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9LHZ�%DVHG�$EVWUDFWLRQ
(QKDQFLQJ�0DLQWDLQDELOLW\�DQG�0RGXODULW\

LQ�WKH�3UHVHQFH�RI �,PSOHPHQWDWLRQ�'HSHQGHQFLHV

E\

/XLV�+��5RGULJXH]�-U�

6XEPLWWHG�WR�WKH�'HSDUWPHQW�RI�(OHFWULFDO�(QJLQHHULQJ�DQG�&RPSXWHU�6FLHQFH��RQ

$XJXVW����������LQ�3DUWLDO�)XOILOOPHQW�RI�WKH�5HTXLUHPHQWV�IRU�WKH

'HJUHH�RI�'RFWRU�RI�3KLORVRSK\�LQ�&RPSXWHU�6FLHQFH

$EVWUDFW

7KLV�GLVVHUWDWLRQ�SUHVHQWV�D�QHZ��EDFNZDUGV�FRPSDWLEOH��ODQJXDJH�LQGHSHQGHQW��DQG�LQFUHPHQWDO
SURJUDPPLQJ�PHWKRGRORJ\�FDOOHG�YLHZ�EDVHG�DEVWUDFWLRQ��8QOLNH�WKH�ZHOO�NQRZQ�EODFN�ER[�DE�
VWUDFWLRQ�DSSURDFK��YLHZ�EDVHG�DEVWUDFWLRQ�HQDEOHV�SURJUDPPHUV�WR�PDLQWDLQ�SURJUDP�PRGXODU�
LW\�HYHQ�LQ�WKH�SUHVHQFH�RI�LPSOHPHQWDWLRQ�FRXSOLQJV��L�H���GHSHQGHQFLHV�DPRQJ�WKH�FRGH�PRGXOHV
WKDW�UHO\�RQ�RWKHUZLVH�´KLGGHQµ�LPSOHPHQWDWLRQ�GHWDLOV�QRW�VSHFLILHG�LQ�WKH�PRGXOH�LQWHUIDFHV�
7KLV�GLVVHUWDWLRQ�DOVR�SUHVHQWV�D�WUDQVIRUPDWLRQ�EDVHG�LPSOHPHQWDWLRQ�RI�YLHZ�EDVHG�DEVWUDFWLRQ�
FDOOHG�9LHZ)RUP��9LHZ)RUP�DFWV�DV�D�VRXUFH�WR�VRXUFH�SUHSURFHVVRU�WKDW�DXWRPDWLFDOO\�SHUIRUPV
DQ�LPSOHPHQWDWLRQ�FRXSOLQJ�H[SUHVVHG�E\�WKH�SURJUDPPHU��:KHQ�WKH�RULJLQDO�FRGH�LV�ODWHU�XS�
GDWHG��9LHZ)RUP�DXWRPDWLFDOO\�DWWHPSWV�WR�UHDSSO\�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�WR�WKH�XSGDWHG
FRGH��9LHZ)RUP�ZLOO�PRGLI\�WKH�XSGDWHG�VRXUFH�FRGH�RQO\�LI�WKH�FRXSOLQJ�LV�VWLOO�YDOLG��,Q�WKLV
ZD\��E\�SHUIRUPLQJ�VRPH�H[WUD�ZRUN�XS�IURQW��WKH�SURJUDPPHU�SHUIRUPLQJ�DQ�LPSOHPHQWDWLRQ
FRXSOLQJ�VDYHV�IXWXUH�SURJUDPPHUV�IURP�KDYLQJ�WR�SD\�IRU�WKH�FRQVHTXHQFHV�RI�EURNHQ�PRGX�
ODULW\��7R�DLG�LQ�ZULWLQJ�WKLV�XS�IURQW�9LHZ)RUP�FRGH��WKLV�GLVVHUWDWLRQ�SUHVHQWV�D�VWUXFWXUHG�DS�
SURDFK�IRU�XVLQJ�YLHZ�EDVHG�DEVWUDFWLRQ�DQG�ZULWLQJ�9LHZ)RUP�WUDQVIRUPDWLRQV�FRQVWUXFWV�

7R�GHPRQVWUDWH�YLHZ�EDVHG�DEVWUDFWLRQ��9LHZ)RUP�LV�XVHG�WR�SURGXFH�DXWRPDWHG��SHUIRUPDQFH�
EDVHG�LPSOHPHQWDWLRQ�FRXSOLQJV�LQ�WKUHH�H[DPSOH�SURJUDPV��DQ�DPRUSKRXV�FRPSXWLQJ�VLPXOD�
WRU��D�FRQGLWLRQDO�SUREDELOLW\�SHGLJUHH�FRPSXWDWLRQ��DQG�9LHZ)RUP�LWVHOI��8QOLNH�RWKHU�DS�
SURDFKHV�WKDW�DOVR�XVH�LQWHUSURFHGXUDO�SURJUDP�DQDO\VHV��WKH�UHVXOWV�LQGLFDWH�WKDW�YLHZ�EDVHG�DE�
VWUDFWLRQ�LV�SUDFWLFDO�DQG�VFDOHV�JUDFHIXOO\���WKH�H[WUD�DXWRPDWLRQ�LQFUHDVHG�FRPSLODWLRQ�WLPH�IURP
D�W\SLFDO������WR�����LQ�WKH�ZRUVW�FDVH��GHVSLWH�D�OHVV�WKDQ�IXOO\�RSWLPL]HG�9LHZ)RUP�LPSOHPHQ�
WDWLRQ��(DFK�RSWLPL]DWLRQ�UHTXLUHG�WKH�SURJUDPPHU�WR�ZULWH�RQO\����WR�����OLQHV�RI�9LHZ)RUP
FRGH�IRU�SURJUDPV�RI�VL]H�����OLQHV�WR�������OLQHV��7KLV�ZRUN�LV�DPRUWL]HG�DV�WLPH�VDYHG�E\�SUR�
JUDPPHUV�PRGLI\LQJ�WKH�RULJLQDO�SURJUDP�LQ�WKH�IXWXUH��,Q�DOO�WKUHH�H[DPSOHV��9LHZ)RUP�PDLQ�
WDLQHG�PRGXODULW\�E\�UHJHQHUDWLQJ�FRUUHFW�FRGH�ZKHQ�WKH�RULJLQDO�PRGXOHV�ZHUH�PRGLILHG���HYHQ
ZKHQ�WKRVH�PRGLILFDWLRQV�ZHUH�WR�WKH�RSWLPL]DWLRQ�GHSHQGHQW�VHFWLRQV�RI�WKH�RULJLQDO�FRGH�

7KHVLV�6XSHUYLVRU��+DO�$EHOVRQ

7LWOH��3URIHVVRU�RI�&RPSXWHU�6FLHQFH�DQG�(QJLQHHULQJ
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1RWLFH�RI�&RS\ULJKW�DQG�7HUPV�RI�/LPLWHG�/LFHQVH

7KLV�WKHVLV�GRFXPHQW��LQFOXGLQJ�DOO�ILJXUHV��WDEOHV��DQG�FRGH�IUDJPHQWV��LV�&RS\ULJKW

��/XLV�+��5RGULJXH]�-U���������&RXQWU\�RI�ILUVW�SXEOLFDWLRQ��8QLWHG�6WDWHV�RI�$PHU�

LFD��$OO�ULJKWV�JUDQWHG�WR�WKH�DXWKRU�LQ�DFFRUGDQFH�ZLWK����86&�������HW��VHT��DUH

KHUHE\�UHVHUYHG��7KLV�QRWLFH�VXSHUVHGHV�DQ\�RWKHU�QRWLFH�RI�FRS\ULJKW�DQG�WHUPV�RI

OLPLWHG�OLFHQVH�IRU�WKLV�GRFXPHQW�

3XUVXDQW�WR����86&������G������WKH�DXWKRU�KHUHE\�JUDQWV�WR�WKH�0DVVDFKXVHWWV�,QVWL�

WXWH�RI�7HFKQRORJ\��KHUHLQDIWHU�´0,7µ�RU�´WKH�,QVWLWXWHµ��FHUWDLQ�QRQ�H[FOXVLYH��QRQ�

WUDQVIHUDEOH��OLPLWHG�ULJKWV�UHODWHG�WR�WKH�FRS\ULJKW�RI�WKLV�GRFXPHQW�

��� 0,7�PD\�UHSURGXFH�SDSHU�FRSLHV�RI�WKLV�WKHVLV�GRFXPHQW�IRU�XVH�ZLWKLQ�WKH

0,7�FRPPXQLW\�IRU�HGXFDWLRQDO�RU�UHVHDUFK�SXUSRVHV��DQ�DFWLRQ�WKDW�LV�DQ�H[�

FOXVLYH�ULJKW�RI�WKH�FRS\ULJKW�KROGHU�XQGHU����86&����������

��� 0,7�PD\�UHSURGXFH�SDSHU�DQG�PLFURILFKH�FRSLHV�RI�WKLV�WKHVLV�GRFXPHQW�IRU

DUFKLYDO�SXUSRVHV�ZLWKLQ�WKH�0,7�/LEUDU\�V\VWHP��DQ�DFWLRQ�WKDW�LV�DQ�H[FOX�

VLYH�ULJKW�RI�WKH�FRS\ULJKW�KROGHU�XQGHU����86&����������QRWZLWKVWDQGLQJ�WKH

SURYLVLRQV�RI����86&�������

��� 0,7�PD\�UHSURGXFH�SDSHU�DQG�HOHFWURQLF�FRSLHV�RI�WKH�DEVWUDFW�SDJH�RI�WKLV

WKHVLV��WKH�SDJH�LPPHGLDWHO\�SUHFHGLQJ�WKLV�SDJH��DQG�GLVWULEXWH�VXFK�FRSLHV

WR�WKH�SXEOLF��DQ�DFWLRQ�WKDW�LV�DQ�H[FOXVLYH�ULJKW�RI�WKH�FRS\ULJKW�KROGHU�XQ�

GHU����86&���������DQG����86&�����������VR�ORQJ�DV�QR�IHH�LV�FKDUJHG�IRU

VXFK�FRSLHV�

��� 0,7�PD\�UHSURGXFH�SDSHU�FRSLHV�RI�WKLV�WKHVLV�GRFXPHQW�DQG�GLVWULEXWH�VXFK

FRSLHV�WR�WKH�SXEOLF��DQ�DFWLRQ�WKDW�LV�DQ�H[FOXVLYH�ULJKW�RI�WKH�FRS\ULJKW

KROGHU�XQGHU����86&���������DQG����86&����������VR�ORQJ�DV�QR�IHH�LV

FKDUJHG�IRU�VXFK�FRSLHV�LQ�H[FHVV�RI�WKH�DFWXDO�FRVW�RI�PDNLQJ�WKH�FRS\�

��� $OO�FRSLHV�RI�WKLV�WKHVLV�GRFXPHQW�PDGH�E\�0,7�XQGHU�WKLV�OLFHQVH�PXVW�LQ�

FOXGH�D�FRS\�RI�WKLV�OLFHQVH�DQG�WKH�FRS\ULJKW�QRWLFH�RQ�WKH�WLWOH�SDJH�

��� $OO�RWKHU�XVHV�RI�WKLV�WKHVLV�GRFXPHQW�ZLWKLQ�WKH�VFRSH�RI�WKH�H[FOXVLYH�ULJKWV

RI�WKH�FRS\ULJKW�KROGHU�DV�VSHFLILHG�LQ����86&������DUH�UHVHUYHG�E\�WKH

DXWKRU��DQG�DQ\�DFWLRQ�E\�WKH�,QVWLWXWH�WKDW�LQIULQJHV�DQ\�RI�WKRVH�H[FOXVLYH

ULJKWV��H[FHSW�DV�H[SOLFLWO\�JUDQWHG���DERYH��UHTXLUHV�WKH�H[SUHVVHG�ZULWWHQ

FRQVHQW�RI�WKH�DXWKRU��,Q�SDUWLFXODU��0,7�PD\�QRW�FUHDWH�DQ�HOHFWURQLF�YHUVLRQ

RI�WKLV�WKHVLV�GRFXPHQW�QRU�GLVWULEXWH�DQ�HOHFWURQLF�YHUVLRQ�RI�WKLV�WKHVLV

GRFXPHQW�ZLWKRXW�WKH�H[SUHVVHG�ZULWWHQ�FRQVHQW�RI�WKH�DXWKRU�

��� 3ODFHPHQW�RI�WKLV�WKHVLV�ZLWKLQ�WKH�FROOHFWLRQV�RI�WKH�0,7�/LEUDU\�V\VWHP�FRQ�

VWLWXWHV�DFFHSWDQFH�RI�WKH�WHUPV�RI�WKLV�OLFHQVH�E\�0,7��0,7�PD\�FDQFHO�LWV

DJUHHPHQW�WR�WKH�WHUPV�RI�WKLV�OLFHQVH�E\�GHVWUR\LQJ�DOO�FRSLHV�RI�WKLV�GRFX�

PHQW�PDGH�XQGHU�WKH�WHUPV�RI�WKLV���OLFHQVH�DQG�SURYLGLQJ�ZULWWHQ�QRWLFH�WR

WKH�DXWKRU�RI�WKLV�DFWLRQ�
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$FNQRZOHGJPHQWV

$�JUHDW�QXPEHU�RI�SHRSOH�KDYH�FRQWULEXWHG�WR�WKH�GHYHORSPHQW�RI�WKLV�ZRUN��ERWK�GLUHFWO\��DQG�ZLWK�HTXDO

LPSRUWDQFH��LQGLUHFWO\�

7KH�VLPXODWRU�DQG�SHGLJUHH�H[DPSOHV�LQ�WKH�GLVVHUWDWLRQ�DUH�IURP�0LFKDHO�´=LJJ\µ�%ODLU·V�WKHVLV�ZRUN��,Q

DGGLWLRQ��%ODLU·V�6FKHPH�SURILOHU�ZDV�FUXFLDO�IRU�PDNLQJ�9LHZ)RUP·V�SHUIRUPDQFH�SUDFWLFDO��6WHSKHQ�$GDPV

SURYLGHG�KDQG�WDLORUHG�[���VSHFLILF�ODS�FRGH�WKDW�GUDPDWLFDOO\�LQFUHDVHG�9LHZ)RUP·V�SHUIRUPDQFH��0DQ\

WKDQNV�JR�WR�WKRVH�ZKR�KDYH�EXLOW�DQG�VXSSRUWHG�0,7�6FKHPH��HVSHFLDOO\�WKH�ZLQ���SRUW��6SHFLDO�WKDQNV�JR

WR�$ODQ�%DZGHQ��IRU�D�JUHDW�GLVFXVVLRQ�WKDW�OHG�WR�LQVLJKWV�RQ�KRZ�0LQL�9LHZ)RUP·V�YLHZV�ZHUH�LQWLPDWHO\

OLQNHG�ZLWK�DEVWUDFWLRQ�

0DQ\�WKDQNV�WR�+DO�$EHOVRQ��0LFKDHO�%ODLU��DQG�-RKQ�*XWWDJ��IRU�SURYLGLQJ�TXLFN��KRQHVW��FRQVWUXFWLYH�

DQG�GHWDLOHG�IHHGEDFN�RQ�GUDIWV�RI�WKLV�GLVVHUWDWLRQ��7KDQNV�WR�%ULDQ�/D0DFFKLD�IRU�WKH�FRS\ULJKW�QRWLFH�RQ

WKLV�GLVVHUWDWLRQ�

6WHSKHQ�$GDPV��:HE�%HHEHH��0LFKDHO�%ODLU��'DQLHO�&RRUH��(OPHU�+XQJ��5DMHHY�6XUDWL��DQG�5RQ�:HLVV

SURYLGHG�LQYDOXDEOH�IHHGEDFN�IRU�WKH�WKHVLV�GHIHQVH�WDON��<RXU�VXSSRUW�DQG�IHHGEDFN�DUH�GHHSO\�DSSUHFLDWHG�

,�DP�LQGHEWHG�WR�*UHJRU�.LF]DOHV��ZKR�WRRN�PH�XQGHU�KLV�ZLQJ�ZKLOH�,�ZDV�DW�;HUR[�3$5&��DQG�RSHQHG

GRRUV�WR�SODFHV�,�PLJKW�QRW�RWKHUZLVH�KDYH�HQWHUHG��$OVR�DW�3$5&��-RKQ�/DPSLQJ
V�LQWHOOHFWXDO�SURZHVV�JDYH

PH�D�KLJK�VWDQGDUG�WR�ZKLFK�WR�VWULYH��$OO�WKH�PHPEHUV�RI�3$5&·V�(&$�JURXS�PDGH�P\�H[SHULHQFHV�WKHUH

TXLWH�HQMR\DEOH��DQG�FRQWULEXWHG�WR�ZKHUH�,�DP�QRZ�

7KDQNV�WR�7RGG�&DVV��IRU�PDNLQJ�WKH�ODVW�ILYH�\HDUV�RI�9,�$�UHFUXLWPHQW�IRU�3$5&�VR�HQMR\DEOH��DQG�IRU�H[�

HPSOLI\LQJ�WKH�NLQG�RI�FRRO�PDQDJHPHQW�VW\OH�WKDW�LV�VR�HDV\�WR�OLNH�

5DMHHY�6XUDWL�KDV�DOZD\V�EHHQ�WKHUH��,�ZLOO�PLVV�KLV�UHFXUULQJ�SUHVHQFH�DQG�KLV�LQWHUHVWLQJ�DQG�YDULHG�FRQ�

YHUVDWLRQDO�WRSLFV��,�ZLOO�QRW�PLVV�WKH�HYLO�KDFN�KH�SOD\HG�RQ�PH���

'DQLHO�&RRUH�ZDV�D�JUHDW�DQG�JHQXLQH�RIILFH�PDWH�ZKR�ORYHG�WR�HQWKXVLDVWLFDOO\�GLVFXVV�DQ\WKLQJ��DQ\WLPH�

DQ\ZKHUH��7KDQNV�IRU�WKH�JUHDW�GLVFXVVLRQV�

0DQ\�WKDQNV�WR�=LJJ\��IRU�GLOLJHQWO\�UHDGLQJ�P\�ZULWLQJ�WKURXJKRXW�P\�JUDGXDWH�\HDUV�DW�0,7��IRU�IHHGEDFN

RQ�P\�SUDFWLFH�WDONV��DQG�IRU�IUHHO\�SURYLGLQJ�PH�ZLWK�FRGH�KH�VSHQW�FRXQWOHVV�PRQWKV�KDFNLQJ��=LJJ\�DOVR

LQWURGXFHG�PH�WR�KLJK�TXDOLW\�EHHU��<XP�

+DO�$EHOVRQ�WRRN�PH�LQWR�0,7�JUDGXDWH�VFKRRO�DQG�3URMHFW�0$&�ILYH�\HDUV�DJR��7KDW�VWDUWHG�PH�RQ�WKH

URDG�WR�WKLV�GLVVHUWDWLRQ��7KDQNV��+DO�

-RKQ�*XWWDJ�VHW�KLJK�VWDQGDUGV�DQG�SURYLGHG�GLUHFW�DQG�KRQHVW�IHHGEDFN�RQ�P\�ZRUN�DQG�SURJUHVV��7KH

VHOI�LPSRVHG�´ZLOO�*XWWDJ�OLNH�WKLV"µ�OLWPXV�WHVW�KHOSHG�PH�WR�EHWWHU�HYDOXDWH��IRFXV��DQG�GLUHFW�P\�ZRUN��,W

ZDV�D�SOHDVXUH�KDYLQJ�KLP�RQ�P\�WKHVLV�FRPPLWWHH�

6SHFLDO�WKDQNV�WR�'LFN�:DWHUV��+LV�DGYLFH��SHUVSHFWLYH��DQG�HQFRXUDJHPHQW�ZHUH�FUXFLDO��LQVWUXFWLYH��DQG

VXSSRUWLYH��&RUUHVSRQGLQJO\��WKDQNV�WR�/\Q�7XUEDFN�IRU�UHFRPPHQGLQJ�'LFN�:DWHUV�DV�D�JUHDW�SHUVRQ�WR

KDYH�RQ�P\�WKHVLV�FRPPLWWHH�

3URMHFW�0$&�DW�0,7�ZDV�DQ�LQWHUHVWLQJ�SODFH�WR�GR�P\�UHVHDUFK��7KH�VWXGHQWV�DQG�VWDII�LQ�WKH�JURXS�OHDYH

ZLWK�PH�D�SOHWKRUD�RI�JRRG�PHPRULHV��D�IHZ�KLJK�WHVWRVWHURQH�KREELHV��DQG�DQ�LQYDOXDEO\�WKLFN�VKHOO�

7KDQNV�

&HUWDLQ�0,7�DGPLQLVWUDWRUV��RU�WKRVH�DFWLQJ�LQ�DQ�DGPLQLVWUDWLYH�FRQWH[W��PDGH�D�VLJQLILFDQW�LPSDFW�RQ�P\

VWD\�DW�0,7��$PRQJ�WKHP�DUH�7RQ\�&DQFKROD�)ORUHV�DQG�(GGLH�*UDGR��7KH\�GHPRQVWUDWHG�JHQXLQH�LQWHUHVW
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LQ�PH�VXFFHHGLQJ�DW�0,7�DQG�DFWHG�RQ�WKDW�LQWHUHVW��,QVWHDG�RI�UKHWRULF��WKH\�UHDFKHG�RXW��,QVWHDG�RI�H[FXVHV

IRU�ZK\�LW�FRXOG�QRW�EH�GRQH��WKH\�SURGXFHG�UHVXOWV��7KDQN�\RX�IRU�VHWWLQJ�DQ�H[DPSOH�RI�ZKDW�LW�VKRXOG

PHDQ�IRU�VWXGHQWV���DOO�VWXGHQWV���WR�UHFHLYH�´VXSSRUWµ�

0\�XQGHUJUDGXDWH�DFDGHPLF�DGYLVRU��3URIHVVRU�-RHO�0RVHV��SXVKHG�PH�WR�P\�DFDGHPLF�OLPLWV�HDUO\�RQ��,·P

WKDQNIXO�KH�DFWHG��WRR��/LVD�%HOOD�LQ�WKH�&RXUVH�6L[�RIILFH�QHYHU�FHDVHG�WR�SURYLGH�D�IULHQGO\�VPLOH�DQG�HDU�WR

D�ZHDU\�DQG�WLUHG�������KHDG�ODE�7$��DQG�WKHUHDIWHU�

0DQ\�SHRSOH�ZHUH�LQVWUXPHQWDO�DQG�VXSSRUWLYH�LQ�KHOSLQJ�PH�ZRUN�XS�WKH�������ODGGHU�IURP�VWXGHQW�WR

UHFLWDWLRQ�LQVWUXFWRU��,�HQMR\HG�������DW�DOO�WKHVH�OHYHOV��LW�ZDV�VRPH�RI�WKH�PRVW�IXQ�,�KDG�DW�0,7��7KHVH

SHRSOH�LQFOXGH�+DO�$EHOVRQ��/RX�%UDLGD��$UWKXU�*OHFNOHU��(ULF�*ULPVRQ��DQG�-LP�0LOOHU�

7KDQNV�WR�0HY��DQG�WKH�JURXS�DW�+3·V�0//�LQ�&KHOPVIRUG�IRU�DQ�LQWHUHVWLQJ�VXPPHU��7KDQNV�DOVR�WR�;XDQ

%XL��%RE�)UHQFK��DQG�7RU�(NTYLVW��IURP�+HZOHWW�3DFNDUG��IRU�WKH�LQGXVWULDO�SHUVSHFWLYH�DQG�IRU�GLVFXVVLQJ

UHDO�H[DPSOHV�RI�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�LQ�LQGXVWU\�

.DWH�DQG�(GLWKD���WKDQNV�IRU�DOO�WKH�0HOURVH�QLJKWV��WKH�EODGLQJ�DGYHQWXUHV��DQG�IRU�WKH�UHDOLW\�FKHFNV��7<%�

::::7*�

<RQDOG�&KHU\�DQG�&KXFN�5RVHQEHUJ�KDYH�EHHQ�JUHDW�FRQILGDQWV�RYHU�WKH�SDVW�WHQ�\HDUV��,�DOZD\V�IHHO�EHWWHU

DIWHU�VHHLQJ�WKHP��7KDQNV�

0\�ODWH�IDWKHU�DQG�P\�PRWKHU�WDXJKW�PH�WKH�MR\V�RI�EHOLHYLQJ�LQ�P\VHOI�LQVWHDG�RI�EHOLHYLQJ�LQ�LPDJH��%\

H[DPSOH��WKH\�WDXJKW�PH�WKDW�JLYLQJ�WR�WKRVH�\RX�ORYH�DQG�FDUH�IRU�FDQ�EH�PXFK�PRUH�VDWLVI\LQJ�DQG�IUXLWIXO

WKDQ�WDNLQJ��7KLV��WKHLU�GHPDQGLQJ�ZRUN�HWKLF��DQG�WKHLU�XQFRQGLWLRQDO�ORYH�DQG�VXSSRUW�KDYH�PDGH�WKHP

H[WUDRUGLQDU\�UROH�PRGHOV��DQG�WKH�SDUHQWV�,�ZLOO�HWHUQDOO\�EH�WKDQNIXO�IRU�

,�GR�QRW�NQRZ�KRZ�WR�WKDQN�&KULVWLQH�0RRUH�IRU�DOO�KHU�KHOS�DQG�VXSSRUW��6KH�QHYHU�KLQWHG�DQ\�FRP�

SODLQWV�DERXW�WKH�DPRXQW�RI�WLPH�,�GHYRWHG�WR�WKLV�ZRUN��,QVWHDG��VKH�VXSSRUWHG�PH�LQ�HYHU\�ZD\��LQFOXGLQJ

SOHQW\�RI�RXWVWDQGLQJ�JRXUPHW�PHDOV����6KH�GLG�ZKDW�QHHGHG�WR�EH�GRQH��DQG�WKHQ�VRPH��5DWKHU�WKDQ�VWDQG�
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����&RQFOXVLRQ �������������������������������������������������������������������������������������������������������������������������������������������������������

$SSHQGL[�$�6HOHFWHG�$VSHFWV�RI�WKH�9LHZ)RUP�,QWHUIDFH ������������������������������������� ���

$���9LHZ)RUP�([SUHVVLRQ�7\SH�7HVWHUV ���������������������������������������������������������������������������������������������������������������

$���9LHZFRGH�([SUHVVLRQ�5HWXUQ�7\SHV ���������������������������������������������������������������������������������������������������������������

$���0LVFHOODQHRXV�9LHZ)RUP�)XQFWLRQV���������������������������������������������������������������������������������������������������������������

$���9LHZFRGH�&DQRQLFDOL]DWLRQ ����������������������������������������������������������������������������������������������������������������������������

$SSHQGL[�%�,PSOHPHQWDWLRQ�RI�6HOHFWHG�9LHZ)RUP�)XQFWLRQV ���������������������������� ���

%LEOLRJUDSK\ �������������������������������������������������������������������������������������������������������������� ���
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7DEOH�RI �)LJXUHV
)LJXUH�������%ODFN�%R[�$EVWUDFWLRQ�������������������������������������������������������������������������������������������������������������������������������

)LJXUH�������8QFRXSOHG�GLVSDWFK�H[SUHVVLRQ������������������������������������������������������������������������������������������������������������������

)LJXUH�������&RXSOLQJ�,PSOHPHQWDWLRQ���������������������������������������������������������������������������������������������������������������������������

)LJXUH�������'HVLUHG�&RXSOHG�,PSOHPHQWDWLRQ���������������������������������������������������������������������������������������������������������������

)LJXUH�������,QYDOLGDWLQJ�,PSOHPHQWDWLRQ ����������������������������������������������������������������������������������������������������������������������

)LJXUH�������%ODFN�%R[�$EVWUDFWLRQ�,PSOHPHQWDWLRQ�&RXSOLQJ �������������������������������������������������������������������������������������

)LJXUH�������9LHZ�%DVHG�$EVWUDFWLRQ ����������������������������������������������������������������������������������������������������������������������������

)LJXUH�������$FWXDO�&RXSOHG�&RGH�*HQHUDWHG�E\�9LHZ)RUP�����������������������������������������������������������������������������������������

)LJXUH�������)RUPDOL]HG�,PSOHPHQWDWLRQ�&RXSOLQJ��������������������������������������������������������������������������������������������������������

)LJXUH�������,PSOHPHQWDWLRQ�&RXSOLQJ�6WHSV�����������������������������������������������������������������������������������������������������������������

)LJXUH�������3DUWLDO�'DWD�)ORZ�$QDO\VLV�RQ�I������������������������������������������������������������������������������������������������������������������

)LJXUH�������&RQGLWLRQDO�5HZULWH�5XOH���������������������������������������������������������������������������������������������������������������������������

)LJXUH�������9LHZ)RUP ��������������������������������������������������������������������������������������������������������������������������������������������������

)LJXUH�������3DUWLFOH�'DWD�$EVWUDFWLRQ�,PSOHPHQWDWLRQ��DGDSWHG�E\�%ODLU�IURP�FRGH�E\�$EHOVRQ���������������������������������

)LJXUH�������2SWLPL]HG�3DUWLFOH�9DOXH�,PSOHPHQWDWLRQ �������������������������������������������������������������������������������������������������

)LJXUH�������9LHZ)RUP�2XWSXW ��������������������������������������������������������������������������������������������������������������������������������������

)LJXUH�������6LPXODWRU�([DPSOH�3UHGLFDWHV �������������������������������������������������������������������������������������������������������������������

)LJXUH�������6LPXODWRU�([DPSOH�$FWLRQV������������������������������������������������������������������������������������������������������������������������

)LJXUH�������6LPXODWRU�([DPSOH�'LVSDWFKHUV�DQG�2WKHU�5XOHV �������������������������������������������������������������������������������������

)LJXUH�������3HGLJUHH�&RPSXWDWLRQ�&RGH ���������������������������������������������������������������������������������������������������������������������

)LJXUH�������3HGLJUHH�'DWD�$EVWUDFWLRQ�,PSOHPHQWDWLRQ�����������������������������������������������������������������������������������������������

)LJXUH�������'HVLUHG�3BSHGLJUHH�,PSOHPHQWDWLRQ ���������������������������������������������������������������������������������������������������������
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&KDSWHU��

,QWURGXFWLRQ

7KLV�GLVVHUWDWLRQ�LV�IRU�SURJUDPPHUV�RQ�VRIWZDUH�GHYHORSPHQW�WHDPV�ZKR�ZDQW�WR�LPSURYH�SHU�

IRUPDQFH�E\�XVLQJ�LPSOHPHQWDWLRQ�GHSHQGHQFLHV�WKDW�EUHDN�PRGXODULW\��9LHZ�EDVHG�DEVWUDFWLRQ

LV�D�QHZ�DEVWUDFWLRQ�PRGHO�WKDW�RWKHUZLVH�SUHVHUYHV�PRGXODULW\�LQ�WKH�SUHVHQFH�RI�LPSOHPHQWD�

WLRQ�GHSHQGHQFLHV��8QOLNH�PHWD�OHYHO�RU�WUDQVIRUPDWLRQ�EDVHG�DSSURDFKHV��YLHZ�EDVHG�DEVWUDF�

WLRQ�LV�SUDFWLFDO��LV�EDFNZDUGV�FRPSDWLEOH�ZLWK�EODFN�ER[�DEVWUDFWLRQ��LV�LQGHSHQGHQW�RI�WKH

VRXUFH�ODQJXDJH�DQG�LWV�LPSOHPHQWDWLRQ��DQG�VXSSRUWV�QRQ�ORFDO�SURJUDP�DQDO\VLV��QRQ�

VHPDQWLFV�SUHVHUYLQJ�PRGLILFDWLRQV��DQG�XVHU�LQWHUDFWLRQ�

����2YHUYLHZ

%ODFN�ER[�DEVWUDFWLRQ�LV�D�ZHOO�NQRZQ�DQG�SULQFLSOHG�PHFKDQLVP�IRU�GHVLJQLQJ��PDLQWDLQLQJ

DQG�LPSOHPHQWLQJ�VRIWZDUH�>��@�8QGHU�EODFN�ER[�DEVWUDFWLRQ��DQ�DSSOLFDWLRQ�LV�UHDVRQHG�DERXW

DV�D�FRPELQDWLRQ�RI�PRGXOHV��L�H���EODFN�ER[HV���(DFK�PRGXOH�KLGHV�LWV�LPSOHPHQWDWLRQ�XQGHU�DQ

LQWHUIDFH��$�PRGXOH·V�LPSOHPHQWDWLRQ�FDQ�GHSHQG�RQO\�RQ�DQRWKHU�PRGXOH·V�LQWHUIDFH��DQG�FDQ�

QRW�GHSHQG�RQ�DQRWKHU�PRGXOH·V�LPSOHPHQWDWLRQ��7KLV�VLPSOH�UXOH�JLYHV�ULVH�WR�PRGXODULW\��WKH

DELOLW\�WR�UHSODFH�DQ\�PRGXOH�ZLWK�DQ\�RWKHU�PRGXOH�WKDW�LPSOHPHQWV�DQ�LGHQWLFDO�LQWHUIDFH�

0RGXODULW\��LQ�WXUQ��KHOSV�UHGXFH�WKH�QXPEHU�RI�GHSHQGHQFLHV�ZLWKLQ�DQ�DSSOLFDWLRQ��WKHUHE\

HQKDQFLQJ�VRIWZDUH�PDLQWDLQDELOLW\��,W�GRHV�QRW�WDNH�PXFK�SURJUDPPLQJ�H[SHULHQFH�WR�UHDOL]H�

KRZHYHU��WKDW�YLRODWLQJ�WKLV�UXOH�FDQ�OHDG�WR�JDLQV�LQ�SHUIRUPDQFH>��������������@�DQG�H[WHQVLELO�

LW\>��@��6XFK�JDLQV�DUH�UHDOL]HG�E\�PRGLI\LQJ�PRGXOH�LPSOHPHQWDWLRQV�WR�GHSHQG�GLUHFWO\�XSRQ

RWKHUZLVH�KLGGHQ�LPSOHPHQWDWLRQ�GHWDLOV��7KLV�UHVXOWV�LQ�ZKDW�,�WHUP�LPSOHPHQWDWLRQ�FRXSOLQJ��D

GHSHQGHQF\�IURP�RQH�PRGXOH·V�LPSOHPHQWDWLRQ�WR�DQRWKHU·V��8QIRUWXQDWHO\��LPSOHPHQWDWLRQ

FRXSOLQJ�LV�D�NLQG�RI�DEVWUDFWLRQ�YLRODWLRQ�DQG�EUHDNV�PRGXODULW\��WKHUHE\�UHVXOWLQJ�LQ�DQ�DSSOL�

FDWLRQ�WKDW�LV�VXEVWDQWLDOO\�PRUH�GLIILFXOW�WR�PDLQWDLQ��SRUW��H[WHQG��DQG�GHEXJ�LQ�WKH�IXWXUH��7KH

SURJUDPPHU�ZKR�SHUIRUPV�VXFK�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ��DQG�EUHDNV�PRGXODULW\��LV�WKHUH�

IRUH�QRW�QHFHVVDULO\�WKH�SURJUDPPHU�ZKR�PXVW�SD\�IRU�WKH�FRQVHTXHQFHV�RI�EURNHQ�PRGXODULW\�
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7KH�SURJUDPPHUV�ZKR�PXVW�SD\�IRU�FRQVHTXHQFHV�RI�EURNHQ�PRGXODULW\�DUH�IXWXUH�SURJUDP�

PHUV�ZKR�ZRXOG�KDYH�EHHQ�DEOH�WR�RWKHUZLVH�XSGDWH�DQG�PRGLI\�WKH�FRGH�LQ�D�PRGXODU�ZD\�

7KLV�GLVVHUWDWLRQ·V�JRDO�LV�WR�DGGUHVV�WKLV�SUREOHP�RI�HQKDQFLQJ�PRGXODULW\�DQG�PDLQWDLQ�

DELOLW\�LQ�WKH�SUHVHQFH�RI�LPSOHPHQWDWLRQ�FRXSOLQJV��LQ�D�SUDFWLFDO�VHWWLQJ��7KH�DSSURDFK�XVHG�WR

VROYH�WKH�SUREOHP�LV�WR�KDYH�WKH�SURJUDPPHU�ZKR�SURGXFHV�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ�SHU�

IRUP�VRPH�H[WUD�ZRUN��7KLV�H[WUD�ZRUN�ZLOO�SURYLGH�HIIHFWLYH�PRGXODULW\�IRU�IXWXUH�PDLQWHQDQFH

SURJUDPPHUV��DQG�ZLOO�WKXV�VDYH�WKHP�IURP�KDYLQJ�WR�GHGXFH�WKH�H[LVWHQFH�RI�DQ\�LPSOHPHQWD�

WLRQ�FRXSOLQJV��WKH�PRGXOHV�WKH�FRXSOLQJV�DIIHFW��WKH�ZD\�WKH�FRXSOLQJV�LQWHUDFW�ZLWK�WKH�FRGH�

DQG�D�ZD\�RI�SDWFKLQJ�RU�UHYHUWLQJ�WKH�FRXSOLQJV�LI�QHFHVVDU\�

7R�VROYH�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�XVLQJ�WKLV�DSSURDFK��WKH�LPSOHPHQWDWLRQ�

FRXSOLQJ�SUREOHP�LV�ILUVW�IRUPDOL]HG��7KHQ��D�VL[�VWHS�PRGHO�RI�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ

SURFHVV�LV�GHYHORSHG��7KLV�GLVVHUWDWLRQ�WKHQ�GHPRQVWUDWHV�KRZ�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ

SUREOHP�FDQ�EH�UHGXFHG�WR�WKH�SUREOHP�RI�DXWRPDWLQJ�WKH�VL[�VWHSV��PRUH�VSHFLILFDOO\��DXWRPDW�

LQJ�WKH�ILQDO�VWHS���7KLV�UHGXFWLRQ�LV�WKH�FUX[�RI�WKH�GLVVHUWDWLRQ��DQG�OHDGV�WR�YLHZ�EDVHG�DEVWUDF�

WLRQ��8QGHU�YLHZ�EDVHG�DEVWUDFWLRQ��D�SURJUDPPHU�DXWRPDWHV�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ�E\

H[SUHVVLQJ�WKH�FRXSOLQJ�LQ�WHUPV�RI�D�VHW�RI�FRXSOLQJ�FRQVWUXFWV��(DFK�FRQVWUXFW�FRUUHVSRQGV�WR�D

VWHS�LQ�WKH�VL[�VWHS�PRGHO��7KHVH�FRQVWUXFWV�DUH�FRQFUHWHO\�SURYLGHG�E\�9LHZ)RUP��D�WUDQVIRUPD�

WLRQ�EDVHG�LPSOHPHQWDWLRQ�RI�YLHZ�EDVHG�DEVWUDFWLRQ��2QFH�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ�LV�H[�

SUHVVHG��9LHZ)RUP�FDQ�DXWRPDWLFDOO\�JHQHUDWH�WKH�FRXSOHG�FRGH�IURP�WKH�RULJLQDO�VRXUFH�FRGH

�WKH�UHVXOWV�RI�ZKLFK�FDQ�WKHQ�EH�SDVVHG�LPPHGLDWHO\�WR�WKH�FRPSLOHU���2I�PRUH�LPSRUWDQFH�

ZKHQ�WKH�RULJLQDO�VRXUFH�FRGH�LV�ODWHU�XSGDWHG��9LHZ)RUP�ZLOO�DWWHPSW�WR�UHJHQHUDWH�WKH�LPSOH�

PHQWDWLRQ�FRXSOLQJ�RQ�WKH�XSGDWHG�VRXUFH�FRGH��9LHZ)RUP�ZLOO�UHJHQHUDWH�WKH�FRXSOLQJ�RQO\�LI

LW�LV�VWLOO�YDOLG�ZLWK�UHVSHFW�WR�WKH�XSGDWHG�VRXUFH�FRGH��7KLV�UHJHQHUDWLRQ�VWHS�HIIHFWLYHO\�SUH�

VHUYHV�PRGXODULW\�E\�KLGLQJ��L�H���DEVWUDFWLQJ��LPSOHPHQWDWLRQ�FRXSOLQJV�IURP�IXWXUH�SURJUDP�

PHUV�

$V�GLVFXVVHG�LQ�&KDSWHU����YLHZ�EDVHG�DEVWUDFWLRQ�SURYLGHV�EDFNZDUGV�FRPSDWLELOLW\��LQFUH�

PHQWDOLW\��ODQJXDJH�LQGHSHQGHQFH��HDVH�RI�XVH��DQG�DPRUWL]DEOH�WLPH�VDYLQJV��7R�GHPRQVWUDWH

YLHZ�EDVHG�DEVWUDFWLRQ�DQG�WKHVH�SURSHUWLHV��9LHZ)RUP�LV�XVHG�WR�H[SUHVV�SHUIRUPDQFH�EDVHG

LPSOHPHQWDWLRQ�FRXSOLQJV��L�H���PRGXODULW\�EUHDNLQJ�RSWLPL]DWLRQV��RQ�WKUHH�H[DPSOH�SURJUDPV�

DQ�DPRUSKRXV�FRPSXWDWLRQ�VLPXODWRU��D�FRQGLWLRQDO�SUREDELOLW\�SHGLJUHH�FRPSXWDWLRQ��DQG

9LHZ)RUP�LWVHOI��7KH�UHVXOWV�VKRZ�KRZ�YLHZ�EDVHG�DEVWUDFWLRQ�SHUPLWV�LPSOHPHQWDWLRQ�FRXSOLQJ

ZLWKRXW�SUHFOXGLQJ�PRGXODULW\��ZKLOH�DWWDLQLQJ�WKH�ILYH�SURSHUWLHV�OLVWHG�DERYH��7KH�UHVXOWV�DOVR

LQGLFDWH�WKDW�YLHZ�EDVHG�DEVWUDFWLRQ��XQOLNH�RWKHU�DSSURDFKHV��LV�SUDFWLFDO�LQ�WKUHH�UHVSHFWV��7KH

ILUVW�LV�WKDW�WKH�H[WUD�DXWRPDWLRQ�LQFUHDVHG�WKH�RYHUDOO�FRPSLODWLRQ�WLPH�IURP�D�W\SLFDO������XS�WR

����LQ�WKH�ZRUVW�FDVH��7KLV�ZRUVW�FDVH�WLPH�ZDV�GHVSLWH�WKH�XVH�RI�D�IXOO�LQWHUSURFHGXUDO�GDWD�IORZ
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DQDO\VLV�DQG�D�OHVV�WKDQ�IXOO\�RSWLPL]HG�9LHZ)RUP�LPSOHPHQWDWLRQ��$�VHFRQG�LQGLFDWLRQ�RI�SUDF�

WLFDOLW\�LV�WKDW�HDFK�RSWLPL]DWLRQ�UHTXLUHG�RQO\����WR�����OLQHV�RI�9LHZ)RUP�FRGH��LQ�WKH�IRUP�RI

��WR����´UXOHVµ��7KHVH�UXOHV�LQFOXGHG�FRGH�WHPSODWHV�GHVFULELQJ�HDFK�UHVSHFWLYH�RSWLPL]DWLRQ�

7KH�DELOLW\�WR�VFDOH�JUDFHIXOO\�LV�D�WKLUG�FRQFHUQ�IRU�SUDFWLFDOLW\��7KH�UHVXOWV�GHPRQVWUDWH�WKDW

VFDOLQJ�LVVXHV�FDQ�EH�DGGUHVVHG�LQ�WKUHH�ZD\V��)LUVW��E\�OLPLWLQJ�LQWHUSURFHGXUDO�DQDO\VLV�WR�RQO\

UHOHYDQW�PRGXOHV��WKH�DPRXQW�RI�FRGH�WKDW�PXVW�EH�DQDO\]HG�LV�UHGXFHG��6HFRQG��E\�EXLOGLQJ

YLHZV�ZLWK�YDU\LQJ�FRPSXWDWLRQDO�UHVRXUFH�QHHGV��D�9LHZ)RUP�UXOH�FDQ�PDNH�WKH�PRVW�RI�WKH

DYDLODEOH�UHVRXUFHV��7KLUG��XVHU�LQWHUDFWLRQ�FDQ�SURYLGH�YLHZV�ZLWK�DVVXPSWLRQV�QRW�GHFLGDEOH�RU

RWKHUZLVH�FRPSXWDEOH�JLYHQ�D�SUDFWLFDO�DPRXQW�RI�UHVRXUFHV��(YHQ�LQ�WKH�ZRUVW�FDVH��9LHZ)RUP

ZLOO�VWLOO�JHQHUDWH�FRUUHFW�FRGH��WKRXJK�QRW�QHFHVVDULO\�FRXSOHG�FRGH��LQ�ZKLFK�FDVH�9LHZ)RUP

FDQ�DXWRPDWLFDOO\�DOHUW�WKH�SURJUDPPHU���7KLV�ZRUVW�FDVH�LV�IDU�EHWWHU�WKDQ�ZKDW�FDQ�KDSSHQ�XQ�

GHU�EODFN�ER[�DEVWUDFWLRQ��7KH�ZRUVW�FDVH�IRU�LPSOHPHQWDWLRQ�FRXSOLQJ�XQGHU�EODFN�ER[�DEVWUDF�

WLRQ�LV�LQFRUUHFW�FRGH�DQG�QR�DXWRPDWLF�QRWLILFDWLRQ�WR�WKH�SURJUDPPHU�

,Q�DOO�WKUHH�H[DPSOHV��9LHZ)RUP�ZDV�DEOH�WR�PDLQWDLQ�PRGXODULW\�E\�UHJHQHUDWLQJ�FRUUHFW

FRGH�ZKHQ�WKH�RULJLQDO��GHSHQGHQW�PRGXOHV�ZHUH�PRGLILHG��HYHQ�ZKHQ�WKRVH�PRGLILFDWLRQV�ZHUH

WR�WKH�RSWLPL]DWLRQ�GHSHQGHQW�VHFWLRQV�RI�WKH�RULJLQDO�FRGH��7KH�UHPDLQGHU�RI�WKLV�FKDSWHU�H[�

SDQGV�RQ�WKLV�VXPPDU\�RI�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP��WKH�VROXWLRQ��WKH�LPSOHPHQWD�

WLRQ��DQG�WKH�UHVXOWV�

����%ODFN�%R[�$EVWUDFWLRQ

)LJXUH�����LOOXVWUDWHV�D�W\SLFDO�XVH�RI�EODFN�ER[�DEVWUDFWLRQ��0 � ·V�LPSOHPHQWDWLRQ�LV�KLGGHQ

XQGHU�LWV�LQWHUIDFH��ZKLFK�LV�VLPSO\�D�FROOHFWLRQ�RI�QDPHV�DQG�VSHFLILFDWLRQV��0 � ·V�LPSOHPHQWDWLRQ

GHSHQGV�XSRQ�WKLV�LQWHUIDFH��PHDQLQJ�0 � �LV�LQWHUIDFH�FRXSOHG�WR�0 � ��L�H���0 � �UHIHUV�WR�DW�OHDVW�RQH

,QWHUIDFH
,PSOHPHQWDWLRQ

&OLHQW�&RGH

,QWHUIDFH

,QWHUIDFH
�������
	�� ����
��������� � ���

0RGXOH
0 �

0RGXOH
0�

)LJXUH�������%ODFN�%R[�$EVWUDFWLRQ
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RI�WKH�QDPHV�VSHFLILHG�LQ�0 � ·V�LQWHUIDFH���0 � �GRHV

QRW��KRZHYHU��GHSHQG�RQ�0 � ·V�LPSOHPHQWDWLRQ�

%ODFN�ER[�DEVWUDFWLRQ�SURYLGHV�PRGXODULW\�SUHFLVHO\

EHFDXVH�0 � ·V�LPSOHPHQWDWLRQ�GRHV�QRW�GHSHQG�RQ

0 � ·V�KLGGHQ�LPSOHPHQWDWLRQ�GHWDLOV��$FFRUGLQJO\�

0 � ·V�LPSOHPHQWDWLRQ�FDQ�EH�PRGLILHG�ZLWKRXW�DIIHFW�

LQJ�0 � ·V�LQWHUIDFH��VR�ORQJ�DV�0 � ·V�LQWHUIDFH�UHPDLQV

YDOLG��0RGXODULW\�PDNHV�LW�HDVLHU�IRU�FXUUHQW�DQG�IX�

WXUH�SURJUDPPHUV�WR�PDLQWDLQ��H[WHQG��SRUW��DQG�GH�

EXJ�FRGH�

0RGXODULW\�GRHV�QRW��KRZHYHU��DOZD\V�PDNH�LW

HDVLHU�WR�RSWLPL]H�FRGH��7KLV�FDQ�EH�H[HPSOLILHG�E\

WKH�FRGH�LQ�)LJXUH������D�OLQHDU�WLPH�GLVSDWFK�RQ�GH�

FDI�MDYD�H[SUHVVLRQV>��@��WKLV�FRGH�KDV�EHHQ�VLPSOL�

ILHG�WR�LOOXVWUDWH�WKH�SUREOHP��VXEVWDQWLDO�H[DPSOHV�DUH�SUHVHQWHG�ODWHU�LQ�&KDSWHU�����7KLV�GLV�

SDWFK�FRGH��ZKLFK�LV�LQ�D�PRGXOH�FRUUHVSRQGLQJ�WR�0 � �DERYH��FDOOV�WKH�W\SH"�IXQFWLRQ��W\SH"�LV�LQ

D�GLIIHUHQW�PRGXOH�ZKRVH�FRGH�LV�SDUWLDOO\�JLYHQ�)LJXUH������W\SH"·V�PRGXOH�FRUUHVSRQGV�WR�0 �

DERYH��$V�D�UHVXOW�RI�PRGXODULW\��D�SURJUDPPHU�FDQ�FKDQJH�W\SH"·V�LPSOHPHQWDWLRQ�ZLWKRXW

HYHQ�NQRZLQJ�DERXW�GLVSDWFK�H[SUHVVLRQ��DQG�FDQ�FKDQJH�GLVSDWFK�H[SUHVVLRQ�ZLWKRXW�KDYLQJ�WR

NQRZ�KRZ�W\SH"�LV�LPSOHPHQWHG��1RZ��VXSSRVH�ZH�ZDQW�WR�RSWLPL]H�GLVSDWFK�H[SUHVVLRQ��,Q�SDU�

�GHILQH�GLVSDWFK�H[SUHVVLRQ
���ODPEGD��H[S�
�����FRQG���W\SH"�
OLWHUDO�������H[S���SURFHVV�OLWHUDO�������H[S��
������������W\SH"�
MDYD�QDPH�����H[S���SURFHVV�MDYD�QDPH�����H[S��
������������W\SH"�
QHZ�����������H[S���SURFHVV�QHZ�����������H[S��
������������W\SH"�
GRW�����������H[S���SURFHVV�GRW�����������H[S��
������������W\SH"�
FDOO����������H[S���SURFHVV�FDOO����������H[S��
������������W\SH"�
FDVW����������H[S���SURFHVV�FDVW����������H[S��
������������W\SH"�
LQVWDQFHRI����H[S���SURFHVV�LQVWDQFHRI����H[S��
������������W\SH"�
EXLOW�LQ�H[SU�H[S���SURFHVV�EXLOW�LQ�H[SU�H[S��
������������W\SH"�
DVVLJQPHQW����H[S���SURFHVV�DVVLJQPHQW����H[S��
�����������HOVH��HUURU��8QNQRZQ�7\SH����H[S�����

�GHILQH��SURFHVV�OLWHUDO�������H[S������
�GHILQH��SURFHVV�MDYD�QDPH�����H[S������
�GHILQH��SURFHVV�QHZ�����������H[S������
�GHILQH��SURFHVV�GRW�����������H[S������
�GHILQH��SURFHVV�FDOO����������H[S������
�GHILQH��SURFHVV�FDVW����������H[S������
�GHILQH��SURFHVV�LQVWDQFHRI����H[S������
�GHILQH��SURFHVV�EXLOW�LQ�H[SU�H[S������
�GHILQH��SURFHVV�DVVLJQPHQW����H[S������

)LJXUH�������8QFRXSOHG�GLVSDWFK�H[SUHVVLRQ

���
����W\SH"�LV�DQ�LQWHUIDFH�IXQFWLRQ
���

�GHILQH�LQWHJUDEOH�W\SH"
���ODPEGD��W\SH�NH\ZRUG�H[S�
�����HT"�W\SH�NH\ZRUG��H[S�W\SH�H[S����

���
����1RWKLQJ�EHORZ�WKLV�OLQH�LV�H[SRUWHG
���

�GHILQH��H[S�W\SH�H[S�
���OHW���UHVXOW��DVVT�H[S�H[S�W\SH���
�����LI�UHVXOW
���������FGU�UHVXOW�
��������UHVXOW���

�GHILQH�H[S�W\SH�����

)LJXUH�������&RXSOLQJ�,PSOHPHQWDWLRQ
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WLFXODU��LQVWHDG�RI�D�OLQHDU�WLPH�GLVSDWFK��ZH�ZDQW�DQ�H[SHFWHG�FRQVWDQW�WLPH�GLVSDWFK��7KLV�FDQ

EH�DFFRPSOLVKHG�XVLQJ�KDVK�WDEOHV��DV�VKRZQ�LQ�)LJXUH������7KHUHLQ��KRZHYHU��OLHV�D�SUREOHP�

:KLOH�GLVSDWFK�H[SUHVVLRQ�LQ�)LJXUH�����PHHWV�WKH�RSWLPL]DWLRQ�FULWHULD�ZH�VHW�RXW��LW�GRHV�VR

DW�WKH�H[SHQVH�RI�PRGXODULW\��,QVWHDG�RI�FDOOLQJ�W\SH"��GLVSDWFK�H[SUHVVLRQ�QRZ�FDOOV�H[S�W\SH��DQ

RWKHUZLVH�KLGGHQ�SDUW�RI�W\SH"·V�LPSOHPHQWDWLRQ��6LQFH�6FKHPH>��@�KDV�QR�PRGXOH�LQWHUIDFH

FKHFNLQJ��OLNH�D�YDULHW\�RI�RWKHU�ODQJXDJHV���WKH�UHIHUHQFH�WR�H[S�W\SH�JRHV�XQFKHFNHG�
�
�7KH�UH�

VXOW�LV�DQ�DGGLWLRQDO�GHSHQGHQF\�WKDW�FRQVHTXHQWO\�LQFUHDVHV�WKH�SURJUDP·V�FRPSOH[LW\��7KLV�GH�

SHQGHQF\�PHDQV�WKDW�GLVSDWFK�H[SUHVVLRQ·V�PRGXOH��0 � ��LV�QRZ�LPSOHPHQWDWLRQ�FRXSOHG�WR�W\SH"·V

PRGXOH��0 � ���(YHQ�VR��GLVSDWFK�H[SUHVVLRQ·V�LQWHUIDFH�LV�VWLOO�YDOLG��DQG�LV�QRZ�IDVWHU��7KH�SURE�

OHP�LQWURGXFHG�E\�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�ZLOO�QRW�UHDU�LWVHOI�XQWLO�HLWKHU�0 � �RU�0 � �LV�VXE�

VHTXHQWO\�PRGLILHG�

7R�GHPRQVWUDWH�KRZ�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUHFOXGHV�PRGXODULW\��OHW�XV�VXSSRVH�WKDW

D�PDLQWHQDQFH�SURJUDPPHU�LV�QRZ�WROG�WR�RSWLPL]H�W\SH"��7KLV�SURJUDPPHU�ZRXOG�OLNHO\�QRWLFH

WKDW�H[S�W\SH�XVHV�D�OLQHDU�VHDUFK��7KLV�VHDUFK�FDQ�EH�RSWLPL]HG�E\�XVLQJ�DQ�H[SHFWHG�FRQVWDQW�

WLPH�VHDUFK�LQVWHDG��7KH�FRGH�LQ�)LJXUH�����GHPRQVWUDWHV�DQ�LPSOHPHQWDWLRQ�RI�WKLV�FULWHULRQ�XV�

LQJ�KDVK�WDEOHV��7KH�SUREOHP�ZLWK�WKH

FRGH�LQ�)LJXUH�����LV�WKDW�LW�LQYDOLGDWHV�WKH

RSWLPL]HG�GLVSDWFK�H[SUHVVLRQ�LQ�)LJXUH

�����6LQFH�WKH�RSWLPL]HG�GLVSDWFK�

H[SUHVVLRQ�XVHV�H[S�W\SH��ZKLFK�QR�ORQJHU

H[LVWV���GLVSDWFK�H[SUHVVLRQ�ZLOO�QRW�EH

����������������������������������������������������������
�
�,Q�ODQJXDJHV�WKDW�GR�KDYH�PRGXOH�LQWHUIDFH�FKHFNLQJ�� �����
	������� �ZRXOG�KDYH�WR�EH�DGGHG�WR�WKH�PRGXOH·V�LQWHUIDFH��HYHQ�WKRXJK
LW�LV�QRW�SDUW�RI�WKH�RULJLQDO�PRGXOH·V�LQWHUIDFH�VSHFLILFDWLRQ��1HYHUWKHOHVV��UHTXLULQJ�PRGXOH�LQWHUIDFH�FKHFNLQJ�LV�QHLWKHU�EDFN�
ZDUGV�FRPSDWLEOH�QRU�QHFHVVDU\�WR�VROYH�WKH�SUREOHP�

�GHILQH�GLVSDWFK�H[SUHVVLRQ
����OHW���GLVSDWFK�WDEOH��PDNH�V\PERO�KDVK�WDEOH���
������IRU�HDFK��ODPEGD��V\PERO�SURF�
������������������KDVK�WDEOH�SXW��GLVSDWFK�WDEOH�V\PERO�SURF��
����������������OLVW�
OLWHUDO��
MDYD�QDPH��
QHZ��
GRW�����
FDOO
����������������������
FDVW����
LQVWDQFHRI�
EXLOW�LQ�H[SU�
DVVLJQPHQW�
����������������OLVW�SURFHVV�OLWHUDO����SURFHVV�MDYD�QDPH�SURFHVV�QHZ
���������������������SURFHVV�GRW��������SURFHVV�FDOO������SURFHVV�FDVW
���������������������SURFHVV�LQVWDQFHRI�SURFHVV�EXLOW�LQ�H[SU
���������������������SURFHVV�DVVLJQPHQW��
������ODPEGD��H[S�
��������OHW���SURF��KDVK�WDEOH�JHW�GLVSDWFK�WDEOH��H[S�W\SH�H[S���I���
����������LI�SURF
��������������SURF�H[S�
��������������HUURU��8QNQRZQ�7\SH����H[S������

)LJXUH�������'HVLUHG�&RXSOHG�,PSOHPHQWDWLRQ

�GHILQH�LQWHJUDEOH��W\SH"�W\SH�NH\ZRUG�H[SUHVVLRQ�
���HT"�W\SH�NH\ZRUG��IDVW�H[S�W\SH�H[SUHVVLRQ���

�GHILQH��IDVW�H[S�W\SH�H[S�
���KDVK�WDEOH�JHW�H[S�W\SH�H[S��I��

�GHILQH�H[S�W\SH�����

)LJXUH�������,QYDOLGDWLQJ�,PSOHPHQWDWLRQ
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DEOH�WR�SUHGLFWDEO\�GHWHUPLQH�DQ�H[SUHVVLRQ·V�W\SH��7KH�PDLQWHQDQFH�SURJUDPPHU�ZRUNLQJ

VROHO\�RQ�PDNLQJ�W\SH"�IDVWHU�ZLOO�EH�GLVDSSRLQWHG�WR�OHDUQ�WKDW�VRPHZKHUH�LQ�WKH�DSSOLFDWLRQ�

RQH�RU�PRUH�SLHFHV�RI�FRGH�LQ�GLIIHUHQW�PRGXOHV�GHSHQG�RQ�H[S�W\SH��D�IXQFWLRQ�QRW�LQ�0 � ·V�LQ�

WHUIDFH���:LWK�PRGXODULW\�SUHFOXGHG��WKH�SURJUDPPHU�PXVW�HLWKHU�ILQG�DQG�GHDO�ZLWK�WKHVH�GH�

SHQGHQFLHV��RU�WU\�ORRNLQJ�IRU�VRPH�RWKHU�ZD\�WR�RSWLPL]H�0 � �

:KLOH�VLPSOH��WKH�GLVSDWFK�H[DPSOH�GHPRQVWUDWHV�WKH�HVVHQFH�RI�WKH�LPSOHPHQWDWLRQ�

FRXSOLQJ�SUREOHP��,QVWHDG�RI�FRUUHVSRQGLQJ�WR�0 � �DQG�0 � �LQ�)LJXUH������0 � �DQG�0 � �UHVSHFWLYHO\

FRUUHVSRQG�WR�0 � �DQG�0 � �LQ�)LJXUH������7KLV�ILJXUH�LOOXVWUDWHV�D�SURJUDPPHU�XVLQJ�NQRZOHGJH�RI

0 � ·V�LPSOHPHQWDWLRQ��L�H���WKH�IXQFWLRQ�H[S�W\SH��WR�EXLOG�WKH�RSWLPL]HG�GLVSDWFK�H[SUHVVLRQ�IURP

WKH�XQRSWLPL]HG�YHUVLRQ��7KH�UHVXOW�LV�DQ�LPSOHPHQWDWLRQ�FRXSOHG�YHUVLRQ�RI�GLVSDWFK�H[SUHVVLRQ

WKDW�FDQ�HDVLO\�EH�LQYDOLGDWHG�E\�D�IXWXUH�PRGLILFDWLRQ��VXFK�DV�WKDW�LQ�)LJXUH�����

$�VROXWLRQ�WR�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�ZLOO�SHUPLW�LPSOHPHQWDWLRQ�FRXSOLQJ

ZLWKRXW�SUHFOXGLQJ�PRGXODULW\��)RU�WKH�GLVSDWFK�H[DPSOH��WKLV�PHDQV�WKDW�ZKHQ�W\SH"�LV�FKDQJHG

&RXSOHG
0RGXOH

0 �

&RXSOLQJ
0RGXOH�0 �

8QFRXSOHG
0RGXOH

3URJUDPPHU

,QWHUIDFH

,QWHUIDFH

5DZ
,PSOHPHQWDWLRQ

'HWDLOV������� 	
��	�����
��� ���
� ������� � ���

,PSOHPHQWDWLRQ

)LJXUH�������%ODFN�%R[�$EVWUDFWLRQ�,PSOHPHQWDWLRQ�&RXSOLQJ

&RXSOHG
0RGXOH

8QFRXSOHG
0RGXOH

YLHZ

&RXSOHU

,QWHUIDFH

,QWHUIDFH

&RXSOLQJ
&RQWH[W

9,5
6HOHFWHG

,PSOHPHQWDWLRQ
'HWDLOV

,PSO�
&RXSOLQJ

)LJXUH�������9LHZ�%DVHG�$EVWUDFWLRQ
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WR�XVH�WKH�RSWLPL]HG�IDVW�H[S�W\SH��WKH�VROXWLRQ�PXVW�QRWLFH�WKH�FKDQJH�DQG�GHWHUPLQH�WKDW�WKH

FKDQJH�LQYDOLGDWHV�WKH�LPSOHPHQWDWLRQ�FRXSOHG�GLVSDWFK�H[SUHVVLRQ��7KH�LQYDOLG�GLVSDWFK�

H[SUHVVLRQ�PXVW�WKHQ�EH�UHSODFHG�ZLWK�HLWKHU�WKH�RULJLQDO�YHUVLRQ�RU�ZLWK�D�YHUVLRQ�WKDW�XVHV

IDVW�H[S�W\SH��7KH�ODWWHU�RXWFRPH�LV�PRUH�GHVLUDEOH�WKDQ�WKH�IRUPHU��DV�LV�DQ�DXWRPDWLF�VROXWLRQ

WKDW�SHUIRUPV�WKHVH�VWHSV�ZKHQ�W\SH"�LV�PRGLILHG�

&KDSWHU���GHVFULEHV�WKLV�SUREOHP�LQ�PRUH�GHWDLO��SUHVHQWV�D�IRUPDOL]DWLRQ�RI�WKH�SUREOHP�

DQG�GLVFXVVHV�LQIOXHQWLDO�UHODWHG�ZRUN�

����9LHZ�%DVHG�$EVWUDFWLRQ

7KLV�GLVVHUWDWLRQ�SURSRVHV�YLHZ�EDVHG�DEVWUDFWLRQ�DV�D�VROXWLRQ�WR�WKH�LPSOHPHQWDWLRQ�

FRXSOLQJ�SUREOHP��9LHZ�EDVHG�DEVWUDFWLRQ�LV�EDVHG�RQ�D�PRGHO�,�GHYHORSHG�WKDW�GHVFULEHV�LP�

SOHPHQWDWLRQ�FRXSOLQJ�DV�D�VL[�VWHS�SURFHVV��9LHZ�EDVHG�DEVWUDFWLRQ�SURYLGHV�D�PHWKRGRORJ\�IRU

LPSHUDWLYHO\�H[SUHVVLQJ�WKUHH�RI�WKHVH�VWHSV��%\�GRLQJ�VR��WKH�RWKHU�WKUHH�VWHSV�FDQ�EH�DXWR�

PDWHG��,W�LV�WKLV�DXWRPDWLRQ�WKDW�HQDEOHV�YLHZ�EDVHG�DEVWUDFWLRQ�WR�SURYLGH�PRGXODULW\�LQ�WKH

SUHVHQFH�RI�LPSOHPHQWDWLRQ�FRXSOLQJ��7KHVH�VL[�FRXSOLQJ�VWHSV��JLYHQ�EHORZ��DUH�H[SODLQHG�LQ

JUHDWHU�GHWDLO�LQ�&KDSWHU���

,�� %RXQGDU\�,GHQWLILFDWLRQ���,GHQWLI\�WKH�DEVWUDFWLRQ�ERXQGDULHV�LQ�WKH�FRGH

,,�� 3UHFRQGLWLRQ�'HYHORSPHQW���'HYHORS�WKH�SUHFRQGLWLRQV�XQGHU�ZKLFK�WKH�GHVLUHG�FRXSOLQJ�LV�
YDOLG

,,,��&RGH�$QDO\VLV���$QDO\]H�WKH�FRGH��WR�JDWKHU�WKH�SURJUDP�SURSHUWLHV�QHHGHG�WR�YDOLGDWH�WKH�
SUHFRQGLWLRQV

,9��0RGLILFDWLRQ�'HYHORSPHQW���'HYHORS�FRGH�PRGLILFDWLRQV�IRU�FKDQJLQJ�WKH�XQFRXSOHG�FRGH�
LQWR�WKH�GHVLUHG�FRGH

9�� &RXSOLQJ�3URGXFWLRQ���,I�WKH�SUHFRQGLWLRQV�DUH�YDOLG��FDUU\�RXW�WKH�FRGH�PRGLILFDWLRQV�WR�
SURGXFH�FRXSOHG�FRGH

9,��5HFRXSOLQJ���:KHQHYHU�WKH�FRXSOLQJ�FRGH�RU�WKH�XQFRXSOHG�FRGH�LV�PRGLILHG�LQ�WKH�IXWXUH��
UHGR�WKH�FRXSOLQJ�VWHSV�WR�SURGXFH�D�QHZ��YDOLG�SLHFH�RI�FRXSOHG�FRGH

7KH�ILUVW�ILYH�VWHSV�FRUUHVSRQG�WR�WKH�SURFHVV�E\�ZKLFK�WKH�GLVSDWFK�H[DPSOH�ZDV�LPSOHPHQWD�

WLRQ�FRXSOHG��VHH�)LJXUH������

)URP�WKLV�SURFHVV�EDVHG�PRGHO�RI�LPSOHPHQWDWLRQ�FRXSOLQJ��,�GHYHORSHG�WZR�FULWLFDO�LGHDV

WKDW�OHG�WR�YLHZ�EDVHG�DEVWUDFWLRQ��7KH�ILUVW�LV�JLYHQ�EHORZ�

• 0RGXODULW\�LV�SUHFOXGHG�E\�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ�RQO\�LI�WKDW�FRXSOLQJ�LV�DOORZHG
WR�SHUVLVW�WKURXJK�IXWXUH�FRGH�PRGLILFDWLRQV�WKDW�UHQGHU�WKH�FRXSOLQJ�LQYDOLG
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)RU�LQVWDQFH��LQ�WKH�GLVSDWFK�H[DPSOH��PRGXODULW\�LV�SUHFOXGHG�RQO\�LI�GLVSDWFK�H[SUHVVLRQ·V�XVH

RI�H[S�W\SH�LV�DOORZHG�WR�SHUVLVW�DIWHU�0 � �LV�PRGLILHG�WR�XVH�IDVW�H[S�W\SH��%ODFN�ER[�DEVWUDFWLRQ

GRHV�QRW�UHTXLUH�WKLV�SHUVLVWHQFH�FKHFN��PRVW�OLNHO\�EHFDXVH�LW�LV�LPSUDFWLFDO�WR�UHTXLUH�D�SUR�

JUDPPHU�WR�SHUIRUP�WKH�QHFHVVDU\�H[DPLQDWLRQV�HDFK�WLPH�D�PRGXOH�LV�PRGLILHG��)URP�WKLV

LGHD��RQH�FDQ�FRQFOXGH�WKDW�EHLQJ�DEOH�WR�DXWRPDWLFDOO\�FDUU\�RXW�WKH�UHFRXSOLQJ�VWHS�ZRXOG�SUR�

YLGH�WKH�JXDUDQWHH�QHHGHG�WR�PDLQWDLQ�PRGXODULW\��7KLV�LV�EHFDXVH�WKH�UHFRXSOLQJ�VWHS�HQVXUHV

WKDW�D�FRXSOLQJ�SHUVLVWV�WKURXJK�D�IXWXUH�FRGH�PRGLILFDWLRQ�RQO\�LI�WKH�FRXSOLQJ�LV�YDOLG�LQ�WKH

FRQWH[W�RI�WKDW�PRGLILFDWLRQ��$�PDLQWHQDQFH�SURJUDPPHU�ZRXOG�WKXV�EH�IUHH�WR�PRGXODUO\�PRG�

LI\�D�SURJUDP�LQ�WKH�SUHVHQFH�RI�LPSOHPHQWDWLRQ�FRXSOLQJV��OHDYLQJ�WKH�ZRUN�RI�HQVXULQJ�HYHU\

FRXSOLQJ·V�VXEVHTXHQW�YDOLGLW\�WR�WKH�FRPSXWHU�

7KH�UHDO�SRZHU�RI�WKLV�VL[�VWHS�LPSOHPHQWDWLRQ�FRXSOLQJ�PRGHO�DQG�WKH�ILUVW�LGHD�GUDZQ

IURP�LW�LV�WKDW�WRJHWKHU��WKH\�DOORZ�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�WR�EH�UHGXFHG�WR�WKH

SUREOHP�RI�DXWRPDWLQJ�WKH�UHFRXSOLQJ�VWHS��7KLV�LV�QRZ�D�WDQJLEOH�SUREOHP��DQG�OHDGV�WR�WKH

VHFRQG�FULWLFDO�LGHD�XQGHUO\LQJ�YLHZ�EDVHG�DEVWUDFWLRQ�

• 7KH�UHFRXSOLQJ�VWHS�FDQ�EH�DXWRPDWHG�LI�WKH�FRGH�DQDO\VLV�DQG�FRXSOLQJ�SURGXFWLRQ
VWHSV�DUH�DXWRPDWHG��DQG�WKHVH�VWHSV�FDQ�EH�DXWRPDWHG�LI�WKH�ERXQGDU\�LGHQWLILFDWLRQ�
SUHFRQGLWLRQ�GHYHORSPHQW��DQG�PRGLILFDWLRQ�GHYHORSPHQW�VWHSV�DUH�H[SUHVVHG�LQ�DQ�LP�
SHUDWLYH�SURJUDPPLQJ�ODQJXDJH�

3URYLGLQJ�WKLV�DXWRPDWLRQ�DQG�D�ODQJXDJH�IRU�H[SUHVVLQJ�LPSOHPHQWDWLRQ�FRXSOLQJV�OHDGV�WR

YLHZ�EDVHG�DEVWUDFWLRQ�

9LHZ�EDVHG�DEVWUDFWLRQ�FRQVLVWV�RI�D�PRGHO�DQG�D�PHWKRGRORJ\�PLUURULQJ�WKH�VL[�VWHS�LP�

SOHPHQWDWLRQ�SURFHVV��7KH�PRGHO�LQWURGXFHV�YDULRXV�FRPSRQHQWV��FRQWH[WV��IRU�UHSUHVHQWLQJ�DE�

VWUDFWLRQ�ERXQGDULHV���SUHGLFDWHV��IRU�H[SUHVVLQJ�SUHFRQGLWLRQV���DFWLRQV��IRU�H[SUHVVLQJ�SURJUDP

PRGLILFDWLRQV���GLVSDWFKHUV��FRUUHVSRQG�WR�UHZULWH�UXOHV���UXOHV��FRPELQDWLRQV�RI�WKHVH�FRQVWUXFWV��

FRXSOHUV��IRU�DXWRPDWLFDOO\�JHQHUDWLQJ�D�FRXSOLQJ���DQG�YLHZV��PDSSLQJV�EHWZHHQ�SURJUDP�H[�

SUHVVLRQV�DQG�SURJUDP�SURSHUWLHV���7KH�PRGHO�DOVR�UHTXLUHV�D�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU��UHVSRQ�

VLEOH�IRU�DXWRPDWLFDOO\�FDUU\LQJ�RXW�WKH�UHFRXSOLQJ�VWHS��7KH�YLHZ�EDVHG�DEVWUDFWLRQ�PHWKRGRO�

RJ\�LV�D�SURFHVV�WKDW�LV�OD\HUHG�RYHU�WKH�VL[�VWHS�LPSOHPHQWDWLRQ�FRXSOLQJ�SURFHVV��%\�PLUURULQJ

WKH�VL[�VWHS�SURFHVV��WKH�PHWKRGRORJ\�SURYLGHV�D�VWUXFWXUHG�DSSURDFK�WR�XVLQJ�WKH�YLHZ�EDVHG

DEVWUDFWLRQ�PRGHO��LQFOXGLQJ�LWV�FRQVWUXFWV��WR�SURGXFH�LPSOHPHQWDWLRQ�FRXSOLQJV�

9LHZ�EDVHG�DEVWUDFWLRQ�LV�LOOXVWUDWHG�LQ�)LJXUH������7KH�SURJUDPPHU�LV�UHSODFHG�E\�D�FRX�

SOHU��DQG�WKH�UHFRXSOLQJ�VWHS�LV�SHUIRUPHG�E\�WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU��)RU�WKH�GLVSDWFK

H[DPSOH��WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�IURP�0 � �WR�0 � �ZRXOG�EH�UHJLVWHUHG�ZLWK�WKH�YLHZ�LQYDOL�

GDWLRQ�UHFRXSOHU��,I�0 � �ZDV�VXEVHTXHQWO\�PRGLILHG�WR�XVH�IDVW�H[S�W\SH��WKH�YLHZ�LQYDOLGD�
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WLRQ�UHFRXSOHU�ZRXOG�UHFRJQL]H�WKLV�FKDQJH��WDNH�WKH�RULJLQDO�LPSOHPHQWDWLRQ�RI�GLVSDWFK�

H[SUHVVLRQ��DQG�SURGXFH�D�QHZ�YHUVLRQ�WKDW�XVHG�IDVW�H[S�W\SH�LQVWHDG�RI�H[S�W\SH�

7KH�DERYH�LV�D�VXPPDU\�RI�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�PRGHO�DQG�PHWKRGRORJ\��ZKLFK�DUH

SUHVHQWHG�LQ�GHWDLO�LQ�&KDSWHU���

����9LHZ)RUP

9LHZ)RUP�LV�P\�LPSOHPHQWDWLRQ�RI�YLHZ�EDVHG�DEVWUDFWLRQ��DQG�ZDV�GHYHORSHG�WR�H[SHUL�

PHQW�ZLWK�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�PRGHO�DQG�PHWKRGRORJ\��9LHZ)RUP�LV�DQ�LPSHUDWLYH�

WUDQVIRUPDWLRQ�EDVHG�ODQJXDJH�OD\HUHG�RYHU�6FKHPH>��@��9LHZ)RUP�SHUIRUPV�VRXUFH�WR�VRXUFH

WUDQVIRUPDWLRQV�RQ�6FKHPH�FRGH�DXJPHQWHG�ZLWK�YDULRXV�0,7�6FKHPH>��@�FRQVWUXFWV��9LHZ)RUP

DOVR�LQWURGXFHV�D�QRYHO�FRQVWUXFW��WKH�YIRUP��9IRUPV�DUH�FRPELQDEOH��GHOHJDWLRQ�EDVHG�FRQVWUXFWV

WKDW�RSHUDWH�RQ�SURJUDP�H[SUHVVLRQV��ZLWK�UHVSHFW�WR�D�FRQWH[W��9IRUPV�DUH�WKH�EDVLV�IRU�FRQ�

VWUXFWLQJ�SUHGLFDWHV��DFWLRQV��GLVSDWFKHUV��UXOHV��FRXSOHUV��DQG�YLHZV�

,Q�DGGLWLRQ�WR�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�FRXSOLQJ�FRQVWUXFWV��9LHZ)RUP�LPSOHPHQWV�YDUL�

RXV�GHIDXOW�YLHZV��LQFOXGLQJ�D�GDWD�IORZ�YLHZ�DQG�YDULDEOH�QDPLQJ�YLHZ��9LHZ)RUP�DOVR�LPSOH�

PHQWV�D�VLPSOH�EXW�IXOO\�IXQFWLRQLQJ�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU��:LWKLQ�9LHZ)RUP��FRPSOH[LW\

OD\HULQJ�PDNHV�PRUH�FRPPRQ�W\SHV�RI�LPSOHPHQWDWLRQ�FRXSOLQJV�HDVLHU�WR�LPSOHPHQW��9LHZ�

)RUP�PDLQWDLQV�EDFNZDUGV�FRPSDWLELOLW\�ZLWK�FXUUHQW�VRIWZDUH�HQJLQHHULQJ�SUDFWLFH��SURYLGHV

LQFUHPHQWDOLW\��DQG�GHPRQVWUDWHV�YLHZ�EDVHG�DEVWUDFWLRQ·V�YLDELOLW\��&KDSWHU���SUHVHQWV�9LHZ�

�GHILQH�GLVSDWFK�H[SUHVVLRQ
���OHW���H[S�W\SH�V\PERO��ODPEGD��H[S���H[S�W\SH�H[S���
���������GLVSDWFK�WDEOH��PDNH�V\PERO�KDVK�WDEOH���
����IRU�HDFK��ODPEGD��V\PERO�SURFHVV�H[S�
����������������KDVK�WDEOH�SXW��GLVSDWFK�WDEOH�V\PERO�SURFHVV�H[S��
��������������OLVW��TXRWH�OLWHUDO������TXRWH�MDYD�QDPH�
��������������������TXRWH�QHZ����������TXRWH�GRW�
��������������������TXRWH�FDOO���������TXRWH�FDVW�
��������������������TXRWH�LQVWDQFHRI���TXRWH�EXLOW�LQ�H[SU�
��������������������TXRWH�DVVLJQPHQW��
��������������OLVW�SURFHVV�OLWHUDO����SURFHVV�MDYD�QDPH
�������������������SURFHVV�QHZ��������SURFHVV�GRW
�������������������SURFHVV�FDOO�������SURFHVV�FDVW
�������������������SURFHVV�LQVWDQFHRI�SURFHVV�EXLOW�LQ�H[SU
�������������������SURFHVV�DVVLJQPHQW��
����ODPEGD��H[S�
�����OHW���SURFHVV�H[S��KDVK�WDEOH�JHW�GLVSDWFK�WDEOH��H[S�W\SH�V\PERO�H[S�������
�������LI�SURFHVV�H[S
�����������SURFHVV�H[S�H[S�
�����������EHJLQ��HUURU��8QNQRZQ�7\SH����H[S�������

)LJXUH�������$FWXDO�&RXSOHG�&RGH�*HQHUDWHG�E\�9LHZ)RUP
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)RUP�LQ�PRUH�GHWDLO��LQFOXGLQJ�D�FRPSOHWH�9LHZ)RUP�LPSOHPHQWDWLRQ�IRU�VROYLQJ�WKH�GLVSDWFK

H[DPSOH�

����7KUHH�([DPSOHV

�7KH�FRGH�LQ�)LJXUH�����LV�ZKDW�9LHZ)RUP�JHQHUDWHG�IRU�WKH�GLVSDWFK�H[DPSOH��7KH�GLV�

SDWFK�H[DPSOH�9LHZ)RUP�FRGH��SUHVHQWHG�LQ�&KDSWHU����H[HPSOLILHV�WKH�YLHZ�EDVHG�DEVWUDFWLRQ

PHWKRGRORJ\�DV�ZHOO�DV�WHFKQLTXHV�XVHG�ODWHU�RQ�WKH�WKUHH�H[DPSOH�SURJUDPV��7KH�H[DPSOHV

DUH��DQ�DPRUSKRXV�FRPSXWDWLRQ�VLPXODWRU�IURP�>�@��D�FRQGLWLRQDO�SUREDELOLW\�SHGLJUHH�FRPSXWD�

WLRQ�SURJUDP�>��@��DQG�9LHZ)RUP�LWVHOI��7KHVH�WKUHH�H[DPSOH�SURJUDPV�VKRZ�KRZ�YLHZ�EDVHG

DEVWUDFWLRQ�FDQ�EH�XVHG�WR�VROYH�LQVWDQFHV�RI�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�LQ�D�PRUH

SUDFWLFDO�VHWWLQJ�

(DFK�RI�WKH�WKUHH�H[DPSOHV�H[DPLQHV�GLIIHUHQW�LVVXHV�ZLWKLQ�WKH�YLHZ�EDVHG�DEVWUDFWLRQ

IUDPHZRUN��7KH�VLPXODWRU�H[DPSOH�WHVWV�KRZ�9LHZ)RUP�SHUIRUPV�RQ�VRXUFH�FRGH�ZULWWHQ�E\

VRPHRQH�RWKHU�WKDQ�P\VHOI��DSSO\LQJ�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ�GHYHORSHG�E\�VRPHRQH�RWKHU

WKDQ�P\VHOI��7KH�SHGLJUHH�H[DPSOH��ZKRVH�VRXUFH�FRGH�ZDV�DOVR�ZULWWHQ�E\�VRPHRQH�RWKHU�WKDQ

P\VHOI���LOOXVWUDWHV�ZKDW�KDSSHQV�ZKHQ�D�GHVLUHG�YLHZ�LV�QRW�SURYLGHG�E\�GHIDXOW��7KH�9LHZ)RUP

H[DPSOH�EULQJV�XS�WKH�LVVXHV�RI�VFDOH�DQG�XVHU�LQWHUDFWLRQ��VLQFH�9LHZ)RUP�LV�FRQVLGHUDEO\

ODUJHU�WKDQ�HLWKHU�RI�WKH�ILUVW�WZR�H[DPSOHV��a�����OLQHV�RI�FRGH���:KLOH�PRVW�SUDFWLFDO�SURJUDPV

DUH�PXFK�ODUJHU�WKDQ�9LHZ)RUP��WKLV�H[DPSOH��DQG�WKH�SUHYLRXV�RQHV��DUH�XVHG�WR�GHPRQVWUDWH

WKDW�WKH�VL]H�RI�D�SURJUDP�LV�QRW�LQGLFDWLYH�RI�WKH�DPRXQW�RI�FRGH�WKDW�PXVW�DFWXDOO\�EH�DQDO\]HG

WR�DSSO\�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ��7KH�9LHZ)RUP�H[DPSOH�DOVR�GHPRQVWUDWHV�KRZ�XVHU�LQ�

WHUDFWLRQ�FDQ�EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�YLHZ�EDVHG�DEVWUDFWLRQ��DQG�KRZ�WKLV�DIIHFWV�WKH�NLQGV

DQG�VFDOHV�RI�YLHZV�WKDW�DUH�IHDVLEOH�WR�SHUIRUP�

7KH�UHVXOWV�VKRZ�KRZ�YLHZ�EDVHG�DEVWUDFWLRQ�SHUPLWV�LPSOHPHQWDWLRQ�FRXSOLQJ�ZLWKRXW�SUH�

FOXGLQJ�PRGXODULW\�ZKLOH�DWWDLQLQJ�EDFNZDUGV�FRPSDWLELOLW\��ODQJXDJH�LQGHSHQGHQFH��LQFUHPHQ�

WDOLW\��HDVH�RI�XVH��DQG�DPRUWL]DEOH�WLPH�VDYLQJV��7KH�PRVW�LPSRUWDQW�SURSHUW\�RI�WKHVH�ILYH�LV

EDFNZDUGV�FRPSDWLELOLW\��7KLV�LV�EHFDXVH�WKH�SUREOHP�ZRXOG�EH�PXFK�VLPSOHU�LI�ZH�FRXOG�SUR�

GXFH�D�VROXWLRQ�WKDW�UHTXLUHV�FKDQJHV�WR�WKH�VRXUFH�ODQJXDJH·V�VSHFLILFDWLRQ�RU�LPSOHPHQWDWLRQ

�H�J���UHTXLULQJ�QDWLYH�PRGXOH�VXSSRUW���RU�WR�WKH�VRXUFH�FRGH��H�J���DQQRWDWLRQV�ZLWK�PRGXOH�LQ�

IRUPDWLRQ���7KLV�GLVVHUWDWLRQ�GHPRQVWUDWHV�WKDW�UHTXLULQJ�FKDQJHV�WR�WKH�ODQJXDJH��WKH�ODQJXDJH

LPSOHPHQWDWLRQ��RU�WKH�VRXUFH�FRGH�LV�QRW�QHFHVVDU\�

7KH�UHVXOWV�DOVR�LQGLFDWH�WKDW�YLHZ�EDVHG�DEVWUDFWLRQ�LV�SUDFWLFDO��IRU�WKUHH�UHDVRQV��7KH�ILUVW

LV�WKDW�WKH�H[WUD�DXWRPDWLRQ�IRU�WKH�H[DPSOHV�LQFUHDVHG�WKH�RYHUDOO�FRPSLODWLRQ�WLPH�IURP�D�W\SL�

FDO������WR�����LQ�WKH�ZRUVW�FDVH��7KLV�ZRUVW�FDVH�RYHUKHDG�ZDV�GHVSLWH�WKH�XVH�RI�D�IXOO��LQWHU�

SURFHGXUDO��/,$5�VW\OH>��@�GDWD�IORZ�DQDO\VLV�YLHZ�DQG�D�OHVV�WKDQ�IXOO\�RSWLPL]HG�9LHZ)RUP�LP�
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SOHPHQWDWLRQ��7KLV�ZRUVW�FDVH�RYHUKHDG�ZDV�PHDVXUHG�RQ�WKH�9LHZ)RUP�H[DPSOH��UXQQLQJ�WKH

GDWD�IORZ�DQDO\VLV�RYHU�WKH�HQWLUH�SURJUDP��7KLV�ZDV�QRW�DFWXDOO\�QHFHVVDU\��DV�RQO\���RI�9LHZ�

)RUP·V����PRGXOHV�QHHGHG�WR�EH�DQDO\]HG�IRU�WKH�GHVLUHG�FRXSOLQJ��7KH�GHFLVLRQ�WR�DQDO\]H�DOO

���PRGXOHV�ZDV�PDGH�WR�SURMHFW�9LHZ)RUP·V�SHUIRUPDQFH�RQ�PXFK�ODUJHU�SURJUDPV��ZKHUH�DQ

DQDO\VLV�PLJKW�EH�QHHGHG�RQ������OLQHV�RXW�RI�WHQV�RU�KXQGUHGV�RI�WKRXVDQGV�RI�OLQHV�RI�FRGH��,Q

WKLV�K\SRWKHWLFDO�ODUJHU�FDVH��WKH�����RYHUKHDG�ZRXOG�DOVR�EH�UHGXFHG�

$�VHFRQG�LQGLFDWLRQ�RI�9LHZ)RUP·V�SUDFWLFDOLW\�LV�WKDW�HDFK�RSWLPL]DWLRQ�UHTXLUHG�RQO\����WR

����OLQHV�RI�9LHZ)RUP�FRGH��LQ�WKH�IRUP�RI���WR����9LHZ)RUP�´UXOHVµ��7KHVH�UXOHV�LQFOXGHG

FRGH�WHPSODWHV�GHVFULELQJ�HDFK�UHVSHFWLYH�RSWLPL]DWLRQ��6RPH�UXOHV�ZHUH�LPSOHPHQWHG�IURP

VFUDWFK�XVLQJ�9LHZ)RUP�SULPLWLYH�IXQFWLRQV��RWKHUV�ZHUH�LPSOHPHQWHG�XVLQJ�9LHZ)RUP�OLEUDU\

IXQFWLRQV��ZKLOH�RWKHUV�WXUQHG�RXW�JHQHUDO�HQRXJK�WR�EHFRPH�SDUW�RI�WKH�9LHZ)RUP�OLEUDU\��,Q

DOO�FDVHV��WKH�SURFHVV�RI�LPSOHPHQWLQJ�WKH�UXOHV��L�H���WKH�YLHZ�EDVHG�DEVWUDFWLRQ�PHWKRGRORJ\�

FRUUHVSRQGHG�WR�WKH�VL[�VWHS�SURFHVV�RXWOLQHG�DERYH��7KLV�SURFHVV�SURYLGHV�D�VWUXFWXUHG�DQG�PH�

WKRGLFDO�DSSURDFK�WKDW�VLPSOLILHV�UXOH�LPSOHPHQWDWLRQ�

7KH�DELOLW\�WR�VFDOH�JUDFHIXOO\�LV�D�WKLUG�FRQFHUQ�IRU�SUDFWLFDOLW\��7KH�UHVXOWV�GHPRQVWUDWH�WKDW

VFDOLQJ�LVVXHV�FDQ�EH�DGGUHVVHG�LQ�WKUHH�ZD\V��)LUVW��E\�OLPLWLQJ�WKH�VFRSH�RI�WKH�LQWHUSURFHGXUDO

DQDO\VLV�WR�RQO\�UHOHYDQW�PRGXOHV��WKH�DPRXQW�RI�FRGH�WKDW�PXVW�EH�DQDO\]HG�LV�UHGXFHG��)RU

H[DPSOH��LQ�WKH�VLPXODWRU�H[DPSOH��RQO\�������RXW�RI�RYHU��������OLQHV�RI�FRGH�QHHGHG�WR�EH

DQDO\]HG��/LNHZLVH��LQ�WKH�9LHZ)RUP�H[DPSOH��RQO\���RXW�RI�WKH����ILOHV�QHHGHG�WR�EH�DQDO\]HG

�DOWKRXJK��DV�GLVFXVVHG�DERYH��DOO����ZHUH�DQDO\]HG�WR�WHVW�VFDOLQJ�LVVXHV���7KLV�NLQG�RI�VFRSH

UHGXFWLRQ�VKRXOG�EH�SRVVLEOH�LQ�PDQ\�FDVHV��VLQFH�W\SLFDO�KXPDQ�SURJUDPPHUV�GR�QRW��DQG�IRU

SUDFWLFDO�UHDVRQV��FDQQRW��SUHFLVHO\�DQDO\]H�KXJH�DPRXQWV�RI�FRGH�ZKHQ�PDQXDOO\�SURGXFLQJ�DQ

LPSOHPHQWDWLRQ�FRXSOLQJ�

6HFRQG��ZLWK�UHVSHFW�WR�VFDOLQJ��E\�XWLOL]LQJ�YLHZV�ZLWK�YDU\LQJ�FRPSXWDWLRQDO�UHVRXUFH�UH�

TXLUHPHQWV��D�9LHZ)RUP�UXOH�FDQ�PDNH�WKH�PRVW�RI�WKH�DYDLODEOH�UHVRXUFHV��7KH�9LHZ)RUP�H[�

DPSOH�GHPRQVWUDWHV�KRZ�WKH�GDWD�IORZ�DQDO\VLV�YLHZ�DFFRPSOLVKHG�WKLV�E\�PDNLQJ�VSDFH�DQG

WLPH�WUDGHRIIV�WR�PD[LPL]H�FRPSXWDWLRQDO�UHVRXUFH�XWLOL]DWLRQ�

7KLUG��ZLWK�UHVSHFW�WR�VFDOH��XVHU�LQWHUDFWLRQ�FDQ�SURYLGH�YLHZV�ZLWK�DVVXPSWLRQV�QRW�GHFL�

GDEOH�RU�RWKHUZLVH�FRPSXWDEOH�JLYHQ�D�SUDFWLFDO�DPRXQW�RI�UHVRXUFHV��(YHQ�LQ�WKH�ZRUVW�FDVH

VFDOLQJ�VFHQDULR��KRZHYHU��9LHZ)RUP�ZLOO�VWLOO�JHQHUDWH�FRUUHFW�FRGH��WKRXJK�QRW�QHFHVVDULO\

FRXSOHG�FRGH��WKLV�QHZO\�JHQHUDWHG�XQFRXSOHG�FRGH�ZLOO�QRW�QHFHVVDULO\�EH�VORZHU��DQG�PD\

HYHQ�EH�IDVWHU�WKDQ�WKH�SUHYLRXVO\�FRXSOHG�FRGH���,Q�DGGLWLRQ��LI�9LHZ)RUP�JHQHUDWHV�XQFRXSOHG

FRGH��9LHZ)RUP�FDQ�DXWRPDWLFDOO\�DOHUW�WKH�SURJUDPPHU�WR�WKLV�IDFW��7KLV�ZRUVW�FDVH�LV�IDU�EHWWHU

WKDQ�ZKDW�FDQ�KDSSHQ�XQGHU�EODFN�ER[�DEVWUDFWLRQ��7KH�ZRUVW�FDVH�IRU�LPSOHPHQWDWLRQ�FRXSOLQJ

XQGHU�EODFN�ER[�DEVWUDFWLRQ�LV�LQFRUUHFW�FRGH�DQG�QR�DXWRPDWLF�QRWLILFDWLRQ�IRU�WKH�SURJUDPPHU�
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,Q�DOO�WKUHH�H[DPSOHV��9LHZ)RUP�ZDV�DEOH�WR�PDLQWDLQ�PRGXODULW\�E\�UHJHQHUDWLQJ�FRUUHFW

FRGH�ZKHQ�WKH�RULJLQDO��GHSHQGHQW�PRGXOHV�ZHUH�PRGLILHG��HYHQ�ZKHQ�WKRVH�PRGLILFDWLRQV�ZHUH

WR�WKH�RSWLPL]DWLRQ�GHSHQGHQW�VHFWLRQV�RI�WKH�RULJLQDO�FRGH�

����7KHVLV�2UJDQL]DWLRQ

7KH�UHPDLQGHU�RI�WKH�WKHVLV�GLVFXVVHV�DQG�HODERUDWHV�RQ�WKH�LGHDV�DQG�LVVXHV�LQWURGXFHG

DERYH��&KDSWHU���GHVFULEHV�DQG�IRUPDOL]HV�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP��DQG�UHYLHZV

LQIOXHQWLDO�DQG�IRXQGDWLRQDO�UHVHDUFK�HIIRUWV��&KDSWHU���WKHQ�SUHVHQWV�YLHZ�EDVHG�DEVWUDFWLRQ�LQ

GHSWK��&KDSWHU���IROORZV�ZLWK�WKH�9LHZ)RUP�WUDQVIRUPDWLRQ�ODQJXDJH��,Q�&KDSWHU����9LHZ)RUP

LV�XVHG�WR�FRXSOH�WKUHH�H[DPSOH�SURJUDPV��DIWHU�ZKLFK�WKH�UHVXOWV�DUH�TXDOLILHG��TXDQWLILHG��GLV�

FXVVHG��DQG�DQDO\]HG��2WKHU�UHODWHG�UHVHDUFK�HIIRUWV�DQG�LGHDV�IRU�IXWXUH�ZRUN�DUH�SUHVHQWHG�LQ

&KDSWHU����&KDSWHU���FRQFOXGHV�WKH�GLVVHUWDWLRQ��SURYLGLQJ�D�VXPPDU\�RI�WKH�ZRUN�DQG�HODERUDW�

LQJ�WKLV�GLVVHUWDWLRQ·V�FRQWULEXWLRQV�
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&KDSWHU��

7KH�,PSOHPHQWDWLRQ�&RXSOLQJ�3UREOHP

7KH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�LV�WKDW�LPSOHPHQWDWLRQ�FRXSOLQJV�EUHDN�PRGXODULW\��7R

VROYH�WKLV�SUREOHP��PRGXODULW\�PXVW�EH�SUHVHUYHG�LQ�WKH�SUHVHQFH�RI�LPSOHPHQWDWLRQ�FRXSOLQJV�

7KLV�FKDSWHU�GLVFXVVHV�WKH�SUREOHP�LQ�PRUH�GHWDLO��UHODWLQJ�LW�EDFN�WR�WKH�GLVSDWFK�H[DPSOH�SUH�

VHQWHG�LQ�&KDSWHU����7KH�GLVFXVVLRQ�LQFOXGHV�D�IRUPDOL]DWLRQ�RI�WKH�SUREOHP�DQG�RI�YDULRXV

WHUPV�WKDW�ZLOO�EH�XVHG�WKURXJKRXW�WKLV�GLVVHUWDWLRQ��$�VHW�RI�GHVLGHUDWD�IRU�WKH�VROXWLRQ�LV�DOVR

JLYHQ��DQG�RWKHU�UHVHDUFK�HIIRUWV�PRVW�FORVHO\�UHODWHG�WR�WKH�SUREOHP�DUH�H[DPLQHG�

����7KH�'LVSDWFK�([DPSOH

7KH�FRGH�LQ�)LJXUH�����DQG�)LJXUH�����W\SLILHV�D�VFHQDULR�IDFHG�E\�SURJUDPPHUV�XVLQJ

EODFN�ER[�DEVWUDFWLRQ��7KH�FRGH�LQ�)LJXUH�����LV�VLPLODU�WR�ZKDW�PD\�EH�IRXQG�LQ�DQ�LQWHUSUHWHU�

FRPSLOHU��VSHFLDOL]HU��SURJUDP�DQDO\]HU��RU�DQ\�RI�D�YDULHW\�RI�DSSOLFDWLRQV�WDNLQJ�VRXUFH�OHYHO

LQSXW��)RU�WKLV�SDUWLFXODU�FRGH��GLVSDWFK�H[SUHVVLRQ�LV�EDVHG�RQ�´GHFDI�MDYD�LQ�6FKHPH�µ�IRXQG�LQ

>��@��GLVSDWFK�H[SUHVVLRQ�WDNHV�D�GHFDI�MDYD�H[SUHVVLRQ��GHWHUPLQHV�LWV�W\SH�XVLQJ�W\SH"�DQG�D

FDQGLGDWH�W\SH�V\PERO��WKHQ�SURFHVVHV�WKH�H[SUHVVLRQ�EDVHG�RQ�LWV�GHWHUPLQHG�W\SH��7KLV�SURF�

HVV�LV�DOVR�NQRZQ�DV�D�W\SH�GLVSDWFK��$�GHFDI�MDYD�H[SUHVVLRQ·V�W\SH�LV�FRPSXWHG�XVLQJ�WKH�IXQF�

WLRQ�W\SH"��D�VDPSOH�LPSOHPHQWDWLRQ�RI�ZKLFK�LV�JLYHQ�LQ�)LJXUH������W\SH"�WDNHV�D�GHFDI�MDYD�H[�

SUHVVLRQ�DQG�D�W\SH�V\PERO��DQG�UHWXUQV�D�WUXH�YDOXH�LI�WKH�W\SH�V\PERO�UHSUHVHQWV�WKH�H[SUHV�

VLRQ·V�W\SH�

,Q�WKLV�VFHQDULR��WKH�DSSOLFDWLRQ�KDV�EHHQ�GHVLJQHG�ZLWK�GLVSDWFK�H[SUHVVLRQ�DQG�W\SH"�LQ

VHSDUDWH�PRGXOHV��L�H���EODFN�ER[HV���7KLV�LV�WR�DOORZ�WKHLU�UHVSHFWLYH�LPSOHPHQWDWLRQV�WR�EH

PRGLILHG�LQ�D�PRGXODU�ZD\��0RGXODULW\��LQ�WKLV�FRQWH[W��PHDQV�WKH�DELOLW\�WR�UHSODFH�DQ\�LPSOH�

PHQWDWLRQ�ZLWK�DQ\�RWKHU�WKDW�FRUUHFWO\�LPSOHPHQWV�WKH�PRGXOH·V�LQWHUIDFH�

*LYHQ�WKHVH�LPSOHPHQWDWLRQV�RI�GLVSDWFK�H[SUHVVLRQ�DQG�W\SH"��VXSSRVH�WKDW�D�SURJUDPPHU

LV�JLYHQ�WKH�WDVN�RI�RSWLPL]LQJ�GLVSDWFK�H[SUHVVLRQ��7KH�FXUUHQW�LPSOHPHQWDWLRQ�GLVSDWFKHV�LQ

2�Q��WLPH��ZKHUH�Q�LV�WKH�QXPEHU�RI�GHFDI�MDYD�H[SUHVVLRQ�W\SHV��PRUH�RI�ZKLFK�FRXOG�EH�DGGHG
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ODWHU���$�PRUH�HIILFLHQW�VFKHPH��EDVHG�RQ�>��@��LV�WR�XVH�D�KDVK�WDEOH�WR�DWWDLQ�2����H[SHFWHG

WLPH��7KLV�QHZ�LPSOHPHQWDWLRQ�FRPSXWHV�DQ�H[SUHVVLRQ·V�W\SH�V\PERO��PDSV�WKLV�V\PERO�WR�D

SURFHVV��H[S!�SURFHGXUH�XVLQJ�D�KDVK�WDEOH��WKHQ�LQYRNHV�WKH�SURFHVV��H[S!�SURFHGXUH�RQ�WKH

H[SUHVVLRQ��$Q�LPSOHPHQWDWLRQ�RI�WKLV�YHUVLRQ�RI�GLVSDWFK�H[SUHVVLRQ�LV�JLYHQ�LQ�)LJXUH������7KH

SUREOHP�ZLWK�WKLV�FRGH�LV�WKDW�LW�YLRODWHV�W\SH"·V�PRGXOH�ERXQGDU\�E\�GHSHQGLQJ�RQ�W\SH"·V�LP�

SOHPHQWDWLRQ��,Q�SDUWLFXODU��WKH�QHZ�GLVSDWFK�H[SUHVVLRQ�FRGH�FDOOV�H[S�W\SH��D�IXQFWLRQ�FDOOHG�E\

W\SH"�WR�FRPSXWH�DQ�H[SUHVVLRQ·V�W\SH�V\PERO��7KLV�LV�DQ�DEVWUDFWLRQ�YLRODWLRQ��DQG�LV�QRW�DO�

ORZHG�E\�EODFN�ER[�DEVWUDFWLRQ��7KH�UHDO�SUREOHP��KRZHYHU��KDV�QRW�\HW�PDQLIHVWHG�LWVHOI�LQ�DQ

REVHUYDEOH�ZD\��,Q�IDFW��XS�WR�QRZ��GLVSDWFK�H[SUHVVLRQ·V�LPSOHPHQWDWLRQ�UHPDLQV�IDLWKIXO�WR�LWV

LQWHUIDFH��GHVSLWH�WKH�REYLRXV�LPSOHPHQWDWLRQ�GHSHQGHQF\��7KLV�LOOXVWUDWHV�KRZ�HDVLO\�LPSOHPHQ�

WDWLRQ�GHSHQGHQFLHV�FDQ�PDNH�WKHLU�ZD\�LQWR�DQ�DSSOLFDWLRQ��WKH\�FDQ�EH�LQQRFXRXV�DQG�XQRE�

VHUYDEOH��H[FHSW�ZKHQ�WKH\�VSHHG�XS�D�SURJUDP��LQ�ZKLFK�FDVH�WKH\�DUH�FRQVLGHUHG�D�IHDWXUH

DQG�QRW�D�EXJ���

7KHUH�PD\�FRPH�D�WLPH��KRZHYHU��ZKHQ�WKH�FRVWV�RI�WKHVH�DEVWUDFWLRQ�YLRODWLRQ�GHSHQGHQ�

FLHV�EHFRPH�DSSDUHQW��,Q�WKH�GLVSDWFK�H[DPSOH��WKLV�FRVW�PDQLIHVWV�LWVHOI�ZKHQ�D�IXWXUH�SUR�

JUDPPHU��EHOLHYLQJ�WKDW�PRGXODULW\�KDV�QRW�EHHQ�SUHFOXGHG��WULHV�LQFUHDVLQJ�W\SH"·V�SHUIRUP�

DQFH��,Q�WKH�RULJLQDO�FRGH��W\SH"�FDOOV�H[S�W\SH��ZKLFK�XVHV�DQ�DVVRFLDWLRQ�OLVW�WR�ORRN�XS�DQ�H[�

SUHVVLRQ·V�W\SH��7KLV�LV�DQ�2�Q��SURFHVV�LQ�WKH�QXPEHU�RI�H[SUHVVLRQV��7KH�FRGH�LQ�)LJXUH������LQ

FRQWUDVW��XVHV��IDVW�H[S�W\SH�WR�SURYLGH�WKH�W\SH�ORRNXS�IRU�W\SH"��IDVW�H[S�W\SH�XVHV�D�KDVK�WD�

EOH�WR�ORRN�XS�DQ�H[SUHVVLRQ·V�W\SH��UHGXFLQJ�WKH�ORRNXS�WR�DQ�H[SHFWHG�2����WLPH��2QFH�WKLV

QHZ��IDVWHU�LPSOHPHQWDWLRQ�RI�W\SH"�LV�LQVWDOOHG��H[S�W\SH�ZLOO�QR�ORQJHU�H[LVW�
�

�7KLV�PHDQV�WKDW

WKH�RSWLPL]HG�GLVSDWFK�H[SUHVVLRQ��LQ�)LJXUH������QRZ�KDV�D�EXJ��LW�FDQ�QR�ORQJHU�GHWHUPLQH�DQ

H[SUHVVLRQ
V�W\SH��DQG�WKHUHIRUH�ZLOO�IDLO�RU�ZLOO�UHWXUQ�XQSUHGLFWDEOH�UHVXOWV��7KXV��WKH�RSWLPL]HG

GLVSDWFK�H[SUHVVLRQ·V�GHSHQGHQF\�RQ�W\SH"·V�LPSOHPHQWDWLRQ�KDV�EURNHQ�PRGXODULW\��7KH�FRVW�RI

WKLV�EURNHQ�PRGXODULW\�PXVW�QRZ�EH�SDLG�E\�WKLV�IXWXUH�SURJUDPPHU�DQG�RWKHU��VXEVHTXHQW

SURJUDPPHUV�XSGDWLQJ�WKH�GLVSDWFK�FRGH��7KHVH�SURJUDPPHUV�PXVW�GHGXFH�WKH�H[LVWLQJ�LPSOH�

PHQWDWLRQ�GHSHQGHQFLHV��GHWHUPLQH�ZKLFK�RWKHU�PRGXOHV�DUH�DIIHFWHG��GHWHUPLQH�KRZ�WKH�GH�

SHQGHQFLHV�LQWHUDFW�ZLWK�DQ\�GHVLUHG�FRGH�XSGDWHV��DQG�GHWHUPLQH�KRZ�WR�UHYHUW�RU�SDWFK�WKH

FRGH�WR�PDNH�WKH�FRGH�XSGDWHV�FRQVLVWHQW�ZLWK�WKH�GHSHQGHQFLHV�

7KLV�VFHQDULR�LOOXVWUDWHV�H[DFWO\�WKH�NLQG�RI�SUREOHP�WKLV�GLVVHUWDWLRQ�DGGUHVVHV��7KH�JRDO�RI

WKLV�GLVVHUWDWLRQ�LV�WR�VKRZ�KRZ�PDLQWDLQDELOLW\�DQG�PRGXODULW\�FDQ�EH�SUHVHUYHG�LQ�WKH�SUHVHQFH

RI�WKHVH�NLQGV�RI�LPSOHPHQWDWLRQ�GHSHQGHQFLHV��7KLV�SUREOHP�LV�IRUPDOL]HG�EHORZ��DV�SDUW�RI�D

GLVFXVVLRQ�RI�EODFN�ER[�DEVWUDFWLRQ�

����������������������������������������������������������
�
�$OWKRXJK�OLVS�OLNH�ODQJXDJHV�ZLOO�QRW�QHFHVVDULO\�HOLPLQDWH������
	������� ·V�QDPH�DQG�YDOXH��WKH�DVVRFLDWLRQ�OLVW�LW�XVHV�IRU�W\SH�ORRNXS
ZLOO�QR�ORQJHU�EH�XSGDWHG��7KH�UHVXOW�LV�WKH�VDPH�NLQG�RI�SUREOHP���D�EXJ�
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����%ODFN�%R[�$EVWUDFWLRQ

)LJXUH�����LOOXVWUDWHV�D�W\SLFDO�XVH�RI�EODFN�ER[�DEVWUDFWLRQ��0RGXOH�0 � �LV�KLGLQJ�LWV�LPSOH�

PHQWDWLRQ�XQGHU�DQ�LQWHUIDFH��DQG�0RGXOH�0 � ·V�LPSOHPHQWDWLRQ�GHSHQGV�RQ�WKDW�LQWHUIDFH�

0RGXOH�0 � �DOVR�KDV�LWV�RZQ�LQWHUIDFH��ZKLFK�RWKHU�PRGXOHV�PD\�GHSHQG�XSRQ��%ODFN�ER[�DE�

VWUDFWLRQ�SURYLGHV�PRGXODULW\�SUHFLVHO\�EHFDXVH�0 � ·V�LPSOHPHQWDWLRQ�GRHV�QRW�GHSHQG�RQ�0 � ·V

KLGGHQ�LPSOHPHQWDWLRQ�GHWDLOV��7KLV�PHDQV�WKDW�0 � ·V�LPSOHPHQWDWLRQ�FDQ�EH�PRGLILHG�ZLWKRXW

DIIHFWLQJ�0 � ·V�LQWHUIDFH�RU�LPSOHPHQWDWLRQ��VR�ORQJ�DV�0 � ·V�LQWHUIDFH�UHPDLQV�YDOLG��,Q�RUGHU�WR

HVWDEOLVK�D�PRUH�SUHFLVH�IRXQGDWLRQ�IRU�WKHVH�LGHDV�DQG�WHUPV��WKHLU�PHDQLQJV�DUH�IRUPDOL]HG�LQ�D

ODQJXDJH�LQGHSHQGHQW�ZD\�DV�IROORZV�

3 0= ^ `

$�SURJUDP�LV�FRPSRVHG�RI�D�VHW�RI�PRGXOHV

0 ,QW ,PSO= < >�

0RGXOHV�FRQVLVW�RI�DQ�LQWHUIDFH�DQG�LPSOHPHQWDWLRQ

,PSO 0 H[S� � ^ `=
$Q�LPSOHPHQWDWLRQ�LV�D�VHW�RI�ODQJXDJH�H[SUHVVLRQV�ZKRVH�V\QWD[�DQG�PHDQLQJ�GHSHQG�RQ

WKH�ODQJXDJH·V�V\QWD[�DQG�VHPDQWLFV

,QW 0 VSHF� � ^ `=
$Q�LQWHUIDFH�LV�D�VHW�RI�VSHFLILFDWLRQV

VSHF LGHQW GHVF=< >�

6SHFLILFDWLRQV�FRQVLVW�RI�DQ�LGHQWLILHU�DQG�D�GHVFULSWLRQ

LGHQW LGHQWLILHU= � �

$Q�LGHQWLILHU�LV�D�ODQJXDJH�GHSHQGHQW�QDPH��XVHG�WR�UHIHUHQFH�D�SLHFH�RI�IXQFWLRQDOLW\

GHVF GHVFULSWLRQ= � �

$�GHVFULSWLRQ�LV�D�ODQJXDJH�GHSHQGHQW�GHVFULSWLRQ�RI�WKH�IXQFWLRQDOLW\�UHIHUHQFHG�E\�DQ

LGHQWLILHU

:LWK�UHVSHFW�WR�WKH�GLVSDWFK�H[DPSOH��WKH�SURJUDP�FRQWDLQV�DW�OHDVW�WZR�PRGXOHV��0 � ��ZKRVH

LPSOHPHQWDWLRQ�LV�WKH�FRGH�LQ�)LJXUH�����DQG�0 � ��ZKRVH�LPSOHPHQWDWLRQ�LV�WKH�FRGH�LQ�)LJXUH���

���0 � ·V�LQWHUIDFH�KDV�RQH�VSHFLILFDWLRQ�ZKRVH�LGHQWLILHU�LV�GLVSDWFK�H[SUHVVLRQ��,WV�GHVFULSWLRQ�VD\V

WKDW�GLVSDWFK�H[SUHVVLRQ�LV�LQYRNHG�RQ�D�GHFDI�MDYD�FRGH�UHSUHVHQWDWLRQ�DQG�UHWXUQV�WKH�UHVXOW�RI

LQWHUSUHWLQJ�WKDW�FRGH�UHSUHVHQWDWLRQ��0 � ·V�LQWHUIDFH�DOVR�KDV�RQH�VSHFLILFDWLRQ��,WV�LGHQWLILHU�LV

W\SH"��DQG�LWV�GHVFULSWLRQ�VD\V�WKDW�W\SH"�LV�LQYRNHG�RQ�WZR�DUJXPHQWV��D�W\SH�V\PERO�DQG�D�GH�

FDI�MDYD�FRGH�H[SUHVVLRQ��W\SH"�UHWXUQV�WUXH�LI�WKH�GHFDI�MDYD�H[SUHVVLRQ�LV�RI�WKH�W\SH�UHSUHVHQWHG

E\�WKH�W\SH�V\PERO�
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*LYHQ�WKHVH�HTXDWLRQ�EDVHG�GHILQLWLRQV�IRU�SURJUDPV��PRGXOHV��LQWHUIDFHV��LPSOHPHQWDWLRQV�

DQG�VSHFLILFDWLRQV��WKH�QRWLRQ�RI�GHSHQGHQFLHV�FDQ�EH�IRUPDOL]HG��7KLV�GLVVHUWDWLRQ�LV�FRQFHUQHG

ZLWK�WZR�NLQGV�RI�GHSHQGHQFLHV��UHIHUUHG�WR�DV�LQWHUIDFH�FRXSOLQJV�DQG�LPSOHPHQWDWLRQ�FRXSOLQJV�

7KH�IRUPHU�LV�GLVFXVVHG�ILUVW�

,PSO 0 ,QW 0

LGHQW LGHQW VSHF LGHQW VSHF

,QW 0 VSHF VSHF LGHQW ,PSO 0
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��VXFK�WKDW� �DQG�^

7KLV�VD\V�WKDW�LI�0 � ·V�LPSOHPHQWDWLRQ�UHIHUV�WR�DQ�LGHQWLILHU�LQ�0 � ·V�LQWHUIDFH��0 � LV�VDLG�WR
EH�LQWHUIDFH�FRXSOHG�WR�0 �

'HS 0 0 0

,PSO 0 ,QW 0

�

�

� � ^ � � `

� � � ��

≡
∀

� L

a�VXFK�WKDW� 	 
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$�PRGXOH�0GHSHQGV�RQ�D�PRGXOH�0  �LI�0�LV�LQWHUIDFH�FRXSOHG�WR�0  ��7KH�VHW�RI�DOO�VXFK
PRGXOHV�0  �LV� 'HS 0� �

9DOLG,PSO ,QW ,PSO 0 0

9DOLG0RGXOH 0

,PSO ,QW ,QW 0 ,QW 0

9DOLG,PSO ,QW ,PSO ,PSO ,QW

�

� � �

� � �^ `�

� � �

� � � �

�

�

K ≡
∀

∅ ≡

= −��� �DQG

���� �LV�D�YDOLG�LPSOHPHQWDWLRQ�RI� �ZLWK�UHVSHFW�WR�WKH�LQWHUIDFHV� � ���� � �

�LV�D�YDOLG�LPSOHPHQWDWLRQ�RI�

� �

$Q�LPSOHPHQWDWLRQ�FDQ�EH�YDOLG�RQO\�LI�LW�JHQXLQHO\�LPSOHPHQWV�LWV�LQWHUIDFH�DQG�LI�LWV
GHSHQGHQW�PRGXOHV��LI�DQ\��DUH�YDOLG

9DOLG0RGXOH 0 9DOLG,PSO ,QW 0 ,PSO 0 'HS 0� � � � �� � �� � ��≡
$�YDOLG�PRGXOH�LV�RQH�ZLWK�D�YDOLG�LPSOHPHQWDWLRQ

9DOLG3URJ 3 9DOLG0RGXOH 0���� � � �≡ ∀ ∈

$�SURJUDP�LV�YDOLG�LI�LWV�PRGXOHV�DUH�YDOLG

7KH�ILUVW�RI�WKH�ILYH�HTXDWLRQV�DERYH�GHILQHV�WKH�PHDQLQJ�RI�DQ�LQWHUIDFH�FRXSOLQJ��)RU�WKH�GLV�

SDWFK�H[DPSOH��WKH�LQWHUIDFH�FRXSOLQJ�IURP�0 � �WR�0 � �KDSSHQV�EHFDXVH�GLVSDWFK�H[SUHVVLRQ�LQ

0 � ·V�LPSOHPHQWDWLRQ�UHIHUV�WR�WKH�LGHQWLILHU�W\SH"�LQ�0 � ·V�LQWHUIDFH�VSHFLILFDWLRQ��7KH�UHPDLQLQJ

HTXDWLRQV�DERYH�VSHFLI\�ZKDW�LW�PHDQV�IRU�DQ�LPSOHPHQWDWLRQ��D�PRGXOH��RU�D�SURJUDP�WR�EH

YDOLG��,W�LV�ZRUWK\�QRWLQJ�WKDW�WKH�IXQGDPHQWDO�QRWLRQ�RI�´YDOLGLW\µ���DV�LQ�DQ�LPSOHPHQWDWLRQ�EH�

LQJ�YDOLG�ZLWK�UHVSHFW�WR�LWV�LQWHUIDFH���LV�VSHFLILF�WR�D�ODQJXDJH·V�VHPDQWLFV��$�ODQJXDJH�

GHSHQGHQW�YHUVLRQ�RI�WKH�HTXDWLRQV�DERYH�ZRXOG�DOVR�SURYLGH�ODQJXDJH�VSHFLILF�GHILQLWLRQV�IRU

SURJUDP�H[SUHVVLRQV��LGHQWLILHUV��VSHFLILFDWLRQV��DQG�SRVVLEO\�D�9$/,'�YDOXDWLRQ�IXQFWLRQ��L�H��

>��@�SURYLGHV�WKHVH�IRU�6FKHPH���1HYHUWKHOHVV��WKH�IRUPDOL]DWLRQ�DERYH�LV�DW�WKH�OHYHO�RI�GHWDLO

QHFHVVDU\�WR�GLVFXVV�WKH�SUREOHP�DGGUHVVHG�E\�WKLV�GLVVHUWDWLRQ�

7KH�PRUH�LPSRUWDQW�IRUP�RI�FRXSOLQJ�IRU�WKLV�GLVVHUWDWLRQ�LV�LPSOHPHQWDWLRQ�FRXSOLQJ��7KH

GHILQLWLRQ�EHORZ�GHILQHV�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ��DGGLWLRQDOO\�SURYLGLQJ�WKH�GHILQLWLRQ�RI�DQ

LQYDOLGDWLQJ�LPSOHPHQWDWLRQ�ZLWK�UHVSHFW�WR�WZR�PRGXOHV�
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,QYDOLGDWLQJ,PSO 0 0 ,PSO

0 'HS 0

9DOLG,PSO ,QW 0 ,PSO 'HS 0

9DOLG,PSO ,QW 0 ,PSO 0 ,QW 0 ,PSO 'HS 0 0

,PSO 0 ,PSO 0

,QYDOLGDWLQJ,PSO 0 0
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0 � �LV�LPSOHPHQWDWLRQ�FRXSOHG�WR�0 � �LI�WKHUH�H[LVWV�D�YDOLG�LPSOHPHQWDWLRQ�RI�0 � ·V�LQWHUIDFH
ZKLFK�LQYDOLGDWHV�0 � �

7KH�LQWXLWLRQ�EHKLQG�WKHVH�GHILQLWLRQV�LV�EDVHG�XSRQ�WKH�QRWLRQ�RI�PRGXODULW\��7KH�ILUVW�HTXDWLRQ

GHILQHV�DQ�LQYDOLGDWLQJ�LPSOHPHQWDWLRQ�DV�RQH�WKDW��XQGHU�EODFN�ER[�DEVWUDFWLRQ��LV�D�YDOLG

LPSOHPHQWDWLRQ�RI�DQ�LQWHUIDFH��L�H���0 � ·V�LQWHUIDFH��EXW�ZKRVH�SUHVHQFH�ZLOO�QHYHUWKHOHVV

LQYDOLGDWH�D�GLIIHUHQW�PRGXOH��L�H���0 � ���7KLV�PHDQV�WKDW�PRGXODULW\��RU�WKH�DELOLW\�WR�UHSODFH�0 � ·V

LPSOHPHQWDWLRQ�E\�DQ\�RWKHU�YDOLG�LPSOHPHQWDWLRQ�RI�LWV�LQWHUIDFH��LV�SUHFOXGHG��7KH�VHFRQG

HTXDWLRQ�GHILQHV�WKH�H[LVWHQFH�RI�VXFK�DQ�LQYDOLGDWLQJ�LPSOHPHQWDWLRQ�EHWZHHQ�WZR�LQWHUIDFH�

FRXSOHG�PRGXOHV�DV�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ��)RU�LQVWDQFH��LQ�WKH�GLVSDWFK�H[DPSOH��WKH

FRXSOHG�PRGXOH�ZKRVH�LPSOHPHQWDWLRQ�LV�JLYHQ�LQ�)LJXUH������0 � → � ��LV�LPSOHPHQWDWLRQ�FRXSOHG�WR

WKH�FRXSOLQJ�PRGXOH�0 � ��L�H�� ,PSO 0 ,PSO 0��� �� � � �→ a ��EHFDXVH�WKHUH�H[LVWV�DQ�LQYDOLGDWLQJ

LPSOHPHQWDWLRQ�RI�0 � �ZLWK�UHVSHFW�WR�0 � → � ��2QH�SRVVLEOH�LQYDOLGDWLQJ�LPSOHPHQWDWLRQ� ,PSO
 ��LQ

WKLV�VHW ,QYDOLGDWLQJ,PSO 0 0��� �� � �→ LV�JLYHQ�LQ�)LJXUH����� ,PSO
 LV�D�YDOLG�LPSOHPHQWDWLRQ�RI�0 � ·V

LQWHUIDFH��L�H���9DOLG,PSO ,QW 0 ,PSO 'HS 0	 	� � �� 
 � � �� ���,I�XVHG��KRZHYHU�� ,PSO
ZRXOG�LQYDOLGDWH

0 � → � ·V�LQWHUIDFH�VLQFH�WKH�GHILQLWLRQ�RI�GLVSDWFK�H[SUHVVLRQ�LQ�0 � → � �FDOOV�H[S�W\SH��IURP�0 � �

LQVWHDG�RI�IDVW�H[S�W\SH��IURP ,PSO
 ��

*LYHQ�WKHVH�GHILQLWLRQV��WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�FDQ�QRZ�EH�VSHFLILHG��6XS�

SRVH�ZH�KDYH�IRXU�PRGXOHV� 0 0 0 0
 � 
 �� � 
 � 
 ��DQG�D�SURJUDP� 3 �ZLWK�WKH�SURSHUWLHV�DQG�UHOD�

WLRQVKLSV�JLYHQ�LQ�)LJXUH������WKHVH�HTXDWLRQV�DUH�WUXH�IRU�WKH�GLVSDWFK�H[DPSOH�LI�3�LV�WKH�LP�

SOHPHQWDWLRQ�FRXSOHG�SURJUDP�FRQWDLQLQJ�WKH�FRGH�LQ�)LJXUH�����DQG�)LJXUH������0 � �LV�0 � ��0 � �LV

0 � ��,PSO � �LV�WKH�FRGH�LQ�)LJXUH�����DQG�,PSO � �LV�WKH�FRGH�LQ�)LJXUH�������7KHVH�HTXDWLRQV�VSHFLI\

DQ�LQWHUIDFH�FRXSOLQJ�IURP�0 � �WR�0 � ��DQG�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ�IURP�0 � 
�WR�0 � ��7KLV

KDSSHQV��IRU�H[DPSOH��ZKHQ�D�SURJUDPPHU�WDNHV�WKH�LPSOHPHQWDWLRQ�RI�0 � �DQG�PRGLILHV�LW�LQWR

0 � 
��DQ�LPSOHPHQWDWLRQ�WKDW�GHSHQGV�RQ�0 � ·V�KLGGHQ�LPSOHPHQWDWLRQ�GHWDLOV��0 � 
�LV�D�YDOLG�UH�

SODFHPHQW�RI�0 � �WKDW�LV�SHUKDSV�WKH�UHVXOW�RI�URXWLQH�SURJUDP�PDLQWHQDQFH�RQ�0 � ·V�LPSOHPHQWD�

WLRQ��,I�0 � 
�ZHUH�WR�UHSODFH�0 � ��KRZHYHU��0 � 
�ZRXOG�EHFRPH�DQ�LQYDOLG�PRGXOH��VLQFH�0 � 
�LV�DQ

LQYDOLGDWLQJ�LPSOHPHQWDWLRQ�RI�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�IURP�0 � 
�WR�0 � �
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7KH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�LV�WKDW�PRGX�

ODULW\�LV�SUHFOXGHG�LQ�WKH�SUHVHQFH�RI�DQ�LPSOHPHQWD�

WLRQ�FRXSOLQJ��DV�IRUPDOL]HG�DERYH�DQG�GHPRQVWUDWHG

LQ�WKH�GLVSDWFK�H[DPSOH��7KLV�PHDQV�WKDW�LQ�WKH�SUHV�

HQFH�RI�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ��D�IXWXUH�SUR�

JUDPPHU�LV�QRW�IUHH�WR�UHSODFH�RU�PRGLI\�D�PRGXOH·V

LPSOHPHQWDWLRQ�HYHQ�LI�WKH�UHVXOW�LV�DQ�RWKHUZLVH�YDOLG

LPSOHPHQWDWLRQ�RI�WKH�PRGXOH·V�LQWHUIDFH��,QVWHDG��D

IXWXUH�SURJUDPPHU�PXVW�ILUVW�PHWLFXORXVO\�H[DPLQH

RWKHUZLVH�KLGGHQ��DQG�SRVVLEO\�FRPSOH[��LPSOHPHQWD�

WLRQ�GHWDLOV�WR�ILQG�DQ\�H[LVWLQJ�LPSOHPHQWDWLRQ�FRX�

SOLQJV��7KH�SURJUDPPHU�PXVW�WKHQ�HQVXUH�WKDW�WKHVH

FRXSOLQJV�DUH�FRQVLVWHQW�ZLWK�WKH�FKDQJHV�KH�RU�VKH

ZDQWV�WR�PDNH��,I�WKH�FKDQJHV�DUH�QRW�FRQVLVWHQW��WKH

SURJUDPPHU�PXVW�HLWKHU�UHPRYH�WKH�LPSOHPHQWDWLRQ�FRXSOLQJV��DQG�UHFXUVLYHO\�DFW�RQ�WKRVH

FKDQJHV��RU�QRW�PDNH�DQ\�FKDQJHV�DW�DOO��7KLV�GHWHUV�PDLQWDLQDELOLW\��PDNLQJ�DQ�DSSOLFDWLRQ

PRUH�GLIILFXOW�WR�GHEXJ��SRUW��RSWLPL]H��RU�H[WHQG�

$�VROXWLRQ�WR�WKLV�SUREOHP�VKRXOG�QHYHUWKHOHVV�SHUPLW�LPSOHPHQWDWLRQV�WR�EH�FRXSOHG��LQ

RUGHU�WR�JDLQ�WKH�DVVRFLDWHG�SHUIRUPDQFH�EHQHILWV��7KH�VROXWLRQ�PXVW�DOVR�SUHVHUYH�PRGXODULW\

E\�DOORZLQJ�0 � �WR�EH�UHSODFHG�ZLWK�0 � 
�LQ�3��LQ�D�ZD\�WKDW�GRHV�QRW�LQYDOLGDWH�3��,Q�WKH�FDVH�RI

WKH�GLVSDWFK�H[DPSOH��WKLV�PHDQV�EHLQJ�DEOH�WR�IUHHO\�UHSODFH�WKH�LPSOHPHQWDWLRQ�RI�W\SH"�LQ

)LJXUH�����ZLWK�WKH�FRGH�LQ�)LJXUH������HYHQ�LI�GLVSDWFK�H[SUHVVLRQ�LV�LPSOHPHQWHG�DV�LQ�)LJXUH���

���DOO�ZLWKRXW�LQYDOLGDWLQJ�3�

0RUH�IRUPDOO\��D�VROXWLRQ�PXVW�VDWLVI\�WKH�HTXDWLRQ�� 3 0 0 9DOLG3URJ 3> 
� @ � �� � ⇒ ��ZLWK�UH�

VSHFW�WR�WKH�HTXDWLRQV�LQ�)LJXUH������7KLV�HTXDWLRQ�VWDWHV�WKDW�DQ\�FRGH�PRGLILFDWLRQV�DOORZHG

XQGHU�EODFN�ER[�DEVWUDFWLRQ��ZKHQ�LQ�WKH�SUHVHQFH�RI�LPSOHPHQWDWLRQ�FRXSOLQJ��VKRXOG�QRW�LQ�

YDOLGDWH�D�SURJUDP��7R�WUXO\�VROYH�WKH�SUREOHP��PDLQWHQDQFH�SURJUDPPHUV�VKRXOG�QRW�KDYH�WR

UHDVRQ�DERXW�H[LVWLQJ�FRXSOLQJV��DQG�VKRXOG�QRW�KDYH�WR�NQRZ�LI�DQ\�HYHQ�H[LVW�

����'HVLGHUDWD

$�WULYLDO�´VROXWLRQµ�WR�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�LV�WR�SURJUDP�ZLWKRXW�PRGXOHV�

$W�WKH�RSSRVLWH�H[WUHPH�LV�DQ�LGHDO��EXW�DV�RI�\HW��XQDWWDLQDEOH�VROXWLRQ��DXWRPDWLQJ�WKH�DUW�RI

SURGXFLQJ�RSWLPL]HG�SURJUDPV��*LYHQ�WKDW�WKH�IRUPHU�VROXWLRQ�LV�ZKHUH�SURJUDPPLQJ�EHJDQ

DQG�WKH�ODWWHU�LV�ZKHUH�SURJUDPPLQJ�PD\�VRPHGD\�JR��RQH�FDQ�LPDJLQH�D�YDULHW\�RI�ZD\V�RI�DG�

GUHVVLQJ�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�DORQJ�WKLV�VSHFWUXP��*LYHQ�WKLV�YDULHW\��LW�LV�LP�

0 0 0 0

,PSO ,PSO ,PSOHPHQWDWLRQV

3 0 0

0 ,QW 0 ,PSO

0 ,QW 0 ,PSO

9DOLG0RGXOH 0

9DOLG0RGXOH 0

,PSO 0 ,PSO

9DOLG,PSO ,QW 0 ,PSO 'HS 0

9DOLG,PSO ,QW 0 ,PSO 'HS 0
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SRUWDQW�WR�RXWOLQH�D�VHW�RI�PHWULFV�E\�ZKLFK�WR�HYDOXDWH�WKLV�GLVVHUWDWLRQ·V�VROXWLRQ�DV�ZHOO�DV

RWKHU��H[LVWLQJ�DSSURDFKHV�WR�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP��:KLOH�WKHVH�GHVLGHUDWD

PDNH�WKH�SUREOHP�PRUH�GLIILFXOW�WR�VROYH��WKHLU�SXUSRVH�LV�WR�HQVXUH�D�FRQIRUPLQJ�VROXWLRQ�FDQ

\LHOG�LQVLJKW�LQWR�WKH�SUREOHP·V�WUXH�VXEWOHWLHV��SUDJPDWLF�LVVXHV��DQG�WUDGHRIIV�

2YHUDOO��WKH�PDLQ�JRDO�RI�D�JRRG�VROXWLRQ�VKRXOG�EH�WR�KHOS�SXVK�WKH�VWDWH�RI�WKH�DUW�LQ�WKH

GLUHFWLRQ�RI�WKH�LGHDO�VROXWLRQ�PHQWLRQHG�DERYH��7RZDUGV�WKLV�JRDO��WKLV�GLVVHUWDWLRQ�OLVWV�ILYH

SURSHUWLHV�WKDW�D�VROXWLRQ�WR�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�VKRXOG�KDYH��7KHVH�SURSHUWLHV

DUH�EDFNZDUGV�FRPSDWLELOLW\��LQFUHPHQWDOLW\��ODQJXDJH�LQGHSHQGHQFH��HDVH�RI�XQGHUVWDQGLQJ�DQG

XVDELOLW\��DQG�DPRUWL]DEOH�WLPH�VDYLQJV��1RQH�RI�WKH�ZRUN�VXUYH\HG�LQ�WKLV�GLVVHUWDWLRQ�FRPELQHV

WKHVH�SURSHUWLHV�LQWR�RQH�VROXWLRQ��DQG�IHZ�SURYLGH�DQ\�IRUP�RI�EDFNZDUGV�FRPSDWLELOLW\�

������%DFNZDUGV�&RPSDWLELOLW\

%DFNZDUGV�FRPSDWLELOLW\�PHDQV�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�VROXWLRQ�VKRXOG�EH�FRQVLVWHQW

ZLWK�EODFN�ER[�DEVWUDFWLRQ�DQG�VKRXOG�QRW�GHSHQG�RQ�D�SDUWLFXODU�IHDWXUH�RI�D�FXUUHQW�SURJUDP�

PLQJ�SDUDGLJP��,Q�SDUWLFXODU��EDFNZDUGV�FRPSDWLELOLW\�SURKLELWV�DOO�RI�WKH�IROORZLQJ��:KLOH�WKH

ILUVW�WKUHH�LWHPV�FRXOG�EH�FODVVLILHG�DV�VRPHWKLQJ�GRQH�RQO\�RQFH��WKH�ODVW�WZR�LWHPV�FDQQRW�DQG

DUH�PRUH�IXQGDPHQWDO�

• 0RGLILFDWLRQV�WR�WKH�VRXUFH�ODQJXDJH

• 0RGLILFDWLRQV�WR�DQ\�VRXUFH�ODQJXDJH�LPSOHPHQWDWLRQ

• 5HZULWLQJ�WKH�DSSOLFDWLRQ�LQWR�D�GLIIHUHQW�ODQJXDJH�V�

• 0RGLILFDWLRQV�WR�WKH�XQFRXSOHG�SURJUDP��LQFOXGLQJ�SUDJPDV�RU�DQQRWDWLRQV�

• 5HTXLULQJ�IXOO��GLUHFW�DFFHVV�WR�DOO�RI�WKH�XQFRXSOHG�DSSOLFDWLRQ
V�VRXUFH�FRGH

,I�EDFNZDUGV�FRPSDWLELOLW\�ZHUH�QRW�UHTXLUHG��D�VROXWLRQ�ZRXOG�EH�HDVLHU�WR�FRPH�E\��)RU�H[�

DPSOH��RQH�ZD\�WR�VROYH�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�LV�WR�GHVLJQ�DQ�RWKHUZLVH�FRQ�

WULYHG��DQG�UHVWULFWLYH��VRXUFH�ODQJXDJH�LQ�ZKLFK�FRXSOLQJV�DUH�HDV\�WR�DXWRPDWLFDOO\�GHWHFW�

:KLOH�WKLV�DSSURDFK�LV�YDOLG�IURP�WKH�VWDQGSRLQW�RI�OHDUQLQJ�PRUH�DERXW�WKH�SUREOHP��WKH�DS�

SURDFK�OHDYHV�VRPH�RI�WKH�PRUH�LQWHUHVWLQJ��SUDFWLFDO��DQG�GLIILFXOW�DVSHFWV�RI�WKH�LPSOHPHQWD�

WLRQ�FRXSOLQJ�SUREOHP�XQDGGUHVVHG��7KH�VROXWLRQ�SUHVHQWHG�LQ�WKLV�GLVVHUWDWLRQ�LOOXVWUDWHV�WKLV

SRLQW�

$QRWKHU�DSSURDFK�WKDW�LV�QRW�EDFNZDUGV�FRPSDWLEOH�UHTXLUHV�XVHUV�WR�GHFRUDWH�WKHLU�FRGH

ZLWK�PDFKLQH�UHDGDEOH�DQQRWDWLRQV�RU�VSHFLILFDWLRQV��7KLV�XVXDOO\�FRPSOLFDWHV�FRGH�PDLQWHQDQFH

�L�H���´:KDW�GR�,�GR�ZLWK�WKH�FRGH�GHFRUDWLRQV�LI�,�PRGLI\�WKH�FRGH"µ��´+RZ�GRHV�P\�FKDQJH

DIIHFW�WKH�VSHFLILFDWLRQ"µ���DQG�LV�QRW�QHFHVVDULO\�FRPSDWLEOH�ZLWK�H[LVWLQJ�SURJUDPPLQJ�HQYL�

URQPHQW�FRPSRQHQWV��VXFK�DV�VRXUFH�FRGH�HGLWRUV�DQG�SURJUDP�DQDO\]HUV�
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������,QFUHPHQWDOLW\

)RU�WKLV�GLVVHUWDWLRQ��LQFUHPHQWDOLW\�PHDQV�WKDW�D�JLYHQ�LPSOHPHQWDWLRQ�FRXSOLQJ�VROXWLRQ�LV

QRW�SHUYDVLYH��7KDW�LV��LQ�RUGHU�IRU�WKH�VROXWLRQ�WR�ZRUN��LW�QHHG�QRW�EH�DSSOLHG�WR�HYHU\�SLHFH�RI

VRXUFH�FRGH�RU�HYHU\�LPSOHPHQWDWLRQ�FRXSOLQJ�LQ�DQ�DSSOLFDWLRQ��7KLV�DOORZV�SURJUDPPHUV�WR

VHOHFWLYHO\�DSSO\�WKH�VROXWLRQ�WR�FRGH�DQG�FRXSOLQJV�ZKHUH�WKH\�SHUVRQDOO\�MXGJH�WKH�EHQHILWV�WR

RXWZHLJK�DQ\�FRVWV��,QFUHPHQWDOLW\�DOVR�DOORZV�WKH�VROXWLRQ�WR�EH�UHVLOLHQW�LQ�FDVHV�ZKHQ�DQ�DS�

SOLFDWLRQ�KDUERUV�LPSOHPHQWDWLRQ�FRXSOLQJV�XQEHNQRZQ�WR�WKH�SURJUDPPHU�

:LWKRXW�LQFUHPHQWDOLW\��RQH�SRVVLEOH�VROXWLRQ�WR�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�LV�WR

SHUYDVLYHO\�GHFRUDWH�HYHU\�DSSOLFDWLRQ�LQWHUIDFH�ZLWK�PDFKLQH�UHDGDEOH�VSHFLILFDWLRQV��7KHVH

VSHFLILFDWLRQV�ZRXOG�WKHQ�EH�XVHG�WR�YDOLGDWH�FRXSOLQJV�ZKHQHYHU�DQ\�SDUW�RI�WKH�LPSOHPHQWD�

WLRQ�ZDV�PRGLILHG��7KLV�ZRXOG�DVVXPH�WKDW�WKH�DSSOLFDWLRQ�FRQWDLQHG�QR�FRXSOLQJV�WR�EHJLQ�ZLWK�

%HVLGHV�QRW�EHLQJ�EDFNZDUGV�FRPSDWLEOH��WKLV�NLQG�RI�DSSURDFK�ZRXOG�QRW�QHFHVVDULO\�EH�UHVLO�

LHQW�LQ�WKH�SUHVHQFH�RI�H[LVWLQJ�RU�XQNQRZQ�FRXSOLQJV��,Q�DGGLWLRQ��WKLV�DSSURDFK�ZRXOG�UHTXLUH

D�GLVSURSRUWLRQDO�DPRXQW�RI�ZRUN�LQ�WKH�FDVH�ZKHQ�WKH�FRXSOLQJ�PRGLILFDWLRQV�ZHUH�VPDOO�FRP�

SDUHG�WR�WKH�RYHUDOO�VL]H�RI�WKH�DSSOLFDWLRQ��ZKLFK�PXVW�EH�GHFRUDWHG��

������/DQJXDJH�,QGHSHQGHQFH

/DQJXDJH�LQGHSHQGHQFH�PHDQV�WKH�VROXWLRQ�GRHV�QRW�GHSHQG�RQ�WKH�SUHVHQFH�RI�D�VRXUFH�

ODQJXDJH�SURSHUW\��:LWKRXW�ODQJXDJH�LQGHSHQGHQFH��D�VROXWLRQ�ZLOO�QRW�QHFHVVDULO\�EH�PRUH

JHQHUDOO\�DSSOLFDEOH��7KH�VROXWLRQ��IRU�LQVWDQFH��VKRXOG�QRW�GHSHQG�RQ�WKH�VRXUFH�ODQJXDJH�EH�

LQJ�REMHFW�RULHQWHG��IXQFWLRQDO��RU�VWURQJO\�W\SHG��:KLOH�WKHVH�NLQGV�RI�ODQJXDJH�SURSHUWLHV�FDQ

PDNH�LW�HDVLHU�WR�ILQG�RU�H[SUHVV�LPSOHPHQWDWLRQ�FRXSOLQJV��PDNLQJ�WKHP�DV�SDUW�RI�WKH�VROXWLRQ

LV�DQ�DUWLILFLDO�UHTXLUHPHQW�WKDW�LV�QRW�QHFHVVDU\�

/DQJXDJH�LQGHSHQGHQFH�GRHV�QRW�PHDQ�WKH�VROXWLRQ�LV�HTXDOO\�SRZHUIXO�LQ�DOO�ODQJXDJHV��$

VROXWLRQ�PLJKW�SURYLGH�EHWWHU�UHVXOWV�LQ�D�PRUH�FRQVWUDLQHG�RU�OHVV�H[SUHVVLYH�ODQJXDJH�WKDQ�LQ�D

YHU\�XQFRQVWUDLQHG�RU�H[SUHVVLYH�ODQJXDJH�

������(DVH�RI �8QGHUVWDQGLQJ�DQG�8VDELOLW\

7KH�VROXWLRQ�VKRXOG�SURYLGH�DQ�DEVWUDFWLRQ�PRGHO�WKDW�LV�HDV\�WR�XQGHUVWDQG��HYHQ�LI�LW

PHDQV�SXVKLQJ�FRPSOH[LW\�LQWR�WKH�PRGHO·V�LPSOHPHQWDWLRQ��,Q�DGGLWLRQ��SURJUDPPHUV�VKRXOG

QRW�KDYH�WR�EH�ODQJXDJH�H[SHUWV�WR�XQGHUVWDQG�KRZ�WKH�PRGHO�ZRUNV��DOWKRXJK�ODQJXDJH�H[SHUWV

VKRXOG�QRW�EH�OLPLWHG�WR�XVLQJ�WKH�PRGHO�LQ�ZD\V�WKDW�LQH[SHULHQFHG�SURJUDPPHUV�XVH�LW��(DVH

RI�XQGHUVWDQGLQJ�DQG�XVDELOLW\�DOVR�PHDQ�QRW�KDYLQJ�WR�OHDUQ�RU�GHVLJQ�QHZ�ODQJXDJHV�IURP

VFUDWFK�IRU�HDFK�FRXSOLQJ��7KLV�LQFOXGHV�QRW�UHTXLULQJ�SURJUDPPHUV�WR�FKDQJH�WKHLU�FRGLQJ�VW\OHV

WR�DFFRPPRGDWH�WKH�VROXWLRQ�
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������$PRUWL]DEOH�7LPH�6DYLQJV

$Q\�H[WUD�WLPH�VSHQW�DSSO\LQJ�WKH�VROXWLRQ�WR�D�FRXSOLQJ�VKRXOG�EH�UHFRYHUDEOH�DV�VDYHG

WLPH�ZKHQ�DQ�DSSOLFDWLRQ�XQGHUJRHV�UHSHDWHG�IXWXUH�PDLQWHQDQFH��PRGLILFDWLRQV��DQG�XSGDWHV�

7KH�H[WUD��XS�IURQW�WLPH�VSHQW�DSSO\LQJ�WKH�VROXWLRQ�FDQ�WKHQ�EH�DPRUWL]HG�RYHU�HDFK�IXWXUH

FKDQJH�WR�WKH�DSSOLFDWLRQ·V�FRGH��7KLV�UHTXLUHPHQW�SUHFOXGHV�DQ\�VROXWLRQ�WKDW�PLJKW�UHTXLUH�D

SURJUDPPHU�WR�PDQXDOO\�ILQG�H[LVWLQJ�FRXSOLQJV��RU�PDQXDOO\�YDOLGDWH�WKH�SHUVLVWHQFH�RI�DQ\�H[�

LVWLQJ�FRXSOLQJV��7KLV�UHTXLUHPHQW�LPSOLHV�D�VROXWLRQ�WKDW�LV�PRVWO\�RU�FRPSOHWHO\�DXWRPDWHG�

����,QIOXHQWLDO�5HVHDUFK�(IIRUWV

9DULRXV�DVSHFWV�RI�SUHYLRXV�UHVHDUFK�HIIRUWV�DGGUHVV�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP

GLUHFWO\�RU�LQGLUHFWO\��7KH�HIIRUWV�WKDW�PRVW�LQIOXHQFHG�WKLV�GLVVHUWDWLRQ�DUH�GHVFULEHG�EHORZ�

������5HIOHFWLRQ

3URJUDPPLQJ�ODQJXDJHV�FDQ�SURYLGH�UHIOHFWLYH�VXSSRUW�YLD�DGGLWLRQDO�FRQVWUXFWV�LQ�D�EDVH

ODQJXDJH�>��@�7KHVH�FRQVWUXFWV�VHPDQWLFDOO\�VKLIW�WKH�ODQJXDJH·V�VXEMHFW�PDWWHU��XVXDOO\�WR�WKDW�RI

WKH�ODQJXDJH�LPSOHPHQWDWLRQ��7KLV�PHDQV�WKDW�XVLQJ�WKHVH�FRQVWUXFWV��D�SURJUDPPHU�FDQ�ZULWH

FRGH�WKDW�UHDVRQV�DERXW�LWV�RZQ�H[HFXWLRQ��)RU�H[DPSOH��VRPH�FRQVWUXFWV�FDQ�UHLI\�WKH�SUR�

JUDP·V�HQYLURQPHQW�DQG�VWDFN��PDNLQJ�WKHP�DYDLODEOH�DV�PRGLILDEOH�GDWD�VWUXFWXUHV��7KLV�DS�

SURDFK�RI�XVLQJ�UHIOHFWLRQ�WR�FRQWURO�DQ�LPSOHPHQWDWLRQ�KDV�PDGH�LWV�ZD\�LQWR�YDULRXV�SURJUDP�

PLQJ�SDUDGLJPV��VXFK�DV�GLVWULEXWHG�SURJUDPPLQJ>��@��UHDO�WLPH�SURJUDPPLQJ>��@��DQG�PDQ\

RWKHUV>��@��,Q�HDFK�RI�WKHVH�FDVHV��WKH�GHVLUH�WR�FRQWURO�DQ�DSSOLFDWLRQ·V�LPSOHPHQWDWLRQ�ZDV�RWK�

HUZLVH�SUHFOXGHG�E\�WKH�ODFN�RI�ODQJXDJH�VXSSRUW��5HIOHFWLYH�FRQVWUXFWV�SURYLGH�WKLV�VXSSRUW�

WKXV�HQDEOLQJ�SURJUDPPHUV�WR�H[SUHVV�NQRZOHGJH�RI�WKH�XQGHUO\LQJ�DSSOLFDWLRQ·V�LPSOHPHQWD�

WLRQ�DV�SDUW�RI�WKH�VRXUFH�FRGH��:KLOH�D�ODQJXDJH·V�LPSOHPHQWDWLRQ�LV�PRUH�FRQVWUDLQHG�LQ�WKH

SUHVHQFH�RI�WKHVH�FRQVWUXFWV��RQH�JRDO�RI�UHIOHFWLYH�ODQJXDJH�GHVLJQ�LV�WR�UHGXFH�WKH�LPSDFW�RI

WKHVH�FRQVWUDLQWV�

8VLQJ�UHIOHFWLRQ�WR�VROYH�WKH�GLVSDWFK�H[DPSOH�ZRXOG�ILUVW�UHTXLUH�D�6FKHPH�LPSOHPHQWDWLRQ

WKDW�KDG�EHHQ�H[WHQGHG�WR�VXSSRUW�UHIOHFWLYH�FRQVWUXFWV��7KH�FRGH�IRU�GLVSDWFK�H[SUHVVLRQ�ZRXOG

WKHQ�QHHG�WR�EH�PRGLILHG�LQ�WKLV�UHIOHFWLYH�6FKHPH�VR�WKDW�LW�KDG�DFFHVV�WR�W\SH"·V�LPSOHPHQWD�

WLRQ��7KLV�LPSOLHV�VRPH�ZD\�RI�DFTXLULQJ�D�UHSUHVHQWDWLRQ�RI�W\SH"·V�LPSOHPHQWDWLRQ��DIWHU�ZKLFK

WKH�UHIOHFWLYH�FRGH�FRXOG�VXEVWDQWLDOO\�PRGLI\�GLVSDWFK�H[SUHVVLRQ·V�EHKDYLRU��$V�WKLV�H[DPSOH

GHPRQVWUDWHV��WKHUH�DUH�WZR�VLJQLILFDQW�SUREOHPV�ZLWK�XVLQJ�UHIOHFWLRQ�RQ�LWV�RZQ�WR�VROYH�WKH

LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�LQ�D�SUDFWLFDO�ZD\��7KH�ILUVW�LV�WKH�QHHG�WR�DGG�UHIOHFWLYH�FRQ�

VWUXFWV�WR�D�ODQJXDJH�VSHFLILFDWLRQ��7KH�VHFRQG�LV�WKH�QHHG�WR�PRGLI\�HYHU\�ODQJXDJH�LPSOHPHQ�

WDWLRQ�XSRQ�ZKLFK�WKH�FRGH�ZLOO�UXQ�WR�VXSSRUW�WKHVH�QHZ�FRQVWUXFWV��7KHVH�QHHGV�DUH�LQFRQVLV�
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WHQW�ZLWK�EDFNZDUGV�FRPSDWLELOLW\��0RUHRYHU��WKH�VXUYH\HG�OLWHUDWXUH�GLG�QRW�FRQWDLQ�DQ\�H[DP�

SOHV�RI�UHIOHFWLRQ�EHLQJ�XVHG�WR�GLUHFWO\�VROYH�LQVWDQFHV�RI�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�

������2EMHFW�2ULHQWHG�3URJUDPPLQJ�DQG�023V

&/26>��@�LV�DQ�REMHFW�RULHQWHG�ODQJXDJH�WKDW�VXSSRUWV�PXOWLSOH�LQKHULWDQFH��$�FODVV�WKDW�PXO�

WLSO\�LQKHULWV�IURP�D�FODVV�VWUXFWXUH��IRU�H[DPSOH��LV�FRXSOHG�WR�DOO�RI�WKH�LQKHULWHG�PHWKRGV�WKDW

DUH�FRPELQHG�WR�IRUP�FODVV�VSHFLILF�JHQHULF�IXQFWLRQ�HIIHFWLYH�PHWKRGV��7KXV��WKH�FRPSXWHG�HI�

IHFWLYH�PHWKRGV�DUH�LPSOHPHQWDWLRQ�FRXSOHG�WR�WKH�PHWKRGV�IRXQG�WKURXJKRXW�WKH�FODVV·V�VXSHU�

FODVVHV��0RGXODULW\�LV�PDLQWDLQHG�WKURXJK�DQ�H[SOLFLW�LQYDOLGDWLRQ�PHFKDQLVP��:KHQ�D�VXSHU�

FODVV·V�LPSOHPHQWDWLRQ�LV�PRGLILHG��DOO�DIIHFWHG�HIIHFWLYH�PHWKRGV�DUH�LQYDOLGDWHG�DQG�UHFRP�

SXWHG��XVXDOO\�OD]LO\��IRU�EHWWHU�RYHUDOO�SHUIRUPDQFH���>��@�FRQWDLQV�D�GHVFULSWLRQ�RI�D�PHWKRG

PHPRL]DWLRQ�PHFKDQLVP�ZKLFK�DXWRPDWLFDOO\�DQG�HIILFLHQWO\�HQVXUHV�WKDW�HIIHFWLYH�PHWKRGV�DUH

UHFRPSXWHG�ZKHQ�WKHLU�LPSOHPHQWDWLRQ�FRXSOHG�GHSHQGHQFLHV�DUH�LQYDOLGDWHG�

$�VROXWLRQ�WR�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�VKRXOG�OLNHZLVH�PDLQWDLQ�PRGXODULW\�E\

SURYLGLQJ�D�PHFKDQLVP�IRU�DXWRPDWLFDOO\�PDQDJLQJ�DQ\�FRXSOLQJV��7KH�PHFKDQLVP�VKRXOG

DXWRPDWLFDOO\�LQYDOLGDWH�DQG�UHFRPSXWH�WKH�LPSOHPHQWDWLRQ�FRXSOLQJV�ZKHQ�QHFHVVDU\��,Q�WKH

GLVSDWFK�H[DPSOH��IRU�LQVWDQFH��UHSODFLQJ�0 � �ZLWK�DQ�LQYDOLGDWLQJ�LPSOHPHQWDWLRQ�VKRXOG�FDXVH

0 � → � �WR�EHFRPH�LQYDOLG�DQG�VKRXOG�VXEVHTXHQWO\�FDXVH�D�YDOLG�YHUVLRQ�RI�GLVSDWFK�H[SUHVVLRQ�WR

EH�JHQHUDWHG��,Q�RUGHU�WR�NHHS�WKH�VROXWLRQ�JHQHUDO��KRZHYHU��WKH�PHFKDQLVP�VKRXOG�QRW�EH

OLQNHG�WR�D�SDUWLFXODU�ODQJXDJH�RU�SURJUDPPLQJ�SDUDGLJP�

$�PHWDREMHFW�SURWRFRO��RU�023��RSHQV�DQ�DSSOLFDWLRQ·V�LPSOHPHQWDWLRQ�E\�DOORZLQJ�D�XVHU

WR�FRQWURO�LPSRUWDQW�DVSHFWV�RI�WKH�LPSOHPHQWDWLRQ·V�GHFLVLRQ�PDNLQJ�SURFHVV�>��@�7KLV�FRQWURO�LV

SURYLGHG�E\�GRFXPHQWLQJ�D�VHW�RI�PHWDREMHFWV�DQG�D�SURWRFRO�WKDW�WKH�LPSOHPHQWDWLRQ�DGKHUHV

WR��$�PHWDREMHFW�LV�DQ�REMHFW�WKDW�GHWHUPLQHV�VRPH�DVSHFW�RI�DQ�LPSOHPHQWDWLRQ·V�EHKDYLRU��XVX�

DOO\�E\�PDNLQJ�D�FULWLFDO�GHFLVLRQ��7KH�SURWRFRO�GHVFULEHV�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�PHWDRE�

MHFWV�WKHPVHOYHV�DQG�EHWZHHQ�WKH�PHWDREMHFWV�DQG�RWKHU�SDUWV�RI�WKH�LPSOHPHQWDWLRQ��023V�DUH

GHVLJQHG�WR�SURYLGH�WKH�XVHU�ZLWK�ERWK�ORFDOLW\�DQG�LQFUHPHQWDOLW\��DPRQJ�RWKHU�EHQHILWV�

023V�SURYLGH�WZR�LQWHUIDFHV�IRU�HDFK�PRGXOH��D�SULPDU\�LQWHUIDFH�DQG�D�VHFRQGDU\�LQWHU�

IDFH��7KH�IRUPHU�LV�WKH�XVXDO�IXQFWLRQDOLW\�EDVHG�LQWHUIDFH��ZKLOH�WKH�ODWWHU�DOORZV�WKH�PRGXOH·V

LPSOHPHQWDWLRQ�WR�EH�DOWHUHG��0RVW�023�UHVHDUFK�LV�DLPHG�DW�LQFUHDVLQJ�SHUIRUPDQFH��DOWKRXJK

VRPH�KDV�EHHQ�DLPHG�DW�PDNLQJ�D�ODQJXDJH·V�VHPDQWLFV�H[WHQVLEOH>��@�

,QWULJXH>��@�LV�D�023�IRU�FRQWUROOLQJ�WKH�LPSOHPHQWDWLRQ�RI�D�6FKHPH�FRPSLOHU��7KH�,QWULJXH

023�SURYLGHV�DFFHVV�WR�WKH�FRPSLOHU·V�GDWD�IORZ�DQDO\VLV�HQJLQH��7KLV�HQJLQH�LV�YHU\�IOH[LEO\

SURJUDPPDEOH�WR�DOORZ�WKH�SURSDJDWLRQ�RI�XVHU�GHILQHG�TXDQWLWLHV�LQWHUSURFHGXUDOO\�WKURXJKRXW

WKH�FRPSLOHU·V�LQWHUQDO�UHSUHVHQWDWLRQ��7KLV�HQJLQH�ZDV�XVHG�WR�LPSOHPHQW�GDWDSDWK�PDFURV>��@�
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'DWDSDWK�PDFURV�DUH�WUDQVIRUPDWLRQ�FRQVWUXFWV�WKDW�RSHUDWH�RQ�D�IORZ�JUDSK�SURJUDP�UHSUHVHQWD�

WLRQ�DV�RSSRVHG�WR�RSHUDWLQJ�RQ�WH[WXDOO\�ORFDOL]HG�SURJUDP�WH[W�

,QWULJXH�DQG�GDWDSDWK�PDFURV�FDQ�JR�D�ORQJ�ZD\�WRZDUGV�VROYLQJ�WKH�GLVSDWFK�H[DPSOH��$

GDWDSDWK�PDFUR�FRXOG�DQDO\]H�WKH�GLVSDWFK�H[SUHVVLRQ�DQG�W\SH"�FRGH��DIWHU�ZKLFK�WKH�PDFUR

FRXOG�PRGLI\�GLVSDWFK�H[SUHVVLRQ�LQWR�WKH�GHVLUHG��FRXSOHG�FRGH��:KLOH�WKLV�DSSURDFK�FDQ�SUR�

GXFH�WKH�GHVLUHG�PRGLILFDWLRQ��LW�LV�QRW�HQRXJK�WR�VROYH�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�

2QH�UHDVRQ�LV�WKDW�LW�GRHV�QRW�JXDUDQWHH�PRGXODULW\�LQ�WKH�SUHVHQFH�RI�DQ�LPSOHPHQWDWLRQ�FRX�

SOLQJ��7KDW�LV��LI�W\SH"·V�LPSOHPHQWDWLRQ�LV�FKDQJHG��WKH�RSWLPL]HG�GLVSDWFK�H[SUHVVLRQ·V�LPSOH�

PHQWDWLRQ�FRXOG�EH�PDGH�LQYDOLG��$QRWKHU�UHDVRQ�LV�WKDW�GDWDSDWK�PDFURV�GR�QRW�DGGUHVV�WKH

LVVXH�RI�VFDOH��,Q�ODUJHU�H[DPSOHV��D�JHQHUDO�IORZ�DQDO\VLV�PD\�EH�LPSUDFWLFDO�RYHU�WKH�HQWLUH

SURJUDP�

������3URJUDP�6OLFLQJ

$�SURJUDP�VOLFH>��@�ZLWK�UHVSHFW�WR�D�FRQVWUXFW��F��LQFOXGHV�DOO�FRQVWUXFWV�WKDW�PLJKW�DIIHFW

WKH�YDULDEOH�YDOXHV�XVHG�E\�F��3URJUDP�VOLFLQJ�FDQ�EH�XVHG�LQ�D�YDULHW\�RI�VLWXDWLRQV��VXFK�DV

SURJUDP�PDQLSXODWLRQ�DQG�UHSUHVHQWDWLRQ�IUDPHZRUNV>��@��WKH�DXWRPDWLF�UHFRYHU\�RI�UHXVDEOH

FRPSRQHQWV>��@��PHUJLQJ�SLHFHV�RI�FRGH�GHULYHG�IURP�D�FRPPRQ��EDVH�SLHFH�RI�FRGH�>��@��DQG

GHWHUPLQLQJ�ZKHWKHU�D�FRGH�PRGLILFDWLRQ�LV�FRQVLVWHQW�ZLWK�WKH�RULJLQDO�FRGH>��@��6OLFLQJ�DOORZV

SURJUDPPHUV�WR�DEVWUDFW�DZD\�GHWDLOV�XQUHODWHG�WR�WKH�FRQVWUXFW�WKH\�DUH�FXUUHQWO\�LQWHUHVWHG�LQ�

,W�DOVR�DOORZV�SURJUDPPHUV�WR�FRQVLGHU�VWDWHPHQWV�WKDW�DUH�QRW�MXVW�WH[WXDOO\�ORFDOL]HG�LQ�D�ILOH�

7KHVH�SURSHUWLHV�DUH�HVVHQWLDO�WR�D�VROXWLRQ�IRU�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�

7KH�ZRUN�LQ�>��@�SURYLGHV�DQ�LQWHUHVWLQJ�SHUVSHFWLYH�RQ�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SURE�

OHP��7KLV�ZRUN�GHYHORSV�D�PHFKDQLVP�IRU�FRPELQLQJ�WZR�SURJUDPV�GHULYHG�IURP�D�FRPPRQ�

EDVH�SURJUDP��,I�WKH�WZR�GHULYHG�SURJUDPV�DUH�FRQVLVWHQW�DQG�FRPELQDEOH��WKH�JLYHQ�SURJUDP

VOLFLQJ�WHFKQLTXHV�ZLOO�DXWRPDWLFDOO\�SURGXFH�D�PHUJHG�SURJUDP��,I�WKH�SURJUDPV�FDQQRW�EH

PHUJHG��QR�FRPELQHG�SURJUDP�LV�SURGXFHG�

$�UHODWHG�SLHFH�RI�ZRUN��>��@��DSSURDFKHV�WKLV�PHUJLQJ�SUREOHP�IURP�D�GLIIHUHQW�SHUVSHF�

WLYH��,QVWHDG�RI�FRPELQLQJ�WZR�VHPDQWLFDOO\�XQFRQVWUDLQHG�SURJUDPV�GHULYHG�IURP�D�FRPPRQ

EDVH��WKH�DSSURDFK�LV�WR�FRQVWUDLQ�IXWXUH�PRGLILFDWLRQV�WR�WKH�RULJLQDO�GHULYHG�SURJUDP�VR�WKDW

WKH�PRGLILFDWLRQV�DUH�DOO�FRQVLVWHQW�ZLWK�WKH�GHULYHG�SURJUDP�

1HYHUWKHOHVV��QHLWKHU�RI�WKHVH�DSSURDFKHV�VROYHV�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP��,Q

ERWK�FDVHV��WKH�UHVXOW�LV�HLWKHU�D�VXFFHVVIXO�PHUJLQJ�RU�QR�PHUJLQJ�DW�DOO��$�VROXWLRQ�WR�WKH�LP�

SOHPHQWDWLRQ�FRXSOLQJ�SUREOHP��KRZHYHU��UHTXLUHV�WKDW�D�IXWXUH�SURJUDPPHU
V�PRGLILFDWLRQV�DO�

ZD\V�ZRUN��7KDW�LV��WKH\�PXVW�WDNH�SUHFHGHQFH�RYHU�DQ\�H[LVWLQJ�LPSOHPHQWDWLRQ�FRXSOLQJV�LQ

FDVH�RI�D�FRQIOLFW��VR�DV�WR�SUHVHUYH�PRGXODULW\���$�VHFRQG�SUREOHP�LV�SUDFWLFDOLW\��6LQFH�QHLWKHU
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ZRUN�SUHVHQWV�H[DPSOHV�RU�WLPH�PHDVXUHPHQWV��LW�LV�GLIILFXOW�WR�JDXJH�WKH�DPRXQW�RI�FRPSXWD�

WLRQDO�UHVRXUFHV�UHTXLUHG�WR�SHUIRUP�D�PHUJLQJ�

������$VSHFW�2ULHQWHG�3URJUDPPLQJ

$VSHFW�RULHQWHG�SURJUDPPLQJ>��@�LV�D�UHODWLYHO\�QHZ�DEVWUDFWLRQ�PRGHO�IRU�FRQFHSWXDOO\

VHSDUDWLQJ�SURJUDPPLQJ�FRQFHUQV>��@�IURP�HDFK�RWKHU��6RPH�VDPSOH�FRQFHUQV�LGHQWLILHG�LQ�>��@

LQFOXGH��FODVV�RUJDQL]DWLRQ��V\QFKURQL]DWLRQ��ORFDWLRQ�FRQWURO��UHDO�WLPH�FRQVWUDLQWV��DQG�IDLOXUH

UHFRYHU\��$Q�DVSHFW�RULHQWHG�SURJUDP�FRQVLVWV�RI�GLVWLQFW�SLHFHV�RI�FRGH��HDFK�DGGUHVVLQJ�D�GLI�

IHUHQW�FRQFHUQ��7KH�EDVH�FRQFHUQ�SURJUDP�LV�ZULWWHQ�LQ�D�PDLQVWUHDP�ODQJXDJH�RU�D�YDULDQW

WKHUHRI��DQG�H[SUHVVHV�WKH�DSSOLFDWLRQ·V�HVVHQWLDO�IXQFWLRQDOLW\��7KH�RWKHU�FRQFHUQV�DUH�ZULWWHQ�LQ

DSSURSULDWH�DVSHFW�ODQJXDJHV��$Q�$VSHFW�:HDYHU
���

�WKHQ�FRPELQHV�WKH�FRQFHUQV�LQWR�FRGH�WKDW

FDQ�EH�LQWHUSUHWHG��FRPSLOHG��RU�RWKHUZLVH�H[HFXWHG��2QH�JRDO�RI�DVSHFW�RULHQWHG�SURJUDPPLQJ

LV�WR�GHFRXSOH�FRQFHSWXDOO\�GLVWLQFW�FRQFHUQV�IURP�WKH�EDVH�FRQFHUQ��VR�WKDW�HDFK�FRQFHUQ�FDQ

EH�UHDVRQHG�DERXW�DV�LQGHSHQGHQW�RI�WKH�EDVH�FRQFHUQ�DV�SRVVLEOH�

$VSHFW�RULHQWHG�SURJUDPPLQJ�GRHV�QRW�DGGUHVV�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�GL�

UHFWO\�EHFDXVH�LW�GRHV�QRW�SURYLGH�D�ZD\�WR�YDOLGDWH�LPSOHPHQWDWLRQ�GHSHQGHQFLHV��LQFOXGLQJ

WKRVH�LQGXFHG�E\�WKH�DVSHFW�SURJUDPV��ZKHQ�WKH�PDLQ�SURJUDP�RU�DVSHFW�SURJUDPV�DUH�PRGL�

ILHG��$VSHFW�RULHQWHG�SURJUDPPLQJ�FDQ��KRZHYHU��SXVK�WKRVH�GHSHQGHQFLHV�WR�WKH�DVSHFW�OD\HU�

,Q�WKH�GLVSDWFK�H[DPSOH��IRU�LQVWDQFH��WKH�DOJRULWKP�XVHG�WR�PDS�D�GHFDI�MDYD�H[SUHVVLRQ�W\SH�WR

D�SURFHVV��H[S!�H[SUHVVLRQ�FRXOG�EH�VSHFLILHG�E\�DQ�DVSHFW��6LPLODUO\��WKH�ZD\�WKDW�W\SH"�FRP�

SXWHV�D�W\SH�V\PERO�FRXOG�DOVR�EH�VSHFLILHG�E\�D�GLIIHUHQW�DVSHFW��7KH�IRUPHU�DVSHFW�FRXOG�GH�

SHQG�RQ�WKH�ODWWHU��DQG�WKH�DVSHFW�ZHDYHU�FRXOG�WKHQ�EH�UXQ�WR�HQVXUH�WKDW�DQ\�IXWXUH�PRGLILFD�

WLRQV�JHW�SURSDJDWHG�RXW�WR�WKH�WDUJHW�FRGH�WKDW�LV�DFWXDOO\�UXQ��8QOHVV�WKH�DVSHFW�ODQJXDJH�SUR�

YLGHV�VRPH�VRUW�RI�DVSHFW�PRGXODULW\��KRZHYHU��WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�ZLOO�UH�

PDLQ��DOEHLW�DW�D�GLIIHUHQW�OHYHO��2QH�RWKHU�GUDZEDFN�WR�XVLQJ�DVSHFW�RULHQWHG�SURJUDPPLQJ�IRU

WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�LV�WKDW�DVSHFW�ODQJXDJHV�PXVW�FXUUHQWO\�EH�FXVWRP�

GHVLJQHG�RU�DW�OHDVW�VSHFLDOL]HG�IRU�HDFK�DSSOLFDWLRQ��7KLV�PD\�QRW�FRQWLQXH�WR�EH�WKH�FDVH�DV

PRUH�UHVHDUFK�LQWR�DVSHFW�RULHQWHG�SURJUDPPLQJ�LV�FDUULHG�RXW�

����$�6ROXWLRQ

7KLV�GLVVHUWDWLRQ�VROYHV�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�XVLQJ�WKH�YLHZ�EDVHG�DEVWUDF�

WLRQ�PRGHO�DQG�PHWKRGRORJ\��SUHVHQWHG�QH[W�LQ�&KDSWHU����9LHZ�EDVHG�DEVWUDFWLRQ�DWWDLQV�WKH

GHVLGHUDWD�GHVFULEHG�LQ�WKLV�FKDSWHU��ZKLOH�PDLQWDLQLQJ�PRGXODULW\�LQ�WKH�SUHVHQFH�RI�LPSOHPHQ�

WDWLRQ�FRXSOLQJV�



��

&KDSWHU��

9LHZ�%DVHG�$EVWUDFWLRQ

7KLV�GLVVHUWDWLRQ�SURSRVHV�YLHZ�EDVHG�DEVWUDFWLRQ�DV�D�VROXWLRQ�WR�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ

SUREOHP�SUHVHQWHG�LQ�&KDSWHU����9LHZ�EDVHG�DEVWUDFWLRQ�LV�EDVHG�RQ�D�PRGHO�,�GHYHORSHG�ZKLFK

GHVFULEHV�LPSOHPHQWDWLRQ�FRXSOLQJ�DV�D�VL[�VWHS�SURFHVV��9LHZ�EDVHG�DEVWUDFWLRQ�SURYLGHV�D

PHWKRGRORJ\�IRU�LPSHUDWLYHO\�H[SUHVVLQJ�WKHVH�VWHSV�VR�WKDW�WKH\�FDQ�EH�DXWRPDWHG��,W�LV�WKLV

DXWRPDWLRQ�WKDW�HQDEOHV�YLHZ�EDVHG�DEVWUDFWLRQ�WR�SURYLGH�PRGXODULW\�LQ�WKH�SUHVHQFH�RI�LPSOH�

PHQWDWLRQ�FRXSOLQJ�

7KLV�FKDSWHU�SUHVHQWV�WKHVH�VL[�VWHSV��GHVFULEHV�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�PRGHO�DQG�PHWK�

RGRORJ\��EXLOGV�XSRQ�WKH�IRUPDO�GHILQLWLRQV�SUHVHQWHG�LQ�&KDSWHU����DQG�UHODWHV�LW�DOO�EDFN�WR�WKH

GLVSDWFK�H[DPSOH�

����7KH�,PSOHPHQWDWLRQ�&RXSOLQJ�3URFHVV

7KH�LQVLJKWV�WKDW�OHG�WR�YLHZ�EDVHG�DEVWUDFWLRQ�ZHUH�GHULYHG�IURP�DQ�H[DPLQDWLRQ�RI�WKH

LPSOHPHQWDWLRQ�FRXSOLQJ�SURFHVV�LWVHOI��7KLV�H[DPLQDWLRQ�OHG�WR�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ

PRGHO�WKDW�EUHDNV�GRZQ�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SURFHVV�LQWR�D�VHW�RI�VL[�GLVWLQFW��WKRXJK

QRW�QHFHVVDULO\�VHTXHQWLDO��VWHSV��7KLV�´GLYLGH�DQG�FRQTXHUµ�DSSURDFK�LV�QRYHO�ZLWK�UHVSHFW�WR

WKH�VXUYH\HG�OLWHUDWXUH��DQG�LW�OHDGV�WR�WKH�WZR�FULWLFDO�LGHDV�XSRQ�ZKLFK�WKLV�GLVVHUWDWLRQ·V�WKHVLV

LV�EDVHG��:KLOH�PDQ\�YDOLG�LPSOHPHQWDWLRQ�FRXSOLQJ�PRGHOV�DUH�SRVVLEOH��WKH�RQH�SUHVHQWHG

KHUH�ZDV�GHVLJQHG�WR�EH�SURFHVV�EDVHG��VLPSOH��DQG�VWUDLJKWIRUZDUG��WKH�DLP�EHLQJ�WR�FDUU\�WKRVH

SURSHUWLHV�IRUZDUG�LQWR�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�PRGHO�DQG�PHWKRGRORJ\�ZKLOH�SXVKLQJ�DQ\

SRWHQWLDO�FRPSOH[LW\�LQWR�WKH�LPSOHPHQWDWLRQ�

7KH�VL[�FRXSOLQJ�VWHSV�GHYHORSHG�IRU�WKLV�GLVVHUWDWLRQ�DUH�JLYHQ�EHORZ�LQ�)LJXUH������7KH\

FRUUHVSRQG�WR�WKH�FRXSOLQJ�SURFHVV�LOOXVWUDWHG�LQ�)LJXUH������LQ�ZKLFK�D�SURJUDPPHU�LV�FRXSOLQJ

RQH�PRGXOH��0 � ��WR�DQRWKHU��0 � ��
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7ZR�FULWLFDO�LGHDV�ZHUH�GUDZQ�IURP�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�VWHSV��7KH�ILUVW�LV�WKDW�LP�

SOHPHQWDWLRQ�FRXSOLQJ�GRHV�QRW�QHFHVVDULO\�SUHFOXGH�PRGXODULW\�LQ�WKH�H\HV�RI�IXWXUH�SURJUDP�

PHUV��$�FRXSOLQJ� ,PSO 0 ,PSO 0� � � �� �a �SUHVFULEHV�RQO\�WKDW�DQ�LQYDOLGDWLQJ�LPSOHPHQWDWLRQ�

,PSO′ ��RI� 0 � H[LVWV��7KLV�PHDQV�WKDW�PRGXODULW\�LV�SUHFOXGHG�RQO\�ZKHQ�WKH�UHFRXSOLQJ�VWHS�LV�QRW

FDUULHG�RXW��,I�WKH�UHFRXSOLQJ�VWHS�LV�DOZD\V�FDUULHG�RXW��DQ�H[LVWLQJ�LPSOHPHQWDWLRQ�FRXSOLQJ

FDQQRW�SHUVLVW�WKURXJK�IXWXUH�SURJUDP�PRGLILFDWLRQV�XQOHVV�LWV�SUHFRQGLWLRQV�UHPDLQ�YDOLG��7KLV

LGHD�LV�IXUWKHU�DPSOLILHG�EHORZ��DIWHU�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�VWHSV�KDYH�EHHQ�GLVFXVVHG�

7KH�VHFRQG�FULWLFDO�LGHD�LV�WKDW�E\�SURYLGLQJ�DQ�LPSHUDWLYH�ODQJXDJH�IRU�H[SUHVVLQJ�WKH

ERXQGDU\�LGHQWLILFDWLRQ��SUHFRQGLWLRQ�GHYHORSPHQW��DQG�PRGLILFDWLRQ�GHYHORSPHQW�VWHSV��WKH

FRGH�DQDO\VLV��FRXSOLQJ�SURGXFWLRQ��DQG�UHFRXSOLQJ�VWHSV�FDQ�EH�HDVLO\�DXWRPDWHG��7KLV�DXWRPD�

WLRQ�UHVWRUHV�PRGXODULW\�LQ�WKH�SUHVHQFH�RI�LPSOHPHQWDWLRQ�FRXSOLQJ��VLQFH�WKH�FRPSXWHU�FDQ

WKHQ�EH�UHOLHG�XSRQ�WR�FDUU\�RXW�WKH�UHFRXSOLQJ�VWHS��7KLV�LGHD�LV�DOVR�DPSOLILHG�EHORZ��DIWHU�WKH

LPSOHPHQWDWLRQ�FRXSOLQJ�VWHSV�KDYH�EHHQ�GLVFXVVHG�

����7KH�,PSOHPHQWDWLRQ�&RXSOLQJ�6WHSV

7KH�VL[�LPSOHPHQWDWLRQ�FRXSOLQJ�VWHSV�DUH�SUHVHQWHG�LQ�WKH�FRQWH[W�RI�D�SURJUDPPHU�ZKR

KDV�D�SDUWLFXODU�FRXSOLQJ�LQ�PLQG��L�H��� ,PSO 0 ,PSO 0� � � ��a ���(LWKHU�WKLV�SURJUDPPHU�RU�D

IXWXUH�SURJUDPPHU�PXVW�PDLQWDLQ�PRGXODULW\�E\�UHGRLQJ�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�VWHSV

ZKHQ�WKH�RULJLQDO��XQFRXSOHG�FRGH�RU�WKH�FRXSOLQJ�FRGH�LV�PRGLILHG�

,�� %RXQGDU\�,GHQWLILFDWLRQ���,GHQWLI\�WKH�DEVWUDFWLRQ�ERXQGDULHV�LQ�WKH�FRGH

,,�� 3UHFRQGLWLRQ�'HYHORSPHQW���'HYHORS�WKH�SUHFRQGLWLRQV�XQGHU�ZKLFK�WKH�GHVLUHG�FRXSOLQJ�LV�
YDOLG

,,,��&RGH�$QDO\VLV���$QDO\]H�WKH�FRGH��WR�JDWKHU�WKH�SURJUDP�SURSHUWLHV�QHHGHG�WR�YDOLGDWH�WKH�
SUHFRQGLWLRQV

,9��0RGLILFDWLRQ�'HYHORSPHQW���'HYHORS�FRGH�PRGLILFDWLRQV�IRU�FKDQJLQJ�WKH�XQFRXSOHG�FRGH�
LQWR�WKH�GHVLUHG�FRGH

9�� &RXSOLQJ�3URGXFWLRQ���,I�WKH�SUHFRQGLWLRQV�DUH�YDOLG��FDUU\�RXW�WKH�FRGH�PRGLILFDWLRQV�WR�
SURGXFH�FRXSOHG�FRGH

9,��5HFRXSOLQJ���:KHQHYHU�WKH�FRXSOLQJ�FRGH�RU�WKH�XQFRXSOHG�FRGH�LV�PRGLILHG�LQ�WKH�IXWXUH��
UHGR�6WHSV�,�9,�WR�SURGXFH�D�QHZ��YDOLG�SLHFH�RI�FRXSOHG�FRGH��RU�DOWHUQDWLYHO\
EXW�HTXLYDOHQWO\��ZKHQHYHU�WKH�FRXSOLQJ�FRGH�RU�WKH�FRXSOHG�FRGH�LV�PRGLILHG�
XQGR�D�SUHYLRXVO\�DSSOLHG�FRXSOLQJ�LI�LW�LV�QR�ORQJHU�YDOLG�

�)LJXUH�������,PSOHPHQWDWLRQ�&RXSOLQJ�6WHSV



��

������6WHS�,���%RXQGDU\�,GHQWLILFDWLRQ

7KH�SXUSRVH�RI�6WHS�,�LV�WR�EUHDN�XS�DQ�LPSOHPHQWDWLRQ�LQWR�SLHFHV�WKDW�DUH�HDVLHU�WR�UHDVRQ

DERXW��7KLV�W\SLFDOO\�PHDQV�JHQHUDWLQJ�DEVWUDFWLRQ�ERXQGDULHV�DURXQG�JURXSV�RI�H[SUHVVLRQV�WKDW

LPSOHPHQW�LQWHUIDFHV��L�H��JHQHUDWLQJ�ERXQGDULHV�DURXQG�PRGXOHV���)RU�WKH�GLVSDWFK�H[DPSOH�

WKHUH�DUH�WZR�VXFK�JURXSV�RI�FRGH��7KH�ILUVW�LV�GLVSDWFK�H[SUHVVLRQ�DQG�LWV�DVVRFLDWHG�SURFHVV�

�H[S!�H[SUHVVLRQV��L�H���)LJXUH�������7KH�VHFRQG�LV�H[S�W\SH�DQG�WKH�H[SUHVVLRQV�WKDW�FRPSXWH�H[�

SUHVVLRQ�W\SHV��L�H���)LJXUH�������7KHVH�ERXQGDULHV�KHOS�WR�GLVWLQJXLVK�WUXH�LPSOHPHQWDWLRQ�FRX�

SOLQJV�IURP�WKRVH�PRGLILFDWLRQV�WKDW�ZRXOG�RWKHUZLVH�EH�DOORZDEOH�XQGHU�EODFN�ER[�DEVWUDFWLRQ�

7KH�ERXQGDULHV�ZLOO�DOVR�EH�XVHG�LQ�ODWHU�VWHSV��WR�LGHQWLI\�ZKLFK�JURXSV�RI�H[SUHVVLRQV�PXVW�EH

DQDO\]HG�WR�YDOLGDWH�SUHFRQGLWLRQV�

������6WHS�,,���3UHFRQGLWLRQ�'HYHORSPHQW

7KH�SXUSRVH�RI�6WHS�,,�LV�WR�GHYHORS�FULWHULD�IRU�GHWHUPLQLQJ�ZKHWKHU�WKH�GHVLUHG�SURJUDP

LPSOHPHQWDWLRQ�GRHV�QRW�LQWURGXFH�EXJV�LQWR�WKH�DSSOLFDWLRQ��7KLV�W\SLFDOO\�LQYROYHV�GHYHORSLQJ

DQG�WKHQ�VSHFLI\LQJ�D�VHW�RI�SUHFRQGLWLRQV�XQGHU�ZKLFK�D�FRXSOLQJ�LV�YDOLG��7KHVH�SUHFRQGLWLRQV

LPSO\�WKDW�9DOLG&RXSOLQJ ,QW 0 ,PSO 0� � �� � �< ′ > � �LV�WUXH��ZKHUH� ,PSO′ �LV�WKH�GHVLUHG��FRXSOHG
FRGH��3UHFRQGLWLRQV�PXVW�DOZD\V�EH�FRUUHFWQHVV�SUHVHUYLQJ��EXW�QRW�QHFHVVDULO\�VHPDQWLFV�SUH�

VHUYLQJ�

3UHFRQGLWLRQ�GHYHORSPHQW�FDQ�EH�RQH�RI�WKH�PRVW�GLIILFXOW�VWHSV�LQ�WKH�LPSOHPHQWDWLRQ�

FRXSOLQJ�SURFHVV��7R�EHWWHU�XQGHUVWDQG�ZK\��OHW�XV�RUGHU�SUHFRQGLWLRQV�DORQJ�D�VSHFWUXP�IURP

ZHDN�WR�VWURQJ��6XSSRVH�ZH�KDYH�WZR�SUHFRQGLWLRQV��3 � �DQG�3 � ��ZKLFK�FDQ�RQO\�EH�VDWLVILHG�LI�D

GHVLUHG�LPSOHPHQWDWLRQ�FRXSOLQJ�LV�YDOLG��L�H���FRUUHFWQHVV�SUHVHUYLQJ��ZLWK�UHVSHFW�WR�D�SURJUDP

RI�VL]H�OHVV�WKDQ�D�ODUJH�QXPEHU�RI�FKDUDFWHUV��Q�
�
�6XSSRVH�6�3 � ��LV�WKH�VHW�RI�DOO�SURJUDPV�IRU

ZKLFK�3 � �LV�VDWLVILHG��DQG�6�3 � ��LV�WKH�VHW�RI�DOO�SURJUDPV�IRU�ZKLFK�3 � �LV�VDWLVILHG��:H�VD\�WKDW�3 �

LV�VWULFWO\�ZHDNHU�WKDQ�3 � �LI� _ _6�3 �_� ! � 6�3 �_� � ��7KDW�LV��3 � �LV�YDOLG�IRU�PRUH�SURJUDPV�WKDQ�3 � �

:HDNHU�SUHFRQGLWLRQV�DUH�WKHUHIRUH�SUHIHUDEOH�WR�VWURQJHU�SUHFRQGLWLRQV��DV�ZHDNHU�SUHFRQGL�

WLRQV�FDQ�EH�VDWLVILHG�E\�D�JUHDWHU�QXPEHU�RI�SURJUDPV�IRU�ZKLFK�D�GHVLUHG�FRXSOLQJ�LV�YDOLG��$V

LV�H[SORUHG�EHORZ��KRZHYHU��ZHDNHU�SUHFRQGLWLRQV�FDQ�EH�PRUH�GLIILFXOW�WR�H[SUHVV�

$�VWURQJ�SUHFRQGLWLRQ�FDQ�EH�UHODWLYHO\�VWUDLJKWIRUZDUG�WR�GHYHORS�FRPSDUHG�WR�D�ZHDNHU

SUHFRQGLWLRQ��$�VWURQJ�SUHFRQGLWLRQ�FDQ�HYHQ�EH�H[SUHVVHG�DV�D�FRGH�WHPSODWH�LQ�D�SDWWHUQ�ODQ�

JXDJH��)RU�LQVWDQFH��LQ�WKH�GLVSDWFK�H[DPSOH��RQH�FRXOG�GHYHORS�WZR�VLPSOH�VWURQJ�SUHFRQGL�

WLRQV�IRU�6WHS�,,��7KH�ILUVW�SUHFRQGLWLRQ��3 � ��LV�WKDW�WKH�ERG\�RI�GLVSDWFK�H[SUHVVLRQ�PDWFKHV�WKH

IROORZLQJ�SLHFH�RI�FRGH�
����������������������������������������������������������
�
�7KH�VL]H�UHTXLUHPHQW�IRUFHV�WKH�VHWV�VXEVHTXHQWO\�GLVFXVVHG�WR�EH�ILQLWH��VR�WKDW�WKHLU�VL]HV�FDQ�EH�FRPSDUHG��Q�VKRXOG�EH�VRPH
KXJH�ILQLWH�QXPEHU��VXFK�DV��� � � ��VR�WKDW�DOO�H[LVWLQJ�SURJUDPV�DUH�VPDOOHU�WKDQ�WKLV�QXPEHU�RI�FKDUDFWHUV�
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�ODPEGD��H[S�

������FRQG���W\SH"�
OLWHUDO�������H[S���SURFHVV�OLWHUDO�������H[S��

�������������W\SH"�
MDYD�QDPH�����H[S���SURFHVV�MDYD�QDPH�����H[S��

�������������W\SH"�
QHZ�����������H[S���SURFHVV�QHZ�����������H[S��

�������������W\SH"�
GRW�����������H[S���SURFHVV�GRW�����������H[S��

�������������W\SH"�
FDOO����������H[S���SURFHVV�FDOO����������H[S��

�������������W\SH"�
FDVW����������H[S���SURFHVV�FDVW����������H[S��

�������������W\SH"�
LQVWDQFHRI����H[S���SURFHVV�LQVWDQFHRI����H[S��

�������������W\SH"�
EXLOW�LQ�H[SU�H[S���SURFHVV�EXLOW�LQ�H[SU�H[S��

�������������W\SH"�
DVVLJQPHQW����H[S���SURFHVV�DVVLJQPHQW����H[S��

������������HOVH��HUURU��8QNQRZQ�7\SH����H[S����

7KH�VHFRQG�VWURQJ�SUHFRQGLWLRQ��3 � ��LV�WKDW�WKH�ERG\�RI�W\SH"�PDWFKHV�

�ODPEGD��W\SH�NH\ZRUG�H[S�

������HT"�W\SH�NH\ZRUG��H[S�W\SH�H[S���

7KHVH�WZR�VWURQJ�SUHFRQGLWLRQV�YDOLGDWH�WKH�WUDQVIRUPDWLRQ�WR�WKH�WDUJHW�FRGH�LQ�)LJXUH�����

7KH�WUDGHRII�IRU�XVLQJ�D�VWURQJ�SUHFRQGLWLRQ��KRZHYHU��LV�IUDJLOLW\��$�IUDJLOH�SUHFRQGLWLRQ�LV

RQH�LQ�WKDW�LV�OLNHO\�WR�EH�LQYDOLGDWHG�E\�PLQRU�VHPDQWLFV�SUHVHUYLQJ�VRXUFH�FRGH�PRGLILFDWLRQV�

$�ZHDNHU�SUHFRQGLWLRQ�LV�OHVV�OLNHO\�WR�EH�LQYDOLGDWHG�E\�VHPDQWLFV�SUHVHUYLQJ�VRXUFH�FRGH�PRGL�

ILFDWLRQV��)RU�H[DPSOH��WKH�SUHFRQGLWLRQ�3 � �JLYHQ�DERYH�LV�IUDJLOH�EHFDXVH�LW�ZLOO�EH�LQYDOLG�LI

W\SH"�LQ��W\SH"�³OLWHUDO�H[S��LV�UHSODFHG�E\�DQ\�IXQFWLRQ�FDOO�WKDW�UHWXUQV�W\SH"·V�YDOXH��VXFK�DV

��ODPEGD����W\SH"����RU�HYHQ�LI�H[S�LV�UHQDPHG��,Q�ERWK�FDVHV��WKH�FRXSOLQJ�LV�VWLOO�YDOLG��HYHQ

WKRXJK�LQ�3 � ��D�VWURQJ�SUHFRQGLWLRQ�LV�QRW��7KH�LPSRUWDQW�SRLQW�LV�WKDW�IUDJLOH�SUHFRQGLWLRQV�FDQ

KDPSHU�PDLQWDLQDELOLW\�E\�GLVDOORZLQJ�IXWXUH�SURJUDP�PRGLILFDWLRQV�WKDW�GR�QRW�LQYDOLGDWH�DQ

LPSOHPHQWDWLRQ�FRXSOLQJ�EXW�GR�QRW�VDWLVI\�WKH�FRXSOLQJ·V�SUHFRQGLWLRQV�

:HDN�SUHFRQGLWLRQV��RQ�WKH�RWKHU�KDQG��DUH�QRW�DV�HDV\�WR�GHYHORS��8QOLNH�VWURQJ�SUHFRQGL�

WLRQV��KRZHYHU��ZHDN�SUHFRQGLWLRQV�FDQ�EH�PDGH�OHVV�IUDJLOH��%\�FRPELQLQJ�ZHDN�SUHFRQGLWLRQV

ZLWK�WKH�VWURQJ�RQHV��IRU�H[DPSOH��VRPH�RI�WKH�SUHYLRXVO\�LGHQWLILHG�IUDJLOLW\�FDQ�EH�UHPRYHG�

3 � 
��EHORZ��LOOXVWUDWHV�WKLV�SRLQW��3 � 
�LV�D�SUHFRQGLWLRQ�RQ�GLVSDWFK�H[SUHVVLRQ�

• GLVSDWFK�H[SUHVVLRQ·V�YDOXH�LV�D�SURFHGXUH�FUHDWHG�E\�D�ODPEGD�H[SUHVVLRQ�ZKRVH�ERG\�LV
D�FRQG�FODXVH�VXFK�WKDW�

• (DFK�SUHGLFDWH�LV�WKH�IROORZLQJ�FRPELQDWLRQ����W\SH"!��V\PERO!��H[S!��ZKHUH��W\SH"!
LV�DQ�H[SUHVVLRQ�WKDW�UHWXUQV�WKH�YDOXH�RI�W\SH"���V\PERO!�LV�D�OLWHUDO�V\PERO��DQG��H[S!
UHIHUHQFHV�GLVSDWFK�H[SUHVVLRQ·V�SDUDPHWHU

• (DFK�FRQVHTXHQW�FODXVH�LV�WKH�IROORZLQJ�FRPELQDWLRQ����SURFHVV�H[S!��H[S!��ZKHUH
�SURFHVV�H[S!�LV�D�SURFHGXUH�DQG��H[S!�UHIHUHQFHV�GLVSDWFK�H[SUHVVLRQ·V�SDUDPHWHU

• 7KH�YDULDEOH�H[S�LV�QRW�PXWDWHG�YLD�VHW�

• 3UHGHILQHG�SULPLWLYHV�DUH�QRW�UH�GHILQHG

6LPLODUO\��WKH�V\QWDFWLF�VHPDQWLF�SUHFRQGLWLRQ�3 � 
�FDQ�EH�RQ�W\SH"�FDQ�EH�
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• W\SH"·V�ODPEGD·V�ERG\�LV�RI�HLWKHU�WKH�IRUP��HT"��H[S�W\SH!��H[S!��RU�WKH�IRUP��HT"��H[S!
�H[S�W\SH!�ZKHUH��H[S�W\SH!�LV�DQ\�H[SUHVVLRQ�DQG��H[S!�LV�W\SH"·V�VHFRQG�IRUPDO�SD�
UDPHWHU

3 � 
�LV�OHVV�IUDJLOH�WKDQ�3 � �LQ�WKUHH�VLJQLILFDQW�ZD\V��7KH�ILUVW�LV�WKDW�3 � 
�UHPDLQV�YDOLG�LI�W\SH"�LV�UH�

SODFHG�E\�DQ\�H[SUHVVLRQ�UHWXUQLQJ�W\SH"·V�YDOXH��7KH�VHFRQG�LV�WKDW�3 � 
�UHPDLQV�YDOLG�LI�WKH

YDULDEOH�H[S�LV�UHQDPHG��7KH�WKLUG�LV�WKDW�3 � 
�UHPDLQV�YDOLG�LI�FRQG�FODXVHV�DUH�DGGHG�RU�UHPRYHG�

7KLV�LV�KRZ�VHPDQWLF�SUHFRQGLWLRQV�FDQ�HQKDQFH�PDLQWDLQDELOLW\��E\�UHPDLQLQJ�YDOLG�LQ�WKH�SUHV�

HQFH�RI�D�JUHDWHU�YDULHW\�RI�VHPDQWLFV�SUHVHUYLQJ��RU�HYHQ�QRQ�VHPDQWLFV�SUHVHUYLQJ��PRGLILFD�

WLRQV�

2QH�FDQ�SURGXFH�D�PXFK�ZHDNHU�DQG�OHVV�IUDJLOH�SUHFRQGLWLRQ�WKDQ�3 � 
��)RU�LQVWDQFH��3 � 


ZLOO�IDLO�LI��W\SH"�
FDVW�H[S��LV�UHSODFHG�E\��W\SH�FDVW"�H[S���ZKHUH�W\SH�FDVW"�SHUIRUPV�WKH�VH�

PDQWLF�HTXLYDOHQW�RI��W\SH"�
FDVW�H[S��
�
�,QVWHDG�RI�UHTXLULQJ�D�FRQG�FODXVH�SUHGLFDWH�WR�KDYH�WKH

IRUP���W\SH"!��V\PERO!��H[S!���D�OHVV�IUDJLOH�SUHFRQGLWLRQ��3 � 

��FDQ�VLPSO\�LQFOXGH�WKH�FRQGLWLRQ

WKDW�HDFK�FRQG�FODXVH�SUHGLFDWH�PXVW�UHWXUQ�WKH�UHVXOW�RI�FDOOLQJ�W\SH"�RQ�RQH�V\PERO�DQG�RQ�WKH

GHFDI�MDYD�H[SUHVVLRQ�SDVVHG�WR�GLVSDWFK�H[SUHVVLRQ��7KLV�UHGXFHG�IUDJLOLW\��KRZHYHU��LV�QRW�QHF�

HVVDULO\�IUHH��7KH�SULFH�WR�EH�SDLG�FDQ�EH�LQ�WKH�IRUP�RI�DGGLWLRQDO�FRPSXWDWLRQDO�UHVRXUFHV�

7KLV�LV�H[SODLQHG�EHORZ�GXULQJ�WKH�GLVFXVVLRQ�RI�WKH�FRGH�DQDO\VLV�VWHS�

)RU�PRUH�FRPSOLFDWHG�SLHFHV�RI�FRGH��GHWHUPLQLQJ�ZKHWKHU�D�VSHFLILHG�SUHFRQGLWLRQ�LV�WKH

ZHDNHVW�SUHFRQGLWLRQ�LV�QRQ�WULYLDO��7KLV�LV�WKH�FUX[�RI�ZK\�GHYHORSLQJ�ZHDN�SUHFRQGLWLRQV�FDQ

EH�GLIILFXOW��PDNLQJ�SUHFRQGLWLRQV�OHVV�IUDJLOH�JHQHUDOO\�UHTXLUHV�PRUH�HIIRUW�DQG�PRUH�FDUHIXO

WKRXJKW��3HUVRQDO�H[SHULHQFH�ZLWK�WKH�H[DPSOHV�LQ�&KDSWHU���FRQILUPV�WKLV��,W�LV�DOVR�ZRUWK\�QRW�

LQJ�WKDW�SURJUDPPHUV�JHQHUDOO\�KDYH�OLWWOH�QHHG�WR�GHYHORS�OHVV�IUDJLOH�SUHFRQGLWLRQV�XQOHVV�WKH\

DUH�LQWHUHVWHG�LQ�GRFXPHQWLQJ�WKH�SUHFRQGLWLRQV�LQ�RUGHU�WR�SUHVHUYH�PRGXODULW\�LQ�WKH�SUHVHQFH

RI�IXWXUH�FRGH�PRGLILFDWLRQV��7KLV�FDQ�KHOS�H[SODLQ�ZK\�SURJUDPPHUV�DUH�QRW�DV�PRWLYDWHG�WR

GRFXPHQW�LPSOHPHQWDWLRQ�FRXSOLQJV�WKH\�LQVWDOO�

������6WHS�,,,���&RGH�$QDO\VLV

$W�VRPH�SRLQW��WKH�SUHFRQGLWLRQV�PXVW�EH�YDOLGDWHG��,Q�WKH�GLVSDWFK�H[DPSOH��3 � �FDQ�EH

YDOLGDWHG�E\�LQVSHFWLRQ��WKH�RSHUDWRU�LQ��W\SH"�
FDVW�H[S��GRHV�UHIHUHQFH�W\SH"·V�YDOXH��7KLV�LV�D

WULYLDO�SUHFRQGLWLRQ�WR�YDOLGDWH��VWURQJ�SUHFRQGLWLRQV�WHQG�WR�IDOO�LQWR�WKLV�FODVVLILFDWLRQ��6RPH

SUHFRQGLWLRQV��KRZHYHU��FDQQRW�EH�HDVLO\�YDOLGDWHG�E\�LQVSHFWLRQ��7KHVH�DUH�QRQ�WULYLDO�SUHFRQGL�

WLRQV��DQG�ZHDNHU�SUHFRQGLWLRQV�VXFK�DV�3 � 

�XVXDOO\�IDOO�LQWR�WKLV�FODVVLILFDWLRQ��3UHFRQGLWLRQV

W\SLFDOO\�EHFRPH�QRQ�WULYLDO�ZKHQ�WKH\�PXVW�EH�YDOLGDWHG�DJDLQVW�QRQ�ORFDO�SURJUDP�SURSHUWLHV

VXFK�DV�FDOO�JUDSKV�RU�GDWD�IORZ�DQDO\VHV��)RU�H[DPSOH��VXSSRVH��W\SH"�
FDVW�H[S��ZDV�UHSODFHG

����������������������������������������������������������
�
�)RU�H[DPSOH�� ���������
	������������������������
����������������! "������#�
���������
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E\��W\SH�FDVW"�H[S���LQ�WKH�)LJXUH�����FRGH���7R�YDOLGDWH�3 � 

��WKH�H[SUHVVLRQ�SULPLWLYHO\�FUHDWLQJ

W\SH�FDVW"·V�UHWXUQ�YDOXH�ZRXOG�KDYH�WR�EH�H[DPLQHG��7KLV�H[SUHVVLRQ�FRXOG�EH�IRXQG�YLD�D

GDWD�IORZ�DQDO\VLV�

7KLV�LV�ZKDW�JHWV�GRQH�LQ�WKH�FRGH�DQDO\VLV�VWHS��GHWHUPLQLQJ�WKH�SURJUDP�SURSHUWLHV�QHFHV�

VDU\�WR�WHVW�WKH�6WHS�,,�SUHFRQGLWLRQV��7KHVH�SURSHUWLHV�FDQ�LQFOXGH�FRQWURO�IORZ��GDWD�IORZ��QDP�

LQJ��DQG�VLGH�HIIHFW�LQIRUPDWLRQ��'XULQJ�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ��WKH�SURJUDPPHU�JHQHUDOO\

FRPSXWHV�WKLV�QRQ�ORFDO�LQIRUPDWLRQ�PDQXDOO\��E\�LQVSHFWLQJ�WKH�ILOHV�FRQWDLQLQJ�WKH�FRGH�LWVHOI�

$V�SUHYLRXVO\�PHQWLRQHG��WKH�FRGH�DQDO\VLV�VWHS�LV�ZKHUH�OHVV�IUDJLOH�SUHFRQGLWLRQV�FDQ�EH�

FRPH�PRUH�FRVWO\��:KLOH�WKH�IUDJLOH�3 � �SUHFRQGLWLRQ�QHHGV�RQO\�ORFDO��V\QWDFWLF�LQIRUPDWLRQ�IURP

WKH�FRGH�DQDO\VLV�VWHS��3 � 

�QHHGV�D�QRQ�ORFDO�GDWD�IORZ�DQDO\VLV��,Q�DGGLWLRQ��DXWRPDWHG�DQDO\VHV

VXFK�DV�GDWD�IORZ�DQG�FRQWURO�IORZ�DUH�QRW�DOZD\V�SUHFLVH��:KLOH�WKLV�LV�QRW�WKH�FDVH�IRU�WKH�GLV�

SDWFK�H[DPSOH��&KDSWHU���H[DPLQHV�H[DPSOHV�ZKHUH�WKLV�LVVXH�PXVW�EH�FRQIURQWHG�

������6WHS�,9���0RGLILFDWLRQ�'HYHORSPHQW

7KH�SXUSRVH�RI�WKH�PRGLILFDWLRQ�GHYHORSPHQW�VWHS�LV�WR�GHWHUPLQH�KRZ�WR�PRGLI\�WKH�XQ�

FRXSOHG�SLHFH�RI�FRGH� ,PSO 0� � ��LQWR ,PSO′ �VXFK�WKDW�9DOLG,PSO ,QW 0 ,PSO 'HS 0� � �� � � ��� �′ LV

WUXH��ZKHUH ,PSO′ H[SUHVVHV�WKH�GHVLUHG�FRXSOLQJ��,Q�WKH�GLVSDWFK�H[DPSOH��WKLV�PHDQV�GHFLGLQJ

KRZ�WR�WUDQVIRUP�WKH�FRGH�LQ�)LJXUH�����LQWR�WKH�FRGH�LQ�)LJXUH������3URJUDPPHUV�VRPHWLPHV�GR

WKLV�´RQ�WKH�IO\�µ�XVLQJ�D�SURJUDP�WH[W�HGLWRU��7KLV�LV�PRVWO\�HDV\�WR�GR�ZLWK�WKH�GLVSDWFK�

H[SUHVVLRQ�H[DPSOH�E\�FROOHFWLQJ�WKH�W\SH�V\PEROV�DQG�WKH�SURFHVV��H[S!�H[SUHVVLRQV�LQWR�D�KDVK

WDEOH��7KH�VRPHZKDW�PRUH�GLIILFXOW�SDUW�LV�GHFLGLQJ�ZKLFK�H[SUHVVLRQ�LQ�W\SH"·V�ERG\�UHWXUQV�WKH

W\SH�V\PERO�JLYHQ�D�GHFDI�MDYD�H[SUHVVLRQ�

2QH�PHDVXUH�IRU�FRPSDULQJ�WKH�TXDOLW\�RI�WZR�PRGLILFDWLRQV�LV�WKHLU�VFRSH��RU�WKH�H[WHQW�RI

WKH�H[SUHVVLRQV�WKDW�PXVW�EH�PRGLILHG�RU�WKDW�WKH�PRGLILFDWLRQ�H[SOLFLWO\�GHSHQGV�XSRQ��,Q�WKH

GLVSDWFK�H[DPSOH��GLVSDWFK�H[SUHVVLRQ·V�ERG\�LV�PRGLILHG��DQG�WKH�PRGLILFDWLRQ�GHSHQGV�RQ�WKH

ERG\�RI�W\SH"��7KXV��WKH�VFRSH�RI�WKH�PRGLILFDWLRQ�LV�OLPLWHG�WR�WKH�ERGLHV�RI�GLVSDWFK�H[SUHVVLRQ

DQG�W\SH"�

������6WHS�9���&RXSOLQJ�3URGXFWLRQ

7KH�FRXSOLQJ�SURGXFWLRQ�VWHS�LV�WKH�SURFHVV�RI�DFWXDOO\�FDUU\LQJ�RXW�WKH�PRGLILFDWLRQV��IURP

WKH�PRGLILFDWLRQ�GHYHORSPHQW�VWHS��LI�WKH�SUHFRQGLWLRQV�FDQ�EH�YDOLGDWHG�DJDLQVW�WKH�SURJUDP

SURSHUWLHV�IURP�WKH�FRGH�DQDO\VLV�VWHS��ZLWK�UHVSHFW�WR�WKH�DEVWUDFWLRQ�ERXQGDULHV�IURP�6WHS�,��,Q

WKH�GLVSDWFK�H[DPSOH��WKH�SURJUDPPHU�PDQXDOO\�FDUULHV�RXW�DOO�WKHVH�VWHSV�WR�SURGXFH�WKH�FRX�

SOHG�GLVSDWFK�H[SUHVVLRQ�FRGH�IURP�WKH�XQFRXSOHG�FRGH��7KH�FRXSOLQJ�SURGXFWLRQ�VWHS�WKXV�HV�

WDEOLVKHV�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�
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������6WHS�9,���5HFRXSOLQJ

2QFH�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ�H[LVWV��WKH�UHFRXSOLQJ�VWHS�HQVXUHV�WKDW�PRGXODULW\�LV

PDLQWDLQHG��,W�LV�QRW�SUDFWLFDO�WR�JXDUDQWHH��KRZHYHU��WKDW�WKH�SURJUDPPHU�RU�D�IXWXUH�SURJUDP�

PHU�ZLOO�FDUU\�RXW�D�UHFRXSOLQJ�IRU�HDFK�LPSOHPHQWDWLRQ�FRXSOLQJ�IRU�HDFK�IXWXUH�PRGLILFDWLRQ�WR

WKH�XQFRXSOHG�FRGH�RU�WR�WKH�FRXSOLQJ�FRGH��7KLV�LV�ZK\�EODFN�ER[�DEVWUDFWLRQ�FDQQRW�JXDUDQWHH

PRGXODULW\�LQ�WKH�SUHVHQFH�RI�LPSOHPHQWDWLRQ�FRXSOLQJV��EODFN�ER[�DEVWUDFWLRQ�GRHV�QRW�JXDUDQ�

WHH�WKDW�RQO\�YDOLG�FRXSOLQJV�ZLOO�SHUVLVW�WKURXJK�DOO�IXWXUH�SURJUDP�PRGLILFDWLRQV�

,I�D�SURJUDPPHU�ZHUH��LQ�IDFW��LQWHUHVWHG�LQ�JXDUDQWHHLQJ�PRGXODULW\�DIWHU�KDYLQJ�SHUIRUPHG

D�FRXSOLQJ�YLD�6WHSV�,�9��WKH�UHFRXSOLQJ�VWHS�ZRXOG�EH�HDVLHU�WR�SHUIRUP�LI�WKH�SUHFRQGLWLRQV

ZHUH�VWURQJ��WKH�FRGH�DQDO\VHV�ZHUH�HDV\�WR�FRPSXWH��DQG�WKH�PRGLILFDWLRQV�ZHUH�PLQLPDO�LQ

VFRSH��7KH�VDPH�KROGV�WUXH�IRU�DQ�DXWRPDWLF�ZD\�RI�JXDUDQWHHLQJ�PRGXODULW\��ZKLFK�OHDGV�WR�WKH

WZR�FULWLFDO�LGHDV�IRUPLQJ�WKH�EDVLV�RI�YLHZ�EDVHG�DEVWUDFWLRQ�

����7ZR�&ULWLFDO�,GHDV

7KH�UHFRXSOLQJ�VWHS�OHDGV�WR�D�FULWLFDO�LGHD�IRUPLQJ�WKH�IXQGDPHQWDO�EDVLV�RI�YLHZ�EDVHG�DE�

VWUDFWLRQ��7KH�LGHD�LV�WKDW��JLYHQ�WKH�VL[�VWHS�LPSOHPHQWDWLRQ�FRXSOLQJ�PRGHO��PRGXODULW\�LV�SUH�

FOXGHG�E\�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ�RQO\�LI�WKDW�FRXSOLQJ�LV�DOORZHG�WR�SHUVLVW�WKURXJK�IXWXUH�FRGH

PRGLILFDWLRQV�ZKHQ�WKH�FRXSOLQJ�LV�QR�ORQJHU�YDOLG�

)RU�H[DPSOH��VXSSRVH�DIWHU�GLVSDWFK�H[SUHVVLRQ�ZDV�FRXSOHG�WR�W\SH"·V�LPSOHPHQWDWLRQ��W\SH"·V

LPSOHPHQWDWLRQ�ZDV�PRGLILHG��DV�LQ�)LJXUH������WR�EH�

�GHILQH��W\SH"�W\SH�NH\ZRUG�H[SUHVVLRQ�
���HT"�W\SH�NH\ZRUG��IDVW�H[S�W\SH"�H[SUHVVLRQ���

1RZ��LQVWHDG�RI�H[S�W\SH��WKH�SURFHGXUH�IDVW�H[S�W\SH�LV�XVHG�WR�ILQG�W\SH�V\PEROV��,Q�WKLV�FDVH�

W\SH"�VWLOO�PDLQWDLQV�D�YDOLG�LQWHUIDFH��EXW�WKH�FRXSOHG�FRGH�LQ�)LJXUH�����GRHV�QRW��$W�WKLV�SRLQW�

WKHUH�DUH�WZR�SRVVLELOLWLHV��7KH�ILUVW�SRVVLELOLW\�LV�ZKDW�QRUPDOO\�KDSSHQV�XQGHU�EODFN�ER[�DE�

VWUDFWLRQ��PRGXODULW\�ZDV�YLRODWHG�DQG�GLVSDWFK�H[SUHVVLRQ·V�FRXSOHG�LPSOHPHQWDWLRQ�QRZ�KDV�D

EXJ�GXH�WR�DQ�LQYDOLG�LPSOHPHQWDWLRQ�FRXSOLQJ��7KH�VHFRQG�SRVVLELOLW\�LV�WR�LQVWHDG�UHGR�WKH

FRXSOLQJ��H�J���YLD�6WHSV�,�9��WR�HQVXUH�WKDW�HLWKHU�WKH�FRXSOLQJ�GRHV�QRW�SHUVLVW�RU�WKDW�GLVSDWFK�

H[SUHVVLRQ·V�QHZO\�FRXSOHG�LPSOHPHQWDWLRQ�XVHV�IDVW�H[S�W\SH�LQVWHDG�RI�H[S�W\SH��(LWKHU�HOLPL�

QDWLQJ�WKH�FRXSOLQJ�RU�UHFRXSOLQJ�XVLQJ�IDVW�H[S�W\SH�PDLQWDLQV�WKH�YDOLGLW\�RI�GLVSDWFK�

H[SUHVVLRQ·V�LQWHUIDFH��PHDQLQJ�WKDW�PRGXODULW\�ZLOO�EH�SUHVHUYHG��7KH�ILUVW�FULWLFDO�LGHD�LV�WKDW

WKLV�VHFRQG�SRVVLELOLW\�LV�ZKDW�DFWXDOO\�KDSSHQV�LQ�WKH�UHFRXSOLQJ�VWHS��WKHUHE\�PDLQWDLQLQJ

PRGXODULW\�
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)URP�WKLV�LGHD��RQH�FDQ�FRQFOXGH�WKDW�EHLQJ�DEOH�WR�DXWRPDWLFDOO\�FDUU\�RXW�WKH�UHFRXSOLQJ

VWHS�ZRXOG�SURYLGH�WKH�JXDUDQWHH�QHHGHG�WR�PDLQWDLQ�PRGXODULW\��7KLV�LV�EHFDXVH�WKH�UHFRXSOLQJ

VWHS�HQVXUHV�WKDW�D�FRXSOLQJ�SHUVLVWV�WKURXJK�IXWXUH�FRGH�PRGLILFDWLRQV�RQO\�LI�WKH�FRXSOLQJ�LV

YDOLG�LQ�WKH�FRQWH[W�RI�WKRVH�IXWXUH�PRGLILFDWLRQV��$�PDLQWHQDQFH�SURJUDPPHU�ZRXOG�WKXV�EH

IUHH�WR�PRGXODUO\�PRGLI\�D�SURJUDP�LQ�WKH�SUHVHQFH�RI�LPSOHPHQWDWLRQ�FRXSOLQJV��OHDYLQJ�WKH

ZRUN�RI�HQVXULQJ�YDOLGLW\�WR�WKH�FRPSXWHU�

7KH�UHDO�SRZHU�RI�WKLV�VL[�VWHS�LPSOHPHQWDWLRQ�FRXSOLQJ�PRGHO�DQG�WKH�ILUVW�FULWLFDO�LGHD

GUDZQ�IURP�LW�LV�WKDW�WRJHWKHU��WKH\�DOORZ�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�WR�EH�UHGXFHG�WR

WKH�SUREOHP�RI�DXWRPDWLQJ�WKH�UHFRXSOLQJ�VWHS��7KLV�LV�QRZ�D�WDQJLEOH�SUREOHP��DQG�OHDGV�WR�WKH

VHFRQG�FULWLFDO�LGHD�XQGHUO\LQJ�YLHZ�EDVHG�DEVWUDFWLRQ��WKH�UHFRXSOLQJ�VWHS�FDQ�EH�DXWRPDWHG�LI

WKH�FRGH�DQDO\VLV�DQG�FRXSOLQJ�SURGXFWLRQ�VWHSV�DUH�DXWRPDWHG��DQG�WKHVH�VWHSV�FDQ�EH�DXWR�

PDWHG�LI�WKH�ERXQGDU\�LGHQWLILFDWLRQ��SUHFRQGLWLRQ�GHYHORSPHQW��DQG�PRGLILFDWLRQ�GHYHORSPHQW

VWHSV�DUH�H[SUHVVHG�LQ�DQ�LPSHUDWLYH�SURJUDPPLQJ�ODQJXDJH��7KLV�FRXSOLQJ�ODQJXDJH�IRU�DXWRPDW�

LQJ�DQG�H[SUHVVLQJ�YDULRXV�VWHSV�GUDZV�LQVSLUDWLRQ�IURP�WKH�HVWDEOLVKHG�UHVHDUFK�HIIRUWV�GH�

VFULEHG�LQ�&KDSWHU���DQG�LV�IRUPDOO\�SUHVHQWHG�LQ�&KDSWHU���

7KHVH�WZR�FULWLFDO�LGHDV�OHG�WR�WKH�GHYHORSPHQW�RI�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�PRGHO�DQG

PHWKRGRORJ\��7KLV�GLVVHUWDWLRQ�WKHUHIRUH�DGGUHVVHV�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�E\�GH�

YHORSLQJ�WKLV�PRGHO�DQG�PHWKRGRORJ\�IRU�DXWRPDWLQJ�WKH�UHFRXSOLQJ�VWHS�

����9LHZ�%DVHG�$EVWUDFWLRQ

7KH�YLHZ�EDVHG�DEVWUDFWLRQ�PRGHO�LV�EDVHG�RQ�EODFN�ER[�DEVWUDFWLRQ��9LHZ�EDVHG�DEVWUDF�

WLRQ��KRZHYHU��SHUPLWV�LPSOHPHQWDWLRQ�FRXSOLQJ�YLD�WKH�SURFHVV�JLYHQ�E\�6WHSV�,�9,��7R�DFFRP�

SOLVK�WKLV��YLHZ�EDVHG�DEVWUDFWLRQ�SURYLGHV�D�FRXSOLQJ�ODQJXDJH�IRU�H[SUHVVLQJ�WKH�UHVXOWV�RI

ERXQGDU\�LGHQWLILFDWLRQ��SUHFRQGLWLRQ�GHYHORSPHQW��PRGLILFDWLRQ�GHYHORSPHQW�DQG�FRXSOHUV

�ZKLFK�FDQ�WKHQ�LQYRNH�FRGH�DQDO\VHV�DQG�FRXSOLQJ�SURGXFWLRQV���9LHZ�EDVHG�DEVWUDFWLRQ�DOVR

VSHFLILHV�D�FRPSRQHQW�FDOOHG�WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�WR�FDUU\�RXW�WKH�UHFRXSOLQJ�VWHS�

9LHZ�EDVHG�DEVWUDFWLRQ�LV�EDFNZDUGV�FRPSDWLEOH�ZLWK�EODFN�ER[�DEVWUDFWLRQ��LV�ODQJXDJH�LQGH�

SHQGHQW��DQG�LV�LQFUHPHQWDO��%HLQJ�D�VWUDLJKW�IRUZDUG�H[WHQVLRQ�RI�EODFN�ER[�DEVWUDFWLRQ�DOVR

PDNHV�YLHZ�EDVHG�DEVWUDFWLRQ�HDVLHU�WR�XVH�DQG�XQGHUVWDQG�

%HORZ��WKH�YLHZ�EDVHG�DEVWUDFWLRQ�PRGHO�DQG�PHWKRGRORJ\�DUH�VXPPDUL]HG�DW�D�KLJK�OHYHO�

7KH�PRGHO�DQG�PHWKRGRORJ\�DUH�WKHQ�SUHVHQWHG�LQ�PRUH�GHWDLO��DUH�IRUPDOL]HG��DQG�DUH�UHODWHG

WR�WKH�GLVSDWFK�H[DPSOH�
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����6XPPDU\�RI�WKH�9LHZ�%DVHG�$EVWUDFWLRQ�0RGHO

7KH�EODFN�ER[�DEVWUDFWLRQ�PRGHO��LOOXVWUDWHG�LQ�)LJXUH������UHODWHV�WKUHH�NLQGV�RI�FRPSR�

QHQWV��PRGXOHV��LQWHUIDFHV��DQG�LPSOHPHQWDWLRQV��0RGXOHV�FDQ�EH�FRPELQHG�YLD�LQWHUIDFH�FRX�

SOLQJ�WR�IRUP�QHZ�FRPSRXQG�PRGXOHV��DQG�LPSOHPHQWDWLRQ�FRXSOLQJ�LV�SURKLELWHG�

%\�FRPSDULVRQ��WKH�YLHZ�EDVHG�DEVWUDFWLRQ�PRGHO��VHH�)LJXUH������H[WHQGV�EODFN�ER[�DE�

VWUDFWLRQ�ZLWK�WZR�FRPSRQHQWV��RQH�PHFKDQLVP��DQG�D�FRXSOLQJ�ODQJXDJH��YLHZV�DQG�FRQWH[WV��D

YLHZ�LQYDOLGDWLRQ�UHFRXSOHU��DQG�D�FRXSOLQJ�ODQJXDJH��9LHZV�KROG�WKH�UHVXOWV�RI�FRGH�DQDO\VLV��$

YLHZ�LV�D�PDSSLQJ�IURP�RQH�RU�PRUH�SURJUDP�H[SUHVVLRQV�WR�SURSHUWLHV�DERXW�WKRVH�H[SUHVVLRQV�

$�QDPLQJ�YLHZ��IRU�H[DPSOH��LQFOXGHV�D�PDSSLQJ�IURP�IRUPDO�SDUDPHWHUV��L�H���D�´GHIµ��WR�YDUL�

DEOH�UHIHUHQFHV��L�H���D�´XVHµ���9LHZV�DUH�LQYRNHG�DV�QHHGHG�WR�WHVW�SUHFRQGLWLRQV��ZKHUH

´LQYRNLQJ�D�YLHZµ�PHDQV�FRPSXWLQJ�WKH�YLHZ·V�PDSSLQJ��$�FRQWH[W�LV�D�JURXS�RI�SURJUDP�H[�

SUHVVLRQV�DQG�LWV�DVVRFLDWHG�YLHZV��&RQWH[WV�W\SLFDOO\�FRUUHVSRQG�WR�EODFN�ER[�DEVWUDFWLRQ�PRG�

XOHV��DQG�DUH�XVHG�WR�OLPLW�WKH�H[WHQW�RI�SUHFRQGLWLRQV��PRGLILFDWLRQV��DQG�YLHZV��:KHQ�D�YLHZ�LV

LQYRNHG�RQ�D�FRQWH[W��IRU�H[DPSOH��WKH�YLHZ�DQDO\]HV�QRWKLQJ�EH\RQG�WKH�H[SUHVVLRQV�LQ�WKH

FRQWH[W�

,Q�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�PRGHO��SURJUDPPHUV�GR�QRW�SHUIRUP�LPSOHPHQWDWLRQ�FRX�

SOLQJV��FRXSOHUV�GR��&RXSOHUV�DUH�ZULWWHQ�LQ�WKH�FRXSOLQJ�ODQJXDJH��DQ�LPSHUDWLYH��SURJUDP�

WUDQVIRUPDWLRQ�EDVHG�SURJUDPPLQJ�ODQJXDJH��7KH�FRXSOLQJ�ODQJXDJH�LV�XVHG�WR�H[SUHVV�WKH�UH�

VXOWV�RI�ERXQGDU\�LGHQWLILFDWLRQ��SUHFRQGLWLRQ�GHYHORSPHQW��DQG�PRGLILFDWLRQ�GHYHORSPHQW�

7KHVH�DUH�FRPELQHG�WR�IRUP�FRXSOHUV�WKDW�SHUIRUP�WKH�FRXSOLQJ�SURGXFWLRQ�VWHS��&RXSOHUV�FUH�

DWH�FRQWH[WV��HQVXUH�WKH�SURSHU�YLHZV�DUH�LQYRNHG��WHVW�SUHFRQGLWLRQV��DQG�FRXSOH�FRGH�YLD�6WHS

,9�PRGLILFDWLRQV�ZKHQ�WKRVH�SUHFRQGLWLRQV�DUH�YDOLG�

7KH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�FDUULHV�RXW�WKH�UHFRXSOLQJ�VWHS��(DFK�WLPH�D�FRXSOHU�SHU�

IRUPV�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ��LW�UHJLVWHUV�WKH�FRXSOHU�ZLWK�WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�

:KHQ�D�FRXSOHG�FRQWH[W·V�YLHZV�RU�D�FRXSOLQJ�FRQWH[W·V�YLHZV�EHFRPH�LQYDOLG��H�J���WKH�FRQ�

WH[W·V�H[SUHVVLRQV�DUH�PRGLILHG���WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�UH�LQYRNHV�WKH�FRXSOHU�WKDW�FUH�

DWHG�WKH�FRXSOHG�FRQWH[W��7KH�FRXSOHU�UHFRXSOHV�WKH�FRQWH[W�RQO\�LI�WKH�FRUUHVSRQGLQJ�SUHFRQGL�

WLRQV�DUH�VWLOO�YDOLG�

����6XPPDU\�RI�9LHZ�%DVHG�$EVWUDFWLRQ�0HWKRGRORJ\

7KH�YLHZ�EDVHG�DEVWUDFWLRQ�PRGHO�LV�GHVLJQHG�WR�VXSSRUW�LPSOHPHQWDWLRQ�FRXSOLQJ�YLD�6WHSV

,�9,��7KH�YLHZ�EDVHG�DEVWUDFWLRQ�PHWKRGRORJ\�VXSSOHPHQWV�6WHSV�,�9,�ZLWK�6WHSV�L�YL�DV�JLYHQ

EHORZ�
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,�� %RXQGDU\�,GHQWLILFDWLRQ
L�� &RQWH[W�,GHQWLILFDWLRQ���6HW�XS�FRQWH[WV�FRUUHVSRQGLQJ�WR�WKHVH�DEVWUDFWLRQ�ERXQGDULHV

,,�� 3UHFRQGLWLRQ�'HYHORSPHQW

LL�� 3UHGLFDWH�'HYHORSPHQW���:ULWH�SUHGLFDWHV�H[SUHVVLQJ�WKH�SUHFRQGLWLRQV

,,,��&RGH�$QDO\VLV

LLL��9LHZ�'HYHORSPHQW���(QVXUH�WKH�YLHZV�QHHGHG�WR�YDOLGDWH�WKH�SUHGLFDWHV�DUH�DYDLODEOH

,9��0RGLILFDWLRQ�'HYHORSPHQW

LY�� $FWLRQ�'HYHORSPHQW���:ULWH�DFWLRQV�H[SUHVVLQJ�WKH�PRGLILFDWLRQV

9�� &RXSOLQJ�3URGXFWLRQ

Y�� &RXSOHU�3URGXFWLRQ���&UHDWH�D�FRXSOHU�IURP�WKH�SUHGLFDWHV�DQG�DFWLRQV��LQYRNH�WKH
FRXSOHU��DQG�UHJLVWHU�WKH�FRXSOLQJ�ZLWK�WKH�YLHZ
LQYDOLGDWLRQ�UHFRXSOHU�LI�VXFFHVVIXO

9,��5HFRXSOLQJ

YL�� ,QYDOLGDWLRQ�5HFRXSOLQJ���,QYRNH�WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU

7KH�PRGHO�DQG�WKH�PHWKRGRORJ\�SUHVHQWHG�LQ�WKLV�RYHUYLHZ�DUH�GHVFULEHG�LQ�WKH�VHFWLRQV�WKDW

IROORZ�

����9LHZ�%DVHG�$EVWUDFWLRQ�&RPSRQHQWV

������9LHZV

9LHZV�ILW�LQWR�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SURFHVV�DW�WKH�FRGH�DQDO\VLV�VWHS��$�YLHZ�FRP�

SXWHV��FRQWDLQV�DQG�PDQDJHV�VHPDQWLF�SURSHUWLHV�RI�D�JURXS�RI�SURJUDP�H[SUHVVLRQV��7KHVH�VH�

PDQWLF�SURSHUWLHV�FDQ�EH�XVHG�WR�WHVW�D�SUHFRQGLWLRQ·V�YDOLGLW\��)RUPDOO\��D�YLHZ�LV�D�PDSSLQJ

IURP�SURJUDP�H[SUHVVLRQV��RU�RWKHU�REMHFWV��WR�WKHLU�VHPDQWLF�SURSHUWLHV�

9 H[S REM FRPSXWHG SURSHUW\

FRPSXWHG SURSHUW\ REM

= → −
− =

^�� _ � �`

7KH�PHDQLQJ�RI�FRPSXWHG�SURSHUW\�ZLWK�UHVSHFW�WR�H[S�GHSHQGV�RQ�WKH�SDUWLFXODU�YLHZ��9��)RU�LQ�

VWDQFH��WKH�DOSKD�YLHZ��GHWDLOHG�LQ�6HFWLRQ��������PDSV�IRUPDO�SDUDPHWHUV�WR�YDULDEOH�UHIHUHQFHV

DQG�WR�YDULDEOH�PXWDWLRQV��9DULDEOH�UHIHUHQFHV�DQG�YDULDEOH�PXWDWLRQV�DUH�DOVR�PDSSHG�EDFN�WR

IRUPDO�SDUDPHWHUV��$GGLWLRQDOO\��WKH�DOSKD�YLHZ�PDSV�D�JURXS�RI�H[SUHVVLRQV�WR�WKH�OLVW�RI�XQ�

ERXQG�YDULDEOHV�LQ�WKDW�JURXS�

$�GLIIHUHQW�YLHZ�XVHG�E\�WKH�GLVSDWFK�H[DPSOH�LV�WKH�OLDU�YLHZ��EDVHG�RQ�WKH�/,$5�GDWD�IORZ

DQDO\VLV�DOJRULWKP�>��@�7KLV�YLHZ�PDSV�H[SUHVVLRQV�WR�GDWD�IORZ�SURSHUWLHV��)LJXUH�����LV�D

JUDSKLFDO�UHSUHVHQWDWLRQ�RI�WKH�PDSSLQJ�IRU�UHSHDWHG·V�IRUPDO�SDUDPHWHU�I��ZLWK�UHVSHFW�WR�WKH

JURXS�RI�JLYHQ�SURJUDP�H[SUHVVLRQV��,W�VKRZV�WKDW�I�PD\�EH�DVVLJQHG�RQH�RI�WZR�SURFHGXUH�YDO�
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XHV�RU�DQ\�YDOXHV�QDPHG�E\�WKH�YDUL�

DEOH�SURF��,W�DOVR�VKRZV�WKDW�I·V�YDOXH

PD\�EH�DSSOLHG�WR�WKH�YDOXH�RI�WKH

YDULDEOH�FXUUHQW��7KLV�ILJXUH�GRHV�QRW

LOOXVWUDWH�WKH�IDFW�WKDW�DV�D�SDUDPHWHU�WR

D�WRS�OHYHO�SURFHGXUH��I�PD\�EH�ERXQG

WR�DQ\�GHQRWDEOH�YDOXH�

(DFK�LPSOHPHQWHG�YLHZ�SURYLGHV

DQ�LQWHUIDFH�FRQWDLQLQJ�IXQFWLRQV�IRU

FUHDWLQJ��LQYRNLQJ��UHWULHYLQJ��PHUJLQJ�

DQG�PRGLI\LQJ�WKH�YLHZ·V�PDSSLQJ��)RU

LQVWDQFH��LQ�WKH�GLVSDWFK�H[DPSOH��HQ�

VXUH�DOSKD�YLHZ�FRPSXWHG��LV�WKH�IXQF�

WLRQ�LQYRNHG�WR�FRPSXWH�WKH�DOSKD�YLHZ

�RQ�D�FRQWH[W��GHVFULEHG�QH[W���DQG�YDU�

ELQGLQJ�!PXWDWLRQ�LV�WKH�IXQFWLRQ�XVHG�WR�ILQG�DOO�WKH�VHW��H[SUHVVLRQV�WKDW�PXWDWH�GLVSDWFK�

H[SUHVVLRQ·V�IRUPDO�SDUDPHWHU��H[S��7KH�YLHZ�LQWHUIDFH�VSHFLILFDWLRQ�LV�SUHVHQWHG�LQ�&KDSWHU���

%\�DEVWUDFWLQJ�DZD\�WKH�GHWDLOV�RI�FRPSXWLQJ�FRPPRQ�FROOHFWLRQV�RI�SURJUDP�SURSHUWLHV�

YLHZV�DOORZ�SUHFRQGLWLRQV�WR�EH�GHYHORSHG�DW�D�FOHDUHU�DQG�KLJKHU�OHYHO�RI�XQGHUVWDQGLQJ��%\

XVLQJ�YLHZV��SUHFRQGLWLRQV�DUH�IUHHG�IURP�KDYLQJ�WR�VSHFLI\�WKH�GHWDLOV�RI�KRZ�D�VHPDQWLF�SUR�

JUDP�SURSHUW\�LV�FRPSXWHG��)RU�LQVWDQFH��WKH�SUHFRQGLWLRQ�3 � 
�VD\V��´WKH�YDULDEOH�H[S�LV�QRW�PX�

WDWHG�YLD�VHW�µ��7KLV�SUHFRQGLWLRQ�GRHV�QRW�VSHFLI\�KRZ�WKH�PXWDWLRQ�SURSHUWLHV�RI�H[S�DUH�GHWHU�

PLQHG��7KH�ZD\�LQ�ZKLFK�WKRVH�SURSHUWLHV�DUH�GHWHUPLQHG�KDV�LQVWHDG�EHHQ�GHOHJDWHG�WR�D�FRGH

DQDO\VLV�QDPLQJ�YLHZ��7KLV�VHSDUDWLRQ�EHWZHHQ�VHPDQWLF�SUHFRQGLWLRQV�DQG�VHPDQWLF�SURJUDP

SURSHUWLHV�LPSOLHV�WKDW�3 � 
�GRHV�QRW�KDYH�WR�FRPPLW�WR�D�SDUWLFXODU�DOJRULWKP�IRU�GHWHUPLQLQJ

H[S·V�PXWDWLRQ�VLWHV��7KH�DFWXDO�DOJRULWKP�ZLOO�LQVWHDG�GHSHQG�RQ�WKH�LPSOHPHQWDWLRQ�RI�WKH�SDU�

WLFXODU�YLHZ�FKRVHQ�WR�SURYLGH�WKH�LQIRUPDWLRQ�

,Q�YLHZ�EDVHG�DEVWUDFWLRQ��FRXSOLQJV�SHUVLVW�EDVHG�RQ�WKH�YDOLGLW\�RI�WKH�YLHZV�XVHG�WR�YDOL�

GDWH�WKHLU�SUHFRQGLWLRQV��$�YLHZ�LV�YDOLG�VR�ORQJ�DV�WKH�SURJUDP�H[SUHVVLRQV�XSRQ�ZKLFK�WKH

YLHZ�LQIRUPDWLRQ�LV�EDVHG�DUH�QRW�PRGLILHG��:KHQ�WKHVH�H[SUHVVLRQV�DUH�PRGLILHG��WKH�FRUUH�

VSRQGLQJ�YLHZV�EHFRPH�LQYDOLG��3UHFRQGLWLRQV�WKDW�GHSHQG�RQ�WKH�YDOLGLW\�RI�WKH�YLHZ�LQIRUPD�

WLRQ�PD\�WKHQ�EHFRPH�LQYDOLG�WKHPVHOYHV��7KHVH�LQYDOLG�SUHFRQGLWLRQV�FDQ�WKHQ�LQYDOLGDWH�H[LVW�

LQJ�FRXSOLQJV��7KLV�LV�ZKDW�KDSSHQV�ZKHQ�WKH�)LJXUH�����LQYDOLGDWLQJ�LPSOHPHQWDWLRQ�LV�VXEVWL�

WXWHG�IRU�WKH�)LJXUH�����FRXSOLQJ�FRGH��7KLV�LQYDOLGDWLRQ�FDVFDGH�FDQ�EH�UHYHUVHG�E\�XSGDWLQJ

WKH�YLHZ��UH�WHVWLQJ�WKH�SUHFRQGLWLRQV��DQG�UH�FRXSOLQJ�WKH�FRGH�LI�WKH�SUHFRQGLWLRQV�DUH�YDOLG�

�GHILQH�UHSHDWHG
���ODPEGD��Q�I��

�����ODPEGD��DUJ�
�������OHW�ORRS���Q�Q�
������������������FXUUHQW�DUJ��
���������LI�� �Q���

������������FXUUHQW
�������������ORRS����Q���
��������������������I�FXUUHQW�������

�GHILQH�PDNH�UHSHDWHG�SURF

���ODPEGD���SURF��
�����ODPEGD��Q�DUJ�
��������UHSHDWHG�Q�SURF���DUJ����

�GHILQH�QWK�FGU

���PDNH�UHSHDWHG�SURF�FGU���

�GHILQH�VTXDUH�Q�WLPHV
���PDNH�UHSHDWHG�SURF��ODPEGD��[�
��������������������������[�[������

�FRQV��QWK�FGU���
����������
�������VTXDUH�Q�WLPHV������

)LJXUH�������3DUWLDO�'DWD�)ORZ�$QDO\VLV�RQ�I



��

������&RQWH[WV

&RQWH[WV�FRUUHVSRQG�WR�WKH�ERXQGDU\�DEVWUDFWLRQ�JURXSLQJV�RI�SURJUDP�H[SUHVVLRQV��,Q

YLHZ�EDVHG�DEVWUDFWLRQ��FRQWH[WV�DUH�DOVR�XVHG�WR�OLPLW�WKH�QXPEHU�RI�H[SUHVVLRQV�WKDW�D�YLHZ

PXVW�DQDO\]H��7KLV�LPSOLHV�WKDW�WKH�SURJUDP�SURSHUWLHV�FRQWDLQHG�LQ�D�YLHZ�DUH�ZLWK�UHVSHFW�WR�D

JLYHQ�FRQWH[W��&RQWH[WV�FDQ�EH�IRUPDOL]HG�DV�

& H[S 9=< >^ `�^ `

(DFK�FRQWH[W�LV�FRPSRVHG�RI�D�VHW�RI�SURJUDP�H[SUHVVLRQV�DQG�D�VHW�RI�YLHZV�FRQWDLQLQJ

SURSHUWLHV�RI�WKRVH�H[SUHVVLRQV��$V�WKH�HTXDWLRQ�DERYH�VKRZV��D�YLHZ�LV�DOZD\V�DVVRFLDWHG�ZLWK�D

FRQWH[W��$�YLHZ�KDV�QR�PHDQLQJ�RXWVLGH�RI�LWV�DVVRFLDWHG�FRQWH[W·V�H[SUHVVLRQV�

7KH�GLVSDWFK�H[DPSOH�KDV�WZR�FOHDU�FRQWH[WV��WKH�FRQWH[W�FRQWDLQLQJ�GLVSDWFK�H[SUHVVLRQ

DQG�WKH�SURFHVV��H[S!�GHILQLWLRQV��DQG�WKH�FRQWH[W�FRQWDLQLQJ�W\SH"��H[S�W\SH��DQG�WKH�RWKHU�H[�

SUHVVLRQV�IRU�GHWHUPLQLQJ�D�GHFDI�MDYD�H[SUHVVLRQ·V�W\SH��7KHVH�WZR�FRQWH[WV�OLQH�XS�ZLWK�WKH

GLVSDWFK�H[DPSOH·V�DEVWUDFWLRQ�ERXQGDULHV��DQG�DUH�VWRUHG�LQ�WZR�ILOHV��7KH�IXQFWLRQ�PDNH�

FRQWH[W�IURP�ILOHV�LV�DFWXDOO\�XVHG�LQ�WKH�GLVSDWFK�H[DPSOH�WR�FUHDWH�WKH�WZR�FRQWH[WV�

&RQWH[WV�FDQ�DOVR�EH�FRPELQHG�LQWR�ODUJHU�FRQWH[WV��6LQFH�D�YLHZ�FDQ�DQDO\]H�WKH�H[SUHV�

VLRQV�LQ�H[DFWO\�RQH�FRQWH[W��PHUJLQJ�LV�DQ�LPSRUWDQW�ZD\�WR�DQDO\]H�WKH�XQLRQ�RI�H[SUHVVLRQV�LQ

VHYHUDO�FRQWH[WV��,Q�DGGLWLRQ��ZKHQ�FRQWH[WV�DUH�FRPELQHG��WKHLU�YLHZV�DUH�WRR��7KLV�PHDQV�WKDW

YLHZV�PXVW�SURYLGH�D�PHUJH�IXQFWLRQ�WKDW�WKH�FRQWH[W�FRPELQLQJ�IXQFWLRQV��L�H���PHUJH�FRQWH[WV�

PHUJH�FRQWH[WV���FDQ�LQYRNH�

������&RXSOLQJ�/DQJXDJH

7KH�FRXSOLQJ�ODQJXDJH�LV�DQ�LPSHUDWLYH�ODQJXDJH�EDVHG�RQ�SURJUDP�WUDQVIRUPDWLRQV��7KH

FRXSOLQJ�ODQJXDJH�OD\HUV�ILYH�PDLQ�FRQVWUXFWV�RYHU�DQ�LPSHUDWLYH�EDVH�ODQJXDJH��VXFK�DV

6FKHPH>��@��IRU�WKLV�GLVVHUWDWLRQ���7KHVH�IRXU�FRQVWUXFWV�DUH��SUHGLFDWHV��DFWLRQV��GLVSDWFKHUV�

UXOHV��DQG�FRXSOHUV��3UHFRQGLWLRQV�DUH�H[SUHVVHG�DV�SUHGLFDWHV��SURJUDP�PRGLILFDWLRQV�DV�DFWLRQV�

FRQGLWLRQDO�UHZULWH�UXOHV�DV�GLVSDWFKHUV��FRPELQDWLRQV�RI�FRQVWUXFWV�DV�UXOHV��DQG�LPSOHPHQWDWLRQ

FRXSOLQJV�DV�FRXSOHUV��7KHVH�FRQVWUXFWV�DUH�GHVFULEHG�EHORZ�

��������3UHGLFDWHV

$�SUHGLFDWH�LV�DQ�LPSHUDWLYH�H[SUHVVLRQ�RI�D�6WHS�,,�SUHFRQGLWLRQ��$�SUHGLFDWH�PD\�DOVR�XVH

WKH�SURJUDP�SURSHUWLHV�VWRUHG�LQ�D�YLHZ�WR�GHWHUPLQH�ZKHWKHU�D�SDUWLFXODU�VHW�RI�H[SUHVVLRQV�LQ

WKH�YLHZ·V�DVVRFLDWHG�FRQWH[W�VDWLVI\�D�SUHFRQGLWLRQ��3UHGLFDWHV�WKDW�XVH�YLHZV�WKDW�FRQVHUYDWLYHO\

DSSUR[LPDWH�SURJUDP�SURSHUWLHV�ZLOO�FRUUHVSRQGLQJO\�EH�FRQVHUYDWLYH�DSSUR[LPDWLRQV�WR�WKH

SUHFRQGLWLRQV�WKH\�H[SUHVV��3UHGLFDWHV�KDYH�WKH�IROORZLQJ�VLJQDWXUH�



��

3UHG &RQWH[W H[S ERRO

ERRO WUXH IDOVH

� 

� _

× →

$�SUHGLFDWH�UHWXUQV�WUXH�LI�WKH�SUHFRQGLWLRQ�LW�LPSOHPHQWV�LV�YDOLG��DQG�IDOVH�RWKHUZLVH��$�VDPSOH

SUHGLFDWH�UHODWHG�WR�WKH�GLVSDWFK�H[DPSOH�LV�JLYHQ�EHORZ��7KLV�SUHGLFDWH�UHWXUQV�D�WUXH�YDOXH

ZKHQ�WKH�JLYHQ�YDULDEOH�ELQGLQJ�LV�QRW�PXWDWHG�YLD�VHW��LQ�D�JLYHQ�FRQWH[W��7KH�FRGH�IRU�WKLV

SUHGLFDWH�LV�IXUWKHU�H[SODLQHG�LQ�&KDSWHU���

�GHILQH�SUHGLFDWH�QR�PXWDWLRQV
����PDNH�H[SODLQHG�SUHGLFDWH��ODPEGD��YIRUP�FRQWH[W�YDULDEOH�ELQGLQJ�
��������������������������������QXOO"��YDU�ELQGLQJ�!PXWDWLRQV�YDULDEOH�ELQGLQJ�FRQWH[W���
������LGHQWLI\LQJ�YDULDEOH�ELQGLQJV�ZLWK�QR�PXWDWLRQV���

���������$FWLRQV

$Q�DFWLRQ�LV�DQ�LPSHUDWLYH�H[SUHVVLRQ�RI�D�6WHS�,9�SURJUDP�PRGLILFDWLRQ��$FWLRQV�XQFRQGL�

WLRQDOO\�PRGLI\�D�FRQWH[W·V�H[SUHVVLRQV��$FWLRQV�DUH�DOVR�IUHH�WR�XVH�YLHZV�IRU�ORFDWLQJ�H[SUHV�

VLRQV�WR�EH�PRGLILHG��RU�IRU�JDWKHULQJ�VXE�H[SUHVVLRQV�WR�EH�XVHG�LQ�D�PRGLILFDWLRQ��$FWLRQV�KDYH

WKH�IROORZLQJ�VLJQDWXUH�

$FWLRQ &RQWH[W H[S ERRO &RQWH[W�  �× → �PRGLILHV�

$Q�DFWLRQ�UHWXUQV�WUXH�LI�WKH�PRGLILFDWLRQ�ZDV�VXFFHVVIXO�DQG�IDOVH�RWKHUZLVH��7KH�IROORZLQJ�DF�

WLRQ�UHQDPHV�D�YDULDEOH�DQG�LWV�UHIHUHQFHV�WR�IRR�EDU��,W�GHSHQGV�RQ�D�YDOLG�DOSKD�YLHZ�DQG�RQ

WKH�DOSKD�YLHZ�IXQFWLRQ�YDU�ELQGLQJ�!YDU�UHIV�WR�JDWKHU�D�YDULDEOH�ELQGLQJ·V�UHIHUHQFHV��$FWLRQ

LPSOHPHQWDWLRQ�LV�IXUWKHU�GLVFXVVHG�LQ�&KDSWHU���

�GHILQH�DFWLRQ�UHQDPH�IRR�EDU
���PDNH�H[SODLQHG�DFWLRQ��ODPEGD��YIRUP�FRQWH[W�YDULDEOH�ELQGLQJ�
����������������������������IRU�HDFK��ODPEGD��YDU���UHSODFH�YDU�
IRR�EDU��
��������������������������������������YDU�ELQGLQJ�!YDU�UHIV�YDULDEOH�ELQGLQJ�FRQWH[W��
����������������������������UHSODFH�YDULDEOH�ELQGLQJ�
IRR�EDU�
����������������������������W�
���UHQDPLQJ�YDULDEOH�UHIHUHQFHV�DQG�WKHLU�ELQGLQJ�WR�IRR�EDU���

��������'LVSDWFKHUV

'LVSDWFKHUV�FRUUHVSRQG�WR�WKH�VLPSOHVW�NLQGV�RI�FRXSOHUV��$�GLVSDWFKHU�LV�D�VLPSOH�FRPELQD�

WLRQ�RI�D�SUHGLFDWH�DQG�DQ�DFWLRQ��$�GLVSDWFKHU�ILUVW�UXQV�D�SUHGLFDWH��,I�WKH�SUHGLFDWH�LV�WUXH��WKH

GLVSDWFKHU�UXQV�WKH�DFWLRQ��'LVSDWFKHUV�KDYH�WKH�IROORZLQJ�VLJQDWXUH�

'LVSDWFKHU &RQWH[W H[S ERRO &RQWH[W�  �× → �FDQ�PRGLI\�

$�GLVSDWFKHU�UHWXUQV�WUXH�LI�VXFFHVVIXO��DQG�IDOVH�RWKHUZLVH��'LVSDWFKHUV�DUH�VLPLODU�WR�ZKDW�DUH

FRPPRQO\�UHIHUUHG�WR�DV�FRQGLWLRQDO�UHZULWH�UXOHV��DV�LOOXVWUDWHG�LQ�)LJXUH������'LVSDWFKHUV�GLIIHU

IURP�W\SLFDO�UHZULWH�UXOHV�LQ�WKDW�GLVSDWFKHUV�SHUPLW�QRQ�VHPDQWLFV�SUHVHUYLQJ�WUDQVIRUPDWLRQV
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�YLD�DFWLRQV���FDQ�GHSHQG�XSRQ�QRQ�ORFDO�SURJUDP�SURSHUWLHV��YLD�YLHZV���DQG��DV�LV�ODWHU�GLV�

FXVVHG��FDQ�UHO\�XSRQ�XVHU�LQWHUDFWLRQ�

7KH�IROORZLQJ�FRGH�FRPELQHV�WKH�SUHGLFDWH�DQG�DFWLRQ�JLYHQ�DERYH�WR�SURGXFH�D�GLVSDWFKHU�WKDW

UHQDPHV�D�JLYHQ�YDULDEOH�WR�IRR�EDU�LI�WKH�YDULDEOH�LV�QRW�PXWDWHG�YLD�VHW��LQ�D�JLYHQ�FRQWH[W�

�GHILQH�GLVSDWFKHU�UHQDPH�WR�IRR�EDU
����PDNH�VLPSOH�GLVSDWFKHU�SUHGLFDWH�QR�PXWDWLRQV�DFWLRQ�UHQDPH�IRR�EDU��

��������5XOHV

5XOHV�DUH�FRPELQDWLRQV�RI�SUHGLFDWHV��DFWLRQV��GLVSDWFKHUV��RU�RWKHU�UXOHV��,Q�IDFW��D�GLV�

SDWFKHU�LV�MXVW�D�VLPSOH��EXW�FRPPRQ�NLQG�RI�UXOH��5XOHV�DUH�XVHG�WR�EXLOG�FRXSOHUV��ZKLFK�DUH

UHVSRQVLEOH�IRU�SURGXFLQJ�RQH�RU�PRUH�FRPSOHWH�LPSOHPHQWDWLRQ�FRXSOLQJV��$�FRPSOHWH�FRX�

SOLQJ�PHDQV�FUHDWLQJ�WKH�FRQWH[WV��HQVXULQJ�WKDW�WKH�SURSHU�YLHZV�DUH�FRPSXWHG�RQ�WKH�ULJKW

FRQWH[WV��UXQQLQJ�GLVSDWFKHUV�RQ�WKH�ULJKW�SURJUDP�H[SUHVVLRQV�DQG�FRQWH[WV��DQG�UHJLVWHULQJ

FRXSOLQJV�ZLWK�WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU��5XOHV�KDYH�WKH�IROORZLQJ�VLJQDWXUH�

5XOH &RQWH[W H[S ERRO &RQWH[W�  �× → �FDQ�PRGLI\�

$�UXOH�LV�FUHDWHG�IURP�D�FRQWURO�VWUXFWXUH�DQG�D�VHW�RI�FRXSOLQJ�FRQVWUXFWV��XVXDOO\�GLVSDWFKHUV�RU

RWKHU�UXOHV��7KH�FRQWURO�VWUXFWXUH�LV�D�IXQFWLRQ�WKDW�WDNHV�D�VHW�RI�FRXSOLQJ�FRQVWUXFWV�DQG�UHWXUQV

WKH�UXOH�LWVHOI��)RU�H[DPSOH��WKH�FRQWURO�VWUXFWXUH�EHORZ�FUHDWHV�D�FRQWH[W��HQVXUHV�WKH�DOSKD�YLHZ

LV�FRPSXWHG�RQ�WKDW�FRQWH[W��LQYRNHV�DOO�RI�LWV�SDVVHG�LQ�FRXSOLQJ�FRQVWUXFWV��DQG�UHJLVWHUV�D�VXF�

FHVVIXO�FRXSOLQJ�ZLWK�WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU��0RVW�FRQWURO�VWUXFWXUHV�ZLOO�WDNH�WKLV�IRUP�

7KH�UXOH�WKDW�IROORZV�LV�FUHDWHG�XVLQJ�WKLV�FRQWURO�VWUXFWXUH��:ULWLQJ�DQG�XQGHUVWDQGLQJ�FRGH�OLNH

WKLV�LV�IXUWKHU�GLVFXVVHG�LQ�&KDSWHU���

�GHILQH��PDNH�IRR�EDU�FRQWURO�VWUXFWXUH�ILOH��
����ODPEGD��YIRUPV�
������ODPEGD��YIRUP�FRQWH[W�H[SV�
��������OHW���FRQWH[W��PDNH�FRQWH[W�IURP�ILOH�ILOH����
����������HQVXUH�DOSKD�YLHZ�FRPSXWHG��FRQWH[W�
����������LI��IRU�DOO"�YIRUPV
����������������ODPEGD��YIRUP���GR�YIRUP�YIRUP�FRQWH[W�H[SV���
��������������EHJLQ��UHJLVWHU�FRXSOLQJ��FRQWH[W�YIRUP�
��������������������FRQWH[W�
��������������I�����

��ODPEGD�� �

��� �

�� �

��� > � @
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)UHH�YDULDEOHV�LQ
� �GR�QRW�

�DSSHDU�LQ �DQG
�LV�IXQFWLRQDO

<
(

<
�

0RGLILFDWLRQ

6HPDQWLF
3UHFRQGLWLRQ

6\QWDFWLF
3UHFRQGLWLRQ

)LJXUH�������&RQGLWLRQDO�5HZULWH�5XOH
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�GHILQH�UXOH�UHQDPH�WR�IRR�EDU
����FRPELQH�YIRUPV��PDNH�IRR�EDU�FRQWURO�VWUXFWXUH��WHVW�ILOH�VFP��
��������������������YHUERVH�H[SO�FRPELQHU��UHQDPLQJ�YDULDEOHV�WR�IRR�EDU��
��������������������OLVW�GLVSDWFKHU�UHQDPH�WR�IRR�EDU���

��������&RXSOHUV

1RZ�WKDW�UXOHV�DQG�FRQWH[WV�KDYH�EHHQ�GLVFXVVHG��LW�LV�SRVVLEOH�WR�PRUH�SUHFLVHO\�GHILQH

ZKDW�D�YLHZ�EDVHG�DEVWUDFWLRQ�FRXSOLQJ�LV��$�FRXSOLQJ�H[LVWV�ZKHQ�D�UXOH�PRGLILHV�D�FRQWH[W·V

H[SUHVVLRQV��7KLV�UXOH�LV�WKH�FRXSOHU��7KH�RULJLQDO�FRQWH[W�LV�WKH�XQFRXSOHG�FRQWH[W��ZKHUHDV�WKH

PRGLILHG�FRQWH[W�LV�WKH�FRXSOHG�FRQWH[W��,I�WKH�FRXSOHU·V�SUHFRQGLWLRQV�GHSHQGHG�RQ�D�FRQWH[W·V

YLHZV�IRU�YDOLGDWLRQ��WKLV�FRQWH[W�LV�FDOOHG�D�FRXSOLQJ�FRQWH[W�

,Q�WKH�GLVSDWFK�H[DPSOH��WKH�XQFRXSOHG�FRQWH[W�FRQWDLQV�WKH�H[SUHVVLRQV�LQ�)LJXUH������7KH

FRXSOHG�FRQWH[W�FRQWDLQV�WKH�H[SUHVVLRQV�LQ�)LJXUH������7KH�FRQWH[W�LQ�)LJXUH�����FRQWDLQLQJ�WKH

GHILQLWLRQ�IRU�W\SH"�LV�D�FRXSOLQJ�FRQWH[W�

��������9LHZ�,QYDOLGDWLRQ�5HFRXSOHU

7KH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�LV�UHVSRQVLEOH�IRU�SHUIRUPLQJ�WKH�UHFRXSOLQJ�VWHS��)RU�HDFK

FRXSOLQJ��WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�PDLQWDLQV�HQRXJK�LQIRUPDWLRQ�WR�WHVW�IRU�WKH�FRXSOLQJ·V

YDOLGLW\�DQG�WR�UH�LQYRNH�WKH�FRXSOHU�LI�QHFHVVDU\��5H�LQYRNLQJ�WKH�FRXSOHU�LV�QHFHVVDU\�ZKHQ�WKH

XQFRXSOHG�FRQWH[W�RU�FRXSOLQJ�FRQWH[W�LV�PRGLILHG��,Q�WKH�IRUPHU�FDVH��PRGLILFDWLRQV�WR�WKH�XQ�

FRXSOHG�FRQWH[W�PXVW�EH�UHIOHFWHG�LQ�WKH�FRXSOHG�FRGH��,Q�WKH�GLVSDWFK�H[DPSOH��IRU�LQVWDQFH�

DGGLQJ�D�FRQG�FODXVH�IRU�D�QHZ�GHFDI�MDYD�H[SUHVVLRQ�W\SH�ZRXOG�UHTXLUH�UHFRXSOLQJ��,Q�WKH�ODWWHU

FDVH��PRGLI\LQJ�WKH�FRXSOLQJ�FRQWH[W�SRWHQWLDOO\�UHQGHUV�LWV�YLHZV�LQYDOLG�ZLWK�UHVSHFW�WR�WKH

FRXSOLQJ��0RGLI\LQJ�W\SH"·V�LPSOHPHQWDWLRQ�LV�DQ�H[DPSOH�RI�WKLV�NLQG�RI�PRGLILFDWLRQ��,Q�ERWK

FDVHV��UH�LQYRNLQJ�WKH�FRXSOHU�LV�QHFHVVDU\�

:KHQ�LQYRNHG��WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�JRHV�WKURXJK�WKH�FRXSOHUV�LQ�LWV�UHJLVWU\�WR

GHFLGH�ZKLFK�RQHV�QHHG�WR�EH�UH�LQYRNHG��$VVRFLDWHG�ZLWK�HDFK�FRXSOHU�LV�HQRXJK�LQIRUPDWLRQ

WR�GHWHUPLQH�ZKHWKHU�DQ�LQYDOLGDWLRQ�KDV�RFFXUUHG��7KLV�LQIRUPDWLRQ�FDQ�WDNH�WKH�IRUP�RI�WKH

QDPHV�DQG�PRGLILFDWLRQ�WLPHV�RI�WKH�ILOHV�XVHG�WR�VWRUH�WKH�XQFRXSOHG�FRQWH[W�DQG�FRXSOLQJ�FRQ�

WH[W�H[SUHVVLRQV�

0RUH�IRUPDOO\��WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�LGHQWLILHV�DQ\�FRXSOLQJV�PDNLQJ

9DOLG3URJUDP 3� � IDOVH��ZKHUH�3�FRQWDLQV�WKH�PRGLILHG�FRQWH[W�H[SUHVVLRQV��$IWHU�WKH�YLHZ�LQ�

YDOLGDWLRQ�UHFRXSOHU�UXQV�9DOLG3URJUDP 3� � ZLOO�EH�WUXH�E\�YLUWXH�RI�WKH�YLHZ�LQYDOLGD�

WLRQ�UHFRXSOHU�KDYLQJ�UH�LQYRNHG�WKH�FRXSOHUV�WKDW�SURGXFHG�WKH�LQYDOLG�FRXSOLQJV�
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����9LHZ�%DVHG�$EVWUDFWLRQ�0HWKRGRORJ\

7KH�YLHZ�EDVHG�DEVWUDFWLRQ�PRGHO�SURYLGHV�D�VHW�RI�FRPSRQHQWV�GHVLJQHG�WR�VXSSRUW�WKH

LPSOHPHQWDWLRQ�FRXSOLQJ�SURFHVV�JLYHQ�LQ�6WHSV�,�9,��7KH�YLHZ�EDVHG�DEVWUDFWLRQ�PHWKRGRORJ\

VXSSOHPHQWV�6WHSV�,�9,�ZLWK�6WHSV�L�YL��JLYHQ�DERYH�LQ�6HFWLRQ������(DFK�RI�WKHVH�VXSSOHPHQWDO

VWHSV�LV�GLVFXVVHG�EHORZ�

������6WHS�L���&RQWH[W�,GHQWLILFDWLRQ

,Q�WKH�FRQWH[W�LGHQWLILFDWLRQ�VWHS��WKH�SURJUDP�H[SUHVVLRQV�DUH�JURXSHG�LQWR�FRQWH[WV��7KLV

JURXSLQJ�LV�LPSRUWDQW��DV�YLHZV��FRXSOLQJ�FRQVWUXFWV��DQG�WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�DOO�SHU�

IRUP�WKHLU�IXQFWLRQV�ZLWK�UHVSHFW�WR�FRQWH[WV��6LQFH�FRQWH[WV�FDQ�EH�FRPELQHG��VPDOOHU�FRQWH[WV

DUH�D�JRRG�VWDUWLQJ�SRLQW��&RQWH[WV�DUH�XVXDOO\�FUHDWHG�E\�D�FRXSOHU·V�FRQWURO�VWUXFWXUH��DQG�WKHQ

SDVVHG�RQ�WR�WKH�DSSURSULDWH�GLVSDWFKHUV�DQG�UXOHV�

$V�GLVFXVVHG�HDUOLHU��WKH�GLVSDWFK�H[DPSOH�KDV�WZR�FRQWH[WV��RQH�FRQWDLQLQJ�GLVSDWFK�

H[SUHVVLRQ�DQG�WKH�SURFHVV��H[S!�GHILQLWLRQV��DQG�D�VHFRQG�FRQWH[W�FRQWDLQLQJ�W\SH"��H[S�W\SH�

DQG�WKH�RWKHU�H[SUHVVLRQV�IRU�GHWHUPLQLQJ�D�GHFDI�MDYD�H[SUHVVLRQ·V�W\SH��7KHVH�FRQWH[WV�DUH

FUHDWHG�E\�WKH�FRXSOHU·V�FRQWURO�VWUXFWXUH�IURP�WKH�ILOHV�FRQWDLQLQJ�WKH�UHVSHFWLYH�H[SUHVVLRQV�

������6WHS�LL���3UHGLFDWH�'HYHORSPHQW

,Q�WKLV�VWHS��SUHGLFDWHV�H[SUHVVLQJ�WKH�6WHS�,,�SUHFRQGLWLRQV�DUH�LPSOHPHQWHG�XVLQJ�WKH�LP�

SHUDWLYH�FRXSOLQJ�ODQJXDJH��3UHGLFDWHV�DUH�IUHH�WR�LQYRNH�YLHZ�UHWULHYDO�IXQFWLRQV�WR�H[WUDFW

SURSHUWLHV�DERXW�DQ�H[SUHVVLRQ�LQ�D�FRQWH[W��)RU�WKH�GLVSDWFK�H[DPSOH��3 � 
�DQG�3 � 
�VXIILFH�DV�SUH�

FRQGLWLRQV��DQG�PXVW�WKHUHIRUH�EH�H[SUHVVHG�DV�SUHGLFDWHV�LQ�WKH�SUHGLFDWH�GHYHORSPHQW�VWHS�

)RU�3 � 
��RQH�SUHGLFDWH�LV�QHHGHG�WR�HQVXUH�SULPLWLYHV�DUH�QRW�UHGHILQHG��RQH�LV�QHHGHG�WR�HQVXUH

WKDW�GLVSDWFK�H[SUHVVLRQ·V�IRUPDO�SDUDPHWHU�LV�QRW�PXWDWHG�YLD�VHW���RQH�LV�QHHGHG�WR�FKHFN�FRQG

FODXVH�SUHGLFDWHV��DQG�RQH�LV�QHHGHG�WR�FKHFN�FRQG�FODXVH�FRQVHTXHQWV��2QH�SUHGLFDWH�LV�QHHGHG

WR�YDOLGDWH�3 � 
�

������6WHS�LLL���9LHZ�'HYHORSPHQW

,Q�WKH�YLHZ�GHYHORSPHQW�VWHS��RQH�PXVW�HQVXUH�WKDW�DQ\�YLHZV�UHTXLUHG�WR�YDOLGDWH�WKH�GH�

YHORSHG�SUHGLFDWHV�DUH�LPSOHPHQWHG�DQG�DYDLODEOH��7KH�UHTXLUHG�YLHZV�FDQ�EH�GHWHUPLQHG�E\

LQVSHFWLQJ�WKH�SUHGLFDWHV�IRU�WKH�YLHZ�UHWULHYDO�IXQFWLRQV�WKH\�FDOO��H�J���YDU�ELQGLQJ�!PXWDWLRQV�

RU�E\�D�SUHGLFDWH·V�VSHFLILFDWLRQ��,I�D�GHVLUHG�YLHZ�LV�QRW�DYDLODEOH��LW�PXVW�EH�LPSOHPHQWHG�DV

GLVFXVVHG�ODWHU�LQ�&KDSWHU���

*LYHQ�WKH�GHVFULSWLRQ�RI�3 � 
�DQG�3 � 
�DERYH��LW�LV�FOHDU�WKDW�WKH�SUHGLFDWHV�ZLOO�QHHG�WZR�YLHZV�

D�QDPLQJ�YLHZ�DQG�D�GDWD�IORZ�DQDO\VLV�YLHZ��7KH�QDPLQJ�YLHZ�LV�XVHG�WR�ILQG�SRVVLEOH�PXWD�
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WLRQV�DPRQJ�RWKHU�WKLQJV��DQG�WKH�GDWD�IORZ�YLHZ�LV�XVHG�WR�HQVXUH�WKDW�LQ�WKH�FRQG�SUHGLFDWH

FODXVHV���W\SH"!��V\PERO!��H[S!���WKH�RSHUDWRU��W\SH"!�RQO\�UHIHUHQFHV�WKH�YDOXH�RI�W\SH"��7KHVH

YLHZV�DUH�SURYLGHG�E\�GHIDXOW�LQ�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�LPSOHPHQWDWLRQ�GLVFXVVHG�LQ�&KDS�

WHU����&KDSWHU���DOVR�GHPRQVWUDWHV�WKH�LPSOHPHQWDWLRQ�RI�D�VLPSOH�YLHZ��)RU�WKH�GLVSDWFK�H[DP�

SOH��LW�VXIILFHV�IRU�QRZ�WR�NHHS�WUDFN�RI�ZKLFK�GHIDXOW�YLHZV�DUH�UHTXLUHG�

������6WHS�LY���$FWLRQ�'HYHORSPHQW

)RU�WKH�DFWLRQ�GHYHORSPHQW�VWHS��WKH�PRGLILFDWLRQ�GHYHORSHG�LQ�WKH�PRGLILFDWLRQ�GHYHORS�

PHQW�VWHS�LV�LPSOHPHQWHG�DV�DQ�DFWLRQ�LQ�WKH�FRXSOLQJ�ODQJXDJH��/LNH�SUHGLFDWHV��DFWLRQV�DUH�IUHH

WR�LQYRNH�YLHZ�UHWULHYDO�IXQFWLRQV��8QOLNH�SUHGLFDWHV��DFWLRQV�XVH�YLHZV�WR�ORFDWH�WKH�H[SUHVVLRQV

WR�EH�PRGLILHG��RU�WR�JDWKHU�FRGH�WR�EH�XVHG�LQ�D�PRGLILFDWLRQ��6LQFH�DFWLRQV�DUH�LPSHUDWLYH�

WKH\�GLUHFWO\�PRGLI\�WKH�RULJLQDO�FRGH�LQWR�WKH�GHVLUHG�FRGH�

,Q�WKH�GLVSDWFK�H[DPSOH��LW�LV�QHFHVVDU\�WR�LQYRNH�D�YLHZ�IXQFWLRQ�ZKLOH�PRGLI\LQJ�GLVSDWFK�

H[SUHVVLRQ�EHFDXVH�WKH�DFWLRQ�QHHGV�SDUW�RI�W\SH"·V�FRGH��VSHFLILFDOO\��WKH�FDOO�WR�H[S�W\SH���2QH

DFWLRQ�LV�QHFHVVDU\�IRU�WKH�GLVSDWFK�H[DPSOH��WKH�DFWLRQ�WKDW�WDNHV�WKH�RULJLQDO�GLVSDWFK�

H[SUHVVLRQ�FRGH�LQWR�WKH�FRXSOHG�YHUVLRQ�

������6WHS�Y���&RXSOHU�'HYHORSPHQW

8QGHU�YLHZ�EDVHG�DEVWUDFWLRQ��WKH�FRXSOHU�GHYHORSPHQW�VWHS�LQYROYHV�FRPELQLQJ�WKH�SUHGL�

FDWHV�DQG�DFWLRQV�LQWR�GLVSDWFKHUV��WKHQ�FRPELQLQJ�WKH�GLVSDWFKHUV�LQWR�D�VLQJOH��PDLQ�UXOH��RU

FRXSOHU���7KH�UHDVRQ�D�VLQJOH�UXOH�LV�QHFHVVDU\�LV�WKDW�WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�LQYRNHV�D

VLQJOH�UXOH�ZKHQ�DQ�LQYDOLG�FRXSOLQJ�LV�GHWHFWHG��7KLV�FRQGLWLRQ�GRHV�QRW�UHVXOW�LQ�DQ\�ORVV�RI

JHQHUDOLW\��DV�UXOHV�DUH�HDVLO\�FRPELQHG�

$�FRXSOHU·V�FRQWURO�VWUXFWXUH�FUHDWHV�DQ\�QHFHVVDU\�FRQWH[WV��HQVXUHV�WKH�YLHZV�LGHQWLILHG�LQ

6WHS�LLL�DUH�FRPSXWHG��LQYRNHV�RWKHU�UXOHV�DQG�GLVSDWFKHUV�RQ�WKH�DSSURSULDWH�VHW�RI�H[SUHVVLRQV

DQG�FRQWH[WV��DQG�UHJLVWHUV�DQ\�VXFFHVVIXO�FRXSOLQJV�ZLWK�WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�

������6WHS�YL���,QYDOLGDWLRQ�5HFRXSOLQJ

7KLV�LV�WKH�PRVW�VWUDLJKWIRUZDUG�RI�WKH�VWHSV��7KH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�PXVW�EH�DQ�LQ�

YRNDEOH�IXQFWLRQ��DQG�SHUIRUPLQJ�WKH�LQYDOLGDWLRQ�UHFRXSOLQJ�VWHS�PHDQV�LQYRNLQJ�WKLV�IXQFWLRQ

DIWHU�WKH�FRGH�EDVH�KDV�EHHQ�PRGLILHG��EXW�EHIRUH�DQ\�FRXSOHG�FRGH�LV�UXQ��7KLV�IXQFWLRQ�FDQ

EH�LQYRNHG�HDJHUO\��LPPHGLDWHO\�DIWHU�D�FRGH�PRGLILFDWLRQ���OD]LO\��EHIRUH�DQ\�PRGLILHG�FRGH�LV

UXQ���UHJXODUO\��E\�D�FURQ�MRE�RU�E\�D�SURJUDPPLQJ�HQYLURQPHQW��RU�PDQXDOO\��E\�WKH�SUR�

JUDPPHU��



��
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&KDSWHU��

9LHZ)RUP

7KHUH�DUH�D�YDULHW\�RI�ZD\V�WR�LPSOHPHQW�YLHZ�EDVHG�DEVWUDFWLRQ�DV�GHVFULEHG�LQ�&KDSWHU����0\

DSSURDFK�LV�WR�UHODWH�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�LPSOHPHQWDWLRQ�WR�WKH�VL[�VWHS�FRXSOLQJ�SURFHVV�

,�DOVR�VWULYH�WR�VLPSOLI\�WKH�LQWHUIDFHV�W\SLFDOO\�XVHG�E\�WKH�SURJUDPPHU�ZKLOH�SURYLGLQJ�PRUH

FRPSOH[�DQG�PRUH�SRZHUIXO�LQWHUIDFHV�IRU�H[SHULHQFHG�SURJUDPPHUV��7KH�UHVXOW�LV�9LHZ)RUP�

GHYHORSHG�WR�H[SHULPHQW�ZLWK�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�PRGHO�DQG�PHWKRGRORJ\��9LHZ)RUP�LV

DQ�LPSHUDWLYH��WUDQVIRUPDWLRQ�EDVHG�ODQJXDJH�OD\HUHG�RYHU�6FKHPH>��@��9LHZ)RUP�SHUIRUPV

VRXUFH�WR�VRXUFH�WUDQVIRUPDWLRQV�RQ�6FKHPH�FRGH�DXJPHQWHG�ZLWK�YDULRXV�0,7�6FKHPH�FRQ�

VWUXFWV��9LHZ)RUP�DOVR�LQWURGXFHV�D�QRYHO�FRQVWUXFW��WKH�YIRUP��9IRUPV�DUH�FRPELQDEOH��GHOHJD�

WLRQ�EDVHG�FRQVWUXFWV�WKDW�RSHUDWH�RQ�SURJUDP�H[SUHVVLRQV��ZLWK�UHVSHFW�WR�D�FRQWH[W��9IRUPV�DUH

XVHG�LQ�WKH�FRQVWUXFWLRQ�RI�SUHGLFDWHV��DFWLRQV��GLVSDWFKHUV��UXOHV��FRXSOHUV��DQG�YLHZV�

,Q�DGGLWLRQ�WR�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�FRXSOLQJ�FRQVWUXFWV��9LHZ)RUP�LPSOHPHQWV�YDUL�

RXV�GHIDXOW�YLHZV��DV�ZHOO�DV�D�VLPSOH�EXW�IXOO\�IXQFWLRQLQJ�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU��9LHZ�

)RUP�XVHV�FRPSOH[LW\�OD\HULQJ�WR�PDNH�PRUH�FRPPRQ�XVHV�RI�YLHZ�EDVHG�DEVWUDFWLRQ�HDVLHU�WR

LPSOHPHQW��9LHZ)RUP�PDLQWDLQV�EDFNZDUGV�FRPSDWLELOLW\�ZLWK�FXUUHQW�VRIWZDUH�HQJLQHHULQJ

SUDFWLFH��SURYLGHV�LQFUHPHQWDOLW\��DQG�GHPRQVWUDWHV�YLHZ�EDVHG�DEVWUDFWLRQ·V�YLDELOLW\��7KLV�FKDS�

WHU·V�JRDO�LV�WR�GHVFULEH�9LHZ)RUP�WR�WKH�SRLQW�WKDW�D�UHDGHU�FRXOG�EHJLQ�LPSOHPHQWLQJ�FRX�

SOLQJV�YLD�6WHSV�L�YL�

����9LHZ)RUP�2YHUYLHZ�6FHQDULR

)LJXUH�����LOOXVWUDWHV�D�KLJK�OHYHO�RYHUYLHZ�RI�9LHZ)RUP��7KLV�VFHQDULR�LOOXVWUDWHV�KRZ�D

FRXSOLQJ�LV�FUHDWHG�XVLQJ�9LHZ)RUP��DQG�KRZ�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�FRPSRQHQWV�ILW�WR�

JHWKHU�LQVLGH�9LHZ)RUP��7KH�FRXSOHU�LQ�WKH�ILJXUH�FDOOV�RQ�9LHZ)RUP�WR�WDNH�WKH�VRXUFH�FRGH

DQG�SDUVH�LW�LQWR�YLHZFRGH��9LHZ)RUP·V�LQWHUQDO�SURJUDP�UHSUHVHQWDWLRQ��7KH�FRXSOHU�WKHQ

JURXSV�WKH�YLHZFRGH�H[SUHVVLRQV�LQWR�FRQWH[WV��DQG�SURFHHGV�WR�LQYRNH�VHOHFWHG�YLHZV�RQ�VH�

OHFWHG�FRQWH[WV��$W�WKLV�SRLQW��WKH�FRXSOHU�FDQ�DSSO\�YDULRXV�GLVSDWFKHUV�WR�VSHFLILF�H[SUHVVLRQV
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ZLWK�UHVSHFW�WR�D�FRQWH[W��$�GLVSDWFKHU·V�SUHGLFDWH�FDQ�XVH�WKH�YLHZ�LQIRUPDWLRQ�WR�YDOLGDWH�D

SUHFRQGLWLRQ��DQG�D�GLVSDWFKHU·V�DFWLRQ�FDQ�PRGLI\�D�FRQWH[W·V�H[SUHVVLRQV��2QFH�WKH�FRXSOHU

KDV�ILQLVKHG�LQYRNLQJ�WKH�GLVSDWFKHUV��LW�FDQ�UHJLVWHU�WKH�FRXSOLQJ��LI�DQ\��ZLWK�WKH�YLHZ�LQYDOLGD�

WLRQ�UHFRXSOHU��QRW�VKRZQ���7KH�FRXSOHG�FRQWH[WV�FDQ�EH�RXWSXW�E\�FDOOLQJ�WKH�XQSDUVHU�RQ�WKH

DSSURSULDWH�FRQWH[WV��7KH�RXWSXW�RI�9LHZ)RUP·V�XQSDUVHU�LV�VXLWDEOH�IRU�GLUHFW�LQWHUSUHWDWLRQ�RU

FRPSLODWLRQ��,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKH�RXWSXW�LV�QRW�LQWHQGHG�WR�UHSODFH�WKH�RULJLQDO�FRGH�

5DWKHU��9LHZ)RUP�VKRXOG�EH�WKRXJKW�RI�DV�D�SUHSURFHVVRU�IRU�WKH�FRGH��LWV�RXWSXW�LV�VXEMHFW�WR

DXWRPDWLF�UHJHQHUDWLRQ��7KH�´H[SODQDWLRQVµ�LQ�WKH�ILJXUH�UHSUHVHQW�FRPSRQHQWV�WKDW�FDQ�EH�LQ�

YRNHG�WR�SURYLGH�D�GHVFULSWLRQ�RI�WKH�DVVRFLDWHG�FRQVWUXFW·V�IXQFWLRQDOLW\�

���

���

9LHZ&RGH�&RQWH[WV
9LHZ)RUP 3DUVHU 8QSDUVHU

&RXSOHU
�5XOH�

������� � �	� 
 � ��

������� � �	� 
 � ��

������� � �	� 
 � ��

��� �	� � ��� 
 � ��
3UHGLFDWH����$FWLRQ

3UHGLFDWH����$FWLRQ

([SODQDWLRQ

9LHZ�� 9LHZ�� 9LHZ�Q

��� ������ �������

5HJLVWHU
Z�9,5

)LJXUH�������9LHZ)RUP
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7KH�9LHZ)RUP�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�UHOLHV�XSRQ�ILOH�PRGLILFDWLRQ�WLPHV�WR�GHWHUPLQH

ZKHWKHU�D�FRQWH[W·V�RULJLQDO�H[SUHVVLRQV�KDYH�EHHQ�PRGLILHG�
���
�:KHQ�D�FRXSOLQJ�LV�UHJLVWHUHG�

WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�QRWHV�HYHU\�FRXSOLQJ�FRQWH[W·V�DQG�FRXSOHG�FRQWH[W·V�FRUUH�

VSRQGLQJ�ILOH�PRGLILFDWLRQ�WLPHV��:KHQ�LQYRNHG��WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�FKHFNV�WKURXJK

LWV�UHJLVWU\�IRU�ILOHV�WKDW�KDYH�EHHQ�PRGLILHG�VLQFH�LW�ZDV�ODVW�LQYRNHG��,I�DQ\�DUH�IRXQG��WKH�YLHZ

LQYDOLGDWLRQ�UHFRXSOHU�DVVXPHV�WKDW�YLHZV�FRPSXWHG�IURP�WKRVH�FRQWH[WV�DUH�LQYDOLG��7KH�FRX�

SOHUV�WKDW�RULJLQDOO\�FRXSOHG�WKH�FRQWH[WV�DUH�WKHQ�UH�LQYRNHG�WR�SURGXFH�YDOLG��IUHVKO\�FRXSOHG

FRGH�

,Q�WKH�IROORZLQJ�VHFWLRQV��WKH�PRUH�LQWHUHVWLQJ�DQG�UHOHYDQW�9LHZ)RUP�LQWHUIDFH�IXQFWLRQV

DUH�GRFXPHQWHG�DQG�GHVFULEHG��WKH�UHPDLQGHU�DUH�JLYHQ�LQ�$SSHQGL[�$���)LUVW��YLHZFRGH�DQG

FRQWH[WV�DUH�GHVFULEHG��IROORZHG�E\�9LHZ)RUP·V�FRXSOLQJ�FRQVWUXFWV��9LHZ)RUP·V�GHIDXOW�YLHZV

DQG�WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�DUH�GRFXPHQWHG�DQG�GHVFULEHG�DIWHUZDUGV��7KH�9LHZ)RUP

FRGH�XVHG�WR�FRXSOH�WKH�GLVSDWFK�H[DPSOH�LV�WKHQ�SUHVHQWHG��7KURXJKRXW�WKLV�VHFWLRQ��UHIHUULQJ

EDFN�WR�6HFWLRQ�����LV�UHFRPPHQGHG�DV�D�ZD\�WR�UHODWH�WKH�9LHZ)RUP�FRQVWUXFWV�EDFN�WR�WKHLU

FRUUHVSRQGLQJ�YLHZ�EDVHG�DEVWUDFWLRQ�FRPSRQHQWV�

����9LHZFRGH

7KH�9LHZ)RUP�SDUVHU�EXLOGV�YLHZFRGH�RXW�RI�6FKHPH�REMHFWV��7KHVH�6FKHPH�REMHFWV�DUH

FUHDWHG�IURP�6FKHPH�H[SUHVVLRQV��SDVVHG�LQ�VWDQGDUG�TXRWHG�IRUP�WR�IXQFWLRQV�OLNH�PDNH�FRQWH[W

RU�FUHDWHG�IURP�ILOHV�FRQWDLQLQJ�6FKHPH�FRGH�
���
�:KHQ�WKH�YLHZFRGH�LV�UHDG\�IRU�RXWSXW��LW�LV

XQSDUVHG�EDFN�LQWR�6FKHPH�FRGH�WKDW�FDQ�EH�LQWHUSUHWHG�RU�FRPSLOHG��7KH�SDUVHU�LV�EXLOW�LQWR

WKH�LPSOHPHQWDWLRQ�RI�HYHU\�9LHZ)RUP�IXQFWLRQ�WKDW�WDNHV�VRXUFH�OHYHO�LQSXW�

7KH�SDUVHU�SHUIRUPV�VRPH�VLPSOH�PDQLSXODWLRQV�RQ�WKH�LQSXW�EHIRUH�UHQGHULQJ�WKH�YLHZ�

FRGH��6RPH�PDQLSXODWLRQV�ERRWVWUDS�WKH�WUDQVIRUPDWLRQ�SURFHVV��VRPH�HQVXUH�LGHQWLW\�IRU�HYHU\

YLHZFRGH�H[SUHVVLRQ��DQG�VRPH�FDQRQLFDOL]H�WKH�LQSXW��7KH�PDQLSXODWLRQV�VWULYH�WR�NHHS�WKH

YLHZFRGH�DV�FORVH�WR�WKH�RULJLQDO�VRXUFH�DV�SRVVLEOH��LQ�RUGHU�WR�PDLQWDLQ�DQ\�SULRU�IDPLOLDULW\�WKH

SURJUDPPHU�PD\�KDYH�KDG�ZLWK�WKH�FRGH��)RU�H[DPSOH��RQH�VXFK�PDQLSXODWLRQ�LV�GHVXJDULQJ

WKH�H[SUHVVLRQ��GHILQH��IRR�¨��¨��LQWR�WKH�FDQRQLFDO��GHILQH�IRR��ODPEGD��¨��¨��

9LHZFRGH·V�JUDPPDU�PLUURUV�WKDW�RI�6FKHPH�DQG�DV�VXFK��YLHZFRGH�FRPSRXQG�H[SUHVVLRQV

FDQ�EH�WUDYHUVHG�XVLQJ�WKH�VWDQGDUG�SDLU�RSHUDWLRQV�VXFK�DV�FDU�DQG�FGU��7KH�SRLQW�ZKHUH�YLHZ�

FRGH·V�JUDPPDU�GLIIHUV�IURP�WKDW�RI�6FKHPH�LV�ZLWK�UHVSHFW�WR�LPPXWDEOH�REMHFWV��7KHVH�REMHFWV

����������������������������������������������������������
� �
�)RU�LQGXVWULDO�VWUHQJWK�YLHZ�EDVHG�DEVWUDFWLRQ�LPSOHPHQWDWLRQV��D�FU\SWRJUDSKLF�ILQJHUSULQW�ZRXOG�EH�PRUH�GHVLUDEOH�WKDQ�ILOH

PRGLILFDWLRQ�WLPHV�
���
�:KHQ�UHDGLQJ�ILOHV��9LHZ)RUP�VLPSO\�XVHV�6FKHPH·V� �	��
�� �IXQFWLRQ�WR�FUHDWH�WKH�6FKHPH�REMHFWV�SDVVHG�WR�WKH�SDUVHU�
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KDYH�QR�LGHQWLW\�XQGHU�6FKHPH��6LQFH�9LHZ)RUP�UHTXLUHV�LGHQWLW\�IRU�HDFK�YLHZFRGH�H[SUHV�

VLRQ��9LHZ)RUP�DXWRPDWLFDOO\�HQFORVHV�WKHVH�REMHFWV�LQ�YLHZFRGH�HQFORVXUHV��$Q�HQFORVXUH�JLYHV

DQ�REMHFW�LGHQWLW\�ZLWKLQ�D�YLHZFRGH�H[SUHVVLRQ�WUHH�

7KH�YLHZFRGH�RSHUDWLRQV�FDQ�EH�LQYRNHG�WKURXJK�WKH�IROORZLQJ�LQWHUIDFH�IXQFWLRQV�

�GHOHWH�H[S������H[S�
�UHSODFH�����ROG�H[S�QHZ�H[S�
�LQVHUW�DIWHU����H[S�QHZ�H[S�
�LQVHUW�EHIRUH���H[S�QHZ�H[S�

'HOHWH��UHSODFH��DQG�LQVHUW�YLHZFRGH�H[SUHVVLRQV��$XWRPDWLFDOO\�PDLQWDLQV�HQFORVXUHV�� QHZ�H[S�FDQ

EH�D�TXRWHG�6FKHPH�H[SUHVVLRQ��YLHZFRGH��RU�DQ\�FRPELQDWLRQ�RI�WKH�WZR

�YF�HQF"�REMHFW�

5HWXUQV��W�LI�REMHFW�LV�D�YDOLG�YLHZFRGH�HQFORVXUH

�YF�HQF�REMHFW�YF�HQF�

5HWXUQV�WKH�6FKHPH�REMHFW�HQFORVHG�E\�YF�HQF

�YF�!VH[S�YF�H[S�

8QSDUVHV�D�YLHZFRGH�H[SUHVVLRQ�LQWR�D�6FKHPH�REMHFW�ZKLFK�FDQ�EH�GLUHFWO\�HYDOXDWHG

�GXPS�FRQWH[WV�FRQWH[WV���RSWLRQDO�ILOH�H[WHQVLRQ�

2XWSXWV�HDFK�FRQWH[W�LQ�WKH�OLVW�FRQWH[WV�WR�D�ILOH��XVLQJ�WKH�RSWLRQDO�ILOH�H[WHQVLRQ�LI�JLYHQ��7KH

RXWSXW�ILOHQDPHV�WKHPVHOYHV�DUH�GHWHUPLQHG�IURP�WKH�FRQWH[W�RULJLQV

)RU�H[DPSOH��LQ�WKH�FRGH�EHORZ��VXSSRVH�WKH�YDULDEOH�GLVS�H[S�UHIHUV�WR�WKH�YLHZFRGH�IRU��GHILQH

GLVSDWFK�H[SUHVVLRQ��ODPEGD��H[S��¨���LQ�)LJXUH�����

�OLVW"�GLVS�H[S��Ð��W
�FDU�GLVS�H[S��Ð�GHILQH�����������������������������DQ�HQFORVXUH�IRU�GHILQH
�YF�HQF"��FDU�GLVS�H[S���Ð��W
�HT"��FDU�GLVS�H[S��³GHILQH��Ð��I�������������������DQ�HQFORVXUH�LV�QRW�D�V\PERO
�HT"��YF�HQF�REMHFW��FDU�GLVS�H[S���³GHILQH��Ð��W���DQ�HQFORVXUH�FDQ�KROG�D�V\PERO
�HT"��YF�!VH[S��FDU�GLVS�H[S���³GHILQH��Ð��W
�UHSODFH��FDU�GLVS�H[S��³GHILQH�LQWHJUDEOH��Ð�XQVSHFLILHG
�FDU�GLVS�H[S��Ð�GHILQH�LQWHJUDEOH������������������GHILQH�ZDV�UHSODFHG�E\�GHILQH�LQWHJUDEOH
�YF�HQF"��FDU�GLVS�H[S���Ð��W�����������������������SDUVHU�DXWRPDWLFDOO\�HQFORVHG�WKH�V\PERO
�FDU���FDGGU�GLVS�H[S���Ð�ODPEGD��������������������VSHFLDO�IRUP�NH\ZRUG�ODPEGD��HQFORVHG�
�FDGU��FDGGU�GLVS�H[S���Ð��H[S����������������������D�OLVW�RI�WKH�ODPEGD´V�IRUPDOV
�OLVW"��FDGU��FDGGU�GLVS�H[S����Ð��W
�GHILQH�YDU�YDOXH��ODPEGD�IRUPDOV�GLVS�H[S���Ð��H[S���D�QLFHU�ZD\�WR�JHW�WKH�ODPEGD´V�IRUPDOV

����&RQWH[WV

&RQWH[WV�DUH�JURXSV�RI�YLHZFRGH�H[SUHVVLRQV�WKDW�FDQ�WKHQ�EH�SDVVHG�WR�9LHZ)RUP�FRQ�

VWUXFWV�VXFK�DV�YLHZV�DQG�FRXSOHUV��,Q�DGGLWLRQ�WR�FRQWDLQLQJ�D�VHW�RI�H[SUHVVLRQV��HDFK�FRQWH[W

FRQFHSWXDOO\�´FRQWDLQVµ�DQ\�YLHZV�FRPSXWHG�RQ�LWV�H[SUHVVLRQV��7KDW�LV��HDFK�YLHZ�LV�DVVRFLDWHG
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ZLWK�D�VLQJOH�FRQWH[W��7KLV�PHDQV�WKDW�FRQWH[WV�DFW�DV�D�NLQG�RI�VFRSLQJ�PHFKDQLVP�IRU�YLHZV�

:KHQ�UHDVRQLQJ�DERXW�YLHZV��LW�LV�WKHUHIRUH�LPSRUWDQW�WR�NHHS�LQ�PLQG�WKDW�WKH�SURSHUWLHV�WKH\

SURYLGH�DUH�DOZD\V�ZLWK�UHVSHFW�WR�D�JLYHQ�FRQWH[W�

,W�LV�RIWHQ�XVHIXO�WR�JURXS�H[SUHVVLRQV�LQWR�FRQWH[WV�EDVHG�RQ�DQ�DSSOLFDWLRQ·V�DEVWUDFWLRQ

ERXQGDU\�JUDQXODULW\��%\�FUHDWLQJ�D�FRQWH[W�IRU�HDFK�VRXUFH�OHYHO�PRGXOH��RU�VXE�PRGXOH���D

FRQFHSWXDO�FRUUHVSRQGHQFH�FDQ�EH�HVWDEOLVKHG�EHWZHHQ�D�PRGXOH�DQG�D�FRQWH[W��)RU�H[DPSOH�

WKH�PRGXOH�FRGH�LQ�)LJXUH�����ZRXOG�PDNH�D�JRRG�FRQWH[W��DV�ZRXOG�WKH�FRGH�LQ�)LJXUH�����

7KLV�FRQWH[W�WR�PRGXOH�FRUUHVSRQGHQFH�FDQ�PDNH�LW�HDVLHU�WR�UHDVRQ�DERXW�FRQWH[WV�EHFDXVH�LW

OHYHUDJHV�RQ�WKH�SURJUDPPHU·V�H[LVWLQJ�XQGHUVWDQGLQJ�RI�WKH�DSSOLFDWLRQ��(YHQ�VR��YLHZFRGH�H[�

SUHVVLRQV�FDQ�EHORQJ�WR�DQ\�QXPEHU�RI�FRQWH[WV��WR�DOORZ�FRQWH[W�PHUJLQJ�DQG�FRS\LQJ�

&RQWH[WV�DOVR�PDLQWDLQ�D�SRLQW�RI�RULJLQ�VSHFLI\LQJ�ZKHUH�WKH�FRQWH[W·V�RULJLQDO�H[SUHVVLRQV

FDPH�IURP��7KH�RULJLQ�FDQ�EH�D�ILOHQDPH�RU�DQRWKHU�FRQWH[W��$�SRLQW�RI�RULJLQ�LV�DOVR�PDLQ�

WDLQHG�IRU�HDFK�FRQWH[W�H[SUHVVLRQ��7KH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�XVHV�WKHVH�SRLQWV�RI�RULJLQ�WR

FKHFN�WKH�YDOLGLW\�RI�HDFK�FRQWH[W·V�YLHZV��$�FRQWH[W·V�YLHZV�DUH�FRQVLGHUHG�LQYDOLG�ZKHQ�RQH�RI

LWV�RULJLQV�KDV�EHHQ�DOWHUHG��7KH�SRLQWV�RI�RULJLQ�DOVR�DOORZ�H[SODQDWLRQV��GHVFULEHG�LQ�6HFWLRQ

�����DQG�XVHUV�WR�PRUH�HDVLO\�GHWHUPLQH�ZKHUH�DQ\�JLYHQ�H[SUHVVLRQ�RULJLQDOO\�FDPH�IURP��,

IRXQG�WKLV�ODWWHU�DELOLW\�TXLWH�XVHIXO�ZKHQ�XVLQJ�D�ZRUNLQJ�YHUVLRQ�RI�9LHZ)RUP�WR�GHEXJ�QHZHU

YHUVLRQV�

7KH�IROORZLQJ�9LHZ)RUP�IXQFWLRQV�PDQDJH�FRQWH[WV�

�PDNH�FRQWH[W�H[S������H[SQ�

5HWXUQV�D�FRQWH[W�FRQVLVWLQJ�RI�WKH�YLHZFRGH�H[SUHVVLRQV�H[S������H[SQ�LQ�VRPH�RUGHU

�FRQWH[W�H[SV�FRQWH[W�

5HWXUQV�D�OLVW�RI�FRQWH[W·V�YLHZFRGH�H[SUHVVLRQV

�DGG�H[SV�WR�FRQWH[W����FRQWH[W�H[SV�
�UHSODFH�H[S�LQ�FRQWH[W�FRQWH[W�ROG�H[S�QHZ�H[S�
�GHOHWH�H[S�LQ�FRQWH[W��FRQWH[W�H[S�

$GG��UHSODFH��DQG�GHOHWH�FRQWH[W�H[SUHVVLRQV

�PDNH�FRQWH[W�IURP�ILOHV�ILOH������ILOHQ�

&UHDWHV�D�FRQWH[W�IURP�WKH�H[SUHVVLRQV�LQ�ILOHV�ILOH��WR�ILOHQ�DQG�FUHDWHV�WKH�FRUUHVSRQGLQJ�FRQ�

WH[W�DQG�H[SUHVVLRQ�RULJLQV

�FRQWH[W�RULJLQ�FRQWH[W����VHW�FRQWH[W�RULJLQ��FRQWH[W�RULJLQ�

5HWXUQV�RU�VHWV�FRQWH[W·V�RULJLQ��UHVSHFWLYHO\
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�PHUJH�FRQWH[WV�F��F����PHUJH�FRQWH[WV��F��F��

5HWXUQV�D�QHZ�FRQWH[W�FRQWDLQLQJ�WKH�QRQ�UHGXQGDQW�XQLRQ�RI�WKH�H[SUHVVLRQV�LQ� F��DQG�F���PHUJ�

LQJ�H[LVWLQJ�YLHZV�DQG�RULJLQV��WKH�VHFRQG�IRUP�GHVWUXFWLYHO\�PRGLILHV�F��

�UHWULHYH�YLHZ�YLHZ�FRQWH[W�

5HWXUQV�WKH�YLHZ�PDSSLQJ�DVVRFLDWHG�ZLWK�WKH�JLYHQ�FRQWH[W

�VHW�YLHZ������YLHZ�FRQWH[W�YLHZ�PDSSLQJ�

6HWV�WKH�YLHZ�PDSSLQJ�IRU�WKH�YLHZ�DVVRFLDWHG�ZLWK�WKH�JLYHQ�FRQWH[W

�UHPRYH�YLHZ���YLHZ�FRQWH[W�

5HPRYHV�WKH�YLHZ�PDSSLQJ�DVVRFLDWHG�ZLWK�WKH�JLYHQ�FRQWH[W

����9LHZ)RUP�&RXSOLQJ�&RQVWUXFWV

9LHZ)RUP�SUHGHILQHV�D�VHW�RI�FRXSOLQJ�FRQVWUXFWV�IRU�WKH�VL[�VWHSV�GLVFXVVHG�LQ�&KDSWHU���

7KHVH�LQFOXGH�WZR�SULPLWLYHV��SUHGLFDWHV�DQG�DFWLRQV��DQG�WKUHH�FRPELQDWLRQV��GLVSDWFKHUV��UXOHV�

DQG�FRXSOHUV��7KHVH�FRQVWUXFWV�DUH�GHVFULEHG�EHORZ�

������&KDUDFWHULVWLF�9IRUP�,QWHUIDFH

7KH�FRXSOLQJ�FRQVWUXFWV�JLYHQ�EHORZ�UHIHU�WR�D�FKDUDFWHULVWLF�YIRUP�LQWHUIDFH��7KLV�LV�D�SURFH�

GXUH�VLJQDWXUH��L�H���ODPEGD�OLVW�VLJQDWXUH���VKDUHG�E\�WKH�FRQVWUXFWV��ZKRVH�IRUP�LV�

YIRUP���GHOHJDWLQJ�YIRUP�[�FRQWH[W�[�YF�H[SV��!�DQ\�6FKHPH�YDOXH

GHOHJDWLQJ�YIRUP�LV�D�YIRUP��FRQWH[W�LV�D�FRQWH[W��DQG�YF�H[SV�LV�D�OLVW�RI�YLHZFRGH�H[SUHVVLRQV

7KLV�LQWHUIDFH�LV�GLVFXVVHG�ODWHU�LQ�6HFWLRQ������DIWHU�WKH�9LHZ)RUP�FRQVWUXFWV�DQG�YLHZV�KDYH

EHHQ�SURSHUO\�GHWDLOHG��7KLV�LV�QHFHVVDU\�WR�DOORZ�WKH�YIRUP�LQWHUIDFH�GLVFXVVLRQ�WR�GHPRQVWUDWH

KRZ�WKH�9LHZ)RUP�FRQVWUXFWV�DUH�UHODWHG�WR�WKH�YIRUP�LQWHUIDFH��)RU�QRZ��LW�VXIILFHV�WR�VD\�WKDW

SUHGLFDWHV��DFWLRQV��GLVSDWFKHUV��UXOHV��DQG�FRXSOHUV�DUH�DOO�YIRUPV�

7KH�FRXSOLQJ�FRQVWUXFWV�DOVR�UHIHU�WR�WKH�QRWLRQ�RI�DQ�H[SODQDWLRQ��7KHVH�GHVFULSWLYH�FRQ�

VWUXFWV�DUH�GLVFXVVHG�LQ�GHWDLO�LQ�6HFWLRQ������:KLOH�QRW�VWULFWO\�YIRUPV��H[SODQDWLRQV�DOVR�KDYH

WKH�FKDUDFWHULVWLF�YIRUP�LQWHUIDFH�

������3UHGLFDWHV

$�SUHGLFDWH�H[SUHVVHV�RQH�RU�PRUH�YDOLGDWLQJ�SUHFRQGLWLRQV�IRU�D�SDUWLFXODU�FRXSOLQJ�ZLWK

UHVSHFW�WR�D�YLHZ��D�VHW�RI�YLHZFRGH�H[SUHVVLRQV��DQG�D�FRQWH[W��3UHGLFDWHV�DUH�FRQFHSWXDOO\�VLPL�

ODU�WR�FRPSRVLWLRQ�ILOWHUV>�@��H[FHSW�SUHGLFDWHV�GR�WKHLU�ZRUN�EHIRUH�UXQ�WLPH��3ULPLWLYH�SUHGL�

FDWHV�FDQ�EH�FRQVWUXFWHG�DV�IROORZV�
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�PDNH�SUHGLFDWH�UDZ�SUHGLFDWH�H[SODQDWLRQ�

5HWXUQV�D�SULPLWLYH�YIRUP��%RWK�WKH�UDZ�SUHGLFDWH�DQG�H[SODQDWLRQ�PXVW�KDYH�WKH�FKDUDFWHULVWLF

YIRUP�LQWHUIDFH��:KHQ�LQYRNHG��WKH�UDZ�SULPLWLYH�LV�FDOOHG��DQG�LV�H[SHFWHG�WR�UHWXUQ�D�QRQ� �I

YDOXH�LI�VXFFHVVIXO��:KHQ�H[SODLQHG��H[SODQDWLRQ�SURGXFHV�DQ�H[SODQDWLRQ�RI�WKH�SUHGLFDWH·V�SUH�

FRQGLWLRQ�

3UHGLFDWHV�W\SLFDOO\�XVH�YLHZ�UHWULHYDO�IXQFWLRQV�WR�VHOHFWLYHO\�DFTXLUH�XVHIXO�LQIRUPDWLRQ�DERXW

YLHZFRGH�H[SUHVVLRQV�RI�LQWHUHVW��WKHQ�SURFHVV�WKDW�LQIRUPDWLRQ�WR�YDOLGDWH�D�SUHFRQGLWLRQ�RQ

WKRVH�YLHZFRGH�H[SUHVVLRQV��7KLV�LPSOLHV�WKDW�D�SUHGLFDWH�UHO\LQJ�RQ�D�SURJUDP�DQDO\VLV�WKDW

FRQVHUYDWLYHO\�DSSUR[LPDWHV�SURJUDP�SURSHUWLHV�ZLOO�WKHUHIRUH�FRQVHUYDWLYHO\�DSSUR[LPDWHO\�D

SUHFRQGLWLRQ�

7R�H[SUHVV�D�SUHFRQGLWLRQ�DV�D�SUHGLFDWH��D�SURJUDPPHU�PXVW�GHWHUPLQH�ZKLFK�YLHZV�WR

XVH��ZKLFK�YLHZ�UHWULHYDO�IXQFWLRQV�WR�XVH��DQG�KRZ�WR�XVH�WKH�UHWULHYHG�LQIRUPDWLRQ�WR�FRPSXWH

WKH�YDOLGLW\�RI�WKH�SUHFRQGLWLRQ��6XSSRVH��IRU�H[DPSOH��WKDW�ZH�ZDQWHG�WR�LPSOHPHQW�D�SUHGLFDWH

WKDW�WDNHV�D�OLVW�RI�ODPEGD�H[SUHVVLRQV�DQG�GHWHUPLQHV�ZKHWKHU�DQ\�RI�WKHLU�IRUPDO�SDUDPHWHUV�LV

PXWDWHG��7KH�DOSKD�YLHZ�SUHYLRXVO\�PHQWLRQHG��DQG�ZKRVH�LQWHUIDFH�LV�GLVFXVVHG�ODWHU�LQ�WKLV

FKDSWHU��FRPSXWHV�OLVWV�RI�PXWDWLRQV��6XFK�D�OLVW�FDQ�EH�UHWULHYHG�YLD�WKH�IXQFWLRQ�YDU�ELQGLQJ�

!PXWDWLRQV��,I�WKLV�OLVW�LV�HPSW\�IRU�D�JLYHQ�IRUPDO��WKHQ�WKH�IRUPDO�LV�QRW�PXWDWHG��7KH�SUHGLFDWH

EHORZ�LPSOHPHQWV�WKLV�IXQFWLRQDOLW\��PDNH�VLPSOH�H[SO��D�KLJKHU�OHYHO�IXQFWLRQ�IRU�EXLOGLQJ�H[SOD�

QDWLRQV��LV�GLVFXVVHG�LQ�6HFWLRQ�����DQG�ODPEGD�IRUPDOV�LV�MXVW�D�GHVFULSWLYH�QDPH�IRU�FDGU��

�GHILQH�SUHGLFDWH�QR�PXWDWLRQV
���PDNH�SUHGLFDWH
�����ODPEGD��YIRUP�FRQWH[W�ODPEGD�H[SV�
�������IRU�DOO"��DSSHQG�PDS�ODPEGD�IRUPDOV�ODPEGD�H[SV�
���������ODPEGD��IRUPDO���QXOO"��YDU�ELQGLQJ�!PXWDWLRQV�IRUPDO�FRQWH[W�����
�����PDNH�VLPSOH�H[SO��IRU�LGHQWLI\LQJ�ODPEGDV�ZLWK�QRQ�PXWDWHG�IRUPDOV����

7KH�UDZ�SUHGLFDWH�DERYH�DVVXPHV�WKDW�ODPEGD�H[SV�LV�D�OLVW�RI�ODPEGD�H[SUHVVLRQV��,Q�DOO�FDVHV��UDZ

SUHGLFDWHV�PXVW�NQRZ�ZKLFK�YLHZFRGH�H[SUHVVLRQV�DUH�RI�LQWHUHVW�LQ�WKH�YF�H[SV�OLVW�SDUW�RI�WKH

FKDUDFWHULVWLF�YIRUP�LQWHUIDFH��WKLV�OLVW�LV�DUUDQJHG�E\�WKH�SUHGLFDWH·V�LQYRNHU���7KH�UDZ�SUHGLFDWH

DOVR�DVVXPHV�WKDW�WKH�DOSKD�YLHZ�KDV�EHHQ�FRPSXWHG�RQ�FRQWH[W��,W�FDQ�WKHUHIRUH�XVH�WKH�DOSKD

YLHZ�UHWULHYDO�IXQFWLRQ�YDU�ELQGLQJ�!PXWDWLRQV�WR�ILQG�PXWDWLRQV��ZLWK�UHVSHFW�WR�FRQWH[W��,I

ODPEGD�H[SV�ZHUH�WR�EH�WKH�OLVW�RI�GLVSDWFK�H[SUHVVLRQ·V�ODPEGD�H[SUHVVLRQ�DQG�FRQWH[W�ZHUH�WR�EH

WKH�FRQWH[W�FRQWDLQLQJ�GLVSDWFK�H[SUHVVLRQ��WKLV�SUHGLFDWH�ZRXOG�UHWXUQ�WUXH��LQGLFDWLQJ�WKDW�GLV�

SDWFK�H[SUHVVLRQ·V�IRUPDO�SDUDPHWHU�H[S�LV�QRW�PXWDWHG�LQ�GLVSDWFK�H[SUHVVLRQ·V�ERG\�

$QRWKHU�H[DPSOH�LV�WKH�IROORZLQJ�SUHGLFDWH��ZKLFK�UHWXUQV�WUXH�LI�HYHU\�YLHZFRGH�H[SUHVVLRQ

JLYHQ�LQ�YF�H[SV�LV�D�ODPEGD�H[SUHVVLRQ�RI�RQH�IRUPDO��7KH�SUHGLFDWH�XVHV�WKH�IXQFWLRQ

W\SH�ODPEGD"�IURP�WKH�GHIDXOW�YLHZFRGH�YLHZ��W\SH�ODPEGD"�UHWXUQV�WUXH�LI�LWV�DUJXPHQW�LV�D�YLHZ�

FRGH�ODPEGD�H[SUHVVLRQ�



��

�GHILQH�SUHGLFDWH�ODPEGD�RQH�IRUPDO
���PDNH�SUHGLFDWH��ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
���������������������DQG��IRU�DOO"�YF�H[SV�W\SH�ODPEGD"�
��������������������������IRU�DOO"��PDS�ODPEGD�IRUPDOV�YF�H[SV�
����������������������������ODPEGD��IRUPDOV��� ��OHQJWK�IRUPDOV��������
�����PDNH�VLPSOH�H[SO��IRU�LGHQWLI\LQJ�ODPEGD�H[SUHVVLRQV�ZLWK�RQH�IRUPDO����

������$FWLRQV

$Q�DFWLRQ�XQFRQGLWLRQDOO\�PRGLILHV�YLHZFRGH�H[SUHVVLRQV��6RPH�FRPPRQ�XVHV�IRU�DFWLRQV

LQFOXGH�UHSODFLQJ�RSHUDWRUV��FKDQJLQJ�UHSUHVHQWDWLRQV��LQOLQLQJ�FRGH��DQG�PRYLQJ�FRGH�

�PDNH�DFWLRQ�PRGLILHU�H[SODQDWLRQ�

5HWXUQV�D�SULPLWLYH�YIRUP��%RWK�WKH�PRGLILHU�DQG�H[SODQDWLRQ�PXVW�KDYH�WKH�FKDUDFWHULVWLF�YIRUP�L Q�

WHUIDFH��:KHQ�LQYRNHG��WKH�PRGLILHU�PDNHV�DOWHUDWLRQV�WR�YLHZFRGH�H[SUHVVLRQV�DQG�UHWXUQV�D�QRQ

IDOVH�YDOXH�LI�VXFFHVVIXO��7KH�H[SODQDWLRQ�SURGXFHV�D�GHVFULSWLRQ�RI�WKH�PRG LILHU�

/LNH�SUHGLFDWHV��DFWLRQV�FDQ�XVH�YLHZV��8QOLNH�SUHGLFDWHV��DFWLRQV�WHQG�WR�XVH�YLHZV�WR�ILQG�H[�

SUHVVLRQV��WKDW�LV��WR�QDYLJDWH�WKURXJK�WKH�YLHZFRGH��$Q�DFWLRQ·V�LPSOHPHQWDWLRQ�W\SLFDOO\�GH�

FLGHV�ZKLFK�H[SUHVVLRQV�DUH�QHHGHG�WR�PDNH�WKH�GHVLUHG�WUDQVIRUPDWLRQ��ILQGV�WKRVH�H[SUHVVLRQV

XVLQJ�WKH�DSSURSULDWH�YLHZV��WKHQ�UHSODFHV��GHOHWHV��RU�LQVHUWV�LQWR�WKH�YLHZFRGH�WR�SURGXFH�WKH

UHVXOWV��)RU�LQVWDQFH��VXSSRVH�ZH�ZDQWHG�WR�LPSOHPHQW�DQ�DFWLRQ�WKDW�WRRN�D�OLVW�RI�ODPEGD�H[�

SUHVVLRQV��DQG�FKDQJHG�WKH�QDPH�RI��L�H���DOSKD�UHQDPHV��HDFK�IRUPDO�DQG�LWV�UHIHUHQFHV�WR�IRR�

EDU��7R�GR�WKLV��ZH�QHHG�WR�JDWKHU�HDFK�IRUPDO·V�YDULDEOH�UHIHUHQFHV��7KLV�FDQ�EH�DFFRPSOLVKHG

XVLQJ�WKH�DOSKD�YLHZ�IXQFWLRQ�YDULDEOH�ELQGLQJ�!YDU�UHIV��2QFH�ZH�KDYH�JDWKHUHG�WKH�IRUPDOV�

ZH�FDQ�XVH�WKH�YLHZFRGH�IXQFWLRQ�UHSODFH��JLYHQ�HDUOLHU��WR�GLUHFWO\�PRGLI\�WKH�YLHZFRGH��7KH

FRGH�EHORZ�LPSOHPHQWV�WKLV�DFWLRQ�

�GHILQH�DFWLRQ�UHQDPH�IRR�EDU
����PDNH�DFWLRQ��ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
�������������������IRU�HDFK��ODPEGD��IRUPDO�
�������������������������������IRU�HDFK��ODPEGD��YDU���UHSODFH�YDU�
IRR�EDU��
�����������������������������������������YDU�ELQGLQJ�!YDU�UHIV�IRUPDO�FRQWH[W��
�������������������������������UHSODFH�IRUPDO�
IRR�EDU��
�����������������������������DSSHQG�PDS�ODPEGD�IRUPDOV�YF�H[SV��
�������������������W�
������PDNH�VLPSOH�H[SO��IRU�UHQDPLQJ�YDU�UHIHUHQFHV�DQG�WKHLU�ODPEGD�IRUPDOV�WR�IRR�EDU����

������'LVSDWFKHUV

'LVSDWFKHUV�DUH�IXQFWLRQDOO\�VLPLODU�WR�ZKDW�DUH�FRPPRQO\�UHIHUUHG�WR�DV�FRQGLWLRQDO�UHZULWH

UXOHV��VHH�)LJXUH�������7KH\�GLIIHU�IURP�W\SLFDO�UHZULWH�UXOHV�LQ�WKDW�GLVSDWFKHUV�FDQ�GHSHQG�RQ

QRQ�ORFDO�SURJUDP�LQIRUPDWLRQ��YLD�YLHZV�DQG�SUHGLFDWHV���FDQ�EH�QRQ�VHPDQWLFV�SUHVHUYLQJ��YLD

DFWLRQV���DQG�DV�GLVFXVVHG�LQ�6HFWLRQ�������FDQ�LQWHUDFW�ZLWK�WKH�XVHU��7KLV�PDNHV�GLVSDWFKHUV

PRUH�H[SUHVVLYH�WKDQ�WKH�UHZULWH�UXOHV�IRXQG�LQ�RWKHU�SURJUDP�WUDQVIRUPDWLRQ�V\VWHPV�,�VXU�

YH\HG>��@�



��

$�GLVSDWFKHU�LV�FRQVWUXFWHG�DV�D�FRPELQDWLRQ�RI�D�SUHGLFDWH�DQG�DQ�DFWLRQ��$�GLVSDWFKHU�ILUVW

LQYRNHV�WKH�SUHGLFDWH��,I�WKH�SUHGLFDWH�UHWXUQV�D�WUXH�YDOXH��WKH�DFWLRQ�LV�LQYRNHG��7KH�GLVSDWFKHU

UHWXUQV�WKH�DFWLRQ·V�UHWXUQ�YDOXH��RU��I�LI�WKH�GLVSDWFKHU�ZDV�QRW�DSSOLFDEOH�

�PDNH�GLVSDWFKHU�SUHGLFDWH�YIRUP�DFWLRQ�YIRUP�H[SO�FRPELQHU�

5HWXUQV�D�GLVSDWFKHU�ZKRVH�SUHGLFDWH�LV�SUHGLFDWH�YIRUP�DQG�ZKRVH�DFWLRQ�LV�DFWLRQ�YIRUP���H[SO�

FRPELQHU�FRPELQHV�WKH�SUHGLFDWH·V�DQG�DFWLRQ·V�UHVSHFWLYH�H[SODQDWLRQV�

'LVSDWFKHUV�DUH�W\SLFDOO\�LPSOHPHQWHG�RQFH�D�VHW�RI�SUHGLFDWHV�DQG�FRUUHVSRQGLQJ�DFWLRQV�KDYH

EHHQ�VSHFLILHG�RU�ZULWWHQ��,Q�RUGHU�WR�ZULWH�D�GLVSDWFKHU��D�SURJUDPPHU�PXVW�GHWHUPLQH�ZKLFK

SUHGLFDWH�YDOLGDWHV�DQ�DFWLRQ��)RU�H[DPSOH��VXSSRVH�WKDW�ZH�ZDQWHG�WR�UHQDPH�DOO�WKH�QRQ�

PXWDWHG�IRUPDOV�LQ�D�VHW�RI�ODPEGD�H[SUHVVLRQV�WR�IRR�EDU��:H�FRXOG�GR�WKLV�E\�FRPELQLQJ�SUHGL�

FDWH�QR�PXWDWLRQV�ZLWK�DFWLRQ�UHQDPH�IRR�EDU��ERWK�GHILQHG�DERYH��LQWR�D�GLVSDWFKHU��7KH�IROORZ�

LQJ�FRGH�GHILQHV�VXFK�D�GLVSDWFKHU��WKH�H[SODQDWLRQ�FRPELQHU�LV�GLVFXVVHG�ODWHU��LQ�6HFWLRQ������

,I�WKLV�GLVSDWFKHU�ZHUH�SDVVHG�GLVSDWFK�H[SUHVVLRQ·V�ODPEGD�H[SUHVVLRQ�DQG�FRQWH[W��LW�ZRXOG�UH�

QDPH�HYHU\�RFFXUUHQFH�RI�WKH�YDULDEOH�H[S�WR�IRR�EDU�LQ�GLVSDWFK�H[SUHVVLRQ�

�GHILQH�GLVSDWFKHU�UHQDPH�WR�IRR�EDU
����PDNH�GLVSDWFKHU�SUHGLFDWH�QR�PXWDWLRQV�DFWLRQ�UHQDPH�IRR�EDU�GHIDXOW�H[SO�FRPELQHU��

������5XOHV�DQG�&RXSOHUV

$�GLVSDWFKHU�LV�D�NLQG�RI�UXOH��$�UXOH�LV�VRPH�FRPELQDWLRQ�RI�SUHGLFDWHV��DFWLRQV��GLVSDWFK�

HUV��RU�RWKHU�UXOHV��UHIHUUHG�WR�DV�VXE�YIRUPV�LQ�WKH�LQWHUIDFH�GHVFULSWLRQ�EHORZ���$�UXOH�FRQWUROV

KRZ�LWV�VXE�YIRUPV�DUH�DSSOLHG�YLD�LWV�FRQWURO�VWUXFWXUH��$�FRQWURO�VWUXFWXUH�DFFHSWV�D�OLVW�RI

YIRUPV��L�H���WKH�VXE�YIRUPV�EHORZ��DQG�UHWXUQV�D�SURFHGXUH�ZLWK�WKH�FKDUDFWHULVWLF�YIRUP�LQWHU�

IDFH�

�FRPELQH�YIRUPV�FRQWURO�VWUXFWXUH�H[SO�FRPELQHU�VXE�YIRUPV�

5HWXUQV�D�UXOH�ZLWK�WKH�JLYHQ�FRQWURO�VWUXFWXUH��H[SODQDWLRQ�FRPELQHU��DQG�VXE�YIRUPV��,QWHUQDOO\�

DSSOLHV�FRQWURO�VWUXFWXUH�DQG�H[SO�FRPELQHU�WR�VXE�YIRUPV

6LPSOH�FRQWURO�VWUXFWXUHV�MXVW�LQYRNH�WKH�VXE�YIRUPV�DQG�FRPELQH�WKH�UHVXOWV��9LHZ)RUP�SUR�

YLGHV�YDULRXV�NLQGV�RI�VLPSOH�FRQWURO�VWUXFWXUHV��H�J���FRPELQH�UHVXOWV�FRQMXQFWLYHO\�RU�GLVMXQF�

WLYHO\���8VHUV�FDQ�DOVR�ZULWH�WKHLU�RZQ�FRQWURO�VWUXFWXUHV��)RU�H[DPSOH��VXSSRVH�ZH�ZDQW�D�FRQ�

WURO�VWUXFWXUH�WKDW�LQYRNHV�HDFK�VXE�YIRUP��YLD�WKH�GR�YIRUP�IXQFWLRQ��GHVFULEHG�QH[W�LQ�6HFWLRQ

�����VHTXHQWLDOO\��RQ�WKH�JLYHQ�FRQWH[W�DQG�YLHZFRGH�H[SUHVVLRQ�OLVW��7KLV�FRQWURO�VWUXFWXUH

ZRXOG�UHWXUQ�D�WUXH�YDOXH�LI�DOO�VXE�YIRUPV�UHWXUQHG�WUXH�YDOXHV��EXW�ZRXOG�LPPHGLDWHO\�VWRS�DQG

UHWXUQ�D�IDOVH�YDOXH�XSRQ�HQFRXQWHULQJ�D�VXE�YIRUP�WKDW�UHWXUQHG�D�IDOVH�YDOXH��7KLV�NLQG�RI�FRQ�

WURO�VWUXFWXUH�ZRXOG�EH�XVHIXO�ZKHQ�FRPELQLQJ�D�VHW�RI�SUHGLFDWHV�WKDW�PXVW�DOO�EH�WUXH��7KH�FRQ�

WURO�VWUXFWXUH�EHORZ�LPSOHPHQWV�WKLV�VSHFLILFDWLRQ�
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�GHILQH�FRQMXQFWLYH�FRQWURO�VWUXFWXUH
���ODPEGD��VXE�YIRUPV�
�����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
�������IRU�DOO"�VXE�YIRUPV
���������ODPEGD��VXE�YIRUP���GR�YIRUP�VXE�YIRUP�FRQWH[W�YF�H[SV������

:H�FDQ�XVH�WKLV�FRQWURO�VWUXFWXUH�WR�PDNH�D�FRPSRXQG�SUHGLFDWH��D�UXOH�PDGH�XS�RI�D�FRPELQD�

WLRQ�RI�WZR�RU�PRUH�SUHGLFDWHV��6XSSRVH�ZH�ZDQWHG�D�FRPSRXQG�SUHGLFDWH�WKDW�WHVWHG�ZKHWKHU�D

VHW�RI�YLHZFRGH�H[SUHVVLRQV�ZHUH�DOO�ODPEGD�H[SUHVVLRQV�RI�RQH�QRQ�PXWDWHG�IRUPDO��7KLV�FRP�

SRXQG�SUHGLFDWH�LV�D�FRPELQDWLRQ�RI�WKH�WZR�SUHGLFDWHV�JLYHQ�LQ�6HFWLRQ��������,W�FDQ�EH�FUHDWHG

DV�IROORZV�

�GHILQH�SUHGLFDWH�ODPEGD�QRQ�PXWDWHG�IRUPDO
���FRPELQH�YIRUPV�FRQMXQFWLYH�FRQWURO�VWUXFWXUH
������������������GHIDXOW�H[SO�FRPELQHU
�������������������OLVW�SUHGLFDWH�ODPEGD�RQH�IRUPDO�SUHGLFDWH�QR�PXWDWLRQV���

$�GLVSDWFKHU�XVLQJ�WKLV�SUHGLFDWH�FDQ�DOVR�EH�GHILQHG�

�GHILQH�GLVSDWFKHU�UHQDPH�QRQ�PXWDWHG�WR�IRR�EDU
����PDNH�GLVSDWFKHU�SUHGLFDWH�ODPEGD�QRQ�PXWDWHG�IRUPDO
��������������������DFWLRQ�UHQDPH�IRR�EDU
��������������������GHIDXOW�H[SO�FRPELQHU��

��������&RXSOHUV

$�FRXSOHU�LV�D�NLQG�RI�UXOH�WKDW�FDUULHV�RXW�DQ�HQWLUH�FRXSOLQJ��$�FRXSOHU·V�GXWLHV�FRUUH�

VSRQG�WR�WKH�FRXSOHU�SURGXFWLRQ�VWHS��L�H���6WHS�Y��RI�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�PHWKRGRORJ\�

7KHVH�GXWLHV�DUH��FUHDWLQJ�WKH�DSSURSULDWH�FRQWH[WV��HQVXULQJ�WKH�SURSHU�YLHZV�DUH�FRPSXWHG�RQ

WKH�FRQWH[WV��FUHDWLQJ�YLHZFRGH�H[SUHVVLRQ�OLVWV��LQYRNLQJ�VXE�YIRUPV��H�J���GLVSDWFKHUV���DQG�UHJ�

LVWHULQJ�D�VXFFHVVIXO�FRXSOLQJ�ZLWK�WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU��$Q�LPSOHPHQWDWLRQ�RI�WKHVH

GXWLHV�LV�GHPRQVWUDWHG�EHORZ��LQ�WKH�FUHDWLRQ�RI�D�VDPSOH�FRQWURO�VWUXFWXUH�DQG�FRXSOHU�

6XSSRVH�ZH�ZDQWHG�WR�ZULWH�D�FRXSOHU�WKDW�UHQDPHG�DOO�QRQ�PXWDWHG�YDULDEOHV�LQ�ODPEGD�H[�

SUHVVLRQV�ZLWK�RQH�IRUPDO�WR�IRR�EDU��:H�EHJLQ�E\�ZULWLQJ�D�FRQWURO�VWUXFWXUH�WKDW�ZLOO�EH�XVHG�WR

FRQVWUXFW�RXU�FRXSOHU��/LNH�DOO�FRQWURO�VWUXFWXUHV��WKLV�RQH�DVVXPHV�WKDW�WKH�YIRUPV�SDVVHG�LQ�WR�LW

ZLOO�DWWHPSW�WR�FDUU\�RXW�WKH�GHVLUHG�FRXSOLQJ��:H�VSHFLI\�WKDW�WKH�FRQWURO�VWUXFWXUH�ZLOO�EH

SDVVHG�D�ILOHQDPH�FRQWDLQLQJ�WKH�H[SUHVVLRQV�WR�EH�PRGLILHG��7KH�FRQWURO�VWUXFWXUH�FDQ�WKXV�XVH

WKLV�ILOHQDPH�WR�FUHDWH�D�FRQWH[W�XVLQJ�PDNH�FRQWH[W�IURP�ILOHV��7KH�QH[W�VWHS�LV�WR�HQVXUH�WKDW

WKH�SURSHU�YLHZV�KDYH�EHHQ�LQYRNHG��6LQFH�ZH�ZLOO�EH�XVLQJ�WKH�FRPSRXQG�SUHGLFDWH�GHILQHG

DERYH��RXU�FRQWURO�VWUXFWXUH�PXVW�HQVXUH�WKDW�WKH�DOSKD�YLHZ�LV�FRPSXWHG�RQ�WKH�FRQWH[W��1H[W�

WKH�FRQWURO�VWUXFWXUH�PXVW�FUHDWH�D�FDQGLGDWH�OLVW�RI�YLHZFRGH�H[SUHVVLRQV�WR�EH�JLYHQ�WR�WKH�GLV�

SDWFKHU��:H�ZDQW�WKLV�OLVW�WR�LQFOXGH�DOO�WRS�OHYHO�ODPEGD�H[SUHVVLRQV�LQ�WKH�FRQWH[W��7R�FUHDWH�WKLV

OLVW�RI�FDQGLGDWHV��WKH�FRQWURO�VWUXFWXUH�ILUVW�ILOWHUV�RXW�DQ\�FRQWH[W�H[SUHVVLRQV�WKDW�DUH�QRW�WRS�

OHYHO�GHILQH·V��WKHQ�H[WUDFWV�WKH�GHILQH�H[SUHVVLRQ�YDOXHV�IURP�WKRVH�WKDW�UHPDLQ��7KH�FRQWURO
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VWUXFWXUH�LV�QRZ�UHDG\�WR�LQYRNH�WKH�SDVVHG�LQ�YIRUPV��,W�LQYRNHV�HDFK�YIRUP��WKHQ�FKHFNV�LI�DQ\

RQH�RI�WKHP�VXFFHHGHG��7KH�ODVW�VWHS�LV�WR�UHJLVWHU�D�VXFFHVVIXO�FRXSOLQJ�ZLWK�WKH�YLHZ�LQYDOLGD�

WLRQ�UHFRXSOHU��´VXFFHVVµ�PHDQV�WKDW�DW�OHDVW�RQH�YIRUP�UHWXUQHG�D�QRQ�IDOVH�YDOXH��

�GHILQH��PDNH�IRR�EDU�FRQWURO�VWUXFWXUH�ILOH��
���ODPEGD��YIRUPV�
�����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
�������OHW���FRQWH[W��PDNH�FRQWH[W�IURP�ILOHV�ILOH���
��������������PD\EH�ODPEGDV��PDS�GHILQH�YDU�YDOXH
����������������������������������OLVW�WUDQVIRUP�SRVLWLYH��FRQWH[W�H[SV�FRQWH[W�
�����������������������������������W\SH�GHILQH�YDU"����
���������HQVXUH�DOSKD�YLHZ�FRPSXWHG��FRQWH[W�
���������LI��OLVW�VHDUFK�SRVLWLYH��PDS��ODPEGD��VSHFLILF�YIRUP�
������������������������������������������GR�YIRUP�VSHFLILF�YIRUP�FRQWH[W�PD\EH�ODPEGDV��
���������������������������������������YIRUPV�
��������������LGHQWLW\�IXQFWLRQ�
�������������EHJLQ��UHJLVWHU�FRXSOLQJ��FRQWH[W�YIRUP��FRQWH[W�
�������������I�����

7KLV�FRQWURO�VWUXFWXUH�FDQ�QRZ�EH�XVHG�WR�GHILQH�RXU�GHVLUHG�UXOH��WKH�LPSOHPHQWDWLRQ�RI�WKH

KLJKHU�OHYHO�H[SODQDWLRQ�FRPELQHU�YHUERVH�H[SO�FRPELQHU�LV�JLYHQ�LQ�$SSHQGL[�%��

�GHILQH�FRXSOHU�UHQDPH�WR�IRR�EDU
����FRPELQH�YIRUPV��PDNH�IRR�EDU�FRQWURO�VWUXFWXUH��WHVW�ILOH�VFP��
��������������������YHUERVH�H[SO�FRPELQHU��UHQDPLQJ�QRQ�PXWDWHG�ODPEGD�IRUPDOV�WR�IRR�EDU��
��������������������OLVW�GLVSDWFKHU�UHQDPH�QRQ�PXWDWHG�WR�IRR�EDU���

����9IRUPV

9LHZ)RUP�EXLOGV�LWV�FRXSOLQJ�FRQVWUXFWV�DQG�YLHZV�IURP�YIRUPV��9IRUPV�DUH�ILUVW�FODVV�RE�

MHFWV�WKDW�FDQ�EH�FRPSRVHG�LQWR�KLJKHU�OHYHO�YIRUPV��$�YIRUP�FRQVLVWV�RI�DQ�LGHQWLILHU��D�FRQWURO

VWUXFWXUH��DQ�H[SODQDWLRQ�FRPELQHU��DQG�D�VHW�RI�VXE�YIRUPV��1RQ�SULPLWLYH�YIRUPV�DUH�FRQ�

VWUXFWHG�XVLQJ�PDNH�YIRUP��JLYHQ�EHORZ�

�PDNH�YIRUP�LGHQWLILHU�FRQWURO�VWUXFWXUH�H[SO�FUHDWRU�VXE�YIRUPV�

5HWXUQV�D�YIRUP��LGHQWLILHU�LV�D�V\PERO���H[SO�FUHDWRU�DQG�FRQWURO�VWUXFWXUH�WDNH�D�OLVW�RI

YIRUPV��L�H���VXE�YIRUPV��DQG�UHWXUQ�D�SURFHGXUH�ZLWK�WKH�FKDUDFWHULVWLF�YIRUP�LQWHUIDFH�

7KH�FRQWURO�VWUXFWXUH·V�MRE�LV�WR�PDQDJH�WKH�LQYRFDWLRQ�RI�WKH�VXE�YIRUPV��ZKLOH�WKH�H[SODQDWLRQ

FUHDWRU·V�MRE�LV�WR�FRPELQH�WKH�VXE�YIRUP�H[SODQDWLRQV�LQWR�D�VLQJOH�H[SODQDWLRQ��:KLOH�PDNH�

YIRUP�LV�QRW�XVHG�LQ�RWKHU�SDUWV�RI�WKH�GLVVHUWDWLRQ��LW�LOOXVWUDWHV�DQG�VXEVWDQWLDWHV�WKH�GHHS�FRP�

PRQDOLW\�EHWZHHQ�FRXSOLQJ�FRQVWUXFWV��DV�VXJJHVWHG�E\�WKH�VLPLODULW\�RI�WKHLU�IRUPDOL]DWLRQ�LQ

6HFWLRQ��������7KLV�FRPPRQDOLW\�LV�W\SLILHG�E\�WKH�FKDUDFWHULVWLF�YIRUP�LQWHUIDFH�

YIRUP���GHOHJDWLQJ�YIRUP�[�FRQWH[W�[�YF�H[SV��!�DQ\�6FKHPH�YDOXH

7KLV�LV�WKH�VLJQDWXUH�IRU�HYHU\�NLQG�RI�FRXSOLQJ�FRQVWUXFW�LPSOHPHQWHG�LQ�9LHZ)RUP��6R�IDU��WKH

SXUSRVH�RI�FRQWH[W�DQG�YF�H[SV�KDV�EHHQ�GHPRQVWUDWHG��EXW�WKH�SXUSRVH�RI�GHOHJDWLQJ�YIRUP�KDV
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QRW��(DUOLHU�LQ�WKLV�GLVVHUWDWLRQ��WKH�FRXSOLQJ�FRQVWUXFWV�ZHUH�GHVFULEHG�WR�EH�GHOHJDWLRQ�EDVHG�

7KLV�LV�ZKDW�GHOHJDWLQJ�YIRUP�LV�IRU��GHOHJDWLQJ�YIRUP�LV�WKH�YIRUP�WKDW�VKRXOG�EH�LQYRNHG�IRU�D

GHOHJDWHG��L�H���UHFXUVLYH��YIRUP�LQYRFDWLRQ��%HIRUH�VKRZLQJ�KRZ�WKLV�LV�GRQH��WKH�UHPDLQLQJ�LQ�

WHUIDFH�IXQFWLRQV�IRU�YIRUPV�DUH�JLYHQ��1RWH�WKDW�D�YIRUP·V�VXE�YIRUPV�FDQ�EH�LQVHUWHG��UHSODFHG�

PRGLILHG��RU�H[DPLQHG��7KLV�IHDWXUH�ZDV�GHVLJQHG�ZLWK�WKH�EHQHILWV�RI�WUDQVOXFHQW�SURFH�

GXUHV>��@�LQ�PLQG�

�YIRUP�YIRUPV������YIRUP�
�VHW�YIRUP�YIRUPV��YIRUP�

5HWULHYHV�RU�VHWV�WKH�VXE�YIRUPV�LQ�YIRUP�

,QYRNLQJ�D�YIRUP�LV�GRQH�XVLQJ�HLWKHU�RI�WKH�IROORZLQJ�WZR�IRUPV�

�GR�YIRUP�YIRUP�FRQWH[W�YF�H[SV�

5HWXUQV�WKH�UHVXOW�RI�LQYRNLQJ�YIRUP�RQ�WKH�YLHZFRGH�H[SUHVVLRQ�OLVW�YF�H[SV��ZLWK�UHVSHFW�WR�FRQ�

WH[W�

�GHOHJDWH�YIRUP�YIRUP�FRQWH[W�YF�H[SV�GHOHJDWLQJ�YIRUP�

5HWXUQV�WKH�UHVXOW�RI�LQYRNLQJ�YIRUP�RQ�WKH�OLVW�RI�YLHZFRGH�H[SUHVVLRQV�YF�H[SV�RQ�EHKDOI�RI�GHOH�

JDWLQJ�YIRUP��ZLWK�UHVSHFW�WR�FRQWH[W�

7KH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�ZD\V�RI�LQYRNLQJ�YIRUPV�LV�WKDW�GR�YIRUP�ZLOO�LQYRNH�YIRUP�RQ�LWV

EHKDOI�ZKHUHDV�GHOHJDWH�YIRUP�ZLOO�LQYRNH�YIRUP�RQ�GHOHJDWLQJ�YIRUP·V�EHKDOI��7KLV�LV�VWUDLJKWIRU�

ZDUG�GHOHJDWLRQ��VLPLODU�WR�ZKDW�LV�IRXQG�LQ�>�@�
���

)RU�H[DPSOH��UHIHUULQJ�WR�FRXSOHU�UHQDPH�WR�IRR�EDU·V�FRQWURO�VWUXFWXUH�DERYH��GR�YIRUP�LV

XVHG�WR�LQYRNH�HDFK�VSHFLILF�YIRUP��ZKLFK�LQ�WKLV�FDVH��LV�MXVW�GLVSDWFKHU�UHQDPH�QRQ�PXWDWHG�WR�

IRR�EDU��RQ�EHKDOI�RI�VSHFLILF�YIRUP��7KLV�PHDQV�WKDW�GLVSDWFKHU�UHQDPH�QRQ�PXWDWHG�WR�IRR�EDU

ZLOO�EH�JLYHQ�D�UHIHUHQFH�WR�LWVHOI�DV�LWV�GHOHJDWLQJ�YIRUP��DV�RSSRVHG�WR�D�UHIHUHQFH�WR�FRX�

SOHU�UHQDPH�WR�IRR�EDU���'LVSDWFKHUV��KRZHYHU��DOZD\V�XVH�GHOHJDWH�YIRUP�ZKHQ�LQYRNLQJ�WKHLU

SUHGLFDWH�DQG�DFWLRQ��7KLV�PHDQV�WKDW�ERWK�WKH�GLVSDWFKHU·V�SUHGLFDWH��SUHGLFDWH�ODPEGD�QRQ�

PXWDWHG�IRUPDO��DQG�LWV�DFWLRQ��DFWLRQ�UHQDPH�IRR�EDU��ZLOO�UHFHLYH�D�UHIHUHQFH�WR�GLV�

SDWFKHU�UHQDPH�QRQ�PXWDWHG�WR�IRR�EDU�DV�WKHLU�GHOHJDWLQJ�YIRUPV��DV�RSSRVHG�WR�UHIHUHQFHV�WR

WKHPVHOYHV���7KLV�LPSOLHV�WKDW�WKH�H[SUHVVLRQ��GR�YIRUP�YIRUP�FRQWH[W�¨��HYDOXDWHG�ZLWKLQ�WKH

ERG\�RI�WKH�SUHGLFDWH�RU�DFWLRQ�ZRXOG�LQYRNH�WKH�GLVSDWFKHU�

7KLV�FDQ�EH�FRQWUDVWHG�ZLWK�ZKDW�ZRXOG�KDSSHQ�LI�PDNH�IRR�EDU�FRQWURO�VWUXFWXUH�KDG�XVHG

�GHOHJDWH�YIRUP�VSHFLILF�YIRUP�FRQWH[W�PD\EH�ODPEGDV�YIRUP��LQVWHDG�RI��GR�YIRUP�VSHFLILF�YIRUP

FRQWH[W�PD\EH�ODPEGDV���,Q�WKLV�FDVH��WKH�GLVSDWFKHU�ZRXOG�UHFHLYH�D�UHIHUHQFH�WR�FRXSOHU�UHQDPH�

����������������������������������������������������������
���
�,Q�LPSOHPHQWDWLRQ�WHUPV�� �����	��
�� �	 �SDVVHV� ��
�� �	 �DV�WKH�ILUVW�DUJXPHQW�WR�WKH�YIRUP�DFWXDOO\�UXQ��ZKHUHDV�����������
�� ���	��
�� �	

SDVVHV� ����������
����������	��
�� �	 �DV�WKH�ILUVW�DUJXPHQW�WR�WKH�YIRUP�DFWXDOO\�UXQ�
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WR�IRR�EDU�DV�LW�GHOHJDWLQJ�YIRUP��DVVXPLQJ�WKH�FRXSOHU�ZDV�LQYRNHG�XVLQJ�GR�YIRUP���7KH�GLV�

SDWFKHU�ZRXOG�GHOHJDWH�WKLV�GRZQ�WR�LWV�SUHGLFDWH�DQG�DFWLRQ��,I�WKH�SUHGLFDWH�RU�DFWLRQ�ZHUH

QRZ�WR�HYDOXDWH�WKH�H[SUHVVLRQ��GR�YIRUP�YIRUP�FRQWH[W�¨���WKH�FRXSOHU�ZRXOG�EH�LQYRNHG��DV�RS�

SRVHG�WR�WKH�GLVSDWFKHU�EHLQJ�LQYRNHG��

'HOHJDWLRQ�SURYLGHV�D�YDULHW\�RI�EHQHILWV��2QH�LPSRUWDQW�EHQHILW�LV�WKH�DELOLW\�WR�UHXVH

YIRUPV��)RU�LQVWDQFH��LI�ZH�OD\HU�D�QHZ�YIRUP�RYHU�DQ�H[LVWLQJ�YIRUP�ZKLFK�XVHV�GHOHJDWH�YIRUP

LQWHUQDOO\��ZH�FDQ�DVVXPH�WKDW�DQ\�UHFXUVLYH�YIRUP�LQYRFDWLRQV�IURP�ZLWKLQ�WKH�H[LVWLQJ�YIRUP

ZLOO�EH�WR�RXU�QHZ�YIRUP��LI�WKH�H[LVWLQJ�YIRUP�KDG�XVHG�GR�YIRUP��D�UHFXUVLYH�LQYRFDWLRQ�ZRXOG

KDYH�EHHQ�WR�WKH�H[LVWLQJ�YIRUP�LWVHOI���7KLV�LV�QR�PRUH�WKDQ�GHOHJDWLRQ·V�YHUVLRQ�RI�FODVV�EDVHG

LQKHULWDQFH�LQ�DQ�REMHFW�RULHQWHG�ODQJXDJH��7KLV�WHFKQLTXH�ZDV�XVHG�WR�LPSOHPHQW�0,7�6FKHPH

PDFURV�RYHU�H[LVWLQJ�YLHZV��E\�VLPSO\�OD\HULQJ�QHZ�YIRUPV�RYHU�WKH�H[LVWLQJ�YLHZV��7KLV�WHFK�

QLTXH�LV�GHPRQVWUDWHG�LQ�6HFWLRQ�������

6LQFH�PDNH�YIRUP�WDNHV�YIRUPV�DV�DUJXPHQWV��WKHUH�PXVW�EH�D�ZD\�WR�FUHDWH�WUXO\�SULPLWLYH

YIRUPV��9LHZ)RUP�VXSSRUWV�WKH�FUHDWLRQ�RI�SULPLWLYH�YIRUPV�ZLWK�WKH�IROORZLQJ�IXQFWLRQV��7KHVH

IXQFWLRQV�ZHUH�XVHG�WR�GHILQH�FRQVWUXFWRUV�VXFK�DV�PDNH�SUHGLFDWH��PDNH�DFWLRQ��DQG�PDNH�YLHZ�

�PDNH�SULPLWLYH�YIRUP�LGHQWLILHU�YIRUP�SURF�H[SODQDWLRQ�SURF�

5HWXUQV�D�SULPLWLYH�YIRUP��YIRUP�SURF�DQG�H[SODQDWLRQ�SURF�DUH�ERWK�SURFHGXUHV�KDYLQJ�WKH�FKDU�

DFWHULVWLF�YIRUP�LQWHUIDFH

�GHVLJQDWH�SULPLWLYH�YIRUP�LGHQWLILHU��LGHQWLILHU�

'HVLJQDWHV�LGHQWLILHU�DV�D�SULPLWLYH�YIRUP�LGHQWLILHU

����9LHZV

8QGHU�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�PRGHO��YLHZV�SURYLGH�D�PDSSLQJ�EHWZHHQ�FRQWH[W�H[SUHV�

VLRQV�DQG�WKHLU�SURSHUWLHV�ZLWK�UHVSHFW�WR�D�FRQWH[W��9LHZ)RUP�SURYLGHV�VHYHUDO�GHIDXOW�YLHZV�

WKH�YLHZFRGH�YLHZ��WKH�DOSKD�YLHZ��DQG�WKH�OLDU�YLHZ��9LHZ)RUP�DOVR�SURYLGHV�D�KLJKHU�OHYHO

YLHZ��WKH�ZDONHU�YLHZ��7KH�ZDONHU�YLHZ�LV�D�FRGH�ZDONHU�WKDW�FDQ�EH�XVHG�DV�WKH�EDVLV�IRU�FUHDW�

LQJ�RWKHU�YLHZV�

9LHZV�FDQ�EH�EXLOW�DV�FRPELQDWLRQV�RI�YIRUPV��)RU�H[DPSOH��D�YLHZ�FDQ�EH�LPSOHPHQWHG�DV

D�UXOH�ZLWK�D�SUHHPSWLYH�VHTXHQWLDO�FRQWURO�VWUXFWXUH��OLNH�FRQMXQFWLYH�FRQWURO�VWUXFWXUH���7KLV

UXOH�FDQ�LQYRNH�D�VHW�RI�GLVSDWFKHUV�RQ�HDFK�JLYHQ�YLHZFRGH�H[SUHVVLRQ��7KH�SUHGLFDWHV�ZLWKLQ

WKH�GLVSDWFKHUV�FDQ�WHVW�IRU�WKH�SUHVHQFH�RI�D�SDUWLFXODU�W\SH�RI�YLHZFRGH�H[SUHVVLRQ��H�J���XVLQJ

W\SH�ODPEGD"��W\SH�GHILQH�YDU"��HWF����,QVWHDG�RI�PRGLI\LQJ�WKH�YLHZFRGH��KRZHYHU��WKH�FRUUH�

VSRQGLQJ�DFWLRQV�FDQ�PRGLI\�WKH�YLHZ·V�LQIRUPDWLRQ�GDWD�VWUXFWXUH��7KH�GHIDXOW�9LHZ)RUP�YLHZV



��

�H[FHSW�IRU�WKH�YLHZFRGH�YLHZ��DUH�DOO�LPSOHPHQWHG�WKLV�ZD\�
���
�7KH�FRUUHVSRQGLQJ�IXQFWLRQ�IRU

FUHDWLQJ�D�YLHZ�LV�

�PDNH�YLHZ�FRQWURO�VWUXFWXUH�H[SO�FRPELQHU�YIRUPV�

5HWXUQV�D�YIRUP�WKDW�FRPSXWHV�YLHZ�LQIRUPDWLRQ��FRQWURO�VWUXFWXUH�DQG�H[SO�FRPELQHU�ERWK�WDNH

D�OLVW�RI�YIRUPV�DV�WKHLU�SDUDPHWHU��DQG�UHWXUQ�D�SURFHGXUH�ZLWK�WKH�FKDUDFWHULVWLF�YIRUP�LQWHUIDFH�

YIRUPV�LV�WKH�OLVW�RI�YIRUPV�SDVVHG�WR�FRQWURO�VWUXFWXUH�DQG�H[SO�FRPELQHU�

8QOLNH�SUHGLFDWHV��ZKLFK�QRUPDOO\�FDSWXUH�D�SURJUDPPHU·V�FULWHULD�IRU�YDOLGDWLQJ�D�SDUWLFXODU

YLHZFRGH�PRGLILFDWLRQ��YLHZV�FDSWXUH�WKH�SURJUDP�SURSHUWLHV�QHFHVVDU\�WR�DFWXDOO\�YDOLGDWH�WKRVH

FULWHULD��7KLV�VHSDUDWLRQ�EHWZHHQ�FRPSXWLQJ�VSHFLILF�FRXSOLQJ�SUHFRQGLWLRQV�DQG�FRPSXWLQJ�JHQ�

HUDO�SURJUDP�SURSHUWLHV�VLPSOLILHV�D�SUHGLFDWH·V�FRQVWUXFWLRQ�IRU�WZR�UHDVRQV��7KH�ILUVW�LV�E\�DE�

VWUDFWLQJ�DZD\�WKH�XVXDOO\�FRPSOLFDWHG�SURJUDP�DQDO\VLV�LPSOHPHQWDWLRQ�GHWDLOV��7KDW�LV��XVLQJ

YLHZV�LV�VLPSOHU�WKDQ�ZULWLQJ�WKHP��7KH�VHFRQG�UHDVRQ�LV�WKDW�YLHZV�PDNH�VHOHFWHG�SURSHUWLHV

VDOLHQW��ZKLOH�KLGLQJ�RWKHU�SURSHUWLHV��)RU�H[DPSOH��D�QDPLQJ�YLHZ�GRHV�QRW�DOVR�UHWXUQ��RU

FRPSXWH��WKH�UHVXOWV�RI�D�SURJUDP·V�FRQWURO�IORZ�RU�GDWD�IORZ�

(DFK�YLHZ�SURYLGHV�DQ�LQWHUIDFH�IXQFWLRQ�IRU�FRPSXWLQJ��UHWULHYLQJ��PHUJLQJ��DQG�FRS\LQJ�LWV

SURJUDP�SURSHUW\�PDSSLQJ��7KH�LQWHUIDFHV�IRU�9LHZ)RUP·V�GHIDXOW�YLHZV�DUH�GLVFXVVHG�ODWHU�LQ

WKLV�VHFWLRQ��,�FRQVLGHUHG�GHYHORSLQJ�D�FDQRQLFDO�LQWHUIDFH�IRU�DFFHVVLQJ�YLHZ�LQIRUPDWLRQ��EXW

FRQFOXGHG�WKDW�VXFK�D�VWDQGDUG�ZRXOG�RQO\�FRQVWUDLQ�WKH�NLQGV�RI�SURJUDP�LQIRUPDWLRQ�H[�

SUHVVLEOH�E\�YLHZV��:KDW�PLJKW�EH�OHVV�FRQVWUDLQLQJ�ZRXOG�EH�WR�VWDQGDUGL]H�DQ�LQWHUIDFH�IRU�SDU�

WLFXODU�NLQGV�RI�LQIRUPDWLRQ��VXFK�DV�GDWD�IORZ�LQIRUPDWLRQ��7KLV�ZRXOG�IDFLOLWDWH�UHXVH�RU�VXEVWL�

WXWLRQ�RI�YLHZV�WKDW�FDSWXUH�WKH�VDPH�LQIRUPDWLRQ�WR�GLIIHULQJ�SUHFLVLRQV�RU�XVLQJ�GLIIHULQJ

DPRXQWV�RI�FRPSXWDWLRQDO�UHVRXUFHV�

3URJUDPPHUV�DUH�IUHH�WR�GHYHORS�WKHLU�RZQ�YLHZV��%HVLGHV�WKH�DEVHQFH�RI�D�YLHZ�IRU�FRP�

SXWLQJ�D�VHW�RI�GHVLUHG�SURJUDP�SURSHUWLHV��YDULRXV�FRQFHUQV�FDQ�PRWLYDWH�D�SURJUDPPHU�WR

ZULWH�QHZ�YLHZV��7ZR�VXFK�FRQFHUQV�DUH�SUHFLVLRQ�DQG�SHUIRUPDQFH��HVSHFLDOO\�IRU�YLHZV�WKDW

FROOHFW�QRQ�ORFDO�LQIRUPDWLRQ�VXFK�DV�GDWD�IORZ�TXDQWLWLHV��7KHVH�DQDO\VHV�WHQG�WR�WUDGHRII�SUHFL�

VLRQ�IRU�WLPH��RU�WLPH�IRU�VSDFH>�@��'HSHQGLQJ�RQ�WKH�VL]H�RI�WKH�YLHZHG�FRQWH[W�RU�WKH�GHVLUHG

SUHFLVLRQ��D�SURJUDPPHU�PD\�ZDQW�D�YLHZ�WKDW�PDNHV�GLIIHUHQW�WUDGHRIIV��6LQFH�FRPSXWLQJ�YLHZV

FDQ�EH�WKH�SHUIRUPDQFH�ERWWOHQHFN�LQ�9LHZ)RUP��FDUHIXOO\�VHOHFWLQJ�UXOHV�WKDW�XVH�YLHZV�ZLWK�WKH

SURSHU�SHUIRUPDQFH�FKDUDFWHULVWLFV�PLJKW�EH�UHTXLUHG�WR�VXFFHVVIXOO\�FRPSOHWH�D�FRXSOLQJ��$

VLPSOH�H[DPSOH�RI�FUHDWLQJ�D�YLHZ�LV�JLYHQ�ODWHU��LQ�6HFWLRQ��������$�PRUH�FRPSOH[�H[DPSOH�LV

SURYLGHG�LQ�&KDSWHU����)RU�QRZ��WKH�UHPDLQLQJ�IXQFWLRQV�XVHG�WR�FUHDWH�DQG�PDQDJH�YLHZV�DUH�

����������������������������������������������������������
���
�7KH�YLHZFRGH�YLHZ�GLIIHUV�RQO\�EHFDXVH�LW�DFWXDOO\�LPSOHPHQWV�WKH������ �	��
 ���	���� �IXQFWLRQV�



��

�UHJLVWHU�YLHZ��YLHZ�PHUJH�PHUJH��FRS\�LQLW�

5HJLVWHUV�D�YLHZ��DORQJ�ZLWK�D�IXQFWLRQ�WR�PHUJH�YLHZV��D�IXQFWLRQ�WR�GHVWUXFWLYHO\�PHUJH�YLHZV��D

IXQFWLRQ�WR�FRS\�YLHZV��DQG�DQ�LQLWLDOL]LQJ�YDOXH��WKH�PHUJLQJ�DQG�FRS\LQJ�IXQFWLRQV�DUH�FDOOHG�E\

PHUJH�FRQWH[WV�DQG�PHUJH�FRQWH[WV���

�YLHZ�PHUJH�SURF�YLHZ���YLHZ�PHUJH��SURF�YLHZ���YLHZ�FRS\�SURF��YLHZ�
�YLHZ�LQLW�������YLHZ�

5HWXUQV�WKH�UHVSHFWLYH�SURFHGXUHV�DQG�WKH�LQLWLDOL]DWLRQ�YDOXH�UHJLVWHUHG�E\� UHJLVWHU�YLHZ�

�HQVXUH��YLHZ�QDPH!�YLHZ�FRPSXWHG��FRQWH[W���RSWLRQDO�YF�H[SV�

$�XVHU�GHILQHG�IXQFWLRQ�WKDW�HQVXUHV�WKH�QDPHG�YLHZ�LV�FRPSXWHG�RQ� YF�H[SV�ZLWK�UHVSHFW�WR��FRQ�

WH[W��,I�WKH�OLVW�YF�H[SV�LV�QRW�JLYHQ��DVVXPHV�WKDW�WKH�QDPHG�YLHZ�LV�WR�EH�FRPSXWHG�RQ�DOO�H[SUH V�

VLRQV�LQ�FRQWH[W�

6LQFH�YLHZ�LQIRUPDWLRQ�FDQ�FHUWDLQO\�EH�FRQVWUXFWHG�E\�KDQG��YLHZV�FDQ�EH�UHJDUGHG�DV�PD�

FKLQH�UHDGDEOH�GHVFULSWLRQV�RI�SURJUDP�SURSHUWLHV��9LHZV�FDQ�WKXV�VHUYH�DV�VSHFLILFDWLRQ�ODQ�

JXDJHV�IRU�SURSHUWLHV�WKDW�PD\�RWKHUZLVH�KDYH�EHHQ�(QJOLVK�ODQJXDJH�GHVFULSWLRQV�RI�D�SUR�

JUDP·V�LPSOHPHQWDWLRQ��,�GR�QRW�H[SORUH�WKLV�XVH�IRU�YLHZV��EXW�QRWH�WKDW�VSHFLILFDWLRQ�ODQJXDJHV

LV�DQ�DFWLYH�ILHOG�RI�UHVHDUFK�

7KH�GHIDXOW�YLHZV�SURYLGHG�E\�9LHZ)RUP�DUH�GHVFULEHG�EHORZ��7KH�GHVFULSWLRQV�FRQWDLQ

WKH�PRUH�LQWHUHVWLQJ�YLHZ�LQWHUIDFH�IXQFWLRQV�

������9LHZFRGH�9LHZ

7KH�YLHZFRGH�YLHZ�LV�DYDLODEOH�E\�GHIDXOW�RQ�DOO�YLHZFRGH�H[SUHVVLRQV��,W�SURYLGHV�HQ�

KDQFHG�YLHZFRGH�QDYLJDWLRQ�IXQFWLRQDOLW\��DOORZLQJ�PRYHPHQW�ERWK�XS�DQG�GRZQ�WKH�H[SUHVVLRQ

WUHH��,W�DOVR�SURYLGHV�ILQH�JUDLQHG�H[SUHVVLRQ�W\SLQJ��7KH�YLHZFRGH�YLHZ�LV�DXWRPDWLFDOO\�FRP�

SXWHG�RQ�DQ\�6FKHPH�H[SUHVVLRQV�SDUVHG�E\�9LHZ)RUP�

7KH�YLHZFRGH�YLHZ�SURYLGHV�WKH�IROORZLQJ�IXQFWLRQV�IRU�HDFK�YLHZFRGH�H[SUHVVLRQ�

�H[S�W\SH�H[S�

5HWXUQV�WKH�H[SUHVVLRQ·V�W\SH�

�W\SH��W\SH!"�H[S�

5HWXUQV��W�LI�H[S�LV�RI�W\SH��W\SH!�

�XS�OLQN�Q�H[S�Q�

7UDYHUVHV�Q�LQGLUHFWLRQV�XS�WKH�H[SUHVVLRQ�WUHH��DQG�UHWXUQV�WKH�UHVXOWLQJ�H[SUHVVLRQ��8S�OLQNLQJ�D

WRS�OHYHO�FRQWH[W�H[SUHVVLRQ�UHWXUQV�WKH�YDOXH�RI�WKH�WRS�OHYHO�YDULDEOH� WRS�OHYHO�

:KHQ�H[SUHVVLRQV�DUH�SDUVHG��WKH�YLHZFRGH�YLHZ�FRPSXWHV�DQ�H[SUHVVLRQ�W\SH�IRU�HDFK�YLHZ�

FRGH�H[SUHVVLRQ�DQG�UHFXUVLYHO\�XS�OLQNV�HDFK�H[SUHVVLRQ��7KH�YLHZFRGH�YLHZ�SURYLGHV�SUHGL�

FDWH�IXQFWLRQV�WR�GLVFULPLQDWH�DPRQJ�WKHVH�H[SUHVVLRQ�W\SHV��7KH�IXQFWLRQV�W\SH�ODPEGD"�DQG



��

W\SH�GHILQH�YDU"�XVHG�DERYH��IRU�H[DPSOH��UHWXUQ�WUXH�LI�WKH�YLHZFRGH�H[SUHVVLRQ�SDVVHG�WR�WKHP

DUH�RI�WKH�IRUP��ODPEGD��¨��¨��RU��GHILQH��YDU!�¨���UHVSHFWLYHO\��7KH�IXOO�VHW�RI�H[SUHVVLRQ�W\SH

GLVFULPLQDWRU�IXQFWLRQV�DUH�JLYHQ�LQ�$SSHQGL[�$�

8S�OLQNLQJ�SURYLGHV�UHDO�YLHZFRGH�QDYLJDELOLW\��&RPSRXQG�6FKHPH�H[SUHVVLRQV�DUH�UHSUH�

VHQWHG�DV�OLVWV�LQ�YLHZFRGH��EXW�OLVWV�DUH�QRW�GRXEO\�OLQNHG�E\�GHIDXOW�LQ�6FKHPH��8S�OLQNLQJ�SUR�

YLGHV�WKH�EDFN�OLQN�WKDW�ZRXOG�RWKHUZLVH�EH�SUHVHQW�LQ�D�GRXEO\�OLQNHG�OLVW��:LWKRXW�WKLV�IXQF�

WLRQDOLW\��H[DPLQLQJ�RU�GHSHQGLQJ�RQ�SDUHQW�H[SUHVVLRQV�ZRXOG�QRW�EH�H[SUHVVLEOH��7KH�IROORZ�

LQJ�WUDQVFULSW�GHPRQVWUDWHV�XS�OLQNLQJ�DVVXPLQJ�WKDW�GLVS�H[S�LV�WKH�YLHZFRGH�IRU��GHILQH�GLV�

SDWFK�H[SUHVVLRQ��ODPEGD��H[S��¨��LQ�)LJXUH�����

�GHILQH��XS�OLQN�H[S���XS�OLQN�Q�H[S����
�HT"�GLVS�H[S��XS�OLQN��FDU�GLVS�H[S����Ð��W������XS�OLQNLQJ�LV�WKH�LQYHUVH�RI�FDU�DQG�FGU
�ILUVW��ODPEGD�IRUPDOV��GHILQH�YDU�YDOXH�GLVS�H[S����Ð�H[S
�XS�OLQN��ILUVW��ODPEGD�IRUPDOV��GHILQH�YDU�YDOXH�GLVS�H[S�����Ð��H[S�
�XS�OLQN��ODPEGD�IRUPDOV��GHILQH�YDU�YDOXH�GLVS�H[S����Ð��ODPEGD��H[S���FRQG�¨��
�XS�OLQN��GHILQH�YDU�YDOXH�GLVS�H[S���Ð��GLVSDWFK�H[SUHVVLRQ��ODPEGD��H[S���FRQG�¨���
�HT"��XS�OLQN�GLVS�H[S��WRS�OHYHO��Ð��W

$V�GLVFXVVHG�HDUOLHU�LQ�6HFWLRQ������VRPH�6FKHPH�H[SUHVVLRQV��VXFK�DV�QXPEHUV�DQG�V\PEROV�

DUH�QRW�PXWDEOH��7KLV�PDNHV�LW�GLIILFXOW�WR�XS�OLQN�WKHP�YLD�WKHLU�LGHQWLW\��)RU�WKLV�UHDVRQ��YLHZ�

FRGH�UHSUHVHQWV�WKHVH�H[SUHVVLRQV�XVLQJ�VWUXFWXUHV�WKDW�GR�KDYH�LGHQWLW\��WKH�HQFORVXUHV�ZKRVH�LQ�

WHUIDFH�ZDV�JLYHQ�LQ�6HFWLRQ������(QFORVXUHV�DUH�DOVR�W\SHG�E\�WKH�YLHZFRGH�YLHZ�ZLWK�IXQFWLRQV

VXFK�DV�W\SH�V\PERO"�

������$OSKD�9LHZ

7KH�DOSKD�YLHZ�SHUIRUPV�WKH�HTXLYDOHQW�RI�DQ�DOSKD�FRQYHUVLRQ��8QOLNH�PRVW�DOSKD�FRQYHU�

VLRQV��KRZHYHU��WKH�DOSKD�YLHZ�GRHV�QRW�PRGLI\�YDULDEOH�QDPHV��,QVWHDG��LW�PDLQWDLQV�D�WZR�ZD\

DVVRFLDWLRQ�EHWZHHQ�HDFK�YDULDEOH�UHIHUHQFH��DQG�PXWDWLRQ��DQG�LWV�FRUUHVSRQGLQJ�YDULDEOH�ELQG�

LQJ�VLWH��$�YDULDEOH�ELQGLQJ�VLWH�LV�DQ�HQFORVXUH�KROGLQJ�D�ODPEGD�IRUPDO�SDUDPHWHU��D�GHILQH�YDUL�

DEOH��RU�DQ\�RWKHU�LGHQWLILHU�WKDW�HTXLYDOHQWO\�LQWURGXFHV�D�QHZ�YDULDEOH�

7KH�DOSKD�YLHZ�IXQFWLRQV�DUH�

�HQVXUH�DOSKD�YLHZ�FRPSXWHG��FRQWH[W�

(QVXUHV�WKDW�WKH�DOSKD�YLHZ�KDV�EHHQ�FRPSXWHG�RQ�WKH�H[SUHVVLRQV�LQ� FRQWH[W

�FRQWH[W�DOSKD�FRQWH[W����VHW�FRQWH[W�DOSKD��FRQWH[W�YLHZ�PDSSLQJ�

5HWXUQV�RU�VHWV�WKH�YLHZ�PDSSLQJ�DVVRFLDWHG�ZLWK�FRQWH[W��WKH�IRUPHU�UHWXUQV��I�LI�QRQH�H[LVWV

�YDU�UHI�!YDU�ELQGLQJ�YDU�UHI�

YDU�UHI�LV�D�YDULDEOH�UHIHUHQFH��5HWXUQV�D�OLVW�RI�YDU�UHI·V�YDULDEOH�ELQGLQJV�VLWHV



��

�YDU�ELQGLQJ�!YDU�UHIV��YDU�ELQGLQJ�

YDU�ELQGLQJ�LV�D�YDULDEOH�ELQGLQJ��5HWXUQV�D�OLVW�RI�YDULDEOH�UHIHUHQFHV�WR�YDU�ELQGLQJ

�YDU�ELQGLQJ�!PXWDWLRQV�YDU�ELQGLQJ�FRQWH[W�

5HWXUQV�D�OLVW�RI�YDULDEOHV�LQ�VHW��DQG�IOXLG�OHW�H[SUHVVLRQV��DQG�GHILQH�H[SUHVVLRQV��LI�UHGHILQHG�

WKDW�UHIHU�WR�WKH�YDULDEOH�LQ�WKH�ELQGLQJ�VLWH�YDU�ELQGLQJ�ZLWK�UHVSHFW�WR�FRQWH[W

�YDU�PXWDWLRQ�!ELQGLQJ��YDU�PXWDWLRQ�FRQWH[W�

*LYHQ�D�PXWDWLRQ�YDULDEOH�YDU�PXWDWLRQ��UHWXUQV�WKH�FRUUHVSRQGLQJ�YDULDEOH�ELQGLQJ�VLWH�RU��I�LI

QRQH�H[LVWV

�WRS�OHYHO�GHILQHG"�YDU�QDPH�FRQWH[W�

YDU�QDPH�LV�D�V\PERO��5HWXUQV�WKH�WRS�OHYHO�YDULDEOH�ELQGLQJ�VLWH�LQ�WKH�FRQWH[W�IRU�WKH�YDULDEOH

QDPHG�YDU�QDPH��5HWXUQV��I�LI�QRQH�H[LVWV

�WRS�OHYHO�QDPHV�FRQWH[W�

5HWXUQV�D�OLVW�RI�DOO�WKH�ELQGLQJ�VLWHV�RI�HDFK�WRS�OHYHO�QDPH�GHILQHG�LQ� FRQWH[W

�XQERXQG�YDU�ORRNXSV�LQ�FRQWH[W�FRQWH[W�

5HWXUQV�D�OLVW�RI�DOO�WKH�XQERXQG�YDULDEOH�UHIHUHQFHV�LQ�FRQWH[W�

�XQERXQG�PXWDWLRQV�LQ�FRQWH[W���FRQWH[W�

5HWXUQV�D�OLVW�RI�DOO�WKH�XQERXQG�YDULDEOH�PXWDWLRQV�LQ�FRQWH[W

�PHUJH�DOSKD�YLHZV�D��D��

5HWXUQV�D�QHZ�DOSKD�YLHZ�FRQWDLQLQJ�WKH�PHUJHG�DOSKD�YLHZV�D��DQG�D�

�PHUJH�DOSKD��D��D��

'HVWUXFWLYHO\�PHUJHV�DOSKD�YLHZ�D��LQWR�D�

������/LDU�9LHZ

7KH�OLDU�YLHZ�LV�D�GDWD�IORZ�DQDO\VLV�EDVHG�RQ�/,$5>��@��,W�FRPSXWHV�D�JUDSK�ZKRVH�QRGHV

DUH�YLHZFRGH�H[SUHVVLRQV�DQG�ZKRVH�HGJHV�GHQRWH�WKDW�D�UXQ�WLPH�YDOXH�FDQ�IORZ�IURP�RQH

QRGH·V�FRUUHVSRQGLQJ�H[SUHVVLRQ�WR�DQRWKHU��6RPH�FRPSLOHUV�SHUIRUP�VLPLODU�NLQGV�RI�JUDSKV�IRU

XVH�LQ�RSWLPL]LQJ�SURJUDPV��DOWKRXJK�WKH�JUDSKV�DUH�W\SLFDOO\�FRPSXWHG�LQWUDSURFHGXUDOO\�DQG

QRW�LQWHUSURFHGXUDOO\�

0RUH�VSHFLILFDOO\��WKH�OLDU�YLHZ�FROOHFWV�WKH�IROORZLQJ�LQIRUPDWLRQ�RQ�HDFK�YLHZFRGH�H[SUHVVLRQ�

• $�VHW�RI�SURGXFHUV��H[SUHVVLRQV�WKDW�SURGXFH�YDOXHV�WKDW�FDQ�SRWHQWLDOO\�HQG�XS�EHLQJ�WKH
JLYHQ�H[SUHVVLRQ·V�UHWXUQ�YDOXH�

• $�VHW�RI�FRQVXPHUV��H[SUHVVLRQV�WKDW�FDQ�SRWHQWLDOO\�UHFHLYH�RU�FRQVXPH�DQ\�RI�WKH�H[�
SUHVVLRQ·V�UHWXUQ�YDOXHV�



��

,Q�)LJXUH������IRU�H[DPSOH��WKH�ELQGLQJ�YDULDEOH�I·V�SURGXFHUV�DUH�WKH�YDULDEOHV�SURF�DQG�FGU��DQG

WKH�ODPEGD�H[SUHVVLRQ��,WV�FRQVXPHU�LV�WKH�YDULDEOH�UHIHUHQFH�I��$Q�H[SUHVVLRQ·V�SURGXFHUV�DUH

FODVVLILHG�LQWR�WKH�IROORZLQJ�FDWHJRULHV�

• 3UHGHILQHG�SURFHGXUHV�WKDW�FDQ�SRWHQWLDOO\�EH�WKH�YDOXH�RI�WKH�JLYHQ�H[SUHVVLRQ

• 8VHU�GHILQHG�SURFHGXUHV�WKDW�FDQ�SRWHQWLDOO\�EH�WKH�YDOXH�RI�WKH�JLYHQ�H[SUHVVLRQ

• 6SHFLDO�IRUPV�WKDW�FDQ�SRWHQWLDOO\�SURGXFH�WKH�YDOXH�RI�WKH�JLYHQ�H[SUHVVLRQ

• &RQVWDQWV�WKDW�FDQ�SRWHQWLDOO\�EH�WKH�YDOXH�RI�WKH�JLYHQ�H[SUHVVLRQ

7KH�UHOHYDQW�OLDU�LQWHUIDFH�IXQFWLRQV�DUH�

�HQVXUH�OLDU�YLHZ�FRPSXWHG��FRQWH[W�

(QVXUHV�WKDW�WKH�OLDU�YLHZ�KDV�EHHQ�FRPSXWHG�RQ�WKH�H[SUHVVLRQV�LQ� FRQWH[W

�FRQWH[W�OLDU���FRQWH[W����VHW�FRQWH[W�OLDU��FRQWH[W�YLHZ�

5HWXUQV�RU�VHWV�WKH�OLDU�GDWD�IORZ�DQDO\VLV�YLHZ�DVVRFLDWHG�ZLWK�FRQWH[W��5HWXUQV��I�LI�QRQH�H[LVWV

�H[S�!UHFYV�H[S�FRQWH[W�

5HWXUQV�D�OLVW�RI�H[S·V�FRQVXPHUV��ZLWK�UHVSHFW�WR�FRQWH[W

�H[S�!SURGV�H[S�FRQWH[W�

5HWXUQV�D�OLVW�RI�H[S·V�SURGXFHUV��ZLWK�UHVSHFW�WR�FRQWH[W

�H[S�!SULPRSV��H[S�FRQWH[W�
�H[S�!SURFV����H[S�FRQWH[W�
�H[S�!VS�IRUPV�H[S�FRQWH[W�
�H[S�!FRQVWV���H[S�FRQWH[W�

5HWXUQV�D�VXE�OLVW�RI�H[S·V�SURGXFHUV�ZKRVH�UHWXUQV�YDOXHV�DUH�SURGXFHG�SULPLWLYHO\��DUH�SURFHGXUHV�

DUH�SURGXFHG�E\�VSHFLDO�IRUPV��RU�DUH�FRQVWDQWV��UHVSHFWLYHO\

�PHUJH�OLDU�YLHZV��O��O��

'HVWUXFWLYHO\�PHUJHV�OLDU�YLHZ�O��LQWR�O�

�PHUJH�OLDU�YLHZV�O��O��

5HWXUQV�D�QHZ�OLDU�YLHZ�WKDW�FRQWDLQV�WKH�PHUJHG�LQIRUPDWLRQ�IURP�OLDU�YLHZV�O��DQG�O�

7KH�OLDU�YLHZ�DOVR�SURYLGHV�D�IXQFWLRQ�IRU�GHWHUPLQLQJ�WKH�W\SH�RI�DQ�H[SUHVVLRQ·V�UHWXUQ�YDOXH�

7KHVH�W\SHV�DUH�GLIIHUHQW�IURP�WKH�YLHZFRGH�YLHZ�H[SUHVVLRQ�W\SHV��ZKLFK�FRUUHVSRQG�WR�WKH

V\QWDFWLF��DQG�KHQFH��VWDWLF��JUDPPDWLFDO�SURSHUW\�RI�DQ�H[SUHVVLRQ��)RU�H[DPSOH��WKH�YLHZFRGH

H[SUHVVLRQ��IL[���������VDWLVILHV�W\SH�FRPELQDWLRQ"��ZKHUHDV�LWV�UHWXUQ�YDOXH�LV�RI�W\SH�QRQ�

QHJDWLYH�IL[��7KHVH�G\QDPLF�UHWXUQ�YDOXH�W\SHV�DUH�OLVWHG�LQ�$SSHQGL[�$��DQG�DUH�FRPSXWHG

E\�WKH�IROORZLQJ�IXQFWLRQ�
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�H[S�!UHWXUQ�W\SHV�H[S�FRQWH[W�

5HWXUQV�D�OLVW�RI�H[S·V�SRVVLEOH�UHWXUQ�W\SHV��VHH�$SSHQGL[�$�����ZLWK�UHVSHFW�WR�FRQWH[W�

2QH�RI�WKH�OLDU�YLHZ·V�LPSRUWDQW�SURSHUWLHV�LV�LWV�SHUIRUPDQFH��7KLV�SURSHUW\�LV�LPSRUWDQW�WR�SUR�

JUDPPHUV�FKRRVLQJ�EHWZHHQ�WKH�OLDU�YLHZ�DQG�RWKHU�GDWD�IORZ�YLHZV��7KH�OLDU�YLHZ�LQYRFDWLRQ

ZDV�RSWLPL]HG�WR�WUDGH�VSDFH�IRU�WLPH��7KLV�PHDQV�WKDW�WKH�OLDU�YLHZ�PD\�QRW�EH�DEOH�WR�FRPSXWH

LWV�LQIRUPDWLRQ�RQ�ODUJH�FRQWH[WV��7R�FRXQWHU�EDODQFH�WKLV�WUDGHRII��WKH�OLDU�PHUJLQJ�RSHUDWLRQV

ZHUH�RSWLPL]HG�WR�WUDGH�WLPH�IRU�VSDFH��7KLV�DOORZV�WKH�OLDU�YLHZ�WR�EH�FRPSXWHG�RQ�ODUJH�FRQ�

WH[WV�E\�PHUJLQJ�VHYHUDO�VPDOOHU�FRQWH[WV�RQ�ZKLFK�WKH�OLDU�YLHZ�KDV�EHHQ�LQYRNHG�

������+LJKHU�2UGHU�9LHZV

9LHZ)RUP�SURYLGHV�D�KLJKHU�RUGHU�YLHZ��FDOOHG�WKH�ZDONHU�YLHZ��7KLV�YLHZ�LV�D�WRS�GRZQ

FRGH�ZDONHU��%\�GHIDXOW��LW�UHFXUVLYHO\�GHOHJDWHV�LWVHOI�WR�HDFK�VXE�H[SUHVVLRQ�LW�ILQGV��,W�LV�D�KLJKHU

RUGHU�YLHZ�EHFDXVH�LW�JHQHUDOL]HV�WKH�QRWLRQ�RI�D�FRGH�ZDONHU��DQG�EHFDXVH�LW�QHHGV�WR�EH

´FXVWRPL]HGµ�WR�GR�VSHFLILF�ZRUN��7KLV�FXVWRPL]DWLRQ�KDSSHQV�E\�FRPELQLQJ�WKH�ZDONHU�YIRUP

ZLWK�GLVSDWFKHUV��RU�RWKHU�UXOHV��WKDW�WDNH�DFWLRQ�RQ�VSHFLILF�NLQGV�RI�H[SUHVVLRQV��,Q�HVVHQFH�

WKHVH�QHZ�GLVSDWFKHUV�RYHUULGH�WKH�GHIDXOW�ZDONHU·V�GLVSDWFKHUV�IRU�WKRVH�H[SUHVVLRQV��,Q�RUGHU�WR

FRQWLQXH�ZDONLQJ�GRZQ�WKH�YLHZFRGH�WUHH�DIWHU�VXFK�DQ�RYHUULGH��KRZHYHU��WKH�ZDONHU·V�YLHZV

VWLOO�QHHG�WR�EH�LQYRNHG��LQ�&/26�SDUODQFH��WKLV�PHDQV�FDOOLQJ�FDOO�QH[W�PHWKRG���7R�GR�WKLV��WKH

GLVSDWFKHU�GRLQJ�WKH�ZRUN�PXVW�EH�FDUHIXOO\�FRPELQHG�ZLWK�WKH�ZDONHU�YIRUP��6HOHFWLQJ�D�FRQ�

WURO�VWUXFWXUH�WKDW�LQYRNHV�WKH�QHZ�GLVSDWFKHUV�ILUVW��WKHQ�XQFRQGLWLRQDOO\�LQYRNHV�WKH�ZDONHU

YIRUP�LV�VXIILFLHQW��7KLV�LV�LOOXVWUDWHG�LQ�DQ�H[DPSOH�EHORZ�

ZDONHU�YIRUP

$�FRPSRXQG�UXOH�WKDW�UHFXUVLYHO\�GHOHJDWHV�GRZQ�DOO�WKH�YLHZFRGH�H[SUHVVLRQV�LQ�WKH�FRQWH[W�LW�LV

SDVVHG��&DQ�EH�FRPELQHG�ZLWK�RWKHU�UXOHV�WR�SURGXFH�YLHZFRGH�ZDONHUV

6XSSRVH�ZH�ZDQW�WR�GHILQH�D�YLHZ�WKDW�PDLQWDLQV�D�OLVW�RI�DOO�ODPEGD�H[SUHVVLRQV�WKDW�KDYH�RQH

QRQ�PXWDWHG�IRUPDO��ZLWKLQ�D�JLYHQ�VHW�RI�YLHZFRGH�H[SUHVVLRQV��VXFK�DV�GLVSDWFK�H[SUHVVLRQ·V

ODPEGD���7R�LPSOHPHQW�WKLV�´ODPEGD�ZDONHU�YLHZµ��ZH�JR�WKURXJK�D�VHULHV�RI�ILYH�VWHSV�

��� ,PSOHPHQW�WKH�PHUJLQJ�DQG�FRS\LQJ�SURFHGXUHV��DV�ZHOO�DV�WKH�YLHZ�LQLWLDOL]DWLRQ�YDOXH

��� ,PSOHPHQW�WKH�YLHZ�GLVSDWFKHUV

��� &RPELQH�WKH�GLVSDWFKHUV�LQWR�D�YLHZ

��� 5HJLVWHU�WKH�YLHZ

��� 3URYLGH�D�ZD\�WR�LQYRNH�WKH�YLHZ

)RU�RXU�GHVLUHG�YLHZ��6WHS���LQYROYHV�GHFLGLQJ�XSRQ�D�UHSUHVHQWDWLRQ�IRU�WKH�YLHZ�LQIRUPDWLRQ�

)RU�WKLV�H[DPSOH��OHW�XV�FKRRVH�D�VLPSOH�OLVW��7KH�6WHS���FRGH�LV�WKHUHIRUH�LPSOHPHQWHG�DV�OLVW

RSHUDWLRQV�
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�GHILQH��ODPEGD�ZDONHU�PHUJH�ODPEGD�YLHZ��ODPEGD�YLHZ��
���DSSHQG��ODPEGD�YLHZ���OLVW�FRS\�ODPEGD�YLHZ����
�GHILQH��ODPEGD�ZDONHU�PHUJH��ODPEGD�YLHZ��ODPEGD�YLHZ��
���DSSHQG��ODPEGD�YLHZ���OLVW�FRS\�ODPEGD�YLHZ����
�GHILQH�ODPEGD�ZDONHU�FRS\�OLVW�FRS\�
�GHILQH�ODPEGD�ZDONHU�LQLW�
���

)RU�6WHS����ZH�KDYH�SUHYLRXVO\�GHILQHG�WKH�SUHGLFDWH�IRU�RXU�GHVLUHG�YLHZ��SUHGLFDWH�ODPEGD�QRQ�

PXWDWHG�IRUPDO��:H�QHHG�RQO\�LPSOHPHQW�DQ�DFWLRQ�WKDW�VWRUHV�D�ODPEGD�H[SUHVVLRQ��:H�ZULWH�WKH

DFWLRQ�WR�DVVXPH�WKDW�WKH�ILUVW�H[SUHVVLRQ�LQ�WKH�YLHZFRGH�OLVW�LV�WKH�ODPEGD�H[SUHVVLRQ�WR�EH

VWRUHG�LQWR�WKH�DSSURSULDWH�ODPEGD�ZDONHU�LQIRUPDWLRQ�OLVW��7KLV�ZLOO�EH�WKH�OLVW�UHWULHYHG�DQG�VHW

E\�UHWULHYH�YLHZ�DQG�VHW�YLHZ���GHVFULEHG�HDUOLHU���7KH�DFWLRQ�LV�LPSOHPHQWHG�EHORZ��IROORZHG

E\�WKH�GLVSDWFKHU�FRPELQLQJ�WKH�SUHGLFDWH�DQG�DFWLRQ�

�GHILQH�DFWLRQ�VWRUH�ODPEGD
���PDNH�DFWLRQ
�����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
������VHW�YLHZ��ODPEGD�YLHZ�FRQWH[W
�������FRQV��FDU�YF�H[SV���RU��UHWULHYH�YLHZ�ODPEGD�YLHZ�FRQWH[W��ODPEGD�ZDONHU�LQLW���
������W�
����PDNH�VLPSOH�H[SO��IRU�VWRULQJ�D�FRPELQDWLRQ����

�GHILQH�ZDONHU�ODPEGD�ILQGHU
���PDNH�GLVSDWFKHU�SUHGLFDWH�ODPEGD�QRQ�PXWDWHG�IRUPDO
�������������������DFWLRQ�VWRUH�ODPEGD
��������������������YHUERVH�H[SO�FRPELQHU��IRU�FROOHFWLQJ�FRPELQDWLRQV����

)RU�6WHS����ZH�FUHDWH�WKH�YLHZ�LWVHOI��XVLQJ�PDNH�YLHZ�

�GHILQH�ODPEGD�YLHZ
���PDNH�YLHZ��ODPEGD��YIRUPV�
����������������OHW���FRPELQHG�YIRUP��DSSO\�FRPELQH�YIRUPV�GR�DOO�YIRUPV���
������������������ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
��������������������VHW�YLHZ��ODPEGD�YLHZ�FRQWH[W�ODPEGD�ZDONHU�LQLW�
��������������������HQVXUH�DOSKD�YLHZ�FRPSXWHG��FRQWH[W�
��������������������IRU�HDFK��ODPEGD��YF�H[S���GR�YIRUP�FRPELQHG�YIRUP�FRQWH[W��OLVW�YF�H[S���
�����������������������������YF�H[SV�
��������������������W���
��������������YHUERVH�H[SO�FRPELQHU��ODPEGD�ZDONHU�FRPELQDWLRQ�FROOHFWRU��
��������������OLVW�ZDONHU�ODPEGD�ILQGHU�ZDONHU�YIRUP���

7KH�YLHZ·V�FRQWURO�VWUXFWXUH�EHJLQV�E\�FUHDWLQJ�FRPELQHG�YIRUP��D�FRPELQDWLRQ�RI�RXU�GLVSDWFKHU�

ZDONHU�ODPEGD�ILQGHU��ZLWK�ZDONHU�YIRUP�XVLQJ�FRPELQH�YIRUPV�GR�DOO��7KH�PHWKRG�RI�FRPELQD�

WLRQ�LV�LPSRUWDQW��:H�ZDQW�D�FRPELQHG�YIRUP�WKDW�DOZD\V�LQYRNHV�ZDONHU�ODPEGD�ILQGHU�IROORZHG

E\�ZDONHU�YIRUP��WKH�IRUPHU�FROOHFWLQJ�RXU�ODPEGD�H[SUHVVLRQ�DQG�WKH�ODWWHU�WUDYHUVLQJ�WKH�YLHZ�

FRGH�H[SUHVVLRQ�WUHH��FRPELQH�YIRUPV�GR�DOO�GRHV�WKLV��DV�LWV�QDPH�VXJJHVWV�

7KH�FRQWURO�VWUXFWXUH�QH[W�FOHDUV�WKH�ODPEGD�ZDONHU�YLHZ�IRU�WKH�JLYHQ�FRQWH[W��DQG�HQVXUHV

WKH�DOSKD�YLHZ�KDV�EHHQ�FRPSXWHG�IRU�WKDW�FRQWH[W��2QFH�WKLV�LV�GRQH��WKH�YLHZFRGH�H[SUHVVLRQV

DUH�WUDYHUVHG��RQH�E\�RQH��1RWLFH�WKDW�LQ�WKH�FDOO�WR�GR�YIRUP��WKH�YIRUP�LQYRNHG�LV�FRPELQHG�
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YIRUP��6LQFH�ZDONHU�YIRUP�GHOHJDWHV�WR�ZKDWHYHU�YIRUP�LQYRNHG�LW��DFFRUGLQJ�WR�LWV�VSHFLILFD�

WLRQ���WKH�GHOHJDWLRQ�ZLOO�HQG�XS�LQYRNLQJ�FRPELQHG�YIRUP�RQ�HYHU\�VXE�H[SUHVVLRQ�HQFRXQWHUHG

E\�ZDONHU�YIRUP��7KLV�LV�H[DFWO\�WKH�EHKDYLRU�ZH�ZDQW��FRPELQHG�YIRUP�HQVXUHV�WKDW

ZDONHU�ODPEGD�ILQGHU�LV�DOZD\V�LQYRNHG�

6WHS���LV�VWUDLJKWIRUZDUG��XVLQJ�WKH�IXQFWLRQV�GHILQHG�LQ�6WHS���

�UHJLVWHU�YLHZ��ODPEGD�YLHZ�ODPEGD�ZDONHU�PHUJH
������������������������������ODPEGD�ZDONHU�PHUJH�
������������������������������ODPEGD�ZDONHU�FRS\
������������������������������ODPEGD�ZDONHU�LQLW�

6WHS���LV�DOVR�VWUDLJKWIRUZDUG��HQVXUH�ODPEGD�YLHZ�FRPSXWHG��LQYRNHV�WKH�ODPEGD�YLHZ�YIRUP��$I�

WHU�LQYRNLQJ�WKH�YLHZ��UHWULHYH�YLHZ�FDQ�EH�XVHG�WR�UHWULHYH�WKH�OLVW�RI�ODPEGD�H[SUHVVLRQV�DVVRFL�

DWHG�ZLWK�D�FRQWH[W�

�GHILQH��HQVXUH�ODPEGD�YLHZ�FRPSXWHG��FRQWH[W���RSWLRQDO�YF�H[SV�
���LI��QRW��UHWULHYH�YLHZ�ODPEGD�YLHZ�FRQWH[W��
�������LI��GHIDXOW�REMHFW"�YF�H[SV�
�����������GR�YIRUP�ODPEGD�YLHZ�FRQWH[W��FRQWH[W�H[SV�FRQWH[W��
�����������GR�YIRUP�ODPEGD�YLHZ�FRQWH[W�YF�H[SV����

:KLOH�WKLV�H[DPSOH�LPSOHPHQWV�D�UHODWLYHO\�VLPSOH�YLHZ��LW�LOOXVWUDWHV�WZR�LPSRUWDQW��DOWKRXJK

VRPHZKDW�SRODU�SRLQWV��7KH�ILUVW�LV�WKDW�YLHZV�DUH�PRUH�FRPSOLFDWHG�WR�ZULWH�WKDQ�RWKHU�NLQGV�RI

YIRUPV��7KH�VHFRQG�SRLQW��RQ�WKH�RWKHU�KDQG��LV�WKDW�JLYHQ�D�FRGH�WHPSODWH�VXFK�DV�WKH�RQH

DERYH��LW�LV�HDV\�WR�VXEVWLWXWH�D�GLVSDWFKHU�IRU�ZDONHU�ODPEGD�ILQGHU�DQG�UHQDPH�D�IHZ�YLHZ�IXQF�

WLRQV�WR�TXLFNO\�DQG�HDVLO\�FUHDWH�QHZ�NLQGV�RI�YLHZV��7KLV�UHGXFHV�WKH�SUREOHP�RI�FUHDWLQJ�YLHZ

DNLQ�WR�WKH�ODPEGD�ZDONHU�YLHZ�WR�WKH�SUREOHP�RI�ZULWLQJ�WKH�ULJKW�GLVSDWFKHU��:KLOH�QRW�DOO

YLHZV�FDQ�EH�ZULWWHQ�WKLV�ZD\��PDQ\�VLPSOH�RQHV�FDQ�

����([SODQDWLRQV

$Q�H[SODQDWLRQ�LV�QRW�D�FRXSOLQJ�FRQVWUXFW��5DWKHU��H[SODQDWLRQV�DUH�DVVRFLDWHG�ZLWK�FRX�

SOLQJ�FRQVWUXFWV��$Q�H[SODQDWLRQ�SURGXFHV�D�GHVFULSWLRQ�RI�ZKDW�LWV�DVVRFLDWHG�FRXSOLQJ�FRQVWUXFW

YIRUP�GRHV��7KLV�GHVFULSWLRQ�SURYLGHV�WKH�XVHU�ZLWK�DQ�HIIHFWLYH�ZD\�RI�GHWHUPLQLQJ�ZKDW�WKH

YIRUP�GRHV��HLWKHU�GLUHFWO\�RU�IURP�ZLWKLQ�D�FRQWURO�VWUXFWXUH��H�J���ZKHQ�D�SUHGLFDWH�UHWXUQV

IDOVH��WKH�RIIHQGLQJ�SUHGLFDWH�FDQ�EH�H[SODLQHG���7KH�GHVFULSWLRQ�FDQ�EH�LQ�D�QDWXUDO��KXPDQ

ODQJXDJH�RU�LW�FDQ�EH�LQ�D�PDFKLQH�UHDGDEOH�ODQJXDJH��,�XVH�WKH�IRUPHU�PHWKRG��EXW�WKH�ODWWHU

PHWKRG�FRXOG�EH�XVHIXO��IRU�H[DPSOH��DV�D�PDFKLQH�FKHFNDEOH�FRQGLWLRQ�IRU�YHULI\LQJ�D�FRX�

SOLQJ
V�PRGLILFDWLRQV��([SODQDWLRQV�DUH�FUHDWHG�GXULQJ�WKH�FUHDWLRQ�RI�SUHGLFDWHV�DQG�DFWLRQV�DQG

GXULQJ�WKH�FRPELQDWLRQ�RI�YIRUPV��DV�GHVFULEHG�HDUOLHU���:KHQ�FRPELQLQJ�H[SODQDWLRQV��PRUH

DEVWUDFW�H[SODQDWLRQV�FDQ�EH�SURYLGHG�WR�JLYH�PRUH�FRQFLVH�GHVFULSWLRQV�RI�WKH�FRUUHVSRQGLQJ�

FRPELQHG�FRXSOLQJ�FRQVWUXFWV�
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7KH�H[SODQDWLRQV�XVHG�LQ�WKLV�GLVVHUWDWLRQ�DUH�FUHDWHG�YLD�WKH�IROORZLQJ�IXQFWLRQ�

�PDNH�VLPSOH�H[SO�WH[W�

WH[W�LV�D�VWULQJ��5HWXUQV�DQ�H[SODQDWLRQ�WKDW�SURGXFHV��WR�WKH�VWDQGDUG�RXWSXW��D�FDUULDJH�UHWXUQ�DQG

´�W\SH!�WH[Wµ�ZKHUH��W\SH!�LV�WKH�H[SODLQHG�YIRUP·V�LGHQWLILHU

7KH�IROORZLQJ�IXQFWLRQ�LQYRNHV�DQ�H[SODQDWLRQ�

�H[SODLQ��YIRUP�FRQWH[W�YF�H[SV�

3URGXFHV�DQ�H[SODQDWLRQ�RI�YIRUP·V�IXQFWLRQDOLW\�RQ�WKH�YLHZFRGH�H[SUHVVLRQV�YF�H[SV�ZLWK�UHVSHFW

WR�WKH�FRQWH[W��FRQWH[W�

7KH�IROORZLQJ�FRGH�GHPRQVWUDWHV�KRZ�DQ�H[SODQDWLRQ�FRPELQHU�LV�LPSOHPHQWHG��7KLV�FRPELQHU

SURGXFHV�DQ�H[SODQDWLRQ�WKDW��ZKHQ�H[SODLQHG��LGHQWLILHV�WKH�W\SH�RI�WKH�YIRUP�EHLQJ�H[SODLQHG

DQG�WKHQ�UHFXUVLYHO\�H[SODLQV�HDFK�RI�WKH�FRPELQHG�YIRUPV�

��GHILQH�GHIDXOW�H[SO�FRPELQHU
���ODPEGD��YIRUPV�
�����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
�������IRUPDW��W��a6�FRQWDLQLQJ����YIRUP�LGHQWLILHU�YIRUP��
�������IRU�HDFK��ODPEGD��YIRUP���H[SODLQ��YIRUP�FRQWH[W�YF�H[SV��
����������������YIRUPV����

9DULRXV�IXQFWLRQV�IRU�HPEHGGLQJ�H[SODQDWLRQV�LQWR�SUHGLFDWHV�DQG�DFWLRQV�DUH�DOVR�SURYLGHG�E\

9LHZ)RUP�

�PDNH�H[SODLQHG�SUHGLFDWH�UDZ�SUHGLFDWH�WH[W�VWULQJ�
�PDNH�H[SODLQHG�DFWLRQ����PRGLILHU������WH[W�VWULQJ�

5HWXUQ�YIRUPV�VLPLODU�WR�WKRVH�UHWXUQHG�E\�PDNH�SUHGLFDWH�DQG�PDNH�DFWLRQ��H[FHSW�WKDW��ZKHQ�H[�

SODLQHG��WKH�YIRUPV�UHWXUQ�D�VWULQJ�RI�WKH�IRUP��´SUHGLFDWH�IRU�LGHQWLI\LQJ��WH[W�VWULQJ!µ�DQG�´DFWLRQ

IRU��WH[W�VWULQJ!µ��UHVSHFWLYHO\

����9LHZ�,QYDOLGDWLRQ�5HFRXSOHU

7KH�9LHZ)RUP�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�PDLQWDLQV�WKH�LQIRUPDWLRQ�QHHGHG�WR�LQYDOLGDWH

DQG�UHFRPSXWH�FRXSOLQJV��:KHQ�LQYRNHG��WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�FKHFNV�WKURXJK�LWV�UHJ�

LVWU\�DQG�GHWHUPLQHV�ZKLFK�FRXSOHG�FRQWH[WV�KDYH�EHHQ�LQYDOLGDWHG��,I�WKH�FRQWH[W�RULJLQDWHG

IURP�D�ILOH��IRU�H[DPSOH��LW�FKHFNV�WKDW�ILOH·V�PRVW�UHFHQW�PRGLILFDWLRQ�GDWH��:KHQ�LW�ILQGV�DQ�LQ�

YDOLG�FRXSOLQJ��WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�SHUIRUPV�D�UHFRXSOLQJ�E\�UH�LQYRNLQJ�WKH�FRXSOHU

WKDW�RULJLQDOO\�FRXSOHG�WKH�FRQWH[W��7KH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�LQWHUIDFH�IXQFWLRQV�DUH�

�UHJLVWHU�FRXSOLQJ����YIRUP�FRQWH[W�

5HJLVWHUV�D�FRXSOLQJ�UHQGHUHG�E\�YIRUP�RQ�FRQWH[W

�XQUHJLVWHU�FRXSOLQJ��YIRUP�FRQWH[W�

8QUHJLVWHUV�D�SUHYLRXVO\�UHJLVWHUHG�FRXSOLQJ
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�YLU��

5HFRPSXWHV�DQ\�LQYDOLGDWHG�FRXSOLQJV

����'LVSDWFKHU�([DPSOH

&KDSWHU���SUHVHQWHG�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�PHWKRGRORJ\��9LHZ)RUP�ZDV�LPSOHPHQWHG

WR�DOORZ�SURJUDPPHUV�WR�H[SHULPHQW�ZLWK�LPSOHPHQWDWLRQ�FRXSOLQJ�XVLQJ�WKH�YLHZ�EDVHG�DE�

VWUDFWLRQ�PHWKRGRORJ\��7KLV�VHFWLRQ�ZRUNV�WKURXJK�WKH�PHWKRGRORJ\�RQ�WKH�GLVSDWFK�H[DPSOH

ILUVW�SUHVHQWHG�LQ�&KDSWHU����7KH�JRDO�LV�WR�FRXSOH�WKH�GLVSDWFK�H[SUHVVLRQ�FRGH�LQ�)LJXUH����

ZLWK�W\SH"·V�LPSOHPHQWDWLRQ�GHWDLOV�IURP�WKH�FRGH�LQ�)LJXUH�����WR�SURGXFH�WKH�FRXSOHG��DQG

YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�UHJLVWHUHG��GLVSDWFK�H[SUHVVLRQ�FRGH�LQ�)LJXUH������7KLV�H[DPSOH�UH�

OLHV�KHDYLO\�RQ�SUHYLRXVO\�GLVFXVVHG�DVSHFWV�RI�WKH�GLVSDWFK�H[DPSOH��DQG�RQ�SUHYLRXVO\�SUH�

VHQWHG�VDPSOH�FRGH�

������%RXQGDU\�&RQWH[W�,GHQWLILFDWLRQ

7KH�JRDO�IRU�WKLV�VWHS�LV�WR�GHFLGH�KRZ�WR�GLYLGH�WKH�SURJUDP�H[SUHVVLRQV�LQWR�FRQWH[WV��$V

SUHYLRXVO\�H[SODLQHG��WKH�GLVSDWFK�H[DPSOH�KDV�WZR�FOHDU�FRQWH[WV��WKH�XQFRXSOHG�FRGH�IRU�GLV�

SDWFK�H[DPSOH�DQG�WKH�SURFHVV��H[S!�SURFHGXUHV�IURP�)LJXUH������DQG�W\SH"��H[S�W\SH��DQG�WKH

FRGH�IRU�FRPSXWLQJ�H[SUHVVLRQ�W\SHV�LQ�)LJXUH������7KLV�FRGH�LV�VWRUHG�LQ�WKH�ILOHV�´OLQHDU�

FRQG�VFPµ�DQG�´W\SHV�VFPµ��UHVSHFWLYHO\��/DWHU��WKHVH�ILOHV�ZLOO�EH�SDVVHG�WR�RXU�FRXSOHU·V�FRQWURO

VWUXFWXUH�ZKLFK�ZLOO�FUHDWH�FRQWH[WV�IURP�WKHP��1R�FRGH�QHHG�EH�ZULWWHQ�DW�WKLV�SRLQW�

������3UHFRQGLWLRQ�3UHGLFDWH�'HYHORSPHQW

7KH�JRDO�IRU�WKLV�VWHS�LV�WR�GHYHORS�D�VHW�RI�SUHFRQGLWLRQV�IRU�WKH�FRXSOLQJ��WKHQ�LPSOHPHQW

WKHP�DV�SUHGLFDWHV��6LQFH�ZH�DOUHDG\�KDYH�WZR�DGHTXDWH�SUHFRQGLWLRQV�3 � 
�DQG�3 � 
�IURP�6HFWLRQ

�������ZH�FKRRVH�WKRVH��7R�LPSOHPHQW�WKHVH�SUHFRQGLWLRQV��ZH�ZLOO�ZULWH�ILYH�SUHGLFDWHV�DQG�WKHQ

FRPELQH�WKHP�FRQMXQFWLYHO\��:H�EHJLQ�E\�LPSOHPHQWLQJ�WKH�VLPSOHVW�SUHFRQGLWLRQ��ZKLFK�LV�WKDW

SUHGHILQHG�SULPLWLYHV�DUH�QRW�UH�GHILQHG��7KLV�FDQ�EH�DFFRPSOLVKHG�E\�FKHFNLQJ�IRU�WKH�0,7

6FKHPH�GHFODUDWLRQ��GHFODUH��XVXDO�LQWHJUDWLRQV����7KLV�GHFODUDWLRQ�DOORZV�WKH�FRPSLOHU�WR�RSHQ

FRGH�SULPLWLYHV��LQ�HVVHQFH��QXOOLI\LQJ�DQ\�UH�GHILQLWLRQV��7KH�FRUUHVSRQGLQJ�SUHGLFDWH·V�LPSOH�

PHQWDWLRQ�LV�

�GHILQH�SUHGLFDWH�XVXDO�LQWHJUDWLRQV��PDNH�SUHGLFDWH�ILQG�GHFODUDWLRQ�
XVXDO�LQWHJUDWLRQV��

7KH�9LHZ)RUP�OLEUDU\�IXQFWLRQ�PDNH�SUHGLFDWH�ILQG�GHFODUDWLRQ��ZKRVH�GHILQLWLRQ�LV�JLYHQ�LQ

$SSHQGL[�%��ORRNV�IRU�WKH�JLYHQ�GHFODUDWLRQ�LQ�LWV�FRQWH[W·V�YLHZFRGH�H[SUHVVLRQV��7KH�QH[W

SUHFRQGLWLRQ�ZH�LPSOHPHQW�LV�WKH�RQH�VWDWLQJ�WKDW�GLVSDWFK�H[SUHVVLRQ·V�IRUPDO��L�H���H[S���LV�QRW

PXWDWHG��7R�PDNH�WKLV�SUHGLFDWH�PRUH�DHVWKHWLF��ZH�DVVXPH�WKH�H[LVWHQFH�RI�WKH�IXQFWLRQ�YF�
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H[SV�GLVSDWFK�H[S�YDOXH��7KLV�IXQFWLRQ�ZLOO�VHOHFW�WKH�YLHZFRGH�H[SUHVVLRQ�IRU�GLVSDWFK�

H[SUHVVLRQ·V�YDOXH��ZKLFK�ZH�H[SHFW�WR�EH�D�ODPEGD�H[SUHVVLRQ��RXW�RI�WKH�SUHGLFDWH·V�YLHZFRGH

H[SUHVVLRQ�OLVW��:H�ZLOO�GHILQH�WKLV�IXQFWLRQ�ODWHU��ZKHQ�FRPELQLQJ�WKH�SUHGLFDWHV��7KH�UHVXOWLQJ

SUHGLFDWH��SUHGLFDWH�QR�PXWDWLRQV��XVHV�WKH�SUHYLRXVO\�VSHFLILHG�DOSKD�YLHZ�IXQFWLRQ�YDU�ELQGLQJ�

!PXWDWLRQV��:KHQ�ZRUNLQJ�RQ�WKH�FRGH�DQDO\VLV�YLHZ�GHYHORSPHQW�VWHS��ZH�PXVW�UHPHPEHU�WKDW

WKLV�SUHGLFDWH�UHTXLUHV�WKDW�WKH�DOSKD�YLHZ�EH�FRPSXWHG�

�GHILQH�SUHGLFDWH�QR�PXWDWLRQV
���PDNH�H[SODLQHG�SUHGLFDWH
�����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
�������QXOO"��YDU�ELQGLQJ�!PXWDWLRQV
����������������ILUVW��ODPEGD�IRUPDOV��YF�H[SV�GLVSDWFK�H[S�YDOXH�YF�H[SV����FRQWH[W���
�����LGHQWLI\LQJ�YDULDEOH�ELQGLQJV�ZLWK�QR�PXWDWLRQV���

7KH�QH[W�SUHFRQGLWLRQ�ZH�LPSOHPHQW�FKHFNV�WKH�FRQG�FODXVHV�LQ�GLVSDWFK�H[SUHVVLRQ��)RU�WKLV

SUHFRQGLWLRQ��ZH�GHILQHG�WZR�SUHGLFDWHV��RQH�IRU�D�FRQG�FODXVH·V�SUHGLFDWH��DQG�RQH�IRU�D�FRQG

FODXVH·V�FRQVHTXHQWV��:H�ZLOO�WKHQ�FRPELQH�WKH�SUHGLFDWHV�LQWR�D�FRPSRXQG�SUHGLFDWH��)RU�WKH

FRQG�FODXVH�SUHGLFDWH��ZH�DVVXPH��IRU�DHVWKHWLFV��WKH�H[LVWHQFH�RI�D�IXQFWLRQ�YF�H[SV�GLVSDWFK�H[S�

IRUPDOV�WKDW�VHOHFWV�WKH�YLHZFRGH�IRU�GLVSDWFK�H[SUHVVLRQ·V�ODPEGD·V�IRUPDOV�IURP�YF�H[SV��:H�ZLOO

GHILQH�WKLV�IXQFWLRQ�ODWHU��7KH�SUHGLFDWH�EHORZ�HQVXUHV�WKDW�WKH�FRQG�SUHGLFDWH�FODXVH�LV�D�FRPEL�

QDWLRQ�WKDW�RQO\�FDOOV�W\SH"�RQ�D�TXRWHG�V\PERO�DQG�RQ�GLVSDWFK�H[SUHVVLRQ·V�ILUVW�IRUPDO��,W�XVHV

WKH�YLHZFRGH�IXQFWLRQ�W\SH�FRPELQDWLRQ"��DQG�WKH�9LHZ)RUP�OLEUDU\�IXQFWLRQV�RQO\�FDOOV"�

TXRWHG�V\PERO"��DQG�YDU�ERXQG�E\"��)RU�WKH�LQWHUHVWHG�UHDGHU��WKHVH�IXQFWLRQV�DUH�GHILQHG�LQ�WHUPV

RI�EDVLF�9LHZ)RUP�IXQFWLRQV�LQ�$SSHQGL[�%�

�GHILQH�SUHGLFDWH�FODXVH�SUHGLFDWH
���PDNH�H[SODLQHG�SUHGLFDWH
����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
������OHW���SUHGLFDWH���FODXVH�SUHGLFDWH��YF�H[SV�GLVSDWFK�H[S�YDOXH���YF�H[SV���
������������H[S�IRUPDO��ILUVW�������������YF�H[SV�GLVSDWFK�H[S�IRUPDOV�YF�H[SV����
��������DQG��W\SH�FRPELQDWLRQ"�SUHGLFDWH�
�������������RQO\�FDOOV"�
W\SH"�SUHGLFDWH�FRQWH[W�
�������������TXRWHG�V\PERO"��VHFRQG�SUHGLFDWH��
�������������YDU�ERXQG�E\"���WKLUG��SUHGLFDWH��H[S�IRUPDO�FRQWH[W����
����YDOLGDWLQJ�FODXVH�SUHGLFDWHV�IRU�WKH�GLVSDWFK�H[DPSOH���

7KH�SUHFRQGLWLRQ�IRU�WKH�FRQG�FODXVH�FRQVHTXHQWV�HQVXUHV�WKDW�WKHLU�UHWXUQ�YDOXH�LV�D�FRPELQD�

WLRQ�ZKRVH�RQO\�DUJXPHQW�LV�GLVSDWFK�H[SUHVVLRQ·V�ODPEGD·V�IRUPDO��H[SHFWHG�WR�EH�H[S��

�GHILQH�SUHGLFDWH�FODXVH�FRQVHTXHQW
���PDNH�H[SODLQHG�SUHGLFDWH
�����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
������OHW���FRQVHTXHQW��ODVW���FODXVH�FRQVHTXHQWV��YF�H[S�GLVSDWFK�H[S�YDOXH�YF�H[SV����
������������H[S�IRUPDO��ILUVW��YF�H[S�GLVSDWFK�H[S�IRUPDOV�YF�H[SV����
��������DQG��W\SH�FRPELQDWLRQ"�FRQVHTXHQW�
������������� ��OHQJWK�FRQVHTXHQW����
�������������YDU�ERXQG�E\"���VHFRQG�FRQVHTXHQW��H[S�IRUPDO�FRQWH[W����
����YDOLGDWLQJ�FODXVH�FRQVHTXHQWV�IRU�WKH�GLVSDWFK�H[DPSOH���
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1H[W��ZH�FRPELQH�WKH�DERYH�WZR�SUHGLFDWHV�LQWR�RQH��FRPSRXQG�SUHGLFDWH��,Q�DGGLWLRQ�WR�LQ�

YRNLQJ�WKH�DERYH�WZR�SUHGLFDWHV�RQ�DOO�RI�WKH�FRQG�FODXVHV��WKH�FRPSRXQG�SUHGLFDWH�DOVR�HQVXUHV

WKDW�GLVSDWFK�H[SUHVVLRQ·V�YDOXH�LV�D�ODPEGD�H[SUHVVLRQ�ZKRVH�ERG\�LV�D�FRQG��WKXV�WHVWLQJ�DQRWKHU

SDUW�RI�3 � 
���7KLV�SUHGLFDWH��WKHUHIRUH��FRPSOHWHV�WKH�FRQGLWLRQV�JLYHQ�LQ�3 � 
�

�GHILQH�SUHGLFDWH�GLVSDWFK�H[SUHVVLRQ
���FRPELQH�YIRUPV
����ODPEGD��YIRUPV�
������ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
��������OHW���GLVSDWFK�H[S�YDOXH��YF�H[SV�GLVSDWFK�YDO�YF�H[SV���
����������DQG��W\SH�ODPEGD"�GLVSDWFK�H[S�YDOXH�
���������������W\SH�FRQG"��ODPEGD�ERG\�GLVSDWFK�H[S�YDOXH��
���������������IRU�DOO"��FRQG�FODXVHV��ODPEGD�ERG\�GLVSDWFK�H[S�YDOXH��
�����������������ODPEGD��FODXVH�
�������������������RU��W\SH�HOVH"��FODXVH�SUHGLFDWH�FODXVH��
�����������������������IRU�DOO"�YIRUPV
�������������������������ODPEGD��YIRUP�
���������������������������GR�YIRUP�YIRUP�FRQWH[W
�������������������������������������OLVW�FODXVH��ODPEGD�IRUPDOV�GLVSDWFK�H[S�YDOXH������������
���LG�H[SO�FRPELQHU
����OLVW�SUHGLFDWH�FODXVH�SUHGLFDWH�SUHGLFDWH�FODXVH�FRQVHTXHQW���

�GHILQH�YF�H[SV�GLVSDWFK�H[S�YDOXH���FDU�
�GHILQH�YF�H[SV�GLVSDWFK�H[S�IRUPDOV�FDGU�

6LQFH�WKLV�FRPSRXQG�SUHGLFDWH�FUHDWHV�WKH�YLHZFRGH�H[SUHVVLRQ�OLVW�IRU�WKH�WZR�SUHGLFDWHV

DERYH��ZH�FDQ�GHILQH�RXU�VHOHFWRUV��L�H���YF�H[SV�GLVSDWFK�H[S�YDOXH�DQG�YF�H[SV�GLVSDWFK�H[S�

IRUPDOV��DFFRUGLQJ�WR�KRZ�ZH�EXLOG�WKH�YLHZFRGH�H[SUHVVLRQ�OLVW��1RWLFH��KRZHYHU��WKDW�WKH

FRPSRXQG�SUHGLFDWH�UHOLHV�XSRQ�YF�H[SV�GLVSDWFK�YDO��DQRWKHU�YLHZFRGH�H[SUHVVLRQ�OLVW�VHOHFWRU�

:H�GHILQH�WKLV�ODWHU��ZKHQ�ZULWLQJ�WKH�FRXSOHU�

7KH�ILQDO�SUHFRQGLWLRQ�WR�LPSOHPHQW�LV�3 � 
��7KH�SUHGLFDWH�EHORZ�LPSOHPHQWV�WKLV�SUHFRQGL�

WLRQ�E\�QDYLJDWLQJ�LQWR�W\SH"·V�ERG\�DQG�HQVXULQJ�LW�LV�D�FRPELQDWLRQ�WKDW�FDOOV�HT"�RQ�W\SH"·V

IRUPDO�SDUDPHWHU��6LQFH�HT"�LV�V\PPHWULF��ZH�PXVW�FKHFN�ERWK�HT"·V�ILUVW�DQG�VHFRQG�DUJXPHQW�

�GHILQH�SUHGLFDWH�W\SH"
���PDNH�H[SODLQHG�SUHGLFDWH
����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
������OHW���W\SH"�ODPEGD������YF�H[SV�W\SH"�ODPEGD�YF�H[SV��
�������������W\SH"�H[S�IRUPDO��ILUVW��ODPEGD�IRUPDOV�W\SH"�ODPEGD���
�������������W\SH"�ERG\��������ODPEGD�ERG\�W\SH"�ODPEGD���
��������DQG��W\SH�FRPELQDWLRQ"�W\SH"�ERG\�
�������������RQO\�FDOOV"�
HT"�W\SH"�ERG\�FRQWH[W�
�������������RU��YDU�ERXQG�E\"��VHFRQG�W\SH"�ERG\��W\SH"�H[S�IRUPDO�FRQWH[W�
�����������������YDU�ERXQG�E\"��WKLUG��W\SH"�ERG\��W\SH"�H[S�IRUPDO�FRQWH[W�����
����W\SH"
V�ERG\�HT"
LQJ�LWV�IRUPDO�WR�D�W\SH�V\PERO�H[SUHVVLRQ���

������&RGH�$QDO\VLV�9LHZ�'HYHORSPHQW

7KH�JRDO�RI�WKLV�VWHS�LV�WR�GHWHUPLQH�ZKLFK�YLHZV�DUH�EHLQJ�XVHG�DQG�WR�HQVXUH�WKDW�WKRVH

YLHZV�H[LVW��7KH�SUHGLFDWHV�DERYH�QHHG�WZR�YLHZV��D�QDPLQJ�YLHZ�DQG�D�GDWD�IORZ�YLHZ��XVHG�E\
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RQO\�FDOOV"���9LHZ)RUP�SURYLGHV�WZR�VXFK�YLHZV��WKH�DOSKD�YLHZ�DQG�WKH�OLDU�YLHZ��UHVSHFWLYHO\�

6LQFH�WKHUH�DUH�QR�YLHZV�WR�ZULWH��WKLV�VWHS�VLPSO\�LQYROYHV�QRWLQJ�WKDW�WKH�FRXSOHU�VKRXOG�LQYRNH

WKHVH�YLHZV�RQ�WKH�FRQWH[WV�FUHDWHG�LQ�WKH�ERXQGDU\�FRQWH[W�LGHQWLILFDWLRQ�VWHS �

������0RGLILFDWLRQ�$FWLRQ�'HYHORSPHQW

2XU�JRDO�LQ�WKLV�VWHS�LV�WR�ZULWH�DQ�DFWLRQ�WKDW�H[SUHVVHV�D�WUDQVIRUPDWLRQ�IURP�WKH�FRGH�LQ

)LJXUH�����WR�WKH�FRGH�LQ�)LJXUH������7R�GR�WKLV�EHVW��ZH�PXVW�PLQLPL]H�WKH�VFRSH�RI�WKH�PRGLIL�

FDWLRQ��7KDW�LV��ZH�PXVW�H[SUHVV�D�WUDQVIRUPDWLRQ�WKDW�GHSHQGV�DV�OLWWOH�DV�SRVVLEOH�RQ�VXUURXQG�

LQJ�FRGH�WKDW�D�SURJUDPPHU�SHUIRUPLQJ�D�PDQXDO�FRXSOLQJ�ZRXOG�QRW�QHHG�WR�H[DPLQH��7KH

FRGH�LQ�)LJXUH�����GHSHQGV�RQ�WKH�XQFRXSOHG�GLVSDWFK�H[SUHVVLRQ�FRGH�LQ�WKUHH�ZD\V��WKH�W\SH

V\PEROV��WKH�SURFHVV��H[S!�H[SUHVVLRQV��DQG�WKH�HOVH�FODXVH�FRQVHTXHQWV��6LQFH�RXU�SUHGLFDWHV

KDYH�FRQVWUDLQHG�WKH�V\QWDFWLF�DQG�VHPDQWLF�VWUXFWXUH�RI�WKH�GLVSDWFK�H[SUHVVLRQ�FRGH��ZH�FDQ

FROOHFW�WKHVH�H[SUHVVLRQV�GLUHFWO\�IURP�WKH�FRQG�FODXVHV�

�GHILQH�FROOHFW�W\SH�V\PEROV
���PDNH�FRQG�FODXVH�FROOHFWRU�W\SH�HOVH"
�������������������������������ODPEGD��FRQG�FODXVH�
���������������������������������VHFRQG��FODXVH�SUHGLFDWH�FRQG�FODXVH�����

�GHILQH�FROOHFW�SURFHVV�SURFV
���PDNH�FRQG�FODXVH�FROOHFWRU�W\SH�HOVH"
�������������������������������ODPEGD��FRQG�FODXVH�
���������������������������������FRPELQDWLRQ�SURF��ODVW��FODXVH�FRQVHTXHQWV�FRQG�FODXVH������

�GHILQH�FROOHFW�HOVH�FRQVHTXHQWV
���OHW���FROOHFWRU��PDNH�FRQG�FODXVH�FROOHFWRU��ODPEGD��SUHGLFDWH�FODXVH�
��������������������������������������������������QRW��W\SH�HOVH"�SUHGLFDWH�FODXVH���
������������������������������������������������ODPEGD��FRQG�FODXVH�
��������������������������������������������������FODXVH�FRQVHTXHQWV�FRQG�FODXVH�����
�����ODPEGD��ODPEGD�H[S�
�������DSSO\�DSSHQG��FROOHFWRU�ODPEGD�H[S�����

�GHILQH��PDNH�FRQG�FODXVH�FROOHFWRU�GRQW�ZDQW�LW�ZDQW�LW�
���ODPEGD��ODPEGD�H[S�
�����OLVW�WUDQVIRUP�QHJDWLYH��PDS��ODPEGD��FRQG�FODXVH�
�������������������������������������LI��GRQW�ZDQW�LW��FODXVH�SUHGLFDWH�FRQG�FODXVH��
����������������������������������������
��
�����������������������������������������ZDQW�LW������FRQG�FODXVH���
�����������������������������������FRQG�FODXVHV��ODPEGD�ERG\�ODPEGD�H[S���
������QXOO"���

8VLQJ�WKHVH�FROOHFWRUV��ZH�FDQ�GHILQH�WKH�DFWLRQ��,W�EHJLQV�E\�OHW�ELQGLQJ�D�VHW�RI�YLHZFRGH�H[�

SUHVVLRQV�WKDW�ZLOO�EH�XVHIXO�ODWHU�RQ��,W�WKHQ�FDOOV�UHSODFH��WR�UHSODFH�GLVSDWFK�H[SUHVVLRQ·V�ODPEGD

H[SUHVVLRQ�ZLWK�RXU�KDVK�EDVHG�WHPSODWH��1RWLFH�WKDW�ZH�ELQG�H[S�W\SH�V\PERO�WR�WKH�H[SUHVVLRQ

WKDW�FRPSXWHV�WKH�W\SH�V\PERO��IURP�W\SH"·V�LPSOHPHQWDWLRQ���%\�ELQGLQJ�WKLV�ILUVW��ZH�DYRLG

LQDGYHUWHQWO\�FDSWXULQJ�DQ\�IUHH�YDULDEOHV�WKH�H[SUHVVLRQ�PD\�FRQWDLQ�
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�GHILQH�DFWLRQ�GLVSDWFK�H[SUHVVLRQ
���PDNH�H[SODLQHG�DFWLRQ
�����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
������OHW���GLVSDWFK�H[S�YDOXH������YF�H[SV�GLVSDWFK�YDO�YF�H[SV��
�������������GLVSDWFK�IRUPDO���������ILUVW��ODPEGD�IRUPDOV�GLVSDWFK�H[S�YDOXH���
�������������W\SH"�ODPEGD������������YF�H[SV�W\SH"�ODPEGD�YF�H[SV��
�������������W\SH"�IRUPDOV�����������ODPEGD�IRUPDOV�W\SH"�ODPEGD��
�������������W\SH"�ODPEGD�FRPE�DUJV��FRPELQDWLRQ�DUJV��ODPEGD�ERG\�W\SH"�ODPEGD����
��������UHSODFH�GLVSDWFK�H[S�YDOXH
����������������C�OHW���H[S�W\SH�V\PERO��ODPEGD����VHFRQG�W\SH"�IRUPDOV��
��������������������������������������������LI��YDU�ERXQG�E\"��ILUVW�W\SH"�ODPEGD�FRPE�DUJV�
���������������������������������������������������������������ILUVW�W\SH"�IRUPDOV��FRQWH[W�
������������������������������������������������VHFRQG�W\SH"�ODPEGD�FRPE�DUJV�
������������������������������������������������ILUVW��W\SH"�ODPEGD�FRPE�DUJV����
������������������������GLVSDWFK�WDEOH���PDNH�V\PERO�KDVK�WDEOH���
��������������������IRU�HDFK��ODPEGD��V\PERO�SURFHVV�H[S�
��������������������������������KDVK�WDEOH�SXW��GLVSDWFK�WDEOH�V\PERO�SURFHVV�H[S��
������������������������������OLVW��#�FROOHFW�W\SH�V\PEROV��GLVSDWFK�H[S�YDOXH��
������������������������������OLVW��#�FROOHFW�SURFHVV�SURFV�GLVSDWFK�H[S�YDOXH���
��������������������ODPEGD���GLVSDWFK�IRUPDO�
����������������������OHW���SURFHVV�H[S��KDVK�WDEOH�JHW�GLVSDWFK�WDEOH
����������������������������������������������������������H[S�W\SH�V\PERO��GLVSDWFK�IRUPDO�
���������������������������������������������������������I���
������������������������LI�SURFHVV�H[S
����������������������������SURFHVV�H[S��GLVSDWFK�IRUPDO�
����������������������������EHJLQ��#�FROOHFW�HOVH�FRQVHTXHQWV�GLVSDWFK�H[S�YDOXH���������
����FRQYHUWLQJ�GLVSDWFK�H[SUHVVLRQ�LQWR�D�2����WLPH�GLVSDWFK���

������&RXSOLQJ�&RXSOHU�3URGXFWLRQ

7KH�JRDO�LQ�WKLV�VWHS�LV�WR�SURGXFH�D�FRXSOHU��:H�EHJLQ�E\�SURGXFLQJ�D�GLVSDWFKHU��*LYHQ

RXU�SUHGLFDWHV�DQG�DFWLRQ��ZH�FRPELQH�WKHP�LQWR�D�GLVSDWFKHU��:LWKLQ�WKLV�FRPELQDWLRQ��ZH�FUH�

DWH�D�FRPSRXQG�SUHGLFDWH�XVLQJ�WKH�9LHZ)RUP�FRPELQHU�FRPELQH�YIRUPV�FRQMXQFWLYH��7KLV�IXQF�

WLRQ�VLPSO\�FRPELQHV�YIRUPV�XVLQJ�WKH�SUHYLRXVO\�GHILQHG�FRQWURO�VWUXFWXUH�FRQMXQFWLYH�

FRQWURO�VWUXFWXUH��7KH�FRGH�WKDW�LPSOHPHQWV�WKLV�GLVSDWFKHU�LV�JLYHQ�EHORZ�

�GHILQH�GLVSDWFKHU�GLVSDWFK�H[SUHVVLRQ
���PDNH�VLPSOH�GLVSDWFKHU��FRPELQH�YIRUPV�FRQMXQFWLYH�SUHGLFDWH�XVXDO�LQWHJUDWLRQV
������������������������������������������������������SUHGLFDWH�QR�PXWDWLRQV
������������������������������������������������������SUHGLFDWH�W\SH"
������������������������������������������������������SUHGLFDWH�GLVSDWFK�H[SUHVVLRQ�
��������������������������DFWLRQ�GLVSDWFK�H[SUHVVLRQ��

%HIRUH�ZULWLQJ�RXU�FRXSOHU�UXOH��ZH�LPSOHPHQW�LWV�FRQWURO�VWUXFWXUH��7KLV�FRQWURO�VWUXFWXUH�IRO�

ORZV�WKH�VDPH�SDWWHUQ�DV�WKH�RQH�JLYHQ�HDUOLHU�LQ�6HFWLRQ��������,W�ILUVW�FUHDWHV�D�FRQWH[W�IURP�D

VHW�RI�JLYHQ�ILOHV��VLQFH�ZH�ZLOO�EH�LQYRNLQJ�YLHZV�RYHU�WKH�FRPELQHG�H[SUHVVLRQV���,W�WKHQ�HQ�

VXUHV�WKDW�WKH�DOSKD�DQG�OLDU�YLHZV�DUH�FRPSXWHG��7KH�YIRUPV�DUH�WKHQ�LQYRNHG�RQ�D�WZR�

HOHPHQW�YLHZFRGH�OLVW�FRQVLVWLQJ�RI�WKH�YLHZFRGH�H[SUHVVLRQV�IRU�GLVSDWFK�H[SUHVVLRQ·V�YDOXH

�H�J����ODPEGD��H[S���FRQG�¨����DQG�IRU�W\SH"·V�YDOXH��H�J����ODPEGD��W\SH�NH\ZRUG"�H[S��¨���,I�WKH

FRXSOLQJ�ZDV�VXFFHVVIXO��LW�LV�UHJLVWHUHG�
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�GHILQH�YF�H[SV�GLVSDWFK�YDO�FDU�
�GHILQH�YF�H[SV�W\SH"�ODPEGD�FDGU�

�GHILQH��PDNH�GLVSDWFK�H[S�FRQWURO�VWUXFWXUH�ILOH����UHVW�ILOHV�
���ODPEGD��YIRUPV�
�����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
�������OHW���FRQWH[W��RU�FRQWH[W��DSSO\�PDNH�FRQWH[W�IURP�ILOHV��FRQV�ILOH��UHVW�ILOHV�����
���������HQVXUH�OLDU�YLHZ�FRPSXWHG���FRQWH[W�
���������HQVXUH�DOSKD�YLHZ�FRPSXWHG��FRQWH[W�
���������OHW���GLVSDWFK�H[SUHVVLRQ�GHI��WRS�OYO�QDPH�!GHI�
GLVSDWFK�H[SUHVVLRQ�FRQWH[W��
���������������W\SH"�GHI����������������WRS�OYO�QDPH�!GHI�
W\SH"���������������FRQWH[W���
�����������LI��DQG�GLVSDWFK�H[SUHVVLRQ�GHI�W\SH"�GHI�
���������������LI��IRU�DOO"�YIRUPV
���������������������ODPEGD��YIRUP�
�����������������������GR�YIRUP�YIRUP�FRQWH[W��OLVW��GHILQH�YDU�YDOXH�GLVSDWFK�H[SUHVVLRQ�GHI�
�����������������������������������������������������GHILQH�YDU�YDOXH�W\SH"�GHI�����
�������������������UHJLVWHU�FRXSOLQJ��FRQWH[W�YIRUP���
����������FRQWH[W�����

:H�FDQ�QRZ�ZULWH�WKH�FRXSOHU�UXOH��,W�FRPELQHV�WKH�FRQWURO�VWUXFWXUH��WKH�GLVSDWFKHU��DQG�DQ

H[SODQDWLRQ�FRPELQHU�

�GHILQH�GLVSDWFK�H[S�UXOH
���FRPELQH�YIRUPV��PDNH�GLVSDWFK�H[S�FRQWURO�VWUXFWXUH
���������������������IXOO\�TXDOLI\�GLVSDWFK�H[S�GLU��OLQHDU�FRQG��
���������������������IXOO\�TXDOLI\�GLVSDWFK�H[S�GLU��W\SHV���
�������������������YHUERVH�H[SO�FRPELQHU��GLVSDWFK�H[SUHVVLRQ�H[DPSOH�UXOH��
�������������������OLVW�GLVSDWFKHU�GLVSDWFK�H[SUHVVLRQ���

7KH�UXOH�FDQ�EH�LQYRNHG�E\�HYDOXDWLQJ�WKH�H[SUHVVLRQ��GR�YIRUP�GLVSDWFK�H[S�UXOH��I�³����

:KHQ�WKLV�ZDV�GRQH��9LHZ)RUP�JHQHUDWHG�WKH�FRGH�LQ�)LJXUH�����IRU�GLVSDWFK�H[SUHVVLRQ�

������,QYDOLGDWLRQ�5HFRXSOLQJ

6XSSRVH�WKDW��DIWHU�9LHZ)RUP�JHQHUDWHV�WKH�FRXSOHG�FRGH�LQ�)LJXUH������ZH�ZHUH�WR�PRGLI\

WKH�LPSOHPHQWDWLRQ�RI�W\SH"�WR�WKH�IDVWHU�YHUVLRQ�LQ�)LJXUH������$W�WKLV�SRLQW��RXU�FRXSOHG�FRGH�LV

QRZ�LQYDOLG��7R�SHUIRUP�WKH�UHFRXSOLQJ�VWHS��ZH�VLPSO\�LQYRNH�WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�

�YLU����7KLV�FDXVHV�9LHZ)RUP�WR�SURGXFH�WKH�IROORZLQJ�FRGH�IRU�GLVSDWFK�H[SUHVVLRQ�

�GHILQH�GLVSDWFK�H[SUHVVLRQ
���OHW���H[S�W\SH�V\PERO��ODPEGD��H[SUHVVLRQ���IDVW�H[S�W\SH�H[SUHVVLRQ���
���������GLVSDWFK�WDEOH��PDNH�V\PERO�KDVK�WDEOH���
�����IRU�HDFK��ODPEGD��V\PERO�SURFHVV�H[S�
�����������������KDVK�WDEOH�SXW��GLVSDWFK�WDEOH�V\PERO�SURFHVV�H[S��
���������������OLVW��TXRWH�OLWHUDO������TXRWH�MDYD�QDPH�������TXRWH�QHZ�
���������������������TXRWH�GRW����������TXRWH�FDOO������������TXRWH�FDVW�
���������������������TXRWH�LQVWDQFHRI���TXRWH�EXLOW�LQ�H[SU���TXRWH�DVVLJQPHQW��
���������������OLVW�SURFHVV�OLWHUDO����SURFHVV�MDYD�QDPH�����SURFHVV�QHZ
��������������������SURFHVV�GRW��������SURFHVV�FDOO����������SURFHVV�FDVW
��������������������SURFHVV�LQVWDQFHRI�SURFHVV�EXLOW�LQ�H[SU�SURFHVV�DVVLJQPHQW��
�����ODPEGD��H[S�
��������OHW���SURFHVV�H[S��KDVK�WDEOH�JHW�GLVSDWFK�WDEOH��H[S�W\SH�V\PERO�H[S�������
���������LI�SURFHVV�H[S��SURFHVV�H[S�H[S���EHJLQ��HUURU��8QNQRZQ�7\SH����H[S�������
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�����8VHU�,QWHUDFWLRQ

9IRUPV�FDQ�LQWHUDFW�ZLWK�H[WHUQDO�HQWLWLHV�VXFK�DV�WKH�XVHU��,Q�LWV�VLPSOHVW�IRUP��XVHU�LQWHUDF�

WLRQ�FDQ�EH�LPSOHPHQWHG�XVLQJ�6FKHPH·V�QDWLYH�,�2�IDFLOLWLHV��:KLOH�WKLV�LPSOLHV�WKDW�DQ\�YIRUP

FDQ�LQWHUDFW�ZLWK�WKH�XVHU��SUHGLFDWHV�DUH�WKH�YIRUP�PRVW�OLNHO\�WR�EHQHILW�IURP�VXFK�LQWHUDFWLRQ�

3UHGLFDWHV�LQ�GLVSDWFKHUV��IRU�H[DPSOH��FRXOG�XOWLPDWHO\�DVN�WKH�XVHU�WR�DSSURYH�RU�GLVDSSURYH�D

SUHFRQGLWLRQ�LI�WKH�DYDLODEOH�YLHZV�DUH�QRW�SUHFLVH�RU�IDVW�HQRXJK�WR�PDNH�WKH�GHWHUPLQDWLRQ�

3UHGLFDWHV�WKDW�FRPSXWH�YLHZV�FDQ�DOVR�DVN�WKH�XVHU�IRU�DVVLVWDQFH��)RU�H[DPSOH��D�SURJUDP

WHUPLQDWLRQ�YLHZ��WKRXJK�JHQHUDOO\�XQFRPSXWDEOH��FRXOG�DVN�TXHVWLRQV�VXFK�DV��´GRHV�WKLV�ORRS

WHUPLQDWH"µ�7KLV�NLQG�RI�DVVLVWDQFH�LV�QHFHVVDU\�IRU�FRPSOHWH�EDFNZDUGV�FRPSDWLELOLW\��WR�DOORZ

XVHUV�WR�´YRXFKµ�IRU�SURJUDP�SURSHUWLHV�WKDW�DUH�SDUW�RI�D�FRXSOLQJ·V�SUHFRQGLWLRQV��EXW�DUH�QRW

JHQHUDOO\�FRPSXWDEOH��,�GR�QRW�H[SORUH�WKLV�NLQG�RI�XVHU�LQWHUDFWLRQ�LQ�WKLV�GLVVHUWDWLRQ��EXW�ILQG

LW�QHFHVVDU\�WR�VXSSRUW�DQG�WR�PHQWLRQ�LW�

,Q�RUGHU�WR�EHWWHU�DXWRPDWH�WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU��XVHU�LQWHUDFWLRQ�WKDW�LV�QRW�QHF�

HVVDU\�VKRXOG�EH�NHSW�WR�D�PLQLPXP��2QH�ZD\�WR�GR�WKLV�LV�WR�FDFKH�RU�VWRUH�D�XVHU·V�UHVSRQVHV

LQ�D�YLHZ��$�XVHU�FDQ�WKHQ�PRGLI\�WKDW�YLHZ�DV�QHFHVVDU\��DQG�WKH�YLHZ�FDQ�DVN�WKH�XVHU�IRU�D

UHVSRQVH�LI�QR�SUHYLRXV�UHVSRQVH�H[LVWV�RU�LI�WKH�SUHYLRXV�UHVSRQVH�LQ�LQYDOLG��,GHDOO\��WKH�XVHU·V

UHVSRQVHV�FDQ�EH�FKHFNHG�E\�WKH�YLHZ��DOWKRXJK�WKLV�ZLOO�QRW�DOZD\V�EH�SRVVLEOH�

�����&RPSOH[LW\�/D\HULQJ

,PSOHPHQWLQJ�DQ�DEVWUDFWLRQ�PRGHO�WKDW�DGGUHVVHV�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�LV

QRW�D�VLPSOH�WDVN��HVSHFLDOO\�ZKHQ�VLPSOLFLW\�LQ�WKH�PRGHO�SXVKHV�FRPSOH[LW\�LQWR�WKH�LPSOHPHQ�

WDWLRQ��0\�DSSURDFK�WR�WKLV�LVVXH�LV�EDVHG�RQ�D�FRQFHSW�IDPLOLDUL]HG�LQ�>��@�DQG�ODWHU�LQ�,Q�

WULJXH>��@��,QWULJXH�ZDV�GHVLJQHG�VR�WKDW�WKH�OHVV�D�SURJUDPPHU�ZDQWHG�WR�FKDQJH�WKH�,QWULJXH

LPSOHPHQWDWLRQ��WKH�OHVV�FRPSOH[�WKH�FRGH�WKDW�KDG�WR�EH�ZULWWHQ��,�UHIHU�WR�WKLV�DV�FRPSOH[LW\

OD\HULQJ��7KDW�LV��WKH�OHDVW�FRPSOH[�LQWHUIDFHV�DUH�DYDLODEOH�DW�WKH�KLJKHVW�DEVWUDFWLRQ�OD\HU�

ZKHUHDV�WKH�PRVW�FRPSOH[�LQWHUIDFHV�DUH�OD\HUHG�PRUH�GHHSO\�LQVLGH��7KH�OHDVW�FRPSOH[�9LHZ�

)RUP�LQWHUIDFHV�RIIHU�KLJK�OHYHO��FRPPRQO\�XVHG��EXW�VRPHZKDW�OLPLWHG�IXQFWLRQDOLW\��L�H���PDNH�

SUHGLFDWH�ILQG�GHFODUDWLRQ���7KH�GHHSHU��PRUH�FRPSOH[��LQWHUIDFHV�RIIHU�ORZ�OHYHO��LQIUHTXHQWO\

XVHG��EXW�PRUH�SRZHUIXO�IXQFWLRQDOLW\��L�H���PDNH�SUHGLFDWH��PDNH�YLHZ��

9LHZ)RUP�ZDV�GHVLJQHG�DV�D�FRPSOH[LW\�OD\HULQJ�LPSOHPHQWDWLRQ��,Q�SDUW��FRPSOH[LW\�OD\HU�

LQJ�LV�SURYLGHG�E\�D�FRXSOHU�DQG�YLHZ�OLEUDU\��7KH�JRDO�LV�WR�PDNH�WKLV�OLEUDU\�RI�KLJK�OHYHO�FRQ�

VWUXFWV�DPSOH�HQRXJK�WR�VXIILFH�LQ�PRVW�VLWXDWLRQV��&RPSOH[LW\�OD\HULQJ�LV�DOVR�SURYLGHG�E\�WKH

DELOLW\�WR�GHFRPSRVH�DQG�UHXVH�H[LVWLQJ�YIRUPV��$QRWKHU�VXSSRUWLQJ�GHVLJQ�DVSHFW�LV�WKH�DELOLW\

WR�ZRUN�DW�YDU\LQJ�OD\HUV�RI�DEVWUDFWLRQ��FRXSOHUV��UXOHV��GLVSDWFKHUV��SUHGLFDWHV��DFWLRQV���,Q�DGGL�



��

WLRQ��E\�DOORZLQJ�YIRUP�FRPSRVLWLRQ�DQG�DEVWUDFWLRQ��ODQJXDJH�H[SHUWV�FDQ�EXLOG�ORZ�OHYHO�FRQ�

VWUXFWV�WKDW�FDQ�EH�FRPELQHG�E\�RWKHU�XVHUV�ZLWK�OHVV�H[SHUWLVH�LQWR�KLJKHU�OHYHO��PRUH�DEVWUDFW

FRQVWUXFWV��7KHVH�KLJKHU�OHYHO�FRQVWUXFWV�FDQ�WKHQ�EH�XVHG�E\�WKH�HQG�XVHUV��LQVXODWLQJ�WKHP

IURP�WKH�NQRZOHGJH�ZLHOGHG�E\�WKH�ODQJXDJH�H[SHUWV��7KLV�´EXLOG�RQFH��XVH�PDQ\�WLPHVµ�DS�

SURDFK�WRJHWKHU�ZLWK�WKH�´PDNH�LW�HDVLHU�WR�XVH��HYHQ�LI�KDUGHU�WR�LPSOHPHQWµ�DSSURDFK�PHDQV

WKDW�D�ORZHU�OHYHO�YIRUP·V�FRPSOH[LW\�DQG�GHYHORSPHQW�FRVW�FDQ�EH�DPRUWL]HG�RYHU�PDQ\�XVHV�

1HYHUWKHOHVV��FRPSOH[LW\�LQ�9LHZ)RUP�FDQ�EH�FDWHJRUL]HG�LQWR�IRXU�OD\HUV�

D�� :ULWLQJ�YLHZV

E�� :ULWLQJ�SUHGLFDWHV�DFWLRQV��XVLQJ�YLHZV�

F�� :ULWLQJ�UXOHV�GLVSDWFKHUV��XVLQJ�SUHGLFDWHV�DQG�DFWLRQV�

G�� :ULWLQJ�FRXSOHUV��XVLQJ�UXOHV�DQG�GLVSDWFKHUV�

/D\HU�D�LV�WKH�PRVW�FRPSOH[
�����
��ZKHUHDV�OD\HU�G�LV�WKH�VLPSOHVW��6LQFH�YLHZV�DUH�WKH�PRVW�FRP�

SOH[�WR�GHVLJQ�DQG�LPSOHPHQW��D�YLHZ�VKRXOG�EH�GHVLJQHG�WR�EH�XVHIXO�LQ�PDQ\�FLUFXPVWDQFHV�

&RXSOHUV��RQ�WKH�RWKHU�KDQG��DUH�PRUH�OLNHO\�WR�EH�VSHFLILF�WR�D�JLYHQ�FRXSOLQJ��6LQFH�FRXSOHUV

FDQ�EH�FRPSRVHG�IURP�H[LVWLQJ�UXOHV��SURJUDPPHUV�FDQ�UHDVRQ�DERXW�WKHLU�FRQVWUXFWLRQ�DW�D

KLJKHU�OHYHO�RI�DEVWUDFWLRQ��7KH�EHQHILWV�RI�WKLV�FRPSOH[LW\�OD\HULQJ�VWUXFWXUH�KDYH�DOUHDG\

KHOSHG�LQ�WKH�GHYHORSPHQW�RI�WKH�VLPSOH�H[DPSOHV�SUHVHQWHG�WKXV�IDU��7KH�EHQHILWV�ZLOO�DOVR

KHOS�LQ�WKH�GHYHORSPHQW�RI�WKH�PRUH�FRPSOH[�H[DPSOHV�WKDW�IROORZ�LQ�&KDSWHU���

����������������������������������������������������������
� � �
�$V�PRUH�UHVHDUFK�LV�GHYRWHG�WR�SURJUDP�DQDO\VLV�DOJRULWKPV��LW�ZLOO�EHFRPH�PRUH�OLNHO\�WKDW�D�YLHZ�FDQ�EH�LPSOHPHQWHG�GL�

UHFWO\�IURP�D�SXEOLVKHG�SDSHU��,Q�VXFK�D�FDVH��ZULWLQJ�YLHZV�ZLOO�EH�PXFK�OHVV�FRPSOH[�WKDQ�LQ�WKH�JHQHUDO�FDVH�



��

&KDSWHU��

([DPSOHV�DQG�$QDO\VLV

+DYLQJ�GLVFXVVHG�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�PRGHO��PHWKRGRORJ\��DQG�DQ�LPSOHPHQWDWLRQ��WKH

QH[W�VWHS�LV�WR�LQYHVWLJDWH�WKH�GHJUHH�WR�ZKLFK�WKH\�VROYH�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP

DQG�DFKLHYH�WKH�GHVLGHUDWD�IURP�&KDSWHU����:LWK�WKLV�JRDO�LQ�PLQG��WKLV�GLVVHUWDWLRQ�H[DPLQHV

WKUHH�H[DPSOHV�WKDW�EHQHILW�IURP�LPSOHPHQWDWLRQ�FRXSOLQJ��7KH�ILUVW�H[DPSOH�LV�FRGH�WKDW�VLPX�

ODWHV�DQ�DPRUSKRXV�FRPSXWLQJ�VXEVWUDWH>�@
�����
��WKH�VHFRQG�LV�FRGH�IRU�FRPSXWLQJ�D�FRQGLWLRQDO

SUREDELOLW\�IRU�D�SDUWLFXODU�SHGLJUHH�SUREOHP�>��@��DQG�WKH�WKLUG�LV�WKH�9LHZ)RUP�LPSOHPHQWD�

WLRQ�LWVHOI��)RU�HDFK�H[DPSOH��WKH�GHVLUHG�FRXSOLQJV�DUH�SUHVHQWHG�DQG�WKHQ�H[SUHVVHG�XVLQJ

9LHZ)RUP��WKH�YLHZ�EDVHG�DEVWUDFWLRQ�PRGHO��DQG�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�PHWKRGRORJ\��$I�

WHUZDUGV��WKH�9LHZ)RUP�FRGH�LV�TXDQWLILHG��DQDO\]HG�DQG�HYDOXDWHG��7KLV�FKDSWHU�FRQFOXGHV�ZLWK

D�GLVFXVVLRQ�RI�IXUWKHU�LVVXHV��LGHDV��PRWLYDWLRQV��DQG�OHVVRQV�OHDUQHG�

����7HVWLQJ�0HWKRGRORJ\

7KH�JRDO�RI�WKH�WHVWLQJ�PHWKRGRORJ\�LV�WR�SURYLGH�D�FRQVLVWHQW�DSSURDFK�IRU�HYDOXDWLQJ

ZKHWKHU�YLHZ�EDVHG�DEVWUDFWLRQ�VXFFHVVIXOO\�SUHVHUYHV�PRGXODULW\�LQ�WKH�SUHVHQFH�RI�LPSOHPHQWD�

WLRQ�FRXSOLQJV��7KLV�DSSURDFK�FRQVLVWV�RI�WZR�DVSHFWV��D�WHVWLQJ�SURFHVV�DQG�HYDOXDWLRQ�PHWULFV�

7KH�WHVWLQJ�SURFHVV�LV�D�VHW�RI�VWHSV�DSSOLHG�WR�HDFK�H[DPSOH��7KH�HYDOXDWLRQ�PHWULFV�DUH�XVHG�WR

PHDVXUH�VXFFHVV��7KHUH�DUH�WZR�VXFK�PHWULFV��7KH�ILUVW�LV�ZKHWKHU�9LHZ)RUP�FDQ�VXFFHVVIXOO\

JHQHUDWH�FRXSOHG�FRGH��RU�LWV�HTXLYDOHQW��WKDW�VDWLVILHV�WKH�SURJUDPPHU·V�FULWHULD�
�����
�7KH�VHFRQG

LV�ZKHWKHU�WKH�GHVLGHUDWD�IURP�&KDSWHU���DUH�PHW��7KH�IRUPHU�LV�D�PRVWO\�REMHFWLYH�TXHVWLRQ�

HLWKHU�9LHZ)RUP�JHQHUDWHV�WKH�GHVLUHG�FRXSOLQJ�RU�LW�GRHV�QRW��$VSHFWV�RI�WKH�ODWWHU�PHWULF�

KRZHYHU��FDQ�EH�VRPHZKDW�PRUH�VXEMHFWLYH��7KH�SURFHVV�DQG�WKH�PHWULFV�DUH�GLVFXVVHG�EHORZ�

����������������������������������������������������������
�����
�7KLV�VXEVWUDWH�LV�DIIHFWLRQDWHO\�NQRZQ�DV�´JXQNµ�

�����
�$Q�HTXLYDOHQW�SLHFH�RI�FRGH�LV�FRQVLVWHQW�ZLWK�WKH�UHDVRQV�WKH�SURJUDPPHU�ZDQWHG�WKH�FRXSOLQJ�LQ�WKH�ILUVW�SODFH�



��

������7HVWLQJ�3URFHVV�DQG�(YDOXDWLRQ�0HWULFV

7KH�WHVWLQJ�SURFHVV�FRQVLVWV�RI�D�VHULHV�RI�VWHSV�DSSOLHG�WR�HDFK�RI�WKH�WKUHH�H[DPSOHV��7KHVH

VWHSV�DUH�

• 3UHVHQW�WKH�XQFRXSOHG�FRGH��WKH�FRXSOLQJ�FRGH��DQG�WKH�GHVLUHG�FRXSOHG�FRGH

• ,PSOHPHQW�WKH�FRXSOLQJ�XVLQJ�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�PHWKRGRORJ\��L�H���WKH�VL[�VWHSV�

• 5XQ�WKH�UHVXOWLQJ�FRXSOHU�DQG�SUHVHQW�WKH�JHQHUDWHG�FRXSOHG�FRGH

• 0RGLI\�HLWKHU�WKH�XQFRXSOHG�FRGH�RU�WKH�FRXSOLQJ�FRGH

• ,QYRNH�WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�DQG�SUHVHQW�WKH�UHJHQHUDWHG��FRXSOHG�FRGH

• &RXQW�WKH�QXPEHU�RI�SUHGLFDWHV��DFWLRQV��GLVSDWFKHUV��UXOHV��FRXSOHUV��DQG�YLHZV�QHHGHG
WR�LPSOHPHQW�WKH�FRXSOLQJ

• &RXQW�WKH�OLQHV�RI�XQFRXSOHG�FRGH�PRGLILHG�E\�WKH�DFWLRQV

• &RXQW�WKH�OLQHV�RI�XQFRXSOHG�FRGH�WKDW�DFWLRQV�GHSHQGHG�XSRQ�EXW�GLG�QRW�PRGLI\

• 0HDVXUH�WKH�DPRXQW�RI�WLPH�QHHGHG�WR�FRXSOH�WKH�FRGH

• 0HDVXUH�WKH�DPRXQW�RI�WLPH�QHHGHG�WR�UHFRXSOH�WKH�FRGH

• 0HDVXUH�WKH�DPRXQW�RI�WLPH�QHHGHG�WR�FRPSLOH�WKH�FRGH�XQGHU�0,7�6FKHPH

7KH�UHVXOWV�RI�WKLV�SURFHVV�DUH�XVHG�WR�DVVHVV�WKH�WZR�HYDOXDWLRQ�PHWULFV��7KH�ILUVW�PHWULF�LV

ZKHWKHU�9LHZ)RUP�JHQHUDWHG�WKH�GHVLUHG�FRGH��)RU�WKLV�PHWULF��WKH�FRXSOHG�FRGH�LV�H[DPLQHG

ZLWK�UHVSHFW�WR�WKH�FULWHULD�IRU�ZDQWLQJ�WKH�FRXSOLQJ�WR�EHJLQ�ZLWK��)RU�LQVWDQFH��LQ�WKH�GLVSDWFK

H[DPSOH��WKH�FULWHULRQ�ZDV�SHUIRUPDQFH��6SHFLILFDOO\��D�OLQHDU�WLPH�SURFHVV�ZDV�WR�EH�FRQYHUWHG

WR�DQ�H[SHFWHG�FRQVWDQW�WLPH�SURFHVV�E\�XVLQJ�KDVK�WDEOHV��*LYHQ�WKLV�FULWHULRQ��WKH�FRGH�LQ

)LJXUH�����LV�HTXLYDOHQW�WR�WKH�FRGH�LQ�)LJXUH������HYHQ�WKRXJK�WKH\�DUH�QRW�V\QWDFWLFDOO\�WKH

VDPH�

7KH�VHFRQG�HYDOXDWLRQ�PHWULF�LV�ZKHWKHU�WKH�H[DPSOH�GHPRQVWUDWHG�WKH�SURSHUWLHV�RI�EDFN�

ZDUGV�FRPSDWLELOLW\��LQFUHPHQWDOLW\��ODQJXDJH�LQGHSHQGHQFH��HDVH�RI�XQGHUVWDQGLQJ�DQG�XVDELO�

LW\��DQG�DPRUWL]DEOH�WLPH�VDYLQJV��/HW�XV�H[DPLQH�HDFK�RI�WKHVH�SURSHUWLHV�LQGLYLGXDOO\�

7KH�HYDOXDWLRQ�RI�EDFNZDUGV�FRPSDWLELOLW\�ZLOO�EH�DVVHVVHG�XVLQJ�WKH�OLVW�IURP�6HFWLRQ�������

,I�WKH�FRXSOLQJ�LV�FRQVLVWHQW�ZLWK�DOO�ILYH�SURKLELWLRQV��WKHQ�EDFNZDUGV�FRPSDWLELOLW\�ZLOO�EH

GHHPHG�VXFFHVVIXO�

)RU�WKLV�GLVVHUWDWLRQ��LQFUHPHQWDOLW\�ZLOO�EH�DVVHVVHG�E\�FRPSDULQJ�WKH�VFRSH�RI�WKH�GHVLUHG

FRXSOLQJ�WR�WKH�VFRSH�RI�WKH�DFWXDO�FRXSOLQJ��)RU�H[DPSOH��LQ�WKH�GLVSDWFK�H[DPSOH��WKH�SUHGL�

FDWHV�GHSHQGHG�RQ�WKH�VDPH�FRGH�DV�WKH�SUHFRQGLWLRQV��DQG�WKH�DFWLRQV�RQ�WKH�VDPH�FRGH�DV�WKH

GHVLUHG�PRGLILFDWLRQV��7R�GHPRQVWUDWH�LQFUHPHQWDOLW\��D�FRXSOLQJ�PXVW�QRW�UHTXLUH�WKH�DSSOLFD�

WLRQ�RI�YLHZ�EDVHG�DEVWUDFWLRQ�WR�QRQ�UHODWHG�SDUWV�RI�WKH�SURJUDP�RU�WR�RWKHU�H[LVWLQJ�LPSOHPHQ�

WDWLRQ�FRXSOLQJV�



��

/DQJXDJH�LQGHSHQGHQFH�LQ�YLHZ�EDVHG�DEVWUDFWLRQ�FDQQRW�EH�HDVLO\�WHVWHG�YLD�WKH�H[DPSOHV

EHFDXVH�WKH\�DUH�DOO�ZULWWHQ�LQ�0,7�6FKHPH��,QVWHDG��WKLV�SURSHUW\�LV�JOHDQHG�E\�YLUWXH�RI�WKH

YLHZ�EDVHG�DEVWUDFWLRQ�PRGHO�DQG�PHWKRGRORJ\�LQ�&KDSWHU���QRW�GHSHQGLQJ�RQ�DQ\�6FKHPH

ODQJXDJH�SURSHUW\�RU�IHDWXUH��:KLOH�9LHZ)RUP�LWVHOI�GHSHQGV�RQ�6FKHPH��YLHZ�EDVHG�DEVWUDF�

WLRQ�GRHV�QRW�SUHFOXGH�LPSOHPHQWDWLRQV�RI�9LHZ)RUP�LQ�RWKHU�ODQJXDJHV�IRU�RWKHU�ODQJXDJHV�

6XFK�LPSOHPHQWDWLRQV�DUH�D�WRSLF�IRU�IXWXUH�ZRUN�

(DVH�RI�XQGHUVWDQGLQJ�DQG�XVDELOLW\�DUH�VXEMHFWLYH�SURSHUWLHV��7R�EHWWHU�HYDOXDWH�WKHVH

SURSHUWLHV�ZLWK�UHVSHFW�WR�DQ�H[DPSOH��VRPH�DVSHFWV�RI�HDFK�LPSOHPHQWDWLRQ�FRXSOLQJ�DUH�TXDQ�

WLILHG��2QH�VXFK�DVSHFW�LV�WKH�QXPEHU�RI�OLQHV�RI�9LHZ)RUP�FRGH�SHU�FRXSOLQJ�FRQVWUXFW��7KLV

TXDQWLW\�FRUUHVSRQGV�WR�WKH�DPRXQW�RI�ZRUN�QHHGHG�WR�ZULWH�WKH�FRQVWUXFW��,W�FDQ�DOVR�EH�XVHG

DV�D�ILUVW�RUGHU�PHDVXUH�RI�WKH�HDVH�RI�XQGHUVWDQGLQJ�9LHZ)RUP��WKH�DVVXPSWLRQ�EHLQJ�WKDW�WKH

QXPEHU�RI�OLQHV�RI�FRGH�LV�DQ�XSSHU�ERXQG�RQ�WKH�QXPEHU�RI�FDOOV�WR�9LHZ)RUP�IXQFWLRQV

QHHGHG�WR�SHUIRUP�WKH�FRXSOLQJ��$�FRXSOLQJ�WKDW�QHHGV�WR�FDOO�IHZ�9LHZ)RUP�IXQFWLRQV�LV�PRUH

OLNHO\�WR�UHTXLUH�OHVV�RYHUDOO�XQGHUVWDQGLQJ�RI�9LHZ)RUP�WKDQ�D�FRXSOLQJ�WKDW�QHHGV�WR�PDNH

PDQ\�FDOOV�WR�9LHZ)RUP��2I�FRXUVH��WKH�FRPSOH[LW\�OHYHO�RI�HDFK�FDOO�PXVW�DOVR�EH�WDNHQ�LQWR

DFFRXQW��$QRWKHU�XVHIXO�PHDVXUH�LV�WR�FRPSDUH�WKH�QXPEHU�RI�OLQHV�RI�FRGH�QHHGHG�WR�LPSOH�

PHQW�D�FRXSOLQJ�WR�WKH�QXPEHU�RI�OLQHV�RI�FRGH�DFWXDOO\�PRGLILHG�RU�GHSHQGHG�XSRQ�E\�D�FRX�

SOLQJ��7KLV�UDWLR�KHOSV�WR�QRUPDOL]H�RWKHUZLVH�DEVROXWH�ILJXUHV��7KLV�UDWLR�LV�XVHIXO�IRU�FRPSDULQJ

WKH�DPRXQW�RI�ZRUN�QHHGHG�WR�LPSOHPHQWV�GLIIHUHQW�FRXSOLQJV��:KLOH�LW�LV�FOHDU�WKDW�SHRSOH�ZLOO

GLVDJUHH�RQ�ZKDW�WKHVH�QXPEHUV�UHDOO\�PHDQ��WKHVH�QXPEHUV�GR�SURYLGH�XVHIXO�LQIRUPDWLRQ�IRU

GLVFXVVLQJ��FRPSDULQJ��DQG�HYDOXDWLQJ�FRXSOLQJV�

7R�HVWLPDWH�WKH�DPRXQW�RI�WLPH�VDYHG�E\�XVLQJ�YLHZ�EDVHG�DEVWUDFWLRQ�WR�SHUIRUP�DQ�LP�

SOHPHQWDWLRQ�FRXSOLQJ��WKH�WRWDO�DPRXQW�RI�ZRUN�GRQH�WR�LPSOHPHQW��FDUU\�RXW��DQG�UHJHQHUDWH

WKH�FRXSOLQJ�PXVW�EH�GHWHUPLQHG��$V�GLVFXVVHG�DERYH��WKH�QXPEHU�RI�OLQHV�RI�FRGH�QHHGHG�WR

ZULWH�D�FRXSOLQJ�UHIOHFWV�WKH�DPRXQW�RI�ZRUN�DSSOLHG�WR�LPSOHPHQW�LW��7KLV�PHDVXUH�LV�D�PRUH

REMHFWLYH�TXDQWLW\�WKDQ�WLPLQJ�KRZ�ORQJ�D�SURJUDPPHU�ZRXOG�QHHG�WR�LPSOHPHQW�WKH�9LHZ)RUP

FRGH��)RU�H[DPSOH��PHDVXULQJ�WKH�UDZ�DPRXQW�RI�WLPH�,�SHUVRQDOO\�SXW�LQWR�LPSOHPHQWLQJ�WKH

FRXSOLQJ�LV�QRW�PHDQLQJIXO�VLQFH�,�DP�TXLWH�IDPLOLDU�ZLWK�9LHZ)RUP�

2QH�WLPH�PHDVXUHPHQW�WKDW�LV�XVHIXO�LV�WKH�DPRXQW�RI�WLPH�QHHGHG�IRU�9LHZ)RUP�WR�SHU�

IRUP�D�FRXSOLQJ�DQG�UHJHQHUDWH�WKH�FRXSOLQJ��7KLV�FDQ�EH�XVHG�WR�HYDOXDWH�KRZ�SUDFWLFDO�9LHZ�

)RUP�LV�E\�FRPSDULQJ�LW�WR�KRZ�ORQJ�LW�WDNHV�WR�FRPSLOH�WKH�XQFRXSOHG�FRGH��7KH�WLPLQJ�QXP�

EHUV�LQ�WKH�VHFWLRQV�EHORZ�ZHUH�WDNHQ�RQ�D�3HQWLXP������QR�00;���ZLWK�D����.�SLSHOLQHG�EXUVW

VHFRQGDU\�FDFKH��DQG����PHJDE\WHV�RI�PDLQ�PHPRU\��L�H���QR�REVHUYHG�VZDSSLQJ���7KH�6FKHPH

XVHG�ZDV�0,7�6FKHPH�YHUVLRQ��������FRPSLOHG�XVLQJ�0LFURVRIW�9LVXDO�&�������



��

�GHFODUH��XVXDO�LQWHJUDWLRQV�
����������LQWHJUDWH�H[WHUQDO��JXQN���

�GHILQH��JXQN�PDNH�SDUWLFOH�LQW�8,'�[�\�
���YHFWRU�������������������LQW�8,'�[�\
����������������������������JXQN�LQLWLDO�YDOXH
����������������������������JXQN�QXOO�QHLJKERUV���,QLWLDOO\��D�OLVW��ODWHU�YHFW
����������������������������JXQN�QRQ�ERXQGDU\��
���,QLWLDOV
�GHILQH�LQWHJUDEOH�JXQN�LQLWLDO�YDOXH����������
�GHILQH�LQWHJUDEOH�JXQN�LQLWLDO�YDOXH�WRS������
�GHILQH�LQWHJUDEOH�JXQN�QXOO�QHLJKERUV����´�������,QLWLDOO\�D�OLVW��ODWHU�YHFW
�GHILQH�LQWHJUDEOH�JXQN�ERXQGDU\����������WUXH�
�GHILQH�LQWHJUDEOH�JXQN�QRQ�ERXQGDU\�����IDOVH�

���$FFHVV
�GHILQH�LQWHJUDEOH��JXQN�SDUWLFOH�8,'���������SDUWLFOH���YHFWRU�UHI�SDUWLFOH����
�GHILQH�LQWHJUDEOH��JXQN�SDUWLFOH�[�����������SDUWLFOH���YHFWRU�UHI�SDUWLFOH����
�GHILQH�LQWHJUDEOH��JXQN�SDUWLFOH�\�����������SDUWLFOH���YHFWRU�UHI�SDUWLFOH����
�GHILQH�LQWHJUDEOH��JXQN�SDUWLFOH�YDOXH�������SDUWLFOH���YHFWRU�UHI�SDUWLFOH����
�GHILQH�LQWHJUDEOH��JXQN�SDUWLFOH�QHLJKERUV���SDUWLFOH���YHFWRU�UHI�SDUWLFOH����
�GHILQH�LQWHJUDEOH��JXQN�SDUWLFOH�VSHFLDO�WDJ�SDUWLFOH���YHFWRU�UHI�SDUWLFOH����

���0XWDWLRQ
�GHILQH�LQWHJUDEOH��JXQN�VHW�SDUWLFOH�YDOXH�����������SDUWLFOH���QHZ�YDOXH�
���������������������������������������YHFWRU�VHW�����SDUWLFOH���QHZ�YDOXH��

�GHILQH�LQWHJUDEOH��JXQN�DGG�QHZ�SDUWLFOH�QHLJKERU����SDUWLFOH���QHZ�QHLJKERU�
���������������������������������������YHFWRU�VHW�����SDUWLFOH��
�������������������������������������������������������JXQN�DGG�QHZ�QHLJKERU
����������������������������������������������������������������QHZ�QHLJKERU
�����������������������������������������������������������������JXQN�SDUWLFOH�QHLJKERUV
�����������������������������������������������������������������SDUWLFOH����
�GHILQH�LQWHJUDEOH��JXQN�ILQDOL]H�SDUWLFOH�QHLJKERUV��SDUWLFOH�
���������������������������������������YHFWRU�VHW�����SDUWLFOH��
�������������������������������������������������������JXQN�ILQDOL]H�QHLJKERUV
��������������������������������������������������������JXQN�SDUWLFOH�QHLJKERUV�SDUWLFOH����

�GHILQH�LQWHJUDEOH��JXQN�VHW�SDUWLFOH�VSHFLDO�WDJ��SDUWLFOH���QHZ�YDOXH�
���������������������������������������YHFWRU�VHW��SDUWLFOH���QHZ�YDOXH��

�GHILQH�LQWHJUDEOH��JXQN�DGG�QHZ�QHLJKERU�QHZ�QHLJKERU�QHLJKERUV������,QLWLDO
���FRQV�����������������������������������QHZ�QHLJKERU�QHLJKERUV����

�GHILQH�LQWHJUDEOH��JXQN�ILQDOL]H�QHLJKERUV������������QHLJKERUV������)LQDOL]H
���OLVW�!YHFWRU����������������������������������������QHLJKERUV����

�GHILQH�LQWHJUDEOH��JXQN�QHLJKERUV�FRXQW���������������QHLJKERUV������)LQDOL]HG
���������YHFWRU�OHQJWK���������������������������������QHLJKERUV����

�GHILQH�LQWHJUDEOH��JXQN�JHW�QHLJKERU������������������QHLJKERUV�1����)LQDOL]HG
���������YHFWRU�UHI������������������������������������QHLJKERUV�1��

�GHILQH��JXQN�SDUWLFOH�QHLJKERUV�8,'V����������������������������SDUWLFOH�
���YHFWRU�PDS�!YHFWRU�JXQN�SDUWLFOH�8,'��JXQN�SDUWLFOH�QHLJKERUV�SDUWLFOH���

�GHILQH��JXQN�SDUWLFOH�QHLJKERUV�FRXQW���������������������������SDUWLFOH�
���JXQN�QHLJKERUV�FRXQW������������������JXQN�SDUWLFOH�QHLJKERUV�SDUWLFOH���

�GHILQH��JXQN�SDUWLFOHV�QHLJKERUV�FRXQWV�������������������������SDUWLFOHV�
����������PDS���������JXQN�SDUWLFOH�QHLJKERUV�FRXQW��������������SDUWLFOHV��

)LJXUH�������3DUWLFOH�'DWD�$EVWUDFWLRQ�,PSOHPHQWDWLRQ��DGDSWHG�E\�%ODLU�IURP�FRGH�E\�$EHOVRQ



��

����$PRUSKRXV�&RPSXWLQJ�6LPXODWLRQ

7KH�DPRUSKRXV�FRPSXWLQJ�VLPXODWLRQ�H[DPSOH�FRPHV�GLUHFWO\�IURP�%ODLU·V�ZRUN�RQ�'HV�

FDUWHV�>�@
�����
�7KLV�H[DPSOH�VLPXODWHV�D�ODUJH�VHW�RI�SUR[LPDWH�DQG�VSDWLDOO\�FRQVWUDLQHG�EXW�RWKHU�

ZLVH�LQGHSHQGHQW��630'�FRPSXWDWLRQDO�HQWLWLHV��7KH�VLPXODWLRQ�FRPSXWHV�D�GLIIXVLRQ�JUDGLHQW

RYHU�DOO�WKH�HQWLWLHV�EDVHG�RQ�VRPH�LQLWLDO�ERXQGDU\�FRQGLWLRQV�

%ODLU·V�REMHFWLYH�ZDV�WR�G\QDPLFDOO\�SURILOH�DQG�VSHFLDOL]H�WKH�DPRUSKRXV�FRPSXWLQJ�VLPXOD�

WRU�LQ�RUGHU�WR�LQFUHDVH�SHUIRUPDQFH��7KURXJK�SURILOLQJ��%ODLU�IRXQG�WKDW�KH�FRXOG�SURGXFH�DQ

�[�VSHHGXS�E\�UHSODFLQJ�IXQFWLRQV�LQ�WKH�GDWD�VWUXFWXUH�VKRZQ�LQ�)LJXUH�����ZLWK�WKH�VSHFLDOL]HG

YHUVLRQV�VKRZQ�LQ�)LJXUH������7KH�VSHHGXS�UHVXOWV�IURP�WKH�XVH�RI�IORDWLQJ�SRLQW�YHFWRUV

�IORYHFV���ZKLFK�UHTXLUH�OHVV�HIIHFWLYH�IORDWLQJ�SRLQW�QXPEHU�ER[LQJ�DQG�XQER[LQJ�DQG�OHVV�JDU�

EDJH�SURGXFWLRQ��7KLV�PRGLILFDWLRQ�LV�WKXV�D�GDWD�UHSUHVHQWDWLRQ�VKLIW�

7KH�RULJLQDO�SDUWLFOH�YDOXH�LQWHUIDFH�DOORZV�D�SDUWLFOH·V�YDOXH�WR�EH�UHSUHVHQWHG�E\�DQ�DUEL�

WUDU\�GDWD�VWUXFWXUH��7KLV�VSHFLILFDWLRQ�LV�KRQRUHG�E\�WKH�XQFRXSOHG�FRGH�LQ�)LJXUH������,Q�WKH

)LJXUH�����VSHFLDOL]HG�FDVH��KRZHYHU��D�SDUWLFOH·V�YDOXH�FDQ�EH�UHSUHVHQWHG�RQO\�E\�D�IORDWLQJ

SRLQW�QXPEHU��IORDW���7KLV�UHSUHVHQWDWLRQ�VKLIW�WKHUHIRUH�YLRODWHV�WKH�RULJLQDO�LQWHUIDFH�VLQFH�WKH

VKLIW�LV�KLJKO\�FRQGLWLRQDOL]HG�RQ�WKH�VLPXODWRU·V�LPSOHPHQWDWLRQ�XVLQJ�IORDWLQJ�SRLQW�QXPEHUV�WR

UHSUHVHQW�SDUWLFOH�YDOXHV��$Q�XSGDWH�WR�WKH�VLPXODWRU�WKDW�XVHG�D�GLIIHUHQW�UHSUHVHQWDWLRQ�ZRXOG

UHVXOW�LQ�DQ�LQYDOLGDWLQJ�LPSOHPHQWDWLRQ�ZLWK�UHVSHFW�WR�WKLV�LPSOHPHQWDWLRQ�FRXSOLQJ��%ODLU·V�V\V�

WHP�FDQQRW�SURGXFH�WKLV�NLQG�RI�VSHFLDOL]DWLRQ�LQ�D�VHPDQWLFV�SUHVHUYLQJ�ZD\�VSHFLILFDOO\�EHFDXVH

WKH�VSHFLDOL]DWLRQ�UHVXOWV�LQ�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ�

������$PRUSKRXV�&RPSXWLQJ�6LPXODWRU�%DFNJURXQG

%ODLU�WRRN�WKH�RULJLQDO�VLPXODWRU�FRGH�JLYHQ�WR�KLP�DQG�PRGLILHG�LW�IRU�SHUVRQDO�DHVWKHWLF

DQG�FRPSUHKHQVLELOLW\�UHDVRQV��7KH�UHVXOWLQJ�VLPXODWRU�FRQVLVWV�RI�������OLQHV�RI�FRGH��a�����

QRQ�FRPPHQW�OLQHV��LQ�WZR�ILOHV�WKDW�FDOO�VHOHFWHG�IXQFWLRQV�LQ�������WRWDO�OLQHV�RI�FRGH�VSUHDG

����������������������������������������������������������
�����
�7KH�VLPXODWRU�FRGH�ZDV�ZULWWHQ�E\�+DO�$EHOVRQ��DQG�ZDV�VXEVHTXHQWO\�PRGLILHG�E\�%ODLU�

�GHILQH�LQWHJUDEOH�JXQN�LQLWLDO�YDOXH
���OHW���IORYHF��IOR�YHFWRU�FRQV�����
�����IOR�YHFWRU�VHW��IORYHF�������
����IORYHF��

�GHILQH�LQWHJUDEOH��JXQN�VHW�SDUWLFOH�YDOXH��SDUWLFOH�QHZ�YDOXH�
���IOR�YHFWRU�VHW���YHFWRU�UHI�SDUWLFOH������QHZ�YDOXH��

�GHILQH�LQWHJUDEOH��JXQN�SDUWLFOH�YDOXH�SDUWLFOH�
���IOR�YHFWRU�UHI���YHFWRU�UHI�SDUWLFOH�������

)LJXUH�������2SWLPL]HG�3DUWLFOH�9DOXH�,PSOHPHQWDWLRQ



��

RYHU����OLEUDU\�ILOHV��7KHVH����ILOHV�UHIHUHQFH

�EXW�IRU�WKH�VLPXODWRU��GR�QRW�FDOO��IXQFWLRQV

LQ�RYHU����RWKHU�ILOHV�FRQWDLQLQJ�RYHU�������

OLQHV�RI�FRGH��$V�GHPRQVWUDWHG�EHORZ��KRZ�

HYHU��WKH�FRUH�VLPXODWRU�FRGH�HQGV�XS�EHLQJ

WKH�RQO\�FRGH�WKDW�PXVW�EH�FRQWH[WXDOL]HG�WR

SURGXFH�WKH�VSHFLDOL]DWLRQ�FRXSOLQJ��7KLV

ILQGLQJ�LV�FRQVLVWHQW�ZLWK�P\�H[SHULHQFH�WKDW

LPSOHPHQWDWLRQ�FRXSOLQJ�LV�XVXDOO\�QHHGHG�LQ

SURSRUWLRQDWHO\�IHZ�DQG�UHODWLYHO\�VSHFLILF

SDUWV�RI�DQ�DSSOLFDWLRQ�

,�QHLWKHU�ZURWH�QRU�PRGLILHG�WKH�VLPXOD�

WRU�LPSOHPHQWDWLRQ��DQG�,�GLG�QRW�LQIOXHQFH

WKH�FKRLFH�RI�VSHFLDOL]LQJ�RSWLPL]DWLRQV�GLVFRYHUHG�E\�%ODLU��7KH�DPRUSKRXV�FRPSXWLQJ�VLPXOD�

WRU�H[DPSOH�FDQ�WKHUHIRUH�EH�XVHG�WR�H[SORUH�YLHZ�EDVHG�DEVWUDFWLRQ�DQG�9LHZ)RUP�RQ�FRGH

DQG�RQ�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ�WKDW�KDG�QR�LQIOXHQFH�RQ�YLHZ�EDVHG�DEVWUDFWLRQ·V�GHVLJQ�RU

LPSOHPHQWDWLRQ��DQG�YLFH�YHUVD���7KLV�PDNHV�WKH�VLPXODWRU�H[DPSOH�D�FRPSOHWHO\�LQGHSHQGHQW

H[DPSOH�

������%XLOGLQJ�WKH�&RXSOLQJ

%ODLU�FRQVLGHUHG�WKH�DIRUHPHQWLRQHG��[�VSHHGXS�VR�JUHDW�WKDW�LW�RXWZHLJKHG�WKH�VXEVHTXHQW

ORVV�RI�PRGXODULW\�FDXVHG�E\�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ��8QGHU�YLHZ�EDVHG�DEVWUDFWLRQ��KRZ�

HYHU��WKLV�VSHFLDOL]DWLRQ�FDQ�ZRUN�ZLWKRXW�SUHFOXGLQJ�PRGXODULW\��:LWKRXW�WKH�VSHFLDOL]DWLRQ�

WKHUH�LV�DQ�LQWHUIDFH�FRXSOLQJ�IURP�WKH�VLPXODWRU�PRGXOH�WR�WKH�SDUWLFOH�GDWD�DEVWUDFWLRQ�PRGXOH�

6LQFH�WKH�VLPXODWRU�LV�OD\HUHG�RYHU�WKH�SDUWLFOH�GDWD�DEVWUDFWLRQ��WKLV�FRUUHVSRQGV�WR�)LJXUH����

�WKH�VLPXODWRU�PRGXOH�LV�0 � �DQG�WKH�SDUWLFOH�GDWD�DEVWUDFWLRQ�PRGXOH�LV�0 � ���7KH�)LJXUH�����VSH�

FLDOL]DWLRQ��KRZHYHU��LQGXFHV�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ�IURP�0 � �WR�0 � ��:KLOH�WKLV�LV�WKH�UH�

YHUVH�GLUHFWLRQ�RI�ZKDW�LV�LOOXVWUDWHG�LQ�)LJXUH������LW�GRHV�QRW�SRVH�DQ\�SUREOHP�VLQFH�WKH�YLHZ�

EDVHG�DEVWUDFWLRQ�PRGHO��PHWKRGRORJ\��DQG�LPSOHPHQWDWLRQ�GR�QRW�GHSHQG�RQ�DQ\�FRXSOLQJ

GLUHFWLRQDOLW\��7R�SHUIRUP�WKLV�FRXSOLQJ��OHW�XV�XVH�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�VWHSV��L�H���,�9,�

DQG�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�PHWKRGRORJ\�VWHSV��L�H���L�YL��IURP�&KDSWHU���

2XU�JRDO�LQ�WKH�VHFWLRQV�WKDW�IROORZ�LV�WR�EXLOG�D�FRXSOHU�WKDW�SHUIRUPV�WKH�GHVLUHG�VSHFLDOL�

]DWLRQ�PRGLILFDWLRQ��DIWHU�YDOLGDWLQJ�WKH�PRGLILFDWLRQ·V�SUHFRQGLWLRQV��7KH�DSSURDFK�ZLOO�EH�WR

EXLOG�ERWWRP�XS��FRPELQLQJ�WKH�YIRUPV�DORQJ�WKH�ZD\��:H�ZLOO�EXLOG�SUHGLFDWHV��DFWLRQV��DQG

H[SODQDWLRQV��WKHQ�GLVSDWFKHUV��UXOHV��DQG�D�FRXSOHU�

�GHILQH�LQWHJUDEOH�JXQN�LQLWLDO�YDOXH
����ODPEGD��LQLWLDO�IORDW�IORY�
������IOR�YHFWRU�VHW��IORY���LQLWLDO�IORDW�
�����IORY�
�������IOR�YHFWRU�FRQV�����

�GHILQH�LQWHJUDEOH�JXQN�VHW�SDUWLFOH�YDOXH�
���ODPEGD��SDUWLFOH�QHZ�YDOXH�
�����IOR�YHFWRU�VHW����ODPEGD��SDUWLFOH�
�������������������������YHFWRU�UHI�SDUWLFOH����
����������������������SDUWLFOH�
�������QHZ�YDOXH���

�GHILQH�LQWHJUDEOH�JXQN�SDUWLFOH�YDOXH
���ODPEGD��SDUWLFOH�
�����IOR�YHFWRU�UHI���ODPEGD��SDUWLFOH�
������������������������YHFWRU�UHI�SDUWLFOH����
���������������������SDUWLFOH�
���������

)LJXUH�������9LHZ)RUP�2XWSXW
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������3UHFRQGLWLRQV�DQG�3UHGLFDWHV

%HIRUH�EXLOGLQJ�D�VHW�RI�SUHGLFDWHV��ZH�PXVW�GHWHUPLQH�WKH�SUHFRQGLWLRQV�XQGHU�ZKLFK�WKH

SDUWLFOH�YDOXH�UHSUHVHQWDWLRQ�FDQ�EH�VKLIWHG�WR�XVH�IORYHFV��7KHVH�SUHFRQGLWLRQV��GLVFXVVHG�ZLWK

%ODLU��DUH�JLYHQ�EHORZ�

$�� 7KH�SDUWLFOH�YDOXH�GDWD�DEVWUDFWLRQ�LQWHUIDFH�LV�IL[HG

%�� 7KH�SDUWLFOH�YDOXH�GDWD�DEVWUDFWLRQ�LV�QRW�YLRODWHG

&�� )ORDWV�GR�QRW�KDYH�LGHQWLW\�ZLWK�UHVSHFW�WR�HT"

'�� 3UHGHILQHG�6FKHPH�SURFHGXUHV�DUH�QRW�UHGHILQHG

(�� 7KH�PRGXOHV�WR�ZKLFK�WKH�SDUWLFOH�GDWD�DEVWUDFWLRQ�LV�DYDLODEOH�DUH�NQRZQ

)�� $�SDUWLFOH·V�LQLWLDO�SDUWLFOH�YDOXH��L�H���JXQN�LQLWLDO�YDOXH��LV�D�IORDW

*�� 1HZ�SDUWLFOH�YDOXHV�SDVVHG�WR�JXQN�VHW�SDUWLFOH�YDOXH��DUH�DOO�IORDWV

$�SURJUDPPHU�LV�UHVSRQVLEOH�IRU�GHYHORSLQJ�SUHFRQGLWLRQV�OLNH�WKH�RQHV�DERYH��8VXDOO\��D�SUR�

JUDPPHU�KDV�QR�QHHG�IRU�PDNLQJ�WKHP�ZHDNHU�RU�OHVV�IUDJLOH��:KLOH�PDNLQJ�SUHFRQGLWLRQV�OHVV

IUDJLOH�LV�QRW�DEVROXWHO\�QHFHVVDU\��LW�GRHV�PDNH�WKH�UHVXOWLQJ�FRXSOHU�PRUH�XVHIXO�DQG�IOH[LEOH�

7KH�GHJUHH�RI�IUDJLOLW\�FDQ�YDU\�DFFRUGLQJ�WR�WKH�VSHFLILFV�RI�WKH�VLWXDWLRQ�DQG�WKH�SUDJPDWLFV�RI

FRPSXWLQJ�WKH�YLHZV�QHHGHG�E\�WKH�SUHGLFDWHV�WKDW�ZLOO�LPSOHPHQW�WKH�SUHFRQGLWLRQV�

3UHFRQGLWLRQV�$�*�DUH�GLVFXVVHG�LQ�GHWDLO�EHORZ��IRU�WKH�SXUSRVH�RI�UHODWLQJ�WKHP�WR�YLHZ�

EDVHG�DEVWUDFWLRQ�DQG�9LHZ)RUP��7KH�SUHGLFDWHV�LPSOHPHQWLQJ�WKHVH�SUHFRQGLWLRQV�DUH�DOVR

SUHVHQWHG�DQG�GLVFXVVHG�

&RQGLWLRQV�$�DQG�%�DUH�W\SLFDOO\�DVVXPHG�WR�EH�WUXH��DV�WKH\�DUH�IRU�WKH�VLPXODWRU�H[DPSOH�

7KH\�DUH�SUHVHQWHG�IRU�WKLV�H[DPSOH�IRU�FRPSOHWHQHVV��(YHQ�LI�WKHVH�SUHFRQGLWLRQV�ZHUH�QRW�DV�

VXPHG�WUXH��FRQGLWLRQ�$�FDQ�EH�FKHFNHG�WR�VRPH�H[WHQW��WKH�SDUDPHWHU�OLVW�LWVHOI��UHWXUQ�YDOXH

W\SHV��DQG�DUJXPHQW�W\SHV�FDQ�EH�FKHFNHG�VWDWLFDOO\�YLD�GDWD�IORZ�DQDO\VLV��,I�QHFHVVDU\��WKHVH

�QHFHVVDULO\�FRQVHUYDWLYH��VWDWLF�FKHFNV�FRXOG�EH�VXSSOHPHQWHG�E\�VWDWLFDOO\�LQVHUWHG�´JXDUGµ

FRQGLWLRQDO�H[SUHVVLRQV�WKDW�G\QDPLFDOO\�FRQILUP�REMHFW�W\SHV��:KLOH�H[SHQVLYH��WKHVH�G\QDPLF

�GHILQH�SUHGLFDWH�XVXDO�LQWHJUDWLRQV
���PDNH�SUHGLFDWH�ILQG�GHFODUDWLRQ�´XVXDO�LQWHJUDWLRQV��

�GHILQH�SUHGLFDWH�UHWXUQV�LQH[DFW
���PDNH�SUHGLFDWH�FKHFN�UHW�W\SH�LQH[DFW�W\SH�±H[SUHVVLRQ�UHWXUQLQJ�D�IORDW²��

�GHILQH�SUHGLFDWH�IORY�VHOHFWRU
���PDNH�SUHGLFDWH�H[S�W\SH�W\SH�GHILQH�LQWHJUDEOH"�±GHILQH�LQWHJUDEOH�H[SUHVVLRQV²��

�GHILQH�SUHGLFDWH�IORY�PXWDWRU
���PDNH�SUHGLFDWH�FKHFN�SURF�SDUDP�W\SHV��OLVW��FRQV�VHFRQG�SUHGLFDWH�UHWXUQV�LQH[DFW����

)LJXUH�������6LPXODWRU�([DPSOH�3UHGLFDWHV
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FKHFNV�ZRXOG�SURYLGH�D�KLJKHU��LI�QRW�FRPSOHWH��OHYHO�RI�VDIHW\��$V�LV�XVXDOO\�WKH�FDVH��LW�LV�XS�WR

WKH�SURJUDPPHU��EDVHG�RQ�WKH�VSHFLILFV�RI�WKH�VLWXDWLRQ��WR�PDNH�WKH�DSSURSULDWH�WUDGHRIIV�EH�

WZHHQ�SHUIRUPDQFH�DQG�YDU\LQJ�GHJUHHV�RI�VDIHW\��2WKHU�ZD\V�RI�FKHFNLQJ�&RQGLWLRQ�$�XQGHU

YLHZ�EDVHG�DEVWUDFWLRQ�DUH�GLVFXVVHG�LQ�6HFWLRQ�������

,Q�6FKHPH��SUHFRQGLWLRQ�%�LV�GLIILFXOW�WR�DXWRPDWLFDOO\�YDOLGDWH�LQ�JHQHUDO��3UHFRQGLWLRQ�%�LV

HDVLHU�WR�YDOLGDWH�LQ�ODQJXDJHV�WKDW�SURYLGH�VWDWLFDOO\�FKHFNDEOH�LQWHUIDFH�VHPDQWLFV�VXFK�DV

&/8>��@��:KLOH�D�YLRODWLRQ�RI�SUHFRQGLWLRQ�%�FRXOG�EH�KDUPIXO�ZLWK�RU�ZLWKRXW�YLHZ�EDVHG�DE�

VWUDFWLRQ��D�SURJUDPPHU�PD\�QRW�QHFHVVDULO\�QHHG�%�WR�EH�WUXH��7KLV�PD\�EH�WKH�FDVH�ZKHQ�XV�

LQJ�YLHZ�EDVHG�DEVWUDFWLRQ�RQ�FRGH�WKDW�FRQWDLQV�SUHYLRXVO\�H[LVWLQJ�DEVWUDFWLRQ�YLRODWLRQV�RI

VRPH�VRUW��/HJDF\�FRGH�FDQ�VXIIHU�IURP�WKLV�SUREOHP��IRU�H[DPSOH��,Q�WKHVH�FDVHV��WKH�SUHFRQGL�

WLRQV�PD\�QHHG�WR�EHFRPH�PRUH�FRPSOH[��FRQVWUDLQWV�RQ�IXWXUH�PRGLILFDWLRQV�PD\�QHHG�WR�EH

HQIRUFHG��RU�VDIHW\�PD\�EH�SXW�DW�ULVN�

)RU�LQVWDQFH��LQ�WKH�VLPXODWRU�H[DPSOH��LI�SUHFRQGLWLRQ�%�ZDV�QRW�DVVXPHG�WUXH��HYHU\�DE�

VWUDFWLRQ�YLRODWLRQ�WR�WKH�SDUWLFOH�YDOXH�ILHOG�RI�D�SDUWLFOH�GDWD�VWUXFWXUH�ZRXOG�QHHG�WR�EH�IRXQG�

WR�GHWHUPLQH�ZKHWKHU�LW�XVHV�IORDWV��,Q�DGGLWLRQ��DOO�GDWD�VWUXFWXUHV�SDVVHG�WR�JXQN�SDUWLFOH�YDOXH

DQG�JXQN�VHW�SDUWLFOH�YDOXH��ZRXOG�DOVR�QHHG�WR�EH�IRXQG�DQG�FKHFNHG�WR�HQVXUH�WKDW�WKH�SDUWL�

FOH�YDOXH�ILHOG�ZDV�SURYDEO\�D�IORDW��6XSSOHPHQWDO�G\QDPLF�FKHFNV��DQG�SRVVLEO\�W\SH�FRHUFLRQV�

PLJKW�DOVR�EH�QHHGHG��LI�D�VWDWLF�DQDO\VLV�YLHZ�ZDV�QRW�SUHFLVH�HQRXJK�IRU�D�SUHGLFDWH�WR�SURYH

WKDW�DOO�DEVWUDFWLRQ�YLRODWLRQV�RI�WKH�SDUWLFOH�GDWD�VWUXFWXUH�XVHG�IORDWV�WR�UHSUHVHQW�SDUWLFOH�YDOXHV�

)RU�WKH�VLPXODWRU�H[DPSOH��KRZHYHU��ZKLOH�YLRODWLQJ�SUHFRQGLWLRQ�%�LV�D�VHPDQWLF�SUREOHP

DQG�SRVVLEO\�D�SHUIRUPDQFH�SUREOHP��LW�LV�QRW�DFWXDOO\�D�VDIHW\�SUREOHP��7KLV�LV�EHFDXVH�LQ�0,7

6FKHPH��D���HOHPHQW�IORYHF�LV�RSHUDWLRQDOO\��EXW�QRW�VHPDQWLFDOO\��HTXLYDOHQW�WR�D�IORDW�

3UHFRQGLWLRQ�&�LV�WUXH�XQGHU�WKH�,(((�6FKHPH�VWDQGDUG>��@��PHDQLQJ�WKDW�D�SURJUDP�XVLQJ

HT"�RQ�IORDWV�LV�QRW�LQKHUHQWO\�SRUWDEOH��3UHFRQGLWLRQ�&��KRZHYHU��LV�QRW�QHFHVVDULO\�WUXH�LQ�0,7

6FKHPH��$V�PHQWLRQHG�DERYH��IORDWV�DQG���HOHPHQW�IORYHFV�DUH�RSHUDWLRQDOO\�HTXLYDOHQW��6HPDQ�

WLFDOO\��KRZHYHU��WKH\�GLIIHU�ZLWK�UHVSHFW�WR�PXWDELOLW\��$�IORYHF�LV�PXWDEOH��ZKHUHDV�D�IORDW�LV

FRQVLGHUHG�DWRPLF�GDWD�DQG�WKXV�LV�QRW��7KLV�PHDQV�WKDW�IORYHFV�PXVW�KDYH�LGHQWLW\��DQG�KHQFH�

FHUWDLQ�VKDUHG�IORDWV�DOVR�KDYH�LGHQWLW\�DQG�HT"�HTXDOLW\�XQGHU�0,7�6FKHPH��)RU�WKH�VLPXODWRU

H[DPSOH��KRZHYHU��ZH�FKRRVH�WR�IROORZ�WKH�VWDQGDUG�DQG�DVVXPH�WKDW�HT"�RQ�IORDWV�LV�DQ�LPSOH�

PHQWDWLRQ�GHSHQGHQW�RSHUDWLRQ�ZKRVH�UHVXOW�LV�XQVSHFLILHG�

8QGHU�RWKHU�FLUFXPVWDQFHV��WKH�LGHQWLW\�LVVXH�ZRXOG�QHHG�WR�EH�DGGUHVVHG��)RU�LQVWDQFH��ZH

PLJKW�ZDQW�WR�VKLIW�UHSUHVHQWDWLRQV�IURP�RQH�GDWD�VWUXFWXUH�WR�DQRWKHU�ZLWK�GLIIHULQJ��EXW�VSHFL�

ILHG��LGHQWLW\�FKDUDFWHULVWLFV��,Q�WKHVH�FDVHV��DQ�DOLDV�DQDO\VLV�YLHZ�PD\�EH�QHHGHG�E\�WKH�SUHGL�

FDWH�YDOLGDWLQJ�WKH�DQDORJ�RI�SUHFRQGLWLRQ�&�WR�HQVXUH�WKH�YDOXH�LV�QRW�EHLQJ�WHVWHG�IRU�HT"�OLNH
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HTXDOLW\��,Q�WKH�ZRUVW�FDVH��KRZHYHU��WKH�DOLDV�DQDO\VLV�ZLOO�QRW�EH�SUHFLVH�HQRXJK�WR�YDOLGDWH�DQ

RWKHUZLVH�YDOLG�SUHFRQGLWLRQ��)RU�WKHVH�FDVHV��XVHU�LQWHUDFWLRQ�ZRXOG�OLNHO\�EH�UHTXLUHG�

3UHFRQGLWLRQ�'�LV�QHFHVVDU\�WR�HQVXUH�WKDW�WKH�IORYHF�SULPLWLYHV�ZH�LQVHUW�ZLOO�EH�UHIHUHQFLQJ

WKH�FRUUHFW�SULPLWLYH�SURFHGXUHV��L�H���IOR�YHFWRU�UHI��IOR�YHFWRU�FRQV��HWF����,I�WKLV�SUHFRQGLWLRQ

ZHUH�QRW�WUXH��WKH�GHVLUHG�SULPLWLYH�SURFHGXUHV�ZRXOG�KDYH�WR�EH�DFFHVVHG�VRPH�RWKHU�ZD\�

VXFK�DV�XVLQJ�WKH�0,7�6FKHPH�VSHFLDO�IRUP�DFFHVV��,Q�0,7�6FKHPH��SUHFRQGLWLRQ�'�FDQ�EH�JHQ�

HUDOO\�FKHFNHG�E\�ORRNLQJ�IRU�WKH�XVXDO�LQWHJUDWLRQV�GHFODUDWLRQ��7KLV�XVHU�VSHFLILHG�GHFODUDWLRQ

DOORZV�WKH�FRPSLOHU�WR�RSHQ�FRGH�FDOOV�WR�SULPLWLYHV��,Q�HIIHFW��WKLV�QXOOLILHV�DQ\�SULPLWLYH�QDPH

UHGHILQLWLRQV��$�SUHGLFDWH�WKDW�H[SUHVVHV�WKLV�SUHFRQGLWLRQ��SUHGLFDWH�XVXDO�LQWHJUDWLRQV��LV�JLYHQ

LQ�)LJXUH������:H�ZULWH�WKLV�SUHGLFDWH�XVLQJ�WKH�9LHZ)RUP�OLEUDU\�IXQFWLRQ�PDNH�SUHGLFDWH�ILQG�

GHFODUDWLRQ
�������

��7KLV�IXQFWLRQ�ZDV�SUHYLRXVO\�XVHG�LQ�WKH�GLVSDWFK�H[DPSOH��7KH�IXQFWLRQ�WDNHV�D

GHFODUDWLRQ�V\PERO�DQG�UHWXUQV�D�SUHGLFDWH�WKDW�ORRNV�IRU�VXFK�D�GHFODUDWLRQ�LQ�D�FRQWH[W�

3UHFRQGLWLRQ�(�GHWHUPLQHV�ZKLFK�ILOHV�PXVW�EH�SDVVHG�WR�9LHZ)RUP�IRU�DQDO\VLV��7KH�ILOH�

QDPHV�ZLOO�EH�SDVVHG�WR�RXU�FRXSOHU��ZKLFK�ZLOO�WKHQ�FUHDWH�WKH�DSSURSULDWH�FRQWH[WV�WR�EH�DQD�

O\]HG��,Q�RXU�H[DPSOH��LW�WXUQV�RXW�WKDW�WKH�VLPXODWRU�LPSOHPHQWDWLRQ·V�ILOH�LV�WKH�RQO\�RQH�OD\�

HUHG�RYHU�WKH�SDUWLFOH�GDWD�DEVWUDFWLRQ��,I�RWKHU�ILOHV�ZHUH�WR�EHJLQ�XVLQJ�WKH�SDUWLFOH�GDWD�DEVWUDF�

WLRQ��WKH\�ZRXOG�DOVR�KDYH�WR�EH�SDVVHG�WR�WKH�FRXSOHU�ZH�ZLOO�ZULWH��$�SURJUDPPHU�XVLQJ�EODFN�

ER[�DEVWUDFWLRQ�ZLOO�OLNHO\�WKRURXJKO\�DQG�PDQXDOO\�FKHFN�SUHFRQGLWLRQ�(��VLQFH�WKH�FRUH�PRWL�

YDWLRQ�IRU�WKH�VSHFLDOL]LQJ�PRGLILFDWLRQ�LV�WKH�REVHUYDWLRQ�WKDW�HYHU\�XVH�RI�JXQN�VHW�SDUWLFOH�

YDOXH��XVHV�D�IORDW�WR�UHSUHVHQW�D�SDUWLFOH·V�QHZ�YDOXH�
�������

,I�WKH�SURJUDPPHU�LV�QRW�DEOH�WR�VDWLVI\�SUHFRQGLWLRQ�(��WKHUH�DUH�VHYHUDO�DOWHUQDWLYHV��7KH

VLPSOHVW��EXW�SRWHQWLDOO\�WKH�FRVWOLHVW��LV�WR�SDVV�DOO�DYDLODEOH�H[SUHVVLRQV�LQ�WKH�DSSOLFDWLRQ�WR�WKH

FRXSOHU��DV�D�FRQWH[W�V����$�GDWD�IORZ�DQDO\VLV�FDQ�WKHQ�EH�XVHG�WR�FRQVHUYDWLYHO\�HVWLPDWH�SUH�

FRQGLWLRQ�(��DQG�DOHUW�WKH�SURJUDPPHU�WR�DQ\�SUREOHPV��$�OHVV�FRVWO\��EXW�ZHDNHU�WHVW�LV�WR

FKHFN�DOO�DYDLODEOH�H[SUHVVLRQV�IRU�UHIHUHQFHV�WR�WKH�SDUWLFOH�YDOXH�LQWHUIDFH�IXQFWLRQV��$Q�HVFDSH

DQDO\VLV�YLHZ�FDQ�DOVR�KHOS�WKH�SURJUDPPHU�PDNH�WKH�GHWHUPLQDWLRQ��HYHQ�LI�YLHZ�EDVHG�DEVWUDF�

WLRQ�ZHUH�QRW�EHLQJ�DSSOLHG�

3UHFRQGLWLRQ�)�FDQ�EH�GHWHUPLQHG�YLD�D�GDWD�IORZ�YLHZ�RQ�JXQN�LQLWLDO�YDOXH��7KLV�DVVXPHV

WKDW�JXQN�PDNH�SDUWLFOH�ZLOO�XVH�JXQN�LQLWLDO�YDOXH�WR�UHIHUHQFH�WKH�LQLWLDO�SDUWLFOH�YDOXH��/HW�XV

DVVXPH�WKLV�LV�WKH�SURJUDPPHU·V�LQWHQW��VLQFH�WKHUH�LV�OLWWOH�EHQHILW�WR�RWKHUZLVH�QDPLQJ�WKH�LQLWLDO

YDOXH��7KLV�DVVXPSWLRQ�GRHV��KRZHYHU��FRQVWUDLQ�WKH�ZD\�IXWXUH�FKDQJHV�WR�WKH�LQLWLDO�YDOXH�FDQ

EH�PDGH��,Q�SDUWLFXODU��WKLV�DVVXPSWLRQ�UHTXLUHV�WKDW�FKDQJHV�WR�WKH�LQLWLDO�YDOXH�WR�EH�PDGH�WR

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

�7KH�FRGH�IRU  
��	����� �	� � ��� 
�� �	��
���� � � ������� 
 ��
�������� �LV�JLYHQ�LQ�$SSHQGL[�%�
�������

�7KLV�ZDV�WKH�NH\�LQVLJKW�WKDW�%ODLU·V�SURILOHU�UHYHDOHG�
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JXQN�LQLWLDO�YDOXH·V�YDOXH�DQG�QRW�WR�JXQN�PDNH�SDUWLFOH��:KLOH�LW�FDQ�EH�DUJXHG�WKDW�WKLV�DV�

VXPSWLRQ�DGKHUHV�WR�WKH�SURJUDPPHU·V�LQWHQW�DQG�VW\OH��VHYHUDO�DOWHUQDWLYHV�DUH�GLVFXVVHG�EHORZ�

LQ�FDVH�WKLV�DVVXPSWLRQ�ZDV�GHWHUPLQHG�QRW�WR�EH�WKH�FDVH�

3UHFRQGLWLRQ�)·V�SUHGLFDWH�PXVW�HQVXUH�WKDW�JXQN�LQLWLDO�YDOXH�FDQ�QDPH�RQO\�REMHFWV�WKDW

DUH�IORDWV��:H�LPSOHPHQW�WKLV�XVLQJ�WKH�SUHGLFDWH�SUHGLFDWH�UHWXUQV�LQH[DFW��JLYHQ�LQ�)LJXUH�����

:H�ZLOO�ODWHU�HQVXUH�WKDW�WKLV�SUHGLFDWH�UHFHLYHV�WKH�YLHZFRGH�H[SUHVVLRQ�UHSUHVHQWLQJ

JXQN�LQLWLDO�YDOXH·V�YDOXH��:H�LPSOHPHQWHG�SUHGLFDWH�UHWXUQV�LQH[DFW�XVLQJ�9LHZ)RUP·V

KLJKHU�OHYHO�SUHGLFDWH�FRQVWUXFWRU�PDNH�SUHGLFDWH�FKHFN�UHW�W\SH��7KLV�SUHGLFDWH�FRQVWUXFWRU�LV

SDUDPHWHUL]HG�RQ�D�W\SH�DQG�DQ�H[SODQDWLRQ�VWULQJ��7KH�UHWXUQHG�SUHGLFDWH�FKHFNV�HYHU\�YLHZ�

FRGH�H[SUHVVLRQ�LW�LV�JLYHQ�WR�HQVXUH�WKDW�DOO�YDOXHV�UHWXUQHG�E\�HDFK�H[SUHVVLRQ�DUH�FRQVLV�

WHQW
�������

�ZLWK�WKH�JLYHQ�W\SH��)RU�WKH�LQWHUHVWHG�UHDGHU��WKH�FRGH�IRU�PDNH�SUHGLFDWH�FKHFN�UHW�W\SH

LV�JLYHQ�LQ�$SSHQGL[�%�

2QH�DOWHUQDWLYH�WR�RXU�FKRLFH�IRU�H[SUHVVLQJ�SUHFRQGLWLRQ�)�LV�WR�FKHFN�WKH�DFWXDO�SODFH�LQ

WKH�JXQN�PDNH�SDUWLFOH�GHILQLWLRQ�ZKHUH�WKH�LQLWLDO�SDUWLFOH�YDOXH�LV�FRPSXWHG��,Q�IDFW��ZH�FRXOG

XVH�WKH�VDPH�SUHGLFDWH�GHILQHG�DERYH�WR�GR�WKLV�FKHFN��E\�LQVWHDG�SDVVLQJ�LW�WKH�DSSURSULDWH�H[�

SUHVVLRQ�LQ�JXQN�PDNH�SDUWLFOH��8QIRUWXQDWHO\��WKLV�DOWHUQDWLYH�FRQVWUDLQV�WKH�SDUWLFOH�YDOXH�WR�EH

WKH�IRXUWK�DUJXPHQW�RI�D�YHFWRU�H[SUHVVLRQ��7KXV��WKLV�DOWHUQDWLYH�GRHV�QRW�UHVXOW�LQ�D�PRUH�UR�

EXVW�SUHGLFDWH�

$QRWKHU�DOWHUQDWLYH��WKH�VDIH�DQG�PRUH�IOH[LEOH�EXW�PRUH�FRVWO\�DOWHUQDWLYH��LV�WR�LJQRUH

JXQN�LQLWLDO�YDOXH�DQG�LQVWHDG�LQVHUW�D�VLQJOH�UXQ�WLPH�FKHFN�WKDW�H[DPLQHV�WKH�UHVXOW�RI�HDFK

FDOO�WR�JXQN�PDNH�SDUWLFOH��7KLV�G\QDPLF�W\SH�FKHFN�VLPSO\�HQVXUHV�WKDW�D�SDUWLFOH·V�LQLWLDO�YDOXH

LV�DOZD\V�D�IORDW��7KLV�DOWHUQDWLYH�DOVR�QHFHVVLWDWHV�ZULWLQJ�DQ�DFWLRQ�WKDW�LQVHUWV�UXQ�WLPH�FRGH

�LQWR�JXQN�PDNH�SDUWLFOH��WKDW�UHSODFHV�WKH�LQLWLDO�IORDW�ZLWK�D�IORYHF��:KLOH�WKLV�LV�VWUDLJKWIRUZDUG

WR�GR��WKLV�DOWHUQDWLYH�ZDV�QRW�FKRVHQ�IRU�WZR�UHDVRQV��7KH�ILUVW�LV�WKH�KLJK�RYHUKHDG�LQ�WKH�G\�

QDPLF�WHVW�DQG�IORDW�UHSODFHPHQW��7KH�VHFRQG�LV�WKDW�WKH�VSHFLDOL]DWLRQ�PRGLILFDWLRQ·V�SXUSRVH�LV

WR�UHGXFH�WKH�DPRXQW�RI�ER[LQJ�DQG�WKH�QXPEHU�RI�KHDS�DOORFDWHG�IORDWV�WKDW�EHFRPH�JDUEDJH�

:KLOH�FRPSOHWHO\�VDIH��WKLV�DOWHUQDWLYH�GRHV�OLWWOH�WR�UHGXFH�WKH�DPRXQW�RI�ER[LQJ�DQG�JDUEDJH

EHLQJ�FUHDWHG�

$�IRXUWK�VLPSOH��EXW�VHPDQWLFDOO\�LQHOHJDQW�DOWHUQDWLYH�LV�WR�DVVXPH�WKH�IXQFWLRQDO�HTXLYD�

OHQFH�EHWZHHQ�IORDWLQJ�SRLQW�QXPEHUV�DQG���HOHPHQW�IORYHFV��8QGHU�WKLV�DOWHUQDWLYH��QR�FKDQJH

WR�WKH�LQLWLDO�YDOXH�LV�QHFHVVDU\��VR�ORQJ�DV�LW�LV�DOZD\V�DQ�LQWHJUDWHG�IORDW�RU�D���HOHPHQW�IORYHF��$

SUHGLFDWH�FDQ�HQVXUH�WKDW�LW�LV�DOZD\V�LQWHJUDWHG�DQG�D�G\QDPLF�W\SH�FKHFN�FDQ�HQVXUH�WKH�YDOXH

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

�&RQVLVWHQW�PHDQV�WKDW�WKH�UHWXUQ�YDOXH�LV�RI�WKH�JLYHQ�W\SH�RU�RI�D�VXEW\SH�RI�WKH�JLYHQ�W\SH�
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LV�DOZD\V�D�IORDW�RU���HOHPHQW�IORYHF��$V�WKHVH�DOWHUQDWLYHV�LOOXVWUDWH��WKHUH�LV�QR�JHQHUDO�´ULJKWµ

ZD\�WR�LPSOHPHQW�SUHFRQGLWLRQV�DV�SUHGLFDWHV�

&RQGLWLRQ�*�FDQ�EH�FKHFNHG�E\�H[DPLQLQJ�JXQN�VHW�SDUWLFOH�YDOXH�·V�SDUDPHWHU�OLVW�

JXQN�VHW�SDUWLFOH�YDOXH��PXVW�DOZD\V�EH�SDVVHG�D�IORDW�DV�WKH�VHFRQG�DUJXPHQW��7KLV�SUHFRQGL�

WLRQ�LV�WKH�IXQGDPHQWDO�EDVLV�RI�WKH�PRWLYDWLRQ�WR�SHUIRUP�WKH�VSHFLDOL]DWLRQ�PRGLILFDWLRQ��:H

YDOLGDWH�WKLV�SUHFRQGLWLRQ�XVLQJ�WKH�SUHGLFDWH�SUHGLFDWH�IORY�PXWDWRU��JLYHQ�LQ�)LJXUH������7KLV

SUHGLFDWH�LV�SURGXFHG�IURP�WKH�JHQHUDO�9LHZ)RUP�SUHGLFDWH�FRQVWUXFWRU�PDNH�SUHGLFDWH�FKHFN�

SURF�SDUDP�W\SHV��7KLV�SUHGLFDWH�FRQVWUXFWRU�WDNHV�D�W\SH�VSHFLILFDWLRQ�OLVW��ZKLFK�FRQWDLQV�SDLUV

RI�SDUDPHWHU�OLVW�VHOHFWRUV�DQG�YIRUPV��7KH�W\SH�VSHFLILFDWLRQ�OLVW�XVHG�E\�SUHGLFDWH�IORY�PXWDWRU

UHTXLUHV�WKDW�WKH�VHFRQG�SDUDPHWHU�WR�JXQN�VHW�SDUWLFOH�YDOXH��PXVW�VDWLVI\�WKH�SUHGLFDWH�SUHGL�

FDWH�UHWXUQV�LQH[DFW��DOVR�VKRZQ�LQ�)LJXUH������

:H�QHHG�RQH�ODVW�SUHGLFDWH�WR�YDOLGDWH�WKH�DFWXDO�PRGLILFDWLRQ��7R�LQFUHDVH�RXU�SUHGLFDWH·V

UREXVWQHVV��RXU�FRGH�PRGLILFDWLRQ�VKRXOG�QRW�GHSHQG�RQ�WKH�RULJLQDO�VHOHFWRU·V�RU�PXWDWRU·V�LP�

SOHPHQWDWLRQ��$V�VKRZQ�LQ�)LJXUH�����DQG�)LJXUH������ZH�GR�WKLV�E\�FRS\LQJ�WKH�RULJLQDO�VHOHF�

WRU·V�FRGH�LQWR�WKH�QHZ�PXWDWRU��%HIRUH�FRS\LQJ�WKH�RULJLQDO�VHOHFWRU·V�FRGH��KRZHYHU��ZH�QHHG

WR�HQVXUH�WKDW�FRS\LQJ�LW�LV�VDIH��7KLV�LV�ZKDW�WKH�ILQDO�SUHFRQGLWLRQ�LV�IRU��,I�WKH�FRGH�FRQWDLQV

VLGH�HIIHFWV��IRU�H[DPSOH��FRS\LQJ�LW�PLJKW�QRW�EH�VDIH��,QVWHDG�RI�SHUIRUPLQJ�D�VLGH�HIIHFW�DQDO\�

VLV��KRZHYHU��ZH�FDQ�OHYHUDJH�RQ�WKH�IDFW�WKDW�WKH�RULJLQDO�GHILQLWLRQ�RI�JXQN�SDUWLFOH�YDOXH�LV

GHILQHG�XVLQJ�GHILQH�LQWHJUDEOH��7KLV�0,7�6FKHPH�VSHFLDO�IRUP�LQVWUXFWV�WKH�FRPSLOHU�WR�VXEVWL�

WXWH�WKH�ERG\�RI�WKH�GHILQLWLRQ�DQ\ZKHUH�WKH�QDPH�DSSHDUV��ZKLFK�LV�H[DFWO\�WKH�SURSHUW\�ZH

GHVLUH��7KH�SUHGLFDWH�SUHGLFDWH�IORY�VHOHFWRU�LQ�)LJXUH�����FKHFNV�IRU�WKLV�FRQGLWLRQ��,W�H[SHFWV

WR�EH�SDVVHG�JXQN�SDUWLFOH�YDOXH·V�GHILQLQJ�H[SUHVVLRQ��ZKLFK�ZH�ZLOO�DUUDQJH�IRU�ODWHU��7KLV

SUHGLFDWH�FDOOV�WKH�9LHZ)RUP�SUHGLFDWH�FRQVWUXFWRU�PDNH�SUHGLFDWH�H[S�W\SH��ZKLFK�VLPSO\

FKHFNV�WKH�H[SUHVVLRQ�W\SH�RI�D�JLYHQ�YLHZFRGH�H[SUHVVLRQ��7KLV�SUHGLFDWH�FRQVWUXFWRU�LV�ZLGHO\

XVHG�LQ�YLHZ�GLVSDWFKHUV��ZKHUH�WKH�DSSURSULDWH�DFWLRQ�RQ�DQ�H[SUHVVLRQ�LV�GHWHUPLQHG�E\�WKH

H[SUHVVLRQ·V�W\SH�

7KHVH�IRXU�SUHGLFDWHV�DUH�WKH�RQO\�RQHV�ZH�QHHG��7KH\�PXVW�DOO�EH�WUXH�EHIRUH�DQ\�SURJUDP

PRGLILFDWLRQV�DUH�SHUIRUPHG�

������$FWLRQV

:H�WXUQ�QH[W�WR�ZULWLQJ�DFWLRQV�WKDW�H[SUHVV�WKH�PRGLILFDWLRQV�QHFHVVDU\�WR�VKLIW�WKH�SDUWLFOH

YDOXH�UHSUHVHQWDWLRQ�WR�IORYHFV��2QH�JRDO�LV�WR�UHGXFH�WKH�DFWLRQV·�VFRSH�DQG�DQRWKHU�LV�WR�LQ�

FUHDVH�WKHLU�UREXVWQHVV�E\�PDNLQJ�WKHP�GHSHQG�DV�OLWWOH�DV�SRVVLEOH�RQ�WKH�RULJLQDO�VHOHFWRU��PX�

WDWRU��DQG�LQLWLDO�YDOXH�LPSOHPHQWDWLRQV��7KLV�ZLOO�DOORZ�D�PDLQWHQDQFH�SURJUDPPHU�WR�PRGLI\
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WKH�RULJLQDO�PXWDWRU·V�DQG�VHOHFWRU·V�LPSOHPHQWDWLRQ�ZLWKRXW�LQYDOLGDWLQJ�WKH�DFWLRQ·V�PRGLILFD�

WLRQV�

%HIRUH�ZULWLQJ�WKH�DFWLRQ��ZH�PXVW�GHFLGH�XSRQ�D�VHW�RI�SURJUDP�PRGLILFDWLRQV�WKDW�ZLOO

WUDQVIRUP�WKH�VHOHFWHG�IXQFWLRQV�LQ�)LJXUH�����WR�WKRVH�LQ�)LJXUH������7KHVH�PRGLILFDWLRQV�GHVLUHG

E\�%ODLU�FDQ�EH�VXPPDUL]HG�DV�IROORZV�

D�� &KDQJH�WKH�SDUWLFOH·V�LQLWLDO�YDOXH�WR�D�IORYHF

E�� &KDQJH�JXQN�VHW�SDUWLFOH�YDOXH��WR�PRGLI\�WKH�IORYHF

F�� &KDQJH�JXQN�SDUWLFOH�YDOXH�WR�UHWXUQ�D�IORDW�IURP�WKH�IORYHF

2XU�VWUDWHJ\�LV�WR�H[SUHVV�WKUHH�DFWLRQV�FRUUHVSRQGLQJ�WR�&KDQJHV�D�F��7R�OLPLW�WKH�VFRSH�LQ

&KDQJH�E��ZH�ZLOO�UHTXLUH�DFFHVV�WR�WKH�RULJLQDO�VHOHFWRU·V�FRGH��)RU�WKLV�UHDVRQ�DQG�IRU�V\PPH�

WU\��ZH�ZLOO�ZULWH�RXU�DFWLRQV�WR�DVVXPH�WKH\�ZLOO�HDFK�EH�SDVVHG�DOO�WKUHH�RI�WKH�YLHZFRGH�H[�

SUHVVLRQV�UHVSHFWLYHO\�SDVVHG�WR�RXU�SUHGLFDWHV��7KH�DFWLRQV�FDQ�WKHQ�VHOHFW�ZKLFK�H[SUHVVLRQV�WR

UHSODFH��DQG�FDQ�EXLOG�WKH�UHSODFHPHQWV�EDVHG�RQ�DQ\�RI�WKH�WKUHH�RULJLQDO�H[SUHVVLRQV��'XH�WR

WKLV�VSHFLDO�LPSOHPHQWDWLRQ�GHFLVLRQ��ZH�XVH�PDNH�H[SODLQHG�DFWLRQ�WR�FRQVWUXFW�RXU�DFWLRQV��PDNH�

H[SODLQHG�DFWLRQ�LV�D�ORZHU�OHYHO�DFWLRQ�FRQVWUXFWRU��DQG�GRHV�QRW�SURYLGH�DV�PXFK�IXQFWLRQDOLW\

DV�WKH�SUHGLFDWH�FRQVWUXFWRUV�ZH�XVHG�HDUOLHU��PDNH�H[SODLQHG�DFWLRQ�LV�OLNH�PDNH�DFWLRQ��VHFWLRQ

�������H[FHSW�WKDW�LW�WDNHV�DQ�H[SODQDWLRQ�VWULQJ�WKDW�ZLOO�EH�SUHSHQGHG�ZLWK�WKH�VWULQJ�±DFWLRQ

IRU�²�DQG�WKHQ�SULQWHG�WR�WKH�VWDQGDUG�RXWSXW�ZKHQ�WKH�DFWLRQ�LV�H[SODLQHG�

�GHILQH�DFWLRQ�IORY�LQLW�YDO
���PDNH�H[SODLQHG�DFWLRQ
����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
������UHSODFH��YF�H[SV�LQLW�YDO�YF�H[SV�
��������������C��ODPEGD��LQLWLDO�IORDW�IORY�
�������������������IOR�YHFWRU�VHW��IORY���LQLWLDO�IORDW�
������������������IORY�
������������������YF�H[SV�LQLW�YDO�YF�H[SV���IOR�YHFWRU�FRQV������
���±JXQN�LQLWLDO�YDOXH´V�IORQXP�H[SUHVVLRQ�ZLWK�IORDWLQJ�SRLQW�YHFWRU²��

�GHILQH�DFWLRQ�IORY�PXWDWRU
���PDNH�H[SODLQHG�DFWLRQ
����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
������OHW���VHOHFWRU�YDO��IXOO�FRS\��GHILQH�YDU�YDOXH��YF�H[SV�VHOHFWRU�GHI�YF�H[SV�����
��������UHSODFH��YF�H[SV�PXWDWRU�YDO�YF�H[SV�
����������������C�ODPEGD��SDUWLFOH�QHZ�YDOXH�
��������������������IOR�YHFWRU�VHW����VHOHFWRU�YDO�SDUWLFOH����QHZ�YDOXH�����
���±IORYHF´LQJ�JXQN�VHW�SDUWLFOH�YDOXH�²��

�GHILQH�DFWLRQ�IORY�VHOHFWRU
���PDNH�H[SODLQHG�DFWLRQ
����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
������OHW���VHOHFWRU�YDO��GHILQH�YDU�YDOXH��YF�H[SV�VHOHFWRU�GHI�YF�H[SV����
��������UHSODFH�VHOHFWRU�YDO�C�ODPEGD��SDUWLFOH�
���������������������������������IOR�YHFWRU�UHI���VHOHFWRU�YDO�SDUWLFOH��������
���±IORYHF´LQJ�JXQN�SDUWLFOH�YDOXH²��

)LJXUH�������6LPXODWRU�([DPSOH�$FWLRQV
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:H�EHJLQ�ZLWK�DQ�DFWLRQ�IRU�SHUIRUPLQJ�&KDQJH�D��:H�EDVH�WKH�DFWLRQ�RQ�D�FRGH�WHPSODWH

WKDW�FUHDWHV�D���HOHPHQW�IORYHF��VHWV�WKH�IORYHF·V�YDOXH�WR�JXQN�LQLWLDO�YDOXH·V�RULJLQDO�YDOXH��WKHQ

UHWXUQV�WKH�IORYHF��7KLV�WHPSODWH�LV�LPSOHPHQWHG�LQ�WKH�DFWLRQ�DFWLRQ�IOR�LQLW�YDO��JLYHQ�LQ

)LJXUH������7KH�VHOHFWRU�YF�H[SV�LQLW�YDO�UHWXUQV�WKH�DSSURSULDWH�YLHZFRGH�H[SUHVVLRQ�IURP�WKH

SDVVHG�LQ�YLHZFRGH�H[SUHVVLRQ�OLVW��YF�H[SV��:H�GHILQH�WKLV�VHOHFWRU�ODWHU�

&KDQJHV�E�DQG�F�DUH�SHUIRUPHG�E\�DFWLRQ�IORY�PXWDWRU�DQG�DFWLRQ�IORY�VHOHFWRU��UHVSHF�

WLYHO\��7KHVH�DFWLRQV�DUH�JLYHQ�LQ�)LJXUH������7KH�VWUDWHJ\�IRU�WKH�SDUWLFOH�YDOXH�PXWDWRU�LV�WR

VXEVWLWXWH�D�FRGH�WHPSODWH�WKDW�XVHV�WKH�RULJLQDO�SDUWLFOH�YDOXH�VHOHFWRU�FRGH�WR�SXOO�WKH�IORYHF�RXW

RI�WKH�SDUWLFOH�REMHFW��WKHQ�XVH�IOR�YHFWRU�VHW��WR�PXWDWH�WKDW�IORYHF��)RU�WKH�SDUWLFOH�YDOXH�VHOHF�

WRU��ZH�XVH�D�FRGH�WHPSODWH�WKDW�XVHV�WKH�RULJLQDO�SDUWLFOH�YDOXH�VHOHFWRU�FRGH�WR�SXOO�WKH�IORYHF

RXW�RI�WKH�SDUWLFOH�REMHFW��WKHQ�XVHV�IOR�YHFWRU�UHI�RQ�WKH�IORYHF��1RWH�WKDW�LQ�HLWKHU�FDVH��WKH

DFWLRQ�GRHV�QRW�GHSHQG�RQ�WKH�FXUUHQW�SDUWLFOH�GDWD�VWUXFWXUH�LPSOHPHQWDWLRQ��,I�D�PDLQWHQDQFH

SURJUDPPHU�ODWHU�PRGLILHV�WKH�VHOHFWRU�RU�PXWDWRU��WKH�DFWLRQV�ZLOO�UHPDLQ�YDOLG�PRGLILFDWLRQV�

$V�GLVFXVVHG�HDUOLHU��WKHVH�DFWLRQV�GR�GHSHQG�RQ�WKH�RULJLQDO�VHOHFWRU�FRGH�EHLQJ�FRS\DEOH��,I

WKLV�ZHUH�QRW�WKH�FDVH��L�H���JXQN�SDUWLFOH�YDOXH�ZDV�QRW�GHILQH�LQWHJUDEOH���D�GLIIHUHQW�DFWLRQ�IRU

WKH�PXWDWRU�ZRXOG�EH�QHFHVVDU\��2QH�VWUDLJKWIRUZDUG�DQG�VDIH�DSSURDFK�LQ�WKLV�FDVH�ZRXOG�EH�WR

UHQDPH�WKH�RULJLQDO�VHOHFWRU�DQG�KDYH�D�QHZ�PXWDWRU�DQG�QHZ�VHOHFWRU�FDOO�WKH�RULJLQDO�FRGH�WR

SXOO�RXW�WKH�IORYHF��7KLV��KRZHYHU��ZRXOG�DGG�DQ�H[WUD��IXOO�SURFHGXUH�FDOO�WR�HDFK�VHOHFWRU�DQG

PXWDWRU�FDOO��$QRWKHU�DSSURDFK�LV�WR�OH[LFDOO\�FDSWXUH�D�VLQJOH�GHILQLWLRQ�RI�WKH�RULJLQDO

JXQN�SDUWLFOH�YDOXH�ZLWKLQ�D�FORVXUH��WKHQ�XVH�PXWDWLRQ�WR�DSSURSULDWHO\�VHW�WKH�WRS�OHYHO�PXWDWRU

DQG�VHOHFWRU�QDPHV�WR�QHZ�SURFHGXUHV�WKDW�XVH�WKH�RULJLQDO�VHOHFWRU�FRGH�WR�SXOO�WKH�IORYHF�RXW

RI�WKH�SDUWLFOH�REMHFW�

������'LVSDWFKHU�DQG�&RXSOHU

:H�FDQ�QRZ�FRPELQH�RXU�SUHGLFDWHV�DQG�DFWLRQV�LQWR�D�GLVSDWFKHU��7KH�GLVSDWFKHU�ZLOO�HV�

SRXVH�WKH�UHODWLRQVKLS�EHWZHHQ�RXU�SUHGLFDWHV�DQG�RXU�DFWLRQV��LI�WKH�SUHGLFDWHV�DUH�DOO�WUXH��WKHQ

WKH�DFWLRQV�DUH�DOO�LQYRNHG��7KLV�LV�DFFRPSOLVKHG�E\�GLVSDWFKHU�JXQN�IORY��JLYHQ�LQ�)LJXUH�����

:H�XVH�WZR�KLJKHU�OHYHO�YIRUP�FRPELQDWRUV��FRPELQH�YIRUPV�FRQMXQFWLYH�DQG�FRPELQH�YIRUPV�

FRQMXQFWLYH���WR����(DFK�WDNHV�DQ\�QXPEHU�RI�YIRUPV�DQG�UHWXUQV�D�VLQJOH�YIRUP�ZLWK�D�VSHFLILF

FRQWURO�VWUXFWXUH��FRPELQH�YIRUPV�FRQMXQFWLYH·V�FRQWURO�VWUXFWXUH�UXQV�HDFK�YIRUP�VHTXHQWLDOO\

IURP�OHIW�WR�ULJKW�RQ�HYHU\�YLHZFRGH�H[SUHVVLRQ��EXW�VWRSV�DQG�LPPHGLDWHO\�UHWXUQV��I�LI�DQ\

YIRUP�UHWXUQV��I��FRPELQH�YIRUPV�FRQMXQFWLYH���WR���LV�VLPLODU��EXW�UXQV�WKH�Q
� �

�YIRUP�RQ�WKH�Q
� �

YLHZFRGH�H[SUHVVLRQ��7KHVH�FRPELQHUV�DQG�WKH�UHVXOWLQJ�GLVSDWFKHU�FOHDQO\�GHVFULEH�ZKDW�WKH

GLVSDWFKHU�GRHV��7KH�GLVSDWFKHU�ILUVW�ORRNV�IRU�D�XVXDO�LQWHJUDWLRQV�GHFODUDWLRQ��,I�IRXQG��LW�VH�

TXHQWLDOO\�FKHFNV�WKH�LQLWLDO�YDOXH��WKH�PXWDWRU��WKHQ�WKH�VHOHFWRU�SUHFRQGLWLRQV��:KHQ�WKH�SUHGL�

FDWHV�YDOLGDWH�WKH�SUHFRQGLWLRQV��WKH�DFWLRQV�DUH�LQYRNHG�WR�PRGLI\�WKH�SURJUDP�



���

%HIRUH�FRPELQLQJ�WKH�GLVSDWFKHU�LQWR�D�FRXSOHU��ZH�VWLOO�KDYH�D�IHZ�WKLQJV�OHIW�WR�GR��7KHVH

LWHPV�ZLOO�EH�KDQGOHG�E\�WKH�FRXSOHU·V�FRQWURO�VWUXFWXUH�

G�� &UHDWH�WKH�SURSHU�FRQWH[WV

H�� (QVXUH�WKH�SURSHU�YLHZV�DUH�FRPSXWHG

I�� *DWKHU�WKH�YLHZFRGH�H[SUHVVLRQV�WR�EH�SDVVHG�WR�WKH�GLVSDWFKHU

J�� 5HJLVWHU�WKH�UHVXOWLQJ�FRXSOLQJ

6WHSV�G�J�DUH�JHQHUDOO\�SHUIRUPHG�E\�D�FRXSOHU·V�FRQWURO�VWUXFWXUH��DV�LQ�WKH�GLVSDWFK�H[DPSOH�

)RU�WKH�VLPXODWRU�H[DPSOH��ZH�LPSOHPHQW�WKHVH�VWHSV�LQ�WKH�FRQWURO�VWUXFWXUH�FRQVWUXFWRU�JLYHQ

LQ�)LJXUH������7KLV�FRQVWUXFWRU�WDNHV�D�VHW�RI�ILOHQDPHV�DQG�UHWXUQV�D�FRQWURO�VWUXFWXUH��6WHS�G�LV

SHUIRUPHG�LQ�WKLV�FRQWURO�VWUXFWXUH�XVLQJ�PDNH�FRQWH[W�IURP�ILOHV��ZKLFK�WDNHV�D�VHULHV�RI�ILOHV�DV

DUJXPHQWV�DQG�UHWXUQV�D�FRQWH[W�FRQWDLQLQJ�DOO�RI�WKH�ILOH�H[SUHVVLRQV��7KH�LPSOHPHQWDWLRQ�DOVR

�GHILQH�GLVSDWFKHU�JXQN�IORY
���PDNH�VLPSOH�GLVSDWFKHU
����FRPELQH�YIRUPV�FRQMXQFWLYH�SUHGLFDWH�XVXDO�LQWHJUDWLRQV
��������������������������������FRPELQH�YIRUPV�FRQMXQFWLYH���WR���SUHGLFDWH�UHWXUQV�LQH[DFW
������������������������������������������������������������������SUHGLFDWH�IORY�PXWDWRU
������������������������������������������������������������������SUHGLFDWH�IORY�VHOHFWRU��
����FRPELQH�YIRUPV�FRQMXQFWLYH�DFWLRQ�IORY�LQLW�YDO
�������������������������������DFWLRQ�IORY�PXWDWRU
�������������������������������DFWLRQ�IORY�VHOHFWRU���

�GHILQH�LQWHJUDEOH�YF�H[SV�LQLW�YDO�����FDU�
�GHILQH�LQWHJUDEOH�YF�H[SV�PXWDWRU�YDO��FDGU�
�GHILQH�LQWHJUDEOH�YF�H[SV�VHOHFWRU�GHI�FDGGU�

�GHILQH��PDNH�JXQN�YIRUP�FRQWURO�VWUXFWXUH�DFV�ILOH���DFV�ILOHV�
���ODPEGD��YIRUPV�
�����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
�������OHW���FRQWH[W��RU�FRQWH[W��DSSO\�PDNH�FRQWH[W�IURP�ILOHV��FRQV�DFV�ILOH�DFV�ILOHV�����
���������HQVXUH�OLDU�YLHZ�FRPSXWHG���FRQWH[W�
���������HQVXUH�DOSKD�YLHZ�FRPSXWHG��FRQWH[W�
���������OHW���YF�H[SV
����������������OLVW��GHILQH�YDU�YDOXH��WRS�OYO�QDPH�!GHI�´JXQN�LQLWLDO�YDOXH�������FRQWH[W��
����������������������GHILQH�YDU�YDOXH��WRS�OYO�QDPH�!GHI�´JXQN�VHW�SDUWLFOH�YDOXH��FRQWH[W��
����������������������������������������WRS�OYO�QDPH�!GHI�´JXQN�SDUWLFOH�YDOXH������FRQWH[W����
�����������LI��IRU�DOO"�YIRUPV
�����������������ODPEGD��YIRUP���GR�YIRUP�YIRUP�FRQWH[W�YF�H[SV���
���������������UHJLVWHU�FRXSOLQJ��FRQWH[W�YIRUP�
���������������IRUPDW��W�±a�)ORYHFWRUL]DWLRQ�IDLOHG�²��
����������FRQWH[W�����

�GHILQH�DFV�IORY�UXOH
���FRPELQH�YIRUPV��PDNH�JXQN�YIRUP�FRQWURO�VWUXFWXUH
��������������������IXOO\�TXDOLI\�JXQN�GLU�±JXQN²�
��������������������IXOO\�TXDOLI\�JXQN�GLU�±JXQN�SDUWLFOHV²��
�������������������YHUERVH�H[SO�FRPELQHU�±IOR�YHFWRUL]LQJ�JXQN�H[DPSOH²�
�������������������OLVW�GLVSDWFKHU�JXQN�IORY���

)LJXUH�������6LPXODWRU�([DPSOH�'LVSDWFKHUV�DQG�2WKHU�5XOHV



���

OHDYHV�RSHQ�WKH�SRVVLELOLW\�WKDW�D�SUHYLRXVO\�FRQVWUXFWHG�FRQWH[W�ZLOO�EH�SDVVHG�LQ�LQVWHDG�

HQVXUH�OLDU�YLHZ�FRPSXWHG��DQG�HQVXUH�DOSKD�YLHZ�FRPSXWHG��HQVXUH�WKDW�WKH�DSSURSULDWH

YLHZV�DUH�DYDLODEOH��:H�XVH�WKH�9LHZ)RUP�OLDU�YLHZ�DQG�DOSKD�YLHZ��GHVFULEHG�LQ�6HFWLRQ�����

6LQFH�RXU�DFWLRQV�GR�QRW�UHTXLUH�XSGDWHG�OLDU�RU�DOSKD�LQIRUPDWLRQ��WKHUH�LV�QR�QHHG�WR�UHFRP�

SXWH�DQ\�YLHZV�GXULQJ�WKH�FRGH�PRGLILFDWLRQV�

7KH�YLHZFRGH�H[SUHVVLRQV�WKDW�ZH�ZLOO�SDVV�WR�RXU�GLVSDWFKHU�DUH�QH[W�FROOHFWHG�XVLQJ�WRS�

OYO�QDPH�!GHI��D�KLJKHU�OHYHO�9LHZ)RUP�IXQFWLRQ�WKDW�WDNHV�D�V\PERO�GHQRWLQJ�D�WRS�OHYHO�GHILQHG

QDPH�DQG�D�FRQWH[W��DQG�UHWXUQV�WKH�ZKROH�GHILQH�H[SUHVVLRQ�IRU�WKH�QDPH��)RU�JXQN�LQLWLDO�

YDOXH�DQG�JXQN�VHW�SDUWLFOH�YDOXH���ZH�SXOO�RXW�WKH�GHILQH�H[SUHVVLRQ·V�ERG\��)RU�WKH�VHOHFWRU

JXQN�SDUWLFOH�YDOXH��ZH�GR�QRW��VLQFH�RQH�RI�RXU�SUHGLFDWHV�WHVWV�IRU�WKH�GHILQH�LQWHJUDEOH�VSHFLDO

IRUP�DQG�H[SHFWV�WR�JHW�WKH�HQWLUH�GHILQH�H[SUHVVLRQ��7KHVH�YLHZFRGH�H[SUHVVLRQV�DUH�FRPELQHG

LQWR�D�OLVW��WKHQ�SDVVHG�WR�RXU�GLVSDWFKHU��)RU�DHVWKHWLFV��ZH�DOVR�ZULWH�VHOHFWRUV�WKDW�SXOO�RXW�HDFK

YLHZFRGH�H[SUHVVLRQ�IURP�WKH�OLVW�SDVVHG�WR�WKH�GLVSDWFKHU��7KHVH�VHOHFWRUV�DUH�YF�H[SV�LQLW�YDO�

YF�H[SV�PXWDWRU�YDO��DQG�YF�H[SV�VHOHFWRU�GHI��)LQDOO\��WKH�FRQWURO�VWUXFWXUH�UHJLVWHUV�WKH�FRX�

SOLQJ�LI�WKH�YIRUPV�FRPSOHWHG�VXFFHVVIXOO\��DQG�UHWXUQV�WKH�FUHDWHG�FRQWH[W��,I�WKH�YIRUPV�ZHUH

XQVXFFHVVIXO��WKH�FRQWURO�VWUXFWXUH�VLJQDOV�WKH�SUREOHP�WR�WKH�XVHU�

1RZ�ZH�FDQ�FUHDWH�RXU�FRXSOHU��DFV�IORY�UXOH��DOVR�VKRZQ�LQ�)LJXUH������:H�XVH�WKH�JHQHULF

FRPELQH�YIRUPV�IXQFWLRQ��WKH�FRQWURO�VWUXFWXUH�DQG�GLVSDWFKHU�ZH�SUHYLRXVO\�LPSOHPHQWHG��DQG

ZH�SURYLGH�D�QHZ��PRUH�DEVWUDFW�H[SODQDWLRQ��YHUERVH�H[SO�FRPELQHU�LV�D�9LHZ)RUP�H[SODQDWLRQ

FRPELQHU�WKDW�SULQWV�LWV�DUJXPHQW�WR�WKH�VWDQGDUG�RXWSXW�LQ�GHIDXOW�PRGH��DQG�LQYRNHV�WKH�H[�

SODQDWLRQV�RI�LWV�VXE�YIRUPV�LQ�YHUERVH�PRGH��FRQWUROOHG�E\�WKH�JOREDO�ERROHDQ�YDULDEOH

YHUERVH���IXOO\�TXDOLI\�HQVXUHV�WKDW�WKH�ILOHQDPH�SDVVHG�WR�WKH�FRQWURO�VWUXFWXUH�LV�D�IXOO\�TXDOL�

ILHG�ILOHQDPH��)LJXUH�����GLVSOD\V�WKH�SDUWLFOH�DEVWUDFWLRQ�FRGH�JHQHUDWHG�E\�WKH�FRXSOHU��7KLV

FRGH�ZDV�JHQHUDWHG�DIWHU�HYDOXDWLQJ�WKH�H[SUHVVLRQ��GR�YIRUP�DFV�IORY�UXOH��I�³����

������,QYRNLQJ�WKH�9LHZ�,QYDOLGDWLRQ�5HFRXSOHU

2QH�RI�WKH�VLPXODWRU�IXQFWLRQV��JXQN�GLIIXVH�QHLJKERU��LV�JLYHQ�EHORZ��7KLV�IXQFWLRQ�LV

FDOOHG�PDQ\�WLPHV�ZLWKLQ�D�VLPXODWRU�LWHUDWLRQ��WR�GLIIXVH�D�SDUWLFOH·V�YDOXHV�WR�LWV�QHLJKERUV��%ODLU

IRXQG�WKDW�WKH�0,7�6FKHPH�FRPSLOHU�VWDFN�DOORFDWHG�WKH�YDOXHV�QDPHG�E\�WKH�OHW�IRUP��L�H��

QHLJKERU�DQG�H[FKDQJH���,Q�GRLQJ�VR��WKH�FRPSLOHU�ER[HG�WKH�YDOXHV��WKHUHE\�FUHDWLQJ�D�SRLQWHU�WR

D�KHDS�DOORFDWHG�IORDWLQJ�SRLQW�QXPEHU��7KLV��XQIRUWXQDWHO\��OHDGV�WR�PRUH�ER[LQJ��IORDWLQJ�SRLQW

QXPEHU�JDUEDJH��DQG�UHGXFHG�SHUIRUPDQFH�



���

�GHILQH�LQWHJUDEOH��JXQN�GLIIXVH�QHLJKERU��IL[�L�SDUWLFOH�QHLJKERUV�
���OHW���QHLJKERU��JXQN�JHW�QHLJKERU�QHLJKERUV�IL[�L��
����������H[FKDQJH��IOR��JXQN�GLIIXVLRQ�UDWH
���������������������������IOR����JXQN�SDUWLFOH�YDOXH�SDUWLFOH�
����������������������������������JXQN�SDUWLFOH�YDOXH�QHLJKERU�����
�����FRQG���QRW��JXQN�SDUWLFOH�VSHFLDO�WDJ�QHLJKERU��
�������������JXQN�VHW�SDUWLFOH�YDOXH�������QHLJKERU
��������������������������������������������IOR����JXQN�SDUWLFOH�YDOXH�QHLJKERU�
��������������������������������������������������H[FKDQJH����
�����FRQG���QRW��JXQN�SDUWLFOH�VSHFLDO�WDJ�SDUWLFOH��
�������������JXQN�VHW�SDUWLFOH�YDOXH�������SDUWLFOH
��������������������������������������������IOR����JXQN�SDUWLFOH�YDOXH�SDUWLFOH�
��������������������������������������������������H[FKDQJH������

7KH�0,7�6FKHPH�FRPSLOHU��KRZHYHU��ZLOO�QRW�ER[�WKH�LQWHUPHGLDWH�IORDW�LI�H[FKDQJH�LV�GHVXJDUHG

RXW�RI�WKH�OHW�H[SUHVVLRQ�DV�IROORZV�

�GHILQH�LQWHJUDEOH��JXQN�GLIIXVH�QHLJKERU��IL[�L�SDUWLFOH�QHLJKERUV�
���OHW���QHLJKERU��JXQN�JHW�QHLJKERU�QHLJKERUV�IL[�L���
������ODPEGD��H[FKDQJH�
��������FRQG���QRW��JXQN�SDUWLFOH�VSHFLDO�WDJ�QHLJKERU��
���������������JXQN�VHW�SDUWLFOH�YDOXH��QHLJKERU
�����������������������������������������IOR����JXQN�SDUWLFOH�YDOXH�QHLJKERU�
�����������������������������������������������H[FKDQJH����
��������FRQG���QRW��JXQN�SDUWLFOH�VSHFLDO�WDJ�SDUWLFOH��
���������������JXQN�VHW�SDUWLFOH�YDOXH��SDUWLFOH
�����������������������������������������IOR����JXQN�SDUWLFOH�YDOXH�SDUWLFOH�
�����������������������������������������������H[FKDQJH�����
������IOR��JXQN�GLIIXVLRQ�UDWH
�������������IOR����JXQN�SDUWLFOH�YDOXH�SDUWLFOH�
��������������������JXQN�SDUWLFOH�YDOXH�QHLJKERU������

$IWHU�PDNLQJ�WKLV�FKDQJH��WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�ZDV�LQYRNHG�E\�HYDOXDWLQJ�WKH�H[SUHV�

VLRQ���YLU����9LHZ)RUP�WKHQ�UHFRJQL]HG�WKH�FKDQJH�DQG�UH�LQYRNHG�RXU�FRXSOHU��7KH�FRXSOHU

UHYDOLGDWHG�WKH�SUHGLFDWHV�DQG�VXEVHTXHQWO\�UHJHQHUDWHG�WKH�VDPH�FRGH�DV�EHIRUH��L�H���LQ�)LJXUH

������7KLV�LV�ZKDW�ZDV�H[SHFWHG��DV�WKH�FKDQJH�DERYH�GRHV�QRW�LQYDOLGDWH�WKH�SUHFRQGLWLRQV�

������'LVFXVVLRQ

7KH�PRVW�GLIILFXOW�DQG�WLPH�FRQVXPLQJ�DVSHFW�RI�DFV�IORY�UXOH·V�FRQVWUXFWLRQ�ZDV�GHYHORS�

LQJ�WKH�SUHFRQGLWLRQV�DQG�D�VDIH��UREXVW�VHW�RI�PRGLILFDWLRQV��3UHFRQGLWLRQV�DUH�GLIILFXOW�EHFDXVH

WKH\�PXVW�EH�JHQHUDO��FRUUHFW��DQG�PXVW�PDNH�VHQVH�LQ�WKH�SUHVHQFH�RI�IXWXUH�FRGH�PDLQWHQDQFH�

0RGLILFDWLRQV�DUH�GLIILFXOW�EHFDXVH�WKH\�PXVW�EH�FRUUHFW�DQG�VKRXOG�KDYH�D�OLPLWHG�VFRSH��2QFH

WKH�SUHFRQGLWLRQV�DQG�PRGLILFDWLRQV�ZHUH�GHWHUPLQHG��H[SUHVVLQJ�WKHP�ZDV�VWUDLJKWIRUZDUG�

9DULRXV�VXEWOHWLHV�H[LVW�LQ�WKH�DFWLRQ�WHPSODWHV�IRU�WKH�VLPXODWRU�H[DPSOH��)RU�LQVWDQFH��LQ

DFWLRQ�IORY�LQLW�YDO��ZH�GR�QRW�OHW�FDSWXUH�WKH�LQLWLDO�YDOXH��EHFDXVH�WKH�0,7�6FKHPH�FRPSLOHU

ZRXOG�RWKHUZLVH�ER[�DQG�KHDS�DOORFDWH�WKH�UHVXOWLQJ�IORDW��%\�GHVXJDULQJ�WKH�LPSOLFLW�OHW�LQWR�DQ

DSSOLHG�ODPEGD��WKH�0,7�6FKHPH�FRPSLOHU�ZLOO�DYRLG�KHDS�DOORFDWLRQ��7KLV�NLQG�RI�PRGLILFDWLRQ�LV



���

QHFHVVDU\�ZKHWKHU�RU�QRW�YLHZ�EDVHG�DEVWUDFWLRQ�LV�XVHG��,Q�DGGLWLRQ��WKH�VDPH�FRGH�WHPSODWH

ELQGV�DQG�QDPHV�WKH�LQLWLDO�SDUWLFOH�YDOXH�HYHQ�WKRXJK�WKLV�QDPH�LV�XVHG�RQO\�RQFH��5DWKHU�WKDQ

EHLQJ�D�FDVH�RI�DHVWKHWLF�GHVLJQ��WKH�ELQGLQJ�LV�QHFHVVDU\��:H�FDQQRW�DOORZ�WKH�YDULDEOH�QDPLQJ

WKH�IORYHF�WR�EH�FDSWXUHG�E\�WKH�LQLWLDO�YDOXH�H[SUHVVLRQ��7KLV�SUREOHP�FDQ�EH�RWKHUZLVH�DG�

GUHVVHG�ZLWK�K\JLHQLF�PDFUR>��@�WHPSODWHV�RU�LQ�0,7�6FKHPH�E\�JHQHUDWLQJ�XQLQWHUQHG�V\PEROV

LQ�VRPH�FLUFXPVWDQFHV�

:KLOH�WKH�IORYHF�SUHGLFDWHV�DUH�VWUDLJKWIRUZDUG�H[SUHVVLRQV�RI�WKH�SUHFRQGLWLRQV��WKH\�PLJKW

QRW�KDYH�EHHQ�XQGHU�RWKHU�FLUFXPVWDQFHV��%RWK�SUHGLFDWH�UHWXUQV�LQH[DFW�DQG�SUHGLFDWH�IORY�

PXWDWRU�GHSHQG�RQ�D�GDWD�IORZ�DQDO\VLV��7KHVH�NLQGV�RI�DQDO\VHV�FDQ�ORVH�SUHFLVLRQ�ZKHQ�YDOXHV

IORZ�LQWR�DQG�RXW�RI�GDWD�VWUXFWXUHV��FORVXUHV��RU�WRS�OHYHO�YDULDEOH�QDPHV��:KLOH�QRQH�RI�WKHVH

VLWXDWLRQV�KDSSHQHG�LQ�WKH�VLPXODWRU�H[DPSOH��VRPH�FRQWLQJHQFLHV�IRU�WKLV�VLWXDWLRQ�ZHUH�GLV�

FXVVHG��1HYHUWKHOHVV��ZKHQ�GDWD�IORZ�IDLOV�WR�GHWHUPLQH�WKH�GHVLUHG�SURSHUWLHV��HLWKHU�D�GLIIHUHQW

VHW�RI�SUHFRQGLWLRQV�PXVW�EH�XVHG�RU�XVHU�LQWHUDFWLRQ�PXVW�SURYLGH�WKH�PLVVLQJ�LQIRUPDWLRQ�

,PSOHPHQWDWLRQ�VSHFLILF�ODQJXDJH�SURSHUWLHV��VXFK�DV�IORDWLQJ�SRLQW�QXPEHU�LGHQWLW\��DUH�GLI�

ILFXOW�WR�PDQDJH�EHFDXVH�WKH\�PD\�LQWHUIHUH�ZLWK�RWKHUZLVH�YDOLG�SUHFRQGLWLRQV��/DQJXDJH�LP�

SOHPHQWDWLRQV�PD\�DOVR�FRQWDLQ�D�YDULHW\�RI�H[WHQVLRQV��:KHQ�WKHVH�H[WHQVLRQV�VLJQLILFDQWO\�DI�

IHFW�RU�DOWHU�WKH�VHPDQWLFV�RI�WKH�RULJLQDO�ODQJXDJH��YLHZV�WKDW�DVVXPH�D�VWULFW�DGKHUHQFH�WR�WKH

UHDO�ODQJXDJH�VSHFLILFDWLRQ�PD\�QRW�SURGXFH�LQIRUPDWLRQ�FRQVLVWHQW�ZLWK�D�SURJUDP·V�VHPDQWLFV�

,Q�WKHVH�FDVHV��QHZ�YLHZV�PXVW�EH�ZULWWHQ�RU�DFTXLUHG��7KH�DELOLW\�WR�GHFRPSRVH��UHFRPSRVH�

DQG�FRPELQH�YLHZV�LV�D�IRUP�RI�LQFUHPHQWDOLW\�WKDW�FDQ�DWWHQXDWH�WKH�QHHG�WR�UHZULWH�YLHZV�IRU

HYHU\�ODQJXDJH�H[WHQVLRQ��6WLOO��WKH�QHHG�FDQ�UHPDLQ�

������4XDQWLWDWLYH�0HDVXUHPHQWV

7KH�IROORZLQJ�WDEOHV�FRQWDLQ�WKH�TXDQWLWLHV�RXWOLQHG�LQ�WKH�H[SHULPHQWDO�PHWKRGRORJ\��7KH\

ZLOO�EH�GLVFXVVHG�ODWHU��DORQJ�ZLWK�WKH�GDWD�FROOHFWHG�IURP�WKH�RWKHU�H[DPSOHV�

6LPXODWRU

([DPSOH

1XPEHU

RI

&RQVWUXFWV

7RWDO�1XPEHU

RI�/LQHV

$YHUDJH�1XPEHU

�RI�/LQHV

SHU�&RQVWUXFW

3UHGLFDWHV � � �

$FWLRQV � �� �

'LVSDWFKHUV � � �

5XOHV � �� ��

1HZ�9LHZV � � �

2WKHU 1�$ � 1�$

7RWDO � �� 1�$
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����3HGLJUHH�([DPSOH

7KH�SHGLJUHH�H[DPSOH�LV�%ODLU·V>�@�DGDSWDWLRQ�RI�D�FRPSXWDWLRQDO�DSSURDFK�WR�GHWHUPLQLQJ

FRQGLWLRQDO�SUREDELOLWLHV�IRU�SHGLJUHHV>��@��7KH�SXUSRVH�RI�VXFK�D�FRPSXWDWLRQ�LV�WR�GHWHUPLQH

WKH�FRQGLWLRQDO�SUREDELOLW\�RI�DQ�LQGLYLGXDO�KDYLQJ�D�SDUWLFXODU�JHQRW\SH�JLYHQ�D�VHW�RI�REVHUYHG

SKHQRW\SHV�LQ�UHODWHG�LQGLYLGXDOV��>��@�VKRZV�KRZ�VXFK�D�FRQGLWLRQDO�SUREDELOLW\�FRPSXWDWLRQ

FDQ�EH�RSWLPL]HG�XVLQJ�DQ�DOJHEUDLF�IRUPXOD�IDFWRULQJ�PHWKRG�EDVHG�RQ�D�%D\HV�QHWZRUN�PRGHO

RI�D�SHGLJUHH�WUHH�

1XPEHU�RI�/LQHV�WKH�$FWLRQ�0RGLILHG ��

1XPEHU�RI�/LQHV�WKH�$FWLRQ�'HSHQGHG�8SRQ �

1XPEHU�RI�/LQHV�$QDO\]HG a������FRGH�

7LPH�WR�&RXSOH�&RGH ����VHFRQGV

7LPH�WR�5HFRXSOH�&RGH ����VHFRQGV

7LPH�WR�&RPSLOH�&RGH �����VHFRQGV

�GHILQH�PRGHO���L�*B0��SHGLJUHH�XQNQRZQ�RQH�RI�1�HYHQ�RGGV��������*HQRW\SH��������
�GHILQH�PRGHO���L�*B)��SHGLJUHH�XQNQRZQ�RQH�RI�1�HYHQ�RGGV�����
�GHILQH�PRGHO���L�*B'��SHGLJUHH�XQNQRZQ�RQH�RI�1�HYHQ�RGGV�����
�GHILQH�PRGHO���L�*B3��SHGLJUHH�XQNQRZQ�RQH�RI�1�HYHQ�RGGV�����
�GHILQH�PRGHO���L�3B3��SHGLJUHH�XQNQRZQ�RQH�RI�1�LQW�ERROH��������3KHQRW\SH�������

�GHILQH��3BSHGLJUHH�
���S�VXP�*B'
����������ODPEGD��JBG�
��������������S�VXP�*B)
����������������������ODPEGD��JBI�
��������������������������3�JBI�
���
���������������������������3�J3��
���
���������������������������S�VXP�3B3
����������������������������������ODPEGD��SBS�
������������������������������������S�VXP�*B3
�������������������������������������������ODPEGD��JBS�
�����������������������������������������������3�SBS�C��JBS��
������������������������������������������������S�VXP�*B0
�������������������������������������������������������ODPEGD��JBP�
�����������������������������������������������������������3�JBS�C��J3��JBP��JBI��
������������������������������������������������������������3�JBG�C������JBP��JBI��
������������������������������������������������������������3�30��C������JBP�������
������������������������������������������������������������3������������JBP���
���
�������������������������������������������������������������������
���������������������������3�3)�C��JBI�����
���������������3�7'�C��JBG��
���������������3�3'�C��JBG��
���������������3�20�C��30�������

)LJXUH�������3HGLJUHH�&RPSXWDWLRQ�&RGH
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$V�ZLWK�WKH�VLPXODWRU�H[DPSOH��%ODLU·V�REMHFWLYH�ZLWK�WKH�SHGLJUHH�H[DPSOH�ZDV�WR�RSWLPL]H

WKH�UXQQLQJ�WLPH�RI�WKH�FRGH��)RU�WKLV�SXUSRVH��%ODLU�GHYHORSHG�DQ�LQVWDQFH�RI�WKH�SHGLJUHH

SUREOHP�WR�H[SHULPHQW�ZLWK��7KH�FRGH�IRU�WKLV�LQVWDQFH�LPSOHPHQWV�D�IL[HG�SHGLJUHH�WUHH��EXW

QRW�D�IL[HG�VHW�RI�REVHUYHG�SKHQRW\SHV���7KH�EXON�RI�WKH�SHGLJUHH�FRPSXWDWLRQ�IRU�WKLV�LQVWDQFH

LV�SHUIRUPHG�E\�WKH�3BSHGLJUHH�SURFHGXUH�LQ�)LJXUH������SDUW�RI�D�ODUJHU�SURJUDP�GHYHORSHG�E\

%ODLU���,Q�WKLV�FRGH��3BSHGLJUHH�LV�XVHG�WR�FRPSXWH�D�FRQGLWLRQDO�SUREDELOLW\�EDVHG�RQ�YDULRXV

VHWV�RI�SKHQRW\SH�REVHUYDWLRQV��HDFK�UHSUHVHQWHG�E\�D�VHW�RI�YDULDEOHV�VXFK�DV�WKH�PRGHO���YDUL�

DEOHV�JLYHQ�LQ�)LJXUH������%ODLU·V�FRGH�VHW�·V�WKH�IUHH�YDULDEOHV�LQ�3BSHGLJUHH�WR�WKH�YDOXHV�RI

WKHVH�PRGHO�YDULDEOHV�EHIRUH�3BSHGLJUHH�LV�LQYRNHG��)RU�WKH�SHGLJUHH�H[DPSOH��ZH�ZLOO�ZULWH�WZR

UXOHV�DQG�FRPELQH�WKHP�LQWR�D�FRXSOHU��7KH�ILUVW�UXOH�LV�IRU�VKRUW�FLUFXLWLQJ�PXOWLSOLFDWLRQ��7KLV

FRXSOLQJ�ZDV�GHYHORSHG�E\�%ODLU��EDVHG�RQ�DQ�RSWLPL]DWLRQ�VXJJHVWHG�LQ�>��@��DQG�ZLOO�UHTXLUH�D

QHZ�YLHZ��7KH�VHFRQG�UXOH�LQ�D�IXQFWLRQ�LQOLQLQJ��(DFK�UXOH·V�SXUSRVH�LV�GHVFULEHG�ILUVW�EHORZ�

EHIRUH�WKHLU�LPSOHPHQWDWLRQV�DUH�SUHVHQWHG�

������6KRUW�&LUFXLWLQJ�0XOWLSOLFDWLRQ

)RU�WKH�3BSHGLJUHH�FRGH��RQH�RSWLPL]DWLRQ�GLVFXVVHG�LQ�>��@�LV�VKRUW�FLUFXLWLQJ�WKH�PXOWLSOLFD�

WLRQ�RI�D�VHW�RI�QXPEHUV��7KLV�PHDQV�VWRSSLQJ�LPPHGLDWHO\�DQG�UHWXUQLQJ�]HUR�LI�D�PXOWLSOLFDQG

HTXDO�WR�]HUR�LV�IRXQG�GXULQJ�WKH�PXOWLSOLFDWLRQ�RI�D�VHW�RI�QXPEHUV��%ODLU�DFFRPSOLVKHG�WKLV�E\

UHSODFLQJ��LQ�3BSHGLJUHH�ZLWK�VF���KLV�LPSOHPHQWDWLRQ�RI�VKRUW�FLUFXLWLQJ�PXOWLSOLFDWLRQ��JLYHQ�LQ

)LJXUH�������,Q�IDFW��WKH�YHUVLRQ�RI�3BSHGLJUHH�RULJLQDOO\�SURYLGHG�E\�%ODLU�ZDV�WKH�VF��EDVHG�LP�

SOHPHQWDWLRQ�JLYHQ�LQ�)LJXUH������7R�GHPRQVWUDWH�KRZ�9LHZ)RUP�FDQ�HQKDQFH�FRGH�PDLQWDLQ�

DELOLW\��ZH�ZLOO�ZULWH�D�UXOH�IRU�DXWRPDWLFDOO\�UHSODFLQJ��ZLWK�VF��RQ�WKH�FRGH�LQ�)LJXUH�����

�GHILQH��SHGLJUHH�XQNQRZQ�RQH�RI�1�HYHQ�RGGV�1����)ORQXP�YDOXHG�SDUDPV
���PDNH�YHFWRU�������������������������������1���������1���

�GHILQH��SHGLJUHH�XQNQRZQ�RQH�RI�1�LQW�ERROH�1����%RROHDQ�YDOXHG�SDUDPV
���PDNH�LQLWLDOL]HG�YHFWRU�������������������1��ODPEGD��L���LI��HYHQ"�L���������

�GHILQH��S�VXP�Y�SURF�
���GR���LQGH[�������YHFWRU�OHQJWK�Y��������LQGH[��
��������DFF������������������������������DFF��SURF��YHFWRU�UHI�Y�LQGH[�����
��������QHJDWLYH"�LQGH[��DFF���

�GHILQH��3�YDO�JLYHQV�
���OHW���JLYHQ�YDO��UHGXFH����JLYHQV���
���������YDO�JLYHQ�YDO�
�������JLYHQ�YDO���

�GHILQH��VF��WKXQNV�
���GR���WKXQNV���GR�WKXQNV��FGU�WKXQNV���GR��
��������DFF������������������DFF���FDU�WKXQNV���GR�����
��������RU��QXOO"�WKXQNV���GR�������������]HUR"�DFF���������DFF���

)LJXUH�������3HGLJUHH�'DWD�$EVWUDFWLRQ�,PSOHPHQWDWLRQ



���

7KLV�UXOH·V�JRDO�LV�WR�SURGXFH�WKH�FRGH�ZULWWHQ�E\�%ODLU�LQ�)LJXUH�����IURP�WKH�FRGH�LQ

)LJXUH������:KLOH�WKLV�UXOH�GRHV�QRW�SURGXFH�D�ERQD�ILGH�LPSOHPHQWDWLRQ�FRXSOLQJ��IRU�WKLV�FDVH��

LW�GRHV�SURYLGH�DW�OHDVW�WKUHH�GLVWLQFW�EHQHILWV��7KH�PRVW�REYLRXV�LV�UHDGDELOLW\��7KH�FRGH�LQ

)LJXUH�����LV�QR�GRXEW�PRUH�UHDGDEOH�WKDQ�WKH�FRGH�LQ�)LJXUH������DQG�LV�WKHUHIRUH�HDVLHU�WR

PDLQWDLQ��7KH�VHFRQG�EHQHILW�LV�WKDW�LI�D�PDLQWHQDQFH�SURJUDPPHU�PRGLILHV�WKH�3BSHGLJUHH�LP�

SOHPHQWDWLRQ�LQ�)LJXUH������RXU�UXOH�ZLOO�UHSODFH�DOO�LQVWDQFHV�RI��ZLWK�VF��ZLWKRXW�DQ\�IXUWKHU

HIIRUW�E\�WKH�SURJUDPPHU��7KLV�IUHHV�WKH�PDLQWHQDQFH�SURJUDPPHU�IURP�KDYLQJ�WR�GHDO�ZLWK

VKRUW�FLUFXLW�PXOWLSOLFDWLRQ�ZKHQ�PRGLI\LQJ�WKH�FRGH��WKXV�HQKDQFLQJ�PDLQWDLQDELOLW\�E\�PDNLQJ

WKH�SURJUDPPHU·V�WDVN�OHVV�FRPSOH[��7KH�WKLUG�EHQHILW�LV�UREXVWQHVV��,I�D�PDLQWHQDQFH�SURJUDP�

PHU�UHSODFHV�DQ\��H[SUHVVLRQV�LQ�)LJXUH�����ZLWK�VRPH�RWKHU�H[SUHVVLRQ�WKDW�UHGXFHV�WR���RXU

UXOH�ZRXOG�UHSODFH�WKRVH�H[SUHVVLRQV��WRR��,Q�WKLV�FDVH��WKH�UXOH�PD\�DFWXDOO\�SURGXFH�DQ�LPSOH�

�GHILQH��3BSHGLJUHH�
���S�VXP�*B'
����������ODPEGD��JBG�
������������VF�
������������C���ODPEGD���
������������������S�VXP�*B)
��������������������������ODPEGD��JBI�
���������������������������VF�
���������������������������C���ODPEGD�����3�JBI�
����
�������������������������������ODPEGD�����3�J3��
����
�������������������������������ODPEGD���
���������������������������������S�VXP
���������������������������������3B3
����������������������������������ODPEGD��SBS�
������������������������������������S�VXP�*B3
�������������������������������������������ODPEGD��JBS�
���������������������������������������������VF�
���������������������������������������������C���ODPEGD�����3�SBS�C��JBS���
�������������������������������������������������ODPEGD���
���������������������������������������������������S�VXP
���������������������������������������������������*B0
����������������������������������������������������ODPEGD��JBP�
������������������������������������������������������VF�
������������������������������������������������������C���ODPEGD�����3�JBS�C��J3��JBP��JBI���
����������������������������������������������������������ODPEGD�����3�JBG�C������JBP��JBI���
����������������������������������������������������������ODPEGD�����3�30��C������JBP��������
����������������������������������������������������������ODPEGD�����3������������JBP���
����
��������������������������������������������������������������������
�������������������������������ODPEGD�����3�3)�C��JBI��������
����������������ODPEGD�����3�7'�C��JBG���
����������������ODPEGD�����3�3'�C��JBG���
����������������ODPEGD�����3�20�C��30���������

)LJXUH�������'HVLUHG� ���������	��
�����



���

PHQWDWLRQ�FRXSOLQJ�
�������

�7R�FDUU\�RXW�LWV�WDVNV��RXU�UXOH�UHTXLUHV�D�QHZ�YLHZ��WKH�FRPE�YLHZ�

:KLOH�VLPSOH��WKLV�YLHZ�QHYHUWKHOHVV�GHPRQVWUDWHV�D�YLHZ�LPSOHPHQWDWLRQ�IRU�FRGH�,�GLG�QRW

ZULWH�IRU�D�PRGLILFDWLRQ�,�GLG�QRW�VXJJHVW�RU�GHVLJQ�

������)XQFWLRQ�,QOLQLQJ

7KH�VHFRQG�UXOH�LPSOHPHQWHG�IRU�WKH�SHGLJUHH�H[DPSOH�LV�D�IXQFWLRQ�LQOLQHU��7KH�IXQFWLRQV

WR�EH�LQOLQHG�DUH�S�VXP�DQG�S��ZKRVH�LPSOHPHQWDWLRQ�LV�JLYHQ�LQ�)LJXUH������7KHVH�IXQFWLRQV�SUH�

VHQW�DQ�LQWHUIDFH�XVHG�E\�3BSHGLJUHH�WR�FRPSXWH�WKH�GHVLUHG�FRQGLWLRQDO�SUREDELOLWLHV��%RWK�S�VXP

DQG�S�DUH�LQ�WKH�VDPH�PRGXOH�DV�SHGLJUHH�XQNQRZQ�RQH�RI�1�HYHQ�RGGV�DQG�SHGLJUHH�XQNQRZQ�RQH�

RI�1�LQW�ERROH��DOVR�JLYHQ�LQ�)LJXUH������7KH�UHDVRQ�WKDW�LQOLQLQJ�S�VXP�DQG�S�LQWR�3BSHGLJUHH�LV

DQ�DEVWUDFWLRQ�YLRODWLRQ�LV�WKDW�WKH�S�VXP�DQG�S·V�LPSOHPHQWDWLRQV�GHSHQG�RQ�WKH�IXQFWLRQV�SHGL�

JUHH�XQNQRZQ�RQH�RI�1�HYHQ�RGGV�DQG�SHGLJUHH�XQNQRZQ�RQH�RI�1�LQW�ERROH�XVLQJ�YHFWRU�UHSUHVHQ�

WDWLRQV��$IWHU�LQOLQLQJ�S�VXP�DQG�S�LQWR�3BSHGLJUHH��DQ�LQYDOLGDWLQJ�LPSOHPHQWDWLRQ�RI�SHGL�

JUHH�XQNQRZQ�RQH�RI�1�HYHQ�RGGV��IRU�H[DPSOH��ZRXOG�XVH�OLVWV�LQVWHDG�RI�YHFWRUV��6XFK�D�UHSUH�

VHQWDWLRQ�VKLIW�ZRXOG�LQYDOLGDWH�WKH�LPSOHPHQWDWLRQ�FRXSOHG�3BSHGLJUHH�

7KH�JRDO�IRU�WKH�LQOLQLQJ�DVSHFW�RI�WKH�SHGLJUHH�H[DPSOH�LV�WR�LPSOHPHQW�D�UXOH�H[SUHVVLQJ

VXFK�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ�XVLQJ�9LHZ)RUP�

������,PSOHPHQWLQJ�WKH�6KRUW�&LUFXLWLQJ�0XOWLSOLFDWLRQ�5XOH

7KH�JRDO�RI�WKH�VKRUW�FLUFXLWLQJ�PXOWLSOLFDWLRQ�UXOH�LV�WR�UHSODFH�HDFK�RSHUDWRU�WKDW�FDOOV�

ZLWK�VF���DQG�WR�PRGLI\�WKH�DUJXPHQWV�WR�EH�WKXQNV��L�H���D�ODPEGD�RI�QR�DUJXPHQWV���DV�H[�

SHFWHG�E\�VF���7KLV�LV�LPSOHPHQWHG�LQ�WZR�VWHSV��7KH�ILUVW�LV�WR�JR�WKURXJK�WKH�LPSOHPHQWDWLRQ�

FRXSOLQJ�VWHSV��,�9,��DQG�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�PHWKRGRORJ\��L�YL��WR�LPSOHPHQW�D�UXOH�

7KLV�UXOH�ZLOO�GHSHQG�RQ�D�YLHZ�QRW�SURYLGHG�E\�GHIDXOW��7KH�VHFRQG�VWHS�LV�WR�LPSOHPHQW�WKDW

YLHZ��:H�EHJLQ�E\�LPSOHPHQWLQJ�WKH�UXOH�

��������0RGXOHV�&RQWH[WV

7KH�SHGLJUHH�H[DPSOH�KDV�WZR�UHOHYDQW�PRGXOHV��2QH�FRQWDLQV�WKH�SKHQRW\SH�GDWD�DEVWUDF�

WLRQ�DQG�FRPSXWDWLRQ�IXQFWLRQV��7KH�UHOHYDQW�IXQFWLRQV�LQ�WKLV�PRGXOH��ZKLFK�FRUUHVSRQGV�WR�0 �

LQ�)LJXUH������DUH�JLYHQ�LQ�)LJXUH������:H�ZLOO�FDOO�WKLV�PRGXOH�0 � ��7KH�VHFRQG�PRGXOH�FRQWDLQV

FRGH�IRU�FRPSXWLQJ�WKH�FRQGLWLRQDO�SUREDELOLW\��:H�ZLOO�FDOO�WKLV�PRGXOH�0 � ��7KH�UHOHYDQW�FRGH

IRU�WKLV�PRGXOH�LV�JLYHQ�LQ�)LJXUH������0 � �DQG�0 � �ZLOO�EH�WKH�EDVLV�IRU�WKH�FRQWH[WV�ZH�FUHDWH

ODWHU��7KHVH�FRQWH[WV�ZLOO�DOVR�EH�XVHG�E\�WKH�IXQFWLRQ�LQOLQLQJ�UXOH�GHVFULEHG�HDUOLHU�

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

�)RU�LQVWDQFH��LI� � �ZDV�UHSODFHG�E\�WKH�YDULDEOH� ���� ��DQG� ���� �ZDV�GHILQHG�LQ�D�GLIIHUHQW�PRGXOH�WR�EH� � ��UHSODFLQJ� ���� �E\� � �����
ZRXOG�SURGXFH�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ�



���

��������3UHFRQGLWLRQV�3UHGLFDWHV

7KH�SUHFRQGLWLRQV�QHHGHG�WR�YDOLGDWH�WKH�VXEVWLWXWLRQ�RI�VF��IRU��LQ�D�JLYHQ�YLHZFRGH�H[�

SUHVVLRQ�DUH�

• 7KH�YLHZFRGH�H[SUHVVLRQ�LV�D�FRPELQDWLRQ

• 7KH�FRPELQDWLRQ·V�RSHUDWRU�DOZD\V�HYDOXDWHV�WR�·V�YDOXH

7KH�ILUVW�SUHFRQGLWLRQ�LV�KDQGOHG�E\�WKH�FRPE�YLHZ�ZH�ZLOO�ZULWH�ODWHU��7KLV�YLHZ�ZLOO�SURYLGH

RXU�SUHGLFDWH�ZLWK�YLHZFRGH�H[SUHVVLRQV�WKDW�DUH�VROHO\�FRPELQDWLRQV��7KH�VHFRQG�SUHFRQGLWLRQ

LV�LPSOHPHQWHG�E\�SUHGLFDWH�VF��EHORZ��7KLV�SUHGLFDWH�GHWHUPLQHV�ZKHWKHU�D�FRPELQDWLRQ·V

RSHUDWRU�YDOXH�LV�DOZD\V�WKH�SULPLWLYH�·V�YDOXH��7KLV�VDWLVILHV�WKH�WKH�VHFRQG�SUHFRQGLWLRQ�DERYH�

7KLV�SUHGLFDWH�LWVHOI�WDNHV�D�VLQJOH�YLHZFRGH�H[SUHVVLRQ��L�H���WKH�FDU�RI�YF�H[SV���DVVXPHV�LW�LV

D�FRPELQDWLRQ��JHWV�WKH�H[SUHVVLRQ�LQ�WKH�FRPELQDWLRQ·V�RSHUDWRU�SRVLWLRQ��DQG�FROOHFWV�DOO�RI�WKH

H[SUHVVLRQV�SURGXFLQJ�WKH�RSHUDWRU·V�SURFHGXUH�YDOXHV�YLD�WKH�OLDU�YLHZ�IXQFWLRQ�H[S�!DOO�SURFV�

7KLV�FROOHFWHG�SURFHGXUH�SURGXFHU�OLVW�FRQWDLQV�WKH�LQIRUPDWLRQ�ZH�QHHG�WR�YDOLGDWH�WKH�SUHFRQ�

GLWLRQ��7KH�SUHGLFDWH�JRHV�WKURXJK�HDFK�SURFHGXUH�SURGXFHU�H[SUHVVLRQ�LQ�WKLV�OLVW�DQG�FKHFNV

ZKHWKHU�WKH�H[SUHVVLRQ�LV�WKH�SUHGHILQHG�SURFHGXUH���,I�VR��WKH�SUHGLFDWH�UHWXUQV�D�WUXH�YDOXH�

�GHILQH�SUHGLFDWH�VF�
���PDNH�H[SODLQHG�SUHGLFDWH
�����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
������OHW���UHVXOW��PDS��ODPEGD��SURF���HT"��LV�SUHGHILQHG�SURF��
��
�������������������������H[S�!DOO�SURFV��FRPELQDWLRQ�SURF��FDU�YF�H[SV���FRQWH[W����
��������IRU�DOO"�UHVXOW�LGHQWLW\�SURFHGXUH���
����HQVXULQJ�SURF�FDOOV�RQO\����

7KLV�SUHGLFDWH�FRXOG�HDVLO\�EH�SDUDPHWHUL]HG�RQ�WKH�V\PERO�GHQRWLQJ�WKH�SUHGHILQHG�SURFHGXUH

�H�J������6XFK�D�SDUDPHWHUL]HG�SUHGLFDWH�ZRXOG�EH�D�YDOXDEOH�DGGLWLRQ�WR�D�9LHZ)RUP�OLEUDU\�

��������9LHZV

SUHGLFDWH�VF��QHHGV�RQH�YLHZ��WKH�OLDU�YLHZ��EHFDXVH�RI�H[S�!DOO�SURFV���,W�DOVR�LPSOLFLWO\

QHHGV�WKH�FRPE�YLHZ��ZKLFK�FROOHFWV�WKH�FRPELQDWLRQV�FRQWDLQHG�LQ�D�JURXS�RI�YLHZFRGH�H[SUHV�

VLRQV��7KH�FRPE�YLHZ�LV�GHILQHG�ODWHU��DIWHU�ZH�KDYH�ILQLVKHG�LPSOHPHQWLQJ�WKH�VF��UXOH�

��������0RGLILFDWLRQV�$FWLRQV

7KH�JRDO�RI�WKH�VKRUW�FLUFXLW�PXOWLSOLFDWLRQ�H[DPSOH�LV�WR�FKDQJH�DOO�FRPELQDWLRQV�ZLWK�RS�

HUDWRUV�FDOOLQJ��LQWR�FRPELQDWLRQV�WKDW�FDOO�VF���6LQFH�VF��WDNHV�D�OLVW�RI�WKXQNV�DV�DUJXPHQWV

LQVWHDG�RI�D�VHW�RI�QXPEHUV��RXU�PRGLILFDWLRQ�PXVW�DOVR�FUHDWH�WKXQN�H[SUHVVLRQV�RXW�RI�WKH

QXPEHU�JHQHUDWLQJ�DUJXPHQW�H[SUHVVLRQV�WR���DQG�FROOHFW�WKHP�LQWR�D�OLVW��7KLV�PRGLILFDWLRQ�LV

EHVW�LOOXVWUDWHG�E\�)LJXUH�����



���

7KH�DFWLRQ�EHORZ�LPSOHPHQWV�WKLV�PRGLILFDWLRQ��,W�ILUVW�UHSODFHV�WKH�RSHUDWRU�ZLWK�VF��

1H[W��LW�UHSODFHV�HDFK�DUJXPHQW�ZLWK�WKH��XQTXRWHG��WKXQN��ODPEGD�����DUJXPHQW!���7KHQ��LW�UH�

SODFHV�WKH�DUJXPHQWV�ZLWK�DQ�H[SUHVVLRQ�FUHDWLQJ�D�OLVW�RI�WKRVH��TXDVLTXRWHG��DUJXPHQWV��4XD�

VLTXRWLQJ�DQG�XQTXRWLQJ�ZHUH�XVHG�WR�PDNH�WKH�UHVXOWV�FRQVLVWHQW�ZLWK�%ODLU·V�FRGH�

�GHILQH�DFWLRQ�VF�
���PDNH�VLPSOH�DFWLRQ��ODPEGD��YIRUP�FRQWH[W�YF�H[S�
�������������������������OHW���SURF��FRPELQDWLRQ�SURF�YF�H[S��
�������������������������������DUJV��FRPELQDWLRQ�DUJV�YF�H[S���
���������������������������UHSODFH�SURF�
VF��
���������������������������IRU�HDFK��ODPEGD��DUJ�
���������������������������������������UHSODFH�DUJ��OLVW�
XQTXRWH�C�ODPEGD�����DUJ����
������������������������������������DUJV�
���������������������������UHSODFH�DUJV��OLVW��OLVW�
TXDVLTXRWH�DUJV���
���������������������������W��
�����������������������UHSODFLQJ��ZLWK�VF����

��������$�'LVSDWFKHU

$V�LV�XVXDOO\�WKH�FDVH��WKH�GLVSDWFKHU�FRPELQLQJ�WKH�SUHGLFDWH�DQG�DFWLRQ�LV�VWUDLJKWIRUZDUG

WR�LPSOHPHQW��PDNH�VLPSOH�GLVSDWFKHU�XVHV�D�VLPSOH�H[SODQDWLRQ�FRPELQHU�WKDW�UHWXUQV�DQ�H[SOD�

QDWLRQ�WKDW�H[SODLQV�ERWK�WKH�SUHGLFDWH�DQG�DFWLRQ�ZKHQ�LQYRNHG�

�GHILQH�GLVSDWFKHU�VF����PDNH�VLPSOH�GLVSDWFKHU�SUHGLFDWH�VF��DFWLRQ�VF���

��������$�5XOH

7KH�QH[W�VWHS�LV�WR�ZULWH�D�UXOH�WKDW�H[SUHVVHV�D�VKRUW�FLUFXLW�PXOWLSOLFDWLRQ�VXEVWLWXWLRQ��7KLV

UXOH�FROOHFWV�WKH�YLHZFRGH�H[SUHVVLRQV�WR�EH�SDVVHG�WR�RXU�GLVSDWFKHU��LQYRNHV�DQ\�QHFHVVDU\

YLHZV�RQ�WKRVH�H[SUHVVLRQV��DQG�LQYRNHV�WKH�GLVSDWFKHU��7KHVH�VWHSV�DUH�VLPLODU�WR�ZKDW�D�FRX�

SOHU�GRHV��H[FHSW�WKDW�WKH�UXOH�GRHV�QRW�FUHDWH�FRQWH[WV�RU�UHJLVWHU�D�FRXSOLQJ�ZLWK�WKH�YLHZ�LQ�

YDOLGDWLRQ�UHFRXSOHU��7KDW�ZLOO�EH�RXU�FRXSOHU·V�MRE�

7R�ZULWH�WKLV�UXOH��ZH�EHJLQ�ZLWK�WKH�FRQWURO�VWUXFWXUH�FRQVWUXFWRU�EHORZ��,W�WDNHV�RQH�SD�

UDPHWHU��UHSO�VF��V\PEROV��ZKLFK�LV�D�OLVW�RI�V\PEROV�GHQRWLQJ�D�VHW�RI�WRS�OHYHO�QDPHV�GHILQHG

LQ�WKH�FRQWH[W·V�H[SUHVVLRQV��L�H���3BSHGLJUHH��ZKRVH�FRPELQDWLRQV�DUH�WR�EH�H[DPLQHG��WRS�OYO�

QDPH�!GHI�LV�WKHQ�XVHG�WR�PDS�WKH�V\PEROV�LQWR�WKH�FRUUHVSRQGLQJ�YLHZFRGH�GHILQLWLRQ�H[SUHV�

VLRQV��H�J����GHILQH��3BSHGLJUHH��¨����,I�D�GHILQLWLRQ�H[SUHVVLRQ�LV�IRXQG�IRU�HDFK�V\PERO��ZH�SUR�

FHHG�WR�FRPSXWH�WKH�FRPE�YLHZ�RQ�DOO�WKH�GHILQLWLRQV��7KH�FRPE�YLHZ�UHFXUVLYHO\�GHVFHQGV

HDFK�GHILQLWLRQ�H[SUHVVLRQ��FROOHFWLQJ�FRPELQDWLRQV�DV�LW�HQFRXQWHUV�WKHP��,Q�WKH�FRGH�EHORZ�

WKLV�VHW�RI�H[SUHVVLRQV�H[DPLQHG�E\�WKH�FRPE�YLHZ�LV�UHSODFH�GHIV��7KH�YIRUPV�DUH�WKHQ�HDFK

LQYRNHG�RQ�HDFK�FRPELQDWLRQ�IRXQG�E\�WKH�FRPE�YLHZ��,I�DQ\�VXEVWLWXWLRQ�ZDV�E\�D�VLQJOH

YIRUP��D�WUXH�YDOXH�LV�UHWXUQHG�LQGLFDWLQJ�D�FRXSOLQJ�KDV�EHHQ�PDGH��2XU�FRXSOHU�ZLOO�XVH�WKLV

UHWXUQ�YDOXH�WR�UHJLVWHU�WKH�FRXSOLQJ�ZLWK�WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�
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�GHILQH��PDNH�UHSODFH�VF��FRQWURO�VWUXFWXUH�UHSO�VF��V\PEROV�
���ODPEGD��YIRUPV�
�����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
�������OHW���UHSODFH�GHIV��PDS��ODPEGD��ELQGLQJ���WRS�OYO�QDPH�!GHI�ELQGLQJ�FRQWH[W��
�������������������������������UHSO�VF��V\PEROV���
���������LI��IRU�DOO"�UHSODFH�GHIV�LGHQWLW\�SURFHGXUH�
�������������OHW���IRXQG�RQH"��I��
���������������HQVXUH�FRPE�YLHZ�FRPSXWHG��FRQWH[W�UHSODFH�GHIV�
���������������IRU�HDFK��ODPEGD��YIRUP�
���������������������������IRU�HDFK��ODPEGD��YF�H[S�
�����������������������������������������LI��GR�YIRUP�YIRUP�FRQWH[W��OLVW�YF�H[S��
���������������������������������������������VHW��IRXQG�RQH"��W���
�������������������������������������FRQWH[W�FRPE�ZDONHU�FRQWH[W���
������������������������YIRUPV�
��������������IRXQG�RQH"������

7KH�VKRUW�FLUFXLW�PXOWLSOLFDWLRQ�UXOH�FDQ�QRZ�EH�FUHDWHG�XVLQJ�WKLV�FRQWURO�VWUXFWXUH�DQG�RXU�SUH�

YLRXVO\�GHILQHG�GLVSDWFKHU��7KLV�FRGH�LV�JLYHQ�EHORZ��DQG�ZLOO�EH�XVHG�LQ�RXU�SHGLJUHH�FRXSOHU�

YHUERVH�H[SO�FRPELQHU�ZDV�GHVFULEHG�HDUOLHU��DV�SDUW�RI�WKH�VLPXODWRU�H[DPSOH�

�GHILQH��PDNH�UHSODFH�VF��UXOH�UHSO�VF��V\PEROV�
���FRPELQH�YIRUPV��PDNH�UHSODFH�VF��FRQWURO�VWUXFWXUH�UHSO�VF��V\PEROV�
�������������������YHUERVH�H[SO�FRPELQHU��UHSODFLQJ��ZLWK�VF���
�������������������OLVW�GLVSDWFKHU�VF����

������&RPE�9LHZ

:H�QRZ�WXUQ�WR�WKH�LPSOHPHQWDWLRQ�RI�WKH�FRPE�YLHZ��7KH�SXUSRVH�RI�WKH�FRPE�YLHZ�LV�WR

FROOHFW�WKH�VHW�RI�DOO�FRPELQDWLRQV�OH[LFDOO\�GRPLQDWHG�E\�D�VHW�RI�JLYHQ�H[SUHVVLRQV�ZLWKLQ�D�FRQ�

WH[W��7KLV�YLHZ�LV�LPSOHPHQWHG�LQ�PXFK�WKH�VDPH�ZD\�DV�WKH�ODPEGD�YLHZ�IURP�6HFWLRQ�������

YLD�WKH�IROORZLQJ�ILYH�VWHSV�

��� ,PSOHPHQW�WKH�PHUJLQJ�DQG�FRS\LQJ�SURFHGXUHV��DV�ZHOO�DV�WKH�YLHZ�LQLWLDOL]DWLRQ�YDOXH

��� ,PSOHPHQW�WKH�YLHZ�GLVSDWFKHUV

��� &RPELQH�WKH�GLVSDWFKHUV�LQWR�D�YLHZ

��� 5HJLVWHU�WKH�YLHZ

��� 3URYLGH�D�ZD\�WR�LQYRNH�WKH�YLHZ

)RU�WKH�ILUVW�VWHS��ZH�PXVW�GHFLGH�XSRQ�D�UHSUHVHQWDWLRQ�IRU�WKH�YLHZ�LQIRUPDWLRQ��)RU�WKH�FRPE

YLHZ��D�VLPSOH�OLVW�ZLOO�VXIILFH��7KH�FRUUHVSRQGLQJ�PHUJH��GHVWUXFWLYH�PHUJH��FRS\LQJ��DQG�LQLWLDO

YDOXH�DUH�WKHUHIRUH�VLPSOH�OLVW�RSHUDWLRQV�

�GHILQH��FRPE�ZDONHU�PHUJH��YLHZ��YLHZ����DSSHQG��YLHZ���OLVW�FRS\�YLHZ����
�GHILQH��FRPE�ZDONHU�PHUJH��YLHZ��YLHZ����DSSHQG��YLHZ�������������YLHZ���
�GHILQH��FRPE�ZDONHU�FRS\���OLVW�FRS\�
�GHILQH��FRPE�ZDONHU�LQLW���
���

7KH�QH[W�VWHS�LV�WR�LPSOHPHQW�WKH�YLHZ�GLVSDWFKHUV��)RU�WKH�FRPE�YLHZ��ZH�QHHG�RQO\�RQH�VLQFH

ZH�FDQ�UHO\�RQ�WKH�ZDONHU�YLHZ�WR�SURYLGH�D�UHFXUVLYH�GHFHQW��7KLV�GLVSDWFKHU·V�SUHGLFDWH�GHWHU�



���

PLQHV�ZKHWKHU�DQ�H[SUHVVLRQ�LV�D�FRPELQDWLRQ��DQG�WKH�DFWLRQ�ZLOO�VWRUH�WKH�FRPELQDWLRQ�LQWR

WKH�FRPE�YLHZ·V�GDWD�VWUXFWXUH��LQ�WKH�DSSURSULDWH�FRQWH[W��7KH�DFWLRQ��GLVSDWFKHU��DQG�SUHGLFDWH

DUH�JLYHQ�EHORZ��7KH�DFWLRQ�XVHV�WKH�KHOSHU�IXQFWLRQV�VHW�FRQWH[W�FRPE�ZDONHU��DQG�FRQ�

WH[W�FRPE�ZDONHU�WR�VHW�DQG�UHWULHYH�WKH�FRPE�YLHZ�OLVW��UHVSHFWLYHO\��7KH�YLHZ�GLVSDWFKHU�

ZDONHU�FRPE�ILQGHU��XVHV�PDNH�SUHGLFDWH�H[S�W\SH�WR�FUHDWH�D�YLHZ�SUHGLFDWH�WKDW�ORRNV�IRU�FRP�

ELQDWLRQV��WKLV�SUHGLFDWH�FRQVWUXFWRU�ZDV�DOVR�XVHG�LQ�WKH�VLPXODWRU�H[DPSOH��

�GHILQH��FRQWH[W�FRPE�ZDONHU�FRQWH[W�
���RU��UHWULHYH�YLHZ�FRPE�YLHZ�FRQWH[W��FRPE�ZDONHU�LQLW��

�GHILQH��VHW�FRQWH[W�FRPE�ZDONHU��FRQWH[W�YLHZ���VHW�YLHZ��FRPE�YLHZ�FRQWH[W�YLHZ��

�GHILQH�DFWLRQ�VWRUH�FRPE
���PDNH�VLPSOH�DFWLRQ��ODPEGD��YIRUP�FRQWH[W�YF�H[S�
�������������������������VHW�FRQWH[W�FRPE�ZDONHU��FRQWH[W
���������������������������������������������������FRQV�YF�H[S��FRQWH[W�FRPE�ZDONHU�FRQWH[W����
�����������������������VWRULQJ�D�FRPELQDWLRQ���

�GHILQH�ZDONHU�FRPE�ILQGHU
���PDNH�GLVSDWFKHU��PDNH�SUHGLFDWH�H[S�W\SH�W\SH�FRPELQDWLRQ"��FRPELQDWLRQV��
�������������������DFWLRQ�VWRUH�FRPE
��������������������YHUERVH�H[SO�FRPELQHU��IRU�FROOHFWLQJ�FRPELQDWLRQV����

7KH�WKLUG�VWHS�LV�WR�FUHDWH�WKH�YLHZ�LWVHOI��:H�QDPH�WKLV�YLHZ�FRPE�YLHZ��7KH�YLHZ·V�FRQWURO

VWUXFWXUH�QHHGV�WR�FOHDU�WKH�ROG�YLHZ�LQIRUPDWLRQ�GDWD�VWUXFWXUH��VR�WKDW�UHSHDWHG�LQYRFDWLRQV�RI

WKH�YLHZ�GR�QRW�SLOH�RQ�H[WUD�FRPELQDWLRQV���,W�WKHQ�PXVW�LQYRNH�WKH�YLHZ�GLVSDWFKHU�RQ�HDFK

YLHZFRGH�H[SUHVVLRQ�SDVVHG�WR�LW��7R�UHFXUVLYHO\�ZDON�WKH�YLHZFRGH�VXEH[SUHVVLRQV��WKH�YLHZ

GLVSDWFKHU�LV�FRPELQHG�ZLWK�WKH�ZDONHU�YIRUP�

�GHILQH��FOHDU�FRPE�YLHZ��FRQWH[W���VHW�FRQWH[W�FRPE�ZDONHU��FRQWH[W�FRPE�ZDONHU�LQLW��
�GHILQH�FRPE�YLHZ
���PDNH�YLHZ��ODPEGD��YIRUPV�
����������������OHW���FRPELQHG�YIRUP��DSSO\�FRPELQH�YIRUPV�GR�DOO�YIRUPV���
������������������ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
��������������������FOHDU�FRPE�YLHZ��FRQWH[W�
��������������������IRU�HDFK��ODPEGD��YF�H[S���GR�YIRUP�FRPELQHG�YIRUP�FRQWH[W��OLVW�YF�H[S���
�����������������������������YF�H[SV����
��������������YHUERVH�H[SO�FRPELQHU��FRPE�ZDONHU�FRPELQDWLRQ�FROOHFWRU��
��������������OLVW�ZDONHU�FRPE�ILQGHU�ZDONHU�YIRUP���

7KH�IRXUWK�VWHS�LV�UHJLVWHULQJ�WKH�YLHZ��6LQFH�ZH�KDYH�GHILQHG�DOO�WKH�FRPSRQHQWV�QHHGHG�WR�GR

WKLV��ZH�VLPSO\�FDOO�UHJLVWHU�YLHZ��ZLWK�WKHVH�FRPSRQHQWV�

�UHJLVWHU�YLHZ��FRPE�YLHZ�FRPE�ZDONHU�PHUJH�FRPE�ZDONHU�PHUJH�
����������������������������FRPE�ZDONHU�FRS\��FRPE�ZDONHU�LQLW�

7KH�ILQDO�VWHS�LV�WR�SURYLGH�D�ZD\�WR�LQYRNH�WKH�YLHZ��7KH�SURFHGXUH�EHORZ�LQYRNHV�WKH�YLHZ

RQO\�LI�WKHUH�LV�QR�FRPE�YLHZ�LQIRUPDWLRQ�DYDLODEOH��7R�UHFRPSXWH�WKH�YLHZ�DIWHU�LW�ZDV�SUHYL�

RXVO\�LQYRNHG��D�SURJUDPPHU�FDQ�FDOO�FOHDU�FRPE�YLHZ��EHIRUH�FDOOLQJ�HQVXUH�FRPE�YLHZ�

FRPSXWHG��



���

�GHILQH��HQVXUH�FRPE�YLHZ�FRPSXWHG��FRQWH[W�YF�H[SV�
���LI��QXOO"��FRQWH[W�FRPE�ZDONHU�FRQWH[W��
�������GR�YIRUP�FRPE�YLHZ�FRQWH[W�YF�H[SV���

������)XQFWLRQ�,QOLQLQJ

1RZ�WKDW�ZH�KDYH�LPSOHPHQWHG�WKH�ILUVW�UXOH�IRU�WKH�SHGLJUHH�H[DPSOH��ZH�FDQ�FRQWLQXH�WR

WKH�VHFRQG�UXOH��2XU�JRDO�LV�WR�SURGXFH�D�UXOH�WKDW��JLYHQ�D�V\PERO�GHQRWLQJ�D�WRS�OHYHO�GHILQHG

YDULDEOH�QDPH��HQVXUHV�WKDW�LW�LV�LQOLQHG�HYHU\ZKHUH�LW�DSSHDUV�LQ�DQ�RSHUDWRU�SRVLWLRQ��7KH�0,7

6FKHPH�V\QWD[HU�FDQ�SURGXFH�VXFK�DQ�LQOLQLQJ�LI�WKH�YDULDEOH·V�GHILQLWLRQ�LV�PRGLILHG�DV�IROORZV�

�GHILQH�������������YDU!��ODPEGD��IRUPDOV!��ERG\!���Ð

�GHILQH�LQWHJUDEOH��YDU!��ODPEGD��IRUPDOV!��ERG\!��

:KHQ�WKH�0,7�6FKHPH�V\QWD[HU�VHHV�D�GHILQH�LQWHJUDEOH�H[SUHVVLRQ��LW�UHSODFHV�DQ\�RSHUDWRU�

SRVLWLRQ�UHIHUHQFHV�WR��YDU!�ZLWK��ERG\!��
���������

�$Q\�UHIHUHQFHV�WR�WKH�SDUDPHWHUV�LQ��IRUPDOV!�DUH

DOVR�UHSODFHG�ZLWK�WKH�FRUUHVSRQGLQJ�DUJXPHQW�H[SUHVVLRQV��)RU�H[DPSOH��JLYHQ�

�GHILQH�FRXQW���
�GHILQH�LQWHJUDEOH��IRR�EDU���EDU��EDU�����
�IRR��EHJLQ��VHW��FRXQW�����FRXQW������

WKH�0,7�6FKHPH�V\QWD[HU�SURGXFHV�WKH�IROORZLQJ�WUDQVIRUPDWLRQ�

�EHJLQ��GHILQH�FRXQW���
��������GHILQH��IRR�EDU���EDU��EDU�����
���������EHJLQ��VHW��FRXQW�����FRXQW��������EHJLQ��VHW��FRXQW�����FRXQW����������

7KH�SUREOHP�ZLWK�WKLV�NLQG�RI�LQOLQLQJ��DV�LV�H[HPSOLILHG�E\�WKH�FRGH�DERYH��LV�WKDW�DQ\�VLGH�HI�

IHFWV�ZLWKLQ�WKH�DUJXPHQWV��L�H���EDU��WR�WKH�LQOLQHG�IXQFWLRQ�PD\�HQG�XS�EHLQJ�SHUIRUPHG�PRUH

WKDQ�RQFH��&KDQJLQJ�D�GHILQLWLRQ�IURP�GHILQH�WR�GHILQH�LQWHJUDEOH�LV�WKHUHIRUH�QRW�QHFHVVDULO\

VHPDQWLFV�SUHVHUYLQJ��7R�JHW�DURXQG�WKLV�SUREOHP��ZH�XVH�WKH�IROORZLQJ�PRGLILFDWLRQ�LQVWHDG�

�GHILQH��YDU!
���ODPEGD���IRUPDO�!�¨��IRUPDOQ!�
�����ERG\!���Ð

�GHILQH�LQWHJUDEOH��YDU!
���ODPEGD���IRUPDO�!�¨��IRUPDOQ!�
������ODPEGD���IRUPDO�!�¨��IRUPDOQ!���ERG\!��
��������IRUPDO�!�¨��IRUPDOQ!��

7KLV�WUDQVIRUPDWLRQ�LV�D�GHVXJDUHG�OHW�ELQGLQJ�RI�WKH�IRUPDOV��2QO\�RQH�LQVWDQFH�RI�WKH�IRUPDOV

ZLOO�WKXV�EH�UHSODFHG�E\�WKH�LQOLQLQJ��WKH�IRUPDOV�SDVVHG�WR�WKH�LQYRNHG�ODPEGD���)RU�H[DPSOH�

JLYHQ�WKH�FRGH�

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

�7KH�LQOLQLQJ�LV�SHUIRUPHG�LQ�WKH�VDPH�ILOH��XQOHVV�VRPH�RWKHU�ILOH�KDV�DQ� ����� ��� ��
�� ��� ����� � � ��
�� �GHFODUDWLRQ��7KH���� � �6FKHPH
8VHU·V�0DQXDO�FRQWDLQV�PRUH�GHWDLOV�RQ� ����
���� ��� ����� ��� ��
������ �DQG� ����� ��� ��
�� ��� ����� � � ��
�� �
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�GHILQH�FRXQW���
�GHILQH�LQWHJUDEOH��IRR�EDU�
����ODPEGD��EDU���EDU��EDU�����
���EDU��
�IRR��EHJLQ��VHW��FRXQW�����FRXQW������

7KH�0,7�6FKHPH�V\QWD[HU�QRZ�SURGXFHV�WKH�FRGH�EHORZ��7KLV�FRGH�SHUIRUPV�WKH�VLGH�HIIHFW�WR

FRXQW�RQO\�RQFH��XQOLNH�ZKDW�KDSSHQHG�LQ�WKH�HDUOLHU�H[DPSOH��$QRWKHU�LPSRUWDQW�FRQVHTXHQFH

RI�WKLV�PRGLILFDWLRQ�LV�WKDW��ERG\!�FDQ�QR�ORQJHU�FDSWXUH�YDULDEOHV�LQ�DQ\�VXEVWLWXWHG�H[SUHVVLRQ�

�EHJLQ��GHILQH�FRXQW���
��������GHILQH��IRR�EDU���OHW���EDU�EDU����EDU��EDU������
��������OHW���EDU��EHJLQ��VHW��FRXQW�����FRXQW�������
����������EDU��EDU������

2XU�JRDO�LV�WR�ZULWH�D�UXOH�WR�SHUIRUP�IXQFWLRQ�LQOLQLQJ�WKLV�ZD\�RQ�S�VXP�DQG�S��3HUIRUPDQFH

PHDVXUHPHQWV�LQGLFDWH�WKLV�NLQG�RI�VLPSOH�LQOLQLQJ�FDQ�SURGXFH�D�����VSHHGXS�LQ�3BSHGLJUHH�

:H�ZLOO�LPSOHPHQW�WKLV�UXOH�XVLQJ�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�PHWKRGRORJ\�

��������0RGXOHV�&RQWH[WV

7KH�IXQFWLRQ�LQOLQLQJ�UXOH�XVHV�WKH�PRGXOHV�0 � �DQG�0 � �IURP�WKH�VKRUW�FLUFXLW�PXOWLSOLFDWLRQ

UXOH��&RQVWUXFWLQJ�WKH�FRQWH[WV�IURP�WKHVH�PRGXOHV�ZLOO�EH�LPSOHPHQWHG�ODWHU��LQ�WKH�FRXSOHU�

��������3UHFRQGLWLRQV�3UHGLFDWHV

7KH�SURFHGXUHV�S�VXP�DQG�S�FDQ�EH�LQOLQHG�XQGHU�WKH�WKUHH�SUHFRQGLWLRQV�JLYHQ�EHORZ��7KHVH

SUHFRQGLWLRQV�DVVXPH�RXU�DFWLRQV�ZLOO�SURGXFH�WKH�LQOLQLQJ�PRGLILFDWLRQV�RXWOLQHG�DERYH�

• S�VXP�DQG�S�DUH�QRW�VLGH�HIIHFWHG

• S�VXP�DQG�S�GR�QRW�UHIHUHQFH�DQ\�IUHH�YDULDEOHV�´FDSWXUHGµ�E\�3BSHGLJUHH

• S�VXP�DQG�S�GR�QRW�PDLQWDLQ�ORFDO�VWDWH�VKDUHG�DPRQJ�LQYRFDWLRQV

7KH�ILUVW�SUHFRQGLWLRQ�HQVXUHV�WKDW�S�VXP�DQG�S�DUH�QRW�UHGHILQHG�HOVHZKHUH��7KLV�SUHFRQGLWLRQ

FDQ�EH�WHVWHG�XVLQJ�D�SUHGLFDWH�VLPLODU�WR�RQH�GHILQHG�LQ�&KDSWHU����7KH�SUHGLFDWH��JLYHQ�EHORZ�

WDNHV�D�YDULDEOH�ELQGLQJ��WKH�FDU�RI�YF�H[SV��DQG�HQVXUHV�WKDW�LW�LV�QRW�PXWDWHG��,W�GRHV�WKLV�XVLQJ

WKH�DOSKD�YLHZ�IXQFWLRQ�YDU�ELQGLQJ�!PXWDWLRQV��ZKLFK�UHWXUQV�D�OLVW�RI�D�YDULDEOH�ELQGLQJ·V�PXWD�

WLRQ�VLWHV��,I�WKLV�OLVW�LV�HPSW\��WKH�YDULDEOH�LV�QRW�PXWDWHG�LQ�WKH�FRQWH[W�

�GHILQH�SUHGLFDWH�QR�PXWDWLRQV
���PDNH�H[SODLQHG�SUHGLFDWH��ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
�������������������������������OHW���ELQGLQJ��FDU�YF�H[SV���
���������������������������������QXOO"��YDU�ELQGLQJ�!PXWDWLRQV�ELQGLQJ�FRQWH[W����
����D�QRQ�PXWDWHG�YDULDEOH���

7KH�VHFRQG�SUHFRQGLWLRQ�HQVXUHV�WKDW�S�VXP�DQG�S�GR�QRW�FRQWDLQ�DQ\�YDULDEOHV�WKDW�FRXOG�EH

FDSWXUHG�E\�3BSHGLJUHH��,I�S�VXP�ZHUH�WR�UHIHUHQFH�D�IUHH�YDULDEOH�IRR��IRU�H[DPSOH��DQG
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3BSHGLJUHH�ZHUH�WR�KDYH�D�IRUPDO�IRR��LQOLQLQJ�S�VXP·V�ERG\�ZRXOG�FDXVH�S�VXP·V�IUHH�YDULDEOH�UHI�

HUHQFH�WR�IRR�WR�UHIHU�WR�3BSHGLJUHH·V�IRUPDO�IRR��:H�FDQ�LPSOHPHQW�WKLV�SUHFRQGLWLRQ�DV�D�VHW�RI

WZR�SUHGLFDWHV��7KH�ILUVW�LV�SUHGLFDWH�XVXDO�LQWHJUDWLRQV��GHILQHG�IRU�WKH�VLPXODWRU�H[DPSOH��7KLV

HQVXUHV�WKDW�WKH�SULPLWLYH�YDULDEOHV�LQ�S�VXP�DQG�S�KDYH�NQRZQ�YDOXHV��7KH�VHFRQG�SUHGLFDWH�HQ�

VXUHV�WKDW�QR�IUHH�YDULDEOHV�H[LVW�LQ�S�VXP�DQG�S��,W�XVHV�WKH�DOSKD�YLHZ�IXQFWLRQ�WRS�OYO�H[S�

!IUHH�YDUV��ZKLFK�UHWXUQV�D�OLVW�RI�D�WRS�OHYHO�H[SUHVVLRQ·V�IUHH�YDULDEOHV��,I�WKLV�OLVW�LV�HPSW\��WKHQ

S�VXP�DQG�S�FRQWDLQ�QR�IUHH�YDULDEOHV��7KHVH�SUHGLFDWHV�FRXOG�EH�PDGH�PRUH�ZHDN�DQG�OHVV�IUDJ�

LOH��VLQFH�D�IUHH�YDULDEOH�LV�D�SUREOHP�RQO\�LI�LW�LV�ERXQG�LQVLGH�3BSHGLJUHH�RU�LI�WKH�WKLUG�SUHFRQ�

GLWLRQ�LV�YLRODWHG��7KLV�ORZHU�GHJUHH�RI�IUDJLOLW\�FRXOG�EH�DFKLHYHG�E\�SHUIRUPLQJ�DQ�DOSKD�UH�

QDPLQJ�RQ�DOO�IUHH�YDULDEOHV�LQ�S�VXP�DQG�S��6LQFH�WKH�SUHGLFDWH�LV�PRUH�LOOXVWUDWLYH�IRU�WKH�SXU�

SRVHV�RI�WKLV�GLVVHUWDWLRQ��WKH�SUHGLFDWH�URXWH�LV�SXUVXHG�

�GHILQH�SUHGLFDWH�QR�IUHH�YDUV
���PDNH�H[SODLQHG�SUHGLFDWH
����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
������OHW���YF�H[S��ILUVW�YF�H[SV���
��������QXOO"��WRS�OYO�H[S�!IUHH�YDUV��H[S�!WRS�OHYHO�YF�H[S��FRQWH[W����
����QR�IUHH�YDULDEOHV���

7KH�WKLUG�SUHFRQGLWLRQ�PHDQV�WKDW�S�VXP�DQG�S�FDQQRW�KDYH�GHILQLWLRQV�VXFK�DV�WKH�IROORZLQJ�

�GHILQH�S�VXP
���OHW���VWDWH�VKDUHG�DPRQJ�LQYRFDWLRQV��PDNH�HT�KDVK�WDEOH���
�����ODPEGD��Y�SURF�
������¨���

7KLV�NLQG�RI�VKDUHG�VWDWH�ZRXOG�QR�ORQJHU�EH�VKDUHG�LI�S�VXP�ZHUH�LQOLQHG��7R�YDOLGDWH�WKH�WKLUG

SUHFRQGLWLRQ��ZH�ZULWH�D�SUHGLFDWH�WKDW�FKHFNV�ZKHWKHU�S�VXP·V�YDOXH�LQ�LWV�GHILQLQJ�H[SUHVVLRQ�LV

JHQHUDWHG�GLUHFWO\�E\�D�ODPEGD��,Q�WKH�VKDUHG�VWDWH�S�VXP�FRGH�DERYH��IRU�H[DPSOH��S�VXP·V�YDOXH

LV�JHQHUDWHG�E\�D�OHW�H[SUHVVLRQ��7KH�SUHGLFDWH�EHORZ�WDNHV�D�YDULDEOH�ELQGLQJ�H[SUHVVLRQ��DV

WKH�FDU�RI�YF�H[SV���XS�OLQNV�WZR�OHYHOV�WR�LWV�GHILQLQJ�H[SUHVVLRQ��H[WUDFWV�WKH�H[SUHVVLRQ�JHQHUDW�

LQJ�WKH�YDULDEOH·V�YDOXH��DQG�WHVWV�ZKHWKHU�LW�LV�D�ODPEGD�H[SUHVVLRQ��7KXV��WKH�SUHGLFDWH�EHORZ

UHWXUQV�WUXH�RQO\�LI�WKH�GHILQLQJ�H[SUHVVLRQ�KDV�WKH�IRUP��GHILQH��YDU!��ODPEGD�¨�¨����:KLOH�WKLV

SUHGLFDWH�LV�PRUH�IUDJLOH�WKDQ�WKH�SUHFRQGLWLRQ��LW�LV�VLPSOHU�WKDQ�D�IXOO�VHPDQWLF�DQDO\VLV�RQ�DQ\

OHW�RU�RWKHU�H[SUHVVLRQV�JHQHUDWLQJ��YDU!·V�YDOXH��ZKLFK�QHYHUWKHOHVV��FRXOG�DOWHUQDWLYHO\�EH�H[�

SUHVVHG��

�GHILQH�SUHGLFDWH�QR�ORFDO�VWRUDJH
���PDNH�H[SODLQHG�SUHGLFDWH��ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
�������������������������������OHW���ELQGLQJ��FDU�YF�H[SV���
���������������������������������DQG�ELQGLQJ
�����������������������������������W\SH�ODPEGD"��GHILQH�YDU�YDOXH��XS�OLQN�Q�ELQGLQJ��������
����DQ�H[SUHVVLRQ�KDYLQJ�QR�ORFDO�VWRUDJH���



���

��������$�0RGLILFDWLRQ�DQG�$FWLRQ

7KH�SUHYLRXVO\�GLVFXVVHG�PRGLILFDWLRQ�LV�LPSOHPHQWHG�ZLWK�WKH�DFWLRQ�JLYHQ�EHORZ��7KLV�DF�

WLRQ�LV�SDVVHG�D�VHW�RI�YLHZFRGH�H[SUHVVLRQV��DQG�SHUIRUPV�WKH�GHVLUHG�PRGLILFDWLRQ�RQ�HDFK

RQH��(DFK�YLHZFRGH�H[SUHVVLRQ�LV�D�YDULDEOH�ELQGLQJ�VLWH�SUHYLRXVO\�YDOLGDWHG�E\�RXU�SUHGLFDWHV�

7KH�PRGLILFDWLRQ�LV�LPSOHPHQWHG�DV�D�FRGH�WHPSODWH�WKDW�UHFRPELQHV�WKH�RULJLQDO�GHILQLWLRQ·V

ODPEGD�IRUPDOV�DQG�ERG\�

�GHILQH�DFWLRQ�PDNH�GHILQH�LQWHJUDEOH
���PDNH�H[SODLQHG�DFWLRQ
����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
������IRU�HDFK��ODPEGD��YF�H[S�
������������������OHW���GHILQH�H[S��XS�OLQN�Q�YF�H[S����
�������������������������IRUPDOV�����ODPEGD�IRUPDOV��GHILQH�YDU�YDOXH�GHILQH�H[S����
��������������������UHSODFH�GHILQH�H[S�C�GHILQH�LQWHJUDEOH���GHILQH�YDU�QDPH�GHILQH�H[S�
�������������������������������������������ODPEGD��IRUPDOV
����������������������������������������������ODPEGD��IRUPDOV
������������������������������������������������ODPEGD�ERG\��GHILQH�YDU�YDOXH�GHILQH�H[S���
����������������������������������������������#IRUPDOV������
���������������YF�H[SV�
������W�
����IXQFWLRQ�LQOLQLQJ���

��������$�'LVSDWFKHU

7KH�GLVSDWFKHU�LV�FUHDWHG�XVLQJ�WKH�IRXU�SUHGLFDWHV�DQG�WKH�DFWLRQ��7KH�SUHGLFDWHV�DUH�FRP�

ELQHG�LQWR�D�FRPSRXQG�SUHGLFDWH�WKDW�UHWXUQV�WUXH�RQO\�LI�WKH\�DOO�UHWXUQ�WUXH�

�GHILQH�GLVSDWFKHU�GHI�LQWHJUDEOH
���PDNH�VLPSOH�GLVSDWFKHU��FRPELQH�YIRUPV�FRQMXQFWLYH�SUHGLFDWH�QR�PXWDWLRQV
������������������������������������������������������SUHGLFDWH�QR�IUHH�YDUV
������������������������������������������������������SUHGLFDWH�XVXDO�LQWHJUDWLRQV
������������������������������������������������������SUHGLFDWH�QR�ORFDO�VWRUDJH�
��������������������������DFWLRQ�PDNH�GHILQH�LQWHJUDEOH��

��������$�5XOH

7KH�JRDO�RI�RXU�LQOLQLQJ�UXOH�LV�WR�SHUIRUP�WKH�LQOLQLQJ�PRGLILFDWLRQ�RQ�D�VHW�RI�GHILQH�H[�

SUHVVLRQV��7R�PDNH�WKLV�UXOH�VLPSOHU�WR�LQYRNH��ZH�SDUDPHWHUL]H�LWV�FRQWURO�VWUXFWXUH�RQ�D�OLVW�RI

V\PEROV�FRUUHVSRQGLQJ�WR�WKH�WRS�OHYHO�QDPHV�GHILQHG�LQ�WKH�FRQWH[W�RI�LQWHUHVW��L�H���D�OLVW�RI�S�

VXP�DQG�S�LQ�WKH�SHGLJUHH�H[DPSOH���7KH�FRQWURO�VWUXFWXUH�IRU�WKLV�UXOH�ZLOO�WKHQ�HQVXUH�HDFK

V\PERO�LV��LQ�IDFW��GHILQHG�LQ�WKH�FRQWH[W��7KH�DOSKD�YLHZ�IXQFWLRQ�WRS�OHYHO�GHILQHG"�UHWXUQV�D

YLHZFRGH�YDULDEOH�ELQGLQJ�LI�RQH�H[LVWV��7KHVH�ELQGLQJ�H[SUHVVLRQV�DUH�XVHG�DV�WKH�YLHZFRGH

H[SUHVVLRQ�OLVW�SDVVHG�WR�WKH�FRPELQHG�YIRUPV��7KLV�FRQWURO�VWUXFWXUH�LV�JLYHQ�EHORZ�

8VLQJ�WKLV�FRQWURO�VWUXFWXUH�FRQVWUXFWRU��ZH�EXLOG�D�UXOH�FRQVWUXFWRU�SDUDPHWHUL]HG�RQ�WKH

ELQGLQJ�V\PEROV��7KLV�UXOH�FRQVWUXFWRU�ZLOO�EH�XVHG�WR�LPSOHPHQW�WKH�SHGLJUHH�H[DPSOH�FRXSOHU�



���

�GHILQH��PDNH�GHILQH�LQWHJUDEOH�FRQWURO�VWUXFWXUH�ELQGLQJ�V\PEROV�
���ODPEGD��YIRUPV�
�����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
�������OHW���ELQGLQJV��PDS��ODPEGD��ELQGLQJ���WRS�OHYHO�GHILQHG"�ELQGLQJ�FRQWH[W��
���������������������������ELQGLQJ�V\PEROV���
���������DQG��IRU�DOO"�ELQGLQJV�LGHQWLW\�SURFHGXUH�
��������������IRU�DOO"�YIRUPV
����������������ODPEGD��YIRUP���GR�YIRUP�YIRUP�FRQWH[W�ELQGLQJV��������

�GHILQH��PDNH�GHILQH�LQWHJUDEOH�UXOH�ELQGLQJ�V\PEROV�
���FRPELQH�YIRUPV��PDNH�GHILQH�LQWHJUDEOH�FRQWURO�VWUXFWXUH�ELQGLQJ�V\PEROV�
�������������������YHUERVH�H[SO�FRPELQHU��LQWHJUDWLQJ�GHILQH�H[SUHVVLRQV��
�������������������OLVW�GLVSDWFKHU�GHI�LQWHJUDEOH���

������&RPELQLQJ�WKH�5XOHV�LQWR�D�&RXSOHU

7KH�FRXSOHU�IRU�WKH�SHGLJUHH�H[DPSOH�PXVW�LPSOHPHQW�ERWK�WKH�VKRUW�FLUFXLW�PXOWLSOLFDWLRQ

VXEVWLWXWLRQ�DQG�WKH�IXQFWLRQ�LQOLQLQJ��7KLV�LV�LPSOHPHQWHG�E\�FRPELQLQJ�WKH�VKRUW�FLUFXLW�UXOH

DQG�WKH�LQOLQLQJ�UXOH�LQWR�D�FRXSOHU��7KH�UXOHV�DUH�VXSSRUWHG�DQG�PHGLDWHG�E\�WKH�FRXSOHU·V�FRQ�

WURO�VWUXFWXUH��$V�ZLWK�RWKHU�FRXSOHU�FRQWURO�VWUXFWXUHV��WKLV�RQH�LV�UHVSRQVLEOH�IRU�FUHDWLQJ�WKH

FRQWH[WV��HQVXULQJ�WKH�SURSHU�YLHZV�DUH�FRPSXWHG��LQYRNLQJ�WKH�DSSURSULDWH�UXOHV�RU�GLVSDWFKHUV�

DQG�UHJLVWHULQJ�WKH�FRXSOLQJ�LI�QHFHVVDU\��)RU�RXU�FRXSOHU��WKH�FRQWH[W�ZLOO�EH�FUHDWHG�IURP�D�VHW

RI�SDVVHG�LQ�ILOHQDPHV�DQG�WKH�YLHZV�WR�EH�FRPSXWHG�DUH�WKH�DOSKD�DQG�OLDU�YLHZV��7KLV�FRQWURO

VWUXFWXUH��JLYHQ�EHORZ��IROORZV�WKH�VDPH�EDVLF�VWUXFWXUH�DV�DOO�SUHYLRXVO\�LOOXVWUDWHG�FRXSOHU�FRQ�

WURO�VWUXFWXUHV�

�GHILQH��PDNH�SHGLJUHH�FRQWURO�VWUXFWXUH�ILOH����UHVW�ILOHV�
���ODPEGD��YIRUPV�
�����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
�������OHW���FRQWH[W��RU�FRQWH[W��DSSO\�PDNH�FRQWH[W�IURP�ILOHV��FRQV�ILOH��UHVW�ILOHV�����
���������HQVXUH�OLDU�YLHZ�FRPSXWHG���FRQWH[W�
���������HQVXUH�DOSKD�YLHZ�FRPSXWHG��FRQWH[W�
���������LI��IRU�DOO"�YIRUPV
���������������ODPEGD��YIRUP�
�����������������GR�YIRUP�YIRUP�FRQWH[W�YF�H[SV���
�������������UHJLVWHU�FRXSOLQJ��FRQWH[W�YIRUP��
��������FRQWH[W����

7KH�FRXSOHU�FDQ�QRZ�EH�GHILQHG�TXLWH�HDVLO\��,W�FRPELQHV�WKH�VKRUW�FLUFXLW�DQG�LQOLQLQJ�UXOHV�

DQG�SDVVHV�WKH�DSSURSULDWH�ILOHV�WR�WKH�FRQWURO�VWUXFWXUH�FRQVWUXFWRU�

�GHILQH��PDNH�SHGLJUHH�UXOH�ELQGLQJ�V\PEROV�UHSO�VF��V\PEROV�
���FRPELQH�YIRUPV��PDNH�SHGLJUHH�FRQWURO�VWUXFWXUH
��������������������IXOO\�TXDOLI\�SHGLJUHH�GLU��SHGLJUHH�GDWD�DEVWUDFWLRQ��
��������������������IXOO\�TXDOLI\�SHGLJUHH�GLU��SHGLJUHH���
�������������������YHUERVH�H[SO�FRPELQHU��LQWHJUDWLQJ�GHILQLWLRQV��
�������������������OLVW��PDNH�GHILQH�LQWHJUDEOH�UXOH�ELQGLQJ�V\PEROV�
�������������������������PDNH�UHSODFH�VF��UXOH������UHSO�VF��V\PEROV����
�GHILQH�FRXSOHU�SHGLJUHH�UXOH��PDNH�SHGLJUHH�UXOH�³�S�VXP�S��³�SBSHGLJUHH���



���

������9LHZ)RUP�*HQHUDWHG�&RGH

7KH�SHGLJUHH�FRXSOHU�LV�LQYRNHG�E\�HYDOXDWLQJ�WKH�IROORZLQJ�H[SUHVVLRQ���GR�YIRUP�FRX�

SOHU�SHGLJUHH�UXOH��I�³�����7KH�RXWSXW�FRGH�LV�JLYHQ�EHORZ��7KH�FRXSOHU�JHQHUDWHV�D�FRQWH[W

FRQWDLQLQJ�WKH�GHILQLWLRQV�EHORZ�IRU�S�VXP��S��DQG�3BSHGLJUHH��7KLV�JHQHUDWHG�FRGH�FDQ�WKHQ�EH

V\QWD[HG�E\�WKH�0,7�6FKHPH�V\QWD[HU�WR�JHQHUDWH�D�YHUVLRQ�RI�3BSHGLJUHH�ZLWK�WKH�LQOLQHG�S�VXP

DQG�S��7KLV�V\QWD[HG�YHUVLRQ�SURGXFHV�WKH�VDPH�DQVZHU�DV�WKH�RULJLQDO�3BSHGLJUHH�IRU�WKH�PRGHO��

VHW�RI�SKHQRW\SH�REVHUYDWLRQV��SUREDELOLW\� �����������

�GHILQH�LQWHJUDEOH�S�VXP��ODPEGD��Y�SURF�
�����������������������������ODPEGD��Y�SURF�
�������������������������������GR���LQGH[�������YHFWRU�OHQJWK�Y��������LQGH[��
������������������������������������DFF������DFF��SURF��YHFWRU�UHI�Y�LQGH[�����
������������������������������������QHJDWLYH"�LQGH[��DFF���
����������������������������Y�SURF���

�GHILQH�LQWHJUDEOH�S��ODPEGD��YDO�JLYHQV�
�������������������������ODPEGD��YDO�JLYHQV�
���������������������������OHW���JLYHQ�YDO��UHGXFH����JLYHQV���
���������������������������������YDO�JLYHQ�YDO��JLYHQ�YDO���
������������������������YDO�JLYHQV���

�GHILQH
��SBSHGLJUHH
���ODPEGD���
�����S�VXP
�����JBG
������ODPEGD��JBG�
��������VF�
���������TXDVLTXRWH
�����������XQTXRWH
������������ODPEGD���
��������������S�VXP
��������������JBI
���������������ODPEGD��JBI�
�����������������VF�
������������������TXDVLTXRWH
��������������������XQTXRWH��ODPEGD�����S�JBI��TXRWH�������
��������������������XQTXRWH��ODPEGD�����S�JS��TXRWH�������
��������������������XQTXRWH��ODPEGD���
�������������������������������S�VXP
�������������������������������SBS
��������������������������������ODPEGD��SBS�
����������������������������������S�VXP
����������������������������������JBS
�����������������������������������ODPEGD��JBS�
�������������������������������������VF�
��������������������������������������TXDVLTXRWH
����������������������������������������XQTXRWH��ODPEGD���
���������������������������������������������������S�SBS��TXDVLTXRWH���XQTXRWH�JBS������
����������������������������������������XQTXRWH��ODPEGD���
���������������������������������������������������S�VXP
���������������������������������������������������JBP
����������������������������������������������������ODPEGD��JBP�
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������������������������������������������������������VF�
�������������������������������������������������������TXDVLTXRWH
���������������������������������������������������������XQTXRWH
����������������������������������������������������������ODPEGD���
������������������������������������������������������������S�JBS��TXDVLTXRWH
���������������������������������������������������������������������XQTXRWH�JS�
���������������������������������������������������������������������XQTXRWH�JBP�
���������������������������������������������������������������������XQTXRWH�JBI������
���������������������������������������������������������XQTXRWH
����������������������������������������������������������ODPEGD���
������������������������������������������������������������S�JBG��TXDVLTXRWH
���������������������������������������������������������������������XQTXRWH�JBP�
���������������������������������������������������������������������XQTXRWH�JBI������
���������������������������������������������������������XQTXRWH
����������������������������������������������������������ODPEGD���
������������������������������������������������������������S�SP��TXDVLTXRWH
��������������������������������������������������������������������XQTXRWH�JBP������
���������������������������������������������������������XQTXRWH
����������������������������������������������������������ODPEGD���
������������������������������������������������������������S�JBP��TXRWH�����������������������
��������������������XQTXRWH��ODPEGD�����S�SI��TXDVLTXRWH���XQTXRWH�JBI�������������
�����������XQTXRWH��ODPEGD�����S�WG��TXDVLTXRWH���XQTXRWH�JBG������
�����������XQTXRWH��ODPEGD�����S�SG��TXDVLTXRWH���XQTXRWH�JBG������
�����������XQTXRWH��ODPEGD�����S�RP��TXDVLTXRWH���XQTXRWH�SP�������������

������0RGLI\LQJ�WKH�3HGLJUHH�&RGH

2QH�SRVVLEOH�PRGLILFDWLRQ�WR�WKH�SHGLJUHH�FRGH�LV�WR�FKDQJH�WKH�LPSOHPHQWDWLRQV�RI�S�VXP

DQG�S�WR�XVH�QRQ�JHQHULF�IORDWLQJ�SRLQW�DULWKPHWLF�DV�IROORZV�

�GHILQH��S�VXP�Y�SURF�
���GR���LQGH[�������YHFWRU�OHQJWK�Y��������LQGH[��
��������DFF����������������������������IOR���DFF��SURF��YHFWRU�UHI�Y�LQGH[�����
��������QHJDWLYH"�LQGH[��DFF���

�GHILQH��3�YDO�JLYHQV�
���OHW���JLYHQ�YDO��UHGXFH�����JLYHQV���
�����IOR����IOR��YDO�JLYHQ�YDO�
�������JLYHQ�YDO���

7KLV�FKDQJH�LQYDOLGDWHV�WKH�SUHYLRXVO\�JHQHUDWHG�LPSOHPHQWDWLRQ�FRXSOLQJ��$IWHU�WKLV�PRGLILFD�

WLRQ�ZDV�PDGH��WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�ZDV�LQYRNHG��7KH�FKDQJH�ZDV�UHFRJQL]HG��DQG

9LHZ)RUP�WKHQ�UHJHQHUDWHG�WKH�VDPH�3BSHGLJUHH�FRGH�DV�EHIRUH��EXW�ZLWK�YHUVLRQV�RI�S�VXP�DQG

S�UHIOHFWLQJ�WKH�PRGLILFDWLRQV�DERYH�

������4XDQWLWDWLYH�0HDVXUHPHQWV

7KH�IROORZLQJ�WDEOHV�FRQWDLQ�WKH�TXDQWLWLHV�RXWOLQHG�LQ�WKH�H[SHULPHQWDO�PHWKRGRORJ\��7KH\

ZLOO�EH�GLVFXVVHG�ODWHU��DORQJ�ZLWK�WKH�GDWD�FROOHFWHG�IURP�WKH�RWKHU�H[DPSOHV�



���

����9LHZ)RUP�([DPSOH

9LHZ)RUP·V�SHUIRUPDQFH�FDQ�EHQHILW�IURP�LPSOHPHQWDWLRQ�FRXSOLQJ��9LD�%ODLU·V�SURILOHU>�@�

,�IRXQG�RQH�GUDPDWLF�SHUIRUPDQFH�ERWWOHQHFN�LQ�WKH�OLDU�GDWD�IORZ�DQDO\VLV�LPSOHPHQWDWLRQ��7KH

GDWD�IORZ�DQDO\VLV�LV�LPSOHPHQWHG�XVLQJ�0,7�6FKHPH·V�ELWYHFWRUV�WR�UHSUHVHQW�DQ�LQLWLDO�GDWD�IORZ

JUDSK��7KLV�JUDSK�LV�WKHQ�WUDYHUVHG�XVLQJ�D�KDQG�RSWLPL]HG�YHUVLRQ�RI�WKH�)OR\G�:DUVKDOO�>��@

DOJRULWKP��7KH�ERWWOHQHFN�ZDV�LQ�WKH�SURFHGXUH�SURSDJDWH�QRGHV���VKRZQ�EHORZ�

3HGLJUHH

([DPSOH

1XPEHU

RI

&RQVWUXFWV

7RWDO�1XPEHU

RI�/LQHV

$YHUDJH�1XPEHU

�RI�/LQHV

SHU�&RQVWUXFW

3UHGLFDWHV � �� ���

$FWLRQV � �� ����

'LVSDWFKHUV � � ���

5XOHV � �� ����

1HZ�9LHZV � �� ��

2WKHU 1�$ � 1�$

7RWDO �� ��� 1�$

1XPEHU�RI�/LQHV�WKH�$FWLRQ�0RGLILHG ��

1XPEHU�RI�2WKHU�/LQHV�WKH�$FWLRQ�'HSHQGHG�8SRQ �

1XPEHU�RI�/LQHV�$QDO\]HG ���

7LPH�WR�&RXSOH�&RGH �����VHFRQGV

7LPH�WR�5HFRXSOH�&RGH �����VHFRQGV

7LPH�WR�&RPSLOH�&RGH �����VHFRQGV



���

�GHILQH��SURSDJDWH�QRGHV��WF�PDWUL[�
���OHW���VL]H�����YHFWRU�OHQJWK�WF�PDWUL[��
����������WF�FRS\��PDNH�LQLWLDOL]HG�YHFWRU
��������������������VL]H
��������������������ODPEGD��LG[�
����������������������OHW���UHVXOW��ELW�VWULQJ�DOORFDWH�VL]H���
������������������������ELW�VWULQJ�PRYH��UHVXOW��YHFWRU�UHI�WF�PDWUL[�LG[��
�����������������������UHVXOW�����
�����OHW�ORRS�N���N������������
������������������XS�WR�GDWH�WF�PDWUL[�
������������������ZRUN�FRS\��WF�FRS\��
�������OHW�ORRS�URZV���URZ����
���������FRQG���IL[� �N���VL]H�
�����������������LI��QRW��HT"�XS�WR�GDWH�WF�PDWUL[��
��������������������OHW�ORRS���LQGH[����
����������������������FRQG���IL[� �LQGH[�VL]H��
����������������������������HOVH��YHFWRU�VHW��WF�PDWUL[�LQGH[��YHFWRU�UHI�XS�WR�GDWH�LQGH[��
����������������������������������ORRS��IL[����LQGH[�������
����������������IL[� �URZ�VL]H���ORRS�N��IL[����N�
����������������������������������������ZRUN�FRS\
����������������������������������������XS�WR�GDWH��
���������������HOVH
����������������OHW���URZ�ELW�VWULQJ��YHFWRU�UHI�XS�WR�GDWH�URZ���
���������������������:DQW�WR�UHSODFH�ELW�VWULQJ�UHI�ZLWK�QHZ�ELW�VWULQJ�UHI�
������������������LI��ELW�VWULQJ�UHI�URZ�ELW�VWULQJ�N�
����������������������ELW�VWULQJ�RU��URZ�ELW�VWULQJ
��������������������������������������YHFWRU�UHI��RU��DQG��IL[���N�URZ��ZRUN�FRS\�
�����������������������������������������������������XS�WR�GDWH�
�������������������������������������������������N���
������������������YHFWRU�VHW��XS�WR�GDWH�URZ��YHFWRU�UHI�ZRUN�FRS\�URZ��
������������������YHFWRU�VHW��ZRUN�FRS\��URZ�URZ�ELW�VWULQJ�
������������������ORRS�URZV��IL[����URZ���������

%ODLU·V�SURILOHU�VKRZHG�WKDW�D�VLJQLILFDQW�DPRXQW�RI�WLPH�ZDV�EHLQJ�VSHQW�LQ�WKH�6FKHPH�SULPLWLYH

ELW�VWULQJ�UHI��7KLV�SULPLWLYH�WDNHV�D�ELW�VWULQJ�DQG�DQ�LQGH[��DQG�UHWXUQV��W�LI�WKH�LQGH[HG�ELW�LV

VHW�DQG��I�RWKHUZLVH��$W�P\�UHTXHVW��6WHSKHQ�$GDPV�ZURWH�DQ�,QWHO�[���VSHFLILF�YHUVLRQ�RI�ELW�

VWULQJ�UHI�WKDW�HOLPLQDWHG�WKLV�ERWWOHQHFN��7KLV�FRGH�LV�JLYHQ�EHORZ�

�GHILQH�PDFUR��GHIODS�QDPH���ODS�
��C�GHILQH��QDPH
������VFRGH�HYDO
������
���DFFHVV�ODS�!FRGH���!HQYLURQPHQW�
�FRPSLOHU�WRS�OHYHO���
���������QDPH
���������ODS�
������V\VWHP�JOREDO�HQYLURQPHQW���
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�GHILQH�QHZ�ELW�VWULQJ�UHI
���OHW���
�����GHIODS�QHZ�ELW�VWULQJ�UHI
�������HQWU\�SRLQW�QHZ�ELW�VWULQJ�UHI�
�������6FKHPH�REMHFW�&2167$17����)�
�������6FKHPH�REMHFW�&2167$17�����
�������HTXDWH�QHZ�ELW�VWULQJ�UHI�QHZ�ELWVWULQJ�UHI���
�������ZRUG�X��[����
�������EORFN�RIIVHW�QHZ�ELWVWULQJ�UHI���
�������/$%(/�QHZ�ELWVWULQJ�UHI���
�������PRY�Z��U�����#UR�E�����������������HD[����EV
�������PRY�Z��U�����#UR�E�����������������HE[����,
�������DQG�Z��U�����U���������������������UHPRYH�WDJ
�������DQG�Z��U�����U���������������������UHPRYH�WDJ
�������DGG�Z��U�����	���������������������SRS�EV�DQG�,
�������DQG�Z��#U�����U��������������������XQPDVN�UHWXUQ�DGGUHVV
�������PRY�E��U�����	���������������������FO����L�	���
�������DQG�E��U�����U����
�������VKU�Z��U�����	���������������������EV�!!��
�������PRY�Z��U�����#URL�E����������������HD[����EV>L!!�@
�������VKU�Z��U�����U���������������������VKLIW�VHOHFWHG�ELW�WR�/6%
�������WHVW�Z��U�����	����
�������M]�E��#SFU�LV�IDOVH��
�������PRY�Z��#UR�E�������	��[�������������UHWXUQ��7
�������UHW�
�������ODEHO�LV�IDOVH�
�������PRY�Z��#UR�E�������	���������������UHWXUQ��)
�������UHW�
�������
����QHZ�ELW�VWULQJ�UHI��

7KLV�ODS�FRGH�DERYH�GHILQHV�D�QHZ�SULPLWLYH�FDOOHG�QHZ�ELW�VWULQJ�UHI��7R�XVH�WKLV�QHZ�SULPL�

WLYH��UHIHUHQFHV�WR�ELW�VWULQJ�UHI�PXVW�EH�UHQDPHG�WR�QHZ�ELW�VWULQJ�UHI��,Q�DGGLWLRQ��WKH�ODS

FRGH�DERYH�PXVW�EH�LQFOXGHG�LQ�WKH�VDPH�ILOH�DV�DQ\�UHIHUHQFHV�WR�QHZ�ELW�VWULQJ�UHI��2XU�JRDO

IRU�WKH�9LHZ)RUP�H[DPSOH�LV�WR�UHSODFH�DOO�UHIHUHQFHV�LQ�SURSDJDWH�QRGHV��WR�ELW�VWULQJ�UHI�ZLWK

QHZ�ELW�VWULQJ�UHI��DQG�WR�DGG�WKH�ODS�FRGH��7KLV�JRDO�SRVHV�WZR�SUREOHPV�

7KH�ILUVW�SUREOHP�LV�WKDW�WKH�QHZ�SULPLWLYH�GRHV�QR�W\SH�FKHFNLQJ��3DVVLQJ�QHZ�ELW�VWULQJ�

UHI�VRPHWKLQJ�RWKHU�WKDQ�D�ELW�VWULQJ��IRU�H[DPSOH��FRXOG�FDXVH�WKH�6FKHPH�UXQ�WLPH�WR�IDLO�FDWD�

VWURSKLFDOO\��%HIRUH�LQVHUWLQJ�UHIHUHQFHV�WR�QHZ�ELW�VWULQJ�UHI��LWV�SRWHQWLDO�DUJXPHQWV�PXVW�WKHUH�

IRUH�EH�H[DPLQHG�DQG�GHHPHG�VDIH�ZLWK�DEVROXWH�FHUWDLQW\��$�FDUHIXO�YLVXDO�LQVSHFWLRQ�RI�WKH

SURSDJDWH�QRGHV���IRU�H[DPSOH��VKRZV�D�SRVVLEOH�GDQJHU��URZ�ELW�VWULQJ��WKH�YDULDEOH�ZKRVH�YDOXH

LV�VXSSRVHG�WR�EH�D�ELW�VWULQJ��KDV�D�YDOXH�SDVVHG�LQ�H[WHUQDOO\�WKURXJK�WF�PDWUL[��ZKLFK�LV�SURSD�

JDWH�QRGHV�·V�IRUPDO�SDUDPHWHU���,I�D�PRGXOH�LQYRNHV�SURSDJDWH�QRGHV��RQ�D�YHFWRU�RI�VRPHWKLQJ

RWKHU�WKDQ�ELW�VWULQJV��QHZ�ELW�VWULQJ�UHI�ZRXOG�KDYH�D�SUREOHP��7KLV�VLWXDWLRQ�FDQ�KDSSHQ�DV�D

UHVXOW�RI�D�EXJ�LQ�SURSDJDWH�QRGHV���D�EXJ�LQ�D�FDOO�WR�SURSDJDWH�QRGHV���RU�PDLQWHQDQFH�SUR�

JUDPPHU�PRGLILFDWLRQV�WR�LQYRNHUV�RI�SURSDJDWH�QRGHV���2XU�GHVLUHG�PRGLILFDWLRQ�WKHUHIRUH�GH�

SHQGV�RQ�WKH�LPSOHPHQWDWLRQ�RI�PRGXOHV�RXWVLGH�RI�WKH�RQH�IRU�SURSDJDWH�QRGHV��
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7KH�VHFRQG�SUREOHP�LV�WKH�VSHFLILFLW\�RI�WKH�QHZ�ELW�VWULQJ�UHI�LPSOHPHQWDWLRQ��,W�RQO\

ZRUNV�RQ�0,7�6FKHPH�UXQQLQJ�XQGHU�DQ�[���FRPSDWLEOH�SURFHVVRU��7KLV�FUHDWHV�DQ�LPSOHPHQWD�

WLRQ�FRXSOLQJ�EHWZHHQ�SURSDJDWH�QRGHV��DQG�WKH�XQGHUO\LQJ�SURFHVVRU�LPSOHPHQWDWLRQ��,I�9LHZ�

)RUP�LV�UH�FRPSLOHG�WR�D�GLIIHUHQW��LQFRPSDWLEOH�SURFHVVRU��QHZ�ELW�VWULQJ�UHI�VKRXOG�QRW�EH�LQ�

FOXGHG��7KHVH�WZR�SUREOHPV�PXVW�EH�DGGUHVVHG�LQ�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�FRGH�ZH�ZLOO

ZULWH�EHORZ��$V�EHIRUH��ZH�IROORZ�WKH�VL[�VWHS�YLHZ�EDVHG�DEVWUDFWLRQ�PHWKRGRORJ\�

������0RGXOHV�&RQWH[WV

9LHZ)RUP�FRQVLVWV�RI����ILOHV��HDFK�FRUUHVSRQGLQJ�WR�D�PRGXOH��SURSDJDWH�QRGHV��LV�LQ�RQH

RI�WKHVH�PRGXOHV��:KLOH�RQO\�ILYH�RWKHU�PRGXOHV�DUH�DOORZHG�WR�FDOO�SURSDJDWH�QRGHV���ZH�ZLOO

DVVXPH�WKDW�LW�PLJKW�EH�FDOOHG�IURP�DQ\�RI�WKH�RWKHU�PRGXOHV��7KLV�LV�GRQH�WR�SURYLGH�D�EHWWHU

SHUVSHFWLYH�RQ�9LHZ)RUP·V�SHUIRUPDQFH�DQG�DELOLW\�WR�VFDOH��&RQWH[WV�IRU�WKHVH����PRGXOHV�ZLOO

EH�FUHDWHG�DQG�PHUJHG�E\�WKH�FRXSOHU�ZH�ZLOO�ZULWH�

������3UHFRQGLWLRQV�3UHGLFDWHV

$V�SUHYLRXVO\�GLVFXVVHG��EHIRUH�QHZ�ELW�VWULQJ�UHI�FDQ�EH�VXEVWLWXWHG��LWV�WZR�DUJXPHQW

W\SHV�PXVW�EH�YDOLGDWHG�WR�EH�D�ELW�VWULQJ�DQG�D�SRVLWLYH�LQWHJHU��UHVSHFWLYHO\�
���������

�,Q�DGGLWLRQ��WKH

FRPSXWLQJ�SODWIRUP·V�SURFHVVRU�PXVW�EH�[���FRPSDWLEOH��7KHVH�SUHFRQGLWLRQV�DUH�VXPPDUL]HG

DV�IROORZV�

• &DQGLGDWH�H[SUHVVLRQ�IRU�UHSODFHPHQW�PXVW�HYDOXDWH�WR�ELW�VWULQJ�UHI·V�YDOXH

• 7KH�ILUVW�DUJXPHQW�RI�HYHU\�FRPELQDWLRQ�ZKRVH�RSHUDWRU�LV�ELW�VWULQJ�UHI·V�YDOXH�PXVW
EH�D�ELWVWULQJ

• 7KH�VHFRQG�DUJXPHQW�RI�HYHU\�FRPELQDWLRQ�ZKRVH�RSHUDWRU�LV�ELW�VWULQJ�UHI·V�YDOXH
PXVW�EH�D�QRQ�QHJDWLYH�LQWHJHU

• 7KH�FRPSXWLQJ�SODWIRUP·V�SURFHVVRU�PXVW�EH�[���FRPSDWLEOH

7KH�ILUVW�SUHFRQGLWLRQ�ZLOO�EH�PDQDJHG�E\�WKH�FRXSOHU��ZKLFK�ZLOO�H[WUDFW�WKH�DSSURSULDWH�FDQGL�

GDWH�H[SUHVVLRQV�IURP�WKH�FRQWH[WV�LW�FUHDWHV��7KH�QH[W�WZR�SUHFRQGLWLRQV�FRXOG�EH�KDQGOHG�WKH

VDPH�ZD\�DV�LQ�WKH�VLPXODWRU�H[DPSOH��ZLWK�D�VLPSOH�FRPELQDWLRQ�RI�WKUHH�SUHGLFDWHV�FUHDWHG

IURP�PDNH�SUHGLFDWH�FKHFN�UHW�W\SH�DQG�PDNH�SUHGLFDWH�FKHFN�SURF�SDUDPV��,QVWHDG��ZH�WDNH�D�OHVV

IUDJLOH�URXWH��RQH�WKDW�LQYROYHV�XVHU�LQWHUDFWLRQ��2XU�JRDO�LV�WR�ZULWH�D�SUHGLFDWH�FRQVWUXFWRU�OLNH

PDNH�SUHGLFDWH�FKHFN�UHW�W\SH��2XU�SUHGLFDWH�FRQVWUXFWRU�ZLOO�WDNH�D�W\SH��DQG�UHWXUQ�D�SUHGLFDWH

WKDW�HQVXUHV�WKDW�DOO�YLHZFRGH�H[SUHVVLRQV�SDVVHG�WR�LW�ZLOO�UHWXUQ�YDOXHV�FRQVLVWHQW�ZLWK�WKDW

W\SH��7KH�GLIIHUHQFH�LV�ZKDW�KDSSHQV�ZKHQ�WKH�SUHFRQGLWLRQ�LV�QRW�YDOLGDWHG��2XU�QHZ�SUHGL�

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

�:H�GR�QRW�SHUIRUP�D�UDQJH�FKHFN�RQ�WKH�LQGH[�IRU�WKLV�H[DPSOH��DOWKRXJK�LQ�SUDFWLFH�LW�VKRXOG�DOVR�EH�GRQH�
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FDWHV�VKRXOG�SUHVHQW�DQ\�FDVHV�WKDW�ZRXOG�RWKHUZLVH�LQYDOLGDWH�WKH�SUHFRQGLWLRQ�WR�WKH�XVHU��DQG

DVN�WKH�XVHU�WR�YDOLGDWH�RU�LQYDOLGDWH�HDFK�FDVH��7KLV�LV�LPSOHPHQWHG�ZLWK�WKH�SUHGLFDWH�FRQVWUXF�

WRU�FRGH�EHORZ�

�GHILQH��PDNH�XVHU�SUHGLFDWH�W\SH�FRQVLVWHQW�W\SH�
���PDNH�H[SODLQHG�SUHGLFDWH
����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
������IRU�DOO"�YF�H[SV
��������ODPEGD��H[S�
����������IRU�DOO"��OLVW�WUDQVIRUP�QHJDWLYH��FRQVXPHU�!SULPLWLYH�SURGXFHUV�H[S�FRQWH[W�
����������������������ODPEGD��SURGXFHU�
������������������������IRU�DOO"��H[S�!UHWXUQ�W\SHV�SURGXFHU�FRQWH[W�
��������������������������ODPEGD��UHW�W\SH���W\SH�FRQVLVWHQW"�W\SH�UHW�W\SH�����
������������ODPEGD��EDG�W\SH�H[S�
��������������IRUPDW��W��a�a�7KH�H[SUHVVLRQ��>a6@�a6�a������UHWXUQLQJ�W\SHV��a6�a
�������������������������a������LV�LQFRQVLVWHQW�ZLWK�WKH�UHTXLUHG�W\SH��a6�a
�������������������������a������IRU�WKH�H[SUHVVLRQ�WR�EH�WUDQVIRUPHG��a6�
����������������������KDVK�EDG�W\SH�H[S��EDG�W\SH�H[S��H[S�!UHWXUQ�W\SHV�EDG�W\SH�H[S�FRQWH[W�
���������������������W\SH�H[S�
��������������\�RU�Q�XVHU�UHVSRQVH������
����XVHU�LQWHUDFWLYH�W\SH�FRQVLVWHQF\�FKHFNLQJ���

7KLV�FRGH�KDV�WZR�PDMRU�SDUWV��7KH�ILUVW�FROOHFWV�D�OLVW�RI�D�YLHZFRGH�H[SUHVVLRQ·V�SULPLWLYH�SUR�

GXFHUV��H�J���H[SUHVVLRQV�FUHDWLQJ�ELW�VWULQJV���,W�ILOWHUV�WKLV�OLVW�IRU�DQ\�SULPLWLYH�SURGXFHUV�WKDW�GR

QRW�SURGXFH�YDOXHV�FRQVLVWHQW�ZLWK�WKH�SDVVHG�LQ�W\SH��H�J���YHFWRU�FUHDWLQJ�H[SUHVVLRQV���1RU�

PDOO\��WKH�SUHVHQFH�RI�DQ\�YLHZFRGH�H[SUHVVLRQV�LQ�WKLV�OLVW�ZRXOG�LQYDOLGDWH�WKH�SUHFRQGLWLRQ�

2XU�SUHGLFDWH��KRZHYHU��SUHVHQWV�HDFK�RI�WKHVH�YLHZFRGH�H[SUHVVLRQV�WR�WKH�XVHU��7KLV�LV�WKH

VHFRQG�PDMRU�SDUW�RI�WKH�SUHGLFDWH��)RU�HDFK�SRWHQWLDOO\�LQYDOLGDWLQJ�YLHZFRGH�W\SH��RXU�SUHGL�

FDWH�SULQWV�D�PHVVDJH�RXW�WR�WKH�XVHU��WKHQ�DVNV�IRU�D�\HV�RU�QR�UHVSRQVH��7KLV�SUHGLFDWH�FRQ�

VWUXFWRU�ZLOO�EH�XVHG�WR�FRQVWUXFW�D�SUHGLFDWH�WKDW�FKHFNV�IRU�ELW�VWULQJ�UHWXUQLQJ�H[SUHVVLRQV�DQG

D�SUHGLFDWH�WKDW�FKHFNV�IRU�QRQ�QHJDWLYH�LQWHJHU�UHWXUQLQJ�H[SUHVVLRQV�

7KH�ILQDO�SUHFRQGLWLRQ�FDQ�EH�WHVWHG�XVLQJ�WKH�SODWIRUP�YLHZ��WR�EH�GHILQHG�ODWHU��7KH�SODW�

IRUP�YLHZ�PDSV�D�FRQWH[W·V�H[SUHVVLRQV�WR�WKH�FRPSXWLQJ�SODWIRUP�WKH\�DUH�RU�ZLOO�EH�UXQ�RQ�

2QH�RI�WKH�IXQFWLRQV�H[SRUWHG�E\�WKLV�YLHZ�LV�[���SODWIRUP"��ZKLFK�WDNHV�D�FRQWH[W�DQG�UHWXUQV�D

WUXH�YDOXH�LI�WKH�FRQWH[W·V�H[SUHVVLRQV�DUH�RU�ZLOO�EH�UXQ�RQ�DQ�[����$�SUHGLFDWH�LPSOHPHQWLQJ

WKH�ILQDO�SUHFRQGLWLRQ�LV�JLYHQ�EHORZ�

�GHILQH�SUHGLFDWH�WHVW�RV
���PDNH�H[SODLQHG�SUHGLFDWH��ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
�������������������������������[���SODWIRUP"�FRQWH[W��
�����������������������������YHULI\LQJ�[���DUFKLWHFWXUH���

������9LHZV

7KH�SUHGLFDWHV�DERYH�XVH�WKUHH�YLHZV��7KH�ILUVW�LV�WKH�OLDU�YLHZ��H�J���H[S�!UHWXUQ�W\SHV���7KH

VHFRQG��WKH�DOSKD�YLHZ��LV�LPSOLFLW�EHFDXVH�LW�ZLOO�EH�XVHG�E\�WKH�FRXSOHU�WR�ORRN�XS�DOO�UHIHU�
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HQFHV�WR�WKH�YDULDEOH�ELW�VWULQJ�UHI�WR�HQVXUH�WKH�ILUVW�SUHFRQGLWLRQ��7KH�WKLUG�UHTXLUHG�YLHZ�LV

WKH�SODWIRUP�YLHZ��ZKLFK�ZLOO�EH�LPSOHPHQWHG�ODWHU��2XU�FRXSOHU�PXVW�HQVXUH�WKHVH�YLHZV�KDYH

EHHQ�FRPSXWHG�SULRU�WR�WKH�LQYRFDWLRQ�RI�WKHVH�SUHGLFDWHV�

������0RGLILFDWLRQV�$FWLRQV

:H�QHHG�WZR�PRGLILFDWLRQV�IRU�WKH�9LHZ)RUP�H[DPSOH��7KH�ILUVW�LV�WR�UHSODFH�ELW�VWULQJ�

UHI�E\�QHZ�ELW�VWULQJ�UHI��7KH�VHFRQG�LV�WR�LQVHUW�WKH�ODS�FRGH��7KH�IRUPHU�LV�SHUIRUPHG�E\�DF�

WLRQ�YI�UHSO�ELWVWULQJ�UHI�EHORZ��,W�WDNHV�D�YLHZFRGH�OLVW�RI�FRPELQDWLRQV��OLNH�RXU�SUHGLFDWHV

DERYH��DQG�UHSODFHV�HDFK�RSHUDWRU�H[SUHVVLRQ�ZLWK�QHZ�ELW�VWULQJ�UHI��7KH�VHFRQG�PRGLILFDWLRQ

LV�LPSOHPHQWHG�E\�WKH�DFWLRQ�FRQVWUXFWRU�EHORZ��PDNH�DFWLRQ�LQVHUW�FRGH��,W�WDNHV�DQ�H[SUHVVLRQ

OLVW�DQG�DQ�H[SODQDWLRQ�VWULQJ��DQG�UHWXUQV�DQ�DFWLRQ�WKDW�LQVHUWV�WKH�H[SUHVVLRQ�OLVW�H[SUHVVLRQV

DIWHU�WKH�ODVW�H[SUHVVLRQ�LQ�WKH�JLYHQ�FRQWH[W��7KH�DFWLRQ�DFWLRQ�YI�LQVHUW�ODS��DOVR�JLYHQ�EHORZ�

LQVHUWV�WKH�ODS�FRGH�IRU�WKH�9LHZ)RUP�H[DPSOH�LQWR�WKH�JLYHQ�FRQWH[W�

�GHILQH�DFWLRQ�YI�UHSO�ELWVWULQJ�UHI
���PDNH�H[SODLQHG�DFWLRQ
����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
������IRU�HDFK��ODPEGD��YF�H[S���UHSODFH��FRPELQDWLRQ�SURF�YF�H[S��
QHZ�ELW�VWULQJ�UHI��
���������������YF�H[SV�
������W�
����UHSODFLQJ�H[SV�ZLWK�
QHZ�ELW�VWULQJ�UHI���

�GHILQH��PDNH�DFWLRQ�LQVHUW�FRGH�FRGH�OLVW�H[SO�VWULQJ�
���PDNH�H[SODLQHG�DFWLRQ
����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
������OHW���ODVW�H[S��FDU��ODVW�SDLU��FRQWH[W�H[SV�FRQWH[W�����
��������IRU�HDFK��ODPEGD��FRGH���LQVHUW�DIWHU�LQ�FRQWH[W��FRQWH[W�FRGH�ODVW�H[S��
�����������������FRGH�OLVW�
��������W��
���H[SO�VWULQJ��

�GHILQH�DFWLRQ�YI�LQVHUW�ODS
���PDNH�DFWLRQ�LQVHUW�FRGH
����OLVW�
�GHILQH�QHZ�ELW�VWULQJ�UHI
�������������OHW���
���������������GHIODS�QHZ�ELW�VWULQJ�UHI
�����������������HQWU\�SRLQW�QHZ�ELW�VWULQJ�UHI�
�����������������6FKHPH�REMHFW�&2167$17����)�
�����������������6FKHPH�REMHFW�&2167$17�����
�����������������HTXDWH�QHZ�ELW�VWULQJ�UHI�QHZ�ELWVWULQJ�UHI���
�����������������ZRUG�X��[����
�����������������EORFN�RIIVHW�QHZ�ELWVWULQJ�UHI���
�����������������/$%(/�QHZ�ELWVWULQJ�UHI���
�����������������PRY�Z��U�����#UR�E���������HD[����EV
�����������������PRY�Z��U�����#UR�E���������HE[����L
�����������������DQG�Z��U�����U�����������UHPRYH�WDJ
�����������������DQG�Z��U�����U�����������UHPRYH�WDJ
�����������������DGG�Z��U�����	�����������SRS�EV�DQG�L
�����������������DQG�Z��#U�����U����������XQPDVN�UHWXUQ�DGGUHVV
�����������������PRY�E��U�����	�����������FO����L�	���
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�����������������DQG�E��U�����U����
�����������������VKU�Z��U�����	�����������EV�!!��
�����������������PRY�Z��U�����#URL�E�������������HD[����EV>L!!�@
�����������������VKU�Z��U�����U�����������VKLIW�VHOHFWHG�ELW�WR�/6%
�����������������WHVW�Z��U�����	����
�����������������M]�E��#SFU�LV�IDOVH��
�����������������PRY�Z��#UR�E�������	��[�������������UHWXUQ��7
�����������������UHW�
�����������������ODEHO�LV�IDOVH�
�����������������PRY�Z��#UR�E�������	�������UHWXUQ��)
�����������������UHW�
�����������������
��������������QHZ�ELW�VWULQJ�UHI��
���������
�GHILQH�PDFUR��GHIODS�QDPH���ODS�
������������C�GHILQH��QDPH
����������������VFRGH�HYDO
����������������
���DFFHVV�ODS�!FRGH���!HQYLURQPHQW�
�FRPSLOHU�WRS�OHYHO���
�������������������QDPH
�������������������ODS�
����������������V\VWHP�JOREDO�HQYLURQPHQW����
����LQVHUWLQJ�QHZ�ELW�VWULQJ�UHI�FRGH���

������'LVSDWFKHUV�DQG�&RXSOHUV

:H�FDQ�QRZ�EXLOG�RXU�GLVSDWFKHUV�IURP�WKH�SUHGLFDWHV�DQG�DFWLRQV�DERYH��:H�ZLOO�EXLOG

WZR�GLVSDWFKHUV��VLQFH�ZH�KDYH�WZR�GLIIHUHQW�FRQWH[WV�RI�LQWHUHVW��7KH�ILUVW�GLVSDWFKHU�UHSODFHV

ELW�VWULQJ�UHI�ZLWK�QHZ�ELW�VWULQJ�UHI��2XU�FRXSOHU�ZLOO�SDVV�LW�D�FRPELQHG�FRQWH[W��SURGXFHG

E\�PHUJLQJ�DOO����RULJLQDO�FRQWH[WV��$FFHVV�WR�WKLV�PHUJHG�FRQWH[W�ZLOO�DOORZ�WKH�GLVSDWFKHU·V

SUHGLFDWHV�WR�ORRN�IRU�W\SH�FRQVLVWHQF\�WKURXJKRXW�WKH�HQWLUH�SURJUDP��7KH�VHFRQG�GLVSDWFKHU

LQVHUWV�WKH�ODS�FRGH�LQWR�WKH�SURSDJDWH�QRGHV��FRQWH[W��,W�WKHUHIRUH�PXVW�EH�SDVVHG�RQO\�WKDW�RQH

FRQWH[W��DQG�QRW�WKH�PHUJHG�FRQWH[W�
���������

�7KH�SUHGLFDWH�FRQVWUXFWRU�PDNH�SUHGLFDWH�FKHFN�FRPE�

SDUDP�W\SHV�LV�D�GHIDXOW�9LHZ)RUP�SUHGLFDWH�FRQVWUXFWRU�WKDW�FKHFNV�WKH�FRPELQDWLRQV�LQ�WKH

YLHZFRGH�H[SUHVVLRQ�OLVW��7KH�FRPELQDWLRQ·V�DUJXPHQWV�PXVW�VDWLVI\�WKH�SDVVHG�LQ�SUHGLFDWHV��,Q

WKH�SUHGLFDWH�EHORZ��WKH�ILUVW�DUJXPHQW�WR�WKH�FRPELQDWLRQ�PXVW�EH�FRQVLVWHQW�ZLWK�ELW�VWULQJ�

W\SH��DQG�WKH�VHFRQG�DUJXPHQW�PXVW�EH�FRQVLVWHQW�ZLWK�QRQ�QHJDWLYH�LQW�W\SH�

�GHILQH�GLVSDWFKHU�YI�QHZ�ELW�VWULQJ
���PDNH�VLPSOH�GLVSDWFKHU
����PDNH�SUHGLFDWH�FKHFN�FRPE�SDUDP�W\SHV
�����OLVW��FRQV�ILUVW���PDNH�XVHU�SUHGLFDWH�W\SH�FRQVLVWHQW�ELW�VWULQJ�W\SH��
�����������FRQV�VHFRQG��PDNH�XVHU�SUHGLFDWH�W\SH�FRQVLVWHQW�QRQ�QHJDWLYH�LQW�W\SH����
����DFWLRQ�YI�UHSO�ELWVWULQJ�UHI��

�GHILQH�GLVSDWFKHU�YI�QHZ�ODS�FRGH
���PDNH�VLPSOH�GLVSDWFKHU�SUHGLFDWH�WHVW�RV�DFWLRQ�YI�LQVHUW�ODS��

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

�:KLOH�KDYLQJ�WZR�GLVSDWFKHUV�LV�OHVV�FRQYHQLHQW�WKDQ�KDYLQJ�RQH��WKLV�LV�QRW�SUREOHPDWLF�IRU�WKLV�H[DPSOH��,W�GRHV�VXJJHVW�
KRZHYHU��WKDW�WKH�FKDUDFWHULVWLF�YIRUP�LQWHUIDFH�VKRXOG�WDNH�D�OLVW�RI�FRQWH[WV�LQVWHDG�RI�D�FRQWH[W�
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:H�DUH�QRZ�UHDG\�WR�ZULWH�RXU�FRXSOHU��$V�LV�W\SLFDOO\�WKH�FDVH��WKH�FRQWURO�VWUXFWXUH�IRU�WKH

FRXSOHU�PXVW�FUHDWH�WKH�FRQWH[WV��LQYRNH�WKH�SURSHU�YLHZV�RQ�WKH�FRQWH[WV��FRPSXWH�WKH�YLHZ�

FRGH�H[SUHVVLRQ�OLVW��LQYRNH�WKH�SDVVHG�LQ�GLVSDWFKHUV�RQ�WKH�DSSURSULDWH�YLHZFRGH�H[SUHVVLRQ

OLVWV��DQG�UHJLVWHU�WKH�FRXSOLQJ��LI�DQ\��7KHVH�WDVNV�DUH�LPSOHPHQWHG�LQ�WKH�FRQWURO�VWUXFWXUH�FRQ�

VWUXFWRU�EHORZ�

�GHILQH��FRQWURO�YI�SULP�WDUJHW�ILOH�UHVW�ILOHV�
���ODPEGD��YIRUPV�
�����OHW���QHZ�ELWVWULQJ��FDU��YIRUPV��
�����������QHZ�ODS��������FDGU�YIRUPV���
�������ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
���������OHW���FRQWH[WV��������PDS�PDNH�FRQWH[W�IURP�ILOH�UHVW�ILOHV��
���������������PDWUL[�FRQWH[W��PDNH�FRQWH[W�IURP�ILOH�����WDUJHW�ILOH���
�����������IRU�HDFK��ODPEGD��FRQWH[W�
�����������������������HQVXUH�OLDU�YLHZ�FRPSXWHG���FRQWH[W�
�����������������������HQVXUH�DOSKD�YLHZ�FRPSXWHG��FRQWH[W��
���������������������FRQV�PDWUL[�FRQWH[W�FRQWH[WV��
�����������OHW���PHUJHG�FRQWH[W��DSSO\�PHUJH�FRQWH[WV�
����������������������������������������FRQV��PHUJH�FRQWH[WV�PDWUL[�FRQWH[W��VHFRQG�FRQWH[WV��
����������������������������������������������FGGU�FRQWH[WV�����
�������������HQVXUH�SODWIRUP�YLHZ�FRPSXWHG��PDWUL[�FRQWH[W�
�������������OHW���SULP�FRPEV��OLVW�WUDQVIRUP�SRVLWLYH
�����������������������������������DSSHQG�PDS��ODPEGD��H[S���H[S�!UHFYV�H[S�PHUJHG�FRQWH[W��
�����������������������������������������������YDU�ELQGLQJ�!YDU�UHIV�SULP�PDWUL[�FRQWH[W��
���������������������������������ODPEGD��H[S���W\SH�FRPELQDWLRQ"��XS�OLQN�H[S������
���������������LI��DQG��GR�YIRUP�QHZ�ODS�������PDWUL[�FRQWH[W�
����
������������������������GR�YIRUP�QHZ�ELWVWULQJ�PHUJHG�FRQWH[W��PDS�XS�OLQN�SULP�FRPEV��
�������������������UHJLVWHU�FRXSOLQJ��PHUJHG�FRQWH[W�YIRUP��
��������������PDWUL[�FRQWH[W�������

FRQWURO�YI�KDV�EHHQ�SDUDPHWHUL]HG�RQ�D�SULPLWLYH��D�ILOH��DQG�D�OLVW�RI�ILOHV��UHVSHFWLYHO\��7KH

SULPLWLYH��H�J���ELW�VWULQJ�UHI��LV�WKH�RQH�ZKRVH�UHIHUHQFHV�ZH�DUH�LQWHUHVWHG�LQ�UHSODFLQJ��7KH

SDVVHG�LQ�ILOH�LV�WKH�RQH�LQWR�ZKRVH�FRQWH[W�WKH�ODS�FRGH�ZLOO�EH�LQVHUWHG�DQG�DOVR�WKH�RQH

VHDUFKHG�IRU�LQVWDQFHV�RI�ELW�VWULQJ�UHI��7KH�OLVW�RI�ILOHV�FRQWDLQV�DOO�WKH�RWKHU�ILOHV�WR�EH�LQ�

FOXGHG�LQ�WKH�FRPELQDWLRQ�DUJXPHQW�VHDUFK�RQ�WKH�LQVWDQFHV�RI�ELW�VWULQJ�UHI�WKDW�DUH�IRXQG�

7KH�FRQWURO�VWUXFWXUH�EHJLQV�E\�FUHDWLQJ�FRQWH[WV�IRU�HDFK�RI�WKH����ILOHV��WKHQ�LQYRNLQJ�WKH

OLDU�DQG�DOSKD�YLHZV�RQ�WKHP��$IWHUZDUGV��LW�PHUJHV�WKH�YLHZV�LQWR�RQH�FRPELQHG�YLHZ��7KH�RU�

GHU�LV�LPSRUWDQW��WKH�OLDU�YLHZ�WUDGHV�VSDFH�IRU�WLPH��DQG�WKH�VSDFH�UHTXLUHPHQWV�RI�LQYRNLQJ�WKH

OLDU�YLHZ�RQ�RQH�KXJH�FRQWH[W�DUH�GLVSURSRUWLRQDWHO\�ODUJH��0HUJLQJ�FRQWH[WV��RQ�WKH�RWKHU�KDQG�

WUDGHV�RII�WLPH�IRU�VSDFH��7KLV�FRPSOHPHQWDU\�WUDGHRII�LV�D�QLFH�ZD\�WR�SURYLGH�IDVWHU�OLDU�YLHZ

FRPSXWDWLRQ�IRU�VPDOOHU�FRQWH[WV��ZKLOH�VWLOO�DOORZLQJ�WKH�FUHDWLRQ�RI�ODUJHU�FRQWH[WV��YLD�PHUJ�

LQJ��ZLWK�WKH�DYDLODEOH�FRPSXWDWLRQDO�UHVRXUFHV�

7KH�FRQWURO�VWUXFWXUH�QH[W�FRPSXWHV�WKH�SODWIRUP�YLHZ�RQ�WKH�PDWUL[�FRQWH[W��WKH�RQH�FRQ�

WDLQLQJ�SURSDJDWH�QRGHV����:H�FRXOG�KDYH�FRPSXWHG�WKLV�YLHZ�RQ�HYHU\�FRQWH[W��EXW�WKDW�LV�XQ�

QHFHVVDU\��7KH�FRQWURO�VWUXFWXUH�WKHQ�EHJLQV�FRPSXWLQJ�WKH�YLHZFRGH�H[SUHVVLRQ�OLVW�IRU�WKH�ELW



���

VWULQJ�GLVSDWFKHU��7KLV�OLVW�LV�FRQVWUXFWHG�E\�FRPSXWLQJ�D�OLVW�RI�YLHZFRGH�H[SUHVVLRQV�UHFHLYLQJ

ELW�VWULQJ�UHI·V�YDOXH��LQ�WKH�PDWUL[�FRQWH[W�VLQFH�WKDW�LV�ZKHUH�ZH�DUH�LQWHUHVWHG�LQ�PRGLI\LQJ

WKH�UHIHUHQFHV�WR�ELW�VWULQJ�UHI��7KLV�OLVW�LV�WKHQ�ILOWHUHG�IRU�WKRVH�YLHZFRGH�H[SUHVVLRQV�LQ�WKH

RSHUDWRU�SRVLWLRQ�RI�D�FRPELQDWLRQ��7KH�ELWVWULQJ�GLVSDWFKHU�LV�LQYRNHG�RQ�WKLV�OLVW�DQG�WKH

PHUJHG�FRQWH[W��7KH�QHZ�ODS�GLVSDWFKHU�LV�VXEVHTXHQWO\�LQYRNHG�RQ�WKH�PDWUL[�FRQWH[W��,I�D

FRXSOLQJ�LV�UHQGHUHG��LW�LV�UHJLVWHUHG�ZLWK�WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU��)LQDOO\��WKH�PDWUL[�FRQ�

WH[W�LV�UHWXUQHG�VR�WKDW�LW�FDQ�EH�XQSDUVHG�RU�RWKHUZLVH�SURFHVVHG�E\�WKH�XVHU�RU�WKH�FRPSLOHU�

7KH�FRXSOHU�FDQ�QRZ�EH�LPSOHPHQWHG��,W�XVHV�WKH�FRQWURO�VWUXFWXUH�DERYH��DQG�WKH�GLV�

SDWFKHUV�FUHDWHG�HDUOLHU��7KH�YDULDEOHV�PDWUL[�ILOH�DQG�YI�ILOHV�FRQWDLQ�WKH�SURSDJDWH�QRGHV�

ILOHQDPH�DQG�WKH�RWKHU����9LHZ)RUP�ILOHQDPHV��UHVSHFWLYHO\�

�GHILQH�FRXSOHU�YI
���FRPELQH�YIRUPV��FRQWURO�YI��ORRNXS�SUHGHILQHG�
ELW�VWULQJ�UHI��PDWUL[�ILOH�YI�ILOHV�
�������������������YHUERVH�H[SO�FRPELQHU��LQWHJUDWLQJ�GHILQLWLRQV��
�������������������OLVW�GLVSDWFKHU�YI�QHZ�ELW�VWULQJ�GLVSDWFKHU�YI�QHZ�ODS�FRGH���

������3ODWIRUP�9LHZ

:H�QRZ�WXUQ�WR�WKH�LPSOHPHQWDWLRQ�RI�WKH�SODWIRUP�YLHZ��7KH�SODWIRUP�YLHZ�FROOHFWV�D�GH�

VFULSWLRQ�RI�WKH�SODWIRUP�SURFHVVRU�9LHZ)RUP�LV�FXUUHQWO\�UXQQLQJ�RQ��,W�FDQ�DOVR�EH�VHW�E\�WKH

XVHU��ZKHQ�WKH�FRPSXWLQJ�SODWIRUP�LV�WR�EH�VRPHWKLQJ�RWKHU�WKDQ�WKH�XQGHUO\LQJ�FRPSXWLQJ�SODW�

IRUP��7KLV�YLHZ�LV�LPSOHPHQWHG�WKH�VDPH�ZD\�DV�WKH�ODPEGD�YLHZ�DQG�WKH�FRPE�YLHZ��YLD�WKH

IROORZLQJ�ILYH�VWHSV�

��� ,PSOHPHQW�WKH�PHUJLQJ�DQG�FRS\LQJ�SURFHGXUHV��DV�ZHOO�DV�WKH�YLHZ�LQLWLDOL]DWLRQ�YDOXH

��� ,PSOHPHQW�WKH�YLHZ�GLVSDWFKHUV

��� &RPELQH�WKH�GLVSDWFKHUV�LQWR�D�YLHZ

��� 5HJLVWHU�WKH�YLHZ

��� 3URYLGH�D�ZD\�WR�LQYRNH�WKH�YLHZ

)RU�WKH�ILUVW�VWHS��ZH�PXVW�GHFLGH�XSRQ�D�UHSUHVHQWDWLRQ�IRU�WKH�YLHZ�LQIRUPDWLRQ��)RU�WKH�SODW�

IRUP�YLHZ��D�VWULQJ�ZLOO�VXIILFH��7KH�FRUUHVSRQGLQJ�PHUJH��GHVWUXFWLYH�PHUJH��FRS\LQJ��DQG�LQLWLDO

YDOXH�DUH�WKHUHIRUH�VLPSOH�VWULQJ�RSHUDWLRQV��6LQFH�WKH�VHPDQWLFV�RI�FRPELQLQJ�WZR�GLIIHUHQW�SODW�

IRUP�YLHZV�LV�RWKHUZLVH�GHSHQGHQW�RQ�WKH�XVH�RI�WKH�YLHZ�LQIRUPDWLRQ��ZH�PDNH�SODWIRUP�YLHZ

PHUJLQJ�GHIDXOW�WR�WKH�QXOO�SODWIRUP�

�GHILQH��FRQWH[W�SODWIRUP�FRQWH[W���UHWULHYH�YLHZ�SODWIRUP�YLHZ�FRQWH[W��
�GHILQH��VHW�FRQWH[W�SODWIRUP��FRQWH[W�LQIR���VHW�YLHZ��SODWIRUP�YLHZ�FRQWH[W�LQIR��
�GHILQH��SODWIRUP�PHUJH�SODWIRUP�YLHZ��SODWIRUP�YLHZ��
���LI��VWULQJ "�SODWIRUP�YLHZ��SODWIRUP�YLHZ��
������SODWIRUP�YLHZ�
������SODWIRUP�LG��
�GHILQH�SODWIRUP�LG����
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7KH�QH[W�WZR�VWHSV�DUH�FRPELQHG�LQWR�RQH�SLHFH�RI�FRGH��)RU�WKH�SODWIRUP�YLHZ��ZH�QHHG�RQO\

RQH�DFWLRQ��DQG�QRW�D�IXOO�GLVSDWFKHU��VLQFH�ZH�DUH�QRW�GRLQJ�D�FRGH�ZDON�RU�ORRNLQJ�DW�DQ\

FRGH��7KLV�DFWLRQ�DFTXLUHV�WKH�YLHZ�LQIRUPDWLRQ�IURP�PLFURFRGH�LG�RSHUDWLQJ�V\VWHP�YDULDQW��DQ

0,7�6FKHPH�SUHGHILQHG�YDULDEOH��7KLV�YDULDEOH�UHIHUHQFHV�D�VWULQJ�FRQWDLQLQJ�LQIRUPDWLRQ�IURP

ZKLFK�WKH�SURFHVVRU�SODWIRUP�FDQ�EH�JOHDQHG�
���������

7KH�WKLUG�VWHS�LV�WR�FUHDWH�WKH�YLHZ��7KLV�YLHZ�LV�QDPHG�SODWIRUP�YLHZ��DQG�LV�FRQVWUXFWHG

XVLQJ�LG�FRQWURO�VWUXFWXUH��D�FRQWURO�VWUXFWXUH�WKDW�XQFRQGLWLRQDOO\�LQYRNHV�HDFK�SDVVHG�LQ

YIRUP�RQ�WKH�SDVVHG�LQ�FRQWH[W�DQG�YLHZFRGH�H[SUHVVLRQ�OLVW��7KLV�FRGH�LV�JLYHQ�EHORZ�

�GHILQH�SODWIRUP�YLHZ
���PDNH�YLHZ�LG�FRQWURO�VWUXFWXUH
��������������YHUERVH�H[SO�FRPELQHU��SODWIRUP�DUFKLWHFWXUH�LQIRUPDWLRQ��
��������������OLVW��PDNH�H[SODLQHG�DFWLRQ
���������������������ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
�����������������������VHW�FRQWH[W�SODWIRUP��FRQWH[W�PLFURFRGH�LG�RSHUDWLQJ�V\VWHP�YDULDQW��
���������������������VWRULQJ�WKH�RSHUDWLQJ�V\VWHP�YDULDQW�����

7KH�IRXUWK�VWHS��UHJLVWHULQJ�WKH�YLHZ��LV�VWUDLJKWIRUZDUG��VLQFH�ZH�KDYH�SUHYLRXVO\�GHILQHG�DOO�WKH

QHFHVVDU\�FRPSRQHQWV�

�UHJLVWHU�YLHZ��SODWIRUP�YLHZ�SODWIRUP�PHUJH�SODWIRUP�PHUJH�LGHQWLW\�SURFHGXUH�SODWIRUP�LG�

)LQDOO\��ZH�SURYLGH�D�ZD\�WR�LQYRNH�WKH�YLHZ��DQG�GHILQH�[���SODWIRUP"�

�GHILQH��HQVXUH�SODWIRUP�YLHZ�FRPSXWHG��FRQWH[W�
���LI��VWULQJ�QXOO"��FRQWH[W�SODWIRUP�FRQWH[W��
�������GR�YIRUP�SODWIRUP�YLHZ�FRQWH[W�
�����

�GHILQH��[���SODWIRUP"�FRQWH[W�
���WKHUH�H[LVWV"��OLVW��[�����������������SHQWLXP��
�����ODPEGD��PDFKLQH�VWULQJ�
�������VXEVWULQJ"�PDFKLQH�VWULQJ��FRQWH[W�SODWIRUP�FRQWH[W�����

������9LHZ)RUP�2XWSXW

7KH�9LHZ)RUP�FRXSOHU�ZDV�LQYRNHG�E\�HYDOXDWLQJ���GR�YIRUP�FRXSOHU�YI��I�³�����7KH�UH�

VXOWLQJ�FRQWH[W�LV�JLYHQ�EHORZ��7KH�UHIHUHQFH�WR�ELW�VWULQJ�UHI�LQ�SURSDJDWH�QRGHV��ZDV�UHSODFHG

E\�QHZ�ELW�VWULQJ�UHI��DQG�WKH�ODS�FRGH�ZDV�DGGHG�

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

�,I�WKLV�YDULDEOH�ZDV�QRW�DYDLODEOH��D�� �IXQFWLRQ�FRXOG�EH�ZULWWHQ�DQG�FDOOHG�WR�SURYLGH�WKH�LQIRUPDWLRQ�
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�GHILQH�SURSDJDWH�QRGHV�
���ODPEGD��WF�PDWUL[�
�����OHW���VL]H��YHFWRU�OHQJWK�WF�PDWUL[��
������������WF�FRS\��PDNH�LQLWLDOL]HG�YHFWRU
���������������������VL]H
����������������������ODPEGD��LG[�
������������������������OHW���UHVXOW��ELW�VWULQJ�DOORFDWH�VL]H���
��������������������������EHJLQ��ELW�VWULQJ�PRYH�
���������������������������������UHVXOW
����������������������������������YHFWRU�UHI�WF�PDWUL[�LG[��
��������������������������������UHVXOW������
�������OHW�ORRS�N���N���
��������������������XS�WR�GDWH�WF�PDWUL[���ZRUN�FRS\�WF�FRS\��
���������OHW�ORRS�URZV���URZ����
�����������FRQG���IL[� �N�VL]H�
������������������LI��QRW��HT"�XS�WR�GDWH�WF�PDWUL[��
����������������������OHW�ORRS���LQGH[����
������������������������FRQG���IL[� �LQGH[�VL]H��
������������������������������HOVH
�������������������������������YHFWRU�VHW��WF�PDWUL[�LQGH[��YHFWRU�UHI�XS�WR�GDWH�LQGH[��
�������������������������������ORRS��IL[����LQGH[�������
������������������IL[� �URZ�VL]H���ORRS�N��IL[����N��ZRUN�FRS\�XS�WR�GDWH��
�����������������HOVH��OHW���URZ�ELW�VWULQJ��YHFWRU�UHI�XS�WR�GDWH�URZ���
�������������������������EHJLQ��LI��QHZ�ELW�VWULQJ�UHI�URZ�ELW�VWULQJ�N�
������������������������������������ELW�VWULQJ�RU��URZ�ELW�VWULQJ
����������������������������������������������������YHFWRU�UHI��RU��DQG��IL[���N�URZ�
������������������������������������������������������������������������ZRUN�FRS\�
�������������������������������������������������������������������XS�WR�GDWH�
���������������������������������������������������������������N���
��������������������������������YHFWRU�VHW��XS�WR�GDWH�URZ��YHFWRU�UHI�ZRUN�FRS\�URZ��
��������������������������������YHFWRU�VHW��ZRUN�FRS\�URZ�URZ�ELW�VWULQJ�
��������������������������������ORRS�URZV��IL[����URZ�����������

�GHILQH�PDFUR
���GHIODS�QDPH���ODS�
���TXDVLTXRWH
����GHILQH��XQTXRWH�QDPH�
������VFRGH�HYDO��TXRWH��XQTXRWH���DFFHVV�ODS�!FRGH
��������������������������������������������!HQYLURQPHQW��TXRWH��FRPSLOHU�WRS�OHYHO����
����������������������������������QDPH�ODS���
�����������������V\VWHP�JOREDO�HQYLURQPHQW����

�GHILQH�QHZ�ELW�VWULQJ�UHI
���OHW���
�����GHIODS�QHZ�ELW�VWULQJ�UHI
�������������HQWU\�SRLQW�QHZ�ELW�VWULQJ�UHI�
�������������6FKHPH�REMHFW�FRQVWDQW������
�������������6FKHPH�REMHFW�FRQVWDQW�����
�������������HTXDWH�QHZ�ELW�VWULQJ�UHI�QHZ�ELWVWULQJ�UHI���
�������������ZRUG�X�����
�������������EORFN�RIIVHW�QHZ�ELWVWULQJ�UHI���
�������������ODEHO�QHZ�ELWVWULQJ�UHI���
�������������PRY�Z��U�����#UR�E������
�������������PRY�Z��U�����#UR�E������
�������������DQG�Z��U�����U����
�������������DQG�Z��U�����U����
�������������DGG�Z��U�����	����
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�������������DQG�Z��#U�����U����
�������������PRY�E��U�����	�����
�������������DQG�E��U�����U����
�������������VKU�Z��U�����	����
�������������PRY�Z��U�����#URL�E����������
�������������VKU�Z��U�����U����
�������������WHVW�Z��U�����	����
�������������M]�E��#SFU�LV�IDOVH��
�������������PRY�Z��#UR�E�������	������������
�������������UHW�
�������������ODEHO�LV�IDOVH�
�������������PRY�Z��#UR�E�������	����
�������������UHW��
����QHZ�ELW�VWULQJ�UHI��

7R�GHPRQVWUDWH�WKH�XVHU�LQWHUDFWLRQ��WKH�OLQH��SURSDJDWH�QRGHV���YHFWRU��YHFWRU����������ZDV

DGGHG�WR�WKH�FRGH��7KH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�ZDV�WKHQ�LQYRNHG��7KLV�SURGXFHG�WKH�IROORZ�

LQJ�LQVWDQFH�RI�XVHU�LQWHUDFWLRQ��:KHQ�WKH�XVHU�UHVSRQGHG�ZLWK�\��QRW�QHFHVVDULO\�FRUUHFW���9LHZ�

)RUP�SURGXFHG�WKH�VDPH�FRQWH[W�H[SUHVVLRQV�DV�DERYH�

7KH�H[SUHVVLRQ��>��@��YHFWRU�������
�����UHWXUQLQJ�W\SHV����>XQLQWHUQHG�V\PERO����YHFWRU�W\SH��@�
�����LV�LQFRQVLVWHQW�ZLWK�WKH�UHTXLUHG�W\SH���>XQLQWHUQHG�V\PERO����ELWVWULQJ�W\SH��@
�����IRU�WKH�H[SUHVVLRQ�WR�EH�WUDQVIRUPHG��URZ�ELW�VWULQJ
6KDOO�,�DFFHSW�WKLV�DQG�FRQWLQXH"
(QWHU�\�WR�DFFHSW�RU�Q�WR�UHMHFW��\
�9DOXH��������>�FRQWH[W���@��

������4XDQWLWDWLYH�0HDVXUHPHQWV

7KH�IROORZLQJ�WDEOHV�FRQWDLQ�WKH�VDPH�PHDVXUHPHQWV�FROOHFWHG�IRU�WKH�SUHYLRXV�H[DPSOHV�

7KHVH�PHDVXUHPHQWV�DUH�GLVFXVVHG�QH[W�

3HGLJUHH

([DPSOH

1XPEHU

RI

&RQVWUXFWV

7RWDO�1XPEHU

RI�/LQHV

$YHUDJH�1XPEHU

�RI�/LQHV

SHU�&RQVWUXFW

3UHGLFDWHV � �� �

$FWLRQV � �� ����

'LVSDWFKHUV � � �

5XOHV � �� ��

1HZ�9LHZV � �� ��

2WKHU 1�$ � 1�$

7RWDO � ��� 1�$
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����$QDO\VLV�DQG�(YDOXDWLRQ

)RU�HDFK�RI�WKH�WKUHH�H[DPSOHV��WKH�WZR�HYDOXDWLRQ�PHWULFV�JLYHQ�HDUOLHU�DUH�DVVHVVHG��7KH

ILUVW�PHWULF�LV�ZKHWKHU�9LHZ)RUP�VXFFHVVIXOO\�JHQHUDWHG�WKH�GHVLUHG�FRXSOHG�FRGH��RU�LWV�HTXLYD�

OHQW��DQG�WKH�VHFRQG�LV�ZKHWKHU�WKH�GHVLGHUDWD�IURP�&KDSWHU���ZHUH�PHW��$IWHUZDUGV��,�GLVFXVV

ZKDW�,�OHDUQHG�IURP�P\�H[SHULHQFH�ZLWK�YLHZ�EDVHG�DEVWUDFWLRQ�DV�ZHOO�DV�YDULRXV�LPSRUWDQW�LV�

VXHV�WKDW�FDPH�XS�GXULQJ�P\�H[SHULPHQWDWLRQ�

������7KH�'HVLUHG�&RXSOLQJV�0HWULF

7KH�GHVLUHG�FRXSOLQJV�PHWULF�KDV�WZR�SRVVLEOH�YDOXHV��WUXH�RU�IDOVH��,W�LV�WUXH�LI�WKH�9LHZ�

)RUP�JHQHUDWHG�FRGH�LV�HLWKHU�LGHQWLFDO�RU�HTXLYDOHQW�WR�WKH�FRGH�GHVLUHG�E\�WKH�SURJUDPPHU�

(TXLYDOHQFH�LV�GHWHUPLQHG�ZLWK�UHVSHFW�WR�WKH�FULWHULD�WKH�SURJUDPPHU�VHW�RXW�ZKHQ�GHYHORSLQJ

WKH�GHVLUHG�FRGH��)RU�LQVWDQFH��LQ�WKH�GLVSDWFK�H[DPSOH��WKH�FULWHULRQ�LV�WR�WUDQVIRUP�D�OLQHDU�WLPH

SURFHVV�WR�DQ�H[SHFWHG�FRQVWDQW�WLPH�SURFHVV��$FFRUGLQJ�WR�WKLV�FULWHULRQ��WKH�FRGH�LQ�)LJXUH����

LV�HTXLYDOHQW�WR�WKH�FRGH�LQ�)LJXUH������HYHQ�WKRXJK�WKH\�DUH�QRW�V\QWDFWLFDOO\�WKH�VDPH��7KLV�FUL�

WHULRQ�FRXOG�DOVR�KDYH�EHHQ�VDWLVILHG�E\�FRGH�XVLQJ�D�GLIIHUHQW�H[SHFWHG�FRQVWDQW�WLPH�GLFWLRQDU\

GDWD�VWUXFWXUH�

��������7KH�6LPXODWRU�([DPSOH

)RU�WKH�VLPXODWRU�H[DPSOH��WKH�GHVLUHG�FULWHULRQ�LV�WR�JHQHUDWH�D�SDUWLFOH�GDWD�VWUXFWXUH�LP�

SOHPHQWDWLRQ�WKDW�XVHV�IORYHFV�WR�UHSUHVHQW�SDUWLFOH�YDOXHV��7KH�GHVLUHG�FRGH��ZKLFK�PHHWV�WKLV

FULWHULRQ��ZDV�JLYHQ�LQ�)LJXUH�����DQG�WKH�9LHZ)RUP�JHQHUDWHG�FRGH�ZDV�JLYHQ�LQ�)LJXUH�����

7KHVH�WZR�SLHFHV�RI�FRGH�DUH�QRW�V\QWDFWLFDOO\�HTXLYDOHQW��%RWK��KRZHYHU��GR�KDYH�LGHQWLFDO�LQ�

WHUIDFHV��:KLOH�WKLV�LV�HQRXJK�WR�VDWLVI\�WKH�FULWHULD��OHW�XV�H[SORUH�WKH�WZR�GLIIHUHQFHV�EHWZHHQ

WKHVH�SLHFHV�RI�FRGH�IRU�FRPSOHWHQHVV��7KH�ILUVW�GLIIHUHQFH�LV�WKDW�WKH�GHVLUHG�FRGH�XVHV�WKH�V\Q�

WDFWLF�VXJDU�

�GHILQH���SURF!��IRUPDO��!�¨��IRUPDO�Q!�
���ERG\!�

1XPEHU�RI�/LQHV�WKH�$FWLRQ�0RGLILHG ��

1XPEHU�RI�2WKHU�/LQHV�WKH�$FWLRQ�'HSHQGHG�8SRQ �

1XPEHU�RI�/LQHV�$QDO\]HG ����

7LPH�WR�&RXSOH�&RGH �����VHFRQGV

7LPH�WR�5HFRXSOH�&RGH �������VHFRQGV

7LPH�WR�&RPSLOH�&RGH ������VHFRQGV
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ZKLOH�WKH�JHQHUDWHG�FRGH�XVHV�WKH�IRUP�

�GHILQH��SURF!
���ODPEGD���IRUPDO��!�¨��IRUPDO�Q!�
�����ERG\!��

7KLV�LV�D�SXUHO\�V\QWDFWLF�GLIIHUHQFH��WKH�WZR�IRUPV�DUH�FRPSOHWHO\�VHPDQWLFDOO\�LGHQWLFDO��7KXV�

WKLV�KDV�QR�QHJDWLYH�EHDULQJ�RQ�WKH�GHVLUHG�FRXSOLQJ�PHWULF��7KH�VHFRQG�GLIIHUHQFH�LQYROYHV���

UHGXFWLRQ��VHH�)LJXUH�������$�6FKHPH�H[SUHVVLRQ�RI�WKH�IRUP�

��ODPEGD��SDUWLFOH���YHFWRU�UHI�SDUWLFOH����
�SDUWLFOH�

FDQ�EH���UHGXFHG�WR�WKH�IRUP�

�YHFWRU�UHI�SDUWLFOH���

7KH�WZR�IRUPV�DERYH�DUH�VHPDQWLFDOO\�HTXLYDOHQW��,Q�IDFW��FRPSLOHUV�DUH�IUHH�WR�SHUIRUP���

UHGXFWLRQ��DV�SHU�)LJXUH������DV�D�ZD\�RI�VWDWLFDOO\�RSWLPL]LQJ�RXW�FHUWDLQ�SURFHGXUH�FDOOV��6LQFH

WKH�QRQ���UHGXFHG�H[SUHVVLRQV�LQ�WKH�JHQHUDWHG�FRGH�FDQ�EH���UHGXFHG��WKLV�GLIIHUHQFH�KDV�QR

QHJDWLYH�EHDULQJ�RQ�WKH�GHVLUHG�FRXSOLQJ�PHWULF��7KH�GHVLUHG�DQG�JHQHUDWHG�FRGH�DUH�WKHUHIRUH

HTXLYDOHQW��7KLV�YDOLGDWHV�WKH�GHVLUHG�FRXSOLQJ�PHWULF�

��������7KH�3HGLJUHH�([DPSOH

)RU�WKH�SHGLJUHH�H[DPSOH��WKHUH�DUH�WZR�GHVLUHG�FULWHULD��7KH�ILUVW�LV�VXEVWLWXWLQJ��ZLWK�VF�

LQ�3BSHGLJUHH��7KH�VHFRQG�ZDV�SURGXFLQJ�D�YHUVLRQ�RI�3BSHGLJUHH�LQ�ZKLFK�S�VXP�DQG�S�ZHUH�LQ�

OLQHG��)RU�WKH�ILUVW�FULWHULRQ��WKH�GHVLUHG�FRGH�LQ�)LJXUH�����LV�FRPSDUHG�WR�WKH�JHQHUDWHG�FRGH�LQ

6HFWLRQ��������7KH�JHQHUDWHG�FRGH�GLIIHUV�IURP�WKH�GHVLUHG�FRGH�LQ�WZR�DVSHFWV��7KH�ILUVW�DVSHFW

LV�WKH�GHILQH�H[SUHVVLRQ�V\QWDFWLF�VXJDU�GHVFULEHG�LQ�WKH�SUHFHGLQJ�VHFWLRQ��LQ�WKH�VLPXODWRU�H[�

DPSOH��7KH�VHFRQG�DVSHFW�LV�LQ�WKH�GLIIHUHQFH�EHWZHHQ�

C���H[S��!�¨���H[S�Q!�

DQG

�TXDVLTXRWH���XQTXRWH��H[S��!��¨��XQTXRWH��H[S�Q!���

/LNH�WKH�GHILQH�H[SUHVVLRQ�V\QWDFWLF�VXJDU��WKHVH�IRUPV�DUH�FRPSOHWHO\�HTXLYDOHQW��2QH�LV�MXVW

V\QWDFWLF�VXJDU�IRU�WKH�RWKHU��6LQFH�WKHUH�DUH�QR�RWKHU�GLIIHUHQFHV�EHWZHHQ�WKH�GHVLUHG�DQG�JHQ�

HUDWHG�3BSHGLJUHH�FRGH��WKH�GHVLUHG�FRXSOLQJ�PHWULF�LV�YDOLGDWHG�IRU�3BSHGLJUHH�

1H[W��S�VXP�DQG�S�PXVW�EH�H[DPLQHG��7KH�FULWHULRQ�LV�WR�LQOLQH�S�VXP�DQG�S�LQWR�3BSHGLJUHH�

7KLV�LV�H[DFWO\�ZKDW�GHILQH�LQWHJUDEOH�VWLSXODWHV�WR�WKH�0,7�6FKHPH�V\QWD[HU��S�VXP�DQG�S�ZHUH�

KRZHYHU��FKDQJHG�VRPHZKDW��6SHFLILFDOO\��DQ�H[WUD�QRQ���UHGXFHG�FRPELQDWLRQ�ZDV�DGGHG�WR�S�

VXP�DQG�S��7KH�SXUSRVH�RI�WKLV�DGGLWLRQ�ZDV�VROHO\�WR�IRUFH�WKH�0,7�6FKHPH�V\QWD[HU�WR�VXEVWL�
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WXWH�WKH�DUJXPHQWV�IRU�WKH�IRUPDOV�H[DFWO\�RQFH��7KH�DGGLWLRQDO�FRPELQDWLRQ�GRHV�QRW�DGYHUVHO\

DIIHFW�WKH�LQOLQLQJ�RI�S�VXP�DQG�S��HVSHFLDOO\�VLQFH�D�FRPSLOHU�FRXOG�HDVLO\�GHFLGH�WR�HOLPLQDWH�LW

SRVW�LQOLQLQJ��7KXV��WKH�S�VXP�DQG�S�FRGH�LV�HTXLYDOHQW�WR�WKH�GHVLUHG�FRGH��7KLV�FRPSOHWHV�WKH

YDOLGDWLRQ�RI�WKH�GHVLUHG�FRXSOLQJ�PHWULF�IRU�WKH�SHGLJUHH�H[DPSOH�

��������7KH�9LHZ)RUP�([DPSOH

)RU�WKH�9LHZ)RUP�H[DPSOH��RQH�REMHFWLYH�ZDV�WR�UHSODFH�D�UHIHUHQFH�LQ�SURSDJDWH�QRGHV��WR

ELW�VWULQJ�UHI�ZLWK�QHZ�ELW�VWULQJ�UHI��7KLV�REMHFWLYH�ZDV�DFKLHYHG��WKH�RQO\�RWKHU�GLIIHUHQFH

EHLQJ�WKH�V\QWDFWLF�VXJDU�IURP�

�GHILQH��SURSDJDWH�QRGHV��¨��¨��WR

�GHILQH�SURSDJDWH�QRGHV���ODPEGD��¨��¨�

$V�GLVFXVVHG�HDUOLHU��WKLV�LV�D�SXUHO\�V\QWDFWLF�GLIIHUHQFH��7KH�VHFRQG�REMHFWLYH�ZDV�WR�DGG�WKH

ODS�FRGH��7KLV�FRGH�ZDV�DOVR�DGGHG�VXFFHVVIXOO\��WKH�RQO\�GLIIHUHQFH�EHLQJ�WKH�EDFNTXRWH�V\P�

ERO��L�H���C���XQTXRWH�V\PEROV��L�H������DQG�TXRWDWLRQ�V\PERO��L�H���³��ZHUH�UHSODFHG�E\�TXDVLTXRWH�

XQTXRWH��DQG�TXRWH��UHVSHFWLYHO\��$V�SUHYLRXVO\�GLVFXVVHG��WKLV�HTXLYDOHQFH�LV�DOVR�SXUHO\�V\QWDF�

WLF��6LQFH�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�GHVLUHG�DQG�JHQHUDWHG�FRGH�DUH�DOO�SXUHO\�V\QWDFWLF��ZH

FDQ�YDOLGDWH�WKH�GHVLUHG�PHWULF�FRXSOLQJ�IRU�WKH�9LHZ)RUP�H[DPSOH�

������7KH�'HVLGHUDWD�0HWULF

7KH�GHVLGHUDWD�PHWULF�FRQVLVWV�RI�ILYH�SURSHUWLHV�WKDW�YLHZ�EDVHG�DEVWUDFWLRQ�PXVW�SRVVHVV�

(DFK�SURSHUW\�LV�GLVFXVVHG�EHORZ��ZLWK�UHVSHFW�WR�WKH�VLPXODWRU��SHGLJUHH��DQG�9LHZ)RUP�H[DP�

SOHV�

��������%DFNZDUGV�&RPSDWLELOLW\

1RQH�RI�WKH�H[DPSOHV�UHTXLUHG�PRGLILFDWLRQV�WR�WKH�VRXUFH�ODQJXDJH��PRGLILFDWLRQV�WR�0,7

6FKHPH·V�LPSOHPHQWDWLRQ�RU�PRGLILFDWLRQV�WR�WKH�VRXUFH�SURJUDPV��L�H���SUDJPDV�RU�DQQRWDWLRQV��

1RQH�RI�WKH�H[DPSOHV�UHTXLUHG�UHZULWLQJ�WKH�VRXUFH�SURJUDPV�LQWR�D�GLIIHUHQW�ODQJXDJH��,Q�DOO�RI

WKH�FDVHV��WKH�QHHG�IRU�GLUHFW�VRXUFH�FRGH�DFFHVV�ZDV�OLPLWHG�WR�WKH�FRGH�EHLQJ�PRGLILHG�RU�WKH

FRGH�WKDW�WKH�PRGLILFDWLRQ�GHSHQGHG�XSRQ��7KLV�PHDQV�YLHZ�EDVHG�DEVWUDFWLRQ�ZDV�IXOO\�EDFN�

ZDUGV�FRPSDWLEOH�LQ�WKH�H[DPSOHV�ZLWK�UHVSHFW�WR�WKH�FULWHULD�GHILQHG�LQ�6HFWLRQ�������

��������,QFUHPHQWDOLW\

$V�GLVFXVVHG�HDUOLHU��LQFUHPHQWDOLW\�LV�DVVHVVHG�E\�FRPSDULQJ�WKH�VFRSH�RI�WKH�GHVLUHG�PRGL�

ILFDWLRQ�ZLWK�WKH�VFRSH�RI�WKH�FRXSOLQJ��)RU�WKH�VLPXODWRU�H[DPSOH��WKH�GHVLUHG�PRGLILFDWLRQ

FKDQJHG�WKUHH�GHILQH�H[SUHVVLRQV��JXQN�LQLWLDO�YDOXH��JXQN�SDUWLFOH�YDOXH��DQG�JXQN�VHW�

SDUWLFOH�YDOXH���7KH�FKDQJHV�ZHUH�GHSHQGHQW�XSRQ�WKH�RQH�OLQH�LPSOHPHQWLQJ�WKH�YHFWRU�DFFHVV
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LQ�JXQN�SDUWLFOH�YDOXH��7KLV�VFRSH�LV�WKH�VDPH�DV�WKDW�RI�WKH�FRUUHVSRQGLQJ�DFWLRQV��ZKLFK�PRG�

LI\�WKH�WKUHH�GHILQH�H[SUHVVLRQV�DQG�GHSHQG�RQ�WKH�LPSOHPHQWDWLRQ�RI�JXQN�SDUWLFOH�YDOXH��,Q

DGGLWLRQ��DV�VKRZQ�LQ�WKH�WDEOH�IURP�6HFWLRQ���������WKH�QXPEHU�RI�OLQHV�PRGLILHG�DQG�GHSHQGHG

XSRQ�E\�WKH�DFWLRQ�LV�ORZ�FRPSDUHG�WR�WKH�VL]H�RI�WKH�VLPXODWRU�FRGH�

7KH�GHVLUHG�SHGLJUHH�H[DPSOH�PRGLILFDWLRQ�GHSHQGV�XSRQ�WKH�GHILQLWLRQV�RI�3BSHGLJUHH��S�

VXP��DQG�S��7KH�DFWLRQV�ZH�GHILQHG�IRU�WKH�SHGLJUHH�OLNHZLVH�GHSHQG�RQ�WKH�GHILQLWLRQV�RI�WKHVH

WKUHH�SURFHGXUHV��2XU�VF��SUHGLFDWH��KRZHYHU��UHTXLUHV�D�GDWD�IORZ�DQDO\VLV�RQ�3BSHGLJUHH�

:KLOH�WKLV�PD\�VHHP�WR�LQGLFDWH�WKDW�RXU�SUHGLFDWH�KDV�D�ODUJHU�VFRSH�WKDQ�ZKDW�LV�UHTXLUHG��WKLV

DQDO\VLV�QHHG�RQO\�ORRN�EH\RQG�3BSHGLJUHH�WR�ORRN�IRU�FRPELQDWLRQV�ZKRVH�RSHUDWRU�LV�·V�YDOXH�

7KLV�DGGLWLRQDO�VFRSH�LV�RSWLRQDO��SUHGLFDWH�VF��FRXOG�HDVLO\�EH�PRGLILHG�WR�ORRN�IRU�RSHUDWRUV

WKDW�DUH�WH[WXDOO\�LGHQWLFDO�WR���7KLV�GRHV�QRW�UHTXLUH�DQ\�VRUW�RI�GDWD�IORZ�DQDO\VLV��EXW�UHOLHV�RQ

WKH�SUHVHQFH�RI�WKH�XVXDO�LQWHJUDWLRQV�GHFODUDWLRQ��7KH�DGGLWLRQDO�VFRSH�ZDV�RSWLRQDOO\�LPSOH�

PHQWHG�WR�PDNH�WKH�SUHGLFDWH�OHVV�IUDJLOH�

7KH�9LHZ)RUP�H[DPSOH�PRGLILFDWLRQ�GHSHQGV�RQ�WKH�FRGH�LQ�SURSDJDWH�QRGHV���DV�ZHOO�DV

DQ\�FRGH�WKDW�FDOOV�SURSDJDWH�QRGHV���7KH�DFWLRQV�ZH�LPSOHPHQWHG�OLNHZLVH�GHSHQG�RQ�WKH�VDPH

FRGH��DOWKRXJK�WKH�VFRSH�ZDV�H[WHQGHG�WR�LQFOXGH�ILOHV�WKDW�ZRXOG�QRW�RWKHUZLVH�EH�DOORZHG�WR

FDOO�SURSDJDWH�QRGHV���7KLV�H[WHQVLRQ�RI�VFRSH�ZDV�GRQH�VROHO\�WR�GHPRQVWUDWH�9LHZ)RUP·V�SHU�

IRUPDQFH�RQ�D�ODUJHU�SURJUDP��DQG�QRW�RXW�RI�QHFHVVLW\�

7KHVH�WKUHH�H[DPSOHV�GHPRQVWUDWH�WKH�SURSHUW\�RI�LQFUHPHQWDOLW\��2XU�FRXSOHUV�GLG�QRW�UH�

TXLUH�D�VFRSH�ODUJHU�WKDQ�WKDW�RI�WKH�GHVLUHG�PRGLILFDWLRQ��WKH�H[WUD�VFRSH�LQ�WKH�SHGLJUHH�DQG

9LHZ)RUP�FDVHV�ZDV�QRW�UHTXLUHG���)XUWKHUPRUH��RXU�FRXSOHUV�GLG�QRW�GHSHQG�RQ�DQ\�RWKHU�SR�

WHQWLDO�FRXSOLQJV�LQ�WKH�FRGH��ZKHWKHU�RU�QRW�WKH\�ZHUH�9LHZ)RUP�PHGLDWHG�

��������/DQJXDJH�,QGHSHQGHQFH

6LQFH�DOO�WKUHH�H[DPSOHV�ZHUH�SHUIRUPHG�XVLQJ�9LHZ)RUP��ZKLFK�WDNHV�RQO\�0,7�6FKHPH�DV

LQSXW���ODQJXDJH�LQGHSHQGHQFH�LV�QRW�HDV\�WR�GHPRQVWUDWH��,Q�IDFW��VRPH�FRXSOHUV�GHSHQGHG

XSRQ�WKUHH�VSHFLILF�0,7�6FKHPH�IHDWXUHV��L�H����GHFODUH��XVXDO�LQWHJUDWLRQV����GHILQH�LQWHJUDEOH�

DQG�PLFURFRGH�LG�RSHUDWLQJ�V\VWHP�YDULDQW���7KHVH�GHSHQGHQFLHV�DUH�QRW�QHFHVVDU\��WKH\�DUH

VLPSO\�FRQYHQLHQW��:KLOH�YLHZ�EDVHG�DEVWUDFWLRQ�GRHV�QRW�GHSHQG�RQ�DQ\�ODQJXDJH�IHDWXUH�RU

SURJUDPPLQJ�SDUDGLJP��D�PRUH�HPSLULFDO�WHVW�ZRXOG�EH�WR�LPSOHPHQW�D�YDULHW\�RI�9LHZ)RUP

YHUVLRQV�WKDW�GR�QRW�WDNH�6FKHPH�DV�LQSXW��,QVWHDG��,�ZLOO�DUJXH�YLHZ�EDVHG�DEVWUDFWLRQ·V�ODQ�

JXDJH�LQGHSHQGHQFH�EDVHG�RQ�WKH�IDFW�WKDW�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�VSHFLILFDWLRQ�LQ�&KDSWHU��

GRHV�QRW�UHTXLUH�DQ\�VSHFLILF�ODQJXDJH�IHDWXUHV�



���

��������(DVH�RI�8QGHUVWDQGLQJ�DQG�8VDELOLW\

(DVH�RI�XQGHUVWDQGLQJ�DQG�XVDELOLW\�FDQQRW�EH�PHDVXUHG�REMHFWLYHO\��DOWKRXJK�WKH�PHDV�

XUHPHQWV�WDNHQ�RQ�WKH�VLPXODWRU�H[DPSOH�LQ�6HFWLRQ�������DUH�D�JRRG�VWDUWLQJ�SRLQW��7KHVH

PHDVXUHPHQWV�VKRZ�WKDW�PRGLI\LQJ����OLQHV�RI�XQFRXSOHG�FRGH�WRRN����OLQHV�RI�9LHZ)RUP�FRGH�

7KLV�UHVXOWV�LQ�D�UDWLR�RI�����OLQHV�RI�9LHZ)RUP�FRGH�SHU�OLQH�RI�PRGLILHG�FRGH��:KLOH�D�ORZHU

UDWLR�ZRXOG�FHUWDLQO\�EH�EHWWHU��WKH�UHDO�JDLQ�LV�WKDW�IXWXUH�SURJUDPPHUV�ZLOO�QRW�EH�UHTXLUHG�WR

SD\�IRU�WKH�FRQVHTXHQFHV�RI�EURNHQ�PRGXODULW\��:KHQ�PRGLI\LQJ�FRGH�ZLWK�LPSOHPHQWDWLRQ

FRXSOLQJV�XQGHU�EODFN�ER[�DEVWUDFWLRQ��IXWXUH�SURJUDPPHUV�PXVW�VHDUFK�IRU�DQG�ILQG�H[LVWLQJ

LPSOHPHQWDWLRQ�FRXSOLQJV��PXVW�GHWHUPLQH�ZKDW�WKHLU�SUHFRQGLWLRQV�ZHUH��PXVW�GHWHUPLQH

ZKHWKHU�WKRVH�SUHFRQGLWLRQV�DUH�VWLOO�YDOLG��L�H���ZKHWKHU�WKH�FRXSOLQJV�DIIHFW�WKH�IXWXUH�SUR�

JUDPPHU·V�GHVLUHG�PRGLILFDWLRQV���PXVW�GHWHUPLQH�KRZ�WR�UHYHUW�RU�SDWFK�WKRVH�FRXSOLQJV��DQG

WKHUHE\�UHFXUVLYHO\�GR�WKLV�DOO�RYHU�DJDLQ�IRU�HDFK�UHYHUVLRQ�RU�SDWFK���DQG�PXVW�WHVW�WKH�UHYHU�

VLRQV�RU�SDWFKHV��7KLV�SULFH�IRU�EURNHQ�PRGXODULW\�LV�KLJK��DQG�IXUWKHUPRUH�PXVW�EH�SDLG�HDFK

WLPH�D�IXWXUH�FRGH�PRGLILFDWLRQ�LV�PDGH�WR�DQ\�DIIHFWHG�PRGXOH��7KH�SURJUDPPHU�ZKR�LV�LP�

SOHPHQWLQJ�WKH�VLPXODWRU�H[DPSOH�LPSOHPHQWDWLRQ�FRXSOLQJ�FDQ�HOLPLQDWH�WKHVH�IXWXUH�FRVWV�ZLWK

���OLQHV�RI�9LHZ)RUP�FRGH���FRGH�WKDW�WKLV�SURJUDPPHU�FDQ�ZULWH�PRUH�HDVLO\�VLQFH�KH�VKH�LV�WKH

RQH�ZKR�GHYHORSHG�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�WR�EHJLQ�ZLWK��&RPSDUHG�WR�WKH�UHFXUULQJ�FRVWV

RI�EURNHQ�PRGXODULW\�����OLQHV�RI�9LHZ)RUP�FRGH�LV�LQH[SHQVLYH�

/HW�XV�SURFHHG�WR�H[DPLQH�WKH����OLQHV�RI�9LHZ)RUP�FRGH�IRU�WKH�VLPXODWRU�H[DPSOH��2YHU

D�WKLUG�RI�WKH�9LHZ)RUP�FRGH�LV�LQ�WKH�DFWLRQV��7KH�DFWLRQ�FRGH�LV�XVXDOO\�WKH�HDVLHVW�WR�H[SUHVV�

VLQFH�LW�FRQVLVWV�PRVWO\�RI�VRPH�VRUW�RI�FRGH�WHPSODWH��$QRWKHU�WKLUG�RI�WKH�9LHZ)RUP�FRGH�LV

GHYRWHG�WR�WKH�FRXSOHU��7KLV�FRGH�LV�DOVR�VWUDLJKWIRUZDUG�WR�ZULWH��DV�FDQ�EH�HYLGHQFHG�E\�WKH

IDFW�WKDW�WKH�VDPH�DSSURDFK�DQG�VWUXFWXUH�ZDV�XVHG�WR�ZULWH�HYHU\�FRXSOHU�SUHVHQWHG�LQ�WKLV�GLV�

VHUWDWLRQ��L�H���FUHDWH�D�FRQWH[W��FRPSXWH�YLHZV�RQ�WKH�FRQWH[W��EXLOG�XS�WKH�YLHZFRGH�H[SUHVVLRQ

OLVW��LQYRNH�WKH�UXOHV�GLVSDWFKHUV�RQ�WKH�YLHZFRGH�OLVW��UHJLVWHU�WKH�FRXSOLQJ���7KH�PRVW�GLIILFXOW

FRGH�WR�ZULWH��WKH�SUHGLFDWHV��PDNH�XS�URXJKO\�����RI�WKH�VLPXODWRU�H[DPSOH�9LHZ)RUP�FRGH�

7KH�VLPXODWRU�H[DPSOH�SUHGLFDWHV��KRZHYHU��DUH�RQO\�WZR�OLQHV�ORQJ��7KLV�FDQ�EH�DWWULEXWHG�WR

WKH�XVH�RI�FRPSOH[LW\�OD\HULQJ�YLD�WKH�9LHZ)RUP�FRGH�OLEUDU\�

7KH�SHGLJUHH�H[DPSOH�VKRZV�VLPLODU�NLQGV�RI�QXPEHUV��7KH�UDWLR�RI�9LHZ)RUP�OLQHV�RI

FRGH�WR�PRGLILHG�OLQHV�RI�FRGH�LV������D�VOLJKWO\�ORZHU�QXPEHU�WKDQ�LQ�WKH�VLPXODWRU�H[DPSOH�

6RPH�RI�WKLV�GLIIHUHQFH�FDQ�EH�DWWULEXWHG�WR�WKH�ODUJHU�VL]H�RI�3BSHGLJUHH��7KH�FRPE�YLHZ�FRGH

FRPSULVHV�����RI�WKH�WRWDO�9LHZ)RUP�FRGH��7KLV�FRGH�LV�QRW�VSHFLILF�WR�WKH�SHGLJUHH�H[DPSOH�

DQG�LV�WKXV�UHXVDEOH��7KH�DFWLRQV�PDNH�XS�����RI�WKH�9LHZ)RUP�FRGH��,QWHUHVWLQJO\�HQRXJK��WKH

QXPEHU�RI�DFWLRQ�FRGH�OLQHV�LV�VPDOOHU�WKDQ�WKH�QXPEHU�RI�PRGLILHG�OLQHV��7KLV�LV�EHFDXVH�VHY�

HUDO�LQVWDQFHV�RI���LQ�3BSHGLJUHH�ZHUH�VXEVWLWXWHG�E\�WKH�VDPH�VF��DFWLRQ��7KH�UXOHV�DQG�WKH



���

FRXSOHU�FRPSULVH�����RI�WKH�FRGH��PDLQO\�EHFDXVH�WKHUH�DUH�WZR�UXOHV�DQG�RQH�FRXSOHU��7KH

SUHGLFDWHV�FRPSULVHG�����RI�WKH�9LHZ)RUP�FRGH��$W�OHDVW�WZR�RI�WKH�SUHGLFDWHV��SUHGLFDWH�QR�

PXWDWLRQV�DQG�SUHGLFDWH�VF���FDQ�EH�PDGH�JHQHUDO�HQRXJK�WR�EH�LQ�WKH�9LHZ)RUP�OLEUDU\�

SUHGLFDWH�QR�PXWDWLRQV�DOUHDG\�LV�JHQHUDO�HQRXJK��DQG�LQ�SUHGLFDWH�VF����FDQ�EH�PDGH�D�SD�

UDPHWHU��7KLV�FKDQJH�ZRXOG�KDYH�UHGXFHG�WKH�SUHGLFDWH�OLQH�FRXQW�E\�KDOI��$GGLQJ�WKHVH�SUHGL�

FDWHV�WR�WKH�9LHZ)RUP�OLEUDU\�LV�EHQHILFLDO�EHFDXVH�SUHGLFDWHV�DUH�JHQHUDOO\�PRUH�GLIILFXOW�WR

ZULWH�WKDQ�RWKHU�YLHZ�EDVHG�DEVWUDFWLRQ�FRQVWUXFWV��$Q\�9LHZ)RUP�OLEUDU\�IXQFWLRQV�WKDW�FDQ�EH

XVHG�WR�VLPSOLI\�WKH�SUHGLFDWH�ZULWLQJ�SURFHVV�ZLOO�GLVSURSRUWLRQDWHO\�VLPSOLI\�WKH�LPSOHPHQWDWLRQ

RI�WKH�FRUUHVSRQGLQJ�FRXSOLQJ�

)RU�WKH�9LHZ)RUP�H[DPSOH��WKH�UDWLR�RI�9LHZ)RUP�OLQHV�RI�FRGH�WR�PRGLILHG�FRGH�LV�����

7KLV�LV�EHFDXVH�PRUH�OLQHV�RI�FRGH�DUH�PRGLILHG�LQ�WKLV�H[DPSOH��WKHUHE\�DPRUWL]LQJ�WKH�WRWDO

QXPEHU�RI�9LHZ)RUP�FRGH�OLQHV��7KLV�DOVR�H[SODLQV�ZK\�RYHU�����RI�WKH�9LHZ)RUP�FRGH�OLQHV

ZHUH�LQ�WKH�DFWLRQV��7KH�UHPDLQLQJ�OLQHV�RI�9LHZ)RUP�FRGH�DUH�VLPLODU�WR�ZKDW�ZDV�PHDVXUHG�LQ

HDUOLHU�H[DPSOHV��DQG�WKH�DYHUDJH�QXPEHU�RI�OLQHV�SHU�SUHGLFDWH�LV�ORZ�DV�GHVLUHG�

7KH�PHDVXUHPHQWV�WDNHQ�RQ�WKH�9LHZ)RUP�FRGH��WRJHWKHU�ZLWK�WKH�DSSURDFKHV�DQG�WHFK�

QLTXHV�XVHG�WR�ZULWH�WKH�FRGH��VKDUH�VRPH�FRPPRQ�DVSHFWV��7KHVH�VKDUHG�DVSHFWV�LQFOXGH�ZD\V

RI�FRPELQLQJ�SUHGLFDWHV�RU�DFWLRQV��ZD\V�RI�SDVVLQJ�YLHZFRGH�H[SUHVVLRQ�OLVWV��DQG�ZD\V�RI�LP�

SOHPHQWLQJ�FRQWURO�VWUXFWXUHV�DQG�YLHZV��7KHVH�FRPPRQDOLWLHV�FDQ�IRUP�WKH�IRXQGDWLRQ�IRU�SUR�

JUDPPLQJ�VNLOOV�WKDW�PRUH�TXLFNO\�OHDG�WR�ILQLVKHG�FRXSOHUV��,�IRXQG�WKLV�WR�EH�FRQVLVWHQW�ZLWK

P\�H[SHULHQFHV�ZULWLQJ�FRXSOHUV��DQG�,�H[SHFW�RWKHU�SURJUDPPHUV�WR�KDYH�VLPLODU�H[SHULHQFHV�

��������$PRUWL]DEOH�7LPH�6DYLQJV

7KH�WLPHV�QHHGHG�WR�JHQHUDWH�D�FRXSOLQJ�DQG�WKH�QXPEHU�RI�OLQHV�DQDO\]HG�IRU�HDFK�H[DP�

SOH�DUH�JLYHQ�LQ�6HFWLRQV���������������DQG��������7KH�VLPXODWRU�H[DPSOH�SURGXFHG�D�UDWH�RI�DS�

SUR[LPDWHO\�����OLQHV�SHU�VHFRQG��%\�FRPSDULVRQ��WKH�0,7�6FKHPH�FRPSLOHU�SURGXFHG�D�UDWH�RI

���OLQHV�SHU�VHFRQG��RU�DERXW�D�WKLUG�WKH�UDWH�RI�9LHZ)RUP��)RU�WKH�SHGLJUHH�H[DPSOH��9LHZ�

)RUP·V�UDWH�ZDV�����OLQHV�SHU�VHFRQG�DQG�WKH�0,7�6FKHPH�FRPSLOHU·V�UDWH�ZDV����OLQHV�SHU�VHF�

RQG�

2QH�GLIIHUHQFH�LQ�WKH�9LHZ)RUP�H[DPSOH�LV�WKH�WLPH�QHHGHG�WR�FRXSOH�WKH�FRGH��9LHZ)RUP

DFKLHYHG�DQ�DYHUDJH�UDWH�RI�DSSUR[LPDWHO\����OLQHV�SHU�VHFRQG��OHVV�WKDQ�LQ�WKH�SUHYLRXV�H[DP�

SOHV��7KH�UDWLR�RI�FRXSOLQJ�WLPH�WR�FRPSLOH�WLPH�ZDV�DOVR�ZRUVH��DERXW������7KH�H[SODQDWLRQ�IRU

WKLV�LV�WKH�H[WUD�WLPH�QHHGHG�WR�PHUJH�WKH����FRQWH[WV��7KLUW\�SHUFHQW�RI�WKH�FRXSOLQJ�WLPH�ZDV

GHYRWHG�WR�WKLV�PHUJLQJ�HIIRUW��ZKLFK�ZDV�RWKHUZLVH�LQVLJQLILFDQW�LQ�WKH�SUHYLRXV�H[DPSOHV��,W�LV

LPSRUWDQW�WR�QRWH��KRZHYHU��WKDW�WKHVH�PHDVXUHPHQWV�DUH�ZRUVW�FDVH�QXPEHUV�DQG�DUH�DUWLILFLDOO\

LQIODWHG��7KH\�DUH�ZRUVW�FDVH�LQ�WKDW�WKH�OLDU�YLHZ�ZDV�IXOO\�FRPSXWHG�RYHU�HYHU\�H[SUHVVLRQ�LQ



���

HYHU\�FRQWH[W�LQ�WKH�HQWLUH�9LHZ)RUP�SURJUDP��7KH\�DUH�DUWLILFLDOO\�LQIODWHG�LQ�WKDW�RQO\�ILYH

FRQWH[WV�ZHUH�DFWXDOO\�QHHGHG�WR�FRPSXWH�WKH�FRXSOLQJ��VLQFH�RQO\�WKRVH�ILYH�FRXOG�FDOO�SURSD�

JDWH�QRGHV���7KLV�ZRXOG�KDYH�OHG�WR�D�9LHZ)RUP�WLPH�RI����VHFRQGV��ZLWK�D�UDWH�RI�����OLQHV�SHU

VHFRQG��DQG�D�FRPSLODWLRQ�WLPH�RI������VHFRQGV��DQG����OLQHV�SHU�VHFRQG��1HYHUWKHOHVV��RQH�JRDO

RI�WKLV�H[DPSOH�ZDV�WR�GHPRQVWUDWH�9LHZ)RUP·V�SHUIRUPDQFH�RQ�ZRUVW�FDVH�VFHQDULRV��7RZDUGV

WKDW�HQG��LW�LV�FOHDU�WKDW�LQFUHDVLQJ�WKH�VL]H�RI�WKH�SURJUDP�DQ�RUGHU�RI�PDJQLWXGH�GLG�QRW�FUHDWH

D�GLVSURSRUWLRQDO�LQFUHDVH�LQ�WKH�FRXSOLQJ�WLPH�RU�GHFUHDVH�LQ�WKH�FRXSOLQJ�UDWH��HLWKHU�DEVR�

OXWHO\�RU�FRPSDUHG�WR�WKH�FRPSLODWLRQ�UDWH���&RXSOLQJ�WKH�FRGH��WKHUHIRUH��ZRXOG�QRW�DGG�D�VXE�

VWDQWLDO�WLPH�EXUGHQ�WR�WKH�FRPSLODWLRQ�RI�DQ\�H[DPSOH�

*LYHQ�WKHVH�UDWHV��LW�FRXOG�EH�DUJXHG�WKDW�D�KXJH��L�H���PLOOLRQ�OLQH��SURJUDP�ZRXOG�QRW�EH

VXLWDEOH�IRU�9LHZ)RUP��7KLV�LV�WUXH�RQO\�LI�DOO�PLOOLRQ�OLQHV�PXVW�EH�DQDO\]HG��,I�YDOLGDWLQJ�D�SUH�

FRQGLWLRQ�UHTXLUHV�DQDO\]LQJ�D�PLOOLRQ�OLQH�SURJUDP��KRZHYHU��WKH�FRUUHVSRQGLQJ�LPSOHPHQWDWLRQ

FRXSOLQJ�LV�XQOLNHO\�WR�EH�DSSOLHG�E\�HLWKHU�D�KXPDQ�EHLQJ�RU�D�PDFKLQH��,QVWHDG��H[SHULHQFH

GLFWDWHV�WKDW�PRGXODULW\�FDQ�VHYHUHO\�UHGXFH�WKH�DPRXQW�RI�FRGH�WKDW�PXVW�EH�DQDO\]HG��,W�LV

PRUH�OLNHO\�WKDW�RQO\�D�IHZ�PRGXOHV�QHHG�WR�EH�DQDO\]HG��HLWKHU�EHFDXVH�WKH�VFRSH�RI�DQ�LPSOH�

PHQWDWLRQ�FRXSOLQJ�LV�OLPLWHG��RU�EHFDXVH�D�SURJUDPPHU�GHFLGHV�WKDW�RQO\�D�IHZ�PRGXOHV�DUH

DFWXDOO\�UHOHYDQW�WR�WKH�FRXSOLQJ��7KLV�ZDV�WKH�FDVH�ZLWK�WKH�VLPXODWRU�H[DPSOH��ZKHUH�RXW�RI�DQ

DSSOLFDWLRQ�VSDQQLQJ�RYHU��������OLQHV�RI�FRGH��URXJKO\�����ZHUH�UHOHYDQW�DQG�QHHGHG�WR�EH

DQDO\]HG�

$QRWKHU�ZD\�9LHZ)RUP�FRXSOLQJV�FDQ�VDYH�WLPH�LV�YLD�WKH�DXWRPDWLF�FRGH�DQDO\VLV��,Q�RUGHU

WR�VDIHO\�DSSO\�WKH�GHVLUHG�VLPXODWRU�PRGLILFDWLRQV��IRU�H[DPSOH��WKH�VLPXODWRU�PXVW�EH�DQDO\]HG

WR�HQVXUH�WKDW�HYHU\�SDUWLFOH�YDOXH�LV�D�IORDWLQJ�SRLQW�QXPEHU��'RLQJ�WKLV�DQDO\VLV�PDQXDOO\�FDQ

WDNH�VXEVWDQWLDOO\�PRUH�WLPH�WKDQ����VHFRQGV��DQG�FDQ�EH�SURQH�WR�KXPDQ�HUURU��(YHQ�RQH�HUURU

FDQ�FUHDWH�D�EXJ�WKDW�WDNHV�PLQXWHV�RU�HYHQ�KRXUV�WR�VROYH��H�J���LI�WKH�EXJ�UHDUV�LWVHOI�ODWHU��EH�

FDXVH�RI�DQ�XQUHODWHG�SURJUDP�PRGLILFDWLRQ���7KLV�OHDGV�WR�WKH�QH[W�IRUP�RI�VDYLQJ�WLPH�

%\�HOLPLQDWLQJ�WKH�SRVVLELOLW\�RI�FHUWDLQ�EXJV��9LHZ)RUP�FRXSOHUV�FDQ�UHGXFH�GHEXJJLQJ

WLPH��,Q�WKH�VLPXODWRU�H[DPSOH��RXU�FRXSOHU�ZLOO�QHYHU�PRGLI\�WKH�SDUWLFOH�YDOXH�UHSUHVHQWDWLRQ�LI

HYHQ�RQH��KDUG�WR�ILQG�XVH�RI�JXQN�SDUWLFOH�VHW�YDOXH��VHWV�D�SDUWLFOH�YDOXH�WR�VRPHWKLQJ�RWKHU

WKDQ�D�IORDW��3UHGLFDWHV�FDQ�DOHUW�SURJUDPPHUV�WR�WKH�H[LVWHQFH�RI�WKHVH�NLQGV�RI�FRQGLWLRQV�E\

GLVSOD\LQJ�PHVVDJHV��IRU�H[DPSOH�

7KHVH�REVHUYDWLRQV�DUH�FRQVLVWHQW�ZLWK�WKH�FODLP�WKDW�YLHZ�EDVHG�DEVWUDFWLRQ�LV�HDV\�WR�XQ�

GHUVWDQG�DQG�XVH��DQG�FDQ�VDYH�WLPH��2I�FRXUVH��DV�LV�WKH�FDVH�ZLWK�PRVW�QHZ�PRGHOV��DFTXLULQJ

SUDFWLFDO�H[SHULHQFH�ZLWK�YLHZ�EDVHG�DEVWUDFWLRQ�JRHV�D�ORQJ�ZD\�WRZDUGV�HQKDQFLQJ�XQGHUVWDQG�

LQJ��XVDELOLW\��DQG�WKH�UHDOL]DEOH�WLPH�VDYLQJV�



���

����/HVVRQV�/HDUQHG

,Q�WKLV�VHFWLRQ��,�GLVFXVV�VRPH�LPSRUWDQW�DVSHFWV�RI�P\�H[SHULHQFHV�XVLQJ�YLHZ�EDVHG�DE�

VWUDFWLRQ�DQG�9LHZ)RUP�

������'HWHUPLQLQJ�3UHFRQGLWLRQV�DQG�3URJUDP�0RGLILFDWLRQV

7KH�GLIILFXOW\�RI�GHWHUPLQLQJ�D�VHW�RI�SUHFRQGLWLRQV�LV�UHODWHG�WR�WKH�GHVLUHG�OHYHO�RI�IUDJLOLW\�

6WURQJ�SUHFRQGLWLRQV�DUH�HDV\�WR�GHYHORS�DQG�LPSOHPHQW��ZKLOH�ZHDN�SUHFRQGLWLRQV�DUH�GLIILFXOW

WR�GHYHORS�EHFDXVH�WKH\�PXVW�WDNH�IXWXUH�FKDQJHV�WR�D�SURJUDP�LQWR�DFFRXQW��)RU�H[DPSOH��XQ�

GHU�EODFN�ER[�DEVWUDFWLRQ��D�SURJUDPPHU�PD\�GHFLGH�WR�LQFUHDVH�D�ORRS·V�SHUIRUPDQFH�ZLWK�D

PDFUR�WKDW�FRSLHV�D�IXQFWLRQ·V�LPSOHPHQWDWLRQ�GLUHFWO\�LQWR�D�WLJKW�ORRS��$W�ILUVW�JODQFH��WKLV

PDFUR�PD\�VHHP�OLNH�DQ�HDV\�VROXWLRQ�WR�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP��ZKHQ�WKH�VHOHF�

WRU·V�FRGH�FKDQJHV��VR�GRHV�ZKDW�JHWV�FRSLHG�LQWR�WKH�ORRS��1R�DSSDUHQW�SUHFRQGLWLRQV�VHHP

QHFHVVDU\��8QIRUWXQDWHO\��WKH�VLWXDWLRQ�LV�PRUH�FRPSOH[��7KH�FRGH�FDQQRW�EH�FRSLHG�LI�LW�LV�ODWHU

FKDQJHG�WR�PDLQWDLQ�ORFDO�VWDWH�RU�PRGLI\�VWDWH�WKURXJK�D�YDULDEOH�WKDW�LV�QRW�OH[LFDOO\�YLVLEOH�LQ�

VLGH�WKH�WLJKW�ORRS��(YHQ�ZRUVH��DQ\�IUHH�YDULDEOHV�LQ�WKH�VHOHFWRU�FRGH�PD\�EH�´FDSWXUHGµ�E\

YDULDEOHV�LQ�WKH�WLJKW�ORRS·V�OH[LFDO�VFRSH�
�����������

�9LHZ)RUP�GRHV�QRW�VROYH�WKH�KDUG�SUREOHP�RI

DXWRPDWLFDOO\�GHWHUPLQLQJ�UREXVW�SUHFRQGLWLRQV��5DWKHU��9LHZ)RUP·V�MRE�LV�WR�PDNH�WKH�SUHFRQ�

GLWLRQV��DQG�PRGLILFDWLRQV��HDV\�WR�H[SUHVV��,Q�DQ\�FDVH��FDUH�DQG�FDXWLRQ�DUH�QHHGHG�ZKHQ�GH�

YHORSLQJ�OHVV�IUDJLOH�RU�ZHDNHU�SUHFRQGLWLRQV�

2QFH�H[SUHVVHG��9LHZ)RUP�FDQ�VLJQLILFDQWO\�DVVLVW�LQ�YDOLGDWLQJ�WKH�SUHFRQGLWLRQV��7KHVH

SUHFRQGLWLRQV�FDQ�LQYROYH�ZKROH�SURJUDP�DQDO\VHV�VXFK�DV�GDWD�IORZ�DQDO\VLV��FRQWURO�IORZ�DQDO\�

VLV��VLGH�HIIHFW�DQDO\VLV��DQG�DOLDV�DQDO\VLV��8QGHU�EODFN�ER[�DEVWUDFWLRQ��SURJUDPPHUV�W\SLFDOO\

SHUIRUP�WKHVH�DQDO\VHV�PDQXDOO\��HYHQ�WKRXJK�D�FRPSXWHU�FDQ�DXWRPDWLFDOO\�SHUIRUP�PDQ\�RI

WKHVH�DQDO\VHV�WR�YDU\LQJ�GHJUHHV�RI�SUHFLVLRQ��0DQXDOO\�FRPSXWLQJ�WKHVH�DQDO\VHV�DQG�PDQXDOO\

YDOLGDWLQJ�WKH�SUHFRQGLWLRQV�FDQ�EH�FRPSOH[�DQG�HUURU�SURQH��(YHQ�SDUWLDO�DVVLVWDQFH��L�H���YDOL�

GDWLRQ�WKDW�GHSHQGV�RQ�XVHU�LQWHUDFWLRQ��FDQ�UHGXFH�FRPSOH[LW\�DQG�SRWHQWLDO�VRXUFHV�RI�HUURU�

������&RQVHUYDWLYH�3URJUDP�$QDO\VHV

$V�PHQWLRQHG�HDUOLHU�LQ�6HFWLRQ��������DFFXUDWH�GDWD�IORZ�DQDO\VLV�FDQ�EH�KDPSHUHG�ZKHQ

YDOXHV�IORZ�LQ�DQG�RXW�RI�GDWD�VWUXFWXUHV��FORVXUHV��DQG�WRS�OHYHO�YDULDEOH�QDPHV��7KLV�SUREOHP

FDQ�SUHFOXGH�WKH�VLPSOH�DQG�VWUDLJKWIRUZDUG�H[SUHVVLRQ�RI�D�ZHDN�SUHFRQGLWLRQ��7KH�URRW�RI�WKH

SUREOHP�OLHV�LQ�WKH�FRQVHTXHQFHV�RI�WKH�WKHRU\�WKDW�QRW�DOO�SURJUDP�SURSHUWLHV�DUH�FRPSXWDEOH

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

�:KLOH�K\JLHQLF�PDFURV>��@�FDQ�SUHYHQW�WKLV�NLQG�RI�YDULDEOH�FDSWXUH�LQ�VFKHPH��ODQJXDJHV�OLNH�� �GR�QRW�SURYLGH�WKLV�NLQG�RI
IDFLOLW\�



���

LQ�JHQHUDO�>��@�7KLV�PHDQV�WKDW�9LHZ)RUP�FDQQRW�DXWRPDWLFDOO\�FRPSXWH�DQ\�SURJUDP�SURSHUW\

ZLWK�SHUIHFW�SUHFLVLRQ�LQ�JHQHUDO��'DWD�IORZ�DQDO\VLV�IDOOV�LQWR�WKLV�FDWHJRU\�

,�VXJJHVW�WKUHH�DSSURDFKHV�ZKHQ�SUHFRQGLWLRQ�H[SUHVVLRQ�LV�SUHFOXGHG�WKLV�ZD\��7KH�ILUVW�LV

XVHU�LQWHUDFWLRQ��$V�VXJJHVWHG�LQ�6HFWLRQ����������XVHU�LQWHUDFWLRQ�SURYLGHV�IXOO�EDFNZDUGV�FRP�

SDWLELOLW\�E\�DOORZLQJ�YLHZV�WR�´FRPSXWHµ�SURJUDP�SURSHUWLHV�EDVHG�RQ�XVHU�LQSXW��7KH�VHFRQG

DSSURDFK�LV�WR�ZLGHQ�D�SUHGLFDWH·V�VFRSH��)RU�H[DPSOH��SUHGLFDWHV�FDQ�EH�LPSOHPHQWHG�WR�ORRN

DW�DOO�WKH�YLHZFRGH�H[SUHVVLRQV�ZKHUH�D�YDOXH�RI�LQWHUHVW�JRHV�LQWR�RU�FRPHV�RXW�RI�LQVWHDG�RI

VWDUWLQJ�DW�RQH�H[SUHVVLRQ�DORQJ�WKH�ZD\�DQG�EUDQFKLQJ�RXW�IURP�WKHUH��7KH�WKLUG�LV�LQVHUWLQJ

G\QDPLF�FKHFNV�LQWR�WKH�YLHZFRGH��H�J���G\QDPLF�W\SH�FKHFNV���:KLOH�WKLV�SUREOHP�FDQ�EH�PLWL�

JDWHG�LQ�RWKHU�ZD\V��XOWLPDWHO\�WKH�HDVH�E\�ZKLFK�D�SUHFRQGLWLRQ�FDQ�EH�H[SUHVVHG�GHSHQGV�RQ

WKH�DYDLODELOLW\�RI�DQ�DFFHSWDEOH�DPRXQW�RI�SUHFLVLRQ�LQ�YLHZ�LQIRUPDWLRQ�

������'HIDXOW�3URJUDP�$QDO\VHV

,�IRXQG�LW�XVHIXO�WR�SURYLGH��E\�GHIDXOW��DQ�DOSKD�YLHZ�DQG�D�GDWD�IORZ�YLHZ��7KHVH�DORQH�DO�

ORZ�IRU�WKH�H[SUHVVLRQ�RI�D�YDULHW\�RI�SUHFRQGLWLRQV��7KHVH�YLHZV�FDQ�DOVR�EH�XVHIXO�GXULQJ�SUR�

JUDP�GHYHORSPHQW��:KLOH�GHYHORSLQJ�9LHZ)RUP��,�H[WHQVLYHO\�EHQHILWHG�IURP�WKH�DELOLW\�WR�ILQG

XQERXQG�YDULDEOHV�DQG�SDUDPHWHU�OLVWV�LQFRQVLVWHQW�ZLWK�FDOO�VLWHV��2WKHU�XVHIXO�YLHZV�FRPSXWH

FRQWURO�IORZ��G\QDPLF�W\SH��VLGH�HIIHFW��DQG�DOLDV�LQIRUPDWLRQ��DOWKRXJK�WKH\�ZHUH�QRW�LQFOXGHG

LQ�9LHZ)RUP�E\�GHIDXOW�

������'HIDXOW�&RXSOLQJ�/LEUDU\

3URJUDPPHUV�WHQG�WR�DWWHPSW�FHUWDLQ�RSWLPL]DWLRQV�PRUH�IUHTXHQWO\�WKDQ�RWKHUV��7KHVH�LQ�

FOXGH�LQOLQLQJ��RSHUDWRU�VWUHQJWK�UHGXFWLRQ��OLPLWHG�SDUWLDO�HYDOXDWLRQ��FRGH�PRWLRQ��UHSUHVHQWD�

WLRQ�VKLIWV��DQG�VHPDQWLFV�SUHVHUYLQJ�FRGH�UHZULWHV��L�H���XVLQJ�ODQJXDJH�FRQVWUXFWV�´NQRZQµ�WR�EH

PRUH�HIILFLHQW���,Q�IDFW��IHZ�SURJUDPPHUV�VHHP�WR�EH�DEOH�WR�GHVFULEH�PRUH�WKDQ����RU����NLQGV

RI�RSWLPL]DWLRQV�WKH\�SHUIRUP�RQ�D�UHJXODU�EDVLV��2QH�FDQ�FRQFOXGH�WKDW�D�UHODWLYHO\�VPDOO��RI

VL]H��������OLEUDU\�RI�RSWLPL]DWLRQV�ZRXOG�EH�XVHIXO�LQ�PRVW�LPSOHPHQWDWLRQ�FRXSOLQJ�FLUFXP�

VWDQFHV��%XLOGLQJ�D�OLEUDU\�RI�WKHVH�FRQVWUXFWV�LV�DQ�LPSRUWDQW�IDFWRU�LQ�WKH�FRPSOH[LW\�OD\HULQJ

DUJXPHQW�SUHVHQWHG�LQ�&KDSWHU����,�IRXQG�WKDW�HYHQ�ZLWK�9LHZ)RUP·V�OLPLWHG�GHIDXOW�YIRUP�OL�

EUDU\��,�ZDV�DEOH�WR�UHXVH�OLEUDU\�FRPSRQHQWV�RQ�D�UHJXODU�EDVLV�

������9LHZ�6HOHFWLRQ�DQG�&RPSXWDWLRQ

9LHZV�DUH�XQGRXEWHGO\�WKH�PRVW�FRPSXWDWLRQDOO\�H[SHQVLYH�SDUW�RI�9LHZ)RUP��7KLV�REVHU�

YDWLRQ�LV�FRQVLVWHQW�ZLWK�WKDW�RI�VLPLODU�UHVHDUFK�HIIRUWV�>��@�7KLV�LV�QRW�VXUSULVLQJ��DV�WKH�PRUH

LQWHUHVWLQJ�YLHZV�DUH�EDVHG�RQ�LQWHUSURFHGXUDO�DQDO\VHV��7KLV�PHDQV�WKDW�YLHZ�VHOHFWLRQ�LV�YHU\

LPSRUWDQW��FKRRVLQJ�D�YLHZ�ZLWK�PRUH�SUHFLVLRQ�WKDQ�QHFHVVDU\�FDQ�DGYHUVHO\�DIIHFW�SHUIRUP�



���

DQFH��,W�LV�DOVR�LPSRUWDQW�WR�UHGXFH�WKH�VL]H�RI�WKH�FRQWH[WV�RYHU�ZKLFK�YLHZV�DUH�FRPSXWHG�

VLQFH�QRQ�ORFDO�DQDO\VHV�RIWHQ�VFDOH�H[SRQHQWLDOO\�LQ�WKH�VL]H�RI�WKHLU�LQSXW��,�IRXQG�WKDW�YLHZV

GLG�QRW�JHQHUDOO\�QHHG�WR�EH�FRPSXWHG�RYHU�DQ�HQWLUH�DSSOLFDWLRQ��,QVWHDG��YLHZV�FRXOG�JHQHU�

DOO\�EH�LQYRNHG�RQ�SLHFHV�RI�FRGH�VHYHUDO�KXQGUHG�RU�WKRXVDQG�OLQHV�ORQJ�HYHQ�WKRXJK�WKH�RYHU�

DOO�DSSOLFDWLRQV�ZHUH���WR����WLPHV�ODUJHU��7KLV�UHGXFHG�WKH�DPRXQW�RI�WLPH�VSHQW�FRPSXWLQJ

YLHZV�WR�RU�EHORZ�DFFHSWDEOH�OHYHOV��&RQWH[WV�ZHUH�LQVWUXPHQWDO�LQ�DOORZLQJ�WKHVH�UHGXFWLRQV�WR

EH�PDGH�

$Q�LPSRUWDQW�SRLQW�LV�WKDW�LI�WKH�DPRXQW�RI�FRGH�WKDW�QHHGV�WR�EH�DQDO\]HG�JURZV�VORZO\

ZLWK�UHVSHFW�WR�WKH�VL]H�RI�DQ�DSSOLFDWLRQ��WKHQ�YLHZV�ZLOO�UHPDLQ�YLDEOH�HYHQ�IRU�ODUJHU�DSSOLFD�

WLRQV��)RU�WKLV�WR�EH�WUXH��PRGXOH�VL]H��DW�OHDVW��PXVW�JURZ�PRUH�VORZO\�DV�WKH�VL]H�RI�DQ�DSSOLFD�

WLRQ�LQFUHDVHV��7KLV�LV�OLNHO\�WR�EH�WUXH��DV�WKH�SXUSRVH�RI�PRGXODUL]LQJ�DQ�DSSOLFDWLRQ�LV�WR�EUHDN

LW�LQWR�VPDOO�SLHFHV�DPHQDEOH�WR�KXPDQ�XQGHUVWDQGLQJ��6LQFH�WKH�FDSDFLW\�RI�KXPDQ�XQGHUVWDQG�

LQJ�GRHV�QRW�JURZ�ZLWK�WKH�VL]H�RI�DQ�DSSOLFDWLRQ��LW�VWDQGV�WR�UHDVRQ�WKDW�PRGXOH�VL]H�ZLOO�QRW

HLWKHU�

����9LHZ�8SGDWHV

,GHDOO\��YLHZV�DUH�XSGDWHG�DW�D�ILQH�JUDLQ��WKH�ILQHVW�JUDLQ�EHLQJ�HYHU\�WLPH�WKH�SURJUDP�LV

PRGLILHG��)URP�D�SUDFWLFDO�VWDQGSRLQW��WKLV�LV�QRW�GHVLUDEOH�IRU�PRGHUDWHO\�VL]HG�SURJUDPV�

ZKHUH�JUDWXLWRXV�YLHZ�FRPSXWDWLRQ�PD\�FRQVXPH�DQ�XQEHDUDEOH�DPRXQW�RI�UHVRXUFHV��+RZHYHU�

QRW�DOO�SURJUDP�PRGLILFDWLRQV�OHDYH�D�FRQWH[W�LQ�D�VWDWH�FRQVLVWHQW�ZLWK�LWV�FXUUHQW�YLHZV��)RU�WKLV

UHDVRQ��9LHZ)RUP�SHUPLWV�YIRUPV�WR�PDQXDOO\�FRQWURO�ZKHQ�YLHZV�DUH�XSGDWHG��7KLV�FRQWURO�LV

HVSHFLDOO\�LPSRUWDQW�ZKHQ�YLHZ�FRPSXWDWLRQV�DQG�QRQ�VHPDQWLFV�SUHVHUYLQJ�SURJUDP�PRGLILFD�

WLRQV�DUH�LQWHUOHDYHG��7KLV�LV�EHFDXVH��LQ�JHQHUDO�WKH�YLHZFRGH�QHHGV�WR�EH�LQ�D�FRQVLVWHQW�VWDWH

IRU�D�YLHZ�WR�EH�XSGDWHG�FRUUHFWO\�DQG�YLHZV�PXVW�EH�LQ�D�FRQVLVWHQW�VWDWH�IRU�YLHZFRGH�WR�EH

PRGLILHG�FRUUHFWO\��7KLV�FRQWURO�LV�DOVR�LPSRUWDQW�IRU�SHUIRUPDQFH��)RU�H[DPSOH��D�VHW�RI�UXOHV

WKDW�HDFK�XVH�D�FRQWH[W·V�OLDU�YLHZ�EXW�GR�QRW�LQYDOLGDWH�LW�FDQ�EH�FRPELQHG�ZLWKRXW�UHTXLULQJ

LQWHUOHDYHG�YLHZ�UHFRPSXWDWLRQV�

������9LHZ�&RQVLVWHQF\�'XULQJ�5XOH�,QYRFDWLRQV

2QH�FRQFHUQ�GXULQJ�D�UXOH·V�H[HFXWLRQ�LV�PDLQWDLQLQJ�WKH�FRQVLVWHQF\�RI�WKH�YLHZV�XVHG�E\

LWV�VXE�YIRUPV��7KH�SRWHQWLDO�SUREOHP�LV�WKDW�DFWLRQV�PD\�PRGLI\�YLHZFRGH�H[SUHVVLRQV��LQYDOL�

GDWLQJ�D�YLHZ·V�LQIRUPDWLRQ��EXW�QRW�XSGDWH�WKH�YLHZV��7KLV�DORQH�LV�QRW�VXIILFLHQW�WR�FDXVH�D

SUREOHP��,W�PXVW�DOVR�EH�WKH�FDVH�WKDW�D�VXEVHTXHQW�SUHGLFDWH�GHSHQGV�RQ�WKH�YDOLGLW\�RI�WKH

QRZ�LQYDOLG�YLHZ�LQIRUPDWLRQ�



���

,Q�SUDFWLFH��WKHUH�DUH�YDULRXV�ZD\V�WR�DGGUHVV�WKLV�SUREOHP�LQ�ZD\V�WKDW�DUH�QRW�WRR�H[SHQ�

VLYH��2QH�LV�DQ�LQFUHPHQWDO�YLHZ�XSGDWH�DOJRULWKP��7KLV�LV�WKH�PRVW�XVHIXO�DSSURDFK��EXW�PD\

QRW�EH�SRVVLEOH�IRU�HYHU\�SURJUDP�DQDO\VLV�DOJRULWKP�HPSOR\HG�E\�YLHZV��$QRWKHU�DSSURDFK�LV

WR�PLQLPL]H�WKH�IUHTXHQF\�RI�YLHZ�UHFRPSXWDWLRQ�E\�FRPELQLQJ�UXOHV�LQWR�FRPSRXQG�UXOHV�WKDW

GR�QRW�QHHG�UHFRPSXWDWLRQ�RU�QHHG�LQIUHTXHQW�UHFRPSXWDWLRQ��7KLV�LV�VLPLODU�WR�KRZ�FRPSLOHU

SKDVHV�DUH�GHVLJQHG��$�WKLUG�VROXWLRQ�LV�WR�XSGDWH�YLHZ�LQIRUPDWLRQ�FRQVHUYDWLYHO\��)RU�H[DPSOH�

WKH�OLDU�YLHZ�FRXOG�EH�LQFUHPHQWDOO\�XSGDWHG�ZLWK�OHVV�SUHFLVH��EXW�QHYHUWKHOHVV�FRUUHFW�LQIRUPD�

WLRQ��)XOO�UHFRPSXWDWLRQ�IRU�PRUH�SUHFLVLRQ�FRXOG�EH�GHIHUUHG�XQWLO�DFWXDOO\�QHHGHG�

����6RXUFH�&RGH�0DLQWHQDQFH

2QH�SRVVLEOH�VRXUFH�RI�FRPSOH[LW\�LV�WKH�H[WHQW�WR�ZKLFK�D�SURJUDPPHU�PRGLI\LQJ�WKH

RULJLQDO�XQFRXSOHG�FRGH�QHHG�EH�DZDUH�RI�DQ\�SUHYLRXVO\�DSSOLHG�FRXSOLQJV��7KH�PRUH�WKLV�SUR�

JUDPPHU�PXVW�GHDO�ZLWK�H[LVWLQJ�FRXSOLQJV��WKH�PRUH�FRPSOH[LW\�WKLV�SURJUDPPHU�PXVW�PDQDJH

ZKLOH�PDNLQJ�QHZ�SURJUDP�PRGLILFDWLRQV�

7R�DQDO\]H�WKLV�VLWXDWLRQ��WKH�VSDFH�RI�FRXSOLQJV�FDQ�EH�GLYLGHG�LQWR�WZR�FDWHJRULHV��LQWHUIDFH

SUHVHUYLQJ��DQG�LQWHUIDFH�QRQ�SUHVHUYLQJ��$Q�LQWHUIDFH�QRQ�SUHVHUYLQJ�PRGLILFDWLRQ�LV�RQH�WKDW�DOWHUV

DQ�LQWHUIDFH·V�VSHFLILFDWLRQ��$Q�LQWHUIDFH�SUHVHUYLQJ�RQH�GRHV�QRW��1RWH�WKDW�VHPDQWLFV�SUHVHUYLQJ

GRHV�QRW�LPSO\�LQWHUIDFH�SUHVHUYLQJ��DOWKRXJK�WKH�FRQYHUVH�GRHV�KROG���,Q�UHDO�WLPH�V\VWHPV��IRU

H[DPSOH��DOWHULQJ�WKH�SHUIRUPDQFH�RI�DQ�LPSOHPHQWDWLRQ�ZLWK�D�VHPDQWLFV�SUHVHUYLQJ�PRGLILFD�

WLRQ�FDQ�YLRODWH�DQ�LQWHUIDFH·V�KDUG�WLPH�FRQVWUDLQWV�

������,QWHUIDFH�1RQ�3UHVHUYLQJ

6XSSRVH�ZH�DUH�LQ�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ�VLWXDWLRQ�DV�LQ�)LJXUH������6XSSRVH�D�FRX�

SOLQJ�LPSOHPHQWV�D�UHTXLUHG�SDUW�RI�WKH�FRXSOHG�PRGXOH·V�LQWHUIDFH��7KLV�PHDQV�WKH�FRXSOLQJ�LV

DQ�LQWHUIDFH�QRQ�SUHVHUYLQJ�FRXSOLQJ��VLQFH�LW�PDNHV�WKH�LQWHUIDFH�YDOLG��$�SURJUDPPHU�PRGLI\�

LQJ�WKH�XQFRXSOHG�VRXUFH�PD\�LQDGYHUWHQWO\�LQYDOLGDWH�WKH�FRXSOLQJ·V�DSSOLFDELOLW\��UHVXOWLQJ�LQ�D

QRQ�IXQFWLRQDO�PRGXOH�RQFH�WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�UXQV��0DLQWDLQDELOLW\�LQ�WKLV�VLWXDWLRQ

FDQ�EH�HQKDQFHG�E\�HQVXULQJ�WKDW�WKH�LQWHUIDFH�QRQ�SUHVHUYLQJ�FRXSOLQJ·V�SUHGLFDWH�DOHUWV�WKH

SURJUDPPHU�ZKHQ�LW�LV�QR�ORQJHU�DSSOLFDEOH��$�XVHU�IULHQGO\�SUHGLFDWH�FRXOG�JR�VR�IDU�DV�WR�H[�

SODLQ�ZK\�LW�LV�QR�ORQJHU�DSSOLFDEOH��7KLV�DSSURDFK�DOORZV�D�SURJUDPPHU�WR�PDNH�FKDQJHV�ZLWK�

RXW�FRQVLGHULQJ�WKH�HIIHFWV�RQ�VXFK�D�FRXSOLQJ��7KH�SURJUDPPHU�PXVW�ZRUU\�RQO\�DERXW�WKH

FRXSOLQJ�ZKHQ�KH�RU�VKH�LV�DOHUWHG�WR�D�SUREOHP�E\�WKH�FRXSOHU·V�SUHGLFDWH�



���

������,QWHUIDFH�3UHVHUYLQJ

$�FRXSOLQJ·V�HIIHFWV�FDQQRW�EH�GHWHUPLQHG�DV�HDVLO\�LQ�WKLV�VLWXDWLRQ�DV�LQ�WKH�QRQ�SUHVHUYLQJ

VLWXDWLRQ��,Q�WKH�QRQ�SUHVHUYLQJ�VLWXDWLRQ��WKH�FRXSOLQJ·V�HIIHFW�ZDV�WR�KHOS�LPSOHPHQW�WKH�LQWHU�

IDFH��QR�FRXSOLQJ��QR�YDOLG�LQWHUIDFH��7KH�SXUSRVH�RI�DQ�LQWHUIDFH�SUHVHUYLQJ�FRXSOLQJ��RQ�WKH

RWKHU�KDQG��LV�XVXDOO\�WR�LQFUHDVH�SHUIRUPDQFH��7KHVH�NLQGV�RI�FRXSOLQJV�ZLOO�QRW�QHFHVVDULO\

KDYH�WKH�LQWHQGHG�HIIHFW�ZKHQ�WKH�RULJLQDO�XQFRXSOHG�FRGH�LV�PRGLILHG�LQ�VRPH�RWKHU�ZD\�
�����������

3UHFLVHO\�DQG�DFFXUDWHO\�FDSWXULQJ�HYHU\�GHWDLO�XQGHU�ZKLFK�D�FRXSOLQJ�ZLOO�IDYRUDEO\�DOWHU�SHU�

IRUPDQFH�LV�DOVR�OLNHO\�WR�EH�YHU\�GLIILFXOW�DQG�QRW�QHFHVVDULO\�IUXLWIXO��7KLV�LV�D�JHQHUDO�SUREOHP

QRW�VSHFLILF�WR�YLHZ�EDVHG�DEVWUDFWLRQ��'XH�WR�WKH�FRPSOH[LW\�RI�SUHGLFWLQJ�WKH�SHUIRUPDQFH

FKDUDFWHULVWLFV�RI�DQ\�SURJUDP�PRGLILFDWLRQ��SURJUDPPHUV�W\SLFDOO\�UHVRUW�WR�SURILOLQJ�RU�VLPSOH

WLPLQJ�UXQV�WR�HPSLULFDOO\�GHWHUPLQH�WKH�HIIHFWV�RI�YDULRXV�FKDQJHV�

(YHQ�LQ�WKLV�FDVH��FRXSOLQJV�WKDW�FDQQRW�EH�UHDSSOLHG�GXH�WR�VXEVHTXHQW�FRGH�PRGLILFDWLRQV

FDQ�VWLOO�DOHUW�WKH�SURJUDPPHU�WR�WKDW�IDFW��3HUIRUPDQFH�PD\�RU�PD\�QRW�EH�DIIHFWHG��DQG�PD\�RU

PD\�QRW�LQFUHDVH�RU�GHFUHDVH��7KLV�LV�VWLOO�D�PDUNHGO\�EHWWHU�VLWXDWLRQ�WKDQ�ZKDW�KDSSHQV�XQGHU

EODFN�ER[�DEVWUDFWLRQ��ZKHUH�D�SURJUDPPHU�FDQ�LQYDOLGDWH�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ�ZLWKRXW

UHDOL]LQJ�LW��7KH�PRVW�LPSRUWDQW�SRLQW�DERXW�SHUIRUPDQFH�DOWHULQJ�FRXSOLQJV�LV�WKDW��XQOLNH�WKH

QRQ�SUHVHUYLQJ�FDVH��D�SURJUDPPHU�QHHG�QRW�ZRUU\�DERXW�´IL[LQJµ�D�FRXSOLQJ�WKDW�GLG�QRW�VXF�

FHHG��$�FRXSOLQJ�QHHG�EH�FRQVLGHUHG�RQO\�LI�SHUIRUPDQFH�GURSV�WR�XQDFFHSWDEOH�OHYHOV��WKH�DS�

SOLFDWLRQ�ZLOO�VWLOO�IXQFWLRQ�VLQFH�WKH�FRXSOHG�PRGXOH·V�LQWHUIDFH�UHPDLQV�YDOLG�

����8VHU�,QWHUDFWLRQ

8VHUV�FDQ�LQWHUDFW�ZLWK�YLHZ�EDVHG�DEVWUDFWLRQ�FRQVWUXFWV�LQ�WZR�LPSRUWDQW�ZD\V��GXULQJ�WKH

FRXSOLQJ�SURFHVV��VWHS�Y��DQG�GXULQJ�YLHZ�FRPSXWDWLRQ��VWHS�LLL���7KH�IRUPHU�PRVW�OLNHO\�KDS�

SHQV�ZKHQ�D�SUHGLFDWH�FDQQRW�FRPSOHWHO\�YDOLGDWH�D�SUHFRQGLWLRQ��$�XVHU�FDQ�EH�DVNHG�ZKHWKHU

WR�SURFHHG�DQ\ZD\��RU�FDQ�EH�DVNHG�IRU�DGGLWLRQDO�LQIRUPDWLRQ��9LHZV�FDQ�DOVR�DVN�WKH�XVHU�IRU

KHOS��7KLV�PD\�KDSSHQ��IRU�H[DPSOH��ZKHQ�D�YLHZ�UXQV�RXW�RI�D�UHVRXUFH�WKDW�D�XVHU�FDQ�UHSOHQ�

LVK�

8VHU�LQWHUDFWLRQ��XQIRUWXQDWHO\��FDQ�EUHDN�VDIHW\��8VHUV�DUH�QRW�LQIDOOLEOH�DQG�FDQ�LQWURGXFH

LQFRUUHFW�DVVXPSWLRQV�RU�FDXVH�LQFRUUHFW�SURJUDP�PRGLILFDWLRQV��7KHVH�SUREOHPV�DUH��KRZHYHU�

SHUYDVLYH�WKURXJKRXW�HYHU\�SURJUDPPLQJ�H[HUFLVH�LQ�ZKLFK�D�SHUVRQ�LV�LQYROYHG��7KH�PRUH�VSH�

FLILF�LVVXH�LV�ZKHWKHU�XVHU�LQWHUDFWLRQ�FDQ�GLVSURSRUWLRQDWHO\�FUHDWH�SUREOHPV�XQGHU�YLHZ�EDVHG

DEVWUDFWLRQ�

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

�3HUIRUPDQFH�HIIHFWV�FDQQRW�EH�DFFXUDWHO\�SUHGLFWHG�LQ�JHQHUDO�



���

7R�DGGUHVV�WKLV�LVVXH��OHW�XV�H[DPLQH�WZR�SRVVLELOLWLHV��7KHVH�WZR�FDVHV�DUH�DOVR�SRVVLEOH

ZLWKRXW�YLHZ�EDVHG�DEVWUDFWLRQ��ZKHQ�D�XVHU�LV�PDQXDOO\�FRPSXWLQJ�WKH�SUHFRQGLWLRQV�

• $Q�DFWLRQ�WKDW�VKRXOG�QRW�UXQ�JHWV�UXQ��IDOVH�SRVLWLYH�SUHGLFDWH�

• $Q�DFWLRQ�WKDW�VKRXOG�UXQ�GRHV�QRW�JHW�UXQ��IDOVH�QHJDWLYH�SUHGLFDWH�

$Q�LQWHUIDFH�SUHVHUYLQJ�DFWLRQ�ZLOO�QRW�FDXVH�HUURUV�IRU�IDOVH�QHJDWLYHV��EXW�PD\�IRU�IDOVH�SRVL�

WLYHV��$Q�H[DPSOH�RI�WKH�IRUPHU�DFWLRQ�LV�RQH�WKDW�UHZULWHV�FRGH�WR�XVH�VSHFLDO�IRUPV�EHWWHU

FRPSLOHG�E\�WKH�FRPSLOHU��$Q�H[DPSOH�RI�WKH�ODWWHU�LV�WKH�VLPXODWRU�DFWLRQV��7KXV��H[WUD�HIIRUW�LV

ZHOO�VSHQW�HQVXULQJ�WKDW�WKH�ODWWHU�NLQG�RI�DFWLRQV�KDYH�DGHTXDWH�SUHGLFDWHV�GLVSDWFKLQJ�WKHP�

$Q�LQWHUIDFH�QRQ�SUHVHUYLQJ�DFWLRQ�FDQ�FDXVH�HUURUV�IRU�HLWKHU�IDOVH�SRVLWLYHV�RU�IDOVH�QHJD�

WLYHV��7KLV�LV�WKH�PDLQ�UHDVRQ�,�GR�QRW�DGYRFDWH�PL[LQJ�LQWHUIDFH�QRQ�SUHVHUYLQJ�DFWLRQV�ZLWK

XVHU�LQWHUDFWLRQ�

8VHU�DVVXPSWLRQV�FDQ�DOVR�EH�SUREOHPDWLF�XQGHU�YLHZ�EDVHG�DEVWUDFWLRQ�LQ�WKDW�WKH\�PXVW

EH�UHFKHFNHG�ZKHQ�WKH�YLHZ�LQYDOLGDWLRQ�UHFRXSOHU�LV�UXQ��7KLV�LPSOLHV�WKDW�HDFK�XVHU�DVVXPS�

WLRQ�PXVW�EH�UH�YHULILHG�HYHU\�WLPH�DQ�LQYDOLGDWLRQ�RFFXUV��7KHUH�DUH�RQH�JHQHUDO�DQG�WZR�VSH�

FLILF�ZD\V�WR�PLWLJDWH�WKLV�SUREOHP��GHSHQGLQJ�RQ�WKH�VSHFLILFV�RI�WKH�FLUFXPVWDQFHV��7KH�JHQHUDO

ZD\��ZKLFK�,�KDYH�QRW�H[SHULPHQWHG�ZLWK��LV�WR�GHYHORS�D�XVHU�YLHZ�WKDW�FDFKHV�WKH�XVHU·V�DQ�

VZHUV��:KHQ�D�SUHGLFDWH�UHTXHVWV�LQIRUPDWLRQ�IURP�WKH�XVHU�YLHZ��WKH�FDFKHG�LQIRUPDWLRQ�LV�UH�

WXUQHG�LI�DYDLODEOH��2WKHUZLVH��WKH�XVHU�YLHZ�DVNV�WKH�XVHU�GLUHFWO\��,Q�WKLV�ZD\��D�SUHGLFDWH�FDQ

EH�LQVXODWHG�IURP�WKH�XVHU�LQWHUDFWLRQ��PDNLQJ�WKH�SUHGLFDWH�HDVLHU�WR�ZULWH�

:LWKLQ�WKLV�XVHU�YLHZ�DSSURDFK��WZR�VSHFLILF�FLUFXPVWDQFHV�H[LVW��7KH�PRUH�IDYRUDEOH�FLU�

FXPVWDQFH�LV�ZKHQ�WKH�XVHU·V�DVVXPSWLRQV�DUH�HDVLO\�FKHFNDEOH�EXW�QRW�QHFHVVDULO\�HDVLO\�FRP�

SXWDEOH��RU�QRW�FRPSXWDEOH�DW�DOO���,Q�WKLV�FDVH��XVHU�LQWHUDFWLRQ�QHHG�RQO\�EH�UHTXHVWHG�GXULQJ

UHFRXSOLQJ�LI�WKH�XVHU�DVVXPSWLRQ�FKHFN�WXUQV�XS�QHJDWLYH��7KLV�XVHU�DVVXPSWLRQ�FKHFN�FDQ�DOVR

EH�SXVKHG�WR�UXQ�WLPH��E\�KDYLQJ�D�FRXSOLQJ�LQVHUW�FKHFNV��H�J���W\SH�FKHFNV��UDQJH�FKHFNV��FRQ�

VLVWHQF\�FKHFNV��LQWR�WKH�FRXSOHG�FRGH�WKDW�YDOLGDWHV�WKH�DVVXPSWLRQV��7KLV�NLQG�RI�XVHU�LQWHUDF�

WLRQ�FDQ�EH�TXLWH�EHQHILFLDO��ZKLOH�DW�WKH�VDPH�WLPH�IXOO\�UHWDLQLQJ�VDIHW\�

7KH�PRUH�GLIILFXOW�FDVH�LV�ZKHQ�WKH�XVHU·V�DVVXPSWLRQV�FDQQRW�EH�HDVLO\�FKHFNHG��,Q�WKLV

FDVH��LQWHUIDFH�QRQ�SUHVHUYLQJ�FRXSOLQJV�VKRXOG�QRW�LQYRNH�D�XVHU�YLHZ�WKDW�FDFKHV�UHVSRQVHV��DV

WKLV�FRXOG�OHDG�WR�HUURUV��:KLOH�DQ�DXWRPDWLF�VROXWLRQ�LV�PRUH�IDYRUDEOH�XQGHU�WKHVH�FLUFXP�

VWDQFHV��YLHZ�EDVHG�DEVWUDFWLRQ�LV�VWLOO�D�PDUNHG�LPSURYHPHQW�RYHU�EODFN�ER[�DEVWUDFWLRQ��ZKHUH

XVHU�DVVXPSWLRQV�DUH�LPSOLFLW�DQG�XVXDOO\�XQGHWHFWDEOH�LQ�WKH�FRGH��7KXV��LQ�WKH�ZRUVW�FDVH�

ZKHQ�D�XVHU�DVVXPSWLRQ�LV�D�QHFHVVDU\�SUHFRQGLWLRQ�IRU�D�SURJUDP�PRGLILFDWLRQ��YLHZ�EDVHG�DE�

VWUDFWLRQ�DOORZV�WKH�DVVXPSWLRQ·V�H[LVWHQFH�WR�EH�H[SUHVVHG�DQG�DYDLODEOH�WR�WKH�IXWXUH�SUR�

JUDPPHUV�PDLQWDLQLQJ�WKH�FRGH�



���

��������8VHU�,QWHUDFWLRQ�5HGXFHV�)UDJLOLW\

*LYHQ�WKH�SUHFHGLQJ�GLVFXVVLRQ�RI�XVHU�LQWHUDFWLRQ��LW�LV�IDLU�WR�TXHVWLRQ�ZKHWKHU�XVHU�LQWHUDF�

WLRQ�UHDOO\�SURYLGHV�HQRXJK�EHQHILWV�WR�RIIVHW�LWV�SRWHQWLDO�FRVWV��7KH�DQVZHU�WR�WKLV�TXHVWLRQ�LV

WKDW�XVHU�LQWHUDFWLRQ�FDQ�VLJQLILFDQWO\�GHFUHDVH�D�SUHGLFDWH·V�IUDJLOLW\��6LQFH�QRW�DOO�SUHFRQGLWLRQV

DUH�HDVLO\��RU�SRVVLEO\��FRPSXWDEOH��XVHU�LQWHUDFWLRQ�SHUPLWV�WKHVH�SUHFRQGLWLRQV�WR�EH�H[SUHVVHG

E\�SUHGLFDWHV�WKDW�UHO\�RQ�XVHU�VXSSOLHG�DVVXPSWLRQV��7KLV��LQ�WXUQ��LQFUHDVHV�WKH�VSDFH�RI�H[�

SUHVVLEOH�YDOLGDWLQJ�FRQGLWLRQV�EH\RQG�ZKDW�LV�FRPSXWDEOH��6LQFH�SUHFRQGLWLRQV�DUH�QRW�QHFHVVDU�

LO\�FRPSXWDEOH��XVHU�LQWHUDFWLRQ�FDQ�EH�XWLOL]HG�WR�H[SUHVV�DQ\�KXPDQ�FRPSXWDEOH�SUHFRQGLWLRQ�

�����6RXUFH�&RGH�$YDLODELOLW\

7KXV�IDU��DOO�YLHZ�EDVHG�DEVWUDFWLRQ�VFHQDULRV�KDYH�LPSOLHG�GLUHFW��IXOO�VRXUFH�FRGH�DYDLODELO�

LW\��:KLOH�YLHZ�EDVHG�DEVWUDFWLRQ�GRHV�QRW�UHTXLUH�WKLV�OHYHO�RI�DFFHVV��OHVV�DFFHVV�FDQ�UHGXFH�WKH

VFRSH�RI�H[SUHVVLEOH�FRXSOLQJV��/HW�XV�FRQVLGHU�D�IHZ�VFHQDULRV�LQ�ZKLFK�WKH�VRXUFH�FRGH�LV�QRW

IXOO\�DYDLODEOH�

�������6RXUFH�&RGH�6RPHZKDW�$YDLODEOH�EXW�3DUWLDOO\�+LGGHQ

7KH�VRXUFH�FRGH�FDQ�EH�SDUWLDOO\�KLGGHQ�IRU�D�YDULHW\�RI�UHDVRQV��7KH�VRXUFH�FRGH�PD\�LQ�

FOXGH�WUDGH�VHFUHWV��LW�PD\�EH�WRR�ODUJH�IRU�ORFDO�VWRUDJH��LW�PD\�EH�XQGHU�5&6�FRQWURO��HWF��/HW�XV

VLPSO\�DVVXPH�WKDW�WKH�VRXUFH�FRGH�LV�DYDLODEOH�WR�VRPH�GHJUHH��EXW�FRPSOHWH�DFFHVV�LV�QRW�SRV�

VLEOH�

7R�KDQGOH�WKLV�FDVH��9LHZ)RUP�FRXOG�EH�DXJPHQWHG�E\�H[SOLFLWO\�VHSDUDWLQJ�YLHZ�FRPSXWD�

WLRQ�IURP�FRXSOLQJ�DSSOLFDWLRQ�DQG�YLHZ�LQYDOLGDWLRQ�UHFRXSOLQJ�LQYRFDWLRQ��,Q�HVVHQFH��WKLV�FUH�

DWHV�D�FOLHQW�VHUYHU�PRGHO�ZKHUH�WKH�VHUYHU�LV�D�´YLHZ�VHUYHUµ�DQG�WKH�FOLHQW�LV�WKH�FRPSXWDWLRQDO

VXEVWUDWH�WKDW�PDQDJHV�HYHU\WKLQJ�HOVH��7KH�VHUYHU�FDQ�VHOHFWLYHO\�EORFN�DFFHVV�WR�DQ\�SDUW�RI�WKH

VRXUFH�FRGH�LW�VHHV�ILW��EXW�PD\�DOORZ�SURSHUWLHV�RI�WKH�VRXUFH�FRGH�WR�EH�H[SRUWHG�DV�YLHZV�

:LWKLQ�WKLV�DXJPHQWHG�LPSOHPHQWDWLRQ�DQG�PRGHO��WKHUH�H[LVW�WZR�PDMRU��DGYHUVHO\�DIIHFWHG

DVSHFWV�RI�YLHZ�EDVHG�DEVWUDFWLRQ��7KH�ILUVW�LV�WKH�TXDOLW\�DQG�DPRXQW�RI�YLHZ�LQIRUPDWLRQ��7KH

YLHZ�VHUYHU�PD\�QRW�KDYH�IXOO�DFFHVV�WR�WKH�VRXUFH�FRGH�WR�EHJLQ�ZLWK��WKLV�FDQ�OHDG�WR�OHVV�SUH�

FLVH�RU�YDFXRXV�YLHZ�LQIRUPDWLRQ��7KH�YLHZ�VHUYHU�PD\�DOVR�QRW�EH�DEOH�WR�LQYRNH�DUELWUDU\�

XVHU�GHILQHG�YLHZV��7KXV��SUHGLFDWHV�XVLQJ�ORFDOO\�LPSOHPHQWHG�YLHZV�WKDW�VSHQG�H[WUD�FRPSXWD�

WLRQDO�UHVRXUFHV�FRPSXWLQJ�TXDOLW\�LQIRUPDWLRQ�PD\�IDLO��3UHGLFDWHV�WKDW�H[DPLQH�RU�QDYLJDWH

WKURXJK�WKH�VRXUFH�FRGH�UHSUHVHQWDWLRQ�PD\�DOVR�IDLO�WR�UHWXUQ�ZKDW�ZRXOG�RWKHUZLVH�EH�D�WUXH

YDOXH��1HYHUWKHOHVV��YLHZ�EDVHG�DEVWUDFWLRQ�FDQ�VWLOO�EH�XVHG�WR�VRPH�GHJUHH��LW�MXVW�GHJUDGHV�GH�

SHQGLQJ�RQ�WKH�SDUWLFXODU�FRXSOHUV�EHLQJ�XVHG�



���

7KH�VHFRQG�DGYHUVHO\�DIIHFWHG�DVSHFW�LV�WKH�QXPEHU�RI�FRXSOLQJ�PRGLILFDWLRQV�WKDW�DUH�H[�

SUHVVLEOH��$Q\�PRGLILFDWLRQ�WKDW�UHTXLUHV�VRXUFH�FRGH��VXFK�DV�LQOLQLQJ�
�����������

�PD\�QRW�ZRUN�XQGHU

WKHVH�FLUFXPVWDQFHV�

�������1RW�$YDLODEOH�DQG�1RW�+LGGHQ

)RU�WKLV�VLWXDWLRQ��OHW�XV�DVVXPH�WKDW�WKH�VRXUFH�FRGH�LV�QRW�DYDLODEOH��EXW�WKH�REMHFW�FRGH�RU

VRPH�ORZHU�OHYHO�UHSUHVHQWDWLRQ�LV�DYDLODEOH��DIWHU�DOO��WKH�FRPSXWHU�QHHGV�VRPHWKLQJ�WR�UXQ��

:KLOH�WKLV�VHULRXVO\�KDPSHUV�WKH�XWLOLW\�RI�YLHZ�EDVHG�DEVWUDFWLRQ��EODFN�ER[�DEVWUDFWLRQ�LPSOH�

PHQWDWLRQ�FRXSOLQJ�LV�DOVR�KDPSHUHG�LQ�WKLV�FDVH���YLHZ�EDVHG�DEVWUDFWLRQ�FDQ�VWLOO�EH�XVHIXO�GH�

SHQGLQJ�RQ�WKH�NLQGV�RI�YLHZ�LQIRUPDWLRQ�WKDW�FDQ�EH�FRPSXWHG�IURP�WKH�REMHFW�FRGH��,I�WKH�RE�

MHFW�FRGH·V�LQWHUIDFH�LV�NQRZQ�DQG�WUXVWHG��WKHQ�YLHZV�FDQ�EH�EDVHG�RQ�WKH�LQWHUIDFH��9LHZV�FDQ

DOVR�EH�EDVHG�RQ�LPSOHPHQWDWLRQ�GHWDLOV�WKDW�KDYH�EHHQ��H[SHULPHQWDOO\��GHGXFHG�IURP�WKH�LQ�

WHUIDFH�

�����)XQGDPHQWDO�,QVLJKWV

0\�H[SHULHQFH�ZLWK�YLHZ�EDVHG�DEVWUDFWLRQ�VKRZV�WKDW�DQ�DSSURDFK�EDVHG�RQ�SURJUDP

WUDQVIRUPDWLRQV�LV�ZHOO�PDWFKHG�WR�WKH�ZD\�SURJUDPPHUV�WHQG�WR�SHUIRUP�FRXSOLQJV��L�H���XVLQJ�D

WH[W�HGLWRU�WR�WUDQVIRUP�D�SURJUDP���7KH�VL[�VWHS�LPSOHPHQWDWLRQ�FRXSOLQJ�SURFHVV�LV�EDVHG�RQ

WKH�QRWLRQV�RI�SUHFRQGLWLRQV�DQG�SURJUDP�PRGLILFDWLRQV��ERWK�RI�ZKLFK�PXVW�EH�H[SUHVVHG�LQ�D

WUDQVIRUPDWLRQ�ODQJXDJH��3UHFRQGLWLRQV�GHSHQG�RQ�YLHZV��DQG�YLHZV�FDQ�EH�DVNHG�WR�DQVZHU�DQ\

QXPEHU�RI�TXHVWLRQV��,�EHOLHYH�WKDW�WKH�VXFFHVV�RI�YLHZ�EDVHG�DEVWUDFWLRQ�ILUPO\�GHSHQGV�XSRQ

WKH�H[WHQW�WR�ZKLFK�YLHZV�FDQ�DQVZHU�WKHVH�TXHVWLRQV��7KLV�WLHV�EDFN�WR�WKH�LVVXHV�RI�EDFNZDUGV

FRPSDWLELOLW\�DQG�LQFUHPHQWDOLW\�

7KH�UHDVRQ�,�UHTXLUHG�EDFNZDUGV�FRPSDWLELOLW\�DQG�LQFUHPHQWDOLW\�LQ�YLHZ�EDVHG�DEVWUDFWLRQ

LV�D�GLUHFW�FRQVHTXHQFH�RI�YLHZ�EDVHG�DEVWUDFWLRQ·V�KHDY\�GHSHQGHQFH�RQ�YLHZV��,W�ZRXOG�EH

PXFK�PRUH�VWUDLJKWIRUZDUG�WR�GHYHORS�D�YLHZ�EDVHG�DEVWUDFWLRQ�LPSOHPHQWDWLRQ�XQGHU�D�FRQ�

WULYHG�ODQJXDJH�ZKHUH�PDQ\�LQWHUHVWLQJ�SURJUDPPLQJ�TXHVWLRQV�FRXOG�EH�PRUH�HDVLO\�DQVZHUHG�

:H�FRXOG�WDLORU�6FKHPH�WKLV�ZD\��)LUVW��ZH�HOLPLQDWH�ILUVW�FODVV�SURFHGXUHV��FRQWLQXDWLRQV��DQG

VLGH�HIIHFWV��7KLV�HOLPLQDWHV�LPSUHFLVLRQV�FDXVHG�E\�FDOOV�VLWHV�ZLWK�PXOWLSOH�RSHUDWRUV��DUELWUDU\

FRQWURO�SDWKV��DQG�IRUPDO�SDUDPHWHUV�ZLWK�PXOWLSOH�YDOXHV�SHU�SURFHGXUH�FDOO��7KHQ��ZH�PDNH

6FKHPH�FKHFNDEO\�VWURQJO\�W\SHG��ZLWK�FKHFNDEOH�PRGXOH�DQG�GDWD�DEVWUDFWLRQ�VSHFLILFDWLRQV�

7KLV�SURYLGHV�PRUH�LQIRUPDWLRQ�DERXW�W\SHV�DQG�LQWHUIDFHV��7KHVH�FKDQJHV�DOORZ�YLHZV�WR�EH

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

�$�SURJUDPPHU�FDQ�VWLOO��KRZHYHU��XVH�VSHFLDOO\�FXVWRPL]HG�FRGH�LQ�SODFH�RI�WKH�KLGGHQ�LQOLQHG�FRGH�VR�ORQJ�DV�WKH�SUR�
JUDPPHU�LV�FHUWDLQ�WKH�VSHFLDO�FRGH�YDOLGO\�LPSOHPHQWV�WKH�KLGGHQ�FRGH·V�LQWHUIDFH��5DQGRP�QXPEHU�JHQHUDWRU�IXQFWLRQV�DQG
WUDQVFHQGHQWDO�IXQFWLRQV�DUH�WZR�REYLRXV�H[DPSOHV�ZKHUH�WKLV�FDQ�KDSSHQ�EHQHILFLDOO\�



���

PRUH�SUHFLVH�PRUH�FKHDSO\��7KLV�DSSURDFK��XQIRUWXQDWHO\��ZRXOG�KDYH�VNLUWHG�WKH�FHQWUDO�LVVXH

RI�KRZ�SURJUDPPHUV�XVH�LQWHUHVWLQJ��RIWHQ�GLIILFXOW�WR�FRPSXWH��SURJUDP�SURSHUWLHV�WR�FRXSOH

LPSOHPHQWDWLRQV�

7R�DGGUHVV�WKLV�FHQWUDO�LVVXH��,�ILUVW�QRWH�WKDW�GHWHUPLQLQJ�PDQ\�LQWHUHVWLQJ�SURJUDP�SURSHU�

WLHV�UHTXLUHV�QRQ�ORFDO�SURJUDP�DQDO\VHV��0DQ\�WUDQVIRUPDWLRQ�V\VWHPV�GR�QRW�LQFOXGH�WKHVH

NLQGV�RI�DQDO\VHV�IRU�WKUHH�UHDVRQV��2QH�LV�WKDW�WKHVH�DQDO\VHV�JHQHUDOO\�FRQVXPH�ODUJH�DPRXQWV

RI�FRPSXWDWLRQDO�UHVRXUFHV��$QRWKHU�LV�WKDW�WKH�DQDO\VHV�DUH�QRW�DOZD\V�SUHFLVH��7KH�WKLUG�LV�WKDW

WKH\�DUH�QRW�HDVLO\�VHPDQWLFDOO\�FKDUDFWHUL]HG��<HW�SURJUDPPHUV�PDQXDOO\�SHUIRUP�WKHVH�DQDO\�

VHV�PDQ\�WLPHV�GXULQJ�SURJUDP�GHYHORSPHQW��GHEXJJLQJ��SRUWLQJ��DQG�RSWLPL]DWLRQ��7KLV�LV�SUH�

FLVHO\�ZK\�,�LQFOXGHG�VXSSRUW�IRU�QRQ�ORFDO�DQDO\VHV�DV�SDUW�RI�9LHZ)RUP�

7R�FRQWLQXH�ZLWK�WKH�FHQWUDO�LVVXH��ZH�PXVW�DFFHSW�WKDW�QRW�DOO�LQWHUHVWLQJ�SURJUDP�SURSHU�

WLHV�DUH�FRPSXWDEOH��RU�HYHQ�FRPSXWDEOH�JLYHQ�D�UHDVRQDEOH�DPRXQW�RI�UHVRXUFHV��:KLOH�WKLV�LV

HDV\�WR�DFFHSW��WKH�FRQVHTXHQFHV�PD\�QRW�EH��)RU�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ�SURJUDP�WUDQV�

IRUPDWLRQ�V\VWHP�WR�EH�XVHIXO��LW�PXVW�WKHUHIRUH�GHSHQG�RQ�XVHU�LQWHUDFWLRQ�WR�KHOS�ZKHQ�YLHZV

DUH�DVNHG�WR�FRPSXWH�WKH�RWKHUZLVH�QRQ�FRPSXWDEOH��6LQFH�XVHUV�FDQ�EH�ZURQJ��DQ\�VHPDQWLF

DWWHPSWV�WR�FKDUDFWHUL]H�VXFK�D�WUDQVIRUPDWLRQ�V\VWHP�DUH�QRZ�LQ�MHRSDUG\��1HYHUWKHOHVV��XVHU

LQWHUDFWLRQ�GRHV�SURYLGH�WZR�H[WUHPHO\�XVHIXO�SURSHUWLHV��7KH�ILUVW�LV�WKH�DELOLW\�WR�QDUURZ�WKH

VFRSH�RI�D�SURJUDP�DQDO\VLV��7KH�VHFRQG�LV�LQFUHPHQWDOLW\��RU�WKH�DELOLW\�WR�XVH�YLHZ�EDVHG�DE�

VWUDFWLRQ�RQ�VRPH�SDUWV�RI�WKH�SURJUDP�DQG�QRW�RWKHUV��8VHU�LQWHUDFWLRQ��WKXV��LV�HVVHQWLDO�LQ�UH�

GXFLQJ�D�YLHZ·V�FRPSXWDWLRQDO�UHVRXUFH�UHTXLUHPHQWV�DQG�LQ�DOORZLQJ�XVHUV�WR�E\SDVV�WKH�QRQ�

FRPSXWDELOLW\�LVVXH�LQ�DQ\�VLWXDWLRQ�

,�EHOLHYH�WKH�IXWXUH�RI�YLHZ�EDVHG�DEVWUDFWLRQ��WKHUHIRUH��FDQ�VWURQJO\�EHQHILW�IURP�UHVHDUFK

LQ�QRQ�ORFDO�SURJUDP�DQDO\VLV�PHWKRGV��$OJRULWKPV�WKDW�FDQ�DQVZHU�PRUH�TXHVWLRQV��ZLWK�D

JUHDWHU�YDULHW\�RI�SUHFLVLRQ�DQG�FRPSXWDWLRQDO�UHVRXUFH�WUDGHRIIV��DQG�ZLWK�OHVV�XVHU�LQWHUDFWLRQ�

ZLOO�PDNH�LW�HDVLHU�WR�H[SUHVV�SUHFRQGLWLRQV�DQG�ZLOO�IXUWKHU�LQFUHDVH�WKH�UREXVWQHVV�RI�WKH�DXWR�

PDWLF�FRXSOLQJ�SURFHVV�



���

&KDSWHU��

5HODWHG�DQG�)XWXUH�:RUN

7KHUH�H[LVWV�D�ODUJH�ERG\�RI�UHVHDUFK�UHODWHG�WR�LPSOHPHQWDWLRQ�FRXSOLQJ��YLHZV��DQG�SURJUDP

WUDQVIRUPDWLRQ�V\VWHPV��7KH�PRUH�FORVHO\�UHODWHG�ZRUN�LV�GLVFXVVHG�EHORZ�LQ�WKLV�VHFWLRQ��)XWXUH

GLUHFWLRQV�IRU�YLHZ�EDVHG�DEVWUDFWLRQ�UHVHDUFK�DUH�GLVFXVVHG�DIWHUZDUGV�

����9LHZV

,Q�JHQHUDO��YLHZV�UHIHU�WR�GLIIHUHQW�ZD\V�RI�SUHVHQWLQJ�WKH�VDPH�LQIRUPDWLRQ��)RU�H[DPSOH��D

SRLQW�LQ�WZR�GLPHQVLRQDO�VSDFH�FDQ�EH�UHSUHVHQWHG�LQ�&DUWHVLDQ�RU�SRODU�FRRUGLQDWHV��(DFK�RI

WKHVH�UHSUHVHQWDWLRQV�FRUUHVSRQGV�WR�D�GLIIHUHQW�YLHZ�RQ�WKH�SRLQW��7KLV�VHFWLRQ�GHVFULEHV�V\VWHPV

WKDW�XVH�RU�SURYLGH�YLHZV��)RU�HDFK�FDVH��WKH�YLHZV�DUH�UHODWHG�EDFN�WR�9LHZ)RUP�YLHZV�

������7KH�9LHZ�2ULHQWHG�0RGHO

7KH�9LHZ�2ULHQWHG�0RGHO��920��>��@�LV�WKH�GHVLJQ�RI�DQ�HQYLURQPHQW�RI�FRRSHUDWLQJ�WRROV

WKDW�FDQ�VKDUH�GDWD�YLD�D�FROOHFWLRQ�RI�YLHZV��9LHZV�LQ�WKLV�V\VWHP�DUH�GLIIHUHQW�LQWHUIDFHV�WR�GDWD

VKDUHG�EHWZHHQ�WRROV��2QH�RI�WKH�PDLQ�WKUXVWV�RI�WKLV�ZRUN�LV�WR�VKRZ�KRZ�YLHZV�FDQ�EH�XVHG�WR

VKDUH�GDWD�DPRQJ�LQGHSHQGHQWO\�ZULWWHQ�WRROV��&RQVLVWHQF\�LV�PDLQWDLQHG�E\�SURFHGXUHV�DVVRFL�

DWHG�ZLWK�VSHFLILF�YLHZV�DQG�GDWD��7KHVH�SURFHGXUHV�DUH�DFWLYDWHG�ZKHQ�WKH�GDWD�LV�PRGLILHG�

7KH�V\VWHP�LV�LPSOHPHQWHG�LQ�D�VWURQJO\�W\SHG��REMHFW�RULHQWHG�VW\OH�

920�WUHDWV�WKH�GDWD�LQ�LWV�HQYLURQPHQW�DV�D�GDWDEDVH�PDGH�XS�RI�GDWD�UHSUHVHQWDWLRQ�GH�

VFULSWLRQV�WKDW�DUH�SURYLGHG�E\�WKH�WRRO�LPSOHPHQWRUV��7KH�GHVFULSWLRQV�DUH�VSHFLILHG�DV�FRPEL�

QDWLRQV�RI�D�EDVH�VHW�RI�SULPLWLYH�GDWD�W\SHV�SURYLGHG�E\�WKH�920��7KH�GHVFULSWLRQV�DUH�XVHG�WR

VWDWLFDOO\�DQG�DXWRPDWLFDOO\�JHQHUDWH�DQ�LPSOHPHQWDWLRQ�RI�WKH�GDWDEDVH�DQG�LWV�FRQFUHWH�GDWD

UHSUHVHQWDWLRQV��1HZ�YLHZV�FDQ�EH�DGGHG�WR�WKH�GDWDEDVH�LI�QHFHVVDU\�

920�LV�UHVWULFWHG�E\�D�OLPLWDWLRQ�LQ�WKH�GDWD�W\SHV�WKDW�FDQ�EH�FRPELQHG�WR�IRUP�REMHFWV

ZLWK�YLHZV�DOWKRXJK�LQ�ODWHU�ZRUN�>��@��WKLV�OLPLWDWLRQ�LV�RYHUFRPH��2Q�WKH�RWKHU�KDQG��920·V

PRGHO�RI�PDLQWDLQLQJ�FRQVLVWHQF\�EHWZHHQ�DUELWUDU\�YLHZV�LQ�D�WUDQVIRUPDWLRQ�V\VWHP�LV�QRW�SUDF�



���

WLFDO�LQ�9LHZ)RUP�IRU�DW�OHDVW�WZR�UHDVRQV��7KH�ILUVW�UHDVRQ�LV�WKDW�ORFDO�FKDQJHV�LQ�RQH�YLHZ�FDQ

HQJHQGHU�JOREDO�FKDQJHV�LQ�RWKHUV��DQG�FRPSXWLQJ�WKHVH�FKDQJHV�FDQ�EH�FRPSXWDWLRQDOO\�LQWHQ�

VLYH��7KH�VHFRQG�UHDVRQ�LV�WKDW�WUDQVIRUPDWLRQV�PD\�QRW�QHHG�ILQH�JUDLQHG�FRQVLVWHQF\�EHWZHHQ

DOO�DFWLYH�YLHZV��LQ�ZKLFK�FDVH�PDLQWDLQLQJ�FRQVLVWHQF\�OHDGV�WR�ZDVWHIXO�FRPSXWDWLRQ��,Q�DGGL�

WLRQ��PDLQWDLQLQJ�FRQVLVWHQW�PXOWLSOH�YLHZV�FDQ�OHDG�WR�LQFRPSUHKHQVLEOH�FRGH��7KLV�FDQ�KDSSHQ�

IRU�H[DPSOH��LI�SHUYDVLYH�DQG�FRPSOH[�FKDQJHV�DUH�PDGH�WR�WKH�GDWD�IORZ�YLHZ�DQG�DUH�WKHQ

DXWRPDWLFDOO\�SURSDJDWHG�EDFN�WR�WKH�WH[W�YLHZ��)RU�WKHVH�UHDVRQV��920�YLHZV�ZRXOG�QRW�EH

SUDFWLFDO�LQ�9LHZ)RUP�

������3(&$1

3(&$1�>��@�LV�D�SURJUDPPLQJ�HQYLURQPHQW�WKDW�UHQGHUV�PXOWLSOH�YLHZV�RI�D�SURJUDP�IRU�D

XVHU��7KH�REMHFWLYH�RI�3(&$1�LV�WR�VKRZ�WKDW�PRGHUQ�FRPSXWDWLRQDO�SRZHU�DQG�JUDSKLFV�WHFK�

QRORJ\�DUH�FDSDEOH�RI�SURYLGLQJ�PXOWLSOH�YLHZV�RI�D�SURJUDP�LQ�GHYHORSPHQW�WKDW�DUH�XSGDWHG

FRQVLVWHQWO\�LQ�UHDO�WLPH��3(&$1�VXSSRUWV�WKUHH�NLQGV�RI�YLHZV��V\QWDFWLF��VHPDQWLF��DQG�H[HFXWLRQ�

8QOLNH�9LHZ)RUP�YLHZV��WKH�3(&$1�FRQFUHWH�YLHZV�DUH�UHQGHUHG�JUDSKLFDOO\�WR�WKH�XVHU�RI�WKH

3(&$1�SURJUDPPLQJ�HQYLURQPHQW�

3(&$1·V�V\QWDFWLF�YLHZ�LV�VLPLODU�WR�9LHZ)RUP·V�YLHZFRGH�YLHZ��7KH�V\QWDFWLF�YLHZ�LV�UHQ�

GHUHG�WKURXJK�DQ�HGLWRU�WKDW�VXSSRUWV�D�PL[�RI�D�WUDGLWLRQDO�FKDUDFWHU�EDVHG�YLHZ�DQG�D�VWUXF�

WXUH�RULHQWHG�YLHZ��)RXU�RI�WKH�VXSSRUWHG�VHPDQWLF�YLHZV�LQFOXGH�WKH�V\PERO�WDEOH�YLHZ��WKH

GDWD�W\SH�YLHZ��WKH�H[SUHVVLRQ�YLHZ��DQG�WKH�IORZ�YLHZ��7KHVH�YLHZV�DOVR�SURYLGH�LQIRUPDWLRQ

QRW�XQOLNH�ZKDW�LV�SURYLGHG�E\�9LHZ)RUP·V�YLHZFRGH��DOSKD��DQG�OLDU�YLHZV��7KH�V\PERO�WDEOH

YLHZ�LV�D�KLHUDUFKLFDO�UHSUHVHQWDWLRQ�RI�WKH�HQYLURQPHQW�VWUXFWXUH�IURP�WKH�SRLQW�RI�YLHZ�RI�D

SDUWLFXODU�H[SUHVVLRQ��7KH�GDWD�W\SH�YLHZ�LV�D�UHSUHVHQWDWLRQ�RI�D�GDWD�W\SH�EHLQJ�HGLWHG�E\�WKH

XVHU��7KH�H[SUHVVLRQ�YLHZ�LV�D�UHSUHVHQWDWLRQ�RI�WKH�DEVWUDFW�GDWD�WUHH�IRU�DQ�H[SUHVVLRQ��7KH

IORZ�YLHZ�GLVSOD\V�FRQWURO�IORZ�LQIRUPDWLRQ�RQ�WKH�SURJUDP�LQ�D�IRUP�EDVHG�RQ�1DVVL�

6KQHLGHUPDQ�IORZ�FKDUWV��2WKHU�YLHZV�WKDW�ZHUH�QRW�LPSOHPHQWHG�DUH�D�GDWDIORZ�YLHZ��D�YLHZ

WKDW�IRFXVHV�RQ�PRGXOH�OHYHO�DEVWUDFWLRQ��DQG�D�GHFODUDWLRQ�YLHZ�

7KH�WKLUG�NLQG�RI�YLHZ�LQ�3(&$1�LV�WKH�H[HFXWLRQ�YLHZ��([HFXWLRQ�YLHZV�DUH�UHSUHVHQWDWLRQV

RI�WKH�H[HFXWLRQ�RI�D�SURJUDP��7KH�WZR�H[HFXWLRQ�YLHZV�VXSSRUWHG�E\�3(&$1�DUH�WKH�IHHGEDFN

DQG�VWDFN�YLHZV��7KH�IRUPHU�VKRZV�WKH�VWDWHPHQW�EHLQJ�H[HFXWHG�DQG�WKH�ODWWHU�VKRZV�WKH�H[HFX�

WLRQ�VWDFN�DV�D�VHULHV�RI�VWDFN�IUDPHV��9LHZ)RUP�GRHV�QRW�SURYLGH�WKHVH�NLQGV�RI�YLHZV��DOWKRXJK

WKH\�FRXOG�EH�DGGHG�

8QOLNH�9LHZ)RUP�YLHZV��ZKHQ�XVHUV�PDNH�FKDQJHV�LQ�VRPH�RI�WKH�3(&$1�YLHZV��3(&$1

DXWRPDWLFDOO\�SURSDJDWHV�WKH�FKDQJHV�WR�RWKHU�DSSURSULDWH�YLHZV��7KH�GHIDXOW�YLHZV�LPSOH�

PHQWHG�LQ�3(&$1�FDQ�DOO�EH�XSGDWHG�LQFUHPHQWDOO\��WKHUHE\�PDNLQJ�WKH�SURJUDPPLQJ�HQYLURQ�
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PHQW�PRUH�UHVSRQVLYH��,Q�DGGLWLRQ��3(&$1�LV�IOH[LEOH�HQRXJK�WR�DOORZ�QHZ�YLHZV�WR�EH�DGGHG�LQ

D�PRGXODU�ZD\��3(&$1·V�YLHZV�DUH�GHVLJQHG�WR�EH�JUDSKLFDOO\�UHQGHUHG�DQG�HIILFLHQWO\�XS�

GDWDEOH��3(&$1�DOVR�GHSHQGV�RQ�WKH�H[LVWHQFH�RI�D�PHWKRG�IRU�FRPSXWLQJ�WKH�LQFUHPHQWDO

FKDQJHV�RQ�DOO�DSSURSULDWH�YLHZV�JLYHQ�D�VPDOO�FKDQJH�WR�HDFK�VSHFLILF�YLHZ��7KHVH�GHSHQGHQ�

FLHV�DQG�UHTXLUHPHQWV�DUH�QHFHVVDU\�IRU�QHZ�YLHZV��HYHQ�WKRXJK�WKH\�DUH�QRQ�WULYLDO�WR�FRPSO\

ZLWK�IRU�DUELWUDU\�QRQ�ORFDO�SURJUDP�LQIRUPDWLRQ��,Q�DGGLWLRQ��FRPSOLDQFH�LV�QRW�DOZD\V�XVHIXO�RU

QHFHVVDU\�IRU�VSHFLILF�LPSOHPHQWDWLRQ�FRXSOLQJV��8VLQJ�3(&$1·V�YLHZ�GHVLJQ�IRU�9LHZ)RUP

ZRXOG�WKHUHIRUH�OLPLW�WKH�NLQGV�RI�QHZ�YLHZV�WKDW�FRXOG�EH�DGGHG�WR�WKRVH�WKDW�FDQ�EH�LQFUHPHQ�

WDOO\�XSGDWHG��DQG�ZRXOG�UHTXLUH�H[WUD�FRGH�WR�LPSOHPHQW�WKH�XSGDWLQJ�SURFHGXUHV��7KLV�LV�ZK\

WKH�3(&$1�YLHZ�GHVLJQ�FDQQRW�EH�XVHG�WR�LPSOHPHQW�9LHZ)RUP�YLHZV�

������6HPDQWLF�3URJUDP�*UDSKV

$�6HPDQWLF�3URJUDP�*UDSK��63*��>��@�LV�D�FDQRQLFDO�SURJUDP�UHSUHVHQWDWLRQ�WKDW�DOORZV

YDULRXV�YLHZV�RI�D�SURJUDP�WR�EH�HDVLO\�GHULYHG�DQG�LQFUHPHQWDOO\�PRGLILHG�ZKHQ�D�FKDQJH�LV

PDGH�LQ�RQH�RI�WKH�YLHZV��7KH�SXUSRVH�RI�WKH�63*�GHVLJQ�LV�WR�VKRZ�KRZ�D�JHQHUDO�SURJUDP

UHSUHVHQWDWLRQ�FDQ�DOVR�EH�XVHG�WR�DFFRPPRGDWH�YLHZV��63*·V�DUH�GHVLJQHG�WR�DOORZ�WKH�UHSUH�

VHQWDWLRQ�RI�GLIIHUHQW�ODQJXDJH�SDUDGLJPV��LPSHUDWLYH��IXQFWLRQDO��DQG�GDWDIORZ���SDUDOOHO�FRQ�

VWUXFWV��QRQ�GHWHUPLQLVWLF�FRPSXWDWLRQ��VWULFW�DQG�QRQ�VWULFW�SDUDPHWHU�SDVVLQJ��FRQWURO�IORZ�DQG

GDWDIORZ�LQIRUPDWLRQ��DQG�QDPLQJ�VFRSHV��,Q�DQ�63*��QRGHV�UHSUHVHQW�RSHUDWLRQV�DQG�HGJHV�UHS�

UHVHQW�SDWKV�DORQJ�ZKLFK�WRNHQV�FDQ�IORZ��(GJHV�FDQ�KDYH�IDQ�LQ�RU�IDQ�RXW��DQG�WRNHQV�FDQ�UHS�

UHVHQW�GDWD�RU�FRQWURO�IORZ��$�SUHGLFDWH�LV�DVVRFLDWHG�ZLWK�HDFK�HGJH�WR�UHJXODWH�WRNHQ�IORZ�

1RGHV�LQ�DQ�63*�FDQ�DOVR�EH�WUHDWHG�DV�EODFN�ER[HV�WKDW�SHUIRUP�VRPH�DUELWUDU\�FRPSXWD�

WLRQ��7KLV�SURSHUW\�LV�HVVHQWLDO�IRU�UHSUHVHQWLQJ�SURJUDPV�LQ�ODQJXDJHV�VXFK�DV�3URORJ�>�����@�

WKDW�FDQQRW�EH�HDVLO\�UHSUHVHQWHG�XVLQJ�WKH�GHIDXOW�QRWLRQ�RI�D�QRGH��$QQRWDWLRQV�FDQ�DOVR�EH

DWWDFKHG�WR�QRGHV�WR�UHFRUG�DUELWUDU\�SURSHUWLHV�>��@��1RGHV�FDQ�EH�JURXSHG�WR�PRUH�HDVLO\�DO�

ORZ�DQQRWDWLRQV�WR�UHIHU�WR�VHWV�RI�QRGHV�

63*·V�DUH�GHVLJQHG�WR�DOORZ�WKH�FRPSXWDWLRQ�RI�FRQWURO�IORZ�YLHZV��GDWDIORZ�YLHZV��H[HFX�

WLRQ�YLHZV��DQG�´DEVWUDFW�YLHZV�RI�V\VWHP�VWUXFWXUHVµ
�����������

��,Q�DGGLWLRQ��63*·V�DUH�GHVLJQHG�WR�DO�

ORZ�YLHZV�WR�EH�DXWRPDWLFDOO\�XSGDWHG�HYHU\�WLPH�D�FKDQJH�LV�PDGH�WR�RQH�RI�WKHP��9LHZ)RUP

ZRXOG�OLNHO\�WR�EHQHILW�IURP�DQ�LQWHUQDO�UHSUHVHQWDWLRQ�WKDW�FDQ�UHSUHVHQW�DV�ZLGH�D�GLYHUVLW\�RI

SURJUDPPLQJ�ODQJXDJHV�DV�63*·V��9LHZFRGH��KRZHYHU��PXVW�UHPDLQ�DV�FRPSUHKHQVLEOH�XVHUV�LQ

RUGHU�WR�IDFLOLWDWH�XVHU�LQWHUDFWLRQ�

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

�$EVWUDFW�YLHZV�RI�V\VWHP�VWUXFWXUHV�DUH�ZD\V�RI�YLHZLQJ�WKH�RYHUDOO�V\VWHP�IURP�D�KLJKHU�OHYHO�SRLQW�RI�YLHZ�
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������'RFXPHQWLQJ�3URJUDPV�7KURXJK�9LHZV

7KH�&KDSWHU�DQG�9HUVH�3URJUDP�'HVFULSWLRQ�>��@�LV�D�PHWKRG�RI�GRFXPHQWLQJ�D�SURJUDP

IURP�D�YDULHW\�RI�YLHZV��7KH�YLHZV�DUH�RUJDQL]HG�KLHUDUFKLFDOO\�DQG�YHUWLFDOO\��IURP�D�KLJK�OHYHO

RYHUYLHZ�RI�WKH�SURJUDP·V�SXUSRVH�WR�WKH�ORZHU�OHYHO�LPSOHPHQWDWLRQ�GHWDLOV��8QOLNH�9LHZ)RUP�

WKH�&KDSWHU�DQG�9HUVH�V\VWHP�LV�D�PHWKRGRORJ\�DQG�GRHV�QRW�SURYLGH�DXWRPDWLRQ��)RU�H[DPSOH�

LW�GRHV�QRW�SURYLGH�DQ\�DXWRPDWLRQ�IRU�UHFRPSXWLQJ�WKH�GRFXPHQWDWLRQ�ZKHQ�FKDQJHV�DUH�PDGH

WR�WKH�SURJUDP��6LQFH�&KDSWHU�DQG�9HUVH�LV�QRW�DXWRPDWHG��LW�ZRXOG�QRW�QHFHVVDULO\�SUHFOXGH

IXWXUH�SURJUDPPHUV�IURP�KDYLQJ�WR�SD\�VRPH�SULFH�IRU�EURNHQ�PRGXODULW\�

����6SHFLDO�3XUSRVH�/DQJXDJHV�YLD�7UDQVIRUPDWLRQV

,Q�VHYHUDO�V\VWHPV��VSHFLDO�SXUSRVH�RU�KLJKHU�OHYHO�ODQJXDJHV�DUH�´FUHDWHGµ�E\�YLUWXH�RI�D

WUDQVIRUPDWLRQ�V\VWHP�WKDW�WUDQVODWHV�WKH�QHZ�ODQJXDJHV�WR�D�EDVH�FRQFUHWH�ODQJXDJH��7KHVH�V\V�

WHPV�DVVXPH�WKDW�WKH�VRXUFH�SURJUDP�LV�FRPSOHWH�DQG�FRUUHFW��DQG�WKHQ�DSSO\�D�VHW�RI�FRUUHFW�

QHVV�SUHVHUYLQJ�WUDQVIRUPDWLRQV�WR�´LPSOHPHQWµ�WKH�VRXUFH�SURJUDP�LQ�WKH�WDUJHW�ODQJXDJH��7KH

VRXUFH�DQG�WDUJHW�ODQJXDJHV�PD\�RU�PD\�QRW�EH�VLPLODU��7KHVH�V\VWHPV�GHVFULEHG�EHORZ�GHPRQ�

VWUDWH�GLIIHUHQW�ZD\V�RI�EXLOGLQJ�WUDQVIRUPDWLRQ�V\VWHPV��)RU�HDFK�V\VWHP��LWV�DSSURDFK�WR�WUDQV�

IRUPLQJ�SURJUDPV�LV�FRPSDUHG�WR�9LHZ)RUP·V�DSSURDFK�

������7;/

7;/��WKH�7XULQJ�H;WHQGHU�/DQJXDJH�>��@��LV�D�WUDQVIRUPDWLRQ�V\VWHP�GHVLJQHG�WR�HDVLO\�DOORZ

QHZ�ODQJXDJH�FRQVWUXFWV�WR�EH�DGGHG�WR�DQ�H[LVWLQJ�EDVH�ODQJXDJH��,W�KDV�EHHQ�XVHG�WR�SURYLGH

REMHFW�RULHQWHG�H[WHQVLRQV�WR�D�ODQJXDJH�>��@�DQG�WR�DXWRPDWLFDOO\�JHQHUDWH�WKH�FRGH�QHFHVVDU\

WR�FDOO�D�&�JUDSKLFV�OLEUDU\�IURP�3URORJ�>��@��,Q�DGGLWLRQ��7;/�KDV�DQ�DVVRFLDWHG�GHQRWDWLRQDO

VHPDQWLFV�>��@��/LNH�9LHZ)RUP��7;/�V\VWHP�FRQWDLQV�D�SDUVHU��D�WUDQVIRUPDWLRQ�HQJLQH��DQG�DQ

XQSDUVHU��7KH�V\QWD[�RI�WKH�VRXUFH�ODQJXDJH�LV�GHVFULEHG�LQ�D�QRWDWLRQ�VLPLODU�WR�%1)��$OVR�VLPL�

ODU�WR�9LHZ)RUP��WKH�SDUVHU�WDNHV�D�VRXUFH�SURJUDP��FRQYHUWV�LW�LQWR�D�W\SHG�WUHH��DQG�WKHQ�JLYHV

LW�WR�WKH�7;/�WUDQVIRUPDWLRQ�HQJLQH��7KH�WUDQVIRUPDWLRQV�DUH�UHFXUVLYH��FRQWH[W�VHQVLWLYH�WUHH�UH�

ZULWH�UXOHV�WKDW�FDQ�FDOO�DUELWUDU\�H[WHUQDO�SURFHGXUHV��PXFK�OLNH�WKH�9LHZ)RUP�ZDONHU�YLHZ�

8QOLNH�9LHZ)RUP��KRZHYHU��D�UHZULWH�UXOH�FDQ�RQO\�UHSODFH�QRGHV�LQ�WKH�VXEWUHH�LW�LV�JLYHQ��7KH

HQJLQH�DSSOLHV�D�VLQJOH��PDLQ�UXOH�WR�WKH�WUHH��7KLV�UXOH�LV�D�FRPSRVLWLRQ�RI�XVHU�GHILQHG�VXE�

UXOHV��$IWHU�WKH�PDLQ�UXOH�KDV�EHHQ�DSSOLHG��WKH�XQSDUVHU�FDQ�EH�LQYRNHG�WR�RXWSXW�WKH�WDUJHW

SURJUDP�

:KLOH�7;/�LV�UHPDUNDEO\�VLPLODU�WR�9LHZ)RUP�LQ�PDQ\�ZD\V��LW�GLIIHUV�LQ�DW�OHDVW�RQH�NH\

DVSHFW��D�UHZULWH�UXOH�FDQQRW�PRGLI\�RU�YLHZ�DQ\�FRGH�QRW�LQ�LWV�JLYHQ�VXEWUHH��7KLV�LPSOLHV�WKDW

7;/�GRHV�QRW�DOORZ�QRQ�ORFDO�SURJUDP�DQDO\VLV�WR�EH�DUELWUDULO\�SHUIRUPHG�RQ�VSHFLILF�SLHFHV�RI
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FRGH��7KLV�ZLOO�UHQGHU�7;/�LQHIIHFWLYH�RQ�WKH�VLPXODWRU�DQG�SHGLJUHH�H[DPSOHV��ZKLFK�UHTXLUH

DFFHVV�WR�QRQ�ORFDO�LQIRUPDWLRQ�WR�YHULI\�SUHFRQGLWLRQV�DQG�WR�PRGLI\�WKH�XQFRXSOHG�SURJUDP�

������$6&(17

$6&(17�>��@�LV�D�V\VWHP�IRU�EXLOGLQJ�VSHFLDO�SXUSRVH�ODQJXDJHV�RXW�RI�JHQHUDO�SXUSRVH�ODQ�

JXDJHV��$6&(17�DVVXPHV�WKH�H[LVWHQFH�RI�D�EDVH�SURJUDPPLQJ�ODQJXDJH�DQG�HQYLURQPHQW��7KH

QHZ�ODQJXDJH�LV�EXLOW�E\�PRGLI\LQJ�WKH�VHW�RI�SURGXFWLRQ�UXOHV�WKDW�GHVFULEH�WKH�EDVH�ODQJXDJH·V

V\QWD[��$6&(17�WKHQ�SDUWLDOO\�DXWRPDWHV�WKH�SURGXFWLRQ�RI�D�VHW�RI�WUDQVIRUPDWLRQ�UXOHV�WKDW

PDS�FRQVWUXFWV�IURP�WKH�QHZ�ODQJXDJH�WR�WKH�RULJLQDO�EDVH�ODQJXDJH��$V�WKH�SURJUDP�LV�EHLQJ

WUDQVIRUPHG��$6&(17�DVVRFLDWHV�WKH�QHZ��WDUJHW�ODQJXDJH�SURJUDP�H[SUHVVLRQV�ZLWK�WKH�VRXUFH

SURJUDP�H[SUHVVLRQV�IURP�ZKLFK�WKH\�ZHUH�GHULYHG��8QOLNH�9LHZ)RUP��$6&(17�GRHV�QRW�SUR�

YLGH�DQ\�IRUP�RI�QRQ�ORFDO�SURJUDP�LQIRUPDWLRQ�WKDW�FDQ�EH�XVHG�LQ�WKH�SURGXFWLRQ�UXOHV��7KLV

SUHFOXGHV�WKH�DSSOLFDWLRQ�RI�$6&(17�RQ�H[DPSOHV�VXFK�DV�WKH�VLPXODWRU�DQG�SHGLJUHH�H[DPSOHV

ZKLFK�QHHG�QRQ�ORFDO�SURJUDP�LQIRUPDWLRQ�

������3UR[DF

3UR[DF�>��@�LV�D�XVHU�LQWHUIDFH�IRU�DSSO\LQJ�WUDQVIRUPDWLRQV�WR�D�VRXUFH�SURJUDP��,W�GLVSOD\V

WKH�V\VWHP�SURYLGHG�WUDQVIRUPDWLRQV�DQG�WKH�SURJUDP�WKH\�DUH�EHLQJ�DSSOLHG�WR��7KH�XVHU�VHOHFWV

WKH�QH[W�WUDQVIRUPDWLRQ�WR�EH�DSSOLHG�DQG�FDQ�WKHQ�VHH�WKH�UHVXOWV��:KLOH�3UR[DF�FDQ�EH�D�XVHIXO

WRRO�IRU�WHVWLQJ�LQGLYLGXDO�UHZULWH�UXOHV��LW�UHTXLUHV�D�KLJK�GHJUHH�RI�XVHU�LQWHUDFWLRQ�DQG�DVVXPHV

WKDW�WKH�XVHU�FDQ�HYDOXDWH�WKH�WUDQVIRUPDWLRQ�UHVXOWV�DW�HDFK�VWHS�DORQJ�WKH�ZD\��7KLV�DSSURDFK�LV

WRR�XVHU�LQWHQVLYH�IRU�9LHZ)RUP��VLQFH�9LHZ)RUP�DOUHDG\�YDOLGDWHV�SURJUDP�PRGLILFDWLRQV�XVLQJ

SUHGLFDWHV�

������(ODERUDWLRQV

(ODERUDWLRQV�>��@�DUH�D�PHFKDQLVP�IRU�GHYHORSLQJ�SURJUDPV�WRS�GRZQ��VWDUWLQJ�ZLWK�D�EDVH

KLJK�OHYHO�GHVFULSWLRQ��(ODERUDWLRQV�DUH�SURJUHVVLYHO\�ORZHU�OHYHO�GHVFULSWLRQV��L�H���LPSOHPHQWD�

WLRQV��RI�WKH�KLJKHU�OHYHO�GHVFULSWLRQV��(ODERUDWLRQV�DOVR�SURYLGH�D�VLQJOH�YHUWLFDO�DQG�KLHUDUFKLFDO

YLHZ�RI�D�SURJUDP��DQG�GR�QRW�SURYLGH�FRPSRVDEOH�H[SODQDWLRQV�IRU�UHZULWH�UXOHV��7KH�OLPLWD�

WLRQ�RI�D�VLQJOH�YLHZ�RQ�D�SURJUDP�OLPLWV�WKH�NLQGV�RI�SUHFRQGLWLRQV�WKDW�FDQ�EH�H[SUHVVHG��PDN�

LQJ�(ODERUDWLRQV�XQVXLWDEOH�IRU�WKH�VLPXODWRU�H[DPSOH��ZKHUH�D�QHZ�YLHZ�ZDV�UHTXLUHG��

������'DUOLQJWRQ·V�8VHU�,QWHUDFWLYH�7UDQVIRUPDWLRQ�6\VWHP

,Q�WKH�WUDQVIRUPDWLRQ�V\VWHP�GHVFULEHG�E\�'DUOLQJWRQ�>��@��D�FOHDUO\�ZULWWHQ�VRXUFH�SURJUDP

LV�WUDQVIRUPHG�LQWR�D�PRUH�HIILFLHQW�SURJUDP��LQ�WKH�VRXUFH�ODQJXDJH��YLD�D�VHW�RI�WUDQVIRUPD�

WLRQV��:KLOH�WKH�V\VWHP�LV�VKRZQ�WR�VXFFHVVIXOO\�WUDQVIRUP�VRPH�VPDOO�SURJUDPV��WKH�V\VWHP�UH�
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OLHV�KHDYLO\�RQ�XVHU�LQWHUDFWLRQ�IRU�GHFLGLQJ�ZKLFK�WUDQVIRUPDWLRQV�WR�DSSO\��)RU�H[DPSOH��WKH

XVHU�LV�VKRZQ�D�SURJUDP�WKDW�KDV�EHHQ�WUDQVIRUPHG�DQG�LV�DVNHG�ZKHWKHU�LW�LV�DGHTXDWH��7KLV

SUHVHQWV�D�VLJQLILFDQW�GLIILFXOW\�WR�D�XVHU�ZKR�PD\�QRW�EH�DEOH�WR�UHFRJQL]H�ZKHWKHU�D�FHUWDLQ

WUDQVIRUPDWLRQ�KDV�SURGXFHG�DQ�HIIHFW�WKDW�ZLOO�OHDG�WR�WKH�GHVLUHG�WDUJHW�SURJUDP�RU�WKH�GHVLUHG

SHUIRUPDQFH��9LHZ)RUP��RQ�WKH�RWKHU�KDQG��VWULYHV�WR�EH�DV�DXWRPDWHG�DV�SRVVLEOH��2QH�FDQ

LPDJLQH�9LHZ)RUP�DV�DQ�DGYDQFH�RQ�'DUOLQJWRQ·V�ZRUN�LI�RQH�FRQVLGHUV�SUHGLFDWHV�WR�EH

´DXWRPDWHG�XVHUVµ�WKDW�SURYLGH�WKH�NLQG�RI�IHHGEDFN�'DUOLQJWRQ·V�V\VWHP�GHSHQGV�XSRQ�

������3(&26�DQG�/,%5$

3(&26�>�@�LV�D�NQRZOHGJH�EDVHG�V\VWHP�WKDW�WDNHV�D�KLJK�OHYHO�VSHFLILFDWLRQ�DQG�LPSOHPHQWV

LW�E\�WUDQVIRUPLQJ�LW�LQWR�D�FRQFUHWH�SURJUDP��3(&26�GUDZV�WUDQVIRUPDWLRQV�IURP�D�GDWDEDVH�RI

DERXW�����UXOHV�RI�ZKLFK�����DUH�QRW�GLUHFWO\�UHODWHG�WR�WKH�WDUJHW�ODQJXDJH��:KHQ�VHYHUDO�UXOHV

DUH�DSSOLFDEOH��3(&26�FDQ�FDOO�RQ�/,%5$�>��@��DQ�H[WHUQDO�SURJUDP�WKDW�HVWLPDWHV�ZKLFK�RI�WKH

DSSOLFDEOH�UXOHV�ZLOO�OHDG�WR�D�PRUH�HIILFLHQW�SURJUDP��7KH�V\VWHP�FDQ�DOVR�LQWHUDFW�ZLWK�WKH�XVHU

IRU�DVVLVWDQFH��7KLV�V\VWHP�LV�VLPLODU�WR�9LHZ)RUP�LQ�WKDW�LW�SURYLGHV�D�PHFKDQLVP�IRU�UHGXFLQJ

WKH�DPRXQW�RI�XVHU�LQWHUDFWLRQ�E\�UHO\LQJ�RQ�DQ�H[WHUQDO�SURJUDP�GHVLJQHG�WR�PDNH�UHDVRQDEOH

GHFLVLRQV��3(&26��KRZHYHU�GRHV�QRW�VXSSRUW�PXOWLSOH�YLHZV��PDNLQJ�LW�XQVXLWDEOH�IRU�WKH�SHGL�

JUHH�DQG�VLPXODWRU�H[DPSOHV�

������&KHDWKDP·V�7UDQVIRUPDWLRQ�6\VWHP�IRU�5HXVH

&KHDWKDP�SURSRVHV�D�WUDQVIRUPDWLRQ�V\VWHP�WKDW�VXSSRUWV�WKH�UHXVH�RI�DEVWUDFW�SURJUDPV

>��@��7KH�VRXUFH�SURJUDPV�DUH�ZULWWHQ�LQ�(/���D�KLJK�OHYHO�ODQJXDJH�ZLWK�WKH�PHDQV�IRU�V\QWDFWLF

H[WHQVLRQ��7KH�VRXUFH�SURJUDP�LV�WUDQVIRUPHG�LQWR�D�ORZHU�OHYHO�FRQFUHWH�ODQJXDJH�E\�VHWV�RI

WUDQVIRUPDWLRQV�DQG�D�FRQWURO�VWUXFWXUH��7KH�WUDQVIRUPDWLRQV�DUH�SDWWHUQ�EDVHG��EXW�OLNH�9LHZ�

)RUP��D�VHPDQWLF�SUHFRQGLWLRQ�FDQ�EH�DVVRFLDWHG�ZLWK�HDFK�SDWWHUQ��7KH�WUDQVIRUPDWLRQ�V\VWHP

SHUIRUPV�D�OLPLWHG�DPRXQW�RI�VHPDQWLF�DQDO\VLV�RI�WKH�VRXUFH�SURJUDP��&KHDWKDP�GHVFULEHV�WZR

LQWHUHVWLQJ�IRUPV�RI�UHXVH��5DSLG�3URWRW\SLQJ�DQG�&XVWRP�7DLORULQJ��7KH�IRUPHU�LQYROYHV�WKH�UDSLG

GHYHORSPHQW�RI�D�ZRUNLQJ�VRXUFH�SURJUDP�ZLWKRXW�VLJQLILFDQW�UHJDUG�IRU�SHUIRUPDQFH��7KH�ODWWHU

LV�WKH�GHULYDWLRQ�RI�DQ�HIILFLHQW�FRQFUHWH�SURJUDP�IURP�D�SLHFH�RI�ZRUNLQJ�VRXUFH�FRGH��&KHDW�

KDP·V�V\VWHP�GRHV�QRW�VXSSRUW�DUELWUDU\�XVHU�GHILQHG�YLHZV��PDNLQJ�LW�XQVXLWDEOH�IRU�WKH�SHGL�

JUHH�DQG�9LHZ)RUP�H[DPSOHV�

������&,3

7KH�&,3�V\VWHP�>�@�ZDV�GHVLJQHG�WR�LQYHVWLJDWH�WKH�FRQVWUXFWLRQ�RI�FRQFUHWH�SURJUDPV�IURP�D

IRUPDO�VSHFLILFDWLRQ�YLD�D�WUDQVIRUPDWLRQ�OLEUDU\��7KH�VRXUFH�ODQJXDJH�LV�&,3�/��D�ZLGH�VSHFWUXP

ODQJXDJH�WKDW�LV�H[WHQVLEOH�YLD�VFKHPDV��7KH�GHYHORSHUV�RI�&,3�FODLP�WKDW�XVHU�LQWHUDFWLRQ��HVSH�
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FLDOO\�IRU�KLJKHU�OHYHO�GHFLVLRQV��ZLOO�OLNHO\�EH�QHFHVVDU\�IRU�ODUJH��QRQ�WR\�DSSOLFDWLRQV��7KH\�GR

FRQFHGH��KRZHYHU��WKDW�VWUDLJKWIRUZDUG��PHFKDQLFDO��ORZHU�OHYHO�WDVNV�FRXOG�EH�GRQH�DXWRPDWL�

FDOO\��&,3��KRZHYHU��VXSSRUWV�RQO\�FRUUHFWQHVV�SUHVHUYLQJ�WUDQVIRUPDWLRQV�DQG�GRHV�QRW�VXSSRUW

PXOWLSOH�YLHZV�RI�WKH�VRXUFH�SURJUDP��7KLV�PDNHV�LW�XQVXLWDEOH�IRU�HLWKHU�WKH�SHGLJUHH�RU�VLPXOD�

WRU�H[DPSOHV��ZKLFK�UHTXLUH�QRQ�VHPDQWLFV�SUHVHUYLQJ�WUDQVIRUPDWLRQV�DQG�PXOWLSOH�YLHZV�

����2SHQ�,PSOHPHQWDWLRQV

$�PRUH�UHFHQW�DSSURDFK�IRU�EXLOGLQJ�LPSOHPHQWDWLRQ�FRXSOLQJ�V\VWHPV�LV�WR�XVH�DQ�RSHQ�LP�

SOHPHQWDWLRQ�>��������@�DSSURDFK��6SHFLILFDOO\��VXEVWDQWLDO�ZRUN�KDV�EHHQ�GRQH�ZLWK�0HWDREMHFW

3URWRFROV��023 � ��>�����@��$�023�RSHQV�DQ�LPSOHPHQWDWLRQ�E\�DOORZLQJ�D�XVHU�WR�FRQWURO�LPSRU�

WDQW�DVSHFWV�RI�DQ�LPSOHPHQWDWLRQ·V�GHFLVLRQ�PDNLQJ�SURFHVV��7KLV�FRQWURO�LV�SURYLGHG�E\�GRFX�

PHQWLQJ�D�VHW�RI�PHWDREMHFWV�DQG�D�SURWRFRO�WKDW�WKH�LPSOHPHQWDWLRQ�DGKHUHV�WR��$�PHWDREMHFW�LV

DQ�REMHFW�WKDW�FRQWUROV�VRPH�DVSHFW�RI�DQ�LPSOHPHQWDWLRQ·V�EHKDYLRU��XVXDOO\�E\�PDNLQJ�D�GHFL�

VLRQ��7KH�SURWRFRO�GHVFULEHV�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�PHWDREMHFWV�WKHPVHOYHV�DQG�EHWZHHQ

WKH�PHWDREMHFWV�DQG�RWKHU�SDUWV�RI�WKH�LPSOHPHQWDWLRQ��023V�DUH�GHVLJQHG�WR�SURYLGH�WKH�XVHU

ZLWK�ERWK�ORFDOLW\�DQG�LQFUHPHQWDOLW\��DPRQJ�RWKHU�EHQHILWV�

,�GLG�QRW�SXUVXH�D�023�EDVHG�DSSURDFK�IRU�ZULWLQJ�D�YLHZ�EDVHG�DEVWUDFWLRQ�LPSOHPHQWDWLRQ

EHFDXVH�D�023�EDVHG�DSSURDFK�ZRXOG�UHTXLUH�DQQRWDWLRQV�RQ�WKH�VRXUFH�FRGH��7KLV�ZRXOG�QRW

EH�EDFNZDUGV�FRPSDWLEOH�UHJDUGOHVV�RI�WKH�VRXUFH�ODQJXDJH��VLQFH�LW�ZRXOG�UHTXLUH�PRGLI\LQJ

WKH�RULJLQDO�VRXUFH�FRGH��1HYHUWKHOHVV��DV�ZDV�GLVFXVVHG�LQ�&KDSWHU����WKH�023�EDVHG�ZRUN�EH�

ORZ�JUHDWO\�LQIOXHQFHG�RI�YLHZ�EDVHG�DEVWUDFWLRQ·V�GHVLJQ�DQG�LPSOHPHQWDWLRQ�

������,QWULJXH

,QWULJXH�>��@�LV�D�023�IRU�D�6FKHPH�FRPSLOHU��7KH�,QWULJXH�DUFKLWHFWXUH�FRQVLVWV�RI�WZR

SDUWV��D�JHQHUDO�GDWD�IORZ�HQJLQH��VHH�6HFWLRQ��������DQG�DQ�DEVWUDFW�GDWD�VWUXFWXUH�FDSDEOH�RI

UHSUHVHQWLQJ�,QWULJXH·V�LQWHUPHGLDWH�ODQJXDJHV��,QWULJXH·V�023�DOORZV�XVHUV�WR�FRQWURO�WKH�FRPSL�

ODWLRQ�SURFHVV�YLD�DQQRWDWLRQV�RQ�WKH�VRXUFH�SURJUDP��YLD�XVHU�GHILQHG�REMHFW�FODVVHV�WKDW�ORFDOL]H

DQG�UHSUHVHQW�LQWHUHVWLQJ�SURJUDP�HOHPHQWV��DQG�YLD�XVHU�GHILQHG�PHWKRGV�WKDW�RYHUULGH�RU

DPHQG�WKH�FRPSLOHU·V�GHIDXOW�DFWLRQV�RQ�WKRVH�SURJUDP�HOHPHQWV��,QWULJXH·V�GDWD�IORZ�HQJLQH

SHUIRUPV�QRQ�ORFDO�DQDO\VHV�RQ�LWV�LQSXW�SURJUDP�DQG�SURYLGHV�VXSSRUW�IRU�XVHU�GHILQHG��LWHUDWLYH

GDWD�IORZV��9LHZ)RUP�DQG�YLHZ�EDVHG�DEVWUDFWLRQ�GLIIHU�IURP�,QWULJXH�LQ�VHYHUDO�GLIIHUHQW�DV�

SHFWV��3ULPDULO\��WKH\�DUH�QRW�FRPSLOHUV��DQG�WKH\�GR�QRW�UHTXLUH�DQQRWDWLRQV�RQ�WKH�VRXUFH

FRGH��9LHZ)RUP�FDQ�DOVR�ZRUN�RQ�VHSDUDWH�FRQWH[WV��ZKHUHDV�,QWULJXH�GRHV�QRW�VXSSRUW�VHSDUDWH

GDWD�IORZ�LQIRUPDWLRQ�IRU�VHSDUDWH�SLHFHV�RI�FRGH��9LHZ)RUP·V�YLHZV�DUH�DOVR�VSHFLILF��ZKHUHDV

,QWULJXH·V�GDWD�IORZ�HQJLQH�LV�TXLWH�JHQHUDO��7KLV�GLIIHUHQFH�DOORZV�9LHZ)RUP·V�YLHZV�WR�EH�FRP�
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SXWHG�PRUH�TXLFNO\��WKXV�HQKDQFLQJ�LWV�SUDFWLFDOLW\��,I�YLHZ�EDVHG�DEVWUDFWLRQ�ZHUH�DOORZHG�WR

XVH�DQQRWDWLRQV�DQG�SHUIRUPDQFH�ZDV�QRW�D�VHULRXV�FRQFHUQ��,QWULJXH�FRXOG�EH�XVHG�DV�D�EDVLV

IRU�LPSOHPHQWLQJ�D�YHUVLRQ�RI�YLHZ�EDVHG�DEVWUDFWLRQ�ZLWK�FDSDELOLWLHV�VLPLODU�WR�9LHZ)RUP·V�

������$QLEXV

$QLEXV�>�����@�LV�D�023�IRU�FRQWUROOLQJ�WKH�FRDUVH�JUDLQHG�SDUDOOHOL]DWLRQ�RI�D�SURJUDP��$QL�

EXV·V�VRXUFH�ODQJXDJH�LV�VHTXHQWLDO�DQG�LWV�WDUJHW�ODQJXDJH�LV�H[SOLFLWO\�SDUDOOHO��$�VRXUFH�ODQ�

JXDJH�SURJUDP�LV�SDUDOOHOL]HG�YLD�DQQRWDWLRQV�RQ�SURJUDP�H[SUHVVLRQV��7KH�DQQRWDWLRQV�VSHFLI\

WKH�SURJUDP·V�SDUDOOHOL]DWLRQ�DQG�DUH�XVHG�E\�$QLEXV�WR�WUDQVIRUP�WKH�SURJUDP�LQWR�WKH�WDUJHW

ODQJXDJH��$�XVHU�FDQ�DGG�QHZ�SDUDOOHOL]LQJ�WUDQVIRUPDWLRQV�RU�PRGLI\�H[LVWLQJ�RQHV�E\�XVLQJ

$QLEXV·V�023��$QLEXV·V�WUDQVIRUPDWLRQ�V\VWHP�LV�GLYLGHG�LQWR�WKUHH�SKDVHV�WKDW�LPSOHPHQW�WKH

GLVWULEXWLRQ�RI�WKH�SURJUDP��WKH�GLVWULEXWLRQ�RI�WKH�GDWD��DQG�V\QFKURQL]DWLRQ��7KH�$QLEXV�DUFKL�

WHFWXUH�ZLWKRXW�D�023�FDQ�EH�HDVLO\�LPSOHPHQWHG�DV�FRXSOHUV�ZLWK�9LHZ)RUP�

������'DWD�3DWK�0DFURV

'DWD�3DWK�0DFURV��'30V�>��@�DUH�PDFURV�WKDW�PD\�H[SDQG�LQ�DUELWUDU\�SDUWV�RI�D�SURJUDP�

7KH�'30�HQJLQH�WDNHV�D�VRXUFH�SURJUDP�DQG�FRQYHUWV�LW�LQWR�D�SURJUDP�WUHH��,Q�WKLV�WUHH��WKH

QRGHV�DUH�REMHFWV�UHSUHVHQWLQJ�V\QWDFWLF�SURJUDP�HOHPHQWV�DQG�WKH�HGJHV�DUH�REMHFWV�UHSUHVHQW�

LQJ�WKH�ZD\V�LQ�ZKLFK�WKRVH�HOHPHQWV�DUH�FRQQHFWHG�YLD�V�H[SUHVVLRQV��7KLV�UHSUHVHQWDWLRQ�LV

VLPLODU�WR�YLHZFRGH��HVSHFLDOO\�VLQFH�LW�SURYLGHV�XS�OLQNLQJ�

$�'30�LV�D�VHW�RI�JHQHULF�IXQFWLRQV�RQ�REMHFWV�LQ�WKH�SURJUDP�WUHH��7KHVH�JHQHULF�IXQFWLRQV

KDYH�DFFHVV�WR�GDWD�IORZ�LQIRUPDWLRQ�FRPSXWHG�E\�WKH�'30�HQJLQH��6\QWDFWLF�DQQRWDWLRQV�RQ�WKH

VRXUFH�SURJUDP�GHQRWH�WKH�SODFHV�ZKHUH�D�'30�LV�WR�EH�DSSOLHG��7KH�DQQRWDWLRQV�PDNH�WKH�FRU�

UHVSRQGLQJ�SURJUDP�WUHH�QRGHV�HDVLO\�UHFRJQL]DEOH�WR�VSHFLILF�'30V�

$�'30�LV�FUHDWHG�E\�ZULWLQJ�D�VHW�RI�JHQHULF�IXQFWLRQV�WKDW�SHUIRUP�WUDQVIRUPDWLRQV�RQ�WKH

SURJUDP�WUHH�DQG�E\�GHILQLQJ�D�VHW�RI�REMHFWV�WKDW�ZLOO�EH�XVHG�WR�DQQRWDWH�SURJUDP�WUHH�QRGHV�

2QH�LPSRUWDQW�SURSHUW\�RI�'30V�LV�WKH�DELOLW\�WR�VSHFLI\�QHZ�XVHU�GHILQHG�GDWD�IORZ�FRPSXWD�

WLRQV��6XFK�D�VSHFLILFDWLRQ�GHVFULEHV�LQLWLDO�GDWD�IORZ�YDOXHV��KRZ�YDOXHV�SURSDJDWH�WKURXJKRXW

WKH�SURJUDP�WUHH��KRZ�YDOXHV�DUH�FRPELQHG�DW�MRLQ�SRLQWV��DQG�KRZ�HTXDOLW\�EHWZHHQ�IORZ�YDO�

XHV�LV�GHWHUPLQHG��7KLV�VSHFLILFDWLRQ�LV�SURFHGXUDO�DQG�WDNHV�WKH�IRUP�RI�JHQHULF�IXQFWLRQ�PHWK�

RGV��%\�XVLQJ�REMHFW�RULHQWHG�LQKHULWDQFH��WKH�DPRXQW�RI�FRGH�WKDW�PXVW�EH�ZULWWHQ�WR�GHILQH�D

QHZ�'30�RU�D�QHZ�GDWD�IORZ�LV�VLJQLILFDQWO\�UHGXFHG��$V�GLVFXVVHG�LQ�6HFWLRQ��������VRPH�RI�WKH

QRWLRQV�XQGHUO\LQJ�9LHZ)RUP�DQG�YLHZ�EDVHG�DEVWUDFWLRQ�KDYH�WKHLU�URRWV�LQ�'30V��7KUHH�RI

WKHVH�QRWLRQV�DUH�WKH�XWLOLW\�RI�DUELWUDU\�QRQ�ORFDO�SURJUDP�DQDO\VHV��RI�QRQ�VHPDQWLFV�SUHVHUYLQJ

PRGLILFDWLRQV��DQG�RI�H[WHQVLELOLW\�LQ�D�WUDQVIRUPDWLRQ�V\VWHP��,Q�DGGLWLRQ��DOWKRXJK�9LHZ)RUP�LV
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QRW�REMHFW�RULHQWHG��DQ�HIILFLHQW�JHQHULF�GLVSDWFK�V\VWHP�>��@�ZRXOG�FHUWDLQO\�EH�TXLWH�XVHIXO�LQ

LWV�LPSOHPHQWDWLRQ�

����2SWLPL]LQJ�3URJUDPV�YLD�7UDQVIRUPDWLRQV

6HYHUDO�DSSURDFKHV�IRU�EXLOGLQJ�RU�GHVLJQLQJ�RSWLPL]HUV�DUH�EDVHG�RQ�WUDQVIRUPDWLRQ�V\V�

WHPV��7KHVH�V\VWHPV�DUH�FRQFHUQHG�ZLWK�KLJK�OHYHO�VRXUFH�SURJUDPV�DQG�ORZ�OHYHO�WDUJHW�SUR�

JUDPV��7KHVH�V\VWHPV�GHDO�ZLWK�WKH�VDPH�NLQGV�RI�LVVXHV�IDFHG�E\�9LHZ)RUP�DQG�YLHZ�EDVHG

DEVWUDFWLRQ��WKRXJK�WKH\�DUH�PRUH�VSHFLILF�

������'RUD

'RUD�>�����@�LV�D�WUDQVIRUPDWLRQ�V\VWHP�IRU�H[SHULPHQWLQJ�ZLWK�FRPSLOHU�RSWLPL]DWLRQV�

'RUD·V�LQWHUPHGLDWH�ODQJXDJH��,/��LV�',/6��',/6�LV�EDVHG�RQ�6FKHPH�DQG�LV�H[WHQVLEOH�E\�YLUWXH�RI

EHLQJ�D�VFKHPD��,QVWHDG�RI�HPSOR\LQJ�D�WUDGLWLRQDO�DWWULEXWH�JUDPPDU��'RUD�XVHV�DWWULEXWLRQ�SDW�

WHUQ�VHWV�>��@�WR�SURYLGH�D�PRUH�IOH[LEOH�IUDPHZRUN�IRU�DWWULEXWLQJ�WKH�QRGHV�RI�WKH�,/�WUHH��7KH

VDPH�WUHH�SDWWHUQ�ODQJXDJH�LV�XVHG�WR�H[SUHVV�ERWK�WKH�DWWULEXWLRQ�HTXDWLRQV�DQG�WKH�WUDQVIRUPD�

WLRQ�SDWWHUQ�PDWFKLQJ�ODQJXDJH��7KLV�WUHH�SDWWHUQ�ODQJXDJH�LV�LPSOHPHQWHG�YLD�DQ�HIILFLHQW�DXWR�

PDWD�EDVHG�DOJRULWKP�>�����@��,Q�'RUD��WKH�ZD\�LQ�ZKLFK�WUDQVIRUPDWLRQV�DUH�DSSOLHG�FDQ�EH

VSHFLILHG�IURP�D�IL[HG�VHW�RI�RSWLRQV��)RU�H[DPSOH��WKH�,/�WUHH�FDQ�EH�WUDYHUVHG�IURP�WRS�WR�ERW�

WRP��OHIW�WR�ULJKW��RU�WKH�UHYHUVH�RI�HLWKHU�RSWLRQ��7UDQVIRUPDWLRQV�FDQ�DOVR�EH�DSSOLHG�RQFH�RU

UHSHDWHGO\��$QRWKHU�RSWLRQ�LV�ZKHWKHU�D�WUDQVIRUP·V�DSSOLFDEOH�VLWHV�VKRXOG�EH�UHFRPSXWHG�HYHU\

WLPH�D�FKDQJH�LV�PDGH�WR�WKH�,/�WUHH�RU�ZKHWKHU�DOO�RI�WKH�DSSOLFDEOH�VLWHV�VKRXOG�EH�FRPSXWHG

RQFH��EHIRUH�WKH�WUDQVIRUPHG�LV�DSSOLHG�

'RUD�WUDQVIRUPV�KDYH�DFFHVV�WR�QRQ�ORFDO�SURJUDP�LQIRUPDWLRQ�DQG�FDQ�FDOO�DUELWUDU\

6FKHPH�IRUPV�ZKHQ�D�SDWWHUQ�LV�PDWFKHG��:KLOH�WKLV�DUFKLWHFWXUH�LV�VLPLODU�WR�9LHZ)RUP·V��WKH

QRQ�ORFDO�DWWULEXWHV�LQ�'RUD�DUH�FRPSXWHG�DXWRPDWLFDOO\�IURP�D�VHW�RI�DWWULEXWH�GHILQLWLRQV��7KLV

FDQ�OHDG�WR�SHUIRUPDQFH�SUREOHPV�LQ�WKH�FRPSXWDWLRQ�RI�QRQ�ORFDO�SURJUDP�LQIRUPDWLRQ�EHFDXVH

WKH�LQIRUPDWLRQ�LV�FRPSXWHG�JOREDOO\�LQVWHDG�RI�RQ�VSHFLILF�FRQWH[WV�DV�LV�GRQH�LQ�9LHZ)RUP�

������*(1HVLV

*(1HVLV�>��@�LV�DQ�RSWLPL]HU�JHQHUDWRU�ZKRVH�VSHFLILFDWLRQ�ODQJXDJH�LV�*26SH/��*(1HVLV

WDNHV�D�*26SH/�VSHFLILFDWLRQ�DQG�DXWRPDWLFDOO\�JHQHUDWHV�DQ�RSWLPL]HU��8VHU�LQWHUDFWLRQ�FDQ�EH

SDUW�RI�D�*26SH/�VSHFLILFDWLRQ�LQ�FDVHV�ZKHUH�VHYHUDO�RSWLPL]LQJ�WUDQVIRUPDWLRQV�DUH�DSSOLFDEOH�

$Q�RSWLPL]LQJ�WUDQVIRUPDWLRQ�FRQVLVWV�RI�D�SDWWHUQ��DQ�HQDEOLQJ�FRQGLWLRQ��DQG�DQ�DFWLRQ��7KH

SDWWHUQ�LV�V\QWDFWLF�DQG�WKH�HQDEOLQJ�FRQGLWLRQ�FDQ�EH�LQ�WHUPV�RI�QRQ�ORFDO�VHPDQWLF�SURJUDP

SURSHUWLHV��:KHQ�WKH�SDWWHUQ�LV�PDWFKHG�DQG�WKH�SUHFRQGLWLRQ�LV�PHW��WKH�FRUUHVSRQGLQJ�DFWLRQ
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LV�LQYRNHG��*26SH/·V�DFWLRQ�ODQJXDJH�FRQVLVWV�RI�ILYH�SULPLWLYHV�WKDW�DOORZ�SURJUDP�HOHPHQWV�WR

EH�GHOHWHG��FRSLHG��PRYHG��DGGHG��L�H���V\QWKHVL]HG���DQG�PRGLILHG��:KLOH�WKLV�DUFKLWHFWXUH�EHDUV

UHVHPEODQFH�WR�WKDW�RI�9LHZ)RUP��*(1HVLV�SDWWHUQV�DUH�QRW�DUELWUDULO\�JHQHUDO�LQ�WKDW�WKH\�FDQQRW

LQFRUSRUDWH�DUELWUDU\�SLHFHV�RI�QRQ�ORFDO�FRGH��7KLV�PHDQV�WKDW�*(1HVLV�FDQQRW�EH�XVHG�WR�H[�

SUHVV�LPSOHPHQWDWLRQ�FRXSOLQJV�VXFK�DV�ZKDW�LV�GRQH�IRU�WKH�VLPXODWRU�H[DPSOH�

������3URJUDP�2SWLPL]DWLRQ�DQG�'HULYDWLRQ�YLD�7UDQVIRUPDWLRQV

,Q�>�@��WUDQVIRUPDWLRQV�DUH�LQYHVWLJDWHG�DV�D�IRUP�RI�RSWLPL]LQJ�RU�GHULYLQJ�SURJUDPV�E\

WUDQVIRUPLQJ�DQG�FRQQHFWLQJ�D[LRPV��2QH�LQWHUHVWLQJ�DVSHFW�RI�WKLV�ZRUN�LV�WKDW�WUDQVIRUPDWLRQV

FDQ�DVVHUW�LQIRUPDWLRQ�DERXW�SDUWV�RI�WKH�SURJUDP�WKDW�WKH\�FUHDWH��)RU�H[DPSOH��D�WUDQVIRUPD�

WLRQ�WKDW�UHLILHV�DQ�LPSOLFLW�ORRS�FDQ�DVVHUW�D�W\SH�DQG�QXPHULFDO�UDQJH�RQ�WKH�ORRS�YDULDEOH�

7KHVH�NLQGV�RI�DVVHUWLRQV�DUH�FRQVLVWHQW�ZLWK�9LHZ)RUP·V�GHVLJQ��VLQFH�RQH�RI�9LHZ)RUP·V�DLPV

LV�WR�VXSSRUW�LQWHUDFWLRQ�ZLWK�HQWLWLHV�WKDW�FDQ�SURYLGH�PRUH�DFFXUDWH�DQG�PRUH�DYDLODEOH�NQRZO�

HGJH�DERXW�SLHFHV�RI�WKH�SURJUDP��:KLOH�9LHZ)RUP�LV�QRW�D[LRP�EDVHG��H[SHULPHQWLQJ�ZLWK�D[�

LRP�EDVHG�YLHZV�LV�D�YLDEOH�GLUHFWLRQ�IRU�VWXG\LQJ�XVHU�LQWHUDFWLRQ�

����,QWHUDFWLYH�3URJUDP�'HVLJQ�DQG�&RQVWUXFWLRQ

$�IHZ�WUDQVIRUPDWLRQDO�V\VWHPV�DUH�GHVLJQHG�ZLWK�WKH�HQG�JRDO�RI�DVVLVWLQJ�XVHUV�LQ�WKH�GH�

VLJQ�DQG�FRQVWUXFWLRQ�RI�VRIWZDUH��$V�GHVFULEHG�LQ�>��@��WKH�YLVLRQ�GLVFXVVHG�LQ�>��@�LV�RQH�RI�WKH

HDUOLHVW�H[DPSOHV�RI�D�3URJUDPPHU·V�$VVLVWDQW��7KHVH�V\VWHPV�DUH�JHQHUDOO\�UHODWHG�WR�9LHZ)RUP

LQ�WKDW�9LHZ)RUP�SHUPLWV�XVHU�LQWHUDFWLRQ�

������.%(PDFV

.%(PDFV�>��@�WKH�.QRZOHGJH�%DVHG�(GLWRU�LQ�(PDFV��LV�DQ�HGLWRU�WKDW�SDUWLDOO\�DFWV�DV�D

3URJUDPPHU·V�$SSUHQWLFH�>��@�GXULQJ�WKH�FRQVWUXFWLRQ�RI�D�SURJUDP��,W�XVHV�D�NQRZOHGJH�EDVH

RI�FOLFKpV��$�FOLFKp�LV�DQ�DOJRULWKPLF�IUDJPHQW�DERXW�ZKLFK�ERWK�.%(PDFV�DQG�WKH�SURJUDPPHU

KDYH�NQRZOHGJH��.%(PDFV�LV�GHVLJQHG�WR�FRPSOHPHQW�D�VRIWZDUH�GHYHORSHU·V�VNLOOV�E\�DXWRPDWL�

FDOO\�KDQGOLQJ�FHUWDLQ�GHWDLOV�RI�D�SURJUDP�GHYHORSPHQW�VXFK�DV�FKHFNLQJ�IRU�HUURUV��ILOOLQJ�LQ

SLHFHV�RI�VRXUFH�FRGH��DQG�UHDUUDQJLQJ�WKH�FRGH�ZKHQ�QHFHVVDU\��:KLOH�.%(PDFV�ZDV�QRW�GH�

VLJQHG�WR�VROYH�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP��LWV�XVH�RI�FOLFKpV�FRXOG�EH�EHQHILFLDO�LQ

SURYLGLQJ�D�XVHIXO�LQWHUIDFH�IRU�XVHU�LQWHUDFWLRQ�LQ�9LHZ)RUP�

������$�3URJUDP�9HULILHU�$VVLVWDQW

7KH�'HVLJQHU�9HULILHU·V�$VVLVWDQW�>��@�LV�D�V\VWHP�GHVLJQHG�WR�KHOS�SURJUDPPHUV�YHULI\�WKH

GHVLJQV�RI�WKHLU�SURJUDPV��7KH�XVHU�JLYHV�WKH�V\VWHP�D�VSHFLILFDWLRQ�RI�WKH�YHULILFDWLRQ�FRQGLWLRQV

IRU�D�SURJUDP��7KH�V\VWHP�XVHV�WKLV�VSHFLILFDWLRQ�WR�YHULI\�D�SURJUDP��WR�YHULI\�FKDQJHV�WR�D�SUR�



���

JUDP��WR�SURYLGH�H[SODQDWLRQV�IRU�SURSRVHG�FKDQJHV��DQG�WR�DQVZHU�TXHULHV�IURP�WKH�XVHU��)RU

H[DPSOH��WKH�V\VWHP�FDQ�VSHFXODWH�RQ�WKH�HIIHFWV�WKDW�D�SURSRVHG�FKDQJH�ZLOO�KDYH�ZLWK�UHVSHFW

WR�D�SURJUDP·V�YHULILFDWLRQ�VSHFLILFDWLRQ��7KH�$VVLVWDQW�GRHV�QRW��KRZHYHU��VXSSRUW�DUELWUDU\�QRQ�

ORFDO�SURJUDP�DQDO\VHV��7KLV�GLIIHUHQWLDWHV�LW�IURP�9LHZ)RUP��DOWKRXJK�LWV�VSHFLILFDWLRQ�ODQJXDJH

LV�DQ�H[FHOOHQW�FDQGLGDWH�IRU�DQ�DOWHUQDWLYH�WR�WKH�(QJOLVK�ODQJXDJH�9LHZ)RUP�H[SODQDWLRQV��7KLV

FRXOG�DOORZ��IRU�H[DPSOH��DFWLRQ�H[SODQDWLRQV�WR�VHUYH�DV�VSHFLILFDWLRQV�IRU�FURVV�FKHFNLQJ�WKH

LQWHQW�RI�D�SURJUDP�PRGLILFDWLRQ�

������&&(/

&&(/�>�����@�LV�D�ODQJXDJH�IRU�GHVFULELQJ�XVHU�GHILQHG�FRQVWUDLQWV�RQ�D�&���SURJUDP��$�XVHU

FDQ�GHVFULEH�GHVLJQ��LPSOHPHQWDWLRQ��DQG�VW\OLVWLF�FRQVWUDLQWV��:KHQ�D�SURJUDP�LV�FRPSDUHG�WR

LWV�&&(/�VSHFLILFDWLRQ��DQ\�LQFRQVLVWHQFLHV�DUH�UHSRUWHG�YLD�GHIDXOW�V\VWHP�HUURU�KDQGOHUV��7KH

GHIDXOW�PHWKRG�RI�UHSRUWLQJ�DQ�LQFRQVLVWHQF\�LV�WR�GLVSOD\�WKH�FRQVWUDLQW�WKDW�ZDV�YLRODWHG��$

XVHU�FDQ�RSWLRQDOO\�DVVRFLDWH�D�PRUH�GHVFULSWLYH�PHVVDJH�WKDW�LV�GLVSOD\HG�ZKHQ�D�FRQVWUDLQW�LV

YLRODWHG��:KLOH�&&(/�LV�VSHFLILF�WR�&���DQG�FDQQRW�SHUIRUP�WUDQVIRUPDWLRQV�RQ�WKH�VRXUFH�SUR�

JUDP��LW�FDQ�EH�XVHG��DV�DERYH��WR�VSHFLI\�D�GLIIHUHQW�VRUW�RI�DFWLRQ�H[SODQDWLRQ��7KLV�NLQG�RI�H[�

SODQDWLRQ�FRXOG�EH�XVHG�DV�D�GHEXJJLQJ�WRRO�WR�HQVXUH�WKDW�DQ�DFWLRQ·V�SURJUDP�PRGLILFDWLRQ

VDWLVILHV�D�VHW�RI�FRQVWUDLQWV�

����)XWXUH�:RUN

9LHZ�EDVHG�DEVWUDFWLRQ�DQG�9LHZ)RUP�FDQ�EH�H[WHQGHG�LQ�YDULRXV�ZD\V��6RPH�LQWHUHVWLQJ

GLUHFWLRQV�DUH�GLVFXVVHG�EHORZ�

������5HXVDELOLW\

$XWRPDWLFDOO\�H[WUDFWLQJ�UHXVDEOH�SURJUDP�VOLFHV�IURP�SRRUO\�VWUXFWXUHG�FRGH�LV�DQ�DFWLYH

DUHD�RI�UHVHDUFK�>��@��9LHZ�EDVHG�DEVWUDFWLRQ�FDQ�EH�XVHG�DV�D�PRGHO�IRU�UHDVRQLQJ�DERXW�VXFK

VOLFHV��$�VLPSOH�H[DPSOH�RI�WKLV�LV�WKH�LQOLQLQJ�SHUIRUPHG�IRU�WKH�SHGLJUHH�H[DPSOH��:KLOH�WKH

FULWHULRQ�IRU�WKLV�H[DPSOH�ZDV�VROHO\�SHUIRUPDQFH��WKH�SURFHVV�IRU�H[WUDFWLQJ�D�VOLFH�FRQWDLQLQJ

VF��ZRXOG�EH�YHU\�VLPLODU��)RU�H[DPSOH��H[WUDFWLQJ�D�SURJUDP�VOLFH�XVLQJ�YLHZ�EDVHG�DEVWUDFWLRQ

ZRXOG�LQYROYH�ZULWLQJ�SUHGLFDWHV�WKDW�YDOLGDWH�WKH�VOLFH�DV�D�SLHFH�RI�FRGH�WKDW�FDQ�EH�VXEVWLWXWHG

LQWR�DQRWKHU�FRQWH[W��7KLV�LV�H[DFWO\�ZKDW�KDSSHQHG�LQ�WKH�IXQFWLRQ�LQOLQLQJ�DVSHFW�RI�WKH�SHGL�

JUHH�H[DPSOH��H[FHSW�WKDW�WKH�9LHZ)RUP�FRGH�ZDV�PRVWO\�VSHFLILF�WR�WKH�SHGLJUHH�FRGH��$�PRUH

JHQHUDO�SLHFH�RI�VOLFLQJ�FRGH�ZRXOG�EH�LQWHUHVWLQJ�WR�SXUVXH�

$�SURJUDP�VOLFLQJ�>��@�9LHZ)RUP�YLHZ�ZRXOG�DOVR�EH�LQWHUHVWLQJ�WR�SXUVXH�IRU�WKLV�DS�

SURDFK�
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������6\PPHWU\�LQ�&RXSOLQJV

9LHZ�EDVHG�DEVWUDFWLRQ�LV�DV\PPHWULF�LQ�WKDW�LW�PDQDJHV�LPSOHPHQWDWLRQ�FRXSOLQJV�EXW�QRW

LQWHUIDFH�FRXSOLQJV��,W�ZRXOG�EH�LQWHUHVWLQJ�WR�DOORZ�YLHZ�EDVHG�DEVWUDFWLRQ�WR�KDQGOH�ERWK��2QH

SUREOHP�WKLV�FRXOG�EH�XVHG�WR�H[SORUH�LV�SRUWDELOLW\��)RU�H[DPSOH��VXSSRVH�WKDW�D�SURJUDPPLQJ

ODQJXDJH·V�LQWHUIDFH�UHTXLUHV�FHUWDLQ�FRUH�LQWHUIDFH�IXQFWLRQV�DQG�PDNHV�RWKHUV�RSWLRQDO��DV�LV�WKH

FDVH�ZLWK�6FKHPH���$�SURJUDP�WKDW�XVHV�DQ\WKLQJ�EH\RQG�WKH�FRUH�LQWHUIDFH�IXQFWLRQV�LV�WKHUH�

IRUH�QRW�DXWRPDWLFDOO\�SRUWDEOH�WR�DQ�LPSOHPHQWDWLRQ�WKDW�RQO\�LPSOHPHQWV�WKH�FRGH�LQWHUIDFH�

,I�WKH�LQWHUIDFH�LWVHOI�ZDV�SDUW�RI�D�FRXSOLQJ�PDQDJHG�E\�YLHZ�EDVHG�DEVWUDFWLRQ��KRZHYHU�

WKLV�ORVV�RI�SRUWDELOLW\�PLJKW�QRW�EH�QHFHVVDU\��)RU�H[DPSOH��ZKHQ�D�SURJUDP�LV�UXQ�XQGHU�D�QHZ

ODQJXDJH�LPSOHPHQWDWLRQ��D�YLHZ�FRXOG�FROOHFW�XVHV�RI�WKH�RSWLRQDO�IXQFWLRQDOLW\��L�H���PDNH�

UHFWDQJXODU���)RU�HDFK�RSWLRQDO�SLHFH�RI�IXQFWLRQDOLW\�IRXQG��D�SUHGLFDWH�FRXOG�GHWHUPLQH

ZKHWKHU�WKH�IXQFWLRQDOLW\�LV�DFWXDOO\�LPSOHPHQWHG�DQG�DYDLODEOH��7KLV�LV�WKH�VWHS�WKDW�ZRXOG�EH

PHGLDWHG�E\�DQ�LQWHUIDFH�YLHZ�RQ�WKH�ODQJXDJH�LPSOHPHQWDWLRQ��ZKLFK�LQ�WKH�VLPSOHVW�FDVH

ZRXOG�ORRN�IRU�IXQFWLRQV�ZLWK�QDPHV�JLYHQ�LQ�WKH�ODQJXDJH�VSHFLILFDWLRQ��,I�WKH�IXQFWLRQDOLW\�ZDV

LPSOHPHQWHG��WKH�QH[W�FDQGLGDWH�ZRXOG�EH�WHVWHG��2WKHUZLVH��DQ�DFWLRQ�ZRXOG�EH�LQYRNHG�WKDW

ZRXOG�LQVHUW�FRGH�WKDW�LPSOHPHQWV�WKH�IXQFWLRQDOLW\�LQWR�WKH�FRQWH[W��7KLV�FRGH�ZRXOG�EH�ZULWWHQ

XVLQJ�WKH�FRUH�IXQFWLRQDOLW\�SURYLGHG�E\�HYHU\�ODQJXDJH�LPSOHPHQWDWLRQ��,I�VXFFHVVIXO��WKLV�DS�

SURDFK�ZRXOG�QRW�RQO\�LQFUHDVH�SRUWDELOLW\��EXW�LW�ZRXOG�DOVR�DOORZ�SURJUDPV�WR�UXQ�DV�HIILFLHQWO\

DV�WKH�XQGHUO\LQJ��QDWLYH�IXQFWLRQDOLW\�SHUPLWV�

7KLV�VFHQDULR�DVVXPHV�WKDW�HYHU\�SLHFH�RI�RSWLRQDO�IXQFWLRQDOLW\�FDQ�EH�H[SUHVVHG�E\�WKH

FRUH�IXQFWLRQDOLW\��7KH�FLUFXPVWDQFHV�XQGHU�ZKLFK�WKLV�PD\�RU�PD\�QRW�EH�SRVVLEOH�FDQ�EH�H[�

DPLQHG�E\�IXWXUH�UHVHDUFK�HIIRUWV�LQWR�WKLV�SUREOHP�

������2WKHU�3URJUDPPLQJ�3DUDGLJPV

$�K\EULG�DSSURDFK�EHWZHHQ�6WDWD·V�ZRUN�>��@�DQG�YLHZ�EDVHG�DEVWUDFWLRQ�ZRXOG�EH�LQWHUHVW�

LQJ�WR�SXUVXH��2QH�FDQ�LPDJLQH�YLHZ�EDVHG�DEVWUDFWLRQ�EHLQJ�XVHG�WR�HQKDQFH�WKH�PDLQWDLQDELO�

LW\�RI�WKH�FRGH�XSRQ�ZKLFK�6WDWD·V�VSHFLDOL]DWLRQ�LQWHUIDFHV�DUH�EDVHG��WKXV�JLYLQJ�SURJUDPPHU

PRUH�LPSOHPHQWDWLRQ�IUHHGRP���)RU�H[DPSOH��YLHZ�EDVHG�DEVWUDFWLRQ�FRXOG�EH�XVHG�WR�H[SUHVV

LPSOHPHQWDWLRQ�VSHFLDOL]DWLRQV��DQG�WKH�VSHFLDOL]DWLRQ�LQWHUIDFH�VSHFLILFDWLRQV�FRXOG�EH�XVHG�WR

DXWRPDWLFDOO\�YDOLGDWH�WKH�UHVXOWLQJ�PRGLILFDWLRQV�

$QRWKHU�SLHFH�RI�IXWXUH�ZRUN�LV�GHYHORSLQJ�D�&>��@�EDVHG�RU�-DYD>��@�EDVHG�YLHZ�EDVHG�DE�

VWUDFWLRQ�LPSOHPHQWDWLRQ��&�LV�D�ZLGHO\�XVHG�ODQJXDJH��DQG�ZRXOG�JLYH�YLHZ�EDVHG�DEVWUDFWLRQ�D

KXJH�YDULHW\�RI�RSSRUWXQLWLHV�IRU�LPSURYHPHQW��-DYD·V�QHZQHVV�ZRXOG�SURYLGH�DQ�RSSRUWXQLW\�IRU

YLHZ�EDVHG�DEVWUDFWLRQ�WR�HQWHU�HDUO\�LQWR�LWV�SURJUDPPLQJ�HQYLURQPHQW·V�GHYHORSPHQW��JLYLQJ
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YLHZ�EDVHG�DEVWUDFWLRQ�D�EHWWHU�FKDQFH�DW�EHFRPLQJ�SUHYDOHQW��%\�LWV�QDWXUH��-DYD�ZRXOG�DOVR

SURYLGH�D�WHVW�EHG�IRU�H[SORULQJ�GLVWULEXWHG�YLHZV�DQG�GLVWULEXWHG�FRXSOLQJV�

)RU�WKHVH�ODQJXDJHV��YLHZ�FRPSXWDWLRQV�FRXOG�EH�PRUH�GLIILFXOW�GXH�WR�WKH�H[LVWHQFH�RI�UDZ

SRLQWHUV�DQG�SRLQWHU�DULWKPHWLF�LQ�&�DQG�LQKHULWDQFH�LQ�-DYD��$V�SUHYLRXVO\�GLVFXVVHG��WKH�DELOLW\

WR�FRPSXWH�XVHIXO�YLHZ�LQIRUPDWLRQ�LV�RQH�RI�D�YLHZ�EDVHG�DEVWUDFWLRQ�LPSOHPHQWDWLRQ·V�PRUH

LQWHUHVWLQJ�DVSHFWV�

������$Q�([SHULPHQW

:KLOH�WKH�H[DPSOHV�SUHVHQWHG�LQ�&KDSWHU���DUH�WKRXVDQGV�RI�OLQHV�ORQJ�RU�VPDOOHU��UHDO�

ZRUOG�SURJUDPV�FDQ�EH�KXQGUHGV�RI�WKRXVDQGV�RU�PLOOLRQV�RI�OLQHV�ORQJ>�@�DQG�FDQ�XQGHUJR

GHFDGHV�RI�PDLQWHQDQFH�
�������������

�$�WUXH�H[SHULPHQW�IRU�WHVWLQJ�YLHZ�EDVHG�DEVWUDFWLRQ�XQGHU�WKHVH

UHDO�ZRUOG�FRQGLWLRQV�ZRXOG�WKHUHIRUH�EH�TXLWH�XVHIXO��2I�SDUWLFXODU�LQWHUHVW�LV�VWXG\LQJ�KRZ

FRXSOLQJV�ZLWKLQ�WKH�FRGH�HYROYH�RYHU�WLPH��ZKDW�NLQGV�RI�YLHZV�DUH�GHHPHG�XVHIXO�RU�QHFHVVDU\�

DQG�ZKDW�NLQGV�RI�OLEUDU\�IXQFWLRQV�DUH�PRVW�FRPPRQO\�XVHG�

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

�7KH�´\HDU�����µ�SUREOHP�KDV�PDGH�LW�FOHDU�WKDW�PDQ\�SURJUDPV�VXUYLYH�IRU�ZHOO�ORQJHU�WKDQ�RULJLQDOO\�GHVLJQHG�



���
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&KDSWHU��

&RQFOXVLRQ

����6XPPDU\

0DLQWDLQDELOLW\�DQG�PRGXODULW\�LQ�WKH�SUHVHQFH�RI�LPSOHPHQWDWLRQ�FRXSOLQJ�DUH�QRW�SRVVLEOH�XQ�

GHU�EODFN�ER[�DEVWUDFWLRQ��7R�DSSURDFK�WKLV�SUREOHP��,�GHYHORSHG�D�VL[�VWHS�PRGHO�RI�LPSOH�

PHQWDWLRQ�FRXSOLQJ��)URP�WKLV�PRGHO��,�JDLQHG�WZR�FULWLFDO�LGHDV��7KH�ILUVW�LV�WKDW�PRGXODULW\�LV

ORVW�RQO\�LI�DQ�LPSOHPHQWDWLRQ�FRXSOLQJ�SHUVLVWV�WKURXJK�D�PRGLILFDWLRQ�WKDW�LQYDOLGDWHV�LW��7KH

VHFRQG�LV�WKDW�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SURFHVV��LQFOXGLQJ�WKH�UHFRXSOLQJ�VWHS��FDQ�EH�DXWR�

PDWHG�E\�SURYLGLQJ�D�ODQJXDJH�IRU�H[SUHVVLQJ�FRXSOLQJV��7KHVH�LGHDV�IRUP�WKH�PDLQ�WKUXVW�LQ

WKLV�GLVVHUWDWLRQ��GHPRQVWUDWLQJ�KRZ�WR�DXWRPDWH�WKH�VL[�VWHS�SURFHVV�LQ�D�SUDFWLFDO�ZD\��WKHUHE\

VROYLQJ�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP��7KLV�WKUXVW�HYROYHV�LQWR�WKH�GHYHORSPHQW�RI�YLHZ�

EDVHG�DEVWUDFWLRQ��DQ�HDV\�WR�XQGHUVWDQG��ODQJXDJH�LQGHSHQGHQW��EDFNZDUGV�FRPSDWLEOH��LQFUH�

PHQWDO��DQG�WLPH�VDYLQJ�DEVWUDFWLRQ�PRGHO�

9LHZ�EDVHG�DEVWUDFWLRQ�LQWURGXFHV�D�PRGHO�DQG�PHWKRGRORJ\�IRU�SHUIRUPLQJ�LPSOHPHQWD�

WLRQ�FRXSOLQJV��7KH�PRGHO�FRQWDLQV�FRPSRQHQWV�IRU�UHDVRQLQJ�DERXW�LPSOHPHQWDWLRQ�FRXSOLQJV�

DQG�WKH�PHWKRGRORJ\�SURYLGHV�D�VWUXFWXUHG�ZD\�IRU�XVLQJ�WKH�FRPSRQHQWV�WR�H[SUHVV�LPSOHPHQ�

WDWLRQ�FRXSOLQJV�YLD�WKH�VL[�VWHS�SURFHVV��7KH�YLHZ�EDVHG�DEVWUDFWLRQ�FRPSRQHQWV�LQFOXGH�FRQ�

WH[WV�IRU�UHSUHVHQWLQJ�PRGXOHV��SUHGLFDWHV�IRU�H[SUHVVLQJ�SUHFRQGLWLRQV��DFWLRQV�IRU�H[SUHVVLQJ

SURJUDP�PRGLILFDWLRQV��GLVSDWFKHUV�IRU�FRPELQLQJ�SUHGLFDWHV�DQG�DFWLRQV��UXOHV�IRU�FRPELQLQJ

WKH�FRQVWUXFWV�LQ�JHQHUDO��FRXSOHUV�IRU�DXWRPDWLFDOO\�JHQHUDWLQJ�FRXSOLQJV��DQG�YLHZV�IRU�GHWHU�

PLQLQJ�QRQ�ORFDO�SURJUDP�SURSHUWLHV��0RVW�VLJQLILFDQWO\��WKH�PRGHO�UHTXLUHV�D�YLHZ�LQYDOLGD�

WLRQ�UHFRXSOHU��UHVSRQVLEOH�IRU�DXWRPDWLFDOO\�FDUU\LQJ�RXW�WKH�UHFRXSOLQJ�VWHS��0DNLQJ�WKH�YLHZ

LQYDOLGDWLRQ�UHFRXSOHU�ZRUN�LV�ERWK�QHFHVVDU\�DQG�VXIILFLHQW�IRU�VROYLQJ�WKH�LPSOHPHQWDWLRQ�

FRXSOLQJ�SUREOHP�

,�DOVR�GHYHORSHG�9LHZ)RUP��DQ�LPSOHPHQWDWLRQ�RI�YLHZ�EDVHG�DEVWUDFWLRQ��9LHZ)RUP�XVHV

VRXUFH�WR�VRXUFH�WUDQVIRUPDWLRQV�DV�WKH�EDVLF�FRXSOLQJ�ODQJXDJH�SDUDGLJP��9LHZ)RUP�LQWURGXFHV



���

WKH�YIRUP��D�QRYHO�FRQVWUXFW�XVHG�WR�LPSOHPHQW�HYHU\�YLHZ�EDVHG�DEVWUDFWLRQ�FRQVWUXFW��9LHZ�

)RUP�DOVR�LPSOHPHQWV�FRQWH[WV��WKUHH�GHIDXOW�YLHZV��D�KLJKHU�RUGHU�YLHZ��D�VPDOO�EXW�HIIHFWLYH

OLEUDU\�RI�KLJKHU�OHYHO�FRXSOLQJ�FRQVWUXFW�FRQVWUXFWRUV��DQG�DQ�HIIHFWLYH�YLHZ�LQYDOLGD�

WLRQ�UHFRXSOHU�

7R�GHPRQVWUDWH�YLHZ�EDVHG�DEVWUDFWLRQ��,�XVHG�9LHZ)RUP�WR�SHUIRUP�LPSOHPHQWDWLRQ�FRX�

SOLQJV�RQ�WKUHH�H[DPSOHV��DQ�DPRUSKRXV�FRPSXWLQJ�VLPXODWLRQ��D�SHGLJUHH�H[DPSOH��DQG�9LHZ�

)RUP�LWVHOI��,�GLG�QRW�ZULWH�HLWKHU�WKH�VLPXODWRU�RU�WKH�SHGLJUHH�H[DPSOH�FRGH��,Q�DGGLWLRQ��,�GLG

QRW�GHVLJQ�WKH�VLPXODWRU�FRXSOLQJ�DQG�RQH�RI�WKH�SHGLJUHH�FRXSOLQJV��7KLV�PDNHV�WKH�VLPXODWRU�D

FRPSOHWHO\�LQGHSHQGHQW�H[DPSOH��DQG�WKH�SHGLJUHH�H[DPSOH�D�PRVWO\�LQGHSHQGHQW�H[DPSOH�

7KH�WKUHH�H[DPSOHV�GHPRQVWUDWH�KRZ�LPSOHPHQWDWLRQ�FRXSOLQJV�FDQ�EH�PDGH�WR�PDLQWDLQ

PRGXODULW\��,Q�DGGLWLRQ��WKH�H[DPSOHV�GHPRQVWUDWH�KRZ�YLHZ�EDVHG�DEVWUDFWLRQ�LV�D�ODQJXDJH

LQGHSHQGHQW��XQGHUVWDQGDEOH��EDFNZDUGV�FRPSDWLEOH��LQFUHPHQWDO��DQG�WLPH�VDYLQJ�DEVWUDFWLRQ

PRGHO�

7KH�H[DPSOHV�IXUWKHU�GHPRQVWUDWH�WKH�SUDJPDWLFV�RI�YLHZ�EDVHG�DEVWUDFWLRQ��(YHQ�WKRXJK

9LHZ)RUP�DQDO\]HG�WKH�H[DPSOH�FRGH�ZLWK�D�/,$5�VW\OH�LQWHUSURFHGXUDO�GDWD�IORZ�DQDO\VLV��WKH

9LHZ)RUP�FRGH�UDQ�LQ�����WR�����RI�WKH�WLPH�QHHGHG�WR�FRPSLOH�WKH�H[DPSOH�FRGH�XVLQJ�WKH

0,7�6FKHPH�FRPSLOHU�

����&RQWULEXWLRQV

7KLV�GLVVHUWDWLRQ·V�FHQWUDO�JRDO�LV�D�VROXWLRQ�WR�EODFN�ER[�DEVWUDFWLRQ·V�LPSOHPHQWDWLRQ�FRX�

SOLQJ�SUREOHP��7RZDUGV�WKLV�JRDO��WKLV�GLVVHUWDWLRQ�PDNHV�D�YDULHW\�RI�FRQWULEXWLRQV�WKDW�KDYH

LPPHGLDWH�LPSDFW�RQ�VRIWZDUH�GHVLJQ�DQG�PDLQWDLQDELOLW\��,Q�WKH�ORQJ�WHUP��WKLV�GLVVHUWDWLRQ�FDQ

DIIHFW�SURJUDPPLQJ�HQYLURQPHQW�GHVLJQ��ODQJXDJH�GHVLJQ��DQG�WUDQVIRUPDWLRQ�V\VWHP�GHVLJQ�

2QH�XS�IURQW�FRQWULEXWLRQ�LV�D�YRFDEXODU\�IRU�GLVFXVVLQJ�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SURE�

OHP�DQG�IRU�PDNLQJ�GLVWLQFWLRQV�DPRQJ�LWV�DVSHFWV��7KHVH�YRFDEXODU\�WHUPV�LQFOXGH�LPSOHPHQWD�

WLRQ�FRXSOLQJ��LQWHUIDFH�FRXSOLQJ��LQYDOLGDWLQJ�LPSOHPHQWDWLRQ��FRXSOHG�FRGH��XQFRXSOHG�FRGH�

FRXSOLQJ�FRGH��YLHZV��FRQWH[WV��DQG�FRPSOH[LW\�OD\HULQJ��,Q�WKH�&KDSWHU���OLWHUDWXUH�VXUYH\��,�GLG

QRW�ILQG�H[SOLFLW�RU�PXWXDOO\�FRQVLVWHQW�QDPHV�IRU�WKHVH�QRWLRQV�

7KLV�GLVVHUWDWLRQ·V�IRXQGDWLRQDO�FRQWULEXWLRQ�LV�YLHZ�EDVHG�DEVWUDFWLRQ��D�PRGHO�IRU�HOLPLQDW�

LQJ�WKH�PRGXODULW\�SUREOHPV�DVVRFLDWHG�ZLWK�LPSOHPHQWDWLRQ�FRXSOLQJ��%\�SURYLGLQJ�SURJUDP�

PHUV�ZLWK�D�ZD\�WR�PDNH�D�FRXSOLQJ·V�QRUPDOO\�LPSOLFLW�SUHFRQGLWLRQV�DQG�PRGLILFDWLRQV�H[SOLFLW

DQG�LPSHUDWLYH��SURJUDPPHUV�FDQ�VKLIW�WKH�EXUGHQ�RI�PDLQWDLQLQJ�WKH�FRXSOLQJ�WR�WKH�FRPSXWHU�

9LHZ�EDVHG�DEVWUDFWLRQ�LV�DOVR�EDFNZDUGV�FRPSDWLEOH��ODQJXDJH�LQGHSHQGHQW��DQG�LQFUHPHQWDO�

7KLV�OHDGV�WR�DQRWKHU�FRQWULEXWLRQ��YLHZ�EDVHG�DEVWUDFWLRQ�FDQ�EH�DSSOLHG�WR�H[LVWLQJ�FRGH�LP�
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PHGLDWHO\�IROORZLQJ�WKH�DYDLODELOLW\�RI�D�YLHZ�EDVHG�DEVWUDFWLRQ�LPSOHPHQWDWLRQ�IRU�WKH�FRGH·V

SURJUDPPLQJ�ODQJXDJH��7KLV�FDQ�KDSSHQ�HYHQ�LI�IXOO�DFFHVV�WR�WKH�VRXUFH�FRGH�LV�QRW�DYDLODEOH�

,�FRQWULEXWH�WR�WKH�GHVLJQ�RI�SURJUDPPLQJ�HQYLURQPHQWV�ZLWK�WKH�QRWLRQV�RI�QRQ�ORFDO�EXW

SUDFWLFDO�YLHZV�VSHFLILF�WR�FRQWH[WV��(YHQ�ZLWKRXW�YLHZ�EDVHG�DEVWUDFWLRQ��WKHVH�NLQGV�RI�YLHZV

DQG�FRQWH[WV�DUH�XVHIXO�SURJUDPPLQJ�WRROV�WKDW�FDQ�EH�LQFOXGHG�LQ�H[LVWLQJ�DQG�IXWXUH�SUR�

JUDPPLQJ�HQYLURQPHQWV��7KH\�SURYLGH�SURJUDPPHUV�ZLWK�DFFXUDWHO\�FRPSXWHG�QRQ�ORFDO�SUR�

JUDP�LQIRUPDWLRQ�WKDW�RWKHUZLVH�FDQ�DQG�RIWHQ�GRHV�FRQWDLQ�HUURUV�ZKHQ�FRPSXWHG�PDQXDOO\��,

FRQWULEXWH�ZLWK�JXLGDQFH�LQ�WKH�NLQGV�RI�YLHZV�WKDW�,�KDYH�IRXQG�XVHIXO��VXFK�DV�QDPLQJ��GDWD�

IORZ��DQG�H[SUHVVLRQ�W\SLQJ�

7KLV�GLVVHUWDWLRQ·V�FRQWULEXWLRQV�DOVR�LQFOXGH�9LHZ)RUP��D�IXOO�YLHZ�EDVHG�DEVWUDFWLRQ�LP�

SOHPHQWDWLRQ��9LHZ)RUP�FRQWULEXWHV�WR�WKH�ILHOG�RI�SURJUDP�WUDQVIRUPDWLRQ�V\VWHPV�E\�GHPRQ�

VWUDWLQJ�KRZ�WR�EXLOG�D�WUDQVIRUPDWLRQ�ODQJXDJH�WKDW�SURYLGHV�VXSSRUW�IRU�FRPSXWLQJ�QRQ�ORFDO

SURJUDP�SURSHUWLHV�DFURVV�DEVWUDFWLRQ�ERXQGDULHV��SHUIRUPLQJ�QRQ�VHPDQWLFV�SUHVHUYLQJ�WUDQV�

IRUPDWLRQV��DQG�DFFHSWLQJ�XVHU�LQWHUDFWLRQ��7R�P\�NQRZOHGJH��QR�FXUUHQW�WUDQVIRUPDWLRQ�ODQ�

JXDJH�SURYLGHV�VXSSRUW�IRU�DOO�WKUHH��IRU�D�YDULHW\�RI�SHUIRUPDQFH�RU�VHPDQWLF�UHDVRQV���,�VKRZ

WKDW�WKH�LPSOHPHQWDWLRQ�FRXSOLQJ�SUREOHP�SURYLGHV�DPSOH�PRWLYDWLRQ�IRU�ZK\�WUDQVIRUPDWLRQ�

ODQJXDJH�VXSSRUW�IRU�WKHVH�IHDWXUHV�LV�XVHIXO��DQG�9LHZ)RUP�VKRZV�KRZ�LW�FDQ�EH�GRQH�

9LHZ)RUP�DOVR�VKRZV�KRZ�WKH�YLHZ�EDVHG�DEVWUDFWLRQ�VSHFLILFDWLRQ�FDQ�EH�LPSOHPHQWHG�WR

UHGXFH�WKH�EXUGHQ�RI�FRPSOH[LW\�RQ�LWV�XVHUV��,Q�SDUWLFXODU��,�GHPRQVWUDWH�KRZ�D�FRPSOH[LW\

OD\HULQJ�DSSURDFK�FDQ�SURYLGH�D�PHDVXUH�RI�VLPSOLFLW\�IRU�FRPPRQ�XVHV�ZKLOH�VWLOO�SHUPLWWLQJ

PRUH�SRZHUIXO�RSHUDWLRQV�DW�RWKHU�FRPSOH[LW\�OD\HUV��7KLV�FRQWULEXWLRQ�FDQ�LQIOXHQFH�WKH�LP�

SOHPHQWRUV�RI�SURJUDP�WUDQVIRUPDWLRQ�V\VWHPV�WR�DGRSW�VLPLODU�VWUDWHJLHV�IRU�PDNLQJ�FRPPRQ

WUDQVIRUPDWLRQV�HDVLHU�WR�H[SUHVV�

$V�SDUW�RI�9LHZ)RUP·V�LPSOHPHQWDWLRQ��,�VKRZ�KRZ�YIRUPV�FDQ�EH�LPSOHPHQWHG��DQG�KRZ

YLHZV��SUHGLFDWHV��DFWLRQV��GLVSDWFKHUV��UXOHV��DQG�FRXSOHUV�FDQ�EH�LPSOHPHQWHG�IURP�YIRUPV�

6LQFH�WKHVH�FRQVWUXFWV�IXQFWLRQDOO\�FRUUHVSRQG�WR�PDQ\�FRPPRQO\�IRXQG�LQ�UHODWHG�SURJUDP

WUDQVIRUPDWLRQ�V\VWHPV��WKH\�VXJJHVW�WKH�H[LVWHQFH�RI�D�VLPSOH��RSHUDWLRQDO��DQG�FRPSRVLWLRQDO

PRGHO�IRU�JHQHUDOO\�GHVFULELQJ�SURJUDP�WUDQVIRUPDWLRQ�V\VWHPV�

7KLV�GLVVHUWDWLRQ�GHPRQVWUDWHV�KRZ�YLHZ�EDVHG�DEVWUDFWLRQ�DQG�LWV�LPSOHPHQWDWLRQ�FDQ�EH

QRQ�SHUYDVLYHO\�DGGHG�WR�D�SURJUDPPLQJ�HQYLURQPHQW��*LYHQ�WKH�EDFNZDUGV�FRPSDWLEOH�DQG

LQFUHPHQWDO�QDWXUH�RI�YLHZ�EDVHG�DEVWUDFWLRQ��WKLV�VXJJHVWV�D�ORZ�FRVW�IRU�LQFOXGLQJ�YLHZ�EDVHG

DEVWUDFWLRQ�LQ�IXWXUH�SURJUDPPLQJ�HQYLURQPHQW�LPSOHPHQWDWLRQV��,�DOVR�SURYLGH�JXLGDQFH�DQG

HYLGHQFH�RI�ZKLFK�YLHZV�DQG�FRXSOLQJ�FRQVWUXFW�FRQVWUXFWRUV�DUH�XVHIXO�WR�LQFOXGH�E\�GHIDXOW�LQ

D�OLEUDU\��7KH�WKUHH�FRXSOLQJ�H[DPSOHV�FRQWULEXWH�ZLWK�JXLGDQFH�WR�SURJUDPPHUV�GHYHORSLQJ

WKHLU�RZQ�LPSOHPHQWDWLRQ�FRXSOLQJV��,Q�DGGLWLRQ��WKLV�GLVVHUWDWLRQ�SURYLGHV�GLUHFWLRQ�RQ�KRZ
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SURJUDPPHUV�FDQ�EHWWHU�PDQDJH�FRPSOH[LW\�E\�GHFUHDVLQJ�WKH�RYHUDOO�DPRXQW�RI�FRXSOLQJ�EH�

WZHHQ�PRGXOHV�ZLWKRXW�QHFHVVDULO\�ORVLQJ�SHUIRUPDQFH�

����&RQFOXVLRQ

7KLV�GLVVHUWDWLRQ�KDV�GHPRQVWUDWHG�WKDW�WKH�FRH[LVWHQFH�RI�LPSOHPHQWDWLRQ�FRXSOLQJ��PRGX�

ODULW\��PDLQWDLQDELOLW\��DQG�WUXH�DEVWUDFWLRQ�LV�SRVVLEOH��%\�IRFXVLQJ�RQ�WKH�SURFHVV�E\�ZKLFK�D

SURJUDPPHU�PLJKW�RWKHUZLVH�FRXSOH�LPSOHPHQWDWLRQV��,�JDLQHG�LQVLJKW�LQWR�WKH�GLVWLQFW�VWHSV�RI

WKH�SURFHVV��7KLV�LQVLJKW�DOORZHG�PH�WR�GLVWLQJXLVK�EHWZHHQ�WKH�FRPSXWDEOH�DQG�QRQ�

FRPSXWDEOH�VWHSV��OHDGLQJ�WR�WKH�GHYHORSPHQW�RI�YLHZ�EDVHG�DEVWUDFWLRQ��$V�IRU�QRZ��WKHUH�DUH

PDQ\�H[LVWLQJ�FLUFXPVWDQFHV�WKDW�FDQ�EHQHILW�IURP�YLHZ�EDVHG�DEVWUDFWLRQ��DV�ZHOO�DV�PDQ\�GLUHF�

WLRQV�WR�IXUWKHU�H[SORUH�LWV�XVH�
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$SSHQGL[�$

6HOHFWHG�$VSHFWV�RI �WKH�9LHZ)RUP�,QWHUIDFH

$���9LHZ)RUP�([SUHVVLRQ�7\SH�7HVWHUV

7KHVH�W\SH�WHVWHUV�WDNH�D�YLHZFRGH�H[SUHVVLRQ�DQG�UHWXUQ��W�LI�WKH�H[SUHVVLRQ�LV�RI�D�JLYHQ�W\SH�

W\SH� !"
W\SH�DFFHVV"
W\SH�DQG"
W\SH�EHJLQ"
W\SH�ERRO"
W\SH�FDVH"
W\SH�FKDU"
W\SH�FRPSOH["
W\SH�FRQV�VWUHDP"
W\SH�FRQG"
W\SH�GHFODUH"
W\SH�GHIDXOW�REMHFW""
W\SH�GHILQH"
W\SH�GHILQH�LQWHJUDEOH"
W\SH�GHILQH�VWUXFWXUH"

W\SH�GHILQH�PDFUR"
W\SH�GHOD\"
W\SH�GR"
W\SH�IL[QXP"
W\SH�IOXLG�OHW"
W\SH�LI"
W\SH�LQH[DFW"
W\SH�LQWHJHU"
W\SH�ODPEGD"
W\SH�OHW"
W\SH�OHW"
W\SH�OHWUHF"
W\SH�ORDG�RSWLRQ"
W\SH�QDPHG�ODPEGD"
W\SH�QDPHG�OHW"

W\SH�QXPEHU"
W\SH�RU"
W\SH�SURF�PDNHU"
W\SH�TXDVLTXRWH"
W\SH�TXRWH"
W\SH�UDWLRQDO"
W\SH�VHW�"
W\SH�VWULQJ"
W\SH�WKH�HQYLURQPHQW"
W\SH�XQTXRWH"
W\SH�XQTXRWH�VSOLFLQJ"
W\SH�XQV\QWD["
W\SH�YDU�UHI"
W\SH�YHFWRU"

$���9LHZFRGH�([SUHVVLRQ�5HWXUQ�7\SHV

7KHVH�UHWXUQ�W\SHV�DUH�FRPSXWHG�E\�WKH�OLDU�YLHZ�IRU�HDFK�YLHZFRGH�H[SUHVVLRQ�

DQ\�W\SH
XQVSHFLILHG
QXPEHU�W\SH
LQWHJHU�W\SH
LQH[DFW�W\SH
UDW�W\SH
IL[�W\SH
QRQ�QHJDWLYH�IL[�W\SH
QRQ�QHJDWLYH�LQW�W\SH

FRPSOH[�W\SH
SDLU�W\SH
OLVW�W\SH
IUHVK�OLVW�W\SH
YHFWRU�W\SH
VWULQJ�W\SH
FKDUDFWHU�W\SH
SURF�W\SH
ERRO�W\SH

V\PERO�W\SH
QXOO�W\SH
HQY�W\SH
ERWWRP�W\SH
VWUHDP�W\SH
KDVK�WDEOH�W\SH
ELW�VWULQJ�W\SH
ZHDN�SDLU�W\SH
SDWKQDPH�W\SH
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$���0LVFHOODQHRXV�9LHZ)RUP�)XQFWLRQV

�WRS�OHYHO�H[S�!RULJLQ�H[S�FRQWH[W�

5HWXUQV�WKH�WRS�OHYHO�H[SUHVVLRQ�H[S·V�RULJLQ�LQ�FRQWH[W��RU��I�LI�H[S�LV�QRW�D�WRS�OHYHO�H[SUHVVLRQ�LQ

FRQWH[W

�H[S�!DOO�SURFV�H[S�FRQWH[W�

5HWXUQV�D�OLVW�RI�DOO�YLHZFRGH�H[SUHVVLRQ�WKDW�FDQ�FUHDWH�D�SURFHGXUDO�UHWXUQ�YDOXH�IRU� H[S�LQ�FRQ�

WH[W

�WRS�OYO�H[S�!IUHH�YDUV�H[S�FRQWH[W�

5HWXUQV�D�OLVW�RI�WKH�IUHH�YDULDEOHV�LQ�WKH�WRS�OHYHO�H[SUHVVLRQ�H[S�LQ�FRQWH[W

�IXOO\�TXDOLI\�GLU�ILOHQDPH�

GLU�DQG�ILOHQDPH�DUH�VWULQJV�UHSUHVHQWLQJ�D�GLUHFWRU\�DQG�ILOHQDPH��5HWXUQV�D�IXOO\�TXDOLILHG�SDWK�

QDPH�IRU�XVH�E\�PDNH�FRQWH[W�IURP�ILOH�RU�PDNH�FRQWH[W�IURP�ILOHV

�FRQVXPHU�!SULPLWLYH�SURGXFHUV�H[S�FRQWH[W�

5HWXUQV�D�OLVW�RI�DOO�YLHZFRGH�H[SUHVVLRQV�LQ�FRQWH[W�WKDW�FDQ�SURGXFH�D�YDOXH�IRU�H[S��7KHVH�H[�

SUHVVLRQV�LQFOXGH�FRQVWDQWV��VRPH�SUHGHILQHG�SULPLWLYH�SURFHGXUHV��DQG�VRPH�VSHFLDO�IRUPV�

$���9LHZFRGH�&DQRQLFDOL]DWLRQ

9LHZ)RUP�PDNHV�WKUHH�FKDQJHV�WR�6FKHPH�FRGH�ZKHQ�LW�FRQYHUWV�LW�LQWR�YLHZFRGH��7KHVH�DUH�

• $OO�GHILQH�H[SUHVVLRQV�DUH�FRQYHUWHG�WR�WKH�IRUP���GHILQH��YDU!��ERG\!�

• $OO�GHILQH��ODPEGD��QDPHG�ODPEGD��OHW��OHW��OHWUHF��QDPHG�OHW��DQG�IOXLG�OHW�ERGLHV�DUH
FRQYHUWHG�WR�EHJLQ�H[SUHVVLRQV�LI�WKH�ERG\�FRQWDLQV�PRUH�WKDQ�RQH�H[SUHVVLRQ

• $Q\�FRQYHUVLRQV�SHUIRUPHG�E\�WKH�0,7�6FKHPH�UHDGHU
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$SSHQGL[�%

,PSOHPHQWDWLRQ�RI �6HOHFWHG�9LHZ)RUP�)XQFWLRQV

�GHILQH��WRS�OYO�QDPH�!GHI�YDU�QDPH�FRQWH[W�
���OHW���FUHDWLRQ��WRS�OHYHO�GHILQHG"�YDU�QDPH�FRQWH[W���
�����LI�FUHDWLRQ
���������XS�OLQN�Q�FUHDWLRQ�����XS�OLQN�WR��'HILQH����YDU�QDPH�����
���������HUURU��9DU�QDPH�QRW�GHILQHG����YDU�QDPH����

�GHILQH�LQWHJUDEOH��PDNH�SUHGLFDWH�FKHFN�UHW�W\SH�W\SH�H[SO�VWULQJ�
���PDNH�H[SODLQHG�SUHGLFDWH
����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
������IRU�DOO"�YF�H[SV
��������ODPEGD��YF�H[S�
����������IRU�DOO"��FRQVXPHU�!SULPLWLYH�SURGXFHUV�YF�H[S�FRQWH[W�
������������ODPEGD��SURGXFHU�
��������������W\SHV�FRQVLVWHQW"�W\SH��H[S�!UHWXUQ�W\SHV�SURGXFHU�FRQWH[W�������
���H[SO�VWULQJ��

�GHILQH��PDNH�SUHGLFDWH�FKHFN�SURF�SDUDP�W\SHV�W\SH�VSHFV�
���PDNH�H[SODLQHG�SUHGLFDWH
����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
������IRU�DOO"�YF�H[SV
����������������ODPEGD��YF�H[S�
������������������IRU�DOO"��FRQVXPHU�!SULPLWLYH�SURGXFHUV�YF�H[S�FRQWH[W�
����������������������������ODPEGD��SURGXFHU�
������������������������������DQG��W\SH�SURF�PDNHU"�SURGXFHU�
�����������������������������������IRU�DOO"�W\SH�VSHFV
���������������������������������������������ODPEGD��W\SH�VSHF�
�����������������������������������������������OHW���VHOHFWRU���FDU�W\SH�VSHF��
�����������������������������������������������������SUHGLFDWH��FGU�W\SH�VSHF���
�������������������������������������������������GR�YIRUP�SUHGLFDWH
����������������������������������������������������������FRQWH[W
�����������������������������������������������������������OLVW��VHOHFWRU
�������������������������������������������������������������ODPEGD�IRUPDOV�SURGXFHU�
�������������������������������������������������������������������������������������
����H[S
V�UHWXUQLQJ�SURFHGXUHV�ZKRVH�SDUDPHWHUV�SDVV�JLYHQ�SUHGLFDWHV���
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�GHILQH��PDNH�SUHGLFDWH�ILQG�GHFODUDWLRQ�GHFO�VHDUFK�
���PDNH�H[SODLQHG�SUHGLFDWH
����ODPEGD��YIRUP�FRQWH[W�YF�H[SV�
������OLVW�VHDUFK�SRVLWLYH��FRQWH[W�H[SV�FRQWH[W�
��������ODPEGD��H[S�
����������DQG��W\SH�GHFODUH"�H[S�
���������������WKHUH�H[LVWV"��GHFODUH�ERG\�H[S�
�����������������ODPEGD��GHFO�OLVW�
�������������������WKHUH�H[LVWV"�GHFO�OLVW
���������������������ODPEGD��GHFO�
�����������������������FRQG���YF�HQF"�GHFO�
������������������������������YF�HT"�GHFO�GHFO�VHDUFK��
������������������������������SDLU"���GHFO�
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