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7KH *HQHUDO 7KHRU\ RI 8QLI\LQJ '\QDPLF 2UJDQL]DWLRQDO 6HOI�UHJXODWLRQ
�E\ &KDUOHV:� -RQHV� 'HFLVLRQ V\VWHPV� LQF��

7KLV SDSHU LQFOXGHV D UHVWDWHPHQW RI WKH WKHRU\ DQG FRQFHSW FRQWDLQHG LQ �7KH �[� &RQFHSW� 7KH *HQHUDO 7KHRU\
RI 8QLI\LQJ '\QDPLF 2UJDQL]DWLRQDO6HOI�5HJXODWLRQ� RULJLQDOO\ SUHVHQWHG DW WKH ���� ,QWHUQDWLRQDO 6\VWHP 6DIHW\
6RFLHW\ DQQXDO FRQIHUHQFH E\ &KDUOHV -RQHV� RULJLQDWRU RI WKH FRQFHSW DQG WKHRU\� 7KH �[� *HQHUDO 7KHRU\
SURYLGHV WKH ORJLF IRXQGDWLRQ XSRQ ZKLFK WKH 5($621�PHWKRGRORJ\ DQG FRPSXWHU VRIWZDUH DUH EDVHG� 7KH �[�
7HFKQRORJ\ LV D UHVXOW RI RYHU WZHQW\ \HDUV RI UHVHDUFK� LQFOXGLQJ WHQ \HDUV RI DSSOLFDWLRQDO WHVWLQJ DQG YHULILFDWLRQ
LQ LQGXVWULDO DQG EXVLQHVV HQYLURQPHQWV� 7KLV SDSHU DOVR LQFOXGHV H[FHUSWV IURP D WHFKQLFDO H[SRVLWLRQ RQ
5($621� E\ 0LFKDHO &DUSHQWHU� D PHPEHU RI 'HFLVLRQ 6\VWHPV� ,QF�
V VXSSRUW WHDP�

� &RS\ULJKW'(&,6,21 V\VWHPV� LQF� ����� ���� $// 5,*+76 5(6(59('
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7KH PDMRU REVWDFOH WR VFLHQWLILF HIIRUWV WR XQGHUVWDQG DQG FRQWURO HYHQWV ZLWKLQ RUJDQL]DWLRQV KDV EHHQ WKH ODFN RI D
XQLI\LQJ WKHRU\� SKLORVRSK\ DQG PHWKRGRORJ\ WR IXVH KXPDQ EHKDYLRUDO IDFWRUV ZLWK SK\VLFDO DQG RUJDQL]DWLRQDO
IDFWRUV LQWR D FRPPRQ ODQJXDJH IRU VFLHQWLILF V\VWHP DQDO\VLV� 7KH �[� &RQFHSW EULQJV DERXW D JHQHUDO OHYHO
FRQYHUJHQFH RI WKH 

FODVVLFDO

� 

VFLHQWLILF

� 

EHKDYLRUDO

 DQG �PDQDJHPHQW V\VWHPV� VFKRROV RI RUJDQL]DWLRQ
PDQDJHPHQW WKHRU\ E\ IRFXVLQJ XSRQ WKH IXQGDPHQWDO SULQFLSOHV RI G\QDPLF RUJDQL]DWLRQDO VHOI�UHJXODWLRQ� 7KLV
FRQYHUJHQFH VXSSRUWV XQLYHUVDOLW\ DQG WUDQVIHUDELOLW\ RI WKH �;�2UJDQL]DWLRQDO3ULQFLSOHV� WKH QDWXUDO ODZV RI
SURFHVV DQG RUJDQL]DWLRQDO FRQWURO� 7KHVH ODZV RI SURFHVV JLYH XV D ZD\ WR ORRN DW RXU ZKROH RUJDQL]DWLRQ DV D
V\VWHP WKDW FDQ EH PHDVXUHG DQG DQDO\]HG IRU FRQWUROV� )URP WKLV SHUVSHFWLYH� KDUGZDUH IDLOXUH FDQ EH YLHZHG
ZLWKLQ WKH VDPH FRQWH[W DV KXPDQ IDLOXUH� ,Q IDFW� WKHVH HYHQWV DUH SURGXFWV RI VXEV\VWHPV IXQFWLRQLQJZLWKLQ D
ODUJHU� PDQDJHDEOH ZKROH ZKLFK DGKHUHV WR IXQFWLRQ SULQFLSOHV H[LVWLQJ ZLWKLQ D VHOI�UHJXODWLQJ RUJDQL]DWLRQ�

$OWKRXJK VWDWLVWLFDO V\VWHP DSSURDFKHV KDYH EHHQ GHYHORSHG WR GHWHFW WKH RFFXUUHQFH DQG LQFLGHQFH RI FRXQWHU�
TXDOLW\ HYHQWV UHOLDEO\ ZLWKLQ WKH RUJDQL]DWLRQ� XQWLO WKH DGYHQW RI WKH �[� &RQFHSW� WKH SUREOHP�VROYLQJ WDVN RI
SUHYHQWLQJ DQG FRQWUROOLQJ FRXQWHU�TXDOLW\ HYHQWV KDV UHOLHG H[FOXVLYHO\ XSRQ LQWXLWLYH� H[SHULHQWLDO� DQG VXEMHFWLYH
PHWKRGRORJLHV� 7KH QHZ GDWD IRUPDW� DQDO\VLV SURFHVV� DQG DSSOLFDWLRQ RSSRUWXQLWLHV SURYLGHG E\ WKH �[� &RQFHSW
SURPLVH H[SDQGHG VFLHQWLILF GHVLJQ DQG FRQWURO FDSDELOLW\ WR V\VWHPV DQG PDQDJHPHQW SURIHVVLRQDOV� 6\VWHP
GLVFLSOLQHV KDYH WKH WUDLQHG SHUVRQQHO� WKH IDFLOLWLHV� PHWKRGV� OLQHV RI FRPPXQLFDWLRQ� DQG WKH VSHFLDO VNLOOV WR
YLHZ DQG DQDO\]H HYHQWV LQ PDQ\PHDQLQJIXO ZD\V� ,QGHHG� WKH\ KDYH WKH PDQGDWH IURP H[HFXWLYH PDQDJHPHQW WR
EHFRPH HYHQW VSHFLDOLVWV� WR SUHGLFW DQG WR SUHYHQW� 7KH SUREOHP WR GDWH� KRZHYHU� KDV EHHQ WKH LQDELOLW\ RI V\VWHP
SURIHVVLRQDOV WR SURYLGH DQG FRQVROLGDWH HYHQW GDWD LQWRPHDQLQJIXOPHVVDJHV IRU WRS PDQDJHPHQW
V GHFLVLRQV�

6&,(17,),& 352&(66

,Q ����� (DUO /XQGJUHQ ZURWH LQ KLV WH[W� �2UJDQL]DWLRQDO0DQDJHPHQW 6\VWHPV DQG 3URFHVV��

� 7KH V\VWHPV DSSURDFK LV D YLWDO VWHS WRZDUG GHYHORSPHQW RI D JUDQG PDQDJHPHQW WKHRU\ ZKLFK ZRXOG
SHUPLW WRWDO JHQHUDOL]DWLRQ� FRPSOHWH H[SODQDWLRQ IRU RUJDQL]DWLRQDO SKHQRPHQD�

,I RQH FRXOG SLQ GRZQ WKH H[DFW QDWXUH RI WKH SURFHVV� DV ZHOO DV LGHQWLI\ WKH DSSURSULDWH RUJDQL]DWLRQDO
VXEV\VWHPV� JLYHQ FHUWDLQ FRPPRQ JRDOV IRU DOO RUJDQL]DWLRQV� RQH FRXOG PDNH EURDG JHQHUDOL]DWLRQV QRW RQO\
DERXW ZKDW KDSSHQV LQ RUJDQL]DWLRQV� EXW DERXW KRZ DQG ZK\� �

&OHDUO\� KH VWDWHG WKH ELJJHVW 

LI

 WKH PDQDJHPHQW V\VWHP SURIHVVLRQDO KDV HYHU IDFHG�

7KH NH\ WR DFKLHYLQJ WKLV SUHGLFWHG FDSDELOLW\ WR SLQ GRZQ WKH H[DFW QDWXUH RI WKH SURFHVV OLHV LQ RXU DELOLW\ WR
XQGHUVWDQG SURFHVVHV LQ WHUPV RI ZKDW SURGXFHV WKHP� *HRUJH +RPDQV� LQ KLV ZRUN� 

6HQWLPHQWV DQG $FWLYLWLHV�
(VVD\V LQ 6RFLDO 6FLHQFH

� LGHQWLILHG WKH ILUVW WKUHH VWHSV WRZDUG FRQWURO RI HYHQWV WKURXJK VFLHQWLILF SURFHVV�

�� (VWDEOLVK D PHDQV WR REVHUYH HYHQWV
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�� 5HFRJQL]H DQG LGHQWLI\ IDFWRU SDWWHUQV
�� 'HYLVH D PHDQV WR VWDWH WKH UHFXUULQJ FDXVDO UHODWLRQV RI WKRVH IDFWRU SDWWHUQV IRU VWXG\ DQG DSSOLFDWLRQ

7KH �[� &RQFHSW SURYLGHV DOO SURIHVVLRQV HQJDJHG LQ WKH VWXG\ DQG PDQDJHPHQW RI RUJDQL]DWLRQDO SKHQRPHQD ZLWK
QHZ� VWDQGDUGL]HG ZD\V WR SHUFHLYH� UHFRUG� FRPPXQLFDWH DQG DQDO\]H WKH H[LVWHQFH RI FRXQWHU�TXDOLW\ DQG
XQDFFHSWDEOH HYHQWV� 7KH FRQFHSW ORRNV DW FRXQWHU�TXDOLW\ HYHQWV DQG FRQGLWLRQV DV SURGXFWV RI V\VWHPV ZLWKLQ WKH
WRWDO RUJDQL]DWLRQ� �� LGHQWLILHV WKH FDXVDO IDFWRUV� �� LGHQWLILHV WKH V\VWHPV IRUPHG E\ WKRVH IDFWRUV� �� LGHQWLILHV
WKH SULQFLSOHV WR ZKLFK WKRVH V\VWHPV DGKHUH� DQG �� LGHQWLILHV ZKDW SDUW RI WKH V\VWHPV DUH LQWHUQDOO\ FRQWUROODEOH
E\ WKH RUJDQL]DWLRQ� 7KHVH DUH WKH IRXU FDSDELOLWLHV QHFHVVDU\ WR FRQWURO RUJDQL]DWLRQDO SKHQRPHQRQ�

25*$1,=$7,21

:KHQ DQ RUJDQL]DWLRQ KDV WKH FDSDELOLW\ WR ERWK UHSDLU LWVHOI DQG FKDQJH LQ RUGHU WR VXUYLYH� ZH VD\ LW LV D G\QDPLF
RUJDQL]DWLRQ�:H RXUVHOYHV DUH H[DPSOHV RI KRZ FHOOV� WLVVXHV� RUJDQV� DQG RUJDQ V\VWHPV DUH WHDPHG LQ FRPPRQ
SXUSRVH� 6LPLODUO\� ZKHQ LQGLYLGXDOV FRPH WRJHWKHU WR VWULYH WRZDUG D PXWXDO JRDO� WKH\ IRUP D G\QDPLF
RUJDQL]DWLRQ�:KHQ GHDOLQJ DW D JHQHUDO OHYHO ZLWK WKH VXEMHFW RI G\QDPLF RUJDQL]DWLRQ� WKH SKUDVH �PXWXDO HIIRUW
WRZDUG PXWXDO JRDOV� VHUYHV XV ZHOO DV DQ RSHUDWLRQDO GHILQLWLRQ RI DQ �RUJDQL]DWLRQ�� 7KDW GHILQLWLRQ GLUHFWV XV WR
XQGHUVWDQG WKH V\VWHP SURFHVV ZLWKLQ WKH RUJDQL]DWLRQDO HQYLURQPHQW WKDW JHQHUDWHV DQG SHUPLWV LQGLYLGXDOV WR
IXQFWLRQ WRJHWKHU DV D ZKROH� DFKLHYLQJ FRPPRQ SXUSRVH� ,Q WKLV FRQWH[W� KXPDQ IDFWRUV FRPH WRJHWKHU LQ SURFHVV
ZLWK SK\VLFDO DQG RUJDQL]DWLRQDO IDFWRUV WR IRUP WKH RUJDQL]DWLRQDO HQYLURQPHQW� $OO LQWHUQDO HYHQWV DQG SURFHVVHV
DUH VSHFLILF SURGXFWV RI WKDW RUJDQL]DWLRQDO HQYLURQPHQW� ,Q VKRUW� XQGHVLUDEOH HYHQWV � WKH WDQJLEOH UHVXOWV RI
FRXQWHU�TXDOLW\ �HTXLSPHQW EUHDNGRZQV� SURGXFWLRQ LQWHUUXSWLRQV� GDPDJHG SDUWV� SHUVRQDO LQMXULHV� PLVVHG
VFKHGXOHV� HWF�� DUH DOO VSHFLILF SURGXFWV RI RXU RUJDQL]DWLRQDO V\VWHPV� 3UHYHQWLRQ EHFRPHV D PDWWHU RI SHUFHLYLQJ
DQG XQGHUVWDQGLQJ RUJDQL]DWLRQDO SKHQRPHQD� MXVW DV /XQGJUHQ SUHGLFWHG�

7KH �[� &RQFHSW LV DQ RSHUDWLRQDO H[SODQDWLRQ RI WKH G\QDPLFV RI RUJDQL]DWLRQDO SKHQRPHQD� EDVHG RQ WKH
SUHPLVH WKDW SULQFLSOHV JRYHUQLQJ RUJDQL]DWLRQDO FRQWURO DUH QDWXUDOO\ RUGHUHG LQWR IRXU FOHDU OHYHOV� DV DUH WKH
SULQFLSOHV LQYROYHG LQ LPSOHPHQWLQJ VXFK FRQWURO� 7KH LQWHUDFWLRQ EHWZHHQ WKH IRXU �[� *RYHUQLQJ 3ULQFLSOHV
�DVVRFLDWHG ZLWK PDQDJHPHQW DFWLRQV� DQG WKH IRXU �[� ,PSOHPHQWLQJ 3ULQFLSOHV �DVVRFLDWHG ZLWK VXSHUYLVRU
DFWLRQV� IRUPV D G\QDPLF FRQWURO V\VWHP� ([FHSWLRQV WR WKLV FRQFLVH FRQWURO V\VWHP DUH GHDOW ZLWK E\ D UHSDLU
V\VWHP RI IRXU �[� (QDEOLQJ 3ULQFLSOHV �DVVRFLDWHG ZLWK DFWLRQV WDNHQ E\ WKH RUJDQL]DWLRQ WR GHDO ZLWK LQGLYLGXDO
H[FHSWLRQ� WKDW HLWKHU SURPRWH WKH UHHVWDEOLVKPHQW RI WKH SULPDU\ FRQWURO V\VWHP IRUPHG E\ WKH EDVLF *RYHUQLQJ
DQG ,PSOHPHQWLQJ 3ULQFLSOHV� RU SURGXFH WKH VPDOOHVW LQFUHPHQWDO FKDQJH WR UHHVWDEOLVK VWDELOLW\ DQG FRQWURO�

8QLI\LQJ '\QDPLF 2UJDQL]DWLRQDO 6HOI�5HJXODWLRQ
7KH �[� &RQFHSW LV H[SUHVVHG E\ WKUHH WKHRUHPV�
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(YHQWV ZLWKLQ G\QDPLF RUJDQL]DWLRQV FDQ EH H[SUHVVHG LQ WHUPV RI IXQFWLRQLQJ SULQFLSOHV� DQG WKRVH
SULQFLSOHV FDQ EH H[SUHVVHG LQ WHUPV RI DFWLRQV� WKHUHIRUH� WKH LGHQWLILFDWLRQ RI DQ HYHQW ZLWKLQ D G\QDPLF
RUJDQL]DWLRQ FDQ LGHQWLI\ WKH DFWLRQV SURGXFLQJ WKDW HYHQW�

7KH ILUVW WKHRUHP GHVFULEHV WKH HYHQW DV D SURGXFW RI DQ RUJDQL]DWLRQDO V\VWHP WKDW DGKHUHV WR SURFHVV SULQFLSOHV�
7KH DQDO\VLV IRFXV LV XSRQ WKH SURFHVV WKDW SURGXFHG WKH HYHQW� UDWKHU WKDQ ZKDW WKH HYHQW SURGXFHG� ,W LV WKLV
FRQFHSWXDO LQVLJKW WKDW VXJJHVWHG WR PH D IRUPDW E\ ZKLFK ZH FRXOG LGHQWLI\� UHFRUG� PRGHO DQG DQDO\]H HYHQWV LQ
WHUPV RI FDXVDO IDFWRU SDWWHUQV� ,W KDV JXLGHG DQG VKDSHG WKH GHYHORSPHQW RI �[� PHWKRGRORJ\ LQ WHUPV RI
IXQGDPHQWDO SURFHVV SULQFLSOHV�

7+(25(0 7:2

$OO G\QDPLF RUJDQL]DWLRQV VKDUH VXUYLYDO REMHFWLYH� DQG WKDW VKDUHG REMHFWLYH LV DFKLHYHG E\ DOO G\QDPLF
RUJDQL]DWLRQV WKURXJK FRPPRQ V\VWHPV FDSDELOLWLHV� WKHUHIRUH� DOO G\QDPLF RUJDQL]DWLRQV DGKHUH WR
JHQHUDO SULQFLSOHV IRU VXUYLYDO�

7KLV WKHRUHP GHWDLOV D XQLI\LQJ RUGHU IRU DOO G\QDPLF RUJDQL]DWLRQV� &HOOV� WLVVXHV� RUJDQV� RUJDQ V\VWHPV�
RUJDQLVPV� DQG WKH RUJDQL]DWLRQV RI PDQ DOO VHUYH DV V\VWHP PRGHOV WR GHPRQVWUDWH WKH XQLYHUVDOLW\ DQG
WUDQVIHUDELOLW\ RI WKH �[� *HQHUDO 3ULQFLSOHV WR PLQLPL]H HQWURS\�

7+(25(0 7+5((
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$OO G\QDPLF RUJDQL]DWLRQV DGKHUH WR JHQHUDO SULQFLSOHV IRU VXUYLYDO� DQG WKRVH SULQFLSOHV FDQ EH VDWLVILHG
LQ KXPDQ DFWLRQV� WKHUHIRUH� WKH DSSOLFDWLRQ RI VXFK SULQFLSOHV LQ KXPDQ DFWLRQV ZLWKLQ D G\QDPLF
RUJDQL]DWLRQ GLUHFWO\ SURGXFHV WKH KXPDQ EHKDYLRU SDWWHUQV EHVW VXLWHG IRU WKH VXUYLYDO RI WKDW
RUJDQL]DWLRQ�

7KH SRZHU RI WKLV WKHRUHP UHVWV LQ LWV SUHGLFWLRQ WKDW PDQ
V NQRZOHGJH DQG DSSOLFDWLRQ RI �[� ZLOO SURGXFH WKH
KXPDQ UHVSRQVH EHKDYLRU WKURXJKRXW WKH ZKROH RUJDQL]DWLRQ WKDW IRVWHUV RUJDQL]DWLRQDO KHDOWK� 5HPHPEHU� WKHVH
RUJDQL]DWLRQV DUH WKH RQHV XSRQ ZKLFK HDFK RI XV GHSHQGV IRU VXUYLYDO� 7KH\ DUH RI RXU PDNLQJ� DQG RXU FKRRVLQJ�
:KHQ ZH DSSO\ WKLV SUHGLFWLRQ WR RXU FRPSDQLHV� RXU FLWLHV� RXU VWDWHV DQG FRXQWU\� LW EHFRPHV D FKDOOHQJH DQG D
SURPLVH WR WKH GHVLJQHUV�PDQDJHUV DQG OHDGHUV RI RXU VRFLHW\�

7KH WKUHH �[� 7KHRUHPV IRUP WKH FRUH RI WKH WKHRUHWLFDO IRXQGDWLRQ WKDW VXSSRUWV 5($621�� RQH RI WKH
FRPSXWHUL]HG DSSOLFDWLRQV RI WKH �[� &RQFHSW� 7KLV GHWDLOHG H[DPLQDWLRQ RI WKH �[� &RQFHSW H[SODLQV WKH
7KHRUHPV� DQG GHVFULEHV ERWK WKH H[WUDSRODWHG V\VWHPV SULQFLSOHV DQG WKH UHVXOWLQJ PHWKRGRORJ\ IRU LQTXLU\�
PRGHOLQJ� TXDQWLILFDWLRQ� DQG DQDO\VLV� 7KH LQWHQW LV WR SURYLGH D JHQHUDO OHYHO XQGHUVWDQGLQJ RI WKH 7KHRUHPV� WKHLU
VXFFHVVIXO DSSOLFDWLRQ WR DFKLHYH RUJDQL]DWLRQDO FRQWURO� DQG WKH VWHS WRZDUG SHUIHFW GDWD WKDW WKH �[� &RQFHSW
RIIHUV WKH RUJDQL]DWLRQDO V\VWHPV VFLHQWLVW� DQDO\VW� DQG PDQDJHU�

�[� 3ULQFLSOHV � 7KH /DZV RI 2UJDQL]DWLRQDO 6HOI�UHJXODWLRQ
7KH �[� 3ULQFLSOHV DUH QRW JXLGHOLQHV IRU PDQDJHPHQW VW\OHV RU WHFKQLTXHV� WKH\ DUH QRW D PHQX RI SURFHGXUHV IRU
WDVN DFFRPSOLVKPHQW� WKH\ DUH QRW D OLVW RI WLSV IRXQG KHOSIXO LQ PDQDJLQJ FHUWDLQ W\SHV RI EXVLQHVVHV� WKH\ DUH QRW
WDVN� GLVFLSOLQH RU VNLOOV UHODWHG� 7KH �[� 3ULQFLSOHV DUH WKH IXQGDPHQWDO V\VWHP SURFHVV WKDW DOO G\QDPLF
RUJDQL]DWLRQVPXVW DFFRPSOLVK IRU VXUYLYDO DV DQ HQWLW\� 3URSHUO\ DSSOLHG� WKH\ HVWDEOLVK RUJDQL]DWLRQDO FRQWURO�
7KH\ DUH /DZV RI 2UJDQL]DWLRQDO6HOI�UHJXODWLRQ�

7KH WHUP �SULQFLSOHV� LQ �[� LV DQ H[SUHVVLRQ RI WKH QDWXUH RI SURFHVV� 3ULQFLSOHV FDQ EH GHPRQVWUDWHG DQG FDQ
H[SDQG RXU DELOLW\ WR XQGHUVWDQG� VKDSH DQG FRQWURO WKH HQYLURQPHQW LQ ZKLFK WKH\ IXQFWLRQ� 8QGHUVWDQGLQJ RI WKH
SULQFLSOHV SURYLGHV XV ZLWK FRPSUHKHQVLRQ RI WKH IXQFWLRQLQJ V\VWHP DQG LWV SUHGLFWDEOH SURGXFW� )RU H[DPSOH� DV
FKLOGUHQ ZH ZHUH DEOH WR DSSO\ WKH SULQFLSOHV RI EDODQFH DQG OHYHUDJH EHIRUH ZH NQHZ WKHP DV IRUPDO VWDWHPHQWV�
:H GLVFRYHUHG WKDW FKXEE\ OLWWOH -RKQQ\ KDG WR PRYH FORVHU WR WKH IXOFUXP RI WKH VHHVDZ EHIRUH KH FRXOG EDODQFH
RQ WKH ERDUG ZLWK WKH QHZ OLWWOH JLUO LQ WKH QHLJKERUKRRG� ,W ZDV QRW ORQJ EHIRUH ZH ZHUH XVLQJ WKDW NQRZOHGJH WR
PRYH KHDY\ REMHFWV ZLWK OHYHUDJH� :H XQGHUVWRRG WKH SULQFLSOH� ZKDW PDGH WKH V\VWHP ZRUN� DQG KRZ LW WUDQVODWHG
LQWR DFWLRQV�:H OHDUQHG WKDW LI ZH SURSHUO\ DSSOLHG WKH SULQFLSOH� ZH DOZD\V JRW WKH UHVXOW ZH ZDQWHG� LI QRW� ZH
DOZD\V JRW V\VWHP IDLOXUH� (DFK UHVXOW� ERWK VXFFHVV DQG IDLOXUH� LV UHOLDEO\ SUHGLFWDEOH ZKHQ GHDOLQJ ZLWK SULQFLSOHV
DW WKH IXQFWLRQDO OHYHO�

7KHRUHP 2QH VD\V WKDW HYHQWV ZLWKLQ G\QDPLF RUJDQL]DWLRQV DUH SURGXFWV RI V\VWHPV� DQG WKDW WKHVH V\VWHPV DGKHUH
WR SULQFLSOHV WKDW DUH XQLYHUVDO LQ QDWXUH DQG IXQFWLRQ ZLWKLQ DOO G\QDPLF RUJDQL]DWLRQV� ,W IROORZV WKHQ� VLQFH WKH
RUJDQL]DWLRQV RI PDQ DUH G\QDPLF RUJDQL]DWLRQV� WKDW LI ZH NQRZ WKHVH SULQFLSOHV� DQG FDQ SURSHUO\ VDWLVI\ WKHLU
DSSOLFDWLRQ�ZH FDQ DFWXDOO\ GHVLJQ WKH G\QDPLF V\VWHPV ZLWKLQ RXU RUJDQL]DWLRQV WR FRQWURO DQG SUHYHQW
XQDFFHSWDEOH HYHQWV� &RQYHUVHO\� ZKHQ ZH GR QRW SURSHUO\ DSSO\ WKHVH SULQFLSOHV� WKH RSSRVLWH HIIHFW LV DFKLHYHG�
ODFN RI FRQWURO DQG ODFN RI HIILFLHQF\� 6\VWHPV VKDSHG E\ LPSURSHU RU LQDGHTXDWH VDWLVIDFWLRQ RI WKH �[�
2UJDQL]DWLRQDO3ULQFLSOHV SURGXFH FRXQWHU�TXDOLW\ DQG XQDFFHSWDEOH HYHQWV�

&$86$/,7<

7KH SKUDVH �FDXVH DQG HIIHFW

� IRU RXU SXUSRVHV KHUH� KDV OLWWOH PHDQLQJ XQWLO ZH FDQ JDLQ YLVLELOLW\ RI WKH V\VWHP
SURFHVV LQ ZKLFK FDXVH DQG HIIHFW DUH RQO\ WZR RI IRXU HVVHQWLDO IDFWRUV� 7KDW YLVLELOLW\ LQFOXGHV ��� WKH
LGHQWLILFDWLRQ RI JHQHUDWLQJ �DFWLYH� DQG SHUPLWWLQJ �SDVVLYH� FDXVDO LQIOXHQFHV LQ WKH V\VWHP� ��� WKH LQWHUDFWLRQ RI
IXQFWLRQLQJ V\VWHP SULQFLSOHV� ��� WKH RUJDQL]DWLRQDO OHYHOV DW ZKLFK WKH SURFHVVHV RFFXU� DQG ��� WKH VSHFLILF HIIHFW
RI WKH V\VWHP SURFHVV LQ WKH SDUWLFXODU RUJDQL]DWLRQDO HQYLURQPHQW� 7KLV LV WR VD\ WKDW FDXVDOLW\ LV D IXQFWLRQ RI
SURFHVV ZLWKLQ WKH RUJDQL]DWLRQ�

7KH SHUFHSWLRQ WKDW FDXVDOLW\ LV D IXQFWLRQ RI SURFHVV KHOSV XV GHDO ZLWK 'DYLG +XPH� ZKR FDXWLRQHG XV QRW WR VD\
WKDW ZH FDQ LGHQWLI\ FDXVDOLW\� EHFDXVH WKHUH PD\ EH VRPH XQGHWHFWDEOH IDFWRU LQ WKH SURFHVV WKDW DFFRXQWV IRU WKH
FDXVDO LQSXW WR WKH V\VWHP� �[� DQVZHUV WKLV FDXWLRQ E\ DVVHUWLQJ WKDW WKH SURFHVV RI RUJDQL]DWLRQDO FDXVDOLW\ LV
SUHPLVHG XSRQ WKH XQLYHUVDO SULQFLSOHV IXQFWLRQLQJZLWKLQ DOO G\QDPLF RUJDQL]DWLRQV� DQG WKDW +XPH
V XQGHWHFWHG
IDFWRUV PXVW EH HLWKHU IXQFWLRQDOO\ XQLYHUVDO �DQG WKHUHIRUH FRQVWDQWV�� RU VXEMHFW WR GHWHFWLRQ LQ RUJDQL]DWLRQDO
FRQWH[W WKURXJK DQDO\VLV RI WKH IXQFWLRQ RI WKH �[� 3ULQFLSOHV�
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,Q WKH ODERUDWRU\ HQYLURQPHQW� HDFK WLPH ZH UHSHDW D VFLHQWLILFDOO\ FRQWUROOHG SURFHVV SURFHGXUH� DQG SURGXFH WKH
SUHGLFWHG UHVXOW� WKH UHVXOW LWVHOI SURYLGHV XV ZLWK D YHULILFDWLRQ WKDW WKH SURFHGXUH KDV EHHQ SURSHUO\ H[HFXWHG�
:KHQ ZH GR WKLV� WKH SURFHGXUH LWVHOI KDV SURYLGHG XV ZLWK D W\SH RI GHILQLWLRQ IRU ZKDW SURGXFHV WKDW UHVXOW� 1RZ�
LI ZH FDQ DOO DJUHH DQG GHPRQVWUDWH WKDW WKLV SURFHGXUH LQ WKLV JLYHQ HQYLURQPHQW ZLOO UHOLDEO\ SURGXFH D
SUHGLFWDEOH UHVXOW� LW FDQ WKHQ EH VDLG WKDW WKH V\VWHP IRUPHG E\ WKH SURFHGXUH� DV LW IXQFWLRQV ZLWKLQ WKH
HQYLURQPHQW� IXQFWLRQDOO\ FDXVHV WKH UHVXOW� )XUWKHU� ZH FDQ VD\ WKDW HDFK IDFWRU QHFHVVDU\ WR WKH LQWHUDFWLRQ ZLWKLQ
WKH V\VWHP LV IXQFWLRQDOO\ FDXVDO� EHFDXVH LWV FRQWULEXWLRQ WR WKH IXQFWLRQ RI WKH V\VWHP LV HVVHQWLDO WR WKH UHVXOW� ,Q
WKLV FRQWH[W� WKHUH DUH QR PDMRU RU PLQRU FDXVHV� HDFK LV HVVHQWLDO WR WKH IXQFWLRQ RI WKH V\VWHP� (DFK PXVW EH
DFFRXQWHG IRU LQ WKH V\VWHP PRGHO DQG TXDQWLILFDWLRQ� ,W LV WKLV ORJLF FRQVWUXFW XSRQ ZKLFK 7KH �[� &RQFHSW LV
VXSSRUWHG� DQG ZKLFK SURYLGHV D UHOLDEOH PHWKRG IRU TXDQWLI\LQJ� DQG WHVWLQJ WKH QHFHVVLW\ DQG VXIILFLHQF\ RI HDFK
VWHS LQ WKH SURFHVV� DV�ZHOO�DV HDFK IDFWRU LQ WKH SURFHGXUDO VWHS�

5HWXUQLQJ WR /XQGJUHQ
V VWDWHPHQW RI QHHG IRU �FHUWDLQ FRPPRQ JRDOV IRU DOO RUJDQL]DWLRQV�� WKH �[� 7KHRU\
DVVHUWV WKDW VXUYLYDO LV WKH FRPPRQ JRDO VKDUHG E\ DOO G\QDPLF RUJDQL]DWLRQV� DQG VXUYLYDO V\VWHPV SUHVHQW WKH
DYHQXH IRU XQGHUVWDQGLQJ RUJDQL]DWLRQDO SULQFLSOHV DW D JHQHUDO OHYHO � LQGHHG� WKH XQGHUVWDQGLQJ RI RUJDQL]DWLRQDO
SKHQRPHQD DW D JHQHUDO OHYHO�

7KH �[� 3URFHVV
7KH �[� &RQFHSW LV PDWKHPDWLFDOO\ZHOO GHILQHG DQG VLPSOH� DOWKRXJK SHUKDSV QRW LPPHGLDWHO\ HYLGHQW� 7KH
SURFHVV FDQ EH GHVFULEHG DV WKUHH IXQFWLRQDO VWHSV�

ERXQGLQJ WKH V\VWHP
TXDQWLI\LQJ WKH V\VWHP
PDQLSXODWLQJ WKH TXDQWLILFDWLRQ

$ �[� HYHQW PRGHO IRUPXODWHG XVLQJ WKH �[� &RQFHSW GHVFULEHV D ERXQG SK\VLFDO V\VWHP�7KLV V\VWHP H[KLELWV
IXQGDPHQWDO� TXDQWLILDEOH SURSHUWLHVZKLFK FDQ EH PDQLSXODWHG� 7KHVH PDQLSXODWLRQV SURGXFH GHFLVLRQ PDNLQJ
GDWD� GHULYHG GLUHFWO\ IURP WKH PRGHO LQ DQ LPPHGLDWHO\ XVDEOH IRUP�

,QYHVWLJDWLQJ � %RXQGLQJ

:KDW ,V %HLQJ %RXQG"

7R �ERXQG� D �[� SURFHVV PRGHO LV WR HVWDEOLVK D V\VWHP ERXQGDU\ DURXQG WKH UHOHYDQW RUJDQL]DWLRQDO SKHQRPHQD�
:LWKLQ HYHU\ RUJDQL]DWLRQ� IDFWRUV H[LVW WKDW FRPELQH DFFRUGLQJ WR VSHFLILF SULQFLSOHV� WKH �;�2UJDQL]DWLRQDO
3ULQFLSOHV� WR SURGXFH HYHQWV� 7KH UHVXOW RI PRGHOLQJ DQ HYHQW XVLQJ WKH �[� /RJLF 5XOHV IRU ,QYHVWLJDWLRQ LV D ZHOO
GHILQHG DQG FRPSOHWHO\ ERXQG HYHQW PRGHO PDGH XS RI RUJDQL]DWLRQDO IDFWRUV� 7KH LQYHVWLJDWLRQ SURFHVV DQG WKH
ERXQGLQJ SURFHVV DUH RQH DQG WKH VDPH� D VLQJOH SURFHVV� FRPSOHWHO\ GHILQHG E\ WKH �[� /RJLF 5XOHV IRU
,QYHVWLJDWLRQ ZKLFK HVWDEOLVK WKH WRS� ERWWRP� DQG ZLGWK RI WKH �[� HYHQW PRGHO� 7KH VLJQLILFDQFH LV RI FRXUVH WKDW
RQFH D ERXQGDU\ FDQ EH DVFULEHG WR D GLVFUHWH SDUW RI WKH SURFHVV� TXDQWLILFDWLRQ EHFRPHV SRVVLEOH�

1DWXUH RI WKH (YHQW0RGHO

����VRPH NLQG RI ORJLFDO VWUXFWXUH� RU PRGHO� LV LPSOLFLW LQ HYHU\���DQDO\VLV RI D���V\VWHP�� ��� /LNHZLVH� WKH ORJLFDO
VWUXFWXUH UHSUHVHQWHG E\ D �[� HYHQW PRGHO LV LPSOLFLW LQ HYHU\ SK\VLFDO V\VWHP WKDW SURGXFHV DQ HYHQW ZLWKLQ DQ
RUJDQL]DWLRQDO HQYLURQPHQW� $ �[� HYHQW PRGHO UHSUHVHQWV D ERXQG SK\VLFDO V\VWHP WKDW LV IXOO\ IXQFWLRQDO�
PDWKHPDWLFDOO\ GHWHUPLQHG� DQG ORJLFDOO\ YDOLG� $ SURSHUO\ FRQVWUXFWHG �[� HYHQW PRGHO� LQ WKH VHQVH WKDW WKH GDWD
DUH FRUUHFW� DQG WKH �[� 5XOHV IRU ,QYHVWLJDWLRQ ZHUH WKXV REH\HG LQ IRUPXODWLQJ WKH PRGHO� LV D GHWHUPLQLVWLF
RUJDQL]DWLRQDO UHSUHVHQWDWLRQ RI WKH V\VWHP ZKLFK SURGXFHG WKH VSHFLILF HYHQW RXWFRPH� ����HDFK GHFLVLRQ LQ D
GHWHUPLQLVWLF SUREOHP LV NQRZQ WR OHDG LQYDULDEO\ WR D VSHFLILF RXWFRPH XQGHU FRQGLWLRQV RI FHUWDLQW\� ���� ���� 7KH
FRQGLWLRQV IRU FHUWDLQW\ DUH VDWLVILHG ZLWKLQ WKH OLPLWV RI WKH GDWD EHFDXVH WKH HYHQW PRGHO GHDOV RQO\ ZLWK UHDOLW\ �
WKH HYHQW GLG RFFXU� DQG WKH V\VWHP ZKLFK FDXVHG LW GLG H[LVW�

7KH ERXQGLQJ SURFHVV LGHQWLILHV RUJDQL]DWLRQDO FRQWURO SRLQWV� 3UHYHQWLRQ RI WKH HYHQW V\VWHP PD\ EH DWWDLQHG E\
GLVDEOLQJ WKH V\VWHP DW DQ\ RUJDQL]DWLRQDO FRQWURO SRLQW� 7KH PHWKRGRORJ\ LGHQWLILHV DQ LQWHUQDOO\ FRQWUROODEOH
SRLQW� DQG LQ WKH �[� HYHQW PRGHO PDUNV LW ZLWK D FRUUHFWLYH RSSRUWXQLW\ WHUPLQDWRU FRGH� 7KH H[HUFLVH RI
RUJDQL]DWLRQDO FRQWURO DW DQ LGHQWLILHG GHFLVLRQ SRLQW ZRXOG� EHFDXVH WKH V\VWHP UHSUHVHQWHG E\ WKH HYHQW PRGHO LV
GHWHUPLQLVWLF� FKDQJH WKH �VSHFLILF RXWFRPH��
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7KH HYHQW V\VWHP FDQ EH SUHYHQWHG IURP UHFXUULQJ E\ GLVDEOLQJ WKH VXE�V\VWHPV ZKLFK SURGXFHG LW� EXW WKLV LV RQO\
RQH DVSHFW RI WKH SUHYHQWLRQ RSSRUWXQLWLHVPDGH DYDLODEOH WR WKH RUJDQL]DWLRQ E\ WKH LGHQWLILFDWLRQ RI HYHQW FRQWURO
SRLQWV� 2I JUHDWHU LPSRUWDQFH LV WKH GLVDEOLQJ HIIHFW WKDW WKH FRUUHFWLRQ RI LGHQWLILHG FRQWURO SRLQWV KDV RQ RWKHU
SRWHQWLDO HYHQW V\VWHPV� %\ LPSOHPHQWLQJ WKH FRUUHFWLYH RSWLRQV PDGH DYDLODEOH WR WKH RUJDQL]DWLRQ WKURXJK WKH
LGHQWLILFDWLRQ RI FRQWURO SRLQWV� WKH RUJDQL]DWLRQ HIIHFWLYHO\ UHGXFHV WKH QXPEHU RI FDXVDO IDFWRUV H[LVWLQJ ZLWKLQ
WKH RUJDQL]DWLRQDO HQYLURQPHQW WKDW FDQ LQWHUDFW WR SURGXFH RWKHU XQZDQWHG HYHQWV DQG FRXQWHU�TXDOLW\� 5RRW
&DXVHV DUH FRQWURO SRLQWV DW WKH ERWWRP RI WKH �[� HYHQW PRGHO WKDW FDQ EH LGHQWLILHG ZLWK LPSURSHU RU LQDGHTXDWH
DSSOLFDWLRQ RI WKH �[� 3ULQFLSOHV�

7KH /RJLFDO %DVHV RI WKH �[� 5XOHV IRU ,QYHVWLJDWLRQ
7KH �[� 5XOHV IRU ,QYHVWLJDWLRQ GHILQH WKH HYHQW SURFHVV� 7KH LQYHVWLJDWLRQ SURFHVV ILOWHUV RXW LUUHOHYDQW GDWD� 7+(
�[� /2*,& 58/(6 )25 ,19(67,*$7,21 $5( 127 �*8,'(/,1(6� � 7+(< 5(35(6(17 /2*,& 58/(6
)25 ',6&29(5,1*� '(),1,1*� $1' %281',1* $ 6<67(02) &$86$/ 5(/$7,216� ,I WKH UXOHV DUH
QRW IROORZHG H[DFWO\� WKH YDOLGLW\ DQG ORJLFDO WUXWK RI WKH TXDQWLILFDWLRQ DQG PDQLSXODWLRQZLOO EH LPSDLUHG�

7KH �[� UXOHV RSHUDWH DFFRUGLQJ WR ORJLF SULQFLSOHV� $PRQJ WKHVH DUH GHGXFWLYH DQG LQGXFWLYH UHDVRQLQJ� :KLOH
WKHVH SULQFLSOHV DUH FULWLFDO WR WKH LQYHVWLJDWLRQ SURFHVV� WKHLU DSSOLFDWLRQV DUH VR ZHOO NQRZQ DV WR EH LPSOLFLW LQ DQ\
SURFHVV RI LQTXLU\� 7KHUHIRUH� UDWKHU WKDQ H[DPLQH WKH DSSOLFDWLRQV RI GHGXFWLYH DQG LQGXFWLYH UHDVRQLQJ� WKLV
VHFWLRQ ZLOO IRFXV RQ WKH GHPRQVWUDWLRQ RI WKH �[� 5XOHV
 XQLTXH VWDWXV DV D PHWKRG IRU JHQHUDWLQJ FDXVDO
DQDORJLFDO DUJXPHQWV�,W LV WKLV TXDOLW\ WKDW VHWV �[� LQYHVWLJDWLRQ DQG DQDO\VLV DSDUW�

$QDORJLFDO $UJXPHQW

$QDORJLFDO DUJXPHQW LV D YLWDO SDUW RI WKH PRGHO JHQHUDWLRQ SURFHVV� ����DQ DQDORJLFDO DUJXPHQW LV RQH LQ ZKLFK WKH
WUXWK RI WKH SUHPLVHV LV QRW KHOG ORJLFDOO\ WR HQWDLO WKH WUXWK RI WKH FRQFOXVLRQ� EXW QHLWKHU LV WKH WUXWK RI WKH
FRQFOXVLRQ HVWDEOLVKHG E\ DQ\ LQYHVWLJDWLRQV RWKHU WKDQ WKRVH XVHG LQ HVWDEOLVKLQJ WKH WUXWK RI WKH SUHPLVHV�� ��� ���
7KH LQIRUPDWLRQ LQSXW WR D �[� HYHQW PRGHO� DV ZHOO DV WKH UHVXOWV RI WKH DQDO\VLV DUH RUJDQL]DWLRQ�VSHFLILF� EDVHG
XSRQ DQDORJLFDO GHVFULSWLRQ RI WKH FLUFXPVWDQFHV WKDW GLVWLQJXLVK WKH FDXVDO SURFHVV DV H[FHSWLRQV WR QRUPDO RU
SURSHU RSHUDWLRQV�

7KH VXEVWDQFH RI WKH DQDORJLFDO DUJXPHQW LV SURYLGHG E\ WZR DVSHFWV RI WKH �[� &RQFHSW� )LUVW� DSSOLFDWLRQ RI WKH
�[� 5XOHV UHVXOWV LQ LVRODWLQJ D VHJPHQW RI SURFHVV LQ WLPH� 7KLV VHJPHQW KDV D VWDUWLQJ SRLQW DQG HQGLQJ SRLQWV
HVWDEOLVKHG E\ WKH 5XOHV� 7KH DQDORJLFDO DUJXPHQW LV WKXV SURYLGHG D EHIRUH DQG DIWHU FRQYHQWLRQ� 6HFRQGO\� WKH
�[� 3ULQFLSOHV SURYLGH D ORJLF IRXQGDWLRQ WKDW LV SUHGLFDWHG XSRQ WKH IDFW WKDW WKH URRW FDXVHV RI XQZDQWHG HYHQWV
LQ RUJDQL]DWLRQV DUH HLWKHU WKH ODFN RU WKH LQDSSURSULDWH DSSOLFDWLRQ RI WKH �[� 3ULQFLSOHV� 7KXV� ZKHQ WKH 3ULQFLSOHV
KDYH QRW EHHQ VDWLVILHG� WKHUH LV SUHVHQFH RI FDXVDO HQHUJ\ ZLWKLQ WKH RUJDQL]DWLRQ� ,Q DSSOLFDWLRQ� WKH IDFWRUV LQ WKH
HYHQW PRGHO DUH D UHVXOW RI DSSO\LQJ WKH 5XOHV WR LGHQWLI\ WKH H[LVWHQFH FDXVDO FRQGLWLRQV� WKH RFFXUUHQFH RI FDXVDO
HYHQWV� DQG WKH FDXVDO LQIOXHQFH RI XQVDWLVILHG 3ULQFLSOHV�

7KH SUHFHGLQJ GHILQLWLRQ GHPRQVWUDWHV WKH PRVW LPSRUWDQW UROH RI WKH RUJDQL]DWLRQ LQ IRUPXODWLQJ DQ HYHQW PRGHO
XVLQJ WKH �[� 5XOHV� WR HVWDEOLVK WKH WUXWK RI WKH SUHPLVHV� �,I DQ LQFRUUHFW SUHPLVH LV DVVXPHG� QR DPRXQW RI
PDWKHPDWLFDO ULJRU RU HOHJDQFH FDQ VDYH WKH UHVXOWLQJ V\VWHP IURP WKH HUURU RI PLVMXGJPHQW�� ��� 7KH YDOLGLW\ RI
WKH UHVXOWV� WKHUHIRUH� GHSHQGV HQWLUHO\ RQ WKH RUJDQL]DWLRQ
V DELOLW\ WR SURYLGH JRRG GDWD DQG IROORZ WKH �[� 5XOHV
LQ IRUPXODWLQJ WKH PRGHO�

$V D ILQDO QRWH RQ DQDORJLFDO DUJXPHQWV� WKH IROORZLQJ VHFWLRQ RQ FDXVDO DUJXPHQWV GHPRQVWUDWHV D XQLTXH IHDWXUH
RI WKH �;� &RQFHSW WKDW DOORZV LW WR EH PRUH EURDGO\ DSSOLFDEOH WKDQ RWKHU NQRZOHGJH V\VWHPV� EHFDXVH �[� HYHQW
GDWD KDV EHHQ RUGHUHG DFFRUGLQJ WR WKH �[� /RJLF 5XOHV IRU ,QYHVWLJDWLRQ� WKH WUXWK RI WKH SUHPLVHVPD\ ORJLFDOO\ EH
KHOG WR HQWDLO WKH WUXWK RI WKH FRQFOXVLRQ� 7KLV UHILQHPHQW RI GHILQLWLRQ IRU WKH DQDORJLFDO DUJXPHQW JUHDWO\
HQKDQFHV LWV SUDFWLFDO DSSOLFDWLRQ� DQG UHPRYHV IRU WKLV VSHFLDO FDVH PXFK RI WKH DPELJXLW\ DVVRFLDWHG ZLWK WKH
VXEMHFW LQ UHODWHG ZULWLQJ� ���

&DXVDO $UJXPHQW DQG 6\QWDFWLF /RJLF

$ �[� HYHQW PRGHO KDV WKH IRUP RI D FDXVDOO\ FRQQHFWHG VHULHV RI FDXVDO DUJXPHQWV� DUUDQJHG IURP OHIW WR ULJKW� DV
WKH DUJXPHQW LW UHSUHVHQWV� )RU H[DPSOH� DVVXPH WKDW WKH HYHQW XQGHU DQDO\VLV LV�

�� $ IXHO JDV H[SORVLRQ RFFXUUHG�

7KH IDFWRUV GLUHFWO\ XQGHU WKH HYHQW LQ WKH PRGHO DUH�
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�� 2[\JHQZDV SUHVHQW�
�� )XHO JDV ZDV SUHVHQW�
�� 3DXO OLW D PDWFK�

:KHQ GHDOLQJ ZLWK WKH UHDOLW\ RI DQ H[SORVLRQ� WKH IRUP RI WKH ORJLFDOO\ FRUUHFW DQG GHGXFWLYHO\ YDOLG FDXVDO
DUJXPHQW LV�

,I R[\JHQ LV SUHVHQW $1' LI IXHO LV SUHVHQW $1' LI DQ LJQLWLRQ VRXUFH LV SUHVHQW� DQ H[SORVLRQ ZLOO RFFXU�

7KH SUHFHGLQJ FDXVDO DUJXPHQW FDQ EH FRQVLGHUHG LQFRPSOHWH� WKH GHJUHH WR ZKLFK R[\JHQ DQG IXHO JDV DUH SUHVHQW
LV FULWLFDO WR WKH YDOLGLW\ RI WKH DUJXPHQW� )XUWKHU� LI WKHVH HVVHQWLDO HOHPHQWV DUH SUHVHQW LQ FRUUHFW GHJUHH� EXW
QHDWO\ VHDOHG LQ WDQNV� WKH DUJXPHQW LV LQYDOLGDWHG� +RZHYHU� LW LV FHUWDLQO\ SRVVLEOH WR FRPSOHWH WKH FDXVDO
DUJXPHQW� 7KH HQYLURQPHQW FRXOG EH VSHFLILHG DV WKDW RI DQ RXWGRRU IRUNOLIW UHIXHOLQJ VWDWLRQ XQGHU HDUWK�QRUPDO
DWPRVSKHULF FRQGLWLRQV ZLWK IXHO SUHVHQW WR LQWHUDFW ZLWK WKH HQYLURQPHQW EHFDXVH RI D IXHO OLQH OHDN� 7KXV� WKH ILUVW
SUHPLVH RI WKH SUHFHGLQJ DUJXPHQW FRXOG EH UHZULWWHQ DV IROORZV�

,I WKH OHYHO RI R[\JHQ FRQWDLQHG LQ DQ HDUWK�QRUPDO DWPRVSKHULF HQYLURQPHQW LV SUHVHQW $1' LI VXIILFLHQW
IXHO LV SUHVHQW $1' LI DQ LJQLWLRQ VRXUFH LV LQWURGXFHG $1' LI WKH R[\JHQ� IXHO� DQG LJQLWLRQ VRXUFH DUH
IUHH WR LQWHUDFW� DQ H[SORVLRQ ZLOO RFFXU�

7KH IRUP RI WKH V\QWDFWLF ORJLF XVHG E\ 5($621 FDQ EH VLPXOWDQHRXVO\ GHPRQVWUDWHGZKLOH FRPSOHWLQJ WKH FDXVDO
DUJXPHQW�

�$6�

7KH OHYHO RI R[\JHQ FRQWDLQHG LQ DQ HDUWK�QRUPDO DWPRVSKHULF HQYLURQPHQW:$6 SUHVHQW $1' IUHH WR LQWHUDFW�

$1' �$6�

6XIILFLHQW IXHO JDV :$6 SUHVHQW $1' IUHH WR LQWHUDFW�

$1' �%(&$86(�

$Q LJQLWLRQ VRXUFH:$6 LQWURGXFHG $1' IUHH WR LQWHUDFW�

�7+(5()25(�

$ IXHO JDV H[SORVLRQ RFFXUUHG�

7KH VWUXFWXUH RI WKH �[� HYHQW PRGHO� KRZHYHU� VXEVXPHV DOO RI WKH SRLQWV QRWHG DERYH ZKLFK ZHUH QRW SDUW RI WKH
LQLWLDO FDXVDO DUJXPHQW� 7KH �[� HYHQW PRGHO GHDOV ZLWK UHDOLW\ � WKH IXHO JDV H[SORVLRQ GLG RFFXU� ,W LV QRW
RUJDQL]DWLRQDOO\QHFHVVDU\ WR VSHFLI\ WKH H[DFW PL[WXUH RI IXHO DQG R[\JHQ � LW LV DOUHDG\ DSSDUHQW WKDW WKH R[\JHQ
DQG IXHO JDV ZHUH IUHH WR LQWHUDFW� DQG WKDW WKH PL[WXUH ZDV VXIILFLHQW DQG QHFHVVDU\ WR SURGXFH WKH H[SORVLRQ ZKHQ
WKH LJQLWLRQ VRXUFH� ZKLFK ZDV IUHH WR LQWHUDFW ZLWK WKH PL[WXUH� ZDV LQWURGXFHG WR WKH V\VWHP�

6RPH ORJLF WH[WV DVVHUW� �/RJLF FDQQRW SURYLGH UXOHV IRU WKH GLVFRYHU\ RI FDXVDO UHODWLRQV�� ���

+RZHYHU� WKH �[� 5XOHV IRU ,QYHVWLJDWLRQ� ZKLFK SURYLGH WKH SURFHVV IRU IRUPXODWLQJ D �[� HYHQW PRGHO� UHSUHVHQW
DQ H[SOLFLW SURFHVV IRU GLVFRYHULQJ� GHILQLQJ� DQG ERXQGLQJ D V\VWHP RI FDXVDO UHODWLRQV� 7KH VHW RI IDFWRUV LQ WKH
SUHFHGLQJ H[DPSOH ZDV JHQHUDWHG LQ WKH DQDO\VLV RI DQ DFWXDO HYHQW XVLQJ WKH �[� 5XOHV IRU ,QYHVWLJDWLRQ�$
FRPSOHWH HYHQW PRGHO UHSUHVHQWV D ERXQG VHW RI FDXVDO UHODWLRQV VSHFLILF WR WKH HYHQW DQG WR WKH RUJDQL]DWLRQ LQ
ZKLFK LW WRRN SODFH� 7KH �[� WKHRU\ LPSOLHV D IXQGDPHQWDO� VSHFLDO�FDVH� UHYLVLRQ WR FXUUHQW ORJLF WKHRU\� DQG
H[SDQGV LWV SUDFWLFDO XWLOLW\� 0RUH GLVFXVVLRQ RQ FDXVDO UHODWLRQV FDQ EH IRXQG LQ WKH VHFWLRQ RQ WHUPLQDWRU FRGHV�

5XOH 2QH�:K\"

�6WDUW DW DQ (QG 5HVXOW DQG NHHS DVNLQJ ZK\ XQWLO \RX KDYH HVWDEOLVKHG D FRUUHFWLYH RSSRUWXQLW\ DW WKH
ZRUNHU� VXSHUYLVRU� RU PDQDJHPHQW OHYHO� RU \RX KDYH HOLPLQDWHG RQH RU PRUH RI WKRVH ZLWK \RXU
DQVZHUV��

3DUDSKUDVHG IRU DSSOLFDWLRQ�
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�6WDUW DW DQ (QG 5HVXOW� .HHS DVNLQJ ZK\ XQWLO \RX FDQ VWRS ZLWK D &RUUHFWLYH 2SSRUWXQLW\� D 1RQ�
&RUUHFWDEOH� RU DQ ,QVXIILFLHQW 'DWD IDFWRU�

5XOH 2QH LV WKH ORJLF FRQVWUDLQW WKDW GHWHUPLQHV WKH EHJLQQLQJ DQG WKH HQG RI WKH LQYHVWLJDWLRQ� WKXV DFFRPSOLVKLQJ
SDUW RI WKH ERXQGLQJ SURFHVV E\ HVWDEOLVKLQJ WKH WRS DQG ERWWRP RI WKH HYHQW PRGHO� 7KH UXOH UHTXLUHV WKDW WKH
TXHVWLRQ �:K\"� EH DQVZHUHG DW HDFK LQYHVWLJDWLYH VWHS� EHJLQQLQJ ZLWK WKH HQG UHVXOW� +RZ WKH TXHVWLRQPXVW EH
DQVZHUHG LV VSHFLILFDOO\ DGGUHVVHG E\ WKH 5XOH 7ZR� 5XOH 7KUHH DQG 5XOH )RXU�

$V ZLWK DOO RI WKH )RXU �[� 5XOHV� 5XOH 2QH LV D %RROHDQ FRQVWUDLQW� 0RUH SUHFLVHO\� LW LV D KLHUDUFK\ RI WKUHH
%RROHDQ FRQVWUDLQWV�

2QH FRQVWUDLQW LQYROYHV WKH GHWHUPLQDWLRQ RI RUJDQL]DWLRQDO FRQWURO RYHU WKH SURFHVV DW WKH LQYHVWLJDWLYH SRLQW� ,I
WKH FXUUHQW SRLQW LQ WKH LQYHVWLJDWLRQ FDQ EH RUJDQL]DWLRQDOO\FRQWUROOHG� WKHQ WKH FXUUHQW SRLQW PXVW EH WHUPLQDWHG
ZLWK D FRUUHFWLYH RSSRUWXQLW\ WHUPLQDWRU FRGH �GLVFXVVHG XQGHU WHUPLQDWRU FRGHV�� :KHQ WKLV FRQVWUDLQW LV VDWLVILHG�
WKH �[� 3ULQFLSOHV KDYH EHHQ YLRODWHG� DQG WKH YLRODWLRQ H[DFWO\ GHVFULEHV WKH RUJDQL]DWLRQDO OHYHO DQG WKH FRQWURO
DFWLRQV WKDW PXVW EH LPSOHPHQWHG DW WKDW OHYHO LQ RUGHU WR HVWDEOLVK VXVWDLQLQJ FRQWURO� ,Q ULVN DVVHVVPHQW� WKH
LQFLGHQFH DQG FRVW�HIIHFWLYHQHVV RI LGHQWLILHG FRUUHFWLYH RSSRUWXQLWLHV LV D GHFLVLRQ JXLGH IRU HVWDEOLVKLQJ DQG
UHO\LQJ XSRQ LQWHUQDO ORVV FRQWUROV�

$ VHFRQG FRQVWUDLQW LV VDWLVILHG LI WKH RUJDQL]DWLRQ HLWKHU FDQQRW RU ZLOO QRW HVWDEOLVK FRQWURO DW WKH FXUUHQW
LQYHVWLJDWLYH SRLQW� ,I WKLV FRQVWUDLQW FDQ EH VDWLVILHG� WKH FXUUHQW LQYHVWLJDWLYH FKDLQ PXVW EH WHUPLQDWHG ZLWK D
QRQ�FRUUHFWDEOH WHUPLQDWRU FRGH� ,Q ULVN DVVHVVPHQW� WKH KLJK LQFLGHQFH DQG UDWLR RI QRQ�FRUUHFWDEOH WR FRUUHFWDEOH
IDFWRUV LQ WKH FDXVDO V\VWHP PD\ LQGLFDWH D QHHG IRU H[WHUQDOL]LQJ WKH ORVV ULVN�

7KH WKLUG FRQVWUDLQW LV WKH �:K\"� FRQVWUDLQW� FDQ WKH TXHVWLRQ �ZK\"� EH DQVZHUHG" ,I LW FDQQRW �LQ WKDW FDVH D
ORJLFDO YDOXH RI ]HUR LV UHWXUQHG IRU WKH FRQVWUDLQW�� WKHQ 5XOH 2QH WHUPLQDWHV WKH LQYHVWLJDWLYH SURFHVV LQ WKH
FXUUHQW FKDLQ ZLWK DQ LQVXIILFLHQW GDWD WHUPLQDWRU FRGH� ,Q ULVN DVVHVVPHQW� WKH KLJK LQFLGHQFH RI LQVXIILFLHQW GDWD
IDFWRUV FDQ EH D FDXWLRQDU\ IODJ DJDLQVW UHO\LQJ XSRQ LQWHUQDO ORVV FRQWUROV�

5XOH 7ZR� :KR RU:KDW"

�<RXU DQVZHUV PXVW WHQG WR UDLVH WKH OHYHO RI JHQHUDWLQJ UHVSRQVLELOLW\��

3DUDSKUDVHG IRU DSSOLFDWLRQ�

�6D\ ZKR RU ZKDW GLG RU GLG QRW GR VRPHWKLQJ��

5XOH 7ZR LV D FXOPLQDWLRQ RI WZR %RROHDQ ORJLF FRQVWUDLQWV� 7KH ILUVW RI WKHVH 5XOH 7ZR FRQVWUDLQWV GHWHUPLQHV
LQFOXVLRQ RI UHOHYDQW GDWD� $ OHYHO RI SHUVSHFWLYH LV HVWDEOLVKHG� 7KH FRQVWUDLQW LV VDWLVILHG� DQG WKH OHYHO XQGHU
FRQVLGHUDWLRQ LV LQFOXGHG LQ WKH PRGHO� LI WKH OHYHO UHSUHVHQWV D SRLQW RI V\VWHP DQRPDO\� ,Q PRVW FDVHV WKLV HTXDWHV
WR PRGHOLQJ IDLOXUH SRLQWV� +RZHYHU� LI WKH OHYHO UHSUHVHQWV D SURFHVV VWHS LQ SURSHUO\ IXQFWLRQLQJ V\VWHPV� WKH
FRQVWUDLQW LV QRW VDWLVILHG DQG WKH OHYHO LV QRW LQFOXGHG LQ WKH PRGHO�

7KH VHFRQG FRQVWUDLQW FRQFHUQV WKH GHWHUPLQDWLRQ RI FDXVDO HQHUJ\ ZLWKLQ WKH OHYHO� ,I DQ DQVZHU VXSSOLHV
LQIRUPDWLRQ RQ �ZKR RU ZKDW GLG RU GLG QRW GR VRPHWKLQJ�� WKHQ WKH DQVZHU IDFWRU LV LGHQWLILHG DV SRVVHVVLQJ
FDXVDO HQHUJ\� DQG WKH VHFRQG 5XOH 7ZR FRQVWUDLQW LV VDWLVILHG� 7KLV FRQVWUDLQW PXVW EH VDWLVILHG DW OHDVW RQFH LQ
HYHU\ OHYHO� 7KH IDFWRUV H[SUHVVLQJ �127� LGHQWLW\ ZKHUH RUJDQL]DWLRQDO FRQWURO HLWKHU H[LVWHG EXW GLG QRW
IXQFWLRQ� RU VKRXOG KDYH EXW GLG QRW H[LVW LQ WKH RUJDQL]DWLRQDO HQYLURQPHQW�

5XOH 7KUHH�

�<RXU DQVZHUV DW HDFK VHTXHQWLDO VWHS PXVW LQFOXGH RQO\ WKRVH JHQHUDWLQJ DQG SHUPLWWLQJ LQIOXHQFHV
QHFHVVDU\ IRU WKH RFFXUUHQFH RI WKDW VWHS��

3DUDSKUDVHG IRU DSSOLFDWLRQ�

�,QFOXGH RQO\ WKH DFWLYH DQG SDVVLYH WKLQJV WKDW PXVW EH WKHUH WR H[SODLQ:+<��

2FFDP
V 5D]RU � �(VVHQWLD QRQ VXQW PXOWLSOLFDQGD SUDHWHU QHFHVVLWDWHP�
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6WDWHG LQ (QJOLVK� +HUEHUW 6LPRQ LQWHUSUHWV2FFDP WR PHDQ �PDNH QR PRUH DVVXPSWLRQV WKDQ QHFHVVDU\ WR DFFRXQW
IRU WKH SKHQRPHQD�� ��� 7KH �[� &RQFHSW
V LQWHUSUHWDWLRQ LV �LQFOXGH QR PRUH GDWD WKDQ QHFHVVDU\ WR DFFRXQW IRU
WKH HYHQW�� 2FFDP
V 5D]RU LV FULWLFDO WR WKH �[� &RQFHSW >F�I� 2FFDP ���� -RKQ 6WXDUW 0LOO
V PHWKRG RI GLIIHUHQFH
����� LQGXFWLRQ E\ HOLPLQDWLRQ ����� DQG QHFHVVDU\ DQG VXIILFLHQW ORJLF ����@� LQ IDFW� 7KLV ORJLF UXOH LQVXUHV WKDW
H[DFWO\ WKH IDFWRUV QHFHVVDU\ DQG VXIILFLHQW WR SURGXFH WKH HYHQW DUH LQFOXGHG LQ WKH PRGHO� ,I DQ\ QHFHVVDU\ IDFWRU
LV UHPRYHG IURP WKH PRGHO� WKH HYHQW FDQQRW RFFXU� LI DQ\ IDFWRU LV DGGHG WR D VXIILFLHQWPRGHO� LUUHOHYDQW GDWD ZLOO
EH SURFHVVHG� 5XOH 7KUHH DOVR HVWDEOLVKHV DQG OLPLWV WKH QDWXUH RI DYDLODEOH FDXVDO IDFWRUV LQ WKH HYHQW SURFHVV WR
RQO\ HOHPHQWDO JHQHUDWLQJ �DFWLYH� DQG SHUPLWWLQJ �SDVVLYH��

5XOH )RXU� 6HSDUDWLRQ RI 'DWD

�,I \RXU TXHVWLRQ UHTXLUHV PRUH WKDQ RQH DQVZHU� HDFK PXVW EH WDNHQ WKURXJK WKH :+< VHTXHQFH
VHSDUDWHO\��

3DUDSKUDVHG IRU DSSOLFDWLRQ�

�'R QRW OXPS IDFWRUV WRJHWKHU��

5XOH )RXU LV D VLPSOH VHSDUDWLRQ FRQVWUDLQW� DQG LV RQH RI WKH SULPDU\ XVHV RI WKH %RROHDQ /RJLFDO 2SHUDWRU� (DFK
DQVZHU PXVW EH WDNHQ WKURXJK WKH %RROHDQ SURFHVVHV RI WKH ILUVW WKUHH 5XOHV LQGHSHQGHQWO\ IRU WKH ORJLFDO VWUXFWXUH
RI WKH HYHQW PRGHO WR EH PDLQWDLQHG� 7KH IROORZLQJ VHFWLRQ GHWDLOV WKLV VWUXFWXUH�

7KH %RROHDQ /RJLFDO 2SHUDWRU

'LJLWDO ORJLF DQG LWV FRQVWUXFWV LGHQWLI\ D �[� HYHQW PRGHO DV RQH WKDW LV FRQVWUXFWHG XVLQJ $1' JDWHV� 1R 25
FDVHV DUH SURFHVVHG � LQ FDVHV RI XQFHUWDLQW\� WKH LQYHVWLJDWRU PXVW HQWHU DQ LQVXIILFLHQW GDWD WHUPLQDWRU�

7KH $1' JDWH FRQVWUXFWLRQ RI D �[� HYHQW PRGHO DOORZV DQ LPSRUWDQW LQIHUHQFH WR EH GUDZQ� &RQVLGHU WKH
IROORZLQJ H[DPSOH� �ILJ� ��

:H EHJLQ WKH DQDO\VLV RI WKLV FDXVDO FKDLQ E\ VWDWLQJ WKDW )DFWRU � RFFXUUHG EHFDXVH RI )DFWRU � DQG )DFWRU �� 7KH
RQO\ DVVXPSWLRQ QHFHVVDU\ IRU WKLV VWDWHPHQW WR EH YDOLG LV WKDW WKH �[� 5XOHV ZHUH IROORZHG�

6WDWHG LQ %RROHDQ IRUP� XVLQJ WKH %RROHDQ $1' RSHUDWRU 
 DQG WKH <,(/'6 RSHUDWRU ��!�
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�)DFWRU �� 
 �)DFWRU �� ��! �)DFWRU ��

�)DFWRU �� ��! �)DFWRU �� &RQWLQXLQJ WKH RSHUDWLRQ�

�)DFWRU �� 
 �)DFWRU �� 
 �)DFWRU �� ��! �)DFWRU ��

6LPSOH VXEVWLWXWLRQ UHVXOWV LQ�

�)DFWRU��
�)DFWRU��
�)DFWRU��
�)DFWRU �� ��! �)DFWRU ��

:H PD\ FRQFOXGH WKDW WKH VHW RI WKH WHUPLQDWLQJ IDFWRUV� )DFWRUV �� �� �� DQG � DERYH� DUH WKH HVVHQWLDO FDXVDO VHW RI
WKH HYHQW XQGHU DQDO\VLV� 7KH WDJ �WHUPLQDWLQJ IDFWRU� LV XVHG ZKHQ ZRUNLQJ '2:1 WKH PRGHO GXULQJ IRUPXODWLRQ
� WKHVH IDFWRUV DSSHDU DW WKH HQG RI WKH FDXVDO FKDLQ� 'XULQJ DQDO\VLV� KRZHYHU� RQFH WKH PRGHO LV FRQVWUXFWHG� WKH
IRFXV LV RQ WKH SURFHVV OHDGLQJ 83 WR WKH HYHQW� 7KXV� WKHVH IDFWRUV DUH LQ WKDW FRQWH[W FRQVLGHUHG WR EH WKH
�LQLWLDWLQJ IDFWRUV� IURPZKLFK WKH FDXVDO FKDLQV OHDGLQJ WR WKH HYHQW DUH GHULYHG� 7KH\ DUH VDLG WR IRUP WKH
�HVVHQWLDO FDXVDO VHW��

7KH (VVHQWLDO &DXVDO 6HW

5HFRJQL]LQJ WKDW WKH �[� HYHQW PRGHO LV D VHJPHQW RI SURFHVV RFFXUULQJ WKURXJK WLPH ZKLFK KDV EHHQ LVRODWHG DQG
ERXQG� ZH FDQ VD\ WKDW WKH HQGV RI WKH FDXVDO FKDLQV IRUP WKH HVVHQWLDO FDXVDO VHW WKDW HYHQWXDOO\ SURGXFHG WKH HQG
UHVXOW� ,Q JHQHUDO FRQFHSW� DQ\ LGHQWLILHG SRLQWV DORQJ D FDXVDO SURFHVV FRXOG EH WHUPHG WKH VWDUWLQJ� RU LQLWLDWLQJ RU
HVVHQWLDO VHW� SURYLGHG WKDW FRQVLVWHQW FULWHULD ZHUH DSSOLHG WR VHOHFW WKH SRLQWV� ,Q WKH FDVH RI WKH �[� ERXQG PRGHO�
WKH HVVHQWLDO FDXVDO VHW LV HVWDEOLVKHG E\ WKH RUJDQL]DWLRQDO WHUPLQDWLRQ RI WKH FDXVDO FKDLQV� 7KH HVVHQWLDO FDXVDO
VHW RI D ERXQG HYHQW PRGHO LV PDGH XS RI RUJDQL]DWLRQDO IDFWRUV� LGHQWLILHG E\ FRUUHFWLYH RSSRUWXQLW\ WHUPLQDWRU
FRGHV� RU QRQ�FRUUHFWDEOH WHUPLQDWRU FRGHV� RU WKH RUJDQL]DWLRQDO GHWHUPLQDWLRQ WKDW LQVXIILFLHQW GDWD H[LVW� $V
GHPRQVWUDWHG LQ WKH VHFWLRQ RQ WKH %RROHDQ /RJLFDO 2SHUDWRU� WKH LQTXLU\ SURFHVV OHDGV WR WKH HVVHQWLDO FDXVDO VHW RI
DQ HYHQW LV WKH VHW RI LQLWLDWLQJ IDFWRUV ZKRVH UHVXOWDQW VXE�SURFHVVHV FRPELQHG WR FDXVH WKH ILQDO HYHQW� (DFK FDXVH
LQ WKH HVVHQWLDO FDXVDO VHW LV LGHQWLILHG ZLWK D 7HUPLQDWRU &RGH�

:KDW WKH 7HUPLQDWRU &RGHV 5HSUHVHQW

7KH WHUPLQDWRU FRGHV LGHQWLI\ WKH IDFWRUV WKDW IRUP WKH LQLWLDWLQJ VHW ZKLFK LV UHVSRQVLEOH IRU WKH HYHQW� 7KHVH
IDFWRUV DSSHDU GLUHFWO\ DERYH WKH FRGHV LQ WKH PRGHO� $V GHPRQVWUDWHG DERYH� LW LV OLWHUDOO\ SRVVLEOH WR VWDWH WKDW WKH
HYHQW RFFXUUHG EHFDXVH WKH VHW RI LQLWLDWLQJ IDFWRUV HLWKHU RFFXUUHG RU ZHUH SUHVHQW LQ WKH HQYLURQPHQW� 7KH
LQLWLDWLQJ IDFWRUV FRPSOHWH WKH ERXQGLQJ RI WKH V\VWHP LQ DOO FDVHV H[FHSW WKRVH RI LQVXIILFLHQW GDWD IDFWRUV� IXUWKHU
H[DPLQHG EHORZ� 7KH WHUPLQDWRU FRGHV UHSUHVHQW WKH W\SHV RI LQIRUPDWLRQ LQGLFDWHG E\ WKHLU UHVSHFWLYH LQLWLDWLQJ
IDFWRUV� LQIRUPDWLRQ ZKLFK WKH RUJDQL]DWLRQPXVW KDYH LQ RUGHU WR DVVHVV WKH FDSDELOLW\ WR FRQWURO� ZKDW WKH
RUJDQL]DWLRQ FDQQRW RU ZLOO QRW FRQWURO� ZKDW WKH RUJDQL]DWLRQ GRHV QRW NQRZ� DQG ZKDW WKH RUJDQL]DWLRQ FDQ
FRQWURO�

7HUPLQDWRU &RGHV )XQFWLRQ LQ 'HFLVLRQ 6XSSRUW

7KH WHUPLQDWRU FRGHV XVHG WR HQG FDXVDO FKDLQV LQ WKH HYHQW PRGHO� DQG WR WKXV ERXQG WKH HYHQW SURFHVV� DUH
GHVLJQHG WR VHSDUDWH WKH HYHQW GDWD LQWR GHFLVLRQ VXSSRUW FDWHJRULHV� 7KH LQWHQW RI WKH NQRZOHGJH V\VWHP IRUPHG E\
WKH �[� &RQFHSW LV WR SURYLGH TXDQWLILHG GDWD WR VXSSRUW GHFLVLRQ PDNLQJ� ,W VHHNV WR LGHQWLI\ VRPHWKLQJ WKDW
VRPHRQH FDQ GR VRPHWKLQJ DERXW� +HQFH� WKH FDXVDO FKDLQV LQ WKH HYHQW PRGHO DUH WHUPLQDWHG LQ D EDVLF GHFLVLRQ
GDWD IRUPDW� VRPHWKLQJZH NQRZ WKDW ZH FDQ GR VRPHWKLQJ DERXW �&RUUHFWLYH 2SSRUWXQLW\ � �&2��� VRPHWKLQJZH
NQRZ EXW FDQQRW GR DQ\ WKLQJ DERXW �1RQ&RUUHFWDEOH � �1&��� DQG VRPHWKLQJ WKDW ZH GR QRW NQRZ �,QVXIILFLHQW
'DWD � �,'���

,QVXIILFLHQW 'DWD )DFWRUV � ,'

,QVXIILFLHQW GDWD IDFWRUV UHSUHVHQW DUHDV LQ ZKLFK WKH RUJDQL]DWLRQ FDQQRW SURYLGH FRPSOHWH LQIRUPDWLRQ� ,Q
DSSOLFDWLRQ� WKH DELOLW\ WR UHFRUG WKH DEVHQFH RI GDWD GLVDOORZV DVVXPSWLRQV� ,QVXIILFLHQW GDWD IDFWRUV HIIHFW
TXDQWLILFDWLRQ UHOLDELOLW\ IRU FRPSDUDWLYH DQDO\VLV� )RU LQVWDQFH� D PRGHO PD\ LGHQWLI\ WZR RSSRUWXQLWLHV IRU
FRUUHFWLRQ� 5HJDUGOHVV RI WKH TXDQWLILFDWLRQ UHOLDELOLW\� HDFK ZLOO SUHYHQW WKH HYHQW V\VWHP IURP RFFXUULQJ DJDLQ LQ
WKH HQYLURQPHQW� +RZHYHU� LI TXDQWLILFDWLRQ UHOLDELOLW\ LV ORZ� WKH FDOFXODWLRQV FDQQRW EH XVHG UHOLDEO\ WR FRPSDUH
WKH WZR RSWLRQV IRU EHQHILW DQG FRVW�HIIHFWLYHQHVV� ,Q WKH DEVHQFH RI LQVXIILFLHQW GDWD IDFWRUV ZLWKLQ D PRGHO� WKH
UHOLDELOLW\ RI WKH TXDQWLILFDWLRQ LV DEVROXWH� LI WKH GDWD DUH DFFXUDWH� 4XDQWLILFDWLRQ UHOLDELOLW\ LQ DQ HYHQW PRGHO LV
VLPSO\ D PHDVXUH RI WKH DPRXQW RI WKH ERXQG PRGHO WKDW LV LGHQWLILHG ZLWK LQVXIILFLHQW GDWD� 7KH JUHDWHU WKH
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QXPEHU RI LQVXIILFLHQW GDWD IDFWRUV DQG WKH KLJKHU XS WKH\ RFFXU LQ WKH PRGHO� WKH ORZHU WKH TXDQWLILFDWLRQ
UHOLDELOLW\ RI WKH PRGHO�

&RUUHFWLYH 2SSRUWXQLWLHV � &2

&RUUHFWLYH RSSRUWXQLWLHV UHSUHVHQW SUHYHQWLYH RSSRUWXQLWLHV RYHU URRW FDXVHV ZLWKLQ WKH V\VWHP ERXQGDU\� $ URRW
FDXVH UHSUHVHQWV D IDLOXUH LQ RUJDQL]DWLRQDO FRQWURO � HLWKHU D FRPSOHWH ODFN RI FRQWURO LQ D SDUWLFXODU DUHD� RU WKH
IDLOXUH RI DQ H[LVWLQJ FRQWURO� 2QFH D FRQWURO LV LQVWLWXWHG RU PRGLILHG� WKH IDFWRU LGHQWLILHG DV D FRUUHFWLYH
RSSRUWXQLW\ ZLOO QHYHU RFFXU DJDLQ LQ D V\VWHP� XQOHVV WKHUH LV D EUHDNGRZQ LQ WKH DSSOLFDWLRQ RI WKH �[� 3ULQFLSOHV�

1RQ�&RUUHFWDEOH )DFWRUV � 1&

1RQ�FRUUHFWDEOH IDFWRUV DUH WKRVH IDFWRUV ZKLFK FRQWULEXWH WR WKH HYHQW� \HW DUH FRQVLGHUHG XQFRQWUROODEOH E\ WKH
RUJDQL]DWLRQ� 6XFK IDFWRUV FDQ EH RQHV ZKLFK DUH FRQVLGHUHG LPSUDFWLFDO WR FRQWURO� RU DUH GHVLUDEOH RU HVVHQWLDO WR
WKH RUJDQL]DWLRQ�$Q H[DPSOH LV WKH SUHVHQFH RI R[\JHQ LQ WKH DWPRVSKHUH�:KLOH LW LV SRVVLEOH WR GHVLJQ� FRQVWUXFW
DQG PDLQWDLQ R[\JHQ�IUHH IXHO ORFDWLRQV� PRVW RUJDQL]DWLRQVZLOO FRQVLGHU VXFK VWHSV WR EH RUJDQL]DWLRQDOO\
LPSUDFWLFDO� DQG WKHUHIRUH QRQFRUUHFWDEOH�

7KH 4XDQWLILFDWLRQ 3URFHVV
2YHUYLHZ

+DYLQJ HVWDEOLVKHG WKH VWUXFWXUH RI WKH HYHQW PRGHO� LW EHFRPHV QHFHVVDU\ WR GHILQH WKH SURFHVV WKURXJK ZKLFK WKH
LQIRUPDWLRQ IRU GHFLVLRQ�PDNLQJ FRQWDLQHG ZLWKLQ WKH PRGHO FDQ EH H[WUDFWHG� 7KH IXQFWLRQ RI WKLV SURFHVV LV WR
�OLQN PDWKHPDWLFV DQG SK\VLFV ��� LPSO\LQJ UHOHYDQFH WR RQH DQG SUHFLVLRQ WR WKH RWKHU�� ���� 7KH HYHQW PRGHO
UHSUHVHQWV WKH SK\VLFDO UHDOLW\ DQG WKH TXDQWLILFDWLRQ SURFHVV PXVW SURYLGH GHILQLWLRQV IRU PHDVXUDEOH IXQGDPHQWDO
SURSHUWLHV RI WKH PRGHO� ����ZH ILQG WKDW WKH FRQFHSWXDO PRGHO PXVW UHIOHFW WKH FKDUDFWHULVWLFV RI WKH UHDO V\VWHP
ZKLFK >LV@ WR EH LQYHVWLJDWHG�� ����

7KH )XQFWLRQ RI 0HDVXUHPHQW

7KH TXDQWLILFDWLRQ SURFHVV �SUHVXSSRVHV VRPHWKLQJ WR EH PHDVXUHG�� ���� )XUWKHU� �7KH HVVHQWLDO IXQFWLRQ RI
PHDVXUHPHQW LV WKH VHWWLQJ LQ RUGHU RI D FODVV RI HYHQWV ZLWK UHVSHFW WR LWV H[KLELWLRQ RI D SDUWLFXODU SURSHUW\� DQG
WKLV HQWDLOV WKH GLVFRYHU\ RI DQ RUGHUHG FODVV WKH HOHPHQWV RI ZKLFK FDQ EH SXW LQ D RQH�WR�RQH FRUUHODWLRQ ZLWK WKH
>HYHQW@ LQ TXHVWLRQ�� ���� 0RUH SODLQO\� WKH �FODVV RI HYHQWV� LV WKH VHW RI IDFWRUV FRQWDLQHG ZLWKLQ WKH HYHQW PRGHO�
ZKLFK �H[KLELW� D FRPELQDWLRQ RI WZR IXQGDPHQWDO SURSHUWLHV� 7KH �RUGHUHG FODVV� LV WKH HYHQW PRGHO LWVHOI� DQG
WKH PHWKRG IRU FUHDWLQJ WKH �RQH�WR�RQH FRUUHODWLRQ ZLWK WKH >HYHQW@ LQ TXHVWLRQ� LV WKH �[� 5XOHV IRU ,QYHVWLJDWLRQ�
7KH 5XOHV UHSUHVHQW D FDXVDO IXQFWLRQ IRU RUGHULQJ WKH IDFWRUV LQ DQ RUJDQL]DWLRQ DFFRUGLQJ WR WKHLU IXQGDPHQWDO
SURSHUWLHV� DQG WKH KLHUDUFK\ RI WKHLU SURFHVV UHODWLRQV�

5HTXLUHPHQWV IRU D 4XDQWLILFDWLRQ 3URFHVV

&DVVLUHU ���� DVVHUWV WKDW TXDQWLILFDWLRQ PXVW EH �FRQFHLYHG DQG VRXJKW� EHIRUH LW FDQ EH UHODWHG WR SK\VLFDO UHDOLW\�
D SURFHVV ZKLFK LQYROYHV VHYHUDO VWHSV� )LUVW� WKH IXQGDPHQWDO SURSHUWLHV RI WKH V\VWHP� LQ WKLV FDVH D FDXVDO V\VWHP�
PXVW EH FRQFHSWXDOL]HG� $Q RSHUDWLRQDO GHILQLWLRQ PXVW EH GHULYHG IURP WKH UHVXOWLQJ VFLHQWLILF FRQVWUXFW� GHILQHG
E\ &DZV DV ���� D FRQFHSW GHOLEHUDWHO\ ��� LQYHQWHG ZLWK D YLHZ WR HUHFWLQJ ��� D WKHRU\�� ���� 7KH RSHUDWLRQDO
GHILQLWLRQ GHILQHV WKH SK\VLFDO TXDQWLW\ XVHG LQ WKH GHVFULSWLRQ RI WKH SKHQRPHQRQ� D QHFHVVDU\ SUHFXUVRU WR WKH
PHDVXUHPHQW RI WKH TXDQWLW\ EHFDXVH � ��� LW LV PHDQLQJOHVV WR VSHDN RI PHDVXUHPHQW XQOHVV WKHUH LV DOUHDG\
DYDLODEOH VRPH IRUP RI GHILQLWLRQ�� ���� )LQDOO\� WKURXJK WKH PDQLSXODWLRQ RI WKH SK\VLFDO TXDQWLW\ GHVFULEHG E\
WKH RSHUDWLRQDO GHILQLWLRQ� RWKHU SK\VLFDO TXDQWLWLHV PD\ EH FDOFXODWHG�

&RQFHSWXDOL]DWLRQ

$ IXQGDPHQWDO VWUHQJWK RI �[� LV LWV DELOLW\ WR EXLOG DQG TXDQWLI\ RUJDQL]DWLRQDO V\VWHPV � V\VWHPV WKDW DUH FDSDEOH
RI LQFRUSRUDWLQJ ERWK SK\VLFDO DQG EHKDYLRUDO HOHPHQWVZLWKLQ D VLQJOH ORJLF FRQVWUXFW� ,Q WKH �[� 6\VWHP RI
4XDQWLILFDWLRQ� WKH IXQGDPHQWDO SURSHUWLHV RI WKH FDXVDO IDFWRUV DUH H[LVWHQFH DQG FDXVDO HQHUJ\� &DXVDO HQHUJ\ LV
GHILQHG DV WKH SRZHU WR SURGXFH XQFRQWUROOHG FKDQJH� &RQVLGHU WKH VLPSOH SK\VLFDO V\VWHP RXWOLQHG SUHYLRXVO\�
2[\JHQ DQG IXHO JDV KDG H[LVWHQFHZLWKLQ WKH V\VWHP� EXW SRVVHVVHG QR FDXVDO HQHUJ\� 3DXO SURYLGHG DQ LJQLWLRQ
VRXUFH ZLWK ERWK H[LVWHQFH DQG FDXVDO HQHUJ\� FDXVLQJ DQ HYHQW� )DFWRUV ZLWKLQ D SK\VLFDO V\VWHP KDYH H[LVWHQFH LQ
WKH V\VWHP� 7KHVH IDFWRUV DUH PHGLD IRU FDXVDO HQHUJ\ ZLWKLQ WKH V\VWHP� &DXVDO HQHUJLHV IORZ WKURXJK PHGLD WR
SURGXFH HYHQWV�:LWKRXW FDXVDO HQHUJ\ DQG D PHGLXP� QR HYHQW FDQ RFFXU�
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2SHUDWLRQDO 'HILQLWLRQ

�$Q\ QXPEHU RU VHW RI QXPEHUV XVHG IRU WKH TXDQWLWDWLYH GHVFULSWLRQ RI D SK\VLFDO SKHQRPHQRQ LV FDOOHG D SK\VLFDO
TXDQWLW\� 7R GHILQH D SK\VLFDO TXDQWLW\ ZH PXVW HLWKHU VSHFLI\ D SURFHGXUH IRU PHDVXULQJ WKH TXDQWLW\� RU VSHFLI\ D
ZD\ WR FDOFXODWH WKH TXDQWLW\ IURP RWKHU TXDQWLWLHV WKDW FDQ EH PHDVXUHG ��� $ GHILQLWLRQ LQ WHUPV RI D SURFHGXUH IRU
PHDVXULQJ WKH GHILQHG TXDQWLW\ LV FDOOHG DQ RSHUDWLRQDO GHILQLWLRQ� &HUWDLQ IXQGDPHQWDO TXDQWLWLHV FDQ EH GHILQHG
RQO\ ZLWK RSHUDWLRQDO GHILQLWLRQV �DXWKRUV
 HPSKDVLV��� ����

([LVWHQFH DQG (QHUJ\

7KH WZR IXQGDPHQWDO SK\VLFDO TXDQWLWLHV RI WKH �[� &RQFHSW� H[LVWHQFH DQG FDXVDO HQHUJ\� DUH TXDQWLWLHV RI WKH
VHFRQG W\SH � WKH\ PD\ EH GHILQHG RQO\ WKURXJK WKH XVH RI RSHUDWLRQDO GHILQLWLRQV� 7KH RSHUDWLRQDO GHILQLWLRQV PDNH
XVH RI WKH %RROHDQ ORJLFDO RSHUDWRU� ,I D IDFWRU GRHV QRW H[LVW ZLWKLQ D PRGHO� LW ZLOO QRW EH FRQVLGHUHG E\ WKH
PRGHO� ,I WKH IDFWRU SRVVHVVHV H[LVWHQFHZLWKLQ WKH PRGHO� LW LV RSHUDWLRQDOO\ GHILQHG WR KDYH H[LVWHQFH� DQG LV
DVVLJQHG WKH H[LVWHQFH TXDQWLILHU� ,Q D VLPLODU IDVKLRQ� LI D IDFWRU SRVVHVVHV FDXVDO HQHUJ\� LW LV DVVLJQHG DQ
DGGLWLRQDO FDXVDO HQHUJ\ TXDQWLILHU�

7KH �[� WKHRU\ UHTXLUHV WKDW H[LVWHQFH EH WUHDWHG DV D SK\VLFDO SURSHUW\ RI D IDFWRU LQ WKH HYHQW PRGHO� MXVW DV PDVV
LV WUHDWHG DV D SK\VLFDO DQG RSHUDWLRQDOO\ GHILQHG SK\VLFDO SURSHUW\ RI DQ REMHFW� %RWK RSHUDWLRQDO GHILQLWLRQV DUH
VROHO\ PHDVXUHV RI H[LVWHQFH DW WKLV OHYHO � WKH H[LVWHQFH RI D IDFWRU ZLWKLQ WKH V\VWHP ERXQGDU\ DQG WKH DGGLWLRQDO
H[LVWHQFH RI FDXVDO HQHUJ\ ZLWKLQ D IDFWRU�

2QH FDQ WKLQN RI WKLV VWDJH RI WKH �[� TXDQWLILFDWLRQ SURFHVV DV PHDVXULQJ WKH H[LVWHQFH RI TXDOLWLHV� 0DVV LV D
TXDOLW\ RI DQ REMHFW DW RQH OHYHO� D PHDVXUDEOH TXDQWLW\ DW DQRWKHU� %HIRUH ZH FDQ GHWHUPLQH WKH TXDQWLW\ RI D
SURSHUW\ SRVVHVVHG E\ DQ REMHFW RU IDFWRU� ZH PXVW ILUVW YHULI\ WKH H[LVWHQFH RI WKH SURSHUW\� 7R YHULI\ WKH H[LVWHQFH
RI D SURSHUW\ LV WR DVVLJQ D TXDOLW\ WR DQ REMHFW RU IDFWRU� 7KH YHULILFDWLRQ RI D IDFWRU
V IXQGDPHQWDO SURSHUWLHV LV
EXLOW LQWR WKH LQYHVWLJDWLRQ SURFHVV RXWOLQHG LQ WKH �[� 5XOHV IRU ,QYHVWLJDWLRQ�

7KH �[� TXDQWLILFDWLRQ SURFHVV FRPELQHV WKH WZR PHDVXUHV RI H[LVWHQFH� VR WKDW WKH YDOXH DVVLJQHG WR D IDFWRU
UHIOHFWV H[DFWO\ WKH IXQGDPHQWDO SURSHUWLHV RI WKH IDFWRU� 6LQFH WKH %RROHDQ RSHUDWRU LV YDOLG DV ORQJ DV RQH YDOXH
LQGLFDWHV �758(� DQG WKH RWKHU YDOXH LQGLFDWHV �)$/6(�� WKH FRPELQHG VFDOH UHSUHVHQWV D VLQJOH %RROHDQ VFDOH
ZKLFK UHWXUQV D YDOXH RI �758(� LI WKH IDFWRU SRVVHVVHV FDXVDO HQHUJ\� %HFDXVH WKH ERXQGLQJ SURFHVV HQVXUHV WKDW
DOO IDFWRUV ZLWKLQ WKH PRGHO SRVVHVV H[LVWHQFH� WKH RQO\ WHVW QHFHVVDU\ LV IRU WKH H[LVWHQFH RI FDXVDO HQHUJ\�

(QHUJ\ DV GHILQHG LQ WKH �[�&RQFHSW GLIIHUV VXEVWDQWLDOO\ IURP WKH ZD\ LQ ZKLFK WKH WHUP LV FRPPRQO\ XVHG�
(QHUJ\ LV D SXUH PDWKHPDWLFDO TXDQWLW\ ZKHQ LWV H[LVWHQFH LV TXDQWLILHG LQ �[�� ZLWK �SXUH� PHDQLQJ SRVVHVVLQJ QR
XQLWV� $ IDFWRU ZLWK FDXVDO HQHUJ\ LV D IDFWRU WKDW KDV WKH DELOLW\� ZKHQ LQWURGXFHG WR D V\VWHP� WR SURGXFH
XQFRQWUROOHG FKDQJH DQG SURFHVV�

&DXVDO HQHUJ\ H[LVWV LUUHVSHFWLYH RI RWKHU IRUPV RI HQHUJ\ SRVVHVVHG E\ D IDFWRU� 2WKHU W\SHV RI HQHUJ\ �L�H� NLQHWLF�
WKHUPDO� K\GUDXOLF� HOHFWULFDO�� LI DQ\� SRVVHVVHG E\ D IDFWRU GR QRW DIIHFW ZKHWKHU RU QRW WKH IDFWRU SRVVHVVHV WKH
FDXVDO HQHUJ\ WR SURGXFH XQFRQWUROOHG FKDQJH�

:LWKRXW WKH SUHVHQFH RI DW OHDVW RQH IDFWRU ZLWK FDXVDO HQHUJ\� QR V\VWHP H[LVWV� 7KLV IDFW LV UHIOHFWHG E\ 5XOH 7ZR�
VLPSO\ SKUDVHG IRU JHQHUDWLQJ IDFWRUV DV �6WDWH ZKR RU ZKDW GLG RU GLG QRW GR VRPHWKLQJ��:LWKRXW VRPHRQH RU
VRPHWKLQJ DFWLYHO\ DGGLQJ FDXVDO HQHUJ\ WR WKH PHGLD� UHSUHVHQWHG E\ WKRVH IDFWRUV ZKLFK SRVVHVV H[LVWHQFHZLWKLQ
D VHW� WKH IDFWRUV ZLOO QHYHU FKDQJH VWDWH RU DFKLHYH SURFHVV� 7KH FDXVDO HQHUJ\ FRQWDLQHG E\ DQ DFWLYH FDXVH
DFWXDOO\ ERQGV FDXVDO IDFWRUV LQWR DQ LQWHUDFWLQJ V\VWHP VHW�

0DQLSXODWLRQ

7KH SXUSRVH RI PDQLSXODWLRQ LV WR SURGXFH GDWD XVHIXO IRU D SDUWLFXODU SXUSRVH� ,Q WKH FDVH RI WKH �[� HYHQW PRGHO�
WKDW SXUSRVH LV GHFLVLRQ PDNLQJ� 0DQLSXODWLRQ LVRODWHV WKH FDXVDO HQHUJ\ DQG WKH FDXVDO VWUHVV ZLWKLQ WKH PRGHO�
0HDVXUHPHQWV RI WKHVH WZR SURSHUWLHV� GHULYHG IURP WKH IXQGDPHQWDO SURSHUWLHV DQG TXDQWLILFDWLRQ RI V\VWHPV� DLG
WKH GHFLVLRQ PDNHU LQ GHWHUPLQLQJ WKH HIIHFWLYHQHVV RI HVWDEOLVKLQJ RUJDQL]DWLRQDO FRQWURO DW D SDUWLFXODU SRLQW� 3DUW
RI WKH XQLTXHQHVV RI WKH �[� &RQFHSW VWHPV IURP LWV DELOLW\ WR SURGXFH REMHFWLYH GHFLVLRQ VXSSRUW GDWD WKURXJK WKH
PHDVXUHPHQW RI WKH HYHQW SURFHVV DQG WKH PDQLSXODWLRQ RI WKRVH YDOXHV�

*HQHUDWLQJ DQG 3HUPLWWLQJ )DFWRUV

,PSOLFLWO\ GHILQHG LQ SUHYLRXV VHFWLRQV DUH WZR W\SHV RI FDXVDO IDFWRUV � WKRVH ZLWK H[LVWHQFH RQO\ DQG WKRVH ZLWK
ERWK H[LVWHQFH DQG FDXVDO HQHUJ\� )DFWRUV ZLWK H[LVWHQFH RQO\ DUH UHIHUUHG WR DV �SHUPLWWLQJ�� )DFWRUV ZLWK H[LVWHQFH
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DQG HQHUJ\� WKH �[� &RQFHSW UHIHUV WR DV �JHQHUDWLQJ�� 7KH W\SH RI LQSXW WR WKH FDXVDO SURFHVV LV H[SUHVVHG E\ WKH
QDWXUH RI WKH IDFWRU DQG WKH UROH LW SOD\V LQ WKH SURFHVV� )RU LQVWDQFH� ZKHQ D IDOOLQJ WUHH GDPDJHV D URRI� ZH FDQ VD\
WKDW WKH H[LVWLQJ URRI LV D SHUPLWWLQJ IDFWRU� LWV ORFDWLRQ XQGHU WKH WUHH LV D SHUPLWWLQJ IDFWRU� DQG WKH IDFW WKDW WKH
WUHH IHOO LV D JHQHUDWLQJ IDFWRU� $OO �[� TXDQWLILFDWLRQ LV EDVHG VROHO\ XSRQ WKH FRPELQDWLRQV RI IXQGDPHQWDO
SURSHUWLHV H[KLELWHG E\ WKH IDFWRUV WKHPVHOYHV� *HQHUDWLQJ DQG SHUPLWWLQJ IDFWRUV DUH WKH EDVH PDQLSXODWLRQV IURP
WKH PHDVXUHV RI WKH IXQGDPHQWDO SURSHUWLHV�

3HUPLWWLQJ IDFWRUV DUH WKH PHGLD WKURXJK ZKLFK WKH FDXVDO HQHUJ\ FRQWDLQHG LQ JHQHUDWLQJ IDFWRUV LV EURXJKW WR
SURFHVV� 7KH PRUH WKDW WKH SHUPLWWLQJ IDFWRU ZDV D SURGXFW RI V\VWHPV ZLWKLQ WKH RUJDQL]DWLRQ� WKH ODUJHU WKH VXE�
V\VWHP WKDW ZLOO DSSHDU LQ WKH PRGHO XQGHU WKH SHUPLWWLQJ IDFWRU� DQG WKH PRUH RUJDQL]DWLRQDO VWUHVV LW FDQ EH VDLG WR
UHSUHVHQW�

*HQHUDWLQJ IDFWRUV SURYLGH WKH WULJJHU HQHUJ\ WR UHOHDVH VWUHVV LQWR SURFHVV� ,W LV KHOSIXO WR WKLQN RI WKH JHQHUDWLQJ
IDFWRU RU IDFWRUV DV �ORFNLQJ� WKH FDXVDO VHW LQ SODFH DW D VSHFLILF SRLQW LQ WLPH� 7KH\ DUH WKH DFWLRQV� GHFLVLRQV�
IDLOXUHV DQG LQDFWLRQV WKDW RFFXU DW RQH SRLQW LQ WLPH WKDW SURYLGH XV ZLWK D PHDQV WR V\VWHPDWLFDOO\ GHILQH DQG
GHWDLO WKH SURFHVV DV D VHULHV RI VWHSV LGHQWLILHG E\ WKH FRPELQDWLRQV RI FDXVHV IRUPLQJ VHWV�

*HQHUDWLQJ &DXVDOLW\

,QIHUHQFHV FDQ EH GUDZQ DERXW WKH QDWXUH RI WKH HYHQW EHLQJ PRGHOHG� 7KH PHDVXUH RI *HQHUDWLQJ &DXVDOLW\ LV D
QXPHULFDO PHDQV WR GHWHFW DQG LGHQWLI\ ZKHQ VHYHUDO JHQHUDWLQJ IDFWRUV ZHUH UHTXLUHG WR RFFXU DW WKH VDPH WLPH
ZLWKLQ RQH FDXVDO VHW RI IDFWRUV WR SURGXFH D QH[W VWHS LQ WKH FDXVDO SURFHVV� *HQHUDWLQJ &DXVDOLW\ UHIHUV
VSHFLILFDOO\ WR WKH PDQQHU LQ ZKLFK JHQHUDWLQJ IDFWRUV FRPELQHG ZLWKLQ WKH VHWV RI IDFWRUV LQ WKH HYHQW PRGHO� 7KDW
UHPDUNDEOH FRPELQDWLRQ RI IDFWRUV LV DQ LWHP RI LQWHUHVW DV D WDUJHW IRU FRQWURO GHVLJQ� 7ZR VHSDUDWH PHDVXUHV RI
JHQHUDWLQJ FDXVDOLW\ DUH HPSOR\HG WR LQGLFDWH WKH GLVWULEXWLRQ RI IDFWRUV ZLWKLQ WKH PRGHO � UHODWLYH DQG SURSHU�

5HODWLYH YHUVXV 3URSHU *HQHUDWLQJ &DXVDOLW\ 7KH IDUWKHU D VHW RI JHQHUDWLQJ IDFWRU RFFXUV �GRZQ� LQ WKH PRGHO �
DZD\ IURP WKH HYHQW � WKH OHVV GLUHFW HIIHFW WKH FDXVDO HQHUJ\ IURP WKDW VHW RI IDFWRUV ZLOO KDYH RQ WKH SURGXFWLRQ RI
WKH HYHQW� 7KH UHODWLYH PHDVXUH UHIOHFWV PRGLILFDWLRQ RI WKH YDOXH E\ WKH OHYHO DW ZKLFK WKH IDFWRU UHVLGHV LQ WKH
PRGHOHG SURFHVV� 7KXV� WKH EDVLV IRU WKH UHODWLYH JHQHUDWLQJ FDXVDOLW\ PHDVXUH LV ERWK WKH LQFLGHQFH RI JHQHUDWLQJ
IDFWRUV FRPELQHG ZLWKLQ D FRPPRQ VHW RI IDFWRUV� DQG WKH OHYHO ORFDWLRQ RI WKDW VHW ZLWKLQ WKH HYHQW PRGHO� 3URSHU
JHQHUDWLQJ FDXVDOLW\ LV D VLPLODU PHDVXUH RI WKH FRPELQLQJ RI JHQHUDWLQJ IDFWRUV ZLWKLQ D FRPPRQ FDXVDO VHW� EXW
XQPRGLILHG E\ OHYHO�

&DOFXODWLRQV DQG FRPSDULVRQV RI SURSHU DQG UHODWLYH PHDVXUHV JLYH VSHFLILF LQIRUPDWLRQ DERXW WKH QDWXUH DQG
FRQVWUXFWLRQ RI WKH FDXVDO SURFHVV� )RU H[DPSOH� ZKHQ SURSHU JHQHUDWLQJ FDXVDOLW\ LV FRPSDUHG WR UHODWLYH
JHQHUDWLQJ FDXVDOLW\� WKH UHODWLRQVKLS UHYHDOV ZKHUH WKH HQHUJ\ IRU FKDQJH H[LVWV ZLWKLQ WKH PRGHO� ,I WKH QXPEHU
ZKLFK LGHQWLILHV WKH XQPRGLILHG WRWDO DPRXQW RI HQHUJ\ �SURSHU� LV FORVH WR WKH QXPEHU ZKLFK LGHQWLILHV WKH DPRXQW
PRGLILHG E\ OHYHO �UHODWLYH�� ZH FDQ FRQFOXGH WKDW PRVW RI WKH VHWV WKDW FRQWDLQ VHYHUDO JHQHUDWLQJ IDFWRUV DUH
ORFDWHG LQ WKH XSSHU OHYHOV RI WKH HYHQW PRGHO� 7KH HYHQW SURFHVV LV FRQVLGHUHG LPPLQHQW ZKHQ VXFK D FRQGLWLRQ
H[LVWV� 7KLV W\SH RI DQDO\VLV LV SDUWLFXODUO\ DSSOLFDEOH ZKHQ DVVHVVLQJ WKH ULVN RI ORVV H[LVWLQJ DW D SDUWLFXODU VLWH�
6XFK D FRQGLWLRQ LQGLFDWHV WKDW WKH LGHQWLILHG ORVV V\VWHPV DUH D UHVXOW RI ZKDW LV KDSSHQLQJ DW WKH VLWH� UDWKHU WKDQ
WKH LQKHUHQW RU JLYHQ FRQGLWLRQV DW WKH VLWH� 7KH RSSRUWXQLW\ WR JDLQ FRQWURO WKURXJK DSSOLFDWLRQ RI WKH �[�
3ULQFLSOHV LV VLJQLILFDQW�

&DXVDO 6WUHVV

7KH FDXVDO VWUHVV PHDVXUH LV D YLHZ RI WKH LQWHUDFWLRQ RI ERWK JHQHUDWLQJ DQG SHUPLWWLQJ IDFWRUV� $V ZLWK JHQHUDWLQJ
FDXVDOLW\� WKHUH DUH ERWK SURSHU DQG UHODWLYH PHDVXUHV RI FDXVDO VWUHVV� $JDLQ� SURSHU FDXVDO VWUHVV LV DQ XQPRGLILHG
PHDVXUH RI WKH FKDUDFWHULVWLF� DQG UHODWLYH FDXVDO VWUHVV LV D PHDVXUH PRGLILHG IRU WKH OHYHO RI RFFXUUHQFH ZLWKLQ WKH
PRGHO� 0HDVXUHV RI FDXVDO VWUHVV DLG WKH GHFLVLRQ PDNHU LQ GHWHUPLQLQJ ZKLFK RSWLRQV IRU FRQWURO DUH PRVW
DWWUDFWLYH� 7\SLFDOO\� D WRWDO EHQFKPDUN QXPEHU LV XVHG DV D EDVLV IRU FRPSDULQJ KRZPXFK FDXVDO VWUHVV LV
UHPRYHG IURP DQ HYHQW SURFHVV E\ WKH H[HUFLVH RI SDUWLFXODU FRUUHFWLYH RSSRUWXQLWLHV� 7KH DQDO\VLV FDQ EH WKRXJKW
VLPSOLVWLFDOO\ DV ILUVW PHDVXULQJ WKH PRGHO� WKHQ UHPRYLQJ WKH FKDLQ RI IDFWRUV DERYH D FRUUHFWLYH RSSRUWXQLW\� WKHQ
UHPHDVXULQJ WKH FDXVDO VWUHVV UHSUHVHQWHG E\ WKH UHPDLQLQJ IDFWRUV LQ WKH PRGHO LQ RUGHU WR GHWHUPLQH ZKDW
SHUFHQWDJH RI WKH FDXVDO SURFHVV ZDV UHPRYHG E\ HDFK DFWLRQ�

7KH �[� 3ULQFLSOHV RI 2UJDQL]DWLRQDO &RQWURO
7KH �[� 3ULQFLSOHV FDQ EH WKRXJKW RI DV IRUPLQJ WKUHH V\VWHP VHWV� 7R VWDUW WKH SURFHVV RI RUJDQL]DWLRQDO FRQWURO�
WKH VHW RI IRXU *RYHUQLQJ SULQFLSOHV PXVW EH VDWLVILHG� ,Q WKH FDVH RI PDQ
V RUJDQL]DWLRQV� WKH SULQFLSOHV DUH
VDWLVILHG E\ VSHFLILF KXPDQ DFWLRQV�
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�ILJ� ��

*RYHUQLQJ 7KH �[� *RYHUQLQJ 3ULQFLSOHV VSHDN RI SULQFLSOHV LQ WHUPV RI DFWLRQV ZH PXVW WDNH WR HIIHFWLYHO\ EHJLQ
WKH RUJDQL]DWLRQDO FRQWURO SURFHVV� 7KH VHW LV LGHQWLILHG DV �0DQDJHPHQW$FWLRQ�� 1RWH WKDW D FOHDU KLHUDUFK\ RI
IXQFWLRQ H[LVWV ZLWKLQ WKLV VHW RI SULQFLSOHV� D KLHUDUFK\ DSSOLFDEOH WR V\VWHP GLVFLSOLQH� 2QFH WKHUH KDV EHHQ DQ
H[SUHVVLRQ RI FRPPDQG� HDFK JRYHUQLQJ DFWLRQ LV FRQGLWLRQDO XSRQ WKH VDWLVIDFWLRQ RI LWV QH[W KLJKHU SULQFLSOH�
&RQVHTXHQWO\� WKHUH FDQQRW EH FRQVLVWHQW HQIRUFHPHQW �0�� XQWLO D FRQVLVWHQWPHDQV RI PRQLWRULQJ �0�� LV
HVWDEOLVKHG� 7KHUH FDQQRW EH FRQVLVWHQWPRQLWRULQJ XQWLO WKHUH KDV EHHQ FRQVLVWHQW DSSOLFDWLRQ �0�� RI FRPPDQG�
7KHUH FDQQRW EH FRQVLVWHQW DSSOLFDWLRQ XQWLO D VWDWHPHQW RI FRPPDQG �0�� KDV EHHQ PDGH� 7KLV LV WKH EHJLQQLQJ RI
WKH SURFHVV WKDW ZH KHDU H[SUHVVHG LQ WKH SKUDVH� �)LUVW FDPH WKH ZRUG

� 7KHVH DUH WKH XQLYHUVDO SULQFLSOHV RI
RUJDQL]DWLRQDO FRQWURO�

,PSOHPHQWLQJ

7KH �[� ,PSOHPHQWLQJ 3ULQFLSOHV DUH H[SUHVVHG KHUH DV DFWLRQV WDNHQ E\ VXSHUYLVRUV WR LPSOHPHQW WKH *RYHUQLQJ
FRPPDQG� 7KH\ FDQ EH WKRXJKW RI DV IRUPLQJ D VXEV\VWHP WKDW JHWV WKH SURFHVV JRLQJ DQG NHHSV LW JRLQJ� 7KH
LPSOHPHQWLQJSURFHVV KDV� LQ HIIHFW� EHHQ GHOHJDWHG WR D VXEV\VWHP IRU DFFRPSOLVKPHQW� 1RWH WKDW WKHUH LV D
IXQFWLRQDO HIIHFW DW WKH *RYHUQLQJ OHYHO ZKHQ WKH ,PSOHPHQWLQJ SULQFLSOHV DUH QRW VDWLVILHG� 7KDW LV� ZKHQ WKH
V\VWHP LGHQWLILHV D EUHDN�GRZQ DW WKH VXSHUYLVRU OHYHO �,PSOHPHQWLQJ�� LW KDV LGHQWLILHG DQ HURVLRQ LQ FRQVLVWHQW
DSSOLFDWLRQ DW WKH *RYHUQLQJ OHYHO DV ZHOO� DQG WKXV GHJUDGHV WKH TXDOLW\ RI PRQLWRULQJ DQG HQIRUFHPHQW FDSDELOLW\
RI PDQDJHPHQW�

:KHQ WKH IRXU �[� *RYHUQLQJ 3ULQFLSOHV LQWHUDFW ZLWK WKH IRXU �[� ,PSOHPHQWLQJ 3ULQFLSOHV� WKH\ IRUP WKH LQWHUQDO
V\VWHP RI G\QDPLF RUJDQL]DWLRQDO FRQWURO� 7KDW
V ZK\ WKH FRQFHSW LV FDOOHG ��[���

6\VWHP RI '\QDPLF 2UJDQL]DWLRQDO &RQWURO

*RYHUQLQJ � 7KH JRYHUQLQJ SURFHVV SURYLGHV WKH GHVLJQ RI WKH RUJDQL]DWLRQ� ,W GHVFULEHV WKH ERXQGDULHV RI
LQIOXHQFH� WKH �NLQG� RI HQWLW\ LW ZLOO EH� WKH QDWXUH RI LWV JRDOV� LWV YDOXHV� DQG LWV UHTXLUHPHQWV�

,PSOHPHQWLQJ � 7KH MRE RI WUDQVODWLQJ JRYHUQLQJ GHVLJQ LQWR LQWHUQDO H[SUHVVLRQ LV GHOHJDWHG WR VXEV\VWHPV IRU
LPSOHPHQWDWLRQ�

6WDELOLW\ � 7KH SURGXFW RI WKLV IXQFWLRQLQJ V\VWHP�*RYHUQLQJ� ,PSOHPHQWLQJ� LV LQWHUQDO RUJDQL]DWLRQDO VWDELOLW\�

�ILJ� ��
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(QDEOLQJ

)LJ� � VKRZV WKH QDWXUDO V\VWHP SURFHVV WKURXJK ZKLFK G\QDPLF RUJDQL]DWLRQV GHDO ZLWK LQGLYLGXDO H[FHSWLRQV WR
FRQWURO� ,W LV D GHFLVLRQ � DFWLRQ SURFHVV ZKHUH WKH RUJDQL]DWLRQ DVVHVVHV WKH QDWXUH RI WKH H[FHSWLRQ WR FRQWURO� DQG
GHFLGHV KRZ EHVW WR GHDO ZLWK LW� LQ RUGHU WR EHQHILW WKH ZKROH RUJDQL]DWLRQ� ,W LV WKH SURFHVV WKURXJK ZKLFK G\QDPLF
RUJDQL]DWLRQV VHOI�UHJXODWH WR VXUYLYH�

�ILJ� ��

7KH �[� (QDEOLQJ 3ULQFLSOHV IRUP DQ LQWHUQDO V\VWHP IRU GHDOLQJ ZLWK LQGLYLGXDO H[FHSWLRQV WR RUJDQL]DWLRQDO
FRQWURO� 7KH\ FDQ EH WKRXJKW RI DV D VWDQGE\ �LPPXQH� V\VWHP UHDG\ WR GHDO ZLWK LQWHUQDO H[FHSWLRQV WR FRQWURO WKDW
H[FHHG HVWDEOLVKHG OHYHOV RI WROHUDQFH� :KHQ DQ LQGLYLGXDO H[FHSWLRQ XSVHWV WKH VWDELOLW\ RI WKH RUJDQL]DWLRQ� WKH
HQDEOLQJ SURFHVV FRPHV RQ�OLQH�

02',)< � 7KH H[FHSWLRQ LV PRGLILHG WR FRPSO\ WKURXJK UHVWDWHPHQW RI JRYHUQLQJ FRPPRQ SURSHU
UHVSRQVH WR WKH LQGLYLGXDO
V QHHG� DQG HQIRUFHPHQW WKURXJK UHFRJQL]LQJ SHUIRUPDQFH LPSURYHPHQW� WKXV
UHPRYLQJ WKH REVWDFOH WR SURSHU SHUIRUPDQFH �:������

$&&2002'$7( � 7KH H[FHSWLRQ LV DFFRPPRGDWHG WKURXJK FKDQJH LQ FRPPDQG� WKXV UHPRYLQJ WKH
REVWDFOH WR SURSHU SHUIRUPDQFH� 7KLV SURFHVV SURGXFHV DQ LQWHUQDO FKDQJH� ,W LV WKH SURFHVV WKURXJK ZKLFK
RUJDQL]DWLRQV UHPDLQ VHQVLWLYH WR WKH QHHGV RI WKH LQGLYLGXDO� DQG UHWDLQ WKH DELOLW\ WR JURZ� HYROYH DQG
DFFOLPDWH IRU VXUYLYDO� ,W LV DFFRPSOLVKHG E\ VHWWLQJ LQ D QHZ FRPPDQG WKURXJK DSSOLFDWLRQ RI WKH
*RYHUQLQJ DQG ,PSOHPHQWLQJ 3ULQFLSOHV �0�����6������ 7KH REVWDFOH WR SURSHU SHUIRUPDQFH LV
UHPRYHG�

385*( � 7KH H[FHSWLRQ LV SHUFHLYHG WR EH D WKUHDW WR WKH VXUYLYDO DQG ZHOO�EHLQJ RI WKH ZKROH
RUJDQL]DWLRQ� DQG FDQQRW EH WROHUDWHG� 7KH REVWDFOH WR SURSHU SHUIRUPDQFH RI FRPPDQG LV FDVW RXW �:���
UHHVWDEOLVKLQJ VWDELOLW\� ,Q SUDFWLFH� LQGLYLGXDOV FDQ RIWHQ EH UHDVVLJQHG RU PRYHG WR RWKHU ORFDWLRQV RU
RSHUDWLRQV�

7KH �[� 2UJDQL]DWLRQDO3ULQFLSOHV QHYHU GLFWDWH PHWKRG� DSSURDFK� VW\OH RU WHFKQLTXH� LQVWHDG� WKH\ LGHQWLI\ WKH
EDVLF DFWLRQ JRDO WR EH DFFRPSOLVKHG �L�H�� 0��� LQ RUGHU WR UHHVWDEOLVK RUJDQL]DWLRQDO FRQWURO RI WKH ORVV SURGXFLQJ
SDWWHUQ� (QIRUFHPHQW� IRU H[DPSOH� LV WKH SURFHVV WKDW SURGXFHV FRPSOLDQFH WR WKH SUHHVWDEOLVKHG VWDQGDUG RI
SHUIRUPDQFH� ,W FDQ EH DFFRPSOLVKHG LQ PDQ\ZD\V� WKURXJK SHHU SUHVVXUH� D SUDLVLQJ ZRUG� GLVFLSOLQH� RU
SXQLVKPHQW� +RZ WKH SULQFLSOH LV VDWLVILHG LV D SURGXFW RI WKH VW\OH� SHUVRQDOLW\� DQG DSSURDFK RI WKH RUJDQL]DWLRQ�
7KHUHIRUH� �[� JLYHV XV D FRQYHQLHQW EHQFKPDUN WR WHVW DQG PHDVXUH WKH HIIHFWLYHQHVV RI GLIIHUHQW PDQDJHPHQW
VW\OHV LQ RXU GHVLJQHG RUJDQL]DWLRQV� ,W OHWV XV XQGHUVWDQGZK\ FHUWDLQ PDQDJHPHQW VW\OHV ZRUN ZHOO LQ RQH W\SH RI
RUJDQL]DWLRQ DQG QRW LQ DQRWKHU�
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7KH FKDUDFWHULVWLFV LQKHUHQW LQ WKH IXQFWLRQ RI WKH �[� 3ULQFLSOHV QRW RQO\ GHILQH WKH KXPDQ DFWLRQV QHFHVVDU\ IRU
RUJDQL]DWLRQDO FRQWURO� EXW DOVR VWLPXODWH KXPDQ UHVSRQVH SDWWHUQV EHVW VXLWHG WR SURGXFH DQG VXVWDLQ VWDELOLW\ DQG
KDUPRQ\ ZLWKLQ WKH RUJDQL]DWLRQ� 7KLV SURFHVV VKDSHV WKH EHKDYLRU RI SHUVRQV DV LQGLYLGXDOV DQG JURXSV ZLWKLQ WKH
RUJDQL]DWLRQ� 7KH YLVLELOLW\ RI KXPDQ EHKDYLRU DV UHVSRQVH WR WKH DSSOLFDWLRQ RI RUJDQL]DWLRQDO SULQFLSOHV SURYLGHV
QHZ SDUDPHWHUV IRU XQGHUVWDQGLQJ DQG UHVHDUFK E\ DOO GLVFLSOLQHV LQWHUHVWHG LQ ZK\ WKLQJV RFFXU DV WKH\ GR ZLWKLQ D
SDUWLFXODU RUJDQL]DWLRQDO HQYLURQPHQW� 2I SDUWLFXODU LQWHUHVW WR EXVLQHVV DQG LQGXVWU\ ZLOO EH WKH LPSOLFDWLRQV WR
UHODWLRQV EHWZHHQ /DERU DQG 0DQDJHPHQW�:LWK WKHLU XQGHUVWDQGLQJ RI HDFK RWKHU
V UROHV DQG WKH SDUW HDFK SOD\V LQ
WKH FUHDWLQJ RI V\VWHPV WKDW VDWLVI\ WKH �[� 3ULQFLSOHV� ZLOO FRPH D QDWXUDO� FRPPRQ� FRQFHSWXDO IUDPHZRUN
WKURXJK ZKLFK HDFK FDQ ZRUN WRZDUG PD[LPL]LQJ WKH VXFFHVV RI WKH RUJDQL]DWLRQ DV D FRPPRQ JRDO� �[� EULQJV
SHUVRQV WRJHWKHU LQWR SUREOHP VSHFLILF JURXSV ZLWKLQ WKH RUJDQL]DWLRQ�7KXV� DV D SDUW RI URXWLQH SUREOHP VROYLQJ
DFWLYLW\ DOO PHPEHUV RI WKH RUJDQL]DWLRQPD\ XQLTXHO\ FRQWULEXWH WRZDUG WKH VWDELOLW\ DQG VXFFHVV RI WKH
RUJDQL]DWLRQ�2QH UHVXOW RI DSSO\LQJ �[� &RQFHSW LV WKH LQFUHDVH LQ WDQJLEOH YDOXH DQG LPSRUWDQFH RI HDFK SHUVRQ
WR WKH RYHUDOO VXFFHVV DQG VXUYLYDO RI WKH RUJDQL]DWLRQ�

7KH 3URFHVV RI 6HOI�5HJXODWLRQ
67(3 �

$ 6(1625:,7+ 0(025<2):+$7 ,6 81$&&(37$%/(� $1' 7+( $%,/,7< 72 %27+
'(7(&7 $1' &20081,&$7(� 3(5&(,9(6 ,167$%,/,7<$1' $/(576 $1 $1$/<6,6�
'(&,6,21 &(17(5�

67(3 �

7+( $1$/<6,6�'(&,6,21 &(17(5$66(66(6 7+( 1$785(2) 7+5($7 $1' ,'(17,),(6
7+( )81&7,21 )25 3523(5 5(63216(�

67(3 �

7+( )81&7,21 )25 3523(5 5(63216( 0$56+$/6 7+( 5(6285&(6 2) 7+(
25*$1,=$7,21

67(3 �

7+( 352&(66 2) 5(3$,5 25 &+$1*( ,6 $&&203/,6+('

�ILJ� ��
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7KH JRDO RI WKH VHOI�UHJXODWLRQ SURFHVV LV WR PDLQWDLQ RUJDQL]DWLRQDO FRQWURO E\ UHHVWDEOLVKLQJ VWDELOLW\ WKURXJK
HLWKHU UHSDLU WR UHWDLQ SUHYLRXV VWDELOLW\ VWDWXV� RU SURFHVV WR DFKLHYH WKH VPDOOHVW LQFUHPHQWDO FKDQJH WKDW ZLOO
HVWDEOLVK QHZ VWDELOLW\ VWDWXV� ,W LV WKLV ODWWHU W\SH RI FKDQJH WKDW SURGXFHV HYROXWLRQZLWKLQ WKH RUJDQL]DWLRQ�

*RYHUQLQJ 3ULQFLSOHV DQG 7KHLU 5HODWLRQ WR 3ROLF\

7KH ERG\ RI SROLF\ ZLWKLQ DQ RUJDQL]DWLRQ UHSUHVHQWV WKH RUJDQL]DWLRQ
V DWWHPSW WR FRQWURO LWV DFWLYLWLHV� 3ROLFLHV WR
EH HIIHFWLYH� KRZHYHU� PXVW REH\ FHUWDLQ SULQFLSOHV� MXVW DV WKH V\VWHPV WKH\ DUH LQWHQGHG WR FRQWURO� 7KHVH
SULQFLSOHV DUH WKH *RYHUQLQJ 3ULQFLSOHV� GLVFXVVHG DERYH� ,I SROLFLHV DUH QRW GHVLJQHG WR LQVXUH WKDW WKH *RYHUQLQJ
3ULQFLSOHV DUH VDWLVILHG� FRQWURO LQ WKH DUHDV JRYHUQHG E\ WKRVH LPSURSHUO\ IRUPXODWHG SROLFLHV ZLOO EH DW EHVW
LQFRPSOHWH� 6XVWDLQLQJ RUJDQL]DWLRQDO FRQWURO FDQ QHYHU EH PRUH FRPSOHWH WKDQ WKH ERG\ RI SROLF\ XSRQ ZKLFK LW
GHSHQGV�

&RQWURO

&RQWURO SRLQWV DUH LGHQWLILHG LQ IRUPXODWLQJ WKH HYHQW PRGHO� 7KH PHDVXUHV GHULYHG IURP WKH IXQGDPHQWDOPRGHO
TXDQWLILFDWLRQ GLVFXVVHG DERYH SURYLGH WKH GHFLVLRQ PDNHU ZLWK D EDVLV IRU GHWHUPLQLQJ KRZ HIIHFWLYH LW ZLOO EH WR
DFW DW D SDUWLFXODU FRQWURO SRLQW� 7KH *RYHUQLQJ 3ULQFLSOHV GHVFULEH ZKDW JHQHUDO DFWLRQV FDQ EH WDNHQ WR SURGXFH
FRQWURO� 6KRUW H[DPSOHV RI WKH W\SHV RI LQIHUHQFHV WKDW WKH PHDVXUHV RI FDXVDO HQHUJ\ DQG FDXVDO VWUHVV PDNH
SRVVLEOH DUH SUHVHQWHG EHORZ�

,QIHUHQFHV )URP &DXVDO 6WUHVV

&DXVDO 6WUHVV LV D PHDVXUH RI WKH WRWDO HYHQW SURFHVV DV GHILQHG E\ WKH �[� ORJLF SURFHVV�:KHQ D GHFLVLRQ PDNHU
FKRRVHV WR HVWDEOLVK FRQWURO DW D SRLQW ZLWKLQ WKH FDXVDO V\VWHP� WKH FDXVDO FKDLQ DERYH WKH FRQWURO SRLQW LV GLVDEOHG�
$ PHDVXUH RI WKH DWWUDFWLYHQHVV RI D FRQWURO SRLQW LV WKH DPRXQW RI UHODWLYH FDXVDO VWUHVV WKH RSWLRQ UHPRYHV IURP
WKH PRGHO� 7KLV PHDVXUH� LQ FRQMXQFWLRQ ZLWK FRVW GDWD IURP WKH RUJDQL]DWLRQ� \LHOG PDQDJHPHQW GHFLVLRQ GDWD IRU
FRVW�EHQHILW DQDO\VLV� 7KH RSWLRQ ZKLFK UHPRYHV WKH JUHDWHVW DPRXQW RI FDXVDO VWUHVV SURYLGHV WKH JUHDWHVW
SUHYHQWLRQ EHQHILW WR WKH RUJDQL]DWLRQ�

&RVW � %HQHILW $QDO\VLV

,GHDOO\� RUJDQL]DWLRQV KDYH WKH UHVRXUFHV DW WKHLU GLVSRVDO WR WDNH DGYDQWDJH RI DOO FRUUHFWLYH RSSRUWXQLWLHV� ,Q WKH
UHDO ZRUOG� RUJDQL]DWLRQVPXVW RIWHQ PDNH GLIILFXOW GHFLVLRQV DV WR KRZ WR DOORFDWH OLPLWHG UHVRXUFHV WR DGGUHVV
WKHLU SUREOHPV� $ �[� FRVW � EHQHILW DQDO\VLV SURFHVV \LHOGV WKH DPRXQW RI FDXVDO VWUHVV UHOLHYHG SHU GROODU� 2QFH D
FRUUHFWLYH RSSRUWXQLW\ LV LGHQWLILHG� WKH DPRXQW RI VWUHVV UHOLHYHG E\ FRUUHFWLRQ FDQ EH FDOFXODWHG GLUHFWO\ IURP WKH
PRGHO� ,I WKH GHFLVLRQ PDNHU FDQ SURYLGH WKH FRVW RI FRUUHFWLRQ� D PHDVXUH RI WKH UDWLR RI EHQHILW SHU GROODU IURP WKH
FRUUHFWLRQ UHVXOWV� 7KXV D �[� PRGHO SURYLGHV GHFLVLRQ VXSSRUW GDWD WKDW FRPSDUHV GHFLVLRQ RSWLRQV IRU SURMHFWHG
FRQWURO HIIHFWLYHQHVV� DQG \LHOGV D PHDVXUH RI SUHYHQWLRQ EHQHILW SHU GROODU�

6HQVLWLYLW\ $QDO\VLV

6HQVLWLYLW\ DQDO\VLV LV QDUURZO\ DSSOLFDEOH WR WKH �[� &RQFHSW� 7KH LQSXW WR WKH PRGHO LV IDFWXDO WR WKH EHVW
NQRZOHGJH RI WKH RUJDQL]DWLRQ� DQG DQ\ FKDQJH LQ WKH GDWD ZLOO KDYH DQ HIIHFW RQ WKH DQDO\VLV RI WKH PRGHO
FRPPHQVXUDWH ZLWK WKH GHJUHH RI WKH FKDQJH DQG WKH OHYHO RI WKH FKDQJH ZLWKLQ WKH PRGHO� 7KH YDOXHV UHWXUQHG
IURP D �[� DQDO\VLV DUH GHULYHG IURP GLUHFW PHDVXUHPHQWV� DQG DQ\ FKDQJH LQ WKRVH PHDVXUHPHQWV ZRXOG EH WKH
UHVXOW RI D FKDQJH LQ WKH GDWD LQSXW E\ WKH RUJDQL]DWLRQ� ,Q RQO\ RQH LQVWDQFH ZLOO WKH UHDGHU QRWH D PHDVXUH WKDW LV
KLJKO\ VHQVLWLYH WR VPDOO FKDQJHV � WKH LQVWDQFH RI JHQHUDWLQJ FDXVDOLW\� ,Q WKLV FDVH� WKH PHDVXUH LV YHU\ VHQVLWLYH WR
DQ\ VHW ZLWKLQ ZKLFK PRUH WKDQ WZR JHQHUDWLQJ IDFWRUV H[LVW�

7KH JHQHUDWLQJ FDXVDOLW\ PHDVXUH LV GHVLJQHG IRU WKLV VHQVLWLYLW\ � WKH H[LVWHQFH RI WZR JHQHUDWLQJ IDFWRUV ZLWKLQ D
FDXVDO VHW LV LGHQWLILHG ZLWK D FRPPRQ FDXVDO SURFHVV SDWWHUQ� DQG LV WKHUHIRUH QRW D SKHQRPHQRQ IRU DODUP�
+RZHYHU� PRUH WKDQ WZR JHQHUDWLQJ IDFWRUV ZLWKLQ D VHW VLJQLILFDQWO\ LQFUHDVHV WKH UROH RI FDXVDO HQHUJ\ LQ
SURGXFLQJ WKDW VHW� LGHQWLI\LQJ WKH VWURQJO\ FDXVDO VHW DV D WDUJHW IRU FRQWURO GHVLJQ� 2SWLPDOO\� WKH FRUUHFWLYH
RSSRUWXQLW\ VHOHFWHG ZLOO FKDLQ XS WKURXJK WKH VWURQJO\ FDXVDO VHW WR LQWHUIHUH ZLWK WKH LQWHUDFWLRQ RI WKH IDFWRUV
ZLWKLQ WKLV KLJKO\ HQHUJL]HG VHW� DQG WKXV GLVDEOH WKH VHW�

7KH DELOLW\ WR H[SUHVV WKH RUJDQL]DWLRQDO IDFWRUV DV DQ LQWHUDFWLQJ SURFHVV V\VWHP LQ DOSKDQXPHULF WHUPV SURYLGHV
WKH SURIHVVLRQ ZLWK FDSDELOLW\ WR V\PEROLFDOO\ UHSUHVHQW WKH HYHQW LQ FRPSXWHU FRPSDWLEOH WHUPV WKDW VSHDN RI ZKR
FDQ GR ZKDW WR HVWDEOLVK FRQWURO� 8QLTXH DQDO\VHV EHFRPH DYDLODEOH WKURXJK GLUHFW LQSXW RI WKH SURFHVV LQ WHUPV RI
WKH WRWDOLW\ RI WKH RUJDQL]DWLRQ� 7KLV DSSURDFK DVVRFLDWHV WKH LGHQWLILHG GHFLVLRQ RSWLRQ ZLWK WKH VSHFLILF SROLF\
JRYHUQLQJ VXFK D GHFLVLRQ DUHD� 7\SLFDOO\� VHYHUDO SROLF\ DUHDV PD\ EH LQYROYHG LQ DQ HYHQW SURFHVV� �[� SURYLGHV D
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YLHZ RI WKH QRUPDOO\ KLGGHQ LQWHUDFWLRQ RI SROLF\ HIIHFWV DV LW UHODWHV WR WKH SURGXFWLRQ RI XQZDQWHG HYHQWV� ,W LV
FRPPRQ WR ILQG UHFXUULQJ SDWWHUQV RI SROLF\ LQWHUDFWLRQ DVVRFLDWHG ZLWK ORFDWLRQV DQG SURFHVVHV�7KLV YLVLELOLW\
SURYLGHV QHZ� VLWH ULVN DVVHVVPHQW FDSDELOLW\�

2UJDQL]DWLRQDO 7RWDOLW\

:LWK WKH DELOLW\ WR H[SUHVV HYHQWV LQ WHUPV RI WKH WRWDO RUJDQL]DWLRQ� WKH SURIHVVLRQ FDQ DW ODVW PRGHO DOO RI WKH
FRQWUROODEOH V\VWHPV VWUXFWXULQJ DQ HYHQW���IURP D PLFURVFRSLF DQDO\VLV RI WKH UHOLDELOLW\ RI RQH HOHFWULFDO LQWHUIDFH
FRQQHFWRU� WR WKH PDFURVFRSLF DQDO\VLV RI WKH UHOLDELOLW\ RI RUJDQL]DWLRQDO FRQWUROV� 7KHVH IDFWRUV FDQ EH LQFOXGHG
ZLWKLQ WKH VDPH DQDO\VLV SURFHVV DQG ZLWKLQ WKH VDPH XQLILHG HYHQW PRGHO� )XUWKHU� DV SURPLVHG E\ WKH �[�
7KHRUHP 2QH� LGHQWLILFDWLRQ RI WKH HYHQW LQ WHUPV RI DFWLRQV WKDW VDWLVI\ SULQFLSOHV GHVFULEHV WKH VROXWLRQ
DOWHUQDWLYHV IRU LQSXW WR WKH H[HFXWLYH GHFLVLRQ PDNLQJ SURFHVV�

6\VWHP RI 2UJDQL]DWLRQV

:KHQ ZH YLHZ DQG SHUFHLYH HYHQWV DV D QDWXUDO SURFHVV ZLWKLQ RUJDQL]DWLRQV� PXFK RI WKH P\VWHU\ RI XQH[SODLQHG
RUJDQL]DWLRQDO SKHQRPHQD LV GLVSODFHG E\ IXQGDPHQWDO XQGHUVWDQGLQJ RI SURFHVV� 7KH NH\ WR XQGHUVWDQGLQJ DQ
HYHQW LV WR WUDFH HDFK LGHQWLILHG FDXVDO IDFWRU WR WKH V\VWHP RI RUJDQL]DWLRQ LQ ZKLFK LW LV FRQWUROODEOH�

�ILJ� ��

,Q ILJ�� DQ HYHQW LV LGHQWLILHG DV RFFXUULQJ ZLWKLQ D FRPSDQ\� 7KH HYHQW LV UHSUHVHQWHG E\ WKH IDFWRUV $� %� & DQG '
WKDW IRUPHG WKH V\VWHP WKDW SURGXFHG WKH HYHQW� ,Q WKLV JUDSKLF� IDFWRUV $ DQG ' DUH VKRZQ DV FRQWUROODEOH ZLWKLQ
WKH FRPSDQ\ LWVHOI� )DFWRU % LV FRQWUROODEOH RQO\ DW WKH VWDWH OHYHO� )DFWRU & LV FRQWUROODEOH RQO\ DW WKH QDWLRQDO OHYHO�
7KH FRQFHSW KHUH LV QRW WR JHW RXW�VLGH WKH RUJDQL]DWLRQ LQ RUGHU WR VHH ZKDW LV KDSSHQLQJ� EXW UDWKHU WR SHUFHLYH
WKLQJV DV KDSSHQLQJZLWKLQ D QHWZRUN RI LQWHUDFWLQJ V\VWHPV RI RUJDQL]DWLRQ�

%\ GHILQLWLRQ� IDFWRUV RULJLQDWLQJ H[WHUQDOO\ WR DQ RUJDQL]DWLRQ DUH QRW FRQWUROODEOH E\ WKDW RUJDQL]DWLRQ�+RZHYHU�
PDQDJHPHQWZLOO ZDQW WR SURFHGXUDOO\ PRQLWRU WKH GDWD IRU FDXVDO IDFWRUV WKDW KDYH EHHQ FRQVLGHUHG
QRQFRUUHFWDEOH IRU RSSRUWXQLWLHV WR LQWHUQDOL]H WKHVH IDFWRUV� )RU LQVWDQFH� LI VWDWH ODZ LV SLQSRLQWHG E\ DQ LQGXVWU\
DV KDYLQJ FRQVLVWHQW FDXVDO HIIHFW XSRQ FHUWDLQ ZRUNHUV
 GHFLVLRQV WKDW DUH UHVXOWLQJ LQ WKHLU ULVN�WDNLQJ RQ WKH MRE�
WKH FRPSDQLHV PD\ HOHFW WR EHFRPH SDUW RI D ODUJHU RUJDQL]DWLRQ LQ RUGHU WR EULQJ DERXW D FKDQJH LQ WKH ODZ� :KHQ
WKH QHHGHG FKDQJH RFFXUV DW WKH VWDWH OHYHO� WKH VWDWH ZLOO KDYH WKHQ VDWLVILHG WKH (QDEOLQJ 3ULQFLSOHV E\
DFFRPPRGDWLQJ WKH WKUHDW RI FRQWURO� 7KH VWDWH UHTXLUHPHQW LV FKDQJHG� DSSOLHG FRQVLVWHQWO\�PRQLWRUHG DQG
HQIRUFHG� 6WDELOLW\ LV UHHVWDEOLVKHG�

�[� 2UJDQL]DWLRQDO 'DWD
7KH �[� LQTXLU\PHWKRG VWDUWV ZLWK D UXOH JXLGHG� VWDQGDUG RSHUDWLQJ SURFHGXUH IRU GLUHFWHG WKLQNLQJ � 7KH
GLVFLSOLQH RI WKH PHWKRG IRFXVHV XSRQ RQO\ IDFWRUV FDXVDOO\ UHOHYDQW WR WKH HYHQW� 7KH LQYHVWLJDWRU H[DPLQHV D
VHULHV RI SRLQWV LQ WLPH PDUNHG E\ HYHQWV WKDW HYHQWXDOO\ SURGXFHG DQ RUJDQL]DWLRQDOO\XQDFFHSWDEOH UHVXOW� 7KH
IRXU UXOHV RI LQYHVWLJDWLRQ IRUP D VFLHQWLILF LQTXLU\ SURFHVV E\ KHXULVWLFDOO\ TXDOLI\LQJ WKH GDWD LQWR DQ
RUJDQL]DWLRQDO V\VWHP FRQWH[W� DQG LGHQWLI\LQJ WKH QDWXUH RI HDFK IDFWRU DV UHODWHG WR WKH QDWXUH RI LWV LQSXW WR WKH
V\VWHP�

�[� (YHQW0RGHOLQJ
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, DP JRLQJ WR GHVFULEH DQG EULHIO\ LOOXVWUDWH �[� HYHQW PRGHOLQJ LQ D WUHH IRUPDW� , XUJH \RX WR ORRN EH\RQG WKH XVH
RI IDPLOLDU WUHHV DQG WHUPV WR WKH XQLTXH SURFHVV WKDW TXDOLILHV WKH FRQWHQW RI WKH PRGHO� $V , QRWHG HDUOLHU� WKH UXOHV
DUH GHVLJQHG WR SURGXFH VFLHQWLILF LQTXLU\ SURFHVV� WKDW LV� UHSURGXFLEOH IURPPXOWLSOH VRXUFHV� 7KH UXOHV IRUP DQ
RSHUDWLRQDO HYHQW PRGHO E\ GHILQLQJ WKH FKDUDFWHULVWLFV RI WKH GDWD DQG WKH WHVWV WR ZKLFK WKH\ DUH SXW�

1$55$7,9(

�$ PDQ LV RSHUDWLQJ D VPDOO PHFKDQLFDO IRUPLQJ SUHVV� +H LV UHPRYLQJ D SDUW E\ KDQG ZKHQ WKH SUHVV
F\FOHV� FUXVKLQJ KLV KDQG LQ WKH SRLQW RI RSHUDWLRQ�� 6WDUWLQJ ZLWK WKH VHOHFWHG HQG�UHVXOW RI WKH FUXVKHG
KDQG� ZH DVN:+< WKH KDQG ZDV FUXVKHG LQ WKH SUHVV���

:+< :$6 7+(0$1
6 +$1' &586+(' ,1 7+( 35(66"

7R WKDW TXHVWLRQZH EULQJ DOO JHQHUDWLQJ DQG SHUPLWWLQJ IDFWRUV QHFHVVDU\ IRU WKH RFFXUUHQFH RI WKDW VHTXHQWLDO VWHS�

�ILJ� ��

5XOH 7KUHH� EDVHG XSRQ �2FFDP
V 5D]RU�� UHVWULFWV XQQHFHVVDU\ FRPSOH[LW\ DQG� WRJHWKHU ZLWK WKH DSSOLFDWLRQ RI
�QHFHVVDU\ DQG VXIILFLHQW� ORJLF FRQVWUXFW SURYLGHV D WHVW IRU DFFXUDF\� $UH RWKHU IDFWRUV HVVHQWLDO WR H[SODLQ WKH
RFFXUUHQFH RI WKH HYHQW" :LOO WKH HYHQW RFFXU LI DQ\ DUH UHPRYHG"

'HFLVLRQ 'DWD

:KHQ WKH �[� HYHQW PRGHO LV FORVHG �DOO FDXVH FKDLQV WHUPLQDWHG�� ZH FDQ VD\ WKDW DOO FRQWULEXWLQJ IDFWRUV KDYH
EHHQ LGHQWLILHG LQ WHUPV RI LQWHUQDO FRQWURO� 7KH �[� PRGHO LV DQ RUGHUHG VWUXFWXUH RI WKH HYHQW SURFHVV� D JUDSKLF
GHSLFWLRQ RI RXU XQGHUVWDQGLQJ RI WKH V\VWHP WKDW SURGXFHG WKH HYHQW� ,Q SUDFWLFH� VRPH FDXVDO FKDLQV PD\
WHUPLQDWH DV H[WHUQDO WR FRQWURO E\ WKH RUJDQL]DWLRQ �QRW FRUUHFWDEOH 1&�� RWKHUV PD\ WHUPLQDWH DV DQ H[SUHVVLRQ RI
LQVXIILFLHQW GDWD �,'�� RWKHUV PD\ EH LGHQWLILHG DV VSHFLILF FRUUHFWLYH RSSRUWXQLWLHV IRU RUJDQL]DWLRQDO SUHYHQWLRQ
�&2��

7KH WHUPLQDWRU FDWHJRULHV DUH WKH VDPH RQHV LQWR ZKLFK RXU PLQGV QDWXUDOO\ VRUW GDWD IRU GHFLVLRQ DQG DFWLRQ� 7KH
PRGHO SURGXFHG LV LQ D OLWHUDO VHQVH D SLFWXUH RI WKH LQYHVWLJDWRU
V WKRXJKW SURFHVV� 7KH DGPLQLVWUDWRU FDQ QRZ YLHZ
WKH HYHQW WKURXJK WKH H\HV RI WKH LQYHVWLJDWRU� +H FDQ IROORZ WKH LQYHVWLJDWRU
V ORJLF� VWHS E\ VWHS� KH FDQ TXHVWLRQ�
WHVW� DQG PHDVXUH WKH LQYHVWLJDWLYH DFFXUDF\� KH FDQ PRQLWRU WKH DWWLWXGHV DQG GHFLVLRQ JXLGHOLQHV H[LVWLQJ LQ WKH
RSHUDWLRQ� DQG KH FDQ PRQLWRU WKH FRQWLQXLW\ RI GDWD VRXUFHV�

:KHQ ZH DUH DEOH WR WKHQ DVVRFLDWH HDFK FRUUHFWLYH RSSRUWXQLW\ ZLWK HLWKHU WKH DEVHQFH RU WKH SUHVHQFH RI H[LVWLQJ
FRQWURO SROLFLHV�SURFHGXUHV� ZH SURGXFH D QDWXUDO PRQLWRULQJ V\VWHP RI RUJDQL]DWLRQDO FRQWURO� 'HVLJQ RI HIILFLHQW
RUJDQL]DWLRQDO FRQWUROV EHFRPHV SRVVLEOH ZKHQ WKH LGHQWLILHG FDXVDO V\VWHPV DQG WKHLU SURGXFWV DUH TXDQWLILDEOH�
+HQFH WKH VLJQLILFDQFH RI WKH �[� TXDQWLILFDWLRQ V\VWHP�

0RQLWRULQJ DQG $XGLWV

0U� 5D\+HLVNDOD� ZKLOH FRQILJXUDWLRQPDQDJHPHQW UHSUHVHQWDWLYH IRU 1$6$� ZURWH� �8QWLO WRS PDQDJHPHQW
NQRZV WKH UHODWLYH KHDOWK RI WKHLU RUJDQL]DWLRQ
V LQGLYLGXDO DFWLYLWLHV� WKH\ ZLOO FRQWLQXH WR EH VHYHUHO\ OLPLWHG LQ
NQRZLQJZKHUH WKHLU UHVRXUFHV VKRXOG EH DSSOLHG WR JXDUDQWHH VDIH� KLJK TXDOLW\ RSHUDWLRQV��:LWK DXGLWV EDVHG
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XSRQ �[� PHWKRGRORJ\� WKH RUJDQL]DWLRQDO V\VWHPV WKDW JHQHUDWH RU SHUPLW ORVV RI FRQWURO FDQ EH LGHQWLILHG�
TXDQWLILHG� DQDO\]HG� DQG UHGHVLJQHG E\ WRS PDQDJHPHQW WR PD[LPL]H WKH TXDOLW\ JRDOV RI WKH RUJDQL]DWLRQ�$Q\
DSSURSULDWH VWDQGDUG IRU RUJDQL]DWLRQDO SHUIRUPDQFH SURYLGHV QRW RQO\ D FULWHULRQ IRU DVVHVVPHQW RI FRPSOLDQFH�
EXW DOVR WKH RSSRUWXQLW\ WR DVVHVV WKH FRQWUROV LQ SODFH WR DFFRPSOLVK FRPSOLDQFH� .H\LQJ LGHQWLILHG FDXVDO IDFWRUV
WR WKH H[LVWHQFH RI DSSURSULDWH FRQWURO SROLFLHV�SURFHGXUHV SURYLGHV D UHDO�WLPH PRQLWRU RI H[LVWLQJ FRQWURO
HIIHFWLYHQHVV� ,GHQWLI\LQJ D VXEVWDQGDUG FRQGLWLRQ SUHVHQWV RQO\ DQ RSSRUWXQLW\ WR LPSURYH WKDW FRQGLWLRQ� EXW
LGHQWLI\LQJ WKH RUJDQL]DWLRQDO V\VWHP WKDW SURGXFHG WKDW VXEVWDQGDUG FRQGLWLRQ SUHVHQWV DQ HYHQ PRUH LPSRUWDQW
RSSRUWXQLW\ IRU SHUPDQHQWO\ XSJUDGLQJ WKH RUJDQL]DWLRQDO FRQWURO DIIHFWLQJ WKH TXDOLW\ RI WKH RSHUDWLRQ� �[� GDWD
DUH WKH PHDQLQJIXOPHVVDJHV WKDW KDYH EHHQ QHHGHG E\ PDQDJHUV WR XQLI\ DQG RUGHU WKH RYHUDOO FRQWUROV RI WKRVH
DFWLYLWLHV WKDW GLFWDWH WKH NLQG RI RUJDQL]DWLRQZH DUH� WKH TXDOLW\ RI RXU SURGXFWV� WKH SURILWDELOLW\ RI RXU RSHUDWLRQV�
WKH HIIHFWLYHQHVV ZLWK ZKLFK ZH GHOLYHU RXU VHUYLFHV DQG SURGXFWV� WKH YHU\ VXUYLYDO RI RXU RUJDQL]DWLRQ�

�[� 0DQDJHULDO 'DWD

1RZ OHW XV ORRN DW VRPH RI WKH LQIRUPDWLRQ� DYDLODEOH IURP WKH 5($621 VRIWZDUH� DERXW DQ RSHUDWLRQV SUREOHP
WKDW WKH EDVLF �[� LQYHVWLJDWLRQ� PRGHO� DQG DQDO\VHV FDQ SURYLGH WR PDQDJHUV�

� $ UHSRUW WKDW LGHQWLILHV� PHDVXUHV� DQG FRPSDUHV HYHU\ TXDOLW\ LPSURYHPHQW GHFLVLRQ RSWLRQ� SULRULWL]LQJ
GHFLVLRQ RSWLRQV IURP D VWDQG SRLQW RI ERWK SUHYHQWLRQ HIIHFWLYHQHVV DQG FRVW�EHQHILW�
� $ UHSRUW RI ORVV IDFWRUV FRQVLGHUHG H[WHUQDO WR WKH RUJDQL]DWLRQ� D QHZ RSSRUWXQLW\ IRU PDQDJHUV WR DVVHVV
H[LVWLQJ FDSDELOLW\ WR HLWKHU LQWHUQDOL]H WKRVH IDFWRUV� RU VHHN LPSURYHPHQW DW D KLJKHU OHYHO RI RUJDQL]DWLRQ�
� $ UHSRUW RI SHUPLWWLQJ LQIOXHQFHV DV UHODWHG WR IDFLOLWLHV DQG HTXLSPHQW� D SURMHFW DVVHVVPHQW VKHHW IRU
,QGXVWULDO (QJLQHHULQJ� 0DLQWHQDQFH� +RXVHNHHSLQJ� DQG ZKHQ UHODWHG WR HPSOR\HHV� D PRQLWRU RI EHKDYLRU
SURGXFLQJ SODQW EHOLHI V\VWHPV DQG PRUDOH IRU 3HUVRQQHO DQG ,QGXVWULDO 5HODWLRQV�
� $ UHSRUW RI LQGLYLGXDO H[FHSWLRQV WR RUJDQL]DWLRQDO FRQWURO WKDW SURYLGHV PDQDJHPHQWZLWK D VHQVLWLYH
PRQLWRU RI VWDELOLW\� DQG GHWHFWRU RI GHYHORSLQJ QHHG IRU FKDQJH�
� $ UHSRUW RI LQWHUQDO V\VWHPV WKDW JHQHUDWH� SHUPLW� DQG VXVWDLQ ORVV DQG IDLOXUH ZLWKLQ WKH RUJDQL]DWLRQ� WKH
PRVW YDOXDEOH GDWD DYDLODEOH WR WKH H[HFXWLYH PDQDJHU�

0HDVXULQJ 2UJDQL]DWLRQDO (IIHFWLYHQHVV

2I SDUWLFXODU EHQHILW WR ULVN DVVHVVPHQW LV WKH �[� &RQFHSW
V LQGLUHFW PHDVXUHPHQW RI RUJDQL]DWLRQDO FRQWURO
HIIHFWLYHQHVV� ,I DOO XQDFFHSWDEOH HYHQWV ZHUH D SURGXFW RI LQGLYLGXDO H[FHSWLRQ WR RUJDQL]DWLRQDO FRQWURO �ZRUNHU
FRUUHFWLYH RSSRUWXQLW\� ZH ZRXOG VD\ WKDW RUJDQL]DWLRQDO FRQWURO SURGXFHG E\ WKH ERG\ RI FRQWURO SROLF\ ZDV
SHUIHFW� ,Q WKLV FDVH RI LQGLYLGXDO H[FHSWLRQV� WKH RUJDQL]DWLRQZRXOG DSSO\ WKH �[� (QDEOLQJ 3ULQFLSOHV LQ DQ HIIRUW
WR UHHVWDEOLVK FRQWURO� ,Q VKRUW� PDQDJHPHQW LQ WKLV H[DPSOH LV SHUIHFW LQ LWV VDWLVIDFWLRQ RI WKH �[� *RYHUQLQJ
3ULQFLSOHV� VXSHUYLVLRQ LV SHUIHFW LQ LWV VDWLVIDFWLRQ RI WKH �[� ,PSOHPHQWLQJ 3ULQFLSOHV� DQG RQO\ LQGLYLGXDO
H[FHSWLRQV WR RUJDQL]DWLRQDO JURXS EHKDYLRU DUH SURGXFLQJ WKH XQZDQWHG HYHQWV WKDW DUH LPSDLULQJ TXDOLW\ JRDOV�
7KH RUJDQL]DWLRQ FDQQRW LPSURYH EH\RQG WKLV SRLQW ZLWKRXW HYROYLQJ LQWR D GLIIHUHQW HQWLW\� $Q\WKLQJ OHVV WKDQ WKH
DERYH SHUIHFWLRQ LQ FRQWURO ZRXOG JLYH XV D EDVHOLQH UHODWLRQVKLS WR PHDVXUH IRU DQDO\VLV DQG GLUHFWHG UHGHVLJQ RI
FRQWURO SROLFLHV�SURFHGXUHV� ,I� DV JUDSKLFDOO\ VKRZQ LQ )LJ� �� LQ RQH \HDU LW ZDV GHWHUPLQHG WKDW ��� RI WKH
RSSRUWXQLWLHV WR SUHYHQW�FRUUHFW FDXVDO LQIOXHQFHV H[LVWHG DW WKH PDQDJHPHQW OHYHO� ��� RI WKH RSSRUWXQLWLHV
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H[LVWHG DW WKH VXSHUYLVRU OHYHO� DQG ��� RI RSSRUWXQLWLHV H[LVWHG DW WKH ZRUNHU OHYHO� ZH ZRXOG KDYH D EDVHOLQH IRU
PHDVXUHPHQW�

,I� WZR \HDUV ODWHU� WKHUH KDV EHHQ D VWHDG\ VKLIW GRZQ WKH RUJDQL]DWLRQDO VFDOH IURPPDQDJHPHQW WR ZRUNHU� VR WKDW
QRZ RQO\ ��� RI WKH RSSRUWXQLWLHV H[LVW DW WKH PDQDJHPHQW OHYHO� ��� H[LVW DW WKH VXSHUYLVRU OHYHO� DQG ��� DUH
QRZ ZRUNHU H[FHSWLRQV WR RUJDQL]DWLRQDO FRQWURO� ZH KDYH D PHDVXUHG GHPRQVWUDWLRQ RI LPSURYHG RUJDQL]DWLRQDO
FRQWURO� $VVRFLDWHG ZLWK WKLV VKLIW ZLOO EH D UHGXFWLRQ LQ WKH LQFLGHQFH UDWH RI FRXQWHU�TXDOLW\ FRQGLWLRQV DQG HYHQWV�
:LWK WKLV DXGLW PHWKRG� RQH FDQ HPSOR\ WKH LQYHVWLJDWLRQ RI SUHORVV HYHQWV WR DFWXDOO\ PHDVXUH WKH FRQWURO
HIIHFWLYHQHVV RI VXSHUYLVRUV� GHSDUWPHQWV� VKLIWV� RSHUDWLRQV� IDFLOLWLHV� DQG ORFDWLRQV RYHU DQ\ TXDOLW\ JRDO DFWLYLW\�
LQ RUGHU WR GHWHUPLQH WKH SRWHQWLDO IRU ORVV DV UHYHDOHG E\ WKH GHJUHH RI FRQWURO RYHU FULWLFDO DFWLYLWLHV H[LVWLQJ DW WKH
VLWH�

*LYHQ WKH DVVHUWLRQ WKDW SURSHUO\ DSSOLHG SURFHVV SULQFLSOHV SURGXFH V\VWHP VXFFHVV� DQG WKDW LPSURSHU DSSOLFDWLRQ
SURGXFHV V\VWHP IDLOXUH� WKH SUREDELOLW\ WKDW DQ XQUHPHGLHG �[� FRUUHFWLYH RSSRUWXQLW\ ZLOO SURGXFH D FRQWURO
IDLOXUH HYHQW LV ����� )XUWKHU� �[� TXDQWLILFDWLRQ SURYLGHV D PHDVXUH IRU DVVHVVLQJ WKH LPPLQHQFH RI WKH FRQWURO
IDLOXUH HYHQW� DV DQ DGMXQFW WR WUDGLWLRQDO SUREDELOLVWLF WHFKQLTXHV� 7KXV� �[� SURYLGHV WKH SURFHVV DQG VWUXFWXUH WR
SURGXFH SHUIHFW SURFHVV GDWD XS WR WKH SRLQW LQ WKH ULVN DVVHVVPHQW SURFHVV DW ZKLFK D WLPH FRQVWUDLQW LV DSSOLHG�
:H NQRZ WKDW V\VWHP IDLOXUH ZLOO RFFXU � � � ZH GR QRW NQRZ ZKHQ�

6RFLRHFRQRPLF 3UREOHPV

0U� 9HUQRQ *URVH� D OHDGLQJ VSDFH V\VWHPV UHVHDUFKPDQDJHU KDV VWDWHG� �,W FRXOG ZHOO EH WKDW DSSO\LQJ WKH V\VWHPV
DSSURDFK � � � FRXOG EH WKH QH[W VWHS WRZDUG WKH VROXWLRQ RI VRFLRHFRQRPLFSUREOHPV�� +H QRWHG LQ KLV SUHVHQWDWLRQ
WKDW� �YRLFHV WKURXJKRXW RXU QDWLRQ���� KDYH FKDOOHQJHG WKH DHURVSDFH FRPPXQLW\ WR KHOS DOOHYLDWH XUJHQW VRFLDO
SUREOHPV E\ DSSO\LQJ WKH V\VWHPV DSSURDFK�� /RQJ D KRSH� WKLV SRWHQWLDO IRU V\VWHPV XQGHUVWDQGLQJ KDV DZDLWHG D
SUHFLVHO\ GHILQHG FRQFHSW WKDW FRXOG HQFRPSDVV WKH WRWDOLW\ RI WKH RUJDQL]DWLRQ� D PHWKRGRORJ\ WKDW FRXOG TXDQWLI\
YDULDEOH VRFLDO SDUDPHWHUV� DQG D SKLORVRSK\ WKDW ZLGH SRSXODWLRQV FRXOG HQGRUVH� ,Q DQVZHU WR WKRVH QHHGV� �[�
EULQJV WR WKH PDQDJHPHQW SURIHVVLRQ D GHILQHG RUJDQL]DWLRQDO FRQFHSW WKDW HQDEOHV XV WR TXDQWLI\ VRFLDO SDUDPHWHUV
DV WKH\ IXQFWLRQ ZLWKLQ DQ RUJDQL]DWLRQDO VFKHPH� DQG D SKLORVRSK\ WKDW VD\V VLPSO\ WKDW DOO G\QDPLF RUJDQL]DWLRQV�
LQFOXGLQJ VRFLHW\� FDQ DFFRPSOLVK KDUPRQ\ DQG FRQWURO WKURXJK XQGHUVWDQGLQJ DQG DSSOLFDWLRQ RI IXQGDPHQWDO �[�
3ULQFLSOHV� 7KH LPSOLFDWLRQV WR OHDGHUV DQG OHJLVODWRUV DUH SURIRXQG�

$SSOLFDWLRQ � )LQGLQJ 5RRW &DXVHV

,W LV WKH DELOLW\ WR IRFXV XSRQ WKH VSHFLDO FKDUDFWHULVWLFV RI HDFK FDXVDO V\VWHP� DQG WR XQGHUVWDQG WKH QDWXUH RI WKH
SURFHVV DQG KRZ WKH IDFWRUV FDPH WRJHWKHU WR SURGXFH WKH XQZDQWHG HYHQW WKDW HQDEOHV WKH XVHU WR EHWWHU DVVHVV WKH
ULVNV RI ORVV DQG WR GHVLJQ HIIHFWLYH RUJDQL]DWLRQDO FRQWUROV WR SUHYHQW ORVVHV�

:KHQ VWXG\LQJ �[� HYHQW PRGHOV� ,W LV QRW XQXVXDO WR ILQG HYHQWV WKDW VKDUH LQ FRPPRQ D KLJKO\ LQWHUDFWLYH FDXVDO
V\VWHP WKDW H[LVWV WKURXJKRXW WKH RUJDQL]DWLRQ� ,I WKH FULWLFDO FRPSRQHQWV RI WKDW FDXVDO V\VWHP DUH GHVWUR\HG DQG
FRPSOHWHO\ UHPRYHG IURP WKH HQWLUH RUJDQL]DWLRQDO HQYLURQPHQW� WKDW RQH DFWLRQ EURDGO\ EHQHILWV WKH RUJDQL]DWLRQ
V
FRQWUROV�

)RU H[DPSOH� D PDMRU RLO GULOOLQJ ILUP XVHG WKH �[� &RQFHSW WR LQYHVWLJDWH DQG PRGHO WKUHH FRQVHFXWLYH PDMRU ORVV
HYHQWV� 2QH HYHQW� WKH SUHPDWXUH EHDULQJ IDLOXUH RI D ODUJH GLHVHO HQJLQH� ZRXOG KDYH EHHQ VWXGLHG DQG UHVROYHG E\
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WKH 0DLQWHQDQFH DQG (QJLQHHULQJ 'LUHFWRU� $QRWKHU FDVH LQYROYHG WKH LQMXU\ RI VHYHUDO WKLUG�SDUW\ HPSOR\HHVZKR
FUDVKHG WR WKH JURXQG LQ D PDQOLIW� 7KH WKLUG FDVH ZDV D IDWDOLW\ WKDW RFFXUUHG ZKHQ D FUHZ ZDV WHDULQJ GRZQ D
GULOOLQJ ULJ� 7KHVH WKUHH FDVHV ZRXOG QRUPDOO\ KDYH QHYHU EHHQ LQYHVWLJDWHG DQG UHFRUGHG LQ D FRQVLVWHQWPDQQHU
WKDW LGHQWLILHG DOO RI WKH H[LVWLQJ FDXVDO V\VWHPV LQ D IRUP WKDW FRXOG EH FRPSDUHG� :KHQ WKH 5LVN 0DQDJHU
H[DPLQHG WKH WKUHH HYHQW PRGHOV� KH GLVFRYHUHG RQH FDXVDO V\VWHP VKDUHG LQ FRPPRQ� DQG D FRUUHFWLYH RSSRUWXQLW\
WKDW ZRXOG SHUPDQHQWO\ UHPRYH WKH RQH DFWLYH IDFWRU WKDW KDG DOUHDG\ FRQWULEXWHG WR VHYHUDO PDMRU ORVVHV� DQG
URXWLQHO\ WKUHDWHQHG WR SURGXFH RWKHU ORVVHV� 7KH PRGHOV ZHUH WDNHQ E\ WKH 5LVN 0DQDJHU WR WKH 2SHUDWLRQV9LFH
3UHVLGHQW ZKR VHW LQ FRQWURO ZLWK D ILYH PLQXWH WHOHSKRQH FDOO WR WKH 3XUFKDVLQJ 'LUHFWRU� 0DQ\ GLIIHUHQW WKLQJV
KDG FRQWULEXWHG WR HDFK RI WKH WKUHH HYHQWV� EXW WKH RQH URRW FDXVH WKDW WKH WKUHH FDVHV VKDUHG LQ FRPPRQ KDG
JHQHUDWHG D V\VWHP WKDW KDG UHVXOWHG LQ WKH SXUFKDVH RI D VXEVWXWXWH SURGXFW WKDW LQ HDFK FDVH ZDV FRQVLGHUHG E\ D
SXUFKDVLQJ FOHUN WR EH �WKH VDPH DV RU EHWWHU WKDQ� WKH SURGXFW UHTXHVWHG RQ D RULJLQDO SXUFKDVH UHTXLVLWLRQ�
&RQVHTXHQWO\� KLJKO\ HIILFLHQW RLO ILOWHUV ZHUH SXUFKDVHG WKDW ILOWHUHG RXW HVVHQWLDO RLO OXEULFDQWV IURP WKH GLHVHO
HQJLQH� D IDVWHU PDQOLIW ZDV REWDLQHG ZKRVH GHVLJQ SUHPDWXUHO\ IDWLJXHG D ZLUHURSH WR WKH SRLQW RI IDLOXUH RYHU D
SRRUO\ HQJLQHHUHG SXOOH\ V\VWHP� DQG D OHVV H[SHQVLYH PRELOH FUDQH ZDV OHDVHG WKDW GLG QRW KDYH DSSURSULDWH
VWDELOL]HUV� 2QH LPSRUWDQW FKDQJH ZDV PDGH WR D FRUSRUDWH SXUFKDVLQJ SROLF\ WKDW QRZ UHTXLUHV YHULILFDWLRQ RI
FULWHULD EHIRUH VXEVWLWXWLQJ SURGXFWV� 7KDW HVWDEOLVKHG SROLF\ LV DSSOLHG FRQVLVWHQWO\�PRQLWRUHG� DQG HQIRUFHG�

&RQFOXVLRQ

8VH RI 7KH �[� &RQFHSW SURYLGHV D QHZ WHFKQRORJ\ IRU GLVFRYHULQJ� GHILQLQJ� ERXQGLQJ� DQG DQDO\]LQJ FDXVDO
V\VWHPV� )RU WKH GHFLVLRQ PDNHU LW DQVZHUV IXQGDPHQWDO TXHVWLRQV DERXW ZK\ FRXQWHU�TXDOLW\ HYHQWV RFFXU� DQG
ZKDW WR GR DERXW WKHP� (GZDUGV DQG YRQ :LQWHUIHOG GHILQH WHFKQRORJ\ DV �DQ\ FROOHFWLRQ RI RUGHUO\ DQG XVHIXO
WHFKQLTXHV�� ���� 7KH GHYHORSPHQW RI WKH 5($621 FRPSXWHU VRIWZDUH DQG WKH �[� PHWKRGRORJ\ UHSUHVHQW WKH
WUDQVODWLRQ RI P\ *HQHUDO 7KHRU\ RI 8QLI\LQJ '\QDPLF 2UJDQL]DWLRQDO6HOI�UHJXODWLRQ LQWR SUDFWLFDO WHFKQRORJ\�
7KH VLPSOLFLW\ RI WKH LQYHVWLJDWLRQ DQG TXDQWLILFDWLRQ SURFHVVHV DOORZ DQ RSHUDWLQJ RUJDQL]DWLRQ WR LQWHJUDWH WKLV
QHZ WHFKQRORJ\ HDVLO\ DQG TXLFNO\ LQWR LWV HQYLURQPHQW

$V WR WKH SRVVLELOLW\ WKDW �[� LV WKH *UDQG0DQDJHPHQW 7KHRU\ WKDW H[SODLQV DOO RUJDQL]DWLRQDO SKHQRPHQD DW D
JHQHUDO OHYHO� , OHDYH WKDW GHWHUPLQDWLRQ WR WLPH DQG P\ SHHUV� FRQWHQW LQ P\ EHOLHI WKDW �[� SURYLGHV D V\VWHP RI
WKLQNLQJ WKDW EHWWHU HTXLSV XV WR VROYH WKH SUREOHPV WKDW KDYH EHHQ FUHDWHG E\ RXU SUHYLRXV OHYHO RI XQGHUVWDQGLQJ
DERXW WKH G\QDPLFV RI RUJDQL]DWLRQ

(QGQRWHV

�� 5REHUW 6� 3LQG\FN	 'DQLHO /� 5XELQIHOG� (FRQRPHWULF 0RGHOV 	 (FRQRPLF )RUHFDVWV� 6HFRQG (GLWLRQ� SJ� [LY�
0F*UDZ�+LOO� 1HZ<RUN� �����

�� 7XQJ $X 	 7KRPDV (� 6WHOVRQ� ,QWURGXFWLRQ WR 6\VWHPV (QJLQHHULQJ� 'HWHUPLQLVWLF0RGHOV� SJ� �� $GGLVRQ�
:HVOH\� 5HDGLQJ� �����

�� :HVOH\ &� 6DOPRQ� /RJLF� 7KLUG (GLWLRQ� SS� ������ 3UHQWLFH�+DOO� (QJOHZRRG &OLIIV� �����

�� )UDQN 5� +DUULVRQ ,,,� 'HGXFWLYH /RJLF DQG 'HVFULSWLYH /DQJXDJH� SJ� ��� 3UHQWLFH�+DOO� (QJHOZRRG &OLIIV�
�����

�� 7XQJ $X 	 7KRPDV (� 6WHOVRQ� RS� FLW�� SJ� ��

�� )UDQN 5� +DUULVRQ ,,,�RS� FLW�� SJ� ���

�� :HVOH\ &� 6DOPRQ� RS� FLW�� SJ� ����

�� +HUEHUW 6LPRQ
V 1REHO 3UL]H OHFWXUH 5DWLRQDO 'HFLVLRQ0DNLQJ LQ %XVLQHVV 2UJDQL]DWLRQV� SJ����� GHOLYHUHG LQ
6WRFNKROP� 'HF� �� ����� ZKHQ KH UHFHLYHG WKH 1REHO 3UL]H LQ (FRQRPLF 6FLHQFH�

�� 6HH� IRU H[DPSOH� LELG�

��� -RKQ 6WXDUW 0LOO� VHH� IRU H[DPSOH� VHFWLRQ RQ 0LOO
V 0HWKRGV� IURP:HVOH\ &� 6DOPRQ� RS� FLW�� SS����

��� 6HH� IRU H[DPSOH�:HVOH\ &� 6DOPRQ� RS� FLW�� SS� ������
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��� 6HH� IRU H[DPSOH� 'DYLG +XPH� &RQFHUQLQJ +XPDQ 8QGHUVWDQGLQJ� 6HFWLRQ 9,,� 3DUWV , 	 ,,� SS� ������ LQ 7KH
(QJOLVK 3KLORVRSKHU
V IURP %DFRQ WR 0LOO� HGLWHG E\ (GZLQ $� %XUWW� 5DQGRP+RXVH� 1HZ <RUN� �����

��� 7XQJ $X 	 7KRPDV (� 6WHOVRQ� RS� FLW�� SJ� ��

��� 3HWHU &DZV� 'HILQLWLRQ DQG 0HDVXUHPHQW LQ 3K\VLFV� IURP0HDVXUHPHQW� 'HILQLWLRQV DQG 7KHRULHV E\
&KXUFKPDQ HW� DO�� 1HZ <RUN� ����� FKDSWHU RQH� SJ� ��

��� ,ELG�� SJ� ��

��� (UQVW &DVVLUHU� (LQVWHLQ
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