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$%675$&7
,Q� WKH�SURFHVV�RI�GHYHORSPHQW�RI�&RPSXWHU�$LGHG�'HVLJQ

�&$'�� VRIWZDUH� WRROV�� WKH� H[SHFWHG� IXQFWLRQDOLW\� UHDSSHDUV� LQ
YDULRXV�GLIIHUHQW�IRUPV��IRU�LQVWDQFH��DV�D�FROOHFWLRQ�RI�WKHRULHV�
PHWKRGV�� DOJRULWKPV� RU� DV� SLORW� LPSOHPHQWDWLRQV�� (QVXULQJ
TXDOLW\� RI� WKHVH� DEVWUDFW� VRIWZDUH� LPSOHPHQWDWLRQV� FDQ� KHOS
DVVXULQJ�WKH�DFFHSWDQFH�RI�WKH�IXQFWLRQDOLW\��7KH�SUREOHP�LV�WKDW
D�IRUPDO�PHWKRGRORJ\�IRU�DVVXULQJ�TXDOLW\�RI�DOO� WKHVH�DEVWUDFW
LPSOHPHQWDWLRQV�LV�QRW�DYDLODEOH��$V�DQ�DWWHPSW�WR�GHDO�ZLWK�WKLV
FKDOOHQJH�� ZH� KDYH� GHYHORSHG� D� FRPSXWHU� EDVHG� SUH�
LPSOHPHQWDWLRQ� WHVWLQJ� PHWKRGRORJ\� WKDW� KDV� EHHQ� QDPHG
DEVWUDFW� SURWRW\SLQJ�� 7KH� H[FOXVLYH� IHDWXUH� RI� WKH� DEVWUDFW
SURWRW\SLQJ� WHFKQLTXH� DQG� WKH� SKLORVRSK\� EHKLQG� LW� LV� WKDW� LW
SURYLGHV� D� IUDPHZRUN� IRU� SUH�LPSOHPHQWDWLRQ� WHVWLQJ� DQG� IRU
LQYROYLQJ� WKH� UHSUHVHQWDWLYHV� RI� YDULRXV� VWDNHKROGHUV� LQ� WKH
GHYHORSPHQW�DQG�WHVWLQJ�RI�LQFLGHQWDO�LPSOHPHQWDWLRQV��:H�DUH
XVLQJ�DEVWUDFW�SURWRW\SLQJ�DV�D�IUDPHZRUN�IRU�GHYHORSPHQW�DQG
WHVWLQJ�RI� DEVWUDFW� LPSOHPHQWDWLRQV� RI� GHVLJQ� VXSSRUW� VRIWZDUH
WRROV�� DQG� LW� DSSHDUV� WR� EH� XVHIXO�� ,W� SURYLGHV� WKH� GHYHORSHUV
ZLWK� D� PHWKRGRORJ\� IRU� H[SORULQJ� YLHZV� RI� YDULRXV
VWDNHKROGHUV�� ,W� WKXV� KHOSV� UHGXFH� WKH� ULVN� RI� GHYHORSLQJ� SRRU
GHVLJQ�VXSSRUW�VRIWZDUH�WRROV��,Q�WKLV�SDSHU�ZH�ILUVW�UHYLHZ�WKH
SUREOHP� DQG� WKHQ� EULHIO\� LQWURGXFH� WKH� DEVWUDFW� SURWRW\SLQJ
FRQFHSW�DQG�VRIWZDUH�WRROV��$IWHUZDUGV��ZH�IRFXV�RQ�H[SODLQLQJ
KRZ� WR� XVH� WKH� DEVWUDFW� SURWRW\SLQJ� WHFKQLTXH� LQ� WKH
GHYHORSPHQW�DQG�WHVWLQJ�RI�GHVLJQ�VXSSRUW�VRIWZDUH�WRROV�

���,1752'8&7,21
(QVXULQJ� TXDOLW\� RI� WKH� &RPSXWHU� $LGHG� 'HVLJQ� �&$'�

V\VWHPV� LV� SULPDULO\� WKH� UHVSRQVLELOLW\� RI� WKH� GHYHORSHUV�� ,Q
&$'� V\VWHPV� GHYHORSPHQW� SURMHFWV�� WKH� WUDGLWLRQDO� VRIWZDUH
HQJLQHHULQJ� DSSURDFKHV� IRU� UHTXLUHPHQWV� GHILQLWLRQ�
LPSOHPHQWDWLRQ� DQG� WHVWLQJ� DUH� W\SLFDOO\� IROORZHG� WR� DVVXUH
TXDOLW\�� 7KHUH� DUH� VHYHUDO� FODVVLFDO� VRIWZDUH� GHYHORSPHQW

PRGHOV��H�J��ZDWHUIDOO��UDSLG�SURWRW\SLQJ��SURJUDP�JURZWK��HWF��
DQG� WHVWLQJ� PHWKRGV� �H�J�� UHOLDELOLW\� WHVWV�� SHUIRUPDQFH� WHVWV�
XVDELOLW\� WHVWV�� HWF��� LQ� SODFH�� 7KHUH� DUH� DOVR� VHYHUDO� UHYLHZ
WHFKQLTXHV�DQG�VWDQGDUGV��+RZHYHU��ZLWK�DOO� WKHVH�LQ�XVH��WKHUH
DUH� VWLOO� PDQ\� SUREOHPV� DQG� GLVVDWLVIDFWLRQV� DPRQJ� WKH� HQG�
XVHUV��9DULRXV� OLWHUDWXUH� �H�J��'HNNHUV�������� UHSRUW� WKDW�PDQ\
VRIWZDUH�GHYHORSPHQW�HIIRUWV�GR�QRW�VXFFHHG�LQ�GHOLYHULQJ�JRRG
TXDOLW\�SURGXFWV�LQ�WLPH�DQG�ZLWKLQ�EXGJHWV��2IWHQ�LW�LV�QRW�XQWLO
ODWH�VWDJHV�RI�WKH�GHYHORSPHQW�SURFHVV��RU�HYHQ�DV� ODWH�DV�DIWHU
GHOLYHU\�� WKDW� WKH� HQG�XVHUV� FDQ� FRQFOXGH� WKDW� WKH� VRIWZDUH
SURGXFW�GRHV�QRW�PHHW�WKHLU�H[SHFWDWLRQV��0RUHRYHU��WKH�SUHVHQW
WHVWLQJ� WHFKQLTXHV� W\SLFDOO\� LQYROYH� XVDJH� RI� SDUWLDOO\� RU� IXOO\
LPSOHPHQWHG�SURWRW\SHV��$V�D�UHVXOW�� WHVWLQJ�SURFHVVHV�EHFRPH
OHQJWK\� DQG� H[SHQVLYH�� HVSHFLDOO\� LI� WKH� ULJKW� VROXWLRQ� LV� QRW
DFKLHYHG� LQ� WKH� ILUVW� WULDO�� 3HUIRUPLQJ� HYDOXDWLRQ� SULRU� WR
LPSOHPHQWDWLRQ�RI�SURWRW\SHV�FDQ�KHOS�DVVXULQJ�TXDOLW\��VKRUWHQ
GHYHORSPHQW� WLPH� DQG� PD\� UHGXFH� GHYHORSPHQW� FRVWV�
7HFKQLTXHV� IRU� VRIWZDUH� TXDOLW\� DQG� SURFHVV�PDQDJHPHQW� WKDW
HPEUDFH� DVSHFWV� RI� SUH�LPSOHPHQWDWLRQ� WHVWLQJ� VXFK� DV� &00
�3DXON�HW�DO��������DQG�XVDELOLW\�WHVWV��H�J��:KLWHVLGH��������DUH
DYDLODEOH��EXW�QHYHUWKHOHVV�PRVW�RI�WKHP�GR�QRW�FRYHU�DOO�SKDVHV
RI�GHYHORSPHQW��2XU�UHVHDUFK�ZRUN�KDV�UHVXOWHG�LQWR�FUHDWLRQ�RI
D�FRPSUHKHQVLYH�SUH�LPSOHPHQWDWLRQ� WHVWLQJ� WHFKQLTXH� WKDW�KDV
EHHQ�QDPHG�DEVWUDFW�SURWRW\SLQJ�

,Q�WKLV�SDSHU��ZH�ILUVW�EULHIO\�H[SORUH�WKH�VWDWH�RI�WKH�DUW�RI
GHVLJQ� VXSSRUW� WRROV� GHYHORSPHQW� DQG� WHVWLQJ� SUDFWLFHV�� DQG
FRQFLVHO\� OD\� GRZQ� WKH� IXQGDPHQWDO� FRQFHSWV� RI� DEVWUDFW
SURWRW\SLQJ�� 7KHQ�� ZH� GHVFULEH� WKH� DEVWUDFW� SURWRW\SLQJ
PHWKRGRORJ\�DQG�VRIWZDUH�WRROV�WKDW�KDYH�EHHQ�EXLOW�WR�VXSSRUW
GHYHORSHUV� LQ� SUH�LPSOHPHQWDWLRQ� WHVWLQJ�� :H� ILQDOO\� H[SODLQ
DQG� LOOXVWUDWH�� XVLQJ� D� SUDFWLFDO� H[DPSOH�� KRZ� WKH� DEVWUDFW
SURWRW\SLQJ�PHWKRGRORJ\�DQG�VRIWZDUH�WRROV�FDQ�EH�XVHG�LQ�WKH
SURFHVVHV� RI� GHYHORSPHQW� DQG� WHVWLQJ� RI� DEVWUDFW
LPSOHPHQWDWLRQV�RI�GHVLJQ�VXSSRUW�VRIWZDUH�WRROV�
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7KHUH� DUH� VHYHUDO� DSSURDFKHV� WKDW� DUH� IROORZHG� WR� DVVXUH

TXDOLW\�RI�VRIWZDUH�SURGXFWV��LQFOXGLQJ�GHVLJQ�VXSSRUW�VRIWZDUH
WRROV��7KHVH� LQFOXGH�H�J�� �L��DVVXUDQFH�RI� WKH�SURFHVV�E\�ZKLFK
WKH� VRIWZDUH� SURGXFW� LV� GHYHORSHG�� DQG� �LL�� WHVWLQJ� RI� WKH
SURWRW\SH� VRIWZDUH� LPSOHPHQWDWLRQ�� +RZHYHU�� WKHUH� LV� OLWWOH
FRQVHQVXV� DPRQJ� WKH� GHYHORSHUV� RI� GHVLJQ� VXSSRUW� WRROV� �DQG
HYHQ� WKH� EURDG� VRIWZDUH� HQJLQHHULQJ� FRPPXQLW\�� FRQFHUQLQJ
WKH�H[DFW�QDWXUH�RI�WKH�GHYHORSPHQW�RU�WHVWLQJ�PHWKRGV�WKDW�DUH
PRVW� DSSURSULDWH� �0RRUH�� ������� 0RVW� RI� WKH� ZLGHO\� XVHG
GHYHORSPHQW�PRGHOV� H�J��ZDWHUIDOO�� SURJUDP� JURZWK� DQG� UDSLG
SURWRW\SLQJ� LQFOXGH� UHTXLUHPHQWV� DQDO\VLV� DQG� VSHFLILFDWLRQ�
GHVLJQ�� LPSOHPHQWDWLRQ�� WHVWLQJ� DQG� LQVWDOODWLRQ�� DQG� RSHUDWLRQ
DQG� PDLQWHQDQFH� �-RQHV�� ������ DV� WKH� PDLQ� SKDVHV� RI� WKH
VRIWZDUH�GHYHORSPHQW�SURFHVV��&RQVHQVXV�PDNLQJ�DQG�VHOHFWLRQ
LV� DQ� DFWLYLW\� WKDW� UHFXU� LQ� PRVW� SKDVHV� RI� WKH� VRIWZDUH
GHYHORSPHQW�SURFHVV��H�J��DW�WKH�GHVLJQ�SKDVH�LQ�ZKLFK�VHYHUDO
DOWHUQDWLYH�GHVLJQV�PD\�EH�DYDLODEOH�DQG�WKH�GHYHORSHUV�KDYH�WR
FKRRVH� WKH� VXLWDEOH� GHVLJQ�� 6HYHUDO� FUHDWLYH� WKLQNLQJ� DQG�RU
FRQVHQVXV�PDNLQJ�V\VWHPV�KDYH�EHHQ�SURSRVHG��6RPH�RI� WKHP
DUH� VRPHZKDW� VSHFLILF� �H�J�� WKRVH� SURSRVHG� LQ� .DWR� DQG
.XQLIXML�� ������ DQG�.DZDNLWD�� ������ZKLFK� DUH� IRU� FRQVHQVXV
PDNLQJ� GXULQJ� UHTXLUHPHQW� DFTXLVLWLRQ� DQG� DQDO\VLV��� ZKLOH
RWKHUV� �H�J�� GHFLVLRQ� PDWULFHV�� FDQ� EH� XVHG� DFURVV� WKH� ZKROH
GHYHORSPHQW�SURFHVV��7KHUH� LV� OLWWOH� FRQVHQW� FRQFHUQLQJ�ZKLFK
FRQVHQVXV� PDNLQJ� V\VWHPV� DUH� PRVW� VXLWDEOH�� +RZHYHU�� LW� LV
JHQHUDOO\�DJUHHG�WKDW�WKH�GHFLVLRQ�PDWUL[�DSSURDFK�FDQ�SURYLGH
UHOLDEOH� UHVXOWV�� SURYLGHG� WKDW� ULJKW� FULWHULD� DUH� XVHG� DQG� WKH
DSSURSULDWH�VXEMHFWV�DUH�LQYROYHG��,Q�WKH�IUDPHZRUN�RI�PRVW�RI
WKH� H[LVWLQJ� VRIWZDUH� GHYHORSPHQW� PRGHOV�� WHVWV� DUH� W\SLFDOO\
GRQH� DW� WKH� 
LPSOHPHQWDWLRQ
� SKDVH� �DW� ZKLFK� SDUWV� RI� WKH
SURJUDPV� DUH� HYDOXDWHG� DV� WKH\� DUH� FRPSOHWHG�� DQG� DW� WKH

WHVWLQJ� DQG� LQVWDOODWLRQ
� SKDVH� �DW� ZKLFK� DOO� SDUWV� RI� WKH
VRIWZDUH� DUH� SXW� WRJHWKHU� DQG� HYDOXDWHG�� �%DVKLU� DQG� *RHO�
������ -RQHV�� �������$SSDUHQWO\�� VRPH�RI� WKH� DEVWUDFW� VRIWZDUH
LPSOHPHQWDWLRQV� VXFK� DV� WKHRULHV��PHWKRGV� DQG� DOJRULWKPV� DUH
GHYHORSHG��EXW�DUH�W\SLFDOO\�QRW�IRUPDOO\�WHVWHG�

6HYHUDO� VRIWZDUH� WHVWLQJ� WHFKQLTXHV� KDYH� EHHQ� UHSRUWHG� LQ
YDULRXV� OLWHUDWXUH� �H�J�� LQ� %HL]HU�� ������� 2Q� WKH� RWKHU� KDQG�� D
QXPEHU� RI� WHFKQLTXHV� IRU� VRIWZDUH� TXDOLW\� DQG� SURFHVV� UHYLHZ
DUH�DYDLODEOH��7KH�&DSDELOLW\�0DWXULW\�0RGHO��&00���3DXON�HW
DO�� ������ LV� RQH� RI� VXFK� UHYLHZ� WHFKQLTXHV�� 7KHUH� DUH� DOVR
VHYHUDO� NLQGV� RI� VRIWZDUH� WRROV� IRU� DXWRPDWHG� WHVWLQJ�� 7KHVH
LQFOXGH�� IRU� LQVWDQFH�� 6RIWZDUH� (QJLQHHULQJ� (QYLURQPHQWV
�6((��� ,QWHJUDWHG� 3URMHFW� 6XSSRUW� (QYLURQPHQWV� �,36(��
&RPSXWHU� $LGHG� 6RIWZDUH� (QJLQHHULQJ� �&$6(��� 0HWD� &$6(
DQG�&RPSXWHU�$LGHG�0HWKRG�(QJLQHHULQJ��&$0(��WRROV�>*UD\
HW� DO� ������@��7KH� UHTXLUHPHQWV� WUDFLQJ� IDFLOLWLHV� RI� DXWRPDWHG
WHVWLQJ�PHWKRGV� W\SLFDOO\� SURYLGH� FDSDELOLW\� WR� FURVV�UHIHUHQFH
DQ\� W\SH� RI� LQIRUPDWLRQ� WR� WKH�PRGXOHV�� IXQFWLRQV�� GDWD� W\SHV�
YDULDEOHV� DQG� FRQVWDQWV� LQ� WKH� PRGHO�� &URVV�UHIHUHQFLQJ� FDQ
WKHUHIRUH� GHILQH� WKH� IXQFWLRQV� WKDW� LPSOHPHQW� TXDOLW\
UHTXLUHPHQWV� DQG� FRQYHUVHO\�� TXDOLW\� UHTXLUHPHQWV� VDWLVILHG� E\
IXQFWLRQV��7KH�SUREOHP�LV�WKDW�QRW�DOO�TXDOLW\�UHTXLUHPHQWV�UHODWH
GLUHFWO\�WR�WKH�IXQFWLRQV��7KH�FDSDELOLW\�RI�WKH�DXWRPDWHG�WHVWLQJ

WRROV� WR� WUDFH�ZKHWKHU� RU� QRW� WKH� TXDOLW\� UHTXLUHPHQWV� WKDW� DUH
QRW�FRQQHFWHG�WR�WKH�IXQFWLRQV�DUH�IXOILOOHG�LV�WKHUHIRUH�OLPLWHG�

,Q�FRQFOXVLRQ��RQH�RI� WKH�PDLQ�SUREOHPV�ZLWK�PRVW�RI� WKH
FRQYHQWLRQDO�DXWRPDWHG� DQG�QRQ�DXWRPDWHG� WHVWLQJ� DSSURDFKHV
LV�WKDW�QRW�DOO�DEVWUDFW�VRIWZDUH�LPSOHPHQWDWLRQV�DUH�WHVWHG��)RU
H[DPSOH�� WKHRULHV��ZKLFK� IRUP� WKH� IRXQGDWLRQ� RI� IXQFWLRQDOLW\�
DUH� LQ�PRVW�FDVHV�QRW� IRUPDOO\� WHVWHG��0RVW� WRROV� DUH�GHVLJQHG
DQG� EXLOW� EDVHG� RQ� WKH� H[LVWLQJ� NQRZOHGJH�� 6LPLODUO\�� WKH
XQGHUO\LQJ� PHWKRGV� DQG� DOJRULWKPV� DUH� W\SLFDOO\� QRW� IRUPDOO\
WHVWHG��$QRWKHU�SUREOHP�LV�WKDW�WKH�SUHYDLOLQJ�DXWRPDWHG�WHVWLQJ
PHWKRGV� WHQG� WR� GLVWDQFH� WKH� H[SHUWLVH� RI� WKH� GHYHORSHUV� DQG
H[FOXGH�WKH�H[SHULHQFH�RI�WKH�HQG�XVHUV�IURP�WKH�WHVW�IORRU��2Q
WKH� RWKHU� KDQG�� WKH� XVDELOLW\� WHVWV� RYHUZKHOPLQJO\� OHDGV� WR
WHVWLQJ�RI�WKH�HQG�XVHUV�UHTXLUHPHQWV�

$V� DQ� DWWHPSW� WR� GHDO� ZLWK� WKH� PHQWLRQHG� SUREOHPV�� ZH
KDYH� GHYHORSHG� D� GHYHORSPHQW� DQG� WHVWLQJ� PHWKRGRORJ\� WKDW
KDV�EHHQ�QDPHG�DEVWUDFW�SURWRW\SLQJ��,W�VHUYHV�DV�D�IUDPHZRUN
IRU� LQYROYLQJ� UHSUHVHQWDWLYHV�RI� YDULRXV� VWDNHKROGHUV�RI�GHVLJQ
VXSSRUW� WRROV� LQ� WHVWLQJ� RI� DEVWUDFW� VRIWZDUH� LPSOHPHQWDWLRQV�
VWDUWLQJ�IURP� WKH�KLJKHVW� OHYHO�RI�DEVWUDFWLRQ�RI� WKH�XQGHUO\LQJ
WKHRULHV�� IROORZHG� E\� WKH� PHWKRGV�� DOJRULWKPV�� DQG� SLORW
LPSOHPHQWDWLRQV�� ,Q� WKH� IROORZLQJ� VHFWLRQ� ZH� EULHIO\� GHILQH
VRPH�NH\�FRQFHSWV�LQ�DEVWUDFW�SURWRW\SLQJ�

���7+(�$%675$&7�352727<3,1*�&21&(37
$EVWUDFW� SURWRW\SLQJ� FDQ� EH� GHILQHG� DV� WKH� SURFHVV� RI

PRGHOLQJ� DQG� WHVWLQJ� RI� DEVWUDFW� GHVLJQ� VXSSRUW� VRIWZDUH
LPSOHPHQWDWLRQV�� :H� UHFRJQL]H� WKHRULHV�� PHWKRGV�� DOJRULWKPV
DQG� SLORW� LPSOHPHQWDWLRQV� DV� WHVWDEOH� LPSOHPHQWDWLRQV� RI� WKH
GHVLJQ�VXSSRUW�VRIWZDUH�WRROV��,Q�WKH�IUDPHZRUN�RI�WKH�DEVWUDFW
SURWRW\SLQJ� WHFKQLTXH�� WHVWV� DUH� GRQH� V\VWHPDWLFDOO\�� E\
LQYROYLQJ� UHSUHVHQWDWLYHV� RI� YDULRXV� VWDNHKROGHUV� �EURDGO\
FDWHJRUL]HG� DV� WKH� GHYHORSHUV� DQG� WKH� XVHUV�� DV� VXEMHFWV�� DV
VKRZQ�LQ�)LJXUH���
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)LJXUH����7KH�DEVWUDFW�SURWRW\SLQJ�SURFHVV

5HSUHVHQWDWLRQV

RI�

6XEMHFWV�

'HYHORSHUV
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6XEMHFWV�

8VHUV�'HYHORSHUV

6XEMHFWV�

8VHUV�'HYHORSHUV

)LQDO

3URGXFW

1HHGV�

,GHDV

$EVWUDFW� SURWRW\SLQJ� LV� HVVHQWLDOO\� WKH� V\PELRVLV� RI� D
PHWKRGRORJ\�DQG�VRIWZDUH� WRROV�XVDJH� LQ� WKH�GHYHORSPHQW�DQG
WHVWLQJ� RI� DEVWUDFW� VRIWZDUH� LPSOHPHQWDWLRQV�� ,W� IXUQLVKHV� WKH
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GHYHORSHUV� ZLWK� D�PHWKRGRORJ\� IRU� H[SORUDWLRQ� DQG� UHDVRQLQJ
DERXW� WKH� DOWHUQDWLYH� VROXWLRQV� GXULQJ� FRQFHSWXDOL]DWLRQ� RI
IXQFWLRQDOLW\� RI� VRIWZDUH� �)LJXUH� ��� DQG� V\VWHPDWLFDOO\� EULQJV
LQWR� WKH� WHVW� IORRU�YDULRXV� VWDNHKROGHUV�RI�GHVLJQ� VXSSRUW� WRROV
�L�H��YDULRXV�XVHU�JURXSV��GHYHORSHUV�DQG�RWKHU�H[SHUWV���,W�KHOSV
GHYHORSHUV�WKLQN�IDU�EH\RQG�WKHLU�RZQ�H[SHULHQFH�DQG�H[SHUWLVH
DQG�UHDFK�DFURVV�VWDNHKROGHUV�DQG�RWKHU�H[SHUWV��WR�ILQG�VROXWLRQ
WR� SUREOHPV� XVLQJ� NQRZOHGJH� DQG� H[SHULHQFH� H[WUDFWHG� IURP
WKHP� WKURXJK� WKHLU� LQYROYHPHQW� DV� WKH� HYDOXDWLRQ� VXEMHFWV�
$EVWUDFW�SURWRW\SLQJ�LV�HYHQ�PRUH�WKDQ�MXVW�D�PHWKRGRORJ\��,W�LV
D�ZD\�RI�WKLQNLQJ�WKDW�HQDEOHV�GHYHORSHUV�WR�SURMHFW�DQG�UHIOHFW
WKH� FRQWHQWV� RI� WKHLU� VROXWLRQ�� ,W� FDQ� EH� FRQVLGHUHG� DV� D� SRVW�
SURFHVVRU� RI� WKH� HYROXWLRQDU\� GHVLJQ� PHWKRGV� >VXFK� DV� 75,=
EDVHG�VROXWLRQ�ILQGLQJ��$OWVKXOOHU��������$OWRY�������@�

)LJXUH��� 7KH�UROH�RI�DEVWUDFW�SURWRW\SLQJ�LQ�WKH�
FRQFHSWXDOL]DWLRQ�SURFHVV

,GHDWLRQ

5HDVRQLQJ

5HSUHVHQWDWLRQ

�L�H��PRGHOHUV��

�H�J��$EVWUDFW

SURWRW\SLQJ
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PHWKRGV�H�J�75,=�HWF��

WLPH

F

R

Q

W
H

Q

W

UHIOHFWLRQ

SURMHFWLRQ

7KH� V\VWHPDWLF� VFKHPHV� WKDW� FRQVWLWXWHV� WKH� DEVWUDFW
SURWRW\SLQJ� PHWKRGRORJ\� L�H�� �L�� WKH� EDODQFHG� FRPSUHKHQVLRQ
VFKHPH� WKDW� JXLGHV� UDQNLQJ� RI� DOWHUQDWLYH� VROXWLRQV�� �LL�� WKH
VWDNHKROGHUV� LQYROYHPHQW� VFKHPH� WKDW� JXLGHV� WKH� SDUWLFLSDWLRQ
RI� WKH� VWDNHKROGHUV� LQ� DEVWUDFW� SURWRW\SLQJ�� DQG� �LLL�� WKH� ZHDN
VSRWV�DQDO\VLV�PHWKRGRORJ\�WKDW�KHOSV�ILQGLQJ�ZHDN�VSRWV�LQ�WKH
VROXWLRQV� DUH� GHVFULEHG� LQ� GHWDLO� LQ� 2SL\R� �������� &RPSXWHU
EDVHG� PHWKRGV� IRU� UHSUHVHQWDWLRQ� DQG� SURFHVVLQJ� RI
UHTXLUHPHQWV� DQG� DEVWUDFW� SURWRW\SHV�� DQG� IRU� SUHSDUDWLRQ� RI
LQIRUPDWLRQ�JDWKHULQJ�IRUPV�DUH�DOVR�SURYLGHG�

7KH�SULQFLSOHV�RI� DEVWUDFW�SURWRW\SLQJ� FDQ�EH� VXPPDUL]HG
DV�IROORZV�

�� 7KHRULHV�� PHWKRGV�� DOJRULWKPV� DQG� SLORW
LPSOHPHQWDWLRQV� DUH� WHVWDEOH� SURWRW\SHV� DW� WKH� OLIH
F\FOH�VWDJHV�RI�GHVLJQ�VXSSRUW�VRIWZDUH�WRROV��:H�UHIHU
WR�D�V\VWHP�RI�WKHVH�HDUO\�LPSOHPHQWDWLRQV�DV�DEVWUDFW
VRIWZDUH� LPSOHPHQWDWLRQV� DQG� WKH�GHYHORSPHQW� VWDJHV
DV�OHYHOV�RI�DEVWUDFWLRQ�

�� 5HTXLUHPHQWV� FDQ� EH� FOXVWHUHG� DFFRUGLQJ� WR� WKHVH
OHYHOV�RI�DEVWUDFWLRQ��DQG

�� 7KH� UHSUHVHQWDWLYHV� RI� WKH� VWDNHKROGHUV� DUH
V\VWHPDWLFDOO\�LQYROYHG�LQ�WKH�DVVHVVPHQW�RI�TXDOLW\�RI
WKH� DEVWUDFW� VRIWZDUH� LPSOHPHQWDWLRQV� DV� WKH\� HYROYH�
5HTXLUHPHQWV� DUH� WKH� HYDOXDWLRQ� FULWHULD� DQG� DUH
VLJQLILFDQWO\� LPSURYHG� WKURXJK� WKH� HODERUDWLRQ
SURFHVVHV� WKDW� LQYROYH� WKH� HYDOXDWLRQ� RI� WKH
UHSUHVHQWDWLRQV� RI� DEVWUDFW� VRIWZDUH� LPSOHPHQWDWLRQV�
DOVR�FDOOHG�DEVWUDFW�SURWRW\SHV�

���7+(�$%675$&7�352727<3,1*�$&7,9,7,(6
)LJXUH� �� VKRZV� WKH� DEVWUDFW� SURWRW\SLQJ� SURFHGXUH�� 7KHUH

DUH�ILYH�PDLQ�DFWLYLWLHV��QDPHO\��L�� UHTXLUHPHQWV�UHSUHVHQWDWLRQ
DQG�SURFHVVLQJ���LL��PRGHOLQJ��UHSUHVHQWDWLRQ�DQG�SURFHVVLQJ�RI
DEVWUDFW�SURWRW\SHV���LLL��LQIRUPDWLRQ�JDWKHULQJ���LY��VHOHFWLRQ�RI
VXEMHFWV��DQG��Y��LQIRUPDWLRQ�DQDO\VLV�DQG�LQWHUSUHWDWLRQ�

)LJXUH����7KH�DEVWUDFW�SURWRW\SLQJ�SURFHGXUH

$FFHSWDELOLW\�

&RQILGHQFH�	

5HOHYDQFH

,QGH[HV

6XLWDELOLW\�	

UHTXLUHPHQWV

IXOILOOPHQW

JUDSKV

)RUPXODWH

UHTXLUHPHQWV

&UHDWH�,QIRUPDWLRQ

JDWKHULQJ�PDWUL[

*DWKHU

,QIRUPDWLRQ

$QDO\]H�LQIRUPDWLRQ

6HOHFW�PHWKRG�RI

UHSUHVHQWDWLRQ�DQG

PRGHO�DQ�DEVWUDFW

SURWRW\SH

,PSURYH"

9LVXDOL]H�

0RGLI\�

$QDO\]H

1H[W�/HYHO

1R<HV

$EVWUDFW�

SURWRW\SHV

6HOHFW

VXEMHFW

����5HTXLUHPHQWV�5HSUHVHQWDWLRQ�DQG�3URFHVVLQJ
5HTXLUHPHQWV�DUH�PRGHOHG�LQ�DGYDQFH��L�H��IRUPXODWHG�IURP

VFUDWFK�LQ�SUHYLRXV�SURMHFWV��DQG�VWRUHG�IRU�SRVVLEOH�IXWXUH�XVH�
7KHUH� DUH� VHYHUDO� ZD\V� RI� JURXSLQJ� UHTXLUHPHQWV�� 7KHVH
LQFOXGH�� H�J�� DFFRUGLQJ� WR� WKHLU� VRXUFHV�� QHHGV�� OHYHOV� RI
DEVWUDFWLRQ�� IXQFWLRQDOLW\�� ZKHWKHU� WKH� UHTXLUHPHQW� LV� D
IXQFWLRQDO� RU� QRQ�IXQFWLRQDO� UHTXLUHPHQW�� VSHFLILF� RU� JHQHUDO�
SXUSRVH� UHTXLUHPHQW�� HWF�� 7KHUH� DUH� KXJH� OLQNV� DPRQJ� WKH
UHTXLUHPHQWV�� DQG� HYHQ� LQ� VRPH� FDVHV� WKHUH� DUH� UHTXLUHPHQWV
WKDW�PXVW�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�DW�DOO�OHYHOV�RI�DEVWUDFWLRQ�
)LJXUH��� VKRZV� WKH� UHODWLRQVKLSV� DPRQJ� WKH� UHTXLUHPHQWV� �DQG
KHQFH�QHHGV��DW�YDULRXV�OHYHOV�RI�DEVWUDFWLRQ�
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)LJXUH��� 7KH�UHODWLRQVKLSV�RI�UHTXLUHPHQWV�DW�WKHRULHV�
PHWKRGV��DOJRULWKPV�DQG�SLORW�
LPSOHPHQWDWLRQ�OHYHOV�RI�DEVWUDFWLRQ�IRU�D�
IXQFWLRQDOLW\
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$Q�DUHD�RI

FRPPRQ

UHTXLUHPHQWV

�QHHGV�

7 �� 0 �� $�� DQG� 3 � DUH� VHWV� RI� UHTXLUHPHQWV� IRU� WKH
DQWLFLSDWHG� VRIWZDUH� DW� WKHRULHV��PHWKRGV�� DOJRULWKPV�DQG� SLORW
LPSOHPHQWDWLRQ� OHYHOV� RI� DEVWUDFWLRQ� UHVSHFWLYHO\�� 7KH
LQWHUVHFWLRQ�RI� 7 �� 0 �� $ �� DQG� 3 � LV� WKH�DUHD�RI� WKH� FRPPRQ
UHTXLUHPHQWV� �DQG� KHQFH� QHHGV��� 7KLV� DUHD� UHSUHVHQWV
UHTXLUHPHQWV�WKDW�PXVW�EH�IXOILOOHG�DW�DOO�OHYHOV�RI�DEVWUDFWLRQ�

)LJXUH� �� VKRZV� WKH� PHWKRGRORJ\� IRU� IRUPXODWLRQ� RI
UHTXLUHPHQWV� IRU�D�JLYHQ� WDVN� LQ� WKH� IUDPHZRUN�RI� WKH� DEVWUDFW
SURWRW\SLQJ�WHFKQLTXH�

5HTXLUHPHQWV

ZDUHKRXVH��5

�6HOHFW�������DQG�������IURP�5

�&RPSLOH�WKH�ILQDO�UHTXLUHPHQWV��5

I

`���������������^
���������� QLMPM

VVVJJJ5=

�)LQH�WXQH��5
W

��
UUW
6*5 ­±

QWI
555 ­=

$UH�WKHUH�QHZ�UHTXLUHPHQWV"

�$GG�QHZ�UHTXLUHPHQWV��5

Q

55
Q
°

�,PSOLHG�QHHGV�

OHYHO�RI

DEVWUDFWLRQ

WI
55 =

�1R

�<HV

U
*

U
6

�1%�

)LJXUH����)RUPXODWLRQ�RI�UHTXLUHPHQWV�IRU�D�IXQFWLRQDOLW\

�5HTXLUHPHQWV

PRGHO

7KH� VWDUWLQJ� SRLQW� RI� WKH� SURFHVV� RI� IRUPXODWLRQ� RI
UHTXLUHPHQWV� IRU� D� IXQFWLRQDOLW\� LV� WKH� GDWDEDVH�� LQ� ZKLFK� DOO
NLQGV� RI� 
ROG
� UHTXLUHPHQWV� DUH� VWRUHG�� 7KH� UHTXLUHPHQW
GHILQLWLRQ� SURJUDP� WDNHV� DV� LQSXW� D� VHW� RI� VWDWHG� RU� LPSOLHG


QHHGV
�DQG�WKH�
OHYHO�RI�DEVWUDFWLRQ
�DQG�DXWRPDWLFDOO\�SURGXFHV
D� SURYLVLRQDO� UHTXLUHPHQWV� PRGHO�� ZKLFK� LV� ILQH�WXQHG� DQG
XOWLPDWHO\�XVHG�LQ�WKH�SUH�LPSOHPHQWDWLRQ�HYDOXDWLRQ�

$�IXQFWLRQ�RI�D�VRIWZDUH�FDQ�VWDQG�IRU�RQH�RU�PRUH�QHHGV�
&RQVHTXHQWO\�� ZH� DUH� XVLQJ� 
IXQFWLRQDOLW\
� DV� D� NH\ZRUG� IRU
VHDUFKLQJ� UHTXLUHPHQWV� OLQNHG� WR� SDUWLFXODU� QHHGV� RI� D
IXQFWLRQDOLW\�� )RU� D� JLYHQ� IXQFWLRQDOLW\

L
I DW� D� JLYHQ� OHYHO� RI

DEVWUDFWLRQ�
MO �� VHWV� RI� PDWFKLQJ� JHQHULF� UHTXLUHPHQWV

`�������^
�� PU

JJJ* = � 5*
U
± DQG� VSHFLILF� UHTXLUHPHQWV

`�������^
�� QU

VVV6 = � 56
U
± � DUH� WUDFHG� IURP� WKH� VHW� RI� 
ROG


UHTXLUHPHQWV 5 �� ZKHUH `���������������^
���������� QLMPM

VVVJJJ5= �� 7KH

U
* DQG�

U
6 � DUH� WKHQ� ILQH�WXQHG� �L�H�� WKH� UHTXLUHPHQWV

FRQVLGHUHG� WR� EH� LUUHOHYDQW� DUH� GLVFDUGHG�� WR� PDWFK� WKH
IXQFWLRQDOLW\� LQ�TXHVWLRQ��$� UHTXLUHPHQW�PRGHO� FRQVLVWLQJ�RI� D
VHW� RI� ILQH�WXQHG� UHTXLUHPHQWV�

W
5 �� ��

UUW
6*5 ­± LV

JHQHUDWHG�� ,I� WKH� UHTXLUHPHQWV� DUH� QRW� DV� FRPSOHWH� DV� WKH\
VKRXOG�EH��WKHQ�QHZ�DGGLWLRQDO�UHTXLUHPHQWV�

Q
5 �� 55

Q
° �PD\

EH�IRUPXODWHG��7KH�ILQDO�OLVW�RI�UHTXLUHPHQWV��
I5 ��WR�LQFOXGH�LQ

WKH� LQIRUPDWLRQ�JDWKHULQJ� PDWUL[� �2SL\R�� ������ ZLOO� WKHQ
FRQVLVW�RI�
ILQH�WXQHG
�DQG�
QHZ
�UHTXLUHPHQWV��L�H��

QWI
555 ­= �

2WKHUZLVH� WKH� LQIRUPDWLRQ�JDWKHULQJ�PDWUL[�ZLOO� FRQVLVW� RI� WKH

ILQH�WXQHG
� UHTXLUHPHQWV� RQO\�� GHULYHG� IURP� WKH� V\VWHP
V
GDWDEDVH�

7KH� DGYDQWDJH� RI� WKLV� DSSURDFK� LV� WKDW� WKH� UHTXLUHPHQW
IRUPXODWLRQ�SURFHVV�LV�SDUWO\�FRPSXWHUL]HG�DQG�WKHUHIRUH�DOORZV
WKH� GHYHORSHUV� WR� SDUWLFLSDWH� RU� LQWHUYHQH�� 2Q� WKH� RWKHU� KDQG�
FRPSXWHUL]DWLRQ�RI�WKLV�SURFHVV�PDNHV�LW� OHVV�GHSHQGHQW�RQ� WKH
FRPSRVLWLRQ� RU� H[SHULHQFH� RI� WKH� GHYHORSPHQW� WHDP�� 7KH
GDQJHU�RI�RYHUORRNLQJ�UHTXLUHPHQWV�LV�DOVR�UHGXFHG�

��� 0RGHOLQJ�� 5HSUHVHQWDWLRQ�� DQG� 3URFHVVLQJ� RI
$EVWUDFW�3URWRW\SHV
7KH� VXEMHFWV�� LQFOXGLQJ� QRYLFH� VXEMHFWV� IURP� RXWVLGH� WKH

GHYHORSPHQW� WHDP�� VKRXOG� XQGHUVWDQG� WKH� DEVWUDFW� VRIWZDUH
LPSOHPHQWDWLRQV�IDLUO\�FOHDU�IRU�WKHP�WR�EH�DEOH�WR�H[SUHVV�WKHLU
YLHZV� DFFXUDWHO\��7KH� DEVWUDFW�SURWRW\SLQJ�RIIHUV�PHWKRGV� WKDW
KHOS� WKH�GHYHORSHUV� VHDUFK�RU�PRGHO� WKH� UHSUHVHQWDWLRQV�RI� WKH
DEVWUDFW� VRIWZDUH� LPSOHPHQWDWLRQV�� ,W� DOVR� SURYLGHV� WRROV� WKDW
DOORZ�VXEMHFWV� WR�H[SHULPHQW�DQG�H[SORUH� WKH� LPSOHPHQWDWLRQV�
DQG� WKXV� HQKDQFHV� WKH� RSSRUWXQLW\� WR� PDNH� ULJKW� MXGJHPHQWV�
$OWHUQDWLYH� ZD\V� RI� UHSUHVHQWDWLRQ� RI� FKXQNV� RI� NQRZOHGJH
DERXW� DEVWUDFW� SURWRW\SHV� DUH� SURYLGHG��$W� WKH� WKHRU\� OHYHO� RI
DEVWUDFWLRQ�� DQ� DEVWUDFW� VRIWZDUH� LPSOHPHQWDWLRQ� FDQ� EH
UHSUHVHQWHG�LQ�WH[W�IRUP��DV�DQ�DXGLR�GHVFULSWLRQ��DV�D�VLPSOLILHG
PRGHO�� RU� DV� D�PDWKHPDWLFDO� H[SUHVVLRQ��ZKLOH� DW� WKH�PHWKRGV
OHYHO��GLDJUDPV��WH[W�GHVFULSWLRQV�RU�SURFHGXUDO�GHVFULSWLRQV�FDQ
EH�XVHG��$W�WKH�DOJRULWKPV�OHYHO��GLDJUDPV��L�H��VWUXFWXUH�FKDUWV
DQG�GDWD�IORZ�GLDJUDPV���DQG�SVHXGR�FRGHV�FDQ�EH�XVHG�ZKLOH�DW
WKH� SLORW� LPSOHPHQWDWLRQ� OHYHO�� DQ� DEVWUDFW� VRIWZDUH
LPSOHPHQWDWLRQ� FDQ� DSSHDU� DV� D� UXQQLQJ� �H[HFXWDEOH�� SURJUDP
RU�DV�D�SUH�VKRW�YLGHR�FOLS��7KH�SXUSRVH�RI�DYDLOLQJ�WKH�DEVWUDFW
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VRIWZDUH�LPSOHPHQWDWLRQV�LQ�GLIIHUHQW�IRUPV�RI�UHSUHVHQWDWLRQ�LV
WR� KHOS� VXEMHFWV� WR� XQGHUVWDQG� WKHP� EHWWHU� GXULQJ� HYDOXDWLRQ�
5HSUHVHQWDWLRQ� WHPSODWHV� DUH� SUHSDUHG� LQ� DGYDQFH� VXFK� WKDW
RQFH�DQ�DEVWUDFW�SURWRW\SH�LV�WKRXJKW�RI��LW�LV�PRGHOHG�WR�PDWFK
RQH�RI�WKH�WHPSODWHV�

7KH� NQRZOHGJH� UHSUHVHQWDWLRQ� DQG� SURFHVVLQJ� XWLOLW\� DOVR
SURYLGHV� PHDQV� IRU� PDSSLQJ� DQ� DEVWUDFW� SURWRW\SH�� VD\� DW� D
KLJKHU� OHYHO� RI� DEVWUDFWLRQ� WR� WKRVH� LQ� WKH� VXEVHTXHQW� OHYHOV�
7KLV� FDQ� EH� DFKLHYHG� DV� IROORZV�� *LYHQ�� D� WKHRU\�

M
W � ZKHUH�

7W M ³ � DQG� 7 � LV� D� VHW� RI� WKHRULHV� IRU� D� JLYHQ� IXQFWLRQDOLW\�

SRVVLEOH� PHWKRGV�
L

P ZKHUH� 0P
L
± � DQG� 0 LV� D� VHW� RI

DYDLODEOH�PHWKRGV�ZKLFK� VDWLVI\� VSHFLILF� UHTXLUHPHQWV�
U
6 � FDQ

EH� IRXQG� DXWRPDWLFDOO\�� 6LPLODUO\� SRVVLEOH� DOJRULWKPV�� D �

ZKHUH� $D
L
± �DQG� $ �LV�D�VHW�RI�DYDLODEOH�DOJRULWKPV��DQG�SLORW

LPSOHPHQWDWLRQV�
L
, ZKHUH� ,L

L
± DQG� , � LV� D� VHW� RI� DYDLODEOH

SLORW� LPSOHPHQWDWLRQV�ZKLFK� VDWLVI\� VSHFLILF� UHTXLUHPHQWV� 6 �
FDQ�DOVR�EH�GHWHUPLQHG�DXWRPDWLFDOO\�

����6HOHFWLRQ�RI�6XEMHFWV
7KH� VXFFHVV� RI� DEVWUDFW� SURWRW\SLQJ� GHSHQGV� RQ� DPRQJ

RWKHU� WKLQJV� WKH� VHOHFWLRQ� RI� VXEMHFWV� ZKR� DVVHVV� TXDOLW\� RI
DEVWUDFW� VRIWZDUH� LPSOHPHQWDWLRQV�� 2Q� WKH� RWKHU� KDQG�� TXDOLW\
UHTXLUHPHQWV�RI�VRIWZDUH�SURGXFWV��LQFOXGLQJ�WKH�GHVLJQ�VXSSRUW
VRIWZDUH� WRROV� UHIHUV� WR� JLYHQ� QHHGV�� ZKLFK� YDU\� DPRQJ
VWDNHKROGHUV�� 'LIIHUHQW� VWDNHKROGHUV� PD\� KDYH� GLIIHUHQW
IXQFWLRQDO�DQG�QRQ�IXQFWLRQDO�UHTXLUHPHQWV��&RQVHTXHQWO\��ULJKW
VXEMHFWV�PHDQV�UHOLDEOH�UHVXOWV�DQG�YLFH�YHUVD��7\SLFDO�VRIWZDUH
GHYHORSPHQW� SURMHFWV� KDYH� YDULRXV� VWDNHKROGHUV�� ,Q� DEVWUDFW
SURWRW\SLQJ�� WKHUH� DUH� WKUHH� EURDG� FODVVHV� RI� VWDNHKROGHUV�
QDPHO\��L��WKH�XVHUV���LL��WKH�GHYHORSHUV��DQG��LLL��WKH�PDQDJHUV�
7KH�NLQGV�RI�XVHUV�WR�LQFRUSRUDWH�DV�VXEMHFWV�YDU\�DFFRUGLQJ�WR
WKH� WDVN� WKDW� VRIWZDUH� VXSSRUWV�� )RU� H[DPSOH�� IRU� WKH� GHVLJQ
VXSSRUW� VRIWZDUH� WRROV�� XVHUV� PD\� LQFOXGH� GUDIWVPHQ�� GHVLJQ
HQJLQHHUV�� DQG� RWKHU� LQGLUHFW� XVHUV� VXFK� DV� SURFHVV� SODQQHUV�
7KH� H[SHUWLVH� UHTXLUHG� LQ� WKH� GHYHORSPHQW� FDQ� EH� DYDLODEOH
ZLWKLQ� DQG� IURP� RXWVLGH� WKH� GHYHORSPHQW� WHDP��&RQVHTXHQWO\�
WKH�H[SHUWV�WKDW�VKRXOG�VHUYH�DV�VXEMHFWV�VKRXOG�EH�IURP�ZLWKLQ
DQG�RU� RXWVLGH� WKH� GHYHORSPHQW� WHDP�� 0DQDJHUV� DUH� W\SLFDOO\
LQWHUHVWHG� LQ� WKH�RYHUDOO� SURGXFW�TXDOLW\� UDWKHU� WKDQ� LQ� VSHFLILF
TXDOLW\� FKDUDFWHULVWLFV�� %XVLQHVV� UHODWHG� UHTXLUHPHQWV� DUH� RI
PRUH� LPSRUWDQFH� WR� WKHP�� 7KH\� QHHG� WR� EDODQFH� TXDOLW\
LPSURYHPHQW�ZLWK�PDQDJHPHQW�FULWHULD� VXFK�DV� VFKHGXOH�GHOD\
DQG� FRVW� RYHUUXQ� �L�H�� WR� RSWLPL]H� TXDOLW\� ZLWKLQ� OLPLWHG� FRVW�
KXPDQ� UHVRXUFHV� DQG� WLPH�IUDPH��� $� UHTXLUHPHQW� PRGHO� PXVW
DGGUHVV� WKH� QHHGV� RI� DOO� VWDNHKROGHUV�� $� VXFFHVVIXO� DEVWUDFW
SURWRW\SLQJ� H[HUFLVH� VKRXOG� HQVXUH� WKH� LQFRUSRUDWLRQ� RI� YLHZV
RI� DOO� VWDNHKROGHUV�� 6HOHFWLRQ� RI� VXEMHFWV� WR� LQFOXGH� DOO
VWDNHKROGHUV�LV�DQ�LQGLUHFW�ZD\�RI�FRXQWHUFKHFNLQJ�ZKHWKHU�WKHLU
UHTXLUHPHQWV� DQG� WKHUHIRUH� WKHLU� QHHGV� DUH� EHLQJ� WDNHQ� LQWR
FRQVLGHUDWLRQ�

����,QIRUPDWLRQ�*DWKHULQJ
7KH�WRRO�XVHG�LQ�WKH�FROOHFWLRQ�RI�YLHZV�RI�WKH�VWDNHKROGHUV

LQ� DEVWUDFW�SURWRW\SLQJ� LV� FDOOHG� LQIRUPDWLRQ�JDWKHULQJ�PDWUL[�
7KLV� LV� LQ�HVVHQFH�D�NLQG�RI�GHFLVLRQ�PDWUL[��ZKLFK�FRQVLVWV�RI
DQ� LQWXLWLYH� UDQJH� RI� YDOXHV� DQG� YDULDEOHV� ZLWK� ZKLFK� WKH
IXOILOOPHQW� RI� D� UHTXLUHPHQW� FDQ� EH� MXGJHG�� 6XEMHFWV� DUH
UHTXLUHG� WR� LQSXW� LQWR� WKH� LQIRUPDWLRQ�JDWKHULQJ� PDWUL[� WKH
YDOXHV�WKDW�UHSUHVHQW�WKHLU�RSLQLRQV��7KH�YDOXH�DVVRFLDWHG�ZLWK�D
UHTXLUHPHQW�VWDWHPHQW�FRQVWLWXWHV�WR�WKH�PHDVXUH�RI�LWV�OHYHO�RI
IXOILOOPHQW��)RU�H[DPSOH��RQH�UHTXLUHPHQW�IRU�D�VROLG�PRGHOLQJ
IXQFWLRQDOLW\��ZKLFK�LV�YHU\�OLNHO\�WR�EH�RI�LQWHUHVW��LV�WKH�VL]H�RI
WKH� OLEUDU\� RI� SULPLWLYH� VKDSHV� LW� XVHV�� 9DOXHV� WKDW� H[SUHVV� D
UDQJH�RI�VL]HV�FDQ�EH�DVVLJQHG�WR�LW��'HSHQGLQJ�RQ�WKH�QDWXUH�RI
WKH�UHTXLUHPHQW�VWDWHPHQW��WKH�IROORZLQJ�VRUWV�RI�YDOXHV�PD\�EH
XVHG�
�� %LQDU\� YDOXHV��7KHVH� DSSO\� WR� UHTXLUHPHQWV� WKDW� UHTXLUH� D

VLPSOH��<HV��RU��1R��YDOXH��)RU�H[DPSOH��DVNLQJ�ZKHWKHU
WKH� VROLG� PRGHOLQJ� IXQFWLRQDOLW\� DOORZV� WKH� XVHUV� WR� DGG
WKHLU�RZQ�SHUVRQDO�OLEUDU\�OHDGV�WR�D�UHVSRQVH�ZKRVH�YDOXH
LV�VLPSO\�
<HV
�RU�
1R
�

�� &ODVVLILFDWRU\� YDOXHV�� 7KHVH� YDOXHV� DUH� IRU� UHTXLUHPHQWV
WKDW�UHTXLUH�JHQHUDOL]HG�UHVSRQVHV��)RU�H[DPSOH��ZH�PLJKW
KDYH�D�UHTXLUHPHQW��ZKLFK�VWDWHV�KRZ�D�QHZ�VWDQGDUG�VKDSH
FDQ� EH� DGGHG� WR� D� OLEUDU\�� 7KH� UDQJH� RI� SRVVLEOH� YDOXHV
ZRXOG� EH�� LQVLGH� WKH� OLEUDU\�� RXWVLGH� WKH� OLEUDU\�� DQG� QRW
SRVVLEOH�

�� &RPSDUDWLYH� YDOXHV��7KLV� LV� IRU� UHTXLUHPHQWV� WKDW� UHTXLUH
UHODWLYH�YDOXHV��)RU� H[DPSOH�� CVLPLODULW\
� FDQ�EH� LPSRUWDQW
IDFWRU� LQ�XVHU� DFFHSWDQFH�RI� D�QHZ�SLHFH�RI� VRIWZDUH�� VD\�
ZKHQ�GHYHORSLQJ�D�IXQFWLRQDOLW\�WKDW�UHVHPEOH�RQH�WKDW�KDV
EHHQ� VXFFHVVIXO� LQ� D� GLIIHUHQW� SURIHVVLRQ� �H�J�� GHVLJQ� YV�
PHGLFDO���,I�WKH�VXEMHFW�FDQ�JXHVV�KRZ�D�SDUWLFXODU�IXQFWLRQ
ZRUNV�� WKHQ� V�KH� ZLOO� EH� KDSSLHU� ZLWK� WKH� VRIWZDUH�� ,W� LV
KDUG�WR�LPDJLQH�D�PHDVXUH�IRU�VLPLODULW\�RWKHU�WKDQ�D�VLPSOH
UHODWLYH�PHDVXUH�ZKLFK�DZDUGV�D�VFRUH�RQ�D�UDWLQJ�VFDOH�

�� 1XPHULFDO�0HWULF�YDOXHV��$�UHVSRQVH�IURP�WKH�VXEMHFW�FDQ
DOVR�EH�D�PHWULF�YDOXH��)RU�H[DPSOH��ZKHQ�DVNLQJ�VXEMHFWV
DERXW� VSHFLILF� QXPHULFDO� YDOXHV� H�J�� KRZ� PDQ\� SHUVRQDO
OLEUDULHV�FDQ�EH�GHILQHG�
0RVW�SUREDEO\�� EHIRUH� WKH� VXEMHFW� FDQ� DVVLJQ� D� YDOXH� WR� D

UHTXLUHPHQW� VWDWHPHQW�� V�KH� QHHG� WR� NQRZ� IDFWV�� ZKLFK� FDQ� EH
GLVFRYHUHG�� VD\�� H�J�� E\� UHDGLQJ� D� WHFKQLFDO� OLWHUDWXUH� RU� E\
ZDWFKLQJ� D� YLGHR� FOLS� RQ� WKH� FRPSXWHU� VFUHHQ�� ,Q� RWKHU� FDVHV�
WKH�YDOXH�GHSHQGV�RQ�D�KXPDQ� MXGJHPHQW�� ,Q�\HW�RWKHUV�� VRPH
VRUWV�RI�WHVW�QHHG�WR�EH�FDUULHG�RXW�EHIRUH�WKH�VXEMHFW�FDQ�GHFLGH
RQ�D�YDOXH�WR�DVVLJQ�WR�D�UHTXLUHPHQW�VWDWHPHQW��7KLV�UHTXLUHV�DQ
H[SHULPHQW�WR�EH�VHW�DQG�VXEMHFWV�WR�KDYH�VRPH�VRUW�RI�KDQG�RQ
H[SHULHQFH�SULRU�WR�JLYLQJ�WKHLU�RSLQLRQ��7KH�YDOXHV�DVVLJQHG�WR
UHTXLUHPHQWV�E\�WKH�VXEMHFWV�XOWLPDWHO\�JLYH�ULVH�WR�TXDQWLILDEOH
PHDVXUHV� RI� WKH� DFFHSWDELOLW\� DQG� WKH� OHYHOV� RI� IXOILOOPHQW� RI
UHTXLUHPHQWV�E\�WKH�DEVWUDFW�VRIWZDUH�LPSOHPHQWDWLRQV�
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����,QIRUPDWLRQ�$QDO\VLV�DQG�,QWHUSUHWDWLRQ
7KH� YDOXHV� LQ� WKH� LQIRUPDWLRQ� JDWKHULQJ� PDWULFHV� DUH

FRPSLOHG�DQG�DQDO\]HG��DQG� WKH� UHVXOWV�SUHVHQWHG� LQ� WDEXODU�RU
JUDSKLFDO� IRUPV�� 7ZR� PHDVXUHV�� QDPHO\�� �L�� WKH� DFFHSWDELOLW\�
DQG��LL��WKH�UHTXLUHPHQW�IXOILOOPHQW�LQGH[HV�PXVW�EH�GHWHUPLQHG�
:KDW� QHHGV� WR� EH� DFKLHYHG� LV� WR� PD[LPL]H� WKH� DFFHSWDELOLW\
LQGH[�DQG�WKH�OHYHOV�RI�IXOILOOPHQW�RI�UHTXLUHPHQWV�L�H��

�D��0D[LPL]H�WKH�DFFHSWDELOLW\�IXQFWLRQ�
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ZKHUH�
$,� �WKH�DFFHSWDELOLW\�LQGH[�IRU�D�VROXWLRQ�SURSRVDO�
$,WKU� �WKUHVKROG�DFFHSWDELOLW\�LQGH[�YDOXH�
(V� �PD[LPXP�SRVVLEOH�VFRUH�
)M� �IXOILOOPHQW�LQGH[�IRU�D�UHTXLUHPHQW�M�
)�P �WKH�PD[LPXP�SRVVLEOH�IXOILOOPHQW�YDOXH�
)WKU� �WKUHVKROG�IXOILOOPHQW�LQGH[�YDOXH�
0LM� �VFRUH�IRU�D�UHTXLUHPHQW�M�DVVLJQHG�E\�VXEMHFW�L�
:M� �D� FRQVHQVXV�ZHLJKWV� �2SL\R�HW� DO�� ������� MRLQWO\
DVVLJQHG�E\�VXEMHFW�L�DQG�WKH�GHYHORSHUV�

7KH� DFFHSWDELOLW\� LQGH[� SURYLGHV� PHDQV� IRU� UDQNLQJ� WKH
VROXWLRQ� SURSRVDOV�� ZKLOH� WKH� UHTXLUHPHQW� IXOILOOPHQW� LQGH[HV
DUH�XVHG� LQ�SORWWLQJ� WKH� UHTXLUHPHQWV� IXOILOOPHQW�GLDJUDP��7KLV
GLDJUDP� SURYLGHV� JUDSKLFDO� PHDQV� IRU� UHFRJQL]LQJ� WKH
UHTXLUHPHQWV� WKDW� KDYH� QRW� EHHQ� IXOILOOHG� DGHTXDWHO\�� � )XUWKHU
GHWDLOV�RQ�LQIRUPDWLRQ�DQDO\VLV�LQ�WKH�IUDPHZRUN�RI�WKH�DEVWUDFW
SURWRW\SLQJ�WHFKQLTXH�DUH�DYDLODEOH�LQ��2SL\R�HW�DO��������

���7+(�$%675$&7�352727<3,1*�6<67(0
7KH� DEVWUDFW� SURWRW\SLQJ� VRIWZDUH� SRUWIROLR� LQFOXGHV

XWLOLWLHV� IRU� UHSUHVHQWDWLRQ� DQG� SURFHVVLQJ� RI� UHTXLUHPHQWV�
UHSUHVHQWDWLRQ� DQG� SURFHVVLQJ� RI� DEVWUDFW� SURWRW\SHV�
SUHSDUDWLRQ�RI�LQIRUPDWLRQ�JDWKHULQJ�WRROV��LQIRUPDWLRQ�DQDO\VLV�
VROXWLRQV� ILQGLQJ�� DQG� V\VWHP� PDQDJHPHQW� �)LJXUH� ���� 7KH
DEVWUDFW� SURWRW\SLQJ� VRIWZDUH� KDV� EHHQ� LPSOHPHQWHG� EDVHG� RQ
WKH�SULQFLSOHV�RI� DEVWUDFW�SURWRW\SLQJ� FRYHUHG� LQ� H�J��2SL\R�HW
DO�������

,Q�KRXVH�NQRZOHGJH�HQJLQH

:HE�VHDUFK�HQJLQHV

$EVWUDFW�3URWRW\SH�'HVFULSWLRQ

5HTXLUHPHQWV�'HVFULSWLRQ

,QIRUPDWLRQ�*DWKHULQJ

,QIRUPDWLRQ�$QDO\VLV

3UHSDUH�LQVWUXFWLRQV�

0RGHOLQJ�WKH�,*�PDWUL[

&RPSXWH�LQGH[HV

&UHDWH�DQDO\VLV�PDWUL[

*HQHUDWH�GLDJUDPV

.QRZOHGJH�'DWD�0DQDJHPHQW

$EVWUDFW�3URWRW\SLQJ�6RIWZDUH�6\VWHP�

6HOHFW�WKH�UHTXLUHG�LQIRUPDWLRQ�LWHPV

(GLW�VDYH�LQIRUPDWLRQ

6SHFLI\�VHDUFK�FULWHULD

/RDG�UHTXLUHPHQWV�LGHQWLILHUV

(QWHU�ILHOG�LQIRUPDWLRQ

3UREOHP�0DQDJHU

3URMHFW

4XLW�

6HQG

9LHZ

6WDWXV�

7RRO�EDUV

%URZVH

5HTXLUHPHQWV�

$EVWUDFW�SURWRW\SHV

3UHYLRXV�DQDO\VHV

+HOS

6HDUFK�IRU�VSHFLILF�ZRUGV

$ERXW�DEVWUDFW�SURWRW\SLQJ

,QSXW�RI�5HTXLUHPHQWV�DEVWUDFW�SURWRW\SHV

0DQLSXODWLRQ�RI��UHTXLUHPHQWV�DEVWUDFW�SURWRW\SHV

0RGLI\

6HOHFW�WKH�UHTXLUHG�LQIRUPDWLRQ�LWHPV

6SHFLI\�VHDUFK�FULWHULD

6HOHFW�D�UHTXLUHPHQWV�GDWDEDVH

(GLW�VDYH��LQIRUPDWLRQ

0RGHOLQJ�DEVWUDFW�SURWRW\SHV

0XOWL�'LPHQVLRQDO�.QRZOHGJH

�6HDUFK��0'.6�

0XOWL�'LPHQVLRQDO�.QRZOHGJH

�6HDUFK��0'56�

3UHSDUH��UHTXLUHPHQWV

'HOHWH

(GLW

/LQN�WR�)URQW�(QG�3URFHVVRUV

)LJXUH����8WLOLWLHV�RI�WKH�DEVWUDFW�SURWRW\SLQJ�V\VWHP

6HOHFW�DQ�DEVWUDFW�SURWRW\SHV�GDWDEDVH

7KH� XWLOLW\� IRU� UHSUHVHQWDWLRQ� DQG� SURFHVVLQJ� RI� UHTXLUHPHQWV
LQFOXGHV� D� PXOWL�GLPHQVLRQDO� UHTXLUHPHQWV� VHDUFK� �0'56�
WRROV��ZKLFK�RIIHUV�PHDQV�IRU�VHDUFKLQJ�UHTXLUHPHQWV�EDVHG�RQ
FULWHULD�SXW�IRUZDUG�E\�WKH�GHYHORSHUV��2SL\R�HW�DO���������7KH
DEVWUDFW� SURWRW\SHV�� UHSUHVHQWDWLRQ� DQG� SURFHVVLQJ� PRGXOH
LQFOXGHV� DPRQJ� RWKHUV� D� PXOWL�GLPHQVLRQDO� NQRZOHGJH� VHDUFK
�0'.6�� WRRO�� ZKLFK� IXUQLVKHV� WKH� GHYHORSHUV� ZLWK� D
IXQFWLRQDOLW\� IRU� VHDUFKLQJ� NQRZOHGJH� DERXW� WKH� DEVWUDFW
VRIWZDUH� LPSOHPHQWDWLRQV� EDVHG� RQ� RQH� RU� PRUH� FRQVWUDLQWV
VSHFLILHG� E\� WKH� GHYHORSHUV� �2SL\R� HW� DO�� ������� $� GDWDEDVH
�)LJXUH����LV�SURYLGHG�WR�KRXVH�LQIRUPDWLRQ�DERXW�UHTXLUHPHQWV
DQG�DEVWUDFW�VRIWZDUH�LPSOHPHQWDWLRQV�

/HYHO

3DUDPHWHU�

)XQFWLRQDOLW\ $VSHFW 6WDWHPHQW

5HTXLUHPHQWV�:DUHKRXVH

6RXUFH

)XQFWLRQDOLW\�

&RYHUDJH 1HHGV� 6WDNHKROGHU

.QRZOHGJH�$ERXW�5HTXLUHPHQWV

5HTXLUHPHQWV

/HYHO

1DPH�

)XQFWLRQDOLW\ 0RGHO 'HVFULSWLRQ

$EVWUDFW�3URWRW\SHV�:DUHKRXVH

1DPH 3XUSRVH�$XWKRU 'DWH�

.QRZOHGJH�$ERXW�$EVWUDFW�3URWRW\SHV

$EVWUDFW�3URWRW\SHV

)LJXUH����7KH�$36�ZDUHKRXVHV

3XUSRVH�
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$EVWUDFW�SURWRW\SLQJ�SURYLGHV�D�WHFKQRORJ\�WKDW�HQDEOHV�WKH
GHYHORSPHQW�WHDPV�WR��L��UHXVH�UHTXLUHPHQWV���LL��PRGHO�DEVWUDFW
VRIWZDUH� LPSOHPHQWDWLRQV�� �LLL�� ZRUN� LQ� JHRJUDSKLFDOO\
GLVWULEXWHG� ORFDWLRQV�� DQG� �LLL�� SHUIRUP� DQDO\VLV� RI� YLHZV� RI
VXEMHFWV� �L�H��PDQDJLQJ�FRPSOH[�GDWD�DQG� LGHDV�� VHDUFKLQJ� DQG
H[SORULQJ� FRQWH[W�� VHHNLQJ� SDWWHUQV� DQG� PHDQLQJV�� DQG
UHSUHVHQWDWLRQ� RI� UHVXOWV��� )XUWKHUPRUH�� LW� �LY�� RIIHUV� D
PHWKRGRORJ\�IRU�WHVWLQJ�DEVWUDFW�VRIWZDUH� LPSOHPHQWDWLRQV�DQG
UHODWLQJ�WKHP�WR�UHTXLUHPHQWV��DQG��Y��OHYHUDJHV�WKH�LQWHOOHFWXDO
DVVHWV� RI� WKH� GHYHORSHUV� E\� DYDLOLQJ� NQRZOHGJH� DERXW� DEVWUDFW
VRIWZDUH� LPSOHPHQWDWLRQV�� WKXV� DOORZLQJ� WKHP� WR� H[SORUH� DQG
GHYHORS�GHVLJQ�VXSSRUW�WRROV�RI�KLJKHU�TXDOLW\�

�� +2:� 72� 86(� 7+(� $%675$&7� 352727<3,1*
7(&+1,48(
,Q� WKLV� VHFWLRQ�� ZH� H[SODLQ� KRZ� WKH� GHYHORSHUV� RI� GHVLJQ

VXSSRUW�V\VWHPV�FDQ�XVH�WKH�DEVWUDFW�SURWRW\SLQJ� WHFKQLTXH��7R
WHVW� DEVWUDFW� LPSOHPHQWDWLRQV� LQ� WKH� IUDPHZRUN� RI� WKH� DEVWUDFW
SURWRW\SLQJ�WHFKQLTXH��DW�D�JLYHQ�OHYHO�RI�DEVWUDFWLRQ��XVLQJ�WKH
DEVWUDFW�SURWRW\SLQJ�VRIWZDUH�V\VWHP��)LJXUH�����WKH�GHYHORSHUV
KDYH�WR�VWLFN�WR�WKH�IROORZLQJ�VWHSV��DOVR�GHSLFWHG�LQ�)LJXUH���
�� +DYLQJ� NQRZQ� WKH� 
IXQFWLRQDOLW\
� DQG� WKH� 
OHYHO� RI

DEVWUDFWLRQ
��XVH� WKH�:$5(+286(6� IDFLOLWLHV� WR� ILQG� WKH
UHTXLUHPHQWV�LQ�WKH�GDWDEDVH�

�� )LQH�WXQH� WKH� UHTXLUHPHQWV� OLVW� �L�H�� RPLW� WKH� LUUHOHYDQW
UHTXLUHPHQWV� DQG� DGG�PLVVLQJ� UHTXLUHPHQWV�� DQG� VDYH� WKH
UHVXOWLQJ�UHTXLUHPHQWV�PRGHO�LQ�WKH�:$5(+286(�

�� 8VH� WKH� 5(48,5(0(176� '(6&5,37,21� XWLOLW\� WR
FRQYHUW�WKH�UHTXLUHPHQW�PRGHO�LQWR�D�XVDEOH�IRUPDW�

�� 8VH� IDFLOLWLHV� LQ� WKH� $%675$&7� 352727<3(6
'(6&5,37,21�XWLOLW\�WR��L��VHDUFK�IRU�WKH�UHOHYDQW�DEVWUDFW
SURWRW\SH�PRGHO� LQ� WKH�GDWDEDVH�� �LL��HGLW� LW�� DQG� �LLL�� VDYH
WKH�HGLWHG�PRGHO�

�� 8VH� WKH� ,1)250$7,21�*$7+(5,1*� XWLOLW\� WR� VHQG� WR
WKH� VXEMHFWV� WKH� 
,QIRUPDWLRQ� *DWKHULQJ� 0DWUL[
� DQG� WKH

$EVWUDFW�3URWRW\SH
�PRGHO�

�� 8VH�WKH�,1)250$7,21�$1$/<6,6�XWLOLW\�WRROV�WR�
>D@� &UHDWH�WKH�DQDO\VLV�PDWUL[�
>E@� ,QSXW�WKH�UHTXLUHPHQWV�LGHQWLILHUV�
>F@� ,QSXW�UHVSRQVHV�IURP�VXEMHFWV�
>G@� 'HWHUPLQH�WKH�DFFHSWDELOLW\�LQGH[�
>H@� *HQHUDWH�WKH�UHTXLUHPHQWV�IXOILOOPHQW�GLDJUDP��DQG
>I@� 3HUIRUP� 
FRQQHFWLRQV� DQDO\VLV
� �L�H�� LQYHVWLJDWH� WKH

UHODWLRQVKLSV�DPRQJ�WKH�LPSOHPHQWHG�SDUWV��

)LJXUH���� 7KH�DEVWUDFW�SURWRW\SLQJ�V\VWHP�ZLQGRZ��EHIRUH
ORJ�LQ�WR�VSHFLILF�XWLOLWLHV�

�� 8VH� WKH� :$5(+286(6� XWLOLW\� WR� LQYHVWLJDWH� WKH
LPSOLFDWLRQV� RI� FKRRVLQJ� DOWHUQDWLYH� VROXWLRQV� L�H�� H�J�� LI�
VD\�� D� FHUWDLQ� WKHRU\� LV� FKRVHQ�� ZKDW� DUH� WKH� SRVVLEOH
PHWKRGV��DOJRULWKPV��DQG�SLORW�LPSOHPHQWDWLRQV"�7KLV�KHOSV
IRUHVHHLQJ� EHIRUHKDQG�ZKHWKHU�� VD\�� D� FKRVHQ� WKHRU\� ZLOO�
VD\��EH�LPSOHPHQWDEOH��HWF�

�� $Q� LQ�KRXVH� NQRZOHGJH� HQJLQH�� ZHE� VHDUFK� HQJLQHV�� RU
IURQW�HQG� SURFHVVRUV� LQ� WKH� 352%/(06� 0$1$*(5
XWLOLW\� SURYLGH� PHDQV� IRU� ILQGLQJ� SRVVLEOH� DOWHUQDWLYH
VROXWLRQV�DQG�IRU�H[SORULQJ�WKHLU�DSSURSULDWHQHVV�

,W�LV�LPSRUWDQW�WR�PHQWLRQ�WKDW�VRPH�SUHSDUDWLRQV�PXVW�EH�PDGH
EHIRUHKDQG�� 6XFK� SUHSDUDWLRQV� LQFOXGH� GHYHORSPHQW� RI� WKH
UDWLQJ� VFDOHV� DQG� VHOHFWLRQ� RI� VXEMHFWV�� 7KH� HQG� SURGXFW� RI
DEVWUDFW�SURWRW\SLQJ�LV�D�VXPPDU\�RI�GDWD�DERXW��D��WKH�OHYHOV�RI
IXOILOOPHQW� RI� TXDOLW\� FKDUDFWHULVWLFV�� DQG� �E�� UDQNLQJ� RI
DOWHUQDWLYH� VROXWLRQ� SURSRVDOV�� 7KH� UHTXLUHPHQWV� IXOILOOPHQW
GLDJUDP� LV� DOVR� JHQHUDWHG�� 7KLV� GLDJUDP� VKRZV� WKH� H[WHQWV� RI
IXOILOOPHQW� RI� UHTXLUHPHQWV�� )XUWKHUPRUH�� DQ� LQGH[� FDOOHG� WKH

DFFHSWDELOLW\� LQGH[
� LV� DOVR� FRPSXWHG�� ,W� JLYHV� FOXHV� RQ� WKH
OHYHOV� RI� DFFHSWDELOLW\� WKH� DEVWUDFW� VRIWZDUH� LPSOHPHQWDWLRQV�
7KH� TXDOLI\LQJ� DOWHUQDWLYHV� DUH� WKHQ� YLVXDOL]HG�� PRGLILHG� DQG
DQDO\]HG�UHFXUVLYHO\�XQWLO�LW�LV�DVVXUHG�WKDW�DOO�NH\�UHTXLUHPHQWV
KDYH�EHHQ�VDWLVILHG�WR�D�VDWLVIDFWRU\�OHYHO��7KH�ILQDO�GHFLVLRQ�RQ
ZKHWKHU� WR�NHHS�RQ� LPSURYLQJ�RU� WR�PRYH� WR� WKH�QH[W� OHYHO�RI
LPSOHPHQWDWLRQ�LV�WDNHQ�FROOHFWLYHO\�E\�WKH�GHYHORSHUV�EDVHG�RQ
WKHLU�H[SHUW�MXGJPHQWV�DQG�H[SHUWLVH�

�� 9$/,',7<� $1'� 5(/,$%,/,7<� 2)� $%675$&7
352727<3,1*
7KH� YDOLGLW\� RI� WKH� DEVWUDFW� SURWRW\SLQJ� PHDVXUHV� LV� D

FULWLFDO�LVVXH��,I�WKH�PHDVXUHV�DUH�QRW�YDOLG��WKH�HYDOXDWLRQ�DV�D
ZKROH�LV�ZRUWKOHVV��%RWK�WKH�PHDVXUHV�DQG�WKH�PHWKRGV�XVHG�WR
REWDLQ�D�PHDVXUHPHQW�PXVW�EH�YDOLG�DQG�UHOLDEOH��WKDW�LV��D�UDQJH
RI�YDOXHV�DQG�YDULDEOHV� VKRXOG�PHDVXUH�ZKDW� LW� LV� VXSSRVHG� WR
PHDVXUH��DQG�VKRXOG�GR�VR�FRQVLVWHQWO\�� ,I� WKHUH� LV�FRQWURYHUV\
DERXW�WKH�HYDOXDWLRQV��LW�LV�RIWHQ�WKH�YDOLGLW\�RI�WKH�PHDVXUHV�RU
RI� WKH�PHWKRGV� XVHG� WR� REWDLQ� D�PHDVXUHPHQW� ZKLFK� LV� FDOOHG
LQWR� TXHVWLRQ�� 7KHUH� DUH� VHYHUDO� FRQFHSWLRQV� RI� YDOLGLW\� LQ
OLWHUDWXUH��7KH\�IDOO�XQGHU�RQH�RI�WZR�EURDG�FDWHJRULHV��QDPHO\�
LQWHUQDO�YDOLGLW\�DQG�H[WHUQDO��RU�FULWHULD�EDVHG��YDOLGLW\�

�7KH�LQWHUQDO�YDOLGLW\�LV�DFKLHYHG�E\�PDNLQJ�VXUH�WKDW�ZKDW
KDV�EHHQ�PHDVXUHG�UHIOHFWHG�DQ�DSSURSULDWH�DVSHFW�RI�WKH�REMHFW
WKDW� LV� EHLQJ� HYDOXDWHG�� ,Q� WKH� FRQWH[W� RI� DEVWUDFW� SURWRW\SLQJ�
LQWHUQDO� YDOLGLW\� UHIOHFWV� WKH� GHJUHH� WR� ZKLFK� WKH� PHDVXUH
UHSUHVHQWV� YLHZV� RI� WKH� VXEMHFWV�� (QVXULQJ� LQWHUQDO� YDOLGLW\� LV
GLIILFXOW�WR�DFKLHYH��,W�UHOLHV�RQ�WKH�MXGJHPHQW�RI�H[SHUWV��LQ�RXU
FDVH��WKH�MXGJHPHQW�RI�WKRVH�ZKR�GHVLJQ�WKH�HYDOXDWLRQ��L�H��WKH
GHYHORSHUV��� DQG� FDQ� RQO\� EH� MXVWLILHG� DIWHU� WKH� HYHQW�� LQ� WKH
OLJKW� RI� IHHGEDFN� IURP� WKH� HQG�XVHUV� RU� IURP� RWKHU� LQWHUHVWHG
RXWVLGHUV�� ([WHUQDO� YDOLGLW\� LV� DFKLHYHG� E\� GHPRQVWUDWLQJ� D
FRUUHODWLRQ� EHWZHHQ� D� PHDVXUH� DQG� DQ� H[WHUQDO� FULWHULRQ�� ,W� LV
UDUHO\�ZRUNHG�RXW�IRUPDOO\��E\�H�J���FDOFXODWLQJ�D�FRHIILFLHQW�RI
FRUUHODWLRQ���EXW�LV�RIWHQ�XVHG�LQIRUPDOO\�WR�MXVWLI\�WKH�FKRLFH�RI
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D�PHDVXUH�� ,W� GHSHQGV� RQ� WKH� NQRZOHGJH� DQG� H[SHULHQFHV� WKDW
WKRVH�ZKR�GHVLJQ�WKH�HYDOXDWLRQ��L�H��WKH�GHYHORSHUV��SRVVHV�

7KH� PHDVXUHV� PXVW� DOVR� EH� UHOLDEOH�� :H� FDOO� D� PHDVXUH
UHOLDEOH� LI� D� FRQVLVWHQW�PHWKRG� IRU� DFKLHYLQJ� WKH�PHDVXUHPHQW
H[LVW� DQG� LI� WKH� VDPH� UHVXOWV� DUH� REWDLQHG� HDFK� WLPH� WKH� VDPH
PHDVXUH�LV�DSSOLHG�WR�WKH�VDPH�REMHFW�RI�HYDOXDWLRQ��5HOLDELOLW\
FDQ�EH�GHWHUPLQHG�E\�FDOFXODWLQJ� WKH�FRHIILFLHQW�RI� FRUUHODWLRQ
EHWZHHQ� WKH� UHVXOWV� REWDLQHG� RQ� WZR� RU� PRUH� RFFXUUHQFHV� RI
H[SHULPHQW�� 5HOLDELOLW\� LV� YHU\� GLIILFXOW� WR� FKHFN�� HVSHFLDOO\
ZKHQ� WKH� GHYHORSHUV� LQWHUYHQH�� 7KH� GHYHORSHUV� WHQG� WR� KDYH
VXEMHFWLYH�RSLQLRQV�RQ�WKHLU�LPSOHPHQWDWLRQV��,Q�WKH�LQWHUHVWV�RI
UHOLDELOLW\��LW�LV�DGYLVDEOH�WR�OLPLW�WKH�GHYHORSHU
V�LQWHUYHQWLRQ�DV
PXFK� DV� SRVVLEOH�� +RZHYHU�� LW� LV� RIWHQ� LQHYLWDEOH� WKDW� VRPH
PHDVXUHV�ZLOO�UHO\�RQ�GHYHORSHUV
�LQYROYHPHQW�H�J��LQ�DVVLJQLQJ
ZHLJKWV� WR� UHTXLUHPHQWV�� ,W� LV� LPSRUWDQW� WR� FKRRVH� DQ
DSSURSULDWH�PHWKRG�IRU�FDUU\LQJ�RXW� WKH�PHDVXUHPHQWV��6XFK�D
PHWKRG� VKRXOG� RIIHU� VRPH� JHQHUDO� SURRI� RI� DSSURSULDWHQHVV�
EDVHG�RQ�SUHYLRXV�H[SHULHQFHV��$V�IDU�DV�DEVWUDFW�SURWRW\SLQJ�LV
FRQFHUQ�� LW� LQFOXGHV� VRIWZDUH� PHWKRGV� IRU� FRPSXWDWLRQ� RI� WKH
PHDVXUHV��7KLV�DVVXUHV�WKH�UHOLDELOLW\�RI�WKH�PHDVXUHV�

�����$�&$6(�$33/,&$7,21
2XU�JURXS�LV�LQYROYHG�ZLWK�D�UHVHDUFK�RQ�GHYHORSPHQW�RI�D

VKDSH� FRQFHSWXDOL]DWLRQ� V\VWHP�� )RXU� PRGXOHV� RI� WKLV� V\VWHP�
QDPHO\�� WKH� KLJKO\� LQWHUDFWLYH� FRPPXQLFDWLRQ�� QDWXUDO� LQWHUQDO
UHSUHVHQWDWLRQ�� SK\VLFDO� FRQFHSW� PRGHOLQJ� DQG� GHVLJQ
NQRZOHGJH� KDQGOLQJ� PRGXOHV� �)LJXUH� ���� DUH� XQGHU
GHYHORSPHQW��:H�DLP�DW�SURYLGLQJ�WKH�GHVLJQHUV�ZLWK���L��PHDQV
IRU�FRPPXQLFDWLQJ�VKDSH�LQIRUPDWLRQ�WR�FRPSXWHUV�LQ�D�QDWXUDO
ZD\���LL��PRGHOLQJ�WHFKQLTXHV�WKDW�FDQ�FRSH�ZLWK�LQFRQVLVWHQFLHV
RU� FRQWUDGLFWLQJ� LQSXW� LQIRUPDWLRQ�� �LLL�� WHFKQLTXHV� IRU
SUHSDUDWLRQ� RI� PDQXIDFWXULQJ� LQIRUPDWLRQ� IRU� SURGXFWLRQ� RI
ODUJH�VL]HG� SK\VLFDO� FRQFHSW� PRGHOV� XVLQJ� WKH� DYDLODEOH
PDQXIDFWXULQJ�WHFKQRORJLHV��DQG��LY��WHFKQLTXHV�IRU�KDQGOLQJ�RI
NQRZOHGJH�UHODWHG�WR�YDULRXV�GHVLJQ�DVSHFWV�VXFK�DV�DHVWKHWLFV�
FRVW�DQG�PDQXIDFWXUDELOLW\�EDVHG�RQ�RQWRORJ\�SDUDGLJP�
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)LJXUH����)XQFWLRQDO�UHSUHVHQWDWLRQ�RI�WKH�VKDSH�GHVLJQ
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+LJKO\�LQWHUDFWLYH

FRPPXQLFDWLRQ�PRGXOH

3K\VLFDO�FRQFHSW

PRGHOLQJ�PRGXOH

1DWXUDO�LQWHUQDO

UHSUHVHQWDWLRQ�IXQFWLRQV
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'HVLJQ�NQRZOHGJH

KDQGOLQJ�PRGXOH

3K\VLFDO

&RQFHSW

0RGHOV

9LUWXDO

0RGHOV

'HVLJQHU¶V

0HQWDO

,GHDV

7KHUH� DUH� PDQ\� WKHRULHV� DQG� PHWKRGV� LQYROYHG�� DQG� LQ
VRPH� FDVHV� VHYHUDO� DOWHUQDWLYHV� FDQ� EH� DYDLODEOH� IRU� D� VLQJOH
IXQFWLRQDOLW\��7KHUH�FDQ�DOVR�EH�VHYHUDO�ZD\V�IRU�GHYHORSLQJ�DQ
DOJRULWKP� IRU� D� VLQJOH� IXQFWLRQDOLW\�� 2XU� XOWLPDWH� JRDO� LV� WR
FRPH�XS�ZLWK�HIIHFWLYH�DQG�XVDEOH�WHFKQLTXHV�

:H�DUH�XVLQJ�DEVWUDFW�SURWRW\SLQJ�DV�D�WHFKQLTXH�IRU�WHVWLQJ
DQG� VHOHFWLQJ� DOWHUQDWLYH� VROXWLRQV� �L�H�� DEVWUDFW
LPSOHPHQWDWLRQV���'XH�WR�VSDFH�OLPLWDWLRQV��ZH�SUHVHQW�RQO\�RQH
SUDFWLFDO�H[DPSOH�WR�LOOXVWUDWH�KRZ�ZH�DUH�XVLQJ�WKLV�WHFKQLTXH�
2QH� WHDP� LQ� RXU� UHVHDUFK� JURXS� LV� LQYROYHG� ZLWK� WKH
GHYHORSPHQW�RI�KLJKO\�LQWHUDFWLYH�LQSXW�PHDQV�IRU�VKDSH�GHVLJQ�
7KH\� XVHG� DEVWUDFW� SURWRW\SLQJ� WHFKQLTXH� WR� LQYHVWLJDWH� WKH
SUHIHUHQFHV�RI�GHVLJQHUV�RQ�SRVVLEOH�LQSXW�WHFKQLTXHV��WDEOH����
7KH�SULPDU\�TXHVWLRQ�ZDV��:KLFK�FRPELQDWLRQV�RI�LQSXW�PHDQV
DUH�PRVW�HIIHFWLYH�LQ�WKH�RSLQLRQ�RI�WKH�VHOHFWHG�VXEMHFWV"

7DEOH����3RVVLEOH�LQSXW�VWUHDPV�IRU�VKDSH�GHVLJQ

,QSXW�VWUHDPV 6WDWH�RI�WKH�DUW

0RXVH�DQG�.H\ERDUG :LGHO\� XVHG� ZLWK� FRQYHQWLRQDO� &$'

V\VWHPV

*UDSKLF� 3HQ� DQG

.H\ERDUG

1RW�ZLGHO\�XVHG��RQO\�RFFDVLRQDOO\

9RLFH� &RQWURO�� *HVWXUHV

DQG�.H\ERDUG

1RW�XVHG�LQ�VKDSH�GHVLJQ

6HYHUDO� DVSHFWV� ZHUH� WDNHQ� LQWR� FRQVLGHUDWLRQ� LQ� WKH
HYDOXDWLRQ� RI� WKHVH� VKDSH�LQSXW� PHWKRGV�� 7KH\� WRRN� LQWR
DFFRXQW�VWDQGDUGV�VXFK�DV�,62������DQG�,(((�WKDW�DUH�SULPDULO\
FRQFHUQHG�ZLWK� WKH�GHILQLWLRQ�RI�TXDOLW\�FKDUDFWHULVWLFV�XVHG� LQ
WKH� HYDOXDWLRQ� RI� VRIWZDUH� SURGXFWV�� 6WDQGDUGV� VHW� RXW� TXDOLW\
FKDUDFWHULVWLFV� VXFK� DV� IXQFWLRQDOLW\�� UHOLDELOLW\�� XVDELOLW\�
HIILFLHQF\��PDLQWDLQDELOLW\�DQG�SRUWDELOLW\�WKDW�GHVFULEH�VRIWZDUH
TXDOLW\� DQG� RWKHU� GHVLUDEOH� FKDUDFWHULVWLFV� DV� ZHOO�� )URP� WKH
DEVWUDFW� SURWRW\SLQJ� V\VWHP
V� GDWDEDVH�� WKH� GHYHORSHUV� FRXOG
DOVR�ILQG�VHYHUDO�RWKHU�QRQ�VWDQGDUG�GHVLUDEOH�FKDUDFWHULVWLFV�

8VLQJ� WKH� PXOWL�GLPHQVLRQDO� UHTXLUHPHQW� VHDUFK� �0'56�
XWLOLW\�� WKH� SURYLVLRQDO� OLVW� RI� ��� UHTXLUHPHQW� VWDWHPHQWV
FRQQHFWHG� WR� ,62� ����� TXDOLW\� FKDUDFWHULVWLFV� DQG� RWKHU
FKDUDFWHULVWLFV�ZHUH�GRZQORDGHG�IURP�WKH�V\VWHP�GDWDEDVH��7KH
OLVW� ZDV� WKHQ� ILQH�WXQHG� WR� PDNH� LW� VSHFLILF� WR� WKLV� SUH�
LPSOHPHQWDWLRQ� HYDOXDWLRQ� �L�H�� LUUHOHYDQW� UHTXLUHPHQW
VWDWHPHQWV� GLVFDUGHG�� LQ� VRPH� FDVHV� WKH� ZRUGLQJ� RI� WKH
VWDWHPHQWV� FKDQJHG� DQG� RQH� FRPSOHWHO\� QHZ� UHTXLUHPHQW
VWDWHPHQW� DGGHG���7DEOH� �� VKRZV� WKH� ILQDO� OLVW� RI� UHTXLUHPHQWV
WKDW�ZHUH�XOWLPDWHO\�XVHG�LQ�WKH�SUH�LPSOHPHQWDWLRQ�HYDOXDWLRQ�

7DEOH��� 5HTXLUHPHQWV�IRU�WKH�VKDSH�LQSXW�IXQFWLRQDOLW\
�L�H�� LQFOXGHV� ,62� ����� DQG� RWKHU� TXDOLW\
FKDUDFWHULVWLFV�

,'(17,),(5 $63(&7 5(48,5(0(17�67$7(0(17

5� 3ULYDF\ 7KH�PHWKRG�DOORZV�IRU�D�GHVLJQHU�RU�D�WHDP�RI

GHVLJQHUV�WR�ZRUN�ZLWKRXW�LQWHUIHUHQFH

5� 8VDELOLW\ 7KH�PHWKRG�PDWFK�QDWXUDO�ZD\V�RI�ZRUNLQJ

5� ,QWXLWLYLW\ 8VHUV�FDQ�XQGHUVWDQG�KRZ�WKH�LQSXW�GHYLFH�ZRUNV

5� (IILFLHQF\ 7KH�LQSXW�PHWKRG�LV�JRRG�IRU�WKH�LQWHQGHG�WDVN

5� 7UDLQLQJ 7KH�LQSXW�PHWKRG�FDQ�EH�XVHG�ZLWKRXW�WKH�QHHG�IRU
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H[WHQVLYH�IDPLOLDUL]DWLRQ�RU�OHDUQLQJ

5� (UJRQRPLFV 7KH�HUJRQRPLFV�RI�WKH�PHWKRGV�DFFHSWDEOH

5� 3RUWDELOLW\ 7KH�LQSXW�VWUHDP�FRQVLVW�RI�SRUWDEOH�GHYLFHV

5� &RVW 7KH�LQSXW�GHYLFHV�DUH�DIIRUGDEOH

5� 0DUNHWLQJ 7KHUH�LV�QR�PDUNHWLQJ�SUREOHP

5�� 5HOLDELOLW\ 7KH�LQSXW�PHWKRG�FDQ�SURYLGHV�FRQVLVWHQW�UHVXOWV

5�� )XQFWLRQDOLW\ 7KH�PHWKRG�FDQ�VROYH�WKH�SUREOHP�LQ�TXHVWLRQ

5�� (IILFLHQF\ 7KH�PHWKRG�FDQ�EH�HIIHFWLYH�LQ�DFWXDO�XVH

5�� &RVW ,I�DGRSWHG��WKH�PHWKRG�ZLOO�EH�RSHUDWLRQDO�

5�� &RVW ,I�LV�DGRSWHG��WKH�PHWKRG�ZLOO�EH�PDLQWDLQDEOH�

5�� $SSOLFDELOLW\ 7KLV�LQSXW�PHWKRG�FDQ�EH�XVHG�LQ�WKH�GHVLJQ�RI

LQGXVWULDO�SURGXFWV

5�� %HQHILW 7KH�LQSXW�PHWKRG�ZLOO�FRPSDUDWLYHO\�EULQJV�DORQJ

PRUH�XVHIXO�IHDWXUHV�RYHU�WKH�FRPSHWLQJ�PHWKRGV

5�� 6KDSH

LQIRUPDWLRQ

7KH�LQSXW�VWUHDP�FDQ�EH�XVHG�WR�FRPPXQLFDWH�QRQ�

JHRPHWULF�VKDSH�LQIRUPDWLRQ

5�� 6KDSH

LQIRUPDWLRQ

7KH�LQSXW�VWUHDP�FDQ�EH�XVHG�WR�FRPPXQLFDWH

JHRPHWULF�VKDSH�LQIRUPDWLRQ

5�� 9HUVDWLOLW\ 7KH�LQSXW�VWUHDP�FDQ�EH�XVHG�LQ�LQSXWWLQJ�D�ZLGH

UDQJH�RI�VKDSHV��LQFOXGLQJ�IUHH�IRUP�VKDSHV

5�� 6KDSH

LQIRUPDWLRQ

:LWK�WKH�LQSXW�VWUHDP��VKDSHV�FDQ�EH�PRGLILHG�

���VXEMHFWV��DOO�RI� WKHP�LQGXVWULDO�GHVLJQHUV�SDUWLFLSDWHG
LQ�WKH�HYDOXDWLRQ��7KH�FROOHFWHG�LQIRUPDWLRQ�ZDV�DQDO\]HG�WR��L�
GHWHUPLQH� WKH� OHYHOV� RI� IXOILOOPHQW� RI� UHTXLUHPHQWV�� DQG� �LL�
HVWDEOLVK� WKH� VXEMHFWV
� SUHIHUHQFHV�� 7KH� DFFHSWDELOLW\� LQGH[HV
�)LJXUH� ���� IRU� WKH� DOWHUQDWLYH� LQSXW� VWUHDPV� ZHUH� GHWHUPLQHG
DQG�WKH�UHTXLUHPHQWV�IXOILOOPHQW�GLDJUDPV��)LJXUH�����SORWWHG�

� ��� ��� ��� ��� ���

$FFHSWDELOLW\�,QGH[

*UDSKLF�3HQ�	

.H\ERDUG

0RXVH�	�����

.H\ERDUG

9RLFH�&RQWURO�	����

*HVWXUHV
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)LJXUH�����$FFHSWDELOLW\�,QGH[HV�IRU�SRVVLEOH�DOWHUQDWLYH�LQSXW�VWUHDPV

,Q� WKH� RSLQLRQ� RI� WKH� VXEMHFWV� WKDW� SDUWLFLSDWHG� LQ� WKLV
DEVWUDFW�SURWRW\SLQJ�H[HUFLVH��PRXVH�DQG�NH\ERDUG�DUH�SUHIHUUHG
PRVW�� EXW� QHYHUWKHOHVV� ZLWK� D� VODQGHU�PDUJLQ�� 7KH� �L�� JUDSKLF
SHQ�DQG�NH\ERDUG��DQG��LL��YRLFH�FRQWURO��JHVWXUHV�DQG�NH\ERDUG
IROORZ��7KH�GLIIHUHQFHV�DPRQJ�WKH�YDOXHV�RI�DFFHSWDELOLW\�LQGH[
IRU�WKH�LQSXW�VWUHDPV�DUH�DOPRVW�LQVLJQLILFDQW��(YHQ�WKH�WUHQGV�LQ
WKH� OHYHOV� RI� IXOILOOPHQW� RI� UHTXLUHPHQWV� GR� QRW� VLJQLILFDQWO\
GLIIHU�� ,W� FDQ� EH� FRQFOXGHG� WKDW� LQ� WKH� RSLQLRQ� RI� WKH� VHOHFWHG
SDQHO��DQ\�RI�WKH�WKUHH�LQSXW�VWUHDPV�DUH�DFFHSWDEOH�LQ�RQH�ZD\
RU� DQRWKHU�� 9RLFH� FRQWURO� DQG� JHVWXUH�� DQG� WR� VRPH� H[WHQW
JUDSKLF�SHQ�PHWKRG�DUH�QRW�YHU\�FRPPRQ�DPRQJ�WKH�GHVLJQHUV�
0RVW�GHVLJQHUV�FDQQRW� LPDJLQH�KRZ� WKH\�FDQ�ZRUN�ZLWK� WKHP�
DQG� KRZ� WKH\� ZLOO� DIIHFW� WKHLU� ZRUNLQJ� PHWKRGV�� 7KLV� PD\
H[SODLQ�ZK\�WKH\�DUH�VRPHKRZ�OHVV�SUHIHUUHG�
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5HTXLUHPHQWV

)LJXUH�����7KH�OHYHOV�RI�IXOILOOPHQW�RI�UHTXLUHPHQWV
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.H\ERDUG

*UDSKLF�SHQ

9RLFH�FRQWURO

7KLV�H[SHULPHQW�JDYH�D�FOXH�RQ�KRZ�WKH�LQSXW�VWUHDP�FRQVLVWLQJ
RI�YRLFH�FRQWURO��JHVWXUHV�DQG�NH\ERDUG� LV� UHODWLYHO\�SUHIHUUHG�
,Q� WKH� RSLQLRQ� RI� WKH� VXEMHFWV�� WKLV� LQSXW� VWUHDP� KDG� DQ� HGJH
RYHU� WKH�RWKHUV� LQ� VDWLVI\LQJ� UHTXLUHPHQWV� VXFK�DV�5���5���5��
5��� DQG� 5���� 7KH� WHDP� FRXOG� WKHQ� VWDUW� WKH� QH[W� VWDJH� RI
GHYHORSPHQW� L�H�� GHYHORSLQJ� DQG� WHVWLQJ� DOJRULWKPV� ZLWK� WKH
GHYHORSHUV�DV�VXEMHFWV��IROORZHG�E\�LPSOHPHQWDWLRQ�DQG�WHVWLQJ
RI�SLORW�SURWRW\SHV�E\�LQYROYLQJ�WKH�GHVLJQHUV�DV�VXEMHFW�

���',6&866,21
,W�LV�LPSRUWDQW�WR�PHQWLRQ�WKDW�WKH�FDVH�DSSOLFDWLRQ�FRYHUHG

LQ� WKH� SUHYLRXV� VHFWLRQ� LOOXVWUDWHV� RQO\� RQH� ZD\� RI� XVLQJ� WKH
DEVWUDFW�SURWRW\SLQJ� WHFKQLTXH��7KHUH� DUH� WKUHH�ZD\V� LQ�ZKLFK
WKH�DEVWUDFW�SURWRW\SLQJ�WHFKQLTXH�FDQ�EH�XVHG�LQ�WKH�SURFHVVHV
RI� GHYHORSPHQW� RI� GHVLJQ� VXSSRUW� V\VWHPV�� QDPHO\�� �L�� DV� D
VWDQG� DORQH� GHYHORSPHQW� PRGHO�� �LL�� DV� D� WHVWLQJ� WHFKQLTXH
ZLWKLQ�WKH�SUHYDLOLQJ�VRIWZDUH�GHYHORSPHQW�PRGHOV��DQG�RU��LLL�
DV� D� WHFKQLTXH� IRU� NHHSLQJ� UHTXLUHPHQWV� DERDUG� GXULQJ
GHYHORSPHQW�� 3UDJPDWLFDOO\� VSHDNLQJ�� RQH�PD\� QRW� EH� DEOH� WR
XWLOL]H�RU�QHHG�DOO�DEVWUDFW�SURWRW\SLQJ�PHWKRGV�DW�D�JR��,QVWHDG�
GHSHQGLQJ�RQ�WKH�QHHGV�DQG�WKH�VL]H�RI�WKH�SURMHFW��VRPH�RI�WKH
PHWKRGV�FDQ�EH�XWLOL]HG��LJQRUHG��RU�FXVWRPL]HG�

,Q�XVLQJ�WKH�DEVWUDFW�SURWRW\SLQJ�WHFKQLTXH�DV�D�VWDQG�DORQH
GHYHORSPHQW�PRGHO�� WKH�GHYHORSPHQW�SURFHVV� VKRXOG�\LHOG� WKH
IROORZLQJ� WHVWDEOH� LQFLGHQWDO� DEVWUDFW� LPSOHPHQWDWLRQV�� �L�
IRXQGDWLRQDO� WKHRULHV�� �LL�� PHWKRGV� �L�H�� EDVHG� RQ� WKH� VHOHFWHG
WKHRULHV��� �LLL�� DOJRULWKPV�� DQG� �LY�� SLORW� LPSOHPHQWDWLRQV�
6HYHUDO�VROXWLRQ�SURSRVDOV��L�H��DEVWUDFW�LPSOHPHQWDWLRQV��RIWHQ
FRPH� LQWR� WKH� SLFWXUH�� HVSHFLDOO\� DW� WKH� KLJKHU� OHYHOV� RI
DEVWUDFWLRQ�� L�H�� DW� WKH� WKHRULHV� DQG� WKH� PHWKRGV� OHYHOV�� 3UH�
LPSOHPHQWDWLRQ�WHVWLQJ�RI�VXFK�DOWHUQDWLYH�LPSOHPHQWDWLRQV�DQG
VHOHFWLRQ�RI�WKH�EHVW�DOWHUQDWLYH�FDQ�EH�GRQH�LQ�WKH�IUDPHZRUN�RI
WKH� DEVWUDFW� SURWRW\SLQJ� WHFKQLTXH�� $OJRULWKPV� DQG� SLORW
LPSOHPHQWDWLRQV� DUH� DOVR� WHVWDEOH� LPSOHPHQWDWLRQV� WKDW� RIWHQ
DSSHDU� LQ� WKH� IUDPHZRUNV� RI� WKH� WUDGLWLRQDO� VRIWZDUH
GHYHORSPHQW�PRGHOV�VXFK�DV�WKH�ZDWHUIDOO�DQG�SURJUDP�JURZWK
PRGHOV��7KHVH�DEVWUDFW�VRIWZDUH�LPSOHPHQWDWLRQV�FDQ�EH� WHVWHG
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LQ�WKH�IUDPHZRUN�RI�WKH�DEVWUDFW�SURWRW\SLQJ�WHFKQLTXH��,Q�XVLQJ
DEVWUDFW� SURWRW\SLQJ� DV� D� WHFKQLTXH� IRU� NHHSLQJ� UHTXLUHPHQWV
DERDUG�GXULQJ�GHYHORSPHQW��WKH�UHTXLUHPHQWV�GHVFULSWLRQ�XWLOLW\
SURYLGHV�VRIWZDUH�WRROV�IRU�PXOWL�FULWHULD�VHDUFK�RI�UHTXLUHPHQWV
DQG�IRU�FURVV�UHIHUHQFLQJ�UHTXLUHPHQWV�WR�IXQFWLRQDOLW\��OHYHO�RI
DEVWUDFWLRQ�DQG�WKHLU�RULJLQ�

7KHUH� LV� VXJJHVWLRQ� LQ� VRPH� OLWHUDWXUH�� H�J�� LQ� 6FKOXWHU�
�������WKDW�SRLQWV�RXW�WKDW�WKH�XVH�RI�VWDQGDUG�GHYHORSPHQW�DQG
WHVWLQJ�PHWKRGV� LV�QHFHVVDU\��EXW� VORZV�GRZQ� WKH�GHYHORSPHQW
SURFHVV��$SSDUHQWO\��WLPH�FRQVXPSWLRQ�RI�WKH�XVH�RI�PHWKRGV�LV
JHQHUDOO\�XQFHUWDLQ��,W� LV�LPSRUWDQW� WR�PHQWLRQ� WKDW�ZLWK�UHJDUG
WR� WKH�DEVWUDFW�SURWRW\SLQJ� WHFKQLTXH�� WKHUH�DUH�RSHQ�TXHVWLRQV
RQ�WKH�ZD\�RI�PD[LPL]LQJ�LWV�HIILFLHQF\��$W�WKH�HQG�RI�WKH�GD\�
WKH� HIIHFWV� RI� WKH� XVH� RI� WKH� DEVWUDFW� SURWRW\SLQJ� WHFKQLTXH
VKRXOG�RXWZHLJK�WKRVH�RI�QRW�XVLQJ�LW�

����&21&/86,216
$�FRPSXWHU�EDVHG�SUH�LPSOHPHQWDWLRQ�WHVWLQJ�PHWKRGRORJ\�

FDOOHG�DEVWUDFW�SURWRW\SLQJ�KDV�EHHQ�SURSRVHG�DQG�LV�EHLQJ�XVHG
LQ� WKH� SURFHVV� RI� GHYHORSPHQW� DQG� WHVWLQJ� RI� DEVWUDFW
LPSOHPHQWDWLRQV� RI� GHVLJQ� VXSSRUW� VRIWZDUH� WRROV�� 7\SLFDO
DSSOLFDWLRQV� KDYH� VKRZQ� WKDW� LW� HIIHFWLYHO\� VXSSRUWV� WKH
GHYHORSHUV�LQ�H[SORULQJ�WKH�VXLWDELOLW\�RI�WKH�LPSOHPHQWDWLRQV�DW
YDULRXV� OHYHOV� RI� DEVWUDFWLRQ�� 7KH� XQLTXH� IHDWXUH� RI� WKLV
PHWKRGRORJ\� LV� WKDW� LW� SURYLGHV� D� IUDPHZRUN� IRU� LQYROYLQJ� WKH
UHSUHVHQWDWLYHV�RI�WKH�VWDNHKROGHUV�LQ�DVVHVVLQJ�WKH�FRQVLVWHQFH�
FRPSOHWHQHVV� DQG� XVDELOLW\� RI� DEVWUDFW� LPSOHPHQWDWLRQV� RI
GHVLJQ� VXSSRUW� VRIWZDUH� WRROV� DV� WKH\� HYROYH�� ,W� JLYHV� WKHP� D
FKDQFH� WR� H[SUHVV� WKHLU� RSLQLRQV� GXULQJ� GHYHORSPHQW�� WKXV
UHGXFLQJ� WKH� ULVN� RI� GHYHORSLQJ� VXEVWDQGDUG� WRROV�� &R�
GHYHORSPHQW� DQG� VWDNHKROGHUV� RULHQWHG� SUH�LPSOHPHQWDWLRQ
WHVWLQJ� LQFUHDVH� WKH� FKDQFH� RI� FUHDWLQJ� DFFHSWDEOH� GHVLJQ
VXSSRUW�VRIWZDUH�WRROV�

$&.12:/('*0(176
7KH� UHVHDUFK� ZRUN� UHSRUWHG� LQ� WKLV� SDSHU� UHODWHV� WR� WKH

,QWHJUDWHG�&RQFHSW�$GYDQFHPHQW� �,&$��SURMHFW�RI� WKH�)DFXOW\
RI�'HVLJQ��(QJLQHHULQJ��DQG�3URGXFWLRQ�RI�WKH�'HOIW�8QLYHUVLW\
RI�7HFKQRORJ\��'HOIW��7KH�1HWKHUODQGV�

5()(5(1&(6
$OWRY�� +�� �$QG� 6XGGHQO\� WKH� ,QYHQWRU� $SSHDUHG��

:RUFHVWHU��0$��7HFKQLFDO�,QQRYDWLRQ�&HQWHU�������
$OWVKXOOHU�� *�� 6�� �&UHDWLYLW\� DV� DQ� ([DFW� 6FLHQFH�� 7KH

7KHRU\� RI� WKH� 6ROXWLRQ� RI� ,QYHQWLYH� 3UREOHPV��� 1HZ� <RUN�
*RUGRQ�DQG�%UHDFK�������

%DVKLU�� ,�� DQG� *RHO�� $�� /��� �7HVWLQJ� RI� 2EMHFW�2ULHQWHG
6RIWZDUH��/LIH�&\FOH���4XDOLW\�7HFKQLTXHV�1HZVOHWWHU��6RIWZDUH
5HVHDUFK� ,QF��� 6DQ� )UDQFLVFR�� &$� 86$�
KWWS���ZZZ�VRIW�FRP�1HZV�471�2QOLQH��2FWREHU������

%HL]HU�� %�� �������� 7HVWLQJ�� %HVW� DQG� :RUVW� 3UDFWLFHV�
4XDOLW\� 7HFKQLTXHV� 1HZVOHWWHU�� 6RIWZDUH� 5HVHDUFK� ,QF��� 6DQ
)UDQFLVFR�� &$� 86$�� � KWWS���ZZZ�VRIW�FRP�1HZV�471�2QOLQH�
1RYHPEHU�������

'HNNHUV�� 0��� �������� �0DNLQJ� 
,7
� :RUN��� 4XDOLW\
7HFKQLTXHV�1HZVOHWWHU��6RIWZDUH�5HVHDUFK�,QF���6DQ�)UDQFLVFR�
&$�86$���KWWS���ZZZ�VRIW�FRP�1HZV�471�2QOLQH��$SULO������

*LHVVHQ��0��DQG�6HYHQVWHUQ��%���,QYHVWLJDWLRQ�RI�'HVLJQHUV

,QSXW� 'HYLFHV� 3UHIHUHQFHV��� ,'(� ���� 5HVHDUFK� 5HSRUW�� 'HOIW
8QLYHUVLW\�RI�7HFKQRORJ\��SS�������������

*UD\��-��3���/LX��$���DQG�6FRWW��$����������(GLWRULDO���6SHFLDO
,VVXH� RQ� &RQVWUXFWLQJ� 6RIWZDUH� (QJLQHHULQJ� 7RROV��
,QIRUPDWLRQ� DQG� 6RIWZDUH� 7HFKQRORJ\� -RXUQDO�� (OVHYLHU�� 9RO�
����SS��������

-RQHV��:��*���6RIWZDUH�(QJLQHHULQJ���-RKQ�:LOH\�DQG�6RQV�
�����

.DWR�� 1�� DQG� .XQLIXML�� 6�� ������� ³&RQVHQVXV�PDNLQJ
VXSSRUW� V\VWHP� IRU� UHDFWLYH� SUREOHP� VROYLQJ´�� -RXUQDO� RI
.QRZOHGJH�%DVHG�6\VWHPV������������SS��������

.DZDNLWD�� -��� ³7KH�.-�0HWKRG�� $� 6FLHQWLILF� $SSURDFK� WR
3UREOHP�6ROYLQJ´��.DZDNLWD�5HVHDUFK�,QVWLWXWH�������

0RRUH�� '�� /��� �������� �0DQDJLQJ� 5HTXLUHPHQWV�� )URP
%DWWOHVKLS� WR� +HDW�6HHNLQJ� 0LVVLOH��� 4XDOLW\� 7HFKQLTXHV
1HZVOHWWHU�� 6RIWZDUH� 5HVHDUFK� ,QF��� 6DQ� )UDQFLVFR�� &$� 86$�
KWWS���ZZZ�VRIW�FRP�1HZV�471�2QOLQH��1RYHPEHU������

2SL\R��(��=���+RUYiWK��DQG�9HUJHHVW��-��6��0�����.QRZOHGJH
5HSUHVHQWDWLRQ� DQG� 3URFHVVLQJ� LQ� $EVWUDFW� 3URWRW\SLQJ� RI
'HVLJQ� 6XSSRUW� 7RROV��� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ
(QJLQHHULQJ�'HVLJQ��,&('�����*ODVJRZ��8.��,Q�SUHVV��������

2SL\R��(��=���+RUYiWK�� DQG�9HUJHHVW�� -��6��0��� ��6RIWZDUH
7RROV� IRU�$EVWUDFW�3URWRW\SLQJ�RI�'HVLJQ�6XSSRUW�7RROV�����WK

&RPSXWHUV�DQG�,QIRUPDWLRQ� LQ�(QJLQHHULQJ� �&,(��&RQIHUHQFH�
����� $60(� '(7&� &RQIHUHQFHV�� 6HSWHPEHU� ������� �����
%DOWLPRUH�� 0DU\ODQG�� 86$�� 3DSHU� 1R�� '(7&�&,(�������
,6%1����������������1HZ�<RUN��1<��86$�

3DXON��0�� &��� &XUWLV�� %��� &KULVVLV�� 0��� %�� DQG�:HEHU�� &�
9���&DSDELOLW\� 0DWXULW\� 0RGHO�� 9HUVLRQ� ������ ,(((� 6RIWZDUH�
9RO������1R�����-XO\�������SS��������

6FKOXWHU�� $�� �5HTXLUHPHQWV� RQ� WKH� XVH� RI� 0HWKRGV� LQ
,QGXVWU\��� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ
(QJLQHHULQJ� 'HVLJQ�� ,&('� ���� $XJXVW� ������� ������ 0XQLFK�
*HUPDQ\��SS����������

:KLWHVLGH�� -��� %HQQHWW�� -��� DQG� +ROW]EODWW�� .��� �����
�8VDELOLW\� (QJLQHHULQJ�� 2XU� H[SHULHQFH� DQG� HYROXWLRQ��� ,Q
+DQGERRN�RI�+XPDQ�&RPSXWHU� ,QWHUDFWLRQ� �0��+HODQGHU� HG��
(OVHYLHU�6FLHQFH�3XEOLVKHUV�


