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,Q WKLV SDSHU� ZH HQKDQFH WKH 62)$ &RPSRQHQW 'HVFULSWLRQ /DQJXDJH ZLWK D VHPDQWLF

GHVFULSWLRQ RI D FRPSRQHQW
V IXQFWLRQDOLW\� 7KHUH DUH WZR NH\ UHTXLUHPHQWV WKLV GHVFULSWLRQ DLPV

WR DGGUHVV� ILUVW� LW VKRXOG HQVXUH FRUUHFW FRPSRVLWLRQ RI WKH QHVWHG DUFKLWHFWXUDO DEVWUDFWLRQV �IRU

GHVLJQ SXUSRVHV�� VHFRQG� LW VKRXOG EH HDV\�WR�UHDG VR WKDW DQ DYHUDJH XVHU FDQ LGHQWLI\ D
FRPSRQHQW ZLWK WKH FRUUHFW VHPDQWLFV IRU WKH SXUSRVHV RI FRPSRQHQW WUDGLQJ� 7KH VHPDQWLF

GHVFULSWLRQ LQ 62)$H[SUHVVHV WKH EHKDYLRU RI WKH FRPSRQHQW LQ WHUPV RI EHKDYLRU SURWRFROV XVLQJ

D QRWDWLRQ VLPLODU WR UHJXODU H[SUHVVLRQV ZKLFK LV HDV\ WR UHDG DQG FRPSUHKHQG� 7KH EHKDYLRU

SURWRFROV DUH XVHG RQ WKUHH OHYHOV� LQWHUIDFH� IUDPH� DQG DUFKLWHFWXUH� 7KH NH\ DFKLHYHPHQWV RI WKLV
SDSHU LQFOXGH WKH GHILQLWLRQ RI WKH SURWRFRO FRQIRUPDQFH UHODWLRQ�8VLQJ WKLV UHODWLRQ� WKH GHVLJQHU

FDQ LQ PRVW FDVHV VWDWLFDOO\ YHULI\ WKDW WKH IUDPH SURWRFRO DGKHUHV WR WKH UHTXLUHPHQWV RI WKH

LQWHUIDFH SURWRFROV� DQG WKDW WKH DUFKLWHFWXUH SURWRFRO DGKHUHV WR WKH UHTXLUHPHQWV RI WKH IUDPH

DQG LQWHUIDFH SURWRFROV�

�� ,QWURGXFWLRQ

,W LV ZLGHO\ DFFHSWHG WKDW LQ WKH YHU\ QHDU IXWXUH� WKH PDMRULW\ RI VRIWZDUH DSSOLFDWLRQV ZLOO EH

FRPSRVHG IURP UHXVDEOH� SRWHQWLDOO\ RII�WKH�VKHOI VRIWZDUH FRPSRQHQWV� 2QH RI WKH FRUQHUVWRQHV RI
VXFFHVVIXO FRPSRQHQW WUDGLQJ DQG XVDJH LV WKH SRVVLELOLW\ WR GHVFULEH WKHLU IXQFWLRQDOLW\ LQ WHUPV RI

ERWK LQWHUQDO DQG H[WHUQDO FRPPXQLFDWLRQ WDNLQJ SODFH WKURXJK WKH FRPSRQHQW LQWHUIDFHV� 6XFK D

GHVFULSWLRQ VKRXOG EH VXIILFLHQWO\ SUHFLVH LQ RUGHU WR DOORZ IRU DXWRPDWLF FKHFNLQJ RI FRUUHFWQHVV RI

FRPSRQHQW FRPSRVLWLRQ DQG XVH� EXW HDV\ WR FRPSUHKHQG IRU DSSOLFDWLRQ SURJUDPPHUV DQG VLPSOH
WR ZULWH IRU FRPSRQHQW GHVLJQHUV� )URP WKLV SHUVSHFWLYH� RQH RI WKH FXUUHQW FRQFHUQV ZLWK

FRPSRQHQWV LV WKDW WKH XVXDO VLJQDWXUH�EDVHG LQWHUIDFH GHILQLWLRQV GR QRW GHVFULEH WKH FRPSRQHQW

FRPPXQLFDWLRQ SUHFLVHO\ HQRXJK� 7KH QHHG IRU VXFK D GHILQLWLRQ LV UHIOHFWHG LQ HIIRUWV RI WKH REMHFW�

RULHQWHG SURJUDPPLQJ FRPPXQLW\� H�J�� LQ >�� ��� ��� ��@�

���� 2EMHFWV DQG SURWRFROV

$Q REMHFW LQWHUIDFH GHILQLWLRQ FDQ EH FRQVLGHUHG DV D VHUYLFH GHILQLWLRQ� $V VWDWHG LQ >�@� WKH
VHTXHQFHV RI UHTXHVWV WKDW DQ REMHFW LV FDSDEOH RI VHUYLFLQJ FRQVWLWXWH WKH REMHFW
V SURWRFRO� D

VSHFLILFDWLRQ RI ZKLFK VKRXOG EH DQ LQWHJUDO SDUW RI WKH REMHFW¶V LQWHUIDFH GHILQLWLRQ�V�� $ W\SLFDO ZD\

>�� �� �� ��� ��� ��@ WR H[SUHVV WKH REMHFW
V SURWRFRO LV WR PRGHO LW DV D ILQLWH VWDWH PDFKLQH� 7KHUH DUH

WKUHH EDVLF DSSURDFKHV WR VSHFLI\ VXFK D PDFKLQH� ��� GLUHFWO\ DV D VWDWH WUDQVLWLRQ V\VWHP� H�J� >��



��� ��@� ��� YLD D SDUVHU DFFHSWLQJ WKH YDOLG UHTXHVW VHTXHQFHV� H�J� >�@� ��� DV D UHJXODU�OLNH
H[SUHVVLRQ JHQHUDWLQJ WKH YDOLG UHTXHVW VHTXHQFHV� H�J� >�� ��@� 7KH SURWRFROV RULJLQDWH LQ SDWK

H[SUHVVLRQV >�@ ZKLFK VSHFLI\ V\QFKURQL]DWLRQ RI SURFHGXUHV H[HFXWHG LQ SDUDOOHO� 3URFRO >�@ PLJKW

VHUYH DV DQ H[DPSOH RI DQ REMHFW ODQJXDJH LQ ZKLFK SURWRFROV DUH XVHG WR GHVFULEH ERWK WKH DFFHVV

V\QFKURQL]DWLRQ DQG WKH DYDLODELOLW\ RI DQ REMHFW¶V VHUYLFH�
,Q DOO WKHVH V\QFKURQL]DWLRQ VFKHPHV� FKHFNLQJ WKH FRPSOLDQFH RI FDOOV WR DQ REMHFW ZLWK LWV

SURWRFRO ZDV H[SHFWHG WR EH GRQH DW UXQ�WLPH� $V HPSKDVL]HG LQ >��@� UDWKHU WKDQ VLPSO\ UDLVLQJ

H[FHSWLRQV ZKHQ SURWRFROV DUH YLRODWHG� LW ZRXOG EH GHVLUDEOH WR VWDWLFDOO\ YDOLGDWH FOLHQWV¶

FRQIRUPDQFH ZLWK SURWRFROV DQG WR GHWHUPLQH DXWRPDWLFDOO\ LI D SURWRFRO FDQ EH IRUPDOO\ YLHZHG DV
D ³VXEW\SH´ RI DQRWKHU RQH� ,Q D VLPLODU YHLQ� D VXEW\SLQJ UHODWLRQVKLS RQ UHJXODU W\SHV LV GHILQHG

LQ >�@ ZKLFK DOORZV WR VWDWLFDOO\ GHWHUPLQH ZKHWKHU D SURWRFRO FDQ EH UHSODFHG E\ DQRWKHU RQH�

���� &RPSRQHQWV DQG SURWRFROV

5HFHQWO\� WKH FRPSRQHQW�RULHQWHG SURJUDP GHVLJQ KDV GUDZQ D ORW RI DWWHQWLRQ� PDLQO\ EHFDXVH

FRPSRQHQWV SURYLGH D KLJKHU OHYHO RI GHVLJQ DEVWUDFWLRQV WKDQ REMHFWV� 8VXDOO\� D FRPSRQHQW FDQ EH

YLHZHG DV D EODFN�ER[ HQWLW\ ZKLFK SURYLGHV DQG�RU UHTXLUHV D VHW RI VHUYLFHV �DFFHVVHG WKURXJK
LQWHUIDFHV�� &RPSRQHQWV FDQ EH FRPSRVHG WRJHWKHU E\ ELQGLQJ UHTXLUHG WR SURYLGHG VHUYLFHV� IRUPLQJ

D IUDPHZRUN UHVS� D KLJKHU�OHYHO FRPSRQHQW�

:LWK UHVSHFW WR GHVFULELQJ FRPSRQHQW FRPPXQLFDWLRQ� WKH DSSURDFKHV EDVHG RQ DSSO\LQJ WKH LGHD

RI REMHFW SURWRFROV WR FRPSRQHQWV LQFOXGH >�@ DQG >��@� ,Q >�@� WKH SURWRFRO LV H[SUHVVHG YLD D VHW RI
UHFXUVLYH &63�EDVHG HTXDWLRQV� 7KH SURWRFRO LGHD RXWOLQHG LQ >��@ LV EDVHG RQ FRRSHUDWLQJ SDLUV RI

W\SHG LQWHUIDFHV �FROODERUDWLRQV�� $ FROODERUDWLRQ GHVFULSWLRQ LQFOXGHV WKH SURWRFRO GHVFULEHG DV D

VHW RI VHTXHQFLQJ FRQVWUDLQWV EDVHG RQ D WUDQVLWLRQ V\VWHP�

���� &KDOOHQJHV� WKH JRDO RI WKH SDSHU

1RQH RI WKH DSSURDFKHV PHQWLRQHG LQ 6HFWLRQ ��� DUH EDVHG RQ GHVFULELQJ SURWRFRO LQ D IRUP

VLPLODU WR UHJXODU H[SUHVVLRQV ZKLFK LV YHU\ HDV\ WR UHDG� 0RUHRYHU� QRQH RI WKHVH DSSURDFKHV
DGGUHVV D VWHS�E\�VWHS GHYHORSPHQW RI D FRPSRQHQW
V SURWRFRO GXULQJ WKH GHVLJQ SURFHVV RI WKH

FRPSRQHQW� 7KXV� WKH JRDO RI WKLV SDSHU LV WR DGGUHVV WKHVH WZR LVVXHV� SURWRFRO UHDGDELOLW\ DQG

VXSSRUW IRU VWHS�E\�VWHS SURWRFRO UHILQHPHQW�

7R UHIOHFW WKH JRDO� WKH SDSHU LV RUJDQL]HG DV IROORZV� ,Q 6HFWLRQ �� ZH SURYLGH DQ RYHUYLHZ RI WKH
62)$ FRPSRQHQW PRGHO ZKLFK ZLOO VHUYH DV D SURRI�RI�WKH�FRQFHSW EDVH� 6HFWLRQ � LQWURGXFHV

EHKDYLRU SURWRFROV DQG WKH XQGHUO\LQJ PRGHO RI FRPPXQLFDWLRQ� 7KH NH\ FRQWULEXWLRQ RI WKH SDSHU

LV SURYLGHG LQ 6HFWLRQ �� ZKLFK VKRZV KRZ EHKDYLRU SURWRFROV FDQ EH DVVRFLDWHG ZLWK WKH 62)$

DUFKLWHFWXUH GHVFULSWLRQ ODQJXDJH �&'/�� DQG LQ 6HFWLRQ �� ZKHUH WKH SURWRFRO FRQIRUPDQFH UHODWLRQ
LV GHILQHG� 0RUHRYHU� WKHVH VHFWLRQV RXWOLQH VHDPOHVV ILWWLQJ RI WKH LGHD RI VWHS�E\�VWHS SURWRFRO

UHILQHPHQW LQWR WKH 62)$FRPSRQHQWPRGHO� ZKHUH UHILQHPHQW�EDVHG FRPSRQHQW GHVLJQ LV VXSSRUWHG

E\ SURYLGLQJ ERWK EODFN�ER[ YLHZ DQG JUH\�ER[ YLHZ RQ D FRPSRQHQW DV D SDUW RI WKH FRPSRQHQW
V

W\SH GHILQLWLRQ� 6HFWLRQ � LV GHYRWHG WR HYDOXDWLRQ DQG RSHQ LVVXHV� 5HODWHG ZRUN LV GLVFXVVHG LQ
6HFWLRQ �� 6HFWLRQ � FRQFOXGHV WKH SDSHU E\ VXPPDUL]LQJ NH\ DFKLHYHPHQWV�

�� 62)$ &RPSRQHQWV

���� &RPSRQHQW PRGHO

7KH 62)$ �6RIWZDUH $SSOLDQFHV� SURMHFW >��@ WDUJHWV WKH LVVXH RI FRPSRVLQJ DSSOLFDWLRQV IURP

FRPSRQHQWV ZKLFK FDQ EH GHSOR\HG RYHU D QHWZRUN� ,Q WKH 62)$ FRPSRQHQW PRGHO� DQ DSSOLFDWLRQ

LV YLHZHG DV D KLHUDUFK\ RI QHVWHG VRIWZDUH FRPSRQHQWV� $QDORJRXV ZLWK WKH FODVVLFDO FRQFHSW RI DQ



REMHFW EHLQJ DQ LQVWDQFH RI D FODVV� ZH LQWURGXFH D VRIWZDUH FRPSRQHQW �FRPSRQHQW IRU VKRUW� DV DQ

LQVWDQFH RI D FRPSRQHQW WHPSODWH �WHPSODWH IRU VKRUW�� ,Q SULQFLSOH� ³WHPSODWH´ FDQ EH LQWHUSUHWHG

DV ³FRPSRQHQW W\SH´�

$ WHPSODWH LV D SDLU �WHPSODWH IUDPH� WHPSODWH DUFKLWHFWXUH!� 7KH WHPSODWH IUDPH �IUDPH IRU

VKRUW� RI D WHPSODWH 7 GHILQHV WKH VHW RI LQGLYLGXDO LQWHUIDFHV DQ\ FRPSRQHQW ZKLFK LV DQ LQVWDQFH

RI 7 ZLOO SRVVHVV� %DVLFDOO\� WKH IUDPH RI 7 UHIOHFWV D EODFN�ER[ YLHZ RI 7� ,QWHUIDFHV DUH GHILQHG

LQ WKH 62)$ &'/ ODQJXDJH� ,Q D WHPSODWH IUDPH� VLPLODUO\ WR PDQ\ RWKHU DUFKLWHFWXUH GHVFULSWLRQ

ODQJXDJHV �$'/V�� DQ LQWHUIDFH �W\SH� FDQ EH LQVWDQWLDWHG DV D SURYLGHV�LQWHUIDFH RU D UHTXLUHV�

LQWHUIDFH�

7KH WHPSODWH DUFKLWHFWXUH �DUFKLWHFWXUH IRU VKRUW� GHVFULEHV WKH VWUXFWXUH RI D FRQFUHWH YHUVLRQ

RI WKH FRUUHVSRQGLQJ WHPSODWH IUDPH LPSOHPHQWDWLRQ E\ LQVWDQWLDWLQJ GLUHFW VXEFRPSRQHQWV �WKRVH

RQ WKH DGMDFHQW OHYHO RI FRPSRQHQW QHVWLQJ� DQG E\ VSHFLI\LQJ WKH QHFHVVDU\ FRPSRQHQW

LQWHUFRQQHFWLRQV YLD LQWHUIDFH WLHV� 7KHUH DUH WKUHH NLQGV RI LQWHUIDFH WLHV� ��� ELQGLQJ RI D UHTXLUHV�

LQWHUIDFH WR D SURYLGHV�LQWHUIDFH� ��� GHOHJDWLQJ IURP D SURYLGHV�LQWHUIDFH WR D QHVWHG FRPSRQHQW¶V

SURYLGHV�LQWHUIDFH� ��� VXEVXPLQJ RI D VXEFRPSRQHQW¶V UHTXLUHV�LQWHUIDFH WR D UHTXLUHV�LQWHUIDFH�

%DVLFDOO\� WKH DUFKLWHFWXUH RI 7 UHIOHFWV D JUH\�ER[ YLHZ RQ 7� 7KH DUFKLWHFWXUH FDQ EH VSHFLILHG DV

SULPLWLYHZKLFK PHDQV WKDW WKHUH DUH QR VXEFRPSRQHQWV DQG WKH WHPSODWH IUDPH LPSOHPHQWDWLRQ ZLOO

EH JLYHQ LQ DQ XQGHUO\LQJ LPSOHPHQWDWLRQ ODQJXDJH� RXW RI WKH VFRSH RI WKH DUFKLWHFWXUH VSHFLILFDWLRQ�

:KHQ DQ DUFKLWHFWXUH LV QRW SULPLWLYH� WKH QHVWHG FRPSRQHQWV DUH YLHZHG RQ WKH OHYHO RI WKHLU IUDPHV�

���� &'/ VSHFLILFDWLRQ ODQJXDJH

7KH VSHFLILFDWLRQ RI D 62)$ FRPSRQHQW LV ZULWWHQ LQ WKH 62)$ FRPSRQHQW GHILQLWLRQ ODQJXDJH

�&'/�� ZKLFK LV EDVHG RQ &25%$ ,'/� 7KH FRPSOHWH V\QWD[ RI &'/ LV JLYHQ LQ >�@� +HUH� ZH MXVW

GHPRQVWUDWH &'/ RQ D VLPSOH H[DPSOH�

/HW XV LPDJLQH ZH QHHG WR FUHDWH D FRPSRQHQW ZKLFK ZLOO VHUYH DV D YHU\ VLPSOH GDWDEDVH VHUYHU

�)LJXUH ��� 6XFK D FRPSRQHQW VKRXOG SURYLGH WKH ,QVHUW� 'HOHWH� DQG 4XHU\ RSHUDWLRQV IRU LQVHUWLQJ

DQG UHPRYLQJ UHFRUGV IURP WKH GDWDEDVH� DQG TXHU\LQJ WKH FRQWHQWV RI WKH GDWDEDVH� 7KH GDWDEDVH

VHUYHU ZLOO DFFHVV WKH XQGHUO\LQJ GDWDEDVH YLD WKH ,'DWDEDVH$FFHVV LQWHUIDFH W\SH DQG ZLOO XVH WKH

,/RJJLQJ LQWHUIDFH WR ORJ LQYRFDWLRQV RI WKH SURYLGHG RSHUDWLRQV� )RU WKLV SXUSRVH� &'/ LQFOXGHV

WKH LQWHUIDFH FRQVWUXFWZKLFK VSHFLILHV WKH LQWHUIDFH W\SH DV D VHW RI PHWKRG VLJQDWXUHV� 2XU LQWHUIDFHV

FDQ EH VSHFLILHG DV IROORZV�

LQWHUIDFH ,'%6HUYHU ^

YRLG ,QVHUW�LQ VWULQJ NH\� LQ VWULQJ GDWD��

YRLG 'HOHWH�LQ VWULQJ NH\��

YRLG 4XHU\�LQ VWULQJ TXHU\� RXW VWULQJ GDWD��

`�

LQWHUIDFH ,/RJJLQJ ^

YRLG /RJ(YHQW�LQ VWULQJ HYHQW��

YRLG &OHDU/RJ���

`�

LQWHUIDFH ,'DWDEDVH$FFHVV ^

YRLG 2SHQ���

YRLG ,QVHUW�LQ VWULQJ NH\� LQ VWULQJ GDWD��

YRLG 'HOHWH�LQ VWULQJ NH\��

YRLG 4XHU\�LQ VWULQJ TXHU\� RXW VWULQJ

GDWD��

YRLG &ORVH���

`�

7KH IUDPH VSHFLILFDWLRQ FRQWDLQV GHFODUDWLRQV RI SURYLGHV�LQWHUIDFHV DQG�RU UHTXLUHV�LQWHUIDFHV�

7KXV� WKH 'DWDEDVH IUDPH� UHSUHVHQWLQJ WKH LQWHQGHG VLPSOH GDWDEDVH VHUYHU� LV VSHFLILHG E\ WKH

IROORZLQJ IUDPH FRQVWUXFW�



IUDPH 'DWDEDVH ^

SURYLGHV�

,'%6HUYHU GE6UY�

UHTXLUHV�

,'DWDEDVH$FFHVV GE$FF�

,/RJJLQJ GE/RJ�

`�

DUFKLWHFWXUH 'DWDEDVH YHUVLRQ Y� ^

LQVW 7UDQVDFWLRQ0DQDJHU 7UDQVP�

LQVW 'DWDEDVH%RG\ /RFDO�

ELQG /RFDO�WU WR 7UDQVP�WUDQV�

VXEVXPH /RFDO�OJ WR GE/RJ�

VXEVXPH /RFDO�GD WR GE$FF�

GHOHJDWH GE6UY WR /RFDO�G�

`�

0DLQ

'DWDEDVH�Y�

GE6UY

GE/RJ

GE$FF

'%

/RFDO
'DWDEDVH
%RG\

G
OJ

GD
WU

7UDQVP

7UDQVDFWLRQ
0DQDJHU

WUDQV

/RJP

/RJ0DQ

ORJ

'DWD
'%$FFHVV

DFFHVV

&OLHQW
'%$SS

GE6HUYHU

)LJXUH �� 'DWDEDVH DUFKLWHFWXUH

6HYHUDO YHUVLRQV RI WKH 'DWDEDVH DUFKLWHFWXUH FDQ EH VSHFLILHG� $ SRVVLELOLW\ LV WR GHFODUH D

YHUVLRQ DV SULPLWLYH� L�H�� ZLWK QR QHVWHG FRPSRQHQWV� $V DQ DOWHUQDWLYH� WKH 'DWDEDVH DUFKLWHFWXUH

YHUVLRQ Y� LOOXVWUDWHV KRZ WKH VXEFRPSRQHQWV DUH LQVWDQWLDWHG DQG KRZ WKHLU WLHV DUH VSHFLILHG

�GLVWLQJXLVKLQJ ELQG� VXEVXPH� DQG GHOHJDWH WLHV�� 1RWLFH WKDW WKH VXEFRPSRQHQWV DUH VSHFLILHG RQO\

DW WKH DEVWUDFWLRQ OHYHO RI WKHLU IUDPHV� $V WKLV DSSURDFK FOHDUO\ VHSDUDWHV WKH OHYHOV RI SURYLGLQJ

DUFKLWHFWXUDO GHWDLOV� LW DOORZV� H�J�� IRU HDV\ UHSODFHPHQW RI D VXEFRPSRQHQW E\ LWV QHZ YHUVLRQ�

�� %HKDYLRU SURWRFROV

���� 0RGHO RI FRPPXQLFDWLRQ

,Q WKLV VHFWLRQ� ZH GHVFULEH WKH HVVHQFH RI WKH FRPPXQLFDWLRQ PRGHO GHVFULEHG LQ GHWDLO LQ >��@�

,Q WKLV PRGHO� DQ DJHQW LV D FRPSXWDWLRQDO HQWLW\ KDQGOLQJ VHTXHQFHV RI HYHQWV� $V WR KDQGOLQJ HYHQWV�

DJHQWV FDQ HPLW HYHQWV� DEVRUE HYHQWV� DQG SHUIRUP LQWHUQDO HYHQWV� ,Q JHQHUDO� ZH VD\ WKDW DQ DJHQW

H[KLELWV VRPH DFWLRQV� $JHQWV FRPPXQLFDWH YLD SHHU�WR�SHHU FRQQHFWLRQV� ,Q SULQFLSOH� DQ DJHQW FDQ

FRPPXQLFDWH ZLWK D ILQLWH QXPEHU RI DJHQWV� DQG WZR DJHQWV FDQ FRPPXQLFDWH E\ PHDQV RI D ILQLWH

QXPEHU RI FRQQHFWLRQV� 0RUHRYHU� ZH DVVXPH WKDW DQ DJHQW FDQQRW KDQGOH PRUH WKDQ RQH HYHQW DW

D WLPH� WKHUH LV QR FRQQHFWLRQ GHOD\� DQG DQ DJHQW FDQ HPLW DQ HYHQW RQO\ LI LWV FRXQWHUSDUW LV

SUHSDUHG WR DFFHSW LW� :H SUHWHQG WKDW HPLWWLQJ DQG DEVRUELQJ D SDUWLFXODU HYHQW LV GRQH DV RQH

DWRPLF DFWLRQ�

%\ DFWLYLW\ RI DQ DJHQW $ RQ D VHW RI FRQQHFWLRQV &6 ZH XQGHUVWDQG WKH VHTXHQFH RI DFWLRQV $

H[KLELWV RQ &6� %\ FRQYHQWLRQ� WKLV VHTXHQFH LV UHSUHVHQWHG E\ WKH WUDFH RI $ RQ &6� ,Q JHQHUDO� D

WUDFH LV D VHTXHQFH RI DFWLRQ WRNHQV� HDFK RI WKHP UHSUHVHQWLQJ H[DFWO\ RQH DFWLRQ� ,Q DQ DFWLRQ WRNHQ�

WKH HYHQW QDPH LV IROORZHG E\ WKH V\PERO � UHVS� � ZKLFK GLVWLQJXLVKHV UHTXHVW UHVS� UHVSRQVH� 7R

H[SUHVV ZKHWKHU DQ HYHQW LV HPLWWHG� DEVRUEHG� UHVS� LV LQWHUQDO� ZH SUHIL[ WKH HYHQW QDPH E\ WKH ��

" UHVS� 2 V\PERO� 7KHUH LV D ORFDO HYHQW QDPHVSDFH DVVRFLDWHG ZLWK HYHU\ FRQQHFWLRQ� ,Q RUGHU WR

GLVWLQJXLVK DPRQJ DFWLRQV H[KLELWHG RQ GLIIHUHQW FRQQHFWLRQV RI WKH VDPH DJHQW� HDFK HYHQW QDPH FDQ

EH TXDOLILHG E\ D FRQQHFWLRQ QDPH� ,Q DQ DSSOLFDWLRQ� D VLQJOH JOREDO QDPHVSDFH RI FRQQHFWLRQ QDPHV

DOVR H[LVWV�

$Q DJHQW FDQ EH SULPLWLYH RU FRPSRVHG� $ FRPSRVHG DJHQW 3 LV FRQVWUXFWHG E\ D FRPSRVLWLRQ RI

WZR DJHQWV $ DQG %� 7KH FRQQHFWLRQV RI 3 DUH WKH XQLRQ RI WKH FRQQHFWLRQV RI $ DQG %� 7KH

FRQQHFWLRQV WKURXJK ZKLFK $ DQG % FRPPXQLFDWH ZLWK HDFK RWKHU �H[WHUQDO FRQQHFWLRQV IURP $¶V

DQG %¶V SRLQWV RI YLHZ� EHFRPH LQWHUQDO FRQQHFWLRQV RI 3� HYHQWV RQ WKH LQWHUQDO FRQQHFWLRQV RI 3



DUH UHIHUUHG WR DV LQWHUQDO HYHQWV RI 3 �DQDORJRXV ZLWK LQWHUQDO DFWLRQV 2 LQ >�@�� /HW & EH D

FRQQHFWLRQ RI $� %\ GHILQLWLRQ� 3 VKDUHV & ZLWK $� 7KH HYHQWV RQ & DUH KDQGOHG E\ ERWK 3 DQG $

MRLQWO\ �LQ WKH VHQVH WKDW WKH HYHQW KDQGOLQJ GRQH E\ $ LV DOVR FRQVLGHUHG WR EH GRQH E\ 3�� ,I & LV

H[WHUQDO ERWK LQ $ DQG 3� WKH FRQWULEXWLRQ WR WKH FRUUHVSRQGLQJ WUDFHV RI $ DQG 3 LV WKH VDPH�

�6LPLODUO\ LQ WKH FDVH RI & EHLQJ LQWHUQDO LQ ERWK $ DQG 3�� +RZHYHU� LI & LV H[WHUQDO LQ $ EXW

LQWHUQDO LQ 3� WKH KDQGOHG HYHQWV DUH SUHIL[HG E\ 2 LQ WKH WUDFH RI 3 DQG E\ " RU � LQ WKH WUDFH RI $�

2Q D VHW RI FRQQHFWLRQV &6� WKH VHW RI DOO SRVVLEOH DFWLYLWLHV RI WKH DJHQW $ LV WKH EHKDYLRU RI $

RQ &6� %\ FRQYHQWLRQ� WKH EHKDYLRU RI $ RQ &6 LV UHSUHVHQWHG DV D VHW RI WUDFHV ² WKH ODQJXDJH RI

$ RQ &6 �GHQRWHG E\ /$�&6�� 7KH HYHQW UHVWULFWLRQ RI D ODQJXDJH / RQ D VHW RI HYHQW QDPHV 1 LV D

IXQFWLRQ 31� / Ú /¶� VXFK WKDW 31�.�[�.�[�.����[Q.Q�  [�[����[Q� ZKHUH .�[�.�[�.����[Q.Q � /� [L �

(1� .L � �(/ ? (1�
� (1 LV WKH VHW RI DOO SRVVLEOH DFWLRQ WRNHQV WKH HYHQW QDPHV RI ZKLFK DUH LQ 1� DQG

(/ LV WKH VHW RI DOO DFWLRQ WRNHQV LQ /� ,Q RWKHU ZRUGV� WKH UHVWULFWLRQ LV D IXQFWLRQ ZKLFK IURP HYHU\

WUDFH RI WKH ODQJXDJH / RPLWV DOO DFWLRQ WRNHQV ZKRVH HYHQW QDPHV DUH QRW LQ 1� 7KH UHVXOWLQJ VHW RI

ZRUGV FRQVWLWXWHV WKH ODQJXDJH /¶� )XUWKHUPRUH� WKH UHVWULFWLRQ RI ODQJXDJH /$�&6 RQ D VXEVHW & RI

WKH FRQQHFWLRQ VHW &6 LV WKH ODQJXDJH /$�&6�&  3&(�/$�&6�� ZKHUH &( LV WKH VHW RI DOO DFWLRQ WRNHQV�

HYHQW QDPHV RI ZKLFK DUH TXDOLILHG E\ WKH LGHQWLILFDWLRQ RI D FRQQHFWLRQ IURP &�

7KH NH\ LVVXH LV WR ILQG D IRUPDO QRWDWLRQ DEOH WR VSHFLI\ WKH W\SLFDOO\ LQILQLWH ODQJXDJH /$�&6 LQ

D ILQLWH ZD\� 6XFK D QRWDWLRQ VKRXOG EH VLPSOH HQRXJK WR EH HDVLO\ LQFOXGHG LQ DQ $'/ ODQJXDJH� 7KH

DSSURDFK ZH FKRRVH LV WR WDNH DGYDQWDJH RI WKH IDFW WKDW VRPH RI WKH ODQJXDJHV FDQ EH H[SUHVVHG E\

EHKDYLRU SURWRFROV �6HFWLRQ ����� $W WKH VDPH WLPH� D ODQJXDJH / ZKLFK FDQQRW EH SUHFLVHO\ GHILQHG

E\ D EHKDYLRU SURWRFRO FDQ XVXDOO\ EH DSSUR[LPDWHG E\ D ³FORVHO\ UHODWLYH´ ODQJXDJH /¶ UHIOHFWLQJ

ZHOO WKH DEVWUDFWLRQ OHYHO GLIIHUHQFH EHWZHHQ DQ $'/ VSHFLILFDWLRQ DQG DQ LPSOHPHQWDWLRQ LQ D

SURJUDPPLQJ ODQJXDJH�

���� %HKDYLRU SURWRFROV

$ EHKDYLRU SURWRFRO �SURWRFRO IRU VKRUW� LV D UHJXODU�OLNH H[SUHVVLRQ� ZKLFK �V\QWDFWLFDOO\�
JHQHUDWHV WUDFHV� 7KH EDVLF HOHPHQW RI D EHKDYLRU SURWRFRO LV DQ DFWLRQ WRNHQ RU 18// �IRU HPSW\
SURWRFRO�� $ SURWRFRO FDQ XVH WKH IROORZLQJ RSHUDWRUV DQG DEEUHYLDWLRQV� ZKHUH .� � GHQRWH SURWRFROV
DQG P GHQRWHV DQ HYHQW QDPH�

2SHUDWRUV

.A UHHQWUDQF\� HTXLYDOHQW WR . _ . _ ��� _ .

.
 UHSHWLWLRQ� HTXLYDOHQW WR . � . � ��� � .

. _ � DQG�SDUDOOHO� DQ DUELWUDU\ LQWHUOHDYLQJ RI WUDFHV
JHQHUDWHG E\ . DQG �

. __ � RU�SDUDOOHO� VWDQGV IRU . � � � . _ �

. � � VHTXHQFLQJ� FRQFDWHQDWLRQ RI WUDFHV JHQHUDWHG
E\ . DQG �

. � � DOWHUQDWLYH� HLWKHU . RU �

. � � FRPSRVLWLRQ� VLPLODU WR . _ � H[FHSW IRU ZKHQ P
LV DEVRUEHG LQ D WUDFH JHQHUDWHG E\ . DQG
HPLWWHG LQ D WUDFH RI � WKHQ WKH VLPXOWDQHRXV
SDUWLFLSDWLRQ LV H[SUHVVHG DV LQWHUQDO HYHQW

$EEUHYLDWLRQV

"P^.` QHVWHG LQFRPLQJ FDOO�
VWDQGV IRU "P� � . � �P�

"P VLPSOH LQFRPLQJ FDOO�
VWDQGV IRU "P� � �P�

�P VLPSOH RXWJRLQJ FDOO�
VWDQGV IRU �P� � "P�

,QWXLWLYHO\� D EHKDYLRU SURWRFRO FDQ VHUYH IRU H[SUHVVLQJ DFWLRQ RUGHULQJ� )RU H[DPSOH� LI ZH ZDQW
WR H[SUHVV WKDW DQ DJHQW HPLWV D UHTXHVW X ILUVW� WKHQ LW DEVRUEV DQ\ QXPEHU RI UHTXHVWV [� \� RU ]� DQG
ILQDOO\ D UHVSRQVH Y LV HPLWWHG� ZH FDQ GHVFULEH WKLV EHKDYLRU E\ PHDQV RI D SURWRFRO LQ WKH IRUP
�X� � � "[� � "\� � "]��
 � �Y��



)LJXUH �� %LQGLQJ RI FRPSRQHQWV

�� $VVRFLDWLQJ EHKDYLRU SURWRFROV DQG 62)$ FRPSRQHQWV

���� $JHQWV� FRPSRQHQWV DW UXQ WLPH

0RGHOLQJ RI 62)$FRPSRQHQWV YLD DJHQWV LV VWUDLJKWIRUZDUG� (YHU\ FRPSRQHQW FDQ EH DVVRFLDWHG
ZLWK DQ DJHQW �RQH�WR�RQH UHODWLRQVKLS� VXFK WKDW LW PRGHOV WKH FRPSRQHQW EHKDYLRU� *LYHQ D
FRPSRQHQW &� ZH FDOO WKH DJHQW DVVRFLDWHG ZLWK & WKH DJHQW RI &� RU VLPSO\ WKH & DJHQW� ,Q DQ\
FRPSRQHQW & EHLQJ DQ LQVWDQFH RI 7 �)� $!� LI $ LV SULPLWLYH� WKH & DJHQW LV SULPLWLYH� 2WKHUZLVH�
WKH & DJHQW LV WKH FRPSRVLWLRQ RI WKH DJHQWV RI DOO VXEFRPSRQHQWV RI & �UHFXUVLYHO\��
'LVWLQJXLVKLQJ WKH WZR NLQGV RI

LQWHUIDFHV �SURYLGHV DQG UHTXLUHV� FDQ
EH UHIOHFWHG DV HPSOR\LQJ FRQQHFWLRQV
ZLWK D ³SURYLGHV´ DQG D ³UHTXLUHV´ HQG
LQ WKH VHQVH WKDW WKH HPLWWLQJ DQG
DEVRUELQJ RI HYHQWV IROORZV WKLV
SDWWHUQ� $ PHWKRG FDOO P����� LVVXHG E\
WKH FRPSRQHQW & RQ D UHTXLUHV�
LQWHUIDFH LV PRGHOHG DV WKH HYHQW SDLU
����&21�P����"&21�P���� LQ D WUDFH RI
WKH & DJHQW DQG ���"&21�P����
�&21�P���� LQ WKH FRUUHVSRQGLQJ WUDFH
RI WKH &¶ DJHQW �&21 LGHQWLILHV WKH
FRQQHFWLRQ�� $ FDOO RI D RQH�ZD\
PHWKRG RZ����� LV PRGHOHG DV DQ HYHQW
�RZ� LQ D WUDFH RI WKH & DJHQW DQG
"RZ� LQ WKH FRUUHVSRQGLQJ WUDFH RI WKH &¶ DJHQW� ,Q SULQFLSOH� WKH VHW RI PHWKRG QDPHV LQ WKH
LQWHUIDFH W\SHV LQYROYHG FRPSULVHV WKH HYHQW QDPHVSDFHV�
$ FRPSRQHQW & ZKLFK LV DQ LQVWDQFH RI 7 �)� $! LV EDVLFDOO\ VSHFLILHG E\ D VHW RI IUDPH

LQVWDQFHV LQYROYHG LQ WKH GHVFULSWLRQ RI $ �UHFXUVLYHO\�� 7R IROORZ WKH EDVLF SKLORVRSK\ RI QHVWLQJ
LQ &'/ VSHFLILFDWLRQV� D FRQQHFWLRQ LV VSHFLILHG RQ DQ LQFUHPHQWDO GHVFULSWLRQ EDVLV� 7KLV
LQFUHPHQWDO DSSURDFK LV HPERGLHG E\ W\LQJ SDLUV RI LQWHUIDFHV DV SUHVHQWHG LQ 6HFWLRQ �� 7KXV� D
FRQQHFWLRQ VSHFLILFDWLRQ FDQ EH VHHQ DV D FKDLQ RI VXEVXPH� ELQG� DQG GHOHJDWH FODXVHV VSDQQLQJ
DFURVV WKH FRUUHVSRQGLQJ KLHUDUFK\ RI DUFKLWHFWXUH VSHFLILFDWLRQV� H�J�� DV GHSLFWHG RQ)LJXUH ��+HUH�
$� %� &� '� ;� < DUH WKH FRPSRQHQW QDPHV� ,$� ,%� ,&� ,;� ,< DUH WKH QDPHV RI WKH LQWHUIDFH
LQVWDQFHV WLHG WRJHWKHU� 7KXV� ZLWK UHVSHFW WR WKH FRPSRVLWLRQ RI DJHQWV� WKH DJHQWV RI $� %� DQG &
VKDUH WKH ³UHTXLUHV´ HQG RI WKH FRQQHFWLRQ DQG WKH DJHQWV RI ;� < VKDUH WKH ³SURYLGHV´ HQG� 7KH
FRQQHFWLRQ LV LQWHUQDO WR WKH ' DJHQW� 7HFKQLFDOO\� WKH FRQQHFWLRQ LV XQLTXHO\ LGHQWLILHG E\ LWV IXOO�
FKDLQ LGHQWLILFDWLRQ� WDNLQJ WKH IRUP� '�&�%�$�,$±'�&�%�,%±'�&�,&Ú'�;�,;±'�;�<�,<�

���� %RXQGLQJ EHKDYLRU RI FRPSRQHQWV

$V HPSKDVL]HG LQ 6HFWLRQ ���� DQ DJHQW¶V EHKDYLRU FDQ EH DSSUR[LPDWHG E\ D EHKDYLRU SURWRFRO�
7KXV� ZH FRXOG HPSOR\ WKH EHKDYLRU SURWRFROV WR DSSUR[LPDWH FRPSRQHQW EHKDYLRU� 7KH NH\ LVVXH
LV WR GHILQH WKH H[DFWPHDQLQJ RI WKH ³DSSUR[LPDWLRQ´ RI WKH 62)$ FRPSRQHQW EHKDYLRU� 2XU DQVZHU
WR WKLV TXHVWLRQ LV EDVHG RQ WKH LGHD WKDW D FRPSRQHQW¶V EHKDYLRU RQ LWV SURYLGHV�LQWHUIDFHV FDQ EH
³ULFKHU´ WKDQ ZKDW LV VSHFLILHG E\ D SURWRFRO� ZKLOH WKH EHKDYLRU RQ LWV UHTXLUHV�LQWHUIDFHV KDV WR EH
³QDUURZHU´ WKDQ ZKDW LV VSHFLILHG E\ D SURWRFRO� 6XFK DQ DSSUR[LPDWLRQ LV UHIHUUHG WR DV ³ERXQGLQJ´
WKH EHKDYLRU RI D FRPSRQHQW� IRUPDOO\�

/HW & EH D FRPSRQHQW DQG 3& UHVS� 5& WKH VHWV RI DOO &¶V SURYLGHV�LQWHUIDFHV UHVS� UHTXLUHV�
LQWHUIDFHV �UHFXUVLYHO\ LQFOXGLQJ WKH LQWHUIDFHV RI &¶V VXEFRPSRQHQWV�� :H VD\ WKDW WKH EHKDYLRU
UHSUHVHQWHG DV ODQJXDJH /& RI WKH FRPSRQHQW & RQ D VHW RI LWV LQWHUIDFHV 6, LV ERXQGHG E\ D SURWRFRO
%3 LI ERWK RI WKH IROORZLQJ LQFOXVLRQV KROG�



��� /�%3���3& � 6,� I /&��3& � 6,� ��� /�%3���5&� 6,� J /&��5& � 6,�

1HHGOHVV WR VD\� D NH\ LVVXH RI HPSOR\LQJ WKH EHKDYLRU SURWRFRO LGHD LQ WKH FRPSRQHQW GHVLJQ LV

WR ILQG PHDQLQJIXO VHWV 6, DQG QDWXUDO XQLWV IRU ZKLFK SURWRFROV FDQ EH HDVLO\ IRUPHG� 2EYLRXVO\�

WKH &'/ LQWHUIDFH� IUDPH� DQG DUFKLWHFWXUH FRQFHSWV DUH VXFK QDWXUDO XQLWV� :H WKHUHIRUH LQWURGXFH

WKH LQWHUIDFH� IUDPH� DQG DUFKLWHFWXUH SURWRFROV LQ 6HFWLRQV ��� ± ����

7KH &'/ FRQVWUXFWV� KRZHYHU� DUH LQKHUHQWO\ JHQHULF ² DW WKH &'/ VSHFLILFDWLRQ OHYHO� WKH

SURWRFROV FDQ RQO\ FRQWDLQ D JHQHULF LGHQWLILFDWLRQ RI SRWHQWLDO FRQQHFWLRQV� &RQVHTXHQWO\� WKH

SURWRFROV LQ &'/ DUH VSHFLILHG LQ D JHQHULF IRUP� ,Q SDUWLFXODU� WKH JHQHULF FRQQHFWLRQ QDPHV DUH

GHULYHG IURP WKH LQWHUIDFH LQVWDQFH LGHQWLILFDWLRQV DV GHFODUHG LQ WKH FRUUHVSRQGLQJ &'/ IUDPH DQG

DUFKLWHFWXUH FRQVWUXFWV�

%HFDXVH RI WKH VWHS�E\�VWHS UHILQHPHQW QDWXUH RI WKH FRPSRQHQW GHVLJQ� WKH NQRZOHGJH RI WKH

FRQQHFWLRQ LGHQWLILFDWLRQ LV DOVR REWDLQHG RQ D VWHS�E\�VWHS EDVLV� UHIOHFWLQJ WKH QHVWLQJ RI

DUFKLWHFWXUHV� (DFK OHYHO RI D WHPSODWH 7¶V QHVWLQJ LQWR DQRWKHU WHPSODWH FRQWULEXWHV LQFUHPHQWDOO\

WR WKH NQRZOHGJH RI D SDUW RI WKH FRPSOHWH�FKDLQ LGHQWLILFDWLRQ RI WKH FRQQHFWLRQV ZKLFK DUH LQYROYHG

LQ 7� 7KLV LPSOLHV D VWHS�E\�VWHS PRGLILFDWLRQ RI HYHU\ SURWRFRO 3 DVVRFLDWHG ZLWK 7� ZH FDOO WKHVH

LQWHUPHGLDWH IRUPV RI 3 VHPL�LQVWDQFHV RI 3� $IWHU WKH RXWPRVW FRPSRQHQW LV LQVWDQWLDWHG� HDFK

SURWRFRO LQ WKH FRPSRQHQW FRQWDLQV D FRPSOHWH�FKDLQ LGHQWLILFDWLRQ RI WKH FRQQHFWLRQV� WKH VHPL�

LQVWDQFH RI 3 EHFRPHV DQ LQVWDQFH RI 3� ,W VKRXOG EH HPSKDVL]HG WKDW RQO\ DQ LQVWDQFH RI D SURWRFRO

FDQ ERXQG WKH EHKDYLRU RI D FRPSRQHQW� $Q\ZD\� ERXQGLQJ WKH EHKDYLRU LV D UXQ�WLPH LVVXH�

���� ,QWHUIDFH SURWRFRO

7R FDSWXUH WKH EHKDYLRU RI D VHUYLFH VSHFLILHG E\ D SDUWLFXODU LQWHUIDFH W\SH� ZH HQKDQFH WKH

LQWHUIDFH W\SH VSHFLILFDWLRQ E\ DQ LQWHUIDFH SURWRFRO� ,Q SULQFLSOH� LQ DQ LQWHUIDFH SURWRFRO DVVRFLDWHG

ZLWK D SURYLGHV �UHVS� UHTXLUHV� LQWHUIDFH� D PHWKRG LQYRFDWLRQ LV WR EH SUHIL[HG E\ " UHVS� �� ,Q &'/�

WKH LQWHUIDFH SURWRFRO LV ZULWWHQ LQ LWV JHQHULF IRUP� L�H�� QR " DQG � SUHIL[HV DUH XVHG� WKH SUHIL[HV DUH

DXWRPDWLFDOO\ DGGHG ZKHQ WKH FRUUHVSRQGLQJ LQWHUIDFH W\SH LV LQVWDQWLDWHG�

7R LOOXVWUDWH WKH XVH RI LQWHUIDFH SURWRFROV� OHW XV FRQVLGHU D SURWRFRO IRU WKH ,'DWDEDVH$FFHVV

LQWHUIDFH IURP 6HFWLRQ ���� 7KH LQWHQGHG XVH RI WKLV LQWHUIDFH LV WR FDOO WKH PHWKRG 2SHQ ILUVW� WKHQ

GR D PRGLILFDWLRQ RI WKH GDWDEDVH E\ LQYRFDWLRQV RI ,QVHUW� 'HOHWH DQG 4XHU\� DQG ILQDOO\ WR ILQLVK

WKH ZRUN ZLWK WKH GDWDEDVH E\ LQYRNLQJ &ORVH� 7KH FRUUHVSRQGLQJ SURWRFRO LV 2SHQ � � ,QVHUW �

'HOHWH � 4XHU\ �
 � &ORVH� ,I WKH ,QVHUW� 'HOHWH� DQG 4XHU\ PHWKRGV ZHUH WR EH GHVLJQHG WR KDQGOH

UHTXHVWV LQ SDUDOOHO� ZH FRXOG VSHFLI\ WKLV LQWHQWLRQ E\ 2SHQ � � ,QVHUW __ 'HOHWH __ 4XHU\ �
 � &ORVH�

7KLV LQGLFDWHV WKDW SDUDOOHO H[HFXWLRQ RI WKH ,QVHUW� 'HOHWH� DQG 4XHU\ PHWKRGV LV SRVVLEOH� EXW DQ\

WZR LQYRFDWLRQV RI ,QVHUW PXVW EH GRQH VHTXHQWLDOO\ �WKH VDPH KROGV IRU 'HOHWH DQG 4XHU\�� 7R

VSHFLI\ WKDW D FRPSOHWHO\ SDUDOOHO LQYRFDWLRQ RI WKHVH PHWKRGV LV DOORZHG� WKH UHHQWUDQF\ �A� RSHUDWRU

LV WR EH XVHG LQVWHDG RI WKH UHSHWLWLRQ �
�� \LHOGLQJ 2SHQ � � ,QVHUW __ 'HOHWH __ 4XHU\�A � &ORVH�

���� )UDPH SURWRFRO

7R DOORZ WKH VSHFLILFDWLRQ RI D ³EODFN�ER[ EHKDYLRU´ RI D FRPSRQHQW� ZH HQKDQFH WKH IUDPH

VSHFLILFDWLRQ E\ LQFOXGLQJ D IUDPH SURWRFRO� +HUH� WKH SURWRFRO VSHFLILHV WKH DFFHSWDEOH RUGHU RI

PHWKRG LQYRFDWLRQV RQ WKH SURYLGHV�LQWHUIDFHV DQG WKH H[SHFWHG UHDFWLRQV RQ WKH UHTXLUHV�LQWHUIDFHV

RI WKH IUDPH� 7KXV� D QDPH RI DQ DFWLRQ LV TXDOLILHG E\ WKH QDPH RI WKH LQWHUIDFH LQVWDQFH WKH LQYRNHG

PHWKRG EHORQJV WR� DQG LV SUHIL[HG E\ " RU �� 0HWKRG FDOOV FDQ EH VSHFLILHG DV QHVWHG� 7KLV VHPDQWLFV

FDQ EH H[SUHVVHG E\ FXUO\ EUDFNHWV �6HFWLRQ �����

)RU LOOXVWUDWLRQ� ZH SUHVHQW WKH IUDPH SURWRFROV RI 'DWDEDVH DQG 'DWDEDVH%RG\�



�� 'DWDEDVH IUDPH SURWRFRO

�GE$FF�2SHQ �

� "GE6UY�,QVHUW ^ � �GE$FF�,QVHUW �

�GE/RJ�/RJ(YHQW �
 ` �

"GE6UY'HOHWH ^ � �GE$FF�'HOHWH �

�GE/RJ�/RJ(YHQW �
 ` �

"GE6UY4XHU\ ^ �GE$FF�4XHU\
 `

�
 �

�GE$FF�&ORVH

IUDPH 'DWDEDVH%RG\ ^

SURYLGHV� ,'%6HUYHU G�

UHTXLUHV� ,'DWDEDVH$FFHVV GD�

,/RJJLQJ OJ�

,7UDQVDFWLRQ WU�

SURWRFRO�

�GD�2SHQ �

� "G�,QVHUW ^� WU�%HJLQ � �GD�,QVHUW �

�OJ�/RJ(YHQW � � �WU�&RPPLW � �WU�$ERUW � ` �

"G�'HOHWH ^� WU�%HJLQ � �GD�'HOHWH �

�OJ�/RJ(YHQW � ��WU�&RPPLW � �WU�$ERUW � ` �

"G�4XHU\ ^ �GD�4XHU\ `

�
 �

�GD�&ORVH

,Q WKH 'DWDEDVH IUDPH SURWRFRO� WKH IDFW WKDW HDFK PRGLILFDWLRQ RI WKH GDWDEDVH VKRXOG EH ORJJHG
LV UHIOHFWHG E\ VSHFLI\LQJ QHVWHG FDOOV LQ WKH IROORZLQJ ZD\� LQVLGH HYHU\ GE6UY�,QVHUW LQYRFDWLRQ� DQ\
QXPEHU RI GE$FF�,QVHUW FDOOV FDQ EH H[HFXWHG� DQG DIWHU HDFK RI WKHVH FDOOV LV ILQLVKHG� WKH
PRGLILFDWLRQ LV ORJJHG E\ LQYRNLQJ GE/RJ�/RJ(YHQW� 6LPLODUO\� DV D SDUW RI HYHU\ GE6UY�'HOHWH
LQYRFDWLRQ� GHOHWLQJ LV ORJJHG E\ GE/RJ�/RJ(YHQW� 7KH VSHFLILFDWLRQ RI WKH 'DWDEDVH%RG\ IUDPH
LOOXVWUDWHV WKH &'/ V\QWD[ RI HPSOR\LQJ IUDPH SURWRFRO LQ D IUDPH VSHFLILFDWLRQ�

���� $UFKLWHFWXUH SURWRFRO

)RU D WHPSODWH 7 �)� $!� DQ DUFKLWHFWXUH SURWRFRO VSHFLILHV D ³JUH\�ER[´ EHKDYLRU RI 7¶V
LQVWDQFHV� ,Q SULQFLSOH� WKH DUFKLWHFWXUH SURWRFRO LV EDVHG XSRQ WKH IUDPHV RI WKH GLUHFW
VXEFRPSRQHQWV VSHFLILHG LQ $� 7KH SURWRFRO GHVFULEHV WKH GHSHQGHQFLHV DPRQJ WKH LQWHUIDFHV RI )
DQG WKH RXWPRVW LQWHUIDFHV RI DOO VXEFRPSRQHQWV LQ $� ,Q &'/� WKH DUFKLWHFWXUH SURWRFRO LV QRW
VSHFLILHG GLUHFWO\� 2XU DSSURDFK LV WR JHQHUDWH LW� H�J�� LQ D &'/ FRPSLOHU� E\ FRPELQLQJ WKH VHPL�
LQVWDQFHV RI WKH LQWHUQDO IUDPH SURWRFROV XVLQJ WKH FRPSRVLWLRQ RSHUDWRU ���� 7KLV HOLPLQDWHV WKH QHHG
IRU ZKDW ZRXOG� LQ IDFW� EH D PDQXDO UHZULWLQJ DQG PHFKDQLFDO PRGLILFDWLRQ RI SURWRFROV ZKHQ
FUHDWLQJ WKH VHPL�LQVWDQFHV� +RZHYHU� WKLV DSSURDFK GRHV QRW FDSWXUH VSHFLDO SURSHUWLHV RI WKH
DUFKLWHFWXUH� H�J�� VLPSOH GHSHQGHQFLHV DPRQJ LQWHUQDO VXEFRPSRQHQWV�

7R LOOXVWUDWH ZKDW D JHQHUDWHG DUFKLWHFWXUH SURWRFRO ORRNV OLNH� OHW XV FRQVLGHU WKH 'DWDEDVH

DUFKLWHFWXUH YHUVLRQ Y� ZKLFK FRQWDLQV WZR VXEFRPSRQHQWV� 7UDQVP �LQVWDQFH RI
7UDQVDFWLRQ0DQDJHU� DQG /RFDO �LQVWDQFH RI 'DWDEDVH%RG\�� :KHQ WKH IUDPH SURWRFROV DUH
PRGLILHG LQWR WKH FRUUHVSRQGLQJ VHPL�LQVWDQFHV DQG WKH FRPSRVLWLRQ RSHUDWRU LV DSSOLHG� ZH REWDLQ
WKH IROORZLQJ DUFKLWHFWXUH SURWRFRO RI 'DWDEDVH�

� "�/RFDO�WU Ú 7UDQVP�WUDQV!�%HJLQ �
� "�/RFDO�WUÚ 7UDQVP�WUDQV!�&RPPLW � "�/RFDO�WU Ú 7UDQVP�WUDQV!�$ERUW �

�

�

��/RFDO�GD�GE$FF!�2SHQ �
� "�GE6UY�/RFDO�G!�,QVHUW ^

��/RFDO�WU Ú 7UDQVP�WUDQV!�%HJLQ � ��/RFDO�GD�GE$FF!�,QVHUW � ��/RFDO�OJ�GE/RJ!�/RJ(YHQW �
� ��/RFDO�WU Ú 7UDQVP�WUDQV!�&RPPLW � ��/RFDO�WU Ú 7UDQVP�WUDQV!�$ERUW �

` �
"�GE6UY�/RFDO�G!�'HOHWH ^

��/RFDO�WU Ú 7UDQVP�WUDQV!�%HJLQ � ��/RFDO�GD�GE$FF!�'HOHWH � �/RFDO�OJ�GE/RJ!�/RJ(YHQW �
� ��/RFDO�WU Ú 7UDQVP�WUDQV!�&RPPLW � ��/RFDO�WU Ú 7UDQVP�WUDQV!�$ERUW �

` �
"�GE6UY�/RFDO�G!�4XHU\ ^ ��/RFDO�GD�GE$FF!�4XHU\ `

�
 �
��/RFDO�GD�GE$FF!�&ORVH



�� 3URWRFRO FRQIRUPDQFH

���� 'HILQLWLRQ RI SURWRFRO FRQIRUPDQFH

7KH JHQHULF SURWRFROV VSHFLILHG LQ D WHPSODWH 7 �)� $! FRQVWLWXWH DQ REOLJDWLRQ RQ WKH SDUW RI DOO

SRWHQWLDO LPSOHPHQWDWLRQV RI 7� 7KH SURWRFROV RI WKH FRPSRQHQWV WLHG WRJHWKHU ZLWKLQ WKH WHPSODWH

KDYH WR FRUUHVSRQG WR HDFK RWKHU� L�H�� LQWXLWLYHO\� WKH DUFKLWHFWXUH SURWRFRO RI $ VKRXOG IROORZ WKH

GHVLJQ LQWHQWLRQV HPERGLHG LQ WKH IUDPH SURWRFRO RI ) DQG WKH LQWHUIDFH SURWRFROV RI WKH LQWHUIDFHV

LQ ) DQG $ VKRXOG FRPSO\ ZLWK WKH ZD\ WKHVH LQWHUIDFHV DUH HPSOR\HG LQ WKH SURWRFROV RI ) DQG $�

7KH GHILQLWLRQ RI SURWRFRO FRQIRUPDQFH UHIOHFWV WKLV LQWXLWLRQ�

'HILQLWLRQ�/HW 7 �)� $! EH D WHPSODWH ZLWK IUDPH SURWRFRO 3) DQG DUFKLWHFWXUH SURWRFRO 3$� DQG

,�� ,� EH WZR LQWHUIDFHV ZLWK LQWHUIDFH SURWRFROV 3,
�
DQG 3,

�
� :H VD\ WKDW LQWHUIDFH SURWRFRO 3,

�

FRQIRUPV WR LQWHUIDFH SURWRFRO 3,
�
LII /�3,

�
� I /�3,

�
�� :H VD\ WKH IUDPH SURWRFRO RI ) FRQIRUPV WR

WKH LQWHUIDFH SURWRFROV RI LQWHUIDFHV RI ) LII� IRU HYHU\ SURYLGHV�LQWHUIDFH 3 LQ ) ZLWK DQ LQWHUIDFH

SURWRFRO 33� /�33¶� I /�3)��^3` KROGV� DQG IRU HYHU\ UHTXLUHV�LQWHUIDFH 5 LQ ) ZLWK DQ LQWHUIDFH

SURWRFRO 35� /�3)��^5`I/�35¶� KROGV� ZKHUH 33¶ �UHVS� 35¶� GHQRWHV WKH VHPL�LQVWDQFH RI 33 �UHVS�

35� ZLWK UHVSHFW WR )� :H VD\ WKDW DUFKLWHFWXUH SURWRFRO 3$ FRQIRUPV WR IUDPH SURWRFRO 3) LII

/�3)¶��66(7 I /�3$��66(7 DQG /�3$��56(7 I /�3)¶��56(7� ZKHUH 66(7 LV WKH VHW RI DOO )¶V SURYLGHV�

LQWHUIDFHV DQG 56(7 LV WKH VHW RI DOO )¶V UHTXLUHV�LQWHUIDFHV DQG 3)¶ GHQRWHV WKH VHPL�LQVWDQFH RI 3)
ZLWK UHVSHFW WR $�

&ODLP� /HW 7 �)� $! EH D WHPSODWH ZLWK IUDPH SURWRFRO 3) DQG DUFKLWHFWXUH SURWRFRO 3$� ^6L`

WKH VHW RI DOO )¶V SURYLGHV�LQWHUIDFHV� DQG ^5M` WKH VHW RI DOO )¶V UHTXLUHV�LQWHUIDFHV� ,I 36L LV WKH

LQWHUIDFH SURWRFRO RI 6L DQG 35M LV WKH LQWHUIDFH SURWRFRO RI 5M� WKHQ /�36L¶�I/�3)¶��^6L`I/�3$��^6L`

IRU DOO SURYLGHV�LQWHUIDFHV 6L LQ ) DQG /�35M¶� J /�3)¶��^5M` J /�3$��^5M` IRU DOO UHTXLUHV�LQWHUIDFHV

5L LQ )� ZKHUH 36L¶ UHVS� 35M¶ GHQRWHV WKH VHPL�LQVWDQFH RI 36L UHVS� 35M ZLWK UHVSHFW WR $ DQG 3)¶

GHQRWHV WKH VHPL�LQVWDQFH RI 3) ZLWK UHVSHFW WR $�

7KH GHILQLWLRQ RI SURWRFRO FRQIRUPDQFH HQVXUHV WKDW� KDYLQJ D FRPSRQHQW & DV DQ LQVWDQFH RI

WHPSODWH 7 �)� $!� WKH DUFKLWHFWXUH� IUDPH� DQG LQWHUIDFH SURWRFROV IRUP D KLHUDUFK\� 7KH

DUFKLWHFWXUH SURWRFRO UHVWULFWHG WR WKH IUDPH¶V LQWHUIDFHV KDV WR FRQIRUP WR WKH IUDPH SURWRFRO DQG

WKH IUDPH SURWRFRO UHVWULFWHG WR DQ\ IUDPH¶V LQWHUIDFH KDV WR FRQIRUP WR WKH LQWHUIDFH SURWRFRO RI WKDW

LQWHUIDFH�

$V DQ H[DPSOH� FRQVLGHU WKH FRQIRUPDQFH RI WKH DUFKLWHFWXUH SURWRFRO'DWDEDVH YHUVLRQ Y� WR WKH

FRUUHVSRQGLQJ IUDPH SURWRFRO� )ROORZLQJ WKH GHILQLWLRQ DERYH� ZH KDYH WR LGHQWLI\ WKH UHVWULFWLRQV

DQG WKHQ YHULI\ WKH LQFOXVLRQV� )RU WKH UHTXLUHV�LQWHUIDFHV �GE/RJ DQG GE$FF�� WKH UHVWULFWLRQV IRU WKH

IUDPH SURWRFRO DQG IRU WKH DUFKLWHFWXUH SURWRFRO DUH VKRZQ EHORZ� $V ZH FDQ VHH� WKH DUFKLWHFWXUH

SURWRFRO RI LWV UHTXLUHV�LQWHUIDFHV LV QDUURZHU WKDQ WKH IUDPH SURWRFRO� 6LPLODUO\� WKH VDPH

YHULILFDWLRQ KDV WR EH GRQH IRU WKH SURYLGHV�LQWHUIDFHV� )RU LOOXVWUDWLRQ� WKH UHVWULFWLRQ KHUH LV GRQH

RQ SURWRFROV LQVWHDG RI WKH JHQHUDWHG ODQJXDJHV� 7KLV LV QRW DOZD\V SRVVLEOH� KRZHYHU� LQ WKH FDVHV

ZKHQ ZH DUH DEOH WR DXWRPDWL]H LQFOXVLRQ FKHFNLQJ� UHVWULFWLRQ RQ ODQJXDJHV FDQ EH GRQH LQ DQ

DXWRPDWL]HG ZD\ �6HFWLRQ �����

��'DWDEDVH IUDPH SURWRFRO UHVWULFWLRQ

�GE$FF�2SHQ �

� � �GE$FF�,QVHUW � �GE/RJ�/RJ(YHQW �
 �

� �GE$FF�'HOHWH � �GE/RJ�/RJ(YHQW �
 �

�GE$FF�4XHU\


�
 �

��'DWDEDVH DUFKLWHFWXUH SURWRFRO UHVWULFWLRQ

�GE$FF�2SHQ �

� � �GE$FF�,QVHUW � �GE/RJ�/RJ(YHQW � �

� �GE$FF�'HOHWH � �GE/RJ�/RJ(YHQW � �

�GE$FF�4XHU\


�
 �



���� &KHFNLQJ RI SURWRFRO FRQIRUPDQFH

7KHPRVW LPSRUWDQW SUREOHP RI GHVLJQ�WLPH SURWRFRO FRQIRUPDQFH FKHFNLQJ LV WKH FRPSOH[LW\ RI
ODQJXDJHV JHQHUDWHG E\ EHKDYLRU SURWRFROV �%3/V�� 7KH VHTXHQFH� UHSHWLWLRQ� DQG DOWHUQDWLYH
RSHUDWRUV GHILQH UHJXODU ODQJXDJHV� %DVHG RQ WKH GHILQLWLRQ RI WKH _ DQG� RSHUDWRUV� HDFK XVH RI WKHVH
RSHUDWRUV LQ D SURWRFRO FDQ EH UHSODFHG E\ D ILQLWH H[SUHVVLRQ FRQWDLQLQJ RQO\ �� �� DQG 
� 7KHUHIRUH�
WKH ODQJXDJHV JHQHUDWHG E\ EHKDYLRU SURWRFROV ZLWK QR XVH RI WKH A RSHUDWRU DUH UHJXODU DQG
YHULILFDWLRQ RI WKHLU LQFOXVLRQ DV ZHOO DV D FRQVWUXFWLRQ RI WKH ODQJXDJH UHVWULFWLRQ EDVHG RQ
LQWHUVHFWLRQ FDQ EH GRQH LQ DQ DOJRULWKPLF ZD\ >�@� %XW WKH A RSHUDWRU GDPDJHV UHJXODULW\ RI %3/V�
(YHQ ZRUVH� %3/V DUH QRW FRQWH[W�IUHH LQ JHQHUDO FDVH� ,W FDQ EH HDVLO\ VKRZQ WKDW �D�E�F�A YLRODWHV
WKH SXPSLQJ OHPPD IRU FRQWH[W�IUHH ODQJXDJHV� 7KH LGHQWLILFDWLRQ RI WKH VXEFODVV RI EHKDYLRU
SURWRFROV IRU ZKLFK WKH LQFOXVLRQ YHULILFDWLRQ LV SRVVLEOH� H�J�� SURWRFROV ZKHUH WKH UHHQWUDQW
VXESURWRFROV DUH HTXLYDOHQW� LV D KRW WRSLF LQ RXU FXUUHQW UHVHDUFK� $OVR� ZH DUH HYDOXDWLQJ WKH
MXVWLILFDWLRQ RI HPSOR\PHQW RI WKH A RSHUDWRU�

$W UXQ�WLPH� RQ WKH FRQWUDU\� LW LV DOZD\V SRVVLEOH WR FKHFN LI WKH EHKDYLRU RI D JLYHQ FRPSRQHQW
LV ERXQGHG E\ D EHKDYLRU SURWRFRO �QR UHVWULFWLRQV LQ WHUPV RI A DV DFWXDO QXPEHU RI UHHQWUDQW
³HQWULHV´ LQWR WKH SURWRFRO LV NQRZQ� 7KH UXQ�WLPH FKHFNLQJ LV W\SLFDOO\ EDVHG RQ LQWHUFHSWLQJ WKH
PHWKRG FDOOV E\ D ³SURWRFRO JXDUG´� ,W FDQ DOVR EH XVHG IRU UXQ�WLPH FKHFNLQJ RI SURWRFRO
FRQIRUPDQFH� EXW WKLV DSSURDFK LV QRW YHU\ XVHIXO DV WKH UXQ�WLPH FKHFNV FDQQRW SURYH WKH
FRQIRUPDQFH� WKH\ FDQ RQO\ LGHQWLI\ DQ\ QRQ�FRQIRUPDQFH HQFRXQWHUHG�

�� (YDOXDWLRQ DQG RSHQ LVVXHV

7KHPDLQ DGYDQWDJH RI WKH EHKDYLRU SURWRFROV LV WKHLU LQWXLWLYHO\ HDV\�WR�FRPSUHKHQG QRWDWLRQ IRU
GHVFULSWLRQ RI FRPPXQLFDWLRQ� %HKDYLRU SURWRFROV DUH QRW GHVLJQHG WR EH XVHG DV D IXOO SURJUDPPLQJ
ODQJXDJH� )RU H[DPSOH� WKH\ FDQQRW VSHFLI\ DQ\ VSHFLILF QXPEHU RI UHSHWLWLRQV� UHHQWUDQW HQWULHV� HWF�
7KH\ RQO\ DSSUR[LPDWH UHDO WUDFHV� %DODQFLQJ WKH H[SUHVVLYH SRZHU DQG WKH VLPSOLFLW\ RI SURWRFROV�
ZH EHOLHYH WKDW WKH DUJXPHQW RI DQ HOHJDQW DQG HDV\�WR�UHDG QRWDWLRQ FDQ RXWZHLJK VRPH ORVV LQ
H[SUHVVLYHQHVV DQG MXVWLI\ DSSOLFDWLRQ RI EHKDYLRU SURWRFROV LQ $'/V�

,QWHUIDFH SURWRFROV DUH JXLGHOLQHV IRU XVLQJ LQWHUIDFHV� 7KH\ KHOS WR GLVWLQJXLVK DPRQJ GLIIHUHQW
W\SHV RI VHUYLFHV ZKLFK KDYH WKH VDPH LQWHUIDFH VLJQDWXUHV� 0RUHRYHU� WKH\ SURYLGH LQIRUPDWLRQ IRU
FRPSRQHQW WUDGLQJ DQG HQKDQFH RSSRUWXQLWLHV IRU FKHFNLQJ RI FRPSRQHQW GHVLJQ FRUUHFWQHVV� 7KH
LGHD RI IUDPHV ZLWK IUDPH SURWRFROV KHOSV V\VWHP GHVLJQHUV WR EXLOG D V\VWHP IURP FRPSRQHQWV
ZLWKRXW GHWDLOHG NQRZOHGJH RI WKH FRPSRQHQWV¶ LQWHUQDOV� 7KH IUDPH SURWRFRO SXEOLVKHV LQIRUPDWLRQ
DERXW FRPPXQLFDWLRQ DPRQJ LQWHUIDFHV LPSOHPHQWHG E\ D FRPSRQHQW DQG WKXV JLYHV DGYLFH WR
LPSOHPHQWRUV DERXW WKH FRPSRQHQW LPSOHPHQWDWLRQ� 7KH IUDPH SURWRFROV DOVR SURYLGH PHDQV IRU
UHDVRQLQJ DERXW VXLWDELOLW\ RI FRPSRQHQWV IRU D VSHFLILF SXUSRVH� )LQDOO\� WKH QRWLRQ RI DUFKLWHFWXUH
SURWRFRO LPSURYHV WKH GHVFULSWLRQ RI FRPSRQHQW EHKDYLRU E\ UHYHDOLQJ EHKDYLRU DW WKH QH[W OHYHO RI
FRPSRQHQW QHVWLQJ� $UFKLWHFWXUH SURWRFROV DUH QRW VSHFLILHG H[SOLFLWO\ LQ &'/� EXW WKH\ DUH UDWKHU
FUHDWHG E\ D WRRO ZKLFK FRPELQHV WKH IUDPH SURWRFROV RI QHVWHG FRPSRQHQWV E\ PHDQV RI ��

7KH IDFW WKDW WKH LQWHUIDFH� IUDPH� DQG DUFKLWHFWXUH SURWRFROV IRUP D KLHUDUFK\ LPSOLHV WKH
SRVVLELOLW\ RI FKHFNLQJ FRPSDWLELOLW\ RI SURWRFROV DW GLIIHUHQW OHYHOV RI DEVWUDFWLRQ� 7R IRUPDOL]H WKH
UHTXLUHPHQWV RI VXFK D FRPSDWLELOLW\� ZH LQWURGXFH WKH SURWRFRO FRQIRUPDQFH UHODWLRQ� 7KHUH LV D WRRO
ZKLFK FDQ VWDWLFDOO\ GHFLGH �LQ PRVW FDVHV� ZKHWKHU WZR SURWRFROV DW GLIIHUHQW OHYHOV RI DEVWUDFWLRQ
FRPSO\� 7KLV DOORZV IRU UHDVRQLQJ DERXW WHPSODWH GHVLJQ DQG VXSSRUWV SURFHVV RI GHVLJQ UHILQHPHQW
ZKLFK ZH FRQVLGHU WR EH WKH NH\ FRQWULEXWLRQ RI WKLV SDSHU�

7KH OLVW RI RSHQ LVVXHV LQFOXGHV� ��� $OWKRXJK WKH WRRO IRU FKHFNLQJ SURWRFRO FRQIRUPDQFH KDV EHHQ
LPSOHPHQWHG� VRPH SUREOHPV ZLWK WKH UHHQWUDQW RSHUDWRU SHUVLVW� 7KH LVVXH LV WR EHWWHU GHILQH WKH
FRQGLWLRQV XQGHU ZKLFK WKH UHHQWUDQW RSHUDWRU FDQ EH XVHG LQ RUGHU WR SUHVHUYH WKH SRVVLELOLW\ RI
FKHFNLQJ WKH SURWRFRO FRQIRUPDQFH LQ DQ DOJRULWKPLF ZD\� ��� :H FRQVLGHU WR XVH JXDUGV IRU
FRQVWUDLQLQJPHWKRG LQYRFDWLRQV LQ SURWRFROV� *XDUGV FRXOG KHOS WR EHWWHU XQGHUVWDQG D FRPSRQHQW¶V



VHPDQWLFV� EXW LW LV QRW FOHDU LI WKH JXDUG SUHGLFDWHV VKRXOG UHO\ RQ WKH FRPSRQHQW PHWKRGV IRU WKHLU
HYDOXDWLRQ� RU LI VRPH DEVWUDFW SURSHUWLHV UHSUHVHQWLQJ WKH LQWHUQDO VWDWH RI WKH FRPSRQHQW VKRXOG EH
GHILQHG� ��� :H GR QRW FRQVLGHU WKH LVVXH RI SURWRFRO LQKHULWDQFH� $W SUHVHQW� ZH IDFH WKH FKDOOHQJH
WR HQKDQFH WKH VRXQG HQULFKPHQW WHFKQLTXH >��@ WR UHIOHFW SURWRFRO FRQIRUPDQFH� ��� 9HUVLRQLQJ RI
DUFKLWHFWXUHV LV FRQVLGHUHG LQ 62)$� &RPSDWLEOH DUFKLWHFWXUHV FRXOG EH UDWHG E\ FRPSDULQJ WKHLU
DUFKLWHFWXUH SURWRFROV� ��� 7KH 62)$ FRPSRQHQWV FDQ EH XSGDWHG DW UXQ�WLPH� $Q XSGDWH FDQ WDNH
D SODFH RQO\ ZKHQ D FRPSRQHQW LV LQ D SUHFLVHO\ GHILQHG VWDWH� 7KH LVVXH LV WR H[SUHVV ³SRLQWV RI
XSGDWLQJ´ LQ WKH IUDPH RU DUFKLWHFWXUH SURWRFROV� ��� 7KH FRQIRUPDQFH UHODWLRQ EHWZHHQ WKH
DUFKLWHFWXUH DQG IUDPH SURWRFROV� DV GHILQHG LQ WKLV SDSHU� LV EDVHG RQ VHSDUDWH LQFOXVLRQV RI WKH
SURYLGHV DQG UHTXLUHV UHVWULFWLRQV� 7KLVZD\� KRZHYHU� WKH LQWHUSOD\ DPRQJ WKH SURYLGHV DQG UHTXLUHV
LQWHUIDFHV ZLWKLQ D IUDPH FDQ EH ORVW� 7KH LVVXH LV WR ILQG D EHWWHU GHILQLWLRQ RI FRPSOLDQFH RI D IUDPH
DQG DUFKLWHFWXUH SURWRFROV RYHUFRPLQJ WKH SUREOHP�

�� 5HODWHG ZRUN

3UREDEO\ WKH FORVHVW WR RXU ZRUN LV WKH :ULJKW ODQJXDJH >�@� ,Q :ULJKW� WKH EHKDYLRU RI
FRPSRQHQWV LV VSHFLILHG DV ³FRPSXWDWLRQ´ YLD D &63�EDVHG QRWDWLRQ �D V\VWHP RI UHFXUVLYH
HTXDWLRQV�� ,Q RXU RSLQLRQ� UHJXODU�OLNH H[SUHVVLRQV DUH PRUH UHDGDEOH ZKLOH KDYLQJ DQ H[SUHVVLYH
SRZHU VWURQJ HQRXJK WR UHDVRQDEO\ DSSUR[LPDWH WKH EHKDYLRU RI FRPSRQHQWV� &RPSRQHQWV LQ:ULJKW
FRPPXQLFDWH E\ PHDQV RI FRQQHFWRUV ZKLFK FDQ EH TXLWH FRPSOH[� 7KHLU EHKDYLRU VSHFLILFDWLRQ
�³JOXH´� LV DOVR &63�EDVHG� LQ IDFW� JOXH LV YHU\ VLPLODU WR FRPSXWDWLRQ� ,Q 62)$� ZH FDQ VLPXODWH
FRQQHFWRUV E\ VSHFLDOL]HG FRPSRQHQWV� ,Q:ULJKW� WKHUH LV QR EODFN�ER[ YLHZ RI D FRPSRQHQW ZKLFK
FRQWDLQV VXEFRPSRQHQWV� ,Q RXU DSSURDFK� IUDPHV ZLWK IUDPH SURWRFROV DUH LQWURGXFHG IRU WKLV
SXUSRVH� ZKLFK ZH FRQVLGHU YHU\ LPSRUWDQW IRU UHILQHPHQW�EDVHG GHVLJQ RI FRPSRQHQWV DQG IRU
FRPSRQHQW XSGDWLQJ�

7KH ZRUN RQ LQWHUIDFHV DQG SURWRFROV >��@ LV TXLWH VLPLODU WR RXU DSSURDFK LQ WKH VHQVH WKDW LW
GHVFULEHV FRPPXQLFDWLRQ EHWZHHQ FRPSRQHQW LQWHUIDFHV� ,W� KRZHYHU� FRQFHQWUDWHV RQO\ RQ D
EHKDYLRU GHVFULSWLRQ UHODWHG WR D VLQJOH SDLU RI FROODERUDWLQJ LQWHUIDFHV� 7KH VSHFLILFDWLRQ RI D
FRPSRQHQW DV ZKROH LV QRW FRQVLGHUHG� DQG WKHUHIRUH QR FRQFHSWV VLPLODU WR RXU IUDPH DQG
DUFKLWHFWXUH SURWRFROV DUH SUHVHQW� &RQVHTXHQWO\� WKH SURWRFRO GHVFULSWLRQ LQ >��@ FDQ KDUGO\ EH XVHG
IRU UHDVRQLQJ DERXW FRPSRQHQW FRPSRVLWLRQ� UHSODFHPHQW� HWF� 2Q WKH RWKHU KDQG� ZH IRXQG LW
LQWHUHVWLQJ WKDW WKH GHVFULSWLRQ DOORZV IRU ELGLUHFWLRQDO FRPPXQLFDWLRQ RQ D VLQJOH SDLU RI LQWHUIDFHV�
ZKLOH QRW VXSSRUWHG GLUHFWO\ LQ 62)$� WKLV FDQ EH HDVLO\ PRGHOHG E\ RXU FRPPXQLFDWLRQ PRGHO� ,Q
RXU RSLQLRQ� WKH ZD\ ZH KDYH FKRVHQ IRU H[SUHVVLQJ FRPSRQHQW EHKDYLRU LV HDVLHU WR DSSO\� 6LPLODU
DSSURDFK LV FKRVHQ LQ 5220 >��@ ZKHUH WKH FRPPXQLFDWLRQ LV QRW OLPLWHG WR D SDLU RI LQWHUIDFHV�
$OVR� D SURWRFRO FRQIRUPDQFH �FDOOHG UROH VXEVWLWXWDELOLW\� LV EULHIO\ RXWOLQHG KHUH�

5HXVH FRQWUDFWV >��@ LQWURGXFH WKH LGHD RI VSHFLI\LQJ WKH VHW RI LQWHUQDOO\ LQYRNHG PHWKRGV IRU
HDFK PHWKRG RI DQ LQWHUIDFH� WKXV FDSWXULQJ WKH LQYRFDWLRQ GHSHQGHQFLHV DPRQJ PHWKRGV� +RZHYHU�
WKH PRGHO SUHVHQWHG LQ WKLV ZRUN LV OLPLWHG LQ WKH VHQVH WKDW VLQFH LW SURYLGHV GHVFULSWLRQ RQO\ DW WKH
REMHFW OHYHO RI DEVWUDFWLRQ� LW GRHV QRW VXSSRUW WKH FRPSRQHQW�EDVHG DSSURDFK ZLWK PRUH FRRSHUDWLQJ
LQWHUIDFHV� :KLOH ZH FDQ GHVFULEH RUGHULQJ RI QHVWHG PHWKRG LQYRFDWLRQV� UHXVH FRQWUDFWV GR QRW DLP
DW H[SUHVVLQJ VXFK LQIRUPDWLRQ�

�� 6XPPDU\

7KLV SDSHU LQWURGXFHV D QRYHO WHFKQLTXH IRU VSHFLILFDWLRQ DQG ERXQGLQJ RI FRPSRQHQW EHKDYLRU
YLD EHKDYLRU SURWRFROV ZKLFK WDNH D IRUP VLPLODU WR UHJXODU H[SUHVVLRQV� 7KH GHVFULSWLRQ RI D
FRPSRQHQW EHKDYLRU E\ PHDQV RI EHKDYLRU SURWRFROV LV SUHFLVH HQRXJK WR FDSWXUH WKH QHFHVVDU\
UHTXLUHPHQWV LQ WHUPV RI GHVFULELQJ WKH PHWKRG FDOOV RUGHULQJ UHTXLUHPHQWV� ,W LV HDV\ WR UHDG� DQG�
DW WKH VDPH WLPH� VLPSOH WR FUHDWH EHFDXVH WKH QRWDWLRQ LV HDV\ WR FRPSUHKHQG� 7KXV� WKH SURWRFROV
PHHW WKH EDVLF UHTXLUHPHQWV IRU D SUDFWLFDOO\ XVHIXO VSHFLILFDWLRQ� 7KH SDSHU SUHVHQWV D ZD\ RI WKHLU
GHSOR\PHQW LQ WKH 62)$ &'/ ODQJXDJH�



,Q 62)$� WKH WKUHH DEVWUDFWLRQ OHYHOV RI SURWRFRO HPSOR\PHQW �L�H� LQWHUIDFH� IUDPH� DQG
DUFKLWHFWXUH� VLJQLILFDQWO\ VXSSRUW WKH UHILQHPHQW GHVLJQ SURFHVV� DOORZLQJ WR UHDVRQ DERXW
FRPSRQHQW EHKDYLRU RQ GLIIHUHQW OHYHOV RI LQIRUPDWLRQ KLGLQJ� :LWKRXW XQGXO\ H[SRVLQJ DQ\ GHWDLOV
RI WKH FRPSRQHQW VWUXFWXUH� WKH LQWHUIDFH SURWRFRO HQKDQFHV WKH GHVFULSWLRQ RI WKH VHUYLFH SURYLGHG
RU UHTXLUHG RQ DQ LQWHUIDFH� 7KH IUDPH SURWRFRO KLGHV WKH DUFKLWHFWXUH GHWDLOV� LW SURYLGHV EHKDYLRU
LQIRUPDWLRQ LPSRUWDQW IRU FRPSRQHQW GHVLJQ DQG WUDGLQJ DQG� IXUWKHUPRUH� VXSSRUWV VHDPOHVV
FRPSRQHQW XSGDWLQJ� 7KH DUFKLWHFWXUH SURWRFRO GHVFULEHV FRPSRQHQW DUFKLWHFWXUH LQ PRUH GHWDLO LQ
RUGHU WR SURYLGH JXLGHOLQHV IRU GHVLJQ DQG LPSOHPHQWDWLRQ SXUSRVHV�

,QWHUIDFH� IUDPH� DQG DUFKLWHFWXUH SURWRFROV DUH WLHG WRJHWKHU E\ WKH SURWRFRO FRQIRUPDQFH
UHODWLRQVKLS ZKLFK LQFRUSRUDWHV WKH LGHD RI EHKDYLRU FRPSDWLELOLW\� 7KH YHULILFDWLRQ RI SURWRFRO
FRQIRUPDQFH FDQ EH GRQH VWDWLFDOO\� L�H� DW GHVLJQ WLPH� LQ PDQ\ FDVHV� DOORZLQJ IRU UHOLDEOH
FRPSRVLWLRQ RI DSSOLFDWLRQV�0RUHRYHU� LQ DQ LPSOHPHQWDWLRQ RI D FRPSRQHQW W\SH� LW LV DOVR SRVVLEOH
�E\ LQWHUFHSWLQJ PHWKRG LQYRFDWLRQV� WR FKHFN FRPSOLDQFH RI WKH UHDO FRPSRQHQW EHKDYLRU ZLWK WKH
FRPSRQHQW VSHFLILFDWLRQ DW UXQ�WLPH�

$FNQRZOHGJPHQWV

7KH DXWKRUV RI WKLV SDSHU ZRXOG OLNH WR H[SUHVV WKHLU VSHFLDO WKDQNV WR 3HWU 7XPD IRU KLV XVHIXO
FRPPHQWV� 7KH DXWKRUV¶ DSSUHFLDWLRQ JRHV DOVR WR WKHLU FROOHDJXHV 0DUHN 3URFKD]ND IRU GUDZLQJ
WKHLU DWWHQWLRQ WR WKH QHVWHG FDOOV SUREOHP DQG 'XVDQ %DOHN IRU FRPPHQWV RQ WKH FRPPXQLFDWLRQ
PRGHO� 7KLV ZRUN ZDV SDUWLDOO\ VXSSRUWHG E\ WKH *UDQW $JHQF\ RI WKH $FDGHP\ RI 6FLHQFHV RI WKH
&]HFK 5HSXEOLF �SURMHFW QXPEHU $��������� WKH *UDQW $JHQF\ RI WKH &]HFK 5HSXEOLF �SURMHFW
QXPEHU ������������� DQG 0/& 6\VWHPH� 5DWLQJHQ� *HUPDQ\�

5HIHUHQFHV

>�@ $OOHQ� 5� -�� $ )RUPDO $SSURDFK WR 6RIWZDUH $UFKLWHFWXUH� 3K�'� 7KHVLV� 6FKRRO RI &RPSXWHU 6FLHQFH� &DUQHJLH
0HOORQ 8QLYHUVLW\� 3LWWVEXUJK� �����

>�@ YDQ GHQ %RV� -�� /DIIUD� &�� 352&2/� $ &RQFXUUHQW 2EMHFW�2ULHQWHG /DQJXDJH ZLWK 3URWRFROV 'HOHJDWLRQ DQG
&RQVWUDLQWV� ,Q $FWD ,QIRUPDWLFD� 6SULQJHU�9HUODJ� ����� SS� ���±����

>�@ &DPSEHOO�5� +�� +DEHUPDQQ� $� 1�� 7KH 6SHFLILFDWLRQ RI 3URFHVV 6\QFKURQL]DWLRQ E\ 3DWK ([SUHVVLRQV� 6SULQJHU
/1&6� 9RO� ��� ����� SS� ��±����

>�@ )ORULMQ�*�2EMHFW 3URWRFROV DV )XQFWLRQDO 3DUVHUV� ,Q 3URFHHGLQJV RI WKH (&223 µ��� 6SULQJHU /1&6����$XJXVW
����� SS� ���±����

>�@ +RDUH� &� $� 5�� &RPPXQLFDWLQJ 6HTXHQWLDO 3URFHVVHV� 3UHQWLFH�+DOO� �����

>�@ YDQ /HHXZHQ� -��HG�� )RUPDO 0RGHOV DQG 6HPDQWLFV� +DQGERRN RI 7KHRUHWLFDO &6� 0,7 3UHVV� �����
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