
�� (%8 7HFKQLFDO 5HYLHZ :LQWHU ����
&KRXLQDUG HW DO�

'LJLWDO 5DGLR %URDGFDVWLQJ LQ &DQDGD
$ VWUDWHJLF DSSURDFK WR '5% LPSOHPHQWDWLRQ
*� &KRXLQDUG� 'LUHFWRU� 5DGLR %URDGFDVW 7HFKQRORJLHV� &RPPXQLFDWLRQV 5HVHDUFK &HQWUH

)� &RQZD\� 6XSHUYLVLQJ (QJLQHHU� %URDGFDVW 6SHFWUXP 	 'LVWULEXWLRQ� &DQDGLDQ %URDGFDVWLQJ &RUSRUDWLRQ

:�$� 6WDFH\� 6WDFH\� /DZVRQ $VVRFLDWHV /WG�

-�5� 7UHQKROP� 0DQDJHU� 3ODQQLQJ DQG 1HZ 7HFKQRORJ\� ,QGXVWU\ &DQDGD

�� %DFNJURXQG

,Q �����&DQDGLDQEURDGFDVWHUV VHUYLQJRQ D IHGHU�
DO JRYHUQPHQW DGYLVRU\ FRPPLWWHH RQ EURDGFDVW
WHFKQLFDO UHVHDUFK SURMHFWV EHJDQ WR SURPRWH WKH
FRQFHSW RI D QDWLRQDO VWUDWHJLF SODQ WR IRVWHU WKH
FRQYHUVLRQ RI RXU UDGLR EURDGFDVWLQJ V\VWHP IURP
WKH FXUUHQW DQDORJXH PRGH WR GLJLWDO� $ NH\ HOH�
PHQW RI WKLV SODQ LQFOXGHG REWDLQLQJ IXOO WUL��ODWHUDO
FRRSHUDWLRQ LQYROYLQJ WKH SXEOLF DQG SULYDWH
EURDGFDVWLQJ VHFWRUV� DV ZHOO DV IHGHUDO JRYHUQ�
PHQW GHSDUWPHQWV DQG DJHQFLHV�

7KLV MRLQW SODQQLQJ DQG UHVHDUFK SURSRVDO GRYH�
WDLOHGZLWKZRUN DOUHDG\ EHLQJ GRQH RQ'LJLWDO 5D�
GLR %URDGFDVWLQJ �'5%� ZLWKLQ WKH &DQDGLDQ
%URDGFDVWLQJ &RUSRUDWLRQ �QDWLRQDO SXEOLF UDGLR��
WKH &DQDGLDQ $VVRFLDWLRQ RI %URDGFDVWHUV �UHSUH�
VHQWLQJ SULYDWH EURDGFDVWHUV�� DQG WKH IRUPHU 'H�
SDUWPHQW RI &RPPXQLFDWLRQV �QRZ SDUW RI ,QGXV�
WU\ &DQDGD�� 7KH EDVLF LGHD ZDV DFFHSWHG LQ
SULQFLSOH E\ DOO SDUWLHV DQG DQ DG��KRF RUJDQL]LQJ
JURXS ZDV FUHDWHG�

:KLOH GLJLWDO VRXQG EURDGFDVWLQJ WHQGV
WR EH UHJDUGHG DV D (XURSHDQ LQWHUHVW�
PXFK YDOXDEOH ZRUN LV EHLQJ GRQH LQ
RWKHU FRXQWULHV� DQG LQ &DQDGD LQ
SDUWLFXODU�
7KH SUHVHQW DUWLFOH SUHVHQWV WKH
ZLGH��UDQJLQJ FROODERUDWLYH VWXG\
SURJUDPPH XQGHU ZD\ LQ &DQDGD�
7KH UHVXOWV ZLOO EH RI LQWHUHVW LQ
(XURSH� WRR� VLQFH WKHVWXGLHV LQFOXGH
GHWDLOHG FRQVLGHUDLRQ RI WKH ���� 0+]
EDQG� ZKLFK KDV VR IDU UHFHLYHG
UHODWLYHO\ OLWWOH DWWHQWLRQ HOVHZKHUH� DW
OHDVW LQ FRPSDULVRQ WR WKH UHVHDUFK
HIIRUW GHSOR\HG DW IUHTXHQFLHV QHDU
��� 0+]�

2EVHUYLQJ GHYHORSPHQWV LQ '5% WHFKQRORJ\ LQ
(XURSH� WKH JURXS GHFLGHG WR VSRQVRU OLYH '$%
GHPRQVWUDWLRQV LQ &DQDGD DV D PHDQV RI VWLPXODW�
LQJ LQWHUHVW� 7KLV ILUVW FORVH ORRN DW GLJLWDO UDGLR LQ
&DQDGD ZDV FDUULHG RXW LQ ����� ZLWK WKH FRRSHUD�
WLRQ RI WKH (XUHND ����'$% 3URMHFW� ,W LQYROYHG
LQVWDOODWLRQV LQ IRXU FLWLHV WKDW SHUPLWWHG WHVW WUDQV�
PLVVLRQV DQG GHPRQVWUDWLRQV DW ��� 0+]�

(DUO\ LQ WKH SUHSDUDWLRQV� LWZDV GHFLGHG WRFRQFHQ�
WUDWH ILUVW RQ WKH WHUUHVWULDO VHUYLFHV� WR EH IROORZHG
E\ WKH VDWHOOLWH VHUYLFHV VRPH WLPH LQ WKH IXWXWUH
ZKHQ D VXIILFLHQW QXPEHU RI UHFHLYHUV EHFDPH

º

2ULJLQDO ODQJXDJH� (QJOLVK
0DQXVFULSW UHFHLYHG ��������

7KH '$% ORJR KDV EHHQ UHJLVWHUHG
E\ D PHPEHU RI WKH
(XUHND ��� �� '$% FRQVRUWLXP�
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DYDLODEOH� 7KLV DUWLFOH WKXV IRFXVVHV RQ WKH WHUUHV�
WULDO '5%�

���� 3ODQQLQJ RUJDQL]DWLRQ

7KH KLJK GHJUHH RI HQWKXVLDVP IRU '5% WKDW ZDV
JHQHUDWHG E\ WKLV SURMHFW OHG WR WKH HYHQWXDO FUH�
DWLRQ RI D SODQQLQJRUJDQL]DWLRQ FRQVLVWLQJ RI WKUHH
DXWRQRPRXV EXW FORVHO\ FRRUGLQDWHG JURXSV�
7KHVH DUH WKH 7DVN )RUFH RQ WKH ,QWURGXFWLRQ RI
'LJLWDO 5DGLR� WKH 'LJLWDO 5DGLR &RRUGLQDWLQJ
*URXS RI WKH -RLQW 7HFKQLFDO &RPPLWWHH RQ $G�
YDQFHG %URDGFDVWLQJ �-7&$%�� DQG 'LJLWDO 5DGLR
5HVHDUFK ,QF� �'55,��

7KH 7DVN )RUFH ZDV FUHDWHG LQ ���� E\ WKH IHGHUDO
PLQLVWHU UHVSRQVLEOH IRU FRPPXQLFDWLRQV DQG LV DQ
XPEUHOOD DGYLVRU\ ERG\ RQ DOO PDWWHUV FRQFHUQLQJ
'5%� ,Q UHDOLW\� LW LV &DQDGD·V ´3ODWIRUP *URXSµ
RQ '5% DQG GHDOV ZLWK WKH KLJK��OHYHO SROLF\ DQG
UHJXODWRU\ LVVXHV�

-7&$% LV D WHFKQLFDO DGYLVRU\ JURXS� SURYLGLQJ
H[SHUW DGYLFH RQ DOO IDFHWV RI QHZ EURDGFDVW
WHFKQRORJ\� ,W FRQGXFWV DOO WKH '5% HQJLQHHULQJ
WHVWV DQG HYDOXDWLRQV QRZ EHLQJ XQGHUWDNHQ�

'55, LV D SULYDWH '5% UHVHDUFK FRPSDQ\� MRLQWO\
RZQHG E\ WKH &DQDGLDQ %URDGFDVWLQJ &RUSRUDWLRQ
DQG VHYHUDO ODUJH SULYDWH UDGLR EURDGFDVWLQJ FRP�
SDQLHV� ,W RZQV DQGRSHUDWHV DOO RI WKH FRXQWU\·V H[�
SHULPHQWDO '5% KDUGZDUH DQG FRQGXFWV SXEOLF
GHPRQVWUDWLRQV RI WKH WHFKQRORJ\� ,Q VKRUW� LW LV WKH
´RSHUDWLQJ DUPµ RI WKH SXEOLF�SULYDWH�JRYHUQPHQW
FRRSHUDWLYH�)LQDQFLQJ IRU'55,·VZRUN FRPHVGL�
UHFWO\ IURP WKH RZQHU JURXSV DQG IURP JRYHUQ�
PHQW UHVHDUFK JUDQWV�

���� ([SHULPHQWDWLRQ WR GDWH

,PPHGLDWHO\ SULRU WR :$5&����� WKH -7&$% FRQ�
GXFWHG WKH ILUVW ILHOG WHVWV RI /��EDQG '5%� XVLQJ
(XUHND ����'$% KDUGZDUH� 7KLV ZDV XQGHUWDNHQ
WR JHQHUDWH WHFKQLFDO VXSSRUW IRU &DQDGD·V
:$5&���� SRVLWLRQ� ZKLFK UHFRPPHQGHG D QHZ
DOORFDWLRQ RI VSHFWUXP IRU '5% LQ WKH UHJLRQ RI
����0+]�2XU'5%YLVLRQ FDOOV IRU WKH HVWDEOLVK�
PHQWRI DPL[HG V\VWHP�ZKHUHE\ERWK VDWHOOLWH DQG
WHUUHVWULDO VHUYLFHV ZRXOG FR��H[LVW LQ WKH VDPH
EDQG�

)ROORZLQJ WKH VXFFHVVIXO UHVXOWV RI :$5&�����
ZKHUH �� 0+] RI QHZ '5% VSHFWUXP ZDV DOOR�
FDWHG RQ DZRUOG��ZLGH EDVLV�&DQDGDPRYHG IRUFH�
IXOO\ DKHDG ZLWK LWV SODQ WR UHILQH LWV VWUDWHJ\� 7R
GDWH� '55, KDV FRQVWUXFWHG H[SHULPHQWDO /��EDQG
'5% WUDQVPLWWHUV LQ RXU WZR ODUJHVW UDGLRPDUNHWV�

FRYHULQJ ��� RI WKH FRXQWU\·V WRWDO SRSXODWLRQ�
7ZR DGGLWLRQDO FLWLHV DUH XQGHU FRQVLGHUDWLRQ IRU
����� /RFDO VWDWLRQV DUH SDUWLFLSDWLQJ DFWLYHO\ LQ
ERWK SURPRWLRQ DQG WHFKQLFDO H[SHULPHQWDWLRQ DW
HDFK '5% VLWH�

���� &DQDGD·V '5% UDWLRQDOH

+LVWRULFDOO\� &DQDGD KDV EHHQ D IROORZHU UDWKHU
WKDQ D OHDGHU ZLWK UHVSHFW WR WKH GHYHORSPHQW DQG
XWLOL]DWLRQ RI QHZ EURDGFDVW WHFKQRORJLHV� %HLQJ D
OHDGHU KDV LWV ULVNV� EXW UHPDLQLQJD IROORZHUPHDQV
JLYLQJ XS D VLJQLILFDQW GHJUHH RI FRQWURO RYHU WKH
IXWXUH RI RQH·V LQGXVWU\� ,Q WKH SUHVHQW FDVH� RXU
EURDGFDVWHUV ZDQWHG WR WDNH WKH OHDG DQG WKXV HQ�
VXUH WKDW D IXOO UDQJH RI WHFKQLFDO RSWLRQV FRXOG EH
SXUVXHG IRU UDGLR LQ WKH QH[W FHQWXU\�

&DQDGD·V DJJUHVVLYH SRVLWLRQ RQ '5% RULJLQDWHV
IURP D FRQFHUQ WKDW (XURSH KDV GHYHORSHG DQ HOH�
JDQW WHFKQRORJ\� EXW WKDW LWV LQLWLDO LPSOHPHQWDWLRQ
SODQV ZHUH FRQVLGHUHG WR EH XQVXLWHG WR 1RUWK
$PHULFD�2Q WKH RWKHU KDQG� WKH86 FRQFHSW RI LP�
SOHPHQWLQJ '5% LQ WKH SUHVHQW $0�)0 EDQGV
ZRXOGSODFHXQDFFHSWDEOH FRQVWUDLQWV RQ WKHVHQHZ
VHUYLFHV� ,Q SDUWLFXODU� &DQDGD FRQVLGHUV WKDW QDU�
URZ��EDQG '5%ZRXOG VHYHUHO\ OLPLW WKH SRWHQWLDO
RI WKLV QHZ WHFKQRORJ\ WR GR DOO WKH WKLQJV QHFHV�
VDU\ WR UHMXYHQDWH UDGLR LQ WKH ����V DQG EH\RQG�

7KH NH\ IDFWRUV OHDGLQJ UDGLR EURDGFDVWHUV WR FRQ�
FOXGH WKDW D FRQYHUVLRQ WR GLJLWDO WUDQVPLVVLRQ LV
YLWDO DUH DV IROORZV�

�� %URDGFDVWLQJ LV SDUW RI &DQDGD·V QDWLRQDO HOHF�
WURQLF FRPPXQLFDWLRQ LQIUDVWUXFWXUH� ZKLFK LV
FRQYHUWLQJ UDSLGO\ WR WKH GLJLWDO PRGH�

�� $QDORJXH $0�)0GHOLYHU\ FDQQRW SURYLGH WKH
TXDOLW\ WKDW WKH SXEOLF KDV FRPH WR H[SHFW� GXH
WR WKH LQFUHDVLQJO\ ZLGHVSUHDG XVH RI &'V DQG
RWKHU GLJLWDO DXGLR GHYLFHV�

�� 'LJLWDO WHFKQLTXHV SHUPLW PXFK PRUH UHOLDEOH
RII��DLU VHUYLFH WR D PDMRU DXGLHQFH FRPSRQHQW
�� WKH SRUWDEOH DQG PRELOH OLVWHQHU�

�� 5DGLR VWXGLRV DUH PRYLQJ WR GLJLWDO IRU RSHUD�
WLRQDO UHDVRQV DQG LW PDNHV VHQVH WR GHOLYHU WKLV
KLJK TXDOLW\ DOO WKH ZD\ WR WKH OLVWHQHU�

�� 'LJLWDO WUDQVPLVVLRQ SHUPLWV ´SD\ UDGLRµ DQG
KDV H[WUD FDSDFLW\ IRU DX[LOLDU\ GDWD WUDQVPLV�
VLRQ� WKXV SURYLGLQJ SRWHQWLDO QHZ UHYHQXH
VRXUFHV IRU EURDGFDVWHUV�

�� &DEOH RSHUDWRUV DUH SRLVHG WR GHOLYHU KLJK��
TXDOLW\� YHU\ UHOLDEOH GLJLWDO VLJQDOV WR ORFDO UD�
GLR DXGLHQFHV�

7R HDVH WKH WUDQVLWLRQ WR '5% IRU ERWK WKH SXEOLF
DQG WKH EURDGFDVWHUV� WKH IROORZLQJ JHQHUDO SROLF\
SULQFLSOHV KDYH EHHQ DGYRFDWHG�
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�� 'LJLWDO UDGLR VHUYLFHV VKRXOG EH GHVLJQHG SUL�
PDULO\ DV UHSODFHPHQWV IRU H[LVWLQJ ORFDO WHUUHV�
WULDO $0�)0 VHUYLFHV DQG QRW DV D QHZ ´WLHUµ RI
UDGLR VHUYLFH�

�� ([LVWLQJ ORFDO $0�)0 VHUYLFHV VKRXOG HDFK EH
SURYLGHG ZLWK D QHZ WUDQVPLVVLRQ FKDQQHO IRU D
SDUDOOHO GLJLWDO VHUYLFH� 6LPXOFDVWV PD\ KDYH WR
FRQWLQXH IRU ������ \HDUV�

�� 7HUUHVWULDO '5% VHUYLFH DUHDV VKRXOG FORVHO\
DSSUR[LPDWH WKH SULQFLSDOPDUNHW DUHDV RI H[LVW�
LQJ $0�)0 VWDWLRQV�

�� $GHTXDWH FDSDFLW\ IRU DX[LOLDU\ GDWD VHUYLFHV
VKRXOG EH LQFOXGHG ZLWKLQ WKH GDWD PXOWLSOH[�

�� $ IXWXUH VDWHOOLWH FRPSRQHQW VKRXOG EH SODQQHG
IRU GXULQJ WKH LPSOHPHQWDWLRQ RI WKH WHUUHVWULDO
FRPSRQHQW�

�� $ ZLGH��EDQG WUDQVPLVVLRQ WHFKQRORJ\ VKRXOG
EH XWLOL]HG� VR DV WR HQVXUH &' TXDOLW\� KLJK VLJ�
QDO UHOLDELOLW\� DQGPD[LPXPVSHFWUXPHIILFLHQ�
F\�

�� 1HZ ZLGHEDQG GLJLWDO WUDQVPLVVLRQV VKRXOG EH
LPSOHPHQWHG LQ WKH /��EDQG VSHFWUXP
�����������0+]� WKDWZDV DOORFDWHG IRU GLJLWDO
DXGLR EURDGFDVWLQJ YLUWXDOO\ ZRUOGZLGH DW
:$5&�����

7KH ODWWHU WZR SURSRVDOV DUH YHU\ FRQWURYHUVLDO� HV�
SHFLDOO\ LQWHUQDWLRQDOO\� DQGUHTXLUH VRPHH[SODQD�
WLRQ� &DQDGLDQ EURDGFDVWHUV KDYH VXSSRUWHG WKH
FKRLFH RI DZLGH��EDQG'5%VHUYLFH� XVLQJ/��EDQG
VSHFWUXP H[FOXVLYHO\� EHFDXVH RI WKH IROORZLQJ
FRQVLGHUDWLRQV�

�� ,W SHUPLWV VLJQDOV ZLWK PXFK ZLGHU EDQGZLGWK�
WKXV SURYLGLQJ VXSHULRU DXGLR TXDOLW\ RYHUDOO�
PXFK LPSURYHG UHFHSWLRQ UHOLDELOLW\� DQG YLUWX�
DO LPPXQLW\ WR PXOWLSDWK�

�� ,W HQVXUHV WKDW QHZGLJLWDO VHUYLFHV FDQQRWSRVVL�
EO\ LQWHUIHUHZLWK FXUUHQW $0�)0 VHUYLFHV GXU�
LQJ WKH WUDQVLWLRQ SHULRG�

�� ,W SHUPLWV D WHUUHVWULDO� VDWHOOLWH� RU PL[HG VHU�
YLFHV DSSURDFK E\ DQ\ FRXQWU\ DQG SURYLGHV IRU
HFRQRPLFDO� VKDUHG��FRVW LPSOHPHQWDWLRQV�

�� ,W XVHV OHVV SRZHU �SHU VHUYLFH� WKDQ )0� DQG
SHUPLWV H[WHQVLYH FRQWURO RYHU WKH VKDSH RI FRY�
HUDJH DUHDV�

�� ,W KDV WKH FDSDELOLW\ RI SURYLGLQJ FRQVLGHUDEOH
DX[LOLDU\ GDWD FDSDFLW\� ZKLFK ZLOO DOORZ UDGLR
EURDGFDVWHUV WR EH SDUW RI WKH IXWXUH ´LQIRUPD�
WLRQ KLJKZD\µ� SURYLGLQJ D UREXVW SRLQW��WR��
PXOWLSRLQW GDWD GLVWULEXWLRQ V\VWHP HVSHFLDOO\
VXLWHG IRU GDWD VHUYLFHV UHTXLULQJ PRELOH DQG
SRUWDEOH UHFHSWLRQ�

�� /��EDQG DSSHDUV WR EH WKH RQO\ FRPPRQGHQRP�
LQDWRU ZLWK UHVSHFW WR '5% LPSOHPHQWDWLRQ LQ
DOO FRXQWULHV �H[FHSW WKH 86$�� WKXV HQVXULQJ
WKDW UHFHLYHUV WKDW ZLOO WXQH WR WKLV EDQG ZLOO EH
SURGXFHG LQ ODUJH TXDQWLWLHV�

7KH 7DVN )RUFH DFFHSWHG WKHVH SULQFLSOHV� DQG KDV
GHYHORSHG D VHULHV RI UHFRPPHQGDWLRQV WR WKH IHG�
HUDO JRYHUQPHQW DV WR KRZ EHVW WR DFKLHYH WKHP�
.H\ DPRQJ WKHVH LV WKH UHTXLUHPHQW WR SURYLGH
HDFK H[LVWLQJ $0 DQG )0 OLFHQVHH ZLWK WKH /��
EDQG '5% FKDQQHOV UHTXLUHG IRU WKH PLJUDWLRQ RI
LWV VHUYLFHV RYHU DQ H[WHQGHG SHULRG� 2WKHU LPSRU�
WDQW UHFRPPHQGDWLRQV FRQFHUQ WKH VSHFLILF DU�
UDQJHPHQWV IRU ´GXSOLFDWLQJµ $0 DQG )0 FRYHU�
DJH DQG FHUWDLQ OLFHQVLQJPDWWHUV� VXFK DV WKH LVVXH
RI FRQWURO ZKHQ VKDUHG WUDQVPLWWHUV DUH XVHG�

7KHVH SULQFLSOHV DUH EHLQJ XVHG LQ WKH SUHSDUDWLRQ
RI WKH DOORWPHQW SODQ ZKLFK LV GHVFULEHG LQ 6HFWLRQ
�� %HIRUH VWDUWLQJ WKH SODQQLQJ SURFHVV� KRZHYHU�
V\VWHP VSHFLILFDWLRQV DQG SHUIRUPDQFH KDG WR EH
LGHQWLILHG DQG DQDO\VHG WKURXJK VLPXODWLRQ DFWLYL�
WLHV DQG ILHOG PHDVXUHPHQWV DQG WULDOV� 7KHVH DUH
GHVFULEHG LQ WKH IROORZLQJ WZR VHFWLRQV�

�� &DQDGLDQ VWXGLHV RQ
V\VWHP SHUIRUPDQFHV

:KHQ &DQDGLDQ EURDGFDVWHUV H[DPLQHG WKH FKDU�
DFWHULVWLFV RI WKH (XUDND���� '$% V\VWHP� LW EH�
FDPH FOHDU WR WKHP WKDW LW KHOG WKH SRWHQWLDO WRPHHW
PDQ\ RI WKHLU UHTXLUHPHQWV DQG H[SHFWDWLRQV IRU D
WHUUHVWULDO�VDWHOOLWH VRXQG EURDGFDVW V\VWHP RI WKH
IXWXUH� 7KH V\VWHP ZDV WKHQ WHVWHG LQ WKH ILHOG DQG
LQ WKH ODERUDWRU\� 7KH ODERUDWRU\ WHVWV LQFOXGHG D
VHULHV RI VLPXODWLRQV GHVLJQHG WR DFHUWDLQRSWLPXP
YDOXHV IRU D QXPEHU RI V\VWHP SDUDPHWHUV�

���� 3DUDPHWULF VWXG\ RI WKH
&2)'0 HPLVVLRQ VFKHPH

6RPH SUHOLPLQDU\ UHVXOWV RI D SDUDPHWULF VWXG\ RQ
WKH&2)'0HPLVVLRQ VFKHPHZKLFK KDV EHHQ SHU�
IRUPHG E\ FRPSXWHU VLPXODWLRQ DUH SUHVHQWHG
KHUH� OHDGLQJ WR WKH SDUDPHWHU YDOXHV EHVW VXLWHG
IRU LPSOHPHQWDWLRQ RI D PL[HG WHUUHVWULDO�VDWHOOLWH
VHUYLFH DW ��� *+]�

������ &RPSXWHU VLPXODWLRQ PRGHO

*HQHUDO PRGHO

$EORFN GLDJUDPRI WKHPRGHO XVHG IRU WKH DQDO\VLV
DQG VLPXODWLRQ RI WKH &2)'0 VFKHPH LV VKRZQ LQ
)LJ� �� 7KH GDWD VRXUFH JHQHUDWHV D SVHXGRUDQGRP
ELQDU\ VHTXHQFH� 7KH LQIRUPDWLRQ ELWV DUH WKHQ HU�
URU SURWHFWHG E\PHDQV RI D FRQYROXWLRQDO HQFRGHU�
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'DWD
VRXUFH

&RQYROXWLRQDO
HQFRGU

7LPH DQG
IUHTXHQF\
LQWHUOHDYHU

'��436.
HQFRGHU

2)'0
PRGXODWRU

0RELOH
FKDQQHO

5HFHLYH
GDWD

9LWHUEL
GHFRGHU

6RIW��GHFLVLRQ
TXDQWL]HU

7LPH DQG
IUHTXHQF\

GH��LQWHUOHDYHU

'��436.
GHFRGHU

2)'0
GHPRGXODWRU

7UDQVPLW FKDLQ

5HFHLYH FKDLQ

$IWHU EHLQJ WLPH DQG IUHTXHQF\ LQWHUOHDYHG� WKH
ELWV DUH SDLUHG LQWR GL��ELWV DQG SKDVH HQFRGHG GLI�
IHUHQWLDOO\� 7KH 2)'0 PRGXODWLRQ LV ILQDOO\ SHU�
IRUPHG E\ PHDQV RI DQ LQYHUVH IDVW )RXULHU WUDQV�
IRUP �,))7�� $IWHU EHLQJ SURFHVVHG WKURXJK WKH
PRELOH FKDQQHO� WKH UHFHLYHG 2)'0 VLJQDO LV ILUVW
GHPRGXODWHG ZLWK DQ ))7� 7KH LQIRUPDWLRQ RQ
HDFK VXEFDUULHU LV WKHQ GLIIHUHQWLDOO\ SKDVH GH�
FRGHGDQGGH��LQWHUOHDYHG LQ IUHTXHQF\DQG LQ WLPH�
7KH RXWSXW RI WKH GH��LQWHUOHDYHU LV TXDQWL]HG EH�
IRUH EHLQJ IHG WR WKH 9LWHUEL GHFRGHU�

3HUIHFW V\QFKURQL]DWLRQ DQG SHUIHFW �EULFN��ZDOO�
ILOWHULQJZHUH DVVXPHG LQ WKH VLPXODWLRQV UHSRUWHG
KHUH�(IIHFWV RI DXWRPDWLFJDLQFRQWURO� SKDVHQRLVH
JHQHUDWHG LQ UHFHLYHU ORFDO RVFLOODWRUV DV ZHOO DV
QRQ��OLQHDULWLHV LQ WUDQVPLW RU UHFHLYH HTXLSPHQW
KDYH QRW EHHQ FRQVLGHUHG� $V WKHPRGHO VR IDU UHS�
UHVHQWV D SHUIHFW LPSOHPHQWDWLRQ RI WKH &2)'0
WUDQVPLWWHU DQG UHFHLYHU� WKH UHVXOWV UHSUHVHQW WKH
EHVW SRVVLEOH SHUIRUPDQFH IRU WKH JLYHQ FKDQQHO
GLVWRUWLRQV�

0RELOH FKDQQHO PRGHOV

%RWK WHUUHVWULDO DQG VDWHOOLWH PRELOH FKDQQHOV KDYH
EHHQ VLPXODWHG�7KHPRGHORI WKH WHUUHVWULDOPRELOH
FKDQQHO FRQVLVWV RI DSSUR[LPDWHO\ �� SDWKV HDFK
KDYLQJ D IL[HG GHOD\ WL� D IL[HG 'RSSOHU VKLIW IL DQG
HTXDO UHODWLYH DWWHQXDWLRQ ZKLFK FRUUHVSRQGV WR D
JLYHQ PXOWLSDWK SRZHU GHOD\ SURILOH� )ROORZLQJ
WKH IDGLQJ SURFHVV� ZKLWH QRLVH LV DGGHG WR WKH VLJ�
QDO SULRU WR GHPRGXODWLRQ�

7KHPRGHO RI WKHPRELOH VDWHOOLWH FKDQQHO LV HVVHQ�
WLDOO\ D 5LFLDQ IDGLQJ SURFHVV ZKLFK LQFOXGHV D GL�
UHFW SDWK DQG D 5D\OHLJK IDGLQJ SDWK ZLWK D IDGLQJ
UDWH WKDW FDQ EH VHW WR GLIIHUHQW YDOXHV� ,Q DGGLWLRQ
WR WKH PXOWLSDWK FKDQQHO FKDUDFWHULVWLF� DGGLWLYH
ZKLWH QRLVH LV FRPELQHG ZLWK WKH VLJQDO DIWHU WKH
IDGLQJ SURFHVV�

������ 6LPXODWLRQ GLVFXVVLRQ DQG
UHVXOWV

7KH &2)'0 SDUDPHWHUV LQYHVWLJDWHG ZHUH WKH
WLPH LQWHUOHDYLQJ GHSWK� WKH QXPEHU RI VRIW GHFL�
VLRQ TXDQWL]DWLRQ OHYHOV� WKH FRQVWUDLQW OHQJWK RI
WKH FRQYROXWLRQDO FRGH DQG WKH SHUIRUPDQFH RI
0RGH ,,, LQ PRELOH VDWHOOLWH FKDQQHOV�

7LPH LQWHUOHDYLQJ GHSWK

7KH SXUSRVH RI WKLV ILUVW VHULHV RI VLPXODWLRQV LV WR
GHWHUPLQH WKH RSWLPDO WLPH LQWHUOHDYLQJ GHSWK YDO�
XH� 6LPXODWLRQV ZHUH SHUIRUPHG ZLWK 0RGH ,,, LQ
ERWK W\SLFDO XUEDQ �78�DQG UXUDO DUHD �5$�PRELOH
WHUUHVWULDO FKDQQHOV DW YHKLFOH VSHHGV RI �� DQG
��� NP�K� 7KH (E�1R YDOXHV UHTXLUHG WR DFKLHYH D
ELW HUURU UDWH �%(5� RI ����� ZHUH GHWHUPLQHG DV D
IXQFWLRQ RI WKH WLPH LQWHUOHDYLQJ GHSWK� 7KLV ODWWHU
SDUDPHWHU ZDV YDULHG IURP �� WR ��� PV� 7KH UH�
VXOWV VKRZ VPDOO GHJUDGDWLRQV �DW PRVW � G% LQ WKH
5$ FKDQQHO� DV WKH WLPH LQWHUOHDYLQJ GHSWK LV UH�
GXFHG IURP��� WR ���PV�%HORZ ���PV� WKH GHJ�
UDGDWLRQ LQFUHDVHV UDSLGO\ LQ ERWK FKDQQHOV� $ WLPH
LQWHUOHDYLQJ GHSWK YDOXH RI ��� PV LV WKXV D JRRG
FRPSURPLVH EHWZHHQ GHOD\ DQG SHUIRUPDQFH�

6RIW GHFLVLRQ TXDQWL]DWLRQ OHYHOV

7KLV VHULHV RI VLPXODWLRQV LV GHVLJQHG WR DVVHVV WKH
GHJUDGDWLRQV LQ SHUIRUPDQFH UHVXOWLQJ IURP D UH�
GXFWLRQ LQ WKHQXPEHURI OHYHOV XVHG WR TXDQWL]H WKH
LQSXW WR WKH 9LWHUEL GHFRGHU� 7KLV SDUDPHWHU KDV DQ
LPSDFW RQ WKH FRPSOH[LW\ RI WKH 9LWHUEL GHFRGHU�
(LJKW TXDQWL]DWLRQ OHYHOV LV WKH RSWLPDO FKRLFH LQ
WKH DGGLWLYH ZKLWH *DXVVLDQ QRLVH �$:*1� FKDQ�
QHO� EXW PD\ QRW EH VXIILFLHQW LQ D PRELOH FKDQQHO�
,Q RUGHU WR SURYLGH VRPH DQVZHUV WR WKLV TXHVWLRQ�
VLPXODWLRQV ZHUH SHUIRUPHG LQ ERWK WKH 78 DQG
5$ PRELOH FKDQQHOV DV ZHOO DV WKH $:*1 FKDQ�
QHO� $ YHKLFOH VSHHG RI �� NP�K ZDV XVHG LQ WKH
PRELOH FKDQQHOV� 7KH WRWDO V\PERO GXUDWLRQ ZDV
������ PV �0RGH ,,,� DQG WKH WLPH LQWHUOHDYLQJ
GHSWK KDG D YDOXH RI ���PV� 7KH (E�1R YDOXHV UH�
TXLUHG WR DFKLHYH D %(5 RI ����� ZHUH GHWHUPLQHG

)LJXUH �
*HQHUDO PRGHO RI WKH

'5% V\VWHP�
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DV D IXQFWLRQ RI WKH QXPEHU RI TXDQWL]DWLRQ OHYHOV�
7KLV ODWWHU SDUDPHWHUZDV YDULHG IURP� ��ELW�VDP�
SOH� KDUG GHFLVLRQ� WR �� �� ELWV�VDPSOH�� 7KH UH�
VXOWV VKRZ QR VLJQLILFDQW LQFUHDVH LQ WKH YDOXH RI
(E�1R DV WKH QXPEHU RI TXDQWL]DWLRQ OHYHOV LV UH�
GXFHG GRZQ WR � LQ WKH $:*1 FKDQQHO DQG GRZQ
WR �� LQ ERWK 78 DQG 5$ FKDQQHOV� %HORZ WKHVH
WZRYDOXHV� WKHGHJUDGDWLRQ LQFUHDVHV UDSLGO\�6LP�
LODU UHVXOWV ZHUH REWDLQHG DW KLJKHU YHKLFOH VSHHGV�
$ TXDQWL]HU ZLWK �� OHYHOV �� ELWV�VDPSOH� LV WKXV
RSWLPDO LQ PRELOH FKDQQHOV� $ TXDQWL]HU ZLWK D
KLJKHU UHVROXWLRQ LV UHTXLUHG LQ PRELOH FKDQQHOV
�DV FRPSDUHG WR WKH $:*1 FKDQQHO� WR UHWDLQ WKH
LQIRUPDWLRQ FRQWDLQHG LQ WKH ODUJH IOXFWXDWLRQV RI
WKH UHFHLYHG VLJQDO HQYHORSH�

&RQYROXWLRQDO FRGH FRQVWUDLQW OHQJWK

,Q WKLV VHULHV RI VLPXODWLRQV� WKH HIIHFW RI UHGXFLQJ
WKH FRQVWUDLQW OHQJWK RI WKH FRQYROXWLRQDO FRGH
IURP WKH SURSRVHG YDOXH RI � ZDV GHWHUPLQHG� 7KH
FRPSOH[LW\ RI WKH9LWHUEL GHFRGHU JURZV H[SRQHQ�
WLDOO\ ZLWK WKH FRQVWUDLQW OHQJWK YDOXH� 7KH FXUYHV
RI %(5 YHUVXV (E�1R ZHUH PHDVXUHG LQ ERWK WKH
78 DQG 5$ PRELOH FKDQQHOV DW YHKLFOH VSHHGV RI
�� DQG ��� NP�K DQG IRU FRQVWUDLQW OHQJWK YDOXHV
RI � DQG �� 7KH WRWDO V\PERO GXUDWLRQ ZDV ������
PV �0RGH ,,,� DQG WKH WLPH LQWHUOHDYLQJ GHSWK KDG
D YDOXH RI ���PV� 5HVXOWV IRU WKH78 FKDQQHO LQGL�
FDWH WKDW UHGXFLQJ WKH FRQVWUDLQW OHQJWK IURP � WR
� FDXVHV D GHJUDGDWLRQ RI DSSUR[LPDWHO\ ��� G% DW
D %(5RI ����� DQG D YHKLFOH VSHHG RI �� NP�K� 7KH
GHJUDGDWLRQ UHDFKHV DSSUR[LPDWHO\ � G%DW D VSHHG
RI ��� NP�K IRU WKH VDPH %(5 YDOXH� 6LPLODU UH�
VXOWV ZHUH REWDLQHG LQ WKH 5$ FKDQQHO�

3HUIRUPDQFH RI PRGH ,,, LQ PRELOH VDWHOOLWH
FKDQQHOV

7KH SXUSRVH RI WKLV VLPXODWLRQ ZDV WR DVVHVV WKH
SHUIRUPDQFH RI WKH0RGH ,,, SDUDPHWHUV LQ PRELOH
VDWHOOLWH FKDQQHOV� 7KH %(5 YV (E�1R FXUYHV ZHUH
PHDVXUHG LQ 5LFLDQ FKDQQHOV ZLWK.��IDFWRU YDOXHV
RI ���� DQG ��� G%� 7KH YHKLFOH VSHHG ZDV VHW WR ��
NP�K VR WKDW WKH PD[LPXP 'RSSOHU VSUHDG
DVVRFLDWHG ZLWK WKH 5D\OHLJK IDGLQJ ZDV IPD[  
��� +]� $ 'RSSOHU VKLIW �ID� RI � +] �FRUUHVSRQG�
LQJ WR D VDWHOOLWH HOHYDWLRQ DQJOH RI ���� DQG �� +]
�FRUUHVSRQGLQJ WR D YHKLFOH PRYLQJ DW �� NP�K WR�
ZDUGV D VDWHOOLWH DW DQ HOHYDWLRQ DQJOH RI ���� ZDV
DSSOLHG UHVSHFWLYHO\ WR WKH GLUHFW SDWK� 7KH UHVXOWV
LQGLFDWH WKDW ZLWK D .��IDFWRU RI ���� G%� WKH (E�1R

YDOXH QHHGHG WR DFKLHYH D %(5 RI ����� LV � G% IRU
D VDWHOOLWH HOHYDWLRQ RI ��� DQG ��� G% IRU DQ HOHYD�
WLRQ RI ���� 7KHVH YDOXHV LQFUHDVH WR DSSUR[LPDWH�
O\���� DQG����G%UHVSHFWLYHO\ZKHQ WKH.��IDFWRU
LV LQFUHDVHG WR ��� G%�

���� 7UDQVPLVVLRQ PRGH

7KH WUDQVPLVVLRQ PRGH WR XVH DW ��� *+] LV YHU\
LPSRUWDQW LQ &DQDGD·V VWXGLHV RI WKH RSWLPXP
'5% V\VWHP SDUDPHWHUV� 7KHPRGHV LQ WKH (XUHND
����'$% V\VWHP ZHUH GHFLGHG XSRQ SULRU WR
:$5&���� DQG KHQFH ZHUH QRW RSWLPLVHG IRU RS�
HUDWLRQ DW ���*+]�1RZ WKDW WKH:$5&���� KDV DO�
ORFDWHG WKH ��� *+] EDQG IRU '5% HVVHQWLDOO\ RQ
D ZRUOG��ZLGH EDVLV� LW ZRXOG EH YHU\ EHQHILFLDO�
DQG SRVVLEO\ HYHQ QHFHVVDU\� WR RSWLPL]H WKH WUDQV�
PLVVLRQ PRGH IRU RSHUDWLRQ DW ��� *+] LQ RUGHU WR
DFKLHYH ZRUOG ZLGH DFFHSWDQFH RI WKH (XUHND
����'$% VWDQGDUG�

7KH FKRLFH RI WKH RSWLPXP WUDQVPLVVLRQ PRGH DW
��� *+] LV EDVHG RQ WKH WUDGH��RII EHWZHHQ WKH
SUREDELOLW\ RI WKH VHUYLFH EHLQJ DIIHFWHG E\ WKH
'RSSOHU VSUHDG RI WKH FKDQQHO DW KLJK YHKLFOH
VSHHG ZKHQ WKH V\PERO SHULRG LV ORQJ �GXH WR WKH
FORVH SUR[LPLW\ RI WKH FDUULHUV LQ WKH IUHTXHQF\ GR�
PDLQ�� YHUVXV WKH GLVDGYDQWDJH RI D VKRUW JXDUG LQ�
WHUYDO LQ WKH WLPH GRPDLQ ZKLFK ZRXOG UHVWULFW WKH
XVH RI RQ��FKDQQHO UHSHDWHUV WR VKRUWHU VHSDUDWLRQ
GLVWDQFHV� WKXV UHTXLULQJ PRUH RQ��FKDQQHO WUDQV�
PLWWHUV WR DFKLHYH D JLYHQ FRYHUDJH� 7KLV WUDGH��RII
EHWZHHQ WKH KLJK DYDLODELOLW\ RI VHUYLFH IRU YH�
KLFOHV PRYLQJ DW KLJK VSHHG DQG WKH FRVW RI LPSOH�
PHQWLQJ D '5% WUDQVPLWWHU QHWZRUN� LV YHU\ FRP�
SOH[� 7KH FRQFOXVLRQV WKDW DUH GHYHORSHG KHUH DUH
EDVHGRQRXU H[SHULHQFH LQ WKH ILHOGZLWK WKH RSHUD�
WLRQ RI WKH(XUHND ����'$% V\VWHP DW ���*+]� RQ
PHDVXUHPHQWV RQ WKH HTXLSPHQW XVLQJ D KDUGZDUH
FKDQQHO VLPXODWRU� DV ZHOO DV H[WHQVLYH FRPSXWHU
VLPXODWLRQV�

7KH XVH RI VLQJOH IUHTXHQF\ QHWZRUNV �6)1� KDV
ORQJ EHHQ UHFRJQLVHG DV D NH\ IHDWXUH RI WKH QHZ
PRGXODWLRQ VFKHPH �L�H� &2)'0� SURSRVHG LQ WKH
(XUHND ����'$% V\VWHP� 7KLV LPSRUWDQW IHDWXUH
ZDV FOHDUO\ LGHQWLILHG LQ WKH FDVH RI 9+) XVH� DQG
WR D OHVVHU H[WHQW LQ WKH FDVH RI WKH KLJKHU 8+)
EDQGV� 6LQFH:$5&���� KDV DOORFDWHG WKH ���*+]
EDQG� DOPRVWZRUOGZLGH IRU'5%� WKLV EDQGKDVEH�
FDPH WKH IRFXV RI WKH '5% ZRUN LQ &DQDGD� 7KH
VHDUFK IRU WKLV RSWLPXP PRGH RI RSHUDWLRQ LQ�
YROYHG VWULNLQJ D VXLWDEOH EDODQFH EHWZHHQ V\VWHP
IDLOXUH FDXVHG E\ FKDQQHO LPSDLUPHQW LQ WKH IUH�
TXHQF\ GRPDLQ �'RSSOHU VSUHDG�� DQG IDLOXUH GXH
WR WHPSRUDO FKDQQHO LPSDLUPHQW �HFKR VSUHDG LQ�
FOXGLQJ SUHVHQFH RI ZLGHO\ VHSDUDWHG DFWLYH
HFKRHV LQ6)1RSHUDWLRQ�� )XUWKHUPRUH� LQ RXU FXU�
UHQW DSSURDFK IRU SODQQLQJ '6% DW ��� *+]� 6)1
RSHUDWLRQ KDV EHFRPH D FULWLFDO HOHPHQW LQPHHWLQJ
WKH UHTXLUHPHQWV�

2XU ILQGLQJV� VR IDU� LQGLFDWH WKDW� IRU �� NP WUDQV�
PLWWHU VHSDUDWLRQV LQ DQ 6)1� HYHQ WKRXJK D JXDUG
LQWHUYDO GXUDWLRQ RI ����� NV LV UHTXLUHG LI WKUHH
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WUDQVPLWWHUV DUH WR EH LQFOXGHG ZLWKLQ WKH JXDUG LQ�
WHUYDO ]RQH� YDOXHV DV VPDOO DV �� NV PD\ EH VXIIL�
FLHQW WR PLQLPL]H WKH LQWUD��6)1 LQWHUIHUHQFH OL�
PLWDWLRQV� GHSHQGLQJ RQ WKH HQYLURQPHQW DQG WKH
W\SHRI WHUUDLQ�7KH VXLWDEOHEDODQFHEHWZHHQJXDUG
LQWHUYDO GXUDWLRQ DQG 'RSSOHU VSUHDG OLPLWDWLRQ
ZRXOG WKHQ WHQG WR IDOO VRPHZKHUH EHWZHHQ0RGH
,,� DV SURSRVHG LQ WKH GUDIW (67, VSHFLILFDWLRQ� DQG
D QHZ ´0RGH ���µ ZKLFK LV D ORJLFDO H[WHQVLRQ RI
0RGH ,ZLWK KDOI LWV V\PERO GXUDWLRQ�7KLV QHZ UHI�
HUHQFH ´0RGH ���µ LV HDVLO\ GHILQHG DV ILWWLQJ H[�
DFWO\ EHWZHHQ WKH FXUUHQW0RGHV , DQG ,, LQ WKHJHR�
PHWULFDO SURJUHVVLRQ RI WKH FXUUHQWO\ SURSRVHG
WKUHH V\VWHP PRGHV� 7KH JXDUG LQWHUYDO IRU WKLV
0RGH ��� ZRXOG EH DERXW ��� VHF� GRXEOH WKDW RI
WKH FXUUHQW 0RGH ,,�

2XU ILQGLQJV DUH WKDW WKH GHVLUHG PRGH IDOOV FORVH
WR HLWKHU0RGH ,, RU WKH QHZ0RGH��� UHVSHFWLYHO\�
GHSHQGLQJRQZKHWKHU WKH HPSKDVLV LV RQ WKH DYDLO�
DELOLW\ RI WKH VHUYLFH WR YHKLFOHV PRYLQJ DW KLJK
VSHHG� RU RQ WKHPLQLPXPFRVW DQGPD[LPXPIOH[�
LELOLW\ LQ LPSOHPHQWLQJ D6)1 WUDQVPLWWHU QHWZRUN�
(YHQ WKRXJK WKH RSWLPXP RSHUDWLQJ SRLQW IRU ��
NP WUDQVPLWWHU VHSDUDWLRQ LV VRPHZKHUH EHWZHHQ
WKLV QHZ0RGH ��� DQG WKH FXUUHQW 0RGH ,,� LW PD\
EH HDVLHU IURP D SUDFWLFDO SRLQW RI YLHZ WR VLPSO\
LQFOXGH 0RGH ��� DV SDUW RI WKH HPLVVLRQ V\VWHP�
,I RQO\ 0RGHV ,, DQG ��� FRXOG EH SURYLGHG� WKH
FKRLFH RIPRGH FRXOG EHPDGH E\ WKH V\VWHP RSHU�
DWRU GHSHQGLQJ RQ ZKHWKHU WKH EURDGFDVWHUV QHHG
UHOLDEOH 6)1 RSHUDWLRQ ZLWK IHZHU WUDQVPLWWHUV RU
VXVWDLQHG VHUYLFH DYDLODELOLW\ DW KLJK YHKLFOH
VSHHG�

���� 7HFKQLFDO HYLGHQFH IRU FKRLFH
RI WUDQVPLVVLRQ PRGHV

������ *XDUG LQWHUYDO FRQVLGHUDWLRQV

&RPSXWHU VLPXODWLRQV

:KHQ WKH WUDQVPLWWHU VHSDUDWLRQ LV WRR ODUJH IRU WKH
JXDUG LQWHUYDO SURYLGHG� FHUWDLQ ]RQHV ZLWKLQ WKH
VHUYLFH DUHD EHFRPH DIIHFWHG E\ LQWUD��6)1 LQWHU�
IHUHQFH� 7KLV LQWHUIHUHQFH LV GXH WR WKH H[FHVVLYH
GHOD\V RI VRPH RI WKH UHFHLYHG 6)1 VLJQDOV ZKLFK
WKHQKDYH D GHVWUXFWLYH HIIHFW UDWKHU WKDQSURYLGLQJ
QHWZRUN JDLQ� 7KH WRSRJUDSK\ RI WKH VHUYLFH DUHD
GHWHUPLQHV WR D JUHDW H[WHQW WKH SUREDELOLW\ DQG WKH
VL]H RI WKH ]RQHV DIIHFWHG E\ LQWUD��6)1 LQWHUIHU�
HQFH� ,Q RUGHU WR DSSUHFLDWH WKH VHYHULW\ RI WKH
SUREOHP� FRPSXWHU VLPXODWLRQV ZHUH FRQGXFWHG
ZLWK WKUHH��WUDQVPLWWHU 6)1 V\VWHPV LQ VL[ &DQD�
GLDQ FLWLHV FKDUDFWHULVHG E\ WKHLU YDULHG WRSRJUDSK�
LF IHDWXUHV� ,Q HDFK FDVH� WKH WUDQVPLWWHU VHSDUDWLRQ
ZDV DERXW �� NP� 7KH VLPXODWLRQV ZHUH DOVR FRQ�
GXFWHG IRU D UHIHUHQFH FDVH XVLQJ DXJPHQWHG SUH�

GLFWLRQ FXUYHV IURP ,785HFRPPHQGDWLRQ ��� DV�
VXPLQJ D IODW WHUUDLQ ZLWK D �� PHWUH WHUUDLQ
URXJKQHVV IDFWRU�

)LJ� � VKRZV WKH UHVXOWV RI WKLV H[HUFLVH� 7KH RUGL�
QDWH YDOXHV UHSUHVHQW WKH FDUULHU WR LQWUD��6)1 LQ�
WHUIHUHQFH UDWLR WKDW LV H[FHHGHG IRUPRUH WKDQ���
RI WKH ORFDWLRQV ZLWKLQ WKH VHUYLFH DUHD� IRU GLIIHU�
HQW YDOXHV RI JXDUG LQWHUYDO� 2QH RI WKH FXUYHV LV
WKH UHIHUHQFH FDVH REWDLQHGZLWK WKH FXUYHV RI5HF�
RPPHQGDWLRQ ���� DVVXPLQJ IODW WHUUDLQ DQG D
URXJKQHVV IDFWRU K ��P� ZKLOH WKH VHFRQG FXUYH
JLYHV WKH DYHUDJH DQG WKH VWDQGDUG GHYLDWLRQ YDO�
XHV �T� REWDLQHGE\XVLQJ WKH VSHFLILF WHUUDLQ HOHYD�
WLRQ GDWD LQ WKH ILHOG VWUHQJWK SUHGLFWLRQV IRU WKH VL[
FLWLHV� 7KHVH FXUYHV VKRZ WKDW IRU �� NP VSDFLQJ�
ODUJHU JXDUG LQWHUYDO YDOXHV SURYLGH D VLJQLILFDQW
LQFUHDVH LQ LQWHUIHUHQFH PDUJLQ WR PLWLJDWH LQWUD��
6)1 LQWHUIHUHQFH� )RU H[DPSOH� D �� G%GLIIHUHQFH
LV QRWHG EHWZHHQ ����NV DQG���NV RQ WKH VL[��FLW\
DYHUDJH FXUYH� $V LV WR EH H[SHFWHG� WKH &�, YDOXHV
WHQG WR LQILQLW\ IRU JXDUG LQWHUYDO YDOXHV RI ��� NV
DQG EH\RQG VLQFH WKH VLJQDOV IURP DOO WUDQVPLWWHUV
WKHQ IDOO ZLWKLQ WKH JXDUG LQWHUYDO ]RQH�

7KHVH UHVXOWV RI FRPSXWHU VLPXODWLRQV VKRZ WKDW
WKHUH ZRXOG EH FRQVLGHUDEOH EHQHILWV WR EH JDLQHG
LQ WHUPV RI LPSURYHG FRYHUDJH DQG FRQVHTXHQWO\
UHGXFWLRQ LQ(53 UHTXLUHPHQWV IURPDQ LQFUHDVH RI
WKH JXDUG LQWHUYDO EH\RQG WKDW SURYLGHG E\ 0RGH
,,�

)LHOG PHDVXUHPHQWV

%DVHG RQ OLPLWHG FRYHUDJH WHVWV SHUIRUPHG RQ WKH
%DUULH��7RURQWR �� NP 6)1� DQG PRUH UHFHQWO\ RQ

����

�

��

��

��

��

��

��

��

��

� �� �� �� �� ��� ��� ��� ���

&
�,
UD
WL
R
H
[
F
H
H
G
H
G
D
W

P
R
UH
WK
D
Q
�
�
�

R
I
OR
F
D
WL
R
Q
V

G%

*XDUG LQWHUYDO GXUDWLRQ

PV

)ODW WHUUDLQ � '+  ��P�
� FLWLHV ZLWK WRSRJUDSKLFDO GDWD

)LJXUH �
5HODWLYH OHYHO RI

LQWHUIHUHQFH FDXVHG E\
6)1 QHWZRUNV� DV D
IXQFWLRQ RI WKH JXDUG

LQWHUYDO�
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WKH 0RQWUHDO��5LJDXG��/DF (FKR ��� NP� 6)1� LW
ZDV IRXQG WKDW WKHRFFXUUHQFHRIRXWDJHV FDXVHGE\
LQWHUIHUHQFH UHVXOWLQJ IURP DFWLYH HFKRHV IURP
ZLGHO\ VSDFHG DGMDFHQW WUDQVPLWWHUV� DUULYLQJ RXW�
VLGH WKH JXDUG LQWHUYDO ZLWK VXIILFLHQW UHODWLYH
SRZHU WR FDXVH RXWDJH� ZDV YHU\ GHSHQGHQW RQ WKH
ZLGWK RI WKH JXDUG LQWHUYDO� $OWKRXJK LW LV H[SHFWHG
WKDW WKHVH RXWDJH RFFXUUHQFHV FDQ� LQ VRPH FDVHV�
EH FRUUHFWHG E\ RSWLPL]LQJ WKH 6)1 SDUDPHWHUV
�H�J�� (53� (+$$7� WKH UHODWLYH VLJQDO GHOD\V� WKH
XVH RI WUDQVPLW DQWHQQDV ZLWK GLUHFWLRQDO UDGLDWLRQ
SDWWHUQ RU WKH DGGLWLRQ RI ORZ��SRZHU ORFDO JDS ILOO�
HUV�� LW LV IRXQG WKDW D OLPLWHG JXDUG LQWHUYDO FDQ
SODFH VLJQLILFDQW HQJLQHHULQJ FRQVWUDLQWV LQ LPSOH�
PHQWLQJ ODUJH DUHD 6)1V DQG DFKLHYLQJ KLJK FRY�
HUDJH DYDLODELOLW\� )RU H[DPSOH LQ WKH %DUULH��
7RURQWR ILHOG WHVWV� ZKLFK XVHG �QG��JHQHUDWLRQ

(XUHND��� UHFHLYHUV HPSOR\LQJD��NV �0RGH,,,�
JXDUG LQWHUYDO� LW ZDV HVWLPDWHG WKDW WKH QXPEHU RI
PHDVXUHG RXWDJHV UHVXOWLQJ IURP LQVXIILFLHQW
JXDUG LQWHUYDOZRXOGKDYHEHHQ UHGXFHGE\���E\
XVLQJ D �� NV JXDUG LQWHUYDO� ,QGLFDWLRQV DUH WKDW D
ODUJHU JXDUG LQWHUYDO WKDQ 0RGH ,, ZRXOG JUHDWO\
LPSURYH WKH FRYHUDJH ZLWKRXW KDYLQJ WR UHTXLUH
VSHFLDO HQJLQHHULQJ PHDVXUHV VXFK DV LQGLFDWHG
DERYH ZLWK WKH UHVXOWDQW VDYLQJV LQ FDSLWDO DQG RS�
HUDWLQJ FRVWV�

7R VXPPDUL]H� WKH XVH RI D ODUJHU JXDUG LQWHUYDO
PLQLPL]HV WKH GHVLJQ FRQVWUDLQWV IRU 6)1 LPSOH�
PHQWDWLRQ� LPSURYHV WKH HIILFLHQF\ RI 6)1 RSHUD�
WLRQ DW ��� *+]� PD[LPL]HV WKH IOH[LELOLW\ LQ ORFDW�
LQJ WKH WUDQVPLWWHUV LQ 6)1V DQG UHGXFHV WKH QHHG
IRU DGGLWLRQDO RQ��FKDQQHO WUDQVPLWWHUV WR SURYLGH
WKH UHTXLUHG VHUYLFH DYDLODELOLW\� ,Q WKH FDVH RI WKH
XVH RI FRYHUDJH H[WHQGHUV� ZKHUH WKH VLJQDO LV
SLFNHG XS RII��DLU� WKHZLGWK RI WKH JXDUG LQWHUYDO LV
HYHQ PRUH LPSRUWDQW VLQFH WKH LQWHUIHUHQFH��IUHH
GLVWDQFH EHWZHHQ RPQL��GLUHFWLRQDO UH��WUDQVPLW�
WHUV LV KDOI WKDW QHHGHG LQ 6)1V�

������ 'RSSOHU VSUHDG FRQVLGHUDWLRQV

$Q LQFUHDVH RI WKH JXDUG LQWHUYDO GXUDWLRQ ZLOO�
KRZHYHU� WHQG WR PDNH WKH V\VWHP OHVV LPPXQH WR
WKH HIIHFWV RI FKDQQHO 'RSSOHU VSUHDG HIIHFWV DQG
HTXLSPHQW IUHTXHQF\ VWDELOLW\�

&RPSXWHU VLPXODWLRQV

&RPSXWHU VLPXODWLRQV ZHUH FDUULHG RXW� EDVHG RQ
WKH SDUDPHWHUV RI 0RGH ,, DQG WKH QHZ 0RGH ����
DQG WKH UHVXOWV DUH JLYHQ LQ )LJ� �D DQG �D IRU WKH
78 DQG 5$ FDVHV UHVSHFWLYHO\� ,Q DOO FDVHV� 5D\�
OHLJK IDGLQJ �FODVVLFDO 8��VKDSHG 'RSSOHU VSHF�
WUXP� ZDV XVHG RQ DOO SDWKV� %HFDXVH RI WKH 5D\�
OHLJK IDGLQJ DQG WKH IDFW WKDW WKHUH LV QR
OLQH��RI��VLJKW SDWK� WKLV DFWXDOO\ UHSUHVHQWV D GLIIL�
FXOW FRQGLWLRQ IRU WKH UXUDO FKDQQHO� 7KH VLJQDO DP�
SOLWXGH RQ HDFK RI WKH SDWKVZDV GHILQHG DFFRUGLQJ
WR WKH &267 ��� PRGHO DQG DFWXDO ILHOG PHDVXUH�
PHQW UHVXOWV� $V LQGLFDWHG RQ WKH JUDSKV� WKHVH UH�
VXOWV FRUUHVSRQG WR %(5 YDOXHV RI ����� DQG ������
,W LV IHOW KRZHYHU� WKDW WKH OHYHO RI DXGLR TXDOLW\
SURGXFHG E\ WKH GHFRGHU DW D %(5 ����� ZRXOG�
H[FHSW IRU YHU\ FULWLFDO DXGLR PDWHULDO� EH VXIIL�
FLHQW LQ D PRYLQJ YHKLFOH EHFDXVH RI WKH LQFUHDVH
LQ DPELHQW QRLVH DW KLJK YHKLFOH VSHHG� 6LQFH WKH
IDFWRU RI � LQPD[LPXPYHKLFXODU VSHHGZDV IRXQG
WR DSSO\ EHWZHHQ 0RGHV ,, DQG ���� WKH UHVXOWV IRU
0RGH , ZHUH VLPSO\ H[WUDSRODWHG E\ D IDFWRU RI �
IURP WKRVH REWDLQHG IRU 0RGH ����

+DUGZDUH PHDVXUHPHQWV

0HDVXUHPHQWV ZHUH FRQGXFWHG RQ DFWXDO �UG��
JHQHUDWLRQ (XUHND ��� KDUGZDUH IRU 0RGHV , DQG
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,, WKURXJK D FKDQQHO VLPXODWRU �+3 �����&�� WR
FRQILUP WKH YDOLGLW\ RI WKH UHVXOWV� 7KH UHVXOWV IRU
WZR XUEDQ PRGHOV DUH VKRZQ LQ )LJ� �E� %RWK
PRGHOV DUH EDVHG XSRQ WKH &267 ��� ´W\SLFDO
XUEDQµ UHFRPPHQGDWLRQ IRU ���SDWK 8+) FKDQQHO
VLPXODWLRQ� ,Q RQH YHUVLRQ� WKH ILUVW WZR SDWKV DUH
5D\OHLJK IDGLQJ �FODVVLFDO 8��VKDSHG 'RSSOHU
VSHFWUXP�� ZKHUHDV WKH UHPDLQLQJ IRXU KDYH GLV�
FUHWH 'RSSOHU FRPSRQHQWV ZKLFK DSSUR[LPDWH WKH
*DXVVLDQ VSHFWUXP UHFRPPHQGHG LQ WKH 78
PRGHO� ,Q WKH VHFRQG YHUVLRQ� DOO VL[ SDWKV DUH5D\�
OHLJK IDGHG ZLWK 8��VKDSHG 'RSSOHU VSHFWUXP�
ZKLFK SURGXFHV YHU\ GLIILFXOW UHFHSWLRQ FRQGL�
WLRQV� 7KLV ODWWHUPRGHO LV VLPLODU WR WKH RQH XVHG LQ
WKH FRPSXWHU VLPXODWLRQV� ,Q ERWK FDVHV� DQG HVSH�
FLDOO\ LQ WKH FDVH RI WKH IXOO\ 5D\OHLJK FDVH� WKH
PHDVXUHG SHUIRUPDQFH LV VRPHZKDW ZRUVH WKDQ
WKDW SUHGLFWHG WKURXJK VLPXODWLRQ� $QRWKHU HIIHFW
DOVR VHHPV WR DSSHDU LQ WKH FDVH RI 0RGH , ZKLFK
WHQGV WR PDNH WKH PHDVXUHPHQW ZRUVH� WKDW LV WKH
HIIHFW RI WKH UHVLGXDO SKDVH QRLVH LQ WKH V\VWHP
ZKLFK ZLOO WHQG WR PDNH WKH V\VWHP IDLO DW ORZHU
VSHHG�

7KH UHVXOWV IRU WKH UXUDO PRGHOV DUH VKRZQ LQ
)LJ� �E�2QHRI WKHPRGHOV LV EDVHGXSRQ WKH&267
��� ´UXUDO DUHDµ UHFRPPHQGDWLRQ� LW LQFOXGHV D
ILUVW SDWK ZLWK D 5LFLDQ GLVWULEXWLRQ� DQG WKH UH�
PDLQLQJ SDWKV DUH 5D\OHLJK� 7KH 5LFLDQ .��IDFWRU
IRU WKH FDVH VKRZQZDV DERXW � G%�7KH RWKHUPRG�
HO LV EDVHG XSRQ DZLGHEDQG FKDQQHOPHDVXUHPHQW
SHUIRUPHG LQ D UXUDO DUHD QHDU 7URLV��5LYLqUHV�
4XqEHF� LQ WKLV FDVH� DOO VL[ SDWKVZHUHPRGHOOHG DV
5D\OHLJK IDGLQJ �8��VKDSHG 'RSSOHU VSHFWUXP��
SURGXFLQJ D ´ZRUVW��FDVHµ VFHQDULR� 7KLV ODWWHU
PRGHO LV VLPLODU WR WKH RQH XVHG LQ WKH FRPSXWHU
VLPXODWLRQV� 7KLV LV FRQILUPHG E\ WKH FORVH FRUUH�
VSRQGHQFH EHWZHHQ WKH VSHHGV IRU ZKLFK WKH V\V�
WHP IDLOV FRPSOHWHO\ LQ ERWK VLPXODWHG DQG PHD�
VXUHG FDVHV IRU ERWK 0RGHV , DQG ,,� $V H[SHFWHG�
WKH IDLOXUHPRGHPHDVXUHG LQ WKH FDVH RI WKH&267
��� PRGHO ZLWK WKH 5LFLDQ FRPSRQHQW RFFXUV DW
PXFK KLJKHU VSHHG� 7KLV 5LFLDQ SURSDJDWLRQPRG�
HO ZLOO EH W\SLFDO RI PRVW FDVHV RI UHFHSWLRQ FRQGL�
WLRQV LQ UXUDO HQYLURQPHQW� HVSHFLDOO\ LQ WKH FDVH RI
KLJKZD\ UHFHSWLRQ ZKHUH ORFDO FOXWWHU LV PLQLPL�
]HG�

)LHOG PHDVXUHPHQWV

5HVXOWV RI DFWXDO ILHOG PHDVXUHPHQWV FRQGXFWHG LQ
WKH 0RQWUHDO DUHD DUH VKRZQ DV GRWV RQ )LJV� �
DQG �� 7KH ILQGLQJV� IURP ILHOG PHDVXUHPHQWV XV�
LQJ WKH �UG��JHQHUDWLRQ KDUGZDUH RSHUDWLQJ LQ
0RGHV , DQG ,,� WHQG WR LQGLFDWH WKDW� LQ WKH XUEDQ
FDVH� WKH UHVXOWV DUH YHU\ FRQVLVWHQWZLWK WKH UHVXOWV
PHDVXUHG LQ ODERUDWRU\� WKXV VXSSRUWLQJ WKH YDOLGL�
W\ RI WKH PRGHOV XVHG RQ WKH KDUGZDUH VLPXODWRU�

7KH RQO\ FOHDU GLIIHUHQFH LV WKDW WKH V\VWHPVHHPHG
WR QHHG D PLQLPXP �� G% RI (E�1R WR RSHUDWH LQ
WKH ILHOG� SUREDEO\ GXH WR KDUGZDUH LPSOHPHQWD�
WLRQ DQG SRVVLEO\ GXH WR FDOLEUDWLRQ HUURU� :KDW LV
LPSRUWDQW� KRZHYHU� LV WKH VKDSH RI WKH FXUYH DQG
QRW LWV DEVROXWH SRVLWLRQ RQ WKHYHUWLFDO D[LV�$JDLQ�
WKH UHVXOWV IRU 0RGH , ZHUH IRXQG WR EH VOLJKWO\
PRUH VHYHUH WKDQ H[SHFWHG� OLNHO\ GXH WR WKH HIIHFW
RI HTXLSPHQW SKDVH QRLVH WKDW FDXVHG D UHGXFWLRQ
LQ WKH PDUJLQ� %HFDXVH RI WKH H[FHVVLYH VSHHGV UH�
TXLUHG� RQO\ D IHZ VLJQLILFDQW GDWD SRLQWV LQGLFDW�

D 6LPXODWLRQV DQG ILHOG PHDVXUHPHQWV�

E /DERUDWRU\ DQG ILHOG PHDVXUHPHQWV�

�

��

��

��

��

��

��

��

��

��

��

� �� �� �� �� ��� ��� ��� ��� ��� ��� ��� ���

G%

NP�K

6SHHG

(

�
1

E

R

5LFLDQ � 5D\OHLJK �%(5  �� ����

5D\OHLJK �� 7URLV 5LYLqUHV �%(5  �� ����

0HDVXUHPHQWV �� 0RGH , �%(5  �� ����

0HDVXUHPHQWV �� 0RGH ,, �%(5  �� ����

+LJKZD\ PHDVXUHPHQWV �� 0RGH , �%(5  �� ����

0RGH ,

0RGH ,,

�

��

��

��

��

��

��

��

��

��

��

� �� �� �� �� ��� ��� ��� ��� ��� ��� ��� ���

G%

NP�K

6SHHG

(

�
1

E

R

%(5  �� ���

%(5  �� ���

0HDVXUHPHQWV �� 0RGH , �%(5  �� ����

0HDVXUHPHQWV �� 0RGH ,, �%(5  �� ����

+LJKZD\ PHDVXUHPHQWV �� 0RGH , �%(5  �� ����

6)1� � 5LFLDQ FKDQQHOV �� 0RGH ,, �%(5  �� ����

0RGH , 0RGH ��� 0RGH ,,

)LJXUH �
5HVXOWV RI VWXG\ RI
'RSSOHU VSUHDG LQ D

UXUDO FKDQQHO�



�� (%8 7HFKQLFDO 5HYLHZ :LQWHU ����
&KRXLQDUG HW DO�

LQJ WKH HIIHFW RI 'RSSOHU VSUHDG FRXOG EH REWDLQHG
RQ KLJKZD\VZLWK WKH V\VWHPRSHUDWLQJ LQ0RGH ,,�
7KLV VKRZHG LQ SUDFWLFH WKH FRPIRUWDEOHKHDGURRP
WKDW 0RGH ,, RIIHUV DW ��� *+] DJDLQVW 'RSSOHU
VSUHDG�

,Q WKH UXUDO FDVH� WKH ILHOG UHVXOWV IRU0RGH , RSHUD�
WLRQ LQGLFDWH D EHWWHU VLWXDWLRQ WKDQ SUHGLFWHG� HYHQ
WKRXJK WKH GDWD SRLQWV KDYH D UHODWLYHO\ ODUJH GLV�
SHUVLRQ� LQGLFDWLQJ WKH YDULDELOLW\ RI WKH SKHQRPH�
QRQ� &OHDUO\� OLQH RI VLJKW UHFHSWLRQ �5LFLDQ FKDQ�
QHO� LV D PDMRU IDFWRU LQ UXUDO FRYHUDJH� 7KH
DQWLFLSDWHG VHUYLFH GHWHULRUDWLRQ DW ��� *+] GXH WR
'RSSOHU VSUHDG HIIHFWV IRU 0RGH , ZDV IRXQG WR EH
QRW DV VHYHUH DV SUHYLRXVO\ H[SHFWHG EHFDXVHPRVW
RI WKH WLPH� OLQH RI VLJKW UHFHSWLRQ H[LVWV ZKLFK UH�
GXFHV WKH HIIHFW RI 'RSSOHU VSUHDGZLWK WKH UHFHLY�
HU WUDFNLQJ WKH'RSSOHU VKLIW RI WKHPDLQ VLJQDO �5L�
FLDQ FDVH�� ,Q IDFW� LI WKH PD[LPXP VSHHGV IRXQG
IRU KLJKZD\ HQYLURQPHQWV IRU 0RGH , ZHUH WR EH
GRXEOHG WR SURYLGH DQ HVWLPDWH RI WKH V\VWHP SHU�
IRUPDQFH IRU 0RGH ���� WKH PD[LPXP YHKLFOH
VSHHG ZRXOG EH QR OHVV WKDQ �� NP�K�

7KH HIIHFW RI UHFHSWLRQ LQ D 6)1 HQYLURQPHQW
QHHGV WR EH ORRNHG DW FDUHIXOO\ VLQFH D ZRUVH FKDQ�
QHO VLWXDWLRQ FDQ EH FUHDWHG E\ WKH SUHVHQFH RQ D
QXPEHU RI DFWLYH HFKRHV RI HTXLYDOHQW SRZHU� DOO
EHLQJ DIIHFWHG E\ GLIIHUHQW 'RSSOHU VKLIWV FDXVHG
E\ WKH YHKLFOH GLVSODFHPHQW� ,Q VXFK D FDVH� LQ WKH
UXUDO HQYLURQPHQW� D EHQLJQ 5LFLDQ FKDQQHO FDQ EH
WUDQVODWHG LQWR D PRUH GLIILFXOW 5D\OHLJK FKDQQHO
GXH WR WKH SUHVHQFH RI WKHVH DFWLYH HFKRHV� 7KH H[�
WHQW RI ORFDWLRQVZKHUH WKH UHFHSWLRQRI WKHVH DFWLYH
HFKRHV DW UHODWLYHO\ HTXDO SRZHUZLOO RFFXU LV KRZ�
HYHU VRPHZKDW OLPLWHG� 7KLV KDV WR EH FRQVLGHUHG
LQ HVWDEOLVKLQJ WKH SUREDELOLW\ RI WKH VHUYLFH EHLQJ
DIIHFWHG E\ WKLV SKHQRPHQRQ�

'LVFXVVLRQ

6LQFH WKH NH\ HOHPHQW� LQ WKH FRQWH[W RI WKH 'RS�
SOHU VSUHDG� LV WKH VSHHG RI WKH YHKLFOH� WKH OHYHO RI
DXGLR TXDOLW\ SURGXFHG E\ WKH GHFRGHU DW %(5 
����� LV H[SHFWHG WR EH VXIILFLHQW� H[FHSW IRU WKH
PRVW FULWLFDO DXGLR PDWHULDO IRU D PRYLQJ YHKLFOH
EHFDXVH RI WKH LQFUHDVH LQ DPELHQW QRLVH DW KLJKHU
VSHHG� 7KH SRLQW RI IDLOXUH GXH WR 'RSSOHU VSUHDG
VKRXOG WKHUHIRUH EH FRQVLGHUHG IRU %(5 ������ ,W
ZDV IRXQG WKDW 0RGH ,, JLYHV D VROLG SHUIRUPDQFH
LQ DOO SUDFWLFDO ILHOG VLWXDWLRQV� 2Q WKH RWKHU KDQG�
0RGH , LV FOHDUO\ LQVXIILFLHQW IRU RSHUDWLRQ DW
��� *+] VLQFH WKH V\VWHP IDLOV DW VSHHGV DV ORZ DV
�� NP�K� +RZHYHU� WKH QHZ 0RGH ��� ZRXOG SUR�
YLGH DGHTXDWH VHUYLFH IRU PRVW VLWXDWLRQV RI PRY�
LQJ YHKLFOHV �V\VWHP EUHDNLQJ DW ������� NP�K LQ
ERWK XUEDQ DQG UXUDO HQYLURQPHQWV ZLWK QR VWURQJ
OLQH��RI��VLJKW FRPSRQHQW�� DOWKRXJK QRW VHFXULQJ

WKH VROLG KHDGURRP WKDW LV REVHUYHG ZLWK 0RGH ,,�
%HFDXVH RI WKH REYLRXV VSHHG OLPLWDWLRQ LQ
REVWUXFWHG XUEDQ DUHDV DQG WKH OLNHOLKRRG RI ODUJHU
PDUJLQ GXH WR WKH SUREDEOH SUHVHQFH RI KLJKHU
ILHOG��VWUHQJWKV FORVH WR WUDQVPLWWHUV� WKH XUEDQ
FDVH LV QRW VHHQ DV FRQVWUDLQLQJ�

,Q WKH FDVH RI UXUDO UHFHSWLRQ� LW LV H[SHFWHG WKDW WKH
FKDQQHO W\SHZLOO EH5LFLDQ LQPRVW RI WKH FDVHV� HV�
SHFLDOO\ RQ KLJKZD\VZKHUH WKH YHKLFOHV FDQPRYH
DW KLJK VSHHG VLQFH WKHVH KLJKZD\V DUH XVXDOO\ HOH�
YDWHG UHODWLYH WR WKH VXUURXQGLQJ WHUUDLQ DQG KDYH
OLPLWHG FOXWWHU LQ WKH LPPHGLDWH HQYLURQPHQW� 7KH
FDVHV GHSLFWHG LQ )LJ� �D IRU WKH UXUDO FKDQQHO DUH
WKHUHIRUH FOHDUO\ WKH ZRUVW FDVH VLQFH WKH\ UHSUH�
VHQW WKH IXOO\ REVWUXFWHG 5D\OHLJK FKDQQHO ZLWK QR
GLUHFW SDWK� ,Q SUDFWLFH� LW LV H[SHFWHG WKDW0RGH���
ZLOO DOORZ YHKLFOH VSHHGV PDUNHGO\ KLJKHU RQ
KLJKZD\V WKDQ VKRZQ LQ WKH )LJXUH� ,Q WKH FDVH RI
UHFHSWLRQ LQ D 6)1 HQYLURQPHQW� WKH FKDQQHOPRG�
HO IRU UXUDO UHFHSWLRQ WHQGV WR EHFRPH FORVHU WR D
5D\OHLJK FKDQQHO ZKHQ D QXPEHU RI DFWLYH HFKRHV
LV UHFHLYHG DW HTXLYDOHQW SRZHU� 7KLV UHVXOWV LQ D
PRUH VHYHUH FRQVWUDLQW RQ WKH DOORZDEOH YHKLFOH
VSHHG DQG FRUUHVSRQGV FORVHO\ WR WKH REVWUXFWHG
5D\OHLJK FDVH GHVFULEHG DERYH DV FDQ EH VHHQ RQ
)LJ� �D� ,Q VXFK D FDVH� WKH SUHVHQFH RI D QXPEHU
RI DFWLYH HFKRHV ZLOO WHQG WR LPSURYH WKH UHFHSWLRQ
TXDOLW\ H[FHSW WKDW DW KLJK YHKLFOH VSHHG� WKH UH�
FHSWLRQ ZLOO EHFRPH LPSDLUHG E\ WKH HIIHFW RI WKH
5D\OHLJK FKDQQHO� WKXV UHGXFLQJ WKH LPSURYHPHQW
GXH WR WKH QHWZRUNJDLQ� 7KHH[WHQW RI WKH DFWXDO UH�
GXFWLRQ RI VHUYLFH DYDLODELOLW\ LQ VXFK D FLUFXP�
VWDQFH LV KDUG WR HVWDEOLVK VLQFH LW GHSHQGV RQ D ORW
RI VWDWLVWLFDO YDULDEOHV�

2QH HOHPHQW WKDW VKRXOG EH FRQVLGHUHG LQ HVWDE�
OLVKLQJ WKLV WUDGH��RII EHWZHHQ WKH SRLQW RI IDLOXUH
GXH WR 'RSSOHU VSUHDG DQG WKH XVH RI ODUJH JHR�
JUDSKLFDO VHSDUDWLRQV LQ D6)1 LV WKDW WKHSUREDELOL�
W\ RI IDLOXUH GXH WR 'RSSOHU VSUHDG LV EDVHG RQ WKH
MRLQW SUREDELOLWLHV RI D YHKLFOH WUDYHOOLQJ DW KLJK
VSHHG� PRYLQJ WKURXJK D GLIILFXOW UHFHSWLRQ HQYL�
URQPHQW� DQGZLWK VLJQDO UHFHSWLRQ QHDU WKUHVKROG�
7KH FRQMXQFWLRQ RI WKHVH WKUHH HYHQWVPDNHV LW OHVV
SUREDEOH DQG VKRXOG EH WDNHQ LQWR FRQVLGHUDWLRQ LQ
VHOHFWLQJ WKH PRGH RI RSHUDWLRQ EDVHG RQ SUDFWLFDO
FRQGLWLRQV� $OORZLQJ WKH XVH RI WKLV 0RGH ���
ZRXOG JLYH WKH EURDGFDVWHU WKH SRVVLELOLW\ WR YHULI\
WKH H[WHQW RI IDLOXUH LQ WKH FDVH RI KLJK VSHHG YH�
KLFOHV DQG XVH WKH EHVWPRGH IRU WKH VSHFLILF EURDG�
FDVWHUV· RSHUDWLRQ�

������ (IIHFW RI FDUULHU SKDVH QRLVH

&RQFHUQ KDG EHHQ UDLVHG WKDW PDQXIDFWXUHUV PD\
KDYHGLIILFXOW\PHHWLQJ WLJKWHU WROHUDQFHVHVSHFLDO�
O\RQ WKH UHFHLYHU ORFDO RVFLOODWRU LI D ORQJHU V\PERO
SHULRG DW ��� *+] ZDV HPSOR\HG� 6RPH PHDVXUH�
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PHQWV ZHUH WKHUHIRUH PDGH RQ DFWXDO �UG��JHQHUD�
WLRQ HTXLSPHQW DQG WKH UHVXOWV DUH SUHVHQWHG LQ
)LJ� �� ,W ZDV IRXQG WKDW WKH WROHUDQFHV ZHUH QRW DV
WLJKW DV H[SHFWHG DQG LQ IDFW� WKH FXUUHQW SURWRW\SH
LPSOHPHQWDWLRQ RI WKH ���*+]5) IURQW HQGPHHWV
WKH UHTXLUHPHQW HYHQ IRU 0RGH ,� 7KLV H[SODLQV
ZK\ UHOLDEOH PHDVXUHPHQWV XVLQJ0RGH , FRXOG EH
GRQH LQ WKH ILHOGZLWK WKLV HTXLSPHQW� ,W LV WKHUHIRUH
H[SHFWHG WKDW WKH SKDVH QRLVH WROHUDQFH IRU D QHZ
0RGH ��� ZRXOG EH FXUUHQWO\ DFKLHYDEOH� )XUWKHU�
PRUH LW LV DQWLFLSDWHG WKDW YROXPHSURGXFWLRQ RI UH�
FHLYHUV� FDSDEOHRIPHHWLQJ WKH UHTXLUHPHQWV WRRS�
HUDWH LQ 0RGH ��� DW ��� *+]� ZLOO EH WHFKQLFDOO\
IHDVLEOHZLWKLQ ILYH \HDUV� ,W LV WKHUHIRUH FRQFOXGHG
WKDW WKLV VKRXOG QRW EH D FRQVWUDLQLQJ IDFWRU LQ WKH
GHFLVLRQ WR LQFOXGH D QHZ0RGH ��� LQ WKH HPLVVLRQ
VWDQGDUG�

������ &RQFOXVLRQ UHJDUGLQJ PRGH

&RQVLGHULQJ WKH LPSRUWDQFH RI EHLQJ DEOH WR SUR�
YLGH HIILFLHQW DQG IOH[LEOH ODUJH DUHD 6)1 RSHUD�
WLRQ DW ��� *+]� LW LV EHOLHYHG WKDW RSHUDWLRQ ZLWK
D ODUJHU JXDUG LQWHUYDO WKDQ RIIHUHG E\ 0RGH ,,
����� NV� ZRXOG EH DGYDQWDJHRXV� :KLOH 0RGH ,,
ZDV IRXQG WRZRUNZHOO� WKURXJK FRPSXWHU VLPXOD�
WLRQ� ZLWK ZLGH WUDQVPLWWHU VHSDUDWLRQ LQ D 6)1 IRU
VPRRWK WHUUDLQ HQYLURQPHQW� LW LV H[SHFWHG WKDW
VSHFLILF HQJLQHHULQJ PHDVXUHV ZLOO EH QHHGHG WR
RSHUDWH ZLWK VXFK ODUJH WUDQVPLWWHU VHSDUDWLRQV LQ
D OHVV XQLIRUP HQYLURQPHQW� 7KH LQWURGXFWLRQ RI
0RGH ���ZRXOG JUHDWO\ IDFLOLWDWH WKH LPSOHPHQWD�
WLRQ RI 6)1 ZLWK ODUJH WUDQVPLWWHU VHSDUDWLRQV DQG
WKXVZRXOG SURYLGHPRUH IOH[LELOLW\ LQ WKH ORFDOL]D�
WLRQ RI WKHVH WUDQVPLWWHUV�

���� 5HFHLYLQJ DQWHQQD
FKDUDFWHULVWLFV IRU PL[HG
WHUUHVWULDO�VDWHOOLWH VRXQG
EURDGFDVWLQJ

$FULWLFDO HOHPHQW LQ GHYHORSLQJ WKHPL[HGFRQFHSW
LV D UHFHLYLQJ DQWHQQDZKLFK DOORZV UHFHSWLRQ IURP
ERWK WHUUHVWULDO DQG VDWHOOLWH WUDQVPLVVLRQV LQ WKH
VDPH IUHTXHQF\ EDQG� 5HVXOWV RI HDUO\ VWXGLHV LQ�
YHVWLJDWLQJ WKH WHFKQLFDO IHDVLELOLW\ RI VXFK DQWHQ�
QDV DUH UHSRUWHG LQ WKLV VHFWLRQ�

������ 6\VWHP DVVXPSWLRQV

,W LV DVVXPHG WKDW WKH SRODUL]DWLRQ XVHG IRU WKH VDW�
HOOLWH VHJPHQW ZRXOG EH FLUFXODU EHFDXVH SRODUL]D�
WLRQ DOLJQPHQW DW WKH UHFHLYHU LQ WKH FDVH RI YHKLFX�
ODU DQG SRUWDEOH UHFHSWLRQ ZRXOG EH GLIILFXOW WR
PDLQWDLQ� )XUWKHUPRUH� )DUDGD\ URWDWLRQ LQ WKH IUH�
TXHQF\ UDQJH FRQVLGHUHG IRU WKH VHUYLFH LV QRW QHJ�

OLJLEOH� $W WKH UHFHLYLQJ DQWHQQD� D WUDGH��RII H[LVWV
EHWZHHQ WKH SRODUL]DWLRQ SXULW\ RI D FLUFXODUO\ SR�
ODUL]HG UHFHLYLQJ DQWHQQD ZLWK LQKHUHQW ORVVHV
DVVRFLDWHG ZLWK LQFUHDVHG FRPSOH[LW\ RI WKH IHHG
VWUXFWXUH� DQG WKH XVH RI D VLPSOHU OLQHDUO\ SRODU�
L]HG DQWHQQD ZLWK WKH � G% ORVV IURP UHFHSWLRQ RI
RQO\ KDOI WKH SRZHU� ,PSURYHG IUHTXHQF\ UH��XVH
EDVHG RQ RUWKRJRQDO SRODUL]DWLRQ LV QRW DQWLFLSDWHG
IRU WKLV VHUYLFH� ,Q WKH FDVH RI WKH WHUUHVWULDO VHJ�
PHQW� YHUWLFDO SRODUL]DWLRQ LV DVVXPHG VLQFH YHUWL�
FDO DOLJQPHQW FDQ EH PDLQWDLQHG LQ PRVW FDVHV�

,W LV IXUWKHU DVVXPHG LQ WKLV VWXG\ WKDW LI D WHFKQROR�
J\ OLNH (XUHND ��� �L�H� WKDW PDNHV FRQVWUXFWLYH
XVH RI WKH VLJQDO UHIOHFWLRQV� LV XVHG� WKHUH LV QR DG�
YDQWDJH LQ XVLQJ D XQL��GLUHFWLRQDO UHFHLYLQJ DQWHQ�
QD� VLQFH WKH DGYDQWDJH RI XVLQJ UHIOHFWLRQV IURP
YDULRXV GLUHFWLRQV WR VXVWDLQ D SURSHU UHFHLYHG
SRZHU ZRXOG EH ORVW�

'HSHQGLQJRQ WKH W\SH RI VDWHOOLWH RUELW XVHG IRU WKH
VHUYLFH� WKH UHFHLYLQJ DQWHQQD UHTXLUHPHQWV FRXOG
EH VRPHZKDW GLIIHUHQW� ,Q WKH FDVH RIJHRVWDWLRQDU\
VDWHOOLWHV� WKH VLJQDOZRXOG EH UHFHLYHG DW D VSHFLILF
HOHYDWLRQ DQJOH GHSHQGLQJ RQ WKH ODWLWXGH DQG WKH
ORQJLWXGH GLIIHUHQFH EHWZHHQ WKH VDWHOOLWH DW WKH UH�
FHLYLQJ ORFDWLRQ� $ IL[HG DQWHQQD ZKLFK FDQ EH
DLPHG DW WKH VDWHOOLWH FRXOG EH GLUHFWLRQDO ZKLOH D
FDU DQWHQQD ZRXOG KDYH WR EH RPQLGLUHFWLRQDO LQ
WKH KRUL]RQWDO SODQH EXW FRXOG EH RSWLPL]HG IRU
PD[LPXP JDLQ DW WKH JLYHQ HOHYDWLRQ DQJOH� ,Q WKH
FDVH RI D KLJKO\ HOOLSWLFDO RUELW �H�J�0ROQ\DRUELWV�
KDYLQJ LWV DSRJHH DW ORFDO ]HQLWK� WKH UHFHLYLQJ DQ�
WHQQD IRU YHKLFXODU DSSOLFDWLRQ FRXOG EH RSWLPL]HG
IRU PD[LPXP JDLQ WRZDUGV WKH ]HQLWK�
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������ 7\SHV RI DQWHQQD IRU PL[HG
VDWHOOLWH�WHUUHVWULDO VHUYLFH

5HFHLYLQJ DQWHQQDV VKRXOG EH DEOH WR UHFHLYH IURP
ERWK VDWHOOLWH DQG WHUUHVWULDO WUDQVPLWWHUV ZLWKRXW
QHHG IRU SK\VLFDO UHFRQILJXUDWLRQ� 7KH DQWHQQDV
ZRXOG QHHG WR EH RI UHODWLYHO\ VPDOO VL]H DQGPLQL�
PXP FRPSOH[LW\ IRU ORZ FRVW LPSOHPHQWDWLRQ�
7KHEHVW UDGLDWLRQSDWWHUQ IRU WKH UHFHLYLQJDQWHQQD
LQ WKH FRQWH[W RI D PL[HG VHUYLFH XVLQJ D JHRVWD�
WLRQDU\ VDWHOOLWH ZRXOG EH D QHDU��KHPLVSKHULFDO
SDWWHUQ ZLWK D PD[LPXP JDLQ DW WKH PLG��UDQJH RI
WKH HOHYDWLRQDQJOH DWZKLFK WKH VDWHOOLWH LV UHFHLYHG
RYHU WKH ZKROH VHUYLFH DUHD �H�J� � G%LF �FRSRODU
JDLQ UHODWLYH WR LVRWURSLF�� DQG VWLOO HQRXJK JDLQ WR�
ZDUGV WKH KRUL]RQWDO GLUHFWLRQ WR DOORZ IRU WHUUHV�
WULDO UHFHSWLRQ �H�J� � G%L�� 7KUHH JHQHULF W\SHV RI
DQWHQQDV FRXOG EH XVHG WR DOORZ UHFHSWLRQ RI VDWHO�
OLWH DQG WHUUHVWULDO WUDQVPLVVLRQV LQ WKH VDPH IUH�
TXHQF\ EDQG�

)L[HG SDWWHUQ

$QWHQQD VWUXFWXUH ZKLFK SURYLGHV DGHTXDWH JDLQ
WRZDUGV ERWK VDWHOOLWH DQG WHUUHVWULDO WUDQVPLWWHUV�
7\SLFDOO\� VXFK DQ DQWHQQDZRXOG EH RI WXQHG��ZLUH
VWUXFWXUH RU PLFURVWULS VWUXFWXUH ZLWK FRPSOHPHQ�
WDU\JURXQGSODQH WRSURGXFH DFLUFXODUO\��V\PPHW�
ULFDO SDWWHUQ LQ WKH KRUL]RQWDO SODQH� 6RPH LPSOH�
PHQWDWLRQV FDQ JLYH XS WR � G%LF DW D JLYHQ
HOHYDWLRQ DQJOHZKLOH VWLOOPDLQWDLQLQJ D � G%L JDLQ
LQ WKH KRUL]RQWDO GLUHFWLRQ�

6ZLWFKDEOH SDWWHUQ

,QWHJUDWHG GRXEOH DQWHQQD VWUXFWXUH ZKLFK DOORZV
VHSDUDWH DQGEHWWHU RSWLPL]DWLRQRI WKH VDWHOOLWH DQG
WHUUHVWULDO FRYHUDJH�7KH DQWHQQD IHHGZRXOG EH UH�
PRWHO\ VZLWFKHG ZLWK WKH FKDQQHO VHOHFWLRQ RQ WKH
UHFHLYHU� 7XQHG��ZLUH RU PLFURVWULS VWUXFWXUHV
FRXOG EH XVHG IRU WKH VDWHOOLWH UHFHSWLRQ DQG D ���
YHUWLFDO PRQRSROH RU ���RUGHU PRGH PLFURVWULS
SDWFK ZRXOG EH XVHG IRU WHUUHVWULDO UHFHSWLRQ� ERWK
SURGXFLQJ D FLUFXODUO\��V\PPHWULFDO SDWWHUQ LQ WKH
KRUL]RQWDO SODQH� 7KLV FRXOG SURGXFH D JDLQ RI �
G%LF LQ WKH VDWHOOLWH GLUHFWLRQ ZKLOH SURYLGLQJ
VRPH � G%L LQ WKH KRUL]RQWDO SODQH�

(OHFWURQLFDOO\��VWHHUDEOH SDWWHUQ

0RUH FRPSOH[ VWUXFWXUHV EDVHG RQ SKDVHG DUUD\V
SURYLGLQJ KLJKHU RQ��D[LV JDLQ �H�J� �� G%LF IRU ��
[ �� EHDPZLGWK�ZKLFK FRXOG EH VWHHUHG DXWRPDWL�
FDOO\ DW VDWHOOLWH RU WHUUHVWULDO WUDQVPLVVLRQV RU HYHQ
WRZDUGV D SUHGRPLQDQW HFKR� 7KH WUDFNLQJ V\VWHP
ZRXOG DXWRPDWLFDOO\ DGMXVW IRU WKH PL[HG WHUUHV�
WULDO�VDWHOOLWH VHUYLFH� 7KH WUDFNLQJ V\VWHP ZRXOG
QHHG WR PD[LPL]H WKH DPRXQW RI SRZHU SUHVHQW LQ

WKH VHOHFWHG FKDQQHO� WKXV WKH UHFHLYHU ,) VHFWLRQ
ZRXOG QHHG WR EH LQFOXGHG LQ WKH RSWLPL]DWLRQ
ORRS�7KHVH IHDWXUHVZRXOG SUREDEO\ RQO\ EH DYDLO�
DEOH RQ UHFHLYHUV LQ WKH KLJKHU SULFH UDQJH� $OVR�
WKH VL]H RI WKH DFWLYH SKDVHG DUUD\ LV OLNHO\ WR EH
ODUJHU�

������ $FWLYH DQWHQQDV

3DVVLYH DQWHQQDV� HLWKHUPDVW W\SH �KHOL[ GHVLJQ�RU
ORZ SURILOH W\SH �SULQWHG PLFURVWULS W\SH� DQG LQ
WKH FDVH RI SKDVHG DUUD\V� DOO VXIIHU WKH SUREOHP RI
EXONLQHVV� /DWHVW GHYHORSPHQWV LQ DFWLYH DQWHQQDV
VKRZ SURPLVHV IRU D UHGXFWLRQ LQ VL]H WKURXJK WKH
XVH RI LQWHJUDWHG DFWLYH DPSOLI\LQJ DQG SKDVH
VKLIWLQJ HOHPHQWV� 7KHVH DFWLYH HOHPHQWV SURYLGH
PRUH IOH[LELOLW\ LQ SDWWHUQ VKDSLQJ� VL]H UHGXFWLRQ
�DV PXFK DV ���� DQG VPDOOHU VXEVWUDWH WKLFNQHVV�
$OWKRXJK LQLWLDOO\PRUH FRPSOH[� LW LV SRVVLEOH WKDW
WKURXJK YROXPH SURGXFWLRQ� WKHVH WHFKQLTXHV FDQ
EH XVHG HYHQ IRU FRQVXPHU W\SH UHFHLYLQJ LQVWDOOD�
WLRQV�

���� 5HFHLYHU IURQW HQG IRU WKH
PL[HG WHUUHVWULDO�VDWHOOLWH
FRQFHSW

7KHDSSOLFDELOLW\RI WKHPL[HGFRQFHSWGHSHQGVRQ�
DPRQJ RWKHU WKLQJV� WKH IHDVLELOLW\ RI D UHFHLYHU
IURQW HQG FDSDEOH RI UHFHLYLQJ UDGLR EURDGFDVWV
IURP VDWHOOLWH� DV ZHOO DV IURP WHUUHVWULDO WUDQVPLW�
WHUV� 5HVHDUFK ZRUN ZDV XQGHUWDNHQ WR ILUVW HVWDE�
OLVK WKH UHFHLYHU IURQW HQG DUFKLWHFWXUH DQG NH\
FRPSRQHQWV SHUIRUPDQFH VSHFLILFDWLRQV VXFK DV
FRPSUHVVLRQ SRLQW� G\QDPLF UDQJH� VHOHFWLYLW\�
V\QWKHVL]HU IUHTXHQF\ VWHSV� HWF� 7KHQ D FRPSXWHU
VLPXODWLRQ SURJUDP ZDV XVHG WR VWXG\ WKH SHUIRU�
PDQFHRI WKH IURQW HQG DQG WR GR SDUDPHWULF VWXGLHV
WR IXUWKHU UHILQH WKH GHVLJQ�

������ 5HFHLYHU IURQW HQG DUFKLWHFWXUH

6HYHUDO FRQIOLFWLQJ UHTXLUHPHQWV PXVW EH DG�
GUHVVHG LQ WKH GHVLJQ RI WKH UHFHLYHU� )LUVW� WKH GH�
VLUH WR KDYH D IURQW HQG ILOWHUZKLFK H[FOXGHV DOO XQ�
ZDQWHG GRPLQDQW VLJQDOV LQ WKH QHLJKERXULQJ
EDQGV� EXW ZKLFK SDVVHV DOO '5% VLJQDOV� DV WKH
ILUVW HOHPHQW RI WKH UHFHLYHU PXVW EH FRQVLGHUHG LQ
OLJKW RI WKH HTXDOO\ LPSRUWDQW GHVLUH WR HVWDEOLVK D
ORZQRLVH ILJXUH E\ KDYLQJ D ORZQRLVH DPSOLILHU DV
WKH ILUVW HOHPHQW DIWHU WKH DQWHQQD� 6HFRQG� WKH GH�
VLUH WR SURYLGH VLJQLILFDQW JDLQ ZLWK WKH ORZ QRLVH
DPSOLILHU PXVW EH FRQVLGHUHG LQ OLJKW RI WKH KLJK
G\QDPLF UDQJH UHTXLUHPHQW RQ DOO FRPSRQHQWV
SUHFHGLQJ WKH '5% FKDQQHO ���� 0+] EORFN�
VHOHFWLRQ ILOWHU� 7KLUG� WKH GHVLUH WR ORFDWH WKH '5%
FKDQQHO VHOHFWLRQ ILOWHU EHIRUH GRZQ FRQYHUVLRQ
�ZKHUH LW PXVW EH WXQDEOH� RI KLJK 4 DQG VXEVH�
TXHQWO\ ORVV\ DQG FRVWO\� VR XQZDQWHG 5) VLJQDOV
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DUH DWWHQXDWHG EHIRUH H[SRVXUH WR WKH PL[HU� PXVW
EH FRQVLGHUHG LQ OLJKW RI LWV VLPSOLFLW\ LI ORFDWHG DI�
WHU WKH GRZQ FRQYHUVLRQ �ZKHUH LW LV IL[HG LQ IUH�
TXHQF\� RI ORZ4 DQG ORVV�� HYHQ WKRXJK WKHPL[HU
LV QRZ H[SRVHG WRPRUH VDWXUDWLRQ� 6HYHUDO VFHQDU�
LRV ZHUH FRQVLGHUHG IRU WKH IURQW HQG DUFKLWHFWXUH
DQG RQH ZDV UHWDLQHG IRU IXUWKHU LQYHVWLJDWLRQ� ,W
LQWHUOHDYHV ORZ QRLVH DPSOLILHUV DQG IURQW HQG ILO�
WHUV LQ RUGHU WR VXSSUHVV VWURQJ RXW��RI��EDQG LQWHU�
IHUHQFH�ZKLOH HVWDEOLVKLQJ D JRRG QRLVH ILJXUH DQG
DYRLGLQJ FRPSUHVVLRQ EHIRUH FRQYHUVLRQ� *LYHQ
WKH UHODWLYHO\ ORZ JDLQ RI WKH ILUVW /1$ �DERXW ��
G%�� D YHU\ KLJK FRPSUHVVLRQ SRLQW LV DFKLHYHG
WKXV DOORZLQJ PDQ\ VWURQJ WHUUHVWULDO '5% DGMD�
FHQW FKDQQHOV ZLWKPLQLPDO HIIHFW RQ WKH ZHDN VDW�
HOOLWH VLJQDO� )XUWKHU� DIWHU GRZQ FRQYHUVLRQ� LW LQ�
WHUOHDYHV DPSOLILHUV DQG '5% FKDQQHO VHOHFWLRQ
ILOWHUV WR VXSSUHVV WKH VWURQJ DGMDFHQW FKDQQHOV�
7KHQ WKH $*& WDNHV FDUH RI WKH ODUJH YDULDWLRQV LQ
VLJQDO VWUHQJWK ZLWK WKUHH FDVFDGHG YDULDEOH JDLQ
DPSOLILHUV�

������ &RPSXWHU VLPXODWLRQV

7KH IURQW HQG DUFKLWHFWXUH GHVFULEHG DERYH ZDV
LPSOHPHQWHG LQ D VSHFLDOLVHG VRIWZDUH SURJUDP
WKDW DOORZV D GHVLJQHU WR HYDOXDWH WKH SHUIRUPDQFH
RI DQ 5) V\VWHP EDVHG RQ WKH SDUDPHWHUV RI WKH LQ�
GLYLGXDO FLUFXLW FRPSRQHQWV� 7HVWV LQFOXGH HIIHFWV
RI FDVFDGHG JDLQ� QRLVH ILJXUH� �G% FRPSUHVVLRQ
SRLQW� ILOWHUV� HWF� 6LQFH ZLGHEDQG '5% VLJQDOV
FRXOG QRW EH VLPXODWHGZLWK WKLV VRIWZDUH� &: VLJ�
QDOV ZHUH XVHG LQVWHDG� 5HVXOWV RI WKHVH VLPXOD�
WLRQV VKRZ WKDW LQ WKH FDVH RI&:RQDGMDFHQW FKDQ�
QHOV� VLJQDOV FDQ EH WUHDWHG DGHTXDWHO\ HYHQ LQ D
VLWXDWLRQ ZKHUH WKH UHFHLYHU LV WXQHG WR D ZHDN VDW�
HOOLWH FKDQQHO DGMDFHQW WR D VWURQJ WHUUHVWULDO FKDQ�
QHO�$ UHMHFWLRQ RI ��� G% LV SRVVLEOHZLWK D GHVLUHG
VLJQDO RI ����� G%P� ����� 0+] DZD\ IURP D ����
G%P XQZDQWHG VLJQDO� 7KH VLPXODWHG V\VWHP KDV
D G\QDPLF UDQJH RI �� G%ZLWK D QRLVH ILJXUH RI ���
G%� 7KLV FRQFOXVLRQ LV RQO\ YDOLG IRU &: VLJQDOV�

�� &DQDGLDQ ILHOG WULDOV

���� 2EMHFWLYHV RI WKH '5% ILHOG
WULDO SURMHFWV

:KHQ VWDUWLQJ XS D EURDGFDVWLQJ VHUYLFH ZKLFK LV
EDVHG RQ D QHZ HQFRGLQJ�PRGXODWLRQ VFKHPH� XV�
LQJ D IUHTXHQF\ EDQGZKLFK LV XQIDPLOLDU WR EURDG�
FDVWHUV� QHZ WHUULWRU\ LV EHLQJ FKDUWHG� ,W LV WKHUH�
IRUH QHFHVVDU\ WR DFTXLUH HPSLULFDO GDWD WR YHULI\
WKHRUHWLFDO SURMHFWLRQV DQG VXSSRVLWLRQV� $ SULPD�
U\ REMHFWLYH RI WKH '5% ILHOG WULDOV LV WR SXW WKH
SURSHU SURJUDPV RU PHFKDQLVPV LQWR SODFH WR RE�
WDLQ WKH QHFHVVDU\ VXSSRUW LQIRUPDWLRQ�

,Q WKH WHFKQLFDO DUHD� LQ RUGHU WR SODQ HIIHFWLYHO\�
LQIRUPDWLRQ LV FOHDUO\ QHHGHG RQ PDQ\ DVSHFWV RI
SURSDJDWLRQ DW /��EDQG� :H QHHG WR NQRZ KRZ IDU
/��EDQG VLJQDOV FDUU\ RYHU D YDULHW\ RI WHUUDLQ
FRQGLWLRQV� XVLQJYDULRXV FRPELQDWLRQVRI DQWHQQD
KHLJKW DQG SRZHU� 7KH SHUFHQWDJH RI ORFDWLRQV DQG
WLPH WKH VLJQDOV DUH DYDLODEOH DW D UHFHLYH DQWHQQD
KHLJKW RI ��� P� DUH UHTXLUHG LQ RUGHU WR GHYHORS
DQG YHULI\ DQ DSSURSULDWH SURSDJDWLRQ PRGHO� 7KH
DWWHQXDWLQJ HIIHFW RI YDULRXV NLQGV RI EXLOGLQJV DQG
JURXQG FOXWWHU LQFOXGLQJ WUHH IROLDJH DUH DOVR HV�
VHQWLDO HOHPHQWV LQGHYHORSLQJSODQQLQJFULWHULD IRU
'5%� )URP DQ LQWHUIHUHQFH SHUVSHFWLYH� ORQJ��
WHUP SURSDJDWLRQ PHDVXUHPHQWV �VHDVRQDO DQG
GDLO\ YDULDWLRQV� FKDUDFWHULVWLFV DUH QHHGHG WR HV�
WDEOLVK'5% LQWHUIHUHQFH FULWHULD DQG FRRUGLQDWLRQ
SURFHGXUHV ZLWK V\VWHPV RI WKH )L[HG 6HUYLFH�

,Q DGGLWLRQ WR SURSDJDWLRQ IDFWRUV�ZHQHHG WRGHP�
RQVWUDWH WKH IHDVLELOLW\ DQG HYDOXDWH YDULRXV WUDQV�
PLWWHU QHWZRUN FRQILJXUDWLRQV VXFK DV VLQJOH WUDQV�
PLWWHU ZLWK RQ��FKDQQHO FRYHUDJH H[WHQGHUV DQG
JDS��ILOOHUV� OLPLWHG DQG ODUJH��DUHD 6)1V� LQ RUGHU
WR DVFHUWDLQ RSWLPXP V\VWHP SDUDPHWHUV DW /��
EDQG� ([SHULHQFHZLWK /��EDQG'5% UHFHLYLQJ DQG
WUDQVPLVVLRQ KDUGZDUH �DQWHQQDV� /1$� ILOWHUV
HWF�� ZRXOG EH EHQHILFLDO IRU HYDOXDWLQJ WKH FRYHU�
DJH�SRZHU�FRVW UHODWLRQVKLS�

,Q WKH QRQ��WHFKQLFDO DUHD WKHUH LV D QHHG WR IDPLO�
LDUL]H WKH SXEOLF� JRYHUQPHQW DQG EURDGFDVWLQJ LQ�
GXVWU\ LQ &DQDGD ZLWK '5% LQ RUGHU WR HVWDEOLVK
WKH RYHUDOO REMHFWLYHV IRU WKH QHZ VHUYLFH�

7KHVH REMHFWLYHV FDQ EHVW EH PHW E\ FDUU\LQJ RXW
SURJUDPPLQJ WULDOV� GHPRQVWUDWLRQV DQG VXUYH\V�
DV ZHOO DV GLJLWDO DXGLR QHWZRUNLQJ DQG SUH��RSHUD�
WLRQDO H[SHULPHQWV�

���� &RYHUDJH PHDVXUHPHQWV DW
/�EDQG

������ 2WWDZD DQG 0RQWUHDO
PHDVXUHPHQWV

3URSDJDWLRQPHDVXUHPHQWV ZHUH SHUIRUPHG LQ2W�
WDZD �2QWDULR� DQG 0RQWUHDO �4XqEHF� LQ WKH
-XQH��$XJXVW ���� WLPH IUDPH� $Q XQPRGXODWHG
FDUULHU DW ����0+]ZDV WUDQVPLWWHGDW DQHIIHFWLYH
UDGLDWHG SRZHU �(53� RI � N:� 7KH WUDQVPLWWLQJ
HIIHFWLYH KHLJKW DERYH DYHUDJH WHUUDLQ �(+$$7�
ZDV �� PHWHUV LQ 2WWDZD DQG ��� PHWHUV LQ 0RQ�
WUHDO� 7KH UHFHLYLQJ DQWHQQD HPSOR\HG ZDV DQ H[�
SHULPHQWDO RPQLGLUHFWLRQDO ��� *+] YHUWLFDO ���
PRQRSROH�

%HIRUH WKH WHVWV� FRYHUDJH SUHGLFWLRQV ZHUH PDGH
XVLQJ 9+)�8+) SURSDJDWLRQ VRIWZDUH SURJUDP
�35(',&7� GHYHORSHG E\ WKH &RPPXQLFDWLRQ
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5HVHDUFK&HQWUH �&5&��7KLV VRIWZDUH XVHV D FRP�
ELQDWLRQRIYDULRXVSURSDJDWLRQPRGHOV DQGDGMXVW�
PHQW IDFWRUV EDVHG RQ PHDVXUHPHQWV� DQG FDQ XVH
WHUUDLQ WRSRJUDSK\ GDWD LQFOXGLQJ JURXQG FOXWWHU�
0HDVXUHPHQW URXWHVZHUH VHOHFWHG LQ YDULRXV HQYL�
URQPHQWV �L�H GHQVH XUEDQ� XUEDQ� VXEXUEDQ DQG UX�
UDO DUHDV� LQFOXGLQJ SRWHQWLDO WURXEOH VSRWV LGHQWL�
ILHG E\ 35(',&7� VXVSHFWHG JDSV� XQGHUSDVVHV�
WXQQHOV DV ZHOO DV PHDVXUHPHQWV DW WKH SUHGLFWHG
OLPLW RI FRYHUDJH� ,Q WRWDO ����HLJKW�� KXQGUHGPH�
WHU VHFWLRQV FRQVLVWLQJ RI FORVH WR �� PLOOLRQ PHD�
VXUHPHQW SRLQWV ZHUH UHFRUGHG DQG DQDO\]HG� ,Q
GHVLJQLQJ WKH WHVW DQG DQDO\VLV SURFHGXUH� WKH H[�
SHFWHG SHUIRUPDQFH RI WKH PRVW GHYHORSHG '5%
V\VWHPZDV FRQVLGHUHG �L�H� (XUHND ����'$% V\V�
WHP��

7KH IROORZLQJ REVHUYDWLRQV ZHUH UHDFKHG IURP
WKHVH SUHOLPLQDU\ PHDVXUHPHQWV�

�� *HQHUDOO\� /��EDQG SURSDJDWLRQZDV IRXQG WR EH
VLPLODU WR SURSDJDWLRQ H[SHULHQFH LQ WKH 8+)
WHOHYLVLRQ EDQG� 0HDVXUHPHQWV FRUUHODWHG ID�
YRXUDEO\ ZLWK WKH 35(',&7 VRIWZDUH ZLWK UH�
VSHFW WR ORFDWLRQ RI FRYHUDJH JDSV DQG LGHQWLIL�
FDWLRQ RI FRYHUDJH OLPLWV� KRZHYHU WKHUH ZHUH
LQVXIILFLHQW GDWD WR GHWHUPLQH ZKHWKHU 35(�
',&7 ZDV FDSDEOH RI HVWLPDWLQJ FRYHUDJH
DYDLODELOLW\ WR WKH OHYHO DQG DFFXUDF\ UHTXLUHG
IRU '5% SODQQLQJ�

�� 7KH PRVW VLJQLILFDQW DWWHQXDWLRQ GXH WR WUHH IR�
OLDJH RFFXUUHG LQ DUHDV QHDU WKH WUDQVPLWWHU
ZKHUH WKH VLJQDO VWUHQJWK ZDV KLJK� 5HFHSWLRQ
XQGHU EULGJHV� LQ XQGHUSDVVHV DQG WXQQHOV ZDV
QRW IRXQG WR EH PRUH RI D SUREOHP WKDQ H[SHUL�
HQFHG LQ WKH 9+)�8+) EDQGV�

�� 7KH UHFHLYHG VLJQDO ZDV IRXQG WR EH FRPSRVHG
RI WZR PDMRU FRPSRQHQWV� D GLUHFW SDWK VLJQDO
LQFOXGLQJ VRPH VWURQJ UHIOHFWHG VLJQDOV� DQG D
ORZ��SRZHU FRPSRVLWH PXOWLSDWK �/3&0� VLJ�
QDO �PDGH XS RI WKH VHYHUDO ORZ��OHYHO VLJQDOV
FUHDWHG E\ VFDWWHULQJ DQG PXOWLSOH UHIOHFWLRQV�
DUULYLQJ DW WKH UHFHLYH DQWHQQD IURP VHYHUDO
GLUHFWLRQV ZLWKLQ YDU\LQJ GHOD\V� :LWKLQ WKH
FRYHUDJH DUHD� WKH DYHUDJH OHYHO RI WKH /3&0
VLJQDO ZDV RIWHQ DERYH WKH '5% UHFHLYHU
WKUHVKROG� WKXV SURYLGLQJ IRU VHUYLFH FRQWLQXLW\
HYHQ ZKHQ WKH GLUHFW VLJQDO FRPSRQHQW ZDV
VWURQJO\ DWWHQXDWHG RU EORFNHG� %HFDXVH WKH
/3&0 LV FRPSRVHG RI VLJQDOV IURP VHYHUDO
GLUHFWLRQV� LW LV QRW DIIHFWHG QHDUO\ DV PXFK E\
PDMRU REVWUXFWLRQV DQG WUHH IROLDJH DV LV WKH FDVH
IRU WKH GLUHFW VLJQDO SDWK�

�� ,Q 2WWDZD� D FRYHUDJH UDGLXV RI DSSUR[LPDWHO\
������ NP ZDV DFKLHYHG� ZKLOH LQ 0RQWUHDO D

UDQJH RI ������ NP ZDV DFKLHYHG DW WKH KLJKHU
(+$$7�

������ %DUULH PHDVXUHPHQWV

$GGLWLRQDO FRYHUDJH PHDVXUHPHQWV ZHUH FDUULHG
RXW LQ%DUULH �2QWDULR� LQ ODWH�����HDUO\ �����7KH
WHUUDLQ VXUURXQGLQJ WKH %DUULH VLWH ZDV PRUH LUUHJ�
XODU WKDQ DYHUDJH � K ��P� DQG WKH VLWH DOORZHG WKH
WUDQVPLW DQWHQQD KHLJKW WR EH YDULHG� )LHOG��
VWUHQJWKPHDVXUHPHQWV RI WKH%DUULH WUDQVPLVVLRQV
DW GLIIHUHQW WUDQVPLW KHLJKWV DQG DORQJ UDGLDOV ZLWK
YDULHG WHUUDLQ WRSRJUDSK\ ZHUH PDGH DQG
FRPSDUHG ZLWK SUHGLFWLRQV GHULYHG IURP WKH VR�
SKLVWLFDWHG 35(',&7 SURSDJDWLRQ PRGHO�

,W ZDV FRQFOXGHG WKDW LW LV SRVVLEOH WR SURYLGH FRY�
HUDJH DW /��EDQG ZLWK KLJK DYDLODELOLW\� WR DUHDV
ZLWK D UDGLXV XS WR DSSUR[LPDWHO\ �� NP� HYHQ XQ�
GHU GLIILFXOW WHUUDLQ FRQGLWLRQV� XVLQJ D VLQJOH
WUDQVPLWWHU ZLWK (53V FRPSDUDEOH WR WKRVH XVHG LQ
WKH 9+) EDQG� )RU H[DPSOH� ZLWK DQ (53 RI � N:
DW ��� PHWHUV DERYH JURXQG OHYHO� ��� FRYHUDJH
DYDLODELOLW\ ZDV DFKLHYHG XS WR �� NP� ZKLOH ZLWK
DQ (53 RI �� N: DW �� PHWHUV� WKH FRYHUDJH
UHDFKHG DSSUR[LPDWHO\ �� NP�

������ 7URLV��5LYLqUHV PHDVXUHPHQWV

,Q WKH VXPPHU�IDOO RI ����� DQRWKHU WHVW WUDQVPLV�
VLRQ IDFLOLW\ ZDV HVWDEOLVKHG LQ 7URLV��5LYLqUHV�
4XqEHF WR IXUWKHU VWXG\ WKHSURSDJDWLRQDQGFRYHU�
DJH FKDUDFWHULVWLFV DW /��EDQG� 7KH 7URLV��5LYLqUHV
VLWH DOORZHG HYDOXDWLRQV XVLQJ GLIIHUHQW WHUUDLQ
FRQGLWLRQV DQG WUDQVPLWWLQJ KHLJKWV� 7KHPHDVXUH�
PHQW GDWD JDWKHUHG ZHUH DGGHG WR WKH GDWDEDVH
PDGH XS RI WKH ����2WWDZD DQG0RQWUHDO /��EDQG
PHDVXUHPHQWV DV ZHOO DV WKH ������� %DUULH WHVWV�
7KH 7URLV��5LYLqUHV WULDOV LQFOXGHG PHDVXUHPHQWV
XS WR ��� NP IURP WKH WUDQVPLWWHU DV ZHOO DV IL[HG
UHFHSWLRQ VLWHV WR HYDOXDWH WLPH DQG VHDVRQDO YDUL�
DELOLW\ EHORZ DQG DERYH WKH KRUL]RQ LQ RUGHU WR
FKDUDFWHUL]H LQWHUIHUHQFH DW /��EDQG� 7KH UHVXOWV RI
WKHVHPHDVXUHPHQWV ZLOO VHUYH WR UHILQH WKH SURSD�
JDWLRQ PRGHO IRU WHUUHVWULDO '5% DW /��EDQG�

,Q 7URLV��5LYLqUHV� (53V RI �� DQG �� N: ZHUH
XVHG ZLWK WUDQVPLWWLQJ KHLJKW RI ��� DQG ��� PH�
WHUV� \LHOGLQJ HVWLPDWHG '5% FRYHUDJH UDGLL YDU\�
LQJ EHWZHHQ �� WR �� NP�

������ ,QGRRU UHFHSWLRQ PHDVXUHPHQWV

$OWKRXJK SHQHWUDWLRQ ORVVHV LQ EXLOGLQJ PDWHULDO
DUH KLJKHU DW /��EDQG WKDQ DW 9+)� ILHOG PHDVXUH�
PHQWV KDYH VKRZQ WKDW LQGRRU UHFHSWLRQ DW /��EDQG
PD\ QRW EHPRUH RI D SUREOHP WKDQ H[SHULHQFHG E\
)0 DW 9+)�
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,QGRRU UHFHSWLRQ ILHOG VWUHQJWK PHDVXUHPHQWV
ZHUH FDUULHG RXW LQ WKH VXPPHU RI ����� LQ 0RQ�
WUHDO� LQ YDULRXV EXLOGLQJV �RIILFH EXLOGLQJV� DSDUW�
PHQW EXLOGLQJV DQG RUGLQDU\ KRXVHV� ORFDWHG EH�
WZHHQ ��� WR �� NP IURP WKH WUDQVPLWWHU VLWH� 7\SHV
RI FRQVWUXFWLRQ LQFOXGHG IHUUR��FRQFUHWH ZLWK H[WH�
ULRU VXUIDFLQJ PDGH RI EULFNV� FRQFUHWH RU DOXPL�
QXP� DQG DOVR ZRRG FRQVWUXFWLRQ ZLWK DOXPLQXP
IDFLQJ� ,QGRRU PHDVXUHPHQWV ZHUH PDGH RQ YDUL�
RXV IORRUV �L�H WRS�PLGGOH� JURXQG DQGEDVHPHQWV��
DW YDULRXV ORFDWLRQV� )RU UHIHUHQFH SXUSRVHV� RXW�
GRRU PHDVXUHPHQWV ZKHUH PDGH DW JURXQG OHYHO�
DQG ZKHUH SRVVLEOH RQ WKH URRI RI EXLOGLQJV� 7KH
IROORZLQJ FRQFOXVLRQV ZHUH GUDZQ�

�� %XLOGLQJ SHQHWUDWLRQ ORVVHV UDQJHG IURP �����
G% ZLWK W\SLFDO ORVVHV LQ WKH ������ G% UDQJH�

�� 7KH SHQHWUDWLRQ ORVVHV QHDU ZLQGRZV ZDV W\SL�
FDOO\ � G%�

�� :LWK WKH H[FHSWLRQ RI WZR ORFDWLRQV DW WKH EDVH�
PHQW OHYHO� QR ORFDWLRQ ZDV IRXQG ZKHUH WKH
ILHOG VWUHQJWK ZDV QRW DW OHDVW �� G% DERYH WKH
H[SHFWHG WKUHVKROG RI WKH '5% UHFHLYHU�

�� 6HYHUDO ORFDWLRQV ZKHUH )0 UHFHSWLRQ ZDV LQ�
DGHTXDWH� SUHVHQWHG D VXIILFLHQW ILHOG VWUHQJWK
IRU VDWLVIDFWRU\ '5% UHFHSWLRQ�

,QGRRU SHQHWUDWLRQ LV SRVVLEOH WKURXJK ZLQGRZV�
DQG RQFH LQVLGH PXOWLSDWK SURSDJDWLRQ LV YHU\ HI�
IHFWLYH DW /��EDQG DV LQGLFDWHG E\ WKH VWDQGLQJ��
ZDYH ILHOGV PHDVXUHG LQVLGH� +HQFH� D V\VWHP OLNH
'5% ZKLFK PDNHV FRQVWUXFWLYH XVH RI HFKRV
VKRXOGZRUNZHOO LQ VXFKDQHQYLURQPHQW�0XOWLSOH
WUDQVPLWWHU FRYHUDJH FRQFHSWVZRXOG DOVR LPSURYH
LQGRRU UHFHSWLRQ E\ LQFUHDVLQJ WKH QXPEHU RI VLJ�
QDO HQWULHV LQ EXLOGLQJV�

���� 6\VWHP DQG QHWZRUN
H[SHULPHQWDWLRQ

������ 7ZR��VLWH IDFLOLWLHV

,Q DXWXPQ ����� D WZR��VLWH '5% /��EDQG WHVW
WUDQVPLVVLRQ IDFLOLW\ ZDV HVWDEOLVKHG LQ 7RURQWR��
%DUULH �2QWDULR� WR LQYHVWLJDWH WKH IHDVLELOLW\ RI XV�
LQJ D V\QFKURQL]HG 6)1 IRU ODUJH DUHD FRYHUDJH
ZLWK WUDQVPLWWHU VSDFLQJ LQ WKHRUGHU RI��NP�7KLV
VHSDUDWLRQ H[FHHGV ZKDW ZRXOG QRUPDOO\ EH FRQ�
VLGHUHGSHUPLVVLEOHXVLQJ0RGH ,,, FRQVLGHULQJ WKH
V\VWHP·V OLPLWHG DELOLW\ WR FRSH ZLWK HFKRHV ZLWK
ODUJH GHOD\V� 7KH WHVWV ZHUH FDUULHG RXW ZLWK �QG��
JHQHUDWLRQ (XUHND ��� '5% KDUGZDUH �ZLWK D ���
0+]5)EDQGZLGWK DQG D V\PERO JXDUG LQWHUYDO RI
�� NV� L�H�0RGH ,,,��:LWK WKLV KDUGZDUH WKH VL]H RI
WKH DUHD ZKHUH WKH VLJQDOV IURP ERWK 7RURQWR DQG
%DUULH DUULYH ZLWKLQ WKH JXDUG LQWHUYDO DQG FRP�
ELQH FRQVWUXFWLYHO\ ZDV OLPLWHG WR DSSUR[LPDWHO\

�� NP� %\ XVLQJ GLJLWDO GHOD\� WKH JXDUG LQWHUYDO
ZDV ´FHQWUHGµ DW WKH PLGSRLQW EHWZHHQ ERWK WUDQV�
PLWWHUV�

7KH UHVXOWV RI WKH PHDVXUHPHQWV ZHUH UHSRUWHG WR
WKH &&,5 LQ -DQXDU\ ����� DW 1$%�� LQ /DV9HJDV
DQG WR WKH ,78�56:RUNLQJ 3DUW\ ��%PHHWLQJV LQ
2FWREHU ����� ,W ZDV FRQFOXGHG IURP WKHPHDVXUH�
PHQWV WKDW� DW OHDVW XQGHU VRPHFRQGLWLRQV� LW LV SRV�
VLEOH WR VSDFH WUDQVPLWWHUV DW GLVWDQFHV XS WR �� NP
LQ D V\QFKURQL]HG 6)1 RSHUDWLQJ DW /��EDQG HYHQ
ZLWK WKH JXDUG LQWHUYDO DUHD OLPLWHG WR �� NP�
7KHVH SUHOLPLQDU\ WHVWV LQGLFDWHG WKDW IXUWKHUPHD�
VXUHPHQWV ZHUH UHTXLUHG WR GHWHUPLQH WKH IHDVLELO�
LW\ RI WKLV FRQFHSW IRU DFKLHYLQJ KLJK FRYHUDJH
DYDLODELOLW\ ZLWK QHWZRUN FRQILJXUDWLRQV XVLQJ
PRUH WKDQ WZR WUDQVPLWWHUV�

7KH WUDQVPLWWLQJ SDUDPHWHUV IRU 7RURQWR ZHUH DQ
(53RI ��N:� ���PHWHUV DERYHJURXQG OHYHO �&1
7RZHU� ZKLOH WKRVH IRU %DUULH �ORFDWHG DOPRVW GXH
1RUWK� ZHUH DQ (53 RI � N:� ��� PHWHUV DERYH
JURXQG OHYHO� 6LPLODUO\ WR WKH UHVXOWV REWDLQHG LQ
WKH 'HFHPEHU ���� 7RURQWR WULDOV XVLQJ D VLQJOH
WUDQVPLWWHU ZLWK D ORZHU (53� WKH PHDVXUHG FRYHU�
DJH DURXQG 7RURQWR �QRUWKHUQ DUF� ZLWK WKH 6)1�
ZDV FRQWLQXRXV �FORVH WR ��� ORFDWLRQV� XS WR
DSSUR[LPDWHO\ �� NP EXW H[WHQGHG IDUWKHU LQ FHU�
WDLQ GLUHFWLRQV� ,W ZDV JHQHUDOO\ WHUUDLQ OLPLWHG�
(YHQ LQ WKH GHQVHO\��EXLOW KLJK��ULVH FLW\ FHQWUH
FKDUDFWHUL]HGE\KHDY\ VKDGRZLQJDQG VWURQJPXO�
WLSDWK� WKH UHFHSWLRQ ZDV YLUWXDOO\ SHUIHFW�

7KH PHDVXUHG FRYHUDJH LQ WKH GLIILFXOW WHUUDLQ
VRXWK RI WKH %DUULH WUDQVPLWWHU ZDV HVWLPDWHG WR EH
JRRG LQ ��� WR ��� ORFDWLRQV� ZLWK WKH H[FHSWLRQ
RI RQH DUHD� DQG H[WHQGHG XS WR �� NP DQGPRUH LQ
VRPH GLUHFWLRQV� $JDLQ� WHUUDLQ VHHPHG WR EH WKH
OLPLWLQJ IDFWRU�

,Q VRPH DUHDV LQWHUPLWWHQW UHFHSWLRQ ZDV IRXQG
ZKHUH UHFHLYHG ILHOG VWUHQJWKV ZHUH EHORZ WKUHVK�
ROG GXH WR WHUUDLQ VKDGRZLQJ� DQG�RU VLJQDOV DU�
ULYHG RXWVLGH WKH V\VWHP JXDUG LQWHUYDO� ,Q PRVW
FDVHV WKHVH RXWDJHV FRXOG EH UHVROYHG E\ HPSOR\�
LQJ RQH RU PRUH RI WKH IROORZLQJ PHDVXUHV�

�� 8VH RI WUDQVPLWWLQJ VSDFH GLYHUVLW\ZKLFK FRXOG
EH SURYLGHG E\ DGMDFHQW WUDQVPLWWHUV ORFDWHG WR
WKH (DVW DQG :HVW� FRQILJXUHG DV D ZLGH DUHD
PXOWL��WUDQVPLWWHU 6)1�

�� 8VH RI D ORQJHU JXDUG LQWHUYDO ORQJHU WKDQ WKDW
RI 0RGH ,,,�

�� ,QFUHDVHG (53 RU DQWHQQD KHLJKW DW %DUULH RU
7RURQWR�

�� 8VH RI JDS��ILOOHUV LQ DIIHFWHG DUHDV�

,WZDV FRQFOXGHG DOVR WKDW WKHPDMRULW\ RI UHFHSWLRQ
SUREOHPVGXH VSHFLILFDOO\ WRRXW��RI��JXDUG LQWHUYDO
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3DUDPHWHU 0RXQW 5R\DO 5LJDXG /DF (FKR

&RRUGLQDWHV ORQJ �GHJ� PLQ� VHF�
ODW

7UDQVPLW IUHTXHQF\ �YHUWLFDO SRODUL]DWLRQ� �0+]�

*URXQG KHLJKW D�V�O� �P�

$QWHQQD KHLJKW D�J�O� �P�

$QWHQQD EHDPZLGWK KRUL]RQWDO �( SODQH� �GHJ��
YHUWLFDO �+ SODQH� �GHJ��

%HDP WLOW �GHJ��

$QWHQQD W\SH �7LOWHN�

$QWHQQD JDLQ �G%G�

7UDQVPLWWHU PDQXIDFWXUHU

7UDQVPLWWHU RXWSXW SRZHU �:�

7UDQVPLVVLRQ OLQH ORVV �G%�

(53 �:�
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LQWHUIHUHQFH FRXOG EH FRUUHFWHGZLWK D ODUJHU JXDUG
LQWHUYDO �OLNH 0RGH ,, RU ORQJHU�� $OVR� LQ VRPH
LQVWDQFHV UHFHSWLRQ FRXOG EH LPSURYHG E\ XVLQJ D
EHWWHU V\QFKURQL]DWLRQ VWUDWHJ\ LQ WKH '5% UHFHLY�
HU�

������ 7KUHH��VLWH IDFLOLW\

,Q -DQXDU\ ����� D WKUHH��VLWH '5% H[SHULPHQWDO
QHWZRUN ZDV HVWDEOLVKHG LQ WKH 0RQWUHDO UHJLRQ�
7KH IDFLOLW\ FRQVLVWV RI WKUHH WUDQVPLWWLQJ LQVWDOOD�
WLRQV HVWDEOLVKHG DW H[LVWLQJ UDGLRFRPPXQLFDWLRQ
VLWHV RQ 0RXQW��5R\DO LQ 0RQWUHDO� LQ 5LJDXG DQG
/DF(FKR�4XqEHF� 7KH WKUHH VLWHV IRUP DQ DSSUR[�
LPDWH HTXLODWHUDO WULDQJOH ZLWK WUDQVPLWWHU VSDFLQJ
RI �� NP�

,Q OLQH ZLWK WKH &DQDGLDQ '5% VHUYLFH REMHFWLYHV�
WKH IDFLOLWLHV ZHUH GHVLJQHG WR FRYHU� LQ SDUW�
DSSUR[LPDWHO\ WKH VDPH DUHD DV H[LVWLQJ KLJK��
SRZHU )0 UDGLR VWDWLRQV LQ 0RQWUHDO� 7KH WUDQV�
PLWWHU VSDFLQJ RI �� NP ZDV FKRVHQ EHFDXVH LW LV
FRQVLGHUHG WR EH UHSUHVHQWDWLYH RI IXWXUH'5%QHW�
ZRUNV� '5% FRYHUDJH WULDOV LQ WKH 9+) DQG 8+)
UDQJH KDYH VKRZQ WKDW� LQ JHQHUDO� LW ZLOO EH GLIIL�
FXOW WR DFKLHYH ��� WR ��� VHUYLFH DYDLODELOLW\
ZLWK WUDQVPLWWHU VSDFLQJ JUHDWHU WKDQ ������ NP�

7KH VWDWLRQ SDUDPHWHUV LQ WKH 6)1 FRQILJXUDWLRQ
DUH VKRZQ LQ 7DEOH ��

7KH '5% HTXLSPHQW XWLOL]HG LV �UG��JHQHUDWLRQ
(XUHND ����'$% KDUGZDUH� 7KH WULDOV DUH EHLQJ
FDUULHG RXW XVLQJ SULQFLSDOO\ 0RGH ,, SDUDPHWHUV�
DOWKRXJK 0RGH ,,, LV DOVR EHLQJ H[SHULPHQWHG
ZLWK� 7KH WKUHH 6)1 FR��FKDQQHO WUDQVPLWWHUV DUH
IHG E\ D VHFRQGDU\ GLVWULEXWLRQ QHWZRUN ZLWK WKH
VLJQDOV GHOD\HG DSSURSULDWHO\ VR WKDW DOO WUDQVPLW�

WHUV DUH EURDGFDVWLQJ WKH VDPH VLJQDO LQ WLPH V\Q�
FKURQLVP�

7KH WKUHH��VLWH IDFLOLW\ LV FRQYHUWLEOH IURP D V\Q�
FKURQL]HG 6)1 WR D FRYHUDJH H[WHQVLRQ QHWZRUN�
7HVWV ZLOO EH SHUIRUPHG XVLQJ ERWK FRQILJXUDWLRQV�
,Q WKH FRYHUDJH H[WHQVLRQ WULDOV� WKH 5LJDXG DQG
/DF (FKR WUDQVPLWWHUV ZLOO EH IHG RII��DLU IURP WKH
0RXQW��5R\DO VWDWLRQ DQG ZLOO EH UHEURDGFDVWLQJ
WKH VLJQDO RQ WKH VDPH IUHTXHQF\� 7KH WUDQVPLWWLQJ
DQWHQQDV DW 5LJDXG DQG /DF (FKR ZLOO EH FKDQJHG
WR GLUHFWLRQDO W\SH DQG UH��RULHQWHG DZD\ IURP WKH
PDLQ WUDQVPLWWHU� +LJKO\ GLUHFWLRQDO UHFHLYLQJ DQ�
WHQQDV ZLOO DOVR EH LQVWDOOHG DW WKHVH VLWHV�

8VLQJ ERWK WKH 6)1 DQG WKH FRYHUDJH H[WHQVLRQ
FRQILJXUDWLRQV ZLOO DOORZ�

�� WKH FRYHUDJH H[WHQVLRQ WR WKH ZHVW WR DSSUR[L�
PDWH WKDW DYDLODEOH IURP D ODUJH )0 VWDWLRQ DQG
SHUPLW D FRPSDULVRQ EHWZHHQ/��EDQG'5%DQG
9+)�)0 FRYHUDJH DQG FRVW�

�� FRYHUDJH RYHUODS RI WKH WKUHH WUDQVPLWWHUV WR
DFKLHYH ��� WR ��� DYDLODELOLW\ DQG SHUPLW
HYDOXDWLRQ RI WKH HIIHFWLYHQHVV RI XVLQJ FR��
FKDQQHO WUDQVPLWWLQJ VSDFH GLYHUVLW\�

�� DSSURSULDWH WUDQVPLWWHU VSDFLQJ WR HYDOXDWH
JXDUG LQWHUYDO FRQVWUDLQWV �L�H� �� NV �0RGH ,,�
DQG �� NV �0RGH ,,,� ZLWK (XUHND ��� �UG��JHQ�
HUDWLRQ '5% HTXLSPHQW��

�� WKH RSSRUWXQLW\ WR HYDOXDWH DQG FRPSDUH H[LVW�
LQJ )0 WHFKQRORJ\ ZLWK WKH KDUGZDUH DQG WKH
HFRQRPLFV RI XVLQJ /��EDQG IRU '5%� $OVR� LW
DOORZV HYDOXDWLRQ RI WKH PHULWV RI XVLQJ FRYHU�
DJH H[WHQGHUV LQ OLHX RI 6)1V IRU DFKLHYLQJFRY�
HUDJH�

,Q DGGLWLRQ� DV SDUW RI WKH SURMHFW� PRQLWRULQJ VWD�
WLRQV ZHUH HVWDEOLVKHG LQ VWUDWHJLF ORFDWLRQV LQ RU�

7DEOH �
&KDUDFWHULVWLFV
RI WKH VWDWLRQV LQ
WKH 6)1�



��(%8 7HFKQLFDO 5HYLHZ :LQWHU ����
&KRXLQDUG HW DO�

GHU WR PRQLWRU DQG SHULRGLFDOO\ YHULI\ WKH SHUIRU�
PDQFH RI WKH WKUHH��VLWH 6)1� DV ZHOO DV WRPHDVXUH
WKH VKRUW DQG ORQJ WHUP IDGLQJ RI WKH '5% VLJQDO
DW YDULRXV GLVWDQFHV� LQVLGH WKH FRYHUDJH DUHD� DW
WKH HGJH RI FRYHUDJH DUHD DQG RYHU WKH KRUL]RQ�
7KH ODWWHU GDWD ZLOO KHOS WR HVWDEOLVK LQWUD��VHUYLFH
LQWHUIHUHQFH FULWHULD �L�H� IUHTXHQF\ UH��XVH VHSDUD�
WLRQ GLVWDQFHV� DQG FRRUGLQDWLRQ SURFHGXUHV ZLWK
V\VWHPV RI WKH )L[HG 6HUYLFH� :LWK WKH DGGLWLRQ RI
WZR RWKHU '5% WUDQVPLWWHUV WR WKH WKUHH��WUDQVPLW�
WHU 6)1� LQ WKH ZHVW DQG LQ WKH QRUWK��HDVW� LW ZRXOG
EH SRVVLEOH WR GXSOLFDWH FRPSOHWHO\ WKH FRYHUDJH
RI WKH H[LVWLQJ KLJK��SRZHU )0 UDGLR VWDWLRQ� $ GL�
UHFW FRPSDULVRQ FRXOG WKHQ EH PDGH EHWZHHQ D
ILYH��VLWH '5% 6)1 IDFLOLW\ WUDQVPLWWLQJ � WR � VWH�
UHRSKRQLF &'��TXDOLW\ SURJUDPPHV ZLWK D VHUYLFH
DYDLODELOLW\ RI �� WR ��� XVLQJ (53V LQ WKH � N:
UDQJH� YHUVXV D ��� N: VLQJOH��VLWH )0 WUDQVPLWWHU
EURDGFDVWLQJ RQO\ RQH VWHUHR SURJUDPPH ZLWK D
)0 UDGLR DXGLR TXDOLW\ DQG DQ DYDLODELOLW\ RI
����� �����

0HDVXUHPHQWV WR VWXG\ DQG GRFXPHQW WKH RSHUD�
WLRQ DQG SHUIRUPDQFH RI WKH WZR QHWZRUN FRQILJX�
UDWLRQV DUH EHLQJ FDUULHG RXW� 7KH DUHD DURXQG DQG
EHWZHHQ WKH WKUHH WUDQVPLWWHUV LV VXUYH\HG DQG UH�
FHLYHU VRXQG GHFRGLQJ LV PRQLWRUHG WRJHWKHU ZLWK
UHFHLYHG SRZHU� ELW��HUURU UDWH� FKDQQHO LPSXOVH UH�
VSRQVH DQG ILHOG VWUHQJWK�

7KH PHDVXUHPHQW SURJUDPPH LV SODQQHG LQ IRXU
SKDVHV�

�� 6)1 WHVWLQJ DQG RSWLPL]DWLRQ�

�� V\QFKURQL]HG 6)1H[SHULPHQWDWLRQ DQG SHUIRU�
PDQFH DVVHVVPHQW�

�� FRYHUDJH H[WHQVLRQ� FRYHUDJH VKDSLQJ DQGJDS��
ILOOLQJ H[SHULPHQWDWLRQ�

�� PXOWLSOH IUHTXHQF\ QHWZRUN H[SHULPHQWDWLRQ�

,Q WKH ILUVW SKDVH RI WKH PHDVXUHPHQW SURJUDPPH�
UHODWLYH GHOD\V� YHUWLFDO EHDP WLOW DQG (53V KDYH
EHHQ RSWLPL]HG WR PD[LPL]H WKH RYHUDOO FRYHUDJH
DQG PLQLPL]H WKH JDSV FDXVHG E\ WHUUDLQ VKDGRZ�
LQJ DQG E\ LQWHU��WUDQVPLWWHU LQWHUIHUHQFH GXH WR
VLJQDOV DUULYLQJ RXWVLGH WKH JXDUG LQWHUYDO RI WKH
V\VWHP�

,Q WKH VHFRQG SKDVH� WKH REMHFWLYH LV WR GHOLQHDWH
WKH FRYHUDJH REWDLQHGZLWK WKH 6)1DQG LGHQWLI\ DV
ZHOO DV DWWHPSW WR UHODWH WKH FRYHUDJH JDSV WR UH�
FHLYHGSRZHU� FKDQQHO LPSXOVH UHVSRQVH� DQGRWKHU
IDFWRUV DIIHFWLQJ WKH ELW��HUURU UDWH VXFK DV SKDVH
QRLVH� LQWHUPRGXODWLRQ� LQWHUIHUHQFH� HWF� 6HYHUDO
HOHPHQWV FRQWULEXWH WR GHFUHDVH WKH &�1�, EHORZ
WKH UHFHLYHU WKUHVKROG� DQG WKHLU LQWHUDFWLRQ QHHGV
WR EH VWXGLHG�

,Q WKH WKLUG SKDVH� WKH 6)1 OLQNV DUH GLVFRQQHFWHG
DQG WKH FRQFHSW RI RQ��FKDQQHO UH��WUDQVPLWWHUV
VHUYLQJ DV FRYHUDJH H[WHQGHUV�VKDSHUV RU JDS��ILOO�
HUV LV VWXGLHG�0HDVXUHPHQWV WR HYDOXDWH WKH H[WHQW
WR ZKLFK WKLV FRQFHSW FDQ EH XVHG DUH SHUIRUPHG�

$W WKH WLPH RI ZULWLQJ WKLV DUWLFOH� WKH SURMHFW ZDV
RQO\ LQ WKH VHFRQG SKDVH DQG WKH UHVXOWV RQ WKH SHU�
IRUPDQFHRI WKH6)1�FXUUHQWO\EHLQJSUHSDUHG� DUH
YHU\ HQFRXUDJLQJ SDUWLFXODUO\ ZLWK UHVSHFW WR FRQ�
IRUPLW\ ZLWK SUHGLFWHG FRYHUDJH�

,W LV H[SHFWHG WKDW WKH IRUWKFRPLQJ PHDVXUHPHQWV
ZLOO VKRZ KRZ WKH YDULRXV WUDQVPLWWHU QHWZRUN DU�
FKLWHFWXUHV IRU WHUUHVWULDO '5% LQ WKH ���� ������
0+] UDQJH FDQ EH XVHG WRPHHW WKH &DQDGLDQ'5%
VHUYLFH DQG FRYHUDJH UHTXLUHPHQWV�

�� 3ODQQLQJ IRU '5%
LPSOHPHQWDWLRQ LQ FDQDGD

7KH XOWLPDWH JRDO LV WR LPSOHPHQW D GRPHVWLF
PL[HG VDWHOOLWH�WHUUHVWULDO '5% VHUYLFH IRU &DQDGD
ZKLFKZLOOPHHW D QXPEHU RI REMHFWLYHV� 7KHPDMRU
REMHFWLYHV IRU WKH QHZ VHUYLFH� PDQ\ RI ZKLFK
ZHUH GHOLQHDWHG E\ WKH 7DVN )RUFH RQ WKH LQWURGXF�
WLRQ RI 'LJLWDO 5DGLR DV JXLGLQJ SULQFLSOHV� DUH GH�
VFULEHG LQ 6HFWLRQ ����

3ULRU WR LPSOHPHQWLQJ WKH VHUYLFH LW LV QHFHVVDU\ WR
GHYHORS D QDWLRQDO DOORWPHQW SODQ WR SURYLGH DQ RU�
GHUO\ LPSOHPHQWDWLRQZKLFKZLOOPHHW WKHVHREMHF�
WLYHV WR WKH H[WHQW WKDW VSHFWUXP SHUPLWV� 7KH WHU�
UHVWULDO '5% DOORWPHQW SODQ ZLOO FRQWDLQ DV D
PLQLPXP D OLVW RI WKH '5% QHWZRUNV VSHFLI\LQJ
IRU HDFK QHWZRUN�

�� 7KH '5% VHUYLFH DUHD GHILQLQJ WKH OLFHQVHG
FRYHUDJH DUHD IRU WKH '5% QHWZRUN�

�� 7KH OLVWLQJ RI WKH $0 DQG )0 VWDWLRQV DVVLJQHG
WR HDFK '5% VHUYLFH DUHD RU QHWZRUN �L�H� VWD�
WLRQ JURXSLQJ�� 7KLV ZLOO LQFOXGH D PHULW IDFWRU
LQGLFDWLQJ KRZ ZHOO WKH '5% QHWZRUN GXSOL�
FDWHV HDFK RI WKH $0 DQG )0 VWDWLRQ FRYHUDJHV
IRUPLQJ WKH JURXS�

�� )UHTXHQF\ UHXVH FRQWRXU IRU '5% QHWZRUN�
7KLV FRQWRXU LQGLFDWHV WKH PLQLPXP GLVWDQFH
WKDW DQRWKHU FR��FKDQQHO '5% VHUYLFH DUHD FDQ
EH ORFDWHGZLWKRXW UHVXOWLQJ LQ XQDFFHSWDEOH LQ�
WHUIHUHQFH�

�� $ IUHTXHQF\ DVVLJQPHQW WR HDFK '5% QHWZRUN
WDNLQJ LQWR DFFRXQW D IXWXUH VDWHOOLWH FRPSRQHQW
DQG PLQLPL]LQJ WKH LPSDFW RQ H[LVWLQJ IL[HG
V\VWHPV RSHUDWLQJ ZLWKLQ WKH EDQG�
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7KHUH DUH WKUHH GLVWLQFW VWHSV WKDW FDQ EH LGHQWLILHG
LQ GHYHORSPHQW RI D WHUUHVWULDO '5% �7��'5%� DO�
ORWPHQW SODQ� 7KHVH DUH�

�� *URXSLQJ RI VWDWLRQV DQG LGHQWLILFDWLRQ RI FRY�
HUDJH UHTXLUHPHQWV�

�� ,GHQWLILFDWLRQ RI NH\ '5% QHWZRUN SDUDPHWHUV
WKDW LPSDFW RQ WKH VSHFWUXP XVDJH DQG V\VWHP
LPSOHPHQWDWLRQ�

�� 3ULRULWL]LQJ DQG DVVLJQLQJ IUHTXHQFLHV WR WKH
QHWZRUNV�

7KHVH VWHSV DUH GLVFXVVHG LQ WKH IROORZLQJ VHF�
WLRQV�

���� '5% FRYHUDJH SODQQLQJ

7HUUHVWULDO'5% LQ&DQDGD LV EHLQJ SODQQHG DV D UH�
SODFHPHQW IRU WKH $0 DQG )0 UDGLR VHUYLFHV�
+HQFH LPSRUWDQW REMHFWLYHV WKDW KDYH EHHQ LGHQWL�
ILHG LQ GHYHORSLQJ DQ DOORWPHQW SODQ DUH WKDW LW EH
FDSDEOH RI SURYLGLQJ H[LVWLQJ$0DQG )0 VWDWLRQV
ZLWK D '5% FKDQQHO DQG WKDW WKH '5% FRYHUDJH
DUHD GXSOLFDWH DV FORVHO\ DV SRVVLEOH WKH GHILQHG
FRYHUDJH DUHD RI WKH DQDORJXH VHUYLFH LW LV LQWHQGHG
WR UHSODFH� 7KH GLIILFXOW\ LQ IXOO\ PHHWLQJ WKLV GX�
SOLFDWLRQ REMHFWLYH UHVXOWV IURP WKH QHHG WR JURXS
D QXPEHU RI DQDORJXH VWDWLRQV WR IRUP D VLQJOH
'5% VWDWLRQ RU QHWZRUN LQ RUGHU WR REWDLQ JRRG
VSHFWUXPHIILFLHQF\ DQGPLQLPL]H WKH FRVW RI'5%

LPSOHPHQWDWLRQ� 3ODQQLQJ LV EDVHG RQ WKH DVVXPS�
WLRQ WKDW XS WR ILYH DQDORJXH VWDWLRQV FDQ EH DFFRP�
PRGDWHG ZLWKLQ RQH '5% VWDWLRQ RU QHWZRUN� 7KLV
FRQVLGHUDWLRQ� FRXSOHG ZLWK WKH ODUJH YDULDQFH LQ
WKH VL]H DQG VKDSH RI $0 DQG )0 FRYHUDJH DUHDV
VHUYLQJ D JLYHQ UHJLRQ RU PDUNHW DUHD� PDNHV
JURXSLQJ RI VWDWLRQV WKDW DFKLHYHV ERWK JRRG VSHF�
WUXP HIILFLHQF\ DQG FRYHUDJH GXSOLFDWLRQ YHU\ GLI�
ILFXOW�

7KH 7DVN )RUFH RQ WKH LQWURGXFWLRQ RI 'LJLWDO 5D�
GLR HVWDEOLVKHG D VHW RI JXLGLQJ SULQFLSOHV IRU GH�
YHORSLQJ '5% VHUYLFH DUHDV IRU )0 DQG $0 UH�
SODFHPHQW� ,Q VXPPDU\ WKHVH SULQFLSOHV VWDWH WKDW
'5% FRYHUDJH SODQQLQJ IRU $0 DQG )0 VWDWLRQV
VKRXOG EH EDVHG RQ SHUPLWWLQJ�

�� 7KH UHSODFHPHQW RI WKH ODUJHVW FRYHUDJH )0
VWDWLRQ VHUYLQJ WKH FRPPXQLW\ RU PDUNHW DUHD�
'5% FRYHUDJH UHSODFHPHQW RI ZLGH DUHD $0
VWDWLRQV VHUYLQJ WKH VDPH DUHD ZRXOG EH UH�
VWULFWHG LQLWLDOO\ WR WKH HTXLYDOHQW WR WKH KLJKHVW
FODVV RU HTXLYDOHQWO\� ODUJHVW FRYHUDJH )0 VWD�
WLRQ VHUYLQJ WKH DUHD�

�� 6PDOOHU FRYHUDJH $0 DQG )0 VWDWLRQV ZLWKLQ
WKH DUHD WR UHWDLQ WKHLU SUHVHQW FRYHUDJH DUHD
ZLWK WKH SRWHQWLDO WR H[SDQG WR WKH ODUJHVW FRYHU�

� �� �� NP

6WDWLRQ )������� FRQWRXU
6WDWLRQ SUHGLFWHG FRQWRXU �� 5�������
6WDWLRQ )5������� FRQWRXU

� �� �� NP

'5% VHUYLFH DUHD
)0 VWDWLRQ $
)0 VWDWLRQ % )5������� FRQWRXUV
)0 VWDWLRQ &

)LJXUH �
*HQHUDWLRQ RI WKH
)5������� FRQWRXU�

)LJXUH �
([DPSOH RI VWDWLRQ
JURXSLQJ�
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DJH GHILQHG IRU WKH DUHD �L�H� KLJKHVW FODVV )0
VWDWLRQ��

�� 3RVVLEOH IXWXUH H[WHQVLRQ RI WKH '5% FRYHUDJH
WR LQFOXGH VHUYLFH WR DXGLHQFHV WKDW H[LVW EH\RQG
WKH SURWHFWHG FRQWRXU LQ WKH FDVH RI )0VWDWLRQV�
RU EH\RQG WKH SURWHFWHG FRQWRXU RI WKH KLJKHVW
FODVV )0 VWDWLRQ IRU WKH FDVH RI $0 VWDWLRQV�

)LJ� � LOOXVWUDWHV WKH SURFHGXUH XVHG IRU GHILQLQJ
WKH UHDOLVWLF FRYHUDJH DUHD IRU )0 VWDWLRQV� 7KH
VROLG UHG FRQWRXU GHSLFWV WKH OLFHQVHG FRYHUDJH
FRQWRXU IRU WKH VWDWLRQ ZKLFK LV GHILQHG DV WKH
��� N9�P ILHOG��VWUHQJWK FRQWRXU DV GHILQHG E\ WKH
)������� SURSDJDWLRQ FXUYHV �L�H� ILHOG��VWUHQJWK
H[FHHGHG IRU ��� RI ORFDWLRQV DQG ��� RI WKH
WLPH�� 7KH VROLG EOXH FRQWRXU GHQRWHV WKH UHDOLVWLF
��� N9�P FRQWRXU IRU ��� RI ORFDWLRQV DQG ���
RI WKH WLPH� GHQRWHG DV 5�������� 7KH 5�������
FRQWRXU LV GHULYHG XVLQJ WKH FRPSXWHUL]HG SURSD�
JDWLRQ PRGHO 35(',&7 DV GHILQHG HDUOLHU� 35(�
',&7 XVHV WKH DFWXDO VWDWLRQ HPLVVLRQ SDUDPHWHUV
DV ZHOO DV GHWDLOHG WHUUDLQ HOHYDWLRQ GDWD LQFOXGLQJ
JURXQG FOXWWHU LQ GHWHUPLQLQJ WKH UHDOLVWLF VHUYLFH
FRQWRXU� KHQFH LQ YHU\ LUUHJXODU WHUUDLQ WKH
5������� FRQWRXU FDQ GLIIHU FRQVLGHUDEO\ IURP WKH
VWDWLRQ·V OLFHQVHG )������� DV LOOXVWUDWHG LQ )LJ� ��
)LQDOO\� WKH EODFN KHUULQJ ERQH FRQWRXU GHILQHV WKH
UHDOLVWLF FRYHUDJH FRQWRXU� )5�������� IRU WKH )0
VWDWLRQZKLFK WKH'5% VHUYLFH DUHD DWWHPSWV WR GX�
SOLFDWH� 7KH )5������� FRQWRXU LV VLPSO\ WKH FRP�
PRQ DUHD GHILQHG E\ WKH OLFHQVHG FRYHUDJH FRQ�
WRXU� )������� DQG WKH UHDOLVWLF FRQWRXU� 5��������

)RU WKH $0 FDVH WKH VWDWLRQ FRYHUDJH WR EH GXSOL�
FDWHG LV QRUPDOO\ EDVHG RQ WKH ��� N9�P GD\WLPH
FRQWRXU EXW OLPLWHG WR WKH ODUJHVW )0 VWDWLRQ VHUY�
LQJ WKH VDPH PDUNHW� ZKLFK HYHU LV WKH VPDOOHVW�
7KH ODWWHU FRQGLWLRQ LV YHU\ FULWLFDO DV WKH GD\WLPH
��� N9�P FRQWRXU RI KLJK��SRZHU �&ODVV $� $0
VWDWLRQV FDQ JUHDWO\ H[FHHG WKH ODUJHVW )0 FRYHU�
DJH�

7KH JURXSLQJ RI VWDWLRQV WR IRUP D '5% VHUYLFH
DUHD FRQVLVWV RI FRPELQLQJ XS WR ILYH )0 VWDWLRQ
)5������� DQG $0 VWDWLRQ FRYHUDJH VHUYLQJ D
FRPPRQ DUHD LQ DPDQQHU WKDWPD[LPL]HV GXSOLFD�
WLRQ RI FRYHUDJH� 7KH FRYHUDJH GXSOLFDWLRQ LVPHD�
VXUHG E\ D PHULW IDFWRU IRU HDFK DQDORJXH VWDWLRQ
IRUPLQJ WKH JURXS� 7KH DUHD DQG SRSXODWLRQ PHULW
IDFWRUV LQGLFDWH KRZZHOO WKH'5% VHUYLFH DUHD GX�
SOLFDWHV HDFK VWDWLRQ IRUPLQJ WKH JURXS LQ DUHD DQG
DXGLHQFH FRYHUHG UHVSHFWLYHO\� $ PHULW IDFWRU RI
´RQHµ LQGLFDWHV ���� GXSOLFDWLRQ� 7KH REMHFWLYH
LQ JURXSLQJ VWDWLRQV LV WR PD[LPL]H WKH QXPEHU RI
VWDWLRQV IRUPLQJ D '5% VHUYLFH DUHD WR SURYLGH
VSHFWUXPHIILFLHQF\DQGPLQLPL]H LPSOHPHQWDWLRQ
FRVWV WR HDFKEURDGFDVWHUZKLOH DFKLHYLQJJRRGGX�

SOLFDWLRQRI FRYHUDJH �L�H� KLJKPHULW IDFWRU��)LJ� �
VKRZVDQH[DPSOHRIJURXSLQJRI WKUHH)0VWDWLRQV
WKDW KDYH VLPLODU )5������� FRYHUDJH WR IRUP D
'5% VHUYLFH DUHD� 7KH '5% VHUYLFH DUHD� GHQRWHG
E\ WKH KHUULQJ ERQH FRQWRXU� LV WKH HQYHORSH
IRUPHG E\ WKH HQYHORSH RI WKH WKUHH VWDWLRQ
)5������� FRYHUDJH FRQWRXUV�

���� '5% QHWZRUN V\QWKHVLV DQG
GHWHUPLQDWLRQ RI IUHTXHQF\
UHXVH FRQWRXU

2QFH WKH '5% VHUYLFH DUHDV DUH GHILQHG� WKH QH[W
VWHS FRQVLVWV RI V\QWKHVL]LQJ D '5% QHWZRUN DW /��
EDQG WR SURYLGH WKH UHDOLVWLF FRYHUDJH RI WKH '5%
VHUYLFH DUHD� $ VRIWZDUH SURJUDP '5%3/$1�
&29� GLVFXVVHG LQ 6HFWLRQ ����� LV XVHG WR JHQHUDWH
WKH QHWZRUN FRYHUDJH� 7KH VRIWZDUH XWLOL]HV WKH
35(',&7 SURSDJDWLRQ PRGHO DQG WHUUDLQ HOHYD�
WLRQ GDWD DQG VLPXODWHV WKH '$% �&2)'0� V\V�
WHP WR JHQHUDWH UHDOLVWLF FRYHUDJH FRPSULVLQJ
VLQJOH WUDQVPLWWHUV� DXJPHQWHG E\ JDS ILOOHUV DQG

)LJXUH �
([DPSOH V\QWKHVLV RI

'5% FRYHUDJH�

� �� ��� NP

'5% VHUYLFH DUHD
'5% 6)1 FRYHUDJH
'5% QHWZRUN IUHTXHQF\ UH��XVH FRQWRXU
'5% WUDQVPLWWHU VLWHV
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&K� � &K� � &K� � &K� � &K� ��

/��EDQG FKDQQHO ZLGWK� �� 0+]

'5% RFFXSLHG
FKDQQHO� ���� N+]

(GJH RI VSHFWUXP DOORFDWLRQ
JXDUG EDQG� ��� N+]

'5% DGMDFHQW��FKDQQHO
JXDUG EDQG� ��� N+]

FRYHUDJH H[WHQGHUV DV UHTXLUHGRU 6)1VGHSHQGLQJ
RQ WKH VL]H RI WKH VHUYLFH DUHD� 1HWZRUNV DUH GH�
VLJQHG WR DFKLHYH ��� ORFDWLRQ DQG WLPH FRYHUDJH�
GHILQHG DV'5������� FRYHUDJH� 2QFH WKH QHWZRUN
SDUDPHWHUV DUH GHWHUPLQHG WKH IUHTXHQF\ UHXVH
FRQWRXU IRU WKH QHWZRUN LV JHQHUDWHG XVLQJ
'5%3/$1&29�7KH IUHTXHQF\ UHXVH FRQWRXU GH�
WHUPLQHV WKH VHSDUDWLRQ UHTXLUHG EHWZHHQ FR��
FKDQQHO '5% QHWZRUNV WR PHHW WKH LQWHU��QHWZRUN
LQWHUIHUHQFH DOORZDQFH VHW WR � G% GHJUDGDWLRQ LQ
WKH QHWZRUN �(E�1R� IRU ��� RU EHWWHU RI ORFDWLRQV
DQG WLPH� 7KH IUHTXHQF\ UHXVH FRQWRXUZLOO EH VSH�
FLILHG LQ WKH DOORWPHQW SODQ IRU HDFK '5% VHUYLFH
DUHD DV WKLV GHILQHV WKH LQWHU��QHWZRUN LQWHUIHUHQFH
FRQVWUDLQWV� %URDGFDVWHUV FDQ XVH YDULRXV DS�
SURDFKHV WR V\QWKHVL]H WKH'5% QHWZRUN FRYHUDJH
KRZHYHU WKH UHVXOWDQW IUHTXHQF\ UHXVH FRQWRXU
PXVW IDOO ZLWKLQ WKH RQH VSHFLILHG LQ WKH DOORWPHQW
SODQ WR LQVXUH WKDW WKH LQWHUIHUHQFH FULWHULD EHWZHHQ
QHWZRUNVZLOO EHPHW�)LJ� � LOOXVWUDWHV WKH V\QWKH�
VLV RI D '5% QHWZRUN IRU WKH '5% VHUYLFH DUHD
GHILQHG LQ )LJ� � VKRZQ DV WKH GDVKHG EOXH FRQ�
WRXU� 7KH VROLG EOXH FRQWRXU VKRZV WKH
'5������� FRYHUDJH �L�H�'5%FRYHUDJH WR���
RI ORFDWLRQV DQG ��� RI WLPH� RI WKH IRXU VLWH
6)1 V\QWKHVL]HG WR GXSOLFDWH WKH '5% VHUYLFH
DUHD� 7KHGRWWHG UHG FRQWRXU UHSUHVHQWV WKH IUH�
TXHQF\ UHXVH FRQWRXU IRU WKH QHWZRUN� ,W UHSUH�
VHQWV WKH VHSDUDWLRQ UHTXLUHG WR DQRWKHU FR���
FKDQQHO '5% FRYHUDJH DUHD VR WKDW WKH

GHJUDGDWLRQ GXH WR LQWHUIHUHQFH IURP WKLV H[�
DPSOH QHWZRUN GRHV QRW H[FHHG � G% IRU ���RI
ORFDWLRQV DQG WLPH�

���� )UHTXHQF\ DVVLJQPHQWV DQG
SULRULWL]DWLRQ

7KH ILQDO VWDJH LQ WKH DOORWPHQW SODQQLQJ SURFHVV LV
WR DVVLJQ IUHTXHQFLHV �L�H� '5% FKDQQHOV� WR WKH
'5% QHWZRUNV� $VVXPLQJ D '5% V\VWHP KDYLQJ
WKH FKDUDFWHULVWLFV RI WKH (XUHND ��� V\VWHP� D
GUDIW FKDQQHOL]DWLRQ SODQ ZDV GHYHORSHG DV VKRZQ
LQ )LJ� �� 7KLV FKDQQHOL]DWLRQ SODQ DFFRPPRGDWHV
�� '5% FKDQQHOV ZLWKLQ WKH �� 0+] RI /��EDQG
VSHFWUXP� $VVLJQPHQW RI '5% FKDQQHOV WR WKH
'5% VHUYLFH DUHDV DUH PDGH DFFRUGLQJ WR HVWDE�
OLVKHG SULRULWLHV DQG VSHFWUXP FRQVWUDLQWV VXFK DV�

�� IUHTXHQF\ UHXVH FRQWRXUV IRU WKH '5% VHUYLFH
DUHDV DV GHILQHG LQ 6HFWLRQ �����

�� DOORZDQFH IRU D IXWXUH VDWHOOLWH'5%FRPSRQHQW
LQ DFFRUGDQFH ZLWK D PL[HG VDWHOOLWH�WHUUHVWULDO
'5% LPSOHPHQWDWLRQ�

�� PLQLPL]LQJ WKH LPSDFW RQ H[LVWLQJ IL[HG VHU�
YLFHV XVLQJ WKH EDQG�

$OVR� LQ FRQJHVWHG DUHDV ZKHUH VSHFWUXP VKRUWDJH
H[LVWV� WKH 7DVN )RUFH RQ 'LJLWDO 5DGLR ,PSOH�
PHQWDWLRQ KDV HVWDEOLVKHGSULRULWL]DWLRQ JXLGHOLQHV
IRU DVVLJQLQJ '5% FKDQQHOV EHWZHHQ H[LVWLQJ WHU�
UHVWULDO VHUYLFHV� XQXVHG WHUUHVWULDO DOORWPHQWV� VDW�
HOOLWH '5%� IXWXUH JURZWK� HWF��

,Q RUGHU WR LPSOHPHQW D IXWXUH VDWHOOLWH '5% FRP�
SRQHQW WR SURYLGH UHJLRQDO DQG QDWLRQDO '5% SUR�
JUDPPLQJ VHUYLFHV LW LV QHFHVVDU\ WR UHVHUYH VDWHO�
OLWH '5% FKDQQHOV ZKHQ WKH WHUUHVWULDO DOORWPHQW
SODQ LV EHLQJ SUHSDUHG� 6LQFH WKH DPRXQW RI LQWHU�
IHUHQFH LQWR WHUUHVWULDO '5% DVVLJQPHQWV IURP VDW�
HOOLWH '5% DVVLJQPHQWV GHSHQGV RQ WKH VHSDUDWLRQ
EHWZHHQ WKH VDWHOOLWH DQG WHUUHVWULDO FR��FKDQQHO
VHUYLFH DUHDV� WKH '5% FKDQQHOV DVVLJQHG WR WKH
VDWHOOLWH VHUYLFH ZLOO QRW EH DYDLODEOH IRU WHUUHVWULDO
XVH LQ FHUWDLQ JHRJUDSKLFDO DUHDV RI WKH FRXQWU\�
)RU H[DPSOH� WKH FULWHULD XVHG WR HVWDEOLVK WKH SULR�
ULWLHV IRU WHUUHVWULDO FKDQQHO DVVLJQPHQWV DUH�
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)UHTXHQF\ RIIVHW IURP FKDQQHO FHQWUH

N+]

)LJXUH �
/��EDQG '5%
FKDQQHO SODQ�

)LJXUH ��
/��EDQG HPLVVLRQ
PDVN�
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�VW SULRULW\
&KDQQHOV QRW XVHG E\ WKH VDWHOOLWH VHUYLFH�

�QG SULRULW\
&KDQQHOV UHVHUYHG IRU VDWHOOLWH WKDW ZLOO UHVXOW LQ �
G% RU OHVV LQWHUIHUHQFH GHJUDGDWLRQ WR WKH WHUUHV�
WULDO VHUYLFH�

�UG SULRULW\
&KDQQHOV UHVHUYHG IRU VDWHOOLWH XVDJH LI WKH WHUUHV�
WULDO VHUYLFH DUHD LV RXWVLGH WKH VDWHOOLWH EHDP IRRW�
SULQW�

,Q WKH LQLWLDO SODQQLQJ SURFHVV DQ DWWHPSW LV EHLQJ
PDGH WR DOORZ IRU WKH DVVLJQPHQW RI WZR '5%
FKDQQHOV SHU VDWHOOLWH EHDP RQ WKH EDVLV GHVFULEHG
DERYH�

,Q&DQDGD WKH ����������0+]EDQG LV XVHG E\ WKH
)L[HG 6HUYLFH WR SURYLGH SRLQW��WR��SRLQW DQG
SRLQW��WR��PXOWLSRLQW �3��03� VXEVFULEHU UDGLR VHU�
YLFHV�:KHQ DVVLJQLQJ IUHTXHQFLHV WR'5% VHUYLFH
DUHDV LW LV LPSRUWDQW WR WDNH LQWR DFFRXQW WR WKH H[�
WHQW SRVVLEOH� H[LVWLQJ IL[HG V\VWHPV WKDW PD\ EH
LQWHUIHUHG ZLWK RU ZKLFK FRXOG FDXVH LQWHUIHUHQFH
LQWR WKH'5%VHUYLFH�$ IL[HG VHUYLFH LV FRQVLGHUHG
DIIHFWHG LI WKH DJJUHJDWH LQWHUIHUHQFH �LQ WKH FDVH
RI PXOWLSOH WUDQVPLWWHUV LQ D '5% QHWZRUN� UH�
GXFHV WKH SDWK IDGH PDUJLQ E\PRUH WKDQ � G% �L�H�
,�1 ��� G%��/LNHZLVH D'5% VHUYLFH DUHD LV FRQVLG�
HUHG DIIHFWHG LI WKH �,�1� ��� G% IRU ��� RI ORFD�
WLRQV DQG ��� RI WKH WLPH� )LJ� �� VKRZV WKH 5)
HPLVVLRQ PDVN DVVXPHG IRU HVWLPDWLQJ WKH '5%
LQWHUIHUHQFH LQWR IL[HG V\VWHP UHFHLYHUV� ,W LV EDVHG
RQ SUHOLPLQDU\ LQIRUPDWLRQ FRQWDLQHG LQ WKH GUDIW
KDQGERRN RQ '5%� $FWXDO IL[HG V\VWHP SDUDPH�
WHUV DUH XVHG LQ GHWHUPLQLQJ WKH OHYHO RI LQWHUIHU�
HQFH DQG WKH SDWK ORVVHV DUH EDVHG RQ 35(',&7
SURSDJDWLRQSURJUDPXVLQJDFWXDO WHUUDLQHOHYDWLRQ
GDWD� :KHQ DVVLJQLQJ IUHTXHQFLHV WR '5% VHUYLFH
DUHDV WKRVH IUHTXHQFLHV WKDW FRXOG FDXVH LQWHUIHU�
HQFH WR�IURP IL[HG V\VWHPV ZLOO EH LGHQWLILHG DQG
DYRLGHG LI SRVVLEOH� ,I VXIILFLHQW LQWHUIHUHQFH��IUHH
'5% IUHTXHQFLHV DUH QRW DYDLODEOH LQ ORFDWLRQV
ZKHUH VHYHUDO FKDQQHOV DUH DOORWWHG� WKRVH FKDQQHOV
ZKLFK FDXVH RU UHVXOW LQ OHDVW LQWHUIHUHQFH ZLOO EH
LPSOHPHQWHG ILUVW� 7KH IDFW WKDW PRVW 3��03 V\V�
WHPV DUH ORFDWHG LQ UXUDO DQG UHPRWH DUHDV ZKLOH
WHUUHVWULDO '5% V\VWHPV DUH H[SHFWHG WR EH LPSOH�
PHQWHG LQLWLDOO\ ZLWKLQ DQG QHDU FLWLHV ZLOO SURE�
DEO\ DOORZ PDQ\ RI WKH H[LVWLQJ IL[HG V\VWHPV WR
FRQWLQXH XVLQJ WKHLU FXUUHQW IUHTXHQFLHV IRU VRPH
WLPH� SHUKDSV LQGHILQLWHO\�

���� '5% SODQQLQJ VRIWZDUH

$V WKH GHYHORSPHQW RI D '5% DOORWPHQW SODQ HQ�
WDLOV LQWHQVLYH FRPSXWDWLRQV DQG PDQLSXODWLRQ RI

ODUJH GDWD EDVHV� D'5%VRIWZDUH SDFNDJH� UHIHUUHG
WR DV ´'5%3/1µ� DORQJ ZLWK PXOWL��WDVNLQJ ZRUN
VWDWLRQV KDV EHHQ GHYHORSHG� WR IRUP D 'LJLWDO 5D�
GLR3ODQQLQJ6\VWHP �'536��)LJ� �� VKRZV WKHDU�
FKLWHFWXUH RI '536 LQFOXGLQJ WKH PDMRU VRIWZDUH
PRGXOHV� GDWDEDVHV DQG LQWHUIDFHV� 7KH V\VWHP
ZDV GHYHORSHG RQ WKH EDVLV RI H[WHQVLYH DSSOLFD�
WLRQ RI JUDSKLFDO XVHU LQWHUIDFHV �*8,V� SHUPLWWLQJ
D KLJK GHJUHH RI XVHU LQWHU��DFWLRQ LQ FDUU\LQJ RXW
WKH YDULRXV VWHSV LQ WKHDOORWPHQW SODQQLQJSURFHVV�

'5%3/1 LV EHLQJ GHYHORSHG WR UXQ RQ D �����3HQ�
WLXP SODWIRUP XQGHU WKH 26�� RSHUDWLQJ V\VWHP�
7KLV ZLOO SURYLGH WKH QHHGHG IOH[LELOLW\ RI PXOWL��
WDVNLQJ RI DSSOLFDWLRQV DQG GLVWULEXWHG PXOWL��SUR�
FHVVLQJ WR ORDG��VKDUH WKH FRPSXWDWLRQ��LQWHQVLYH
HOHPHQWV RI '5%3/1 DPRQJ PXOWLSOH 3HQWLXPV�
LQWHU��FRQQHFWHG E\ D /$1�

������ 0DMRU '5%3/1 PRGXOHV

'5%3/1
7KLV PRGXOH SHUIRUPV WKH V\QWKHVLV RI '5% QHW�
ZRUNV� 7KH RXWSXW FRQVLVWV RI WKH UHDOLVWLF QHWZRUN
FRYHUDJH� QHWZRUN SDUDPHWHUV VXFK DV WUDQVPLWWHU
ORFDWLRQV� DQWHQQD FKDUDFWHULVWLFV DQG WUDQVPLWWHU
(53� ,W DOVR GHWHUPLQHV WKH IUHTXHQF\ UH��XVH FRQ�
WRXU IRU WKH QHWZRUN� ,W FRQVLVWV RI WKH LQWHJUDWLRQ
RI SDUWV RI &5&&29� 35(',&7� &219(57 DQG
XVHU SODQQLQJ HQKDQFHPHQWV� 7KH NH\ HOHPHQW RI
WKLV PRGXOH LV &5&&29� D VRIWZDUH SDFNDJH GH�
YHORSHG DW WKH &RPPXQLFDWLRQV 5HVHDUFK &HQWUH�
&5&&29 V\QWKHVLVHV '5% FRYHUDJH E\ VLPXODW�
LQJ WKH '$% V\VWHP� WDNLQJ LQWR DFFRXQW DFWLYH
HFKRHV IURPPXOWLSOH WUDQVPLWWHUV LQ DFFRUGDQFH WR
WKH '5% V\VWHP RSHUDWLRQDO FKDUDFWHULVWLFV�

0$3,1)2 �:LQGRZV YHUVLRQ�
7KLV LV D FRPPHUFLDO VRIWZDUH SDFNDJH ZKLFK DO�
ORZV WKH JUDSKLFDO GLVSOD\ DQG DQDO\VLV RI JHR��
FRGHG GDWD EDVHV� 7KLV LV WKHPDLQPRGXOH XVHG IRU
GLVSOD\LQJ $0 DQG )0 FRYHUDJH� GHWHUPLQLQJ
FRYHUDJH VWDWLVWLFV� JURXSLQJ RI $0 DQG )0 VWD�
WLRQV WR IRUP'5%VHUYLFH DUHDV� DQG DVVLJQLQJ IUH�
TXHQFLHV WR '5% QHWZRUNV�

35(',&7
7KLV LV WKH SURSDJDWLRQ SUHGLFWLRQ PRGXOH GHYHO�
RSHG E\ WKH &RPPXQLFDWLRQV 5HVHDUFK &HQWUH
XVHG LQ WKH GHWHUPLQDWLRQ RI UHDOLVWLF )0 FRYHUDJH
FRQWRXUV� '5% QHWZRUN V\QWKHVLV �XVLQJ
&5&&29�� '5% QHWZRUN IUHTXHQF\ UH��XVH FRQ�
WRXUV DQG WR HYDOXDWH WKH LPSDFW RQ IL[HG V\VWHPV�
,W SUHGLFWV SDWK ORVVHV EDVHGRQ ���PRU'7(' WHU�
UDLQ HOHYDWLRQ GDWD� 7KH PRGHO HVWLPDWHV VLJQDO
VWUHQJWK RYHU DQ DUHD ZLWK SHUFHQW ORFDWLRQ DQG
WLPH DV LQSXW SDUDPHWHUV�



�� (%8 7HFKQLFDO 5HYLHZ :LQWHU ����
&KRXLQDUG HW DO�

������ '5%3/1 GDWDEDVHV

$V VKRZQ LQ )LJ� ��� '5%3/$1 LQFOXGHV D QXP�
EHU RI GDWD EDVHV UHTXLUHG LQ WKH GHYHORSPHQW RI
WKH SODQ� 7KHVH DUH�

���P DQG '7('
��� PHWUH DQG ��� PHWUH UHVROXWLRQ WHUUDLQ HOHYD�
WLRQ GDWD� UHVSHFWLYHO\� LQFOXGLQJJURXQG FOXWWHU LQ�
IRUPDWLRQ IRU PRVW RI &DQDGD�

7:56
'DWD EDVH FRQWDLQLQJ LQIRUPDWLRQ RQ DOO UHJLVWHUHG
FRPPXQLFDWLRQ DQG EURDGFDVWLQJ WRZHUV LQ
&DQDGD�

$0�)0
'DWDEDVH FRQWDLQLQJ HVVHQWLDO SDUDPHWHUV RI&DQD�
GLDQ $0 DQG )0 EURDGFDVW VWDWLRQV LQFOXGLQJ WKH
JHR��FRGHG FRQWRXUV RI WKHLU OLFHQVHG >)�������@
DQG UHDOLVWLF >5�������@ FRQWRXUV�

'5%B&(//
'DWDEDVH FRQWDLQLQJ WKH HVVHQWLDO SDUDPHWHUV DQG
FRQWRXUV� GHILQLQJ WKH '5% QHWZRUNV�

'5%B&29
)LOH� FRQWDLQLQJ WKH SDUDPHWHUV DQG VHUYLFH FRQ�
WRXUV RI WKH '5% VHUYLFH DUHDV�

'5%B3527
&RQWDLQV WKH SDUDPHWHUV DQG FRQWRXUV RI WKH IUH�
TXHQF\ UH��XVH FRQWRXUV�

'LVWULEXWHG PXOWL��SURFHVLQJ

26�� VKHOO

0XOWL �����3HQWLXP FRPSXWHUV
��� 0E\WH 5$0� � *E\WH KDUG GLVN
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��(%8 7HFKQLFDO 5HYLHZ :LQWHU ����
&KRXLQDUG HW DO�

'5%B6(59
&RQWDLQV WKH SRO\JRQV GHILQLQJ WKH '5% VHUYLFH
DUHDV�

*(2
'DWDEDVH RI &DQDGLDQ JHRJUDSKLFDO LQIRUPDWLRQ
LQFOXGLQJ� FLWLHV� WRZQV� KLJKZD\V� HWF�

&(1686
'DWD EDVH FRQWDLQLQJ WKH ���� &DQDGLDQ SRSXOD�
WLRQ FHQVXV LQ JHR��FRGHG IRUPDW�

1(7:.
'DWDEDVH FRQWDLQLQJ WKH '5% QHWZRUN LQFOXGLQJ
WKH IUHTXHQF\ DVVLJQPHQWV�

),;('
'DWDEDVH FRQWDLQLQJ DOO UHOHYDQW SDUDPHWHUV RI
IL[HG VWDWLRQV FXUUHQWO\ RSHUDWLQJ ZLWKLQ WKH
���������� 0+] EDQG�

'5%6$7
7KLV GDWDEDVH FRQWDLQV WKH EHDP SDUDPHWHUV DQG
DVVRFLDWHG IUHTXHQF\ DVVLJQPHQWV RI WKH '5% VDW�
HOOLWH V\VWHP�

�� )XWXUH ZRUN

1RZWKDWPDQ\RI WKH WHFKQLFDO DQG VSHFWUXPTXHV�
WLRQV DSSHDU WR EH RQ WKHLU ZD\ WR EHLQJ VHWWOHG�
DWWHQWLRQ ZLOO EH GLUHFWLQJ WR RWKHU UHODWHG LVVXHV�
VXFK DV�

�� 3ODQQLQJ WKH UROO��RXW RI WKH QHZ VHUYLFH� 7KLV
ZLOO LQFOXGH ZRUNLQJ ZLWK ,QGXVWU\ &DQDGD WR
GHYHORS D SUDFWLFDO GRPHVWLF DOORWPHQW SODQ� DV
ZHOOZLWK WKH FRQVXPHU HTXLSPHQWPDQXIDFWXU�
HUV WR HQVXUH WKDW DIIRUGDEOH UHFHLYHUV ZLOO IRO�
ORZ TXLFNO\ RQFH WKH '5% VHUYLFH EHJLQV�

�� 'HYHORSLQJ FRVW PRGHOV WR DOORZ EURDGFDVWHUV
WR HVWLPDWH WKH FRQYHUVLRQ FRVWV�

�� 'HWHUPLQLQJ VXLWDEOH RZQHUVKLS PRGHOV� 'LV�
FXVVLRQV ZLOO RFFXU ZLWK WKH UHJXODWRUV WR GHWHU�
PLQH DFFHSWDEOH PRGHOV IRU OLFHQVLQJ DQG RZQ�
HUVKLS RI WKH PXOWL��SURJUDP WUDQVPLWWHUV WKDW
DUH DQ LQWHJUDO SDUW RI '5%�

�� 3URPRWLQJ DX[LOLDU\ GDWD VHUYLFHV� %URDGFDVW�
HUVZLOO QHHG WR SURPRWH DQG VHOO WKHLU VSDUH GDWD
FDSDFLW\� DV D PHDQV RI SURYLGLQJ QHHGHG UHYH�
QXH GXULQJ WKH HDUO\ GD\V RI'5%�ZKHQ UHFHLY�
HU RZQHUVKLS E\ WKH JHQHUDO SXEOLF LV VWLOO ORZ�

:LWK UHVSHFW WR UHFHLYHU IURQW HQG DUFKLWHFWXUH VXLW�
DEOH IRU WKH PL[HG FRQFHSW� UHVHDUFK ZRUN VR IDU
KDV EHHQ HQFRXUDJLQJ� )XUWKHU ZRUN LV QHHGHG WR
WHVW ZLWK &2)'0 VLJQDOV DQG WR SURGXFH SURWR�
W\SHV DW UHDVRQDEOH FRVW DQG VL]H LQ RUGHU WR PDNH
LW D FRQVXPHU SURGXFW�

,Q WKH DUHD RI ILHOG WULDOV� IXUWKHU VWXGLHV DUH UH�
TXLUHG ZLWK UHVSHFW WR WKH IROORZLQJ�

�� RSWLPL]DWLRQ RI WUDQVPLWWLQJ (53�DQWHQQD
KHLJKW DQG ORFDWLRQV ZLWKLQ ZKLFK WKH JXDUG LQ�
WHUYDO UHLQIRUFHV GHVLUHG VLJQDOV DFFRUGLQJ WHU�
UDLQ WRSRJUDSK\�

�� RSWLPL]DWLRQDQGGHVLJQRI WUDQVPLWWLQJDQWHQQD
YHUWLFDO SDWWHUQ DQG WLOW�

�� RSWLPL]DWLRQ RI WKH '5% UHFHLYHU V\QFKURQL]D�
WLRQ VWUDWHJLHV�

�� /��EDQG '5% UHFHLYHU DQWHQQD DQG 5) IURQW��
HQG GHVLJQ �VHH 6HFWLRQ ��������

�� GLVWULEXWLRQ RI SURJUDPPHV WR 6)1 FHOOV�

�� RSHUDWLRQ LQ D PL[HG WHUUHVWULDO�VDWHOOLWH '5%
FRQILJXUDWLRQ LQFOXGLQJ WKHK\EULG VDWHOOLWHFRQ�
FHSW�

�� &RQFOXVLRQV

$OO RI WKH DERYH VWXGLHV ZLOO EH GRQH LQ D SDUWQHU�
VKLS UHODWLRQVKLS WKDW LQYROYHV IHGHUDO DQG SURYLQ�
FLDO DXWKRULWLHV� WKH UHJXODWRUV� DQG DOO EURDGFDVW�
HUV� LQFOXGLQJ FDPSXV DQG FRPPXQLW\ VWDWLRQV�

6LQFH ����� WKH PDQ\ '5% SURMHFWV LQ &DQDGD
KDYH EHHQ D WH[WERRN FDVH RI FRRSHUDWLRQ DPRQJ
WKHVH SOD\HUV� 7KH H[SHULHQFH KDV FOHDUO\ GHPRQ�
VWUDWHG KRZ PXFK FDQ EH DFFRPSOLVKHG ZKHQ DOO
LQWHUHVWHG SDUWLHV ZRUN WRJHWKHU WR DFKLHYH D FRP�
PRQ JRDO�

&OHDUO\� WKHUH LV PXFK OHIW WR EH GRQH� ,W ZLOO EH
PDQ\ \HDUV EHIRUH WKH WUDQVLWLRQ IURP DQDORJXH WR
GLJLWDO UDGLR LV FRPSOHWH LQ &DQDGD� 7KH VSHHG RI
WUDQVLWLRQZLOO ODUJHO\ EH GHWHUPLQHG E\ WKH UHFHLY�
HU PDQXIDFWXUHUV� 1HYHUWKHOHVV� WKH EURDGFDVWHUV
EHOLHYH WKDW WKH UDGLR LQGXVWU\ PXVW PRYH LQWR WKH
QHZ GLJLWDO HUD DV TXLFNO\ DV SRVVLEOH� LQ RUGHU WR
VXUYLYH LQ DQ LQFUHDVLQJO\ FRPSHWLWLYH HQYLURQ�
PHQW� %URDGFDVWHUV PXVW XVH WKLV QHZ WHFKQRORJ\
QRW RQO\ WR SURYLGH D EHWWHU YHUVLRQ RI WKHLU FXUUHQW
VHUYLFHV� EXW DOVR WR GHYHORS QHZ EXVLQHVV RSSRU�
WXQLWLHV�


