
0HWDER0HWDEROOLF LPDJLF LPDJLLQJ RI WKH KHDUW E\ 3QJ RI WKH KHDUW E\ 3((77

1DJDUD 7DPDNL�� 7DNDVKL .XGRK�� 1DR\D +DWWRUL� DQG -XQML .RQLVKL�

�'HSDUWPHQW RI 1XFOHDU 0HGLFLQH� +RNNDLGR 8QLYHUVLW\ 6FKRRO RI 0HGLFLQH� .LWD�NX�

6DSSRUR� DQG �'HSDUWPHQW RI 1XFOHDU 0HGLFLQH� .\RWR 8QLYHUVLW\ )DFXOW\ RI 0HGLFLQH�

6KRJRLQ� 6DN\R�NX� .\RWR� -DSDQ

$EVW$EVWUUDFDFWW� 0HWDEROLF LPDJLQJ XVLQJ SRVLWURQ HPLVVLRQ WRPRJUDSK\ KDV SURYLGHG

LQVLJKWV LQWR SDWKR�SK\VLRORJLFDO FRQGLWLRQV LQ LVFKHPLF P\RFDUGLXP� )'*�3(7 SURYHG

WR EH D JROG VWDQGDUG IRU DVVHV�VLQJ WLVVXH YLDELOLW\ LQ SDWLHQWV ZLWK FRURQDU\ DUWHU\

GLVHDVH� ,Q DGGLWLRQ� LW HQDEOHV WKH LGHQWLILFDWLRQ RI WKH KLJK�ULVN VXEJURXS RI SDWLHQWV

ZLWK P\RFDUGLDO LQIDUFWLRQ EDVHG RQ WKH SUHVHQFH RI LVFKHPLF P\RFDUGLXP� 7KXV� WKH

DUHDV VKRZLQJ UHGXFHG SHUIXVLRQ DQG HQKDQFHG JOXFRVH PHWDEROLVP� VR�FDOOHG SHUIXVLRQ

PHWDEROLVP PLVPDWFK� DUH JRRG FDQGLGDWHV IRU UHYDVFXODUL]DWLRQ WKHUDS\ SUHGLFDWHG RQ

WKH FRQFHSW WR LPSURYH UHJLRQDO FDUGLDF IXQFWLRQ DQG WR UHGXFH IXWXUH FDUGLDF HYHQWV�

5HFHQWO\� R[LGDWLYH PHWDEROLVP FDQ EH DQDO\]HG ZLWK 3(7 DQG &��� DFHWDWH� 7KLV QHZ

WHFKQLTXH KDV SRWHQWLDOV IRU LGHQWLI\LQJ UHYHUVLEOH LVFKHPLD� 0RUHRYHU� WKH FRPELQHG

3(7 VWXG\ XVLQJ )'* DQG &��� DFHWDWH PD\ LGHQWLI\ WKH DUHDV RI DHURELF DQG DQDHURELF

JOXFRVH XWLOL]DWLRQ LQ YLYR�



8V8VLLQJQJ ����2 ZDWHU D2 ZDWHU DQQGG 3(3(7 IRU TX7 IRU TXDDQWLWDWLYHQWLWDWLYH DDVVVVHHVVVVPHQW RI UHJLRPHQW RI UHJLRQQDO P\RFDDO P\RFDUUGLGLDDO SHU IO SHU IXXVLVLRRQQ

DQG P\RFDQG P\RFDDUUGGLDO YLLDO YLDDELELOOLW\LW\

+LGHKLUR OLGD� <RVKLND]X 7DPXUD� +LURWVXJX .DGR DQG <XNLKLNR 2QR

5HVHDUFK OQVWLWXWH IRU %UDLQ DQG %ORRG 9HVVHOV� $NLWD� -DSDQ

$EVW$EVWUUDFDFWW� ��2�ZDWHU LV D IUHHO\ GLIIXVLEOH WUDFHU DQG LWV P\RFDUGLDO NLQHWLFV DUH

QRW GHSHQGHQW RQ PHWDEROLVP� $ NLQHWLF DQDO\VLV EDVHG RQ D VLPSOH� RQH�FRPSDUWPHQW

DSSURDFK FDQ SURYLGH TXDQWLWDWLYH DVVHVVPHQW RI UHJLRQDO P\RFDUGLDO EORRG IORZ �0%)��

$ PXOWLFHQWHU SURMHFW LQYROYLQJ VHYHQ LQGHSHQGHQW LQVWLWXWLRQV LQ -DSDQ GHPRQVWUDWHG

JRRG LQWHU� DQG LQWUD�LQVWLWXWH FRQVLVWHQF\ RI QRUPDO 0%) YDOXHV LQ PDQ �0%)� ����±

���� PO�PLQ�J DW UHVW DQG ���� ± ���� DIWHU GLS\ULGDPROH LQIXVLRQ�� 5HODWLYHO\ ODUJH

LQWHULQGLYLGXDO YDULDWLRQ RI UHVWLQJ 0%) LQ QRUPDOV DWWULEXWHG WR YDULDWLRQ RI WKH

ZRUNORDG LQ LQGLYLGXDOV� 7KH UHVWLQJ 0%) VLJQLILFDQWO\ FRUUHODWHG ZLWK D UDWH�SUHVVXUH

SURGXFW �533�� \  ���������H��[� 3 � ������ DQG 533 VLJQLILFDQWO\ FRUUHODWHG ZLWK DJH�

\  �� � ���[� S � ������ 7KHVH GDWD VXJJHVW WKDW WKLV WHFKQLTXH LV UHOLDEOH DQG DFFXUDWH

IRU 0%) TXDQWLWDWLRQ LQ KXPDQ VWXGLHV� DQG WKHUHIRUH VXLWDEOH DV D FOLQLFDO

LQYHVWLJDWLYH WRRO� $QRWKHU XWLOLW\ RI O�2�ZDWHU KDV UHFHQWO\ EHHQ SURSRVHG IRU DVVHVVLQJ

P\RFDUGLDO YLDELOLW\� $V DQ HTXLOLEULXP GLVWULEXWLRQ RI ��2�ZDWHU DIWHU LQILQLWH WLPH� WKH

NLQHWLF DQDO\VLV IRU ��2�ZDWHU SURYLGHV D SURSRUWLRQ RI ZDWHU�SHUIXVDEOH P\RFDUGLXP

ZLWKLQ D YROXPH HOHPHQW� $Q H[SHULPHQWDO VWXG\ RQ GRJV ZLWK FKURQLF P\RFDUGLDO

LQIDUFWLRQ GHPRQVWUDWHG D JRRG FRUUHODWLRQ RI WKH ZDWHU�SHUIXVDEOH WLVVXH DJDLQVW WKH

KLVWRFKHPLFDO 77& VWDLQLQJ� VXJJHVWLQJ WKDW WKH ZDWHU�SHUIXVDEOH WLVVXH SURYLGHV DQ

LQGLUHFW PHDVXUH RI WKH H[WHQW RI KLVWRFKHPLFDOO\ GHILQHG QRQLQIDUFWHG �YLDEOH� WLVVXH�

&OLQLFDO VWXGLHV LQ ERWK DFXWH DQG FKURQLF LQIDUFWLRQ VHWWLQJV GHPRQVWUDWHG WKDW WKH

SURSRUWLRQ RI ZDWHU�SHUIXVDEOH WLVVXH ! ��� IRU D G\VIXQFWLRQDO VHJPHQW DXJXUV DQ

LPSURYHPHQW LQ WKH FRQWUDFWLOLW\ RI WKDW UHJLRQ IROORZLQJ LQWHUYHQWLRQ� 7KHVH VWXGLHV

VXJJHVW WKDW WKH DELOLW\ WR H[FKDQJH ZDWHU UDSLGO\ DFURVV WKH VDUFROHPPD LV D SURSHUW\

RI YLDEOH P\RFDUGLXP� DQG WKDW ! ��� RI WKH WLVVXH ZLWKLQ D K\SRFRQWUDFWLOH ]RQH VKRXOG

EH YLDEOH LQ RUGHU WR HQDEOH LPSURYHPHQW LQ FRQWUDFWLOH IXQFWLRQ� 7KXV� ��2�ZDWHU QRW

RQO\ SURYLGHV TXDQWLWDWH P\RFDUGLDO SHUIXVLRQ EXW DOVR DQ DOWHUQDWLYH DSSURDFK IRU

DVVHVVLQJ P\RFDUGLDO YLDELOLW\ ZLWKRXW XVLQJ PHWDEROLF WUDFHUV�



$$VVVHVHVVVPHQW RI FRURQVPHQW RI FRURQDDU\ IORZ XVU\ IORZ XVLLQJ PDJQHWLF UQJ PDJQHWLF UHHVVRRQDQFH LQDQFH LPPDJLQDJLQJJ

+DMLPH 6DNXPD�� 0XQHKLUR 6KLEDWD�� .DQ 7DNHGD�� 7VX\RVKL 1DNDJDZD��

7DNHVKL 1DNDQR� DQG &KDUOHV %� +LJJLQV��

�'HSDUWPHQW RI 5DGLRORJ\ DQG �)LUVW 'HSDUWPHQW RI OQWHUQDO 0HGLFLQH� 0LH 8QLYHUVLW\

6FKRRO RI 0HGLFLQH� 7VX� 0LH� -DSDQ� DQG �'HSDUWPHQW RI 5DGLRORJ\� 8QLYHUVLW\ RI

&DOLIRUQLD 6DQ )UDQFLVFR� 6DQ )UDQFLVFR� &DOLIRUQLD� 86$

$EVW$EVWUUDFWDFW�� 7KH SXUSRVH RI WKH FXUUHQW VWXG\ ZDV WR PHDVXUH WKH UHVSRQVH RI

FRURQDU\ IORZ YHORFLW\ WR GLS\ULGDPROH DGPLQLVWUDWLRQ DV D UHIOHFWLRQ RI FRURQDU\ IORZ

UHVHUYH �&)5� LQ KHDOWK\ VXEMHFWV DQG SDWLHQWV ZLWK VLJQLILFDQW FRURQDU\ DUWHU\ VWHQRVLV

E\ XVLQJ 05 LPDJLQJ�

7HQ KHDOWK\ YROXQWHHUV DQG �� SDWLHQWV ZLWK FRURQDU\ DUWHU\ GLVHDVHV LQ WKH

OHIW DQWHULRU GHVFHQGLQJ �/$'� DUWHU\ RQ ;�UD\ DQJLRJUDSK\ ZHUH VWXGLHG� )DVW FLQH

3&�05 LPDJHV ZHUH DFTXLUHG ZLWKLQ ��V RQ GRXEOH�REOLTXH LPDJLQJ SODQHV

SHUSHQGLFXODU WR WKH /$' DUWHU\� ZLWK )29 RI �� [ �� FP� YHORFLW\ ZLQGRZ RI ± � P�V

DQG VHJPHQWHG N�VSDFH GDWD DFTXLVLWLRQ� &)5 UDWLR ZDV FDOFXODWHG DV D UDWLR RI

K\SHUHPLF WR EDVHOLQH IORZ YHORFLW\ LQ WKH /$'� %ORRG IORZ YHORFLW\ LQ WKH /$' DUWHU\

ZDV GLUHFWO\ PHDVXUHG E\ 'RSSOHU IORZ ZLUH EHIRUH DQG DIWHU LQWUDYHQRXV GLS\ULGDPROH

DGPLQLVWUDWLRQ LQ DOO SDWLHQWV�

05 PHDVXUHPHQW RI WKH EDVHOLQH GLDVWROLF SHDN YHORFLW\ �'39� LQ SDWLHQWV ZDV

QRW VLJQLILFDQWO\ GLIIHUHQW IURP WKH EDVHOLQH '39 LQ KHDOWK\ VXEMHFWV ����� ± ��� YV�

���� FP�V ± ���� PHDQ±6'�� +RZHYHU� WKH '39 DIWHU GLS\ULGDPROH LQMHFWLRQ ����� FP�V

± ���� DQG WKH &)5 UDWLR �O��� ± ����� LQ SDWLHQWV ZHUH VLJQLILFDQWO\ ORZHU WKDQ WKRVH

PHDVXUHG LQ KHDOWK\ VXEMHFWV ����� FP�V ± ���� DQG ����±����� S � ������ 05

DVVHVVPHQWV RI &)5 UDWLRV GHPRQVWUDWHG D JRRG OLQHDU FRUUHODWLRQ ZLWK WKRVH GLUHFWO\

PHDVXUHG E\ 'RSSOHU IORZ ZLUH GXULQJ ;�UD\ DQJLRJUDSK\ �U  ����� Q  ����

,Q FRQFOXVLRQ� IDVW FLQH 3& 05 LPDJLQJ FDQ SURYLGH QRQLQYDVLYH DVVHVVPHQW

RIIKQFWLRQDO VLJQLILFDQFH RI FRURQDU\ DUWHU\ VWHQRVLV LQ SDWLHQWV ZLWK FRURQDU\ DUWHU\

GLVHDVHV�



5HOD5HODWWLRLRQQVVKKLS EHWZHLS EHWZHHHQ P\RFDUGQ P\RFDUGLLDO IORZ UHVHUYHDO IORZ UHVHUYH DQDQG HQHUJ\ PHWDEG HQHUJ\ PHWDERROLOLVVP LQP LQ K\SHUWUK\SHUWURSRSKLFKLF

FDUGFDUGLLRP\RRP\RSSDWKDWK\\

<�,VKLGD��7� 8HKDUD�� 6� )XNXRND��< +LURVH�� .� +D\DVKLGD� <� 6KLPRWVX�� <� 0L\DNH��

<�<DVXPXUD� DQG .� 0L\DWDNH��

'HSDUWPHQWV RI �5DGLRORJ\ DQG 1XFOHDU 0HGLFLQH DQG �&DUGLRORJ\� 1DWLRQDO

&DUGLRYDVFXODU &HQWHU� 2VDND� -DSDQ

$EVW$EVWUUDFDFWW� 7R DVVHVV ZKHWKHU UHGXFHG FRURQDU\ IORZ UHVHUYH �&)5� DIIHFWV

P\RFDUGLDO HQHUJ\ PHWDEROLVP LQ K\SHUWURSKLF FDUGLRP\RSDWK\ �+&0�� ZH HYDOXDWHG

UHJLRQDO &)5 E\ GLS\ULGDPROH �'3��VWUHVV DQG UHVWLQJ ��1�DPPRQLD ���1+�� 3(7� DQG

VWXGLHG WKH UHODWLRQVKLS EHWZHHQ &)5 DQG P\RFDUGLDO PHWDEROLF DEQRUPDOLWLHV LQ ��

+&0 SDWLHQWV ZLWK DV\PPHWULF VHSWDO K\SHUWURSK\ DQG ZLWKRXW UHJLRQDO ���7O GHIHFWV�

0\RFDUGLDO IUHH IDWW\ DFLG DQG JOXFRVH PHWDEROLVP ZHUH HYDOXDWHG E\ IDVWLQJ

���,�%0,33 �α�PHWK\O�LRGRSKHQ\OSHQWDGHFDQRLF DFLG� 63(&7 DQG E\ IDVWLQJ ��)'*

�IOXRURGHR[\JOXFRVH� 3(7� UHVSHFWLYHO\� ,Q WKH PLGYHQWULFXODU WUDQVD[LDO WRPRJUDP�

ZH GHWHUPLQHG WKH WUDFHU GLVWULEXWLRQ UDWLR EHWZHHQ VHSWDO DQG ODWHUDO UHJLRQV �6�/�

DIWHU FRUUHFWLQJ WKH SDUWLDO YROXPH HIIHFW� ��1+� 6�/ ZDV ���� ± ���� DW UHVW LQGLFDWLQJ

KRPRJHQHRXV IORZ GLVWULEXWLRQV EHWZHHQ ERWK UHJLRQV� EXW ZDV ���� ± ���� GXULQJ '3

�S � ���� YV� DW UHVW� LQGLFDWLQJ UHODWLYHO\ UHGXFHG &)5 LQ VHSWDO UHJLRQV� 7KH UHGXFWLRQ

LQ ���,�%0,33 6�/ GLG QRW FRUUHODWH ZLWK ��1+� 6�/ DW UHVW EXW FRUUHODWHG ZHOO ZLWK WKH

H[WHQW RI FKDQJH LQ ��1+� 6�/ IURP UHVW WR '3 �U  ������ S � ������� 2Q WKH RWKHU KDQG�

)'* 6�/ GLG QRW FRUUHODWH ZLWK ��1+� 6�/ DW UHVW DQG GXULQJ '3 DQG ���,�%0,33 6�/

7KHVH UHVXOWV VXJJHVW WKDW WKH DEQRUPDOLW\ LQ P\RFDUGLDO IUHH IDWW\ DFLG PHWDEROLVP

RFFXUV XQGHU WKH OLPLWHG &)5 GXH WR UHJLRQDO K\SHUWURSK\ DQG PD\ SOD\ DQ LPSRUWDQW

UROH LQ SURJUHVVLQJ P\RFDUGLDO IDLOXUH LQ +&0 SDWLHQWV� +RZHYHU� WKH UHVSRQVH RI

P\RFDUGLDO JOXFRVH PHWDEROLVP WR WKH LPSDLUPHQW RI &)5 LV YDULDEOH DQG UHTXLUHV

IXUWKHU LQYHVWLJDWLRQ�

.H\ZRUGV� ���,� α �PHWK\O�LRGRSKHQ\OSHQWDGHFDQRLF DFLG �%0,33�� ��)� 

IOXRURGHR[\JOXFRVH� ��1�DPPRQLD� SRVLWURQ HPLVVLRQ WRPRJUDSK\ �3(7��



0D0DSSSSLLQJ KXQJ KXPPDQ FRJDQ FRJQQLWLLWLRRQ ZLWK IXQFWLQ ZLWK IXQFWLRRQDO LQDO LPPDJLDJLQQJJ

5LFKDUG )UDFNRZLDN

:HOFRPH 'HSDUWPHQW RI &RJQLWLYH 1HXURORJ\� /RQGRQ� 8.

$EVW$EVWUUDFWDFW�� 0DMRU DGYDQFHV LQ FRPSXWLQJ DQG PDWKHPDWLFV� HVSHFLDOO\ WKH

EDFN�SURMHFWLRQ DOJRULWKPV LQWURGXFHG IRU UHFRQVWUXFWLQJ WRPRJUDSKLF GDWD REWDLQHG E\

QRQLQYDVLYH LPDJLQJ� KDYH OHG WR QHZ RSSRUWXQLWLHV IRU WKH VWXG\ RI WKH VWUXFWXUH�

IXQFWLRQ DQG VWUXFWXUH�IXQFWLRQ UHODWLRQVKLSV RI WKH KXPDQ EUDLQ� 8QWLO UHFHQWO\ WKH

PHWKRGV DYDLODEOH IRU VWXG\LQJ WKH IXQFWLRQDO RUJDQLVDWLRQ RI WKH KXPDQ EUDLQ ZHUH

UHVWULFWHG LQ VFRSH� +HQFH� PXFK RI RXU XQGHUVWDQGLQJ ZDV LQIHUUHG IURP VWXGLHV LQ

QRQKXPDQ SULPDWHV� 7KH RQO\ DOWHUQDWLYH DSSURDFK ZDV WR GUDZ FRQFOXVLRQV IURP

REVHUYDWLRQV LQ SDWLHQWV ZLWK VSHFLILFDOO\ GLVWULEXWHG EUDLQ OHVLRQV� 7KH GHYHORSPHQW RI

QRQLQYDVLYH QHXURLPDJLQJ WHFKQLTXHV KDV UHVXOWHG LQ WKH HPHUJHQFH RI QHZ GDWD WKDW

FDQ QRZ EH XVHG WR WHVW ELRORJLFDO WKHRULHV RI IXQFWLRQDO EUDLQ RUJDQLVDWLRQ�

.H\ZRUGV� I05,� PHPRU\� SHW� 630�



7KH FRJ7KH FRJQQLWLYH DUFLWLYH DUFKKLWHFWXLWHFWXUUH RH RII WKH KXWKH KXPPDQ SDQ SUUHIURQWHIURQWDDO FRUWH[O FRUWH[�� 33(7 DV D WRRO WR(7 DV D WRRO WR WHVW DQGWHVW DQG

JHQHUDWH KJHQHUDWH K\\SRWKSRWKHHVHVHVV

-RUGDQ *UDIPDQ�� 6WHSKHQ )OLWPDQ� DQG 'DQLHO -� .LPEHUJ�

�&RJQLWLYH 1HXURVFLHQFH 6HFWLRQ� 1DWLRQDO ,QVWLWXWH RI 1HXURORJLFDO 'LVRUGHUV DQG

6WURNH� 1DWLRQDO ,QVWLWXWHV RI +HDOWK� %HWKHVGD� 0DU\ODQG� DQG �%DUURZ 1HXURORJLFDO

,QVWLWXWH� 3KRHQL[� $UL]RQD� 86$

$EVW$EVWUUDFDFWW� 7KH KXPDQ SUHIURQWDO FRUWH[ RFFXSLHV DSSUR[LPDWHO\ RQH�WKLUG RI WKH

WRWDO FRUWLFDO VSDFH LQ WKH EUDLQ� <HW DVVLJQPHQW RI VSHFLILF FRJQLWLYH RSHUDWLRQV RU

UHSUHVHQWDWLRQV WR WKDW DUHD RI FRUWH[ KDV ODJJHG EHKLQG RXU LQYHVWLJDWLRQ DQG

XQGHUVWDQGLQJ RI WKH IXQFWLRQV RI SRVWHULRU EUDLQ DUHDV� :H KDYH GHYHORSHG DQ

DOWHUQDWLYH IUDPHZRUN IRU WKH LQYHVWLJDWLRQ RI WKH IXQFWLRQV RI WKH SUHIURQWDO FRUWH[

ZKLFK DUJXHV WKDW D XQLTXH DVSHFW RI VHPDQWLF NQRZOHGJH LV VWRUHG LQ WKH SUHIURQWDO

FRUWH[� :H KDYH FRLQHG WKLV DVSHFW RI VHPDQWLF NQRZOHGJH WKH VWUXFWXUHG HYHQW

SURFHVVLQJ FRPSOH[ �6(&�� 2QH DSSURDFK WR WHVWLQJ WKH YDOLGLW\ RI WKH 6(& IUDPHZRUN LV

WR GHVLJQ QHXURLPDJLQJ VWXGLHV ZLWK DQ LQWHQW WR PDS D SUHGLFWHG FRPSRQHQW RI WKH 6(&

WR D VHFWRU ZLWKLQ WKH SUHIURQWDO FRUWH[� :H KDYH XVHG WKH 3(7 DV D WRRO WR WHVW WKH

K\SRWKHVHV WKDW DVSHFWV RI SODQQLQJ� VHTXHQFLQJ� WKHPDWLF NQRZOHGJH� VRFLDO

XQGHUVWDQGLQJ� DQG UHDVRQLQJ DUH VWRUHG DV PHPRULHV�UHSUHVHQWDWLRQDO NQRZOHGJH LQ

SUHIURQWDO FRUWH[� 7DNHQ WRJHWKHU� RXU 3(7 VWXGLHV VXSSRUW WKH H[LVWHQFH RI WKH 6(& DQG

LQGLFDWH WKDW GLIIHUHQW IHDWXUHV RI WKH 6(& DUH SURFHVVHG E\ WRSRJUDSKLFDOO\ UHVWULFWHG

EUDLQ VHFWRUV LQ WKH SUHIURQWDO FRUWH[ ZLWK GLIIHUHQW VHFWRUV FRQFHUQHG ZLWK VHTXHQFLQJ

HYHQWV� SURFHVVLQJ FHUWDLQ NLQGV RI VHPDQWLF LQIRUPDWLRQ DFURVV DQG ZLWKLQ HYHQWV� DQG

UHSUHVHQWLQJ HPRWLRQDO DQG QRQHPRWLRQDO FDWHJRULHV RI NQRZOHGJH�

.H\ZRUGV� FRJQLWLRQ� FRJQLWLYH QHXURVFLHQFH� IURQWDO OREHV� QHXURSV\FKRORJ\� SRVLWURQ

HPLVVLRQ WRPRJUDSK\� SUHIURQWDO FRUWH[�



3D3DLLQQ��LLQQGXGXFFHG FHUHG FHUHHEUDO EEUDO EOORRG IORZ FKRRG IORZ FKDDQJHV IROORQJHV IROORZLZLQJ &2QJ &2�� ODVHU VWLODVHU VWLPPXODXODWWLRLRQQ RRII KDKDQQG DG DQQGG

IRRW LQ PDIRRW LQ PDQQ

+LGHQDR )XNX\DPD� ;LDRSLQJ ;X� 6KRJR<D]DZD� 7DWVX\D 0LPD� 7DNDVKL +DQDNDZD�

0DVXWDUR .DQGD� 1DRKLWR )XMLZDUD� .D]XR 6KLQGR� 7DNDVKL 1DJDPLQH DQG +LURVKL

6KLEDVDNL�

'HSDUWPHQW RI %UDLQ 3DWKRSK\VLRORJ\� )DFXOW\ RI 0HGLFLQH� .\RWR 8QLYHUVLW\� 6DN\R�NX�

.\RWR� -DSDQ

$EVW$EVWUUDFDFWW� 7R HOXFLGDWH WKH IXQFWLRQDO ORFDOL]DWLRQ DQG VRPDWRWRSLF RUJDQL]DWLRQ

RI SDLQ SHUFHSWLRQ LQ WKH KXPDQ FHUHEUDO FRUWH[� ZH VWXGLHG WKH UHJLRQDO FHUHEUDO EORRG

IORZ XVLQJ SRVLWLRQ HPLVVLRQ WRPRJUDSK\ GXULQJ VHOHFWLYH SDLQ VWLPXODWLRQ LQ VL[ QRUPDO

VXEMHFWV� 3DLQ SHUFHSWLRQ ZDV HOLFLWHG E\ DSSO\LQJ D VSHFLDO &2� ODVHU� ZKLFK VHOHFWLYHO\

DFWLYDWHV QRFLFHSWLYH UHFHSWRUV� WR WKH KDQG DQG IRRW� :H IRXQG WKDW PXOWLSOH EUDLQ DUHDV�

LQFOXGLQJ ELODWHUDO VHFRQGDU\ VRPDWRVHQVRU\ FRUWLFHV �6,,� DQG LQVXOD� DQG WKH IURQWDO

OREH DQG WKDODPXV FRQWUDODWHUDO WR WKH VWLPXOXV VLGH� DUH LQYROYHG LQ SDLQ SHUFHSWLRQ�

:KLOH RXU GDWD LQGLFDWH WKDW WKH ELODWHUDO 6,, SOD\ DQ LPSRUWDQW UROH LQ SDLQ SHUFHSWLRQ�

WKH\ DOVR LQGLFDWH WKDW WKHUH LV QR SDLQ�UHODWHG VRPDWRWRSLF RUJDQL]DWLRQ LQ WKH KXPDQ

6,, RU LQVXOD�

.H\ZRUGV� FHUHEUDO EORRG IORZ� SDLQ SHUFHSWLRQ� SRVLWURQ HPLVVLRQ WRPRJUDSK\�

VRPDWRWRSLF RUJDQL]DWLRQ�



0DJQHWLF U0DJQHWLF UHHVRVRQQDQFH LDQFH LPDPDJLQJ RI SHU IXVLJLQJ RI SHU IXVLRRQ ZLWK DQ ZLWK DUUWHULDOWHULDO VVSSLLQ ODEQ ODEHHOLQOLQJJ

5LFKDUG %� %X[WRQ�� (ULH &�:RQJ� DQG /DZUHQFH 5� )UDQNO

'HSDUWPHQWV RI O5DGLRORJ\ DQG �3V\FKLDWU\� 8QLYHUVLW\ RI &DOLIRUQLD DW 6DQ 'LHJR�

&DOLIRUQLD� 86$

$EVW$EVWUUDFWDFW�� 5HFHQWO\� QHZ PDJQHWLF UHVRQDQFH LPDJLQJ WHFKQLTXHV EDVHG RQ

DUWHULDO VSLQ ODEHOLQJ �$6/� KDYH EHHQ GHYHORSHG WKDW DOORZ TXDQWLWDWLYH PHDVXUHPHQWV

RI SHUIXVLRQ LQ WKH KXPDQ EUDLQ� ,Q $6/� WKH ORQJLWXGLQDO PDJQHWL]DWLRQ RI DUWHULDO

EORRG LV PDJQHWLFDOO\ WDJJHG� 6XEWUDFWLRQ RI EUDLQ LPDJHV ZLWK DQG ZLWKRXW WKH WDJ

\LHOG TXDQWLWDWLYH PHDVXUHPHQWV RI ORFDO SHUIXVLRQ �L�H�� WKH UDWH RI GHOLYHU\ RI EORRG WR

WLVVXH�� 6HYHUDO LPDJH DFTXLVLWLRQ VFKHPHV EDVHG RQ WKLV LGHD KDYH EHHQ GHYHORSHG� 7KLV

SDSHU UHYLHZV WKH EDVLF SULQFLSOHV RI $6/� VXPPDUL]HV UHFHQW GHYHORSPHQWV LQ SXOVH

VHTXHQFH GHVLJQ� DQG GLVFXVVHV YDULRXV VRXUFHV RI HUURU LQ SHUIXVLRQ PHDVXUHPHQWV ZLWK

$6/� 7KHVH QHZ DUWHULDO VSLQ ODEHOLQJ WHFKQLTXHV FDQ SURYLGH DFFXUDWH SHUIXVLRQ

PHDVXUHPHQWV LQ WKH KXPDQ EUDLQ ZLWK KLJKHU VSDWLDO DQG WHPSRUDO UHVROXWLRQ WKDQ

DQ\ SUHYLRXV WHFKQLTXH�

.H\ZRUGV� FHUHEUDO EORRG IORZ�



'LIIXVL'LIIXVLRRQQ��ZHLJKWZHLJKWHHG LPDG LPDJJLQJ RI FHUHEUDOLQJ RI FHUHEUDO ,,VFKHVFKHPPLLDD

0LFKDHO (� 0RVHOH\�� .LP %XWWV�� *LQD /RZH�� $OH[ GH &UHVSLJQ\�� 'DYLG

7RQJ�� 0LGRUL <HQDUL�� 0LFKDHO 2· %ULHQ� DQG 0LFKDHO 0DUNV�

'HSDUWPHQWV RI O5DGLRORJ\ DQG �1HXURORJ\�6WDQIRUG 6WURNH &HQWHU� 6WDQIRUG 8QLYHUVLW\�

6WDQIRUG� &DOLIRUQLD� 86$

$EVW$EVWUUDFDFWW� 1RYHO 05 PHWKRGV VHQVLWLYH WR ZDWHU SURWRQ7�� GLIIXVLRQ� DQG

SHUIXVLRQ PHFKDQLVPV SURYLGH SURJQRVWLF YDOXH IRU WKH GHWHFWLRQ RI DFXWH LVFKHPLF

VWURNH DQG GLVFULPLQDWLRQ IURP FKURQLF LQIDUFWLRQ� &6)�VXSSUHVVHG 7��ZHLJKWHG

�)/$,5� LPDJHV IXUWKHU LPSURYH WKH GLDJQRVWLF XWLOLW\ RI 7� 05, E\ QXOOLQJ WKH UHODWLYH

K\SHULQWHQVH &6) SURWRQV� 'LIIXVLRQ�ZHLJKWHG LPDJLQJ �':,� LV DEOH WR GHWHFW WKH

SURQRXQFHG VORZLQJ RI EUDLQ ZDWHU WKDW RFFXUV LQ K\SHUDFXWH FHUHEUDO LVFKHPLD�

'LIIXVLRQDO VORZLQJ SURYLGHV LQIRUPDWLRQ DERXW WKH VWDWH RI FHOOXODU LQMXU\ DQG WKH

SDUHQFK\PDO WLVVXH PHWDEROLF VWDWH� DW D WLPH ZKHQ WKH HIIHFWLYHQHVV RI WKHUDS\ LV

JUHDWHVW� 3HUIXVLRQ LPDJLQJ XWLOL]HV UDSLGO\ DFTXLUHG LPDJHV IROORZLQJ D EROXV LQMHFWLRQ

RI D PDJQHWLF�VXVFHSWLELOLW\ FRQWUDVW DJHQW WR DVVHVV FKDQJHV LQ WLVVXH SHUIXVLRQ E\

LQGXFLQJ D 7�
 VKRUWHQLQJ GHPRQVWUDWHG DV D VLJQDO ORVV LQ SHUIXVHG WLVVXH� 7KH SDVVDJH

RI WKH FRQWUDVW DJHQW FDQ WKHQ JLYH LQIRUPDWLRQ RQ WKH KHPRG\QDPLF VWDWXV RI WKH WLVVXH�

XVHIXO LQ VWURNH DQG FHUHEURYDVFXODU GLVHDVHV�

.H\ZRUGV� FHUHEUDO LVFKHPLD� GLIIXVLRQ� LQIDUFWLRQ� PDJQHWLF UHVRQDQFH� SHUIXVLRQ�



'LDJQRV'LDJQRVWWLF DLF DSSSSOOLFDWLLFDWLRRQVQV RRII 33(7(7 LLQ GHPQ GHPHHQWLQWLDD

6DWRVKL 0LQRVKLPD�� .LUN $� )UH\���� 1RUPDQ /� )RVWHU� DQG 'DYLG (� .XKO�

'HSDUWPHQWV RI �,QWHUQDO 0HGLFLQH �1XFOHDU 0HGLFLQH� DQG �1HXURORJ\� 7KH 8QLYHUVLW\

RI 0LFKLJDQ� $QQ $UERU� 0LFKLJDQ� 86$

$EVW$EVWUUDFDFWW� 7KH GLDJQRVLV DQG GLIIHUHQWLDWLRQ RI YDULRXV GHPHQWLQJ GLVRUGHUV

XVLQJ ��)�IOXRURGHR[\JOXFRVH �)'*� SRVLWURQ HPLVVLRQ WRPRJUDSK\ �3(7� DUH GLVFXVVHG�

7KH NQRZOHGJH RI PHWDEROLF SDWWHUQV RI YDULRXV GHPHQWLQJ GLVRUGHUV� VXFK DV

$O]KHLPHU
V GLVHDVH� 3DUNLQVRQ
V GLVHDVH ZLWK GHPHQWLD� GLIIXVH /HZ\ ERG\ GLVHDVH� DQG

IURQWDO OREH�W\SH GHPHQWLD KDV EHHQ LQFUHDVHG� 7KH PHWDEROLF SDWWHUQV RI WKH YHU\ HDUO\

VWDJHV RI WKHVH GLVHDVHV DUH QRZ XQGHU LQYHVWLJDWLRQ� ,PDJH DQDO\VLV WHFKQLTXHV KDYH

DOVR LPSURYHG VLJQLILFDQWO\ LQ WKH SDVW VHYHUDO \HDUV� $ FRPELQDWLRQ RI D SULRUL

NQRZOHGJH RI GLVHDVH SDWKRSK\VLRORJ\� PHWDEROLF IHDWXUHV� DQG DGYDQFHG LPDJH DQDO\VLV

WHFKQLTXHV HQKDQFHV WKH GLDJQRVWLF HIILFDF\ RI 3(7 LPDJLQJ LQ GHPHQWLQJ GLVRUGHUV�

.H\ZRUGV� FRPSXWHU�DVVLVWHG GLDJQRVLV� GHPHQWLD� GHR[\JOXFRVH� HPLVVLRQ FRPSXWHG

WRPRJUDSK\�



6\QDSWLF SRWHQ6\QDSWLF SRWHQWWLDWLLDWLRRQ YLQ YLVVXDOL]XDOL]HHG E\ SG E\ SRRVLWUVLWURRQ HPLQ HPLVVVLRQ WRPRJVLRQ WRPRJUUDDSSKK\\

<RVKLR OPDKRUL�� 5\RX )XMLL� DQG 6DWRVKL 8HGD�

�'HSDUWPHQW RI 1HXURVXUJHU\� .\RWR 3UHIHFWXUDO 8QLYHUVLW\ RI 0HGLFLQH� .\RWR� DQG

�&\FORWURQ 8QLW� 1LVKLMLQ +RVSLWDO� .\RWR� -DSDQ

$EVW$EVWUUDFDFWW� 3KRVSKRLQRVLWLGH WXUQRYHU LV WKRXJKW WR UHJXODWH V\QDSWLF IXQFWLRQ�

:H HPSOR\HG SRVLWURQ HPLVVLRQ WRPRJUDSK\ WR H[DPLQH WKH SKRVSKRLQRVLWLGH WXUQRYHU

LQ WKH KXPDQ EUDLQ XVLQJ FDUERQ����ODEHOHG GLDF\OJO\FHURO� (DFK RI WKH QRUPDO VXEMHFWV

VKRZHG LQWHQVH ORFDOL]HG DFFXPXODWLRQ RI FDUERQ����UDGLRDFWLYLW\ LQ WKH FRUWH[�

3DUWLFXODUO\ LQ WKH UHJLRQV RI WKH DVVRFLDWLRQ DUHDV� 7KHVH SRWHQWLDWHG DUHDV ZHUH

GLIIHUHQW LQ HDFK VXEMHFW DQG WKH\ WHQGHG WR VKRZ ODWHUDOL]DWLRQ� 7KH UROH RI WKH

PHWDERWURSLF 3, WXUQRYHU LV ZHOO HVWDEOLVKHG LQ SRVWV\QDSWLF PHFKDQLVP RI ORQJ�WHUP

SRWHQWLDWLRQ� 7KHVH SRWHQWLDWHG DUHDV SUREDEO\ LQFOXGH LQIRUPDWLRQ DERXW WKH

SRVWV\QDSWLF UHVSRQVH�

.H\ZRUGV� GLDF\OJO\FHURO� ORQJ�WHUP SRWHQWLDWLRQ� SKRVSKRLQRVLWLGH WXUQRYHU� SRVLWURQ

HPLVVLRQ WRPRJUDSK\� V\QDSWLF IXQFWLRQ�



6WUDWLILFDWLRQ RI VHYH6WUDWLILFDWLRQ RI VHYHUULW\ E\ FHUHEUDO ELW\ E\ FHUHEUDO EOORRG IORRRG IORZZ� R[\JHQ PHWDER� R[\JHQ PHWDEROOLVP DLVP DQQG DFG DFHHWD]RODPWD]RODPLLGHGH

UHDFWLYLW\ LQUHDFWLYLW\ LQ SDWLSDWLHHQWV ZLQWV ZLWWK FHUHEURYK FHUHEURYDDVFXVFXOODU GDU GLLVHVHDVDVHH

.RKHL +D\DVKLGD� �<RVKLDNL +LURVH� �<XWDND 7DQDND�� .RWDUR 0L\DVKLWD�� 7RUX

,ZDPD�� <DVXKXUR +DVHJDZD�� 1RULKLNR .XPH�� <RULNR 6KLPRWVX�� 1RULKLNR

<RVKLPXUD�� <RVKLQRUL 0L\DNH� �<RVKLR ,VKLGD� DQG 7VXQHKLNR 1LVKLPXUD�

�'HSDUWPHQW RI 5DGLRORJ\� �&HUHEURYDVFXODU 'LYLVLRQ 'HSDUWPHQW RI 0HGLFLQH�

�'HSDUWPHQW RI 1HXURVXUJHU\� �5HVHDUFK ,QVWLWXWH� 1DWLRQDO &DUGLRYDVFXODU &HQWHU DQG

�'HSDUWPHQW RI 7UDFHU 'DWD� $QDO\VLV� %LRPHGLFDO 5HVHDUFK &HQWHU� 0HGLFDO 6FKRRO�

2VDND 8QLYHUVLW\� -DSDQ

$EVW$EVWUUDFDFWW� ,I FHUHEUDO SHUIXVLRQ SUHVVXUH GURSV� DXWRUHJXODWRU\ YDVRGLODWDWLRQ

LQLWLDOO\ LQFUHDVHV WKH FHUHEUDO EORRG YROXPH �&%9� �VWDJH ,�� WKHQ VHFRQGDU\ PHWDEROLF

FRPSHQVDWLRQ LQFUHDVHV WKH R[\JHQ H[WUDFWLRQ IUDFWLRQ �2()� �VWDJH ,,�� 3DWLHQWV ZLWK

FHUHEURYDVFXODU GLVHDVH FRXOG EH VWUDWLILHG ZLWK 3(7 SDUDPHWHUV� FHUHEUDO EORRG IORZ

�&%)�� &%9 DQG 2() XVLQJ VWHDG\ VWDWH ��2 JDV LQKDODWLRQ� ,Q WKH SUHVHQW VWXG\� ZH

FRUUHODWHG 3(7 SDUDPHWHUV ZLWK YDVRUHDFWLYLW\ E\ LQMHFWLQJ ��2 ZDWHU EHIRUH DQG DIWHU

DGPLQLVWUDWLQJ � J RI DFHWD]RODPLGH LQ �� SDWLHQWV ZLWK FHUHEURYDVFXODU GLVHDVH �PHDQ

DJH  ��\HDUV�� WR VWUDWLI\ SDWLHQWV XVLQJ EUDLQ 63(&7� ⊿&%) DQG WKH SHUFHQW ⊿&%)

ZDV DOVR REWDLQHG E\ WKH UDWH RI LQFUHDVH LQ &%) DIWHU DFHWD]RODPLGH FRPSDUHG ZLWK WKH

EDVHOLQH OHYHO� 6L[WHHQ UHJLRQV RI LQWHUHVW ZHUH SODFHG LQ ILYH FRUWLFDO DUHDV� WZR GHHS

DUHDV DQG RQH FHUHEHOODU DUHD� ELODWHUDOO\� 52, DUHDV ZHUH FODVVLILHG E\ VHYHULW\ LQWR

QRUPDO �&%)�&%9 ���PLQ� ! ����� DQG 2() � ������ VWDJH , �&%)�&%9 � ����� DQG 2()

������DQG VWDJH ,,�&%)�&%9 � ����� DQG 2() ! ����� JURXSV� 2QH KXQGUHG DQG

QLQHW\�IRXU 52, DUHDV ZHUH VWUDWLILHG DV ��� ��� DQG �� QRUPDO� VWDJH , DQG VWDJH ,,�

UHVSHFWLYHO\� 7KHUH ZDV D VLJQLILFDQW GHFUHDVH LQ &%) DQG FHUHEUDO PHWDEROLF UDWH RI

R[\JHQ �&052�� EHWZHHQ QRUPDO DQG VWDJH ,� DQG LQ WKH SHUFHQW ⊿&%) EHWZHHQ VWDJHV

, DQG ,,� 7KHUH ZDV DQ LQYHUVH FRUUHODWLRQ EHWZHHQ WKH SHUFHQW ⊿&%) DQG 2() �U  

������ LQ VWDJH ,,� :H HVWLPDWHG WKH VHYHULW\ LQ SDWLHQWV ZLWK FHUHEURYDVFXODU GLVHDVH

E\ PHDVXULQJ &%) DQG WKH SHUFHQW ⊿&%) E\ PHDQV RI EUDLQ 63(&7

.H\ZRUGV � DFHWD]RODPLGH UHDFWLYLW\� FHUHEUDO EORRG IORZ� FHUHEURYDVFXODU GLVHDVH� 3(7�

VHYHULW\�



6\QWKHV6\QWKHVLLV RIV RI ����&&��FKFKRROOLLQH� 3QH� 3((7 LPDJ7 LPDJLLQJ RI EUDLQ WQJ RI EUDLQ WXXPRUV� OXQJ FPRUV� OXQJ FDDQFHUVQFHUV DDQGQG LLQWUDSQWUDSHHOYLFOYLF

FDQFHFDQFHUUVV

7RVKLKLNR +DUD DQG 1RERUX .RVDND

'HSDUWPHQW RI 5DGLRORJ\� ,QWHUQDWLRQDO 0HGLFDO &HQWHU RI -DSDQ� 7RN\R� -DSDQ

$EVW$EVWUUDFDFWW� %DFNJURXQG� &KROLQH LV LQFRUSRUDWHG LQWR PHPEUDQH SKRVSKROLSLG LQ

WXPRUV� 0HWKRGV� >0HWK\O���&@FKROLQH ZDV V\QWKHVL]HG E\ UHDFWLQJ ��&�PHWK\O LRGLGH

ZLWK �QHDW� GLPHWK\ODPLQRHWKDQRO DW ���℃ IRU � PLQ� 3XULILFDWLRQ ZDV DFKLHYHG E\

HYDSRUDWLRQ RI XQUHDFWHG VXEVWUDWHV DQG WUHDWPHQW RI WKH UHVLGXH ZLWK FDWLRQ�H[FKDQJH

UHVLQ ��&22� IRUP�� 7KH ILQDO SURGXFW ZDV UHDG\ WR EH LQMHFWHG IRU 3(7 VWXG\� 5HVXOWV�

,Q DQLPDOV DQG KXPDQV� DIWHU WKH LQWUDYHQRXV LQMHFWLRQ� ��&�FKROLQH ZDV LQFRUSRUDWHG

VHOHFWLYHO\ LQ OLYHU� NLGQH\� SDQFUHDV� DQG WXPRU� 7KH UDGLRDFWLYLW\ LQ EUDLQ� OXQJ� KHDUW�

LQWUDSHOYLF RUJDQV DQG EORRG ZDV YHU\ ORZ� 7KH UDGLRDFWLYLW\ GLVWULEXWLRQ ZDV

XQFKDQJHG IRU WKH SHULRG RI ���� PLQ� 3(7 SURGXFHG KLJKO\ SRVLWLYH LPDJHV RI WXPRUV LQ

SDWLHQWV ZLWK PDOLJQDQW EUDLQ WXPRUV ��� FDVHV�� SLWXLWDU\ DGHQRPDV �WZR FDVHV�� OXQJ

FDQFHUV ��� FDVHV�� DQG LQWUDSHOYLF FDQFHUV �WKUHH FDVHV��

&RQFOXVLRQV� 3(7 LPDJLQJ ZLWK ��&�FKROLQH ZDV YHU\ HIIHFWLYH LQ GHWHFWLQJ EUDLQ WXPRUV�

OXQJ FDQFHUV� DQG LQWUDSHOYLF FDQFHUV LQ SDWLHQWV�

.H\ZRUGV � FOLQLFDO� GLDJQRVLV� SKRVSKROLSLG� SRVLWURQ�



%UH%UHDDVW WXPRU GHWHFWVW WXPRU GHWHFWLLRQRQ EE\ PHDQV RI QHDU LQI\ PHDQV RI QHDU LQIUUDUHG OLJKWDUHG OLJKW VFVFDDQQQQLQLQJJ

0DVDR .DQHNR�� 0LFKLNR OPDL�� .D]XQRUL 6X]XNLO� 0DVD\XNL <RVKLGD�� 7DL]R .LPXUD��

<XWDND<DPDVKLWD� DQG .D]X\RVKL 2KWD�

�'HSDUWPHQW RI 5DGLRORJ\ DQG �)LUVW 'HSDUWPHQW RI 6XUJHU\� +DPDPDWVX 8QLYHUVLW\

6FKRRO RI 0HGLFLQH� +DPDPDWVX DQG �&HQWUDO 5HVHDUFK /DERUDWRU\� +DPDPDWVX

3KRWRQLFV .� .�� +DPDNLWD� -DSDQ

$EVW$EVWUUDFDFWW� %DFNJURXQG� 7KH QHDU LQIUD�UHG OLJKW VFDQQLQJ �1,5/6� WHFKQLTXH ZDV

LQYHQWHG DQG XVHG IRU WKH EUHDVW WXPRU GHWHFWLRQ LQ ��� SDWLHQWV� 0HWKRGV� 1,5

OLJKWV FRQVLVWHG RI ���� DQG ����QP ODVHUV� DQG ��PP GLDPHWHU EHDPV ZHUH XVHG�

7UDQVPLWWHG OLJKWV WKURXJK WKH EUHDVW WLVVXH ZHUH PHDVXUHG E\ WKH IDFLQJ GHWHFWRUV� $

FRPELQDWLRQ RI ERWK WKH OLJKW VRXUFH DQG WKH GHWHFWRU ZHUH PRYHG RYHU DQG EHKLQG WKH

EUHDVW YHUWLFDOO\ DQG ODWHUDOO\ LQ WKH UDQJH RI ��� [ ��� PP WR FRYHU WKH EUHDVW� 7KH

VLJQDOV REWDLQHG E\ WKH GHWHFWRU ZHUH GLJLWL]HG DQG WKH LQSXW LQWR WKH FRPSXWHU DQG WKH

1,5/6 LPDJH RI WKH EUHDVW DUH FRQVWUXFWHG RQ WKH GLVSOD\� 5HVXOWV� $EQRUPDO

ILQGLQJV RI 1,5/6 ZHUH GHWHUPLQHG E\� �� DQ LVRODWHG DEQRUPDO WUDQVOXFHQF\ DUHD� �� DQ

DEQRUPDO GLIIHUHQFH EHWZHHQ ERWK EUHDVWV� DQG �� DQ DEQRUPDO IHDWXUH RU

LQKRPRJHQHLW\ RI WKH EUHDVW LPDJHV� ;�UD\ PDPPRJUDSK\ �;0*� ZDV DOVR SHUIRUPHG

LQ WKH VDPH JURXS DQG WKH UHVXOWV ZHUH FRPSDUHG EHWZHHQ WKH WZR H[DPLQDWLRQV� 7KH

GHWHFWLRQ UDWHV RI EUHDVW WXPRU VHHPHG QHDUO\ WKH VDPH LQ ERWK H[DPLQDWLRQV�

&RQFOXVLRQV� 1,5/6 LV VXLWDEOH IRU UHSHDWHG SUHFLVH H[DPLQDWLRQ RI WKH EUHDVW ZLWK WKH

DGYDQWDJH RI QR LUUDGLDWLRQ KD]DUG�

.H\ZRUGV� EUHDVW LPDJH� QR LUUDGLDWLRQ KD]DUG� ;�UD\ PDPPRJUDSK\�



6363((&7 L&7 LPPDJLQJ RI GDJLQJ RI GRRSSDDPLQHUJPLQHUJLLF IXQFWLF IXQFWLRRQ� SUHVQ� SUHV\\QDSQDSWWLF WUDQLF WUDQVVSRUWHSRUWHUU� SRV� SRVWVWV\QDS\QDSWWLFLF

UHFHSWRUHFHSWRUU� DQG �� DQG �LLQWUDVQWUDV\\QQDDSWLF� WUDQSWLF� WUDQVVPLWWHPLWWHUU

5REHUW %� ,QQLV

'HSDUWPHQWV RI 3V\FKLDWU\ DQG 3KDUPDFRORJ\� <DOH 8QLYHUVLW\ 6FKRRO RI 0HGLFLQH DQG

:HVW +DYHQ 9$0HGLFDO &HQWHU� &RQQHFWLFXW� 86$

1R $EVWUDFW $YDLODEOH



,Q YLYR,Q YLYR��LQ YLWUR ELQ YLWUR ELLRFKHRFKHPLPLVWU\ LQWHUIDFH E\ XVH RIVWU\ LQWHUIDFH E\ XVH RI SSRVLWURQ HRVLWURQ HPPLLVVVLVLRRQ WUDFHUQ WUDFHUVV

<� :DWDQDEH�� �� .� 0DWVXPXUD�� �� +�2QRHO� �� 7� 0XUDWD ���� <X� :DWDQDEH O� �� +� 7DNHFKL

O� �� .� ,PDPXUD�� �� 6� 6LKYHU�� �� :� 6LKYHU�� �� 0� %HUJVWURP�� � DQG %� /DQJVWURP�� �

�6XEIHPWRPROH %LRUHFRJQLWLRQ 3URMHFW� 5HVHDUFK 'HYHORSPHQW &RUSRUDWLRQ RI -DSDQ�

-DSDQ� �'HSDUWPHQW RI 1HXURVFLHQFH� 2VDND %LRVFLHQFH ,QVWLWXWH� 2VDND� -DSDQ� �)XNXL

0HGLFDO 6FKRRO� )XNXL� -DSDQ� DQG � 8SSVDOD 8QLYHUVLW\ 3(7 &HQWUH� 8SSVDOD� 6ZHGHQ

$EV$EVWWUUDFDFWW� )RU IDUWKHU SURJUHVV RI WKH 3(7 PHWKRG WKH GHYHORSPHQW RI D YDULHW\

RI XVHIXOO SRVLWURQ�HPLWWLQJ UDGLRQXFOLGH�ODEHOOHG WUDFHUV LV RI LPSRUWDQFH� $OWKRXJK WKH

V\QWKHWLF PHWKRGV IRU ODEHOLQJ ZLWK ��&� ��)� DQG ��1 KDYH EHHQ ZHOO GHYHORSHG� WKH

HYDOXDWLRQ RI WKH ODEHOOHG FRPSRXQGV LV VWLOO OLPLWHG EHFDXVH RI WKHLU VKRUW KDOI OLYHV DQG

RXU LQH[SHULHQFH ZLWK WKHLU XVH ERWK LQ YLWUR DQG LQ YLYR ELRFKHPLVWU\� 7KH H[SHULPHQWDO

VHW�XS IRU WKLV SXUSRVH LV HVSHFLDOO\ LPSRUWDQW� +HUH� WKH H[DPSOHV RI H[SHULPHQWDO

V\VWHPV DQG VHW�XS LQFOXGLQJ DOO�URXQG LQ YLWUR ODERUDWRU\ DQG D QRYHO LQ YLWUR 3(7

PHWKRG ZLWK OLYLQJ EUDLQ VOLFHV DUH SUHVHQWHG�

.H\ZRUGV� HYDOXDWLRQ RI ODEHOOHG FRPSRXQGV� H[SHULPHQWDO VHW�XS� LQ YLWUR 3(7�

LQMHFWLRQ URXWH� 3(7 WUDFHUV�



((QQKDQKDQFFHPHQW RIHPHQW RI ����))��IOXIOXRRURGHR[\JURGHR[\JOOXFRXFRVVH XSWDNHH XSWDNH EE\\ VXFFVXFFHHVVVVIIXOO\ UHXOO\ UHSSHUIXHUIXVVHHGG PP\RFD\RFDUUGLGLXXPP��

UROH RI JOXFRVH WUUROH RI JOXFRVH WUDDQQVVSRUWSRUWHHUU ��

7VXQHKLNR 1LVKLPXUD� .DWVXML +DVKLPRWR� 6KLQ�LFKL 0DWVXGD� 7RVKLLVD 8HKDUD DQG

+LGHR .XVXRND

7UDFHU .LQHWLFV� 2VDND 8QLYHUVLW\� 0HGLFDO 6FKRRO� 6XLWD� 2VDND� -DSDQ

$EVW$EVWUUDFDFWW� 7KH P\RFDUGLDO XSWDNH RI ��)�IOXRURGHR[\JOXFRVH �)'*� KDV EHHQ

VKRZQ WR LQGLFDWH LVFKHPLD� 7R HOXFLGDWH ZKHWKHU WKLV LV DSSOLFDEOH WR UHSHUIXVHG

P\RFDUGLXP� ��)�)'* 3(7 VWXG\ ZDV SHUIRUPHG LQ �� SDWLHQWV ZLWK VXFFHVVIXOO\

UHFDQDOL]HG P\RFDUGLDO LQIDUFWLRQ� 'XULQJ WKH FKURQLF SKDVH� )'* DFFXPXODWHG RQO\ LQ

WKH UHJLRQ RI ���7O UHGLVWULEXWLRQ� LQGLFDWLQJ LVFKHPLD� +RZHYHU� GXULQJ WKH VXEDFXWH

SKDVH� )'* DFFXPXODWHG PDLQO\ LQ WKH SHUL�LQIDUFW DUHD� 7R HOXFLGDWH ZKHWKHU

UHSHUIXVHG P\RFDUGLXP� SHU VH� VKRZV DFFHOHUDWHG JOXFRVH XSWDNH� JOXFRVH XSWDNH UDWH

ZDV TXDQWLILHG IURP WKH WLPH FRXUVH RI WKH VXJDU SKRVSKDWH UHVRQDQFH LQ UDW

P\RFDUGLXP �G>63@�GW� XVLQJ ��3�105� G>63@�GW LQ UHSHUIXVHG P\RFDUGLXP LQFUHDVHG

VLJQLILFDQWO\ FRPSDUHG ZLWK FRQWURO� UHDFKLQJ WKH PD[LPDO VWLPXODEOH XSWDNH UDWH

PHDVXUHG XQGHU QRQLVFKHPLF FRQGLWLRQV GXULQJ H[SRVXUH WR LQVXOLQ�

7R LQYHVWLJDWH WKH PHFKDQLVP RI DXJPHQWHG JOXFRVH XSWDNH� 1���/ ���SKHQ\OLVRSURS\O�

DGHQRVLQH �3,$�� D SRWHQW EORFNHU RI JOXFRVH WUDQVSRUWHU � �*/87 ��� ZDV DGPLQLVWHUHG

WR WKHVH KHDUWV DQG� DV D FRQWURO� WR LQVXOLQ�VWLPXODWHG KHDUWV� 3,$ VLJQLILFDQWO\ DQG

FRPSDUDEO\ LQKLELWHG WKH LQFUHDVH LQ G>63@ �GW LQ UHSHUIXVHG P\RFDUGLXP DQG LQ

LQVXOLQ�VWLPXODWHG P\RFDUGLXP� ,Q FRQFOXVLRQ� RXU UHVXOWV LQGLFDWH WKDW WKH DXJPHQWHG

JOXFRVH XSWDNH LQ UHSHUIXVHG P\RFDUGLXP LV PDLQWDLQHG E\ */87 � DQG WKH

WUDQVORFDWHG */87 � UHPDLQV LQ WKH VDUFROHPPD DIWHU UHSHUIXVLRQ� 7KLV PHFKDQLVP

PD\ EH UHVSRQVLEOH IRU WKH LQFUHDVH LQ )'* XSWDNH RI UHSHUIXVHG P\RFDUGLXP REVHUYHG

FOLQLFDOO\�

.H\ZRUGV� ��3�105� LQVXOLQ� LVFKHPLD�



,Q YLYR YLV,Q YLYR YLVXXDOL]DDOL]DWWLRQ RILRQ RI DDEQRUPEQRUPDDO EUDO EUDLLQ DJLQJ E\Q DJLQJ E\ 33((7 D7 DQQG 63G 63(&(&77

<DVXKLVD )XMLED\DVKL�� �� $WVXR :DNL�� <RVKLKDUX <RQHNXUD� DQG $NLUD <RNR\DPD�

'HSDUWPHQWV RI O5DGLRSKDUPDFHXWLFDO &KHPLVWU\ DQG �%LRPHGLFDO ,PDJLQJ� %LRPHGLFDO

,PDJLQJ 5HVHDUFK &HQWHU� )XNXL 0HGLFDO 6FKRRO� )XNXL� DQG �'HSDUWPHQW RI *HQHWLF

%LRFKHPLVWU\� )DFXOW\ RI 3KDUPDFHXWLFDO 6FLHQFHV� .\RWR 8QLYHUVLW\� .\RWR� -DSDQ

$EVW$EVWUUDFDFWW� )RU WKH GHVLJQ RI 3(7�63(&7 UDGLRSKDUPDFHXWLFDO IRU DEQRUPDO EUDLQ

DJLQJ DV UDGLFDO UHODWHG GLVHDVH� VHQHVFHQFH DFFHOHUDWHG PRGHO PRXVH �6$0� ZDV XVHG

DV D PRGHO RI R[LGDWLYH VWUHVV� D FDXVH RI UDGLFDO SURGXFWLRQ� :KHQ PLWRFKRQGULDO '1$

�PW'1$� GHOHWLRQ ZDV XVHG DV D PDUNHU RI R[LGDWLYH GDPDJH� LW ZDV FOHDUHG WKDW

6$03�� VKRZLQJ DFFHOHUDWHG VHQHVFHQFH� UHFHLYHG KLJKHU R[LGDWLYH VWUHVV IURP D \RXQJ

DJH� ZKHQ FRPSDUHG ZLWK FRQWUROV �6$05O DQG GG<�� 8VLQJ WKLV DQLPDO PRGHO�

UDGLRODEHOHG UDGLFDO WUDSSLQJ DJHQW ,� ����S�LRGRSKHQ\��WHUW�EXW\OQLWURQH �,3%1� DQG

K\SR[LD LPDJLQJ DJHQW &X����GLDFHW\��ELV�1��PHWK\OWKLRVHPLFDUED]RQH� �&X�$760�

ZHUH H[DPLQHG DV SRVVLEOH GLDJQRVWLF DJHQWV IRU DEQRUPDO EUDLQ DJLQJ� %RWK DJHQWV

VKRZHG SODXVLEOH EUDLQ DFFXPXODWLRQ LQ 6$03� RI SUHV\PSWRPDWLF DJH� LQGLFDWLQJ WKH

SRVVLELOLW\ RI HDUO\ GLDJQRVLV RI DEQRUPDO EUDLQ DJLQJ DV UDGLFDO UHODWHG GLVHDVH�

.H\ZRUGV� EUDLQ DJLQJ� R[LGDWLYH VWUHVV� 3(7� UDGLFDO� VHQHVFHQFH DFFHOHUDWHG PRGHO

PRXVH� 63(&7�
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