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5HTXLUHPHQWV�IRU�3DUDOOHO�3URJUDPV
� 5HDO�SUREOHP�REVHUYDWLRQ��H[SHULPHQWV��Ü
������3DUDOOHO�DOJRULWKP�GHVFULSWLYH�SVHXGR�FRGH��Ü
���������3DUDOOHO�FRPSXWHU�SURJUDP��SURJUDPPLQJ
���������ODQJXDJH�FRGH��
� 7R�GHYLVH�DQ�HIILFLHQW�SDUDOOHO�SURJUDP�ZH�KDYH�WR

LGHQWLI\�
² FRQFXUUHQF\�
² VFDODELOLW\�
² ORFDOLW\��DQG
² PRGXODULW\�
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&RQFXUUHQF\
� $ELOLW\�RI�SHUIRUPLQJ�FDOFXODWLRQ�DW�WKH�VDPH�WLPH

² LQGHSHQGHQW�FDOFXODWLRQ
² DFFHVVLEOH�GDWD�LQ�WKH�WLPH�RI�FDOFXODWLRQ

� 6XP�RI�LQWHJHUV�������LQVWHDG�RI����VWHSV�ZH�XVH��
VWHSV�
����D �����E �����F �����G �����H ����
����D D�E��E F�G��H�
����D D�E
����D D�H

� &DQ�QRW�VWDUW�VWHS���EHIRUH�VWHS���LV�ILQLVKHG��
� %XW�WKH�SULFH�LV��D�QHHG�IRU�PRUH�DGGHUV�DEOH�WR

FRPSXWH�FRQFXUUHQWO\�DQG�PRUH�PHPRU\�ORFDWLRQV�
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6FDODELOLW\

� 5HVLOLHQFH�WR�LQFUHDVLQJ���SURFHVVRU�FRXQWV�
� $ELOLW\�WR�H[HFXWH�D�SDUDOOHO�SURJUDP�ZLWK�D�VLPLODU

HIILFLHQF\�RQ�GLIIHUHQW�QXPEHU�RI�SURFHVVRUV�
� 8VXDOO\��HIILFLHQF\�GHFUHDVHV�ZLWK�WKH�LQFUHDVHG

QXPEHU�RI�SURFHVVRUV�
� 3URJUDP�DEOH�WR�XVH�RQO\�D�IL[HG�QXPEHU�RI

SURFHVVRUV�LV�D�EDG�SDUDOOHO�SURJUDP�
� 6FDODELOLW\�HQDEOHV�SRUWDELOLW\�IRU�SURWHFWLQJ

VRIWZDUH�LQYHVWPHQWV�
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/RFDOLW\
� $�SRVVLELOLW\�RI�D�SURJUDP�IRU�H[SORLWLQJ�DFFHVVHV�WR

ORFDO�PHPRU\��VDPH�QRGH��
� /RFDO�DFFHVVHV�DUH��OHVV�H[SHQVLYH��IDVWHU��WKDQ

DFFHVVHV�WR�UHPRWH�PHPRU\��GLIIHUHQW�QRGH���L�H��
UHDG�DQG�ZULWH�DUH�OHVV�FRVWO\�WKDQ�VHQG�DQG�UHFHLYH�

� 7KH�UDWLR�UHPRWH�ORFDO�FRVW�FDQ�YDU\�IURP������WR
�������RU�JUHDWHU��GHSHQGLQJ�RQ�WKH�UHODWLYH
SHUIRUPDQFH�RI�WKH�ORFDO�FRPSXWHU��WKH�QHWZRUN��DQG
WKH�PHFKDQLVPV�XVHG�WR�PRYH�GDWD�WR�DQG�IURP�WKH
QHWZRUN�

� (IILFLHQF\�RI�D�SDUDOOHO��DOJRULWKP�GHSHQGV�RQ�WKH
UDWLR�RI�WKH�QXPEHU�RI�UHPRWH�WR�ORFDO�DFFHVV�
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0RGXODULW\
� ,Q�PRGXODU�SURJUDP�GHVLJQ�LWV�FRPSRQHQWV�DUH

GHYHORSHG�VHSDUDWHO\��DV�LQGHSHQGHQW�PRGXOHV�
� 7KHVH�PRGXOHV�FDQ�EH�FRPELQHG�RU�UHXVH�WR�REWDLQ

D�QHZ�FRPSOHWH�SURJUDP�
� ,QWHUDFWLRQV�EHWZHHQ�PRGXOHV�VKRXOG�EH

UHVWULFWHG�WR�ZHOO�GHILQHG�LQWHUIDFHV�
� $�PRGXOH�LPSOHPHQWDWLRQ�FDQ�EH�FKDQJHG�ZLWKRXW

PRGLI\LQJ�RWKHU�SURJUDP�PRGXOHV�
� 7KH�SURSHUWLHV�RI�D�SURJUDP�FDQ�EH�GHWHUPLQHG

IURP�WKH�VSHFLILFDWLRQV�RI�SURJUDP�PRGXOHV�DQG
WKH�PDLQ�SURJUDP�FRGH�

� 0RGXODU�GHVLJQ�UHGXFHV�SURJUDP�FRPSOH[LW\�DQG
IDFLOLWDWHV�FRGH�UHXVH�
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$PGKDO·V�/DZ

� /HW�D�SURJUDP�3U�EH�FRPSRVHG�RI�VHTXHQWLDO�SDUW�6T
�H�J���UHDGLQJ�GDWD�IURP�GLVN���DQG�D�SDUDOOHO�SDUW�3S
WKDW�FDQ�EH�LGHDOO\�SDUDOOHOL]HG��3U� �6T���3S�

� 2Q�D�VLQJOH�SURFHVVRU�6T�WDNHV�����RI�WKH�WRWDO�&38
WLPH��3S�FDQ�EH�LPSOHPHQWHG�LQ�����RI�WKH�WRWDO
H[HFXWLRQ�WLPH�73U�

� :KDW�LV�WKH�PD[LPDO�VSHHGXS�WKDW�FDQ�EH�UHDFKHG
ZLWK�DQ�DUELWUDU\�ODUJH�QXPEHU�RI�SURFHVVRUV"

����6� �7��7S� ��76T�73S�����76T����73S�S�@� 
����� ������73S�76T�� ��������������� ���
� 7KH�SDUDOOHO�SURJUDP�KDV�WR�EH�SUREDEO\�UHGHVLJQHG��
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3DUDOOHO�3URJUDPPLQJ�0RGHO
� 3DUDOOHO�SURJUDPV�FDQ�EH�UHSUHVHQWHG�E\�D�VHW�RI

WDVNV�DQG�FKDQQHOV��DQG�PRGHOOHG�E\�D�GLUHFWHG
JUDSK��ZKHUH�YHUWLFHV�UHSUHVHQW�WDVNV�DQG�HGJHV
UHSUHVHQW�FKDQQHOV�

� $�WDVN�LQFRUSRUDWHV�VHTXHQWLDO�SURJUDP�DQG�LQ�RXW
SRUWV�FRQQHFWHG�WR�FKDQQHOV�
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7DVN�$FWLRQV
� 5HDG�RU�ZULWH�IURP�WR�ORFDO�PHPRU\�
� 6HQG�RU�UHFHLYH�PHVVDJHV�WR�IURP�RWKHU�WDVNV�
� &UHDWH�QHZ�WDVNV�
� 7HUPLQDWH�WDVN�H[HFXWLRQ�
� &UHDWH�QHZ�FKDQQHOV�
� &KDQJH�FRQQHFWLYLW\�



�

8QLYHUVLW\�RI�6DO]EXUJ��'HSDUWPHQW�RI�6FLHQWLILF�&RPSXWLQJ��+36&�66����� �

7DVN�0DSSLQJ
� ,I�RQH�WDVN�UHTXLUHV�GDWD�IURP�DQRWKHU�WDVN��LQ

RUGHU�WR�SURFHHG��ZH�WDON�DERXW�GDWD�GHSHQGHQF\�
� ,I�WKHVH�WZR�WDVNV�DUH�PDSSHG�RQ�GLIIHUHQW

FRPSXWHUV��VHQG�UHFHLYH�FRPPXQLFDWLRQ�LV�QHHGHG�
HOVH�RQO\�UHDG�ZULWH�WR�ORFDO�PHPRU\�LV�XVHG�

� 7DVNV�FDQ�EH�PDSSHG�RQ�SK\VLFDO�SURFHVVRUV�ZLWK
QR�HIIHFW�RQ�WKH�SURJUDP�VHPDQWLF��)RU�H[DPSOH�
VLQJOH�WDVN�RU�PXOWLSOH�WDVNV�FDQ�EH�PDSSHG�RQ�D
VLQJOH�SURFHVVRU�

� %XW�DIWHU�PDSSLQJ��DOO�SURFHVVRUV�VKRXOG�EH�ORDGHG
HTXDOO\�EHFDXVH�WKH�VORZHVW�SURFHVVRU�GLFWDWHV�WKH
H[HFXWLRQ�WLPH�RI�WKH�SDUDOOHO�SURJUDP�
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,OOXVWUDWLRQ�%ULGJH�&RQVWUXFWLRQ
� &DVH��D��WZR�WDVNV��IRXQGU\��JLUGHUV�SURGXFWLRQ��DQG

EULGJH��EULGJH�FRQVWUXFWLRQ��DQG�D�VLQJOH�FKDQQHO�
WUXFNV�WUDQVSRUWLQJ�JLUGHUV��RYHUIORZLQJ"�

� &DVH��E���RQH�DGGLWLRQDO�FKDQQHO�IRU�UHTXHVWLQJ
JLUGHUV�DQG�IRU�ILQLVKLQJ�WKH�MRE�ZKHQ�WKH�EULGJH�LV
FRPSOHWH�
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�2WKHU�3URJUDPPLQJ�0RGHOV

� 0HVVDJH�3DVVLQJ
² LQVWHDG�RI�´RQ�FKDQQHO�[[µ�XVH�´WR�WDVN�\\µ

� 6LQJOH�3URJUDP�0XOWLSOH�'DWD��630'�
² IL[HG�QXPEHU�RI�LGHQWLFDO�WDVNV

� 'DWD�3DUDOOHOLVP
² PDQ\�LGHQWLFDO�WDVNV�IRU�GLIIHUHQW�SLHFHV�RI�GDWD

� 6KDUHG�0HPRU\
² FRPPXQLFDWLRQ�E\�WKH�DV\QFKURQRXV�UHDG�DQG�ZULWH�
² QR�H[SOLFLW�FRPPXQLFDWLRQ�FRGH�
² GDWD�ORFNV��VHPDSKRUHV
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'HVLJQLQJ�3DUDOOHO�$OJRULWKPV

� 3URJUDPPLQJ�SUREOHPV�KDYH�VHYHUDO�SDUDOOHO
VROXWLRQV�

� 7KH�EHVW�SDUDOOHO�VROXWLRQ�PD\�GLIIHU�IURP�DQ
H[LVWLQJ�VHTXHQWLDO�DOJRULWKP�

� 0DFKLQH�LQGHSHQGHQW�LVVXHV��FRQFXUUHQF\��VKRXOG
EH�FRQVLGHUHG�LQ�DQ�HDUO\�VWDJH�RI�GHVLJQ

� 0DFKLQH�VSHFLILF�DVSHFWV�RI�GHVLJQ�DUH�GHOD\HG
DQG�DUH�FRQVLGHUHG�LQ�D�ILQDO�VWDJH�RI�GHVLJQ
SURFHVV�
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0HWKRGRORJ\�IRU�'HVLJQLQJ�3DUDOOHO
$OJRULWKPV

� &RPSRVHG�RI�IRXU�VWDJHV�
² 3DUWLWLRQLQJ
² &RPPXQLFDWLRQ
² $JJORPHUDWLRQ
² 0DSSLQJ

� $FURQ\P�3&$0
� )LUVW�WZR�VWDJHV�DUH�IRFXVHG�RQ�FRQFXUUHQF\�DQG

VFDODELOLW\
� 7KLUG�DQG�IRXUWK�VWDJHV�VHDUFK�IRU�ORFDOLW\�DQG

RWKHU�SHUIRUPDQFH�UHODWHG�LVVXHV�
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3&$0�0HWKRGRORJ\
���6WDUW�ZLWK�SUREOHP
VSHFLILFDWLRQ�

���'HYHORS�D�SDUWLWLRQ�

���'HWHUPLQH�FRPPXQL�
FDWLRQ�UHTXLUHPHQWV�

���$JJORPHUDWH�WDVNV�
DQG�ILQDOO\

���0DS�WDVNV�WR
SURFHVVRUV�
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3DUWLWLRQLQJ
� 3DUWLWLRQLQJ���RSSRUWXQLWLHV�IRU�SDUDOOHO�H[HFXWLRQ�
� 'HILQLQJ�D�ODUJH�QXPEHU�RI�VPDOO�WDVNV�DEOH�WR

EHLQJ�H[HFXWHG�LQ�SDUDOOHO��ILQH�JUDLQHG
GHFRPSRVLWLRQ�

� 'RPDLQ�GHFRPSRVLWLRQ���GDWD�ILUVW�WKHQ
FRPSXWDWLRQ

� )XQFWLRQDO�GHFRPSRVLWLRQ���FRPSXWDWLRQ�ILUVW�WKHQ
GDWD�

� ,Q�ODWHU�GHVLJQ�VWDJHV�WKH�RULJLQDO�SDUWLWLRQ�LV
UHYLVLWHG�DQG

� DJJORPHUDWH�WDVNV�WR�LQFUHDVH�WKHLU�VL]H��RU
JUDQXODULW\�
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'RPDLQ�GHFRPSRVLWLRQ
� �,Q�WKH�GRPDLQ�GHFRPSRVLWLRQ�DSSURDFK�WR�SUREOHP

SDUWLWLRQLQJ��ZH�VHHN�ILUVW�WR�GHFRPSRVH�WKH�GDWD
DVVRFLDWHG�ZLWK�D�SUREOHP�

� ,I�SRVVLEOH��ZH�GLYLGH�WKHVH�GDWD�LQWR�VPDOO�SLHFHV
RI�DSSUR[LPDWHO\�HTXDO�VL]H�

� 1H[W��ZH�SDUWLWLRQ�WKH�FRPSXWDWLRQ�WKDW�LV�WR�EH
SHUIRUPHG��W\SLFDOO\�E\�DVVRFLDWLQJ�HDFK�RSHUDWLRQ
ZLWK�WKH�GDWD�RQ�ZKLFK�LW�RSHUDWHV�

� 7KLV�SDUWLWLRQLQJ�\LHOGV�D�QXPEHU�RI�WDVNV��HDFK
FRPSULVLQJ�VRPH�GDWD�DQG�D�VHW�RI�RSHUDWLRQV�RQ
WKDW�GDWD��$Q�RSHUDWLRQ�PD\�UHTXLUH�GDWD�IURP
VHYHUDO�WDVNV�

� ,Q�WKLV�FDVH��FRPPXQLFDWLRQ�LV�UHTXLUHG�WR�PRYH
GDWD�EHWZHHQ�WDVNV�
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'RPDLQ�GHFRPSRVLWLRQ��H[P��
� ([DPSOH�RI�D�GRPDLQ�GHFRPSRVLWLRQV�IRU�D�SUREOHP

LQYROYLQJ�D�WKUHH�GLPHQVLRQDO�JULG��2QH���WZR���DQG
WKUHH�GLPHQVLRQDO�GHFRPSRVLWLRQV�DUH�SRVVLEOH��LQ
HDFK�FDVH��GDWD�DVVRFLDWHG�ZLWK�D�VLQJOH�WDVN�DUH
VKDGHG�

� $�WKUHH�GLPHQVLRQDO�GHFRPSRVLWLRQ�RIIHUV�WKH
JUHDWHVW�IOH[LELOLW\�DQG�VKRXOG�EH�XVHG�LQ�WKH�HDUO\
VWDJHV�RI�D�GHVLJQ�
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)XQFWLRQDO�GHFRPSRVLWLRQ
� )XQFWLRQDO�GHFRPSRVLWLRQ�UHSUHVHQWV�D

FRPSOHPHQWDU\�ZD\�RI�WKLQNLQJ�DERXW�SUREOHPV��7KH
LQLWLDO�IRFXV�LV�RQ�WKH�FRPSXWDWLRQ�WKDW�LV�WR�EH
SHUIRUPHG�UDWKHU�WKDQ�RQ�WKH�GDWD�PDQLSXODWHG�E\
WKH�FRPSXWDWLRQ�

� ,I�ZH�DUH�VXFFHVVIXO�LQ�GLYLGLQJ�WKLV�FRPSXWDWLRQ
LQWR�GLVMRLQW�WDVNV��ZH�SURFHHG�WR�H[DPLQH�WKH�GDWD
UHTXLUHPHQWV�RI�WKHVH�WDVNV�

� 7KHVH�GDWD�UHTXLUHPHQWV�PD\�EH�GLVMRLQW��LQ�ZKLFK
FDVH�WKH�SDUWLWLRQ�LV�FRPSOHWH��$OWHUQDWLYHO\��WKH\
PD\�RYHUODS�VLJQLILFDQWO\��LQ�ZKLFK�FDVH
FRQVLGHUDEOH�FRPPXQLFDWLRQ�ZLOO�EH�UHTXLUHG�WR
DYRLG�UHSOLFDWLRQ�RI�GDWD�

� 7KLV�LV�RIWHQ�D�VLJQ�WKDW�D�GRPDLQ�GHFRPSRVLWLRQ
DSSURDFK�VKRXOG�EH�FRQVLGHUHG�LQVWHDG�
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)XQFWLRQDO�GHFRPSRVLWLRQ��H[P��

� $UURZV�UHSUHVHQW�H[FKDQJHV
RI�GDWD�EHWZHHQ�FRPSRQHQWV
GXULQJ�FRPSXWDWLRQ��WKH
DWPRVSKHUH�PRGHO�JHQHUDWHV
ZLQG�YHORFLW\�GDWD�WKDW�DUH
XVHG�E\�WKH�RFHDQ�PRGHO��WKH
RFHDQ�PRGHO�JHQHUDWHV�VHD
VXUIDFH�WHPSHUDWXUH�GDWD
WKDW�DUH�XVHG�E\�WKH
DWPRVSKHUH�PRGHO��DQG�VR�RQ�

� )XQFWLRQDO�GHFRPSRVLWLRQ�LQ�D�FRPSXWHU�PRGHO�RI
FOLPDWH��(DFK�PRGHO�FRPSRQHQW�FDQ�EH�WKRXJKW�RI�DV�D
VHSDUDWH�WDVN��WR�EH�SDUDOOHOL]HG�E\�GRPDLQ
GHFRPSRVLWLRQ�
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&RPPXQLFDWLRQ

� 7KH�WDVNV�JHQHUDWHG�E\�D�SDUWLWLRQ�DUH�LQWHQGHG�WR
H[HFXWH�FRQFXUUHQWO\�EXW�FDQQRW��LQ�JHQHUDO�
H[HFXWH�LQGHSHQGHQWO\�

� 7KH�FRPSXWDWLRQ�WR�EH�SHUIRUPHG�LQ�RQH�WDVN�ZLOO
W\SLFDOO\�UHTXLUH�GDWD�DVVRFLDWHG�ZLWK�DQRWKHU
WDVN�

� 'DWD�PXVW�WKHQ�EH�WUDQVIHUUHG�EHWZHHQ�WDVNV�VR
DV�WR�DOORZ�FRPSXWDWLRQ�WR�SURFHHG�

� 7KLV�LQIRUPDWLRQ�IORZ�LV�VSHFLILHG�LQ�WKH
FRPPXQLFDWLRQ�SKDVH�RI�D�GHVLJQ�
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&RPPXQLFDWLRQ��FRQW��
� )LUVW��ZH�GHILQH�D�FKDQQHO�VWUXFWXUH�WKDW�OLQNV�

HLWKHU�GLUHFWO\�RU�LQGLUHFWO\��WDVNV�WKDW�UHTXLUH
GDWD��FRQVXPHUV��ZLWK�WDVNV�WKDW�SRVVHVV�WKRVH
GDWD��SURGXFHUV��

� 6HFRQG��ZH�VSHFLI\�WKH�PHVVDJHV�WKDW�DUH�WR�EH
VHQW�DQG�UHFHLYHG�RQ�WKHVH�FKDQQHOV�

� ,Q�GRPDLQ�GHFRPSRVLWLRQ�SUREOHPV��FRPPXQLFDWLRQ
UHTXLUHPHQWV�FDQ�EH�GLIILFXOW�WR�GHWHUPLQH�

� ,Q�FRQWUDVW��FRPPXQLFDWLRQ�UHTXLUHPHQWV�LQ
SDUDOOHO�DOJRULWKPV�REWDLQHG�E\�IXQFWLRQDO
GHFRPSRVLWLRQ�DUH�RIWHQ�VWUDLJKWIRUZDUG��WKH\
FRUUHVSRQG�WR�WKH�GDWD�IORZ�EHWZHHQ�WDVNV�
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&RPPXQLFDWLRQ��FRQW��

� ,Q�ORFDO�FRPPXQLFDWLRQ��HDFK�WDVN�FRPPXQLFDWHV
ZLWK�D�VPDOO�VHW�RI�RWKHU�WDVNV��LWV�CCQHLJKERUV

��

� JOREDO�FRPPXQLFDWLRQ�UHTXLUHV�HDFK�WDVN�WR
FRPPXQLFDWH�ZLWK�PDQ\�WDVNV�

� ,Q�VWUXFWXUHG�FRPPXQLFDWLRQ��D�WDVN�DQG�LWV
QHLJKERUV�IRUP�D�UHJXODU�VWUXFWXUH��VXFK�DV�D�WUHH
RU�JULG�

� XQVWUXFWXUHG�FRPPXQLFDWLRQ�QHWZRUNV�PD\�EH
DUELWUDU\�JUDSKV�



��

8QLYHUVLW\�RI�6DO]EXUJ��'HSDUWPHQW�RI�6FLHQWLILF�&RPSXWLQJ��+36&�66����� ��

&RPPXQLFDWLRQ��FRQW��
� ,Q�V\QFKURQRXV�FRPPXQLFDWLRQ��SURGXFHUV�DQG

FRQVXPHUV�H[HFXWH�LQ�D�FRRUGLQDWHG�IDVKLRQ��ZLWK
SURGXFHU�FRQVXPHU�SDLUV�FRRSHUDWLQJ�LQ�GDWD
WUDQVIHU�RSHUDWLRQV�

� LQ�FRQWUDVW��DV\QFKURQRXV�FRPPXQLFDWLRQ�PD\
UHTXLUH�WKDW�D�FRQVXPHU�REWDLQ�GDWD�ZLWKRXW�WKH
FRRSHUDWLRQ�RI�WKH�SURGXFHU�
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/RFDO�&RPPXQLFDWLRQ

� )RU�LOOXVWUDWLYH�SXUSRVHV�
ZH�FRQVLGHU�WKH
FRPPXQLFDWLRQ
UHTXLUHPHQWV�DVVRFLDWHG
ZLWK�D�-DFREL�ILQLWH
GLIIHUHQFH�PHWKRG��XVLQJ
D�ILYH�SRLQW�VWHQFLO�WR
XSGDWH�HDFK�HOHPHQW��RI�D
��'�JULG�

� �$�ORFDO�FRPPXQLFDWLRQ�VWUXFWXUH�LV�REWDLQHG
ZKHQ�DQ�RSHUDWLRQ�UHTXLUHV�GDWD�IURP�D�VPDOO
QXPEHU�RI�RWKHU�WDVNV�
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*OREDO�&RPPXQLFDWLRQ
� 0DQ\�WDVNV�PXVW�SDUWLFLSDWH��:KHQ�VXFK�RSHUDWLRQV

DUH�LPSOHPHQWHG��LW�PD\�QRW�EH�VXIILFLHQW�VLPSO\�WR
LGHQWLI\�LQGLYLGXDO�SURGXFHU�FRQVXPHU�SDLUV��6XFK�DQ
DSSURDFK�PD\�UHVXOW�LQ�WRR�PDQ\�FRPPXQLFDWLRQV�RU
PD\�UHVWULFW�RSSRUWXQLWLHV�IRU�FRQFXUUHQW�H[HFXWLRQ�

� )RU�H[DPSOH��FRQVLGHU�WKH���SUREOHP�RI�SHUIRUPLQJ�D
SDUDOOHO�UHGXFWLRQ�RSHUDWLRQ��D�FHQWUDOL]HG�VXP�LQ�6�

� :H�KDYH�1 ��WDVNV��DQG�HDFK�RI�WKH���FKDQQHOV�DUH
FRQQHFWHG�WR�6��ODEHOV�GHQRWHV�WKH�QXPEHU�RI�VWHS��
7KLV�DSSURDFK�WDNHV�2�1��VWHSV��QRW�JRRG�

8QLYHUVLW\�RI�6DO]EXUJ��'HSDUWPHQW�RI�6FLHQWLILF�&RPSXWLQJ��+36&�66����� ��

*OREDO�&RPPXQLFDWLRQ��FRQW��

� �7KLV�H[DPSOH�LOOXVWUDWHV�WZR�JHQHUDO�SUREOHPV�WKDW
FDQ�KLQGHU�HIILFLHQW�SDUDOOHO�H[HFXWLRQ�LQ�DOJRULWKPV
EDVHG�RQ�D�SXUHO\�ORFDO�YLHZ�RI�FRPPXQLFDWLRQ�

������7KH�DOJRULWKP�LV�FHQWUDOLVHG���LW�GRHV�QRW
GLVWULEXWH�FRPSXWDWLRQ�DQG�FRPPXQLFDWLRQ��$�VLQJOH
WDVN��LQ�WKLV�FDVH��WKH�PDQDJHU�6��PXVW�SDUWLFLSDWH�LQ
HYHU\�RSHUDWLRQ�

������7KH�DOJRULWKP�LV�VHTXHQWLDO���LW�GRHV�QRW�DOORZ
PXOWLSOH�FRPSXWDWLRQ�DQG�FRPPXQLFDWLRQ�RSHUDWLRQV
WR�SURFHHG�FRQFXUUHQWO\�
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*OREDO�&RPPXQLFDWLRQ��FRQW��
� �:H�ILUVW�FRQVLGHU�WKH�SUREOHP�RI�GLVWULEXWLQJ�WKH

FRPSXWDWLRQ�DQG�FRPPXQLFDWLRQ�DVVRFLDWHG�ZLWK�WKH
VXPPDWLRQ��/HW�6L ;L�6L���

� 7KLV�DOJRULWKP�GLVWULEXWHV�WKH�1���FRPPXQLFDWLRQV
DQG�DGGLWLRQV��EXW�SHUPLWV�FRQFXUUHQW�H[HFXWLRQ�RQO\
LI�PXOWLSOH�VXPPDWLRQ�RSHUDWLRQV�DUH�WR�EH
SHUIRUPHG���7KH�DUUD\�RI�WDVNV�FDQ�WKHQ�EH�XVHG�DV
D�SLSHOLQH�WKURXJK�ZKLFK�IORZ�SDUWLDO�VXPV��

� $�VLQJOH�VXPPDWLRQ�VWLOO�WDNHV�1���VWHSV�
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*OREDO�&RPPXQLFDWLRQ��FRQW��
� �2SSRUWXQLWLHV�IRU�FRQFXUUHQW�FRPSXWDWLRQ�DQG

FRPPXQLFDWLRQ�FDQ�RIWHQ�EH�XQFRYHUHG�E\�DSSO\LQJ�D
SUREOHP�VROYLQJ�VWUDWHJ\�FDOOHG�GLYLGH�DQG�FRQTXHU�
7R�VROYH�D�FRPSOH[�SUREOHP��VXFK�DV�VXPPLQJ�1
QXPEHUV���ZH�VHHN�WR�SDUWLWLRQ�LW�LQWR�WZR�RU�PRUH
VLPSOHU�SUREOHPV�RI�URXJKO\�HTXLYDOHQW�VL]H��H�J��
VXPPLQJ�1���QXPEHUV��

� 7KLV�SURFHVV�FDQ�EH�DSSOLHG�UHFXUVLYHO\�WR�SURGXFH�D
VHW�RI�VXESUREOHPV�WKDW�FDQQRW�EH�VXEGLYLGHG
IXUWKHU��H�J���VXPPLQJ�WZR�QXPEHUV��
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*OREDO�&RPPXQLFDWLRQ��FRQW��
� 7UHH�VWUXFWXUH�IRU�GLYLGH�DQG�FRQTXHU�VXPPDWLRQ

DOJRULWKP�ZLWK�1 ����7KH�FRPSOHWH�VXP�LV�DYDLODEOH
DW�WKH�URRW�RI�WKH�WUHH�DIWHU�ORJ�1��VWHSV�

� :H�KDYH�GLVWULEXWHG�WKH�1���FRPPXQLFDWLRQ�DQG
FRPSXWDWLRQ�RSHUDWLRQV�DQG�KDYH�PRGLILHG�WKH�RUGHU
LQ�ZKLFK�WKHVH�RSHUDWLRQV�DUH�SHUIRUPHG�VR�WKDW
WKH\�FDQ�SURFHHG�FRQFXUUHQWO\�ZLWK�D�UHJXODU�ORFDO
FRPPXQLFDWLRQ�VWUXFWXUH��D�VPDOO�VHW�RI�QHLJKERUV��
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8QVWUXFWXUHG�DQG�'\QDPLF�&RPPXQLFDWLRQ

� ([DPSOH�RI�D�SUREOHP
UHTXLULQJ
XQVWUXFWXUHG
FRPPXQLFDWLRQ�

� ,Q�WKLV�ILQLWH�HOHPHQW
PHVK�JHQHUDWHG�IRU
DQ�DVVHPEO\�SDUW�
HDFK�YHUWH[�LV�D�JULG
SRLQW�

� 1RWLFH�WKDW�GLIIHUHQW
YHUWLFHV�KDYH�YDU\LQJ
QXPEHUV�RI
QHLJKERXUV�
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8QVWUXFWXUHG�DQG�'\QDPLF�&RPPXQLFDWLRQ
� +HUH��WKH�FKDQQHO�VWUXFWXUH�UHSUHVHQWLQJ�WKH

FRPPXQLFDWLRQ�SDUWQHUV�RI�HDFK�JULG�SRLQW�LV�TXLWH
LUUHJXODU�DQG�GDWD�GHSHQGHQW�DQG��IXUWKHUPRUH��PD\
FKDQJH�RYHU�WLPH�LI�WKH�JULG�LV�UHILQHG�DV�D�VLPXODWLRQ
HYROYHV�

� 8QVWUXFWXUHG�FRPPXQLFDWLRQ�SDWWHUQV�GR�QRW�JHQHUDOO\
FDXVH�FRQFHSWXDO�GLIILFXOWLHV�LQ�WKH�HDUO\�VWDJHV�RI�D
GHVLJQ���LW�LV�VLPSOH�WR�GHILQH�D�VLQJOH�WDVN�IRU�HDFK
YHUWH[��

� %XW�WKH�WDVNV�RI�DJJORPHUDWLRQ�DQG�PDSSLQJ�EHFRPHV
PRUH�FRPSOLFDWHG��:H�KDYH�WR�FUHDWH�WDVNV�RI
DSSUR[LPDWHO\�HTXDO�VL]H�DQG�PLQLPLVHV�FRPPXQLFDWLRQ
UHTXLUHPHQWV�E\�WKH�OHDVW�QXPEHU�RI�LQWHUWDVN�HGJHV�
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$V\QFKURQRXV�&RPPXQLFDWLRQ
� 7KH�H[DPSOHV�FRQVLGHUHG�LQ�WKH�SUHFHGLQJ�VHFWLRQ

KDYH�DOO�IHDWXUHG�V\QFKURQRXV�FRPPXQLFDWLRQ��LQ
ZKLFK�ERWK�SURGXFHUV�DQG�FRQVXPHUV�DUH�DZDUH�ZKHQ
FRPPXQLFDWLRQ�RSHUDWLRQV�DUH�UHTXLUHG��DQG
SURGXFHUV�H[SOLFLWO\�VHQG�GDWD�WR�FRQVXPHUV�

� ,Q�DV\QFKURQRXV�FRPPXQLFDWLRQ��WDVNV�WKDW���SRVVHVV
GDWD��SURGXFHUV��DUH�QRW�DEOH�WR�GHWHUPLQH�ZKHQ
RWKHU�WDVNV��FRQVXPHUV��PD\�UHTXLUH�GDWD��KHQFH�
FRQVXPHUV�PXVW�H[SOLFLWO\�UHTXHVW�GDWD�IURP
SURGXFHUV�

� 7KLV�VLWXDWLRQ�FRPPRQO\�RFFXUV�ZKHQ�D�FRPSXWDWLRQ�LV
VWUXFWXUHG�DV�D�VHW�RI�WDVNV�WKDW�PXVW�SHULRGLFDOO\
UHDG�DQG�RU�ZULWH�HOHPHQWV�RI�D�VKDUHG�GDWD
VWUXFWXUH��WRR�ODUJH�RU�WRR�IUHTXHQWO\�DFFHVVHG�WR�EH
HQFDSVXODWHG�LQ�D�VLQJOH�WDVN��
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$V\QFKURQRXV�&RPPXQLFDWLRQ��H[P��

� )RXU�FRPSXWDWLRQ�WDVNV��&��JHQHUDWH�UHDG�DQG�ZULWH
UHTXHVWV�WR�HLJKW�GDWD�LWHPV�GLVWULEXWHG�DPRQJ�IRXU
GDWD�WDVNV��'���6ROLG�OLQHV�UHSUHVHQW�UHTXHVWV�
GDVKHG�OLQHV�UHSUHVHQW�UHSOLHV�

� 2QH�FRPSXWH�WDVN�DQG�RQH�GDWD�WDVN�FRXOG�EH�SODFHG
RQ�HDFK�RI�IRXU�SURFHVVRUV�VR�DV�WR�GLVWULEXWH
FRPSXWDWLRQ�DQG�GDWD�HTXLWDEO\�
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$V\QFKURQRXV�&RPPXQLFDWLRQ��FRQW��
����$�PHFKDQLVP�LV�QHHGHG�WKDW�DOORZV�WKLV�GDWD�VWUXFWXUH

WR�EH�GLVWULEXWHG�ZKLOH�VXSSRUWLQJ�DV\QFKURQRXV
UHDG�ZULWH�RSHUDWLRQV�RQ�LWV�FRPSRQHQWV�

����7KH�GDWD�VWUXFWXUH�LV�GLVWULEXWHG�DPRQJ�WKH
FRPSXWDWLRQDO�WDVNV��(DFK�WDVN�ERWK�SHUIRUPV
FRPSXWDWLRQ�DQG�JHQHUDWHV�UHTXHVWV�IRU�GDWD�ORFDWHG�LQ
RWKHU�WDVNV��SHULRGLFDO�SROOLQJ�IRU�SHQGLQJ�UHTXHVWV��

���7KH�GLVWULEXWHG�GDWD�VWUXFWXUH�LV�HQFDSVXODWHG�LQ�D
VHFRQG�VHW�RI�WDVNV�UHVSRQVLEOH�RQO\�IRU�UHVSRQGLQJ�WR
UHDG�ZULWH�UHTXHVWV��SUHYLRXV�VOLGH���VZLWFKLQJ�EHWZHHQ
WDVNV�LV�QHHGHG��QR�ORFDO�GDWD�IRU�FRPSXWDWLRQDO�WDVNV��

���2Q�D�FRPSXWHU�WKDW�VXSSRUWV�D�VKDUHG�PHPRU\�
FRPSXWDWLRQDO�WDVNV�FDQ�DFFHVV�VKDUHG�GDWD�ZLWKRXW�DQ\
VSHFLDO�DUUDQJHPHQWV��GDWD�LQWHJULW\��UHDG�ZULWH�RUGHU�
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$JJORPHUDWLRQ
� ,Q�WKH�ILUVW�WZR�VWDJHV�RI�WKH�GHVLJQ�SURFHVV��ZH

SDUWLWLRQHG�WKH�FRPSXWDWLRQ�WR�EH�SHUIRUPHG�LQWR�D
VHW�RI�WDVNV�DQG�LQWURGXFHG�FRPPXQLFDWLRQ�WR
SURYLGH�GDWD�UHTXLUHG�E\�WKHVH�WDVNV�

� 7KH�UHVXOWLQJ�DOJRULWKP�LV�VWLOO�DEVWUDFW�LW�LV�QRW
VSHFLDOL]HG�IRU�HIILFLHQW�H[HFXWLRQ�RQ�DQ\�SDUWLFXODU
SDUDOOHO�FRPSXWHU��,W�PD\�FUHDWHV�PDQ\�PRUH�WDVNV
WKDQ�WKHUH�DUH�SURFHVVRUV��RU�WKH�FRPSXWHU�LV�QRW
GHVLJQHG�IRU�HIILFLHQW�H[HFXWLRQ�RI�VPDOO�WDVNV�

� ,Q�WKH�WKLUG�VWDJH��DJJORPHUDWLRQ��ZH�PRYH�WR�WKH
FRQFUHWH��:H�FRQVLGHU�ZKHWKHU�LW�LV�XVHIXO�WR
FRPELQH��RU�DJJORPHUDWH��WDVNV��VPDOOHU�QXPEHU��

� :H�DOVR�GHWHUPLQH�ZKHWKHU�LW�LV�ZRUWKZKLOH�WR
UHSOLFDWH�GDWD�DQG�RU�FRPSXWDWLRQ�
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$JJORPHUDWLRQ��H[P��
�D��WKH�VL]H�RI�WDVNV�LV

LQFUHDVHG�E\�UHGXFLQJ
WKH�GLPHQVLRQ�RI�WKH
GHFRPSRVLWLRQ�IURP���!��

�E��DGMDFHQW�WDVNV�DUH
FRPELQHG�WR�\LHOG�D
GHFRPSRVLWLRQ�RI�KLJKHU
JUDQXODULW\�

�F��VXEWUHHV�LQ�D�GLYLGH�DQG�
FRQTXHU�VWUXFWXUH�DUH
PHUJHG�

�G��QRGHV�LQ�D�WUHH
DOJRULWKP�DUH�FRPELQHG�
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$JJORPHUDWLRQ�*RDOV
� 7KUHH�VRPHWLPHV�FRQIOLFWLQJ�JRDOV�JXLGH�GHFLVLRQV

FRQFHUQLQJ�DJJORPHUDWLRQ�DQG�UHSOLFDWLRQ�
� UHGXFLQJ�FRPPXQLFDWLRQ�FRVWV�E\�LQFUHDVLQJ

FRPSXWDWLRQ�DQG�FRPPXQLFDWLRQ�JUDQXODULW\
�FRPPXQLFDWLRQ�FRVWV��WDVN�FUHDWLRQ�FRVWV���E\
UHSOLFDWHG�FRPSXWDWLRQ��WUDGH�RII���RU�E\
DJJORPHUDWLRQ�RI�WDVNV��WKDWFDQQRW�H[HFXWH
FRQFXUUHQWO\�

� SUHVHUYLQJ�IOH[LELOLW\�ZLWK�ODUJHU�QXPEHU�RI�WDVNV
WKDQ�WKH�QXPEHU�RI�SURFHVVRUV��VFDODELOLW\�DQG
PDSSLQJ��WR�SUHVHUYH�SRUWDELOLW\�RQ�FRPSXWHUV�ZLWK
GLIIHUHQW�QXPEHU�RI�SURFHVVRUV�

� DQG�UHGXFLQJ�VRIWZDUH�HQJLQHHULQJ�FRVWV��VPDOO
FKDQJHV�ZKHQ�SDUDOOHOL]LQJ�H[LVWLQJ�VHTXHQWLDO�FRGHV�
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0DSSLQJ
� �,Q�WKH�IRXUWK�DQG�ILQDO�VWDJH�RI�WKH�SDUDOOHO

DOJRULWKP�GHVLJQ�SURFHVV��ZH�VSHFLI\�ZKHUH�HDFK
WDVN�LV�WR�H[HFXWH�

� 7KH�PDSSLQJ�SUREOHP�GRHV�QRW�DULVH�RQ
XQLSURFHVVRUV�RU�RQ�VKDUHG�PHPRU\�FRPSXWHUV
WKDW�SURYLGH�DXWRPDWLF�WDVN�VFKHGXOLQJ�E\
RSHUDWLQJ�V\VWHP�DQG�DVVRFLDWHG�FRPPXQLFDWLRQ�E\
VKDUG�PHPRU\�

� 8QIRUWXQDWHO\��JHQHUDO�SXUSRVH�PDSSLQJ
PHFKDQLVPV�LV�QRW�GHYHORSHG�\HW�IRU�VFDODEOH
SDUDOOHO�FRPSXWHUV��,Q�JHQHUDO��PDSSLQJ�UHPDLQV�D
GLIILFXOW�SUREOHP�WKDW�PXVW�EH�H[SOLFLWO\
DGGUHVVHG�ZKHQ�GHVLJQLQJ�SDUDOOHO�DOJRULWKPV�
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0DSSLQJ
� 2XU�JRDO�LQ�GHYHORSLQJ�PDSSLQJ�DOJRULWKPV�LV�WR

PLQLPL]H�WRWDO�H[HFXWLRQ�WLPH��:H�XVH�WZR�VWUDWHJLHV�
���:H�SODFH�WDVNV�WKDW�DUH�DEOH�WR�H[HFXWH�FRQFXUUHQWO\�

RQ�GLIIHUHQW�SURFHVVRUV��VR�DV�WR�HQKDQFH�FRQFXUUHQF\�
���:H�SODFH�WDVNV�WKDW�FRPPXQLFDWH�IUHTXHQWO\��RQ�WKH

VDPH�SURFHVVRU��VR�DV�WR�LQFUHDVH�ORFDOLW\�
� &OHDUO\��WKHVH�WZR�VWUDWHJLHV�ZLOO�VRPHWLPHV�FRQIOLFW�

LQ�DGGLWLRQ��UHVRXUFH�OLPLWDWLRQV�PD\�UHVWULFW�WKH
QXPEHU�RI�WDVNV�WKDW�FDQ�EH�SODFHG�RQ�D�VLQJOH
SURFHVVRU��WUDGH�RII��

� 7KH�PDSSLQJ�SUREOHP�LV�NQRZQ�WR�EH�13�FRPSOHWH�
PHDQLQJ�WKDW�QR�FRPSXWDWLRQDOO\�WUDFWDEOH��SRO\QRPLDO�
WLPH��DOJRULWKP�FDQ�H[LVW�IRU�HYDOXDWLQJ�WKHVH
WUDGHRIIV�LQ�WKH�JHQHUDO�FDVH�
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0DSSLQJ��H[P����
� 0DSSLQJ�LQ�D�JULG�SUREOHP�LQ�ZKLFK�HDFK�WDVN�SHUIRUPV

WKH�VDPH�DPRXQW�RI�FRPSXWDWLRQ�DQG�FRPPXQLFDWHV
RQO\�ZLWK�LWV�IRXU�QHLJKERUV�LV�VWUDLJKWIRUZDUG��7KH
KHDY\�GDVKHG�OLQHV�GHOLQHDWH�SURFHVVRU�ERXQGDULHV�
7KH�JULG�DQG�DVVRFLDWHG�FRPSXWDWLRQ�LV�SDUWLWLRQHG�WR
JLYH�HDFK�SURFHVVRU�WKH�VDPH�DPRXQW�RI�FRPSXWDWLRQ
DQG�WR�PLQLPL]H�RII�SURFHVVRU�FRPPXQLFDWLRQ�
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/RDG�%DODQFLQJ�$OJRULWKPV
� 0RUH�FRPSOH[�GRPDLQ�GHFRPSRVLWLRQ�EDVHG

DOJRULWKPV�ZLWK�YDULDEOH�DPRXQWV�RI�ZRUN�SHU�WDVN
DQG�RU�XQVWUXFWXUHG�FRPPXQLFDWLRQ�SDWWHUQV��:H
KDYH�WR�XVH�ORDG�EDODQFLQJ�DOJRULWKPV�WKDW�VHHN�WR
LGHQWLI\�HIILFLHQW�DJJORPHUDWLRQ�DQG�PDSSLQJ
VWUDWHJLHV��W\SLFDOO\�E\�XVLQJ�KHXULVWLF�WHFKQLTXHV�

� 7KH�WLPH�UHTXLUHG�WR�H[HFXWH�WKHVH�DOJRULWKPV
PXVW�EH�ZHLJKHG�DJDLQVW�WKH�EHQHILWV�RI�UHGXFHG
H[HFXWLRQ�WLPH�

� 3UREDELOLVWLF�ORDG�EDODQFLQJ�PHWKRGV�KDYH
VRPHWLPHV�ORZHU�RYHUKHDG�

� 7KH�PRVW�FRPSOH[�SUREOHPV�QHHGV�G\QDPLF�ORDG�
EDODQFLQJ�VWUDWHJ\�LQ�ZKLFK�D�ORDG�EDODQFLQJ
DOJRULWKP�LV�H[HFXWHG�SHULRGLFDOO\�
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/RDG�%DODQFLQJ��H[P��
� $�ILQDO�UHVXOW�RI�D�ORDG�EDODQFLQJ�DOJRULWKP�RI�WKH

REMHFW�DQDO\VHG�E\�ILQLWH�HOHPHQWV��33�FRYHU��

� 5HFXUVLYH�ELVHFWLRQ
WHFKQLTXHV�DUH�XVHG�WR
SDUWLWLRQ�D�GRPDLQ�LQWR
VXEGRPDLQV�RI
DSSUR[LPDWHO\�HTXDO
FRPSXWDWLRQDO�FRVW
ZKLOH�DWWHPSWLQJ�WR
PLQLPL]H�FRPPXQLFDWLRQ
FRVWV��QXPEHU�RI
FKDQQHOV�FURVVLQJ�WDVN
ERXQGDULHV��

� 0DQ\�RWKHU�WHFKQLTXHV�
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6WLOO�WR�'R
� :H�KDYH�QRZ�FRPSOHWHG�WKH�GHVLJQ�RI�SDUDOOHO

DSSOLFDWLRQ�ZLWK�VHYHUDO�DOJRULWKPV�GHYHORSHG�
+RZHYHU��ZH�DUH�QRW�TXLWH�UHDG\�WR�VWDUW�ZULWLQJ
FRGH�

� )LUVW��ZH�QHHG�WR�FRQGXFW�VRPH�VLPSOH
SHUIRUPDQFH�DQDO\VHV�LQ�RUGHU�WR�FKRRVH�EHWZHHQ
DOWHUQDWLYH�DOJRULWKPV�DQG�WR�YHULI\�WKDW�RXU
GHVLJQ�PHHWV�SHUIRUPDQFH�JRDOV�

� :H�VKRXOG�DOVR�WKLQN�DERXW�WKH�LPSOHPHQWDWLRQ
FRVWV�RI�RXU�GHVLJQV��UHXVLQJ�H[LVWLQJ�FRGH��KRZ
DOJRULWKPV�ILW�LQWR�ODUJHU�V\VWHPV�RI�ZKLFK�WKH\
PD\�IRUP�D�SDUW��

� 7KH�SURJUDP�FRPSOH[LW\�FDQ�EH�FRQWUROOHG�E\�WKH
DSSOLFDWLRQ�RI�PRGXODU�GHVLJQ�WHFKQLTXHV�
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0RGXODULW\
� 5HDO�DSSOLFDWLRQ�SURJUDPV�PD\�QHHG�WR�LQFRUSRUDWH

PXOWLSOH�SDUDOOHO�DOJRULWKPV��HDFK�RSHUDWLQJ�RQ
GLIIHUHQW�GDWD�VWUXFWXUHV�DQG�UHTXLULQJ�GLIIHUHQW
SDUWLWLRQLQJ��FRPPXQLFDWLRQ��DQG�PDSSLQJ�VWUDWHJLHV
IRU�LWV�HIILFLHQW�H[HFXWLRQ�

� 7KH�NH\�LGHD�LV�WR�HQFDSVXODWH�FRPSOH[�RU�FKDQJHDEOH
DVSHFWV�RI�D�GHVLJQ�LQVLGH�VHSDUDWH�SURJUDP
FRPSRQHQWV��RU�PRGXOHV��ZLWK�ZHOO�GHILQHG�LQWHUIDFHV
LQGLFDWLQJ�KRZ�HDFK�PRGXOH�LQWHUDFWV�ZLWK�LWV
HQYLURQPHQW�

� &RPSOHWH�SURJUDPV�DUH�GHYHORSHG�E\�SXWWLQJ�WRJHWKHU
RU�FRPSRVLQJ��WKHVH���PRGXOHV���LQFUHDVHG��UHOLDELOLW\
DQG�UHGXFHG�FRVWV��HDVLHU�WR�EXLOG��FKDQJH�DQG�UHXVH��
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&RPSRVLWLRQ
� :H�GLVWLQJXLVKHG�WKUHH�JHQHUDO�IRUPV�RI�FRPSRVLWLRQ

WKDW�FDQ�EH�XVHG�IRU�WKH�PRGXODU�FRQVWUXFWLRQ�RI
SDUDOOHO�SURJUDPV�

� VHTXHQWLDO�FRPSRVLWLRQ���WZR�SURJUDP�FRPSRQHQWV
H[HFXWH�LQ�VHTXHQFH�RQ�WKH�VDPH�VHW�RI�SURFHVVRUV

� SDUDOOHO�FRPSRVLWLRQ���WZR�SURJUDP�FRPSRQHQWV
H[HFXWH�FRQFXUUHQWO\�RQ�GLVMRLQW�VHWV�RI�SURFHVVRUV

� FRQFXUUHQW�FRPSRVLWLRQ���WZR�SURJUDP�FRPSRQHQWV
H[HFXWH�RQ�SRWHQWLDOO\�QRQ�GLVMRLQW�VHWV�RI�SURFHVVRUV�

� 03,
V�030'�SURJUDPPLQJ�PRGHO�VXSSRUWV�ZHOO�ILUVW
WZR�FRPSRVLWLRQV��WKH�IXOO�JHQHUDOLW\�RI�FRQFXUUHQW
FRPSRVLWLRQ�LV�QRW�JHQHUDOO\�DYDLODEOH�
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&RPSRVLWLRQ���)LJXUH
� $�SURJUDP

FRPSRVHG�RI
WZR�GLIIHUHQW
FRPSRQHQWV
�JUH\��GDUN
JUH\��

� ,W�LV�H[HFXWLQJ
RQ�IRXU
SURFHVVRUV�
ZLWK�HDFK
DUURZ
UHSUHVHQWLQJ�D
VHSDUDWH
WKUHDG�RI
FRQWURO�
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�3DUDOOHO�$OJRULWKP�([DPSOHV
� ,Q�RUGHU�WR�LQWURGXFH�7DVN�&KDQQHO�PRGHO�DQG�DOO

RWKHU�LVVXHV�PHQWLRQHG��ZH�SUHVHQW�IRXU�W\SLFDO
SDUDOOHO�DOJRULWKPV�

� )LQLWH�GLIIHUHQFHV��IL[HG�QXPEHU�RI�WDVNV�ZLWK
WKH�VDPH�IXQFWLRQ���630'�VWUXFWXUH��

� 3DLUZLVH�,QWHUDFWLRQV��630'�VWUXFWXUH��
� 3DUDOOHO�6HDUFK��G\QDPLF�FUHDWLRQ�RI�WDVNV���DQG
� 3DUDPHWHU�6WXG\��IL[HG�QXPEHU�RI�WDVNV�ZLWK

GLIIHUHQW�IXQFWLRQV��
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)LQLWH�'LIIHUHQFHV

� )LQLWH�GLIIHUHQFHV�DUH�D�IXQGDPHQWDO�WRRO�IRU�WKH
VROXWLRQ�RI�SDUWLDO�GLIIHUHQWLDO�HTXDWLRQV�

� $�RQH�GLPHQVLRQDO�ILQLWH�GLIIHUHQFH�H[DPSOH��LQ
ZKLFK�ZH�KDYH�DQ�LQLWLDO�VWDWH�UHSUHVHQWV�E\�YHFWRU
;��RI�VL]H�1�DQG�PXVW�FRPSXWH�WKH�VROXWLRQ�;7

ZLWK�VWHS�E\�VWHS�XSGDWLQJ�RI�;W�E\�

;� ;� ;� ;� ;� ;1�� ;1��W

;� ;� ;� ;� ;� ;1�� ;1��W��



��

8QLYHUVLW\�RI�6DO]EXUJ��'HSDUWPHQW�RI�6FLHQWLILF�&RPSXWLQJ��+36&�66����� ��

)LQLWH�'LIIHUHQFHV��FRQW��

� 7KH�QHZ�YDOXH�RI�;W���FDQ�EH�FDOFXODWHG�DIWHU�DOO
WDVNV�FDOFXODWH�WKHLU�RZQ�YDOXH�IRU�;W��DQG�UHFHLYH
YDOXHV�IRU�;W�IURP�WKH�OHIW�DQG�WKH�ULJKW
QHLJKERXU�

� 9DOXHV�;��DQG�;1���DUH�ERXQGDU\�YDOXHV��%RXQGDU\
FRQGLWLRQV�KDYH�WR�EH�GHYLVHG�IRU�WKH�ERXQGDU\
YDOXHV�

� /HW�VD\�WKDW�WKH�ERXQGDU\�YDOXHV�KDV�IL[HG�YDOXHV
WKDW�DUH�HTXDO�WR�WKH�LQLWLDO�YDOXHV�;�

��DQG�;�
1����

� &RPPXQLFDWLRQ�EHWZHHQ�QHDUHVW�QHLJKERXUV�LV
QHFHVVDU\�
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)LQLWH�'LIIHUHQFHV�3DUDOOHO�0RGHO
� :H�KDYH�1�WDVNV��HDFK�UHVSRQVLEOH�IRU�FRPSXWLQJ

;���;��������;1����LQ�HDFK�RI�7�FDOFXODWLRQ�VWHSV�
� 7DVNV���DQG�1���DUH�ERXQGDU\�WDVNV��ZLWK�L�H��

IL[HG�YDOXHV���DQG�KDYH�D�VOLJKWO\�GLIIHUHQW
FDOFXODWLRQ�WKDQ�RWKHU�WDVNV�

� 'DWD�WUDQVIHU�LV�LPSOHPHQWHG�ZLWK�WZR�EL�
GLUHFWLRQDO�FKDQQHOV�WR�WKH�ULJKW�DQG�WR�WKH�OHIW
QHLJKERXUV�

� � � � 1�� 1��



��

8QLYHUVLW\�RI�6DO]EXUJ��'HSDUWPHQW�RI�6FLHQWLILF�&RPSXWLQJ��+36&�66����� ��

)LQLWH�'LIIHUHQFHV�3HUIRUPDQFH�$QDO\VLV

� $VVXPH�WKDW�ZH�GLVWULEXWH�1�WDVNV��SRLQWV��DPRQJ
3�SURFHVVRUV��HDFK�UHVSRQVLEOH�IRU�HTXDO�QXPEHU
1�3�SRLQWV��(DFK�SURFHVVRU�SHUIRUPV�WKH�VDPH
FRPSXWDWLRQ�RQ�HDFK�JULG�SRLQW�DQG�DW�HDFK�WLPH
VWHS��%HFDXVH�WKH�SDUDOOHO�DOJRULWKP�GRHV�QRW
UHSOLFDWH�FRPSXWDWLRQ��ZH�FDQ�PRGHO�FRPSXWDWLRQ
WLPH�LQ�D�VLQJOH�WLPH�VWHS�DV����7FRPS� �WF
1

� (DFK�SURFHVVRU�PXVW�H[FKDQJH�D�VLQJOH�GDWD�SRLQW
RQ�HDFK�ERXQGDU\��WZR�PHVVDJHV�UHFHLYHG�WZR
VHQW���7KH�QXPEHU�RI�DOO�PHVVDJHV�LV�
7FRPP� ��
3
�WV���WZ
��

� 7KH�WRWDO�H[HFXWLRQ�WLPH�7S� �WF
1�3����
WV���WZ
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)LQLWH�'LIIHUHQFHV���$OJRULWKP
� (DFK�WDVN�L�SHUIRUPV�WKH�IROORZLQJ�VWHS�DOJRULWKP�

��LI��WDVN,'�QRW���RU�1����^
��VHQG�ORFDO�GDWD�;W�WR�OHIW�DQG�ULJKW�RXWSRUWV�

�����UHFHLYHV�;W�IURP�LWV�OHIW�DQG�ULJKW�LQSRUWV�
�����XVH�WKHVH�YDOXHV�WR�FRPSXWH�;W���`
��HOVH�;W��� �;W��

� 6LQJOH�3URJUDP�0XOWLSOH�'DWD�DOJRULWKP�
� $OO�WDVNV�FDQ�H[HFXWH�LQGHSHQGHQWO\�EHWZHHQ�VWHSV

DQG�ZLWKLQ�D�VLQJOH�VWHS�
� ([HFXWLRQ�RUGHU�LV�V\QFKURQLVHG�E\�WKH�UHFHLYH

RSHUDWLRQV��QR�GDWD�YDOXH�LV�XSGDWHG�DW�VWHS�W���XQWLO
WKH�GDWD�YDOXHV�LQ�QHLJKERXULQJ�WDVNV�KDYH�EHHQ
XSGDWHG�DW�VWHS�W��
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�3DLUZLVH�,QWHUDFWLRQV
� 0DQ\�SUREOHPV�UHTXLUH�WKH�FRPSXWDWLRQ�RI�DOO

1�1����SDLUZLVH�LQWHUDFWLRQV�,L�M��L¹M��L�M ��«�1���
EHWZHHQ�1�GDWD��,QWHUDFWLRQV�PD\�EH�V\PPHWULF�
,L�M� ��,M�L��LQ�ZKLFK�FDVH�RQO\�1�1������LQWHUDFWLRQV
QHHG�WR�EH�FRPSXWHG�

� )RU�1�SDUWLFOHV�
���$�VLPSOH�SDUDOOHO�DOJRULWKP�IRU�WKH�JHQHUDO�SDLUZLVH

LQWHUDFWLRQV�SUREOHP�PLJKW�FUHDWH�1�WDVNV��RQH�IRU
HDFK�SDUWLFOH�

���1�1������LQGHSHQGHQW�LQWHUDFWLRQV�PXVW�EH
FRPSXWHG��(DFK�SDUWLFOH�KDV�WR�FRPPXQLFDWH�E\

����1����QHLJKERXUV��7KH�SUREOHP�FDOFXODWLRQ
FRPSOH[LW\�LV�RI��2�1���
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3DLUZLVH�,QWHUDFWLRQV���0ROHFXODU
'\QDPLFV

� ,Q�WKH�VLPXODWLRQ�RI�0ROHFXODU�'\QDPLFV�WKH�WRWDO
IRUFH�IL�KDV�WR�EH�FDOFXODWHG�LQ�HDFK�VWHS�IRU�HDFK
PROHFXOH�;L�

����ZKHUH�)�;L�;M�� ��)�;M�;L���ZKDW�PHDQV�WKDW�ZH�KDYH
V\PPHWULF�LQWHUDFWLRQV�

� 7KH�ORFDO�IRUFH�LQ�[�GLUHFWLRQ�)[�;L�;M��LV�FDOFXODWHG
E\�WKH�/HQDUG�-RQHV�SRWHQWLDO�DV�

)[��;L�;M� F
�[L�[M�
���UL�M�����������UL�M����
����ZKHUH�UL�M�LV�WKH�GLVWDQFH�EHWZHHQ�SDUWLFOHV�L�DQG�M��[L

WKH�[�FRRUGLQDWH�RI�D�SDUWLFOH�,��DQG�F�D�FRQVWDQW�
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�3DLUZLVH�,QWHUDFWLRQV�3DUDOOHO�0RGHO�
� 1 ��SDUWLFOHV��WDVNV�
� 1�1����� ���LQGHSHQGHQW�LQWHUDFWLRQV��FKDQQHOV�
� 1 ��WDVNV��1���EL�GLUHFWLRQDO�FKDQQHOV�SHU�WDVN
� ([SHQVLYH�GHVLJQ�

;�

;�

;�

;�

;�
,��� �,���

,��� �,���
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�3DLUZLVH�,QWHUDFWLRQV�3DUDOOHO�0RGHO�
� ,QVWHDG�RI�WRWDOO\�1�1����FKDQQHOV��ZH�FDQ�XVH�RQO\

1�FKDQQHOV��RQH�LQSRUW�DQG�RQH�RXWSRUW�FKDQQHO�SHU
SDUWLFOH�

� :H�FDQ�FUHDWH�1�VDPH�WDVNV��RQH�IRU�HDFK�SDUWLFOH�
HDFK�ZLWK�LWV�ORFDO�SDUWLFOH�GDWD��SDUWLFOH�SRVLWLRQ�
DFFXPXODWHG�IRUFH��

� 7DVNV�DUH�FRQQHFWHG�E\�D�GLUHFWHG
����ULQJ�FRPPXQLFDWLRQ�VWUXFWXUH�

� (DFK�FDOFXODWLRQ�VWHS�FRQVLVW�RI�1���VHQG�UHFHLYH�
FDOFXODWH�VXE�VWHSV��SDVVHV���FDXVLQJ�1�GDWD�WR�IORZ
DURXQG�WKH�ULQJ�

� $OO�SDVVHV�FDQ�EH�H[HFXWHG�LQGHSHQGHQWO\�

;�

;�

;�

;�

;�
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�3DLUZLVH�,QWHUDFWLRQV���$OJRULWKP
� ([HFXWLRQ�RUGHU�LV�V\QFKURQLVHG�LQ�HDFK�SDVV�E\�WKH

UHFHLYH�RSHUDWLRQV��QHZ�LQWHUDFWLRQ�LV�FDOFXODWHG
DIWHU�WKH�UHFHSWLRQ�RI�QHZ�SDUWLFOH�GDWD��

� 1HZ�SDUWLFOH�VWHS�SRVLWLRQ�LV�FDOFXODWHG�DIWHU�1��
SDVVHV�ZKHQ�WKH�ILQDO�DFFXPXODWLRQ�RI�DOO�LQWHUDFWLRQV
FDQ�EH�SHUIRUPHG�LQ�HDFK�WDVN�

� (DFK�WDVN�SHUIRUP�WKH�VDPH�VWHS�DOJRULWKP�
����5HSHDW�1���WLPHV��^
����VHQG�SDUWLFOH�SRVLWLRQ��UHFHLYHG�LQ�WKH
����SUHYLRXV�SDVV��RZQ�SRVLWLRQ�LQ��VW�VWHS��
����RQ�WKH�RXWSRUW�
����UHFHLYH�QH[W�SDUWLFOH�SRVLWLRQ�IURP�WKH�LQSRUW�
����FRPSXWH�LQWHUDFWLRQ�,L�M�DQG�DFFXPXODWH�IRUFH�`
��FDOFXODWH�QHZ�ORFDO�SDUWLFOH�SRVLWLRQ�
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3DLUZLVH�,QWHUDFWLRQV���,PSURYHPHQWV
� %HFDXVH�RI�V\PPHWU\��ZH�FDQ�LPSURYH�WKH

DOJRULWKP��WKDW�ZLOO�QHHG�RQO\��1������SDVVHV�SHU
VWHS��LQVWHDG�RI�SUHYLRXV��1����SDVVHV�

� �VW�DSSURDFK��WR�DGG�RQH�DGGLWLRQDO�FKDQQHO�WR�HDFK
WDVN�LQ�RUGHU�WR�JHW�SDUWLDOO\�DFFXPXODWHG
LQWHUDFWLRQV��ULQJ�WRSRORJ\�LV�ORVW��

� �QG�DSSURDFK��WR�DGG�RQH�DGGLWLRQDO�FKDQQHO�LQ�ULQJ
DQG�VHQG�SDUWLDOO\�DFFXPXODWHG�LQWHUDFWLRQV�LQ�WKH
UHYHUVH�GLUHFWLRQ��ULQJ�WRSRORJ\�LV�VDYHG��

;�

;�

;�

;�

;�

;�
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3DLUZLVH�,QWHUDFWLRQ�3HUIRUPDQFH�$QDO\VLV
� $VVXPH�WKDW�ZH�GLVWULEXWH�1�WDVNV�DPRQJ�3

SURFHVVRUV��HDFK�UHVSRQVLEOH�IRU�HTXDO�QXPEHU�RI
1�3�ORFDO�SDUWLFOHV��:H�KDYH�1�1������LQWHUDFWLRQV
IRU�HDFK�WDVN�DQG�LQ�HDFK�VWHS��VR�WKH�WRWDO
FRPSXWDWLRQ�WLPH�LV����7FRPS� �WF
1�1�����

� (DFK�SURFHVVRU�PXVW�H[FKDQJH�WKH�DFWXDO�SRVLWLRQ
DQG�YHORFLWLHV�RI�1�3�ORFDO�SDUWLFOHV�IRU�HDFK�RI
�3����SDVVHV��7ZR�PHVVDJHV�DUH�QHHGHG�LQ�WKH�ULQJ
�FRQFXUUHQWO\��RQH�VHQG��RQH�UHFHLYH��

�����������������7FRPP� �3
�3���
�WV���WZ
��
1�3��
� ,GHDOO\��PHVVDJHV�RQ�DOO�QRGHV�IURP�WKH�ULQJ�ZLOO�EH

VHQG�LQ�SDUDOOHO��7KH�SDUDOOHO�H[HFXWLRQ�VWHS�WLPH
ZLOO�EH��7S� �WF
1�1�����3����3���WV���WZ
��
1��
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�6HDUFK
� 7KH�SURJUDP�VKRXOG�H[SORUH�D�VHDUFK�WUHH�ORRNLQJ

IRU�QRGHV�WKDW�FRUUHVSRQG�WR�´VROXWLRQVµ�
� 7KLV�H[DPSOH�LOOXVWUDWHV�WKH�G\QDPLF�FUHDWLRQ�RI

WDVNV�DQG�FKDQQHOV�GXULQJ�SURJUDP�H[HFXWLRQ�
� $�SDUDOOHO�DOJRULWKP�IRU�WKLV�SUREOHP�FDQ�EH

VWUXFWXUHG�LQ�WKH�IROORZLQJ�ZD\�
² $�VLQJOH�WDVN�LV�FUHDWHG�IRU�WKH�URRW�RI�WKH�VHDUFK�WUHH�

7KH�WDVN�HYDOXDWHV�LWV�QRGH�DQG�WKHQ��LI�WKDW�QRGH�LV�QRW
D�VROXWLRQ��LW�FUHDWHV�D�QHZ�WDVN�IRU�HDFK�VHDUFK�FDOO�LQ
LWV�FKLOG�QRGHV�

² $�FKDQQHO�FUHDWHG�IRU�HDFK�QHZ�WDVN�LQ�D�WUHH�QRGH�LV
XVHG�WR�UHWXUQ�DQ\�VROXWLRQV�HYHQWXDOO\�ORFDWHG�LQ�LWV
VXEWUHH�
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�6HDUFK���3DUDOOHO�0RGHO
� 1HZ�WDVNV�DQG�FKDQQHOV�DUH�FUHDWHG�LQ�D�ZDYHIURQW

VWDUWLQJ�DW�WKH�URRW�DQG�SURJUHVVLQJ�GRZQ�WKH
OHDIV�RI�WKH�VHDUFK�WUHH�

� (DFK�QRGH�UHSUHVHQWV�D�WDVN�WKDW�FDOO�SURFHGXUH
6HDUFK����

�

� �

�� � � �

���

7DVN�FUHDWLRQ

5HWXUQ�VROXWLRQ
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�6HDUFK���$OJRULWKP
� 3URFHGXUH�6HDUFK���FKHFNV�ZKHWKHU�WKH�DFWXDO�QRGH

UHSUHVHQWV�D�VROXWLRQ��,I�QRW��WKH�DOJRULWKP�PDNHV
UHFXUVLYH�FDOOV�WR�H[SDQG�HDFK�RI�WKH�FKLOG�QRGHV�

��������������3URFHGXUH�VHDUFK�$�
����������EHJLQ
��������������LI��VROXWLRQ�$���WKHQ
�����������������VFRUH� �HYDO�$�
�����������������UHSRUW�VROXWLRQ�DQG�VFRUH
��������������HOVH
�����������������IRUHDFK�FKLOG�$�L��RI�$
����������������������VHDUFK�$�L��
������������������HQGIRU
��������������HQGLI
����������HQG
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3DUDPHWHU�6WXG\

� 6RPH�FRPSXWDWLRQV�FDQ�EH�PRGHOOHG�ZLWK�VHYHUDO
WDVNV�WKDW�FDQ�H[HFXWH�LQGHSHQGHQWO\��ZLWKRXW
FRPPXQLFDWLRQ�

� (DV\�WR�DGDSW�IRU�SDUDOOHO�H[HFXWLRQ�
� $Q�H[DPSOH�LV�D�SDUDPHWHU�VWXG\��LQ�ZKLFK�WKH

VDPH�FRPSXWDWLRQ�PXVW�EH�SHUIRUPHG�XVLQJ�D
UDQJH�RI���GLIIHUHQW�LQSXW�SDUDPHWHUV�

� 7KH�SDUDPHWHU�YDOXHV�DUH�UHDG�IURP�DQ�LQSXW�ILOH�
DQG�WKH�UHVXOWV�DUH�ZULWWHQ�WR�DQ�RXWSXW�ILOH�
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3DUDPHWHU�6WXG\���3DUDOOHO�0RGHO
� :RUNHUV��:��UHTXHVW�SDUDPHWHUV�IURP�WKH�LQSXW

WDVN��,��WKDW�VHQGV�SRUWLRQ�RI�SDUDPHWHUV�WR�WKH
VHOHFWHG�:��$IWHU�ILQLVKLQJ�WKH�FDOFXODWLRQ�:L
VHQG�UHVXOWV�WR�WKH�RXWSXW�WDVN��2��

2

'DWD�UHTXHVW

,

:� :� :� :� :�

'LVWULEXWHG�GDWD

5HVXOWV

,QSXW�WDVN

2XWSXW�WDVN
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3DUDPHWHU�6WXG\�3DUDOOHO�0RGHO��FRQW��
� %HVLGHV�WR�WKH�DOUHDG\�NQRZQ�RQH�WR�RQH

FRPPXQLFDWLRQ��SDUDPHWHUV�IURP�,�WR�:���PDQ\�
WR�RQH�FRQQHFWLRQV�DUH�QHHGHG�WR�VWRUH�UHVXOWV
DQG�VHQG�UHTXHVWV�IURP�:L�WR�2�DQG�:L�WR�,�
UHVSHFWLYHO\�

� 7KH�,�DQG�2�WDVNV�UHFHLYH�GDWD�IURP�:L�LQ�DQ
DUELWUDU\�RUGHU��WKHUHIRU�WKH�SURJUDP�LV�QRQ�
GHWHUPLQLVWLF�

� :L�WDVNV�FDQ�EH�RI�WKH�VDPH�RU�GLIIHUHQW
FRPSOH[LW\��FRPSXWHUV�XVHG�FDQ�DOVR�EH�RI�WKH
VDPH��KRPRJHQRXV�QHWZRUN��RU�GLIIHUHQW�W\SH
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