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-HDQ�0LFKDsO�&HOHULHU
&RQFRUGLD�8QLYHUVLW\���RVVLD�LR�

0RQWUpDO��&DQDGD
D2�MKB+?�2HX+2H2`B2`!;K�BHX+QK

$NDQp /HY\
RVVLD�LR

7DOHQFH� )UDQFH
H2pvX�F�M2!;K�BHX+QK

RI SHUIRUPHUV ZKLFK ZLOO DOO KDYH WKHLU RZQ SHUVRQDO LQWHU�
SUHWDWLRQ RI WKH VFRUH�
,Q WKH FDVH RI LQWHUPHGLD VFRUHV� LW LV FRPPRQ IRU FRP�

SXWHUV DQG WKHLU VWULFW LQWHUQDO FORFNV WR EH DW WKH FRUH RI WKH
SHUIRUPDQFH� LQWHUDFWLYH� LQWHUPHGLD DUWZRUNV FDQ UDQJH
IURP SLHFHV WKDW GR QRW LQFRUSRUDWH DQ\ KXPDQ HOHPHQW GXU�
LQJ WKH SHUIRUPDQFH WR LQWULFDWH FROODERUDWLRQV EHWZHHQ KX�
PDQV DQG PDFKLQHV� 7KH JRDO RI WKLV UHVHDUFK LV WR GHYLVH D
QRWDWLRQ WR HQFRGH GLVWULEXWHG VHPDQWLFV LQVLGH RVVLD VFRUH�
ZKLFK ZLOO DOORZ SHUIRUPDQFH WR RFFXU IURP D VLQJOH GRF�
XPHQW VKDUHG RYHU WKH QHWZRUN� DQG SURYLGH DQ LPSOHPHQ�
WDWLRQ RI WKH GLVWULEXWHG SHUIRUPDQFH RI VDLG QRWDWLRQ�
'LVWULEXWHG ZRUNV LQ PHGLD DUW KDYH H[LVWHG IRU D ORQJ

WLPH� ODSWRS RUFKHVWUDV >��@ DUH D IDPRXV LQVWDQFH RI PXVL�
FDO HQVHPEOHV UHYROYLQJ DURXQG D JURXS RI KXPDQ SHUIRUP�
HUV EHLQJ FRQGXFWHG DQG WKHPVHOYHV XVLQJ WKHLU ODSWRSV DV
PXVLFDO LQVWUXPHQWV� 6DLG ODSWRSV FDQ RSWLRQDOO\ EH V\Q�
FKURQL]HG� IRU LQVWDQFH WR NHHS D VKDUHG PXVLFDO EHDW DFURVV
WKH SLHFH� 7KH TXHVWLRQ RI FRQGXFWLQJ LQ WKH IDFH RI FRP�
SXWHU QHWZRUNV LV GLVFXVVHG E\ 6PDOOZRRG LQ >��@�

7KXV� SRVVLELOLWLHV IRU FRRUGLQDWLRQ� PHVVDJH�
SDVVLQJ� JURXS FRQWURO� TXDQWL]DWLRQ� WHPSR�
G\QDPLFV DQG VR RQ DUH RQ WKH WDEOH IRU DOO
FRPSRVHUV ZRUNLQJ ZLWK 3/2UN� 6KRXOG WKHVH
WDVNV EH JLYHQ WR D FRQGXFWRU" 6KRXOG WKH FRQ�
GXFWRU EH KXPDQ� RU VKRXOG LW EH D SURJUDP RS�
HUDWLQJ RYHU WKH QHWZRUN" 2U VKRXOG WKHUH EH
ERWK NLQGV RI FRQGXFWRU"

6FRULQJ V\VWHPV IRU ODSWRS RUFKHVWUD SLHFHV DUH DV IDU DV
WKH DXWKRU FRXOG ILQG� EHVSRNH DQG JHQHUDOO\ FXVWRPL]HG
IRU HDFK LQGLYLGXDO SLHFH� 2WKHU V\VWHPV WKDW HPERG\ GLV�
WULEXWHG FRPSRVLWLRQ DQG SHUIRUPDQFH RIWHQ IRFXV RQ GLV�
WULEXWLQJ VFRUHV WKDW DUH FORVHU WR WUDGLWLRQDO ZHVWHUQ VKHHW
PXVLF� VXFK DV 4XLQWHW�1HW LQWURGXFHG E\ +DMGX LQ >�@ DQG
EDVHG RQ 0D[�063� /LNHZLVH� ,QGUD >�@ LV DQRWKHU 0D[�
EDVHG V\VWHP IRU QHWZRUNHG OLYH SHUIRUPDQFH ZLWK UHDO�
WLPH FRPSRVLWLRQDO DVSHFWV� 2WKHU V\VWHPV IRFXV PRUH RQ
JUDSKLFDO RU DOWHUQDWLYH QRWDWLRQV� 'HFLEHO 6FRUH3OD\HU >�@
³DOORZV IRU QHWZRUN�V\QFKURQLVHG VFUROOLQJ RI SURSRUWLRQDO
FRORXU PXVLF VFRUHV RQ PXOWLSOH L3DGV´� 0RUH UHFHQWO\�
'UDZVRFNHW >�@ E\ *RWWIULHG DQG +DMGX IRFXVHG RQ OLYH
JHQHUDWLRQ RI JUDSKLFDO VFRUHV LQ WKH ZHE EURZVHU IURP
0D[�063SDWFKHV DQG D1RGH-6 FRPPXQLFDWLRQ OD\HU� ZLWK
WKHPDLQ DLP EHLQJ FRQGXFWLRQ RI KXPDQ SHUIRUPHUV WKURXJK
WKH GLVWULEXWLRQ RI WKH YLVXDO QRWDWLRQ RYHU PXOWLSOH QHW�
ZRUNHG GLVSOD\V�
,Q WKH SUHVHQW SDSHU� ZH ZLOO DUJXH IRU D EDVLF VHW RI YL�

VXDO SULPLWLYHV IRU ZULWLQJ VXFK VFRUHV LQ WKH KRSH RI IRVWHU�
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,QWHUDFWLYH�� LQWHUPHGLD� VFRUHV� DUH� VFRULQJ� V\VWHPV�ZKLFK�
HQDEOH�FRPSRVHUV�WR�VSHFLI\�WHPSRUDO�HYROXWLRQV�DQG�YDUL�
DWLRQV�RI�VXFK�PXOWLPHGLD�V\VWHPV��:H�LQWURGXFH�D�YLVXDO�
QRWDWLRQ�IRU�GLVWULEXWLRQ�RI�WKH�LQWHUSUHWDWLRQ�DQG�H[HFXWLRQ�
RI�VXFK�VFRUHV�RYHU�D�FRPSXWHU�QHWZRUN��ERWK�WKH�WHPSRUDO�
RUJDQL]DWLRQ�RI�WKH�VFRUH�DQG�WKH�PXOWLPHGLD�GDWD�FDQ�EH�
GLVWULEXWHG�WKURXJK�D�VHW�RI�VFRULQJ�SULPLWLYHV�
)RU�LQVWDQFH��ZH�ZLOO�VKRZ�KRZ�RQH�FDQ�ZULWH�DQG�H[H�

FXWH�D�VFRUH�ZKLFK�VSHFLILHV�� SDUW�$�SOD\V�RQ�D�ILUVW�JURXS�
RI� FRPSXWHUV�� IROORZHG� E\� SDUW�%� RQ� D� VHFRQG� JURXS� RI�
FRPSXWHUV��ZKLOH�D�SDUDOOHO�SDUW�&�FRQWDLQLQJ�D�V\QFKUR�
QL]HG�YLGHR�HIIHFW�LV�EHLQJ�SOD\HG�RQ�D�VHSDUDWH�PDFKLQH�
ZLWK�GHGLFDWHG�YLGHR�KDUGZDUH�� %DVHG�RQ�WKH�SUH�H[LVWLQJ�
VFRULQJ�HQYLURQPHQW�RVVLD�VFRUH��ZH�FRYHU�KRZ�WKH�H[WHQ�
VLRQV�LQWHUDFW�ZLWK�WKH�H[LVWLQJ�VFRUH�H[HFXWLRQ�DOJRULWKP��
DQG�SUHVHQW�D�VHW�RI�VPDOO�GLVWULEXWHG�VFRUHV�ZKLFK�HQDEOHV�
YDULHG�EHKDYLRXUV�WR�EH�GHILQHG�E\�WKH�FRPSRVHU�IURP�RXU�
SURSRVHG�VHW�RI�QLQH�WHPSRUDO�DQG�WKUHH�GDWDIORZ�SULPLWLYHV�
IRU�VFRUH�GLVWULEXWLRQ�
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,QWHUDFWLYH�VFRUHV�DUH�VFRULQJ�V\VWHPV�ZKLFK�HQFRGH�LQWHU�
DFWLYLW\�DQG�WKH�VHW�RI�YDULDWLRQV�WKDW�FDQ�WDNH�SODFH�GXULQJ�
WKH�SHUIRUPDQFH�RI�VDLG�VFRUHV��,QWHUPHGLD�VFRUHV�DUH�VFRU�
LQJ�V\VWHPV�ZKLFK�HQFRGH�QRW�RQO\�WKH�DFWLRQV�RI�PXVLFDO�
LQVWUXPHQWV��EXW�DOVR�RI�YLGHR�V\VWHPV��26&�FRQWUROV��HWF��
RVVLD�VFRUH� >����@� LV�ERWK�DQ�LQWHUDFWLYH�� LQWHUPHGLD�VFRU�
LQJ�ODQJXDJH��DQG�WKH�VRIWZDUH�LPSOHPHQWDWLRQ�RI�VDLG�ODQ�
JXDJH�DV�DQ�RSHQ�VRXUFH�VFRUH�HGLWRU�DQG�LQWHUSUHWHU�
7KH�SUHVHQW�UHVHDUFK�FRYHUV�PXOWLSOH�RQJRLQJ�SDUDOOHO�WUDFNV�

IRU�WKH�GLVWULEXWLRQ�RI�LQWHUDFWLYH��LQWHUPHGLD�VFRUHV��ZKLFK�
FRQYHUJHG�LQ�DQ�LPSOHPHQWDWLRQ�LQ�RVVLD�VFRUH��6LPSO\�SXW��
ZH�DUH�LQWHUHVWHG�LQ�DOO�WKH�SRVVLEOH�ZD\V�LQ�ZKLFK�RQH�FDQ�
³GLVWULEXWH´�DQ� LQWHUDFWLYH�� LQWHUPHGLD� VFRUH�RYHU� D� FRP�
SXWHU�QHWZRUN��DQG�LQ�KRZ�YLVXDO�VFRULQJ�ODQJXDJHV�FDQ�EH�
GHILQHG�WR�HQDEOH�FRPSRVHUV�WR�ZULWH�VXFK�D�VFRUH��ZLWK�D�
XQLTXH�YLVXDO�UHSUHVHQWDWLRQ�FRQYH\LQJ�WKH�GLVWULEXWLRQ�VH�
PDQWLFV�GHVLUHG�E\�WKH�FRPSRVHU�
$�IXQGDPHQWDO�H[DPSOH�RI�GLVWULEXWLRQ�LV�WKH�FODVVLFDO�RU�

FKHVWUD�� RUFKHVWUDO� VFRUHV� FDQ� VSHFLI\� VWDYHV� IRU� YLROLQV��
IOXWHV«ZKLFK�DUH�WKHQ�GLVWULEXWHG�WR�DQ�DUELWUDU\�QXPEHU
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LQJ FROODERUDWLRQ DQG D FRPPRQ XQGHUVWDQGLQJ RI WKH ZD\V
SHUIRUPHUV� EH WKH\ KXPDQ RU PDFKLQH� FDQ EH V\QFKUR�
QL]HG �RU QRW� LQ VXFK DUWZRUNV� )LUVW� VHPDQWLFV IRU GLV�
WULEXWLRQ RI ERWK WHPSRUDO LQWHUDFWLRQV DQG VSHFLILFDWLRQV
ZLOO EH SUHVHQWHG� WKHQ ZH ZLOO LQWURGXFH D FRUH SULPLWLYH
IRU V\PEROL]LQJ WKH YDULRXV ZD\V H[FKDQJH DQG VKDULQJ RI
PXOWLPHGLD GDWD FDQ EH GRQH LQ D GLVWULEXWHG VFRUH� ([WHQ�
VLRQV WR RVVLD VFRUH¶V YLVXDO ODQJXDJH WR HQFRGH WKHVH GLV�
WULEXWLRQ VHPDQWLFV LQWR WKH VFRULQJ ODQJXDJH ZLOO EH SUH�
VHQWHG� DQG YDULRXV H[DPSOHV RI XVDJH ZLOO EH GLVFXVVHG�
7KH LPSOHPHQWDWLRQ LV HQWLUHO\ VHOI�FRQWDLQHG LQ RVVLD VFRUH�
'XH WR LWV FXUUHQW XVH RI:HE6RFNHWV IRU FRPPXQLFDWLRQ� LW
ZRUNV WUDQVSDUHQWO\ DFURVV ERWK GHVNWRS DSSV DQG WKH EHWD
YHUVLRQ RI WKH :HE$VVHPEO\ SRUW RI WKH VRIWZDUH�
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)LJXUH �� 6\QWDFWLF HOHPHQWV RI RVVLD VFRUH¶V YLVXDO ODQ�
JXDJH�

'XEEHG ³LQWHUDFWLYH VHTXHQFHU IRU WKH LQWHUPHGLD DUWV´�
RVVLD VFRUH LV D V\VWHP ZKLFK FRPELQHV ERWK QRQ�OLQHDU
WLPH�OLQHV DQG WKH GDWD�IORZ SDUDGLJP WR DOORZ DUWLVWV WR
FUHDWH LQWHUDFWLYHPXOWLPHGLD DUWZRUNV� PXVLFDO SLHFHV� PX�
VHXP LQVWDOODWLRQV� HWF� ,W VXSSRUWV DXGLR DQG YLGHR SOD\�
EDFN DQG HIIHFWV� DV ZHOO DV FRPPXQLFDWLRQ DQG FRQWURO
RYHU SURWRFROV VXFK DV 26&� 26&4XHU\� :HE6RFNHWV� $UW�
1HW RU HYHQ UDZ VHULDO SRUW FRPPXQLFDWLRQ�
7KH YLVXDO ODQJXDJH LV VKRZFDVHG LQ ILJ� �� +HUH LV D

VKRUW GHVFULSWLRQ RI WKH V\QWD[ HOHPHQWV DQG WKHLU VHPDQ�
WLFV� WLPH LQWHUYDOV DUH UHSUHVHQWHG ZLWK KRUL]RQWDO OLQHV
SURSRUWLRQDO WR WKHLU GXUDWLRQV� $ IXOO KRUL]RQWDO OLQH PHDQV
WKDW WKH WLPH PXVW QRW EH LQWHUUXSWHG� ZKLOH D GDVKHG KRUL�
]RQWDO OLQH PHDQV WKDW WKH WLPH RI WKH LQWHUYDO FDQ EH LQWHU�
UXSWHG WR FRQWLQXH WR WKH QH[W SDUW RI WKH VFRUH DFFRUGLQJ WR
DQ H[WHUQDO HYHQW� 7KH WLPH GXULQJ ZKLFK VXFK LQWHUUXSWLRQ
FDQ RFFXU FDQ EH ERXQGHG E\ WKH XVHU� WKHVH ERXQGV DUH YLV�
LEOH DV WKH VPDOO EODFN SDUHQWKHVHV DURXQG WKH GDVKHV� 6WDUW
DQG HQG SRLQWV RI D JURXS RI LQWHUYDOV FDQ EH V\QFKURQL]HG�
2Q WKHVH V\QFKURQL]DWLRQV SRLQWV� DQ RSWLRQDO WULJJHU FDQ
EH XVHG WR VSHFLI\ WKDW WKH V\QFKURQL]DWLRQ LV GHSHQGHQW RQ
DQ H[WHUQDO HYHQW� VXFK DV DQ 26& PHVVDJH� &RQGLWLRQV DO�
ORZ WR VHOHFWLYHO\ GLVDEOH SDUWV RI WKH VFRUH GHSHQGLQJ RQ
WKH YDOXH RI DQ H[WHUQDO FRQWURO DW WKH PRPHQW H[HFXWLRQ

UHDFKHV WKDW SRLQW� DQ 26& SDUDPHWHU� D 0,', &&«
,Q ILJ� �� H[HFXWLRQ RFFXUV DV IROORZV� WKH LQWHUYDO A UXQV

IRU D IL[HG GXUDWLRQ� :KHQ LW HQGV� D FRQGLWLRQ LV HYDOX�
DWHG� LI LW LV IDOVH� WKH EUDQFK ZKLFK FRQWDLQV B ZLOO QRW
UXQ� (OVH� DIWHU VRPH WLPH� WKH IORZ RI WLPH LQ B UHDFKHV D
IOH[LEOH DUHD FHQWUHG RQ DQ LQWHUDFWLRQ SRLQW� DOVR FDOOHG D
WULJJHU� ,I DQ LQWHUDFWLRQ KDSSHQV� B VWRSV DQG D VWDUWV� ,I
WKHUH LV QRQH�D VWDUWV ZKHQ WKH PD[ ERXQG RIB LV UHDFKHG
E\ WKH IORZ RI WLPH LQB� -XVW OLNH DIWHUA� DQ LQVWDQWDQHRXV
FRQGLWLRQ ZLOO PDNHG H[HFXWH RU QRW H[HFXWH� ,Q DOO FDVHV�
C VWDUWHG H[HFXWLQJ DIWHUA� C H[SHFWV DQ LQWHUDFWLRQ� ZLWK�
RXW WLPH�RXWV� ,I WKH LQWHUDFWLRQ KDSSHQV� WKH WZR LQVWDQWD�
QHRXV FRQGLWLRQV ZKLFK IROORZ C DUH HYDOXDWHG� WKH WUXWK
YDOXH RI HDFK ZLOO GHFLGH RI WKH H[HFXWLRQ RI E DQG F � )L�
QDOO\� DIWHUG� H[HFXWLRQ FLUFOHV EDFN WR WKH HQG RIA WKDQNV
WR WKH WHPSRUDO MXPS I; WKH FRQGLWLRQ ZLOO EH UHHYDOXDWHG�
DW OHDVW C ZLOO VWDUW DJDLQ� DQG B GHSHQGLQJ RQ WKH YDOXH
RI WKH FRQGLWLRQ� %HVLGHV WKLV� WKH V\VWHP DOORZV YDU\LQJ
HDFK LQWHUYDO¶V H[HFXWLRQ VSHHG LQGHSHQGHQWO\ GXULQJ WKH
SHUIRUPDQFH� HYHQ LI DOO WKH H[WHUQDO FRQGLWLRQV HYDOXDWH WR
WKH VDPH YDOXH DW WKH VDPH WLPH� LW LV SRVVLEOH WR KDYH WZR
YHU\ GLIIHUHQW H[HFXWLRQV IRU WKH VDPH VFRUH�
,Q LWVHOI� WKLV RQO\ UHSUHVHQWV DQ DEVWUDFW ³IORZ RI WLPH´�

WKH VFRUH ODQJXDJH QHHGV WR KDYH D ZD\ WR VSHFLI\ FRQ�
FUHWH EHKDYLRXUV� VXFK DV VRXQGV RU YLGHRV EHLQJ SOD\HG�
26& PHVVDJHV EHLQJ VHQW� HWF� 7KLV LV GRQH DW WZR OHY�
HOV� VWDWHV FDQ FRQWDLQ D EXQGOH RI PHVVDJHV WKDW DUH VHQW
DW D VSHFLILF SRLQW LQ WLPH� DQG LQWHUYDOV FRQWDLQ SURFHVVHV
WKDW JHQHUDWH� ILOWHU DQG RXWSXW GDWD� DXWRPDWLRQV� 0,',�
VRXQG RU YLGHR ILOH SOD\HUV� 967 HIIHFWV DQG LQVWUXPHQWV�
3XUH'DWD SDWFKHV� -DYD6FULSW VFULSWV� YLGHR HIIHFW SURFHV�
VRUV� HWF� 3URFHVVHV FDQ EH OLQNHG WRJHWKHU LQ D GDWDIORZ
JUDSK DNLQ WR WKH XVXDO SDWFKLQJ RU FRGLQJ HQYLURQPHQWV�
3XUH'DWD >��@«� RU FRPPXQLFDWH GLUHFWO\ ZLWK WKH H[WHU�
QDO HQYLURQPHQW� 26&�OLNH DGGUHVVHV FDQ EH VSHFLILHG IRU
WKHLU LQSXWV DQG RXWSXWV SRUWV WR DGGUHVV WKH H[WHUQDO HQYL�
URQPHQW RI WKH VRIWZDUH� YLVXDOL]HG LQ ��
7KHVH SURFHVVHV DUH UDUHO\ UHSUHVHQWHG RQ SDSHU QRWDWLRQ�

7KH VRIWZDUH LPSOHPHQWV WKLV YLVXDO ODQJXDJH DORQJ ZLWK
PDQ\ VXFK processes; WKH WHPSRUDO VFRULQJ ODQJXDJH LV LW�
VHOI GHILQHG DV VXFK D SURFHVV� FDOOHG 6FHQDULR� DQG DV VXFK
FDQ EH QHVWHG UHFXUVLYHO\ WR LPSOHPHQW JURXSLQJ DQG KL�
HUDUFK\� VFHQDULRV GHVFULEH WKH RUJDQL]DWLRQ RI LQWHUYDOV�
ZKLFK WKHPVHOYHV FRQWDLQ SURFHVVHV�
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$ ILUVW SURWRW\SH IRU GLVWULEXWLRQ LQ RVVLD VFRUH KDG EHHQ
LQWURGXFHG LQ >�@� :H UHFDSLWXODWH KHUH WKH FRUH LGHDV� WKH
GLVWULEXWLRQ RI LQWHUDFWLYH VFRUHV LV D VHPDQWLF WKDW DOORZV
GHILQLQJ RQ ZKLFK KDUGZDUH VSHFLILF SDUWV RI VFRUHV DUH JR�
LQJ WR UXQ� )RU LQVWDQFH� D FRPSXWHU KDQGOHV WKH DXGLR SUR�
FHVVLQJ RI D SHUIRUPDQFH� ZKLOH DQRWKHU SURFHVVHV YLGHR
IHHGV� 7KURXJK VLPSOH PRGLILFDWLRQV WR WKH VRIWZDUH PRGHO
RI RVVLD VFRUH� WKLV HQDEOHV YDULHG QHWZRUNHG EHKDYLRXUV
WR RFFXU� 2XU LPSOHPHQWDWLRQ XVHV D FOLHQW�VHUYHU DUFKL�
WHFWXUH� RQH RI WKH PDFKLQHV DFWV DV D VHUYHU DQG HQVXUHV
WKH FRKHUHQF\ RI WKH QHWZRUN VHVVLRQ� 0RUH LQWHUHVWLQJ
SHHU�WR�SHHU LPSOHPHQWDWLRQV ZRXOG EH SRVVLEOH WKURXJK
GLVWULEXWHG FRQVHQVXV DOJRULWKPV VXFK DV 3D[RV>��@� EXW LQ
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)LJXUH �� $ VFUHHQVKRW RI RVVLD VFRUH� VKRZLQJ WKH PDLQ
V\VWHP IRU DXWKRULQJ VFRUHV ZLWK WKH YLVXDO ODQJXDJH RI
ILJ� �� 2Q WKH OHIW� D WUHH YLHZ VKRZV WKH 26& DGGUHVVHV
WR ZKLFK WKH VFRUH FDQ VSHDN� 2Q WKH ULJKW� DQ LQVSHFWRU DO�
ORZV WR HGLW WKH SURSHUWLHV RI VHOHFWHG HOHPHQWV� 7KH VFRUH
LV LQ WKH FHQWHU�

SUDFWLFH WKH FXUUHQW LPSOHPHQWDWLRQ KDV SHUIRUPHG VXIIL�
FLHQWO\ ZHOO IRU WKH QHHGV RI WKH VFRUHV ZULWWHQ ZLWK LW VR
IDU� 7KH VXFFHVV RI WKH FOLHQW�VHUYHU DUFKLWHFWXUH LQ 4XLQ�
WHW�1HW VKRZV WKDW WKLV LV D YLDEOH ORQJ�WHUP DSSURDFK�

��� $EVWUDFWLQJ RYHU KDUGZDUH ZLWK JURXSV

7KH FRUH LGHD LV WKH DGGLWLRQ RI D QRWLRQ RI JURXSV WR WKH
VRIWZDUH PRGHO� *URXSV DUH WKH LQWHUIDFH DQG DEVWUDFWLRQ
EHWZHHQ SK\VLFDO KDUGZDUH DQG WKH VHPDQWLF OHYHO RI WKH
VFRUH� ZH GR QRW ZDQW WR DQQRWDWH ,3 DGGUHVVHV UHSUHVHQW�
LQJ D VSHFLILF FRPSXWHU LQ VFRUHV IRU REYLRXV PDLQWDLQDELO�
LW\ DQG UHDGDELOLW\ UHDVRQV� 7KH ZD\ JURXSV DUH XVHG E\
WKH FRPSRVHU LV VLPSO\ E\ DVVLJQLQJ REMHFWV RI WKH VFRUH WR
D JURXS GHILQHG DV SDUW RI WKH VFRUH¶V PHWDGDWD� D SDUW RI
WKH VFRUH FDQ EH DVVLJQHG WR D JURXS QDPHG �m/BQ� DQRWKHU
SDUW WR D JURXS QDPHG Qb+n+QMi`QHb IRU LQVWDQFH� 7KHVH
SDUWV FDQ SOD\ LQ SDUDOOHO� RQH DIWHU HDFK RWKHU� RU PRUH JHQ�
HUDOO\ LQ DQ\ WHPSRUDO DUUDQJHPHQW PDGH SRVVLEOH E\ WKH
VFRULQJ VHPDQWLFV JLYHQ LQ 6HFWLRQ �� 7KHQ� ZKHQ WKH SHU�
IRUPDQFH KDSSHQV� DOO WKH FRPSXWHUV VXSSRVHG WR SDUWDNH
LQ WKH H[HFXWLRQ RI WKH VFRUH FRQQHFW WR WKH VHVVLRQ� DQG
FKRRVH ZKLFK JURXSV WKH\ ZDQW WR MRLQ� 'XULQJ SOD\EDFN� D
JLYHQ FOLHQW FRPSXWHU ZLOO H[HFXWH RQO\ WKH HOHPHQWV RI WKH
VFRUH ZKLFK DUH DVVLJQHG WR DQ\ RI LWV JURXSV� 7KLV PHDQV
WKDW IRU SURWRW\SLQJ� LW LV WULYLDO WR UXQ WKH HQWLUH VFRUH RQ D
VLQJOH FRPSXWHU� VLPSO\ E\ DVVLJQLQJ WKH XQLTXH VFRUH LQ�
VWDQFH WR HYHU\ JURXS GHILQHG LQ WKH VFRUH�
'XH WR WKH KLHUDUFKLFPRGHO RI RVVLD VFRUH SURFHVVHV� ZKHUH

D VFHQDULR LV LWVHOI D SURFHVV� HQWLUH SDUWV RI WKH VFRUH FDQ
HDVLO\ EH GLVWULEXWHG WR YDULRXV JURXSV� VLPSO\ E\ FKDQJ�
LQJ D SURSHUW\ RQ D SDUHQW QRGH RI WKLV KLHUDUFKLFDO SURFHVV
WUHH� 7KH JURXS SURSHUW\ LV LQKHULWHG DFURVV WKH FKLOG RE�
MHFWV� LI DQ LQWHUYDO LV DVVLJQHG WR D JURXS �� DOO LWV FKLOGUHQ
SURFHVVHV DUH UHFXUVLYHO\ DVVLJQHG WR WKDW JURXS WRR XQOHVV
RQH H[SOLFLWO\ VHOHFWV DQRWKHU JURXS� /LNHZLVH� DOO WKH RWKHU
SURSHUWLHV PHQWLRQHG LQ WKH VHFWLRQV EHORZ SURSDJDWH KL�
HUDUFKLFDOO\ XQWLO DQ HOHPHQW RI WKH VFRUH ZLWK SURSHUWLHV
H[SOLFLWO\ VHW E\ WKH FRPSRVHU LV HQFRXQWHUHG�

��� 'LVWULEXWLRQ RI LQWHUDFWLRQ

5HPHPEHU WKDW RVVLD VFRUH DOORZV GHILQLQJ LQWHUDFWLRQ SRLQWV
LQ WKH VFRUH� LQ WKH QRQ�GLVWULEXWHG FDVH� WKLV PHDQV IRU LQ�
VWDQFH WKDW VRPHRQH FDQ ZULWH D VFRUH ZKHUH D VRXQG SOD\V
XQWLO D SK\VLFDO VHQVRU LV DFWLYDWHG� WKHQ D OLJKW IODVK RF�
FXUV� 7KH LQWHUDFWLRQ SRLQW ZLOO FRQWDLQ DQ H[SUHVVLRQ VXFK
DV� /2pB+2,fb2MbQ`fR = Ryy� 7KH TXHVWLRQ ZH DVN LV�
ZKDW DUH WKH SRVVLEOH VHPDQWLFV IRU WKH GLVWULEXWLRQ RI WKH
HYDOXDWLRQ RI VXFK DQ H[SUHVVLRQ RYHU WKH QHWZRUN ± DQG
PRVW LPSRUWDQWO\� ZKDW GRHV LW HQDEOH LQWHUPHGLD FRPSRVHUV
WR GR� 7KH PDLQ LGHD LV WKDW ZH FDQ OHYHUDJH WKH PXOWLSOLF�
LW\ RI FRPSXWHU FOLHQWV WR UHSUHVHQW FRQVHQVXV LQ WKH VFRUH�
IRU LQVWDQFH� E\ DVVLJQLQJ WKH LQWHUDFWLRQ SRLQW WR D JURXS�
ZH UHTXLUH WKDW DOO WKH SDUWLFLSDQWV WR WKH JURXS YDOLGDWH WKH
H[SUHVVLRQ IRU HQDFWLQJ IRUZDUG SURJUHVV SDVW WKH LQWHUDF�
WLRQ SRLQW LQ WKH score; FOLHQW PDFKLQHV RXWVLGH RI WKH JURXS
VLPSO\ GRQ¶W SDUWLFLSDWH LQ WKH H[SUHVVLRQ HYDOXDWLRQ DQG
MXVW IROORZ WKH UHVXOW GHILQHG E\ WKH JURXS HYDOXDWLQJ WKH
H[SUHVVLRQ�
:H FRQVLGHU WZR D[HV IRU GHILQLQJ WKH WHPSRUDO UHODWLRQ�

VKLSV EHWZHHQ KRZ WKH V\QFKURQL]DWLRQ RI H[SUHVVLRQ UHV�
ROXWLRQ LV DFKLHYHG DFURVV D JURXS RI FOLHQWV H[HFXWLQJ D
JLYHQ VFHQDULR� 7KH WHPSRUDO SURSHUWLHV WR EDODQFH DUH�

� /DWHQF\� KRZ IDVW DQ LQGLYLGXDO PDFKLQH UHDFWV WR
WKH UHVROXWLRQ RI DQ LQWHUDFWLYH H[SUHVVLRQ RQ WKH QHW�
ZRUN�

� 5HVSHFW RI WKH WHPSRUDO RUGHU� KRZ SUHFLVHO\ WKH RYHU�
DOO H[HFXWLRQ RI WKH VFRUH RQ WKH QHWZRUN PDWFKHV WKH
VSHFLILFDWLRQ JLYHQ E\ WKH FRPSRVHU�

7KHVH WZR SURSHUWLHV DUH DW RGGV� IRU LQVWDQFH� LI LQ WKH
FDVH JLYHQ DERYH� GLIIHUHQW JURXSV DQG KDUGZDUH H[HFXWH
VRXQG SOD\EDFN DQG OLJKW FRQWURO� LV LW WROHUDEOH IRU WKH DHV�
WKHWLFV GHVLUHG E\ WKH FRPSRVHU WKDW WKH FRPSXWHUV RI WKH
ILUVW JURXS VWLOO SOD\ EDFN VRXQG IRU D IHZ PLOOLVHFRQGV LI
WKDW PHDQV WKDW WKH OLJKW IODVK VWDUWV FORVHU WR WKH VHQVRU SD�
UDPHWHU FKDQJH" 2QO\ WKH FRPSRVHU FDQ DQVZHU WKLV TXHV�
WLRQ�
7KH SURSRVHG GLVWULEXWLRQ V\VWHP HQDEOHV ILQH�WXQLQJ RI

WKH V\QFKURQL]DWLRQPHFKDQLVP E\ OHYHUDJLQJ WKH SUH�H[LVWLQJ
DV\QFKURQRXV LQIUDVWUXFWXUH LQ RVVLD VFRUH� LQWHUDFWLYH WULJ�
JHU SRLQWV� 7ZR FDVHV DUH SRVVLEOH IRU LQWHUDFWLYH WULJJHU
SRLQWV DVVLJQHG WR D JURXS� WKH\ FDQ EH WLPH�FRPSHQVDWHG ±
WKDW LV� ZKHQ DOO WKH FRPSXWHUV YDOLGDWH WKH WULJJHU� WKH QHW�
ZRUN HQJLQH ZLOO WU\ WR GHILQH D GDWH LQ WKH IXWXUH DW ZKLFK
HYHU\ FRPSXWHU PXVW DFWXDOO\ H[HFXWH WKH WULJJHU SRLQW� VR
WKDW WKLV KDSSHQV VLPXOWDQHRXVO\ IURP WKH SRLQW RI YLHZ
RI DQ H[WHUQDO REVHUYHU ORRNLQJ DW DOO WKH FRPSXWHUV� 2U�
H[HFXWLRQ FDQ DOVR KDSSHQ RQ DQ DV�IDVW�DV�SRVVLEOH EDVLV�
ZKLFK FDQ EH KHOSIXO ZKHQ WKH DUWLVWLF WUDGH�RII EHWZHHQ
ODWHQF\ DQG V\QFKURQL]DWLRQ WLSV LQ IDYRXU RI WKH VKRUWHVW
UHDFWLRQ WLPHV�

� $V\QFKURQRXV YHUVXV V\QFKURQRXV� LQ WKH DV\QFKURQRXV
FDVH� WKH V\QFKURQL]DWLRQ VHPDQWLFV RI WULJJHU SRLQWV
DUH QRW UHVSHFWHG DFURVV WKH QHWZRUN� 7KH WULJJHULQJ
DOJRULWKP LV�
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�� 2EWHQWLRQ RI D FRQVHQVXV RQ WKH YDOXH RI WKH H[�
SUHVVLRQ DFURVV WKH QHWZRUN RQ WKH VHUYHU PD�
FKLQH�

�� 7KH VHUYHU QRWLILHV DOO WKH FOLHQWV� ZKLFK UHDFW
DV VRRQ DV WKH\ JHW D PHVVDJH�

7KLV PHDQV WKDW LI WKH ODWHQF\ EHWZHHQ D FOLHQW H[�
HFXWLQJ D SURFHVV WKDW SUHFHGHV WKH WULJJHU SRLQW DQG
WKH VHUYHU LV JUHDWHU WKDQ WKH ODWHQF\ EHWZHHQ WKH VHUYHU
DQG D FOLHQW WKDW H[HFXWHV D SURFHVV IROORZLQJ WKH
WULJJHU SRLQW� WR DQ H[WHUQDO REVHUYHU� DQ H[WHUQDO RE�
VHUYHU ZLOO VHH ERWK WLPHOLQHV RYHUODS IRU D VKRUW GX�
UDWLRQ� ZKLFKZRXOG EH LPSRVVLEOH LQ D QRQ�GLVWULEXWHG
H[HFXWLRQ RI WKH VFRUH�
,Q WKH V\QFKURQRXV FDVH� WKH VHPDQWLFV RI WULJJHU SRLQWV
DUH UHVSHFWHG DFURVV WKH QHWZRUN� WKH IROORZLQJ LQ�
WHUYDOV FDQQRW VWDUW EHIRUH WKH SUHYLRXV LQWHUYDOV KDYH
HQGHG RQ DOO FOLHQWV� 7KH WULJJHULQJ DOJRULWKP LV�

�� 2EWHQWLRQ RI D FRQVHQVXV RQ WKH YDOXH RI WKH H[�
SUHVVLRQ DFURVV WKH QHWZRUN RQ WKH VHUYHU PD�
FKLQH�

�� 7KH VHUYHU QRWLILHV DOO WKH FOLHQWV WKDW WKH WULJJHU
KDV VWDUWHG H[HFXWLQJ�

�� :KHQ WKH FOLHQWV ILQLVK H[HFXWLQJ WKH LQWHUYDOV
WKDW SUHFHGH WKH WULJJHU SRLQW� WKH\ QRWLI\ WKH
VHUYHU�

�� 7KH VHUYHU QRWLILHV DOO WKH FOLHQWV WKDW WKH WULJJHU
KDV ILQLVKHG H[HFXWLQJ�

�� 7KH FOLHQWV VWDUW H[HFXWLQJ WKH IROORZLQJ LQWHU�
YDOV�

7KLV RI FRXUVH LQFUHDVHV ODWHQF\� EXW HQVXUHV WKDW WKH
WHPSRUDO VHPDQWLFV RI WKH VFRUH DUH UHVSHFWHG JORE�
DOO\� WKH VFRUH H[HFXWHV RQ WKH QHWZRUN LQ WKH VDPH
RUGHU DV LW ZRXOG RQ D VLQJOH PDFKLQH� H[FHSW ZLWK
JUHDWHU GHOD\V�

� 8QFRPSHQVDWHG YHUVXV FRPSHQVDWHG� LQ WKH XQFRP�
SHQVDWHG FDVH� PHVVDJHV DUH SURFHVVHG DV VRRQ DV
WKH\ DUULYH� ,Q WKH FRPSHQVDWHG FDVH� WKH VHUYHU WULHV
WR GHULYH D WLPHVWDPS LQ WKH IXWXUH ZKHUH DOO FOLHQWV
DUH VXSSRVHG WR KDYH UHFHLYHG D PHVVDJH DFFRUGLQJ
WR WKHLU UHVSHFWLYH ODWHQF\ ZLWK UHJDUGV WR WKH VHUYHU�
LQ RUGHU WR PDNH VXUH WKDW IURP DQ H[WHUQDO REVHUYHU
SRLQW�RI�YLHZ� HYHU\WKLQJ KDSSHQV VLPXOWDQHRXVO\�
)RU LQVWDQFH� FRQVLGHU D VLWXDWLRQZLWK WKUHHPDFKLQHV�
RQH VHUYHU DW WLPH t0 ZLWK ODWHQF\ � ZLWK UHJDUGV WR
LWVHOI� RQH ZLWK D ODWHQF\ RI �� PLOOLVHFRQGV DQG RQH
ZLWK D ODWHQF\ RI ��� PLOOLVHFRQGV� WKH VHUYHU ZLOO
VHQG WR WKH HQWLUH QHWZRUN VHVVLRQ PHVVDJHV WKDW UH�
TXHVW H[HFXWLRQ DW D PLQLPXP RI t0 + 100PV� 1RWH
WKDW ZH LPSOLFLWO\ DVVXPH WKDW WKH PDFKLQH¶V ZDOO
FORFNV DUH V\QFKURQL]HG WKURXJK DQ H[WHUQDO PHFK�
DQLVP VXFK DV 173 RU 373�

��� 3RO\SKRQ\

3URFHVVHV RI WKH VFRUH FDQ RSHUDWH HLWKHU LQ 7`22 RU b?�`2/
PRGH� )UHH PHDQV WKDW WKH SURSHUWLHV DQG H[HFXWLRQ RI D

JLYHQ SURFHVV LV LQGHSHQGHQW DFURVVmachines; VKDUHGPHDQV
WKDW WKH SURFHVV¶V VWDWH ZLOO EH V\QFKURQL]HG DFURVV DOO WKH
PDFKLQHV WKDW H[HFXWH LW� )RU LQVWDQFH� D VFHQDULR SOD\LQJ D
VRXQG FRXOG SOD\ LW DW WZR GLIIHUHQW VSHHGV DQG KDYH HQWLUHO\
GLIIHUHQW FRQGLWLRQV UHVROXWLRQV RQ PXOWLSOH FOLHQWV LQ WKH
IUHH FDVH� ZKLOH LQ WKH VKDUHG FDVH� DOO WKH FOLHQWV H[HFXWLQJ
LW ZLOO EH NHSW LQ V\QF IRU WKLV VSHFLILF VFHQDULR¶V H[HFXWLRQ�
FRQGLWLRQ UHVROXWLRQ DQG LQWHUYDO VSHHG DGMXVWPHQWV ZLOO EH
V\QFKURQL]HG DFURVV WKH QHWZRUN� /LNHZLVH� IRU SURFHVVHV
ZLWK FRQWUROV� WKLV PHDQV WKDW D FKDQJH RI FRQWURO GXULQJ
H[HFXWLRQ ZLOO QRW EH V\QFKURQL]HG DFURVV PDFKLQHV LQ WKH
7`22 PRGH� WR HQDEOH IRU LQVWDQFH PXOWLSOH SHUIRUPHUV WR
LQWHUDFW ZLWK D YLUWXDO PXVLFDO LQVWUXPHQW HDFK LQ D GLIIHU�
HQW ZD\ RQ WKHLU UHVSHFWLYH FRPSXWHU� ,Q FRQWUDVW� LQ WKH
b?�`2/ PRGH� WKH FRQWUROV ZLOO EH V\QFKURQL]HG DFURVV DOO
WKH PDFKLQHV�
)RU LQVWDQFH� IRU SURFHVVHV VXFK DV VRXQG JHQHUDWRUV RU

ILOWHUV� WKLV VLPSO\ PHDQV WKDW D SURFHVV LQ 7`22 PRGH FDQ
H[HFXWH ZLWK GLIIHUHQW VWDWH IRU LWV XVHU�LQWHUIDFH FRQWUROV
DFURVV WKH VHVVLRQ� ,Q b?�`2/ PRGH� D FKDQJH RI FRQWURO
IURP D FOLHQW LV DSSOLHG WR DOO WKH RWKHU PDFKLQHV LQ WKH QHW�
ZRUN�
/LNHZLVH� LQ 7`22 PRGH� D VFHQDULR SURFHVV ZLOO EH DEOH

WR H[HFXWH ZLWK GLIIHUHQW LQWHUYDO VSHHGV� FRQGLWLRQV DQG LQ�
WHUDFWLRQV LQ DOO WKH FOLHQWV H[HFXWLQJ LW� ,Q b?�`2/ PRGH�
WKH LQWHUYDO VSHHGV� H[SUHVVLRQ UHVROXWLRQV� ZLOO EH V\QFKUR�
QL]HG DFURVV WKH QHWZRUN WKURXJK WKHPHFKDQLVPV GHVFULEHG
DERYH�

�� ',675,%87,1* '$7$

$Q RSHQ TXHVWLRQZKLFK KDG EHHQ HYRNHG LQ >�@ ZDV WKH GLV�
WULEXWLRQ RI WKH OLYH� UXQ�WLPH GDWD RI WKH VFRUH� WKH RULJLQDO
LPSOHPHQWDWLRQ GLG QRW FRQVLGHU WKH WUDQVIHU RI WKLQJV VXFK
DV 26& SDUDPHWHUV� VRXQG RU YLGHR VWUHDPV� LW RQO\ IRFXVHG
RQ WKH GLVWULEXWLRQ RI WKH WHPSRUDO VHPDQWLFV� DQG XVHUV KDG
WR GHILQH WKH WUDQVPLVVLRQ RI FRQWUROV WKURXJK VHSDUDWH V\V�
WHPV VXFK DV 1HW-$&.>��@�
:H LQWURGXFH KHUH D QHZ VHW RI SURFHVVHV LQ RVVLD VFRUH

ZKLFK OHYHUDJH WKH XQGHUO\LQJ QHWZRUNLQJ VHVVLRQ WR HQ�
DEOH VFRUHV WR HPEHGPHGLD GDWD WUDQVIHU VHPDQWLFV WKURXJK
XVHU�IULHQGO\ REMHFWV� 7KHVH SURFHVVHV DUH FDOOHG 1HWSLW�
0HVVDJH 3LW� $XGLR 3LW DQG 9LGHR 3LW� 5LJKW QRZ� WKHLU
LPSOHPHQWDWLRQ IRFXVHV RQ HDVH RI LPSOHPHQWDWLRQ IRU WKH
VDNH RI SURWRW\SLQJ DQG H[SHULPHQWLQJ ZLWK ZULWLQJ VFRUHV
DQG DV VXFK XVHV :HE6RFNHWV IRU GDWD WUDQVIHU LQVWHDG RI
:HE57& � � 7KH ILQDO LPSOHPHQWDWLRQ DLPV WR XVH:HE57&
DV LW LV WKH RQO\ UHDO�WLPH DXGLR�YLGHR SURWRFRO VXSSRUWHG
E\ ZHE EURZVHUV� WKHUH LV QR RWKHU FKRLFH LI ZH DLP IRU RXU
V\VWHP WR EH IXOO\ IXQFWLRQDO LQ WKH ZHE�
7KHVH SURFHVVHV KDYH D FRPELQLQJ VHPDQWLF� 7KH\ KDYH

RQH LQSXW SRUW� DQG RQH RXWSXW SRUW� 7KHLU RSHUDWLQJ UXOH
LV� WKH GDWD WKDW D 1HWSLW SURFHVV LQVWDQFH UHFHLYHV DV LQSXW
LV FRPELQHG ZLWK DOO WKH FOLHQWV H[HFXWLQJ WKLV SURFHVV ZLWK
D XVHU�FKRVHQ IXQFWLRQ� VXPPLQJ RU FRQFDWHQDWLQJ FKDQ�
QHOV IRU DXGLR� WDNLQJ WKH PHDQ IRU UHDO�YDOXHG FRQWURO VLJ�

� $Q LPSOHPHQWDWLRQ XVLQJ :HE57&� PRUH RSWLPL]HG IRU DXGLR DQG
YLGHR WUDQVIHU� KDV EHHQ VWDUWHG EXW LV VWXFN RQ D EXJ LQ WKH XQGHUO\LQJ
*6WUHDPHU OLEUDU\ LPSOHQWLQJ WKH:HE57& SURWRFRO� ?iiTb,ff;BiH�#X
7`22/2bFiQTXQ`;f;bi`2�K2`f;bi`2�K2`f@fBbbm2bfRkeR
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QDOV� DSSO\LQJ D EOHQG IRU YLGHRV� HWF� )RU LQVWDQFH� LI WZR
FOLHQWV H[HFXWH D JLYHQ 1HWSLW DXGLR SURFHVV DW VRPH SRLQW
GXULQJ WKH H[HFXWLRQ RI D VFRUH� ZLWK HDFK WKHLU FXVWRP PL�
FURSKRQH LQSXW VHW LQ WKH LQSXW SRUW� ERWK FOLHQWV ZLOO E\
GHIDXOW JHW D VXP RI ERWK PLFURSKRQH VLJQDOV DV RXWSXW RI
WKH SURFHVV� 7KHUH LV DV RI QRZ QR ODWHQF\ FRPSHQVDWLRQ LQ
WKH V\VWHP�
7KLV� FRPELQHG ZLWK WKH QRWLRQ RI JURXS� HQDEOHV WR WUDQV�

SDUHQWO\ GHILQH D VHW RI GLVWULEXWHG EHKDYLRXUV� XVHUV GR QRW
KDYH WR ILGGOH ZLWK GHILQLQJ H[SOLFLW GLVWULEXWLRQ VHPDQWLFV
VXFK DV RQH ZRXOG GR LQ HQYLURQPHQWV VXFK DV 0D[�063�
E\ XVLQJ FXVWRP QHWZRUN VHQG � UHFHLYH REMHFWV IRU HDFK VLJ�
QDO WKH\ ZDQW WR transmit; KHUH� WKH REMHFWV VFDOH DXWRPDW�
LFDOO\ WR WKH QHWZRUN WRSRORJ\ XVHG DQG DOORZ KH GHVLUHG
GLVWULEXWLRQ VHPDQWLFV LQVLGH WKH GDWDIORZ JUDSK HQJLQH RI
RVVLD VFRUH�

�� 9,68$//$1*8$*( (;7(16,216

7R UHSUHVHQW WKH PXOWLSOH VWDWHV RI V\QFKURQL]DWLRQ RI WKH
HOHPHQWV RI RVVLD VFRUH� ZH SURSRVH WR LQWURGXFH D VHW RI
DOWHUQDWLYH V\PEROV WR GHQRWH WKH YDULRXV QHWZRUN�UHODWHG
VHPDQWLFV� 7DEOH � SUHVHQWV WKH PDWUL[ RI SRVVLELOLWLHV� 7KH
LGHD EHKLQG WKLV SURWRW\SLFDO GHVLJQ ODQJXDJH LV WR UHSUHVHQW
WKH FRQFHSWV GHVFULEHG LQ VHFWLRQV � DQG � DV IROORZV�
,QDFWLYH HOHPHQWV �H�J� WKRVH WKDW DUH QRW LQ D JURXS WKDW

D JLYHQ RVVLD VFRUH LQVWDQFH H[HFXWHV� DUH LQ JUH\� ZKLOH
DFWLYH HOHPHQWV DUH LQ FRORXU�
7KH IUHH±VKDUHG GLFKRWRP\ LV UHSUHVHQWHG E\ D FRQQHFW�

LQJ OLQH� IUHH HOHPHQWV DUHQ¶W WLHG WRJHWKHU� VKDUHG HOHPHQWV
DUH�
:H FKRVH WR QRW UHSUHVHQW WKH XQFRPSHQVDWHG±FRPSHQVDWHG

D[LV \HW DV LW ZRXOG GRXEOH WKH DPRXQW RI V\PEROV QHFHV�
VDU\ ZKLOH RQO\ SURYLGLQJ PDUJLQDO EHQHILWV LQ ORFDO QHW�
ZRUNV ZLWK YHU\ VKRUW ODWHQFLHV ; WKH WRJJOH LV KRZHYHU VWLOO
DYDLODEOH IURP WKH XVHU LQWHUIDFH�
7KH DV\QFKURQRXV±V\QFKURQRXV GLFKRWRP\ VWUDLJKWHQV WKH

URXQG VKDSHV WR HYRNH WKH VWULFWHU FRQVWUDLQWV RI V\QFKUR�
QL]DWLRQ UHODWHG WR QRQ�V\QFKURQL]DWLRQ� )UXWLJHU VD\V DERXW
WKH VTXDUH LQ >�@�

�«� D V\PEROLF REMHFW� ERXQGDULHG SURSHUW\�
DOVR D GZHOOLQJ SODFH ZLWK WKH IHHOLQJ RI IORRU�
FHLOLQJ� ZDOOV� SURWHFWLRQ� HWF� �S����

7KH QRWLRQ RI UHDGLQHVV ZKLFK PDWFKHV ZHOO ZLWK RXU IUHH
DQG XQFRPSHQVDWHG DQG DV\QFKURQRXV VHPDQWLFV LV DOVR DV�
VRFLDWHG ZLWK WKH FLUFOH E\ WKH VDPH DXWKRU�

7KH PRVW XVHG ILJXUHV DUH � DQG �� WZR VLJQV
WKDW KDYH KLJKO\ GLIIHUHQWLDWHG IRUPV� WKH VWUDLJKW
OLQH DQG WKH FLUFOH� 2QFH DJDLQ ZH FRPH DFURVV
WKH ELQDU\ SULQFLSOH� �  QRWFK� FXW� KDUGQHVV
�WZR YLVLEOH VWURNH endings); �  HPSWLQHVV�
UHDGLQHVV �QR EHJLQQLQJ RU HQGLQJ�� �S�����

7KH PRVW UHVWULFWLYH DQG V\QFKURQL]HG FDVH VKRXOG EH WKH
VDPH DV WKH RULJLQDO� QRQ�QHWZRUNHG YHUVLRQ� DV D QHWZRUN
ZLWK RQO\ RQH FRPSXWHU FDQ EH FRQVLGHUHG DV IXOO\ V\QFKUR�
QL]HG ZLWK LWVHOI� ,W ZRXOG EH RI FRXUVH SRVVLEOH WR DUJXH
WKH RSSRVLWH� WKDW D QHWZRUN ZLWK D VLQJOH VFRUH LQVWDQFH

UXQQLQJ LV HTXLYDOHQW WR WKH IUHH FDVH� +RZHYHU� XVLQJ WKH
RULJLQDO V\PEROV LQ WKH IUHH FDVH ZRXOG OLNHO\ KDYH LP�
SOLHG WKDW WKH VKDUHG FDVHV ZRXOG KDYH WR EHDU DGGLWLRQDO
YLVXDO HOHPHQWV WR GHQRWH WKH VWURQJHU VHPDQWLFV V\QFKUR�
QL]DWLRQ VHPDQWLFV WKDW WKH\ FDUU\� H[SHULPHQWV LQ WKLV GL�
UHFWLRQ PDGH WKH YLVXDOV WRR KHDY\ DQG KDUGHU WR UHDG� ,Q
VKRUW� ZH RSWHG IRU GHFRQVWUXFWLQJ WKH H[LVWLQJ HOHPHQWV
LQVWHDG RI FRQVWUXFWLQJ QHZ RQHV� ZLWK WKH VROH H[FHSWLRQ
RI WKH FRQGLWLRQ EHFRPLQJ ³VWUDLJKWHU´� GHEDWH LV RQJRLQJ
DERXW FKDQJLQJ LWV DSSHDUDQFH WR WKH VTXDUHG YHUVLRQ LQ WKH
QRQ�QHWZRUNHG PRGH RI RVVLD VFRUH�
7KHVH YLVXDO ODQJXDJH H[WHQVLRQV DUH VWLOO RQJRLQJ D SUR�

WRW\SLQJ DQG H[SHULPHQWDWLRQ SURFHVV LQ RVVLD VFRUH DQG
PD\ VWLOO HYROYH LQ WHUPV RI UHSUHVHQWDWLRQ� ZLWK WKH JRDO
EHLQJ PDNLQJ WKH WUDQVPLVVLRQ RI RXU GLVWULEXWLRQ VHPDQ�
WLFV DV REYLRXV DV SRVVLEOH WR WKH XVHUV�

�� ,03/(0(17$7,21

7KH V\VWHP GLVFXVVHG KHUH LV LPSOHPHQWHG LQ &��� XVLQJ
VLPSOH PHVVDJHV RYHU :HE6RFNHWV WKURXJK WKH 4W :HE�
6RFNHWV LPSOHPHQWDWLRQ� 7KLV HQDEOHV WKH V\VWHP WR IXQF�
WLRQ RYHU ERWK GHVNWRS� HPEHGGHG� DQG WHQWDWLYHO\ WKURXJK
WKH ZHE ZLWK WKH :HE$VVHPEO\ SRUW RI 4W� ZLWK D VLQJOH
FRGHEDVH� 7KH RQO\ OLPLWDWLRQ LV WKDW WKH ZHE YHUVLRQ FDQ�
QRW DFW DV D VHUYHU IRU WKH VHVVLRQ DV ZHE EURZVHUV GR QRW
DOORZ ZHE SDJH WR RSHQ QHWZRUN SRUWV�
7KH ODWHQF\ RI VLPSOH RSHUDWLRQV VXFK DV D FRQWURO FKDQJH

LV RYHUZKHOPLQJO\ GHILQHG E\ WKH QHWZRUN¶V LPSOLFLW OD�
WHQF\� SOXV WKH ORFDO ODWHQF\ EHWZHHQ WKH QHWZRUN WKUHDG
RI WKH VRIWZDUH� DQG WKH DXGLR RU YLGHR WKUHDG ZKLFK ZLOO
HQG XS WXUQLQJ WKH QHWZRUN PHVVDJH LQWR DQ REVHUYDEOH EH�
KDYLRXU� ZKLFK LV DW PRVW WKH GXUDWLRQ RI DQ DXGLR EXIIHU RU
VFUHHQ IUDPH� 6LQFH RXU FXUUHQW LPSOHPHQWDWLRQ LV EDVHG RQ
D FOLHQW�VHUYHU DUFKLWHFWXUH� WKH QHWZRUN FRPPXQLFDWLRQ OD�
WHQF\ LV DOZD\V WKH ODWHQF\ EHWZHHQ WKH RULJLQDWLQJ FOLHQW
DQG WKH VHUYHU� SOXV WKH ODWHQF\ EHWZHHQ WKH VHUYHU DQG WKH
RWKHU FOLHQWV WKDW ZLOO UHFHLYH WKH PHVVDJH�
)RU WKH V\QFKURQL]HG RSHUDWLRQV GLVFXVVHG LQ 6HFWLRQ ����

WKH ODWHQF\ ZLOO LQFUHDVH GXH WR PXOWLSOH URXQG�WULSV EH�
WZHHQ WKH LQYROYHG FOLHQWV DQG VHUYHU� WKH RYHUDOO ODWHQF\
ZLOO DOZD\V EH ERXQGHG E\ WKH ODWHQF\ RI WKH VORZHVW FOLHQW
DV WKH VHUYHU ZDLWV IRU DOO WKH FOLHQWV LQ D JURXS WR WULJJHU
WKH DGYDQFHPHQW RI WKH VFRUH�
7KH V\VWHP KDV EHHQ WHVWHG VR IDU ZLWK XS WR � LQVWDQFHV

RQ D ORFDO QHWZRUN� RYHU :L�IL DQG *LJDELW (WKHUQHW� DQG
ZLWK WZR LQVWDQFHV RYHU WKH LQWHUQHW� 2XU QDLYH YLGHR DQG
DXGLR WUDQVIHU LPSOHPHQWDWLRQV KRZHYHU DUH RQO\ XVHDEOH
ZLWK FRUUHFW UHVXOWV RQ D ORFDO QHWZRUN VR IDU� DQG ZRXOG
UHTXLUH XVLQJ VSHFLILF FRGHFV ZLWK RSWLPL]DWLRQV �VXFK DV
*38 HQFRGLQJ � GHFRGLQJ IRU YLGHR� PDNLQJ WKHP VXLWDEOH
IRU XVH RYHU WKH LQWHUQHW�

�� ',675,%87,21 (;$03/(6

:H FRYHU LQ WKLV VHFWLRQ D IHZ H[DPSOHV RI XVDJH RI WKH QHZ
GDWD GLVWULEXWLRQ SULPLWLYHV DQG GLVWULEXWHG VFRUHV�
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(OHPHQW )UHH 6KDUHG

8QFRPSHQVDWHG &RPSHQVDWHG
,QDFWLYH $FWLYH ,QDFWLYH $FWLYH ,QDFWLYH $FWLYH

7ULJJHUV

&RQGLWLRQV

3URFHVVHV

7DEOH �� 3URSRVHG YLVXDO V\QWD[ IRU WKH GLVWULEXWLRQ VSHFLILFDWLRQ RI RVVLD VFRUH¶V HOHPHQWV� 7KH LFRQV IRU SURFHVVHV DUH
GLVSOD\HG LQ WKHLU KHDGHU� DQG DUH DOVR XVHG IRU LQWHUYDOV�

)LJXUH �� 'LVWULEXWLRQ RI D PL[HG DXGLR VWUHDP DFURVV PD�
FKLQHV� WKLV LV WKH HQWLUH VFRUH�

��� 6HQGLQJ GDWD EHWZHHQ PDFKLQHV

,Q WKLV H[DPSOH� ZH ZDQW WR VKRZFDVH WKH VLPSOHVW SRVVLEOH
H[DPSOH RI GLVWULEXWLQJ GDWD� WKHUH DUH WZR PDFKLQHV� ERWK
ZDQW WR KHDU D PL[ RI DOO WKH PXVLFDO LQVWUXPHQWV SOD\LQJ
RQ WKH QHWZRUN� IRU LQVWDQFH WKH VFHQDULR LV WKH FODVVLF QHW�
ZRUNHG EDQG UHKHDUVDO� )LJ� � VKRZV KRZ VLPSOH LW LV� WKLV
EHKDYLRXU LV WKH RQH WKDW WKH ³$XGLR 3LW´ REMHFW ZLOO SUR�
YLGH E\ GHIDXOW� $OO WKH PDFKLQHV FDQ EH LQ WKH VDPH GHIDXOW
JURXS� �HH� 7KH\ ZLOO DOO H[HFXWH WKH SURFHVV� LWV LQSXW LV
VHW WR WKH DGGUHVV �m/BQ,fBMfK�BM ZKLFK UHSUHVHQWV WKH
GHIDXOW LQSXW RI WKH VRXQG FDUG RI WKH FRPSXWHU� 7KH SUR�
FHVV ZLOO SXOO WKH DXGLR LQSXW� DQG VHQGV LW WR DOO WKH FOLHQWV
ZKLFK WKHQ HDFK SHUIRUP WKH GRZQPL[ ZLWK WKH GDWD WKH\
UHFHLYHG � �

��� &RPELQLQJ FRQWURO GDWD DFURVV D JURXS RI SOD\HUV

,Q WKLV H[DPSOH� ZH ZLVK WR FRPELQH 0,', &&V� JDPHSDG
LQSXWV RU HYHQ *8, ZLGJHWV ZKLFK ZRXOG EH FRQWUROOHG E\
PXVLFLDQV RQ FKHDS KDUGZDUH� LQ RUGHU WR JHQHUDWH DXGLR RQ
D FRPSXWHU ZLWK D SRZHUIXO VRXQG FDUG� )LJ� � VKRZV KRZ
VXFK D VHWXS FDQ EH DFKLHYHG�
7KH JURXSV DUH GHILQHG DV IROORZV� WKHUH LV D TH�v2`b

JURXS� DQG DQ �m/BQ JURXS� 7KH ³.QRE´ SURFHVV LV DVVR�
FLDWHG ZLWK WKH ILUVW JURXS� RQO\ WKH FOLHQWV LQ WKLV JURXS
ZLOO H[HFXWH WKLV SURFHVV� 7KH VHFRQG JURXS LV DVVRFLDWHG
WR WKH HQWLUH ERWWRP LQWHUYDO� LW DSSOLHV UHFXUVLYHO\ WR WKH
SURFHVVHV ZLWKLQ� 'XULQJ H[HFXWLRQ� DOO WKH FOLHQWV ZKLFK
UHJLVWHUHG WKHPVHOYHV LQ WKH TH�v2`b JURXS ZLOO KDYH WKHLU
³.QRE´ VHQG DQ LQSXW PHVVDJH WR WKH ³0HVVDJH 3LW´ SUR�

� 2XU FXUUHQW UHVHDUFK SURWRW\SH LPSOHPHQWDWLRQ XVHV D FHQWUDO server;
D SURGXFWLRQ LPSOHPHQWDWLRQ XVLQJ :HE57& ZRXOG EH 3�3

)LJXUH �� &OLHQWV�WR�VHUYHU FRPPXQLFDWLRQ�

FHVV� ZKLFK E\ GHIDXOW LV DVVLJQHG WR WKH �HH JURXS� ZKLFK
HYHU\RQH LV SDUW RI E\ GHIDXOW� 7KHQ� WKH VFRUH LQVWDQFH
ZKLFK UHJLVWHUHG LWVHOI LQ WKH �m/BQ JURXS ZLOO UHFHLYH D
OLVW FRQWDLQLQJ DOO WKH LQSXW IUHTXHQFLHV RI WKH FOLHQWV� ,W DS�
SOLHV LW WR D VLPSOH SRO\SKRQLF V\QWKHVL]HU DQG HIIHFW FKDLQ
DQG UHQGHUV LW RQ D VRXQG V\VWHP�

��� 'XSOLFDWLQJ DQ LQSXW

7KLV H[DPSOH LV D VRUW RI FRQWUDSRVLWLRQ RI H[DPSOH ����
$ VLQJOH PDFKLQH SURGXFHV DQ LQSXW� ZKLFK LV JRLQJ WR EH
EURDGFDVW� $ VHW RI PDFKLQHV ZLOO V\QWKHVL]H HLWKHU VRXQGV
RU YLVXDOV IURP WKLV LQSXW� GHSHQGLQJ RQ WKHLU JURXSV� 7KH
JURXS RUJDQL]DWLRQ LV DFWXDOO\ DOPRVW WKH VDPH DV H[DP�
SOH ���� WKH RQO\ GLIIHUHQFH LV WKDW D pB/2Q JURXS LV DGGHG�
LQ RUGHU WR GLVWULEXWH DXGLR DQG YLGHR UHQGHULQJ RQ GLIIHU�
HQW KDUGZDUH� )LJ� � VKRZV WKH VFRUH� 1RWH WKDW WKH V\VWHP
KDV QR ZD\ WR VSHFLI\ WKH QXPEHU RI SDUWLFLSDQWV� ZKLFK LV
SXUHO\ D SURSHUW\ RI WKH DFWXDO SHUIRUPDQFH WKDW ZLOO WDNH
SODFH� D SHUIRUPDQFH FRXOG XVH RQH FOLHQW� WZR DXGLR PD�
FKLQHV DQG WZR YLGHRPDFKLQHV� ZKLOH WKH QH[W SHUIRUPDQFH
FRXOG DFWXDOO\ DYHUDJH WKH LQSXW RI IRXU FOLHQWV� DQG RQO\
XVH D VLQJOH DXGLR DQG YLGHR RXWSXW FOLHQWV� ZLWKRXW FKDQJ�
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)LJXUH �� $ VLQJOH FOLHQW¶V LQSXW GDWD ZLOO EH EURDGFDVW WR
DOO WKH PDFKLQHV LQ WKH DXGLR DQG YLGHR JURXSV�

LQJ DQ\WKLQJ WR WKH VFRUH� &RQFHSWXDOO\� WKH VFRUH VSHFLILHV
RQO\ VHFWLRQV DQG QRW LQGLYLGXDO SOD\HUV� MXVW OLNH VFRUHV IRU
RUFKHVWUDV RU FKRLUV XVXDOO\ GRHV QRW VSHFLI\ DQ H[DFW QXP�
EHU RI VHFRQG YLROLQV RU VLQJHUV�

��� 6FRUH IRU 60&����

$VXFFHVVIXO SURWRW\SH GHPRQVWUDWLRQ KDSSHQHG IRU WKH ����
6RXQG 	 0XVLF &RPSXWLQJ &RQIHUHQFH �ILJ� ��� ORFDWHG
LQ 6DLQW�eWLHQQH �)UDQFH�� 7KH VFRUH ZDV GLVWULEXWHG EH�
WZHHQ WKLV ORFDWLRQ DQG WKH KRPH RI WKH DXWKRU LQ 3H\ULDF�
0LQHUYRLV� ��� NP DZD\ DQG IHDWXUHG ERWK LQWHUDFWLYH WULJ�
JHULQJ DQG GLVWULEXWLRQ RI26&GDWD� $XGLR DQG YLGHR WUDQV�
PLVVLRQ KDG QRW EHHQ LPSOHPHQWHG \HW DQG KDYH VR IDU RQO\
EHHQ WHVWHG RQ ORFDO QHWZRUNV�
7KLV VFRUH ZDV EHIRUH WKH LQWURGXFWLRQ RI WKH YLVXDO ODQ�

JXDJH� LW IHDWXUHG PXOWLSOH JURXSV DQG FRQWUROV� DV ZHOO DV
D VKDUHG HYROXWLRQ RI WKH LQWHUDFWLYH WLPHOLQH RYHU WKH QHW�
ZRUN� WKH DXWRPDWLRQV DW WKH WRS ZRXOG IRU WKH ILUVW SDUW
DOO EH V\QFKURQL]HG WRJHWKHU DV WKH PDLQ VFHQDULR ZDV LQ
³VKDUHG´ PRGH� 7KHQ� D VXE�VFHQDULRD ZDV LQ IUHH PRGH�
LQVLGH WKLV KLHUDUFKLFDO OHYHO� WKH WULJJHU¶V WULJJHULQJ WLPH
ZRXOG EH LQGHSHQGHQW DFURVV PDFKLQHV�

��� 3RO\SKRQ\� VKDULQJ DQG YLVXDO ODQJXDJH

7KLV H[DPSOH �ILJ� �� SUHVHQWV VRPH RI WKH YLVXDO ODQJXDJH
H[WHQVLRQV LQWURGXFHG LQ 6HFWLRQ �7KH URRW VFHQDULR LV VKDUHG�
H[HFXWLRQ VSHHG DQG WULJJHUV ZLOO EH V\QFKURQL]HG DFURVV
WKH HQWLUH QHWZRUN �WKH VFHQDULR LV DVVLJQHG WR WKH VSHFLDO
³DOO´ JURXS ZKLFK HQFRPSDVVHV DOO FOLHQWV�� 7KHQ� LWV VFRUH
LV DV IROORZV� LQWHUYDOV $ DQG % DUH DVVLJQHG WR UHVSHFWLYH
JURXSV RI WKH VDPH QDPH� %RWK FRQWDLQ DQ DXGLR JHQHUDWRU�

)LJXUH �� ([FHUSW RI WKH VFRUH GHPRHG RYHU WKH LQWHUQHW DW
60&���� ± WKLV ZDV EHIRUH WKH LQWURGXFWLRQ RI WKH YLVXDO
ODQJXDJH�

7KH JHQHUDWRU RI JURXS $ LV VKDUHG� LI DQ\ FOLHQW FKDQJHV
RQH RI WKH FRQWURO� WKLV LV SDVVHG RQ DOO WKH RWKHU PDFKLQHV
ZKLFK H[HFXWH LW� 7KH JHQHUDWRU RI JURXS % LV IUHH� HYHU\
FOLHQW FDQ FKDQJH LWV FRQWUROV LQGHSHQGHQWO\� &OLHQWV WKDW
DUH QHLWKHU SDUW RI $ QRU % ZLOO QRW H[HFXWH DQ\ RI WKHVH
VRXQG SURFHVVHV� :KHQHYHU WKH LQWHUDFWLYH WULJJHU SRLQW EH�
WZHHQ$DQG WKH9LGHR LQWHUYDO LV WULJJHUHG� DOO WKHPDFKLQHV
VWDUW H[HFXWLQJ WKH YLGHR HIIHFWV �*/6/ VKDGHUV� ORFDOO\�
7KH 6FHQDULR ZKLFK FRQWDLQV *);� DQG *);� LV LQ 7`22
PRGH� DOO WKH PDFKLQHV FDQ H[HFXWH LW LQGHSHQGHQWO\� 7KDW
PHDQV IRU LQVWDQFH WKDW WKH VSHHG RI H[HFXWLRQ RI *);�
DQG *);� FDQ GLIIHU DFURVV DOO FOLHQWV� DQG WKDW WKH LQWHU�
DFWLYH WULJJHU SRLQW EHWZHHQ ERWK LVQ¶W V\QFKURQL]HG DFURVV
WKH QHWZRUN� 7KH RXWSXW RI WKH YLGHR JHQHUDWRU SURFHVVHV
LV FRQQHFWHG WR DQ (FKR 7UDFH SURFHVV LQ b?�`2/PRGH� LWV
FRQWUROV ZLOO EH VKDUHG DFURVV WKH QHWZRUN� )LQDOO\� LQ WKH
YLGHR HIIHFW FKDLQ� WKH 990RWLRQ%OXU YLGHR HIIHFW LV LQ IUHH
PRGH� LWV FRQWUROV DUH DOVR LQGHSHQGHQW DFURVV WKH QHWZRUN�

�� &21&/86,21

7KLVZRUN LQWURGXFHV D QRWDWLRQ V\VWHP IRU LQWHUPHGLD FRP�
SRVHUV WR DXWKRU GLVWULEXWHG EHKDYLRXUV LQ D VLPSOH JUDSK�
LFDO HQYLURQPHQW� 7KH LQWHUDFWLYH V\VWHP KDV EHHQ WHVWHG
ERWK LQ ORFDO QHWZRUNV DQG RYHU WKH LQWHUQHW�
7KH UHPDLQLQJ LPSOHPHQWDWLRQ JRDOV DUH WR PDNH VXUH WKDW

WKH V\VWHP ZRUNV FRUUHFWO\ IURP ZHE EURZVHUV WKURXJK RV�
VLD VFRUH¶V:HE$VVHPEO\ SRUW� DQG LPSURYLQJ WKH GDWD SUR�
WRFRO LPSOHPHQWDWLRQV WR XVHPRUH RSWLPL]HG SURWRFROV WKDQ
WKH FXUUHQW :HE6RFNHWV�EDFNHG LPSOHPHQWDWLRQ� ZKLFK LV
QRW ZHOO VXLWHG WR VWUHDPHG PXOWLPHGLD GDWD VXFK DV DXGLR
DQG YLGHR� ,Q SDUWLFXODU� D SDWKZD\ ZH ZRXOG OLNH WR H[�
SORUH� LV WR DXWRPDWLFDOO\ DGDSW WKH SURWRFROV XVHG IRU DX�
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)LJXUH �� $ VFRUH ZLWK YDULRXV EHKDYLRXUV DFURVV YDULRXV JURXSV� 7KLV XVHV WKH YLVXDO ODQJXDJH GLVFXVVHG LQ 6HFWLRQ ��

GLR�YLGHR GDWD WUDQVPLVVLRQ WR WKH FOLHQWV FRQQHFWHG DQG WKH
QHWZRUN VLWXDWLRQ� LI WKH SHUIRUPDQFH GRHV QRW XVH ZHE�
EDVHG FOLHQWV DQG LV HQWLUHO\ VLWXDWHG RQ D ORFDO QHWZRUN� LW
ZRXOG PDNH VHQVH WR DXWRPDWLFDOO\ XVH 1HZ7HN 1', IRU
YLGHR WUDQVPLVVLRQ GXH WR LWV HIILFLHQF\ >�@� ,Q FRQWUDVW� LI
WKH SHUIRUPDQFH LV GRQH RYHU LQWHUQHW� LW ZRXOG PDNH PRUH
VHQVH WR XVH :HE57& IRU LWV 3�3 FRPPXQLFDWLRQ DELOLWLHV�
DQG VXSSRUW IRU YDULRXV 1$7�E\SDVVLQJ WHFKQRORJLHV ZKLFK
ZRXOG HQDEOH LWV XVH DFURVV IRU LQVWDQFH DFDGHPLF LQVWLWX�
WLRQ ILUHZDOOV� $ WHQWDWLYH WR XVH WKH 2SXV FRGHF IRU WUDQV�
PLWWLQJ DXGLR FRQWHQW KDV DOVR EHHQ GRQH� EXW VR IDU GLG QRW
SURYLGH DQ DFFHSWDEOH TXDOLW\ � ODWHQF\ WUDGH�RII IRU PXVLFDO
DSSOLFDWLRQV�

5HIHUHQFHV
>�@ 'UDNH$QGHUVHQ� ³,1'5$�$9LUWXDO 6FRUH 3ODWIRUP

)RU 1HWZRUNHG 0XVLFDO 3HUIRUPDQFH�´ ,Q� 3URFHHG�
LQJV RI WKH ,QWHUQDWLRQDO &RQIHUHQFH RQ 7HFKQROR�
JLHV IRU0XVLF 1RWDWLRQ DQG 5HSUHVHQWDWLRQ �7(125��
+DPEXUJ� *HUPDQ\� �����

>�@ -HDQ�0LFKDsO &HOHULHU� 0\ULDP 'HVDLQWH�&DWKHULQH�
DQG -HDQ�0LFKHO &RXWXULHU� ³([pFXWLRQ 5pSDUWLH 'H
6FpQDULRV ,QWHUDFWLIV�´ ,Q�3URFHHGLQJV RI WKH -RXUQpHV
G¶,QIRUPDWLTXH0XVLFDOH �-,0�� 3DULV� )UDQFH� �����

>�@ -HDQ�0LFKDsO &HOHULHU HW DO� ³266,$�7RZDUGV D8QL�
ILHG ,QWHUIDFH IRU 6FRULQJ 7LPH DQG ,QWHUDFWLRQ�´ ,Q�
3URFHHGLQJV RI WKH ,QWHUQDWLRQDO &RQIHUHQFH RQ 7HFK�
QRORJLHV IRU0XVLF 1RWDWLRQ DQG 5HSUHVHQWDWLRQ �7(125��
3DULV� )UDQFH� �����

>�@ -HDQ�0LFKDsO HW DO� &HOHULHU� ³RVVLD VFRUH ��´ ,Q� 3UR�
FHHGLQJV RI WKH ,QWHUQDWLRQDO &RQIHUHQFH RQ 7HFK�
QRORJLHV IRU0XVLF 1RWDWLRQ DQG 5HSUHVHQWDWLRQ �7(125��
0DUVHLOOH� )UDQFH� �����

>�@ $QGUHZ&URVV HW DO� ³,3:RUNIORZ DQG 6FDODEOH9LGHR
3HUIRUPDQFH�´ ,Q� 6037(��� (PEUDFLQJ &RQQHF�
WLYH 0HGLD� 6037(� ����� SS� �±���

>�@ $GULDQ )UXWLJHU� 6LJQV DQG V\PEROV� WKHLU GHVLJQ DQG
PHDQLQJ� �����

>�@ 5DPD *RWWIULHG DQG *HRUJ +DMGX� ³'UDZVRFNHW� $
EURZVHU EDVHG V\VWHP IRU QHWZRUNHG VFRUH GLVSOD\�´
,Q� 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO &RQIHUHQFH RQ
7HFKQRORJLHV IRU 0XVLF 1RWDWLRQ DQG 5HSUHVHQWD�
WLRQ �7(125�� 0HOERXUQH� $XVWUDOLD� 0RQDVK 8QL�
YHUVLW\� ����� SS� ��±���

>�@ *HRUJ+DMGX� ³4XLQWHW� QHW�$Q HQYLURQPHQW IRU FRP�
SRVLQJ DQG SHUIRUPLQJ PXVLF RQ WKH ,QWHUQHW�´ ,Q�
/HRQDUGR ���� ������� SS� ��±���

>�@ &DW +RSH DQG /LQGVD\59LFNHU\� ³7KH'HFLEHO 6FRUH�
SOD\HU ± $ 'LJLWDO 7RRO IRU 5HDGLQJ *UDSKLF 1RWD�
WLRQ�´ ,Q� 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO &RQIHU�
HQFH RQ 7HFKQRORJLHV IRU 0XVLF 1RWDWLRQ DQG 5HS�
UHVHQWDWLRQ �7(125�� 3DULV� )UDQFH� �����

>��@ /HVOLH /DPSRUW� ³7KH 3DUW�WLPH 3DUOLDPHQW�´ ,Q�$&0
7UDQVDFWLRQV RQ&RPSXWHU 6\VWHPV ���� ������� SS� ���±
����

>��@ 6WpSKDQH /HW]� 1HGNR$UQDXGRY� DQG5RPDLQ0RUHW�
³:KDW¶V QHZ LQ -$&.�"´ ,Q�3URFHHGLQJV RI WKH /LQX[
$XGLR&RQIHUHQFH �/$&�� 8WUHFKW� 1HWKHUODQGV� �����

>��@ 0LOOHU 3XFNHWWH HW DO� ³3XUH 'DWD�$QRWKHU ,QWHJUDWHG
&RPSXWHU 0XVLF (QYLURQPHQW�´ ,Q� 3URFHHGLQJV RI
WKH 6HFRQG ,QWHUFROOHJH &RPSXWHU 0XVLF &RQFHUWV�
7RN\R� -DSDQ� �����

>��@ 6FRWW 6PDOOZRRG HW DO� ³&RPSRVLQJ IRU ODSWRS RU�
FKHVWUD�´ ,Q� &RPSXWHU 0XVLF -RXUQDO ���� �������
SS� �±���

>��@ 'DQ7UXHPDQ� ³:K\ D ODSWRS RUFKHVWUD"´ ,Q�2UJDQ�
LVHG 6RXQG ���� ������� SS� ���±����
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