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WKH�QH[W�VHFWLRQ�RI�WKH�LQSXW��6R�WKH�FXUUHQWO\�UHOHYDQW�VWDWHV�DUH�FRQVWUXFWHG�RQ�GHPDQG��DV�ZH�VHDUFK��&KHVV�LV
DQRWKHU�H[DPSOH�RI�DQ�$,�SUREOHP�ZLWK�D�YDVW�VWDWH�VSDFH�

6RPH�KLJK�OHYHO�SRLQWV
)RU�DOO�EXW�WKH�VLPSOHVW�$,�SUREOHPV��LW
V�HDV\�IRU�D�VHDUFK�DOJRULWKP�WR�JHW�ORVW�

7KH�JRDO�LV�QRW�SUHVHQW��RU�QRW�UHDFKDEOH�
7KH�JUDSK�KDV�F\FOHV�
7KH�VWDWH�VSDFH�LV�YHU\�ODUJH�
7KHUH�DUH�PDQ\�SDWKV�RI�VLPLODU�TXDOLW\�

7KH�ÀUVW�WZR�RI�WKHVH�FDQ�VHQG�WKH�SURJUDP�LQWR�DQ�LQÀQLWH�ORRS��7KH�WKLUG�DQG�IRXUWK�FDQ�FDXVH�LW�WR�JHW�ORVW�
H[SORULQJ�VWDWHV�YHU\�IDU�IURP�D�UHDVRQDEOH�SDWK�IURP�WKH�VWDUW�WR�WKH�JRDO�

5HFDS
2XU�ÀUVW�IHZ�VHDUFK�DOJRULWKPV�ZLOO�EH�XQLQIRUPHG��7KDW�LV��WKH\�UHO\�RQO\�RQ�FRPSXWHG�GLVWDQFHV�IURP�WKH
VWDUWLQJ�VWDWH��1H[W�ZHHN��ZH
OO�VHH� ��,W
V�DQ�LQIRUPHG�VHDUFK�DOJRULWKP�EHFDXVH�LW�DOVR�XVHV�DQ�HVWLPDWH�RI�WKH
GLVWDQFH�UHPDLQLQJ�WR�UHDFK�WKH�JRDO�

%DVLF�VHDUFK�RXWOLQH
$�VWDWH�LV�H[DFWO\�RQH�RI

QRW�\HW�VHHQ��FDQ�EH�D�YHU\�ODUJH�VHW�LQ�VRPH�DSSOLFDWLRQV�
IURQWLHU��L�H��VHHQ�EXW�ZH�KDYHQ
W�H[SORUHG�LWV�RXWJRLQJ�HGJHV
FRPSOHWHO\�GRQH��DOO�RXWJRLQJ�HGJHV�IROORZHG�

%DVLF�RXWOLQH�IRU�VHDUFK�FRGH

/RRS�XQWLO�ZH�ÀQG�D�VROXWLRQ

WDNH�D�VWDWH�RII�IURQWLHU
IROORZ�RXWJRLQJ�HGJHV�WR�ÀQG�QHLJKERUV
DGG�QHLJKERUV�WR�IURQWLHU�LI�QRW�DOUHDG\�VHHQ

'DWD�VWUXFWXUH�IRU�IURQWLHU�GHWHUPLQHV�W\SH�RI�VHDUFK

%)6��TXHXH
')6��VWDFN��RU�LPSOLFLW�VWDFN�YLD�UHFXUVLRQ�



8&6��XQLIRUP�FRVW�VHDUFK��DQG� ��SULRULW\�TXHXH

%)6�H[DPSOH
/HW
V�ÀQG�D�URXWH�IURP�(DVWKDPSWRQ�WR�:KDWHO\�8VLQJ�%)6��7KH�DFWXDO�EHVW�URXWH�LV�YLD�1RUWKDPSWRQ��)ORUHQFH�
+DWÀHOG�����PLOHV�

7KH�IURQWLHU�LV�VWRUHG�DV�D�TXHXH��6R�ZH�H[SORUH�ORFDWLRQV�LQ�ULQJV��JUDGXDOO\�PRYLQJ�RXWZDUGV�IURP�WKH�VWDUWLQJ
ORFDWLRQ��/HW
V�DVVXPH�ZH�DOZD\V�H[SORUH�HGJHV�FRXQWHUFORFNZLVH��ULJKW�WR�OHIW�

6WDUW
(DVWKDPSWRQ

$GG�QHLJKERUV�RI�(DVWKDPSWRQ
6RXWK�+DGOH\��1RUWKDPSWRQ��:HVWKDPSWRQ

$GG�QHLJKERUV�RI�6RXWK�+DGOH\
$PKHUVW��+DGOH\�>1RUWKDPSWRQ�LV�DOUHDG\�VHHQ@

$GG�QHLJKERUV�RI�1RUWKDPSWRQ
)ORUHQFH��:HVWKDPSWRQ

$GG�QHLJKERUV�RI�:HVWKDPSWRQ
:LOOLDPVEXUJ��&KHVWHUÀHOG

$GG�QHLJKERUV�RI�$PKHUVW
����)281'�:+$7(/<

:H�UHWXUQ�WKH�SDWK�(DVWKDPSWRQ��6RXWK�+DGOH\��$PKHUVW��:KDWHO\��OHQJWK������7KLV�LVQ
W�WKH�VKRUWHVW�SDWK�E\
PLOHDJH��EXW�LW
V�RQH�RI�WKH�VKRUWHVW�SDWKV�E\�QXPEHU�RI�HGJHV�

%)6�SURSHUWLHV�

6ROXWLRQ�LV�DOZD\V�RSWLPDO�LI�DQG�RQO\�LI�DOO�HGJHV�KDYH�VDPH�FRVW�
)URQWLHU�FDQ�JHW�YHU\�ODUJH��RIWHQ�JURZV�OLQHDUO\�ZLWK�GLVWDQFH�RXWZDUV�IURP�VWDUW�

+HUH�LV�D�IXQ�DQLPDWLRQ�RI�%)6�VHW�WR�PXVLF�

')6�H[DPSOH
7KH�IURQWLHU�LV�VWRUHG�DV�D�VWDFN��H[SOLFLWO\�RU�LPSOLFLWO\�YLD�UHFXUVLYH�IXQFWLRQ�FDOOV���$JDLQ��ZH
OO�H[SORUH�HGJHV
FRXQWHUFORFNZLVH��7KH�IURQWLHU�ORRNV�OLNH�

6WDUW
(DVWKDPSWRQ

$GG�QHLJKERUV�RI�(DVWKDPSWRQ
6RXWK�+DGOH\��1RUWKDPSWRQ��:HVWKDPSWRQ

$GG�QHLJKERUV�RI�:HVWKDPSWRQ
:LOOLDPVEXUJ��&KHVWHUÀHOG

$GG�QHLJKERUV�RI�&KHVWHUÀHOG
*RVKHQ

$GG�QHLJKERUV�RI�*RVKHQ
����)281'�:+$7(/<

:H�UHWXUQ�WKH�SDWK��:HVWKDPSWRQ��&KHVWHUÀHOG��*RVKHQ��:KDWHO\��OHQJWK����

')6�SURSHUWLHV�

6ROXWLRQ�FDQ�EH�YHU\�IDU�IURP�RSWLPDO�



)URQWLHU�VWD\V�VPDOO�
1RW�JXDUDQWHHG�WR�ÀQG�WKH�JRDO�HYHQ�LI�LW
V�UHDFKDEOH

$QLPDWLRQ�RI�')6�VHW�WR�PXVLF��&RPSDUH�WKLV�WR�WKH�RQH�IRU�%)6�

%DVLF�WULFNV
7KHUH�DUH�VHYHUDO�EDVLF�WULFNV�UHTXLUHG�WR�PDNH�')6�DQG�%)6�ZRUN�ULJKW��)LUVW��VWRUH�WKH�OLVW�RI�VHHQ�VWDWHV��VR
WKDW�\RXU�FRGH�FDQ�WHOO�ZKHQ�LW�KDV�UHWXUQHG�WR�D�VWDWH�WKDW�KDV�DOUHDG\�EHHQ�H[SORUHG��2WKHUZLVH��\RXU�FRGH�PD\
HQG�XS�LQ�DQ�LQÀQLWH�ORRS�DQG�RU�EH�PDVVLYHO\�LQHIÀFLHQW�

6HFRQG��UHWXUQ�DV�VRRQ�DV�D�JRDO�VWDWH�KDV�EHHQ�IRXQG��7KH�HQWLUH�VSDFH�RI�VWDWHV�PD\�EH�LQÀQLWH��(YHQ�ZKHQ�LW�LV
ÀQLWH��VHDUFKLQJ�WKH�HQWLUH�VHW�RI�VWDWHV�LV�LQHIÀFLHQW�

7KLUG��GRQ
W�XVH�UHFXUVLRQ�WR�LPSOHPHQW�')6�XQOHVV�SDWKV�DUH�NQRZQ�WR�EH�VKRUW��$�VPDOO�QXPEHU�RI
SURJUDPPLQJ�ODQJXDJHV�PDNH�WKLV�VDIH�E\�RSWLPL]LQJ�WDLO�UHFXUVLRQ��0RUH�FRPPRQO\��HDFK�UHFXUVLYH�FDOO
DOORFDWHV�VWDFN�VSDFH�DQG�\RX�DUH�OLNHO\�WR�H[FHHG�OLPLWV�RQ�VWDFN�VL]H�DQG�RU�UHFXUVLRQ�GHSWK�

5HWXUQLQJ�SDWKV
:KHQ�D�VHDUFK�DOJRULWKP�ÀQGV�WKH�JRDO��LW�PXVW�EH�DEOH�WR�UHWXUQ�EHVW�SDWK�WR�WKH�JRDO��6R��GXULQJ�VHDUFK��HDFK
VHHQ�VWDWH�PXVW�UHPHPEHU�WKH�EHVW�SDWK�EDFN�WR�WKH�VWDUW�VWDWH��7R�GR�WKLV�HIÀFLHQWO\��HDFK�VWDWH�VWRUHV�D�SRLQWHU�WR
WKH�SUHYLRXV�VWDWH�LQ�WKH�EHVW�SDWK��:KHQ�WKH�JRDO�LV�IRXQG��ZH�UHWULHYH�WKH�EHVW�SDWK�E\�FKDLQLQJ�EDFNZDUGV�XQWLO
ZH�UHDFK�WKH�VWDUW�VWDWH�

/HQJWK�ERXQGHG�')6
')6�SHUIRUPV�YHU\�SRRUO\�ZKHQ�DSSOLHG�GLUHFWO\�WR�PRVW�VHDUFK�SUREOHPV��+RZHYHU��LW�EHFRPHV�WKH�PHWKRG�RI
FKRLFH�ZKHQ�ZH�KDYH�D�WLJKW�ERXQG�RQ�WKH�OHQJWK�RI�WKH�VROXWLRQ�SDWK��7KLV�KDSSHQV�LQ�WZR�W\SHV�RI�VLWXDWLRQV�
ZKLFK�ZH
OO�VHH�ODWHU�LQ�WKH�FRXUVH�

7KH�VHDUFK�VSDFH�KDV�D�VPDOO�QDWXUDO�GHSWK��H�J��FRQVWUDLQW�EDVHG�SUREOHPV��
2XU�V\VWHP�UHVRXUFHV�LPSRVH�D�OLPLW�RQ�KRZ�IDU�DZD\�ZH�FDQ�VHDUFK��H�J��FRPSOH[�JDPHV�RU�ODUJH�URERW
HQYLURQPHQWV��

,Q�WKLV�VLWXDWLRQ��')6�FDQ�EH�LPSOHPHQWHG�VR�DV�WR�XVH�YHU\�OLWWOH�PHPRU\��,Q�$,�SUREOHPV��WKH�VHW�RI�VHHQ�VWDWHV
FDQ�RIWHQ�EHFRPH�YHU\�ODUJH��VR�WKDW�SURJUDPV�FDQ�UXQ�RXW�RI�PHPRU\�RU�SXW�HQRXJK�SUHVVXUH�RQ�WKH�V\VWHP
PHPRU\�PDQDJHPHQW�WKDW�SURJUDPV�VORZ�GRZQ��,QVWHDG�RI�VWRULQJ�DQG�FKHFNLQJ�WKLV�ODUJH�VHW��OHQJWK�ERXQGHG
')6�FKHFNV�RQO\�WKDW�WKH�FXUUHQW�SDWK�FRQWDLQV�QR�GXSOLFDWH�VWDWHV��7KHUH�LV�D�WUDGHRII�KHUH��&KHFNLQJ�RQO\�WKH
FXUUHQW�SDWK�ZLOO�FDXVH�WKH�DOJRULWKP�WR�UH�GR�VRPH�RI�LWV�VHDUFK�ZRUN��EHFDXVH�LW�FDQ
W�UHPHPEHU�ZKDW�VWDWHV�KDV
DOUHDG\�VHDUFKHG��,Q�SUDFWLFH��WKH�ZLVGRP�RI�WKLV�DSSURDFK�GHSHQGV�RQ�WKH�DSSOLFDWLRQ��:KHQ�WKHUH�DUH�WLJKW
ERXQGV�RQ�SDWK�OHQJWK��LW
V�VDIH�WR�LPSOHPHQW�')6�XVLQJ�UHFXUVLRQ�UDWKHU�WKDQ�D�VWDFN�

,WHUDWLYH�GHHSHQLQJ
:H�FDQ�GUDPDWLFDOO\�LPSURYH�WKH�ORZ�PHPRU\�YHUVLRQ�RI�')6�E\�UXQQLQJ�LW�ZLWK�D�SURJUHVVLYHO\�LQFUHDVLQJ
ERXQG�RQ�WKH�PD[LPXP�SDWK�OHQJWK��7KLV�LV�D�ELW�OLNH�KDYLQJ�D�GRJ�UXQQLQJ�DURXQG�\RX�RQ�D�OHDVK��DQG�JUDGXDOO\
OHWWLQJ�WKH�OHDVK�RXW��6SHFLÀFDOO\�

)RU�N� ���WR�LQÀQLW\



5XQ�')6�EXW�VWRS�ZKHQHYHU�D�SDWK�FRQWDLQV�DW�OHDVW�N�VWDWHV���
+DOW�ZKHQ�ZH�ÀQG�D�JRDO�VWDWH

7KLV�LV�FDOOHG��LWHUDWLYH�GHHSHQLQJ���,WV�SURSHUWLHV

2YHUDOO�VHDUFK�EHKDYLRU�ORRNV�OLNH�%)6�
(DFK�LWHUDWLRQ�VWDUWV�IURP�VFUDWFK��IRUJHWWLQJ�DOO�SUHYLRXV�ZRUN�
8VHV�YHU\�OLWWOH�PHPRU\�

(DFK�LWHUDWLRQ�UHSHDWV�WKH�ZRUN�RI�WKH�SUHYLRXV�RQH��6R�LWHUDWLYH�GHHSHQLQJ�LV�PRVW�XVHIXO�ZKHQ�WKH�QHZ�VHDUFK
DUHD�DW�GLVWDQFH�N�LV�ODUJH�FRPSDUHG�WR�WKH�DUHD�VHDUFK�LQ�SUHYLRXV�LWHUDWLRQV��VR�WKDW�WKH�VHDUFK�DW�GLVWDQFH�N�LV
GRPLQDWHG�E\�WKH�SDWKV�RI�OHQJWK�N�

7KHVH�FRQGLWLRQV�GRQ
W�KROG�IRU��'�PD]HV��7KH�VHDUFK�DUHD�DW�UDGLXV�N�LV�SURSRUWLRQDO�WR�N��ZKHUHDV�WKH�DUHD
LQVLGH�WKDW�UDGLXV�LV�SURSRUWLRQDO�WR� �

+RZHYHU��VXSSRVH�WKDW�WKH�VHDUFK�VSDFH�ORRNV�OLNH�D���DU\�WUHH��:H�NQRZ�IURP�GLVFUHWH�PDWK�WKDW�WKHUH�DUH�
QRGHV�DW�OHYHO�N��8VLQJ�D�JHRPHWULF�VHULHV��ZH�ÀQG�WKDW�WKHUH�DUH� �QRGHV�LQ�OHYHOV���WKURXJK�N����6R
WKH�QRGHV�LQ�WKH�ORZHVW�OHYHO�GRPLQDWH�WKH�VHDUFK��7KLV�W\SH�RI�VLWXDWLRQ�KROGV��DSSUR[LPDWHO\��IRU�ELJ�JDPHV
VXFK�DV�FKHVV�

%DFNZDUGV�DQG�%LGLUHFWLRQDO�6HDUFK
%DFNZDUGV�DQG�ELGLUHFWLRQDO�VHDUFK�DUH�EDVLFDOO\�ZKDW�WKH\�VRXQG�OLNH��%DFNZDUGV�VHDUFK�LV�OLNH�IRUZDUGV�VHDUFK
H[FHSW�WKDW�\RX�VWDUW�IURP�WKH�JRDO��,Q�ELGLUHFWLRQDO�VHDUFK��\RX�UXQ�WZR�SDUDOOHO�VHDUFKHV��VWDUWLQJ�IURP�VWDUW�DQG
JRDO�VWDWHV��LQ�KRSHV�WKDW�WKH\�ZLOO�FRQQHFW�DW�D�VKDUHG�VWDWH��7KHVH�DSSURDFKHV�DUH�XVHIXO�RQO\�LQ�YHU\�VSHFLÀF
VLWXDWLRQV�

%DFNZDUGV�VHDUFK�PDNHV�VHQVH�ZKHQ�\RX�KDYH�UHODWLYHO\�IHZ�JRDO�VWDWHV��NQRZQ�DW�WKH�VWDUW��7KLV�RIWHQ�IDLOV��H�J�
FKHVV�KDV�D�KXJH�QXPEHU�RI�ZLQQLQJ�ERDUG�FRQÀJXUDWLRQV��$OVR��DFWLRQV�PXVW�EH�HDV\�WR�UXQ�EDFNZDUGV��RIWHQ
WUXH��

([DPSOH��-DPHV�%RQG�LV�GULYLQJ�KLV�/H[XV�LQ�FHQWUDO�%RVWRQ�DQG�ZDQWV�WR�JHW�WR�'U��(YLO
V�ODLU�LQ�+DZOH\��0$
�SRSXODWLRQ�������7KHUH
V�D�YDVW�QXPEHU�RI�ZD\V�WR�JHW�RXW�RI�%RVWRQ�EXW�RQO\�RQH�URDG�RI�VLJQLÀFDQW�VL]H�JRLQJ
WKURXJK�+DZOH\��,Q�WKDW�VLWXDWLRQ��ZRUNLQJ�EDFNZDUGV�IURP�WKH�JRDO�PLJKW�EH�PXFK�EHWWHU�WKDQ�ZRUNLQJ�IRUZDUGV
IURP�WKH�VWDUWLQJ�VWDWH�

8QLIRUP�FRVW�VHDUFK
%UHDGWK�ÀUVW�VHDUFK�RQO\�UHWXUQV�DQ�RSWLPDO�SDWK�LI�DOO�HGJHV�KDYH�WKH�VDPH�FRVW��H�J��OHQJWK���8QLIRUP�FRVW
VHDUFK��8&6��LV�D�VLPLODU�DOJRULWKP�WKDW�ÀQGV�RSWLPDO�SDWKV�HYHQ�ZKHQ�HGJH�FRVWV�YDU\�

5HFDOO�WKDW�WKH�IURQWLHU�LQ�D�VHDUFK�DOJRULWKP�FRQWDLQV�VWDWHV�WKDW�KDYH�EHHQ�VHHQ�EXW�WKHLU�RXWJRLQJ�HGJHV�KDYH
QRW�\HW�EHHQ�H[SORUHG��%)6�VWRUHV�WKH�IURQWLHU�DV�D�TXHXH��')6�VWRUHV�LW�DV�D�VWDFN��8QLIRUP�FRVW�VHDUFK�VWRUHV�WKH
IURQWLHU�DV�D�SULRULW\�TXHXH��6R��LQ�HDFK�LWHUDWLRQ�RI�RXU�ORRS��ZH�H[SORUH�QHLJKERUV�RI�WKH�EHVW�VWDWH��L�H��ORZHVW
FRVW��VKRUWHVW�SDWK��VHHQ�VR�IDU�

)URP�QRZ�RQ��ZH�ZLOO�DVVXPH�WKDW

HGJH�FRVWV�DUH�DOZD\V�SRVLWLYH��DQG
DOO�HGJH�FRVWV�DUH�! �E��ZKHUH�E�LV�VRPH�PLQLPXP�QRQ�]HUR�FRVW�



7KHVH�DVVXPSWLRQV�DUH�DOPRVW�DOZD\V�WUXH��,I�WKH\�DUHQ
W�WUXH��DOJRULWKP�GHVLJQ�DQG�DQDO\VLV�FDQ�JHW�PXFK�KDUGHU
LQ�ZD\V�WKDW�DUH�EH\RQG�WKH�VFRSH�RI�WKLV�FODVV�

7KH�GHWDLOV
:KHQ�ZH
UH�XVLQJ�%)6�RQ�D�SUREOHP�ZKHUH�DOO�HGJHV�KDYH�WKH�VDPH�FRVW��ZH�FDQ�VDIHO\�UHWXUQ�DV�VRRQ�DV�ZH�VHH
D�JRDO�VWDWH��7KHUH
V�QR�QHHG�WR�SXW�WKH�JRDO�VWDWH�EDFN�LQWR�WKH�IURQWLHU�IRU�IXUWKHU�SURFHVVLQJ��+RZHYHU��FRQVLGHU
WKH�IROORZLQJ�H[DPSOH�

6XSSRVH�ZH�DUH�JRLQJ�IURP�:HVWKDPSWRQ�WR�)ORUHQFH�LQ�WKH�URDG�JUDSK�EHORZ��:KHQ�ZH�ORRN�DW
:HVWKDPSWRQ
V�QHLJKERUV��:LOOLDPVEXUJ�LV�FORVHU�WKDQ�1RUWKDPSWRQ��6R�ZH
OO�ÀUVW�JHW�WR�)ORUHQFH
YLD�:LOOLDPVEXUJ��D�URXWH�WKDW�WDNHV����PLOHV��+RZHYHU��WKH�EHVW�URXWH�LV����PLOHV��YLD�1RUWKDPSWRQ�

(YLGHQWO\��WKLV�PHWKRG�RI�ÀQLVKLQJ�XS�RXU�VHDUFK�GRHVQ
W�JXDUDQWHH�DQ�RSWLPDO�SDWK�ZKHQ�HGJH�FRVWV�YDU\��6R�ZH
QHHG�WR�PDNH�D�FRXSOH�FKDQJHV�WR�HQVXUH�WKDW�ZH�KDYH�UHDOO\�IRXQG�WKH�EHVW�SDWK�ZKHQ�ZH�KDOW�DQG�GHFODUH
VXFFHVV�

:KHQ�H[SORULQJ�D�VWDWH��QHLJKERUV�DUH�SXW�LQWR�WKH�IURQWLHU�HYHQ�LI�WKH\�DUH�JRDO�VWDWHV�
:H�VWRS�ZKHQ�JRDO�VWDWH�UHDFKHV�WKH�WRS�RI�WKH�SULRULW\�TXHXH��QRW�ZKHQ�LW�LV�ÀUVW�VHHQ�
:KHQ�ZH�UH�GLVFRYHU�D�VWDWH��L�H��YLD�D�GLIIHUHQW�SDWK���ZH�XSGDWH�RXU�UHFRUG�RI�LWV�SDWK�OHQJWK�

$OVR�QRWLFH�WKDW�RXU�UHSUHVHQWDWLRQ�RI�D�VWDWH�VKRXOG�LQFOXGH�WKH�FRVW�WR�UHDFK�LW��DORQJ�WKH�EHVW�SDWK�VHHQ�VR�IDU�
&RPSXWLQJ�WKLV�G\QDPLFDOO\�ZRXOG�EH�YHU\�VORZ�

/RQJHU�([DPSOH
$V�DQ�H[DPSOH��FRQVLGHU�JRLQJ�IURP�(DVWKDPSWRQ�WR�+DWÀHOG�LQ�RXU�URDG�PDS�

$V�ZLWK�DQ\�RI�WKHVH�VHDUFK�DOJRULWKPV��RXU�SULRULW\�TXHXH�VWDUWV�RII�FRQWDLQLQJ�(DVWKDPSWRQ�DQG�ZH�WKHQ�UHPRYH
(DVWKDPSWRQ�IURP�WKH�IURQWLHU�DQG�DGG�LWV�QHLJKERUV��+RZHYHU��VLQFH�ZH
UH�GRLQJ�8&6��ZH�DGG�WKH�QHLJKERUV�LQ
RUGHU�RI�GLVWDQFH��QRW�VRPH�DUELWUDU\�VHDUFK�RUGHULQJ��H�J��OHIW�WR�ULJKW���2XU�VHDUFK��VWDWHV�ZLWK�GLVWDQFHV��QRZ
ORRNV�OLNH�WKLV�
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:H�KDYH�D�SDWK�WR�+DWÀHOG��EXW�ZH�FDQ
W�\HW�EH�VXUH�WKDW�LW
V�WKH�EHVW�RQH��6R�ZH�NHHS�JRLQJ��H[SORULQJ�URXWHV
RXWZDUGV�IURP�:HVWKDPSWRQ��+DGOH\��DQG�6RXWK�+DGOH\�
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1RZ�RXU�JRDO�LV�DW�WKH�WRS�RI�WKH�SULRULW\�TXHXH��VR�WKHUH�FDQ
W�EH�D�EHWWHU�SDWK��6R�ZH�UHWXUQ�WKH�SDWK�
(DVWKDPSWRQ��1RUWKDPSWRQ��)ORUHQFH��+DWÀHOG�

)LQDO�FRPPHQWV�RQ�8&6
8&6�UHWXUQV�DQ�RSWLPDO�SDWK�HYHQ�LI�HGJH�FRVWV�YDU\��0HPRU\�UHTXLUHPHQWV�IRU�8&6�DUH�VLPLODU�WR�%)6��7KH\
FDQ�EH�ZRUVH�WKDQ�%)6�LQ�VRPH�FDVHV��EHFDXVH�8&6�FDQ�JHW�VWXFN�LQ�H[WHQGHG�DUHDV�RI�VKRUW�HGJHV�UDWKHU�WKDQ
H[SORULQJ�ORQJHU�EXW�PRUH�SURPLVLQJ�HGJHV�



<RX�PD\�KDYH�VHHQ�'LMNVWUD
V�DOJRULWKP�LQ�GDWD�VWUXFWXUHV�FODVV��,W�LV�EDVLFDOO\�VLPLODU�WR�8&6��H[FHSW�WKDW�LW�ÀQGV
WKH�GLVWDQFH�IURP�WKH�VWDUW�WR�DOO�VWDWHV�UDWKHU�WKDQ�VWRSSLQJ�ZKHQ�LW�UHDFKHV�D�GHVLJQDWHG�JRDO�VWDWH�

'LMNVWUD�DQLPDWLRQ

(GLW�GLVWDQFH
$�JRRG�VHDUFK�DOJRULWKP�PXVW�EH�FRXSOHG�ZLWK�D�JRRG�UHSUHVHQWDWLRQ�RI�WKH�SUREOHP��6R�WUDQVIRUPLQJ�WR�D
GLIIHUHQW�VWDWH�JUDSK�PRGHO�PD\�GUDPDWLFDOO\�LPSURYH�SHUIRUPDQFH��:H
OO�LOOXVWUDWH�WKLV�ZLWK�ÀQGLQJ�HGLW
GLVWDQFH��DQG�WKHQ�VHH�DQRWKHU�H[DPSOH�ZKHQ�ZH�JHW�WR�FODVVLFDO�SODQQLQJ�

3UREOHP��ÀQG�WKH�EHVW�DOLJQPHQW�EHWZHHQ�WZR�VWULQJV��H�J���$/*25,7+0��DQG��$/758,67,&���%\��EHVW���ZH
PHDQ�WKH�DOLJQPHQW�WKDW�UHTXLUHV�WKH�IHZHVW�HGLWLQJ�RSHUDWLRQV��GHOHWH�FKDU��DGG�FKDU��VXEVWLWXWH�FKDU��WR
WUDQVIRUP�WKH�ÀUVW�ZRUG�LQWR�WKH�VHFRQG��:H�FDQ�JHW�IURP�$/*25,7+0�WR�$/758,67,&�ZLWK�VL[�HGLWV�
SURGXFLQJ�WKH�IROORZLQJ�RSWLPDO�DOLJQPHQW�

�����$�/�*�2�5���,���7�+�0�
�����$�/���7�5�8�,�6�7�,�&�
���������'�6���$���$���6�6�

'� �GHOHWH�FKDUDFWHU�
$� �DGG�FKDUDFWHU�
6� �VXEVWLWXWH�

9HUVLRQV�RI�WKLV�WDVN�DSSHDU�LQ

WKHRU\�FODVVHV��H[DPSOH�RI�G\QDPLF�SURJUDPPLQJ�
FRPSXWDWLRQDO�ELRORJ\��PDWFKLQJ�'1$�VHTXHQFHV�
HYDOXDWLQJ�VSHHFK�UHFRJQL]HUV��FRPSDULQJ�PDFKLQH�WUDQVFULSWLRQ�WR�FRUUHFW�RQH�
PDFKLQH�WUDQVODWLRQ��DOLJQLQJ�WH[W�LQ�WZR�GLIIHUHQW�ODQJXDJHV�WR�PDWFK�UHODWHG�ZRUGV�

1DLYH�PHWKRG

(DFK�VWDWH�LV�D�VWULQJ��6R�WKH�VWDUW�VWDWH�ZRXOG�EH��DOJRULWKP��DQG�WKH�HQG�VWDWH�LV��DOWUXLVWLF���(DFK�DFWLRQ�DSSOLHV
RQH�HGLW�RSHUDWLRQ��DQ\ZKHUH�LQ�WKH�ZRUG�

,Q�WKLV�PRGHO��HDFK�VWDWH�KDV�D�YHU\�ODUJH�QXPEHU�RI�VXFFHVVRUV��6R�WKHUH�DUH�DERXW� �VLQJOH�FKDUDFWHU�FKDQJHV
\RX�FRXOG�PDNH�WR�$/*25,7+0��UHVXOWLQJ�LQ�ZRUGV�OLNH�

����/*25,7+0��$*25,7+0�������$/*25,+0������
����%/*25,7+0��&/*25,7+0�������
����$$*25,7+0�������
��������
����$/%25-7+0������
���������

7KLV�PDVVLYH�IDQ�RXW�ZLOO�FDXVH�VHDUFK�WR�EH�YHU\�VORZ�

%HWWHU�PHWKRG

$�EHWWHU�UHSUHVHQWDWLRQ�IRU�WKLV�SUREOHP�H[SORUHV�WKH�VSDFH�RI�SDUWLDO�PDWFKHV��(DFK�VWDWH�LV�DQ�DOLJQPHQW�RI�WKH
LQLWLDO�VHFWLRQV��SUHÀ[HV��RI�WKH�WZR�VWULQJV��6R�WKH�VWDUW�VWDWH�LV�DQ�DOLJQPHQW�RI�WZR�HPSW\�VWULQJV��DQG�WKH�HQG
VWDWH�LV�DQ�DOLJQPHQW�RI�WKH�IXOO�VWULQJV�

,Q�WKLV�UHSUHVHQWDWLRQ��HDFK�DFWLRQ�H[WHQGV�WKH�DOLJQPHQW�E\�RQH�FKDUDFWHU��)URP�HDFK�VWDWH��WKHUH�DUH�RQO\�WKUHH
OHJDO�PRYHV�



SDLU�WKH�QH[W�FKDUDFWHUV�LQ�WKH�WZR�VWULQJV
VNLS�D�FKDUDFWHU�LQ�WKH�ÀUVW�VWULQJ
VNLS�D�FKDUDFWHU�LQ�WKH�VHFRQG�VWULQJ

+HUH
V�SDUW�RI�WKH�VHDUFK�WUHH��VKRZLQJ�KRZ�ZH�H[WHQG�WKH�DOLJQPHQW�ZLWK�HDFK�VWHS���$�GRW�UHSUHVHQWV�D�VNLSSHG
FKDUDFWHU��

,Q�WKLV�VSHFLÀF�FDVH��ZH�FDQ�SDFN�RXU�ZRUN�LQWR�D�QLIW\�FRPSDFW��'�WDEOH�

7KLV�DOJRULWKP�FDQ�EH�DGDSWHG�IRU�VLWXDWLRQV�ZKHUH�WKH�VHDUFK�VSDFH�LV�WRR�ODUJH�WR�PDLQWDLQ�WKH�IXOO�DOLJQPHQW
WDEOH��IRU�H[DPSOH��ZH�PD\�QHHG�WR�PDWFK�'1$�VHTXHQFHV�WKDW�DUH� �FKDUDFWHUV�ORQJ�

:H�FDQ�DQ�DSSUR[LPDWH�VHDUFK�LQ�ZKLFK�ZH�NHHS�RQO\�WKH�EHVW�N�DOLJQPHQWV�RI�HDFK�OHQJWK��H�J��VSHHFK
UHFRJQLWLRQ��
:H�FDQ�FRPSXWH�WKH�HGLW�GLVWDQFH�EXW�QRW�WKH�RSWLPDO�DOLJQPHQW��ZKLFK�UHTXLUHV�VWRULQJ�RQO\�WZR�FROXPQV
IURP�WKH�WDEOH�

)RU�PRUH�GHWDLO��VHH�:LNLSHGLD�RQ�HGLW�GLVWDQFH�DQG�-HII�(ULFNVRQ
V�QRWHV�



&6�����(&(�����
0DUJDUHW�)OHFN ���$�6HDUFK

�
6KDNH\�WKH�URERW������������IURP�:LUHG�0DJD]LQH

�VHDUFK
�VHDUFK�ZDV�GHYHORSHG�DURXQG������DV�SDUW�RI�WKH�6KDNH\�SURMHFW�DW�6WDQIRUG��,W
V�VWLOO�D�FULWLFDO�FRPSRQHQW�RI

PDQ\�$,�V\VWHP�V�7KH�6KDNH\�SURMHFW�UDQ�IURP������WR�������+HUH
V�VRPH�YLGHRV�VKRZLQJ�6KDNH\�LQ�DFWLRQ�

6KDNH\��YLGHR�IURP�WKH�WLPH�
6KDNH\��UHWURVSHFWLYH�YLGHR�
5HPHPEHULQJ�6KDNH\

7RZDUGV�WKH�HQG�RI�WKH�SURMHFW��LW�ZDV�XVLQJ�D�3'3����ZLWK�DERXW����.�E\WHV�RI�5$0��7KH�SURJUDPV�RFFXSLHG
����0�RI�GLVN�VSDFH��7KLV�NLQG�RI�PHPRU\�VWDUYDWLRQ�ZDV�W\SLFDO�RI�WKH�WLPH��)RU�H[DPSOH��WKH�JXLGDQFH
FRPSXWHU�IRU�$SROOR�����ÀUVW�PRRQ�ODQGLQJ��LQ������KDG�RQO\���.�E\WHV�RI�VWRUDJH�

7KH�3UREOHP
&RVW�VR�IDU�LV�D�EDG�SUHGLFWRU�RI�KRZ�TXLFNO\�D�URXWH�ZLOO�UHDFK�D�JRDO��,I�\RX�SOD\�DURXQG�ZLWK�WKLV�VHDUFK
WHFKQLTXH�GHPR�E\�;XHTLDR�;X��\RX�FDQ�VHH�WKDW�%)6�DQG�8&6���'LMNVWUD���VHDUFK�D�ZLGHQLQJ�FLUFXODU�VSDFH�
PRVW�RI�ZKLFK�LV�LQ�WKH�GLUHFWLRQ�RSSRVLWH�WR�WKH�JRDO��:KHQ�WKH\�DVVHVV�VWDWHV��WKH\�FRQVLGHU�RQO\�GLVWDQFH�IURP
WKH�VWDUWLQJ�SRVLWLRQ��EXW�QRW�WKH�GLVWDQFH�WR�UHDFK�WKH�JRDO�

5HFDOO�8&6
5HFDOO�WKDW�XQLIRUP�FRVW�VHDUFK�8&6��KDV�WKUHH�W\SHV�RI�VWDWHV�

XQVHHQ
GRQH�FORVHG� �QHLJKERUV�DOO�H[SORUHG��DOOHJHGO\�ÀQLVKHG�ZLWK�WKLV�VWDWH
RSHQ�IURQWLHU� �VHHQ�EXW�QHLJKERUV�QHHG�WR�EH�H[SORUHG

7KH�IURQWLHU�LV�VWRUHG�LQ�D�SULRULW\�TXHXH��ZLWK�VWDWHV�RUGHUHG�E\�WKHLU�GLVWDQFH�J�V��IURP�WKH�VWDUW�VWDWH��$W�HDFK
VWHS�RI�WKH�VHDUFK��ZH�H[WUDFW�WKH�VWDWH�6�ZLWK�ORZHVW�J�YDOXH��)RU�HDFK�RI�6
V�QHLJKERUV��ZH�FKHFN�LI�LW�KDV�DOUHDG\
EHHQ�VHHQ��,I�LW
V�QHZ��DGG�LW�WR�WKH�IURQWLHU�



:KH�ZH�UHWXUQ�WR�D�SUHYLRXVO\�VHHQ�VWDWH�6�YLD�D�QHZ��VKRUWHU�SDWK��ZH�XSGDWH�WKH�VWRUHG�GLVWDQFH�J�6��DQG�6
V
SRVLWLRQ�LQ�WKH�SULRULW\�TXHXH�

6HDUFK�VWRSV�ZKHQ�WKH�JRDO�UHDFKHV�WKH�WRS�RI�WKH�TXHXH��QRW�ZKHQ�WKH�JRDO�LV�ÀUVW�IRXQG��

�VHDUFK
7KH�LGHD�EHKLQG� �VHDUFK�LV�XVH�D�EHWWHU�HVWLPDWH�RI�KRZ�SURPLVLQJ�HDFK�VWDWH�LV��6SHFLÀFDOO\��ZH�VXP

FRVW�VR�IDU��J�[���DQG
HVWLPDWHG���KHXULVWLF���GLVWDQFH�WR�JRDO��K�[��

6R� �VHDUFK�LV�HVVHQWLDOO\�WKH�8&6�DOJRULWKP�EXW�SULRULWL]LQJ�VWDWHV�EDVHG�RQ�I�[�� �J�[����K�[��UDWKHU�WKDQ�MXVW
J�[��

:LWK�D�UHDVRQDEOH�FKRLFH�RI�KHXULVWLF�� �GRHV�D�EHWWHU�MRE�RI�GLUHFWLQJ�LWV�DWWHQWLRQ�WRZDUGV�WKH�JRDO��7U\�WKH
VHDUFK�GHPR�DJDLQ��EXW�VHOHFW� �

:KDW�PDNHV�D�KHXULVWLF��UHDVRQDEOH�"
+HXULVWLF�IXQFWLRQV�IRU�$�QHHG�WR�KDYH�WZR�SURSHUWLHV

TXLFN�WR�FRPSXWH
XQGHUHVWLPDWHV�RI�WKH�WUXH�GLVWDQFH�WR�WKH�JRDO�

,Q�WKH�FRQWH[W�RI� �VHDUFK��EHLQJ�DQ�XQGHUHVWLPDWH�LV�DOVR�NQRZQ�DV�EHLQJ��DGPLVVLEOH��

+HXULVWLFV�DUH�XVXDOO\�FUHDWHG�E\�VLPSOLI\LQJ���UHOD[LQJ���WKH�WDVN��L�H��UHPRYLQJ�VRPH�FRQVWUDLQWV��)RU�VHDUFK�LQ
PD]HV�PDSV��ZH�FDQ�XVH�VWUDLJKW�OLQH�GLVWDQFH��VR�LJQRULQJ

REVWDFOHV��H�J��LQ�D�PD]H���DQG
WKH�IDFW�WKDW�URDGV�PD\�EH�PLVVLQJ�RU�QRW�VWUDLJKW�RU�KDYH�GLIIHUHQW�VSHHG�OLPLWV��H�J��LQ�D�JUDSK�OLNH�URDG
PDS��

$OO�RWKHU�WKLQJV�EHLQJ�HTXDO��DQ�DGPLVVLEOH�KHXULVWLF�ZLOO�ZRUN�EHWWHU�LI�LW�LV�FORVHU�WR�WKH�WUXH�FRVW��L�H��ODUJHU��$
KHXULVWLF�IXQFWLRQ�K�LV�VDLG�WR��GRPLQDWH��D�KHXULVWLF�IXQFWLRQ�ZLWK�ORZHU�YDOXHV�

)RU�H[DPSOH��VXSSRVH�WKDW�ZH
UH�VHDUFKLQJ�D�GLJLWL]HG�PD]H�DQG�WKH�URERW�FDQ�RQO\�PRYH�LQ�OHIW�ULJKW�RU�XS�GRZQ
�QRW�GLDJRQDOO\���7KHQ�0DQKDWWDQ�GLVWDQFH�LV�D�EHWWHU�KHXULVWLF�WKDQ�VWUDLJKW�OLQH�GLVWDQFH��7KH�0DQKDWWDQ
GLVWDQFH�EHWZHHQ�WZR�SRLQWV�LV�WKH�GLIIHUHQFH�LQ�WKHLU�[�FRRUGLQDWHV�SOXV�WKH�GLIIHUHQFH�LQ�WKHLU�\�FRRUGLQDWHV��,I
WKH�URERW�LV�DOORZHG�WR�PRYH�GLDJRQDOO\��ZH�FDQ
W�XVH�0DQKDWWDQ�GLVWDQFH�EHFDXVH�LW�FDQ�RYHUHVWLPDWH�WKH
GLVWDQFH�WR�WKH�JRDO�

$QRWKHU�FODVVLFDO�H[DPSOH�IRU� �LV�WKH����SX]]OH��$�VPDOOHU�YDULDQW�RI�WKLV�LV�WKH���SX]]OH��



7ZR�VLPSOH�KHXULVWLFV�IRU�WKH����SX]]OH�DUH

1XPEHU�RI�PLVSODFHG�WLOHV
6XP�RI�WKH�0DQKDWWDQ�GLVWDQFHV�EHWZHHQ�HDFK�WLOH
V�FXUUHQW�ORFDWLRQ�DQG�JRDO�ORFDWLRQ�

6HH������SX]]OH�GHPR�E\�-XOLHQ�'UDPDL[

:K\�$GPLVVLELOLW\"
$GPLVVLELOLW\�JXDUDQWHHV�WKDW�WKH�RXWSXW�VROXWLRQ�LV�RSWLPDO��+HUH
V�D�VNHWFK�RI�WKH�SURRI�

6HDUFK�VWRSV�ZKHQ�JRDO�VWDWH�EHFRPHV�WRS�RSWLRQ�LQ�IURQWLHU��QRW�ZKHQ�JRDO�LV�ÀUVW�GLVFRYHUHG��
6XSSRVH�ZH�KDYH�IRXQG�JRDO�ZLWK�SDWK�3�DQG�FRVW�&��&RQVLGHU�D�SDUWLDO�SDWK�;�LQ�WKH�IURQWLHU��,WV
HVWLPDWHG�FRVW�PXVW�EH� ��6LQFH�RXU�KHXULVWLF�LV�DGPLVVLEOH��WKH�WUXH�FRVW�RI�H[WHQGLQJ�;�WR�UHDFK
WKH�JRDO�PXVW�DOVR�EH� ��6R�H[WHQGLQJ�;�FDQ
W�JLYH�XV�D�EHWWHU�SDWK�WKDQ�3�

0DMRU�YDULDQWV�RQ�$
�GHFD\V�JUDFHIXOO\�LI�DGPLVVLELOLW\�LV�UHOD[HG��,I�WKH�KHXULVWLF�RQO\�VOLJKWO\�RYHUHVWLPDWHV�WKH�GLVWDQFH��WKHQ�WKH

UHWXUQ�SDWK�VKRXOG�EH�FORVH�WR�RSWLPDO��7KLV�LV�FDOOHG��VXERSWLPDO��VHDUFK��1RQ�DGPLVVLEOH�KHXULVWLFV�DUH
SDUWLFXODUO\�XVHIXO�ZKHQ�WKHUH�DUH�PDQ\�DOWHUQDWH�SDWKV�RI�VLPLODU��RU�HYHQ�WKH�VDPH��FRVW��DV�LQ�D�YHU\�RSHQ
PD]H��7KH�KHXULVWLF�LV�DGMXVWHG�VOLJKWO\�WR�FUHDWH�D�VPDOO�SUHIHUHQFH�IRU�FHUWDLQ�RI�WKHVH�VLPLODU�SDWKV��VR�WKDW
VHDUFK�IRFXVHV�RQ�H[WHQGLQJ�WKH�SUHIHUUHG�SDWKV�DOO�WKH�ZD\�RXW�WR�WKH�JRDO��6HH�$PLW�3DWHO
V�QRWHV�IRU�GHWDLOV�

,Q�VRPH�VHDUFK�SUREOHPV��QRWDEO\�VSHHFK�UHFRJQLWLRQ��WKH�IURQWLHU�FDQ�JHW�H[WUHPHO\�ODUJH���%HDP�VHDUFK�
DOJRULWKPV�SUXQH�VWDWHV�ZLWK�KLJK�YDOXHV�RI�I��/LNH�VXERSWLPDO�VHDUFK��WKLV�VDERWDJHV�JXDUDQWHHV�RI�RSWLPDOLW\�
+RZHYHU��LQ�SUDFWLFH��LW�PD\�EH�H[WUHPHO\�XQOLNHO\�WKDW�WKHVH�SRRUO\�UDWHG�VWDWHV�FDQ�EH�H[WHQGHG�WR�D�JRRG
VROXWLRQ�

5HFDS�RI�$
6WDWHV�DUH�HYDOXDWHG�E\�D�IXQFWLRQ�I�ZKLFK�HVWLPDWHV�IURP�VWDUW�WR�JRDO�YLD�WKLV�VWDWH�

I�V�� �J�V����K�V�

J�V��LV��DFWXDO��GLVWDQFH�IURP�WKH�VWDUW�VWDWH�WR�V��K�V��LV�D�KHXULVWLF�HVWLPDWH�RI�WKH�GLVWDQFH�IURP�V�WR�WKH�JRDO��I�V�
LV�DQ�HVWLPDWH�RI�WKH�OHQJWK�RI�D�SDWK�IURP�VWDUW�WR�JRDO�YLD�V�

7KUHH�W\SHV�RI�VWDWHV�



XQVHHQ
GRQH�FORVHG� �QHLJKERUV�DOO�H[SORUHG��DOOHJHGO\�ÀQLVKHG�ZLWK�WKLV�VWDWH
RSHQ�IURQWLHU� �VHHQ�EXW�QHLJKERUV�QHHG�WR�EH�H[SORUHG

7KH�IURQWLHU�LV�VWRUHG�LQ�D�SULRULW\�TXHXH��RUJDQL]HG�E\�WKH�I�YDOXHV�

&RUUHFW�ERRNNHHSLQJ�LVQ
W�REYLRXV
�ÀQGV�WKH�RSWLPDO�SDWK�RQO\�ZKHQ�\RX�GR�WKH�ERRNNHHSLQJ�FRUUHFWO\��7KH�GHWDLOV�DUH�VRPHZKDW�OLNH�8&6��EXW

WKHUH�DUH�VRPH�QHZ�LVVXHV��&RQVLGHU�WKH�IROORZLQJ�H[DPSOH��DUWLÀFLDOO\�FRRNHG�XS�IRU�WKH�SXUSRRVH�RI
LOOXVWUDWLRQ��

�
�IURP�%HUNHOH\�&6����[�PDWHULDOV�

7KH�VWDWH�JUDSK�LV�VKRZQ�RQ�WKH�OHIW��ZLWK�WKH�K�YDOXH�XQGHU�HDFK�VWDWH��7KH�ULJKW�VKRZV�D�TXLFN�SLFWXUH�RI�WKH
VHDUFK�SURFHVV��:DONLQJ�WKURXJK�WKH�VHDUFK�LQ�PRUH�GHWDLO�

)LUVW�ZH�SXW�6�LQ�WKH�TXHXH�ZLWK�HVWLPDWHG�FRVW����L�H��J�6�� ���SOXV�K�6�� ���

:H�UHPRYH�6�IURP�WKH�TXHXH�DQG�DGG�LWV�QHLJKERUV��$�KDV�HVWLPDWHG�FRVW���DQG�%�KDV�HVWLPDWHG�FRVW
���6�LV�QRZ�GRQH�FORVHG�

:H�UHPRYH�%�IURP�WKH�TXHXH�DQG�DGG�LWV�QHLJKERU�&��&�KDV�HVWLPDWHG�FRVW����%�LV�QRZ�GRQH�FORVHG�

:H�UHPRYH�&�IURP�WKH�TXHXH��2QH�RI�LWV�QHLJKERUV��$��LV�DOUHDG\�LQ�WKH�TXHXH��6R�ZH�RQO\�QHHG�WR
DGG�*��*�KDV�FRVW����&�LV�QRZ�GRQH�FORVHG�

:H�UHPRYH�$�IURP�WKH�TXHXH��,WV�QHLJKERUV�DUH�DOO�GRQH��VR�ZH�KDYH�QRWKLQJ�WR�GR��$�LV�QRZ�GRQH�

:H�UHPRYH�*�IURP�WKH�TXHXH��,W
V�WKH�JRDO��VR�ZH�KDOW��UHSRUWLQJ�WKDW�WKH�EHVW�SDWK�LV�6%&*�ZLWK
FRVW���

2RSV��7KH�EHVW�SDWK�LV�WKURXJK�$�DQG�KDV�DFWXDO�FRVW����%XW�KHXULVWLF�ZDV�DGPLVVLEOH��:KDW�ZHQW�ZURQJ"
2EYLRXVO\�ZH�GLGQ
W�GR�RXU�ERRNNHHSLQJ�FRUUHFWO\�

)L[LQJ�RXU�ERRNNHHSLQJ
7KH�DOJRULWKP�ZH�LQKHULWHG�IURP�IURP�8&6�RQO\�XSGDWHV�FRVWV�IRU�QRGHV�WKDW�DUH�LQ�WKH�IURQWLHU��,Q�WKLV�H[DPSOH�
SDWKV�WKURXJK�%�ORRN�EHWWHU�DW�WKH�VWDUW��6R�6%&*�UHDFKHV�&�DQG�*�ÀUVW��&�DQG�*�DUH�PDUNHG�GRQH�FORVHG��$QG



WKHQ�ZH�VHH�WKH�VKRUWHU�SDWK�6$&��8SGDWLQJ�WKH�FRVW�RI�&�ZRQ
W�KHOS�EHFDXVH�LW
V�LQ�WKH�GRQH�FORVHG�VHW�

)L[��ZKHQ�ZH�XSGDWH�WKH�FRVW�RI�D�QRGH�LQ�WKH�FORVHG�GRQH�VHW��SXW�WKDW�QRGH�EDFN�LQWR�WKH�IURQWLHU
�SULRULW\�TXHXH��

7KHUH�LV�DOVR�D�VHFRQG�LVVXH��WKDW�DSSOLHV�DOVR�WR�8&6��(IÀFLHQW�SULRULW\�TXHXH�LPSOHPHQWDWLRQV��H�J��WKH�RQHV
VXSSOLHG�ZLWK�\RXU�IDYRULWH�SURJUDPPLQJ�ODQJXDJH��GRQ
W�QHFHVVDULO\�VXSSRUW�XSGDWHV�WR�WKH�SULRULW\�QXPEHUV�

:RUNDURXQG��LW�PD\�EH�PRUH�HIÀFLHQW�WR�SXW�D�VHFRQG�FRS\�RI�WKH�VWDWH��ZLWK�WKH�QHZ�FRVW��LQWR�WKH
SULRULW\�TXHXH�

,Q�PDQ\�DSSOLFDWLRQV��GHFUHDVHV�LQ�VWDWH�FRVW�DUHQ
W�YHU\�IUHTXHQW��6R�WKLV�FUHDWHV�OHVV�LQHIÀFLHQF\�WKDQ�XVLQJ�D
SULRULW\�TXHXH�LPSOHPHQWDWLRQ�ZLWK�PRUH�IHDWXUHV�

&RQVLVWHQF\
7KH�SUREOHP�ZLWK�VKRUWHU�SDWKV�WR�ROG�VWDWHV�LV�VLPSOLÀHG�LI�RXU�KHXULVWLF�LV��FRQVLVWHQW���7KDW�LV��LI�ZH�FDQ�JHW
IURP�Q�WR�Q
�ZLWK�FRVW�F�Q�Q
���ZH�PXVW�KDYH

6R�DV�ZH�IROORZ�D�SDWK�DZD\�IURP�VWDUW�VWDWH��RXU�HVWLPDWHG�FRVW�I�QHYHU�GHFUHDVHV��8VHIXO�KHXULVWLFV�DUH�RIWHQ
FRQVLVWHQW��)RU�H[DPSOH��WKH�VWUDLJKW�OLQH�GLVWDQFH�LV�FRQVLVWHQW�EHFDXVH�RI�WKH�WULDQJOH�LQHTXDOLW\�

:KHQ�WKH�KHXULVWLF�LV�FRQVLVWHQW��ZH�QHYHU�KDYH�WR�XSGDWH�WKH�SDWK�OHQJWK�IRU�D�QRGH�WKDW�LV�LQ�WKH�GRQH�FORVHG�VHW�
�7KRXJK�ZH�PD\�VWLOO�KDYH�WR�XSGDWH�SDWK�OHQJWKV�IRU�QRGHV�LQ�WKH�IURQWLHU��

:H�FDQ�YLHZ�8&6�DV�$�ZLWK�D�KHXULVWLF�IXQFWLRQ�K�WKDW�DOZD\V�UHWXUQV�]HUR��7KLV�KHXULVWLF�LV�FRQVLVWHQW��VR
XSGDWHV�WR�FRVWV�LQ�8&6�LQYROYH�RQO\�VWDWHV�LQ�WKH�IURQWLHU�

2WKHU�KDFNV�DQG�YDULDQWV
7KHUH�DUH�PDQ\�YDULDQWV�RI�$��PRVWO\�KDFNV�WKDW�PD\�KHOS�IRU�VRPH�SUREOHPV�DQG�QRW�RWKHUV��6HH�WKLV�VHW�RI
SDJHV�IRU�H[WHQVLYH�LPSOHPHQWDWLRQ�GHWDLO�$PLW�3DWHO
V�QRWHV�RQ�$�

2QH�ZHOO�NQRZQ�YDULDQW�LV�LWHUDWLYH�GHHSHQLQJ�$��5HPHPEHU�WKDW�LWHUDWLYH�GHHSHQLQJ�LV�EDVHG�RQ�D�YHUVLRQ�RI
')6���OHQJWK�ERXQGHG���LQ�ZKLFK�VHDUFK�LV�VWRSSHG�ZKHQ�WKH�SDWK�UHDFKHV�D�WDUJHW�OHQJWK�N��,WHUDWLYH�GHHSHQLQJ
$�LV�VLPLODU��EXW�VHDUFK�VWRSV�LI�WKH�$�HVWLPDWHG�FRVW�I�V��LV�ODUJHU�WKDQ�N�

$QRWKHU�RSWLPL]DWLRQ�LQYROYHV�EXLOGLQJ�D��SDWWHUQ�GDWDEDVH���7KLV�LV�D�GDWDEDVH�RI�SDUWLDO�SUREOHPV��WRJHWKHU�ZLWK
WKH�FRVW�WR�VROYH�WKH�SDUWLDO�SUREOHP��7KH�WUXH�VROXWLRQ�FRVW�IRU�D�VHDUFK�VWDWH�PXVW�EH�DW�OHDVW�DV�KLJK�DV�WKH�FRVW
IRU�DQ\�SDWWHUQ�LW�FRQWDLQV�



&6�����(&(�����
0DUJDUHW�)OHFN ���5RERW�SODQQLQJ

��IURP�:LNLSHGLD�

3DUWV�RI�D�URERW
(YHQ�WKRXJK�6KDNH\�ZDV�EXLOW����\HDUV�DJR��LW�VWLOO�KDG�WKH�EDVLF�FRPSRQHQWV�RI�D�PRELOH�URERW��7KDW�LV�

EDWWHU\��RU�SRZHU�FRUG��DQG�PRWRUV
EUDLQ��DND�FRPSXWHU�

RQ�ERDUG
RII�ERDUG�YLD�UDGLR�OLQN�RU�FRQWURO�FDEOH

SURSXOVLRQ��ZKHHOV�
ORQJ�GLVWDQFH�VHQVRUV

SDVVLYH��H�J��FDPHUDV
DFWLYH�H�J��,5��VRQDU

WRXFK�VHQVRUV��EXPSHUV��ZKLVNHUV�

1HZHU�URERWV�PD\�DOVR�KDYH�IHDWXUHV�OLNH

PRUH�W\SHV�RI�VHQVRUV
VSHFLDO�SXUSRVH��H�J��KDV�FXWWHU�SHQHWUDWHG�VNLQ�
*36

OHJV
DUPV��JULSSHUV��ZLWK�IRUFH�IHHGEDFN�DQG��VNLQ��

%DWWHULHV�DUH�D�VXUSULVLQJO\�FULWLFDO�SDUW�RI�WKH�GHVLJQ��(YHQ�QRZ��WKH\�DUH�KHDY\�FRPSDUHG�WR�KRZ�PXFK�SRZHU�WKH\�GHOLYHU��6R�WKH\�FDQ�EH�D
VLJQLÀFDQW�SHUFHQWDJH�RI�WKH�URERW
V�ZHLJKW�

$�URERW�XVXDOO\�KDV�VHYHUDO�UHGXQGDQW�VHQVRUV�EHFDXVH�WKH\�IDLO�LQ�GLIIHUHQW�ZD\V��H�J��ZKLVNHUV�RSHUDWH�RQO\�DW�YHU\�VKRUW�GLVWDQFHV��,5�VHQVRUV�IDLO
RQ�GDUN�VXUIDFHV�

7KHUH�LV�D�WUDGHRII�EHWZHHQ�H[WUD�IHDWXUHV�DQG�EHWWHU�VDIHW\��5RERWV�ZRUNLQJ�FORVH�WR�KXPDQV�KDYH�WR�EH�OHVV�DPELWLRXV�VR�WKDW�WKH\�DUH�PRUH�UHOLDEO\
VDIH�

0RELOH�URERWV
+RZ�GRHV�LW�PRYH"

ZKHHOV
OHJV
SURSHOOHUV��Á\LQJ��XQGHUZDWHU�
UROOLQJ
VQDNH�OLNH�PRWLRQ
ÁRDWV�LQ�VSDFH��H�J��RQ�WKH�,QWHUQDWLRQDO�6SDFH�6WDWLRQ�



)RRG�GHOLYHU\�URERW�IURP�7HFKFUXQFK�0D\
��������

:D\PR��*RRJOH��VHOI�GULYLQJ�FDU OHJJHG�URERW�IURP�(7+�=XULFK

&LPRQ�ÁRDWLQJ�RQ�WKH�,66�IURP�1%& *XDUG�URERW�IURP�7KH�7HOHJUDSK
6QDNHERW�IURP�1$6$

&RRO�YLGHRV
5RERWV�JHQHUDWH�WKH�EHVW�YLGHRV�LQ�WKH�ÀHOG�

&08�VQDNH�URERW�FOLPEV�D�WUHH

*XDUGERW

/HJJHG�URERWV��0DUF�5DLEHUW�DQG�%RVWRQ�'\QDPLFV���HDUO\�RQHV�DQG�QHZLVK�KXPDQRLG�RQH

*RRJOH�VHOI�GULYLQJ�ELNH��IDNH�

�$GHHSW�URERW�DUP�IRU�$UGXLQR��IURP�$PD]RQ�

5RERW�DUPV
5RERWV�FDQ�DOVR�EH�MRLQWHG�DUPV��PRXQWHG�RQ�D�À[HG�EDVH�RU�D�PRELOH�RQH��7KLV�ZHUH�RULJLQDOO\�XVHG�SULPDULO\�IRU�LQGXVWULDO�DVVHPEO\��GXH�WR�VDIHW\
FRQFHUQV��$V�WKH\�KDYH�EHFRPH�VPDOOHU�DQG�PRUH�UHOLDEOH��ZH�DOVR�VHH�KXPDQ�IDFLQJ�DSSOLFDWLRQV�

+LJKOLJKWV�RI�WKH�+DQQRYHU�0(66(�����

3DUWV�DVVHPEO\��$OOLHG�7HFKQRORJ\�FRP�7DEOHWRS�'HPR�RI�6PDOO�3DUWV�$VVHPEO\

6RPH�URERWV�KDQJ�IURP�WKH�FHLOLQJ��H�J��WKLV�FKHI�URERW�IURP�6DPVXQJ�



�IURP�WKH�5REE�5HSRUW

6DPVXQJ�FKHI�URERW�YLGHR�DW�&(6�����

3ODQQLQJ�PRWLRQV�RI�IRU�MRLQWHG�DUPV�LV�PDGH�FRPSOH[�E\�WKH�QHHG�WR�WUDQVODWH�EHWZHHQ�UHDO�ZRUOG�FRRUGLQDWHV�DQG�MRLQW�DQJOHV��:H
OO�VHH�WKH�GHWDLOV
VRRQ�

$OVR��YHU\�DFFXUDWH�SRVLWLRQLQJ�UHTXLUHV�WKDW�OLQNV�UHPDLQ�VWLII��ZKLFK�HQGV�XS�UHTXLULQJ�YHU\�KHDY\�URERWV�IRU�DEVXUGO\�VPDOO�SD\ORDGV��(�J��D�YHU\
DFFXUDWH�SHUVRQ�VL]HG�URERW�PD\�KDYH�RQO\�D���OE�SD\ORDG��%RWK�KLJK�OHYHO�DQG�ORZ�OHYHO�SODQQLQJ�DUH�PRUH�FRPSOLFDWHG�ZKHQ�OLQNV�PD\�ÁH[
DQG�RU�WKHUH�LV�VLJQLÀFDQW�HUURU�LQ�SRVLWLRQLQJ�

7KH�HQYLURQPHQW
9HU\�HDUO\�URERWV�VXFK�DV�6KDNH\�PRYHG�DURXQG�D�ZRUOG�WKDW�ZDV�ODUJHO\�VWDWLF�DQG�HDV\�WR�ÀJXUH�RXW�IURP�FDPHUD�LPDJHV��2EMHFWV�PRYHG�RQO\
ZKHQ�WKH�URERW�PDGH�WKHP�PRYH���$Q\�JUDG�VWXGHQW�KHOSHUV�ZRXOG�EH�VQHDNLQJ�DURXQG�EHKLQG�LWV�EDFN��

��IURP�1HZ�$WODV�

$V�$,�V\VWHPV�KDYH�JRWWHQ�PRUH�FDSDEOH��WKH\�KDYH�PRYHG�LQWR�PRUH�UHODLVWLF�HQYLURQPHQWV�

7KH�HQYLURQPHQW�PXVW�EH�OHDUQHG�JUDGXDOO\�YLD�LPSHUIHFW�VHQVRUV�
7KH�HQYLURQPHQW�PD\�FKDQJH�RYHU�WLPH�
7KHUH�PD\�EH�RWKHU�DJHQWV��URERWV�RU�SHRSOH�

ZRUNLQJ�ZLWK�WKH�URERW��RU
ZRUNLQJ�DJDLQVW�WKH�URERW�

7KH�REVWDFOHV�PD\�EH
WKLQJV�\RX�FDQ�EXPS�LQWR�
DUHDV�WKDW�DUH�WRR�VWHHS�WR�GULYH�RQ��H�J��WKH�VLGH�RI�D�WUHH���RU
VXUIDFHV�WKDW�\RXU�ZKHHOV�OHJV�FDQ
W�KDQGOH��H�J��JUDYHO��

)LQDO�YLGHR
9LGHR�RI�URERWV�ZRUNLQJ�DV�D�WHDP��8��3HQQ�GURQHV�SOD\�-DPHV�%RQG

3DWK�3ODQQLQJ
3ODQQLQJ�PRWLRQV�IRU�URERWV�LVQ
W�WRR�GLIÀFXOW�LI�WKH�URERW�LV�YHU\�WLQ\��VR�ZH�FDQ�DSSUR[LPDWH�LW�DV�D�SRLQW��+RZHYHU��WKDW
V�XVXDOO\�QRW�WKH�FDVH��6R�D
NH\�SUREOHP�LQ�URERWLFV�LV

:KHUH�FDQ�WKH�URERW�PRYH�ZKHQ�WKH�URERW�KDV�VLJQLÀFDQW�VL]H"

:H
OO�PRGHO�URERW�DQG�REVWDFOHV�DV�VLPSOH�JHRPHWULFDO�VKDSHV�WR�GHYHORS�WKH�LGHDV�

0RYLQJ�D�FLUFXODU�URERW
6XSSRVH�WKDW�ZH
UH�PRYLQJ�D�FLUFXODU�URERW�LQ��'��:H�FDQ�VLPSOLI\�SODQQLQJ�XVLQJ�WKH�IROORZLQJ�LGHD�

,GHD��H[SDQG�REVWDFOHV�VR�ZH�FDQ�VKULQN�URERW�WR�D�SRLQW�



7KLV�PRGLÀHG�VSDFH�LV�FDOOHG�D�FRQÀJXUDWLRQ�VSDFH��,W�VKRZV�DOO�WKH�SRVVLEOH�SRVLWLRQV�IRU�WKH�FHQWHU�RI�WKH�URERW�

2EVWDFOHV�IRU�D�FLUFXODU�URERW��IURP�+RZLH�&KRVHW�

0RWLRQ�RI�URERW�DUPV
$QRWKHU�VWDQGDUG�VLPSOH�H[DPSOH�LV�D�URERW�DUP�ZLWK�WZR�OLQNV�FRQQHFWHG�E\�URWDWLQJ�MRLQWV��OLNH�WKLV�

7R�JHW�D�VHQVH�RI�KRZ�WKH�DUP�FDQ�PRYH�DURXQG�REVWDFOHV��SOD\�DURXQG�ZLWK�WKLV���OLQN�URERW�VLPXODWRU�E\�-HIIUH\�,FKQRZVNL��2U�ORRN�DW�WKHVH
SLFWXUHV�RI�D�SK\VLFDO�URERW�PRGHO��

2XU�KLJK�OHYHO�SODQQLQJ�WDVN�LV�H[SUHVVHG�LQ�QRUPDO��'�FRRUGLQDWHV��H�J��PRYH�WKH�WLS�IURP�RQH��[�\��ORFDWLRQ�WR�DQRWKHU��+RZHYHU��ZH�FRQWURO�WKH
URERW�YLD�WKH�DQJOHV�RI�WKH�MRLQWV��7KHVH� �SDLUV�IRUP�D�GLIIHUHQW��'�VSDFH��FDOOHG�WKH�FRQÀJXUDWLRQ�VSDFH�RI�WKH�SUREOHP�

%LJ�LGHD��GR�SODQQLQJ�LQ�FRQÀJXUDWLRQ�VSDFH��/R]DQR�3HUH]�DURXQG�������

&RQÀJXUDWLRQ�VSDFH�IRU�D���OLQN�DUP��IURP�+RZLH�&KRVHW�

1RWLFH�WKDW�D�JRDO�LQ�UHDO�VSDFH�PLJKW�FRUUHVSRQG�WR�PRUH�WKDQ�RQH�SRLQW�LQ�FRQÀJXUDWLRQ�VSDFH��)RU���OLQN�DUP��PDQ\��'�SRLQWV�FDQ�EH�UHDFKHG
ZLWK�WKH�HOERZ�SRLQWLQJ�LQ�WZR�ZD\V��)RU�DUPV�ZLWK�PRUH�OLQNV��ZH�FDQ�ÀQG�PXOWLSOH�VROXWLRQV�WR�JRDOV�WKDW�VSHFLI\�WKH�DQJOH��DV�ZHOO�DV�WKH
SRVLWLRQ��RI�WKH�KDQG��$QLPDOV�FDQ�H[SORLW�WKLV�WR�PDLQWDLQ�VHYHUDO�FRQVWUDLQWV�VLPXOWDQHRXVO\��H�J��NHHS�KHDG�LQ�D�À[HG�SRVLWLRQ�ZKLOH�IHHW�KROG�RQWR
D�PRYLQJ�EUDQFK�

.LQJÀVKHU�YLGHR�IURP�WKH�$XGRERQ�6RFLHW\

8VHIXO�UHIHUHQFHV
7KH�ÀJXUHV�DERYH�FUHGLWHG�WR�+RZLH�&KRVHW�FDPH�IURP�+RZLH�&KRVHW��&08���������6SULQJ������DQG���������)DOO�������)RU�PRUH�GHWDLOV��FKHFN
RXW�KLV�ERRN�3ULQFLSOHV�RI�5RERW�0RWLRQ�

)XQ�ERRN�RQ�FROOLVLRQ�GHWHFWLRQ�E\�-HII�7KRPSVRQ

$��'�VFHQH

��IURP�*RRJOH�PDSV�

0RWLRQ�RI�URWDWLQJ�SRO\JRQ��FDU�
1RZ�FRQVLGHU�D�SRO\JRQDO�URERW�PRYLQJ�DURXQG�LQ��'��)RU�H[DPSOH��D�FDU�RU�WUXFN�PLJKW�EH�PRYLQJ�DURXQG�WKH�URDGV�QHDU�WKH�6LHEHO�&HQWHU�VKRZQ
LQ�WKH�DUHDO�YLHZ�DERYH��,Q�WKH�VLPSOLÀHG�PDS�EHORZ���ZH�KDYH�WZR�FURVVLQJ�URDGV�GHÀQHG�E\�IRXU�REVWDFOHV��UHG���7KH�FDU��EOXH��FDQ�PRYH�IRUZDUGV
DQG�URWDWH�



7R�VSHFLI\�WKH�URERW
V�SRVLWLRQ��ZH�QHHG�WR�JLYH�LWV��[�\��SRVLWLRQ�DQG�DOVR�LWV�RULHQWDWLRQ��6R�WKH�URERW
V�FRQÀJXUDWLRQ�VSDFH�LV�WKUHH�GLPHQVLRQDO�

6HH�WKH�IROORZLQJ�VOLGHV�IRU�WZR�ZRUNHG�H[DPSOHV�IURP�+RZLH�&KRVHW�

&RQÀJXUDWLRQ�VSDFH�REVWDFOH�IRU�D�UHFWDQJXODU�REMHFW�ZLWK�D�PRYLQJ�UHFWDQJXODU�URERW
0RYLQJ�DQ�/�VKDSHG�REMHFW�WKURXJK�VRPH�WLJKW�GRRUZD\V

,VVXHV
6R�WKLV��'�SUREOHP�ZLWK�VLPSOH�SRO\JRQDO�REVWDFOHV�KDV�D��'�FRQÀJXUDWLRQ�VSDFH�ZLWK�TXLWH�FRPSOH[�REVWDFOHV�

7KH�GLPHQVLRQDOLW\�RI�WKH�FRQÀJXUDWLRQ�VSDFH�JHWV�HYHQ�ODUJHU�LQ�PDQ\�UHDO�ZRUOG�VLWXDWLRQV��)RU�H[DPSOH��LI�ZH

PRYH�REMHFWV�LQ��'��H�J��GURQHV��DVVHPEO\�RI��'�SDUWV�
URERWV�ZLWK�PRUH�GHJUHHV�RI�IUHHGRP��H�J��DUP�ZLWK�PRUH�WKDQ�RQH�MRLQW��DUP�PRXQWHG�RQ�PRELOH�EDVH

6HDUFKLQJ�FRQÀJXUDWLRQ�VSDFH
+RZ�GR�ZH�FRPSXWH�D�SDWK�LQ�D�FRQÀJXUDWLRQ�VSDFH"

)RU�VLPSOH��'�H[DPSOHV��H�J��03����ZH�FDQ�GLJLWL]H�WKH�FRQÀJXUDWLRQ�VSDFH�SRVLWLRQV�DQG�XVH�D�GLJLWL]HG�PD]H�VHDUFK�DOJRULWKP��+RZHYHU��WKLV
DSSURDFK�VFDOHV�YHU\�EDGO\�

'LJLWL]HG�VL]H�LQFUHDVHV�H[SRQHQWLDOO\�LQ�WKH�QXPEHU�RI�GLPHQVLRQV
)UHH�VSDFH�WHQGV�WR�EH�PRVWO\�ODUJH�RSHQ�DUHDV��ZKHUH�PDQ\�SDWKV�DUH�SRVVLEOH
3UHFLVLRQ�QHHGV�DUH�YDULDEOH��ORZ�LQ�IUHH�VSDFH��KLJK�QHDU�REVWDFOHV

1RUPDOO\�ZH�FRQYHUW�FRQÀJXUDWLRQ�VSDFH�LQWR�D�JUDSK�UHSUHVHQWDWLRQ�FRQWDLQLQJ

ZD\SRLQWV
HGJHV�MRLQLQJ�WKHP

7KHVH�JUDSK�UHSUHVHQWDWLRQV�DUH�FRPSDFW�DQG�FDQ�EH�VHDUFKHG�HIÀFLHQWO\�

9LVLELOLW\�JUDSKV
2QH�JUDSK�EDVHG�DSSURDFK�XVHV�YHUWLFHV�RI�REMHFWV�DV�ZD\SRLQWV��(GJHV�DUH�VWUDLJKW�OLQHV�FRQQHFWLQJ�YHUWLFHV��7KLV��YLVLELOLW\�JUDSK��FDQ�EH
FRQVWUXFWHG�LQFUHPHQWDOO\��GLUHFWO\�IURP�D�SRO\JRQDO�UHSUHVHQWDWLRQ�RI�WKH�REVWDFOHV�

��IURP�+RZLH�&KRVHW
V�ERRN�

9LVLELOLW\�*UDSK�&RQVWUXFWLRQ

7KLV�W\SH�RI�UHSUHVHQWDWLRQ�ZDV�SRSXODU�LQ�HDUO\�FRQÀJXUDWLRQ�VSDFH�DOJRULWKPV��,W�SURGXFHV�SDWKV�RI�PLQLPDO�OHQJWK��+RZHYHU��WKHVH�SDWKV�DUHQ
W
YHU\�VDIH�EHFDXVH�WKH\�VNLP�WKH�HGJHV�RI�REVWDFOHV��,W
V�ULVN\�WR�JHW�WRR�FORVH�WR�REVWDFOHV��:H�FRXOG�HDVLO\�KLW�WKH�REVWDFOH�LI�WKHUH�DUH�DQ\�HUURUV�LQ
RXU�PRGHO�RI�RXU�VKDSH��RXU�SRVLWLRQ��DQG�RU�WKH�REVWDFOH�SRVLWLRQ��)RU�PRVW�SUDFWLFDO�DSSOLFDWLRQV��LW
V�EHWWHU�WR�KDYH�D�VRPHZKDW�ORQJHU�SDWK�WKDW�LV
UHDVRQDEO\�VKRUW�DQG�GRHVQ
W�FRPH�WRR�FORVH�WR�REVWDFOHV�

6NHOHWRQL]DWLRQ



$QRWKHU�FODVV�RI�PHWKRGV�FRQYHUWV�IUHHVSDFH�LQWR�D�VNHOHWRQ�WKDW�JRHV�WKURXJK�WKH�PLGGOH�RI�UHJLRQV��FDOOHG�D��URDGPDS���3DWKV�YLD�WKH�VNHOHWRQ�VWD\
IDU�IURP�REVWDFOHV��VR�WKH\�WHQG�WR�EH�VDIH�EXW�SHUKDSV�RYHUO\�ORQJ�

7KH��*HQHUDOL]HG�9RURQRL�'LDJUDP��SODFHV�WKH�VNHOHWRQ�DORQJ�FXUYHV�WKDW�DUH�HTXLGLVWDQW�IURP�WZR�RU�PRUH�REVWDFOHV��7KH�ZD\SRLQWV�DUH�WKH�SODFHV
ZKHUH�WKHVH�FXUYHV�LQWHUVHFW�

��IURP�+RZLH�&KRVHW�

7KH�FHOO�GHFRPSRVLWLRQ�EHORZ�GLYLGHV�IUHH�VSDFH�VRPHZKDW�PRUH�DUELWUDULO\�LQWR�WUDSH]RLGV�DOLJQHG�ZLWK�WKH�FRRUGLQDWH�D[HV��:D\SRLQWV�DUH�WKHQ
ORFDWHG�LQ�WKH�PLGGOH�RI�HDFK�WUDSH]RLG�DQG�WKH�PLGGOHV�RI�LWV�HGJHV�

��IURP�3KLOLSSH�&KHQJ��0,7�������

'HWDLOV�RI�SDWK�FRQVWUXFWLRQ
$�URDGPDS�IRU�D�FRQÀJXUDWLRQ�VSDFH�LV�XVXDOO\�SUHFRPSXWHG�DQG�WKHQ�XVHG�WR�SODQ�PDQ\�SDWKV��H�J��DV�WKH�URERW�PRYHV�DURXQG�LWV�HQYLURQPHQW��7KH
VWDUW�DQG�JRDO�RI�WKH�SDWK�ZLOO�W\SLFDOO\�QRW�EH�RQ�WKH�URDGPDS��6R�WKH�SDWK�LV�FRQVWUXFWHG�LQ�WKUHH�SDUWV�

IURP�VWDUW�RQWR�QHDUHVW�SRLQW�RQ�VNHOHWRQ
DORQJ�VNHOHWRQ
WR�JRDO�IURP�QHDUHVW�SRLQW�RQ�VNHOHWRQ

3DWKV�DVVHPEOHG�IURP�URDGPDS�HGJHV�PD\�EH�ORQJHU�WKDQ�QHHGHG��DQG�WKH�HGJHV�DUHQ
W�MRLQHG�WRJHWKHU�VPRRWKO\��6KDUS�FKDQJHV�LQ�RULHQWDWLRQ�PD\
EH�LPSRVVLEOH�IRU�WKH�URERW�WR�H[HFXWH�DQG�RU�FDXVH�H[FHVVLYH�ZHDU�RQ�WKH�MRLQWV��6R�LW�LV�VWDQGDUG�SUDFWLFH�WR�RSWLPL]H�WKHP��H�J��E\�VPRRWKLQJ�WKH
FXUYH��LQ�D�SRVW�SURFHVVLQJ�VWHS�

3UREDELOLVWLF�5RDGPDS��350��3ODQQHUV
5HFHQW�DOJRULWKPV�FUHDWH�URDGPDSV�PRUH�HIÀFLHQWO\�E\�VDPSOLQJ�WKH�FRQÀJXUDWLRQ�VSDFH�ZLWKRXW�HYHU\�FRPSXWLQJ�WKH�GHWDLOV�RI�DOO�WKH�REVWDFOHV�
6SHFLÀFDOO\�ZH

*HQHUDWH�D�ODUJH�QXPEHU�RI�VDPSOH�SRLQWV�LQ�FRQÀJXUDWLRQ�VSDFH�
.HHS��DV�RXU�ZD\SRLQWV��RQO\�WKH�SRLQWV�WKDW�DUH�LQ�IUHH�VSDFH�
7U\�WR�FRQQHFW�HDFK�ZD\SRLQW�WR�QHDUE\�ZD\SRLQWV�

7KHUH�DUH�IDVW�DOJRULWKPV�IRU�GHFLGLQJ�ZKHWKHU�D�VSHFLÀF�SRLQW�LV�LQVLGH�DQ\�REVWDFOH��,I�ZD\SRLQWV�DUH�FORVH�WRJHWKHU��WKHUH�DUH�DOVR�VLPSOH�PHWKRGV
IRU�FRQQHFWLQJ�WKHP��H�J��FKHFN�ZKHWKHU�WKH�VWUDLJKW�OLQH�EHWZHHQ�WKHP�LV�LQ�IUHH�VSDFH�

+HUH�LV�D�SUREDELOLVWLF�URDGPDS�IRU�D�VLPSOH�SODQQLQJ�SUREOHP��OHIW��DQG�D�SODQ�FRQVWUXFWHG�XVLQJ�LW��ULJKW��



��� ��IURP�+RZLH�&KRVHW�ERRN�

*HRPHWU\�&KHDW�6KHHW

7KLV�SLFWXUH�VKRZV�D�VLWXDWLRQ�IURP�03����9HFWRU� �JRHV�IURP�WKH�EDVH�RI�D�URERW�DUP
V�OLQN�WR�WKH�HQG�RI�WKH�OLQN��9HFWRU� �JRHV�IURP�WKH�EDVH�WR
VRPH�RWKHU�SRLQW�S��%RWK�YHFWRUV�OLYH�LQ��'�DQG�FRXOG�SRLQW�LQ�DQ\�GLUHFWLRQ��:H
OO�VHH�VRPH�VLPLODU�VLWXDWLRQV�LQ�KLJKHU�GLPHQVLRQV�ZKHQ�ZH�JHW�WR
YHFWRU�VHPDQWLFV�

:H
YH�GURSSHG�D�SHUSHQGLFXODU�IURP�S�WR�WKH�OLQH�FRQWDLQLQJ� ��LQWHUVHFWLQJ�WKH�OLQH�DW�SRLQW�T��'HSHQGLQJ�RQ�WKH�SUREOHP��ZH
G�OLNH�WKH�GLVWDQFH
IURP�S�WR�T�DQG�RU�WKH�GLVWDQFH�IURP�WKH�EDVH�WR�T��/HW
V�WKLQN�RI�WKHVH�GLVWDQFHV�DV�VLJQHG��EHFDXVH�WKDW
V�RIWHQ�ZKDW�\RX�QHHG��)RU�H[DPSOH��WKH�VLJQ
RI�WKH�GLVWDQFH�IURP�WKH�EDVH�WR�T�WHOOV�\RX�ZKHWKHU�T�RQ�WKH�FRUUHFW�VLGH�RI�WKH�EDVH�WR�EH�LQ�WKH�OLQH�VHJPHQW�GHÀQHG�E\�EDVH�DQG�HQG�

<RX
OO�UHFDO�IURP�KLJK�VFKRRO�JHRPHWU\�WKDW

WKH�GLVWDQFH�IURP�S�WR�T�LV� ��DQG
WKH�GLVWDQFH�IURP�WKH�EDVH�WR�T�LV�

+RZHYHU��ZH
G�SUHIHU�QRW�WR�FRQYHUW�WR�IURP�DQJOHV�EHFDXVH�WKRVH�OLEUDU\�IXQFWLRQV�WHQG�WR�EH�VORZ��6R��LQVWHDG��\RX�VKRXOG�H[SORLW�WKH�IROORZLQJ
HTXDWLRQV�

�LV�WKH�GRW�SURGXFW�� �LV�VRPHWLPHV�FDOOHG�WKH��FURVV�SURGXFW��LQ��'�JHRPHWULFDO�DOJRULWKPV��0RUH�H[DFWO\��LW�LV�WKH�VLJQ�DQG�PDJQLWXGH�RI
WKH�FURVV�SURGXFW�IRU�WZR�YHFWRUV�WKDW�OLYH�LQ�WKH�SODQH� ��0RUH�FRQFUHWHO\��LI� �DQG� ��WKHQ

1RZ�\RX�KDYH�WR�GR�VRPH�DOJHEUD��6R�\RX
OO�QHHG�WR�VXEVWLWXWH�RQH�HTXDWLRQ�LQWR�DQRWKHU��$OVR�\RX
OO�RIWHQ�QHHG�WR�FDOFXODWH� �VR�\RX�FDQ�UHPRYH
LW�IURP�HTXDWLRQV�

,Q�KLJKHU�GLPHQVLRQV��\RX�FDQ�VWLOO�XVH�WKH�GRW�SURGXFW�WR�FRPSXWH�FRVLQH�

+HUH
V�RQH�H[DPSOH�RI�XVLQJ�D�VLJQHG�UHVXOW��7KH�YHFWRU� �GHÀQHV�D�OLQH�/��7KH�VLJQ�RI�VLQ� ��WHOOV�\RX�ZKLFK�VLGH�RI�WKLV�OLQH�S�LV�RQ��,I�\RX�KDYH�D
OLQH�VHJPHQW�IURP�S�WR�DQRWKHU�SRLQW��\RX�FDQ�WHOO�ZKHWKHU�LW�FURVVHV�/�E\�WHVWLQJ�ZKHWKHU�WKLV�VLJQ�FKDQJHV�EHWZHHQ�WKH�WZR�HQGSRLQWV�



&6�����(&(�����
0DUJDUHW�)OHFN

����3UREDELOLW\

0RWLYDWLRQ�IRU�VWDWLVWLFDO�PHWKRGV
0XOEHUU\�WUHHV�KDYH�HGLEOH�EHUULHV�DQG�DUH�FULWLFDO�IRU�UDLVLQJ�VLONZRUPV��7KH�SLFWXUH�DERYH�VKRZV�D�VLON�PLOO
IURP�D�EULHI�DWWHPSW��DURXQG�������WR�HVWDEOLVK�D�VLON�LQGXVWU\�LQ�1RUWKDPSWRQ�0DVVDFKXVHWWV��%XW�ZRXOG�\RX�EH
DEOH�WR�WHOO�D�PXOEHUU\�OHDI�IURP�D�ELUFK�OHDI��EHORZ�"�+RZ�ZRXOG�\RX�HYHQ�JR�DERXW�GHVFULELQJ�KRZ�WKH\�ORRN
GLIIHUHQW"

� �:KLFK�LV�PXOEHUU\�DQG�ZKLFK�LV�ELUFK"

7KHVH�SLFWXUHV�FRPH�*XLGH�WR�3UDFWLFDO�3ODQWV�RI�1HZ�(QJODQG��3HVKD�%ODFN�DQG�0LFDK�+DKQ���������7KLV�JXLGH
LQFOXGHV�D�YDULHW\�RI�HVWDEOLVKHG�GHVFUHWH�IHDWXUHV�IRU�LGHQWLI\LQJ�SODQWV��VXFK�DV

OHDI�VKDSH�LV�EURDG�RU�QDUURZ
DWWDFKPHQW�WR�VWHP�LV�RSSRVLWH�RU�DOWHUQDWH
HGJH�RI�OHDI�LV�VPRRWK�RU�WRRWKHG

8QIRUWXQDWHO\��ERWK�RI�WKHVH�OHDYHV�DUH�EURDG��DOWHUQDWH��DQG�WRRWKHG��%XW�WKH\�ORRN�GLIIHUHQW�

7KHVH�GHVFUHWH�IHDWXUHV�ZRUN�PRGHUDWHO\�ZHOO�IRU�SODQWV��+RZHYHU��PRGHOOLQJ�FDWHJRULHV�ZLWK�GLVFUHWH��ORJLF�
OLNH��IHDWXUHV�GRHVQ
W�JHQHUDOL]H�ZHOO�WR�PDQ\�UHDO�ZRUOG�VLWXDWLRQV�

WRR�FRPSOH[�RQ�UHDOLVWLF�VLWXDWLRQV



WRR�PXFK�QHHG�IRU�KDQG�FUDIWLQJ�UHSUHVHQWDWLRQV
WRR�PXFK�QHHG�IRU�H[SHUW�NQRZOHGJH

,Q�SUDFWLFH��WKLV�PHDQV�WKDW�ORJLF�PRGHOV�DUH�LQFRPSOHWH�DQG�IUDJLOH�$�EHWWHU�DSSURDFK�LV�WR�OHDUQ�PRGHOV�IURP
H[DPSOHV��H�J��SLFWXUHV��DXGLR�GDWD��ELJ�WH[W�FROOHFWLRQV��+RZHYHU��WKLV�LQSXW�GDWD�SUHVHQWV�D�QXPEHU�RI
FKDOOHQJHV�

,W�KDV�XQFHUWDLQW\��H�J��IURP�VHQVRUV��
,W�KDV�HUURUV��H�J���'HSDUWPHQW�RI�&RPSXWHU�6LOHQFH���
,W�LV�LQFRPSOHWH��RIWHQ�VHOHFWLYHO\�VR��(�J��ZH�KDYH�PXFK�PRUH�WUDLQLQJ�GDWD�IRU�(QJOLVK�WKDQ�=XOX�
,W�PD\�ODFN�DQQRWDWLRQ��H�J��H[SOLFLW�W\SH�ODEHOV��

6R�ZH�XVH�SUREDELOLVWLF�PRGHOV�WR�FDSWXUH�ZKDW�ZH�NQRZ��DQG�KRZ�ZHOO�ZH�NQRZ�LW�

'LVFUHWH�UDQGRP�YDULDEOHV
6XSSRVH�ZH
UH�PRGHOOLQJ�WKH�WUDIÀF�OLJKW�DW�8QLYHUVLW\�DQG�/LQFROQ��WZR�FURVVLQJ�VWUHHWV�SOXV�D�GLDJRQDO�WUDLQ
WUDFN��

6RPH�XVHIXO�UDQGRP�YDULDEOHV�PLJKW�EH�

YDULDEOH GRPDLQ��SRVVLEOH�YDOXHV�
WLPH ^PRUQLQJ��DIWHUQRRQ��HYHQLQJ��QLJKW`
LV�WUDLQ ^\HV��QR`
WUDIÀF�OLJKW ^UHG��\HOORZ��JUHHQ`
EDUULHU�DUP ^XS��GRZQ`

$OVR�H[LVW�FRQWLQXRXV�UDQGRP�YDULDEOHV��H�J��WHPSHUDWXUH��GRPDLQ�LV�DOO�SRVLWLYH�UHDO�QXPEHUV��RU�FRXUVH�DYHUDJH
�GRPDLQ�LV�>�����@���:H
OO�LJQRUH�WKRVH�IRU�QRZ�

$�VWDWH�HYHQW�LV�UHSUHVHQWHG�E\�WKH�YDOXHV�IRU�DOO�UDQGRP�YDULDEOHV�WKDW�ZH�FDUH�DERXW�

3UREDELOLWLHV
3�YDULDEOH� �YDOXH��RU�3�$��ZKHUH�$�LV�DQ�HYHQW

:KDW�SHUFHQWDJH�RI�WKH�WLPH�GRHV�>YDULDEOH@�RFFXU�ZLWK�>YDOXH@"�(�J��3�EDUULHU�DUP� �XS�� �����

3�; Y�DQG�< Z��RU�3�; Y�< Z�

+RZ�RIWHQ�GR�ZH�VHH�; Y�DQG�< Z�DW�WKH�VDPH�WLPH"�(�J��3�EDUULHU�DUP XS��WLPH PRUQLQJ��ZRXOG
EH�WKH�SUREDELOLW\�WKDW�ZH�VHH�D�EDUULHU�DUP�LQ�WKH�XS�SRVLWLRQ�LQ�WKH�PRUQLQJ�



3�Y��RU�3�Y�Z�

7KH�DXWKRU�KRSHV�WKDW�WKH�UHDGHU�FDQ�JXHVV�ZKDW�YDULDEOHV�WKHVH�YDOXHV�EHORQJ�WR��)RU�H[DPSOH��LQ
FRQWH[W��LW�PD\�EH�REYLRXV�WKDW�3�PRUQLQJ�XS��LV�VKRUWKDQG�IRU�3�EDUULHU�DUP XS��WLPH PRUQLQJ��

3UREDELOLW\�QRWDWLRQ�GRHV�D�SRRU�MRE�RI�GLVWLQJXLVKLQJ�YDULDEOHV�DQG�YDOXHV��6R�LW�LV�YHU\�LPSRUWDQW�WR�NHHS�DQ�H\H
RQ�W\SHV�RI�YDULDEOH�DQG�YDOXHV��DV�ZHOO�DV�WKH�JHQHUDO�FRQWH[W�RI�ZKDW�DQ�DXWKRU�LV�WU\LQJ�WR�VD\��$�XVHIXO
KHXULVWLF�LV�WKDW

YDULDEOHV�DUH�XVXDOO\�FDSLWDO�OHWWHUV��DQG
YDOXHV�DUH�XVXDOO\�ORZHUFDVH�OHWWHUV�

$�GLVWULEXWLRQ�LV�DQ�DVVLJQPHQW�RI�SUREDELOLW\�YDOXHV�WR�DOO�HYHQWV�RI�LQWHUHVW��H�J��DOO�YDOXHV�IRU�SDUWLFXODU�UDQGRP
YDULDEOH�RU�SDLU�RI�UDQGRP�YDULDEOHV�

3URSHUWLHV�RI�SUREDELOLWLHV
7KH�NH\�PDWKHPDWLFDO�SURSHULWLHV�RI�D�SUREDELOLW\�GLVWULEXWLRQ�FDQ�EH�GHULYHG�IURP�.ROPRJRURY
V�D[LRPV�RI
SUREDELOLW\�

�� �3�$�

3�7UXH�� ��

3�$�RU�%�� �3�$����3�%���LI�$�DQG�%�DUH�PXWXDOO\�H[FOXVLYH�HYHQWV

,W
V�HDV\�WR�H[SDQG�WKHVH�WKUHH�D[LRPV�LQWR�D�PRUH�FRPSOHWH�VHW�RI�EDVLF�UXOHV��H�J�

�� �3�$�� ��

3�7UXH�� ���DQG�3�)DOVH�� ��

3�$�RU�%�� �3�$����3�%����3�$�DQG�%��>LQFOXVLRQ�H[FOXVLRQ��VDPH�DV�VHW�WKHRU\@

,I�;�KDV�SRVVLEOH�YDOXHV�S�T�U�WKHQ�3�; S�RU�; T�RU�; U�� ���

:KHUH�GR�SUREDELOLWLHV�FRPH�IURP"
3UREDELOLWLHV�FDQ�EH�HVWLPDWHG�IURP�GLUHFW�REVHUYDWLRQ�RI�H[DPSOHV��H�J��ODUJH�FRUSXV�RI�WH[W�GDWD���&RQVWUDLQWV�RQ
SUREDELOLWLHV�PD\�DOVR�FRPH�IURP�VFHLHQWLÀF�EHOLHIV

7KHRU\�FRQQHFWV�REVHUYDEOH�SUREDELOLWLHV�WR�RQHV�ZH�FDQ
W�REVHUYH���H�J��LFDUG�DFFHVV�IDLOV���!�LFDUG�EURNHQ
RU�DFFHVV�OLVW�ZURQJ��EHFDXVH�(QJ,7�WROG�PH�
7KH�XQGHUO\LQJ�PRGHO�PXVW�KDYH�VRPH�VLPSOH�IRUP��H�J��YLUXV�LQIHFWLRQV�JURZ�H[SRQHQWLDOO\��ZKLFK�FDQ
EH�XVHG�WR�ÀOO�LQ�GDWD�IURP�LQFRPSOHWH�REVHUYDWLRQV�
$Q\WKLQJ�LV�SRVVLEOH��L�H��3�$��!�����:H
OO�VHH�VPRRWKLQJ�WHFKQLTXHV�WKDW�ÀOO�]HUR�YDOXHV�ZLWK�VPDOO
QXPEHUV��
1RWKLQJ�LV�JXDUDQWHHG��L�H��3�$������

7KH�DVVXPSWLRQ�WKDW�DQ\WKLQJ�LV�SRVVLEOH�LV�XVXDOO\�PDGH�WR�GHDO�ZLWK�WKH�IDFW�WKDW�RXU�WUDLQLQJ�GDWD�LV
LQFRPSOHWH��VR�ZH�QHHG�WR�UHVHUYH�VRPH�SUREDELOLW\�IRU�DOO�WKH�SRVVLEOH�HYHQWV�WKDW�ZH�KDYHQ
W�KDSSHQHG�WR�VHH
\HW�



$Q�LQWHUVHFWLRQ

-RLQW�SUREDELOLWLHV
+HUH
V�D�PRGHO�RI�WZR�YDULDEOHV�IRU�WKH�8QLYHUVLW\�*RRGZLQ�LQWHUVHFWLRQ�

�����������������������������(�:�OLJKW�����������������
������������������������JUHHQ�������\HOORZ���UHG�
�1�6�OLJKW���JUHHQ�������������������������������������
�������������\HOORZ������������������������������������
�������������UHG���������������������������������

7R�EH�D�SUREDELOLW\�GLVWULEXWLRQ��WKH�QXPEHUV�PXVW�DGG�XS�WR����ZKLFK�WKH\�GR�LQ�WKLV�H[DPSOH��

0RVW�PRGHO�EXLOGHUV�DVVXPH�WKDW�SUREDELOLWLHV�DUHQ
W�DFWXDOO\�]HUR��7KDW�LV��XQREVHUYHG�HYHQWV�GR�RFFXU�EXW�WKH\
MXVW�KDSSHQ�VR�LQIUHTXHQWO\�WKDW�ZH�KDYHQ
W�\HW�REVHUYHG�RQH��6R�D�PRUH�UHDOLVWLF�PRGHO�PLJKW�EH

�����������������������������(�:�OLJKW���������������
������������������������JUHHQ���������\HOORZ�����UHG�
�1�6�OLJKW���JUHHQ��������H������������H�������������I��������
�������������\HOORZ�������H������������H�������������I��������
�������������UHG�������������I�����������I�����������I������������

7R�PDNH�WKLV�D�SURSHU�SUREDELOLW\�GLVWULEXWLRQ��ZH�QHHG�WR�VHW�I �����H�VR�DOO�WKH�YDOXHV�DGG�XS�WR���

6XSSRVH�ZH�DUH�JLYHQ�D�MRLQW�GLVWULEXWLRQ�OLNH�WKH�RQH�DERYH��EXW�ZH�ZDQW�WR�SD\�DWWHQWLRQ�WR�RQO\�RQH�YDULDEOH�
7R�JHW�LWV�GLVWULEXWLRQ��ZH�VXP�SUREDELOLWLHV�DFURVV�DOO�YDOXHV�RI�WKH�RWKHU�YDULDEOH�

�����������������������������(�:�OLJKW����������������PDUJLQDOV�
������������������������JUHHQ�������\HOORZ���UHG�
�1�6�OLJKW���JUHHQ������������������������������������������
�������������\HOORZ�����������������������������������������
�������������UHG��������������������������������������������
��������������������������������������������������
PDUJLQDOV����������������������������������������

6R�WKH�PDUJLQDO�GLVWULEXWLRQ�RI�WKH�1�6�OLJKW�LV

3�JUHHQ�� ������
3�\HOORZ�� ������
3�UHG�� ����

7R�ZULWH�WKLV�LQ�IRUPDO�QRWDWLRQ�VXSSRVH�<�KDV�YDOXHV� ��7KHQ�ZH�FRPSXWH�WKH�PDUJLQDO�SUREDELOLW\
3�; [��XVLQJ�WKH�IRUPXOD� �



&RQGLWLRQDO�SUREDELOLWLHV
6XSSRVH�ZH�NQRZ�WKDW�WKH�1�6�OLJKW�LV�UHG��ZKDW�DUH�WKH�SUREDELOLWLHV�IRU�WKH�(�:�OLJKW"�/HW
V�MXVW�H[WUDFW�WKDW�OLQH
RI�RXU�MRLQW�GLVWULEXWLRQ�

�����������������������������(�:�OLJKW����������������
������������������������JUHHQ�������\HOORZ������UHG�
�1�6�OLJKW���UHG����������������������������������������

6R�ZH�KDYH�D�GLVWULEXWLRQ�WKDW�ORRNV�OLNH�WKLV�

3�(�: JUHHQ�_�1�6� �UHG�� �����
3�(�: \HOORZ�_�1�6� �UHG�� ������
3�(�: UHG�_�1�6� �UHG�� ����

2RSV��WKHVH�WKUHH�SUREDELOLWLHV�GRQ
W�VXP�WR����6R�WKLV�LVQ
W�D�OHJLW�SUREDELOLW\�GLVWULEXWLRQ��VHH�.ROPRJRURY
V
$[LRPV�DERYH���7R�PDNH�WKHP�VXP�WR����GLYLGH�HDFK�RQH�E\�WKH�VXP�WKH\�FXUUHQWO\�KDYH��ZKLFK�LV�������7KLV
JLYHV�XV

3�(�: JUHHQ�_�1�6� �UHG�� ��������� ������
3�(�: \HOORZ�_�1�6� �UHG�� ��������� ������
3�(�: UHG�_�1�6� �UHG�� ��������� ����

&RQGLWLRQDO�SUREDELOLW\�HTXDWLRQV
&RQGLWLRQDO�SUREDELOLW\�PRGHOV�KRZ�IUHTXHQWO\�ZH�VHH�HDFK�YDULDEOH�YDOXH�LQ�VRPH�FRQWH[W��H�J��KRZ�RIWHQ�LV�WKH
EDUULHU�DUP�GRZQ�LI�LW
V�QLJKWWLPH���7KH�FRQGLWLRQDO�SUREDELOLW\�RI�$�LQ�D�FRQWH[W�&�LV�GHÀQHG�WR�EH

3�$�_�&�� �3�$�&��3�&�

0DQ\�RWKHU�XVHIXO�IRUPXODV�FDQ�EH�GHULYHG�IURP�WKLV�GHÀQLWLRQ�SOXV�WKH�EDVLF�IRUPXODV�JLYHQ�DERYH��,Q
SDUWLFXODU��ZH�FDQ�WUDQVIRUP�WKLV�GHÀQLWLRQ�LQWR

3�$�&�� �3�&���3�$�_�&���
3�$�&�� �3�$���3�&�_�$�

7KHVH�IRUPXODV�H[WHQG�WR�PXOWLSOH�LQSXWV�OLNH�WKLV�

3�$�%�&�� �3�$���3�%�_�$���3�&�_�$�%�

,QGHSHQGHQFH
7ZR�HYHQWV�$�DQG�%�DUH�LQGHSHQGHQW�LII

3�$�%�� �3�$���3�%�

,W
V�HTXLYDOHQW�WR�VKRZ�WKDW�WKLV�HTXDWLRQ�LV�HTXLYDOHQW�WR�HDFK�RI�WKH�IROORZLQJ�HTXDWLRQV�

3�$�_�%�� �3�$���
3�%�_�$�� �3�%�

([HUFLVH�IRU�WKH�UHDGHU��ZK\�DUH�WKHVH�WKUHH�HTXDWLRQV�DOO�HTXLYDOHQW"�+LQW��XVH�GHÀQLWLRQ�RI�FRQGLWLRQDO
SUREDELOLW\��)LJXUH�WKLV�RXW�IRU�\RXUVHOI��EHFDXVH�LW�ZLOO�KHOS�\RX�EHFRPH�IDPLOLDU�ZLWK�WKH�GHÀQLWLRQV�



%LNHV

�5HG�DQG�WHDO�YHRULGH�ELNHV�IURP��X�FLYLFVTXLG�UHGGLW�SRVW

([DPSOH��FDPSXV�ELNHV
:H�KDYH�WZR�W\SHV�RI�ELNH��YHRULGH�DQG�VWDQGDUG���9HRULGHV�DUH�PRVWO\�WHDO��ZLWK�D�IHZ�H[FHSWLRQV���EXW�RWKHU
�SULYDWHO\�RZQHG��ELNHV�UDUHO\�DUH�

-RLQW�GLVWULEXWLRQ�IRU�WKHVH�WZR�YDULDEOHV

�����������������YHRULGH��������VWDQGDUG�����_�
����WHDO�������������������������������������_��������
����UHG��������������������������������������_��������
����������������������������������������������
���������������������������������������

)RU�WKLV�WR\�H[DPSOH��ZH�FDQ�ÀOO�RXW�WKH�MRLQW�GLVWULEXWLRQ�WDEOH��+RZHYHU��ZKHQ�ZH�KDYH�PRUH�YDULDEOHV��W\SLFDO
RI�$,�SUREOHPV���WKLV�LVQ
W�SUDFWLFDO��7KH�MRLQW�GLVWULEXWLRQ�FRQWDLQV

WRR�PDQ\�SUREDELOLW\�YDOXHV�WR�HVWLPDWH�� �YDOXHV�IRU�Q�YDULDEOHV�
WRR�PDQ\�SUREDELOLW\�YDOXHV�WR�VWRUH

7KH�HVWLPDWLRQ�LV�WKH�PRUH�LPSRUWDQW�SUREOHP�EHFDXVH�ZH�XVXDOO\�KDYH�RQO\�OLPLWHG�DPRXQWV�RI�GDWD��HVS��FOHDQ
DQQRWDWHG�GDWD��0DQ\�YDOXH�FRPELQDWLRQV�ZRQ
W�EH�REVHUYHG�VLPSO\�EHFDXVH�ZH�KDYHQ
W�VHHQ�HQRXJK�H[DPSOHV�

%D\HV�5XOH
5HPHPEHU�WKDW�3�$�_�&��LV�WKH�SUREDELOLW\�RI�$�LQ�D�FRQWH[W�ZKHUH�&�LV�WUXH��)RU�H[DPSOH��WKH�SUREDELOLW\�RI�D
ELNH�EHLQJ�WHDO�LQFUHDVHV�GUDPDWLFDOO\�LI�ZH�KDSSHQ�WR�NQRZ�WKDW�LW
V�D�YHRELNH�

3�WHDO�� �������
3�WHDO�_�YHRULGH�� �������������

7KH�IRUPDO�GHÀQLWLRQ�RI�FRQGLWLRQDO�SUREDELOLW\�LV

3�$�_�&�� �3�$�&��3�&�



/HW
V�ZULWH�WKLV�LQ�WKH�HTXLYDOHQW�IRUP�3�$�&�� �3�&���3�$�_�&��

)OLSSLQJ�WKH�UROHV�RI�$�DQG�&��VHHPV�OLNH�PLGGOH�VFKRRO�EXW�MXVW�NHHS�UHDGLQJ��

HTXLYDOHQWO\�3�&�$�� �3�$���3�&�_�$�

3�$�&��DQG�3�&�$��DUH�WKH�VDPH�TXDQWLW\���$1'�LV�FRPPXWDWLYH���6R�ZH�KDYH

3�$���3�&�_�$�� �3�$�&�� �3�&���3�$�_�&�

6R

3�$���3�&�_�$�� �3�&���3�$�_�&�

6R�ZH�KDYH�%D\HV�UXOH

3�&�_�$�� �3�$�_�&���3�&����3�$�

+HUH
V�KRZ�WR�WKLQN�DERXW�WKH�SLHFHV�RI�WKLV�IRUPXOD

�������3�FDXVH�_�HYLGHQFH�� ��3�HYLGHQFH�_�FDXVH����3�FDXVH����3�HYLGHQFH��
���������SRVWHULRU������������OLNHOLKRRG�������������SULRU�����QRUPDOL]DWLRQ�

7KH�QRUPDOL]DWLRQ�GRHVQ
W�KDYH�D�SURSHU�QDPH�EHFDXVH�ZH
OO�W\SLFDOO\�RUJDQL]H�RXU�FRPSXWDWLRQ�VR�DV�WR
HOLPLQDWH�LW��2U��VRPHWLPHV��ZH�ZRQ
W�EH�DEOH�WR�PHDVXUH�LW�GLUHFWO\��VR�WKH�QXPEHU�ZLOO�EH�VHW�DW�ZKDWHYHU�LV
UHTXLUHG�WR�PDNH�DOO�WKH�SUREDELOLW\�YDOXHV�DGG�XS�WR���

([DPSOH��ZH�VHH�D�WHDO�ELNH��:KDW�LV�WKH�FKDQFH�WKDW�LW
V�D�YHRULGH"�:H�NQRZ

3�WHDO�_�YHRULGH�� ������>OLNHOLKRRG@��
3�YHRULGH�� ������>SULRU@��
3�WHDO�� ������>QRUPDOL]DWLRQ@

6R�ZH�FDQ�FDOFXODWH

3�YHRULGH�_�WHDO�� ������[������������ ����������� ������

:K\�ZLOO�WKLV�EH�XVHIXO"
,Q�QRQ�WR\�H[DPSOHV��LW�ZLOO�EH�HDVLHU�WR�JHW�HVWLPDWHV�IRU�3�HYLGHQFH�_�FDXVH��WKDQ�GLUHFW�HVWLPDWHV�IRU�3�FDXVH�_
HYLGHQFH��

3�HYLGHQFH�_�FDXVH��WHQGV�WR�EH�VWDEOH��EHFDXVH�LW�LV�GXH�WR�VRPH�XQGHUO\LQJ�PHFKDQLVP��,Q�WKLV�H[DPSOH��YHRULGH
OLNHV�WHDO�DQG�UHJXODU�ELNH�RZQHUV�GRQ
W��,Q�D�GLVHDVH�VFHQDULR��ZH�PLJKW�EH�ORRNLQJ�DW�WKH�WHQGHQF\�RI�PHDVOHV�WR
FDXVH�VSRWV��ZKLFK�LV�GXH�WR�D�SURSHUW\�RI�WKH�YLUXV�WKDW�LV�IDLUO\�VWDEOH�RYHU�WLPH�

3�FDXVH�_�HYLGHQFH��LV�OHVV�VWDEOH��EHFDXVH�LW�GHSHQGV�RQ�WKH�VHW�RI�SRVVLEOH�FDXVHV�DQG�KRZ�FRPPRQ�WKH\�DUH
ULJKW�QRZ�

)RU�H[DPSOH��VXSSRVH�WKDW�D�FULWLFDO�EUDNH�SUREOHP�LV�GLVFRYHUHG�DQG�9HRULGH�VXGGHQO\�KDV�WR�SXOO�ELNHV�LQWR�WKH
VKRS�IRU�UHSDLUV��6R�WKHQ�RQO\����RI�WKH�ELNHV�DUH�YHRULGHV��7KHQ�ZH�PLJKW�KDYH�WKH�IROORZLQJ�MRLQW�GLVWULEXWLRQ�
1RZ�D�WHDO�ELNH�LV�PRUH�OLNHO\�WR�EH�VWDQGDUG�UDWKHU�WKDQ�YHRULGH�

�����������������YHRULGH��������VWDQGDUG�����_�
����WHDO�������������������������������������_���������
����UHG��������������������������������������_���������



����������������������������������������������
����������������������������������������

'LYLGLQJ�3�FDXVH�_�HYLGHQFH��LQWR�3�HYLGHQFH�_�FDXVH��DQG�3�FDXVH��DOORZV�XV�WR�HDVLO\�DGMXVW�IRU�FKDQJHV�LQ
3�FDXVH��

5HFDOO��%D\HV�5XOH
�������3�FDXVH�_�HYLGHQFH�� ��3�HYLGHQFH�_�FDXVH����3�FDXVH����3�HYLGHQFH��

�������SRVWHULRU������������OLNHOLKRRG�������������SULRU�����QRUPDOL]DWLRQ�

7KH�0$3�HVWLPDWH
([DPSOH��:H�KDYH�WZR�XQGHUO\LQJ�W\SHV�RI�ELNHV��YHRULGH�DQG�VWDQGDUG��:H�REVHUYH�D�WHDO�ELNH��:KDW�W\SH
VKRXOG�ZH�JXHVV�WKDW�LW�LV"

�0D[LPXP�D�SRVWHULRUL���0$3��HVWLPDWH�FKRRVHV�WKH�W\SH�ZLWK�WKH�KLJKHVW�SRVWHULRU�SUREDELOLW\�

SLFN�WKH�W\SH�;�VXFK�WKDW�3�;�_�HYLGHQFH��LV�KLJKHVW

6XSSRVH�WKDW�W\SH�;�FRPHV�IURP�D�VHW�RI�W\SHV�7��7KHQ�0$3�FKRRVHV

7KH�DUJPD[�RSHUDWRU�LWHUDWHV�WKURXJK�D�VHULHV�RI�YDOXHV�IRU�WKH�GXPP\�YDULDEOH��;�LQ�WKLV�FDVH���:KHQ�LW
GHWHUPLQHV�WKH�PD[LPXP�YDOXH�IRU�WKH�TXDQWLW\��3�;�_�HYLGHQFH��LQ�WKLV�H[DPSOH���LW�UHWXUQV�WKH�YDOXH�IRU�;�WKDW
SURGXFHG�WKDW�PD[LPXP�YDOXH�

&RPSOHWLQJ�RXU�H[DPSOH��ZH�FRPSXWH�WZR�SRVWHULRU�SUREDELOLWLHV�

3�YHRULGH�_�WHDO�� ��������
3�VWDQGDUG�_�WHDO�� ������

7KH�ÀUVW�SUREDELOLW\�LV�ELJJHU��VR�ZH�JXHVV�WKDW�LW
V�D�YHRULGH��1RWLFH�WKDW�WKHVH�WZR�QXPEHUV�DGG�XS�WR����DV
SUREDELOLWLHV�VKRXOG�

,JQRULQJ�WKH�QRUPDOL]LQJ�IDFWRU
3�HYLGHQFH��FDQ�XVXDOO\�EH�IDFWRUHG�RXW�RI�WKHVH�HTXDWLRQV��EHFDXVH�ZH�DUH�RQO\�WU\LQJ�WR�GHWHUPLQH�WKH�UHODWLYH
SUREDELOLWLHV��)RU�WKH�0$3�HVWLPDWH��LQ�IDFW��ZH�DUH�RQO\�WU\LQJ�WR�ÀQG�WKH�ODUJHVW�SUREDELOLW\��,Q�RXU�HTXDWLRQ

3�FDXVH�_�HYLGHQFH�� �3�HYLGHQFH�_�FDXVH���3�FDXVH����3�HYLGHQFH�

3�HYLGHQFH��LV�WKH�VDPH�IRU�DOO�WKH�FDXVHV�ZH�DUH�FRQVLGHULQJ��6DLG�DQRWKHU�ZD\��3�HYLGHQFH��LV�WKH�SUREDELOLW\
WKDW�ZH�ZRXOG�VHH�WKLV�HYLGHQFH�LI�ZH�GLG�D�ORW�RI�REVHUYDWLRQV��%XW�RXU�FXUUHQW�VLWXDWLRQ�LV�WKDW�ZH
YH�DFWXDOO\
VHHQ�WKLV�SDUWLFXODU�HYLGHQFH�DQG�ZH�GRQ
W�UHDOO\�FDUH�LI�ZH
UH�DQDO\]LQJ�D�FRPPRQ�RU�XQXVXDO�VLWXDWLRQ�

6R�%D\HVLDQ�HVWLPDWLRQ�RIWHQ�ZRUNV�ZLWK�WKH�HTXDWLRQ

3�FDXVH�_�HYLGHQFH�� �3�HYLGHQFH�_�FDXVH���3�FDXVH�



ZKHUH�ZH�NQRZ��EXW�PD\�QRW�DOZD\V�VD\��WKDW�WKH�QRUPDOL]LQJ�FRQVWDQW�LV�WKH�VDPH�DFURVV�YDULRXV�VXFK
TXDQWLWLHV�

6SHFLÀFDOO\��IRU�RXU�H[DPSOH

3�YHRULGH�_�WHDO�� �3�WHDO�_�YHRULGH���3�YHRULGH����3�WHDO���
3�VWDQGDUG�_�WHDO�� �3�WHDO�_�VWDQGDUG���3�VWDQGDUG����3�WHDO�

3�WHDO��LV�WKH�VDPH�LQ�ERWK�TXDQWLWLHV��6R�ZH�FDQ�UHPRYH�LW��JLYLQJ�XV

3�YHRULGH�_�WHDO�� �3�WHDO�_�YHRULGH���3�YHRULGH�� ����������� �������
3�VWDQGDUG�_�WHDO�� �3�WHDO�_�VWDQGDUG���3�VWDQGDUG�� ������������ �����

6R�YHRULGH�LV�WKH�0$3�FKRLFH��DQG�ZH�QHYHU�QHHGHG�WR�NQRZ�3�WHDO���1RWLFH�WKDW�WKH�WZR�QXPEHUV�������DQG
������GRQ
W�DGG�XS�WR����6R�WKH\�DUHQ
W�SUREDELOLWLHV��HYHQ�WKRXJK�WKHLU�UDWLR�LV�WKH�UDWLR�RI�WKH�SUREDELOLWLHV�ZH
UH
LQWHUHVWHG�LQ�

7KH�0/(�HVWLPDWH
$V�ZH�VDZ�DERYH��RXU�MRLQW�SUREDELOLWLHV�GHSHQG�RQ�WKH�UHODWLYH�IUHTXHQFLHV�RI�WKH�WZR�XQGHUO\LQJ�FDXVHV�W\SHV�
2XU�0$3�HVWLPDWH�UHÁHFWV�WKLV�E\�LQFOXGLQJ�WKH�SULRU�SUREDELOLW\�

,I�ZH�NQRZ�WKDW�DOO�FDXVHV�DUH�HTXDOO\�OLNHO\��ZH�FDQ�VHW�DOO�3�FDXVH��WR�WKH�VDPH�YDOXH�IRU�DOO�FDXVHV��,Q�WKDW�FDVH�
ZH�KDYH

3�FDXVH�_�HYLGHQFH�� �3�HYLGHQFH�_�FDXVH�

6R�ZH�FDQ�SLFN�WKH�FDXVH�WKDW�PD[LPL]HV�3�HYLGHQFH�_�FDXVH���7KLV�LV�FDOOHG�WKH��0D[LPXP�/LNHOLKRRG�(VWLPDWH�
�0/(��

7KH�0/(�HVWLPDWH�FDQ�EH�YHU\�LQDFFXUDWH�LI�WKH�SULRU�SUREDELOLWLHV�RI�GLIIHUHQW�FDXVHV�DUH�YHU\�GLIIHUHQW��2Q�WKH
RWKHU�KDQG��LW�FDQ�EH�D�VHQVLEOH�FKRLFH�LI�ZH�KDYH�SRRU�LQIRUPDWLRQ�DERXW�WKH�SULRU�SUREDELOLWLHV�



&6�����(&(�����
0DUJDUHW�)OHFN ���1DLYH�%D\HV

�5HG�DQG�WHDO�YHRULGH�ELNHV�IURP��X�FLYLFVTXLG�UHGGLW�SRVW

6XSSRVH�ZH�DUH�EXLOGLQJ�D�PRUH�FRPSOHWH�ELNH�UHFRJQLWLRQ�V\VWHP��,W�PLJKW�REVHUYH��H�J��ZLWK�LWV�FDPHUD�
IHDWXUHV�OLNH�

ZKHUH�WKH�ELNH�LV�SDUNHG
ZKHWKHU�LW�KDV�D�NLFNVWDQG�
ZKHWKHU�LW�KDV�D�ÀOOHG�WULDQJXODU�SDUW

+RZ�GR�ZH�FRPELQH�WKHVH�W\SHV�RI�HYLGHQFH�LQWR�RQH�GHFLVLRQ�DERXW�ZKHWKHU�WKH�ELNH�LV�D�YHRULGH"

$V�ZH�VDZ�HDUOLHU��D�ODUJH�QXPEHU�RI�SDUDPHWHUV�ZRXOG�EH�UHTXLUHG�WR�PRGHO�DOO�RI�WKH� �LQWHUDFWLRQV�EHWZHHQ�Q
YDULDEOHV��7KH�1DLYH�%D\HV�DOJRULWKP�UHGXFHV�WKH�QXPEHU�RI�SDUDPHWHUV�WR�2�Q��E\�PDNLQJ�DVVXPSWLRQV�DERXW
KRZ�WKH�YDULDEOHV�LQWHUDFW�

&RQGLWLRQDO�LQGHSHQGHQFH
5HPHPEHU�WKDW�WZR�HYHQWV�$�DQG�%�DUH�LQGHSHQGHQW�LII

3�$�%�� �3�$���3�%�

6DGO\��LQGHSHQGHQFH�UDUHO\�KROGV��$�PRUH�XVHIXO�QRWLRQ�LV�FRQGLWLRQDO�LQGHSHQGHQFH��7KDW�LV��DUH�WZR�YDULDEOHV
LQGHSHQGHQW�ZKHQ�ZH
UH�LQ�VRPH�OLPLWHG�FRQWH[W��)RUPDOO\��WZR�HYHQWV�$�DQG�%�DUH�FRQGLWLRQDOO\�LQGHSHQGHQW
JLYHQ�HYHQW�&�LI�DQG�RQO\�LI

3�$��%�_�&�� �3�$_&���3�%_&�

&RQGLWLRQDO�LQGHSHQGHQFH�LV�DOVR�XQOLNHO\�WR�KROG�H[DFWO\��EXW�LW�LV�D�VHQVLEOH�DSSUR[LPDWLRQ�LQ�PDQ\�PRGHOOLQJ
SUREOHPV��)RU�H[DPSOH��KDYLQJ�D�PXVLF�VWDQG�LV�KLJKO\�FRUUHODWHG�ZLWK�RZQLQJ�D�YLROLQ��+RZHYHU��ZH�PD\�EH
DEOH�WR�WUHDW�WKH�WZR�DV�LQGHSHQGHQW��ZLWKRXW�WRR�PXFK�PRGHOOLQJ�HUURU��LQ�WKH�FRQWH[W�ZKHUH�WKH�RZQHU�LV�NQRZQ
WR�EH�D�PXVLFLDQ�

7KH�GHÀQLWRQ�RI�FRQGLWLRQDO�LQGHSHQGHQFH�LV�HTXLYDOHQW�WR�HLWKHU�RI�WKH�IROORZLQJ�HTXDWLRQV�



3�$�_�%�&�� �3�$�_�&���
3�%�_�$�&�� �3�%�_�&�

,W
V�D�XVHIXO�H[HUFLVH�WR�SURYH�WKDW�WKLV�LV�WUXH��EHFDXVH�LW�ZLOO�KHOS�\RX�EHFRPH�IDPLOLDU�ZLWK�WKH�GHÀQLWLRQV�DQG
QRWDWLRQ�

%DVLF�1DLYH�%D\HV�PRGHO
6XSSRVH�ZH
UH�REVHUYLQJ�WZR�W\SHV�RI�HYLGHQFH�$�DQG�%�UHODWHG�WR�FDXVH�&��6R�ZH�KDYH

3�&�_�$�%�� �3�$�%�_�&���3�&�

6XSSRVH�WKDW�$�DQG�%�DUH�FRQGLWLRQDOO\�LQGHSHQGHQW�JLYHQ�&��7KHQ

3�$��%�_�&�� �3�$_&���3�%_&�

6XEVWLWXWLQJ��ZH�JHW

3�&�_�$�%�� �3�$_&���3�%_&���3�&�

7KLV�PRGHO�JHQHUDOL]HV�LQ�WKH�REYLRXV�ZD\�ZKHQ�ZH�KDYH�PRUH�WKDQ�WZR�W\SHV�RI�HYLGHQFH�WR�REVHUYH��6XSSRVH
RXU�FDXVH�&�KDV�Q�W\SHV�RI�HYLGHQFH��L�H��UDQGRP�YDULDEOHV� ��7KHQ�ZH�KDYH

6R�ZH�FDQ�HVWLPDWH�WKH�UHODWLRQVKLS�WR�WKH�FDXVH�VHSDUDWHO\�IRU�HDFK�W\SH�RI�HYLGHQFH��WKHQ�FRPELQH�WKHVH�SLHFHV
RI�LQIRUPDWLRQ�WR�JHW�RXU�0$3�HVWLPDWH��7KLV�PHDQV�ZH�GRQ
W�KDYH�WR�HVWLPDWH��L�H��IURP�REVHUYDWLRQDO�GDWD��DV
PDQ\�QXPEHUV��)RU�Q�YDULDEOHV��D�QDLYH�%D\HV�PRGHO�KDV�RQO\�2�Q��SDUDPHWHUV�WR�HVWLPDWH��ZKHUHDV�WKH�IXOO�MRLQW
GLVWULEXWLRQ�KDV� �SDUDPHWHUV�

7ZR�ZRUG�FORXGV



�

&ODVVLÀFDWLRQ
7KH�EDVLF�WDVN�LV

,QSXW��D�FROOHFWLRQ�RI�REMHFWV�RI�VHYHUDO�W\SHV��
2XWSXW��FRUUHFW�W\SH�ODEHO�IRU�HDFK�REMHFW



,Q�SUDFWLFH��WKLV�PHDQV

,QSXW��D�FROOHFWLRQ�RI�REMHFWV�RI�VHYHUDO�W\SHV��
([WUDFW�IHDWXUHV�IURP�HDFK�REMHFW��
2XWSXW��8VH�WKH�IHDWXUHV�WR�ODEHO�HDFK�REMHFW�ZLWK�LWV�FRUUHFW�W\SH

)RU�H[DPSOH��ZH�PLJKW�ZLVK�WR�WDNH�D�FROOHFWLRQ�RI�GRFXPHQWV��L�H��WH[W�ÀOHV��DQG�FODVVLI\�HDFK�GRFXPHQW�DV

VSDP�RU�QRW�VSDP
SROLWLFV�YV��VFLHQFH�YV��UHFLSH
%ULWLVK�YV��$PHULFDQ�(QJOLVK

%DJ�RI�ZRUGV�PRGHO
/HW
V�ORRN�DW�WKH�%ULWLVK�YV��$PHULFDQ�FODVVLÀFDWLRQ�WDVN��&HUWDLQ�ZRUGV�DUH�FKDUDFWHULVWLF�RI�RQH�GLDOHFW�RU�WKH
RWKHU��)RU�H[DPSOH

8.��ERIÀQ��SHWURO��FKLSV��ORUU\��TXHXH��SXVKFKDLU
86��HJJKHDG��JDV��)UHQFK�IULHV��WUXFN��OLQH��VWUROOHU

6HH�WKLV�OLVW�RI�%ULWLVK�DQG�$PHULFDQ�ZRUGV�

7KH�ZRUG��ERIÀQ��GLIIHUV�IURP��HJJKHDG��EHFDXVH�LW�FDQ�HDVLO\�EH�PRGLÀHG�WR�PDNH�ZRUGV�OLNH��ERIÀQU\��DQG
�DVWURERIÀQ��

'LDOHFWV�KDYH�VSHFLDO�ZRUGV�IRU�ORFDO�IRRGV��H�J��WKH�6RXWK�$IULFDQ�(QJOLVK�ZRUGV��ELOWRQJ����ZDONLH�WDONLH��
�EXQQ\�FKRZ��

7KH�ZRUG�FORXGV�DW�WKH�WRS�RI�WKLV�SDJH�VKRZ�ZKLFK�ZRUGV��FRQWHQW�ZRUGV�RQO\��ZHUH�VDLG�PRVW�E\�&OLQWRQ��OHIW�
DQG�7UXPS��ULJKW��LQ�WKHLU�ÀUVW�GHEDWH�

6HH�PRUH�GHWDLOV�DW�0DUWLQ�.U]\ZLQVNL
V�:RUG�$QDO\VLV�RI������3UHVLGHQWLDO�'HEDWHV�%DJ�RI�ZRUGV�PRGHO��:H
FDQ�XVH�WKH�LQGLYLGXDO�ZRUGV�DV�IHDWXUHV�

$�EDJ�RI�ZRUGV�PRGHO�GHWHUPLQHV�WKH�FODVV�RI�D�GRFXPHQW�EDVHG�RQ�KRZ�IUHTXHQWO\�HDFK�LQGLYLGXDO�ZRUG�RFFXUV�
,W�LJQRUHV�WKH�RUGHU�LQ�ZKLFK�ZRUGV�RFFXU��ZKLFK�RQHV�RFFXU�WRJHWKHU��HWF��6R�LW�ZLOO�PLVV�VRPH�GHWDLOV��H�J��WKH
GLIIHUHQFH�EHWZHHQ��SRLVRQRXV��DQG��QRW�SRLVRQRXV��

7H[W�FODVVLÀFDWLRQ�ZLWK�1DLYH�%D\HV�
6XSSRVH�WKDW�FDXVH�&�SURGXFHV�Q�REVHUYDEOH�HIIHFWV� ��7KHQ�RXU�1DLYH�%D\HV�PRGHO�FDOFXODWHV�WKH
0$3�HVWLPDWH�DV

/HW
V�PDS�WKLV�LGHD�RYHU�WR�RXU�%DJ�RI�:RUGV�PRGHO�RI�WH[W�FODVVLÀFDWLRQ��6XSSRVH�RXU�LQSXW�GRFXPHQW�FRQWDLQV
WKH�VWULQJ�RI�ZRUGV�

1RWLFH�WKDW�VRPH�RI�WKH�ZRUGV�PLJKW�EH�LGHQWLFDO��(�J�WKH�VHQWHQFH��7KH�ELJ�FDW�VDZ�WKH�VPDOO�FDW��FRQWDLQV�WZR
SDLUV�RI�UHSHDWHG�ZRUGV��)RU�H[DPSOH�� �LV��FDW��DQG� �LV�DOVR��FDW���2XU�HVWLPDWLRQ�SURFHVV�ZLOO�FRQVLGHU�WKH
WZR�FRSLHV�RI��FDW��VHSDUDWHO\

-DUJRQ�



ZRUG�W\SH��DND�XQLTXH�ZRUG���D�GLFWLRQDU\�HQWU\�VXFK�DV��FDW�
ZRUG�WRNHQ��D�ZRUG�LQ�D�VSHFLÀF�SRVLWLRQ�LQ�WKH�WH[W

6R�RXU�H[DPSOH�VHQWHQFH�KDV�VHYHQ�WRNHQV�GUDZQ�IURP�ÀYH�W\SHV�

7R�FODVVLI\�WKH�GRFXPHQW��QDLYH�%D\HV�FRPSDUHV�WKHVH�WZR�YDOXHV

�

7R�GR�WKLV��ZH�QHHG�WR�HVWLPDWH�WZR�W\SHV�RI�SDUDPHWHUV

WKH�OLNHOLKRRGV�3�:�_�8.��DQG�3�:�_�86��IRU�HDFK�ZRUG�W\SH�:�
WKH�SULRUV�3�8.��DQG�3�86�

+HDGOLQH�UHVXOWV
1DLYH�%D\HV�ZRUNV�TXLWH�ZHOO�LQ�SUDFWLFH��HVSHFLDOO\�ZKHQ�FRXSOHG�ZLWK�D�QXPEHU�RI�WULFNV�WKDW�ZH
OO�VHH�ODWHU�
7KH�1DLYH�%D\HV�VSDP�FODVVLÀHU�6SDP&RS��E\�3DWULFN�3DQWHO�DQG�'HNDQJ�/LQ��������JRW�GRZQ�WR�D�������HUURU
UDWH�XVLQJ�ELJUDPV�DQG�VRPH�RWKHU�WZHDNV�

6XSSRVH�ZH�KDYH�Q�ZRUG�W\SHV��WKHQ�FUHDWLQJ�RXU�EDJ�RI�ZRUGV�PRGHO�UHTXLUHV�HVWLPDWLQJ�2�Q��SUREDELOLWLHV�
7KLV�LV�PXFK�VPDOOHU�WKDQ�WKH�IXOO�FRQGLWLRQDO�SUREDELOLW\�WDEOH�ZKLFK�KDV� �HQWULHV��7KH�ELJ�SUREOHP�ZLWK�WRR
PDQ\�SDUDPHWHUV�LV�KDYLQJ�HQRXJK�WUDLQLQJ�GDWD�WR�HVWLPDWH�WKHP�UHOLDEO\���,�VDLG�WKLV�ODVW�OHFWXUH�EXW�LW�GHVHUYHV�D
UHSHDW��

*HQGHU�FODVVLÀFDWLRQ�H[DPSOH
$�4XDQWLWDWLYH�$QDO\VLV�RI�/H[LFDO�'LIIHUHQFHV�%HWZHHQ�*HQGHUV�LQ�7HOHSKRQH�&RQYHUVDWLRQV�&RQVWDQWLQRV
%RXOLV�DQG�0DUL�2VWHQGRUI��$&/�����

)LVKHU�FRUSXV�RI�PRUH�WKDQ��������WUDQVFULEHG�WHOHSKRQH�FRQYHUVDWLRQV��DERXW����PLQXWHV�HDFK���6SHDNHUV�ZHUH
WROG�ZKDW�VXEMHFW�WR�GLVFXVV��&DQ�ZH�GHWHUPLQH�JHQGHU�RI�WKH�VSHDNHU�IURP�ZKDW�ZRUGV�WKH\�XVHG"

0RVW�IUHTXHQW�ZRUGV�LQ�DQ\�VSRNHQ�FRUSXV�DUH�YHU\�FRPPRQ�ZRUGV�WKDW�DUH�XVXDOO\�LJQRUHG�LQ�HVWLPDWLRQ��FDOOHG
�VWRS�ZRUGV���7KHVH�LQFOXGH

IXQFWLRQ�ZRUGV��WKH��D��\RX��LQ�����
ÀOOHUV��XP��XK��,�PHDQ��VR�����
EDFNFKDQQHO��XK�XK��\HDK

6WRS�ZRUGV�DUH�RIWHQ�RPLWWHG�LQ�FODVVLÀFDWLRQ��EHFDXVH�WKH\�GRQ
W�WHOO�XV�PXFK�DERXW�WKH�WRSLF��+RZHYHU��WKLV�LV
WDVN�GHSHQGHQW��6WRS�ZRUGV�FDQ�SURYLGH�XVHIXO�LQIRUPDWLRQ�DERXW�WKH�VSHDNHU
V�PHQWDO�VWDWH��UHODWLRQ�WR�WKH
OLVWHQHU��HWF��6HH�-DPHV�3HQQHEDNHU��7KH�VHFUHW�OLIH�RI�SURQRXQV��

:RUGV�PRVW�XVHIXO�IRU�GLVFULPLQDWLQJ�VSHDNHU
V�JHQGHU��L�H��XVHG�PXFK�PRUH�E\�PHQ�WKDQ�ZRPHQ�RU�YLFH�YHUVD�

PHQ�GXGH�>H[SOHWLYH@�>H[SOHWLYH@�ZLIH�ZLIH
V�PDWW�VWHYH�EDVV�EHQ�>H[SOHWLYH@
ZRPHQ�KXVEDQG�KXVEDQG
V�UHIXQGLQJ�JRRGQHVV�ER\IULHQG�FRXSRQV�FUDIWV�OLQGD�JRVK�FXWH

7KLV�SDSHU�FRPSDUHV�WKH�DFFXUDF\�RI�1DLYH�%D\HV�WR�WKDW�RI�DQ�690�FODVVLÀHU��ZKLFK�LV�D�PRUH�VRSKLVWLFDWHG
FODVVLÀFDWLRQ�WHFKQLTXH�

1DLYH�%D\HV����



690������

7KH�PRUH�VRSKLVWLFDWHG�FODVVLÀHU�PDNHV�DQ�LPSURYHPHQW��EXW�QRW�D�GUDPDWLF�RQH�

$�DQLPDO�WKDW
V�UDUH�LQ�,OOLQRLV

�$UPDGLOOR��SLFWXUH�IURP�3UDLULH�5LYHUV�1HWZRUN�

)RUZDUG�2XWOLQH
7KH�KLJK�OHYHO�FODVVLÀFDWLRQ�PRGHO�LV�VLPSOH��EXW�D�ORW�RI�GHWDLOV�DUH�UHTXLUHG�WR�JHW�KLJK�TXDOLW\�UHVXOWV��2YHU�WKH
QH[W�WKUHH�YLGHRV��ZH
OO�ORRN�DW�IRXU�DVSHFWV�RI�WKLV�SUREOHP�

7HVWLQJ�DQG�HYDOXDWLRQ
'HÀQLQJ�WKH�ZRUG�WRNHQV
(VWLPDWLQJ�WKH�SUREDELOLWLHV
([WHQGLQJ�WKH�PRGHO�WR�VHTXHQFHV�RI�DGMDFHQW�ZRUGV

7KH�SURFHVV�RI�WHVWLQJ
7UDLQLQJ�GDWD��HVWLPDWH�WKH�SUREDELOLW\�YDOXHV�ZH�QHHG�IRU�1DLYH�%D\HV

'HYHORSPHQW�GDWD��WXQLQJ�DOJRULWKP�GHWDLOV

7HVW�GDWD��ÀQDO�HYDOXWLRQ��QRW�DOZD\V�DYDLODEOH�WR�GHYHORSHU��RU�WKH�GDWD�VHHQ�RQO\�ZKHQ�V\VWHP�LV�GHSOR\HG

7UDLQLQJ�GDWD�RQO\�FRQWDLQV�D�VDPSOLQJ�RI�SRVVLEOH�LQSXWV��KRSHIXOO\�W\SLFDOO\�EXW�QRZKHUH�QHDU�H[KDXVWLYH��6R
GHYHORSPHQW�DQG�WHVW�GDWD�ZLOO�FRQWDLQ�LWHPV�WKDW�ZHUHQ
W�LQ�WKH�WUDLQLQJ�GDWD��(�J��WKH�WUDLQLQJ�GDWD�PLJKW�IRFXV
RQ�DSSOHV�ZKHUH�WKH�GHYHORSPHQW�GDWD�KDV�PRUH�GLVFXVVLRQ�RI�RUDQJHV��'HYHORSPHQW�GDWD�LV�XVHG�WR�PDNH�VXUH
WKH�V\VWHP�LVQ
W�WRR�VHQVLWLYH�WR�WKHVH�GLIIHUHQFHV��7KH�GHYHORSHU�W\SLFDOO\�WHVWV�WKH�DOJRULWKP�ERWK�RQ�WKH�WUDLQLQJ
GDWD��ZKHUH�LW�VKRXOG�GR�ZHOO��DQG�WKH�GHYHORSPHQW�GDWD��7KH�ÀQDO�WHVW�LV�RQ�WKH�WHVW�GDWD�

(YDOXDWLRQ�PHWULFV
5HVXOWV�RI�FODVVLÀFDWLRQ�H[SHULPHQWV�DUH�RIWHQ�VXPPDUL]HG�LQWR�D�IHZ�NH\�QXPEHUV��7KHUH�LV�RIWHQ�DQ�LPSOLFLW
DVVXPSWLRQ�WKDW�WKH�SUREOHP�LV�DV\PPHWULFDO��RQH�RI�WKH�WZR�FODVVHV��H�J��6SDP��LV�WKH�WDUJHW�FODVV�WKDW�ZH
UH
WU\LQJ�WR�LGHQWLI\�

/DEHOV�IURP�$OJRULWKP

6SDP 1RW�6SDP

&RUUHFW� �6SDP 7UXH�3RVLWLYH��73� )DOVH�1HJDWLYH��)1�



&RUUHFW� �1RW�6SDP )DOVH�3RVLWLYH��)3� 7UXH�1HJDWLYH��71�

:H�FDQ�VXPPDUL]H�SHUIRUPDQFH�XVLQJ�WKH�UDWHV�DW�ZKLFK�HUURUV�RFFXU�

)DOVH�SRVLWLYH�UDWH� �)3��)3�71��>KRZ�PDQ\�ZURQJ�WKLQJV�DUH�LQ�WKH�QHJDWLYH�RXWSXWV@
)DOVH�QHJDWLYH�UDWH� �)1��73�)1��>KRZ�PDQ\�ZURQJ�WKLQJV�DUH�LQ�WKH�SRVLWLYH�RXWSXWV@
$FFXUDF\� ��73�71���73�71�)3�)1�
(UURU�UDWH� ���DFFXUDF\

2U�ZH�FDQ�DVN�KRZ�ZHOO�RXU�RXWSXW�VHW�FRQWDLQV�DOO��DQG�RQO\��WKH�GHVLUHG�LWHPV�

SUHFLVLRQ��S�� �73��73�)3��>KRZ�PDQ\�RI�RXU�RXWSXWV�ZHUH�FRUUHFW"@
UHFDOO��U�� �73��73�)1��>KRZ�PDQ\�RI�WKH�FRUUHFW�DQVZHUV�GLG�ZH�ÀQG"@
)�� ��SU��S�U�

)��LV�WKH�KDUPRQLF�PHDQ�RI�SUHFLVLRQ�DQG�UHFDOO��%RWK�UHFDOO�DQG�SUHFLVLRQ�QHHG�WR�EH�JRRG�WR�JHW�D�KLJK�)��YDOXH�

)RU�PRUH�GHWDLOV��VHH�WKH�:LNLSHGLD�SDJH�RQ�UHFDOO�DQG�SUHFLVLRQ

:H�FDQ�DOVR�GLVSOD\�D�FRQIXVLRQ�PDWUL[��VKRZLQJ�KRZ�RIWHQ�HDFK�FODVV�LV�PLVODEHOOHG�DV�D�GLIIHUHQW�FODVV��7KHVH
XVXDOO\�DSSHDU�ZKHQ�WKHUH�DUH�PRUH�WKDQ�WZR�FODVV�ODEHOV��7KH\�DUH�PRVW�LQIRUPDWLYH�ZKHQ�WKHUH�LV�VRPH�W\SH�RI
QRUPDOL]DWLRQ��HLWKHU�LQ�WKH�RULJLQDO�WHVW�GDWD�RU�LQ�FRQVWUXFWLQJ�WKH�WDEOH��6R�LQ�WKH�WDEOH�EHORZ��HDFK�URZ�VXPV�WR
�����7KLV�PDNHV�LW�HDV\�WR�VHH�WKDW�WKH�DOJRULWKP�LV�SURGXFLQJ�ODEHO�$�PRUH�RIWHQ�WKDQ�LW�VKRXOG��DQG�ODEHO�&�OHVV
RIWHQ�

/DEHOV�IURP�$OJRULWKP

$ % &

&RUUHFW� �$ �� � �

&RUUHFW� �% �� �� �

&RUUHFW� �& �� �� ��

)RUZDUG�2XWOLQH
:H
UH�QRZ�JRLQJ�WR�ORRN�DW�GHWDLOV�UHTXLUHG�WR�PDNH�WKLV�FODVVLÀFDWLRQ�DOJRULWKP�ZRUN�ZHOO�

%H�DZDUH�WKDW�ZH
UH�QRZ�WDONLQJ�DERXW�WZHDNV�WKDW�PLJKW�KHOS�IRU�RQH�DSSOLFDWLRQ�DQG�KXUW�SHUIRUPDQFH�IRU
DQRWKHU���<RXU�PLOHDJH�PD\�YDU\��

)RU�D�W\SLFDO�H[DPSOH�RI�WKH�SLFN\�GHWDLO�LQYROYHG�LQ�WKLV�GDWD�SURFHVVLQJ��VHH�WKH�PHWKRG
V�VHFWLRQ�IURP�WKH�ZRUG
FORXG�H[DPSOH�LQ�WKH�SUHYLRXV�OHFWXUH�

'HÀQLQJ�WKH�ZRUG�WRNHQV
2XU�ÀUVW�MRE�LV�WR�SURGXFH�D�FOHDQ�VWULQJ�RI�ZRUGV��VXLWDEOH�IRU�XVH�LQ�WKH�FODVVLÀHU��6XSSRVH�ZH
UH�GHDOLQJ�ZLWK�D
ODQJXDJH�OLNH�(QJOLVK��7KHQ�ZH�ZRXOG�QHHG�WR

GLYLGH�DW�ZKLWHVSDFH
QRUPDOL]H�SXQFWXDWLRQ��KWPO�WDJV��FDSLWDOL]DWLRQ��HWF



7KLV�SURFHVV�LV�FDOOHG�WRNHQL]DWLRQ��)RUPDW�IHDWXUHV�VXFK�DV�SXQFWXDWLRQ�DQG�FDSLWDOL]DWLRQ�PD\�EH�KHOSIXO�RU
KDUPIXO��GHSHQGLQJ�RQ�WKH�WDVN��(�J��LW�PD\�EH�KHOSIXO�WR�NQRZ�WKDW��%LUG��LV�GLIIHUHQW�IURP��ELUG���EHFDXVH�WKH
IRUPHU�PLJKW�EH�D�SURSHU�QDPH��%XW�SHUKDSV�ZH
G�OLNH�WR�FRQYHUW��%LUG��WR��&$3�ELUG��WR�PDNH�LWV�VWUXFWXUH
H[SOLFLW��6LPLODUO\���W\UH��YV���WLUH��PLJKW�EH�D�GLVWUDFWLRQ�RU�DQ�LPSRUWDQW�FXH�IRU�GLVWLQJXLVKLQJ�86�IURP�8.
(QJOLVK��6R��QRUPDOL]H��PD\�HLWKHU�LQYROYH�WKURZLQJ�DZD\�WKH�LQIRUPDWLRQ�RU�FRQYHUWLQJ�LW�LQWR�D�IRUPDW�WKDW
V
HDVLHU�WR�SURFHVV�

$IWHU�WKDW��LW�RIWHQ�KHOSV�WR�QRUPDOL]H�WKH�IRUP�RI�HDFK�ZRUG�XVLQJ�D�SURFHVV�FDOOHG�VWHPPLQJ�

6WHPPLQJ
6WHPPLQJ�FRQYHUWV�LQÁHFWHG�IRUPV�RI�D�ZRUG�WR�D�VLQJOH�VWDQGDUGL]HG�IRUP��,W�UHPRYHV�SUHÀ[HV�DQG�VXIÀ[HV�
OHDYLQJ�RQO\�WKH�FRQWHQW�SDUW�RI�WKH�ZRUG��LWV��VWHP����)RU�H[DPSOH

�������KHOS��KHOSLQJ��KHOSIXO����!��KHOS�
�������KDSS\��KDSSLQHVV���!�KDSSL�

2XWSXW�LV�QRW�DOZD\V�DQ�DFWXDO�ZRUG�

6WHPPHUV�DUH�VXUSULVLQJO\�ROG�WHFKQRORJ\�

ÀUVW�RQH��-XOLH�%HWK�/RYLQV����������
VWDQGDUG�RQH��0DUWLQ�3RUWHU�����

3RUWHU�PDGH�PRGHVW�UHYLVLRQV�WR�KLV�VWHPPHU�RYHU�WKH�\HDUV��%XW�WKH�YHUVLRQ�IRXQG�LQ�QOWN��D�FXUUHQWO\�SRSXODU
QDWXUDO�ODQJXDJH�WRRONLW��LV�VWLOO�YHU\�VLPLODU�WR�WKH�RULJLQDO������DOJRULWKP�

/DQJXDJHV�XQOLNH�(QJOLVK
(QJOLVK�KDV�UHODWLYHO\�VKRUW�ZRUGV��ZLWK�FRQYHQLHQW�VSDFHV�EHWZHHQ�WKHP��7RNHQL]DWLRQ�UHTXLUHV�VOLJKWO\�GLIIHUHQW
VWHSV�IRU�ODQJXDJHV�ZLWK�ORQJHU�ZRUGV�RU�GLIIHUHQW�ZULWLQJ�V\VWHP��)RU�H[DPSOH��&KLQHVH�ZULWLQJ�GRHV�QRW�SXW
VSDFHV�EHWZHHQ�ZRUGV��6R��,�ZHQW�WR�WKH�VWRUH��LV�ZULWWHQ�DV�D�VWULQJ�RI�FKDUDFWHUV��HDFK�UHSUHVHQWLQJ�RQH�V\OODEOH
�EHORZ���6R�SURJUDPV�SURFHVVLQJ�&KLQHVH�WH[W�W\SLFDOO\�UXQ�D��ZRUG�VHJPHQWHU��WKDW�JURXSV�DGMDFHQW�FKDUDFWHUV
�XVXDOO\������LQWR�D�ZRUG�

,Q�*HUPDQ��ZH�KDYH�WKH�RSSRVLWH�SUREOHP��ORQJ�ZRUGV��6R�ZH�PLJKW�GLYLGH�ZRUGV�OLNH��:LQWHUPDQWHO��LQWR
�ZLQWHU���ZLQWHU��DQG��PDQWHO���FRDW��

,Q�HLWKHU�FDVH��WKH�RXWSXW�WRNHQV�VKRXOG�XVXDOO\�IRUP�FRKHUHQW�XQLWV��ZKRVH�PHDQLQJ�FDQQRW�HDVLO\�EH�SUHGLFWHG
IURP�VPDOOHU�SLHFHV�

9HU\�IUHTXHQW�DQG�YHU\�UDUH�ZRUGV
&ODVVLÀFDWLRQ�DOJRULWKPV�IUHTXHQWO\�LJQRUH�YHU\�IUHTXHQW�DQG�YHU\�UDUH�ZRUGV��9HU\�IUHTXHQW�ZRUGV���VWRS
ZRUGV���RIWHQ�FRQYH\�YHU\�OLWWOH�LQIRUPDWLRQ�DERXW�WKH�WRSLF��6R�WKH\�DUH�W\SLFDOO\�GHOHWHG�EHIRUH�GRLQJ�D�EDJ�RI



ZRUGV�DQDO\VLV�

5DUH�ZRUGV�LQFOXGH�ZRUGV�IRU�XQFRPPRQ�FRQFHSWV��H�J��DUPDGLOOR���SURSHU�QDPHV��IRUHLJQ�ZRUGV��DQG�VLPSOH
PLVWDNHV��H�J���&RPSXWHU�6LOHQFH����:RUGV�WKDW�RFFXU�RQO\�RQH�RIWHQ�UHSUHVHQW�D�ODUJH�IUDFWLRQ��H�J�������RI�WKH
ZRUG�W\SHV�LQ�D�GDWDVHW��6R�UDUH�ZRUGV�FDXVH�WZR�SUREOHPV

7KHLU�SUREDELOLWLHV�DUH�KDUG�WR�HVWLPDWH�DFFXUDWHO\�
7KH\�DUH�YHU\�QXPHURXV��VR�WKH\�PDNH�RXU�GDWD�WDEOHV�PXFK�ODUJHU�

5DUH�ZRUGV�PD\�EH�GHOHWHG��0RUH�RIWHQ��DOO�DOO�UDUH�ZRUGV�DUH�PDSSHG�LQWR�D�VLQJOH�SODFHKROGHU�YDOXH��H�J�
81.���7KLV�DOORZV�XV�WR�WUHDW�WKHP�DOO�DV�D�VLQJOH�LWHP��ZLWK�D�UHDVRQDEOH�SUREDELOLW\�RI�EHLQJ�REVHUYHG�

1�JUDP�PRGHOV
7KH�%DJ�RI�:RUGV�PRGHO�XVHV�LQGLYLGXDO�ZRUGV�DV�IHDWXUHV��LJQRULQJ�WKH�RUGHU�LQ�ZKLFK�WKH\�DSSHDUHG��7H[W
FODVVLÀFDWLRQ�LV�RIWHQ�LPSURYHG�E\�XVLQJ�SDLUV�RI�ZRUGV��ELJUDPV��DV�IHDWXUHV��6RPH�DSSOLFDWLRQV��QRWDEO\�VSHHFK
UHFRJQLWLRQ��XVH�WULJUDPV��WULSOHV�RI�ZRUGV��RU�HYHQ�ORQJHU�Q�JUDPV��(�J���7RQ\�WKH�7LJHU��FRQYH\V�PXFK�PRUH
WRSLF�LQIRUPDWLRQ�WKDQ�HLWKHU��7RQ\��RU��WLJHU���,Q�WKH�%RXOLV�DQG�2VWHQGRUI�VWXG\�RI�JHQGHU�FODVVLÀFDWLRQ�ELJUDP
IHDWXUHV�SURYHG�VLJQLÀFDQWO\�VLJQLÀFDQWO\�PRUH�SRZHUIXO�

)RU�Q�ZRUGV��WKHUH�DUH� �SRVVLEOH�ELJUDPV��%XW�RXU�DPRXQW�RI�WUDLQLQJ�GDWD�VWD\V�WKH�VDPH��6R�WKH�WUDLQLQJ�GDWD
LV�HYHQ�OHVV�DGHTXDWH�IRU�ELJUDPV�WKDQ�LW�ZDV�IRU�VLQJOH�ZRUGV�

5HFDS��QDLYH�%D\HV�GRFXPHQW�FODVVLÀFDWLRQ
5HFDOO�RXU�GRFXPHQW�FODVVLÀFDWLRQ�SUREOHP��2XU�LQSXW�GRFXPHQW�LV�D�VWULQJ�RI�ZRUGV��SHUKDSV�QRW�DOO�LGHQWLFDO�

6XSSRVH�WKDW�ZH�KDYH�FOHDQHG�XS�RXU�ZRUGV��DV�GLVFXVVHG�LQ�WKH�ODVW�YLGHR�DQG�QRZ�ZH
UH�WU\LQJ�WR�ODEHO�LQSXW
GRFXPHQWV�DV�HLWKHU�&/$�RU�&/%��7R�FODVVLI\�WKH�GRFXPHQW��RXU�QDLYH�%D\HV��EDJ�RI�ZRUGV�PRGHO��FRPSDUHV
WKHVH�WZR�YDOXHV�

�

:H�QHHG�WR�HVWLPDWH�WKH�SDUDPHWHUV�3�:�_�&/$��DQG�3�:�_�&/%��IRU�HDFK�ZRUG�W\SH�:�

6LPSOLVWLF�SDUDPHWHU�HVWLPDWLRQ
1RZ��OHW
V�ORRN�DW�HVWLPDWLQJ�WKH�SUREDELOLWLHV��6XSSRVH�WKDW�ZH�KDYH�D�VHW�RI�GRFXPHQWV�IURP�D�SDUWLFXODU�FODVV�&
�H�J��&/$�(QJOLVK��DQG�VXSSRVH�WKDW�:�LV�D�ZRUG�W\SH��:H�FDQ�GHÀQH�

FRXQW�:�� �QXPEHU�RI�WLPHV�:�RFFXUV�LQ�WKH�GRFXPHQWV��
Q� �QXPEHU�RI�WRWDO�ZRUGV�LQ�WKH�GRFXPHQWV

$�QDLYH�HVWLPDWH�RI�3�:_&��ZRXOG�EH� ��7KLV�LV�QRW�D�VWXSLG�HVWLPDWH��EXW�D�IHZ�DGMXVWPHQWV
ZLOO�PDNH�LW�PRUH�DFFXUDWH�

3UREOHP����XQGHUÁRZ



7KH�SUREDELOLW\�RI�PRVW�ZRUGV�LV�YHU\�VPDOO��)RU�H[DPSOH��WKH�ZRUG��0DUNRY��LV�XQFRPPRQ�RXWVLGH�WHFKQLFDO
GLVFXVVLRQV���,W�ZDV�PLVWUDQVFULEHG�DV��PDUN�RII��LQ�WKH�RULJLQDO�6ZLWFKERDUG�FRUSXV���:RUVH��RXU�HVWLPDWH�IRU
3�:_&��LV�WKH�SURGXFW�RI�PDQ\�VPDOO�QXPEHUV��2XU�HVWLPDWLRQ�SURFHVV�FDQ�SURGXFH�QXPEHUV�WRR�VPDOO�IRU
VWDQGDUG�ÁRDWLQJ�SRLQW�VWRUDJH�

7R�DYRLG�QXPHULFDO�SUREOHPV��UHVHDUFKHUV�W\SLFDOO\�FRQYHUW�DOO�SUREDELOLWLHV�WR�ORJV��7KDW�LV��RXU�QDLYH�%D\HV
DOJRULWKP�ZLOO�EH�PD[LPL]LQJ

1RWLFH�WKDW�ZKHQ�ZH�GR�WKH�ORJ�WUDQVIRUP��ZH�QHHG�WR�UHSODFH�PXOWLSOLFDWLRQ�ZLWK�DGGLWLRQ�

3UREOHP����RYHUÀWWLQJ�WKH�WUDLQLQJ�GDWD
5HFDOO�WKDW�ZH�WUDLQ�RQ�RQH�VHW�RI�GRFXPHQWV�DQG�WKHQ�WHVW�RQ�D�GLIIHUHQW�VHW�RI�GRFXPHQWV��)RU�H[DPSOH��LQ�WKH
%RXOLV�DQG�2VWHQGRUI�JHQGHU�FODVVLIFDWLRQ�H[SHULPHQW��WKHUH�ZHUH�DERXW���0�ZRUGV�RI�WUDLQLQJ�GDWD�DQG�DERXW
�0�ZRUGV�RI�WHVW�GDWD�

7UDLQLQJ�GDWD�GRHVQ
W�FRQWDLQ�DOO�ZRUGV�RI�(QJOLVK�DQG�LV�WRR�VPDOO�WR�JHW�D�UHSUHVHQWDWLYH�VDPSOLQJ�RI�WKH�ZRUGV
LW�FRQWDLQV��6R�IRU�XQFRPPRQ�ZRUGV�

:RUGV�WKDW�GLGQ
W�DSSHDU�LQ�WKH�WUDLQLQJ�GDWD�JHW�HVWLPDWHG�]HUR�SUREDELOLW\�
:RUGV�WKDW�ZHUH�XQFRPPRQ�LQ�WKH�WUDLQLQJ�GDWD�JHW�LQDFFXUDWH�HVWLPDWHV�

6PRRWKLQJ
6PRRWKLQJ�DVVLJQV�QRQ�]HUR�SUREDELLWLHV�WR�XQVHHQ�ZRUGV��6LQFH�DOO�SUREDELOLWLHV�KDYH�WR�DGG�XS�WR����WKLV�PHDQV
ZH�QHHG�WR�UHGXFH�WKH�HVWLPDWHG�SUREDELOLWLHV�RI�WKH�ZRUGV�ZH�KDYH�VHHQ��7KLQN�RI�D�SUREDELOLW\�GLVWULEXWLRQ�DV
EHLQJ�FRPSRVHG�RI�VWXII��VR�WKHUH�LV�D�FHUWDLQ�DPRXQW�RI��SUREDELOLW\�PDVV��DVVLJQHG�WR�HDFK�ZRUG��6PRRWKLQJ
PRYHV�PDVV�IURP�WKH�VHHQ�ZRUGV�WR�WKH�XQVHHQ�ZRUGV�

4XHVWLRQV�

:KLFK�ZRUGV�VKRXOG�ORVH�PDVV��PRVWO\�LQIUHTXHQW�RQHV��HVS��VHHQ�RQO\�RQFH�
:KLFK�ZRUGV�VKRXOG�JDLQ�PDVV"�+RZ�PXFK"

6RPH�XQVHHQ�ZRUGV�PLJKW�EH�PRUH�OLNHO\�WKDQ�RWKHUV��H�J��LI�LW�ORRNV�OLNH�D�OHJLW�(QJOLVK�ZRUG��H�J��ERIÀQ��LW
PLJKW�EH�PRUH�OLNHO\�WKDQ�VRPHWKLQJ�XVLQJ�QRQ�(QJOLVK�FKDUDFWHUV��H�J��ErWH��

6PRRWKLQJ�LV�FULWLFDO�WR�WKH�VXFFHVV�RI�PDQ\�DOJRULWKPV��EXW�FXUUHQW�VPRRWKLQJ�PHWKRGV�DUH�ZLWFKFUDIW��:H�GRQ
W
IXOO\�XQGHUVWDQG�KRZ�WR�PRGHO�WKH��ODUJH��VHW�RI�ZRUGV�WKDW�KDYHQ
W�EHHQ�VHHQ�\HW��DQG�KRZ�RIWHQ�GLIIHUHQW�W\SHV
PLJKW�EH�H[SHFWHG�WR�DSSHDU��3RSXODU�VWDQGDUG�PHWKRGV�ZRUN�ZHOO�LQ�SUDFWLFH�EXW�WKHLU�WKHRUHWLFDO�XQGHUSLQQLQJV
DUH�VXVSHFW�

/DSODFH�VPRRWKLQJ
/DSODFH�VPRRWKLQJ�LV�D�VLPSOH�WHFKQLTXH�IRU�DGGUHVVLQJ�WKH�SUREOHP�

$OO�XQVHHQ�ZRUGV�DUH�UHSUHVHQWHG�E\�D�VLQJOH�ZRUG�81.��6R�WKH�SUREDELOLW\�RI�81.�VKRXOG�UHSUHVHQW�DOO�RI�WKHVH
ZRUGV�FROOHFWLYHO\�

Q� �QXPEHU�RI�ZRUGV�LQ�RXU�&ODVV�&�WUDLQLQJ�GDWD��
FRXQW�:�� �QXPEHU�RI�WLPHV�:�DSSHDUHG�LQ�&ODVV�&�WUDLQLQJ�GDWD��



7R�DGG�VRPH�SUREDELOLW\�PDVV�WR�81.��ZH�LQFUHDVH�DOO�RI�RXU�HVWLPDWHV�E\� ��ZKHUH� �LV�D�WXQLQJ�FRQVWDQW
EHWZHHQ���DQG����W\SLFDOO\�VPDOO���6R�RXU�SUREDELOLWLHV�IRU�81.�DQG�IRU�VRPH�RWKHU�ZRUG�:�DUH�

3�81.�_�&�� � ��
3�:�_�&�� �

7KLV�LVQ
W�TXLWH�ULJKW��EHFDXVH�SUREDELOLWLHV�QHHG�WR�DGG�XS�WR����6R�ZH�UHYLVH�WKH�GHQRPLQDWRUV�WR�PDNH�WKLV�EH
WKH�FDVH��2XU�ÀQDO�HVWLPDWHV�RI�WKH�SUREDELOLWLHV�DUH

9� �QXPEHU�RI�ZRUG�7<3(6�VHHQ�LQ�WUDLQLQJ�GDWD��
3�81.�_�&�� � �

3�:�_�&�� �

3HUIRUPDQFH�RI�/DSODFH�VPRRWKLQJ

RYHUHVWLPDWHV�SUREDELOLW\�RI�XQVHHQ�ZRUGV
XQGHUHVWLPDWHV�SUREDELOLW\�RI�FRPPRQ�ZRUGV

'HOHWHG�HVWLPDWLRQ
$�WHFKQLTXH�FDOOHG�GHOHWHG�HVWLPDWLRQ��RU�FURVV�YDOLGDWLRQ�RU�KHOG�RXW�HVWLPDWLRQ��FDQ�EH�XVHG�WR�GLUHFWO\�PHDVXUH
WKHVH�HVWLPDWLRQ�HUURUV�

/HW
V�HPSLULFDOO\�PDS�RXW�KRZ�PXFK�FRXQWV�FKDQJH�EHWZHHQ�WZR�VDPSOHV�RI�WH[W�IURP�WKH�VDPH�VRXUFH��6R�ZH
GLYLGH�RXU�WUDLQLQJ�GDWD�LQWR�WZR�KDOYHV���DQG����+HUH
V�WKH�WDEOH�RI�ZRUG�FRXQWV�

��IURP�0DUN
/LEHUPDQ�YLD�0LWFK�0DUFXV�

1RZ��OHW
V�SLFN�D�VSHFLÀF�FRXQW�U�LQ�WKH�ÀUVW�KDOI��6XSSRVH�WKDW� �DUH�WKH�ZRUGV�WKDW�RFFXU�U�WLPHV�LQ�WKH
ÀUVW�KDOI��:H�FDQ�HVWLPDWH�WKH�FRUUHFWHG�FRXQW�DV

&RUU�U�� �DYHUDJH�FRXQW�RI� �LQ�+DOI���

7KLV�JLYHV�XV�WKH�IROORZLQJ�FRUUHFWLRQ�WDEOH�



��IURP�0DUN�/LEHUPDQ�YLD�0LWFK�0DUFXV�

1RZ��LI�WKHUH�ZHUH� �ZRUGV�LQ�WKH�ÀUVW�KDOI�RI�RXU�GDWD��ZH�FDQ�XVH� �DV�HVWLPDWH�RI�WKH�WUXH�SUREDELOLW\�IRU
HDFK�ZRUG� �ZKRVH�UDZ�FRXQW�ZDV�U�

7ZHDNV�RQ�GHOHWHG�HVWLPDWLRQ
0DNH�WKH�HVWLPDWH�V\PPHWULFDO��/HW
V�DVVXPH�IRU�VLPSOLFLW\�WKDW�ERWK�KDOYHV�FRQWDLQ�WKH�VDPH�QXPEHU�RI�ZRUGV
�DW�OHDVW�DSSUR[LPDWHO\���7KHQ�FRPSXWH

&RUU�U��DV�DERYH��
&RUU
�U��UHYHUVLQJ�WKH�UROHV�RI�WKH�WZR�GDWDVHWV��

�HVWLPDWH�RI�WKH�WUXH�FRXQW�IRU�D�ZRUG�ZLWK�REVHUYHG�FRXQW�U

(IIHFWLYHQHVV�RI�WKLV�GHSHQGV�RQ�KRZ�ZH�VSOLW�WKH�WUDLQLQJ�GDWD�LQ�KDOI��7H[W�WHQGV�WR�VWD\�RQ�RQH�WRSLF�IRU�D
ZKLOH��)RU�H[DPSOH��LI�ZH�VHH��ERIÀQ���LW
V�OLNHO\�WKDW�ZH
OO�VHH�D�UHSHDW�RI�WKDW�ZRUG�VRRQ�DIWHUZDUGV��7KHUHIRUH

6SOLWWLQJ�WKH�GDWD�LQ�WKH�PLGGOH�ZRUNV�SRRUO\�
%HWWHU�WR�VSOLW�E\�HYHQ�RGG�VHQWHQFHV�

7KHVH�FRUUHFWHG�HVWLPDWHV�VWLOO�KDYH�ELDVHV��EXW�QRW�DV�EDG�DV�WKH�RULJLQDO�RQHV��7KH�PHWKRG�DVVXPHV�WKDW�RXU
HYHQWXDO�WHVW�GDWD�ZLOO�EH�YHU\�VLPLODU�WR�RXU�WUDLQLQJ�GDWD��ZKLFK�LV�QRW�DOZD\V�WUXH�

1�JUDP�VPRRWKLQJ
%HFDXVH�WUDLQLQJ�GDWD�LV�VSDUVH��VPRRWKLQJ�LV�D�PDMRU�FRPSRQHQW�RI�DQ\�DOJRULWKP�WKDW�XVHV�Q�JUDPV��)RU�VLQJOH
ZRUGV��VPRRWKLQJ�DVVLJQV�WKH�VDPH�SUREDELOLW\�WR�DOO�XQVHHQ�ZRUGV��+RZHYHU��Q�JUDPV�KDYH�LQWHUQDO�VWUXFWXUH
ZKLFK�ZH�FDQ�H[SORLW�WR�FRPSXWH�EHWWHU�HVWLPDWHV�

([DPSOH��KRZ�RIWHQ�GR�ZH�VHH��FDW��YV���DUPDGLOOR��RQ�ORFDO�VXEUHGGLW"�<HV��DQ�DUPDGLOOR�KDV�EHHQ�VHHQ�LQ
8UEDQD��%XW�PHQWLRQV�RI�FDWV�DUH�PXFK�PRUH�FRPPRQ��6R�ZH�ZRXOG�H[SHFW��WKH�DQJU\�FDW��WR�EH�PXFK�PRUH
FRPPRQ�WKDQ��WKH�DQJU\�DUPDGLOOR���6R

,GHD����,I�ZH�KDYHQ
W�VHHQ�DQ�QJUDP��JXHVV�LWV�SUREDELOLW\�IURP�WKH�SUREDELOLWHV�RI�LWV�SUHÀ[��H�J���WKH
DQJU\���DQG�WKH�ODVW�ZRUG���DUPDGLOOR���

&HUWDLQ�FRQWH[WV�DOORZ�PDQ\�ZRUGV��H�J���*LYH�PH�WKH�������2WKHU�FRQWH[WV�VWURQJO\�GHWHUPLQH�ZKDW�JRHV�LQ�WKHP�
H�J���VFUDPEOHG��LV�YHU\�RIWHQ�IROORZHG�E\��HJJV��



,GHD����*XHVV�WKDW�DQ�XQVHHQ�ZRUG�LV�PRUH�OLNHO\�LQ�FRQWH[WV�ZKHUH�ZH
YH�VHHQ�PDQ\�GLIIHUHQW
ZRUGV�

7KHUH
V�D�QXPEHU�RI�VSHFLÀF�ZD\V�WR�LPSOHPHQW�WKHVH�LGHDV��ODUJHO\�EH\RQG�WKH�VFRSH�RI�WKLV�FRXUVH�



&6�����(&(�����
0DUJDUHW�)OHFN ���%D\HV�1HWV

0DLQ�LGHD
%D\HV�QHWV��D�W\SH�RI�*UDSKLFDO�0RGHO��FRPSDFWO\�UHSUHVHQW�KRZ�YDULDEOHV�LQÁXHQFH�RQH�DQRWKHU�+HUH
V�D�%D\HV
QHW�ZLWK�ÀYH�YDULDEOHV�

)RU�VLPSOLFLW\��VXSSRVH�WKHVH�DUH�DOO�ERROHDQ��7�)��YDULDEOHV�

1RWLFH�WKDW�WKLV�GLDJUDP�VKRZV�WKH�FDXVDO�VWUXFWXUH�RI�WKH�VLWXDWLRQ��L�H��ZKLFK�HYHQWV�DUH�OLNHO\�WR�FDXVH�ZKLFK
RWKHU�HYHQWV��)RU�H[DPSOH��ZH�NQRZ�WKDW�D�YLUXV�FDQ�FDXVH�DQ�XSVHW�VWRPDFK��7HFKQLFDOO\�WKH�GHVLJQ�RI�D�%D\HV
QHW�LVQ
W�UHTXLUHG�WR�UHÁHFW�FDXVDO�VWUXFWXUH��%XW�WKH\�DUH�PRUH�FRPSDFW��WKHUHIRUH�PRUH�XVHIXO��ZKHQ�WKH\�GR�

$GG�SUREDELOLW\�LQIRUPDWLRQ
)RU�HDFK�QRGH�LQ�WKH�GLDJUDP��ZH�ZULWH�LWV�SUREDELOLW\�LQ�WHUPV�RI�WKH�SUREDELOLWLHV�RI�LWV�SDUHQWV�



�%DG�IRRG��DQG��9LUXV��GRQ
W�KDYH�SDUHQWV��VR�ZH�JLYH�WKHP�QRQ�FRQGLWLRQDO�SUREDELOLWLHV���*R�WR�0F.LQOH\��DQG
�(PDLO�LQVWUXFWRUV��KDYH�RQO\�RQH�SDUHQW��VR�ZH�QHHG�WR�VSHOO�RXW�KRZ�OLNHO\�WKH\�DUH�IRU�ERWK�SRVVLEOH�YDOXHV�RI
WKH�SDUHQW�QRGH�

�8SVHW�VWRPDFK��KDV�WZR�SDUHQWV��L�H��WZR�SRVVLEOH�FDXVHV��,Q�WKLV�FDVH��WKH�WZR�FDXVHV�PLJKW�LQWHUDFW��6R�ZH�QHHG
WR�JLYH�D�SUREDELOLW\�IRU�HYHU\�SRVVLEOH�FRPELQDWLRQ�RI�WKH�WZR�SDUHQW�YDOXHV�

5HFDS��LQGHSHQGHQFH�DQG�FRQGLWLRQDO�LQGHSHQGHQFH
7ZR�UDQGRP�YDULDEOHV�$�DQG�%�DUH�LQGHSHQGHQW�LII�3�$�%�� �3�$���3�%��

$�DQG�%�DUH�FRQGLWLRQDOO\�LQGHSHQGHQW�JLYHQ�&�LII

3�$��%�_�&�� �3�$_&���3�%_&��
HTXLYDOHQWO\�3�$�_�%�&�� �3�$�_�&��
HTXLYDOHQWO\�3�%�_�$�&�� �3�%�_�&�

&RQGLWLRQDO�LQGHSHQGHQFH�YV��LQGHSHQGHQFH���
+HUH
V�D�%D\HV�QHW�PRGHOOLQJ�WZR�HIIHFWV�ZLWK�D�FRPPRQ�FDXVH�

%XV\�SLD]]D�DQG�D�IXOO�ODE�DUHQ
W�LQGHSHQGHQW��EXW�WKH\�DUH�FRQGLWLRQDOO\�LQGHSHQGHQW�JLYHQ�WKDW�WKHUH
V�D�SURMHFW
GXH�

&RQGLWLRQDO�LQGHSHQGHQFH�YV��LQGHSHQGHQFH���
+HUH
V�DQ�H[DPSOH�RI�WZR�FDXVHV�MRLQWO\�KHOSLQJ�FUHDWH�D�VLQJOH�HIIHFW�

%HLQJ�TXDOLÀHG�LV�LQGHSHQGHQW�RI�KDYLQJ�SHUVRQDO�FRQQHFWLRQV��PRUH�RU�OHVV��%XW�WKH\�DUHQ
W�FRQGLWLRQDOO\
LQGHSHQGHQW�JLYHQ�WKDW�WKH�SHUVRQ�JRW�WKH�MRE��6XSSSRVH�ZH�NQRZ�WKDW�WKH\�JRW�WKH�MRE�EXW�ZHUHQ
W�TXDOLÀHG��WKHQ



�JLYHQ�WKLV�PRGHO�RI�WKH�FDXVDO�UHODWLRQVKLSV��WKH\�PXVW�KDYH�SHUVRQDO�FRQQHFWLRQV��7KLV�LV�FDOOHG��H[SODLQLQJ
DZD\��RU��VHOHFWLRQ�ELDV��

$�KLJK�OHYHO�SRLQW��FRQGLWLRQDO�LQGHSHQGHQFH�LVQ
W�VRPH�ZHDNHQHG�YDULDQW�RI�LQGHSHQGHQFH��1HLWKHU�SURSHUW\
LPSOLHV�WKH�RWKHU�

&RQGLWLRQDO�LQGHSHQGHQFH�YV��LQGHSHQGHQFH���
+HUH
V�D�FDXVDO�FKDLQ��L�H��D�VHTXHQFH�RI�HYHQWV�LQ�ZKLFK�HDFK�FDXVHV�WKH�IROORZLQJ�RQH�

&DQGOH�DQG�DODUP�DUH�FRQGLWLRQDOO\�LQGHSHQGHQW�JLYHQ�ÀUH��%XW�WKH\�DUHQ
W�LQGHSHQGHQW��EHFDXVH�3�DODUP�_
FDQGOH��LV�PXFK�ODUJHU�WKDQ�3�DODUP��

([DPSOH��LQGHSHQGHQW�HYHQWV
$�VHW�RI�LQGHSHQGHQW�YDULDEOHV�JHQHUDWHV�D�JUDSKLFDO�PRGHO�ZKHUH�WKH�QRGHV�DUHQ
W�FRQQHFWHG�

([DPSOH��1DLYH�%D\HV
1DLYH�%D\HV�FDQ�EH�PRGHOOHG�ZLWK�D�%D\HV�QHW�WKDW�KDV�RQH�DQFHVWRU��FDXVH��DQG�D�QXPEHU�RI�FKLOGUHQ��HIIHFWV��

$�MREV�UHODWHG�%D\HV�QHW



5HFDS
/HW
V�UHPHPEHU�KRZ�WR�XQGHUVWDQG�WKH�%D\HV�QHW�GLDJUDP�DERYH��:H�KDYH�VRPH�QXPEHU�RI�ERROHDQ��WUXH�IDOVH�
YDULDEOHV��ÀYH�LQ�WKLV�FDVH��7KH�HGJHV�LQ�WKH�GLDJUDP�VKRZ�ZKLFK�SUREDELOLWLHV�GHSHQG�RQ�RQH�DQRKWHU��)RU�HDFK
QRGH��ZH�VWRUH�WKH�SUREDELOLW\�RI�WKDW�YDULDEOH�LQ�WHUPV�RI�WKH�SUREDELOLWLHV�RI�LWV�SDUHQWV��)RU�H[DPSOH

4�KDV�QR�SDUHQWV��VR�ZH�VWRUH�WKH�SUREDELOLW\�RI�4�EHLQJ�WUXH�
-�KDV�WZR�SDUHQWV��VR�ZH�VWRUH�WKH�FRQGLWLRQDO�SUREDELOLW\�RI�-�EHLQJ�WUXH�JLYHQ�HDFK�SRVVLEOH�FRPELQDWLRQ
RI�YDOXHV�IRU�3�DQG�4�

3DUWLDO�RUGHUV
5HFDOO�IURP�GLVFUHWH�PDWK��D�SDUWLDO�RUGHU�RUGHUV�FHUWDLQ�SDLUV�RI�REMHFWV�EXW�QRW�RWKHUV��,W�KDV�WR�EH�FRQVLVWHQW��L�H�
QR�ORRSV��6R�ZH�FDQ�XVH�LW�WR�GUDZ�D�SLFWXUH�RI�WKH�RUGHULQJ�ZLWK�DQFHVWRUV�DOZD\V�KLJKHU�RQ�WKH�SDJH�WKDQ
GHVFHQGHQWV�

7KH�DUURZV�LQ�D�%D\HV�QHW�DUH�OLNH�D�VNHOHWRQ�RI�D�SDUWLDO�RUGHU��MXVW�UHODWLQJ�SDUHQWV�WR�WKHLU�FKLOGUHQ��7KH�PRUH
JHQHUDO�DQFHVWRU�UHODWLRQVKLS�LV�D�WUXH�SDUWLDO�RUGHU�

)RU�DQ\�VHW�ZLWK�D�SDUWLDO�RUGHU��ZH�FDQ�FUHDWH�D��WRSRORJLFDO�VRUW���7KLV�LV�D�WRWDO�OLQHDU�RUGHU�RI�DOO�WKH�REMHFWV
ZKLFK�UHVSHFWV�WKH�SDUWLDO�RUGHU��7KDW�LV��D�QRGH�DOZD\V�IROORZV�LWV�DQFHVWRUV��8VXDOO\�WKHUH�LV�PRUH�WKDQ�RQH
SRVVLEOH�WRSRORJLFDO�VRUW�DQG�ZH�GRQ
W�FDUH�ZKLFK�RQH�LV�FKRVHQ�

([DFWO\�ZKDW�DUH�%D\HV�QHWV"
$�%D\HV�QHW�LV�D�GLUHFWHG�DF\FOLF��QR�F\FOHV��JUDSK��FDOOHG�D�'$*�IRU�VKRUW���6R�QRGHV�DUH�SDUWLDOO\�RUGHUHG�E\
WKH�DQFHVWRU�GHVFHQGHQW�UHODWLRQVKLSV�

(DFK�QRGH�LV�FRQGLWLRQDOO\�LQGHSHQGHQW�RI�LWV�DQFHVWRUV��JLYHQ�LWV�SDUHQWV��7KDW�LV��WKH�DQFHVWRUV�FDQ�21/<
LQÁXHQFH�QRGH�$�E\�ZRUNLQJ�YLD�SDUHQWV�$�

6XSSRVH�ZH�OLQHDUL]H�WKH�QRGHV�LQ�D�ZD\�WKDW
V�FRQVLVWHQW�ZLWK�WKH�DUURZV��DND�D�WRSRORJLFDO�VRUW���7KHQ�ZH�KDYH
DQ�RUGHUHG�OLVW�RI�QRGHV� ��2XU�FRQGLWLRQDO�LQGHSHQGHQFH�FRQGLWLRQ�LV�WKHQ

)RU�HDFK�N��

5HFRQVWUXFWLQJ�WKH�MRLQW�GLVWULEXWLRQ
:H�FDQ�EXLOG�WKH�SUREDELOLW\�IRU�DQ\�VSHFLÀF�VHW�RI�YDOXHV�E\�ZRUNLQJ�WKURXJK�WKH�JUDSK�IURP�WRS�WR�ERWWRP�
6XSSRVH��DV�DERYH��WKDW�ZH�KDYH�WKH�QRGHV�RUGHUHG� ��7KHQ

�LV�WKH�MRLQW�GLVWULEXWLRQ�IRU�DOO�YDOXHV�RI�WKH�YDULDEOHV�

,Q� ��HDFK�WHUP� �LV�WKH�LQIRUPDWLRQ�VWRUHG�ZLWK�RQH�QRGH�RI�WKH�%D\HV
QHW�

,Q�WKLV�FRPSXWDWLRQ��ZH
UH�VWDUWLQJ�IURP�WKH�FDXVHV��DOVR�FDOOHG��TXHU\�YDULDEOHV���VXFK�DV�EDG�IRRG�DQG�YLUXV
DERYH��9DOXHV�SURSDJDWH�WKURXJK�WKH�LQWHUPHGLDWH���XQREVHUYHG���QRGHV��DQG�HYHQWXDOO\�ZH�SURGXFH�YDOXHV�IRU
WKH�YLVLEOH�HIIHFWV��JR�WR�0F.LQOH\��HPDLO�LQVWUXFWRUV���0XFK�WKH�WLPH��KRZHYHU��ZH�ZRXOG�OLNH�WR�ZRUN
EDFNZDUGV�IURP�WKH�YLVLEOH�HIIHFWV�WR�ÀQG�WKH�PRVW�OLNHO\�FDXVH�V��



4XDQWLI\�&RPSDFWQHVV
6XSSRVH�ZH�KDYH�Q�YDULDEOHV��6XSSRVH�WKH�PD[LPXP�QXPEHU�RI�SDUHQWV�RI�DQ\�QRGH�LQ�RXU�%D\HV�QHW�LV�P�
7\SLFDOO\�P�ZLOO�EH�PXFK�VPDOOHU�WKDQ�Q�

)XOO�MRLQW�GLVWULEXWLRQ�UHTXLUHV� �SUREDELOLWLHV
%D\HV�QHW�UHTXLUHV�DW�PRVW� �SUREDELOLWLHV

%XLOGLQJ�D�%D\HV�QHW
6XSSRVH�ZH�NQRZ�WKH�IXOO�IXOO�MRLQW�SUREDELOLW\�GLVWULEXWLRQ�IRU�RXU�YDULDEOHV�DQG�ZDQW�WR�FRQYHUW�WKLV�WR�D�%D\HV
QHW���:H�FDQ�FRQVWUXFW�D�%D\HV�QHW�DV�IROORZV�

3XW�WKH�YDULDEOHV�LQ�DQ\�RUGHU� ��

)RU�N�IURP���WR�Q

&KRRVH�SDUHQWV� ��WR�FRQWDLQ�DOO�YDULDEOHV�IURP� �WKDW� �GHSHQGV�RQ�

7KH�RXWSXW�%D\HV�QHW�GHSHQGV�RQ�WKH�RUGHU�LQ�ZKLFK�ZH�SURFHVV�WKH�YDULDEOHV��,I�RXU�YDULDEOH�RUGHU�LV�4��3��-��0�
+��WKHQ�ZH�JHW�WKH�DERYH�%D\HV�QHW��ZKLFK�FRQWDLQV����SUREDELOLW\�YDOXHV�����HDFK�IRU�4�DQG�3����HDFK�IRU�0�DQG
+����IRU�-��

6XSSRVH�ZH�XVH�WKH�YDULDEOH�RUGHU�0��+��-��4��3��7KHQ�ZH�SURFHHG�DV�IROORZV�

0��QR�SDUHQWV��
+��LVQ
W�LQGHSHQGHQW�RI�0��WKH\�ZHUH�RQO\�FRQGLWLRQDOO\�LQGHSHQGHQW�JLYHQ�-���VR�0�LV�LWV�SDUHQW�
-��3�-��LVQ
W�LQGHSHQGHQW�RI�3�0��RU�3�+���QRU�LV�3�-�_�0�+�� �3�-�_�+��VR�ERWK�RI�WKHVH�QRGHV�KDYH�WR
EH�LWV�SDUHQWV�
4��3�4�_�-�0�+�� �3�4�_�-��VR�MXVW�OLVW�-�DV�SDUHQW�
3��SURELOLW\�GHSHQGV�RQ�ERWK�-�DQG�4

7KLV�UHTXLUHV�WKDW�ZH�VWRUH����SUREDELOLW\�QXPEHUV����IRU�0����IRU�+����IRU�-����IRU�4����IRU�3�

6R�WKH�FKRLFH�RI�YDULDEOH�RUGHU�DIIHFWV�ZKHWKHU�ZH�JHW�D�EHWWHU�RU�ZRUVH�%D\HV�QHW�UHSUHVHQWDWLRQ��:H�FRXOG
LPDJLQH�D�OHDUQLQJ�DOJRULWKP�WKDW�WULHV�WR�ÀQG�WKH�EHVW�%D\HV�QHW��H�J��WU\�GLIIHUHQW�YDULDEOH�RUGHUV�DQG�VHH�ZKLFK
LV�PRVW�FRPSDFW��,Q�SUDFWLFH��ZH�XVXDOO\�GHSHQG�RQ�GRPDLQ�H[SHUWV�WR�VXSSO\�WKH�FDXVDO�VWUXFWXUH�



7KH�MREV�JUDSK�DJDLQ

:KDW�LV�%D\HV�QHW�LQIHUHQFH"
:H
G�OLNH�WR�XVH�%D\HV�QHWV�IRU�FRPSXWLQJ�PRVW�OLNHO\�VWDWH�RI�RQH�QRGH��WKH��TXHU\�YDULDEOH���IURP�REVHUYHG
VWDWHV�RI�VRPH�RWKHU�QRGHV��)RU�H[DPSOH�

:H�REVHUYH�WKH�VWDWH�RI�0�DQG�+���'RHV�WKH�SHUVRQ�KDYH�PRQH\�DQG�RU�D�KRXVH"�
:H
G�OLNH�WR�SUHGLFW�ZKHWKHU�WKH\�ZHUH�TXDOLÀHG��4��

,Q�DGGLWLRQ�WR�WKH�TXHU\�DQG�REVHUYHG�QRGHV��ZH�DOVR�KDYH�DOO�WKH�RWKHU�QRGHV�LQ�WKH�%D\HV�QHW��7KHVH
XQREVHUYHG�KLGGHQ�QRGHV�QHHG�WR�EH�SDUW�RI�WKH�SUREDELOLW\�FDOFXODWLRQ��HYHQ�WKRXJK�ZH�GRQ
W�NQRZ�RU�FDUH�DERXW
WKHLU�YDOXHV�

%UXWH�IRUFH�LQIHUHQFH
:H
G�OLNH�WR�GR�D�0$3�HVWLPDWH��7KDW�LV��ÀJXUH�RXW�ZKLFK�YDOXH�RI�WKH�TXHU\�YDULDEOH�KDV�WKH�KLJKHVW�SUREDELOLW\
JLYHQ�WKH�REVHUYHG�HIIHFWV��5HFDOO�WKDW�ZH�XVH�%D\HV�UXOH�EXW�RPLW�3�HIIHFW��EHFDXVH�LW
V�FRQVWDQW�DFURVV�YDOXHV�RI
WKH�TXHU\�YDULDEOH��6R�ZH
UH�WU\LQJ�WR�RSWLPL]H

6R��WR�GHFLGH�LI�VRPHRQH�ZDV�TXDOLÀHG�JLYHQ�WKDW�ZH�KDYH�QRWLFHG�WKDW�WKH\�KDYH�PRQH\�DQG�D�KRXVH��ZH�QHHG�WR
HVWLPDWH� ��:H
OO�HYDOXDWH�3�T�P�K��IRU�ERWK�T 7UXH�DQG�T )DOVH��DQG�SLFN�WKH�YDOXH��7UXH
RU�)DOVH��WKDW�PD[LPL]HV�3�T�P�K��

7R�FRPSXWH�WKLV�� ��ZH�QHHG�WR�FRQVLGHU�DOO�SRVVLELOLWLHV�IRU�KRZ�-�DQG�3�PLJKW�EH�VHW��6R�ZKDW�ZH�QHHG
WR�FRPSXWH�LV

3�T�P�K�S�M��FRQWDLQV�ÀYH�VSHFLÀF�YDOXHV�IRU�WKH�YDULDEOHV�4�0�+�3�-��7ZR�RI�WKHP��P�K��DUH�ZKDW�ZH�KDYH
REVHUYHG��2QH��T��LV�WKH�YDULDEOH�ZH
UH�WU\LQJ�WR�SUHGLFW��:H
OO�GR�WKLV�FRPSXWDWLRQ�WZLFH��RQFH�IRU�4 WUXH�DQG
RQFH�IRU�4 IDOVH��7KH�ODVW�WZR�YDOXHV��M�DQG�S��DUH�ERXQG�E\�WKH�VXPPDWLRQ�

1RWLFH�WKDW� �DQG� �GR�QRW�QHFHVVDULO\�VXP�WR����7KHVH�YDOXHV�DUH�RQO\
SURSRUWLRQDO�WR� �DQG� ��QRW�HTXDO�WR�WKHP�



,I�ZH�VWDUW�IURP�WKH�WRS�RI�RXU�%D\HV�QHW�DQG�ZRUN�GRZQZDUGV�XVLQJ�WKH�SUREDELOLW\�YDOXHV�VWRUHG�LQ�WKH�QHW��ZH
JHW

1RWLFH�WKDW�ZH
UH�H[SDQGLQJ�RXW�DOO�SRVVLEOH�YDOXHV�IRU�WKUHH�YDULDEOHV��T�M�S���7KLV�ZLOO�EHFRPH�D�SUREOHP�IRU
SUREOHPV�LQYROYLQJ�PRUH�YDULDEOHV��EHFDXVH�N�ELQDU\�YDULDEOHV�KDYH� �SRVVLEOH�YDOXH�DVVLJQPHQWV�

+RZ�WR�FRPSXWH�HIÀFLHQWO\
/HW
V�ORRN�DW�KRZ�ZH�FDQ�RUJDQL]H�RXU�ZRUN��)LUVW��ZH�FDQ�VLPSOLI\�WKH�HTXDWLRQ��H�J��PRYH�YDULDEOHV�RXWVLGH
VXPPDWLRQV�OLNH�WKLV

6HFRQG��LI�\RX�WKLQN�WKURXJK�WKDW�FRPSXWDWLRQ��ZH
OO�KDYH�WR�FRPSXWH� �IRXU�WLPHV�
L�H��RQFH�IRU�HDFK�RI�WKH�SRVVLEOH�FRPELQDWLRQV�RI�S�DQG�M�YDOXHV�

%XW�VRPH�RI�WKH�FRQVWLWXHQW�SUREDELOLWLHV�DUH�XVHG�E\�PRUH�WKDQ�RQH�EUDQFK��(�J�� �LV�UHTXLUHG�E\
WKH�EUDQFK�ZKHUH�3 WUXH�DQG�VHSDUDWHO\�E\�WKH�EUDQFK�ZKHUH�3 IDOVH��6H�ZH�FDQ�VDYH�VLJQLÀFDQW�ZRUN�E\�FDFKLQJ
VXFK�LQWHUPHGLDWH�YDOXHV�VR�WKH\�GRQ
W�KDYH�WR�EH�UHFRPSXWHG��7KLV�LV�FDOOHG�PHPRL]DWLRQ�RU�G\QDPLF
SURJUDPPLQJ�

,I�ZRUN�LV�RUJDQL]HG�FDUHIXOO\��D�ORQJ�VWRU\���LQIHUHQFH�WDNHV�SRO\QRPLDO�WLPH�IRU�%D\HV�QHWV�WKDW�DUH��SRO\WUHHV��
$�SRO\WUHH�LV�D�JUDSK�WKDW�KDV�QR�F\FOHV�LI�\RX�FRQVLGHU�WKH�HGJHV�WR�EH�QRQ�GLUHFWLRQDO��L�H��\RX�FDQ�IROORZ�WKH
DUURZV�EDFNZDUGV�RU�IRUZDUGV��

5HFDS
5HFDOO�WKDW�%D\HV�QHW�LQIHUHQFH�LV�SRO\QRPLDO�WLPH��L�H��UHDVRQDEO\�HIÀFLHQW��%D\HV�QHWV�WKDW�DUH��SRO\WUHHV���$
SRO\WUHH�LV�D�JUDSK�WKDW�KDV�QR�F\FOHV�LI�\RX�FRQVLGHU�WKH�HGJHV�WR�EH�QRQ�GLUHFWLRQDO��%XW�ZKDW�LI�RXU�%D\HV�QHW
ZDVQ
W�D�SRO\WUHH"

-XQFWLRQ�WUHH�DOJRULWKP
,I�\RXU�%D\HV�QHW�LV�QRW�D�SRO\WUHH��WKH�MXQFWLRQ�WUHH�DOJRULWKP�ZLOO�FRQYHUW�LW�WR�D�SRO\WUHH��7KLV�FDQ�DOORZ
HIÀFLHQW�LQIHUHQFH�IRU�D�ZLGHU�FODVV�RI�%D\HV�QHWV�

$W�D�YHU\�KLJK�OHYHO��WKLV�DOJRULWKP�ÀUVW�UHPRYHV�WKH�GLUHFWLRQDOLW\�RQ�WKH�HGJHV�RI�WKH�GLDJUDP��,W�WKHQ�DGGV
HGJHV�EHWZHHQ�QRGHV�ZKLFK�DUHQ
W�GLUHFWO\�FRQQHFWHG�EXW�DUH�VWDWLVWLFDOO\�FRQQHFWHG��H�J��SDUHQWV�ZLWK�D�FRPPRQ
FKLOG���7KLV�LV�FDOOHG��PRUDOL]DWLRQ���,W�DOVR�DGGV�DGGLWLRQDO�HGJHV�WR�EUHDN�XS�ODUJHU�F\FOHV��WULDQJXODL]DWLRQ��
)XOO\�FRQQHFWHG�JURXSV�RI�QRGHV��FOLTXHV��DUH�WKHQ�PHUJHG�LQWR�VLQJOH�QRGHV�

�0RUDOL]H�



�0HUJH�FOLTXHV�LQWR�VLQJOH�QRGHV�

:KHQ�WKH�RXWSXW�GLDJUDPV�DUH�UHDVRQDEO\�VLPSOH��WKH\�FDQ�WKHQ�EH�XVHG�WR�JHQHUDWH�VROXWLRQV�IRU�WKH�RULJLQDO
GLDJUDP���/RQJ�VWRU\��EH\RQG�WKH�VFRSH�RI�WKLV�FODVV���+RZHYHU��WKLV�LVQ
W�JXDUDQWHHG�WR�ZRUN��WKH�RXWSXW�JUDSKV
FDQ�EH�DV�FRPSOH[�DV�WKH�RULJLQDO�%D\HV�QHW��)RU�H[DPSOH��QRWLFH�WKDW�WKH�QHZ�FRPSRVLWH�YDULDEOH�$%&�KDV��
SRVVLEOH�YDOXHV��EHFDXVH�LW
V�VWDQGLQJ�LQ�IRU�WKUHH�ERROHDQ�YDULDEOHV�

4XLFN�UHYLHZ��13�FRPSOHWH
$�GHFLVLRQ�SUREOHP�LV�LQ�13��QRQ�GHWHUPLQLVWLF�SRO\QRPLDO�WLPH��LI�\RX�FDQ�SURYLGH�D�VXFFLQFW��SRO\QRPLDO�WLPH
YHULÀDEOH��MXVWLÀFDWLRQ�WKDW�D��\HV��DQVZHU�LV�FRUUHFW��$Q�H[DPSOH�LV�ZKHWKHU�D�JUDSK�FDQ�EH�FRORUHG�ZLWK�N
FRORUV��MXVW�VKRZ�XV�WKH�FRORULQJ�

3UREOHPV�LQ�13�DUH�ZLGHO\�EHOLHYHG�WR�UHTXLUH�H[SRQHQWLDO�WLPH��+RZHYHU��LW�LV�DQ�RSHQ�TXHVWLRQ�ZKHWKHU�WKHUH
PLJKW�EH�D�EHWWHU�DOJRULWKP�XVLQJ�RQO\�SRO\QRPLDO�WLPH�

$�SUREOHP�;�LV�13�FRPSOHWH�LI�D�SRO\QRPLDO�WLPH�DOJRULWKP�IRU�;�ZRXOG�DOORZ�XV�WR�VROYH�DOO�SUREOHPV�LQ�13�LQ
SRO\QRPLDO�WLPH�

$�YHU\�VWDQGDUG�13�FRPSOHWH�SUREOHP�LV��6$7��7KH�LQSXW��6$7�LV�D�ORJLFDO�H[SUHVVLRQ�OLNH�WKLV�

2XU�DOJRULWKP�PXVW�GHWHUPLQH�ZKHWKHU�WKHUH�LV�D�VHW�RI�LQSXW�WUXH�IDOVH�YDOXHV��IRU�:��;��<��=��WKDW�ZLOO�PDNH�WKH
ZKROH�H[SUHVVLRQ�WUXH��7KH�LQSXW�H[SUHVVLRQ��3��PXVW�KDYH�WKH�IROORZLQJ�IRUP

,W
V�WKH�$1'�RI�D�VHULHV�RI�WHUPV�
(DFK�WHUP�LV�WKH�25�RI�XS�WR���YDULDEOHV��SODLQ�RU�QHJDWHG��

%D\HV�QHW�LQIHUHQFH�LV�13�FRPSOHWH



:H�FDQ�SURYH�WKDW�%D\HV�QHW�LQIHUHQFH�LV�13�FRPSOHWH��E\�VKRZLQJ�KRZ�WR�XVH�%D\HV�1HW�LQIHUHQFH�WR�FRQVWUXFW
DQ�DOJRULWKP�IRU��6$7��6XSSRVH�ZH�KDYH�D��6$7�ORJLFDO�H[SUHVVLRQ�

:H�FRQYHUW�LW�WR�D�%D\HV�QHW�WKDW�ORRNV�OLNH�WKLV

7KH�WRS�URZ�RI�QRGHV�DUH�WKH�LQSXW�YDULDEOHV��7KH�QRGHV�&���&���&��UHSUHVHQW�WKH�WHUPV��(�J��&��UHSUHVHQWV�
��7KHLU�DVVRFLDWHG�SUREDELOLW\�WDEOHV�VLPXODWH�DQ�25�RI�WKHLU�LQSXWV��7KH�QRGHV�'���'���DQG�3

DVVHPEOH�WKH�IXOO�ORJLFDO�H[SUHVVLRQ��XVLQJ�SUREDELOLW\�WDEOHV�WKDW�VLPXODWH�WKH�$1'�RI�WKHLU�LQSXWV��6R�'�
UHSUHVHQWV

2XU�LQIHUHQFH�SUREOHP�LV�ZKHWKHU�ZH�FDQ�ÀQG�YDOXHV�IRU�WKH�LQSXW�YDULDEOHV�:�;�<�=�WKDW�ZLOO�JLYH�XV�D�QRQ�]HUR
RXWSXW�SUREDELOLW\�YDOXH�IRU�3�

%RWWRP�OLQH
6R��ZH�KDYH�JRRG�DQG�EDG�QHZV�DERXW�%D\HV�QHW�LQIHUHQFH�

$�XVHIXO�UDQJH�RI�H[DPSOHV�FDQ�EH�VROYHG�HIÀFLHQWO\��7KHVH�LQFOXGH�KLGGHQ�0DUNRY�PRGHOV��+00
V�
ZKLFK�ZH
OO�VHH�QH[W�ZHHN�
2WKHU�H[DPSOHV�SUREDEO\�UHTXLUH�H[SRQHQWLDO�WLPH��7KHLU�YDOXHV�FDQ�EH�DSSUR[LPDWHG�XVLQJ�VDPSOLQJ
PHWKRGV�EH\RQG�WKH�VFRSH�RI�WKLV�FRXUVH�

)XUWKHU�UHDGLQJ
$�%ULHI�,QWURGXFWLRQ�WR�*UDSKLFDO�0RGHOV�DQG�%D\HVLDQ�1HWZRUNV�E\�.HYLQ�0XUSK\�������



&6�����(&(�����
0DUJDUHW�)OHFN ���1DWXUDO�/DQJXDJH

3HUVRQ��3,&.�83�$�%,*�5('�%/2&.��
&RPSXWHU��2.���GRHV�LW��
3HUVRQ��*5$63�7+(�3<5$0,'��
&RPSXWHU��,�'21
7�81'(567$1'�:+,&+�3<5$0,'�<28�0($1�

1DWXUDO�ODQJXDJH�PDLQ�RXWOLQH
7KH�DUHD�RI�QDWXUDO�ODQJXDJH�DQG�VSHHFK�SURFHVVLQJ�FRYHUV�DOJRULWKPV�IRU�WKUHH�W\SHV�RI�WDVNV�

FRQYHUW�WH[W�VSHHFK�LQWR�VWUXFWXUHG�LQIRUPDWLRQ�XVDEOH�E\�DQ�$,�UHDVRQLQJ�V\VWHP
JHQHUDWH�ÁXHQW�WH[W�VSHHFK�IURP�VWUXFWXUHG�LQIRUPDWLRQ
WUDQVODWH�GLUHFWO\�EHWZHHQ�WZR�W\SHV�RI�WH[W�VSHHFK��H�J��WZR�ODQJXDJHV��VLPSOH�W\SHV�RI�TXHVWLRQ�DQVZHULQJ�

,Q�WKH�ÀUVW�WZR�FDVHV��D�V\VWHP�PLJKW�FRQWDLQ�D�FRPSOHWH�HQG�WR�HQG�SLSHOLQH��H�J��VSHHFK�WR�VWUXFWXUHG�LQIRUPDWLRQ���%XW�LW
V�DOVR�FRPPRQ�IRU
VHH�DSSOLFDWLRQV�WKDW�GR�RQO\�SDUW�RI�LW��H�J��WUDQVFULELQJ�VSHHFK�LQWR�ZULWWHQ�WH[W��$�KXPDQ�WKHQ�WDNHV�RYHU��H�J��UHDGV�DQG�XQGHUVWDQGV�WKH
WUDQVFULSWV���*HQHUDWLRQ�LV�HDVLHU�WKDQ�XQGHUVWDQGLQJ��EXW�VWLOO�KDUG�WR�GR�ZHOO�

3UHKLVWRU\
,QWHUDFWLYH�V\VWHPV�XVLQJ�QDWXUDO�ODQJXDJH�KDYH�EHHQ�DURXQG�VLQFH�WKH�HDUO\�GD\V�RI�$,�DQG�FRPSXWHU�JDPHV��)RU�H[DPSOH�

6+5'/8��7HUU\�:LQRJUDG����������IURP�6WDQIRUG��
=RUN�WUDQVFULSW�,QIRFRP��DURXQG��������IURP�0DUOHLJK�1RUWRQ
V�IRUPHU�SDJH�DW�*HRUJLD�7HFK�

7KHVH�ROGHU�V\VWHPV�XVHG�VLPSOLÀHG�WH[W�LQSXW��7KH�FRPSXWHU
V�RXWSXW�VHHPV�WR�EH�VRSKLVWLFDWHG��EXW�DFWXDOO\�LQYROYHV�D�OLPLWHG�VHW�RI�JHQHUDWLRQ
UXOHV�VWULQJLQJ�WRJHWKHU�FDQQHG�WH[W��0RVW�RI�WKH�VRSKLVWLFDWLRQ�LV�LQ�WKH�EDFNHQG�ZRUOG�PRGHO��7KLV�HQDEOHG�WKH�V\VWHPV�WR�FDUU\�RQ�D�FRKHUHQW
GLDORJ�

7KHVH�V\VWHPV�DOVR�GHSHQG�RQ�VRFLDO�HQJLQHHULQJ��WHDFKLQJ�WKH�XVHU�ZKDW�WKH\�FDQ�DQG�FDQQRW�XQGHUVWDQG��3HRSOH�DUH�YHU\�JRRG�DW�DGDSWLQJ�WR�D
V\VWHP�ZLWK�OLPLWHG��EXW�FRQVLVWHQW��OLQJXLVWLF�VNLOOV�

'HHS�YV��V\VWHPV
$��VKDOORZ��V\VWHP�FRQYHUWV�IDLUO\�GLUHFWO\�EHWZHHQ�LWV�LQSXW�DQG�RXWSXW��H�J��D�WUDQVODWLRQ�V\VWHP�WKDW�WUDQVIRUPV�SKUDVHV�LQWR�QHZ�SKUDVHV
ZLWKRXW�PXFK�XQGHUVWDQGLQJ�RI�ZKDW�WKH�LQSXW�PHDQV��$��GHHS��V\VWHP�XVHV�D�KLJK�OHYHO�UHSUHVHQWDWLRQ�DV�DQ�LQWHUPHGLDWH�VWHS�EHWZHHQ�LWV�LQSXW
DQG�RXWSXW��7KHUH�LV�QR�KDUG�DQG�IDVW�ERXQGDU\�EHWZHHQ�WKH�WZR�W\SHV�RI�GHVLJQ��%RWK�DSSURDFKHV�FDQ�EH�XVHIXO�LQ�DQ�DSSURSULDWH�FRQWH[W�

�$�GHHS�V\VWHP

,Q�FODVVLFDO�$,�V\VWHPV��WKH�KLJK�OHYHO�UHSUHVHQWDWLRQ�PLJKW�ORRN�OLNH�PDWKHPDWLFDO�ORJLF��(�J�

��LQ�-RH�NLWFKHQ��$1'�KROGLQJ�-RH�FKHHVH��
��

2U�SHUKDSV�ZH�KDYH�D�VHW�RI�REMHFWV�DQG�HYHQWV��HDFK�FRQWDLQLQJ�YDOXHV�IRU�D�QXPEHU�RI�QDPHG�VORWV�

����HYHQW�
�������QDPH� ��:RUOG�:DU�,,��
�������W\SH� �ZDU�
�������\HDUV� �������������
�������SDUWLFLSDQWV� ��*HUPDQ\��)UDQFH��������
��

,Q�PRGHUQ�V\VWHPV�EDVHG�RQ�QHXUDO�QHWV��WKH�KLJK�OHYHO�UHSUHVHQWDWLRQ�PD\�ORRN�SDUWO\�OLNH�D�VHW�RI�P\VWHULRXV�ÁRDWLQJ�SRLQW�QXPEHUV��%XW�WKHVH
DUH�LQWHQGHG�WR�UHSUHVHQW�LQIRUPDWLRQ�DW�PXFK�WKH�VDPH�OHYHO�DV�WKH�V\PEROLF�UHSUHVHQWDWLRQV�RI�PHDQLQJ�



6KDOORZ�V\VWHPV
0DQ\�RI�WKH�XVHIXO�FXUUHQW�$,�V\VWHPV�DUH�VKDOORZ��7KDW�LV��WKH\�SURFHVV�WKHLU�LQSXW�ZLWK�OLWWOH�RU�QR�XQGHUVWDQGLQJ�RI�ZKDW�LW�DFWXDOO\�PHDQV��)RU
H[DPSOH��VXSSRVH�WKDW�\RX�DVN�*RRJOH��+RZ�GR�,�PDNH�]XFFKLQL�NLPFKL"��RU��$UH�WRPDWRHV�IUXLWV"��*RRJOH�GRHVQ
W�DFWXDOO\�DQVZHU�WKH
TXHVWLRQ�EXW��LQVWHDG��UHWXUQV�VRPH�SDUDJUDSKV�WKDW�VHHP�OLNHO\�WR�FRQWDLQ�WKH�DQVZHU��6KDOORZ�WRROV�ZRUN�ZHOO�SULPDULO\�EHFDXVH�RI�WKH�PDVVLYH
DPRXQW�RI�GDWD�WKH\�KDYH�VFUDSHG�RII�WKH�ZHE�

6LPLODUO\��VXPPDUL]DWLRQ�V\VWHPV�DUH�W\SLFDOO\�VKDOORZ��7KHVH�V\VWHPV�FRPELQH�DQG�VHOHFW�WH[W�IURP�VHYHUDO�VWRULHV��WR�SURGXFH�D�VLQJOH�VKRUW
DEVWUDFW��7KH�XVHU�PD\�UHDG�MXVW�WKH�DEVWUDFW��RU�GHFLGH�WR�GULOO�GRZQ�DQG�UHDG�VRPH�DOO�RI�WKH�IXOO�VWRULHV��*RRJOH�QHZV�LV�D�JRRG�H[DPSOH�RI�D
UREXVW�VXPPDUL]DWLRQ�V\VWHP��7KHVH�V\VWHPV�PDNH�HIIHFWLYH�XVH�RI�VKDOORZ�PHWKRGV��GHSHQGLQJ�RQ�WKH�KXPDQ�WR�ÀQLVK�WKH�MRE�RI
XQGHUVWDQGLQJ�

7H[W�WUDQVODWLRQV�V\VWHPV�DUH�RIWHQ�VXUSULVLQJO\�VKDOORZ��ZLWK�MXVW�HQRXJK�GHSWK�RI�UHSUHVHQWDWLRQ�WR�KDQGOH�FKDQJHV�LQ�ZRUG�RUGHU�EHWZHHQ
ODQJXDJHV�

*RRJOH�WUDQVODWH�LV�LPSUHVVLYH��EXW�FDQ�DOVR�IDLO�FDWDVWURSKLFDOO\��$�FODVVLF�WHVW�LV�D�FLUFXODU�WUDQVODWLRQ��;�WR�<�DQG�WKHQ�EDFN�WR�;��*RRJOH
WUDQVODWH�VZHHSV�XS�WH[W�IURP�WKH�HQWLUH�LQWHUQHW�EXW�FDQ�VWLOO�EH�PDGH�WR�IDLO��,W
V�EHVW�WR�SLFN�VRPHZKDW�XQFRPPRQ�WRSLFV��PDNLQJ�NLPFKL�
%UH[LW��DQG�RU�D�OHVV�FRPPPRQ�ODQJXDJH��VR�WKDW�WKH�WUDQVODWLRQ�V\VWHP�FDQ
W�VLPSO\�UHJXUJLWDWH�PHPRUL]HG�FKXQNV�RI�WH[W�

+HUH�LV�D�)DLOXUH�FUHDWHG�E\�WUDQVODWLQJ�LQWR�D�OHVV�FRPPRQ�ODQJXDJH��=XOX��DQG�EDFN�LQWR�(QJOLVK�

$�VHULRXV�LVVXH�ZLWK�FXUUHQW�$,�V\VWHPV�LV�WKDW�WKH\�KDYH�QR�LGHD�ZKHQ�WKH\�DUH�FRQIXVHG��$�KXPDQ�LV�PRUH�OLNHO\�WR�XQGHUVWDQG�WKDW�WKH\�GRQ
W
NQRZ�WKH�DQVZHU��DQG�VD\�VR�UDWKHU�WKDQ�EOXIÀQJ�

'HHS�V\VWHPV
'HHSHU�SURFHVVLQJ�KDV�XVXDOO\�EHHQ�OLPLWHG�WR�IRFXVHG�GRPDLQV��IRU�ZKLFK�ZH�FDQ�HDVLO\�FRQYHUW�WH[W�RU�VSHHFK�LQWR�D�UHSUHVHQWDWLRQ�IRU
XQGHUO\LQJ�PHDQLQJ��$�VLPSOH�H[DPSOH�ZRXOG�ZKHQ�*RRJOH�UHWXUQV�VWUXFWXUHG�LQIRUPDWLRQ�IRU�D�UHVWDXUDQW��H�J��LWV�DGGUHVV�DQG�RSHQLQJ�KRXUV�
,Q�WKLV�FDVH��WKH�KDUG�SDUW�RI�WKH�WDVN�LV�H[WUDFWLQJ�WKH�VWUXFWXUHG�LQIRUPDWLRQ�IURP�ZHE�SDJHV��EHFDXVH�SHRSOH�SUHVHQW�WKLV�LQIRUPDWLRQ�LQ�PDQ\
GLIIHUHQW�IRUPDWV��,W
V�W\SLFDOO\�PXFK�HDVLHU�WR�JHQHUDWH�QDWXUDO�ODQJXDJH�WH[W��RU�HYHQ�VSHHFK��IURP�VWUXFWXUHG�UHSUHVHQWDWLRQV�

(QG�WR�HQG�V\VWHPV�KDYH�EHHQ�EXLOW�IRU�VRPH�KLJKO\�VWUXFWXUHG�FXVWRPHU�VHUYLFH�WDVNV��H�J��VSHHFK�EDVHG�DLUOLQH�UHVHUYDWLRQV��D�WDVN�WKDW�ZDV
SRSXODU�KLVWRULFDOO\�LQ�$,��RU�XWLOLW\�FRPSDQ\�KHOS�OLQHV��*RRJOH�KDG�D�UHFHQW�GHPR�RI�D�FRPSXWHU�DVVLVWDQW�PDNLQJ�D�UHVWDXUDQW�UHVHUYDWLRQ�E\
SKRQH��7KHUH�KDYH�DOVR�EHHQ�GHPR�V\VWHPV�IRU�WXWRULQJ��H�J��SK\VLFV�

0DQ\�RI�WKHVH�V\VWHPV�GHSHQG�RQ�WKH�IDFW�WKDW�SHRSOH�ZLOO�DGDSW�WKHLU�ODQJXDJH�ZKHQ�WKH\�NQRZ�WKH\�DUH�WDONLQJ�WR�D�FRPSXWHU��,W
V�RIWHQ�FULWLFDO
WKDW�WKH�FRPSXWHU
V�UHVSRQVHV�QRW�VRXQG�WRR�VRSKLVWLFDWHG��VR�WKDW�WKH�KXPDQ�GRHVQ
W�RYHU�HVWLPDWH�LWV�FDSDELOLWLHV���7KLV�PD\�KDYH�KDSSHQHG�WR
\RX�ZKHQ�DWWHPSWLQJ�D�IRUHLJQ�ODQJXDJH��LI�\RX�DUH�JRRG�DW�PLPLFNLQJ�SURQXQFLDWLRQ���7KHVH�V\VWHPV�RIWHQ�VWHHU�KXPDQV�WRZDUGV�XVLQJ�FHUWDLQ
ZRUGV��(�J��ZKHQ�WKH�FRPSXWHU�VXJJHVWV�VHYHUDO�DOWHUQDWLYHV���'R�\RX�ZDQW�WR�UHSRUW�DQ�RXWDJH"�SD\�D�ELOO"���WKH�KXPDQ�LV�OLNHO\�WR�XVH�VLPLODU
ZRUGV�LQ�WKHLU�UHSRQVH�

,I�WKH�$,�V\VWHP�LV�FDSDEOH�RI�UHODWLYHO\�ÁXHQW�RXWSXW��SRVVLEOH�LQ�D�OLPLWHG�GRPDLQ���WKH�XVHU�PD\�PLVWDNHQO\�DVVXPH�LW�XQGHUVWDQGV�PRUH�WKDQ�LW
GRHV��0DQ\�RI�XV�KDYH�KDG�WKLV�SUREOHP�ZKHQ�WUDYHOOLQJ�LQ�D�IRUHLJQ�FRXQWU\��D�VLPSOH�TXHVWLRQ�SURQRXQFHG�ZLOO�PD\�EH�DQVZHUHG�ZLWK�D�ÁRRG
RI�ÁXHQW�ODQJXDJH�WKDW�FDQ
W�EH�XQGHUVWRRG��'HVLJQHUV�RI�$,�V\VWHPV�RIWHQ�LQFOXGH�FXHV�WR�PDNH�VXUH�KXPDQV�XQGHUVWDQG�WKDW�WKH\
UH�GHDOLQJ
ZLWK�D�FRPSXWHU��VR�WKDW�WKH\�ZLOO�PDNH�DSSURSULDWH�DOORZDQFHV�IRU�ZKDW�LW
V�FDSDEOH�RI�GRLQJ�

$�VSHFWURJUDP



2YHUYLHZ�RI�SURFHVVLQJ�SLSHOLQH
7KH�1/3�SURFHVVLQJ�SLSHOLQH�ORRNV�URXJKO\�OLNH�WKLV�

6SHHFK
/RZ�OHYHO�WH[W�SURFHVVLQJ��H�J��IRUPLQJ�ZRUGV��ÀQGLQJ�PRUSKHPHV�
0LG�OHYHO�SURFHVVLQJ��H�J��SDUW�RI�VSHHFK��SDUVLQJ�
6HPDQWLFV��PHDQLQJ��GLDORJ�VWUXFWXUH�

7H[W�RQO\�SURFHVVLQJ�RPLWV�WKH�VSHHFK�VWHS��6KDOORZ�V\VWHPV�RSHUDWH�GLUHFWO\�RQ�WKH�ORZ�OHYHO�RU�PLG�OHYHO�UHSUHVHQWDWLRQV��RPLWWLQJ�VHPDQWLFV�

6RPH�XVHIXO�GHÀQLWLRQV

SKRQH��XQLW�LQ�D�KLJK�OHYHO�WUDQVFULSWLRQ�RI�VSHHFK
PRUSKHPH��VPDOOHVW�PHDQLQJIXO�FKXQN��H�J���WDON��RU���LQJ��
ZRUG��VPDOOHVW�FKXQN�WKDW
V�VDLG�DV�D�XQLW��QR�SDXVHV��DQG�RU�ZULWWHQ�ZLWKRXW�LQWHUQDO�VSDFHV�H�J���WDONLQJ�

6SHHFK�UHFRJQLWLRQ�JHQHUDWLRQ
7KH�ÀUVW��VSHHFK�UHFRJQLWLRQ��OD\HU�RI�SURFHVVLQJ�WXUQV�VSHHFK��H�J��WKH�ZDYHIRUP�DW�WKH�WRS�RI�WKLV�SDJH��LQWR�D�VHTXHQFH�RI�SKRQHV��EDVLF�XQLWV
RI�VRXQG���:H�ÀUVW�SURFHVV�WKH�ZDYHIRUP�WR�EULQJ�RXW�IHDWXUHV�LPSRUWDQW�IRU�UHFRJQLWLRQ��7KH�VSHFWRJUDP��ERWWRP�SDUW�RI�WKH�ÀJXUH��VKRZV�WKH
HQHUJ\�DW�HDFK�IUHTXHQF\�DV�D�IXQFWLRQ�RI�WLPH��FUHDWLQJ�D�KXPDQ�IULHQGO\�SLFWXUH�RI�WKH�VLJQDO��&RPSXWHU�SURJUDPV�XVH�VRPHWKLQJ�VLPLODU��EXW
IXUWKHU�SURFHVVHG�LQWR�D�VPDOO�VHW�RI�QXPHULFDO�IHDWXUHV�

(DFK�SKRQH�VKRZV�XS�LQ�FKDUDFWHULVWLF�ZD\V�LQ�WKH�VSHFWURJUDP��6WRS�FRQVRQDQWV��W��S�������FUHDWH�D�EULHI�VLOHQFH��)ULFDWLYHV��H�J��V��KDYH�KLJK�
IUHTXHQF\�UDQGRP�QRLVH��9RZHOV�DQG�VHPL�YRZHOV��H�J��Q��U��KDYH�VWURQJ�EDQGV���IRUPDQWV���DW�D�VPDOO�VHW�RI�IUHTXHQFLHV��7KH�ORFDWLRQ�RI�WKHVH
EDQGV�DQG�WKHLU�FKDQJHV�RYHU�WLPH�WHOO�\RX�ZKLFK�YRZHO�RU�VHPL�YRZHO�LW�LV�



5HFRJQLWLRQ�LV�KDUGHU�WKDQ�JHQHUDWLRQ��+RZHYHU��JHQHUDWLRQ�LV�QRW�DV�HDV\�DV�\RX�PLJKW�WKLQN��9HU\�HDUO\�VSHHFK�V\QWKHVLV������
V��+DVNLQV�/DE�
ZDV�GRQH�E\�SDLQWLQJ�SLFWXUHV�RI�IRUPDQWV�RQWR�D�VKHHW�RI�SODVWLF�DQG�XVLQJ�D�SK\VLFDO�WUDQVGXFHU�FDOOHG�WKH�3DWWHUQ�3OD\EDFN�WR�FRQYHUW�WKHP
LQWR�VRXQGV�

6\QWKHVLV�PRYHG�WR�FRPSXWHUV�RQFH�WKHVH�EHFDPH�XVDEOH��2QH�WHFKQLTXH��IRUPDQW�V\QWKHVLV��UHFRQVWUXFWV�VRXQGV�IURP�IRUPDWV�DQG�RU�D�PRGHO
RI�WKH�YRFDO�WUDFW��$QRWKHU�WHFKQLTXH��FRQFDWHQDWLYH�V\QWKHVLV��VSOLFHV�WRJHWKHU�VKRUW�VDPSOHV�RI�DFWXDO�VSHHFK��WR�IRUP�H[WHQGHG�XWWHUDQFHV�

$�V\QWKHVL]HU�IURP������VLQJV�D�VRQJ��������-RKQ�.HOO\�DQG�/RXLV�*HUVWPDQ��VRXQG�ÀOH�IURP�&KLOLQ�6KLK�
6SHHFK�JHQHUDWLRQ�VWLOO�VRXQGV�RGG��HVSHFLDOO\�WKH�WLPLQJ�LQWRQDWLRQ���H�J��6WHSKHQ�+DZNLQJ
V�LQIDPRXV�YRLFH�V\QWKHVL]HU��EXW�DOVR
PLVSURQXQFLDWLRQV�GXH�WR�OLPLWHG�GLFWLRQDULHV�

7KH�YRLFH�RI�+DO�VLQJLQJ��%LF\FOH�EXLOW�IRU�WZR��LQ�WKH�PRYLH���������������ZDV�DFWXDOO\�D�IDNH��UDWKHU�WKDQ�UHDO�V\QWKHVL]HU�RXWSXW�IURP�WKH
WLPH�

0DNLQJ�ZRUGV
0RGHOV�RI�KXPDQ�ODQJXDJH�XQGHUVWDQGLQJ�W\SLFDOO\�DVVXPH�WKDW�D�ÀUVW�VWDJH�WKDW�SURGXFHV�D�UHDVRQDEO\�DFFXUDWH�VHTXHQFH�RI�SKRQHV��7KH
VHTXHQFH�RI�SKRQHV�PXVW�WKHQ�EH�VHJPHQWHG�LQWR�D�VHTXHQFH�RI�ZRUGV�E\�D��ZRUG�VHJPHQWDWLRQ��DOJRULWKP��7KH�SURFHVV�PLJKW�ORRN�OLNH�WKLV�
ZKHUH���PDUNV�D�OLWHUDO�SDXVH�LQ�VSHHFK��H�J��WKH�VSHDNHU�WDNLQJ�D�EUHDWK��

,1387��RKO7KLNLGVLQQHU���DKUSL\S#O7K$"+$YNLGV���RKU7K$'XU+$YL\QTNLGV�
287387��RKO�7KL�NLGV�LQQHU���DKU�SL\S#O�7K$"�+$Y�NLGV���RKU�7K$'XU�+$YL\QT�NLGV

,Q�VWDQGDUG�ZULWWHQ�(QJOLVK��WKLV�ZRXOG�EH��DOO�WKH�NLGV�LQ�WKHUH���DUH�SHRSOH�WKDW�KDYH�NLGV���RU�WKDW�DUH�KDYLQJ�NLGV��

:LWK�FXUUHQW�WHFKQRORJ\��WKH�SKRQH�OHYHO�WUDQVFULSWV�DUHQ
W�DFFXUDWH�HQRXJK�WR�GR�WKLQJV�WKLV�ZD\��,QVWHDG��WKH�ÀQDO�FKRLFH�IRU�HDFK�SKRQH�LV
GHWHUPLQHG�E\�D�FRPELQDWLRQ�RI�ERWWRP�XS�VLJQDO�SURFHVVLQJ�DQG�D�VWDWLVWLFDO�PRGHO�RI�ZRUGV�DQG�VKRUW�ZRUG�VHTXHQFHV��7KH�PHWKRGV�DUH
VLPLODU�WR�WKH�+00V�WKDW�ZH
OO�VHH�VRRQ�IRU�SDUW�RI�VSHHFK�WDJJLQJ�

,I�\RX�KDYH�VHHQ�OLYH�WUDQVFULSWV�RI�VSHHFKHV��H�J��2EDPD
V������VSHHFK�DW�8,8&��\RX
OO�NQRZ�WKDW�WKHUH�LV�VWLOO�D�VLJQLÀFDQW�HUURU�UDWH��7KLV
VHHPV�WR�EH�WUXH�ZKHWKHU�WKH\�DUH�SURGXFHG�E\�FRPSXWHUV��KXPDQV��RU��PRVW�OLNHO\��WKH�WZR�LQ�FROODERUDWLRQ��+LJKO\�DFFXUDWH�V\VWHPV��H�J�
GLFWDWLRQ��GHSHQG�RQ�NQRZLQJ�D�ORW�DERXW�WKH�VSHDNHU��KRZ�WKH\�QRUPDOO\�SURQRXQFH�ZRUGV��DQG�RU�WKHLU�DFRXVWLF�HQYLURQPHQW��H�J��EDFNJURXQG
QRLVH��DQG�RU�ZKDW�WKH\�ZLOO�EH�WDONLQJ�DERXW



$�PDMRU�FKDOOHQJH�IRU�VSHHFK�UHFRJQLWLRQ�LV�WKDW�DFWXDO�SURQXQFLDWLRQV�RI�ZRUGV�IUHTXHQWO\�GLIIHU�IURP�WKHLU�GLFWLRQDU\�SURQXQFLDWLRQV��)RU
H[DPSOH�

7KH�ZRUGV��FDQ
W��DQG��FDQ��DSSHDU�DV�>.�$(�1@�DQG�>.�$(�1�7@�LQ�&08
V�VWDQGDUG�UHFRJQL]HU�GLFWLRQDU\��%XW��LQ�VRPH�GLDOHFWV���FDQ��LV
SURQRXQFHG�ZLWK�D�GLIIHUHQW�YRZHO�>.�(+�1@�
,Q�WKH�VHJPHQWDWLRQ�H[DPSOH�DERYH��QRWLFH�WKDW��LQ�WKHUH��KDV�IXVHG�WRJHWKHU�LQWR��LQQHU��ZLWK�WKH��WK��VRXQG�FKDQJLQJ�WR�EHFRPH�OLNH�WKH
�Q��SUHFHGLQJ�LW�

7KLV�NLQG�RI��SKRQRORJLFDO��FKDQJH�LV�SDUW�RI�WKH�QDWXUDO�HYROXWLRQ�RI�ODQJXDJHV�DQG�GLDOHFWV��6SHOOLQJ�FRQYHQWLRQV�RIWHQ�UHÁHFW�DQ�ROGHU�YHUVLRQ
RI�WKH�ODQJXDJH��$OVR��VSHOOLQJ�V\VWHPV�RIWHQ�WU\�WR�VWULNH�D�PLGGOH�JURXQG�DPRQJ�GLYHUVH�GLDOHFWV��VR�WKDW�ZULWWHQ�GRFXPHQWV�FDQ�EH�VKDUHG��7KH
VDPH�LV�WUXH��DOEHLW�WR�D�OHVVHU�H[WHQW��RI�WKH�SURQXQFLDWLRQV�LQ�GLFWLRQDULHV��7KHVH�VRXQG�FKDQJHV�PDNH�LW�PXFK�KDUGHU�WR�WXUQ�VHTXHQFHV�RI
SKRQHV�LQWR�ZRUGV�

$V�ZH�VDZ�LQ�WKH�1DLYH�%D\HV�OHFWXUHV��GLIIHUHQW�VRUWV�RI�FOHDQLQJ�DUH�UHTXLUHG�WR�PDNH�D�FOHDQ�VWUHDP�RI�ZRUGV�IURP�W\SLFDO�ZULWWHQ�WH[W��:H
PD\�DOVR�QHHG�WR�GR�VLPLODU�SRVW�SURFHVVLQJ�WR�D�VSHHFK�UHFRJQL]HU
V�RXWSXW��)RU�H[DPSOH��WKH�UHFRJQL]HU�PD\�EH�FRQÀJXUHG�WR�WUDQVFULEH�LQWR�D
VHTXHQFH�RI�VKRUW�ZRUGV��H�J���EDVH����EDOO����FRPSXWHU����VFLHQFH���HYHQ�ZKHQ�WKH\�IRUP�D�WLJKW�PHDQLQJ�XQLW���EDVHEDOO��RU��FRPSXWHU
VFLHQFH����5HFRJQL]HUV�DOVR�IDLWKIXOO\�UHSURGXFH�GLVÁXHQFLHV�IURP�WKH�VSHDNHU��H�J���XP���DQG�EDFNFKDQQHOV��H�J���XK�KXK���IURP�WKH�OLVWHQHU�
:H�PD\�ZLVK�WR�UHPRYH�WKHVH�EHIRUH�ODWHU�SURFHVVLQJ�

%RDW\�0F%RDWIDFH

�%RDW\�0F%RDWIDFH��IURP�WKH�%%&�

)LQGLQJ�PRUSKHPHV
6R��QRZ��OHW
V�DVVXPH�WKDW�ZH�KDYH�D�FOHDQ�VHTXHQFH�RI�ZRUGV��%\��ZRUG���,�PHDQ�D�FKXQN�RI�D�VL]H�WKDW
V�FRQYHQLHQW�IRU�ODWHU�DOJRULWKPV��H�J�
SDUVLQJ��WUDQVODWLRQ���7KLV�PLJKW�EH�WKH�RXWSXW�RI�D�VSHHFK�UHFRJQL]HU��2U��EHFDXVH�PDQ\�QDWXUDO�ODQJXDJH�V\VWHPV�GRQ
W�VWDUW�ZLWK�VSHHFK��WKH
VWUHDP�RI�ZRUGV�PLJKW�EH��FOHDQHG�XS��ZULWWHQ�WH[W�

7KHVH�ZRUGV�WKHQ�QHHG�WR�EH�GLYLGHG�LQWR�PRUSKHPHV�E\�D��PRUSKRORJ\��DOJRULWKP��:RUGV�LQ�VRPH�ODQJXDJHV�FDQ�JHW�H[WUHPHO\�ORQJ��H�J�
7XUNLVK���PDNLQJ�LW�KDUG�WR�GR�IXUWKHU�SURFHVVLQJ�XQOHVV�WKH\�DUH��DW�OHDVW�SDUWO\��VXEGLYLGHG�LQWR�PRUSKHPHV��)RU�H[DPSOH�

XQDQVZHUDEOH���!�XQ�DQVZHU�DEOH��
SUHFRQGLWLRQV���!�SUH�FRQGLWLRQ�V

2U��FRQVLGHU�WKH�IROORZLQJ�ZHOO�NQRZQ�&KLQHVH�ZRUG�

�=KĿQJ���JXy

,Q�PRGHUQ�&KLQHVH��WKLV�LV�RQH�ZRUG���&KLQD����$QG�RXU�$,�V\VWHP�ZRXOG�OLNHO\�EH�DEOH�WR�DFFXPXODWH�HQRXJK�LQIRUPDWLRQ�DERXW�&KLQD�E\
WUHDWLQJ�LW�DV�RQH�WZR�V\OODEOH�LWHP��%XW�LW�LV�KLVWRULFDOO\��DQG�LQ�WKH�ZULWLQJ�V\VWHP��PDGH�IURP�WZR�PRUSKHPHV���PLGGOH��DQG��FRXQWU\����,W�LV
ZKDW
V�FDOOHG�D��WUDQVSDUHQW�FRPSRXQG���L�H��D�VSHDNHU�RI�WKH�ODQJXDJH�ZRXOG�EH�DZDUH�RI�WKH�VHSDUDWH�SLHFHV��7KLV�NQRZOHGJH�RI�WKH�LQWHUQDO
ZRUG�VWUXFWXUH�ZRXOG�DOORZ�D�KXPDQ�WR�JXHVV�WKDW�D�OHVV�FRPPRQ�ZRUG�HQGLQJ�LQ��JXR��PLJKW�DOVR�EH�WKH�QDPH�RI�D�FRXQWU\�

6RPHWLPHV�UHODWHG�ZRUGV�DUH�IRUPHG�E\�SURFHVVHV�RWKHU�WKDQ�FRQFDWHQDWLRQ��H�J��WKH�LQWHUQDO�YRZHO�FKDQJH�LQ�(QJOLVK��IRRW��YV���IHHW���:KHQ
WKLV�LV�FRPPRQ�LQ�D�ODQJXDJH��ZH�PD\�ZLVK�WR�XVH�D�PRUH�DEVWUDFW�IHDWXUH�EDVHG�UHSUHVHQWDWLRQ��H�J�

IRRW���!�IRRW�6,1*8/$5��
IHHW���!�IRRW�3/85$/

6RPHWLPHV�WKH�DSSURSULDWH�GLYLVLRQ�GHSHQGV�RQ�WKH�DSSOLFDWLRQ��6R�WKH�(QJOLVK�SRVVHVVLYH�HQGLQJ��
V��LV�WUDGLWLRQDOO\�ZULWWHQ�DV�SDUW�RI�WKH
SUHFHGLQJ�ZRUG��+RZHYHU��LW�LV�RIWHQ�FRQYHQLHQW�WR�VSOLW�LW�RII�DV�D�VHSDUDWH�ZRUG�LQ�ODWHU�SURFHVVLQJ�

326�WDJJLQJ



,Q�RUGHU�WR�JURXS�ZRUGV�LQWR�ODUJHU�XQLWV��H�J��SUHSRVLWLRQDO�SKUDVHV���WKH�ÀUVW�VWHS�LV�W\SLFDOO\�WR�DVVLJQ�D��SDUW�RI�VSHHFK���326��WDJ�WR�HDFK
ZRUG��+HUH�VRPH�VDPSOH�WH[W�IURP�WKH�%URZQ�FRUSXV��ZKLFK�FRQWDLQV�YHU\�FOHDQ�ZULWWHQ�WH[W�

1RUWKHUQ�OLEHUDOV�DUH�WKH�FKLHI�VXSSRUWHUV�RI�FLYLO�ULJKWV�DQG�RI�LQWHJUDWLRQ��7KH\�KDYH�DOVR�OHG�WKH�QDWLRQ�LQ�WKH�GLUHFWLRQ�RI�D
ZHOIDUH�VWDWH�

+HUH
V�WKH�WDJJHG�YHUVLRQ��)RU�H[DPSOH���OLEHUDOV��LV�DQ�116�ZKLFK�LV�D�SOXUDO�QRXQ���1RUWKHUQ��LV�DQ�DGMHFWLYH��--���7DJ�VHWV�QHHG�WR�GLVWLQJXLVK
PDMRU�W\SHV�RI�ZRUGV��H�J��QRXQV�YV��DGMHFWLYHV��DQG�PDMRU�YDULDWLRQV�H�J��VLQJXODU�YV�SOXUDO�QRXQV��SUHVHQW�YV��SDVW�WHQVH�YHUEV��7KHUH�DUH�DOVR
VRPH�DG�KRF�WDJV�NH\�IXQFWLRQ�ZRUGV��VXFK�DV�+9�IRU��KDYH���DQG�SXQFWXDWLRQ��H�J��SHULRG��

1RUWKHUQ�MM�OLEHUDOV�QQV�DUH�EHU�WKH�DW�FKLHI�MMV�VXSSRUWHUV�QQV�RI�LQ�FLYLO�MM�ULJKWV�QQV�DQG�FF�RI�LQ�LQWHJUDWLRQ�QQ�����7KH\�SSVV
KDYH�KY�DOVR�UE�OHG�YEQ�WKH�DW�QDWLRQ�QQ�LQ�LQ�WKH�DW�GLUHFWLRQ�QQ�RI�LQ�D�DW�ZHOIDUH�QQ�VWDWH�QQ����

0RVW�ZRUGV�KDYH�RQO\�RQH�FRPPRQ�SDUW�RI�VSHHFK��6R�ZH�FDQ�JHW�XS�WR�DERXW�����DFFXUDF\�XVLQJ�D�VLPSOH��EDVHOLQH��DOJRLUWKP�WKDW�DOZD\V
JXHVVHV�WKH�PRVW�FRPPRQ�SDUW�RI�VSHHFK�IRU�HDFK�ZRUG��+RZHYHU��VRPH�ZRUGV�KDYH�PRUH�WKDQ�RQH�SRVVLEOH�WDJ��H�J���OLEHUDO��FRXOG�EH�HLWKHU�D
QRXQ�RU�DQ�DGMHFWLYH��7R�JHW�WKHVH�ULJKW��ZH�FDQ�XVH�DOJRULWKPV�OLNH�KLGGHQ�0DUNRY�PRGHOV��QH[W�OHFWXUH���2Q�FOHDQ�WH[W��D�KLJKO\�WXQHG�326
WDJJHU�FDQ�JHW�DERXW�����DFFXUDF\��,Q�RWKHU�ZRUGV��326�WDJJHUV�DUH�TXLWH�UHOLDEOH�DQG�PRVWO\�XVHG�DV�D�VWDEOH�VWDUWLQJ�SODFH�IRU�IXUWKHU�DQDO\VLV�

6KDOORZ�V\VWHPV
0DQ\�XVHIXO�V\VWHPV�FDQ�EH�EXLOW�XVLQJ�RQO\�D�VLPSOH�ORFDO�DQDO\VLV�RI�WKH�ZRUG�VWUHDP��H�J��ZRUGV��ZRUG�ELJUDPV��PRUSKHPHV��326�WDJV�
SHUKDSV�D�VKDOORZ�SDUVH��VHH�EHORZ���7KHVH�DOJRULWKPV�W\SLFDOO\�PDNH�D��0DUNRY�DVVXPSWLRQ���L�H��DVVXPH�WKDW�RQO\�WKH�ODVW�IHZ�LWHPV�PDWWHU�WR
WKH�QH[W�GHFLVLRQ��(�J�

'HFLGLQJ�ZKHWKHU�WR�LQVHUW�D�ZRUG�ERXQGDU\"�/RRN�DW�WKH�ODVW�����FKDUDFWHUV�
'HFLGLQJ�ZKDW�326�WDJ�WR�SXW�RQ�WKH�QH[W�ZRUG"�/RRN�DW�WKH�ODVW�����ZRUGV�

6SHFLÀF�WHFKQLTXHV�LQFOXGH�ÀQLWH�VWDWH�DXWRPDWD��KLGGHQ�0DUNRY�PRGHOV��+00V���DQG�UHFXUUHQW�QHXUDO�QHWV��511V���:H
OO�VHH�KLGGHQ�0DUNRY
PRGHOV�ODWHU�LQ�WKLV�FRXUVH�

2QH�YHU\�ROG�W\SH�RI�VKDOORZ�V\VWHP�LV�VSHOOLQJ�FRUUHFWLRQ��8VHIXO�XSJUDGHV��ZKLFK�RIWHQ�ZRUN��LQFOXGH�GHWHFWLRQ�RI�JUDPPDU�HUURUV��DGGLQJ
YRZHOV�RU�GLDFULWLFV�LQ�ODQJXDJH��H�J��$UDELF��ZKHUH�WKH\�DUH�RIWHQ�RPLWWHG��&XWWLQJ�HGJH�UHVHDUFK�SUREOHPV�LQYROYH�DXWRPDWLF�VFRULQJ�RI�HVVD\
DQVZHUV�RQ�VWDQGDUGL]HG�WHVWV��6SHHFK�UHFRJQLWLRQ�KDV�EHHQ�XVHG�IRU�HYDOXDWLQJ�(QJOLVK�ÁXHQF\�DQG�FKLOGUHQ�OHDUQLQJ�WR�UHDG��H�J��DORXG��
6XFFHVV�GHSHQGV�RQ�YHU\�VWURQJ�H[SHFWDWLRQV�DERXW�ZKDW�WKH�SHUVRQ�ZLOO�VD\�

7UDQVODWLRQ�LV�RIWHQ�GRQH�E\�VKDOORZ�DOJRULWKPV��7R�OHDUQ�KRZ�WR�GR�WUDQVODWLRQ��ZH�PLJKW�DOLJQ�SDLUV�RI�VHQWHQFHV�LQ�GLIIHUHQW�ODQJXDJHV�
PDWFKLQJ�FRUUHVSRQGLQJ�ZRUGV�

(QJOLVK�����\HDU�ROGV�FDQ
W�EX\�DOFRKRO���
)UHQFK��/HV����DQV�QH�SHXYHQW�SDV�DFKHWHU�G
DOFRRO

�� \HDU ROGV FDQ 
W EX\ DOFRKRO
/HV �� DQV QH SHXYHQW SDV DFKHWHU G
 DOFRRO

1RWLFH�WKDW�VRPH�ZRUGV�GRQ
W�KDYH�PDWFKHV�LQ�WKH�RWKHU�ODQJXDJH��)RU�RWKHU�SDLUV�RI�ODQJXDJHV��WKHUH�FRXOG�EH�UDGLFDO�FKDQJHV�LQ�ZRUG�RUGHU�

$�FRUSXV�RI�PDWFKHG�VHQWHQFH�SDLUV�FDQ�EH�XVHG�WR�EXLOG�WUDQVODWLRQ�GLFWLRQDULHV��IRU�SKUDVHV�DV�ZHOO�DV�ZRUGV��DQG�H[WUDFW�JHQHUDO�NQRZOHGJH
DERXW�FKDQJHV�LQ�ZRUG�RUGHU�

3DUVLQJ
2QH�ZH�KDYH�326�WDJV�IRU�WKH�ZRUGV��ZH�FDQ�DVVHPEOH�WKH�ZRUGV�LQWR�D�SDUVH�WUHH��7KHUH
V�PDQ\�VW\OHV�IURP�EXLOGLQJ�SDUVH�WUHHV��+HUH�LV�D
FRQVWLWXHQF\�WUHH�IURP�WKH�3HQQ�WUHHEDQN��IURP�0LWFK�0DUFXV��



�3HQQ�WUHHEDQN�VW\OH�SDUVH�WUHH��IURP�0LWFK�0DUFXV�

$Q�DOWHUQDWLYH�LV�D�GHSHQGHQF\�WUHH�OLNH�WKH�IROORZLQJ�RQHV�EHORZ�IURP�*RRJOH�ODEV��$�IDLUO\�UHFHQW�SDUVHU�IURP�WKHP�LV�FDOOHG��3DUVH\
0F3DUVHIDFH���DIWHU�WKH�8.
V�%RDW\�0F%RDWIDFH�VKRZQ�DERYH�

,Q�WKLV�H[DPSOH��WKH�OHIWKDQG�WUHH�VKRZV�WKH�FRUUHFW�DWWDFKPHQW�IRU��LQ�KHU�FDU���L�H��PRGLI\LQJ��GURYH���7KH�ULJKWKDQG�WUHH�VKRZV�DQ
LQWHUSUHWDWLRQ�LQ�ZKLFK�WKH�VWUHHW�LV�LQ�WKH�FDU�

/LQJXLVWV��FRPSXWDWLRQDO�DQG�RWKHUZLVH��KDYH�H[WHQGHG�ÀJKWV�DERXW�WKH�EHVW�ZD\�WR�GUDZ�WKHVH�WUHHV��+RZHYHU��WKH�LQIRUPDWLRQ�HQFRGHG�LV
DOZD\V�IDLUO\�VLPLODU�DQG�SULPDULO\�LQYROYHV�JURXSLQJ�WRJHWKHU�ZRUGV�WKDW�IRUP�FRKHUHQW�SKUDVHV�H�J���D�ZHOIDUH�VWDWH���,W
V�IDLUO\�VLPLODU�WR
SDUVLQJ�FRPSXWHU�SURJUDPPLQJ�ODQJXDJHV��H[FHSW�WKDW�SURJUDPPLQJ�ODQJXDJHV�KDYH�EHHQ�GHVLJQHG�WR�PDNH�SDUVLQJ�HDV\�

$��VKDOORZ�SDUVHU��EXLOGV�RQO\�WKH�ORZHVW�SDUWV�RI�VXFK�D�WUHH��6R�LW�PLJKW�JURXS�ZRUGV�LQWR�QRXQ�SKUDVHV��SUHSRVLWLRQDO�SKUDVHV��DQG�FRPSOH[
YHUEV��H�J���LV�ZDONLQJ����([WUDFWLQJ�WKHVH�SKUDVHV�LV�PXFK�HDVLHU�WKDQ�EXLOGLQJ�WKH�ZKROH�SDUVH�WUHH��DQG�FDQ�EH�H[WUHPHO\�XVHIXO�IRU�EXLOGLQJ
VKDOORZ�V\VWHPV�

/LNH�ORZ�OHYHO�DOJRULWKPV��SDUVHUV�RIWHQ�PDNH�WKHLU�GHFLVLRQV�XVLQJ�RQO\�D�VPDOO�DPRXQW�RI�SULRU��DQG�SHUKDSV�ORRNDKHDG��FRQWH[W��+RZHYHU�
�RQH�LWHP��RI�FRQWH[W�PLJKW�EH�D�ZKROH�FKXQN�RI�WKH�SDUVH�WUHH��)RU�H[DPSOH���WKH�\RXQJ�ODG\��PLJKW�EH�FRQVLGHUHG�D�VLQJOH�XQLW��3DUVLQJ
DOJRULWKPV�PXVW�W\SLFDOO\�FRQVLGHU�D�ZLGH�VSDFH�RI�RSWLRQV��H�J��PDQ\�RSWLRQV�IRU�D�SDUWO\�EXLOW�WUHH��6R�WKH\�W\SLFDOO\�XVH�EHDP�VHDUFK��L�H��NHHS
RQO\�D�À[HG�QXPEHU�RI�K\SRWKHVHV�ZLWK�WKH�EHVW�UDWLQJ��1HZHU�PHWKRGV�DOVR�WU\�WR�VKDUH�WUHH�VWUXFWXUH�DPRQJ�FRPSHWLQJ�DOWHUQDWLYHV��OLNH
G\QDPLF�SURJUDPPLQJ��VR�WKH\�FDQ�VWRUH�PRUH�K\SRWKHVHV�DQG�DYRLG�GXSOLFDWLYH�ZRUN�

3DUVHUV�IDOO�LQWR�WKUHH�FDWHJRULHV

8QOH[LFDOL]HG��XVH�RQO\�WKH�326�WDJV�WR�EXLOG�WKH�WUHH�
&ODVV�EDVHG��EH\RQG�WKH�SDUW�RI�VSHHFK��LGHQWLI\�WKH�JHQHUDO�W\SH�RI�REMHFW�RU�DFWLRQ��H�J��D�SHUVRQ�YV��D�YHKLFOH�
/H[LFDOL]HG��DOVR�LQFOXGH�VRPH�LQIRUPDWLRQ�DERXW�ZRUG�LGHQWLW\�PHDQLQJ

7KH�YDOXH�RI�OH[LFDO�LQIRUPDWLRQ�LV�LOOXVWUDWHG�E\�VHQWHQFHV�OLNH�WKLV��LQ�ZKLFK�FKDQJLQJ�WKH�QRXQ�SKUDVH�FKDQJHV�ZKDW�WKH�SUHSRVLWLRQDO�SKUDVH
PRGLÀHV�

6KH�ZDV�JRLQJ�GRZQ�D�VWUHHW����

LQ�KHU�WUXFN���PRGLÀHV�JRLQJ���
LQ�KHU�QHZ�RXWÀW���PRGLÀHV�WKH�VXEMHFW���
LQ�6RXWK�&KLFDJR���PRGLÀHV�VWUHHW�

7KH�EHVW�SDUVHUV�DUH�OH[LFDOL]HG��DFFXUDFLHV�XS�WR�����IURP�*RRJOH
V��3DUVH\�0F3DUVHIDFH��SDUVHU���%XW�LW
V�QRW�FOHDU�KRZ�PXFK�LQIRUPDWLRQ�WR
LQFOXGH�DERXW�WKH�ZRUGV�DQG�WKHLU�PHDQLQJV��)RU�H[DPSOH��VKRXOG��FDU��DOZD\V�EHKDYHV�OLNH��WUXFN�"�0RUH�GHWDLOHG�LQIRUPDWLRQ�KHOSV�PDNH
GHFLVLRQV��HVS��DWWDFKPHQW��EXW�UHTXLUHV�PRUH�WUDLQLQJ�GDWD�

0RUH�RQ�WDJ�VHWV
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UROH��7DJ�VHWV�IRU�RWKHU�ODQJXDJHV�ZRXOG�QHHG�VRPH�RI�WKH�VDPH�WDJV��H�J��IRU�QRXQV��EXW�DOVR�FDWHJRULHV�IRU�W\SHV�RI�IXQFWLRQ�ZRUGV�WKDW�(QJOLVK
GRHVQ
W�XVH��)RU�H[DPSOH��D�WDJ�VHW�IRU�&KLQHVH�RU�0D\DQ�ZRXOG�QHHG�D�WDJ�IRU�QXPHUDO�FODVVLÀHUV��ZKLFK�DUH�ZRUGV�WKDW�JR�ZLWK�QXPEHUV��H�J�
�WKUHH���WR�LQGLFDWH�WKH�DSSUR[LPDWH�W\SH�RI�REMHFW�EHLQJ�HQXPHUDWHG��H�J���WDEOH��PLJKW�UHTXLUH�D�FODVVLÀHU�IRU�ELJ�ÁDW�REMHFWV���,W
V�QRW�FOHDU
ZKHWKHU�LW
V�EHWWHU�WR�KDYH�VSHFLDOL]HG�WDJ�VHWV�IRU�VSHFLÀF�ODQJXDJHV�RU�RQH�XQLYHUVDO�WDJ�VHWV�WKDW�LQFOXGHV�PDMRU�IXQFWLRQDO�FDWHJRULHV�IRU�DOO
ODQJXDJHV�

7DJ�VHWV�YDU\�LQ�VL]H��GHSHQGLQJ�RQ�WKH�WKHRUHWLFDO�ELDVHV�RI�WKH�IRONV�PDNLQJ�WKH�DQQRWDWHG�GDWD��6PDOOHU�VHWV�RI�ODEHOV�FRQYH\�RQO\�EDVLF
LQIRUPDWLRQ�DERXW�ZRUG�W\SH��/DUJHU�VHWV�LQFOXGH�LQIRUPDWLRQ�DERXW�ZKDW�UROH�WKH�ZRUG�SOD\V�LQ�WKH�VXUURXQGLQJ�FRQWH[W��6DPSOH�VL]HV

3HQQ�WUHHEDQN���
%URZQ�FRUSXV���
�XQLYHUVDO����

&RQYHUVDWLRQDO�VSRNHQ�ODQJXDJH�DOVR�LQFOXGHV�IHDWXUHV�QRW�IRXQG�LQ�ZULWWHQ�ODQJXDJH��,Q�WKH�H[DPSOH�EHORZ��IURP�WKH�6ZLWFKERDUG�FRUSXV���\RX
FDQ�VHH�WKH�ÀOOHG�SDXVH��XK���DOVR�D�EURNHQ�RII�ZRUG��W����$OVR��QRWLFH�WKDW�WKH�ÀUVW�VHQWHQFH�LV�EURNHQ�XS�E\�D�SDUDQWKHWLFDO�FRPPHQW���\RX
NQRZ���DQG�WKH�WKLUG�VHQWHQFH�WUDLOV�RII�DW�WKH�HQG��6XFK�IHDWXUHV�PDNH�VSRNHQ�FRQYHUVDWLRQ�KDUGHU�WR�SDUVH�WKDQ�ZULWWHQ�WH[W�

,�
G�EH�YHU\�YHU\�FDUHIXO�DQG���XK���\RX�NQRZ���FKHFNLQJ�WKHP�RXW���8K���RXU���KDG�W����SODFH�P\�PRWKHU�LQ�D�QXUVLQJ�KRPH���6KH�KDG�D
UDWKHU�PDVVLYH�VWURNH�DERXW���XK��DERXW����

,�353�
G�0'�EH�9%�YHU\�5%�YHU\�5%�FDUHIXO�--�DQG�&&�����XK�8+�����\RX�353�NQRZ�9%3�����FKHFNLQJ�9%*�WKHP�353�RXW�53����
8K�8+�����RXU�353������KDG�9%'�W��72�����SODFH�9%�P\�353��PRWKHU�11�LQ�,1�D�'7�QXUVLQJ�11�KRPH�11�����6KH�353�KDG�9%'
D�'7�UDWKHU�5%�PDVVLYH�--�VWURNH�11�DERXW�5%�����XK�8+�����DERXW�5%�����

6HPDQWLFV
5HSUHVHQWDWLRQ�RI�PHDQLQJ�LV�OHVV�ZHOO�XQGHUVWRRG��,Q�PRGHUQ�V\VWHPV��PHDQLQJ�RI�LQGLYLGXDO�ZRUG�VWHPV��H�J���FDW��RU��ZDON���LV�EDVHG�RQ�WKHLU
REVHUYHG�FRQWH[W��:H
OO�VHH�GHWDLOV�ODWHU�LQ�WKH�WHUP��%XW�WKHVH�PHDQLQJV�DUH�QRW�WLHG��RU�DUH�RQO\�ZHDNO\�WLHG��WR�WKH�SK\VLFDO�ZRUOG��0HWKRGV�IRU
FRPELQLQJ�WKH�PHDQLQJV�RI�LQGLYLGXDO�ZRUGV�LQWR�D�VLQJOH�PHDQLQJ��H�J���WKH�UHG�FDW���DUH�VLPLODUO\�IUDJLOH��9HU\�IHZ�V\VWHPV�DWWHPSW�WR
XQGHUVWDQG�VRSKLVWLFDWHG�FRQVWUXFWLRQV�LQYROYLQJ�TXDQWLÀHUV���+RZ�PDQ\�DUURZV�GLGQ
W�KLW�WKH�WDUJHW"���RU�UHODWLYH�FODXVHV���$Q�H[DPSOH�RI�D
UHODWLYH�FODXVH�LV��WKDW�ZRXOG�JLYH������LQ�WKH�3HQQ�WUHHEDQN�SDUVH�H[DPSOH�DERYH��

$�VSHFLÀF�LVVXH�IRU�HYHQ�VLPSOH�DSSOLFDWLRQV�LV�WKDW�QHJDWLRQ�LV�HDV\�IRU�KXPDQV�EXW�GLIÀFXOW�IRU�FRPSXWHUV��)RU�H[DPSOH��D�JRRJOH�TXHU\�IRU
�$IULFD��QRW�IUDQFRSKRQH��UHWXUQV�LQIRUPDWLRQ�RQ�)UHQFK�VSHDNLQJ�SDUWV�RI�$IULFD��$QG�WKLV�FLUFXODU�WUDQVODWLRQ�H[DPSOH�VKRZV�*RRJOH�PDNLQJ
WKH�IROORZLQJ�FRQYHUVLRQ�ZKLFK�UHYHUVHV�WKH�SRODULW\�RI�WKH�DGYLFH�

,QSXW���VR�RRSV�RQ�WKH�WU\LQJ�LW�DIWHU���KRXUV��
2XWSXW���7U\�WR�WU\�LW�DIWHU���KRXUV��

$SSOLFDWLRQV�WKDW�FDQ�ZRUN�ZHOO�ZLWK�OLPLWHG�XQGHUVWDQGLQJ�LQFOXGH

JURXSLQJ�GRFXPHQWV�LQWR�WRSLFV��GLYLGLQJ�GRFXPHQWV�DW�SODFHV�ZKHUH�WKH\�FKDQJH�WRSLF
VHQWLPHQW�DQDO\VLV��GRHV�WKH�ZULWHU�OLNH�WKLV�PRYLH�RU�WKLV�UHVWDXUDQW"

7KUHH�W\SHV�RI�VKDOORZ�VHPDQWLF�DQDO\VLV�KDYH�SURYHG�XVHIXO�DQG�DOPRVW�ZLWKLQ�FXUUHQW�FDSDELOLWLHV�

ZRUG�FODVVHV��ZKLFK�ZRUGV�DUH�VLPLODU�WR�RQH�DQRWKHU��H�J��SHRSOH�YV��YHJHWDEOHV�"
ZRUG�VHQVH�GLVDPELJXDWLRQ��ZKLFK�ZDV�WKH�LQWHQGHG�UHDGLQJ�RI�D�ZRUG�ZLWK�PXOWLSOH�PHDQLQJV��H�J���EDQN��"
VHPDQWLF�UROH�ODEHOOLQJ��ZH�NQRZ�WKDW�D�QRXQ�SKUDVH�;�UHODWHV�WR�D�YHUE�<��,V�;�WKH�VXEMHFW�DFWRU"�WKH�REMHFW�WKDW�WKH�DFWLRQ�ZDV�GRQH�WR"�D
WRRO�XVHG�WR�KHOS�ZLWK�WKH�DFWLRQ"
FR�UHIHUHQFH�UHVROXWLRQ��VHH�EHORZ�

6HPDQWLF�UROH�ODEHOOLQJ�LQYROYHV�GHFLGLQJ�KRZ�WKH�PDLQ�QRXQ�SKUDVHV�LQ�D�FODXVH�UHODWH�WR�WKH�YHUE��)RU�H[DPSOH��LQ��-RKQ�GURYH�WKH�FDU����-RKQ�
LV�WKH�VXEMHFW�DJHQW�DQG��WKH�FDU��LV�WKH�REMHFW�EHLQJ�GULYHQ��7KHVH�UHODWLRQVKLSV�DUHQ
W�DOZD\V�REMHFW��H�J��ZKR�LV�HDWLQJ�ZKR�LQ�D��WUXFN�HDWLQJ
EULGJH�"��*RRJOH�LW��

5LJKW�QRZ��WKH�PRVW�SRSXODU�UHSUHVHQWDWLRQ�IRU�ZRUG�FODVVHV�LV�D��ZRUG�HPEHGGLQJ���:RUG�HPEHGGLQJV�JLYH�HDFK�ZRUG�D�XQLTXH�ORFDWLRQ�LQ�D
KLJK�GLPHQVLRQDO�(XFOLGHDQ�VSDFH��VHW�XS�VR�WKDW�VLPLODU�ZRUGV�DUH�FORVH�WRJHWKHU��:H
OO�VHH�WKH�GHWDLOV�ODWHU��$�SRSXODU�DOJRULWKP�LV�ZRUG�YHF�

5XQQLQJ�WH[W�FRQWDLQV�D�QXPEHU�RI��QDPHG�HQWLWLHV���L�H��QRXQV��SURQRXQV��DQG�QRXQ�SKUDVHV�UHIHUULQJ�WR�SHRSOH��RUJDQL]DWLRQV��DQG�SODFHV��&R�
UHIHUHQFH�UHVROXWLRQ�WULHV�WR�LGHQWLI\�ZKLFK�QDPHG�HQWLWLHV�UHIHU�WR�WKH�VDPH�WKLQJ��)RU�H[DPSOH��LQ�WKLV�WH[W�IURP�:LNLSHGLD��ZH�KDYH�LGHQWLÀHG
WKUHH�HQWLWLHV�DV�UHIHUULQJ�WR�0LFKHOOH�2EDPD��WZR�DV�%DUDFN�2EDPD��DQG�WKUHH�DV�SODFHV�WKDW�DUH�QHLWKHU�RI�WKHP��2QH�VRXUFH�RI�GLIÀFXOW\�LV
LWHPV�VXFK�DV�WKH�ODVW��2EDPD���ZKLFK�ORRNV�VXSHUÀFLDOO\�OLNH�LW�FRXOG�EH�HLWKHU�RI�WKHP�

>0LFKHOOH�/D9DXJKQ�5RELQVRQ�2EDPD@��ERUQ�-DQXDU\�����������LV�DQ�$PHULFDQ�ODZ\HU��XQLYHUVLW\�DGPLQLVWUDWRU��DQG�ZULWHU�ZKR
VHUYHG�DV�WKH�>)LUVW�/DG\�RI�WKH�8QLWHG�6WDWHV@�IURP������WR�������6KH�LV�PDUULHG�WR�WKH�>��WK�8�6��3UHVLGHQW@��>%DUDFN�2EDPD@��DQG
ZDV�WKH�ÀUVW�$IULFDQ�$PHULFDQ�)LUVW�/DG\��5DLVHG�RQ�WKH�6RXWK�6LGH�RI�>&KLFDJR��,OOLQRLV@��>2EDPD@�LV�D�JUDGXDWH�RI�>3ULQFHWRQ
8QLYHUVLW\@�DQG�>+DUYDUG�/DZ�6FKRRO@�
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FRKHUHQW�WKHPH��H�J��SROLWLFV��IRU�DQ�HQWLUH�HYHQLQJ��:H�FDQ�DVN�IROORZ�RQ�TXHVWLRQV�WR�EXLOG�XS�D�PHQWDO�PRGHO�LQ�ZKLFK�DOO�WKH�SLHFHV�ÀW
WRJHWKHU��:H�H[SHFW�DOO�WKH�SLHFHV�WR�ÀW�WRJHWKHU�ZKHQ�UHDGLQJ�D�QRYHO��(YHQ�WKH�EHVW�PRGHUQ�$,�V\VWHPV�FDQQRW�\HW�GR�WKLV�

2QH�VSHFLÀF�WDVN�LV��GLDORJ�FRKHUHQF\���)RU�H[DPSOH��VXSSRVH�\RX�DVN�*RRJOH�KRPH�D�TXHVWLRQ�OLNH��+RZ�PDQ\�FDORULHV�LQ�D�EDQDQD"��<RX
PLJKW�OLNH�WR�IROORZ�RQ�ZLWK��+RZ�DERXW�DQ�RUDQJH"��%XW�PRVW�RI�WKHVH�V\VWHPV�SURFHVV�HDFK�TXHU\�VHSDUDWHO\��7KH�H[FHSWLRQV�FDQ�NHHS�RQO\�D
YHU\�VKRUW�WKHRU\�RI�FRQWH[W�RU��H�J��FXVWRPHU�VHUYLFH�V\VWHPV��ZRUN�LQ�D�YHU\�UHVWULFWHG�GRPDLQ��$�PRUH�IXQ�H[DPSOH�RI�PDLQWDLQLQJ�FRKHUHQF\
LQ�D�UHVWULFWHG�GRPDLQ�ZDV�WKH�,/(;�V\VWHP�IRU�SURYLGLQJ�LQIRUPDWLRQ�DERXW�PXVHXP�H[KLELWV����RULJLQDO�SDSHU�OLQN�

7KH�UHFHQW�QHXUDO�QHW�V\VWHP�*37���KDV�D�VWURQJ�DELOLW\�WR�PDLQWDLQ�ORFDO�FRKHUHQF\�LQ�LWV�JHQHUDWHG�WH[W�DQG�GLDORJV��+RZHYHU��WKLV�FRPHV�DW�D
FRVW��%HFDXVH�LW�KDV�QR�DFWXDO�PRGHO�RI�WKH�ZRUOG�RU�LWV�RZQ�EHOLHIV��LW�FDQ�EH�OHG�DVWUD\�E\�OHDGLQJ�TXHVWLRQV�
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0DUJDUHW�)OHFN ���+LGGHQ�0DUNRY�0RGHOV

D�UHDO�ZRUOG�WUHOOLV��VXSSRUWLQJ�D�SDVVLRQIUXLW�YLQH�

+LGGHQ�0DUNRY�0RGHOV�DUH�XVHG�LQ�D�ZLGH�UDQJH�RI�DSSOLFDWLRQV��7KH\�DUH�VLPLODU�WR�%D\HV�1HWV��ERWK�EHLQJ
W\SHV�RI��*UDSKLFDO�0RGHOV����:H
OO�VHH�WKHP�LQ�WKH�FRQWH[W�3DUW�RI�6SHHFK�WDJJLQJ��8VHV�LQ�RWKHU�DSSOLFDWLRQV
�H�J��VSHHFK��ORRN�YHU\�VLPLODU�

3DUW�RI�6SHHFK�WDJJLQJ
:H�VDZ�SDUW�RI�VSHHFK��326��WDJJLQJ�LQ�D�SUHYLRXV�OHFWXUH��5HFDOO�WKDW�ZH�VWDUW�ZLWK�D�VHTXHQFH�RI�ZRUGV��7KH
WDJJLQJ�DOJRULWKP�QHHGV�WR�GHFRUDWH�HDFK�ZRUG�ZLWK�D�SDUW�RI�VSHHFK�WDJ��+HUH
V�DQ�H[DPSOH�

,1387��1RUWKHUQ�OLEHUDOV�DUH�WKH�FKLHI�VXSSRUWHUV�RI�FLYLO�ULJKWV�DQG�RI�LQWHJUDWLRQ��7KH\�KDYH�DOVR
OHG�WKH�QDWLRQ�LQ�WKH�GLUHFWLRQ�RI�D�ZHOIDUH�VWDWH�

287387��1RUWKHUQ�MM�OLEHUDOV�QQV�DUH�EHU�WKH�DW�FKLHI�MMV�VXSSRUWHUV�QQV�RI�LQ�FLYLO�MM�ULJKWV�QQV
DQG�FF�RI�LQ�LQWHJUDWLRQ�QQ�����7KH\�SSVV�KDYH�KY�DOVR�UE�OHG�YEQ�WKH�DW�QDWLRQ�QQ�LQ�LQ�WKH�DW
GLUHFWLRQ�QQ�RI�LQ�D�DW�ZHOIDUH�QQ�VWDWH�QQ����

,GHQWLI\LQJ�D�ZRUG
V�SDUW�RI�VSHHFK�SURYLGHV�VWURQJ�FRQVWUDLQWV�RQ�KRZ�ODWHU�SURFHVVLQJ�VKRXOG�WUHDW�WKH�ZRUG��2U�
YLHZHG�DQRWKHU�ZD\��WKH�326�WDJV�JURXS�WRJHWKHU�ZRUGV�WKDW�VKRXOG�EH�WUHDWHG�VLPLODUO\�LQ�ODWHU�SURFHVVLQJ��)RU
H[DPSOH��LQ�EXLOGLQJ�SDUVH�WUHHV��WKH�326�WDJV�SRYLGH�GLUHFW�LQIRUPDWLRQ�DERXW�WKH�ORFDO�V\QWDFWLF�VWUXFWXUH�
UHGXFLQJ�WKH�RSWLRQV�WKDW�WKH�SDUVH�PXVW�FKRRVH�IURP�

0DQ\�HDUO\�DOJRULWKPV�H[SORLW�326�WDJV�GLUHFWO\��ZLWKRXW�EXLOGLQJ�D�SDUVH�WUHH��EHFDXVH�WKH�326�WDJ�FDQ�KHOS
UHVROYH�DPELJXLWLHV��)RU�H[DPSOH��ZKHQ�WUDQVODWLQJ��WKH�QRXQ��VHW���L�H��FROOHFWLRQ��ZRXOG�EH�WUDQVODWHG�YHU\
GLIIHUHQWO\�IURP�WKH�YHUE��VHW���L�H��SXW���7KH�SDUW�RI�VSHHFK�FDQ�GLVWLQJXLVK�ZRUGV�WKDW�DUH�ZULWWHQ�WKH�VDPH�EXW
SURQRXQFHG�GLIIHUHQWO\��VXFK�DV�

2%MHFW��QRXQ��YV��RE-(&7��YHUE�
GRHV��PRGDO�YHUE�YV��SOXUDO�QRXQ�
UHDG��SDVW�YV��SUHVHQW�WHQVH�

7DJ�VHWV
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HQG�RI�VHQWHQFH�SXQFWXDWLRQ

381&7 RWKHU�SXQFWXDWLRQ

180 1XP QXPEHU

,1

$GS

SUHSRVLWLRQ�RU�SRVWSRVLWLRQ

3$57 SDUWLFOH�H�J��DIWHU�YHUE��ORRNV�OLNH�D�SUHSRVLWLRQ�

72 LQÀQLWLYH�PDUNHU

$'9
$GY DGYHUE

3UW VHQWHQFH�SDUWLFOH��H�J���QRW��

8+ >QRW�FOHDU�ZKDW�WDJ@ ÀOOHU��H[FODPDWLRQ

&21- &RQM FRQMXQFWLRQ

; ; RWKHU

+HUH
V�D�PRUH�FRPSOH[�VHW�RI����WDJV�IURP�WKH�3HQQ�7UHHEDQN�WDJVHW���7KH�ODUJHU�WDJ�VHWV�DUH�D�PL[HG�EOHVVLQJ�
2Q�WKH�RQH�KDQG��WKH�WDJJHU�PXVW�PDNH�ÀQHU�GLVWLQFWLRQV�ZKHQ�LW�FKRRVHV�WKH�WDJ��2Q�WKH�RWKHU�KDQG��D�PRUH
VSHFLÀF�WDJ�SURYLGHV�PRUH�LQIRUPDWLRQ�IRU�WDJJLQJ�ODWHU�ZRUGV�DQG�DOVR�IRU�VXEVHTXHQW�SURFHVVLQJ��H�J��SDUVLQJ��

7DJV�DQG�ZRUGV
(DFK�ZRUG�KDV�VHYHUDO�SRVVLEOH�WDJV��ZLWK�GLIIHUHQW�SUREDELOLWLHV�

LQ�SULQFLSOH��LI�ZH�KDG�SHUIHFW�NQRZOHGJH�RI�(QJOLVK
DV�VHHQ�LQ�RXU�WUDLQLQJ�VHW

)RU�H[DPSOH���FDQ��DSSHDUV�XVLQJ�LQ�VHYHUDO�UROHV�

0RQLFD�FDQ�VZLP���PRGDO�YHUE�
$�FDQ�RI�EHDQV���QRXQ�
,�ZLOO�FDQ�WKH�EHDQV���YHUE�

6RPH�RWKHU�ZRUGV�ZLWK�PXOWLSOH�XVHV

FRYHU��QRXQ��YHUE��DGMHFWLYH��FRYHU�FURS�



RYHU��SUHSRVLWLRQ��QRXQ��H�J��FULFNHW�
SRW��QRXQ��YHUE

&RQVLGHU�WKH�VHQWHQFH��+HDW�RLO�LQ�D�ODUJH�SRW���7KH�FRUUHFW�WDJ�VHTXHQFH�LV��YHUE�QRXQ�SUHS�GHW�DGM�QRXQ���+HUH
V
WKH�WDJV�VHHQ�ZKHQ�WUDLQLQJ�RQ�WKH�%URZQ�FRUSXV�

��IURP�0LWFK�0DUFXV�

1RWLFH�WKDW

$Q�LQGLYLGXDO�ZRUG�PD\�KDYH�PRUH�WKDQ�RQH�SODXVLEOH�WDJ
7KH�PRVW�FRPPRQO\�VHHQ�WDJ�PD\�QRW�EH�FRUUHFW�FKRLFH�IRU�DQDO\]LQJ�DQ\�SDUWLFXODU�LQSXW�
$�ZRUG�PD\�KDYH�SRVVLEOH�WDJV�WKDW�ZHUHQ
W�VHHQ�LQ�RXU�WUDLQLQJ�LQSXW�

$Q�H[DPSOH�RI�WKDW�ODVW�ZRXOG�EH��RYHU��XVHG�DV�D�QRXQ��H�J��LQ�FULFNHW���7KDW�LV�IDLUO\�FRPPRQ�LQ�%ULWLVK�WH[W�EXW
PLJKW�QHYHU�RFFXU�LQ�D�WUDLQLQJ�FRUSXV�IURP�WKH�86�

%DVHOLQH�DOJRULWKP
0RVW�WHVWLQJ�VWDUWV�ZLWK�D��EDVHOLQH��DOJRULWKP��L�H��D�VLPSOH�PHWKRG�WKDW�GRHV�GR�WKH�MRE��EXW�W\SLFDOO\�QRW�YHU\
ZHOO��,Q�WKLV�FDVH��RXU�EDVHOLQH�DOJRULWKP�PLJKW�SLFN�WKH�PRVW�FRPPRQ�WDJ�IRU�HDFK�ZRUG��LJQRULQJ�FRQWH[W��,Q�WKH
WDEOH�DERYH��WKH�PRVW�FRPPRQ�WDJ�IRU�HDFK�ZRUG�LV�VKRZQ�LQ�EROG��LW�PDGH�RQH�HUURU�RXW�RI�VL[�ZRUGV�

7KH�WHVW�GHYHORSPHQW�GDWD�ZLOO�W\SLFDOO\�FRQWDLQ�VRPH�ZRUGV�WKDW�ZHUHQ
W�VHHQ�LQ�WKH�WUDLQLQJ�GDWD��7KH�EDVHOLQH
DOJRULWKP�JXHVVHV�WKDW�WKHVH�DUH�QRXQV��VLQFH�WKDW
V�WKH�PRVW�FRPPRQ�WDJ�IRU�LQIUHTXHQW�ZRUGV��$Q�DOJRULWKP�FDQ
ÀJXUH�WKLV�RXW�E\�H[DPLQLQJ�QHZ�ZRUGV�WKDW�DSSHDU�LQ�WKH�GHYHORSPHQW�VHW��RU�E\�H[DPLQLQJ�WKH�VHW�RI�ZRUGV�WKDW
RFFXU�RQO\�RQFH�LQ�WKH�WUDLQLQJ�GDWD���KDSD[���ZRUGV�

2Q�ODUJHU�WHVWV��WKLV�EDVHOLQH�DOJRULWKP�KDV�DQ�DFFXUDF\�DURXQG������,W
V�HVVHQWLDO�IRU�D�SURSRVHG�QHZ�DOJRULWKP
WR�EHDW�WKH�EDVHOLQH��,Q�WKLV�FDVH��WKDW
V�QRW�VR�HDV\�EHFDXVH�WKH�EDVHOLQH�SHUIRUPDQFH�LV�XQXVXDOO\�KLJK�

)RUPXODWLQJ�WKH�HVWLPDWLRQ�SUREOHP
6XSSRVH�WKDW�:�LV�RXU�LQSXW�ZRUG�VHTXHQFH��H�J��D�VHQWHQFH��DQG�7�LV�DQ�LQSXW�WDJ�VHTXHQFH��7KDW�LV

��
��

2XU�JRDO�LV�WR�ÀQG�D�WDJ�VHTXHQFH�7�WKDW�PD[LPL]HV�3�7�_�:���8VLQJ�%D\HV�UXOH��WKLV�LV�HTXLYDOHQW�WR�PD[LPL]LQJ�
�$QG�WKLV�LV�HTXLYDOHQW�WR�PD[LPL]LQJ� �EHFDXVH�3�:��GRHVQ
W�GHSHQG�RQ

7�



6R�ZH�QHHG�WR�HVWLPDWH�3�:�_�7��DQG�3�7��IRU�RQH�À[HG�ZRUG�VHTXHQFH�:�EXW�IRU�DOO�FKRLFHV�IRU�WKH�WDJ
VHTXHQFH7�

:KDW�FDQ�ZH�UHDOLVWLFDOO\�HVWLPDWH"
2EYLRXVO\�ZH�FDQ
W�GLUHFWO\�PHDVXUH�WKH�SUREDELOLW\�RI�DQ�HQWLUH�VHQWHQFH�JLYHQ�D�VLPLODUO\�ORQJ�WDJ�VHTXHQFH�
8VLQJ��VD\��WKH�%URZQ�FRUSXV��ZH�FDQ�JHW�UHDVRQDEOH�HVWLPDWHV�IRU

LQGLYLGXDO�ZRUG�IUHTXHQFLHV
WDJ�XVDJH�IRU�HDFK�ZRUG
WDJ�ELJUDPV

,I�ZH�KDYH�HQRXJK�WDJJHG�GDWD��ZH�FDQ�DOVR�HVWLPDWH�WDJ�WULJUDPV��7DJJHG�GDWD�LV�KDUG�WR�JHW�LQ�TXDQWLW\��EHFDXVH
KXPDQ�LQWHUYHQWLRQ�LV�QHHGHG�IRU�FKHFNLQJ�DQG�FRUUHFWLRQ�

0DUNRY�DVVXPSWLRQV
7R�VLPSOLI\�WKH�SUREOHP��ZH�PDNH��0DUNRY�DVVXPSWLRQV���$�0DUNRY�DVVXPSWLRQ�LV�WKDW�WKH�YDOXH�RI�LQWHUHVW
GHSHQGV�RQO\�RQ�D�VKRUW�ZLQGRZ�RI�FRQWH[W��)RU�H[DPSOH��ZH�PLJKW�DVVXPH�WKDW�WKH�SUREDELOLW\�RI�WKH�QH[W�ZRUG
GHSHQGV�RQO\�RQ�WKH�WZR�SUHYLRXV�ZRUGV��<RX
OO�RIWHQ�VHH��0DUNRY�DVVXPSWLRQ��GHÀQHG�WR�DOORZ�RQO\�D�VLQJOH
LWHP�RI�FRQWH[W��+RZHYHU��VKRUW�ÀQLWH�FRQWH[WV�FDQ�HDVLO\�EH�VLPXODWHG�XVLQJ�RQH�LWHP�FRQWH[WV�

)RU�326�WDJJLQJ��ZH�PDNH�WZR�0DUNRY�DVVXPSWLRQV��)RU�HDFK�SRVLWLRQ�N�

�GHSHQGV�RQO\�RQ� ��
�GHSHQGV�RQO\�RQ�

7KHUHIRUH

��

ZKHUH� �LV�WKH�SUREDELOLW\�RI�WDJ� �DW�WKH�VWDUW�RI�D�VHQWHQFH�

)ROGLQJ�WKLV�DOO�WRJHWKHU��ZH
UH�ÀQGLQJ�WKH�7�WKDW�PD[LPL]HV

��
��

+00�SLFWXUH
/LNH�%D\HV�QHWV��+00V�DUH�D�W\SH�RI�JUDSKLFDO�PRGHO�DQG�VR�ZH�FDQ�XVH�VLPLODU�SLFWXUHV�WR�YLVXDOL]H�WKH
VWDWLVWLFDO�GHSHQGHQFLHV�



,Q�WKLV�FDVH��ZH�KDYH�D�VHTXHQFH�RI�WDJV�DW�WKH�WRS��(DFK�WDJ�GHSHQGV�RQO\�RQ�WKH�SUHYLRXV�WDJ��(DFK�ZRUG
�ERWWRP�URZ��GHSHQGV�RQO\�RQ�WKH�FRUUHVRQGLQJ�WDJ�

5HFDS
,Q�DQ�+00��ZH�KDYH�D�VHTXHQFH�RI�WDJV�DW�WKH�WRS��(DFK�WDJ�GHSHQGV�RQO\�RQ�WKH�SUHYLRXV�WDJ��(DFK�ZRUG
�ERWWRP�URZ��GHSHQGV�RQO\�RQ�WKH�FRUUHVRQGLQJ�WDJ�

$W�HDFK�WLPH�SRVLWLRQ�N��ZH�DVVXPH�WKDW

�GHSHQGV�RQO\�RQ� ��
�GHSHQGV�RQO\�RQ�

*LYHQ�DQ�LQSXW�ZRUG�VHTXHQFH�:��RXU�JRDO�LV�WR�ÀQG�WKH�WDJ�VHTXHQFH�7�WKDW�PD[LPL]HV

��
��

/HW
V�ODEHO�RXU�SUREDELOLWLHV�DV� �� ��DQG� �WR�PDNH�WKHLU�UROHV�PRUH�H[SOLFLW��8VLQJ�WKLV�QRWDWLRQ��ZH
UH�WU\LQJ
WR�PD[LPL]H

6R�ZH�QHHG�WR�HVWLPDWH�WKUHH�W\SHV�RI�SDUDPHWHUV�

�LQLWLDO�SUREDELOLWLHV
�WUDQVLWLRQ�SUREDELOLWLHV

�HPLVVLRQ�SUREDELOLWLHV

7R\�PRGHO
)RU�VLPSOLFLW\��OHW
V�DVVXPH�WKDW�ZH�KDYH�RQO\�WKUHH�WDJV��1RXQ��9HUE��DQG�'HWHUPLQHU��'HW���2XU�LQSXW�ZLOO
FRQWDLQ�VHQWHQFHV�WKDW�XVH�RQO\�WKRVH�W\SHV�RI�ZRUGV��H�J�



����'HW�1RXQ�����9HUE����'HW�1RXQ���1RXQ�
����7KH�VWXGHQW��DWH�����WKH�UDPHQ��QRRGOHV�

����'HW�1RXQ���1RXQ��9HUE����'HW�1RXQ�
����7KH�PDQLDF�ULGHU�FUDVKHG�KLV�ELNH��

:H�FDQ�ORRN�XS�RXU�LQLWLDO�SUREDELOLWLHV��L�H��WKH�SUREDELOLW\�RI�YDULRXV�YDOXHV�IRU� �LQ�D�WDEOH�OLNH�WKLV�

WDJ
9HUE ����
1RXQ ����
'HW ����

:H�FDQ�HVWLPDWH�WKHVH�E\�FRXQWLQJ�KRZ�RIWHQ�HDFK�WDJ�RFFXUV�DW�WKH�VWDUW�RI�D�VHQWHQFH�LQ�RXU�WUDLQLQJ�GDWD�

7UDQVLWLRQ�SUREDELOLWLHV
,Q�WKH��FRUUHFW��WDJ�VHTXHQFH�IRU�WKLV�VHQWHQFH��WKH�WDJV� �DQG� �KDYH�WKH�VDPH�YDOXH�'HW��6R�WKH�SRVVLELOLWLHV�IRU
WKH�IROORZLQJ�WDJV�� �DQG� ��VKRXOG�EH�VLPLODU��,Q�326�WDJJLQJ��ZH�DVVXPH�WKDW� �GHSHQGV�RQO\�RQ
WKH�LGHQWLWLHV�RI� �DQG� ��QRW�RQ�WKHLU�WLPH�SRVLWLRQ�N���7KLV�LV�D�FRPPRQ�DVVXPSWLRQ�IRU�0DUNRY�PRGHOV��

7KLV�LV�QRW�DQ�HQWLUHO\�VDIH�DVVXPSWLRQ��1RXQ�SKUDVHV�HDUO\�LQ�D�VHQWHQFH�DUH�V\VWHPDWLFDOO\�GLIIHUHQW�IURP�WKRVH
WRZDUG�WKH�HQG��7KH�HDUO\�RQHV�DUH�PRUH�OLNHO\�WR�EH�SURQRXQV�RU�VKRUW�QRXQ�SKUDVHV��H�J���WKH�ELNH����7KH�ODWHU
RQHV�PRUH�OLNHO\�WR�FRQWDLQ�QRXQV�WKDW�DUH�QHZ�WR�WKH�FRQYHUVDWLRQ�DQG��WKXV��WHQG�WR�EH�PRUH�HODERUDWH��H�J�
�-RKQ
V�IDQF\�QHZ�UDFLQJ�ELNH����+RZHYHU��DEVWUDFWLQJ�DZD\�IURP�WLPH�SRVLWLRQ�LV�D�YHU\�XVHIXO�VLPSOLI\LQJ
DVVXPSWLRQ�ZKLFK�DOORZV�XV�WR�HVWLPDWH�SDUDPHWHUV�ZLWK�UHDOLVWLF�DPRXQWV�RI�WUDLQLQJ�GDWD�

6R��VXSSRVH�ZH�QHHG�WR�ÀQG�D�WUDQVLWLRQ�SUREDELOLW\� �IRU�WZR�WDJV� �DQG� �LQ�RXU�WDJ�VHTXHQFH��:H
FRQVLGHU�RQO\�WKH�LGHQWLWLHV�RI�WKH�WZR�WDJV��H�J�� �PLJKW�EH�'(7�DQG� �PLJKW�EH�1281��$QG�ZH�ORRN�XS�WKH
SDLU�RI�WDJV�LQ�D�WDEOH�OLNH�WKLV

1H[W�7DJ
3UHYLRXV�WDJ 9HUE 1RXQ 'HW

9HUE ���� ���� ����
1RXQ ���� ���� ����
'HW ���� ����

:H�FDQ�HVWLPDWH�WKHVH�E\�FRXQWLQJ�KRZ�RIWHQ�D���WDJ�VHTXHQFH��H�J��'HW�1RXQ��RFFXUV�DQG�GLYLGLQJ�E\�KRZ�RIWHQ
WKH�ÀUVW�WDJ��H�J��'HW��RFFXUV�

1RWLFH�WKH�QHDU�]HUR�SUREDELOLW\�RI�D�WUDQVLWLRQ�IURP�'HW�WR�9HUE��,I�WKLV�LV�DFWXDOO\�]HUR�LQ�RXU�WUDLQLQJ�GDWD��GR
ZH�ZDQW�WR�XVH�VPRRWKLQJ�WR�ÀOO�LQ�D�QRQ�]HUR�QXPEHU"�<HV��EHFDXVH�HYHQ��LPSRVVLEOH��WUDQVLWLRQV�PD\�RFFXU�LQ
UHDO�GDWD�GXH�WR�W\SRV�RU��ZLWK�ODUJHU�WDJVHWV��YHU\�UDUH�WDJV��/DSODFH�VPRRWKLQJ�VKRXOG�ZRUN�ZHOO�

)LQLWH�VWDWH�DXWRPDWRQ
:H�FDQ�YLHZ�WKH�WUDQVLWLRQV�EHWZHHQ�WDJV�DV�D�ÀQLWH�VWDWH�DXWRPDWRQ��)6$���7KH�QXPEHUV�RQ�HDFK�DUF�LV�WKH
SUREDELOLW\�RI�WKDW�WUDQVLWLRQ�KDSSHQLQJ�



7KHVH�DUH�FRQFHSWXDOO\�WKH�VDPH�DV�WKH�)6$
V�IRXQG�LQ�&6�WKHRU\�FRXUVHV��%XW�EHZDUH�RI�VPDOO�GLIIHUHQFHV�LQ
FRQYHQWLRQV�

<RX�FDQ�VWDUW�LQ�DQ\�VWDWH��SUREDELOLW\�JLYHQ�E\�WKH�LQLWLDO�SUREDELOLW\�WDEOH��
$�WUDQVLWLRQ�DOZD\V�H[LVWV�EHWZHHQ�HYHU\�SDLU�RI�VWDWHV��EXW�HDFK�WUDQVLWLRQ�KDV�DQ�DVVRFLDWHG�SUREDELOLW\�RI
KDSSHQLQJ�
2XWSXW��ZRUGV��LV�JHQHUDWHG�ZKHQ�\RX�HQWHU�D�VWDWH��QRW�RQ�WKH�WUDQVLWLRQ�EHWZHHQ�VWDWHV�

(PLVVLRQ�SUREDELOLWLHV
2XU�ÀQDO�VHW�RI�SDUDPHWHUV�DUH�WKH�HPLVVLRQ�SUREDELOLWLHV��L�H�� �IRU�HDFK�SRVLWLRQ�N�LQ�RXU�WDJ�VHTXHQFH�
6XSSRVH�ZH�KDYH�D�YHU\�VPDOO�YRFDEXODU\�RI�QRXQV�DQG�YHUEV�WR�JR�ZLWK�RXU�WR\�PRGHO��7KHQ�ZH�PLJKW�KDYH
SUREDELOLWLHV�OLNH

���9HUE���SOD\HG������
����������DWH��������
����������ZURWH������
����������VDZ��������
����������VDLG�������
����������WUHH��������
�������
���1RXQ��ER\��������
���������JLUO�������
���������FDW��������
���������EDOO�������
���������WUHH�������
���������VDZ��������

���'HW��D��������
��������WKH������
��������VRPH������
��������PDQ\������

%HFDXVH�UHDO�YRFDEXODULHV�DUH�YHU\�ODUJH��LW
V�FRPPRQ�WR�VHH�QHZ�ZRUGV�LQ�WHVW�GDWD��6R�LW
V�HVVHQWLDO�WR�VPRRWK�
L�H��UHVHUYH�VRPH�RI�HDFK�WDJ
V�SUREDELOLW\�IRU

QHZ�ZRUGV
IDPLOLDU�ZRUGV�VHHQ�ZLWK�D�QHZ�WDJ



+RZHYHU��WKH�GHWDLOV�PD\�QHHG�WR�GHSHQG�RQ�WKH�W\SH�RI�WDJ��7DJV�GLYLGH��DSSUR[LPDWHO\��LQWR�WZR�W\SHV

RSHQ�FODVV��DND�FRQWHQW�ZRUGV��H�J��YHUEV��QRXQV��DGMHFWLYHV�
FORVHG�FODVV��DND�IXQFWLRQ�ZRUGV��H�J��SUHSRVLWLRQV��GHWHUPLQHUV�

,W
V�YHU\�FRPPRQ�WR�VHH�QHZ�RSHQ�FODVV�ZRUGV��,Q�(QJOLVK��RSHQ�FODVV�WDJV�IRU�H[LVWLQJ�ZRUGV�DUH�DOVR�OLNHO\�
EHFDXVH�QRXQV�DUH�RIWHQ�UHSXUSRVHG�DV�YHUEV��DQG�YLFH�YHUVD��(�J��WKH�SURSHU�QDPH�0DF*\YHU�VSDZQHG�D�YHUE�
EDVHG�RQ�WKH�LPSURYLVDWLRQDO�VNLOOV�RI�WKH�79�FKDUDFWHU�ZLWK�WKDW�QDPH��6R�RSHQ�FODVV�WDJV�QHHG�WR�UHVHUYH
VLJQLÀFDQW�SUREDELOLW\�PDVV�IRU�XQVHHQ�ZRUGV��H�J��ODUJHU�/DSODFH�VPRRWKLQJ�FRQVWDQW��,W
V�PXFK�OHVV�FRPPRQ�WR
HQFRXQWHU�QHZ�FORVHG�FODVV�ZRUGV��H�J��D�QHZ�FRQMXQFWLRQ��6R�WKHVH�WDJV�VKRXOG�KDYH�D�VPDOOHU�/DSODFH
VPRRWKLQJ�FRQVWDQW��7KH�DPRXQW�RI�SUREDELOLW\�PDVV�WR�UHVHUYH�IRU�HDFK�WDJ�FDQ�EH�HVWLPDWHG�E\�ORRNLQJ�DW�WKH
WDJV�RI��KDSD[��ZRUGV��ZRUGV�WKDW�RFFXU�RQO\�RQFH��LQ�RXU�WUDLQLQJ�GDWD�

'HFRGLQJ��9LWHUEL�DOJRULWKP�
2QFH�ZH�KDYH�HVWLPDWHG�WKH�PRGHO�SDUDPHWHUV��WKH�9LWHUEL�DOJRULWKP�ÀQGV�WKH�KLJKHVW�SUREDELOLW\�WDJ�VHTXHQFH
IRU�HDFK�LQSXW�ZRUG�VHTXHQFH��6XSSRVH�WKDW�RXU�LQSXW�ZRUG�VHTXHQFH�LV� �

7KH�EDVLF�GDWD�VWUXFWXUH�LV�DQ�Q�E\�P�DUUD\��Y���ZKHUH�Q�LV�WKH�OHQJWK�RI�WKH�LQSXW�ZRUG�VHTXHQFH�DQG�P�LV�WKH
QXPEHU�RI�GLIIHUHQW��XQLTXH��WDJV��(DFK�FHOO��N�W��LQ�WKH�DUUD\�FRQWDLQV�WKH�SUREDELOLW\�Y�N�W��RI�WKH�EHVW�VHTXHQFH
RI�WDJV�IRU� �WKDW�HQGV�ZLWK�WDJ�W��:H�DOVR�VWRUH�E�N�W���ZKLFK�LV�WKH�SUHYLRXV�WDJ�LQ�WKDW�EHVW�VHTXHQFH�
7KLV�GDWD�VWUXFWXUH�LV�FDOOHG�D��WUHOOLV��

7KH�9LWHUEL�DOJRULWKP�ÀOOV�WKH�WUHOOLV�IURP�OHIW�WR�ULJKW��DV�IROORZV�

,QLWLDOL]DWLRQ��:H�ÀOO�WKH�ÀUVW�FROXPQ�XVLQJ�WKH�LQLWLDO�SUREDELOLWLHV��6SHFLÀFDOO\��WKH�FHOO�IRU�WDJ�W
JHWV�WKH�YDOXH� �

0RYLQJ�IRUZDUGV�LQ�WLPH��8VH�WKH�YDOXHV�LQ�FROXPQ�N�WR�ÀOO�FROXPQ�N����6SHFLÀFDOO\��

)RU�HDFK�WDJ�

7KDW�LV��ZH�FRPSXWH� �IRU�DOO�SRVVLEOH�WDJV� ��7KH
PD[LPXP�YDOXH�JRHV�LQWR�WUHOOLV�FHOO� �DQG�WKH�FRUUHVSRQGLQJ�YDOXH�RI� �LV�VWRUHG�LQ�

�

)LQLVKLQJ��:KHQ�ZH
YH�ÀOOHG�WKH�HQWLUH�WUHOOLV��SLFN�WKH�EHVW�WDJ�%�LQ�WKH�ÀQDO��WLPH Q��FROXPQ�
7UDFH�EDFNZDUGV�IURP�%��XVLQJ�WKH�YDOXHV�LQ�E��WR�SURGXFH�WKH�RXWSXW�WDJ�VHTXHQFH�

+HUH
V�D�SLFWXUH�RI�RQH�VHFWLRQ�RI�WKH�WUHOOLV��GUDZQ�DV�D�JUDSK��$�SDWK�HQGLQJ�LQ�VRPH�VSHFLÀF�WDJ�DW�WLPH�N�PLJKW
FRQWLQXH�WR�DQ\�RQH�RI�WKH�SRVVLEOH�WDJV�DW�WLPH�N����6R�HDFK�FHOO�LQ�FROXPQ�N�LV�FRQQHFWHG�WR�DOO�FHOOV�LQ�FROXPQ
N����7KH�QDPH��WUHOOLV��FRPHV�IURP�WKLV�GHQVH�SDWWHUQ�RI�FRQQHFWLRQV�EHWZHHQ�HDFK�WLPHVWHS�DQG�WKH�QH[W�



,W
V�OLNH�D�0D]H
7KH�9LWHUEL�DOJRULWKP�GHSHQGV�RQ�WKLV�P\VWHU\�UXOH�IRU�FRPSXWLQJ�D�YDOXH�DW�WLPH�N���IURP�D�YDOXH�DW�WLPH�N�

:KDW�LV�LW"

7KLV�DERXW�VHDUFKLQJ�WKH�WUHOOLV�OLNH�D�PD]H��EXW�FRQVLVWHQWO\�PRYLQJ�IURP�OHIW�WR�ULJKW��L�H��IROORZLQJ�WKH
SURJUHVVLRQ�RI�WLPH���7KH�ULJKWKDQG�VLGH�RI�RXU�HTXDWLRQ�LV�WKH�SURGXFW�RI�WZR�WHUPV�

�LV�WKH�WRWDO�FRVW�WR�UHDFK�VWDWH�
�LV�WKH�FRVW�WR�JHW�IURP� �WR�

$V�ZH�PRYH�WKURXJK�WKH�WUHOOLV��ZH
UH�PXOWLSO\LQJ�FRVWV��ZKHUH�ZH�ZRXOG�DGG�WKHP�LQ�D�QRUPDO�PD]H��%XW�WKH
UHVW�RI�WKH�PHWKRG�LV�VLPLODU��$QG�ZH�SURGXFH�WKH�ÀQDO�RXWSXW�SDWK�E\�WUDFLQJ�EDFNZDUGV��MXVW�DV�ZH�ZRXOG�LQ�D
PD]H�VHDUFK�DOJRULWKP�

0RUH�GHWDLOV
7KH�SUREDELOLWLHV�LQ�WKH�9LWHUEL�DOJRULWKP�FDQ�JHW�YHU\�VPDOO��FUHDWLQJ�D�UHDO�SRVVLELOLW\�RI�XQGHUÁRZ��6R�WKH
DFWXDO�LPSOHPHQWDWLRQ�QHHGV�WR�FRQYHUW�WR�ORJV�DQG�UHSODFH�PXOWLSOLFDWLRQ�ZLWK�DGGLWLRQ��$IWHU�WKH�VZLWFK�WR
DGGLWLRQ��WKH�9LWHUEL�FRPSXWDWLRQ�ORRNV�HYHQ�PRUH�OLNH�HGLW�GLVWDQFH�RU�PD]H�VHDUFK��7KDW�LV��HDFK�FHOO�FRQWDLQV
WKH�FRVW�RI�WKH�EHVW�SDWK�IURP�WKH�VWDUW�WR�RXU�FXUUHQW�WLPHVWHS��$V�ZH�PRYH�WR�WKH�QH[W�WLPHVWHS��ZH
UH�DGGLQJ
VRPH�DGGLWLRQDO�FRVW�WR�WKH�SDWK��+RZHYHU��IRU�9LWHUEL�ZH�SUHIHU�ODUJHU��QRW�VPDOOHU��YDOXHV�

7KH�DV\PSWRWLF�UXQQLQJ�WLPH�IRU�WKLV�DOJRULWKP�LV� �ZKHUH�Q�LV�WKH�QXPEHU�RI�LQSXW�ZRUGV�DQG�P�LV�WKH
QXPEHU�RI�GLIIHUHQW�WDJV��,Q�W\SLFDO�XVH��Q�ZRXOG�EH�YHU\�ODUJH��WKH�OHQJWK�RI�RXU�WHVW�VHW��DQG�P�IDLUO\�VPDOO��H�J�
���WDJV�LQ�WKH�3HQQ�WUHHEDQN���0RUHRYHU��WKH�FRPSXWDWLRQ�LV�TXLWH�VLPSOH��6R�9LWHUEL�HQGV�XS�ZLWK�JRRG�FRQVWDQWV
DQG�WKHUHIRUH�D�IDVW�UXQQLQJ�WLPH�LQ�SUDFWLFH�

([WHQVLRQV
7KH�9LWHUEL�DOJRULWKP�FDQ�EH�H[WHQGHG�LQ�VHYHUDO�ZD\V��)LUVW��KLJK�DFFXUDF\�WDJJHUV�W\SLFDOO\�XVH�WZR�WDJV�RI
FRQWH[W�WR�SUHGLFW�HDFK�QHZ�WDJ��7KLV�LQFUHDVHV�WKH�KHLJKW�RI�RXU�WUHOOLV�IURP�P�WR� ��6R�WKH�IXOO�WUHOOLV�FRXOG
EHFRPH�ODUJH�DQG�H[SHQVLYH�WR�FRPSXWHU��7KHVH�PHWKRGV�W\SLFDOO\�XVH�EHDP�VHDUFK��L�H��NHHS�RQO\�WKH�PRVW
SURPLVLQJ�WUHOOLV�VWDWHV�IRU�HDFK�WLPHVWHS�

6R�IDU��ZH
YH�EHHQ�DVVXPLQJ�WKDW�DOO�XQVHHQ�ZRUGV�VKRXOG�EH�WUHDWHG�DV�XQDQDO\]DEOH�XQNQRZQ�REMHFWV��+RZHYHU�
WKH�IRUP�RI�D�ZRUG�RIWHQ�FRQWDLQV�VWURQJ�FXHV�WR�LWV�SDUW�RI�VSHHFK��)RU�H[DPSOH��(QJOLVK�ZRUGV�HQGLQJ�LQ���O\�



DUH�W\SLFDOO\�DGYHUEV��:RUGV�HQGLQJ�LQ���LQJ��DUH�HLWKHU�QRXQV�RU�YHUEV��:H�FDQ�XVH�WKHVH�SDWWHUQV�WR�PDNH�PRUH
DFFXUDWH�JXHVVHV�IRU�HPLVVLRQ�SUREDELOLWLHV�RI�XQVHHQ�ZRUGV�

)LQDOO\��VXSSRVH�WKDW�ZH�KDYH�RQO\�YHU\�OLPLWHG�DPRXQWV�RI�WDJJHG�WUDLQLQJ�GDWD��VR�WKDW�RXU�HVWLPDWHG�PRGHO
SDUDPHWHUV�DUH�QRW�YHU\�DFFXUDWH��:H�FDQ�XVH�XQWDJJHG�WUDLQLQJ�GDWD�WR�UHÀQH�WKH�PRGHO�SDUDPHWHUV��XVLQJ�D
WHFKQLTXH�FDOOHG�WKH�IRUZDUG�EDFNZDUG��RU�%DXP�:HOFK��DOJRULWKP��7KLV�LV�DQ�DSSOLFDWLRQ�RI�D�JHQHUDO�PHWKRG
FDOOHG��([SHFWDWLRQ�0D[LPL]DWLRQ���(0��DQG�LW�LWHUDWLYHO\�WXQHV�WKH�+00
V�SDUDPHWHUV�VR�DV�WR�LPSURYH�WKH
FRPSXWHG�OLNHOLKRRG�RI�WKH�WUDLQLQJ�GDWD�

+HUH�LV�DQ�LQWHUHVWLQJ�H[DPSOH�IURP������RI�KRZ�DQ�+00�FDQ�DXWRPDWLFDOO\�OHDUQ�VRXQG�FODVVHV��5��/��&DYH
DQG�/��3��1HXZLUWK���+LGGHQ�0DUNRY�PRGHOV�IRU�(QJOLVK��



&6�����(&(�����
0DUJDUHW�)OHFN ���&RPSXWHU�9LVLRQ

&RPSXWHU�YLVLRQ�DOJRULWKPV�UHODWH�LPDJH�GDWD�WR�KLJK�OHYHO�GHVFULSWLRQV��$OWKRXJK�WKH�WHFKQLTXHV�DUH�JHQHUDOO\�VLPLODU
WR�WKRVH�LQ�QDWXUDO�ODQJXDJH��WKH�REMHFWV�EHLQJ�PDQLSXODWHG�DUH�LQ��'�RU��'�

,PDJH�IRUPDWLRQ
&DPHUDV�DQG�KXPDQ�H\HV�PDS�SDUW�RI�WKH��'�ZRUOG�RQWR�D��'�SLFWXUH��7KH�SLFWXUH�EHORZ�VKRZV�WKH�EDVLF�SURFHVV�IRU�D
SLQKROH�FDPHUD��/LJKW�UD\V�SDVV�WKURXJK�WKH�SLQKROH��3��DQG�IRUP�DQ�LPDJH�RQ�WKH�FDPHUD
V�VHQVRU�DUUD\��:KHQ�ZH
UH
GLVFXVVLQJ�JHRPHWU\�UDWKHU�WKDQ�FDPHUD�KDUGZDUH��LW
V�RIWHQ�FRQYHQLHQW�WR�WKLQN�RI�D�PDWKHPDWLFDO�LPDJH�WKDW�OLYHV�LQ
IURQW�RI�WKH�SLQKROH��7KH�WZR�LPDJHV�DUH�VLPLODU��H[FHSW�WKDW�WKH�RQH�EHKLQG�WKH�SLQKROH�LV�XSVLGH�GRZQ�

�IURP�.LQJVODNH��2SWLFV�LQ�3KRWRJUDSK\��

3LQKROH�FDPHUDV�DUH�PDWKHPDWLFDOO\�VLPSOH�EXW�GRQ
W�DOORZ�PXFK�OLJKW�WKURXJK��6R�FDPHUDV�XVH�D�OHQV�WR�IRFXV�OLJKW
FRPLQJ�LQ�IURP�D�ZLGHU�DSHUWXUH��7\SLFDO�FDPHUD�OHQVHV�DUH�EXLOW�XS�RXW�RI�PXOWLSOH�VLPSOH�OHQVHV��,Q�WKH�ZLGH�DQJOH
OHQV�VKRZQ�EHORZ��D�EXQGOH�RI�OLJKW�UD\V�FRPLQJ�IURP�WKH�RULJLQDO��'�ORFDWLRQ�HQWHUV�WKH�IURQW�HOHPHQW�DW�WKH�OHIW�DQG�LV
JUDGXDOO\�IRFXVHG�LQWR�D�VLQJOH�SRLQW�RQ�WKH�LPDJH�DW�WKH�ULJKW�

�IURP�.LQJVODNH��2SWLFV�LQ�3KRWRJUDSK\��

7KH�KXPDQ�H\H�KDV�D�VLPSOHU�OHQV��EXW�DOVR�DQ�HDVLHU�WDVN��$W�DQ\�JLYHQ�PRPHQW��RQO\�D�WLQ\�DUHD�LQ�WKH�FHQWHU�RI�\RXU
ÀHOG�RI�YLHZ�LV�LQ�VKDUS�IRFXV�DQG��HYHQ�ZLWKLQ�WKDW�DUHD��REMHFWV�DUH�RQO\�LQ�IRFXV�LI�WKH\�DUH�DW�WKH�GHSWK�\RX
UH�SD\LQJ
DWWHQWLRQ�WR��7KH�LOOXVLRQ�RI�D�ZLGH�ÀHOG�RI�YLHZ�LQ�VKDUS�IRFXV�LV�FUHDWHG�E\�WKH�IDFW�WKDW�\RXU�H\HV�FRQVWDQWO\�FKDQJH
WKHLU�GLUHFWLRQ�DQG�IRFDO�GHSWK��DV�\RXU�LQWHUHVW�PRYHV�DURXQG�WKH�VFHQH�



�IURP�:LNLSHGLD

6DPSOLQJ
7KH�OHQV�SURGXFHV�D�FRQWLQXRXV�LPDJH�RQ�WKH�FDPHUD��'LJLWDO�FDPHUDV�VDPSOH�WKLV�WR�SURGXFH�D��'�DUUD\�RI�LQWHQVLW\
YDOXHV��$�ÀOWHU�DUUD\�VHQGV�UHG��JUHHQ��RU�EOXH�OLJKW�SUHIHUHQWLDOO\�WR�HDFK��[�\��ORFDWLRQ�LQ�WKH�VHQVRU�DUUD\��LQ�DQ
DOWHUQDWLQJ�SDWWHUQ��7KLV�LQIRUPDWLRQ�LV�UHIRUPDWWHG�LQWR�DQ�RXWSXW�LQ�ZKLFK�HDFK��[�\��SRVLWLRQ�FRQWDLQV�D��SL[HO��ZLWK
WKUHH�FRORU�YDOXHV��UHG��JUHHQ��DQG�EOXH���0RGHUQ�FDPHUDV�SURGXFH�LPDJHV�WKDW�DUH�VHYHUDO�WKRXVDQG�SL[HOV�ZLGH�DQG
KLJK��L�H��PXFK�PRUH�UHVROXWLRQ�WKDQ�$,�DOJRULWKPV�FDQ�DFWXDOO\�KDQGOH�

7KH�KXPDQ�UHWLQD�XVHV�YDULDEOH�UHVROXWLRQ�VDPSOLQJ��7KH�FHQWUDO�UHJLRQ��IRYHD��LV�XVHG�IRU�VHHLQJ�ÀQH�GHWDLOV�RI�WKH
REMHFW�WKDW�\RX
UH�SD\LQJ�DWWHQWLRQ�WR��7KH�SHULSKHU\�SURYLGHV�RQO\�D�FRDUVH�UHVROXWLRQ�SLFWXUH�DQG�LV�XVHG�SULPDULO\�IRU
QDYLJDWLRQDO�WDVNV�VXFK�DV�QRW�UXQQLQJ�LQWR�WDEOHV�DQG�VWD\LQJ��
�DZD\�IURP�RWKHU�SHRSOH�

7KH�OHIWKDQG�SKRWRPLFURJUDSK�EHORZ�VKRZV�WKH�SDWWHUQ�RI�FRQH�FHOOV�LQ�WKH�IRYHD��7KH�ULJKWKDQG�SLFWXUH�VKRZV�WKH
FRQHV��ODUJH�FHOOV��LQ�WKH�SHULSKHU\��LQWHUVSHUVHG�ZLWK�URGV��VPDOO�FHOOV���1RWLFH�WKDW�WKH�SDWWHUQ�LV�VOLJKWO\�LUUHJXODU�
ZKLFK�SUHYHQWV�DOLDVLQJ�DUWLIDFWV���$OLDVLQJ��LV�WKH�FUHDWLRQ�RI�VSXULRXV�ORZ�IUHTXHQF\�SDWWHUQV�IURP�KLJK�IUHTXHQF\
SDWWHUQV�WKDW�KDYH�EHHQ�VDPSOHG�DW�WRR�ORZ�D�IUHTXHQF\�

3KRWRPLFURJUDSKV�IURP
-RKQ�<HOORWW���6SHFWUDO
&RQVHTXHQFHV�RI
3KRWRUHFHSWRU�6DPSOLQJ
LQ�WKH�5KHVXV�5HWLQD���

(DFK�W\SH�RI�UHFHSWRU�UHVSRQGV�SUHIHUHQWLDOO\�WR�RQH�UDQJH�RI�OLJKW�FRORUV��DV�VKRZQ�EHORZ��7KH�UHG��JUHHQ��DQG�EOXH
FRQHV�SURGXFH�RXWSXWV�VLPLODU�WR�WKH�RQHV�IURP�D�GLJLWDO�FDPHUD��H[FHSW�WKDW�EOXH�FRQHV�DUH�PXFK�OHVV�FRPPRQ�WKDQ
EOXH�DQG�JUHHQ�RQHV��7KH�URGV��RQO\�RQH�FRORU�W\SH��DUH�XVHG�IRU�VHHLQJ�LQ�ORZ�OLJKW�FRQGLWLRQV�



�
,OOXVWUDWLRQ�IURP�$QDWRP\�	�3K\VLRORJ\��&RQQH[LRQV�:HE�VLWH��KWWS���FQ[�RUJ�FRQWHQW�FRO������������-XQ����������

2EMHFWV�WR�LPDJHV
5HFRJQL]LQJ�REMHFWV�IURP�SLFWXUHV�LV�GLIÀFXOW�EHFDXVH��WKH�VDPH��REMHFW�QHYHU�DFWXDOO\�KDV�WKH�VDPH�SDWWHUQ�RI�SL[HO
YDOXHV��0RVW�REYLRXVO\��ZH�FRXOG�URWDWH�RU�WUDQVODWH�WKH�SRVLWLRQ�RI�WKH�REMHFW�LQ�WKH�SLFWXUH��%XW��LQ�DGGLWLRQ��ZH�PLJKW
EH�VHHLQJ�WKH�REMHFW�IURP�WZR�GLIIHUHQW�YLHZSRLQWV��(�J��FRPSDUH�WKH�WZR�YLHZV�RI�WKH�OHPRQ�WUHH��LQ�WKH�SODQWHU��DQG
WKH�ÀJ�WUHH��OHIW�SODQW�LQ�WKH�ULJKWKDQG�SLFWXUH���'HSHQGLQJ�RQ�VSHFLÀFV�RI�WKH�FDPHUD�OHQV��VLPSO\�PRYLQJ�WKH�REMHFW
IURP�WKH�PLGGOH�WR�WKH�HGJH�RI�WKH�YLHZ�FDQ�DOVR�FDXVH�LWV�VKDSH�WR�EH�GLVWRUWHG��7KH�VKDSH�RI�DQ�REMHFW�ORRNV�GLIIHUHQW
ZKHQ�LW
V�VHHQ�IURP�YHU\�FORVH��H�J��D�VHOÀH�YV��D�SURIHVVLRQDO�SKRWRJUDSK�

� �

3DUWV�RI�REMHFWV�FDQ�EH��RFFOXGHG���L�H��GLVDSSHDU�EHKLQG�RWKHU�REMHFWV��DSSOH�LQ�WKH�OHIWKDQG�SLFWXUH���$�ÁH[LEOH�REMHFW
FDQ�EH�EHQW�LQWR�GLIIHUHQW�VKDSHV��ULJKW�EHORZ��



'LIIHUHQFHV�LQ�OLJKWLQJ�FDQ�FKDQJH�WKH�DSSDUHQW�FRORU�RI�DQ�REMHFW��DV�ZHOO�DV�WKH�SRVLWLRQV�RI�KLJKOLJKWV�DQG�VKDGRZV�
7KH�WZR�SLFWXUHV�EHORZ�DUH�WKH�VDPH�DSSOH��SKRWRJUDSKHG�LQ�GLIIHUHQW�URRPV��7KH�DSSDUHQW�FRORUV�DUH�GLIIHUHQW��$OVR�
WKH�OHIWKDQG�SLFWXUH�KDV�D�GDUN�VKDGRZ�DERYH�WKH�DSSOH��ZKHUHDV�WKH�ULJKWKDQG�SLFWXUH��WDNHQ�LQ�PRUH�GLIIXVH�OLJKWLQJ�
KDV�D�OLJKW�VKDGRZ�EHORZ�WKH�DSSOH�

�

)LQDOO\��QDWXUDO�REMHFWV�DUH�UDUHO\�LGHQWLFDO��HYHQ�ZKHQ�WKH\�DUH�QRPLQDOO\�RI�WKH�VDPH�W\SH��H�J��WKH�WZR�KRQH\FULVS
DSSOHV�EHORZ�



$SSOLFDWLRQV�RI�&RPSXWHU�9LVLRQ
&RPSXWHU�YLVLRQ�FDQ�XVHG�IRU�IRXU�EDVLF�W\SHV�RI�WDVNV�

&ODVVLÀFDWLRQ
5HFRQVWUXFWLRQ
,PDJH�JHQHUDWLRQ
0DNLQJ�SUHGLFWLRQV

&ODVVLÀFDWLRQ
,Q�LWV�PRVW�EDVLF�IRUP��FODVVLÀFDWLRQ�LQYROYHV�FRPLQJ�XS�ZLWK�D�VLQJOH�ODEHO�WR�GHVFULEH�WKH�FRQWHQWV�RI�DQ�LPDJH��)RU
H[DPSOH��WKH�OHIWKDQG�SLFWXUH�EHORZ�VKRZV�DQ�DSSOH��WKH�ULJKWKDQG�SLFWXUH�VKRZV�D�PXJ�

�

8VLQJ�GHHS�QHXUDO�QHWZRUNV��WRS���HUURU�UDWHV�IRU�FODVVLÀFDWLRQ�RQ�,PDJHQHW��RQH�VWDQGDUG�EHQFKPDUN�VHW�RI�ODEHOOHG
LPDJHV��KDYH�JRQH�IURP�����LQ������WR�����LQ�������8QIRUWXQDWHO\��ZH�KDYH�D�UDWKHU�SRRU�PRGHO�RI�ZK\�WKHVH
QHWZRUNV�ZRUN�ZHOO��DQG�KRZ�WR�FRQVWUXFW�JRRG�RQHV��$V�ZH�ZLOO�VHH�ODWHU�RQ��QHXUDO�QHWV�DOVR�KDYH�D�WHQGHQF\�WR�IDLO
XQH[SHFWHGO\�

$SSOLFDWLRQV�RI�FODVVLÀFDWLRQ
5HFHQWO\��FODVVLÀHUV�KDYH�EHHQ�H[WHQGHG�WR�ZRUN�RQ�PRUH�FRPSOH[�VFHQHV��7KLV�LQYROYHV�WZR�WDVNV�ZKLFK�FRXOG
WKHRUHWLFDOO\�EH�GRQH�DV�RQH�VWHS�EXW�IUHTXHQWO\�DUH�QRW��)LUVW��ZH�GHWHFW�REMHFWV�DORQJ�ZLWK�WKHLU�DSSUR[LPDWH�ORFDWLRQ
LQ�WKH�LPDJH��SURGXFLQJ�D�ODEHOOHG�LPDJH�OLNH�WKH�RQH�EHORZ��7KLV�XVHV�D�ORW�RI�FODVVLÀHUV�DQG�ZRUNV�RQO\�RQ�VPDOOLVK
VHWV�RI�REMHFW�W\SHV��H�J��WHQV��KXQGUHGV��



��
IURP�/DQD�/D]HEQLN

:KHQ�DQ�REMHFW�LV�PHQWLRQHG�LQ�DQ�LPDJH�FDSWLRQ��VLPLODU�PHWKRGV�FDQ�EH�XVHG�WR�ORFDWH�WKH�REMHFW�LQ�WKH�LPDJH��$IWHU
DQ�REMHFW�KDV�EHHQ�GHWHFWHG�DQG�DSSUR[LPDWHO\�ORFDWHG��ZH�FDQ��UHJLVWHU��LW��7KDW�LV��ZH�FDQ�SURGXFH�LWV�H[DFW�SRVLWLRQ�
SRVH��RULHQWDWLRQ�

7KHUH�KDV�DOVR�EHHQ�VRPH�VXFFHVV�DW�ODEHOOLQJ��VHPDQWLF��UROHV�LQ�LPDJHV��H�J��ZKR�LV�WKH�DFWRU"�ZKDW�DUH�WKH\�DFWLQJ
RQ"�ZKDW�WRRO�DUH�WKH\�XVLQJ"�,Q�WKH�H[DPSOHV�EHORZ��\RX�FDQ�VHH�WKDW�PDQ\�UROHV�DUH�VXFFHVVIXOO\�UHFRYHUHG��JUHHQ�
EXW�VRPH�DUH�QRW��UHG���7KLV�NLQG�RI�VFHQH�DQDO\VLV�FDQ�EH�XVHG�WR�JHQHUDWH�FDSWLRQV�IRU�LPDJHV�DQG�DQVZHU�TXHVWLRQV
DERXW�ZKDW
V�LQ�D�SLFWXUH�



��
IURP�<DWVNDU��=HWWOHPR\HU��)DUKDGL���6LWXDWLRQ�5HFRJQLWLRQ��������

5HFRQVWUXFWLRQ
:H�FDQ�DOVR�UHFRQVWUXFW�DVSHFWV�RI�WKH��'�VFHQH��ZLWKRXW�QHFHVVDULO\�GRLQJ�D�GHHSHU�DQDO\VLV�RU�DVVRFLDWLQJ�DQ\�QDWXUDO
ODQJXDJH�ODEHOV��6XSSRVH��IRU�H[DPSOH��WKDW�ZH�KDYH�WZR�SLFWXUHV�RI�D�VFHQH��HLWKHU�IURP�D�VWHUHR�SDLU�RI�FDPHUDV�RU�D
PRYLQJ�FDPHUD��1RWLFH�WKDW�GLVWDQW�REMHFWV�VWD\�LQ�DSSUR[LPDWHO\�WKH�VDPH�LPDJH�SRVLWLRQ�EXW�FORVHU�REMHFWV�PRYH
VLJQLÀFDQWO\�

�

,W
V�IDLUO\�FRPPRQ�WKDW�ZH�NQRZ�WKH�UHODWLYH�SRVLWLRQV�RI�WKH�WZR�FDPHUDV��)RU�H[DPSOH��WKH\�PD\�ERWK�EH�PRXQWHG�RQ
WKH�VDPH�URERW�SODWIRUP��+XPDQ�H\HV�DUH�DQRWKHU�H[DPSOH��,Q�WKLV�VLWXDWLRQ��LW
V�HDV\�WR�WXUQ�D�SDLU�RI�PDWFKLQJ�IHDWXUHV
LQWR�D�GHSWK�HVWLPDWH���6HH�GLDJUDP�EHORZ���7KHVH�GHSWK�HVWLPDWHV�DUH�KLJKO\�DFFXUDWH�IRU�REMHFWV�QHDU�WKH�REVHUYHU�
ZKLFK�FRQYHQLHQWO\�PDWFKHV�ZKDW�ZH�QHHG�IRU�PDQLSXODWLQJ�REMHFWV�WKDW�DUH�ZLWKLQ�JUDEELQJ�GLVWDQFH��3HRSOH�ZKR�ODFN
VWHUHR�YLVLRQ�FDQ�JHW�VLPLODU�LQIRUPDWLRQ�E\�PRYLQJ�WKHLU�KHDGV�



��
IURP�'HUHN�+RLHP

0RUH�LQWHUHVWLQJO\��ZH�FDQ�UHFRQVWUXFW�WKH�FDPHUD�PRWLRQ�LI�ZH�KDYH�HQRXJK�PDWFKHG�IHDWXUHV��)RU�H[DPSOH��ZH�FDQ
H[WUDFW�ORFDO�IHDWXUHV�IURP�D�SDLU�RI�LPDJHV�DQG�XVH�WKHVH�DV�JXLGHSRLQWV�WR�PHUJH�WKH�WZR�LPDJHV�LQWR�RQH��:H�FDQ
UHFRQVWUXFW�D��'�VFHQH�GRZQ�WR�YHU\�ÀQH�GHWDLOV�LI�ZH�KDYH�HQRXJK�SLFWXUHV��6R�ZH�FDQ�VHQG�D�GURQH�LQWR�D�VSDFH�WKDW�LV
KD]DUGRXV�RU�LQFRQYHQLHQW�IRU�KXPDQV�WR�YLVLW��DQG�WKHQ�GLUHFW�D�KXPDQ�LQVSHFWRU�WR�SUREOHPDWLF�IHDWXUHV��H�J��HYLGHQFH
RI�FUDFNLQJ�LQ�EULGJH�VXSSRUWV��

��
IURP�'HUHN�+RLHP



IURP�'HUHN�+RLHP

:KHQ�\RX�KDYH�HQRXJK�WUDLQLQJ�H[DPSOHV��RU�HQRXJK�SULRU�NQRZOHGJH��LW
V�SRVVLEOH�WR�UHFRQVWUXFW��'�LQIRUPDWLRQ�IURP
D�VLQJOH�LPDJH��)RU�H[DPSOH��D�PRELOH�URERW�PLJKW�H[WUDFW�WKH�VLGHV�RI�WKLV�SDWK��XVH�WKHLU�YDQLVKLQJ�SRLQW�WR�JXHVV�WKH
WLOW��DQG�ÀJXUH�RXW�WKDW�WKH�EOXH�REMHFW�LV�VRPHWKLQJ�WKDW�PLJKW�EORFN�LWV�URXWH��,Q�WKLV�FDVH��LW
V�D�MDFNHW��VR�VRPH�URERWV
PLJKW�EH�DEOH�WR�GULYH�RYHU�LW��%XW�LW�FRXOG�KDYH�EHHQ�D�ODUJH�URFN�

0RUH�LQWHUHVWLQJO\��ZH�FDQ�H[WUDFW�D��'�PRGHO�IRU�LQGRRU�VFHQHV�XVLQJ�RXU�NQRZOHGJH�RI�W\SLFDO�URRP�JHRPHWU\��OLNHO\
REMHFWV��HWF��,Q�WKH�SLFWXUH�EHORZ��D�SURJUDP�KDV�RXWOLQHG�WKH�HGJHV�GHOLPLWLQJ�WKH�ÁRRU��FHLOLQJ��DQG�ZDOOV�



��
IURP�'HUHN�+RLHP

*HQHUDWLRQ
5HODWLYHO\�UHFHQW�QHXUDO�QHW�DOJRULWKPV�FDQ�FUHDWH�UDQGRP�LPDJHV�VLPLODU�WR�D�VHW�RI�WUDLQLQJ�LPDJHV��7KLV�FDQ�EH�GRQH
IRU�IXQ��H�J��WKH�IDFHV�EHORZ���$�VHULRXV�DSSOLFDWLRQ�LV�FUHDWLQJ�PHGLFDO�LPDJHV�WKDW�FDQ�EH�IRU�WHDFKLQJ�UHVHDUFK�
ZLWKRXW�JLYLQJ�DZD\�SULYDWH�PHGLFDO�GDWD��&DQ�ZRUN�YHU\�ZHOO��GRFWRUV�ÀQG�LW�YHU\�KDUG�WR�WHOO�UHDO�[UD\�LPDJHV�IURP
IDNH�RQHV�

�
IURP�6W\OH*$1�E\�.DUUDV��/DLQH��$LOD��19,',$������

0RUH�LQWHUHVWLQJO\��VXSSRVH�WKDW�ZH�KDYH�D��'�PRGHO�IRU�WKH�VFHQH��:H�QRZ�KDYH�HQRXJK�LQIRUPDWLRQ�WR�DGG�REMHFWV�WR
WKH�VFHQH�DQG�PDNH�WKH�UHVXOW�ORRN�ULJKW���6HH�SLFWXUH�EHORZ���7KH��'�PRGHO�LV�UHTXLUHG�WR�PDNH�REMHFWV�VLW�FRUUHFWO\�RQ
VXUIDFHV��UDWKHU�WKDQ�KRYHULQJ�VRPHZKHUH�QHDU�WKHP���JLYH�WKH�REMHFW�DSSURSULDWH�VKDGLQJ��DQG�PDNH�OLJKW�IURP��RU
ERXQFLQJ�RII�RI��WKH�REMHFW�DIIHFW�WKH�VKDGLQJ�RQ�QHDUE\�REMHFWV��:H�FDQ�DOVR�UHPRYH�REMHFWV��E\�PDNLQJ�DVVXPSWLRQV
DERXW�ZKDW�VXUIDFH�V��SUREDEO\�FRQWLQXH�EHKLQG�WKHP��$QG�ZH�FDQ�PRYH�REMHFWV�IURP�RQH�SLFWXUH�LQWR�DQRWKHU�



�
.DUVK��+HGDX��)RUV\WK��+RLHP��5HQGHULQJ�6\QWKHWLF�2EMHFWV�LQWR�/HJDF\�3KRWRJUDSKV��������

+HUH�LV�D�FRRO�YLGHR�VKRZLQJ�GHWDLOV�RI�KRZ�WKLV�DOJRULWKP�ZRUNV��IURP�.HYLQ�.DUVK��

3UHGLFWLQJ�WKH�IXWXUH
$�PXFK�KDUGHU��EXW�SRWHQWLDOO\�PRUH�XVHIXO��WDVN�ZRXOG�EH�WR�SUHGLFW�WKH�IXWXUH�IURP�RXU�FXUUHQW�REVHUYDWLRQV��)RU
H[DPSOH��ZKDW
V�DERXW�WR�KDSSHQ�WR�WKH�SLHFH�RI�JLQJHU�LQ�WKH�SLFWXUH�EHORZ"

6RPH�SUHGLFWLRQV�UHTXLUH�VRSKLVWLFDWHG�XQGHUVWDQGLQJ�RI�WKH�VFHQH��%XW��LQWHUHVWLQJO\��RWKHUV�GR�QRW��,I�DQ�REMHFW�LV
PRYLQJ�GLUHFWO\�WRZDUGV�\RX��LW�H[SDQGV�LQ�\RXU�ÀHOG�RI�YLHZ�ZLWKRXW�PRYLQJ�VLGHZD\V��0RUHRYHU��WKH�WLPH�WR�FROOLVLRQ
LV�LWV�VL]H�LQ�WKH�LPDJH�WLPHV�WKH�GHULYDWLYH�RI�WKH�VL]H��+XPDQV�DQG�PDQ\�RWKHU�DQLPDOV�XVH�WKLV�WULFN�WR�TXLFNO\�GHWHFW
SRWHQWLDO�FROOLVLRQV��&ROOLVLRQ�DYRLGDQFH�LV�RQH�RI�WKH�PDLQ�UROHV�RI�WKH�ORZ�UHVROXWLRQ�SHULSKHUDO�YLVLRQ�LQ�KXPDQV�



&6�����(&(�����
0DUJDUHW�)OHFN ���&ODVVLÀHUV

7KH�ELJ�LGHD
&ODVVLÀHUV�WXUQ�VHWV�RI�LQSXW�IHDWXUHV�LQWR�ODEHOV��$W�D�YHU\�KLJK�OHYHO�

7UDLQ�WKH�FODVVLÀHU�RQ�WKH�WUDLQLQJ�GDWD�
7XQH�DQ\�SDUDPHWHUV��H�J��WKH�VPRRWKLQJ�FRQVWDQW�LQ�1DLYH�%D\HV��E\�WU\LQJ�WR�FODVVLI\�WKH�GHYHORSPHQW�GDWD�
'LVFRYHU�KRZ�ZHOO�ZH�GLG�XVLQJ�WKH�ÀQDO�WHVW�GDWD�

&ODVVLÀHUV�FDQ�EH�XVHG�WR�FODVVLI\�VWDWLF�REMHFWV�DQG�WR�PDNH�GHFLVLRQV�

:KDW�LV�WKH�WRSLF"
:H
YH�VHHQ�D�QDLYH�%D\HV�FODVVLÀHU�XVHG�WR�LGHQWLI\�WKH�W\SH�RI�WH[W��H�J��ODEHO�H[WUDFWV�VXFK�DV�WKH�IROORZLQJ�DV�PDWK�WH[W��QHZV�WH[W��RU�KLVWRULFDO
GRFXPHQW�

/HW�9�EH�D�SDUWLFXODU�VHW�RI�YHUWLFHV�RI�FDUGLQDOLW\�Q��+RZ�PDQ\�GLIIHUHQW��VLPSOH��XQGLUHFWHG��JUDSKV�DUH�WKHUH�ZLWK�WKHVH�Q�YHUWLFHV"�+HUH
ZH�ZLOO�DVVXPH�WKDW�ZH�DUH�QDPLQJ�WKH�HGJHV�RI�WKH�JUDSK�XVLQJ�D�SDLU�RI�YHUWLFHV��VR�\RX�FDQQRW�JHW�QHZ�JUDSKV�E\�VLPSO\�UHQDPLQJ
HGJHV���%ULHÁ\�MXVWLI\�\RXU�DQVZHU���IURP�&6�����VWXG\�SUREOHPV�

6HQDWH�0DMRULW\�/HDGHU�0LWFK�0F&RQQHOO�GLG�D�URXQG�RI�LQWHUYLHZV�ODVW�ZHHN�LQ�ZKLFK�KH�VDLG�UHSHDOLQJ�2EDPDFDUH�DQG�PDNLQJ�FXWV�WR
HQWLWOHPHQW�SURJUDPV�UHPDLQ�RQ�KLV�DJHQGD��'HPRFUDWV�DUH�DOUHDG\�XVLQJ�KLV�ZRUGV�DJDLQVW�KLP���IURP�&11�����2FWREHU������

&RQJUHVV�VKDOO�PDNH�QR�ODZ�UHVSHFWLQJ�DQ�HVWDEOLVKPHQW�RI�UHOLJLRQ��RU�SURKLELWLQJ�WKH�IUHH�H[HUFLVH�WKHUHRI��RU�DEULGJLQJ�WKH�IUHHGRP�RI
VSHHFK��RU�RI�WKH�SUHVV��RU�WKH�ULJKW�RI�WKH�SHRSOH�SHDFHDEO\�WR�DVVHPEOH��DQG�WR�SHWLWLRQ�WKH�*RYHUQPHQW�IRU�D�UHGUHVV�RI�JULHYDQFHV�

/DEHOOLQJ�ORZ�OHYHO�LQSXW
&ODVVLÀHUV�FDQ�DOVR�EH�XVHG�ODEHO�ORZ�OHYHO�LQSXW��)RU�H[DPSOH��ZH�FDQ�ODEHO�ZKDW�NLQG�RI�REMHFW�LV�LQ�D�SLFWXUH��2U�ZH�FDQ�LGHQWLI\�ZKDW�SKRQH�KDV
EHHQ�VDLG�LQ�HDFK�WLPHVOLFH�RI�D�VSHHFK�VLJQDO�

�IURP�$OH[�.UL]KHYVN\
V�ZHE�SDJH



��FRPSXWHU�

0DNLQJ�GHFLVLRQV
&ODVVLÀHUV�FDQ�DOVR�EH�XVHG�WR�PDNH�GHFLVLRQV��)RU�H[DPSOH��ZH�PLJKW�H[DPLQH�WKH�VWDWH�RI�D�YLGHR�JDPH�DQG�GHFLGH�ZKHWKHU�WR�PRYH�OHIW��PRYH�ULJKW�
RU�MXPS��,Q�WKH�SLFWXUHV�EHORZ��ZH�PLJKW�ZDQW�WR�GHFLGH�LI�LW
V�VDIH�WR�PRYH�IRUZDUGV�DORQJ�WKH�SDWK�RU�SUHGLFW�ZKDW�ZLOO�KDSSHQ�WR�WKH�SLHFH�RI�JLQJHU�

�

&ODVVLÀHUV�PD\�DOVR�EH�XVHG�WR�PDNH�GHFLVLRQV�LQWHUQDOO\�WR�DQ�$,�V\VWHP��6XSSRVH�WKDW�ZH�KDYH�FRQVWUXFWHG�WKH�IROORZLQJ�SDUVH�WUHH�DQG�WKH�QH[W
ZRUG�ZH�VHH�LV��0DU\
V��

:H�KDYH�WR�GHFLGH�KRZ�WR�DWWDFK��0DU\
V��LQWR�WKH�SDUVH�WUHH��,Q��,�JDYH�WKH�ER\�0DU\
V�KDW����0DU\
V�KDW��ZLOO�EH�DWWDFKHG�WR�WKH�93�DV�D�GLUHFW�REMHFW�
,Q��,�VDZ�WKH�ER\�0DU\
V�JRLQJ�RXW�ZLWK���WKH�SKUDVH��0DU\
V�JRLQJ�RXW�ZLWK��LV�D�PRGLÀHU�RQ��ER\���7KH�ULJKW�FKRLFH�KHUH�GHSHQGV�RQ�WKH�YHUE��JDYH
YV��VDZ��DQG�ORRNDKHDG�DW�WKH�ZRUGV�LPPHGLDWHO\�IROORZLQJ��0DU\
V��

:KDW�NLQG�RI�DQVZHU�GR�ZH�ZDQW"
&XUUHQW�DOJRULWKPV�UHTXLUH�D�FOHDU��DQG�IDLUO\�VPDOO��VHW�RI�FDWHJRULHV�WR�FODVVLI\�LQWR��7KDW
V�ODUJHO\�ZKDW�ZH
OO�DVVXPH�LQ�ODWHU�OHFWXUHV��%XW�WKLV
DVVXPSWLRQ�LV�SUREOHPDWLF��DQG�FRXOG�FUHDWH�LVVXHV�IRU�GHSOR\LQJ�DOJRULWKPV�LQWR�WKH�XQFRQVWUDLQHG�UHDO�ZRUOG�

)RU�H[DPSOH��WKH�IRXU�REMHFWV�EHORZ�DUH�DOO�TXLWH�VLPLODU��EXW�QRPLQDOO\�EHORQJ�WR�WKUHH�FDWHJRULHV��SHDFK��$VLDQ�SHDU��DQG�WZR�DSSOHV���+RZ�VSHFLÀF�D
ODEHO�DUH�ZH�ORRNLQJ�IRU��H�J���IUXLW����SHDU���RU��$VLDQ�SHDU�"�6KRXOG�WKH�WZR�DSSOHV�EH�JLYHQ�GLVWLQFW�ODEHOV��JLYHQ�WKDW�RQH�LV�D�+RQH\FULVS�DQG�RQH�LV
D�*UDQQ\�6PLWK"�,V�WKH�ODEHO��DSSOH��FRUUHFW�IRU�D�SODVWLF�DSSOH��RU�DQ�DSSOH�FRUH"�$UH�VRPH�FODVVLÀFDWLRQ�PLVWDNHV�PRUH�OHVV�DFFHSWDEOH�WKDQ�RWKHUV"
(�J��PLVODEHOOLQJ�WKH�$VLDQ�SHDU�DV�DQ�DSSOH�VHHPV�EHWWHU�WKDQ�FDOOLQJ�LW�D�EDQDQD��DQG�D�ORW�EHWWHU�WKDQ�FDOOLQJ�LW�D�FDU�



:KDW�KDSSHQV�LI�ZH�UXQ�LQWR�DQ�XQIDPLOLDU�W\SH�RI�REMHFW"�6XSSRVH��IRU�H[DPSOH��WKDW�ZH�KDYH�QHYHU�VHHQ�DQ�$VLDQ�SDLU��7KLV�SUREOHP�FRPHV�XS�D�ORW�
EHFDXVH�SHRSOH�FDQ�EH�VXUSULVLQJO\�GLP�DERXW�QDPLQJ�FRPPRQ�REMHFWV��HYHQ�LQ�WKHLU�ÀUVW�ODQJXDJH��'R�\RX�NQRZ�ZKDW�D�SDUVQLS�ORRNV�OLNH"�+RZ
DERXW�D�SODVWURQ"�+HUH�LV�DQ�DPXVLQJ�VWRU\�DERXW�LQIRUPDQW�UHOLDELOLW\�IURP�5REHUW�0��/DXJKOLQ��������7KH�*UHDW�7]RW]LO�'LFWLRQDU\���,Q�WKLV�VLWXDWLRQ�
SHRSOH�RIWHQ�XVH�WKH�QDPH�RI�D�IDPLOLDU�REMHFW��SHUKDSV�ZLWK�D�PRGLÀHU��H�J��D�SDUVQLS�PLJKW�EH��OLNH�D�ZKLWH�FDUURW�EXW�LW�WDVWHV�GLIIHUHQW���2U�WKH\�PD\
LGHQWLI\�WKH�JHQHUDO�W\SH�RI�REMHFW��H�J���YHJHWDEOH��

6RPH�XQIDPLOLDU�REMHFWV�DQG�DFWLYLWLHV�FDQ�EH�GHVFULEHG�LQ�WHUPV�RI�WKHLU�FRPSRQHQWV��(�J��WKH�ZLQG�FKLPH�EHORZ�KDV�D�ELJ�PHWDO�GLVN�DQG�VRPH
P\VWHULRXV�ZRRG�SDUWV��7KH�PLGGOH�SLFWXUH�EHORZ�LV��D�KRXVH�ZLWK�D�VKDUN�VWLFNLQJ�RXW�RI�LW���7KH�ERWWRP�SLFWXUH�GHSLFWV�LURQLQJ�XQGHU�ZDWHU�

� � �
VKDUN�IURP�:LNLSHGLD��GLYHU�IURP�6DG�DQG�8VHOHVV

:KHQ�ODEHOOLQJ�REMHFWV��SHRSOH�XVH�FRQWH[W�DV�ZHOO�DV�LQWULQVLF�SURSHUWLHV��7KLV�FDQ�EH�SDUWLFXODUO\�LPSRUWDQW�ZKHQ�QDPLQJ�D�W\SH�RI�REMHFW�ZKRVH
DSSHDUDQFH�FDQ�YDU\�VXEVWDQWLDOO\��H�J��WKH�YDVHV�LQ�WKH�SLFWXUH�EHORZ�

$�IDPRXV�H[SHULPHQW�E\�:LOOLDP�/DERY���������7KH�ERXQGDULHV�RI�ZRUGV�DQG�WKHLU�PHDQLQJV���VKRZHG�WKDW�WKH�UHODWLYH�SUREDELOLWLHV�RI�WZR�ODEHOV
�H�J��FXS�YV��ERZO��FKDQJH�JUDGXDOO\�DV�SURSHUWLHV��H�J��DVSHFW�UDWLR��DUH�YDULHG��)RU�H[DPSOH��WKH�WDOO�FRQWDLQHU�ZLWK�QR�KDQGOH��OHIW��LV�SUREDEO\�D�YDVH�
7KH�URXQG�FRQWDLQHU�RQ�D�VWHP��ULJKW��LV�SUREDEO\�D�JODVV��%XW�ZKDW�DUH�WKH�WZR�LQ�WKH�PLGGOH"



7KH�YHU\�QDUURZ�FRQWDLQHU�ZDV�VROG�DV�D�YDVH��%XW�ÀOOLQJ�LW�ZLWK�OLTXLG�ZRXOG�HQFRXUDJH�SHRSOH�WR�FDOO�LW�D�JODVV��SHUKDSV�IRU�D�IDQF\�OLTXRU���,QVWDOOLQJ
ÁRZHUV�LQ�WKH�QDUURZ�ZLQH�JODVV�PDNHV�LW�VHHP�PRUH�OLNH�D�YDVH��$QG�\RX�SUREDEO\�GLGQ
W�ZRUU\�ZKHQ�,�FDOOHG�LW�D��YDVH��DERYH��7KH�JUDSK�EHORZ
�IURP�WKH�RULJLQDO�SDSHU��VKRZV�WKDW�LPDJLQLQJ�D�IRRG�FRQWH[W�PDNHV�WKH�VDPH�SLFWXUH�PRUH�OLNHO\�WR�EH�ODEHOOHG�DV�D�ERZO�UDWKHU�WKDQ�D�FXS�

:LWK�FRPSOH[�VFHQHV��LW
V�QRW�FOHDU�KRZ�PDQ\�REMHFWV�WR�H[SOLFLWO\�FDOO�RXW��(�J��LV�WKH�SLFWXUH�EHORZ�VKRZLQJ�D�JDUGHQ�RU�D�VWUHHW"�$UH�ZH�VXSSRVHG�WR
EH�ODEHOOLQJ�HDFK�SODQW"�6KRXOG�ZH�PDUN�RXW�WKH�VWUHHW�ODPS"�7KH�VLGHZDON"



:KHQ�\RX
UH�WDONLQJ�WR�DQRWKHU�KXPDQ��LW
V�PXFK�PRUH�FOHDU�ZKDW�DVSHFWV�RI�WKH�VFHQH�DUH�LPSRUWDQW��)LUVW��WKHUH�LV�XVXDOO\�VRPH�ODUJHU�FRQWH[W�WKDW�WKH
FRQYHUVDWLRQ�ÀWV�LQWR��H�J���JDUGHQLQJ��RU��WUDIÀF����6HFRQG��SHRSOH�ORRN�DW�WKLQJV�WKH\�DUH�LQWHUHVWHG�LQ��H�J��FRPSDUH�WKH�WZR�SLFWXUHV�EHORZ��3HRSOH
KDYH�YHU\�VWURQJ�DELOLW\�WR�WUDFN�DQRWKHU�SHUVRQ
V�JD]H�DV�ZH�ZDWFK�ZKDW�WKH\�DUH�GRLQJ��%HFDXVH�RI�WKHLU�FORVH�DVVRFLDWLRQ�ZLWK�KXPDQV��WKH�VDPH
DSSOLHV�WR�GRJV��8VLQJ�JD]H�WR�LGHQWLI\�LQWHUHVW�LV�EHOLHYHG�WR�EH�DQ�LQWHJUDO�SDUW�RI�KRZ�FKLOGUHQ�DVVRFLDWH�QDPHV�ZLWK�REMHFWV��/DFN�RI�DSSURSULDWH�H\H
FRQWDFW�LV�RQH�UHDVRQ�WKDW�FRQYHUVDWLRQV�IHHO�JOLWFK\�RQ�YLGHR�FRQIHUHQFLQJ�V\VWHPV�

�

,W
V�WHPSWLQJ�WR�VHH�WKLV�SUREOHP�DV�VSHFLÀF�WR�FRPSXWHU�YLVLRQ��+RZHYHU��WKHUH�DUH�VLPLODU�H[DPSOHV�IURP�RWKHU�GRPDLQV��(�J��LQ�QDWXUDO�ODQJXDJH
SURFHVVLQJ��LW
V�FRPPRQ�WR�HQFRXQWHU�QHZ�ZRUGV��7KHVH�FDQ�EH�XQIDPLOLDU�SURSHU�QRXQV��H�J���*DXWHQJ����FRYLG����2U�WKH\�PD\�EH�VLPLODU�WR�IDPLOLDU
ZRUGV��H�J��W\SRV���FRSXWHU���RU�QHZ�FRPSRXQGV���DVWURERIÀQ���RU�PHOGV���EUH[LW����VSOLQFK����3KRQH�UHFRJQLWLRQ�PD\�LQYROYH�PRUH�RU�OHVV�GHWDLO�DQG
PLVWDNHV�PD\�EH�PLQRU��H�J���W��YV���G���RU�PDMRU��H�J���W��YV���D����$QG�SHRSOH�XVH�SURVRGLF�IHDWXUHV��H�J��OHQJWK��VWUHVV��WR�LQGLFDWH�ZKLFK�ZRUGV�DUH
PRVW�LPSRUWDQW�IRU�WKH�OLVWHQHU�WR�SD\�DWWHQWLRQ�WR�

2YHUDOO�V\VWHP
&ODVVLÀHU�V\VWHPV�RIWHQ�KDYH�VHYHUDO�VWDJHV���'HHS��PRGHOV�W\SLFDOO\�KDYH�PRUH�GLVWLQFW�OD\HUV��(DFK�OD\HU�LQ�D�GHHS�PRGHO�GRHV�D�VLPSOHU�WDVN�DQG�WKH
UHSUHVHQWDWLRQ�W\SH�PRUH�FKDQJHV�JUDGXDOO\�IURP�OD\HU�WR�OD\HU�

VSHHFK�UHFRJQL]HU REMHFW�LGHQWLÀFDWLRQ VFHQH�UHFRQVWUXFWLRQ SDUVLQJ ZRUG�PHDQLQJ

UDZ�LQSXW ZDYHIRUP LPDJH LPDJHV WH[W WH[W

ORZ�OHYHO�IHDWXUHV 0)&&�IHDWXUHV HGJHV��FRORUV FRUQHUV��6,)7�IHDWXUHV VWHP��VXIÀ[HV�
ZRUG�ELJUDPV ZRUG�QHLJKERUV

ORZ�OHYHO�ODEHOV SKRQH�SUREDELOLWLHV ORFDO�REMHFW�,' UDZ�PDWFKSRLQWV 326�WDJV ZRUG�HPEHGGLQJV

RXWSXW�ODEHOV ZRUG�VHTXHQFH LPDJH�GHVFULSWLRQ VFHQH�JHRPHWU\ SDUVH�WUHH ZRUG�FODVVHV

5HSUHVHQWDWLRQV�IRU�WKH�UDZ�LQSXW�REMHFWV��RU�VRPHWLPHV�WKH�ORZ�OHYHO�IHDWXUHV��KDYH�D�ODUJH�QXPEHU�RI�ELWV��(�J��D�FRORU�LPDJH�ZLWK�����[�����SL[HOV�
HDFK�FRQWDLQLQJ�WKUHH�FRORU�YDOXHV��(DUO\�SURFHVVLQJ�RIWHQ�WULHV�WR�UHGXFH�WKH�GLPHQVLRQDOLW\�E\�SLFNLQJ�RXW�D�VPDOOHU�VHW�RI��PRVW�LPSRUWDQW�
GLPHQVLRQV��7KLV�PD\�EH�DFFRPSOLVKHG�E\�OLQHDU�DOJHEUD��H�J��SULQFLSDO�FRPSRQHQWV�DQDO\VLV��RU�E\�FODVVLÀHUV��H�J��ZRUG�HPEHGGLQJ�DOJRULWKPV��

:KHQ�WKH�GDWD�LV�NQRZQ�WR�OLYH�RQ�D�VXEVHW�RI�ORZHU�GLPHQVLRQ��YHFWRUV�PD\�EH�PDSSHG�RQWR�WKLV�VXEVHW�E\�VR�FDOOHG��PDQLIROG�OHDUQLQJ��DOJRULWKPV�
)RU�H[DPSOH��FRORU�LV�XVHG�WR�HQFORVH�FODVV��RXWSXW�ODEHO���'LVWDQFH�DORQJ�WKH�VSLUDO�FRUUHFWO\�HQFRGHV�FODVV�VLPLODULW\��6WUDLJKW�OLQH�GLVWDQFH�LQ��'�GRHV
WKH�ZURQJ�WKLQJ��VRPH�UHG�JUHHQ�SDLUV�RI�SRLQWV�DUH�FORVHU�WKDQ�VRPH�UHG�UHG�SDLUV�



$OJRULWKP�RYHUYLHZ
7KHUH�DUH�WZR�EDVLF�DSSURDFKHV�WR�HDFK�VWDJH�RI�SURFHVVLQJ�

GHWHUPLQLVWLF�WUDQVIRUPDWLRQV��H�J��HGJH�ÀQGHUV��0)&&�WUDQVIRUPDWLRQ�
FODVVLÀHUV�ZLWK�OHDUQHG�SDUDPHWHUV

0DQ\�UHDO�V\VWHPV�DUH�D�PL[�RI�WKH�WZR��$�OLNHO\�DUFKLWHFWXUH�IRU�D�VSHHFK�UHFRJQL]HU��H�J��WKH�.DOGL�V\VWHP��ZRXOG�VWDUW�E\�FRQYHUWLQJ�WKH�UDZ�VLJQDO
WR�0)&&�IHDWXUHV��WKHQ�XVH�D�QHXUDO�QHW�WR�LGHQWLI\�SKRQHV��WKHQ�XVH�DQ�+00�W\SH�GHFRGHU�WR�H[WUDFW�WKH�PRVW�OLNHO\�ZRUG�VHTXHQFH�

7KHUH�DUH�WKUHH�EDVLF�W\SHV�RI�FODVVLÀHUV�ZLWK�OHDUQHG�SDUDPHWHUV��:H
YH�DOUHDG\�VHHQ�WKH�ÀUVW�W\SH�DQG�ZH
UH�DERXW�WR�PRYH�RQWR�WKH�RWKHU�WKUHH

6WDWLVWLFDO��H�J��1DLYH�%D\HV��+00V�
6LPSOH�WUDGLWLRQDO�FODVVLÀHUV��GHFLVLRQ�WUHHV��N�QHDUHVW�QHLJKERU
/LQHDU�FODVVLÀHUV��SHUFHSWURQV�
1HXUDO�QHWV

:KDW�FDQ�ZH�WXQH"
&ODVVLÀHUV�W\SLFDOO\�KDYH�D�QXPEHU�RI�RYHUW�YDULDEOHV�WKDW�FDQ�EH�PDQLSXODWHG�WR�SURGXFH�WKH�EHVW�RXWSXWV��7KHVH�IDOO�LQWR�WZR�W\SHV�

�3DUDPHWHUV���YDOXHV�OHDUQHG�GLUHFWO\�IURP�WKH�WUDLQLQJ�VHW��H�J��SUREDELOLWLHV�LQ�%D\HV�QHWV��ZHLJKWV�RQ�WKH�HOHPHQWV�LQ�QHXUDO�QHWV�
�+\SHUSDUDPHWHUV���WXQLQJ�FRQVWDQWV�DGMXVWHG�XVLQJ�WKH�GHYHORSPHQW�GDWD��H�J��WKH�/DSODFH�VPRRWKLQJ�FRQVWDQW�LQ�QDLYH�%D\HV��

5HVHDUFKHUV�DOVR�WXQH�WKH�VWUXFWXUH�RI�WKH�PRGHO�

*HQHUDO�GHVLJQ�RI�WKH�DOJRULWKP��H�J��QHXUDO�QHW�YV��+00
*HRPHWU\�RI�WKH�PRGHO��H�J��WKH�QXPEHU�RI�XQLWV�DQG�WKH�FRQQHFWLRQV�LQ�D�%D\HV�QHW�RU�QHXUDO�QHW
7KHRU\�EDVHG�SDUDPHWHUV��H�J���D�ZRUG�PXVW�KDYH�DW�OHDVW�RQH�YRZHO��

,W�LV�QRZ�FRPPRQ�WR�XVH�DXWRPDWHG�VFULSWV�WR�WXQH�K\SHUSDUDPHWHUV�DQG�VRPH�DVSHFWV�RI�WKH�PRGHO�VWUXFWXUH��7XQLQJ�WKHVH�DGGLWLRQDO�YDOXHV�LV�D�ELJ
UHDVRQ�ZK\�VWDWH�RI�WKH�DUW�QHXUDO�QHWV�DUH�VR�H[SHQVLYH�WR�WXQH��$OO�RI�WKHVH�WXQDEOH�YDOXHV�VKRXOG�EH�FRQVLGHUHG�ZKHQ�DVVHVVLQJ�ZKHWKHU�WKH�PRGHO
FRXOG�SRWHQWLDOO\�EH�RYHU�ÀW�WR�WKH�WUDLQLQJ�GHYHORSPHQW�GDWD��DQG�WKHUHIRUH�PLJKW�QRW�JHQHUDOL]H�ZHOO�WR�VOLJKWO\�GLIIHUHQW�WHVW�GDWD�

7UDLQLQJ�DQG�WHVWLQJ�FDQ�EH�LQWHUOHDYHG�WR�YDU\LQJ�H[WHQWV�

%DWFK��WUDLQ�ÀUVW��WKHQ�WHVW
,QFUHPHQWDO��WHVW�DV�ZH�WUDLQ

,QFUHPHQWDO�WUDLQLQJ�LV�W\SLFDOO\�XVHG�E\�DOJRULWKPV�WKDW�PXVW�LQWHUDFW�ZLWK�WKH�ZRUOG�EHIRUH�WKH\�KDYH�ÀQLVKHG�OHDUQLQJ��(�J��FKLOGUHQ�QHHG�WR�LQWHUDFW
ZLWK�WKHLU�SDUHQWV�IURP�ELUWK��ORQJ�EHIRUH�WKHLU�ODQJXDJH�VNLOOV�DUH�IXOO\�PDWXUH��6RPHWLPHV�LQWHUDFWLRQ�LV�WR�JHW�WKHLU�WUDLQLQJ�GDWD��(�J��D�YLGHR�JDPH
SOD\HU�PD\�QHHG�WR�SOD\�H[SHULPHQWDO�JDPHV��,QFUHPHQWDO�WUDLQLQJ�DOJRULWKPV�DUH�W\SLFDOO\�HYDOXDWHG�EDVHG�RQ�WKHLU�SHUIRUPDQFH�WRZDUGV�WKH�HQG�RI
WUDLQLQJ�

6XSHUYLVHG�WUDLQLQJ
7UDGLWLRQDOO\��PRVW�FODVVLÀHUV�XVHG��VXSHUYLVHG��WUDLQLQJ��7KDW�LV��VRPHRQH�JLYHV�WKH�OHDUQLQJ�DOJRULWKP�D�VHW�RI�WUDLQLQJ�H[DPSOHV��WRJHWKHU�ZLWK
FRUUHFW���JROG���RXWSXW�IRU�HDFK�RQH��7KLV�LV�YHU\�FRQYHQLHQW��DQG�LW�LV�WKH�VHWWLQJ�LQ�ZKLFK�ZH
OO�OHDUQ�FODVVLÀHU�WHFKQLTXHV��%XW�WKLV�RQO\�ZRUNV�ZKHQ
\RX�KDYH�HQRXJK�ODEHOOHG�WUDLQLQJ�GDWD��8VXDOO\�WKH�DPRXQW�RI�WUDLQLQJ�GDWD�LV�LQDGHTXDWH��EHFDXVH�PDQXDO�DQQRWDWLRQV�DUH�YHU\�VORZ�WR�SURGXFH�

0RUHRYHU��ODEHOOHG�GDWD�LV�DOZD\V�QRLV\��$OJRULWKPV�PXVW�EH�UREXVW�WR�DQQRWDWLRQ�PLVWDNHV��,W�PD\�EH�LPSRVVLEOH�WR�UHDFK������DFFXUDF\�EHFDXVH�WKH
JROG�VWDQGDUG�DQVZHUV�DUHQ
W�HQWLUHO\�FRUUHFW�

(YHQ�WUDLQHG�DQQRWDWRUV�PDNH�HUURUV�
0XFK�DQQRWDWLRQ�LV�GRQH��TXLFN�DQG�GLUW\��E\�DPDWHXUV��H�J��0HFKDQLFDO�7XUN��
7KH�VXSSRVHGO\�FRUUHFW�DQVZHUV�PD\�KDYH�EHHQ�VFUDSHG�RII�WKH�ZHE�DQG�QRW�IXOO\�H[DPLQHG�IRU�FRUUHFWHGQHVV�

)LQDOO\��ODUJH�TXDQWLWLHV�RI�FRUUHFW�DQVZHUV�PD\�EH�DYDLODEOH�RQO\�IRU�WKH�V\VWHP�DV�D�ZKROH��QRW�IRU�LQGLYLGXDO�OD\HUV��0DUNLQJ�XS�FRUUHFW�DQVZHUV�IRU
LQWHUPHGLDWH�OD\HUV�IUHTXHQWO\�UHTXLUHV�H[SHUW�NQRZOHGJH��VR�FDQQRW�HDVLO\�EH�IDUPHG�RXW�WR�VWXGHQWV�RU�LQWHUQHW�ZRUNHUV�



:RUNDURXQGV�IRU�OLPLWHG�WUDLQLQJ�GDWD
5HVHDUFKHUV�KDYH�D�XVHG�D�QXPEHU�RI�PHWKRGV�WR�ZRUN�DURXQG�ODFN�RI�H[SOLFLW�ODEHOOHG�WUDLQLQJ�GDWD��)RU�H[DPSOH��FXUUHQW�QHXUDO�QHW�VRIWZDUH�OHWV�XV
WUDLQ�WKH�HQWLUH�PXOWL�OD\HU�DV�D�XQLW��7KHQ�ZH�QHHG�FRUUHFW�RXWSXWV�RQO\�IRU�WKH�ÀQDO�OD\HU��7KLV�W\SH�RI�WUDLQLQJ�RSWLPL]HV�WKH�HDUO\�OD\HUV�RQO\�IRU�WKLV
VSHFLÀF�WDVN��+RZHYHU��LW�PD\�EH�SRVVLEOH�WR�TXLFNO\�DGDSW�WKLV��SUH�WUDLQHG��OD\HU�IRU�XVH�LQ�DQRWKHU�WDVN��XVLQJ�RQO\�D�PRGHVW�DPRXQW�RI�QHZ�WUDLQLQJ
GDWD�IRU�WKH�QHZ�WDVN�

)RU�H[DPSOH��WKH�LPDJH�FRORUL]DWLRQ�DOJRULWKP�VKRZQ�EHORZ�OHDUQV�KRZ�WR�DGG�FRORU�WR�EODFN�DQG�ZKLWH�LPDJHV��7KH�IHDWXUHV�LW�H[SORLWV�LQ�WKH
PRQRFKURPH�LPDJHV�FDQ�DOVR��DV�LW�WXUQV�RXW��EH�XVHG�IRU�REMHFW�WUDFNLQJ�

� �
IURP�=KDQJ��,VROD��(IURV�&RORUIXO�,PDJH�&RORUL]DWLRQ

)RU�WKLV�FRORUL]DWLRQ�WDVN��WKH�WUDLQLQJ�SDLUV�ZHUH�SURGXFHG�E\�UHPRYLQJ�FRORU�IURP�FRORU�SLFWXUHV��7KDW�LV��ZH�VXEWUDFWHG�LQIRUPDWLRQ�DQG�OHDUQHG�WR
UHVWRUH�LW��7KLV�WULFN�IRU�SURGXFLQJ�WUDLQLQJ�SDLUV�KDV�EHHQ�XVHG�HOVHZKHUH��)RU�H[DPSOH��WKH�%(57�V\VWHP�WUDLQV�QDWXUDO�ODQJXDJH�PRGHOV�E\�PDVNLQJ
RII�ZRUGV�LQ�WUDLQLQJ�VHQWHQFHV��DQG�OHDUQLQJ�WR�SUHGLFW�ZKDW�WKH\�ZHUH��6LPLODUO\��WKH�SLFWXUHV�EHORZ�LOOXVWUDWH�WKDW�ZH�FDQ�OHDUQ�WR�ÀOO�LQ�PLVVLQJ
LPDJH�FRQWHQW��E\�FUHDWLQJ�WUDLQLQJ�LPDJHV�ZLWK�SDUW�RI�WKH�FRQWHQW�PDVNHG�RII�

��
IURP�'HHSDN�3DWKDN�HW�DO

$QRWKHU�DSSURDFK�LV�VHOI�VXSHUYLVLRQ��LQ�ZKLFK�WKH�OHDUQHU�H[SHULPHQWV�ZLWK�WKH�ZRUOG�WR�ÀQG�RXW�QHZ�LQIRUPDWLRQ��([DPSOHV�RI�VHOI�VXSHUYLVLRQ
LQFOXGH

FDOLEUDWLQJ�D�FDPHUD�E\�PDNLQJ�PRWLRQV�VSHFLÀFDOO\�LQWHQGHG�WR�UHYHDO�FDOLEUDWLRQ�SUREOHPV
FXULRVLW\�GULYHQ�OHDUQLQJ��WKH�$,�WULHV�WR�PDNH�QRYHO�WKLQJV�KDSSHQ��OLNH�D�WRGGOHU�

7KH�PDLQ�FKDOOHQJH�IRU�VHOI�VXSHUYLVHG�PHWKRGV�LV�GHVLJQLQJ�ZD\V�IRU�D�URERW�WR�LQWHUDFW�ZLWK�D�UHDO��RU�DW�OHDVW�UHDOLVWLF��ZRUOG�ZLWKRXW�PDNLQJ�LW�WRR
HDV\�IRU�WKH�URERW�WR�EUHDN�WKLQJV��LQMXU\�LWVHOI��RU�KXUW�SHRSOH�

�6HPL�VXSHUYLVHG��DOJRULWKPV�H[WUDFW�SDWWHUQV�IURP�XQDQQRWDWHG�GDWD��FRPELQLQJ�WKLV�ZLWK�OLPLWHG�DPRXQWV�RI�DQQRWDWHG�GDWD��)RU�H[DPSOH��D
WUDQVODWLRQ�DOJRULWKP�QHHGV�VRPH�SDUDOOHO�GDWD�IURP�WKH�WZR�ODQJXDJHV�WR�FUHDWH�URXJK�WUDQVODWLRQV��7KH�RXWSXW�FDQ�EH�PDGH�PRUH�ÁXHQW�E\�XVLQJ
XQDQQRWDWHG�GDWD�WR�OHDUQ�PRUH�DERXW�ZKDW�ZRUG�SDWWHUQV�DUH�DUHQ
W�DSSURSULDWH�IRU�WKH�RXWSXW�ODQJXDJH��6LPLODUO\��ZH�FDQ�WDNH�REVHUYHG�SDXVHV�LQ
VSHHFK�DQG�H[WUDSRODWH�WKH�IXOO�VHW�RI�ORFDWLRQV�ZKHUH�LW�LV�DSSURSULDWH�WR�SDXVH��L�H��ZRUG�ERXQGDULHV��

�8QVXSHUYLVHG��DOJRULWKPV�H[WUDFW�SDWWHUQV�HQWLUHO\�IURP�XQDQQRWDWHG�GDWD��7KHVH�DUH�PXFK�OHVV�FRPPRQ�WKDQ�VHPL�VXSHUYLVHG�PHWKRGV��6RPHWLPHV
VR�FDOOHG�XQVXSHUYLVHG�PHWKRV�DFWXDOO\�KDYH�VRPH�LPSOLFLW�VXSHUYLVLRQ��H�J��VHQWHQFH�ERXQGDULHV�IRU�D�SDUVLQJ�DOJRULWKP���6RPHWLPHV�WKH\�DUH�EDVHG
RQ�YHU\�VWURQJ�WKHRUHWLFDO�DVVXPSWLRQV�DERXW�KRZ�WKH�LQSXW�PXVW�EH�VWUXFWXUHG�

5HFDS



5HFDOO��D�FODVVLÀHU�PDSV�LQSXW�H[DPSOHV��HDFK�D�VHW�RI�IHDWXUH�YDOXHV��WR�FODVV�ODEHOV��2XU�WDVN�LV�WR�WUDLQ�D�PRGHO�RQ�D�VHW�RI�H[DPSOHV�ZLWK�ODEHOV��DQG
WKHQ�DVVLJQ�WKH�FRUUHFW�ODEHOV�WR�QHZ�LQSXW�H[DPSOHV�

0HVV\�FODVVLÀFDWLRQ�H[DPSOH
+HUH
V�D�VFKHPDWLF�UHSUHVHQWDWLRQ�RI�(QJOLVK�YRZHOV��IURP�:LNLSHGLD���)URP�WKLV��\RX�PLJKW�UHDVRQDEOH�H[SHFW�WR�H[SHULPHQWDO�GDWD�WR�ORRN�OLNH
VHYHUDO�WLJKW�FOXVWHUV�RI�SRLQWV��ZHOO�VHSDUDWHG��,I�WKDW�ZHUH�WUXH��WKHQ�FODVVLÀFDWLRQ�ZRXOG�EH�HDV\��PRGHO�HDFK�FOXVWHU�ZLWK�D�UHJHLRQ�RI�VLPSOH�VKDSH
�H�J��HOOLSVH���FRPSDUH�D�QHZ�VDPSOH�WR�WKHVH�UHJLRQ��DQG�SLFN�WKH�RQH�WKDW�FRQWDLQV�LW�

+RZHYHU��H[SHULPHQWDO�GDWDSRLQWV�IRU�WKHVH�YRZHOV��HYHQ�DIWHU�VRPH�QRUPDOL]DWLRQ��DFWXDOO\�ORRN�PRUH�OLNH�WKH�IROORZLQJ��,I�ZH�FDQ
W�LPSURYH�WKH
SLFWXUH�E\�FOHYHU�QRUPDOL]DWLRQ��VRPHWLPHV�SRVVLEOH���ZH�QHHG�WR�XVH�PRUH�UREXVW�PHWKRGV�RI�FODVVLÀFDWLRQ�

�7KHVH�DUH�WKH�WLUVW�WZR�IRUPDQWV�RI�(QJOLVK�YRZHOV�E\����%ULWLVK�VSHDNHUV��QRUPDOL]HG�E\�WKH�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�RI�HDFK
VSHDNHU
V�SURGXFWLRQV��)URP�WKH�([SHULPHQWDO�3KRQHWLFV�FRXUVH�3$/6*����DW�8&/��

.�QHDUHVW�QHLJKERUV
$QRWKHU�ZD\�WR�FODVVLI\�DQ�LQSXW�H[DPSOH�LV�WR�ÀQG�WKH�PRVW�VLPLODU�WUDLQLQJ�H[DPSOH�DQG�FRS\�LWV�ODEHO�

�IURP�/DQD�/D]HEQLN

7KLV��QHDUHVW�QHLJKERU��PHWKRG�LV�SURQH�WR�RYHUÀWWLQJ��HVSHFLDOO\�LI�WKH�GDWD�LV�PHVV\�DQG�VR�H[DPSOHV�IURP�GLIIHUHQW�FODVVHV�DUH�VRPHZKDW�LQWHUPL[HG�
+RZHYHU��SHUIRUPDQFH�FDQ�EH�JUHDWO\�LPSURYHG�E\�ÀQGLQJ�WKH�N�QHDUHVW�QHLJKERUV�IRU�VRPH�VPDOO�YDOXH�RI�N��H�J��������



�IURP�/DQD�/D]HEQLN

.�QHDUHVW�QHLJKERUV�FDQ�PRGHO�FRPSOH[�SDWWHUQV�RI�GDWD��DV�LQ�WKH�IROORZLQJ�SLFWXUH��1RWLFH�WKDW�ODUJHU�YDOXHV�RI�N�VPRRWK�WKH�FODVVLÀHU�UHJLRQV�
PDNLQJ�LW�OHVV�OLNHO\�WKDW�ZH
UH�RYHUÀWWLQJ�WR�WKH�WUDLQLQJ�GDWD�

IURP�$QGUHM�.DUSDWK\

$�OLPLWDWLRQ�RI�N�QHDUHVW�QHLJKERUV�LV�WKDW�WKH�DOJRULWKP�UHTXLUHV�XV�WR�UHPHPEHU�DOO�WKH�WUDLQLQJ�H[DPSOHV��VR�LW�WDNHV�D�ORW�RI�PHPRU\�LI�ZH�KDYH�D�ORW
RI�WUDLQLQJ�GDWD��0RUHRYHU��WKH�REYLRXV�DOJRULWKP�IRU�FODVVLI\LQJ�DQ�LQSXW�LPDJH�;�UHTXLUHV�FRPSXWLQJ�WKH�GLVWDQFH�IURP�;�WR�HYHU\�VWRUHG�LPDJH��,Q
ORZ�GLPHQVLRQV��D�N�'�WUHH�FDQ�EH�XVHG�WR�ÀQG�HIÀFLHQWO\�ÀQG�WKH�QHDUHVW�QHLJKERUV�IRU�DQ�LQSXW�H[DPSOH��+RZHYHU��HIÀFLHQWO\�KDQGOLQJ�KLJKHU
GLPHQVLRQV�LV�PRUH�WULFN\�DQG�EH\RQG�WKH�VFRSH�RI�WKLV�FRXUVH�

7KLV�PHWKRG�FDQ�EH�DSSOLHG�WR�VRPHZKDW�PRUH�FRPSOH[�W\SHV�RI�H[DPSOHV��&RQVLGHU�WKH�&)$5����GDWDVHW�EHORZ���3LFWXUHV�DUH�IURP�$QGUHM�.DUSDWK\
FV���Q�FRXUVH�QRWHV���(DFK�LPDJH�LV����E\�����ZLWK���FRORU�YDOXHV�DW�HDFK�SL[HO��6R�ZH�KDYH������IHDWXUH�YDOXHV�IRU�HDFK�H[DPSOH�LPDJH�

:H�FDQ�FDOFXODWH�WKH�GLVWDQFH�EHWZHHQ�WZR�H[DPSOHV�E\�VXEWUDFWLQJ�FRUUHVSRQGLQJ�IHDWXUH�YDOXHV��+HUH�LV�D�SLFWXUH�RI�KRZ�WKLV�ZRUNV�IRU�D��[��WR\
LPDJH�



7KH�IROORZLQJ�SLFWXUH�VKRZV�KRZ�VRPH�VDPSOH�WHVW�LPDJHV�PDS�WR�WKHLU����QHDUHVW�QHLJKERUV�

0RUH�SUHFLVHO\��VXSSRVH�WKDW� �DQG� �DUH�WZR�IHDWXUH�YHFWRUV��H�J��SL[HO�YDOXHV�IRU�WZR�LPDJHV���7KHQ�WKHUH�DUH�WZR�GLIIHUHQW�VLPSOH�ZD\V�WR�FDOFXODWH
WKH�GLVWDQFH�EHWZHHQ�WZR�IHDWXUH�YHFWRUV�

/��QRUP�RU�0DQKDWWDQ�GLVWDQFH��

/��QRUP�RU�VWUDLJKW�OLQH�GLVWDQFH��

$V�ZH�VDZ�ZLWK�$�VHDUFK�IRU�URERW�PRWLRQ�SODQQLQJ��WKH�EHVW�FKRLFH�GHSHQGV�RQ�WKH�GHWDLOV�RI�\RXU�GDWDVHW��7KH�/��QRUP�LV�OHVV�VHQVLWLYH�WR�RXWOLHU
YDOXHV��7KH�/��QRUP�LV�FRQWLQXRXV�DQG�GLIIHUHQWLDEOH��ZKLFK�FDQ�EH�KDQG\�IRU�FHUWDLQ�PDWKHPDWLFDO�GHULYDWLRQV�

'HFLVLRQ�WUHHV
$�GHFLVLRQ�WUHH�PDNHV�LWV�GHFLVLRQ�E\�DVNLQJ�D�VHULHV�RI�TXHVWLRQV��)RU�H[DPSOH��KHUH�LV�D�D�GHFLVLRQ�WUHH�XVHU�LQWHUIDFH�IRU�LGHQWLI\LQJ�YLQHV��E\�0DUD
&RKHQ��%UDQGHLV�8QLYHUVLW\���7KH�IHDWXUHV��LQ�WKLV�FDVH��DUH�PDFURVFRSLF�SURSHUWLHV�RI�WKH�YLQH�WKDW�DUH�HDV\�IRU�D�KXPDQ�WR�GHWHUPLQH��H�J��ZKHWKHU�LW
KDV�WKRUQV��7KH�WRS�OHYHOV�RI�WKLV�WUHH�ORRN�OLNH

'HSHQGLQJ�RQ�WKH�DSSOLFDWLRQ��WKH�QRGHV�RI�WKH�WUHH�PD\�DVN�\HV�QR�TXHVWLRQV��PXOWLSOH�FKRLFH��H�J��VLPSOH�YV��FRPSOH[�YV��WHQGULO�YV�WKRUQV���RU�VHW�D
WKUHVKROG�RQ�D�FRQWLQXRXV�VSDFH�RI�YDOXHV��H�J��LV�WKH�WUHH�EHORZ�RU�DERYH��
�WDOO"���7KH�RXWSXW�ODEHO�PD\�EH�ELQDU\��H�J��LV�WKLV�SRLVRQRXV"���IURP�D
VPDOO�VHW��HGLEOH��RWKHU�QRQ�SRLVRQRXV��SRLVRQRXV���RU�IURP�D�ODUJH�VHW��H�J��DOO�YLQHV�IRXQG�LQ�0DVVDFKXVHWWV���7KH�VWUHQJWK�RI�GHFLVLRQ�WUHHV�OLHV�LQ�WKLV
DELOLW\�WR�XVH�D�YDULHW\�RI�GLIIHUHQW�VRUWV�RI�IHDWXUHV��QRW�OLPLWHG�WR�ZHOO�EHKDYHG�QXPEHUV�

+HUH
V�DQ�H[DPSOH�RI�D�WUHH�FUHDWHG�E\�WKUHVKROGLQJ�WZR�FRQWLQXRXV�YDULDEOH�YDOXHV��IURP�'DYLG�)RUV\WK��$SSOLHG�0DFKLQH�/HDUQLQJ���1RWLFH�WKDW�WKH
VSOLW�RQ�WKH�VHFRQG�YDULDEOH��[��LV�GLIIHUHQW�IRU�WKH�WZR�PDLQ�EUDQFKHV�



(DFK�QRGH�LQ�WKH�WUHH�UHSUHVHQWV�D�SRRO�RI�H[DPSOHV��,GHDOO\��HDFK�OHDI�QRGH�FRQWDLQV�RQO\�REMHFWV�RI�WKH�VDPH�W\SH��+RZHYHU��WKDW�LVQ
W�DOZD\V�WUXH�LI
WKH�FODVVHV�DUHQ
W�FOHDQO\�GLVWLQJXLVKHG�E\�WKH�DYDLODEOH�IHDWXUHV��VHH�WKH�YRZHO�SLFWXUH�DERYH���6R��ZKHQ�ZH�UHDFK�D�OHDI�QRGH��WKH�DOJRULWKP�UHWXUQV
WKH�PRVW�IUHTXHQW�ODEHO�LQ�LWV�SRRO�

,I�ZH�KDYH�HQRXJK�GHFLVLRQ�OHYHOV�LQ�RXU�WUHH��ZH�FDQ�IRUFH�HDFK�SRRO�WR�FRQWDLQ�REMHFWV�RI�RQO\�RQH�W\SH��+RZHYHU��WKLV�LV�QRW�D�ZLVH�GHFLVLRQ��'HHS
WUHHV�DUH�GLIÀFXOW�WR�FRQVWUXFW��VHH�WKH�DOJRULWKP�LQ�5XVVHOO�DQG�1RUYLJ��DQG�SURQH�WR�RYHUÀWWLQJ�WKHLU�WUDLQLQJ�GDWD��,W�LV�PRUH�HIIHFWLYH�WR�FUHDWH�D
�UDQGRP�IRUHVW���L�H��D�VHW�RI�VKDOORZ�WUHHV��ERXQGHG�GHSWK��DQG�KDYH�WKHVH�WUHHV�YRWH�RQ�WKH�EHVW�ODEHO�WR�UHWXUQ��7KH�VHW�RI�VKDOORZ�WUHHV�LV�FUHDWHG�E\
FKRRVLQJ�YDULDEOHV�DQG�SRVVLEOH�VSOLW�ORFDWLRQV�UDQGRPO\�

,QIRUPDWLYH�VSOLWV
:KHWKHU�ZH
UH�EXLOGLQJ�D�GHHS�RU�VKDOORZ�WUHH��VRPH�SRVVLEOH�VSOLWV�DUH�D�EDG�LGHD��)RU�H[DPSOH��WKH�ULJKWKDQG�VSOLW�OHDYHV�XV�ZLWK�WZR�KDOI�VL]H�SRROV
WKDW�DUH�QR�PRUH�XVHIXO�WKDQ�WKH�RULJLQDO�ELJ�SRRO�

��
)URP�'DYLG�)RUV\WK��$SSOLHG�0DFKLQH�/HDUQLQJ�

$�JRRG�VSOLW�VKRXOG�SURGXFH�VXESRROV�WKDW�DUH�OHVV�GLYHUVH�WKDQ�WKH�RULJLQDO�SRRO��,I�ZH
UH�FKRRVLQJ�EHWZHHQ�WZR�FDQGLGDWH�VSOLWV��H�J��WZR�WKUHVKROGV
IRU�WKH�VDPH�QXPHULFDO�YDULDEOH���LW
V�EHWWHU�WR�SLFN�WKH�RQH�WKDW�SURGXFHV�VXESRROV�WKDW�DUH�PRUH�XQLIRUP��'LYHUVLW\�XQLIRUPLW\�LV�PHDVXUHG�XVLQJ
HQWURS\�

+XIIPDQ�FRGHV
6XSSRVH�WKDW�ZH�DUH�WU\LQJ�WR�FRPSUHVV�(QJOLVK�WH[W��E\�WUDQVODWLQJ�HDFK�FKDUDFWHU�LQWR�D�VWULQJ�RI�ELWV��:H
OO�JHW�EHWWHU�FRPSUHVVLRQ�LI�PRUH�IUHTXHQW
FKDUDFWHUV�DUH�JLYHQ�VKRUWHU�ELW�VWULQJV��)RU�H[DPSOH��WKH�WDEOH�EHORZ�VKRZV�WKH�IUHTXHQFLHV�DQG�+XIIPDQ�FRGHV�IRU�OHWWHUV�LQ�D�WR\�H[DPSOH�IURP
:LNLSHGLD�

&KDU )UHT &RGH &KDU )UHT &RGH &KDU )UHT &RGH &KDU )UHT &RGH &KDU )UHT &RGH &KDU )UHT &RGH &KDU )UHT &RGH

VSDFH � ��� D � ��� H � ���

I � ���� K � ���� L � ���� P � ���� Q � ���� V � ���� W � ����

O � ����� R � ����� S � ����� U � ����� X � ����� [ � �����

(QWURS\
6XSSRVH�WKDW�ZH�KDYH�D��ÀQLWH��VHW�RI�OHWWHU�W\SHV�6��6XSSRVH�WKDW�0�LV�D�ÀQLWH�OLVW�RI�OHWWHUV�IURP�6��ZLWK�HDFK�OHWWHU�W\SH��H�J���H���SRVVLEO\�LQFOXGHG
PRUH�WKDQ�RQFH�LQ�0��(DFK�OHWWHU�W\SH�F�KDV�D�SUREDELOLW\�3�F���L�H��LWV�IUDFWLRQ�RI�WKH�PHPEHUV�RI�0���$Q�RSWLPDO�FRPSUHVVLRQ�VFKHPH�ZRXOG�UHTXLUH�

�ELWV�LQ�HDFK�FRGH���$OO�ORJV�LQ�WKLV�GLVFXVVLRQ�DUH�EDVH����



7R�XQGHUVWDQG�ZK\�WKLV�LV�SODXVLEOH��VXSSRVH�WKDW�DOO�WKH�FKDUDFWHUV�KDYH�WKH�VDPH�SUREDELOLW\��7KDW�PHDQV�WKDW�RXU�FROOHFWLRQ�FRQWDLQV� �GLIIHUHQW
FKDUDFWHUV��6R�ZH�QHHG� �GLIIHUHQW�FRGHV��WKHUHIRUH� �ELWV�LQ�HDFK�FRGH��)RU�H[DPSOH��VXSSRVH�6�KDV���W\SHV�RI�OHWWHU�DQG�0�FRQWDLQV�RQH�RI
HDFK��7KHQ�ZH
OO�QHHG���GLVWLQFW�FRGHV��RQH�SHU�OHWWHU���VR�HDFK�FRGH�PXVW�KDYH���ELWV��7KLV�VTXDUHV�ZLWK�WKH�IDFW�WKDW�HDFK�OHWWHU�KDV�SUREDELOLW\�����DQG�

�

7KH�HQWURS\�RI�WKH�OLVW�0�LV�WKH�DYHUDJH�QXPEHU�RI�ELWV�SHU�FKDUDFWHU�ZKHQ�ZH�UHSODFH�WKH�OHWWHUV�LQ�0�ZLWK�WKHLU�FRGHV��7R�FRPSXWH�WKLV��ZH�DYHUDJH
WKH�OHQJWKV�RI�WKH�FRGHV��ZHLJKWLQJ�WKH�FRQWULEXWLRQ�RI�HDFK�OHWWHU�F�E\�LWV�SUREDELOLW\�3�F���7KLV�JLYH�XV

5HFDOO�WKDW� ��$SSO\LQJ�WKLV��ZH�JHW�WKH�VWDQGDUG�IRUP�RI�WKH�HQWURS\�GHÀQLWLRQ�

,Q�SUDFWLFH��JRRG�FRPSUHVVLRQ�VFKHPHV�GRQ
W�RSHUDWH�RQ�LQGLYLGXDO�FKDUDFWHUV�DQG�DOVR�WKH\�GRQ
W�DFKLHYH�WKLV�WKHRUHWLFDO�RSWLPXP�ELW�UDWH��+RZHYHU�
HQWURS\�LV�D�YHU\�JRRG�ZD\�WR�PHDVXUH�WKH�KRPRJHQHLW\�RI�D�FROOHFWLRQ�RI�GLVFUHWH�YDOXHV��VXFK�DV�WKH�YDOXHV�LQ�WKH�GHFLVLRQ�WUHH�SRROV�

)RU�PRUH�LQIRUPDWLRQ��ORRN�XS�6KDQQRQ
V�VRXUFH�FRGLQJ�WKHRUHP�



&6�����(&(�����
0DUJDUHW�)OHFN ���/LQHDU�&ODVVLÀHUV

%LJ�SLFWXUH
/LQHDU�FODVVLÀHUV�FODVVLI\�LQSXW�LWHPV�XVLQJ�D�OLQHDU�FRPELQDWLRQ�RI�IHDWXUH�YDOXHV��'HSHQGLQJ�RQ�WKH�GHWDLOV��DQG�WKH�PRRG
DQG�WKHRUHWLFDO�ELDVHV�RI�WKH�DXWKRU��D�OLQHDU�FODVVLÀHU�PD\�EH�NQRZQ�DV

SHUFHSWURQV
VLQJOH�XQLWV�RI�D�QHXUDO�QHW
ORJLVWLF�UHJUHVVLRQ
D�VXSSRUW�YHFWRU�PDFKLQH��690�

7KH�YDULDEOH�WHUPLQRORJ\�ZDV�FUHDWHG�E\�WKH�FRQYHUJHQFH�RI�WZR�OLQHV�RI�UHVHDUFK��2QH��QHXUDO�QHWV��SHUFHSWURQV��DWWHPSWV�WR
PRGHO�QHXURQV�LQ�WKH�KXPDQ�EUDLQ��7KH�RWKHU��ORJLVWLF�UHJUHVVLRQ��690��HYROYHG�IURP�VWDQGDUG�PHWKRGV�IRU�OLQHDU
UHJUHVVLRQ�

$�NH\�OLPLWDWLRQ�RI�OLQHDU�XQLWV�LV�WKDW�FODVV�ERXQGDULHV�PXVW�EH�OLQHDU��5HDO�FODVV�ERXQGDULHV�DUH�IUHTXHQWO\�QRW�OLQHDU��6R
OLQHDU�XQLWV�W\SLFDOO\

XVHG�LQ�JURXSV��H�J��QHXUDO�QHWV��DQG�RU
IHG�GDWD�DIWHU�VRPH�SULRU�SURFHVVLQJ��H�J��QRQ�OLQHDU�RU�GLPHQVLRQ�UHGXFLQJ�

:KDW�LV�OLQHDUO\�VHSDUDEOH"
$�GDWDVHW�LV�OLQHDUO\�VHSDUDEOH�LI�ZH�FDQ�GUDZ�D�OLQH��RU��LQ�KLJKHU�GLPHQVLRQV��D�K\SHUSODQH��WKDW�GLYLGHV�RQH�FODVV�IURP�WKH
RWKHU��7KH�OHIWKDQG�GDWDVHW�EHORZ�LV�OLQHDUO\�VHSDUDEOH��WKH�ULJKWKDQG�RQH�LV�QRW�

� �IURP�/DQD�/D]HEQLN

$�FRPPRQ�VLWXDWLRQ�LV�WKDW�GDWD�PD\�EH�DOPRVW�OLQHDUO\�VHSDUDEOH��7KDW�LV��ZH�FDQ�GUDZ�D�OLQH�WKDW�FRUUHFWO\�SUHGLFWV�WKH�FODVV
IRU�PRVW�RI�WKH�GDWD�SRLQWV��DQG�ZH�FDQ
W�GR�DQ\�EHWWHU�E\�DGMXVWLQJ�WKH�OLQH��7KDW
V�RIWHQ�WKH�EHVW�WKDW�FDQ�EH�GRQH�ZKHQ�WKH
GDWD�LV�PHVV\�



�IURP�/DQD�/D]HEQLN

$�VLQJOH�OLQHDU�XQLW�ZLOO�WU\�WR�VHSDUDWH�WKH�GDWD�ZLWK�D�OLQH�K\SHUSODQH��ZKHWKHU�RU�QRW�WKH�GDWD�UHDOO\�ORRNV�OLNH�WKDW�

5HYLHZ��/LQHDU�UHJUHVVLRQ
<RX
YH�SUREDEO\�VHHQ�OLQHDU�UHJUHVVLRQ�RU��DW�OHDVW��XVHG�D�FDQQHG�IXQFWLRQ�WKDW�SHUIRUPV�LW��+RZHYHU��\RX�PD\�ZHOO�QRW
UHPHPEHU�ZKDW�WKH�WHUP�UHIHUV�WR��/LQHDU�UHJUHVVLRQ�LV�WKH�SURFHVV�RI�ÀWWLQJ�D�OLQHDU�IXQFWLRQ�I�WR�D�VHW�RI��[�\��SRLQWV��7KDW�LV�
ZH�DUH�JLYHQ�D�VHW�RI�GDWD�YDOXHV� ��:H�VWLSXODWH�WKDW�RXU�PRGHO�I�PXVW�KDYH�WKH�IRUP� ��:H
G�OLNH�WR�ÀQG
YDOXHV�IRU�D�DQG�E�WKDW�PLQLPL]H�WKH�GLVWDQFH�EHWZHHQ�WKH� �DQG� ��DYHUDJHG�RYHU�DOO�WKH�GDWDSRLQWV��)RU�H[DPSOH��WKH�UHG
OLQH�LQ�WKLV�ÀJXUH�VKRZV�WKH�OLQH�I�WKDW�DSSUR[LPDWHV�WKH�VHW�RI�EOXH�GDWDSRLQWV�

�)URP�:LNLSHGLD

7KHUH�DUH�WZR�FRPPRQ�ZD\V�WR��PHDVXUH�WKH�GLVWDQFH�EHWZHHQ� �DQG� ��

/��QRUP�RU�0DQKDWWDQ�GLVWDQFH��

/��QRUP�RU�VWUDLJKW�OLQH�GLVWDQFH��

7KH�SRSXODU��OHDVW�VTXDUHV��PHWKRG�XVHV�WKH�/��QRUP��%HFDXVH�WKLV�HUURU�IXQFWLRQ�LV�D�VLPSOH�GLIIHUHQWLDEOH�IXQFWLRQ�RI�WKH
LQSXW��WKHUH�LV�D�ZHOO�NQRZQ�DQDO\WLF�VROXWLRQ�IRU�ÀQGLQJ�WKH�PLQLPXP���6HH�WKH�WH[WERRN�RU�PDQ\�RWKHU�SODFHV���7KHUH�DUH
DOVR�VR�FDOOHG��UREXVW��PHWKRGV�WKDW�PLQLPL]H�WKH�/��QRUP��7KHVH�DUH�D�ELW�PRUH�FRPSOH[�EXW�OHVV�VHQVLWLYH�WR�RXWOLHUV��DND
EDG�LQSXW�YDOXHV��

:KDW�GRHV�D�OLQHDU�IXQFWLRQ�ORRN�OLNH"

,Q�PRVW�FODVVLÀFDWLRQ�WDVNV��RXU�LQSXW�YDOXHV�DUH�D�YHFWRU� ��6XSSRVH�WKDW� �LV�WZR�GLPHQVLRQDO��VR�ZH
UH�ÀWWLQJ�D�PRGHO
IXQFWLRQ� ��$�OLQHDU�IXQFWLRQ�RI�WZR�LQSXW�YDULDEOHV�PXVW�ORRN�DV�IROORZV��ZKHUH�FRORU�VKRZV�YDOXHV�RI�WKH�RXWSXW
YDOXH� ���UHG�KLJK�WR�EOXH�ORZ��



�IURP�0DUN�+DVHJDZD�-RKQVRQ��&6�����
6SULQJ�����

,Q�FODVVLÀFDWLRQ��ZH�ZLOO�W\SLFDOO\�EH�FRPSDULQJ�WKH�RXWSXW�YDOXH� ��DJDLQVW�D�WKUHVKROG�7��,Q�WKLV�SLFWXUH��
�LV�D�FRORU�FRQWRXU��(�J��SHUKDSV�LW
V�WKH�PLGGOH�RI�WKH�\HOORZ�VWULSH��7KH�GLYLVLRQ�ERXQGDU\��L�H�� �

LV�DOZD\V�OLQHDU��D�VWUDLJKW�OLQH�IRU�D��'�LQSXW��D�SODQH�IRU�LQSXWV�RI�KLJKHU�GLPHQVLRQ�

%DVLF�OLQHDU�&ODVVLÀHU
7KH�EDVLF�VHW�XS�IRU�D�OLQHDU�FODVVLÀHU�LV�VKRZQ�EHORZ��/RRN�DW�RQO\�RQH�FODVV��H�J��SLQN�IRU�FDW���(DFK�LQSXW�H[DPSOH
JHQHUDWHV�D�IHDWXUH�YHFWRU��[���7KH�IRXU�SL[HO�YDOXHV� �DUH�PXOWLSOLHG�E\�WKH�ZHLJKWV�IRU�WKDW�FODVV��H�J��WKH�SLQN
FHOOV��WR�SURGXFH�D�VFRUH�IRU�WKDW�FODVV��$�ELDV�WHUP��E��LV�DGGHG�WR�SURGXFH�WKH�ZHLJKWHG�VXP� �

�IURP�$QGUHM�.DUSDWK\�FV���Q�FRXUVH�QRWHV�YLD�/DQD�/D]HEQLN�

,Q�WKLV�WR\�H[DPSOH��WKH�LQSXW�IHDWXUHV�DUH�DUH�LQGLYLGXDO�SL[HO�YDOXHV��,Q�D�UHDO�ZRUNLQJ�V\VWHP��WKH\�ZRXOG�SUREDEO\�EH
VRPHWKLQJ�PRUH�VRSKLVWLFDWHG��VXFK�DV�6,)7�IHDWXUHV�RU�WKH�RXWSXW�RI�DQ�HDUO\�VWDJH�RI�QHXUDO�SURFHVVLQJ��,Q�D�WH[W
FODVVLIFDWLRQ�WDVN��RQH�PLJKW�XVH�ZRUG�RU�ELJUDP�SUREDELOLWLHV�

7R�PDNH�D�PXOWL�ZD\�GHFLVLRQ��DV�LQ�WKLV�H[DPSOH���ZH�FRPSDUH�WKH�RXWSXW�YDOXHV�IRU�VHYHUDO�FODVVHV�DQG�SLFN�WKH�FODVV�ZLWK
WKH�KLJKHVW�YDOXH��,Q�WKLV�WR\�H[DPSOH��WKH�DOJRULWKP�PDNHV�WKH�ZURQJ�FKRLFH��GRJ���&OHDUO\�WKH�ZHLJKWV� �DUH�NH\�WR
VXFFHVV�

7R�PDNH�D�\HV�QR�GHFLVLRQ��ZH�FRPSDUH�WKH�ZHLJKWHG�VXP�WR�D�WKUHVKROG��7KH�ELDV�WHUP�DGMXVWV�WKH�RXWSXW�VR�WKDW�ZH�FDQ�XVH
D�VWDQGDUG�WKUHVKROG����IRU�QHXUDO�QHWV�DQG�����IRU�ORJLVWLF�UHJUHVVLRQ���:H
OO�DVVXPH�ZH�ZDQW���LQ�ZKDW�IROORZV���,Q�VLWXDWLRQV
ZKHUH�WKH�ELDV�WHUP�LV�QRWDWLRQDOO\�LQFRQYHQLHQW��ZH�FDQ�PDNH�LW�GLVDSSHDU��VXSHUÀFLDOO\��E\�LQWURGXFLQJ�D�QHZ�LQSXW�IHDWXUH�
�ZKLFK�LV�WLHG�WR�WKH�FRQVWDQW����,WV�ZHLJKW� �LV�WKH�ELDV�WHUP�

:K\�LVQ
W�WKLV�1DLYH�%D\HV"



,Q�1DLYH�%D\HV��ZH�IHG�D�IHDWXUH�YHFWRU�LQWR�D�VRPHZKDW�VLPLODU�HTXDWLRQ��HVS��LI�\RX�WKLQN�DERXW�HYHU\WKLQJ�LQ�ORJ�VSDFH��
:KDW
V�GLIIHUHQW�KHUH"

)LUVW��WKH�IHDWXUH�YDOXHV�LQ�1DLYH�3D\HV�ZHUH�SUREDELOLWLHV��(�J��D�VLQJOH�QXPEHU�PLJKW�EH�WKH�SUREDELOLW\�RI�VHHLQJ�WKH�ZRUG
�HOHSKDQW��LQ�VRPH�W\SH�RI�WH[W��7KH�YDOXHV�KHUH�DUH�MXVW�QXPEHUV��QRW�LQ�WKH�UDQJH�>���@��:H�GRQ
W�NQRZ�ZKHWKHU�DOO�RI�WKHP
DUH�RQ�WKH�VDPH�VFDOH�

,Q�QDLYH�%D\HV��ZH�DVVXPHG�WKDW�IHDWXUHV�ZHUH�FRQGLWLRQDOO\�LQGHSHQGHQW��JLYHQ�WKH�FODVV�ODEHO��7KLV�PD\�EH�D�UHDVRQDEOH
DSSUR[LPDWLRQ�IRU�VRPH�VHWV�RI�IHDWXUHV��EXW�LW
V�IUHTXHQWO\�ZURQJ�HQRXJK�WR�FDXVH�SUREOHPV��)RU�H[DPSOH��LQ�D�EDJ�RI�ZRUGV
PRGHO���6DQ��DQG��)UDQFLVFR��GR�QRW�RFFXU�LQGHSHQGHQWO\�HYHQ�LI�\RX�NQRZ�WKDW�WKH�W\SH�RI�WH[W�LV��UHVWDXUDQW�UHYLHZV��
/RJLVWLF�UHJUHVVLRQ��D�QDWXUDO�XSJUDGH�IRU�QDLYH�%D\HV��DOORZV�XV�WR�KDQGOH�IHDWXUHV�WKDW�PD\�EH�FRUUHODWHG��)RU�H[DPSOH��WKH
LQGLYLGXDO�ZHLJKWV�IRU��6DQ��DQG��)UDQFLVFR��FDQ�EH�DGMXVWHG�VR�WKDW�WKH�SDLU
V�RYHUDOO�FRQWULEXWLRQ�LV�PRUH�OLNH�WKDW�RI�D
VLQJOH�ZRUG�

%DVLF�SHUFHSWURQ
5HFDOO�WKDW�D�OLQHDU�FODVVLÀHU�PDNHV�LWV�GHFLVLRQV�EDVHG�RQ�D�OLQHDU�FRPELQDWLRQ�RI�WKH�LQSXW�IHDWXUH�YDOXHV��7KDW�LV��LI�RXU
LQSXW�IHDWXUHV�YDOXHV�DUH� ��LW�WHVWV�ZKHWKHU

7R�DYRLG�KDYLQJ�WR�GHDO�VHSDUDWHO\�ZLWK�WKH�ELDV�WHUP�E��ZH�UHSODFH�WKLV�ZLWK�D�IDNH�IHDWXUH� �WKDW�LV�DOZD\V�VHW�WR����SOXV�DQ
DGGLWLRQDO�ZHLJKW� ��6R�WKHQ�RXU�GHFLVLRQ�HTXDWLRQ�EHFRPHV

5HIRUPXODWLQJ�D�ELW�IXUWKHU��OHW
V�SDVV�WKLV�ZHLJKWHG�VXP�WKURXJK�WKH�VLJQ�IXQFWLRQ��VJQ���:H
OO�IROORZ�WKH�QHXUDO�QHW
WHUPLQRORJ\�DQG�FDOO�WKLV�ÀQDO�IXQFWLRQ�WKH��DFWLYDWLRQ�IXQFWLRQ���6R�WKHQ�RXU�FODVVLÀFDWLRQ�LV�EDVHG�RQ�WKLV�WHVW�

,V� �HTXDO�WR���RU���"

:H�FDQ�PDNH�RQH�RI�WKHVH�XQLWV�ORRN�OLNH�D�QHXURQ�RU�D�FLUFXLW�FRPSRQHQW�E\�GUDZLQJ�LW�OLNH�WKLV�

��IURP�0DUN�+DVHJDZD�-RKQVRQ��&6������6SULQJ������

7KLV�SDUWLFXODU�W\SH�RI�OLQHDU�XQLW�XQLW�LV�FDOOHG�D�SHUFHSWURQ��3HUFHSWURQV�KDYH�OLPLWHG�FDSDELOLWLHV�EXW�DUH�SDUWLFXODUO\�HDV\�WR
WUDLQ�

7KH�WUDLQLQJ�SURFHVV
6R�IDU��ZH
YH�DVVXPHG�WKDW�WKH�ZHLJKWV� �ZHUH�JLYHQ�WR�XV�E\�PDJLF��,Q�SUDFWLFH��WKH\�DUH�OHDUQHG�IURP�WUDLQLQJ
GDWD��6XSSRVH�WKDW�ZH�KDYH�D�VHW�7�RI�WUDLQLQJ�GDWD�SDLUV��[�\���ZKHUH�[�LV�D�IHDWXUH�YHFWRU�DQG�\�LV�WKH��FRUUHFW��FODVV�ODEHO�
2XU�WUDLQLQJ�DOJRULWKP�ORRNV�OLNH�



,QLWLDOL]H�ZHLJKWV� �WR�]HUR
)RU�HDFK�WUDLQLQJ�H[DPSOH��[�\���XSGDWH�WKH�ZHLJKWV�WR�LPSURYH�WKH�FKDQJHV�RI�FODVVLI\LQJ�[�FRUUHFWO\�

3HUFHSWURQ�/HDUQLQJ�5XOH
/HW
V�VXSSRVH�WKDW�RXU�XQLW�LV�D�FODVVLFDO�SHUFHSWURQ��L�H��RXU�DFWLYDWLRQ�IXQFWLRQ�LV�WKH�VLJQ�IXQFWLRQ��7KHQ�ZH�FDQ�XSGDWH�WKH
ZHLJKWV�XVLQJ�WKH��SHUFHSWURQ�OHDUQLQJ�UXOH���6XSSRVH�WKDW�[�LV�D�IHDWXUH�YHFWRU��\�LV�WKH�FRUUHFW�FODVV�ODEHO��DQG� �LV�WKH�FODVV
ODEHO�WKDW�ZDV�FRPSXWHG�XVLQJ�RXU�FXUUHQW�ZHLJKWV��7KHQ�RXU�XSGDWH�UXOH�LV�

,I� � �\��GR�QRWKLQJ�
2WKHUZLVH�

7KH��OHDUQLQJ�UDWH��FRQVWDQW� �FRQWUROV�KRZ�TXLFNO\�WKH�XSGDWH�SURFHVV�FKDQJHV�LQ�UHVSRQVH�WR�QHZ�GDWD�

7KHUH
V�VHYHUDO�YDULDQWV�RI�WKLV�HTXDWLRQ��H�J�

:KHQ�WU\LQJ�WR�XQGHUVWDQG�ZK\�WKH\�DUH�HTXLYDOHQW��QRWLFH�WKDW�WKH�RQO\�SRVVLEOH�YDOXHV�IRU�\�DQG� �DUH���DQG�����6R�LI� �
WKHQ� �LV�]HUR�DQG�RXU�XSGDWH�UXOH�GRHV�QRWKLQJ��2WKHUZLVH�� �LV�HTXDO�WR�HLWKHU���RU�����ZLWK�WKH�VLJQ�PDWFKLQJ
WKDW�RI�WKH�FRUUHFW�DQVZHU��\���7KH�IDFWRU�RI���LV�LUUHOHYDQW��EHFDXVH�ZH�FDQ�WXQH� �WR�ZKDWHYHU�ZH�ZLVK�

7KLV�WUDLQLQJ�SURFHGXUH�ZLOO�FRQYHUJH�LI

GDWD�DUH�OLQHDUO\�VHSDUDEOH�RU
ZH�WKURWWOH�WKH�VL]H�RI�WKH�XSGDWHV�DV�WUDLQLQJ�SURFHHGV�E\�GHFUHDVLQJ� �

$SSDUHQWO\�FRQYHUJHQFH�LV�JXDUDQWHHG�LI�WKH�OHDUQLQJ�UDWH�LV�SURSRUWLRQDO�WR� �ZKHUH�W�LV�WKH�FXUUHQW�LWHUDWLRQ�QXPEHU��7KH
ERRN�UHFRPPHQGV�D�JHQWOHU�IRUPXOD��PDNH� �SURSRUWLRQDO�WR� �

3URFHVVLQJ�WKH�WUDLQLQJ�GDWD
2QH�UXQ�WKURXJK�WUDLQLQJ�GDWD�WKURXJK�WKH�XSGDWH�UXOH�LV�FDOOHG�DQ��HSRFK���7UDLQLQJ�D�OLQHDU�FODVVLÀHU�JHQHUDOO\�XVHV�PXOWLSOH
HSRFKV��L�H��WKH�DOJRULWKP�VHHV�HDFK�WUDLQLQJ�SDLU�VHYHUDO�WLPHV�

'DWDVHWV�RIWHQ�KDYH�VWURQJ�ORFDO�FRUUHODWLRQV��EHFDXVH�WKH\�KDYH�EHHQ�IRUPHG�E\�FRQFDWHQDWLQJ�VHWV�RI�GDWD��H�J��GRFXPHQWV�
WKDW�HDFK�KDYH�D�VWURQJ�WRSLF�IRFXV��6R�LW
V�RIWHQ�EHVW�WR�SURFHVV�WKH�LQGLYLGXDO�WUDLQLQJ�H[DPSOHV�LQ�D�UDQGRP�RUGHU�

/LPLWDWLRQV
3HUFHSWURQV�FDQ�EH�YHU\�XVHIXO�EXW�KDYH�VLJQLÀFDQW�OLPLWDWLRQV�

7KH�GHFLVLRQ�ERXQGDU\�FDQ�RQO\�EH�D�OLQH�

)L[HV�
XVH�PXOWLSOH�XQLWV��QHXUDO�QHW�
PDVVDJH�LQSXW�IHDWXUHV�WR�PDNH�WKH�ERXQGDU\�OLQHDU

,I�WKHUH�LV�RYHUODS�EHWZHHQ�WKH�WZR�FDWHJRULHV��WKH�OHDUQLQJ�SURFHVV�FDQ�WKUDVK�EHWZHHQ�GLIIHUHQW�ERXQGDU\�SRVLWLRQV�

)L[HV�
UHGXFH�OHDUQLQJ�UDWH�DV�OHDUQLQJ�SURJUHVVHV
GRQ
W�XSGDWH�ZHLJKWV�DQ\�PRUH�WKDQ�QHHGHG�WR�À[�PLVWDNH�LQ�FXUUHQW�H[DPSOH
FDS�WKH�PD[LPXP�FKDQJH�LQ�ZHLJKWV��H�J��WKLV�H[DPSOH�PD\�KDYH�EHHQ�D�PLVWDNH�

,I�WKHUH�LV�D�JDS�EHWZHHQ�WKH�WZR�FDWHJRULHV��WKH�WUDLQLQJ�SURFHVV�PD\�KDYH�WURXEOH�GHFLGLQJ�ZKHUH�WR�SODFH�WKH
ERXQGDU\�OLQH�



)L[��VZLWFK�WR�D�FORVHO\�UHODWHG�OHDUQLQJ�PHWKRG�FDOOHG�D��VXSSRUW�YHFWRU�PDFKLQHV���690
V���7KH�ELJ�LGHD
IRU�DQ�690�LV�WKDW�RQO\�H[DPSOHV�QHDU�WKH�ERXQGDU\�PDWWHU��6R�ZH�WU\�WR�PD[LPL]H�WKH�GLVWDQFH�EHWZHHQ
WKH�FORVHVW�VDPSOH�SRLQW�DQG�WKH�ERXQGDU\��WKH��PDUJLQ���

0XOWL�FODVV�SHUFHSWURQV
3HUFHSWURQV�FDQ�HDVLO\�EH�JHQHUDOL]HG�WR�SURGXFH�RQH�RI�D�VHW�RI�FODVV�ODEHOV��UDWKHU�WKDQ�D�\HV�QR�DQVZHU��:H�XVH�VHYHUDO
SDUDOOHO�FODVVLÀHU�XQLWV��(DFK�KDV�LWV�RZQ�VHW�RI�ZHLJKWV��-RLQ�WKH�LQGLYLGXDO�RXWSXWV�LQWR�RQH�RXWSXW�XVLQJ�DUJPD[��L�H��SLFN
WKH�FODVV�WKDW�KDV�WKH�ODUJHVW�RXWSXW�YDOXH��

��IURP�0DUN�+DVHJDZD�-RKQVRQ��&6������6SULQJ������

8SGDWH�UXOH��6XSSRVH�ZH�VHH��[�\��DV�D�WUDLQLQJ�H[DPSOH��EXW�RXU�FXUUHQW�RXWSXW�FODVV�LV� ��8SGDWH�UXOH�

'R�QRWKLQJ�LI�\�DQG� �DUH�WKH�VDPH�
'R�QRWKLQJ�WR�WKH�XQLWV�IRU�FODVVHV�RWKHU�WKDQ�\�DQG� �
(DFK�ZHLJKW�LQ�FODVV�\��
(DFK�ZHLJKW�LQ�FODVV� ��

7KH�FODVVLÀFDWLRQ�UHJLRQV�IRU�D�PXOWL�FODVV�SHUFHSWURQ�ORRN�OLNH�WKH�SLFWXUH�EHORZ��7KDW�LV��HDFK�SDLU�RI�FODVVHV�LV�VHSDUDWHG�E\
D�OLQHDU�ERXQGDU\��%XW�WKH�UHJLRQ�IRU�HDFK�FODVV�LV�GHÀQHG�E\�VHYHUDO�OLQHDU�ERXQGDULHV�

�IURP�:LNLSHGLD

$�SHUFHSWURQ



��IURP�0DUN�+DVHJDZD�-RKQVRQ��&6������6SULQJ������

'LIIHUHQWLDEOH�XQLWV
&ODVVLFDO�SHUFHSWURQV�KDYH�D�VWHS�IXQFWLRQ�DFWLYDWLRQ�IXQFWLRQ��VR�WKH\�UHWXUQ�RQO\���RU�����2XU�DFFXUDF\�LV�WKH�FRXQW�RI�KRZ
PDQ\�WLPHV�ZH�JRW�WKH�DQVZHU�ULJKW��:KHQ�ZH�JHQHUDOL]H�WR�PXOWL�OD\HU�QHWZRUNV��LW�ZLOO�EH�PXFK�PRUH�FRQYHQLHQW�WR�KDYH�D
GLIIHUHQWLDEOH�RXWSXW�IXQFWLRQ��VR�WKDW�ZH�FDQ�XVH�JUDGLHQW�GHVFHQW�WR�XSGDWH�WKH�ZHLJKWV�

7R�GR�WKLV��ZH�QHHG�WR�VHSDUDWH�WZR�IXQFWLRQV�DW�WKH�RXWSXW�HQG�RI�WKH�XQLW�

WKH�DFWLYDWLRQ�IXQFWLRQ��RXU�PRGHO�RI�XQFHUWDLQW\�DERXW�WKH�GHFLVLRQ
WKH�ORVV�IXQFWLRQ��WKH�SHQDOW\�IRU�JHWWLQJ�WKH�GHFLVLRQ�ZURQJ�

)RU�WKH�SHUFHSWURQ��WKH�DFWLYDWLRQ�IXQFWLRQ�LV�WKH�VLJQ�IXQFWLRQ�IXQFWLRQ����LI�DERYH�WKH�WKUHVKROG�����LI�EHORZ�LW��7KH�ORVV
IXQFWLRQ�IRU�D�SHUFHSWURQ�LV��]HUR�RQH�ORVV���:H�JHW���IRU�HDFK�ZURQJ�DQVZHU����IRU�HDFK�FRUUHFW�RQH�

6R�RXU�ZKROH�FODVVLÀFDWLRQ�IXQFWLRQ�LV�WKH�FRPSRVLWLRQ�RI�WKUHH�IXQFWLRQV�

WKH�ZHLJKWHG�VXP�RI�LQSXW�IHDWXUH�YDOXHV
WKH�DFWLYDWLRQ�IXQFWLRQ
WKH�ORVV�IXQFWLRQ

,Q�D�PXOWL�OD\HU�QHWZRUN��WKHUH�ZLOO�EH�DFWLYDWLRQ�IXQFWLRQV�DW�HDFK�OD\HU�DQG�RQH�ORVV�IXQFWLRQ�DW�WKH�YHU\�HQG�

$FWLYDWLRQ�)XQFWLRQV
:KHQ�ZH�PRYH�WR�GLIIHUHQWLDEOH�XQLWV�IRU�PDNLQJ�QHXUDO�QHWV��WKH�SRSXODU�FKRLFHV�IRU�GLIIHUHQWLDEOH�DFWLYDWLRQ�IXQFWLRQV
LQFOXGH�WKH�ORJLVWLF��DND�VLJPRLG���WDQK��UHFWLÀHG�OLQHDU�XQLW��5H/X���:LNLSHGLD�KDV�DQ�H[FHVVLYHO\�FRPSUHKHQVLYH�OLVW�RI
DOWHUQDWLYHV�

7KH�WDQK�IXQFWLRQ� �ORRNV�OLNH�WKLV�



�IURP�0DUN�+DVHJDZD�-RKQVRQ

7KH�ORJLVWLF�VLJPRLG�IXQFWLRQ�KDV�HTXDWLRQ� ��,W�LV�MXVW�OLNH�WDQK��H[FHSW�UHVFDOHG�VR�WKDW�LW�UHWXUQV�YDOXHV�EHWZHHQ���DQG
���UDWKHU�WKDQ�EHWZHHQ����DQG�����7KH�ORJLVWLF�IRUP�ZRXOG�EH�XVHG�ZKHQ�WKH�GHVLJQHU�ZDQWV�WR�WKLQN�RI�WKH�YDOXHV�DV
SUREDELOLWLHV��H�J��ORJLVWLF�UHJUHVVLRQ���2WKHUZLVH�RQH�ZRXOG�FKRRVH�ZKLFKHYHU�LV�PRUH�FRQYHQLHQW�IRU�ODWHU�VWDJHV�RI
SURFHVVLQJ�

$�UHFWLÀHG�OLQHDU�XQLW��5H/8��XVHV�WKH�IXQFWLRQ�I��ZKHUH�I�[�� �[�ZKHQ�SRVLWLYH��I�[�� ���LI�QHJDWLYH��,W�ORRNV�OLNH�WKLV�

�IURP�$QGUHM�.DUSDWK\

7KH�DFWLYDWLRQ�GRHV�QRW�DIIHFW�WKH�GHFLVLRQ�IURP�RXU�VLQJOH��SUH�WUDLQHG�XQLW��5DWKHU��WKH�FKRLFH�KDV�WZR�OHVV�REYLRXV
FRQVHTXHQFHV�

7KH�RXWSXW�RI�WKH�ORJLVWLF�IXQFWLRQ�LV�LQ�WKH�ULJKW�UDQJH�WR�EH�LQWHUSUHWHG�DV�D�SUREDELOLW\��LI�WKDW�LV�GHVLUHG�
$�VORZ�WUDQVLWLRQ�DFURVV�WKH�GHFLVLRQ�ERXQGDU\�OHWV�XV�WUHDW�YDOXHV�QHDU�WKH�GHFLVLRQ�ERXQGDU\�DV�XQFHUWDLQ��ERWK�ZKHQ
WUDLQLQJ�RXU�XQLW�DQG�ZKHQ�IHHGLQJ�LWV�YDOXH�WR�ODWHU�SURFHVVLQJ��H�J��LQ�D�QHXUDO�QHW��

/RVV�)XQFWLRQV
6XSSRVH�WKDW�ZH�KDYH�D�WUDLQLQJ�SDLU��[�\���6R�\�LV�WKH�FRUUHFW�RXWSXW��6XSSRVH�WKDW� �LV�WKH�RXWSXW�RI�RXU�XQLW��ZHLJKWHG
DYHUDJH�DQG�WKHQ�DFWLYDWLRQ�IXQFWLRQ���3RSXODU�GLIIHUHQWLDEOH�ORVV�IXQFWLRQV�LQFOXGH

/��QRUP��
FURVV�HQWURS\�ORVV��

,Q�ERWK�FDVHV��RXU�JRDO�LV�WR�PLQLPL]H�WKLV�ORVV�DYHUDJHG�RYHU�DOO�RXU�WUDLQLQJ�SDLUV�

:KHQ�XVLQJ�WKH�/��QRUP�WR�PHDVXUH�GLVWDQFHV��H�J��LQ�D��'�PDS���RQH�ZRXOG�QRUPDOO\

WDNH�WKH�VTXDUH�RI�WKH�GLIIHUHQFH�IRU�HDFK�LQGLYLGXDO�FRRUGLQDWH��DV�VKRZQ�DERYH��
DGG�WKH�VTXDUHV�XS�DFURVV�DOO�FRRUGLQDWHV��DQG�WKHQ
WDNH�WKH�VTXDUH�URRW�RI�WKH�UHVXOW�

+RZHYHU��ZH
UH�MXVW�WU\LQJ�WR�PLQLPL]H�WKH�GLVWDQFH��QRW�DFWXDOO\�FRPSXWH�WKH�GLVWDQFH��6R�ZH�FDQ�VNLS�WKH�ODVW��VTXDUH�URRW�
VWHS��EHFDXVH�VTXDUH�URRW�LV�PRQRWRQLFDOO\�LQFUHDVLQJ�

5HFDOO�WKDW�HQWURS\�LV�WKH�QXPEHU�RI�ELWV�UHTXLUHG�WR��RSWLPDOO\��FRPSUHVV�D�SRRO�RI�YDOXHV��7KH�KLJK�OHYHO�LGHD�RI�FURVV�
HQWURS\�LV�WKDW�ZH�KDYH�EXLOW�D�PRGHO�RI�SUREDELOLWLHV��H�J��XVLQJ�VRPH�WUDLQLQJ�GDWD��DQG�WKHQ�XVH�WKDW�PRGHO�WR�FRPSUHVV�D
GLIIHUHQW�VHW�RI�GDWD��&URVV�HQWURS\�PHDVXUHV�KRZ�ZHOO�RXU�PRGHO�VXFFHHGV�RQ�WKLV�QHZ�GDWD��7KLV�LV�RQH�ZD\�WR�PHDVXUH�WKH
GLIIHUHQFH�EHWZHHQ�WKH�PRGHO�DQG�WKH�QHZ�GDWD�



,I�\RX�DUH�FXULRXV��KHUH�LV�D�ORQJHU�OLVW�RI�ORVV�IXQFWLRQV�

5HYLHZ��WKH�FKDLQ�UXOH
5HPHPEHU�WKH�FKDLQ�UXOH�IURP�FDOFXOXV��,I� ��WKH�FKDLQ�UXOH�VD\V�WKDW� ��,Q�RWKHU�ZRUGV��WR
FRPSXWH� ��ZH
OO�QHHG�WKH�GHULYDWLYHV�RI�WKH�WZR�LQGLYLGXDO�IXQFWLRQV��SOXV�WKH�YDOXH�RI�RI�WKHP�DSSOLHG�WR�WKH�LQSXW�

([DPSOH�RI�GLIIHUHQWLDEOH�XSGDWLQJ
/HW
V�DVVXPH�ZH�XVH�WKH�ORJLVWLF�VLJPRLG�IRU�RXU�DFWLYDWLRQ�IXQFWLRQ�DQG�WKH�/��QRUP�IRU�RXU�ORVV�IXQFWLRQ�

7R�ZRUN�RXW�WKH�XSGDWH�UXOH�IRU�OHDUQLQJ�ZHLJKW�YDOXHV��VXSSRVH�ZH�KDYH�D�WUDLQLQJ�H[DPSOH��[�\���ZKHUH�[�LV�D�YHFWRU�RI
IHDWXUH�YDOXHV��7KH�RXWSXW�ZLWK�RXU�FXUUHQW�ZHLJKWV�LV

�ZKHUH� �LV�WKH�VLJPRLG�IXQFWLRQ�

8VLQJ�WKH�/��QRUP�DV�RXU�ORVV�IXQFWLRQ��RXU�ORVV�IURP�MXVW�WKLV�RQH�WUDLQLQJ�VDPSOH�LV

)RU�JUDGLHQW�GHVFHQW��ZH�DGMXVW�RXU�ZHLJKWV�LQ�WKH�RSSRVLWH�RI�WKH�JUDGLHQW�GLUHFWLRQ��7KDW�LV��RXU�XSGDWH�UXOH�IRU�RQH�ZHLJKW�
�VKRXOG�ORRN�OLNH�

/HW
V�ÀJXUH�RXW�ZKDW� �LV��7KLV�UHTXLUHV�VRPH�SDWLHQFH�EXW�LV�HQWLUHO\�PHFKDQLFDO��,W
V�D�FDOFXODWLRQ�WKDW�\RX
OO�W\SLFDOO\
DVN�D�VRIWZDUH�SDFNDJH��H�J��QHXUDO�QHW�XWLOLWLHV��WR�GR�IRU�\RX�

��GHÀQLWLRQ�RI�/�Z�[���

 � ��FKDLQ�UXOH���

 � ��\�GRHVQ
W�GHSHQG�RQ� �� � ��\�GRHVQ
W�GHSHQG�RQ� �

2.��VR�QRZ�ZKDW�LV� "�,I�ZH�ORRN�XS�WKH�GHULYDWLYH�RI�WKH�VLJPRLG�IXQFWLRQ��ZH�ÀQG�WKDW� ��8VLQJ�WKLV
IDFW�

� � ��GHÀQLWLRQ�RI� ���

 � ��FKDLQ�UXOH�DQG�WKH�GHULYDWLYH�RI� ��
 � ��LW
V�MXVW�D�SRO\QRPLDO���
 � ��GHÀQLWLRQ�RI� �

6XEVWLWXWLQJ�WKLV�LQWR�RXU�HDUOLHU�IRUPXOD��ZH�JHW

6R�RXU�XSGDWH�IRUPXOD�LV

�LV�MXVW�D�WXQLQJ�SDUDPHWHU��VR�ZH�FDQ�IROG���LQWR�LW��7KLV�JLYHV�XV�RXU�ÀQDO�XSGDWH�HTXDWLRQ�

8JO\��XQLQWXLWLYH��EXW�VWUDLJKWIRUZDUG�WR�FRGH�



5HFDS
:H
YH�VHHQ�KRZ�WR�GHÀQH�DQG�WUDLQ�D�VLQJOH�GLIIHUHQWLDEOH�XQLW��,W
V�XVHIXO�WR�NQRZ�DERXW�D�FRXSOH�PRUH�GHWDLOV�EHIRUH�ZH
PRYH�RQ�WR�ORRNLQJ�DW�PXOWL�OD\HU�QHWZRUNV�IRUPHG�IURP�WKHVH�XQLWV�

6RIWPD[
5HFDOO�KRZ�ZH�EXLOW�D�PXOWL�FODVV�SHUFHSWURQ��:H�IHG�HDFK�LQSXW�IHDWXUH�WR�DOO�RI�WKH�XQLWV��7KHQ�ZH�MRLQHG�WKHLU�RXWSXWV
WRJHWKHU�ZLWK�DQ�DUJPD[�WR�VHOHFW�WKH�FODVV�ZLWK�WKH�KLJKHVW�RXWSXW�

��IURP�0DUN�+DVHJDZD�-RKQVRQ��&6������6SULQJ������

:H
G�OLNH�WR�GR�VRPHWKLQJ�VLPLODU�ZLWK�GLIIHUHQWLDEOH�XQLWV�

7KHUH�LV�QR��UHDVRQDEOH��ZD\�WR�SURGXFH�D�VLQJOH�RXWSXW�YDULDEOH�WKDW�WDNHV�GLVFUHWH�YDOXHV��RQH�SHU�FODVV���6R�ZH�XVH�D��RQH�
KRW��UHSUHVHQWDWLRQ�RI�WKH�FRUUHFW�RXWSXW��$�RQH�KRW�UHSUHVHQWDWLRQ�LV�D�YHFWRU�ZLWK�RQH�HOHPHQW�SHU�FODVV��7KH�WDUJHW�FODVV
JHWV�WKH�YDOXH���DQG�RWKHU�FODVVHV�JHW�]HUR��(�J��LI�ZH�KDYH���FODVVHV�DQG�ZH�ZDQW�WR�VSHFLI\�WKH�WKLUG�RQH��RXU�YHFWRU�ZLOO
ORRN�OLNH�

>����������������������@�

2QH�KRW�GRHVQ
W�VFDOH�ZHOO�WR�ODUJH�VHWV�RI�FODVVHV��EXW�ZRUNV�ZHOO�IRU�PHGLXP�VL]HG�FROOHFWLRQV�

1RZ��VXSSRVH�ZH�KDYH�D�VHTXHQFH�RI�FODVVLÀHU�RXWSXWV��RQH�SHU�FODVV�� ��:H�RIWHQ�KDYH�OLWWOH�FRQWURO�RYHU�WKH�UDQJH
RI�QXPEHUV�LQ�WKH� �YDOXHV��6RPH�PLJKW�HYHQ�EH�QHJDWLYH��:H
G�OLNH�WR�PDS�WKHVH�RXWSXWV�WR�D�RQH�KRW�YHFWRU��6RIWPD[�LV�D
GLIIHUHQWLDEOH�IXQFWLRQ�WKDW�DSSUR[LPDWHV�WKLV�GLVFUHWH�EHKDYLRU��,W
V�EHVW�WKRXJKW�RI�DV�D�YHUVLRQ�RI�DUJPD[�

6SHFLÀFDOO\��VRIWPD[�PDSV�HDFK� �WR� ��7KH�H[SRQHQWLDWLRQ�DFFHQWXDWHV�WKH�FRQWUDVW�EHWZHHQ�WKH�ODUJHVW�YDOXH�DQG�WKH

RWKHUV��DQG�IRUFHV�DOO�WKH�YDOXHV�WR�EH�SRVLWLYH��7KH�GHQRPLQDWRU�QRUPDOL]HV�DOO�WKH�YDOXHV�LQWR�WKH�UDQJH�>���@��VR�WKH\�ORRN
OLNH�SUREDELOLWLHV��IRU�IRONV�ZKR�ZDQW�WR�VHH�WKHP�DV�SUREDELOLWLHV��

5HJXODUL]DWLRQ
$Q\�W\SH�RI�PRGHO�ÀWWLQJ�LV�VXEMHFW�WR�SRVVLEOH�RYHUÀWWLQJ��:KHQ�WKLV�VHHPV�WR�EH�FUHDWLQJ�SUREOHPV��D�XVHIXO�WULFN�LV
�UHJXODUL]DWLRQ���6XSSRVH�WKDW�RXU�VHW�RI�WUDLQLQJ�GDWD�LV�7��7KHQ��UDWKHU�WKDQ�PLQLPL]LQJ�ORVV�PRGHO�7���ZH�PLQLPL]H

ORVV�PRGHO�7���� ��FRPSOH[LW\�PRGHO�

7KH�ULJKW�ZD\�WR�PHDVXUH�PRGHO�FRPSOH[LW\�GHSHQGV�VRPHZKDW�RQ�WKH�WDVN��$�VLPSOH�PHWKRG�IRU�D�OLQHDU�FODVVLÀHU�ZRXOG�EH
��ZKHUH�WKH� �DUH�WKH�FODVVLÀHU
V�ZHLJKWV��5HFDOO�WKDW�VTXDULQJ�PDNHV�WKH�/��QRUP�VHQVLWLYH�WR�RXWOLHU��DND�ZURQJ�

LQSXW�YDOXHV��,Q�WKLV�FDVH��WKLV�EHKDYLRU�LV�D�IHDWXUH��WKLV�PHDVXUH�RI�PRGHO�FRPSOH[LW\�ZLOO�SD\�VWURQJ�DWWHQWLRQ�WR�XQXVXDOO\



ODUJH�ZHLJKWV�DQG�PDNH�WKH�FODVVLÀHU�OHVV�OLNHO\�WR�XVH�WKHP��/LQJXLVWLF�PHWKRGV�EDVHG�RQ��PLQLPXPXP�GHVFULSWLRQ�OHQJWK�
DUH�XVLQJ�D�YDULDQW�RI�WKH�VDPH�LGHD�

�LV�D�FRQVWDQW�WKDW�EDODQFHV�WKH�GHVLUH�WR�ÀW�WKH�GDWD�ZLWK�WKH�GHVLUH�WR�SURGXFH�D�VLPSOH�PRGHO��7KLV�LV�\HW�DQRWKHU�SDUDPHWHU
WKDW�ZRXOG�QHHG�WR�EH�WXQHG�H[SHULPHQWDOO\�XVLQJ�RXU�GHYHORSPHQW�GDWD��7KH�SLFWXUH�EHORZ�LOOXVWUDWHV�KRZ�WKH�RXWSXW�RI�D
QHXUDO�QHW�FODVVLÀHU�EHFRPHV�VLPSOHU�DV� �LV�LQFUHDVHG���7KH�QHXUDO�QHW�LQ�WKLV�H[DPSOH�LV�PRUH�FRPSOH[��ZLWK�KLGGHQ�XQLWV��

�IURP�$QGUHM�.DUSDWK\�FRXUVH�QRWHV



&6�����(&(�����
0DUJDUHW�)OHFN ���1HXUDO�1HWV

+LGGHQ�OD\HUV
6R�IDU��ZH
YH�VHHQ�VRPH�V\VWHPV�FRQWDLQLQJ�PRUH�WKDQ�RQH�FODVVLÀHU�XQLW��EXW�HDFK�XQLW�ZDV�DOZD\V�GLUHFWO\�FRQQHFWHG�WR�WKH
LQSXWV�DQG�DQ�RXWSXW��:KHQ�SHRSOH�VD\��QHXUDO�QHW���WKH\�XVXDOO\�PHDQ�D�GHVLJQ�ZLWK�PRUH�WKDQ�OD\HU�RI�XQLWV��LQFOXGLQJ
�KLGGHQ��XQLWV�ZKLFK�DUHQ
W�GLUHFWO\�FRQQHFWHG�WR�WKH�RXWSXW��(DUO\�QHXUDO�QHWV�WHQGHG�WR�KDYH�DW�PRVW�D�FRXSOH�KLGGHQ�OD\HUV
�DV�LQ�WKH�SLFWXUH�EHORZ���0RGHUQ�GHVLJQV�W\SLFDOO\�XVH�PDQ\�OD\HUV�

��
IURP�(ULF�;LQJ�YLD�0DWW�*RUPOH\

$�VLQJOH�XQLW�LQ�D�QHXUDO�QHW�FDQ�ORRN�OLNH�DQ\�RI�WKH�OLQHDU�FODVVLÀHUV�ZH
YH�VHHQ�SUHYLRXVO\��0RUHRYHU��GLIIHUHQW�OD\HUV�ZLWKLQ
D�QHXUDO�QHW�GHVLJQ�PD\�XVH�W\SHV�RI�XQLWV��H�J��GLIIHUHQW�DFWLYDWLRQ�IXQFWLRQV���+RZHYHU��PRGHUQ�QHXUDO�QHWV�W\SLFDOO\�XVH
HQWLUHO\�GLIIHUHQWLDEOH�IXQFWLRQV��VR�WKDW�JUDGLHQW�GHVFHQW�FDQ�EH�XVHG�WR�WXQH�WKH�ZHLJKWV�

��
IURP�0DWW�*RUPOH\



1RWLFH�WZR�WKLQJV�DERXW�WKLV�GHVLJQ��)LUVW��HDFK�OD\HU�KDV�LWV�RZQ�DFWLYDWLRQ�IXQFWLRQ��EXW�WKHUH�LV�RQO\�RQH�ORVV�IXQFWLRQ��DW
WKH�YHU\�HQG��6HFRQG��WKH�DFWLYDWLRQ�IXQFWLRQV�DUH�QRQ�OLQHDU��,I�ZH�KDG�OLQHDU�DFWLYDWLRQ�IXQFWLRQV��ZH�FRXOG�VTXDVK�WKH�ZKROH
QHWZRUN�GRZQ�LQWR�RQH�OLQHDU�IXQFWLRQ��VR�ZH
G�EH�EDFN�WR�KDYLQJ�RQO\�OLQHDU�FODVVLÀFDWLRQ�ERXQGDULHV�

7KH�FRUH�LGHDV�LQ�QHXUDO�QHWZRUNV�JR�EDFN�GHFDGHV��6RPH�RI�WKHLU�UHFHQW�VXFFHVV�LV�GXH�WR�EHWWHU�XQGHUVWDQGLQJ�RI�GHVLJQ
DQG�RU�WKHRU\��%XW�SHUKDSV�WKH�ELJJHVW�UHDVRQV�KDYH�WR�GR�ZLWK�EHWWHU�FRPSXWHU�KDUGZDUH�DQG�EHWWHU�OLEUDU\�VXSSRUW�IRU�WKH
DQQR\LQJ�PHFKDQLFDO�SDUWV�RI�WKH�FRPSXWDWLRQ�

$SSUR[LPDWLQJ�IXQFWLRQV
,Q�WKHRU\��D�VLQJOH�KLGGHQ�OD\HU�LV�VXIÀFLHQW�WR�DSSUR[LPDWH�DQ\�FRQWLQXRXV�IXQFWLRQ��DVVXPLQJ�\RX�KDYH�HQRXJK�KLGGHQ�XQLWV�
+RZHYHU��VKDOORZ�QHWZRUNV�PD\�UHTXLUH�YHU\�ODUJH�QXPEHUV�RI�KLGGHQ�XQLWV��'HHSHU�QHXUDO�QHWV�VHHP�WR�EH�HDVLHU�WR�GHVLJQ
DQG�WUDLQ��+HUH
V�DQ�H[DPSOH��IURP�0DWW�*RUPOH\��RI�D�FODVV�ERXQGDU\�ZLWK�D�VRPHZKDW�FRPSOH[�VKDSH��.�QHDUHVW�QHLJKERU
GRHV�D�JRRG�MRE�RI�DSSUR[LPDWLQJ�LW��EXW�LV�LQHIÀFLHQW�LQ�KLJKHU�GLPHQVLRQV��

�

$�WZR�OD\HU�QHWZRUN�JLYHV�XV�D�SRRU�DSSUR[LPDWLRQ��OHIW���EXW�D�WHQ�OD\HU�QHWZRUN�GRHV�D�JRRG�MRE��ULJKW���1RWLFH�WKDW�RXU
ÀQDO�QHWZRUN�PRGHO�LV�FRPSDFW��SURSRUWLRQDO�WR�WKH�QXPEHU�RI�ZHLJKWV�LQW�WKH�QHWZRUN��7KH�VL]H�RI�N�QHDUHVW�QHLJKERU�PRGHO
JURZV�ZLWK�WKH�QXPEHU�RI�WUDLQLQJ�VDPSOHV�

�

'HHS�QHWZRUNV
,Q�LPDJH�SURFHVVLQJ�DSSOLFDWLRQV��GHHS�QHWZRUNV�QRUPDOO\�HPXODWH�WKH�OD\HUV�RI�SURFHVVLQJ�IRXQG�LQ�SUHYLRXV�KXPDQ�
GHVLJQHG�FODVVLÀHUV��6R�HDFK�OD\HU�WUDQVIRUPV�WKH�LQSXW�VR�DV�WR�PDNH�LW�PRUH�VRSKLVWLFDWHG���KLJK�OHYHO����FRPSDFWV�ODUJH
LQSXWV��H�J��KXJH�SLFWXUHV��LQWR�D�PRUH�PDQDJHDEOH�VHW�RI�IHDWXUHV��HWF��7KH�SLFWXUH�EHORZ�VKRZV�D�IDFH�UHFRJQL]HU�LQ�ZKLFK
WKH�ERWWRP�XQLWV�GHWHFW�HGJHV��ODWHU�XQLWV�GHWHFW�VPDOO�SLHFHV�RI�WKH�IDFH��H�J��H\HV���DQG�WKH�ODVW�OHYHO��EHIRUH�WKH�RXWSXW��ÀQGV
IDFHV�



��
�IURP�0DWW�*RUPOH\�

+HUH�DUH�OD\HUV�������DQG���IURP�D�QHXUDO�QHW�WUDLQHG�RQ�,PDJH1HW��IURP�0��=HLOHU�DQG�5��)HUJXV�9LVXDOL]LQJ�DQG
8QGHUVWDQGLQJ�&RQYROXWLRQDO�1HWZRUNV��

� �

1RWHV
&UHGLWV�WR�0DWW�*RUPOH\�DUH�IURP��������&08�����

$���OD\HU�QHWZRUN



��
IURP�0DWW�*RUPOH\

7UDLQLQJ��KLJK�OHYHO�LGHD
1HXUDO�QHWV�DUH�WUDLQHG�LQ�PXFK�WKH�VDPH�ZD\�DV�LQGLYLGXDO�FODVVLÀHUV��7KDW�LV��ZH�LQLWLDOL]H�WKH�ZHLJKWV��WKHQ�VZHHS�WKURXJK
WKH�LQSXW�GDWD�PXOWLSOH�W\SHV�XSGDWLQJ�WKH�ZHLJKWV��:KHQ�ZH�VHH�D�WUDLQLQJ�SDLU��ZH�XSGDWHG�WKH�ZHLJKWV��PRYLQJ�HDFK�ZHLJKW
�LQ�WKH�GLUHFWLRQ�WKDW�GHFUHDVHV�WKH�ORVV��-��

1RWLFH�WKDW�WKH�ORVV�LV�DYDLODEOH�DW�WKH�RXWSXW�HQG�RI�WKH�QHWZRUN��EXW�WKH�ZHLJKW� �PLJKW�EH�LQ�DQ�HDUO\�OD\HU��6R�WKH�WZR�DUH
UHODWHG�E\�D�FKDLQ�RI�FRPSRVHG�IXQFWLRQV��RIWHQ�D�ORQJ�FKDLQ�RI�IXQFWLRQV��:H�KDYH�WR�FRPSXWH�WKH�GHULYDWLYH�RI�WKLV
FRPSRVLWLRQ�

5HYLHZ��WKH�FKDLQ�UXOH
5HPHPEHU�WKH�FKDLQ�UXOH�IURP�FDOFXOXV��,I� ��WKH�FKDLQ�UXOH�VD\V�WKDW� ��,Q�RWKHU�ZRUGV��WR
FRPSXWH� ��ZH
OO�QHHG�WKH�GHULYDWLYHV�RI�WKH�WZR�LQGLYLGXDO�IXQFWLRQV��SOXV�WKH�YDOXH�RI�RI�WKHP�DSSOLHG�WR�WKH�LQSXW�

/HW
V�ZULWH�RXW�WKH�VDPH�WKLQJ�LQ�/LHEQL]�QRWDWLRQ��ZLWK�VRPH�H[SOLFLW�YDULDEOHV�IRU�WKH�LQWHUPHGLDWH�UHVXOWV�

\� �J�[�
]� �I�\�� �I�J�[��
FKDLQ�UXOH��

7KLV�YHUVLRQ�RI�WKH�FKDLQ�UXOH�QRZ�ORRNV�YHU\�VLPSOH��LW
V�MXVW�D�SURGXFW��+RZHYHU��ZH�QHHG�WR�UHPHPEHU�WKDW�LW�GHSHQGV
LPSOLFLWO\�RQ�WKH�HTXDWLRQV�GHÀQLQJ�\�LQ�WHUPV�RI�[��DQG�]�LQ�WHUPV�RI�\��/HW
V�XVH�WKH�WHUP��IRUZDUG�YDOXHV��IRU�YDOXHV�OLNH�\
DQG�]�

:H�FDQ�QRZ�VHH�WKDW�WKH�GHULYDWLYH�IRU�D�ZKROH�FRPSRVHG�FKDLQ�RI�IXQFWLRQV�LV��HVVHQWLDOO\��WKH�SURGXFW�RI�WKH�GHULYDWLYHV�IRU
WKH�LQGLYLGXDO�IXQFWLRQV��6R��IRU�D�ZHLJKW�Z�DW�VRPH�OHYHO�RI�WKH�QHWZRUN��ZH�FDQ�DVVHPEOH�WKH�YDOXH�IRU� �XVLQJ

WKH�GHULYDWLYH�RI�HDFK�LQGLYLGXDO�IXQFWLRQ
WKH�FKDLQ�UXOH��PXOWLSO\�WKRVH�GHULYDWLYHV
WKH�IRUZDUG�YDOXHV��VXEVWLWXWH�WR�HOLPLQDWH�DOO�WKH�LQWHUPHGLDWH�YDULDEOHV



1HXUDO�QHW�XSGDWH

1RZ��VXSSRVH�ZH�KDYH�D�WUDLQLQJ�SDLU�� ���7KDW�LV��\�LV�WKH�FRUUHFW�FODVV�IRU� ���8SGDWLQJ�WKH�QHXUDO�QHW�ZHLJKWV�KDSSHQV�DV
IROORZV�

)RUZDUG�SDVV��VWDUWLQJ�IURP�WKH�LQSXW� ��FDOFXODWH�WKH�RXWSXW�YDOXHV�IRU�DOO�XQLWV��:H�ZRUN�IRUZDUGV�WKURXJK�WKH
QHWZRUN��XVLQJ�RXU�FXUUHQW�ZHLJKWV�
6XSSRVH�WKH�ÀQDO�RXWSXW�LV� ��:H�SXW�\�DQG� �LQWR�RXU�ORVV�IXQFWLRQ�WR�FDOFXODWH�WKH�ÀQDO�ORVV�YDOXH�
%DFNSURSDJDWLRQ��VWDUWLQJ�IURP�WKH�ORVV�DW�WKH�HQG�RI�WKH�QHWZRUN�DQG�ZRUNLQJ�EDFNZDUGV��FDOFXODWH�KRZ�FKDQJHV�WR
HDFK�ZHLJKW�ZLOO�DIIHFW�WKH�ORVV��7KLV�FRPELQHV�WKH�GHULYDWLYHV�RI�HDFK�LQGLYLGXDO�IXQFWLRQ�ZLWK�WKH�YDOXHV�IURP�WKH
IRUZDUG�SDVV�

7KH�GLDJUDP�EHORZ�VKRZV�WKH�IRUZDUG�DQG�EDFNZDUG�YDOXHV�IRU�RXU�H[DPSOH�QHWZRUN�

��IURP�0DWW
*RUPOH\�

%DFNSURSDJDWLRQ�LV�HVVHQWLDOO\�D�PHFKDQLFDO�H[HUFLVH�LQ�DSSO\LQJ�WKH�FKDLQ�UXOH�UHSHDWHGO\��+XPDQV�PDNH�PLVWDNHV��DQG
GLUHFW�PDQXDO�FRGLQJ�ZLOO�KDYH�EXJV��6R��DV�\RX�PLJKW�H[SHFW��FRPSXWHUV�KDYH�WDNHQ�RYHU�PRVW�RI�WKH�ZRUN�DV�WKH\�IRU��VD\�
UHJLVWHU�DOORFDWLRQ��5HDG�WKH�YHU\�WLQ\�H[DPSOH�LQ�-XUDIVN\�DQG�0DUWLQ��������DQG��������WR�JHW�D�VHQVH�RI�WKH�SURFHVV��EXW�WKHQ
DVVXPH�\RX
OO�XVH�7HQVRU)ORZ�RU�3\7RUFK�WR�PDNH�WKLV�KDSSHQ�IRU�D�UHDO�QHWZRUN�

7KUHH�FKDOOHQJHV�LQ�WUDLQLQJ
8QIRUWXQDWHO\��WUDLQLQJ�QHXUDO�QHWV�LV�VRPHZKDW�RI�D�EODFN�DUW�EHFDXVH�WKH�SURFHVV�LVQ
W�HQWLUHO\�VWDEOH��7KUHH�LVVXHV�DUH
SURPLQHQW�

6\PPHWU\�EUHDNLQJ
2YHUÀWWLQJ
9DQLVKLQJ�H[SORGLQJ�JUDGLHQWV

6\PPHWU\�%UHDNLQJ
3HUFHSWURQ�WUDLQLQJ�ZRUNV�ÀQH�ZLWK�DOO�ZHLJKWV�LQLWLDOL]HG�WR�]HUR��7KLV�ZRQ
W�ZRUN�LQ�D�QHXUDO�QHW��EHFDXVH�HDFK�OD\HU
W\SLFDOO\�KDV�PDQ\�QHXURQV�FRQQHFWHG�LQ�SDUDOOHO��:H
G�OLNH�SDUDOOHO�XQLWV�WR�ORRN�IRU�FRPSOHPHQWDU\�IHDWXUHV�EXW�WKH�QDLYH
WUDLQLQJ�DOJRULWKP�ZLOO�FDXVH�WKHP�WR�KDYH�LGHQWLFDO�EHKDYLRU��$W�WKDW�SRLQW��ZH�PLJKW�DV�ZHOO�HFRQRPL]H�E\�MXVW�KDYLQJ�RQH
XQLW��7ZR�DSSURDFKHV�WR�V\PPHWU\�EUHDNLQJ�



6HW�WKH�LQLWLDO�ZHLJKWV�WR�UDQGRP�YDOXHV�
5DQGRPL]H�VRPH�DVSHFW�RI�WKH�ODWHU�WUDLQLQJ��H�J��LJQRUH�VRPH�UDQGRPO\�FKRVHQ�XQLWV�RQ�HDFK�XSGDWH�

2QH�VSHFLÀF�SURSRVDO�IRU�UDQGRPL]DWLRQ�LV�GURSRXW��:LWKLQ�WKH�QHWZRUN��HDFK�XQLW�SD\V�DWWHQWLRQ�WR�WUDLQLQJ�GDWD�RQO\�ZLWK
SUREDELOLW\�S��2Q�RWKHU�WUDLQLQJ�LQSXWV��LW�VWRSV�OLVWHQLQJ�DQG�VWDUWV�UHDGLQJ�LWV�HPDLO�RU�VRPHWKLQJ��7KH�XQLWV�WKDW�DUHQ
W�DVOHHS
KDYH�WR�FODVVLI\�WKDW�LQSXW�RQ�WKHLU�RZQ��7KLV�FDQ�KHOS�SUHYHQW�RYHUÀWWLQJ�

IURP�6ULYDVWDYD�HW�DO�

2YHUÀWWLQJ
1HXUDO�QHWV�LQIDPRXVO\�WHQG�WR�WXQH�WKHPVHOYHV�WR�SHFXOLDULWLHV�RI�WKH�GDWDVHW��7KLV�NLQG�RI�RYHUÀWWLQJ�ZLOO�PDNH�WKHP�OHVV
DEOH�WR�GHDO�ZLWK�VLPLODU�UHDO�ZRUOG�GDWD��7KH�GURSRXW�WHFKQLTXH�ZLOO�UHGXFH�WKLV�SUREOHP��$QRWKHU�PHWKRG�LV��GDWD
DXJPHQWDWLRQ��

'DWD�DXJPHQWDWLRQ�WDFNOHV�WKH�IDFW�WKDW�WUDLQLQJ�GDWD�LV�DOZD\V�YHU\�VSDUVH��EXW�ZH�KDYH�DGGLWLRQDO�GRPDLQ�NQRZOHGJH�WKDW
FDQ�KHOS�ÀOO�LQ�WKH�JDSV��:H�FDQ�PDNH�PRUH�WUDLQLQJ�H[DPSOHV�E\�SHUWXUELQJ�H[LVWLQJ�RQHV�LQ�ZD\V�WKDW�VKRXOGQ
W��LGHDOO\�
FKDQJH�WKH�QHWZRUN
V�RXWSXW��)RU�H[DPSOH��LI�\RX�KDYH�RQH�SLFWXUH�RI�D�FDW��PDNH�PRUH�E\�WUDQVODWLQJ�RU�URWDWLQJ�WKH�FDW��6HH
WKLV�SDSHU�E\�7D\ORU�DQG�1LWVFKNH�

9DQLVKLQJ�H[SORGLQJ�JUDGLHQWV
,Q�RUGHU�IRU�WUDLQLQJ�WR�ZRUN�ULJKW��JUDGLHQWV�FRPSXWHG�GXULQJ�EDFNSURMHFWLRQ�QHHG�WR�VWD\�LQ�D�VHQVLEOH�UDQJH�RI�VL]HV��$
VLJPRLG�DFWLYDWLRQ�IXQFWLRQ�RQO\�ZRUNV�ZHOO�ZKHQ�RXWSXW�QXPEHUV�WHQG�WR�VWD\�LQ�WKH�PLGGOH�DUHD�WKDW�KDV�D�VLJQLÀFDQW�VORSH�

JUDGLHQWV�WRR�VPDOO��QXPEHUV�FDQ�XQGHUÁRZ��DOVR�WUDLQLQJ�FDQ�EHFRPH�VORZ
JUDGLHQWV�WRR�ODUJH��QXPEHUV�FDQ�RYHUÁRZ

7KH�XQGHUÁRZ�RYHUÁRZ�LVVXHV�KDSSHQ�EHFDXVH�QXPEHUV�WKDW�DUH�VRPHZKDW�WRR�VPDOO�ODUJH�WHQG�WR�EHFRPH�VPDOOHU�ODUJHU�

6HYHUDO�DSSURDFKHV�WR�PLWLJDWLQJ�WKLV�SUREOHP��QRQH�RI�ZKLFK�ORRNV��WR�PH��OLNH�D�VROLG��FRPSOHWH�VROXWLRQ�

5H/8�XQLWV�DUH�OHVV�SURQH�WR�WKHVH�SUREOHPV��+RZHYHU��WKH\�VWRS�WUDLQLQJ�LI�LQSXWV�IRUFH�WKHLU�RXWSXWV�QHJDWLYH��6R
SHRSOH�RIWHQ�XVH�D��OHDN\�5H/8��IXQFWLRQ�ZKLFK�KDV�D�YHU\�VPDOO�VORSH�RQ�WKH�QHJDWLYH�VLGH��H�J��I�[�� �[�IRU�SRVLWLYH
LQSXWV��I�[�� �����[�IRU�QHJDWLYH�RQHV�
,QLWLDOL]H�ZHLJKWV�VR�WKDW�GLIIHUHQW�OD\HUV�HQG�XS�ZLWK�WKH�VDPH�YDULDQFH�LQ�JUDGLHQWV��)RU�H[DPSOH��WKH�YDULDQFH�PD\�EH
VHW�SURSRUWLRQDO�WR� �RU� �ZKHUH� �LV�WKH�QXPEHU�RI�LQFRPLQJ�FRQQHFWLRQV�IRU�WKLV�OD\HU�DQG� �LV�WKH
QXPEHU�RI�RXWJRLQJ�FRQQHFWLRQV��7KHUH�DUH�VHYHUDO�YDULDQWV�RQ�WKLV�LGHD��H�J��;DYLHU�DQG�.DLPLQJ�LQLWLDOL]DWLRQ�
*UDGLHQW�FOLSSLQJ��GHWHFW�H[FHVVLYHO\�KLJK�JUDGLHQWV�DQG�UHGXFH�WKHP�
:HLJKW�UHJXODUL]DWLRQ��PDQ\�RI�WKH�SUREOHPDWLF�VLWXDWLRQV�LQYROYH�H[FHVVLYHO\�ODUJH�ZHLJKWV��6R�DGG�D�UHJXODUL]DWLRQ
WHUP�WR�WKH�QHWZRUN
V�ORVV�IXQFWLRQ�WKDW�PHDVXUHV�WKH�VL]H�RI�WKH�ZHLJKWV��H�J��VXP�RI�WKH�VTXDUHV�RU�PDJQLWXGHV�RI�WKH
ZHLJKWV��

1RWHV
&UHGLWV�WR�0DWW�*RUPOH\�DUH�IURP��������&08�����



&RQYROXWLRQDO�QHXUDO�QHWV
&RQYROXWLRQDO�QHXUDO�QHWV�DUH�D�VSHFLDOL]HG�DUFKLWHFWXUH�GHVLJQHG�WR�ZRUN�ZHOO�RQ�LPDJH�GDWD��DOVR�DSSDUHQWO\�XVHG�VRPHZKDW
IRU�VSHHFK�GDWD���,PDJHV�KDYH�WZR�GLVWLQFWLYH�SURSHUWLHV�

7KH\�DUH�ODUJH��H�J�������E\������SL[HOV�
7KH\�KDYH�VSDWLDO�FRKHUHQFH�

:H
G�OLNH�WR�EH�DEOH�WR�GR�VRPH�SURFHVVLQJ�DW�KLJK�UHVROXWLRQ��WR�SLFN�RXW�IHDWXUHV�VXFK�DV�ZULWWHQ�WH[W��%XW�RWKHU�REMHFWV
�QRWDEO\�IDFHV��FDQ�EH�UHFRJQL]HG�ZLWK�RQO\�SRRU�UHVROXWLRQ��6R�ZH
G�OLNH�WR�XVH�GLIIHUHQW�DPRXQWV�RI�UHVROXWLRQ�DW�GLIIHUHQW
VWDJHV�RI�SURFHVVLQJ�

7KH�ODUJH�VL]H�RI�HDFK�OD\HU�PDNHV�LW�LQIHDVLEOH�WR�FRQQHFW�XQLWV�WR�HYHU\�XQLW�LQ�WKH�SUHYLRXV�OD\HU��)XOO�LQWHUFRQQHFWLRQ�FDQ
EH�GRQH�IRU�DUWLÀFLDOO\�VPDOO��H�J����[����LQSXW�LPDJHV��)RU�ODUJHU�LPDJHV��WKLV�ZLOO�FUHDWH�WRR�PDQ\�ZHLJKWV�WR�WUDLQ
HIIHFWLYHO\�ZLWK�DYDLODEOH�WUDLQLQJ�GDWD��)RU�SK\VLFDO�QHWZRUNV��H�J��WKH�KXPDQ�EUDLQ���WKHUH�LV�DOVR�D�GLUHFW�KDUGZDUH�FRVW�IRU
HDFK�FRQQHFWLRQ�

,Q�D�&11��HDFK�XQLW�UHDGV�LQSXW�RQO\�IURP�D�ORFDO�UHJLRQ�RI�WKH�SUHFHGLQJ�OD\HU�

��
IURP�/DQD�/D]HEQLN�)DOO�����

7KLV�PHDQV�WKDW�HDFK�XQLW�FRPSXWHV�D�ZHLJKWHG�VXP�RI�WKH�YDOXHV�LQ�WKDW�ORFDO�UHJLRQ��,Q�VLJQDO�SURFHVVLQJ��WKLV�LV�NQRZQ�DV
�FRQYROXWLRQ��DQG�WKH�VHW�RI�ZHLJKWV�LV�NQRZQ�DV�D��PDVN���)RU�H[DPSOH��WKH�IROORZLQJ�PDVN�ZLOO�ORFDWH�VKDUS�HGJHV�LQ�WKH
LPDJH�

��������������������������
��������������������������
��������������������������

�

7KH�IROORZLQJ�PDVN�GHWHFWV�KRUL]RQWDO�HGJHV�EXW�QRW�YHUWLFDO�RQHV�



��������������������������������������
��������������������������������������
��������������������������������������

�

7KHVH�H[DPSOHV�ZHUH�PDGH�ZLWK�JLPS��VHOHFW�ÀOWHUV��WKHQ�JHQHULF��

1RUPDOO\��DOO�XQLWV�LQ�WKH�VDPH�OD\HU�ZRXOG�VKDUH�D�FRPPRQ�VHW�RI�ZHLJKWV�DQG�ELDV�WHUPV��FDOOHG��SDUDPHWHU�VKDULQJ���7KLV
UHGXFHV�WKH�QXPEHU�RI�SDUDPHWHUV�ZH�QHHG�WR�WUDLQ��+RZHYHU��SDUDPHWHU�VKDULQJ�PD\�ZRUVHQ�SHUIRUPDQFH�LI�GLIIHUHQW�UHJLRQV
LQ�WKH�LQSXW�LPDJHV�DUH�H[SHFWHG�WR�KDYH�GLIIHUHQW�SURSHUWLHV��H�J��WKH�REMHFW�RI�LQWHUHVW�LV�DOZD\V�FHQWHUHG���7KLV�PLJKW�EH�WUXH
LQ�D�VHFXULW\�DSSOLFDWLRQ�ZKHUH�SHRSOH�ZHUH�FRPLQJ�WKURXJK�D�GRRU���6R�WKHUH�DUH�DOVR�QHXUDO�QHWV�LQ�ZKLFK�VHSDUDWH
SDUDPHWHUV�DUH�WUDLQHG�IRU�HDFK�XQLW�LQ�D�FRQYROXWLRQDO�OD\HU�

&RQYROXWLRQDO�OD\HU
7KH�DERYH�SLFWXUH�DVVXPHV�WKDW�HDFK�OD\HU�RI�WKH�QHWZRUN�KDV�RQO\�RQH�YDOXH�DW�HDFK��[�\��SRVLWLRQ��7KLV�LV�W\SLFDOO\�QRW�WKH
FDVH��$Q�LQSXW�LPDJH�RIWHQ�KDV�WKUHH�YDOXHV��UHG��JUHHQ��EOXH��DW�HDFK�SL[HO��*RLQJ�IURP�WKH�LQSXW�WR�WKH�ÀUVW�KLGGHQ�OD\HU��RQH
PLJKW�LPDJLQH�WKDW�D�QXPEHU�RI�GLIIHUHQW�FRQYROXWLRQ�PDVNV�ZRXOG�EH�XVHIXO�WR�DSSO\��HDFK�SLFNLQJ�RXW�D�GLIIHUHQW�W\SH�RI
IHDWXUH��6R��LQ�UHDOLW\��HDFK�QHWZRUN�OD\HU�KDV�D�VLJQLÀFDQW�WKLFNQHVV��L�H��D�QXPEHU�RI�GLIIHUHQW�YDOXHV�DW�HDFK��[�\��ORFDWLRQ�

��
IURP�/DQD�/D]HEQLN�)DOO�����

&OLFN�RQ�WKH�LPDJH�EHORZ�WR�VHH�DQ�DQLPDWLRQ�IURP�$QGUHM�.DUSDWK\�VKRZV�KRZ�RQH�OD\HU�RI�SURFHVVLQJ�PLJKW�ZRUN�



EOXH��D��[��LQSXW�LPDJH����FRORU�YDOXHV�DW�HDFK�ORFDWLRQ�
UHG��WKH�ZHLJKWV�IRU�WZR�FODVVLÀHU�XQLWV
JUHHQ��WKH�RXWSXWV�RI�WKH�WZR�XQLWV

,Q�WKLV�H[DPSOH��HDFK�XQLW�LV�SURGXFLQJ�YDOXHV�RQO\�DW�HYHU\�WKLUG�LQSXW�ORFDWLRQ��6R�WKH�RXWSXW�OD\HU�LV�D��[��LPDJH��ZLWK�KDV
WZR�YDOXHV�DW�HDFK��[�\��SRVLWLRQ�

7ZR�XVHIXO�ELWV�RI�MDUJRQ�

�VWULGH�� �KRZ�PDQ\�SL[HOV�ZH�VKLIW�PDVN�VLGHZD\V�EHWZHHQ�RXWSXW�XQLWV
�GHSWK�� �KRZ�PDQ\�VWDFNHG�IHDWXUHV�LQ�HDFK�OHYHO

,I�ZH
UH�SURFHVVLQJ�FRORU�LPDJHV��WKH�LQLWLDO�LQSXW�ZRXOG�KDYH�GHSWK����%XW�WKH�GHSWK�PLJKW�JHW�VLJQLÀFDQWO\�ODUJHU�LI�ZH�DUH
H[WUDFWLQJ�VHYHUDO�GLIIHUHQW�W\SHV�RI�IHDWXUHV��H�J��HGJHV�LQ�D�YDULHW\�RI�RULHQWDWLRQV�

3RROLQJ
$�WKLUG�W\SH�RI�QHXUDO�QHW�OD\HU�UHGXFHV�WKH�VL]H�RI�WKH�GDWD��E\�SURGXFWLQJ�DQ�RXWSXW�YDOXH�RQO\�IRU�HYHU\�NWK�LQSXW�YDOXH�LQ
HDFK�GLPHQVLRQ��7KLV�LV�FDOOHG�D��SRROLQJ��OD\HU��7KH�RXWSXW�YDOXHV�PD\�EH�HLWKHU�VHOHFWHG�LQSXW�YDOXHV��RU�WKH�DYHUDJH�RYHU�D
JURXS�RI�LQSXWV��RU�WKH�PD[LPXP�RYHU�D�JURXS�RI�LQSXWV�

�IURP�$QGUHM�.DUSDWK\

7KLV�NLQG�RI�UHGXFWLRQ�LQ�VL]H���GRZQVDPSOLQJ���LV�HVSHFLDOO\�VHQVLEOH�ZKHQ�GDWD�YDOXHV�DUH�FKDQJLQJ�RQO\�VORZO\�DFURVV�WKH
LPDJH��)RU�H[DPSOH��FRORU�RIWHQ�FKDQJHV�YHU\�VORZO\�H[FHSW�DW�REMHFW�ERXQGDULHV��DQG�WKH�KXPDQ�YLVXDO�V\VWHP�UHSUHVHQWV
FRORU�DW�D�PXFK�ORZHU�UHVROXWLRQ�WKDQ�EULJKWQHVV�

$�SRROLQJ�OD\HU�WKDW�FKRRVHV�WKH�PD[LPXP�YDOXH�FDQ�EH�YHU\�XVHIXO�ZKHQ�ZH�ZLVK�WR�GHWHFW�KLJK�UHVROXWLRQ�IHDWXUHV�EXW
GRQ
W�FDUH�DERXW�WKHLU�SUHFLVH�ORFDWLRQ��(�J��SHUKDSV�ZH�ZDQW�WR�UHSRUW�WKDW�ZH�IRXQG�D�FRUQHU��WRJHWKHU�ZLWK�LWV�DSSUR[LPDWH



ORFDWLRQ�

$UFKLWHFWXUH
$�FRPSOHWH�&11�W\SLFDOO\�FRQWDLQV�WKUHH�W\SHV�RI�OD\HUV

FRQYROXWLRQDO
SRROLQJ
IXOO\�FRQQHFWHG

&RQYROXWLRQDO�OD\HUV�ZRXOG�W\SLFDOO\�EH�IRXQG�LQ�WKH�HDUO\�SDUWV�RI�WKH�QHWZRUN��ZKHUH�ZH
UH�ORRNLQJ�DW�ODUJH�DPRXQWV�RI
LPDJH�GDWD��)XOO\�FRQQHFWHG�OD\HUV�ZRXOG�PDNH�ÀQDO�GHFLVLRQV�WRZDUGV�WKH�HQG�RI�WKH�SURFHVV��ZKHQ�ZH
YH�UHGXFHG�WKH
LPDJH�GDWD�WR�D�VPDOOLVK�VHW�RI�KLJK�OHYHO�IHDWXUHV�

7KH�VSHFLÀF�QHWZRUN�LQ�WKLV�SLFWXUH�LV�IURP�������ZKHQ�QHXUDO�QHWV�ZHUH�MXVW�VWDUWLQJ�WR�EH�DEOH�WR�GR�VRPHWKLQJ�XVHIXO��,WV
LQSXW�LV�YHU\�VPDOO��EODFN�DQG�ZKLWH��SLFWXUHV�RI�KDQGZULWWHQ�GLJLWV��7KH�RULJLQDO�DSSOLFDWLRQ�ZDV�UHDGLQJ�]LS�FRGHV�IRU�WKH
SRVW�RIÀFH�

5HFXUUHQW�1HXUDO�1HWV
5HFXUUHQW�QHXUDO�QHWV��511V��DUH�QHXUDO�QHWV�WKDW�KDYH�FRQQHFWLRQV�WKDW�ORRS�EDFN�IURP�D�OD\HU�WR�WKH�VDPH�OD\HU��7KH�511
VKRZQ�EHORZ�KDV�D�VLQJOH�KLGGHQ�OD\HU��:H�FDQ�WKLQN�RI�WKH�VHOI�FRQQHFWHG�OD\HU�DV�FRQWDLQLQJ�PXOWLSOH�SURFHVVLQJ�XQLWV�
VLPLODU�WR�WKH�KLGGHQ�OD\HU�RI�D�QRUPDO�QHXUDO�QHWZRUN��7KH�LQWHQW�RI�WKH�IHHGEDFN�ORRS�LQ�WKH�SLFWXUH�LV�WKDW�HDFK�XQLW�LV
FRQQHFWHG�WR�DOO�WKH�RWKHU�XQLWV�LQ�WKH�OD\HU�



�IURP�:LNLSHGLD

$OWHUQDWLYHO\��ZH�FDQ�WKLQN�RI�DQ�511�DV�D�VWDWH�PDFKLQH��7KDW�LV��ZH�WKLQN�RI�WKH�YDOXHV�IURP�DOO�WKH�XQLWV�LQ�WKH�OD\HU�DV
EXQGOHG�XS�LQWR�D�VWDWH�YHFWRU�� �LQ�WKH�SLFWXUH�EHORZ��$W�HDFK�WLPHVWHS��WKH�511�UHDGV�DQ�LQSXW�YHFWRU�DQG�WKH�FXUUHQW�VWDWH�
,W�SURGXFHV�DQ�RXWSXW�YHFWRU�DQG�D�QHZ�VWDWH��XVLQJ�D�VWDWH�WUDQVLWLRQ�IXQFWLRQ��5���DQ�RXWSXW�IXQFWLRQ��2���DQG�VRPH�WXQDEOH
SDUDPHWHUV� �

�IURP�<RDY�*ROGEHUJ

7R�VHH�KRZ�FRPSXWDWLRQ�SURFHHGV�DQG��PRUH�LPSRUWDQWO\��KRZ�WUDLQLQJ�ZRUNV��ZH�XQUROO�WKH�511��7KDW�LV��ZH�PDNH�D�FORQH
RI�WKH�511�IRU�HDFK�WLPHVWHS��FUHDWLQJ�WKH�GLDJUDP�EHORZ��1RWLFH�WKDW�DOO�FRSLHV�RI�WKH�XQLW�VKDUH�WKH�VDPH�SDUDPHWHU�YDOXHV�

�IURP
<RDY�*ROGEHUJ

$Q�511�FDQ�EH�XVHG�DV�D�FODVVLÀHU��7KDW�LV��WKH�V\VWHP�XVLQJ�WKH�511�RQO\�FDUHV�DERXW�WKH�RXWSXW�IURP�WKH�ODVW�WLPHVWHS��DV
VKRZQ�EHORZ��,Q�DQ�1/3�V\VWHP��WKH�ÀQDO�RXWSXW�YDOXH�PD\�DFWXDOO\�EH�FRPSOH[��H�J��D�VXPPDU\�RI�DQ�HQWLUH�VHQWHQFH��(LWKHU
ZD\��WKH�ÀQDO�RXWSXW�YDOXH�LV�IHG�LQWR�D�ODWHU�SURFHVVLQJ�WKDW�SURYLGHV�IHHGEDFN�DERXW�LWV�SHUIRUPDQFH��WKH�ORVV�YDOXH��



�IURP�<RDY�*ROGEHUJ

7KLV�NLQG�RI�511�FDQ�EH�WUDLQHG�LQ�PXFK�WKH�VDPH�ZD\�DV�D�VWDQGDUG���IHHGIRUZDUG���QHXUDO�QHW��+RZHYHU��YDOXHV�DQG�HUURU
VLJQDOV�SURSDJDWH�LQ�WKH�WLPH�GLUHFWLRQ��7KH�IRUZDUG�SDVV�FDOFXODWHV�YDOXHV�PRYLQJ�WR�WKH�ULJKW��%DFNSURSDJDWLRQ�VWDUWV�DW�WKH
ÀQDO�ORVV�QRGH�DQG�PRYHV�EDFN�WR�WKH�OHIW��7KLV�LV�RIWHQ�FDOOHG��EDFNSURSDJDWLRQ�WKURXJK�WLPH��

/LNH�FRQYROXWLRQDO�OD\HUV��511V�UDUHO\�GR�DQ�HQWLUH�WDVN�E\�WKHPVHOYHV��7KH\�DUH�W\SLFDOO\�FRPELQHG�ZLWK�RWKHU�SURFHVVLQJ
OD\HUV��HLWKHU�RWKHU�W\SHV�RI�QHXUDO�QHW�PDFKLQHU\�RU�QRQ�QHXUDO�SURFHVVLQJ�

2WKHU�W\SHV�RI�511V
511V�KDYH�SURYHG�PRVW�XVHIXO�IRU�PRGHOOLQJ�VHTXHQWLDO�GDWD��ZKLFK�LV�FRPPRQ�LQ�QDWXUDO�ODQJXDJH�XQGHUVWDQGLQJ�DQG
JHQHUDWLRQ�WDVNV��6RPH�RI�WKHVH�WDVNV�XVH�YDULDWLRQV�RQ�WKH�FODVVLÀHU�GHVLJQ�VKRZQ�DERYH��)RU�H[DPSOH��PDQ\�WDVNV�UHTXLUH
PDSSLQJ�WKH�LQSXW�VHTXHQFH�LQWR�D�FRUUHVSRQGLQJ�RXWSXW�VHTXHQFH��H�J��PDSSLQJ�ZRUGV�WR�SDUW�RI�VSHHFK�WDJV��,Q�WKLV�FDVH�
ZH�ZRXOG�FDUH�DERXW�JHWWLQJ�WKH�FRUUHFW�RXWSXW�DW�HDFK�WLPHVWHS��QRW�MXVW�WKH�ÀQDO�RQH���6R�WKH�FRQQHFWLRQ�WR�RXU�ORVV�IXQFWLRQ
ZRXOG�ORRN�OLNH�WKLV�

�IURP�<RDY�*ROGEHUJ

:H�FDQ�MRLQ�WZR�511
V�WRJHWKHU�LQWR�D��ELGLUHFWLRQDO�511���2QH�511�ZRUNV�IRUZDUGV�IURP�WKH�VWDUW�RI�WKH�LQSXW��WKH�VHFRQG
ZRUNV�EDFNZDUGV�IURP�WKH�HQG�RI�WKH�LQSXW��7KH�RXWSXW�DW�HDFK�SRVLWLRQ�LV�WKH�FRQFDWHQDWLRQ�RI�WKH�WZR�511�RXWSXWV��7KLV
FRPELQHG�RXWSXW�ZRXOG�W\SLFDOO\�UHFHLYH�IXUWKHU�SURFHVVLQJ��QRW�VKRZ��DQG�WKHQ�HYHQWXDOO\�EH�HYDOXDWHG�WR�SURGXFH�D�ORVV�
:KHQ�WKH�ORVV�LQIRUPDWLRQ�SURSDJDHV�EDFNZDUGV��ERWK�511V�UHFHLYH�IHHGEDFN�EDVHG�RQ�WKHLU�MRLQW�DQVZHU�



IURP�<RDY�*ROGEHUJ

:H�FDQ�DOVR�EXLOG��GHHS��511
V��ZKLFK�KDYH�PRUH�WKDQ�RQH�SURFHVVLQJ�OD\HU�EHWZHHQ�WKH�LQSXW�DQG�RXWSXW�VWUHDPV��7KH�RQH
VKRZQ�EHORZ�KDV�WKUHH�OD\HUV��%HFDXVH�HDFK�SURFHVVLQJ�XQLW�LQ�DQ�511�LV�DOUHDG\�FRPSOH[��HTXLYDOHQW�WR�PXOWLSOH�XQLWV�LQ�D
VWDQGDUG�QHXUDO�QHW���LW
V�XQXVXDO�WR�VHH�PDQ\�OD\HUV�

�IURP�<RDY�*ROGEHUJ

*DWHG�511V
,Q�WKHRU\��DQ�511�FDQ�UHPHPEHU�WKH�HQWLUH�VWUHDP�RI�LQSXW�YDOXHV��+RZHYHU��JUDGLHQW�PDJQLWXGH�WHQGV�WR�GHFD\�DV�\RX�PRYH
EDFNZDUGV�IURP�WKH�ORVV�VLJQDO��6R�HDUOLHU�LQSXWV�PD\�QRW�FRQWULEXWHG�PXFK�WR�WKH�511
V�ÀQDO�DQVZHU�DW�WKH�HQG��)RU�D
WUDQVGXFHU��LQSXWV�PD\�FRQWULEXWH�OLWWOH�WR�WKH�RXWSXW�IRU�ORFDWLRQV�VRPH�GLVWDQFH�DZD\��7KLV�LV�D�SUREOHP��EHFDXVH�PDQ\
OLQJXLVWLF�WDVNV�EHQHÀW�IURP�DQ�H[WHQGHG�FRQWH[W�

7R�DOORZ�511V�WR�VWRUH�LQIRUPDWLRQ�PRUH�HIIHFWLYHO\��UHVHDUFKHUV�XVH��JDWHG��YHUVLRQV�RI�511V��7KHVH�511V�LQFOXGH
VHSDUDWH�YHFWRUV��WKH��JDWHV���ZKLFK�FRQWURO�ZKLFK�SDUWV�RI�WKH�XQLW
V�VWDWH�ZLOO�EH�XSGDWHG�DW�HDFK�WLPHVWHS��7KH�JDWHV�PDNH
WKH�511
V�EHKDYLRU�HDVLHU�WR�FRQWURO��EXW�FUHDWH�\HW�PRUH�WXQDEOH�SDUDPHWHUV�WKDW�PXVW�EH�OHDUQHG��7ZR�SRSXODU�JDWHG�511
PRGHOV�DUH�WKH��/RQJ�6KRUW�7HUP�0HPRU\���/670��DQG�WKH��*DWHG�5HFXUUHQW�8QLW���*58��

1RWHV
)LJXUHV�FUHGLWHG�WR�<RDY�*ROGEHUJ�DUH�IURP�KLV�ERRN��1HXUDO�1HWZRUN�0HWKRGV�IRU�1DWXUDO�/DQJXDJH�SURFHVVLQJ����,I�\RX
UH
RQ�WKH�8��,OOLQRLV�931��\RX�FDQ�GRZQORDG�LW�IRU�IUHH��



$GYHUVDULDO�([DPSOHV
&XUUHQW�WUDLQLQJ�SURFHGXUHV�IRU�QHXUDO�QHWV�VWLOO�OHDYH�WKHP�H[FHVVLYHO\�VHQVLWLYH�WR�VPDOO�FKDQJHV�LQ�WKH�LQSXW�GDWD��6R�LW�LV
SRVVLEOH�WR�FRRN�XS�SDWWHUQV�WKDW�DUH�IDLUO\�FORVH�WR�UDQGRP�QRLVH�EXW�SXVK�WKH�QHWZRUN
V�YDOXHV�WRZDUGV�RU�DZD\�IURP�D
SDUWLFXODU�RXWSXW�FODVVLÀFDWLRQ��$GGLQJ�WKHVH�SDWWHUQV�WR�DQ�LQSXW�LPDJH�FUHDWHV�DQ��DGYHUVDULDO�H[DPSOH��WKDW�VHHPV�DOPRVW
LGHQWLFDO�WR�D�KXPDQ�EXW�JHWV�D�UDGLFDOO\�GLIIHUHQW�FODVVLÀFDWLRQ�IURP�WKH�QHWZRUN��)RU�H[DPSOH��WKH�IROORZLQJ�VKRZV�WKH
FUHDWLRQ�RI�DQ�LPDJH�WKDW�ORRNV�OLNH�D�SDQGD�EXW�ZLOO�EH�PLVUHFRJQL]HG�DV�D�JLEERQ�

��
IURP�*RRGIHOORZ�HW�DO

7KH�SLFWXUHV�EHORZ�VKRZ�SDWWHUQV�RI�VPDOO�GLVWRUWLRQV�EHLQJ�XVHG�WR�SHUVXDGH�WKH�QHWZRUN�WKDW�LPDJHV�IURP�VL[�GLIIHUHQW�W\SHV
DUH�DOO�RVWULFKHV�

��
IURP�6]HJHG\�HW�DO�

7KHVH�SLFWXUHV�FRPH�IURP�$QGUHM�.DUSDWK\
V�EORJ��ZKLFK�KDV�PRUH�GHWDLOHG�GLVFXVVLRQ�

&OHYHU�SDWWHUQV�SODFHG�RQ�DQ�REMHFW�FDQ�FDXVH�LW�WR�GLVDSSHDU��H�J��RQO\�WKH�OHIWKDQG�SHUVRQ�LV�UHFRJQL]HG�LQ�WKH�SLFWXUH�EHORZ�

�
IURP�7K\V��9DQ�5DQVW��*RHGHPH�����

'LVWXUELQJO\��WKH�FODVVLÀHU�RXWSXW�FDQ�EH�FKDQJHG�E\�DGGLQJ�D�GLVUXSWLYH�SDWWHUQ�QHDU�WKH�WDUJHW�REMHFW��,Q�WKH�H[DPSOH�EHORZ�
D�EDQDQD�LV�UHFRJQL]HG�DV�D�WRDVWHU�



�
IURP�%URZQ��0DQH��5R\��$EDGL��*LOPHU������

$QG�KHUH�DUH�D�FRXSOH�PRUH�H[DPSOHV�RI�IRROLQJ�QHXUDO�QHW�UHFRJQL]HUV�

7KH�HOHSKDQW�LQ�WKH�URRP
)RROLQJ�D�UHFRJQL]HU�XVLQJ�VXEWOH�PDNHXS

,Q�WKH�ZRUGV�RI�RQH�UHVHDUFKHU��'DYLG�)RUV\WK���ZH�QHHG�WR�ÀJXUH�RXW�KRZ�WR��PDNH�WKLV�QRQVHQVH�VWRS��ZLWKRXW�VDFULÀFLQJ
DFFXUDF\�RU�VSHHG��7KLV�LV�FXUUHQWO\�DQ�DFWLYH�DUHD�RI�UHVHDUFK�

1/3�$GYHUVDULDO�([DPSOHV
6LPLODU�DGYHUVDULDO�H[DPSOHV�FDQ�EH�FUHDWHG�SXUHO\�ZLWK�WH[W�GDWD��,Q�WKH�H[DPSOHV�EHORZ��WKH�RXWSXW�RI�D�QDWXUDO�ODQJXDJH
FODVVLÀHU�FDQ�EH�FKDQJHG�E\�UHSODFLQJ�ZRUGV�ZLWK�V\QRQ\PV��7KH�WRS�H[DPSOH�LV�IURP�D�VHQWLPHQW�DQDO\VLV�WDVN��L�H��ZDV�WKLV
UHYLHZ�SRVLWLYH�RU�QHJDWLYH"�7KH�ERWWRP�H[DPSOH�LV�IURP�D�WH[WXDO�HQWDLOPHQW�WDVN��LQ�ZKLFK�WKH�DOJRULWKP�LV�DVNHG�WR�GHFLGH
KRZ�WKH�WZR�VHQWHQFHV�DUH�ORJLFDOO\�UHODWHG��7KDW�LV��GRHV�RQH�LPSO\�WKH�RWKHU"�'RHV�RQH�FRQWUDGLFW�WKH�RWKHU"

�
IURP�$O]DQWRW�HW�DO�����

*HQHUDWLYH�$GYHUVDULDO�1HWZRUNV
$�JHQHUDWLYH�DGYHUVDULDO�QHWZRUN��*$1��FRQVLVWV�RI�WZR�QHXUDO�QHWV�WKDW�MRLQWO\�OHDUQ�D�PRGHO�RI�LQSXW�GDWD��7KH�FODVVLÀHU
WULHV�WR�GLVWLQJXLVK�UHDO�WUDLQLQJ�LPDJHV�IURP�VLPLODU�IDNH�LPDJHV��7KH�DGYHUVDU\�WULHV�WR�SURGXFH�FRQYLQFLQJ�IDNH�LPDJHV�
7KHVH�QHWZRUNV�FDQ�SURGXFH�SKRWRUHDOLVWLF�SLFWXUHV�WKDW�FDQ�EH�VWXQQLQJO\�JRRG��H�J��WKH�GRJ�SLFWXUHV�EHORZ��EXW�IDLO�LQ
VWUDQJH�ZD\V��H�J��VRPH�RI�WKH�IURJV�EHORZ��



�

�
SLFWXUHV�IURP�1HZ�6FLHQWLVW�DUWLFOH�RQ�$QGUHZ�%URFN�HW�DO�UHVHDUFK�SDSHU

*RRG�RXWSXWV�DUH�FRPPRQ��+RZHYHU��ODUJH�HQRXJK�FROOHFWLRQV�FRQWDLQ�VRPH�FDWDVWURSKLFDOO\�EDG�RXWSXWV��VXFK�DV�WKH
IUDQNHQFDW�EHORZ�ULJKW��7KH�QHXUDO�QHWV�VHHP�WR�EH�YHU\�JRRG�DW�UHSURGXFLQJ�WKH�WH[WXUH�DQG�ORFDO�IHDWXUHV��H�J��H\HV���%XW
WKH\�DUH�PLVVLQJ�VRPH�W\SH�RI�KLJK�OHYHO�NQRZOHGJH�WKDW�WHOOV�SHRSOH�WKDW��IRU�H[DPSOH��GRJV�KDYH�IRXU�OHJV�

�
IURP�PHGLXP�FRP�JHQHUDWHG�XVLQJ�WKH�WRRO�KWWSV���WKLVFDWGRHVQRWH[LVW�FRP�

$�UHFHQW�SDSHU�H[SORLWHG�WKLV�ODFN�RI�DQDWRPLFDO�XQGHUVWDQGLQJ�WR�GHWHFW�*$1�JHQHUDWHG�IDFHV�XVLQJ�WKH�IDFW�WKDW�WKH�SXSLOV�LQ
WKH�H\HV�KDG�LUUHJXODU�VKDSHV�

*$1�FKHDWLQJ



$QRWKHU�IXQ�WKLQJ�DERXW�*$1V�LV�WKDW�WKH\�FDQ�OHDUQ�WR�KLGH�LQIRUPDWLRQ�LQ�WKH�ÀQH�GHWDLOV�RI�LPDJHV��H[SORLWLQJ�WKH�VDPH
VHQVLWLYLW\�WR�GHWDLO�WKDW�HQDEOHV�DGYHUVDULDO�H[DPSOHV��7KLV�*$1�ZDV�VXSSRVHGO\�WUDLQHG�WR�FRQYHUW�PDS�LQWR�DULDO
SKRWRJUDSKV��E\�GRLQJ�D�FLUFXODU�WDVN��2QH�KDOI�RI�WKH�*$1�WUDQVODWHV�SLFWXUHV�LQWR�DULDO�SKRWRJUDSKV�LQWR�PDSV�DQG�WKH�RWKHU
KDOI�WUDQVODWHV�PDSV�LQWR�DULDO�SKRWRJUDSKV��7KH�RXWSXW�UHVXOWV�EHORZ�DUH�WRR�JRRG�WR�EH�WUXH�

7KH�PDS�SURGXFLQJ�KDOI�RI�WKH�*$1�LV�KLGLQJ�LQIRUPDWLRQ�LQ�WKH�ÀQH�GHWDLOV�RI�WKH�PDSV�LW�SURGXFHV��7KH�RWKHU�KDOI�RI�WKH
*$1�LV�XVLQJ�WKLV�LQIRUPDWLRQ�WR�SRSXODWH�WKH�DULDO�SKRWRJUDSK�ZLWK�GHWDLOV�QRW�SUHVHQW�LQ�WKH�WUDLQLQJ�YHUVLRQ�RI�WKH�PDS�
(IIHFWLYHO\��WKH\�KDYH�VHW�XS�WKHLU�RZQ�SULYDWH�FRPPXQLFDWLRQ�FKDQQHO�LQYLVLEOH�WR�WKH�UHVHDUFKHUV��XQWLO�WKH\�JRW�VXVSLFLRXV
DERXW�WKH�TXDOLW\�RI�WKH�RXWSXW�LPDJHV���

0RUH�GHWDLOV�DUH�LQ�WKLV�7HFKFUXQFK�VXPPDU\�RI�&KX��=KPRJLQRY��6DQGOHU��&\FOH*$1��1,36������



&6�����(&(�����
0DUJDUHW�)OHFN ���5HLQIRUFHPHQW�/HDUQLQJ

*ULGZRUOG�SLFWXUHV�DUH�IURP�WKH�8�&��%HUNHOH\�&6�����PDWHULDOV��3LHWHU�$EEHHO�DQG�'DQ�.OHLQ��H[FHSW�ZKHUH
QRWHG�

5HLQIRUFHPHQW�/HDUQLQJ
5HLQIRUFHPHQW�OHDUQLQJ�LV�D�WHFKQLTXH�IRU�GHFLGLQJ�ZKLFK�DFWLRQ�WR�WDNH�LQ�DQ�HQYLURQPHQW�ZKHUH�\RXU�IHHGEDFN
LV�GHOD\HG�DQG�\RXU�NQRZOHGJH�RI�WKH�HQYLURQPHQW�LV�XQFHUWDLQ��&RQVLGHU��IRU�H[DPSOH��D�GULYLQJ�H[DP��<RX
H[FXWH�D�ORQJ�VHULHV�RI�PDQHXYHUV��ZLWK�D�VWRQ\�IDFHG�H[DPLQHU�VLWWLQJ�QH[W�WR�\RX��$W�WKH�HQG��KRSHIXOO\��KH�WHOOV
\RX�WKDW�\RX
YH�SDVVHG��5HLQIRUFHPHQW�/HDUQLQJ�FDQ�EH�XVHG�RQ�D�YDULHW\�RI�$,�WDVNV��QRWDEO\�ERDUG�JDPHV��%XW
LW�LV�IUHTXHQWO\�DVVRFLDWHG�ZLWK�OHDUQLQJ�KRZ�WR�FRQWURO�PHFKDQLFDO�V\VWHPV��,W�LV�RIWHQ�RQH�FRPSRQHQW�LQ�DQ�$,
V\VWHP�WKDW�DOVR�XVHV�RWKHU�WHFKQLTXHV�WKDW�ZH
YH�VHHQ�

)RU�H[DPSOH��ZH�FDQ�XVH�UHLQIRUFHPHQW�OHDUQLQJ��SOXV�QHXUDO�QHWZRUNV��WR�OHDUQ�KRZ�WR�SDUN�D�FDU��7KH�FDU�VWDUWV
RII�EHKDYLQJ�UDQGRPO\��EXW�LV�UHZDUGHG�ZKHQHYHU�LW�SDUNV�WKH�FDU��RU�FRPHV�FORVH�WR�GRLQJ�VR��(YHQWXDOO\�LW
OHDUQV�ZKDW
V�UHTXLUHG�WR�JHW�WKLV�UHZDUG�

0DUNRY�'HFLVLRQ�3URFHVVHV
7KH�HQYLURQPHQW�IRU�UHLQIRUFHPHQW�OHDUQLQJ�LV�W\SLFDOO\�PRGHOOHG�DV�D�0DUNRY�'HFLVLRQ�3URFHVV��0'3���7KH
EDVLF�VHW�XS�LV�DQ�DJHQW��H�J��LPDJLQH�D�URERW��PRYLQJ�DURXQG�D�ZRUOG�OLNH�WKH�RQH�VKRZQ�EHORZ��3RVLWLRQV�DGG�RU
GHGXFW�SRLQWV�IURP�\RXU�VFRUH��7KH�$JHQW
V�JRDO�LV�WR�DFFXPXODWH�WKH�PRVW�SRLQWV�

,W
V�EHVW�WR�LPDJLQH�WKLV�DV�D�JDPH�WKDW�JRHV�RQ�IRUHYHU��0DQ\�UHDO�ZRUOG�JDPHV�DUH�ÀQLWH��H�J��D�ERDUG�JDPH��RU
KDYH�DFWLRQV�WKDW�VWRS�WKH�JDPH��H�J��URERW�IDOOV�GRZQ�WKH�VWDLUV���:H
OO�DVVXPH�WKDW�UHDFKLQJ�DQ�HQG�VWDWH�ZLOO
DXWRPDWLFDOO\�UHVHW�\RX�EDFN�WR�WKH�VWDUW�RI�D�QHZ�JDPH��VR�WKH�SURFHVV�FRQWLQXHV�IRUHYHU�

$FWLRQV�DUH�H[HFXWHG�ZLWK�HUURUV��6R�LI�RXU�DJHQW�FRPPDQGV�D�IRUZDUG�PRWLRQ��WKHUH
V�VRPH�FKDQFH�WKDW�WKH\�ZLOO
LQVWHDG�PRYH�VLGHZD\V��,Q�UHDO�OLIH��DFWLRQV�PLJKW�QRW�KDSSHQ�DV�FRPPDQGHG�GXH�WR�D�FRPELQDWLRQ�RI�HUURUV�LQ
WKH�PRWLRQ�FRQWURO�DQG�HUURUV�LQ�RXU�JHRPHWULFDO�PRGHO�RI�WKH�HQYLURQPHQW�

0DWKHPDWLFDO�VHWXS



(OLPLQDWLQJ�WKH�SUHWW\�GHWDLOV�JLYHV�XV�D�PDWKHPDWLFLDQ�IULHQGO\�GLDJUDP�

2XU�0'3
V�VSHFLÀFDWLRQ�FRQWDLQV

VHW�RI�VWDWHV�
VHW�RI�DFWLRQV�
UHZDUG�IXQFWLRQ�5�V�
WUDQVLWLRQ�IXQFWLRQ�3�V
�_�V�D�

7KH�WUDQVLWLRQ�IXQFWLRQ�WHOOV�XV�WKH�SUREDELOLW\�WKDW�D�FRPPDQGHG�DFWLRQ�D�LQ�D�VWDWH�V�ZLOO�FDXVH�D�WUDQVLWLRQ�WR
VWDWH�V
�

2XU�VROXWLRQ�ZLOO�EH�D�SROLF\� �ZKLFK�VSHFLÀHV�ZKLFK�DFWLRQ�WR�FRPPDQG�ZKHQ�ZH�DUH�LQ�HDFK�VWDWH��)RU�RXU
VPDOO�H[DPSOH��WKH�DUURZV�LQ�WKH�GLDJUDP�EHORZ�VKRZ�WKH�RSWLPDO�SROLF\�

7KH�UHZDUG�IXQFWLRQ
7KH�UHZDUG�IXQFWLRQ�FRXOG�KDYH�DQ\�SDWWHUQ�RI�QHJDWLYH�DQG�SRVLWLYH�YDOXHV��+RZHYHU��WKH�LQWHQGHG�SDWWHUQ�LV

$�IHZ�VWDWHV�KDYH�ELJ�UHZDUGV�RU�QHJDWLYH�FRQVHTXHQFHV�
7KH�UHVW�RI�WKH�VWDWHV�KDYH�VRPH�VPDOO�EDFNJURXQG�UHZDUG��RIWHQ�FRQVWDQW�DFURVV�DOO�RI�WKHVH�EDFNJURXQG
VWDWHV�

)RU�RXU�H[DPSOH�DERYH��WKH�XQPDUNHG�VWDWHV�KDYH�UHZDUG�������



7KH�EDFNJURXQG�UHZDUG�IRU�WKH�XQPDUNHG�VWDWHV�FKDQJHV�WKH�SHUVRQDOLW\�RI�WKH�0'3��,I�WKH�EDFNJURXQG�UHZDUG�LV
KLJK��ORZHU�ULJKW�EHORZ���WKH�DJHQW�KDV�QR�VWURQJ�LQFHQWLYH�WR�ORRN�IRU�WKH�KLJK�UHZDUG�VWDWHV��,I�WKH�EDFNJURXQG
LV�VWURQJO\�QHJDWLYH��XSSHU�OHIW���WKH�DJHQW�ZLOO�KHDG�DJJUHVVLYHO\�IRU�WKH�KLJK�UHZDUG�VWDWHV��HYHQ�DW�WKH�ULVN�RI
ODQGLQJ�LQ�WKH����ORFDWLRQ�

:KDW�PDNHV�D�SROLF\�JRRG"
:H
G�OLNH�RXU�SROLF\�WR�PD[LPL]H�UHZDUG�RYHU�WLPH��6R�VRPHWKLQJ�OLNH

�3�VHTXHQFH�5�VHTXHQFH�

5�VHTXHQFH��LV�WKH�WRWDO�UHZDUG�IRU�WKH�VHTXHQFH�RI�VWDWHV��3�VHTXHQFH��LV�KRZ�RIWHQ�WKLV�VHTXHQFH�RI�VWDWHV
KDSSHQV�

+RZHYHU��VHTXHQFHV�RI�VWDWHV�PLJKW�EH�H[WUHPHO\�ORQJ�RU��IRU�WKH�PDWKHPDWLFLDQV�LQ�WKH�DXGLHQFH��LQÀQLWHO\
ORQJ��2XU�DJHQW�QHHGV�WR�EH�DEOH�WR�OHDUQ�DQG�UHDFW�LQ�D�UHDVRQDEOH�DPRXQW�RI�WLPH��:RUVH��LQÀQLWH�VHTXHQFHV�RI
YDOXHV�PLJKW�QRW�QHFHVVDULO\�FRQYHUJH�WR�ÀQLWH�YDOXHV��HYHQ�ZLWK�WKH�VHTXHQFH�SUREDELOLWLHV�WDNHQ�LQWR�DFFRXQW�

6R�ZH�PDNH�WKH�DVVXPSWLRQ�WKDW�UHZDUGV�DUH�EHWWHU�LI�WKH\�RFFXU�VRRQHU��7KH�HTXDWLRQV�LQ�WKH�QH[W�VHFWLRQ�ZLOO
GHÀQH�D��XWLOLW\��IRU�HDFK�VWDWH�WKDW�WDNHV�WKLV�LQWR�DFFRXQW��7KH�XWLOLW\�RI�D�VWDWH�LV�EDVHG�RQ�LWV�RZQ�UHZDUG�DQG�
DOVR��RQ�UHZDUGV�WKDW�FDQ�EH�REWDLQHG�IURP�QHDUE\�VWDWHV��7KDW�LV��EHLQJ�QHDU�D�ELJ�UHZDUG�LV�DOPRVW�DV�JRRG�DV
EHLQJ�DW�WKH�ELJ�UHZDUG�

6R�ZKDW�ZH
UH�DFWXDOO\�WU\LQJ�WR�PD[LPL]H�LV

�3�VHTXHQFH�8�VHTXHQFH�

8�VHTXHQFH��LV�WKH�VXP�RI�WKH�XWLOLWLHV�RI�WKH�VWDWHV�LQ�WKH�VHTXHQFH�DQG�3�VHTXHQFH��LV�KRZ�RIWHQ�WKLV�VHTXHQFH�RI
VWDWHV�KDSSHQV�

1RWH
*ULGZRUOG�SLFWXUHV�DUH�IURP�WKH�8�&��%HUNHOH\�&6�����PDWHULDOV��3LHWHU�$EEHHO�DQG�'DQ�.OHLQ��H[FHSW�ZKHUH
QRWHG�

5HFDS



5HFDOO�WKDW�ZH�KDYH�D�0DUNRY�'HFLVLRQ�3URFHVV�GHÀQHG�E\

VHW�RI�VWDWHV�
VHW�RI�DFWLRQV�
UHZDUG�IXQFWLRQ�5�V�
WUDQVLWLRQ�IXQFWLRQ�3�V
�_�V�D�

5HFDOO�WKDW�ZH�DUH�WU\LQJ�WR�PD[LPL]H�WKLV�VXP��$QG�ZH�KDYHQ
W�DFWXDOO\�GHÀQHG�WKH�XWLOLW\�IXQFWLRQ�8��%XW�LW
VKRXOG�GHSHQGV�RQ�WKH�UHZDUG�IXQFWLRQ�5�DQG�JLYH�OHVV�ZHLJKW�WR�PRUH�GLVWDQW�UHZDUGV�

�3�VHTXHQFH�8�VHTXHQFH�

7KH�%HOOPDQ�HTXDWLRQ
6XSSRVH�RXU�DFWLRQV�ZHUH�GHWHUPLQLVWLF��WKHQ�ZH�FRXOG�H[SUHVV�WKH�XWLOLW\�RI�HDFK�VWDWH�LQ�WHUPV�RI�WKH�XWLOLWLHV�RI
DGMDFHQW�VWDWHV�OLNH�WKLV�

ZKHUH�PRYH�D�V��LV�WKH�VWDWH�WKDW�UHVXOWV�LI�ZH�SHUIRUP�DFWLRQ�D�LQ�VWDWH�V��:H�DUH�DVVXPLQJ�WKDW�WKH�DJHQW�DOZD\V
SLFNV�WKH�EHVW�PRYH��RSWLPDO�SROLF\��

6LQFH�RXU�DFWLRQ�GRHV�QRW��LQ�IDFW��HQWLUHO\�FRQWURO�WKH�QH[W�VWDWH�V
��ZH�QHHG�WR�FRPSXWH�D�VXP�WKDW
V�ZHLJKWHG�E\
WKH�SUREDELOLW\�RI�HDFK�QH[W�VWDWH��7KH�H[SHFWHG�XWLOLW\�RI�WKH�QH[W�VWDWH�ZRXOG�EH� ��VR�WKLV
ZRXOG�JLYH�XV�D�UHFXUVLYH�HTXDWLRQ

7KH�DFWXDO�HTXDWLRQ�VKRXOG�DOVR�LQFOXGH�D�UHZDUG�GHOD\�PXOWLSOLHU� ��'RZQZHLJKWLQJ�WKH�FRQWULEXWLRQ�RI
QHLJKERULQJ�VWDWHV�E\� �FDXVHV�WKHLU�UHZDUGV�WR�EH�FRQVLGHUHG�OHVV�LPSRUWDQW�WKDQ�WKH�LPPHGLDWH�UHZDUG�5�V���,W
DOVR�FDXVHV�WKH�V\VWHP�RI�HTXDWLRQV�WR�FRQYHUJH��6R�WKH�ÀQDO��%HOOPDQ�HTXDWLRQ��ORRNV�OLNH�WKLV�

6SHFLÀFDOO\��WKLV�LV�WKH�%HOOPDQ�HTXDWLRQ�IRU�WKH�RSWLPDO�SROLF\�

6KRUW�YHUVLRQ�RI�ZK\�LW�FRQYHUJHV��6LQFH�RXU�0'3�LV�ÀQLWH��RXU�UHZDUGV�DOO�KDYH�DEVROXWH�YDOXH� �VRPH�ERXQG
0��,I�ZH�UHSHDWHGO\�DSSO\�WKH�%HOOPDQ�HTXDWLRQ�WR�ZULWH�RXW�WKH�XWLOLW\�RI�DQ�H[WHQGHG�VHTXHQFH�RI�DFWLRQV��WKH



NWK�DFWLRQ�LQ�WKH�VHTXHQFH�ZLOO�KDYH�D�GLVFRXQWHG�UHZDUG� ��6R�WKH�VXP�LV�D�JHRPHWULF�VHULHV�DQG�WKXV
FRQYHUJHV�LI� �

6ROYLQJ�WKH�0'3
7KHUH
V�D�YDULHW\�RI�ZD\V�WR�VROYH�0'3
V�DQG�FORVHO\�UHODWHG�UHLQIRUFHPHQW�OHDUQLQJ�SUREOHPV�

9DOXH�LWHUDWLRQ
3ROLF\�LWHUDWLRQ
'\QDPLF�PHWKRGV�WKDW�ORRN�D�ORW�OLNH�SHUFHSWURQ�WUDLQLQJ

9DOXH�LWHUDWLRQ
7KH�VLPSOHVW�VROXWLRQ�PHWKRG�LV�YDOXH�LWHUDWLRQ��7KLV�PHWKRG�UHSHDWHGO\�DSSOLHV�WKH�%HOOPDQ�HTXDWLRQ�WR�XSGDWH
XWLOLW\�YDOXHV�IRU�HDFK�VWDWH��6XSSRVH� �LV�WKH�XWLOLW\�YDOXH�IRU�VWDWH�V�LQ�LWHUDWLRQ�N��7KHQ

LQLWLDOL]H� ��IRU�DOO�VWDWHV�V
ORRS�IRU�N� ���XQWLO�WKH�YDOXHV�FRQYHUJH

7KH�IROORZLQJ�SLFWXUHV�VKRZ�KRZ�WKH�XWLOLW\�YDOXHV�FKDQJH�DV�WKH�LWHUDWLRQ�SURJUHVVHV��7KH�GLVFRXQW�IDFWRU� �LV�VHW
WR�����DQG�WKH�EDFNJURXQG�UHZDUG�LV�VHW�WR���

� � ��

�

+HUH
V�WKH�ÀQDO�RXWSXW�XWLOLWLHV�IRU�D�YDULDQW�RI�WKH�VDPH�SUREOHP��GLVFRXQW�IDFWRU� �DQG�WKH�EDFNJURXQG
UHZDUG�LV��������



�

:H�FDQ�UHDG�D�SROLF\�RII�WKH�ÀQDO�XWLOLW\�YDOXHV��:H�FDQ
W�VLPSO\�PRYH�WRZDUGV�WKH�QHLJKERU�ZLWK�WKH�KLJKHVW
XWLOLW\��EHFDXVH�RXU�DJHQW�GRHVQ
W�DOZD\V�PRYH�LQ�WKH�GLUHFWLRQ�ZH�FRPPDQGHG��6R�WKH�RSWLPDO�SROLF\�UHTXLUHV
H[DPLQLQJ�D�SUREDELOLWLF�VXP�

<RX�FDQ�SOD\�ZLWK�D�ODUJHU�H[DPSOH�LQ�$QGUHM�.DUSDWK\
V�JULGZRUOG�GHPR�

:DUQLQJ��1RWDWLRQDO�YDULDQW



6RPH�DXWKRUV��QRWDEO\�WKH�%HUNHOH\�FRXUVH��XVH�YDULDQWV�RI�WKH�%HOOPDQ�HTXDWLRQ�OLNH�WKLV�

7KHUH�LV�QR�GHHS�FKDQJH�LQYROYHG�KHUH��7KLV�LV�SDUWO\�MXVW�SXVKLQJ�DURXQG�WKH�DOJHEUD��$OVR��SDVVLQJ�PRUH
DUJXPHQWV�WR�WKH�UHZDUG�IXQFWLRQ�5�DOORZV�D�PRUH�FRPSOLFDWHG�WKHRU\�RI�UHZDUGV��L�H��GHSHQGLQJ�QRW�RQO\�RQ�WKH
QHZ�VWDWH�EXW�DOVR�WKH�SUHYLRXV�VWDWH�DQG�WKH�DFWLRQ�\RX�XVHG��,I�ZH�XVH�RXU�VLPSOHU�PRGHO�RI�UHZDUGV��WKHQ�WKLV
9�V��WKHVH�FDQ�EH�UHODWHG�WR�RXU�8�V��DV�IROORZV

8�V�� �5�V����9�V�

5HFDS
3LHFHV�RI�DQ�0'3

VWDWHV�V�LQ�6
DFWLRQV�D�LQ�$
WUDQVLWLRQ�SUREDELOLWLHV�3�V
�_�V�D�
UHZDUG�IXQFWLRQ�5�V�
SROLF\� �UHWXUQV�DFWLRQ

:KHQ�ZH
UH�LQ�VWDWH�V��ZH�FRPPDQG�DQ�DFWLRQ� ��+RZHYHU��RXU�EXJJ\�FRQWUROOHU�PD\�SXW�XV�LQWR�D�YDULHW\�RI
FKRLFHV�IRU�WKH�QH[W�VWDWH�V
��ZLWK�SUREDELOLWLHV�JLYHQ�E\�WKH�WUDQVLWLRQ�IXQFWLRQ�3�

%HOOPDQ�HTXDWLRQ�IRU�RSWLPDO�SROLF\

5HFDS��9DOXH�LWHUDWLRQ
5HFDOO�KRZ�ZH�VROYH�WKH�%HOOPDQ�HTXDWLRQ�XVLQJ�YDOXH�LWHUDWLRQ��/HW� �EH�WKH�XWLOLW\�YDOXHV�DW�LWHUDWLRQ�VWHS�W�

,QLWLDOL]H� ��IRU�DOO�VWDWHV�V
)RU�L ��XQWLO�YDOXHV�FRQYHUJH��XSGDWH�8�XVLQJ�WKH�HTXDWLRQ

7KHQ�H[WUDFW�WKH�FRUUHVSRQGLQJ�SROLF\�

9DOXH�LWHUDWLRQ�HYHQWXDOO\�FRQYHUJHV�WR�WKH�VROXWLRQ��1RWLFH�WKDW�WKH�RSWLPDO�XWLOLW\�YDOXHV�DUH�XQLTXHO\
GHWHUPLQHG��EXW�WKHUH�PD\�EH�PRUH�WKDQ�RQH�SROLF\�FRQVLVWHQW�ZLWK�WKHP�

3ROLF\�,WHUDWLRQ
6XSSRVH�WKDW�ZH�KDYH�SLFNHG�VRPH�SROLF\� �WHOOLQJ�XV�ZKDW�PRYH�WR�FRPPDQG�LQ�HDFK�VWDWH��7KHQ�WKH�%HOOPDQ
HTXDWLRQ�IRU�WKLV�À[HG�SROLF\�LV�VLPSOHU�EHFDXVH�ZH�NQRZ�H[DFWO\�ZKDW�DFWLRQ�ZH
OO�FRPPDQG�

%HOOPDQ�HTXDWLRQ�IRU�D�À[HG�SROLF\��

%HFDXVH�WKH�RSWLPDO�SROLF\�LV�WLJKWO\�FRXSOHG�WR�WKH�FRUUHFW�XWLOLW\�YDOXHV��ZH�FDQ�UHSKUDVH�RXU�RSWLPL]DWLRQ
SUREOHP�DV�ÀQGLQJ�WKH�EHVW�SROLF\��7KLV�LV��SROLF\�LWHUDWLRQ���,W�SURGXFHV�WKH�VDPH�VROXWLRQ�DV�YDOXH�LWHUDWLRQ��EXW



IDVWHU�

6SHFLÀFDOO\��WKH�SROLF\�LWHUDWLRQ�DOJRULWKP�ORRNV�OLNH�WKLV�

6WDUW�ZLWK�DQ�LQLWLDO�JXHVV�IRU�SROLF\� �
$OWHUQDWH�WZR�VWHSV�

3ROLF\�HYDOXDWLRQ��XVH�SROLF\� �WR�HVWLPDWH�XWLOLW\�YDOXHV�8
3ROLF\�LPSURYHPHQW��XVH�XWLOLW\�YDOXHV�8�WR�FDOFXODWH�D�QHZ�SROLF\�

3ROLF\�LWHUDWLRQ�PDNHV�WKH�HPHUJLQJ�SROLF\�YDOXHV�H[SOLFLW��VR�WKH\�FDQ�KHOS�JXLGH�WKH�SURFHVV�RI�UHÀQLQJ�WKH
XWLOLW\�YDOXHV�

7KH�SROLF\�LPSURYHPHQW�VWHS�LV�HDV\��-XVW�XVH�WKLV�HTXDWLRQ�

:H�VWLOO�QHHG�WR�XQGHUVWDQG�KRZ�WR�GR�WKH�SROLF\�HYDOXDWLRQ�VWHS�

3ROLF\�HYDOXDWLRQ
6LQFH�ZH�KDYH�D�GUDIW�SROLF\� �ZKHQ�GRLQJ�SROLF\�HYDOXDWLRQ��ZH�KDYH�D�VLPSOLÀHG�%HOOPDQ�HTXDWLRQ��EHORZ��

:H�KDYH�RQH�RI�WKHVH�HTXDWLRQV�IRU�HDFK�VWDWH�V��7KH�HTXDWLRQV�DUH�VWLOO�UHFXUVLYH��OLNH�WKH�RULJLQDO�%HOOPDQ
HTXDWLRQ��EXW�WKH\�DUH�QRZ�OLQHDU��6R�KDYH�WZR�RSWLRQV�IRU�DGMXVWLQJ�RXU�XWLOLW\�IXQFWLRQ�

OLQHDU�DOJHEUD
D�IHZ�LWHUDWLRQV�RI�YDOXH�LWHUDWLRQ

7KH�YDOXH�HVWLPDWLRQ�DSSURDFK�LV�XVXDOO\�IDVWHU��:H�GRQ
W�QHHG�DQ�H[DFW��IXOO\�FRQYHUJHG��VROXWLRQ��EHFDXVH�ZH
OO
EH�UHSHDWLQJ�WKLV�FDOFXODWLRQ�HDFK�WLPH�ZH�UHÀQH�RXU�SROLF\� �

$V\QFKURQRXV�G\QDPLF�SURJUDPPLQJ
2QH�XVHIXO�ZHDN�WR�VROYLQJ�0DUNRY�'HFLVLRQ�3URFHVV�LV��DV\QFKURQRXV�G\QDPLF�SURJUDPPLQJ���,Q�HDFK
LWHUDWLRQ��LW
V�QRW�QHFHVVDU\�WR�XSGDWH�DOO�VWDWHV��:H�FDQ�VHOHFW�RQO\�FHUWDLQ�VWDWHV�IRU�XSGDWLQJ��(�J�

VWDWHV�IUHTXHQWO\�VHHQ�LQ�VRPH�DSSOLFDWLRQ��H�J��D�JDPH�
VWDWHV�IRU�ZKLFK�WKH�%HOOPDQ�HTXDWLRQ�KDV�D�ODUJH�HUURU��L�H��FRPSDUH�YDOXHV�IRU�OHIW�DQG�ULJKW�VLGHV�RI�WKH
HTXDWLRQ�

7KH�GHWDLOV�FDQ�EH�VSHOOHG�RXW�LQ�D�ZLGH�YDULHW\�RI�ZD\V�

,QWUR�WR�UHLQIRUFHPHQW�OHDUQLQJ
6R�IDU��ZH
YH�EHHQ�VROYLQJ�DQ�0'3�XQGHU�WKH�DVVXPSWLRQ�WKDW�ZH�VWDUWHG�RII�NQRZLQJ�DOO�GHWDLOV�RI�3��WUDQVLWLRQ
SUREDELOLW\��DQG�5��UHZDUG�IXQFWLRQ���6R�ZH�ZHUH�VLPSO\�ÀQGLQJ�D�FORVHG�IRUP�IRU�WKH�UHFXUVLYH�%HOOPDQ
HTXDWLRQ��5HLQIRUFHPHQW�OHDUQLQJ��5/��LQYROYHV�WKH�VDPH�EDVLF�PRGHO�RI�VWDWHV�DQG�DFWLRQV��EXW�RXU�OHDUQLQJ
DJHQW�VWDUWV�RII�NQRZLQJ�QRWKLQJ�DERXW�3�DQG�5��,W�PXVW�ÀQG�RXW�DERXW�3�DQG�5��DV�ZHOO�DV�8�DQG� ��E\�WDNLQJ
DFWLRQV�DQG�VHHLQJ�ZKDW�KDSSHQV�



2EYLRXVO\��WKH�UHLQIRUFHPHQW�OHDUQHU�KDV�WHUULEOH�SHUIRUPDQFH�ULJKW�DW�WKH�EHJLQQLQJ��7KH�JRDO�LV�WR�PDNH�LW
HYHQWXDOO\�LPSURYH�WR�D�UHDVRQDEOH�OHYHO�RI�SHUIRUPDQFH��$�UHLQIRUFHPHQW�OHDUQLQJ�DJHQW�PXVW�VWDUW�WDNLQJ
DFWLRQV�ZLWK�LQFRPSOHWH��LQLWLDOO\�DOPRVW�QR��LQIRUPDWLRQ��KRSLQJ�WR�JUDGXDOO\�OHDUQ�KRZ�WR�SHUIRUP�ZHOO��:H
W\SLFDOO\�LPDJLQH�WKDW�LW�GRHV�D�YHU\�ORQJ�VHTXHQFH�RI�DFWLRQV��UHWXUQLQJ�WR�WKH�VDPH�VWDWH�PXOWLSOH�W\SHV��,WV
SHUIRUPDQFH�VWDUWV�RXW�YHU\�EDG�EXW�JUDGXDOO\�LPSURYHV�WR�D�UHDVRQDEOH�OHYHO�

$�UHLQIRUFHPHQW�OHDUQHU�PD\�EH

2QOLQH��LQWHUDFWLQJ�GLUHFWO\�ZLWK�WKH�ZRUOG�RU
2IÁLQH��LQWHUDFWLQJ�ZLWK�D�VLPXODWLRQ�RI�VRPH�VRUW�

7KH�ODWWHU�ZRXOG�EH�VDIHU�IRU�VLWXDWLRQV�ZKHUH�UHDO�ZRUOG�KD]DUGV�FRXOG�FDXVH�UHDO�GDPDJH�WR�WKH�URERW�RU�WKH
HQYLURQPHQW�

$Q�LPSRUWDQW�K\EULG�LV��H[SHULHQFH�UHSOD\���,Q�WKLV�FDVH��ZH�KDYH�DQ�RQOLQH�OHDUQHU��%XW�LQVWHDG�RI�IRUJHWWLQJ�LWV
ROG�H[SHULHQFHV��LW�ZLOO

UHPHPEHU�ROG�WUDLQLQJ�VHTXHQFHV�
VSHQG�VRPH�WUDLQLQJ�WLPH�UHSOD\LQJ�WKHVH�H[SHULHQFHV�UDWKHU�WKDQ�WDNLQJ�QHZ�DFWLRQV�LQ�WKH�ZRUOG

7KLV�LV�D�ZD\�WR�PDNH�WKH�PRVW�XVH�RI�WUDLQLQJ�H[SHULHQFHV�WKDW�FRXOG�EH�OLPLWHG�E\�SUDFWLFDO�FRQVLGHUDWLRQV��H�J�
VORZ��FRVWO\��GDQJHURXV�

7KH�UHLQIRUFHPHQW�OHDUQLQJ�ORRS
$�UHLQIRUFHPHQW�OHDUQHU�UHSHDWV�WKH�IROORZLQJ�VHTXHQFH�RI�VWHSV�

WDNH�DQ�DFWLRQ
REVHUYH�WKH�RXWFRPH��VWDWH�DQG�UHZDUG�
XSGDWH�LQWHUQDO�UHSUHVHQWDWLRQ

7KHUH�DUH�WZR�EDVLF�FKRLFHV�IRU�WKH��LQWHUQDO�UHSUHVHQWDWLRQ��

0RGHO�EDVHG��H[SOLFLWO\�HVWLPDWH�YDOXHV�IRU�3�V
_V�D��DQG�5�V�
0RGHO�IUHH��HVWLPDWH��4��YDOXHV��ZKLFK�VLGHVWHS�WKH�QHHG�WR�HVWLPDWH�3�DQG�5

:H
OO�ORRN�DW�PRGHO�IUHH�OHDUQLQJ�QH[W�OHFWXUH�

0RGHO�EDVHG�5/
$�PRGHO�EDVHG�OHDUQHU�RSHUDWHV�PXFK�OLNH�D�QDLYH�%D\HV�OHDUQLQJ�DOJRULWKP��H[FHSW�WKDW�LW�KDV�WR�VWDUW�PDNLQJ
GHFLVLRQV�DV�LW�WUDLQV��,QLWLDOO\�LW�ZRXOG�XVH�VRPH�GHIDXOW�PHWKRG�IRU�SLFNLQJ�DFWLRQV��H�J��UDQGRP���$V�LW�PRYHV
DURXQG�WDNLQJ�DFWLRQV��LW�WUDFNV�FRXQWV�IRU�ZKDW�UHZDUGV�LW�JRW�LQ�GLIIHUHQW�VWDWHV�DQG�ZKDW�VWDWH�WUDQVLWLRQV
UHVXOWHG�IURP�LWV�FRPPDQGHG�DFWLRQV��3HULRGLFDOO\�LW�XVHV�WKHVH�FRXQWV�WR

(VWLPDWH�3�6
�_�V�D��DQG�5�V���DQG�WKHQ
8VH�YDOXHV�IRU�3�DQG�5�WR�HVWLPDWH�8�V��DQG�

*UDGXDOO\�WUDQVLWLRQ�WR�XVLQJ�RXU�OHDUQHG�SROLF\� �

$GGLQJ�H[SORUDWLRQ



7KLV�REYLRXV�LPSOHPHQWDWLRQ�RI�D�PRGHO�EDVHG�OHDUQHU�WHQGV�WR�EH�ULVN�DYHUVH��2QFH�D�FOHDU�SROLF\�VWDUWV�WR
HPHUJH��LW�KDV�D�VWURQJ�LQFHQWLYH�WR�VWLFN�WR�LWV�IDPLOLDU�VWUDWHJ\�UDWKHU�WKDQ�H[SORULQJ�WKH�UHVW�RI�LWV�HQYLURQPHQW�
6R�LW�FRXOG�PLVV�YHU\�JRRG�SRVVLELOLWLHV��H�J��ODUJH�UHZDUGV��LI�LW�GLGQ
W�KDSSHQ�WR�VHH�WKHP�HDUO\�

7R�LPSURYH�SHUIRUPDQFH��ZH�PRGLI\�RXU�PHWKRG�RI�VHOHFWLQJ�DFWLRQV�

ZLWK�SUREDELOLW\�S��SLFN�
ZLWK�SUREDELOLW\���S��H[SORUH

�([SORUH��FRXOG�EH�LPSOHPHQWHG�LQ�YDULRXV�ZD\V��VXFK�DV

PDNH�D�XQLIRUP�UDQGRP�FKRLFH�DPRQJ�WKH�DFWLRQV
WU\�DFWLRQV�WKDW�ZH�KDYHQ
W�WULHG��HQRXJK��WLPHV�LQ�WKH�SDVW

7KH�SUREDELOLW\�RI�H[SORULQJ�ZRXOG�W\SLFDOO\�EH�VHW�KLJK�DW�WKH�VWDUW�RI�OHDUQLQJ�DQG�JUDGXDOO\�GHFUHDVHG��DOORZLQJ
WKH�DJHQW�WR�VHWWOH�LQWR�D�VSHFLÀF�ÀQDO�SROLF\�

7KH�GHFLVLRQ�DERXW�KRZ�RIWHQ�WR�H[SORUH�PXVW�GHSHQG�RQ�WKH�VWDWH�V��6WDWHV�WKDW�DUH�HDV\�WR�UHDFK�IURP�WKH
VWDUWLQJ�VWDWH�V��HQG�XS�H[SORUHG�YHU\�HDUO\��ZKHQ�PRUH�GLVWDQW�VWDWHV�PD\�KDYH�EDUHO\�EHHQ�UHDFKHG��)RU�HDFK
VWDWH�V��LW
V�LPSRUWDQW�WR�FRQWLQXH�GRLQJ�VLJQLÀFDQW�DPRXQWV�RI�H[SORUDWLRQ�XQWLO�HDFK�DFWLRQ�KDV�EHHQ�WULHG��LQ�V�
HQRXJK�WLPHV�WR�KDYH�D�FOHDU�VHQVH�RI�ZKDW�LW�GRHV�

0RGHO�IUHH�UHLQIRUFHPHQW�OHDUQLQJ
:H
YH�VHH�PRGHO�EDVHG�UHLQIRUFHPHQW�OHDUQLQJ��/HW
V�QRZ�ORRN�DW�PRGHO�IUHH�OHDUQLQJ��)RU�UHDVRQV�WKDW�ZLOO
EHFRPH�REYLRXV��WKLV�LV�DOVR�NQRZQ�DV�4�OHDUQLQJ�

$�XVHIXO�WXWRULDO�IURP�7UDYLV�'H:ROI��4�OHDUQLQJ

5HFDS��%HOOPDQ�HTXDWLRQ

:KHUH

V�LV�WKH�FXUUHQW�VWDWH
D�LV�WKH�FRPPDQGHG�DFWLRQ
V
�LV�QHZ�VWDWH�ZH�DFWXDOO\�HQG�XS�LQ

0RGHO�IUHH�UHLQIRUFHPHQW�OHDUQLQJ��DND�4�OHDUQLQJ�
)RU�4�OHDUQLQJ��ZH�VSOLW�XS�DQG�UHFRPELQH�WKH�%HOOPDQ�HTXDWLRQ��)LUVW��QRWLFH�WKDW�ZH�FDQ�UHZULWH�WKH�HTXDWLRQ�DV
IROORZV��EHFDXVH� �LV�D�FRQVWDQW�DQG�5�V��GRHVQ
W�GHSHQG�RQ�ZKLFK�DFWLRQ�ZH�FKRRVH�LQ�WKH�PD[LPL]DWLRQ�

7KHQ�GLYLGH�WKH�HTXDWLRQ�LQWR�WZR�SDUWV�

4�V�D��WHOOV�XV�WKH�YDOXH�RI�FRPPDQGLQJ�DFWLRQ�D�ZKHQ�WKH�DJHQW�LV�LQ�VWDWH�V��4�V�D��LV�PXFK�OLNH�8�V���H[FHSW�WKDW
WKH�DFWLRQ�LV�À[HG�YLD�DQ�LQSXW�DUJXPHQW��$V�ZH
OO�VHH�EHORZ��ZH�FDQ�GLUHFWO\�HVWLPDWH�4�V�D��EDVHG�RQ



H[SHULHQFH�

7R�JHW�WKH�DQDORJ�RI�WKH�%HOOPDQ�HTXDWLRQ�IRU�4�YDOXHV��ZH�UHFRPELQH�WKH�WZR�VHFWLRQV�RI�WKH�%HOOPDQ�HTXDWLRQ
LQ�WKH�RSSRVLWH�RUGHU��6R�OHW
V�PDNH�D�YHUVLRQ�RI�WKH�VHFRQG�HTXDWLRQ�UHIHUULQJ�WR�WKH�IROORZLQJ�VWDWH�V
��VLQFH�LW
V
WUXH�IRU�DOO�VWDWHV���D
�LV�DQ�DFWLRQ�WDNHQ�VWDUWLQJ�LQ�WKLV�QH[W�VWDWH�V
�

7KHQ�VXEVWLWXWH�WKH�VHFRQG�HTXDWLRQ�LQWR�WKH�ÀUVW

7KLV�IRUPXODWLRQ�HQWLUHO\�UHPRYHV�WKH�XWLOLW\�IXQFWLRQ�8�LQ�IDYRU�RI�WKH�IXQFWLRQ�4��%XW�ZH�VWLOO�KDYH�DQ
LQFRQYHQLHQW�GHSHQGHQFH�RQ�WKH�WUDQVLWLRQ�SUREDELOLWLHV�3�

5HPRYLQJ�WKH�WUDQVLWLRQ�SUREDELOLWLHV
7R�ÀJXUH�RXW�KRZ�WR�UHPRYH�WKH�WUDQVLWLRQ�SUREDELOLWLHV�IURP�RXU�XSGDWH�HTXDWLRQ��DVVXPH�ZH
UH�ORRNLQJ�DW�RQH
À[HG�FKRLFH�RI�VWDWH�V�DQG�FRPPDQGHG�DFWLRQ�D�DQG�FRQVLGHU�MXVW�WKH�FULWLFDO�LQQHU�SDUW�RI�WKH�H[SUHVVLRQ�

:H
UH�ZHLJKWLQJ�WKH�YDOXH�RI�HDFK�SRVVLEOH�QH[W�VWDWH�V
�E\�WKH�SUREDELOLW\�3�V
�_�V�D��WKDW�LW�ZLOO�KDSSHQ�ZKHQ�ZH
FRPPDQG�DFWLRQ�D�LQ�VWDWH�V�

6XSSRVH�WKDW�ZH�FRPPDQG�DFWLRQ�D�IURP�VWDWH�V�PDQ\�WLPHV��)RU�H[DPSOH��ZH�URDP�DURXQG�RXU�HQYLURQPHQW�
RFFDVLRQDOO\�UHWXUQLQJ�WR�VWDWH�V��7KHQ��RYHU�WLPH��ZH
OO�WUDQVLWLRQ�LQWR�V
�D�QXPEHU�RI�WLPHV�SURSRUWLRQDO�WR�LWV
WUDQVLWLRQ�SUREDELOLW\�3�V
�_�V�D���6R�LI�ZH�MXVW�DYHUDJH

RYHU�DQ�H[WHQGHG�VHTXHQFH�RI�DFWLRQV��ZH
OO�JHW�DQ�HVWLPDWH�RI

6R�ZH�FDQ�HVWLPDWH�4�V�D��E\�DYHUDJLQJ�WKH�IROORZLQJ�TXDQWLW\�RYHU�DQ�H[WHQGHG�VHTXHQFH�RI�WLPHVWHSV�W

:H�QHHG�WKHVH�HVWLPDWHV�IRU�DOO�SDLUV�RI�VWDWH�DQG�DFWLRQ��,Q�D�UHDOLVWLF�WUDLQLQJ�VHTXHQFH��ZH
OO�PRYH�IURP�VWDWH�WR
VWDWH��EXW�NHHS�UHWXUQLQJ�SHULRGLFDOO\�WR�HDFK�VWDWH��6R�WKLV�DYHUDJLQJ�SURFHVV�VKRXOG�VWLOO�ZRUN��DV�ORQJ�DV�ZH�GR
HQRXJK�H[SORUDWLRQ�

4�YDOXH�XSGDWH�HTXDWLRQV
7KH�DERYH�DVVXPHV�LPSOLFLWO\�WKDW�ZH�KDYH�D�ÀQLWH�VHTXHQFH�RI�WUDLQLQJ�GDWD��SURFHVVHG�DV�D�EDWFK��VR�WKDW�ZH�FDQ
DYHUDJH�XS�JURXSV�RI�YDOXHV�LQ�WKH�REYLRXV�ZD\��+RZ�GR�ZH�GR�WKLV�LQFUHPHQWDOO\�DV�WKH�DJHQW�PRYHV�DURXQG"

2QH�ZD\�WR�FDOFXODWH�WKH�DYHUDJH�RI�D�VHULHV�RI�YDOXHV� �LV�WR�VWDUW�ZLWK�DQ�LQLWLDO�HVWLPDWH�RI�]HUR�DQG
DYHUDJH�LQ�HDFK�LQFRPLQJ�YDOXH�ZLWK�D�DQ�DSSURSULDWH�GLVFRXQW��7KDW�LV

9� ��
ORRS�IRU�W ��WR�Q



1RZ�VXSSRVH�WKDW�ZH�KDYH�DQ�RQJRLQJ�VHTXHQFH�ZLWK�QR�REYLRXV�HQGSRLQW��2U�SHUKDSV�WKH�VHTXHQFH�LV�VR�ORQJ
WKDW�WKH�ZRUOG�PLJKW�JUDGXDOO\�FKDQJH��VR�ZH
G�OLNH�WR�VORZO\�DGDSW�WR�FKDQJH��7KHQ�ZH�FDQ�GR�D�VLPLODU
FDOFXODWLRQ�FDOOHG�D�PRYLQJ�DYHUDJH�

9� ��
ORRS�IRU�W ��WR�IRUHYHU

9� �

7KH�LQÁXHQFH�RI�HDFK�LQSXW�GHFD\V�JUDGXDOO\�RYHU�WLPH��7KH�HIIHFWLYH�VL]H�RI�WKH�DYHUDJLQJ�ZLQGRZ�GHSHQGV�RQ
WKH�FRQVWDQW� �

,I�ZH�XVH�WKLV�WR�DYHUDJH�RXU�YDOXHV�4�V�D���ZH�JHW�DQ�XSGDWH�PHWKRG�WKDW�ORRNV�OLNH�

4�V�D�� ���IRU�DOO�V�DQG�DOO�D
IRU�W� ���WR�IRUHYHU

2XU�XSGDWH�HTXDWLRQ�FDQ�DOVR�EH�ZULWWHQ�DV

7HPSRUDO�GLIIHUHQFH��7'��OHDUQLQJ
:H�FDQ�QRZ�VHW�XS�WKH�IXOO��WHPSRUDO�GLIIHUHQFH��DOJRULWKP�IRU�FKRRVLQJ�DFWLRQV�ZKLOH�OHDUQLQJ�WKH�4�YDOXHV�

4�V�D�� ���IRU�DOO�V�DQG�DOO�D
IRU�W� ���WR�IRUHYHU

���LQ�WKH�FXUUHQW�VWDWH�V��VHOHFW�DQ�DFWLRQ�D
���REVHUYH�WKH�UHZDUG�5�V��DQG�WKH�QH[W�VWDWH�V

���XSGDWH�RXU�4�YDOXHV�

7KH�REYLRXV�FKRLFH�IRU�DQ�DFWLRQ�WR�FRPPDQG�LQ�VWHS���LV

%XW�UHFDOO�IURP�D�SUHYLRXV�OHFWXUH�WKDW�WKH�DJHQW�DOVR�QHHGV�WR�H[SORUH��6R�D�EHWWHU�PHWKRG�LV

6RPHWLPHV�FKRRVH�
6RPHWLPHV�FKRRVH�D�UDQGRP��RU�VHPL�UDQGRP��DFWLRQ

7KH�EHVW�EDODQFH�EHWZHHQ�WKHVH�WZR�SRVVLELOLWLHV�GHSHQGV�RQ�WKH�VWDWH�DQG�DFWLRQ��:H�VKRXOG�GR�PRUH�UDQGRP
H[SORUDWLRQ�LQ�VWDWHV�WKDW�KDYHQ
W�EHHQ�VXIÀFLHQWO\�H[SORUHG��ZLWK�D�ELDV�WRZDUGV�FKRRVLQJ�DFWLRQV�WKDW�KDYHQ
W
EHHQ�VXIÀFLHQWO\�H[SORUHG�

:KDW
V�ZURQJ�ZLWK�7'"
$GGLQJ�H[SORUDWLRQ�FUHDWHV�DQ�LQFRQVLVWHQF\�LQ�RXU�7'�DOJRULWKP�

7KH�PD[LPL]DWLRQ� �LQ�VWHS���DVVXPHV�ZH�SLFN�WKH�DFWLRQ�WKDW�ZLOO�\LHOG�WKH�KLJKHVW�YDOXH�
EXW
6WHS���GRHVQ
W�DOZD\V�FKRRVH�WKH�DFWLRQ�WKDW�FXUUHQWO\�VHHPV�WR�KDYH�WKH�KLJKHVW�YDOXH�

6R�WKH�XSGDWH�LQ�VWHS���LV�EDVHG�RQ�D�GLIIHUHQW�DFWLRQ�IURP�WKH�RQH�DFWXDOO\�FKRVHQ�E\�WKH�DJHQW��,Q�SDUWLFXODU��RXU
FRQVWUXFWLRQ�RI�WKH�XSGDWH�PHWKRG�DVVXPHV�WKDW�ZH�DOZD\V�IROORZHG�RXU�FXUUHQWO\�EHVW�SROLF\�SL��EXW�RXU�DFWLRQ



VHOHFWLRQ�PHWKRG�DOVR�LQFOXGHV�H[SORUDWLRQ��6R�RFFDVLRQDOO\�WKH�DJHQW�GRHV�UDQGRP�WKLQJV�WKDW�GRQ
W�IROORZ
SROLF\�

6$56$
7KH�6$56$���6WDWH�$FWLRQ�5HZDUG�6WDWH�$FWLRQ���DOJRULWKP�DGMXVWV�WKH�7'�DOJRULWKP�WR�DOLJQ�WKH�XSGDWH�ZLWK
WKH�DFWXDO�FKRLFH�RI�DFWLRQ��7KH�DOJRULWKP�ORRNV�OLNH�WKLV��ZKHUH��V�D��LV�RXU�FXUUHQW�VWDWH�DQG�DFWLRQ�DQG��V
�D
��LV
WKH�IROORZLQJ�VWDWH�DQG�DFWLRQ�

4�V�D�� ���IRU�DOO�V�DQG�DOO�D
SLFN�DQ�LQLWLDO�VWDWH�V�DQG�LQLWLDO�DFWLRQ�D
IRU�W� ���WR�IRUHYHU

REVHUYH�WKH�UHZDUG�5�V��DQG�WKH�QH[W�VWDWH�V

IURP�QH[W�VWDWH�V
��VHOHFW�QH[W�DFWLRQ�D

XSGDWH�RXU�4�YDOXHV�XVLQJ�
�V�D�� ��V
�D
�

6R�ZH
UH�XQUROOLQJ�D�ELW�PRUH�RI�WKH�VWDWH�DFWLRQ�VHTXHQFH�EHIRUH�GRLQJ�WKH�XSGDWH��2XU�XSGDWH�XVHV�WKH�DFWLRQV
WKDW�WKH�DJHQW�FKRVH�UDWKHU�WKDQ�PD[LPL]LQJ�RYHU�DOO�SRVVLEOH�DFWLRQV�WKDW�WKH�DJHQW�PLJKW�FKRRVH�

6$56$�YV��7'�XSGDWH
+HUH
V�DQ�H[DPSOH�IURP�7UDYLV�'H:ROI�WKDW�QLFHO\�LOOXVWUDWHV�WKH�GLIIHUHQFH�EHWZHHQ�6$56$�DQG�7'�XSGDWH��7KH
DJHQW�LV�SURQH�WR�RFFDVLRQDO�UDQGRP�PRWLRQV��EHFDXVH�LW�OLNHV�WR�H[SORUH�UDWKHU�WKDQ�MXVW�IROORZLQJ�LWV�RSWLPDO
SROLF\��7KH�7'�DOJRULWKP�DVVXPHV�LW�ZLOO�GR�D�EHWWHU�MRE�RI�IROORZLQJ�SROLF\��VR�LW�VHQGV�WKH�DJHQW�DORQJ�WKH�HGJH
RI�WKH�KD]DUG�DQG�LW�UHJXODUO\�IDOOV�LQ��7KH�6$56$�DJHQW��FRUUHFWO\��GRHVQ
W�WUXVW�WKDW�LW�ZLOO�VWLFN�WR�LWV�RZQ
SROLF\��6R�LW�VWD\V�IXUWKHU�IURP�WKH�KD]DUG��VR�WKDW�WKH�RFFDVLRQDO�UDQGRP�PRWLRQ�LVQ
W�OLNHO\�WR�EH�GDPDJLQJ�

��
0RXVH��EOXH��WULHV�WR�JHW�FKHHVH��JUHHQ��ZLWKRXW�IDOOLQJ�LQ�WKH�SLW�RI�ÀUH��UHG��

��
7UDLQHG�XVLQJ�7'�XSGDWH



��
7UDLQHG�XVLQJ�6$56$

7ZHDNV�DQG�H[WHQVLRQV
7KHUH�DUH�PDQ\�YDULDWLRQV�RQ�UHLQIRUFHPHQW�OHDUQLQJ��(VSHFLDOO\�LQWHUHVWLQJ�RQHV�LQFOXGH

XVH�IHDWXUHV�WR�PRGHO�VWDWHV��VR�ZH�FDQ�SUHGLFW�YDOXHV�IRU�XQVHHQ�VWDWHV�EDVHG�RQ�IDPLOLDU�VWDWHV�WKDW�DUH
VLPLODU�LQ�VRPH�ZD\
GHSOR\�GHHS�OHDUQLQJ��H�J��WR�OHDUQ�D�PDSSLQJ�IURP�IHDWXUHV�WR�4�YDOXHV�
LPLWDWH�DQ�H[SHUW�UDWKHU�WKDQ�KDYLQJ�QXPHULFDO�UHZDUGV�

5HLQIRUFHPHQW�/HDUQLQJ�'HPRV�DQG�$SSOLFDWLRQV
6WDQIRUG�KHOLFRSWHU

6SLGHU�URERW�IURP�<DPDEXFKL�HW�DO�����

SOD\LQJ�$WDUL�JDPHV��9��0QLK�HW�DO��1DWXUH��)HEUXDU\������



&6�����(&(�����
0DUJDUHW�)OHFN ���9HFWRU�6HPDQWLFV

��
IURP�:LNLSHGLD

:RUG�PHDQLQJV
:KDW�GR�ZRUGV�PHDQ"�
:K\�GR�ZH�FDUH"�
:KDW�DUH�WKH\�XVHIXO�IRU"

,Q�5XVVHOO�DQG�1RUYLJ�VW\OH��ZKDW�FRQFHSWV�GRHV�D�UDWLRQDO�DJHQW�XVH�WR�GR�LWV�UHDVRQLQJ"

6HHQ�IURP�D�QHXUDO�QHW�SHUVSHFWLYH��WKH�NH\�LVVXH�LV�WKDW�RQH�KRW�UHSUHVHQWDWLRQV�RI�ZRUGV�GRQ
W�VFDOH�ZHOO��(�J��LI
ZH�KDYH�D���������ZRUG�YRFDEXODU\��ZH�XVH�YHFWRUV�RI�OHQJWK����������:H�VKRXOG�EH�DEOH�WR�JLYH�HDFK�ZRUG�D
GLVWLQFW�UHSUHVHQWDWLRQ�XVLQJ�D�ORW�IHZHU�SDUDPHWHUV�

:H�FDQ�XVH�PRGHOV�RI�ZRUG�PHDQLQJ�IRU�D�YDULHW\�RI�SUDFWLFDO�WDVNV�

PRGHO�KXPDQ�LQWHOOLJHQFH
DQVZHULQJ�IDFWXDO�TXHVWLRQV
ÀQGLQJ�ZRUG�FODVVHV��H�J��IRU�SDUVLQJ�

SDUWV�RI�VSHHFK��H�J��QRXQ�YV��YHUE�
VHPDQWLF�FODVVHV��SHUVRQ"�VXUIDFH"�VRIW�PDWHULDO�ZH�FDQ�VSUHDG"

ZRUG�SUHGLFWLRQ��H�J��IRU�VSHHFK�UHFRJQLWLRQ�
MXGJLQJ�ÁXHQF\�RI�WH[W��H�J��WUDQVODWLRQ��VSHHFK�UHFRJQLWLRQ�

:RUG�PHDQLQJ�LV�FRPSOH[
)RU�HDFK�ZRUG��ZH
G�OLNH�WR�OHDUQ

LQIRUPDWLRQ�DERXW�LWV�EDVLF�VHQVH��H�J���ELUG����DSSOH��
GLVWLQFWLRQV�EHWZHHQ�VLPLODU�ZRUGV��H�J���DSSOHV��YV���RUDQJH��
JUDPPDWLFDO�SURSHUWLHV��H�J��QRXQ�YV��YHUE��VLQJXODU�YV��SOXUDO�
FRQQRWDWLRQV��H�J��FRPSOLPHQWDU\�RU�SHMRUDWLYH��IDQF\�YV��FRPPRQ�ZRUG�

0DQ\�PHDQLQJV�FDQ�EH�H[SUHVVHG�E\�D�ZRUG�WKDW
V�PRUH�IDQF\�RU�PRUH�SODLQ��(�J��EHOOLFRVH��IDQF\��DQG�ZDUOLNH
�SODLQ��PHDQ�WKH�VDPH�WKLQJ��:RUGV�FDQ�DOVR�GHVFULEH�WKH�VDPH�SURSHUW\�LQ�PRUH�RU�OHVV�FRPSOLPHQWDU\�WHUPV�
H�J��SOXPS��QLFH��YV��IDW��QRW�QLFH���7KLV�OHDGV�WR�MRNHV�DERXW��LUUHJXODU�FRQMXJDWLRQV��VXFK�DV



,
P�FRQÀGHQW
<RX
UH�DVVHUWLYH
6KH
V�DJJUHVVLYH

/RJLF�VW\OH�ORJLF�EDVHG�UHSUHVHQWDWLRQV
+HUH�LV�WKH�GHÀQLWLRQ�RI��ELUG��IURP�2[IRUG�/LYLQJ�'LFWLRQDULHV��2[IRUG�8QLYHUVLW\�3UHVV�

�$�ZDUP�EORRGHG�HJJ�OD\LQJ�YHUWHEUDWH�DQLPDO�GLVWLQJXLVKHG�E\�WKH�SRVVHVVLRQ�RI�IHDWKHUV��ZLQJV��D
EHDN��DQG�W\SLFDOO\�E\�EHLQJ�DEOH�WR�Á\��

%DFN�LQ�WKH�'D\��SHRSOH�WULHG�WR�WXUQ�VXFK�GHÀQLWLRQV�LQWR�UHSUHVHQWDWLRQV�ZLWK�WKH�ORRN�DQG�IHHO�RI�IRUPDO�ORJLF�

LVD�ELUG��DQLPDO���
$1'�KDV�ELUG��ZLQJV���
$1'�ÁLHV�ELUG���
$1'�LI�IHPDOH�ELUG���WKHQ�OD\V�ELUG�HJJV������

7KH�DERYH�H[DPSOH�LV�QRW�RQO\�LQFRPSHWH��EXW�DOVR�KDV�D�EXJ��QRW�DOO�ELUGV�Á\��,W�DOVR�FRQWDLQV�YHU\�OLWWOH
LQIRUPDWLRQ�RQ�ZKDW�ELUGV�ORRN�OLNH�RU�KRZ�WKH\�DFW��VR�QRW�PXFK�KHOS�IRU�UHFRJQLWLRQ��5HFDOO�IURP�RXU�HDUO\
FODVVLÀHU�OHFWXUHV�WKDW�SHRSOH�UHO\�KHDYLO\�RQ�FRQWH[W�WR�GHFLGH�ZKDW�QDPH�WR�JLYH�DQ�REMHFW�

*HQHUDO�SUREOHPV�ZLWK�WKLV�VW\OH�RI�PHDQLQJ�UHSUHVHQWDWLRQ�

9HU\�KDUG�WR�EXLOG��PRVWO\�E\�H[SHUWV�
&DSWXUH�WKH�PHDQLQJ�SRRUO\
%DVHG�RQ�HOHPHQWDU\�SUHGLFDWHV��H�J��ÁLHV��ZKRVH�PHDQLQJ�LVQ
W�GHÀQHG�
:RUGV�ÀW�LQWR�D�ODUJHU�YRFDEXODU\

&RQWUDVW
$�PRUH�VXEWOH�SUREOHP�ZLWK�WKHVH�ORJLF�VW\OH�UHSUHVHQWDWLRQV�RI�PHDQLQJ�LV�WKDW�SHRSOH�DUH�DUH�VHQVLWLYH�WR�WKH
RYHUDOO�VWUXFWXUH�RI�WKH�YRFDEXODU\��$OWKRXJK�VRPH�ZRUGV�DUH�VHHQ�DV�V\QRQ\PV��LW
V�PRUH�FRPPRQ�WKDW�GLVWLQFW
ZRUGV�DUH�VHHQ�DV�KDYLQJ�GLVWLQFW�VHQVHV��HYHQ�ZKHQ�WKH�VSHDNHU�FDQQRW�H[SODLQ�ZKDW�LV�GLIIHUHQW�DERXW�WKHLU
PHDQLQJ�

7KH��3ULQFLSOH�RI�&RQWUDVW��VWDWHV�WKDW�GLIIHUHQFHV�LQ�IRUP�LPSO\�GLIIHUHQFHV�LQ�PHDQLQJ���(YH�&ODUN������
WKRXJK�LGHD�JRHV�EDFN�HDUOLHU���)RU�H[DPSOH��NLGV�ZLOO�VD\�WKLQJV�OLNH��WKDW
V�QRW�DQ�DQLPDO��WKDW
V�D�GRJ���$GXOWV
KDYH�D�EHWWHU�PRGHO�WKDW�ZRUGV�FDQ�UHIHU�WR�PRUH�RU�OHVV�JHQHUDO�FDWHJRULHV�RI�REMHFWV��EXW�VWLOO�PDNH�PLVWDNHV�OLNH
�WKDW
V�QRW�D�UHDO�QXPEHU��LW
V�DQ�LQWHJHU���$SSDUHQW�V\QRQ\PV�VHHP�WR�LQVSLUH�D�VHDUFK�IRU�VRPH�VPDOO�GLIIHUHQFH
LQ�PHDQLQJ��)RU�H[DPSOH��KRZ�LV��JUDYH\DUG��GLIIHUHQW�IURP��FHPHWHU\�"�3HUKDSV�FHPHWHULHV�DUH�SUHWWLHU��RU�QRW
DGMDFHQW�WR�D�FKXUFK��RU�IDQFLHU��RU����

3HRSOH�FDQ�DOVR�EH�FRQYLQFHG�WKDW�WZR�PHDQLQJV�DUH�GLVWLQFW�EHFDXVH�DQ�H[SHUW�VD\V�WKH\�DUH��HYHQ�ZKHQ�WKH\
FDQQRW�H[SODLQ�KRZ�WKH\�GLIIHU��DQ�REVHUYDWLRQ�RULJLQDOO\�GXH�WR�+LODU\�3XWQDP���)RU�H[DPSOH��SHZWHU��XVHG�WR
PDNH�IRRG�GLVKHV��DQG�QLFNHO�VLOYHU��XVHG�WR�PDNH�NH\V�IRU�LQVWUXPHQWV��DUH�VLPLODU�ORRNLQJ�GXOO�VLOYHU�FRORUHG
PHWDOV�XVHG�DV�UHSODFHPHQWV�IRU�VLOYHU��7KH�GLIIHUHQFH�LQ�QDPH�WHOOV�SHRSOH�WKDW�WKH\�PXVW�EH�GLIIHUHQW��%XW�PRVW
SHRSOH�ZRXOG�KDYH�WR�WUXVW�DQ�H[SHUW�EHFDXVH�WKH\�FDQ
W�WHOO�WKHP�DSDUW��(YHQ�IHZHU�FRXOG�WHOO�\RX�WKDW�WKH\�DUH
DOOR\V�ZLWK�WKHVH�FRPSRVLWLRQV�

QLFNHO�VLOYHU������FRSSHU������QLFNHO�DQG�����]LQF
SHZWHU������WLQ�������DQWLPRQ\��DQG������FRSSHU



&RQWH[W�EDVHG�UHSUHVHQWDWLRQV
$�GLIIHUHQW�DSSURDFK�WR�UHSUHVHQWLQJ�ZRUG�PHDQLQJV��ZKLFK�KDV�UHFHQWO\�EHHQ�ZRUNLQJ�EHWWHU�LQ�SUDFWLFH�LV�WR
REVHUYH�KRZ�SHRSOH�XVH�HDFK�ZRUG�

�<RX�VKDOO�NQRZ�D�ZRUG�E\�WKH�FRPSDQ\�LW�NHHSV���-��5��)LUWK�������

3HRSOH�KDYH�D�ORW�RI�LQIRUPDWLRQ�WR�ZRUN�ZLWK��H�J��ZKDW
V�JRLQJ�RQ�ZKHQ�WKH�ZRUG�ZDV�VDLG��KRZ�RWKHU�SHRSOH
UHDFW�WR�LW��HYHQ�DFWXDO�H[SODQDWLRQV�IURP�RWKHU�SHRSOH��0RVW�FRPSXWHU�DOJRULWKPV�RQO\�JHW�WR�VHH�UXQQLQJ�WH[W��6R
ZH�DSSUR[LPDWH�WKLV�LGHD�E\�REVHUYLQJ�ZKLFK�ZRUGV�RFFXU�LQ�WKH�VDPH�WH[WXDO�FRQWH[W��7KDW�LV�ZRUGV�WKDW�RFFXU
WRJHWKHU�RIWHQ�VKDUH�HOHPHQWV�RI�PHDQLQJ�

KRXU�WHVW��V\OODEXV��DVVLJQPHQW��OHFWXUH
PLON��ÁRXU��VSRRQ��RYHQ��FRRN

:H�FDQ�DOVR�ÀJXUH�RXW�DQ�XQIDPLOLDU�ZRUG�IURP�H[DPSOHV�LQ�FRQWH[W�

$XWKHQWLF�ELOWRQJ�LV�ÁDYRUHG�ZLWK�FRULDQGHU���
-RKQ�WRRN�ELOWRQJ�RQ�KLV�KLNH���
$QWHORSH�ELOWRQJ�LV�EHWWHU�WKDQ�RVWULFK�ELOWRQJ��

7KH�ÀUVW�FRQWH[W�VXJJHVWV�WKDW�ELOWRQJ�LV�IRRG��7KH�VHFRQG�FRQWH[W�VXJJHVWV�WKDW�LW�LVQ
W�SHULVKDEOH��7KH�WKLUG
VXJJHVWV�LW�LQYROYHV�PHDW�

7KLV�ZRXOG�SUREDEO\�EH�HQRXJK�LQIRUPDWLRQ�IRU�\RX�WR�XVH�WKH�ZRUG�ELOWRQJ�LQ�D�VHQWHQFH��DV�LI�\RX�FRPSOHWHO\
XQGHUVWRRG�ZKDW�LW�PHDQW��)RU�VRPH�WDVNV��WKDW�PLJKW�EH�HQRXJK��+RZHYHU��\RX�PLJKW�ZDQW�WR�NQRZ�D�ELW�PRUH
GHWDLO�EHIRUH�GHFLGLQJ�ZKHWKHU�WR�HDW�VRPH��:H
YH�DOO�KHDUG�VWRULHV�RI�WUDYHOOHUV�ZKR�RUGHUHG�VRPH�P\VWHU\�GLVK
RII�D�IRUHLJQ�ODQJXDJH�PHQX�DQG�LW�WXUQHG�RXW�WR�EH�VRPHWKLQJ�WKH\�KDWHG�

:RUG�(PEHGGLQJV��YHFWRU�VHPDQWLFV�
,GHD��OHW
V�UHSUHVHQW�HDFK�ZRUG�DV�D�YHFWRU�RI�QXPHULFDO�IHDWXUH�YDOXHV�

7KHVH�IHDWXUH�YHFWRUV�DUH�FDOOHG�ZRUG�HPEHGGLQJV��,Q�DQ�LGHDO�ZRUOG��WKH�HPEHGGLQJV�PLJKW�ORRN�OLNH�WKLV
HPEHGGLQJ�RI�ZRUGV�LQWR��'��H[FHSW�WKDW�WKH�VSDFH�KDV�D�ORW�PRUH�GLPHQVLRQV���,Q�SUDFWLFH��D�ORW�RI�PDVVDJLQJ
ZRXOG�EH�UHTXLUHG�WR�JHW�D�SLFWXUH�WKLV�FOHDQ���2XU�PHDVXUHV�RI�VLPLODULW\�ZLOO�EH�EDVHG�RQ�ZKDW�ZRUGV�RFFXU�QHDU
RQH�DQRWKHU�LQ�D�WH[W�GDWD�FRUSXV��EHFDXVH�WKDW
V�WKH�W\SH�RI�GDWD�WKDW
V�DYDLODEOH�LQ�TXDQWLW\�

��
IURP�-XUDIVN\�DQG�0DUWLQ



+RZ�WR�JHW�YHFWRUV
)HDWXUH�YHFWRUV�DUH�EDVHG�RQ�VRPH�FRQWH[W�WKDW�WKH�IRFXV�ZRUG�RFFXUV�LQ��7KHUH�DUH�D�FRQWLQXXP�RI�SRVVLEOH
FRQWH[WV��ZKLFK�ZLOO�JLYH�XV�GLIIHUHQW�LQIRUPDWLRQ�

FORVH�QHLJKERUV��RQH�RU�WZR�RQ�HDFK�VLGH�RI�IRFXV�
QHDUE\�ZRUGV��H�J��������ZRUG�ZLQGRZ�
ZKROH�GRFXPHQW

&ORVH�QHLJKERUV�WHQG�WR�WHOO�\RX�DERXW�WKH�ZRUG
V�V\QWDFWLF�SURSHUWLHV��H�J��SDUW�RI�VSHHFK���1HDUE\�ZRUGV�WHQG�WR
WHOO�\RX�DERXW�LWV�PDLQ�PHDQLQJ��)HDWXUHV�IURP�WKH�ZKROH�GRFXPHQW�WHQG�WR�WHOO�\RX�ZKDW�WRSLF�DUHD�WKH�ZRUG
FRPHV�IURP��H�J��PDWK�OHWXUHV�YV��+DUU\�3RWWHU��

)RU�H[DPSOH��ZH�PLJKW�FRXQW�KRZ�RIWHQ�HDFK�ZRUG�RFFXUV�LQ�HDFK�RI�D�JURXS�RI�GRFXPHQWV��H�J��WKH�IROORZLQJ
WDEOH�RI�VHOHFWHG�ZRUGV�WKDW�RFFXU�LQ�YDULRXV�SOD\V�E\�6KDNHVSHDUH��7KHVH�FRXQWV�JLYH�HDFK�ZRUG�D�YHFWRU�RI
QXPEHUV��RQH�SHU�GRFXPHQW�

$V�<RX�/LNH�,W 7ZHOIWK�1LJKW -XOLXV�&DHVDU +HQU\�9
EDWWOH � � � ��
JRRG ��� �� �� ��
IRRG �� �� � �
ZLW �� �� � �

ZRUG�FRXQWV�IURP�-XUDIVN\�DQG�0DUWLQ

:H�FDQ�DOVR�XVHG�WKHVH�ZRUG�GRFXPHQW�PDWULFHV�WR�SURGXFH�D�IHDWXUH�YHFWRU�IRU�HDFK�GRFXPHQW��GHVFULELQJ�LWV
WRSLF��7KHVH�YHFWRUV�ZRXOG�W\SLFDOO\�EH�YHU\�ORQJ��H�J��RQH�YDOXH�IRU�HYHU\�ZRUG�WKDW�LV�XVHG�LQ�DQ\�RI�WKH
GRFXPHQWV���7KLV�UHSUHVHQWDWLRQ�LV�SULPDULO\�XVHG�LQ�GRFXPHQW�UHWULHYDO��ZKLFK�LV�KLVWRULFDOO\�WKH�DSSOLFDWLRQ�IRU
ZKLFK�PDQ\�YHFWRU�PHWKRGV�ZHUH�GHYHORSHG�

$OWHUQDWLYH��ZH�FDQ�XVH�QHDUE\�ZRUGV�DV�FRQWH[W��6R�WKLV�H[DPSOH�IURP�-XUDIVN\�DQG�0DUWLQ�VKRZV�VHWV�RI��
FRQWH[W�ZRUGV�WR�HDFK�VLGH�RI�WKH�IRFXV�ZRUG�

2XU��'�GDWD�WDEOH�WKHQ�UHODWHV�HDFK�IRFXV�ZRUG��URZ��WR�HDFK�FRQWH[W�ZRUG��FROXPQ���6R�LW�PLJKW�ORRN�OLNH�WKLV�
DIWHU�SURFHVVLQJ�D�QXPEHU�RI�GRFXPHQWV�



7KHVH�UDZ�FRXQW�YHFWRUV�ZLOO�UHTXLUH�VRPH�PDVVDJLQJ�WR�PDNH�WKHP�LQWR�QLFH�IHDWXUH�UHSUHVHQWDWLRQV���:H
OO�VHH
WKH�GHWDLOV�ODWHU���$QG�WKH\�GRQ
W�SURYLGH�D�FRPSOHWH�PRGHO�RI�ZRUG�PHDQLQJV��+RZHYHU��DV�ZH
YH�VHHQ�HDUOLHU
ZLWK�QHXUDO�QHWV��WKH\�SURYLGH�UHSUHVHQWDWLRQV�WKDW�DUH�JRRG�HQRXJK�WR�ZRUN�ZHOO�LQ�PDQ\�SUDFWLFDO�WDVNV�

0HDVXULQJ�VLPLODULW\"
6XSSRVH�ZH�KDYH�D�YHFWRU�RI�ZRUG�FRXQWV�IRU�HDFK�GRFXPHQW��+RZ�GR�ZH�PHDVXUH�VLPLODULW\�EHWZHHQ
GRFXPHQWV"

1RWLFH�WKDW�VKRUW�GRFXPHQWV�KDYH�IHZHU�ZRUGV�WKDQ�ORQJHU�RQHV��6R�ZH�QRUPDOO\�FRQVLGHU�RQO\�WKH�GLUHFWLRQ�RI
WKHVH�IHDWXUH�YHFWRUV��QRW�WKHLU�OHQJWKV��6R�ZH�DFWXDOO\�ZDQW�WR�FRPSDUH�WKH�GLUHFWLRQV�RI�WKHVH�YHFWRUV��7KH
VPDOOHU�WKH�DQJOH�EHWZHHQ�WKHP��WKH�PRUH�VLPLODU�WKH\�DUH�

������������������
������������������VDPH�DV�SUHYLRXV��
������������������GLIIHUHQW

7KLV�DQDO\VLV�DSSOLHV�DOVR�WR�IHDWXUH�YHFWRUV�IRU�ZRUGV��UDUH�ZRUGV�KDYH�IHZHU�REVHUYDWLRQV�WKDQ�FRPPRQ�RQHV�
6R��DJDLQ��ZH
OO�PHDVXUH�VLPLODULW\�XVLQJ�WKH�DQJOH�EHWZHHQ�IHDWXUH�YHFWRUV�

)RUJRWWHQ�OLQHDU�DOJHEUD
7KH�DFWXDO�DQJOH�LV�KDUG�WR�ZRUN�ZLWK��H�J��ZH�FDQ
W�FRPSXWH�LW�ZLWKRXW�FDOOLQJ�DQ�LQYHUVH�WULJ�IXQFWLRQ��,W
V�PXFK
HDVLHU�WR�DSSUR[LPDWH�WKH�DQJOH�ZLWK�LWV�FRVLQH�

5HFDOO�ZKDW�WKH�FRVLQH�IXQFWLRQ�ORRNV�OLNH

��DW���GHJUHHV��L�H��WKH�WZR�YHFWRUV�PDWFK�
��DW����GHJUHHV��L�H��WKH�WZR�YHFWRUV�DUH�SHUSHQGLFXODU�

:KDW�KDSSHQV�SDVW����GHJUHHV"�2K��ZRUG�FRXQWV�FDQ
W�EH�QHJDWLYH��6R�RXU�YHFWRUV�DOO�OLYH�LQ�WKH�ÀUVW�TXDGUDQW��VR
WKHLU�DQJOHV�FDQ
W�GLIIHU�E\�PRUH�WKDQ����GHJUHHV�

5HFDOO�D�KDQG\�IRUPXOD�IRU�FRPSXWLQJ�WKH�FRVLQH�RI�WKH�DQJOH� �EHWZHHQ�WZR�YHFWRUV�

LQSXW�YHFWRUV� �DQG� ��
GRW�SURGXFW�� ��

6R�\RX
OO�VHH�ERWK��FRVLQH��DQG��GRW�SURGXFW��XVHG�WR�GHVFULEH�WKLV�PHDVXUH�RI�VLPLODULW\�

2XWSXW�IHDWXUH�YHFWRUV
$IWHU�VLJQLÀFDQW�FOHDQXS��ZKLFK�ZH
OO�JHW�WR���ZH�FDQ�SURGXFH�HPEHGGLQJV�RI�ZRUGV�LQ�ZKLFK�SUR[LPLW\�LQ
HPEHGGLQJ�VSDFH�PLUURUV�VLPLODULW\�RI�PHDQLQJ��)RU�H[DPSOH��LQ�WKH�SLFWXUH�EHORZ��IURP�ZRUG�YHF��
PRUSKRORJLFDOO\�UHODWHG�ZRUGV�HQG�XS�FOXVWHUHG��$QG��PRUH�LQWHUHVWLQJ��WKH�VKDSH�DQG�SRVLWLRQ�RI�WKH�FOXVWHUV�DUH
WKH�VDPH�IRU�GLIIHUHQW�VWHPV�



��
IURP�0LNRORY��1,36�����

1RWLFH�WKDW�WKLV�SLFWXUH�LV�D�SURMHFWLRQ�RI�KLJK�GLPHQVLRQDO�IHDWXUH�YHFWRUV�RQWR�WZR�GLPHQVLRQV��$QG�WKH\
DXWKRUV�DUH�VKRZLQJ�XV�RQO\�VHOHFWHG�ZRUGV��,W
V�YHU\�GLIÀFXOW�WR�MXGJH�WKH�RYHUDOO�TXDOLW\�RI�WKH�HPEHGGLQJV�

(YDOXDWLRQ
:RUG�HPEHGGLQJ�PRGHOV�DUH�HYDOXDWHG�LQ�WZR�ZD\V�

6LPLODULW\�WR�KXPDQ�MXGJHPHQW�LQ�ZRUG�DQDORJ\�WDVNV�
&RPSDULQJ�WKH�HPEHGGLQJV�WR�RWKHU�IHDWXUH�UHSUHVHQWDWLRQV��ZKHQ�XVHG�DV�WKH�ÀUVW�VWDJH�IRU�VROYLQJ�D
ODUJHU�WDVN��H�J��TXHVWLRQ�DQVZHULQJ�

6XSSRVH�ZH�ÀQG�D�EXQFK�RI�SDLUV�RI�ZRUGV�LOOXVWUDWLQJ�D�FRPPRQ�UHODWLRQ��H�J��FRXQWULHV�DQG�WKHLU�FDSLWDOV�LQ�WKH
ÀJXUH�EHORZ��7KH�YHFWRUV�UHODWLQJ�WKH�ÀUVW�ZRUG��FRXQWU\��WR�WKH�VHFRQG�ZRUG��FDSLWDO��DOO�JR�URXJKO\�LQ�WKH�VDPH
GLUHFWLRQ�

��
IURP�0LNRORY��1,36�����

:H�FDQ�JHW�WKH�PHDQLQJ�RI�D�VKRUW�SKUDVH�E\�DGGLQJ�XS�WKH�YHFWRUV�IRU�WKH�ZRUGV�LW�FRQWDLQV��7KLV�JLYHV�XV�D
VLPSOH�YHUVLRQ�RI��FRPSRVLWLRQDO�VHPDQWLFV���L�H��GHULYLQJ�WKH�PHDQLQJ�RI�D�SKUDVH�IURP�WKH�PHDQLQJV�RI�WKH
ZRUGV�LQ�LW��:H�FDQ�DOVR�GR�VLPSOH�DQDORJLFDO�UHDVRQLQJ�E\�YHFWRU�DGGLWLRQ�DQG�VXEWUDFWLRQ��6R�LI�ZH�DGG�XS

YHFWRU��3DULV�����YHFWRU��)UDQFH�����YHFWRU��,WDO\��



:H�VKRXOG�JHW�WKH�DQVZHU�WR�WKH�DQDORJ\�TXHVWLRQ��3DULV�LV�WR�)UDQFH�DV�""�LV�WR�,WDO\���7KH�WDEOH�EHORZ�VKRZV
H[DPSOHV�ZKHUH�WKLV�FDOFXODWLRQ�SURGXFHG�DQ�HPEHGGLQJ�YHFWRU�FORVH�WR�WKH�ULJKW�DQVZHU�

��
IURP�0LNRORY��1,36�����

6RPH�:RUGV�LQ�6KDNHVSHDUH�3OD\V

$V�<RX�/LNH�,W 7ZHOIWK�1LJKW -XOLXV�&DHVDU +HQU\�9
EDWWOH � � � ��
JRRG ��� �� �� ��
IRRG �� �� � �
ZLW �� �� � �

ZRUG�FRXQWV�IURP�-XUDIVN\�DQG�0DUWLQ

7ZR�LVVXHV
5DZ�ZRUG�FRXQW�YHFWRUV�GRQ
W�ZRUN�YHU\�ZHOO��7ZR�EDVLF�SUREOHPV�QHHG�WR�EH�À[HG�

7KH�UDZ�FRXQWV�UHTXLUH�QRUPDOL]DWLRQ�
:RUG�FRXQW�YHFWRUV�DUH�WRR�ORQJ�DQG�VSDUVH�

:H
OO�ÀUVW�VHH�ROGHU�PHWKRGV�LQ�ZKLFK�WKHVH�WZR�VWHSV�DUH�GLVWLQFW��:H
OO�WKHQ�VHH�ZRUG�YHF��ZKLFK�DFFRPSOLVKHV
ERWK�YLD�RQH�SURFHGXUH�

1RUPDOL]LQJ�ZRUG�FRXQWV
:K\�GRQ
W�UDZ�ZRUG�FRXQWV�ZRUN�ZHOO"

,Q�WHUPV�RI�WKH�LWHP�ZH
UH�WU\LQJ�WR�FODVVLI\

FRPPRQ�ZRUGV�KDYH�ODUJHU�IHDWXUH�YDOXHV�WKDQ�UDUH�ZRUGV
ORQJ�GRFXPHQWV�KDYH�ODUJHU�IHDWXUH�YDOXHV�WKDQ�VKRUW�RQHV

7KLV�SUREOHP�LV�KDQGOHG��DV�ZH�VDZ�LQ�WKH�ODVW�YLGHR��E\�XVLQJ�WKH�GLUHFWLRQ��QRW�WKH�PDJQLWXGH��RI�HDFK�FRXQW
YHFWRU��:KHQ�FRPSDULQJ�WZR�YHFWRUV��ZH�ORRN�DW�WKH�DQJOH�EHWZHHQ�WKHP��RU�LWV�FRVLQH�RU�D�QRUPDOL]HG�GRW
SURGXFW��



%XW�WKHUH
V�DOVR�D�UHODWHG�LVVXH��ZKLFK�LVQ
W�À[HG�E\�FRPSDULQJ�DQJOHV��&RQVLGHU�WKH�FRQWH[W�ZRUGV��L�H��WKH�ZRUGV
ZKRVH�FRXQWV�DUH�HQWULHV�LQ�RXU�YHFWRUV��7KHQ

9HU\�IUHTXHQW�ZRUGV��H�J��IXQFWLRQ�ZRUGV��GRQ
W�WHOO�\RX�PXFK�DERXW�WKH�PHDQLQJ�
9HU\�UDUH�ZRUGV�SURYLGH�XQUHOLDEOH�FRQWH[W��H�J��DQ�XQFRPPRQ�ZRUG�OLNH��DQWHDWHU��PLJKW�DSSHDU�LQ�RQO\
FHUWDLQ�GRFXPHQWV�DERXW�DQLPDOV��LQ�D�UDQGRP�ZD\�
/RFDO�REVHUYDWLRQV��H�J��ZLWKLQ�D�GRFXPHQW��DUH�KLJKO\�FRUUHODWHG��VR�LPSRUWDQFH�LVQ
W�SURSRUWLRQDO�WR
IUHTXHQF\�

:H�QHHG�WR�QRUPDOL]H�RXU�LQGLYLGXDO�FRXQWV�WR�PLQLPL]H�WKH�LPSDFW�RI�WKHVH�HIIHFWV�

7)�,')
7)�,')�QRUPDOL]DWLRQ�PDSV�ZRUG�FRXQWV�LQWR�D�EHWWHU�PHDVXUH�RI�WKHLU�LPSRUWDQFH�IRU�FODVVLÀFDWLRQ��,W�LV�D�ELW�RI
D�KDFN��EXW�RQH�WKDW�KDV�SURYHG�YHU\�XVHIXO�LQ�GRFXPHQW�UHWULHYDO��7R�PDWFK�WKH�KLVWRULFDO�GHYHORSPHQW��VXSSRVH
ZH
UH�WU\LQJ�WR�PRGHO�WKH�WRSLF�RI�D�GRFXPHQW�EDVHG�RQ�FRXQWV�RI�KRZ�RIWHQ�HDFK�ZRUG�RFFXUV�LQ�LW�

6XSSRVH�WKDW�ZH�DUH�ORRNLQJ�DW�D�SDUWLFXODU�IRFXV�ZRUG�LQ�D�SDUWLFXODU�IRFXV�GRFXPHQW��7KH�7)�,')�IHDWXUH�LV�WKH
SURGXFW�RI�7)��QRUPDOL]HG�ZRUG�FRXQW��DQG�,')��LQYHUVH�GRFXPHQW�IUHTXHQF\��

:DUQLQJ��QHLWKHU�7)�QRU�,')�KDV�D�VWDQGDUG�GHÀQLWLRQ��DQG�WKH�PRVW�FRPPRQ�GHÀQLWLRQV�GRQ
W�PDWFK
ZKDW�\RX�PLJKW�JXHVV�IURP�WKH�QDPHV��+HUH�LV�RQH�RI�PDQ\�YDULDWLRQV�RQ�KRZ�WR�GHÀQH�WKHP�

7R�NHHS�WKLQJV�VLPSOH��OHW
V�DVVXPH�WKDW�RXU�ZRUG�RFFXUV�DW�OHDVW�RQFH��,W
V�SUHWW\�PXFK�XQLYHUVDO�WKDW�WKHVH
QRUPDOL]DWLRQ�PHWKRGV�OHDYH���FRXQWV�XQFKDQJHG�

7R�FRPSXWH�7)��ZH�WUDQVIRUP�WKH�UDZ�FRXQW�F�IRU�WKH�ZRUG�RQWR�D�ORJ�VFDOH��7KDW�LV��ZH�UHSODFH�LW�E\� �
$FURVV�PDQ\�GLIIHUHQW�W\SHV�RI�SHUFHSWXDO�GRPDLQV��H�J��ZRUG�IUHTXHQF\��LQWHQVLW\�RI�VRXQG�RU�OLJKW��VWXGLHV�RI
KXPDQV�VXJJHVW�WKDW�RXU�SHUFHSWLRQV�DUH�ZHOO�PRGHOOHG�E\�D�ORJ�VFDOH��$OVR��WKH�ORJ�WUDQVIRUPDWLRQ�UHGXFHV�WKH
LPSDFW�RI�FRUUHODWLRQV��UHSHDWHG�ZRUGV��ZLWKLQ�D�GRFXPHQW�

+RZHYHU�� �PDSV���WR�]HUR�DQG�H[DJJHUDWHV�WKH�LPSRUWDQFH�RI�YHU\�UDUH�ZRUGV��6R�LW
V�PRUH�W\SLFDO�WR�XVH

7)� �

7KH�GRFXPHQW�IUHTXHQF\��')��RI�WKH�ZRUG��LV�GI�1��ZKHUH�1�LV�WKH�WRWDO�QXPEHU�RI�GRFXPHQWV�DQG�GI�LV�WKH
QXPEHU�RI�GRFXPHQWV�WKDW�RXU�ZRUG�DSSHDUV�LQ��:KHQ�')�LV�VPDOO��RXU�ZRUG�SURYLGHV�D�ORW�RI�LQIRUPDWLRQ�DERXW
WKH�WRSLF��:KHQ�')�LV�ODUJH��RXU�ZRUG�LV�XVHG�LQ�D�ORW�RI�GLIIHUHQW�FRQWH[WV�DQG�VR�SURYLGHV�OLWWOH�LQIRUPDWLRQ
DERXW�WKH�WRSLF�

7KH�QRUPDOL]LQJ�IDFWRU�,')�LV�DOVR�W\SLFDOO\�SXW�WKURXJK�D�ORJ�WUDQVIRUPDWLRQ��IRU�WKH�VDPH�UHDVRQ�WKDW�ZH�GLG
WKLV�WR�7)�

,')� �

7R�DYRLG�H[DJJHUDWLQJ�WKH�LPSRUWDQFH�RI�YHU\�VPDOO�YDOXHV�RI�1�GI��LW
V�W\SLFDOO\�EHWWHU�WR�XVH�WKLV�

,')� �

7KH�ÀQDO�QXPEHU�WKDW�JRHV�LQWR�RXU�YHFWRU�UHSUHVHQWDWLRQ�LV�7)� �,')��7KDW�LV��ZH�PXOWLSO\�WKH�WZR�TXDQWLWLHV
HYHQ�WKRXJK�ZH
YH�DOUHDG\�SXW�WKHP�ERWK�RQWR�D�ORJ�VFDOH��,�GLG�VD\�WKLV�ZDV�D�ELW�RI�D�KDFN��GLGQ
W�,"

3RLQWZLVH�PXWXDO�LQIRUPDWLRQ��30,�



/HW
V�VZLWFK�WR�RXU�RWKHU�H[DPSOH�RI�IHDWXUH�YHFWRUV��PRGHOOLQJ�D�ZRUG
V�PHDQLQJ�RQ�WKH�EDVLV�RI�ZRUGV�VHHQ�QHDU
LW�LQ�UXQQLQJ�WH[W��:H�VWLOO�KDYH�WKH�VDPH�NLQGV�RI�QRUPDOL]DWLRQ�VPRRWKLQJ�LVVXHV�

+HUH
V�D�GLIIHUHQW��EXW�DOVR�ORQJ�VWDQGLQJ��DSSURDFK�WR�QRUPDOL]DWLRQ��:H
YH�SLFNHG�D�IRFXV�ZRUG�Z�DQG�D�FRQWH[W
ZRUG�F��:H
G�OLNH�WR�NQRZ�KRZ�FORVHO\�RXU�WZR�ZRUGV�DUH�FRQQHFWHG��7KDW�LV��GR�WKH\�RFFXU�WRJHWKHU�PRUH�RIWHQ
WKDQ�RQH�PLJKW�H[SHFW�IRU�LQGHSHQGHQW�GUDZV"

6XSSRVH�WKDW�Z�RFFXUV�ZLWK�SUREDELOLW\�3�Z��DQG�F�ZLWK�SUREDELOLW\�3�F���,I�WKH�WZR�ZHUH�DSSHDULQJ
LQGHSHQGHQWO\�LQ�WKH�WH[W��WKH�SUREDELOLW\�RI�VHHLQJ�WKHP�WRJHWKHU�ZRXOG�EH�3�Z�3�F���2XU�DFWXDO�REVHUYHG
SUREDELOLW\�LV�3�Z�F���6R�ZH�FDQ�XVH�WKH�IROORZLQJ�IUDFWLRQ�WR�JDXJH�KRZ�IDU�DZD\�WKH\�DUH�IURP�LQGHSHQGHQW�

([DPSOH��FRQVLGHU��RI�WKH��DQG��WKUHH�WRHG�VORWK���7KH�IRUPHU�RFFXUV�D�ORW�PRUH�RIWHQ��+RZHYHU��WKDW
V�PRVWO\
EHFDXVH�LWV�WZR�FRQVWLWXHQW�ZRUGV�DUH�ERWK�YHU\�IUHTXHQW��7KH�30,�QRUPDOL]HV�E\�WKH�IUHTXHQFLHV�RI�WKH
FRQVWLWXHQW�ZRUGV�

3XWWLQJ�WKLV�RQ�D�ORJ�VFDOH�JLYHV�XV�WKH�SRLQWZLVH�PXWXDO�LQIRUPDWLRQ��30,�

:KHQ�RQH�RU�ERWK�ZRUGV�DUH�UDUH��WKHUH�LV�KLJK�VDPSOLQJ�HUURU�LQ�WKHLU�SUREDELOLWLHV��(�J��LI�ZH
YH�VHHQ�D�ZRUG
RQO\�RQFH��ZH�GRQ
W�NQRZ�LI�LW�RFFXUV�RQFH�LQ��������ZRUGV�RU�RQFH�LQ���PLOOLRQ�ZRUGV��6R�QHJDWLYH�YDOXHV�RI
30,�DUH�IUHTXHQWO\�QRW�UHOLDEOH��7KLV�REVHUYDWLRQ�OHDGV�VRPH�UHVHDUFKHUV�WR�XVH�WKH�SRVLWLYH�30,��330,��

330,� �PD[���30,�

:DUQLQJ��QHJDWLYH�30,�YDOXHV�PD\�EH�VWDWLVWLFDOO\�VLJQLÀFDQW��DQG�LQIRUPDWLYH�LQ�SUDFWLFH��LI�ERWK�ZRUGV�DUH
TXLWH�FRPPRQ��)RU�H[DPSOH���WKH�RI��LV�LQIUHTXHQW�EHFDXVH�LW�YLRODWHV�(QJOLVK�JUDPPDU��7KHUH�KDYH�EHHQ�VRPH
FRPSXWDWLRQDO�OLQJXLVWLFV�DOJRULWKPV�WKDW�H[SORLW�WKHVH�VLJQLÀFDQW�]HURHV�

6LQJXODU�YDOXH�GHFRPSRVLWLRQ��69'�
%RWK�7)�,')�DQG�30,�PHWKRGV�FUHDWH�YHFWRUV�WKDW�FRQWDLQ�LQIRUPDWLYH�QXPEHUV�EXW�VWLOO�YHU\�ORQJ�DQG�VSDUVH�
)RU�PRVW�DSSOLFDWLRQV��ZH�ZRXOG�OLNH�WR�UHGXFH�WKHVH�WR�VKRUW�GHQVH�YHFWRUV�WKDW�FDSWXUH�WKH�PRVW�LPSRUWDQW



GLPHQVLRQV�RI�YDULDWLRQ��$�WUDGLWLRQDO�PHWKRG�RI�GRLQJ�WKLV�XVHV�WKH�VLQJXODU�YDOXH�GHFRPSRVLWLRQ��69'��

7KHRUHP��DQ\�UHFWDQJXODU�PDWUL[�FDQ�EH�GHFRPSRVHG�LQWR�WKUHH�PDWULFHV�

:��PDSV�RULJLQDO�FRRUGLQDWHV�LQWR�QHZ�RQHV
6��GLDJRQDO�PDWUL[�RI��VLQJXODU�YDOXHV�
&��PDSV�QHZ�FRRUGLQDWHV�EDFN�WR�RULJLQDO�RQHV

��
IURP�'DQ�-XUDIVN\�DW�6WDQIRUG�

,Q�WKH�QHZ�FRRUGLQDWH�V\VWHP��WKH�LQSXW�RXWSXW�RI�WKH�6�PDWUL[���WKH�LQIRUPDWLRQ�LQ�RXU�RULJLQDO�YHFWRUV�LV
UHSUHVHQWHG�E\�D�VHW�RI�RUWKRJRQDO�YHFWRUV��7KH�YDOXHV�LQ�WKH�6�PDWUL[�WHOO�\RX�KRZ�LPSRUWDQW�HDFK�EDVLV�YHFWRU�LV�
IRU�UHSUHVHQWLQJ�WKH�GDWD��:H�FDQ�PDNH�LW�VR�WKDW�ZHLJKWV�LQ�6�DUH�LQ�GHFUHDVLQJ�RUGHU�WRS�WR�ERWWRP�

,W�LV�ZHOO�NQRZQ�KRZ�WR�FRPSXWH�WKLV�GHFRPSRVLWLRQ��6HH�D�VFLHQWLÀF�FRPSXWLQJ�WH[W�IRU�PHWKRGV�WR�GR�LW
DFFXUDWHO\�DQG�IDVW��2U��PXFK�EHWWHU��JHW�D�VWDQGDUG�VWDWLVWLFV�RU�QXPHULFDO�DQDO\VLV�SDFNDJH�WR�GR�WKH�ZRUN�IRU
\RX�

5HFDOO�WKDW�RXU�JRDO�ZDV�WR�FUHDWH�VKRUWHU�YHFWRUV��7KH�PRVW�LPSRUWDQW�LQIRUPDWLRQ�OLHV�LQ�WKH�WRS�OHIW�SDUW�RI�WKH�6
PDWUL[��ZKHUH�WKH�6�YDOXHV�DUH�KLJK��6R�OHW
V�FRQVLGHU�RQO\�WKH�WRS�N�GLPHQVLRQV�IURP�RXU�QHZ�FRRUGLQDWH�V\VWHP�
7KH�PDWUL[�:�WHOOV�XV�KRZ�WR�PDS�RXU�LQSXW�VSDUVH�IHDWXUH�YHFWRUV�LQWR�WKHVH�N�GLPHQVLRQDO�GHQVH�IHDWXUH
YHFWRUV�

�IURP�'DQ
-XUDIVN\�DW�6WDQIRUG�

7KH�QHZ�GLPHQVLRQV�DUH�FDOOHG�WKH��SULQFLSDO�FRPSRQHQWV���6R�WKLV�WHFKQLTXH�LV�RIWHQ�FDOOHG�D�SULQFLSDO
FRPSRQHQW�DQDO\VLV��3&$���:KHQ�WKLV�DSSURDFK�LV�DSSOLHG�WR�DQDO\VLV�RI�GRFXPHQW�WRSLFV��LW�LV�RIWHQ�FDOOHG
�ODWHQW�VHPDQWLF�DQDO\VLV���/6$��



�IURP�'DQ�-XUDIVN\�DW�6WDQIRUG�

%RWWRP�OLQH�RQ�69'�3&$

%HHQ�DURXQG�IRU�DJHV��/RWV�RI�SDFNDJHV�WR�GR�LW�IRU�\RX�
+HOSV�KXPDQ�DQDO\VWV�ÀJXUH�RXW�WKH�LPSRUWDQW�GLPHQVLRQV�RI�YDULDWLRQ�
:RUNV�SUHWW\�ZHOO��2QO\�WKH�EHVW�QHZHU�PHWKRGV�GR�EHWWHU�

:RUG�YHF
7KH�ZRUG�YHF��DND�VNLS�JUDP��DOJRULWKP�LV�D�QHZHU�DOJRULWKP�WKDW�GRHV�QRUPDOL]DWLRQ�DQG�GLPHQVLRQDOLW\
UHGXFWLRQ�LQ�RQH�VWHS��7KDW�LV��LW�OHDUQV�KRZ�WR�HPEHG�ZRUGV�LQWR�DQ�Q�GLPHQVLRQDO�IHDWXUH�VSDFH��7KH�DOJRULWKP
ZDV�LQWURGXFHG�LQ�D�FRXSOH�SDSHUV�E\�0LNRORY�HW�DO�LQ�������+RZHYHU��LW
V�SUHWW\�PXFK�LPSRVVLEOH�WR�XQGHUVWDQG
WKH�DOJRULWKP�IURP�WKRVH�SDSHUV��VR�WKH�IROORZLQJ�GHULYDWLRQ�LV�IURP�ODWHU�SDSHUV�E\�<RDY�*ROGEHUJ�DQG�2PHU
/HY\��7ZR�VLPLODU�HPEHGGLQJ�DOJRULWKPV��ZKLFK�ZH�ZRQ
W�FRYHU��DUH�WKH�&%2:�DOJRULWKP�IURP�ZRUG�YHF�DQG
WKH�*OR9H�DOJRULWKP�IURP�6WDQIRUG�

2YHUYLHZ�RI�ZRUG�YHF
,Q�EURDG�RXWOLQH�ZRUG�YHF�KDV�WKUHH�VWHSV

*DWKHU�SDLUV��Z�F��ZKHUH�Z�LV�RXU�IRFXV�ZRUG�DQG�F�LV�D�QHDUE\�FRQWH[W�ZRUG�
5DQGRPO\�HPEHG�DOO�ZRUGV�LQWR�
,WHUDWLYHO\�DGMXVW�WKH�HPEHGGLQJ�VR�WKDW�SDLUV��Z�F��HQG�XS�ZLWK�VLPLODU�FRRUGLQDWHV�

$�SDLU��Z�F��LV�FRQVLGHUHG��VLPLODU��LI�WKH�GRW�SURGXFW� �LV�ODUJH�

)RU�H[DPSOH��RXU�LQLWLDO�UDQGRP�HPEHGGLQJ�PLJKW�SXW��HOHSKDQW��QHDU��PDWFKER[��DQG�IDU�IURP��UKLQR���2XU
LWHUDWLYH�DGMXVWPHQW�ZRXOG�JUDGXDOO\�PRYH�WKH�HPEHGGLQJ�IRU��UKLQR��QHDUHU�WR�WKH�HPEHGGLQJ�IRU��HOHSKDQW��

7ZR�REYLRXV�SDUDPHWHUV�WR�VHOHFW��7KH�GLPHQVLRQ�RI�WKH�HPEHGGLQJ�VSDFH�ZRXOG�GHSHQG�RQ�KRZ�GHWDLOHG�D
UHSUHVHQWDWLRQ�WKH�HQG�XVHU�ZDQWV��7KH�VL]H�RI�WKH�FRQWH[W�ZLQGRZ�ZRXOG�EH�WXQHG�IRU�JRRG�SHUIRUPDQFH�

1HJDWLYH�VDPSOLQJ
3UREOHP��D�JUHDW�VROXWLRQ�IRU�WKH�DERYH�RSWLPL]DWLRQ�SUREOHP�LV�WR�PDS�DOO�ZRUGV�WR�WKH�VDPH�HPEHGGLQJ�YHFWRU�
7KDW�GHIHDWV�WKH�SXUSRVH�RI�KDYLQJ�ZRUG�HPEHGGLQJV�

6XSSRVH�ZH�KDG�QHJDWLYH�H[DPSOHV��Z�F
���LQ�ZKLFK�F
�LV�QRW�D�OLNHO\�FRQWH[W�ZRUG�IRU�Z��7KHQ�ZH�FRXOG�PDNH�WKH
RSWLPL]DWLRQ�PRYH�Z�DQG�F
�DZD\�IURP�HDFK�RWKHU��5HYLVHG�SUREOHP��RXU�GDWD�GRHVQ
W�SURYLGH�QHJDWLYH�H[DPSOHV�

6ROXWLRQ��7UDLQ�DJDLQVW�UDQGRP�QRLVH��L�H��UDQGRPO\�JHQHUDWH��EDG��FRQWH[W�ZRUGV�IRU�HDFK�IRFXV�ZRUG�



&DOOHG��QHJDWLYH�VDPSOLQJ���QRW�D�YHU\�HYRFDWLYH�WHUP�
)RU�D�À[HG�IRFXV�ZRUG�Z��QHJDWLYH�FRQWH[W�ZRUGV�DUH�SLFNHG�ZLWK�D�SUREDELOLW\�EDVHG�RQ�KRZ�RIWHQ�ZRUGV
RFFXU�LQ�WKH�WUDLQLQJ�GDWD�
'HSHQGV�RQ�JRRG�H[DPSOH�SDLUV�EHLQJ�UHODWLYHO\�VSDUVH�LQ�WKH�VSDFH�RI�DOO�ZRUG�SDLUV��SUREDEO\�FRUUHFW�

7KH�QHJDWLYH�WUDLQLQJ�GDWD�ZLOO�EH�FRUUXSWHG�E\�FRQWDLQLQJ�VRPH�JRRG�H[DPSOHV��EXW�WKLV�FRUUXSWLRQ�VKRXOG�EH�D
VPDOO�SHUFHQWDJH�RI�WKH�QHJDWLYH�WUDLQLQJ�GDWD�

7ZR�HPEHGGLQJV
$QRWKHU�PDWKHPDWLFDO�SUREOHP�KDSSHQV�ZKHQ�ZH�FRQVLGHU�D�ZRUG�Z�ZLWK�LWVHOI�DV�FRQWH[W��7KH�GRW�SURGXFW�

�OV�ODUJH��E\�GHÀQLWLRQ��%XW��IRU�PRVW�ZRUGV��Z�LV�QRW�D�FRPPRQ�FRQWH[W�IRU�LWVHOI��H�J���GRJ�GRJ��LV�QRW�YHU\
FRPPRQ�FRPSDUHG�WR��GRJ���6R�VHWWLQJ�XS�WKH�RSWLPL]DWLRQ�SURFHVV�LQ�WKH�REYLRXV�ZD\�FDXVHV�WKH�DOJRULWKP�WR
ZDQW�WR�PRYH�Z�DZD\�IURP�LWVHOI��ZKLFK�LW�REYLRXVO\�FDQQRW�GR�

7R�DYRLG�WKLV�GHJHQHUDF\��ZRUG�YHF�EXLOGV�WZR�HPEHGGLQJV�RI�HDFK�ZRUG�Z��RQH�IRU�Z�VHHQ�DV�D�IRFXV�ZRUG�DQG
RQH�IRU�Z�XVHG�DV�D�FRQWH[W�ZRUG��7KH�WZR�HPEHGGLQJV�DUH�FORVHO\�FRQQHFWHG��EXW�QRW�LGHQWLFDO��7KH�ÀQDO
UHSUHVHQWDWLRQ�IRU�Z�ZLOO�EH�D�FRQFDWHQDWLRQ�RI�WKH�WZR�HPEHGGLQJ�YHFWRUV�

'HWDLOV�RI�DOJRULWKP
2XU�FODVVLÀHU�WULHV�WR�SUHGLFW�\HV�QR�IURP�SDLUV��Z�F���ZKHUH��\HV��PHDQV�F�LV�D�JRRG�FRQWH[W�ZRUG�IRU�Z�

:H
G�OLNH�WR�PDNH�WKLV�LQWR�D�SUREDELOLVWLF�PRGHO��6R�ZH�UXQ�GRW�SURGXFW�WKURXJK�D�VLJPRLG�WR�SURGXFH�D
�SUREDELOLW\��WKDW��Z�F��LV�D�JRRG�ZRUG�FRQWH[W�SDLU��7KHVH�QXPEHUV�SUREDEO\�DUHQ
W�WKH�DFWXDO�SUREDELOLWLHV��EXW
ZH
UH�DERXW�WR�WUHDW�WKHP�DV�LI�WKH\�DUH��7KDW�LV��ZH�DSSUR[LPDWH

%\�WKH�PDJLF�RI�H[SRQHQWLDOV��VHH�EHORZ���WKLV�PHDQV�WKDW�WKH�SUREDELOLW\�WKDW��Z�F��LV�QRW�D�JRRG�ZRUG�FRQWH[W
SDLU�LV

1RZ�ZH�VZLWFK�WR�ORJ�SUREDELOLWLHV��VR�ZH�FDQ�XVH�DGGLWLRQ�UDWKHU�WKDQ�PXOWLSOLFDWLRQ��6R�ZH
OO�EH�ORRNLQJ�DW�H�J�

6XSSRVH�WKDW�'�LV�WKH�SRVLWLYH�WUDLQLQJ�SDLUV�DQG�'
�LV�WKH�VHW�RI�QHJDWLYH�WUDLQLQJ�SDLUV��6R�RXU�LWHUDWLYH
UHÀQHPHQW�DOJRULWKP�DGMXVWV�WKH�HPEHGGLQJV��ERWK�FRQWH[W�DQG�ZRUG��VR�DV�WR�PD[LPL]H

7KDW�LV��HDFK�WLPH�ZH�UHDG�D�QHZ�IRFXV�ZRUG�Z�IURP�WKH�WUDLQLQJ�GDWD��ZH

ÀQG�LWV�FRQWH[W�ZRUGV�
JHQHUDWH�VRPH�QHJDWLYH�FRQWH[W�ZRUGV��DQG
DGMXVW�WKH�HPEHGGLQJV�RI�Z�DQG�WKH�FRQWH[W�ZRUGV�LQ�WKH�GLUHFWLRQ�WKDW�LQFUHDVH�WKH�DERYH�VXP�

8QH[SODLQHG�H[SRQHQWLDOV
2N��VR�KRZ�GLG�ZH�JHW�IURP� �WR� "



�*RRG��DQG��EDG��DUH�VXSSRVHG�WR�EH�RSSRVLWHV��6R� �VKRXOG�EH�HTXDO�WR�
��,�FODLP�WKDW� �

7KLV�FODLP�DFWXDOO\�KDV�QRWKLQJ�WR�GR�ZLWK�WKH�GRW�SURGXFWV��$V�D�JHQHUDO�WKLQJ� ��+HUH
V�WKH
PDWK�

5HFDOO�WKH�GHÀQLWLRQ�RI�WKH�VLJPRLG�IXQFWLRQ�� �

7ZHDNLQJ�ZRUG�YHF
,Q�RUGHU�WR�JHW�QLFH�UHVXOWV�IURP�ZRUG�YHF��WKH�EDVLF�DOJRULWKP�QHHGV�WR�EH�WZHDNHG�D�ELW�WR�SURGXFH�WKLV�JRRG
SHUIRUPDQFH��6LPLODU�WZHDNV�DUH�IUHTXHQWO\�UHTXLUHG�E\�RWKHU�VLPLODU�DOJRULWKPV�

%XLOGLQJ�WKH�VHW�RI�WUDLQLQJ�H[DPSOHV
,Q�WKH�EDVLF�DOJRULWKP��ZH�FRQVLGHU�WKH�LQSXW��IRFXV��ZRUGV�RQH�E\�RQH��)RU�HDFK�IRFXV�ZRUG��ZH�H[WUDFW�DOO
ZRUGV�ZLWKLQ�����N�SRVLWLRQV�DV�SRVLWLYH�FRQWH[W�ZRUGV��:H�DOVR�UDQGRPO\�JHQHUDWH�D�VHW�RI�QHJDWLYH�FRQWH[W
ZRUGV��7KLV�SURGXFHV�D�VHW�RI�SRVLWLYH�SDLUV��Z�F��DQG�D�VHW�RI�QHJDWLYH�SDLUV��Z�F
��WKDW�DUH�XVHG�WR�XSGDWH�WKH
HPEHGGLQJV�RI�Z��F��DQG�F
�

7ZHDN����:RUG�YHF�XVHV�PRUH�QHJDWLYH�WUDLQLQJ�SDLUV�WKDQ�SRVLWLYH�SDLUV��E\�D�IDFWRU�RI���XS�WR���
�GHSHQGLQJ�RQ�WKH�DPRXQW�RI�WUDLQLQJ�GDWD�DYDLODEOH��

<RX�PLJKW�WKLQN�WKDW�WKH�SRVLWLYH�DQG�QHJDWLYH�SDLUV�VKRXOG�EH�URXJKO\�EDODQFHG��+RZHYHU��WKDW�DSSDUHQWO\
GRHVQ
W�ZRUN��2QH�UHDVRQ�PD\�EH�WKDW�WKH�SRVLWLYH�FRQWH[W�ZRUGV�DUH�GHÀQLWH�LQGLFDWLRQV�RI�VLPLODULW\��ZKHUHDV
WKH�QHJDWLYH�ZRUGV�DUH�UDQGRP�FKRLFHV�WKDW�PD\�EH�PRUH�QHXWUDO�WKDQ�DFWLYHO\�QHJDWLYH�

7ZHDN����3RVLWLYH�WUDLQLQJ�H[DPSOHV�DUH�ZHLJKWHG�E\���P��ZKHUH�P�LV�WKH�GLVWDQFH�EHWZHHQ�WKH�IRFXV
DQG�FRQWH[W�ZRUG��,�H��VR�DGMDFHQW�FRQWH[W�ZRUGV�DUH�PRUH�LPSRUWDQW�WKDQ�ZRUGV�ZLWK�D�ELW�RI
VHSDUDWLRQ�

7KH�FORVHU�WZR�ZRUGV�DUH��WKH�PRUH�OLNHO\�WKHLU�UHODWLRQVKLS�LV�VWURQJ��7KLV�LV�D�FRPPRQ�KHXULVWLF�LQ�VLPLODU
DOJRULWKPV�

6PRRWKLQJ�QHJDWLYH�FRQWH[W�FRXQWV
)RU�D�À[HG�IRFXV�ZRUG�Z��QHJDWLYH�FRQWH[W�ZRUGV�DUH�SLFNHG�ZLWK�D�SUREDELOLW\�EDVHG�RQ�KRZ�RIWHQ�ZRUGV�RFFXU
LQ�WKH�WUDLQLQJ�GDWD��+RZHYHU��LI�ZH�FRPSXWH�3�F�� �FRXQW�F��1��1�LV�WRWDO�ZRUGV�LQ�GDWD���UDUH�ZRUGV�DUHQ
W
SLFNHG�RIWHQ�HQRXJK�DV�FRQWH[W�ZRUGV��6R�LQVWHDG�ZH�UHSODFH�HDFK�UDZ�FRXQW�FRXQW�F��ZLWK� ��7KH
SUREDELOLWLHV�XVHG�IRU�VHOHFWLQJ�QHJDWLYH�WUDLQLQJ�H[DPSOHV�DUH�FRPSXWHG�IURP�WKHVH�VPRRWKHG�FRXQWV�



�LV�XVXDOO\�VHW�WR�������%XW�WR�VHH�KRZ�WKLV�EULQJV�XS�WKH�SUREDELOLWLHV�RI�UDUH�ZRUGV�FRPSDUHG�WR�WKH�FRPPRQ
RQHV��LW
V�D�ELW�HDVLHU�LI�\RX�ORRN�DW� ��L�H��ZH
UH�FRPSXWLQJ�WKH�VTXDUH�URRW�RI�WKH�LQSXW��,Q�WKH�WDEOH�EHORZ�
\RX�FDQ�VHH�WKDW�ODUJH�SUREDELOLWLHV�VWD\�ODUJH��EXW�YHU\�VPDOO�RQHV�DUH�LQFUHDVHG�E\�TXLWH�D�ORW��$IWHU�WKLV
WUDQVIRUPDWLRQ��\RX�QHHG�WR�QRUPDOL]H�WKH�QXPEHUV�VR�WKDW�WKH�SUREDELOLWLHV�DGG�XS�WR�RQH�DJDLQ�

[
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7KLV�WULFN�FDQ�DOVR�EH�XVHG�RQ�30,�YDOXHV��H�J��LI�XVLQJ�WKH�PHWKRGV�IURP�WKH�SUHYLRXV�OHFWXUH��

'HOHWLRQ��VXEVDPSOLQJ
$K��EXW�DSSDUHQWO\�WKH\�DUH�VWLOO�XQKDSS\�ZLWK�WKH�WUHDWPHQW�RI�YHU\�FRPPRQ�DQG�YHU\�UDUH�ZRUGV��6R��ZKHQ�ZH
ÀUVW�UHDG�WKH�LQSXW�WUDLQLQJ�GDWD��ZRUG�YHF�PRGLÀHV�LW�DV�IROORZV�

YHU\�UDUH�ZRUGV�DUH�GHOHWHG�IURP�WKH�WH[W��DQG
YHU\�FRPPRQ�ZRUGV�DUH�GHOHWHG�ZLWK�D�SUREDELOLW\�WKDW�LQFUHDVHV�ZLWK�KRZ�IUHTXHQW�WKH\�DUH�

7KLV�LPSURYHV�WKH�EDODQFH�EHWZHHQ�UDUH�DQG�FRPPRQ�ZRUGV��$OVR��GHOHWLQJ�D�ZRUG�EULQJV�WKH�RWKHU�ZRUGV�FORVHU
WRJHWKHU��ZKLFK�LPSURYHV�WKH�HIIHFWLYHQHVV�RI�RXU�FRQWH[W�ZLQGRZV�

(YDOXDWLRQ
7KH������YHUVLRQ�RI�ZRUG�YHF�XVHV�XVH���ELOOLRQ�ZRUGV�WR�WUDLQ�HPEHGGLQJV�IRU�EDVLF�WDVN�

)RU�WKH�ZRUG�DQDORJ\�WDVNV��WKH\�XVHG�DQ�HPEHGGLQJ�ZLWK������GLPHQVLRQV�DQG�DERXW����ELOOLRQ�ZRUGV�RI
WUDLQLQJ�GDWD��3HUIRUPDQFH�RQ�ZRUG�DQDORJLHV�LV�DERXW�����

%\�FRRPSDULVRQ��FKLOGUHQ�KHDU�DERXW������PLOOLRQ�ZRUGV�SHU�\HDU��$VVXPLQJ�WKH�KLJK�HQG�RI�WKDW�UDQJH�RI
HVWLPDWHV��WKH\
YH�KHDUG�DERXW�����PLOOLRQ�ZRUGV�E\�WKH�WLPH�WKH\�WDNH�WKH�6$7��6R�WKH�DOJRULWKP�LV�SHUIRUPLQJ
ZHOO��EXW�VWLOO�VHHPV�WR�EH�XQGHUSHUIRUPLQJ�JLYHQ�WKH�DPRXQW�RI�GDWD�LW
V�FRQVXPLQJ�

$�PRUH�UHFHQW�HPEHGGLQJ�PHWKRG��%(57�ODUJH��LV�WUDLQHG�XVLQJ�D����OD\HU�QHWZRUN�ZLWK����0�SDUDPHWHUV��7KLV
KDV�VRPHZKDW�LPSURYHG�SHUIRUPDQFH�EXW�DSSDUHQWO\�FDQ
W�EH�UHSURGXFHG�RQ�D�VWDQGDUG�*38��$JDLQ��D�GLUHFWLRQ
IRU�IXWXUH�UHVHDUFK�LV�WR�ÀJXUH�RXW�ZK\�RN�SHUIRUPDQFH�VHHPV�WR�UHTXLUH�VR�PXFK�WUDLQLQJ�GDWD�DQG�FRPSXWH
SRZHU�

6RPH�IROORZ�RQ�SDSHUV
2ULJLQDO�0LNRORY�HW�DOO�SDSHUV�

(IÀFLHQW�(VWLPDWLRQ�RI�:RUG�5HSUHVHQWDWLRQV�LQ�9HFWRU�6SDFH
'LVWULEXWHG�5HSUHVHQWDWLRQV�RI�:RUGV�DQG�3KUDVHV�DQG�WKHLU�&RPSRVLWLRQDOLW\



*ROGEHUJ�DQG�/HY\�SDSHUV��HDVLHU�DQG�PRUH�H[SOLFLW�

ZRUG�YHF�([SODLQHG
'HSHQGHQF\�%DVHG�:RUG�(PEHGGLQJV
1HXUDO�:RUG�(PEHGGLQJ�DV�,PSOLFLW�0DWUL[�)DFWRUL]DWLRQ
,PSURYLQJ�'LVWULEXWLRQDO�6LPLODULW\�ZLWK�/HVVRQV�OHDUQHG�IURP�:RUG�(PEHGGLQJV



&6�����(&(�����
0DUJDUHW�)OHFN ���&RQVWUDLQW�6DWLVIDFWLRQ�3UREOHPV

7KH�ODVW�IHZ�WRSLFV�LQ�WKLV�FRXUVH�FRYHU�VSHFLDOL]HG�W\SHV�RI�VHDUFK��7KHVH�ZHUH�RQFH�PDMRU�FRPSRQHQWV�RI�$,�V\VWHPV�
7KH\�DUH�DUH�VWLOO�ZRUWK�NQRZLQJ�DERXW�EHFDXVH�WKH\�VWLOO�DSSHDU�LQ�WKH�KLJKHU�OHYHO��PRUH�V\PEROLF��SDUWV�RI�$,�V\VWHPV�
:H
OO�VWDUW�E\�ORRNLQJ�DW�FRQVWUDLQW�VDWLVIDFWLRQ�SUREOHPV�

7KH�Q�TXHHQV�SUREOHP
5HPHPEHU�WKDW�D�TXHHQ�LQ�FKHVV�WKUHDWHQV�DQRWKHU�SLHFH�LI�WKHUH�LV�D�GLUHFW�SDWK�EHWZHHQ�WKH�WZR�HLWKHU�KRUL]RQWDOO\��RU
YHUWLFDOO\��RU�GLDJRQDOO\��,Q�WKH�Q�TXHHQV�SUREOHP��ZH�KDYH�WR�SODFH�Q�TXHHQV�RQ�D�Q�E\�Q�ERDUG�VR�WKDW�QR�TXHHQ�WKUHDWHQV
DQRWKHU��+HUH�LV�D�VROXWLRQ�IRU�Q ��

�
)URP�:LNLSHGLD

6LQFH�HDFK�FROXPQ�PXVW�FRQWDLQ�H[DFWO\�RQH�TXHHQ��ZH�FDQ�PRGHO�WKLV�DV�IROORZV

2QH�YDULDEOH�SHU�FROXPQ�
3RVVLEOH�YDOXHV��WKH�Q�YHUWLFDO�SRVLWLRQV�ZLWKLQ�WKH�FROXPQ�
&RQVWUDLQWV��FDQ
W�KDYH�WZR�LQ�WKH�VDPH�URZ��FDQ
W�KDYH�WZR�LQ�WKH�VDPH�GLDJRQDO�

:H�FDQ�YLVXDOL]H�WKLV�DV�D�JUDSK�LQ�ZKLFK�HDFK�YDULDEOH�LV�D�QRGH�DQG�HGJHV�OLQN�YDULDEOHV�LQYROYHG�LQ�ELQDU\�FRQVWUDLQWV��6R
;��LQ�WKH�IROORZLQJ�GLDJUDP�LV�D�YDULDEOH�UHSUHVHQWLQJ�D�FROXPQ��,WV�SRVVLEOH�YDOXHV�^�������`�DUH�WKH�URZ�WR�SODFH�WKH
TXHHQ�LQ�

�
IURP�%RQQLH�'RUU��8��0DU\ODQG��YLD�0LWFK�0DUFXV�DW�8��3HQQ��



:KDW�LV�D�&63�SUREOHP"
$�FRQVWUDLQW�VDWLVIDFWLRQ�SUREOHP��&63��FRQVLVWV�RI

9DULDEOHV
6HW�RI�DOORZHG�YDOXHV��IRU�HDFK�YDULDEOH�
&RQVWUDLQWV

,Q�PDQ\�H[DPSOHV��DOO�YDULDEOHV�KDYH�WKH�VDPH�VHW�RI�DOORZHG�YDOXHV��%XW�WKHUH�DUH�SUREOHPV�ZKHUH�GLIIHUHQW�YDULDEOHV�PD\
KDYH�GLIIHUHQW�SRVVLEOH�YDOXHV�

1HHG�WR�ÀQG�D�FRPSOHWH�DVVLJQPHQW��RQH�YDOXH�IRU�HDFK�YDULDEOH��WKDW�VDWLVÀHV�DOO�WKH�FRQVWUDLQWV

,Q�EDVLF�VHDUFK�SUREOHPV��ZH�DUH�H[SOLFLWO\�JLYHQ�D�JRDO��RU�SHUKDSV�D�VPDOO�VHW�RI�JRDOV��DQG�QHHG�WR�ÀQG�D�SDWK�WR�LW��,Q�D
FRQVWUDLQW�VDWLVIDFWLRQ�SUREOHP��ZH
UH�JLYHQ�RQO\�D�GHVFULSWLRQ�RI�ZKDW�FRQVWUDLQWV�D�JRDO�VWDWH�PXVW�VDWLVI\��2XU�SUREOHP�LV
WR�ÀQG�D�JRDO�VWDWH�WKDW�VDWLVÀHV�WKHVH�FRQVWUDLQWV��:H�GR�HQG�XS�ÀQGLQJ�D�SDWK�WR�WKLV�JRDO��EXW�WKH�SDWK�LV�RQO\�WHPSRUDU\
VFDIIROGLQJ�

0DS�&RORULQJ
7KH�PDS�FRORULQJ�SUREOHP�UHTXLUHV�WKDW�ZH�FRORU�UHJLRQV�RI�WKH�SODQ�VXFK�WKDW�QHLJKERULQJ�UHJLRQV�QHYHU�KDYH�WKH�VDPH
FRORU���7RXFKLQJ�RQO\�DW�D�FRUQHU�GRHVQ
W�FRXQW�DV�QHLJKERULQJ���7KH�PDS�EHORZ�VKRZV�DQ�H[DPSOH�

�
)URP�:LNLSHGLD

9LHZHG�DV�D�&63�SUREOHP

9DULDEOHV��VWDWHV�FRXQWULHV
9DOXHV��^SLQN��RUDQJH��JUHHQ��\HOORZ`
&RQVWUDLQWV��H[WHQGHG�ERXQGDU\���!�GLIIHUHQW�FRORU

3LFWXUHG�DV�D�FRQVWUDLQW�JUDSK��WKH�VWDWHV�FRXQWULHV�DUH�QRGHV��DQG�HGJHV�FRQQHFW�DGMDFHQW�VWDWHV��$�VPDOO�H[DPSOH�LV�VKRZQ
EHORZ��7KHRUHWLFDO�ZRUN�RQ�WKLV�WRSLF�LV�IRXQG�PRVWO\�XQGHU�WKH�NH\ZRUG��JUDSK�FRORULQJ���$SSOLFDWLRQV�RI�JUDSK�FRORULQJ
LQFOXGH�UHJLVWHU�DOORFDWLRQ��ÀQDO�H[DP�VFKHGXOLQJ�



7KH����FRORU�7KHRUHP��VWDWHV�WKDW�DQ\�SODQDU�PDS�FDQ�EH�FRORUHG�ZLWK�RQO\�IRXU�FRORUV��,W�ZDV�SURYHG�DW�8��,OOLQRLV�LQ�����
E\�.HQQHWK�$SSHO�DQG�:ROIJDQJ�+DNHQ��,W�UHTXLUHG�D�FRPSXWHU�SURJUDP�WR�FKHFN�DOPRVW������VSHFLDO�FDVHV��7KLV
FRPSXWHU�DVVLVWHG�SURRI�ZDV�FRQWURYHUVLDO�DW�WKH�WLPH��EXW�EHFDPH�DFFHSWHG�DIWHU�WKH�FRPSXWHUL]HG�VHDUFK�KDG�EHHQ
UHSOLFDWHG�D�FRXSOH�WLPHV�

1RWLFH�WKDW�JUDSK�FRORULQJ�LV�13�FRPSOHWH��:H�GRQ
W�NQRZ�IRU�VXUH�LI�13�SUREOHPV�UHTXLUH�SRO\QRPLDO�RU�H[SRQHQWLDO�WLPH�
EXW�ZH�VXVSHFW�WKH\�UHTXLUH�H[SRQHQWLDO�WLPH��+RZHYHU��PDQ\�SUDFWLFDO�DSSOLFDWLRQV�FDQ�H[SORLW�GRPDLQ�VSHFLÀF�KHXULVWLFV
�H�J��OLQHDU�VFDQ�IRU�UHJLVWHU�DOORFDWLRQ��RU�ORRSKROHV��H�J��RN�WR�KDYH�VPDOO�FRQÁLFWV�LQ�ÀQDO�H[DPV��WR�SURGXFH�IDVW
DSSUR[LPDWH�DOJRULWKPV�

&U\SWDULWKPHWLF
&U\SWDULWKPHWLF�LV�DQRWKHU�FODVVLF�&63�SUREOHP��+HUH
V�DQ�H[DPSOH�

�������������7�:�2�
�������������7�:�2�
��������������������
��������� �)�2�8�5�

:H�FDQ�PDNH�WKLV�LQWR�D�&63�PRGHO�DV�IROORZV�

9DULDEOHV��WKH�OHWWHUV
3RVVLEOH�YDOXHV��^��������`
&RQVWUDLQWV��DOO�OHWWHUV�KDYH�GLIIHUHQW�YDOXHV��DGGLWLRQ�ZRUNV�DV�LQWHQGHG��OHDGLQJ�GLJLWV�DUHQ
W�]HUR�

�$GGLWLRQ�ZRUNV�DV�LQWHQGHG��FDQ�EH�PDGH�FRQFUHWH�ZLWK�WKHVH�HTXDWLRQV��ZKHUH�&B��DQG�&B���DUH�WKH�FDUU\�YDOXHV�

�����2���2� �5�������&B���
�����:���:���&B�� �8�����&B���
�����7���7���&B��� �2�����)��

�$OO�GLIIHUHQW��DQG�WKH�HTXDWLRQDO�FRQVWUDLQWV�LQYROYH�PXOWLSOH�YDULDEOHV��8VXDOO\�EHVW�WR�NHHS�WKHP�LQ�WKDW�IRUP��UDWKHU�WKDQ
FRQYHUWLQJ�WR�ELQDU\��:H�FDQ�YLVXDOL]H�WKLV�XVLQJ�D�VOLJKWO\�GLIIHUHQW�W\SH�RI�JUDSK�ZLWK�VRPH�H[WUD�QRGHV�

QRGHV�IRU�WKH�EDVLF�YDULDEOHV
QRGHV�IRU�DX[LOLDU\�YDULDEOHV��FDUU\�YDOXHV�
VTXDUH�ER[HV�IRU�FRQVWUDLQWV��DWWDFKHG�WR�YDULDEOHV�WKH\�LQYROYH

6XGRNX



�
IURP�:LNLSHGLD

6XGRNX�FDQ�EH�PRGHOOHG�DV�D�&63�SUREOHP�

9DULDEOHV��FHOOV�[BLM
9DOXHV��^���������`
&RQVWUDLQWV��QR�GXSOLFDWHV�LQ�URZ��QR�GXSOLFDWHV�LQ�FROXPQ��QR�GXSOLFDWHV�LQ�EORFN

6FKHGXOLQJ�SUREOHPV
:H�FDQ�DOVR�XVH�WKLV�IUDPHZRUN�WR�PRGHO�VFKHGXOLQJ�SUREOHPV��H�J��SODQQLQJ�WLPLQJ�DQG�VHTXHQFH�RI�RSHUDWLRQV�LQ�IDFWRU\
DVVHPEO\�

9DULDEOHV��WDVNV��ZLWK�KRZ�ORQJ�WKH\�WDNH�
9DOXHV��VWDUW�WLPHV
&RQVWUDLQWV��FHUWDLQ�WDVNV�PXVW�PXVW�QRW�UXQ�DW�WKH�VDPH�WLPH��FHUWDLQ�WDVNV�PXVW�SUHFHGH�IROORZ�RWKHU�WDVNV�

$SSURDFKHV�WR�&63�VROYLQJ
7KHUH�DUH�WZR�EDVLF�DSSURDFKHV�WR�VROYLQJ�FRQVWUDLQW�VDWLVIDFWLRQ�SUREOHPV��KLOO�FOLPELQJ�DQG�EDFNWUDFNLQJ�VHDUFK��&63
SUREOHPV�PD\�LQFOXGH�PXOWL�YDULDWH�FRQVWUDLQWV��(�J��VXGRNX�UHTXLUHV�WKDW�WKHUH�EH�QR�GXSOLFDWH�YDOXHV�ZLWKLQ�HDFK
URZ�FROXPQ�EORFN��)RU�WKLV�FODVV��ZH
OO�VWLFN�WR�FRQVWUDLQWV�LQYROYLQJ�WZR�YDULDEOHV�

+LOO�FOLPELQJ
,Q�WKH�KLOO�FOLPELQJ�DSSURDFK��ZH�UDQGRPO\�SLFN�D�IXOO�VHW�RI�YDULDEOH�DVVLJQPHQWV��WKHQ�WU\�WR�WZHDN�LW�LQWR�D�OHJDO�VROXWLRQ�
$W�HDFK�VWHS��RXU�GUDIW�VROXWLRQ�ZLOO�KDYH�VRPH�FRQVWUDLQWV�WKDW�DUH�VWLOO�YLRODWHG��:H�FKDQJH�WKH�YDOXH�RI�RQH�YDULDEOH�WR�WU\
WR�UHGXFH�WKH�QXPEHU�RI�FRQÁLFWV�DV�PXFK�DV�SRVVLEOH���,I�WKHUH�DUH�VHYHUDO�RSWLRQV��SLFN�RQH�UDQGRPO\���,Q�WKH�IROORZLQJ
H[DPSOH��WKLV�VWUDWHJ\�ZRUNV�ZHOO�

�
IURP�/DQD�/D]HEQLN��)DOO�����



+LOO�FOLPELQJ�FDQ�EH�YHU\�HIIHFWLYH�RQ�FHUWDLQ�SUREOHPV��DQG�SHRSOH�IUHTXHQWO\�XVH�LW�WR�VROYH�FRPSOLFDWHG�FRQVWUDLQW
VDWLVIDFWLRQ�SUREOHPV��H�J��VFKHGXOLQJ�FODVVHV�RU�ÀQDO�H[DPV��+RZHYHU��WKLV�PHWKRG�FDQ�JHW�VWXFN�LQ�ORFDO�RSWLPD��)RU
H[DPSOH��WKH�IROORZLQJ�FRQÀJXUDWLRQ�IRU���4XHHQV�KDV�D�VLQJOH�FRQVWUDLQW�YLRODWLRQ��EXW�QR�DGMXVWPHQW�RI�D�VLQJOH�SLHFH�ZLOO
UHGXFH�WKH�QXPEHU�RI�YLRODWLRQV�WR�]HUR�

�
IURP�/DQD�/D]HEQLN��)DOO�����

7R�DYRLG�EHLQJ�VWXFN�LQ�ORFDO�RSWLPD��KLOO�FOLPELQJ�DOJRULWKPV�RIWHQ�DGG�VRPH�UDQGRPL]DWLRQ�

5DQGRPO\�SLFN�D�QHZ�VWDUWLQJ�FRQÀJXUDWLRQ�ZKHQ�DSSDUHQWO\�VWXFN�
$GG�D�UDQGRP�FRPSRQHQW�WR�WKH�PRYHPHQW�DOJRULWKP��VR�LW�VRPHWLPHV�PRYHV�WR�D�KLJKHU�FRVW�FRQÀJXUDWLRQ
��VLPXODWHG�DQQHDOLQJ���

%DFNWUDFNLQJ�VHDUFK
7KH�RWKHU�EDVLF�DSSURDFK�WR�D�FRQVWUDLQW�VDWLVIDFWLRQ�SUREOHP�LV�WR�FKRRVH�YDULDEOH�YDOXHV�RQH�DW�D�WLPH��XQGRLQJ
DVVLJQPHQWV���EDFNWUDFNLQJ���ZKHQ�ZH�GLVFRYHU�WKDW�RXU�FXUUHQW�VHW�RI�DVVLJQPHQWV�FDQ
W�ZRUN��6SHFLÀFDOO\��ZH�VHW�XS
VHDUFK�DV�IROORZV�

VWDUW��QR�YDULDEOHV�KDYH�D�YDOXH
HDFK�VWHS��DVVLJQ�D�YDOXH�WR�RQH�YDULDEOH
HQG��DOO�YDULDEOHV�KDYH�D�YDOXH

&63�VHDUFK�KDV�VRPH�VSHFLDO�SURSHUWLHV�ZKLFK�ZLOO�DIIHFW�RXU�FKRLFH�RI�VHDUFK�PHWKRG��,I�RXU�SUREOHP�KDV�Q�YDULDEOHV��WKHQ
DOO�VROXWLRQV�DUH�Q�VWHSV�DZD\��6R�')6�LV�D�JRRG�FKRLFH�IRU�RXU�VHDUFK�DOJRULWKP�

:H�GRQ
W�KDYH�WR�ZRUU\�DERXW�ÀQGLQJ�D�VKRUWHVW�SDWK���7KH\�DUH�DOO�OHQJWK�Q��
,W
V�QRW�SRVVLEOH�WR�ORRS��(DFK�VWHS�DGGV�D�YDULDEOH�YDOXH�DQG�VHDUFK�FXWV�RII�DW�GHSWK�Q�

:H�FDQ�XVH�D�YHU\�VWULSSHG�GRZQ�')6�LPSOHPHQWDWLRQ��ZLWKRXW�H[SOLFLW�ORRS�GHWHFWLRQ��7KLV�FDQ�EH�PDGH�WR�XVH�RQO\�D�YHU\
VPDOO�DPRXQW�RI�PHPRU\��,Q�WKLV�W\SH�RI�$,�FRQWH[W��')6�LV�RIWHQ�FDOOHG��EDFNWUDFNLQJ�VHDUFK��EHFDXVH�LW�VSHQGV�PXFK�RI
LWV�WLPH�JHWWLQJ�EORFNHG�DQG�UHWUHDWLQJ�EDFN�XS�WKH�VHDUFK�WUHH�WR�WU\�RWKHU�RSWLRQV�

)RUZDUG�FKHFNLQJ
$�YDULHW\�RI�KHXULVWLFV�FDQ�EH�XVHG�WR�VSHHG�XS�EDFNWUDFNLQJ�VHDUFK��/HW
V�VWDUW�E\�ORRNLQJ�DW�ZKHQ�WR�GHWHFW�WKDW�RXU�SDWK�LV
IDLOLQJ�DQG�ZH�QHHG�WR�EDFNWUDFN�

6WXSLG�PHWKRG
$OZD\V�JR�GRZQ�Q�OHYHOV�WR�FUHDWH�D�FRPSOHWH�VROXWLRQ��7KHQ�FKHFN�LI�LW�PHHWV�WKH�FRQVWUDLQWV��,I�QRW��UHWUHDW�EDFN�XS
WKH�')6�VHDUFK�WUHH�

6PDUW�PHWKRG��IRUZDUG�FKHFNLQJ�
'XULQJ�VHDUFK��HDFK�YDULDEOH�[�NHHSV�D�OLVW�'�[��FRQWDLQLQJ�LWV�SRVVLEOH�YDOXHV��$W�HDFK�VHDUFK�VWHS��UHPRYH�YDOXHV
IURP�WKHVH�OLVWV�LI�WKH\�YLRODWH�FRQVWUDLQWV��JLYHQ�WKH�YDOXHV�ZH
YH�DOUHDG\�DVVLJQHG�WR�RWKHU�YDULDEOHV��%DFN�XS�LI�DQ\
YDULDEOH�KDV�QR�SRVVLEOH�YDOXHV�OHIW�



+HUH�LV�D�OLWWOH�GHPR�RI�IRUZDUG�FKHFNLQJ��IURP�%RQQLH�'RUU��8��0DU\ODQG��YLD�0LWFK�0DUFXV�DW�8��3HQQ��:H�VWDUW�ZLWK
HDFK�YDULDEOH�[�KDYLQJ�D�IXOO�OLVW�RI�SRVVLEOH�YDOXHV�'�[��DQG�QR�DVVLJQPHQWV�

)LUVW��ZH�DVVLJQ�D�YDOXH�WR�WKH�ÀUVW�YDULDEOH��7KH�SXUSOH�FHOOV�VKRZ�ZKLFK�RWKHU�DVVLJQPHQWV�DUH�QRZ�SUREOHPDWLF�

)RUZDUG�FKHFNLQJ�QRZ�UHPRYHV�FRQÁLFWLQJ�YDOXHV�IURP�HDFK�OLVW�'�[��

:H�QRZ�SLFN�D�YDOXH�IRU�RXU�VHFRQG�YDULDEOH�



+RZHYHU��ZKHQ�ZH�GR�IRUZDUG�FKHFNLQJ��ZH�GLVFRYHU�WKDW�YDULDEOH�;��KDV�QR�SRVVLEOH�YDOXHV�OHIW��6R�ZH�KDYH�WR�EDFNWUDFN
DQG�XQGR�WKH�PRVW�UHFHQW�DVVLJQPHQW��WR�;���

$IWHU�VRPH�PRUH�DVVLJQPHQWV�DQG�EDFNWUDFNLQJ��ZH�HQG�XS�JLYLQJ�XS�RQ�;� ��DQG�PRYLQJ�RQ�WR�H[SORULQJ�;� ��

)RUZDUG�FKHFNLQJ�UHGXFHV�WKH�VHWV�RI�SRVVLEOH�YDOXHV�WR�WKLV�

$IWHU�D�IHZ�PRUH�VWHSV�RI�DVVLJQPHQWV�DQG�IRUZDUG�FKHFNLQJ��ZH�UHDFK�D�IXOO�VROXWLRQ�WR�WKH�SUREOHP�

+HXULVWLFV�IRU�YDULDEOH�DVVLJQPHQWV



,Q�WKH�SUHYLRXV�H[DPSOH��ZH�WULHG�YDULDEOHV�LQ�QXPHULFDO�RUGHU��L�H��KRZ�WKH\�FDPH�WR�XV�LQ�WKH�SUREOHP�VWDWHPHQW��:KHQ
VROYLQJ�PRUH�FRPSOH[�SUREOHPV��LW�FDQ�EH�LPSRUWDQW�WR�XVH�D�VPDUWHU�VHOHFWLRQ�PHWKRG��)RU�H[DPSOH�

D��&KRRVH�WKH�YDULDEOH�ZLWK�IHZHVW�UHPDLQLQJ�YDOXHV�
E��,I�WKHUH�DUH�WLHV��FKRRVH�WKH�YDULDEOH�WKDW�FRQVWUDLQV�WKH�PRVW�RWKHU�YDULDEOHV��L�H��QRGH�ZLWK�KLJKHVW�GHJUHH�LQ�WKH
FRQVWUDLQW�JUDSK��

6XSSRVH�ZH�DUH�FRORULQJ�WKH�IROORZLQJ�JUDSK�ZLWK���FRORUV��UHG��JUHHQ��EOXH��

$OO�VWDWHV�KDYH�WKUHH�SRVVLEOH�FRORU�YDOXHV��VR�ZH�XVH�KHXULVWLF��E��DQG�SLFN�D�FRORU�IRU�0DVVDFKXVHWWV�

7KH�ÀYH�UHPDLQLQJ�VWDWHV�DUH�VWLOO�WLHG�RQ��D���VR�ZH�XVH�KHXULVWLF��E��WR�SLFN�RQH�RI�WKH�VWDWHV�ZLWK�WKUHH�QHLJKERUV
�9HUPRQW��

1RZ�WZR�VWDWHV��1HZ�<RUN�DQG�1HZ�+DPSVKLUH��KDYH�RQO\�RQH�SRVVLEOH�FRORU�YDOXH��EOXH���VR�ZH�FRORU�RQH�RI�WKHP�QH[W�

&KRRVLQJ�D�YDOXH
2QFH�ZH
YH�FKRVHQ�D�YDULDEOH��ZH�FDQ�EH�VPDUW�DERXW�WKH�RUGHU�LQ�ZKLFK�ZH�H[SORUH�LWV�YDOXHV��$�JRRG�KHXULVWLF�LV�



6WDUW�ZLWK�WKH�YDOXH�WKDW�OHDYHV�WKH�PRVW�RSWLRQV�RSHQ�IRU�RWKHU�YDULDEOHV�

)RU�H[DPSOH��VXSSRVH�ZH
UH�WU\LQJ�WR�SLFN�D�YDOXH�IRU�WKH�ORZHU�OHIW�QRGH�LQ�WKH�JUDSK�EHORZ��:H�VKRXOG�WU\�*UHHQ�ÀUVW�
EHFDXVH�LW�OHDYHV�WZR�FRORU�RSWLRQV�RSHQ�IRU�WKH�ORZHU�ULJKW�QRGH�

,I�WKLV�SUHIHUUHG�FKRLFH�GRHVQ
W�ZRUN�RXW��WKHQ�ZH
OO�EDFN�XS�DQG�WU\�WKH�RWKHU�FKRLFH��%OXH��

6\PPHWULHV
&RQVWUDLQW�VROYLQJ�FRGH�VKRXOG�EH�GHVLJQHG�WR�H[SORLW�DQ\�LQWHUQDO�V\PPHWULHV�LQ�WKH�SUREOHP��)RU�H[DPSOH��WKH�PDS
FRORULQJ�SUREOHP�GRHVQ
W�FDUH�ZKLFK�FRORU�LV�ZKLFK��6R�LW�GRHVQ
W�PDWWHU�ZKLFK�YDOXH�ZH�SLFN�IRU�WKH�ÀUVW�YDULDEOH
�VRPHWLPHV�DOVR�VRPH�ODWHU�FKRLFHV���6LPLODUO\��WKHUH�DUHQ
W�UHDOO\�IRXU�GLVWLQFW�FKRLFHV�IRU�WKH�ÀUVW�FROXPQ�RI�Q�TXHHQV�
EHFDXVH�UHÁHFWLQJ�WKH�ERDUG�YHUWLFDOO\��RU�KRUL]RQWDOO\��GRHVQ
W�FKDQJH�WKH�HVVHQWLDO�IRUP�RI�WKH�VROXWLRQ�

5HFDS��&63�DOJRULWKP
)RU�HDFK�YDULDEOH�;��PDLQWDLQ�VHW�'�;��FRQWDLQLQJ�DOO�SRVVLEOH�YDOXHV�IRU�;�

5XQ�')6��$W�HDFK�VHDUFK�VWHS�

���3LFN�D�YDOXH�IRU�RQH�YDULDEOH���%DFN�XS�LI�QR�FKRLFHV�DUH�DYDLODEOH��
���)RUZDUG�FKHFNLQJ��SUXQH�DOO�WKH�VHWV�'�;��WR�UHPRYH�YLRODWLRQV�RI�FRQVWUDLQWV

$QG�ZH�VDZ�VRPH�KHXULVWLFV�IRU�FKRRVLQJ�YDULDEOHV�DQG�YDOXHV�LQ�VWHS���

&RQVWUDLQW�SURSDJDWLRQ
:KHQ�ZH�DVVLJQ�D�YDOXH�WR�YDULDEOH�;��IRUZDUG�FKHFNLQJ�RQO\�FKHFNV�YDULDEOHV�WKDW�VKDUH�D�FRQVWUDLQW�ZLWK�;��L�H��DUH
DGMDFHQW�LQ�WKH�FRQVWUDLQW�JUDSK��7KLV�LV�KHOSIXO��EXW�ZH�FDQ�GR�PRUH�WR�H[SORLW�WKH�FRQVWUDLQWV��&RQVWUDLQW�SURSDJDWLRQ
ZRUNV�LWV�ZD\�RXWZDUGV�IURP�;
V�QHLJKERUV�WR�WKHLU�QHLJKERUV��FRQWLQXLQJ�XQWLO�LW�UXQV�RXW�RI�QRGHV�WKDW�QHHG�WR�EH�XSGDWHG�

6XSSRVH�ZH�DUH�FRORULQJ�WKH�VDPH�VWDWH�JUDSK�ZLWK�^5HG�*UHHQ�%OXH`�DQG�ZH�GHFLGH�WR�ÀUVW�FRORU�1HZ�+DPSVKLUH�UHG�

)RUZDUG�FKHFNLQJ�WKHQ�UHPRYHV�5HG�IURP�9HUPRQW�DQG�0DVVDFKXVHWWV��6XSSRVH�ZH�QRZ�FRORU�1HZ�<RUN�*UHHQ��)RUZDUG
FKHFNLQJ�UHPRYHV�*UHHQ�IURP�LWV�LPPHGLDWH�QHLJKERUV��JLYLQJ�XV�WKLV�



$W�WKLV�SRLQW��IRUZDUG�FKHFNLQJ�VWRSV��&RQVWUDLQW�SURSDJDWLRQ�FRQWLQXHV��6LQFH�0DVVDFKXVHWWV�QRZ�KDV�IHZHU�SRVVLEOH
YDOXHV��LWV�QHLJKERU�&RQQHFWLFXW�DOVR�QHHGV�WR�EH�XSGDWHG�

5KRGH�,VODQG�LV�DGMDFHQW�WR�0DVVDFKXVHWWV�DQG�&RQQHFWLFXW��VR�LWV�RSWLRQV�QHHG�WR�EH�XSGDWHG�

)LQDOO\��9HUPRQW�LV�D�QHLJKERU�RI�0DVVDFKXVHWWV��VR�XSGDWH�LWV�RSWLRQV�

6LQFH�WKLV�OHDYHV�9HUPRQW�ZLWK�QR�SRVVLEOH�YDOXHV��ZH�EDFNWUDFN�WR�RXU�ODVW�GHFLVLRQ�SRLQW��FRORULQJ�1HZ�<RUN�*UHHQ��

7KH�H[DFW�VHTXHQFH�RI�XSGDWHV�GHSHQGV�RQ�WKH�RUGHU�LQ�ZKLFK�ZH�KDSSHQ�WR�KDYH�VWRUHG�RXU�QRGHV��+RZHYHU��FRQVWUDLQW
SURSDJDWLRQ�W\SLFDOO\�PDNHV�PDMRU�UHGXFWLRQV�LQ�WKH�QXPEHU�RI�RSWLRQV�WR�EH�H[SORUHG��DQG�DOORZV�XV�WR�ÀJXUH�RXW�HDUO\�WKDW
ZH�QHHG�WR�EDFNWUDFN�

:DOW]�ODEHOOLQJ



&RQVWUDLQW�SURSDJDWLRQ�ZDV�GHYHORSHG�E\�'DYLG�:DOW]�LQ�WKH�HDUO\�����
V�IRU�WKH�6KDNH\�SURMHFW��H�J��VHH�'DYLG�:DOW]
V
�����WKHVLV���7KH�RULJLQDO�WDVN�ZDV�WR�WDNH�D�ZLUHIUDPH�LPDJH�RI�EORFNV�DQG�GHFRUDWH�HDFK�HGJH�ZLWK�D�ODEHOV�LQGLFDWLQJ�LWV
W\SH��2EMHFW�ERXQGDULHV�DUH�LQGLFDWHG�E\�DUURZV��ZKLFK�QHHG�WR�SRLQW�FORFNZLVH�DURXQG�WKH�ERXQDU\��3OXV�DQG�PLQXV�VLJQV
PDUN�LQWHUQDO�HGJHV�WKDW�DUH�FRQYH[�DQG�FRQFDYH�

,Q�WKLV�SUREOHP��WKH�FRQVWUDLQWV�DUH�SURYLGHG�E\�WKH�YHUWLFHV��(DFK�YHUWH[�LV�FODVVLÀHG�LQWR�RQH�RI�IRXU�W\SHV��EDVHG�RQ�WKH
QXPEHU�RI�HGJHV�DQG�WKHLU�DQJOHV��)RU�HDFK�W\SH��WKHUH�DUH�RQO\�D�VPDOO�VHW�RI�OHJDO�ZD\V�WR�ODEHO�WKH�LQFRPLQJ�HGJHV�

6HH�WKLV�FRQWHPSRUDU\�YLGHR�RI�WKH�ODEHOOHU�LQ�DFWLRQ�

8VLQJ�FRQVWUDLQW�SURSDJDWLRQ



%HFDXVH�OLQH�ODEHOOLQJ�KDV�VWURQJ�ORFDO�FRQVWUDLQWV��FRQVWUDLQW�SURSDJDWLRQ�FDQ�VRPHWLPHV�QDLO�GRZQ�WKH�H[DFW�VROXWLRQ
ZLWKRXW�DQ\�VHDUFK��$�PRUH�W\SLFDO�VLWXDWLRQ�LV�WKDW�ZH�QHHG�WR�XVH�D�FRPELQDWLRQ�RI�EDFNWUDFNLQJ�VHDUFK�DQG�FRQVWUDLQW
SURSDJDWLRQ��&RQVWUDLQW�SURSDJDWLRQ�FDQ�EH�DGGHG�DW�WZR�SRLQWV�LQ�RXU�EDFNWUDFNLQJ�VHDUFK�

$W�WKH�VWDUW�RI�VHDUFK��WR�SUXQH�WKH�LQLWLDO�VHWV�RI�SRVVLEOH�YDOXHV�
5HSODFLQJ�IRUZDUG�FKHFNLQJ�GXULQJ�WKH�VHDUFK�

$&��
,W�WDNHV�D�ELW�RI�FDUH�WR�LPSOHPHQW�FRQVWUDLQW�SURSDJDWLRQ�FRUUHFWO\��:H
OO�ORRN�DW�WKH�$&���DOJRULWKP��GHYHORSHG�E\�'DYLG
:DOW]�DQG�$ODQ�0DFNZRUWK��������

7KH�FRQVWUDLQW�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV���VRPH�FRQVWUDLQW�UHODWHV�WKH�YDOXHV�RI�;�DQG�<���LV�V\PPHWULF��)RU�WKLV
DOJRULWKP��KRZHYHU��ZH�ZLOO�WUHDW�FRQVWUDLQWV�EHWZHHQ�YDULDEOHV���DUFV���DV�RUGHUHG�SDLUV��6R�WKH�SDLU��;�<��ZLOO�UHSUHVHQW
FRQWUDLQW�ÁRZLQJ�IURP�<�WR�;�

7KH�IXQFWLRQ�5HYLVH�;�<��SUXQHV�YDOXHV�IURP�'�;��WKDW�DUH�LQFRQVLVWHQW�ZLWK�ZKDW
V�FXUUHQWO\�LQ�'�<��

7KH�PDLQ�GDWDVWUXFWXUH�LQ�$&���LV�D�TXHXH�RI�SDLUV���DUFV���WKDW�VWLOO�QHHG�DWWHQWLRQ�

*LYHQ�WKHVH�GHÀQLWLRQV��$&���ZRUNV�OLNH�WKLV�

,QLWLDOL]H�TXHXH��7ZR�RSWLRQV

DOO�FRQVWUDLQW�DUFV�LQ�SUREOHP�>IRU�VWDUWLQJ�XS�D�QHZ�&63�VHDUFK@
DOO�DUFV��;�<��ZKHUH�<
V�YDOXH�ZDV�MXVW�VHW�>IRU�XVH�GXULQJ�&63�VHDUFK@

/RRS�

5HPRYH��;�<��IURP�TXHXH��&DOO�5HYLVH�;�<��
,I�'�;��KDV�EHFRPH�HPSW\��KDOW�UHWXUQLQJ�D�YDOXH�WKDW�IRUFHV�PDLQ�DOJRULWKP�WR�EDFNWUDFN�
,I�'�;��KDV�EHHQ�FKDQJHG��EXW�LVQ
W�HPSW\���SXVK�DOO�DUFV��&�;��RQWR�WKH�TXHXH��([FHSWLRQ��GRQ
W�SXVK
�<�;��

6WRS�ZKHQ�TXHXH�LV�HPSW\

([HUFLVH�IRU�WKH�UHDGHU
1HDU�WKH�HQG�RI�$&����ZH�SXVK�DOO�DUFV��&�;��RQWR�WKH�TXHXH��EXW�ZH�GRQ
W�SXVK��<�;���:K\�GRQ
W�ZH�QHHG�WR�SXVK��<�;�"

'R�DWWHPSW�WR�VROYH�WKLV�\RXUVHOI�ÀUVW��,W�ZLOO�KHOS�\RX�LQWHUQDOL]H�WKH�GHWDLOV�RI�WKH�$&���DOJRULWKP��7KHQ�KDYH�D�ORRN�DW�WKH
VROXWLRQ�

0RUH�LQIRUPDWLRQ
6HH�WKH�&63/LE�ZHE�SDJH�IRU�PRUH�GHWDLOV�DQG�H[DPSOHV�

&RQVWUDLQW�6DWLVIDFWLRQ�3UREOHPV�
$QVZHU�WR�([HUFLVH
,Q�WKH�&63�OHFWXUHV��,�OHIW�WKH�IROORZLQJ�TXHVWLRQ�XQDQVZHUHG�

1HDU�WKH�HQG�RI�$&����ZH�SXVK�DOO�DUFV��&�;��RQWR�WKH�TXHXH��EXW�ZH�GRQ
W�SXVK��<�;���:K\�GRQ
W�ZH�QHHG�WR
SXVK��<�;�"

7KHUH
V�WZR�FDVHV��)LUVW��<�;��PLJKW�DOUHDG\�EH�LQ�WKH�TXHXH�



7KLV�LV�RXU�ÀUVW�SDVV�WKURXJK�DOO�WKH�DUFV��ZKHQ�ZH�VWDUW�ZRUNLQJ�RQ�WKH�FRQVWUDLQW�SUREOHP�
6RPH�RWKHU�SDUW�RI�FRQVWUDLQW�SURSDJDWLRQ�KDV�PRGLÀHG�'�;��VLQFH�WKH�ODVW�WLPH�ZH�FKHFNHG��<�;��

,I��<�;��LV�DOUHDG\�LQ�WKH�TXHXH��WKHQ�ZH�GRQ
W�QHHG�WR�DGG�LW�

,I��<�;��LV�QRW�DOUHDG\�LQ�WKH�TXHXH��WKHQ�ZH
YH�DOUHDG\�FKHFNHG��<�;��DW�VRPH�SRLQW�LQ�WKH�SDVW��7KDW�FKHFN�HQVXUHG�WKDW
HYHU\�YDOXH�LQ�'�<��KDG�D�PDWFKLQJ�YDOXH�LQ�'�;���$QG��PRUHRYHU��QRWKLQJ�KDV�KDSSHQHG�WR�'�;��VLQFH�WKHQ��XQWLO�ZKDW�ZH
GLG�LQ�WKH�FXUUHQW�VWHS�RI�$&���

7KH�FXUUHQW�VWHS�RI�$&���LV�UHSDLULQJ�D�SUREOHP�FDXVHG�E\�'�<��KDYLQJ�EHFRPH�VPDOOHU��6R�WKH�VLWXDWLRQ�DW�WKH�VWDUW�RI�RXU
VWHS�LV�WKDW�

(YHU\�YDOXH�LQ�'�<��KDV�D�PDWFKLQJ�YDOXH�LQ�'�;���EXW
6RPH�YDOXHV�LQ�'�;��GRQ
W�KDYH�D�PDWFKLQJ�YDOXH�LQ�'�<��

2XU�FDOO�WR�5HYLVH�;�<��UHPRYHV�WKDW�VHFRQG�JURXS�RI�XQPDWFKHG�YDOXHV��%XW�LW�GRHVQ
W�GR�DQ\WKLQJ�WR�WKH�ÀUVW�JURXS�RI
YDOXHV�ZLWK�PDWFKHV��EHFDXVH�WKH�FRQVWUDLQW�LV�V\PPHWULF��6R��DIWHU�RXU�FDOO�WR�5HYLVH�;�<���'�;��DQG�'�<��DUH�QRZ
FRPSOHWHO\�FRQVLVWHQW�ZLWK�RQH�DQRWKHU�



&6�����(&(�����
0DUJDUHW�)OHFN ���&ODVVLFDO�3ODQQLQJ

0DNLQJ�WRDVW
:H
G�OLNH�WR�HQG�XS�ZLWK�D�WRDVWHG�DQG�EXWWHUHG�VOLFH�RI�EUHDG��6R�RXU�JRDO�LV�VRPHWKLQJ�OLNH�KROGLQJ�VOLFH��$1'
WRDVWHG�VOLFH��$1'�EXWWHUHG�VOLFH���7KH�LQGLYLGXDO�FRQMXQFWV��H�J��WRDVWHG�VOLFH���DUH�WKH�PDLQ�VXEJRDOV�

7R�JHW�WRDVWHG�VOLFH��$1'�EXWWHUHG�VOLFH���ZH�PLJKW�GHFLGH�ZH�QHHG�WR�GR�WKLV�

+HDW�VOLFH�WRDVWHU���
6SUHDG�RQ�EXWWHU�VOLFH�

%XW�HDFK�RI�WKHVH�DFWLRQV�UHTXLUHV�VRPH�VHW�XS�

3XW�LQ�VOLFH�WRDVWHU���
+HDW�VOLFH�WRDVWHU���
7DNH�RXW�VOLFH�WRDVWHU��
6SUHDG�RQ�EXWWHU�VOLFH�

%XW��ZH�FDQ
W�GR�DQ\�RI�WKLV�ZLWKRXW�ÀUVW�JHWWLQJ�WKH�VOLFH�RI�EUHDG�DQG�WKH�EXWWHU��6R�EHIRUH�DQ\WKLQJ�HOVH�ZH
VKRXOG�GR

2SHQ�IULGJH���
2SHQ�EUHDGEDJ���
7DNH�RXW�VOLFH�EUHDGEDJ���
7DNH�RXW�EXWWHU�IULGJH�

+HUH
V�D�PRUH�RU�OHVV�ÀQDO�SODQ�

0DNH�2SHQ�EUHDGEDJ����!�DFKLHYHV�RSHQ�EUHDGEDJ���
7DNH�RXW�VOLFH�EUHDGEDJ�����!�UHTXLUHV�RSHQ�EUHDGEDJ���DFKLHYHV�KROGLQJ�VOLFH���
0DNH�2SHQ�IULGJH����!�DFKLHYHV�RSHQ�IULGJH���
7DNH�RXW�EXWWHU�IULGJH�����!�UHTXLUHV�RSHQ�IULGJH���DFKLHYHV�KROGLQJ�EXWWHU���
3XW�LQ�VOLFH�WRDVWHU����!�UHTXLUHV�KROGLQJ�VOLFH���DFKLHYHV�LQ�VOLFH�WRDVWHU���
+HDW�VOLFH�WRDVWHU����!�UHTXLUHV�VOLFH�LQ�WRDVWHU��DFKLHYHV�WRDVWHG�VOLFH���
7DNH�RXW�VOLFH��WRDVWHU����!�DFKLHYHV�KROGLQJ�VOLFH���
3XW�RQ�VOLFH�SODWH����!�UHTXLUHV�KROGLQJ�VOLFH���
6SUHDG�EXWWHU�VOLFH����!�UHTXLUHV�VOLFH�RQ�SODWH��KROGLQJ�EXWWHU���DFKLHYHV�EXWWHUHG�WRDVW�

8SJUDGHG�UHSUHVHQWDWLRQ�RI�WKH�ZRUOG
3ODQ�FRQVWUXFWLRQ�LV�\HW�DQRWKHU�DSSOLFDWLRQ�RI�VHDUFK��EXW�WKLV�WLPH�ZLWK�D�PRUH�SRZHUIXO�UHSUHVHQWDWLRQ�RI�VWDWHV
DQG�DFWLRQV��3UHYLRXVO\�RXU�ZRUOG�ZDV�UHSUHVHQWHG�E\�D�VPDOO�VHW�RI�YDULDEOHV�ERXQG�WR�FRQFUHWH�YDOXHV�VXFK�DV
QXPEHUV��(�J�

4�� ����7KH�TXHHQ�LQ�FROXPQ���LV�LQ�URZ����

,Q�FODVVLFDO�SODQQLQJ��IHDWXUHV�RI�WKH�ZRUOG�DUH�HQFRGHG�XVLQJ�SUHGLFDWHV�WKDW�WDNH�VWDWHV�DV�REMHFWV��H�J�

RSHQ�IULGJH��
LQ�VOLFH�WRDVWHU�



7KH�VWDWH�RI�WKH�ZRUOG�LV�UHSUHVHQWHG�E\�D�ORJLFDO�FRPELQDWLRQ�RI�SUHGLFDWHV��H�J��$1'��25��127�

RSHQ�IULGJH��$1'�127�RSHQ�EUHDGEDJ�

7KLV�VW\OH�RI�UHSUHVHQWDWLRQ�PDNHV�RXU�SODQQHU�ORRN�VPDUWHU�WKDQ�LW�LV��%\�ZULWLQJ��VSUHDG���ZH
YH�LPSOLHG�WKDW�WKH
FRPSXWHU�KDV�VRPH�DELOLW\�WR�UHFRJQL]H�RU�H[HFXWH�WKH�FRUUHVSRQGLQJ�UHDO�ZRUOG�DFWLRQ��7KDW�FRQQHFWLRQ�ZRXOG
KDYH�WR�EH�PDGH�E\�RWKHU�SDUWV�RI�RXU�$,�V\VWHP��H�J��WKH�LPDJH�UHFRJQLWLRQ�V\VWHP�DQG�WKH�ORZ�OHYHO�URERWLFV
V\VWHP��)UHTXHQWO\�WKRVH�V\VWHPV�DUH�D�ORW�OHVV�JHQHUDO�DQG�UREXVW�WKDQ�RQH�PLJKW�KRSH�

8SJUDGHG�UHSUHVHQWDWLRQ�RI�DFWLRQV
,Q�RXU�SUHYLRXV�VHDUFK�H[DPSOHV��HDFK�DFWLRQ�VHW�RU�UHVHW�WKH�YDOXH�RI�RQH�YDULDEOH��$FWLRQV�QRZ�WDNH�REMHFWV�DV
SDUDPHWHUV��H�J�

7DNH�RXW�EXWWHU�IULGJH�

(DFK�DFWLRQ�KDV�WZR�VHWV�RI�SUHGLFDWHV�

3UHFRQGLWLRQV��ORJLFDO�FRQGLWLRQV�UHTXLUHG�IRU�DQ�DFWLRQ�WR�KDSSHQ
(IIHFWV��SRVWFRQGLWLRQV���FKDQJHV�WKDW�WKH�DFWLRQ�PDNHV�WR�WKH�VWDWH�RI�WKH�ZRUOG

6R�WKH�DFWLRQ�WDNH�RXW�EXWWHU�IULGJH��PLJKW�KDYH

3UHFRQGLWLRQV��LQ�EXWWHU�IULGJH���LV�RSHQ�IULGJH�
(IIHFWV��KROGLQJ�EXWWHU�

7KH�SUHFRQGLWLRQV�DQG�SRVWFRQGLWLRQV�GHWHUPLQH�KRZ�DFWLRQV�FDQ�ÀW�WRJHWKHU�LQWR�D�FRKHUHQW�SODQ��7KH\�DOVR
HQFRGH�VRPH�YHU\�OLPLWHG�UHDO�ZRUOG�NQRZOHGJH�DERXW�WKH�PHDQLQJ�RI�HDFK�DFWLRQ�

3DUWLDO�2UGHULQJ
$QRWKHU�VRXUFH�RI�GLIÀFXOW\�LQ�FODVVLFDO�SODQQLQJ�LV�WKDW�WKH�DFWLRQ�RUGHU�LV�RQO\�SDUWO\�FRQVWUDLQHG��,Q�RXU�WRDVW
H[DPSOH��ZH�FRXOG�KDYH�WKLV�RUGHULQJ�

2SHQ�IULGJH���
2SHQ�EUHDGEDJ���
7DNH�RXW�VOLFH�EUHDGEDJ���
7DNH�RXW�EXWWHU�IULGJH�

%XW�WKLV�RUGHULQJ�ZRUNV�MXVW�DV�ZHOO�

2SHQ�EUHDGEDJ���
7DNH�RXW�VOLFH�EUHDGEDJ���
2SHQ�IULGJH���
7DNH�RXW�EXWWHU�IULGJH�

+LVWRU\
&ODVVLFDO�SODQQLQJ�LV�FDOOHG�WKDW�EHFDXVH�LW�JRHV�EDFN�WR�WKH�HDUO\�GD\V�RI�$,��$�VLPSOH�YHUVLRQ�SRSXODUL]HG�E\�WKH
675,36�SODQQHU��FUHDWHG�E\�5LFKDUG�)LNHV�DQG�1LOV�1LOVVRQ������DW�65,���675,36�LV�VKRUW�IRU�6WDQIRUG�5HVHDUFK
,QVWLWXWH�3UREOHP�6ROYHU��



7KHVH�GD\V��D�SODQQHU�ZRXOG�PRVW�OLNHO\�EH�XVHG�WR�PDQDJH�WKH�KLJK�OHYHO�JRDOV�DQG�FRQVWUDLQWV�RI�D�FRPSOH[
SODQQLQJ�SUREOHP��)RU�H[DPSOH��LW�PLJKW�VHW�WKH�PDLQ�ZD\�SRLQWV�IRU�D�PRELOH�URERW�RU�D�URERW�GRLQJ
DVVHPEO\�GLVDVVHPEO\�WDVNV��$�QHXUDO�QHW�RU�VSHFLDOL]HG�URERWLFV�FRGH�ZRXOG�WKHQ�EH�XVHG�WR�ÀOO�LQ�WKH�GHWDLOV�

6WRULHV
$�SODQQHU�FDQ�DOVR�EH�XVHG�WR�JHQHUDWH�VWRULHV��7KHVH�PD\�EH�IUHHVWDQGLQJ�VWRULHV��H�J��OLNH�D�QRYHO���0RUH�RIWHQ�
WKHVH�V\VWHPV�DOVR�LQFOXGH�KXPDQ�LQWHUDFWLRQ�

6WRU\WHOOLQJ�IRU�HQWHUWDLQPHQW��H�J��$XWRPDWHG�VWRU\WHOOLQJ�SURMHFWV�E\�0DUN�5LHGO��*$�7HFK�
5DQGRPL]HG�SORWV�DQG�QRQ�SOD\HU�FKDUDFWHUV�IRU�FRPSXWHU�JDPHV
3HUVRQDOL]DWLRQ�DQG�UDQGRPL]DWLRQ�RI�WUDLQLQJ�VFHQDULRV��H�J��PLOLWDU\�H[HUFLVHV��RQOLQH�HWKLFV�WUDLQLQJ�
&KDWERWV

1HXUDO�QHWV�FDQ�GR�D�JRRG�MRE�RI�ÀOOLQJ�LQ�GHWDLOV��H�J��JHQHUDWLQJ�VHQWHQFHV�JLYHQ�D�VNHWFK�RI�ZKDW�WKH\�VKRXOG
VD\��%XW�WKH\�DUHQ
W��DW�OHDVW�VR�IDU��JRRG�DW�NHHSLQJ�WKH�KLJK�OHYHO�SORW�XQGHU�FRQWURO��(�J��VHH�WKLV�DUWLFOH�RQ
DXWRPDWLFDOO\�JHQHUDWHG�+DUU\�3RWWHU�VWRULHV�

$�FORVHO\�UHODWHG�SUREOHP�LV�VWRU\�XQGHUVWDQGLQJ��7R�XQGHUVWDQG�VWRULHV�ZULWWHQ�IRU�D�KXPDQ�DXGLHQFH��LW�KHOSV�WR
KDYH�PRGHOV�RI�ZKDW�W\SLFDOO\�KDSSHQV�LQ�WKHP��7KH�REVHUYDWLRQ�JRHV�EDFN�WR�5RJHU�6FKDQN
V�ZRUN�LQ�WKH�����
V
DQG���
V��(�J�

,Q�QHZV�UHSRUWV��FRPPRQ�HYHQWV�FDQ�EH�VXPPDUL]HG�LQ�WHUPV�RI�VWDQGDUG�IHDWXUHV��(�J��DQ�HDUWKTXDNH�KDV�D
ORFDWLRQ��D�GDWH��GHDWK�WROO��PDMRU�DLG�DJHQFLHV�DVVLVWLQJ�
(YHU\GD\�DFWLRQV�RIWHQ�IROORZ��VFULSWV��WKDW�KDYH�RQO\�D�IHZ�YDULDWLRQV��H�J��WKH�PDLQ�HYHQWV�RI�KDYLQJ�D
PHDO�LQ�D�UHVWDXUDQW�

8QGHUVWDQGLQJ�D�VWRU\�RIWHQ�UHTXLUHV�ÀOOLQJ�LQ�PLVVLQJ�GHWDLOV�WKDW�DUH�REYLRXV�WR�KXPDQV��(�J��WZR�SHRSOH�OHDYH�D
VWRUH�DQG�WKH�FDVKLHU�UXQV�RXW�DIWHU�WKHP��:K\"�:HOO�PD\EH�WR�UHWXUQ�D�IRUJRWWHQ�FUHGLW�FDUG��$�KXPDQ�NQRZV�WKH
SD\PHQW�VFULSW�ZHOO�HQRXJK�WR�UHDOL]H�WKDW�LW�LQYROYHV�UHWXUQLQJ�WKH�FDUG�

7KH�IUDPH�SUREOHP
&ODVVLFDO�SODQQLQJ�UHSUHVHQWDWLRQV�TXLFNO\�JHW�FRPSOH[�DV�\RX�PRYH�EH\RQG�WR\�SUREOHPV��VR�ZH�KDYH�WR�PDNH
VRPH�VLPSOLI\LQJ�DVVXPSWLRQV��)RU�H[DPSOH��WKH�KLJK�OHYHO�YLVLRQ�RI�DFWLRQ�UHSUHVHQWDWLRQV�LV�WKDW�WKH\�GHVFULEH
KRZ�WKH�DFWLRQ�FKDQJHV�WKH�ZRUOG��+RZHYHU��D�FRPSOHWH�ORJLFDO�UHSUHVHQWDWLRQ�DOVR�UHTXLUHV��IUDPH�D[LRPV��WKDW
VSHFLI\�ZKLFK�SUHGLFDWHV�DQ�DFWLRQ�GRHV�QRW�FKDQJH��)RU�H[DPSOH

KHDW�VXEVWDQFH�SDQ��KDV�LQ�VXEVWDQFH�SDQ��DV�ERWK�D�SUHFRQGLWLRQ�DQG�HIIHFW

,I�ZH�KDQGOH�VXFK�FRQVWUDLQWV�H[SOLFLWO\��RXU�DFWLRQ�GHVFULSWLRQV�HQG�XS�QHHGLQJ�D�ORW�RI�IUDPH�D[LRPV��7KLV�LV�D
ZDVWH�RI�PHPRU\��%XW��PXFK�PRUH�LPSRUWDQW��LW�LV�DQ�LQYLWDWLRQ�WR�EXJV��ZULWLQJ�RXW�ORQJ�OLVWV�RI�IUDPH�D[LRPV
PHDQV�WKDW�VRPH�ZLOO�LQHYLWDEO\�EH�OHIW�RXW��7KLV�QXLVDQFH�LV�FDOOHG�WKH��IUDPH�SUREOHP���,W
V�XVXDOO\�VROYHG�E\
LQFRUSRUDWLQJ�D�GHIDXOW�DVVXPSWLRQ�WKDW�SURSHUWLHV�GRQ
W�FKDQJH�XQOHVV�DFWLRQV�H[SOLFLWO\�FKDQJH�WKHP���:H
YH
EHHQ�WDFLWO\�DVVXPLQJ�WKDW��

([WHQGLQJ�RXU�UHSUHVHQWDWLRQ
7KH�UHSUHVHQWDWLRQ�RI�REMHFWV�LQ�FODVVLFDO�SODQQLQJ�OHDYHV�PXFK�WR�EH�GHVLUHG��([WHQVLRQV�RI�WKLV�IUDPHZRUN�DUH
EH\RQG�WKH�VFRSH�RI�WKLV�FODVV��%XW�LW
V�ZRUWK�WKLQNLQJ�DERXW�VRPH�RI�WKH�LVVXHV��EHFDXVH�WKH\�FRQWLQXH�WR�EH
SUREOHPV�HYHQ�ZKHQ�SODQQLQJ�LV�FRPELQHG�ZLWK�PRUH�PRGHUQ�WHFKQRORJ\�



)LUVW��ZH�QHHG�ZD\V�WR�UHSUHVHQW�W\SH�KLHUDUFKLHV�IRU�REMHFWV��H�J��SLH�LV�D�W\SH�RI�GHVHUW�DQG�GHVHUWV�DUH�D�W\SH�RI
IRRG��)RU�H[DPSOH��ZDVKLQJ�D�WDEOHFORWK�VKRXOG�XVH�WKH�VDPH�DFWLRQ�DV�ZDVKLQJ�D�QDSNLQ��(DWLQJ�DQ�DSSOH�LV
VLPLODU�WR��EXW�QRW�LGHQWLFDO�WR��HDWLQJ�ULFH��6R�SHUKDSV�WKH\�VKRXOG�LQKHULW�VRPH�RI�WKHLU�UHSUHVHQWDWLRQ�IURP�D
VKDUHG�DQFHVWRU��7KHQ�ZH�PLJKW�GHÀQH�DFWLRQV�WKDW�FDQ�EH�XVHG�RQ�DQ\�REMHFW�IURP�D�EURDG�UDQJH�RI�W\SHV�

$�FORVHO\�UHODWHG�SUREOHP�LV�PDNLQJ�LW�SRVVLEOH�WR�KDYH�PXOWLSOH�REMHFWV�RI�WKH�VDPH�W\SH��H�J��WZR�QDSNLQV��

6RPH�REMHFW�SURSHUWLHV�VKRXOG�EH�FDOOHG�RXW�DV�SUHGLFDWHV��,Q�D�NLWFKHQ�VFHQDULR��PDQ\�W\SHV�RI�REMHFW�DUH
PRYDEOH��H�J��HJJV��NHWWOH��EXW�VRPH�DUH�QRW��H�J��WKH�FRXQWHUV��DQG�VRPH��H�J��WKH�VWRYH��VKRXOG�EH�FRQVLGHUHG
QRQ�PRYDEOH�IRU�PRVW�URXWLQH�SODQQLQJ��+RZHYHU��LW
V�QRW�LPPHGLDWHO\�REYLRXV�ZKHQ�ZH�VKRXOG�FUHDWH�DQ
H[SOLFLW�SUHGLFDWH��H�J��PRYDEOH��YV��KDYLQJ�UXOHV�WKDW�WDUJHW�RQO\�FHUWDLQ�W\SHV�RI�REMHFWV�

:H�PLJKW�ZDQW�WR�VSHFLI\�UHODWLRQVKLSV�DPRQJ�SUHGLFDWHV��)RU�H[DPSOH��KRZ�DUH�FROG�DQG�KRW�UHODWHG"�$OVR
PLJKW�ZDQW�D��7UXWK�0DLQWHQDQFH�6\VWHP��WR�VSHOO�RXW�WKH�FRQVHTXHQFHV�RI�HDFK�SURSRVLWLRQ��)RU�H[DPSOH�
DXWRPDWLFDOO\�DFFRXQW�IRU�WKH�IDFW�WKDW�WKH�WHDEDJ�FDQQRW�EH�LQ�WZR�SODFHV�DW�RQFH��6XFK�NQRZOHGJH�DQG�LQIHUHQFH
ZRXOG�DOORZ�PRUH�VXFFLQFW��DQG�OLNHO\�PRUH�FRUUHFW��VWDWH�DQG�DFWLRQ�GHÀQLWLRQV�

:H�DOVR�KDYH�QR�ZD\�WR�UHSUHVHQW�VXEVWDQFHV�WKDW�PXVW�EH�PHDVXUHG�

OLTXLGV�DQG�VXEVWDQFHV��H�J��ÁRXU�
FRXQWLQJ�REMHFWV�RI�WKH�VDPH�W\SH��H�J��WHQ�HQHUJ\�EDUV�
DFWLRQV�WKDW�FDQ�FRQWLQXH�IRU�DQ�H[WHQGHG�WLPH��H�J��UHDGLQJ�
DFWLRQV�WKDW�WDNH�WLPH�WR�ÀQLVK��H�J��FRRNLQJ�RDWPHDO�
SURSHUWLHV�WKDW�GHFD\�RYHU�WLPH��H�J��PLON�OHIW�LQ�WKH�IULGJH�HYHQWXDOO\�VSRLOV

%XW�ZH�QHHG�WR�NHHS�WKH�RYHUDOO�UHSUHVHQWDWLRQ�VLPSOH�HQRXJK�WR�GR�SODQQLQJ�DW�D�UHDVRQDEOH�VSHHG�

+DUGHU�HQYLURQPHQWV
$�ÀQDO�LVVXH�LV�WKDW�SODQQLQJ�PD\�QHHG�WR�ZRUN�LQ�OHVV�WLJKWO\�PDQDJHG�HQYLURQPHQWV��7KHVH�PLJKW�LQFOXGH�

,QFRPSOHWH�NQRZOHGJH�RI�HQYLURQPHQW��H�J��YLD�VHQVRUV�
2EVWDFOHV��RWKHU�DFWRUV�PLJKW�PRYH�FKDQJH
:KDW�LI�DFWLRQV�IDLO"
+RZ�ORQJ�EHIRUH�,�KDYH�WR�ÀQLVK�SODQQLQJ�DQG�DFW"

7KLV�PLJKW�EH�EHVW�KDQGOHG�E\�D�FRPELQDWLRQ�RI�D�FODVVLFDO�SODQQLQJ�DQG�DQ�DGDSWLYH�WHFKQRORJ\�VXFK�DV
UHLQIRUFHPHQW�OHDUQLQJ��%XW�LW
V�QRW�DOZD\V�FOHDU�KRZ�WR�PDNH�WKHP�ZRUN�ZHOO�WRJHWKHU�

5HFDS
,Q�D�FODVVLFDO�SODQQLQJ�SUREOHP��ZH�KDYH

6WDWHV�GHÀQHG�E\�ORJLFDO�FRPELQDWLRQV�RI�SUHGLFDWHV��H�J��RSHQ�IULGJH��$1'�127�RSHQ�EUHDGEDJ�
$FWLRQV�WDNH�REMHFWV�DV�DUJXPHQWV��H�J��7DNH�RXW�EXWWHU�IULGJH�
$FWLRQV�KDYH�SUHFRQGLWLRQV�DQG�HIIHFWV��SRVWFRQGLWLRQV�

6LWXDWLRQ�VSDFH�SODQQLQJ
7KH�PRVW�REYLRXV�DSSURDFK�WR�FODVVLFDO�SODQQLQJ�LV��VLWXDWLRQ�VSDFH�SODQQLQJ���,Q�WKLV�PHWKRG

(DFK�VWDWH�LV�D�FRPSOHWH�PRGHO�RI�WKH�ZRUOG�
(DFK�HGJH�LV�DQ�DFWLRQ�WKDW�FKDQJHV�WKH�VWDWH�RI�WKH�ZRUOG�



6XSSRVH�WKDW�ZH
UH�XVLQJ�VLWXDWLRQ�VSDFH�SODQQLQJ�WR�PDNH�D�FDNH��2XU�VWDUWLQJ�VWDWH�PLJKW�ORRN�OLNH

VWDUW��KDYH�ÁRXU���QRW�KDYH�HJJV����QXPEHU�RI�VSRRQV�����QRW�KDYH�FDNHSDQ�������

:KDW�DFWLRQ�VKRXOG�ZH�WDNH�ÀUVW"�3HUKDSV�ZH�VKRXOG�JR�EX\�WKH�HJJV��7KHQ�WKH�VWDUW�RI�RXU�SODQ�PLJKW�ORRN�OLNH�

VWDUW��KDYH�ÁRXU���QRW�KDYH�HJJV����QXPEHU�RI�VSRRQV�����QRW�KDYH�FDNHSDQ����������
QH[W��KDYH�ÁRXU���KDYH�HJJV���QXPEHU�RI�VSRRQV�����QRW�KDYH�FDNHSDQ�������

2U�ZH�PLJKW�EX\�WKH�FDNHSDQ�QH[W��LQ�ZKLFK�FDVH�WKH�QH[W�VWDWH�ZRXOG�EH

VWDUW��KDYH�ÁRXU���QRW�KDYH�HJJV����QXPEHU�RI�VSRRQV�����QRW�KDYH�FDNHSDQ����������
QH[W��KDYH�ÁRXU���QRW�KDYH�HJJV����QXPEHU�RI�VSRRQV�����KDYH�FDNHSDQ������

,VVXHV�ZLWK�VLWXDWLRQ�VSDFH�SODQQLQJ

YHU\�ODUJH�EUDQFKLQJ�IDFWRU
XQQHFHVVDULO\�VSHFLÀF�DERXW�RUGHULQJ�RI�XQUHODWHG�DFWLRQV

$Q\�SODQQHU�ZLOO�HYHQWXDOO\�QHHG�WR�SLQ�GRZQ�WKH�RUGHU�RI�DOO�DFWLRQV��VR�WKDW�LW�FDQ�H[HFXWH�WKH�SODQ��+RZHYHU��LW
PDNHV�VHQVH�WR�PDNH�XQLPSRUWDQW�RUGHULQJ�GHFLVLRQV�DV�ODWH�DV�SRVVLEOH�

)RUZDUG�DQG�EDFNZDUG�SODQQLQJ
:H�VDZ�WKDW�VLWXDWLRQ�VSDFH�SODQQLQJ�FDQ�JHW�LQWR�WURXEOH�EHFDXVH�WKHUH
V�WRR�PDQ\�SRVVLEOH�DFWLRQV�DW�HDFK�VWHS�
:H�PLJKW�WU\�DSSO\LQJ�EDFNZDUGV�RU�ELGLUFWLRQDO�VHDUFK��)RU�H[DPSOH�

VWDUW��W\SLFDO�VWXGHQW�DSDUWPHQW�
JRDO�����PDNH�GLQQHU

,W
V�VHQVLEOH�WR�VHH�ZKDW�ZH�FDQ�PDNH�ZLWK�DYDLODEOH�LQJUHGLHQWV���1RW�UDPHQ�$*$,1�����%XW�VXSSRVH�ZH�VZLWFK
WR

VWDUW��W\SLFDO�VWXGHQW�DSDUWPHQW�
JRDO�����PDNH�D�ELUWKGD\�FDNH

:H�SUREDEO\�GRQ
W�KDYH�WKH�LQJUHGLHQWV��6R�ZH�VKRXOG�VWDUW�E\�FKHFNLQJ�WKH�UHFLSH��VR�ZH�FDQ�SODQ�ZKDW�WR�JR�RXW
DQG�EX\�

,Q�SODQQLQJ�SUREOHPV��WKH�JRDO�LV�RIWHQ�YHU\�VSHFLÀF�FRPSDUHG�WR�SRVVLEOH�VXFFHVVRUV�RI�WKH�VWDUWLQJ�VWDWH��6R�LW
PDNHV�VHQVH�WR�GR�EDFNZDUGV�RU�ELGLUHFWLRQDO�SODQQLQJ��+RZHYHU��ZH
OO�VHH�D�GLIIHUHQW�DSSURDFK��SDUWLDO�RUGHU
SODQQLQJ��WKDW�PDNHV�D�PRUH�VLJQLÀFDQW�GLIIHUHQFH�

+LHUDUFKLFDO�3ODQQLQJ
+LHUDUFKLFDO�SODQQLQJ�LV�DQRWKHU�XVHIXO�LGHD�WKDW�GRHVQ
W�ZRUN�DV�ZHOO�DV�\RX�PLJKW�KRSH��7KH�LGHD�KHUH�LV�WKDW
SODQQLQJ�SUREOHPV�RIWHQ�KDYH�D�QDWXUDO�DUUDQJHPHQW�RI�WDVNV�LQWR�PDLQ�JRDOV�DQG�VXEJRDOV��,Q�D�FRPSOH[
SUREOHP��WKHUH�PLJKW�EH�D�PXOWL�OD\HU�KLHUDUFK\�RI�WDVNV�

)RU�H[DPSOH��\RX�PLJKW�VNHWFK�RXW�WKH�RYHUDOO�SODQ�IRU�EX\LQJ�JURFHULHV�

0DNH�D�OLVW
'ULYH�WR�WKH�VWRUH
%X\�HYHU\WKLQJ�RQ�WKH�OLVW



'ULYH�KRPH
3XW�HYHU\WKLQJ�DZD\

+RZHYHU��DFWXDOO\�GRLQJ�HDFK�RI�WKHVH�WDVNV�UHTXLUHV�TXLWH�D�ELW�PRUH�GHWDLO��(�J��EX\LQJ�WKH�LWHPV�PLJKW�UHTXLUH

(QWHU�WKH�VWRUH
*HW�D�FDUW
*R�WKURXJK�WKH�DLVOHV�SLFNLQJ�XS�LWHPV
:DLW�IRU�D�FDVKLHU
3D\�IRU�WKH�LWHPV
*R�WR�WKH�FDU
8QORDG�WKH�FDUW
5HWXUQ�WKH�FDUW

$QG�REYLRXVO\�ZH�FRXOG�JR�LQWR�HYHQ�PRUH�GHWDLO��$W�WKH�ORZHVW�OHYHOV��H�J��PRYLQJ�WKH�FDU�DURXQG�WKH�SURGXFH
GLVSOD\V��ZH�PLJKW�ZLVK�WR�VZLWFK�FRQWURO�RYHU�WR�D�QHXUDO�QHW�RU�D�UHLQIRUFHPHQW�OHDUQLQJ�PRGHO��%XW�VRPH�RI
WKHVH�GHWDLOV��H�J��PDNLQJ�VXUH�ZH�ERXJKW�HYHU\WKLQJ�RQ�WKH�OLVW��PLJKW�EH�EHVW�KDQGOHG�V\PEROLFDOO\�

,W�LV�WHPSWLQJ�WR�WKLQN�WKDW�ZH�FDQ�EDVH�RXU�SODQQLQJ�DOJRULWKP�RQ�WKLV�KLHUDUFKLFDO�VWUXFWXUH��7KDW�LV�WUXH�WR�VRPH
H[WHQW��8QIRUWXQDWHO\��VWULFWO\�KLHUDUFKLFDO�SODQQLQJ�GRHVQ
W�DOZD\V�ZRUN�$�IDPRXV�H[DPSOH�LV�WKH�6XVVPDQ
DQRPDO\��*HUU\�6XVVPDQ��������7KLV�FRPHV�IURP�D�YDULDQW�RI�WKH�EORFNV�ZRUOG��%ORFNV�FDQ�EH�SXW�RQ�DQ
�LQÀQLWH��WDEOH�RU�VWDFNHG�RQ�WRS�RI�RQH�DQRWKHU��7KH�URERW�FDQ�PRYH�RQO\�RQH�EORFN�DW�D�WLPH��6XSSRVH�ZH�KDYH
WKH�IROORZLQJ�VWDUWLQJ�VWDWH�DQG�JRDO�

��������������������������������������������������$�
����6WDUW�VWDWH������������&��������������JRDO����%�
���������������������%�����$����������������������&�

7KH�LQWHQGHG�VROXWLRQ�LV

PRYH�&�WDEOH�
PRYH�%�&�
PRYH�$�%�

/HW
V�WU\�WR�GR�WKLV�KLHUDUFKLFDOO\��:H�KDYH�WZR�VXEJRDOV��RQ�$�%��$1'�RQ�%�&���/HW
V�ÀUVW�GHDO�ZLWK�RQH�VXEJRDO
DQG�WKHQ�GHDO�ZLWK�WKH�RWKHU�

$WWHPSW�����6XSSRVH�ZH�WU\�WR�GHDO�ZLWK�RQ�$�%��ÀUVW��7R�GR�WKLV��ZH�FOHDU�WKH�EORFN�$��VR�ZH�FDQ�SLFN�LW�XS�
DQG�WKHQ�SXW�LW�RQ�WRS�RI�%�

������������&��������������������������������$�
�������%����$����   !����%��&��$���   !������%���&�����

1RZ�ZH�WXUQ�WR�JRDO�RQ�%�&���%XW�ZH�FDQ
W�SXW�%�RQWR�&�ZLWKRXW�XQSLOLQJ�$�DQG�%��6R�ZH
YH�ZDVWHG�DOO�RXU
SUHYLRXV�ZRUN�SXWWLQJ�$�RQWR�%�

$WWHPSW�����6XSSRVH�ZH�WU\�WR�GHDO�ZLWK�RQ�%�&��ÀUVW��6R�ZH�PDNH�WKH�IROORZLQJ�PRYH�

��������������������������������%�
������������&��������    !������&�
������%�����$�������������������$�

1RZ�ZH�WXUQ�WR�JRDO�RQ�$�%���%XW�ZH�FDQ
W�SXW�$�RQWR�%�ZLWKRXW�XQSLOLQJ�DOO�WKUHH�EORFNV��WKXV�XQGRLQJ�RQ�%�&��

6R�VWULFWO\�KLHUDUFKLFDO�SODQQLQJ�GRHVQ
W�ZRUN��:H�QHHG�D�PRUH�ÁH[LEOH�DSSURDFK�WR�SODQQLQJ��)RU�H[DPSOH�
H[SDQG�ZKDW
V�UHTXLUHG�WR�PHHW�VXEJRDOV��WKHQ�WU\�WR�RUGHU�DOO�WKH�OLWWOH�WDVNV��6R�\RX�FDQ��LQWHUOHDYH��VXE�WDVNV
IURP�PRUH�WKDQ�RQH�PDLQ�JRDO�



5HFDS
&ODVVLFDO�SODQQLQJ�SUREOHP

6WDWHV�GHÀQHG�E\�ORJLFDO�FRPELQDWLRQV�RI�SUHGLFDWHV��H�J��$1'��25��127���H�J��RSHQ�IULGJH��$1'�127
RSHQ�EUHDGEDJ�
$FWLRQV�WDNH�REMHFWV�DV�DUJXPHQWV��H�J��7DNH�RXW�EXWWHU�IULGJH�
$FWLRQV�KDYH�SUHFRQGLWLRQV�DQG�HIIHFWV��SRVWFRQGLWLRQV�

3ODQ�VSDFH��SDUWLDO�RUGHU��SODQQLQJ
6R�IDU��ZH
YH�XVHG�D��VLWXDWLRQ�VSDFH��DSSURDFK�WR�SODQQLQJ��LQ�ZKLFK�RXU�VHDUFK�VSDFH�ORRNV�OLNH�

(DFK�VWDWH�LV�D�FRPSOHWH�PRGHO�RI�WKH�ZRUOG�
(DFK�HGJH�LV�DQ�DFWLRQ�WKDW�FKDQJHV�WKH�VWDWH�RI�WKH�ZRUOG�

6HDUFKLQJ�LQ�VLWXDWLRQ�VSDFH�KDV�D�PDVVLYH�EUDQFKLQJ�IDFWRU��3DWFKHV�VXFK�DV�EDFNZDUGV�SODQQLQJ�DQG�KLHUDUFKLFDO
SODQQLQJ�GRQ
W�SURSHUO\�DGGUHVV�WKLV�SUREOHP�

:KHQ�ORRNLQJ�DW�WKH�HGLW�GLVWDQFH�SUREOHP�QHDU�WKH�VWDUW�RI�WKH�WHUP��ZH�EXLOW�D�PXFK�PRUH�HIÀFLHQW�VROXWLRQ�E\
UHSODFLQJ�D�VHDUFK�WKURXJK�FRPSOHWH�PDWFKHV�ZLWK�D�VHDUFK�WKURXJK�SDUWLDO�PDWFKHV��$�VLPLODU�LGHD�LV�XVHG�LQ
�SODQ�VSDFH��SODQQLQJ��DOVR�FDOOHG��SDUWLDO�RUGHU��SODQQLQJ���2XU�VHDUFK�VSDFH�QRZ�ORRNV�OLNH�

(DFK�VWDWH�LV�D�SDUWLDO�SODQ��SHUKDSV�PLVVLQJ�VRPH�DFWLRQV�RU�RUGHULQJ�OLQNV�
(DFK�HGJH�DGGV�GHWDLO�WR�WKH�SDUWLDO�SODQ�

6SHFLÀFDOO\��LQ�SODQ�VSDFH�SODQQLQJ��HDFK�QRGH�LQ�WKH�VHDUFK�JUDSK�FRQWDLQV�D�SDUWLDO�SODQ��$�SDUWLDO�SODQ�LQFOXGHV

DFWLRQV
RUGHULQJV�EHWZHHQ�DFWLRQV

7KLV�UHIRUPXODWLRQ�RI�WKH�SODQQLQJ�SUREOHP�JLYHV�XV�D�VHDUFK�SUREOHP�ZLWK�D�PRUH�PDQDJHDEOH�VHW�RI�RSWLRQV�DW
HDFK�VWHS�

3ODQ�VSDFH�H[DPSOH
)RU�H[DPSOH��D�SDUWLDO�SODQ�IRU�PDNLQJ�WHD�PLJKW�ORRN�OLNH�WKLV�

����������������VWDUW���������������
�����������������_����������������_�
�����������������9����������������9�
������������KHDW�ZDWHU�NHWWOH���SXW�LQ�WHDEDJ�WHDSRW��
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6WDUW�DQG�ÀQLVK�DUH�VSHFLDO�DFWLRQV�

�VWDUW���QR�SUHFRQGLWLRQV��LWV�HIIHFWV�DUH�WKH�LQIRUPDWLRQ�WKDW�LV�WUXH�DW�VWDUW�RI�WKH�SODQ
�ÀQLVK���QR�HIIHFWV��SUHFRQGLWLRQV�DUH�ZKDW�QHHGV�WR�EH�WUXH�DW�WKH�HQG�RI�WKH�SODQ

7KH�LQLWLDO�VWDWH�LQ�WKH�SODQQLQJ�SURFHVV�ORRNV�OLNH�WKLV��WKH�VWDUW�DQG�ÀQLVK�DFWLRQV��ZLWK�VWDUW�RUGHUHG�EHIRUH
ÀQLVK�



����������������VWDUW�
�����������������_�
�����������������9�
����������������ILQLVK�

7KH�SUHFRQGLWLRQV�DQG�HIIHFWV�DUH�LQYLVLEOH�LQ�WKLV�GLDJUDP��)RU�RXU�WHD�H[DPSOH��WKH\�PLJKW�EH

HIIHFWV�RI�VWDUW��FROG�ZDWHU���QRW�LQ�WHDEDJ�WHDSRW����QRW�WDVW\�ZDWHU���QRW�LQ�ZDWHU�WHDSRW��
SUH�FRQGLWLRQV�RI�ÀQLVK��WDVW\�ZDWHU���QRW�LQ�WHDEDJ�WHDSRW��

(DFK�HGJH�LQ�WKH�SODQQLQJ�JUDSK�DGGV�PRUH�DFWLRQV�DQG�RU�RUGHULQJ�FRQVWUDLQWV��)LQLVK�KDV�D�SUHFRQGLWLRQ
WDVW\�ZDWHU���:H�PLJKW�WU\�WR�VDWLVI\�WKLV�XVLQJ�WKH�VWHHS�DFWLRQ�

����������������VWDUW�
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�����������������9�����
�������������VWHHS�WHDEDJ�ZDWHU�WHDSRW��
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����������������ILQLVK��
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%XW�VWHHSLQJ�UHTXLUHV�WKDW�WKH�ZDWHU�EH�KRW�DQG�HYHU\WKLQJ�SXW�LQ�WKH�WHDSRW��$QG�WKHQ�ZH�QHHG�WR�DOVR�HQVXUH�WKDW
WKH�WHDEDJ�LV�RXW�RI�WKH�ZDWHU�DW�WKH�HQG��6R�ZH�DGG�PRUH�DFWLRQV�DQG�RUGHULQJV�XQWLO�ZH�UHDFK�D�FRPSOHWH�SODQ�
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�������������������9�������������9�
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�������������������9����������������_�
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PD[������������������������������
��������������������������������_����?�
��������������������������������_��������?��
��������������������������������_�������������?�
PLQ�������������������������������������������������
�������������?������������������_����?��������������?�
PD[�������������������������������������������������������
��������_?�����_?���������?������?�����?�������_?�����?�
����������������������������������������������������������

7KH�WRS�OHYHO�LV�PD[
V�PRYH��VR�KH�DJDLQ�SLFNV�WKH�ODUJHVW�YDOXH��7KH�GRXEOH�KDVK�VLJQV������VKRZ�WKH�VHTXHQFH
RI�PRYHV�WKDW�ZLOO�EH�FKRVHQ��LI�ERWK�SOD\HUV�SOD\�RSWLPDOO\�

PD[�������������������������������
�������������������������������������?�



�����������������������������������������?��
����������������������������������������������?�
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7KLV�SURFHGXUH�LV�FDOOHG��PLQLPD[��DQG�LV�RSWLPDO�DJDLQVW�DQ�RSWLPDO�RSSRQHQW��8VXDOO\�RXU�EHVW�FKRLFH�HYHQ
DJDLQVW�VXERSWLPDO�RSSRQHQWV�XQOHVV�ZH�KDYH�VSHFLDO�LQVLJKW�LQWR�WKH�ZD\V�LQ�ZKLFK�WKH\�DUH�OLNHO\�WR�SOD\�EDGO\�

0RUH�WKDQ�WZR�SOD\HUV
0LQLPD[�VHDUFK�H[WHQGV�WR�FDVHV�ZKHUH�ZH�KDYH�PRUH�WKDQ�WZR�SOD\HUV�DQG�RU�WKH�JDPH�LV�QRW�]HUR�VXP��,Q�WKH
IXOO\�JHQHUDO�FDVH��HDFK�QRGH�DW�WKH�ERWWRP�FRQWDLQV�D�WXSOH�RI�UHZDUG�YDOXHV��RQH�SHU�SOD\HU���$W�HDFK�OHYHO�SO\�
WKH�DSSURSULDWH�SOD\HU�FKRRVH�WKH�WXSOH�WKDW�PD[LPL]HV�WKHLU�UHZDUG��7KH�FKRVHQ�WXSOHV�SURSDJDWH�XSZDUGV�LQ�WKH
WUHH��DV�VKRZQ�EHORZ�

:KDW�LI�WKH�JDPH�WUHH�LV�WRR�GHHS"
)RU�PRUH�FRPSOH[�JDPHV��ZH�ZRQ
W�KDYH�WKH�WLPH�PHPRU\�UHTXLUHG�WR�VHDUFK�WKH�HQWLUH�JDPH�WUHH��6R�ZH
OO�QHHG
WR�FXW�RII�VHDUFK�DW�VRPH�FKRVHQ�GHSWK��,Q�WKLV�FDVH��ZH�KHXULVWLFDOO\�HYDOXDWH�WKH�JDPH�FRQÀJXUDWLRQV�LQ�WKH
ERWWRP�OHYHO��WU\LQJ�WR�JXHVV�KRZ�JRRG�WKH\�ZLOO�SURYH��:H�WKHQ�XVH�PLQLPD[�WR�SURSDJDWH�YDOXHV�XS�WR�WKH�WRS
RI�WKH�WUHH�DQG�GHFLGH�ZKDW�PRYH�ZH
OO�PDNH�

$V�SOD\�SURJUHVVHV��ZH
OO�NQRZ�H[DFWO\�ZKDW�PRYHV�KDYH�EHHQ�WDNHQ�QHDU�WKH�WRS�RI�WKH�WUHH��7KHUHIRUH��ZH
OO�EH
DEOH�WR�H[SDQG�QRGHV�IXUWKHU�DQG�IXUWKHU�GRZQ�WKH�JDPH�WUHH��:KHQ�ZH�VHH�WKH�ÀQDO�UHVXOW�RI�WKH�JDPH��ZH�FDQ
XVH�WKDW�LQIRUPDWLRQ�WR�UHÀQH�RXU�HYDOXDWLRQV�RI�WKH�LQWHUPHGLDWH�QRGHV��WR�LPSURYH�SHUIRUPDQFH�LQ�IXWXUH�JDPHV�

(YDOXDWLQJ�WLF�WDF�WRH�FRQÀJXUDWLRQV
+HUH
V�D�VLPSOH�ZD\�WR�HYDOXDWH�SRVLWLRQV�IRU�WLF�WDF�WRH��$W�WKH�VWDUW�RI�WKH�JDPH��WKHUH�DUH���ZD\V�WR�SODFH�D�OLQH
RI�WKUHH�WRNHQV��$V�SOD\�SURJUHVVHV��VRPH�RI�WKHVH�DUH�QR�ORQJHU�DYDLODEOH�WR�RQH�RU�ERWK�SOD\HUV��6R�ZH�FDQ
HYDOXDWH�WKH�VWDWH�E\



I�VWDWH�� �>QXPEHU�RI�OLQHV�RSHQ�WR�XV@���>QXPEHU�RI�OLQHV�RSHQ�WR�RSSRQHQW@

7KH�ÀJXUH�EHORZ�VKRZV�WKH�HYDOXDWLRQV�IRU�HDUO\�SDUWV�RI�WKH�JDPH�WUHH�

��
�IURP�0LWFK�0DUFXV�DJDLQ�

(YDOXDWLQJ�FKHVV�FRQÀJXUDWLRQV
(YDOXDWLRQV�RI�FKHVV�SRVLWLRQV�GDWHV�EDFN�WR�D�VLPSOH�SURSRVDO�E\�$ODQ�7XULQJ��,Q�WKLV�PHWKRG��ZH�JLYH�D�SRLQW
YDOXH�WR�HDFK�SLHFH��DGG�XS�WKH�SRLQW�YDOXHV��DQG�FRQVLGHU�WKH�GLIIHUHQFH�EHWZHHQ�RXU�SRLQW�VXP�DQG�WKDW�RI�RXU
RSSRQHQW��$SSURSULDWH�SRLQW�YDOXHV�ZRXOG�EH

SDZQ� ��
NQLJKW� ��
ELVKRS� �����
URRN� ��
TXHHQ� ��

:H�FDQ�GR�D�ORW�EHWWHU�E\�FRQVLGHULQJ��SRVLWLRQDO��IHDWXUHV��H�J��ZKHWKHU�D�SLHFH�LV�EHLQJ�WKUHDWHQHG��ZKR�KDV
FRQWURO�RYHU�WKH�FHQWHU��$�ZHLJKWHG�VXP�RI�WKHVH�IHDWXUH�YDOXHV�ZRXOG�EH�XVHG�WR�HYDOXDWH�WKH�SRVLWLRQ��7KH�'HHS
%OXH�FKHVV�SURJUDP�KDV�RYHU������SRVLWLRQDO�IHDWXUHV�

0RUH�SRZHUIXO�HYDOXDWLRQ�IXQFWLRQV
0RUH�JHQHUDOO\��HYDOXDWLQJ�D�JDPH�FRQÀJXUDWLRQ�XVXDOO\�LQYROYHV�D�ZHLJKWHG�VXP�RI�IHDWXUHV��,Q�HDUO\�V\VWHPV�
WKH�IHDWXUHV�ZHUH�KDQG�FUDIWHG�XVLQJ�H[SHUW�GRPDLQ�NQRZOHGJH��7KH�ZHLJKWLQJ�ZRXOG�EH�OHDUQHG�IURP�GDWDEDVHV
RI�SOD\HG�JDPHV�DQG�RU�E\�SOD\LQJ�WKH�DOJRULWKP�DJDLQVW�LWVHOI���3OD\LQJ�DJDLQVW�KXPDQV�LV�DOVR�XVHIXO��EXW�FDQ
W
EH�GRQH�QHDUO\�DV�PDQ\�WLPHV���,Q�PRUH�UHFHQW�V\VWHPV��ERWK�WKH�IHDWXUHV�DQG�WKH�ZHLJKWLQJ�PD\�EH�UHSODFHG�E\�D
GHHS�QHXUDO�QHW�

)XUWKHU�RSWLPL]DWLRQV
6RPHWKLQJ�UHDOO\�LQWHUHVWLQJ�PLJKW�KDSSHQ�MXVW�DIWHU�WKH�FXWRII�GHSWK��7KLV�LV�FDOOHG�WKH��KRUL]RQ�HIIHFW���:H�FDQ
W
FRPSOHWHO\�VWRS�WKLV�IURP�KDSSHQLQJ��+RZHYHU��ZH�FDQ�KHXULVWLFDOO\�FKRRVH�WR�VWRS�VHDUFK�VRPHZKDW
DERYH�EHORZ�WKH�WDUJHW�GHSWK�UDWKHU�WKDQ�DSSO\LQJ�WKH�FXWRII�ULJLGO\��6RPH�KHXULVWLFV�LQFOXGH�



�4XLHVFHQFH�VHDUFK��H[WHQG�VHDUFK�IXUWKHU�LI�SRVLWLRQ�LV��XQVWDEOH���H�J��SLHFH�LQ�GDQJHU��
�6LQJXODU�H[WHQVLRQ���WU\�D�IHZ�HVSHFLDOO\�VWURQJ�PRYHV�SDVW�WKH�FXWRII�
(DUO\�SUXQLQJ��(YDOXDWH�VWDWHV�EHIRUH�ZH�UHDFK�FXWRII�GHSWK��3UXQH�XQSURPLVLQJ�VWDWHV�ZLWKRXW�H[SDQGLQJ
WKHP�WR�FXWRII�GHSWK��DV�LQ�EHDP�VHDUFK��

7ZR�RWKHU�RSWLPL]DWLRQV�DUH�FRPPRQ�

0HPRL]H�HYDOXDWLRQ�RI�VWDWHV�VHHQ�SUHYLRXVO\��7KH�WDEOH�RI�VWRUHG�SRVLWLRQV�LV�RIWHQ�FDOOHG�D��WUDQVSRVLWLRQ
WDEOH��EHFDXVH�D�FRPPRQ�ZD\�WR�KLW�WKH�VDPH�VWDWH�WZLFH�LV�WR�KDYH�WZR�PRYHV��H�J��LQYROYLQJ�XQUHODWHG
SDUWV�RI�WKH�ERDUG��WKDW�FDQ�EH�GRQH�LQ�HLWKHU�RUGHU�
6SHFLDO�GDWD�WDEOHV�IRU�RSHQLQJ�PRYHV�DQG�HQGJDPHV�

5RERW�SUXQHV�D�WUHH

��
IURP�%HUNHOH\�&6�����VOLGHV

5HFDS��JDPH�VHDUFK
(DFK�WUHH�QRGH�UHSUHVHQWV�D�JDPH�VWDWH��$V�LPDJLQHG�E\�D�WKHRUHWLFLDQ��ZH�PLJKW�XVH�WKH�IROORZLQJ�ERWWRP�XS
DSSURDFK�WR�ÀQGLQJ�RXU�EHVW�PRYH�

%XLOG�RXW�JDPH�WUHH�WR�GHSWK�G�
$W�GHSWK�G��XVH�KHXULVWLF�IXQFWLRQ�WR�HYDOXDWH�JDPH�SRVLWLRQV�
8VH�PLQLPD[�WR�SURSDJDWH�YDOXHV�IURP�GHSWK�G�XS�WR�URRW�RI�WUHH�
3LFN�EHVW�PRYH�DYDLODEOH�WR�XV�DW�WKH�URRW�QRGH

$V�ZH
OO�VHH�VRRQ��ZH�FDQ�RIWHQ�DYRLG�EXLOGLQJ�RXW�WKH�HQWLUH�JDPH�WUHH��HYHQ�WR�GHSWK�G���6R�D�EHWWHU�DSSURDFK�WR
LPSOHPHQWDWLRQ�XVHV�UHFXUVLYH�GHSWK�ÀUVW�VHDUFK��6R�WKH�DOJRULWKP�IRU�ÀQGLQJ�RXU�EHVW�PRYH�DFWXDOO\�ORRNV�OLNH�

'R�UHFXUVLYH�GHSWK�ÀUVW�VHDUFK��ZLWK�GHSWK�OLPLW�G�
:KHQ�ZH�KLW�D�QRGH�DW�GHSWK�G��XVH�KHXULVWLF�IXQFWLRQ�WR�HYDOXDWH�WKH�JDPH�SRVLWLRQ�
$V�ZH�UHFXUVH�XSZDUGV��XVH�PLQLPD[�WR�SURSDJDWH�YDOXHV�XSZDUGV
3LFN�EHVW�PRYH�DYDLODEOH�WR�XV�DW�WKH�URRW�QRGH

$OSKD�EHWD�SUXQLQJ��PDLQ�LGHD
+RZ�GR�ZH�PDNH�WKLV�SURFHVV�PRUH�HIIHFWLYH"



,GHD��ZH�FDQ�RIWHQ�FRPSXWH�WKH�XWLOLW\�RI�WKH�URRW�ZLWKRXW�H[DPLQLQJ�DOO�WKH�QRGHV�LQ�WKH�JDPH�WUHH�

2QFH�ZH
YH�VHHQ�VRPH�RI�WKH�OHIWKDQG�FKLOGUHQ�RI�D�QRGH��WKLV�JLYHV�XV�D�SUHOLPLQDU\�YDOXH�IRU�WKDW�QRGH��)RU�D
PD[�QRGH��WKLV�LV�D�ORZHU�ERXQG�RQ�WKH�YDOXH�DW�WKH�QRGH��)RU�D�PLQ�QRGH��WKLV�JLYHV�XV�DQ�XSSHU�ERXQG�
7KHUHIRUH��DV�ZH�VWDUW�WR�ORRN�DW�DGGLWLRQDO�FKLOGUHQ��ZH�FDQ�DEDQGRQ�WKH�H[SORUDWLRQ�RQFH�LW�EHFRPHV�FOHDU�WKDW
WKH�QHZ�FKLOG�FDQ
W�EHDW�WKH�YDOXH�WKDW�ZH
UH�FXUUHQWO\�KROGLQJ�

+HUH
V�DQ�H[DPSOH�IURP�IURP�'LDQH�/LWPDQ��8��3LWW��





$V�\RX�FDQ�VHH�IURP�WKLV�H[DPSOH��WKLV�VWUDWHJ\�FDQ�JUHDWO\�UHGXFH�WKH�DPRXQW�RI�WKH�WUHH�ZH�KDYH�WR�H[SORUH�
5HPHPEHU�WKDW�ZH
UH�EXLOGLQJ�WKH�JDPH�WUHH�G\QDPLFDOO\�DV�ZH�GR�GHSWK�ÀUVW�VHDUFK��VR��GRQ
W�KDYH�WR�H[SORUH�
PHDQV�WKDW�ZH�QHYHU�HYHQ�DOORFDWH�WKRVH�QRGHV�RI�WKH�WUHH�

3HUIRUPDQFH�RI�DOSKD�EHWD�SUXQLQJ
7KDW�WKH�OHIW�WR�ULJKW�RUGHU�RI�QRGHV�PDWWHUV�WR�WKH�SHUIRUPDQFH�RI�DOSKD�EHWD�SUXQLQJ��5HPHPEHU�WKDW�WKH�WUHH�LV
EXLOW�G\QDPLFDOO\��VR�WKLV�OHIW�WR�ULJKW�RUGHULQJ�LV�GHWHUPLQHG�E\�WKH�RUGHU�LQ�ZKLFK�ZH�FRQVLGHU�WKH�YDULRXV
SRVVLEOH�DFWLRQV��PRYHV�LQ�WKH�JDPH���6R�WKH�QRGH�RUGHU�LV�VRPHWKLQJ�ZH�FDQ�SRWHQWLDOO\�FRQWURO�

&RQVLGHU�WKLV�H[DPSOH��IURP�0LWFK�0DUFXV��8��3HQQ���DGDSWHG�IURP�5LFN�/DWKURS��86&����1RQH�RI�WKHVH�QRGHV
FDQ�EH�SUXQHG�E\�DOSKD�EHWD��EHFDXVH�WKH�EHVW�YDOXHV�DUH�DOZD\V�RQ�WKH�ULJKWKDQG�EUDQFK�

,I�ZH�UHYHUVH�WKH�OHIW�WR�ULJKW�RUGHU�RI�WKH�YDOXHV��ZH�FDQ�GR�FRQVLGHUDEOH�SUXQLQJ�



6XSSRVH�WKDW�ZH�KDYH�E�PRYHV�LQ�HDFK�JDPH�VWDWH��L�H��EUDQFKLQJ�IDFWRU�E���DQG�RXU�WUHH�KDV�KHLJKW�P��7KHQ
VWDQGDUG�PLQLPD[�H[DPLQHV� �QRGHV��,I�ZH�YLVLW�WKH�QRGHV�LQ�WKH�RSWLPDO�RUGHU��DOSKD�EHWD�SUXQLQJ�ZLOO
UHGXFH�WKH�QXPEHU�RI�QRGHV�VHDUFKHG�WR� ��,I�ZH�YLVLW�WKH�QRGHV�LQ�UDQGRP�RUGHU��ZH
OO�H[DPLQH�
RQ�DYHUDJH�

2EYLRXVO\��ZH�FDQ
W�PDJLFDOO\�DUUDQJH�WR�KDYH�WKH�QRGHV�LQ�H[DFWO\�WKH�ULJKW�RUGHU��EHFDXVH�WKH�ZKROH�SRLQW�RI
WKLV�VHDUFK�LV�WR�ÀQG�RXW�ZKDW�YDOXHV�ZH�KDYH�DW�WKH�ERWWRP��+RZHYHU��KHXULVWLF�RUGHULQJ�RI�DFWLRQV�FDQ�JHW�FORVH
WR�WKH�RSWLPDO� �LQ�SUDFWLFH��)RU�H[DPSOH��D�JRRG�KHXULVWLF�RUGHU�IRU�FKHVV�H[DPLQHV�SRVVLEOH�PRYHV�LQ�WKH
IROORZLQJ�RUGHU�

�ÀUVW��FDSWXUHV
WKUHDWV
IRUZDUG�PRYHV
�ODVW��EDFNZDUGV�PRYHV

6WRFKDVWLF�*DPHV
$�VWRFKDVWLF�JDPH�LV�RQH�LQ�ZKLFK�VRPH�FKDQJHV�LQ�JDPH�VWDWH�DUH�UDQGRP��H�J��GLFH�UROOV��FDUG�JDPHV��7KDW�LV�WR
VD\��PRVW�ERDUG�DQG�FDUG�JDPHV��7KHVH�FDQ�EH�PRGHOOHG�XVLQJ�JDPH�WUHHV�ZLWK�WKUHH�W\SHV�RI�QRGHV

PD[�QRGHV��RXU�PRYH���XSZDUG�SRLQWLQJ�WULDQJOHV
PLQ�QRGHV��RSSRQHQW
V�PRYH���GRZQZDUG�SRLQWLQJ�WULDQJOHV
FKDQFH�QRGHV��HQYLURQPHQW
V�PRYH���FLUFOHV



��
IURP�5XVVHOO�DQG�1RUYLJ

([SHFWLPLQLPD[
([SHFWLPLQLPD[�LV�DQ�H[WHQVLRQ�RI�PLQLPD[�IRU�SURSDJDWLQJ�YDOXHV�XSZDUGV�LQ�WUHHV�ZLWK�FKDQFH�QRGHV��0LQ�DQG
PD[�QRGHV�ZRUN�DV�QRUPDOO\��)RU�FKDQFH�QRGHV��QRGH�YDOXH�LV�WKH�H[SHFWHG�YDOXH�RYHU�DOO�LWV�FKLOGUHQ�

7KDW�LV��VXSSRVH�WKH�SRVVLEOH�RXWFRPHV�RI�D�UDQGRP�DFWLRQ�DUH� ��3XW�HDFK�RXWFRPH�LQ�LWV�RZQ�FKLOG
QRGH��7KHQ�WKH�YDOXH�IRU�WKH�SDUHQW�QRGH�ZLOO�EH� ��7KH�WR\�H[DPSOH�EHORZ�VKRZV�KRZ�WKLV�ZRUNV�

�IURP�/DQD�/D]HEQLN

7KLV�DOO�ZRUNV�LQ�WKHRU\��+RZHYHU��FKDQFH�QRGHV�DGG�HQRXJK�OHYHO�WR�WKH�WUHH�DQG��LQ�VRPH�FDVHV��H�J��FDUG
JDPHV���WKH\�FDQ�KDYH�D�KLJK�EUDQFKLQJ�IDFWRU��6R�JDPHV�LQYROYLQJ�UDQGRP�VHFWLRQ��H�J��SRNHU��FDQ�TXLFNO\
EHFRPH�KDUG�WR�VROYH�E\�GLUHFW�VHDUFK�

,PSHUIHFW�LQIRUPDWLRQ
$�UHODWHG�FRQFHSW�LV�LPSHUIHFW�LQIRUPDWLRQ��,Q�D�JDPH�ZLWK�LPSHUIHFW�LQIRUPDWLRQ��WKHUH�DUH�SDUWV�RI�WKH�JDPH
VWDWH�WKDW�\RX�FDQ
W�REVHUYH��H�J��ZKDW
V�LQ�WKH�RWKHU�SOD\HU
V�KDQG��$JDLQ��W\SLFDO�RI�PDQ\�FRPPRQ�ERDUG�DQG
FDUG�JDPHV��:H�FDQ�DOVR�GUDZ�WKHVH�DV�FKDQFH�QRGHV��DV�LQ�WKH�H[DPSOH�EHORZ��IURP�/DQD�/D]HEQLN���1RWLFH�WKDW
/LQFROQ
V�IDFH�LV�RQ�WKH�SHQQ\�DQG�-HIIHUVRQ
V�IDFH�LV�RQ�WKH�QLFNHO�



2QH�ZD\�WR�PRGHO�VXFK�D�VLWXDWLRQ�LV�WR�VD\�WKDW�WKH�DJHQW�LV�LQ�RQH�RI�VHYHUDO�VWDWHV�

,Q�EURDG�RXWOLQH��WKLV�LV�VLPLODU�WR�WKH�VWDQGDUG�WULFN�LQ�DXWRPDWD�WKHRU\�IRU�PRGHOOLQJ�DQ�1)$�XVLQJ�D�')$
ZKRVH�VWDWHV�DUH�VHWV�RI�1)$�VWDWHV��7KH�JDPH�SOD\LQJ�SURJUDP�ZRXOG�WKHQ�SLFN�D�FRPPRQ�SROLF\�WKDW�ZLOO�ZRUN
IRU�WKH�ZKROH�VHW�RI�SRVVLEOH�VWDWHV��)RU�H[DPSOH��LI�\RX
UH�SOD\LQJ�RQFH�DQG�FDQ
W�DIIRUG�WR�ORVH��\RX�PLJKW�SLFN
WKH�SROLF\�WKDW�PLQLPL]HV�\RXU�ORVV�LQ�WKH�ZRUVW�FDVH��,Q�WKH�H[DPSOH�DERYH��WKLV�DSSURDFK�ZRXOG�SLFN�-HIIHUVRQ�

,Q�D�PRUH�FRPSOH[�VLWXDWLRQ��WKH�JURXS�RI�VWDWHV�PLJKW�VKDUH�FRPPRQ�IHDWXUHV�WKDW�FRXOG�EH�OHYHUDJHG�WR�PDNH�D
JRRG�GHFLVLRQ��)RU�H[DPSOH��VXSSRVH�\RX�DUH�GULYLQJ�LQ�D�FLW\�DQG�KDYH�JRWWHQ�ORVW��<RX�VWRS�WR�DVN�IRU�GLUHFWLRQV
EHFDXVH�\RX��KDYH�QR�LGHD��ZKHUH�\RX�DUH��$FWXDOO\��\RX�SUREDEO\�GR�KDYH�VRPH�LGHD��,I�\RX
UH�ORVW�LQ�&KLFDJR�
\RX
G�DVN�IRU�GLUHFWLRQV�LQ�(QJOLVK��,Q�%HLMLQJ��\RX
G�GR�WKLV�LQ�&KLQHVH��<RXU�JURXS�RI�DOWHUQDWLYH�VWDWHV�VKDUHV�D
FRPPRQ�JHRJUDSKLF�IHDWXUH��7KLV�FDQ�EH�WUXH�IRU�FRPSOH[�JDPH�VWDWHV��H�J��\RX�GRQ
W�NQRZ�WKHLU�H[DFW�KDQG�EXW
LW�DSSDUHQWO\�FRQWDLQV�VRPH�GLDPRQGV�

$OWHUQDWLYHO\��ZH�FRXOG�UHVWUXFWXUH�WKH�UHSUHVHQWDWLRQ�VR�WKDW�ZH�KDYH�D�VWRFKDVWLF�FKDQFH�QRGH�DIWHU�RXU�PRYH��DV
LQ�WKLV�SLFWXUH�



7KLV�LV�D�JRRG�DSSURDFK�LI�\RX�DUH�SOD\LQJ�WKH�JDPH�UHSHDWHGO\�DQG�KDYH�VRPH�WKHRU\�RI�KRZ�OLNHO\�WKH�WZR�FRLQV
DUH��,I�WKH�WZR�FRLQV�DUH�HTXDOO\�OLNHO\��WKH�FRUUHVSRQGLQJ�H[SHFWLPLQLPD[�DQDO\VLV�ZRXOG�FRPSXWH�WKH�H[SHFWHG
YDOXH�IRU�HDFK�RI�WKH�WZR�FKDQFH�QRGHV�����IRU�WKH�OHIW�RQH����IRU�WKH�ULJKW�RQH���7KLV�DJDLQ�OHDGV�WR�D�FKRLFH�RI
-HIIHUVRQ��+RZHYHU��LQ�WKLV�FDVH��WKH�EHVW�FKRLFH�ZLOO�FKDQJH�GHSHQGLQJ�RQ�RXU�WKHRU\�RI�KRZ�OLNHO\�WKH�WZR�W\SHV
RI�FRLQV�DUH�

%XW�ZKDW�LI�RXU�RSSRQHQW�LV�WKLQNLQJ�DKHDG"�+RZ�RIWHQ�ZRXOG�VKH�DFWXDOO\�FKRRVH�WR�SLFN�WKH�SHQQ\�YV��WKH
QLFNHO"�2U��LI�VKH
V�SLFNLQJ�UDQGRPO\�IURP�D�EDJ�RI�FRLQV��ZKDW�SHUFHQWDJH�RI�WKH�FRLQV�DUH�UHDOO\�SHQQLHV"

!!!�4XHVWLRQ�IRU�WKH�UHDGHU��ZKDW�SUREDELOLW\�RI�SHQQ\�YV��QLFNHO�ZRXOG�EH�UHTXLUHG�WR�FKDQJH�RXU
EHVW�FKRLFH�WR�/LQFROQ"

0RQWH�&DUOR�7UHHV
*DPH�WUHHV�LQYROYLQJ�FKDQFH�QRGHV�FDQ�TXLFNO\�EHFRPH�YHU\�ODUJH��UHVWULFWLQJ�H[KDXVWLYH�VHDUFK�WR�D�VPDOO
ORRNDKHDG�LQ�WHUPV�RI�PYRHV��2QH�PHWKRG�IRU�JHWWLQJ�WKH�PRVW�RXW�RI�OLPLWHG�VHDUFK�WLPH�LV�WR�UDQGRPO\�VHOHFW
WUHHV��7KDW�LV

%XLOG�Q�JDPH�WUHHV�
:KHQ�EXLOGLQJ�HDFK�WUHH��PDNH�D�UDQGRP�VHOHFWLRQ�IRU�HDFK�FKDQFH�QRGH�
$YHUDJH�WKH�UHVXOWLQJ�QRGH�YDOXHV

7KLV�PHWKRG�OLPLWV�WR�WKH�FRUUHFW�QRGH�YDOXHV�DV�Q�JHWV�ODUJH��,Q�SUDFWLFH��ZH�PDNH�Q�DV�ODUJH�DV�UHVRXUFHV�DOORZ
DQG�OLYH�ZLWK�WKH�UHVXOWLQJ�DSSUR[LPDWLRQ�HUURU�

$�VLPLODU�DSSURDFK�FDQ�EH�XVHG�RQ�GHWHUPLQLVWLF�JDPHV�ZKHUH�WKH�WUHHV�DUH�WRR�ODUJH�IRU�RWKHU�UHDVRQV��7KDW�LV

%XLOG�RXW�WKH�WUHH�GRZQ�WR�VRPH�FXWRII�OHYHO�
3LFN�D�OHDI�QRGH�WR�H[SDQG�IXUWKHU�
3OD\�JDPH�WR�LWV�HQG�XVLQJ�VRPH�GHIDXOW�VWUDWHJ\��HYHQ�UDQGRP�PRYHV��
3URSDJDWH�UHZDUG�YDOXHV�WR�QRGHV�KLJKHU�XS�LQ�WKH�WUHH�



��
IURP�&��%URZQH�HW�DO���$�VXUYH\�RI�0RQWH�&DUOR�7UHH�6HDUFK�0HWKRGV������

3RNHU�SOD\LQJ�V\VWHPV
3RNHU�LV�D�JRRG�H[DPSOH�RI�D�JDPH�ZLWK�ERWK�D�FKDQFH�FRPSRQHQW�DQG�LQFRPSOHWH�LQIRUPDWLRQ��,W�LV�RQO\�UHFHQWO\
WKDW�SRNHU�SURJUDPV�DUH�FRPSHWLWLYH��&08
V�/LEUDWXV�V\VWHP�UHFHQWO\��������EHDW�VRPH�RI�WKH�EHVW�KXPDQ
SOD\HUV���JHHNZLUH��&08�QHZV��

/LEUDWXV�XVHV�WKUHH�PRGXOHV�WR�KDQGOH�WKUHH�NH\�WDVNV�

6LPSOLÀHV�JDPH�E\�WUHDWLQJ�FHUWDLQ�KDQGV�DV�HTXLYDOHQW��XVH�WKLV�WR�EXLOG�LQLWLDO�VWUDWHJ\��PRUH�GHWDLOHG�LQ
HDUO\�SDUWV�RI�JDPH��
$V�JDPH�SURJUHVVHV��UHÀQH�VWUDWHJ\�IRU�ODWHU�SDUWV�RI�WKH�JDPH�
$QDO\]HV�RSSRQHQW
V�EHWV�WR�GHWHFW�DQG�À[�LVVXHV�ZLWK�FXUUHQW�VWUDWHJ\�

,W�XVHG�D�YDVW�DPRXQW�RI�FRPSXWLQJ�SRZHU������RI�WKH�����FRPSXWH�QRGHV�LQ�WKH��%ULGJHV��VXSHUFRPSXWHU�FHQWHU�
%DVHG�RQ�WKH�QHZV�DUWLFOHV��WKLV�ZRXOG�KDYH���SHQWDÁRS��L�H�������WLPHV�DV�PXFK�SURFHVVLQJ�SRZHU�DV�D�KLJK�HQG
ODSWRS��$QG�WKH�PHPRU\�ZDV�����7HUDE\HV��L�H���������WLPHV�DV�PXFK�DV�D�KLJK�HQG�ODSWRS��7KLV�LV�D�JRRG
H[DPSOH�RI�FXUUHQW�VWDWH�RI�WKH�DUW�JDPH�SURJUDPV�UHTXLULQJ�H[FHVVLYH�DPRXQWV�RI�FRPSXWLQJ�UHVRXUFHV��EHFDXVH
JDPH�SHUIRUPDQFH�LV�VR�FORVHO\�WLHG�WR�WKH�UDZ�DPRXQW�RI�VHDUFK�WKDW�FDQ�EH�GRQH��+RZHYHU��LPSURYHPHQWV�LQ
KDUGZDUH�KDYH�PRYHG�PDQ\�$,�V\VWHPV�IURP�D�VLPLODU�QLFKH�WR�HYHQWXDO�LQVWDOODWLRQ�RQ�HYHU\GD\�GHYLFHV�

)RU�D�PRUH�WKHRUHWLFDO��SUREDEO\�FRPSOHWPHQWDU\��DSSURDFK��FKHFN�RXW�WKH�&)5�3RNHU�DOJRULWKP�

*R
$QRWKHU�YHU\�UHFHQW�GHYHORSPHQW�DUH�SURJUDPV�WKDW�SOD\�*R�H[WUHPHO\�ZHOO��$OSKD*R�DQG�LWV�VXFFHVVRU
$OSKD=HUR�FRPELQH�0RQWH�&DUOR�WUHH�VHDUFK�ZLWK�QHXUDO�QHWZRUNV�WKDW�HYDOXDWH�WKH�JRRGQHVV�RI�ERDUG�SRVLWLRQV
DQG�HVWLPDWH�WKH�SUREDELOLW\�RI�GLIIHUHQW�FKRLFHV�RI�PRYH��,Q�������$OSKD*R�EHDW�/HH�6H�GRO��EHOLHYHG�WR�EH�WKH
WRS�KXPDQ�SOD\HU�DW�WKH�WLPH��0RUH�UHFHQW�YHUVLRQV�ZRUN�EHWWHU�DQG�VHHP�WR�EH�FRQVLVWHQWO\�FDSDEOH�RI�EHDWLQJ
KXPDQ�SOD\HUV�

0RUH�GHWDLOV�FDQ�EH�IRXQG�LQ

WKH�$OSKD�=HUR�SDSHU��DQG
IURP�*RRJOH
V�'HHSPLQG�ZHEVLWH

,Q�D�UHFHQW�QHZV�DUWLFOH��WKH�%%&�UHSRUWHG�WKDW�/HH�6H�GRO�TXLW�EHFDXVH�$,��FDQQRW�EH�GHIHDWHG��


