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68�$$�%5'���
8SGDWH 2Q $$30 6WDWH /LFHQVLQJ (IIRUWV
0 %HYDQ� 
� - /LPPHU� � ��� %HYDQ � :DWFKXQJ� 1HZ -HUVH\� ��� $VSLUXV
5HJLRQDO &DQFHU &HQWHU� :DXVDX� :,

7KH $$30 DQG $&03 DUH VSRQVRULQJ VWDWH OLFHQVLQJ HIIRUWV LQ � VWDWHV�
3HQQV\OYDQLD� 0LVVRXUL� 0DVVDFKXVHWWV� 0LFKLJDQ� DQG 2KLR� 7KLV SDUW RI
WKH VHVVLRQ ZLOO SURYLGH DQ XSGDWH IURP WKH OREE\LQJ ILUP ZLWK ZKRP ZH
KDYH FRQWUDFWHG�

68�$$�%5'���
/LFHQVXUH DQG WKH 3UDFWLFLQJ 0HGLFDO 3K\VLFLVW�$$30 /LFHQVXUH
5HJXODWLRQV *XLGDQFH 'RFXPHQW
5 3L]]XWLHOOR� 
� ��� 8SVWDWH 0HGLFDO 3K\VLFV� 9LFWRU� 1<

$$30 KDV PDGH D VLJQLILFDQW FRPPLWPHQW RI SULRULWLHV DQG UHVRXUFHV WR
DGYDQFH OLFHQVXUH LQ WKH �� VWDWHV WKDW GR QRW SUHVHQWO\ OLFHQVH PHGLFDO
SK\VLFLVWV� 3HQGLQJ IHGHUDO OHJLVODWLRQ PD\ PRWLYDWH 6WDWHV WR LPSOHPHQW
OLFHQVXUH RQ D VKRUW WLPHWDEOH�

7KH $$30 /LFHQVXUH 5HJXODWLRQV *XLGDQFH 'RFXPHQW LV DPRQJ WKH
VLJQLILFDQW VWHSV LQ WKLV HIIRUW FRPSOHWHG E\ WKH -RLQW 0HGLFDO 3K\VLFV
/LFHQVXUH 6XE�&RPPLWWHH �-03/6&�� 7KLV GRFXPHQW ZDV FUHDWHG
PRGHOHG DIWHU WKH OLFHQVXUH ODZV LQ 7H[DV� 1HZ <RUN DQG )ORULGD�

7KLV VHVVLRQ ZLOO UHYLHZ WKH ELJ SLFWXUH RI KRZ OLFHQVXUH LV DFFRPSOLVKHG�
DQG KRZ OLFHQVXUH ZLOO DIIHFW WKH SUDFWLFLQJ PHGLFDO SK\VLFLVW� .H\
SURYLVLRQV RI WKH *XLGDQFH GRFXPHQW ZLOO EH SUHVHQWHG ZLWK DQ HPSKDVLV
RQ SUDFWLFDO LPSOHPHQWDWLRQ LVVXHV�

68�$$�%5'���
$ 1HZ ³&$5(´ DQG D 1HZ )RFXV
/ )DLUREHQW� 
� ��� $$30� &ROOHJH 3DUN� 0'

$V \RX DUH DZDUH ZH KDYH D QHZ DGPLQLVWUDWLRQ DQG D QHZ FRQJUHVV DQG
KHDOWK FDUH UHIRUP LV D SULRULW\ RI ERWK� 2Q -XO\ ��� ���� WKH 0HGLFDUH
,PSURYHPHQWV IRU 3DWLHQWV DQG 3URYLGHUV $FW RI ���� �0,33$� ZDV
HQDFWHG PDNLQJ FKDQJHV WR WKH 0HGLFDUH SURJUDP� 7KHUH KDV EHHQ D ORW RI
FRQIXVLRQ RYHU 0,33$ DQG KRZ LW UHODWHV WR WKH JRDOV ZH KDYH IRU WKH
³&$5(´ OHJLVODWLRQ �ZKLFK VWDQGV IRU &RQVLVWHQF\� $FFXUDF\�
5HVSRQVLELOLW\� DQG ([FHOOHQFH LQ 0HGLFDO ,PDJLQJ DQG 5DGLDWLRQ
7KHUDS\ �&$5(� $FW RI ����´�� 4XHVWLRQV KDYH EHHQ UDLVHG GR ZH VWLOO
QHHG WR SXUVXH WKH &$5( OHJLVODWLRQ� 7KLV VHVVLRQ ZLOO UHYLHZ WKH
UHODWLRQVKLS EHWZHHQ 0,33$� SURSRVHG &$5( OHJLVODWLRQ DQG WKH RYHUDOO
$$30 DQG $&03 HIIRUWV WR HIIRUWV WR HQVXUH WKDW PHGLFDO SK\VLFV LV
SHUIRUPHG E\ 4XDOLILHG 0HGLFDO 3K\VLFLVWV�

/HDUQLQJ 2EMHFWLYHV�
�� 7R UHYLHZ WKH SURYLVLRQV RI WKH 0HGLFDUH ,PSURYHPHQWV IRU

3DWLHQWV DQG 3URYLGHUV $FW RI ���� �0,33$��
�� 7R GLVFXVV WKH EHWZHHQ 0,33$ DQG WKH SURSRVHG ³&RQVLVWHQF\�

$FFXUDF\� 5HVSRQVLELOLW\� DQG ([FHOOHQFH LQ 0HGLFDO ,PDJLQJ DQG
5DGLDWLRQ 7KHUDS\ �&$5(� $FW RI �����´

�� 7R UHYLHZ WKH RYHUDOO $$30 DQG $&03 HIIRUWV WR HQVXUH WKDW
PHGLFDO SK\VLFV LV SHUIRUPHG E\ 4XDOLILHG 0HGLFDO 3K\VLFLVWV�

(GXFDWLRQ &RXQFLO 6\PSRVLXP
%DOOURRP %

68�%%�%5%���
&RQWHQW DQG H[SHFWDWLRQV RI WKH 0HGLFDO 3K\VLFV 5HVLGHQF\ 6HOI �
6WXG\ :RUNVKRS
- %D\RXWK


1R DEVWUDFW SURYLGHG�

7KHUDS\ 0RGHUDWHG 3RVWHU 6HVVLRQ
([KLELW +DOO � $UHD �
0RGHUDWHG 3RVWHU � ,057 ,

68�''�$����
,PSURYLQJ 'HOLYHU\ $FFXUDF\ RI 9ROXPHWULF 0RGXODWHG $UF 7KHUDS\
�90$7�
- <H � 0 5DR � ) &KHQ � ' &DR � 6ZHGLVK &DQFHU ,QVWLWXWH� 6HDWWOH� :$

3XUSRVH� 7R HYDOXDWH WKH HIIHFW RI 90$7 VHTXHQFHU� 0/& OHDI PRWLRQ
UDQJH DQG 08 GLIIHUHQFH IRU DGMDFHQW FRQWURO SRLQWV LQ 90$7 SODQ� DQG
JDQWU\ LQWHUYDO XVHG IRU GRVH FDOFXODWLRQ RQ WKH WUHDWPHQW GHOLYHU\
DFFXUDF\� 0DWHULDO DQG 0HWKRGV� 90$7 SODQV ZLWK OHDYHV PRYLQJ
DFURVV WKH ILHOG LQ DOWHUQDWH RSHQ�FORVH SDWWHUQ IRU HYHU\ �� GHJUHHV RI
URWDWLRQ ZHUH FUHDWHG RQ 3LQQDFOH 6PDUW$UF ���Y DQG (UJR�� 9������
ZKHUH 90$7 ',&20 57 SODQV ZHUH JHQHUDWHG ZLWK GLIIHUHQW
VHTXHQFHUV� 9DULRXV 0/& PRWLRQ UDQJH DQG 08 ZLWK GLIIHUHQW UDWLRV
ZHUH DVVLJQHG WR WKH DGMDFHQW FRQWURO SRLQWV� 7KH SODQV ZHUH GHOLYHUHG RQ
(OHNWD 6\QHUJ\� 0HDVXUHPHQWV ZLWK 0DWUL[[ LRQ�FKDPEHU DUUD\ ZHUH
DQDO\]HG� *DPPD SDVVLQJ UDWH ZHUH HYDOXDWHG XVLQJ GRVH FDOFXODWHG E\
LQWHUSUHWLQJ WKH 08 DQG 0/& VKDSHV EHWZHHQ FRQWURO SRLQWV ZLWK
GLIIHUHQW JDQWU\ LQWHUYDOV� 5HVXOWV� ',&20 SODQV WUDQVIHUUHG IURP
6PDUW$UF KDG KLJKHU JDPPD SDVVLQJ UDWH WKDQ WKRVH IURP (UJR���
3DVVLQJ UDWH GHFUHDVHG DV WKH 08 UDWLR LQFUHDVHG IRU (UJR�� EHFDXVH LWV
90$7 VHTXHQFHU DYHUDJHG WKH 08 IURP WZR DGMDFHQW FRQWURO SRLQWV�
/HVV WKDQ �� GLIIHUHQFH ZDV REVHUYHG EHWZHHQ GRVH FDOFXODWHG ZLWK �
DQG � GHJUHH JDQWU\ LQWHUYDO� &RPSDUHG WR SODQV ZLWK ���FP 0/&
PRWLRQ� SDVVLQJ UDWH IRU ���FP SODQV GHFUHDVHG E\ ������ 9HULILFDWLRQ
UHVXOWV GHJUDGHG DV 08 UDWLR LQFUHDVHG IURP ��� WR ��� LI GRVH ZDV
FDOFXODWHG XVLQJ WKH JDQWU\ LQWHUYDO RI � GHJUHHV RU ODUJHU� *DPPD SDVV
UDWH GHFUHDVHG DV WKH FDOFXODWLRQ LQWHUYDO LQFUHDVHG IURP � WR �� GHJUHHV
IRU 90$7 SODQV ZHUH FDOFXODWHG DVVXPLQJ 0/& OHDYHV ZHUH VWDWLRQDU\
EHWZHHQ FRQWURO SRLQWV� &RQFOXVLRQ� 6PDOOHU 0/& OHDI PRWLRQ UDQJH FDQ
LPSURYH 90$7 GHOLYHU\ DFFXUDF\� $ VHTXHQFHU FDSDEOH RI NHHSLQJ
RULJLQDO 08 IRU HDFK FRQWURO SRLQW VKRXOG EH XVHG WR JHQHUDWH 90$7
',&20 57 SODQ� )LQH JDQWU\ LQWHUYDO VKRXOG EH XVHG IRU GRVH FDOFXODWLRQ
WR VKRZ WKH 90$7 SODQ WKDW UHIOHFWV WKH GHOLYHUHG GRVH DFFXUDWHO\�

5HVHDUFK VXSSRUWHG E\ (OHNWD

68�''�$����
,QFRUSRUDWLQJ 3ULRU .QRZOHGJH ,QWR WKH 6HJPHQW 2SWLPL]DWLRQ LQ
6HJPHQW�0RGXODWHG $UF 7KHUDS\
< 0D� 
� / ;LQJ� � ��� 6WDQIRUG 8QLYHUVLW\ 6FKRRO RI 0HGLFLQH� 6WDQIRUG�
&$� ��� 6WDQIRUG 8QLY 6FKRRO RI 0HGLFLQH� 6WDQIRUG� &$

3XUSRVH� 5HFHQWO\� YDULRXV VWRFKDVWLF DOJRULWKPV KDYH EHHQ DSSOLHG WR
WKH VHJPHQW PRGXODWHG DUF WKHUDS\ �60$57� LQYHUVH SODQQLQJ� 0RVW� LI
QRW DOO� DOJRULWKPV DUH EUXWH IRUFH WULDO�DQG�HUURU VHDUFK LQ QDWXUH ZLWKRXW
LQFOXVLRQ RI D SULRUL NQRZOHGJH IRU VHJPHQW SRVLWLRQ DQG VKDSH� 7KH
SXUSRVH RI WKLV ZRUN LV WR SURYLGH DQ HIIHFWLYH ZD\ WR VSHHG XS WKH
60$57 SODQQLQJ SURFHVV E\ LQFRUSRUDWLQJ GRVLPHWULF NQRZOHGJH RI WKH
V\VWHP LQWR WKH VHJPHQW VKDSLQJ� 0HWKRGV� 7KH 60$57 LQYHUVH
SODQQLQJ ZDV SHUIRUPHG LQ WZR VWHSV� )LUVW� WKH PD[LPXP LQWHQVLW\ PDS
�0,0� ZDV HYDOXDWHG IRU HDFK EHDP� 7KH LQWHQVLW\ RI 0,0 LV GHILQHG DV
WKH PD[LPXP LQWHQVLW\ ZLWKRXW YLRODWLQJ WKH WKUHVKROG GRVH RI WKH RUJDQ�
DW�ULVNV �2$5V� ORFDWHG RQ WKH SDWK RI WKH EHDPOHW� %DVHG RQ 0,0� D
SUREDELOLVWLF PDS �03� PRGHO ZDV SURSHUO\ HVWDEOLVKHG ZKLFK GHVFULEHV
WKH SUREDELOLW\ IRU D EHDPOHW WR EH RSHQ � �� RU FORVH � ��� $ UXOH RI
WKXPE LV WKDW D EHDPOHW WUDYHUVLQJ VHQVLWLYH 2$5V �ZKLFK LV EDG� WHQGV WR



0DWHULDOV� 0DPPRVLWH EUDFK\WKHUDS\ LV GHOLYHUHG XVLQJ D EDOORRQ
FDWKHWHU SODFHG LQVLGH D OXPSHFWRP\ FDYLW\ LQ D EUHDVW� 7KH EDOORRQ LV
ILOOHG ZLWK D FRQWUDVW VROXWLRQ WR ILW LQVLGH WKH OXPSHFWRP\ FDYLW\� ,Q RXU
LQVWLWXWLRQ WKH WUHDWPHQW LV SODQQHG XVLQJ &7 LPDJHV RI WKH EUHDVW RQ DQ
(FOLSVH WUHDWPHQW SODQQLQJ FRPSXWHU� :H KDYH IRXQG WKDW WKH GHQVLW\ RI
WKH FRQWUDVW VROXWLRQ FDQ YDU\ VLJQLILFDQWO\ GHSHQGLQJ RQ WKH VROXWLRQ
LQVHUWHG LQ WKH EDOORRQ E\ WKH VXUJHRQV� &7 QXPEHUV DV KLJK DV ����
+RXQVILHOG 8QLW �+8� KDYH EHHQ IRXQG LQ WKH PDPPRVLWH EDOORRQ DW RXU
LQVWLWXWLRQ� 7KH (FOLSVH WUHDWPHQW SODQQLQJ V\VWHP GRHV QRW WDNH LQWR
DFFRXQW WKH KHWHURJHQHLW\ RI WKH FRQWUDVW VROXWLRQ LQ WUHDWPHQW WLPH
FDOFXODWLRQ� :H LQYHVWLJDWHG WKH HIIHFW RI WKH FRQWUDVW VROXWLRQ RQ GRVH
XVLQJ ILOP GRVLPHWU\ DQG 9DULDQ 9DULVRXUFH ��� +'5 XQLW ZLWK DQ ,U����
VRXUFH� 7KH VROXWLRQ IRUP WKH EDOORRQ RI D SDWLHQW ZLWK &7 QXPEHU RI
���� +8 ZDV XVHG LQ RXU VWXG\� $ SODQ ZDV FUHDWHG WR GHOLYHU D GRVH
ZKLFK IHOO ZLWKLQ WKH OLQHDU UDQJH RI .RGDN ;�2PDW 9 ILOP� 7KH VDPH
JHRPHWU\ DQG LUUDGLDWLRQ WLPH ZDV XVHG WR LUUDGLDWH ILOPV ZKLFK XQGHU WKH
FRQWUDVW VROXWLRQ DQG ZDWHU UHVSHFWLYHO\� 7KH ILOPV ZHUH UHDG ZLWK D
GHQVLWRPHWHU DQG WKH UDWLR RI WKH RSWLFDO GHQVLW\ JDYH WKH GRVH UDWLR IRU
WKH VROXWLRQ UHODWLYH WR ZDWHU� 5HVXOWV� 6ROXWLRQV ZLWK &7 QXPEHUV RI
����+8 DQG ����+8 VKRZHG D UHGXFWLRQ LQ GRVH RI ��� DQG ��
UHVSHFWLYHO\ FRPSDUHG WR ZDWHU� &RQFOXVLRQ� 2XU VWXG\ LQGLFDWHV WKDW
WKHUH FDQ EH D GRVH UHGXFWLRQ LQ PDPPRVLWH WUHDWPHQWV ZKHUH WKH &7
QXPEHU RI WKH VROXWLRQ LV KLJK FRPSDUHG WR ZDWHU� 7KH DSSURSULDWH
FRUUHFWLRQV VKRXOG EH PDGH WR GHOLYHU WKH LQWHQGHG GRVH LQ PDPPRVLWH
WUHDWPHQWV ZLWK ,U���� VRXUFH�

68�))�7���
'RVLPHWULF &RPSDULVRQ RI 6$9,� 0DPPR6LWH� &RQWXUD DQG
&OHDUSDWK IRU $FFHOHUDWHG 3DUWLDO %UHDVW ,UUDGLDWLRQ
' 6FDQGHUEHJ� 
� 3 %DUQD� � 6 -LDQJ� � 7 3DZOLFNL� � & <DVKDU� �
��� 8QLYHUVLW\ RI &DOLIRUQLD� /D -ROOD� &$

3XUSRVH� 7KH QXPEHU RI LQWUDFDYLWDU\ KGU EUDFK\WKHUDS\ GHYLFHV
DYDLODEOH WR WUHDW ZRPHQ ZLWK HDUO\ VWDJH EUHDVW FDQFHU KDV LQFUHDVHG
VLJQLILFDQWO\ LQ WKH SDVW VHYHUDO \HDUV� %OHQGLQJ WKH GRVLPHWU\ RI
LQWHUVWLWLDO DQG WKH HDVH RI XVH RI 0DPPR6LWH� 6$9,� &RQWXUD� DQG
&OHDUSDWK KDYH PDGH WKHLU ZD\ LQWR WKH DUHQD� 2QH ZRXOG SRVWXODWH WKDW
WKH HYROXWLRQ RI WKH GHYLFHV LQ WKH VHQVH RI GRVH PRGXODWLRQ� IURP OHDVW WR
JUHDWHVW� ZRXOG EH 0DPPR6LWH� &RQWXUD� &OHDUSDWK� DQG ILQDOO\ 6$9,�
7KLV VWHPV IURP WKH ORFDWLRQ RI SHULSKHUDO VWUXWV LQ UHODWLRQ WR WKH FDYLW\
ERXQGDU\� ,Q WKLV VWXG\� ZH FRPSDUH WKH GRVLPHWU\ EHWZHHQ WKH � GHYLFHV
DQG DVVHVV WKHLU HIILFDF\ WKURXJK GRVH YROXPH KLVWRJUDPV �'9+� DQG
PD[LPXP SRLQW GRVHV RI FULWLFDO VWUXFWXUHV� &RPSDULQJ WKHVH PRGDOLWLHV
ZLOO KHOS GHWHUPLQH HLWKHU WKH EHVW RYHUDOO WUHDWPHQW GHYLFH RU WKH EHVW
GHYLFH IRU D SDUWLFXODU W\SH RI SDWLHQW� 0DWHULDOV DQG 0HWKRGV� 1LQH
SDWLHQWV WUHDWHG ZLWK 6$9, DW 8& 6DQ 'LHJR ZHUH VHOHFWHG IRU WKLV
FRPSDULVRQ� &7 VFDQV ZHUH UHWURVSHFWLYHO\ HYDOXDWHG IRU GHOLYHU\ RI
$3%, YLD 0DPPR6LWH� &RQWXUD DQG &OHDUSDWK E\ VLPXODWLQJ WKHP LQ
SODFH RI WKH 6$9, LQ WKH OXPSHFWRP\ FDYLW\� 7KH DQWHULRU WLVVXH
VXUURXQGLQJ WKH EDOORRQ GHYLFHV ZDV OLQHDUO\ H[SDQGHG WR VLPXODWH WLVVXH
GLVSODFHPHQW E\ WKH EDOORRQ� $OO SODQV ZHUH JHQHUDWHG XVLQJ
%UDFK\YLVLRQ 736 �9DULDQ 0HGLFDO 6\VWHPV� 3DOR $OWR� &$�� 5HVXOWV�
'9+V RI WKH WDUJHW YROXPH ZHUH HYDOXDWHG DJDLQVW SODQQLQJ FULWHULD WDNHQ
IURP WKH 16$%3 %��� SURWRFRO� $OO GHYLFHV PHW WKH FULWHULD DQG KDG
VLPLODU WDUJHW FRYHUDJH �9�� a ����� +RZHYHU� WKHUH ZHUH GLIIHUHQFHV LQ
WKH GRVH UHFHLYHG E\ QRUPDO WLVVXH ZLWK VNLQ GRVH ORZHVW LQ 6$9,
SDWLHQWV �a��� RI SUHVFULEHG GRVH�� 7KLV ZDV IROORZHG E\ &RQWXUD�
0DPPR6LWH DQG &OHDUSDWK� UHVSHFWLYHO\� &RQFOXVLRQV� $OO GHYLFHV KDG
VLPLODU FRYHUDJH RI WKH WDUJHW YROXPH� EXW 6$9, KDG WKH PRVW GRVH
IOH[LELOLW\ IRU SDWLHQWV ZLWK FORVH VNLQ VSDFLQJ DQG FKHVWZDOO SUR[LPLW\�

68�))�7���
(YDOXDWLRQ RI ,QYHUVH 3ODQQLQJ 'RVH 2SWLPL]DWLRQ IRU +'5
%UDFK\WKHUDS\ LQ 7UHDWPHQW RI &HUYLFDO &DQFHU
/ 7DR� 
� % 7D\ORU� � ��� � /RQJYLHZ� 7;� ��� 7H[DV 2QFRORJ\�/RQJYLHZ
&DQFHU &HQWHU� /RQJYLHZ� 7;

3XUSRVH� :H LQYHVWLJDWHG WKH GLIIHUHQFHV EHWZHHQ JHRPHWULFDO
RSWLPL]DWLRQ DQG LQYHUVH SODQQLQJ VLPXODWHG DQQHDOLQJ �,36$� IRU WKH
WUHDWPHQW RI FHUYLFDO FDQFHU� 0HWKRGV DQG 0DWHULDOV� 3DWLHQWV ZHUH
VHOHFWHG DQG WZR RSWLPL]DWLRQ SODQV IRU HDFK SDWLHQW ZHUH JHQHUDWHG ZLWK
JHRPHWULFDO RSWLPL]DWLRQ DQG ,36$� 7KH FOLQLF WDUJHW YROXPH DQG FULWLFDO
RUJDQV ZHUH FRQWRXUHG XVLQJ 2QFHQWUD 0DVWHU3ODQ 9HUVLRQ ����1XFOHWURQ
&RUS�� 9HHQHQGDDO� 7KH 1HWKHUODQGV�� )RU HDFK SDWLHQW� WKH GRVH
FRQVWUDLQV DQG RSWLPL]DWLRQ SDUDPHWHUV ZHUH VHW WR PHHW FOLQLF JRDO IRU DOO

SODQV� 7KH GRVH YROXPH KLVWRJUDPV �'9+� RI WDUJHW DQG FULWLFDO RUJDQV
ZHUH JHQHUDWHG IRU FRPSDULVRQ� 5HVXOWV� :H IRXQG WKDW ,36$
VLJQLILFDQWO\ LPSURYHG WKH WDUJHW GRVH KRPRJHQHLW\ FRPSDUHG ZLWK
JHRPHWULFDO RSWLPL]DWLRQ� )RU WKH WXPRUV DGMDFHQW WR FULWLFDO VWUXFWXUHV�
,36$ GUDPDWLFDOO\ VSDUHG WKH YROXPH RI WKH FULWLFDO VWUXFWXUHV WR EH
LUUDGLDWHG� &RQFOXVLRQV� ,36$ LV VXSHULRU RYHU JHRPHWULFDO RSWLPL]DWLRQ
LQ WHUPV RI WDUJHW FRYHUDJH DQG PLQLPL]LQJ QRUPDO VWUXFWXUHV LUUDGLDWHG�

68�))�7���
3UHSODQQLQJ RI 6XWXUH &RRUGLQDWHV IRU (SLVFOHUDO 3ODTXH 7KHUDS\
0 $VWUDKDQ� 
� ��� 8QLY 6RXWKHUQ &DOLIRUQLD� /RV $QJHOHV� &$

3XUSRVH� (SLVFOHUDO SODTXHV DUH DWWDFKHG WR WKH H\H E\ VXWXUHV ZKLFK
DIIL[ H\HOHWV WR WKH VFOHUD� +LVWRULFDOO\� SODTXH SRVLWLRQ ZDV GHWHUPLQHG
E\ WUDQVLOOXPLQDWLQJ WKH H\H WR FDVW D VKDGRZ RI WKH WXPRU RQWR WKH VFOHUD�
RXWOLQLQJ WKLV VKDGRZ� DQG VXEVHTXHQWO\ GHFLGLQJ ZKHUH WR VXWXUH WKH
H\HOHWV� �' PRGHOLQJ HQDEOHV VFOHUDO FRRUGLQDWHV IRU HDFK H\HOHW WR EH
GHWHUPLQHG SULRU WR VXUJHU\�0HWKRGV� 7KH UHWLQDO GLDJUDP LV D SRODU PDS
RI WKH UHWLQDO VXUIDFH LQ ZKLFK WKH SRVWHULRU SROH LV ORFDWHG DW WKH FHQWHU RI
WKH PDS VXUURXQGHG E\ UDGLDO VSRNHV UHSUHVHQWLQJ PHULGLDQV DQG
FRQFHQWULF ULQJV RI ODWWLWXGH ZKLFK WHUPLQDWH DW WKH OLPEXV ZKLFK LV WKH
ERUGHU RI WKH FRUQHD DQG VFOHUD� (\HOHW FRRUGLQDWHV RQ DQ HTXLYDOHQW
VFOHUDO GLDJUDP FDQ EH H[SUHVVHG XVLQJ D PHULGLDQ� D FKRUG GLVWDQFH IURP
WKH OLPEXV DORQJ WKDW PHULGLDQ� DQG WKH FKRUG GLVWDQFH EHWZHHQ WKH
H\HOHWV� ,W LV FRPPRQ WR H[SUHVV GLDJUDP PHULGLDQV DV FORFN KRXUV VR
FRRUGLQDWHV IRU D SODTXH ZLWK WZR H\HOHWV PLJKW EH VRPHWKLQJ OLNH� H\HOHW
�� DORQJ WKH ����� R¶FORFN PHULGLDQ� ��� PP IURP WKH OLPEXV� H\HOHW ��
DORQJ WKH ���� PHULGLDQ ��� PP IURP WKH OLPEXV� DQG ��� PP EHWZHHQ
WKH H\HOHWV� 5HVXOWV� 2YHU ��� SDWLHQWV KDYH EHHQ WUHDWHG DW 86& XVLQJ
FDOFXODWHG VXWXUH FRRUGLQDWHV� 2QO\ LQ D KDQGIXO RI FDVHV LQYROYLQJ
DQWHULRU WXPRUV IRU ZKLFK IXQGXV SKRWRJUDSK\ ZDV LPSRVVLEOH ZDV LW
QHFHVVDU\ WR HPSLULFDOO\ DGMXVW FRRUGLQDWHV� $GPLWWHGO\ VXEMHFWLYH
REVHUYDWLRQ VXJJHVWV WKDW SODTXH SODFHPHQW WR ZLWKLQ DERXW � GHJUHHV
FLUFXPIHUHQWLDOO\ DQG ��� PP UDGLDOO\ RI WKH SODQQHG SRVLWLRQ LV URXWLQHO\
DFKLHYDEOH� ([DPSOHV ZLOO EH SUHVHQWHG� &RQFOXVLRQ� :KHQ WKH WXPRU
ORFDWLRQ FDQ EH DFFXUDWHO\ GHWHUPLQHG IURP IXQGXV SKRWRJUDSK\� WKH
SODFHPHQW RI D SODTXH DQG LWV VXWXUH H\HOHWV FDQ EH DFFXUDWHO\ SUHSODQQHG�
&RQIOLFW RI ,QWHUHVW� 6RIWZDUH ZKLFK LPSOHPHQWV WKLV WHFKQRORJ\ LV
OLFHQVHG E\ %(%,* *PE+ IRU GLVWULEXWLRQ XQGHU WKH QDPH 3ODTXH
6LPXODWRU�

68�))�7���
,PSRUWDQFH RI &RQWDPLQDWLRQ 6LJQDO 5HPRYDO 2Q +'5
%UDFK\WKHUDS\ ,Q 9LYR 'RVLPHWU\ :KHQ 8VLQJ D 6FLQWLOODWLQJ )LEHU
'RVLPHWHU�
) 7KHUULDXOW�3URXO[�� � 
� 0 *XLOORW� � / *LQJUDV� � / %HDXOLHX� � 6
%HGGDU�� ��� &+84 +RWHO�'LHX GH 4XHEHF� 4XHEHF� 4F� &DQDGD�
��� 0' $QGHUVRQ &DQFHU &WU�� +RXVWRQ� 7;

3XUSRVH� 7R TXDQWLI\ WKH LPSRUWDQFH RI UHPRYLQJ WKH FRQWDPLQDWLRQ
VLJQDO� FRPSRVHG RI &HUHQNRY DQG IOXRUHVFHQFH OLJKW� IURP WKH RXWSXW RI
DQ LQ YLYR VFLQWLOODWLQJ ILEHU GRVLPHWHU GXULQJ ,ULGLXP���� +'5
EUDFK\WKHUDS\ WUHDWPHQWV�0HWKRG DQG 0DWHULDOV� 7KH VFLQWLOODWLQJ ILEHU
GRVLPHWU\ V\VWHP LV FRPSRVHG RI D PLQLDWXUH PRQRFKURPH &&' FDPHUD
�$SRJHH $OWD 8������ GHWHFWLQJ OLJKW IURP RSWLFDO ILEHUV� 7ZR ILEHUV
ZHUH XVHG IRU WKH SXUSRVH RI WKLV VWXG\� RQH RI WKRVH KDG D � PP [ � PP
F\OLQGULFDO VFLQWLOODWRU �%&)���� FRXSOHG WR LWV H[WUHPLW\� ,QWHJUDWLQJ
OLJKW FRPLQJ RXW IURP ERWK ILEHUV XQGHU WKH VDPH LUUDGLDWLRQ FRQGLWLRQV
DOORZV� IROORZLQJ SURSHU FDOLEUDWLRQ� WR GHWHUPLQH WKH VFLQWLOODWLRQ DQG WKH
FRQWDPLQDWLRQ FRPSRQHQWV RI WKH GHWHFWRU VLJQDO� 7KLV VWXG\ KDV EHHQ
FRQGXFWHG LQ D VROLG ZDWHU SKDQWRP� &RPSRQHQWV RI WKH GHWHFWRU VLJQDO
KDYH EHHQ VWXGLHG DV D IXQFWLRQ RI DQJXODU� ORQJLWXGLQDO DQG UDGLDO
SRVLWLRQ RI WKH ,U���� VRXUFH ZLWK UHVSHFW WR WKH GHWHFWLQJ YROXPH �L�H�
VFLQWLOODWRU�� 5HVXOWV� 7KH FRQWDPLQDWLRQ FRPSRQHQW UDQJHG IURP �� WR
��� RI WKH GHWHFWRU VLJQDO� GHSHQGLQJ RQ WKH UHODWLYH VRXUFH WR VFLQWLOODWRU
DQG ILEHU SRVLWLRQV� 7KH KLJKHVW UDWLR ZDV REWDLQHG ZKHQ WKH VRXUFH ZDV
WKH FORVHVW WR WKH VFLQWLOODWRU� 7KH ORZHVW ZDV REWDLQHG ZKHQ WKH VRXUFH LV
ORQJLWXGLQDOO\ WKH IXUWKHVW IURP WKH VRXUFH� 7KH UDWLR LQFUHDVHG IURP ��
WR ��� ZLWK WKH VRXUFH JRLQJ IURP �FP WR �FP RQ WKH UDGLDO D[LV RI WKH
VFLQWLOODWRU� $QJXODU VWXG\ UHYHDOV WKDW ERWK FRQWDPLQDWLRQ DQG
VFLQWLOODWLRQ FRPSRQHQWV RI WKH VLJQDO YDULHV XQGHU ��� SHUFHQWV RYHU WKH
FRPSOHWH DQJOHV UDQJH� &RQFOXVLRQ� 'RVH GHWHUPLQDWLRQ LV SURSRUWLRQDO
WR WKH DPRXQW RI VFLQWLOODWLQJ OLJKW PHDVXUHG� %DVHG RQ RXU
PHDVXUHPHQWV� WKH QHFHVVLW\ RI UHPRYLQJ WKH FRQWDPLQDWLRQ FRPSRQHQW
RI WKH VLJQDO LV REYLRXV WR REWDLQ DQ DFFXUDWH GRVH FDOFXODWLRQ� $Q\



GHFRQWDPLQDWLRQ SURFHGXUHV� $OO SDUWLFLSDQWV UHFHLYHG D WRRONLW ZLWK
YDOXDEOH WUDLQLQJ WRROV�

:(�'����$���
2SWLRQV WR 5HYLVH 15& 5DGLDWLRQ 3URWHFWLRQ 5HJXODWLRQV
' &RRO�� . 0RUJDQ�%XWOHU�� ��� 8�6� 1XFOHDU 5HJXODWRU\ &RPPLVVLRQ�
:DVKLQJWRQ� '&

,Q 'HFHPEHU ����� WKH ,QWHUQDWLRQDO &RPPLVVLRQ RQ 5DGLRORJLFDO
3URWHFWLRQ �,&53� SXEOLVKHG UHYLVHG DQG XSGDWHG UHFRPPHQGDWLRQV IRU
UDGLDWLRQ SURWHFWLRQ DV ,&53 3XEOLFDWLRQ ���� 7KH 1XFOHDU 5HJXODWRU\
&RPPLVVLRQ �15&� VWDII HQJDJHG LQ D FRPSDUDWLYH UHYLHZ RI WKH 15&
6WDQGDUGV IRU 3URWHFWLRQ $JDLQVW ,RQL]LQJ 5DGLDWLRQ� �� &)5 3DUW ��� DQG
RWKHU 15& UHJXODWLRQV� ZLWK ,&53 3XEOLFDWLRQ ���� DQG SURYLGHG WKH
&RPPLVVLRQ ZLWK UHFRPPHQGDWLRQV IRU QH[W VWHSV LQ 'HFHPEHU� �����
7KH &RPPLVVLRQ KDV DSSURYHG WKH VWDII UHFRPPHQGDWLRQ WR VHHN HDUO\
HQJDJHPHQW ZLWK VWDNHKROGHUV DQG LQWHUHVWHG SDUWLHV RQ WKH WHFKQLFDO DQG
UHJXODWRU\ LVVXHV DQG RSWLRQV IRU SRWHQWLDO FKDQJHV WR WKH DJHQF\¶V
UDGLDWLRQ SURWHFWLRQ UHJXODWLRQV� WR DFKLHYH JUHDWHU DOLJQPHQW EHWZHHQ WKH
UHJXODWLRQV DQG ,&53 3XEOLFDWLRQ ���� 7KH 15& VWDII LV SDUWLFXODUO\
LQWHUHVWHG LQ XQGHUVWDQGLQJ WKH SHUVSHFWLYHV RI GLIIHUHQW RUJDQL]DWLRQV DQG
JURXSV RQ WKH EHQHILWV� EXUGHQV� DQG LPSDFWV RI SRVVLEOH RSWLRQV IRU
FKDQJH� 7KH 15& VWDII KDV QRW PDGH DQ\ GHFLVLRQV RQ SDUWLFXODU
SRVLWLRQV RU FKDQJHV DW WKLV WLPH� 7KLV SUHVHQWDWLRQ SURYLGHV EDFNJURXQG
RQ WKH FXUUHQW UHJXODWRU\ IUDPHZRUN� WKH FRQWHQWV RI WKH ���� ,&53
UHFRPPHQGDWLRQV� WKH VWDWXV RI LQWHUQDWLRQDO VWDQGDUGV XSGDWHV� DQG
GHVFULEHV LVVXHV LGHQWLILHG E\ 15& VWDII DV LQLWLDO NH\ WRSLFV IRU
GLVFXVVLRQ ZLWK VWDNHKROGHUV RQ RSWLRQV DQG QHFHVVDU\ WHFKQLFDO
LQIRUPDWLRQ IRU SRVVLEOH IXWXUH UXOHPDNLQJ� 7KHVH LVVXHV LQFOXGH WKH
RFFXSDWLRQDO GRVH OLPLWV� WKH DSSOLFDWLRQ RI FRQVWUDLQWV WR WKH RSWLPL]DWLRQ
SURFHVV� DQG XSGDWHV RI WKH VFLHQWLILF LQIRUPDWLRQ DQG PRGHOV VXSSRUWLQJ
GRVH DVVHVVPHQW DQG FRPSOLDQFH�

:(�'����$���
2FFXSDWLRQDO +HDOWK +D]DUGV LQ WKH ,QWHUYHQWLRQDO /DERUDWRU\
6 %DOWHU�� / )DLUREHQW�� ' 0LOOHU�� ��� &ROXPELD 8QLYHUVLW\ 0HGLFDO
&HQWHU� 1HZ <RUN� 1<� ��� $$30� &ROOHJH 3DUN� 0'� ��� 1DWLRQDO
1DYDO 0HGLFDO &HQWHU� %HWKHVGD� 0'

(IIRUWV WR EHWWHU GHILQH WKH RFFXSDWLRQDO ULVNV DVVRFLDWHG ZLWK ZRUNLQJ LQ
D IOXRURVFRSLF ODERUDWRU\ OHG WR WKH IRUPDWLRQ RI WKH 0XOWL�6SHFLDOW\
2FFXSDWLRQDO +HDOWK *URXS �062+*�� 7KH PDLQ JRDO RI WKLV JURXS LV WR
FODULI\ WKH PDJQLWXGH DQG LPSDFW RI WKH RFFXSDWLRQDO KHDOWK FRQFHUQV RI
WKH FDUGLRORJLVWV� UDGLRORJLVWV� DQG VXUJHRQV ZRUNLQJ ZLWK IOXRURVFRS\�
SDLQ PDQDJHPHQW VSHFLDOLVWV SHUIRUPLQJ QRQYDVFXODU IOXRURVFRSLF
SURFHGXUHV� DQG WKH PDQ\ VXSSRUW SHUVRQQHO ZRUNLQJ LQ LQWHUYHQWLRQDO
ODERUDWRU\ ZRUN HQYLURQPHQW� 7KLV SDSHU ZLOO EULHIO\ UHYLHZ WKH SK\VLFDO
VWUHVVHV LQKHUHQW LQ WKLV FDUHHU FKRLFH DSSHDU WR EH DVVRFLDWHG ZLWK D
SUHGLVSRVLWLRQ WR RUWKRSHGLF LQMXULHV� DWWULEXWDEOH LQ JUHDW SDUW WR WKH
FXPXODWLYH DGYHUVH HIIHFWV RI EHDULQJ WKH ZHLJKW DQG GHVLJQ RI SHUVRQDO
SURWHFWLYH DSSDUHO ZRUQ WR UHGXFH UDGLDWLRQ ULVN� DQG WR WKH SRRU
HUJRQRPLF GHVLJQ RI LQWHUYHQWLRQDO VXLWHV�

7KHUDS\ 6\PSRVLXP
%DOOURRP '
,PDJLQJ DQG 7UHDWPHQW 3ODQQLQJ IRU $GDSWLYH
5DGLRWKHUDS\ LQ WKH +HDG DQG 1HFN

:(�'�%5'���
,PDJLQJ DQG 7UHDWPHQW 3ODQQLQJ IRU $GDSWLYH 5DGLRWKHUDS\ LQ WKH
+HDG DQG 1HFN
- 6RQNH� 
� . %URFN� 
� / 'RQJ� 
� 9 *UHJRLUH� 
� ��� 1HWKHUODQGV
&DQFHU ,QVWLWXWH� $PVWHUGDP� 1/� ��� 3ULQFHVV 0DUJDUHW +RVSLWDO�
7RURQWR� 21� &$� ��� 87 0' $QGHUVRQ &DQFHU &HQWHU� +RXVWRQ� 7;�
��� &OLQLTXHV 8QLYHUVLWDLUHV 6W�/XF� %UXVVHOV� %(

7KH LQWHJUDWLRQ RI LQ�URRP YROXPHWULF LPDJLQJ LQWR WKH WUHDWPHQW
GHOLYHU\ SURFHVV KDV SURYLGHG WKH DELOLW\ WR LGHQWLI\ VRIW WLVVXH FKDQJHV LQ
WKH KHDG DQG QHFN RYHU WKH FRXUVH RI UDGLRWKHUDS\� 7KHVH FKDQJHV LQFOXGH
WXPRU UHVSRQVH DQG FKDQJHV LQ WKH SRVLWLRQ DQG YROXPH RI QRUPDO WLVVXHV�
:KHQ WKHVH FKDQJHV DUH VXEVWDQWLDO� UHJLVWUDWLRQ RI WKH GDLO\ RQOLQH LPDJH
WR WKH SODQQLQJ LPDJH EHFRPHV FKDOOHQJLQJ� LI QRW LPSRVVLEOH� DQG PD\

UHVXOW LQ D ODUJH FKDQJH LQ WKH LQWHQGHG GRVH WR WKH WXPRU DQG D YLRODWLRQ
RI WKH GRVH FRQVWUDLQWV IRU WKH VXUURXQGLQJ QRUPDO WLVVXH� 5HVHDUFK KDV
EHJXQ WR H[DPLQH WKH LPSOLFDWLRQV DVVRFLDWHG ZLWK DGGUHVVLQJ WKHVH
LVVXHV WKURXJK DGDSWLYH UDGLRWKHUDS\� DQG FRPPHUFLDO WUHDWPHQW SODQQLQJ
V\VWHPV DUH EHJLQQLQJ WR LQFOXGH WKH VWUXFWXUH QHFHVVDU\ IRU KDQGOLQJ
WKHVH FKDQJHV� 7KLV V\PSRVLXP ZLOO GHVFULEH WHFKQLTXHV IRU SHUIRUPLQJ
DGDSWLYH UDGLRWKHUDS\ LQFOXGLQJ LPDJLQJ IRU DGDSWLYH UDGLRWKHUDS\�
GHIRUPDEOH UHJLVWUDWLRQ DQG GRVH DFFXPXODWLRQ� UHSODQQLQJ DQG UH�
RSWLPL]DWLRQ ZKLFK LQFOXGHV WKH GHOLYHUHG GRVH� RSWLPL]LQJ UH�SODQQLQJ
WLPLQJ� DQG FOLQLFDO VLJQLILFDQFH� 7R DGGUHVV WKHVH LPSRUWDQW LVVXHV
VXUURXQGLQJ LPDJLQJ DQG WUHDWPHQW SODQQLQJ IRU DGDSWLYH UDGLRWKHUDS\ LQ
UHVSRQVH WR VRIW WLVVXH FKDQJHV� WKLV V\PSRVLXP ZLOO EH GLYLGHG LQWR WKH
IROORZLQJ IRXU WRSLFV� ,PDJLQJ DQG LPPRELOL]DWLRQ IRU DGDSWLYH
UDGLRWKHUDS\ LQ WKH KHDG DQG QHFN ZLOO EH H[DPLQHG� LQFOXGLQJ LGHQWLI\LQJ
WKH QHHG IRU UHSODQQLQJ� WKH OHYHO RI LPDJH TXDOLW\ QHFHVVDU\ WR
DFFRPSOLVK WKLV WDVN� DV ZHOO DV LPPRELOL]DWLRQ DQG SRVLWLRQLQJ VWUDWHJLHV�
'HIRUPDEOH UHJLVWUDWLRQ DQG GRVH DFFXPXODWLRQ LQ WKH KHDG DQG QHFN ZLOO
EH GLVFXVVHG� HYDOXDWLQJ TXDOLW\ DVVXUDQFH� DFFXUDF\� DQG YDOLGDWLRQ
WHFKQLTXHV DQG PHWKRGV WR KDQGOH YROXPH UHGXFWLRQ� ,QFOXGLQJ WKH
GHOLYHUHG GRVH� LPSURYLQJ HIILFLHQF\� DQG RSWLPL]LQJ WKH QXPEHU DQG
WLPLQJ RI UHSODQQLQJ HYHQWV ZLOO EH HYDOXDWHG LQ WKH FRQWH[W RI UHSODQQLQJ
DQG UH�RSWLPL]DWLRQ IRU KHDG DQG QHFN� 7KH FOLQLFDO VLJQLILFDQFH RI
SHUIRUPLQJ DGDSWLYH UHSODQQLQJ ZLOO EH KLJKOLJKWHG� LQFOXGLQJ D
SUHVHQWDWLRQ RQ WKH UHVXOWV RI VWXGLHV SHUIRUPHG DQG D ORRN WR WKH IXWXUH
DV WR ZKDW VWXGLHV VKRXOG EH SHUIRUPHG�

/HDUQLQJ 2EMHFWLYHV�
�� 8QGHUVWDQG ZKHQ UH�SODQQLQJ LV QHFHVVDU\ DQG WKH OHYHO RI LPDJH

TXDOLW\ UHTXLUHG IRU UH�SODQQLQJ�
�� 8QGHUVWDQG WKH DFFXUDF\ DFKLHYDEOH DQG YDOLGDWLRQ PHWKRGV IRU

GHIRUPDEOH UHJLVWUDWLRQ WHFKQLTXHV XVHG WR UHODWH LQ�URRP
YROXPHWULF LPDJLQJ WR WKH SODQQLQJ GDWDVHW�

�� 'LVFXVV GRVH DFFXPXODWLRQ� LQFOXGLQJ PHWKRGV IRU KDQGOLQJ YROXPH
UHGXFWLRQ DQG 4$�

�� 5HYLHZ DQG HYDOXDWH FXUUHQW VWDWH�RI�WKH�DUW FDSDELOLWLHV IRU UH�
SODQQLQJ ZLWK UHJDUGV WR LQFRUSRUDWLQJ GHOLYHUHG GRVH� HIILFLHQW
ZRUNIORZ� DV ZHOO DV YLVXDOL]DWLRQ DQG TXDQWLILFDWLRQ RI UHVXOWV�

�� ([SORUH PHWKRGV IRU RSWLPL]LQJ WKH IUHTXHQF\ DQG WLPLQJ RI UH�
SODQQLQJ HYHQWV�

�� 8QGHUVWDQG WKH FOLQLFDO VLJQLILFDQFH RI DGDSWLYH SODQQLQJ ZLWK
UHJDUGV WR UHSRUWHG UHVXOWV WR GDWH DQG SRWHQWLDO IXWXUH UHVXOWV

7KHUDS\ 6FLHQWLILF 6HVVLRQ
%DOOURRP %
%UDFK\WKHUDS\

:(�'�%5%���
(\H 3ODTXH 'RVLPHWU\� 5HSRUW RI WKH $$30 7KHUDS\ 3K\VLFV
&RPPLWWHH 7DVN *URXS 1R� ���
) 0RXUWDGD� 
� 6 &KLX�7VDR� � 0 $VWUDKDQ� � 3 )LQJHU� � ' )ROORZLOO� �
$ 0HLJRRQL� � & 0HOKXV� � 0 1DSROLWDQR� � 5 7KRPVRQ� � 0 5LYDUG� �
0 3DULVK� � ' 5RJHUV� � 5 1DWK�� � ��� 87 0' $QGHUVRQ &DQFHU &HQWHU�
+RXVWRQ� 7;� ��� 4XDOLW\ 0HGL3K\V //&� 'HQYLOOH� 1-� ��� 8QLY
6RXWKHUQ &DOLIRUQLD� /RV $QJHOHV� &$� ��� 7KH 1HZ <RUN (\H &DQFHU
&HQWHU� 1HZ <RUN� 1<� ��� 1RUWK 6KRUH 8QLY +RVS�/RQJ ,VODQG -HZLVK
+HDOWK� 0DQKDVVHW� 1<� ��� 7XIWV 0HGLFDO &HQWHU� %RVWRQ� 0$�
��� (OHNWD ,QF�� 1RUFURVV� *$� ��� &DUOHWRQ 8QLYHUVLW\� 2WWDZD� 21� &$�
��� 8QLY� RI .HQWXFN\� /H[LQJWRQ� .<� ���� <DOH 8QLY 6FKRRO RI
0HGLFLQH� 1HZ +DYHQ� &7

3XUSRVH� 7KH $$30 (\H 3ODTXH 'RVLPHWU\ 7DVN *URXS ��� SUHVHQWV
DQ XSGDWH RI WKH GRVLPHWU\ FDOFXODWLRQV IRU WKH &ROODERUDWLYH 2FXODU
0HODQRPD 6WXG\ �&206� SODTXHV� 5HVXOWV IURP D PXOWL�FHQWHU
FRPSDULVRQ XVLQJ VHYHUDO EUDFK\WKHUDS\ WUHDWPHQW SODQQLQJ V\VWHPV
�%736V� DUH SUHVHQWHG� 0HWKRG DQG 0DWHULDOV� 'RVH GLVWULEXWLRQV
DURXQG ���PP GLDPHWHU &206 SODTXHV ORDGHG ZLWK ,���� �PRGHO �����
RU 3G���� �PRGHO ���� ZHUH GHWHUPLQHG XVLQJ WKUHH 7*���EDVHG %736V
�3LQQDFOH Y���G� %UDFK\9LVLRQ Y��� DQG Y���� 3ODTXH6LPXODWRU Y�������
DQG WZR 0RQWH &DUOR FRGHV �0&13� DQG %UDFK\'RVH�� 7*��� SODQV
DVVXPHG DQ XQERXQGHG KRPRJHQHRXV PHGLXP� 0RQWH &DUOR SODTXH
VLPXODWLRQV LQFOXGHG WKH 0RGXOD\ �JROG DOOR\� EDFNLQJ� 6LODVWLF �VLOLFRQH
SRO\PHU� LQVHUW� DQG LQWHUVHHG LQWHUDFWLRQV� 'RVHV DORQJ WXPRU FHQWUDO
D[LV ��� WR �� PP� DQG WR GHILQHG FULWLFDO VWUXFWXUHV VXFK DV IRYHD� RSWLF
GLVF� OHQV FHQWHU� DQG ODFULPDO JODQG FHQWHU LQ D VWDQGDUG H\H PRGHO ZHUH



FDOFXODWHG� 5HVXOWV� $JUHHPHQW DPRQJ DOO 7*��� EDVHG SODQV RQ WKH
FHQWUDO D[LV ZDV ZLWKLQ ��� IRU ERWK SRLQW� DQG OLQH�VRXUFH
DSSUR[LPDWLRQV� +RZHYHU� IRU RII�D[LV SRLQWV� %UDFK\9LVLRQ Y ��� KDG D
WUXQFDWLRQ HUURU LQ FRRUGLQDWHV� ZKLFK UHVXOWHG LQ GRVH GHYLDWLRQ RI DERXW
�� UHODWLYH WR RWKHU SODQV� $V H[SHFWHG� WKH GRVHV DW RII�D[LV SRLQWV ZHUH
ORZHU IRU WKH OLQH VRXUFH DSSUR[LPDWLRQ WKDQ WKH SRLQW VRXUFH
DSSUR[LPDWLRQ� 7KH ODUJHVW GHYLDWLRQV ZHUH IRXQG DW WKH ODFULPDO JODQG
FHQWHU� ZKHUH WKH OLQH VRXUFH PRGHO UHVXOWHG LQ ��� DQG ��� OHVV GRVH
WKDQ WKH SRLQW VRXUFH PRGHO IRU ,���� DQG 3G���� VRXUFHV� UHVSHFWLYHO\�
0RQWH &DUOR VLPXODWLRQV SUHGLFWHG GRVH YDOXHV DUH DERXW ������ ORZHU
WKDQ WKH DYHUDJH RI 7*��� SODQ YDOXHV� GXH WR IXOO SODTXH JHRPHWU\� ZLWK
WKH H[FHSWLRQ RI IHZ RII�D[LV SRLQWV XS WR ��� ORZHU� &RQFOXVLRQV� 7KLV
PXOWL�FHQWHU FRPSDUDWLYH DQDO\VLV RI %736V GRVH UHVXOWV LQGLFDWHG WKH
LPSRUWDQFH RI FDUHIXO VHOHFWLRQ RI 7*��� SDUDPHWHUV� VRXUFH PRGHO
DVVXPSWLRQV� DQG WKH %736 FRRUGLQDWH UHVROXWLRQ OLPLWV� DQG WKH YDOXH RI
FRPSOHWH 0RQWH &DUOR FDOFXODWLRQV�

:(�'�%5%���
&RPSDULQJ D *ULG�%DVHG %ROW]PDQQ 6ROYHU ZLWK 0RQWH &DUOR
6LPXODWLRQ IRU 9R[HO�%DVHG 7KHUDSHXWLF 5DGLRQXFOLGH 'RVH
&DOFXODWLRQV
- 0LNHOO� 
� 2 9DVVLOLHY� � : (UZLQ� � 7 :DUHLQJ� � ) 0RXUWDGD� � ��� 87
0' $QGHUVRQ &DQFHU &HQWHU� +RXVWRQ� 7;� ��� 7UDQVSLUH ,QF� *LJ
+DUERU� :$

3XUSRVH� 7R FRPSDUH WKH DFFXUDF\ DQG VSHHG RI D GHWHUPLQLVWLF JULG�
EDVHG %ROW]PDQQ VROYHU �*%%6� ZLWK 0RQWH &DUOR �0&� VLPXODWLRQV IRU
FDOFXODWLQJ YR[HO�EDVHG DEVRUEHG GRVH UDWHV IURP 63(&7�&7 LPDJLQJ�
0HWKRGV� $ 63(&7�&7 LPDJH RI D EUHDVW FDQFHU SDWLHQW ZLWK PHWDVWDWLF
RVWHRVDUFRPD ZDV REWDLQHG XVLQJ D WUDFHU DGPLQLVWUDWLRQ RI ���6P
('703� 7KH WKHUDSHXWLF DFWLYLW\ DGPLQLVWHUHG ZDV GHWHUPLQHG IURP
0,5' HVWLPDWHV� '26;<=QUF DQG WKH *%%6 $FXURV ZHUH XVHG WR
FDOFXODWH GRVH UDWH PDSV IURP WKH DFWLYLW\ GLVWULEXWLRQ RYHU WKH IXOO &7
JULG� 7KH *%%6 SKRWRQ GRVH UDWH ZDV FDOFXODWHG XVLQJ WKH FROOLVLRQDO
.(50$ DSSUR[LPDWLRQ UDWKHU WKDQ H[SOLFLWO\ WUDQVSRUWLQJ WKH JHQHUDWHG
HOHFWURQV� DQ HQHUJ\ FXWRII ZDV XVHG WR QHJOHFW VSDWLDO WUDQVSRUW RI
HOHFWURQV EHORZ D WKUHVKROG RI ��� NH9 IRU $FXURV DQG ��� NH9 IRU
'26;<=QUF� 7KH SKRWRQ� EHWD�SDUWLFOH� DQG WRWDO DEVRUEHG GRVH UDWHV
FDOFXODWHG XVLQJ *%%6 ZHUH FRPSDUHG ZLWK WKH JROG VWDQGDUG 0&
VLPXODWLRQV XVLQJ WKH JDPPD LQGH[� *DPPD LQGH[ SDUDPHWHUV HYDOXDWHG
ZHUH ����PP DQG ����PP� ERWK XVHG D VWHS VL]H RI ���PP ZLWK D ��
PP VHDUFK GLVWDQFH� $ SDWLHQW PDVN ZDV FUHDWHG IURP WKH &7 WR UHSRUW
SL[HOV ZLWKLQ�QHDU WKH SDWLHQW� 7KH JDPPD IDLOXUH SRLQWV �Ȗ!���� ZLWKLQ
WKH SDWLHQW PDVN ZHUH YLHZHG RYHUODLG RQ WKH DFWLYLW\ PDS DQG RQ WKH &7
IRU WKH FDOFXODWHG EHWD� SKRWRQ� DQG WRWDO GRVH UDWHV� 5HVXOWV� )RU WRWDO
GRVH UDWH� ����� DQG ����� RI SL[HOV ZLWKLQ WKH SDWLHQW PDVN KDG Ȗ����
IRU ����PP DQG ����PP UHVSHFWLYHO\� Ȗ IDLOXUHV ZHUH QRWLFHG DW WKH
HGJHV RI WKH DFWLYLW\ GLVWULEXWLRQ IRU EHWD�SDUWLFOHV� DQG DW YDULRXV
LQWHUIDFHV IRU WKH SKRWRQV� )RU $FXURV� WKH EHWD�SDUWLFOH DQG SKRWRQ
WUDQVSRUW UHTXLUHG DERXW �� PLQXWHV HDFK� '26;<=QUF WRRN
DSSUR[LPDWHO\ ������ WLPHV ORQJHU� &RQFOXVLRQV� *%%6 KDV WKH
SRWHQWLDO WR SURYLGH DFFXUDF\ VLPLODU WR 0& LQ D PXFK VKRUWHU WLPH� WKLV
FRXOG EH XVHIXO IRU YR[HO�EDVHG UDGLRQXFOLGH DEVRUEHG GRVH HVWLPDWHV LQ D
FOLQLFDO VHWWLQJ�

:(�'�%5%���
1RYHO 3ODTXHV IRU ,ULV 0HODQRPD ,���� DQG 3G���� %UDFK\WKHUDS\
5 7KRPVRQ� 
� . )XUXWDQL� � ' 5RJHUV� � ��� &DUOHWRQ 8QLYHUVLW\� 2WWDZD�
21� &$� ��� 0D\R &OLQLF� 5RFKHVWHU� 01

3XUSRVH� 7R FDOFXODWH WKUHH GLPHQVLRQDO GRVH GLVWULEXWLRQV LQ WKH H\H
UHJLRQ IRU QRYHO SODTXHV XVHG LQ WKH WUHDWPHQW RI LULV PHODQRPD DW WKH
0D\R &OLQLF DQG FRPSDUH WKHVH ZLWK GRVH GLVWULEXWLRQV IRU RWKHU SODTXHV
XVHG LQ WKHVH WUHDWPHQWV� 0HWKRG DQG 0DWHULDOV� 7KH (*6QUF XVHU�
FRGH %UDFK\'RVH LV XVHG WR SHUIRUP 0RQWH &DUOR VLPXODWLRQV� 3ODTXHV
DQG VHHGV DUH IXOO\ PRGHOHG� 7KH 0D\R &OLQLF SODTXHV DUH EDVHG RQ WKH
&ROODERUDWLYH 2FXODU 0HODQRPD 6WXG\ �&206� �� PP SODTXH GHVLJQ
ZLWK D JROG DOOR\ EDFNLQJ� RXWHU FROOLPDWLQJ OLS� DQG VLOLFRQH SRO\PHU
LQVHUW� $Q LQQHU FROOLPDWLQJ OLS VXUURXQGV D �� PP GLDPHWHU FXWRXW
UHJLRQ DW WKH SODTXH FHQWHU� 3ODTXHV VSDQ ���� ���� DQG ��� GHJUHH DUFV�
7KUHH�GLPHQVLRQDO GRVH GLVWULEXWLRQV LQ WKH H\H UHJLRQ DUH FDOFXODWHG DQG
DUH FRPSDUHG YLD GHSWK�GRVH FXUYHV� WDEXODWLRQ RI WKH GRVH DW FULWLFDO
VWUXFWXUHV �FRUQHD� VFOHUD� OHQV� PDFXOD� RSWLF GLVN�� DQG LVRGRVH FRQWRXUV�
5HVXOWV� 7KH LQQHU OLS UHGXFHV GRVH WR WKH FRUQHD DQG VXUURXQGLQJ UHJLRQ

E\ ������� 'RVHV DW VRPH SRLQWV RI LQWHUHVW �H�J� FRUQHD� GLIIHU E\ DV
PXFK DV ������ FRPSDUHG WR WKRVH FDOFXODWHG ZLWK WKH 7*��� SURWRFRO�
7KH RXWHU OLS FROOLPDWHV UDGLDWLRQ DQG VLJQLILFDQWO\ UHGXFHV GRVHV WR
QHLJKERULQJ WLVVXHV� &DWHULQJ SODTXH DUF OHQJWK WR WXPRU H[WHQW UHGXFHV
GRVHV WR WKH DQWHULRU SRUWLRQ RI WKH H\H RXWVLGH WKH WUHDWPHQW DUHD� )RU WKH
VDPH SUHVFULSWLRQ GRVH� 3G���� RIIHUV D ORZHU GRVH WR FULWLFDO VWUXFWXUHV
WKDQ ,����� ZLWK WKH H[FHSWLRQ RI WKH VFOHUD DGMDFHQW WR WKH SODTXH�
&RQFOXVLRQ� 7KH 0D\R &OLQLF SODTXHV RIIHU D QXPEHU RI DGYDQWDJHV
FRPSDUHG WR RWKHU SODTXHV XVHG LQ WKH WUHDWPHQW RI DQWHULRU H\H WXPRUV�
'RVH LV VLJQLILFDQWO\ UHGXFHG WR UHJLRQV RXWVLGH WKH WUHDWPHQW DUHD�
&DOFXODWLRQV DFKLHYLQJ �� VWDWLVWLFDO XQFHUWDLQW\ RQ WKH SUHVFULSWLRQ GRVH
WDNH D IHZ PLQXWHV RQ D VLQJOH &38� PDNLQJ %UDFK\'RVH VXIILFLHQWO\ IDVW
IRU URXWLQH FOLQLFDO WUHDWPHQW SODQQLQJ�
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$Q (YDOXDWLRQ 6WXG\ RI 7UHDWPHQW 3ODQQLQJ RI %UDLQ 7XPRU 8VLQJ
,PSODQWHG 1HXWURQ %UDFK\WKHUDS\ DQG &RPSDUHG ZLWK 3KRWRQ
,057
$ 'LD]� 0�'�
 �� < /LX�� & 6KL� � 1 3DSDQLNRODRX� � ��� 'HSW RI 5DGLDWLRQ
2QFRORJ\� &DQFHU 7KHUDS\ 	 5HVHDUFK &HQWHU� 6DQ $QWRQLR� 7;�
8QLYHUVLW\ RI 7H[DV +6& 6$� 6DQ $QWRQLR� 7;

3XUSRVH� 7KH REMHFWLYH RI WKLV VWXG\ LV WR SHUIRUP D SODQ HYDOXDWLRQ XVLQJ
&DOLIRUQLXP���� QHXWURQ EUDFK\WKHUDS\ IRU WKH WUHDWPHQW RI PDOLJQDQW
JOLRPDV DQG FRPSDUH WKH QHXWURQ EUDFK\WKHUDS\ SODQQLQJ ZLWK SKRWRQ
,057 SODQQLQJ� 0DWHULDOV�0HWKRGV� $IWHU D SKDVH , WULDO RI QHXWURQ
EUDFK\WKHUDS\ �&I���� LPSODQW� IRU WKH WUHDWPHQW RI PDOLJQDQW JOLRPDV�
WKHUH LV UHQHZHG LQWHUHVW WR HYDOXDWH WKH HIIHFWLYHQHVV RI UDGLDWLRQ WKHUDS\
XVLQJ QHXWURQ EUDFK\WKHUDS\ FRPSDUHG ZLWK SKRWRQ ,057� +HUH ZH
SHUIRUPHG D GRVLPHWULF FRPSDULVRQ RI WZR WUHDWPHQW SODQV EDVHG RQ WKH
VDPH SDWLHQW XVLQJ HTXLYDOHQW SUHVFULEHG GRVH� ,VRGRVH OLQHV DQG GRVH
YROXPH KLVWRJUDP RI EUDLQ WXPRU DQG DGMDFHQW FULWLFDO VWUXFWXUHV ZHUH
XVHG IRU SODQ HYDOXDWLRQ� 'RVH RI QHXWURQ EUDFK\WKHUDS\ ZDV FDOFXODWHG
XVLQJ &7�FRQYHUWHG 0RQWH &DUOR PRGHO DQG VLPXODWHG E\ 0RQWH &DUOR
FRGH 0&13;� 7KH WLVVXH FRPSRQHQW RI 0RQWH &DUOR PRGHO ZDV DGDSWHG
IURP WKH VHFWLRQHG LPDJHV RI KXPDQ FDGDYHUV RI WKH 9LVLEOH +XPDQ
3URMHFW RI 1/0� 'RVH RI ,057 SODQ ZDV FDOFXODWHG XVLQJ 3LQQDFOH�
736� $ UHODWLYH ELRORJLFDO HIIHFWLYHQHVV RI � ZDV XVHG WR GHWHUPLQH WKH
QHXWURQ HTXLYDOHQW GRVH �QF*\� IRU FHQWUDO QHUYRXV V\VWHP �&16� WLVVXHV�
$Q HTXLYDOHQW GRVH RI ���� F*\ ZDV SUHVFULEHG IRU ERWK WKH ,057 SODQ
DQG WKH QHXWURQ EUDFK\WKHUDS\ SODQ� 5HVXOWV� 7KH WDUJHWV ZHUH ZHOO
FRYHUHG E\ WKH ��� LVRGRVH OLQH LQ ERWK ,057 DQG QHXWURQ
EUDFK\WKHUDS\ SODQV� &RPSDULQJ WKH ,057 DQG &I���� QHXWURQ
EUDFK\WKHUDS\� WKH PHDQ GRVH ZDV ���� F*\ DQG ���� QF*\ IRU WDUJHW�
��� F*\ DQG ��� QF*\ IRU EUDLQVWHP� ���� F*\ DQG ��� F*\ IRU FKLDVP�
��� F*\ DQG ��� QF*\ IRU SLWXLWDU\� DQG ��� F*\ DQG ��� QF*\ IRU
EUDLQ� UHVSHFWLYHO\� &RQFOXVLRQV� &I���� %UDFK\WKHUDS\ SURYLGHG
FRQIRUPDO GRVH GLVWULEXWLRQ WR WKH EUDLQ WXPRU DQG UHGXFHG WKH GRVH WR
WKH VXUURXQGLQJ FULWLFDO RUJDQV FRPSDUHG WR ,057� 7KH LPSODQWHG &I����
VRXUFH SURYLGHV KLJK GRVH WR EUDLQ WXPRU DQG UHGXFHV WKH UDGLDWLRQ
H[SRVXUH RI QRUPDO EUDLQ�
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1RYHO 3RVW�/XPSHFWRP\ %UHDVW &DQFHU %UDFK\WKHUDS\ ZLWK WKH
&DSDELOLW\ RI 6LPXOWDQHRXV )RFDO /\PSK 1RGH ,UUDGLDWLRQ
% +U\FXVKNR� 
� 6 /L� � & 6KL� � < /LX� � $ %DR� � ��� 8QLYHUVLW\ RI 7H[DV
+HDOWK 6FLHQFH &HQWHU� 6DQ $QWRQLR� 7;� ��� 8QLYHUVLW\ RI 7H[DV +HDOWK
6FLHQFH &HQWHU� 6DQ $QWRQLR� 7;� ��� &DQFHU 7KHUDS\ 	 5HVHDUFK
&HQWHU� 6DQ $QWRQLR� 7;� ��� &DQFHU 7KHUDS\ 	 5HVHDUFK &HQWHU� 6DQ
$QWRQLR� 7;� ��� 8QLY 7H[DV +HDOWK 6FL &WU� 6DQ $QWRQLR� 7;

3XUSRVH� $ QHZ WHFKQLTXH RI SRVW�OXPSHFWRP\ EUHDVW FDQFHU
EUDFK\WKHUDS\ XVLQJ EHWD�HPLWWLQJ WKHUDSHXWLF UDGLRQXFOLGHV� UKHQLXP�
��� �5H����� DQG UKHQLXP���� �5H������ FDUULHG ZLWKLQ OLSLG
QDQRSDUWLFOHV �OLSRVRPHV� ZDV LQYHVWLJDWHG� 7KLV WKHUDS\ VWUDWHJ\ LV
DGYDQWDJHRXV UHJDUGLQJ� �� PP�UDQJH IRFDO UDGLDWLRQ E\ EHWD�SDUWLFOHV
HQVXUHV ORFDOL]HG EUDFK\WKHUDS\� �� VXVWDLQHG KLJK ORFDO UHWHQWLRQ ZLWKLQ
WKH OXPSHFWRP\ FDYLW\ DQG DFFXPXODWLRQ LQ DVVRFLDWHG O\PSK QRGHV
HQDEOHV VLPXOWDQHRXV FDYLW\ DQG O\PSK QRGH IRFDO UDGLDWLRQ WKHUDS\� DQG
�� HDVH DQG IOH[LELOLW\ RI WKLV PRGDOLW\ WR WUHDW YDULRXV ORFDWLRQV DQG
FDYLW\ VKDSHV LQ WKH EUHDVW ZLWK PLQLPDO LQYDVLYHQHVV� 0HWKRG DQG
0DWHULDOV� %UHDVW FDQFHU VXUJLFDO PRGHO LQ QXGH UDWV� JDPPD FDPHUD
LPDJLQJ� DQG DQLPDO RUJDQ GLVVHFWLRQ ZHUH XVHG WR VWXG\ ORFDO DQG O\PSK
QRGH UHWHQWLRQ RI UDGLRDFWLYH OLSRVRPHV� (*6QUF 0RQWH &DUOR FRGH


