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� , QWU RGXFWLRQ

,Q 6RIWZDUH (QJLQHHULQJ� UHSUHVHQWLQJ DQG VHOHFWLQJ SDWWHUQV UHPDLQV DQ HPSLULFDO WDVN
>��@� (VVHQWLDOO\� FXUUHQW SDWWHUQ UHSUHVHQWDWLRQV IROORZ WKH IRUPDW RULJLQDOO\ SURSRVHG E\
&KULVWRSKHU $OH[DQGHU >�@� $OWKRXJK WKHVH IRUPDWV KDYH WKH DGYDQWDJH RI SUHVHUYLQJ WKH
JHQHUDWLYH QDWXUH RI SDWWHUQV� LW LV VWLOO GLrFXOW WR UHFRJQL]H ZKHQ WR DSSO\ D JLYHQ SDWWHUQ�
DV ZHOO DV WKH FRQVHTXHQFHV LWV DSSOLFDWLRQ FRXOG JHQHUDWH� 7KLV VLWXDWLRQ SRVHV D FKDOOHQJH
IRU PRVW SDWWHUQ XVHUV� +RZ WR VHOHFW DQ DSSURSULDWH SDWWHUQ IRU D GHVLJQ GHFLVLRQ IURP D
EURDG DQG JURZLQJ GLYHUVLW\ RI FKRLFHV >��@�

*LYHQ D VLQJOH FRKHUHQW SDWWHUQ ODQJXDJH� $OH[DQGHU RoHUV D VWUDLJKWIRUZDUG SURFHGXUH
IRU FKRRVLQJ UHOHYDQW SDWWHUQV WR EH FRPSUHVVHG LQWR WKH GHFLVLRQ PDNHU
V SDUWLFXODU GHVLJQ
>�@� +RZHYHU� ZLWK WKH DGDSWDWLRQ RI WKH SDWWHUQ DSSURDFK WR VRIWZDUH GHVLJQ DQG JLYHQ WKH
\HDUO\ GHOLEHUDWLRQV WR LQWURGXFH QHZ SDWWHUQV >�@>��@>��@>��@ WKH QXPEHU DQG GLYHUVLW\ RI
SDWWHUQV DYDLODEOH WR WKH GHVLJQHU FRQWLQXHV WR JURZ� +HQFH� LW LV QRW DOZD\V SUDFWLFDO WR
VFDQ DQG FKRRVH IURP DPRQJ D OLVW RI SDWWHUQ WLWOHV DV RULJLQDOO\ VXJJHVWHG E\ $OH[DQGHU�

7KH QRQ�IXQFWLRQDO UHTXLUHPHQWV �1)5� IUDPHZRUN >�@ KHOS XV UHSUHVHQW WKH UHODWLRQ�
VKLSV EHWZHHQ GHVLJQ GHFLVLRQV DQG QRQ�IXQFWLRQDO UHTXLUHPHQWV H[SOLFLWO\� ,Q >��@� *URVV
DQG <X H[DPLQH WKH LPSRUWDQFH RI QRQ�IXQFWLRQDO UHTXLUHPHQWV DQDO\VLV LQ WKH SDWWHUQ DS�
SURDFK� 7KH\ H[SORUH WKH DSSOLFDELOLW\ RI WKH 1)5 IUDPHZRUN WR UHSUHVHQWLQJ DQG DSSO\LQJ
SDWWHUQV� 7KXV� *URVV DQG <X H[WUDFW QRQ�IXQFWLRQDO UHTXLUHPHQWV DQG WKHLU FRQWULEXWLRQV
RQ HDFK RWKHU IURP WKH SUREOHP VHFWLRQ RI D SDWWHUQ� 3DWWHUQV DUH DSSOLHG E\ UHODWLQJ SRV�
VLEOH GHYHORSPHQW WHFKQLTXHV IRU DFKLHYLQJ WKH FRUUHVSRQGLQJ QRQ�IXQFWLRQDO UHTXLUHPHQWV
WR WKH IXQFWLRQDO HODERUDWLRQ RI WKH V\VWHP XQGHU GHYHORSPHQW�

:H FDQ JR VLJQLpFDQWO\ IXUWKHU E\ PDNLQJ XVH RI WKH 1)5 IUDPHZRUN LQ XQGHUVWDQGLQJ
WKH IRUFHV DQG FRQWH[W RI WKH SUREOHPV WKDW JLYH ULVH WR WKH SURSRVHG VROXWLRQV� 7KLV LV WKH
PDLQ LGHD EHKLQG WKLV ZRUN� 7KH OHYHO RI VWUXFWXULQJ SURYLGHG E\ WKH 1)5 IUDPHZRUN FDQ
KHOS XV UHSUHVHQW SDWWHUQV PRUH IRUPDOO\ DQG GHFLGH ZKLFK SDWWHUQV WR DSSO\ LQ D JLYHQ
GHVLJQ FRQWH[W�

7KH RYHUDOO JRDO RI WKLV SDSHU LV WR SURSRVH D QHZ DQG FRPSOHPHQWDU\ UHSUHVHQWDWLRQ
IRU SDWWHUQV� EDVHG RQ WKH DQDO\VLV RI QRQ�IXQFWLRQDO UHTXLUHPHQWV VXSSRUWHG E\ WKH 1)5
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IUDPHZRUN� 7KH PRWLYDWLRQ RI WKLV QHZ IRUPDW LV WR SURPRWH D EHWWHU XQGHUVWDQGLQJ DQG
VWUXFWXULQJ RI SDWWHUQV� $FFRUGLQJO\� WKLV QHZ SDWWHUQ UHSUHVHQWDWLRQ SURYLGHV VXSSRUW IRU
GHYLVLQJ SDWWHUQ ODQJXDJHV�

7KH UHVW RI WKLV SDSHU LV RUJDQL]HG DV IROORZV� 7KH FRQFHSWXDO EDFNJURXQG LV HVWDEOLVKHG
LQ VHFWLRQV �� �� DQG �� ,Q 6HFWLRQ �� WKH SURSRVHG DSSURDFK LV H[SODLQHG� 6HFWLRQ � SUHVHQWV
D FDVH VWXG\ WR LOOXVWUDWH WKH XVH RI WKH QHZ SDWWHUQ UHSUHVHQWDWLRQ� 7KH SDSHU FORVHV ZLWK
D GLVFXVVLRQ RI WKH EHQHpWV RI WKH QHZ DSSURDFK DQG VRPH VXJJHVWLRQV IRU IXWXUH ZRUN�

� 0 RWLYDWLRQ

$SSO\LQJ SDWWHUQV LV LQWLPDWHO\ OLQNHG WR WKH QRWLRQ RI SDWWHUQ ODQJXDJHV� $ YHU\ VLPSOH
H[DPSOH� EXLOGLQJ D SRUFK >�@� VHUYHV WR LOOXVWUDWH WKLV SRLQW� $OH[DQGHU XVHV D VHW RI WHQ
SDWWHUQV WR VDWLVI\ D QHHG� EXLOG D SRUFK RQWR WKH IURQW RI D KRXVH� %HVLGHV WKH GHVLJQ RI D
SRUFK� WKH SURFHVV LWVHOI UHVXOWV LQ D SDWWHUQ ODQJXDJH� +H GHYLVHV D VWUXFWXUH E\ VWDUWLQJ
Ro ZLWK WKH VROXWLRQ IRU D VLPSOH DQG EURDG VLWXDWLRQ �3ULYDWH 7HUUDFH 2Q 7KH 6WUHHW� DQG
DGGLQJ PRUH DQG PRUH SDWWHUQV XQWLO VHYHUDO GHWDLOV LQ PLQG DUH FRQVLGHUHG DQG WKH JLYHQ
QHHG LV VDWLVpHG� 7KH ZD\ SDWWHUQV DUH VHOHFWHG DOORZV XV WR LQWXLWLYHO\ XQGHUVWDQG KRZ WKH\
DUH LQWHUFRQQHFWHG�

$V $OH[DQGHU VWDWHV� ?HDFK SDUW RI WKH HQYLURQPHQW LV JLYHQ LWV FKDUDFWHU E\ WKH FROOHFWLRQ
RI SDWWHUQV ZH FKRRVH WR EXLOG LQWR LW�� &RQVHTXHQWO\� KH SURSRVHV D SURFHGXUH IRU GHULYLQJ
D SDWWHUQ ODQJXDJH >�@ WKDW FDQ EH VXPPDUL]HG DV IROORZV >��@�

�� &KRRVH WKH SDWWHUQV ZKLFK EHVW GHVFULEH WKH RYHUDOO VFRSH RI WKH SURMHFW�
�� *R WR WKH HQG RI HYHU\ SDWWHUQ� ZKHUH LW UHIHUV WR WKH VPDOOHU VFDOH SDWWHUQV ZKLFK

VXSSRUWV LW� DQG PDNH D OLVW RI WKH SDWWHUQV ZKLFK VHHP WR DSSO\ WR WKH SURMHFW�
�� )RU HDFK SDWWHUQ VHOHFWHG LQ VWHS �� UHSHDW VWHS �� DQG DOVR H[DPLQH WKH ODUJHU VFDOH

SDWWHUQV DW WKH EHJLQQLQJ RI HDFK SDWWHUQ� DGGLQJ DOO UHOHYDQW SDWWHUQV WR WKH OLVW�
�� 5HSHDW VWHSV � DQG � XQWLO WKH ZKROH OLVW RI SDWWHUQV LV FRYHUHG�
�� $GMXVW WKH OLVW RI SDWWHUQV E\ DGGLQJ RZQ PDWHULDO� HLWKHU E\ PRGLI\LQJ H[LVWLQJ SDWWHUQV

VR WKDW WKH\ DUH PRUH UHOHYDQW WR WKH FXUUHQW VLWXDWLRQ� RU E\ FUHDWLQJ QHZ RQHV�

7KH IROORZLQJ LVVXHV DUH LQYROYHG LQ WKLV SURFHGXUH�

^ $ SDWWHUQ XVHU QHHGV WR VFDQ WKH OLVW RI SDWWHUQV WR GHULYH D SUHOLPLQDU\ VXEVHW RI
SDWWHUQV �D SDWWHUQ ODQJXDJH�� 7KLV LPSOLHV UHDGLQJ WKHP WKRURXJKO\ XQWLO JUDVSLQJ WKH
ZD\ SDWWHUQV PD\ EH DSSOLHG�

^ ,W GHPDQGV WR SDWWHUQ XVHU VHYHUDO VNLOOV WKDW GHSHQG RQ KLV�KHU H[SHUWLVH� LQWXLWLYHQHVV�
FUHDWLYLW\� DQG RWKHU DELOLWLHV�
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$V SRLQWHG RXW LQ WKH ODWWHU� VWHSV � DQG � RI WKH $OH[DQGHU
V SURFHGXUH DUH EDVHG RQ
GHVLJQHU
V WDOHQW� WKLV LV D FRUH SDUW RI KLV�KHU FRQWULEXWLRQ� 0RUHRYHU� WKLV LVVXH LV SHUYDVLYH
LQ WKH ZKROH SURFHVV DQG EHVWRZV WKH LQWXLWLYH QDWXUH WR WKH SDWWHUQ DSSURDFK� 2Q WKH RWKHU
KDQG� WKH pUVW LVVXH GHPDQGV JUHDW DWWHQWLRQ� SDUWLFXODUO\ LI WKH XQLYHUVH RI SDWWHUQV LV EURDG
DQG GLYHUVH� DV FXUUHQWO\ RFFXUV LQ 6RIWZDUH (QJLQHHULQJ�

$ NH\ LVVXH UHJDUGLQJ WKLV SURFHVV LV WKH ZD\ SDWWHUQV DQG WKHLU LQYROYHG HOHPHQWV DUH
GHVFULEHG� ,Q >��@� &RSOLHQ UHSUHVHQWV IRUFHV H[SOLFLWO\� 7KLV FRQVWLWXWHV D EDVLF WHPSODWH
IRU RWKHU SDWWHUQ UHSUHVHQWDWLRQV >�@>��@� 7KXV� D SDWWHUQ GHVFULSWLRQ LQFOXGHV D EXOOHWHG
OLVW RI IRUFHV DQG VRPH GHWDLOV DERXW WKHLU LPSOLFDWLRQV� 7RJHWKHU ZLWK D FRQWH[W DQG LWV
FRUUHVSRQGLQJ VROXWLRQ� D GLVFXVVLRQ RI IRUFHV FRQVWLWXWHV DQ HVVHQWLDO FRPSRQHQW RI DQ\
SDWWHUQ� &RQVHTXHQWO\� WKH &RSOLHQ UHSUHVHQWDWLRQ SURYLGHV D SDWWHUQ XVHU ZLWK DQ LPSRUWDQW
KHOS E\ GHVFULELQJ WKH IRUFHV LQYROYHG DQG VXSSRUWLQJ WKH SDWWHUQ DSSOLFDELOLW\� DV ZHOO DV
LWV HoHFWV�

+RZHYHU� IRUFHV LQ D SDWWHUQ FRQWH[W GR QRW DFW LQ LVRODWLRQ� 7KH\ SXOO DQG SXVK HDFK
RWKHU XQWLO WKH RXWFRPH RI WKLV ?FRQqLFW� LV DFKLHYHG� WKH PDLQ FRQWULEXWLRQ RI D SDWWHUQ�
$OWKRXJK ZH PDNH WKH IRUFHV LQYROYHG LQ D SDWWHUQ QRWLFHDEOH� WKH IROORZLQJ DVSHFWV XVXDOO\
UHPDLQ XQDQVZHUHG�

^ +RZ DUH WKH IRUFHV UHODWHG"
^ ,Q WHUPV RI UHVRXUFHV� ZKDW DUH WKH SRVVLEOH WUDGH�RoV EHKLQG FRQqLFWLQJ IRUFHV"
^ :KDW DUH WKH LVVXHV WKDW PD\ UHPDLQ XQVROYHG DIWHU DSSO\LQJ D SDWWHUQ"

%DFN WR WKH ?EXLOGLQJ D SRUFK� H[DPSOH� ZH REVHUYH WKH IROORZLQJ LVVXHV LQ WKH GHVFULSWLRQ
SURYLGHG E\ $OH[DQGHU >�@�

^ ,QGLYLGXDOLW\ DQG FRPPXQDOLW\ QHHGV DUH VROYHG E\ 35,9$7( 7(55$&( 21 7+(
675((7 ������

^ 6811< 3/$&( ����� VHUYHV WR HPSKDVL]H WKH VSHFLDO �VRFLDO� FKDUDFWHU RI WKH SODFH�
^ 7KH QHHG RI EHLQJ FRYHUHG DQG DW WKH VDPH WLPH HQMR\LQJ WKH RSHQ VSDFH VHQVDWLRQ LV
SURYLGHG E\ WKH 287'225 5220 ������

^ 3URJUHVVLYH SK\VLFDO GHYHORSPHQW RI VSDWLDO GLVWULEXWLRQ LV DGGUHVVHG E\ 6,;�)227
%$/&21< ������ 3$7+6 $1' *2$/6 ������ DQG &(,/,1* +(,*+7 9$5,(7<
������

^ 6RPH IXQGDPHQWDO SK\VLFDO HOHPHQWV WKDW DoHFW WKH VSDWLDO GLVWULEXWLRQ DUH D )5217
'225 %(1&+ ����� DQG WKH &2/8016 $7 7+( &251(56 ������

^ $QG pQDOO\� VRPH GHFRUDWLYH HOHPHQWV WKDW VDWLVI\ SHUVRQDO QHHGV DUH 5$,6(' )/2:�
(56 ����� �ROIDFWRU\ DQG YLVXDO�� DV ZHOO DV ',))(5(17 &+$,56 ����� �YLVXDO��

$V REVHUYHG LQ WKLV H[DPSOH� WKHVH LVVXHV DUH LPSOLHG LQ $OH[DQGHU
V GHVFULSWLRQ� 7KH\ DUH
FOHDU WR RXU PLQGV EHFDXVH RI WKH VLPSOH DQG IDPLOLDU VLWXDWLRQ DGGUHVVHG� DQG DOVR WKDQNV
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WR WKH QLFH� VROLG� DQG SRZHUIXO GHVFULSWLRQ RI SDWWHUQV SURYLGHG E\ $OH[DQGHU� +RZHYHU�
WKLV LV QRW WKH FDVH IRU DOO VLWXDWLRQV DGGUHVVHG LQ 6RIWZDUH (QJLQHHULQJ� ZKHWKHU GXH WR WKH
GHVFULSWLRQ RI WKH SDWWHUQV LQYROYHG� RU GXH WR WKH ODFN RI IDPLOLDULW\ RI WKH GHVLJQHU ZLWK
WKH SUREOHP XQGHU DQDO\VLV�

7KH IDFW LV WKDW D SDWWHUQ XVHU PXVW VFUXWLQL]H WKH FRQWHQWV RI HYHU\ SDWWHUQ EHIRUH
GHFLGLQJ WR DSSO\ LW� 3DWWHUQ ZULWHUV WHQG WR GLVFXVV WKH EHQHpWV DQG OLDELOLWLHV RI DSSO\LQJ
WKHLU SDWWHUQV� ZKLFK DUH LGHQWLpHG DV FRQVHTXHQFHV LQ VRPH SDWWHUQ IRUPDWV� %\ UHDGLQJ
WKH FRQVHTXHQFHV� D SDWWHUQ XVHU FDQ GHWHUPLQH� E\ VXEMHFWLYHO\ WUDGLQJ WKHP Ro� WKH SDW�
WHUQ ZLWK PRUH SHUFHLYHG PHULW >�@� $JDLQ� ZLWK WKH QXPEHU RI SRVVLEOH FDQGLGDWH SDWWHUQV
FRQWHQGLQJ IRU WKH DWWHQWLRQ RI D SDWWHUQ XVHU� WKLV DSSURDFK PD\ EHFRPH LPSUDFWLFDO >��@�

7KXV� ZH QHHG WR JR IXUWKHU LQ XQGHUVWDQGLQJ WKH LPSOLFDWLRQV RI IRUFHV LQ SDWWHUQ
GHVFULSWLRQV� :H QHHG WR FRQVLGHU� LQ D PRUH H[SOLFLW ZD\� WKH IRUFHV LQYROYHG LQ D SDWWHUQ
GHVFULSWLRQ DQG WKHLU UHSHUFXVVLRQV� ,Q RUGHU WR XQGHUVWDQG WKH ZD\ D JLYHQ SDWWHUQ ZRUNV
DQG WKH FRQVHTXHQFHV RI LWV DSSOLFDWLRQ� LW ZRXOG EH XVHIXO WR FRXQW RQ D PHFKDQLVP WR
UHSUHVHQW WKH LQWHUDFWLRQ RI IRUFHV DQG WKHLU HoHFWV�

� 5HODWHG :RU N

7KLV SDSHU LV OLQNHG WR WZR WRSLFV WKDW FRQFHUQ WKH SDWWHUQ FRPPXQLW\� SDWWHUQ RUJDQL]DWLRQ
DQG IRUPDOL]DWLRQ�

��� 2UJDQL]LQJ 3DWWHUQV

,Q 6RIWZDUH (QJLQHHULQJ� VHYHUDO HoRUWV KDYH EHHQ PDGH IRU UHSUHVHQWLQJ DQG RUJDQL]LQJ
SDWWHUQV >�@>�@>��@>��@>��@>��@� ,Q JHQHUDO� SDWWHUQ GHVFULSWLRQV DUH LQVSLUHG E\ WKH RULJLQDO
IRUPDW IROORZHG E\ &KULVWRSKHU $OH[DQGHU >�@� QDPHO\ �ZLWK PLQRU YDULDQWV�� D QDUUDWLYH
FRQWDLQLQJ D FRQWH[W� D GHVFULSWLRQ RI D SUREOHP� DQG D VDWLVIDFWRU\ VROXWLRQ�

7KH PRVW FRPPRQ VFKHPH IRU RUJDQL]LQJ SDWWHUQV LV D SDWWHUQ FDWDORJ� $PRQJ RWKHUV�
VRPH SDWWHUQ FDWDORJV ZH pQG LQ WKH OLWHUDWXUH DYDLODEOH DUH WKH IROORZLQJ� WKH SDWWHUQ PDS
>�@>��@� WKH SDWWHUQ V\VWHP >�@� DQG WKH SDWWHUQ URDGPDS >��@�

+RZHYHU� D QDWXUDO FRQVHTXHQFH RI SDWWHUQ RUJDQL]DWLRQ LV WKH FRQFHSWLRQ RI SDWWHUQ
ODQJXDJHV DV RULJLQDOO\ GHYLVHG E\ $OH[DQGHU >�@� )URP WKH pUVW DWWHPSWV WR XVH WKH QRWLRQ
RI SDWWHUQV LQ VRIWZDUH GHVLJQ� WKH LPSRUWDQFH RI SDWWHUQ ODQJXDJHV KDV EHHQ HPSKDVL]HG
>��@�
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��� )RUPDOL]LQJ 3DWWHUQ 'HVFULSWLRQV

%HVLGHV WKH *URVV DQG <X
V LQLWLDWLYH >��@� RWKHU HoRUWV WR WUHDWLQJ SDWWHUQV PRUH IRUPDOO\
DUH WKH IROORZLQJ�

,Q >��@� *XOOLFKVHQ DQG &KDQJ SURYLGH SUREDEO\ WKH HDUOLHVW DWWHPSW DW IRUPDOL]LQJ
SDWWHUQV� 7KH DXWKRUV GHVFULEH SDWWHUQV DV PRUSKRORJLFDO ODZV WKDW GHpQH D SHUPLVVLEOH VHW
RI VWUXFWXUDO DUUDQJHPHQW RI WKH HOHPHQWV RI DUFKLWHFWXUDO IRUPV ZLWKLQ D JLYHQ FRQWH[W�
7KH FRQWH[W RI D SDWWHUQ LV UHSUHVHQWHG E\ WKH VHW RI SDWWHUQV LPPHGLDWHO\ DERYH DQG EHORZ
LW LQ WKH SDWWHUQ KLHUDUFK\� 7KH SUREOHP LV RQO\ SURYLGHG LQ WH[W IRUP� DQG KHUHLQ OLHV D
ZHDNQHVV RI WKH IRUPDOL]DWLRQ� )LQDOO\� WKH VROXWLRQ LV UHSUHVHQWHG DV D VHW RI SURFHGXUHV DQG
DGGLWLRQDO WH[W IRU H[SODQDWRU\ SXUSRVHV�

%RUFKHUV SURYLGHV D IRUPDO V\QWDFWLF QRWDWLRQ IRU D SDWWHUQ ODQJXDJH >�@� ,W UHSUHVHQWV
D SDWWHUQ ODQJXDJH DV D GLUHFWHG DF\FOLF JUDSK ZKRVH QRGHV DUH SDWWHUQV� DQG ZKRVH HGJHV
UHIHUHQFH IURP RQH SDWWHUQ WR DQRWKHU� 7KH VHW RI HGJHV SRLQWLQJ WR D SDWWHUQ FRQVWLWXWHV LWV
FRQWH[W� (DFK QRGH RI WKH SDWWHUQ ODQJXDJH LV LWVHOI D VHW RI WKH QDPH� UDQNLQJ� LOOXVWUDWLRQ�
SUREOHP ZLWK IRUFHV� H[DPSOHV� VROXWLRQ� DQG GLDJUDP RI D SDWWHUQ� 7KLV IRUPDO QRWDWLRQ LV
XVHG WR FODULI\ WKH VWUXFWXUH RI WKH ODQJXDJH� DQG WR VXSSRUW FRPSXWHUL]HG WRROV IRU DXWKRULQJ
DQG EURZVLQJ SDWWHUQ ODQJXDJHV� $Q H[DPSOH RI VXFK DQ LQVWUXPHQW LV WKH 3DWWHUQ (GLWLQJ
7RRO �3(7� GHYHORSHG E\ WKH DXWKRU�

� 3 DWWHU QV DQG 1 RQ�)XQFWLRQDO 5HTXLU HPHQWV

,Q WKLV VHFWLRQ� ZH H[DPLQH WKH UHODWLRQVKLS EHWZHHQ SDWWHUQV DQG QRQ�IXQFWLRQDO UHTXLUH�
PHQWV� ,QLWLDOO\� ZH ZLOO EULHq\ GHVFULEH WKH 1)5 IUDPHZRUN� DQ DSSURDFK YHU\ LQVWUXPHQWDO
LQ IRUPDOL]LQJ QRQ�IXQFWLRQDO UHTXLUHPHQWV DQG FRQVLGHULQJ WKHLU LQqXHQFH LQ GHVLJQ� 7KLV
DOORZV XV WR JR IXUWKHU LQ GHYLVLQJ WKH FRQQHFWLRQ EHWZHHQ SDWWHUQV DQG QRQ�IXQFWLRQDO UH�
TXLUHPHQWV� DV ZHOO DV LQ H[SORULQJ D ZD\ WR GHVFULEH SDWWHUQ LQqXHQFH DQG FRQVHTXHQFH
WKURXJK WKH XVH RI QRQ�IXQFWLRQDO UHTXLUHPHQW DQDO\VLV�

��� 7KH 1)5 )UDPHZRUN

$Q REVHUYDEOH WUHQG LQ QRQ�IXQFWLRQDO UHTXLUHPHQW LQLWLDWLYHV LV WR PRGHO WKH FKDLQ RI QRQ�
IXQFWLRQDO UHTXLUHPHQWV DQG WKHLU FRQWULEXWLRQV WR SDUWLFXODU JRDOV� 7KH EHVW H[SUHVVLRQ RI
WKLV WHQGHQF\ LV WKH QRQ�IXQFWLRQDO UHTXLUHPHQWV �1)5� IUDPHZRUN >�@�

,Q WKH 1)5 IUDPHZRUN� QRQ�IXQFWLRQDO UHTXLUHPHQWV OLNH LQWHURSHUDELOLW\� VHFXULW\� SHU�
IRUPDQFH DQG RWKHUV DUH XVHG WR PDQDJH WKH RYHUDOO GHVLJQ SURFHVV� 1RQ�IXQFWLRQDO UH�
TXLUHPHQWV DUH UHSUHVHQWHG DV VRIW�JRDOV� 7KH WHUP ?VRIW�JRDO� H[SUHVVHV WKH QRWLRQ WKDW
QRQ�IXQFWLRQDO UHTXLUHPHQWV DUH RIWHQ VXEMHFWLYH LQ QDWXUH� 7KH\ DUH XVXDOO\ DFKLHYHG QRW
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LQ DQ DEVROXWH VHQVH� EXW WR D VXrFLHQW RU VDWLVIDFWRU\ H[WHQW� 7KH 1)5 IUDPHZRUN UHIHUV
WR WKH SURFHVV RI DFFRPSOLVKLQJ WKH VWDWHG VRIW�JRDOV DV VDWLVpFLQJ� 7KLV WHUP ZDV XVHG E\
+HUEHUW 6LPRQ LQ WKH ����V WR UHIHU WR VDWLVI\LQJ DW VRPH OHYHO D YDULHW\ RI QHHGV� ZLWKRXW
QHFHVVDULO\ RSWLPL]LQJ UHVXOWV >��@�

6RIW�JRDOV DUH LQFUHPHQWDOO\ UHpQHG� DQG WUDGH�RoV DUH PDGH DV FRQqLFWV DQG V\QHUJLHV
DUH GLVFRYHUHG� 7KH HQWLUH UHSUHVHQWDWLRQ RI VRIW�JRDOV SOXV WKHLU GHFRPSRVLWLRQ LV NQRZQ DV
VRIW�JRDO JUDSK� $ VRIW�JRDO JUDSK FRQVLVWV RI RQH RU PRUH VRIW�JRDOV� (YHU\ VRIW�JRDO FDQ EH
GHFRPSRVHG LQWR RQH RU PRUH VXE�JRDOV ZKLFK� LQ WXUQ� UHSUHVHQW UHpQHPHQWV RI ?SDUHQW� VRIW�
JRDOV� RU LQWHUGHSHQGHQF\ OLQNV� ,UUHJXODU FXUYLOLQHDU VKDSHV DUH XVHG WR UHSUHVHQW VRIW�JRDOV
DQG VXE�JRDOV �VHH )LJXUH ��� 'HSHQGLQJ RQ WKH ZD\ DQ RoVSULQJ SRVLWLYHO\ RU QHJDWLYHO\
VXSSRUWV WKH DFKLHYHPHQW RI LWV SDUHQW VRIW�JRDO� GLoHUHQW W\SHV RI FRQWULEXWLRQV DUH GHpQHG�
%UHDN� +XUW� 6RPH�� +HOS� 0DNH� DQG 6RPH� �VHH pJXUHV � DQG ���

)LJ� �� *UDSKLFDO UHSUHVHQWDWLRQ IRU VRPH 1)5 IUDPHZRUN FRPSRQHQWV DQG FRQWULEXWLRQ
OLQNV

^ 0DNH PHDQV WKDW WKH JRDO VXrFLHQWO\ FRQWULEXWHV WR WKH JRDO DW WKH HQG RI WKH OLQN
�WKH SDUHQW JRDO�� +HOS LQGLFDWHV D SRVLWLYH FRQWULEXWLRQ� EXW QRW VXrFLHQW RQ LWV RZQ�
6RPH� VD\V WKDW WKHUH LV VRPH SRVLWLYH FRQWULEXWLRQ WR WKH SDUHQW JRDO� HLWKHU +HOS RU
0DNH�

^ 6LPLODUO\� %UHDN PHDQV WKDW WKH RoVSULQJ ZLOO EUHDN WKH PHHWLQJ RI WKH SDUHQW VRIW�JRDO�
+XUW LQGLFDWHV SDUWLDO QHJDWLYH VXSSRUW WR WKH SDUHQW� DQG 6RPH� LQGLFDWHV QHJDWLYH
FRQWULEXWLRQ� HLWKHU %UHDN RU +XUW�

7KHUH DUH DOVR $QG DQG 2U UHpQHPHQWV� 7KH\ LQGLFDWH� UHVSHFWLYHO\� WKDW DOO VXE�JRDOV
PXVW EH DFKLHYHG IRU WKH SDUHQW JRDO WR EH DFFRPSOLVKHG� RU WKDW DFKLHYLQJ DQ\ RI WKHP LV
VXrFLHQW IRU VDWLVpFLQJ WKH SDUHQW JRDO� 7KHVH W\SHV DUH XVHG WR KHOS SURSDJDWH WKH GHJUHH
RI DFKLHYLQJ VRIW�JRDOV WKURXJK WKH FRQWULEXWLRQ OLQNV XVLQJ D TXDOLWDWLYH UHDVRQLQJ SURFHVV�
)LJXUH � VKRZV DOO WKH SRVVLEOH FRQWULEXWLRQ OLQNV LQYROYHG LQ D VRIW�JRDO JUDSK�
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)LJ� �� 'LVWLQFWLRQ DPRQJ FRQWULEXWLRQ W\SHV �DGDSWHG IURP >�@�

2WKHU HOHPHQWV RI WKH QRWDWLRQ DUH FODLPV� 7KH\ MXVWLI\ WKH FKRLFH RI FRQWULEXWLRQ W\SH
RQ D OLQN DQG DUH UHSUHVHQWHG DV HOOLSVHV �VHH )LJXUH ��� $W VRPH OHYHO� ZKHQ D VRIW�JRDO
LV VXrFLHQWO\ UHpQHG� RSHUDWLRQDOL]DWLRQV FRPH XS� 2SHUDWLRQDOL]DWLRQV DUH SRVVLEOH GHYHO�
RSPHQW WHFKQLTXHV IRU DFKLHYLQJ WKH FRUUHVSRQGLQJ QRQ�IXQFWLRQDO UHTXLUHPHQWV� 7KH\ DUH
UHSUHVHQWHG E\ KH[DJRQV �VHH )LJXUH ��� %\ HQXPHUDWLQJ DOO WKH SRVVLEOH RSHUDWLRQDOL]DWLRQV�
WKH GHYHORSHU PD\ FKRRVH VSHFLpF VROXWLRQV IRU WKH WDUJHW V\VWHP�

6RIW�JRDO JUDSK UHSUHVHQWDWLRQ DOORZV GHVLJQHUV WR HYDOXDWH WKH LPSDFW RI VHOHFWLQJ FHUWDLQ
RSHUDWLRQDOL]LQJ VRIW�JRDOV� 7KH HYDOXDWLRQ ZRUNV WRZDUGV WKH WRS RI WKH JUDSK� GHWHUPLQ�
LQJ WKH LPSDFW RQ KLJKHU�OHYHO VRIW�JRDOV� 7KLV SURFHVV LV LQLWLDWHG E\ DVVLJQLQJ ODEHOV WKDW
LQGLFDWH ZKHWKHU D RSHUDWLRQDOL]DWLRQ LV VHOHFWHG �VDWLVpFHG� RU QRW �GHQLHG�� ,Q WKLV ZD\� D
SRVLWLYH FRQWULEXWLRQ RI WKH VRIW�JRDO SURSDJDWHV WKH ODEHO WR LWV SDUHQW� +HQFH� D VDWLVpFHG
VRIW�JRDO ZLWK SRVLWLYH FRQWULEXWLRQ UHVXOWV LQ D VDWLVpFHG SDUHQW� D GHQLHG VRIW�JRDO ZLWK
SRVLWLYH FRQWULEXWLRQ UHVXOWV LQ D GHQLHG SDUHQW� DQG VR RQ� ,W LV DOVR SRVVLEOH WR LGHQWLI\ D
ZHDN SRVLWLYH RU QHJDWLYH VXSSRUW IRU D VRIW�JRDO SDUHQW� :KHQ LW LV QRW SRVVLEOH WR HVWDEOLVK
D SRVLWLYH RU QHJDWLYH VXSSRUW� SDUHQW JRDO LV DVVLJQHG WKH XQGHFLGHG ODEHO� )LJXUH � VKRZV
GLoHUHQW DVVLJQHG DQG UHVXOWLQJ ODEHOV XVHG GXULQJ WKH HYDOXDWLRQ SURFHVV�

)LJ� �� /DEHOV XVHG GXULQJ WKH 1)5 IUDPHZRUN HYDOXDWLRQ SURFHVV >�@

7KXV� WKH RSHUDWLRQ RI WKH 1)5 IUDPHZRUN LV WKH UHVXOW RI WKH LQFUHPHQWDO DQG LQWHUDFWLYH
FRQVWUXFWLRQ� HODERUDWLRQ� DQDO\VLV� DQG UHYLVLRQ RI VRIW�JRDO JUDSKV�
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��� 3DWWHUQV� 1RQ�)XQFWLRQDO 5HTXLUHPHQWV� DQG WKH 1)5 )UDPHZRUN

$V *URVV DQG <X SRLQW RXW LQ >��@� QRQ�IXQFWLRQDO UHTXLUHPHQWV DUH RPQLSUHVHQW LQ GHVFULS�
WLRQV RI SDWWHUQV� 7KH\ SOD\ D NH\ UROH LQ XQGHUVWDQGLQJ WKH SUREOHP EHLQJ FRQVLGHUHG�
WKH VXEVHTXHQW WUDGH�RoV� DQG WKH VROXWLRQ SURSRVHG� 7KXV� ZKHQ DQDO\]LQJ QRQ�IXQFWLRQDO
UHTXLUHPHQWV LQ D JLYHQ FRQWH[W� WKH LGHD RI VHYHUDO FRQqLFWLQJ IRUFHV SXOOLQJ DQG SXVKLQJ
HPHUJHV� %\ FRQVLGHULQJ WKH FRPSRQHQWV LQYROYHG LQ GHWHUPLQLQJ D VROXWLRQ WKDW UHVROYHV
WKH FRQqLFW� WKH FRQFHSW RI SDWWHUQ DULVHV�

7KH 1)5 IUDPHZRUN PDNHV LW SRVVLEOH WR V\VWHPDWLFDOO\ WUHDW QRQ�IXQFWLRQDO UHTXLUH�
PHQWV DQG XOWLPDWHO\ XVH WKHP DV D FULWHULRQ IRU PDNLQJ VHOHFWLRQV DPRQJ FRPSHWLWLYH
GHVLJQ DOWHUQDWLYHV� ,W FRQVWLWXWHV D WRS�GRZQ� JRDO�RULHQWHG DSSURDFK WR GHDOLQJ ZLWK QRQ�
IXQFWLRQDO UHTXLUHPHQWV >�@�

2Q WKH RWKHU KDQG� ZKHQ FRQVLGHULQJ WKH QDWXUH RI WKH SDWWHUQ DSSURDFK� ZH REVHUYH WKDW
D SDWWHUQ VROXWLRQ PD\ KDYH HoHFW RQ FHUWDLQ UHVRXUFHV �SRVVLEO\ FRQVWUDLQHG�� DV ZHOO DV RQ
VRPH IRUFHV �UHODWHG WR WKH UHVRXUFHV DoHFWHG�� 2IWHQ� D VROXWLRQ SURYLGHG E\ D SDWWHUQ LV WKH
UHVXOW RI EDODQFLQJ�WUDGLQJ�Ro FHUWDLQ UHVRXUFHV� 7KXV� YLHZLQJ WKH SDWWHUQ LPSOHPHQWDWLRQ
DW WKH ERWWRP VLGH RI WKH SLFWXUH� DQG WKH UHVXOWLQJ FRQWH[W �IRUFHV� DW LWV XSSHU VLGH� WKH
XVH RI SDWWHUQV LQ VRIWZDUH GHVLJQ FRQVWLWXWHV D ERWWRP�XS DSSURDFK WR DGGUHVVLQJ GHVLJQ
LVVXHV� $V D VROXWLRQ�GULYHQ PHWKRG� SDWWHUQ DSSOLFDWLRQ GHWHUPLQHV D VDWLVIDFWRU\ RXWFRPH
WKDW UHVXOWV IURP UH�DGMXVWPHQW RI ERWK UHVRXUFHV DQG LQYROYHG IRUFHV�

,Q >��@� *URVV DQG <X WDNH DGYDQWDJH RI WKLV IDFW� WKH SDWWHUQ DSSURDFK DQG WKH 1)5
IUDPHZRUN DUH FRPSOHPHQWDU\� 7KXV� WKH\ FRPELQH WKHP E\ XVLQJ WKH 1)5 IUDPHZRUN
IRU H[WUDFWLQJ QRQ�IXQFWLRQDO UHTXLUHPHQWV VRIW�JRDOV DQG WKHLU FRQWULEXWLRQV RQ HDFK RWKHU
IURP WKH SUREOHP VHFWLRQ RI D SDWWHUQ� &RQVHTXHQWO\� SDWWHUQV DUH DSSOLHG E\ UHODWLQJ RS�
HUDWLRQDOL]DWLRQV LQ WKH VRIW�JRDO JUDSK WR WKH IXQFWLRQDO HODERUDWLRQ RI WKH V\VWHP XQGHU
GHYHORSPHQW�

+RZHYHU� LQ WKHLU DSSURDFK� D VRIW�JRDO KLHUDUFK\ LV GHYHORSHG IRU HDFK SDWWHUQ �SUH�
VXPDEO\ IURP VFUDWFK�� UDWKHU WKDQ IRU D SURMHFW RU GRPDLQ� +HQFH� WKH VFDODELOLW\ RI WKH
SDWWHUQ GHVFULSWLRQ LV OLPLWHG EHFDXVH LW GRHV QRW WDNH DGYDQWDJH RI WKH FRQQHFWLYH UXOHV
DPRQJ SDWWHUQV LQ D SDWWHUQ ODQJXDJH�

:H PD\ JR EH\RQG *URVV DQG <X
V LGHD E\ XVLQJ WKH 1)5 IUDPHZRUN IRU GHVFULELQJ D
GHVLJQ FRQWH[W� DV ZHOO DV D VHW RI UHODWHG SDWWHUQV� $V D FRQVHTXHQFH� VHYHUDO GHVLJQ LVVXHV
UHJDUGLQJ V\VWHP DUFKLWHFWXUH PD\ EH DGGUHVVHG E\ WKH LQWHJUDWLRQ RI VHYHUDO SDWWHUQV� ,Q
WXUQ� D VHW RI SDWWHUQV PD\ EH UHXVHG WR VROYH RWKHU SUREOHPV IRXQG XQGHU WKH FRUUHVSRQG�
LQJ DSSOLFDWLRQ GRPDLQ� $OO RI WKLV LQYROYHV WKH XVH RI D FRQVLVWHQW VWUXFWXUH IRU SDWWHUQ
UHSUHVHQWDWLRQ� WKH IRUFH KLHUDUFK\�
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� 5HSU HVHQWLQJ 3 DWWHU QV 9LD )RU FH + LHU DU FKLHV

,Q WKLV VHFWLRQ ZH LQWURGXFH WKH SURSRVHG SDWWHUQ IRUPDW� 7KLV QHZ UHSUHVHQWDWLRQ LV LQ�
WHQGHG WR FRPSOHPHQW WKH FXUUHQW IRUPDWV XVHG WR GHVFULEH SDWWHUQV� 7KXV� ZH DUH SUHSDUHG
WR SUHVHQW WKH QRWLRQ WKDW VXVWDLQV WKH QHZ SDWWHUQ UHSUHVHQWDWLRQ� WKH IRUFH KLHUDUFK\�

��� :KDW LV D )RUFH +LHUDUFK\"

8QGHU D SDWWHUQ�EDVHG SHUVSHFWLYH� D VROXWLRQ LV WKH FRQVHTXHQFH RI VROYLQJ VHYHUDO IRUFHV
LQ FRQqLFW� +HUH LV WKH EDVH IRU OLQNLQJ WKH QRWLRQ RI IRUFHV LQ SDWWHUQV WR QRQ�IXQFWLRQDO
UHTXLUHPHQWV DQG FRQVWUDLQWV RQ UHVRXUFHV� DV VHYHUDO GHVLJQ DOWHUQDWLYHV DUH FRQVLGHUHG� DQG
WKH PRUH DGHTXDWH� WKH RQH SURSRVHG E\ D SDWWHUQ� LV DSSOLHG�

$ IRUFH KLHUDUFK\ LV D KLHUDUFKLFDO JUDSK RI IRUFHV DQG WKHLU FRQWULEXWLRQV RQ HDFK RWKHU�
)RUFH KLHUDUFKLHV DUH LQVSLUHG E\� DQG FDQ EH PRGHOHG DV� 1)5 VRIW�JRDO KLHUDUFKLHV >�@�
7KXV� LQ WKH SURSRVHG SDWWHUQ UHSUHVHQWDWLRQ� IRUFHV DUH H[SUHVVHG DV D FRPELQDWLRQ RI D
VPDOO VHW RI FRQVWUDLQWV RQ FRPPRQ UHVRXUFHV� WLPH� VSDFH� FRPSXWDWLRQ� PRQH\� HoRUW� DQG
VR RQ� ,Q WKLV ZD\� WUDGH�RoV EHWZHHQ WKH WRS�OHYHO QRQ�IXQFWLRQDO UHTXLUHPHQWV FDQ WKHQ EH
WUDQVODWHG LQWR WUDGH�RoV EHWZHHQ DVVRFLDWHG UHVRXUFHV�

,Q >��@� DQ LQWHQW WR VXSSRUW SDWWHUQ VHOHFWLRQ LV SURSRVHG E\ HVWDEOLVKLQJ D KLHUDUFK\
RI FULWHULD ZKHUH PDQ\ SULQFLSOHV FDQ EH FDWHJRUL]HG RU JHQHUDOL]HG� 7KXV� SDWWHUQ IRUFHV
DUH RUJDQL]HG LQWR D KLHUDUFK\ URRWHG RQ WRWDO VDWLVIDFWLRQ� )ROORZLQJ WKH VDPH SULQFLSOH�
WRWDO VDWLVIDFWLRQ LV DW WKH WRS RI DQ\ IRUFH KLHUDUFK\� DV WKH KLJKHVW OHYHO VRIW�JRDO WR EH
DFKLHYHG E\ DQ\ V\VWHP� 8QGHU D JLYHQ GRPDLQ� WRWDO VDWLVIDFWLRQ UHVXOWV LQ SDUW RI WKH
SRVLWLYH FRQWULEXWLRQ RI RQH RU PRUH VXE�JRDOV� /LNHZLVH� WKHUH PD\ H[LVW VRPH VXE�JRDOV
ZLWK QHJDWLYH FRQWULEXWLRQV� +HQFH� WKH DFKLHYHPHQW RI WKH WRWDO VDWLVIDFWLRQ VRIW�JRDO UHVXOWV
IURP WKH FRPELQDWLRQ RI VHYHUDO IRUFHV� VRPH RI WKHP KDYLQJ SRVLWLYH FRQWULEXWLRQV� RWKHUV
ZLWK QHJDWLYH HoHFWV� 7KXV� ZH PD\ VD\ WKDW WRWDO VDWLVIDFWLRQ PD\ EH H[SUHVVHG DV D EDODQFH
UHVXOWLQJ IURP VHYHUDO FRQqLFWLQJ IRUFHV DQG WKH WUDGH�Ro RI D QXPEHU RI UHODWHG UHVRXUFHV�

/HW XV LOOXVWUDWH WKH XVH RI WKH QRWLRQ RI IRUFH KLHUDUFK\ YLD DQ H[DPSOH EDVHG RQ D
SUREOHP GHVFULEHG E\ .HVKDY LQ >��@� $ EDQN LV FRQVLGHULQJ WKH DSSURSULDWH QXPEHU RI
WHOOHUV LW QHHGV LQ RUGHU WR NHHS DQ DFFHSWDEOH SHUIRUPDQFH DQG PDLQWDLQ LWV SURpWDELOLW\�
7ZR SRVVLELOLWLHV DUH FRQVLGHUHG�

^ $ VFHQDULR LQ ZKLFK HDFK DUULYLQJ FXVWRPHU KDG KLV�KHU RZQ WHOOHU� DQG QHYHU KDG WR
ZDLW LQ OLQH� 7KLV VROXWLRQ ZRXOG PLQLPL]H WKH UHVSRQVH WLPH DQG PD[LPL]H WKH FXVWRPHU
VDWLVIDFWLRQ� +RZHYHU� LW ZRXOG DOVR EH H[WUHPHO\ H[SHQVLYH DQG WKH EDQN PLJKW JR RXW
RI EXVLQHVV�

^ ,QVWHDG RI IROORZLQJ WKH RQH�WHOOHU�SHU�FXVWRPHU VFKHPH� WKH EDQN PD\ FRQVLGHU KRZ D
VLQJOH WHOOHU FDQ DVVLVW PXOWLSOH FXVWRPHUV� ,Q WKLV ZD\� WKH EDQN FDQQRW RQO\ VROYH WKH
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SUREOHP EXW DOVR VDYH PRQH\ E\ VKDULQJ �PXOWLSOH[LQJ� D VLQJOH WHOOHU DPRQJ PXOWLSOH
FXVWRPHUV� DW WKH H[SHQVH RI EXLOGLQJ D ZDLWLQJ DUHD DQG WKH WLPH LWV FXVWRPHUV ZDVWH
E\ ZDLWLQJ LQ OLQH�

)LJXUH � VKRZV D IRUFH KLHUDUFK\ WKDW UHSUHVHQWV WKH GLVFXVVLRQ RI WKHVH WZR DOWHUQDWLYHV�
1RWH WKDW WKH IRUFHV LQYROYHG �WRWDO VDWLVIDFWLRQ� SURpWDELOLW\� SHUIRUPDQFH� DUH SODFHG DW
WKH XSSHU OHYHO RI WKH IRUFH KLHUDUFK\� 7KHLU GHFRPSRVLWLRQ� WKH IROORZLQJ OHYHO LQ WKH KL�
HUDUFK\� HQFRPSDVVHG WKH DVVRFLDWHG UHVRXUFHV �PRQH\� VSDFH� DQG SURFHVVLQJ FDSDFLW\��
6XEVHTXHQWO\� RWKHU VRIW�JRDOV UHJDUGLQJ WKH UHVRXUFH GHFRPSRVLWLRQ PD\ EH LQFOXGHG XQWLO
UHDFKLQJ WKH SRVVLEOH LPSOHPHQWDWLRQ WHFKQLTXHV �RSHUDWLRQDOL]DWLRQV�� ,Q WKLV H[DPSOH� IRU
WKH VDNH RI VLPSOLFLW\� WKH RSHUDWLRQDOL]DWLRQV FRQVLGHUHG� RQH WHOOHU RU PXOWLSOH WHOOHUV� IROORZ
WKH OHYHO FRPSULVLQJ WKH UHVRXUFHV LQYROYHG�

)LJ� �� $ IRUFH KLHUDUFK\ VKRZLQJ WKH DOWHUQDWLYHV LQ FRQVLGHULQJ WKH QXPEHU RI WHOOHUV RI D
EDQN

%\ LQFRUSRUDWLQJ WKH HYDOXDWLRQ SURFHVV SURYLGHG E\ WKH 1)5 IUDPHZRUN� ZH FDQ JHW DQ
LGHD RI WKH LPSDFW RI VHOHFWLQJ HDFK DOWHUQDWLYH �VHH )LJXUH ��� &KRRVLQJ WKH pUVW DOWHUQDWLYH
OHDGV WR PD[LPL]LQJ WKH FXVWRPHU VDWLVIDFWLRQ �SHUIRUPDQFH LV VDWLVpFHG� E\ SD\LQJ D KLJK
SULFH �SURpWDELOLW\ LV GHQLHG�� 7KH VHFRQG FKRLFH LPSOLHV WROHUDWLQJ DQ DFFHSWDEOH UHGXFWLRQ
LQ SHUIRUPDQFH WR REWDLQ WKH HVVHQWLDO SURpWDELOLW\� ,W LV LPSRUWDQW WR KLJKOLJKW WKDW WKH VHF�
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RQG FKRLFH XVHV WKH 0XOWLSOH[LQJ WHFKQLTXH >��@� 7KLV PHWKRG LPSOLHV VKDULQJ DQ H[SHQVLYH
RU VFDUFH UHVRXUFH SURYLGHG WKDW XVHUV DUH JXDUDQWHHG D FHUWDLQ GHJUHH RI VDWLVIDFWLRQ�

)LJ� �� (YDOXDWLQJ WKH LPSDFW RI FKRRVLQJ HDFK DOWHUQDWLYH LQ FRQVLGHULQJ WKH QXPEHU RI
WHOOHUV RI D EDQN

7KHUH DUH WZR VFRSHV LQ ZKLFK ZH PD\ XVH IRUFH KLHUDUFKLHV� DSSOLFDWLRQ GRPDLQ DQG
SDWWHUQ VROXWLRQ�

��� $SSOLFDWLRQ 'RPDLQ )RUFH +LHUDUFK\

,Q V\VWHP GHVLJQ� ZH pQG VHYHUDO GHVLJQ FRQWH[WV� RU DSSOLFDWLRQ GRPDLQV� VXFK DV GLVWULEXWHG
V\VWHP GHVLJQ� UHDO�WLPH V\VWHP GHVLJQ� FRQWURO V\VWHP GHVLJQ� DQG VR RQ� *LYHQ DQ DSSOLFD�
WLRQ GRPDLQ� LWV IRUFH KLHUDUFK\ FRQVLVWV RI D UHSUHVHQWDWLRQ RI WKH WRS�OHYHO QRQ�IXQFWLRQDO
UHTXLUHPHQWV FRUUHVSRQGLQJ WR WKH GHVLJQ FRQWH[W� DQG WKH FRQWULEXWLRQV RI WKH DVVRFLDWHG
UHVRXUFHV� 7KLV HVWDEOLVKHV D VWDUWLQJ SRLQW IRU UHSUHVHQWLQJ DVVRFLDWHG SDWWHUQV�

7KXV� RQ WKH WRS RI WKH DSSOLFDWLRQ GRPDLQ IRUFH KLHUDUFK\ ZH pQG WKH WRWDO VDWLVIDFWLRQ
VRIW�JRDO� ,Q WXUQ� WKLV VRIW�JRDO LV GHFRPSRVHG LQWR RQH RU PRUH IRUFHV WKDW GHVFULEH WKH
GHVLJQ FRQWH[W XQGHU DQDO\VLV� $OO WKH UHVRXUFHV DVVRFLDWHG WR WKRVH IRUFHV FRPSULVH WKH QH[W
ORZHU OHYHO LQ WKH KLHUDUFK\�

/HW XV JR GHHSHU LQ H[DPLQLQJ WKLV VWUXFWXUH YLD DQ H[DPSOH� &RQVWUXFWLQJ D IRUFH
KLHUDUFK\ IRU GLVWULEXWHG V\VWHP GHVLJQ� )LUVW� ZH QHHG WR LGHQWLI\ WKH IRUFHV WKDW HQFRPSDVV
WKLV FRQWH[W� 7DEOH � VKRZV VRPH IRUFHV ZH KDYH IRXQG DV RI VLJQLpFDQW LPSDFW RQ GLVWULEXWHG
V\VWHP GHVLJQ� /LNHZLVH� ZH QHHG WR LGHQWLI\ WKH UHVRXUFHV UHODWHG WR WKH VHW RI IRUFHV DOUHDG\
HVWDEOLVKHG� 7DEOH � FRQWDLQV D OLVW RI UHVRXUFHV UHODWHG WR WKHVH IRUFHV�
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)RUFHV %ULHI GHVFULSWLRQ

3HUIRUPDQFH ([WHQW WR ZKLFK V\VWHP DFWLYLWLHV DUH DFFRPSOLVKHG SURPSWO\�

6FDODELOLW\ $ELOLW\ WR SURYLGH VDWLVIDFWRU\ SHUIRUPDQFH DV JUHDWHU
GHPDQGV DUH SODFHG XSRQ LW�

(rFLHQF\ 'HJUHH DW ZKLFK DOO WKH UHVRXUFHV DUH HPSOR\HG
ZKHQ WKH V\VWHP JRDOV DUH DFKLHYHG�

0DLQWDLQDELOLW\ $ELOLW\ WR SURYLGH DQ DGHTXDWH IUDPHZRUN IRU SUREOHP p[LQJ�

7UDQVSDUHQF\ 'HJUHH DW ZKLFK D JLYHQ FRPSRQHQW GRHV QRW H[SOLFLWO\
QHHG WR NQRZ RU GHpQH WKH VWDWXV RI RWKHU FRPSRQHQW
ZKHQ FRPPXQLFDWLQJ �LW HQFRPSDVVHV ORFDWLRQ DQG WLPH
WUDQVSDUHQF\��

7DEOH �� )RUFHV LQYROYHG LQ GLVWULEXWHG V\VWHP GHVLJQ

5HVRXUFH %ULHI GHpQLWLRQ

&RPSXWDWLRQ 3URFHVVLQJ WKDW FDQ EH GRQH LQ D XQLW WLPH �FDSDFLW\��

(oRUW +XPDQ HoRUW UHTXLUHG WR GHVLJQ DQG EXLOG D V\VWHP�

0RQH\ &RVW WR GHYHORS RU SURGXFH D V\VWHP�

6FDOLQJ 0LQLPL]DWLRQ RI FHQWUDOL]HG HOHPHQWV
�QXPEHU RI DGGLWLRQDO XVHUV� IHDWXUHV� UHTXHVWV� FRPSRQHQWV
ZLWKRXW VDFULpFLQJ DFFHSWDEOH SHUIRUPDQFH��

6SDFH /LPLW RQ WKH PHPRU\ DYDLODEOH�

7LPH 7LPH WDNHQ WR UHVSRQG WR DQ HYHQW� WLPH�WR�PDUNHW�
PHGLXP WLPH EHWZHHQ IDLOXUHV�

7DEOH �� 5HVRXUFHV LQYROYHG LQ D GLVWULEXWHG V\VWHP GHVLJQ FRQWH[W
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,Q RUGHU WR HQFRPSDVV D YHU\ LPSRUWDQW LVVXH UHJDUGLQJ GLVWULEXWHG V\VWHP GHVLJQ� ZH
KDYH LQFOXGHG PRGLpDELOLW\� WKH DELOLW\ WR PLQLPL]H VLGH HoHFWV RQ RWKHU FRPSRQHQWV� DQG
WHVWDELOLW\ DV DWWULEXWHV WKDW DoHFW PDLQWDLQDELOLW\� 0RUHRYHU� ZH DGGHG LQWHURSHUDELOLW\� DV
DQ DWWULEXWH WKDW DoHFWV VFDODELOLW\� LQ WKH VHQVH WKDW DFFHVV WR H[WHUQDOO\ YLVLEOH IXQFWLRQDOLW\
DQG GDWD VWUXFWXUHV LV SURYLGHG ZLWKRXW LPSRVLQJ XQDFFHSWDEOH SHUIRUPDQFH GHJUDGDWLRQ�

7KH QH[W VWHS LQYROYHV HVWDEOLVKLQJ WKH UHODWLRQVKLSV DPRQJ WKH IRUFHV DQG WKH WRWDO
VDWLVIDFWLRQ VRIW�JRDO� DV ZHOO DV DPRQJ UHVRXUFHV DQG IRUFHV LQ WKH GHVLJQ FRQWH[W� ,W LV
VLPSOHU WR WU\ WR HVWDEOLVK SRVLWLYH FRQWULEXWLRQV� DQG VXEVHTXHQWO\ PDNH DQ\ QHFHVVDU\
DGMXVWPHQW� ,Q RXU H[DPSOH� ZH REVHUYH WKDW DOO WKH LGHQWLpHG IRUFHV KDYH VRPH SRVLWLYH
FRQWULEXWLRQ RQ WKH WRWDO VDWLVIDFWLRQ VRIW�JRDO� /LNHZLVH� ZH PD\ GHpQH SRVLWLYH FRQWULEXWLRQ
OLQNV DPRQJ WKH UHVRXUFHV DQG WKHLU DVVRFLDWHG IRUFHV� )LJXUH � VKRZV WKH UHVXOWLQJ IRUFH
KLHUDUFK\ FRUUHVSRQGLQJ WR GLVWULEXWHG V\VWHP GHVLJQ�

:H KDYH WR QRWH VHYHUDO LPSRUWDQW DVSHFWV UHJDUGLQJ WKLV IRUFH KLHUDUFK\�

^ 1R HYDOXDWLRQ SURFHVV LV XVHG >�@ VLQFH ZH GR QRW KDYH WKH ZKROH SLFWXUH \HW� :H QHHG
WR FRQVLGHU GLoHUHQW GHVLJQ DOWHUQDWLYHV WR H[DPLQH WKHLU SRVVLEOH HoHFWV� +HUH LV ZKHUH
SDWWHUQ DQDO\VLV WDNHV SODFH� DV ZH ZLOO VHH ODWHU�

^ $OWKRXJK WKH WRWDO VDWLVIDFWLRQ VRIW�JRDO DSSHDUV� LQ SUDFWLFH ZH GR QRW LQFOXGH LW� DV LW
LV LPSOLHG� 0RUHRYHU� WR DYRLG PDNLQJ WKH GLDJUDPV EXV\� ZH DOVR RPLW WKH VRPH�SRVLWLYH
FRQWULEXWLRQ V\PEROV�

^ ,Q QR ZD\� FRQVWUXFWLQJ D IRUFH KLHUDUFK\ IRU DQ DSSOLFDWLRQ GRPDLQ PHDQV WKDW D SHUIHFW
FRPELQDWLRQ RI IRUFHV� UHVRXUFHV� DQG FRQWULEXWLRQV FRPLQJ XS ZLWK WRWDO VDWLVIDFWLRQ KDV
WR EH IRXQG� 2QJRLQJ UHpQHPHQW LV DOZD\V QHFHVVDU\ DV WKH DSSOLFDWLRQ GRPDLQ LV EHWWHU
XQGHUVWRRG DQG IXUWKHU LPSURYHPHQWV DUH LQFRUSRUDWHG�

��� 3DWWHUQ 6ROXWLRQ )RUFH +LHUDUFK\

,Q FRQVWUXFWLQJ D SDWWHUQ ODQJXDJH� WKH pUVW VWHS LQYROYHV FKRRVLQJ WKH SDWWHUQV ZKLFK EHVW
GHVFULEH WKH RYHUDOO VFRSH� RU DSSOLFDWLRQ GRPDLQ� RI WKH SURMHFW >�@� /DWHU� ZH WDNH WKH
DSSOLFDWLRQ GRPDLQ IRUFH KLHUDUFK\ DQG LQFRUSRUDWH WKH FRQWULEXWLRQV RI HYHU\ SDWWHUQ WR
WKH LQYROYHG UHVRXUFHV� REWDLQLQJ WKH SDWWHUQ VROXWLRQ IRUFH KLHUDUFKLHV�

7KXV� RQ WKH WRS RI WKH SDWWHUQ IRUFH KLHUDUFK\� ZH pQG WKH IRUFHV LW DGGUHVVHV� 7KH\
FRPSULVH D VXEVHW RI WKH IRUFHV FRUUHVSRQGLQJ WR WKH GHVLJQ FRQWH[W�V� ZKHUH D JLYHQ SDWWHUQ
LV DSSOLFDEOH� $OO WKH UHVRXUFHV DVVRFLDWHG WR WKRVH IRUFHV HQFRPSDVV WKH QH[W OHYHO LQ WKH
KLHUDUFK\� )URP WKDW OHYHO RQ� D VXEVHTXHQW GHFRPSRVLWLRQ IROORZV� 7KLV DOORZV WKH SDWWHUQ
UHSUHVHQWDWLRQ WR KROG WKH UHDVRQLQJ RQ WKH HoHFWV RI WKH DSSOLFDWLRQ RI WKH SDWWHUQ�

7R DYRLG PDNLQJ WKH GLDJUDPV EXV\� LQ WKH SDWWHUQ VROXWLRQ IRUFH KLHUDUFK\ ZH RQO\ VKRZ
WKH WRS�OHYHO QRQ�IXQFWLRQDO UHTXLUHPHQWV DQG UHVRXUFHV DFWXDOO\ DoHFWHG E\ WKH SDWWHUQ�
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)LJ� �� )RUFH KLHUDUFK\ IRU GLVWULEXWHG V\VWHP GHVLJQ
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$V DQ LOOXVWUDWLYH ZD\ RI H[SODLQLQJ WKLV LVVXH� OHW XV H[DPLQH WKH IRUFH KLHUDUFK\ FRUUH�
VSRQGLQJ WR WKH )OH[ 7LPH SDWWHUQ >��@� 7KLV SDWWHUQ LV FRQFHUQHG ZLWK VLWXDWLRQV LQ ZKLFK
SURFHVVLQJ LV UHTXLUHG DW D SDUWLFXODU IUHTXHQF\ RU DW FHUWDLQ WLPH RI WKH GD\� )RU LQVWDQFH�
ZKHQ PDQ\ UHSRUWV DUH UHTXLUHG DW DSSUR[LPDWHO\ WKH VDPH WLPH RI GD\� ,Q WKDW FDVH� WKH
VXUJH LQ GHPDQG UHVXOWV LQ VORZ UHVSRQVHV�

$ EULHI GHVFULSWLRQ RI WKLV SDWWHUQ FDQ EH IRXQG LQ 6HFWLRQ �� ,Q GLVWULEXWHG V\VWHP
GHVLJQ� LW FDQ EH XVHG WR DGGUHVV SHUIRUPDQFH LVVXHV� 7KXV� ZH PD\ XVH WKH IRUFH KLHUDUFK\
GHpQHG IRU GLVWULEXWHG V\VWHP GHVLJQ �VHH )LJXUH �� IRU GHULYLQJ D IRUFH KLHUDUFK\ IRU WKLV
SDWWHUQ� 7KUHH IRUFHV DUH LQYROYHG� SHUIRUPDQFH� VFDODELOLW\� DQG HrFLHQF\� )LJXUH � VKRZV
WKH FRUUHVSRQGLQJ IRUFH KLHUDUFK\�

)LJ� �� )RUFH KLHUDUFK\ IRU WKH )OH[ 7LPH SDWWHUQ

7KH HYDOXDWLRQ SURFHVV >�@ LV LQFOXGHG WR VKRZ WKH SRVVLEOH HoHFWV RI WKH DSSOLFDWLRQ RI
WKLV SDWWHUQ� :KHQ FRQVLGHULQJ VHYHUDO SDWWHUQV� D SDWWHUQ XVHU LV QRZ DEOH WR FRPSDUH GLI�
IHUHQW DOWHUQDWLYHV� WKH SRVVLEOH WUDGH�RoV WKH\ LPSRVH� DQG GHWHUPLQH WKH PRVW DSSURSULDWH
IRU WKH GHVLJQ LVVXH XQGHU DQDO\VLV�

��� 5HGHpQLQJ WKH 5ROHV LQ 3DWWHUQ $SSOLFDWLRQ

7KH ZULWHU DQG XVHU UROHV LQYROYHG LQ SDWWHUQ DSSOLFDWLRQ PD\ EH UHGHpQHG DV IROORZV�
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^ 3DWWHUQ ZULWHU� 6�KH RXWOLQHV WKH IRUFH KLHUDUFK\ IRU GHVFULELQJ DQ DSSOLFDWLRQ GRPDLQ�
/DWHU RQ� V�KH XVHV WKDW IRUFH KLHUDUFK\ DV D EDVH IRU GHULYLQJ WKH IRUFH KLHUDUFKLHV IRU
DOO WKH SDWWHUQV FRQVLGHUHG XQGHU WKH JLYHQ DSSOLFDWLRQ GRPDLQ�

^ 3DWWHUQ XVHU� 6�KH LGHQWLpHV WKH DSSOLFDWLRQ GRPDLQ FRUUHVSRQGLQJ WR WKH V\VWHP
LQ GHVLJQ� 7KLV SURYLGHV KHU�KLP ZLWK D VHW RI SDWWHUQV DQG WKHLU FRUUHVSRQGLQJ IRUFH
KLHUDUFKLHV� 7KXV� V�KH XVHV WKH SDWWHUQ IRUFH KLHUDUFKLHV WR VHOHFW WKH DSSURSULDWH RQHV
LQ DGGUHVVLQJ IXQFWLRQDO LVVXHV UHJDUGLQJ WKH V\VWHP XQGHU GHVLJQ�

3DWWHUQ XVHUV DQG ZULWHUV PD\ DOVR UHpQH WKH IRUFH KLHUDUFK\ RI D SDWWHUQ� RU HYHQ WKH
RQH FRUUHVSRQGLQJ WR WKH DSSOLFDWLRQ GRPDLQ� DV QHZ UHODWLRQVKLSV RU IRUFHV� DQG SRVVLEOH
RPLVVLRQV LQ IRUFH KLHUDUFKLHV EHFRPH DSSDUHQW ZKHQ DSSO\LQJ SDWWHUQV�

� 8VLQJ )RU FH + LHU DU FKLHV IRU 3 DWWHU Q $SSOLFDWLRQ

,Q WKLV VHFWLRQ� ZH ZLOO H[SORUH WKH SRVVLEOH XVH RI WKH QHZ SDWWHUQ UHSUHVHQWDWLRQ LQ VHOHFWLQJ
SDWWHUQV WKURXJK D FDVH VWXG\� GHYLVLQJ WKH DUFKLWHFWXUH RI D FDOO FHQWHU�

��� &DVH 6WXG\ 2YHUYLHZ

$V SDUW RI WKLV UHVHDUFK� D FDVH VWXG\ ZDV FRQGXFWHG DW 0LWHO 1HWZRUNV WR UH�H[DPLQH VHYHUDO
GHVLJQ LVVXHV FRQFHUQLQJ D FDOO FHQWHU SURMHFW� DV RXWOLQHG LQ V\VWHP GRFXPHQWDWLRQ�

$ FDOO FHQWHU LV D GLVWULEXWHG V\VWHP LQWHQGHG WR SURYLGH DQ HoHFWLYH ZD\ RI FRQQHFW�
LQJ FXVWRPHUV WR VHUYLFH� ,W PXVW VXSSRUW WKH GLVWULEXWLRQ RI LQFRPLQJ FDOOV WR GLoHUHQW
VHUYLFHV RU VXSSRUW DJHQWV >�@� &DOO FHQWHU GHVLJQ LQYROYHV WKH LQWHUDFWLRQ RI VHYHUDO FRPSR�
QHQWV ORRVHO\ FRXSOHG� 7KHVH FRPSRQHQWV XVXDOO\ FRRSHUDWH LQ D KHWHURJHQHRXV GLVWULEXWHG
HQYLURQPHQW� 7KLV RoHUV WKH RSWLRQ RI H[DPLQLQJ D GRPDLQ ZKHUH DSSOLFDWLRQV PD\ FKDQJH
LQ QXPEHU RI XVHUV� SODWIRUPV� DQG FRPSRQHQWV� &RQVHTXHQWO\� VFDODELOLW\ DQG SHUIRUPDQFH
DUH HPSKDVL]HG�

7KH DSSOLFDWLRQ GRPDLQ WKDW FRUUHVSRQGV WR FDOO FHQWHU GHVLJQ LV GLVWULEXWHG V\VWHP
GHVLJQ� ZLWK HPSKDVLV RQ UHVSRQVLYHQHVV� JLYHQ WKH HPEHGGHG UHDO�WLPH QDWXUH RI WKHVH
DSSOLFDWLRQV >��@� )LJXUH � VKRZV D JHQHUDO UHSUHVHQWDWLRQ RI D FDOO FHQWHU� 7R DYRLG VXJJHVWLQJ
D VSHFLpF GHVLJQ� HOHPHQWV FRPPRQO\ IRXQG LQ FDOO FHQWHUV� VXFK DV $&'V DQG�RU 3%;V >�@�
ZHUH QRW H[SOLFLWO\ LQFOXGHG LQ WKLV GHSLFWLRQ�

&DOO FHQWHU V\VWHP GRFXPHQWDWLRQ FRQWDLQV D SUHOLPLQDU\ YLHZ RI WKH V\VWHP DUFKLWHF�
WXUH� ,W DOVR LQFOXGHV D GHpQLWLRQ RI WKH IXQFWLRQDO UHTXLUHPHQWV� DV ZHOO DV VHYHUDO GHVLJQ
LVVXHV LQYROYHG LQ WKHLU DFKLHYHPHQW� 7KH IXQFWLRQDO UHTXLUHPHQWV DGGUHVVHG E\ WKH FDOO
FHQWHU SURMHFW DUH WKH IROORZLQJ�
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)LJ� �� $ EDVLF VWUXFWXUH IRU D FDOO FHQWHU DSSOLFDWLRQ �DGDSWHG IURP >��@�

^ &RPSXWHU 7HOHSKRQ\ ,QWHJUDWLRQ� ,W SURYLGHV OLQNV IURP WHOHSKRQ\ VZLWFKHV �3%;V�
WR FXVWRPHU DSSOLFDWLRQV�

^ $JHQW $XWRPDWLRQ� ,W RoHUV UHDO�WLPH VWDWLVWLFV LQIRUPDWLRQ WR WKH DJHQW RQ WKH FXU�
UHQW FDOO� RQ KLV�KHU FXUUHQW SHUIRUPDQFH DQG JLYHV WKH DJHQWV HDV\ DFFHVV WR LQWHUDFW
ZLWK WKH FDOO FHQWHU 6XSHUYLVRU DQG RWKHU DJHQWV�

^ ,QWHOOLJHQW 5RXWLQJ� ,W SURYLGHV FXVWRPL]DEOH URXWLQJ RI FDOOV EDVHG RQ FDOOHU LQSXWV
DQG V\VWHP YDOXHV�

)RU WKH SXUSRVH RI WKH FDVH VWXG\� ZH ZLOO OLPLW WKH DQDO\VLV WR WKH pUVW WZR IXQFWLRQDO
UHTXLUHPHQWV E\ DGGUHVVLQJ WKUHH GHVLJQ LVVXHV DV IROORZV�

^ 2YHUDOO V\VWHP DUFKLWHFWXUH� 7KLV GHVLJQ LVVXH GHpQHV WKH SULPDU\ VWUXFWXUH DQG
HVWDEOLVKHV WKH EDVLV IRU FRQVLGHULQJ WKH IXQFWLRQDO UHTXLUHPHQWV LQYROYHG LQ WKH SURMHFW�
DV RXWOLQHG DERYH�

^ &RPSXWHU 7HOHSKRQ\ ,QWHJUDWLRQ� 7KLV LVVXH LV FRQFHUQHG ZLWK WKH pUVW IXQFWLRQDO
UHTXLUHPHQW� :H ZLOO GLVFXVV WZR DOWHUQDWLYHV RI GHVLJQ W\SLFDOO\ IRXQG LQ FDOO FHQWHU
DUFKLWHFWXUHV� 8VLQJ &RPSXWHU 7HOHSKRQ\ ,QWHJUDWLRQ �&7,� YV� )ODVK DQG 'LDO LQWHJUD�
WLRQ� L�H�� SURYLGLQJ WKH VDPH HVVHQWLDO VHUYLFHV E\ FRQpJXULQJ WHOHSKRQ\ VZLWFKHV�
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^ $JHQW VWDWLRQ DSSOLFDWLRQ VWUXFWXUH� 7KLV VXEMHFW LQYROYHV WKH VHFRQG IXQFWLRQDO
UHTXLUHPHQW E\ GHpQLQJ WKH VWUXFWXUH WKDW VXSSRUWV WKH LPSOHPHQWDWLRQ RI DJHQW VWDWLRQ
DSSOLFDWLRQV�

��� 2XWOLQLQJ WKH 3DWWHUQ 6HOHFWLRQ 3URFHVV

:H DVVRFLDWH WKH LPSDFWHG WRS�OHYHO QRQ�IXQFWLRQDO UHTXLUHPHQWV DQG UHODWHG UHVRXUFHV ZLWK
HDFK GHVLJQ LVVXH� $V WKHUH DUH QR KDUG DQG IDVW JXLGHOLQHV RQ KRZ WR JR DERXW H[WUDFWLQJ
WKH IRUFHV IURP WKH UHTXLUHPHQWV� LW ZLOO EH RIWHQ HDVLHU WR VWDUW E\ LGHQWLI\LQJ WKH UHVRXUFH
FRQVWUDLQWV �H�J� UHGXFH HoRUW� RU VDYH PRQH\�� DQG WKHQ WKH WRS�OHYHO QRQ�IXQFWLRQDO UHTXLUH�
PHQWV WKDW ZLOO EH DoHFWHG� 7KH UHVXOWLQJ IRUFHV GHpQH WKH FRQWH[W IRU VHOHFWLQJ SDWWHUQV�

7KXV� EDVHG XSRQ WKH LPSDFWHG IRUFHV DQG UHVRXUFHV LGHQWLpHG IRU HDFK GHVLJQ LVVXH�
ZH VHOHFW DSSOLFDEOH SDWWHUQV EDVHG RQ KRZ FORVHO\ WKH\ PDWFK WKH IRUFHV� 7KLV ?EHVW�pW�
DSSURDFK LV FXUUHQWO\ SHUIRUPHG E\ VFDQQLQJ WKH IRUFHV UHVROYHG E\ HDFK SDWWHUQ�

2QFH DOO SDWWHUQV KDYH EHHQ VHOHFWHG� WKH\ FDQ EH LQFRUSRUDWHG LQWR WKH FXUUHQW GHVLJQ�
([FHSW IRU VPDOO GHVLJQV WKDW GHVLJQHUV FDQ VWLOO PDQDJH LQ WKHLU KHDGV� ZH VKRXOG GHIHU
LQFRUSRUDWLQJ SDWWHUQV XQWLO DOO UHTXLUHPHQWV KDYH EHHQ FRQVLGHUHG� 7KH UHDVRQ OLHV LQ WKH
JHQHUDWLYH QDWXUH RI SDWWHUQV� ZH KDYH WR HQVXUH WKDW ZH SURFHHG LQ WKH DSSURSULDWH RUGHU
RI DEVWUDFWLRQ LPSOLHG E\ WKH FRQQHFWLYH UXOHV�

��� $GGUHVVLQJ WKH 3DWWHUQ 6HOHFWLRQ

,QLWLDOO\� �� SDWWHUQV GRFXPHQWHG LQ >�@� >��@� >��@� DQG >��@ ZHUH LGHQWLpHG DV SRWHQWLDOO\
DSSOLFDEOH WR GLVWULEXWHG DQG HPEHGGHG UHDO�WLPH V\VWHP GHVLJQ� 8VLQJ WKH EDVH IRUFH KL�
HUDUFK\ ZH GHYHORSHG IRU GLVWULEXWHG V\VWHP GHVLJQ �VHH 6HFWLRQ ����� ZH GHULYHG WKH IRUFH
KLHUDUFKLHV IRU WKHVH SDWWHUQV� 6HFWLRQ � FRQWDLQV WKH GHVFULSWLRQ RI WKHVH SDWWHUQV DORQJ
ZLWK WKHLU IRUFH KLHUDUFKLHV �DGGHG WR HYHU\ SDWWHUQ GHVFULSWLRQ DV D QHZ VHFWLRQ� 1)5�
EDVHG UHSUHVHQWDWLRQ��

2YHUDOO V\VWHP DUFKLWHFWXUH� 7KH pUVW GHVLJQ GHFLVLRQ ZH ZLOO FRQVLGHU LV WKH IROORZLQJ�
6KRXOG WKH IXQFWLRQDOLW\ RI WKH FDOO FHQWHU EH SURYLGHG RQ WKH 6ZLWFK RU LQ $GMXQFW 6HUYHUV"

)LJXUH � VKRZV WKH DVSHFWV FRQFHUQLQJ WKLV LVVXH� DV ZHOO DV LQYROYHG UHVRXUFHV DQG QRQ�
IXQFWLRQDO UHTXLUHPHQWV�

)URP WKH SDWWHUQ FDWDORJ WKH EHVW FKRLFH VHHPV WR EH WKH 0LFURNHUQHO SDWWHUQ �DV VXJ�
JHVWHG E\ WKH FRQWH[W RI WKH IXQFWLRQDO LVVXH FRQVLGHUHG� DV ZHOO DV LWV HPSKDVLV RQ VFDODELO�
LW\�� )LJXUH �� VKRZV LWV FRUUHVSRQGLQJ IRUFH KLHUDUFK\�
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)LJ� �� &RQVLGHULQJ WKH RYHUDOO V\VWHP DUFKLWHFWXUH

$ FORVH DOWHUQDWLYH WR WKH 0LFURNHUQHO SDWWHUQ LV WKH ,QGLUHFWLRQ�%LQGLQJ SDWWHUQ >��@ �LWV
IRUFH KLHUDUFK\ LV VKRZQ LQ )LJXUH ��� 6HFWLRQ ��� D SDWWHUQ WKDW HPSKDVL]HV PDLQWDLQDELOLW\
DQG LV FRQFHUQHG ZLWK VLWXDWLRQV ZKHQ D SUHOLPLQDU\ VWUXFWXUH KDV DOUHDG\ EHHQ FRQFHLYHG�
+RZHYHU� WKH PRVW LPSRUWDQW SRLQW IRU WKH GHVLJQ LVVXH DGGUHVVHG KHUH LV KRZ WR SURYLGH
DQ HrFLHQW VXSSRUW IRU DGGLQJ FRPSRQHQWV� 7KLV LV ZKDW WKH 0LFURNHUQHO SDWWHUQ DGGUHVVHV
DV LWV IRUFH KLHUDUFK\ KLJKOLJKWV� ,W LV PDLQO\ FRQFHUQHG ZLWK VFDODELOLW\ DQG HrFLHQF\� DQG
WKLV LV WKH UHDVRQ ZK\ ZH FKRVH LW�

7KH 0LFURNHUQHO SDWWHUQ VHSDUDWHV D PLQLPDO IXQFWLRQDO FRUH IURP H[WHQGHG IXQFWLRQDO�
LW\ DQG FXVWRPHU�VSHFLpF SDUWV� 7KH PLFURNHUQHO DOVR VHUYHV DV D SODWIRUP IRU SOXJJLQJ LQ
WKHVH H[WHQVLRQV DQG FRRUGLQDWLQJ WKHLU FROODERUDWLRQ� (oRUW DQG WLPH DUH WUDGHG�Ro DJDLQVW
VFDODELOLW\ �KHUH LQ WKH VHQVH RI DOORZLQJ XV WR DGG FRPSRQHQWV WR WKH V\VWHP�� &RQVHTXHQWO\�
SHUIRUPDQFH DQG FHUWDLQ GHJUHH RI HrFLHQF\ DUH WUDGHG�Ro DJDLQVW VFDODELOLW\�

&RPSXWHU 7HOHSKRQ\ ,QWHJUDWLRQ� 7KH VHFRQG GHVLJQ LVVXH GLVFXVVHV WKH WUDGH�RoV EH�
WZHHQ &RPSXWHU 7HOHSKRQ\ ,QWHJUDWLRQ �&7,� DQG ?)ODVK DQG 'LDO� LQWHJUDWLRQ �VHH )LJXUH
�� IRU GHWDLOV RI WKLV GHVLJQ LVVXH��

7KH GHFLVLRQ LV PDGH LQ IDYRU RI DQ H[WUD OHYHO RI LQGLUHFWLRQ EHWZHHQ FDOO FHQWHU DSSOLFD�
WLRQV DQG WKH VZLWFK� WKHUHE\ LPSURYLQJ WKH PDLQWDLQDELOLW\ DQG VFDODELOLW\ RI WKH V\VWHP�
ZKLOH VOLJKWO\ JLYLQJ XS RQ SHUIRUPDQFH� 6LQFH WKH FDOO FHQWHU SURGXFW QHHGV WR LQWHURSHUDWH
ZLWK D EURDG VSHFWUXP RI VZLWFKHV� IXWXUH FKDQJHV WR WKH VZLWFK SODWIRUP VKRXOG QRW QHF�
HVVDULO\ DoHFW FDOO FHQWHU DSSOLFDWLRQV� 0RGLpFDWLRQV VKRXOG EH SRVVLEOH DV WKHLU HoHFWV RQ
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)LJ� ��� )RUFH KLHUDUFK\ IRU WKH 0LFURNHUQHO SDWWHUQ

RWKHU FDOO FHQWHU FRPSRQHQWV DUH PLQLPL]HG� /LNHZLVH� FKDQJHV WR WKH DSSOLFDWLRQV VKRXOG
QRW QHFHVVDULO\ LPSRVH DGMXVWPHQWV WR WKH VZLWFK�

$IWHU PDWFKLQJ WKH QRQ�IXQFWLRQDO UHTXLUHPHQWV UHODWHG WR WKLV LVVXH ZLWK WKH IRUFHV
DGGUHVVHG E\ WKH ,QGLUHFWLRQ�%LQGLQJ SDWWHUQ >��@ �VHH LWV IRUFH KLHUDUFK\ LQ )LJXUH ���
6HFWLRQ ��� WKLV SDWWHUQ UHVXOWV LQ WKH ?EHVW pW� IURP WKH SDWWHUQV FRQWDLQHG LQ RXU FDWDORJ�
7KLV SDWWHUQ DOVR SURPRWHV WKH UHXVH RI UHVRXUFHV� D NH\ DVSHFW RI SKRQH VHUYLFHV�

$JHQW DXWRPDWLRQ� 7KLV WLPH� ZH ZDQW WR GHYLVH WKH DJHQW VWDWLRQ DSSOLFDWLRQ VWUXFWXUH�
6\VWHP GRFXPHQWDWLRQ VWDWHV WKDW LW KDV WR IROORZ WKH FOLHQW�VHUYHU PRGHO� :H DOVR ZDQW WR
FRQVLGHU WKH QRQ�IXQFWLRQDO UHTXLUHPHQWV DVVRFLDWHG ZLWK WKLV GHVLJQ LVVXH �VHH )LJXUH ���
WR GHpQH D VWUXFWXUH WKDW VDWLVpHV WKHP DW D UHDVRQDEOH GHJUHH�

+HUH WKH SULRULW\ LV JLYHQ WR WKH WUDQVSDUHQF\ �LQ WHUPV RI LQWHURSHUDELOLW\� WKDW DQ DJHQW
VWDWLRQ DSSOLFDWLRQ UHTXLUHV LQ LQWHUDFWLQJ ZLWK RWKHU VRIWZDUH FRPSRQHQWV �H�J�� FOLHQW�VHUYHU
LQWHUDFWLRQ� 'DWD &ROOHFWRU � DJHQW VWDWLRQ DSSOLFDWLRQ LQWHUDFWLRQ� DQG VR IRUWK�� 6FDODELOLW\
�LQ WHUPV RI SURYLGLQJ VXSSRUW IRU PRUH DSSOLFDWLRQV� LV DOVR D UHTXLUHPHQW� 6DWLVI\LQJ WKHVH
UHTXLUHPHQWV LPSOLHV JLYLQJ XS RQ SHUIRUPDQFH�

6LQFH WKH %URNHU SDWWHUQ >�@ IROORZV WKH FOLHQW�VHUYHU PRGHO DQG DGGUHVVHV WKH QRQ�
IXQFWLRQDO UHTXLUHPHQWV UHODWHG WR WKLV GHVLJQ LVVXH� LW UHVXOWV WKH ?EHVW pW� IURP RXU SDWWHUQ
FDWDORJ �)LJXUH ��� LQ 6HFWLRQ �� VKRZV LWV FRUUHVSRQGLQJ IRUFH KLHUDUFK\��
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)LJ� ��� &RQVLGHULQJ WKH &DOO &RQWURO $3, IRU VZLWFK ^ DSSOLFDWLRQ LQWHUDFWLRQ

��� $GGUHVVLQJ WKH 3DWWHUQ $SSOLFDWLRQ

0LFURNHUQHO� ,QVWDQWLDWLRQ RI WKH 0LFURNHUQHO SDWWHUQ IRU WKH FDOO FHQWHU LV VKRZQ LQ
)LJXUH ��� ,WV DSSOLFDWLRQ VXSSRVHV D IXQFWLRQDO GLVDJJUHJDWLRQ LQWR WKUHH EDVLF HOHPHQWV�
WKH 0LFURNHUQHO �FRUUHVSRQGLQJ WR WKH 3%; VZLWFK�� DQ DGMXQFW FRPSRQHQW �WR VXSSRUW
DQ\ LQWHUQDO DSSOLFDWLRQ DGGHG WR WKH 3%; VZLWFK�� DQG D FRPSRQHQW WKDW KDQGOHV IHDWXUHV
VXFK DV $&' �$XWRPDWLF &DOO 'LVWULEXWLRQ� WR SURYLGH VXSSRUW IRU LQWHOOLJHQW URXWLQJ� ,Q
WKLV FRQWH[W� DQ DGGLWLRQDO FRPSRQHQW �$GDSWHU� DSSHDUV LQ WKH UHVXOWLQJ VWUXFWXUH� 7KLV
FRPSRQHQW LV QRW pOOHG \HW E\ DQ\ REMHFW �WKLV LV IDLUO\ W\SLFDO IRU DUFKLWHFWXUDO SDWWHUQV
VXFK DV WKH 0LFURNHUQHO SDWWHUQ��

,QGLUHFWLRQ�%LQGLQJ� 7KH ,QGLUHFWLRQ�%LQGLQJ SDWWHUQ LQVWDQWLDWLRQ IRU WKH FDOO FHQWHU
LV VKRZQ LQ )LJXUH ��� )RU WKH VDNH RI FDOO FHQWHU LPSOHPHQWDWLRQ� WKLV SDWWHUQ LPSRVHV
D CPHGLDWRU
 DPRQJ WKH VZLWFKHV DQG DOO WKH SRWHQWLDO IXQFWLRQV WKDW FRPSULVH WKH FDOO
FHQWHU DSSOLFDWLRQV� 7KH UROH RI CPHGLDWRU
 LV SOD\HG E\ D &7, DGDSWHU� ZKLFK SURYLGHV WKH
VHUYLFHV UHTXLUHG E\ &7, FOLHQW DSSOLFDWLRQV� 7KH ,QGLUHFWLRQ�%LQGLQJ SDWWHUQ DOORZV FDOO
FHQWHU DUFKLWHFWXUH WR SURYLGH WKH FRUH �VZLWFKHV� ZLWK D FHUWDLQ GHJUHH RI LQGHSHQGHQFH
ZLWK UHVSHFW WR FDOO FHQWHU DSSOLFDWLRQV�

7KH FOLHQW FRPSRQHQW LQ WKLV VWUXFWXUH PD\ EH pOOHG E\ WKH 'DWD &ROOHFWRU� 7KH 'DWD
&ROOHFWRU LV WKH FRPSRQHQW UHVSRQVLEOH IRU JDWKHULQJ LQIRUPDWLRQ IURP &7, FRPSRQHQWV�
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)LJ� ��� &RQVLGHULQJ WKH DUFKLWHFWXUH RI DJHQW VWDWLRQ DSSOLFDWLRQV

%URNHU� 7KH LQVWDQWLDWLRQ RI WKH %URNHU SDWWHUQ LV VKRZQ LQ )LJXUH ��� 7KLV SDWWHUQ
HVWDEOLVKHV D FOLHQW�VHUYHU VWUXFWXUH IRU WKH DJHQW VWDWLRQ DSSOLFDWLRQV� ,Q DGGLWLRQ WR WKLV
IHDWXUH� DQ LQWHUPHGLDWH FRPSRQHQW �%URNHU� LV ORFDWHG LQ WKH PLGGOH DQG WZR SUR[LHV �RQH
IRU HDFK VLGH RI WKH FOLHQW�VHUYHU VWUXFWXUH� DFW DV GHOHJDWHV IRU KDQGOLQJ WKH FOLHQW�VHUYHU
FRQQHFWLRQV DQG PHVVDJH H[FKDQJH�

&RQVROLGDWLQJ D YLHZ RI WKH FDOO FHQWHU DUFKLWHFWXUH� 6R IDU� ZH KDYH REWDLQHG D
VHSDUDWH YLHZ RI HDFK SDWWHUQ LQVWDQWLDWLRQ� )LJXUH �� VKRZV WKH UHVXOWLQJ VWUXFWXUH RI WKH
FDOO FHQWHU DSSOLFDWLRQ DIWHU LQFRUSRUDWLQJ WKH WKUHH SDWWHUQV LQWR GHVLJQ DQG LQWHJUDWLQJ
WKHLU LQVWDQWLDWLRQV IRU WKH FDOO FHQWHU�

$OWKRXJK ZH VWLOO GR QRW KDYH LQIRUPDWLRQ DERXW WKH 'DWD &ROOHFWRU GHVLJQ LQ GHWDLO� ZH
PD\ DQWLFLSDWH WKDW LW ZLOO LQWHUDFW ZLWK WKH VHUYHU�VLGH RI DJHQW VWDWLRQ DSSOLFDWLRQV� ,W DOVR
UHPDLQV WR GHpQH WKH VWUXFWXUH RI WKH 'DWD &ROOHFWRU DQG LWV SRVVLEOH LQWHUDFWLRQ ZLWK WKH
DJHQW VWDWLRQ VHUYHU�

&RPSDULQJ WKH UHVXOWV ZLWK WKH DFWXDO GHVLJQ� $ JHQHUDO YLHZ RI WKH KLJK�OHYHO
DUFKLWHFWXUH GHVFULSWLRQ SURYLGHG E\ WKH V\VWHP GHVLJQ GRFXPHQWDWLRQ LV VKRZQ LQ )LJXUH
���

5HJDUGLQJ WKH RYHUDOO V\VWHP DUFKLWHFWXUH� WKH DFWXDO GHVLJQHU
V GHFLVLRQ LPSOLHV OHDYLQJ
D PLQLPDO H[SUHVVLRQ RI IXQFWLRQDOLW\ LQ WKH VZLWFK DQG WR EXLOG RQ VHSDUDWH IXQFWLRQV
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)LJ� ��� 0LFURNHUQHO SDWWHUQ LQVWDQWLDWLRQ IRU WKH FDOO FHQWHU

LQWR RWKHU FRPSRQHQWV� :H REVHUYH WKDW WKH FRUH DQG WKH IXQFWLRQV KDYH EHHQ VHSDUDWHG
�WKH VZLWFK UHSUHVHQWLQJ WKH FRUH� WKH LQWHOOLJHQW URXWLQJ DV DQ DGMXQFW IXQFWLRQ�� 7KXV�
DGGLWLRQDO VZLWFKHV� IHDWXUHV� DQG DSSOLFDWLRQV FDQ EH LQFRUSRUDWHG LQ WKH IXWXUH� ,W PD\
DOVR EH SRVVLEOH WR PDNH FKDQJHV LQ FDOO FHQWHU FRPSRQHQWV LQ UXQ�WLPH� 7KLV FRQIRUPV WR
WKH 0LFURNHUQHO PRGHO SUHGLFWHG E\ WKH SDWWHUQ LQVWDQWLDWLRQ�

$V IRU FRPSXWHU WHOHSKRQ\ LQWHJUDWLRQ� WKH DFWXDO GHVLJQHU
V GHFLVLRQ HQWDLOV WKH XVH RI
D &7, FRPSRQHQW� 7KH PDLQ UHVSRQVLELOLW\ RI WKLV FRPSRQHQW� DV LV XVXDO IRU DSSOLFDWLRQV
EDVHG RQ &7, >�@� LV WR SURYLGH DQ LQWHUIDFH ZLWK D VHW RI VHUYLFHV IRU FDOO FHQWHU DSSOLFDWLRQV�
$V IRU WKH LQVWDQWLDWLRQ RI WKH ,QGLUHFWLRQ�%LQGLQJ SDWWHUQ� WKLV LQWURGXFHV DQ LQWHUPHGLDWH
OD\HU EHWZHHQ WKH VZLWFKHV DQG FDOO FHQWHU DSSOLFDWLRQV� 7KLV DOVR LPSRVHV D FHUWDLQ GHJUHH
RI DFFHSWDEOH SHUIRUPDQFH GHJUDGDWLRQ� +RZHYHU� WKLV SHQDOW\ LV SDLG Ro VLQFH� DV UHTXLUHG�
FKDQJHV LQ VZLWFKHV GR QRW DoHFW FDOO FHQWHU DSSOLFDWLRQV� DQG YLFH YHUVD�

7KH V\VWHP GRFXPHQWDWLRQ VWDWHV WKDW WKH VWUXFWXUH RI WKH DJHQW VWDWLRQ DSSOLFDWLRQ KDV
WR IROORZ WKH FOLHQW�VHUYHU PRGHO� ,Q DGGLWLRQ WR WKLV� LW LV DOVR HVWDEOLVKHG E\ WKH GHVLJQHU
V
GHFLVLRQ WKDW WKH LQWHUDFWLRQ EHWZHHQ FOLHQWV DQG VHUYHUV LV KDQGOHG WKURXJK 5HPRWH 0HWKRG
,QYRFDWLRQ �50,� >��@� ,W PDNHV SRVVLEOH WKDW DQ DJHQW VWDWLRQ FOLHQW DSSOLFDWLRQ FDOOV D
UHPRWH FRPSRQHQW LQ D VHUYHU� DQG WKDW DQ DJHQW VWDWLRQ VHUYHU DSSOLFDWLRQ PD\ DOVR EH D
FOLHQW RI RWKHU UHPRWH REMHFWV �LI QHHGHG��

)RU WKH SDWWHUQ LQVWDQWLDWLRQ� WKH VXSSRUWLQJ VWUXFWXUH �&OLHQW�VLGH 3UR[\� %URNHU� 6HUYHU�
VLGH 3UR[\� SURYLGHV WKH GHVLUHG VFDODELOLW\ UHTXLUHG IRU DJHQW VWDWLRQ DSSOLFDWLRQV� ,W DOVR
GLVFKDUJHV DJHQW VWDWLRQ DSSOLFDWLRQV IURP LQFOXGLQJ FRPSOH[ PHFKDQLVPV IRU HQDEOLQJ LQ�
WHUFRQQHFWLRQ� ,Q WKLV ZD\� WKH %URNHU SDWWHUQ PDWFKHV WKH XVH RI 50,�
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)LJ� ��� ,QGLUHFWLRQ�%LQGLQJ SDWWHUQ LQVWDQWLDWLRQ IRU WKH FDOO FHQWHU

��� 'HYLVLQJ D 3DWWHUQ /DQJXDJH

:H FRXOG FRQVLGHU KRZ WKH SURFHVV DSSOLHG WR FDOO FHQWHU GHVLJQ PLJKW KHOS XV HVWDEOLVK
FHUWDLQ UHODWLRQVKLSV DPRQJ VRPH SDWWHUQV IURP RXU FDWDORJ� :H KDYH VXFFHVVLYHO\ DSSOLHG
WKUHH SDWWHUQV DQG GHULYHG D VWUXFWXUH WKDW VDWLVIDFWRULO\ FRQIRUPV WR WKH EDVLF UHTXLUHPHQWV
HVWDEOLVKHG LQ WKH V\VWHP GRFXPHQWDWLRQ� 7KLV OHDGV XV WR WKH FRQFOXVLRQ WKDW D UHODWLRQVKLS
H[LVWV DPRQJ WKH 0LFURNHUQHO� WKH %LQGLQJ�,QGLUHFWLRQ� DQG WKH %URNHU SDWWHUQ� /LNHZLVH� D
VHTXHQFH RI SDWWHUQ DSSOLFDWLRQV KDV EHHQ HVWDEOLVKHG� +HQFH� ZH KDYH GHULYHG D EDFNERQH
IRU D FDOO FHQWHU DUFKLWHFWXUH DQG ZH FDQ EXLOG RQ WKLV LQLWLDO LQWHUUHODWLRQVKLS WR GHYLVH DQ
PLQL SDWWHUQ ODQJXDJH �VHH )LJXUH ����

$OWKRXJK WKH UHODWLRQVKLSV DPRQJ WKHVH WKUHH SDWWHUQV ZHUH HVWDEOLVKHG DV D FRQVHTXHQFH
RI WKHLU DSSOLFDWLRQ WR WKH FDVH VWXG\� DQG WKLV FRQVWLWXWHV D EDFNERQH IRU D GHVLJQ VFKHPH
EDVHG RQ WKHVH SDWWHUQV� ZH FRXOG DOVR FRQVLGHU WZR SRVVLEOH SDWKV WR LQFRUSRUDWH PRUH
SDWWHUQV WR RXU LQLWLDO PLQL SDWWHUQ ODQJXDJH�

^ 6HHN RXW ORRVH HQGV LQ WKH QHZ SDWWHUQ UHSUHVHQWDWLRQ DQG DGGUHVV WKHLU VROXWLRQ�
^ &RPSOHWH RXU PLQL SDWWHUQ ODQJXDJH E\ DSSO\LQJ RWKHU SDWWHUQV GHpQHG LQ WKH SDWWHUQ
OLWHUDWXUH�

/HW XV FRQVLGHU WKH pUVW SRVVLELOLW\� :KHQ DQDO\]LQJ WKH IRUFH KLHUDUFK\ IRU WKH 0LFUR�
NHUQHO SDWWHUQ� D VXEMHFW WKDW GHPDQGV IXUWKHU DWWHQWLRQ LV SRLQWHG RXW E\ RQH RI LWV FODLPV�
)XQFWLRQDO GLVDJJUHJDWLRQ PDNHV KDUGHU WR NHHS PDQDJHULDO FRQWURO RI WKH ZKROH DSSOLFD�
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)LJ� ��� %URNHU SDWWHUQ LQVWDQWLDWLRQ IRU WKH FDOO FHQWHU

WLRQ� ,Q RWKHU ZRUGV� VHYHUDO KHWHURJHQHRXV FRPSRQHQWV ZRUNLQJ WRJHWKHU PLJKW FDXVH VRPH
GLrFXOWLHV IRU PDQDJLQJ WKHLU FRPPRQ VWDWH�

7KLV LV D FUXFLDO DVSHFW RI FDOO FHQWHU GHVLJQ� 7KLV FRQVHTXHQFH RI WKH DSSOLFDWLRQ RI
WKH 0LFURNHUQHO SDWWHUQ LV LPSOLFLWO\ HVWDEOLVKHG LQ WKH V\VWHP GRFXPHQWDWLRQ ZKHQ VWDWLQJ
WKDW WKH HQWLUH FRQWURO RI D FDOO FHQWHU FRQpJXUDWLRQ DQG PDQDJHPHQW PD\ EH GHOD\HG
XQWLO WKH VHFRQG SKDVH RI WKH SURMHFW LQ IDYRU RI WKH WLPH�WR�PDUNHW FRQVWUDLQW� :H FDQ
DGGUHVV WKLV LVVXH E\ DSSO\LQJ WKH 'HYLDWLRQ SDWWHUQ >��@ �WR FRQVLGHU KRZ WR NHHS D FRPSDFW
UHSUHVHQWDWLRQ RI WKH VWDWH RI WKH V\VWHP� DQG WKH %ODFNERDUG SDWWHUQ >�@>��@ �WR GHWHUPLQH
KRZ WR HVWDEOLVK D FRRUGLQDWLRQ PHFKDQLVP DPRQJ WKH FRPSRQHQWV�� 7KH IDFW WKDW WKHVH
WZR SDWWHUQV FDQ EH FRPELQHG LQ WKLV IDVKLRQ WR DGGUHVV VLPLODU SUREOHPV LV VWDWHG LQ >�@�

1RZ OHW XV FRQVLGHU WKH VHFRQG SDWK� ,Q >�@� LW LV VWDWHG WKDW WKH LPSOHPHQWDWLRQ RI WKH
IXQFWLRQDO FRPSRQHQWV GHULYHG IURP WKH 0LFURNHUQHO SDWWHUQ FRXOG EH DGGUHVVHG E\ DSSO\LQJ
WKH /D\HUV SDWWHUQ� )RU WKH SXUSRVH RI FDOO FHQWHU GHVLJQ� WKLV ZRXOG LPSO\ XVLQJ WKH /D\HUV
DSSURDFK WR LPSOHPHQW WKH &7, FRPSRQHQW� 6LQFH WKH &7, FRPSRQHQW UHVXOWHG IURP DSSO\�
LQJ WKH %LQGLQJ�,QGLUHFWLRQ SDWWHUQ� WKH /D\HUV SDWWHUQ LV SODFHG DIWHU %LQGLQJ�,QGLUHFWLRQ
LQ RXU PLQL SDWWHUQ ODQJXDJH�

&RQVLGHULQJ WKHVH ZHOO HVWDEOLVKHG UHODWLRQVKLSV� ZH FDQ LQFRUSRUDWH WKHVH SDWWHUQV �'H�
YLDWLRQ� %ODFNERDUG� DQG /D\HUV� WR RXU ODQJXDJH� 7KH UHVXOWLQJ ODQJXDJH LV VKRZQ LQ )LJXUH
���

:H PLJKW FRQWLQXH WR LQFRUSRUDWH PRUH SDWWHUQV� ZKHWKHU E\ FRQVLGHULQJ SUHYLRXV ZHOO
HVWDEOLVKHG UHODWLRQVKLSV� E\ pJXULQJ RXW DVSHFWV WKDW VWLOO GHVHUYH DWWHQWLRQ �DIWHU DQDO\]LQJ
WKH SDWWHUQ IRUFH KLHUDUFKLHV� DQG WKH FRUUHVSRQGLQJ VHOHFWLRQ RI PRUH SDWWHUQV�
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)LJ� ��� 6WUXFWXUH RI WKH FDOO FHQWHU DSSOLFDWLRQ DIWHU LQFRUSRUDWLQJ SDWWHUQV LQWR GHVLJQ

� :KDW &RXOG *R :U RQJ"

6RPH PHWKRGRORJLFDO UHVWULFWLRQV RI RXU DSSURDFK DUH DV IROORZV�

^ 'HSHQGHQF\ RQ GHVLJQHU
V H[SHUWLVH ZKHQ WKH DSSOLFDWLRQ GRPDLQ IRUFH KLHUDUFK\ LV FRP�
SRVHG� ,W LQYROYHV WKH VHOHFWLRQ RI WKH UHOHYDQW IRUFHV� DV ZHOO DV WKH DVVRFLDWHG UHVRXUFHV
DQG WKHLU FRUUHVSRQGLQJ FRQVWUDLQWV DQG WUDGH�RoV�

^ 'HSHQGHQF\ RQ GHVLJQHU
V MXGJHPHQW ZKHQ SDWWHUQV DUH VHOHFWHG�

&RQFHLYLQJ IRUFH KLHUDUFKLHV GHPDQGV RQJRLQJ UHpQHPHQW GXH WR WKH IROORZLQJ UHDVRQV�

^ $W HDUO\ GHVLJQ VWDJHV� GHVLJQHUV PLJKW QRW EH DEOH WR LGHQWLI\ DOO WKH SRVVLEOH QRQ�
IXQFWLRQDO UHTXLUHPHQWV LQYROYHG�

^ 'HVLJQHUV PD\ WDNH LQWR DFFRXQW WKH QRQ�IXQFWLRQDO UHTXLUHPHQWV PRVW UHOHYDQW WR LQLWLDO
VWDJHV RI GHVLJQ� ,QFRUSRUDWLRQ RI WKH UHPDLQLQJ QRQ�IXQFWLRQDO UHTXLUHPHQWV ZRXOG EH
WKH UHVXOW RI IXUWKHU DQDO\VLV RQ WKH GHVLJQ SURFHVV�
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)LJ� ��� $Q RYHUYLHZ RI WKH FDOO FHQWHU VWUXFWXUH �DFWXDO GHVLJQ�� &RPSRQHQWV SDUWLDOO\
DGGUHVVHG LQ WKH FDVH VWXG\ DUH VKDGHG

+HQFH� WKHUH LV QR SUH�GHpQHG SURFHGXUH ZH FRXOG VWDWH IRU GHULYLQJ DQ DEVROXWH IRUFH
KLHUDUFK\ IRU D JLYHQ DSSOLFDWLRQ GRPDLQ IRU FHUWDLQ GHVLJQ SURMHFW�

� &RQFOXGLQJ 5HPDU NV

$Q H[SOLFLW UHSUHVHQWDWLRQ RI IRUFHV LQYROYHG LQ SDWWHUQV DQG WKHLU LQWHUUHODWLRQVKLSV LV D
NH\ DVSHFW LQ GHULYLQJ SDWWHUQ ODQJXDJHV� ,W PD\ GHWHUPLQH WKH XQGHUVWDQGLQJ RI SDWWHUQV
LQWHUFRQQHFWLRQ LQ D ODQJXDJH� DV ZHOO DV WKH FRQVHTXHQFHV LPSOLHG LQ WKHLU SURJUHVVLYH
DSSOLFDWLRQ WR DQ\ SUREOHP�

3DWWHUQ UHSUHVHQWDWLRQ KHUH SURSRVHG GRHV QRW UHSODFH DQ\ RI WKH FXUUHQW SDWWHUQ UHS�
UHVHQWDWLRQV� ,W LV LQWHQGHG WR FRPSOHPHQW WKHP E\ SURYLGLQJ SDWWHUQ XVHUV ZLWK D EHWWHU
XQGHUVWDQGLQJ RI SDWWHUQ LPSOLFDWLRQV DQG FRQVHTXHQFHV LQ WHUPV RI IRUFHV LQYROYHG� ,Q WXUQ�
WKLV DSSURDFK DOVR SURYLGHV D PHFKDQLVP IRU UHSUHVHQWLQJ WKH VDPH LVVXHV� IRUFHV� LQYROYHG
LQ WKH FRQWH[W RI DQ\ DGGUHVVHG SUREOHP�

,Q WHUPV RI SURJUHVVLYH UHpQHPHQW DQG SRVVLEOH LQFRUSRUDWLRQ RI SDWWHUQV� WKH QDWXUH RI
WKH DSSURDFK SUHVHQWHG KHUH SURYLGHV D ZD\ IRU V\VWHPDWLF UHpQHPHQW RI WKH IRUFH KLHUDUFK\
RI ERWK DQ DSSOLFDWLRQ GRPDLQ DQG LWV DVVRFLDWHG SDWWHUQ VROXWLRQV� +HQFH� LW LV SRVVLEOH WR
FRXQW RQ D FRQVLVWHQW SODWIRUP IRU RQJRLQJ UHpQHPHQW RI SDWWHUQ GHVFULSWLRQV�
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)LJ� ��� $Q LQLWLDO DWWHPSW WR GHYLVH D SDWWHUQ ODQJXDJH

)LJ� ��� $ PDS RI WKH H[WHQGHG PLQL SDWWHUQ ODQJXDJH �SDWWHUQV DGGHG DUH VKDGHG�

:LWK WKH VXSSRUW RI WKH QHZ DSSURDFK� WKH ZD\ VHYHUDO SDWWHUQV DUH LQWHUUHODWHG ZDV
GHYLVHG LQ WKH FDVH VWXG\� 7RJHWKHU ZLWK SUHYLRXV NQRZOHGJH RI RWKHU LQWHUUHODWLRQVKLSV LQ
GLVWULEXWHG V\VWHP GHVLJQ� D PLQL SDWWHUQ ODQJXDJH ZDV FRQFHLYHG EDVHG RQ WKH UHVXOW RI WKH
SDWWHUQ LQVWDQWLDWLRQV UHVXOWLQJ IURP WKH FDVH VWXG\�

��� 3RWHQWLDO %HQHpWV

6RPH EHQHpWV RI WKH SURSRVHG DSSURDFK DUH DV IROORZV�

^ 7R KDYH D SDWWHUQ UHSUHVHQWDWLRQ WKDW KLJKOLJKWV IRUFHV� UHVRXUFHV� DQG SDWWHUQ FRQWUL�
EXWLRQV� 7KLV SURPRWHV XQGHUVWDQGLQJ RI SDWWHUQV� DQG FRQVHTXHQWO\� WKH UHXVH RI EHVW
LGHDV LQ DGGUHVVLQJ GHVLJQ LVVXHV�

^ 7R GLVFRYHU SDWWHUQ LQWHUUHODWLRQVKLSV SURYLGHV WKH RSSRUWXQLW\ RI FUHDWLQJ QHZ SDWWHUQ
ODQJXDJHV� 7KLV RoHUV XQOLPLWHG SRVVLELOLWLHV WR VHDUFK DQG H[SORLW LQWHJUDWHG VROXWLRQV�

^ 7R VXSSRUW XQGHUVWDQGLQJ RI SDWWHUQV SRUWDELOLW\ DFURVV DSSOLFDWLRQ GRPDLQV� 6LQFH WKH
QRWLRQ RI IRUFH KLHUDUFK\ FRPSULVHV DSSOLFDWLRQ GRPDLQV� SDWWHUQ FRQWULEXWLRQV PD\ EH
FRQVLGHUHG XQGHU GLoHUHQW YLHZV� 7KLV KHOSV SDWWHUQ SRUWDELOLW\ DFURVV VHYHUDO FRQWH[WV�
DQG FRQVHTXHQWO\� UHXVDELOLW\ LV SURPRWHG�
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^ 7KH XVH RI WKH 1)5 )UDPHZRUN KHOSV GHVLJQHUV PDNH LQIRUPHG GHFLVLRQV DQG DQWLFLSDWH
GHVLJQ LVVXHV IRU IXWXUH DSSOLFDWLRQ UHOHDVHV�

^ 8VHUV PD\ EH HQFRXUDJHG WR JHW DFWLYHO\ LQYROYHG LQ WKH DQDO\VLV DQG GHVLJQ SKDVHV� E\
GUDZLQJ RQ SDWWHUQV DQG SDWWHUQ ODQJXDJHV LQ D PRUH H[SUHVVLYH ZD\�

��� )XWXUH 'LUHFWLRQV

2XU QH[W VWHSV PD\ EH RULHQWHG WRZDUGV WKHVH GLUHFWLRQV�

^ 8VH WKH SURSRVHG SDWWHUQ UHSUHVHQWDWLRQ LQ SDWWHUQ DSSOLFDWLRQ WR DQ DQ RQJRLQJ SURMHFW�
,W ZRXOG DOVR DOORZ XV WR FRQpUP LWV VXLWDELOLW\ LQ D GLoHUHQW FRQWH[W DQG SURYLGH WKH
RSSRUWXQLW\ RI IHHGEDFN DQG UHpQHPHQW�

^ ,Q D PRUH H[WHQVLYH ZD\� FRQWLQXH WR FRQVLGHU WKH DQDO\VLV RI HDFK SDWWHUQ UHSUHVHQWDWLRQ
WR GHYLVH SRVVLEOH FRQVHTXHQFHV RI SDWWHUQ DSSOLFDWLRQ� ,Q WKLV ZD\� WKH PLQL SDWWHUQ
ODQJXDJH FRQVLGHUHG LQ WKH FDVH VWXG\ PD\ EH H[WHQGHG�
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� &DWDORJ RI 3 DWWHU QV

7KLV VHFWLRQ SUHVHQWV D FRQGHQVHG YHUVLRQ RI D VHW RI SDWWHUQV DSSOLFDEOH WR GLVWULEXWHG
V\VWHP GHVLJQ� ,Q RUGHU WR HQFRPSDVV WKH HPEHGGHG UHDO�WLPH QDWXUH RI WKH VXEMHFW RI WKH
FDVH VWXG\� VRPH SDWWHUQV ZLWK HPSKDVLV RQ SHUIRUPDQFH ZHUH LQFOXGHG >��@�

7DEOH � VKRZV WKH SDWWHUQ QDPHV DQG WKHLU FRUUHVSRQGLQJ VRXUFH RI GRFXPHQWDWLRQ�

3DWWHUQ 6RXUFH RI
QDPH GRFXPHQWDWLRQ

$OWHUQDWH 5RXWHV >��@

%DODQFLQJ >��@� >��@

%DWFKLQJ >��@� >��@

%LQGLQJ�,QGLUHFWLRQ >��@

%ODFNERDUG >�@� >��@

%URNHU >�@

&RXSOLQJ >��@

'HYLDWLRQ >��@� >��@

)DVW 3DWK >��@

)LUVW 7KLQJV )LUVW >��@

)OH[ 7LPH >��@

/D\HUV >�@

0LFURNHUQHO >�@

6OHQGHU &\FOLF )XQFWLRQV >��@

7DEOH �� 3DWWHUQV FRQWDLQHG LQ WKH FDWDORJ DQG WKHLU FRUUHVSRQGLQJ VRXUFH
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$OWHUQDWH 5RXWHV� 7KLV SDWWHUQ VSUHDGV WKH GHPDQG IRU KLJK�XVDJH REMHFWV VSDWLDOO\� WKDW
LV� WR GLoHUHQW REMHFWV RU ORFDWLRQV� 7KH QHW UHVXOW LV WR UHGXFH FRQWHQWLRQ GHOD\V IRU WKH
REMHFWV�

3UREOHP� 7KLV SUREOHP RFFXUV IUHTXHQWO\ LQ GDWDEDVH V\VWHPV ZKHQ PDQ\ SURFHVVHV
QHHG H[FOXVLYH DFFHVV WR WKH VDPH SK\VLFDO ORFDWLRQV� XVXDOO\ WR H[HFXWH DQ XSGDWH� :KHQ
PDQ\ SURFHVVHV PXVW KDYH DFFHVV WR WKH VDPH SK\VLFDO ORFDWLRQ� WKH UHTXHVWV PXVW VHULDOL]H�
FDXVLQJ GHOD\V IRU ZDLWLQJ SURFHVVHV�

7KLV SUREOHP DOVR KDSSHQV ZKHQ VHYHUDO SURFHVVHV PXVW FRRUGLQDWH ZLWK D VLQJOH FRQ�
FXUUHQW SURFHVV�

6ROXWLRQ� 7KH VROXWLRQ IRU WKLV SUREOHP LV WR pQG DQ DOWHUQDWH URXWH IRU WKH SURFHVVLQJ�
7KHUH DUH VHYHUDO VWUDWHJLHV IRU pQGLQJ DOWHUQDWH URXWHV�

,Q WKH GDWDEDVH DFFHVV VLWXDWLRQ� ZH QHHG WR pQG D ZD\ IRU WKH DFFHVVHV WR JR WR GLoHUHQW
SK\VLFDO ORFDWLRQV� 'HSHQGLQJ RQ WKH QDWXUH RI WKH SUREOHP� WKHUH DUH VRPH VROXWLRQV WR
DGGUHVV WKLV VLWXDWLRQ� VXFK DV KDVKLQJ DOJRULWKPV� D GLoHUHQW NH\ DVVLJQPHQW VWUDWHJ\�
DFFHVVLQJ GLoHUHQW WDEOHV DV WKH XSGDWHV DUH H[HFXWHG� DQG VR IRUWK�

$Q DOWHUQDWH URXWH VROXWLRQ IRU WKH SURFHVV FRRUGLQDWLRQ SUREOHP ZRXOG EH WR KDYH
PXOWLSOH GRZQVWUHDP SURFHVVHV� HDFK RQH XSGDWLQJ LWV RZQ UHJLRQ RI WKH GDWDEDVH�

7KHVH VROXWLRQV VSUHDG WKH ORDG VSDWLDOO\ E\ URXWLQJ GDWDEDVH DFFHVVHV WR GLoHUHQW DUHDV
RI WKH GDWDEDVH DQG URXWLQJ SURFHVVLQJ WDVNV WR GLoHUHQW SURFHVVHV �FRRUGLQDWLRQ SUREOHP��

1)5�EDVHG UHSUHVHQWDWLRQ� 7KUHH QRQ�IXQFWLRQDO UHTXLUHPHQWV DUH LPSOLHG LQ WKLV
VROXWLRQ� 7KLV SDWWHUQ WUDGHV Ro HoRUW �LQ GHpQLQJ WKH VWUDWHJ\ IRU VSUHDGLQJ WKH ORDG� ZLWK
SHUIRUPDQFH �UHVSRQVLYHQHVV DQG VFDODELOLW\�� )LJXUH �� VKRZV WKH IRUFH KLHUDUFK\ IRU WKH
$OWHUQDWH 5RXWH SDWWHUQ�
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)LJ� ��� )RUFH KLHUDUFK\ IRU WKH $OWHUQDWH 5RXWH SDWWHUQ

%DODQFLQJ� 7KLV SDWWHUQ LV FRQFHUQHG ZLWK WKH UHPRYDO RI ERWWOHQHFNV RQH E\ RQH XQWLO DOO
UHVRXUFHV DUH HTXDOO\ FRQVWUDLQHG�

3UREOHP� $VVXPH WKDW ZH ZDQW WR LQFUHDVH WKH VSHHG ZLWK ZKLFK ZH VWRUH GDWD RQ D
WDSH GULYH DWWDFKHG WR D FRPSXWHU WKURXJK DQ ,�2 EXV� 7KH WKUHH FRPSRQHQWV DoHFWLQJ WKH
VSHHG DUH WKH &38� WKH ,�2 EXV� DQG WKH WDSH�GULYH ZULWH PHFKDQLVP� 0HDVXUHPHQWV PD\
VKRZ WKDW WKH VORZHVW FRPSRQHQW LQ WKH V\VWHP LV WKH WDSH GULYH� 7KHQ� QR PDWWHU KRZ IDVW
WKH &38 RU WKH ,�2 EXV LV� V\VWHP SHUIRUPDQFH ZLOO QRW LPSURYH XQOHVV WKH WDSH GULYH
V
SHUIRUPDQFH GRHV�

6XSSRVH ZH QRZ UHSODFH WKH GULYH ZLWK D IDVWHU RQH� 7KHQ� ZH PD\ pQG WKDW WKH ,�2
EXV LV WRR VORZ WR PDWFK WKH WDSH GULYH� 7KXV� ZH KDYH D QHZ ERWWOHQHFN� WKH ,�2 EXV� ,Q
RUGHU WR UHPRYH WKH QHZ ERWWOHQHFN DQG JHW D EDODQFHG V\VWHP ZH PXVW FRQVLGHU DQRWKHU
DSSURDFK�

6ROXWLRQ� 7KH ERWWOHQHFN GHYLFH LV WKH RQH ZLWK WKH KLJKHVW XWLOL]DWLRQ� 7KLV LV WKH
GHYLFH WKDW OLPLWV WKH VFDODELOLW\�

,Q JHQHUDO� WKLV VROXWLRQ LPSOLHV LGHQWLI\LQJ WKH FRPSRQHQW WKDW ZLOO VDWXUDWH pUVW� ,W
LV WKH UHVRXUFH ZLWK WKH KLJKHVW GHPDQG� %\ SURJUHVVLYHO\ LGHQWLI\LQJ DQG HOLPLQDWLQJ ERW�
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WOHQHFNV� D EDODQFH LV UHDFKHG� ,W RFFXUV ZKHQ DOO UHVRXUFHV DUH HTXDOO\ FRQVWUDLQHG DQG
SHUIRUPDQFH JRDOV DUH DFKLHYHG�

6HYHUDO DSSURDFKHV FDQ EH IROORZHG� FKDQJLQJ WKH VRIWZDUH� XVLQJ D IDVWHU GHYLFH� RU
DGGLQJ PRUH GHYLFHV� )RU WKH H[DPSOH� ZH PXVW LPSURYH WKH ,�2 EXV WR PDWFK WKH GULYH
VSHHG� SHUKDSV E\ XVLQJ D GLoHUHQW ,�2 EXV WHFKQRORJ\� 7KLV SURFHVV FRQWLQXHV XQWLO ZH
PHHW WKH SHUIRUPDQFH WDUJHW RU UXQ RXW RI UHVRXUFHV� ,GHDOO\� WKH ,�2 EXV� GULYH� DQG &38
ZLOO VLPXOWDQHRXVO\ UHDFK WKHLU PD[LPXP SHUIRUPDQFH� VR WKDW WKH V\VWHP LV EDODQFHG�

1)5�EDVHG UHSUHVHQWDWLRQ� )LJXUH �� VKRZV WKH IRUFH KLHUDUFK\ IRU WKH %DODQFLQJ
SDWWHUQ� 2EVHUYH WKDW WKH HoHFW RQ HrFLHQF\ LV XQGHFLGHG� 7KLV LV QRW FOHDU \HW DQG GHSHQGV
RQ VSHFLpF LPSOHPHQWDWLRQV�

)LJ� ��� )RUFH KLHUDUFK\ IRU WKH %DODQFLQJ SDWWHUQ
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%DWFKLQJ� 7KLV SDWWHUQ FRPELQHV IUHTXHQW UHTXHVWV IRU VHUYLFH WR VDYH WKH RYHUKHDG RI
LQLWLDOL]DWLRQ� WUDQVPLVVLRQ� DQG WHUPLQDWLRQ SURFHVVLQJ IRU WKH UHTXHVWV�

3UREOHP� 7KH SUREOHP RFFXUV ZKHQ UHTXHVWHG WDVNV UHTXLUH FRQVLGHUDEOH RYHUKHDG
SURFHVVLQJ IRU LQLWLDOL]DWLRQ� WHUPLQDWLRQ� DQG� LQ GLVWULEXWHG V\VWHP GHVLJQ� IRU WUDQVPLWWLQJ
GDWD DQG UHTXHVWV� )RU YHU\ IUHTXHQW WDVNV� WKH DPRXQW RI WLPH VSHQW LQ RYHUKHDG SURFHVVLQJ
PD\ H[FHHG WKH DPRXQW RI UHDO SURFHVVLQJ RQ WKH V\VWHP�

6ROXWLRQ� 7KH VROXWLRQ WR WKLV SUREOHP LV WR FRPELQH WKH UHTXHVWV LQWR EDWFKHV VR WKH
RYHUKHDG SURFHVVLQJ LV H[HFXWHG RQFH IRU WKH HQWLUH EDWFK LQVWHDG RI IRU HDFK LQGLYLGXDO LWHP�

%DWFKLQJ FDQ EH SHUIRUPHG E\ WKH VHQGHU RU WKH UHFHLYHU RI WKH UHTXHVW� :LWK VHQGHU�
VLGH %DWFKLQJ� WKH VHQGHU FROOHFWV UHTXHVWV DQG IRUZDUGV WKH FROOHFWLRQ LQ RQH EDWFK� :LWK
VHUYHU�VLGH %DWFKLQJ� WKH UHFHLYHU FROOHFWV UHTXHVWV DQG� ZKHQ D EDWFK LV UHFHLYHG� EHJLQV WKH
SURFHVVLQJ IRU DOO RI WKHP�

7KH %DWFKLQJ SDWWHUQ PLQLPL]HV WKH SURGXFW RI WKH SURFHVVLQJ WLPHV WKH IUHTXHQF\ RI
UHTXHVWV� %DWFKLQJ GRHV VOLJKWO\ PRUH ZRUN SHU H[HFXWLRQ� EXW UHGXFHV WKH IUHTXHQF\ RI
H[HFXWLRQ� WKHUHE\ \LHOGLQJ D VPDOOHU SURGXFW �WKDQ LQGLYLGXDO UHTXHVWV��

1)5�EDVHG UHSUHVHQWDWLRQ� 7KLV SDWWHUQ WUDGHV Ro HoRUW �LQ GHVLJQLQJ DQG GHYHO�
RSLQJ WKH EDWFKHU� ZLWK SHUIRUPDQFH �UHVSRQVLYHQHVV DQG VFDODELOLW\�� )LJXUH �� VKRZV WKH
FRUUHVSRQGLQJ IRUFH KLHUDUFK\ IRU WKH %DWFKLQJ SDWWHUQ�

)LJ� ��� )RUFH KLHUDUFK\ IRU WKH %DWFKLQJ SDWWHUQ



� �

%LQGLQJ�,QGLUHFWLRQ� 7KLV SDWWHUQ KDQGOHV VLWXDWLRQV LQ ZKLFK VHYHUDO FRPSRQHQWV PD\
FKDQJH WKHLU ORFDWLRQ�

3UREOHP� 6XSSRVH ZH KDYH D IULHQG� -RKQ 'RH� ZKR IUHTXHQWO\ FKDQJHV H�PDLO DGGUHVVHV
DV KH PRYHV IURP RQH ,QWHUQHW SURYLGHU WR DQRWKHU� +HQFH� NHHSLQJ LQ WRXFK ZLWK -RKQ
UHSUHVHQWV D SUREOHP EHFDXVH ZKHQHYHU ZH ZDQW WR VHQG KLP DQ H�PDLO ZH KDYH WR pQG KLV
FXUUHQW DGGUHVV�

6ROXWLRQ� $ V\VWHP FDQ EH GHVFULEHG DW VHYHUDO OHYHOV RI DEVWUDFWLRQ� 7KH JUHDWHU WKH
OHYHO RI DEVWUDFWLRQ� WKH PRUH WKH JHQHUDOLW\ RI WKH GHVFULSWLRQ� +RZHYHU� DW VRPH SRLQW�
ZH QHHG WR JR IURP WKH JHQHUDO WR WKH VSHFLpF� 7KLV LV FDOOHG ELQGLQJ DQ LQVWDQFH WR DQ
DEVWUDFWLRQ�

,I ZH VWRUH WKH WUDQVODWLRQ IURP DQ DEVWUDFWLRQ WR LWV FXUUHQW LQVWDQFH LQ D ZHOO�NQRZQ
ORFDWLRQ� WKH V\VWHP FDQ XVH WKLV LQIRUPDWLRQ WR DXWRPDWLFDOO\ GHUHIHUHQFH WKH DEVWUDFWLRQ�
7KLV LV FDOOHG LQGLUHFWLRQ�

:H FRXOG VDYH VRPH WURXEOH LI ZH KDG DQ DOLDV IRU -RKQ� VD\ ?MGRH�� DQG XSGDWHG DQ
DOLDV pOH ZKHQHYHU -RKQ
V DGGUHVV FKDQJHG� 7KXV� ZH ERXQG DQ DOLDV WR WKH FXUUHQW H�PDLO
DGGUHVV IRU -RKQ 'RH� ,QGLUHFWLRQ DOORZV XV WR DOZD\V VHQG PDLO WR ?MGRH� DV WKH V\VWHP
WUDQVODWHV WKLV DXWRPDWLFDOO\ WR WKH FXUUHQW H�PDLO DGGUHVV�

,QGLUHFWLRQ DOORZV XV WR G\QDPLFDOO\ DVVRFLDWH LQVWDQFHV ZLWK DEVWUDFWLRQV E\ PRGLI\LQJ
WKH WUDQVODWLRQ VWRUHG LQ D ZHOO�NQRZQ ORFDWLRQ�

1)5�EDVHG UHSUHVHQWDWLRQ� )LJXUH �� VKRZV WKH FRUUHVSRQGLQJ IRUFH KLHUDUFK\ IRU
WKH %LQGLQJ�,QGLUHFWLRQ SDWWHUQ�
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)LJ� ��� )RUFH KLHUDUFK\ IRU WKH %LQGLQJ�,QGLUHFWLRQ SDWWHUQ

%ODFNERDUG� $ VHW RI DJHQWV VSHFLDOL]HG LQ SHUIRUPLQJ GLoHUHQW WDVNV LV LQWHQGHG WR SHU�
IRUP D SDUWLFXODU VXEWDVN RI DQ RYHUDOO WDVN� 7KLV SDWWHUQ SURYLGHV D PHDQV WKDW VXSSRUWV
PRQLWRULQJ DQG EXLOGLQJ RQ PXWXDO SURJUHVV�

3UREOHP� $JHQWV QHHG WR FROODERUDWH WR SHUIRUP FRPSOH[ WDVNV WKDW H[WHQG EH\RQG
WKHLU LQGLYLGXDO FDSDELOLWLHV� $ ZD\ WR HQDEOH FROODERUDWLRQ LV WR KDUG ZLUH WKH UHODWLRQVKLSV
EHWZHHQ DJHQWV� +RZHYHU� WKLV LV GLrFXOW WR DFKLHYH LI WKH ORFDWLRQV RI WKH FROODERUDWLQJ
DJHQWV DUH QRW p[HG� VRPH DJHQWV KDYH QRW EHHQ FUHDWHG DW WKH WLPH DQ DJHQW ZDQWV WR
LQWHUDFW ZLWK WKHP� RU LI DJHQWV DUH PRELOH�

7KH FRRUGLQDWLRQ SURWRFRO QHHGHG IRU DJHQW FROODERUDWLRQ FDQ EH H[SUHVVHG XVLQJ WKH
GDWD DFFHVV PHFKDQLVPV RI WKH FRRUGLQDWLRQ PHGLXP� 7KDW PHDQV WKDW WKH FRRUGLQDWLRQ
ORJLF LV HPEHGGHG LQWR WKH DJHQWV� $OWKRXJK D ORJLFDO VHSDUDWLRQ EHWZHHQ DOJRULWKPLF DQG
FRRUGLQDWLRQ LVVXHV ZRXOG SURYLGH PRUH qH[LELOLW\� WKH FRVW RI D PRUH FRPSOH[ FRRUGLQDWLRQ
PHGLXP LV FRQVLGHUHG WRR KLJK� .HHSLQJ WKH LQWHUIDFH WR WKH FRRUGLQDWLRQ PHGLXP VPDOO
DOORZV DJHQWV WR EH HDVLO\ SRUWHG WR XVH DQRWKHU FRRUGLQDWLRQ PHGLXP�

+HQFH� WKH SUREOHP WR VROYH LV KRZ WR HQVXUH WKH FRKHVLRQ RI D JLYHQ VHW RI VSHFLDOL]HG
DJHQWV XQGHU WKH IRUFHV GHVFULEHG DERYH�

6ROXWLRQ� 7KH VROXWLRQ LQYROYHV D EODFNERDUG WR ZKLFK DJHQWV FDQ DGG GDWD DQG ZKLFK
DOORZV WKHP WR VXEVFULEH IRU GDWD FKDQJHV LQ WKHLU DUHD RI LQWHUHVW� $JHQWV FDQ DOVR XSGDWH
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GDWD DQG HUDVH LW IURP WKH EODFNERDUG� 7KH DJHQWV FRQWLQXDOO\ PRQLWRU WKH EODFNERDUG IRU
FKDQJHV DQG VLJQDO ZKHQ WKH\ ZDQW WR DGG� HUDVH� RU XSGDWH GDWD�

:KHQ PXOWLSOH DJHQWV ZDQW WR UHVSRQG WR D FKDQJH� D VXSHUYLVRU DJHQW GHFLGHV ZKLFK
VSHFLDOLVW DJHQW PD\ PDNH D PRGLpFDWLRQ WR WKH EODFNERDUG� 7KH VXSHUYLVRU DJHQW DOVR
GHFLGHV ZKHQ WKH VWDWH RI WKH EODFNERDUG KDV VXrFLHQWO\ SURJUHVVHG DQG D VROXWLRQ WR WKH
FRPSOH[ WDVN KDV EHHQ IRXQG� 7KH VXSHUYLVRU RQO\ DFWV DV D VFKHGXOHU IRU WKH VSHFLDOLVWV�
GHFLGLQJ ZKHQ DQG ZKHWKHU WR OHW D VSHFLDOLVW PRGLI\ WKH EODFNERDUG� ,W GRHV QRW IDFLOLWDWH
WKHLU LQWHUDFWLRQ ZLWK HDFK RWKHU�

1)5�EDVHG UHSUHVHQWDWLRQ� )LJXUH �� VKRZV WKH IRUFH KLHUDUFK\ IRU WKH %ODFNERDUG
SDWWHUQ�

)LJ� ��� )RUFH KLHUDUFK\ IRU WKH %ODFNERDUG SDWWHUQ
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%URNHU� 7KLV SDWWHUQ LV FRQFHUQHG ZLWK WKH VWUXFWXULQJ RI GLVWULEXWHG VRIWZDUH V\VWHPV
ZLWK GHFRXSOHG FRPSRQHQWV WKDW LQWHUDFW E\ UHPRWH VHUYLFH LQYRFDWLRQV�

3UREOHP� %\ SDUWLWLRQLQJ IXQFWLRQDOLW\ LQWR LQGHSHQGHQW FRPSRQHQWV D V\VWHP EHFRPHV
SRWHQWLDOO\ GLVWULEXWHG DQG VFDODEOH� +RZHYHU� ZKHQ GLVWULEXWHG FRPSRQHQWV FRPPXQLFDWH
ZLWK HDFK RWKHU� VRPH PHDQV RI LQWHU�SURFHVV FRPPXQLFDWLRQ DUH UHTXLUHG� ,I FRPSRQHQWV
KDQGOH FRPPXQLFDWLRQ WKHPVHOYHV� WKH UHVXOWLQJ V\VWHP IDFHV VHYHUDO GHSHQGHQFLHV DQG OLP�
LWDWLRQV�

6HUYLFHV IRU DGGLQJ� UHPRYLQJ� H[FKDQJLQJ� DFWLYDWLQJ DQG ORFDWLQJ FRPSRQHQWV DUH DOVR
QHHGHG� $SSOLFDWLRQV WKDW XVH WKHVH VHUYLFHV VKRXOG QRW GHSHQG RQ V\VWHP�VSHFLpF GHWDLOV
WR JXDUDQWHH SRUWDELOLW\ DQG LQWHURSHUDELOLW\� HYHQ ZLWKLQ D KHWHURJHQHRXV QHWZRUN�

6ROXWLRQ� ,QWURGXFH D EURNHU FRPSRQHQW WR DFKLHYH EHWWHU GHFRXSOLQJ RI FOLHQWV DQG
VHUYHUV� 6HUYHUV UHJLVWHU WKHPVHOYHV ZLWK WKH EURNHU� DQG PDNH WKHLU VHUYLFHV DYDLODEOH
WKURXJK PHWKRG LQWHUIDFHV� &OLHQWV DFFHVV WKH IXQFWLRQDOLW\ RI VHUYHUV E\ VHQGLQJ UHTXHVWV
YLD WKH EURNHU� $ EURNHU
V WDVNV LQFOXGH ORFDWLQJ WKH DSSURSULDWH VHUYHU� IRUZDUGLQJ WKH
UHTXHVW WR WKH VHUYHU DQG WUDQVPLWWLQJ UHVXOWV DQG H[FHSWLRQV EDFN WR WKH FOLHQW�

%\ XVLQJ WKH %URNHU SDWWHUQ� DQ DSSOLFDWLRQ PD\ KDYH DFFHVV WR GLVWULEXWHG VHUYLFHV
VLPSO\ E\ VHQGLQJ PHVVDJH FDOOV WR WKH DSSURSULDWH REMHFW� LQVWHDG RI IRFXVLQJ RQ ORZ�OHYHO
LQWHU�SURFHVV FRPPXQLFDWLRQ� ,Q DGGLWLRQ� WKH %URNHU DUFKLWHFWXUH LV qH[LEOH� LQ WKDW LW DOORZV
G\QDPLF FKDQJH� DGGLWLRQ� GHOHWLRQ� DQG UHORFDWLRQ RI REMHFWV�

7KH %URNHU SDWWHUQ UHGXFHV WKH FRPSOH[LW\ LQYROYHG LQ GHYHORSLQJ GLVWULEXWHG DSSOLFD�
WLRQV� EHFDXVH LW PDNHV GLVWULEXWLRQ WUDQVSDUHQW WR WKH GHYHORSHU�

1)5�EDVHG UHSUHVHQWDWLRQ� )LJXUH �� VKRZV WKH IRUFH KLHUDUFK\ FRUUHVSRQGLQJ WR
WKH %URNHU SDWWHUQ�



� �

)LJ� ��� )RUFH KLHUDUFK\ IRU WKH %URNHU SDWWHUQ

&RXSOLQJ� 7KH &RXSOLQJ SDWWHUQ LV FRQFHUQHG ZLWK WKH HOLPLQDWLRQ RI IUHTXHQW UHTXHVWV IRU
VPDOO DPRXQW RI LQIRUPDWLRQ�

3UREOHP� &RQVLGHU D GLVWULEXWHG DSSOLFDWLRQ WKDW XVHV D ?EDFN�HQG� UHODWLRQDO GDWDEDVH�
$ ZD\ WR SURYLGH DQ REMHFW�RULHQWHG LQWHUIDFH WR WKLV GDWDEDVH LV WR XVH D FODVV WR UHSUHVHQW
HDFK WDEOH� (DFK DWWULEXWH LQ WKH WDEOH KDV FRUUHVSRQGLQJ DFFHVVRU IXQFWLRQV �H�J�� JHW; DQG
VHW; RSHUDWLRQV� LQ FODVV LQWHUIDFH� 7KXV� WKH FODVV VWUXFWXUH PLUURUV WKH SK\VLFDO GDWDEDVH
VFKHPD�

+RZHYHU� WKLV DSSURDFK PD\ OHDG WR VRPH SHUIRUPDQFH SUREOHPV� :LWK DQ REMHFW IRU
HDFK WDEOH� WKH LQWHUDFWLRQ EHWZHHQ WKDW DSSOLFDWLRQ DQG WKH GDWDEDVH LV pQH�JUDLQHG DQG�
WKHUHIRUH� IUHTXHQW� ,I WKH GDWDEDVH LV RQ D GLoHUHQW QRGH� WKLV JHQHUDWHV D ODUJH QXPEHU RI
UHTXHVWV� HDFK IRU D UHODWLYHO\ VPDOO DPRXQW RI GDWD� 7KHVH UHPRWH UHTXHVWV DUH H[SHQVLYH�
GHJUDGLQJ ERWK SHUIRUPDQFH DQG VFDODELOLW\� 6LQFH DQ\ FKDQJH WR WKH GDWDEDVH VFKHPD PD\
KDYH DQ LPSDFW RQ WKH FODVV VWUXFWXUH� WKLV DSSURDFK DOVR DoHFWV QHJDWLYHO\ WKH V\VWHP
PDLQWDLQDELOLW\�

6ROXWLRQ� 7KH VROXWLRQ LV WR XVH PRUH FRDUVH�JUDLQHG REMHFWV WR HOLPLQDWH IUHTXHQW
UHTXHVW RI VPDOO DPRXQWV RI LQIRUPDWLRQ� 7KHVH FRDUVH�JUDLQHG REMHFWV DUH DJJUHJDWLRQV RI
WKH pQH�JUDLQHG REMHFWV WKDW PLUURU WKH GDWDEDVH VFKHPD�
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+RZ WR FRQVWUXFW WKH DJJUHJDWLRQ" 7KLV LV GHWHUPLQHG E\ WKH DFFHVV SDWWHUQV IRU WKH GDWD�
'DWD WKDW DUH IUHTXHQWO\ DFFHVVHG DW WKH VDPH WLPH VKRXOG EH JURXSHG LQWR DQ DJJUHJDWLRQ�

7KH &RXSOLQJ SDWWHUQ LGHQWLpHV LQWHUIDFHV WKDW VKRXOG EH VWUHDPOLQHG DQG FRPELQHV
LQIRUPDWLRQ OLNHO\ WR EH QHHGHG WRJHWKHU� ,W DOVR PLQLPL]HV WKH WRWDO SURFHVVLQJ UHTXLUHG IRU
WKH LQWHUIDFH�

1)5�EDVHG UHSUHVHQWDWLRQ� )LJXUH �� VKRZV WKH IRUFH KLHUDUFK\ IRU WKH &RXSOLQJ
SDWWHUQ�

)LJ� ��� )RUFH KLHUDUFK\ IRU WKH &RXSOLQJ SDWWHUQ
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'HYLDWLRQ SDWWHUQ� 7KH 'HYLDWLRQ SDWWHUQ SURYLGHV D FRPSDFW UHSUHVHQWDWLRQ RI WKH VWDWH
RI WKH V\VWHP�

3UREOHP� 7KH SXUSRVH RI D pUH DODUP V\VWHP LV WR VXUYH\ D SODQW� D EXLOGLQJ� RU VRPH
VPDOOHU XQLW� 7KH V\VWHP PDNHV XVH RI D QXPEHU RI VHQVRUV GLVWULEXWHG DFURVV WKH DUHD EHLQJ
VXUYH\HG� (DFK VHQVRU LV FRQQHFWHG WR RQH RI VHYHUDO FRQWURO XQLWV� 7KH FRQWURO XQLWV� HDFK
RI ZKLFK LV DQ DXWRQRPRXV FRPSXWLQJ QRGH� DUH DOO FRQQHFWHG WR D FRPPRQ FRPPXQLFDWLRQ
QHWZRUN DQG WKH\ QRUPDOO\ RSHUDWH DV D VLQJOH LQWHJUDWHG V\VWHP� 7KH NH\ IXQFWLRQ RI WKH
V\VWHP LV WR GHWHFW ZKHQ VRPHWKLQJ RXW RI WKH RUGLQDU\ RFFXUV� H�J� D pUH RU DQ LQGLFDWLRQ
WKHUHRI� DQG JHQHUDWH DQ DODUP�

$OWKRXJK D pUH LQGLFDWLRQ LQ WKH HQYLURQPHQW LV WKH PDLQ WKLQJ WR EH GHWHFWHG E\ WKH
V\VWHP� LW DOVR PRQLWRUV LWVHOI FRQWLQXRXVO\ IRU DEQRUPDO LQWHUQDO FRQGLWLRQV� :KHQ IDXOWV
DQG GLVWXUEDQFHV DUH GHWHFWHG� WKH\ FDXVH DFWLRQV WR EH WDNHQ LQ D PDQQHU VLPLODU WR WKDW
RI pUH DODUPV�

7KH PDLQ SUREOHP WR EH DGGUHVVHG LV KRZ WR LPSOHPHQW WKH GHSHQGHQFLHV DQG LQIRUPD�
WLRQ qRZ EHWZHHQ DODUP GHWHFWLRQ DQG DFWXDWRUV� XVHU LQWHUIDFHV� DQG RWKHU RXWSXWV�

$Q DOWHUQDWLYH ZRXOG EH IRU HDFK FRQWURO XQLW WR KDYH RQO\ D SUR[\ IRU UHPRWH LQSXWV�
(DFK SUR[\ ZRXOG FRQVLVW RI D V\VWHP�ZLGH UHIHUHQFH� DQG DQ\ UHTXHVW ZRXOG EH IRUZDUGHG
WR WKH FRQWURO XQLW ZKHUH WKH LQSXW DFWXDOO\ H[LVWHG� +RZHYHU� HYHQ VWRULQJ DV OLWWOH DV RQH
UHIHUHQFH SHU LQSXW LQ HDFK FRQWURO XQLW UHTXLUHV D JUHDW GHDO RI PHPRU\ VSDFH�

2Q WKH RWKHU KDQG� WKH UDWLR RI DODUPV� IDXOWV DQG GLVWXUEDQFHV WR WKH WRWDO QXPEHU RI
LQSXWV LV YHU\ ORZ� 0RVW RI WKH VHQVRUV DUH LQ D QRUPDO VWDWH PRVW RI WKH WLPH� $OO LQSXWV
QHHG QRW WKHUHIRUH EH NQRZQ DW HDFK FRQWURO XQLW VLQFH DQ XQNQRZQ LQSXW FDQ EH DVVXPHG
WR EH LQ D QRUPDO VWDWH� 2QO\ LQIRUPDWLRQ DERXW GHYLDWLRQV IURP WKH QRUPDO VWDWH PXVW
WKHUHIRUH EH JOREDOO\ DFFHVVLEOH IURP HDFK FRQWURO XQLW�

6ROXWLRQ� 5HSUHVHQW HDFK GHWHFWHG GHYLDWLRQ IURP WKH QRUPDO VWDWH DV D 'HYLDWLRQ RE�
MHFW� 8VH 'HYLDWLRQ VXEFODVVHV� VXFK DV $ODUP� )DXOW DQG 'LVWXUEDQFH WR UHSUHVHQW GLoHUHQW
NLQGV RI GHYLDWLRQV� /HW GHYLDWLRQV EH WKH XQLW RI GLVWULEXWLRQ LQ WKH V\VWHP LQ WKH VHQVH
WKDW DOO GHYLDWLRQV DUH UHSOLFDWHG WR DOO FRQWURO XQLWV� 6LQFH WKH VHW RI GHYLDWLRQV GHpQHV WKH
FRPSOHWH V\VWHP VWDWH� WKLV LV LPPHGLDWHO\ DYDLODEOH RQ DOO QRGHV�

1)5�EDVHG UHSUHVHQWDWLRQ� 7KH IRUFH KLHUDUFK\ IRU WKH 'HYLDWLRQ SDWWHUQ LV VKRZQ
LQ )LJXUH ���
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)LJ� ��� )RUFH KLHUDUFK\ IRU WKH 'HYLDWLRQ SDWWHUQ

)DVW 3DWK� 7KLV SDWWHUQ LV FRQFHUQHG ZLWK LPSURYLQJ UHVSRQVLYH WLPHV E\ UHGXFLQJ WKH
DPRXQW RI SURFHVVLQJ UHTXLUHG IRU GRPLQDQW ZRUNORDGV�

3UREOHP� $Q\ DSSOLFDWLRQ PD\ EH WKH UHVXOW RI LPSOHPHQWLQJ VHYHUDO IXQFWLRQV� +RZ�
HYHU� W\SLFDOO\ ZH pQG WKDW RQO\ IHZ RI WKHP DUH XVHG PRVW RIWHQ� 7KHVH IXQFWLRQV FRPSULVH
WKH GRPLQDQW ZRUNORDG IRU WKH DSSOLFDWLRQ� DQG XVXDOO\ DFFRXQW IRU PRVW RI WKH UHVRXUFH
XVDJH� )RU H[DPSOH� ZKLOH DQ $70 PD\ SURYLGH WKH FDSDELOLW\ RI PDNLQJ GHSRVLWV� RU FKHFN�
LQJ WKH EDODQFH� WKH PRVW IUHTXHQW XVH RI DQ $70 LV IRU PDNLQJ ZLWKGUDZDOV IURP FKHFNLQJ
DFFRXQWV� 7KHVH GRPLQDQW ZRUNORDG IXQFWLRQV PD\ KDYH D VLJQLpFDQW LPSDFW RQ WKH RYHUDOO
SHUIRUPDQFH RI WKH V\VWHP�

6ROXWLRQ� 0LQLPL]H WKH SURFHVVLQJ IRU WKHVH GRPLQDQW ZRUNORDG IXQFWLRQV� $ ZD\ WR
DFKLHYH WKLV LV E\ FUHDWLQJ IDVW SDWKV� DOWHUQDWLYH H[HFXWLRQ SDWKV IRU WKHVH IXQFWLRQV�

$ )DVW 3DWK LQ D VRIWZDUH DSSOLFDWLRQ LV VLPLODU WR DQ H[SUHVV WUDLQ WKDW VWRSV RQO\ DW
WKH PRVW LPSRUWDQW VWDWLRQV DORQJ WKH URXWH� ,I D XVHU QHHGV D PDMRU VWDWLRQ� KH FDQ VDYH
WLPH E\ WDNLQJ DQ H[SUHVV WUDLQ�
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6LPLODUO\� LQ DQ $70 DSSOLFDWLRQ� ZLWKGUDZDO IXQFWLRQV DUH SURYLGHG ZLWK D )DVW 3DWK
E\ DOORZLQJ XVHUV WR SUHVV D VLQJOH NH\ WR VHOHFW D ZLWKGUDZDO RI D SUHGHWHUPLQHG DPRXQW�
ZLWKRXW KDYLQJ WR HQWHU WKH WUDQVDFWLRQ W\SH� DFFRXQW� DQG DPRXQW�

$Q\ LPSOHPHQWDWLRQ RI WKH )DVW 3DWK SDWWHUQ UHGXFHV WKH RYHUDOO ORDG RQ WKH V\VWHP
DQG LPSURYHV WKH UHVSRQVLYHQHVV RI RWKHU IXQFWLRQV�

,W LV QRW HQRXJK WR UHFRJQL]H WKH SUHVHQFH RI GRPLQDQW ZRUNORDG IXQFWLRQV� LW LV DOVR
QHHGHG WR HQVXUH WKDW WKH )DVW 3DWK FUHDWHG IRU PLQLPL]LQJ WKHLU SURFHVVLQJ LV HoHFWLYHO\
XVHG� 7KLV PHDQV WKDW LW LV DOVR UHTXLUHG WR PRQLWRU WKH XVH RI IXQFWLRQV� DQG DGDSW WKH
V\VWHP WR FKDQJLQJ SDWWHUQV RI XVH�

1)5�EDVHG UHSUHVHQWDWLRQ� 7KH IRUFH KLHUDUFK\ IRU WKH )DVW 3DWK SDWWHUQ LV VKRZQ
LQ )LJXUH ���

)LJ� ��� )RUFH KLHUDUFK\ IRU WKH )DVW 3DWK SDWWHUQ
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)LUVW 7KLQJV )LUVW� 7KLV SDWWHUQ LV EDVHG RQ WKH SUHPLVH WKDW WKH PRVW LPSRUWDQW IXQFWLRQV
KDYH WR EH IRFXVHG DQG DFKLHYHG� ,Q WKDW ZD\� LI HYHU\WKLQJ FDQQRW EH FRPSOHWHG ZLWKLQ WKH
WLPH DYDLODEOH� DW OHDVW WKH PRVW LPSRUWDQW WDVNV ZLOO EH DFFRPSOLVKHG�

3UREOHP� ,Q D UDGDU WUDFNLQJ V\VWHP >�@� WUDFNV DUH SURFHVVHG LQ D pUVW�LQ�pUVW�RXW
�),)2� IDVKLRQ� +RZHYHU� ZKHQ WUDFN SURFHVVLQJ LV H[FHHGHG� WKRVH DW WKH HQG RI WKH TXHXH
PD\ QRW KDYH EHHQ SURFHVVHG� %HFDXVH WKH WUDFNV LQ D VHQVRU UHSRUW XVXDOO\ FRPH LQ WKH VDPH
RUGHU� ZKROH UHJLRQV RI WKH RSHUDWRU GLVSOD\ PLJKW QRW EH XSGDWHG LQ RYHUORDG FRQGLWLRQV�
7KLV LV D SRWHQWLDOO\ GLVDVWURXV VLWXDWLRQ EHFDXVH WKHUH LV QR FRUUHODWLRQ EHWZHHQ LPSRUWDQW
UHJLRQV RI WKH VN\ DQG WKH DUULYDO RUGHU RI VHQVRU UHSRUWV�

6ROXWLRQ� 7KH VROXWLRQ LPSOLHV SULRULWL]LQJ WDVNV DQG SHUIRUPLQJ WKH PRVW LPSRUWDQW
RQHV pUVW� )RU WKH UDGDU WUDFNLQJ V\VWHP� DSSO\LQJ WKH )LUVW 7KLQJV )LUVW SDWWHUQ LQYROYHV
FRPSXWLQJ D YDOXH IRU HDFK WUDFN DV LW LV LGHQWLpHG� 7KHQ� E\ XVLQJ D VFKHGXOLQJ DOJRULWKP
WKDW PD[LPL]HV WKH YDOXH RI ZRUN FRPSOHWHG� LW LV HQVXUHG WKDW WKH PRVW LPSRUWDQW WUDFNV
DUH XS WR GDWH�

7KH )LUVW 7KLQJV )LUVW SDWWHUQ LV RQO\ XVHIXO ZKHQ WKH RYHUORDG LV WHPSRUDU\� ,I WKHUH
DUH QRW SHULRGV RI ORZHU GHPDQG� WKH V\VWHP ZLOO EH XQDEOH WR FDWFK�XS� DQG ORZ�SULRULW\
WDVNV PD\ EH LJQRUHG IRUHYHU� +HQFH� LQ WKLV DQG RWKHU VLWXDWLRQV ZKHQ WKH RYHUORDG LV QRW
WHPSRUDU\� WKH SURFHVVLQJ HQYLURQPHQW PLJKW UHTXLUH EHLQJ XSJUDGHG WR KDQGOH WKH HYHQ
ORDG DQG SURYLGH DQ DGHTXDWH UHVSRQVLYHQHVV�

1)5�EDVHG UHSUHVHQWDWLRQ� 6HH )LJXUH �� IRU WKH IRUFH KLHUDUFK\ FRUUHVSRQGLQJ WR
WKH )LUVW 7KLQJV )LUVW SDWWHUQ�
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)LJ� ��� )RUFH KLHUDUFK\ IRU WKH )LUVW 7KLQJV )LUVW SDWWHUQ

)OH[ 7LPH� $ VLWXDWLRQ DGGUHVVHG E\ WKLV SDWWHUQ W\SLFDOO\ RFFXUV ZKHQ SURFHVVLQJ LV
UHTXLUHG DW D SDUWLFXODU IUHTXHQF\� RU DW D SDUWLFXODU WLPH RI WKH GD\� :KHQ PDQ\ UHSRUWV
DUH UHTXLUHG DW DSSUR[LPDWHO\ WKH VDPH WLPH RI GD\� WKH VXUJH LQ GHPDQG UHVXOWV LQ VORZ
UHVSRQVHV�

3UREOHP� $Q H[DPSOH RI D SUREOHP DGGUHVVHG E\ WKLV SDWWHUQ LV IRXQG LQ VHUYLFH
FHQWHUV� $ VHUYLFH FHQWHU V\VWHP FROOHFWV GDWD RQ DFWLYLW\ LQ D VHUYLFH V\VWHP DQG VXPPDUL]HV
WKHP LQ D PHPRU\ �5$0� GDWD EDQN� 3HULRGLFDOO\� WKH PHPRU\ GDWD EDQN LV FRSLHG LQWR DQ
DUFKLYDO GDWDEDVH �LQ WKLV H[DPSOH� HYHU\ KDOI DQ KRXU�� :KLOH WKLV DUFKLYH F\FOH H[HFXWHV�
SRVWSRQLQJ XSGDWHV PXVW SURWHFW WKH VWDWH RI WKH PHPRU\ GDWD EDQN� 7KXV� WKH LQFRPLQJ
ZRUN LV WHPSRUDULO\ KDOWHG� 7KH SUREOHP RFFXUV LQ SHULRGV RI KHDY\ ORDGV ZKHQ WKH TXHXH
RI LQFRPLQJ ZRUN EXLOGV� DQG LW WDNHV D ORQJ WLPH WR FOHDU WKLV EDFNORJ DQG UHWXUQ WR QRUPDO
RSHUDWLQJ FRQGLWLRQV� +HQFH� RQO\ D MRE DW D WLPH PD\ SURFHHG�

6ROXWLRQ� ,GHQWLI\ WKH IXQFWLRQV WKDW DUH H[HFXWHG UHSHDWHGO\ DW UHJXODU� VSHFLpF WLPH
LQWHUYDOV� DQG PRGLI\ WKH WLPH RI WKHLU SURFHVVLQJ� ,Q RWKHU ZRUGV� GR OHVV ZRUN PRUH RIWHQ�

,Q WKH H[DPSOH� DUFKLYLQJ RQH�WKLUG RI WKH GDWD HYHU\ �� PLQXWHV FRXOG DFKLHYH WKLV
�WKH GDWD VWUXFWXUH PXVW DOORZ SDUWLWLRQ VFKHPHV DQG SURYLGH IRU SUHVHUYLQJ LWV VWDWH��
&RQVLGHULQJ KRZ WKH ,'V RI WKH RSHUDWRUV DQG WKH FRUUHVSRQGLQJ QXPEHU RI FDOOV KDQGOHG
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KDYH WR EH DUFKLYHG� WKLV VROXWLRQ PD\ LPSO\ WR DUFKLYH RQH�WKLUG RI WKH RSHUDWRUV DQG WKHLU
FDOOV LQ RQH F\FOH� $QRWKHU WKLUG RI WKH RSHUDWRUV LV DUFKLYHG LQ WKH QH[W F\FOH� DQG VR RQ�

7KXV� WKH ORDG LV VSUHDG WHPSRUDOO\ WR UHGXFH WKH FRQJHVWLRQ� ,Q VRPH FDVHV� LW UHGXFHV
WKH DPRXQW RI WLPH WKDW SURFHVVHV DUH EORFNHG DQG FDQQRW SURFHHG� ,Q RWKHU FDVHV� LW UHGXFHV
WKH GHPDQG VR WKDW FRQFXUUHQW SURFHVVHV HQFRXQWHU IHZHU TXHXLQJ GHOD\V IRU FRPSXWLQJ
UHVRXUFHV� $OO WKHVH UHVXOWV LPSURYH WKH RYHUDOO UHVSRQVLYHQHVV RI WKH V\VWHP�

1)5�EDVHG UHSUHVHQWDWLRQ� )LJXUH �� VKRZV WKH FRUUHVSRQGLQJ IRUFH KLHUDUFK\ IRU
WKH )OH[ 7LPH SDWWHUQ�

)LJ� ��� )RUFH KLHUDUFK\ IRU WKH )OH[ 7LPH SDWWHUQ
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/D\HUV� 7KLV SDWWHUQ KHOSV VWUXFWXUH DSSOLFDWLRQV WKDW FDQ EH GHFRPSRVHG LQWR JURXSV RI
VXEWDVNV LQ ZKLFK HDFK JURXS RI VXEWDVNV LV DW D SDUWLFXODU OHYHO RI DEVWUDFWLRQ�

3UREOHP� $ V\VWHP ZLWK D PL[ RI ORZ� DQG KLJK�OHYHO LVVXHV LV EHLQJ GHVLJQHG� +LJK�
OHYHO RSHUDWLRQV UHO\ RQ WKH ORZHU�OHYHO RQHV� 6HYHUDO RSHUDWLRQV DUH RQ WKH VDPH OHYHO RI
DEVWUDFWLRQ EXW DUH ODUJHO\ LQGHSHQGHQW IURP HDFK RWKHU� 7KLV UHTXLUHV VRPH KRUL]RQWDO
VWUXFWXULQJ WKDW LV RUWKRJRQDO WR WKHLU YHUWLFDO VXEGLYLVLRQ�

2Q WKH RWKHU KDQG� SRUWDELOLW\ WR RWKHU SODWIRUPV LV GHVLUHG� 6HYHUDO H[WHUQDO ERXQGDULHV
RI WKH V\VWHP DUH VSHFLpHG D SULRUL� VXFK DV D IXQFWLRQDO LQWHUIDFH WR ZKLFK WKH V\VWHP PXVW
DGKHUH� 7KH PDSSLQJ RI KLJK�OHYHO WDVNV RQWR WKH WDUJHW SODWIRUP LV QRW VWUDLJKWIRUZDUG�
PRVWO\ EHFDXVH WKH\ DUH WRR FRPSOH[ WR EH LPSOHPHQWHG GLUHFWO\ XVLQJ VHUYLFHV SURYLGHG E\
WKH SODWIRUP�

6ROXWLRQ� 6WUXFWXUH WKH V\VWHP LQWR DQ DSSURSULDWH QXPEHU RI OD\HUV DQG SODFH WKHP
RQ WRS RI HDFK RWKHU� 6WDUW DW WKH ORZHVW OHYHO RI DEVWUDFWLRQ �OHW XV FDOO LW /D\HU ��� 7KLV LV
WKH EDVH RI WKH V\VWHP� 6\VWHP IXQFWLRQDOLW\ LV GHFRPSRVHG LQWR VHYHUDO OHYHOV RI DEVWUDF�
WLRQ �OD\HUV�� 7KXV� /D\HU - LV SXW RQ WRS RI /D\HU -��� DQG VR RQ� XQWLO WKH WRS OHYHO RI
IXQFWLRQDOLW\ LV UHDFKHG �OHW XV FDOO LW /D\HU 1��

7KLV GRHV QRW QHFHVVDULO\ SUHVFULEH WKH RUGHU LQ ZKLFK WR DFWXDOO\ GHVLJQ OD\HUV� 7KLV MXVW
JLYHV D FRQFHSWXDO YLHZ� (VVHQWLDOO\� ZLWKLQ DQ LQGLYLGXDO OD\HU DOO FRQVWLWXHQW FRPSRQHQWV
PXVW ZRUN DW WKH VDPH OHYHO RI DEVWUDFWLRQ�

7KH VHUYLFHV RI HDFK OD\HU LPSOHPHQW D VWUDWHJ\ IRU FRPELQLQJ WKH VHUYLFHV RI WKH OD\HU
EHORZ LQ D PHDQLQJIXO ZD\� 7KXV� PRVW RI WKH VHUYLFHV WKDW /D\HU - SURYLGHV DUH FRPSRVHG
RI VHUYLFHV SURYLGHG E\ /D\HU -��� DQG /D\HU -
V VHUYLFHV PD\ GHSHQG RQ RWKHU VHUYLFHV LQ
/D\HU -�

1)5�EDVHG UHSUHVHQWDWLRQ� )LJXUH �� VKRZV WKH FRUUHVSRQGLQJ IRUFH KLHUDUFK\ IRU
WKH /D\HUV SDWWHUQ�
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)LJ� ��� )RUFH KLHUDUFK\ IRU WKH /D\HUV SDWWHUQ

0LFURNHUQHO� 7KH 0LFURNHUQHO SDWWHUQ DSSOLHV WR VRIWZDUH V\VWHPV WKDW PXVW EH DEOH
WR DGDSW WR FKDQJLQJ V\VWHP UHTXLUHPHQWV� ,W VHSDUDWHV D PLQLPDO IXQFWLRQDO FRUH IURP
H[WHQGHG IXQFWLRQDOLW\ DQG FXVWRPHU�VSHFLpF SDUWV�

3UREOHP� 'HYHORSLQJ VRIWZDUH IRU DQ DSSOLFDWLRQ GRPDLQ WKDW QHHGV WR FRSH ZLWK D
EURDG VSHFWUXP RI VLPLODU VWDQGDUGV DQG WHFKQRORJLHV LV D QRQ�WULYLDO WDVN� 7KH IROORZLQJ
IRUFHV QHHG SDUWLFXODU FRQVLGHUDWLRQ ZKHQ GHVLJQLQJ VXFK V\VWHPV�

^ 7KH DSSOLFDWLRQ SODWIRUP PXVW FRSH ZLWK FRQWLQXRXV KDUGZDUH DQG VRIWZDUH HYROXWLRQ�
^ 7KH DSSOLFDWLRQ SODWIRUP VKRXOG EH SRUWDEOH� H[WHQVLEOH DQG DGDSWDEOH WR DOORZ HDV\
LQWHJUDWLRQ RI HPHUJLQJ WHFKQRORJLHV�

6ROXWLRQ� (QFDSVXODWH WKH IXQGDPHQWDO VHUYLFHV RI WKH DSSOLFDWLRQ LQ D PLFURNHUQHO
FRPSRQHQW� 7KH PLFURNHUQHO LQFOXGHV IXQFWLRQDOLW\ WKDW HQDEOHV RWKHU FRPSRQHQWV UXQQLQJ
LQ VHSDUDWH SURFHVVHV WR FRPPXQLFDWH ZLWK HDFK RWKHU�

&RUH IXQFWLRQDOLW\ WKDW FDQQRW EH LPSOHPHQWHG ZLWKLQ WKH PLFURNHUQHO VKRXOG EH VHS�
DUDWHG LQ LQWHUQDO VHUYHUV� ([WHUQDO VHUYHUV LPSOHPHQW WKHLU RZQ YLHZ RI WKH XQGHUO\LQJ
PLFURNHUQHO� 7R FRQVWUXFW WKLV YLHZ� WKH\ XVH WKH PHFKDQLVPV DYDLODEOH WKURXJK WKH LQWHU�
IDFHV RI WKH PLFURNHUQHO�
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&OLHQWV FRPPXQLFDWH ZLWK H[WHUQDO VHUYHUV E\ XVLQJ WKH FRPPXQLFDWLRQ IDFLOLWLHV SUR�
YLGHG�VWDWHG E\ WKH PLFURNHUQHO DSSURDFK�

1)5�EDVHG UHSUHVHQWDWLRQ� 6HH )LJXUH �� IRU WKH IRUFH KLHUDUFK\ FRUUHVSRQGLQJ WR
WKH 0LFURNHUQHO SDWWHUQ�

)LJ� ��� )RUFH KLHUDUFK\ IRU WKH 0LFURNHUQHO SDWWHUQ
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6OHQGHU &\FOLF )XQFWLRQV� 7KLV SDWWHUQ LV FRQFHUQHG ZLWK SURFHVVLQJ WKDW PXVW H[HFXWH
DW UHJXODU LQWHUYDOV� VXFK DV JHQHUDWLQJ UHSRUWV RU SHULRGLF GDWD DUFKLYLQJ�

3UREOHP� &HUWDLQ W\SHV RI SURFHVVLQJ UHTXLUH WKH H[HFXWLRQ RI D QXPEHU RI IXQFWLRQV DW
UHJXODU LQWHUYDOV �WKHVH IXQFWLRQV DUH UHIHUUHG WR DV F\FOLF�� 7KH SUREOHP DULVHV ZKHQ WKHUH
DUH FRQFXUUHQW VRXUFHV RI D JLYHQ HYHQW� RU ZKHQ WKHUH LV RWKHU SURFHVVLQJ WR EH SHUIRUPHG�
,I WKH GHDGOLQH IRU KDQGOLQJ HDFK HYHQW LV WR EH PHW� WKHUH PXVW EH VXrFLHQW VODFN WLPH WR
DOORZ WKH SURFHVVLQJ RI WKH F\FOLF IXQFWLRQV DQG WKH RWKHU HYHQWV� DV ZHOO DV DQ\ RWKHU ZRUN
WKDW PXVW EH SHUIRUPHG�

7KH H[DPSOH RI WKH VHUYLFH FHQWHU LOOXVWUDWHV D VLWXDWLRQ ZKHUH WKLV SDWWHUQ FDQ EH
DSSOLHG� $V H[SODLQHG LQ WKH GHVFULSWLRQ RI WKH )OH[�7LPH SDWWHUQ� D VHUYLFH FHQWHU V\VWHP
FROOHFWV GDWD RQ DFWLYLWLHV LQ D VHUYLFH V\VWHP DQG VXPPDUL]HV WKHP LQ D PHPRU\ �5$0�
GDWD EDQN� 7KH GDWD FROOHFWHG KDYH WR EH SHULRGLFDOO\ FRSLHG LQWR DQ DUFKLYDO GDWDEDVH� 7KH
SURFHVVLQJ LV H[WHQVLYH EHFDXVH LW LV QRW D RQH�WR�RQH FRS\� LQVWHDG� LW UHTXLUHV ORDGLQJ WKH
GDWD LQWR PXOWLSOH GDWDEDVH WDEOHV DQG XSGDWLQJ NH\V ZLWK HDFK XSGDWH� :KLOH WKLV DUFKLYH
F\FOH H[HFXWHV� DQ\ RWKHU HYHQW WKDW UHTXLUHV SURFHVVLQJ PLJKW FORJ WKH V\VWHP FDSDFLW\� RU
XQIRUHVHHQ SUREOHPV PLJKW PDNH GLrFXOW WR FRPSOHWH WKH DUFKLYLQJ RQ WLPH�

6ROXWLRQ� ,GHQWLI\ WKH IXQFWLRQV WKDW H[HFXWH UHSHDWHGO\ DW UHJXODU� VSHFLpF WLPH LQWHU�
YDOV� DQG PLQLPL]H WKHLU SURFHVVLQJ UHTXLUHPHQWV�

)RU WKH H[DPSOH� DW WKH VHUYLFH FHQWHU� ZH QHHG WR VWUHDPOLQH WKH H[WHQVLYH SURFHVVLQJ
UHTXLUHG WR FRS\ WKH PHPRU\ GDWD EDQN WR WKH DUFKLYDO GDWDEDVH� 2QH ZD\ RI UHGXFLQJ WKH
SURFHVVLQJ LV WR WDNH D TXLFN VQDSVKRW RI WKH UHDO PHPRU\ FRQWHQWV� FRS\ WKHP WR DQRWKHU
ORFDWLRQ LQ YLUWXDO PHPRU\� DQG WKHQ DOORZ RWKHU ZRUN WR SURFHHG ZKLOH WKH FRS\ RI WKH
PHPRU\ FRQWHQWV LV XVHG IRU XSGDWLQJ WKH GDWDEDVH� 0DNLQJ D VLPSOH RQH�WR�RQH FRS\ WDNHV
IDU OHVV WLPH WKDQ WKH ZKROH GDWDEDVH XSGDWH�

$V D UHVXOW RI WKH DSSOLFDWLRQ RI WKLV SDWWHUQ� WKH RYHUDOO SURFHVVLQJ WLPH LV LQFUHDVHG
EHFDXVH ERWK WKH RQH�WR�RQH FRS\ DQG WKH GDWDEDVH XSGDWHV DUH PDGH� +RZHYHU� WKH QHW
HoHFW LV WKH UHGXFWLRQ RI WKH WLPH WKDW LQERXQG ZRUN PXVW ZDLW�

1)5�EDVHG UHSUHVHQWDWLRQ� )LJXUH �� VKRZV WKH FRUUHVSRQGLQJ IRUFH KLHUDUFK\ IRU
WKH 6OHQGHU &\FOLF )XQFWLRQV SDWWHUQ�
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)LJ� ��� )RUFH KLHUDUFK\ IRU WKH 6OHQGHU &\FOLF )XQFWLRQV SDWWHUQ
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