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RI FRH[HFXWLQJ FRPSXWHU SURJUDPV� RQH IRU HDFK FHOO RU RQH IRU HDFK RUJDQLVP� :H FRQVLGHU

WKLV IHDWXUH� WKH UHSUHVHQWDWLRQ RI RUJDQLVPV E\ SURJUDPV� WR EH WKH GHILQLQJ IHDWXUH RI

$/LIH PRGHOVµ� ,Q WKH FRQWH[W RI 6ZDUP 5RERWLFV� HDFK FHOO RU RUJDQLVP� UHSUHVHQWLQJ RQH

URERW� LV LQWHUFKDQJHDEO\ FDOOHG DQ DJHQW RU XQLW�

'$, FDQ EH IXUWKHU VXEGLYLGHG LQWR WKH DUHDV RI 'LVWULEXWHG 3UREOHP 6ROYLQJ DQG

0XOWL�$JHQW 6\VWHPV �0$6�� ,W LV WKH 0$6 VXEILHOG ZKLFK LV FRQFHUQHG ZLWK XWLOLVLQJ D

V\VWHP RI KHWHURJHQHRXV DJHQWV WR DFKLHYH VRPH JRDO� &UHDWLQJ SK\VLFDO 0$6·V� FDSDEOH RI

SHUIRUPLQJ XVHIXO ZRUN� LV D FXUUHQW DUHD RI LQWHUHVW RI URERWLFV UHVHDUFKHUV�

7KH ZRUN SUHVHQWHG LQ WKLV WKHVLV FRXOG EH FDWHJRULVHG VRPHZKHUH PLGZD\ EHWZHHQ WKH

0$6 DQG $OLIH FODVVLILFDWLRQV� DV LW GHDOV ZLWK D VPDOOHU QXPEHU RI DJHQWV WKDQ DUH JHQHUDOO\

FRQVLGHUHG LQ $OLIH VWXGLHG \HW WKH $JHQWV DUH UHODWLYHO\ VLPSOH LQWHUQDOO\�

7KH LVVXHV VXUURXQGLQJ LQWHUDFWLRQ EHWZHHQ LQGLYLGXDOV LQ JURXSV RI PXOWLSOH URERWV IDOO

XQGHU WKH WLWOH 6ZDUP 5RERWLFV �65�� 0$6 FDQ EH VDLG WR HQFRPSDVV 65 LQ WKDW LW GHDOV ZLWK

JHQHULF DJHQWV� ZKHUHDV 65 GHDOV ZLWK SK\VLFDOO\ HPERGLHG DJHQWV LH� URERWV�
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2QH RI WKH DLPV RI 65 UHVHDUFK LV WR H[SORLW WKH DGYDQWDJHV RI XVLQJ D JURXS RI 5RERWV WR

DFKLHYH D WDVN RYHU XVLQJ D VLQJOH FRPSOH[ URERW WR DFKLHYH WKH VDPH WDVN� ,Q RWKHU FDVHV�

WDVNV H[LVW ZKLFK FDQQRW EH SHUIRUPHG E\ D VLQJOH URERW� QHFHVVLWDWLQJ DQ 65 DSSURDFK� $

URERW VZDUP PD\ FDUU\ VHYHUDO EHQHILWV�

y 5HGXQGDQF\ � )DLOXUHV RI LQGLYLGXDOV OHDG WR D JUDGXDO� QRW FDWDVWURSKLF� IDLOXUH RI WKH

V\VWHP� /RVV RI DQ LQGLYLGXDO PHPEHU RI D VZDUP LV QRW GLVDVWURXV� ZKHUHDV ORVV RI D

VXEV\VWHP RI D FRPSOH[ URERW XVXDOO\ UHVXOWV LQ FDWDVWURSKLF IDLOXUH�

y 6LPSOLILFDWLRQ � ,QGLYLGXDO URERWV PD\ EH VLPSOHU DQG FKHDSHU�

y 7LPH (IILFLHQF\ � $ QXPEHU RI URERWV PD\ DFKLHYH D WDVN LQ D VKRUWHU WLPH WKDQ D VLQJOH

URERW� 0D[LPLVLQJ WKH LQFUHDVH LQ HIILFLHQF\ LV RQH RI WKH PDLQ DUHDV RI LQYHVWLJDWLRQ LQ

WKLV ILHOG�

y 5HVRXUFH (IILFLHQF\ � /LPLWHG UHVRXUFHV PD\ EH DOORFDWHG DPRQJVW PHPEHUV RI D

KHWHURJHQHRXV URERW WHDP LQ RUGHU WR PD[LPLVH WKH HIILFLHQF\ RI WKH WHDP�

1RWH WKDW LQ WKHVH ILHOGV� DQWKURSRPRUSKLVDWLRQ UXQV ULIH� 7KH DXWKRU DSRORJLVHV LQ DGYDQFH

IRU DQ\ WHUPLQRORJ\ ZKLFK PDLQWDLQV WKLV WUHQG�

����� &RPPXQLFDWLRQ

)RU WKH VZDUP WR KDYH D XVHIXO WDVN DFKLHYLQJ EHKDYLRXU� WKH PHPEHUV PXVW FRPPXQLFDWH�

'LUHFWHG FRPPXQLFDWLRQ LV FRPPXQLFDWLRQ DLPHG DW D SDUWLFXODU UHFHLYHU RU UHFHLYHUV�

,QGLUHFW FRPPXQLFDWLRQ LV FRPPXQLFDWLRQ EDVHG RQ WKH REVHUYDWLRQ RI RWKHU DJHQWV·

H[WHUQDO VWDWHV� ,QGLUHFW FRPPXQLFDWLRQ FDQ EH E\ VLJQSRVWLQJ� ZKHUH URERWV EURDGFDVW WKHLU

VWDWH E\ DGYHUWLVLQJ LW YLVXDOO\ RU LQ VRPH ORFDOLVHG ZD\� $QRWKHU PHWKRG RI LQGLUHFW

FRPPXQLFDWLRQ LV E\ FKDQJLQJ WKH ORFDO HQYLURQPHQW� VR WKDW ZKHQ LW LV YLVLWHG E\ RWKHU

URERWV� WKH FKDQJH LV VHQVHG� 7KLV LV WHUPHG VWLJPHUJ\� VR�QDPHG E\ WKH )UHQFK ELRORJLVW

3�3� *UDVVp GXULQJ KLV LQYHVWLJDWLRQV RI WHUPLWHV >%H+R��@� ZKLFK OHDYH FKHPLFDO WUDLOV WR

DLG QHVW EXLOGLQJ DQG IRUDJLQJ�

����� &RRSHUDWLRQ

&RRSHUDWLRQ LV GHILQHG DV DQ DFWLRQ E\ RQH DJHQW ZKLFK DVVLVWV DQRWKHU DJHQW LQ WKH

DFKLHYHPHQW RI LWV WDVN� 7KLV LQYROYHV FRPPXQLFDWLRQ RI RQH RI WKH W\SHV LGHQWLILHG DERYH�

([SOLFLW FRRSHUDWLRQ LV LQWHUDFWLRQ ZKLFK LQYROYHV H[FKDQJLQJ LQIRUPDWLRQ EHWZHHQ DJHQWV RU

SHUIRUPLQJ DFWLRQV WR EHQHILW DQRWKHU DJHQW LQ DFKLHYLQJ VRPH WDVN� 7KDW LV� D W\SH RI

DOWUXLVWLF EHKDYLRXU� ,PSOLFLW FRRSHUDWLRQ DOVR LQYROYHV DQ H[FKDQJH RI LQIRUPDWLRQ RU

SHUIRUPDQFH RI D WDVN� EXW LQ WKLV FDVH LW LV D QHFHVVDU\ SDUW RI WKH DJHQW·V RZQ EHKDYLRXU
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DQG LV QRW H[SOLFLWO\ LQWHQGHG WR EHQHILW DQRWKHU DJHQW� &DVHV ZKHUH VXFK D EHQHILW H[LVWV

DUH H[DPSOHV RI V\PELRVLV�

7KH EHKDYLRXUV RI DJHQWV LQ D URERWLF VZDUP PXVW XVH FRRSHUDWLRQ WR GHDO ZLWK LQWHUIHUHQFH

ZKLFK DGYHUVHO\ LPSDFWV WKH VZDUP·V WDVN DFKLHYLQJ HIILFLHQF\�

0XOWL�DJHQW V\VWHPV DUH VXEMHFW WR WZR W\SHV RI LQWHUIHUHQFH� UHVRXUFH FRPSHWLWLRQ DQG JRDO

FRPSHWLWLRQ� 5HVRXUFH FRPSHWLWLRQ DULVHV ZKHQ DJHQWV VKDUH DQG FRPSHWH IRU UHVRXUFHV

VXFK DV VSDFH� HQHUJ\� LQIRUPDWLRQ RU REMHFWV� *RDO FRPSHWLWLRQ DULVHV ZKHQ DJHQWV LQ D

KHWHURJHQHRXV JURXS FRPSHWH WR DFKLHYH PXWXDOO\ LQFRPSDWLEOH JRDOV RU VXEJRDOV�

,QWHUIHUHQFH RI ERWK W\SHV PXVW EH UHGXFHG WR GHFUHDVH WKH DGYHUVH LPSDFW RQ WKH JURXS·V

HIILFLHQF\� ,Q WKH EHKDYLRXUDO DSSURDFK� WKLV LV DFKLHYHG E\ EXLOGLQJ RU HYROYLQJ VRFLDO

EHKDYLRXU VHWV� OHDGLQJ WR D UHGXFWLRQ LQ JOREDO FRVW IXQFWLRQV UHODWHG WR WKH DFKLHYHPHQW RI

WKH RYHUDOO VZDUP·V WDVN� 7KLV LV RIWHQ DW WKH H[SHQVH RI LQFUHDVHV LQ FRVW IXQFWLRQV DW WKH

VFDOH RI LQGLYLGXDO DJHQWV� DOWKRXJK VRFLDO UXOHV FDQ HTXDOO\ OHDG WR UHGXFWLRQV LQ WKHVH FRVW

IXQFWLRQV� WUDQVODWLQJ WR LQFUHDVHV LQ HIILFLHQF\ RI LQGLYLGXDO DJHQWV�

0XOWL�DJHQW FRQWURO VWUDWHJLHV DLP WR H[HUW FRQWURO RYHU LQGLYLGXDOV LQ WKH VZDUP WR DOORZ

WKH VZDUP·V WDVN WR EH DFKLHYHG� 0RUHRYHU� WKH\ SDUWLDOO\ RU IXOO\ GHILQH WKH WDVN LWVHOI� 7KH

FRQWURO VWUDWHJ\ PD\ EH FRQWUROOHG E\ LPEXLQJ FHUWDLQ DJHQWV LQ D KHWHURJHQHRXV VZDUP

ZLWK SODQQLQJ DELOLWLHV DQG GHVLJQLQJ LQ FRPPXQLFDWLRQ KLHUDUFKLHV WR VXSSRUW LQIRUPDWLRQ

DERXW WKH WDVN DQG DJHQWV· VWDWHV UHDFKLQJ WKH SODQQHU DJHQWV� $W WKH RWKHU H[WUHPH� WKH

EHKDYLRXU RI WKH VZDUP PD\ DULVH DV D UHVXOW RI LQGLYLGXDOV· VXEWDVNV WRJHWKHU SURGXFLQJ DQ

HPHUJHQW JOREDO EHKDYLRXU�

��� 6ZDUP�WD[RQRP\

'XGHN HW� DO� >'X-H��@ SURSRVH D WD[RQRP\ IRU RUJDQLVLQJ GLIIHUHQW VZDUP PRGHOV� 7KH

GLVWLQJXLVKLQJ IDFWRUV� DORQJ ZLWK WKHLU SRVVLEOH FODVVLILFDWLRQV�

y VZDUP VL]H $ORQH �� URERW��

3DLU �� URERWV��

OLPLWHG JURXS VL]H ZLWK UHVSHFW WR WDVN VL]H�

ODUJH HIIHFWLYHO\ LQILQLWH JURXS VL]H�

$ VZDUP VL]H RI DORQH LV D FDVH ZKHUH WKH DXWKRUV� E\ WKHLU RZQ DGPLVVLRQ� LQFOXGH D

QRQ�VZDUP V\VWHP WR FRPSOHWH WKH FODVVLILFDWLRQ V\VWHP��

3DJH � RI ���

�%\ VR GRLQJ� 'XGHN HW� DO� FUHDWH D JRRG H[DPSOH RI D 5XVVHOOLDQ 6WUDQJH /RRS E\ LQFOXGLQJ

D VHW ZKLFK FRQWDLQV DOO PHPEHUV RXWVLGH RI LWVHOI�



y FRPPXQLFDWLRQ UDQJH QRQH�

FRPPXQLFDWLRQ EHWZHHQ QHDU DJHQWV�

LQILQLWH �DEOH WR FRPPXQLFDWH ZLWK DQ\ RWKHU DJHQW��

y FRPPXQLFDWLRQ WRSRORJ\ EURDGFDVW�

DGGUHVV�

WUHH�

JUDSK�

RWKHU�

y FRPPXQLFDWLRQ EDQGZLGWK KLJK �FRPPXQLFDWLRQ FRVW LV IUHH��

PRWLRQ �FRPPXQLFDWLRQ FDUULHV D FRVW UHODWHG WR WKH

GLVWDQFH EHWZHHQ FRPPXQLFDWLQJ DJHQWV��

ORZ �FRPPXQLFDWLRQ FRVW LV KLJK��

y VZDUP UHFRQILJXUDELOLW\ VWDWLF�

FRRUGLQDWHG UHDUUDQJHPHQW �UHTXLUHV FRPPXQLFDWLRQ��

G\QDPLF UHDUUDQJHPHQW �DJHQWV FDQ UHGLVWULEXWH

DUELWUDULO\��

y XQLW SURFHVVLQJ DELOLW\ QRQ�OLQHDU VXPPDWLRQ XQLW �HJ� SURFHVVLQJ HTXLYDOHQW

WR D VLQJOH DUWLILFLDO QHXURQ��

ILQLWH VWDWH DXWRPDWRQ�

SXVK�GRZQ DXWRPDWRQ�

7XULQJ PDFKLQH HTXLYDOHQW �JHQHUDO FRPSXWDWLRQ��

y VZDUP FRPSRVLWLRQ KRPRJHQHRXV�

KHWHURJHQHRXV�

$ VZDUP FRPSRVLWLRQ LV VWLOO FODVVLILHG DV KHWHURJHQHRXV LI LWV PHPEHU DJHQWV DUH SK\VLFDOO\

VLPLODU LI WKH SURJUDPPLQJ RI WKH DJHQWV GLIIHUV�

��� 7KH�DSSURDFK

)RU WKLV WKHVLV ZRUN WKH EHKDYLRXUV RI PHPEHUV RI D VZDUP RI VLPSOH URERWV ZHUH VWXGLHG

WKURXJK FUHDWLRQ RI D VLPXODWLRQ HQYLURQPHQW�

7KH %RUODQG 'HOSKL 2EMHFW 3$6&$/ ODQJXDJH ZDV XVHG WR LPSOHPHQW WKH VLPXODWRU�

7KH DXWKRU DSSOLHG WKH 6ZDUP 5RERWLF DSSURDFK WR WKH WDVN RI WHUUDLQ�VXUYH\LQJ� 7KLV

VHHPV WR EH D FKDOOHQJLQJ WDVN DV VLWXDWHG DJHQWV RSHUDWH DW WKH VFDOH RI WHUUDLQ IHDWXUHV

ZKHUHDV ZKDW LV GHVLUHG LV WR FRPELQH WKHVH LQWR DQ RYHUDOO PDS� 7KLV WDVN LV DQDORJRXV WR

WKDW XQGHUWDNHQ E\ H[SORUHUV DQG FRQWLQHQWDO FLUFXPQDYLJDWRUV� WKDW RI PDSSLQJ WKH ODQG
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IHDWXUHV DQG FRDVWOLQHV RI D ODQG PDVV� ZKHUH WKH H[SORUHU FDQ RQO\ VHH D VPDOO SRUWLRQ RI

ODQGVFDSH RU FRDVWOLQH DW DQ\ RQH WLPH�

$ FHQWUDO DVVXPSWLRQ RI WKLV ZRUN LV WKDW WKH PDS FDQQRW EH EXLOW E\ UHPRWH VHQVLQJ� LH� WKDW

HDFK SRLQW LQ WKH PDS PXVW EH YLVLWHG WR REWDLQ WKH IHDWXUH GDWD IRU WKDW SRLQW� $Q H[DPSOH

RI ZKHUH WKLV PLJKW EH QHFHVVDU\ LV PLQH VZHHSLQJ� $QRWKHU H[DPSOH PLJKW EH RFHDQ IORRU

H[SORUDWLRQ E\ PLQLQJ FRPSDQLHV� VD\ WR REWDLQ PDJQHWLF RU JUDYLWDWLRQDO ILHOG PDSV� ,Q WKLV

FDVH� DFFXUDWH SRVLWLRQ LQIRUPDWLRQ FDQQRW EH GHULYHG IURP VDWHOOLWH *36 VLJQDOV DQG PXVW

EH GHWHUPLQHG WKURXJK PRUH FRQYHQWLRQDO VXUYH\LQJ WHFKQLTXHV�

7KH IHDWXUH GDWD FRPSULVLQJ WKH WHUUDLQ FDQ EH DQ\ PHDVXUDEOH SK\VLFDO TXDQWLW\� 6RPH

RWKHU H[DPSOHV DUH DOWLWXGH� VHLVPLF DQG UDGLRDFWLYLW\ UHDGLQJV� $Q\ UHIHUHQFHV WR WKH WHUP

IHDWXUH GDWD ZLOO VXEVHTXHQWO\ DVVXPH WKHP WR EH VLQJOH QXPHULFDO YDOXHV� 7KLV LV IRU

FRQYHQLHQFH RQO\ DV� IRU H[DPSOH� LW LV SRVVLEOH WR GLUHFWO\ PHDVXUH JUDYLWDWLRQDO JUDGLHQW

ZKLFK UHVXOWV LQ D ��GLPHQVLRQDO WHQVRU� +RZHYHU� VLQFH D IHDWXUH PDS EDVHG RQ WHQVRU

ILHOGV UHTXLUHV PRUH WKDQ � GLPHQVLRQV IRU LWV UHSUHVHQWDWLRQ� WKHVH ZHUH QRW FRQVLGHUHG�

,Q WKH VLPXODWRU� DJHQWV ZHUH UHDOLVHG DV 'HOSKL 2EMHFW 3$6&$/ REMHFWV� ,QWHUQDO WR WKH

DJHQWV� EHKDYLRXUV ZHUH SURJUDPPHG DV )LQLWH 6WDWH 0DFKLQHV �)60V� ZKRVH VWDWHV

FKDQJH LQ UHVSRQVH WR H[WHUQDO ORFDOLVHG VWLPXOL� 8QGHU WKH GHVFULEHG WD[RQRP\� WKH XQLW

SURFHVVLQJ DELOLW\ RI PHPEHUV RI WKH VZDUP LV 7XULQJ PDFKLQH HTXLYDOHQW �JHQHUDO

FRPSXWDWLRQ�� 7KXV� WKH DJHQWV DUH DEOH WR SURFHVV WKH VHQVRU GDWD XVLQJ WUDGLWLRQDO

FRPSXWDWLRQDO WHFKQLTXHV�
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� 6XUYH\LQJ�ZLWK�D�JURXS�RI�URERWV

��� 6XUYH\LQJ

����� +LVWRU\��7HFKQLTXHV�DQG�7HFKQRORJ\

7R FRQWH[WXDOLVH WKLV ZRUN� LW LV KHOSIXO WR GHVFULEH WUDGLWLRQDO 6XUYH\LQJ WHFKQLTXHV

>%UL��@�

6XUYH\LQJ LV EHOLHYHG WR KDYH RULJLQDWHG LQ DQFLHQW (J\SW� 7KHUH LV HYLGHQFH WKDW LWV

GHYHORSPHQW PXVW KDYH RFFXUUHG SULRU WR WKH EXLOGLQJ RI 7KH *UHDW 3\UDPLG RI .KXIX

F����� %�&�

&XUUHQW�GD\ VXUYH\LQJ XVHV PDQ\ WHFKQRORJLHV GHYHORSHG WKLV FHQWXU\ >%D5D��@� 7KHVH

LQFOXGH WKH WKHRGROLWH DQG ODVHU UDQJHILQGHU� $ WKHRGROLWH LV D WULSRG�PRXQWHG WHOHVFRSH

WKURXJK ZKLFK WKH VXUYH\RU FDQ VLJKW WR VHW WDUJHWV DQG DFFXUDWHO\ PHDVXUH DQJOHV LQ ERWK

KRUL]RQWDO DQG YHUWLFDO SODQHV� 0RGHUQ WKHRGROLWHV FDQ PHDVXUH GLUHFWO\ WR DQ DFFXUDF\ RI

DERXW � DUF VHFRQG RU ������ RI D GHJUHH >3U8U��@� $ ODVHU RU PLFURZDYH UDQJHILQGHU DOORZV

SUHFLVH PHDVXUHPHQW RI WKH GLVWDQFH WR VHW WDUJHWV�

7KH WZR PDLQ W\SHV RI VXUYH\LQJ DUH *HRGHWLF DQG 3ODQH� 3ODQH VXUYH\LQJ LV FRQFHUQHG

ZLWK D OHYHO RI DFFXUDF\ ZKHUHE\ WKH FXUYDWXUH RI WKH (DUWK �RU RWKHU VXEVWUDWH� PD\ EH

LJQRUHG� :KHQ D KLJKHU GHJUHH RI DFFXUDF\ LV UHTXLUHG� *HRGHWLF VXUYH\LQJ WHFKQLTXHV DUH

XVHG ZKLFK DFFRXQW VSHFLILFDOO\ IRU WKLV FXUYDWXUH�

,Q JHQHUDO� D UHIHUHQFH IUDPHZRUN LV HVWDEOLVKHG E\ DFFXUDWHO\ PHDVXULQJ WKH DQJOHV DQG

OHQJWK RI VLGHV RI D QHWZRUN RI WULDQJOHV� 7UDGLWLRQDOO\� WKH FRUQHUV RI WKHVH WULDQJOHV KDYH

EHHQ SODFHG RQ KLOOWRSV� HDFK YLVLEOH IURP DW OHDVW WZR RWKHUV� 6PDOOHU VFDOH VXUYH\LQJ ZRUN

WKHQ EXLOGV RQ WKLV DFFXUDWH IUDPHZRUN� 2IWHQ� D ORZHU OHYHO RI DFFXUDF\ LV DFFHSWDEOH IRU

WKLV VPDOOHU VFDOH� (VWDEOLVKPHQW RI WKH IUDPHZRUN PD\ XVH *HRGHWLF VXUYH\LQJ WHFKQLTXHV

DQG WKH VPDOOHU VFDOH ZRUN PDNH XVH RI 3ODQH WHFKQLTXHV� 7KH ZRUN LQ WKLV WKHVLV LV OLPLWHG

WR 3ODQH VXUYH\LQJ�

(OHFWURQLF 'DWD 0HDVXUHPHQW �('0� XVLQJ D ODVHU RSHUDWLQJ DW RSWLFDO RU LQIUD�UHG

ZDYHOHQJWKV ZRUNV E\ ILULQJ D EHDP DW D VHW RI SUHFLVHO\ SRVLWLRQHG FRUQHU PLUURUV DQG

PHDVXULQJ WKH UHWXUQ WULS WLPH RI IOLJKW RI WKH EHDP� 7KH WLPH RI IOLJKW LV GHWHUPLQHG XVLQJ

LQWHUIHURPHWU\ WHFKQLTXHV� 7KLV W\SH RI ODVHU UDQJHILQGLQJ LV XVHG DW VFDOHV RI WHQV WR

KXQGUHGV RI PHWHUV� 7KLV LV WKH VFDOH DW ZKLFK WKH URERW VXUYH\RUV ZKLFK DUH WKH VXEMHFW RI

WKLV WKHVLV RSHUDWH�
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0RUH UHFHQWO\� VFDQQLQJ ODVHU UDQJHILQGHUV KDYH EHFRPH DYDLODEOH ZKLFK GR QRW QHHG WR EH

DLPHG DW PLUURUV DQG ZKLFK FDQ PHDVXUH WKH UDQJH WR PXOWLSOH IHDWXUHV LQ D VLQJOH VFDQ�

ZKLFK WDNHV RI WKH RUGHU RI ���PV�

$ PLFURZDYH UDGLR EHDP FDQ EH XVHG RYHU ORQJHU GLVWDQFHV� 7KLV DOVR KDV WKH DGYDQWDJH RI

EHLQJ DEOH WR SHQHWUDWH DWPRVSKHULF GLVWXUEDQFHV� $ GLVDGYDQWDJH LV WKDW DQ DFWLYH

UHWUDQVPLWWHU LV UHTXLUHG DW WKH WDUJHW WR WUDQVPLW WKH UHWXUQ EHDP� 7KXV WKH WLPH RI IOLJKW

WR WKH WDUJHW LV KDOI WKH GLVWDQFH EHWZHHQ WKH WRWDO�URXQG�WULS WLPH DQG WKH

UHFHLYH�WR�UHWUDQVPLW GHOD\ LQ WKH UHWUDQVPLWWHU�

$OWKRXJK DHULDO RU UHPRWH VXUYH\LQJ JLYHV DQ DFFXUDWH PDS RU VXUYH\� LW GRHV QRW FRYHU DOO

VXUYH\LQJ VLWXDWLRQV� *URXQG VXUYH\LQJ PXVW VWLOO EH XVHG� IRU H[DPSOH� XQGHU D IRUHVW

FDQRS\ ZKHUH LQIRUPDWLRQ DERXW WKH VKDSH RI WKH JURXQG LV QHHGHG RU LI WKH IHDWXUHV WR EH

PDSSHG FDQQRW EH LGHQWLILHG IURP DHULDO LPDJHV VXFK DV SURSHUW\ ERXQGDULHV RU FKDQJHV LQ

VRLO DQG YHJHWDWLRQ� $OVR� JURXQG VXUYH\LQJ LV XVHG WR DFFXUDWHO\ GHWHUPLQH HOHYDWLRQ IRU

XVH LQ SODQQLQJ URDGV� UDLOZD\V DQG GUDLQDJH QHWZRUNV�

��� %HKDYLRXU�PRGHO�DSSURDFK�WR�PXOWLSOH�URERW�V\VWHPV

7UDGLWLRQDO DSSURDFKHV WR WKH LQYHVWLJDWLRQ RI VZDUPLQJ V\VWHPV ZRXOG PRGHO WKH DJHQWV·

EHKDYLRXUV DV UXOH�EDVHG RU ILQLWH VWDWH PDFKLQH �)60� FRPSXWDWLRQV� %\ H[DPLQLQJ WKH

HIILFLHQF\ ZLWK ZKLFK WKH VZDUPLQJ V\VWHP DFKLHYHV LWV WDVN� WKH EHKDYLRXU )60V DUH

UHGHVLJQHG E\ WKH UHVHDUFKHU WR LPSURYH HIILFLHQF\� $V WKLV FDQ EH D IUDXJKW H[HUFLVH�

UHFHQWO\ WKHUH KDV EHHQ D PRYH WRZDUG DOORZLQJ WKH EHKDYLRXUV RU EHKDYLRXU VHOHFWLRQ

PHFKDQLVPV RI LQGLYLGXDOV WR HYROYH >6K)X��@>/X6S��@>0L0D��@� 7KLV PD\ EH GRQH E\

HQGRZLQJ WKHP ZLWK JHQHWLF�DOJRULWKPV ZKRVH RXWSXWV FRGH IRU GLIIHULQJ VHOHFWLRQV� 7KH

JHQHWLF FRGH LV WKHQ DOORZHG WR HYROYH DFFRUGLQJ WR VRPH ILWQHVV PHDVXUH >.R0H��@� LH�

7KHUH KDV EHHQ D VKLIW IURP D WRS�GRZQ WR D ERWWRP�XS DSSURDFK� 7KLV KDV EHHQ PRVW

HYLGHQW ZLWKLQ WKH $OLIH JURXS� OHVV�VR DPRQJVW '$, UHVHDUFKHUV� UHYHDOLQJ WKH GLIIHULQJ

LQWHUHVWV RI WKH JURXSV�

+RZHYHU� WKH QHZHU DSSURDFK LV RIWHQ EDVHG RQ FRPELQLQJ D VXEVHW RI EHKDYLRXUV ZKLFK

KDYH EHHQ LGHQWLILHG XVLQJ WKH WUDGLWLRQDO DSSURDFK� /DWHU ZRUN PLJKW WKHQ VHHN WR HYROYH

WKH EHKDYLRXU VHOHFWLRQ FULWHULD WR PD[LPLVH VRPH DVSHFW RI WDVN DFKLHYHPHQW

>0DWD��@>6F0D��@� 7KH ZRUN LQ WKLV WKHVLV LV EDVHG RQ WKH WUDGLWLRQDO DSSURDFK DV WKH

DSSOLFDWLRQ RI 65 WR DFFXUDWH VXUYH\LQJ KDV QRW EHHQ LQYHVWLJDWHG EHIRUH�

7KH EHKDYLRXU PRGHO XSRQ ZKLFK WKLV WKHVLV LV EDVHG LV GXH WR 0DMD 0DWDULF� >0DW��@� 7KLV

ZRUN JUHZ RXW RI WKH ZRUN RI 5RGQH\ %URRNV >%UR��@� %URRNV· DSSURDFK WR DFKLHYLQJ

XVHIXO� UHDO�WLPH EHKDYLRXU E\ D URERW RSHUDWLQJ LQ D FRPSOH[ ZRUOG LV WR GHFRPSRVH WDVN
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VROYLQJ LQWR VLPSOH EHKDYLRXUV ZKLFK DUH FRPELQHG E\ D KLHUDUFK\ RI FRPSHWLQJ SURFHVVLQJ

XQLWV�

0DWDULF� EXLOW RQ WKLV EHKDYLRXUDO DSSURDFK E\ DSSO\LQJ LW WR WKH SUREOHP RI LQWHUDFWLQJ

PXOWLSOH URERWV� 6KH SURSRVHG D EDVLF VHW RI URERW EHKDYLRXUV� ZKLFK PD\ EH FRPELQHG WR

JHQHUDWH PRUH FRPSOH[ EHKDYLRXUV� 7KHVH EHKDYLRXUV IRUP D PLQLPDO VHW� WKH FRPELQDWLRQ

RI ZKRVH PHPEHUV DOORZ D FRPSOHWH LPSOHPHQWDWLRQ RI LQWHUDFWLRQ DQG QDYLJDWLRQ LQ D SODQH

>0DW��@� 7KH EDVLF EHKDYLRXUV DUH FDOOHG DYRLGDQFH� IROORZLQJ� DJJUHJDWLRQ� GLVSHUVLRQ�

KRPLQJ DQG ZDQGHULQJ�

$ EHKDYLRXU LV GHILQHG DV DQ RSHUDWRU ZKLFK JXDUDQWHHV D SDUWLFXODU JRDO� 7KH JRDOV IDOO LQWR

WZR FDWHJRULHV� PDLQWHQDQFH JRDOV RU DWWDLQPHQW JRDOV� $ PDLQWHQDQFH JRDO LV RQH ZKLFK

HQVXUHV WKDW VRPH WLPH SHUVLVWHQW WDVN LV EHLQJ DFKLHYHG RU D G\QDPLF HTXLOLEULXP LV EHLQJ

PDLQWDLQHG� $Q DWWDLQPHQW JRDO SODFHV WKH DJHQW LQ D WHUPLQDO VWDWH ZLWK UHVSHFW WR WKDW

EHKDYLRXU� RQFH DFKLHYHG� WKH EHKDYLRXU VWDWH HQWHUV D FRPSOHWHG VWDWH�

$Q H[DPSOH RI D PDLQWHQDQFH JRDO LV ¶PDLQWDLQ HQHUJ\ VWRUHV E\ FROOHFWLQJ IRRG·� $Q

H[DPSOH RI DQ DWWDLQPHQW JRDO LV ¶QDYLJDWH WR D JRDO·�

����� %DVLF�EHKDYLRXUV

7KH EDVLF EHKDYLRXUV� DYRLGDQFH� IROORZLQJ� DJJUHJDWLRQ� GLVSHUVLRQ� KRPLQJ DQG ZDQGHULQJ

PD\ EH GHVFULEHG LQ IRUPDO QRWDWLRQ� 7KH\ DUH LQFOXGHG KHUH IURP >0DW��@ �ZLWK VOLJKW

FRUUHFWLRQV� LQ WHUPV RI YHFWRU SRVLWLRQV DQG VFDODU GLVWDQFHV � DQG GLVWDQFH WKUHVKROGVS G

� DQG � 7KH GHVFULSWLRQV DUH EDVHG RQ VWDQGDUG &DUWHVLDQ JHRPHWU\ RI D�DYRLG �GLVSHUVH �DJJUHJDWH

��GLPHQVLRQDO SODQH�

6DIH�:DQGHULQJ

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
GS M

GW
� � DQG �L�M G L� M > �DYRLG

ZKHUH LV WKH WK DJHQW·V SRVLWLRQ� 7KLV VWDWHV WKDW WKH DJHQW PXVW PRYH FRQWLQXRXVO\S M M

ZKLOVW PDLQWDLQLQJ D GLVWDQFH IURP DOO RWKHU DJHQWV JUHDWHU WKDQ � WKH YDOXH RI ZKLFK LV�DYRLG

VHW WR DYRLG FROOLVLRQV EHWZHHQ DJHQWV�

)ROORZLQJ

)ROORZLQJ DLPV WR UHDFK DQG PDLQWDLQ D PLQLPXP DQJOH EHWZHHQ WKH SRVLWLRQ RI WKH�

OHDGLQJ DJHQW DQG WKH IROORZLQJ DJHQW �L M
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� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

L = OHDGHU� M = IROORZHU

� >
GS M

GW
� (S L − S M) >

GS M

GW
 S L − S M 

� G � H FRV � G � H

� >
GS M

GW
� (S L − S M) >

GS M

GW
 S L − S M 

7KH SURGXFW RI WKH YHORFLW\ DQG SRVLWLRQ GLIIHUHQFH LV WR EH WDNHQ LQ WKH YHFWRU VHQVH� %\

NHHSLQJ WKLV GRW SURGXFW SRVLWLYH� WKH IROORZHU DJHQW DWWHPSWV WR GHFUHDVH LWV GLVWDQFH WR WKH

OHDGHU� $V WKH DQJOH EHWZHHQ YHORFLW\ DQG GLVWDQFH YHFWRUV DSSURDFKHV �� WKH XSSHU ERXQG

RQ WKH GRW SURGXFW DSSURDFKHV WKH VFDODU VKRZQ�

'LVSHUVLRQ

'LVSHUVLRQ DLPV WR UHDFK DQG PDLQWDLQ D PLQLPXP GLVWDQFH EHWZHHQ DJHQWV�

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����L�M G L� M > �GLVSHUVH DQG GGLVSHUVH > �DYRLG

ZKLFK VWDWHV WKDW WKH GLVWDQFHV EHWZHHQ DOO DJHQWV DUH WR NHSW JUHDWHU WKDQ D WKUHVKROG

ZKLFK LV LQ WXUQ JUHDWHU WKDQ WKH WKUHVKROG GLVWDQFH GHILQHG WR DYRLG FROOLVLRQ��GLVSHUVH

$JJUHJDWLRQ

$JJUHJDWLRQ LV WKH FRPSOHPHQWDU\ EDVLF EHKDYLRXU WR GLVSHUVLRQ� ,W DLPV WR UHDFK DQG

PDLQWDLQ D PD[LPXP GLVWDQFH EHWZHHQ DJHQWV�

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����L�M G L� M < �DJJUHJDWH

+RPLQJ

7KH KRPLQJ EDVLF EHKDYLRXU DLPV WR GHFUHDVH WKH GLVWDQFH EHWZHHQ WKH DJHQW DQG D JRDO

ORFDWLRQ FDOOHG ´KRPHµ�

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����M
GSM

GW
� (S M − SKRPH) < �

%\ NHHSLQJ WKLV SURGXFW �RI WKH YHORFLW\ DQG YHFWRU SRVLWLRQ GLIIHUHQFH EHWZHHQ WKH DJHQW

DQG KRPH SRVLWLRQ� QHJDWLYH� WKH DJHQW DOZD\V GHFUHDVHV LWV GLVWDQFH WR KRPH�
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����� &RPELQLQJ�EDVLF�EHKDYLRXUV

%DVLF EHKDYLRXUV PXVW EH FRPELQHG LQ VRPH ZD\ WR IRUP XVHIXO FRPSRVLWH EHKDYLRXUV�

2QH H[DPSOH RI D FRPSRVLWH EHKDYLRXU LV IORFNLQJ� 7KH WHUP GHILQHV D FROOHFWLYH PRWLRQ RI

DJHQWV WRZDUG D JRDO� ,W PD\ EH UHDOLVHG DV D FRPELQDWLRQ RI VDIH�ZDQGHULQJ� DJJUHJDWLRQ DQG

GLVSHUVLRQ� %\ FRPELQLQJ WKH IORFNLQJ EHKDYLRXU ZLWK IROORZLQJ� D VOLJKWO\ PRUH FRPSOH[

FRPSRVLWH EHKDYLRXU FDOOHG KHUGLQJ LV UHDOLVHG�

7KH FRPELQDWLRQ RI EDVLF EHKDYLRXUV WR IRUP PRUH FRPSOH[ FRPSRVLWH EHKDYLRXUV PD\ EH

SHUIRUPHG LQ WZR ZD\V� GLUHFWO\ RU WHPSRUDOO\� 'LUHFW FRPELQDWLRQ RI EHKDYLRXUV DOORZV DOO

EDVLF EHKDYLRXUV WR VLPXOWDQHRXVO\ FRQWULEXWH WR WKH EHKDYLRXU RXWSXW� 'LUHFW FRPELQDWLRQ

PD\ EH UHDOLVHG E\ VXPPLQJ GLUHFWLRQ DQG YHORFLW\ YHFWRUV� ZKLFK DUH WKH RXWSXWV RI WKH

EDVLF EHKDYLRXUV� 7KH IORFNLQJ DQG KHUGLQJ EHKDYLRXUV DUH IRUPHG WKURXJK GLUHFW

FRPELQDWLRQ RI WKHLU EDVLF FRQVWLWXHQW EHKDYLRXUV�

7HPSRUDO FRPELQDWLRQ RI EDVLF EHKDYLRXUV WR IRUP PRUH FRPSOH[ EHKDYLRXUV LV SHUIRUPHG

WKURXJK VHTXHQFLQJ E\ D ILQLWH VWDWH PDFKLQH� 6HQVRU GDWD LV XVHG E\ WKH DJHQW WR GHILQH

HYHQWV ZKLFK FDXVH FKDQJHV RI VWDWH�

7KH FRPSRVLWH EHKDYLRXUV SRVVHVVHG E\ WKH URERW VXUYH\LQJ WHDP PHPEHUV LQ WKLV

LQYHVWLJDWLRQ UHTXLUHG RQO\ WHPSRUDO FRPELQDWLRQ RI WKH VDIH�ZDQGHULQJ DQG KRPLQJ EDVLF

EHKDYLRXUV�

��� ,VVXHV�ZLWK�PXOWLSOH�URERW�V\VWHPV

����� &RRSHUDWLRQ�WKURXJK�FRPPXQLFDWLRQ

7KH PHPEHUV RI D URERW VZDUP FDQ XVH FRPPXQLFDWLRQ WR LPSURYH WKH HIILFLHQF\ RI VRPH

JOREDO WDVN� &RPPXQLFDWLRQ WKXV SURYLGHV D PHWKRG IRU WUDGLQJ RII LPSURYHPHQW LQ WKH

JOREDO FRVW IXQFWLRQ DJDLQVW ORFDO FRVW IXQFWLRQV >0DW��@� ,I DQ LPSURYHPHQW RI WKH JOREDO

FRVW IXQFWLRQ LV PHDVXUHG� D SUREOHP RI FUHGLW DVVLJQPHQW DULVHV� 5HZDUG PXVW EH

GLVWULEXWHG DPRQJVW WKH DJHQWV ZKRVH FRQWULEXWLRQV WR WKH JOREDO FRVW IXQFWLRQ YDU\� ,I WKH

FUHGLW DVVLJQPHQW SUREOHP FDQ EH VROYHG� WKLV UHZDUG PD\ WKHQ EH XVHG E\ LQGLYLGXDO

DJHQWV WR DIIHFW EHKDYLRXU VHOHFWLRQ�

7R VROYH WKH DVVLJQPHQW RI FUHGLW LQYROYHV FRPPXQLFDWLRQ EHWZHHQ DJHQWV� $VSHFWV RI WKH

JOREDO WDVN VWDWH FDQ EH VHQVHG E\ LQGLYLGXDO DJHQWV DQG WKLV LQIRUPDWLRQ GLVVHPLQDWHG

DPRQJVW WKH DJHQWV WR EXLOG WKH JOREDO WDVN FRVW IXQFWLRQ�
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����� 6SHFLDOLVDWLRQ�DPRQJVW�DJHQWV

$ 6ZDUP 5RERWLF �65� V\VWHP PD\ EH FODVVLILHG DV KRPRJHQHRXV RU KHWHURJHQHRXV� EDVHG

RQ ZKHWKHU WKH DJHQWV FRPSULVLQJ WKH V\VWHP DUH LGHQWLFDO RU VSHFLDOLVHG� ERWK SK\VLFDOO\

DQG ZLWK UHVSHFW WR WKHLU EHKDYLRXU VHWV�

+RPRJHQHLW\ RI DJHQWV KDV WKH IROORZLQJ DGYDQWDJHV�

y $ JLYHQ QXPEHU RI LGHQWLFDO DJHQWV PD\ EH DEOH WR EH PDQXIDFWXUHG PRUH FKHDSO\ WKDQ D

KHWHURJHQHRXV JURXS�

y 6WDQGDUGLVDWLRQ LQ DOO DVSHFWV UHODWLQJ WR WKH JURXS� VXFK DV GHOLYHU\ DQG PDLQWHQDQFH LV

VLPSOLILHG�

y 5HGXQGDQF\ LV EXLOW LQWR D KRPRJHQHRXV JURXS� ,I LQGLYLGXDOV LQ WKH JURXS IDLO� VLQFH WKH

DJHQWV DOO KDYH D FRPPRQ JRDO� WKLV ZLOO EH DFKLHYHG E\ WKH UHPDLQLQJ DJHQWV�

+HWHURJHQHLW\ KDV WKH IROORZLQJ DGYDQWDJHV�

y 5HVRXUFHV PD\ EH DOORFDWHG WR JURXS PHPEHUV LQ D FRVW HIIHFWLYH PDQQHU� :KHUH

DJHQWV· VXEV\VWHPV DUH H[SHQVLYH� LW LV QRW VHQVLEOH WR SURYLGH WKHVH VDPH VXEV\VWHPV

WR DOO PHPEHUV RI D JURXS�

y &RPPXQLFDWLRQ KLHUDUFKLHV PD\ EH HVWDEOLVKHG� RIWHQ OHDGLQJ WR D PRUH QDWXUDO V\VWHP

RI VZDUP PDQDJHPHQW�

��� $SSO\LQJ�WKH�EHKDYLRXU�PRGHO�DSSURDFK�WR�VXUYH\LQJ

����� ,QWURGXFWLRQ

7R GDWH PRVW UHVHDUFK VHHPV WR KDYH DSSOLHG WKH PXOWLSOH DJHQW EHKDYLRXUDO DSSURDFK WR

WDVNV VXFK DV JRDO�VHHNLQJ� SXFN FROOHFWLRQ HWF� 7KDW LV� WDVNV RI OLWWOH SUDFWLFDO YDOXH� 7KH

UHDVRQV IRU FKRRVLQJ WDVNV VXFK DV WKHVH DUH WR VLPSOLI\ WKH LQYHVWLJDWLRQ DV WKLV LV VWLOO D

\RXQJ ILHOG RI LQYHVWLJDWLRQ� $OVR� LW LV XVXDOO\ QRW WKH WDVNV WKHPVHOYHV ZKLFK DUH WKH

GHVLUHG RXWFRPH RI VWXGLHV VR IDU� EXW WKH LQYHVWLJDWLRQ RI LQFUHDVLQJ V\VWHP HIILFLHQF\

WKURXJK FDUHIXO EHKDYLRXU VHOHFWLRQ E\ WKH LQYHVWLJDWRU� 0XFK RI WKH ZRUN LQ WKLV DUHD RI

LQYHVWLJDWLRQ GHDOV ZLWK DUWLILFLDO EHKDYLRXU VHOHFWLRQ� ZKLFK LV PRUH FRQFHUQHG ZLWK

WHFKQLTXHV IRU RSWLPLVLQJ URERW EHKDYLRXU WKURXJK OHDUQLQJ�

,W ZDV ZLWK WKH LQWHQWLRQ RI ILQGLQJ DQ DUHD RI LQYHVWLJDWLRQ RI VRPH SRWHQWLDO SUDFWLFDO YDOXH

WKDW WKH WHUUDLQ PDSSLQJ WDVN ZDV VHOHFWHG�

1RWH WKDW LW PD\ QRW EH QHFHVVDU\ IRU D PDS WR EH EXLOW DW DOO IRU VRPH WDVNV VXFK DV

QDYLJDWLRQ >/LW��@� &RKHQ >&RK��@ VXFFHVVIXOO\ VKRZV D PHWKRG IRU QDYLJDWLQJ WRZDUG JRDOV
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E\ D WHDP RI URERWV ZKHUH QR LQWHUQDO PRGHO IRU WKH HQYLURQPHQW QHHG EH JHQHUDWHG� 7KLV

LQIRUPDWLRQ LV LQVWHDG UHODWHG WR WKH SK\VLFDO DUUDQJHPHQW RI WKH DJHQWV� 7KDW LV� URERWV

PRYH WR SRVLWLRQV LQ WKH HQYLURQPHQW ZKHUH WKH\ FDQ DFW DV PDUNHUV E\ ZKLFK D VSHFLDOLVHG

URERW QDYLJDWRU PD\ ILQG D URXWH WR WKH JRDO� +RZHYHU� WKH SULPDU\ DLP RI WKH ZRUN

SUHVHQWHG LQ WKLV WKHVLV LV WR JHQHUDWH WKH PDS LWVHOI� ,W LV WKH WHUUDLQ PDS GDWD ZKLFK LV WKH

GHVLUHG LQIRUPDWLRQ RI WKH V\VWHP� 7KLV UHTXLUHV WKDW DQ LQWHUQDO UHSUHVHQWDWLRQ EH

SURGXFHG VRPHZKHUH�

����� $�0XOWLSOH�$JHQW�$SSURDFK

7UDGLWLRQDOO\� WR EXLOG D PDS� WKH FDUWRJUDSKHU PXVW HVWDEOLVK UHIHUHQFH FRRUGLQDWHV DQG

WKHQ PDS WKH IHDWXUHV UHODWLYH WR WKHVH UHIHUHQFH SRLQWV�

$ ORQH VXUYH\RU ZKR YLVLWV D UHPRWH VLWH FRXOG SODFH UHIHUHQFH PDUNHUV DW VWUDWHJLF SRLQWV

DURXQG DQG WKURXJKRXW WKH VLWH� WKHQ VLJKW WR WKHVH UHIHUHQFH PDUNHUV IURP YDULRXV SRLQWV

WKURXJKRXW WKH VLWH WR REWDLQ WKH VXUYH\ GDWD� D WHGLRXV WDVN� 5HFRJQLVLQJ WKH WHGLRXV

QDWXUH� VXUYH\LQJ LV RIWHQ FDUULHG RXW E\ D VPDOO SDUW\ RI SHRSOH WR H[SHGLWH WKH ZRUN� ,Q

WKLV SURMHFW WKH DXWKRU UHFRJQLVHV WKDW RQH FRXOG ¶URERWLFLVH· WKH VXUYH\LQJ HTXLSPHQW WR

FDUU\ RXW WKLV WDVN�

����� 'HVFULSWLRQ�RI�WKH�3URSRVHG�6FKHPH

,W LV SRVVLEOH IRU WKH SURJUDPPHU RI WKH URERW VZDUP PHPEHUV WR LGHQWLI\ VHYHUDO

PDLQWHQDQFH JRDOV ZKLFK PXVW EH DFKLHYHG WR HQVXUH WKH VXFFHVV RI WKH WHDP� 7KH

SURJUDPPLQJ RI EHKDYLRXUV H[KLELWHG E\ DJHQWV ZKLFK PHHW WKH PDLQWHQDQFH JRDOV LV WKHQ

SHUIRUPHG� HQDEOLQJ WKH WHDP WR SHUIRUP LWV WDVN� 6LQFH WKH URERW WHDP LQ WKLV WKHVLV LV

SHUIRUPLQJ D WLPH SHUVLVWHQW WDVN� WKH PDLQWHQDQFH JRDOV EHFRPH VLPXOWDQHRXV VXEWDVNV RI

WKH WHDP� 7KHVH VXEWDVNV PD\ WKHQ EH DVVLJQHG DPRQJVW GLIIHUHQW PHPEHUV RI D

KHWHURJHQHRXV VZDUP�

7KH VFKHPH SURSRVHG WR SHUIRUP WKH WDVN RI WHUUDLQ VXUYH\LQJ LV WR WHVVHOODWH WKH DUHD WR EH

VXUYH\HG� 7KLV SK\VLFDOO\ FRQVWUDLQV WKH SUREOHP WR D ILQLWH UHJLRQ RI D SRWHQWLDOO\ LQILQLWH

SODQH� %\ GLYLGLQJ WKH DUHD LQ WKLV ZD\� VXEWDVNV FDQ EH LGHQWLILHG IRU WKH VZDUP� ,W LV

DVVXPHG WKDW QR LQLWLDO LQIRUPDWLRQ LV NQRZQ DERXW WKH DUHD�

6XEWDVNV

y 'HILQH WKH FXUUHQW DUHD WR EH VXUYH\HG

y 0RYH WKH JURXS WR WKH DUHD

y %XLOG D PDS RI WKH GHILQHG DUHD

3DJH �� RI ���



7KH URERW VZDUP LV DVVXPHG WR EH FRPSOHWHO\ DXWRQRPRXV� ,W GRHV QRW UHTXLUH

FRPPXQLFDWLRQ ZLWK DQ\ RXWVLGH HQWLWLHV WR SHUIRUP LWV WDVN� ,W LV HQYLVDJHG WKDW WKH WHDP

ZRXOG EH SODFHG LQWR WKH DUHD WR EH VXUYH\HG� OHIW WR FDUU\ RXW WKH WDVN DQG WKHQ WKH PDS

ZRXOG EH UHWULHYHG XSRQ FRPSOHWLRQ�

7KH LQLWLDO VWUDWHJ\ FKRVHQ E\ WKH DXWKRU SULPDULO\ DGGUHVVHV WKH UHTXLUHPHQW WKDW LW EH

DEOH WR DFKLHYH WKH WDVN LQ D SK\VLFDOO\ LPSOHPHQWDEOH PDQQHU� 5REXVWQHVV DQG HIILFLHQF\

ZHUH UHJDUGHG DV VHFRQGDU\ DVSHFWV RI WKH VFKHPH� 7KHVH DUH FRQVLGHUHG LQ ODWHU

GLVFXVVLRQV�

&RQVLGHU� WKH VXEWDVN RI GHILQLQJ WKH DUHD WR EH PDSSHG�

,Q WKH SURSRVHG VFKHPH� VRPH DJHQWV DUH XVHG DV UHIHUHQFH PDUNHUV XQWLO WKH WHUUDLQ

VXUURXQGLQJ WKHP KDV EHHQ DGHTXDWHO\ PDSSHG E\ RWKHU DJHQWV� 7KLV SURYLGHV D PHDQV WR

DFKLHYH WKH ILUVW VXEWDVN� SURYLGHG WKHVH UHIHUHQFH PDUNHU DJHQWV FDQ EH VHQVHG DQG XVHG

WR FRQVWUDLQ WKH VXUYH\ DUHD�

7KH WHFKQLTXH LQYHVWLJDWHG HVWDEOLVKHV D UHIHUHQFH FRRUGLQDWH V\VWHP ZKRVH SRVLWLRQ�

RULHQWDWLRQ DQG VFDOH DUH IL[HG E\ WKH WULDQJXODU DUUDQJHPHQW RI WKUHH RI WKH VLWXDWHG DJHQWV�

KHQFHIRUWK FDOOHG 5HIHUHQFH DJHQWV� 7KHVH DJHQWV DUH PRELOH EXW FDQ IL[ WKHLU SRVLWLRQV WR

HVWDEOLVK WKH UHIHUHQFH FRRUGLQDWH V\VWHP ZKLOVW RWKHU PRELOH DJHQWV PRYH DURXQG

FROOHFWLQJ IHDWXUH GDWD IURP WKH HQYLURQPHQW �5RDPLQJ DJHQWV�� ,W ZDV GHFLGHG WR WHVVHOODWH

WKH WHUUDLQ PDS LQWR WULDQJOHV DV WKLV UHSUHVHQWV WKH VLPSOHVW V\VWHP�

7KHQ� ZKHQ D GHWHUPLQDWLRQ LV PDGH WKDW WKH GHILQHG DUHD KDV EHHQ DGHTXDWHO\ VXUYH\HG�

WKH 5HIHUHQFH DJHQWV PRYH VR DV WR D GHILQH D QHZ DUHD�

,Q RUGHU WR FRPSLOH DQ RYHUDOO PDS EDVHG RQ WKH WHUUDLQ PDS GDWD IURP HDFK GHILQHG DUHD� D

VLQJOH FRRUGLQDWH V\VWHP PXVW EH HVWDEOLVKHG� 7R HVWDEOLVK D WZR GLPHQVLRQDO &DUWHVLDQ

FRRUGLQDWH V\VWHP� D PLQLPXP RI WZR DJHQWV DUH UHTXLUHG� RQH WR SURYLGH D ]HUR UHIHUHQFH

DQG WKH RWKHU WR IL[ RQH RI WKH D[HV� 2QH UHDVRQ IRU XVLQJ WKUHH 5HIHUHQFH DJHQWV LV WKDW

WKLV LV WKH PLQLPXP QXPEHU UHTXLUHG WR DOORZ RQH RI WKHP WR EH PRYHG ZLWKRXW GHVWUR\LQJ

WKH FRRUGLQDWH UHIHUHQFHV� 7KH UHIHUHQFH V\VWHP ZRXOG EH ORVW LI WZR 5HIHUHQFH DJHQWV

ZHUH QRW VWDWLRQDU\ DW DQ\ RQH WLPH WR HVWDEOLVK WKH FRRUGLQDWH V\VWHP�

:KHQ WKH 5RDPLQJ DJHQWV KDYH PDSSHG WKH DUHD PDUNHG RXW E\ WKH 5HIHUHQFH DJHQWV

DGHTXDWHO\� RQH RI WKHP LV VLJQDOOHG WR PRYH D QHZ SRVLWLRQ� 7KH PRYLQJ 5HIHUHQFH DJHQW

XVHV WKH FRRUGLQDWH V\VWHP HVWDEOLVKHG E\ LWV WZR VWDWLRQDU\ FRXQWHUSDUWV WR DFFXUDWHO\

SRVLWLRQ LWVHOI DW WKH QHZ UHIHUHQFH SRVLWLRQ� )LJXUH � VKRZV WKH VLJQDOOLQJ VHTXHQFH� ZKLFK

DOORZV WKH 5HIHUHQFH DJHQWV WR WUDYHUVH WKH WHUUDLQ DV D JURXS�
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7R VXSSRUW WKLV PRYHPHQW� FRPPXQLFDWLRQ EDVHG RQ VLPSOH SURWRFROV LV UHTXLUHG EHWZHHQ

5HIHUHQFH DJHQWV�

�

�

�

�

�

�

� �

� ��

)LJXUH �� &RQFHSWXDO WHVVHOODWLRQ RI WHUUDLQ ZLWK 5HIHUHQFH DJHQW PRWLRQ�

�� ,QLWLDO DJHQW SRVLWLRQ� �� 5HJLRQ VXUYH\ FRPSOHWHG� �� 5HIHUHQFH $JHQW �� VLJQDOOHG WR

PRYH� �� 5HIHUHQFH $JHQW �� FRPSOHWHG PRYH� �� 5HJLRQ VXUYH\ FRPSOHWHG� 5HIHUHQFH

$JHQW �� VLJQDOOHG WR PRYH� �� 5HIHUHQFH $JHQW �� FRPSOHWHG PRYH� �� 5HJLRQ VXUYH\

FRPSOHWHG� �� 5HIHUHQFH $JHQW �� VLJQDOOHG WR PRYH� �� 5HIHUHQFH $JHQW �� FRPSOHWHG

PRYH� ��� 5HJLRQ VXUYH\ FRPSOHWHG DQG UHDG\ WR VLJQDO $JHQW �� DJDLQ�
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7R SHUIRUP WKH VHFRQG VXEWDVN RI PRYLQJ WKH JURXS WR WKH DUHD� WKH 5RDPLQJ DJHQWV PXVW

EH SURJUDPPHG ZLWK D EHKDYLRXU ZKLFK PRYHV WKHP LQWR WKH DUHD RI LQWHUHVW EDVHG RQ WKHP

VHQVLQJ WKH 5HIHUHQFH DJHQWV· SRVLWLRQV�

)LQDOO\� WR PHHW WKH VXEWDVN RI EXLOGLQJ D PDS� WKH IHDWXUH GDWD FROOHFWHG PXVW VRPHKRZ EH

FRPSLOHG LQWR DQ RYHUDOO PDS�

7R DYRLG WKH SUREOHPV RI WU\LQJ WR PDUU\ WRJHWKHU PDQ\ GLVSDUDWH PDSV� RQH VSHFLDO DJHQW

LV JLYHQ WKH WDVN RI EXLOGLQJ WKH PDS� 7KLV DJHQW� ZKLFK LV RQH RI WKH 5HIHUHQFH DJHQWV� LV

NQRZQ DV WKH0DSSLQJ DJHQW� 7KH UHPDLQLQJ 5HIHUHQFH DJHQWV DUH JLYHQ WKH QDPH %HDFRQ

DJHQWV� 7KXV WKHUH DUH WZR %HDFRQ DJHQWV� RQH 0DSSLQJ DJHQW DQG D PLQLPXP RI RQH

5RDPLQJ DJHQWV�

&RPPXQLFDWLRQ RI WKH LQWHUQDO VWDWH RI VRPH DJHQWV WR RWKHUV SURYLGHV D PHFKDQLVP IRU

EHKDYLRXU VHOHFWLRQ RI DJHQWV� 7KH FRPPXQLFDWLRQ FDQ EH KLHUDUFKLFDOO\ RUJDQLVHG� DV ZDV

GRQH LQ WKH VXUYH\LQJ URERW WHDP� 7KH 0DSSLQJ DJHQW� ZKLFK LV DW WKH WRS RI WKH KLHUDUFK\�

PDQDJHV WKH WDVN WKURXJK GLUHFWHG FRPPXQLFDWLRQ WR RWKHU %HDFRQ DJHQWV�

,Q RUGHU WR EXLOG D PDS� HDFK IHDWXUH GDWXP PXVW EH DVVRFLDWHG ZLWK D SRVLWLRQ� 7KH

5RDPLQJ DJHQW REWDLQV WKH IHDWXUH DQG PXVW UHOD\ LWV YDOXH EDFN WR WKH 0DSSLQJ DJHQW�

:KDW LV QRW VR REYLRXV LV KRZ WKH SRVLWLRQ DVVRFLDWHG ZLWK WKH IHDWXUH LV HVWDEOLVKHG�

,W LV GHVLUDEOH WR PLQLPLVH WKH FRPSOH[LW\ RI VHQVRUV RQ WKH 5RDPLQJ DJHQWV� VLQFH WKLV

ZRXOG DOORZ WKH RYHUDOO FRVW RI 5RDPLQJ DJHQWV WR EH PLQLPLVHG� DOORZLQJ PRUH RI WKHP WR

EH XVHG WR PLQLPLVH VXUYH\LQJ WLPH �DVVXPLQJ WKDW WKH WDVN RI URDPLQJ DQG PHDVXULQJ

IHDWXUHV LV WKH WLPH FRQVXPLQJ SDUW RI WKH H[HUFLVH� QRW FRPPXQLFDWLRQ RU PDS

FRQVWUXFWLRQ�� ,W FRXOG EH WKDW WKH 5RDPLQJ DJHQW DWWHPSWV WR DFFXUDWHO\ HVWDEOLVK LWV RZQ

SRVLWLRQ EDVHG RQ LWV PHDVXUHPHQWV RI %HDFRQ DJHQWV· SRVLWLRQV� 2QH DSSURDFK WR WKLV

PHWKRG PLJKW EH WR PHDVXUH WKH DQJOHV WR HDFK %HDFRQ DJHQW XVLQJ D YLVLRQ V\VWHP� $Q

RSWLFDO V\VWHP ZKLFK PDSSHG D ���� YLHZ RQWR D ��� SL[HO VWULSH &KDUJH &RXSOHG 'HYLFH

�&&'� ZRXOG� E\ 1\TXLVW·V WKHRUHP� JLYH D �� DQJXODU UHVROXWLRQ� $ W\SLFDO IODWEHG VFDQQHU

PLJKW FRQWDLQ D ���� SL[HO VWULSH &&' ��µ DW ���GSL�� ZKLFK ZLWK D VXLWDEOH RSWLFDO V\VWHP

FRXOG JLYH D ����� DQJXODU UHVROXWLRQ� 7KH 5RDPLQJ DJHQW PHDVXUHV WKH DQJOH EHWZHHQ HDFK

SRLQW�VRXUFH %HDFRQ� ZKLFK LOOXPLQDWHV D UHJLRQ RI VWULSHV RI WKH &&'�
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&LUFXODU &&'

DUUD\

EHDFRQEHDFRQ

LOOXPLQDWHG

UDQJH

)LJXUH �� &&' DQJOH VHQVRU

7KH EULJKWQHVV YDULDWLRQ RYHU WKLV UHJLRQ VKRXOG DOORZ WKH DQJXODU SRVLWLRQV RI WKH EHDFRQV

WR EH HVWDEOLVKHG UHDVRQDEO\ DFFXUDWHO\� 2QH DGYDQWDJH RI WKLV DSSURDFK LV WKDW RQO\ WKH

5HIHUHQFH DJHQWV QHHG WR HPLW HQHUJ\ WR SHUPLW SRVLWLRQ GDWD WR EH GHWHUPLQHG H[FHSW

ZKHQ WKH 5RDPLQJ DJHQWV WUDQVPLW WKHLU IHDWXUH GDWD� (DFK SL[HO RI WKH &&' DUUD\ FRXOG

KDYH D F\OLQGULFDO OHQV �ZKHUH WKH D[LV RI WKH F\OLQGHU LV LQ WKH KRUL]RQWDO SODQH� VR WKDW

YHUWLFDO SRVLWLRQ YDULDWLRQ RI WKH %HDFRQ DQG 0DSSLQJ DJHQWV LV FDWHUHG IRU� $OVR� YHUWLFDO

FROOLPDWRUV EHWZHHQ DGMDFHQW SL[HOV ZRXOG HDVH LQ ORFDOLVDWLRQ E\ UHGXFLQJ WKH DQJOH LQ WKH

KRUL]RQWDO SODQH RYHU ZKLFK WKH SL[HO GHWHFWV D %HDFRQ�

7KH DOWHUQDWLYH DSSURDFK ZKHUH WKH 5HIHUHQFH DJHQWV DWWHPSW WR IL[ WKH SRVLWLRQ RI

5RDPLQJ DJHQWV VKRXOG QRW EH GLVPLVVHG� 7R VLPSOLI\ WKLV VLWXDWLRQ� D VFKHPH LV QHFHVVDU\

ZKHUHE\ HDFK 5RDPLQJ DJHQW LQ WXUQ LQGLFDWHV LWV ZLVK WR KDYH LWV SRVLWLRQ PHDVXUHG�

SHUKDSV E\ EURDGFDVWLQJ LWV IHDWXUH GDWD LQ D VHULDO GDWD IRUPDW IURP DQ RPQLGLUHFWLRQDO

LQIUDUHG /('� (DFK UHIHUHQFH DJHQW UHDGV WKLV GDWD VWUHDP DQG REWDLQV DQ DQJXODU IL[ RQ WKH

WUDQVPLWWHU� DORQJ SHUKDSV ZLWK DQ LGHQWLILFDWLRQ ODEHO WUDQVPLWWHG DV SDUW RI WKH GDWD

VWUHDP� 7KLV FRXOG DLG DVVHPEO\ RI WKH GDWD E\ WKH 0DSSLQJ DJHQW� ,Q WKLV VFKHPH� WKH WZR

%HDFRQ DJHQWV PXVW UHOD\ WKHLU DQJXODU SRVLWLRQ GDWD EDFN WR WKH 0DSSLQJ DJHQW� LQFUHDVLQJ

WKH OLNHOLKRRG RI HUURUV DQG VORZLQJ GRZQ WKH FROOHFWLRQ RI GDWD�

7KH VHOHFWHG DSSURDFK LV WR DOORZ WKH 5RDPLQJ DJHQWV WR GHWHUPLQH WKHLU RZQ SRVLWLRQV�

ZLWK LQKHUHQWO\ LQFUHDVHG HUURUV GXH WR FKHDSHU VHQVRUV ZLWK ORZHU DQJXODU UHVROXWLRQ�

7KH\ WKHQ WUDQVPLW WKHLU IHDWXUH DQG SRVLWLRQ GDWD GLUHFWO\ EDFN WR WKH 0DSSLQJ DJHQW XVLQJ

D ORZ�FRVW UDGLR V\VWHP� VLPLODU WR D UDGLR HWKHUQHW� LH� DQ\ VFKHPH ZKLFK UHVROYHV FRQIOLFWV

ZKHUH PXOWLSOH 5RDPLQJ DJHQWV WUDQVPLW ¶RYHU WKH WRS· RI HDFK RWKHU·V WUDQVPLVVLRQV� $Q
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DGYDQWDJH RI WKLV WHFKQLTXH LV WKDW V\VWHPDWLF SRVLWLRQ HUURUV VKRXOG FDQFHO HDFK RWKHU RXW�

DV WKH\ ZLOO RQO\ EH DVVRFLDWHG ZLWK D VLQJOH 5RDPLQJ DJHQW� 7KLV LV LQ FRQWUDVW WR WKH

SRWHQWLDOO\ JUDYHU SUREOHP RI V\VWHPDWLF HUURUV IURP 5HIHUHQFH DJHQWV DSSO\LQJ WR WKH

SRVLWLRQV RI DOO 5RDPLQJ DJHQWV�

,Q WKH FDVH RI D 5RDPLQJ DJHQW LQ WKH SUHVHQFH RI WZR %HDFRQ DJHQWV� � DQG RQHE� E�

0DSSLQJ DJHQW� � GDWD� � IURP DQ LQGLYLGXDO 5RDPLQJ DJHQW FDQ EH UHSUHVHQWHG DV WKHP G

��WXSOH�

< I¯P� I¯E�� I¯E�� G >� ZKHUH I LV WKH IRUZDUG GLUHFWLRQ  �R

RU

< ���� �� G >

7KH EHKDYLRXU RI WKH 5RDPLQJ DJHQWV PXVW UHO\ SXUHO\ RQ WKLV GDWD� $OVR� LI WKH EHKDYLRXUV

FDQ EH GHVFULEHG LQ WHUPV RI WKH UDZ DQJOH GDWD� SURFHVVLQJ DQG EHKDYLRXU LPSOHPHQWDWLRQ

E\ WKH 5RDPLQJ DJHQW ZLOO EH VLPSOLILHG�

,Q RUGHU WR FRUUHFWO\ IRUP WKLV GDWD� DOO WKUHH 5HIHUHQFH DJHQWV PXVW EH YLVLEOH E\ WKH DJHQW

LQ TXHVWLRQ DQG WKH VHQVRUV DQG DVVRFLDWHG SURFHVVLQJ PXVW EHKDYH LGHDOO\� ,I WKLV LV QRW WKH

FDVH� HLWKHU WKH WXSOH ZLOO QRW EH DEOH WR EH IRUPHG RU LQFRUUHFW GDWD ZLOO EH SURGXFHG� ,Q WKH

FDVH ZKHUH WKH WXSOH FDQQRW EH IRUPHG� WKLV FDQ EH WKH WULJJHU IRU D EHKDYLRXU VHOHFWLRQ

ZKLFK FRXOG� VD\� VHHN WR PRYH WKH DJHQW VXFK WKDW LWV YLVLRQ LV QRW LPSDLUHG� ,Q WKH RWKHU

FDVH� ZKHUH LQFRUUHFW GDWD LV SURGXFHG� WKLV FDQQRW EH VHQVHG DQG WKH LQKHUHQW

IDXOW�WROHUDQFH RI WKH VXUYH\LQJ V\VWHP LV UHOLHG XSRQ�

7KH RUGHU RI GDWD LV DOVR LPSRUWDQW� ,W LV WKHUHIRUH QHFHVVDU\ IRU WKH 5RDPLQJ DJHQW WR EH

DEOH WR LGHQWLI\ ZKLFK LV WKH 0DSSLQJ DJHQW� 7R VXSSRUW WKLV LGHQWLILFDWLRQ� LW LV SURSRVHG

WKDW WKH 0DSSLQJ DJHQW·V EHDFRQ ZRXOG EH PRGXODWHG VRPHKRZ DQG WKDW WKH 5RDPLQJ

DJHQWV ZRXOG EH VHQVLWLYH WR WKLV PRGXODWLRQ� ,W LV QRW QHFHVVDU\ IRU WKH 5RDPLQJ DJHQWV WR

NQRZ WKH LGHQWLW\ RI WKH %HDFRQ DJHQWV DV WKH\ WUDQVPLW WKH DQJOH GDWD RUGHUHG E\

LQFUHDVLQJ DQJOH� 7KXV� WKH 0DSSLQJ DJHQW� ZKLFK NQRZV WKH SRVLWLRQV DQG LGHQWLW\ RI WKH

%HDFRQ DJHQWV� FDQ PDWFK WKH GDWD WR WKH FRUUHFW 5HIHUHQFH DJHQW�

7KH WXSOH LV UHOD\HG EDFN WR WKH 0DSSLQJ DJHQW WR HQDEOH LW WR GHWHUPLQH WKH WUDQVPLWWLQJ

DJHQW·V SRVLWLRQ DQG DVVRFLDWHG IHDWXUH GDWXP� 7KH PHWKRG XVHG IRU WKLV GHWHUPLQDWLRQ LV

FDOOHG UHVHFWLRQ
��
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��� $JHQW�GHVFULSWLRQV

2QH VLPSOH ZD\ RI PRGHOOLQJ DQ DXWRQRPRXV DJHQW LV WR VXEGLYLGH LW LQWR EORFNV

UHSUHVHQWLQJ VHQVRUV� EHKDYLRXUV� HIIHFWRUV DQG SK\VLFDO WUDLWV� 6HH )LJXUH ��

6HQVRUV

(IIHFWRUV

2SWLRQDO
&RPPXQLFDWLRQV

%HKDYLRXU

3K\VLFDO WUDLWV

$JHQW
(QYLURQPHQW

)LJXUH �� $JHQW PRGHO

7KH DJHQWV SHUIRUP GLIIHUHQW UROHV LQ WKH VXUYH\ WDVN� 7R VXSSRUW WKLV� WKH\ GLIIHU LQ HDFK RI

WKHVH LGHQWLILHG EORFNV� OHDGLQJ WR WKH URERW VXUYH\LQJ WHDP EHLQJ FODVVHG DV

KHWHURJHQHRXV�

$ FRPPXQLFDWLRQ EORFN FRXOG EH DGGHG DV VKRZQ LQ WKH GLDJUDP� RU WKLV UROH FDQ EH

VXEVXPHG E\ WKH VHQVRU DQG HIIHFWRU EORFNV� WKH DFW RI FRPPXQLFDWLRQ HVVHQWLDOO\ EHLQJ WR

LQGXFH DQ HQHUJ\ GLVWXUEDQFH LQWR WKH HQYLURQPHQW WKURXJK DQ HIIHFWRU DQG IRU WKLV

GLVWXUEDQFH WR EH VHQVHG E\ VRPH RWKHU DJHQW�

)RU WKLV VLPXODWLRQ� QR PRGHOOLQJ RI SK\VLFDO WUDLWV ZDV SHUIRUPHG� +RZHYHU� VRPH

DVVXPSWLRQV ZHUH PDGH WR VLPSOLI\ WKH PRGHO� )RU H[DPSOH� LW LV DVVXPHG WKDW DJHQWV KDYH

]HUR H[WHQW� TXLWH DQ DVVXPSWLRQ�
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����� 5RDPLQJ�DJHQW�GHVFULSWLRQ

6HQVRUV

5RDPLQJ DJHQWV KDYH WZR VHQVRUV� 7KH ILUVW LV WKH &&' DQJOH VHQVRU GHVFULEHG DERYH� 7KH

VHFRQG LV D VHQVRU WR JDWKHU WKH IHDWXUH GDWD DW WKH FXUUHQW ORFDWLRQ�

,I WKH PRGHO LV H[WHQGHG WR DOORZ LQWHUDFWLRQ EHWZHHQ 5RDPLQJ DJHQWV� DV VXJJHVWHG LQ D

ODWHU VHFWLRQ� LW ZLOO EH QHFHVVDU\ WR DGG D VHQVRU WR PHDVXUH WKH SUR[LPLW\ RI QHDUE\

DJHQWV� RU DW OHDVW WR GHWHFW FROOLVLRQV ZLWK RWKHU DJHQWV XVLQJ D EXPS VHQVRU RU ZKLVNHUV�

%HKDYLRXUV

5RDPLQJ DJHQWV LPSOHPHQW WZR EDVLF EHKDYLRXUV� 7KH ILUVW LV VDIH�ZDQGHULQJ� 7KH VHFRQG LV

KRPLQJ�

7KH 5RDPLQJ DJHQWV EHKDYLRXU DOORZV WKHP WR DFKLHYH WKH PDLQWHQDQFH JRDO RI WKH

FROOHFWLRQ RI WHUUDLQ IHDWXUH GDWD DQG LWV WUDQVPLVVLRQ WR WKH 0DSSLQJ DJHQW� 7KH EDVLF

EHKDYLRXUV RQ ZKLFK WKH FRPSRVLWH EHKDYLRXU LV EDVHG DUH ERWK PDLQWHQDQFH JRDO DFKLHYLQJ

EHKDYLRXUV�

%\ XVLQJ WKH DQJOH GDWD FROOHFWHG RI WKH EHDFRQ SRVLWLRQV� LW LV SRVVLEOH IRU 5RDPLQJ DJHQWV

WR GHWHUPLQH WKH DUHD WKH\ VKRXOG EH VXUYH\LQJ� 7KH EHDFRQV OLH DW WKH YHUWLFHV RI D FRQYH[

JHRPHWULF ILJXUH �LQ RXU FDVH WKH ILJXUH LV D WULDQJOH� KRZHYHU� LI PRUH EHDFRQ DJHQWV DUH

DYDLODEOH� DQRWKHU KLJKHU RUGHU ILJXUH ZRXOG ZRUN�� ,I WKH PHDVXUHG GLIIHUHQFH EHWZHHQ WZR

VXEVHTXHQW DQJOHV H[FHHGV ����� WKH 5RDPLQJ DJHQW KDV OHIW WKH DUHD FXUUHQWO\ EHLQJ

VXUYH\HG� ,I WKLV GHWHUPLQDWLRQ LV PDGH� WKH KRPLQJ EHKDYLRXU LV VHOHFWHG ZKLFK GULYHV WKH

5RDPLQJ DJHQW WRZDUG WKH FHQWURLG RI WKH 5HIHUHQFH DJHQW �%HDFRQ DQG 0DSSLQJ DJHQW�

SRVLWLRQV� 7KXV DQJOH GDWD LV XVHG WR VHOHFW EHWZHHQ WKH VDIH�ZDQGHULQJ DQG KRPLQJ

EHKDYLRXUV�

(IIHFWRUV

5RDPLQJ DJHQWV KDYH WZR HIIHFWRUV� 7KH ILUVW LV D GULYH PHFKDQLVP ZKLFK DOORZV WKHP WR

WUDYHO DW FRQVWDQW VSHHG LQ D IRUZDUG GLUHFWLRQ� 7KH\ FDQ WXUQ OHIW DQG ULJKW ZLWK D PLQLPXP

VSHFLILHG UDGLXV� 7KH VHFRQG HIIHFWRU LV D WUDQVPLWWHU WR EURDGFDVW UHOD\ DQJOH DQG IHDWXUH

GDWD LQ D GLUHFWHG RU DGGUHVVHG PDQQHU WR WKH 0DSSLQJ DJHQW�

,Q D SK\VLFDO LPSOHPHQWDWLRQ� WKH WUDQVPLWWHU FRXOG EH HLWKHU DQ RPQLGLUHFWLRQDO RU

GLUHFWLRQDO DQWHQQD� VLQFH WKH 5RDPLQJ DJHQW FDQ GHWHFW WKH GLUHFWLRQ RI WKH 0DSSLQJ DJHQW�

7KLV LV QRW LPSRUWDQW WR WKH FXUUHQW VLPXODWLRQ�
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����� %HDFRQ�DJHQW�GHVFULSWLRQ

6HQVRUV

%HDFRQ DJHQWV KDYH WKUHH VHQVRUV� 7KHVH PXVW VXSSRUW QDYLJDWLRQ RI WKH DJHQW WR D QHZ

VXUYH\ UHIHUHQFH SRVLWLRQ� 7KH\ PXVW DOVR VXSSRUW DFFXUDWH UDQJLQJ WR RWKHU UHIHUHQFH

DJHQWV WR HQVXUH WKDW WKLV UHIHUHQFH SRVLWLRQ LV HVWDEOLVKHG DFFXUDWHO\�

7KH ILUVW VHQVRU LV WKH &&' DQJOH VHQVRU GHVFULEHG DERYH� ,W LV SRVVLEOH WR QDYLJDWH WR WKH

DSSUR[LPDWH SRVLWLRQ RI D QHZ UHIHUHQFH SRVLWLRQ XVLQJ RQO\ WKH DQJOH GDWD UHWXUQHG IURP

WKLV VHQVRU�

7KH VHFRQG VHQVRU LV D ODVHU UDQJHILQGHU� 7KLV SURYLGHV VXSSRUW IRU DFFXUDWH UDQJLQJ� 7R

VXSSRUW ODVHU UDQJHILQGHUV RQ UHIHUHQFH DJHQWV RI WKH W\SH WUDGLWLRQDOO\ XVHG E\ VXUYH\RUV�

FRUQHU PLUURUV PXVW EH DWWDFKHG WR DOO UHIHUHQFH DJHQWV� 1RUPDOO\� ODVHU UDQJHILQGHUV PXVW

EH DFFXUDWHO\ DLPHG WR HQVXUH WKDW WKH FRUQHU PLUURU LV VWUXFN DQG WKH UHWXUQ EHDP

FDSWXUHG E\ WKH LQWHUIHURPHWHU� ,I D VFDQQLQJ ODVHU UDQJHILQGHU LV XVHG LQVWHDG� WKH FRUQHU

PLUURUV DUH QRW UHTXLUHG� +RZHYHU� WKH H[WUD UDQJH LQIRUPDWLRQ IURP D VFDQQLQJ

UDQJHILQGHU FRXOG FDXVH D SUREOHP LQ WKDW LW PXVW EH FRUUHODWHG ZLWK 5HIHUHQFH DJHQW

SRVLWLRQV DQG WKH UHPDLQGHU WKURZQ DZD\�

$V VRPH DQJOH LQIRUPDWLRQ LV DYDLODEOH IURP WKH &&' VHQVRU� WKLV SURYLGHV D VWDUWLQJ SRLQW

IRU VRPH XQGHILQHG FRQWURO PHFKDQLVP WR DLP WKH ODVHU� 7KH ODVHU FRXOG VFDQ WKDW UHJLRQ

XQWLO D UHWXUQ EHDP LV GHWHFWHG RU WKH EHDP FRXOG EH VSUHDG WR SHUPLW LQDFFXUDWH DLPLQJ RU

VRPH FRPELQDWLRQ RI WKHVH FRXOG EH DSSOLHG�

)LQDOO\� WR VXSSRUW SURWRFROV IRU PRYLQJ WR D QHZ SRVLWLRQ� %HDFRQ DJHQWV PXVW FDUU\ D

FRPPXQLFDWLRQ WUDQVFHLYHU� &RPPDQGV IURP WKH 0DSSLQJ DJHQW WR WDNH XS D QHZ UHIHUHQFH

EHDFRQ SRVLWLRQ DQG LQGLFDWH WKDW WKH QHZ SRVLWLRQ KDV EHHQ UHDFKHG DUH LPSOHPHQWHG DV

SDUW RI WKHVH SURWRFROV� 7KH UHFHLYHU SDUW RI WKLV FDQ EH FODVVLILHG DV D VHQVRU�

%HKDYLRXUV

7KH EHKDYLRXU RI WKH %HDFRQ DJHQWV GRHV QRW ILW QHDWO\ LQWR WKH EHKDYLRXUDO DSSURDFK

PRGHO� DV VWDWHG� )LUVWO\� D QHZ EDVLF EHKDYLRXU� ZKLFK FRXOG EH FDOOHG ZDLWLQJ� LV UHTXLUHG�

VLQFH %HDFRQV VSHQG PRVW RI WKHLU WLPH VLWWLQJ GRLQJ QRWKLQJ� 7KLV FRXOG EH FRQVLGHUHG WR

EH D VSHFLDO W\SH RI KRPLQJ� ZKHUH WKH JRDO LV DOZD\V WKH DJHQW·V SRVLWLRQ�

7KH RWKHU EHKDYLRXU LPSOHPHQWHG E\ WKH %HDFRQ DJHQWV LV KRPLQJ� WR PRYH WKH DJHQW WR LWV

QHZ UHIHUHQFH SRVLWLRQ ZKHQ WKH 0DSSLQJ DJHQW VLJQDOV LW� +RZHYHU� WKLV LV SHUIRUPHG

XVLQJ D VWDJHG DSSURDFK� 7KH %HDFRQ DJHQW QRUPDOO\ UHVWV XQWLO UHFHLYLQJ D FRPPDQG IURP

WKH 0DSSLQJ DJHQW WR HVWDEOLVK D QHZ UHIHUHQFH SRVLWLRQ� ,W WKHQ XVHV WKH DQJOH GDWD IURP
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WKH &&' DQJOH VHQVRU WR SODFH LWVHOI FORVH WR WKH QHZ JRDO SRVLWLRQ� )LQDOO\� LW XVHV UDQJH

GDWD WR DFFXUDWHO\ SODFH KRPH LQ RQ WKH QHZ UHIHUHQFH SRVLWLRQ� EHIRUH UHWXUQLQJ WR D

UHVWLQJ VWDWH�

7KH 5HIHUHQFH DJHQWV EHKDYLRXUV �0DSSLQJ DJHQW EHKDYLRXU LV WKH VDPH DV IRU WKH %HDFRQ

DJHQW� DFKLHYH WKH PDLQWHQDQFH JRDO RI DFWLQJ DV SRVLWLRQ UHIHUHQFHV IRU RWKHU DJHQWV� 7R

IRUP WKLV FRPSRVLWH EHKDYLRXU� ERWK EDVLF PDLQWHQDQFH DQG JRDO�DFKLHYLQJ EHKDYLRXUV DUH

FRPELQHG WHPSRUDOO\�

(IIHFWRUV

%HDFRQ DJHQWV KDYH WKUHH HIIHFWRUV� /LNH 5RDPLQJ DJHQWV� WKH ILUVW LV D GULYH PHFKDQLVP

ZKLFK DOORZV WKHP WR WUDYHO DW FRQVWDQW VSHHG LQ D IRUZDUG GLUHFWLRQ� 7KH\ FDQ DOVR VWDUW

DQG VWRS DQG WXUQ OHIW DQG ULJKW ZLWK D PLQLPXP VSHFLILHG UDGLXV�

7KH VHFRQG HIIHFWRU LV WKH EHDFRQ LWVHOI ZKLFK SURYLGHV DQ RPQLGLUHFWLRQDO� ORFDOLVHG�

GHWHFWDEOH HQHUJ\ VRXUFH� ,Q D SK\VLFDO LPSOHPHQWDWLRQ� WKLV FRXOG EH D F\OLQGULFDO OLJKW

VRXUFH� PRGXODWHG LQ VRPH ZD\ WR DOORZ LGHQWLILFDWLRQ RI WKH VRXUFH DV D %HDFRQ DJHQW E\

5RDPLQJ DJHQWV�

7KH WUDQVPLWWHU SDUW RI WKH FRPPXQLFDWLRQ WUDQVFHLYHU LV WKH WKLUG HIIHFWRU�

����� 0DSSLQJ�DJHQW�GHVFULSWLRQ

$ 0DSSLQJ DJHQW FDQ EH WKRXJKW RI DV D %HDFRQ DJHQW ZLWK WKH H[WUD UHVSRQVLELOLWLHV RI

UHFHLYLQJ WKH VXUYH\ GDWD� EXLOGLQJ LW LQWR D PDS DQG FRPPDQGLQJ WKH %HDFRQ DJHQWV WR

PRYH WR QHZ UHIHUHQFH SRVLWLRQV�

6HQVRUV

0DSSLQJ DJHQWV DUH VLPLODU WR %HDFRQ DJHQWV DQG WKHUHIRUH DOVR KDYH WKUHH VHQVRUV DQG XVH

WKHP LQ WKH VDPH ZD\ GHVFULEHG IRU %HDFRQ DJHQWV�

%HKDYLRXUV

7KH KRPLQJ EHKDYLRXU LPSOHPHQWHG E\ WKH 0DSSLQJ DJHQW LV LGHQWLFDO WR WKDW RI WKH %HDFRQ

DJHQWV�

(IIHFWRUV

7KH GHVFULSWLRQ IRU WKHVH LV VLPLODU WR WKDW IRU WKH %HDFRQ DJHQW� +RZHYHU� WKH EHDFRQ LWVHOI

LV PRGXODWHG GLIIHUHQWO\ WR %HDFRQ DJHQWV LQ VRPH ZD\ WR DOORZ LGHQWLILFDWLRQ RI WKH VRXUFH
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DV D 0DSSLQJ DJHQW E\ 5RDPLQJ DJHQWV� 7KLV DOORZV WKH 5RDPLQJ DJHQWV WR FRUUHFWO\ RUGHU

WKHLU DQJOH GDWD�

0DS�%XLOGLQJ�DQG�6XUYH\LQJ�7DVN�0DQDJHPHQW

7KH 0DSSLQJ DJHQW UHFHLYHV VXUYH\ GDWD DQG XVHV WKLV WR EXLOG WKH PDS XVLQJ UHVHFWLRQ DQG

VWDWLVWLFDO DYHUDJLQJ RI IHDWXUH GDWD UHFHLYHG IURP FRLQFLGHQW VXUYH\ SRVLWLRQV� 7KH DJHQW

PRQLWRUV WKH FRYHUDJH RI WKH DUHD FXUUHQWO\ EHLQJ VXUYH\HG� :KHQ WKLV FRYHUDJH� ZKRVH

PHDVXUH LV EDVHG RQ D VDPSOH UHJLRQ RI WKH DUHD FXUUHQWO\ EHLQJ VXUYH\HG� H[FHHGV D

WKUHVKROG� WKH 0DSSLQJ DJHQW FRPPDQGV WKH %HDFRQ DJHQWV LQ WXUQ WR PRYH WR QHZ

SRVLWLRQV� 7KH PDSSLQJ WDVN LV KDOWHG XQWLO WKH %HDFRQ DJHQWV UHVSRQG WKDW WKH\ KDYH

DFTXLUHG WKHLU QHZ SRVLWLRQ�

7KH URERW WHDP EXLOGV D PDS RI D VWULS RI WKH WHUUDLQ� ,I LW LV GHVLUHG WR KDYH D PRUH

JHQHUDOLVHG DUHD VXUYH\HG� D KLJKHU OHYHO EHKDYLRXU ZRXOG KDYH WR EH SURJUDPPHG RQ WKH

0DSSLQJ DJHQW� 7KH JHQHUDOLVHG DUHD ZRXOG EH FRQFHSWXDOO\ RYHUODLG ZLWK WKH WHVVHOODWLRQ

JULG DQG DQ DOJRULWKP WR FRYHU HDFK WLOH DUHD LQ WXUQ HVWDEOLVKHG� $OWKRXJK WKLV ZDV QRW

LQYHVWLJDWHG� LW FRXOG EH LPSOHPHQWHG LQ WKH FXUUHQW VLPXODWRU� 7KH RQO\ GLIIHUHQFH ZRXOG

EH WKDW WKH 0DSSLQJ DJHQW ZRXOG VLJQDO 5HIHUHQFH DJHQWV LQ D GLIIHUHQW VHTXHQFH WR PRYH

WKH WHDP WR UHJLRQV RXWVLGH WKH VWULS�

��� 7D[RQRP\�RI�WKH�VXUYH\LQJ�VZDUP

$V GHVFULEHG LQ VHFWLRQ ���� URERW VZDUP V\VWHPV PD\ EH FODVVLILHG DFFRUGLQJ WR D

WD[RQRP\� ,W LV XVHIXO WR GR WKLV WR FDWHJRULVH WKH UHVHDUFK DQG UHODWH LW WR RWKHU UHVHDUFK LQ

UHODWHG DUHDV�

7KH VZDUP VL]H FODVVLILFDWLRQ LV OLPLWHG JURXS VL]H ZLWK UHVSHFW WR WDVN VL]H�

7KH FRPPXQLFDWLRQ UDQJH LV LQILQLWH �DEOH WR FRPPXQLFDWH ZLWK DQ\ RWKHU DJHQW� DOWKRXJK LW

FRXOG HTXDOO\ EH FRPPXQLFDWLRQ EHWZHHQ QHDU DJHQWV VLQFH DOO DJHQWV FRQVWUDLQ WKHLU

SUR[LPLW\ DQG DUH DOZD\V ZLWKLQ FRPPXQLFDWLRQ UDQJH RI HDFK RWKHU�

7KH FRPPXQLFDWLRQ WRSRORJ\ LV DGGUHVV� $OO 5RDPLQJ DQG %HDFRQ DJHQWV WUDQVPLW WKHLU

SRVLWLRQ GDWD RQO\ WR WKH 0DSSLQJ DJHQW� 7KH 0DSSLQJ DJHQW VLJQDOV WKH %HDFRQ DJHQWV WR

PRYH�

7KH FRPPXQLFDWLRQ EDQGZLGWK LV KLJK �FRPPXQLFDWLRQ FRVW LV IUHH��

6ZDUP UHFRQILJXUDELOLW\ LV D FRPELQDWLRQ RI FRRUGLQDWHG UHDUUDQJHPHQW �UHTXLUHV

FRPPXQLFDWLRQ� ZKLFK UHIHUV WR WKH %HDFRQ DQG 0DSSLQJ DJHQWV DQG G\QDPLF UHDUUDQJHPHQW

�DJHQWV FDQ UHGLVWULEXWH DUELWUDULO\� ZKLFK DSSOLHV WR WKH 5RDPLQJ DJHQWV�
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8QLW SURFHVVLQJ DELOLW\ LV 7XULQJ PDFKLQH HTXLYDOHQW �JHQHUDO FRPSXWDWLRQ��

)LQDOO\� WKH VZDUP FRPSRVLWLRQ LV KHWHURJHQHRXV�

��� &RPELQLQJ�%HKDYLRXUV

:KHUH LQGLYLGXDO EDVLF EHKDYLRXUV PXVW EH FRPELQHG� WKH\ PD\ EH FRPELQHG GLUHFWO\� E\

FRPSXWLQJ HDFK EHKDYLRXU DQG VXPPLQJ WKH UHVXOWDQW YHORFLW\ YHFWRUV� ZKLFK DUH WKH

EHKDYLRXU RXWSXWV� 7KLV PHWKRG RI FRPELQLQJ EHKDYLRXUV LV DSSOLFDEOH WR WKH DFKLHYHPHQW

RI DQ LQGLYLGXDO JRDO�

,Q RUGHU WR SHUIRUP KLJKHU OHYHO WDVNV� WKH EHKDYLRXUV� ZKLFK PD\ EH EDVLF RU FRPELQHG

EHKDYLRXUV� PXVW EH FRPELQHG WHPSRUDOO\� IRU H[DPSOH E\ D ILQLWH VWDWH PDFKLQH�

0DQ\ LPSOHPHQWDWLRQV E\ H[LVWLQJ UHVHDUFKHUV KDYH XVHG OD\HUHG EHKDYLRXUV� ZKHUH

EHKDYLRXUV DUH FRPELQHG XVLQJ WKH 6XEVXPSWLRQ $UFKLWHFWXUH >%UR��@ PHWKRG� 7KLV KDV QRW

EHHQ GRQH LQ WKLV SURMHFW� WKH VLPSOHU DSSURDFK RI QRQ�OD\HUHG RU WUDGLWLRQDO ILQLWH VWDWH

PDFKLQHV EHLQJ XVHG LQVWHDG� VLQFH LW ZDV DOZD\V LQWHQGHG WR NHHS LQGLYLGXDO DJHQWV·

EHKDYLRXUV VLPSOH� ,Q IDFW� LW ZDV QRW QHFHVVDU\ WR FRPELQH EDVLF EHKDYLRXUV LQ DQ\ ZD\

RWKHU WKDQ WHPSRUDOO\ IRU WKLV SURMHFW�
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� 7KH�6LPXODWRU

��� 7KH�SUREOHPV�RI�VLPXODWLRQV

7KH XVH RI VLPXODWLRQV LQ URERWLFV UHVHDUFK LV RIWHQ FULWLFLVHG IRU WKH UHDVRQ WKDW VLPXODWLRQ

FDQ QHYHU KRSH WR DFFRXQW IRU DOO UHDO ZRUOG SKHQRPHQD� %HFDXVH RI WKLV� WKH OHJLWLPDF\ RI

VLPXODWLRQ UHVXOWV PD\ YDOLGO\ EH TXHVWLRQHG�

+RZHYHU� SURYLGHG WKH VFRSH RI WKH VLPXODWLRQ DQG LWV OLPLWDWLRQV DUH XQGHUVWRRG LW PD\

RIWHQ EH D YDOXDEOH PRGH RI LQYHVWLJDWLRQ� 7KH FRVW RI LPSOHPHQWLQJ FXVWRP KDUGZDUH ZKHQ

D URERW UHVHDUFK TXHVWLRQ DULVHV FDQ EH KLJK� 7KXV� VLPXODWLRQ LV RIWHQ D YDOLG ILUVW VWHS

WRZDUG WKH LPSOHPHQWDWLRQ RI D ZRUNLQJ V\VWHP�

7KH EDVLF WHQHW RI VLPXODWLRQ LV WKDW D VLPXODWRU SURYLGHV D PRGHO ZKLFK WKH SURJUDPPHU

EHOLHYHV FDSWXUHV WKH HVVHQWLDO DVSHFWV RI WKH UHDO V\VWHP LW LV DWWHPSWLQJ WR VLPXODWH� ,W

PXVW DOZD\V EH H[SHFWHG WKDW HDUO\ PRGHOV ZLOO KDYH IDLOLQJV DQG DQ\ UHVXOWV IURP ZRUN

ZLWK D VLPXODWLRQ VKRXOG EH WHVWHG RQ SK\VLFDO V\VWHPV WR YDOLGDWH WKH PRGHO DQG DQ\

FRQFOXVLRQV ZKLFK DUH EDVHG RQ LW� 1RWH WKDW LW KDV EHHQ VKRZQ LQ VRPH FDVHV WKDW

LPSHUIHFWLRQV LQ UHDO�ZRUOG V\VWHPV FDQ OHDG WR VLPSOHU KDQGOLQJ RI WDVNV E\ SK\VLFDOO\

HPERGLHG URERWV WKDQ LQ D VLPXODWLRQ HQYLURQPHQW ZKLFK PD\ LQWURGXFH VLPXODWLRQ

DUWHIDFWV� 7KH SUREOHPV DQG WKH ZD\ ZLWK ZKLFK WKH\ KDYH EHHQ GHDOW LQ WKLV ZRUN DUH QRZ

GHVFULEHG�

��� 6LPXODWRU�,VVXHV

����� 'LVFUHWH�WLPH�SUREOHP

6LPXODWLRQV E\ UHVHDUFKHUV DW ;HUR[ 3DUF KDYH VKRZQ WKDW WKH GLVFUHWLVDWLRQ RI WLPH� RU

WLPH�VWHSSHG DSSURDFK WDNHQ E\ VLPXODWLRQ HQYLURQPHQWV FDQ DIIHFW WKH G\QDPLFV RI WKH

DJHQWV ZLWKLQ WKH HQYLURQPHQW >+X*O��@� 7KH H[DPSOH LQYHVWLJDWHG LV WKH ,WHUDWHG

3ULVRQHU·V 'LOHPPD �,3'� SUREOHP� ,W ZDV VKRZQ WKDW XVLQJ D VWRFKDVWLF PHWKRG RI GHDOLQJ

ZLWK WLPH OHG WR FRQFOXVLRQV ZKLFK GLUHFWO\ FKDOOHQJHG �LQYDOLGDWHG� SUHYLRXV UHVXOWV�

:LWK WKLV LQ PLQG� LW ZDV GHFLGHG IRU WKLV SURMHFW WR UDQGRPLVH WKH WLPH VHTXHQFLQJ RI

VLPXODWHG DJHQWV� EXW QRW WR WDNH D FRPSOHWHO\ VWRFKDVWLF DSSURDFK WR WLPH� ,Q RWKHU ZRUGV�

WKH GLVFUHWLVHG XQLW RI WLPH UHPDLQV D FRQVWDQW YDOXH� +RZHYHU� WKH VFKHGXOHU ZKLFK

H[HFXWHV HDFK DJHQW GRHV VR LQ D UDQGRP RUGHU�

)RU DQ DQDORJRXV UHDVRQ� WKH VLPXODWLRQ HQYLURQPHQW XVHV D FRQWLQXRXV VSDFH PRGHO EDVHG

RQ IORDWLQJ SRLQW UHSUHVHQWDWLRQV� 7KH DOWHUQDWLYH LV WR XVH D TXDQWLVHG RU WHVVHOODWHG PRGHO

RI VSDFH� 1RWH WKDW WKHUH LV D GLVWLQFWLRQ EHWZHHQ WKH VSDFH LWVHOI EHLQJ TXDQWLVHG DQG WKH
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VXUYH\ UHJLRQV EHLQJ WHVVHOODWHG� ,I WKH VSDFH EHLQJ PRGHOOHG ZHUH LWVHOI TXDQWLVHG�

SRVLWLRQDO HUURUV RI WKH VDPH RUGHU RI VFDOH DV WKH DJHQWV RSHUDWLQJ LQ WKH HQYLURQPHQW

ZRXOG DFFXPXODWH DQG PD\ KDYH XQIRUHVHHQ HIIHFWV RQ VLPXODWLRQ UHVXOWV�

7ZR DVSHFWV RI WKH VLPXODWLRQ DFWLQJ DV LQSXWV DQG RXWSXWV RI WKH VXUYH\LQJ WDVN GR

WHVVHOODWH WKH VLPXODWLRQ VSDFH DW D VFDOH FRPSDUDEOH WR WKH DJHQWV� 7KHVH DUH WKH WHUUDLQ

PDS LWVHOI DQG WKH LQWHUQDO UHSUHVHQWDWLRQ RI WKH IHDWXUH GDWD PDS IRUPHG E\ WKH PDSSLQJ

DJHQW� +RZHYHU� WKHVH UHSUHVHQW PRGHOV IURP WKH SRLQW RI YLHZ RI WKH DJHQWV DQG DV VXFK

DUH QRW D SDUW RI WKH VSDFH LQ ZKLFK WKH\ RSHUDWH� 7KXV� WKH\ DUH QRW FRQVWUDLQHG E\ WKH

UHTXLUHPHQW WKDW WKH\ EH FRQWLQXRXV�

����� 6HQVRU�HUURUV

,Q DOO VLPXODWLRQV� UHJDUGOHVV RI WKH DUHD RI LQYHVWLJDWLRQ� DQ\ PRGHOOLQJ RI UHDO ZRUOG

SKHQRPHQD PXVW EH PRGHOOHG� LPSO\LQJ VLPSOLILFDWLRQ� ,Q WKH VSHFLILF DUHD RI DXWRQRPRXV

DJHQW UHVHDUFK ZKHUH DQ DJHQW KDV DQ LQWHUIDFH EHWZHHQ WKH UHDO ZRUOG DQG DQ LGHDOLVHG

FRPSXWDWLRQDO EORFN� LQ RXU FDVH D JHQHUDOLVHG 7XULQJ PDFKLQH� VLPXODWLRQV RIWHQ DVVXPH

WKDW VRPH RU DOO RI WKH VHQVRU LQIRUPDWLRQ LV SHUIHFW� 6LPLODUO\� WKH LQWHUDFWLRQ RI HIIHFWRUV

ZLWK WKH HQYLURQPHQW LV VLPSOLILHG LQ PRGHOV� ,W LV WKHVH EORFNV ZKLFK LQWHUIDFH ZLWK WKH

UHDO ZRUOG ZKHUH SDUWLFXODU DWWHQWLRQ PXVW EH SDLG WR PRGHOOLQJ WR PD[LPLVH WKH YDOLGLW\ RI

DQ\ UHVXOWV�

��� 'HYHORSPHQW�WRRO

7KH VLPXODWRU ZDV GHYHORSHG XVLQJ WKH %RUODQG 'HOSKL 2EMHFW 3$6&$/ ODQJXDJH� 7KLV

ODQJXDJH ZDV FKRVHQ IRU WKH IROORZLQJ UHDVRQV�

y 3$6&$/ KDV D ZHOO UHFRJQLVHG V\QWD[ ZKLFK HDVHV WKH LQWHUSUHWDWLRQ E\ UHDGHUV RI DQ\

FRGHG DOJRULWKPV�

y *HQHUDWLRQ RI D JUDSKLFDO PRGHO HQYLURQPHQW DQG JUDSKLFDO XVHU LQWHUIDFH LV PDGH HDV\

E\ WKH 'HOSKL WRROVHW�

y ,W LV DQ LPSOHPHQWDWLRQ RI D PRGHUQ REMHFW�RULHQWHG ODQJXDJH� 7KH WDVN RI VLPXODWLQJ

PDQ\ DXWRQRPRXV LQWHUDFWLQJ DJHQWV OHQGV LWVHOI QDWXUDOO\ WR DQ REMHFW�RULHQWHG

DSSURDFK�

6RPH 2EMHFW 3$6&$/ LVVXHV DUH EULHIO\ GHVFULEHG KHUH WR DLG WKH IROORZLQJ GLVFXVVLRQ�

y &RGH PRGXOHV RU ILOHV DUH UHIHUUHG WR DV XQLWV� 7KLV LV QRW WR EH FRQIXVHG ZLWK WKH WHUP

XQLWV XVHG E\ WKH $OLIH FRPPXQLW\ WR UHIHU WR DQ DJHQW�
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y 2EMHFW�RULHQWHG SURJUDPPLQJ FRQFHSWV DUH RXWVLGH WKH VFRSH RI WKLV ZRUN� %ULHIO\�

2EMHFW 3$6&$/ LPSOHPHQWV D PRGHUQ REMHFW�RULHQWHG PRGHO VXSSRUWLQJ SRO\PRUSKLVP

DQG LQKHULWDQFH ZLWK DEVWUDFW FODVVHV�

2EMHFWV� ZKLFK DUH LQVWDQFHV RI FODVVHV� FRQWDLQ GDWD QRW GLUHFWO\ DFFHVVLEOH E\ RWKHU

REMHFWV� 7KHVH GDWD DUH UHIHUUHG WR DV ILHOGV�

$FFHVV WR WKH REMHFWV FRQFHSWXDOO\ RFFXUV E\ VHQGLQJ D PHVVDJH WR WKH REMHFW ZKLFK

LQYRNHV RQH RI WKH REMHFW·V GHILQHG PHWKRGV� $ PHWKRG LV D GHILQHG PHVVDJH LQWHUIDFH WR

WKH REMHFW� ,Q 2EMHFW 3$6&$/� PHWKRGV PD\ EH 3$6&$/ SURFHGXUHV RU IXQFWLRQV RU

DQRWKHU LQWHUIDFH W\SH FDOOHG D SURSHUW\�

y 6RPH QDPLQJ FRQYHQWLRQV XVHG E\ %RUODQG� ZKLFK KDYH EHHQ DGKHUHG WR� DUH WKDW FODVV

W\SH QDPHV DUH SUHIL[HG ZLWK WKH OHWWHU 7� 3ULYDWH ILHOG QDPHV DUH SUHIL[HG ZLWK WKH

OHWWHU )�

��� 2EMHFW�KLHUDUFK\

7KH IROORZLQJ REMHFW FODVVHV ZHUH GHILQHG IRU WKH VLPXODWRU�

y 7)RUP

7KLV FODVV LV DFWXDOO\ GHILQHG E\ WKH 'HOSKL HQYLURQPHQW� ,W FRQWDLQV WKH SURSHUWLHV DQG

PHWKRGV DQG RWKHU FODVVHV DVVRFLDWHG ZLWK WKH JUDSKLFDO ZLQGRZ LQ ZKLFK WKH VLPXODWRU

LV GLVSOD\HG ZLWKLQ WKH RSHUDWLQJ V\VWHP HQYLURQPHQW�

y 7$JHQW0DQDJHU

7KLV LV WKH QRWLRQDO ¶ZRUOG· ZLWKLQ ZKLFK WKH DJHQWV UHVLGH� ,W FRQWDLQV WKRVH SURSHUWLHV

DQG PHWKRGV ZKLFK DUH DVVRFLDWHG ZLWK PDLQWDLQLQJ WKH OLVWV RI DJHQWV� VHTXHQFLQJ WKHLU

H[HFXWLRQ HWF�

y 7$JHQW

7KLV LV WKH DJHQW FODVV LWVHOI� $FFRUGLQJ WR WKH REMHFW�RULHQWHG WHFKQLTXH RI

SRO\PRUSKLVP� WKH EHKDYLRXU PHWKRGV PD\ EH RYHUULGGHQ WR FUHDWH GLIIHUHQW W\SHV RI

GHULYHG DJHQW FODVVHV� 7KHVH GHULYHG DJHQW FODVVHV UHSUHVHQW DJHQWV ZLWK GLIIHUHQW

EHKDYLRXUV� 3RO\PRUSKLVP KDV EHHQ XVHG WR LPSOHPHQW WKH GLIIHUHQW DJHQW W\SHV ZKLOVW

PDLQWDLQLQJ D VWDQGDUG PHVVDJH LQWHUIDFH WR RWKHU REMHFWV�

y 75RDPLQJ$JHQW

7KH 5RDPLQJ DJHQW�

7KLV FODVV LV LQKHULWHG IURP WKH 7$JHQW FODVV�
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y 7%HDFRQ$JHQW

7KH %HDFRQ DJHQW�

7KLV FODVV LV LQKHULWHG IURP WKH 7$JHQW FODVV�

y 70DSSLQJ$JHQW

7KH 0DSSLQJ DJHQW�

7KLV FODVV LV LQKHULWHG IURP WKH 7$JHQW FODVV�

y 7YHFWRU

7KLV LV D PDWK PRGXOH LPSOHPHQWLQJ D YHFWRU $EVWUDFW 'DWD 7\SH IRU JHQHUDOLVHG XVH

E\ WKH EHKDYLRXU PHWKRGV�

7$JHQW

75RDPLQJ$JHQW 7%HDFRQ$JHQW

70DSSLQJ$JHQW

5HIHUHQFH $JHQWV

$EVWUDFW EDVH FODVV

)LJXUH �� $JHQW REMHFW FODVV KLHUDUFK\

3DJH �� RI ���



��� 7$JHQW0DQDJHU�FODVV�GHVFULSWLRQ

7KH 7$JHQW0DQDJHU FODVV GHILQHV D PDQDJHU REMHFW ZKLFK LV UHVSRQVLEOH IRU PDLQWDLQLQJ

DQG FRQWUROOLQJ DOO DJHQW REMHFWV LQ WKH VLPXODWLRQ� 7KHUH LV RQO\ RQH LQVWDQFH RI

7$JHQW0DQDJHU LQVWDQFLDWHG LQ WKH 8QLW� XQLW� FDOOHG DJHQWV�

����� )LHOGV

)JHQHUDWLRQ 7KLV ILHOG KROGV WKH LWHUDWLRQ YDOXH RI WKH VLPXODWLRQ� ,W·V YDOXH LV GLVSOD\HG

RQ WKH PDLQ ZLQGRZ RQ WKH VWDWXV EDU� ,W LV DFFHVVHG E\ WKH JHQHUDWLRQ

DFFHVVRU SURSHUW\�

DJHQW/LVW 7KLV ILHOG LV D OLVW RI SRLQWHUV WR WKH DJHQW REMHFWV� $JHQW REMHFWV DUH

DFFHVVHG E\ GHUHIHUHQFLQJ D OLVW LWHP SRLQWHU� ,W XVHV WKH 'HOSKL�SURYLGHG

7OLVW FODVV� ZKLFK SURYLGHV PHWKRGV WR FRQWURO WKH OLVW�

EP/LVW 7KLV ILHOG LV DQRWKHU OLVW RI SRLQWHUV WR WKH DJHQW REMHFWV� +RZHYHU� WKLV OLVW

RQO\ FRQWDLQV SRLQWHUV WR 5HIHUHQFH DJHQW REMHFWV� LH� %HDFRQ RU 0DSSLQJ

DJHQW REMHFWV�

U/LVW 7KLV ILHOG LV DQRWKHU OLVW RI SRLQWHUV WR WKH DJHQW REMHFWV� +RZHYHU� WKLV OLVW

RQO\ FRQWDLQV SRLQWHUV WR 5RDPLQJ DJHQW REMHFWV�

����� 0HWKRGV

GUDZ 7KLV PHWKRG LQYRNHV WKH GUDZ PHWKRGV RI DOO DJHQW REMHFWV EHLQJ PDQDJHG�

7KDW LV DOO DJHQW REMHFWV FRQWDLQHG E\ WKH DJHQW/LVW�

VHTXHQFH$JHQWV 7KLV PHWKRG LQYRNHV WKH H[HFXWH PHWKRGV RI DOO DJHQW REMHFWV EHLQJ

PDQDJHG LQ D UDQGRP RUGHU� ,W LV UHSHDWHGO\ FDOOHG E\ WKH PDLQ DSSOLFDWLRQ

SURFHVV�

W[6LJQDO 7KLV PHWKRG LV LQYRNHG E\ DJHQW REMHFWV ZLVKLQJ WR FRPPXQLFDWH XVLQJ D

VLPSOH GHILQHG SURWRFRO GHVFULEHG LQ WKH 70DSSLQJ$JHQW FODVV GHVFULSWLRQ�

JHW5'DWD 7KLV PHWKRG H[WUDFWV WKH SRVLWLRQ DQG ORFDO WHUUDLQ IHDWXUH GDWXP PHDVXUHG

E\ D 5RDPLQJ DJHQW DQG UHWXUQV WKHP WR WKH FDOOHU� ZKLFK LV DOZD\V WKH

0DSSLQJ DJHQW� 1RWH WKDW WKH SRVLWLRQ YHFWRU LV UHWXUQHG GLUHFWO\ VR WKH

VLPXODWHG 0DSSLQJ DJHQW GRHV QRW FDUU\ RXW D UHVHFWLRQ DQDO\VLV WR FRPSXWH

WKH SRVLWLRQ� 7R PRGLI\ WKH VLPXODWRU VR WKDW D UHVHFWLRQ DQDO\VLV LV GRQH� D

VLPLODU PHWKRG ZRXOG KDYH WR EH DGGHG ZKLFK UHWXUQHG WKH DQJOH GDWD IURP

WKH 5RDPLQJ DJHQW�
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JHW54XDQWLW\� JHW%03RV� JHW%0,G DQG JHW%04XDQWLW\

7KHVH PHWKRGV DUH DOO VHUYLFHV LQYRNHG E\ DJHQW REMHFWV WR GHWHUPLQH

UHVSHFWLYHO\ WKH QXPEHU RI 5RDPLQJ DJHQWV� WKH SRVLWLRQ RI DQ LQGH[HG

5HIHUHQFH DJHQW� WKH ,G ILHOG RI 5HIHUHQFH DJHQWV DQG WKH QXPEHU RI

5HIHUHQFH DJHQWV�

$Q DWWHPSW WR PDNH WKH FRGH LQGHSHQGHQW RI WKH QXPEHU RI 5HIHUHQFH

DJHQWV KDV EHHQ PDGH LQ WKLV XQLW� DOWKRXJK WKH LQGLYLGXDO DJHQWV· EHKDYLRXU

FRGH LV YHU\ GHSHQGHQW RQ WKHUH EHLQJ WZR %HDFRQ DJHQWV DQG RQH 0DSSLQJ

DJHQW�

��� 7$JHQW�FODVV�GHVFULSWLRQ

7KH 7$JHQW FODVV LV DQ DEVWUDFW EDVH FODVV � REMHFW LQVWDQFHV FDQ RQO\ EH FUHDWHG IURP LWV

GHULYHG FODVVHV� ,W SURYLGH ILHOGV DQG PHWKRGV LQKHULWHG E\ DOO GHULYHG FODVVHV�

,WV PRVW LPSRUWDQW PHWKRG LV H[HFXWH� 7KLV PHWKRG LV LQYRNHG RQ HDFK DJHQW LQVWDQFH E\

WKH DJHQWV REMHFW� ZKLFK LV GHILQHG LQ WKH $JHQW0DQDJHU XQLW� LQ RUGHU WR H[HFXWH WKH DJHQW�

75RDPLQJ DQG 7%HDFRQ DJHQW FODVVHV DUH GLUHFWO\ GHVFHQGHG IURP WKH 7$JHQW FODVV� 7KH

70DSSLQJ DJHQW FODVV LV GHVFHQGHG IURP WKH 7%HDFRQ DJHQW FODVV� 7KH DJHQW REMHFWV DUH

LQVWDQFHV RI D SRO\PRUSKLFDOO\ GHILQHG KLHUDUFK\� %HFDXVH RI WKLV SRO\PRUSKLVP� WKH DJHQWV

PD\ EH H[HFXWHG� VLJQDOOHG DQG GUDZQ E\ FDOOLQJ WKH RQH PHWKRG QDPH�

����� )LHOGV

)LG 7KLV ILHOG KROGV D XQLTXH LGHQWLILHU ZKLFK LV DOORFDWHG ZKHQ WKH DJHQW REMHFW

LV ILUVW FUHDWHG�

)ODVW3RV� 3RV� 'LUHFWLRQ

7KHVH ILHOGV FRQWDLQ YHFWRUV RI WKH DJHQW·V SRVLWLRQ DQG GLUHFWLRQ

LQIRUPDWLRQ� 7KLV GDWD LV QHYHU GLUHFWO\ DFFHVVHG E\ WKH DJHQW LWVHOI� H[FHSW

WR JHQHUDWH RWKHU GDWD ZKLFK WKH DJHQW ZRXOG KDYH GLUHFW DFFHVV WR� VLQFH LQ

UHDOLW\ DJHQWV GR QRW NQRZ WKLV LQIRUPDWLRQ� +RZHYHU� LW PDNHV VHQVH WR

VWRUH WKHVH ILHOGV ZLWK WKH REMHFWV WR ZKLFK WKH\ DSSO\�

)VWDWH 7KLV LV D VWDWH YDULDEOH XVHG E\ WKH EHKDYLRXU ILQLWH VWDWH PDFKLQH�

����� 0HWKRGV

EHKDYH 7KLV PHWKRG LPSOHPHQWV WKH EHKDYLRXU FRGH DV D JHQHUDO ILQLWH VWDWH

PDFKLQH� 7KLV LV D YLUWXDO PHWKRG� 7KLV PHDQV WKDW WKHUH LV QR FRGH
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DVVRFLDWHG ZLWK LWV LPSOHPHQWDWLRQ LQ WKH 7$JHQW DEVWUDFW EDVH FODVV� 2QO\

GHULYHG FODVVHV SURYLGH FRGH IRU WKLV PHWKRG�

PRYH 7KLV PHWKRG XSGDWHV WKH SRVLWLRQ LQIRUPDWLRQ� FRQFHSWXDOO\ PRYLQJ WKH

DJHQW LQ LWV IRUZDUG GLUHFWLRQ E\ RQH GLVWDQFH XQLW�

H[HFXWH 7KLV LV WKH PDLQ PHWKRG LQWHUIDFH WR WKH DJHQW� ,W LV LQYRNHG E\ WKH DJHQWV

7$JHQW0DQDJHU REMHFW RQ HDFK DJHQW REMHFW� 7KLV LV D YLUWXDO PHWKRG�

GUDZ 7KLV PHWKRG LV LQYRNHG WR JHW WKH DJHQW REMHFW WR GUDZ LWVHOI LQWR WKH

GHILQHG ZLQGRZ SDQH� 7KLV LV D YLUWXDO PHWKRG�

��� 75RDPLQJ$JHQW�FODVV�GHVFULSWLRQ

7KH 75RDPLQJ DJHQW FODVV LV GHVFHQGHG IURP WKH 7$JHQW FODVV� 7KXV� LW HQFDSVXODWHV DOO

ILHOGV DQG PHWKRGV RI WKH 7$JHQW FODVV�

7KH H[HFXWH� EHKDYH DQG GUDZ PHWKRGV DUH RYHUULGGHQ DQG YHUVLRQV VSHFLILF WR WKLV FODVV

W\SH DUH SURYLGHG� :KHQ WKH DJHQWV PDQDJHPHQW REMHFW FDOOV WKH H[HFXWH PHWKRG� WKH

5RDPLQJ DJHQW REMHFW MXVW LQYRNHV LWV EHKDYH PHWKRG DQG UHWXUQV ZKHQ FRPSOHWH�

����� )LHOGV

)DQJOHV 7KLV LV D 7/LVW REMHFW� ZKLFK LV D 'HOSKL�SURYLGHG FODVV� ,W LV XVHG WR FRQWDLQ

D OLVW RI DQJOHV IURP WKH SRLQW RI YLHZ RI WKH DJHQW WR WKH 5HIHUHQFH DJHQW

SRVLWLRQV� 7KDW LV� LW UHSUHVHQWV WKH VHQVRU GDWD ZKLFK ZRXOG EH SURYLGHG E\

DQ DQJOH VHQVRU�

����� 0HWKRGV

VHQVH%HDFRQV 7KLV PHWKRG LV FDOOHG E\ WKH DJHQW·V RZQ EHKDYH PHWKRG WR JHQHUDWH WKH

)DQJOHV GDWD�

EHKDYH 7KLV PHWKRG SURYLGHV WKH EHKDYLRXU FRGH DV D JHQHUDO ILQLWH VWDWH PDFKLQH�

H[HFXWH 7KLV PHWKRG VLPSO\ FDOOV WKH EHKDYH PHWKRG IRU D 75RDPLQJ$JHQW DJHQW�

GUDZ 7KLV PHWKRG LV FDOOHG WR LQVWUXFW WKH DJHQW WR GUDZ LWVHOI�

����� 5RDPLQJ�$JHQW�%HKDYLRXUV

7KH EHKDYH PHWKRG LPSOHPHQWV WKH 5RDPLQJ DJHQW EHKDYLRXUV�

7KH RQO\ EHKDYLRXUV LPSOHPHQWHG E\ WKH 5RDPLQJ $JHQWV DUH VDIH�ZDQGHULQJ DQG KRPLQJ�

WR FRQILQH WKH DJHQWV WR WKH DUHD LQVLGH WKH FRQYH[ KXOO IRUPHG E\ WKH %HDFRQ DQG 0DSSLQJ
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DJHQW SRVLWLRQV� 7KH EHKDYLRXU RI WKH DJHQW KDV EHHQ GHVLJQHG VR WKDW WKH VDIH�ZDQGHULQJ

DQG KRPLQJ EHKDYLRXUV DUH QHYHU H[HFXWHG VLPXOWDQHRXVO\� 7KH VDIH�ZDQGHULQJ EHKDYLRXU

VLPSO\ PRYHV WKH DJHQW IRUZDUG DQG WXUQV LW E\ D VPDOO� UDQGRP DPRXQW�

7KH KRPLQJ EHKDYLRXU GLUHFWV WKH DJHQW WRZDUG WKH DYHUDJH PHDVXUHG DQJOH RI WKH WKUHH

5HIHUHQFH DJHQW SRVLWLRQV� 7KLV LV GHWHUPLQHG E\ JHQHUDWLQJ DQG VXPPLQJ WKUHH XQLW

GLUHFWLRQ YHFWRUV� ZKLFK KDYH WKH VDPH DQJOHV DV WKH PHDVXUHG VHQVRU DQJOH GDWD�

VWDWH ��
6DIH :DQGHULQJ�
PRYH IRUZDUG E\ GBIRUZDUG
WXUQ UDQGRPO\
LI �DQJOH EHWZHHQ � VXEVHTXHQW RUGHUHG DQJOHV ! ���GHJ� WKHQ

VWDWH �

VWDWH ��
+RPLQJ�
PRYH IRUZDUG E\ GBIRUZDUG
LI �DQJOH EHWZHHQ DOO VHWV RI � VXEVHTXHQW RUGHUHG DQJOHV � ���GHJ� WKHQ

VWDWH �
WXUQ WR IDFH WKH GLUHFWLRQ RI WKH VXP RI XQLW GLUHFWLRQ YHFWRUV WR DOO UHIHUHQFH DJHQWV

$OJRULWKP �� 5RDPLQJ DJHQW EHKDYLRXU DOJRULWKP ILQLWH VWDWH PDFKLQH�

����� 5RDPLQJ�$JHQW�%HKDYLRXU�6HOHFWLRQ

%HKDYLRXU VHOHFWLRQ LV EDVHG RQ WKH DQJOHV ZKLFK ZRXOG EH PHDVXUHG GLUHFWO\ E\ D

SK\VLFDOO\ HPERGLHG DJHQW� ,W LV SRVVLEOH IRU WKH 5RDPLQJ DJHQW WR GHWHUPLQH ZKHWKHU LW LV

LQVLGH RU RXWVLGH WKH FRQYH[ KXOO IRUPHG E\ WKH 5HIHUHQFH DJHQW SRVLWLRQV� EDVHG SXUHO\ RQ

DQJOH PHDVXUHPHQWV� ,I WKH DQJOHV WR WKH 5HIHUHQFH DJHQWV DUH RUGHUHG� D GLIIHUHQFH

EHWZHHQ VXEVHTXHQW DQJOHV RI JUHDWHU WKDQ ���� LQGLFDWHV WR WKH DJHQW WKDW LW LQVLGH WKH

GHILQHG VXUYH\ UHJLRQ� 7KH UHVXOW RI WKLV LQVLGH�RXWVLGH PHDVXUHPHQW LV XVHG IRU EHKDYLRXU

VHOHFWLRQ�
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)LJXUH �� 5RDPLQJ DJHQW EHKDYLRXU VHOHFWLRQ�

6DIH�ZDQGHULQJ LV H[HFXWHG LQVLGH WKH UHJLRQ DQG KRPLQJ LV H[HFXWHG RXWVLGH WKH UHJLRQ�

��� 7%HDFRQ$JHQW�FODVV�GHVFULSWLRQ

7KH 7%HDFRQ DJHQW FODVV LV GHVFHQGHG IURP WKH 7$JHQW FODVV� 7KXV� LW HQFDSVXODWHV DOO

ILHOGV DQG PHWKRGV RI WKH 7$JHQW FODVV�

����� )LHOGV

)DQJOHV 7KLV LV D 7/LVW REMHFW� ZKLFK LV D 'HOSKL�SURYLGHG FODVV� ,W LV XVHG WR FRQWDLQ

D OLVW RI DQJOHV IURP WKH SRLQW RI YLHZ RI WKH DJHQW WR WKH 5HIHUHQFH DJHQW

SRVLWLRQV� 7KDW LV� LW UHSUHVHQWV WKH VHQVRU GDWD ZKLFK ZRXOG EH SURYLGHG E\

DQ DQJOH VHQVRU�

)GLVWDQFHV 7KLV LV DQRWKHU 7/LVW REMHFW� ,W LV XVHG WR FRQWDLQ D OLVW RI GLVWDQFHV IURP WKH

SRLQW RI YLHZ RI WKH DJHQW WR WKH 5HIHUHQFH DJHQW SRVLWLRQV� 7KDW LV� LW

UHSUHVHQWV WKH VHQVRU GDWD ZKLFK ZRXOG EH SURYLGHG E\ D ODVHU UDQJHILQGHU

VHQVRU�

)VLJQDO0RYH 7KLV LV D IODJ ZKLFK LV VHW ZKHQ WKH DJHQW UHFHLYHV D 6,*B029( VLJQDO�

)JRDO�5HDFKHG� )JRDO�5HDFKHG

7KHVH ILHOGV KROG VWDWH LQIRUPDWLRQ� 7KH\ DUH XVHG E\ WKH KRPLQJ EHKDYLRXU

FRGH WR GHWHUPLQH ZKHQ WKH DJHQW KDV UHDFKHG LWV JRDO

3DJH �� RI ���



����� 0HWKRGV

VHQVH%HDFRQV 7KLV PHWKRG LV FDOOHG E\ WKH DJHQW·V RZQ EHKDYH PHWKRG WR JHQHUDWH WKH

)DQJOHV DQG )GLVWDQFHV GDWD�

EHKDYH� H[HFXWH� GUDZ

$OWKRXJK WKH FRGH LV XQLTXH WR WKH 7%HDFRQ DJHQW� WKH GHVFULSWLRQV IRU

WKHVH PHWKRGV DUH WKH VDPH DV IRU WKH 75RDPLQJ DJHQW�

VLJQDO 7KLV PHWKRG LPSOHPHQWV WKH VLJQDO UHFHLYHU RI WKH 7%HDFRQ DJHQW·V

FRPPXQLFDWLRQ WUDQVFHLYHU�

����� %HDFRQ�$JHQW�%HKDYLRXUV�DQG�%HKDYLRXU�6HOHFWLRQ

7KH %HDFRQ DJHQWV LPSOHPHQW WZR EDVLF EHKDYLRXUV� 7KH QHZ EDVLF EHKDYLRXU� KHUH FDOOHG

ZDLWLQJ� GHVFULEHV WKH DFW E\ WKH %HDFRQ ZKHQ LW LV VLWWLQJ GRLQJ QRWKLQJ� 7KH RWKHU %HDFRQ

DJHQW EHKDYLRXU LV KRPLQJ� WR PRYH WKH DJHQW WR LWV QHZ UHIHUHQFH SRVLWLRQ ZKHQ WKH

0DSSLQJ DJHQW VLJQDOV LW�

7KH KRPLQJ EHKDYLRXU KDV LWVHOI EHHQ LPSOHPHQWHG DV D FRPSRVLWH EHKDYLRXU� DV LWV

UHDOLVDWLRQ UHTXLUHV WKH WHPSRUDO FRPELQDWLRQ RI VHYHUDO VLPSOHU EHKDYLRXUV� HDFK XVLQJ

GLIIHUHQW VHQVRUV� E\ XVH RI D ILQLWH VWDWH PDFKLQH�

7KH %HDFRQ DJHQW VLWV LQ WKH ZDLWLQJ VWDWH XQWLO LW UHFHLYHV D 6,*B029( VLJQDO IURP WKH

0DSSLQJ DJHQW�

,W WKHQ VZLWFKHV WR WKH FRPSRVLWH KRPLQJ EHKDYLRXU VKRZQ LQ )LJXUH � DQG DWWHPSWV WR

HVWDEOLVK LWV QHZ UHIHUHQFH SRVLWLRQ E\ RULHQWLQJ LWVHOI VR WKDW LW LV SRLQWLQJ EHWZHHQ WKH

RWKHU WZR 5HIHUHQFH DJHQWV� ,W LV WKHQ SRVLWLRQHG WR PRYH WR WKH QHZ JRDO� %\ PRYLQJ

IRUZDUG ZKLOVW NHHSLQJ WKH DQJOHV PHDVXUHG WR HDFK RI WKH RWKHU 5HIHUHQFH DJHQWV HTXDO RQ

ERWK VLGHV� WKH %HDFRQ DJHQW LQWHUVHFWV WKH OLQH EHWZHHQ WKH RWKHU 5HIHUHQFH DJHQWV DQG

PRYHV WR WKH RWKHU VLGH RI WKLV OLQH� *LYHQ WKDW WKH DJHQW LV NHHSLQJ WKH DQJOHV RQ ERWK

VLGHV DSSUR[LPDWHO\ HTXDO� ZKHQ WKH DQJOH H[FHHGV ����� WKH DJHQW VKRXOG EH QHDU WR LWV

JRDO� 7KHRUHWLFDOO\� LI WKH DJHQW WUDFHG D SHUIHFWO\ VWUDLJKW SDWK IURP D SRLQW VWDUWLQJ DW

H[DFWO\ HTXDO GLVWDQFHV IURP WKH RWKHU UHIHUHQFH DJHQWV� WKLV ZRXOG ODQG LW ULJKW RQ WKH JRDO�

$V WKLV ZLOO QHYHU RFFXU LQ UHDOLW\� WKH KRPLQJ EHKDYLRXU QRZ XVHV GLVWDQFH LQIRUPDWLRQ

IURP WKH PRUH DFFXUDWH UDQJLQJ GDWD WR SODFH LWVHOI DW H[DFWO\ HTXDO GLVWDQFHV IURP WKH RWKHU

UHIHUHQFH DJHQWV� 7KLV LV GRQH E\ DOWHUQDWHO\ UDQJLQJ WR HDFK RI WKH RWKHU WZR 5HIHUHQFH

DJHQWV LQ WXUQ DQG PRYLQJ WR HVWDEOLVK D GHILQHG GLVWDQFH IURP HDFK� ,Q WKLV ZD\� WKH DJHQW

KRPHV LQ RQ LWV XOWLPDWH JRDO SRVLWLRQ�

)LQDOO\� ZKHQ WKH JRDO LV UHDFKHG� D VLJQDO LV VHQW WR WKH 0DSSLQJ DJHQW WR QRWLI\ LW�
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)LJXUH �� %HDFRQ DJHQW FRPSRVLWH KRPLQJ EHKDYLRXU LPSOHPHQWDWLRQ
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�� 7KH %HDFRQ DJHQW �%��
LV IDFLQJ LQ GLUHFWLRQ GG�
9HFWRUV DD 	 EE SRLQW DW
5HIHUHQFH DJHQWV 5� 	
5� UHVSHFWLYHO\�
%� UHFHLYHV D VLJQDO WR
PRYH WR D QHZ SRVLWLRQ
DQG VR WXUQV WRZDUG WKH
YHFWRU FF DD� EE�

�� %� RULHQWV LWVHOI WR
SRLQW EHWZHHQ DD 	 EE�

�� %� PRYHV� DWWHPSWLQJ
WR NHHS WKH DQJOHV

DD¯GG 	 EE¯GG HTXDO�

�� %� UHDFKHV D SRLQW

ZKHUH EE¯GG!���� DQG

VZLWFKHV WR KRPLQJ E\
XVH RI GLVWDQFH
PHDVXUHPHQW�

�� %� PHDVXUHV LWV
GLVWDQFH WR 5�� _HH_ WR

EH �U� WKH JRDO

GLVWDQFH�

�� %� PRYHV DORQJ
GLUHFWLRQ HH XQWLO LW
UHDFKHV WKH JRDO
GLVWDQFH� U� ,W WKHQ
VZLWFKHV WR PHDVXULQJ
LWV GLVWDQFH WR 5��

�� _II_ LV IRXQG WR EH �U�

WKH JRDO GLVWDQFH�

�� $IWHU DOWHUQDWLQJ
PHDVXUHPHQWV WR 5�
DQG 5� DQG PRYLQJ� LW
UHDFKHV WKH JRDO
SRVLWLRQ DQG UHWXUQV WR
ZDLWLQJ�



6WDWH ��
:DLWLQJ�
VLW DQG ZDLW IRU VLJQDO IURP 70DSSLQJ$JHQW WR PRYH
LI 6,*B029( VLJQDO UHFHLYHG WKHQ

)VLJQDO0RYH � )$/6(
VWDWH �

6WDWH ��
+RPLQJ ��
PRYH IRUZDUG E\ GBIRUZDUG
IRUP � XQLW YHFWRUV SRLQWLQJ DW RWKHU UHIHUHQFH DJHQWV
VXP WKH � YHFWRUV DQG WXUQ WR SRLQW WKDW GLUHFWLRQ
LI RXU GLUHFWLRQ YHFWRU LV SRLQWLQJ EHWZHHQ WKH � YHFWRUV WKHQ

VWDWH �

6WDWH ��
+RPLQJ ��
PRYH IRUZDUG E\ GBIRUZDUG
WXUQ WR NHHS WKH DQJOHV WR WKH RWKHU UHIHUHQFH DJHQWV HTXDO LQ PDJQLWXGH
LI WKH PDJQLWXGH RI RQH RI WKH DQJOHV H[FHHGV ��� GHJUHHV WKHQ

)JRDO�5HDFKHG � )$/6(
)JRDO�5HDFKHG � )$/6(
VWDWH �

6WDWH ��
+RPLQJ ��
PRYH IRUZDUG E\ GBIRUZDUG
LI GLVWDQFH WR UHIHUHQFH DJHQW $ LV ZLWKLQ JRDO GLVWDQFH UDQJH WKHQ

LI )JRDO�5HDFKHG WKHQ
VWDWH �

HOVH
)JRDO�5HDFKHG � 758(
VWDWH �

HOVH
)JRDO�5HDFKHG � )$/6(
WXUQ WRZDUG JRDO GLVWDQFH

6WDWH ��
+RPLQJ ��
PRYH IRUZDUG E\ GBIRUZDUG
LI GLVWDQFH WR UHIHUHQFH DJHQW % LV ZLWKLQ JRDO GLVWDQFH UDQJH WKHQ

LI )JRDO�5HDFKHG WKHQ
)VWDWH �

HOVH
)JRDO�5HDFKHG � 758(
)VWDWH �

HOVH
)JRDO�5HDFKHG � )$/6(
WXUQ WRZDUG JRDO GLVWDQFH

6WDWH ��
6HQG PHVVDJH�
VHQG 6,*B$7B*2$/
)VWDWH �

$OJRULWKP �� %HDFRQ DJHQW EHKDYLRXU DOJRULWKP ILQLWH VWDWH PDFKLQH�

��� 70DSSLQJ$JHQW�FODVV�GHVFULSWLRQ

7KH 70DSSLQJ DJHQW FODVV LV GHVFHQGHG IURP WKH 7$JHQW FODVV� 7KXV� LW HQFDSVXODWHV DOO

ILHOGV DQG PHWKRGV RI WKH 7$JHQW FODVV�

����� )LHOGV

)PDS 7KLV LV DQ REMHFW RI W\SH 70DS� 7KH 70DS REMHFW FRQWDLQV DQ DUUD\ RI

IHDWXUH GDWD YDOXHV LQ WKH UDQJH � WR ���� FRUUHVSRQGLQJ WR D JUH\�VFDOH

OHYHO� ,W SURYLGHV PHWKRGV WR DGG DQG UHWULHYH GDWD SRLQWV DQG FOHDU WKH PDS�
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)FHQWURLG;� )FHQWURLG<

7KHVH ILHOGV KROG WKH FRRUGLQDWHV RI WKH FHQWURLG RI WKH FXUUHQW VXUYH\ DUHD�

7KLV LV QHFHVVDU\ WR HVWDEOLVK WKH VDPSOH UHJLRQ ZKLFK LV XVHG WR GHWHUPLQH

WKH VXUYH\ UDWLR RU UHJLRQ FRYHUDJH�

)�PDS;� )�PDS<

7KHVH ILHOGV KROG WKH FRRUGLQDWHV LQ WKH :RUOG FRRUGLQDWH V\VWHP

FRUUHVSRQGLQJ WR WKH ]HUR FRRUGLQDWHV RI WKH LQWHUQDO PDS REMHFW�

)UHIHUHQFH6WRSSHG

7KLV LV D IODJ ZKLFK LV XVHG WR LQGLFDWH ZKHWKHU PDS GDWD VKRXOG EH

FROOHFWHG� ,W LV 758( ZKHQ DOO UHIHUHQFH DJHQWV DUH VWDWLRQDU\ DQG )$/6(

RWKHUZLVH�

)PDS6WDWH 7KLV ILHOG FRQWDLQV WKH VWDWH YDULDEOH IRU WKH PDSSLQJ FRQWUROOHU ILQLWH VWDWH

PDFKLQH�

)QH[W5HI$JHQW

7KLV ILHOG FRQWDLQV D UHIHUHQFH LQGH[ WR WKH QH[W 5HIHUHQFH DJHQW WR EH

VLJQDOOHG WR PRYH

����� 0HWKRGV

H[HFXWH� GUDZ� VLJQDO

$OWKRXJK WKH FRGH LV XQLTXH WR WKH 70DSSLQJ DJHQW� WKH GHVFULSWLRQV IRU

WKHVH PHWKRGV DUH WKH VDPH DV IRU WKH 7%HDFRQ DJHQW�

JHW0DS5DWLR 7KLV PHWKRG LV SURYLGHG WR JDLQ DFFHVV WR WKH FXUUHQW VXUYH\ UDWLR RU UHJLRQ

FRYHUDJH YDOXH RI WKH VDPSOH UHJLRQ GHILQHG E\ WKH )FHQWURLG ILHOGV�

����� 5HIHUHQFH�DJHQW�FRQWURO�FRPPXQLFDWLRQ�SURWRFRO

7R FRQWURO WKH PRYHPHQW RI WKH 5HIHUHQFH DJHQWV E\ WKH 0DSSLQJ $JHQW� D VLPSOH SURWRFRO

ZDV GHYLVHG� ,W FRQWDLQV WZR PHVVDJHV� 6,*B029( DQG 6,*B$7B*2$/� 7KH

$JHQW0DQDJHU XQLW GHILQHV WKHVH PHVVDJHV DQG WKH 7$JHQW0DQDJHU FODVV SURYLGHV D

PHWKRG WR FRQWURO FRPPXQLFDWLRQ EHWZHHQ DJHQWV�

:KHQ WKH 0DSSLQJ DJHQW ZLVKHV WR VLJQDO D 5RDPLQJ DJHQW WKDW LV WLPH WR WDNH XS D QHZ

SRVLWLRQ� LW VHQGV D 6,*B029( PHVVDJH ZLWK D SDUDPHWHU FRQWDLQLQJ D 5HIHUHQFH DJHQW

LQGH[ YDOXH� ,W WKHQ VWRSV FROOHFWLQJ WHUUDLQ IHDWXUH GDWD� 7KH 7$JHQW0DQDJHU REMHFW VHQGV

WKH PHVVDJH RQ WR WKH FRUUHVSRQGLQJ DJHQW� 1RWH WKDW WKH LQGH[HG DJHQW PD\ EH LWVHOI� 7KLV

VLJQDOV WKH 5HIHUHQFH DJHQW WR PRYH�
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:KHQ WKH 5HIHUHQFH DJHQW UHDFKHV LWV GHVWLQDWLRQ� LW VHQGV D 6,*B$7B*2$/ PHVVDJH� 7KH

7$JHQW0DQDJHU REMHFW VHQGV WKH PHVVDJH RQ WR WKH 0DSSLQJ DJHQW� :KHQ WKH 0DSSLQJ

DJHQW UHFHLYHV WKH PHVVDJH� LW UHVXPHV WKH FROOHFWLRQ RI WHUUDLQ IHDWXUH GDWD�

����� 0DSSLQJ�$JHQW�%HKDYLRXUV�DQG�%HKDYLRXU�6HOHFWLRQ

7KH 70DSSLQJ DJHQW FODVV� EHLQJ GHULYHG IURP WKH 7%HDFRQ DJHQW FODVV� HQFDSVXODWHV LWV

EHKDYH PHWKRG� ,Q RWKHU ZRUGV� VLQFH %HDFRQ DQG 0DSSLQJ DJHQWV DUH ERWK W\SHV RI

5HIHUHQFH DJHQWV WKH\ EHKDYH LGHQWLFDOO\�

����� 0DSSLQJ�$JHQW�0DSSLQJ�DOJRULWKP

7KH 0DSSLQJ DJHQW EXLOGV DQG PDLQWDLQV WKH WHUUDLQ PDS DQG EDVHG RQ LWV LQWHUQDO VWDWH�

FRQWUROV PRYHPHQW RI WKH 5HIHUHQFH DJHQWV WKURXJK WKH VLJQDOOLQJ SURWRFRO� 7KH DOJRULWKP

ZKLFK FRQWUROV DOO WKHVH IXQFWLRQV LV LPSOHPHQWHG DV D VLPSOH ILQLWH VWDWH PDFKLQH DV SDUW RI

WKH H[HFXWH PHWKRG� EHIRUH WKH 0DSSLQJ DJHQW·V EHKDYH PHWKRG LV FDOOHG�

,Q DGGLWLRQ� WKH PDSSLQJ FRQWUROOHU FRQWUROV DOLJQPHQW RI WKH ILQLWH LQWHUQDO PDS ZLWK WKH

FRQFHSWXDOO\ LQILQLWH WHUUDLQ� ,W GRHV WKLV E\ FDOFXODWLQJ WKH FHQWURLG RI WKH 5HIHUHQFH

DJHQWV· SRVLWLRQV DQG DOLJQLQJ WKLV ZLWK WKH FHQWUH RI WKH LQWHUQDO PDS� 7KXV WKH LQWHUQDO

PDS PXVW DOZD\V EH ODUJH HQRXJK WR FRPSOHWHO\ FRYHU WKH DUHD RI D FLUFOH SDVVLQJ WKURXJK

DOO WKUHH 5HIHUHQFH DJHQW SRVLWLRQV�

)LJXUH �� ,QWHUQDO PDS RYHUOD\LQJ UHJLRQ EHLQJ VXUYH\HG�

7KH 0DSSLQJ DJHQW VLJQDOV WKH 5HIHUHQFH DJHQWV ZKHQ LW GHWHUPLQHV WKDW WKH FXUUHQW

PDSSLQJ UDWLR RU UHJLRQ FRYHUDJH YDOXH H[FHHGV D WKUHVKROG� 7R FRPSXWH WKLV YDOXH� D �� ð

�� UHJLRQ LQ WKH FHQWUH RI WKH LQWHUQDO PDS LV VDPSOHG� 7KH YDOXH UHWXUQV D UDWLR RI WKH

QXPEHU RI DUUD\ HOHPHQWV LQ WKLV UHJLRQ ZKLFK KDYH EHHQ ZULWWHQ WR VLQFH WKH PDS ZDV ODVW

3DJH �� RI ���



FOHDUHG� )RU H[DPSOH� LI �� RI WKH DUUD\ HOHPHQWV LQ WKH �� ð �� UHJLRQ KDYH EHHQ ZULWWHQ

WR� WKH YDOXH LV ���� 7KH 70DS FODVV SURYLGHV D PHWKRG WR GR WKLV FDOFXODWLRQ�

:KHQ WKH 0DSSLQJ DJHQW RYHUOD\V WKH LQWHUQDO PDS ZLWK WKH DUHD EHLQJ VXUYH\HG� WKLV �� ð

�� UHJLRQ RYHUOD\V WKH FHQWURLG RI WKH 5HIHUHQFH DJHQW SRVLWLRQV� 3URYLGHG WKDW WKH

5RDPLQJ DJHQW EHKDYLRXU SURYLGHV V\PPHWULF �QRW QHFHVVDULO\ XQLIRUP� FRYHUDJH RI WKH

UHJLRQ EHLQJ PDSSHG� WKLV FHQWUDO UHJLRQ ZLOO EH UHSUHVHQWDWLYH RI WKH WRWDO UHJLRQ FRYHUDJH�

)PDS6WDWH ��
QR PDSSLQJ LV GRQH LQ WKLV VWDWH
LI 6,*B$7B*2$/ VLJQDO LV UHFHLYHG WKHQ
VHW XS QHZ PDS FHQWURLG FRRUGLQDWHV
VHW QHZ � PDS FRRUGLQDWHV WR FRUUHVSRQG ZLWK WKH FXUUHQW UHJLRQ EHLQJ VXUYH\HG
)PDS6WDWH �

)PDS6WDWH ��
DGG IHDWXUH GDWD IURP HDFK URDPLQJ DJHQW WR WKH PDS
LI FXUUHQW DUHD KDV EHHQ DGHTXDWHO\ VXUYH\HG �PDS5DWLR ! WKUHVKROG� WKHQ

FRS\ LQWHUQDO PDS WR PDLQ PDS LPDJH
FOHDU WKH LQWHUQDO PDS UHDG\ IRU WKH QH[W VXUYH\ DUHD
VHQG D 6,*B029( PHVVDJH WR WKH QH[W UHIHUHQFH DJHQW
XSGDWH QH[W UHIHUHQFH DJHQW LQGH[
)PDS6WDWH �

$OJRULWKP �� 0DSSLQJ DJHQW PDSSLQJ DOJRULWKP ILQLWH VWDWH PDFKLQH�

3DJH �� RI ���



���� 8VHU�,QWHUIDFH

)LJXUH �� 6LPXODWRU XVHU LQWHUIDFH ZLQGRZ

7KH VLPXODWRU KDV D VWDQGDUG ZLQGRZ� LFRQ� PRXVH� SRS�XS�SXOO�GRZQ PHQX �:,03� EDVHG

XVHU LQWHUIDFH�

7KH VLPXODWLRQ HQYLURQPHQW LV GLYLGHG LQWR � SDQHV� D &RQWUROV JURXS DQG D 3DUDPHWHUV

JURXS� 7KHUH LV D FRQWURO EDU DORQJ WKH WRS DQG D VWDWXV EDU DORQJ WKH ERWWRP�

7KH WRS OHIW SDQH FRQWDLQV WKH WHUUDLQ GDWD� 7KH UDZ WHUUDLQ PDS GDWD LV SURYLGHG E\ D

VTXDUH JUH\VFDOH ELWPDS ILOH� ZKLFK FDQ EH FUHDWHG E\ DQ\ JUDSKLFDO SDLQW SDFNDJH� 7KLV

WHUUDLQ PDS PD\ EH ORDGHG IURP DQ H[WHUQDO ILOH XVLQJ WKH PRXVH� 7KH PDS VKRZQ LV

SUHORDGHG�

7KH WRS ULJKW SDQH VKRZV WKH DJHQW SRVLWLRQV�

3DJH �� RI ���



7KH ERWWRP OHIW SDQH VKRZV WKH DJHQW SDWKV� 7KH $OO 3DWKV DQG 3DWK RI ,G 5DGLR%XWWRQV LQ

WKH &RQWUROV JURXS FRQWURO ZKDW LV GLVSOD\HG LQ WKH 3DWKV SDQH� 7KH GHIDXOW VHOHFWLRQ $OO

3DWKV ZLOO FDXVH WKH SDWKV RI DOO 5RDPLQJ DJHQWV WR EH GLVSOD\HG PRGXODWHG E\ WKH WHUUDLQ

PDS SL[HO YDOXH� ,I 3DWK RI ,G LV VHOHFWHG� WKH DJHQW ZLWK WKH ,G GHWHUPLQHG E\ WKH HGLW ER[

ZLOO EH GLVSOD\HG�

7KH ERWWRP ULJKW0DS SDQH VKRZV WKH PDS GDWD ZKLFK KDV EHHQ DFFXPXODWHG E\ WKH

PDSSLQJ DJHQW� 'DWD IURP WKH LQWHUQDO PDS ZKLFK LV GLVSOD\HG LQ WKH ,QWHUQDO 0DS SDQH LV

FRSLHG WR WKH0DS SDQH ZKHQ WKH VXUYH\ RI WKH FXUUHQW UHJLRQ KDV EHHQ FRPSOHWHG�

7KH 3DUDPHWHUV JURXS FRQWDLQV WKH0DS 7KUHVKROG DQG 6LGH /HQJWK VHWWLQJV� 7KH0DS

7KUHVKROG VHWWLQJ FRQWUROV ZKHQ WKH 0DSSLQJ DJHQW VLJQDOV UHIHUHQFH DJHQWV WR WDNH XS QHZ

SRVLWLRQV LQ WKH WHUUDLQ� $ FRYHUDJH YDOXH RI ��� UHTXLUHV WKDW ��� RI WKH SL[HOV FRYHULQJ WKH

UHJLRQ RI WKH LQWHUQDO PDS UHSUHVHQWHG E\ WKH OLPH JUHHQ VTXDUH LQ WKH ,QWHUQDO 0DS SDQH

KDYH EHHQ WUDYHUVHG E\ D 5RDPLQJ DJHQW� 7KH0DS 5DWLR YDOXH EHORZ WKH ,QWHUQDO 0DS SDQH

VKRZV WKH FXUUHQW FRYHUDJH YDOXH DQG WKH SURJUHVV EDU EHORZ LW UHDFKHV IXOO ZKHQ WKH

FRYHUDJH PDWFKHV WKH WKUHVKROG�

7KH 6LGH /HQJWK VHWWLQJ GHWHUPLQHV WKH OHQJWK RI WKH VLGH RI WKH HTXLODWHUDO WULDQJOHV ZKLFK

DUH XVHG WR WHVVHOODWH WKH VXUYH\ DUHD� 7KDW LV� WKH GLVWDQFH D 5HIHUHQFH DJHQW XVHV WR

HVWDEOLVK LWV SRVLWLRQ LQ WKH WHUUDLQ UHODWLYH WR RWKHU 5HIHUHQFH DJHQWV� 1RWH WKDW VHWWLQJ WKLV

WR OHVV WKDQ KDOI WKH YDOXH RI WKH FXUUHQW GLVWDQFH EHWZHHQ WZR UHIHUHQFH DJHQWV ZKHQ WKH

WKLUG PRYHV ZLOO PHDQ WKDW WKH WKLUG DJHQW FDQ QHYHU HVWDEOLVK D UHIHUHQFH SRVLWLRQ�

7KH EXWWRQV RQ WKH FRQWURO EDU DORQJ WKH WRS FRQWURO WKH VLPXODWLRQ H[HFXWLRQ� :LWK WKHVH�

WKH VLPXODWLRQ PD\ EH UHVHW� VLQJOH�VWHSSHG� UXQ RU VWRSSHG�

7KH VWDWXV EDU DORQJ WKH ERWWRP GLVSOD\V WKH FXUUHQW VLPXODWLRQ LWHUDWLRQ YDOXH�

���� 0RGHOOLQJ�6LPSOLILFDWLRQV

$PRQJVW WKH PDQ\ VLPSOLILFDWLRQV PDGH E\ WKH VLPXODWRU� WKH IROORZLQJ DUH RI SDUWLFXODU

QRWH�

y $JHQWV DUH SRLQW�OLNH DQG DUH KHQFH QRW VXEMHFW WR FROOLVLRQV�

y $JHQWV DUH SRLQW�OLNH DQG DUH KHQFH QRW VXEMHFW WR REVFXUDWLRQ� LH� WKH EHDFRQV DQG

0DSSLQJ DJHQWV DUH DOZD\V YLVLEOH�

y 7KHUH DUH QR RWKHU REVFXULQJ IHDWXUHV LQ WKH ODQGVFDSH EHLQJ VWXGLHG� $Q\ GLIIHUHQFHV

LQ DOWLWXGH EHWZHHQ DJHQWV DUH DFFRXQWHG IRU E\ WKH RSWLFDO VHQVLQJ V\VWHP� $VVXPLQJ

WKDW WKH DJHQWV FDQ DOZD\V WUDYHO DORQJ WKH SDWK GHVLUHG� RU LI QRW� WKDW WKH EHKDYLRXU

FRXOG EH PRGLILHG WR HQVXUH DJHQWV GR QRW EHFRPH VWXFN�

3DJH �� RI ���



y $QJOH GDWD VHQVHG E\ 5RDPLQJ DJHQWV LV RQO\ XVHG ORFDOO\ WR LPSOHPHQW VHOHFWLRQ

EHWZHHQ WKH VDIH�ZDQGHULQJ DQG KRPLQJ EHKDYLRXUV� ,W LV QRW WUDQVPLWWHG WR WKH

0DSSLQJ DJHQW IRU LW WR XVH WR GHWHUPLQH WKH SRVLWLRQ RI WKH 5RDPLQJ DJHQW XVLQJ

UHVHFWLRQ� 7KXV� QR DVVRFLDWLRQ RI WKH 0DSSLQJ $JHQW�%HDFRQ LV PDGH ZLWK LWV VHQVHG

DQJOH GDWD� ,Q UHDOLW\� IRU WKH 0DSSLQJ $JHQW WR EH DEOH WR FDOFXODWH WKH 5RDPLQJ DJHQW·V

SRVLWLRQ� WKLV DVVRFLDWLRQ PXVW EH PDGH� VR WKDW DQJOHV DUH DVVRFLDWHG ZLWK WKH FRUUHFW

EHDFRQV�

3DJH �� RI ���



� 6LPXODWRU�5HVXOWV

��� ,OOXVWUDWLRQ�RI�DJHQW�G\QDPLFV

7R LOOXVWUDWH VRPH DVSHFWV RI WKH VLPXODWRU� WKH IROORZLQJ H[WUDFWV VKRZLQJ DJHQW G\QDPLFV

DUH LQFOXGHG� 7KH VHTXHQFH SURFHHGV IURP OHIW WR ULJKW DFURVV WKH SDJH DQG VKRZV D URERW

VXUYH\ WHDP ZLWK D VXUYH\ DUHD VLGH OHQJWK RI ����

)LJXUH �� $JHQW PRWLRQ VHULHV�

,I WKH IUDPHV DUH QXPEHUHG LQ VHTXHQFH IURP � WR �� IUDPH � VKRZV WKH LQLWLDO SRVLWLRQV RI

DOO PHPEHUV RI WKH URERW VXUYH\ WHDP� 7KH WKUHH DJHQWV LQ WULDQJXODU FRQILJXUDWLRQ DUH WKH

5HIHUHQFH DJHQWV� 7KH WZR OHIWPRVW RI WKHVH DUH WKH %HDFRQ DJHQWV� 7KH DJHQW RQ WKH

3DJH �� RI ���



ERWWRP ULJKW LV WKH 0DSSLQJ DJHQW� 7KH WHQ UHPDLQLQJ DJHQWV LQ PLOLWDU\ FRQILJXUDWLRQ DUH

WKH 5RDPLQJ DJHQWV�

)UDPH � VKRZV WKH WHDP MXVW DIWHU WKH VLPXODWLRQ KDV EHHQ VWDUWHG �,WHUDWLRQ ���� 1RWH WKDW

WKH 5RDPLQJ DJHQWV� ZKLFK LQLWLDOO\ VWDUWHG LQ D WLJKW IRUPDWLRQ KDYH TXLFNO\ GLYHUJHG�

)UDPH � LV MXVW DIWHU PDSSLQJ RI WKH ILUVW VXUYH\ UHJLRQ KDV EHHQ FRPSOHWHG� 7KH ILUVW

5HIHUHQFH DJHQW KDV EHHQ VLJQDOOHG EXW KDV QRW \HW PRYHG �,WHUDWLRQ �����

)UDPH � VKRZV WKH VLJQDOOHG 5HIHUHQFH DJHQW H[HFXWLQJ LWV KRPLQJ EHKDYLRXU �,WHUDWLRQ

����� 7KH 0DSSLQJ DJHQW KDV VWRSSHG FROOHFWLQJ IHDWXUH GDWD IURP WKH 5RDPLQJ DJHQWV�

1RWH WKDW PRVW RI WKH 5RDPLQJ DJHQWV� XSRQ ILQGLQJ WKHPVHOYHV RXWVLGH WKH PRYLQJ UHJLRQ

GHILQHG E\ WKH 5HIHUHQFH DJHQWV� DUH H[HFXWLQJ WKHLU KRPLQJ EHKDYLRXUV DQG DUH DOUHDG\

PRYLQJ WR WKH QHZ UHJLRQ�

)UDPH � LV WKH SRLQW DW ZKLFK WKH PRYLQJ 5HIHUHQFH DJHQW KDV VWRSSHG XVLQJ UDQJH GDWD WR

HVWDEOLVK LWV GLVWDQFH IURP WKH OHIWPRVW %HDFRQ DJHQW DQG KDV VZLWFKHG WR UDQJLQJ WR WKH

0DSSLQJ DJHQW �,WHUDWLRQ �����

)UDPH � VKRZV WKH 5HIHUHQFH DJHQW LQ LWV ZDLWLQJ VWDWH� KDYLQJ UHDFKHG LWV JRDO E\

DOWHUQDWHO\ UDQJLQJ WR WKH RWKHU 5HIHUHQFH DJHQWV �,WHUDWLRQ ����� 7KH 5HIHUHQFH DJHQW

SRVLWLRQV YLVLEO\ OLH DW WKH FRUQHUV RI DQ LVRVFHOHV WULDQJOH� :KHQ LW UHDFKHG WKH JRDO� WKH

DJHQW VHQW D 6,*B$7B*2$/ VLJQDO WR WKH 0DSSLQJ DJHQW� 7KH 0DSSLQJ DJHQW WKHQ UHVXPHG

DFFXPXODWLQJ GDWD IURP WKH 5RDPLQJ DJHQWV�

)UDPH � VKRZV WKH VHFRQG 5HIHUHQFH DJHQW PRYLQJ WR HVWDEOLVK LWV QHZ SRVLWLRQ� KDYLQJ

UHFHLYHG D VLJQDO IURP WKH 0DSSLQJ DJHQW�

��� (IIHFW�RI�DQJOH�VHQVRU�GLVWXUEDQFH�RQ�WKH�WHUUDLQ�PDS

$OWKRXJK WKH FRGH LV QRW LQFOXGHG LQ WKH VLPXODWRU� DQ LQYHVWLJDWLRQ ZDV GRQH WR H[DPLQH

WKH HIIHFW RI HUURUV LQ SRVLWLRQ GHWHUPLQDWLRQ E\ WKH 5RDPLQJ DJHQWV� 7R PRGHO WKH HUURUV

H[SHFWHG WR EH SUHVHQW LQ WKH DQJOH GDWD WXSOHV UHWXUQHG E\ D UHDO URERW� D VPDOO DPRXQW RI

UDQGRP QRLVH ZDV VLPXODWHG� 7KH IROORZLQJ ILJXUHV LOOXVWUDWH WKH HIIHFWV RI DGGLQJ GLIIHUHQW

DPRXQWV RI QRLVH� 7KLV ZDV GRQH E\ PRGLI\LQJ WKH 7$JHQW0DQDJHU JHW5'DWD PHWKRG�

ZKLFK QRUPDOO\ UHWXUQV WKH DFWXDO SRVLWLRQ YHFWRU RI D 5RDPLQJ DJHQW� WR UDQGRPO\ SHUWXUE

WKH YHFWRU� 7KLV ZDV LQWHQGHG WR LQFOXGH WKH HIIHFWV GXH WR OLPLWHG UHVROXWLRQ RI WKH DQJOH

PHDVXULQJ VHQVRU� 7KH PDS EXLOGLQJ WHFKQLTXH DYHUDJHV PXOWLSOH IHDWXUH GDWD YDOXHV ZKLFK

FRLQFLGH VSDWLDOO\ LQ WKH LQWHUQDO PDS� 7R REWDLQ WKH IROORZLQJ WHUUDLQ PDSV� D PDS UDWLR RI

���� ZDV HQWHUHG� 7KH DUHD VLGH OHQJWK YDOXH ZDV ���

3DJH �� RI ���



)LJXUH ��� 7HUUDLQ GDWD XVHG WR LOOXVWUDWH WKH HIIHFW RI SRVLWLRQ HUURUV�

)LJXUH ��� %OXUULQJ RI WKH LQWHUQDO PDS ZLWK D SRVLWLRQ HUURU UDQJH RI ���

)LJXUH ��� 7KH SDWK IROORZHG E\ D 5RDPLQJ DJHQW LQ IRUPLQJ WKH WHUUDLQ PDS�

3DJH �� RI ���



)LJXUH �� LOOXVWUDWHV WKH SDWK IROORZHG E\ D VLQJOH 5RDPLQJ DJHQW LQ WKH QRUPDO H[HFXWLRQ RI

LWV EHKDYLRXU VHW�

)LJXUH ��� %OXUULQJ RI WKH LQWHUQDO PDS ZLWK D SRVLWLRQ HUURU UDQJH RI ���

)LJXUH ��� %OXUULQJ RI WKH LQWHUQDO PDS ZLWK D SRVLWLRQ HUURU UDQJH RI ����

$OWKRXJK WKH LPDJHV PD\ QRW UHSURGXFH ZHOO KHUH� LW FDQ EH VHHQ WKDW WKH EULJKWQHVV YDOXHV

RI WKH WHUUDLQ GDWD PDS DUH DYHUDJHG ZLWK WKH QHDUE\ YDOXHV� 7KH HIIHFW LV VLPLODU WR

FRQYROYLQJ WKH WHUUDLQ GDWD ZLWK D WZR�GLPHQVLRQDO ORZ�SDVV *DXVVLDQ ILOWHU PDVN� 7KH

WHUUDLQ PDS EXLOGLQJ WHFKQLTXH VXFFHVVIXOO\ LQFRUSRUDWHV WKH GLVWXUEHG SRVLWLRQ GDWD WR JLYH

D VOLJKWO\ GHJUDGHG WHUUDLQ SLFWXUH� ZKLFK PDLQWDLQV WKH LQWHJULW\ RI IHDWXUHV DW VFDOHV DERYH

WKDW RI WKH HUURU FRPSRQHQW� ,I WKH IHDWXUH PDS LV LQWHQGHG WR VKRZ WKH SUHVHQFH RU DEVHQFH

RI VSHFLILF HOHPHQWV RI WKH WHUUDLQ� LQVWHDG RI SURYLGH D FRQWLQXRXV YDOXH PDS� LW LV SRVVLEOH

WR DSSO\ D WKUHVKROG IXQFWLRQ WR WKH PDS GDWD� 7KLV KDV EHHQ GRQH LQ )LJXUH �� IRU

LOOXVWUDWLRQ SXUSRVHV� 7KH VLPXODWRU GRHV QRW SHUIRUP WKLV IXQFWLRQ�

3DJH �� RI ���



)LJXUH ��� 7KUHVKROGHG LQWHUQDO PDS ZLWK D SRVLWLRQ HUURU UDQJH RI ����

3DJH �� RI ���



��� 3DWKV�WDNHQ�E\�DJHQWV�ZLWK�GLIIHUHQW�UROHV

����� 5RDPLQJ�DJHQW�SDWKV

7KH QH[W VHULHV RI IUDPHV LOOXVWUDWHV WKH PRWLRQ RI D 5RDPLQJ DJHQW DV LW FROOHFWV IHDWXUH

GDWD�

)LJXUH ��� 5RDPLQJ DJHQW SDWK HYROXWLRQ IRU D VXUYH\ VLPXODWLRQ UXQ

7KH VLPXODWLRQ SDUDPHWHUV IRU WKLV UXQ ZHUH� 5RDPLQJ DJHQWV  ��� VLGH OHQJWK  ��� PDS

UDWLR WKUHVKROG  ����

3DJH �� RI ���



,I WKH IUDPHV DUH QXPEHUHG LQ VHTXHQFH IURP � WR �� IUDPH � VKRZV WKH SDWK WUDYHOOHG E\

WKH 5RDPLQJ DJHQW VRRQ DIWHU VWDUWLQJ�

,Q IUDPH �� WKH VXUYH\ RI WKH ILUVW UHJLRQ KDV MXVW EHHQ FRPSOHWHG� ,Q IUDPH � WKH DJHQW KDV

PRYHG LQWR WKH QHZ UHJLRQ LQ UHVSRQVH WR WKH 5HIHUHQFH DJHQW PRYH� )UDPH � VKRZV WKH

VLWXDWLRQ ZKHQ WKH VXUYH\ RI WKH VHFRQG UHJLRQ KDV MXVW EHHQ FRPSOHWHG� 7KH UHPDLQLQJ

IUDPHV VKRZ KRZ WKH SDWK FRQWLQXHG WR HYROYH WKURXJKRXW WKH VLPXODWLRQ UXQ�

7R LOOXVWUDWH WKH HIIHFW RI YDU\LQJ WKH VLGH OHQJWK� WKH IROORZLQJ WZR VLPXODWLRQV ZHUH UXQ�

7KH IROORZLQJ ILJXUHV LOOXVWUDWH WKH SDWK WKDW D VLQJOH 5RDPLQJ DJHQW IROORZV IRU WKH WZR

UXQV� 7KH LQLWLDO FRQGLWLRQV IRU HDFK UXQ ZHUH LGHQWLFDO H[FHSW IRU WKH VLGH OHQJWK� 7KH

VLPXODWLRQ SDUDPHWHUV IRU WKLV UXQ ZHUH� 5RDPLQJ DJHQWV  ��� VLGH OHQJWK  ��� WKHQ ���

PDS UDWLR WKUHVKROG  ����

)LJXUH ��� 5RDPLQJ DJHQW SDWK ZLWK D VLGH OHQJWK RI ���

6RPH IHDWXUHV RI WKH SDWK LQ )LJXUH �� DUH LGHQWLILDEOH� $ FRQFHQWUDWLRQ RI WLJKW FXUYHV

DORQJ DQ D[LV LQGLFDWHV WKDW WKLV D[LV PDUNHG D UHJLRQ ERXQGDU\� 7KH GHQVLW\ RI WKH SDWK

RYHUODS LV UHDVRQDEO\ XQLIRUP LQGLFDWLQJ WKDW WKH FRPSRVLWH EHKDYLRXU ZKLFK KDV EHHQ

GHVLJQHG IRU WKH 5RDPLQJ DJHQW VKRXOG OHDG WR XQLIRUP FRYHUDJH RI WKH WHUUDLQ� JLYHQ WKDW

WKHUH LV QR DJHQW LQWHUDFWLRQ�

3DJH �� RI ���



)LJXUH ��� 5RDPLQJ DJHQW SDWK ZLWK D VLGH OHQJWK RI ��

,W LV QRWDEOH IURP )LJXUH �� WKDW D JUHDWHU SHUFHQWDJH RI WLJKW ORRSV H[LVW LQ WKH WRWDO SDWK�

7KLV LV GXH WR WKH ILQLWH WXUQLQJ UDGLXV RI WKH 5RDPLQJ DJHQW� 7KH JUHDWHU WKH VLGH OHQJWK�

WKH OHVV WLPH LV VSHQW H[HFXWLQJ WKH KRPLQJ EHKDYLRXU DV D UDWLR RI WRWDO WLPH�

����� 5HIHUHQFH�DJHQW�SDWKV

)LJXUH �� VKRZV WKH SDWKV RI WKH WKUHH 5HIHUHQFH DJHQWV H[HFXWLQJ D VLPXODWLRQ ZLWK D

VXUYH\ DUHD VLGH OHQJWK RI ����

)LJXUH ��� 5HIHUHQFH DJHQW SDWKV ZLWK D VLGH OHQJWK RI ���

3DJH �� RI ���



7KH ILUVW 5HIHUHQFH DJHQW WR PRYH LV WKH WRSPRVW LQ WKH HQYLURQPHQW� ,W FDQ EH VHHQ WKDW LW

WUDYHOV DORQJ D UHODWLYHO\ VWUDLJKW SDWK XQWLO WKH PHDVXUHG DQJOH WR RQH RI WKH RWKHU LQLWLDO

5HIHUHQFH DJHQW SRVLWLRQV LV ����� $W WKLV SRLQW� LW WDNHV D VKDUS OHIW WXUQ� VZLWFKLQJ WR WKH

UDQJH�EDVHG KRPLQJ EHKDYLRXU VWDWHV� ,W WUDYHOV LQ D VWUDLJKW OLQH DZD\ IURP WKH RWKHU RQH RI

WKH RWKHU LQLWLDO 5HIHUHQFH DJHQW SRVLWLRQV XQWLO LW UHDFKHV WKH JRDO GLVWDQFH� )LQDOO\� LW

]LJ�]DJV DORQJ� DOWHUQDWLQJ UDQJLQJ WR WKH WZR 5HIHUHQFH DJHQWV XQWLO WKH JRDO UHJLRQ LV

UHDFKHG� $W WKLV SRLQW LW VWRSV�

7KH VHFRQG 5HIHUHQFH DJHQW WR PRYH LV WKH OHIWPRVW� ,W FDQ EH VHHQ WKDW� VLQFH LW VWDUWV

PXFK FORVHU WR RQH 5HIHUHQFH DJHQW WKDQ WKH RWKHU� E\ NHHSLQJ WKH DQJOHV WR HDFK HTXDO� D

FXUYHG SDWK LI IROORZHG� ZKLFK VKRXOG EH D URXJK FLUFXODU DUF� 7KLV DUF LV IROORZHG E\ D VKRUW�

VWUDLJKW VHFWLRQ DQG WKHQ WKH ]LJ�]DJJLQJ EHKDYLRXU RI WKH ILUVW DJHQW LV UHSHDWHG�

1RZ� DOO WKUHH DJHQWV DUH LQ HTXLODWHUDO�WULDQJXODU DUUDQJHPHQW� VR WKH WKLUG 5HIHUHQFH

DJHQWV KRPLQJ EHKDYLRXU SURFHHGV HIILFLHQWO\ WR SODFH LW DW LWV JRDO ZLWK D PLQLPXP RI

UDQJH�EDVHG VWDWHV QHHGLQJ WR EH H[HFXWHG�

)LJXUH ��� 5HIHUHQFH DJHQW SDWKV ZLWK D VLGH OHQJWK RI ��

7KH LQLWLDO FRQILJXUDWLRQ RI WKH 5HIHUHQFH DJHQWV LQ )LJXUH �� ZDV WKH VDPH DV WKDW LQ

)LJXUH ��� ,Q WKLV FDVH� VLQFH WKH DJHQW VSDFLQJ ZDV RI WKH VDPH RUGHU DV WKH GHILQHG VLGH

OHQJWK� WKH 5HIHUHQFH DJHQWV KRPLQJ EHKDYLRXUV DUH HIILFLHQW IURP WKH RXWVHW�

��� $QDO\VLV�RI�VLPXODWLRQ�UHVXOW�UHSHDWDELOLW\

7KH ILUVW DVSHFW RI WKH VLPXODWLRQ UHVXOWV WR EH DQDO\VHG ZDV WKH UHSHDWDELOLW\ RI UHVXOWV RI

VLPXODWLRQ UXQV IURP D JLYHQ VHW RI VWDUWLQJ FRQGLWLRQV� 7KH IROORZLQJ JUDSK SORWV WKUHH UXQV

3DJH �� RI ���



ZLWK WKH VDPH LQLWLDO FRQILJXUDWLRQ� ZKLFK LV WKH VDPH DV WKDW VKRZQ LQ )LJXUH ��� 7KH

VLPXODWLRQ SDUDPHWHUV IRU WKHVH UXQV ZHUH� 5RDPLQJ DJHQWV  ��� VLGH OHQJWK  ��� PDS

UDWLR WKUHVKROG  ����
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H[SW��

6LPXODWLRQ�UHSHDWDELOLW\

)LJXUH ��� 5HSHDWDELOLW\ RI VLPXODWLRQ UHVXOWV�

7KLV FKDUW GHPRQVWUDWHV WKDW WKH YDULRXV H[SHULPHQWDO UXQV ZHUH KLJKO\ UHSHDWDEOH� ,W LV

WKHUHIRUH UHDVRQDEOH WR DVVXPH WKDW YDULDWLRQV LQ VXEVHTXHQW UHVXOWV DUH GXH WR WKH

FRQWUROOHG FKDQJHV LQ WKH SDUDPHWHUV LQ GLIIHUHQW VLPXODWLRQ UXQV DQG QRW GXH WR YDULDWLRQ

LQWURGXFHG E\ WKH VLPXODWRU�

��� 6XUYH\�DUHD�FRYHUDJH�WLPHV�ZLWK�D�JLYHQ�WHDP�VL]H

$ FRPSDULVRQ ZDV PDGH RI WKH WLPH WDNHQ IRU WKH URERW VXUYH\ WHDP WR FRYHU VXUYH\ DUHDV

RI GLIIHUHQW VL]HV�

7KH IROORZLQJ H[SHULPHQW ZDV SHUIRUPHG E\ DOORZLQJ DW OHDVW WZR 5HIHUHQFH DJHQWV WR

PRYH WR QHZ SRVLWLRQV� HQVXULQJ DQ HTXLODWHUDO WULDQJXODU DUUDQJHPHQW� $OO H[SHULPHQWV

IURP QRZ RQ ZHUH DOVR DOORZHG WR HVWDEOLVK WKHVH LQLWLDO FRQGLWLRQV EHIRUH WKH H[SHULPHQWDO

GDWD ZHUH FROOHFWHG� 7KH LWHUDWLRQ D[HV ZHUH FRUUHFWHG IRU ]HUR RIIVHW E\ VXEWUDFWLQJ WKH

VWDUWLQJ LWHUDWLRQ YDOXH� 1RWH WKDW EHFDXVH RI WKLV VXEWUDFWLRQ� DOO UHVXOWV VKRZQ PD\ VXIIHU
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IURP D VOLJKW [�D[LV RIIVHW HUURU� ,Q RUGHU WR DYRLG WKLV� DQ DEVROXWH � LWHUDWLRQ SRLQW ZRXOG

KDYH WR EH FKRVHQ� VXFK DV WKH SRLQW DW ZKLFK WKH ILUVW 5RDPLQJ DJHQW HQFURDFKHV XSRQ WKH

PDSSLQJ UDWLR VDPSOH UHJLRQ�
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6LGH ��

6LGH ���

6LGH ���

&RYHUDJH RI GLIIHULQJ VXUYH\

DUHDV ZLWK IL[HG VXUYH\ WHDP VL]H

)LJXUH ��� $UHD FRYHUDJH YV WLPH ZLWK �� DJHQWV IRU YDU\LQJ DUHDV�

$ WULDQJXODU DUHD GHILQHG E\ VLGHV RI ���ð���ð��� LV ��� ��� WLPHV ELJJHU WKDQ D

��ð��ð�� DUHD� $Q DUHD RI ���ð���ð��� LV �� � WLPHV ELJJHU WKDQ D ��ð��ð�� RQH� $Q

DUHD RI ���ð���ð��� LV ��������� ��� WLPHV D ��ð��ð�� DUHD�

*LYHQ WKHVH IDFWRUV� LW PLJKW EH H[SHFWHG WKDW WKH WLPH WR VXUYH\ DQ DUHD FRXOG EH IRXQG E\

PXOWLSOLFDWLRQ RI D VWDQGDUG WLPH E\ WKLV IDFWRU� 7KH UHVXOWV VKRZ WKDW WKLV UHODWLRQVKLS

VHHPV WR KROG H[FHSW ZKHQ WKH DUHD EHFRPHV VPDOO� 7KH WLPH WDNHQ WR VXUYH\ WKH

��ð��ð�� DUHD LV JUHDWHU WKDQ ZRXOG EH H[SHFWHG� 7KH UHDVRQ IRU WKLV LV WKDW WKH 5RDPLQJ

DJHQW PRGHO LPSOHPHQWV D PLQLPXP WXUQLQJ UDGLXV DV VKRZQ LQ )LJXUH ��� ZKLFK PHDQV

WKDW� WKH VPDOOHU WKH DUHD� WKH JUHDWHU WKH SHUFHQWDJH RI WLPH LV VSHQW H[HFXWLQJ WKH KRPLQJ

EHKDYLRXU� H[WHQGLQJ WKH WLPH�
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��� )L[HG�DUHD�FRYHUDJH�WLPHV�ZLWK�D�FKDQJLQJ�WHDP�VL]H

7KH QH[W H[SHULPHQW ORRNHG DW WKH FRYHUDJH YHUVXV WLPH� EXW WKLV WLPH WKH UHJLRQ VL]H ZDV

IL[HG DQG WKH QXPEHU RI 5RDPLQJ URERWV ZDV YDULHG� ,W ZDV H[SHFWHG WKDW� VLQFH WKH DJHQWV

GR QRW LQWHUDFW� WKH WLPH WR DFKLHYH D JLYHQ FRYHUDJH ZRXOG EH LQYHUVHO\ SURSRUWLRQDO WR WKH

WLPH WDNH E\ D VLQJOH DJHQW�
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&RYHUDJH RI VXUYH\ DUHD VLGH OHQJWK  ��

ZLWK VXUYH\ WHDP VL]H YDULDWLRQ

)LJXUH ��� $UHD FRYHUDJH YV WLPH ZLWK YDULDWLRQ LQ WHDP VL]H

7KH UHVXOWV VKRZ WKDW WKHUH LV D GLPLQLVKLQJ UHWXUQ LQ WHUPV RI WKH FRVW RI H[WUD DJHQWV

DGGHG WR WKH HQYLURQPHQW YHUVXV WKH LPSURYHPHQW LQ VXUYH\ WLPH� 7KDW LV� WKH DGGLWLRQ RI

RQH DJHQW WR WDNH WKH QXPEHU IURP RQH WR WZR JLYHV D VXEVWDQWLDO LPSURYHPHQW� PRUH WKDQ

GRXEOLQJ WKH VXUYH\ UDWH� 7KH VXEVHTXHQW DGGLWLRQ RI DQRWKHU WKUHH DJHQWV KDV D OHVVHU

HIIHFW RQ VXUYH\ WLPH DQG VR RQ�

7KH UHVXOWV VKRZ WKDW VRPH LQYHUVH UHODWLRQVKLS ZLWK VXUYH\ WLPH VHHPV WR H[LVW� DOWKRXJK

LW GRHV QRW VHHP WR EH LQ GLUHFW SURSRUWLRQ� 7KH VDPH GDWD KDV EHHQ SORWWHG RQ D ORJDULWKPLF

[�D[LV� WR FODULI\ WKH UHODWLRQVKLS� 7KLV LV GRQH LQ )LJXUH ���
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&RYHUDJH RI VXUYH\ DUHD VLGH OHQJWK  ��

ZLWK VXUYH\ WHDP VL]H YDULDWLRQ

)LJXUH ��� $UHD FRYHUDJH YV WLPH ZLWK YDU\LQJ WHDP VL]H �ORJ SORW��

7KH JUDSK DFWXDOO\ VKRZV WKDW WKH FRYHUDJH LV QRW H[DFWO\ ORJDULWKPLF RYHU WLPH� HDFK FXUYH

H[KLELWLQJ D VOLJKWO\ VLJPRLGDO DSSHDUDQFH ZLWK UHVSHFW WR WKH ILWWHG FXUYH� ,I WKH FRYHUDJH

ZDV ORJDULWKPLF DQG WKH WLPH WR DFKLHYH D JLYHQ FRYHUDJH ZDV LQYHUVHO\ SURSRUWLRQDO WR WKH

WLPH WDNH E\ D VLQJOH DJHQW� WKH ILWWHG FXUYHV VKRXOG KDYH HTXDO JUDGLHQWV DQG HTXDOO\

VSDFHG LQWHUFHSWV� 7KLV VHHPV WR EH DSSUR[LPDWHO\ WUXH� DOWKRXJK PRUH H[SHULPHQWDO

UHVXOWV DUH SUREDEO\ UHTXLUHG WR GHPRQVWUDWH LW�

,W LV H[SHFWHG WKDW WKLV UHODWLRQVKLS ZRXOG FKDQJH VLJQLILFDQWO\ LI FRRSHUDWLRQ EHWZHHQ

5RDPLQJ DJHQWV ZDV LPSOHPHQWHG E\ DGGLWLRQ RI WKH GLVSHUVLRQ EHKDYLRXU�

5HVXOWV RI WKLV H[SHULPHQW UHSHDWHG ZLWK D VPDOOHU VXUYH\ DUHD VLGH OHQJWK DUH LQFOXGHG LQ

)LJXUH �� DQG )LJXUH ���
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&RYHUDJH RI VXUYH\ DUHD VLGH OHQJWK  ��

ZLWK VXUYH\ WHDP VL]H YDULDWLRQ

)LJXUH ��� $UHD FRYHUDJH YV WLPH ZLWK YDU\LQJ WHDP VL]H� 6LGH  ��
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&RYHUDJH RI VXUYH\ DUHD VLGH OHQJWK  ��

ZLWK VXUYH\ WHDP VL]H YDULDWLRQ

)LJXUH ��� &RYHUDJH YV WLPH YDU\LQJ WHDP VL]H �ORJ SORW�� 6LGH  ��
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� )XUWKHU�:RUN

7KLV WHUUDLQ PDSSLQJ VLPXODWLRQ PD\ EH H[WHQGHG WR DFFRXQW IRU UHDO�ZRUOG FRQGLWLRQV LQ

WKH IROORZLQJ DUHDV�

y 0RGHOOLQJ SK\VLFDO H[WHQW RI DJHQWV�

y 2EVFXUDWLRQ RI EHDFRQV�

y $GGLWLRQ RI HUURU PRGHOV WR VHQVRUV DQG HIIHFWRUV

y $FFRXQWDELOLW\ IRU DGGLWLRQDO GDWD WR UHGXFH VHQVRU HUURU�

,W PD\ DOVR EH H[WHQGHG WR H[DPLQH LPSURYHPHQWV LQ WDVN SHUIRUPDQFH WKURXJK�

y $GGLWLRQ RI GLVSHUVLRQ WR 5RDPLQJ DJHQWV· EHKDYLRXU VHW�

��� 0RGHOOLQJ�SK\VLFDO�H[WHQW�RI�DJHQWV

$JHQWV ZHUH PRGHOOHG DV SRLQWV� 3K\VLFDO H[WHQW ZDV LJQRUHG WR VSHHG DQG VLPSOLI\ WKH

VLPXODWLRQ� ,QFOXGLQJ WKH PRGHOOLQJ RI H[WHQW LQ WKH DJHQW PRGHO ZRXOG LGHQWLI\ SUREOHPV

ZKLFK KDYH WKXV IDU EHHQ LJQRUHG� VXFK DV REVFXUDWLRQ RI DJHQWV E\ HDFK RWKHU�

$ SUDFWLFDO V\VWHP ZRXOG� E\ GHILQLWLRQ� UHTXLUH VXSSRUW IRU SUREOHPV GXH WR H[WHQW� 7KLV

ZRXOG LQYROYH DGGLWLRQDO VHQVRUV� WKH VLPSOHVW EHLQJ D EXPS VHQVRU WR GHWHFW GLUHFW FRQWDFW

ZLWK RWKHU DJHQWV� $V GLVFXVVHG EHORZ� LI DQ DGGLWLRQDO GLVSHUVLRQ EHKDYLRXU ZDV LQFOXGHG�

UHTXLULQJ H[WUD VHQVRUV� LW PD\ QRW EH QHFHVVDU\ WR GHWHFW GLUHFW FRQWDFW�

��� 2EVFXUDWLRQ�RI�EHDFRQV

,Q WKH UHDO ZRUOG� EHDFRQV PD\ EH REVFXUHG IRU VHYHUDO UHDVRQV� 7KHVH LQFOXGH

y %OLQG VSRWV HQGHPLF WR WKH VHQVRU�

y 2EVFXUDWLRQ E\ REVWDFOHV LQ WKH HQYLURQPHQW� LQFOXGLQJ RWKHU DJHQWV ZLWK SK\VLFDO

H[WHQW�

y 2EVFXUDWLRQ E\ WKH HQYLURQPHQW LWVHOI�

y 'LVWDQFH OLPLWV RI WKH VHQVRU�

7R DFFRXQW IRU REVFXUDWLRQ E\ WKH HQYLURQPHQW LWVHOI� WKH %HDFRQ DJHQWV FRXOG VXSSOHPHQW

WKHLU EHKDYLRXU� VD\ E\ VHDUFKLQJ IRU ORFDO WHUUDLQ DOWLWXGH PD[LPD WR PLPLF WKH DFWLRQ RI

VXUYH\RUV ZKR HVWDEOLVK D UHIHUHQFH JULG E\ SODFLQJ UHIHUHQFH PDUNHUV RQ KLOOV� 7KLV ZRXOG

PRGLI\ WKH SHUIHFW HTXLODWHUDO WULDQJXODU UHJLRQV DQG FDXVH WKH WHUUDLQ VWULS EHLQJ VXUYH\HG
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WR GLYHUJH IURP D VWUDLJKW SDWK� +RZHYHU� WKH 0DSSLQJ DJHQW FRXOG NHHS WUDFN RI WKLV

GLYHUJHQFH DQG FRUUHFW IRU LW E\ PRGLI\LQJ LWV JRDO SRVLWLRQ GXULQJ LWV RZQ PRYHPHQW SKDVH�

,QFUHDVLQJ WKH QXPEHU RI %HDFRQ DJHQWV WR PLQLPLVH REVFXUDWLRQ ZRXOG KDYH WKH DGGHG

EHQHILW RI SURYLGLQJ UHGXQGDQF\� ,W LV OLNHO\ WKDW DQ\ SUDFWLFDO V\VWHP ZRXOG UHTXLUH VXSSRUW

IRU DGGLWLRQDO %HDFRQV�

&OHDUO\� PRYLQJ %HDFRQV PXVW DOZD\V HQVXUH WKDW WKH 0DSSLQJ EHDFRQ UHPDLQV YLVLEOH IURP

WKHLU ILQDO UHIHUHQFH�HVWDEOLVKLQJ SRVLWLRQ� ,Q VRPH FDVHV� VD\ LQ WKH FDVH ZKHUH D %HDFRQ

URERW PXVW WUDYHO WKURXJK D YDOOH\ WR UHDFK LWV QHZ SRVLWLRQ� LW PD\ EH SRVVLEOH WKDW WKH

0DSSLQJ URERW FDQQRW EH NHSW LQ VLJKW GXULQJ WKH WUDYHUVH WR WKH QHZ SRVLWLRQ� 6SHFLDO

DOJRULWKPV WR VXSSRUW WKLV FRXOG EH GHYHORSHG�

2EVFXUDWLRQ RI EHDFRQV IURP 5RDPLQJ DJHQW SRVLWLRQV UHVXOWV LQ LQFRPSOHWH DQJOH WXSOHV�

:KHUH UHGXQGDQW EHDFRQV H[LVW LQ WKH V\VWHP� DQ REVFXUHG %HDFRQ ZLOO FDXVH DQ DQJOH

WXSOH WR %HDFRQ PDWFKLQJ SUREOHP� 7KDW LV� VRPH DOJRULWKP PXVW EH GHYLVHG E\ WKH

0DSSLQJ DJHQW WR WU\ WR PDWFK UHGXFHG VHWV RI DQJOH GDWD ZLWK WKH DQRQ\PRXV EHDFRQV� 2QH

VROXWLRQ KHUH LV WR UHPRYH WKH DQRQ\PLW\ E\ LQFUHDVLQJ WKH 5RDPLQJ DJHQWV· VHQVRU

FRPSOH[LW\ VR WKDW DQJOH GDWD LV DVVRFLDWHG ZLWK DQ LGHQWLILHG %HDFRQ� 7KLV ZRXOG DFFRXQW

IRU WKH FRQYHUVH SUREOHP RI GHWHFWLRQ RI SKDQWRP %HDFRQV�

��� $GGLWLRQ�RI�HUURU�PRGHOV�WR�VHQVRUV�DQG�HIIHFWRUV

5HDO�ZRUOG HPERGLHG DJHQWV RU URERWV VXIIHU IURP QRLVH DQG UHVROXWLRQ OLPLWDWLRQV LQ VHQVRU

GDWD� 7KLV FDQ PDQLIHVW DV VPDOO SHUWXUEDWLRQV LQ WKH GDWD RU DV JURVV HUURUV UHVXOWLQJ LQ

VSXULRXV YDOXHV� $OWKRXJK WKH EHKDYLRXUV ZHUH GHVLJQHG WR DFFRXQW IRU VPDOO UDQGRP

HUURUV� WKH\ PD\ QHHG H[WHQVLRQ WR DFFRXQW IRU VSXULRXV GDWD� (UURUV LQ WKH UHFHLYHG VLJQDO

PHVVDJHV FDQ HIIHFWLYHO\ EH LJQRUHG LI WKH FRPPXQLFDWLRQV V\VWHP LV EXLOW RQ DQ

HUURU�GHWHFWLQJ RU FRUUHFWLQJ SURWRFRO� +RZHYHU� HUURUV IURP GHWHFWLRQ RI H[WUD %HDFRQV RU

REVFXUDWLRQ FDQQRW EH LJQRUHG�

7KH HIIHFWRUV� LQ RXU FDVH GULYH PHFKDQLVPV� ZLOO LQWHUDFW ZLWK WKH HQYLURQPHQW WKURXJK

VOLSSDJH� 7KLV PD\ EHFRPH LPSRUWDQW LI ORFDOLVHG FRRSHUDWLYH EHKDYLRXUV DUH DGGHG� )RU

H[DPSOH� WR GHYHORS UREXVW FROOLVLRQ DYRLGDQFH DOJRULWKPV PD\ UHO\ RQ LQHUWLD DQG VOLSSDJH

EHLQJ PRGHOOHG�

��� $FFRXQWDELOLW\�IRU�DGGLWLRQDO�GDWD�WR�UHGXFH�VHQVRU�HUURU�

,QFUHDVLQJ WKH QXPEHU RI %HDFRQ DJHQWV WR PLQLPLVH REVFXUDWLRQ DOVR SHUPLWV WKH H[WUD

GDWD VHQW E\ WKH 5RDPLQJ DJHQWV WR EH XVHG WR UHGXFH HUURUV� $OWKRXJK WKH GLVWDQFH

PHDVXULQJ VHQVRUV DUH YHU\ DFFXUDWH� WKH FRRUGLQDWH V\VWHP FDQ GULIW DV WLQ\ HUURUV
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DFFXPXODWH LQ WKH VHQVRU UHDGLQJV� ,Q D SUDFWLFDO V\VWHP� ZKLFK VXUYH\V D PRUH JHQHUDOLVHG

DUHD WKDQ D VLQJOH VWULS RI WHUUDLQ� LW ZRXOG EH SRVVLEOH OHDYH D %HDFRQ DJHQW DW RQH SRVLWLRQ

ZKLOH WKH UHVW RI WKH PHPEHUV RI WKH URERW WHDP YHQWXUH RXW WR VXUYH\ WKH DUHD� $V VPDOO

WLOHV RI WKH ODUJHU WHVVHOODWHG DUHD DUH VXUYH\HG� WKH 0DSSLQJ DJHQW ZRXOG EULQJ WKH WHDP

EDFN ZLWKLQ GLVWDQFH PHDVXULQJ UDQJH RI WKH VWLOO VWDWLRQDU\ %HDFRQ� $W WKLV SRLQW�

DFFXPXODWHG HUURUV FRXOG EH PHDVXUHG�

��� $GGLWLRQ�RI�'LVSHUVLRQ�WR�5RDPLQJ�DJHQWV·�EHKDYLRXU�VHW

,PSURYHPHQWV WR WKH HIILFLHQF\ RI FDUU\LQJ RXW WKH PDSSLQJ WDVN PD\ EH JDLQHG E\ DGGLQJ

WKH EDVLF GLVSHUVLRQ EHKDYLRXU�

'LVSHUVLRQ DFWV DV D UHSXOVLYH IRUFH EHWZHHQ DJHQWV DQG VKRXOG LPSURYH WKH WLPH WR PDS RXW

D JLYHQ DUHD� $V WKH VXUYH\LQJ WDVN FXUUHQWO\ EHQHILWV IURP PXOWLSOH DJHQWV UHYLVLWLQJ WKH

VDPH SRLQW E\ SURYLGLQJ H[WUD GDWD WR PLQLPLVH UDZ GDWD HUURUV VWDWLVWLFDOO\� DSSOLFDWLRQ RI

WKH GLVSHUVLRQ EHKDYLRXU WR WKLV WDVN VKRXOG EH FDUHIXO QRW WR QHJDWH WKLV DVSHFW E\ FDUHIXO

VHOHFWLRQ RI WKH GLVWDQFH WKUHVKROG YDOXH��GLVSHUVH

7KH UHDVRQ IRU QRW LQFOXGLQJ GLVSHUVLRQ DV SDUW RI WKH LQLWLDO LQYHVWLJDWLRQ ZDV PDLQO\ WKDW

WLPH FRQVWUDLQWV OLPLWHG WKH VFRSH RI WKH VWXG\� $OVR� DGGLWLRQDO VHQVRUV DUH UHTXLUHG WR

VXSSRUW LWV LPSOHPHQWDWLRQ DQG WKHVH ZRXOG KDYH WR EH EXLOW LQWR WKH PRGHO� $ SK\VLFDO

URERW ZKLFK LPSOHPHQWV GLVSHUVLRQ UHTXLUHV VHQVRU\ LQIRUPDWLRQ DERXW WKH SRVLWLRQV RI

DJHQWV LQ LWV LPPHGLDWH YLFLQLW\�

7KH GLVSHUVLRQ DOJRULWKP FRXOG PDNH XVH VWLJPHUJ\ WR LPSURYH WKH HIILFLHQF\ RI FRYHULQJ

WKH UHJLRQ EHLQJ PDSSHG E\ PDUNLQJ WUDYHUVHG DUHDV LQ VRPH ZD\� +RZHYHU� JLYHQ WKDW WKH

OLNHO\ DSSOLFDWLRQ DUHDV ZKHUH WKLV DSSURDFK LV DLPHG LQFOXGH GLYHUVH HQYLURQPHQWV�

PRGLILFDWLRQ RI WKH ORFDO HQYLURQPHQW PD\ EH GLIILFXOW RU LQDSSURSULDWH�

,I GLVSHUVLRQ LV DGGHG WR WKH EDVLF EHKDYLRXU VHW RI 5RDPLQJ DJHQWV� LW ZLOO KDYH WR EH

FRPELQHG GLUHFWO\ ZLWK WKH WHPSRUDOO\�FRPELQHG VDIH�ZDQGHULQJ DQG KRPLQJ EHKDYLRXUV

FXUUHQWO\ LPSOHPHQWHG� 7KLV FDQ EH GRQH LQ WZR ZD\V� (LWKHU WKH GLUHFW FRPELQDWLRQ RI

VDIH�ZDQGHULQJ DQG GLVSHUVLRQ EHKDYLRXUV FDQ EH WHPSRUDOO\ FRPELQHG ZLWK WKH KRPLQJ

EHKDYLRXU RU WKH WHPSRUDO FRPELQDWLRQ RI VDIH�ZDQGHULQJ DQG KRPLQJ EHKDYLRXUV FDQ EH

GLUHFWO\ FRPELQHG ZLWK WKH GLVSHUVLRQ EHKDYLRXU�

7KDW LV� LQ JUDSK QRWDWLRQ
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VDIH�ZDQGHULQJ

KRPLQJ
FXUUHQW FRPSRVLWH EHKDYLRXU

QHZ FRPSRVLWH EHKDYLRXU

DOWHUQDWH FRPSRVLWH EHKDYLRXU

VDIH�ZDQGHULQJ

GLVSHUVLRQ

KRPLQJ

VDIH�ZDQGHULQJ

GLVSHUVLRQ

KRPLQJ

)LJXUH ��� &RPELQDWLRQ RSWLRQV IRU FRPSRVLWH 5RDPLQJ EHKDYLRXUV

,W LV SUREDEOH WKDW ERWK PHWKRGV RI FRPELQDWLRQ ZRXOG UHVXOW LQ D VLPLODU TXDQWLWDWLYH

EHKDYLRXU�

$Q DOWHUQDWLYH WR WKLV PLJKW EH IRU WKH 0DSSLQJ DJHQW WR FDOFXODWH WKH GLVSHUVLRQ YHFWRUV IRU

DOO DJHQWV DQG FRPPXQLFDWH WKHP EDFN WR HDFK DJHQW� 7KLV SODFHV DQ DGGLWLRQDO

FRPSXWDWLRQDO EXUGHQ RQ WKH 0DSSLQJ DJHQW DQG UHTXLUHV WKDW D UHYHUVH FRPPXQLFDWLRQ

FKDQQHO EH HVWDEOLVKHG�
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� 6XPPDU\

$ VZDUP URERWLF DSSURDFK ZDV VXFFHVVIXOO\ DSSOLHG WR WKH WDVN RI WHUUDLQ PDSSLQJ LQ D

VLPXODWLRQ HQYLURQPHQW�

7R DFKLHYH WKLV� WKH QHFHVVDU\ VXEWDVNV ZHUH LGHQWLILHG� 7KHVH ZHUH

y 'HILQH WKH FXUUHQW DUHD WR EH VXUYH\HG

y 0RYH WKH JURXS WR WKH DUHD

y %XLOG D PDS RI WKH GHILQHG DUHD

7KH EHKDYLRXUDO DSSURDFK WR VZDUP FRQWURO ZDV DSSOLHG� ,Q RUGHU WR VLPXOWDQHRXVO\ DFKLHYH

WKH VXEWDVNV� D KHWHURJHQHRXV URERW WHDP ZDV DVVHPEOHG� 7KUHH W\SHV RI PHPEHU DJHQWV

FDUULHG RXW GLIIHUHQW DVSHFWV RI WKH WDVN� 7KH DJHQW W\SHV ZHUH 5RDPLQJ� %HDFRQ DQG

0DSSLQJ URERWV� 7KHVH SHUIRUPHG WKH IROORZLQJ WDVNV� 7KH 5RDPLQJ DJHQWV SHUIRUPHG

UHWULHYDO RI IHDWXUH GDWD IURP WKH WHUUDLQ� 7KH %HDFRQ DJHQWV� DORQJ ZLWK WKH 0DSSLQJ

DJHQW� HVWDEOLVKHG D FRRUGLQDWH UHIHUHQFH V\VWHP IRU WKH WDVN� 7KH\ DOVR DOORZHG UHODWLYH

SRVLWLRQ LQIRUPDWLRQ WR EH VHQVHG E\ 5RDPLQJ DJHQWV IRU DVVRFLDWLRQ ZLWK VHQVHG WHUUDLQ

IHDWXUH GDWD� 7KH 0DSSLQJ DJHQW DVVHPEOHG WKH GDWD SDVVHG EDFN WR LW E\ WKH 5RDPLQJ

DJHQWV LQWR D FRKHUHQW WHUUDLQ PDS�

&RRUGLQDWLRQ RI WKH WHDP PHPEHUV ZDV DFKLHYHG WKURXJK WKH DVVLJQPHQW RI DSSURSULDWH

EHKDYLRXUV WR GLIIHUHQW DJHQW W\SHV� +LJK OHYHO PDQDJHPHQW DQG FRRUGLQDWLRQ RI WKH URERW

WHDP ZDV DVVLJQHG WR WKH 0DSSLQJ DJHQW� DV LW FROODWHG WKH LQIRUPDWLRQ RQ ZKLFK

PDQDJHPHQW GHFLVLRQV FRXOG EH EDVHG�

7KH REMHFW PRGHOV ZKLFK VLPXODWHG WKH DJHQWV ZHUH GHVFULEHG LQ GHWDLO� %HKDYLRXU

DOJRULWKPV IRU HDFK DJHQW W\SH ZHUH GHVFULEHG�

)LQDOO\� WKH DELOLW\ RI WKH WHDP WR DFKLHYH LWV GHVLJQHG WDVN ZDV DVVHVVHG�

7KH FRVW RI DGGLQJ H[WUD 5RDPLQJ DJHQWV WR WKH HQYLURQPHQW ZDV IRXQG WR KDYH D

GLPLQLVKLQJ UHWXUQ ZLWK UHVSHFW WR WKH LPSURYHPHQW LQ WLPH WDNHQ WR VXUYH\ WKH DUHD�

+RZHYHU� WKH H[WUD GDWD UHGXQGDQF\ DIIRUGHG E\ WKHVH DJHQWV DQG LWV LQFRUSRUDWLRQ LQWR WKH

ILQDO WHUUDLQ PDS PD\ MXVWLI\ WKHLU DGGLWLRQ�

7KHUH DUH PDQ\ DUHDV LQ ZKLFK IXUWKHU ZRUN FRXOG HQKDQFH WKH VXUYH\LQJ DSSURDFK� 7KH

LQFOXVLRQ RI VKRUW�UDQJH VHQVLQJ E\ 5RDPLQJ DJHQWV ZRXOG DOORZ WKH EDVLF GLVSHUVLRQ

EHKDYLRXU WR EH DGGHG WR LWV EHKDYLRXU VHW� 7KLV LV H[SHFWHG WR OHDG WR DQ LPSURYHPHQW LQ

VXUYH\ WLPH�

3DJH �� RI ���



7KH LQFRUSRUDWLRQ RI SK\VLFDO H[WHQW WR WKH DJHQW PRGHO ZRXOG DOORZ D QXPEHU RI

LQWHUHVWLQJ DVSHFWV WR EH LQYHVWLJDWHG� 6RXUFHV RI UHDO�ZRUOG HUURUV VXFK DV REVFXUDWLRQ RI

EHDFRQV E\ DJHQWV FRXOG WKHQ EH LQFOXGHG LQ WKH VLPXODWLRQ� $GGLWLRQDOO\� REVFXUDWLRQ RI

5HIHUHQFH DJHQWV E\ IHDWXUHV LQ WKH WHUUDLQ FRXOG EH LQFOXGHG LQ WKLV� 7KH DVVRFLDWHG

SUREOHP RI QDYLJDWLRQ DURXQG REVWDFOHV LQKDELWLQJ WKH VXUYH\ UHJLRQ FRXOG DOVR EH

LQYHVWLJDWHG�

3DJH �� RI ���



$SSHQGLFHV

$SSHQGL[��� 5HVHFWLRQ

7KH DQJOHV PHDVXUHG IURP D VXUYH\ VLWH WR D VHW RI DW OHDVW WKUHH WDUJHWV RI NQRZQ SRVLWLRQ

PD\ EH XVHG WR GHWHUPLQH RQH·V RZQ SRVLWLRQ� 7KLV WHFKQLTXH LV NQRZQ DV UHVHFWLRQ

>%D5D��@� 7KHUH DUH WZR PHWKRGV� WKH GLUHFW PHWKRG DQG 7LHQVWUD·V PHWKRG�

'LUHFW�PHWKRG

)LJXUH ��� /DEHOOLQJ RI YHUWLFHV DQG DQJOHV IRU WKH GLUHFW PHWKRG�

*LYHQ D ODEHOOLQJ RI WKH YHUWLFHV DQG DQJOHV RI D VXUYH\RU DW SRLQW 3� ZLWK NQRZQ PHDVXUHG

YDOXHV IRU WKH FRRUGLQDWHV $� % DQG & DQG DQJOHV DQG �UHVHFWLRQ DQDO\VLV E\ WKH GLUHFW� �

PHWKRG SURFHHGV DV IROORZV�

%\ WKH VLQH UXOH�

%3
VLQ ��

= $%
VLQ �

H %3 = $%
VLQ ��

VLQ �

DQG

%3
VLQ ��

= %&
VLQ �

H %3 = %&
VLQ ��

VLQ �

+HQFH

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���$%
VLQ ��

VLQ �
= %&

VLQ ��

VLQ�
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$OVR�

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����� + �� = ���� − & − � − �

6LQFH DQG DUH NQRZQ IURP PHDVXUHPHQW DQG � DQG PD\ EH FDOFXODWHG IURP WKH� � $% %& &

FRRUGLQDWHV RI � DQG � ZH DUH OHIW ZLWK WZR HTXDWLRQV LQ WKH WZR XQNQRZQV DQG �$ % & �� ��

$IWHU VROYLQJ IRU DQG � DOO UHPDLQLQJ DQJOHV DQG OHQJWKV PD\ EH GHGXFHG��� ��

7LHQVWUD·V�PHWKRG

)LJXUH ��� $QJOH DQG YHUWH[ ODEHOOLQJ IRU 7LHQVWUD·V PHWKRG�

$ PXFK VLPSOHU UHVHFWLRQ PHWKRG LV DWWULEXWHG WR 7LHQVWUD� 7KH ODEHOOLQJ DERYH DQG WKH IDFW

WKDW DOO DQJOHV DUH PHDVXUHG LQ D FORFNZLVH GLUHFWLRQ DUH LPSRUWDQW WR WKLV PHWKRG�

3�(3�13� PD\ EH IRXQG JLYHQ WKH FRRUGLQDWHV RI $�($�1$�� %�(%�1%� DQG &�(&�1&� DQG WKH

PHDVXUHG DQJOHV � DQG �� � �

)LUVW WKH WKUHH IDFWRUV .�� .� DQG .� DUH FDOFXODWHG IURP�

.�(FRW D − FRW �) = �

.�(FRW E − FRW �) = �

.�(FRW F − FRW �) = �

&DOFXODWLRQ RI D� E DQG F LQYROYHV VRPH WULJRQRPHWULF FDOFXODWLRQ�

7KHQ WKH FRRUGLQDWHV RI 3 DUH FDOFXODWHG XVLQJ�

(3 = .�($ + .�(% + .�(&

.� + .� + .�

13 = .�1$ + .�1% + .�1&

.� + .� + .�

3DJH �� RI ���



$SSHQGL[����6LPXODWRU�/LVWLQJV

/LVWLQJ�$JHQW�SDV

^
7HUUDLQ 0DSSLQJ 6LPXODWRU
$JHQW )LOH

)LOH� DJHQW�SDV
$XWKRU� *DU\ 5XEHQ
'DWH� $XJ ����
'HVFULSWLRQ� 7KLV XQLW LPSOHPHQWV DOO $JHQW FODVVHV �REMHFW GHILQLWLRQV��

7KH EDVH DEVWUDFW FODVV LV FDOOHG WKH $JHQW FODVV�
,WV PRVW LPSRUWDQW PHWKRG LV �H[HFXWH�� 7KLV PHWKRG LV LQYRNHG
RQ HDFK DJHQW LQVWDQFH E\ WKH DJHQWV REMHFW� ZKLFK LV GHILQHG
LQ WKH $JHQW0DQDJHU XQLW� LQ RUGHU WR H[HFXWH WKH DJHQW�

5RDPLQJ DQG %HDFRQ DJHQW FODVVHV DUH GLUHFWO\ GHVFHQGHG IURP WKH
$JHQW FODVV� 7KH 0DSSLQJ DJHQW FODVV LV GHVFHQGHG IURP WKH
%HDFRQ DJHQW FODVV�

7KH DJHQW REMHFWV DUH LQVWDQFHV RI D SRO\PRUSKLFDOO\ GHILQHG
KHLUDUFK\� %HFDXVH RI WKLV SRO\PRUSKLVP� WKH DJHQWV PD\ EH
H[HFXWHG� VLJQDOOHG DQG GUDZQ E\ FDOOLQJ WKH RQH PHWKRG QDPH�

$ IXOOHU GHVFULSWLRQ RI WKH KHLUDUFK\ DQG PHWKRGV PD\ EH IRXQG
LQ WKH WKHVLV�

`

XQLW $JHQW�

^













































































`
LQWHUIDFH

XVHV
9HFWRU� 0DS� *UDSKLFV� 6\V8WLOV� 'HEXJ8QLW� &ODVVHV� 'LDORJV� $JHQW0DQDJHU�

FRQVW
$*(17B5$'  ��
$*(17B',$0  $*(17B5$' � $*(17B5$'�
^ /LPLWV LQ GHJUHHV 5RDPLQJ DJHQWV PD\ WXUQ LQ HDFK WLPH VWHS�

5HIHUHQFH DJHQWV DUH QRW OLPLWHG LQ WKHLU WXUQLQJ UDGLXV WR DLG WKHLU
KRPLQJ EHKDYLRXUV DQG DOORZ WKHP WR DFFXUDWHO\ ODQG DW WKHLU JRDO�
.HHSLQJ WKH VLGH MXVW ! ��� PHDQV D UHIHUHQFH DJHQW VHHNLQJ D QHZ JRDO
ZLOO ODQG LQ WKH JRDO VLQFH LWV YHORFLW\ LV ��� `

7851B/,0,7  ���
5()(5(1&(B*2$/B6,=(  ���� �� KDOI VLGH OHQJWK RI UHIHUHQFH DJHQW JRDO UHJLRQ

W\SH
7$JHQW  FODVV
SULYDWH

)LG� ,QWHJHU� �� $ SODFH IRU WKH $JHQWV
 ,GHQWLILFDWLRQ
)ODVW3RV� 79HFWRU� �� /DVW 3RVLWLRQ YHFWRU XVHG E\ GUDZLQJ URXWLQH
)VWDWH� ,QWHJHU� �� 6WDWH YDULDEOH
)VHQGHU� 7$JHQW0DQDJHU� �� 8VHG WR VWRUH UHIHUHQFH WR WKH 6HQGLQJ REMHFW

�� ZKLFK ZLOO DOZD\V EH WKH DJHQWV REMHFW
SURFHGXUH EHKDYH� YLUWXDO� DEVWUDFW� �� +RZ WKH $JHQW W\SH EHKDYHV�

SXEOLF
�� 0RYH WKH IROORZLQJ ILHOGV WR WKH SULYDWH VHFWLRQ ODWHU
3RV� 79HFWRU� �� &XUUHQW 3RVLWLRQ YHFWRU
'LUHFWLRQ� 79HFWRU� �� 8QLW GLUHFWLRQ YHFWRU

FRQVWUXFWRU &UHDWH� YLUWXDO�
GHVWUXFWRU 'HVWUR\� RYHUULGH�
SURFHGXUH PRYH� �� 0RYHV WKH DJHQW IURP LWV FXUUHQW SRVLWLRQ

�� DFFRUGLQJ WR WKH GLUHFWLRQ YHFWRU
SURFHGXUH H[HFXWH�6HQGHU� 7$JHQW0DQDJHU�� YLUWXDO� DEVWUDFW�

�� &DOOHG WR H[HFXWH WKH $JHQW�
SURFHGXUH GUDZ�FDQYDV� 7&DQYDV�� YLUWXDO� DEVWUDFW�
SURFHGXUH UHSRUW'HEXJ� YLUWXDO�
IXQFWLRQ GLVWDQFH7R�6HQGHU� 7$JHQW�� 6LQJOH�
SURSHUW\ LG� ,QWHJHU UHDG )LG ZULWH )LG� �� )LG DFFHVVRU SURSHUW\

HQG�

3DJH �� RI ���



7%HDFRQ$JHQW  FODVV�7$JHQW�

SULYDWH
)DQJOHV� 7/LVW�

^ Q�WXSOH RI EHDFRQ�PDSSLQJ DJHQW DQJOHV DQWL�FORFNZLVH Z�U�W� IRUZDUG

GLUHFWLRQ� ZKHUH Q LV WKH QXPEHU RI RWKHU EHDFRQ DQG PDSSLQJ DJHQWV� LH�
DOO H[FHSW IRU RXUVHOYHV� $ 7/LVW LV D OLQNHG OLVW REMHFW GHILQHG LQ

'HOSKL
V &ODVVHV XQLW� ,W FDQ FRQWDLQ DQ\ W\SH RI REMHFW VLQFH LW XVHV

JHQHULF SRLQWHUV WR UHIHU WR REMHFWV LQ WKH OLVW� ,Q RXU FDVH� ZH SODFH
VLPSOH YDULDEOHV RI W\SH 6LQJOH LQ WKH OLVW LQ RUGHU WR PDNH XVH RI WKH

OLVW
V 6RUW PHWKRG DQG G\QDPLF $GG DQG 5HPRYH PHWKRGV�

7KH HOHPHQWV RI RXU 7/LVW DUH UHIHUUHG WR E\ WKH H[SUHVVLRQ
6LQJOH�)DQJOHV�,WHPV>P@A�� ZKHUH P LV ���Q�� `

)GLVWDQFHV� 7/LVW�

^ Q�WXSOH RI EHDFRQ�PDSSLQJ DJHQW GLVWDQFHV� ZKHUH Q LV WKH QXPEHU RI
RWKHU EHDFRQ DQG PDSSLQJ DJHQWV� LH� DOO H[FHSW IRU RXUVHOYHV�

$ 7/LVW LV D OLQNHG OLVW REMHFW GHILQHG LQ

'HOSKL
V &ODVVHV XQLW� ,W FDQ FRQWDLQ DQ\ W\SH RI REMHFW VLQFH LW XVHV
JHQHULF SRLQWHUV WR UHIHU WR REMHFWV LQ WKH OLVW� ,Q RXU FDVH� ZH SODFH

VLPSOH YDULDEOHV RI W\SH 6LQJOH LQ WKH OLVW LQ RUGHU WR PDNH XVH RI WKH

OLVW
V 6RUW PHWKRG DQG G\QDPLF $GG DQG 5HPRYH PHWKRGV�
7KH HOHPHQWV RI RXU 7/LVW DUH UHIHUUHG WR E\ WKH H[SUHVVLRQ

6LQJOH�)GLVWDQFHV�,WHPV>P@A�� ZKHUH P LV ���Q�� `

)VLJQDO0RYH� %RROHDQ�
^ WKLV IODJ LV VHW ZKHQ WKH VLJQDO PHWKRG LV FDOOHG ZLWK WKH FRUUHFW

VLJQDO W\SH E\ WKH 70DSSLQJ$JHQW WR LQIRUP

WKH %HDFRQ $JHQW WKDW LW LV WLPH WR WDNH XS D QHZ SRVLWLRQ `
)JRDO�5HDFKHG� )JRDO�5HDFKHG� %RROHDQ�

^ WKHVH ILHOGV DUH XVHG E\ WKH KRPLQJ EHKDYLRXU FRGH WR GHWHUPLQH

ZKHQ WKH DJHQW KDV UHDFKHG LWV JRDO `
SURFHGXUH VHQVH%HDFRQV�

^ 3URFHGXUH WR VHQVH DQJOHV Z�U�W� IRUZDUG GLUHFWLRQ� LH� WKLV SURFHGXUH

XSGDWHV WKH )DQJOHV WXSOH ZLWK WKH FXUUHQW VHQVRU GDWD `
SXEOLF

FRQVWUXFWRU &UHDWH� RYHUULGH�

GHVWUXFWRU 'HVWUR\� RYHUULGH�
SURFHGXUH H[HFXWH�6HQGHU� 7$JHQW0DQDJHU�� RYHUULGH�

�� &DOOHG WR H[HFXWH WKH $JHQW�

SURFHGXUH EHKDYH� RYHUULGH� �� +RZ WKH $JHQW EHKDYHV�
SURFHGXUH VLJQDO�PVJ� VLJ7\SH�� G\QDPLF� �� FDOOHG WR VLJQDO WR WKLV DJHQW

SURFHGXUH GUDZ�FDQYDV� 7&DQYDV�� RYHUULGH�

HQG�

70DSSLQJ$JHQW  FODVV�7%HDFRQ$JHQW�
SULYDWH

)PDS� 70DS� �� 0DS RI FXUUHQW VXUYH\ DUHD

)FHQWURLG;� )FHQWURLG<� 6LQJOH� �� &HQWURLG RI FXUUHQW VXUYH\ DUHD
)�PDS;� )�PDS<� 6LQJOH� �� � FRRUGV RI FXUUHQW VXUYH\ DUHD

)UHIHUHQFH6WRSSHG� %RROHDQ�

)PDS6WDWH� ,QWHJHU� �� 6WDWH YDULDEOH
)QH[W5HI$JHQW� ,QWHJHU�

�� 5HIHUV WR QH[W UHIHUHQFH DJHQW WR VLJQDO YLD D VLJQDO0RYH PHVVDJH

SURFHGXUH XSGDWH&HQWURLG�
SXEOLF

FRQVWUXFWRU &UHDWH� RYHUULGH�

GHVWUXFWRU 'HVWUR\� RYHUULGH�
SURFHGXUH H[HFXWH�6HQGHU� 7$JHQW0DQDJHU�� RYHUULGH�

SURFHGXUH GUDZ�FDQYDV� 7&DQYDV�� RYHUULGH�

SURFHGXUH VLJQDO�PVJ� VLJ7\SH�� RYHUULGH� �� FDOOHG WR VLJQDO WR WKLV DJHQW
IXQFWLRQ JHW0DS5DWLR� 6LQJOH�

HQG�
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75RDPLQJ$JHQW  FODVV�7$JHQW�
SULYDWH

)DQJOHV� 7/LVW�
^ Q�WXSOH RI EHDFRQ�PDSSLQJ DJHQW DQJOHV DQWL�FORFNZLVH Z�U�W� IRUZDUG

GLUHFWLRQ� ZKHUH Q LV WKH QXPEHU RI EHDFRQ DQG PDSSLQJ DJHQWV� $ 7/LVW
LV D OLQNHG OLVW REMHFW GHILQHG LQ 'HOSKL
V &ODVVHV XQLW� ,W FDQ
FRQWDLQ DQ\ W\SH RI REMHFW VLQFH LW XVHV JHQHULF SRLQWHUV WR UHIHU WR
REMHFWV LQ WKH OLVW� ,Q RXU FDVH� ZH SODFH VLPSOH YDULDEOHV RI W\SH
6LQJOH LQ WKH OLVW LQ RUGHU WR PDNH XVH RI WKH OLVW
V 6RUW PHWKRG DQG
G\QDPLF $GG DQG 5HPRYH PHWKRGV�
7KH HOHPHQWV RI RXU 7/LVW DUH UHIHUUHG WR E\ WKH H[SUHVVLRQ
6LQJOH�)DQJOHV�,WHPV>P@A�� ZKHUH P LV ���Q�� `

SURFHGXUH VHQVH%HDFRQV�
^ 3URFHGXUH WR VHQVH DQJOHV Z�U�W� IRUZDUG GLUHFWLRQ� LH� WKLV SURFHGXUH

XSGDWHV WKH )DQJOHV WXSOH ZLWK WKH FXUUHQW VHQVRU GDWD `
SXEOLF

FRQVWUXFWRU &UHDWH� RYHUULGH�
GHVWUXFWRU 'HVWUR\� RYHUULGH�
SURFHGXUH H[HFXWH�6HQGHU� 7$JHQW0DQDJHU�� RYHUULGH�

�� &DOOHG WR H[HFXWH WKH $JHQW�
SURFHGXUH EHKDYH� RYHUULGH� �� +RZ WKH $JHQW EHKDYHV�
SURFHGXUH GUDZ�FDQYDV� 7&DQYDV�� RYHUULGH�
SURFHGXUH UHSRUW'HEXJ� RYHUULGH�

HQG�

7DQJOH3WU  A6LQJOH�
7GLVW3WU  A6LQJOH�

^













































































`
LPSOHPHQWDWLRQ

XVHV
8QLW��

FRQVW
'B$92,'  $*(17B',$0 � ��
'B)2//2:  $*(17B',$0 � ���
3,  ��������������
'(/7$B7+(7$  3,���
'(/7$B3+,  3,���
9(/2&,7<  ��
'B)25:$5'  9(/2&,7<�

YDU
LG9DO� ,QWHJHU  �� �� 7KLV FODVV YDULDEOH DVVLJQV LG
V WR $JHQWV
QXP$JHQWV� ,QWHJHU  �� �� 7KH QR� RI DJHQW REMHFWV WKDW FXUUHQWO\ H[LVW

^
















































































 7$JHQW PHWKRGV















































































`

^








































 &RQVWUXFWRU IRU 7$JHQW







































`
FRQVWUXFWRU 7$JHQW�&UHDWH�
EHJLQ

LQKHULWHG &UHDWH�

^ $OORFDWH WKH YHFWRU REMHFW ILHOGV `
3RV � 79HFWRU�&UHDWH�
)ODVW3RV � 79HFWRU�&UHDWH�
)VWDWH � �� �� LQLWLDO LQWHUQDO VWDWH IRU DOO DJHQW W\SHV
'LUHFWLRQ � 79HFWRU�&UHDWH�
LG � LG9DO�
LG9DO � LG9DO � ��

QXP$JHQWV � QXP$JHQWV � ��
HQG�

3DJH �� RI ���



^









































 'HVWUXFWRU IRU 7$JHQW







































`

GHVWUXFWRU 7$JHQW�'HVWUR\�

EHJLQ
^ )UHH WKH YHFWRU REMHFWV `

3RV�)UHH�

)ODVW3RV�)UHH�
'LUHFWLRQ�)UHH�

QXP$JHQWV � QXP$JHQWV � ��
LI QXP$JHQWV  � WKHQ

LG9DO � �� �� UHVHW LG
V IRU QHZO\ DOORFDWHG DJHQWV

LQKHULWHG 'HVWUR\�

HQG�

^









































 'HEXJ URXWLQH IRU 7$JHQW








































`
SURFHGXUH 7$JHQW�UHSRUW'HEXJ�

YDU

V� 6WULQJ�
EHJLQ

V � )RUPDW�
��G
� >)LG@� � 
� 
�

V � V � )RUPDW�
����I
� >3RV�[@� � 
 
�
V � V � )RUPDW�
����I
� >3RV�\@� � 
 
�

V � V � )RUPDW�
����I
� >)ODVW3RV�[@� � 
 
�

V � V � )RUPDW�
����I
� >)ODVW3RV�\@� � 
 
�
V � V � )RUPDW�
����I
� >'LUHFWLRQ�[@� � 
 
�

V � V � )RUPDW�
����I
� >'LUHFWLRQ�\@� � 
 
�

ZLWK 'HEXJ)RUP�,PDJH��&DQYDV GR

EHJLQ

LI �6HOI�)LG DQG ��  � WKHQ
)RQW�&RORU � FO*UD\ ��RGG

HOVH

)RQW�&RORU � FO%ODFN� ��HYHQ
7H[W2XW���6HOI�)LG
���V��

HQG�

HQG�

^









































 7$JHQW�PRYH

 7KLV PHWKRG PRYHV WKH DJHQW IURP LWV FXUUHQW


 SRVLWLRQ DFFRUGLQJ WR WKH GLUHFWLRQ YHFWRU








































`
SURFHGXUH 7$JHQW�PRYH�

YDU

WHPS9HF� 79HFWRU�
EHJLQ

WU\

WHPS9HF � 79HFWRU�&UHDWH�
WHPS9HF�FRS\�3RV��

WHPS9HF�DGG�'LUHFWLRQ��

3RV�FRS\�WHPS9HF��
ILQDOO\

WHPS9HF�)UHH�

HQG�
HQG�

3DJH �� RI ���



^









































 7$JHQW�GLVWDQFH7R

 5HWXUQV WKH GLVWDQFH IURP WKH VHQGHU DJHQW WR WKH FXUUHQW DJHQW








































`

IXQFWLRQ 7$JHQW�GLVWDQFH7R�VHQGHU� 7$JHQW�� 6LQJOH�
YDU

WHPS9HF� 79HFWRU�

EHJLQ
WU\

WHPS9HF � 79HFWRU�&UHDWH�

WHPS9HF�FRS\�6HOI�3RV��
WHPS9HF�VXE�VHQGHU�3RV��

5HVXOW � WHPS9HF�DEV�

ILQDOO\
WHPS9HF�)UHH�

HQG�

HQG�

^









































 VRUW)XQFWLRQ

 $ SRLQWHU WR WKLV IXQFWLRQ LV SDVVHG WR WKH 7/LVW 6RUW PHWKRG RI


 75RDPLQJ$JHQWV WR VRUW WKH 6LQJOHV WKHLU OLVWV FRQWDLQ�








































`
IXQFWLRQ VRUW)XQFWLRQ�,WHP�� ,WHP�� 3RLQWHU�� ,QWHJHU�

EHJLQ

LI 6LQJOH�,WHP�A� ! 6LQJOH�,WHP�A� WKHQ
5HVXOW � �

HOVH LI 6LQJOH�,WHP�A�  6LQJOH�,WHP�A� WKHQ

5HVXOW � �
HOVH

5HVXOW � ���

HQG�

^

















































































 7%HDFRQ$JHQW PHWKRGV















































































`

^








































 &RQVWUXFWRU IRU 7%HDFRQ$JHQW








































`

FRQVWUXFWRU 7%HDFRQ$JHQW�&UHDWH�
EHJLQ

LQKHULWHG &UHDWH�

)DQJOHV � 7/LVW�&UHDWH�
)GLVWDQFHV � 7/LVW�&UHDWH�

)VLJQDO0RYH � )$/6(�

HQG�

^









































 'HVWUXFWRU IRU 7%HDFRQ$JHQW







































`

GHVWUXFWRU 7%HDFRQ$JHQW�'HVWUR\�

YDU
L� ,QWHJHU�

WHPS$QJOH� 7DQJOH3WU�

WHPS'LVW� 7GLVW3WU�
EHJLQ

ZKLOH )DQJOHV�&RXQW ! � GR

EHJLQ
WHPS$QJOH � )DQJOHV�,WHPV>�@�

)DQJOHV�'HOHWH����

'LVSRVH�WHPS$QJOH��
HQG�

ZKLOH )GLVWDQFHV�&RXQW ! � GR
EHJLQ

WHPS'LVW � )GLVWDQFHV�,WHPV>�@�

)GLVWDQFHV�'HOHWH����
'LVSRVH�WHPS'LVW��

HQG�

)DQJOHV�)UHH�

)GLVWDQFHV�)UHH�

LQKHULWHG 'HVWUR\�
HQG�

3DJH �� RI ���



^








































 7%HDFRQ$JHQW�VHQVH%HDFRQV

 3URFHGXUH WR VHQVH DQJOHV Z�U�W� IRUZDUG GLUHFWLRQ� LH� WKLV SURFHGXUH

 XSGDWHV WKH )DQJOHV WXSOH ZLWK WKH FXUUHQW VHQVRU GDWD

 7KLV SURFHGXUH ZLOO KDYH WR FKDQJH WR LQFRUSRUDWH PLVVHG GDWD LI EHDFRQV

 DUH DEOH WR EHFRPH REVFXUHG RU VHQVRU HUURUV FDXVH SUREOHPV� $OVR VHQVRU

 HUURUV ZLOO EH LQWURGXFHG KHUH� $OVR� LI !� EHDFRQV DUH XVHG WR UHGXFH

 HUURUV� WKLV ZLOO IRUFH WKLV SURFHGXUH WR FKDQJH� $OVR� LQ D UHDO V\VWHP� WKH

 DQJOH WR WKH PDSSLQJ DJHQW PXVW EH LGHQWLILHG LQ WKH GDWD WUDQVPLWWHG IURP WKH

 URDPLQJ DJHQW WR WKH PDSSLQJ DJHQW� VR WKDW WKH URDPLQJ DJHQW
V SRLWLRQ PD\

 EH FDOFXODWHG� 7KLV LV QRW GRQH KHUH DV LW LV QRW D UHTXLUHPHQW IRU WKH

 VLPXODWRU WR RSHUDWH� VLQFH WKH SRVLWLRQ FDOFXODWLRQ LV QRW GRQH�

 7R VHQVH DQJOHV� WKH SURFHGXUH XVHV DEVROXWH SRVLWLRQ LQIRUPDWLRQ� $

 SK\VLFDOO\ HPERGLHG 7%HDFRQ$JHQW ZRXOG QRW KDYH DFFHVV WR WKLV SRVLWLRQ GDWD�

 ,W LV XVHG KHUH WR JHQHUDWH WKH DQJOH GDWD ZKLFK ZRXOG EH GLUHFWO\ DFFHVVLEOH�







































`
SURFHGXUH 7%HDFRQ$JHQW�VHQVH%HDFRQV�
YDU

L� ,QWHJHU�
WHPS$QJOH� 7DQJOH3WU�
WHPS'LVW� 7GLVW3WU�
WHPS9HFWRU� 79HFWRU�

EHJLQ
^ )LUVW FOHDQ XS �UHPRYH� WKH ROG DQJOH OLVW FRQWHQWV `
ZKLOH )DQJOHV�&RXQW ! � GR

EHJLQ
WHPS$QJOH � )DQJOHV�,WHPV>�@�
)DQJOHV�'HOHWH����
'LVSRVH�WHPS$QJOH��
HQG�

^ 1H[W FOHDQ XS �UHPRYH� WKH ROG GLVWDQFHV OLVW FRQWHQWV `
ZKLOH )GLVWDQFHV�&RXQW ! � GR
EHJLQ
WHPS'LVW � )GLVWDQFHV�,WHPV>�@�
)GLVWDQFHV�'HOHWH����
'LVSRVH�WHPS'LVW��
HQG�

WU\
EHJLQ
WHPS9HFWRU � 79HFWRU�&UHDWH�

IRU L � � WR )VHQGHU�JHW%04XDQWLW\ � � GR
EHJLQ

LI )VHQGHU�JHW%0,G�L� �! 6HOI�LG WKHQ
WU\

^ &UHDWH QHZ 6LQJOHV WR KROG DQ DQJOH DQG D GLVWDQFH UHVSHFWLYHO\ `
WHPS$QJOH � 1HZ�7DQJOH3WU��
WHPS'LVW � 1HZ�7GLVW3WU��
^ )VHQGHU FRQWDLQV WKH $JHQW0DQDJHU REMHFW� *HW WKH SRVLWLRQ RI WKH

L
WK %HDFRQ RU 0DSSLQJ DJHQW `
WHPS9HFWRU � )VHQGHU�JHW%03RV�L� WHPS9HFWRU��
^ 7KH YHFWRU IURP RXU SRVLWLRQ ZKLFK SRLQWV DW WKH L
WK DJHQW LV

9(&725 � %0B326B9(&725 � 285B326B9(&725 `
WHPS9HFWRU�VXE�6HOI�3RV��
^ *HW WKH DQJOH EHWZHHQ RXU GLUHFWLRQ DQG WKH L
WK % RU 0 DJHQW `
WHPS$QJOHA � 'LUHFWLRQ�VLJQHG$QJOH'HJ�WHPS9HFWRU��
^ $GG WKH DQJOH WR WKH OLVW RI DQJOHV `
)DQJOHV�$GG�WHPS$QJOH��
^ *HW WKH GLVWDQFH IURP RXU SRVLWLRQ WR WKH L
WK % RU 0 DJHQW `
WHPS'LVWA � WHPS9HFWRU�DEV�
^ $GG WKH GLVWDQFH WR WKH OLVW RI GLVWDQFHV `
)GLVWDQFHV�$GG�WHPS'LVW��

H[FHSW
'LVSRVH�WHPS$QJOH��
'LVSRVH�WHPS'LVW��

HQG�
HQG�

HQG�
ILQDOO\

WHPS9HFWRU�)UHH�
HQG�

HQG�

3DJH �� RI ���



^








































 7%HDFRQ$JHQW�VLJQDO

 7KLV SURFHGXUH LPSOHPHQWV WKH VLJQDO LQWHUIDFH WR WKH EHDFRQ DJHQW

 IURP WKH DJHQW PDQDJHU







































`
SURFHGXUH 7%HDFRQ$JHQW�VLJQDO�PVJ� VLJ7\SH��
EHJLQ

FDVH PVJ RI
6,*B029(� �� 7KLV LV WKH RQO\ PHDQLQJIXO PHVVDJH W\SH IRU D %HDFRQ
EHJLQ
)VLJQDO0RYH � 758(�
HQG�

HQG�
HQG�

^








































 7%HDFRQ$JHQW�EHKDYH

 %HKDYLRXU PHWKRG� 7KLV SURFHGXUH VHOHFWV D EHKDYLRXU DQG H[HFXWHV

 LW IRU D 7%HDFRQ$JHQW�

 %HKDYLRXU LV WKH DVVHVVPHQW RI VHQVRU LQIRUPDWLRQ DQG VHOHFWLRQ RI WKH DFWLRQ

 WR EH WDNHQ EDVHG RQ LW�







































`
SURFHGXUH 7%HDFRQ$JHQW�EHKDYH�
YDU

DQJOH�� DQJOH�� 6LQJOH�
GLVW�� GLVW�� 6LQJOH�
WHPS9HFWRU� VXP9HFWRU� 79HFWRU�

EHJLQ
FDVH )VWDWH RI

��
^ VWDWLRQDU\ DQG ZDLWLQJ IRU VLJQDO IURP 70DSSLQJ$JHQW WR PRYH `
EHJLQ
LI )VLJQDO0RYH WKHQ

EHJLQ
)VLJQDO0RYH � )$/6(�
)VWDWH � ��
HQG�

HQG� ^FDVH )VWDWH  �`

��
^ PRYH WR ELVHFW WKH OLQH EHWZHHQ WKH RWKHU DJHQWV `
EHJLQ
^ PRYH IRUZDUG E\ GBIRUZDUG `
6HOI�PRYH�
6HOI�VHQVH%HDFRQV� �� $FFXPXODWH GDWD RQ %HDFRQ�0DSSLQJ DJHQW SRVLWLRQV

DQJOH� � 6LQJOH�)DQJOHV�,WHPV>�@A��
DQJOH� � 6LQJOH�)DQJOHV�,WHPV>�@A��

^ FUHDWH GLUHFWLRQ YHFWRUV� VXP WKHP DQG PRYH WRZDUG WKDW GLUHFWLRQ `
WU\

WHPS9HFWRU � 79HFWRU�&UHDWH�
VXP9HFWRU � 79HFWRU�&UHDWH�

VXP9HFWRU�&RS\�6HOI�'LUHFWLRQ��

^ FUHDWH �VW GLUHFWLRQ YHFWRU `
WHPS9HFWRU�&RS\�6HOI�'LUHFWLRQ��
WHPS9HFWRU�URWDWH'HJ�DQJOH���
VXP9HFWRU�DGG�WHPS9HFWRU��

^ FUHDWH �QG GLUHFWLRQ YHFWRU `
WHPS9HFWRU�&RS\�6HOI�'LUHFWLRQ��
WHPS9HFWRU�URWDWH'HJ�DQJOH���
VXP9HFWRU�DGG�WHPS9HFWRU��

DQJOH� � 6HOI�'LUHFWLRQ�VLJQHG$QJOH'HJ�VXP9HFWRU��
LI DQJOH� ! ��� WKHQ

DQJOH� � DQJOH� � ����
ILQDOO\

WHPS9HFWRU�)UHH�
VXP9HFWRU�)UHH�

HQG�

^ QR QHHG WR WUXQFDWH DQJOHV EHFDXVH WXUQLQJ UDGLXV RI UHIHUHQFH DJHQWV
LV XQOLPLWHG `

6HOI�'LUHFWLRQ�URWDWH'HJ�DQJOH��� �� WXUQ

LI DEV�DQJOH�� � �� WKHQ
^RXU GLUHFWLRQ YHFWRU PXVW QRZ EH SRLQWLQJ EHWZHHQ WKRVH SRLQWLQJ DW
WKH � EHDFRQ DJHQWV`
)VWDWH � ��

3DJH �� RI ���



HQG� ^FDVH )VWDWH  �`

��
^ PRYH WR QHZ SRLQW E\ NHHSLQJ WKH DQJOHV WR WKH RWKHU DJHQWV HTXDO

XQWLO WKH PDJQLWXGH RI RQH RI WKH DQJOHV H[FHHGV ��� GHJUHHV`
EHJLQ
^ PRYH IRUZDUG E\ GBIRUZDUG `
6HOI�PRYH�
6HOI�VHQVH%HDFRQV� �� $FFXPXODWH GDWD RQ %HDFRQ�0DSSLQJ DJHQW SRVLWLRQV

^ 7KH DQJOHV DUH XQVRUWHG� VR PDNH QR DVVXPSWLRQV DERXW WKHLU RUGHU�
,I DQJOH� LV WR WKH OHIW RI WKH IRUZDUG GLUHFWLRQ� DQJOH � ZLOO EH WR
WKH ULJKW DQG YLFH YHUVD `

DQJOH� � 6LQJOH�)DQJOHV�,WHPV>�@A��
DQJOH� � 6LQJOH�)DQJOHV�,WHPV>�@A��

^ 7XUQ WRZDUG WKH GLUHFWLRQ ZKRVH DQJOH LV ODUJHU�
5HPHPEHU URWDWH'HJ PHWKRG SDUDPHWHU LV LQ FORFNZLVH GLUHFWLRQ� VR
ZH QHHG WR QHJDWH WKH DUJXPHQW� 6XP RI DQJOHV ZLOO DOZD\V EH FORVH
WR ���GHJUHHV� 7XUQ WKLV LQWR D VPDOO �YH RU �YH DQJOH WR URWDWH E\ `

6HOI�'LUHFWLRQ�URWDWH'HJ���DQJOH� � DQJOH� � ���� � ���

LI �DQJOH� ! ���� DQG �DQJOH� ! ���� WKHQ
^ DJHQW PXVW EH QHDU LWV JRDO QRZ� *R WR ILQDO SRVLWLRQ VHHNLQJ VWDWHV `
EHJLQ
)JRDO�5HDFKHG � )$/6(�
)JRDO�5HDFKHG � )$/6(�
)VWDWH � ��
HQG�

HQG� ^FDVH )VWDWH  �`

��
^ DJHQW PXVW EH QHDU LWV JRDO QRZ� 6HHN WKH JRDO EDVHG RQ GLVWDQFHV `
EHJLQ
^ PRYH IRUZDUG E\ GBIRUZDUG `
6HOI�PRYH�
^ $FFXPXODWH DQJOH 	 GLVWDQFH GDWD RQ %HDFRQ�0DSSLQJ DJHQW SRVLWLRQV `
6HOI�VHQVH%HDFRQV�

GLVW� � 6LQJOH�)GLVWDQFHV�,WHPV>�@A��
DQJOH� � 6LQJOH�)DQJOHV�,WHPV>�@A��

LI �GLVW� � )RUP��VLGH � 5()(5(1&(B*2$/B6,=(� DQG
�GLVW� ! )RUP��VLGH � 5()(5(1&(B*2$/B6,=(� WKHQ
^ $W JRDO GLVWDQFH� VZDS WR UDQJLQJ WR RWKHU EHDFRQ `
EHJLQ
LI )JRDO�5HDFKHG WKHQ

^ DW JRDO SRVLWLRQ `
)VWDWH � �

HOVH
EHJLQ
)JRDO�5HDFKHG � 758(�
)VWDWH � ��
HQG�

HQG
HOVH

EHJLQ
)JRDO�5HDFKHG � )$/6(�
LI GLVW� ! )RUP��VLGH WKHQ

^ ZH DUH WRR IDU DZD\� VR WXUQ WRZDUG EHDFRQ `
EHJLQ
^ FRQYHUW 
XQVLJQHG
 WR 
VLJQHG
 DQJOH `
LI DQJOH� ! ��� WKHQ

DQJOH� � DQJOH� � ����
HQG

HOVH
^ ZH DUH WRR FORVH� VR WXUQ DZD\ IURP EHDFRQ `
EHJLQ
DQJOH� � DQJOH� � ����
HQG�

6HOI�'LUHFWLRQ�URWDWH'HJ��DQJOH��� �� WXUQ
HQG�

HQG� ^FDVH )VWDWH  �`

��
^ DJHQW PXVW EH QHDU LWV JRDO QRZ� 6HHN WKH JRDO EDVHG RQ GLVWDQFHV `
EHJLQ
^ PRYH IRUZDUG E\ GBIRUZDUG `
6HOI�PRYH�
^ $FFXPXODWH DQJOH 	 GLVWDQFH GDWD RQ %HDFRQ�0DSSLQJ DJHQW SRVLWLRQV `
6HOI�VHQVH%HDFRQV�

GLVW� � 6LQJOH�)GLVWDQFHV�,WHPV>�@A��
DQJOH� � 6LQJOH�)DQJOHV�,WHPV>�@A��

3DJH �� RI ���



LI �GLVW� � )RUP��VLGH � 5()(5(1&(B*2$/B6,=(� DQG
�GLVW� ! )RUP��VLGH � 5()(5(1&(B*2$/B6,=(� WKHQ
^ $W JRDO GLVWDQFH� VZDS WR UDQJLQJ WR RWKHU EHDFRQ `
EHJLQ
LI )JRDO�5HDFKHG WKHQ

^ DW JRDO SRVLWLRQ `
)VWDWH � �

HOVH
EHJLQ
)JRDO�5HDFKHG � 758(�
)VWDWH � ��
HQG�

HQG
HOVH

EHJLQ
)JRDO�5HDFKHG � )$/6(�
LI GLVW� ! )RUP��VLGH WKHQ

^ ZH DUH WRR IDU DZD\� VR WXUQ WRZDUG EHDFRQ `
EHJLQ
^ FRQYHUW 
XQVLJQHG
 WR 
VLJQHG
 DQJOH `
LI DQJOH� ! ��� WKHQ

DQJOH� � DQJOH� � ����
HQG

HOVH
^ ZH DUH WRR FORVH� VR WXUQ DZD\ IURP EHDFRQ `
EHJLQ
DQJOH� � DQJOH� � ����
HQG�

6HOI�'LUHFWLRQ�URWDWH'HJ��DQJOH��� �� WXUQ
HQG�

HQG� ^FDVH )VWDWH  �`

��
^ WKLV LV D WUDQVLHQW VWDWH ZKLFK VHQGV WKH PHVVDJH WKDW WKH DJHQW

KDV UHDFKHG LWV JRDO `
EHJLQ
)VHQGHU�W[6LJQDO�6,*B$7B*2$/� ���
)VWDWH � ��
HQG� ^FDVH )VWDWH  �`

HQG� ^FDVH )VWDWH`
HQG�

^








































 7%HDFRQ$JHQW�H[HFXWH

 7KLV PHWKRG SHUIRUPV DOO DFWLRQV UHTXLUHG WR H[HFXWH WKH DJHQW LQ TXHVWLRQ







































`
SURFHGXUH 7%HDFRQ$JHQW�H[HFXWH�6HQGHU� 7$JHQW0DQDJHU��
EHJLQ

)VHQGHU � 6HQGHU�

^ &DOFXODWH XSGDWH�SRVLWLRQ YHFWRU� 7KLV LV ZKHUH WKH DFWLRQ KDSSHQV�
LH� WKH %HKDYLRXU LV H[HFXWHG� `

6HOI�EHKDYH�
HQG�

3DJH �� RI ���



^








































 7%HDFRQ$JHQW�GUDZ

 GUDZ PHWKRG IRU 7%HDFRQ$JHQW







































`
SURFHGXUH 7%HDFRQ$JHQW�GUDZ�FDQYDV� 7&DQYDV��
EHJLQ

LI )RUP��$QLPDWH�&KHFNHG WKHQ
EHJLQ
^ (UDVH ROG `
FDQYDV�%UXVK�&RORU � FO:KLWH�
FDQYDV�3HQ�&RORU � FO:KLWH�
FDQYDV�(OOLSVH�7UXQF�6HOI�)ODVW3RV�[�$*(17B5$'��

7UXQF�6HOI�)ODVW3RV�\�$*(17B5$'��
7UXQF�6HOI�)ODVW3RV�[�$*(17B5$'��
7UXQF�6HOI�)ODVW3RV�\�$*(17B5$'���

6HOI�)ODVW3RV�FRS\�6HOI�3RV�� �� 8SGDWH /DVW 3RVLWLRQ WR FXUUHQW SRVLWLRQ

^ 'UDZ QHZ `
FDQYDV�%UXVK�&RORU � FO5HG�
FDQYDV�3HQ�&RORU � FO%ODFN�
FDQYDV�(OOLSVH�7UXQF�6HOI�3RV�[�$*(17B5$'��

7UXQF�6HOI�3RV�\�$*(17B5$'��
7UXQF�6HOI�3RV�[�$*(17B5$'��
7UXQF�6HOI�3RV�\�$*(17B5$'���

FDQYDV�0RYH7R�7UXQF�6HOI�3RV�[�� 7UXQF�6HOI�3RV�\���
FDQYDV�/LQH7R�7UXQF�6HOI�3RV�[��6HOI�'LUHFWLRQ�[
�$*(17B5$'��������

7UXQF�6HOI�3RV�\��6HOI�'LUHFWLRQ�\
�$*(17B5$'���������
HQG�

^ VKRZ RXU SDWK LI VSHFLIHG `
LI )RUP��UE�3DWK�&KHFNHG DQG �,G  )RUP��6SLQ(GLW��9DOXH� WKHQ

)RUP��2XWSXW,PDJH�&DQYDV�3L[HOV>7UXQF�6HOI�3RV�[��
7UXQF�6HOI�3RV�\�@ � FO%ODFN�

HQG�

^
















































































 70DSSLQJ$JHQW PHWKRGV















































































`

^








































 &RQVWUXFWRU IRU 70DSSLQJ$JHQW







































`
FRQVWUXFWRU 70DSSLQJ$JHQW�&UHDWH�
EHJLQ

LQKHULWHG &UHDWH�

)PDS � 70DS�&UHDWH�
^ 6HWWLQJ )UHIHUHQFH6WRSSHG WUXH ZLOO IRUFH WKH PDS FRRUGV WR EH VHW XS E\

WKH PDSSLQJ DJHQW `
)UHIHUHQFH6WRSSHG � 758(�
)PDS6WDWH � �� �� ,QLW 6WDWH YDULDEOH
)QH[W5HI$JHQW � ��

HQG�

^








































 'HVWUXFWRU IRU 70DSSLQJ$JHQW







































`
GHVWUXFWRU 70DSSLQJ$JHQW�'HVWUR\�
EHJLQ

^ )UHH WKH PDS REMHFWV `
)PDS�)UHH�

LQKHULWHG 'HVWUR\�
HQG�

3DJH �� RI ���



^








































 70DSSLQJ$JHQW�H[HFXWH

 7KLV PHWKRG SHUIRUPV DOO DFWLRQV UHTXLUHG WR H[HFXWH WKH DJHQW LQ TXHVWLRQ







































`
SURFHGXUH 70DSSLQJ$JHQW�H[HFXWH�6HQGHU� 7$JHQW0DQDJHU��
YDU

L� M� FRO� ,QWHJHU�
WHPS9HFWRU� 79HFWRU�
GDWD� UDWLR� UDWLR7KUHVK� 6LQJOH�

EHJLQ
)VHQGHU � 6HQGHU�

FDVH )PDS6WDWH RI
��

EHJLQ
^ &KHFN IRU D VLJQDO EHLQJ UHFHLYHG E\ WKH PDSSLQJ DJHQW IURP D

UHIHUHQFH DJHQW WR LQGLFDWH WKDW DOO UHIHUHQFH DJHQWV KDYH VWRSSHG `
LI )UHIHUHQFH6WRSSHG WKHQ

EHJLQ
)UHIHUHQFH6WRSSHG � )$/6(�
^ 6HW QHZ PDS FHQWURLG FRRUGLQDWHV `
XSGDWH&HQWURLG�
^ 6HW QHZ � PDS FRRUGLQDWHV WR FRUUHVSRQG ZLWK WKH FXUUHQW UHJLRQ

EHLQJ VXUYH\HG `
)�PDS; � )&HQWURLG; � 0$3B6,'( � ��
)�PDS< � )&HQWURLG< � 0$3B6,'( � ��
)PDS6WDWH � ��
HQG�

HQG�

��
EHJLQ
^ $GG IHDWXUH GDWD IURP HDFK DJHQW WR WKH PDS� 7KLV LV HDVLHU WKDQ

LPSOHPHQWLQJ PHVVDJH TXHXHV DQG KDYLQJ 5RDPLQJ DJHQWV WUDQVPLW WKHLU
GDWD WR WKH PDSSLQJ DJHQW `

^ DOO UHIHUHQFH DJHQWV DUH VWDWLRQDU\� VR LW LV 2. WR UHWULHYH 5RDPLQJ
DJHQW GDWD `

WU\
WHPS9HFWRU � 79HFWRU�&UHDWH�
IRU L � � WR )VHQGHU�JHW54XDQWLW\ � � GR

EHJLQ
^ )VHQGHU FRQWDLQV WKH $JHQW0DQDJHU REMHFW� *HW WKH SRVLWLRQ RI WKH

L
WK %HDFRQ RU 0DSSLQJ DJHQW `
)VHQGHU�JHW5'DWD�L� WHPS9HFWRU� GDWD��
)PDS>WUXQF�WHPS9HFWRU�[ � )�PDS;��

WUXQF�WHPS9HFWRU�\ � )�PDS<�@ � GDWD�
HQG�

ILQDOO\
WHPS9HFWRU�)UHH�

HQG�

^ 7HVW ZKHWKHU FXUUHQW DUHD KDV EHHQ DGHTXDWHO\ VXUYH\HG� ,I VR� SHUIRUP
DFWLRQV WR PRYH WR D QHZ UHJLRQ `

UDWLR � )PDS�PDS5DWLR�7UXQF�)FHQWURLG; � )�PDS;��
7UXQF�)FHQWURLG< � )�PDS<���

UDWLR7KUHVK � 6WU7R)ORDW�)RUP��HE0DS7KUHVK�7H[W��
)RUP��SQ0DS5DWLR�&DSWLRQ � )RUPDW�
����I
� >UDWLR@��
)RUP��SE0DS3URJUHVV�3RVLWLRQ � WUXQF���� 
 UDWLR � UDWLR7KUHVK��

LI UDWLR ! UDWLR7KUHVK WKHQ
EHJLQ
^ FRS\ LQWHUQDO PDS WR PDLQ PDS KHUH `
LI )RUP��FE6KRZ0DLQ0DS�&KHFNHG WKHQ

EHJLQ
IRU L � � WR 0$3B6,'( � � GR

IRU M � � WR 0$3B6,'( � � GR
EHJLQ
FRO � WUXQF�)PDS>L� M@��
LI FRO ! � WKHQ

^ EXLOG JUH\ FRORXU `
)RUP��WL0DLQ0DS,PDJH�&DQYDV�3L[HOV>7UXQF�)�PDS;� � L�

7UXQF�)�PDS<� � M@ � 
FRO RU �FRO VKO �� RU �FRO VKO ����

HQG�
HQG�

^ FOHDU WKH LQWHUQDO PDS UHDG\ IRU WKH QH[W VXUYH\ DUHD `
)PDS�FOHDU�

^ 6HQG D PHVVDJH WR WKH QH[W UHIHUHQFH DJHQW IRU LW WR HVWDEOLVK D QHZ
UHIHUHQFH SRVLWLRQ `

)VHQGHU�W[6LJQDO�6,*B029(� )QH[W5HI$JHQW��
)QH[W5HI$JHQW � �)QH[W5HI$JHQW � �� PRG )VHQGHU�JHW%04XDQWLW\�
)PDS6WDWH � �� �� &KDQJH VWDWH WR ZDLW IRU QHZ SRVLWLRQ VLJQDO
HQG�

3DJH �� RI ���



HQG�

HQG� ^ FDVH `

^ PDSSLQJ DJHQW
V RZQ EHKDYLRXU LV H[HFXWHG KHUH `
6HOI�EHKDYH�

HQG�

^








































 70DSSLQJ$JHQW�JHW0DS5DWLR

 5HWXUQV WKH FXUUHQW PDS UDWLR VR LW FDQ EH GLVSOD\HG E\ WKH HQYLURQPHQW







































`
IXQFWLRQ 70DSSLQJ$JHQW�JHW0DS5DWLR� 6LQJOH�
EHJLQ

5HVXOW � )PDS�PDS5DWLR�7UXQF�)FHQWURLG; � )�PDS;��
7UXQF�)FHQWURLG< � )�PDS<���

HQG�

^








































 70DSSLQJ$JHQW�XSGDWH&HQWURLG

 7KLV PHWKRG XSGDWHV WKH FRRUGLQDWHV RI WKH FHQWURLG RI WKH � UHIHUHQFH

 DJHQWV







































`
SURFHGXUH 70DSSLQJ$JHQW�XSGDWH&HQWURLG�
YDU

L� ,QWHJHU�
[6XP� \6XP� 6LQJOH�
WHPS9HFWRU� 79HFWRU�

EHJLQ
[6XP � ����
\6XP � ����
WU\

WHPS9HFWRU � 79HFWRU�&UHDWH�

IRU L � � WR )VHQGHU�JHW%04XDQWLW\ � � GR
EHJLQ
^ )VHQGHU FRQWDLQV WKH $JHQW0DQDJHU REMHFW� *HW WKH SRVLWLRQ RI WKH

L
WK %HDFRQ RU 0DSSLQJ DJHQW `
WHPS9HFWRU � )VHQGHU�JHW%03RV�L� WHPS9HFWRU��
[6XP � [6XP � WHPS9HFWRU�[�
\6XP � \6XP � WHPS9HFWRU�\�
HQG�

^ &DOFXODWH DYHUDJH ; FRRUG `
)FHQWURLG; � [6XP � ����
^ &DOFXODWH DYHUDJH < FRRUG `
)FHQWURLG< � \6XP � ����

ILQDOO\
WHPS9HFWRU�)UHH�

HQG�
HQG�

^








































 70DSSLQJ$JHQW�VLJQDO

 7KLV SURFHGXUH LPSOHPHQWV WKH VLJQDO LQWHUIDFH WR WKH PDSSLQJ DJHQW

 IURP WKH DJHQW PDQDJHU







































`
SURFHGXUH 70DSSLQJ$JHQW�VLJQDO�PVJ� VLJ7\SH��
EHJLQ

FDVH PVJ RI
6,*B029(�

EHJLQ
)VLJQDO0RYH � 758(�
HQG�

6,*B$7B*2$/�
EHJLQ
)UHIHUHQFH6WRSSHG � 758(�
HQG�

HQG�
HQG�

3DJH �� RI ���



^








































 70DSSLQJ$JHQW�GUDZ







































`
SURFHGXUH 70DSSLQJ$JHQW�GUDZ�FDQYDV� 7&DQYDV��
EHJLQ

LI )RUP��$QLPDWH�&KHFNHG WKHQ
EHJLQ
^ (UDVH ROG `
FDQYDV�%UXVK�&RORU � FO:KLWH�
FDQYDV�3HQ�&RORU � FO:KLWH�
FDQYDV�(OOLSVH�7UXQF�6HOI�)ODVW3RV�[�$*(17B5$'��

7UXQF�6HOI�)ODVW3RV�\�$*(17B5$'��
7UXQF�6HOI�)ODVW3RV�[�$*(17B5$'��
7UXQF�6HOI�)ODVW3RV�\�$*(17B5$'���

6HOI�)ODVW3RV�FRS\�6HOI�3RV�� �� 8SGDWH /DVW 3RVLWLRQ WR FXUUHQW SRVLWLRQ

^ 'UDZ QHZ `
FDQYDV�%UXVK�&RORU � FO/LPH�
FDQYDV�3HQ�&RORU � FO%ODFN�
FDQYDV�(OOLSVH�7UXQF�6HOI�3RV�[�$*(17B5$'��

7UXQF�6HOI�3RV�\�$*(17B5$'��
7UXQF�6HOI�3RV�[�$*(17B5$'��
7UXQF�6HOI�3RV�\�$*(17B5$'���

FDQYDV�0RYH7R�7UXQF�6HOI�3RV�[�� 7UXQF�6HOI�3RV�\���
FDQYDV�/LQH7R�7UXQF�6HOI�3RV�[��6HOI�'LUHFWLRQ�[
�$*(17B5$'��������

7UXQF�6HOI�3RV�\��6HOI�'LUHFWLRQ�\
�$*(17B5$'���������
HQG�

^ VKRZ RXU SDWK LI VSHFLIHG `
LI )RUP��UE�3DWK�&KHFNHG DQG �,G  )RUP��6SLQ(GLW��9DOXH� WKHQ

)RUP��2XWSXW,PDJH�&DQYDV�3L[HOV>7UXQF�6HOI�3RV�[��
7UXQF�6HOI�3RV�\�@ � FO%ODFN�

HQG�

^
















































































 75RDPLQJ$JHQW PHWKRGV















































































`

^








































 &RQVWUXFWRU IRU 75RDPLQJ$JHQW







































`
FRQVWUXFWRU 75RDPLQJ$JHQW�&UHDWH�
EHJLQ

LQKHULWHG &UHDWH�
)DQJOHV � 7/LVW�&UHDWH�

HQG�

^








































 'HVWUXFWRU IRU 75RDPLQJ$JHQW







































`
GHVWUXFWRU 75RDPLQJ$JHQW�'HVWUR\�
YDU

L� ,QWHJHU�
WHPS$QJOH� 7DQJOH3WU�

EHJLQ
ZKLOH )DQJOHV�&RXQW ! � GR

EHJLQ
WHPS$QJOH � )DQJOHV�,WHPV>�@�
)DQJOHV�'HOHWH����
'LVSRVH�WHPS$QJOH��
HQG�

)DQJOHV�)UHH�
LQKHULWHG 'HVWUR\�

HQG�

3DJH �� RI ���



^








































 75RDPLQJ$JHQW�UHSRUW'HEXJ

 'HEXJ URXWLQH IRU 75RDPLQJ$JHQW







































`
SURFHGXUH 75RDPLQJ$JHQW�UHSRUW'HEXJ�
YDU

V� 6WULQJ�
EHJLQ

LQKHULWHG UHSRUW'HEXJ�

LI )DQJOHV�&RXQW  � WKHQ
EHJLQ
V � )RUPDW�
�G
� >)VWDWH@� � 
 
�
V � V � )RUPDW�
����I
� >6LQJOH�)DQJOHV�,WHPV>�@A�@� � 
 
�
V � V � )RUPDW�
����I
� >6LQJOH�)DQJOHV�,WHPV>�@A�@� � 
 
�
V � V � )RUPDW�
����I
� >6LQJOH�)DQJOHV�,WHPV>�@A�@� � 
 
�
HQG�

ZLWK 'HEXJ)RUP�,PDJH��&DQYDV GR
EHJLQ
LI 6HOI�)LG DQG �  � WKHQ

)RQW�&RORU � FO2OLYH �� RGG
HOVH

)RQW�&RORU � FO*UHHQ� �� HYHQ
7H[W2XW�����6HOI�)LG
���V��
HQG�

HQG�

^








































 75RDPLQJ$JHQW�VHQVH%HDFRQV

 3URFHGXUH WR VHQVH DQJOHV Z�U�W� IRUZDUG GLUHFWLRQ� LH� WKLV SURFHGXUH

 XSGDWHV WKH )DQJOHV WXSOH ZLWK WKH FXUUHQW VHQVRU GDWD

 7KLV SURFHGXUH ZLOO KDYH WR FKDQJH WR LQFRUSRUDWH PLVVHG GDWD LI EHDFRQV

 DUH DEOH WR EHFRPH REVFXUHG RU VHQVRU HUURUV FDXVH SUREOHPV� $OVR VHQVRU

 HUURUV ZLOO EH LQWURGXFHG KHUH� $OVR� LI !� EHDFRQV DUH XVHG WR UHGXFH

 HUURUV� WKLV ZLOO IRUFH WKLV SURFHGXUH WR FKDQJH�

 7R VHQVH DQJOHV� WKH SURFHGXUH XVHV DEVROXWH SRVLWLRQ LQIRUPDWLRQ� $

 SK\VLFDOO\ HPERGLHG 75RDPLQJ$JHQW ZRXOG QRW KDYH DFFHVV WR WKLV GDWD� ,W LV

 XVHG KHUH WR VLPXODWH WKH DQJOH GDWD ZKLFK ZRXOG EH GLUHFWO\ DFFHVVLEOH�

 VRUW)XQFWLRQ LV XVHG E\ VHQVH%HDFRQV WR VRUW WKH EHDFRQ DQJOHV�







































`
SURFHGXUH 75RDPLQJ$JHQW�VHQVH%HDFRQV�
YDU

L� ,QWHJHU�
WHPS$QJOH� 7DQJOH3WU�
WHPS9HFWRU� 79HFWRU�

EHJLQ
^ )LUVW FOHDQ XS �UHPRYH� WKH ROG DQJOH OLVW FRQWHQWV `
ZKLOH )DQJOHV�&RXQW ! � GR

EHJLQ
WHPS$QJOH � )DQJOHV�,WHPV>�@�
)DQJOHV�'HOHWH����
'LVSRVH�WHPS$QJOH��
HQG�

WU\
EHJLQ
WHPS9HFWRU � 79HFWRU�&UHDWH�

IRU L � � WR )VHQGHU�JHW%04XDQWLW\ � � GR
EHJLQ

WU\
^ &UHDWH D QHZ 6LQJOH WR KROG DQ DQJOH `
WHPS$QJOH � 1HZ�7DQJOH3WU��
^ )VHQGHU FRQWDLQV WKH $JHQW0DQDJHU REMHFW� *HW WKH SRVLWLRQ RI WKH

L
WK %HDFRQ RU 0DSSLQJ DJHQW `
WHPS9HFWRU � )VHQGHU�JHW%03RV�L� WHPS9HFWRU��
^ 1RZ WKH YHFWRU IURP RXU SRVLWLRQ ZKLFK SRLQWV DW WKH L
WK DJHQW LV

9(&725 � %0B326B9(&725 � 285B326B9(&725 `
WHPS9HFWRU�VXE�6HOI�3RV��
^ 1RZ *HW WKH DQJOH EHWZHHQ RXU GLUHFWLRQ DQG WKH L
WK % RU 0 DJHQW `
WHPS$QJOHA � 'LUHFWLRQ�VLJQHG$QJOH'HJ�WHPS9HFWRU��
^ $GG WKH DQJOH WR WKH OLVW RI DQJOHV `
)DQJOHV�$GG�WHPS$QJOH��

H[FHSW
'LVSRVH�WHPS$QJOH��

HQG�
HQG�

HQG�
ILQDOO\

WHPS9HFWRU�)UHH�
HQG�

3DJH �� RI ���



^ 6RUW OLVW RI DQJOHV `
)DQJOHV�6RUW�VRUW)XQFWLRQ��

HQG�

^







































75RDPLQJ$JHQW�EHKDYH
%HKDYLRXU PHWKRG� 7KLV SURFHGXUH VHOHFWV D EHKDYLRXU DQG H[HFXWHV
LW IRU D 75RDPLQJ$JHQW�
7KDW LV� WKLV PHWKRG LPSOHPHQWV WKH WHPSRUDOO\ FRPELQHG EHKDYLRXU WKURXJK WKH
XVH RI D ILQLWH VWDWH PDFKLQH�
%HKDYLRXU LV WKH DVVHVVPHQW RI VHQVRU LQIRUPDWLRQ DQG VHOHFWLRQ RI WKH DFWLRQ
WR EH WDNHQ EDVHG RQ LW�
$ 75RDPLQJ$JHQW PRYHV UDQGRPO\ LQ D UHJLRQ ERXQGHG E\ WKH WULDQJOH ZKRVH
YHUWLFHV DUH WKH SRVLWLRQV RI 70DSSLQJ$JHQW DQG WKH 7%HDFRQ$JHQW
V�
$ 75RDPLQJ$JHQW
V VHQVRUV DOORZ LW WR LGHQWLI\ WKH PDSSLQJ DJHQW DQG PHDVXUH
WKH DQJOHV WR WKH EHDFRQ DJHQWV�
7R GHWHUPLQH WKDW LW LV LQVLGH WKH WULDQJOH IRUPHG E\ WKH FRQYH[ KXOO RI WKH
PDSSLQJ DQG EHDFRQ DJHQWV� QR DQJOH EHWZHHQ WZR VXEVHTXHQW RUGHUHG DQJXODU
SRVLWLRQ UHDGLQJV� PHDVXUHG E\ WKH VHQVRUV FDQ H[FHHG ���GHJ� 7KH ILUVW SDVV
LPSOHPHQWDWLRQ RI WKH EHKDYLRXU IVP WKXV KDV WZR VWDWHV�

VWDWH ��
6DIH :DQGHULQJ�
PRYH IRUZDUG E\ GBIRUZDUG
WXUQ UDQGRPO\
LI �DQJOH EHWZHHQ � VXEVHTXHQW RUGHUHG DQJOHV ! ���GHJ� WKHQ

WXUQ WR IDFH GLUHFWLRQ ELVHFWLQJ WKH WZR DQJOHV
VWDWH �

VWDWH ��
0RYH LQVLGH IHQFH�
PRYH IRUZDUG E\ GBIRUZDUG
LI �DQJOH EHWZHHQ DOO VHWV RI � VXEVHTXHQW RUGHUHG DQJOHV � ���GHJ� WKHQ

VWDWH �







































`
SURFHGXUH 75RDPLQJ$JHQW�EHKDYH�
YDU

DQJOH�� DQJOH�� DQJOH�� 6LQJOH�
WHPS9HFWRU� VXP9HFWRU� 79HFWRU�

EHJLQ
FDVH )VWDWH RI

�� �� LQVLGH IHQFH
EHJLQ
^ PRYH IRUZDUG E\ GBIRUZDUG `
6HOI�PRYH�

^ WXUQ UDQGRPO\ �XS WR ���7851B/,0,7 GHJUHHV� `
6HOI�'LUHFWLRQ�URWDWH'HJ��7851B/,0,7��
6HOI�'LUHFWLRQ�URWDWH'HJ�5DQGRP��
7851B/,0,7���

^ LI �DQJOH EHWZHHQ � VXEVHTXHQW RUGHUHG DQJOHV ! ���GHJ� WKHQ
VWDWH � `

6HOI�VHQVH%HDFRQV� �� $FFXPXODWH GDWD RQ %HDFRQ�0DSSLQJ DJHQW SRVLWLRQV

DQJOH� � 6LQJOH�)DQJOHV�,WHPV>�@A��
DQJOH� � 6LQJOH�)DQJOHV�,WHPV>�@A��
DQJOH� � 6LQJOH�)DQJOHV�,WHPV>�@A��

LI �DQJOH� � DQJOH� ! ���� RU
�DQJOH� � DQJOH� ! ���� RU
�DQJOH� � DQJOH� � ��� ! ���� WKHQ
)VWDWH � ��

HQG�

�� �� RXWVLGH IHQFH
EHJLQ
^ PRYH IRUZDUG E\ GBIRUZDUG `
6HOI�PRYH�
6HOI�VHQVH%HDFRQV� �� $FFXPXODWH GDWD RQ %HDFRQ�0DSSLQJ DJHQW SRVLWLRQV

^ LI �DQJOH EHWZHHQ DOO VHWV RI � VXEVHTXHQW RUGHUHG DQJOHV � ���GHJ� WKHQ
VWDWH � `

DQJOH� � 6LQJOH�)DQJOHV�,WHPV>�@A��
DQJOH� � 6LQJOH�)DQJOHV�,WHPV>�@A��
DQJOH� � 6LQJOH�)DQJOHV�,WHPV>�@A��

LI �DQJOH� � DQJOH� � ���� DQG
�DQJOH� � DQJOH� � ���� DQG
�DQJOH� � DQJOH� � ��� � ���� WKHQ
)VWDWH � ��

3DJH �� RI ���



^�'(),1( 52$0,1*B%(+$9,285B�`
^�,)'() 52$0,1*B%(+$9,285B�`

^ FRQYHUW VHQVHG DQJOHV WR ������ UDQJH `
LI DQJOH� ! ��� WKHQ

DQJOH� � DQJOH� � ����
LI DQJOH� ! ��� WKHQ

DQJOH� � DQJOH� � ����
LI DQJOH� ! ��� WKHQ

DQJOH� � DQJOH� � ����

^ WDNH WKH DYHUDJH DV WKH GHVLUHG GLUHFWLRQ `
DQJOH� � ��DQJOH� � DQJOH� � DQJOH�� � ��

^�(/6( ,)'() 52$0,1*B%(+$9,285B�`
^ FUHDWH GLUHFWLRQ YHFWRUV� VXP WKHP DQG PRYH WRZDUG WKDW GLUHFWLRQ `
WU\

WHPS9HFWRU � 79HFWRU�&UHDWH�
VXP9HFWRU � 79HFWRU�&UHDWH�

VXP9HFWRU�&RS\�6HOI�'LUHFWLRQ��

^ FUHDWH �VW GLUHFWLRQ YHFWRU `
WHPS9HFWRU�&RS\�6HOI�'LUHFWLRQ��
WHPS9HFWRU�URWDWH'HJ�DQJOH���
VXP9HFWRU�DGG�WHPS9HFWRU��

^ FUHDWH �QG GLUHFWLRQ YHFWRU `
WHPS9HFWRU�&RS\�6HOI�'LUHFWLRQ��
WHPS9HFWRU�URWDWH'HJ�DQJOH���
VXP9HFWRU�DGG�WHPS9HFWRU��

^ FUHDWH �UG GLUHFWLRQ YHFWRU `
WHPS9HFWRU�&RS\�6HOI�'LUHFWLRQ��
WHPS9HFWRU�URWDWH'HJ�DQJOH���
VXP9HFWRU�DGG�WHPS9HFWRU��

DQJOH� � 6HOI�'LUHFWLRQ�VLJQHG$QJOH'HJ�VXP9HFWRU��
LI DQJOH� ! ��� WKHQ

DQJOH� � DQJOH� � ����
ILQDOO\

WHPS9HFWRU�)UHH�
VXP9HFWRU�)UHH�

HQG�

^�(1',)`
^ WUXQFDWH DQJOHV EHFDXVH WXUQLQJ UDGLXV RI DJHQW LV OLPLWHG `
LI DQJOH� ! 7851B/,0,7 WKHQ
DQJOH� � 7851B/,0,7

HOVH LI DQJOH� � �7851B/,0,7 WKHQ
DQJOH� � �7851B/,0,7�

6HOI�'LUHFWLRQ�URWDWH'HJ�DQJOH���
HQG�

HQG� ^FDVH )VWDWH`

HQG� ^75RDPLQJ$JHQW�EHKDYH`

^








































 75RDPLQJ$JHQW�H[HFXWH

 7KLV PHWKRG SHUIRUPV DOO DFWLRQV UHTXLUHG WR H[HFXWH WKH DJHQW LQ TXHVWLRQ







































`
SURFHGXUH 75RDPLQJ$JHQW�H[HFXWH�6HQGHU� 7$JHQW0DQDJHU��
YDU

'HOWD;� 'HOWD<� 6LQJOH�
EHJLQ

)VHQGHU � 6HQGHU�

^ &DOFXODWH XSGDWH�SRVLWLRQ YHFWRU� 7KLV LV ZKHUH WKH DFWLRQ KDSSHQV�
LH� WKH %HKDYLRXU LV H[HFXWHG� `

6HOI�EHKDYH�
HQG�

3DJH �� RI ���



^








































 75RDPLQJ$JHQW�GUDZ







































`
SURFHGXUH 75RDPLQJ$JHQW�GUDZ�FDQYDV� 7&DQYDV��
EHJLQ

LI )RUP��UE$OO3DWKV�&KHFNHG WKHQ
)RUP��2XWSXW,PDJH�&DQYDV�3L[HOV>7UXQF�6HOI�3RV�[��

7UXQF�6HOI�3RV�\�@ � 
)RUP��7HUUDLQ0DS�&DQYDV�3L[HOV>7UXQF�6HOI�3RV�[��

7UXQF�6HOI�3RV�\�@
HOVH

^ VKRZ RQO\ WKH SDWK RI WKH VSHFLIHG DJHQW `
LI ,G  )RUP��6SLQ(GLW��9DOXH WKHQ

)RUP��2XWSXW,PDJH�&DQYDV�3L[HOV>7UXQF�6HOI�3RV�[��
7UXQF�6HOI�3RV�\�@ � FO%ODFN�

LI )RUP��$QLPDWH�&KHFNHG WKHQ
EHJLQ
^ (UDVH ROG `
FDQYDV�%UXVK�&RORU � FO:KLWH�
FDQYDV�3HQ�&RORU � FO:KLWH�
FDQYDV�(OOLSVH�7UXQF�6HOI�)ODVW3RV�[�$*(17B5$'��

7UXQF�6HOI�)ODVW3RV�\�$*(17B5$'��
7UXQF�6HOI�)ODVW3RV�[�$*(17B5$'��
7UXQF�6HOI�)ODVW3RV�\�$*(17B5$'���

6HOI�)ODVW3RV�FRS\�6HOI�3RV�� �� 8SGDWH /DVW 3RVLWLRQ WR FXUUHQW SRVLWLRQ

^ 'UDZ QHZ `
FDQYDV�%UXVK�&RORU � FO<HOORZ�
FDQYDV�3HQ�&RORU � FO%ODFN�
FDQYDV�(OOLSVH�7UXQF�6HOI�3RV�[�$*(17B5$'��

7UXQF�6HOI�3RV�\�$*(17B5$'��
7UXQF�6HOI�3RV�[�$*(17B5$'��
7UXQF�6HOI�3RV�\�$*(17B5$'���

FDQYDV�0RYH7R�7UXQF�6HOI�3RV�[�� 7UXQF�6HOI�3RV�\���
FDQYDV�/LQH7R�7UXQF�6HOI�3RV�[��6HOI�'LUHFWLRQ�[
�$*(17B5$'��������

7UXQF�6HOI�3RV�\��6HOI�'LUHFWLRQ�\
�$*(17B5$'���������
HQG�

HQG�

HQG�

3DJH �� RI ���



/LVWLQJ�$JHQW0DQDJHU�SDV

^
7HUUDLQ 0DSSLQJ 6LPXODWRU
$JHQW0DQDJHU )LOH

)LOH� DJHQWPDQDJHU�SDV
$XWKRU� *DU\ 5XEHQ
'DWH� $XJ ����
'HVFULSWLRQ� 7KLV XQLW LPSOHPHQWV WKH $JHQW0DQDJHU FODVV �REMHFW GHILQLWLRQ��

7KLV GHILQHV D PDQDJHU REMHFW ZKLFK LV UHVSRQVLEOH IRU
PDLQWDLQLQJ DQG FRQWUROOLQJ DOO DJHQW REMHFWV LQ WKH VLPXODWLRQ�
7KHUH LV RQO\ RQH LQVWDQFH RI WKLV FODVV LQVWDQFLDWHG LQ WKH
8QLW� XQLW�

`

XQLW $JHQW0DQDJHU�

^













































































`
LQWHUIDFH
XVHV &ODVVHV� 6\V8WLOV� 8QLW�� 'LDORJV� 9HFWRU�

FRQVW
&8//B$*(17B',67$1&(6B5$',86  �����
0$;$*(176  ���

W\SH
^ VLJQDOV ZKLFK PD\ EH VHQW EHWZHHQ DJHQWV `
VLJ7\SH  �6,*B029(� 6,*B$7B*2$/��

7$JHQW0DQDJHU  FODVV
SULYDWH

)JHQHUDWLRQ� ,QWHJHU�
DJHQW/LVW� 7/LVW� ��OLVW FRQWDLQLQJ DOO DJHQWV
EP/LVW� 7/LVW� ��OLVW FRQWDLQLQJ MXVW EHDFRQ DQG PDSSLQJ DJHQWV
U/LVW� 7/LVW� ��OLVW FRQWDLQLQJ MXVW URDPLQJ DJHQWV

SXEOLF
FRQVWUXFWRU &UHDWH�
GHVWUXFWRU 'HVWUR\� RYHUULGH�
SURFHGXUH GHEXJ$JHQWV�
SURFHGXUH GUDZ�
SURFHGXUH VHTXHQFH$JHQWV�
SURFHGXUH W[6LJQDO�PVJ� VLJ7\SH� SDUP� ,QWHJHU��
SURFHGXUH JHW5'DWD�LQGH[� ,QWHJHU� YDU YHFWRU� 79HFWRU� YDU GDWD� 6LQJOH��
IXQFWLRQ JHW54XDQWLW\� ,QWHJHU�
IXQFWLRQ JHW%03RV�LQGH[� ,QWHJHU� YHFWRU� 79HFWRU�� 79HFWRU�
IXQFWLRQ JHW%0,G�LQGH[� ,QWHJHU�� ,QWHJHU�
IXQFWLRQ JHW%04XDQWLW\� ,QWHJHU�
SURSHUW\ JHQHUDWLRQ� ,QWHJHU UHDG )JHQHUDWLRQ ZULWH )JHQHUDWLRQ�

^ )JHQHUDWLRQ DFFHVVRU SURSHUW\ `
HQG�

^













































































`
LPSOHPHQWDWLRQ

XVHV $JHQW�

^








































 &RQVWUXFWRU IRU 7$JHQW0DQDJHU







































`
FRQVWUXFWRU 7$JHQW0DQDJHU�&UHDWH�
YDU

DJHQW� 7$JHQW�
W[W)LOH� 7H[W)LOH� �� +DQGOH IRU LQLWLDOLVDWLRQ ILOH
FK� &KDU�
WHPS�6LQJOH�

EHJLQ
^$OORFDWH WKH DJHQW OLVW`
LQKHULWHG &UHDWH�

^ $OORFDWH WKH 7/LVW ZKLFK ZLOO KROG WKH DJHQWV `
DJHQW/LVW � 7/LVW�&UHDWH�
EP/LVW � 7/LVW�&UHDWH�
U/LVW � 7/LVW�&UHDWH�

$VVLJQ)LOH�W[W)LOH� 
LQLW�GDW
��
5HVHW�W[W)LOH��
^ P PDSSLQJ E EHDFRQ U URDPLQJ `
ZKLOH QRW (RI�W[W)LOH� GR

EHJLQ
5HDG�W[W)LOH� FK��
FDVH FK RI


�
� �� FRPPHQW OLQH � VNLS WR QH[W OLQH

3DJH �� RI ���



EHJLQ
5HDGOQ�W[W)LOH��
&RQWLQXH�
HQG�

&KU����� &KU����� �� EODQN OLQH � VNLS WR QH[W OLQH �LJQRUH�
&RQWLQXH�


P
� �� PDSSLQJ DJHQW
EHJLQ
DJHQW � 70DSSLQJ$JHQW�&UHDWH�
EP/LVW�$GG�DJHQW��
HQG�


E
� �� EHDFRQ DJHQW
EHJLQ
DJHQW � 7%HDFRQ$JHQW�&UHDWH�
EP/LVW�$GG�DJHQW��
HQG�


U
� �� URDPLQJ DJHQW
EHJLQ
DJHQW � 75RDPLQJ$JHQW�&UHDWH�
U/LVW�$GG�DJHQW��
HQG

HOVH
6KRZ0HVVDJH�&RQFDW�
,QYDOLG FKDUDFWHU 
� FK���

HQG�

^ ,QLWLDOLVH DJHQW `
ZLWK DJHQW GR

EHJLQ
^ 3RVLWLRQ `
5HDG�W[W)LOH� WHPS��
3RV�[ � WHPS�
5HDG�W[W)LOH� WHPS��
3RV�\ � WHPS�
^ 'LUHFWLRQ `
5HDG�W[W)LOH� WHPS��
'LUHFWLRQ�[ � WHPS�
5HDG�W[W)LOH� WHPS��
'LUHFWLRQ�\ � WHPS�
'LUHFWLRQ�XQLI\� �� (QVXUH GLUHFWLRQ YHFWRU LV D XQLW YHFWRU
HQG�

^ $GG WKH DJHQW WR WKH OLVW `
DJHQW/LVW�$GG�DJHQW��
LI DJHQW/LVW�&RXQW ! 0$;$*(176 WKHQ

0HVVDJH'OJ�
0$;$*(176 LQ $JHQW0DQDJHU H[FHHGHG
�
PW(UURU� >PE2N@� ���

HQG� ^ZKLOH`

&ORVH)LOH�W[W)LOH��
)RUP��6SLQ(GLW��0D[9DOXH � DJHQW/LVW�&RXQW � ��
)JHQHUDWLRQ � ��

HQG�

^








































 'HVWUXFWRU IRU 7$JHQW0DQDJHU







































`
GHVWUXFWRU 7$JHQW0DQDJHU�'HVWUR\�
YDU

L� ,QWHJHU�
EHJLQ

^ )UHH WKH DJHQW REMHFWV `
IRU L � � WR DJHQW/LVW�&RXQW � � GR

7$JHQW�DJHQW/LVW�,WHPV>L@��)UHH�

^ 'HDOORFDWH WKH 7/LVWV ZKLFK KHOG WKH DJHQWV `
DJHQW/LVW�)UHH�
^ 1R QHHG WR )UHH WKH DEMHFWV RI WKH EP/LVW RU U/LVW OLVWV VLQFH WKH\ ZHUH

IUHHG DERYH DV PHPEHUV RI WKH DJHQW/LVW `
EP/LVW�)UHH�
U/LVW�)UHH�

LQKHULWHG 'HVWUR\�
HQG�

3DJH �� RI ���



^








































 7$JHQW0DQDJHU�GHEXJ$JHQWV

 &DOO GHEXJ URXWLQHV RI DOO DJHQWV XQGHU RXU FRQWURO







































`
SURFHGXUH 7$JHQW0DQDJHU�GHEXJ$JHQWV�
YDU

L� ,QWHJHU�
EHJLQ

IRU L � � WR DJHQW/LVW�&RXQW � � GR
7$JHQW�$JHQW/LVW�,WHPV>L@��UHSRUW'HEXJ�

HQG�

^








































 7$JHQW0DQDJHU�W[6LJQDO

 7KLV PHWKRG FRQWUROV VLJQDOOLQJ RI PHVVDJHV EHWZHHQ DJHQWV

 PVJ FRQWDLQV WKH PHVVDJH WR EH VHQW

 SDUP LV DQ RSWLRQDO SDUDPHWHU







































`
SURFHGXUH 7$JHQW0DQDJHU�W[6LJQDO�PVJ� VLJ7\SH� SDUP� ,QWHJHU��
YDU

L� ,QWHJHU�
EHJLQ

FDVH PVJ RI
6,*B029(�
^ WKLV PHVVDJH LV DOZD\V W[HG IURP WKH PDSSLQJ WR D UHIHUHQFH DJHQW `
EHJLQ
^ UHIHUHQFH DJHQW LQGH[ LV WKH RSWLRQDO PHVVDJH SDUDPHWHU `
L � SDUP�
HQG�

6,*B$7B*2$/�
^ WKLV PHVVDJH LV DOZD\V W[HG IURP D UHIHUHQFH WR WKH PDSSLQJ DJHQW `
EHJLQ
^ JHW PDSSLQJ DJHQW LG `
IRU L � � WR EP/LVW�&RXQW � � GR

LI 7$JHQW�EP/LVW�,WHPV>L@� LV 70DSSLQJ$JHQW WKHQ
EUHDN�

HQG�
HQG� ^ FDVH `

^ VHQG WKH PHVVDJH WR WKH WDUJHW DJHQW `
7%HDFRQ$JHQW�EP/LVW�,WHPV>L@��VLJQDO�PVJ��

HQG�

^








































 7$JHQW0DQDJHU�GUDZ

 &DOO GUDZ URXWLQHV RI DOO DJHQWV XQGHU RXU FRQWURO







































`
SURFHGXUH 7$JHQW0DQDJHU�GUDZ�
YDU

L� ,QWHJHU�
EHJLQ

IRU L � � WR DJHQW/LVW�&RXQW � � GR
7$JHQW�$JHQW/LVW�,WHPV>L@��GUDZ�)RUP��$JHQW,PDJH�&DQYDV�� �� 'UDZ $JHQW

HQG�

^








































 7$JHQW0DQDJHU�JHW%03RV

 *HW %HDFRQ RU 0DSSLQJ $JHQW 3RVLWLRQ YHFWRU

 LQGH[ � 7KH LQGH[ RI DQ $JHQW SRLQWHG WR E\ WKH EP/LVW�

 1RWH� /LVW LQGH[ LV � EDVHG�

 8SGDWHV YHFWRU ZLWK WKH SRVLWLRQ RI WKH $JHQW UHIHUUHG WR E\ LQGH[�

 ,I WKH EP/LVW LQGH[ LV H[FHHGHG� WKH 79HFWRU UHWXUQHG FRQWDLQV D �YH [ YDOXH�







































`
IXQFWLRQ 7$JHQW0DQDJHU�JHW%03RV�LQGH[� ,QWHJHU� YHFWRU� 79HFWRU�� 79HFWRU�
EHJLQ

LI LQGH[ � EP/LVW�&RXQW WKHQ
YHFWRU�FRS\�7$JHQW�EP/LVW�,WHPV>LQGH[@��3RV�

HOVH
EHJLQ
YHFWRU�[ � �����
YHFWRU�\ � �����
0HVVDJH'OJ�
EP/LVW RXW RI UDQJH HUURU LQ 7$JHQW0DQDJHU JHW%03RV PHWKRG�
�

PW(UURU� >PE2N@� ���
HQG�

5HVXOW � YHFWRU�
HQG�

3DJH �� RI ���



^









































 7$JHQW0DQDJHU�JHW5'DWD

 *HW 5RDPLQJ $JHQW 3RVLWLRQ YHFWRU DQG DVVRFLDWHG IHDWXUH GDWD


 LQGH[ � 7KH LQGH[ RI DQ $JHQW SRLQWHG WR E\ WKH DJHQW/LVW�


 1RWH� /LVW LQGH[ LV � EDVHG�

 8SGDWHV YHFWRU ZLWK WKH SRVLWLRQ RI WKH $JHQW UHIHUUHG WR E\ LQGH[�


 ,I WKH U/LVW LQGH[ LV H[FHHGHG� WKH 79HFWRU UHWXUQHG FRQWDLQV D �YH [ YDOXH�








































`
SURFHGXUH 7$JHQW0DQDJHU�JHW5'DWD�LQGH[� ,QWHJHU� YDU YHFWRU� 79HFWRU�

YDU GDWD� 6LQJOH��

YDU
DJHQW3WU� 7$JHQW�

EHJLQ

LI LQGH[ � U/LVW�&RXQW WKHQ
EHJLQ

DJHQW3WU � 7$JHQW�U/LVW�,WHPV>LQGH[@��

YHFWRU�FRS\�DJHQW3WU�3RV��
^ GDWD LV JUH\ YDOXH RI WKH WHUUDLQ PDS� ZKLFK LV UHSUHVHQWHG E\ WKH

ORZHU � ELWV RI WKH UHWULHYHG FRORXU YDOXH `

GDWD � )RUP��7HUUDLQ,PDJH�&DQYDV�3L[HOV>7UXQF�DJHQW3WU�3RV�[��
7UXQF�DJHQW3WU�3RV�\�@ DQG ��))�

HQG

HOVH
EHJLQ

YHFWRU�[ � �����

YHFWRU�\ � �����
GDWD � �����

0HVVDJH'OJ�
U/LVW RXW RI UDQJH HUURU LQ 7$JHQW0DQDJHU JHW5'DWD PHWKRG�
�

PW(UURU� >PE2N@� ���
HQG�

HQG�

^









































 7$JHQW0DQDJHU�JHW%0,G


 5HWXUQ WKH LG SURSHUW\ RI WKH LQGH[HG %HDFRQ RU 0DSSLQJ DJHQW







































`

IXQFWLRQ 7$JHQW0DQDJHU�JHW%0,G�LQGH[� ,QWHJHU�� ,QWHJHU�

EHJLQ
5HVXOW � 7$JHQW�EP/LVW�,WHPV>LQGH[@��LG�

HQG�

^









































 7$JHQW0DQDJHU�JHW%04XDQWLW\


 *HW WRWDO QXPEHU RI %HDFRQ DQG 0DSSLQJ DJHQWV LQ EP/LVW







































`

IXQFWLRQ 7$JHQW0DQDJHU�JHW%04XDQWLW\� ,QWHJHU�

EHJLQ
5HVXOW � EP/LVW�&RXQW�

HQG�

^









































 7$JHQW0DQDJHU�JHW54XDQWLW\


 *HW WRWDO QXPEHU RI 5RDPLQJ DJHQWV LQ U/LVW







































`

IXQFWLRQ 7$JHQW0DQDJHU�JHW54XDQWLW\� ,QWHJHU�

EHJLQ
5HVXOW � U/LVW�&RXQW�

HQG�

3DJH �� RI ���



^









































 7$JHQW0DQDJHU�VHTXHQFH$JHQWV

 7KLV SURFHGXUH VHTXHQFHV WKH H[HFXWLRQ RI DOO DJHQWV LQ D UDQGRP RUGHU E\


 WKH IROORZLQJ PHWKRG�


 FUHDWH D OLVW RI DJHQWV

 FKRRVH D UDQGRP DJHQW FDOOHG $


 H[HFXWH DJHQW $


 UHPRYH $ IURP WKH OLVW

 UHSHDW XQWLO DOO DJHQWV KDYH EHHQ H[HFXWHG








































`

SURFHGXUH 7$JHQW0DQDJHU�VHTXHQFH$JHQWV�
YDU

WHPS$JHQW/LVW� DUUD\>���0$;$*(176��@ RI %RROHDQ�

L� M� ,QWHJHU�
G[� G\� /HQJWK� 6LQJOH�

VDIH� %RROHDQ�

WHPS9HF� 79HFWRU�

EHJLQ

IRU L � � WR DJHQW/LVW�&RXQW � � GR
WHPS$JHQW/LVW>L@ � 7UXH�

6HOI�GHEXJ$JHQWV�

IRU L � � WR DJHQW/LVW�&RXQW � � GR

EHJLQ

^ FKRRVH D UDQGRP DJHQW FDOOHG M `
M � 5DQGRP�DJHQW/LVW�&RXQW��

ZKLOH QRW WHPS$JHQW/LVW>M@ GR

M � �M � �� PRG DJHQW/LVW�&RXQW�

^ H[HFXWH DJHQW M `

7$JHQW�$JHQW/LVW�,WHPV>M@��H[HFXWH�6HOI��
^ UHPRYH M IURP WKH OLVW `

WHPS$JHQW/LVW>M@ � )DOVH�

HQG�

^ 'UDZ $JHQWV
 FXUUHQW SRVLWLRQV `

IRU L � � WR DJHQW/LVW�&RXQW � � GR
7$JHQW�$JHQW/LVW�,WHPV>L@��GUDZ�)RUP��$JHQW,PDJH�&DQYDV��

,QF�)JHQHUDWLRQ��
)RUP��&RXQW3DQHO�&DSWLRQ � ,QW7R6WU�)JHQHUDWLRQ��

HQG�

HQG�

3DJH �� RI ���



/LVWLQJ�'HEXJ8QLW�SDV

^

7HUUDLQ 0DSSLQJ 6LPXODWRU

'HEXJ8QLW )LOH

)LOH� GHEXJXQLW�SDV

$XWKRU� *DU\ 5XEHQ
'DWH� $XJ ����

'HVFULSWLRQ� 7KLV LV WKH �GHEXJ IRUP� RU XQLW ILOH DVVRFLDWHG ZLWK WKH GHEXJ

IRUP RI WKH 7HUUDLQ 0DSSLQJ 6LPXODWRU�
7KH 7'HEXJ)RUP REMHFW LV GHILQHG KHUH DORQJ ZLWK WKH HYHQW

KDQGOHUV IRU WKH IRUP FRQWUROV�

`

XQLW 'HEXJ8QLW�

LQWHUIDFH

XVHV
:LQGRZV� 0HVVDJHV� 6\V8WLOV� &ODVVHV� *UDSKLFV� &RQWUROV� )RUPV� 'LDORJV�

6WG&WUOV� ([W&WUOV�

W\SH

7'HEXJ)RUP  FODVV�7)RUP�

/DEHO�� 7/DEHO�
'HEXJ3DQHO� 73DQHO�

,PDJH�� 7,PDJH�

SURFHGXUH )RUP&UHDWH�6HQGHU� 72EMHFW��
SURFHGXUH )RUP&ORVH�6HQGHU� 72EMHFW� YDU $FWLRQ� 7&ORVH$FWLRQ��

SULYDWH

^ 3ULYDWH GHFODUDWLRQV `
SXEOLF

^ 3XEOLF GHFODUDWLRQV `

HQG�

YDU

'HEXJ)RUP� 7'HEXJ)RUP�

LPSOHPHQWDWLRQ

^�5 
�')0`

XVHV
8QLW��

SURFHGXUH 7'HEXJ)RUP�)RUP&UHDWH�6HQGHU� 72EMHFW��
EHJLQ

,PDJH��&DQYDV�)RQW�1DPH � 
&RXULHU 1HZ
�

HQG�

SURFHGXUH 7'HEXJ)RUP�)RUP&ORVH�6HQGHU� 72EMHFW� YDU $FWLRQ� 7&ORVH$FWLRQ��

EHJLQ
)RUP��FE'HEXJ�FKHFNHG � )$/6(�

HQG�

HQG�

3DJH �� RI ���



/LVWLQJ�0DS�SDV

^
7HUUDLQ 0DSSLQJ 6LPXODWRU
0DS )LOH

)LOH� PDS�SDV
$XWKRU� *DU\ 5XEHQ
'DWH� $XJ ����
'HVFULSWLRQ� 7KLV XQLW LPSOHPHQWV D PDS FODVV�

7KH DVVRFLDWHG PDS REMHFW LV FRQWDLQHG E\ WKH 0DSSLQJ DJHQW�
ZKLFK LV GHILQHG LQ WKH $JHQW XQLW�

`

XQLW 0DS�

^













































































`
LQWHUIDFH

XVHV
8QLW�� 'LDORJV� 6\V8WLOV� :LQGRZV�

FRQVW
0$3B6,'(  ����

W\SH
70DS  FODVV
SULYDWH

^ 7KH PDS LV NHSW LQ WKLV VWUXFWXUH `
)PDS$UUD\� DUUD\ >���0$3B6,'(��� ���0$3B6,'(��@ RI 6LQJOH�
)Q$UUD\� DUUD\ >���0$3B6,'(��� ���0$3B6,'(��@ RI ,QWHJHU�
IXQFWLRQ JHW)HDWXUH�[� \� ,QWHJHU�� 6LQJOH�
SURFHGXUH DGG3RLQW�[� \� ,QWHJHU� QHZ9DO� 6LQJOH��

SXEOLF
FRQVWUXFWRU &UHDWH� YLUWXDO�
SURFHGXUH FOHDU�
IXQFWLRQ PDS5DWLR�[� \� ,QWHJHU�� 6LQJOH�
SURSHUW\ IHDWXUH>[� \� ,QWHJHU@� 6LQJOH UHDG JHW)HDWXUH

ZULWH DGG3RLQW� GHIDXOW�
HQG�

^













































































`
LPSOHPHQWDWLRQ

FRQVW
6$03/(B6,'(  ���

^
















































































 70DS PHWKRGV















































































`

^








































 &RQVWUXFWRU IRU 70DS







































`
FRQVWUXFWRU 70DS�&UHDWH�
YDU

L� M� ,QWHJHU�
EHJLQ

LQKHULWHG &UHDWH�

^ ,QLWLDOLVH DOO PDS FRQWHQWV `
IRU L � � WR 0$3B6,'(�� GR

IRU M � � WR 0$3B6,'(�� GR
EHJLQ
)PDS$UUD\>L� M@ � ����
)Q$UUD\>L� M@ � ��
HQG�

ZLWK )RUP��WL0DS,PDJH�&DQYDV GR
EHJLQ
%UXVK�&RORU � FO:KLWH�
3HQ�&RORU � FO:KLWH�
5HFWDQJOH��� �� 0$3B6,'(��� 0$3B6,'(����
%UXVK�&RORU � FO/LPH�
3HQ�&RORU � FO/LPH�
5HFWDQJOH��0$3B6,'( � 6$03/(B6,'(� GLY ��

�0$3B6,'( � 6$03/(B6,'(� GLY ��
�0$3B6,'( � 6$03/(B6,'(� GLY ����
�0$3B6,'( � 6$03/(B6,'(� GLY �����

HQG�
HQG�

3DJH �� RI ���



^








































 PDS5DWLR IXQFWLRQ IRU 70DS

 7KLV IXQFWLRQ UHWXUQV D YDOXH LQ WKH UDQJH ��� �� ��� ZKLFK

 UHSUHVHQWV WKH UDWLR RI DUUD\ HOHPHQWV ZLWKLQ D ��[�� UDQJH

 ZKLFK KDYH EHHQ ZULWWHQ WR VLQFH WKH FUHDWLRQ RI WKH DUUD\�

 7KH ��[�� UDQJH LV FHQWUHG DERXW WKH SDUDPHWHU YDOXHV [� \�

 ,I WKH DUUD\ ERXQGV DUH H[FHHGHG� DQ H[FHSWLRQ LV UDLVHG�







































`
IXQFWLRQ 70DS�PDS5DWLR�[� \� ,QWHJHU�� 6LQJOH�
YDU

L� M� FRXQW� ,QWHJHU�
EHJLQ

FRXQW � ��
WU\

IRU L � [��6$03/(B6,'( GLY �� WR [��6$03/(B6,'( GLY ���� GR
IRU M � \��6$03/(B6,'( GLY �� WR \��6$03/(B6,'( GLY ���� GR

LI )Q$UUD\>L� M@ ! � WKHQ
,QF�FRXQW��

5HVXOW � FRXQW � ������
H[FHSW

RQ (5DQJH(UURU GR
EHJLQ
5HVXOW � ����
6KRZ0HVVDJH�
$UUD\ ERXQGV H[FHHGHG LQ 70DS PDS5DWLR PHWKRG
��
HQG�

HQG�
HQG�

^








































 FOHDU PHWKRG IRU 70DS

 7KLV PHWKRG FOHDUV DOO IHDWXUH GDWD IURP WKH PDS







































`
SURFHGXUH 70DS�FOHDU�
YDU

L� M� ,QWHJHU�
EHJLQ

^ ,QLWLDOLVH DOO PDS FRQWHQWV `
IRU L � � WR 0$3B6,'(�� GR

IRU M � � WR 0$3B6,'(�� GR
EHJLQ
)PDS$UUD\>L� M@ � ����
)Q$UUD\>L� M@ � ��
HQG�

LI )RUP��FE6KRZ0DS�FKHFNHG WKHQ
ZLWK )RUP��WL0DS,PDJH�&DQYDV GR

EHJLQ
%UXVK�&RORU � FO:KLWH�
3HQ�&RORU � FO:KLWH�
5HFWDQJOH��� �� 0$3B6,'(��� 0$3B6,'(����
%UXVK�&RORU � FO/LPH�
3HQ�&RORU � FO/LPH�
5HFWDQJOH��0$3B6,'( � 6$03/(B6,'(� GLY ��

�0$3B6,'( � 6$03/(B6,'(� GLY ��
�0$3B6,'( � 6$03/(B6,'(� GLY ����
�0$3B6,'( � 6$03/(B6,'(� GLY �����

HQG�
HQG�

^








































 JHW)HDWXUH DFFHVVRU PHWKRG IRU 70DS

 7KLV PHWKRG DOORZV D IHDWXUH WR EH UHDG IURP WKH PDS IHDWXUH GDWD VHW







































`
IXQFWLRQ 70DS�JHW)HDWXUH�[� \� ,QWHJHU�� 6LQJOH�
EHJLQ

LI )Q$UUD\>[� \@ ! � WKHQ
5HVXOW � )PDS$UUD\>[� \@

HOVH
5HVXOW � �����

HQG�

3DJH �� RI ���



^









































 DGG3RLQW PHWKRG IRU 70DS

 7KLV PHWKRG DOORZV D IHDWXUH WR EH DGGHG WR WKH PDS IHDWXUH GDWD VHW








































`

SURFHGXUH 70DS�DGG3RLQW�[� \� ,QWHJHU� QHZ9DO� 6LQJOH��
YDU

Q� ,QWHJHU�

FRO� ,QWHJHU�
EHJLQ

,QF�)Q$UUD\>[� \@��

Q � )Q$UUD\>[� \@�
)PDS$UUD\>[� \@ � )PDS$UUD\>[� \@ 
 �Q����Q � QHZ9DO�Q�

LI )RUP��FE6KRZ0DS�FKHFNHG WKHQ
EHJLQ

^ EXLOG JUH\ FRORXU `

FRO � WUXQF�)PDS$UUD\>[� \@��
)RUP��WL0DS,PDJH�&DQYDV�3L[HOV>[� \@ � FRO RU

�FRO VKO �� RU

�FRO VKO ����
HQG�

HQG�

HQG�

3DJH �� RI ���



/LVWLQJ�8QLW��SDV

^
7HUUDLQ 0DSSLQJ 6LPXODWRU
8QLW� )LOH

)LOH� XQLW��SDV
$XWKRU� *DU\ 5XEHQ
'DWH� $XJ ����
'HVFULSWLRQ� 7KLV LV WKH �PDLQ IRUP� RU XQLW ILOH DVVRFLDWHG ZLWK WKH PDLQ

IRUP RI WKH 7HUUDLQ 0DSSLQJ 6LPXODWRU�
7KH 7)RUP� REMHFW LV GHILQHG KHUH DORQJ ZLWK WKH HYHQW KDQGOHUV
IRU WKH IRUP FRQWUROV�

`

XQLW 8QLW��

^�5�` ^5DQJH FKHFNLQJ`
^�6�` ^6WDFN FKHFNLQJ`

LQWHUIDFH

XVHV
6\V8WLOV� :LQ7\SHV� :LQ3URFV� 0HVVDJHV� &ODVVHV� *UDSKLFV� &RQWUROV�
)RUPV� 'LDORJV� 6WG&WUOV� ([W&WUOV� %XWWRQV� 9HFWRU� 0HQXV� 6SLQ�
&OLSEUG� &RP&WUOV�

FRQVW
0$;B;  ����
0$;B<  ����

W\SH
7)RUP�  FODVV�7)RUP�

3DQHO�� 73DQHO�
7HUUDLQ,PDJH� 7,PDJH�
&RQWUROV� 7*URXS%R[�
6WDWXV3DQHO� 73DQHO�
&RXQW3DQHO� 73DQHO�
0DLQ0HQX�� 70DLQ0HQX�
)LOH�� 70HQX,WHP�
([LW�� 70HQX,WHP�
1�� 70HQX,WHP�
3ULQW6HWXS�� 70HQX,WHP�
3ULQW�� 70HQX,WHP�
+HOS�� 70HQX,WHP�
$ERXW�� 70HQX,WHP�
+RZWR8VH+HOS�� 70HQX,WHP�
6HDUFKIRU+HOS2Q�� 70HQX,WHP�
&RQWHQWV�� 70HQX,WHP�
5XQ�� 70HQX,WHP�
PQ5HVWDUW� 70HQX,WHP�
PQ6LQJOH6WHS� 70HQX,WHP�
PQ5XQ� 70HQX,WHP�
PQ6WRS� 70HQX,WHP�
(GLW�� 70HQX,WHP�
&RS\�� 70HQX,WHP�
3ULQW'LDORJ�� 73ULQW'LDORJ�
3ULQWHU6HWXS'LDORJ�� 73ULQWHU6HWXS'LDORJ�
%HYHO�� 7%HYHO�
7RRO3DQHO� 73DQHO�
%HYHO�� 7%HYHO�
EW5HVWDUW� 76SHHG%XWWRQ�
EW6WRS� 76SHHG%XWWRQ�
EW5XQ� 76SHHG%XWWRQ�
EW6LQJOH6WHS� 76SHHG%XWWRQ�
2SHQ'LDORJ�� 72SHQ'LDORJ�
2XWSXW3DQHO� 73DQHO�
2XWSXW,PDJH� 7,PDJH�
$JHQW3RV3DQHO� 73DQHO�
$JHQW,PDJH� 7,PDJH�
OE,WHUDWLRQ� 7/DEHO�
JE3DUP� 7*URXS%R[�
OE0DS7KUHVK� 7/DEHO�
/DEHO�� 7/DEHO�
/DEHO�� 7/DEHO�
OE6//LP� 7/DEHO�
HE0DS7KUHVK� 7(GLW�
3RSXS0HQX�� 73RSXS0HQX�
&RS\�� 70HQX,WHP�
FE'HEXJ� 7&KHFN%R[�
/DEHO�� 7/DEHO�
/DEHO�� 7/DEHO�
/DEHO�� 7/DEHO�
/DEHO�� 7/DEHO�
SQ,QWHUQ0DS� 73DQHO�

3DJH �� RI ���



WL0DS,PDJH� 7,PDJH�

VH6LGH� 76SLQ(GLW�

3DQHO�� 73DQHO�

OE0DS5DWLR� 7/DEHO�

SQ0DS5DWLR� 73DQHO�

SE0DS3URJUHVV� 73URJUHVV%DU�

UE$OO3DWKV� 75DGLR%XWWRQ�

UE�3DWK� 75DGLR%XWWRQ�

6SLQ(GLW�� 76SLQ(GLW�

FE6KRZ0DS� 7&KHFN%R[�

$QLPDWH� 7&KHFN%R[�

/DEHO�� 7/DEHO�

SQ0DS� 73DQHO�

WL0DLQ0DS,PDJH� 7,PDJH�

FE6KRZ0DLQ0DS� 7&KHFN%R[�

SURFHGXUH )RUP&UHDWH�6HQGHU� 72EMHFW��

SURFHGXUH )RUP&ORVH�6HQGHU� 72EMHFW� YDU $FWLRQ� 7&ORVH$FWLRQ��

SURFHGXUH 6WHS&OLFN�6HQGHU� 72EMHFW��

SURFHGXUH 5XQ&OLFN�6HQGHU� 72EMHFW��

SURFHGXUH 6WRS&OLFN�6HQGHU� 72EMHFW��

SURFHGXUH 5HVWDUW&OLFN�6HQGHU� 72EMHFW��

SURFHGXUH 3ULQW6HWXS�&OLFN�6HQGHU� 72EMHFW��

SURFHGXUH 3ULQW�&OLFN�6HQGHU� 72EMHFW��

SURFHGXUH ([LW�&OLFN�6HQGHU� 72EMHFW��

SURFHGXUH 7HUUDLQ,PDJH'EO&OLFN�6HQGHU� 72EMHFW��

SURFHGXUH VH6LGH&KDQJH�6HQGHU� 72EMHFW��

SURFHGXUH &RS\�&OLFN�6HQGHU� 72EMHFW��

SURFHGXUH FE'HEXJ&OLFN�6HQGHU� 72EMHFW��

SULYDWH

3OD\� %RROHDQ�

EDFNJURXQG)LOH1DPH� 6WULQJ�

^ 3ULYDWH GHFODUDWLRQV `

SXEOLF

^ 3XEOLF GHFODUDWLRQV `

WHUUDLQ0DS� 7%LW0DS�

VLGH� 6LQJOH� �� OHQJWK RI VLGH RI WULDQJOH

HQG�

YDU

)RUP�� 7)RUP��

LPSOHPHQWDWLRQ

^�5 
�')0`

XVHV

$JHQW� $JHQW0DQDJHU� 'HEXJ8QLW�

YDU

DJHQWV� 7$JHQW0DQDJHU�

^













































































`

^

7)RUP PHWKRGV

`

SURFHGXUH 7)RUP��)RUP&UHDWH�6HQGHU� 72EMHFW��

YDU

L� ,QWHJHU�

EHJLQ

5DQGRPL]H�

WHUUDLQ0DS � 7%LW0DS�&UHDWH�

EDFNJURXQG)LOH1DPH � 
ODQGVFDSH��EPS
�

WHUUDLQ0DS�/RDG)URP)LOH�EDFNJURXQG)LOH1DPH��

DJHQWV � 7$JHQW0DQDJHU�&UHDWH� �� &UHDWH DQ LQVWDQFH RI WKH DJHQW PDQDJHU

VLGH � ���

ZLWK $JHQW,PDJH�&DQYDV GR

EHJLQ

%UXVK�&RORU � FO:KLWH�

3HQ�&RORU � FO:KLWH�

5HFWDQJOH��� �� :LGWK� +HLJKW��

HQG�

ZLWK 2XWSXW,PDJH�&DQYDV GR

EHJLQ

%UXVK�&RORU � FO:KLWH�

3HQ�&RORU � FO:KLWH�

5HFWDQJOH��� �� :LGWK� +HLJKW��

HQG�

ZLWK WL0DLQ0DS,PDJH�&DQYDV GR

EHJLQ

%UXVK�&RORU � FO:KLWH�

3HQ�&RORU � FO:KLWH�

5HFWDQJOH��� �� :LGWK� +HLJKW��

HQG�

HQG�

3DJH �� RI ���



SURFHGXUH 7)RUP��)RUP&ORVH�6HQGHU� 72EMHFW� YDU $FWLRQ� 7&ORVH$FWLRQ��

YDU
L� ,QWHJHU�

EHJLQ

WHUUDLQ0DS�)UHH�
DJHQWV�)UHH�

HQG�

SURFHGXUH 7)RUP��6WHS&OLFN�6HQGHU� 72EMHFW��

EHJLQ

DJHQWV�VHTXHQFH$JHQWV�
HQG�

SURFHGXUH 7)RUP��5XQ&OLFN�6HQGHU� 72EMHFW��
YDU

L� ,QWHJHU�

EHJLQ
EW5HVWDUW�(QDEOHG � )DOVH�

EW6LQJOH6WHS�(QDEOHG � )DOVH�

EW6WRS�(QDEOHG � 7UXH�
EW5XQ�(QDEOHG � )DOVH�

PQ5HVWDUW�(QDEOHG � EW5HVWDUW�(QDEOHG�
PQ6LQJOH6WHS�(QDEOHG � EW6LQJOH6WHS�(QDEOHG�

PQ6WRS�(QDEOHG � EW6WRS�(QDEOHG�

PQ5XQ�(QDEOHG � EW5XQ�(QDEOHG�

3OD\ � 7UXH�

ZKLOH 3OD\ GR
EHJLQ

DJHQWV�VHTXHQFH$JHQWV�

$SSOLFDWLRQ�3URFHVV0HVVDJHV�
HQG�

HQG�

SURFHGXUH 7)RUP��6WRS&OLFN�6HQGHU� 72EMHFW��

EHJLQ

EW5HVWDUW�(QDEOHG � 7UXH�
EW6LQJOH6WHS�(QDEOHG � 7UXH�

EW5XQ�(QDEOHG � 7UXH�

EW6WRS�(QDEOHG � )DOVH�

PQ5HVWDUW�(QDEOHG � EW5HVWDUW�(QDEOHG�

PQ6LQJOH6WHS�(QDEOHG � EW6LQJOH6WHS�(QDEOHG�
PQ6WRS�(QDEOHG � EW6WRS�(QDEOHG�

PQ5XQ�(QDEOHG � EW5XQ�(QDEOHG�

3OD\ � )DOVH�

HQG�

3DJH �� RI ���



SURFHGXUH 7)RUP��5HVWDUW&OLFN�6HQGHU� 72EMHFW��
YDU

L� ,QWHJHU�
EHJLQ

ZLWK $JHQW,PDJH�&DQYDV GR
EHJLQ
%UXVK�&RORU � FO:KLWH�
3HQ�&RORU � FO:KLWH�
5HFWDQJOH��� �� :LGWK� +HLJKW��
HQG�

ZLWK 2XWSXW,PDJH�&DQYDV GR
EHJLQ
%UXVK�&RORU � FO:KLWH�
3HQ�&RORU � FO:KLWH�
5HFWDQJOH��� �� :LGWK� +HLJKW��
HQG�

ZLWK WL0DLQ0DS,PDJH�&DQYDV GR
EHJLQ
%UXVK�&RORU � FO:KLWH�
3HQ�&RORU � FO:KLWH�
5HFWDQJOH��� �� :LGWK� +HLJKW��
HQG�

DJHQWV�)UHH�
DJHQWV � 7$JHQW0DQDJHU�&UHDWH�
DJHQWV�GUDZ�

HQG�

SURFHGXUH 7)RUP��3ULQW6HWXS�&OLFN�6HQGHU� 72EMHFW��
EHJLQ

3ULQWHU6HWXS'LDORJ��([HFXWH�
HQG�

SURFHGXUH 7)RUP��3ULQW�&OLFN�6HQGHU� 72EMHFW��
YDU

,QGH[� ,QWHJHU�
3ULQWHU6WULQJ� 6WULQJ�
I� 7H[W)LOH�

EHJLQ
LI 3ULQW'LDORJ��([HFXWH WKHQ

EHJLQ
�� $VVLJQ3UQ�I��
�� 5HZULWH�I��
��
�� ^SULQW DQ\ WH[W KHUH HJ�`
��
�� 3ULQWHU6WULQJ � 
7UDFN 
�
�� :ULWHOQ�I� 3ULQWHU6WULQJ��
��
�� &ORVH)LOH�I��

HQG�
HQG�

SURFHGXUH 7)RUP��([LW�&OLFN�6HQGHU� 72EMHFW��
EHJLQ

$SSOLFDWLRQ�7HUPLQDWH�
HQG�

SURFHGXUH 7)RUP��7HUUDLQ,PDJH'EO&OLFN�6HQGHU� 72EMHFW��
EHJLQ

LI 2SHQ'LDORJ��([HFXWH WKHQ
EHJLQ
ZLWK WHUUDLQ0DS GR

EHJLQ
EDFNJURXQG)LOH1DPH � 2SHQ'LDORJ��)LOH1DPH�
/RDG)URP)LOH�EDFNJURXQG)LOH1DPH��
3DUHQW � QLO�
HQG�

7HUUDLQ,PDJH�3LFWXUH�%LWPDS�&DQYDV�'UDZ��� �� WHUUDLQ0DS��
HQG�

HQG�

3DJH �� RI ���



SURFHGXUH 7)RUP��VH6LGH&KDQJH�6HQGHU� 72EMHFW��

EHJLQ
VLGH � 76SLQ(GLW�6HQGHU��9DOXH�

HQG�

SURFHGXUH 7)RUP��&RS\�&OLFN�6HQGHU� 72EMHFW��

EHJLQ

&OLSERDUG�$VVLJQ�7,PDJH�3RSXS0HQX��3RSXS&RPSRQHQW��3LFWXUH�%LWPDS��
HQG�

SURFHGXUH 7)RUP��FE'HEXJ&OLFN�6HQGHU� 72EMHFW��
EHJLQ

'HEXJ)RUP�9LVLEOH � FE'HEXJ�&KHFNHG�

HQG�

HQG�

3DJH �� RI ���



/LVWLQJ�9HFWRU�SDV

^
7HUUDLQ 0DSSLQJ 6LPXODWRU
9HFWRU )LOH

)LOH� YHFWRU�SDV
$XWKRU� *DU\ 5XEHQ
'DWH� $XJ ����
'HVFULSWLRQ� 7KLV XQLW LPSOHPHQWV D �'�9HFWRU $EVWUDFW 'DWD 7\SH�

$FFHVVRU PHWKRGV �SURSHUWLHV� DOORZ DFFHVV WR WKH [ DQG \
FRRUGLQDWH )LHOGV�
7KHUH DUH PHWKRGV DOORZLQJ FRQMXJDWLRQ� DGGLWLRQ� URWDWLRQ� GRW
SURGXFW HWF�
1RWH WKDW LI WZR YHFWRUV DUH DGGHG �RU DQ\ RWKHU RSHUDWLRQ RQ �
YHFWRUV ZKLFK SURGXFHV D UHVXOWDQW� WKH ILHOGV RI WKH 9HFWRU
REMHFW SHUIRUPLQJ WKH RSHUDWLRQ ZLOO EH XSGDWHG ZLWK WKH UHVXOW�
7KHUHIRUH� WR SHUIRUP $ � % � & LI RQH ZLVKHV WR NHHS ERWK %
DQG &�

� )LUVW FUHDWH $ WKURXJK DQ H[SOLFLW 79HFWRU�&UHDWH
� 1H[W FRS\ % WR $ XVLQJ WKH FRS\ PHWKRG
� $GG & WR $ XVLQJ WKH DGG PHWKRG
� )LQDOO\� UHPHPEHU WR GHVWUR\ $ WKURXJK DQ H[SOLFLW

79HFWRU�'HVWUR\ ZKHQ ILQLVKHG ZLWK $

1RWH WKDW WKH DFFHVVRU SURSHUWLHV [ DQG \ DUH QRW LQ D
SXEOLVKHG VHFWLRQ VLQFH WKLV FRPSRQHQW ZLOO QRW EH XVHG
LQ WKH 2EMHFW ,QVSHFWRU�

`

XQLW 9HFWRU�

�













































































�
LQWHUIDFH

W\SH
79HFWRU  FODVV
SULYDWH

)[� 6LQJOH� �� [ FRPSRQHQW RI YHFWRU
)\� 6LQJOH� �� \ FRPSRQHQW RI YHFWRU

SXEOLF
SURFHGXUH QHJ� �� $ �! �$
SURFHGXUH FRQM� �� $ �! $

SURFHGXUH XQLI\� �� $ �! $�_$_
SURFHGXUH PXOW�VFDODU� 6LQJOH�� �� $ �! VFDODU
$
SURFHGXUH GLYLGH�VFDODU� 6LQJOH�� �� $ �! $�VFDODU
SURFHGXUH DGG�YHF� 79HFWRU�� �� $ �! $�YHF
SURFHGXUH VXE�YHF� 79HFWRU�� �� $ �! $�YHF
SURFHGXUH FRS\�YHF� 79HFWRU�� �� $ �! YHF
SURFHGXUH URWDWH'HJ�WKHWD� 6LQJOH�� �� $ �! $ URWDWHG WKURXJK WKHWD GHJUHH
SURFHGXUH URWDWH5DG�SKL� 6LQJOH�� �� $ �! $ URWDWHG WKURXJK SKL UDGLDQ
IXQFWLRQ GRW�YHF� 79HFWRU�� 6LQJOH� �� $ � YHF
IXQFWLRQ DQJOH'HJ�YHF� 79HFWRU�� 6LQJOH� �� DQJOH EHWZHHQ $ 	 YHF GHJUHH
IXQFWLRQ DQJOH5DG�YHF� 79HFWRU�� 6LQJOH� �� DQJOH EHWZHHQ $ 	 YHF UDGLDQ
IXQFWLRQ VLJQHG$QJOH'HJ�YHF� 79HFWRU�� 6LQJOH�

�� VLJQHG DQJOH EHWZHHQ $ 	 YHF GHJUHH � FORFNZLVH LV �YH
IXQFWLRQ VLJQHG$QJOH5DG�YHF� 79HFWRU�� 6LQJOH�

�� VLJQHG DQJOH EHWZHHQ $ 	 YHF UDGLDQ � FORFNZLVH LV �YH
IXQFWLRQ DEV� 6LQJOH� �� _$_
SURSHUW\ [� 6LQJOH UHDG )[ ZULWH )[� �� )[ DFFHVVRU SURSHUW\
SURSHUW\ \� 6LQJOH UHDG )\ ZULWH )\� �� )\ DFFHVVRU SURSHUW\

HQG�

�













































































�
LPSOHPHQWDWLRQ

XVHV 'LDORJV� 6\V8WLOV� 0DWK�
^�'(),1( 0$7+81,7$9$/,$%/(`

FRQVW
3,  ��������������

^








































 $ �! �$

 1HJDWHV WKH YHFWRU REMHFW

 7HVWHG 2.







































`
SURFHGXUH 79HFWRU�QHJ�
EHJLQ

)[ � �)[�
)\ � �)\�

HQG�
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^








































 $ �! $


 &RQMXJDWHV WKH YHFWRU REMHFW

 7HVWHG 2.







































`
SURFHGXUH 79HFWRU�FRQM�
EHJLQ

)\ � �)\�
HQG�

^








































 $ �! $�_$_

 7XUQV WKH YHFWRU LQWR D XQLW YHFWRU

 7HVWHG 2.







































`
SURFHGXUH 79HFWRU�XQLI\�
YDU

DEV� 6LQJOH�
EHJLQ

WU\
DEV � 6TUW�6TU�)[� � 6TU�)\���
)[ � )[ � DEV�
)\ � )\ � DEV�

H[FHSW
RQ ('LY%\=HUR GR

0HVVDJH'OJ�
'LYLGH E\ � HUURU LQ 79HFWRU FODVV GLYLGH XQLI\�
� PW(UURU�
>PE2N@� ���

HQG�
HQG�

^








































 $ �! VFDODU
$

 0XOWLSOLHV WKH YHFWRU E\ VFDODU

 7HVWHG 2.







































`
SURFHGXUH 79HFWRU�PXOW�VFDODU� 6LQJOH��
EHJLQ

)[ � )[ 
 VFDODU�
)\ � )\ 
 VFDODU�

HQG�

^








































 $ �! VFDODU�$

 'LYLGHV WKH YHFWRU E\ VFDODU

 7HVWHG 2.







































`
SURFHGXUH 79HFWRU�GLYLGH�VFDODU� 6LQJOH��
EHJLQ

WU\
)[ � )[ � VFDODU�
)\ � )\ � VFDODU�

H[FHSW
RQ ('LY%\=HUR GR

0HVVDJH'OJ�
'LYLGH E\ � HUURU LQ 79HFWRU FODVV GLYLGH PHWKRG�
� PW(UURU�
>PE2N@� ���

HQG�
HQG�

^








































 $ �! $�YHF

 $GGV YHF WR WKH YHFWRU REMHFW

 7HVWHG 2.







































`
SURFHGXUH 79HFWRU�DGG�YHF� 79HFWRU��
EHJLQ

)[ � )[ � YHF�)[�
)\ � )\ � YHF�)\�

HQG�
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^









































 $ �! $�YHF

 6XEWUDFWV YHF IURP WKH YHFWRU REMHFW


 7HVWHG 2.








































`
SURFHGXUH 79HFWRU�VXE�YHF� 79HFWRU��

EHJLQ

)[ � )[ � YHF�)[�
)\ � )\ � YHF�)\�

HQG�

^









































 $ �! YHF


 &RSLHV WKH ILHOGV RI YHF WR WKH YHFWRU REMHFW

 7HVWHG 2.








































`

SURFHGXUH 79HFWRU�FRS\�YHF� 79HFWRU��
EHJLQ

)[ � YHF�)[�

)\ � YHF�)\�
HQG�

^








































 $ �! $ URWDWHG DQWL�FORFNZLVH WKURXJK WKHWD GHJUHH


 5RWDWHV WKH YHFWRU REMHFW E\ WKHWD GHJUHH


 7HVWHG 2.







































`

SURFHGXUH 79HFWRU�URWDWH'HJ�WKHWD� 6LQJOH��

YDU
WHPS)[� 6LQJOH�

WHPS&RV� WHPS6LQ� ([WHQGHG�

EHJLQ
WHPS)[ � )[�

^�,)'() 0$7+81,7$9$,/$%/(`

6LQ&RV�WKHWD 
 3, � ������ WHPS6LQ� WHPS&RV��
�� )DVWHU WKDQ FDOOLQJ 6LQ 	 &RV VHSDUDWHO\

^�(/6(`

WHPS&RV � &RV�WKHWD 
 3, � �������
WHPS6LQ � 6LQ�WKHWD 
 3, � �������

^�(1',)`

)[ � )[ 
 WHPS&RV � )\ 
 WHPS6LQ�
)\ � )\ 
 WHPS&RV � WHPS)[ 
 WHPS6LQ�

HQG�

^









































 $ �! $ URWDWHG DQWL�FORFNZLVH WKURXJK SKL UDGLDQ


 5RWDWHV WKH YHFWRU REMHFW E\ SKL UDGLDQ

 7HVWHG 2.








































`

SURFHGXUH 79HFWRU�URWDWH5DG�SKL� 6LQJOH��
YDU

WHPS)[� 6LQJOH�

WHPS&RV� WHPS6LQ� ([WHQGHG�
EHJLQ

WHPS)[ � )[�

^�,)'() 0$7+81,7$9$,/$%/(`
6LQ&RV�SKL� WHPS6LQ� WHPS&RV�� ��)DVWHU WKDQ FDOOLQJ 6LQ 	 &RV VHSDUDWHO\

^�(/6(`

WHPS&RV � &RV�SKL��
WHPS6LQ � 6LQ�SKL��

^�(1',)`

)[ � )[ 
 WHPS&RV � )\ 
 WHPS6LQ�
)\ � )\ 
 WHPS&RV � WHPS)[ 
 WHPS6LQ�

HQG�
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 $ � YHF

 5HWXUQV GRW RU LQQHU SURGXFW RI WKH YHFWRU REMHFW DQG YHF

 7HVWHG 2.







































`
IXQFWLRQ 79HFWRU�GRW�YHF� 79HFWRU�� 6LQJOH�
EHJLQ

5HVXOW � )[ 
 YHF�)[ � )\ 
 YHF�)\�
HQG�

^








































 XQVLJQHG DQJOH EHWZHHQ $ 	 YHF GHJUHH

 5HWXUQV WKH DQJOH EHWZHHQ WKH YHFWRU REMHFW DQG YHF

 E\ FDOFXODWLQJ WKHWD  DUFFRV��$ � YHF� � �_$_�_YHF_��

 7HVWHG 2. E\ KDPPHULQJ WKLV ZLWK YHFWRUV ZKRVH FRPSRQHQWV

 ZHUH UDQGRPO\ JHQHUDWHG XVLQJ �UDQGRP�����
�
��H�� DQG

 �UDQGRP����� DV WZR VHSDUDWH WHVWV�







































`
IXQFWLRQ 79HFWRU�DQJOH'HJ�YHF� 79HFWRU�� 6LQJOH�
YDU

SDUDP� ([WHQGHG�
EHJLQ

WU\
SDUDP � VHOI�GRW�YHF� � �VHOI�DEV 
 YHF�DEV��
LI SDUDP ! ��� WKHQ

^)ORDWLQJ 3RLQW HUURUV ZLOO FDXVH $UF&RV UDQJH H[FHSWLRQ�
&RUUHFW WKLV EHIRUH LW KDSSHQV`
SDUDP � ���

HOVH LI SDUDP � ���� WKHQ
SDUDP � �����

5HVXOW � $UF&RV�SDUDP� � 3, 
 ������
H[FHSW

^KDQGOH FDVH RI PDJQLWXGH RI HLWKHU YHFWRU  �`
RQ ('LY%\=HUR GR

5HVXOW � ��
HQG�

HQG�

^








































 XQVLJQHG DQJOH EHWZHHQ $ 	 YHF UDGLDQ

 5HWXUQV WKH DQJOH EHWZHHQ WKH YHFWRU REMHFW DQG YHF

 7HVWHG 2. E\ KDPPHULQJ WKLV ZLWK YHFWRUV ZKRVH FRPSRQHQWV

 ZHUH UDQGRPO\ JHQHUDWHG XVLQJ �UDQGRP�����
�
��H�� DQG

 �UDQGRP����� DV WZR VHSDUDWH WHVWV�







































`
IXQFWLRQ 79HFWRU�DQJOH5DG�YHF� 79HFWRU�� 6LQJOH�
YDU

SDUDP� ([WHQGHG�
EHJLQ

WU\
SDUDP � VHOI�GRW�YHF� � �VHOI�DEV 
 YHF�DEV��
LI SDUDP ! ��� WKHQ

^)ORDWLQJ 3RLQW HUURUV ZLOO FDXVH $UF&RV UDQJH H[FHSWLRQ�
&RUUHFW WKLV EHIRUH LW KDSSHQV`
SDUDP � ���

HOVH LI SDUDP � ���� WKHQ
SDUDP � �����

5HVXOW � $UF&RV�SDUDP��
H[FHSW

^KDQGOH FDVH RI PDJQLWXGH RI HLWKHU YHFWRU  �`
RQ ('LY%\=HUR GR

5HVXOW � ��
HQG�

HQG�
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 VLJQHG FORFNZLVH DQJOH EHWZHHQ $ 	 YHF GHJUHH

 5HWXUQV WKH DQJOH EHWZHHQ WKH YHFWRU REMHFW DQG YHF


 LH� UHWXUQV WKH DQJOH IURP VHOI ZKLFK PXVW EH URWDWHG WKURXJK LQ D FORFNZLVH


 GLUHFWLRQ WR REWDLQ D YHFWRU FRLQFLGHQW ZLWK YHF�

 7KH UDQJH RI WKH UHWXUQ YDOXH LV WKXV � �! ��� GHJUHH


 7HVWHG 2.








































`
IXQFWLRQ 79HFWRU�VLJQHG$QJOH'HJ�YHF� 79HFWRU�� 6LQJOH�

YDU

WHPS�� WHPS�� ([WHQGHG�
EHJLQ

WU\

WHPS� � $UF7DQ�VHOI�\�VHOI�[��
^FRUUHFW $UF7DQ IRU TXDGUDQW`

LI VHOI�[ � ��� WKHQ

WHPS� � WHPS� � 3,
HOVH LI VHOI�\ � ��� WKHQ

WHPS� � WHPS� � � 
 3,�

H[FHSW
LI VHOI�\ ! ��� WKHQ

WHPS� � 3,��

HOVH
WHPS� � �3,���

HQG�

WU\

WHPS� � $UF7DQ�YHF�\�YHF�[��
^FRUUHFW $UF7DQ IRU TXDGUDQW`

LI YHF�[ � ��� WKHQ

WHPS� � WHPS� � 3,
HOVH LI YHF�\ � ��� WKHQ

WHPS� � WHPS� � � 
 3,�

H[FHSW
LI YHF�\ ! ��� WKHQ

WHPS� � 3,��

HOVH
WHPS� � �3,���

HQG�

5HVXOW � �WHPS� � WHPS�� � 3, 
 ������

LI 5HVXOW � ��� WKHQ

5HVXOW � 5HVXOW � ����
HQG�

^








































 VLJQHG FORFNZLVH DQJOH EHWZHHQ $ 	 YHF UDGLDQ


 5HWXUQV WKH DQJOH EHWZHHQ WKH YHFWRU REMHFW DQG YHF


 LH� UHWXUQV WKH DQJOH IURP VHOI ZKLFK PXVW EH URWDWHG WKURXJK LQ D FORFNZLVH

 GLUHFWLRQ WR REWDLQ D YHFWRU FRLQFLGHQW ZLWK YHF�


 7KH UDQJH RI WKH UHWXUQ YDOXH LV WKXV � �! �
3, UDGLDQ


 7HVWHG 2.







































`

IXQFWLRQ 79HFWRU�VLJQHG$QJOH5DG�YHF� 79HFWRU�� 6LQJOH�

YDU
WHPS�� WHPS�� ([WHQGHG�

EHJLQ

WU\
WHPS� � $UF7DQ�VHOI�\�VHOI�[��

^FRUUHFW $UF7DQ IRU TXDGUDQW`

LI VHOI�[ � ��� WKHQ
WHPS� � WHPS� � 3,

HOVH LI VHOI�\ � ��� WKHQ

WHPS� � WHPS� � � 
 3,�
H[FHSW

LI VHOI�\ ! ��� WKHQ

WHPS� � 3,��
HOVH

WHPS� � �3,���

HQG�

WU\
WHPS� � $UF7DQ�YHF�\�YHF�[��

^FRUUHFW $UF7DQ IRU TXDGUDQW`

LI YHF�[ � ��� WKHQ
WHPS� � WHPS� � 3,

HOVH LI YHF�\ � ��� WKHQ

WHPS� � WHPS� � � 
 3,�
H[FHSW

LI YHF�\ ! ��� WKHQ
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WHPS� � 3,��

HOVH
WHPS� � �3,���

HQG�

5HVXOW � WHPS� � WHPS��

LI 5HVXOW � ��� WKHQ

5HVXOW � 5HVXOW � � 
 3,�
HQG�

^








































 _$_


 5HWXUQV PDJQLWXGH RI WKH YHFWRU REMHFW


 7HVWHG 2.







































`

IXQFWLRQ 79HFWRU�DEV� 6LQJOH�

EHJLQ
5HVXOW � 6TUW�6TU�)[� � 6TU�)\���

HQG�

�













































































�

^

7KLV WHVW FRGH DWWDFKHG WR D EXWWRQ ZDV XVHG WR WHVW WKH DERYH IXQFWLRQV�
7KH LQSXW YDOXHV FRPH IURP � HGLW ER[HV YHF[�YHF\�YHFE[�YHFE\�

7KH UHVXOW YDOXHV DUH VHQW WR � HGLW ER[HV UHV[�UHV\�

SURFHGXUH 7)RUP��&DOF&OLFN�6HQGHU� 72EMHFW��

YDU

YHF� YHFE� UHV� 79HFWRU�
EHJLQ

�� &RQVWUXFW UHTXLUHG YHFWRUV

YHF � 79HFWRU�&UHDWH�
YHFE � 79HFWRU�&UHDWH�

UHV � 79HFWRU�&UHDWH�

WU\
�� UHDG VRXUFH YHFWRU FRPSRQHQWV

YHF�[ � 6WU7R)ORDW�YHF[�7H[W��

YHF�\ � 6WU7R)ORDW�YHF\�7H[W��
YHFE�[ � 6WU7R)ORDW�YHFE[�7H[W��

YHFE�\ � 6WU7R)ORDW�YHFE\�7H[W��

�� QRZ SHUIRUP VRPH YHFWRU PDWK

UHV�FRS\�YHF��

UHV�VXE�YHFE�� ��&KDQJH WKLV OLQH WR WHVW PHWKRGV

�� GLVSOD\ UHVXOWV RI YHFWRU RSHUDWLRQ

UHV[�7H[W � )ORDW7R6WU�UHV�[��
UHV\�7H[W � )ORDW7R6WU�UHV�\��

ILQDOO\

�� 'HVWUR\ DOO DOORFDWHG YHFWRUV
YHF�)UHH�

YHFE�)UHH�

UHV�)UHH�
HQG�

HQG�

`

HQG�

3DJH ��� RI ���



/LVWLQJ�6ZDUP�GSU

^

7HUUDLQ 0DSSLQJ 6LPXODWRU

'HOSKL 3URMHFW )LOH

)LOH� VZDUP�GSU

$XWKRU� *DU\ 5XEHQ
'DWH� $XJ ����

'HVFULSWLRQ� 7KLV LV WKH �PDLQ� RU SURMHFW ILOH RI WKH 7HUUDLQ 0DSSLQJ

6LPXODWRU�
7KH SURMHFW KDV EHHQ GHYHORSHG XVLQJ %RUODQG �,QSULVH� 'HOSKL �

RQ D 3&�������';���� ZLWK ��0 5$0�

,W KDV QRW EHHQ WHVWHG RQ DQ\ RWKHU V\VWHPV�
,W LV EHVW UXQ DW ����[��� SL[HOV ZLWK D IXOO FRORXU JUDSKLFV

FDUG�

,W FRPSLOHV WR D VLQJOH H[HFXWDEOH ILOH ZKLFK DW ODVW FKHFN
ZDV ���N LQ VL]H�

6XSSRUW ILOHV UHTXLUHG IRU H[HFXWLRQ DUH DQ DJHQW LQLWLDOLVDWLRQ
ILOH DQG D WHUUDLQ PDS ELWPDS ��%03� ILOH ZKLFK PD\ EH JHQHUDWHG

ZLWK DQ\ 3& JUDSKLFV SDFNDJH� 7KH DJHQW LQLWLDOLVDWLRQ ILOH

FRQWDLQV D OLVW RI DJHQW
V ZLWK LQLWLDO SRVLWLRQ DQG GLUHFWLRQ
YHFWRU GDWD� ,W PXVW EH QDPHG LQLW�GDW

7KH WHUUDLQ PDS ELWPDS ILOH LV W\SLFDOO\ D VTXDUH JUH\VFDOH ILOH�

7KH VZDUP�H[H SURJUDP LQLWDOO\ FRQWDLQV D VDPSOH �%03 ILOH�

1R RQ�OLQH KHOS KDV EHHQ ZULWWHQ \HW� VR WKLV ZLOO KDYH WR

VXIILFH�

7KH VLPXODWLRQ HQYLURQPHQW LV GLYLGHG LQWR � SDQHV� D &RQWUROV

JURXS DQG D 3DUDPHWHUV JURXS� 7KHUH LV D FRQWURO EDU DORQJ WKH
WRS DQG D VWDWXV EDU DORQJ WKH ERWWRP�

7KH WRS OHIW SDQH FRQWDLQV WKH WHUUDLQ GDWD� 7KLV PD\ EH FKDQJHG
E\ GRXEOH�FOLFNLQJ RQ WKH SDQH ZLWK WKH OHIW PRXVH EXWWRQ�

7KH WRS ULJKW SDQH VKRZV WKH DJHQW SRVLWLRQV� 7KLV PD\ EH
GLVDEOHG E\ XQFKHFNLQJ WKH DVVRFLDWHG �$QLPDWH� FKHFNER[ WR VSHHG

XS WKH VLPXODWLRQ�

7KH ERWWRP OHIW ULJKW SDQH VKRZV WKH DJHQW SDWKV� 7KH �$OO 3DWKV�

DQG �3DWK RI ,G� 5DGLR%XWWRQV LQ WKH &RQWUROV JURXS FRQWURO ZKDW

LV GLVSOD\HG LQ WKH 3DWKV SDQH�
7KH GHIDXOW VHOHFWLRQ �$OO 3DWKV� ZLOO FDXVH WKH SDWKV RI DOO

5RDPLQJ DJHQWV WR EH GLVSOD\HG PRGXODWHG E\ WKH WHUUDLQ PDS SL[HO

YDOXH�
,I �3DWK RI ,G� LV VHOHFWHG� WKH DJHQW ZLWK WKH ,G GHWHUPLQHG E\

WKH HGLW ER[ ZLOO EH GLVSOD\HG�

7KH ERWWRP ULJKW �0DS� SDQH VKRZV WKH PDS GDWD ZKLFK KDV EHHQ

DFFXPXODWHG E\ WKH PDSSLQJ DJHQW� 'DWD IURP WKH LQWHUQDO PDS

ZKLFK LV GLVSOD\HG LQ WKH �,QWHUQDO 0DS� SDQH LV FRSLHG WR WKH
�0DS� SDQH ZKHQ WKH VXUYH\ RI WKH FXUUHQW UHJLRQ KDV EHHQ

FRPSOHWHG�

7KH �0DS� DQG �,QWHUQDO 0DS� SDQH GUDZLQJ PD\ EH GLVDEOHG E\
XQFKHFNLQJ WKH DVVRFLDWHG �$QLPDWH� FKHFNER[ WR VSHHG

XS WKH VLPXODWLRQ�

7KH ELWPDSV FRQWDLQHG LQ DQ\ SDQH PD\ EH FRSLHG WR WKH :LQGRZV

FOLSERDUG E\ ULJKW FOLFNLQJ RQ WKH SDQH DQG VHOHFWLQJ &RS\ IURP

WKH SRSXS PHQX�

,Q DGGLWLRQ WR DOORZLQJ VHOHFWLRQ RI WKH DJHQW SDWKV GLVSOD\HG�

WKH &RQWUROV JURXS FRQWDLQV D 'HEXJ ZLQGRZ FKHFNER[� ZKLFK LI
FKHFNHG� ZLOO VKRZ DJHQW SRVLWLRQ� GLUHFWLRQ DQG VWDWH

LQIRUPDWLRQ� 7KLV LV XQOLNHO\ WR EH RI XVH WR DQ\RQH UXQQLQJ WKH

SURJUDP�

7KH 3DUDPHWHUV JURXS FRQWDLQV WKH �0DS 7KUHVKROG� DQG

�6LGH /HQJWK� VHWWLQJV�
7KH �0DS 7KUHVKROG� VHWWLQJ FRQWUROV ZKHQ WKH 0DSSLQJ DJHQW

VLJQDOV UHIHUHQFH DJHQWV WR WDNH XS QHZ SRVLWLRQV LQ WKH

WHUUDLQ� $ FRYHUDJH YDOXH RI ��� UHTXLUHV WKDW ��� RI WKH SL[HOV
FRYHULQJ WKH UHJLRQ RI WKH LQWHUQDO PDS UHSUHVHQWHG E\ WKH OLPH

JUHHQ VTXDUH LQ WKH �,QWHUQDO 0DS� SDQH KDYH EHHQ WUDYHUVHG E\ D

5RDPLQJ DJHQW� 7KH �0DS 5DWLR� YDOXH EHORZ WKH �,QWHUQDO 0DS�
SDQH VKRZV WKH FXUUHQW FRYHUDJH YDOXH DQG WKH SURJUHVV EDU EHORZ

LW UHDFKHV IXOO ZKHQ WKH FRYHUDJH PDWFKHV WKH WKUHVKROG�

7KH �6LGH /HQJWK� VHWWLQJ GHWHUPLQHV WKH OHQJWK RI WKH VLGH RI
WKH HTXLODWHUDO WULDQJOHV ZKLFK DUH XVHG WR WHVVHODWH WKH VXUYH\

DUHD� 7KDW LV� WKH GLVWDQFH D UHIHUHQFH DJHQW XVHV WR HVWDEOLVK

LWV SRVLWLRQ LQ WKH WHUUDLQ UHODWLYH WR RWKH UHIHUHQFH DJHQWV�
1RWH WKDW VHWWLQJ WKLV WR OHVV WKDQ KDOI WKH YDOXH RI WKH FXUUHQW

3DJH ��� RI ���



GLVWDQFH EHWZHHQ � UHIHUHQFH DJHQWV ZKHQ WKH �UG PRYHV ZLOO PHDQ
WKDW WKH �UG DJHQW FDQ QHYHU HVWDEOLVK D UHIHUHQFH SRVLWLRQ�
,QVWHDG� D 3DYORY
V GRJ EHKDYLRXU UHVXOWV ZKHUH WKH DJHQW
FRQWLQXDOO\ UXQV EDFN DQG IRUWK EHWZHHQ WKH RWKHU UHIHUHQFH
DJHQWV�

7KH EXWWRQV RQ WKH FRQWURO EDU DORQJ WKH WRS FRQWURO WKH
VLPXODWLRQ H[HFXWLRQ DQG PLUURU WKH �5XQ� PHQX FRQWUROV�
:LWK WKHVH� WKH VLPXODWLRQ PD\ EH UHVHW� VLQJOH�VWHSSHG� UXQ RU
VWRSSHG�
7KH VWDWXV EDU DORQJ WKH ERWWRP GLVSOD\V WKH FXUUHQW VLPXODWLRQ
LWHUDWLRQ YDOXH�

)RU DQ\ FRS\ULJKW LVVXHV DVVRFLDWHG ZLWK WKH XVH RI WKLV FRGH�
FRQWDFW WKH (OHFWULFDO DQG &RPSXWHU 6\VWHPV (QJLQHHULQJ
GHSDUWPHQW DW 0RQDVK 8QLYHUVLW\�

`

SURJUDP 6ZDUP�

XVHV
)RUPV�
8QLW� LQ 
81,7��3$6
 ^)RUP�`�
$JHQW LQ 
$JHQW�SDV
�
9HFWRU LQ 
9HFWRU�SDV
�
$JHQW0DQDJHU LQ 
$JHQW0DQDJHU�SDV
�
0DS LQ 
0DS�SDV
�
'HEXJ8QLW LQ 
'HEXJ8QLW�SDV
 ^'HEXJ)RUP`�

^�5 
�5(6`

EHJLQ
$SSOLFDWLRQ�&UHDWH)RUP�7)RUP�� )RUP���
$SSOLFDWLRQ�&UHDWH)RUP�7'HEXJ)RUP� 'HEXJ)RUP��
$SSOLFDWLRQ�5XQ�

HQG�

3DJH ��� RI ���



/LVWLQJ�RI�H[DPSOH�,QLW�GDW

�P PDSSLQJ E EHDFRQ U URDPLQJ
�IRUPDW >W\SH@ >[ SRVQ@ >\ SRVQ@ >[ GLUQ@ >\ GLUQ@
� >P_E_U@ ����0$;B;� ����0$;B<� ����������� �����������
� HJ� P �� �� � �

U �� �� � �
U �� �� � �
U �� �� � �
U �� �� � �
U �� �� � �

E �� �� � �
E �� �� � �
P �� �� � �

3DJH ��� RI ���



%LEOLRJUDSK\

>%D5D��@ %DQQLVWHU� $� 	 5D\PRQG� 6�� ´6XUYH\LQJ )LIWK HGLWLRQµ� /RQJPDQ 6FLHQWLILF 	

7HFKQLFDO� �����

>%UL��@ %ULWDQQLFD &' ���� (QF\FORS GLD %ULWDQQLFD� ����

>%UR��@ %URRNV� 5�� ´$ 5REXVW /D\HUHG &RQWURO 6\VWHP IRU D 0RELOH 5RERWµ� ,(((

-RXUQDO RI 5RERWLFV DQG $XWRPDWLRQ� 9RO�5$�� 1R��� ����

>%UR��@ ´$ 5RERW WKDW :DONV� (PHUJHQW %HKDYLRXUV IURP D &DUHIXOO\ (YROYHG

1HWZRUNµ� 1HXUDO &RPSXWDWLRQ� SS��������� �����

>%H+R��@ %HFNHUV� 5�� +ROODQG� 2�(� 	 'HQHXERXUJ� -�/�� ´)URP /RFDO $FWLRQV WR *OREDO

7DVNV� 6WLJPHUJ\ DQG &ROOHFWLYH 5RERWLFVµ� $UWLILFLDO /LIH ,9� 3URFHHGLQJV RI WKH

)RXUWK ,QWHUQDWLRQDO :RUNVKRS RQ WKH 6\QWKHVLV DQG 6LPXODWLRQ RI /LYLQJ

6\VWHPV� 0,7 3UHVV� SS�������� �����

>&DO��@ &DOYHUW� &�� ´'HOSKL 8QOHDVKHGµ� 6DPV 3XEOLVKLQJ� �����

>&RK��@ &RKHQ� :�� ´$GDSWLYH 0DSSLQJ DQG 1DYLJDWLRQ E\ 7HDPV RI 6LPSOH

5RERWVµ�5RERWLFV DQG $XWRQRPRXV 6\VWHPV 9RO���� 1R��� SS��������� �����

>&R6W��@ &RUQHOO� *� 	 6WUDLQ� 7�� ´'HOSKL 1XWV 	 %ROWV IRU ([SHULHQFHG 3URJUDPPHUVµ�

2VERUQH 0F*UDZ�+LOO� �����

>'H*R��@ 'HQHXERXUJ� -�/� 	 *RVV� 6�� ´&ROOHFWLYH 3DWWHUQV DQG 'HFLVLRQ 0DNLQJµ�

(WKRORJ\� (FRORJ\ DQG (YROXWLRQ ,� SS��������� �����

>'X-H��@ 'XGHN� *�� -HQNLQ� 0�� 0LOLRV� (� 	 :LONHV�� '�� ´$ 7D[RQRP\ IRU 6ZDUP

5RERWVµ� 3URFHHGLQJV RI WKH ���� ,(((�56- ,QWHUQDWLRQDO &RQIHUHQFH RQ

,QWHOOLJHQW 5RERWV DQG 6\VWHPV� <RNRKDPD� -DSDQ� SS��������� -XO\ ������ �����

>*R0D��@ *ROGEHUJ� '�� 0DWDULF�� 0�� ´,QWHUIHUHQFH DV D 7RRO IRU 'HVLJQLQJ DQG (YDOXDWLQJ

0XOWL�5RERW &RQWUROOHUVµ� 3URFHHGLQJV� $$$,���� 3URYLGHQFH� 5KRGH ,VODQG� -XO\

������ SS��������� ����

>+X*O��@ +XEHUPDQ� %�$�� *ODQFH� 1�6�� ´(YROXWLRQDU\ *DPHV DQG &RPSXWHU

6LPXODWLRQVµ� GRZQORDGHG IURP ;HUR[ LQWHUQHW VLWH� WR DSSHDU LQ 3URFHHGLQJV

1DWLRQDO $FDGHP\ RI 6FLHQFHV �86$�� �����

3DJH ��� RI ���



>+X0H��@ +XVEDQGV� &�� 0H\HU� :LOVRQ HGV�� ´)URP $QLPDOV WR $QLPDWV �� 3URFHHGLQJV

RI WKH 7KLUG ,QWHUQDWLRQDO &RQIHUHQFH RQ 6LPXODWLRQ RI $GDSWLYH %HKDYLRXU�µ�

0,7 3UHVV� ����

>.R0H��@ .RGMDEDFKLDQ� -�� 0H\HU� -�� ´(YROXWLRQ DQG GHYHORSPHQW RI FRQWURO

DUFKLWHFWXUHV LQ DQLPDWVµ� 5RERWLFV DQG $XWRQRPXV 6\VWHPV ��� SS���������

�����

>/DQ��@ /DQJWRQ� &� HG� ´$UWLILFLDO /LIH� DQ RYHUYLHZµ� 0,7 3UHVV� �����

>/HY��@ /HY\� 6�� ´$UWLILFLDO /LIH� 7KH 4XHVW IRU D 1HZ &UHDWLRQµ� 3DQWKHRQ %RRNV�

�����

>/LW��@ /LWWPDQ� 0��´0HPRU\OHVV SROLFLHV� WKHRUHWLFDO OLPLWDWLRQV DQG SUDFWLFDO

UHVXOWVµ� )URP $QLPDOV WR $QLPDWV �� 3URFHHGLQJV RI WKH 7KLUG ,QWHUQDWLRQDO

&RQIHUHQFH RQ 6LPXODWLRQ RI $GDSWLYH %HKDYLRXU� +XVEDQGV� &�� 0H\HU� :LOVRQ

HGV�� 0,7 3UHVV� SS��������� ����

>/X6S��@ /XNH� 6�� 6SHFWRU� /�� ´(YROYLQJ 7HDPZRUN DQG &RRUGLQDWLRQ ZLWK *HQHWLF

3URJUDPPLQJµ� GRZQORDGHG IURP LQWHUQHW VLWH� WR DSSHDU LQ 3URFHHGLQJV *HQHWLF

3URJUDPPLQJ �� �*3���� 6WDQIRUG� -XO\ �����

>0D1L��@ 0DWDULF�� 0�� 1LOVVRQ� 0�� 6LPVDULDQ� .�7�� ´&RRSHUDWLYH 0XOWL�5RERW

%R[�3XVKLQJµ� 3URFHHGLQJV ,526���� 3LWWVEXUJK� 3$� �����

>0DW��@ 0DWDULF�� 0�� ´,QWHUDFWLRQ DQG ,QWHOOLJHQW %HKDYLRXUµ� 0,7 3K' WKHVLV� �����

GRZQORDGHG IURP 0,7 LQWHUQHW VLWH�

>0DWD��@ 0DWDULF�� 0��´/HDUQLQJ WR %HKDYH 6RFLDOO\µ� )URP $QLPDOV WR $QLPDWV ��

3URFHHGLQJV RI WKH 7KLUG ,QWHUQDWLRQDO &RQIHUHQFH RQ 6LPXODWLRQ RI $GDSWLYH

%HKDYLRXU� +XVEDQGV� &�� 0H\HU� :LOVRQ HGV�� 0,7 3UHVV� SS��������� �����

>0DW��@ 0DWDULF�� 0�� ´,VVXHV DQG $SSURDFKHV LQ WKH 'HVLJQ RI &ROOHFWLYH $XWRQRPRXV

$JHQWVµ� 5RERWLFV DQG $XWRQRPRXV 6\VWHPV ��� SS��������� �����

>0DW��@ 0DWDULF�� 0�� ´8VLQJ &RPPXQLFDWLRQ WR 5HGXFH /RFDOLW\ LQ 0XOWL�5RERW

/HDUQLQJµ� 3URFHHGLQJV $$$,���� 3URYLGHQFH� 5KRVH ,VODQG� -XO\ ������

SS��������� �����

>0F)��@ 0F)DUODQG� '�� ´7RZDUGV 5RERW &RRSHUDWLRQµ� )URP $QLPDOV WR $QLPDWV ��

3URFHHGLQJV RI WKH 7KLUG ,QWHUQDWLRQDO &RQIHUHQFH RQ 6LPXODWLRQ RI $GDSWLYH

%HKDYLRXU� +XVEDQGV� &�� 0H\HU� :LOVRQ HGV�� 0,7 3UHVV� SS��������� ����

3DJH ��� RI ���



>0L0D��@ 0LFKDXG� )�� 0DWDULF�� 0�� ´%HKDYLRXU (YDOXDWLRQ DQG /HDUQLQJ )URP DQ

,QWHUQDO 3RLQW RI 9LHZµ� 3URFHHGLQJV )/$,56���� 'D\WRQD� )ORULGD� 0D\ �����

>0XH��@ 0XHOOHU� -�3�� ´3HWHU 1RUWRQ·V *XLGH WR 'HOSKL �µ� 6DPV 3XEOLVKLQJ� �����

>3D7H��@ 3DFKHFR� ;� 	 7HL[HLUD� 6�� ´'HOSKL � 'HYHORSHU·V *XLGHµ� ����� %RUODQG 3UHVV�

>3IH��@ 3IHLIHU� 5�� ´&RJQLWLRQ � 3HUVSHFWLYHV IURP DXWRQRPRXV DJHQWVµ� 5RERWLFV DQG

$XWRQRPRXV 6\VWHPV ��� SS������� �����

>3U8U��@ 3ULFH� :�)� 	 8UHQ� -�� ´/DVHU 6XUYH\LQJµ� 9RQ1RVWUDQG 5HLQKROG� �����

>6F0D��@ 6FKQHLGHU�)RQWiQ� 0�� 0DWDULF�� 0�� ´$ 6WXG\ RI 7HUULWRULDOLW\� 7KH 5ROH RI

&ULWLFDO 0DVV LQ 0XOWL�5RERW $GDSWLYH 7DVN 'LYLVLRQµ� )URP $QLPDOV WR

$QLPDWV �� )RXUWK &RQIHUHQFH RQ 6LPXODWLRQ RI $GDSWLYH %HKDYLRXU �6$%�����

SS��������� ����

>6K)X��@ 6KLEDWD� 7�� )XNXGD� 7�� ´&RRUGLQDWLYH %HKDYLRXU LQ (YROXWLRQDU\

0XOWL�$JHQW�5RERW 6\VWHPµ� 3URFHHGLQJV RI WKH ���� ,(((�56- ,QWHUQDWLRQDO

&RQIHUHQFH RQ ,QWHOOLJHQW 5RERWV DQG 6\VWHPV� <RNRKDPD� -DSDQ� SS��������� -XO\

������ �����

>6WH��@ 6WHHOV� /�� ´7KH $UWLILFLDO /LIH 5RRWV RI $UWLILFLDO ,QWHOOLJHQFHµ� $UWLILFLDO /LIH �

$Q 2YHUYLHZ� HG� /DQJWRQ� &�� 0,7 3UHVV� SS�������� ����

>6X6X��@ 6XJLKDUD� .� 	 6X]XNL� ,�� ´'LVWULEXWHG 0RWLRQ &RRUGLQDWLRQ RI 0XOWLSOH 0RELOH

5RERWµ� ,((( ,QWHUQDWLRQDO 6\PSRVLXP RQ ,QWHOOLJHQW &RQWURO� 3KLODGHOSKLD� 3$�

SS� �������� 6HSWHPEHU �����

>8QV��@ hQVDO� &�� ´6HOI�RUJDQL]DWLRQ LQ /DUJH 3RSXODWLRQV RI 0RELOH 5RERWVµ� 0�6�

7KHVLV �9LUJLQLD 3RO\WHFKQLF ,QVWLWXWH DQG 6WDWH 8QLYHUVLW\� ����� GRZQORDGHG

IURP LQWHUQHW VLWH�

>:DQ��@ ´2Q 6LJQ�ERDUG %DVHG ,QWHU�5RERW &RPPXQLFDWLRQ LQ 'LVWULEXWHG 5RERWLF

6\VWHPVµ� ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ 5RERWLFV DQG $XWRPDWLRQ� 9RO���

SS����������� �����

>;L9H��@ ;LD� )�� 9HODVWLQ� 6�$�� 'DYLHV� $�&�� $ 3DUDOOHO 6LPXODWLRQ RI 0XOWLSOH 0RELOH

5RERWV 8VLQJ WKH '25,6 'HVLJQ 0HWKRG� ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ

5RERWLFV DQG $XWRPDWLRQ 9RO� �� SS����������� �����
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