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&KDSWHU���

(PSLULFDO�0RGHOOLQJ

(PSLULFDO 0RGHOOLQJ �(0� LV D QRYHO DSSURDFK WR KXPDQ�FHQWUHG� FRPSXWHU�EDVHG

PRGHOOLQJ WKDW KDV EHHQ GHYHORSHG DW WKH 8QLYHUVLW\ RI :DUZLFN RYHU WKH ODVW WHQ \HDUV�

,WV FKDUDFWHU DQG ZRUNLQJ SULQFLSOHV HPEUDFH VHYHUDO GLIIHUHQW GLVFLSOLQHV� HVSHFLDOO\

SV\FKRORJ\� FRJQLWLYH VFLHQFH DQG FRPSXWHU VFLHQFH� 6LQFH WKH UHVHDUFK IRU WKLV WKHVLV LV

EDVHG RQ WKH IUDPHZRUN RI (0� WKLV FKDSWHU ZLOO EHJLQ E\ FODULI\LQJ WKH IXQGDPHQWDO

SULQFLSOHV DQG FRQFHSWV RI (0�

��� 2YHUYLHZ

7KLV FKDSWHU UHYLHZV DQG LOOXVWUDWHV WKH FRQFHSWV DQG SULQFLSOHV RI (0 WKDW IRUP WKH

IXQGDPHQWDO EDVLV IRU WKLV WKHVLV� 6HFWLRQ ��� SURYLGHV D JHQHUDO LQWURGXFWLRQ WR (0

SULQFLSOHV WKURXJK DQ H[DPLQDWLRQ RI VFHQDULRV WKDW RFFXU LQ HYHU\GD\ OLIH� )LUVW� WKH

FRQFHSW RI D VLWXDWHG DFWLYLW\� LQ ZKLFK KXPDQ DJHQWV VROYH SUREOHPV HQFRXQWHUHG LQ

HYHU\GD\ OLIH� LV LQWURGXFHG� $ VLWXDWHG DFWLYLW\ LV WR EH GLVWLQJXLVKHG IURP SURFHVVHV

FHQWUHG RQ WUDGLWLRQDO UDWLRQDOLVWLF� DOJRULWKPV� :LWKLQ D VLWXDWHG DFWLYLW\� WKH KXPDQ

� 7KH WHUP ¨UDWLRQDOLVWLF© LV XVHG LQ WKLV WKHVLV LQ WKH VDPH ZD\ WKDW 7� :LQRJUDG DQG )� )ORUHV XVH LW LQ

>:)��@� ,W GHQRWHV WKH YLHZ WKDW WKH IRUPXODWLRQ RI V\VWHPDWLF UXOHV FDQ EH XVHG WR FDSWXUH WKH SULQFLSOHV

RI DQ REVHUYHG SKHQRPHQRQ LQ WKH UHDO ZRUOG�
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IDFWRU� DV WKH PRVW LPSRUWDQW GLPHQVLRQ RI D VRIW SURFHVV�� LV DGGUHVVHG� %\ FRPSDULVRQ�

WUDGLWLRQDO UDWLRQDOLVP JLYHV OLWWOH DWWHQWLRQ WR WKH UROH RI KXPDQ DJHQWV LQ GHDOLQJ ZLWK

GLYHUVH VLWXDWLRQV WKURXJK WKH HQDFWLRQ� RI D VRIW SURFHVV LQ WKH UHDO ZRUOG� 0RUHRYHU� WKH

QHHG RI XVLQJ WKH FRPSXWHU DV D WRRO WR IDFLOLWDWH WKH FRJQLWLYH DFWLYLW\ RI D KXPDQ DJHQW LV

LGHQWLILHG� LQ SDUWLFXODU IRU D VLWXDWHG DFWLYLW\� )LQDOO\� WKH ZD\ LQ ZKLFK (0 UHVHDUFK

VHHNV WR VXSSRUW D KXPDQ�FHQWUHG� FRPSXWHU�EDVHG DSSURDFK WKURXJK VLWXDWHG DFWLYLW\ LV

KLJKOLJKWHG�

6HFWLRQ ��� LOOXVWUDWHV WKH IUDPHZRUN RI (0� ,WV EDVLF FRQFHSWV� REVHUYDEOH�

GHSHQGHQF\� DJHQW DQG DJHQF\� DUH GHILQHG LQ WKH ILUVW VXEVHFWLRQ �������� 6XEVHFWLRQ �����

WKHQ GLVFXVVHV WKH HQDFWLRQ RI (0 RQ WKH EDVLV RI FRQVWUXFWLQJ DQG PDLQWDLQLQJ WKH

FRUUHVSRQGHQFHV EHWZHHQ WKH ¨PHQWDO PRGHO© RI LWV DFWRU� FDOOHG WKH PRGHOOHU� WKH

FRPSXWHU PRGHO� DQG LWV UHIHUHQW� LQ WKH UHDO ZRUOG� ,Q HVWDEOLVKLQJ WKHVH FRUUHVSRQGHQFHV�

WKH PRGHOOHU LGHQWLILHV SULPLWLYH HOHPHQWV LQ WKH UHIHUHQW FRUUHVSRQGLQJ WR WKH

IXQGDPHQWDO FRQFHSWV DERYH� UHFRUGV WKHP E\ LQWURGXFLQJ DSSURSULDWH GHILQLWLRQV�

IXQFWLRQV DQG DFWLRQV LQWR WKH FRPSXWHU PRGHO� DQG DOVR PHWDSKRULFDOO\ H[SORUHV� H[SDQGV

DQG H[SHULHQFHV GLYHUVH VWDWHV RI WKH UHIHUHQW E\ LQWHUDFWLQJ ZLWK WKH FRPSXWHU PRGHO� $V

D UHVXOW� WKH HQDFWLRQ QRW RQO\ HQKDQFHV WKH PRGHOOHU©V XQGHUVWDQGLQJ RI WKH UHIHUHQW� EXW

DOVR JHQHUDWHV DQ LQWHUDFWLYH FRPSXWHU�EDVHG PRGHO DV D E\�SURGXFW� :LWK UHIHUHQFH WR

VRIWZDUH V\VWHPV GHYHORSPHQW� WKLV E\�SURGXFW LV H[DFWO\ WKH HYROYLQJ VRIWZDUH V\VWHP

WKDW LV EHLQJ FRQVWUXFWHG LQ WKH OLJKW RI WKH PRGHOOHU©V FXUUHQW XQGHUVWDQGLQJ RI WKH

UHIHUHQW� ,Q RWKHU ZRUGV� (0 YLHZV D VRIWZDUH V\VWHP DV D FRPSXWHU�EDVHG PRGHO� DQG WKH

�
$ VRIW SURFHVV LQ WKLV WKHVLV UHIHUV WR DQ LQWHOOLJHQFH�LQWHQVLYH SURFHVV� VXFK DV GHYHORSLQJ D VRIWZDUH

V\VWHP� GHVLJQLQJ D QHZ FDU PRGHO DQG LQYHVWLJDWLQJ DQ DFFLGHQW� %\ FRQWUDVW� D KDUG SURFHVV UHIHUV WR D

IRUPDOO\�GHILQHG DQG ZHOO�VWUXFWXUHG PHFKDQLVP� VXFK DV WKH PDQXIDFWXULQJ SURFHVV RI DQ DVVHPEO\ OLQH

DQG WKH SURFHGXUDO LQVWUXFWLRQV IRU RSHUDWLQJ D PDFKLQH�

� 7KH WHUP ¨HQDFWLRQ© UDWKHU WKDQ ¨H[HFXWLRQ© LV XVHG LQ WKLV WKHVLV IRU WKH UHDVRQ JLYHQ LQ >670��� S���@� WR

KLJKOLJKW WKH HPEHGGLQJ RI KXPDQ DQG FRPSXWHU�DLGHG KXPDQ DFWLYLWLHV LQ WKH PRGHO�

� 7KH WHUP ¨UHIHUHQW© UHIHUV WR WKH VXEMHFW LQ WKH UHDO ZRUOG EHLQJ REVHUYHG E\ WKH PRGHOOHU� )URP WKH

SHUVSHFWLYH RI (0� WKH UHIHUHQW LV RSHQ DQG OLDEOH WR FKDQJH� ,Q WKLV WKHVLV� WKH SKUDVH ¦WKH UHIHUHQW

DVVRFLDWHG ZLWK WKH VXEMHFW LQ WKH UHDO ZRUOG§ LV RIWHQ VLPSOLILHG DV WKH WHUP ¨WKH UHIHUHQW©�
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GHYHORSPHQW RI WKLV V\VWHP DV PRGHOOLQJ� 0RUH GHWDLOV ZLOO EH JLYHQ LQ WKH QH[W FKDSWHU

�6HFWLRQ �����

6HFWLRQ ��� GLVFXVVHV WHFKQLFDO LVVXHV VXSSRUWLQJ WKH HQDFWLRQ RI (0� )LUVW� VHYHUDO

WRROV SUHYLRXVO\ GHYHORSHG IRU (0 DUH UHYLHZHG �6XEVHFWLRQ ������� %\ XVLQJ WKHVH WRROV�

WKH PRGHOOHU FDQ FUHDWH D FRPSXWHU PRGHO DQG HQDFW (0 LQ DQ LQWHUDFWLYH DQG H[SORUDWRU\

IDVKLRQ� $PRQJVW WKHP� WKH WRRO WNHGHQ KDV SURYHG WR EH SDUWLFXODUO\ VXFFHVVIXO LQ

VXSSRUWLQJ WKH SULQFLSOHV DQG FRQFHSWV RI (0� 8QGHUO\LQJ WKH WRRO WNHGHQ LV WKH FRQFHSW

RI GHILQLWLYH SURJUDPPLQJ ><XQ��@� H[SODLQHG LQ VXEVHFWLRQ ������ 7KLV NLQG RI

SURJUDPPLQJ FDSWXUHV WKH GHSHQGHQFLHV EHWZHHQ REMHFWV� DQG EHWZHHQ REMHFWV DQG WKHLU

SURSHUWLHV� E\ GHFODULQJ GHILQLWLRQV UHVHPEOLQJ IRUPXODH LQ D VSUHDGVKHHW� 7KH XVH RI

GHILQLWLYH SURJUDPPLQJ PDNHV LW SRVVLEOH WR HQDFW (0 DV D VLWXDWHG DFWLYLW\�

,Q WKH ILQDO VHFWLRQ ������ WKH H[DPSOH RI D KRWHO ERRNLQJ V\VWHP LV XVHG WR

GHPRQVWUDWH WKH FRQFHSWV DQG IUDPHZRUN RI (0� 7KLV H[DPSOH� GHYHORSHG XVLQJ WNHGHQ�

DOVR UHYHDOV WKH DGYDQWDJHV RI GHILQLWLYH SURJUDPPLQJ LQ VXSSRUWLQJ WKH HQDFWLRQ RI (0

DQG FRQVWUXFWLQJ WKH LQWHQGHG VRIWZDUH V\VWHP DV D FRPSXWHU�EDVHG PRGHO�

��� 0HHWLQJ (0 LQ (YHU\GD\ /LIH

,W PD\ EH GLIILFXOW IRU D QRYLFH WR XQGHUVWDQG WKH EDVLF FRQFHSWV DQG SULQFLSOHV RI (0�

7KLV LV EHFDXVH (0 LV QRW DQ DSSURDFK WR VROYLQJ D SUREOHP RQ WKH EDVLV RI WUDGLWLRQDO

UDWLRQDOLVP� ZKHUH LW LV SUHVXPHG WKDW D JRRG VROXWLRQ FDQ EH REWDLQHG E\ IROORZLQJ D

ULJLG SURFHVV DQG DEVWUDFW UXOHV� ,QVWHDG� ZLWKLQ (0� WKH PHWKRG RI VROYLQJ D SDUWLFXODU

SUREOHP LV EDVHG RQ LQWHOOLJHQFH FDSWXUHG WKURXJK SUDFWLFDO H[SHULHQFH >%H\��@ ¤ D

PHWKRG WKDW KXPDQ DJHQWV WDFLWO\ XVH WR VROYH SUREOHPV HQFRXQWHUHG LQ WKH UHDO ZRUOG�

,Q IDFW� WKH IXQGDPHQWDO SULQFLSOHV RI (0 DUH QHLWKHU HOXVLYH QRU LQWULFDWH� ,QGHHG�

LW LV QDWXUDO DQG HVVHQWLDO IRU SHRSOH WR XVH WKHVH SULQFLSOHV WR VROYH SUREOHPV LQ HYHU\GD\
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OLIH� HYHQ WKRXJK WKH\ DUH UDUHO\ PDGH H[SOLFLW� +RZHYHU� LQ VSLWH RI WKHLU VLPSOLFLW\� WKHVH

SULQFLSOHV FDQQRW HDVLO\ EH IRUPXODWHG DV ULJLG SURFHVVHV DQG UXOHV� 2QH RI WKH EHVW ZD\V

WR XQGHUVWDQG WKH PDLQ SULQFLSOHV RI (0� WKHUHIRUH� LV E\ FRQVLGHULQJ VFHQDULRV LQ

HYHU\GD\ OLIH� $V H[DPSOHV RI VFHQDULRV�

x $ SHUVRQ LV GULYLQJ WKURXJK /RQGRQ GXULQJ WKH UXVK KRXU DQG LQWHQGV WR DUULYH

KRPH DV HDUO\ DV SRVVLEOH�

x )ULHQGV PHHW HDFK RWKHU LQ WKH VWUHHW DQG FDUU\ RQ D FRQYHUVDWLRQ�

x $ VWXGHQW LV XVLQJ D ZRUG SURFHVVRU WR HGLW D WH[W ILOH LQWR D SDUWLFXODU IRUPDW�

$OWKRXJK VXFK VFHQDULRV LQYROYH GLIIHUHQW VLWXDWLRQV DQG VHUYH GLIIHUHQW JRDOV� WKH\ KDYH

RQH LPSRUWDQW WKLQJ LQ FRPPRQ� D FRKHUHQW VHTXHQFH RI VLWXDWHG DFWLRQV� FDOOHG D VLWXDWHG

DFWLYLW\ LQ WKLV WKHVLV� WKDW LV EHLQJ FRQVWUXFWHG E\ WKH LQWHUDFWLRQ EHWZHHQ D KXPDQ DJHQW

DQG KLV�KHU HQYLURQPHQW�� $Q DFWLRQ LV VLWXDWHG LI LW LQYROYHV FRQVFLRXV UHIHUHQFH WR

FRQWH[W DQG FKRLFH RI FRXUVH RI DFWLRQ� $Q DFWLRQ LV QRW UHJDUGHG DV VLWXDWHG LI LW WDNHV WKH

IRUP RI D SUHVFULEHG UHVSRQVH �WKDW LV� ¦, DP QRW UHVSRQVLEOH IRU P\ FKRLFH RI DFWLRQ§� RU

LI LW LV DQ XQFRQVFLRXV DXWRPDWLF UHVSRQVH �WKDW LV� ¦, DP QRW DZDUH RI P\ FKRLFH RI

DFWLRQ§�� )RU H[DPSOH� LQ WKH ILUVW VFHQDULR� WKH VLWXDWHG DFWLYLW\ IRU WKH GULYHU FDQ LQFOXGH

RYHUWDNLQJ RWKHU YHKLFOHV� VSHHGLQJ XS ZKHQ WKH WUDIILF LV JRRG� FKDQJLQJ WR DQ DOWHUQDWLYH

URXWH ZKHQ WKH WUDIILF LV WRR EXV\� DQG VR RQ� ,Q WKH VDPH PDQQHU� WKH VLWXDWHG DFWLYLW\ IRU

RQH RI WKH IULHQGV LQ WKH VHFRQG VFHQDULR LQYROYHV OLVWHQLQJ DQG UHSO\LQJ WR WKH VSHDNHU�

FKDQJLQJ WKH VXEMHFW� JHWWLQJ GLVWUDFWHG E\ RWKHU SHRSOH RU WKLQJV� DQG VR RQ�

7KHVH VFHQDULRV VKRZ WKDW D VLWXDWHG DFWLYLW\ LV YHU\ GLIIHUHQW LQ FKDUDFWHU IURP DQ

DFWLYLW\ WKDW LV VSHFLILHG E\ D IRUPDO DOJRULWKP �VXFK DV WKH RSHUDWLRQ RI D PDFKLQH E\

IROORZLQJ LWV LQVWUXFWLRQV�� :LWKLQ D VLWXDWHG DFWLYLW\� HDFK VLWXDWHG DFWLRQ� GHVFULEHG E\ /�

� $OWKRXJK WKH WHUP ¨HQYLURQPHQW© FDQ EH XVHG LQ D YHU\ EURDG VHQVH� ZKLFK LQFRUSRUDWHV H[WHUQDO

VXUURXQGLQJV DQG WKH LQWHUQDO PLQG� LW LV XVHG KHUH WR UHIHU RQO\ WR WKH H[WHUQDO VXUURXQGLQJV RI DQ

LQGLYLGXDO� XQOHVV RWKHUZLVH LQGLFDWHG�
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6XFKPDQ DV D G\QDPLF LQWHUDFWLRQ ZLWK WKH DFWRU©V H[WHUQDO HQYLURQPHQW >6XF��@� LV YHU\

GLIILFXOW WR SUHVFULEH LQ DGYDQFH�� ([DPSOHV FDQ EH UHDGLO\ IRXQG LQ WKHVH VFHQDULRV� VXFK

DV RYHUWDNLQJ RWKHU YHKLFOHV LQ WKH ILUVW VFHQDULR� DQVZHULQJ D TXHVWLRQ LQ WKH VHFRQG

VFHQDULR DQG UHORFDWLQJ D KHDGLQJ WKDW DSSHDUV DW WKH ERWWRP RI D SDJH LQ WKH WKLUG�

8QSUHGLFWDEOH HYHQWV UHTXLUH KXPDQ DJHQWV ¤ WKURXJK XQLTXHO\ KXPDQ FDSDFLWLHV�� VXFK

DV LQWHOOLJHQFH� H[SHULHQFH� NQRZOHGJH DQG WKH DELOLW\ WR XVH WRROV ¤ WR GHDO ZLWK HDFK

HPHUJLQJ VLWXDWLRQ LQ ZD\V WKDW FDQQRW EH SUHFRQFHLYHG� )RU WKLV UHDVRQ� LW LV LQ JHQHUDO

KDUG WR SUHVFULEH D VLWXDWHG DFWLYLW\ E\ PHDQV RI D IRUPDO �RU VHPL�IRUPDO� DOJRULWKP

WKURXJK ZKLFK D KXPDQ DJHQW FDQ LQWHUDFW ZLWK D VSHFLILF HQYLURQPHQW WKURXJK

SUHFRQFHLYHG� IL[HG DQG ZHOO�GHILQHG PHWKRGV RU UXOHV�

,Q IDFW� RQH RI WKH SUREOHPV ZLWK DQ\ DFWLYLW\ IRUPDOO\ GHILQHG E\ DQ DOJRULWKP� LI LW

LV WR DGGUHVV WKH QHHG IRU JUHDWHU IOH[LELOLW\ DQG UHDOLVP� DULVHV IURP LWV DGKHUHQFH WR

FHUWDLQ ULJLG VWHSV RU IL[HG PHWKRGV >*RJ��� 7XO��@� ,Q SDUWLFXODU� WKH UDWLRQDOLVW HPSKDVLV

RQ UHJDUGLQJ D VSHFLILF VLWXDWLRQ DV VLPSO\ DQ LQVWDQFH RI D PRUH JHQHUDO FODVV RI VLPLODU

VLWXDWLRQV DEVWUDFWV DQ DFWLYLW\ LQ WKH UHDO ZRUOG IURP LWV FRQWH[W DQG WXUQV LW LQWR D URXWLQH

PHFKDQLVP� %HFDXVH RI WKLV DEVWUDFWLRQ� DQG EHFDXVH RI WKH LQKHUHQW RSHQQHVV RI WKH UHDO

ZRUOG� LW LV KDUG IRU D IRUPDOLVHG SURFHVV WR H[SUHVV FRQWLQJHQW NQRZOHGJH RI WKH UHDO

ZRUOG LQ WHUPV RI LQGXFWLYH LQIHUHQFH DQG SUHGHWHUPLQHG VWLPXOXV�UHVSRQVH SDWWHUQV

>$JU��� )H\��� 6XF��� :)��@�

0RVW VRIWZDUH SURFHVV PRGHOV EDVHG RQ D IRUPDO PHWKRG UHTXLUH GHYHORSHUV WR

IROORZ D VHW RI VHTXHQWLDO DFWLYLWLHV WKDW DUH ZHOO�VWUXFWXUHG DQG IRUPDOO\ GHILQHG >%RH���

%RR��� 670��@� +RZHYHU� LW KDV EHHQ LQFUHDVLQJO\ UHFRJQLVHG WKDW GHYHORSHUV LQ SUDFWLFH

� $V 6XFKPDQ DUJXHV LQ >6XF��� S���@� SODQV WKDW DUH SUHVFULEHG FDQ EH UHJDUGHG DV ¦UHVRXUFHV IRU VLWXDWHG

DFWLRQ� EXW GR QRW LQ DQ\ VWURQJ VHQVH GHWHUPLQH LWV FRXUVH§�

� ,W LV YHU\ GLIILFXOW WR ILQG WKH ULJKW ZRUG WR LQFOXGH DOO GHWDLOV RI WKHVH FDSDFLWLHV� VLQFH WKH\ DUH DOO

LQWHUWZLQHG DQG LQWHUGHSHQGHQW� )RU WKH VDNH RI FRQYHQLHQFH� WKH WHUP ¨NQRZOHGJH© ZLOO EH XVHG WR

H[HPSOLI\ WKHVH FDSDFLWLHV LQ WKLV WKHVLV� +RZHYHU� WKLV LV QRW LQWHQGHG WR VXJJHVW WKDW NQRZOHGJH LV WKH RQO\

FDSDFLW\ RI KXPDQ DJHQWV�
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KDYH GLIILFXOW\ LQ UHVSHFWLQJ VXFK ULJLG SURWRFROV >)LW��� /HK��� 5DF��� 6$*6=���

6XF��� 7XO��� :)��@� VLQFH WKH UHDO HQYLURQPHQW FRQIURQWLQJ WKHP LV XVXDOO\ LQWULFDWH�

FKDRWLF DQG XQSUHGLFWDEOH� 7KH UHDO DFWLYLWLHV HQDFWHG E\ GHYHORSHUV DUH WR D ODUJH H[WHQW D

IRUP RI VLWXDWHG DFWLYLW\� 7KDW LV WR VD\� WKH\ WDNH VLWXDWHG DFWLRQV ZLWKRXW UHIHUHQFH WR D

VSHFLILF DOJRULWKP LQ RUGHU WR FRSH ZLWK HDFK HPHUJLQJ VLWXDWLRQ� )URP WKLV SHUVSHFWLYH�

WKH FRQFHSW RI VLWXDWHG DFWLYLW\ LV DUJXDEO\ QHFHVVDU\ LQ VXSSRUWLQJ 66' �LQ IDFW� LW IRUPV

WKH EDVLV IRU WKH DPHWKRGLFDO DSSURDFK WR EH SURSRVHG E\ WKH DXWKRU LQ WKLV WKHVLV �VHH

&KDSWHU ���� 0RUH GHWDLOHG GLVFXVVLRQ RI WKLV LVVXH LV SURYLGHG LQ WKH QH[W FKDSWHU�

$ VLWXDWHG DFWLYLW\ LV PRUH YHUVDWLOH WKDQ D IRUPDOLVHG DFWLYLW\ IRU VROYLQJ SUREOHPV

LQ WKH UHDO ZRUOG� 7KH PRVW VLJQLILFDQW UHDVRQ LV EHFDXVH LW LV FHQWUHG RQ KXPDQ DJHQWV

UDWKHU WKDQ RQ VWULFW ODZV� DOJRULWKPV RU VR FDOOHG ¨SODQV© DULVLQJ IURP D SDUWLFXODU DFFRXQW

RI WKH ZRUOG� ,Q HIIHFW� PRVW SODQV DUH VLPSO\ XVHG E\ KXPDQ DJHQWV DV D UHVRXUFH UDWKHU

WKDQ DV D VRXUFH RI FRQWURO LQ HYHU\GD\ OLIH >6XF��@� ,Q D VLWXDWHG DFWLYLW\� LW LV PRVW

DSSURSULDWH WR JLYH KXPDQ DJHQWV DXWRQRP\ IRU SUREOHP�VROYLQJ SXUSRVHV� %\ UHIOHFWLQJ

RQ WKH VXUURXQGLQJ UHVRXUFHV� VXFK DV NQRZQ LQIRUPDWLRQ� LQGLYLGXDO H[SHULHQFH DQG

NQRZOHGJH� DQG WKH FXUUHQW VWDWH RI WKH HQYLURQPHQW� KXPDQ DJHQWV FDQ FRQGXFW UHDVRQLQJ

LQ WKHLU PLQGV WR ¨SUHYLHZ© SRVVLEOH UHVXOWV� DQG FDQ FRQVHTXHQWO\ XQGHUWDNH

FRUUHVSRQGLQJ DFWLRQ WRZDUGV D QHZ H[SHFWHG RU XQH[SHFWHG VLWXDWLRQ� (DFK DFWLRQ

XQGHUWDNHQ� E\ SURPSWO\ DQG WDFLWO\ DIIHFWLQJ ERWK WKH LQWHUQDO PLQG DQG WKH H[WHUQDO

HQYLURQPHQW� OHDGV WR D QHZ VLWXDWLRQ DQG FRQFXUUHQWO\ HQDEOHV WKH VLWXDWHG DFWLYLW\ WR

SURJUHVV� ,Q RWKHU ZRUGV� VLWXDWHG DFWLYLW\� LQVWHDG RI SUHVFULELQJ SUHFRQFHLYHG DFWLYLWLHV

DQG VSHFLI\LQJ WKH VWLPXOL�UHVSRQVH UHODWLRQV EHWZHHQ KXPDQ DJHQWV DQG WKHLU

HQYLURQPHQW� KLJKOLJKWV WKH LPSRUWDQFH RI KXPDQ DJHQWV FRSLQJ ZLWK GLYHUVH VLWXDWLRQV LQ

WKH UHDO ZRUOG E\ WDNLQJ WKH FRQWH[W LQWR DFFRXQW�

,Q VKRUW� W\SLFDO SUREOHP�VROYLQJ LQ D VLWXDWHG DFWLYLW\� DV GHVFULEHG KHUH� UHYHDOV

WZR IHDWXUHV�
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x 7KH VROXWLRQ WR D SUREOHP LV FRQWH[W�GHSHQGHQW� LW FDQQRW EH VHSDUDWHG IURP WKH

SUREOHP©V FRQWH[W DQG WKHQ VSHFLILHG LQ D ULJLG ZD\ WKDW GRHV QRW WDNH LWV

VLWXDWHGQHVV LQWR DFFRXQW�

x 7KH VROXWLRQ LV KXPDQ�FHQWUHG� KXPDQ DJHQWV� ZKRVH FDSDFLWLHV FDQ VWLOO QRW EH

FLUFXPVFULEHG RU SUHGHILQHG WKURXJK DQ\ IRUPDO ORJLF RU UXOHV� SOD\ DQ HVVHQWLDO

UROH LQ SURYLGLQJ D VLWXDWHG VROXWLRQ�

&HUWDLQO\� D IRUPDOLVHG SURFHVV FDQ HQMR\ WKH EHQHILW RI KLJK TXDOLW\ DVVXUDQFH

DVVRFLDWHG ZLWK DQ HQJLQHHULQJ GLVFLSOLQH� +RZHYHU� WKH HQDFWLRQ RI D VLWXDWHG DFWLYLW\

WKDW LV FRQWH[W�GHSHQGHQW DQG KXPDQ�FHQWUHG LV DUJXDEO\ QHFHVVDU\ LQ GHDOLQJ ZLWK UHDO

ZRUOG FRPSOH[LW\ DQG XQFHUWDLQW\� +HQFH� D VRIW SURFHVV LV PRVW DSSURSULDWHO\ HQDFWHG DV

D VLWXDWHG DFWLYLW\� WKDW LV WR VD\� WDNLQJ IXOO DFFRXQW RI KXPDQ DJHQWV DQG WKH FRQWH[W�

5HO\LQJ XSRQ VLWXDWHG DFWLRQ GHILQLWHO\ KDV LWV GLVDGYDQWDJHV� )RU RQH WKLQJ� E\

YLUWXH RI EHLQJ KXPDQ� D KXPDQ DJHQW DW WKH FHQWUH RI VLWXDWHG DFWLYLW\ LV LQHYLWDEO\ HUURU�

SURQH DQG IRUJHWIXO� OHDUQV VORZO\ IURP H[SHULHQFH� DQG FDQ EH VHULRXVO\ GLVWUDFWHG E\

KLV�KHU HQYLURQPHQW >+DO��� 1RU��� 5%��@� 7KHVH KXPDQ IDFWRUV DUH ERXQG WR LQIOXHQFH

QRW RQO\ WKH HQG�UHVXOW EXW DOVR WKH VWUXFWXUH RI WKH VLWXDWHG DFWLYLW\� ,Q SUDFWLFH� WKHVH

GLVDGYDQWDJHV FDXVHG E\ KXPDQ IDFWRUV DOVR RFFXU LQ PRVW UDWLRQDOLVWLF PRGHOV� EXW WKH\

DUH GHHPHG WR EH WRR SKLORVRSKLFDO DQG RSHQ�HQGHG WR WDNH LQWR DFFRXQW� )RU WKLV UHDVRQ�

PRVW RI WKHVH PRGHOV OHDYH WKH UHODWLRQVKLS EHWZHHQ KXPDQ DJHQWV DQG WKH HQDFWLRQ RI

VLWXDWHG DFWLYLW\ RSHQ� ,Q HIIHFW� VXFK PRGHOV WDNH LW IRU JUDQWHG WKDW WKH UHDVRQLQJ DQG

WKLQNLQJ RI KXPDQ DJHQWV KDV WKH VDPH LQWHUQDO FRKHUHQFH DQG FRQVLVWHQF\ WKDW ZRXOG EH

H[SHFWHG RI D PDWKHPDWLFDO PRGHO� +RZHYHU� WKLV DVVXPSWLRQ LV GXELRXV ZKHQ VXFK

PRGHOV DUH LQWHUSUHWHG LQ WKH UHDO ZRUOG� GXH WR WKH RSHQQHVV RI WKH HQYLURQPHQW DQG WKH

LQHYLWDEOH IDOOLELOLW\ RI KXPDQ DJHQWV�

7KH GHJUHH RI LQVLJKW WKH KXPDQ DJHQW KDV LQWR KLV�KHU VLWXDWLRQ GHWHUPLQHV WKH

TXDOLW\ RI D VLWXDWHG DFWLRQ� 7KLV LQVLJKW LV H[SUHVVHG LQ WHUPV RI DZDUHQHVV RI UHOHYDQW
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IDFWRUV LQ WKH VLWXDWLRQ� DQG DSSUHFLDWLRQ RI WKH SUREDEOH LPSOLFDWLRQV RI DFWLRQ� ,Q HIIHFW�

PRVW RI GUDZEDFNV RI VLWXDWHG DFWLYLW\ VWHP IURP OLPLWDWLRQV RI KXPDQ DJHQWV LQ UHVSHFW

RI FRJQLWLYH DFWLYLWLHV >1RU��@� VXFK DV XQGHUVWDQGLQJ� WKLQNLQJ DQG UHDVRQLQJ�

)RUWXQDWHO\� KLVWRU\ VKRZV WKDW WKH HIIHFWLYH XVH RI WRROV FDQ WR D ODUJH H[WHQW DVVLVW

KXPDQ DJHQWV LQ SHUIRUPLQJ WKHVH DFWLYLWLHV� )RU H[DPSOH� SHQFLO DQG SDSHU IDFLOLWDWHV

UHDVRQLQJ IRU PRVW SHRSOH >)3��@� /2*2 JDPHV IDFLOLWDWH WKH WKLQNLQJ RI FKLOGUHQ

>)6&6)��@� DQG D SK\VLFDO PRGHO IDFLOLWDWHV WKH XQGHUVWDQGLQJ RI SK\VLFLDQV DQG FKHPLVWV

LQ VROYLQJ D SUREOHP >5%��� GL6��@� 7RGD\� LW LV ZLGHO\ EHOLHYHG WKDW WKH FRPSXWHU LV RQH

RI WKH EHVW WRROV IRU KXPDQ EHLQJV WR IDFLOLWDWH WKH SHUIRUPDQFH RI WKHVH FRJQLWLYH

DFWLYLWLHV >&UR��� '6��� )3��@�

+RZHYHU� LW LV H[FHHGLQJO\ GLIILFXOW WR PDNH HIIHFWLYH XVH RI WKH FRPSXWHU WR

VXSSRUW FRJQLWLYH DFWLYLWLHV� )RU H[DPSOH� HYHQ WKRXJK FRPSXWHU�EDVHG WRROV DUH DOUHDG\

XVHG IRU PDQ\ UDWLRQDOLVWLF PRGHOV� WKH\ FDQ RQO\ SURYLGH OLPLWHG KHOS� 7KLV LV EHFDXVH

DFWLYLW\ EDVHG RQ D IRUPDOLVHG SURFHVV LV GRPLQDWHG E\ LWV DOJRULWKPV LQGHSHQGHQWO\ RI LWV

FRQWH[W� 0RVW WRROV GHYHORSHG RQ WKH EDVLV RI WKH DOJRULWKP IRU VXSSRUWLQJ WKH SURFHVV

FDQQRW KHOS EXW EH FRQWH[W�LQGHSHQGHQW� 7KH\ DUH OLPLWHG WR GHDOLQJ ZLWK WKH VWDWLF

LQIRUPDWLRQ SUHVFULEHG LQ DGYDQFH UDWKHU WKDQ FDSWXULQJ WKH G\QDPLF LQIRUPDWLRQ

HPHUJLQJ IURP WKH SURFHVV LWVHOI� ,Q RWKHU ZRUGV� DQ\ LQIRUPDWLRQ PXVW EH SHUFHLYHG DQG

VSHFLILHG LQ WKH HDUO\ VWDJHV RI WKH SURFHVV� RWKHUZLVH WKH WRROV FDQ WDNH QR DFFRXQW RI LW�

7KLV SURKLELWV WKH WRROV WKHPVHOYHV IURP FRSLQJ ZLWK DQ\ XQSUHGLFWDEOH VLWXDWLRQ� D QRUP

LQ WKH UHDO ZRUOG� DQG LQHYLWDEO\ OLPLWV WKHLU DGYDQWDJHV� 'LYHUVH &$6( �&RPSXWHU�$LGHG

6RIWZDUH (QJLQHHULQJ� WRROV H[KLELW WKLV OLPLWDWLRQ� ,Q YLHZ RI WKH SUDFWLFDO HYLGHQFH�

VRPH UHVHDUFKHUV GRXEW ZKHWKHU WKHVH WRROV� EDVHG RQ VSHFLILF DOJRULWKPV� FDQ SURYLGH

VXIILFLHQW VXSSRUW IRU VRIWZDUH GHYHORSPHQW LQ WKH UHDO ZRUOG >%OX��� %'��� %XE��@�

)URP WKLV SHUVSHFWLYH� LW LV LPSRUWDQW WR XVH WKH FRPSXWHU LQ ZD\V WKDW EHVW VXSSRUW

WKH FRJQLWLYH DFWLYLW\ RI KXPDQ DJHQWV LQ UHVSRQVH WR WKH RSHQQHVV DQG XQSUHGLFWDELOLW\ RI
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VLWXDWHG DFWLYLW\� 5HFRJQLVLQJ WKLV� (0 VHHNV WR SURYLGH DQ DSSURDFK WKDW HQDEOHV D KXPDQ

DJHQW HQJDJLQJ LQ D VLWXDWHG DFWLYLW\ WR XVH WKH FRPSXWHU DV DQ RSHQ�HQGHG DUWHIDFW WR

H[SORUH� H[SDQG DQG H[SHULHQFH KLV�KHU XQGHUVWDQGLQJ RI D VLWXDWLRQ� DV JDXJHG E\ WKHLU

DELOLW\ WR FRQVWUXH SKHQRPHQD DQG DQWLFLSDWH WKH FRQVHTXHQFHV RI DFWLRQ� 7KLV KXPDQ�

FHQWUHG� FRPSXWHU�EDVHG DSSURDFK KDV EHHQ SURPLVLQJO\ DSSOLHG WR $, >%H\��@�

HGXFDWLRQDO WHFKQRORJ\ >%H\��@� FRQFXUUHQW HQJLQHHULQJ >$%&<��@� FUHDWLYH VRIWZDUH

GHYHORSPHQW >1HV��@� JHRPHWULF GHVLJQ >&DU��@� DQG UHTXLUHPHQWV XQGHUVWDQGLQJ >6%��@�

2QJRLQJ UHVHDUFK LV DSSO\LQJ WKLV DSSURDFK WR GHFLVLRQ VXSSRUW V\VWHPV� EXVLQHVV SURFHVV

PRGHOOLQJ� SURJUDP FRPSUHKHQVLRQ >%6��@ DQG VRIWZDUH UHXVH�

��� 7KH )UDPHZRUN RI (0

(0 LV DVVRFLDWHG ZLWK HQDFWLQJ D VRIW SURFHVV FKDUDFWHULVHG E\ WKH IHDWXUHV RI VLWXDWHG

DFWLYLW\� EXW DOVR GUDZLQJ RQ WKH VSHFLDO FDSDELOLWLHV RI WKH FRPSXWHU WR RYHUFRPH WKH

OLPLWDWLRQV RI KXPDQ FRJQLWLRQ� 7KLV VHFWLRQ JLYHV PRUH GHWDLOV RI ZKDW (0 LV DQG KRZ LW

ZRUNV� )LUVW� WKH EDVLF FRQFHSWV RI (0 DUH LGHQWLILHG� 7KHQ� WKH SURFHVV RI HQDFWLQJ (0 LV

GHVFULEHG� DQG FORVH DWWHQWLRQ LV JLYHQ WR WZR NH\ DFWLYLWLHV LQYROYHG LQ WKLV SURFHVV�

REVHUYDWLRQ DQG H[SHULPHQW�

����� 7KH %DVLF &RQFHSWV RI (0

'XH WR WKH RSHQQHVV RI WKH UHDO ZRUOG� LW LV YHU\ GLIILFXOW DQG SURYLGHV OLWWOH KHOS WR VSHFLI\

D VLWXDWHG DFWLYLW\ LQ D SUHFRQFHLYHG IRUP� )RU H[DPSOH� LQ WKH VFHQDULR RI GULYLQJ KRPH

�VHH 6HFWLRQ ����� LW LV QRW VHQVLEOH WR SUHFRQFHLYH WKH SUHVHQFH RI D GRJ RQ WKH GULYHU©V

ZD\ KRPH RU WKDW WKH UDGLR EURDGFDVWV WKDW D ZRUOG FULVLV LV RYHU� )RU WKLV UHDVRQ� LW VHHPV

WR EH SODXVLEOH WKDW D VLWXDWHG DFWLYLW\ FDQ RQO\ EH GHVFULEHG LQ D VLWXDWHG PDQQHU� WKDW LV�

VLWXDWLRQ E\ VLWXDWLRQ� ,Q RWKHU ZRUGV� D VLWXDWHG DFWLYLW\ FDQ RQO\ EH XQGHUVWRRG E\

PRGHOOLQJ WKH LQWHUDFWLRQ EHWZHHQ LWV HQDFWRU DQG KLV�KHU HQYLURQPHQW ZLWK UHIHUHQFH WR
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WKH VLWXDWLRQV WKDW SHUWDLQ PRPHQW E\ PRPHQW UDWKHU WKDQ E\ DSSHDOLQJ WR DQ DEVWUDFW

FRQFHSWLRQ RI KLV�KHU EHKDYLRXU� )RU WKLV SXUSRVH� LW SURYHV XVHIXO WR FRQVWUXH D VLWXDWLRQ

LQ WHUPV RI WKH IROORZLQJ FRQFHSWV� REVHUYDEOHV� GHSHQGHQF\� DJHQF\ DQG DJHQW�

x $Q REVHUYDEOH LV D FKDUDFWHULVWLF RI D VXEMHFW WR ZKLFK DQ LGHQWLW\ FDQ EH

DWWULEXWHG�

x $ GHSHQGHQF\ UHSUHVHQWV DQ HPSLULFDOO\ HVWDEOLVKHG UHODWLRQVKLS EHWZHHQ

REVHUYDEOHV�

x $Q DJHQW LV DQ LQVWLJDWRU RI FKDQJH WR REVHUYDEOHV DQG GHSHQGHQFLHV�

x $Q DJHQF\ UHSUHVHQWV DQ DWWULEXWHG UHVSRQVLELOLW\ �RU SULYLOHJH� IRU D VWDWH FKDQJH

WR DQ DJHQW�

7KH DERYH FRQFHSWV DUH YHU\ JHQHUDO DQG EURDG� )RU H[DPSOH� WKH KLJKZD\ FRGH

FDQ EH UHJDUGHG DV DFFRXQWLQJ IRU FDU�GULYLQJ LQ WHUPV RI REVHUYDEOHV �VXFK DV WUDIILF

VLJQV� LQGLFDWRUV� DQG WUDIILF OLJKWV�� GHSHQGHQFLHV �VXFK DV WKH UHODWLRQVKLS EHWZHHQ WKH

FDU©V VSHHG� DQG WKH VSHHG�OLPLW VLJQSRVWV DQG WUDIILF OLJKWV�� DJHQWV DQG DJHQF\ �IRU

H[DPSOH� D GULYHU LV UHVSRQVLEOH IRU VWRSSLQJ KLV�KHU FDU ZKHQ KH�VKH VHHV D WUDIILF OLJKW

RQ UHG�� ,W LV QRW WRR GLIILFXOW WR LGHQWLI\ VLPLODU FRQFHSWV LQ PHWKRGV IRU 66'� IRU

H[DPSOH� HQWLWLHV DQG UHODWLRQV LQ DQ HQWLW\�UHODWLRQ PRGHO >&KH��@� DQG REMHFWV DQG

FODVVHV IRU DQ REMHFW PRGHO >%RR��� &<��@� +RZHYHU� DV LQ WKH KLJKZD\ FRGH� WKH

LQWHQWLRQ EHKLQG WKHVH PRGHOV LV WR XVH WKHVH FRQFHSWV WR VSHFLI\ D SURFHVV WKDW LV LQ

HVVHQFH D VLWXDWHG DFWLYLW\ LQ D SUHFRQFHLYHG IRUP� $V H[SODLQHG DERYH� WKLV LV LQDGHTXDWH

DQG SURYLGHV OLPLWHG KHOS IRU WKH UHDO SURFHVV� ZKLFK FDQQRW EH VSHFLILHG LQ DGYDQFH� ,Q

FRQWUDVW� (0 PDNHV HIIHFWLYH XVH RI WKHVH FRQFHSWV LQ DQ RSHQ�HQGHG IDVKLRQ�

$Q REVHUYDEOH LQ (0 FDQ EH SK\VLFDO RU DEVWUDFW LQ QDWXUH� DV LOOXVWUDWHG E\ WKH

IROORZLQJ H[DPSOHV� WKH SRZHU RI WKH QHZO\ GHVLJQHG HQJLQH� WKH SRVLWLRQ RI WKH

DSSURDFKLQJ DHURSODQH� WKH FU\ RI WKH ZKLWH VHDJXOO� DQG WKH WLPH RQ %LJ %HQ� ,Q
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FRQFHLYLQJ D VLWXDWLRQ HQFRXQWHUHG LQ D VLWXDWHG DFWLYLW\� D IDPLO\ RI UHOHYDQW REVHUYDEOHV

LV LPSOLFDWHG� ,Q PRGHOOLQJ VLWXDWLRQ�E\�VLWXDWLRQ� WKH SUHVHQFH RI REVHUYDEOHV FDQ EH

LQWHUPLWWHQW UDWKHU WKDQ SHUVLVWHQW� VR WKDW DQ REVHUYDEOH FDQ DSSHDU RU GLVDSSHDU DW DQ\

PRPHQW LQ UHVSRQVH WR HDFK VLWXDWLRQ WKDW LV EHLQJ FRQVWUXHG� )RU LQVWDQFH� LQ WKH GULYLQJ

VFHQDULR� DQ REVHUYDEOH� VXFK DV WKH GRJ� DSSHDUV WR WKH GULYHU RQO\ ZKLOVW LW LV UXQQLQJ

SDVW KLV�KHU FDU�

$ GHSHQGHQF\ LQ (0 LV QRW PHUHO\ D FRQVWUDLQW XSRQ REVHUYDEOHV� EXW UHIOHFWV KRZ

WKH DFW RI FKDQJLQJ WKH YDOXH RI RQH SDUWLFXODU REVHUYDEOH LV SHUFHLYHG WR FKDQJH WKH

YDOXHV RI RWKHU REVHUYDEOHV SUHGLFWDEO\ DQG LQGLYLVLEO\� ,Q WKLV UHVSHFW� GHSHQGHQFLHV SOD\

D VLJQLILFDQW SDUW LQ FRQVWUXLQJ D SKHQRPHQRQ >%H\��@� )RU H[DPSOH� LQ WKH GULYLQJ

VFHQDULR� LW LV IRXQG WKDW WKH YLHZ LQ WKH UHDU PLUURU LV GHWHUPLQHG E\ IROORZLQJ WUDIILF�

DQG WKH FDU©V DFFHOHUDWLRQ GHSHQGV RQ WKH SRVLWLRQ RI WKH DFFHOHUDWRU SHGDO� ,Q D SURFHGXUDO

LQWHUSUHWDWLRQ� GHSHQGHQFLHV LQYRNH KLHUDUFKLFDO SURFHVVHV WKDW FDQ SURSDJDWH WKH HIIHFW RI

UHGHILQLQJ WKH VWDWH RI DQ\ REVHUYDEOH WR DOO UHOHYDQW REVHUYDEOHV GLUHFWO\ RU LQGLUHFWO\

GHSHQGHQW RQ WKLV UHGHILQHG REVHUYDEOH� )RU H[DPSOH� WKH EUDNH OLJKWV DUH RQ ZKHQ WKH

EUDNH SHGDO LV GHSUHVVHG� DQG WKH EUDNH SHGDO LV GHSUHVVHG ZKHQ WKH GULYHU©V IRRW SXVKHV

GRZQ RQ WKH SHGDO� 0RUHRYHU� OLNH DQ REVHUYDEOH� D GHSHQGHQF\ QHHG QRW EH SHUPDQHQW

EXW FDQ LQVWHDG EH SURYLVLRQDO� )RU H[DPSOH� RQ DQ LF\ URDG� WKH GLUHFWLRQ RI PRWLRQ RI D

VNLGGLQJ FDU QR ORQJHU GHSHQGV RQ WKH SRVLWLRQ RI WKH VWHHULQJ ZKHHO�

,Q (0� LGHQWLI\LQJ DJHQWV DQG WKHLU DJHQF\ LV ¦DVVRFLDWHG ZLWK DWWULEXWLQJ VWDWH�

FKDQJH WR ZKDW LV FRQVWUXHG DV WKHLU SULPDU\ VRXUFH§ >%H\0VF@� %H\QRQ DUJXHV WKDW

DJHQF\ LV ¦LQ WKH PLQG RI WKH H[WHUQDO REVHUYHU§ DQG LV ¦VKDSHG E\ WKH H[SODQDWRU\

SUHMXGLFHV DQG UHTXLUHPHQWV RI WKH H[WHUQDO REVHUYHU� DQG E\ WKH SDVW H[SHULHQFH RI WKH

V\VWHP§ >%H\0VF@� $ W\SLFDO TXHVWLRQ WKDW KHOSV WR LGHQWLI\ DJHQWV DQG DJHQF\ LV� ¦ZKR

DUH�LV UHVSRQVLEOH �RU ZKR KDYH�KDV SULYLOHJH� IRU WKLV VWDWH�FKDQJH"§ ,Q WKH GULYLQJ
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VFHQDULR� WKH GRJ DQG WKH GULYHU DUH DJHQWV ZKHQ WKH UHVSRQVLELOLW\ �RU SULYLOHJH� IRU VWDWH

FKDQJHV� VXFK DV FRQWURO RYHU WKHLU PRYHPHQW� LV DWWULEXWHG WR WKHP�

,W VKRXOG EH QRWHG WKDW WKH FRQFHSWV RI DJHQW DQG DJHQF\ LQ (0 DUH TXLWH GLIIHUHQW

IURP WUDGLWLRQDO DJHQW PRGHOV LQ WKH $, ILHOG� ZKHUH DQ DJHQW LV JHQHUDOO\ GHILQHG DV DQ

HQWLW\ DQG LWV DELOLW\ WR SHUIRUP D SUHFRQFHLYHG EHKDYLRXU LV FDOOHG DJHQF\� 7KH VSHFLILF

HQWLW\ LV RIWHQ JUDQWHG RU DVFULEHG KXPDQ�OLNH PHQWDO VWDWHV DQG LV FDSDEOH RI LQWHUDFWLQJ

ZLWK LWV H[WHUQDO HQYLURQPHQW LQ WHUPV RI WKHVH PHQWDO VWDWHV >'%3��D� 5DR��� 6KR���

:-��� %7��@� +HQFH� WKHVH PRGHOV VWUHVV WKH FRQFHSWXDOLVHG PHFKDQLVP RI DQ DJHQW� ,Q

FRQWUDVW� (0 PHUHO\ DFNQRZOHGJHV WKH IDFW WKDW DJHQWV FRPH WR EH UHFRJQLVHG E\ WKH

PRGHOOHU� DQG UHJDUGV DJHQF\ DV EHLQJ VKDSHG E\ UHSHDWHG REVHUYDWLRQV� LQWHUDFWLRQV DQG

H[SHULPHQWDWLRQ �VHH 6HFWLRQ ��� IRU PRUH GHWDLOV��

:KHQ WKHVH FRQFHSWV DUH XVHG LQ D VLWXDWHG� RSHQ�HQGHG PDQQHU� WKH FKDOOHQJH RI

FRQVWUXLQJ D VLWXDWLRQ LV WR SURYLGH IRU WKHLU FRPSXWHU VXSSRUW� ,Q (0� GHILQLWLYH QRWDWLRQV

KDYH D EDVLF UROH LQ SURYLGLQJ VXFK VXSSRUW� $ GHILQLWLYH QRWDWLRQ LV D VLPSOH

SURJUDPPLQJ QRWDWLRQ IRU IRUPXODWLQJ GHILQLWLRQV� $ GHILQLWLRQ LV D IRUPXOD RI WKH IRUP [

 I�\�� \���� VLPLODU LQ FKDUDFWHU WR D IRUPXOD LQ D VSUHDGVKHHW� ><XQ��@� 7KH YDOXH RI

WKH YDULDEOH [ �GHSHQGHQW� LV DOZD\V HTXDO WR WKH HYDOXDWLRQ RI WKH XVHU�GHILQHG IXQFWLRQ I

ZLWK WKH FXUUHQW YDOXHV RI WKHVH YDULDEOHV \�� \�� � �WKH GHSHQGHHV��� $Q\ FKDQJH WR WKH

YDOXH RI D GHSHQGHH ZLOO JLYH ULVH WR D UH�HYDOXDWLRQ RI WKH YDOXH RI WKH GHSHQGHQW� )RU

H[DPSOH� WKH GHILQLWLRQ ¨$ LV %�&© LQGLFDWHV WKH GHSHQGHQF\ RI $ RQ % DQG & VR WKDW DQ\

FKDQJH LQ WKH YDOXH RI HLWKHU % RU & ZLOO FDXVH D UH�HYDOXDWLRQ RI $�

� 0RUH FRPSOLFDWHG GHILQLWLRQV FRXOG EH FRQVLGHUHG IURP WKH SHUVSHFWLYH RI KLJKHU�RUGHU GHSHQGHQF\

>*<&%&��@� ZKLFK LV EHLQJ LQYHVWLJDWHG E\ '� *HKULQJ� 7KLV NLQG RI GHILQLWLRQ LV QRW WDNHQ LQWR DFFRXQW LQ

WKLV WKHVLV�

� 7KH QHZ ZRUG ¨GHSHQGHH© FRUUHVSRQGLQJ WR ¨GHSHQGHQW© LV PDGH XS WR GHQRWH WKDW WKH YDOXH RI D GHSHQGHQW

YDULDEOH LV GHWHUPLQHG E\ WKRVH RI LWV GHSHQGHH YDULDEOHV�
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7KH REVHUYDEOHV DQG GHSHQGHQFLHV DVVRFLDWHG ZLWK WKH FXUUHQW VLWXDWLRQ FDQ EH

H[SUHVVHG E\ D VHW RI GHILQLWLRQV FDOOHG D GHILQLWLYH VFULSW� 7KH RUGHULQJ RI GHILQLWLRQV LQ D

VFULSW LV XQLPSRUWDQW� $ UHGHILQLWLRQ RI D YDULDEOH DXWRPDWLFDOO\ EULQJV DOO LWV GHSHQGHQWV

LQ D GHILQLWLYH VFULSW WR D QHZ VWDWH WKURXJK D SURSDJDWLRQ SURFHVV WKDW UH�HYDOXDWHV DOO LWV

GHSHQGHQWV� )RU H[DPSOH� LQ WKH GHILQLWLYH VFULSW ¨; LV <�$� $ LV %�&©� DQ\ FKDQJH LQ WKH

YDOXH RI HLWKHU & RU % ZLOO FDXVH D UH�HYDOXDWLRQ RI ; �PRUH GHWDLOV RI LPSOHPHQWDWLRQ

LVVXHV DUH JLYHQ LQ WKH QH[W VHFWLRQ��

����� (QDFWLQJ (0

(0 LV D SRZHUIXO IRUP RI LQWHUDFWLYH PRGHOOLQJ� ,W DOORZV WKH PRGHOOHU WR XVH WKH

FRPSXWHU WR FUHDWH DQ DUWHIDFW��� DQ LQWHUDFWLYH FRPSXWHU�EDVHG PRGHO ZLWK VRPHWKLQJ RI

WKH FKDUDFWHU RI DQ HQJLQHHULQJ SURWRW\SH� ,Q RUGHU WR HQDFW (0� WKH PRGHOOHU PXVW ILUVW

EXLOG XS D YLUWXDO FRUUHVSRQGHQFH �DV VKRZQ LQ )LJXUH ���� EHWZHHQ WKH FRPSXWHU PRGHO

DQG LWV UHIHUHQW� ,Q HQDFWLQJ (0� WKH PRGHOOHU ¨HPEHGV© NQRZOHGJH DERXW REVHUYDEOHV�

GHSHQGHQFLHV� DJHQWV DQG DJHQF\ LQ WKH FRPSXWHU PRGHO� ,QWHUDFWLQJ ZLWK WKH FRPSXWHU

PRGHO DOORZV WKH PRGHOOHU©V LQVLJKW LQWR WKH VLWXDWLRQ WR EH DFFHVVHG�

6XFK D FRPSXWHU PRGHO RI D VLWXDWLRQ LV YHUVDWLOH ¤ LW FDQ EH XVHG LQ GHDOLQJ ZLWK

PDQ\ GLIIHUHQW VXEMHFWV� 7KH VXEMHFW LV W\SLFDOO\ DQ LQWHOOLJHQFH�LQWHQVLYH SURFHVV �D VRIW

SURFHVV LQ WKH WHUPLQRORJ\ RI WKLV WKHVLV�� VXFK DV GHYHORSLQJ D VRIWZDUH V\VWHP�

XQGHUVWDQGLQJ UHTXLUHPHQWV� GHVLJQLQJ D JHRPHWULF PRGHO� RU LQYHVWLJDWLQJ DQ DFFLGHQW� ,Q

XVLQJ (0 LQ 66'� LW LV HQYLVDJHG WKDW WKH VDPH PRGHO PD\ EH XVHG IRU XQGHUVWDQGLQJ

UHTXLUHPHQWV RI D VRIWZDUH V\VWHP DQG IRU LWV VXEVHTXHQW GHYHORSPHQW�

�� $Q DUWHIDFW XVHG IRU D VLWXDWHG DFWLYLW\ FDQ EH D SK\VLFDO PRGHO� D JUDSKLF GUDZQ RQ D SLHFH RI SDSHU� D

FRPSXWHU PRGHO� DQG VR RQ� +RZHYHU� ZLWKLQ WKH IUDPHZRUN RI (0� LW LV UHFRPPHQGHG WKDW WKH DUWHIDFW FDQ

EH FRQVWUXFWHG DV DQ LQWHUDFWLYH FRPSXWHU PRGHO LQ RUGHU WR PDNH WKH EHVW XVH RI WKH FRPSXWHU©V

DGYDQWDJHV� DV GLVFXVVHG LQ WKH SUHYLRXV VHFWLRQ� 7KHUHIRUH� WKH WHUPV ¨DUWHIDFW©� ¨FRPSXWHU PRGHO© DQG

¨FRPSXWHU�EDVHG PRGHO© DUH XVHG LQWHUFKDQJHDEO\ LQ WKLV WKHVLV�
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,W LV FRQYHQLHQW WR FRQFHLYH WKH YLUWXDO FRUUHVSRQGHQFH LQ )LJXUH ��� DV HVWDEOLVKHG

E\ WZR DX[LOLDU\ FRUUHVSRQGHQFHV� 7KHVH DX[LOLDU\ FRUUHVSRQGHQFHV FRQQHFW WKH

PRGHOOHU©V ¨PHQWDO PRGHO© RI WKH FXUUHQW VLWXDWLRQ ZLWK WKH FRPSXWHU PRGHO DQG ZLWK WKH

UHIHUHQW UHVSHFWLYHO\� 7KH FRQFHSW RI D PHQWDO PRGHO LV LQWURGXFHG WR DFNQRZOHGJH WKH

IDFW WKDW WKH PRGHOOHU JHQHUDOO\ KDV LQVLJKWV� EHOLHIV� DQG H[SHFWDWLRQV RI WKH VLWXDWLRQ �FI�

WKH FKDUDFWHULVDWLRQ RI NQRZOHGJH LQ IRRWQRWH �� WKDW KDYH \HW EH WDNHQ LQWR DFFRXQW RU DUH

LQ FRQIOLFW ZLWK WKH FRPSXWHU PRGHO RU WKH UHIHUHQW� 7KH FRUUHVSRQGHQFH EHWZHHQ WKH

PHQWDO PRGHO DQG WKH UHIHUHQW LV HVWDEOLVKHG E\ WKH LQWHUDFWLRQ GHSLFWHG RQ WKH ULJKW�KDQG

VLGH RI )LJXUH ���� 7KLV LQWHUDFWLRQ EHWZHHQ WKH PRGHOOHU DQG WKH UHIHUHQW HQDEOHV

LQIRUPDWLRQ H[FKDQJH DQG FUHDWLRQ� (DFK FKDQJH WKDW RFFXUV LQ WKH UHIHUHQW� ZKHWKHU LW LV

WULJJHUHG E\ WKH PRGHOOHU RU QRW� PD\ DIIHFW WKH PHQWDO PRGHO� 7KH FRUUHVSRQGHQFH

EHWZHHQ WKH PHQWDO PRGHO DQG WKH FRPSXWHU PRGHO LV HVWDEOLVKHG E\ WKH LQWHUDFWLRQ

GHSLFWHG RQ WKH OHIW�KDQG VLGH RI )LJXUH ���� ,Q WKLV FDVH� WKH PRGHOOHU LV HPSRZHUHG WR

LQWHUDFW ZLWK WKH DUWHIDFW� DQG PD\ DOVR EH DIIHFWHG E\ DQ\ FKDQJH LQ WKH DUWHIDFW� 7KH

LQVLJKW JDLQHG E\ WKH PRGHOOHU WKURXJK HVWDEOLVKLQJ WKH YLUWXDO FRUUHVSRQGHQFH LV

7KH FRPSXWHU PRGHO

7KH UHIHUHQW

LQ

WKH UHDO ZRUOG

9LUWXDO FRUUHVSRQGHQFH

)LJXUH ���� 7KH YLUWXDO FRUUHVSRQGHQFH ZLWKLQ (0

'HSHQGHQF\

2EVHUYDEOH

$JHQF\

$JHQW

DIIHFW DIIHFW

LQWHUDFW LQWHUDFW
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H[SUHVVHG LQ FRKHUHQFH EHWZHHQ DQ DEVWUDFW H[SODQDWRU\ PRGHO ¤ RU FRQVWUXDO
��

¤ LQ WKH

PRGHOOHU©V PLQG� WKH SK\VLFDO HPERGLPHQW RI WKLV FRQVWUXDO LQ WKH FRPSXWHU PRGHO� DQG D

VLWXDWLRQ LQ WKH UHIHUHQW�

,Q FRQVWUXFWLQJ WKH YLUWXDO FRUUHVSRQGHQFH� WKH PRGHOOHU FDQ LGHQWLI\ SULPLWLYH

HOHPHQWV LQ WKH GRPDLQ EHLQJ PRGHOOHG FRUUHVSRQGLQJ WR WKH IXQGDPHQWDO FRQFHSWV

DERYH� DQG WKHQ UHFRUG WKHP E\ LQWURGXFLQJ DSSURSULDWH GHILQLWLRQV� IXQFWLRQV DQG

DFWLRQV�� LQWR WKH FRPSXWHU PRGHO� $ W\SLFDO VWHS LQ WKLV SURFHVV LQYROYHV WKH

LGHQWLILFDWLRQ RI D GHSHQGHQF\ DQG WKH LQWURGXFWLRQ RI WKH GHILQLWLRQ LQWR WKH FRPSXWHU

PRGHO� )URP WKH PRGHOOHU©V SHUVSHFWLYH� D GHILQLWLRQ LV ¦UHFRUGLQJ D GHSHQGHQF\ EHWZHHQ

WKH REVHUYDEOHV§� )URP D FRPSXWDWLRQDO SHUVSHFWLYH� WKH DEVWUDFW VHPDQWLFV RI LQWURGXFLQJ

VXFK D GHILQLWLRQ LV W\SLFDOO\ VLPLODU WR WKDW RI LQWURGXFLQJ D QHZ IRUPXOD LQWR D

VSUHDGVKHHW WR ZKLFK D YLVXDOLVDWLRQ RI FHOO YDOXHV LV DWWDFKHG� ,Q SDUWLFXODU� WKH

GHSHQGHQFLHV DPRQJVW REVHUYDEOHV DUH DXWRPDWLFDOO\ PDLQWDLQHG �WKDW LV� DQ\ FKDQJH LQ D

GHSHQGHH LV SURSDJDWHG WR DOO LWV GHSHQGHQWV� 0RUH GHWDLOV DUH JLYHQ LQ 6HFWLRQ �������

8QOLNH WUDGLWLRQDO SURJUDPPLQJ FRGHV� GHILQLWLRQV GR QRW KDYH WR EH HQWHUHG DQG

RUJDQLVHG VHTXHQWLDOO\� %HFDXVH RI WKHVH SURSHUWLHV� WKH FRQVWUXFWLRQ RI VXFK FRPSXWHU�

EDVHG DUWHIDFWV LV D XVHIXO YHKLFOH IRU H[SORULQJ DQG GHYHORSLQJ LQVLJKW�

(0 LV D PHDQV RI FRQVWUXFWLQJ NQRZOHGJH LQ DQ H[SHULHQWLDO UDWKHU WKDQ D

GHFODUDWLYH IDVKLRQ� WKH PRGHOOHU©V LQVLJKW LV H[SUHVVHG DV FRKHUHQFH EHWZHHQ

H[SHFWDWLRQV LQ WKH PLQG DQG WKH H[SHULPHQWDWLRQ WKDW FDQ EH SHUIRUPHG RQ WKH FRPSXWHU

PRGHO DQG�RU LQ WKH UHIHUHQW� 7KH SULQFLSOH UHVHPEOHV ¨ZKDW LI© H[SHULPHQWV ZLWK D

VSUHDGVKHHW� 7KH PRGHOOHU LQWURGXFHV QHZ GHILQLWLRQV WR LPSRVH D FKDQJH RI VWDWH XSRQ

�� '� *RRGLQJ LQWURGXFHV WKH WHUP ¨FRQVWUXDO© LQ DQDO\VLQJ )DUDGD\©V H[SHULPHQWDO SUDFWLFHV� +H UHJDUGV D

FRQVWUXDO DV ¦D PHDQV RI LQWHUSUHWLQJ XQIDPLOLDU H[SHULHQFH DQG FRPPXQLFDWLQJ RQH©V WULDO LQWHUSUHWDWLRQV§

>*RR��� S���@ DQG DUJXHV WKDW ¦D FRQVWUXDO FDQQRW EH JUDVSHG LQGHSHQGHQWO\ RI WKH H[SORUDWRU\ EHKDYLRXU

WKDW SURGXFHV LW RU WKH RVWHQVLYH SUDFWLFHV ZKHUHE\ DQ REVHUYHU WULHV WR FRQYH\ LW§ >*RR��� S���@�

�� $FWLRQV DUH VSHFLILHG DV SURFHGXUHV WKDW DUH WULJJHUHG E\ FKDQJHV LQ WKH YDOXHV RI D SDUWLFXODU YDULDEOH�

>%H\��@�
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WKH HPERGLHG FRQVWUXDO� WKDW LV� WKH FRPSXWHU PRGHO� $OPRVW VLPXOWDQHRXVO\� WKH QHZ

VWDWH RI WKLV FRQVWUXDO LV PHGLDWHG WR WKH XVHU WKURXJK WKH YLVXDO LQWHUIDFH� DQG HYRNHV D

FKDQJH RI VWDWH LQ WKH PLQG RI WKH PRGHOOHU� :KHQ WKLV FKDQJH RI VWDWH LV FRQVLVWHQW ZLWK

WKH PRGHOOHU©V H[SHFWDWLRQV� LW VHUYHV WR UHLQIRUFH WKH PRGHOOHU©V FRQILGHQFH LQ WKH ZD\ LQ

ZKLFK D VLWXDWLRQ KDV EHHQ FRQVWUXHG� :KHQ WKH FKDQJH RI VWDWH FRQIRXQGV H[SHFWDWLRQV�

WKH PRGHOOHU PXVW GHWHUPLQH ZKHWKHU WKH VLWXDWLRQ KDV EHHQ FRQVWUXHG LQ DQ LQDSSURSULDWH

ZD\� IRU H[DPSOH E\ JLYLQJ DQ LQFRUUHFW GHILQLWLRQ� RU ZKHWKHU D KLWKHUWR XQVXVSHFWHG

EHKDYLRXU KDV EHHQ LGHQWLILHG� ,Q WKH ODWWHU FDVH� WKHUH LV D FUHDWLYH DQG RIWHQ VXUSULVLQJ

HOHPHQW RI GLVFRYHU\ WKDW LV UDUHO\ HQFRXQWHUHG LQ FRQYHQWLRQDO PRGHOOLQJ�

,Q IDFW� WKH PRGHOOHU QRW RQO\ HQULFKHV EXW DOVR WR VRPH GHJUHH HPERGLHV KLV�KHU

PHQWDO PRGHO WKURXJK WKH FRQWLQXRXV LQWHUDFWLRQV ZLWK WKH FRPSXWHU PRGHO� 7KLV LV

EHFDXVH WKH FRPSXWHU PRGHO LV LQFUHPHQWDOO\ GHYHORSHG WR FRUUHVSRQG WR WKH PHQWDO

PRGHO DQG WKHQ WR WKH UHIHUHQW� 0RUH GHWDLOV DUH SURYLGHG LQ WKH QH[W FKDSWHU�

7KHRUHWLFDOO\� WKH HQDFWLRQ RI (0 LV XQERXQGHG VLQFH LW LV QRW SRVVLEOH WR WDNH DOO

VLWXDWLRQV DVVRFLDWHG ZLWK D SDUWLFXODU VXEMHFW LQWR DFFRXQW� $V LQ HYHU\GD\ OLIH� WKH

PRGHOOHU FRQWLQXDOO\ FRQIURQWV GLIIHUHQW XQSUHGLFWDEOH VLWXDWLRQV� $ QHZ VLWXDWLRQ FDQ

FDXVH D GLVFUHSDQF\ EHWZHHQ WKH PRGHOOHU©V PHQWDO PRGHO� WKH FRPSXWHU PRGHO DQG WKH

UHIHUHQW LQ )LJXUH ���� 7KH PRGHOOHU PD\ LQWHUDFW ZLWK ERWK WKH FRPSXWHU PRGHO DQG WKH

UHIHUHQW LQ RUGHU WR UHVROYH VXFK GLVFUHSDQFLHV� 6LWXDWHG LQWHUDFWLRQ RI WKLV QDWXUH

UHIOH[LYHO\ FRQVWLWXWHV WKH VLWXDWHG DFWLYLW\ RI HQDFWLQJ (0� ZKLFK FDQQRW EH SUHVFULEHG

E\ DOJRULWKPV LQ DGYDQFH� ,W DOVR DFFRXQWV IRU WKH RSHQQHVV RI (0 LWVHOI�

2EYLRXVO\� WKH PDLQ FUX[ RI HQDFWLQJ (0 OLHV LQ PDLQWDLQLQJ WKH YLUWXDO

FRUUHVSRQGHQFH� :LWK UHIHUHQFH WR WKH ULJKW�KDQG VLGH RI )LJXUH ���� WKH PRGHOOHU©V

LQWHUDFWLRQ ZLWK WKH UHIHUHQW LV QRW FRQVWUDLQHG E\ DQ H[SOLFLW LQWHUIDFH� /LNH DQ

H[SHULPHQWHU� WKH PRGHOOHU PD\ QRW EH DZDUH RI ZKDW DFWLRQV FDQ DIIHFW WKH VWDWHV RI WKH

UHIHUHQW� 7KH LQWHUDFWLRQ ZLWK WKH UHIHUHQW LV RSHQ VXEMHFW WR HPSLULFDOO\ HVWDEOLVKHG
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NQRZOHGJH RI WKH REVHUYDEOHV WKDW FDQ EH FKDQJHG� DQG WKH DVVRFLDWHG GHSHQGHQFLHV�

,QWHUDFWLRQ ZLWK WKH FRPSXWHU PRGHO RQ WKH OHIW�KDQG VLGH PXVW EH VXSSRUWHG LQ WKH VDPH

PDQQHU� )RU WKLV SXUSRVH� WKH FRPSXWHU PRGHO PXVW KDYH DXWRPDWLF GHSHQGHQF\

PDLQWHQDQFH� WKDW LV WR VD\� WKH PRGHO PXVW EH DSSURSULDWHO\ UHVWUXFWXUHG LQ DQ DXWRPDWLF

IDVKLRQ LQ UHVSRQVH WR DQ\ FKDQJH WR LWV HOHPHQWV� 7KLV IHDWXUH DOORZV WKH UHDOLVDWLRQ RI

WKH PDLQWHQDQFH RI WKH YLUWXDO FRUUHVSRQGHQFH� 7KH QHFHVVDU\ VXSSRUWLQJ WHFKQLTXH LV

SURYLGHG LQ WKH QH[W VHFWLRQ�

(0 GRHV QRW FODLP WKDW XVLQJ D FRPSXWHU PRGHO DV DQ DUWHIDFW LV WKH RQO\ ZD\ WR

PRGHO D VLWXDWLRQ� $IWHU DOO� WKH KXPDQ EUDLQ� VXSSRUWHG E\ SDSHU DQG SHQ� KDV SHUIRUPHG

WKH VDPH WDVN TXLWH HIIHFWLYHO\ IRU KXQGUHGV RI \HDUV� +RZHYHU� DV H[SODLQHG LQ WKH

SUHYLRXV VHFWLRQ ������ WKH FRPSXWHU KDV XQXVXDO SRWHQWLDO DV D VXSSRUWLQJ WRRO IRU KHOSLQJ

WR RYHUFRPH KXPDQ FRJQLWLYH OLPLWDWLRQV LQ LQIRUPDWLRQ SURFHVVLQJ� 0DQ\ FRJQLWLYH

DFWLYLWLHV RI KXPDQ DJHQWV� VXFK DV UHDVRQLQJ DQG UHPHPEHULQJ� FDQ EH JUHDWO\ LPSURYHG

E\ H[WHUQDOLVLQJ WKHP WR WKH FRPSXWHU� )RU H[DPSOH� LQ D ¨ZKDW LI© H[SHULPHQW LQ D

VSUHDGVKHHW� WKH PRGHOOHU FDQ ¨REVHUYH© UDWKHU WKDQ ¨LPDJLQH© RU ¨FRQMHFWXUH© SRVVLEOH

UHVXOWV IURP WKH DUWHIDFW� 7KLV KHOSV WKH PRGHOOHU WR UHDVRQ PRUH TXLFNO\ DQG ZLWK PRUH

FRQILGHQFH� ,Q WKLV VHQVH� WKH FRPSXWHU PRGHO GRHV VHUYH DV DQ DUWHIDFW IRU LPSURYLQJ

KXPDQ FRJQLWLRQ >1HV��� 5XV��@�

+RZHYHU� LW LV HYLGHQW WKDW PRVW FRJQLWLYH DFWLYLWLHV RI KXPDQ DJHQWV DUH WRR

FRPSOLFDWHG DQG VRPHWLPHV LQVXIILFLHQWO\ SUHGLFWDEOH WR EH FRPSOHWHO\ DXWRPDWHG�

5HFRJQLVLQJ WKLV IDFW� (0 PDNHV EHVW XVH RI WKH FDSDFLW\ RI WKH FRPSXWHU E\ GHOHJDWLQJ

WR LW URXWLQH DQG VWUXFWXUHG WDVNV WKDW LQYROYH FRPSOH[ FDOFXODWLRQ DQG KXJH GHPDQGV RQ

PHPRU\� $W WKH VDPH WLPH� (0 KLJKOLJKWV WKH UROH RI KXPDQ DJHQWV LQ D VLWXDWHG DFWLYLW\�

DOORZLQJ WKH PRGHOOHU WR FDUU\ RXW LQWXLWLYH DQG VLWXDWHG SURFHGXUHV� VXFK DV WKH

LGHQWLILFDWLRQ RI REVHUYDEOHV� GHSHQGHQFLHV� DJHQWV DQG DJHQF\� ,Q WKLV UHVSHFW� WKH

HQDFWLRQ RI (0 LV FRQVLVWHQW ZLWK &� 7XOO\©V FRQFHUQ DERXW WKH PHFKDQLVP RI HQDFWLQJ D
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VRIWZDUH SURFHVV PRGHO� ZKLFK RQ WKH RQH KDQG LV ¦D V\PELRVLV RI KXPDQ DJHQW DQG

FRPSXWHU§ DQG RQ WKH RWKHU KDQG VKRXOG EH VXFK DV ¦QRW WR KLQW DW SDUWLFXODU UROHV IRU

HLWKHU SDUWQHU§ >7XO��� S��@�

%RWK DX[LOLDU\ FRUUHVSRQGHQFHV DUH UHDFKHG WKURXJK YDULRXV LQWHUDFWLYH DFWLYLWLHV�

VXFK DV REVHUYDWLRQ� H[SHULPHQWDWLRQ� FUHDWLRQ DQG VR RQ� 6LQFH WKH ILUVW WZR DUH WKH

SULPLWLYH DQG FULWLFDO DFWLYLWLHV LQ (0� D PRUH GHWDLOHG H[SODQDWLRQ RI WKHP LV JLYHQ KHUH�

x 2EVHUYDWLRQ

,Q (0� REVHUYDWLRQ� ZKLFK UHIHUV WR WKH PRGHOOHU©V DELOLW\ WR DSSUHKHQG IHDWXUHV RI D

SDUWLFXODU VLWXDWLRQ GLUHFWO\� LV YLWDOO\ LPSRUWDQW� :LWKRXW LW� FRJQLWLYH DFWLYLW\ UHYHUWV WR D

WUDGLWLRQDO IRUP� WKH PRGHOOHU UHOLHV RQ LPDJLQDWLRQ RU FRQMHFWXUH ZLWKRXW DQ\ DVVLVWDQFH

IURP VXLWDEOH WRROV� 2EVHUYDWLRQ FDQ EH LQYRNHG RQ ERWK VLGHV RI )LJXUH ���� WKDW LV� WR

REVHUYH ERWK WKH UHIHUHQW DVVRFLDWHG ZLWK D VXEMHFW LQ WKH UHDO ZRUOG DQG WKH FRPSXWHU

PRGHO� $W OHDVW WZR FRUUHODWHG SV\FKRORJLFDO HYHQWV UHODWLQJ WR WKH HQKDQFHPHQW RI WKH

PRGHOOHU©V LQVLJKW DUH QHFHVVDULO\ LQYROYHG� SHUFHSWLRQ DQG FRQQHFWLRQ �FI� >+DO��@��

3HUFHSWLRQ LV FRQFHUQHG ZLWK LGHQWLI\LQJ IHDWXUHV LQ WKH FRPSXWHU PRGHO DQG�RU LQ

WKH UHIHUHQW� &RQQHFWLRQ LQYROYHV DVVRFLDWLQJ WKHVH IHDWXUHV ZLWK WKH PHQWDO PRGHO� 7KH

SHUIRUPDQFH RI HDFK HYHQW LV GHHSO\ ERXQG XS ZLWK IDFWRUV DIIHFWLQJ FRJQLWLRQ� VXFK DV

SDVW H[SHULHQFH� VXEMHFWLYH EHOLHI� WKH XQGHUVWDQGLQJ RI D VLWXDWLRQ� DQG VR RQ� $W WKH VDPH

WLPH� WKH UHVXOW RI SHUIRUPLQJ ERWK HYHQWV OHDGV WR DQ DOWHUDWLRQ LQ WKH PRGHOOHU©V PHQWDO

PRGHO DQG WR WKH IRUPDWLRQ RI D QHZ VWDWH ZKLFK LQIOXHQFHV VXEVHTXHQW DFWLYLWLHV� ,Q RWKHU

ZRUGV� WKURXJK REVHUYDWLRQ� WKH PRGHOOHU FDQ QRW RQO\ FRQVWUXH WKH FXUUHQW VLWXDWLRQ EXW

FDQ DOVR HQULFK KLV�KHU UHVRXUFHV IRU GHDOLQJ ZLWK IXWXUH VLWXDWLRQV�

3HUFHSWLRQ DQG FRQQHFWLRQ SOD\ VLJQLILFDQW UROHV LQ HVWDEOLVKLQJ WKH YLUWXDO

FRUUHVSRQGHQFH EHWZHHQ WKH FRPSXWHU�EDVHG PRGHO DQG WKH UHIHUHQW LQ WKH UHDO ZRUOG�

7KH\ DFFRXQW IRU WKH ZD\ LQ ZKLFK LQIRUPDWLRQ DERXW WKH UHIHUHQW LV SURSDJDWHG WR WKH
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FRPSXWHU PRGHO YLD WKH PHQWDO PRGHO� DQG YLFH YHUVD� %\ WKLV PHDQV� WKH UHIHUHQW FDQ EH

PHWDSKRULFDOO\ UHSUHVHQWHG E\ WKH FRPSXWHU�EDVHG PRGHO� )RU H[DPSOH� SODFLQJ D ODPS

RQ D GHVN FDQ EH UHSUHVHQWHG DQG XQGHUVWRRG DV SODFLQJ D FLUFOH �UHSUHVHQWLQJ WKH ODPS�

LQVLGH D UHFWDQJOH �UHSUHVHQWLQJ WKH GHVN�� ,Q WKH VDPH PDQQHU� WKH VWDWH RI WKH FRPSXWHU

PRGHO FDQ EH UHIHUUHG WR WKH VWDWH RI WKH UHIHUHQW� )RU H[DPSOH� FKDQJLQJ WKH SRVLWLRQ RI

WKH UHFWDQJOH LQ WKH FRPSXWHU PRGHO FDQ EH UHIHUUHG WR PRYLQJ WKH GHVN�

,W PD\ EH FODLPHG WKDW REVHUYDWLRQV DUH DOVR FDUULHG RXW LQ HQDFWLQJ WUDGLWLRQDO

SURFHVV PRGHOV� ,Q D QDUURZ VHQVH� D NLQG RI REVHUYDWLRQ LV LQGHHG SHUIRUPHG� +RZHYHU�

LQ WKHVH PRGHOV� REVHUYDWLRQ LV LQWHQGHG WR SLQ GRZQ HOHPHQWV ZKRVH QDWXUH LV FRQWH[W�

GHSHQGHQW ZLWKLQ D SDUWLFXODU FRQWH[W� 7KHVH HOHPHQWV� H�J� HQWLWLHV DQG UHODWLRQV IRU DQ

HQWLW\�UHODWLRQ PRGHO >&KH��@� DQG REMHFWV DQG FODVVHV IRU DQ REMHFW PRGHO >%RR���

&<��@� DUH SUHFRQFHLYHG� SUHVFULEHG DQG WKHQ LVRODWHG IURP WKH SURFHHGLQJ SURFHVV XQWLO

¤ LQ YLHZ RI D QHZ IXQFWLRQDOLW\ RU FRQWH[W ¤ D IXUWKHU FKDQJH RI WKHVH HOHPHQWV LV

UHTXLUHG� ,Q RWKHU ZRUGV� WKLV NLQG RI REVHUYDWLRQ VHUYHV WR GUDZ D OLQH WR VHSDUDWH WKH

GHYHORSHG PRGHO IURP WKH UHIHUHQW� $FFRUGLQJO\� WKH GHYHORSHG PRGHO� ZKLFK SUHVFULEHV

D IUR]HQ GRPDLQ� EHFRPHV ZHOO VXLWHG IRU WKH XVH RI RUWKRGR[ WRROV DQG PHWKRGV WKDW DUH

GHYLVHG IRU LPSOHPHQWDWLRQ� 7KLV VHSDUDWLRQ FDQ PDNH WKH LPSOHPHQWDWLRQ PRUH HIIHFWLYH

DQG UREXVW� EXW DW WKH SULFH RI EHLQJ OHVV DGDSWDEOH �GHWDLOV DUH JLYHQ LQ &KDSWHU ���

x ([SHULPHQWDWLRQ

7KH FKRLFH RI WKH HSLWKHW HPSLULFDO UHIOHFWV WKH SLYRWDO UROH WKDW H[SHULPHQWDWLRQ SOD\V LQ

(0� ,Q HIIHFW� LW SOD\V D ¨FUHDWRU© UROH IRU PRGHOOLQJ D VLWXDWLRQ LQ (0� VLQFH LW DOZD\V

¨FUHDWHV© GLYHUVH QHZ VWDWHV ZLWK VXUSULVLQJ GLVFRYHULHV WKDW FDQ HQULFK WKH SURFHGXUH RI

PRGHOOLQJ D VLWXDWLRQ� :LWKRXW H[SHULPHQWDWLRQ� PRGHOOLQJ D VLWXDWLRQ ZLOO EH UHGXFHG WR

¨LPDJLQLQJ© UHOLDEOH SDWWHUQV RI VWDWH FKDQJH LQ WKH VDPH ZD\ WKDW EHKDYLRXU LQ

FRQYHQWLRQDO SURJUDPPLQJ LV SUHFRQFHLYHG LQ UHVSRQVH WR HDFK SDUWLFXODU VLWXDWLRQ� ,Q WKLV

FDVH� WKH PHWKRG RI PRGHOOLQJ ZLOO GHJHQHUDWH LQWR ZKDW )H\HUDEHQG LQ KLV ERRN $JDLQVW
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0HWKRG KDV FKDUDFWHULVHG DV D ¨VFLHQWLILF© DSSURDFK� ZKLFK LQ IDFW LV QRW HDVLO\ FDSDEOH RI

GLVFRYHULQJ QHZ LGHDV >)H\��@�

0RGHOOLQJ D VLWXDWLRQ LV WKH PRVW HOXVLYH EXW IXQGDPHQWDO DVSHFW RI WKH (0

DSSURDFK� $V %H\QRQ DUJXHV >%H\��@� D VLWXDWLRQ VKRXOG QRW EH ¦LQWHUSUHWHG DV UHIHUULQJ

WR DQ DEVWUDFW FRPSXWDWLRQDO VWDWH� EXW WR VRPHWKLQJ UHVHPEOLQJ D ¨VWDWH RI PLQG© WKDW

GHULYHV LWV PHDQLQJ IURP D UHODWLRQVKLS EHWZHHQ D KXPDQ DJHQW DQG DQ H[WHUQDO IRFXV RI

LQWHUHVW DQG DWWHQWLRQ§� 0RGHOOLQJ D VLWXDWLRQ LQYROYHV GHYLVLQJ GLYHUVH LQWHUSUHWDWLRQV RI

WKH UHODWLRQVKLSV EHWZHHQ WKLV VLWXDWLRQ DQG LWV GLYHUVH VWDWH FKDQJHV� 7R GR WKLV� DQ

DQLPDWLRQ RI NQRZLQJ�E\�GRLQJ WKURXJK ¨ZKDW LI© H[SHULPHQWV LV LQWURGXFHG� ,QVWHDG RI

UHDVRQLQJ �RU LPDJLQLQJ� SRVVLEOH UHVXOWV LQ KLV�KHU EUDLQ DFFRUGLQJ WR WKH FXUUHQW

VLWXDWLRQ� WKH PRGHOOHU FKDQJHV WKH VWDWH RI WKH FRPSXWHU PRGHO �GRLQJ� WR EULQJ DERXW D

QHZ VWDWH RI KLV�KHU PLQG �NQRZLQJ�� ,Q WKLV ZD\� WKH PRGHOOHU FDQ HQKDQFH KLV�KHU

XQGHUVWDQGLQJ RI WKH VLWXDWLRQ DQG SHUKDSV HYHQ PDNH VXUSULVLQJ GLVFRYHULHV E\ H[SORULQJ

XQIDPLOLDU WHUULWRU\�

7KHRUHWLFDOO\� H[SHULPHQWDWLRQV FDQ EH LQYRNHG ERWK LQ WKH FRPSXWHU PRGHO DQG WKH

UHIHUHQW� +RZHYHU� (0 SXWV JUHDWHU HPSKDVLV RQ WKH FRPSXWHU PRGHO� 7KLV LV SDUWO\

EHFDXVH LQ PDQ\ FDVHV SHUIRUPLQJ DQ H[SHULPHQW LQ WKH UHDO ZRUOG LV YHU\ GLIILFXOW DQG

H[SHQVLYH� DV LV LOOXVWUDWHG E\ WKH H[DPSOH RI GHYHORSLQJ D QHZ DLU WUDIILF FRQWURO V\VWHP�

0RUH LPSRUWDQWO\� WKH PRGHOOHU FDQ PDNH WKH EHVW XVH RI WKH SRZHU RI WKH FRPSXWHU DV DQ

LQWHUDFWLYH PRGHOOLQJ PHGLXP WR DFKLHYH WKH SULQFLSOHG WKHPH RI (0� WR H[SORUH� H[SDQG

DQG H[SHULHQFH WKH PRGHOOHU©V XQGHUVWDQGLQJ DVVRFLDWHG ZLWK WKH VXEMHFW�

,W VKRXOG EH QRWHG WKDW DOWKRXJK REVHUYDWLRQ DQG H[SHULPHQWDWLRQ KDYH EHHQ

GLVFXVVHG VHSDUDWHO\ KHUH� WKH\ DUH LQVHSDUDEO\ LQYRNHG E\ WKH PRGHOOHU LQ RUGHU WR

PDLQWDLQ WKH FRUUHVSRQGHQFHV EHWZHHQ WKH PRGHOOHU©V PHQWDO ZRUOG� WKH FRPSXWHU�EDVHG

PRGHO� DQG WKH UHIHUHQW LQ WKH UHDO ZRUOG�
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��� 7HFKQLFDO ,VVXHV RI (0

6LQFH (0 KLJKOLJKWV WKH LPSRUWDQFH RI HPSLULFDO H[SHULHQFH DULVLQJ IURP UHSHDWHG

REVHUYDWLRQ DQG H[SHULPHQWDWLRQ� LW IXOILOV WKH UHTXLUHPHQWV IRU HQDFWDELOLW\ GHVFULEHG E\

7XOO\ LQ >7XO��@�

,I ZH VHW RXW WR GHYHORS PRGHOV� IRUPDOLVPV RU UHSUHVHQWDWLRQV >IRU 66'@�

WKHQ WKHUH LV D VWURQJ FDVH WKDW WKH\ VKRXOG EH HQDFWDEOH ¤ WKDW LV� VKRXOG

WDNH IRUP RI ¨SURFHVV SURJUDPV©� (QDFWDELOLW\ VLPSO\ PHDQV WKDW KXPDQ

EHLQJV LQYROYHG LQ WKH VRIWZDUH SURFHVV UHFHLYH FRPSXWHU JXLGDQFH DQG

DVVLVWDQFH LQ ZKDW LV DQ H[WUHPHO\ FRPSOH[ DFWLYLW\� 3XW DQRWKHU ZD\�

PRGHOV DUH QRW MXVW XVHG ¨RII�OLQH©� DV D PHDQV RI VWXG\LQJ DQG GHILQLQJ

SURFHVVHV� EXW DOVR ¨RQ�OLQH© ZKLOH SURFHVVHV DUH EHLQJ FDUULHG RXW� DV D

PHDQV RI GLUHFWLQJ� FRQWUROOLQJ� PRQLWRULQJ DQG LQVWUXPHQWLQJ WKHP�

,Q RUGHU WR VXSSRUW WKH HQDFWDELOLW\ RI (0� WKH WHFKQLFDO LVVXHV RI VXSSRUWLQJ WKH

SULQFLSOHV DQG FRQFHSWV RI (0� HVSHFLDOO\ WKH GHYHORSPHQW RI FRPSXWHU�EDVHG WRROV� PXVW

EH FRQVLGHUHG�

����� 7RROV IRU 6XSSRUWLQJ (0

(0 DLPV WR HQDEOH WKH PRGHOOHU WR H[WHQG� H[SDQG DQG H[SHULHQFH KLV�KHU PHQWDO ZRUOG

WKURXJK WKH LQWHUDFWLRQ ZLWK WKH FRPSXWHU PRGHO� 7R EXLOG XS VXFK DQ LQWHUDFWLYH DUWHIDFW�

VHYHUDO WRROV KDYH EHHQ GHYHORSHG DQG WKHVH ZLOO EH VXPPDULVHG EULHIO\�

/6' �/DQJXDJH IRU 6SHFLILFDWLRQ 	 'HVFULSWLRQ� >%H\��@ LV DQ RSHQ�HQGHG

QRWDWLRQ XVHG WR DFFRXQW IRU WKH UHIHUHQW LQ WKH UHDO ZRUOG� ,W SURYLGHV D GHVFULSWLRQ RI

¦WKRVH REVHUYDEOHV WKDW DUH ERXQG WR DQ DJHQW �VWDWH�� WKRVH WKDW LW LV FRQGLWLRQDOO\

SULYLOHJHG WR FKDQJH �KDQGOH�� DQG WKRVH WR ZKLFK LW UHVSRQGV �RUDFOH�§ >%5��@� ,W DOVR

LQFOXGHV DQ DFFRXQW RI WKH GHSHQGHQFLHV EHWZHHQ REVHUYDEOHV SHUFHLYHG E\ WKH DJHQW

�GHULYDWHV� DQG RI WKH DFWLRQV LW LV FRQGLWLRQDOO\ SULYLOHJHG WR SHUIRUP �SURWRFRO�� ,W VKRXOG

EH QRWHG WKDW WKLV GHVFULSWLRQ LQGLFDWHV WKH PRGHOOHU©V SURYLVLRQDO FRQVWUXDO RI VXEMHFWV
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DQG DFFRUGLQJO\ VKRXOG QRW EH YLHZHG DV D FLUFXPVFULEHG VSHFLILFDWLRQ� VXFK DV D

UHTXLUHPHQWV VSHFLILFDWLRQ DV GHILQHG LQ >/.��@�

:LWKLQ WKH HQDFWLRQ RI (0� WKH /6' QRWDWLRQ LV XVHIXO IRU UHFRUGLQJ WKH

LGHQWLILFDWLRQ DQG FODVVLILFDWLRQ RI DJHQWV� DJHQF\ DQG REVHUYDEOHV DVVRFLDWHG ZLWK WKH

PRGHOOHU©V REVHUYDWLRQ RI WKH UHIHUHQW DQG WKH PRGHO� ,Q HIIHFW� DQ /6' DFFRXQW UHFRUGV

WKH PRGHOOHU©V FRQVWUXDO RI VWDWH FKDQJHV� 0DQ\ GLIIHUHQW SRVVLEOH VWDWH FKDQJHV DQG

SDWWHUQV RI EHKDYLRXU PD\ EH FRQVLVWHQW ZLWK WKLV FRQVWUXDO� )RU WKLV UHDVRQ� DQ /6'

DFFRXQW LV QRW H[HFXWDEOH� 7R LQWHUSUHW DQ /6' DFFRXQW� WKH PRGHOOHU QHHGV LQWHUDFWLYH

WRROV WR UHDOLVH DQG H[SORUH VWDWH FKDQJHV FRQVLVWHQW ZLWK WKH GHVFULSWLRQ� 7KH WRROV $'0

DQG WNHGHQ� FRPSOHPHQWDU\ WR /6' DQG QHFHVVDU\ IRU WKH HQDFWLRQ RI (0� VHUYH WKLV

SXUSRVH�

7KH WRRO $'0 �$EVWUDFW 'HILQLWLYH 0DFKLQH� LV XVHG WR VWXG\ SDUDOOHO VWDWH�FKDQJH�

V\QFKURQLVDWLRQ RI DJHQW DFWLRQV DQG RSHQQHVV LQ DQ /6' DFFRXQW >6OD��@� 7KH PRGHOOHU

FDQ PDQXDOO\ WUDQVIRUP DQ /6' DFFRXQW WR DQ H[HFXWDEOH SURJUDP LQ WKH $'0� $Q

DQLPDWLRQ LV WKHQ GHYLVHG WR JLYH RSHUDWLRQDO PHDQLQJ WR LQWHUDFWLRQ EHWZHHQ WKH /6'

DJHQWV �VXFK DV ZKDW DQ DJHQW FDQ UHIHU WR LQ D SDUWLFXODU VWDWH DQG KRZ LW FDQ DFW WR

FKDQJH WKH VWDWH�� ,Q WKLV ZD\� WKH PRGHOOHU XVLQJ WKH $'0 FDQ G\QDPLFDOO\ LQWHUYHQH

DQG UHGLUHFW WKH H[HFXWLRQ RI WKLV DQLPDWLRQ E\ LQWHUDFWLQJ ZLWK WKLV PRGHO LQ RUGHU WR

LPSURYH KLV�KHU XQGHUVWDQGLQJ�

$QRWKHU WRRO WNHGHQ� RQH RI WKH PRVW VXFFHVVIXO WRROV IRU (0� LV GHYHORSHG RQ WKH

EDVLV RI WKH IXQGDPHQWDO SULQFLSOHV RI (0� ,WV EDVLF DUFKLWHFWXUH LV VKRZQ LQ )LJXUH ����

,Q WNHGHQ� WKHUH LV D ZLQGRZ�EDVHG LQWHUIDFH EDVHG RQ D 7FO�7N LQWHUSUHWHU� 7KLV LQWHUIDFH

SURYLGHV WKH PRGHOOHU ZLWK DQ LQWHUDFWLYH HQYLURQPHQW WR LQWURGXFH QHZ GHILQLWLRQV LQWR

WKH FRPSXWHU PRGHO� DQG WKXV WR REVHUYH WKHLU LQIOXHQFH RQ WKH PRGHO©V YLVXDOLVDWLRQ�

(DFK GHILQLWLRQ LV UHDG LQWR WKH 7FO�7N LQWHUSUHWHU DV GDWD DQG LV VWRUHG SULRU WR IXUWKHU

PDQLSXODWLRQ� 9LVXDOLVDWLRQ RI WKH FRPSXWHU PRGHO LV HVWDEOLVKHG WKURXJK WZR
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REVHUYDWLRQDO WRROV� 'R1D/' >$%+��@ DQG 6FRXW >'HS��@� 7KH IRUPHU LV D WZR�

GLPHQVLRQDO OLQH GUDZLQJ WRRO� DQG WKH ODWWHU GHDOV ZLWK WKH LVVXHV RI VFUHHQ OD\RXW�

7KH FRUH SDUW RI WNHGHQ LV DQ LQWHUSUHWHU FDOOHG (GHQ ><<��� <XQ��@� 7KLV LV ERWK

D GHILQLWLYH ODQJXDJH IRU VSHFLI\LQJ GHILQLWLYH VWDWH WUDQVLWLRQV DQG DOVR D YLUWXDO PDFKLQH

IRU PDLQWDLQLQJ WKH GHSHQGHQFLHV RI JLYHQ GHILQLWLRQV LQ DQ LQWHUDFWLYH ZD\� (DFK

GHILQLWLRQ LV PDLQWDLQHG LQ WKH IRUP RI IRUPXODH UHVHPEOLQJ WKRVH LQ D VSUHDGVKHHW� :KHQ

WKH YDOXH RI D GHSHQGHH LV FKDQJHG� ('(1 DXWRPDWLFDOO\ SURSDJDWHV WKH FKDQJH WR LWV

GHSHQGHQWV DQG UH�HYDOXDWHV WKH YDOXHV RI WKHVH GHSHQGHQWV� 7KH SUHPLVH WKDW

GHSHQGHQFLHV DUH DXWRPDWLFDOO\ PDLQWDLQHG LV UHODWHG WR DQ LQGLYLVLEOH VWDWH FKDQJH

SURSDJDWHG VR DV WR UHIOHFW FKDQJH LQ WKH UHIHUHQW UDWKHU WKDQ LQ D FRQWURO PHFKDQLVP LQ

WKH SURJUDPPLQJ VHQVH� 1RWKLQJ LQ VXFK D PRGHO LV SUHFRQFHLYHG� EHFDXVH QR RQH NQRZV

ZKDW GHILQLWLRQV ZLOO VXEVHTXHQWO\ EH LQWURGXFHG E\ D XVHU�

%RWK WRROV� WKH $'0 DQG WNHGHQ� DUH LQWHUDFWLYH WRROV IRU VXSSRUWLQJ (0� 7KH\

FDQ EH XVHG LQGHSHQGHQWO\ DQG VHUYH GLIIHUHQW SXUSRVHV� 7KH $'0 IRFXVHV RQ WKH

FRQFXUUHQW V\VWHPV PRGHOOLQJ QHHGHG LQ RUGHU WR H[KLELW DSSURSULDWH EHKDYLRXUV

FRQVLVWHQW ZLWK WKH /6' DFFRXQW� ,Q FRQWUDVW� WKH WRRO WNHGHQ LV PRUH FRQFHUQHG ZLWK WKH

YLVXDOLVDWLRQ RI VWDWH�FKDQJHV WR REVHUYDEOHV DQG GHSHQGHQFLHV� ,W LV RIWHQ XVHIXO WR

)LJXUH ���� 7KH DUFKLWHFWXUH RI WNHGHQ

,QWHUDFWLYH ,QWHUIDFH

�ZLWKLQ DQ 7FO�7N LQWHUSUHWHU�

(GHQ LQWHUSUHWHU
�ZLWK GHSHQGHQF\ PDLQWDLQHU�

2EVHUYDWLRQDO WRROV

�'R1D/'�6FRXW�

2EVHUYHV'HVFULEHV

'R1D/'�6FRXW
GHILQLWLYH VFULSWV

(GHQ QRWDWLRQ9LVXDOLVDWLRQ
'R1D/'�6FRXW
QRWDWLRQ
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FRPELQH FRQFXUUHQW V\VWHPV PRGHOOLQJ ZLWK YLVXDOLVDWLRQ� )RU WKLV SXUSRVH� WUDQVODWRUV

IURP WKH $'0 WR WNHGHQ �DGP DQG DGP� ¤ VHH 6HFWLRQ ������ KDYH EHHQ GHYHORSHG�

7KHVH DOORZ DQ /6' DFFRXQW WR EH VHPL�DXWRPDWLFDOO\ WUDQVODWHG WR D WNHGHQ PRGHO�

����� 'HILQLWLYH 3URJUDPPLQJ

2QH RI WKH PRVW LPSRUWDQW WHFKQLTXHV EHKLQG WNHGHQ LV GHILQLWLYH SURJUDPPLQJ�

FRQWULEXWHG E\ <�3� <XQJ©V 3K' UHVHDUFK ><XQ��@� 7KLV WHFKQLTXH� ZKLFK UHIHUV WR

GHILQLWLRQ�EDVHG SURJUDPPLQJ� VHHNV WR ¦FDSWXUH WKH GHSHQGHQF\ LQIRUPDWLRQ RI WKH

SURSHUWLHV ZLWKLQ DQ REMHFW DQG EHWZHHQ REMHFWV E\ PHDQV RI GHILQLWLRQV§ ><XQ��� S��@�

$V GHVFULEHG HDUOLHU� D GHILQLWLRQ LV D IRUPXOD RI WKH IRUP [  I �\�� \�� ��� 7KH YDOXH RI

WKH YDULDEOH [ LV DOZD\V REWDLQHG E\ HYDOXDWLQJ WKH IRUPXOD�

'HILQLWLYH SURJUDPPLQJ XVHV GHILQLWLYH QRWDWLRQV WR HVWDEOLVK D VWDWH�WUDQVLWLRQ

PRGHO LQ WKH FRPSXWHU� $ GHILQLWLYH QRWDWLRQ LV D SURJUDPPLQJ QRWDWLRQ�� WKDW FDQ EH XVHG

IRU IRUPXODWLQJ D VHW RI GHILQLWLRQV� 'R1D/' DQG 6FRXW DUH WZR H[DPSOHV RI GHILQLWLYH

QRWDWLRQV� $ VWDWH RI WKH PRGHO LV WKHQ UHSUHVHQWHG E\ D VHW RI GHILQLWLRQV ¤ D GHILQLWLYH

VFULSW ¤ DQG D WUDQVLWLRQ LV DFFRPSOLVKHG E\ PRGLI\LQJ WKH GHILQLWLYH VFULSW� 7KLV

PRGLILFDWLRQ FDQ LQYROYH RYHUZULWLQJ DQ H[LVWLQJ GHILQLWLRQ �UHGHILQLWLRQ� RU MXVW DGGLQJ D

QHZ GHILQLWLRQ� (DFK VXFK PRGLILFDWLRQ FKDQJHV WKH FXUUHQW VWDWH RI WKH PRGHO DQG OHDGV

WR D QHZ VWDWH E\ DXWRPDWLFDOO\ UH�HYDOXDWLQJ WKH VFULSW�

7R LOOXVWUDWH WKH FRQFHSW RI VWDWH WUDQVLWLRQ LQ D PRGHO� FRQVLGHU WKH FRPSXWHU PRGHO

WKDW LV FRQVWUXFWHG E\ ('(1 E\ EXLOGLQJ XS D GHILQLWLYH VFULSW VWHS�E\�VWHS �LQ WKH V\QWD[

RI ('(1 DQG IROORZHG E\ LWV RXWSXW� E\ LQWURGXFLQJ WKH IROORZLQJ VHTXHQFH RI

GHSHQGHQFLHV�

�� ,W LV GHVFULEHG DV D ¨SURJUDPPLQJ QRWDWLRQ© UDWKHU WKDQ D ¨SURJUDPPLQJ ODQJXDJH© EHFDXVH LW UHSUHVHQWV

RQO\ SDUW RI WKH LQIRUPDWLRQ QHHGHG IRU JHQHUDO�SXUSRVH SURJUDPPLQJ ><XQ��� S��@�



��

�� 5HFWDQJOH�DUHD LV 5HFWDQJOH�OHQJWK 
 5HFWDQJOH�ZLGWK� ZULWHOQ�5HFWDQJOH�DUHD��

Æ #��

�� 5HFWDQJOH�OHQJWK LV ��� 5HFWDQJOH�ZLGWK LV ��� ZULWHOQ�5HFWDQJOH�DUHD��

Æ ���

�� 5HFWDQJOH�OHQJWK LV ��� ZULWHOQ�5HFWDQJOH�DUHD��

Æ ���

�� &XERLG�YROXPH LV 5HFWDQJOH�DUHD 
 &XERLG�KLJK� &XERLG�KLJK LV ��� ZULWHOQ�&XERLG�

YROXPH��

Æ ����

�� 5HFWDQJOH�OHQJWK LV ��� ZULWHOQ�5HFWDQJOH�DUHD� ¦�§� &XERLG�YROXPH��

Æ ���� ����

7KH LQLWLDO VWDWH RI WKH FRPSXWHU PRGHO LV HVWDEOLVKHG E\ JLYLQJ D GHILQLWLRQ RI REVHUYDEOH

5HFWDQJOH�DUHD �VWHS ��� %\ DGGLQJ QHZ GHILQLWLRQV �VWHS �� DQG UHGHILQLQJ DQ ROG

GHILQLWLRQ �VWHS ��� WKH VWDWH RI WKH PRGHO LV FKDQJHG� 7KUHH GLIIHUHQW RXWSXWV� UHVXOWLQJ

IURP WKH ILUVW WKUHH VWHSV� IRU WKH VDPH REVHUYDEOH 5HFWDQJOH�DUHD LQGLFDWH WKDW WKH UH�

HYDOXDWLRQ LV DXWRPDWLFDOO\ H[HFXWHG� *LYHQ VWDWH �� LQ DGGLWLRQ WR WKH H[SOLFLW

GHSHQGHQF\ EHWZHHQ &XERLG�YROXPH� 5HFWDQJOH�DUHD� DQG &XERLG�KLJK� DQ LPSOLFLW

GHSHQGHQF\ EHWZHHQ WKH REVHUYDEOHV &XERLG�YROXPH� 5HFWDQJOH�OHQJWK DQG 5HFWDQJOH�

ZLGWK LV DOVR HVWDEOLVKHG� 7KLV LPSOLFLW GHSHQGHQF\ LV GHPRQVWUDWHG LQ WKH RXWSXW RI WKH

ODVW VWHS LQ ZKLFK WKH FKDQJH WR REVHUYDEOH 5HFWDQJOH�OHQJWK �VWHS �� LV SURSDJDWHG WR WKH

REVHUYDEOH &XERLG�YROXPH�

,Q RWKHU ZRUGV� ZKHQ D UHGHILQLWLRQ RI DQ REVHUYDEOH LQ D GHILQLWLYH VFULSW LV JLYHQ�

D UH�HYDOXDWLRQ RI WKH REVHUYDEOHV WKDW DUH GHSHQGHQW RQ WKLV REVHUYDEOH LV DXWRPDWLFDOO\

��
,Q WNHGHQ DQG /6'� WKH V\PERO ¨#© GHQRWHV ¨XQGHILQHG©�
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LQYRNHG� 7KH DXWRPDWHG PHFKDQLVP RI PDLQWDLQLQJ WKH GHSHQGHQF\ EHWZHHQ REVHUYDEOHV

SURYLGHV D YHU\ LPSRUWDQW EDVLV IRU SURJUDPPLQJ LQ DQ LQWHUDFWLYH DQG H[SORUDWRU\

IDVKLRQ ><XQ��@�

)RU 66'� WKLV LQWHUDFWLYH SURJUDPPLQJ WHFKQLTXH HQDEOHV WKH PRGHOOHU WR HVWDEOLVK

DQ LQFRPSOHWH FRPSXWHU�EDVHG PRGHO DQG LPSURYH WKH PRGHO LQFUHPHQWDOO\� ,Q WKLV VHQVH�

SURJUDPPLQJ EHFRPHV D PDWWHU RI VROYLQJ D SUREOHP UDWKHU WKDQ WUDQVODWLQJ D

VSHFLILFDWLRQ� 7KH WUDQVODWLRQ RI D VSHFLILFDWLRQ FDQ EH DFFRPSOLVKHG LQ D VLQJOH SDVV E\ D

WRS�GRZQ RU ERWWRP�XS DSSURDFK ZLWKRXW UHIHUULQJ WR WKH NQRZOHGJH HPHUJLQJ IURP WKH

RQ�JRLQJ SURFHVV� ,QVWHDG� WKH SUREOHP�VROYLQJ SURFHVV DV D VLWXDWHG DFWLYLW\ PXVW PDNH

SURJUHVV LQFUHPHQWDOO\ LQ UHVSRQVH WR LWV VLWXDWLRQ DQG WKH HPHUJLQJ NQRZOHGJH� 6ROYLQJ D

MLJVDZ SX]]OH LV D JRRG H[DPSOH RI WKH SLHFH�E\�SLHFH VROXWLRQ RI D WDVN� $ GLYLGH�DQG�

FRQTXHU VWUDWHJ\ LV RIWHQ XVHG LQ WKLV FDVH� 7KH PRVW HDVLO\ LGHQWLILHG DQG PRUH

JHRPHWULFDOO\ VLJQLILFDQW SLHFHV RI D MLJVDZ� VXFK DV WKH IRXU FRUQHUV� PLJKW EH SXW LQ

SODFH ILUVW LQ RUGHU WR SURYLGH IXUWKHU YDOXDEOH LQIRUPDWLRQ� 0RVW VROYHUV FRQWLQXH WR DGG

WR WKH MLJVDZ SLHFH E\ SLHFH LQ UHVSRQVH WR WKH FXUUHQW VWDWH DULVLQJ IURP WKH FRPSOHWHG

VHJPHQWV� UDWKHU WKDQ FRPSOHWH WKH MLJVDZ LQ D SDUWLFXODU VHTXHQWLDO RUGHU� VXFK DV IURP

WKH XSSHU�OHIW FRUQHU WR WKH ORZHU�ULJKW FRUQHU� ZLWKRXW UHIHUULQJ WR WKH HPHUJLQJ

NQRZOHGJH�

7KH YDOXH RI D YDULDEOH ZLWKLQ GHILQLWLYH SURJUDPPLQJ FDQ EH XQGHILQHG DQG FDQ

EH DXWRPDWLFDOO\ UHYLVHG� 7KLV IHDWXUH HQDEOHV WKH SURJUDPPHU WR GHILQH YDULDEOHV LQ

DFFRUG ZLWK WKHLU VHPDQWLFV� )RU H[DPSOH� HYHQ WKRXJK LWV WZR GHSHQGHHV �OHQJWK DQG

ZLGWK� DUH QRW GHILQHG \HW� WKH GHILQLWLRQ RI WKH DUHD RI D UHFWDQJOH FDQ EH JLYHQ �DV LQ VWHS

� DERYH�� +HQFH� WKH WDVN RI SURJUDPPLQJ FDQ EH DFFRPSOLVKHG E\ ORFDO DGMXVWPHQW �WKDW

LV� E\ D SLHFH�E\�SLHFH VWUDWHJ\�� 7KH LQFUHPHQWDO GHYHORSPHQW IHDWXUH LV GLIILFXOW WR

DFKLHYH IRU WUDGLWLRQDO SURJUDPPLQJ� LQ SDUWLFXODU IRU SURFHGXUDO SURJUDPPLQJ� 7KLV LV

EHFDXVH� IRU WUDGLWLRQDO SURJUDPPLQJ� DQ\ FKDQJH WR D SURJUDP W\SLFDOO\ PXVW EH
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SHUIRUPHG IURP D JOREDO YLHZSRLQW� VLQFH LW FRXOG DIIHFW RWKHU SDUWV RI WKLV SURJUDP�

+RZHYHU� ZLWK GHILQLWLYH SURJUDPPLQJ� HDFK ORFDO FKDQJH LV SURSDJDWHG WR WKH ZKROH

SURJUDP DQG OHDGV WR WKH QHFHVVDU\ UH�HYDOXDWLRQ� )RU H[DPSOH� FKDQJLQJ WKH YDOXH RI

5HFWDQJOH�OHQJWK �LQ VWHSV � DQG �� ZLOO FDXVH WKH YDOXHV RI 5HFWDQJOH�DUHD DQG &XERLG�

YROXPH �LQ VWHSV � DQG �� WR EH UH�HYDOXDWHG�

)RU PRVW WUDGLWLRQDO SURJUDPPLQJ PHWKRGV� DQ XQGHILQHG YDULDEOH LV QRW DOORZHG�

)RU H[DPSOH� VWHS � FDQ FDXVH DQ HUURU RI GDWD W\SH GXULQJ FRPSLODWLRQ LQ PRVW WUDGLWLRQDO

SURJUDPPLQJ ODQJXDJHV >2XV��@� LI ERWK YDULDEOHV 5HFWDQJOH�OHQJWK DQG 5HFWDQJOH�ZLGWK

DUH XQGHILQHG� ,Q DGGLWLRQ� DFFRUGLQJ WR WKH VHTXHQWLDO DOJRULWKP SURYLGHG E\ DQ\ RI WKHVH

PHWKRGV� WKH GHILQLWLRQV JLYHQ LQ VWHSV � DQG � GR QRW FKDQJH WKH YDOXH RI 5HFWDQJOH�DUHD�

,Q RWKHU ZRUGV� GHSHQGHQF\ PDLQWHQDQFH LV QRW VXSSRUWHG E\ WKHVH PHWKRGV�

0RUHRYHU� WKH H[SORUDWRU\ SURJUDPPLQJ HPSRZHUV WKH PRGHOOHU WR H[SHULPHQW

ZLWK WKH FRPSXWHU PRGHO LQ RUGHU WR HQKDQFH KLV�KHU XQGHUVWDQGLQJ� 'HVLJQ LV D WULDO�DQG�

HUURU OHDUQLQJ DFWLYLW\ >6RP��� 9OL��@� ,W LV YDOXDEOH WR H[SORUH GLYHUVH VLWXDWLRQV LQ RUGHU

WR FDSWXUH D GHHSHU XQGHUVWDQGLQJ RI D SUREOHP DQG LWV VROXWLRQ WKURXJK D YDULHW\ RI

H[SHULPHQWV� *LYLQJ D UHGHILQLWLRQ� WKDW LV� DQ H[SHULPHQW� WKH PRGHOOHU FDQ VHH ¤

H[SHULHQFH ¤ D VWDWH FKDQJH LQ WKH FRPSXWHU PRGHO >%H\��@� ,Q WKH OLJKW RI WKHVH

LPPHGLDWHO\ H[SHULHQFHG VWDWH FKDQJHV� WKH PRGHOOHU FDQ PRGLI\ RU TXDOLI\ WKH YLUWXDO

FRUUHVSRQGHQFH DQG� PRUH VLJQLILFDQWO\� UHFRQVWUXFW KLV�KHU XQGHUVWDQGLQJ� ,Q WKLV UHVSHFW�

WKH WKHPH RI (0 WR D ODUJH H[WHQW DFFRUGV ZLWK WKH FRQFHUQV RI FRQVWUXFWLYLVP��
�

NQRZLQJ�E\�GRLQJ� D YHU\ LPSRUWDQW FRQFHSW ZLGHO\ XVHG LQ HGXFDWLRQ >3XI��@� 7KH

LQYRFDWLRQ RI H[SHULPHQWV RQ WKH FRPSXWHU PRGHO� DV DFWLRQV RQ WKH VXEMHFW LQ D

FRQVWUXFWLYH PRGHO� LV DQ LQWHUDFWLYH� VLWXDWHG PHFKDQLVP ZKHUHE\ WKH XQGHUVWDQGLQJ FDQ

EH H[WHQGHG� H[SDQGHG DQG H[SHULHQFHG�

�� &RQVWUXFWLYLVP LV FKDUDFWHULVHG DV ¦WKH FRQWLQXDO UHVWUXFWXULQJ RI WKH UHODWLRQ EHWZHHQ VHOI DQG ZRUOG�

ZKHUH ZRUOG LPSOLHV ERWK SDOSDEOH DQG LGHDWLRQDO UHDOLW\§ >3XI��� S���@�
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,Q VXPPDU\� GHILQLWLYH SURJUDPPLQJ LV YHU\ KHOSIXO IRU WKH PRGHOOHU VHHNLQJ WR

HQDFW (0 LQ WKH IRUP RI VLWXDWHG DFWLYLW\� $V GHVFULEHG HDUOLHU� WKH RSHQQHVV RI VLWXDWHG

DFWLYLW\ HQDEOHV KXPDQ DJHQWV WR FRSH ZLWK YDULHG VLWXDWLRQV E\ WDNLQJ VLWXDWHG DFWLRQV

>6XF��@� ,Q WKH VDPH PDQQHU� LW LV QHFHVVDU\ IRU WKH PRGHOOHU WR LQWHUDFW ZLWK WKH

FRPSXWHU PRGHO LQ DQ RSHQ�HQGHG PDQQHU� 0RUHRYHU� LQ RUGHU WR HDVH WKH OLPLWDWLRQV RI

KXPDQ FRJQLWLYH DFWLYLWLHV� LW LV KHOSIXO WR XVH WKH FRPSXWHU DV DQ DUWHIDFW WR LPSURYH

XQGHUVWDQGLQJ RI D SUREOHP DQG LWV VROXWLRQ� :LWK WKH DLG RI WKH LQWHUDFWLYH DQG

H[SORUDWRU\ IHDWXUHV HPEHGGHG LQ GHILQLWLYH SURJUDPPLQJ� (0 FDQ VHUYH WKHVH SXUSRVHV

LQ D VLJQLILFDQW ZD\�

��� $Q ([DPSOH LOOXVWUDWLQJ (0

,Q RUGHU WR LOOXVWUDWH WKH FRQFHSWV RI (0 DQG WKH XVH RI WKRVH WRROV PHQWLRQHG LQ WKH

SUHYLRXV VHFWLRQ� WKH H[DPSOH RI GHYHORSLQJ D KRWHO ERRNLQJ V\VWHP LV GLVFXVVHG KHUH� 7R

PDNH D UHVHUYDWLRQ� WKH FXVWRPHU PXVW WHOO WKH KRWHO UHFHSWLRQLVW ERWK WKH DUULYDO GDWH DQG

WKH GHSDUWXUH GDWH� $W WKH VDPH WLPH� WKH UHFHSWLRQLVW FKHFNV WKH DYDLODELOLW\ RI DOO URRP

VORWV ��� URRPV� LQ WKH UHVHUYDWLRQ WDEOHV IRU WKRVH GDWHV� ,I WKHUH LV DQ DYDLODEOH URRP� WKH

UHFHSWLRQLVW SXWV WKH FXVWRPHU©V QDPH LQWR WKH URRP VORW IRU HDFK GD\ RI WKH LQWHQGHG VWD\�

$FFRUGLQJ WR WKH REVHUYDWLRQ LQ WKH UHDO ZRUOG� WZR DJHQWV DUH LGHQWLILHG E\ WKH PRGHOOHU

LQ UHVSRQVH WR KLV�KHU REVHUYDWLRQ IURP WKH SURFHVV RI PDNLQJ D UHVHUYDWLRQ�

x 7KH FXVWRPHU ZKR ZDQWV WR PDNH D UHVHUYDWLRQ�

x 7KH UHFHSWLRQLVW ZKR LV GHDOLQJ ZLWK WKH FXVWRPHU©V UHTXHVW�

1H[W� WKH PRGHOOHU GHILQHV HDFK RI WKH DJHQWV LQ /6'� 7KH /6' DFFRXQW RI WKH FXVWRPHU

DQG WKH UHFHSWLRQLVW DJHQWV FRXOG EH DV IROORZV�



��

DJHQW FXVWRPHU �F� ^

VWDWH FXVWRPHUBJLYH'DWH �F� �
 WKH FXVWRPHU F LQWHQGV WR PDNH D UHVHUYDWLRQ 
�

RUDFOH UHVHUYDWLRQBRN �F� G�� G�� �
 WKH UHVHUYDWLRQ IRU WKH FXVWRPHU F GXULQJ G� DQG G� LV RN 
�

KDQGOH FXVWRPHUBJLYH'DWH �F� �
 WKH FXVWRPHU F SURYLGH GDWHV RI DUULYDO GD\ DQG GHSDUWXUH GD\ 
�

SURWRFRO

UHVHUYDWLRQBRN �F� G�� G��   )$/6(  ! FXVWRPHUBJLYH'DWH �F�  758(�

UHVHUYDWLRQBRN �F� G�� G��   758(  ! FXVWRPHUBJLYH'DWH �F�  )$/6(�

`

DJHQW UHFHSWLRQLVW ^

RUDFOH FXVWRPHUBDUULYDOBGD\ �F� G��� FXVWRPHUBGHSDUWBGD\ �F� G��� URRPBVORW �Q�G�

KDQGOH

FXVWRPHUBDUULYDOBGD\ �F� G�� �
 FXVWRPHU F LV H[SHFWHG WR DUULYH DW GD\ G� 
�

FXVWRPHUBGHSDUWBGD\ �F� G�� �
 FXVWRPHU F LV H[SHFWHG WR GHSDUW DW GD\ G� 
�

URRPBVORW �Q� G� �
 WKH FRQWHQW RI URRP VORW Q DW GD\ G 
�

UHVHUYDWLRQBRN �F� G�� G��

GHULYDWH

FXVWRPHUBDUULYDOBGD\ �F� G��  FXVWRPHUBJLYH'DWH �F� " LQSXW�F� G�� � #

FXVWRPHUBGHSDUWBGD\ �F� G��  FXVWRPHUBJLYH'DWH �F� " LQSXW�F� G�� � #
URRPBDYDLODELOLW\ �Q� G�� G��

 ��G� G�� G�G�� URRPBVORW �Q� G � �  ¦§ � " ¦UHVHUYHG§ � ¦DYDLODEOH§

SURWRFRO

FXVWRPHUBDUULYDOBGD\ �F� G�� � # 		 FXVWRPHUBGHSDUWBGD\ �F� G�� � # 		

UHVHUYDWLRQBRN �F� G�� G��   # 		 ��Q� URRPBDYDLODELOLW\ �Q� G�� G��   ¦DYDLODEOH§�

 ! UHVHUYDWLRQBRN �F� G�� G��  758(� �URRPBVORW �Q� G�   F� �G� G�� G�G��

FXVWRPHUBDUULYDOBGD\ �F� G�� � # 		 FXVWRPHUBGHSDUWBGD\ �F� G�� � # 		

UHVHUYDWLRQBRN �F� G�� G��   # 		 ��Q� URRPBDYDLODELOLW\ �Q� G�� G��   ¦UHVHUYHG§�

 ! UHVHUYDWLRQBRN �F� G�� G��  )$/6(

`

,W VKRXOG EH QRWHG WKDW WKHVH GHILQLWLRQV DUH SHUVRQDO DQG VXEMHFW WR UHYLVLRQ GXULQJ WKH

HQDFWLRQ RI (0�

1RZ� WKH PRGHOOHU FDQ FUHDWH D FRPSXWHU PRGHO FRUUHVSRQGLQJ WR WKH /6' DFFRXQW�

$ JHQHUDO UXOH LV WR UHSODFH GHULYDWHV E\ GHILQLWLRQV DQG SURWRFROV E\ DFWLRQV� )RU

H[DPSOH� WKH IROORZLQJ (GHQ GHILQLWLRQV DUH JLYHQ�

DOOBURRPVBDYDLODELOLW\ LV >URRP$9B���� URRP$9B���� URRP$9B���� URRP$9B����

URRP$9B���� URRP$9B���� URRP$9B���� URRP$9B����

URRP$9B���� URRP$9B���� URRP$9B���� URRP$9B���@�

URRP$9B��� LV FKHFNBURRPBDYDLODELOLW\��� G�� G���

URRP$9B��� LV FKHFNBURRPBDYDLODELOLW\��� G�� G���

�

URRP$9B��� LV FKHFNBURRPBDYDLODELOLW\��� G�� G���

$OVR� YLVXDOLVDWLRQ XVLQJ WKH REVHUYDWLRQ WRROV LV WDNHQ LQWR DFFRXQW GXULQJ WKH FUHDWLRQ RI

WKH PRGHO� )RU H[DPSOH� D 6FRXW VFUHHQ FRUUHVSRQGLQJ WR WKH UHVHUYDWLRQ WDEOH LV FUHDWHG

DV VKRZQ LQ )LJXUH ����



��

7R DQLPDWH WKH SURFHVV RI PDNLQJ D UHVHUYDWLRQ DV GHVFULEHG DERYH� WKH PRGHOOHU

FDQ VHOHFW D GDWH DQG D URRP VORW DQG WKHQ HQWHU WKH FXVWRPHU©V QDPH� $IWHU WKH

LQWHUDFWLRQ� LW LV IRXQG WKDW GDWD OLVWV LQ WKH IRUP RI D UHVHUYDWLRQ ERRN XVHG E\ WKH

UHFHSWLRQLVW DUH QHHGHG LQ RUGHU WR VDYH WKH HQWHUHG GDWD� +HQFH� WKH IROORZLQJ GHILQLWLRQV

DUH JLYHQ���

<HDU�� LV >-DQ��� )HE��� 0DU��� $SU��� 0D\��� -XQ��� -XO��� $XJ��� 2FW��� 1RY��� 'HF��@�

-DQ�� LV >GD\������� GD\������� �� GD\������@�

)HE�� LV >GD\������� GD\������� �� GD\������@�

�

'HF�� LV >GD\������� GD\������� �� GD\������@�

GD\������ LV DUUD\�����

�

GD\������ LV DUUD\�����

7KXV� WKH PRGHOOHU FDQ FUHDWH SURFHGXUHV WR VWRUH WKH FXVWRPHU©V QDPH LQ WKH GDWD

OLVWV DERYH ZKHQ WKH QDPH LV HQWHUHG LQWR D URRP VORW IRU D VSHFLILF GDWH�

0RUHRYHU� LW LV IRXQG WKDW LGHQWLI\LQJ WKH UHVHUYDWLRQ WDEOH DV DQ DJHQW LV KHOSIXO LQ

LQWURGXFLQJ DXWRPDWLF FKHFNV RQ GDWD LQWHJULW\� )RU H[DPSOH� WKH DJHQW©V SURWRFRO FDQ EH

FRQILJXUHG WR SUHYHQW WKH UHFHSWLRQLVW IURP PLVWDNLQJ WKH DYDLODELOLW\ RI D URRP VORW ZKHQ

�� 7KH FXUUHQW (0 WRROV GR QRW VXSSRUW WKH IXQFWLRQDOLW\ RI D GDWDEDVH� VR GDWD PDQLSXODWLRQ LV GLIILFXOW� 7KLV

VR IDU LV D OLPLWDWLRQ RI (0 �VHH 6HFWLRQ ����� )RU WKH VDNH RI VLPSOLILFDWLRQ� WKH GHWDLOV RI GDWD PDQLSXODWLRQ

DUH RPLWWHG KHUH DQG LQ PRVW H[DPSOHV JLYHQ LQ WKLV WKHVLV�

)LJXUH ���� $ VQDSVKRW RI WKH FRPSXWHU PRGHO IRU WKH KRWHO

ERRNLQJ V\VWHP



��

PDNLQJ D UHVHUYDWLRQ� $Q DSSURSULDWH /6' DFFRXQW IRU WKH UHVHUYDWLRQ WDEOH DJHQW LV

GHILQHG DV IROORZV�

DJHQW UHVHUYDWLRQ WDEOH �G�� G�� ^

VWDWH

URRPBVORW �Q�G� �
 WKH DYDLODELOLW\ RI URRP Q DW GDWH G 
�

URRPBDYDLODELOLW\ �Q� G�� G�� �
 WKH DYDLODELOLW\ RI URRP Q GXULQJ WKH SHULRG RI G� DQG G� 
�

KDQGOH UHVHUYDWLRQBHUURU �
 WKH VDPH URRP VORW LV DOORFDWHG WR GLIIHUHQW FXVWRPHUV 
�

GHULYDWH

URRPBDYDLODELOLW\ �Q� G�� G��

 ��G� G�� G�G�� URRPBVORW �Q� G � �  ¦§ � " ¦UHVHUYHG§ � ¦DYDLODEOH§

SURWRFRO

URRPBVORW �Q� G� � F 		 UHVHUYDWLRQBRN �F� G�� G�� � 758( 		 LQSXWBURRPVORW �Q� G� F�   758(

 ! UHVHUYDWLRQBHUURU  758(�

`

$W WKH VDPH WLPH� IRU WKH /6' DFFRXQW RI WKH UHFHSWLRQLVW DJHQW� WKH GHILQLWLRQ RI WKH

REVHUYDEOH URRPBDYDLODELOLW\�Q� G�� G�� LV UHPRYHG DQG WKH IROORZLQJ SURWRFRO LV JLYHQ LQ

UHVSRQVH WR WKH QHZ DGGHG DJHQW�

KDQGOH LQSXWBURRPVORW�Q� G� F� �
 WKH UHFHSWLRQLVW LQWHQGV WR LQSXW WKH FXVRPHU QDPH F LQWR URRP VORW Q IRU GD\ G 
�

SURWRFRO

UHVHUYDWLRQBHUURU   758(  ! LQSXWBURRPVORW �Q� G� F�  )$/6(�

7KH GHFLVLRQ PDGH E\ WKH PRGHOOHU WR LGHQWLI\ D UHVHUYDWLRQ WDEOH DJHQW LQGLFDWHV WKDW WKH

PRGHOOHU YLHZV PDNLQJ D UHVHUYDWLRQ DQG WKH UXOHV RI PDNLQJ D UHVHUYDWLRQ DV

FRQFHSWXDOO\ GLVWLQFW�

7KH PRGHOOHU FDQ FRQWLQXDOO\ XVH WKH FRPSXWHU PRGHO WR H[SORUH� H[SDQG DQG

H[SHULHQFH KLV�KHU XQGHUVWDQGLQJ RI WKH LQWHQGHG V\VWHP WKURXJK ¨ZKDW LI© H[SHULPHQWV

IRU GLYHUVH SXUSRVHV� )RU H[DPSOH� WKH IROORZLQJ H[SHULPHQWV KDYH EHHQ FRQGXFWHG�

�� :KDW LI HDFK RI WKH URRP VORWV LV FRORXUHG WR LQGLFDWH LWV DYDLODELOLW\"

�� :KDW LI WKH FXVWRPHU FKDQJHV KLV�KHU DUULYDO GDWH"

�� :KDW LI WKH UHFHSWLRQLVW QHHGV WR UHDOORFDWH RQH RU PRUH UHVHUYHG URRPV WR

PDNH RSWLPDO XVH RI WKH KRWHO©V DFFRPPRGDWLRQ"



��

�� :KDW LI WKH FXVWRPHU DVNV IRU LQIRUPDWLRQ DERXW D URRP� VXFK DV SULFH� EHGGLQJ

VW\OH� ZLQGRZV© RULHQWDWLRQ� DQG VR RQ"

�� :KDW LI D UHVHUYHG URRP VORW LV UH�UHVHUYHG IRU DQRWKHU FXVWRPHU"

(DFK H[SHULPHQW FRXOG FKDQJH ERWK WKH /6' DFFRXQW DQG WKH FRPSXWHU PRGHO� ,Q WKH FDVH

RI H[SHULPHQW �� WKH IROORZLQJ LV DGGHG LQWR WKH /6' DFFRXQW RI WKH UHVHUYDWLRQ WDEOH

DJHQW�

VWDWH URRPBVORWBFRORXU �Q� G�� G��

GHULYDWH

URRPBVORWBFRORXU �Q� G�� G��  �URRPBDYDLODELOLW\�Q� G�� G��   ¦DYDLODEOH§ �" ¦JUH\§ � ¦\HOORZ§

,Q DGGLWLRQ� WKH FRPSXWHU PRGHO LV PRGLILHG IRU LQYRNLQJ H[SHULPHQWV � DQG �� )LJXUH ���

VKRZV D VQDSVKRW RI WKH UHYLVHG FRPSXWHU PRGHO�

,Q WKH VDPH PDQQHU� PRUH H[SHULPHQWV FDQ EH LQYRNHG E\ PHDQV RI GHILQLWLYH

SURJUDPPLQJ IRU LPSURYLQJ WKH XQGHUVWDQGLQJ RI WKH LQWHQGHG V\VWHP� 7KLV

XQGHUVWDQGLQJ KHOSV WR PDLQWDLQ WKH YLUWXDO FRUUHVSRQGHQFH EHWZHHQ WKH FRPSXWHU�EDVHG

PRGHO DQG WKH V\VWHP XVHG E\ WKH UHFHSWLRQLVW LQ WKH UHDO ZRUOG� ,Q PRVW FDVHV� WKH

H[SORUDWRU\ DQG LQWHUDFWLYH SURFHVV RI HQDFWLQJ (0 PXVW EH VWRSSHG DW VRPH PRPHQW LQ

RUGHU WR GHOLYHU WKH GHYHORSHG V\VWHP WR WKH XVHU� +RZHYHU� WKH RSHQQHVV RI WKH

GHYHORSHG V\VWHP FDQ VWLOO EH SHUVLVWHQW� DQG WKLV LQ WXUQ DOORZV WKH XVHU DV WKH PRGHOOHU WR

FRQWLQXH WKH HQDFWLRQ RI (0 GXULQJ WKH XVH RI WKH V\VWHP LQ WKH UHDO ZRUOG� �0RUH GHWDLOV

DUH SURYLGHG LQ WKH QH[W FKDSWHU��



��

)LJXUH ���� $ VQDSVKRW RI WKH FRPSXWHU PRGHO IRU D KRWHO

ERRNLQJ V\VWHP DIWHU IXUWKHU H[SHULPHQWV


