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$EVWUDFW� 9DOLGDWLRQ DQG WHVWLQJ DUH H[SHQVLYH WDVNV LQ WKH VRIWZDUH GH�
YHORSPHQW F\FOH� ,Q RUGHU WR VDYH WLPH ZKLOH YDOLGDWLQJ DQG WHVWLQJ D QHZ
V\VWHP� ZH SURSRVH XVLQJ ORJLF SURJUDPPLQJ WRJHWKHU ZLWK FRQVWUDLQW VROY�
LQJ IRU WKH V\PEROLF H[HFXWLRQ RI IRUPDO VSHFLnFDWLRQV �OLNH K\EULG DXWRPDWD
RU VWDWHFKDUWV� RI FRQFXUUHQW V\VWHPV� ,Q RUGHU WR YDOLGDWH D V\VWHP� GHVLUHG
SURSHUWLHV FDQ EH VSHFLnHG LQ D IUDJPHQW RI nUVW RUGHU WHPSRUDO ORJLF UHODWLQJ
YDULDEOH YDOXHV DW GLmHUHQW WLPHV� $V D UHVXOW� DOO SRVVLEOH SDWKV� WKDW VDWLVI\
WKH FRQVWUDLQWV JLYHQ LQLWLDOO\� DUH REWDLQHG WRJHWKHU ZLWK WKH FRUUHVSRQGLQJ
QHFHVVDU\ DQG VXpFLHQW FRQVWUDLQWV� 8VLQJ WKLV DSSURDFK� RQH FDQ DOVR FRP�
SXWH EDFNZDUGV� 2QH FDQ� IRU H[DPSOH� GHULYH SRVVLEOH UDQJHV RI WKH LQSXW
YDULDEOHV� EH WKH\ FRQWLQXRXV RU GLVFUHWH� WKDW SURGXFH VSHFLnF� JLYHQ UDQJHV
�L�H� FRQVWUDLQWV� RQ WKH RXWSXW YDULDEOHV� 6LQFH ZH FDQ WKLQN DERXW UDQJHV
LQVWHDG RI VSHFLnF YDOXHV� LW LV HDVLHU WR YHULI\ SURSHUWLHV DQG FKRRVH JRRG
YDOXHV WR WHVW WKH nQDO FRGH� :H LPSOHPHQWHG WKHVH LGHDV LQ D SURWRW\SH
LQ WKH '([9DO SURMHFW� ZKLFK LV SDUW RI WKH $576 VRIWZDUH GHYHORSPHQW
HQYLURQPHQW�

� ,QWURGXFWLRQ
6RIWZDUH YHULnFDWLRQ DQG YDOLGDWLRQ DLPV DW GHWHUPLQLQJ ZKHWKHU WKH VRIWZDUH UH�
TXLUHPHQWV DUH LPSOHPHQWHG FRUUHFWO\ DQG FRPSOHWHO\� 9DOLGDWLRQ DQG WHVWLQJ DUH
FRQFHUQHG ZLWK DQVZHULQJ WKH TXHVWLRQ �$UH ZH EXLOGLQJ WKH ULJKW WKLQJ"�� 7KH
FKDOOHQJH LQ DQVZHULQJ WKLV TXHVWLRQ LV KRZ WR FRPH XS ZLWK H[SHULPHQWV WKDW PDNH
VHQVH DQG FDQ UHYHDO D PD[LPXP QXPEHU RI SRWHQWLDO VRIWZDUH EXJV� '\QDPLF DQDO�
\VLV WHFKQLTXHV VXFK DV WHVWLQJ LQYROYH H[HFXWLRQ� RU VLPXODWLRQ� RI VRIWZDUH WR GHWHFW
HUURUV E\ DQDO\]LQJ WKH UHVSRQVH WR LQSXW�

0RGHO FKHFNLQJ LV D WHFKQLTXH IRU DQDO\]LQJ nQLWH VWDWH VSDFHV WR GHWHUPLQH
ZKHWKHU D JLYHQ SURSHUW\ KROGV RU QRW� ,W KDV EHHQ DSSOLHG VXFFHVVIXOO\ WR KDUG�
ZDUH� DQG DOVR� PRUH UHFHQWO\� WR VRIWZDUH� VHH H�J� >�@� 6LQFH VRIWZDUH LV XVXDOO\
PRGHOOHG KDYLQJ DQ LQnQLWH QXPEHU RI VWDWHV DQG FRQWLQXRXV YDULDEOHV� RQH WULHV WR
DSSUR[LPDWH LW E\ nQLWH VWDWH PDFKLQHV ZKHUH FRQWLQXRXV YDULDEOHV DUH DEVWUDFWHG
LQWR GLVFUHWH �ERROHDQ� RQHV� +RZHYHU� PRGHO FKHFNLQJ PD\ KDYH WKH VR�FDOOHG VWDWH
H[SORVLRQ SUREOHP� EHFDXVH HYHU\ VWDWH DQG HYHU\ YDULDEOH YDOXH KDV WR EH WULHG�
UHVXOWLQJ LQ DQ H[SRQHQWLDO EORZ�XS LQ WKH QXPEHU RI VWDWHV�
" 7KLV ZRUN LV VXSSRUWHG E\ WKH %UD]LOLDQ�*HUPDQ &134�*0' SURMHFW '([9DO �'HULYD�
WLRQ RI PHDQLQJIXO ([SHULPHQWV IRU 9DOLGDWLRQ��



7KH PRGHO �D VWDWH PDFKLQH� UHSUHVHQWV WKH LPSRUWDQW IHDWXUHV RI D VRIWZDUH
XQGHU FRQVLGHUDWLRQ� ,Q PRGHO FKHFNLQJ� GHVLUHG SURSHUWLHV RI WKH VRIWZDUH DUH XVX�
DOO\ H[SUHVVHG LQ D YDULDWLRQ RI nUVW RUGHU SUHGLFDWH ORJLF� W\SLFDOO\ EUDQFKLQJ WLPH
WHPSRUDO ORJLFV VXFK DV &7/ �&RPSXWDWLRQ 7UHH /RJLF� >�@� ,Q VXFK ORJLFV� WKH WUXWK
YDOXHV RI SUHGLFDWHV DUH WLPH�GHSHQGHQW� 7KH PRGHO LV �FKHFNHG� WR VHH LI WKH GHVLUHG
SURSHUWLHV KROG LQ WKH PRGHO� 7KH UHVXOW LV HLWKHU D FODLP WKDW WKH SURSHUW\ KROGV
RU D FRXQWHUH[DPSOH�

2XU JRDO LV WR V\PEROLFDOO\ H[HFXWH DQG YDOLGDWH IRUPDO VSHFLnFDWLRQV JLYHQ DV
FRQFXUUHQW WUDQVLWLRQ V\VWHPV �VWDWH PDFKLQHV� DXWRPDWD >��@�� H�J� K\EULG DXWRPDWD
>�� ��@ RU VWDWHFKDUWV >�@� HYHQ LQ WKH SUHVHQFH RI FRQWLQXRXV YDULDEOHV DQG QRQ�OLQHDU
H[SUHVVLRQV� 7KH LGHD LV WR PDNH WKHVH VSHFLnFDWLRQV H[HFXWDEOH E\ WUDQVODWLQJ WKHP
LQWR D FRQVWUDLQW ORJLF SURJUDPPLQJ �&/3� ODQJXDJH�

,W LV VWUDLJKWIRUZDUG WR H[SUHVV WKH WUDQVLWLRQ V\VWHP LQ D &/3 ODQJXDJH� KRZ�
HYHU DFWLRQV �YDULDEOH DVVLJQPHQW� DQG FRQFXUUHQF\ �EHWZHHQ GLmHUHQW DXWRPDWD�
QHHG PRUH WKLQNLQJ� /RJLFDO UXOHV GHVFULEH WUDQVLWLRQV� ZKHUH ERWK SUHFRQGLWLRQV
�JXDUGV� DQG DFWLRQV �YDULDEOH DVVLJQPHQWV� RI WKH WUDQVLWLRQ DUH PDSSHG LQWR FRQ�
VWUDLQWV� &RQVWUDLQWV DUH EDVLFDOO\ nUVW RUGHU SUHGLFDWHV IRU ZKLFK HpFLHQW VROYHUV DUH
DYDLODEOH� &RQVWUDLQWV HQDEOH XV WR UHSUHVHQW SRVVLEOH LQnQLWH UHODWLRQV� H�J� ; � ��
nQLWHO\�

$V RSSRVHG WR VWDQGDUG nQLWH PRGHO FKHFNLQJ� WKH XVH RI FRQVWUDLQW VROYLQJ DO�
ORZV RQH WR ZRUN ZLWK ERWK GLVFUHWH DQG FRQWLQXRXV YDULDEOHV GLUHFWO\� DQG PRUH
JHQHUDO� ZLWKRXW JLYLQJ VSHFLnF YDOXHV WR YDULDEOHV DW DOO� ,QVWHDG� DUELWUDU\ FRQGL�
WLRQV �FRQVWUDLQWV� RQ DQ\ YDULDEOHV LQ DQ\ VWDWH GHVFULELQJ SURSHUWLHV WKDW VKRXOG
EH REH\HG GXULQJ WKH H[HFXWLRQ FDQ EH JLYHQ DV FRQVWUDLQWV E\ WKH XVHU� :H XVH D
nUVW RUGHU WHPSRUDO ORJLF WR H[SUHVV XVHU FRQVWUDLQWV RQ WKH YDULDEOHV DQG LWV YDOXHV
RFFXUULQJ LQ GLmHUHQW VWDWHV�

6XFK FRQVWUDLQWV DUH VROYHG DQG VLPSOLnHG WRJHWKHU ZLWK QHZ FRQVWUDLQWV LQ�
WURGXFHG GXULQJ WUDQVLWLRQV� 7KH FRPSXWDWLRQ IROORZV DQ\ SDWK LQ WKH WUDQVLWLRQ
V\VWHP� SURYLGHG WKDW WKH FRQVWUDLQWV DFFXPXODWHG LQ HDFK WUDQVLWLRQ RI WKH SDWK�
WRJHWKHU ZLWK XVHU JLYHQ FRQVWUDLQWV� DUH VDWLVnDEOH� $OO SRVVLEOH YDOLG UXQV DUH WKHUH�
IRUH WDNHQ LQWR DFFRXQW� 7KH UHVXOW RI D UXQ FRQVLVWV RI D SDWK DQG VRPH WLPH�
GHSHQGHQW FRQVWUDLQWV WKDW PXVW EH VDWLVnHG E\ WKH YDULDEOHV RI WKH DXWRPDWRQ DW
GLmHUHQW SRLQWV LQ WLPH� 7KH XVHU FDQ VFDQ WKH UHVXOW LQ RUGHU WR XQGHUVWDQG DOO WKH
DVVLJQPHQWV �WR WKH YDULDEOHV� ZKLFK HQDEOH WKH IROORZLQJ RI LWV SDWK�

,Q VKRUW� LQVWHDG RI FKHFNLQJ WKDW D WHPSRUDO IRUPXOD �SURSHUW\� JLYHQ E\ WKH
XVHU LV LPSOLHG E\ WKH V\VWHP� ZH FRPSXWH RQH RU � RQ UHTXHVW � DOO SDWKV WKDW DUH
FRQVLVWHQW ZLWK WKH XVHU
V IRUPXOD� 7KH LPSOLFDWLRQ SUREOHP IRU D SURSHUW\ FDQ EH
H[SUHVVHG E\ FKHFNLQJ WKDW WKHUH DUH QR SDWKV WKDW DUH FRQVLVWHQW ZLWK WKH QHJDWLRQ
RI WKH SURSHUW\�

6LQFH FRQVWUDLQWV FDQ EH LPSRVHG RQ WKH �YDULDEOHV RI WKH� nQDO VWDWH RI WKH
FRPSXWDWLRQ� RQH FDQ HQXPHUDWH DOO UXQV WKDW OHDG WR WKH VDPH nQDO VWDWH� 7KH
GLVMXQFWLRQ RI WKH FRQVWUDLQWV IRU DOO SRVVLEOH UXQV ORJLFDOO\ GHVFULEHV WKH FRQGLWLRQV
XQGHU ZKLFK WKH nQDO VWDWH FDQ EH UHDFKHG� )URP WKHVH FRQGLWLRQV� WHVWV FDQ EH
GHULYHG� 0RUH FRQFUHWHO\� LI WKH XVHU VSHFLnHV� DPRQJ RWKHU LQLWLDO FRQVWUDLQWV� VRPH
FRQVWUDLQWV RQ WKH UDQJHV RI RXWSXW YDOXHV� KH RU VKH FDQ JHW WKH FRUUHVSRQGLQJ
UDQJHV RI LQSXW YDOXHV WKDW DOORZ SDWKV IURP DQ LQLWLDO VWDWH WR D nQDO VWDWH� ,Q WKLV
ZD\� RXU DSSURDFK IRUPV D EDVLV IRU WHVWLQJ DQG YDOLGDWLRQ� ZKHUH WKH RXWSXW YDOXHV�
RU UDQJHV RI YDOXHV� PXVW EH NQRZQ�

,Q +<7(&+ >�� ��@� DQ LPSOHPHQWDWLRQ RI OLQHDU K\EULG DXWRPDWD LQ 0DWKH�
PDWLFD� D SURFHGXUDO ODQJXDJH LV XVHG WR IRUPXODWH GHVLUHG SURSHUWLHV WR EH FKHFNHG
�TXHULHV�� 7KH XQGHUO\LQJ WHPSRUDO ORJLF� ,&7/ LV LQVSLUHG E\ WKH GXUDWLRQ FDOFX�
OXV >�@ DQG &7/ >�@� ,W KDV FORFNV DQG LQWHJUDWRUV �VSHFLDO FRXQWHUV WKDW LQFUHPHQW
RQO\ LI D FHUWDLQ SURSHUW\ LV WUXH�� +RZHYHU� WKH +<7(&+ V\VWHP FDQQRW EH HDV�
LO\ HPSOR\HG WR H[SUHVV DOO NLQGV RI TXHULHV UHODWLQJ YDULDEOHV DW GLmHUHQW WLPHV�



,Q RXU WRRO SURWRW\SH '([9DO >�@� H[SUHVVLQJ SURSHUWLHV LQ D GHFODUDWLYH ZD\ DV
FRQVWUDLQWV� LQFOXGLQJ FRQVWUDLQWV UHODWLQJ DQ\ YDULDEOHV DW DQ\ �GLmHUHQW� WLPHV� LV
VWUDLJKWIRUZDUG�

$Q\ FRQVWUDLQW WKDW FDQ EH KDQGOHG E\ WKH FRQVWUDLQW VROYHUV� HPEHGGHG ZLWKLQ
WKH &/3 ODQJXDJH� FDQ EH XVHG LQ '([9DO� ,Q SDUWLFXODU� QRQ�OLQHDU FRQVWUDLQWV
FDQ EH KDQGOHG E\ VRPH DYDLODEOH FRQVWUDLQW VROYHUV� ,Q +<7(&+� QRQ�OLQHDU IXQF�
WLRQV FDQ EH DSSUR[LPDWHG E\ SLHFHZLVH OLQHDU IXQFWLRQV� DW WKH FRVW KRZHYHU RI
LQWURGXFLQJ PRUH WUDQVLWLRQV�

$ PDLQ FKDUDFWHULVWLF DQG VRXUFH RI HpFLHQF\ RI &/3 ODQJXDJHV LV WKDW FRQ�
VWUDLQW VROYLQJ DQG VHDUFK DUH LQWHUOHDYHG� SHUIRUPHG RQ�WKH�o\� L�H ERWK FRQVWUDLQW
VROYLQJ DQG VHDUFK DUH LQFUHPHQWDO� 7KLV LV XQOLNH VWDQGDUG DSSURDFKHV RI PRGHO
FKHFNLQJ ZKHUH DOO WKH FRQVWUDLQWV �SURSRVLWLRQV� DQG FKRLFHV KDYH WR EH KDQGOHG DW
RQFH UHVXOWLQJ LQ KXJH DPRXQWV RI GDWD�

,Q WKH QH[W VHFWLRQ ZH EULHo\ LQWURGXFH K\EULG DXWRPDWD DQG FRQVWUDLQW ORJLF
SURJUDPPLQJ� :H WKHQ GHVFULEH WKH 'H[9DO SURMHFW DQG WRRO WKDW DLPV WR GHULYH
PHDQLQJIXO H[SHULPHQWV IRU VRIWZDUH YDOLGDWLRQ IURP V\PEROLF H[HFXWLRQV LQ D FRQ�
VWUDLQW ORJLF SURJUDPPLQJ ODQJXDJH� 6HFWLRQ � JLYHV WKH DOJRULWKP DQG LPSOHPHQ�
WDWLRQ XVHG IRU V\PEROLF H[HFXWLRQ� :H WKHQ LQWURGXFH WKH H[DPSOH RI D EDWKURRP
ERLOHU VFHQDULR� :H HQG ZLWK FRQFOXVLRQV DQG DQ RXWORRN IRU IXWXUH ZRUN�

� 3UHOLPLQDULHV
��� +\EULG $XWRPDWD
+\EULG DXWRPDWD >�� ��@ KDYH EHHQ LQWURGXFHG IRU PRGHOOLQJ PL[HG GLVFUHWH � FRQ�
WLQXRXV V\VWHPV� $ K\EULG DXWRPDWRQ LV D WUDQVLWLRQ V\VWHP ZKRVH VWDWHV FRQWDLQ
GHVFULSWLRQV RI FRQWLQXRXV DFWLYLWLHV DQG ZKRVH WUDQVLWLRQV DUH GLVFUHWH DQG ODEHOHG
ZLWK JXDUGHG DFWLRQV� 7KH VWDWH RI WKH DXWRPDWRQ FKDQJHV HLWKHU LQVWDQWDQHRXVO\
WKURXJK D GLVFUHWH WUDQVLWLRQ DVVRFLDWHG ZLWK V\VWHP DFWLRQV RU� ZKLOH WLPH HODSVHV�
WKURXJK D FRQWLQXRXV HQYLURQPHQW DFWLYLW\� 7KH WUHDWPHQW RI FRQWLQXRXV DFWLYLWLHV
LQVLGH VWDWHV DQG WKH DEVHQFH RI KLHUDUFKLFDO DEVWUDFWLRQ LQWR VXSHUVWDWHV� DUH WKH
PDLQ PDLQ IHDWXUHV ZKLFK GLVWLQJXLVK LW IURP UHODWHG DSSURDFKHV VXFK DV VWDWHFKDUWV
>�@�

$ YDULHW\ RI WHUPLQRORJ\ LV XVHG LQ GLmHUHQW SDSHUV RQ K\EULG DXWRPDWD >��
��@� )RU HDVH RI UHIHUHQFH� ZH KDYH HPSOR\HG WKH PRUH ZLGHO\ XVHG WHUPLQRORJ\ RI
WUDQVLWLRQ V\VWHPV� JLYLQJ DOWHUQDWLYH V\QRQ\PRXV LQ EUDFNHWV�

$ K\EULG DXWRPDWRQ FRQVLVWV RI D nQLWH QXPEHU RI HDFK RI WKH IROORZLQJ FRPSR�
QHQWV�
^ �'DWD� YDULDEOHV� 7\SLFDOO\ UHDO�YDOXHG� LQ RXU FDVH DOVR LQWHJHU RU ERROHDQ DUH

SRVVLEOH�
^ 6WDWHV �DOVR FDOOHG� FRQWURO ORFDWLRQV� FRQWURO PRGHV�� 7KHUH LV RQH LQLWLDO VWDWH

DQG RQH RU PRUH nQDO �WHUPLQDO� VWDWHV� 6WDWHV FRQVLVW RI WKUHH FRPSRQHQWV�
q 1DPH�
q ,QYDULDQW LQY �LQYDULDQW FRQGLWLRQV� ORFDWLRQ LQYDULDQWV�� D FRQVWUDLQW RQ YDUL�
DEOHV� 7KH DXWRPDWRQ PD\ UHVLGH LQ WKH VWDWH DV ORQJ DV WKH LQYDULDQW KROGV�

q ,WHUDWLRQ LWHU �FRQWLQXRXV DFWLYLWLHV� oRZ FRQGLWLRQV�� DFWLYLWLHV �DVVLJQPHQWV�
WKDW VSHFLI\ WKH QHZ YDOXHV RI WKH YDULDEOHV EDVHG RQ WKHLU YDOXHV DW WKH ODVW
FORFN� 7KH YDOXHV RI WKH YDULDEOHV FKDQJH LQ WKLV ZD\ ZKLOH WKH DXWRPD�
WRQ UHVLGHV LQ WKLV VWDWH� ,Q RXU FDVH� FRQWLQXRXV DFWLYLWLHV DUH PRGHOOHG DV
YDULDEOH DVVLJQPHQWV LQVWHDG RI JLYLQJ GHULYDWLYHV RI WKH DVVLJQHG YDULDEOH�

^ 7UDQVLWLRQV �FRQWURO VZLWFKHV�� 7KH\ FRQVLVW RI IRXU FRPSRQHQWV�
q 6RXUFH VWDWH�



q 7DUJHW VWDWH �GHVWLQDWLRQ VWDWH��
q *XDUGHG DFWLRQV �GLVFUHWH DFWLRQV� MXPS FRQGLWLRQV� JXDUGHG DVVLJQPHQWV�
JXDUGHG FRPPDQGV�� ,I WKH JXDUG �JXDUGLQJ FRQGLWLRQ� KROGV� WKH WUDQVLWLRQ
FDQ WDNH SODFH DQG PD\ FKDQJH YDOXHV RI YDULDEOHV E\ H[HFXWLQJ WKH VSHFLnHG
DFWLRQ �DVVLJQPHQWV�� 7KHUH PD\ DOVR EH WUDQVLWLRQV IURP nQDO VWDWHV� W\SL�
FDOO\ LQ QRQ�WHUPLQDWLQJ V\VWHPV� ZKHUH nQDO VWDWHV VHUYH DV FKHFN�PDUNV�

q (YHQWV �V\QFKURQL]DWLRQ ODEHOV�� XVHG WR V\QFKURQL]H FRQFXUUHQW DXWRPDWD�
:H GR QRW XVH WKHP LQ WKLV SDSHU� LI QHHGHG WKH\ FRXOG EH PRGHOOHG DV
ERROHDQ YDULDEOHV DV H�J� LQ >�@�

,Q D VWDWH WKH YDOXHV RI YDULDEOHV FRQFHSWXDOO\ FKDQJH FRQWLQXRXVO\� KRZHYHU WKH
LWHUDWLRQV DFWXDOO\ KDSSHQ VWHS E\ VWHS ZKHQ WKH FORFN LQFUHDVHV� ,WHUDWLRQV WDNHV
WLPH� ZKLOH WUDQVLWLRQV DUH LQVWDQWDQHRXV�

,Q D WLPHG K\EULG DXWRPDWD DOO WKH DXWRPDWD DUH V\QFKURQL]HG E\ D PDFKLQH
FORFN WKDW FDXVHV LWHUDWLRQV DQG WUDQVLWLRQV RI VWDWHV� $ FORFN LV D YDULDEOH WKDW
DOZD\V LQFUHDVHV ZLWK WKH UDWH RI RQH WLPH XQLW LQ HDFK LWHUDWLRQ DQG DOO WUDQVLWLRQV
OHDYH LWV YDOXH XQFKDQJHG �RU UHVHW LW WR ]HUR�� 7KH V\VWHP PRGLnHV WKH YDOXHV RI
WKH YDULDEOHV DFFRUGLQJ WR WKH VWDWH RI WKH DXWRPDWRQ DW WKH ODVW FORFN� 9DULDEOHV
WKDW GR QRW RFFXU LQ DFWLYLWLHV RU DFWLRQV UHPDLQ XQFKDQJHG�

$ K\EULG V\VWHP W\SLFDOO\ FRQVLVWV RI VHYHUDO LQWHUDFWLQJ FRQFXUUHQW K\EULG DX�
WRPDWD WKDW FRRUGLQDWH WKURXJK VKDUHG YDULDEOHV DQG HYHQWV� $OO WKH DXWRPDWD PDNH
WKHLU PRGLnFDWLRQV VLPXOWDQHRXVO\� L�H� D PD[LPDO VHW RI PXWXDOO\ FRQVLVWHQW FRQWLQ�
XRXV DFWLYLWLHV DQG HQDEOHG WUDQVLWLRQV LV SHUIRUPHG DW WKH VDPH WLPH� :H DVVXPH
WKDW D YDULDEOH FDQ EH PRGLnHG E\ RQO\ RQH DXWRPDWRQ� 2WKHUZLVH WZR FRQFXUUHQW
WUDQVLWLRQV FRXOG PRGLI\ WKH VDPH YDULDEOH�

$ VWDWH WUDQVLWLRQ GLDJUDP LV D SLFWRULDO UHSUHVHQWDWLRQ RI WKH RSHUDWLRQ RI VRPH
JLYHQ DXWRPDWRQ� ,W LV D GLUHFWHG JUDSK ZKHUH WKH YHUWLFHV UHSUHVHQW VWDWHV� ZKLFK
DUH LQVFULEHG ZLWK LQYDULDQWV DQG FRQWLQXRXV DFWLYLWLHV� DQG WKH DUFV UHSUHVHQW VWDWH
WUDQVLWLRQV� ZKLFK DUH ODEHOOHG ZLWK JXDUGHG DFWLRQV �VHH WKH XSFRPLQJ )LJXUHV��

,Q WKLV SDSHU� ZH XVH FRQFXUUHQW WLPHG K\EULG DXWRPDWD� LQ ZKLFK ZH DOORZ DUEL�
WUDU\ �QRQ�OLQHDU� LQYDULDQWV DQG FRQWLQXRXV DFWLYLWLHV LQVWHDG RI UHVWULFWLQJ RXUVHOYHV
WR OLQHDU RQHV�

��� &RQVWUDLQW /RJLF 3URJUDPPLQJ
&RQVWUDLQW ORJLF SURJUDPPLQJ �&/3� >��� �� ��@ FRPELQHV WKH DGYDQWDJHV RI ORJLF
SURJUDPPLQJ �H�J� 3URORJ� DQG FRQVWUDLQW VROYLQJ� ,Q ORJLF SURJUDPPLQJ� SUREOHPV
DUH VWDWHG LQ D GHFODUDWLYH ZD\ XVLQJ UXOHV WR GHnQH UHODWLRQV �SUHGLFDWHV RI nUVW RUGHU
ORJLF�� 5XOHV GHVFULEH WKH FRQFOXVLRQV WKDW FDQ EH UHDFKHG JLYHQ FHUWDLQ SUHPLVHV� $
ORJLF SURJUDPPLQJ V\VWHP VHDUFKHV IRU DOO VROXWLRQV E\ V\VWHPDWLFDOO\ WU\LQJ DOO SRV�
VLEOH UXOHV XVLQJ FKURQRORJLFDO EDFNWUDFNLQJ� ,Q FRQVWUDLQW VROYLQJ� HpFLHQW VSHFLDO�
SXUSRVH DOJRULWKPV DUH HPSOR\HG WR VROYH VXE�SUREOHPV LQYROYLQJ GLVWLQJXLVKHG UH�
ODWLRQV UHIHUUHG WR DV FRQVWUDLQWV�

7KH NH\ DVSHFW RI &/3 LV WKH WLJKW LQWHJUDWLRQ EHWZHHQ D GHWHUPLQLVWLF SURFHVV�
FRQVWUDLQW HYDOXDWLRQ� DQG D QRQGHWHUPLQLVWLF SURFHVV� VHDUFK� 'XULQJ SURJUDP H[�
HFXWLRQ� WKH ORJLF SURJUDP LQFUHPHQWDOO\ VHQGV FRQVWUDLQWV WR WKH FRQVWUDLQW VROYHU
�&6�� 7KH &6 WULHV WR VROYH WKH FRQVWUDLQWV� 7KH UHVXOWV IURP WKH &6 FDXVH D SULRUL
SUXQLQJ RI EUDQFKHV LQ WKH VHDUFK WUHH VSDZQHG E\ DSSO\LQJ UXOHV LQ WKH SURJUDP�
8QVDWLVnDELOLW\ RI WKH FRQVWUDLQWV PHDQV IDLOXUH RI WKH FXUUHQW EUDQFK� DQG WKXV UH�
GXFHV WKH QXPEHU RI SRVVLEOH EUDQFKHV� L�H� FKRLFHV� WR EH H[SORUHG YLD EDFNWUDFNLQJ�

)RU LQVWDQFH� LI RQH KDV DOUHDG\ DFFXPXODWHG WKH FRQVWUDLQWV ; � < � �� ; ! �
DQG < ! � DQG DQ LQHTXDOLW\ FRQVWUDLQW VROYHU LV EHLQJ DSSOLHG� ZKHQ WKH YDULDEOH
; LV ERXQG WR �� WKH H[HFXWLRQ GRHV QRW QHHG WR FRQWLQXH LQ WKLV EUDQFK� ,QVWHDG�
WKH V\VWHP ZLOO EDFNWUDFN� XQGR WKH ELQGLQJ IRU ;� DQG H[SORUH WKH QH[W EUDQFK�



7KH V\QWD[ RI &/3 LV UHPLQLVFHQW RI nUVW RUGHU SUHGLFDWH ORJLF� KRZHYHU SUHGLFDWH
V\PEROV VWDUW ZLWK ORZHU FDVH OHWWHUV DQG YDULDEOH QDPHV ZLWK XSSHU FDVH OHWWHUV�

��
 VWDQG IRU LPSOLFDWLRQ � DQG 
�
 IRU FRQMXQFWLRQ� )RU H[DPSOH�

IDF�1��� �� 1� ��
IDF�1�1
)� �� 1!�� IDF�1���)��
LV D UHFXUVLYH GHnQLWLRQ RI WKH IDFWRULDO IXQFWLRQ� L�H� IDF�1�0� KROGV LI0  1 ��

1� � DQG 1!� DUH FRQVWUDLQWV� $ JRDO �TXHU\� IDF���%� ZLOO XQIROG ZLWK WKH VHFRQG
UXOH LQWR WKH FRQMXQFWLRQ � 1� % 1
)� 1!�� IDF�1���)�� 7KH FRQVWUDLQWV DUH VHQW
WR WKH FRQVWUDLQW VROYHU� ZKHUH WKH\ DUH VLPSOLnHG LQWR 1 �� % �
)� IDF�1���)� LV
UHFXUVLYHO\ XQIROGHG ZLWK WKH nUVW UXOH \LHOGLQJ 1 �� % �
)� 1��� �� ) �� ZKLFK
VLPSOLnHV LQWR % � �RPLWWLQJ LQWHUPHGLDU\ YDULDEOHV�� 6LQFH QR PRUH SUHGLFDWHV DUH
OHIW WR EH XQIROGHG� WKH FRPSXWDWLRQ WHUPLQDWHV ZLWK WKH DQVZHU �VROXWLRQ� % ��
,I DQRWKHU DQVZHU LV UHTXHVWHG� WKH V\VWHP EDFNWUDFNV WR WKH VWDWH 1 �� % �
)�
IDF�1���)�� ,W WKHQ XVHV WKH VHFRQG UXOH WR XQIROG IDF� EXW WKLV WLPH WKH UHVXOWLQJ
FRQVWUDLQWV DUH LQFRQVLVWHQW� VR WKH DQVZHU LV QR�

� 7KH '([9DO $SSURDFK
7KH '([9DO �'HULYDWLRQ RI PHDQLQJIXO ([SHULPHQWV IRU 9DOLGDWLRQ� SURMHFW DW
WKH /0)�', GHSDUWPHQW RI 38&�5LR �3RQWLIuLFLD 8QLYHUVLGDGH &DWuROLFD GR 5LR
GH -DQHLUR� WRJHWKHU ZLWK WKH VRIWZDUH HQJLQHHULQJ GHSDUWPHQW RI /08 �/XGZLJ�
0D[LPLOLDQV 8QLYHUVLW�DW� >�@ LV VLWXDWHG ZLWKLQ WKH $576 SURMHFW� $576 LV D ODUJH
VFDOH HmRUW WR SXW LQGXVWULDO VRIWZDUH GHYHORSPHQW RQ D VROLG IRUPDO EDVLV IXQGHG
LQ SDUW E\ 6LHPHQV 7HOHFRPXQLFDFRHV� %UD]LO� '([9DO DLPV WR FRQWULEXWH WRZDUGV
WKLV JRDO E\ SURYLGLQJ D WRRO WKDW KHOSV WKH YDOLGDWLRQ DQG WHVWLQJ WDVNV RI VRIWZDUH
GHULYHG IURP IRUPDO VSHFLnFDWLRQV�
,Q WKH $576 SURMHFW� RQH JHQHUDWHV WKH nQDO FRGH RI D V\VWHP GLUHFWO\ IURP REMHFW

RULHQWHG VSHFLnFDWLRQV WKDW DUH WUDQVODWHG WR D IRUPDO OHYHO� :KHQ DQ DSSOLFDWLRQ
LV EHLQJ GHYHORSHG LQVLGH $576� WKH SURJUDPPHU GHnQHV DXWRPDWD WR GHVFULEH WKH
EHKDYLRXU RI WKH REMHFWV RI WKH DSSOLFDWLRQ�
7KH '([9DO DSSURDFK EDVLFDOO\ FRQVLVWV RI WZR SKDVHV �LQ WKLV SDSHU ZH FRQ�

FHQWUDWH RQ WKH nUVW SKDVH�� ,Q WKH nUVW SKDVH� PHDQV DUH SURYLGHG WR V\PEROLFDOO\
H[HFXWH IRUPDO VSHFLnFDWLRQ JLYHQ DV D WUDQVLWLRQ V\VWHP �K\EULG DXWRPDWD RU VWDW�
HFKDUWV�� ,Q WKH VHFRQG SKDVH RI WKH WRRO RQH GHULYHV WHVW FDVHV IRU H[SHULPHQWV
YDOLGDWLQJ WKH nQDO FRGH WKDW VKRXOG LPSOHPHQW WKH DXWRPDWRQ VSHFLnFDWLRQ�

��� 7KH '([9DO 7RRO
7KH '([9DO WRRO �VKRUW� '([9DO� FRQVXOWV WKH GHnQLWLRQV RI WKH DXWRPDWRQ WR
FKHFN ZKHWKHU IURP D FHUWDLQ LQLWLDO VWDWH LW LV SRVVLEOH WR UHDFK D nQDO VWDWH ZLWKRXW
YLRODWLQJ DQ\ SURSHUWLHV JLYHQ E\ WKH XVHU FKHFNLQJ WKH DSSOLFDWLRQ�
7KH XVHU FDQ VSHFLI\ SURSHUWLHV DV FRQWUDLQWV WKDW VKRXOG KROG IRU DOO VWDWHV

�XQLYHUVDO TXDQWLnFDWLRQ� DQG FRQWUDLQWV WKDW VKRXOG KROG IRU DW OHDVW RQH VWDWH
�H[LVWHQWLDO TXDQWLnFDWLRQ�� &RQVWUDLQWV LQFOXGH�
^ YDOXHV RU UDQJHV RI LQSXW YDULDEOHV�
^ YDOXHV RU UDQJHV RI RXWSXW YDULDEOHV�
^ YDOXHV RU UDQJHV RI YDULDEOHV DW LQWHUPHGLDWH VWDWHV�
,Q JHQHUDO� DUELWUDU\ FRQVWUDLQWV �H�J� OLQHDU DQG QRQ�OLQHDU HTXDOLWLHV DQG LQHTXDOL�
WLHV� DPRQJ GLmHUHQW YDULDEOHV DW GLmHUHQW WLPHV FDQ EH VSHFLnHG� 7KLV LV GRQH E\



XVLQJ WKH WHPSRUDO PRGDOLWLHV �VLQFH�� �XQWLO�� �DOZD\V LQ WKH IXWXUH�� �DOZD\V LQ
WKH SDVW�� �VRPHWLPH LQ WKH IXWXUH� DQG �VRPHWLPH LQ WKH SDVW��
7KHUHIRUH� WKH XVHU FDQ H[SUHVV FRPSOH[ SURSHUWLHV VXFK DV�

^ �VLQFH ;!<� = ���
DOO�7�VLQFH�7�7��[�7�!\�7��]�7� ��

^ �IRU DOO VWDWHV� ; KDV D KLJKHU YDOXH WKDQ LWV YDOXH LQ WKH SUHYLRXV VWDWH��
DOO�7�[�7![��7����

^ �; LV QHYHU KLJKHU WKDQ < DQG OHVV WKDQ = DW WKH VDPH WLPH��
QRW�H[LVWV�7��[�7!\�7� [�7�]�7���

^ �LI� DW VRPH WLPH� ;!<� WKHQ DW PRVW � VHFRQGV ODWHU = ���
DOO�7�LPSOLHV�[�7!\�7�
H[LVWV�7���V\VWLPH�7��V\VWLPH�7��� V\VWLPH�7�!V\VWLPH�7�]�7� �����
'([9DO FRPSXWHV DOO SDWKV WKDW GR QRW YLRODWH WKH XVHU FRQVWUDLQWV� 0RUHRYHU�

'([9DO LQIRUPV WKH XVHU RI FRQVWUDLQWV RQ FHUWDLQ YDULDEOHV �VSHFLnHG E\ WKH XVHU�
WKDW PXVW KROG WR DOORZ WKH FRUUHVSRQGLQJ SDWK WR EH IROORZHG� )RU H[DPSOH� WKH
XVHU FDQ VSHFLI\ WKDW DQ RXWSXW YDULDEOH� VD\ ;� LV KLJKHU WKDQ � DQG UHTXHVW WKDW
'([9DO nQG DOO SDWKV DQG FRUUHVSRQGLQJ YDOXHV IRU DQ LQSXW YDULDEOH <� '([9DO
PLJKW LQIRUP WKH XVHU� IRU LQVWDQFH� WKDW < LV OHVV WKDQ �� IRU D FHUWDLQ SDWK�

��� 9DOLGDWLRQ DQG 7HVWLQJ
)LJXUH � VKRZV KRZ ZH SHUFHLYH WKDW '([9DO FDQ KHOS YDOLGDWLRQ DQG WHVWLQJ WDVNV�
7KH nUVW XVH RI '([9DO LV WR REWDLQ� JLYHQ VRPH DVVHUWLRQV �DV FRQVWUDLQWV� RQ
WUDQVLWLRQ SDWKV DQG WLPLQJ� UDQJHV LQ ZKLFK WKH YDOXHV RI UHOHYDQW LQSXW YDULDEOHV DW
GHVLJQ OHYHO VKRXOG EH� 6LQFH WKH XVHU KDV DOO WKH UDQJHV� KH RU VKH FDQ FKHFN ZKHWKHU
WKHVH UDQJHV DUH DV H[SHFWHG� ,I DW OHDVW D SDUW RI D UDQJH LV QRW DV H[SHFWHG� WKHQ
'([9DO FDQ EH DFWLYDWHG DJDLQ� UHFHLYLQJ DV LQSXW WKH GHWHFWHG ZURQJ UDQJHV DW WKH
LQLWLDO VWDWH� 7KH XVHU FDQ DQDOL]H WKH UHVXOWLQJ WUDQVLWLRQ SDWKV DQG LQWHUPHGLDWH
YDOXHV RI YDULDEOHV LQ RUGHU WR GLVFRYHU ZKHUH WKH HUURU RFFXUV� $IWHU WKH DXWRPDWD
KDYH EHHQ FRUUHFWHG� WKH XVHU FDQ UHVWDUW WKH YDOLGDWLRQ SURFHVV�

)LJ��� 9DOLGDWLRQ DQG 7HVWLQJ LQ '([9DO



,I WKH XVHU ZDQWV WR SURYH WKDW D FHUWDLQ SURSHUW\ GRHV QRW KROG� KH RU VKH FDQ
H[HFXWH '([9DO SURYLGLQJ D XVHU FRQVWUDLQW FRUUHVSRQGLQJ WR WKH QHJDWLRQ RI WKLV
SURSHUW\� ,I '([9DO nQGV D SDWK� LW LV D FRXQWHUH[DPSOH IRU WKDW SURSHUW\� ,I WKHUH
LV QR FRXQWHUH[DPSOH� WKH SURSHUW\ KROGV IRU DOO SDWKV�
6LQFH '([9DO FDQ SURYLGH nQDO FRQVWUDLQWV RQ LQSXW YDULDEOHV� LW LV DOVR D XVHIXO

WRRO IRU WHVWLQJ� 6XSSRVH� IRU LQVWDQFH� WKDW '([9DO FRPSXWHV WKDW DQ LQSXW YDULDEOH
; LV HLWKHU LQ EHWZHHQ �� DQG �� DQG WKH RXWSXW YDULDEOH < LV KLJKHU WKDQ ��� RU ;
LV OHVV WKDQ �� RU KLJKHU WKDQ �� DQG < LV OHVV RU HTXDO ���� 7KLV UHVXOW LQGLFDWHV
WKDW LW LV SUREDEO\ EHWWHU WR WHVW WKH FRGH IRU ; �� ��� ��� �� DQG �� WKDQ WR WHVW
IRU ; ��� ��� ��� �� DQG ���

� ,PSOHPHQWDWLRQ � 6\PEROLF ([HFXWLRQ XVLQJ &/3
,Q D SUHYLRXV H[SHULPHQW� ZH FRGHG D VPDOO VWDWHFKDUW IURP D UHDO OLIH DSSOLFDWLRQ
DW WKH FDU�PDQXIDFWXUHU %0:� 0XQLFK� LQWR WKH FRQVWUDLQW ORJLF SURJUDPPLQJ ODQ�
JXDJH (FOLSVH XVLQJ LWV &+5 OLEUDU\ >�@� 7KH VWDWHFKDUW LV DERXW DQ DXWRPDWLF VKLIW
JHDU DQG LWV FRPSXWDWLRQV DUH VHTXHQWLDO RQO\� 7KH FRGH IRU WKH WUDQVLWLRQ V\VWHP
LV DERXW � SDJHV� WKH FRGH LPSOHPHQWLQJ WKH H[DPSOH LV DERXW � SDJHV�
%DVHG RQ WKLV H[SHULHQFH� ZH LPSOHPHQWHG WKH '([9DO WRRO LQ WKH &/3 ODQJXDJH

6LFVWXV 3URORJ >�@� '([9DO LPSOHPHQWV D FRQFXUUHQW H[HFXWLRQ RI D NLQG RI K\EULG
DXWRPDWD�

��� 3UHSDUDWLRQ 6WDJH � 7UDQVODWLQJ 3URSHUWLHV
$ FRPSXWDWLRQ LQ '([9DO SURFHHGV DV IROORZV� $W WKH SUHSDUDWLRQ VWDJH IRU WKH
V\PEROLF H[HFXWLRQ� WKH SURSHUWLHV JLYHQ E\ WKH XVHU DUH WUDQVODWHG WR VHWV RI VLPSOH
FRQVWUDLQWV �VHWV RI FRQMXQFWLRQV DQG�RU GLVMXQFWLRQV�� 7KH UHIHUHQFHV WR YDULDEOHV
DW VSHFLnF FORFNV DUH UHSODFHG E\ WKH FRUUHVSRQGLQJ ORJLF YDULDEOHV� 7KH FRQVWUDLQWV
DUH LQVHUWHG LQ WKH VWRUH RI FRQVWUDLQWV WR EH LQFUHPHQWDOO\ VROYHG E\ WKH FRQVWUDLQW
VROYHU�7KH XVHU VKRXOG H[SUHVV FRQVWUDLQWV DFFRUGLQJ WR WKH IROORZLQJ %1)�V\QWD[
DQG LQIRUPDO VHPDQWLFV�
)RUPXOD � )�)��)�
)�� DOO�&9�)� IRU DOO FORFNV &9� ) LV WUXH

_ H[LVWV�&9�)� WKHUH H[LVWV D FORFN &9 ZKHQ ) LV WUXH
_ QRW�)� ) LV QRW WUXH
_ LPSOLHV�)��)�� LI )� LV WUXH WKHQ )� LV WUXH
_ VLQFH�&�&9�)��)�� )� LV WUXH IRU &
�&9�& DQG )� LV WUXH IRU &9 &

_ XQWLO�&�&9�)��)�� )� LV WUXH IRU &�&9�&
 DQG )� LV WUXH IRU &9 &

_ DOOBIXWXUH�&�&9�)� ) LV WUXH IRU DOO &9!&
_ DOOBSDVW�&�&9�)� ) LV WUXH IRU DOO &9�&
_ VRPHWLPHBIXWXUH�&�&9�)� ) LV WUXH IRU DW OHDVW RQH &9!&
_ VRPHWLPHBSDVW�&�&9�)� ) LV WUXH IRU DW OHDVW RQH &9�&
_ �)��)�� )� DQG )� DUH WUXH
_ �)��)�� )� RU )� DUH WUXH
_ (;3 5(/ (;3 DULWKPHWLF HTXDOLWLHV RU LQHTXDOLWLHV

&ORFN YDULDEOH � &9
&9�� 352/2*B9$5,$%/( DQ\ VWULQJ EHJLQQLQJ ZLWK DQ XSSHUFDVH OHWWHU
&ORFN � &
&�� &9 _ ,17(*(5B180%(5 D YDULDEOH �DOUHDG\ TXDQWLILHG� RU D QXPEHU
5HODWLRQ � 5
5�� ! _ � _ ! _  � _  



([SUHVVLRQ � ( DULWKPHWLF H[SUHVVLRQ
(;3�� 7(50 _ 7(50 � 7(50 _ 7(50 � 7(50 _ � 7(50
7(50�� (/(0 _ (/(0 
 7(50 _ (/(0 � 7(50
(/(0�� �(;3� _ 9$5B9$/8( _ 180%(5
'DWD YDULDEOH YDOXH � 9$5B9$/8(
9$5B9$/8(�� 9$5B1$0(�& _ 9DOXH DW &

9$5B1$0(�L _ 9DOXH DW WKH LQLWLDO VWDWH
9$5B1$0(�I 9DOXH DW WKH ILQDO VWDWH

9DULDEOH QDPH � 9$5B1$0(
9$5B1$0(�� 352/2*B$720 DQ\ VWULQJ VWDUWLQJ ZLWK D ORZHUFDVH OHWWHU

'([9DO WUDQVODWHV XVHU FRQVWUDLQWV OLNH DOO�;�Y�;!��� WR H[SUHVVLRQV OLNH Y��!���
Y��!���Y��!������� ZKHUH Y LV WKH QDPH RI WKH YDULDEOH IROORZHG E\ WKH FORFN�

��� 0DLQ 6WDJH � 6\PEROLF ([HFXWLRQ
7KH V\PEROLF H[HFXWLRQ RI WKH DXWRPDWD LV D VHDUFK IRU SDWKV IRU HDFK FRQFXUUHQW
DXWRPDWRQ� (DFK SDWK LV D VHTXHQFH RI WUDQVLWLRQV RU FRQWLQXRXV DFWLYLWLHV EHWZHHQ
WKH LQLWLDO VWDWH DQG WKH nQDO VWDWH RI WKH FRUUHVSRQGLQJ DXWRPDWRQ� )RU HDFK WUDQ�
VLWLRQ RU FRQWLQXRXV DFWLYLW\� WKH FRQVWUDLQW VROYHU LV LQIRUPHG RI QHZ FRQVWUDLQWV
VWHPPLQJ IURP JXDUGHG DFWLRQV� LQYDULDQWV RU LWHUDWLRQV� ,I WKH VWRUH RI FRQVWUDLQWV
EHFRPHV LQFRQVLVWHQW� WKH FXUUHQW EUDQFK IDLOV DQG '([9DO EDFNWUDFNV WR WU\ DQ�
RWKHU EUDQFK RI WKH VHDUFK WUHH� 7KH V\PEROLF H[HFXWLRQ LV SHUIRUPHG DFFRUGLQJ WR
WKH IROORZLQJ DOJRULWKP�

,QSXW
1& � QXPEHU RI FORFNV
1$ � QXPEHU RI DXWRPDWD
,1,7 67$7( � DUUD\ ZLWK WKH QDPHV RI WKH LQLWLDO VWDWH RI HDFK DXWRPDWRQ
),1$/ 67$7( � DUUD\ ZLWK WKH QDPHV RI WKH LQLWLDO VWDWH RI HDFK DXWRPDWRQ
86(5 &21675$,176 � SURSHUWLHV GHnQHG E\ WKH XVHU
9$5 352-(&7 � YDULDEOHV ZKLFK nQDO FRQVWUDLQWV VKRXOG EH SURMHFWHG RQ

,QWHUQDO GDWD VWUXFWXUHV
6>1&@�$8720$721>1$@ � DUUD\ ZLWK WKH VWDWHV RI WKH DXWRPDWRQ DQG 3URORJ YDULDEOHV DW
HDFK FORFN
&6 � FRQVWUDLQW VWRUH
,� - � FRXQWHUV
&2167�� &2167� � OLVWV RI FRQVWUDLQWV

$OJRULWKP
3UHSDUDWLRQ 6WDJH�
�� &UHDWH DUUD\ 6>1&@�$8720$721>1$@�
�� 7UDQVODWH SURSHUWLHV LQ 86(5B&21675$,176 WR FRQVWUDLQWV RQ 3URORJ

YDULDEOHV GHILQHG LQ 6 DQG DGG WKHP WR &6�
0DLQ 6WDJH�
�� )RU ,� � WR 1$ GR

���� 6>�@�$8720$721>,@�67$7(� ,1,7B67$7(>,@�
���� 6>1&@�$8720$721>,@�67$7(� ),1$/B67$7(>,@�

�� )RU ,� � WR 1&�� GR
���� )RU -� � WR 1$ GR



'R LWHUDWLRQ FRUUHVSRQGLQJ WR VWDWH
6>,@�$8720$721>-@�67$7( DQG DGG FRQVWUDLQWV WR &6�

,I LW LV LPSRVVLEOH WR GR DQ LWHUDWLRQ RI DQ\ DXWRPDWD�
WKHQ IDLO DQG EDFNWUDFN�

���� )RU -� � WR 1$ GR GHFLGH QH[W VWDWH
,I LQYDULDQW �6>,@�$8720$721>-@�67$7(� LV WUXH

UHPDLQ DW WKH VDPH VWDWH DQG DGG FRQVWUDLQWV WR &6�
(OVH FKRRVH RQH RI WKH SRVVLEOH WUDQVLWLRQV IURP

6>,@�$8720$721>-@�67$7( WR 6>,��@�$8720$721>-@�67$7(
DQG DGG FRQVWUDLQWV WR &6�

,I LW LV LPSRVVLEOH WR UHDFK WKH QH[W VWDWH RI DQ\
DXWRPDWD� WKHQ IDLO DQG EDFNWUDFN�

)LQDO 6WDJH�
�� &ROOHFW UHPDLQLQJ FRQVWUDLQWV LQ &2167�
�� 3URMHFW &2167� RQ YDULDEOHV LQ 9$5B352-(&7� JLYLQJ &2167��
�� 7UDQVODWH FRQVWUDLQWV LQ &2167� DQG SDWK LQ 6 DQG SULQW WKHP�
�� ,I WKH XVHU UHTXHVWV PRUH DQVZHUV� WKHQ IDLO� EDFNWUDFN WR ����

��� )LQDO 6WDJH � 3URGXFLQJ DQ $QVZHU
:KHQ WKH nQDO VWDWH RI HDFK DXWRPDWRQ LV UHDFKHG� '([9DO VLPSOLnHV WKH DFFXPX�
ODWHG FRQVWUDLQWV DQG SURMHFWV WKHP RQ WKH YDULDEOHV RI LQWHUHVW DV VSHFLnHG E\ WKH
XVHU� 7KH UHVXOWLQJ FRQVWUDLQWV W\SLFDOO\ VSHFLI\� DPRQJ RWKHU WKLQJV� WKH UDQJHV LQ
ZKLFK YDULDEOHV VKRXOG EH LQ RUGHU WR FDXVH WKH H[HFXWLRQ RI WKDW SDWK� 7KH XVHU
PD\ EH LQWHUHVWHG LQ H[SUHVVLQJ VXFK FRQVWUDLQWV LQ WHUPV RI FHUWDLQ YDULDEOHV RQO\�
7KHUHIRUH� '([9DO SURMHFWV WKH FRQVWUDLQWV LQ WHUPV RI WKHVH YDULDEOHV� DFFRUGLQJ
WR WKH XVHU VSHFLnFDWLRQ� )RU LQVWDQFH� DVVXPH WKDW WKH XVHU LV LQWHUHVWHG RQO\ LQ
WKH YDOXHV RI YDULDEOH ; DQG WKH VHW RI FRQVWUDLQWV LV WKH IROORZLQJ ;!�
<�� DQG <!=
DQG =!�� $IWHU WKH SURMHFWLRQ� ZH KDYH RQO\ WKH IROORZLQJ FRQVWUDLQW ;!��

7KH RXWSXW VKRZV D VHTXHQFH RI FORFNV DQG WKH FRUUHVSRQGLQJ VWDWHV IRU HDFK
DXWRPDWRQ� ,Q DGGLWLRQ WR WKH VWDWHV� WKH FRQVWUDLQWV UHPDLQLQJ DIWHU WKH SURMHFWLRQ
DUH DOVR SUHVHQWHG�

��� &/3 ,PSOHPHQWDWLRQ
0RVW RI WKH WUDQVODWLRQ RI DXWRPDWD LQWR &/3 LV VWUDLJKWIRUZDUG� 6WDWHV FRUUHVSRQG
WR &/3 SUHGLFDWHV� WUDQVLWLRQV WR &/3 UXOHV�
VRXUFHBVWDWH�&ORFN�9DULDEOHV� �� WUXH� � D ILQDO VWDWH
VRXUFHBVWDWH�&ORFN�9DULDEOHV� �� � D WUDQVLWLRQ

JXDUG DV FRQVWUDLQW RQ 9DULDEOHV�
DFWLRQ DV HTXDOLW\ FRQVWUDLQWV RQ 9DULDEOHV DQG 1HZ9DULDEOHV�
WDUJHWBVWDWH�&ORFN�1HZ9DULDEOHV��

VRXUFHBVWDWH�&ORFN�9DULDEOHV� �� � D FRQWLQXRXV DFWLYLW\
LQYDULDQW DV FRQVWUDLQW RQ 9DULDEOHV�
LWHUDWLRQ DV HTXDOLW\ FRQVWUDLQWV RQ 9DULDEOHV DQG 1HZ9DULDEOHV�
VRXUFHBVWDWH�&ORFN���1HZ9DULDEOHV��

,QYDULDQWV DQG JXDUGV LQ WKH DXWRPDWRQ FDQ UHDGLO\ EH H[SUHVVHG DV FRQVWUDLQWV�
7KH FRPSOLFDWLRQ ZDV LPSOHPHQWLQJ YDULDEOH DVVLJQPHQWV RFFXUULQJ LQ DFWLRQV DQG
DFWLYLWLHV LQ D GHFODUDWLYH� ORJLFDO PDQQHU� XVLQJ HTXDOLW\ FRQVWUDLQWV� 7R WKLV HQG� ZH
UHSUHVHQW D VLQJOH YDULDEOH RI WKH DXWRPDWRQ DV D VHTXHQFH RI ORJLFDO YDULDEOHV VR WKDW
HDFK VWDWH FRPHV ZLWK D IUHVK VHW RI YDULDEOHV� 7KH ORJLFDO YDULDEOHV LQ VXEVHTXHQW
VWDWHV UHSUHVHQWLQJ WKH VDPH GDWD YDULDEOH DUH UHODWHG WR HDFK RWKHU E\ FRQVWUDLQWV�



,I WKH YDULDEOH LV ZULWWHQ� L�H� DVVLJQHG D QHZ YDOXH� WKH FRQVWUDLQW RQ WKH FXUUHQW
YDULDEOH LV WKH DVVLJQPHQW VWDWHPHQW VHHQ DV DQ HTXDOLW\ FRQVWUDLQW� RWKHUZLVH WKH
ORJLFDO YDULDEOHV RI WKH VXEVHTXHQW VWDWHV DUH HTXDWHG WR HDFK RWKHU� WKHLU YDOXH VWD\V
WKH VDPH �ZKDWHYHU LW PD\ EH��

7KH DERYH LPSOHPHQWDWLRQ VFKHPH GRHV QRW PDLQWDLQ WKH ORJLFDO YDULDEOHV DV�
VRFLDWHG ZLWK D VWDWH� ,Q RUGHU WR EH DEOH WR FRQVWUDLQ WKHP� WKH\ DUH VWRUHG LQ DQ
DUUD\ �VHH GHVFULSWLRQ DERYH�� $ VWUDLJKWIRUZDUG ZD\ WR GR WKLV LQ &/3 LV WR XVH D
OLVW�
VRXUFHBVWDWH�&ORFN�FRQV�9DUV�QLO�� �� WUXH� � D ILQDO VWDWH
VRXUFHBVWDWH�&ORFN�FRQV�9DUV�FRQV�1HZ9DUV�5HVW��� �� � D WUDQVLWLRQ

JXDUG DV FRQVWUDLQW RQ 9DUV�
DFWLRQ DV HTXDOLW\ FRQVWUDLQWV RQ 9DUV DQG 1HZ9DUV�
WDUJHWBVWDWH�&ORFN�FRQV�1HZ9DUV�5HVW���

� $QDORJRXVO\ IRU WKH UXOH IRU FRQWLQXRXV DFWLYLWLHV
&RQFXUUHQF\ �SDUDOOHO FRPSRVLWLRQ� IRU DXWRPDWD LV DFKLHYHG E\ VLPSO\ H[HFXWLQJ

WKH FRQMXQFWLRQ RI WKH LQYROYHG DXWRPDWD �VKDULQJ WKH FORFN DQG WKH YDULDEOHV��
LQLWLDOBVWDWH��&ORFN�9DUV�� LQLWLDOBVWDWH��&ORFN�9DUV��

��� 1RQGHWHUPLQLVP LQ WKH 3URWRW\SH
:KLOH FRQVWUDLQWV DOUHDG\ RYHUFRPH WKH SUREOHP RI FKRRVLQJ D YDOXH IRU D YDULDEOH
E\ ZRUNLQJ GLUHFWO\ ZLWK UDQJHV RI SRVVLEOH YDOXHV� WKHUH DUH VWLOO WZR VRXUFHV RI
QRQGHWHUPLQLVP UHPDLQLQJ� MXVW DV LQ RWKHU WRROV�
^ WKH FKRLFH RI WKH QXPEHU RI FORFNV IRU HDFK UXQ� VLQFH DXWRPDWD PD\ H[SUHVV

QRQWHUPLQDWLQJ SURFHVVHV�
^ WKH FKRLFH RI WKH QH[W WUDQVLWLRQ �VLQFH YDULDEOHV GR QRW KDYH XQLTXH YDOXHV�

W\SLFDOO\ VHYHUDO WUDQVLWLRQV IURP D JLYHQ VWDWH DUH SRVVLEOH�
7KH QRQGHWHUPLQLVP LV KDQGOHG LQ &/3 E\ H[SORULQJ DOO FKRLFHV� RQH DIWHU WKH

RWKHU� 7KLV FKURQRORJLFDO EDFNWUDFNLQJ FDQ FDXVH D FRPELQDWRULDO H[SORVLRQ LQ WKH
QXPEHU RI SRVVLELOLWLHV WKDW KDYH WR EH H[SORUHG�

1RWH WKDW LQWHUOHDYLQJ LV QRW D VRXUFH RI QRQGHWHUPLQLVP DV LQ UHODWHG DS�
SURDFKHV� EHFDXVH LQ K\EULG DXWRPDWD DW HDFK FORFN DOO DXWRPDWD GR DQ LWHUDWLRQ
�DQG HQDEOHG WUDQVLWLRQV� DQG DOO WKH LWHUDWLRQV WDNH RQO\ RQH FORFN�

� 7KH %DWKURRP %RLOHU 6FHQDULR
7KHUH DUH DOUHDG\ DSSOLFDWLRQ H[DPSOHV RI WKH XVH RI WKH '([9DO WRRO SURWRW\SH
LQ WKH GRPDLQ RI LQGXVWULDO SURFHVVHV LQYROYLQJ SURGXFWLRQ FHOOV� EXW ZH LGHQWLnHG
WKH QHHG IRU DQRWKHU FODVV RI H[DPSOHV WKDW FOHDUO\ LOOXVWUDWH WKH DGYDQWDJHV RI WKH
DSSURDFK WDNHQ LQ WKH '([9DO SURMHFW� ,Q SDUWLFXODU� DV RSSRVHG WR H�J� VWDQGDUG
nQLWH PRGHO FKHFNLQJ� FRQWLQXRXV YDULDEOHV FDQ EH XVHG ZLWKRXW SUREOHPV LQ WKH
FRQVWUDLQW�EDVHG DSSURDFK� VLQFH LQnQLWH UDQJHV RI YDOXHV FDQ VWLOO EH UHSUHVHQWHG E\
DQG UHDVRQHG ZLWK FRQVWUDLQWV� :H WKHUHIRUH FKRVH DQ H[DPSOH LQYROYLQJ SK\VLFDO
SURFHVVHV� LQVSLUHG E\ WKH VWHDP ERLOHU SUREOHP >��@� 7KH VFHQDULR �)LJ� �� LQYROYHV
D ZDUP ZDWHU ERLOHU RI D EDWKURRP� ZLWK D DXWRPDWLF ZDWHU SXPS� D KHDWHU DQG
WKH SRVVLELOLW\ RI VRPHRQH WDNLQJ D VKRZHU� 3K\VLFDO XQLWV DUH WKH DPRXQW RI ZDWHU
�SXPSV DGG ZDWHU� WDNLQJ D VKRZHU UHGXFHV WKH ZDWHU OHYHO� DQG WKH WHPSHUDWXUH RI
WKH ZDWHU �WKDW GHSHQGV RQ WKH LQFRPH DQG RXWoRZ RI ZDWHU DQG RQ WKH IXQFWLRQLQJ
RI WKH KHDWHU��



&RQVHTXHQWO\� WKHUH DUH nYH YDULDEOHV� KHDWHU� SXPS� VKRZHU� ZDWHU YROXPH DQG
WHPSHUDWXUH� 7KH ERROHDQ YDULDEOHV KHDWHU� SXPS DQG VKRZHU KDYH YDOXH � LI WKH\
DUH RQ DQG � LI WKH\ DUH Rm� 7KH LQLWLDO YDOXHV RI HDFK YDULDEOH DQG DOO YDOXHV RI YDUL�
DEOH VKRZHU GXULQJ WKH H[HFXWLRQ DUH LQSXW YDOXHV� ZDWHU YROXPH DQG WHPSHUDWXUH
DUH FRQWLQXRXV oRDWLQJ SRLQW YDULDEOHV UHSUHVHQWLQJ WKH FXUUHQW YROXPH RI WKH ZDWHU
LQ WKH ERLOHU DQG LWV WHPSHUDWXUH� UHVSHFWLYHO\�

)LJ��� 7KH %DWKURRP %RLOHU 6FHQDULR
:H GHVLJQHG WKUHH FRQFXUUHQW DXWRPDWD WR PRGHO RXU VDPSOH� +HDWHU �)LJXUH

��� %RLOHU �)LJXUH �� DQG 3XPS �)LJXUH ��� +HDWHU FKHFNV WKH WHPSHUDWXUH DQG
GHFLGHV LI WKH KHDWHU VKRXOG EH RQ RU Rm� 3XPS FKHFNV WKH ZDWHU OHYHO DQG GHFLGHV
LI WKH SXPS VKRXOG EH RQ RU Rm� %RLOHU UHSUHVHQWV WKH SK\VLFDO SURFHVV LWVHOI� ,W
FKHFNV ZKHWKHU WKH KHDWHU� WKH SXPS DQG WKH VKRZHU DUH RQ RU Rm DQG XSGDWHV WKH
ZDWHU OHYHO DQG WKH WHPSHUDWXUH DFFRUGLQJO\�

,Q WKH DXWRPDWRQ %RLOHU WKHUH DUH WKUHH VWDWHV� HPSW\� QRUPDO KHDWHU RQ DQG
QRUPDO KHDWHU RII� 7KH nUVW RQH WUHDWV WKH VSHFLDO FDVH RI WKHUH EHLQJ QR ZDUP ZD�
WHU� 7KH RWKHU VWDWHV PRGHO WKH YDULDWLRQ RI WKH WHPSHUDWXUH DFFRUGLQJ WR WKH YDOXH
RI WKH YDULDEOHV KHDWHU DQG SXPS� $OO VWDWHV FRQWURO WKH ZDWHU YROXPH DFFRUGLQJ
WR WKH YDOXHV RI YDULDEOHV SXPS DQG VKRZHU� 7KH DXWRPDWRQ +HDWHU KDV DOVR WKUHH
VWDWHV� PDLQWDLQ� WXUQLQJ RQ DQG WXUQLQJ RII� ,I WKH WHPSHUDWXUH RI WKH ZDWHU LV



LQ EHWZHHQ WKH ORZHU DQG XSSHU OLPLWV� WKH DXWRPDWRQ UHPDLQV LQ VWDWH PDLQWDLQ
DQG WKH YDULDEOH KHDWHU LV QRW PRGLnHG� ,I WKH WHPSHUDWXUH LV OHVV �KLJKHU� WKDQ WKH
ORZHU �XSSHU� OLPLW� WKH YDULDEOH KHDWHU LV VHW WR � ��� DQG WKH DXWRPDWRQ VSHQGV
RQH FORFN DW VWDWH WXUQLQJ RQ �WXUQLQJ RII� EHIRUH UHWXUQLQJ WR VWDWH PDLQWDLQ�
7KH DXWRPDWRQ 3XPS KDV MXVW WZR VWDWHV� RQ DQG RII� ,I WKH ZDWHU YROXPH EHFRPHV
OHVV WKDQ D FHUWDLQ OLPLW� WKH YDULDEOH SXPS LV VHW WR � DQG WKH DXWRPDWRQ JRHV WR
VWDWH RQ� :KHQ WKH YROXPH EHFRPHV KLJKHU WKDQ WKH OLPLW� WKH YDULDEOH SXPS LV VHW
WR � DQG WKH DXWRPDWRQ JRHV WR VWDWH RII�

)LJ��� 7KH +HDWHU

)LJ��� 7KH %RLOHU



)LJ��� 7KH 3XPS

:LWK WKLV VLPSOH H[DPSOH '([9DO FDQ YHULI\ LQWHUHVWLQJ SURSHUWLHV� VXFK DV�
^ 0LQLPDO LQLWLDO WHPSHUDWXUH IRU WDNLQJ D ZDUP VKRZHU ZLWKRXW WXUQLQJ RQ WKH
KHDWHU�
,1387�
&21675$,176� KHDWHU�L ���� SXPS�L ���� ZDWHUBYROXPH�L �����

VKRZHU�L ���� DOO�;�VKRZHU�; �����
DOO�;�KHDWHU�; ����

,1,7,$/ 67$7(6� 3XPS�RQ� +HDWHU�PDLQWDLQ�
%RLOHU�QRUPDOBKHDWHUBRII

),1$/ 67$7(6� QRW VSHFLILHG
&/2&.6� �
9$5B352-(&7� WHPSHUDWXUH�L �LQLWLDO WHPSHUDWXUH�
287387�
&ORFN 3XPS +HDWHU %RLOHU

� RQ PDLQWDLQ QRUPDOBKHDWHUBRII
� RQ PDLQWDLQ QRUPDOBKHDWHUBRII
� RQ PDLQWDLQ QRUPDOBKHDWHUBRII
� RQ PDLQWDLQ QRUPDOBKHDWHUBRII
� RQ PDLQWDLQ QRUPDOBKHDWHUBRII

WHPSHUDWXUH�� ! �����
7KHUH LV RQO\ RQH SDWK� WHPSHUDWXUH�� ! ����� LV D VXpFLHQW DQG QHFHVVDU\
FRQVWUDLQW RQ WKH LQLWLDO WHPSHUDWXUH�

^ %HKDYLRXU RI WKH VKRZHU WR LQFUHDVH FRQWLQXRXVO\ WKH ZDWHU YROXPH�
,1387
&21675$,176� KHDWHU�L ���� SXPS�L ���� WHPSHUDWXUH�L �����

ZDWHUBYROXPH�L ����
DOO�;�ZDWHUBYROXPH��;���!ZDWHUBYROXPH�;�

,1,7,$/ 67$7(6� 3XPS�RQ� +HDWHU�PDLQWDLQ�
%RLOHU�QRUPDOBKHDWHUBRII

),1$/ 67$7(6� QRW VSHFLILHG
&/2&.6� �
9$5B352-(&7� VKRZHU DQG ZDWHU YROXPH �DOO FORFNV�
287387�
&ORFN 3XPS +HDWHU %RLOHU

� RQ PDLQWDLQ QRUPDOBKHDWHUBRII



� RQ WXUQLQJBRQ QRUPDOBKHDWHUBRQ
� RQ PDLQWDLQ QRUPDOBKHDWHUBRQ
� RQ PDLQWDLQ QRUPDOBKHDWHUBRQ
� RQ PDLQWDLQ QRUPDOBKHDWHUBRQ

VKRZHU�>����@ ���� VKRZHU�� )UHH9DULDEOH�
ZDWHUBYROXPH�� ���� ZDWHUBYROXPH�� ���� ZDWHUBYROXPH�� �����
ZDWHUBYROXPH�� ����� ZDWHUBYROXPH�� ����
7KHUH LV RQO\ RQH SDWK� WKH VKRZHU PXVW EH Rm EHWZHHQ FORFNV � DQG � �WKH
FRQVWUDLQW VKRZHU�>����@ ����� DW FORFN � LW LV XQFRQVWUDLQHG� DQG WKH ZDWHU
YROXPH UDLVHV�

^ %HKDYLRXU RI WKH VKRZHU WR PDLQWDLQ WKH ZDWHU YROXPH EHWZHHQ WKH LQLWLDO DQG
nQDO YROXPHV �ZKLFK DUH QRW VSHFLnHG��
,1387
&21675$,176� KHDWHU�L ���� SXPS�L ���� ZDWHUBYROXPH�L ����

WHPSHUDWXUH�L �����
DOO�;��ZDWHUBYROXPH�;! ZDWHUBYROXPH�L�

ZDWHUBYROXPH�; �ZDWHUBYROXPH�I��
,1,7,$/ 67$7(6� 3XPS�RQ� +HDWHU�PDLQWDLQ�

%RLOHU�QRUPDOBKHDWHUBRII
),1$/ 67$7(6� QRW VSHFLILHG
&/2&.6� �
9$5B352-(&7� VKRZHU DQG ZDWHU YROXPH �DOO FORFNV�
7KH 2XWSXW FRQVLVWV RI HLJKW GLmHUHQW SDWKV DQG WKH FRUUHVSRQGLQJ VHTXHQFHV RI
YDOXHV IRU WKH YDULDEOHV� 2QH RI WKHP LV H[DFWO\ WKH SDWK LQ WKH SUHYLRXV DQVZHU�
WKH RWKHU SDWKV DUH RPLWWHG IRU VSDFH UHDVRQV�

� &RQFOXVLRQV
:H SURSRVHG XVLQJ ORJLF SURJUDPPLQJ WRJHWKHU ZLWK FRQVWUDLQW VROYLQJ IRU WKH V\P�
EROLF H[HFXWLRQ RI IRUPDO VSHFLnFDWLRQV �VXFK DV K\EULG DXWRPDWD RU VWDWHFKDUWV� RI
FRQFXUUHQW V\VWHPV� )RU YDOLGDWLQJ D V\VWHP� GHVLUHG SURSHUWLHV FDQ EH VSHFLnHG DV
TXHULHV LQ D IUDJPHQW RI nUVW RUGHU WHPSRUDO ORJLF UHODWLQJ YDULDEOH YDOXHV DW GLmHU�
HQW WLPHV� $V D UHVXOW� ZH REWDLQ DOO SRVVLEOH SDWKV WKDW VDWLVI\ WKH FRQVWUDLQWV JLYHQ
LQLWLDOO\� WRJHWKHU ZLWK WKH FRUUHVSRQGLQJ QHFHVVDU\ DQG VXpFLHQW FRQVWUDLQWV� :H
LPSOHPHQWHG WKHVH LGHDV LQ D SURWRW\SH LQ WKH '([9DO SURMHFW� ZKLFK LV SDUW RI WKH
$576 VRIWZDUH GHYHORSPHQW HQYLURQPHQW�

2XU SUHOLPLQDU\ UHVXOWV LQGLFDWH WKH SRWHQWLDO LPSRUWDQFH RI FRQVWUDLQW�EDVHG
PHWKRGV IRU VRIWZDUH YDOLGDWLRQ DQG YHULnFDWLRQ� 7KH DGYDQWDJH RI XVLQJ &/3 LV
WKDW LW LV HDVLHU DQG TXLFNHU WR PRGLI\ WKH SURWRW\SH� &RQVWUDLQWV HQDEOH XV WR
UHSUHVHQW SRVVLEOH LQnQLWH UHODWLRQV nQLWHO\� $Q\ UHODWLRQ LV SRVVLEOH� DV ORQJ DV WKHUH
LV D FRQVWUDLQW VROYHU IRU LW� :LWK WKH DSSURSULDWH FRQVWUDLQW VROYHU� ZH FDQ DOVR VROYH
FHUWDLQ QRQ�OLQHDU FRQVWUDLQWV �H�J� WKH RQH FRPSXWLQJ WKH QHZ WHPSHUDWXUH LQ RXU
EDWKURRP ERLOHU VFHQDULR� VHH )LJXUH ��� +RZHYHU� WKH OLPLWDWLRQ LQ FXUUHQW &/3
ODQJXDJHV LV WKDW FRQVWUDLQW VROYHUV DUH UHVWULFWHG WR VROYLQJ H[LVWHQWLDOO\ TXDQWLnHG
FRQMXQFWLRQV RI DWRPLF FRQVWUDLQWV�

7KH HQFRGLQJ RI D K\EULG DXWRPDWRQ RU VWDWHFKDUW LV SHUIRUPHG E\ KDQG DW
WKH PRPHQW� 6LQFH WKH DXWRPDWD DUH JHQHUDWHG LQ DQ REMHFW�RULHQWHG HQYLURQPHQW
�$576�� LW LV FRPPRQ IRU WKHP WR UHO\ RQ PHVVDJH�EDVHG FRPPXQLFDWLRQ� 6R IDU�
RQO\ DG KRF ZD\V RI WUDQVODWLQJ PHVVDJHV WR FRQVWUDLQW ORJLF KDYH EHHQ SURGXFHG� 7R
HQDEOH IXOO\ DXWRPDWLF WUDQVODWLRQ RI DXWRPDWD� D JHQHULF WUDQVODWLRQ IRU PHVVDJHV
LV QHHGHG�



$Q LPSRUWDQW LVVXH WR EH H[SORUHG LQ WKH '([9DO SURMHFW LV KRZ WR JHQHUDWH
WKH DFWXDO WHVW FDVHV FRPSULVLQJ WKH PHDQLQJIXO H[SHULPHQWV IURP WKH UHVXOWV RI WKH
DEVWUDFW UXQ� $W WKH PRPHQW� ZH RQO\ KDYH DQ LQWXLWLRQ RI ZKDW FRXOG EH FDOOHG
D PHDQLQJIXO H[SHULPHQW� ,W ZRXOG EH XVHIXO LI ZH FRXOG GHnQH D PHWKRGRORJ\ WR
GLVFRYHU WKHP XVLQJ '([9DO� $QRWKHU JRDO IRU IXWXUH ZRUN LV WKH LQWHJUDWLRQ RI
'([9DO DQG D GHEXJJHU� :H FRXOG FRPSDUH H[SHFWHG DQG UHDO YDOXHV DQG GHWHFW
H[DFWO\ ZKLFK SDUW RI WKH FRGH JHQHUDWHG DQ HUURU�

$FNQRZOHGJHPHQWV� :H ZRXOG OLNH WR WKDQN &KULVWLQH 0D\U DQG 6HEDVWLDQ
9RJHV� WZR VWXGHQWV IURP /08 WKDW KHOSHG WR LPSOHPHQW WKH '([9DO WRRO SURWR�
W\SH ZKLOH YLVLWLQJ /0)�',� :H DUH DOVR JUDWHIXO WR 7KRPDV 0DLEDXP� $UPDQGR
+DHEHUHU� -RVuH )LDGHLUR DQG 0DUWLQ :LUVLQJ IRU VWLPXODWLQJ GLVFXVVLRQV�

5HIHUHQFHV
�� 5� $OXU� 7� $� +HQ]LQJHU DQG 3��+� +R� $XWRPDWLF 6\PEROLF 9HULnFDWLRQ RI (PEHGGHG

6\VWHPV� ,((( 7UDQVDFWLRQV RQ 6RIWZDUH (QJLQHHULQJ ����������� �����
�� 5� -� $QGHUVRQ HW DO�� 0RGHO &KHFNLQJ /DUJH 6RIWZDUH 6SHFLnFDWLRQV� $&0 6,*62)7

6\PSRVLXP RQ WKH )RXQGDWLRQV RI 6RIWZDUH (QJLQHHULQJ� SS� �������� 2FWREHU �����
�� 0� &DUOVVRQ DQG -� :LGHQ� 6LFVWXV 3URORJ 8VHUV 0DQXDO� 5HOHDVH ���� 6ZHGLVK ,QVWL�

WXWH RI &RPSXWHU 6FLHQFH� 6,&6�5���������&� �����
�� 6� &DUYDOKR HW DO� )RUPDO 'HULYDWLRQ RI 0HDQLQJIXO 9DOLGDWLRQ ([SHULPHQWV LQ WKH

$576 (QYLURQPHQW� �WK '/5�&13T *HUPDQ�%UD]LOLDQ :RUNVKRS RQ ,QIRUPDWLRQ
7HFKQRORJ\ �6W� -�DKQLFKHQ� HG��� 3RUWR $OHJUH� %UD]LO� �����

�� =� &KDRFKHQ� &�$�5� +RDUH DQG $�3� 5DYQ� $ &DOFXOXV RI 'XUDWLRQV� ,QIRUPDWLRQ
3URFHVVLQJ /HWWHUV� ����������� �����

�� (� 0� &ODUNH� (� $� (PHUVRQ DQG $� 3� 6LVWOD� $XWRPDWLF 9HULnFDWLRQ RI )LQLWH�6WDWH
&RQFXUUHQW 6\VWHPV 8VLQJ 7HPSRUDO /RJLF 6SHFLnFDWLRQV� $&0 7UDQVDFWLRQV RQ 3UR�
JUDPPLQJ /DQJXDJHV DQG 6\VWHPV� YRO ������������� �����

�� 7� )U�XKZLUWK DQG 6� $EGHQQDGKHU� &RQVWUDLQW�3URJUDPPLHUXQJ �LQ *HUPDQ�� 6SULQJHU
9HUODJ� +HLGHOEHUJ� *HUPDQ\� 6HSWHPEHU �����

�� 7� )U�XKZLUWK DQG 3� %ULVVHW� 7KH &+5 /LEUDU\� 9HUVLRQ �� RI (FOLSVH ������ (XURSHDQ
&RPSXWHU�,QGXVWU\ 5HVHDUFK &HQWUH� 0XQLFK� *HUPDQ\� -DQXDU\ �����

�� '� +DUHO� $XWRPDWD� $ YLVXDO IRUPDOLVP IRU FRPSOH[ V\VWHPV� 6FLHQFH RI &RPSXWHU
3URJUDPPLQJ �������� � ���� -XQH �����

��� 7� $� +HQ]LQJHU DQG +� :RQJ�7RL� 8VLQJ +<7(&+ WR 6\QWKHVL]H &RQWURO 3DUDPH�
WHUV IRU D 6WHDP %RLOHU� )RUPDO 0HWKRGV IRU ,QGXVWULDO $SSOLFDWLRQV� 6SHFLI\LQJ DQG
3URJUDPPLQJ WKH 6WHDP %RLOHU &RQWURO �-��5� $EULDO� (� %�RUJHU DQG +� /DQJPDDFN�
HGV��� /HFWXUH 1RWHV LQ &RPSXWHU 6FLHQFH ����� 6SULQJHU�9HUODJ� SS� �������� �����

��� +RSFURIW DQG 8OOPDQ� ,QWURGXFWLRQ WR $XWRPDWD 7KHRU\� /DQJXDJHV DQG &RPSXWD�
WLRQV� $GGLVRQ�:HVOH\� �����

��� -� -DmDU DQG 0� -� 0DKHU� &RQVWUDLQW /RJLF 3URJUDPPLQJ� $ 6XUYH\� -RXUQDO RI /RJLF
3URJUDPPLQJ �������������� �����

��� .� 0DUULRWW DQG 3� -� 6WXFNH\� 3URJUDPPLQJ ZLWK &RQVWUDLQWV� 0,7 3UHVV� 86$�
0DUFK �����

7KLV DUWLFOH ZDV SURFHVVHG XVLQJ WKH /$7(; PDFUR SDFNDJH ZLWK //1&6 VW\OH


