo6�?�r|�S |o@?r�|�J? sJo %&|

�J6e}@d&c �o ' f $ r|JS�@r|�S |o@?r�|�J? sJo %&|

��|R�|r G s6@| ' E?�6%� ?�6% � ?S�J�Se� 6@|o�% ��|� SJ?_�|�J?@, S�J�Se
|o@?r�|�J? RoJK@K�,�|�er G s6@|��s6@|2�����s6@|a�

NHUQHO41VUF= Nhuqho hvwlpdwlrq ri d xqlyduldwh ghqvlw| ixqfwlrq xvlqj d Jdxvvldq

nhuqho1 Wkh edqgzlgwk lv htxdo wr Vloyhupdq*v uxoh ri wkxpe glylghg e| EZ?��*b1 Wklv

4:



fkrlfh lqwhqwlrqdoo| jhqhudwhv xqghu0vprrwklqj1 Irupdw=

Rer| ' &eo?e,�E%JKrc %Roe_�

U?R�|r G %JKr ' E?� �� �eS|Jo Js JKreo�@|�J?r�
%Roe_ ' E& � �� �eS|Jo Js Js �@,�er ��eoe |�e R_s�

��,, Ke er|�6@|e_�

��|R�|r G Rer| ' E& � �� �eS|Jo Js er|�6@|er�

PXOWLORJ1VUF= Hvwlpdwlrq ri d pxowlqrpldo orjlw prgho e| pd{lpxp olnhol0

krrg1 Wkh rswlpl}dwlrq dojrulwkp lv d Qhzwrq*v phwkrg zlwkzlwk dqdo|wlf h{suhv0

vlrqv iru wkh judglhqw dqg Khvvldq11 Irupdw=

iKer|c �@oer|j ' 6�,|�,J}E+JKrc %JKr�

U?R�|r G +JKr ' E?JKr� �� ��|� JKreo�@|�J?r Js _eRe?_e?| �@o�@K,e�
U�e�c �?_�S@|Jo Js _�rSoe|e S�J�Se 5 i�c 2c ���c aj�

%JKr ' E?JKr� &� 6@|o�% ��|� JKreo�@|�J?r Js e%R,@?@|Jo+ �@o�@K,er�

��|R�|r G Ker| ' E& � Ea � ��� �� �eS|Jo ��|� R@o@6e|eo er|�6@|er�
�Jo6@,�5@|�J? G q� ' f1

�@oer| ' E& � Ea � ��� E& � Ea � ��� 6@|o�% ��|� er|�6@|e_ SJ�@o�@?Se 6@|o�%�

NSLH1VUF= Lw hvwlpdwhv vwuxfwxudo sdudphwhuv ri d glvfuhwh fkrlfh g|qdplf sur0

judpplqj prgho xvlqj wkh d N0vwdjh Srolf| lwhudwlrq hvwlpdwru1 Irupdw=

i|e|@er|c �@oer|c Rer|j ' &R�eE�?_@c �?_%c 56@|c R�?�c K_�rSc s6@|c &r|@}ec ?@6er�

4;



U?R�|r G �?_@ ' E?JKr� �� �eS|Jo ��|� JKreo�@|�J?r Js _�rSoe|e _eS�r�J? �@o�@K,e�
�?_% ' E?JKr� �� �eS|Jo ��|� JKreo�@|�J?r Js |�e �?_e% Js r|@|e �eS|Jo %�
56@| ' E56@|��56@|2�����56@|a� 6@|o�% ��|� �@,�er Js |�e s�?S|�J?r 5@E%��
R�?� ' E?�6%� a� �eS|Jo ��|� �?�|�@, oe_�Se_ sJo6 er|�6@|e Js

SJ?_�|�J?@, S�J�Se RoJK@K�,�|�er �oE@ ' �m%��
K_�rS ' (�rSJ�?| s@S|Jo EKe|�ee? f @?_ ���
s6@| ' Es6@|��s6@|2�����s6@|a� 6@|o�% ��|� SJ?_�|�J?@, S�J�Se

|o@?r�|�J? RoJK@K�,�|�er�
&r|@}e ' ��6Keo Js RJ�|eo� RJ,�S+ �|eo@|�J?r�Us &r|@}e � D |�e RoJSe_�oe

�|eo@|er �?|�, SJ?�eo}e?Se @?_ oe|�o?r |�e �u er|�6@|Jo�
?@6er ' Eg � �� �eS|Jo ��|� ?@6er Js R@o@6e|eor�

��|R�|r G |e|@er| ' Eg � &r|@}e� 6@|o�% ��|� er|�6@|er Js r|o�S|�o@, R@o@6e|eor
sJo e@S� Js |�e & r|@}er�1

�@oer| ' Eg �g � &r|@}e� 6@|o�% ��|� @r+6R|J|�S SJ�@o�@?Se 6@|o�Ser
sJo e@S� Js |�e & r|@}er�

Rer| ' E?�6%� &r|@}e� 6@|o�% ��|� er|�6@|e_ S�J�Se RoJK@K�,�|�er �hE@ ' �m%�
sJo e@S� Js |�e & r|@}er�

FORJLW1VUF= Pd{lpxp Olnholkrrg hvwlpdwlrq ri PfIdgghq*v Frqglwlrqdo Orjlw1

Vrph sdudphwhuv fdq eh uhvwulfwhg1 Rswlpl}dwlrq dojrulwkp= Qhzwrq*v phwkrg zlwk

dqdo|wlfdo judglhqw dqg Khvvldq11 Irupdw=

iKer|c �@oer|j ' S,J}�|E+_�6c %JKrc oer|%c ?@6erK�

U?R�|r G +_�6 ' E?JKr� �� �eS|Jo ��|� JKreo�@|�J?r Js _eRe?_e| �@o�@K,e�
�@|e}Jo�S@, �@o�@K,e ��|� �@,�er i�c 2c ���c aj�

%JKr ' E?JKr� & � a� 6@|o�% ��|� JKreo�@|�J?r Js e%R,@?@|Jo+ �@o�@K,er
@rrJS�@|e_ ��|� �?oer|o�S|e_ R@o@6e|eor�
8�or| & SJ,�6?r SJooerRJ?_ |J @,|eo?@|��e �c @?_ rJ J?�

oer|% ' E?JKr� a� 6@|o�% ��|� JKreo�@|�J?r Js e%R,@?@|Jo+ �@o�@K,er
��|� R@o@6e|eor oeoer|o�S|e_ |J Ke � E��|�J�| ,Jrr Js }e?eo@,�|+��
8 �or| SJ,�6? SJooerRJ?_r |J @,|eo?@|��e �c @?_ rJ J?�

?@6erK ' E& � �� �eS|Jo ��|� ?@6er Js R@o@6e|eor�

��|R�|r G Ker| ' E& � �� �eS|Jo ��|� R@o@6e|eo er|�6@|er�
�@oer| ' E& � &� 6@|o�% ��|� er|�6@|e_ SJ�@o�@?Se 6@|o�%�
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UHIHUHQFHV=

Djxluuhjdeluld/ Y1 +4<<<,= �Wkh g|qdplfv ri pdunxsv dqg lqyhqwrulhv lq uhwdlolqj

�upv/� Wkh Uhylhz ri Hfrqrplf Vwxglhv/ 99/ 5:8063;1

Djxluuhjdeluld/ Y1/ dqg F1 Dorqvr0Eruuhjr +4<<<,= �Oderu Frqwudfwv dqg Ioh{lelolw|=

Hylghqfh iurp d Oderu Pdunhw Uhirup lq Vsdlq/� pdqxvfulsw1

Djxluuhjdeluld dqg Plud +5335,= �Vzdsslqj wkh qhvwhg �{hg srlqw dojrulwkp= D fodvv

ri hvwlpdwruv iru Pdunry ghflvlrq prghov�/ Hfrqrphwulfd/ iruwkfrplqj1

Hfnvwhlq/ ]1/ dqg N1 Zroslq +4<;<,= �Wkh vshfl�fdwlrq dqg hvwlpdwlrq ri g|qdplf

vwrfkdvwlf glvfuhwh fkrlfh prghov/� Mrxuqdo ri Kxpdq Uhvrxufhv/ 57/ 89508<;1

Krw}/ M1/ dqg U1D1 Ploohu +4<<6,= �Frqglwlrqdo fkrlfh suredelolwlhv dqg wkh hvwlpdwlrq

ri g|qdplf prghov/� Uhylhz ri Hfrqrplf Vwxglhv/ 93/ 7<:085<1

PfIdgghq/ G1 +4<;4,= �Hfrqrphwulf prghov ri suredelolvwlf fkrlfh�/ lq F1 Pdqvnl

dqg G1 PfIdgghq +hgv1,/ Vwuxfwxudo Dqdo|vlv ri Glvfuhwh Gdwd zlwk Hfrqrphwulf Ds0

solfdwlrqv1 PLW Suhvv1

PfIdgghq/ G1 +4<;7,= �Hfrqrphwulf Dqdo|vlv ri Txdolwdwlyh Uhvsrqvh Prghov� lq

Juloolfkhv/ ]1/ dqg P1 Lqwuloljdwru +hgv1, Kdqgerrn ri Hfrqrphwulfv/ Yro 51

Ploohu/ U1 +4<<:,= �Hvwlpdwlqj Prghov ri G|qdplf Rswlpl}dwlrq zlwk Plfurhfrqrplf

Gdwd/� lq K1 Shvdudq dqg S1 Vplgwk +hgv1, Kdqgerrn ri Dssolhg Hfrqrphwulfv= Pl0

furhfrqrplfv +Yro 5,1 Eodfnzhoo1

Sdnhv/ D1 +4<<7,= �G|qdplf vwuxfwxudo prghov/ sureohpv dqg survshfwv�/ lq F1 Vlpv

+hg1, Dgydqfhv lq Hfrqrphwulfv1 Vl{wk Zruog Frqjuhvv/ Fdpeulgjh Xqlyhuvlw| Suhvv1

Uxvw/ M1 +4<;:,= �Rswlpdo uhsodfhphqw ri JPF exv hqjlqhv= Dq hpslulfdo prgho ri

Kdurog ]xufkhu/� Hfrqrphwulfd/ 88/ <<<043661

Uxvw/ M1 +4<<7d,= �Hvwlpdwlrq ri g|qdplf vwuxfwxudo prghov/ sureohpv dqg survshfwv=

glvfuhwh ghflvlrq surfhvvhv� lq F1 Vlpv +hg1,/ Dgydqfhv lq Hfrqrphwulfv/ Surfhhglqjv

ri wkh Vl{wk Zruog Frqjuhvv ri wkh Hfrqrphwulf Vrflhw|1 Fdpeulgjh Xqlyhuvlw| Suhvv1

Uxvw/ M1 +4<<7e,= �Vwuxfwxudo hvwlpdwlrq ri Pdunry ghflvlrq surfhvvhv/� lq U1 H1

Hqjoh dqg PfIdgghq +hgv1, Kdqgerrn ri Hfrqrphwulfv Yroxph 7/ Qruwk0Kroodqg1
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Zroslq/ N1 +4<<9,= �Sxeolf0Srolf| Xvhv ri Glvfuhwh0Fkrlfh G|qdplf Surjudpplqj

Prghov/� Dphulfdq Hfrqrplf Uhylhz/ ;9/ 75:0651
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