
/ LQNLQJ 3 DWWHUQV DQG 1 RQ� ) XQFWLRQDO5 HTXLUHP HQWV "

,YwDQ$ UDXMRDQG0 LFKDHO: HLVV

6FKRRORI &RP SXWHU6FLHQFH� &DUOHWRQ8 QLYHUVLW\ � 2 WWDZD2 1 . � 6 � %� � &DQDGD

� , QWURGXFWLRQ

,Q 6RIWZDUH ( QJLQHHULQJ� UHSUHVHQWLQJ DQG VHOHFWLQJ SDWWHUQV UHP DLQV DQ HP SLULFDOWDVN
>� � @� ( VVHQWLDOO\ � FXUUHQWSDWWHUQ UHSUHVHQWDWLRQVIROORZ WKHIRUP DWRULJLQDOO\ SURSRVHG E\
&KULVWRSKHU$ OH[ DQGHU>� @� $ OWKRXJK WKHVH IRUP DWV KDYHWKHDGYDQWDJHRI SUHVHUYLQJ WKH
JHQHUDWLYHQDWXUHRI SDWWHUQV� LWLVVWLOOGLr FXOWWRUHFRJQL] HZKHQWRDSSO\ DJLYHQSDWWHUQ�
DVZHOODVWKHFRQVHTXHQFHVLWVDSSOLFDWLRQFRXOGJHQHUDWH� 7 KLVVLWXDWLRQSRVHVDFKDOOHQJH
IRUP RVWSDWWHUQ XVHUV� + RZ WR VHOHFWDQ DSSURSULDWHSDWWHUQ IRUD GHVLJQ GHFLVLRQ IURP D
EURDGDQGJURZLQJ GLYHUVLW\ RI FKRLFHV>� � @�

* LYHQDVLQJOHFRKHUHQWSDWWHUQODQJXDJH� $ OH[ DQGHURoHUVDVWUDLJKWIRUZDUGSURFHGXUH
IRUFKRRVLQJ UHOHYDQWSDWWHUQVWREHFRP SUHVVHGLQWRWKHGHFLVLRQP DNHU
VSDUWLFXODUGHVLJQ
>� @� + RZHYHU� ZLWK WKHDGDSWDWLRQRI WKHSDWWHUQDSSURDFK WRVRIWZDUHGHVLJQDQGJLYHQWKH
\ HDUO\ GHOLEHUDWLRQVWR LQWURGXFHQHZ SDWWHUQV>� @>� � @>� � @>� � @WKHQXP EHUDQG GLYHUVLW\ RI
SDWWHUQV DYDLODEOHWR WKHGHVLJQHUFRQWLQXHVWR JURZ� + HQFH� LWLVQRWDOZD\ V SUDFWLFDOWR
VFDQDQGFKRRVHIURP DP RQJ DOLVWRI SDWWHUQWLWOHVDVRULJLQDOO\ VXJJHVWHGE\ $ OH[ DQGHU�

7 KHQRQ�IXQFWLRQDOUHTXLUHP HQWV � 1 ) 5 � IUDP HZRUN >� @KHOS XVUHSUHVHQWWKHUHODWLRQ�
VKLSV EHWZHHQ GHVLJQ GHFLVLRQV DQG QRQ�IXQFWLRQDOUHTXLUHP HQWV H[ SOLFLWO\ � ,Q >� � @� * URVV
DQG<X H[ DP LQHWKHLP SRUWDQFHRI QRQ�IXQFWLRQDOUHTXLUHP HQWVDQDO\ VLVLQWKHSDWWHUQDS�
SURDFK� 7 KH\ H[ SORUHWKHDSSOLFDELOLW\ RI WKH1 ) 5 IUDP HZRUNWRUHSUHVHQWLQJ DQGDSSO\ LQJ
SDWWHUQV� 7 KXV� * URVVDQG<X H[ WUDFWQRQ�IXQFWLRQDOUHTXLUHP HQWVDQGWKHLUFRQWULEXWLRQV
RQHDFK RWKHUIURP WKHSUREOHP VHFWLRQRI DSDWWHUQ� 3DWWHUQVDUHDSSOLHGE\ UHODWLQJ SRV�
VLEOHGHYHORSP HQWWHFKQLTXHVIRUDFKLHYLQJ WKHFRUUHVSRQGLQJ QRQ�IXQFWLRQDOUHTXLUHP HQWV
WRWKHIXQFWLRQDOHODERUDWLRQRI WKHV\ VWHP XQGHUGHYHORSP HQW�

: HFDQJRVLJQLpFDQWO\ IXUWKHUE\ P DNLQJ XVHRI WKH1 ) 5 IUDP HZRUNLQXQGHUVWDQGLQJ
WKHIRUFHVDQGFRQWH[ WRI WKHSUREOHP VWKDWJLYHULVHWRWKHSURSRVHGVROXWLRQV� 7 KLVLVWKH
P DLQLGHDEHKLQGWKLVZRUN� 7 KHOHYHORI VWUXFWXULQJ SURYLGHGE\ WKH1 ) 5 IUDP HZRUN FDQ
KHOS XV UHSUHVHQWSDWWHUQV P RUH IRUP DOO\ DQG GHFLGH ZKLFK SDWWHUQV WR DSSO\ LQ D JLYHQ
GHVLJQFRQWH[ W�

7 KHRYHUDOOJRDORI WKLVSDSHULVWR SURSRVHD QHZ DQG FRP SOHP HQWDU\ UHSUHVHQWDWLRQ
IRUSDWWHUQV� EDVHG RQ WKHDQDO\ VLVRI QRQ�IXQFWLRQDOUHTXLUHP HQWVVXSSRUWHG E\ WKH1 ) 5

�

7 KLVUHVHDUFK ZDVVXSSRUWHGE\ &,7 2 DQG0 LWHO1 HWZRUNV�
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IUDP HZRUN� 7 KHP RWLYDWLRQ RI WKLVQHZ IRUP DWLVWR SURP RWHD EHWWHUXQGHUVWDQGLQJ DQG
VWUXFWXULQJ RI SDWWHUQV� $ FFRUGLQJO\ � WKLVQHZ SDWWHUQ UHSUHVHQWDWLRQ SURYLGHVVXSSRUWIRU
GHYLVLQJ SDWWHUQODQJXDJHV�

7 KHUHVWRI WKLVSDSHULVRUJDQL] HGDVIROORZV� 7 KHFRQFHSWXDOEDFNJURXQGLVHVWDEOLVKHG
LQVHFWLRQV� � � � DQG� � ,Q6HFWLRQ� � WKHSURSRVHGDSSURDFK LVH[ SODLQHG� 6HFWLRQ� SUHVHQWV
DFDVHVWXG\ WRLOOXVWUDWHWKHXVHRI WKHQHZ SDWWHUQUHSUHVHQWDWLRQ� 7 KHSDSHUFORVHVZLWK
DGLVFXVVLRQRI WKHEHQHpWVRI WKHQHZ DSSURDFK DQGVRP HVXJJHVWLRQVIRUIXWXUHZRUN�

� 0 RWLYDWLRQ

$ SSO\ LQJ SDWWHUQVLVLQWLP DWHO\ OLQNHG WR WKHQRWLRQ RI SDWWHUQ ODQJXDJHV� $ YHU\ VLP SOH
H[ DP SOH� EXLOGLQJ D SRUFK >� @� VHUYHV WR LOOXVWUDWHWKLVSRLQW� $ OH[ DQGHUXVHVD VHWRI WHQ
SDWWHUQVWRVDWLVI\ DQHHG� EXLOGDSRUFK RQWRWKHIURQWRI DKRXVH� %HVLGHVWKHGHVLJQRI D
SRUFK� WKHSURFHVVLWVHOI UHVXOWVLQ D SDWWHUQ ODQJXDJH� + HGHYLVHVD VWUXFWXUHE\ VWDUWLQJ
Ro ZLWK WKHVROXWLRQIRUDVLP SOHDQGEURDGVLWXDWLRQ� 3ULYDWH7HUUDFH2 Q7 KH6WUHHW� DQG
DGGLQJ P RUHDQGP RUHSDWWHUQVXQWLOVHYHUDOGHWDLOVLQP LQGDUHFRQVLGHUHGDQGWKHJLYHQ
QHHGLVVDWLVpHG� 7 KHZD\ SDWWHUQVDUHVHOHFWHGDOORZVXVWRLQWXLWLYHO\ XQGHUVWDQGKRZ WKH\
DUHLQWHUFRQQHFWHG�

$ V$ OH[ DQGHUVWDWHV� ?HDFKSDUWRI WKHHQYLURQP HQWLVJLYHQLWVFKDUDFWHUE\ WKHFROOHFWLRQ
RI SDWWHUQVZHFKRRVHWREXLOGLQWRLW�� &RQVHTXHQWO\ � KHSURSRVHVDSURFHGXUHIRUGHULYLQJ
DSDWWHUQODQJXDJH>� @WKDWFDQEHVXP P DUL] HGDVIROORZV>� � @�

� � &KRRVHWKHSDWWHUQVZKLFK EHVWGHVFULEHWKHRYHUDOOVFRSHRI WKHSURMHFW�
� � * R WR WKH HQG RI HYHU\ SDWWHUQ� ZKHUH LWUHIHUV WR WKH VP DOOHU VFDOH SDWWHUQV ZKLFK

VXSSRUWVLW� DQGP DNHDOLVWRI WKHSDWWHUQVZKLFK VHHP WRDSSO\ WRWKHSURMHFW�
� � ) RUHDFK SDWWHUQ VHOHFWHG LQ VWHS � � UHSHDWVWHS � � DQG DOVR H[ DP LQH WKH ODUJHUVFDOH

SDWWHUQVDWWKHEHJLQQLQJ RI HDFK SDWWHUQ� DGGLQJ DOOUHOHYDQWSDWWHUQVWRWKHOLVW�
� � 5 HSHDWVWHSV� DQG� XQWLOWKHZKROHOLVWRI SDWWHUQVLVFRYHUHG�
� � $ GMXVWWKHOLVWRI SDWWHUQVE\ DGGLQJ RZQP DWHULDO� HLWKHUE\ P RGLI\ LQJ H[ LVWLQJ SDWWHUQV

VRWKDWWKH\ DUHP RUHUHOHYDQWWRWKHFXUUHQWVLWXDWLRQ� RUE\ FUHDWLQJ QHZ RQHV�

7 KHIROORZLQJ LVVXHVDUHLQYROYHGLQWKLVSURFHGXUH�

^ $ SDWWHUQ XVHU QHHGV WR VFDQ WKH OLVWRI SDWWHUQV WR GHULYH D SUHOLP LQDU\ VXEVHWRI
SDWWHUQV� DSDWWHUQODQJXDJH� � 7 KLVLP SOLHVUHDGLQJ WKHP WKRURXJKO\ XQWLOJUDVSLQJ WKH
ZD\ SDWWHUQVP D\ EHDSSOLHG�

^ ,WGHP DQGVWRSDWWHUQXVHUVHYHUDOVNLOOVWKDWGHSHQGRQKLV� KHUH[ SHUWLVH� LQWXLWLYHQHVV�
FUHDWLYLW\ � DQGRWKHUDELOLWLHV�
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$ VSRLQWHG RXWLQ WKHODWWHU� VWHSV� DQG � RI WKH$ OH[ DQGHU
VSURFHGXUHDUHEDVHG RQ
GHVLJQHU
VWDOHQW� WKLVLVDFRUHSDUWRI KLV� KHUFRQWULEXWLRQ� 0 RUHRYHU� WKLVLVVXHLVSHUYDVLYH
LQWKHZKROHSURFHVVDQGEHVWRZVWKHLQWXLWLYHQDWXUHWRWKHSDWWHUQDSSURDFK� 2 QWKHRWKHU
KDQG� WKHpUVWLVVXHGHP DQGVJUHDWDWWHQWLRQ� SDUWLFXODUO\ LI WKHXQLYHUVHRI SDWWHUQVLVEURDG
DQGGLYHUVH� DVFXUUHQWO\ RFFXUVLQ6RIWZDUH( QJLQHHULQJ�

$ NH\ LVVXHUHJDUGLQJ WKLVSURFHVVLVWKHZD\ SDWWHUQVDQG WKHLULQYROYHG HOHP HQWVDUH
GHVFULEHG� ,Q >� � @� &RSOLHQ UHSUHVHQWV IRUFHV H[ SOLFLWO\ � 7 KLV FRQVWLWXWHV D EDVLF WHP SODWH
IRURWKHUSDWWHUQ UHSUHVHQWDWLRQV >� @>� � @� 7 KXV� D SDWWHUQ GHVFULSWLRQ LQFOXGHV D EXOOHWHG
OLVWRI IRUFHV DQG VRP H GHWDLOV DERXWWKHLULP SOLFDWLRQV� 7RJHWKHUZLWK D FRQWH[ WDQG LWV
FRUUHVSRQGLQJ VROXWLRQ� D GLVFXVVLRQ RI IRUFHV FRQVWLWXWHV DQ HVVHQWLDOFRP SRQHQWRI DQ\
SDWWHUQ� &RQVHTXHQWO\ � WKH&RSOLHQUHSUHVHQWDWLRQSURYLGHVDSDWWHUQXVHUZLWKDQLP SRUWDQW
KHOS E\ GHVFULELQJ WKHIRUFHVLQYROYHG DQG VXSSRUWLQJ WKHSDWWHUQ DSSOLFDELOLW\ � DVZHOODV
LWVHoHFWV�

+ RZHYHU� IRUFHVLQ D SDWWHUQ FRQWH[ WGR QRWDFWLQ LVRODWLRQ� 7 KH\ SXOODQG SXVK HDFK
RWKHUXQWLOWKHRXWFRP HRI WKLV?FRQqLFW� LVDFKLHYHG� WKHP DLQ FRQWULEXWLRQ RI D SDWWHUQ�
$ OWKRXJK ZHP DNHWKHIRUFHVLQYROYHGLQDSDWWHUQQRWLFHDEOH� WKHIROORZLQJ DVSHFWVXVXDOO\
UHP DLQXQDQVZHUHG�

^ + RZ DUHWKHIRUFHVUHODWHG"
^ ,QWHUP VRI UHVRXUFHV� ZKDWDUHWKHSRVVLEOHWUDGH�RoVEHKLQGFRQqLFWLQJ IRUFHV"
^ : KDWDUHWKHLVVXHVWKDWP D\ UHP DLQXQVROYHGDIWHUDSSO\ LQJ DSDWWHUQ"

%DFNWRWKH?EXLOGLQJ DSRUFK� H[ DP SOH� ZHREVHUYHWKHIROORZLQJ LVVXHVLQWKHGHVFULSWLRQ
SURYLGHGE\ $ OH[ DQGHU>� @�

^ ,QGLYLGXDOLW\ DQG FRP PXQDOLW\ QHHGV DUH VROYHG E\ 35 ,9$7 ( 7 ( 5 5 $ &( 2 1 7 + (
67 5 ( ( 7 � � � � � �

^ 68 1 1 < 3/ $ &( � � � � � VHUYHVWRHP SKDVL] HWKHVSHFLDO�VRFLDO� FKDUDFWHURI WKHSODFH�
^ 7 KHQHHG RI EHLQJ FRYHUHG DQG DWWKHVDP HWLP HHQMR\ LQJ WKHRSHQ VSDFHVHQVDWLRQ LV

SURYLGHGE\ WKH2 8 7 ' 2 2 5 5 2 2 0 � � � � � �
^ 3URJUHVVLYH SK\ VLFDOGHYHORSP HQWRI VSDWLDOGLVWULEXWLRQ LV DGGUHVVHG E\ 6,; �) 2 2 7

%$ / &2 1 < � � � � � � 3$7 + 6 $ 1 ' * 2 $ / 6 � � � � � � DQG &( ,/ ,1 * + ( ,* + 7 9$ 5 ,( 7 <
� � � � � �

^ 6RP HIXQGDP HQWDOSK\ VLFDOHOHP HQWVWKDWDoHFWWKHVSDWLDOGLVWULEXWLRQDUHD ) 5 2 1 7
' 2 2 5 %( 1 &+ � � � � � DQGWKH&2 / 8 0 1 6 $7 7 + ( &2 5 1 ( 5 6 � � � � � �

^ $ QGpQDOO\ � VRP HGHFRUDWLYHHOHP HQWVWKDWVDWLVI\ SHUVRQDOQHHGVDUH5 $ ,6( ' ) / 2 : �
( 5 6 � � � � � �ROIDFWRU\ DQGYLVXDO� � DVZHOODV' ,) ) ( 5 ( 1 7 &+ $ ,5 6 � � � � � �YLVXDO� �

$ VREVHUYHGLQWKLVH[ DP SOH� WKHVHLVVXHVDUHLP SOLHGLQ$ OH[ DQGHU
VGHVFULSWLRQ� 7 KH\ DUH
FOHDUWRRXUP LQGVEHFDXVHRI WKHVLP SOHDQGIDP LOLDUVLWXDWLRQDGGUHVVHG� DQGDOVRWKDQNV
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WR WKHQLFH� VROLG� DQG SRZHUIXOGHVFULSWLRQ RI SDWWHUQV SURYLGHG E\ $ OH[ DQGHU� + RZHYHU�
WKLVLVQRWWKHFDVHIRUDOOVLWXDWLRQVDGGUHVVHGLQ6RIWZDUH( QJLQHHULQJ� ZKHWKHUGXHWRWKH
GHVFULSWLRQ RI WKHSDWWHUQVLQYROYHG� RUGXHWR WKHODFN RI IDP LOLDULW\ RI WKHGHVLJQHUZLWK
WKHSUREOHP XQGHUDQDO\ VLV�

7 KH IDFWLV WKDWD SDWWHUQ XVHUP XVWVFUXWLQL] H WKH FRQWHQWV RI HYHU\ SDWWHUQ EHIRUH
GHFLGLQJ WRDSSO\ LW� 3DWWHUQZULWHUVWHQGWRGLVFXVVWKHEHQHpWVDQGOLDELOLWLHVRI DSSO\ LQJ
WKHLUSDWWHUQV� ZKLFK DUHLGHQWLpHG DVFRQVHTXHQFHVLQ VRP HSDWWHUQ IRUP DWV� %\ UHDGLQJ
WKHFRQVHTXHQFHV� DSDWWHUQXVHUFDQGHWHUP LQH� E\ VXEMHFWLYHO\ WUDGLQJ WKHP Ro� WKHSDW�
WHUQZLWK P RUHSHUFHLYHGP HULW>� @� $ JDLQ� ZLWK WKHQXPEHURI SRVVLEOHFDQGLGDWHSDWWHUQV
FRQWHQGLQJ IRUWKHDWWHQWLRQRI DSDWWHUQXVHU� WKLVDSSURDFK P D\ EHFRP HLP SUDFWLFDO>� � @�

7 KXV� ZH QHHG WR JR IXUWKHU LQ XQGHUVWDQGLQJ WKH LP SOLFDWLRQV RI IRUFHV LQ SDWWHUQ
GHVFULSWLRQV� : HQHHGWR FRQVLGHU� LQD P RUHH[ SOLFLWZD\ � WKHIRUFHVLQYROYHG LQD SDWWHUQ
GHVFULSWLRQDQGWKHLUUHSHUFXVVLRQV� ,QRUGHUWRXQGHUVWDQGWKHZD\ DJLYHQSDWWHUQZRUNV
DQG WKH FRQVHTXHQFHV RI LWV DSSOLFDWLRQ� LWZRXOG EH XVHIXOWR FRXQWRQ D P HFKDQLVP WR
UHSUHVHQWWKHLQWHUDFWLRQRI IRUFHVDQGWKHLUHoHFWV�

� 5 HODWHG : RUN

7 KLVSDSHULVOLQNHGWRWZRWRSLFVWKDWFRQFHUQWKHSDWWHUQFRP P XQLW\ � SDWWHUQRUJDQL] DWLRQ
DQGIRUP DOL] DWLRQ�

� �� 2 UJDQL] LQJ 3 DWWHUQV

,Q 6RIWZDUH ( QJLQHHULQJ� VHYHUDOHoRUWV KDYH EHHQ P DGH IRUUHSUHVHQWLQJ DQG RUJDQL] LQJ
SDWWHUQV >� @>� @>� � @>� � @>� � @>� � @� ,Q JHQHUDO� SDWWHUQ GHVFULSWLRQV DUHLQVSLUHG E\ WKHRULJLQDO
IRUP DWIROORZHG E\ &KULVWRSKHU$ OH[ DQGHU>� @� QDP HO\ � ZLWK P LQRUYDULDQWV� � D QDUUDWLYH
FRQWDLQLQJ DFRQWH[ W� DGHVFULSWLRQRI DSUREOHP � DQGDVDWLVIDFWRU\ VROXWLRQ�

7 KHP RVWFRP P RQVFKHP HIRURUJDQL] LQJ SDWWHUQVLVDSDWWHUQFDWDORJ� $ P RQJ RWKHUV�
VRP HSDWWHUQFDWDORJVZHpQGLQWKHOLWHUDWXUHDYDLODEOHDUHWKHIROORZLQJ� WKHSDWWHUQP DS
>� @>� � @� WKHSDWWHUQV\ VWHP >� @� DQGWKHSDWWHUQURDGP DS >� � @�

+ RZHYHU� D QDWXUDOFRQVHTXHQFH RI SDWWHUQ RUJDQL] DWLRQ LV WKH FRQFHSWLRQ RI SDWWHUQ
ODQJXDJHVDVRULJLQDOO\ GHYLVHGE\ $ OH[ DQGHU>� @� ) URP WKHpUVWDWWHP SWVWRXVHWKHQRWLRQ
RI SDWWHUQVLQ VRIWZDUHGHVLJQ� WKHLP SRUWDQFHRI SDWWHUQ ODQJXDJHVKDVEHHQ HP SKDVL] HG
>� � @�
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� �� ) RUP DOL] LQJ 3 DWWHUQ ' HVFULSWLRQV

%HVLGHVWKH* URVVDQG<X
VLQLWLDWLYH>� � @� RWKHUHoRUWVWRWUHDWLQJ SDWWHUQVP RUHIRUP DOO\
DUHWKHIROORZLQJ�

,Q >� � @� * XOOLFKVHQ DQG &KDQJ SURYLGH SUREDEO\ WKH HDUOLHVWDWWHP SWDWIRUP DOL] LQJ
SDWWHUQV� 7 KHDXWKRUVGHVFULEHSDWWHUQVDVP RUSKRORJLFDOODZVWKDWGHpQHDSHUP LVVLEOHVHW
RI VWUXFWXUDODUUDQJHP HQWRI WKH HOHP HQWV RI DUFKLWHFWXUDOIRUP V ZLWKLQ D JLYHQ FRQWH[ W�
7 KHFRQWH[ WRI DSDWWHUQLVUHSUHVHQWHGE\ WKHVHWRI SDWWHUQVLP P HGLDWHO\ DERYHDQGEHORZ
LWLQ WKHSDWWHUQ KLHUDUFK\ � 7 KHSUREOHP LVRQO\ SURYLGHG LQ WH[ WIRUP � DQG KHUHLQ OLHV D
ZHDNQHVVRI WKHIRUP DOL] DWLRQ� ) LQDOO\ � WKHVROXWLRQLVUHSUHVHQWHGDVDVHWRI SURFHGXUHVDQG
DGGLWLRQDOWH[ WIRUH[ SODQDWRU\ SXUSRVHV�

%RUFKHUVSURYLGHVD IRUP DOV\ QWDFWLF QRWDWLRQ IRUD SDWWHUQ ODQJXDJH>� @� ,WUHSUHVHQWV
DSDWWHUQODQJXDJHDVDGLUHFWHGDF\ FOLF JUDSK ZKRVHQRGHVDUHSDWWHUQV� DQGZKRVHHGJHV
UHIHUHQFHIURP RQHSDWWHUQWRDQRWKHU� 7 KHVHWRI HGJHVSRLQWLQJ WRDSDWWHUQFRQVWLWXWHVLWV
FRQWH[ W� ( DFK QRGHRI WKHSDWWHUQODQJXDJHLVLWVHOI DVHWRI WKHQDP H� UDQNLQJ� LOOXVWUDWLRQ�
SUREOHP ZLWK IRUFHV� H[ DP SOHV� VROXWLRQ� DQGGLDJUDP RI DSDWWHUQ� 7 KLVIRUP DOQRWDWLRQLV
XVHGWRFODULI\ WKHVWUXFWXUHRI WKHODQJXDJH� DQGWRVXSSRUWFRP SXWHUL] HGWRROVIRUDXWKRULQJ
DQGEURZVLQJ SDWWHUQODQJXDJHV� $ QH[ DP SOHRI VXFK DQLQVWUXP HQWLVWKH3DWWHUQ ( GLWLQJ
7RRO� 3( 7 � GHYHORSHGE\ WKHDXWKRU�

� 3 DWWHUQV DQG 1 RQ� ) XQFWLRQDO5 HTXLUHP HQWV

,Q WKLVVHFWLRQ� ZHH[ DP LQHWKHUHODWLRQVKLS EHWZHHQ SDWWHUQVDQG QRQ�IXQFWLRQDOUHTXLUH�
P HQWV� ,QLWLDOO\ � ZHZLOOEULHq\ GHVFULEHWKH1 ) 5 IUDP HZRUN� DQDSSURDFK YHU\ LQVWUXP HQWDO
LQ IRUP DOL] LQJ QRQ�IXQFWLRQDOUHTXLUHP HQWVDQG FRQVLGHULQJ WKHLULQqXHQFHLQ GHVLJQ� 7 KLV
DOORZVXVWRJRIXUWKHULQGHYLVLQJ WKHFRQQHFWLRQEHWZHHQSDWWHUQVDQGQRQ�IXQFWLRQDOUH�
TXLUHP HQWV� DV ZHOODV LQ H[ SORULQJ D ZD\ WR GHVFULEH SDWWHUQ LQqXHQFH DQG FRQVHTXHQFH
WKURXJK WKHXVHRI QRQ�IXQFWLRQDOUHTXLUHP HQWDQDO\ VLV�

� �� 7 KH 1 ) 5 ) UDP HZ RUN

$ QREVHUYDEOHWUHQGLQQRQ�IXQFWLRQDOUHTXLUHP HQWLQLWLDWLYHVLVWRP RGHOWKHFKDLQRI QRQ�
IXQFWLRQDOUHTXLUHP HQWVDQGWKHLUFRQWULEXWLRQVWRSDUWLFXODUJRDOV� 7 KHEHVWH[ SUHVVLRQRI
WKLVWHQGHQF\ LVWKHQRQ�IXQFWLRQDOUHTXLUHP HQWV� 1 ) 5 � IUDP HZRUN>� @�

,QWKH1 ) 5 IUDP HZRUN� QRQ�IXQFWLRQDOUHTXLUHP HQWVOLNHLQWHURSHUDELOLW\ � VHFXULW\ � SHU�
IRUP DQFH DQG RWKHUV DUH XVHG WR P DQDJH WKH RYHUDOOGHVLJQ SURFHVV� 1 RQ�IXQFWLRQDOUH�
TXLUHP HQWV DUH UHSUHVHQWHG DV VRIW�JRDOV� 7 KH WHUP ?VRIW�JRDO� H[ SUHVVHV WKH QRWLRQ WKDW
QRQ�IXQFWLRQDOUHTXLUHP HQWVDUHRIWHQ VXEMHFWLYHLQ QDWXUH� 7 KH\ DUHXVXDOO\ DFKLHYHG QRW
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LQ DQ DEVROXWHVHQVH� EXWWR DVXr FLHQWRUVDWLVIDFWRU\ H[ WHQW� 7 KH1 ) 5 IUDP HZRUN UHIHUV
WRWKHSURFHVVRI DFFRP SOLVKLQJ WKHVWDWHGVRIW�JRDOVDVVDWLVpFLQJ� 7 KLVWHUP ZDVXVHGE\
+ HUEHUW6LP RQLQWKH� � � � VWRUHIHUWRVDWLVI\ LQJ DWVRP HOHYHODYDULHW\ RI QHHGV� ZLWKRXW
QHFHVVDULO\ RSWLP L] LQJ UHVXOWV>� � @�

6RIW�JRDOVDUHLQFUHP HQWDOO\ UHpQHG� DQGWUDGH�RoVDUHP DGHDVFRQqLFWVDQG V\ QHUJLHV
DUHGLVFRYHUHG� 7 KHHQWLUHUHSUHVHQWDWLRQRI VRIW�JRDOVSOXVWKHLUGHFRP SRVLWLRQLVNQRZQDV
VRIW�JRDOJUDSK� $ VRIW�JRDOJUDSK FRQVLVWVRI RQHRUP RUHVRIW�JRDOV� ( YHU\ VRIW�JRDOFDQEH
GHFRP SRVHGLQWRRQHRUP RUHVXE�JRDOVZKLFK� LQWXUQ� UHSUHVHQWUHpQHP HQWVRI ?SDUHQW� VRIW�
JRDOV� RULQWHUGHSHQGHQF\ OLQNV� ,UUHJXODUFXUYLOLQHDUVKDSHVDUHXVHGWRUHSUHVHQWVRIW�JRDOV
DQG VXE�JRDOV�VHH) LJXUH� � � ' HSHQGLQJ RQ WKHZD\ DQ RoVSULQJ SRVLWLYHO\ RUQHJDWLYHO\
VXSSRUWVWKHDFKLHYHP HQWRI LWVSDUHQWVRIW�JRDO� GLoHUHQWW\ SHVRI FRQWULEXWLRQVDUHGHpQHG�
%UHDN� + XUW� 6RP H�� + HOS� 0 DNH� DQG6RP H� �VHHpJXUHV� DQG� � �

) LJ� � � * UDSKLFDOUHSUHVHQWDWLRQ IRUVRP H 1 ) 5 IUDP HZRUN FRP SRQHQWV DQG FRQWULEXWLRQ
OLQNV

^ 0 DNH P HDQV WKDWWKH JRDOVXr FLHQWO\ FRQWULEXWHV WR WKH JRDODWWKH HQG RI WKH OLQN
�WKHSDUHQWJRDO� � + HOS LQGLFDWHVDSRVLWLYHFRQWULEXWLRQ� EXWQRWVXr FLHQWRQLWVRZQ�
6RP H� VD\ VWKDWWKHUHLVVRP HSRVLWLYHFRQWULEXWLRQWRWKHSDUHQWJRDO� HLWKHU+ HOS RU
0 DNH�

^ 6LP LODUO\ � %UHDNP HDQVWKDWWKHRoVSULQJ ZLOOEUHDNWKHP HHWLQJ RI WKHSDUHQWVRIW�JRDO�
+ XUWLQGLFDWHV SDUWLDOQHJDWLYH VXSSRUWWR WKH SDUHQW� DQG 6RP H� LQGLFDWHV QHJDWLYH
FRQWULEXWLRQ� HLWKHU%UHDN RU+ XUW�

7 KHUHDUHDOVR$ QG DQG2 U UHpQHP HQWV� 7 KH\ LQGLFDWH� UHVSHFWLYHO\ � WKDWDOOVXE�JRDOV
PXVWEHDFKLHYHGIRUWKHSDUHQWJRDOWREHDFFRP SOLVKHG� RUWKDWDFKLHYLQJ DQ\ RI WKHP LV
VXr FLHQWIRUVDWLVpFLQJ WKHSDUHQWJRDO� 7 KHVHW\ SHVDUHXVHGWRKHOS SURSDJDWHWKHGHJUHH
RI DFKLHYLQJ VRIW�JRDOVWKURXJK WKHFRQWULEXWLRQOLQNVXVLQJ DTXDOLWDWLYHUHDVRQLQJ SURFHVV�
) LJXUH� VKRZVDOOWKHSRVVLEOHFRQWULEXWLRQOLQNVLQYROYHGLQDVRIW�JRDOJUDSK�



�

) LJ� � � ' LVWLQFWLRQDP RQJ FRQWULEXWLRQW\ SHV�DGDSWHGIURP >� @�

2 WKHUHOHP HQWVRI WKHQRWDWLRQDUHFODLP V� 7 KH\ MXVWLI\ WKHFKRLFHRI FRQWULEXWLRQW\ SH
RQ D OLQN DQG DUH UHSUHVHQWHG DV HOOLSVHV �VHH ) LJXUH � � � $ WVRP H OHYHO� ZKHQ D VRIW�JRDO
LVVXr FLHQWO\ UHpQHG� RSHUDWLRQDOL]DWLRQVFRP HXS� 2 SHUDWLRQDOL]DWLRQV DUHSRVVLEOHGHYHO�
RSP HQWWHFKQLTXHVIRUDFKLHYLQJ WKHFRUUHVSRQGLQJ QRQ�IXQFWLRQDOUHTXLUHP HQWV� 7 KH\ DUH
UHSUHVHQWHGE\ KH[ DJRQV� VHH) LJXUH� � � %\ HQXP HUDWLQJ DOOWKHSRVVLEOHRSHUDWLRQDOL] DWLRQV�
WKHGHYHORSHUP D\ FKRRVHVSHFLpF VROXWLRQVIRUWKHWDUJHWV\ VWHP �

6RIW�JRDOJUDSKUHSUHVHQWDWLRQDOORZVGHVLJQHUVWRHYDOXDWHWKHLP SDFWRI VHOHFWLQJ FHUWDLQ
RSHUDWLRQDOL] LQJ VRIW�JRDOV� 7 KHHYDOXDWLRQ ZRUNVWRZDUGVWKHWRS RI WKHJUDSK� GHWHUP LQ�
LQJ WKHLP SDFWRQKLJKHU�OHYHOVRIW�JRDOV� 7 KLVSURFHVVLVLQLWLDWHGE\ DVVLJQLQJ ODEHOVWKDW
LQGLFDWHZKHWKHUDRSHUDWLRQDOL] DWLRQLVVHOHFWHG�VDWLVpFHG� RUQRW�GHQLHG� � ,QWKLVZD\ � D
SRVLWLYHFRQWULEXWLRQRI WKHVRIW�JRDOSURSDJDWHVWKHODEHOWRLWVSDUHQW� + HQFH� DVDWLVpFHG
VRIW�JRDOZLWK SRVLWLYHFRQWULEXWLRQ UHVXOWV LQ D VDWLVpFHG SDUHQW� D GHQLHG VRIW�JRDOZLWK
SRVLWLYHFRQWULEXWLRQUHVXOWVLQDGHQLHGSDUHQW� DQGVRRQ� ,WLVDOVRSRVVLEOHWRLGHQWLI\ D
ZHDNSRVLWLYHRUQHJDWLYHVXSSRUWIRUDVRIW�JRDOSDUHQW� : KHQLWLVQRWSRVVLEOHWRHVWDEOLVK
DSRVLWLYHRUQHJDWLYHVXSSRUW� SDUHQWJRDOLVDVVLJQHGWKHXQGHFLGHGODEHO� ) LJXUH� VKRZV
GLoHUHQWDVVLJQHGDQGUHVXOWLQJ ODEHOVXVHGGXULQJ WKHHYDOXDWLRQSURFHVV�

) LJ� � � / DEHOVXVHGGXULQJ WKH1 ) 5 IUDP HZRUN HYDOXDWLRQSURFHVV>� @

7 KXV� WKHRSHUDWLRQRI WKH1 ) 5 IUDP HZRUNLVWKHUHVXOWRI WKHLQFUHP HQWDODQGLQWHUDFWLYH
FRQVWUXFWLRQ� HODERUDWLRQ� DQDO\ VLV� DQGUHYLVLRQRI VRIW�JRDOJUDSKV�



�

� �� 3 DWWHUQV� 1 RQ� ) XQFWLRQDO5 HTXLUHP HQWV� DQG WKH 1 ) 5 ) UDP HZ RUN

$ V* URVVDQG<X SRLQWRXWLQ>� � @� QRQ�IXQFWLRQDOUHTXLUHP HQWVDUHRP QLSUHVHQWLQGHVFULS�
WLRQV RI SDWWHUQV� 7 KH\ SOD\ D NH\ UROH LQ XQGHUVWDQGLQJ WKH SUREOHP EHLQJ FRQVLGHUHG�
WKHVXEVHTXHQWWUDGH�RoV� DQGWKHVROXWLRQSURSRVHG� 7 KXV� ZKHQDQDO\ ] LQJ QRQ�IXQFWLRQDO
UHTXLUHP HQWVLQ D JLYHQ FRQWH[ W� WKHLGHD RI VHYHUDOFRQqLFWLQJ IRUFHVSXOOLQJ DQG SXVKLQJ
HP HUJHV� %\ FRQVLGHULQJ WKHFRP SRQHQWVLQYROYHG LQ GHWHUP LQLQJ D VROXWLRQ WKDWUHVROYHV
WKHFRQqLFW� WKHFRQFHSWRI SDWWHUQ DULVHV�

7 KH1 ) 5 IUDP HZRUN P DNHVLWSRVVLEOHWR V\ VWHP DWLFDOO\ WUHDWQRQ�IXQFWLRQDOUHTXLUH�
P HQWV DQG XOWLP DWHO\ XVH WKHP DV D FULWHULRQ IRU P DNLQJ VHOHFWLRQV DP RQJ FRP SHWLWLYH
GHVLJQDOWHUQDWLYHV� ,WFRQVWLWXWHVDWRS�GRZQ� JRDO�RULHQWHGDSSURDFK WRGHDOLQJ ZLWK QRQ�
IXQFWLRQDOUHTXLUHP HQWV>� @�

2 QWKHRWKHUKDQG� ZKHQFRQVLGHULQJ WKHQDWXUHRI WKHSDWWHUQDSSURDFK� ZHREVHUYHWKDW
DSDWWHUQVROXWLRQP D\ KDYHHoHFWRQFHUWDLQUHVRXUFHV� SRVVLEO\ FRQVWUDLQHG� � DVZHOODVRQ
VRP HIRUFHV�UHODWHGWRWKHUHVRXUFHVDoHFWHG� � 2 IWHQ� DVROXWLRQSURYLGHGE\ DSDWWHUQLVWKH
UHVXOWRI EDODQFLQJ� WUDGLQJ�Ro FHUWDLQUHVRXUFHV� 7 KXV� YLHZLQJ WKHSDWWHUQLP SOHP HQWDWLRQ
DWWKHERWWRP VLGHRI WKHSLFWXUH� DQG WKHUHVXOWLQJ FRQWH[ W� IRUFHV� DWLWVXSSHUVLGH� WKH
XVHRI SDWWHUQVLQ VRIWZDUHGHVLJQ FRQVWLWXWHVD ERWWRP �XS DSSURDFK WR DGGUHVVLQJ GHVLJQ
LVVXHV� $ VDVROXWLRQ�GULYHQP HWKRG� SDWWHUQDSSOLFDWLRQGHWHUP LQHVDVDWLVIDFWRU\ RXWFRP H
WKDWUHVXOWVIURP UH�DGMXVWP HQWRI ERWK UHVRXUFHVDQGLQYROYHGIRUFHV�

,Q >� � @� * URVVDQG <X WDNHDGYDQWDJHRI WKLVIDFW� WKHSDWWHUQ DSSURDFK DQG WKH1 ) 5
IUDP HZRUN DUH FRP SOHP HQWDU\ � 7 KXV� WKH\ FRPELQH WKHP E\ XVLQJ WKH 1 ) 5 IUDP HZRUN
IRUH[ WUDFWLQJ QRQ�IXQFWLRQDOUHTXLUHP HQWVVRIW�JRDOVDQGWKHLUFRQWULEXWLRQVRQHDFK RWKHU
IURP WKHSUREOHP VHFWLRQ RI D SDWWHUQ� &RQVHTXHQWO\ � SDWWHUQVDUHDSSOLHG E\ UHODWLQJ RS�
HUDWLRQDOL] DWLRQVLQ WKHVRIW�JRDOJUDSK WR WKHIXQFWLRQDOHODERUDWLRQ RI WKHV\ VWHP XQGHU
GHYHORSP HQW�

+ RZHYHU� LQ WKHLUDSSURDFK� D VRIW�JRDOKLHUDUFK\ LV GHYHORSHG IRUHDFK SDWWHUQ �SUH�
VXP DEO\ IURP VFUDWFK� � UDWKHUWKDQ IRUD SURMHFWRUGRP DLQ� + HQFH� WKHVFDODELOLW\ RI WKH
SDWWHUQ GHVFULSWLRQ LV OLP LWHG EHFDXVHLWGRHV QRWWDNHDGYDQWDJHRI WKHFRQQHFWLYHUXOHV
DP RQJ SDWWHUQVLQDSDWWHUQODQJXDJH�

: HP D\ JREH\ RQG* URVVDQG<X
VLGHDE\ XVLQJ WKH1 ) 5 IUDP HZRUN IRUGHVFULELQJ D
GHVLJQFRQWH[ W� DVZHOODVDVHWRI UHODWHGSDWWHUQV� $ VDFRQVHTXHQFH� VHYHUDOGHVLJQLVVXHV
UHJDUGLQJ V\ VWHP DUFKLWHFWXUHP D\ EHDGGUHVVHG E\ WKHLQWHJUDWLRQ RI VHYHUDOSDWWHUQV� ,Q
WXUQ� DVHWRI SDWWHUQVP D\ EHUHXVHGWRVROYHRWKHUSUREOHP VIRXQGXQGHUWKHFRUUHVSRQG�
LQJ DSSOLFDWLRQ GRP DLQ� $ OORI WKLV LQYROYHV WKH XVH RI D FRQVLVWHQWVWUXFWXUH IRUSDWWHUQ
UHSUHVHQWDWLRQ� WKHIRUFHKLHUDUFK\ �



�

� 5 HSUHVHQWLQJ 3 DWWHUQV 9 LD ) RUFH + LHUDUFKLHV

,Q WKLVVHFWLRQ ZHLQWURGXFHWKHSURSRVHG SDWWHUQ IRUP DW� 7 KLV QHZ UHSUHVHQWDWLRQ LVLQ�
WHQGHGWRFRP SOHP HQWWKHFXUUHQWIRUP DWVXVHGWRGHVFULEHSDWWHUQV� 7 KXV� ZHDUHSUHSDUHG
WRSUHVHQWWKHQRWLRQWKDWVXVWDLQVWKHQHZ SDWWHUQUHSUHVHQWDWLRQ� WKHIRUFHKLHUDUFK\ �

� �� : KDWLV D ) RUFH + LHUDUFK\ "

8 QGHUD SDWWHUQ�EDVHG SHUVSHFWLYH� D VROXWLRQ LVWKHFRQVHTXHQFHRI VROYLQJ VHYHUDOIRUFHV
LQ FRQqLFW� + HUHLVWKHEDVHIRUOLQNLQJ WKHQRWLRQ RI IRUFHVLQ SDWWHUQVWR QRQ�IXQFWLRQDO
UHTXLUHP HQWVDQGFRQVWUDLQWVRQUHVRXUFHV� DVVHYHUDOGHVLJQDOWHUQDWLYHVDUHFRQVLGHUHG� DQG
WKHP RUHDGHTXDWH� WKHRQHSURSRVHGE\ DSDWWHUQ� LVDSSOLHG�

$ IRUFHKLHUDUFK\ LVDKLHUDUFKLFDOJUDSK RI IRUFHVDQGWKHLUFRQWULEXWLRQVRQHDFK RWKHU�
) RUFH KLHUDUFKLHV DUH LQVSLUHG E\ � DQG FDQ EH P RGHOHG DV� 1 ) 5 VRIW�JRDOKLHUDUFKLHV >� @�
7 KXV� LQ WKHSURSRVHG SDWWHUQ UHSUHVHQWDWLRQ� IRUFHVDUHH[ SUHVVHG DVD FRPELQDWLRQ RI D
VP DOOVHWRI FRQVWUDLQWVRQFRP P RQUHVRXUFHV� WLP H� VSDFH� FRP SXWDWLRQ� P RQH\ � HoRUW� DQG
VRRQ� ,QWKLVZD\ � WUDGH�RoVEHWZHHQWKHWRS�OHYHOQRQ�IXQFWLRQDOUHTXLUHP HQWVFDQWKHQEH
WUDQVODWHGLQWRWUDGH�RoVEHWZHHQDVVRFLDWHGUHVRXUFHV�

,Q >� � @� DQ LQWHQWWR VXSSRUWSDWWHUQ VHOHFWLRQ LVSURSRVHG E\ HVWDEOLVKLQJ D KLHUDUFK\
RI FULWHULD ZKHUHP DQ\ SULQFLSOHVFDQ EHFDWHJRUL] HG RUJHQHUDOL] HG� 7 KXV� SDWWHUQ IRUFHV
DUH RUJDQL] HG LQWR D KLHUDUFK\ URRWHG RQ WRWDOVDWLVIDFWLRQ� ) ROORZLQJ WKHVDP HSULQFLSOH�
WRWDOVDWLVIDFWLRQ LVDWWKHWRS RI DQ\ IRUFHKLHUDUFK\ � DV WKHKLJKHVWOHYHOVRIW�JRDOWR EH
DFKLHYHG E\ DQ\ V\ VWHP � 8 QGHUD JLYHQ GRP DLQ� WRWDOVDWLVIDFWLRQ UHVXOWV LQ SDUWRI WKH
SRVLWLYHFRQWULEXWLRQ RI RQHRUP RUHVXE�JRDOV� / LNHZLVH� WKHUHP D\ H[ LVWVRP HVXE�JRDOV
ZLWKQHJDWLYHFRQWULEXWLRQV� + HQFH� WKHDFKLHYHP HQWRI WKHWRWDOVDWLVIDFWLRQVRIW�JRDOUHVXOWV
IURP WKHFRP ELQDWLRQRI VHYHUDOIRUFHV� VRP HRI WKHP KDYLQJ SRVLWLYHFRQWULEXWLRQV� RWKHUV
ZLWKQHJDWLYHHoHFWV� 7 KXV� ZHP D\ VD\ WKDWWRWDOVDWLVIDFWLRQP D\ EHH[ SUHVVHGDVDEDODQFH
UHVXOWLQJ IURP VHYHUDOFRQqLFWLQJ IRUFHVDQGWKHWUDGH�Ro RI DQXPEHURI UHODWHGUHVRXUFHV�

/ HWXV LOOXVWUDWH WKH XVH RI WKH QRWLRQ RI IRUFH KLHUDUFK\ YLD DQ H[ DP SOH EDVHG RQ D
SUREOHP GHVFULEHG E\ . HVKDY LQ >� � @� $ EDQN LV FRQVLGHULQJ WKH DSSURSULDWH QXP EHURI
WHOOHUVLWQHHGVLQ RUGHUWR NHHS DQ DFFHSWDEOHSHUIRUP DQFHDQG P DLQWDLQ LWVSURpWDELOLW\ �
7 ZRSRVVLELOLWLHVDUHFRQVLGHUHG�

^ $ VFHQDULR LQ ZKLFK HDFK DUULYLQJ FXVWRP HUKDG KLV� KHURZQ WHOOHU� DQG QHYHUKDG WR
ZDLWLQOLQH� 7 KLVVROXWLRQZRXOGP LQLP L] HWKHUHVSRQVHWLP HDQGP D[ LP L] HWKHFXVWRP HU
VDWLVIDFWLRQ� + RZHYHU� LWZRXOGDOVREHH[ WUHP HO\ H[ SHQVLYHDQGWKHEDQNP LJKWJRRXW
RI EXVLQHVV�

^ ,QVWHDG RI IROORZLQJ WKHRQH�WHOOHU�SHU�FXVWRP HUVFKHP H� WKHEDQN P D\ FRQVLGHUKRZ D
VLQJOHWHOOHUFDQDVVLVWP XOWLSOHFXVWRP HUV� ,QWKLVZD\ � WKHEDQN FDQQRWRQO\ VROYHWKH



� �

SUREOHP EXWDOVR VDYHP RQH\ E\ VKDULQJ � PXOWLSOH[ LQJ� D VLQJOHWHOOHUDP RQJ PXOWLSOH
FXVWRP HUV� DWWKHH[ SHQVHRI EXLOGLQJ DZDLWLQJ DUHD DQGWKHWLP HLWVFXVWRP HUVZDVWH
E\ ZDLWLQJ LQOLQH�

) LJXUH� VKRZVDIRUFHKLHUDUFK\ WKDWUHSUHVHQWVWKHGLVFXVVLRQRI WKHVHWZRDOWHUQDWLYHV�
1 RWHWKDWWKHIRUFHVLQYROYHG �WRWDOVDWLVIDFWLRQ� SURpWDELOLW\ � SHUIRUP DQFH� DUHSODFHG DW
WKHXSSHUOHYHORI WKHIRUFHKLHUDUFK\ � 7 KHLUGHFRP SRVLWLRQ� WKHIROORZLQJ OHYHOLQ WKHKL�
HUDUFK\ � HQFRP SDVVHG WKH DVVRFLDWHG UHVRXUFHV � P RQH\ � VSDFH� DQG SURFHVVLQJ FDSDFLW\ � �
6XEVHTXHQWO\ � RWKHUVRIW�JRDOVUHJDUGLQJ WKHUHVRXUFHGHFRP SRVLWLRQP D\ EHLQFOXGHGXQWLO
UHDFKLQJ WKHSRVVLEOHLP SOHP HQWDWLRQWHFKQLTXHV� RSHUDWLRQDOL] DWLRQV� � ,QWKLVH[ DP SOH� IRU
WKHVDNHRI VLP SOLFLW\ � WKHRSHUDWLRQDOL] DWLRQVFRQVLGHUHG� RQHWHOOHURUPXOWLSOHWHOOHUV� IROORZ
WKHOHYHOFRP SULVLQJ WKHUHVRXUFHVLQYROYHG�

) LJ� � � $ IRUFHKLHUDUFK\ VKRZLQJ WKHDOWHUQDWLYHVLQFRQVLGHULQJ WKHQXPEHURI WHOOHUVRI D
EDQN

%\ LQFRUSRUDWLQJ WKHHYDOXDWLRQSURFHVVSURYLGHGE\ WKH1 ) 5 IUDP HZRUN� ZHFDQJHWDQ
LGHDRI WKHLP SDFWRI VHOHFWLQJ HDFK DOWHUQDWLYH�VHH) LJXUH� � � &KRRVLQJ WKHpUVWDOWHUQDWLYH
OHDGVWRP D[ LP L] LQJ WKHFXVWRP HUVDWLVIDFWLRQ�SHUIRUP DQFHLVVDWLVpFHG� E\ SD\ LQJ DKLJK
SULFH�SURpWDELOLW\ LVGHQLHG� � 7 KHVHFRQGFKRLFHLP SOLHVWROHUDWLQJ DQDFFHSWDEOHUHGXFWLRQ
LQSHUIRUP DQFHWRREWDLQWKHHVVHQWLDOSURpWDELOLW\ � ,WLVLP SRUWDQWWRKLJKOLJKWWKDWWKHVHF�



� �

RQGFKRLFHXVHVWKH0 XOWLSOH[ LQJ WHFKQLTXH>� � @� 7 KLVP HWKRGLP SOLHVVKDULQJ DQH[ SHQVLYH
RUVFDUFHUHVRXUFHSURYLGHGWKDWXVHUVDUHJXDUDQWHHGDFHUWDLQGHJUHHRI VDWLVIDFWLRQ�

) LJ� � � ( YDOXDWLQJ WKH LP SDFWRI FKRRVLQJ HDFK DOWHUQDWLYH LQ FRQVLGHULQJ WKH QXPEHURI
WHOOHUVRI DEDQN

7 KHUH DUHWZR VFRSHV LQ ZKLFK ZHP D\ XVH IRUFHKLHUDUFKLHV� DSSOLFDWLRQ GRP DLQ DQG
SDWWHUQVROXWLRQ�

� �� $ SSOLFDWLRQ ' RP DLQ ) RUFH + LHUDUFK\

,QV\ VWHP GHVLJQ� ZHpQGVHYHUDOGHVLJQFRQWH[ WV� RUDSSOLFDWLRQGRP DLQV� VXFKDVGLVWULEXWHG
V\ VWHP GHVLJQ� UHDO�WLP HV\ VWHP GHVLJQ� FRQWUROV\ VWHP GHVLJQ� DQGVRRQ� * LYHQDQDSSOLFD�
WLRQGRP DLQ� LWVIRUFHKLHUDUFK\ FRQVLVWVRI DUHSUHVHQWDWLRQRI WKHWRS�OHYHOQRQ�IXQFWLRQDO
UHTXLUHP HQWVFRUUHVSRQGLQJ WRWKHGHVLJQFRQWH[ W� DQGWKHFRQWULEXWLRQVRI WKHDVVRFLDWHG
UHVRXUFHV� 7 KLVHVWDEOLVKHVDVWDUWLQJ SRLQWIRUUHSUHVHQWLQJ DVVRFLDWHGSDWWHUQV�

7 KXV� RQWKHWRS RI WKHDSSOLFDWLRQGRP DLQIRUFHKLHUDUFK\ ZHpQGWKHWRWDOVDWLVIDFWLRQ
VRIW�JRDO� ,Q WXUQ� WKLV VRIW�JRDOLVGHFRP SRVHG LQWR RQHRUP RUHIRUFHVWKDWGHVFULEHWKH
GHVLJQFRQWH[ WXQGHUDQDO\ VLV� $ OOWKHUHVRXUFHVDVVRFLDWHGWRWKRVHIRUFHVFRP SULVHWKHQH[ W
ORZHUOHYHOLQWKHKLHUDUFK\ �

/ HWXV JR GHHSHU LQ H[ DP LQLQJ WKLV VWUXFWXUH YLD DQ H[ DP SOH� &RQVWUXFWLQJ D IRUFH
KLHUDUFK\ IRUGLVWULEXWHGV\ VWHP GHVLJQ� ) LUVW� ZHQHHGWRLGHQWLI\ WKHIRUFHVWKDWHQFRP SDVV
WKLVFRQWH[ W� 7DEOH� VKRZVVRP HIRUFHVZHKDYHIRXQGDVRI VLJQLpFDQWLP SDFWRQGLVWULEXWHG
V\ VWHP GHVLJQ� / LNHZLVH� ZHQHHGWRLGHQWLI\ WKHUHVRXUFHVUHODWHGWRWKHVHWRI IRUFHVDOUHDG\
HVWDEOLVKHG� 7DEOH� FRQWDLQVDOLVWRI UHVRXUFHVUHODWHGWRWKHVHIRUFHV�



� �

) RUFHV %ULHI GHVFULSWLRQ

3HUIRUP DQFH ( [ WHQWWRZKLFK V\ VWHP DFWLYLWLHVDUHDFFRP SOLVKHGSURP SWO\ �
6FDODELOLW\ $ ELOLW\ WRSURYLGHVDWLVIDFWRU\ SHUIRUP DQFHDVJUHDWHU

GHP DQGVDUHSODFHGXSRQLW�
( r FLHQF\ ' HJUHHDWZKLFK DOOWKHUHVRXUFHVDUHHP SOR\ HG

ZKHQWKHV\ VWHP JRDOVDUHDFKLHYHG�
0 DLQWDLQDELOLW\ $ ELOLW\ WRSURYLGHDQDGHTXDWHIUDP HZRUNIRUSUREOHP p[ LQJ�
7UDQVSDUHQF\ ' HJUHHDWZKLFK DJLYHQFRP SRQHQWGRHVQRWH[ SOLFLWO\

QHHGWRNQRZ RUGHpQHWKHVWDWXVRI RWKHUFRP SRQHQW
ZKHQFRP PXQLFDWLQJ �LWHQFRP SDVVHVORFDWLRQDQGWLP H
WUDQVSDUHQF\ � �

7 DEOH � � ) RUFHVLQYROYHGLQGLVWULEXWHGV\ VWHP GHVLJQ

5 HVRXUFH %ULHI GHpQLWLRQ

&RP SXWDWLRQ3URFHVVLQJ WKDWFDQEHGRQHLQDXQLWWLP H� FDSDFLW\ � �
( oRUW + XP DQHoRUWUHTXLUHGWRGHVLJQDQGEXLOGDV\ VWHP �
0 RQH\ &RVWWRGHYHORS RUSURGXFHDV\ VWHP �
6FDOLQJ 0 LQLP L] DWLRQRI FHQWUDOL] HGHOHP HQWV

� QXPEHURI DGGLWLRQDOXVHUV� IHDWXUHV� UHTXHVWV� FRP SRQHQWV
ZLWKRXWVDFULpFLQJ DFFHSWDEOHSHUIRUP DQFH� �

6SDFH / LP LWRQWKHP HP RU\ DYDLODEOH�
7 LP H 7 LP HWDNHQWRUHVSRQGWRDQHYHQW� WLP H�WR�P DUNHW�

P HGLXP WLP HEHWZHHQIDLOXUHV�
7 DEOH � � 5 HVRXUFHVLQYROYHGLQDGLVWULEXWHGV\ VWHP GHVLJQFRQWH[ W



� �

,Q RUGHUWR HQFRP SDVVD YHU\ LP SRUWDQWLVVXHUHJDUGLQJ GLVWULEXWHG V\ VWHP GHVLJQ� ZH
KDYHLQFOXGHG P RGLpDELOLW\ � WKHDELOLW\ WR P LQLP L] HVLGHHoHFWVRQ RWKHUFRP SRQHQWV� DQG
WHVWDELOLW\ DVDWWULEXWHVWKDWDoHFWP DLQWDLQDELOLW\ � 0 RUHRYHU� ZHDGGHGLQWHURSHUDELOLW\ � DV
DQDWWULEXWHWKDWDoHFWVVFDODELOLW\ � LQWKHVHQVHWKDWDFFHVVWRH[ WHUQDOO\ YLVLEOHIXQFWLRQDOLW\
DQGGDWDVWUXFWXUHVLVSURYLGHGZLWKRXWLP SRVLQJ XQDFFHSWDEOHSHUIRUP DQFHGHJUDGDWLRQ�

7 KH QH[ WVWHS LQYROYHV HVWDEOLVKLQJ WKH UHODWLRQVKLSV DP RQJ WKH IRUFHV DQG WKH WRWDO
VDWLVIDFWLRQ VRIW�JRDO� DV ZHOODV DP RQJ UHVRXUFHV DQG IRUFHV LQ WKH GHVLJQ FRQWH[ W� ,WLV
VLP SOHUWR WU\ WR HVWDEOLVK SRVLWLYH FRQWULEXWLRQV� DQG VXEVHTXHQWO\ P DNH DQ\ QHFHVVDU\
DGMXVWP HQW� ,Q RXUH[ DP SOH� ZH REVHUYH WKDWDOOWKH LGHQWLpHG IRUFHV KDYH VRP H SRVLWLYH
FRQWULEXWLRQRQWKHWRWDOVDWLVIDFWLRQVRIW�JRDO� / LNHZLVH� ZHP D\ GHpQHSRVLWLYHFRQWULEXWLRQ
OLQNVDP RQJ WKHUHVRXUFHVDQG WKHLUDVVRFLDWHG IRUFHV� ) LJXUH� VKRZVWKHUHVXOWLQJ IRUFH
KLHUDUFK\ FRUUHVSRQGLQJ WRGLVWULEXWHGV\ VWHP GHVLJQ�

: HKDYHWRQRWHVHYHUDOLP SRUWDQWDVSHFWVUHJDUGLQJ WKLVIRUFHKLHUDUFK\ �

^ 1 R HYDOXDWLRQSURFHVVLVXVHG >� @VLQFHZHGR QRWKDYHWKHZKROHSLFWXUH\ HW� : HQHHG
WRFRQVLGHUGLoHUHQWGHVLJQDOWHUQDWLYHVWRH[ DP LQHWKHLUSRVVLEOHHoHFWV� + HUHLVZKHUH
SDWWHUQDQDO\ VLVWDNHVSODFH� DVZHZLOOVHHODWHU�

^ $ OWKRXJK WKHWRWDOVDWLVIDFWLRQVRIW�JRDODSSHDUV� LQSUDFWLFHZHGRQRWLQFOXGHLW� DVLW
LVLP SOLHG� 0 RUHRYHU� WRDYRLGP DNLQJ WKHGLDJUDP VEXV\ � ZHDOVRRP LWWKHVRP H�SRVLWLYH
FRQWULEXWLRQV\ PEROV�

^ ,QQRZD\ � FRQVWUXFWLQJ DIRUFHKLHUDUFK\ IRUDQDSSOLFDWLRQGRP DLQP HDQVWKDWDSHUIHFW
FRPELQDWLRQRI IRUFHV� UHVRXUFHV� DQGFRQWULEXWLRQVFRP LQJ XS ZLWK WRWDOVDWLVIDFWLRQKDV
WREHIRXQG� 2 QJRLQJ UHpQHP HQWLVDOZD\ VQHFHVVDU\ DVWKHDSSOLFDWLRQGRP DLQLVEHWWHU
XQGHUVWRRGDQGIXUWKHULP SURYHP HQWVDUHLQFRUSRUDWHG�

� �� 3 DWWHUQ 6ROXWLRQ ) RUFH + LHUDUFK\

,QFRQVWUXFWLQJ DSDWWHUQODQJXDJH� WKHpUVWVWHS LQYROYHVFKRRVLQJ WKHSDWWHUQVZKLFK EHVW
GHVFULEH WKH RYHUDOOVFRSH� RUDSSOLFDWLRQ GRP DLQ� RI WKH SURMHFW>� @� / DWHU� ZH WDNH WKH
DSSOLFDWLRQ GRP DLQ IRUFHKLHUDUFK\ DQG LQFRUSRUDWHWKHFRQWULEXWLRQVRI HYHU\ SDWWHUQ WR
WKHLQYROYHGUHVRXUFHV� REWDLQLQJ WKHSDWWHUQVROXWLRQ IRUFHKLHUDUFKLHV�

7 KXV� RQ WKHWRS RI WKHSDWWHUQ IRUFHKLHUDUFK\ � ZHpQG WKHIRUFHVLWDGGUHVVHV� 7 KH\
FRP SULVHDVXEVHWRI WKHIRUFHVFRUUHVSRQGLQJ WRWKHGHVLJQFRQWH[ W�V� ZKHUHDJLYHQSDWWHUQ
LVDSSOLFDEOH� $ OOWKHUHVRXUFHVDVVRFLDWHG WR WKRVHIRUFHVHQFRP SDVVWKHQH[ WOHYHOLQ WKH
KLHUDUFK\ � ) URP WKDWOHYHORQ� DVXEVHTXHQWGHFRP SRVLWLRQIROORZV� 7 KLVDOORZVWKHSDWWHUQ
UHSUHVHQWDWLRQWRKROGWKHUHDVRQLQJ RQWKHHoHFWVRI WKHDSSOLFDWLRQRI WKHSDWWHUQ�

7RDYRLGP DNLQJ WKHGLDJUDP VEXV\ � LQWKHSDWWHUQVROXWLRQIRUFHKLHUDUFK\ ZHRQO\ VKRZ
WKHWRS�OHYHOQRQ�IXQFWLRQDOUHTXLUHP HQWVDQGUHVRXUFHVDFWXDOO\ DoHFWHGE\ WKHSDWWHUQ�



� �

) LJ� � � ) RUFHKLHUDUFK\ IRUGLVWULEXWHGV\ VWHP GHVLJQ



� �

$ VDQLOOXVWUDWLYHZD\ RI H[ SODLQLQJ WKLVLVVXH� OHWXVH[ DP LQHWKHIRUFHKLHUDUFK\ FRUUH�
VSRQGLQJ WRWKH) OH[ 7 LP HSDWWHUQ>� � @� 7 KLVSDWWHUQLVFRQFHUQHGZLWK VLWXDWLRQVLQZKLFK
SURFHVVLQJ LVUHTXLUHGDWDSDUWLFXODUIUHTXHQF\ RUDWFHUWDLQWLP HRI WKHGD\ � ) RULQVWDQFH�
ZKHQP DQ\ UHSRUWVDUHUHTXLUHG DWDSSUR[ LP DWHO\ WKHVDP HWLP HRI GD\ � ,Q WKDWFDVH� WKH
VXUJHLQGHP DQGUHVXOWVLQVORZ UHVSRQVHV�

$ EULHI GHVFULSWLRQ RI WKLV SDWWHUQ FDQ EH IRXQG LQ 6HFWLRQ � � ,Q GLVWULEXWHG V\ VWHP
GHVLJQ� LWFDQEHXVHGWRDGGUHVVSHUIRUP DQFHLVVXHV� 7 KXV� ZHP D\ XVHWKHIRUFHKLHUDUFK\
GHpQHG IRUGLVWULEXWHG V\ VWHP GHVLJQ � VHH) LJXUH� � IRUGHULYLQJ D IRUFHKLHUDUFK\ IRUWKLV
SDWWHUQ� 7 KUHHIRUFHVDUHLQYROYHG� SHUIRUP DQFH� VFDODELOLW\ � DQGHr FLHQF\ � ) LJXUH� VKRZV
WKHFRUUHVSRQGLQJ IRUFHKLHUDUFK\ �

) LJ� � � ) RUFHKLHUDUFK\ IRUWKH) OH[ 7 LP HSDWWHUQ

7 KHHYDOXDWLRQSURFHVV>� @LVLQFOXGHGWRVKRZ WKHSRVVLEOHHoHFWVRI WKHDSSOLFDWLRQRI
WKLVSDWWHUQ� : KHQFRQVLGHULQJ VHYHUDOSDWWHUQV� DSDWWHUQXVHULVQRZ DEOHWRFRP SDUHGLI�
IHUHQWDOWHUQDWLYHV� WKHSRVVLEOHWUDGH�RoVWKH\ LP SRVH� DQGGHWHUP LQHWKHP RVWDSSURSULDWH
IRUWKHGHVLJQLVVXHXQGHUDQDO\ VLV�

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

7 KHZULWHUDQGXVHUUROHVLQYROYHGLQSDWWHUQDSSOLFDWLRQP D\ EHUHGHpQHGDVIROORZV�



� �

^ 3 DWWHUQ Z ULWHU� 6� KHRXWOLQHVWKHIRUFHKLHUDUFK\ IRUGHVFULELQJ DQDSSOLFDWLRQGRP DLQ�
/ DWHURQ� V� KHXVHVWKDWIRUFHKLHUDUFK\ DVD EDVHIRUGHULYLQJ WKHIRUFHKLHUDUFKLHVIRU
DOOWKHSDWWHUQVFRQVLGHUHGXQGHUWKHJLYHQDSSOLFDWLRQGRP DLQ�

^ 3 DWWHUQ XVHU� 6� KH LGHQWLpHV WKH DSSOLFDWLRQ GRP DLQ FRUUHVSRQGLQJ WR WKH V\ VWHP
LQ GHVLJQ� 7 KLVSURYLGHVKHU� KLP ZLWK D VHWRI SDWWHUQVDQG WKHLUFRUUHVSRQGLQJ IRUFH
KLHUDUFKLHV� 7 KXV� V� KHXVHVWKHSDWWHUQIRUFHKLHUDUFKLHVWRVHOHFWWKHDSSURSULDWHRQHV
LQDGGUHVVLQJ IXQFWLRQDOLVVXHVUHJDUGLQJ WKHV\ VWHP XQGHUGHVLJQ�

3DWWHUQXVHUVDQG ZULWHUVP D\ DOVR UHpQHWKHIRUFHKLHUDUFK\ RI D SDWWHUQ� RUHYHQ WKH
RQHFRUUHVSRQGLQJ WR WKHDSSOLFDWLRQ GRP DLQ� DVQHZ UHODWLRQVKLSVRUIRUFHV� DQG SRVVLEOH
RP LVVLRQVLQIRUFHKLHUDUFKLHVEHFRP HDSSDUHQWZKHQDSSO\ LQJ SDWWHUQV�

� 8 VLQJ ) RUFH + LHUDUFKLHV IRU3 DWWHUQ $ SSOLFDWLRQ

,QWKLVVHFWLRQ� ZHZLOOH[ SORUHWKHSRVVLEOHXVHRI WKHQHZ SDWWHUQUHSUHVHQWDWLRQLQVHOHFWLQJ
SDWWHUQVWKURXJK DFDVHVWXG\ � GHYLVLQJ WKHDUFKLWHFWXUHRI DFDOOFHQWHU�

� �� & DVH 6WXG\ 2 YHUYLHZ

$ VSDUWRI WKLVUHVHDUFK� DFDVHVWXG\ ZDVFRQGXFWHGDW0 LWHO1 HWZRUNVWRUH�H[ DP LQHVHYHUDO
GHVLJQLVVXHVFRQFHUQLQJ DFDOOFHQWHUSURMHFW� DVRXWOLQHGLQV\ VWHP GRFXP HQWDWLRQ�

$ FDOOFHQWHULVD GLVWULEXWHG V\ VWHP LQWHQGHG WR SURYLGHDQ HoHFWLYHZD\ RI FRQQHFW�
LQJ FXVWRP HUV WR VHUYLFH� ,WPXVWVXSSRUWWKH GLVWULEXWLRQ RI LQFRP LQJ FDOOV WR GLoHUHQW
VHUYLFHVRUVXSSRUWDJHQWV>� @� &DOOFHQWHUGHVLJQLQYROYHVWKHLQWHUDFWLRQRI VHYHUDOFRP SR�
QHQWVORRVHO\ FRXSOHG� 7 KHVHFRP SRQHQWVXVXDOO\ FRRSHUDWHLQDKHWHURJHQHRXVGLVWULEXWHG
HQYLURQP HQW� 7 KLVRoHUVWKHRSWLRQRI H[ DP LQLQJ DGRP DLQZKHUHDSSOLFDWLRQVP D\ FKDQJH
LQQXPEHURI XVHUV� SODWIRUP V� DQGFRP SRQHQWV� &RQVHTXHQWO\ � VFDODELOLW\ DQGSHUIRUP DQFH
DUHHP SKDVL] HG�

7 KH DSSOLFDWLRQ GRP DLQ WKDWFRUUHVSRQGV WR FDOOFHQWHUGHVLJQ LV GLVWULEXWHG V\ VWHP
GHVLJQ� ZLWK HP SKDVLV RQ UHVSRQVLYHQHVV� JLYHQ WKH HPEHGGHG UHDO�WLP H QDWXUH RI WKHVH
DSSOLFDWLRQV>� � @� ) LJXUH� VKRZVDJHQHUDOUHSUHVHQWDWLRQRI DFDOOFHQWHU� 7RDYRLGVXJJHVWLQJ
DVSHFLpFGHVLJQ� HOHP HQWVFRP P RQO\ IRXQGLQFDOOFHQWHUV� VXFK DV$ &' VDQG� RU3%; V>� @�
ZHUHQRWH[ SOLFLWO\ LQFOXGHGLQWKLVGHSLFWLRQ�

&DOOFHQWHUV\ VWHP GRFXP HQWDWLRQ FRQWDLQVD SUHOLP LQDU\ YLHZ RI WKHV\ VWHP DUFKLWHF�
WXUH� ,WDOVR LQFOXGHVD GHpQLWLRQ RI WKHIXQFWLRQDOUHTXLUHP HQWV� DVZHOODVVHYHUDOGHVLJQ
LVVXHV LQYROYHG LQ WKHLUDFKLHYHP HQW� 7 KH IXQFWLRQDOUHTXLUHP HQWV DGGUHVVHG E\ WKH FDOO
FHQWHUSURMHFWDUHWKHIROORZLQJ�



� �

) LJ� � � $ EDVLF VWUXFWXUHIRUDFDOOFHQWHUDSSOLFDWLRQ�DGDSWHGIURP >� � @�

^ & RP SXWHU7 HOHSKRQ\ , QWHJUDWLRQ� ,WSURYLGHVOLQNVIURP WHOHSKRQ\ VZLWFKHV�3%; V�
WRFXVWRP HUDSSOLFDWLRQV�

^ $ JHQW$ XWRP DWLRQ� ,WRoHUVUHDO�WLP HVWDWLVWLFVLQIRUP DWLRQWRWKHDJHQWRQWKHFXU�
UHQWFDOO� RQ KLV� KHUFXUUHQWSHUIRUP DQFHDQG JLYHVWKHDJHQWVHDV\ DFFHVVWR LQWHUDFW
ZLWK WKHFDOOFHQWHU6XSHUYLVRUDQGRWKHUDJHQWV�

^ , QWHOOLJHQW5 RXWLQJ� ,WSURYLGHVFXVWRP L] DEOHURXWLQJ RI FDOOVEDVHG RQ FDOOHULQSXWV
DQGV\ VWHP YDOXHV�

) RUWKHSXUSRVHRI WKHFDVHVWXG\ � ZHZLOOOLP LWWKHDQDO\ VLVWRWKHpUVWWZRIXQFWLRQDO
UHTXLUHP HQWVE\ DGGUHVVLQJ WKUHHGHVLJQLVVXHVDVIROORZV�

^ 2 YHUDOOV\ VWHP DUFKLWHFWXUH� 7 KLV GHVLJQ LVVXH GHpQHV WKH SULP DU\ VWUXFWXUH DQG
HVWDEOLVKHVWKHEDVLVIRUFRQVLGHULQJ WKHIXQFWLRQDOUHTXLUHP HQWVLQYROYHGLQWKHSURMHFW�
DVRXWOLQHGDERYH�

^ & RP SXWHU7 HOHSKRQ\ , QWHJUDWLRQ� 7 KLVLVVXHLVFRQFHUQHGZLWK WKHpUVWIXQFWLRQDO
UHTXLUHP HQW� : H ZLOOGLVFXVV WZR DOWHUQDWLYHV RI GHVLJQ W\ SLFDOO\ IRXQG LQ FDOOFHQWHU
DUFKLWHFWXUHV� 8 VLQJ &RP SXWHU7HOHSKRQ\ ,QWHJUDWLRQ�&7 ,� YV� ) ODVK DQG' LDOLQWHJUD�
WLRQ� L�H�� SURYLGLQJ WKHVDP HHVVHQWLDOVHUYLFHVE\ FRQpJXULQJ WHOHSKRQ\ VZLWFKHV�



� �

^ $ JHQWVWDWLRQ DSSOLFDWLRQ VWUXFWXUH� 7 KLV VXEMHFWLQYROYHV WKHVHFRQG IXQFWLRQDO
UHTXLUHP HQWE\ GHpQLQJ WKHVWUXFWXUHWKDWVXSSRUWVWKHLP SOHP HQWDWLRQRI DJHQWVWDWLRQ
DSSOLFDWLRQV�

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

: HDVVRFLDWHWKHLP SDFWHGWRS�OHYHOQRQ�IXQFWLRQDOUHTXLUHP HQWVDQGUHODWHGUHVRXUFHVZLWK
HDFK GHVLJQLVVXH� $ VWKHUHDUHQRKDUGDQGIDVWJXLGHOLQHVRQKRZ WRJRDERXWH[ WUDFWLQJ
WKHIRUFHVIURP WKHUHTXLUHP HQWV� LWZLOOEHRIWHQHDVLHUWRVWDUWE\ LGHQWLI\ LQJ WKHUHVRXUFH
FRQVWUDLQWV� H�J� UHGXFHHoRUW� RUVDYHP RQH\ � � DQGWKHQWKHWRS�OHYHOQRQ�IXQFWLRQDOUHTXLUH�
P HQWVWKDWZLOOEHDoHFWHG� 7 KHUHVXOWLQJ IRUFHVGHpQHWKHFRQWH[ WIRUVHOHFWLQJ SDWWHUQV�

7 KXV� EDVHG XSRQ WKH LP SDFWHG IRUFHV DQG UHVRXUFHV LGHQWLpHG IRUHDFK GHVLJQ LVVXH�
ZHVHOHFWDSSOLFDEOHSDWWHUQVEDVHG RQ KRZ FORVHO\ WKH\ P DWFK WKHIRUFHV� 7 KLV?EHVW�pW�
DSSURDFK LVFXUUHQWO\ SHUIRUP HGE\ VFDQQLQJ WKHIRUFHVUHVROYHGE\ HDFK SDWWHUQ�

2 QFHDOOSDWWHUQVKDYHEHHQVHOHFWHG� WKH\ FDQEHLQFRUSRUDWHGLQWRWKHFXUUHQWGHVLJQ�
( [ FHSWIRUVP DOOGHVLJQV WKDWGHVLJQHUV FDQ VWLOOP DQDJH LQ WKHLUKHDGV� ZH VKRXOG GHIHU
LQFRUSRUDWLQJ SDWWHUQVXQWLODOOUHTXLUHP HQWVKDYHEHHQ FRQVLGHUHG� 7 KHUHDVRQ OLHVLQ WKH
JHQHUDWLYHQDWXUHRI SDWWHUQV� ZHKDYHWRHQVXUHWKDWZHSURFHHGLQWKHDSSURSULDWHRUGHU
RI DEVWUDFWLRQLP SOLHGE\ WKHFRQQHFWLYHUXOHV�

� �� $ GGUHVVLQJ WKH 3 DWWHUQ 6HOHFWLRQ

,QLWLDOO\ � � � SDWWHUQV GRFXP HQWHG LQ >� @� >� � @� >� � @� DQG >� � @ZHUHLGHQWLpHG DV SRWHQWLDOO\
DSSOLFDEOHWR GLVWULEXWHG DQG HP EHGGHG UHDO�WLP HV\ VWHP GHVLJQ� 8 VLQJ WKHEDVHIRUFHKL�
HUDUFK\ ZHGHYHORSHGIRUGLVWULEXWHGV\ VWHP GHVLJQ �VHH6HFWLRQ� �� � � ZHGHULYHGWKHIRUFH
KLHUDUFKLHV IRUWKHVH SDWWHUQV� 6HFWLRQ � FRQWDLQV WKH GHVFULSWLRQ RI WKHVH SDWWHUQV DORQJ
ZLWK WKHLUIRUFH KLHUDUFKLHV �DGGHG WR HYHU\ SDWWHUQ GHVFULSWLRQ DV D QHZ VHFWLRQ� 1 ) 5 �
EDVHGUHSUHVHQWDWLRQ� �

2 YHUDOOV\ VWHP DUFKLWHFWXUH� 7 KHpUVWGHVLJQGHFLVLRQZHZLOOFRQVLGHULVWKHIROORZLQJ�
6KRXOGWKHIXQFWLRQDOLW\ RI WKHFDOOFHQWHUEHSURYLGHGRQWKH6ZLWFK RULQ$GMXQFW6HUYHUV"

) LJXUH� VKRZVWKHDVSHFWVFRQFHUQLQJ WKLVLVVXH� DVZHOODVLQYROYHGUHVRXUFHVDQGQRQ�
IXQFWLRQDOUHTXLUHP HQWV�

) URP WKHSDWWHUQFDWDORJ WKHEHVWFKRLFHVHHP VWREHWKH0 LFURNHUQHOSDWWHUQ� DVVXJ�
JHVWHGE\ WKHFRQWH[ WRI WKHIXQFWLRQDOLVVXHFRQVLGHUHG� DVZHOODVLWVHP SKDVLVRQVFDODELO�
LW\ � � ) LJXUH� � VKRZVLWVFRUUHVSRQGLQJ IRUFHKLHUDUFK\ �



� �

) LJ� � � &RQVLGHULQJ WKHRYHUDOOV\ VWHP DUFKLWHFWXUH

$ FORVHDOWHUQDWLYHWRWKH0 LFURNHUQHOSDWWHUQLVWKH,QGLUHFWLRQ� %LQGLQJ SDWWHUQ>� � @� LWV
IRUFHKLHUDUFK\ LVVKRZQLQ) LJXUH� � � 6HFWLRQ� � � DSDWWHUQWKDWHP SKDVL] HVP DLQWDLQDELOLW\
DQGLVFRQFHUQHGZLWK VLWXDWLRQVZKHQDSUHOLP LQDU\ VWUXFWXUHKDVDOUHDG\ EHHQFRQFHLYHG�
+ RZHYHU� WKHP RVWLP SRUWDQWSRLQWIRUWKHGHVLJQ LVVXHDGGUHVVHG KHUHLVKRZ WR SURYLGH
DQHr FLHQWVXSSRUWIRUDGGLQJ FRP SRQHQWV� 7 KLVLVZKDWWKH0 LFURNHUQHOSDWWHUQDGGUHVVHV
DVLWVIRUFHKLHUDUFK\ KLJKOLJKWV� ,WLVP DLQO\ FRQFHUQHGZLWK VFDODELOLW\ DQGHr FLHQF\ � DQG
WKLVLVWKHUHDVRQZK\ ZHFKRVHLW�

7 KH0 LFURNHUQHOSDWWHUQVHSDUDWHVDP LQLP DOIXQFWLRQDOFRUHIURP H[ WHQGHGIXQFWLRQDO�
LW\ DQG FXVWRP HU�VSHFLpF SDUWV� 7 KHP LFURNHUQHODOVR VHUYHVDVD SODWIRUP IRUSOXJJLQJ LQ
WKHVHH[ WHQVLRQVDQGFRRUGLQDWLQJ WKHLUFROODERUDWLRQ� ( oRUWDQGWLP HDUHWUDGHG�Ro DJDLQVW
VFDODELOLW\ � KHUHLQWKHVHQVHRI DOORZLQJ XVWRDGGFRP SRQHQWVWRWKHV\ VWHP � � &RQVHTXHQWO\ �
SHUIRUP DQFHDQGFHUWDLQGHJUHHRI Hr FLHQF\ DUHWUDGHG�Ro DJDLQVWVFDODELOLW\ �

& RP SXWHU7 HOHSKRQ\ , QWHJUDWLRQ� 7 KHVHFRQGGHVLJQLVVXHGLVFXVVHVWKHWUDGH�RoVEH�
WZHHQ&RP SXWHU7HOHSKRQ\ ,QWHJUDWLRQ� &7 , � DQG?) ODVK DQG' LDO� LQWHJUDWLRQ �VHH) LJXUH
� � IRUGHWDLOVRI WKLVGHVLJQLVVXH� �

7 KHGHFLVLRQLVP DGHLQIDYRURI DQH[ WUDOHYHORI LQGLUHFWLRQEHWZHHQFDOOFHQWHUDSSOLFD�
WLRQVDQGWKHVZLWFK� WKHUHE\ LP SURYLQJ WKHP DLQWDLQDELOLW\ DQGVFDODELOLW\ RI WKHV\ VWHP �
ZKLOHVOLJKWO\ JLYLQJ XS RQSHUIRUP DQFH� 6LQFHWKHFDOOFHQWHUSURGXFWQHHGVWRLQWHURSHUDWH
ZLWK DEURDG VSHFWUXP RI VZLWFKHV� IXWXUHFKDQJHVWRWKHVZLWFK SODWIRUP VKRXOGQRWQHF�
HVVDULO\ DoHFWFDOOFHQWHUDSSOLFDWLRQV� 0 RGLpFDWLRQVVKRXOG EHSRVVLEOHDVWKHLUHoHFWVRQ



� �

) LJ� � � � ) RUFHKLHUDUFK\ IRUWKH0 LFURNHUQHOSDWWHUQ

RWKHUFDOOFHQWHUFRP SRQHQWVDUHP LQLP L] HG� / LNHZLVH� FKDQJHVWR WKHDSSOLFDWLRQVVKRXOG
QRWQHFHVVDULO\ LP SRVHDGMXVWP HQWVWRWKHVZLWFK�

$ IWHUP DWFKLQJ WKH QRQ�IXQFWLRQDOUHTXLUHP HQWV UHODWHG WR WKLV LVVXH ZLWK WKH IRUFHV
DGGUHVVHG E\ WKH ,QGLUHFWLRQ� %LQGLQJ SDWWHUQ >� � @�VHH LWV IRUFH KLHUDUFK\ LQ ) LJXUH � � �
6HFWLRQ� � � WKLVSDWWHUQUHVXOWVLQWKH?EHVWpW� IURP WKHSDWWHUQVFRQWDLQHGLQRXUFDWDORJ�
7 KLVSDWWHUQDOVRSURP RWHVWKHUHXVHRI UHVRXUFHV� DNH\ DVSHFWRI SKRQHVHUYLFHV�

$ JHQWDXWRP DWLRQ� 7 KLVWLP H� ZHZDQWWRGHYLVHWKHDJHQWVWDWLRQDSSOLFDWLRQVWUXFWXUH�
6\ VWHP GRFXP HQWDWLRQVWDWHVWKDWLWKDVWRIROORZ WKHFOLHQW�VHUYHUP RGHO� : HDOVRZDQWWR
FRQVLGHUWKHQRQ�IXQFWLRQDOUHTXLUHP HQWVDVVRFLDWHG ZLWK WKLVGHVLJQ LVVXH� VHH) LJXUH� � �
WRGHpQHDVWUXFWXUHWKDWVDWLVpHVWKHP DWDUHDVRQDEOHGHJUHH�

+ HUHWKHSULRULW\ LVJLYHQWRWKHWUDQVSDUHQF\ � LQWHUP VRI LQWHURSHUDELOLW\ � WKDWDQDJHQW
VWDWLRQDSSOLFDWLRQUHTXLUHVLQLQWHUDFWLQJ ZLWKRWKHUVRIWZDUHFRP SRQHQWV�H�J�� FOLHQW�VHUYHU
LQWHUDFWLRQ� ' DWD&ROOHFWRU� DJHQWVWDWLRQDSSOLFDWLRQLQWHUDFWLRQ� DQGVRIRUWK� � 6FDODELOLW\
�LQWHUP VRI SURYLGLQJ VXSSRUWIRUP RUHDSSOLFDWLRQV� LVDOVRDUHTXLUHP HQW� 6DWLVI\ LQJ WKHVH
UHTXLUHP HQWVLP SOLHVJLYLQJ XS RQSHUIRUP DQFH�

6LQFH WKH %URNHU SDWWHUQ >� @IROORZV WKH FOLHQW�VHUYHU P RGHODQG DGGUHVVHV WKH QRQ�
IXQFWLRQDOUHTXLUHP HQWVUHODWHGWRWKLVGHVLJQLVVXH� LWUHVXOWVWKH?EHVWpW� IURP RXUSDWWHUQ
FDWDORJ � ) LJXUH� � � LQ6HFWLRQ� � VKRZVLWVFRUUHVSRQGLQJ IRUFHKLHUDUFK\ � �



� �

) LJ� � � � &RQVLGHULQJ WKH&DOO&RQWURO$ 3, IRUVZLWFK ^ DSSOLFDWLRQLQWHUDFWLRQ

� �� $ GGUHVVLQJ WKH 3 DWWHUQ $ SSOLFDWLRQ

0 LFURNHUQHO� ,QVWDQWLDWLRQ RI WKH 0 LFURNHUQHOSDWWHUQ IRUWKH FDOOFHQWHULV VKRZQ LQ
) LJXUH� � � ,WVDSSOLFDWLRQ VXSSRVHVD IXQFWLRQDOGLVDJJUHJDWLRQ LQWR WKUHHEDVLF HOHP HQWV�
WKH 0 LFURNHUQHO�FRUUHVSRQGLQJ WR WKH 3%; VZLWFK� � DQ DGMXQFWFRP SRQHQW�WR VXSSRUW
DQ\ LQWHUQDODSSOLFDWLRQDGGHGWRWKH3%; VZLWFK� � DQGDFRP SRQHQWWKDWKDQGOHVIHDWXUHV
VXFK DV$ &' � $ XWRP DWLF &DOO' LVWULEXWLRQ� WR SURYLGHVXSSRUWIRULQWHOOLJHQWURXWLQJ� ,Q
WKLVFRQWH[ W� DQ DGGLWLRQDOFRP SRQHQW�$ GDSWHU� DSSHDUVLQ WKHUHVXOWLQJ VWUXFWXUH� 7 KLV
FRP SRQHQWLVQRWpOOHG \ HWE\ DQ\ REMHFW� WKLVLVIDLUO\ W\ SLFDOIRUDUFKLWHFWXUDOSDWWHUQV
VXFK DVWKH0 LFURNHUQHOSDWWHUQ� �

, QGLUHFWLRQ� %LQGLQJ� 7 KH,QGLUHFWLRQ� %LQGLQJ SDWWHUQLQVWDQWLDWLRQIRUWKHFDOOFHQWHU
LV VKRZQ LQ ) LJXUH � � � ) RUWKH VDNH RI FDOOFHQWHULP SOHP HQWDWLRQ� WKLV SDWWHUQ LP SRVHV
D CP HGLDWRU
 DP RQJ WKH VZLWFKHV DQG DOOWKH SRWHQWLDOIXQFWLRQV WKDWFRP SULVH WKH FDOO
FHQWHUDSSOLFDWLRQV� 7 KHUROHRI CP HGLDWRU
 LVSOD\ HGE\ D&7 , DGDSWHU� ZKLFK SURYLGHVWKH
VHUYLFHV UHTXLUHG E\ &7 , FOLHQWDSSOLFDWLRQV� 7 KH,QGLUHFWLRQ� %LQGLQJ SDWWHUQ DOORZV FDOO
FHQWHUDUFKLWHFWXUH WR SURYLGH WKH FRUH �VZLWFKHV� ZLWK D FHUWDLQ GHJUHH RI LQGHSHQGHQFH
ZLWK UHVSHFWWRFDOOFHQWHUDSSOLFDWLRQV�

7 KHFOLHQWFRP SRQHQWLQWKLVVWUXFWXUHP D\ EHpOOHG E\ WKH' DWD&ROOHFWRU� 7 KH' DWD
&ROOHFWRULVWKHFRP SRQHQWUHVSRQVLEOHIRUJDWKHULQJ LQIRUP DWLRQIURP &7 , FRP SRQHQWV�



� �

) LJ� � � � &RQVLGHULQJ WKHDUFKLWHFWXUHRI DJHQWVWDWLRQDSSOLFDWLRQV

%URNHU� 7 KH LQVWDQWLDWLRQ RI WKH %URNHUSDWWHUQ LV VKRZQ LQ ) LJXUH � � � 7 KLV SDWWHUQ
HVWDEOLVKHVD FOLHQW�VHUYHUVWUXFWXUHIRUWKHDJHQWVWDWLRQ DSSOLFDWLRQV� ,Q DGGLWLRQ WR WKLV
IHDWXUH� DQLQWHUP HGLDWHFRP SRQHQW� %URNHU� LVORFDWHGLQWKHP LGGOHDQGWZRSUR[ LHV� RQH
IRUHDFK VLGHRI WKHFOLHQW�VHUYHUVWUXFWXUH� DFWDVGHOHJDWHVIRUKDQGOLQJ WKHFOLHQW�VHUYHU
FRQQHFWLRQVDQGP HVVDJHH[ FKDQJH�

& RQVROLGDWLQJ D YLHZ RI WKH FDOOFHQWHU DUFKLWHFWXUH� 6R IDU� ZHKDYHREWDLQHG D
VHSDUDWHYLHZ RI HDFK SDWWHUQLQVWDQWLDWLRQ� ) LJXUH� � VKRZVWKHUHVXOWLQJ VWUXFWXUHRI WKH
FDOOFHQWHUDSSOLFDWLRQ DIWHULQFRUSRUDWLQJ WKH WKUHH SDWWHUQV LQWR GHVLJQ DQG LQWHJUDWLQJ
WKHLULQVWDQWLDWLRQVIRUWKHFDOOFHQWHU�

$ OWKRXJK ZHVWLOOGRQRWKDYHLQIRUP DWLRQDERXWWKH' DWD&ROOHFWRUGHVLJQLQGHWDLO� ZH
P D\ DQWLFLSDWHWKDWLWZLOOLQWHUDFWZLWK WKHVHUYHU�VLGHRI DJHQWVWDWLRQDSSOLFDWLRQV� ,WDOVR
UHP DLQVWRGHpQHWKHVWUXFWXUHRI WKH' DWD&ROOHFWRUDQGLWVSRVVLEOHLQWHUDFWLRQZLWK WKH
DJHQWVWDWLRQVHUYHU�

& RP SDULQJ WKH UHVXOWV Z LWK WKH DFWXDOGHVLJQ� $ JHQHUDOYLHZ RI WKH KLJK�OHYHO
DUFKLWHFWXUHGHVFULSWLRQ SURYLGHG E\ WKHV\ VWHP GHVLJQ GRFXP HQWDWLRQ LVVKRZQ LQ ) LJXUH
� � �

5 HJDUGLQJ WKHRYHUDOOV\ VWHP DUFKLWHFWXUH� WKHDFWXDOGHVLJQHU
VGHFLVLRQLP SOLHVOHDYLQJ
D P LQLP DOH[ SUHVVLRQ RI IXQFWLRQDOLW\ LQ WKH VZLWFK DQG WR EXLOG RQ VHSDUDWH IXQFWLRQV



� �

) LJ� � � � 0 LFURNHUQHOSDWWHUQLQVWDQWLDWLRQIRUWKHFDOOFHQWHU

LQWR RWKHUFRP SRQHQWV� : HREVHUYH WKDWWKHFRUH DQG WKHIXQFWLRQVKDYHEHHQ VHSDUDWHG
�WKH VZLWFK UHSUHVHQWLQJ WKH FRUH� WKH LQWHOOLJHQWURXWLQJ DV DQ DGMXQFWIXQFWLRQ� � 7 KXV�
DGGLWLRQDOVZLWFKHV� IHDWXUHV� DQG DSSOLFDWLRQV FDQ EHLQFRUSRUDWHG LQ WKH IXWXUH� ,WP D\
DOVREHSRVVLEOHWR P DNHFKDQJHVLQ FDOOFHQWHUFRP SRQHQWVLQ UXQ�WLP H� 7 KLVFRQIRUP VWR
WKH0 LFURNHUQHOP RGHOSUHGLFWHGE\ WKHSDWWHUQLQVWDQWLDWLRQ�

$ VIRUFRP SXWHUWHOHSKRQ\ LQWHJUDWLRQ� WKHDFWXDOGHVLJQHU
VGHFLVLRQHQWDLOVWKHXVHRI
D &7 , FRP SRQHQW� 7 KHP DLQ UHVSRQVLELOLW\ RI WKLVFRP SRQHQW� DVLVXVXDOIRUDSSOLFDWLRQV
EDVHGRQ&7 , >� @� LVWRSURYLGHDQLQWHUIDFHZLWK DVHWRI VHUYLFHVIRUFDOOFHQWHUDSSOLFDWLRQV�
$ VIRUWKHLQVWDQWLDWLRQRI WKH,QGLUHFWLRQ� %LQGLQJ SDWWHUQ� WKLVLQWURGXFHVDQLQWHUP HGLDWH
OD\ HUEHWZHHQWKHVZLWFKHVDQGFDOOFHQWHUDSSOLFDWLRQV� 7 KLVDOVRLP SRVHVDFHUWDLQGHJUHH
RI DFFHSWDEOHSHUIRUP DQFHGHJUDGDWLRQ� + RZHYHU� WKLVSHQDOW\ LVSDLGRo VLQFH� DVUHTXLUHG�
FKDQJHVLQVZLWFKHVGRQRWDoHFWFDOOFHQWHUDSSOLFDWLRQV� DQGYLFHYHUVD�

7 KHV\ VWHP GRFXP HQWDWLRQVWDWHVWKDWWKHVWUXFWXUHRI WKHDJHQWVWDWLRQDSSOLFDWLRQKDV
WRIROORZ WKHFOLHQW�VHUYHUP RGHO� ,QDGGLWLRQWRWKLV� LWLVDOVRHVWDEOLVKHGE\ WKHGHVLJQHU
V
GHFLVLRQWKDWWKHLQWHUDFWLRQEHWZHHQFOLHQWVDQGVHUYHUVLVKDQGOHGWKURXJK5 HP RWH0 HWKRG
,QYRFDWLRQ �5 0 ,� >� � @� ,WP DNHV SRVVLEOH WKDWDQ DJHQWVWDWLRQ FOLHQWDSSOLFDWLRQ FDOOV D
UHP RWHFRP SRQHQWLQDVHUYHU� DQGWKDWDQDJHQWVWDWLRQVHUYHUDSSOLFDWLRQP D\ DOVREHD
FOLHQWRI RWKHUUHP RWHREMHFWV�LI QHHGHG� �

) RUWKHSDWWHUQLQVWDQWLDWLRQ� WKHVXSSRUWLQJ VWUXFWXUH� &OLHQW�VLGH3UR[ \ � %URNHU� 6HUYHU�
VLGH3UR[ \ � SURYLGHVWKHGHVLUHG VFDODELOLW\ UHTXLUHG IRUDJHQWVWDWLRQ DSSOLFDWLRQV� ,WDOVR
GLVFKDUJHVDJHQWVWDWLRQ DSSOLFDWLRQVIURP LQFOXGLQJ FRP SOH[ P HFKDQLVP VIRUHQDEOLQJ LQ�
WHUFRQQHFWLRQ� ,QWKLVZD\ � WKH%URNHUSDWWHUQP DWFKHVWKHXVHRI 5 0 ,�



� �

) LJ� � � � ,QGLUHFWLRQ� %LQGLQJ SDWWHUQLQVWDQWLDWLRQIRUWKHFDOOFHQWHU

� �� ' HYLVLQJ D 3 DWWHUQ / DQJXDJH

: H FRXOG FRQVLGHUKRZ WKH SURFHVV DSSOLHG WR FDOOFHQWHUGHVLJQ P LJKWKHOS XV HVWDEOLVK
FHUWDLQUHODWLRQVKLSVDP RQJ VRP HSDWWHUQVIURP RXUFDWDORJ� : HKDYHVXFFHVVLYHO\ DSSOLHG
WKUHHSDWWHUQVDQGGHULYHGDVWUXFWXUHWKDWVDWLVIDFWRULO\ FRQIRUP VWRWKHEDVLFUHTXLUHP HQWV
HVWDEOLVKHGLQWKHV\ VWHP GRFXP HQWDWLRQ� 7 KLVOHDGVXVWRWKHFRQFOXVLRQWKDWDUHODWLRQVKLS
H[ LVWVDP RQJ WKH0 LFURNHUQHO� WKH%LQGLQJ� ,QGLUHFWLRQ� DQGWKH%URNHUSDWWHUQ� / LNHZLVH� D
VHTXHQFHRI SDWWHUQDSSOLFDWLRQVKDVEHHQHVWDEOLVKHG� + HQFH� ZHKDYHGHULYHGDEDFNERQH
IRUDFDOOFHQWHUDUFKLWHFWXUHDQGZHFDQEXLOGRQWKLVLQLWLDOLQWHUUHODWLRQVKLS WRGHYLVHDQ
P LQLSDWWHUQODQJXDJH� VHH) LJXUH� � � �

$ OWKRXJKWKHUHODWLRQVKLSVDP RQJ WKHVHWKUHHSDWWHUQVZHUHHVWDEOLVKHGDVDFRQVHTXHQFH
RI WKHLUDSSOLFDWLRQWRWKHFDVHVWXG\ � DQGWKLVFRQVWLWXWHVDEDFNERQHIRUDGHVLJQVFKHP H
EDVHG RQ WKHVH SDWWHUQV� ZH FRXOG DOVR FRQVLGHUWZR SRVVLEOH SDWKV WR LQFRUSRUDWH P RUH
SDWWHUQVWRRXULQLWLDOP LQLSDWWHUQODQJXDJH�

^ 6HHN RXWORRVHHQGVLQWKHQHZ SDWWHUQUHSUHVHQWDWLRQDQGDGGUHVVWKHLUVROXWLRQ�
^ &RP SOHWHRXUP LQLSDWWHUQODQJXDJHE\ DSSO\ LQJ RWKHUSDWWHUQVGHpQHGLQWKHSDWWHUQ

OLWHUDWXUH�

/ HWXVFRQVLGHUWKHpUVWSRVVLELOLW\ � : KHQDQDO\ ] LQJ WKHIRUFHKLHUDUFK\ IRUWKH0 LFUR�
NHUQHOSDWWHUQ� DVXEMHFWWKDWGHP DQGVIXUWKHUDWWHQWLRQLVSRLQWHGRXWE\ RQHRI LWVFODLP V�
) XQFWLRQDOGLVDJJUHJDWLRQ P DNHV KDUGHU WR NHHS P DQDJHULDOFRQWURORI WKH ZKROH DSSOLFD�



� �

) LJ� � � � %URNHUSDWWHUQLQVWDQWLDWLRQIRUWKHFDOOFHQWHU

WLRQ� ,QRWKHUZRUGV� VHYHUDOKHWHURJHQHRXVFRP SRQHQWVZRUNLQJ WRJHWKHUP LJKWFDXVHVRP H
GLr FXOWLHVIRUP DQDJLQJ WKHLUFRP P RQVWDWH�

7 KLV LV D FUXFLDODVSHFWRI FDOOFHQWHUGHVLJQ� 7 KLV FRQVHTXHQFH RI WKH DSSOLFDWLRQ RI
WKH0 LFURNHUQHOSDWWHUQLVLP SOLFLWO\ HVWDEOLVKHGLQWKHV\ VWHP GRFXP HQWDWLRQZKHQVWDWLQJ
WKDWWKH HQWLUH FRQWURORI D FDOOFHQWHU FRQpJXUDWLRQ DQG P DQDJHP HQWP D\ EH GHOD\ HG
XQWLOWKH VHFRQG SKDVH RI WKH SURMHFWLQ IDYRURI WKH WLP H�WR�P DUNHWFRQVWUDLQW� : H FDQ
DGGUHVVWKLVLVVXHE\ DSSO\ LQJ WKH' HYLDWLRQSDWWHUQ>� � @� WRFRQVLGHUKRZ WRNHHS DFRP SDFW
UHSUHVHQWDWLRQRI WKHVWDWHRI WKHV\ VWHP � DQGWKH%ODFNERDUGSDWWHUQ>� @>� � @�WRGHWHUP LQH
KRZ WR HVWDEOLVK D FRRUGLQDWLRQ P HFKDQLVP DP RQJ WKHFRP SRQHQWV� � 7 KHIDFWWKDWWKHVH
WZRSDWWHUQVFDQEHFRP ELQHGLQWKLVIDVKLRQWRDGGUHVVVLP LODUSUREOHP VLVVWDWHGLQ>� @�

1 RZ OHWXVFRQVLGHUWKHVHFRQGSDWK� ,Q>� @� LWLVVWDWHGWKDWWKHLP SOHP HQWDWLRQRI WKH
IXQFWLRQDOFRP SRQHQWVGHULYHGIURP WKH0 LFURNHUQHOSDWWHUQFRXOGEHDGGUHVVHGE\ DSSO\ LQJ
WKH/ D\ HUVSDWWHUQ� ) RUWKHSXUSRVHRI FDOOFHQWHUGHVLJQ� WKLVZRXOGLP SO\ XVLQJ WKH/ D\ HUV
DSSURDFK WRLP SOHP HQWWKH&7 , FRP SRQHQW� 6LQFHWKH&7 , FRP SRQHQWUHVXOWHGIURP DSSO\ �
LQJ WKH%LQGLQJ� ,QGLUHFWLRQSDWWHUQ� WKH/ D\ HUVSDWWHUQLVSODFHGDIWHU%LQGLQJ� ,QGLUHFWLRQ
LQRXUP LQLSDWWHUQODQJXDJH�

&RQVLGHULQJ WKHVHZHOOHVWDEOLVKHGUHODWLRQVKLSV� ZHFDQLQFRUSRUDWHWKHVHSDWWHUQV� ' H�
YLDWLRQ� %ODFNERDUG� DQG/ D\ HUV� WRRXUODQJXDJH� 7 KHUHVXOWLQJ ODQJXDJHLVVKRZQLQ) LJXUH
� � �

: HP LJKWFRQWLQXHWRLQFRUSRUDWHP RUHSDWWHUQV� ZKHWKHUE\ FRQVLGHULQJ SUHYLRXVZHOO
HVWDEOLVKHGUHODWLRQVKLSV� E\ pJXULQJ RXWDVSHFWVWKDWVWLOOGHVHUYHDWWHQWLRQ�DIWHUDQDO\ ] LQJ
WKHSDWWHUQIRUFHKLHUDUFKLHV� DQGWKHFRUUHVSRQGLQJ VHOHFWLRQRI P RUHSDWWHUQV�



� �

) LJ� � � � 6WUXFWXUHRI WKHFDOOFHQWHUDSSOLFDWLRQDIWHULQFRUSRUDWLQJ SDWWHUQVLQWRGHVLJQ

� : KDW& RXOG * R : URQJ"

6RP HP HWKRGRORJLFDOUHVWULFWLRQVRI RXUDSSURDFK DUHDVIROORZV�

^ ' HSHQGHQF\ RQGHVLJQHU
VH[ SHUWLVHZKHQWKHDSSOLFDWLRQGRP DLQIRUFHKLHUDUFK\ LVFRP �
SRVHG� ,WLQYROYHVWKHVHOHFWLRQRI WKHUHOHYDQWIRUFHV� DVZHOODVWKHDVVRFLDWHGUHVRXUFHV
DQGWKHLUFRUUHVSRQGLQJ FRQVWUDLQWVDQGWUDGH�RoV�

^ ' HSHQGHQF\ RQGHVLJQHU
VMXGJHP HQWZKHQSDWWHUQVDUHVHOHFWHG�

&RQFHLYLQJ IRUFHKLHUDUFKLHVGHP DQGVRQJRLQJ UHpQHP HQWGXHWRWKHIROORZLQJ UHDVRQV�

^ $ WHDUO\ GHVLJQ VWDJHV� GHVLJQHUV P LJKWQRWEH DEOH WR LGHQWLI\ DOOWKH SRVVLEOH QRQ�
IXQFWLRQDOUHTXLUHP HQWVLQYROYHG�

^ ' HVLJQHUVP D\ WDNHLQWRDFFRXQWWKHQRQ�IXQFWLRQDOUHTXLUHP HQWVP RVWUHOHYDQWWRLQLWLDO
VWDJHVRI GHVLJQ� ,QFRUSRUDWLRQ RI WKHUHP DLQLQJ QRQ�IXQFWLRQDOUHTXLUHP HQWVZRXOG EH
WKHUHVXOWRI IXUWKHUDQDO\ VLVRQWKHGHVLJQSURFHVV�



� �

) LJ� � � � $ Q RYHUYLHZ RI WKH FDOOFHQWHUVWUXFWXUH � DFWXDOGHVLJQ� � &RP SRQHQWV SDUWLDOO\
DGGUHVVHGLQWKHFDVHVWXG\ DUHVKDGHG

+ HQFH� WKHUHLVQR SUH�GHpQHG SURFHGXUHZHFRXOG VWDWHIRUGHULYLQJ DQ DEVROXWHIRUFH
KLHUDUFK\ IRUDJLYHQDSSOLFDWLRQGRP DLQIRUFHUWDLQGHVLJQSURMHFW�

� & RQFOXGLQJ 5 HP DUNV

$ Q H[ SOLFLWUHSUHVHQWDWLRQ RI IRUFHV LQYROYHG LQ SDWWHUQV DQG WKHLULQWHUUHODWLRQVKLSV LV D
NH\ DVSHFWLQGHULYLQJ SDWWHUQ ODQJXDJHV� ,WP D\ GHWHUP LQHWKHXQGHUVWDQGLQJ RI SDWWHUQV
LQWHUFRQQHFWLRQ LQ D ODQJXDJH� DV ZHOODV WKH FRQVHTXHQFHV LP SOLHG LQ WKHLU SURJUHVVLYH
DSSOLFDWLRQWRDQ\ SUREOHP �

3DWWHUQ UHSUHVHQWDWLRQ KHUHSURSRVHG GRHVQRWUHSODFHDQ\ RI WKHFXUUHQWSDWWHUQ UHS�
UHVHQWDWLRQV� ,WLVLQWHQGHG WR FRP SOHP HQWWKHP E\ SURYLGLQJ SDWWHUQ XVHUVZLWK D EHWWHU
XQGHUVWDQGLQJ RI SDWWHUQLP SOLFDWLRQVDQGFRQVHTXHQFHVLQWHUP VRI IRUFHVLQYROYHG� ,QWXUQ�
WKLVDSSURDFK DOVRSURYLGHVDP HFKDQLVP IRUUHSUHVHQWLQJ WKHVDP HLVVXHV� IRUFHV� LQYROYHG
LQWKHFRQWH[ WRI DQ\ DGGUHVVHGSUREOHP �

,QWHUP VRI SURJUHVVLYHUHpQHP HQWDQGSRVVLEOHLQFRUSRUDWLRQRI SDWWHUQV� WKHQDWXUHRI
WKHDSSURDFK SUHVHQWHGKHUHSURYLGHVDZD\ IRUV\ VWHP DWLFUHpQHP HQWRI WKHIRUFHKLHUDUFK\
RI ERWK DQDSSOLFDWLRQGRP DLQDQGLWVDVVRFLDWHGSDWWHUQVROXWLRQV� + HQFH� LWLVSRVVLEOHWR
FRXQWRQDFRQVLVWHQWSODWIRUP IRURQJRLQJ UHpQHP HQWRI SDWWHUQGHVFULSWLRQV�



� �

) LJ� � � � $ QLQLWLDODWWHP SWWRGHYLVHDSDWWHUQODQJXDJH

) LJ� � � � $ P DS RI WKHH[ WHQGHGP LQLSDWWHUQODQJXDJH�SDWWHUQVDGGHGDUHVKDGHG�

: LWK WKHVXSSRUWRI WKHQHZ DSSURDFK� WKHZD\ VHYHUDOSDWWHUQVDUHLQWHUUHODWHG ZDV
GHYLVHG LQ WKHFDVHVWXG\ � 7RJHWKHUZLWK SUHYLRXVNQRZOHGJHRI RWKHULQWHUUHODWLRQVKLSVLQ
GLVWULEXWHGV\ VWHP GHVLJQ� DP LQLSDWWHUQODQJXDJHZDVFRQFHLYHGEDVHGRQWKHUHVXOWRI WKH
SDWWHUQLQVWDQWLDWLRQVUHVXOWLQJ IURP WKHFDVHVWXG\ �

� �� 3 RWHQWLDO%HQHpWV

6RP HEHQHpWVRI WKHSURSRVHGDSSURDFK DUHDVIROORZV�

^ 7R KDYHD SDWWHUQ UHSUHVHQWDWLRQ WKDWKLJKOLJKWVIRUFHV� UHVRXUFHV� DQG SDWWHUQ FRQWUL�
EXWLRQV� 7 KLVSURP RWHVXQGHUVWDQGLQJ RI SDWWHUQV� DQGFRQVHTXHQWO\ � WKHUHXVHRI EHVW
LGHDVLQDGGUHVVLQJ GHVLJQLVVXHV�

^ 7RGLVFRYHUSDWWHUQLQWHUUHODWLRQVKLSVSURYLGHVWKHRSSRUWXQLW\ RI FUHDWLQJ QHZ SDWWHUQ
ODQJXDJHV� 7 KLVRoHUVXQOLP LWHGSRVVLELOLWLHVWRVHDUFK DQGH[ SORLWLQWHJUDWHGVROXWLRQV�

^ 7RVXSSRUWXQGHUVWDQGLQJ RI SDWWHUQVSRUWDELOLW\ DFURVVDSSOLFDWLRQGRP DLQV� 6LQFHWKH
QRWLRQRI IRUFHKLHUDUFK\ FRP SULVHVDSSOLFDWLRQGRP DLQV� SDWWHUQFRQWULEXWLRQVP D\ EH
FRQVLGHUHGXQGHUGLoHUHQWYLHZV� 7 KLVKHOSVSDWWHUQSRUWDELOLW\ DFURVVVHYHUDOFRQWH[ WV�
DQGFRQVHTXHQWO\ � UHXVDELOLW\ LVSURP RWHG�



� �

^ 7 KHXVHRI WKH1 ) 5 ) UDP HZRUNKHOSVGHVLJQHUVP DNHLQIRUP HGGHFLVLRQVDQGDQWLFLSDWH
GHVLJQLVVXHVIRUIXWXUHDSSOLFDWLRQUHOHDVHV�

^ 8 VHUVP D\ EHHQFRXUDJHGWRJHWDFWLYHO\ LQYROYHGLQWKHDQDO\ VLVDQGGHVLJQSKDVHV� E\
GUDZLQJ RQSDWWHUQVDQGSDWWHUQODQJXDJHVLQDP RUHH[ SUHVVLYHZD\ �

� �� ) XWXUH ' LUHFWLRQV

2 XUQH[ WVWHSVP D\ EHRULHQWHGWRZDUGVWKHVHGLUHFWLRQV�

^ 8 VHWKHSURSRVHGSDWWHUQUHSUHVHQWDWLRQLQSDWWHUQDSSOLFDWLRQWRDQDQRQJRLQJ SURMHFW�
,WZRXOG DOVR DOORZ XVWR FRQpUP LWVVXLWDELOLW\ LQ D GLoHUHQWFRQWH[ WDQG SURYLGHWKH
RSSRUWXQLW\ RI IHHGEDFN DQGUHpQHP HQW�

^ ,QDP RUHH[ WHQVLYHZD\ � FRQWLQXHWRFRQVLGHUWKHDQDO\ VLVRI HDFK SDWWHUQUHSUHVHQWDWLRQ
WR GHYLVH SRVVLEOH FRQVHTXHQFHV RI SDWWHUQ DSSOLFDWLRQ� ,Q WKLV ZD\ � WKH P LQL SDWWHUQ
ODQJXDJHFRQVLGHUHGLQWKHFDVHVWXG\ P D\ EHH[ WHQGHG�



� �

� & DWDORJ RI 3 DWWHUQV

7 KLV VHFWLRQ SUHVHQWV D FRQGHQVHG YHUVLRQ RI D VHWRI SDWWHUQV DSSOLFDEOH WR GLVWULEXWHG
V\ VWHP GHVLJQ� ,QRUGHUWRHQFRP SDVVWKHHPEHGGHGUHDO�WLP HQDWXUHRI WKHVXEMHFWRI WKH
FDVHVWXG\ � VRP HSDWWHUQVZLWK HP SKDVLVRQSHUIRUP DQFHZHUHLQFOXGHG>� � @�

7DEOH� VKRZVWKHSDWWHUQQDP HVDQGWKHLUFRUUHVSRQGLQJ VRXUFHRI GRFXP HQWDWLRQ�

3 DWWHUQ 6RXUFH RI
QDP H GRFXP HQWDWLRQ

$ OWHUQDWH5 RXWHV >� � @
%DODQFLQJ >� � @� >� � @
%DWFKLQJ >� � @� >� � @

%LQGLQJ� ,QGLUHFWLRQ >� � @
%ODFNERDUG >� @� >� � @

%URNHU >� @
&RXSOLQJ >� � @
' HYLDWLRQ >� � @� >� � @
) DVW3DWK >� � @

) LUVW7 KLQJV) LUVW >� � @
) OH[ 7 LP H >� � @

/ D\ HUV >� @
0 LFURNHUQHO >� @

6OHQGHU&\ FOLF ) XQFWLRQV >� � @
7 DEOH � � 3DWWHUQVFRQWDLQHGLQWKHFDWDORJ DQGWKHLUFRUUHVSRQGLQJ VRXUFH



� �

$ OWHUQDWH5 RXWHV� 7 KLVSDWWHUQVSUHDGVWKHGHP DQGIRUKLJK�XVDJHREMHFWVVSDWLDOO\ � WKDW
LV� WR GLoHUHQWREMHFWV RUORFDWLRQV� 7 KHQHWUHVXOWLV WR UHGXFHFRQWHQWLRQ GHOD\ V IRUWKH
REMHFWV�

3 UREOHP � 7 KLVSUREOHP RFFXUVIUHTXHQWO\ LQ GDWDEDVHV\ VWHP VZKHQ P DQ\ SURFHVVHV
QHHG H[ FOXVLYHDFFHVVWR WKHVDP HSK\ VLFDOORFDWLRQV� XVXDOO\ WR H[ HFXWHDQ XSGDWH� : KHQ
P DQ\ SURFHVVHVPXVWKDYHDFFHVVWRWKHVDP HSK\ VLFDOORFDWLRQ� WKHUHTXHVWVPXVWVHULDOL] H�
FDXVLQJ GHOD\ VIRUZDLWLQJ SURFHVVHV�

7 KLVSUREOHP DOVR KDSSHQVZKHQ VHYHUDOSURFHVVHVP XVWFRRUGLQDWHZLWK D VLQJOHFRQ�
FXUUHQWSURFHVV�

6ROXWLRQ� 7 KHVROXWLRQIRUWKLVSUREOHP LVWRpQGDQDOWHUQDWHURXWHIRUWKHSURFHVVLQJ�
7 KHUHDUHVHYHUDOVWUDWHJLHVIRUpQGLQJ DOWHUQDWHURXWHV�

,QWKHGDWDEDVHDFFHVVVLWXDWLRQ� ZHQHHGWRpQGDZD\ IRUWKHDFFHVVHVWRJRWRGLoHUHQW
SK\ VLFDOORFDWLRQV� ' HSHQGLQJ RQ WKH QDWXUHRI WKH SUREOHP � WKHUH DUHVRP H VROXWLRQV WR
DGGUHVV WKLV VLWXDWLRQ� VXFK DV KDVKLQJ DOJRULWKP V� D GLoHUHQWNH\ DVVLJQP HQWVWUDWHJ\ �
DFFHVVLQJ GLoHUHQWWDEOHVDVWKHXSGDWHVDUHH[ HFXWHG� DQGVRIRUWK�

$ Q DOWHUQDWH URXWH VROXWLRQ IRU WKH SURFHVV FRRUGLQDWLRQ SUREOHP ZRXOG EH WR KDYH
PXOWLSOHGRZQVWUHDP SURFHVVHV� HDFK RQHXSGDWLQJ LWVRZQUHJLRQRI WKHGDWDEDVH�

7 KHVHVROXWLRQVVSUHDGWKHORDGVSDWLDOO\ E\ URXWLQJ GDWDEDVHDFFHVVHVWRGLoHUHQWDUHDV
RI WKHGDWDEDVHDQGURXWLQJ SURFHVVLQJ WDVNVWRGLoHUHQWSURFHVVHV�FRRUGLQDWLRQSUREOHP � �

1 ) 5 �EDVHG UHSUHVHQWDWLRQ� 7 KUHHQRQ�IXQFWLRQDOUHTXLUHP HQWVDUHLP SOLHG LQ WKLV
VROXWLRQ� 7 KLVSDWWHUQWUDGHVRo HoRUW�LQGHpQLQJ WKHVWUDWHJ\ IRUVSUHDGLQJ WKHORDG� ZLWK
SHUIRUP DQFH�UHVSRQVLYHQHVVDQG VFDODELOLW\ � � ) LJXUH� � VKRZVWKHIRUFHKLHUDUFK\ IRUWKH
$ OWHUQDWH5 RXWHSDWWHUQ�



� �

) LJ� � � � ) RUFHKLHUDUFK\ IRUWKH$ OWHUQDWH5 RXWHSDWWHUQ

%DODQFLQJ� 7 KLVSDWWHUQLVFRQFHUQHGZLWK WKHUHP RYDORI ERWWOHQHFNVRQHE\ RQHXQWLODOO
UHVRXUFHVDUHHTXDOO\ FRQVWUDLQHG�

3 UREOHP � $ VVXP HWKDWZHZDQWWR LQFUHDVHWKHVSHHG ZLWK ZKLFK ZHVWRUHGDWD RQ D
WDSHGULYHDWWDFKHGWRDFRP SXWHUWKURXJK DQ,� 2 EXV� 7 KHWKUHHFRP SRQHQWVDoHFWLQJ WKH
VSHHGDUHWKH&38 � WKH,� 2 EXV� DQGWKHWDSH�GULYHZULWHP HFKDQLVP � 0 HDVXUHP HQWVP D\
VKRZ WKDWWKHVORZHVWFRP SRQHQWLQWKHV\ VWHP LVWKHWDSHGULYH� 7 KHQ� QRP DWWHUKRZ IDVW
WKH&38 RUWKH,� 2 EXVLV� V\ VWHP SHUIRUP DQFHZLOOQRWLP SURYHXQOHVVWKHWDSHGULYH
V
SHUIRUP DQFHGRHV�

6XSSRVHZHQRZ UHSODFHWKHGULYHZLWK D IDVWHURQH� 7 KHQ� ZHP D\ pQG WKDWWKH,� 2
EXVLVWRRVORZ WRP DWFK WKHWDSHGULYH� 7 KXV� ZHKDYHDQHZ ERWWOHQHFN� WKH,� 2 EXV� ,Q
RUGHUWR UHP RYHWKHQHZ ERWWOHQHFN DQG JHWD EDODQFHG V\ VWHP ZHP XVWFRQVLGHUDQRWKHU
DSSURDFK�

6ROXWLRQ� 7 KH ERWWOHQHFN GHYLFH LV WKH RQH ZLWK WKH KLJKHVWXWLOL] DWLRQ� 7 KLV LV WKH
GHYLFHWKDWOLP LWVWKHVFDODELOLW\ �

,Q JHQHUDO� WKLV VROXWLRQ LP SOLHV LGHQWLI\ LQJ WKH FRP SRQHQWWKDWZLOOVDWXUDWH pUVW� ,W
LVWKHUHVRXUFHZLWK WKHKLJKHVWGHP DQG� %\ SURJUHVVLYHO\ LGHQWLI\ LQJ DQGHOLP LQDWLQJ ERW�
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WOHQHFNV� D EDODQFH LV UHDFKHG� ,WRFFXUV ZKHQ DOOUHVRXUFHV DUH HTXDOO\ FRQVWUDLQHG DQG
SHUIRUP DQFHJRDOVDUHDFKLHYHG�

6HYHUDODSSURDFKHV FDQ EH IROORZHG� FKDQJLQJ WKH VRIWZDUH� XVLQJ D IDVWHUGHYLFH� RU
DGGLQJ P RUHGHYLFHV� ) RUWKHH[ DP SOH� ZHPXVWLP SURYHWKH,� 2 EXVWR P DWFK WKHGULYH
VSHHG� SHUKDSV E\ XVLQJ D GLoHUHQW,� 2 EXV WHFKQRORJ\ � 7 KLV SURFHVV FRQWLQXHV XQWLOZH
P HHWWKHSHUIRUP DQFHWDUJHWRUUXQRXWRI UHVRXUFHV� ,GHDOO\ � WKH,� 2 EXV� GULYH� DQG&38
ZLOOVLPXOWDQHRXVO\ UHDFK WKHLUP D[ LPXP SHUIRUP DQFH� VRWKDWWKHV\ VWHP LVEDODQFHG�

1 ) 5 �EDVHG UHSUHVHQWDWLRQ� ) LJXUH� � VKRZVWKHIRUFHKLHUDUFK\ IRUWKH%DODQFLQJ
SDWWHUQ� 2 EVHUYHWKDWWKHHoHFWRQHr FLHQF\ LVXQGHFLGHG� 7 KLVLVQRWFOHDU\ HWDQGGHSHQGV
RQVSHFLpF LP SOHP HQWDWLRQV�

) LJ� � � � ) RUFHKLHUDUFK\ IRUWKH%DODQFLQJ SDWWHUQ



� �

%DWFKLQJ� 7 KLV SDWWHUQ FRPELQHV IUHTXHQWUHTXHVWV IRUVHUYLFH WR VDYH WKH RYHUKHDG RI
LQLWLDOL] DWLRQ� WUDQVP LVVLRQ� DQGWHUP LQDWLRQSURFHVVLQJ IRUWKHUHTXHVWV�

3 UREOHP � 7 KH SUREOHP RFFXUV ZKHQ UHTXHVWHG WDVNV UHTXLUH FRQVLGHUDEOH RYHUKHDG
SURFHVVLQJ IRULQLWLDOL] DWLRQ� WHUP LQDWLRQ� DQG� LQGLVWULEXWHGV\ VWHP GHVLJQ� IRUWUDQVP LWWLQJ
GDWDDQGUHTXHVWV� ) RUYHU\ IUHTXHQWWDVNV� WKHDP RXQWRI WLP HVSHQWLQRYHUKHDGSURFHVVLQJ
P D\ H[ FHHGWKHDP RXQWRI UHDOSURFHVVLQJ RQWKHV\ VWHP �

6ROXWLRQ� 7 KHVROXWLRQWRWKLVSUREOHP LVWRFRP ELQHWKHUHTXHVWVLQWREDWFKHVVRWKH
RYHUKHDGSURFHVVLQJ LVH[ HFXWHGRQFHIRUWKHHQWLUHEDWFK LQVWHDGRI IRUHDFK LQGLYLGXDOLWHP �

%DWFKLQJ FDQ EHSHUIRUP HG E\ WKHVHQGHURUWKHUHFHLYHURI WKHUHTXHVW� : LWK VHQGHU�
VLGH%DWFKLQJ� WKHVHQGHUFROOHFWVUHTXHVWVDQGIRUZDUGVWKHFROOHFWLRQ LQ RQHEDWFK� : LWK
VHUYHU�VLGH%DWFKLQJ� WKHUHFHLYHUFROOHFWVUHTXHVWVDQG� ZKHQDEDWFK LVUHFHLYHG� EHJLQVWKH
SURFHVVLQJ IRUDOORI WKHP �

7 KH%DWFKLQJ SDWWHUQ P LQLP L] HVWKHSURGXFWRI WKHSURFHVVLQJ WLP HVWKHIUHTXHQF\ RI
UHTXHVWV� %DWFKLQJ GRHV VOLJKWO\ P RUH ZRUN SHUH[ HFXWLRQ� EXWUHGXFHV WKH IUHTXHQF\ RI
H[ HFXWLRQ� WKHUHE\ \ LHOGLQJ DVP DOOHUSURGXFW�WKDQLQGLYLGXDOUHTXHVWV� �

1 ) 5 �EDVHG UHSUHVHQWDWLRQ� 7 KLVSDWWHUQ WUDGHVRo HoRUW� LQ GHVLJQLQJ DQG GHYHO�
RSLQJ WKHEDWFKHU� ZLWK SHUIRUP DQFH�UHVSRQVLYHQHVVDQGVFDODELOLW\ � � ) LJXUH� � VKRZVWKH
FRUUHVSRQGLQJ IRUFHKLHUDUFK\ IRUWKH%DWFKLQJ SDWWHUQ�

) LJ� � � � ) RUFHKLHUDUFK\ IRUWKH%DWFKLQJ SDWWHUQ
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%LQGLQJ� , QGLUHFWLRQ� 7 KLVSDWWHUQKDQGOHVVLWXDWLRQVLQZKLFK VHYHUDOFRP SRQHQWVP D\
FKDQJHWKHLUORFDWLRQ�

3 UREOHP � 6XSSRVHZHKDYHDIULHQG� - RKQ' RH� ZKRIUHTXHQWO\ FKDQJHVH�P DLODGGUHVVHV
DV KH P RYHV IURP RQH ,QWHUQHWSURYLGHUWR DQRWKHU� + HQFH� NHHSLQJ LQ WRXFK ZLWK - RKQ
UHSUHVHQWVDSUREOHP EHFDXVHZKHQHYHUZHZDQWWRVHQGKLP DQH�P DLOZHKDYHWRpQGKLV
FXUUHQWDGGUHVV�

6ROXWLRQ� $ V\ VWHP FDQ EHGHVFULEHG DWVHYHUDOOHYHOVRI DEVWUDFWLRQ� 7 KHJUHDWHUWKH
OHYHORI DEVWUDFWLRQ� WKH P RUH WKH JHQHUDOLW\ RI WKH GHVFULSWLRQ� + RZHYHU� DWVRP H SRLQW�
ZH QHHG WR JR IURP WKH JHQHUDOWR WKH VSHFLpF� 7 KLV LV FDOOHG ELQGLQJ DQ LQVWDQFH WR DQ
DEVWUDFWLRQ�

,I ZHVWRUHWKHWUDQVODWLRQ IURP DQ DEVWUDFWLRQ WR LWVFXUUHQWLQVWDQFHLQ D ZHOO�NQRZQ
ORFDWLRQ� WKHV\ VWHP FDQXVHWKLVLQIRUP DWLRQWRDXWRP DWLFDOO\ GHUHIHUHQFHWKHDEVWUDFWLRQ�
7 KLVLVFDOOHGLQGLUHFWLRQ�

: HFRXOG VDYHVRP HWURXEOHLI ZHKDG DQ DOLDVIRU- RKQ� VD\ ?MGRH� � DQG XSGDWHG DQ
DOLDVpOHZKHQHYHU- RKQ
VDGGUHVVFKDQJHG� 7 KXV� ZHERXQGDQDOLDVWRWKHFXUUHQWH�P DLO
DGGUHVVIRU- RKQ ' RH� ,QGLUHFWLRQ DOORZVXVWR DOZD\ VVHQG P DLOWR ?MGRH� DVWKHV\ VWHP
WUDQVODWHVWKLVDXWRP DWLFDOO\ WRWKHFXUUHQWH�P DLODGGUHVV�

,QGLUHFWLRQDOORZVXVWRG\ QDP LFDOO\ DVVRFLDWHLQVWDQFHVZLWK DEVWUDFWLRQVE\ P RGLI\ LQJ
WKHWUDQVODWLRQVWRUHGLQDZHOO�NQRZQORFDWLRQ�

1 ) 5 �EDVHG UHSUHVHQWDWLRQ� ) LJXUH� � VKRZVWKHFRUUHVSRQGLQJ IRUFHKLHUDUFK\ IRU
WKH%LQGLQJ� ,QGLUHFWLRQSDWWHUQ�



� �

) LJ� � � � ) RUFHKLHUDUFK\ IRUWKH%LQGLQJ� ,QGLUHFWLRQSDWWHUQ

%ODFNERDUG� $ VHWRI DJHQWVVSHFLDOL] HG LQ SHUIRUP LQJ GLoHUHQWWDVNVLVLQWHQGHG WR SHU�
IRUP DSDUWLFXODUVXEWDVN RI DQRYHUDOOWDVN� 7 KLVSDWWHUQSURYLGHVDP HDQVWKDWVXSSRUWV
P RQLWRULQJ DQGEXLOGLQJ RQP XWXDOSURJUHVV�

3 UREOHP � $ JHQWV QHHG WR FROODERUDWH WR SHUIRUP FRP SOH[ WDVNV WKDWH[ WHQG EH\ RQG
WKHLULQGLYLGXDOFDSDELOLWLHV� $ ZD\ WRHQDEOHFROODERUDWLRQLVWRKDUGZLUHWKHUHODWLRQVKLSV
EHWZHHQ DJHQWV� + RZHYHU� WKLV LV GLr FXOWWR DFKLHYH LI WKH ORFDWLRQV RI WKH FROODERUDWLQJ
DJHQWV DUH QRWp[ HG� VRP H DJHQWV KDYH QRWEHHQ FUHDWHG DWWKH WLP H DQ DJHQWZDQWV WR
LQWHUDFWZLWK WKHP � RULI DJHQWVDUHP RELOH�

7 KH FRRUGLQDWLRQ SURWRFROQHHGHG IRUDJHQWFROODERUDWLRQ FDQ EH H[ SUHVVHG XVLQJ WKH
GDWD DFFHVV P HFKDQLVP V RI WKH FRRUGLQDWLRQ P HGLXP � 7 KDWP HDQV WKDWWKH FRRUGLQDWLRQ
ORJLF LVHPEHGGHG LQWR WKHDJHQWV� $ OWKRXJK D ORJLFDOVHSDUDWLRQ EHWZHHQ DOJRULWKP LF DQG
FRRUGLQDWLRQLVVXHVZRXOGSURYLGHP RUHqH[ LELOLW\ � WKHFRVWRI DP RUHFRP SOH[ FRRUGLQDWLRQ
P HGLXP LV FRQVLGHUHG WRR KLJK� . HHSLQJ WKH LQWHUIDFH WR WKH FRRUGLQDWLRQ P HGLXP VP DOO
DOORZVDJHQWVWREHHDVLO\ SRUWHGWRXVHDQRWKHUFRRUGLQDWLRQP HGLXP �

+ HQFH� WKHSUREOHP WRVROYHLVKRZ WRHQVXUHWKHFRKHVLRQ RI DJLYHQVHWRI VSHFLDOL] HG
DJHQWVXQGHUWKHIRUFHVGHVFULEHGDERYH�

6ROXWLRQ� 7 KHVROXWLRQLQYROYHVDEODFNERDUGWRZKLFK DJHQWVFDQDGGGDWDDQGZKLFK
DOORZVWKHP WRVXEVFULEHIRUGDWDFKDQJHVLQWKHLUDUHDRI LQWHUHVW� $ JHQWVFDQDOVRXSGDWH



� �

GDWDDQGHUDVHLWIURP WKHEODFNERDUG� 7 KHDJHQWVFRQWLQXDOO\ P RQLWRUWKHEODFNERDUGIRU
FKDQJHVDQGVLJQDOZKHQWKH\ ZDQWWRDGG� HUDVH� RUXSGDWHGDWD�

: KHQ PXOWLSOHDJHQWVZDQWWR UHVSRQG WR D FKDQJH� D VXSHUYLVRUDJHQWGHFLGHVZKLFK
VSHFLDOLVWDJHQWP D\ P DNH D P RGLpFDWLRQ WR WKH EODFNERDUG� 7 KH VXSHUYLVRU DJHQWDOVR
GHFLGHVZKHQ WKHVWDWHRI WKHEODFNERDUG KDVVXr FLHQWO\ SURJUHVVHG DQG D VROXWLRQ WR WKH
FRP SOH[ WDVN KDVEHHQ IRXQG� 7 KHVXSHUYLVRURQO\ DFWVDVD VFKHGXOHUIRUWKHVSHFLDOLVWV�
GHFLGLQJ ZKHQDQGZKHWKHUWROHWDVSHFLDOLVWP RGLI\ WKHEODFNERDUG� ,WGRHVQRWIDFLOLWDWH
WKHLULQWHUDFWLRQZLWK HDFK RWKHU�

1 ) 5 �EDVHG UHSUHVHQWDWLRQ� ) LJXUH� � VKRZVWKHIRUFHKLHUDUFK\ IRUWKH%ODFNERDUG
SDWWHUQ�

) LJ� � � � ) RUFHKLHUDUFK\ IRUWKH%ODFNERDUGSDWWHUQ



� �

%URNHU� 7 KLV SDWWHUQ LV FRQFHUQHG ZLWK WKH VWUXFWXULQJ RI GLVWULEXWHG VRIWZDUH V\ VWHP V
ZLWK GHFRXSOHGFRP SRQHQWVWKDWLQWHUDFWE\ UHP RWHVHUYLFHLQYRFDWLRQV�

3 UREOHP � %\ SDUWLWLRQLQJ IXQFWLRQDOLW\ LQWRLQGHSHQGHQWFRP SRQHQWVDV\ VWHP EHFRP HV
SRWHQWLDOO\ GLVWULEXWHGDQGVFDODEOH� + RZHYHU� ZKHQ GLVWULEXWHGFRP SRQHQWVFRP PXQLFDWH
ZLWK HDFK RWKHU� VRP HP HDQVRI LQWHU�SURFHVVFRP PXQLFDWLRQ DUHUHTXLUHG� ,I FRP SRQHQWV
KDQGOHFRP P XQLFDWLRQWKHP VHOYHV� WKHUHVXOWLQJ V\ VWHP IDFHVVHYHUDOGHSHQGHQFLHVDQGOLP �
LWDWLRQV�

6HUYLFHVIRUDGGLQJ� UHP RYLQJ� H[ FKDQJLQJ� DFWLYDWLQJ DQGORFDWLQJ FRP SRQHQWVDUHDOVR
QHHGHG� $ SSOLFDWLRQVWKDWXVHWKHVHVHUYLFHVVKRXOG QRWGHSHQG RQ V\ VWHP �VSHFLpF GHWDLOV
WRJXDUDQWHHSRUWDELOLW\ DQGLQWHURSHUDELOLW\ � HYHQZLWKLQDKHWHURJHQHRXVQHWZRUN�

6ROXWLRQ� ,QWURGXFH D EURNHUFRP SRQHQWWR DFKLHYH EHWWHUGHFRXSOLQJ RI FOLHQWV DQG
VHUYHUV� 6HUYHUV UHJLVWHU WKHP VHOYHV ZLWK WKH EURNHU� DQG P DNH WKHLU VHUYLFHV DYDLODEOH
WKURXJK P HWKRG LQWHUIDFHV� &OLHQWVDFFHVVWKHIXQFWLRQDOLW\ RI VHUYHUVE\ VHQGLQJ UHTXHVWV
YLD WKH EURNHU� $ EURNHU
V WDVNV LQFOXGH ORFDWLQJ WKH DSSURSULDWH VHUYHU� IRUZDUGLQJ WKH
UHTXHVWWRWKHVHUYHUDQGWUDQVP LWWLQJ UHVXOWVDQGH[ FHSWLRQVEDFNWRWKHFOLHQW�

%\ XVLQJ WKH %URNHUSDWWHUQ� DQ DSSOLFDWLRQ P D\ KDYH DFFHVV WR GLVWULEXWHG VHUYLFHV
VLP SO\ E\ VHQGLQJ P HVVDJHFDOOVWRWKHDSSURSULDWHREMHFW� LQVWHDGRI IRFXVLQJ RQORZ�OHYHO
LQWHU�SURFHVVFRP PXQLFDWLRQ� ,QDGGLWLRQ� WKH%URNHUDUFKLWHFWXUHLVqH[ LEOH� LQWKDWLWDOORZV
G\ QDP LF FKDQJH� DGGLWLRQ� GHOHWLRQ� DQGUHORFDWLRQRI REMHFWV�

7 KH%URNHUSDWWHUQUHGXFHVWKHFRP SOH[ LW\ LQYROYHGLQGHYHORSLQJ GLVWULEXWHGDSSOLFD�
WLRQV� EHFDXVHLWP DNHVGLVWULEXWLRQWUDQVSDUHQWWRWKHGHYHORSHU�

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



� �

) LJ� � � � ) RUFHKLHUDUFK\ IRUWKH%URNHUSDWWHUQ

& RXSOLQJ� 7 KH&RXSOLQJ SDWWHUQLVFRQFHUQHGZLWK WKHHOLP LQDWLRQRI IUHTXHQWUHTXHVWVIRU
VP DOODP RXQWRI LQIRUP DWLRQ�

3 UREOHP � &RQVLGHUDGLVWULEXWHGDSSOLFDWLRQWKDWXVHVD?EDFN�HQG� UHODWLRQDOGDWDEDVH�
$ ZD\ WRSURYLGHDQREMHFW�RULHQWHGLQWHUIDFHWRWKLVGDWDEDVHLVWRXVHDFODVVWRUHSUHVHQW
HDFK WDEOH� ( DFK DWWULEXWHLQWKHWDEOHKDVFRUUHVSRQGLQJ DFFHVVRUIXQFWLRQV�H�J�� JHW; DQG
VHW; RSHUDWLRQV� LQFODVVLQWHUIDFH� 7 KXV� WKHFODVVVWUXFWXUHP LUURUVWKHSK\ VLFDOGDWDEDVH
VFKHP D�

+ RZHYHU� WKLV DSSURDFK P D\ OHDG WR VRP HSHUIRUP DQFHSUREOHP V� : LWK DQ REMHFWIRU
HDFK WDEOH� WKHLQWHUDFWLRQ EHWZHHQ WKDWDSSOLFDWLRQ DQG WKHGDWDEDVHLVpQH�JUDLQHG DQG�
WKHUHIRUH� IUHTXHQW� ,I WKHGDWDEDVHLVRQDGLoHUHQWQRGH� WKLVJHQHUDWHVDODUJHQXPEHURI
UHTXHVWV� HDFK IRUDUHODWLYHO\ VP DOODP RXQWRI GDWD� 7 KHVHUHP RWHUHTXHVWVDUHH[ SHQVLYH�
GHJUDGLQJ ERWK SHUIRUP DQFHDQGVFDODELOLW\ � 6LQFHDQ\ FKDQJHWRWKHGDWDEDVHVFKHP DP D\
KDYH DQ LP SDFWRQ WKH FODVV VWUXFWXUH� WKLV DSSURDFK DOVR DoHFWV QHJDWLYHO\ WKH V\ VWHP
P DLQWDLQDELOLW\ �

6ROXWLRQ� 7 KH VROXWLRQ LV WR XVH P RUH FRDUVH�JUDLQHG REMHFWV WR HOLP LQDWH IUHTXHQW
UHTXHVWRI VP DOODP RXQWVRI LQIRUP DWLRQ� 7 KHVHFRDUVH�JUDLQHGREMHFWVDUHDJJUHJDWLRQVRI
WKHpQH�JUDLQHGREMHFWVWKDWP LUURUWKHGDWDEDVHVFKHP D�
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+ RZ WRFRQVWUXFWWKHDJJUHJDWLRQ" 7 KLVLVGHWHUP LQHGE\ WKHDFFHVVSDWWHUQVIRUWKHGDWD�
' DWDWKDWDUHIUHTXHQWO\ DFFHVVHGDWWKHVDP HWLP HVKRXOGEHJURXSHGLQWRDQDJJUHJDWLRQ�

7 KH &RXSOLQJ SDWWHUQ LGHQWLpHV LQWHUIDFHV WKDWVKRXOG EH VWUHDP OLQHG DQG FRPELQHV
LQIRUP DWLRQOLNHO\ WREHQHHGHGWRJHWKHU� ,WDOVRP LQLP L] HVWKHWRWDOSURFHVVLQJ UHTXLUHGIRU
WKHLQWHUIDFH�

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

) LJ� � � � ) RUFHKLHUDUFK\ IRUWKH&RXSOLQJ SDWWHUQ



� �

' HYLDWLRQ SDWWHUQ� 7 KH' HYLDWLRQSDWWHUQSURYLGHVDFRP SDFWUHSUHVHQWDWLRQRI WKHVWDWH
RI WKHV\ VWHP �

3 UREOHP � 7 KHSXUSRVHRI DpUHDODUP V\ VWHP LVWRVXUYH\ DSODQW� DEXLOGLQJ� RUVRP H
VP DOOHUXQLW� 7 KHV\ VWHP P DNHVXVHRI DQXPEHURI VHQVRUVGLVWULEXWHGDFURVVWKHDUHDEHLQJ
VXUYH\ HG� ( DFK VHQVRULVFRQQHFWHGWRRQHRI VHYHUDOFRQWUROXQLWV� 7 KHFRQWUROXQLWV� HDFK
RI ZKLFK LVDQDXWRQRP RXVFRP SXWLQJ QRGH� DUHDOOFRQQHFWHGWRDFRP P RQFRP PXQLFDWLRQ
QHWZRUN DQGWKH\ QRUP DOO\ RSHUDWHDVDVLQJOHLQWHJUDWHGV\ VWHP � 7 KHNH\ IXQFWLRQRI WKH
V\ VWHP LVWRGHWHFWZKHQVRP HWKLQJ RXWRI WKHRUGLQDU\ RFFXUV� H�J� DpUHRUDQLQGLFDWLRQ
WKHUHRI� DQGJHQHUDWHDQDODUP �

$ OWKRXJK D pUHLQGLFDWLRQ LQ WKHHQYLURQP HQWLVWKHP DLQ WKLQJ WR EHGHWHFWHG E\ WKH
V\ VWHP � LWDOVR P RQLWRUVLWVHOI FRQWLQXRXVO\ IRUDEQRUP DOLQWHUQDOFRQGLWLRQV� : KHQ IDXOWV
DQGGLVWXUEDQFHVDUHGHWHFWHG� WKH\ FDXVHDFWLRQVWREHWDNHQLQDP DQQHUVLP LODUWRWKDW
RI pUHDODUP V�

7 KHP DLQSUREOHP WREHDGGUHVVHGLVKRZ WRLP SOHP HQWWKHGHSHQGHQFLHVDQGLQIRUP D�
WLRQqRZ EHWZHHQDODUP GHWHFWLRQDQGDFWXDWRUV� XVHULQWHUIDFHV� DQGRWKHURXWSXWV�

$ Q DOWHUQDWLYHZRXOG EHIRUHDFK FRQWUROXQLWWR KDYHRQO\ D SUR[ \ IRUUHP RWHLQSXWV�
( DFK SUR[ \ ZRXOGFRQVLVWRI DV\ VWHP �ZLGHUHIHUHQFH� DQGDQ\ UHTXHVWZRXOGEHIRUZDUGHG
WRWKHFRQWUROXQLWZKHUHWKHLQSXWDFWXDOO\ H[ LVWHG� + RZHYHU� HYHQVWRULQJ DVOLWWOHDVRQH
UHIHUHQFHSHULQSXWLQHDFK FRQWUROXQLWUHTXLUHVDJUHDWGHDORI P HP RU\ VSDFH�

2 QWKHRWKHUKDQG� WKHUDWLRRI DODUP V� IDXOWVDQGGLVWXUEDQFHVWRWKHWRWDOQXPEHURI
LQSXWVLVYHU\ ORZ� 0 RVWRI WKHVHQVRUVDUHLQ D QRUP DOVWDWHP RVWRI WKHWLP H� $ OOLQSXWV
QHHGQRWWKHUHIRUHEHNQRZQDWHDFK FRQWUROXQLWVLQFHDQXQNQRZQLQSXWFDQEHDVVXP HG
WR EH LQ D QRUP DOVWDWH� 2 QO\ LQIRUP DWLRQ DERXWGHYLDWLRQV IURP WKH QRUP DOVWDWH PXVW
WKHUHIRUHEHJOREDOO\ DFFHVVLEOHIURP HDFK FRQWUROXQLW�

6ROXWLRQ� 5 HSUHVHQWHDFK GHWHFWHGGHYLDWLRQIURP WKHQRUP DOVWDWHDVD' HYLDWLRQRE�
MHFW� 8 VH' HYLDWLRQVXEFODVVHV� VXFK DV$ ODUP � ) DXOWDQG' LVWXUEDQFHWRUHSUHVHQWGLoHUHQW
NLQGVRI GHYLDWLRQV� / HWGHYLDWLRQVEHWKHXQLWRI GLVWULEXWLRQ LQ WKHV\ VWHP LQ WKHVHQVH
WKDWDOOGHYLDWLRQVDUHUHSOLFDWHGWRDOOFRQWUROXQLWV� 6LQFHWKHVHWRI GHYLDWLRQVGHpQHVWKH
FRP SOHWHV\ VWHP VWDWH� WKLVLVLP P HGLDWHO\ DYDLODEOHRQDOOQRGHV�

1 ) 5 �EDVHG UHSUHVHQWDWLRQ� 7 KHIRUFHKLHUDUFK\ IRUWKH' HYLDWLRQSDWWHUQLVVKRZQ
LQ) LJXUH� � �



� �

) LJ� � � � ) RUFHKLHUDUFK\ IRUWKH' HYLDWLRQSDWWHUQ

) DVW3 DWK� 7 KLV SDWWHUQ LV FRQFHUQHG ZLWK LP SURYLQJ UHVSRQVLYH WLP HV E\ UHGXFLQJ WKH
DP RXQWRI SURFHVVLQJ UHTXLUHGIRUGRP LQDQWZRUNORDGV�

3 UREOHP � $ Q\ DSSOLFDWLRQP D\ EHWKHUHVXOWRI LP SOHP HQWLQJ VHYHUDOIXQFWLRQV� + RZ�
HYHU� W\ SLFDOO\ ZHpQGWKDWRQO\ IHZ RI WKHP DUHXVHGP RVWRIWHQ� 7 KHVHIXQFWLRQVFRP SULVH
WKHGRP LQDQWZRUNORDG IRUWKHDSSOLFDWLRQ� DQG XVXDOO\ DFFRXQWIRUP RVWRI WKHUHVRXUFH
XVDJH� ) RUH[ DP SOH� ZKLOHDQ$7 0 P D\ SURYLGHWKHFDSDELOLW\ RI P DNLQJ GHSRVLWV� RUFKHFN�
LQJ WKHEDODQFH� WKHP RVWIUHTXHQWXVHRI DQ$7 0 LVIRUP DNLQJ ZLWKGUDZDOVIURP FKHFNLQJ
DFFRXQWV� 7 KHVHGRP LQDQWZRUNORDGIXQFWLRQVP D\ KDYHDVLJQLpFDQWLP SDFWRQWKHRYHUDOO
SHUIRUP DQFHRI WKHV\ VWHP �

6ROXWLRQ� 0 LQLP L] HWKHSURFHVVLQJ IRUWKHVHGRP LQDQWZRUNORDG IXQFWLRQV� $ ZD\ WR
DFKLHYHWKLVLVE\ FUHDWLQJ IDVWSDWKV� DOWHUQDWLYHH[ HFXWLRQSDWKVIRUWKHVHIXQFWLRQV�

$ ) DVW3DWK LQ D VRIWZDUHDSSOLFDWLRQ LVVLP LODUWR DQ H[ SUHVVWUDLQ WKDWVWRSVRQO\ DW
WKHP RVWLP SRUWDQWVWDWLRQVDORQJ WKHURXWH� ,I D XVHUQHHGVD P DMRUVWDWLRQ� KHFDQ VDYH
WLP HE\ WDNLQJ DQH[ SUHVVWUDLQ�
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6LP LODUO\ � LQDQ$7 0 DSSOLFDWLRQ� ZLWKGUDZDOIXQFWLRQVDUHSURYLGHGZLWK D) DVW3DWK
E\ DOORZLQJ XVHUVWR SUHVVDVLQJOHNH\ WR VHOHFWDZLWKGUDZDORI D SUHGHWHUP LQHG DP RXQW�
ZLWKRXWKDYLQJ WRHQWHUWKHWUDQVDFWLRQW\ SH� DFFRXQW� DQGDP RXQW�

$ Q\ LP SOHP HQWDWLRQ RI WKH) DVW3DWK SDWWHUQ UHGXFHVWKHRYHUDOOORDG RQ WKHV\ VWHP
DQGLP SURYHVWKHUHVSRQVLYHQHVVRI RWKHUIXQFWLRQV�

,WLV QRWHQRXJK WR UHFRJQL] H WKH SUHVHQFH RI GRP LQDQWZRUNORDG IXQFWLRQV� LWLV DOVR
QHHGHG WR HQVXUHWKDWWKH) DVW3DWK FUHDWHG IRUP LQLP L] LQJ WKHLUSURFHVVLQJ LVHoHFWLYHO\
XVHG� 7 KLV P HDQVWKDWLWLVDOVR UHTXLUHG WR P RQLWRUWKHXVHRI IXQFWLRQV� DQG DGDSWWKH
V\ VWHP WRFKDQJLQJ SDWWHUQVRI XVH�

1 ) 5 �EDVHG UHSUHVHQWDWLRQ� 7 KHIRUFHKLHUDUFK\ IRUWKH) DVW3DWK SDWWHUQLVVKRZQ
LQ) LJXUH� � �

) LJ� � � � ) RUFHKLHUDUFK\ IRUWKH) DVW3DWK SDWWHUQ



� �

) LUVW7 KLQJV) LUVW� 7 KLVSDWWHUQLVEDVHGRQWKHSUHP LVHWKDWWKHP RVWLP SRUWDQWIXQFWLRQV
KDYHWREHIRFXVHGDQGDFKLHYHG� ,QWKDWZD\ � LI HYHU\ WKLQJ FDQQRWEHFRP SOHWHGZLWKLQWKH
WLP HDYDLODEOH� DWOHDVWWKHP RVWLP SRUWDQWWDVNVZLOOEHDFFRP SOLVKHG�

3 UREOHP � ,Q D UDGDUWUDFNLQJ V\ VWHP >� @� WUDFNV DUH SURFHVVHG LQ D pUVW�LQ�pUVW�RXW
� ) ,) 2 � IDVKLRQ� + RZHYHU� ZKHQWUDFNSURFHVVLQJ LVH[ FHHGHG� WKRVHDWWKHHQGRI WKHTXHXH
P D\ QRWKDYHEHHQSURFHVVHG� %HFDXVHWKHWUDFNVLQDVHQVRUUHSRUWXVXDOO\ FRP HLQWKHVDP H
RUGHU� ZKROHUHJLRQVRI WKHRSHUDWRUGLVSOD\ P LJKWQRWEHXSGDWHGLQ RYHUORDGFRQGLWLRQV�
7 KLVLVDSRWHQWLDOO\ GLVDVWURXVVLWXDWLRQEHFDXVHWKHUHLVQRFRUUHODWLRQEHWZHHQLP SRUWDQW
UHJLRQVRI WKHVN\ DQGWKHDUULYDORUGHURI VHQVRUUHSRUWV�

6ROXWLRQ� 7 KHVROXWLRQ LP SOLHVSULRULWL] LQJ WDVNVDQG SHUIRUP LQJ WKHP RVWLP SRUWDQW
RQHVpUVW� ) RUWKHUDGDUWUDFNLQJ V\ VWHP � DSSO\ LQJ WKH) LUVW7 KLQJV) LUVWSDWWHUQLQYROYHV
FRP SXWLQJ DYDOXHIRUHDFK WUDFN DVLWLVLGHQWLpHG� 7 KHQ� E\ XVLQJ DVFKHGXOLQJ DOJRULWKP
WKDWP D[ LP L] HVWKHYDOXHRI ZRUN FRP SOHWHG� LWLVHQVXUHGWKDWWKHP RVWLP SRUWDQWWUDFNV
DUHXS WRGDWH�

7 KH) LUVW7 KLQJV) LUVWSDWWHUQ LVRQO\ XVHIXOZKHQ WKHRYHUORDG LVWHP SRUDU\ � ,I WKHUH
DUHQRWSHULRGVRI ORZHUGHP DQG� WKHV\ VWHP ZLOOEHXQDEOHWR FDWFK�XS� DQG ORZ�SULRULW\
WDVNVP D\ EHLJQRUHGIRUHYHU� + HQFH� LQWKLVDQGRWKHUVLWXDWLRQVZKHQWKHRYHUORDGLVQRW
WHP SRUDU\ � WKHSURFHVVLQJ HQYLURQP HQWP LJKWUHTXLUHEHLQJ XSJUDGHG WR KDQGOHWKHHYHQ
ORDGDQGSURYLGHDQDGHTXDWHUHVSRQVLYHQHVV�

1 ) 5 �EDVHG UHSUHVHQWDWLRQ� 6HH) LJXUH� � IRUWKHIRUFHKLHUDUFK\ FRUUHVSRQGLQJ WR
WKH) LUVW7 KLQJV) LUVWSDWWHUQ�



� �

) LJ� � � � ) RUFHKLHUDUFK\ IRUWKH) LUVW7 KLQJV) LUVWSDWWHUQ

) OH[ 7 LP H� $ VLWXDWLRQ DGGUHVVHG E\ WKLV SDWWHUQ W\ SLFDOO\ RFFXUV ZKHQ SURFHVVLQJ LV
UHTXLUHGDWDSDUWLFXODUIUHTXHQF\ � RUDWD SDUWLFXODUWLP HRI WKHGD\ � : KHQ P DQ\ UHSRUWV
DUHUHTXLUHG DWDSSUR[ LP DWHO\ WKHVDP HWLP HRI GD\ � WKHVXUJHLQ GHP DQG UHVXOWVLQ VORZ
UHVSRQVHV�

3 UREOHP � $ Q H[ DP SOH RI D SUREOHP DGGUHVVHG E\ WKLV SDWWHUQ LV IRXQG LQ VHUYLFH
FHQWHUV� $ VHUYLFHFHQWHUV\ VWHP FROOHFWVGDWDRQDFWLYLW\ LQDVHUYLFHV\ VWHP DQGVXP P DUL] HV
WKHP LQDP HP RU\ � 5 $ 0 � GDWDEDQN� 3HULRGLFDOO\ � WKHP HP RU\ GDWDEDQNLVFRSLHGLQWRDQ
DUFKLYDOGDWDEDVH� LQWKLVH[ DP SOH� HYHU\ KDOI DQKRXU� � : KLOHWKLVDUFKLYHF\ FOHH[ HFXWHV�
SRVWSRQLQJ XSGDWHVP XVWSURWHFWWKHVWDWHRI WKHP HP RU\ GDWDEDQN� 7 KXV� WKHLQFRP LQJ
ZRUN LVWHP SRUDULO\ KDOWHG� 7 KHSUREOHP RFFXUVLQSHULRGVRI KHDY\ ORDGVZKHQWKHTXHXH
RI LQFRP LQJ ZRUNEXLOGV� DQGLWWDNHVDORQJ WLP HWRFOHDUWKLVEDFNORJ DQGUHWXUQWRQRUP DO
RSHUDWLQJ FRQGLWLRQV� + HQFH� RQO\ DMRE DWDWLP HP D\ SURFHHG�

6ROXWLRQ� ,GHQWLI\ WKHIXQFWLRQVWKDWDUHH[ HFXWHGUHSHDWHGO\ DWUHJXODU� VSHFLpF WLP H
LQWHUYDOV� DQGP RGLI\ WKHWLP HRI WKHLUSURFHVVLQJ� ,QRWKHUZRUGV� GROHVVZRUNP RUHRIWHQ�

,Q WKH H[ DP SOH� DUFKLYLQJ RQH�WKLUG RI WKH GDWD HYHU\ � � P LQXWHV FRXOG DFKLHYH WKLV
�WKH GDWD VWUXFWXUH PXVWDOORZ SDUWLWLRQ VFKHP HV DQG SURYLGH IRU SUHVHUYLQJ LWV VWDWH� �
&RQVLGHULQJ KRZ WKH,' VRI WKHRSHUDWRUVDQG WKHFRUUHVSRQGLQJ QXPEHURI FDOOVKDQGOHG



� �

KDYHWREHDUFKLYHG� WKLVVROXWLRQP D\ LP SO\ WRDUFKLYHRQH�WKLUGRI WKHRSHUDWRUVDQGWKHLU
FDOOVLQRQHF\ FOH� $ QRWKHUWKLUGRI WKHRSHUDWRUVLVDUFKLYHGLQWKHQH[ WF\ FOH� DQGVRRQ�

7 KXV� WKHORDGLVVSUHDGWHP SRUDOO\ WRUHGXFHWKHFRQJHVWLRQ� ,QVRP HFDVHV� LWUHGXFHV
WKHDP RXQWRI WLP HWKDWSURFHVVHVDUHEORFNHGDQGFDQQRWSURFHHG� ,QRWKHUFDVHV� LWUHGXFHV
WKH GHP DQG VR WKDWFRQFXUUHQWSURFHVVHV HQFRXQWHUIHZHUTXHXLQJ GHOD\ V IRUFRP SXWLQJ
UHVRXUFHV� $ OOWKHVHUHVXOWVLP SURYHWKHRYHUDOOUHVSRQVLYHQHVVRI WKHV\ VWHP �

1 ) 5 �EDVHG UHSUHVHQWDWLRQ� ) LJXUH� � VKRZVWKHFRUUHVSRQGLQJ IRUFHKLHUDUFK\ IRU
WKH) OH[ 7 LP HSDWWHUQ�

) LJ� � � � ) RUFHKLHUDUFK\ IRUWKH) OH[ 7 LP HSDWWHUQ



� �

/ D\ HUV� 7 KLVSDWWHUQKHOSVVWUXFWXUHDSSOLFDWLRQVWKDWFDQEHGHFRP SRVHG LQWRJURXSVRI
VXEWDVNVLQZKLFK HDFK JURXS RI VXEWDVNVLVDWDSDUWLFXODUOHYHORI DEVWUDFWLRQ�

3 UREOHP � $ V\ VWHP ZLWK D P L[ RI ORZ� DQG KLJK�OHYHOLVVXHVLVEHLQJ GHVLJQHG� + LJK�
OHYHORSHUDWLRQV UHO\ RQ WKH ORZHU�OHYHORQHV� 6HYHUDORSHUDWLRQV DUH RQ WKH VDP H OHYHORI
DEVWUDFWLRQ EXWDUH ODUJHO\ LQGHSHQGHQWIURP HDFK RWKHU� 7 KLV UHTXLUHV VRP H KRUL] RQWDO
VWUXFWXULQJ WKDWLVRUWKRJRQDOWRWKHLUYHUWLFDOVXEGLYLVLRQ�

2 QWKHRWKHUKDQG� SRUWDELOLW\ WRRWKHUSODWIRUP VLVGHVLUHG� 6HYHUDOH[ WHUQDOERXQGDULHV
RI WKHV\ VWHP DUHVSHFLpHGDSULRUL� VXFK DVDIXQFWLRQDOLQWHUIDFHWRZKLFK WKHV\ VWHP PXVW
DGKHUH� 7 KHP DSSLQJ RI KLJK�OHYHOWDVNV RQWR WKHWDUJHWSODWIRUP LV QRWVWUDLJKWIRUZDUG�
P RVWO\ EHFDXVHWKH\ DUHWRRFRP SOH[ WREHLP SOHP HQWHGGLUHFWO\ XVLQJ VHUYLFHVSURYLGHGE\
WKHSODWIRUP �

6ROXWLRQ� 6WUXFWXUHWKHV\ VWHP LQWR DQ DSSURSULDWHQXP EHURI OD\ HUVDQG SODFHWKHP
RQWRS RI HDFK RWKHU� 6WDUWDWWKHORZHVWOHYHORI DEVWUDFWLRQ� OHWXVFDOOLW/ D\ HU� � � 7 KLVLV
WKHEDVHRI WKHV\ VWHP � 6\ VWHP IXQFWLRQDOLW\ LVGHFRP SRVHG LQWR VHYHUDOOHYHOVRI DEVWUDF�
WLRQ �OD\ HUV� � 7 KXV� / D\ HU- LV SXWRQ WRS RI / D\ HU- �� � DQG VR RQ� XQWLOWKH WRS OHYHORI
IXQFWLRQDOLW\ LVUHDFKHG� OHWXVFDOOLW/ D\ HU1 � �

7 KLVGRHVQRWQHFHVVDULO\ SUHVFULEHWKHRUGHULQZKLFK WRDFWXDOO\ GHVLJQOD\ HUV� 7 KLVMXVW
JLYHVDFRQFHSWXDOYLHZ� ( VVHQWLDOO\ � ZLWKLQDQLQGLYLGXDOOD\ HUDOOFRQVWLWXHQWFRP SRQHQWV
PXVWZRUN DWWKHVDP HOHYHORI DEVWUDFWLRQ�

7 KHVHUYLFHVRI HDFK OD\ HULP SOHP HQWDVWUDWHJ\ IRUFRP ELQLQJ WKHVHUYLFHVRI WKHOD\ HU
EHORZ LQDP HDQLQJIXOZD\ � 7 KXV� P RVWRI WKHVHUYLFHVWKDW/ D\ HU- SURYLGHVDUHFRP SRVHG
RI VHUYLFHVSURYLGHG E\ / D\ HU- �� � DQG / D\ HU- 
VVHUYLFHVP D\ GHSHQG RQ RWKHUVHUYLFHVLQ
/ D\ HU- �

1 ) 5 �EDVHG UHSUHVHQWDWLRQ� ) LJXUH� � VKRZVWKHFRUUHVSRQGLQJ IRUFHKLHUDUFK\ IRU
WKH/ D\ HUVSDWWHUQ�



� �

) LJ� � � � ) RUFHKLHUDUFK\ IRUWKH/ D\ HUVSDWWHUQ

0 LFURNHUQHO� 7 KH 0 LFURNHUQHOSDWWHUQ DSSOLHV WR VRIWZDUH V\ VWHP V WKDWPXVWEH DEOH
WR DGDSWWR FKDQJLQJ V\ VWHP UHTXLUHP HQWV� ,WVHSDUDWHV D P LQLP DOIXQFWLRQDOFRUH IURP
H[ WHQGHGIXQFWLRQDOLW\ DQGFXVWRP HU�VSHFLpF SDUWV�

3 UREOHP � ' HYHORSLQJ VRIWZDUH IRUDQ DSSOLFDWLRQ GRP DLQ WKDWQHHGV WR FRSH ZLWK D
EURDG VSHFWUXP RI VLP LODUVWDQGDUGVDQG WHFKQRORJLHVLVD QRQ�WULYLDOWDVN� 7 KHIROORZLQJ
IRUFHVQHHGSDUWLFXODUFRQVLGHUDWLRQZKHQGHVLJQLQJ VXFK V\ VWHP V�

^ 7 KHDSSOLFDWLRQSODWIRUP PXVWFRSHZLWK FRQWLQXRXVKDUGZDUHDQGVRIWZDUHHYROXWLRQ�
^ 7 KH DSSOLFDWLRQ SODWIRUP VKRXOG EH SRUWDEOH� H[ WHQVLEOH DQG DGDSWDEOH WR DOORZ HDV\

LQWHJUDWLRQRI HP HUJLQJ WHFKQRORJLHV�

6ROXWLRQ� ( QFDSVXODWH WKH IXQGDP HQWDOVHUYLFHV RI WKH DSSOLFDWLRQ LQ D P LFURNHUQHO
FRP SRQHQW� 7 KHP LFURNHUQHOLQFOXGHVIXQFWLRQDOLW\ WKDWHQDEOHVRWKHUFRP SRQHQWVUXQQLQJ
LQVHSDUDWHSURFHVVHVWRFRP P XQLFDWHZLWK HDFK RWKHU�

&RUHIXQFWLRQDOLW\ WKDWFDQQRWEHLP SOHP HQWHG ZLWKLQ WKHP LFURNHUQHOVKRXOG EHVHS�
DUDWHG LQ LQWHUQDOVHUYHUV� ( [ WHUQDOVHUYHUV LP SOHP HQWWKHLURZQ YLHZ RI WKH XQGHUO\ LQJ
P LFURNHUQHO� 7RFRQVWUXFWWKLVYLHZ� WKH\ XVHWKHP HFKDQLVP VDYDLODEOHWKURXJK WKHLQWHU�
IDFHVRI WKHP LFURNHUQHO�



� �

&OLHQWVFRP PXQLFDWHZLWK H[ WHUQDOVHUYHUV E\ XVLQJ WKHFRP PXQLFDWLRQ IDFLOLWLHVSUR�
YLGHG� VWDWHGE\ WKHP LFURNHUQHODSSURDFK�

1 ) 5 �EDVHG UHSUHVHQWDWLRQ� 6HH) LJXUH� � IRUWKHIRUFHKLHUDUFK\ FRUUHVSRQGLQJ WR
WKH0 LFURNHUQHOSDWWHUQ�

) LJ� � � � ) RUFHKLHUDUFK\ IRUWKH0 LFURNHUQHOSDWWHUQ



� �

6OHQGHU& \ FOLF ) XQFWLRQV� 7 KLVSDWWHUQLVFRQFHUQHGZLWK SURFHVVLQJ WKDWPXVWH[ HFXWH
DWUHJXODULQWHUYDOV� VXFK DVJHQHUDWLQJ UHSRUWVRUSHULRGLF GDWDDUFKLYLQJ�

3 UREOHP � &HUWDLQW\ SHVRI SURFHVVLQJ UHTXLUHWKHH[ HFXWLRQRI DQXPEHURI IXQFWLRQVDW
UHJXODULQWHUYDOV� WKHVHIXQFWLRQVDUHUHIHUUHGWRDVF\ FOLF� � 7 KHSUREOHP DULVHVZKHQWKHUH
DUHFRQFXUUHQWVRXUFHVRI DJLYHQHYHQW� RUZKHQWKHUHLVRWKHUSURFHVVLQJ WREHSHUIRUP HG�
,I WKHGHDGOLQHIRUKDQGOLQJ HDFK HYHQWLVWREHP HW� WKHUHPXVWEHVXr FLHQWVODFN WLP HWR
DOORZ WKHSURFHVVLQJ RI WKHF\ FOLF IXQFWLRQVDQGWKHRWKHUHYHQWV� DVZHOODVDQ\ RWKHUZRUN
WKDWPXVWEHSHUIRUP HG�

7 KH H[ DP SOH RI WKH VHUYLFH FHQWHU LOOXVWUDWHV D VLWXDWLRQ ZKHUH WKLV SDWWHUQ FDQ EH
DSSOLHG� $ VH[ SODLQHGLQWKHGHVFULSWLRQRI WKH) OH[ �7 LP HSDWWHUQ� DVHUYLFHFHQWHUV\ VWHP
FROOHFWVGDWD RQ DFWLYLWLHVLQ D VHUYLFHV\ VWHP DQG VXP P DUL] HVWKHP LQ D P HP RU\ �5 $ 0 �
GDWDEDQN� 7 KHGDWDFROOHFWHGKDYHWREHSHULRGLFDOO\ FRSLHGLQWRDQDUFKLYDOGDWDEDVH� 7 KH
SURFHVVLQJ LVH[ WHQVLYHEHFDXVHLWLVQRWDRQH�WR�RQHFRS\ � LQVWHDG� LWUHTXLUHVORDGLQJ WKH
GDWDLQWRPXOWLSOHGDWDEDVHWDEOHVDQGXSGDWLQJ NH\ VZLWK HDFK XSGDWH� : KLOHWKLVDUFKLYH
F\ FOHH[ HFXWHV� DQ\ RWKHUHYHQWWKDWUHTXLUHVSURFHVVLQJ P LJKWFORJ WKHV\ VWHP FDSDFLW\ � RU
XQIRUHVHHQSUREOHP VP LJKWP DNHGLr FXOWWRFRP SOHWHWKHDUFKLYLQJ RQWLP H�

6ROXWLRQ� ,GHQWLI\ WKHIXQFWLRQVWKDWH[ HFXWHUHSHDWHGO\ DWUHJXODU� VSHFLpF WLP HLQWHU�
YDOV� DQGP LQLP L] HWKHLUSURFHVVLQJ UHTXLUHP HQWV�

) RUWKHH[ DP SOH� DWWKHVHUYLFHFHQWHU� ZHQHHG WR VWUHDP OLQHWKHH[ WHQVLYHSURFHVVLQJ
UHTXLUHGWRFRS\ WKHP HP RU\ GDWDEDQNWRWKHDUFKLYDOGDWDEDVH� 2 QHZD\ RI UHGXFLQJ WKH
SURFHVVLQJ LVWRWDNHDTXLFN VQDSVKRWRI WKHUHDOP HP RU\ FRQWHQWV� FRS\ WKHP WRDQRWKHU
ORFDWLRQ LQ YLUWXDOP HP RU\ � DQG WKHQ DOORZ RWKHUZRUN WR SURFHHG ZKLOH WKH FRS\ RI WKH
P HP RU\ FRQWHQWVLVXVHGIRUXSGDWLQJ WKHGDWDEDVH� 0 DNLQJ DVLP SOHRQH�WR�RQHFRS\ WDNHV
IDUOHVVWLP HWKDQWKHZKROHGDWDEDVHXSGDWH�

$ VD UHVXOWRI WKHDSSOLFDWLRQ RI WKLVSDWWHUQ� WKHRYHUDOOSURFHVVLQJ WLP HLVLQFUHDVHG
EHFDXVHERWK WKHRQH�WR�RQHFRS\ DQG WKHGDWDEDVHXSGDWHVDUHP DGH� + RZHYHU� WKHQHW
HoHFWLVWKHUHGXFWLRQRI WKHWLP HWKDWLQERXQGZRUNP XVWZDLW�

1 ) 5 �EDVHG UHSUHVHQWDWLRQ� ) LJXUH� � VKRZVWKHFRUUHVSRQGLQJ IRUFHKLHUDUFK\ IRU
WKH6OHQGHU&\ FOLF ) XQFWLRQVSDWWHUQ�



� �

) LJ� � � � ) RUFHKLHUDUFK\ IRUWKH6OHQGHU&\ FOLF ) XQFWLRQVSDWWHUQ

5 HIHUHQFHV

� � $ OH[ DQGHU&�� $ 3DWWHUQ / DQJXDJH� 2 [ IRUG 8 QLYHUVLW\ 3 UHVV� 1 HZ <RUN� 1 < � � � � � � �
� � $ OH[ DQGHU&�� 7 KH7 LP HOHVV: D\ RI %XLOGLQJ� 2 [ IRUG8 QLYHUVLW\ 3UHVV� 1 HZ <RUN� 1 < � � � � � � �
� � %D\ HU0 �� &7 , 6ROXWLRQVDQG6\ VWHP V� + RZ WR3XW&RP SXWHU7HOHSKRQ\ ,QWHJUDWLRQWR: RUN� 0 F* UDZ�

+ LOO&RP SDQLHV,QF� � � � � � � �
� � %RUFKHUV- �� $ 3DWWHUQ $ SSURDFK WR ,QWHUDFWLRQ ' HVLJQ� � - RKQ: LOH\ 	 6RQV� / WG�� � � � � � � �
� � %RVFK - �� 0 ROLQ 3�� 6RIWZDUH $ UFKLWHFWXUH ' HVLJQ ( YDOXDWLRQ 7UDQVIRUP DWLRQ� ,Q 3URFHHGLQJVRI WKH

,( ( ( ( QJLQHHULQJ RI &RP SXWHU%DVHG6\ VWHP V6\ P SRVLXP � ( &%6� � � � � � � � � � �
� � %XVFKP DQQ ) �� 0 HXQLHU5 �� 5 RKQHUW+ �� 6RP P HUODG 3�� 6WDO0 �� 3DWWHUQ�2 ULHQWHG6RIWZDUH$ UFKLWHF�

WXUH� 9ROXP H� � $ 6\ VWHP RI 3DWWHUQV� - RKQ: LOH\ 	 6RQV� / WG�� � � � � � � �
� � &KXQJ / �� 1 L[ RQ %�� <X ( �� 0 \ ORSRXORV - �� 1 RQ�) XQFWLRQDO5HTXLUHP HQWV LQ 6RIWZDUH ( QJLQHHULQJ�

. OXZHU$ FDGHP LF 3XEOLVKHUV� � � � � � � �
� � &ODUN5 �� - HQVHQ( � ' �� . DQHYVN\ $ �� 0 DXUHU- �� : DOODFH3�� : KHHOHU7 �� =KDQJ < �� : HOOV' �� / DZUHQFH

7 �� + XUOH\ 3�� $ Q$ GDSWLYH� ' LVWULEXWHG$ LUERUQH7UDFNLQJ 6\ VWHP � ,Q3URFHHGLQJVRI WKH,QWHUQDWLRQDO
: RUNVKRS RQ3DUDOOHODQG' LVWULEXWHG5 HDO�7 LP H6\ VWHP V� � � � � � � �

� � &RSOLHQ- �� 6FKP LGW' � � HGLWRUV� � 3DWWHUQ / DQJXDJHVRI 3URJUDP ' HVLJQ� $ GGLVRQ�: HVOH\ � � � � � � � �
� � � &RSOLHQ- �� $ * HQHUDWLYH' HYHORSP HQW3URFHVV3 DWWHUQ/ DQJXDJH� ,Q� &RSOLHQ- �� 6FKP LGW' � � HGLWRUV� �

3DWWHUQ/ DQJXDJHVRI 3 URJUDP ' HVLJQ� $ GGLVRQ�: HVOH\ � � � � � � � �
� � � ' HXJR ' �� : HLVV0 �� . HQGDOO( �� 5HXVDEOH 3DWWHUQV IRU$ JHQW&RRUGLQDWLRQ� ,Q� 2 P LFLQL$ � � HGLWRU� �

&RRUGLQDWLRQ RI ,QWHUQHW$ JHQWV� 6SULQJHU� � � � � � � �
� � � ( ULFNVRQ 7 �� / LQJXD ) UDQFDV IRU ' HVLJQ� 6DFUHG 3ODFHV DQG 3DWWHUQ / DQJXDJHV� ,Q 3URFHHGLQJV RI

' HVLJQLQJ ,QWHUDFWLYH6\ VWHP V� ' ,6 � � � � � � $ &0 � %URRNO\ Q� 1 < � $ XJXVW� � � � � � � �
� � � * DP P D( �� + HOP 5 �� - RKQVRQ5 �� 9 OLVVLGHV- �� ' HVLJQ 3DWWHUQV( OHP HQWVRI 5HXVDEOH2 EMHFW�2 ULHQWHG

6RIWZDUH� $ GGLVRQ�: HVOH\ � � � � � � � �
� � � * URVV' �� <X ( �� ) URP 1 RQ� ) XQFWLRQDO5HTXLUHP HQWVWR ' HVLJQ WKURXJK 3DWWHUQV� ) DFXOW\ RI ,QIRUP D�

WLRQ6WXGLHV� 8 QLYHUVLW\ RI 7RURQWR� 7RURQWR� 2 QWDULR� &DQDGD� � � � � � � �



� �

� � � * XOOLFKVHQ ( �� &KDQJ ( �� * HQHUDWLYH' HVLJQ LQ $ UFKLWHFWXUH8 VLQJ DQ ( [ SHUW6\ VWHP � ,Q 3 URFHHGLQJV
RI WKH* UDSKLFV,QWHUIDFH&RQIHUHQFH� � � � ^� � � � � � � � � � �

� � � + DUULVRQ1 �� ) RRWH%�� 5 RKQHUW+ � � HGLWRUV� � 3DWWHUQ/ DQJXDJHVRI 3URJUDP ' HVLJQ� � $ GGLVRQ�: HVOH\ �
� � � � � � �

� � � ) U\ H - �� <RGHU - � � HGLWRUV� � 7 KH + LOOVLGH * URXS� 7 KH 3DWWHUQV + RP H 3DJH� 8 5 / �
KWWS�� � KLOOVLGH�QHW� SDWWHUQV

� � � . HVKDY 6�� $ Q ( QJLQHHULQJ $ SSURDFK WR &RP SXWHU1 HWZRUNLQJ� $7 0 1 HWZRUNV� WKH,QWHUQHW� DQGWKH
7HOHSKRQH1 HWZRUN� $ GGLVRQ�: HVOH\ � 5 HDGLQJ� 0 DVVDFKXVHWWV� 8 6$ � � � � � � �

� � � 0 DUWLQ 5 �� 5 LHKOH ' �� %XVFKP DQQ ) � � HGLWRUV� � 3DWWHUQ / DQJXDJHV RI 3URJUDP ' HVLJQ � � $ GGLVRQ�
: HVOH\ � � � � � � � �
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