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$EVWUDFW

7KH HIILFLHQF\ VFRUHV JHQHUDWHG E\ '($ +'DWD (QYHORSPHQW $QDO\VLV, PRGHOV DUH FOHDUO\
GHSHQGHQW RQ HDFK RWKHU LQ WKH VWDWLVWLFDO VHQVH1 +RZHYHU/ WKLV GHSHQGHQF\ KDV EHHQ LJQRUHG LQ DOO
SXEOLVKHG XVHV RI WKHVH VFRUHV ZKHQ XVHG WR PDNH VWDWLVWLFDO LQIHUHQFHV1 )RU H[DPSOH/ UHJUHVVLRQ
DQDO\VLV KDV EHHQ ZLGHO\ DSSOLHG WR WKH DQDO\VLV RI WKH YDULDWLRQ RI WKH '($ HIILFLHQF\ VFRUHV1
+RZHYHU/ WKH FRQYHQWLRQDO SURFHGXUH/ ZKLFK KDV EHHQ JHQHUDOO\ IROORZHG LQ WKH OLWHUDWXUH/ LV
LQYDOLG1 %HFDXVH RI WKH SUHVHQFH RI WKH LQKHUHQW GHSHQGHQFH DPRQJ WKH '($ HIILFLHQF\ VFRUHV/
RQH EDVLF PRGHO DVVXPSWLRQ UHTXLUHG E\ UHJUHVVLRQ DQDO\VLV/ LQGHSHQGHQFH ZLWKLQ WKH VDPSOH/ LV
YLRODWHG1 7KLV SDSHU SURYLGHV D %RRWVWUDS PHWKRG WR RYHUFRPH WKLV GHSHQGHQF\ SUREOHP1 7KH
FRUH LGHD LV WR VXEVWLWXWH WKH LQFRUUHFW FRQYHQWLRQDO HVWLPDWRUV IRU WKH VWDQGDUG HUURUV RI WKH
UHJUHVVLRQ FRHIILFLHQW HVWLPDWHV ZLWK WKH %RRWVWUDS HVWLPDWRUV IRU WKH VWDQGDUG HUURUV RI WKHVH
HVWLPDWHV1 7KH PHWKRG LV LOOXVWUDWHG XVLQJ DQ HPSLULFDO H[DPSOH IURP WKH 8161 KHDOWK FDUH V\VWHP1



41 ,QWURGXFWLRQ

8VLQJ UHJUHVVLRQ DQDO\VLV WR H[SODLQ WKH YDULDWLRQV LQ WKH GLVWULEXWLRQ RI WKH 'DWD (QYHORSPHQW

$QDO\VLV +'($, HIILFLHQF\ VFRUHV KDV EHHQ ZLGHO\ XVHG LQ WKH OLWHUDWXUH1 )RU H[DPSOH/ UHJUHVVLRQ

DQDO\VLV KDV EHHQ XVHG WR DQDO\]H WKH '($ HIILFLHQF\ VFRUHV RU VRPH NLQG RI WUDQVIRUPDWLRQV RI

WKH '($ HIILFLHQF\ VFRUHV LQ DQDO\]LQJ HGXFDWLRQDO V\VWHPV +/RYHOO HW DO1 4<<7> 5D\ 4<<4,/

KHDOWK FDUH +.RRUHPDQ 4<<7> -XUDV DQG %URRNV 4<<6,/ WKH LQVXUDQFH LQGXVWU\ +&XPPLQV HW DO1

4<<<> &DUU 4<<:,/ DQG LQ PDQ\ RWKHU SXEOLVKHG DQG XQSXEOLVKHG VWXGLHV1

7KH XVH RI UHJUHVVLRQ WR FRPELQH WKH QRQ0SDUDPHWULF '($ PHWKRG DQG SDUDPHWULF VWDWLVWLFDO

PHWKRGV LV UHFRJQL]HG LQ &KDUQHV HW DO1 +4<<7, DQG *URVVNRSI +4<<9,1 2EYLRXVO\/ UHJUHVVLRQ

DQDO\VLV LV DPRQJ WKH PRVW XVHIXO DQG PRVW ZLGHO\ XVHG VWDWLVWLFDO PHWKRGV1 ,W LV D UHOLDEOH DQG

HDV\ WR XVH WRRO WR GHWHUPLQH ZKHWKHU RU QRW FHUWDLQ IDFWRUV LQIOXHQFH WKH GHFLVLRQ0PDNLQJ XQLWV*

+'08V, HIILFLHQF\ VFRUHV1 ,Q SUDFWLFH/ LW KHOSV WR VHHN WKH DQVZHU WR WKH TXHVWLRQ ZH DUH

HVVHQWLDOO\ LQWHUHVWHG LQ= LQVLGH WKH EODFN ER[ RI DQ RUJDQL]DWLRQ/ ZKDW DUH WKRVH IDFWRUV WKDW

VLJQLILFDQWO\ LQIOXHQFH WKH '08V¶ HIILFLHQF\"

$ W\SLFDO ZD\ RI XVLQJ UHJUHVVLRQ DQDO\VLV LQ WKH '($ OLWHUDWXUH LV WR ILW RQH UHJUHVVLRQ PRGHO/ LQ

ZKLFK WKH YDULDWLRQV RI WKH '($ HIILFLHQF\ VFRUHV +RU VRPH NLQG RI WUDQVIRUPDWLRQ RI WKH

HIILFLHQF\ VFRUHV, DUH H[SODLQHG E\ D JURXS RI H[SODQDWRU\ YDULDEOHV RI LQWHUHVW1 7KH UHODWLRQVKLS

EHWZHHQ WKH HIILFLHQF\ VFRUHV DQG WKH H[SODQDWRU\ YDULDEOHV LV WKHQ HYDOXDWHG EDVHG RQ WKH UHVXOWV

RI WKLV UHJUHVVLRQ PRGHO1:H FDOO WKLV NLQG RI PHWKRG DV GLUHFW UHJUHVVLRQ LQ WKLV SDSHU1 7KH EDVLF

SURFHGXUH IRU GLUHFW UHJUHVVLRQ FDQ EH VXPPDUL]HG DV IROORZLQJV=

+4, 5XQ RQH '($ PRGHO +RU VRPH NLQG RI H[WHQVLRQ RI WKH FRQYHQWLRQDO '($ PRGHO, IRU HDFK

'08 RI DOO WKH Q '08V LQ WKH REVHUYDWLRQ VHW WR FDOFXODWH WKH '($ HIILFLHQF\ VFRUHV

QTTT 111/// 54 1

+5, )LW D VLQJOH UHJUHVVLRQ PRGHO/ LQ ZKLFK WKH '($ HIILFLHQF\ VFRUH LT RU VRPH NLQG RI

WUDQVIRUPDWLRQ RI LT +H1J1/ WKH ORJDULWKPLF WUDQVIRUPDWLRQ,/ LV WKH UHVSRQVH YDULDEOH1

+6, 'R K\SRWKHVLV WHVWLQJ= WHVW WKH LQGLYLGXDO QXOO K\SRWKHVLV ³ 3=3  M+ E ´ EDVHG RQ WKH UHVXOWV

IURP ILWWLQJ WKH UHJUHVVLRQ PRGHO1 7KDW LV/ GHWHUPLQH ZKHWKHU RU QRW D FHUWDLQ H[SODQDWRU\

YDULDEOH LQIOXHQFHV WKH '08V¶ HIILFLHQF\ VFRUHV DW VRPH SUH0VSHFLILHG VLJQLILFDQW OHYHO1
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6HYHUDO SUREOHPV UHODWHG WR WKH DERYH SURFHGXUH DUH H[DPLQHG LQ *URVVNRSI +4<<9, XQGHU WKH WLWOH

RI ³WKH WZR0VWHS SURFHGXUH´1 )RU H[DPSOH/ LI WKH VDPSOH GLVWULEXWLRQ RI WKH '($ HIILFLHQF\

VFRUHV LV QRQ0QRUPDO/ D QRUPDO GLVWULEXWLRQ PD\ EH DSSUR[LPDWHG XVLQJ WKH ORJDULWKPLF

WUDQVIRUPDWLRQ RI WKH HIILFLHQF\ VFRUH DV VKRZQ LQ /RYHOO HW DO1 +4<<7,41 $OVR/ VRPH HVWLPDWLRQ

SUREOHPV DULVLQJ IURP FRUUHODWLRQ EHWZHHQ WKH LQSXW0RXWSXW YHFWRU LQ WKH '($ PRGHO DQG WKH

H[SODQDWRU\ YDULDEOH LQ WKH UHJUHVVLRQ PRGHO DUH GLVFXVVHG LQ 'HSULQV DQG 6LPDU +4<;<, DQG

6LPDU/ /RYHOO DQG (HFNDXW +4<<7,1

+RZHYHU/ D VHULRXV SUREOHP ZLWK WKH DERYH SURFHGXUH KDV EHHQ VR LJQRUHG LQ WKH OLWHUDWXUH WR

GDWH1 7KDW LV/ WKH DERYH SURFHGXUH YLRODWHV D EDVLF DVVXPSWLRQ UHTXLUHG E\ UHJUHVVLRQ DQDO\VLV= WKH

DVVXPSWLRQ RI LQGHSHQGHQFH ZLWKLQ WKH VDPSOH1 $VVXPH WKHUH DUH Q REVHUYDWLRQV LQ WKH

REVHUYDWLRQ VHW1 ,I Q;;; 111/// 54 ZHUH Q URZ YHFWRUV RI SUHGLFWRUV UDQGRPO\ VDPSOHG IRUP D

SRSXODWLRQ/ DQG UHVSRQVHV Q<<< 111/// 54 VDWLVILHG LLL ;< HE ò / ZKHUH WKH HUURUV LH ¶V DUH

QRUPDOO\ GLVWULEXWHG ZLWK PHDQ ]HUR DQG FRQVWDQW YDULDQFH/ LQGHSHQGHQW WR HDFK RWKHU DQG

LQGHSHQGHQW WR WKH L; ¶V/ WKHQ OHDVW VTXDUH UHJUHVVLRQ JLYHV DSSURSULDWH LQIHUHQFHV DERXW WKH

FROXPQ YHFWRU SDUDPHWHU E 1 +RZHYHU/ ZKHQ Q<<< 1111/// 54 DUH WKH '($ HIILFLHQF\ VFRUHV

QTTT 111/// 54 / WKH HUURUV LH ¶V FDQ QRW EH LQGHSHQGHQW WR HDFK RWKHU/ EHFDXVH WKH PHWKRGRORJ\ RI

'($ LQVXUHV WKDW QTTT 111/// 54 DUH QRW LQGHSHQGHQW WR HDFK RWKHU1 7KH FDOFXODWLRQ RI WKH '($

HIILFLHQF\ VFRUH IRU RQH '08 LQYROYHV DOO WKH RWKHU '08V LQ WKH REVHUYDWLRQ VHW1 )RU H[DPSOH/ LQ

WKH IROORZLQJ SULPDO LQSXW0RULHQWHG &&5 PRGHO/ WKH '($ HIILFLHQF\ VFRUH RI '08 W LQ WKH

REVHUYHG VHW/ ZKHUH ^ `QW /111/5/4� / LV FDOFXODWHG E\ VROYLQJ WKH IROORZLQJ OLQHDU SURJUDPPLQJ

SUREOHP=

WTPLQ +4,
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LLW %%

4
O +5,
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Q
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LLWW $$

4
OT +6,

4 1RWLFH WKH VDPSOH GLVWULEXWLRQ RI WKH '($ HIILFLHQF\ VFRUHV LV QRW QHFHVVDULO\ QRQ0QRUPDO1 ,Q WKH H[DPSOH
LQ 6HFWLRQ 7/ WKH 6KDSLUR0:LON QRUPDOLW\ WHVW VKRZV WKDW WKH VDPSOH GLVWULEXWLRQ RI WKH '($ HIILFLHQF\
VFRUHV DV ZHOO DV WKH UHVLGXDOV IURP ILWWLQJ WKH UHJUHVVLRQ PRGHO LQ RXU H[DPSOH DUH LQGHHG DSSUR[LPDWHO\
QRUPDOO\ GLVWULEXWHG1
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1/111/4/3 QLL  tO +7,

,Q WKLV SUREOHP/ L$ GHQRWHV WKH LQSXW YHFWRU RI '08 L/ L% GHQRWHV WKH RXWSXW YHFWRU RI '08 L/

DQG LO LV WKH ZHLJKW RI '08 L1 2EYLRXVO\/ WKH FDOFXODWLRQ RI WKH '($ HIILFLHQF\ VFRUH IRU '08

W LQYROYHV DOO WKH RWKHU '08V LQ WKH REVHUYHG VHW1 ,Q RWKHU ZRUGV/ WKH UHDVRQ IRU WKH GHSHQGHQF\

SUREOHP LV VLPSO\ WKH ZHOO0NQRZQ IDFW WKDW WKH '($ HIILFLHQF\ VFRUH LV D UHODWLYH HIILFLHQF\ LQGH[

LQVWHDG RI DQ DEVROXWH HIILFLHQF\ LQGH[1 7KLV LV JHQHUDOO\ WUXH IRU DOO NLQGV RI '($ PRGHOV DQG WKH

0RGLILHG '($ PRGHOV1 7KHUHIRUH/ WKH DERYH SURFHGXUH/ GLUHFW UHJUHVVLRQ/ LV QRW YDOLG EHFDXVH RI

WKH YLRODWLRQ RI RQH RI WKH EDVLF PRGHO DVVXPSWLRQV UHTXLUHG E\ UHJUHVVLRQ DQDO\VLV GXH WR WKH

SUHVHQFH RI WKH LQKHUHQW GHSHQGHQFH DPRQJ WKH '08V¶ '($ HIILFLHQF\ VFRUHV1

,Q WKLV SDSHU/ ZH SUHVHQW D SURFHGXUH LQ ZKLFK WKH %RRWVWUDS LV XVHG ZLWK UHJUHVVLRQ DQDO\VLV WR

DGGUHVV WKH DERYH GHSHQGHQF\ SUREOHP1 1RWLFH WKDW LQ WKH OLWHUDWXUH RI %RRWVWUDS/ WKLV PHWKRG KDV

EHHQ XVHG WR DGGUHVV GLIIHUHQW SUREOHPV LQ UHJUHVVLRQ DQDO\VLV> IRU H[DPSOH/ WKH QRQ0QRUPDOLW\ RI

WKH GLVWULEXWLRQ RI WKH HUURUV LQ UHJUHVVLRQ DQDO\VLV1 ,Q WKLV SDSHU/ %RRWVWUDS LV XVHG LQ WR DGGUHVV D

GLIIHUHQW DQG PRUH VSHFLILF SUREOHP LQ UHJUHVVLRQ DQDO\VLV= WKH GHSHQGHQFH DPRQJ WKH HUURUV GXH

WR WKH GHSHQGHQFH DPRQJ WKH UHVSRQVHV ZLWKLQ WKH VDPSOH/ VSHFLILFDOO\/ WKH '($ HIILFLHQF\

VFRUHV1 $V ZH ZLOO VKRZ ODWHU LQ WKLV SDSHU/ LQ K\SRWKHVLV WHVWLQJ/ WKH PHWKRG SUHVHQWHG LQ WKLV

SDSHU PD\ OHDG WR D FRQFOXVLRQ ZKLFK LV FRQWUDU\ WR WKH RQH GUDZQ IURP WKH DERYH GLUHFW

UHJUHVVLRQ SURFHGXUH1

7KH LQKHUHQW GHSHQGHQF\ SUREOHP RI WKH '($ HIILFLHQF\ VFRUHV KDV EHHQ LJQRUHG LQ WKH OLWHUDWXUH1

+RZHYHU/ RQH VKRXOG EH FRQFHUQHG ZLWK QRW RQO\ LQ WKH UHJUHVVLRQ DQDO\VLV RI WKH YDULDWLRQV RI

WKH '($ HIILFLHQF\ VFRUHV/ EXW DOVR RWKHU VWDWLVWLFDO LQIHUHQFHV EDVHG RQ '($ HIILFLHQF\ VFRUHV1

)RU H[DPSOH/ LQ WKH DOVR ZLGHO\ XVHG QRQ0SDUDPHWULF DQDO\VLV RI '($ HIILFLHQF\ VFRUHV/ WKH

LQGHSHQGHQFH ZLWKLQ VDPSOH LV DOVR UHTXLUHG1 %XW WKLV DVVXPSWLRQ FDQ DOVR QRW EH VDWLVILHG GXH WR

WKH LQKHUHQW GHSHQGHQF\ RI WKH '($ HIILFLHQF\ VFRUHV1 +RZHYHU/ WR WKH EHVW RI RXU NQRZOHGJH/

WKLV SUREOHP KDV QHYHU EHHQ DFNQRZOHGJHG/ QRU DGGUHVVHG LQ WKH OLWHUDWXUH1 ,Q RXU RSLQLRQ/ WKH

%RRWVWUDS LV D SRVVLEOH WRRO WR IL[ WKLV SUREOHP LQ WKH QRQ0SDUDPHWULF DQDO\VLV RI WKH '($

HIILFLHQF\ VFRUHV DV ZHOO1

7KH UHVW RI WKH SDSHU LV RUJDQL]HG DV IROORZLQJV= ,Q 6HFWLRQ 5/ WKH %RRWVWUDS PHWKRG LV LQWURGXFHG1

,Q 6HFWLRQ 6/ D SURFHGXUH RI UHJUHVVLRQ DQDO\VLV ZLWK WKH %RRWVWUDS LQ SRVW0'($ DQDO\VLV LV
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SUHVHQWHG1 $Q HPSLULFDO H[DPSOH LV GHVFULEHG LQ 6HFWLRQ 7 WR LOOXVWUDWH WKH PHWKRGRORJ\ SUHVHQWHG

KHUHLQ1 7KH PDLQ UHVXOWV RI WKLV SDSHU DUH VXPPDUL]HG LQ 6HFWLRQ 81
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51 7KH %RRWVWUDS 0HWKRG

%UDGOH\ (IURQ LQYHQWHG WKH %RRWVWUDS PHWKRG LQ 4<:< +6HH (IURQ 4<:<,1 6LQFH WKHQ/ LW KDV TXLFNO\

EHFRPH D SRSXODU DQG SRZHUIXO VWDWLVWLFDO WRRO XVHG WR DGGUHVV VRPH ³KDUG´ SUREOHPV LQ VWDWLVWLFDO

DQDO\VLV1 7KLV PHWKRG LV D FRPSXWDWLRQDOO\ LQWHQVH PHWKRG1 +RZHYHU WKH PRGHUQ FRPSXWHU LV

PRUH WKDQ VXIILFLHQW IRU WKH FRPSXWDWLRQ UHTXLUHG E\ WKLV PHWKRG1

7KH SUREOHP VROYHG E\ %RRWVWUDS LV PDLQO\ DQ HVWLPDWLRQ SUREOHP1 &RQVLGHULQJ D UDQGRP VDPSOH

,/1111//+ 54 Q;;;;  IURP D SRSXODWLRQ ZLWK DQ XQNQRZQ GLVWULEXWLRQ )/ WKH JRDO LV WR HVWLPDWH

WKH VDPSOLQJ GLVWULEXWLRQ RI VRPH SUH0VSHFLILHG UDQGRP YDULDEOH 5 +;/ ),/ EDVHG RQ WKH UHDO GDWD

VHW [ 1 +HUH ,/1111//+ 54 Q[[[[  GHQRWHV WKH REVHUYHG UHDOL]DWLRQ RI ,/1111//+ 54 Q;;;;  1

$V GHVFULEHG LQ (IURQ +4<:<,/ WKH SULQFLSOH RI WKH %RRWVWUDS PHWKRG LV YHU\ VLPSOH DQG

VWUDLJKWIRUZDUG=

+4, &RQVWUXFW WKH VDPSOH SUREDELOLW\ GLVWULEXWLRQ )Ö / DVVLJQLQJ SUREDELOLW\ 42Q DW HDFK SRLQW LQ

WKH REVHUYHG VDPSOH= Q[[[ /1111// 54 1

+5, 'UDZ D UDQGRP VDPSOH RI VL]H Q ZLWK UHSODFHPHQW IURP )Ö ZKLOH )Ö LV IL[HG DW LWV REVHUYHG
YDOXH1 7KDW LV/

);[; LQGLLL
Öa/ ---  / L  4/ 5/«/ Q1 +8,

7KH VDPSOH ,/1111//+ --
5

-
4

-
Q;;;;  LV GHILQHG DV WKH %RRWVWUDS VDPSOH1

+6, 7KH GLVWULEXWLRQ RI WKH UDQGRP YDULDEOH 5 +;/ ), LV DSSUR[LPDWHG E\ WKH ERRWVWUDS GLVWULEXWLRQ

RI

,Ö/+ -- );55  1 +9,

%HKLQG WKLV SULQFLSOH/ WKH FRUH LGHD LV WKDW JLYHQ [;  / )Ö LV WKH FHQWUDO SRLQW RI ) DPRQJ DOO WKH

OLNHO\ )¶V/ DQG WKHQ -5 VKRXOG EH FORVH HQRXJK WR 51 ,Q WKHRU\/ ZKHQ ))  Ö / LW PXVW EH WKH FDVH

WKDW 55  - 1 7KHRUHWLFDOO\/ -5 FDQ EH FDOFXODWHG DIWHU [ LV REVHUYHG1 )RU PRUH GHWDLOV DERXW WKH

PHWKRGRORJ\ RI WKH %RRWVWUDS PHWKRG/ SOHDVH UHIHU WR (IURQ +4<:<, DQG (IURQ DQG 7LEVKLUDQL

+4<<6,1 %DVHG RQ ZHOO0HVWDEOLVKHG IDFWV/ WKH %RRWVWUDS KDV EHHQ VKRZQ WR ZRUN VDWLVIDFWRULO\ LQ

PDQ\ HVWLPDWLRQ SUREOHPV/ VXFK DV WKH HVWLPDWLRQ RI WKH YDULDQFH RI WKH VDPSOH PHGLDQ DQG

FRQILGHQFH LQWHUYDOV1 $V ZH PHQWLRQHG EHIRUH/ LW ZDV DOVR XVHG WR HVWLPDWH WKH GLVWULEXWLRQ RI WKH



:

UHJUHVVLRQ FRHIILFLHQWV ZKHQ WKH HUURU WHUPV¶ GLVWULEXWLRQV LQGHSHQGHQWO\ IROORZ VRPH XQNQRZQ

GLVWULEXWLRQ1

%RRWVWUDS ZDV ILUVW LQWURGXFHG LQWR WKH QRQ0SDUDPHWULF IURQWLHU DQDO\VLV ILHOG WKURXJK D SLRQHHULQJ

ZRUN LQ 6LPDU +4<<5,1 6LQFH WKHQ/ LW KDV EHHQ XVHG WR FRQVWUXFW WKH FRQILGHQFH LQWHUYDO IRU WKH

PHDQV RI WKH '($ HIILFLHQF\ VFRUHV +$WNLQVRQ DQG :LOVRQ 4<<8,/ WR GHULYH WKH FRQILGHQFH

LQWHUYDOV DQG D PHDVXUH RI ELDV IRU WKH '($ HIILFLHQF\ VFRUHV +)HUULHU DQG +LUVFKEHUJ 4<<:,/ DQG

WR DQDO\]H WKH VHQVLWLYLW\ RI WKH '($ HIILFLHQF\ VFRUHV UHODWHG WR WKH YDULDWLRQV RI WKH HVWLPDWHG

IURQWLHU +6LPDU DQG :LOVRQ 4<<;,1 ,W KDV EHHQ UHFRJQL]HG WKDW WKH %RRWVWUDS PHWKRG LV D SRZHUIXO

WRRO WR DGGUHVV WKH VWDWLVWLFDO DVSHFWV RI '($ +*URVVNRSI 4<<9,1 $OO WKLV OLWHUDWXUH KDV EHHQ

IRFXVHG RQ WKH HVWLPDWLRQ RI WKH GLVWULEXWLRQ RI WKH '($ HIILFLHQF\ VFRUHV1 7R GDWH/ QR RQH KDV

DGGUHVVHG WKH UHJUHVVLRQ TXHVWLRQ UDLVHG LQ WKH ,QWURGXFWLRQ1



;

61 $SSO\LQJ %RRWVWUDS WR WKH 5HJUHVVLRQ $QDO\VLV RI '($ (IILFLHQF\ 6FRUHV

,Q WKLV VHFWLRQ/ ZH SUHVHQW D SURFHGXUH IRU WKH UHJUHVVLRQ DQDO\VLV RI WKH '($ HIILFLHQF\ VFRUHV E\

XVLQJ %RRWVWUDS WR VROYH WKH GHSHQGHQF\ SUREOHP1 %HIRUH JRLQJ LQWR WKH GHWDLOV RI WKH PHWKRG/ OHW

XV ILUVW WDNH D FORVHU ORRN LQWR WKH ³GHSHQGHQF\ SUREOHP´1 :KDW LV WKH UHDO SUREOHP LI WKH

UHVSRQVHV/ Q<<< 1111/// 54 / DUH GHSHQGHQW WR HDFK RWKHU/ RU/ LQ RWKHU ZRUGV/ FRUUHODWHG WR HDFK RWKHU"

%DVLFDOO\/ ZKHQ Q<<< 1111/// 54 DUH FRUUHODWHG/ LI ZH ILW WKH UHJUHVVLRQ PRGHO DV LI WKH\ ZHUH QRW

FRUUHODWHG/ WKH HVWLPDWH RI WKH VWDQGDUG HUURU RI WKH UHJUHVVLRQ FRHIILFLHQW HVWLPDWH/ ,Ö+Ö MHV E /

ZKLFK LV REWDLQHG E\ ILWWLQJ WKH UHJUHVVLRQ PRGHO/ LV QR ORQJHU FRUUHFW1 $V VWDWHG LQ *ROGEHUJHU

+4<<4,=

³« WKH IDPLOLDU HVWLPDWRU RI WKH YDULDQFH PDWUL[ RI WKH YHFWRU RI E >WKDW LV/ WKH YHFWRU RI

UHJUHVVLRQ FRHIILFLHQW HVWLPDWHV@ LV ELDVHG/ DQG VR WKH FRQYHQWLRQDO HVWLPDWRU RI WKH

VWDQGDUG HUURUV DUH QRW FRUUHFW PHDVXUHV RI WKH LPSUHFLVLRQ/ DQG FRQVHTXHQWO\ WKH

FRQILGHQFH UHJLRQ DQG WKH K\SRWKHVLV WHVW SURFHGXUHV « ZLOO QRW EH YDOLG1´+*ROGEHUJHU

4<<4,

7KLV PHDQV WKDW ZH DUH QR ORQJHU VXUH DERXW KRZ DFFXUDWH MEÖ +WKH HVWLPDWH RI UHJUHVVLRQ

FRHIILFLHQW ME E\ ILWWLQJ WKH UHJUHVVLRQ PRGHO, LV/ DQG WKH XVXDO IRUPXOD IRU ,Ö+Ö MHV E / WKH

HVWLPDWRU IRU WKH VWDQGDUG HUURU RI MEÖ / ZLOO W\SLFDOO\ JLYH WKH ZURQJ DQVZHU1 7KLV LPPHGLDWHO\

FDXVHV D PRUH VHULRXV SUREOHP WKDW ZH QHHG WR ZRUU\ DERXW= WKH W0UDWLRV DQG 30YDOXHV IRU WKH

K\SRWKHVLV WHVW RI ³ 3=3  M+ E ´ DUH QR ORQJHU FRUUHFW VLQFH ZH FDOFXODWHG WKH WHVW VWDWLVWLF W

DFFRUGLQJ WR

,Ö+Ö
Ö

M

M

HV
W

E
E

 +:,

7KHUHIRUH/ WKH FRQFOXVLRQV ZH UHDFK WKURXJK WKLV NLQG RI GLUHFW UHJUHVVLRQ DQDO\VLV PD\ EH

PLVOHDGLQJ1

7R DGGUHVV WKH GHSHQGHQF\ LVVXH/ FRQVLGHU WKH IROORZLQJ SUREOHP=
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$VVXPH D UDQGRP VDPSOH RI Q '08V LV WDNHQ IURP D FRPSOHWHO\ XQNQRZQ GLVWULEXWLRQ )1 7KLV

UDQGRP VDPSOH LV GHQRWHG E\ ,/1111//+ 54 Q;;;;  / ZKHUH //111/4,//+ QL98; LLL   

LV D +W . P, GLPHQVLRQ YHFWRU FRQVLVWLQJ RI RQH W0GLPHQVLRQDO YHFWRU L8 DQG RQH P0GLPHQVLRQDO

YHFWRU L9 1 7KH FRPSRQHQWV RI YHFWRU L8 DUH WKH LQSXWV DQG RXWSXWV RI '08 L XVHG LQ WKH '($

PRGHO1 7KH FRPSRQHQWV RI YHFWRU L9 DUH WKH FRUUHVSRQGLQJ YDOXHV RI WKH H[SODQDWRU\ YDULDEOHV

DVVRFLDWHG ZLWK '08 L XVHG LQ WKH UHJUHVVLRQ PRGHO1 &RQVLGHU WKH '($ PRGHO IRU '08 L DV D

SURMHFWLRQ SURFHGXUH LI 1 7KHQ/ WKH HIILFLHQF\ VFRUH LT LV WKH SURMHFWLRQ RI ,111///+ 54 Q8888  

WKURXJK LI 1 7KDW LV/

,+8LL IT  1 +;,

6XSSRVH WKDW PMM 111//4/3/  E DUH WKH UHJUHVVLRQ FRHIILFLHQWV LQ WKH IROORZLQJ UHJUHVVLRQ PRGHO=

QL9*< LLLL /111/4/,/+  ò  HET / ,/111//111//+ 43 PM EEEEE  1 +<,

+HUH LH LV WKH HUURU WHUP/ L  4/ 5/«/ Q1 2EYLRXVO\/ E\ HVWLPDWLRQ RI WKH UHJUHVVLRQ PRGHO/ ZH FDQ

FDOFXODWH WKH HVWLPDWH IRU ME 1 7KDW LV/

1111//4/3,///+Ö PM)9MM   TME +43,

+HUH ,/111//+ 54 QTTTT  DQG ,/111//+ 54 Q9999  1 6LQFH ,+8LL IT  DQG ;  +8/ 9,/ WKH HVWLPDWH

MEÖ LV HVVHQWLDOO\ MXVW D UDQGRP YDULDEOH GHSHQGHQW RQ ,/+ ); WKURXJK D SURMHFWLRQ SURFHGXUH M5 1

7KDW LV=

PM);5)9888 MQMM 111//4/3,//+,/,,/+,/111/+,/+++Ö
54    IIIME 1 +44,

+HQFH/ ZH FDQ FDOFXODWH WKH FRHIILFLHQW HVWLPDWH MEÖ IURP WKH REVHUYHG UDQGRP VDPSOH [1

+RZHYHU/ VLQFH LT ¶V DUH FRUUHODWHG WR HDFK RWKHU/ ZH DUH QR ORQJHU VXUH DERXW WKH DFFXUDF\ RI WKH

MEÖ ¶V1 $V ZH GLVFXVVHG EHIRUH/ ,Ö+Ö MHV E / WKH HVWLPDWRU IRU ,Ö+ MVH E +WKH VWDQGDUG HUURU RI MEÖ ,

REWDLQHG E\ WKH GLUHFW UHJUHVVLRQ PHWKRG LV QR ORQJHU FRUUHFW1 ,Q RUGHU WR JHW WKH FRUUHFW W0UDWLRV

DQG 30YDOXHV IRU WKH K\SRWKHVLV WHVWLQJ/ ZH WKHQ XVH ERRWVWUDS WR HVWLPDWH ,Ö+ MVH E 1

%DVHG RQ $OJRULWKP 914= ³7KH %RRWVWUDS $OJRULWKP IRU (VWLPDWLQJ 6WDQGDUG (UURUV´ LQ (IURQ DQG

7LEVKLUDQL +4<<6,/ ZH SUHVHQW WKH IROORZLQJ SURFHGXUH WR HVWLPDWH ,Ö+ MVH E XVLQJ %RRWVWUDS=
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6WHS 4= &RQVWUXFW WKH VDPSOH SUREDELOLW\ GLVWULEXWLRQ )Ö E\ DVVLJQLQJ SUREDELOLW\ RI 42Q DW HDFK

'08 LQ WKH REVHUYHG VDPSOH= + Q[[[ /1111// 54 ,1

6WHS 5= 'UDZ F +F LV D FRQVWDQW, UDQGRP VDPSOHV RI VL]H Q ZLWK UHSODFHPHQW IURP WKH RULJLQDO

VDPSOH + Q[[[ /1111// 54 ,= 5

FN[[[6 NQNNN 111//4,//1111//+ 54   / +45,

ZKHUH QLYX[ NLNLNL /111/4,//+   1 N6 LV WKH VR0FDOOHG %RRWVWUDS VDPSOH1

6WHS 6= )RU HDFK %RRWVWUDS VDPSOH FN6N 111//4/  / UXQ WKH '($ PRGHO DQG UHFDOFXODWH WKH

HIILFLHQF\ VFRUHV IRU DOO Q '08V=

/111//4,/+ QLXNLNL   IT +46,

ZKHUH LI UHSUHVHQWV WKH '($ PRGHO IRU '08 L1

6WHS 7= )RU HDFK %RRWVWUDS VDPSOH FN6N 111//4/  / HYDOXDWH WKH %RRWVWUDS UHSOLFDWLRQ

PMFNNM 111//4/3//111/4/Ö   E E\ ILWWLQJ WKH UHJUHVVLRQ PRGHO=

QLY* NLNLNNL /111/4/,/+  ò HET / ,/111//111//+ 43 NPNMNNN EEEEE  +47,

6WHS 8= (VWLPDWH WKH VWDQGDUG HUURU ,Ö+ MVH E E\ WKH VDPSOH VWDQGDUG GHYLDWLRQ RI WKH F %RRWVWUDS

UHSOLFDWLRQV RI MEÖ =

PMFHV

F

N
MNM

MF /111/4/3/,4+

,Ö+
,Ö+Ö

5
4

4

5
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EE
E / +48,

ZKHUH

PM
F

F

N
NM

M 111//4/3/

Ö
4   
¦
 

E
E 1 +49,

5 )RU PRUH GHWDLOV DERXW RXU ZD\ RI ERRWVWUDSSLQJ WKH ZKROH RULJLQDO VDPSOH SOHDVH UHIHU WR 6HFWLRQ <18 LQ
(IURQ DQG 7LEVKLUDQL +4<<6,1
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:H FDOO ,Ö+Ö MFHV E WKH %RRWVWUDS HVWLPDWRU IRU WKH VWDQGDUG HUURU RI MEÖ 1

1RZ/ ZH DUH UHDG\ WR XVH D W0WHVW WR WHVW WKH IROORZLQJ K\SRWKHVLV=

13=1/3=3 z MDM +YV+ EE

&DOFXODWH WKH WHVW VWDWLVWLF DFFRUGLQJ WR=

,Ö+Ö

Ö

MF

M

HV
W

E

E
 / +4:,

DQG FRPSDUH W WR WKH FULWLFDO YDOXH
5

DW IURP WKH VWXGHQW W GLVWULEXWLRQ ZLWK GHJUHHV RI IUHHGRP

HTXDO WR +Q0P04, 1 ,I 35813WW ! / UHMHFW WKH QXOO K\SRWKHVLV 3=3  M+ E LQ IDYRU RI

3= zMD+ E / DW 3813 D VLJQLILFDQW OHYHO1 2WKHUZLVH/ WKH QXOO K\SRWKHVLV 3=3  M+ E LV

WHQDEOH DW 3813 D VLJQLILFDQW OHYHO1

7KH DERYH SURFHGXUH/ XQOLNH WKH GLUHFW UHJUHVVLRQ PHWKRG/ FRUUHFWO\ LPSOHPHQWV (IURQ¶V

%RRWVWUDS PHWKRG WR JLYH DSSURSULDWH VWDQGDUG HUURUV ZKHQ WKH Q RULJLQDO '08¶V/ L; / L  4/5/11/

Q/ DUH LQGHSHQGHQWO\ VDPSOHG IURP )/ HYHQ WKRXJK WKH HIILFLHQF\ VFRUHV FRPSXWHG IURP WKH ;¶V

DUH GHSHQGHQW1
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71 (PSLULFDO ,OOXVWUDWLRQ

,Q WKLV VHFWLRQ/ ZH ZLOO XVH D GDWD VHW IURP WKH KHDOWK FDUH V\VWHP LQ WKH 8QLWHG 6WDWHV WR LOOXVWUDWH

WKH SURFHGXUH SUHVHQWHG LQ 6HFWLRQ 61

714 7KH 'DWD 6HW

:H WDNH RXU GDWD VDPSOH IURP WKH ³+RVSLWDO &RVW 5HSRUW 'DWD´ IRU WKH ILVFDO \HDU 4<<704<<8

UHOHDVHG E\ WKH +HDOWK &DUH )LQDQFLQJ $GPLQLVWUDWLRQ¶V ++&)$, +6HH WKH $SSHQGL[= 7DEOH $4,1

7KHUH DUH 433 KRVSLWDOV LQ RXU VDPSOH1 7KH LQSXWV DQG RXWSXWV IRU WKH '($ PRGHO DUH=

,QSXWV=

41 WKH QXPEHU RI IXOO WLPH HPSOR\HHV/

51 FRVWV+' PLOOLRQ,>

2XWSXWV=

41 WKH QXPEHU RI SDWLHQW GD\V SURGXFHG E\ WKH KRVSLWDO/

51 WKH QXPEHU RI GLVFKDUJHV IURP WKH KRVSLWDO1

7KH IROORZLQJ GDWD ZLOO EH XVHG DV WKH H[SODQDWRU\ YDULDEOHV LQ WKH UHJUHVVLRQ PRGHO=

41 %('6= WKH QXPEHU RI EHGV LQ WKH KRVSLWDO/ ZKLFK LV D PHDVXUHPHQW RI WKH VL]H RI WKH

KRVSLWDO>

51 )25352)= D GXPP\ YDULDEOH ZKHUH )25352)  4 LI WKH KRVSLWDO LV D IRU0SURILW KRVSLWDO/

)25352)  3 RWKHUZLVH>

61 7($&+= D GXPP\ YDULDEOH ZKHUH 7($&+  4 LI WKH KRVSLWDO LV D WHDFKLQJ KRVSLWDO / 7($&+

 3 RWKHUZLVH1

71 5(6= WKH QXPEHU RI UHVLGHQWV LQ WKH KRVSLWDO1

2QH RI WKH LQWHUHVWLQJ TXHVWLRQV DULVLQJ IURP WKLV GDWDVHW LV= ³$UH WKH IRU0SURILW KRVSLWDOV PRUH

HIILFLHQW WKDQ WKH QRW0IRU0SURILW KRVSLWDOV"´ (FRQRPLF WKHRU\ PLJKW VXJJHVW WKLV/ DQG WKH

LQGLYLGXDO WHVW IRU WKH FRHIILFLHQW RI )25352) LQ WKH UHJUHVVLRQ PRGHO ZLOO SURYLGH WKH HYLGHQFH

DERXW WKH K\SRWKHVLV1

715 0RGHO 'HVFULSWLRQ
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)LUVW/ IROORZLQJ WKH OLWHUDWXUH +3LQD DQG 7RUUHV 4<<5 DQG 7KDQDVVRXOLV 4<<6,/ ZH FKRRVH WR XVH D

FRQVWDQW UHWXUQV0WR0VFDOH/ LQSXW0RULHQWHG '($ PRGHO +&&50,, IRU WKLV LOOXVWUDWLYH H[DPSOH1

+RZHYHU/ WKH PHWKRG SUHVHQWHG LQ 6HFWLRQ 6 LV LQGHSHQGHQW RI WKH FKRVHQ PRGHO RULHQWDWLRQ DQG

UHWXUQV0WR0VFDOH DVVXPSWLRQ DQG WKXV/ LV DSSOLFDEOH WR DQ\ RWKHU '($ PRGHO HPSOR\HG E\ DQ

DQDO\VW1

6HFRQG/ ZH FKRRVH OLQHDU RUGLQDU\ OHDVW VTXDUH +2/6, UHJUHVVLRQ PRGHO LQ WKLV HPSLULFDO

LOOXVWUDWLRQ WR VLPSOLI\ WKH H[SRVLWLRQ1 +RZHYHU/ WKH PHWKRG SUHVHQWHG KHUH LV DSSOLFDEOH WR PDQ\

RWKHU W\SHV RI UHJUHVVLRQ PRGHOV1 $V ZH ZLOO VKRZ ODWHU/ WKH PDLQ UHDVRQ IRU FKRRVLQJ WKH OLQHDU

2/6 UHJUHVVLRQ PRGHO LV WKDW WKH 6KDSLUR0:LON QRUPDOLW\ WHVWV VKRZ WKDW ERWK WKH '($ HIILFLHQF\

VFRUHV DQG WKH UHVLGXDOV IURP ILWWLQJ WKH OLQHDU 2/6 UHJUHVVLRQ PRGHO LQ RXU H[DPSOH DUH LQGHHG

DSSUR[LPDWHO\ QRUPDOO\ GLVWULEXWHG1

716 +\SRWKHVHV

,Q WKLV H[DPSOH/ ZH DUH LQWHUHVWHG LQ WKH IROORZLQJ IRXU K\SRWKHVHV=

+4, ,V WKH VL]H RI WKH KRVSLWDO D IDFWRU LQIOXHQFLQJ WKH HIILFLHQF\ RI WKH KRVSLWDO"

+5, 'RHV WKH IDFW WKDW RQH LV D IRU0SURILW KRVSLWDO RU QRW LQIOXHQFH WKH HIILFLHQF\ RI WKH KRVSLWDO"

+6, 'RHV WKH IDFW WKDW RQH LV D WHDFKLQJ KRVSLWDO RU QRW LQIOXHQFH WKH HIILFLHQF\ RI WKH KRVSLWDO"

+7, ,V WKH QXPEHU RI WKH UHVLGHQWV D IDFWRU LQIOXHQFLQJ WKH HIILFLHQF\ RI WKH KRVSLWDO"

,Q RUGHU WR DQVZHU WKHVH TXHVWLRQV/ ZH ILW WKH IROORZLQJ 2/6 UHJUHVVLRQ PRGHO=

/76543 LLLLLL 5(67($&+)25352)%('6 HEEEEET òòòòò +4;,

DQG WHVW WKH IROORZLQJ K\SRWKHVLV FRQFHUQLQJ WKH UHJUHVVLRQ FRHIILFLHQWV=

+4, 3= 4
4
3  E+ / YV1 3= 4

4 zED+ 1

+5, 3= 5
5
3  E+ / YV1 3= 5

5 zED+ 1

+6, 3= 6
6
3  E+ / YV1 3= 6

6 zED+ 1

+7, 3= 7
7
3  E+ / YV1 3= 7

7 zED+ 1
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717 $SSOLFDWLRQ RI WKH %RRWVWUDS 0HWKRG6

7KH DSSOLFDWLRQ RI WKH ERRWVWUDS PHWKRG WR RXU DQDO\VLV FRQVLVWV RI WKH IROORZLQJ SKDVHV=

3KDVH 4= (VWLPDWH WKH SRLQW HVWLPDWH= PMM 111//4/3/Ö  E 1

5XQ WKH &&50, PRGHO ZLWK WKH REVHUYHG VDPSOH + Q[[[ /1111// 54 , DQG REWDLQ WKH HIILFLHQF\ VFRUHV

QTTT 111/// 54 1 *HW WKH OHDVW0VTXDUHV HVWLPDWH MEÖ IRU PMM 111//4/3/  E / E\ ILWWLQJ WKH OLQHDU 2/6

UHJUHVVLRQ PRGHO +4;, ZLWKLQ WKH REVHUYHG VDPSOH1

3KDVH 5= (VWLPDWH WKH VWDQGDUG HUURU RI WKH /6 HVWLPDWH MEÖ = PMVH M 111//5/4/3,/Ö+  E 1

6WHS 4= &RQVWUXFW WKH VDPSOH SUREDELOLW\ GLVWULEXWLRQ )Ö / DVVLJQLQJ SUREDELOLW\ RI 42433 DW HDFK

'08 LQ WKH REVHUYHG VDPSOH= 43354 /1111// [[[ 1

6WHS 5= 7DNH 4333 UDQGRP VDPSOHV RI VL]H 433 ZLWK UHSODFHPHQW IURP WKH REVHUYHG VDPSOH RI

433 KRVSLWDOV1 7KHVH VDPSOHV DUH WKH %RRWVWUDS VDPSOHV1

6WHS 6= 5XQ WKH &&5 LQSXW0RULHQWHG '($ PRGHO IRU HDFK %RRWVWUDS VDPSOH1

6WHS 7=:LWKLQ HDFK %RRWVWUDS VDPSOH/ ILW WKH IROORZLQJ OLQHDU 2/6 UHJUHVVLRQ PRGHO=

/ÖÖÖÖÖÖ
76543 NLNNLNNLNNLNNNL 5(67($&+)25352)%('6 EEEEET òòòò +4<,

IRU 4333111//5/4>433111//5/4   NL 1

+HUH NLT LV WKH '($ HIILFLHQF\ VFRUH IRU +RVSLWDO L LQ %RRWVWUDS 6DPSOH N/ DQG NMEÖ / M  3/ 4/ 5/

6/ 7/ DUH WKH %RRWVWUDS UHSOLFDWLRQV IRU MEÖ LQ %RRWVWUDS 6DPSOH N1

6WHS 8= (VWLPDWH WKH VWDQGDUG HUURU ,Ö+ MVH E E\ WKH VDPSOH VWDQGDUG GHYLDWLRQ RI WKH F %RRWVWUDS

UHSOLFDWLRQV=

6 7KH '($ PRGHOV DUH VROYHG E\ *$06 DQG DOO WKH UHJUHVVLRQ DQDO\VLV LV FRPSOHWHG E\ 60SOXV/ D VWDWLVWLFDO
ODQJXDJH1



48

7/111/4/3/,4+

,Ö+
,Ö+Ö

5
4

4
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ZKHUH

7111//4/

Ö
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E
E / F  433/ 533/«/ 43331 +54,

3KDVH 6= 8VH W0WHVW WR WHVW WKH LQGLYLGXDO K\SRWKHVLV ³ 3=3  M+ E ´ DW 3813 D VLJQLILFDQW

OHYHO ZLWK D WZR0VLGHG DOWHUQDWLYH ³ 3= zMD+ E ´1

&DOFXODWH WKH WHVW VWDWLVWLF W DFFRUGLQJ WR +46,/ DQG WKHQ FRPSDUH WKH FDOFXODWHG W WR WKH FULWLFDO

YDOXH 35813W IURP WKH VWXGHQW W GLVWULEXWLRQ ZLWK GHJUHH RI IUHHGRP HTXDO WR +4330704,  <81 ,I

35813WW ! / UHMHFW WKH QXOO K\SRWKHVLV 3=3  M+ E LQ IDYRU RI 3= zMD+ E / DQG FRQFOXGH

WKDW WKH MWK IDFWRU LQIOXHQFHV WKH KRVSLWDOV¶ HIILFLHQF\ DW 3813 D VLJQLILFDQW OHYHO1 2WKHUZLVH/

WKH QXOO K\SRWKHVLV 3=3  M+ E LV WHQDEOH DQG ZH FDQQRW UHMHFW WKH QXOO K\SRWKHVLV WKDW WKH MWK

IDFWRU GRHV QRW LQIOXHQFH WKH KRVSLWDOV¶ HIILFLHQF\ DW 3813 D VLJQLILFDQW OHYHO1

718 5HVXOWV

)LUVW/ ZH ILW WKH OLQHDU 2/6 UHJUHVVLRQ PRGHO ZLWK WKH '($ HIILFLHQF\ VFRUHV DQG WKH H[SODQDWRU\

YDULDEOHV FRUUHVSRQGLQJ WR WKH REVHUYHG VDPSOH +$SSHQGL[= 7DEOH $40$5,1 ,Q RUGHU WR FRPSDUH

WKH UHVXOWV IURP WKH GLUHFW UHJUHVVLRQ DQG WKH %RRWVWUDS PHWKRG SUHVHQWHG LQ 6HFWLRQ 6/ ZH WKHQ

WHVWHG WKH K\SRWKHVHV EDVHG RQ WKH UHVXOWV RI WKLV GLUHFW UHJUHVVLRQ1

,Q RUGHU WR FKRRVH WKH DSSURSULDWH UHJUHVVLRQ PRGHO/ ZH GLG QRUPDO TXDQWLOH DQG QRUPDO FXUYH

SORW +)LJXUH 4, DQG WKH 6KDSLUR0:LON QRUPDOLW\ WHVW IRU WKH '($ HIILFLHQF\ VFRUHV IRU WKH

REVHUYHG VDPSOH1
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1RUPDO 4XDQWLOH

)LJXUH ìï 1RUPDO &XUYH DQG 1RUPDO 4XDQWLOH 3ORW IRU WKH '($ (IILFLHQF\ 6FRUHV

,Q WKH QRUPDO TXDQWLOH SORW LQ )LJXUH 4/ WKH SRLQWV WHQG WR IROORZ D VWUDLJKW OLQH/ ZKLFK VXJJHVWV

WKDW WKH HIILFLHQF\ VFRUHV DUH QRUPDOO\ GLVWULEXWHG1 $V D PRUH ULJRURXV SURRI/ WKH UHVXOW IURP WKH

6KDSLUR0:LON QRUPDOLW\ WHVW FRQILUPHG WKH QRUPDOLW\ DVVXPSWLRQ DERXW WKH HIILFLHQF\ VFRUHV¶

GLVWULEXWLRQ1 7KH YDOXH RI WKH : VWDWLVWLF LV HTXDO WR 31<:3<94 DQG WKH 30YDOXH RI WKH WHVW LV

314955/ ZKLFK LV PXFK KLJKHU WKDQ 31381 7KHUHIRUH/ WKH QXOO K\SRWKHVLV DERXW WKH QRUPDOLW\

GLVWULEXWLRQ RI WKH '($ HIILFLHQF\ VFRUHV LV FOHDUO\ QRW UHMHFWHG DW 3813 D VLJQLILFDQW OHYHO1

+HQFH/ ZH FKRRVH WR ILW WKH OLQHDU RUGLQDU\ OHDVW VTXDUH UHJUHVVLRQ PRGHO1

,Q RUGHU WR GRXEOH FKHFN ZKHWKHU WKLV FKRLFH LV DSSURSULDWH RU QRW/ ZH WKHQ GLG QRUPDO TXDQWLOH

DQG QRUPDO FXUYH SORW +)LJXUH 5, DQG WKH 6KDSLUR0:LON QRUPDOLW\ WHVW IRU WKH UHVLGXDOV RI '($

HIILFLHQF\ VFRUHV DIWHU ZH ILW WKH OLQHDU 2/6 UHJUHVVLRQ PRGHO1
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1RUPDO 4XDQWLOH

)LJXUH ëï 1RUPDO &XUYH DQG 1RUPDO 4XDQWLOH 3ORW IRU WKH 5HVLGXDOV RI WKH '($ (IILFLHQF\ 6FRUHV

2QFH DJDLQ/ ZH VHH WKDW LQ WKH QRUPDO TXDQWLOH SORW/ WKH SRLQWV WHQG WR IROORZ D VWUDLJKW OLQH DQG

WKH PHDQ RI WKH UHVLGXDOV LV ]HUR/ ZKLFK VXJJHVWV WKDW WKH UHVLGXDOV RI WKH HIILFLHQF\ VFRUHV IROORZ

D QRUPDO GLVWULEXWLRQ ZLWK PHDQ ]HUR1 7KH YDOXH RI WKH : WHVW VWDWLVWLF IRU WKH 6KDSLUR0:LON

QRUPDOLW\ WHVW LV HTXDO WR íïäåäêæì DQG WKH 30YDOXH RI WKH WHVW LV íïäéìí/ ZKLFK LV IDU PRUH WKDQ

31381 +HQFH/ WKH PRGHO DVVXPSWLRQ RI WKH OLQHDU 2/6 UHJUHVVLRQ PRGHO FRQFHUQLQJ WKH QRUPDO

GLVWULEXWLRQ RI WKH UHVLGXDOV LV VDWLVILHG1 7KLV YHULILHV WKH DSSURSULDWHQHVV RI WKH FKRLFH RI WKH

OLQHDU 2/6 PRGHO LQ RXU H[DPSOH1

7KH UHVXOWV RI WKH GLUHFW UHJUHVVLRQ DUH VXPPDUL]HG LQ 7DEOH 4 +ZH WHVW WKH K\SRWKHVHV DW

3813 D VLJQLILFDQFH OHYHO ZLWK WZR0VLGHG DOWHUQDWLYHV,=
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7DEOH 41 5HVXOWV RI 'LUHFW 5HJUHVVLRQ

(VWLPDWH 6WG1

(UURU

W YDOXH 3U + ! W , +\SRWKHVLV

7HVWLQJ

,17(5&(37 3193;7 313685 4:15:; 3

%('6 313334 313334 31;459 3174;8 4
3+ WHQDEOH

)25352) 313<<8 31374; 516;67 3134<4 UHMHFW 5
3+

7($&+ 031389 3136<6 041755: 3148;4 6
3+ WHQDEOH

5(6 031334 313336 06147;6 313355 UHMHFW 7
3+

7KHQ ZH DSSOLHG WKH %RRWVWUDS PHWKRG SUHVHQWHG LQ 6HFWLRQ 6 ZLWK F  433/ 533/ «/ 4333> WKH

UHVXOWV DUH VKRZQ LQ 7DEOHV 5 WKURXJK 441

7DEOH 51 5HVXOWV RI %RRWVWUDS 5HJUHVVLRQ ZLWK & 433 6DPSOHV

MEÖ ME ,Ö+Ö 433 MHV E W YDOXH 3Uõ!_W_ô +\SRWKHVLV 7HVWLQJ

,QWHUFHSW íïçíåé íïçêçè íïíêçè ìçïçéçë í

%('6 íïíííì íïíííì íïíííì íïäçëè íïêêåë 4
3+ WHQDEOH

)25352) íïíääè íïìííå íïíèæì ìïæééì íïíåéé 5
3+ WHQDEOH

7($&+ ðíïíèç ðíïíèçé íïíêç ðìïèèêê íïìëêæ 6
3+ WHQDEOH

5(6 ðíïííì ðíïííìì íïíííë ðéïëäìì í UHMHFW 7
3+

7DEOH 61 5HVXOWV RI %RRWVWUDS 5HJUHVVLRQ ZLWK & 533 6DPSOHV

MEÖ ME ,Ö+Ö 533 MHV E W YDOXH 3Uõ!_W_ô +\SRWKHVLV 7HVWLQJ

,QWHUFHSW íïçíåé íïçêçä íïíêææ ìçïìëäé í

%('6 íïíííì íïíííì íïíííì ìïíìæì íïêììæ 4
3+ WHQDEOH

)25352) íïíääè íïíääì íïíçìä ìïçíåå íïììì 5
3+ WHQDEOH

7($&+ ðíïíèç ðíïíèçì íïíêèê ðìïèåé íïììçè 6
3+ WHQDEOH

5(6 ðíïííì ðíïííìì íïíííë ðéïëèéå í UHMHFW 7
3+
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7DEOH 71 5HVXOWV RI %RRWVWUDS 5HJUHVVLRQ ZLWK & 633 6DPSOHV

MEÖ ME ,Ö+Ö 633 MHV E W YDOXH 3Uõ!_W_ô +\SRWKHVLV 7HVWLQJ

,QWHUFHSW íïçíåé íïçêåè íïíéíä ìéïåçèå í

%('6 íïíííì íïíííì íïíííì íïäçëë íïêêåé 4
3+ WHQDEOH

)25352) íïíääè íïíäçæ íïíçíê ìïçéäé íïìíëé 5
3+ WHQDEOH

7($&+ ðíïíèç ðíïíèêä íïíêèç ðìïèæêì íïììä 6
3+ WHQDEOH

5(6 ðíïííì ðíïííìì íïíííë ðéïêæíå í UHMHFW 7
3+

7DEOH 81 5HVXOWV RI %RRWVWUDS 5HJUHVVLRQ ZLWK & 733 6DPSOHV

MEÖ ME ,Ö+Ö 733 MHV E W YDOXH 3Uõ!_W_ô +\SRWKHVLV 7HVWLQJ

,QWHUFHSW íïçíåé íïçêåç íïíéíå ìéïäííë í

%('6 íïíííì íïíííì íïíííì íïäêéë íïêèëç 4
3+ WHQDEOH

)25352) íïíääè íïíäæå íïíçìì ìïçëåì íïìíçå 5
3+ WHQDEOH

7($&+ ðíïíèç ðíïíèëæ íïíêç ðìïèèéå íïìëêê 6
3+ WHQDEOH

5(6 ðíïííì ðíïííìì íïíííë ðéïéìæê í UHMHFW 7
3+

7DEOH 91 5HVXOWV RI %RRWVWUDS 5HJUHVVLRQ ZLWK & 833 6DPSOHV

MEÖ ME ,Ö+Ö 833 MHV E W YDOXH 3Uõ!_W_ô +\SRWKHVLV 7HVWLQJ

,QWHUFHSW íïçíåé íïçêåé íïíéíæ ìéïäèìë í

%('6 íïíííì íïíííì íïíííì íïäêçé íïêèìé 4
3+ WHQDEOH

)25352) íïíääè íïíäçæ íïíçëä ìïèåêê íïììçæ 5
3+ WHQDEOH

7($&+ ðíïíèç ðíïíèêë íïíêæë ðìïèíëç íïìêçê 6
3+ WHQDEOH

5(6 ðíïííì ðíïííìì íïíííë ðéïëçéê í UHMHFW 7
3+
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7DEOH :1 5HVXOWV RI %RRWVWUDS 5HJUHVVLRQ ZLWK & 933 6DPSOHV

MEÖ ME ,Ö+Ö 933 MHV E W YDOXH 3Uõ!_W_ô +\SRWKHVLV 7HVWLQJ

,QWHUFHSW íïçíåé íïçêåé íïíéìå ìéïèèíë í

%('6 íïíííì íïíííì íïíííì íïäêèè íïêèìä 4
3+ WHQDEOH

)25352) íïíääè íïíäå íïíçëä ìïèåëì íïììçä 5
3+ WHQDEOH

7($&+ ðíïíèç ðíïíèêä íïíêæì ðìïèíææ íïìêéä 6
3+ WHQDEOH

5(6 ðíïííì ðíïííìì íïíííë ðéïëåäë í UHMHFW 7
3+

7DEOH ;1 5HVXOWV RI %RRWVWUDS 5HJUHVVLRQ ZLWK & :33 6DPSOHV

MEÖ ME ,Ö+Ö :33 MHV E W YDOXH 3Uõ!_W_ô +\SRWKHVLV 7HVWLQJ

,QWHUFHSW íïçíåé íïçêäê íïíéëé ìéïêéêì í

%('6 íïíííì íïíííì íïíííì íïäêçì íïêèìç 4
3+ WHQDEOH

)25352) íïíääè íïíäæè íïíçëê ìïèäææ íïììêé 5
3+ WHQDEOH

7($&+ ðíïíèç ðíïíèéê íïíêæì ðìïèíææ íïìêè 6
3+ WHQDEOH

5(6 ðíïííì ðíïííìì íïíííë ðéïëæçì í UHMHFW 7
3+

7DEOH <1 5HVXOWV RI %RRWVWUDS 5HJUHVVLRQ ZLWK & ;33 6DPSOHV

MEÖ ME ,Ö+Ö ;33 MHV E W YDOXH 3Uõ!_W_ô +\SRWKHVLV 7HVWLQJ

,QWHUFHSW íïçíåé íïçêäè íïíéìæ ìéïèæëæ í

%('6 íïíííì íïíííì íïíííì íïäéêç íïêéæå 4
3+ WHQDEOH

)25352) íïíääè íïíäæë íïíçìæ ìïçìêì íïìì 5
3+ WHQDEOH

7($&+ ðíïíèç ðíïíèéé íïíêæ ðìïèìëä íïìêêç 6
3+ WHQDEOH

5(6 ðíïííì ðíïííìì íïíííë ðéïêìéæ í UHMHFW 7
3+
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7DEOH 431 5HVXOWV RI %RRWVWUDS 5HJUHVVLRQ ZLWK & <33 6DPSOHV

MEÖ ME ,Ö+Ö <33 MHV E W YDOXH 3Uõ!_W_ô +\SRWKHVLV 7HVWLQJ

,QWHUFHSW íïçíåé íïçêäì íïíéìä ìéïèìêç í

%('6 íïíííì íïíííì íïíííì íïäéå íïêéèè 4
3+ WHQDEOH

)25352) íïíääè íïíäææ íïíçíæ ìïçêäæ íïìíéé 5
3+ WHQDEOH

7($&+ ðíïíèç ðíïíèéä íïíêçç ðìïèêíì íïìëäê 6
3+ WHQDEOH

5(6 ðíïííì ðíïííìì íïíííë ðéïëçèì í UHMHFW 7
3+

7DEOH 441 5HVXOWV RI %RRWVWUDS 5HJUHVVLRQ ZLWK & 4333 6DPSOHV

MEÖ ME ,Ö+Ö 4333 MHV E W YDOXH 3Uõ!_W_ô +\SRWKHVLV 7HVWLQJ

,QWHUFHSW íïçíåé íïçêää íïíéëê ìéïêæåé í

%('6 íïíííì íïíííì íïíííì íïäè íïêééè 4
3+ WHQDEOH

)25352) íïíääè íïíäåç íïíçíä ìïçêéè íïìíèè 5
3+ WHQDEOH

7($&+ ðíïíèç ðíïíèèë íïíêçè ðìïèêìå íïìëåä 6
3+ WHQDEOH

5(6 ðíïííì ðíïííìì íïíííë ðéïëåäê í UHMHFW 7
3+

&RPSDULQJ WKH UHVXOWV LQ 7DEOHV 5044 DQG WKH UHVXOWV LQ 7DEOH 4/ RQH VLJQLILFDQW FKDQJH RFFXUV LQ

WKH K\SRWKHVLV WHVWLQJ FRQFHUQLQJ )25352)=

3= 5
5
3  E+ 1

:KHWKHU RU QRW RQH LV D IRU0SURILW KRVSLWDO GRHV 127 VLJQLILFDQWO\ LQIOXHQFH WKH HIILFLHQF\ RI WKH

KRVSLWDO1

YHUVXV

3= 5
5 zED+ 1

:KHWKHU RU QRW RQH LV D IRU0SURILW KRVSLWDO '2(6 VLJQLILFDQWO\ LQIOXHQFH WKH HIILFLHQF\ RI WKH

KRVSLWDO1
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7KH FRQFOXVLRQ GUDZQ IURP WKH %RRWVWUDS PHWKRG LV LQ VKDUS FRQWUDVW WR WKH RQH GUDZQ IURP WKH

GLUHFW UHJUHVVLRQ PHWKRG1 7KH 30YDOXH IRU WKH W0WHVW IURP GLUHFW UHJUHVVLRQ VKRZQ LQ 7DEOH 4 LV

3134<4/ ZKLFK OHDGV WR WKH UHMHFWLRQ RI WKH QXOO K\SRWKHVLV 5
3+ ZKLOH LQ IDYRU RI 5

D+ DW

WKH 3813 D VLJQLILFDQW OHYHO1 7KXV/ WKH FRQFOXVLRQ LV WKDW IRU0SURILW KRVSLWDOV DUH PRUH HIILFLHQW1

+RZHYHU/ DV VKRZQ LQ 7DEOHV 5044/ WKH 30YDOXHV IRU WKH W0WHVW DUH YHU\ VWDEOH DQG DUH DURXQG 31441

,Q WKH 4333 VDPSOHV FDVH/ WKH 30YDOXH LV 314388/ ZKLFK LV DERXW 81857 WLPHV WKH 30YDOXH RI 3134<4

LQ 7DEOH 4 DQG PXFK KLJKHU WKDQ 31381 +HQFH/ WKH QXOO K\SRWKHVLV VKRXOG EH WHQDEOH DW WKH

3813 D VLJQLILFDQW OHYHO1:H PXVW WKHUHIRUH FRQFOXGH WKDW WR EH D IRU0SURILW KRVSLWDO RU QRW PD\

QRW LQIOXHQFH WKH HIILFLHQF\ RI WKH KRVSLWDO/ ZKLFK LV LQ VKDUS FRQWUDVW WR WKH LQFRUUHFW FRQFOXVLRQ

GUDZQ E\ WKH FRPPRQO\ XVHG GLUHFW UHJUHVVLRQ PHWKRG1

,Q WKLV H[DPSOH/ WKH WKHRUHWLFDOO\ FRUUHFW ERRWVWUDS PHWKRG \LHOGV FRQFOXVLRQV WKDW DUH

TXDOLWDWLYHO\ GLIIHUHQW IURP WKH FRPPRQO\ XVHG/ EXW QRQHWKHOHVV LQFRUUHFW/ GLUHFW UHJUHVVLRQ

PHWKRG1

719 $QDO\VLV RI 5HVXOWV

&RPSDULQJ 7DEOH 4 DQG 7DEOHV 5044/ ZH ILQG WKDW WKH %RRWVWUDS HVWLPDWLRQV IRU WKH VWDQGDUG HUURU

IRU WKH FRHIILFLHQW HVWLPDWH RI )25352)/ ,Ö+Ö 5EFHV / ZKHQ F  433/ 533/ «/ 4333/ DUH DOO PXFK

ODUJHU WKDQ WKH YDOXH RI WKH FRQYHQWLRQDO HVWLPDWRU JLYHQ E\ WKH GLUHFW UHJUHVVLRQ/ ,Ö+Ö 5EHV 1

$FWXDOO\/ LW LV WKLV ODUJHU VWDQGDUG HUURU HVWLPDWH WKDW FDXVHG WKH ORZHU W0UDWLR DQG WKH KLJKHU 30

YDOXH/ WKXV OHDGLQJ WR WKH FKDQJH LQ RXU K\SRWKHVLV WHVWLQJ1

7KH %RRWVWUDS PHWKRG VXJJHVWV WKDW WKH SRLQW HVWLPDWH RI 5
ÖE LV QRW VR VWDEOH DV LQGLFWHG E\ WKH

UHVXOWV RI WKH GLUHFW UHJUHVVLRQ PHWKRG1 ,V WKLV WUXH DQG KRZ FRXOG LW KDSSHQ"

,Q WKH RULJLQDOO\ REVHUYHG VDPSOH/ WKHUH DUH 48 IRU0SURILW KRVSLWDOV DQG ;8 QRW0IRU0SURILW KRVSLWDOV

+VHH 7DEOH $4 LQ WKH $SSHQGL[,1 :KHQ ZH HYDOXDWH WKH HIILFLHQF\ IRU WKH KRVSLWDOV ZLWKLQ WKH

REVHUYHG VDPSOH ZLWK WKH &&50, PRGHO/ WKHUH DUH RQO\ WKUHH HIILFLHQW KRVSLWDOV/ ZKLFK DUH

+RVSLWDO 84/ +RVSLWDO 88 DQG +RVSLWDO :7 +7DEOH $5 LQ WKH $SSHQGL[,1 $V HFRQRPLF WKHRU\ PLJKW
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VXJJHVW/ WZR RXW RI WKH WKUHH HIILFLHQW KRVSLWDOV DUH IRU0SURILW KRVSLWDOV= +RVSLWDO 84 DQG +RVSLWDO

:71 +HQFH/ WKHVH WZR KRVSLWDOV KDYH D VWURQJ HIIHFW RQ WKH HIILFLHQF\ VFRUHV RI PDQ\ RWKHU

KRVSLWDOV1 7KH GHSHQGHQFH EHWZHHQ WKH HIILFLHQF\ VFRUHV LV FUHDWHG LQ SDUW/ E\ WKHVH KRVSLWDOV1

7R PDNH WKLV LQVLJKW PRUH WDQJLEOH/ OHW XV WDNH D ORRN DW WKH ILUVW ILYH ERRWVWUDS VDPSOHV DQG ZKDW

KDSSHQV WR WKH HIILFLHQF\ VFRUHV IRU MXVW WHQ RI WKH 433 KRVSLWDOV1 7KH WHQ KRVSLWDOV DQG WKHLU

HIILFLHQF\ VFRUHV LQ HDFK VDPSOH DV ZHOO DV LQ WKH REVHUYHG VDPSOH FUHDWHG LQ 3KDVH 4 RI WKH

DQDO\VLV DUH VKRZQ LQ 7DEOH 451

7DEOH 451 9DULDWLRQV LQ (IILFLHQF\ 6FRUHV

+RVSLWDO 2EVHUYHG

6DPSOH

%RRWVWUDS

6DPSOH ì

%RRWVWUDS

6DPSOH ë

%RRWVWUDS

6DPSOH ê

%RRWVWUDS

6DPSOH é

%RRWVWUDS

6DPSOH è

ìë íïæê íïæê íïæå íïæê íïæê íïæê

ìç íïéå íïéå íïèì íïèæ íïéå íïèì

êí íïææ íïææ íïåì íïææ íïææ íïææ

êå íïéç íïéç íïéä íïéç íïéç íïéç

éå íïèê íïèê íïèç íïèè íïèê íïèé

èè ì ì ì ì ì ì

æê íïæê íïæê íïææ íïæê íïæê íïæê

åè íïèë íïèë íïèè íïèë íïèë íïèë

äé íïçé íïçé íïçå íïçé íïçé íïçé

çí íïäè î ì î î ì

,V +RVSLWDO èè

LQFOXGHG"

<HV <HV <HV <HV <HV <HV

,V +RVSLWDO èì

LQFOXGHG"

<HV <HV 1R <HV <HV <HV

,V +RVSLWDO æé

LQFOXGHG"

<HV <HV 1R 1R <HV 1R

,V +RVSLWDO çí

LQFOXGHG"

<HV 1R <HV 1R 1R <HV

1RWH= ³2 ´ LQ WKH WDEOH PHDQV WKDW WKH KRVSLWDO LV QRW LQFOXGHG LQ WKDW VDPSOH1
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)URP 7DEOH 45/ ZH ILQG=

+4, +RVSLWDO 88 LV HYDOXDWHG DV HIILFLHQW LQ HDFK RI WKH ILYH %RRWVWUDS VDPSOHV1 7KLV LV UHDVRQDEOH

VLQFH +RVSLWDO 88 LV RQ WKH HIILFLHQF\ VXUIDFH HYHQ LQ WKH REVHUYHG VDPSOH1

+5, :KHQ DOO WKH WKUHH HIILFLHQW KRVSLWDOV DUH LQ WKH %RRWVWUDS VDPSOH +H1J1/ %RRWVWUDS 6DPSOH 4

DQG %RRWVWUDS 6DPSOH 7,/ DOO WKH KRVSLWDOV LQFOXGHG LQ WKH %RRWVWUDS VDPSOH KDYH WKH VDPH

LQGLYLGXDO HIILFLHQF\ VFRUHV DV LQ WKH REVHUYHG VDPSOH1

+6, +RZHYHU/ ZKHQ QHLWKHU RI WKH WZR HIILFLHQW IRU0SURILW KRVSLWDOV LV LQFOXGHG LQ WKH %RRWVWUDS

VDPSOH +H1J1/ %RRWVWUDS 6DPSOH 5,/ ODUJH FKDQJHV RFFXU WR DOO WKH LQHIILFLHQW KRVSLWDOV¶

HIILFLHQF\ VFRUHV1:KHQ WKHVH WZR KRVSLWDOV DUH UHPRYHG/ WKH RWKHU KRVSLWDOV VHHP WR EH PRUH

HIILFLHQW1 7KH FKDQJHV UDQJH IURP 3136 WR 3138/ ZLWK DQ DYHUDJH RI 3136:;1

+7, :KHQ RQH RI WKH WZR HIILFLHQW IRU0SURILW KRVSLWDOV +LQ WKLV FDVH/ +RVSLWDO :7,/ LV QRW LQFOXGHG

LQ WKH %RRWVWUDS VDPSOH +H1J1/ %RRWVWUDS 6DPSOH 6 DQG %RRWVWUDS 6DPSOH 8,/ QRWLFHDEOH

FKDQJHV KDSSHQ WR WKH HIILFLHQF\ VFRUHV RI +RVSLWDO 49 DQG +RVSLWDO 7;1 &RPSDUHG WR WKHLU

HIILFLHQF\ VFRUHV LQ WKH REVHUYHG VDPSOH/ WKH FKDQJH UDQJHV IURP 3134 WR 313</ UHVSHFWLYHO\1

+8, 7KH HIILFLHQF\ VFRUH IRU +RVSLWDO 93/ ZKLFK LV DOVR D IRU0SURILW KRVSLWDO/ LQ WKH RULJLQDO VDPSOH

LV HYDOXDWHG DV 31<8/ ZKLFK VXJJHVWV WKDW +RVSLWDO 93 LV QRW RQ WKH HIILFLHQF\ VXUIDFH EXW YHU\

FORVH WR LW1 ,Q %RRWVWUDS 6DPSOH 5 DQG 8/ +RVSLWDO 93 LV LQFOXGHG1 %HFDXVH +RVSLWDO 84 DQG

+RVSLWDO :7 DUH UHPRYHG IURP %RRWVWUDS 6DPSOH 5 ZKLOH +RVSLWDO :7 LV UHPRYHG IURP

%RRWVWUDS 6DPSOH 8 DORQH/ +RVSLWDO 93 LV QRZ RQ WKH QHZ HIILFLHQF\ VXUIDFH DQG HYDOXDWHG DV

HIILFLHQW LQ %RRWVWUDS 6DPSOH 5 DQG %RRWVWUDS 6DPSOH 81

+9, 1RWLFH WKDW QRW RQO\ WKH RULJLQDOO\ HIILFLHQW KRVSLWDOV FDQ LQIOXHQFH WKH RULJLQDOO\ LQHIILFLHQW

KRVSLWDOV/ EXW LW LV DOVR SRVVLEOH IRU WKH RULJLQDOO\ LQHIILFLHQW RQHV WR LQIOXHQFH WKH RWKHU

LQHIILFLHQW '08V ZKHQ WKH HIILFLHQF\ VXUIDFH PRYHV1 &RPSDULQJ %RRWVWUDS 6DPSOH 6 DQG

6DPSOH 8/ ZH QRWLFH WKDW +RVSLWDO 49 KDV HIILFLHQW VFRUH RI 318: LQ 6DPSOH 6 ZKLOH KDYLQJ D

ORZHU HIILFLHQF\ VFRUH RI 3184 LQ 6DPSOH 8/ HYHQ WKRXJK LQ WKHVH WZR VDPSOHV/ ERWK +RVSLWDO

84 DQG +RVSLWDO 88 DUH LQFOXGHG ZKLOH +RVSLWDO :7 LV H[FOXGHG1 8SRQ FORVHU H[DPLQDWLRQ/ ZH

ILQG WKDW +RVSLWDO 93 LV LQFOXGHG LQ %RRWVWUDS 6DPSOH 6 EXW QRW LQ %RRWVWUDS 6DPSOH 81 ,Q

%RRWVWUDS 6DPSOH 5 DQG %RRWVWUDS 6DPSOH 8/ LQ ZKLFK +RVSLWDO 93 LV HYDOXDWHG DV HIILFLHQW

SDUWO\ GXH WR WKH UHPRYDO RI VRPH RI WKH WKUHH RULJLQDOO\ HIILFLHQW RQHV/ +RVSLWDO 49 KDV WKH

VDPH HIILFLHQF\ VFRUH RI 31841 %XW LQ %RRWVWUDS 6DPSOH 6/ ZKLOH +RVSLWDO 93 LV UHPRYHG/

+RVSLWDO 49¶V HIILFLHQF\ VFRUH JRHV XS WR 318:1 7KLV VXJJHVWV WKDW WKH HIILFLHQF\ VFRUH RI

+RVSLWDO 49 LV LQIOXHQFHG E\ WKH RULJLQDOO\ LQHIILFLHQW +RVSLWDO 93 LQ DGGLWLRQ WR EHLQJ

LQIOXHQFHG E\ WKH WKUHH RULJLQDOO\ HIILFLHQW RQHV1 7KLV VKRZV WKDW LQ WHUPV RI WKH '($



58

HIILFLHQF\ VFRUHV/ WKH GHSHQGHQF\ H[LVWV QRW RQO\ EHWZHHQ WKH HIILFLHQW KRVSLWDOV DQG WKH

LQHIILFLHQW RQHV/ EXW DOVR DPRQJ WKH LQHIILFLHQW RQHV1

$OO WKHVH FKDQJHV KDSSHQLQJ KHUH DUH GLUHFWO\ RU LQGLUHFWO\ UHODWHG WR ZKHWKHU WKHVH WZR HIILFLHQW

IRU0SURILW KRVSLWDOV DUH LQFOXGHG LQ WKH %RRWVWUDS VDPSOH RU QRW1 :KHQ RQH RU ERWK RI WKH WZR

HIILFLHQW IRU0SURILW KRVSLWDOV DUH QRW LQFOXGHG LQ WKH %RRWVWUDS VDPSOH/ WKH HIILFLHQF\ VXUIDFH

PRYHV/ ZKLFK FDXVHV GUDPDWLF FKDQJHV RI WKH LQHIILFLHQW KRVSLWDOV¶ HIILFLHQF\ VFRUHV1 $V ZH FDQ

VHH/ WKH LQKHUHQW GHSHQGHQF\ DPRQJ WKH KRVSLWDOV¶ HIILFLHQF\ VFRUHV/ HVSHFLDOO\ WKH IDFW WKDW WKH

LQHIILFLHQW KRVSLWDOV¶ HIILFLHQF\ VFRUHV KHDYLO\ GHSHQG RQ WKH IHZ HIILFLHQW RQHV/ UHVXOWHG LQ ELJ

YDULDWLRQV RI WKH '($ HIILFLHQF\ VFRUHV LQ WKH VHW1 *LYHQ WKDW ZH KDYH RQO\ H[DPLQHG D VPDOO

VXEVHW RI WKH KRVSLWDOV DQG WKH %RRWVWUDS VDPSOHV/ WKH YDULDWLRQV ZH VHH DUH TXLWH UHPDUNDEOH1

:KHQ ZH ILW WKH UHJUHVVLRQ PRGHO/ ZH WU\ WR H[SODLQ WKH YDULDWLRQ RI '($ HIILFLHQF\ VFRUHV E\ WKH

GLIIHUHQFHV LQ WKH H[SODQDWRU\ YDULDEOHV1 $V GLVFXVVHG DERYH/ D ODUJH SRUWLRQ RI WKH YDULDWLRQ RI

WKH '($ HIILFLHQF\ VFRUHV LV UHODWHG WR WKH WZR HIILFLHQW/ IRU0SURILW KRVSLWDOV1 &RQVHTXHQWO\/ WKH

FRHIILFLHQW HVWLPDWH RI )25352)/ 5
ÖE ZLOO DOVR EH VWURQJO\ LQIOXHQFHG E\ WKH WZR HIILFLHQW IRU0

SURILW KRVSLWDOV1 7KLV LPSOLHV WKDW 5
ÖE FDQQRW EH DV VWDEOH DV ZKDW LV LQGLFDWHG E\ ,Ö+Ö 5EHV / WKH

HVWLPDWLRQ RI WKH VWDQGDUG HUURUV RI 5
ÖE JLYHQ E\ WKH GLUHFW UHJUHVVLRQ1 7KLV NLQG RI LQVWDELOLW\ RI

5
ÖE / ZKLFK LV HVVHQWLDOO\ FDXVHG E\ WKH LQKHUHQW GHSHQGHQF\ RI WKH '($ HIILFLHQF\ VFRUHV/ LV

FRUUHFWO\ H[SODLQHG E\ ,Ö+Ö 5EFHV / WKH %RRWVWUDS HVWLPDWRU IRU ,Ö+ 5EVH 1 %HFDXVH WKH LQKHUHQW

GHSHQGHQF\ H[LVWV DPRQJ WKH '08V LQ WHUPV RI WKHLU HIILFLHQF\ VFRUHV/ ZKHQ %RRWVWUDS

SHULRGLFDOO\ GLVFDUGV WKH HIILFLHQW KRVSLWDOV IURP WKH VDPSOH/ ODUJH FKDQJHV LQ WKH HIILFLHQF\

VFRUHV RFFXUUHG DQG DUH FRUUHFWO\ FDSWXUHG LQ WKH VWDQGDUG HUURU HVWLPDWLRQV SURYLGHG E\ WKH

%RRWVWUDS HVWLPDWRU1 7KHUHIRUH/ LQ WKLV VHQVH/ WKH %RRWVWUDS PHWKRG SUHVHQWHG LQ 6HFWLRQ 6 LV

VKRZQ WR ZRUN VDWLVIDFWRULO\ LQ WHUPV RI RYHUFRPLQJ WKH LQKHUHQW GHSHQGHQF\ SUREOHP LQ WKH

UHJUHVVLRQ DQDO\VLV RI WKH YDULDWLRQV RI WKH '($ HIILFLHQF\ VFRUHV1
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81 6XPPDU\

,Q WKLV SDSHU/ ZH XVH WKH %RRWVWUDS PHWKRG WR REWDLQ D WKHRUHWLFDOO\ DSSURSULDWH VROXWLRQ WR WKH

SUREOHP SRVHG LQ WKH UHJUHVVLRQ DQDO\VLV RI WKH '($ HIILFLHQF\ VFRUHV GXH WR WKH LQKHUHQW

GHSHQGHQF\ DPRQJ WKH '08V¶ HIILFLHQF\ VFRUHV1:LWK WKH KHOS RI %RRWVWUDS/ ZH VKRZHG WKDW WKH

EURNHQ EULGJH FRQQHFWLQJ D UHODWLYHO\ QHZ DQG SURPLVLQJ QRQ0SDUDPHWULF DQDO\VLV PHWKRG/ '($/

DQG RQH RI WKH ROGHVW DQG PRVW SRZHUIXO SDUDPHWULF DQDO\VLV PHWKRGV/ UHJUHVVLRQ DQDO\VLV/ FRXOG

EH IL[HG1 $V VKRZQ LQ 6HFWLRQ 5 DQG 6HFWLRQ 6/ WKH SURFHGXUH DQG WKHRU\ RI WKH %RRWVWUDS PHWKRG

UHTXLUH RQO\ WKH UDQGRPQHVV RI WKH REVHUYHG VDPSOH1 ,Q RXU FDVH/ WKLV UHTXLUHV WKH LQGHSHQGHQFH

DPRQJ WKH '08V LQ WHUPV RI WKHLU LQSXWV/ RXWSXWV/ DQG WKH H[SODQDWRU\ YDULDEOHV EXW QRW WKH

LQGHSHQGHQFH RI WKHLU '($ HIILFLHQF\ VFRUHV1 %\ VKRZLQJ WKDW HDFK UHJUHVVLRQ FRHIILFLHQW

HVWLPDWH LV HVVHQWLDOO\ D SURMHFWLRQ RI WKH UDQGRP VDPSOH IURP D SRSXODWLRQ ZLWK XQNQRZQ

GLVWULEXWLRQ/ ZH DUH QR ORQJHU ERXQGHG E\ WKH GHSHQGHQF\ SUREOHP DQG WKXV/ DUH DEOH WR XVH WKH

%RRWVWUDS PHWKRG WR HVWLPDWH WKH VWDQGDUG HUURUV RI WKH UHJUHVVLRQ FRHIILFLHQW HVWLPDWHV1

$FNQRZOHGJPHQWV

7KLV ZRUN ZDV VXSSRUWHG E\ WKH 1DWLRQDO 6FLHQFH )RXQGDWLRQ XQGHU JUDQWV 6%5 <9035386 DQG

'0,0<967;3; DQG E\ WKH :KDUWRQ )LQDQFLDO ,QVWLWXWLRQV &HQWHU1 7KH DVVLVWDQFH DQG DGYLFH RI

3URIHVVRUV 3DXO 5RVHQEDXP DQG 6HDQ 1LFKROVRQ ZDV LQGLVSHQVDEOH LQ WKH FRPSOHWLRQ RI WKLV

UHVHDUFK1 2I FRXUVH/ DOO HUURUV RI RPLVVLRQ DQG FRPPLVVLRQ DUH WKH UHVSRQVLELOLW\ RI WKH DXWKRUV1
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5HIHUHQFHV

$WNLQVRQ/ 61 (1 DQG 31 :1 :LOVRQ/ ³&RPSDULQJ 0HDQ (IILFLHQF\ DQG 3URGXFWLYLW\ 6FRUHV IURP

6PDOO 6DPSOHV= $ %RRWVWUDS 0HWKRGRORJ\´/ 7KH -RXUQDO RI 3URGXFWLYLW\ $QDO\VLV/ 9 +4<<8,/ 46:0

4851

&DUU/ 51 01/ 6WUDWHJLF &KRLFHV/ )LUP (IILFLHQF\ DQG &RPSHWLWLYHQHVV LQ WKH 86 /LIH ,QVXUDQFH

,QGXVWU\/ XQSXEOLVKHG 3K1'1 GLVVHUWDWLRQ/ 'HSDUWPHQW RI ,QVXUDQFH DQG 5LVN 0DQDJHPHQW/ 7KH

:KDUWRQ 6FKRRO/ 8QLYHUVLW\ RI 3HQQV\OYDQLD +4<<:,1

&KDUQHV $1/:1:1 &RRSHU/ $1<1 /HZLQ/ DQG /1 01 6HLIRUG/ 'DWD (QYHORSPHQW $QDO\VLV= 7KHRU\/

0HWKRGRORJ\/ DQG $SSOLFDWLRQV1 .OXZHU $FDGHPLF 3XEOLVKHUV/ 1RUZHOO/0$ +4<<7,1

&XPPLQV/ '1 -1/ 61 7HQQ\VRQ/ DQG 01 $1 :HLVV/ ³&RQVROLGDWLRQ DQG (IILFLHQF\ LQ WKH 8161 /LIH

,QVXUDQFH ,QGXVWU\´/ -RXUQDO RI %DQNLQJ DQG )LQDQFH/ 56=507 +4<<<,/ 658068:1

'HSULQV/ '1 DQG /1 6LPDU/ ³(VWLPDWLQJ 7HFKQLFDO ,QHIILFLHQFLHV ZLWK &RUUHFWLRQV IRU

(QYLURQPHQWDO &RQGLWLRQV ZLWK DQ $SSOLFDWLRQ WR 5DLOZD\ &RPSDQLHV´/ $QQDOV RI 3XEOLF DQG

&RRSHUDWLYH (FRQRPLFV/ 93=4+4<;<,/ ;404351

(IURQ/ %1/ ³%RRWVWUDS 0HWKRGV= $QRWKHU /RRN DW WKH -DFNNQLIH´/ $QQ1 6WDWLVWLFV/ : +4<:<,/ 40591

(IURQ/ %1 DQG 51 -1 7LEVKLUDQL/ $Q ,QWURGXFWLRQ WR WKH %RRWVWUDS/ &KDSPDQ ) +DOO +4<<6,1

)HUULHU/ *1 '1 DQG -1 *1 +LUVFKEHUJ/ ³%RRWVWUDSSLQJ &RQILGHQFH ,QWHUYDOV IRU /LQHDU 3URJUDPPLQJ

(IILFLHQF\ 6FRUHV= :LWK DQ ,OOXVWUDWLRQ 8VLQJ ,WDOLDQ %DQNLQJ 'DWD´/ -RXUQDO RI 3URGXFWLYLW\

$QDO\VLV/ ; +4<<:,/ 4<0661

*ROGEHUJHU/ $1 61/ $ &RXUVH LQ (FRQRPHWULFV/ +DUYDUG 8QLYHUVLW\ 3UHVV +4<<4,1

*URVVNRSI/ 61/ ³6WDWLVWLFDO ,QIHUHQFH DQG 1RQ0SDUDPHWULF (IILFLHQF\= $ 6HOHFWLYH 6XUYH\´/

-RXUQDO RI 3URGXFWLYLW\ $QDO\VLV/ : +4<<9,/ 49404:91
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+DOO/ 31/ :1 +DUGOH/ DQG /1 6LPDU/ ³,WHUDWHG %RRWVWUDS ZLWK $SSOLFDWLRQV WR )URQWLHU 0RGHOV´/

-RXUQDO RI 3URGXFWLYLW\ $QDO\VLV/ 9 +4<<8,/ 960:91

-XUDV/ 31 (1 DQG &1 $1 %URRNV/ ³6XSSRUWLQJ 2SHUDWLRQDO 'HFLVLRQ 0DNLQJ´/ +HDOWK &DUH

6XSHUYLVRU/ 45+5, +4<<6,/ 580641

.RRUHPDQ/ 31/ ³1XUVLQJ +RPH &DUH LQ WKH 1HWKHUODQGV= $ 1RQ0SDUDPHWULF (IILFLHQF\ $QDO\VLV´/

-RXUQDO RI +HDOWK (FRQRPLFV/ 46 +4<<7,/ 63406491

/RYHOO/ &1 $1 .1/ /1 &1 /DZUHQFH/ DQG /1 /1 :RRG/ ³6WUDWLILHG 0RGHOV RI (GXFDWLRQ 3URGXFWLRQ

8VLQJ 0RGLILHG '($ DQG 5HJUHVVLRQ $QDO\VLV´/ LQ &KDUQHV HW DO +(G1,/ 'DWD (QYHORSPHQW

$QDO\VLV= 7KHRU\/0HWKRGRORJ\/ DQG $SSOLFDWLRQV/ .OXZHU $FDGHPLF 3XEOLVKHUV +4<<7,/ 65<06841

3LQD/ 91 DQG /1 7RUUHV/ %(YDOXDWLQJ WKH (IILFLHQF\ RI 1RQSURILW 2UJDQL]DWLRQV= $Q $SSOLFDWLRQ RI

'DWD (QYHORSPHQW $QDO\VLV WR WKH 3XEOLF +HDOWK 6HUYLFH%/ )LQDQFLDO $FFRXQWDELOLW\ )

0DQDJHPHQW/ ; +6, +4<<5,/ 54605571

5D\/ 61 &1/ ³5HVRXUFH±XVH (IILFLHQF\ LQ 3XEOLF 6FKRROV= $ 6WXG\ RI &RQQHFWLFXW 'DWD´/

0DQDJHPHQW 6FLHQFH/ 6: +4<<4,/ 49530495;1

6LPDU/ /1 DQG 31 /1:LOVRQ/ ³6HQVLWLYLW\ $QDO\VLV RI (IILFLHQF\ 6FRUHV= +RZ WR %RRWVWUDS LQ 1RQ0

SDUDPHWULF )URQWLHU 0RGHOV´/ 0DQDJHPHQW 6FLHQFH/ 77 +4<<;,/ 7<0941

6LPDU /1/ &1$1.1 /RYHOO/ DQG 3191 (HFNDXW/ ³6WRFKDVWLF )URQWLHUV ,QFRUSRUDWLQJ ([RJHQRXV

,QIOXHQFHV RQ (IILFLHQF\´/ 'LVFXVVLRQ 3DSHU <736/ ,QVWLWXWH GH 6WDWLVWLTXH/ 8QLYHUVLWH &DWKROLTXH

GH /RXYDLQ/ %HOJLXP +4<<7,1

6LPDU /1/ ³(VWLPDWLQJ (IILFLHQFLHV IURP )URQWLHU 0RGHOV ZLWK 3DQHO 'DWD= $ &RPSDULVRQ RI

3DUDPHWULF/ 1RQ0SDUDPHWULF DQG 6HPL0SDUDPHWULF PHWKRGV ZLWK %RRWVWUDSSLQJ´/ -RXUQDO RI

3URGXFWLYLW\ $QDO\VLV/ 6 +4<<5,/ 4:405361

7KDQDVVRXOLV/ (1/ ³$ &RPSDULVRQ RI 5HJUHVVLRQ $QDO\VLV DQG 'DWD (QYHORSPHQW $QDO\VLV DV

$OWHUQDWLYH 0HWKRGV IRU 3HUIRUPDQFH $VVHVVPHQWV´/ -RXUQDO RI WKH 2SHUDWLRQDO 5HVHDUFK

6RFLHW\/ 77 +4<<6,/ 445<044771
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$SSHQGL[

7DEOH $41 'DWD IRU ,OOXVWUDWLYH +HDOWK &DUH ([DPSOH

+RVSLWDO )7( &RVWVõùPLOOLRQô 37'$<6 ',6&+ %('6 )25352) 7($&+ 5(6

ì ìèæìïåç ìæé æìäåç ìëççè êçè í í í

ë åìçïèé çäïä èêíåì èåçì ëëé í í í

ê èêêïæé çìïæ ëèíêí éäèì ëåç ì í í

é åíèïë æèïé êéìçê ììåææ ëèç í í í

è êäíåïì êäç ìåæéçë éëæêè åëä í ì ìêçïå

ç æëæïæë çêïä êìêêí åéíë ìäé í í í

æ ëèæìïæè ëëí ìêííææ ëçåææ çëí í ì éëïåì

å èëì åäïì éêêäí åèäå ëäí ì í í

ä æìå èí ëæåäç çììê ìèí í ì ëêïëì

ìí ìèíéïåè ìëì æèäéì ìçéëæ êäê í í í

ìì ìëêéïéä åéïç èæíåí ìéìåí êìæ í í í

ìë åæê çåïå éåäêë ìëíçí ëåì í í í

ìê ìíçæïìæ åèïå èíéêç ììêìæ ëæå í í í

ìé ççå éæïè çæäíä çëêè ëéé í í í

ìè éèëïêè êçïé ëèëíí çåçí ìèè ì ì ìêïêì

ìç ìèëê äæïé èäåíä ìêìåí êäé í í í

ìæ êìèë ìäå ìíåçêì ëëíæì èæå í ì ìäèïçæ

ìå åæìïäç êíïæ ìæäëè éçíè ìçí í í í

ìä ëäíìïåç ëäí ìêíííé ëéìêê èéä í ì ìëçïåä

ëí äíëïé æåïë êèæéê åççé ëêç í ì ìëïíå

ëì ìäéïçä ìíïä ìèèèè ìèêí ìêë í í í

ëë æìêïèì çëïç êëèèå åäçç ìêå í í í

ëê èèæïêç ëêïå ìëæëå ëëäì ëæç ì í í

ëé ëëèäïë ìëí æéíçì ìëäéë êéå í ì ìéïèë

ëè éçëïëë êëïé ëåååç çìíì ìêé í í í

ëç ìëìëïì äæïê æéìäé ìëçåì êéë í í í

ëæ ëêäìïäé ìäë åäåéê ìåêäç êêç í ì ëëäïìä

ëå ìçêæ ìçë åíéçå ëìêéè éìè í í í

ëä èíì êæïä ëçåìê éèäé ìçç ì í í

êí éìëïì éíïë ëêëìæ çíéé ìçí ì í í

êì æêåïèç ëæ ììèìé êíèë ìéé ì í í

êë éìéïì êèïæ èèçìì éêèé ëíí í í í

êê ìíäæ ìíè èäééê ìêìíì ëéë í ì ëçïêë

êé æéë çëïå éëèéë åæêä ìæë í í í

êè ìíìí äæïì éæëéç ìëíæê ëçä í ì ìïì

êç ééíïç êéïë êíææê éêíè ëíì í í í

êæ ìëíêïê åèïé èíæìí ììéæí ëéæ í ì ìêïåë

êå ëèèåïíì ìäè ìëåéèí ëíééì èæì í ì èïéë

êä ëìèïéè åïéíääêç çèæéê èæå ëêå í í í

éí èääïê êíïé ëêëää èêêå ìæê í í í

éì éåíïèè ëäïè êéëæä çèçí ìçä ì í í

éë çêéïèì ëäïä ëæìèæ èìäå ìéì í í í
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7DEOH $41 'DWD IRU ,OOXVWUDWLYH +HDOWK &DUH ([DPSOH +FRQWLQXHG,

+RVSLWDO )7( &RVWVõùPLOOLRQô 37'$<6 ',6&+ %('6 )25352) 7($&+ 5(6

éê ìëììïä äìïé äíííå ìæççç êëí í ì çïëè

éé ëåèïè ëêïä ìçéæê ëåæê ìêè í í í

éè ìíêíïêç çæïì éêéåç äéçæ ëêè í ì çïéé

éç ìêæéïåì äèïè æéëæä ììåçë ëåé í í í

éæ äèêïèç éäïå éæäêé ìíèèê ëíæ í í í

éå èçìïìì éìïæ ëéåíí èéäå ìêë í í í

éä çéé èæïì êäççê åçíé ëçí í í í

èí êæçïèè ìäïç ëëííê éæèä ìéê í í í

èì éíéïæä êëïå ëæèçç æåæì ìäí ì í í

èë êäæïä ëäïé ëçíæë éëéå ìæí í í í

èê êæéïë êïäééçéä éìæä åìä ìèç í í í

èé ìæíë ìíí ììéçíê ìæëêè éêå í ì ììïåì

èè ìéåïíä èïíìêêæä èìççí ææì ìæë í í í

èç ëèêïéå ìçïä ìæèää éíéé ìæå í í í

èæ ìééèïçå ääïê åìíéì ìëäìë éæè í ì ìæïèê

èå éìéïì ëçïè ëíéêë éíçå ìëä í í í

èä çéëïèå éåïè éëæêê èäåê ìåì ì í í

çí ëíêïæè ìê ìçäëê êéçæ ìéç ì í í

çì éëìïå ìåïê ìçìæä ëåéí ìçí í í í

çë êëíïçë ìæïê ìåååë êêæí ìçí í í í

çê çæäïæä ëèïç ëæèçì éééæ êíå í ì ììïêê

çé ëêåë ëëç ìççèèä ëçíìä æåæ í ì æïíå

çè èèäïëä èåïì éíèêé ååíç êéë ì í í

çç èçåïìè êè êæìëí æëéë ìèå í í í

çæ ëéíåïíé ìèè æíêäë äèêå ëçç í ì ìììïêê

çå çêëïêé èéïç êæëëå çêèä ìæè í í í

çä äìæïëë èèïë éëìêè æëäé ëìè í í í

æí èèéïêé èçïä êëêèë êêëí ëíè í ì ì

æì æåí æèïä êäëìê æìèé ìæë í í í

æë ççêïåë èçïä êéìåí èëåé ëíí í í í

æê ìéëé ìéç ìíæéèæ ìåìäå éêë í ì ëïæè

æé êìê ëíïæ ëíììí èäçæ ìçè ì í í

æè ææå æåïé èìéäç ìëêíë êäí í í í

æç åçêïêæ çë èíäèæ ìíèèæ ëëå í í í

ææ êèíäïìë ëäí ìíäçæê ìäëìê éçä í ì ëäíïèê

æå ìèäêïåë ìèë åëéíí ìææíæ éæé í ì ììïçé

æä éçç éíïì êíçéæ æëçè ìçé ì í í

åí çççïêå éåïë ëåíéå èìåë ìèê í í í

åì ääåïå ìëì éèèìê çåèè ëêå í ì ååïåç

åë ìíìå äåïë çììæç ììêåç êèí í í í

åê êëêåïëå êëç ìëëììå ìäíçå èìé í ì ìéçïêê

åé ìéêìïì ìíæ éåäíí ìíçëê ëíå í í í
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7DEOH $41 'DWD IRU ,OOXVWUDWLYH +HDOWK &DUH ([DPSOH +FRQWLQXHG,

+RVSLWDO )7( &RVWVõùPLOOLRQô 37'$<6 ',6&+ %('6 )25352) 7($&+ 5(6

åè ìæêèïää ëæê åéììå ìçéèå ëæå í ì ìèåïé

åç ìæçä ìäí ìíèæéì ìäëèç éæå í ì íïäê

åæ éåéïèç êçïë ëéíæí çéçé ìëè í í í

åå ëíéïæ ìêïä ëåìêæ ìçìè ìêè ì í í

åä ìæíçïèå ëåæ æèìèê ìêéçè êçæ í ì äìïèç

äí ìíëäïìì æìïä éäääê ççäí ëèë í ì é

äì ììçæïë ììì æèííé ëìêêé êèí í í í

äë ìçèæïèå ììç æææèê ìæèëå éìê í í í

äê ìíìæïìç ååïè çéìéæ ìììêè êìç í í í

äé ìèêëïæ ìèê ääääå ìæêäì êäè í ì éïå

äè ìéçë ììê ììäìíæ ìçíèê éåé í ì íïè

äç ììêêïå ìíä èèèéí ìèèçç êèè í ì åïèì

äæ çíä éåïë æìåìæ èçêä êæç í ì ì

äå êíìïêì ëíïë éêëìé ëìèê ìéì í í í

ää ìäêíïíå ëíì åæìäæ ìäêìè éìå í í í

ìíí ìèæêïê ìææ ååìëé ìäççì éèå í ì çäïæì

1RWDWLRQ XVHG LQ 7DEOH $4=

)7(= 7KH QXPEHU RI IXOO WLPH HPSOR\HHV LQ WKH KRVSLWDO LQ )< 4<<70<8
&RVWV= 7KH H[SHQVHV RI WKH KRVSLWDO +'PLOOLRQ, LQ )< 4<<70<8
37'$<6= 7KH QXPEHU RI WKH SDWLHQW GD\V SURGXFHG E\ WKH KRVSLWDO LQ )< 4<<70<8
',6&+= 7KH QXPEHU RI SDWLHQW GLVFKDUJHV SURGXFHG E\ WKH KRVSLWDO LQ )< 4<<70<8
%('6= 7KH QXPEHU RI SDWLHQW EHGV LQ WKH KRVSLWDO LQ )< 4<<70<8
)25352)= 'XPP\ YDULDEOH/ ZKLFK LV HTXDO WR RQH LI LW LV IRU0SURILW KRVSLWDO/ ]HUR RWKHUZLVH
7($&+= 'XPP\ YDULDEOH/ ZKLFK LV HTXDO WR RQH LI LW LV WHDFKLQJ KRVSLWDO/ ]HUR RWKHUZLVH
5(6= 7KH QXPEHU RI WKH UHVLGHQWV LQ WKH KRVSLWDO LQ )< 4<<70<8
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7DEOH $51 &&50, '($ (IILFLHQF\ 6FRUHV IRU WKH 2EVHUYHG 6DPSOH

+RVSLWDO 6FRUH +RVSLWDO 6FRUH +RVSLWDO 6FRUH +RVSLWDO 6FRUH
ì íïéè ëç íïèä èì ì æç íïçæ
ë íïéç ëæ íïéë èë íïçì ææ íïêì

ê íïèì ëå íïçå èê íïæé æå íïç
é íïæç ëä íïèë èé íïçë æä íïåê

è íïèå êí íïææ èè ì åí íïéé
ç íïç êì íïêä èç íïåæ åì íïé

æ íïèæ êë íïæç èæ íïèë åë íïçë
å íïäì êê íïçé èå íïèè åê íïêé
ä íïéç êé íïçé èä íïèè åé íïé

ìí íïèä êè íïçê çí íïäè åè íïèë
ìì íïçë êç íïèå çì íïèç åç íïçì

ìë íïæê êæ íïèë çë íïæ åæ íïæ
ìê íïèæ êå íïéç çê íïçê åå íïçè
ìé íïçê êä íïåæ çé íïçê åä íïéé

ìè íïæä éí íïçë çè íïåè äí íïêä
ìç íïéå éì íïæä çç íïæé äì íïäé

ìæ íïêä éë íïçë çæ íïëé äë íïèæ
ìå íïèë éê íïå çå íïèæ äê íïçë

ìä íïéç éé íïèæ çä íïéæ äé íïçé
ëí íïèì éè íïèì æí íïêä äè íïçç
ëì íïèê éç íïè æì íïèì äç íïæì

ëë íïçè éæ íïæè æë íïéç äæ íïçæ
ëê íïêé éå íïèê æê íïæê äå íïçê

ëé íïêä éä íïæë æé ì ää íïèé
ëè íïæë èí íïåç æè íïåé ìíí íïçæ


