
-XHUJHQ +RIHU $OH[ 9LOOD]�RQ 0XPWD] 6LGGLTXL
7KRPDV )DKULQJHU

'LVWULEXWHG DQG 3DUDOOHO 6\VWHPV *URXS�
8QLYHUVLW\ RI ,QQVEUXFN� 7HFKQLNHUVWUDVVH ��D� ���� ,QQVEUXFN� $XVWULD

*ULG WHFKQRORJLHV DQG PLGGOHZDUH FRPSRQHQWV KDYH VKRUWHU OLIHF\FOHV WKDQ
PRVW VFLHQWLÀF DSSOLFDWLRQV� 7KH VPRRWK DQG DXWRPDWLF PLJUDWLRQ RI H[LVWLQJ FRGHV WR
PRGHUQ HQYLURQPHQWV FRQWLQXHV WR EH D PDMRU UHVHDUFK LVVXH� ,Q RXU ZRUN ZH DGGUHVV
WKLV SUREOHP IURP D QRYHO SHUVSHFWLYH �0'$� DQG IRU D VSHFLÀF SUREOHP GRPDLQ �VFL�
HQWLÀF JULG DSSOLFDWLRQV�� :H GHPRQVWUDWH KRZ ZH DSSO\ UHVXOWV DQG WHFKQLTXHV IURP
WKH 0RGHO�GULYHQ $UFKLWHFWXUH DQG &RGH *HQHUDWLRQ ÀHOGV WR DXWRPDWLFDOO\ FUHDWH 6FL�
HQWLÀF *ULG $SSOLFDWLRQ :UDSSHUV LQ IRUP RI GLIIHUHQW W\SHV RI VHUYLFHV DPRQJ WKHP
SODLQ :HE VHUYLFHV RU :65) VHUYLFHV� 7KH ZUDSSHUV DUH HQULFKHG ZLWK QRQ�IXQFWLRQDO
SURSHUW\ H[WHQVLRQV VXFK DV SHUIRUPDQFH DQDO\VLV� UHVRXUFH�DFFRXQWLQJ� ÀOH�VWDJLQJ RU
H[HFXWLRQ PDQDJHPHQW IRU LQVWDQFH� 'HVLJQ DQG LPSOHPHQWDWLRQ RI RXU SURWRW\SH ZLWK
DFFRXQWLQJ RI &38 FRQVXPSWLRQ DV QRQ�IXQFWLRQDO SURSHUW\ LV H[KLELWHG� 7KH µ,QYLVL�
EOH *ULGµ LV DQ LGHDO *ULG HQYLURQPHQW ZKHUH XVHUV DUH FRPSOHWHO\ VKLHOGHG IURP DQ\
*ULG VSHFLÀF GHWDLOV� 2XU UHVHDUFK LV RQJRLQJ ZRUN� :H SUHVHQW RXU DUFKLHYHPHQWV VR
IDU RQ JHWWLQJ RQH VWHS FORVHU WRZDUGV WKLV YLVLRQ�

6FLHQWLÀF DSSOLFDWLRQV FRQWLQXH WR EH WKH PDLQ GULYHUV IRU WKH UDSLG GHYHORSPHQW RI PDQ\
ODUJH�VFDOH *ULG SURMHFWV VXFK DV (*((�� &URVV*ULG� RU .ZI�*ULG �� ,Q WKHLU FRQWH[WV�
WKH *ULG VHUYHV SULPDULO\ DV HQYLURQPHQW IRU WKH H[HFXWLRQ RI ODUJH�VFDOH VFLHQWLÀF DSSOL�
FDWLRQV ZLWK KLJK UHVRXUFH GHPDQGV� 7KRVH DSSOLFDWLRQV DUH RIWHQ VSHFLÀF WR D VFLHQWLÀF
GRPDLQ DQG XVHU FRPPXQLW\ �H�J� DVWURSK\VLFV� FKHPLVWU\� ELRLQIRUPDWLFV�� HIÀFLHQWO\ LP�
SOHPHQWHG XVLQJ SHUIRUPDQW SURJUDPPLQJ ODQJXDJHV �&�&��� )RUWUDQ�� VXSSRUW FRPSXWD�
WLRQDO DQG�RU GDWD SDUDOOHOLVP DQG UHTXLUH KLJK FRPSXWDWLRQ� FRPPXQLFDWLRQ DQG VWRUDJH
FDSDFLWLHV� ,Q DGGLWLRQ� VXFK NLQG RI DSSOLFDWLRQV DUH RIWHQ GLIÀFXOW WR PDLQWDLQ� UHXVH DQG
H[WHQG EHFDXVH RIWHQ WKH\ KDYH FRPSOH[ DQG PRQROLWKLF VWUXFWXUHV�
2QH RI WKH FHQWUDO REMHFWLYHV RI *ULG &RPSXWLQJ HIIRUWV� VXFK DV *OREXV >).��@ RU 81,�
&25( >$6��@ LV WR SURYLGH D XQLIRUP XVHU DQG SURJUDPPLQJ LQWHUIDFH WR KHWHURJHQHRXV

�KWWS���HJHH�HL�ZHE�FHUQ�FK�HJHH�HL������LQGH[�KWPO
�KWWS���ZZZ�HX�FURVVJULG�RUJ
�KWWS���ZZZ�NZIJULG�QHW



)LJXUH �� (YROXWLRQ RI *ULG WHFKQRORJ\ WR UXQ VFLHQWLÀF DSSOLFDWLRQV

FRPSXWDWLRQDO DQG VWRUDJH UHVRXUFHV� &XUUHQWO\� *ULG FRPSXWLQJ LV HYROYLQJ IURP FORVHG
DQG SURSULHWDU\ EDWFK�RULHQWHG SURWRFROV� WR RSHQ DQG VHUYLFH�RULHQWHG HQYLURQPHQWV� 7KH
*ULG FRPPXQLW\ QRWLFHG WKH ODUJH LPSDFW RI VHUYLFH�RULHQWHG DUFKLWHFWXUHV DQG :HE VHU�
YLFHV DQG GHYHORSHG WKH 2SHQ *ULG 6HUYLFH $UFKLWHFWXUH �2*6$� >).17��@ DV DQ RSHQ�
VHUYLFH�RULHQWHG DUFKLWHFWXUH IRU *ULG FRPSXWLQJ� ZKHUH HYHU\ UHVRXUFH LV UHSUHVHQWHG E\
*ULG VHUYLFHV� 5HFHQWO\� WKH :HE 6HUYLFH 5HVRXUFH )UDPHZRUN �:65)� >&���@ ZDV SUR�
SRVHG WR IXOO\ DOLJQ *ULG DQG :HE VHUYLFH FRPPXQLWLHV� 2WKHU HIIRUWV VXFK DV :HE 6HUYLFH
*ULG $SSOLFDWLRQ )UDPHZRUN �:6�*$)� >3::5��@ RU :6�,�� KRZHYHU FRPSHWH WR EH
XVHG WR EXLOG :6�EDVHG *ULGV� )LJXUH � VKRZV WKH HYROXWLRQ RI *ULG WHFKQRORJ\ DQG
KRZ VFLHQWLÀF DSSOLFDWLRQV FDQ EH H[HFXWHG� %HIRUH WKH *ULG �)LJXUH ��D� VFLHQWLVWV KDG
WR LQWHUDFW ZLWK GLIIHUHQW EDWFK V\VWHPV WR H[HFXWH WKHLU DSSOLFDWLRQV HDFK KDYLQJ GLIIHUHQW
ODQJXDJHV� SURWRFROV DQG WRROV� :LWK WKH ÀUVW JHQHUDWLRQ RI *ULG PLGGOHZDUH �)LJXUH ��E�
WKH FRPSOH[LW\ RI WKH XQGHUO\LQJ V\VWHPV ZDV VKLHOGHG WKURXJK D XQLIRUP LQWHUIDFH �H�J�
*5$0�� EXW VWLOO ZDV EDVHG RQ D SURSULHWDU\ SURWRFROV� /DWHU RQ� WKH XVH RI :HE VHU�
YLFH WHFKQRORJLHV LQWURGXFHG VWDQGDUG LQWHUIDFHV DQG SURWRFROV �)LJXUH ��F�� 7KLV DOORZV
WR LPSOHPHQW WKH VFLHQWLÀF DSSOLFDWLRQ LQ IRUP RI D *ULG 6HUYLFH LQ WZR GLIIHUHQW ZD\V�
7KURXJK D JHQHULF ZHE VHUYLFH LQWHUIDFH IRU MRE VXEPLVVLRQ� VXFK DV :6�*5$0 �L�H� WKH
:65) YHUVLRQ RI *5$0 LQ *OREXV �� RU WKURXJK WDLORUHG ZHE VHUYLFH ZUDSSHU IRU WKH
DSSOLFDWLRQ� ZKLFK DUH VSHFLÀF WR WKH GLIIHUHQW *ULG HQYLURQPHQWV WKDW DUH XVHG�
,Q RUGHU WR H[HFXWH VFLHQWLÀF DSSOLFDWLRQV XVHUV XVXDOO\ KDYH WR ZULWH UDWKHU FRPSOH[ VFULSWV
RU SURJUDPV WR FRRUGLQDWH WKH H[HFXWLRQ� 7KHVH VFULSWV DUH WDLORUHG WR XVH VSHFLÀF IHDWXUHV
RI WKH GLIIHUHQW JULG HQYLURQPHQWV DQG DUH XVXDOO\ QRW UHXVDEOH� ,Q DGGLWLRQ� WKH GLYHUVLW\
RI WHFKQRORJLHV DQG SODWIRUPV KDV D PDMRU GLVDGYDQWDJH IRU WKH DSSOLFDWLRQ GHYHORSHU DQG
XVHU� VLQFH WKH DGDSWDWLRQ RI WKH DSSOLFDWLRQ WR GLIIHUHQW JULG SODWIRUPV LV WLPH�FRQVXPLQJ
DQG HUURU�SURQH� ,GHDOO\� WKH XVHU VKRXOG EH DEOH WR UXQ KLV DSSOLFDWLRQ ZLWKRXW FDULQJ DERXW
WKH XQGHUO\LQJ JULG WHFKQRORJ\�� 8QIRUWXQDWHO\� WKHUH GR QRW H[LVW DQ\ WRROV WR DXWRPDWH
WKH DGDSWDWLRQ WR GLIIHUHQW WDUJHW *ULG HQYLURQPHQWV�
,Q WKLV SDSHU� ZH SURSRVH 2WKR�� ZKLFK LV D VWHS WRZDUGV WKH DXWRPDWLF JHQHUDWLRQ RI *ULG

�KWWS���ZZZ�RPLL�DF�XN
�7KLV YLVLRQ LV FRPPRQO\ UHIHUUHG WR DV WKH µLQYLVLEOH *ULGµ� ZKHUH WKH XVHU LV VKLHOGHG IURP *ULG VSHFLÀF

GHWDLOV�
�2WKR LV D PHPEHU RI VWDUVKLS &RPHW·V FUHZ FRPPDQGHG E\ &DSWDLQ )XWXUH IURP WKH 86 3XOS PDJD]LQH
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VHUYLFHV WR ZUDS VFLHQWLÀF DSSOLFDWLRQ FRPSRQHQWV IRU GLIIHUHQW VHUYLFH�RULHQWHG JULG HQYL�
URQPHQWV� 2XU DSSURDFK LV EDVHG RQ LGHDV IURP 0RGHO 'ULYHQ $UFKLWHFWXUH �0'$� >00��@�
ZKLFK DOORZV WR VSHFLI\ WUDQVIRUPDWLRQ UXOHV RI PRGHOV� IURP D SODWIRUP�LQGHSHQGHQW VSHF�
LÀFDWLRQ RI D V\VWHP� LQWR GLIIHUHQW SODWIRUP�VSHFLÀF V\VWHPV� L�H� IRU SDUWLFXODU WDUJHW
SODWIRUPV� )LJXUH � VKRZV WKH RYHUDOO DSSURDFK� ,QSXW WR WKH ÀUVW VWHS LV D EODFN�ER[ GH�
VFULSWLRQ RI WKH IXQFWLRQDOLW\ RI WKH SURJUDPV WKDW LV LQWHUQDOO\ SDUVHG DQG FRQYHUWHG WR
D SODWIRUP�LQGHSHQGHQW PRGHO �3,0�� ,Q 2WKR� WKH 3,0 DEVWUDFWV IURP DOO SODWIRUP GH�
WDLOV �ODQJXDJHV� DUWHIDFWV� OLEUDULHV� $3,V SURWRFROV�� 0RGHO WUDQVIRUPDWLRQ UXOHV GHVFULEH
KRZ WR WUDQVIRUP WKH 3,0V WR GLIIHUHQW SODWIRUP�VSHFLÀF PRGHOV �360�� 7KH 360 KROGV
FRPSOHWH LQIRUPDWLRQ RI WKH FRGH WKDW ZLOO ZUDS WKH OHJDF\ DSSOLFDWLRQ RQ GLIIHUHQW JULG
HQYLURQPHQWV� ,Q RUGHU WR WUDQVIRUP IURP WKH 3,0 WR WKH 360 LQ 2WKR DGGLWLRQDO LQIRUPD�
WLRQ LV QHHGHG� 'HVFULSWLRQV RI WKH UHTXLUHG QRQ�IXQFWLRQDO SURSHUWLHV� LQIRUPDWLRQ RQ WKH
WDUJHW SODWIRUP DQG WDUJHW V\VWHP� 7KH WUDQVIRUPDWLRQ LV GRQH XVLQJ D PRGHO FRPSLOHU� ,Q
DGGLWLRQ WR WKH IXQFWLRQDO GHVFULSWLRQ RI WKH DSSOLFDWLRQ WR EH ZUDSSHG� 2WKR DOVR DOORZV
WR VSHFLI\ QRQ�IXQFWLRQDO UHTXLUHPHQWV �L�H� FRQVWUDLQWV WKDW DUH RUWKRJRQDO WR WKH PDLQ
IXQFWLRQDOLW\ RI WKH DSSOLFDWLRQ VXFK DV ORJJLQJ� SHUIRUPDQFH PHDVXUHPHQW� DFFRXQWLQJ RI
UHVRXUFH FRQVXPSWLRQ� VHFXULW\� HWF�� LQ D SODWIRUP LQGHSHQGHQW PDQQHU� 7KLV DOORZV IRU
H[DPSOH WR PHDVXUH WKH SHUIRUPDQFH RI WKH ZUDSSHG DSSOLFDWLRQ ZLWKRXW PRGLI\LQJ WKH
RULJLQDO FRGH�
7KH RXWSXW RI 2WKR DUH GHSOR\DEOH VHUYLFHV LQ DQ DSSURSULDWH IRUPDW GHÀQHG E\ WKH WDUJHW
SODWIRUP �H�J� D *$5 DUFKLYH LQ WKH FDVH RI *OREXV 7RRONLW ��� 7KH VHUYLFHV DUH WKHQ
GHSOR\HG E\ DQG UHJLVWHUHG LQ */$5( >69+)��@� D *ULG DFWLYLW\ UHJLVWUDWLRQ� GHSOR\�
PHQW DQG SURYLVLRQLQJ IUDPHZRUN GHYHORSHG E\ RXU JURXS� :H KDYH DSSOLHG RXU DSSURDFK
WR D VLPSOH JULG ZRUNÁRZ DSSOLFDWLRQ� ZKHUH HDFK FRPSRQHQW LV ZUDSSHG WR D GLIIHUHQW
ZHE�VHUYLFH EDVHG JULG HQYLURQPHQW� 2XU SURWRW\SH XVHV WKH (FOLSVH 0RGHOLQJ )UDPH�
ZRUN �(0)� >%60���@ DV 0'$ HQYLURQPHQW DQG WKH LQFOXGHG FRGH JHQHUDWLRQ XWLOLWLHV
-DYD (PLWWHU 7HPSODWHV �-(7�� 7KH 3,0 WR 360 PRGHO WUDQVIRUPDWLRQ LV FXUUHQWO\ LPSOH�
PHQWHG XVLQJ (0) $3,V� :H KDYH FKRVHQ DV WDUJHW SODWIRUPV *OREXV 7RRONLW *ULG VHUYLFH
DQG $SDFKH $[LV :HE VHUYLFH SODWIRUP� :H VKRZ KRZ WR PHDVXUH WKH H[HFXWLRQ WLPH
RI WKH ZUDSSHG OHJDF\ DSSOLFDWLRQ� DQG WKH FRQVXPSWLRQ RI &38 UHVRXUFHV RI WKH ZUDSSHU
ZHE�JULG VHUYLFH DV H[DPSOHV RI QRQ�IXQFWLRQDO UHTXLUHPHQWV WKDW FDQ EH VSHFLÀHG LQ 2WKR�
7KH UHVW RI WKLV SDSHU LV VWUXFWXUHG DV IROORZV� 6HFWLRQ � GHVFULEHV RXU SURSRVHG VROX�
WLRQ DQG DUFKLWHFWXUH� GHVLJQ DQG LPSOHPHQWDWLRQ RI 2WKR SURWRW\SH� :H VKRZ RXU SUR�
WRW\SH SODWIRUP�LQGHSHQGHQW DQG SODWIRUP�VSHFLÀF PRGHOV DQG VKRZ H[DPSOHV RI FRGH
WHPSODWHV DQG JHQHUDWHG FRGH� 6HFWLRQ � VKRZV KRZ ZH DGDSW WKH FRGH JHQHUDWLRQ ZLWK
QRQ�IXQFWLRQDO SURSHUWLHV� 6HFWLRQ � FRQFOXGHV WKH SDSHU�
SXEOLVKHG LQ WKH HDUO\ ����V� 2WKR LV D VKDSHVKLIWHU DQGURLG DEOH WR FKDQJH DSSHDUDQFH DW ZLOO�
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)LJXUH �� $GDSWLYH JHQHUDWLRQ RI *ULG VHUYLFHV ZLWK 2WKR

0RGHO 'ULYHQ $UFKLWHFWXUH E\ 2EMHFW 0DQDJHPHQW *URXS �20*�� GHVFULEHV KRZ WR FUH�
DWH VWDQGDUGV�EDVHG� WHFKQRORJ\ LQGHSHQGHQW PRGHOV RI FRQFHSWV DQG WKHQ PDS WKHP WR
GLIIHUHQW VSHFLÀF WHFKQRORJLHV >00��@� 5HFHQWO\� VRPH ZRUN KDV EHHQ GRQH ZKLFK WULHV
WR DXWRPDWH WKH JHQHUDWLRQ RI *ULG 6HUYLFHV FRGH� EDVHG RQ WUDQVIRUPDWLRQ RI 80/ PRGHOV
WR *OREXV *ULG VHUYLFHV >0+��@� &RQWUDUHO\ WR VXFK DSSURDFK ZKHUH WKH IXOO IXQFWLRQDOLW\
LQFOXGLQJ DOO LQWHUQDO DVSHFWV QHHG WR EH FDSWXUHG LQ WKH PRGHOV WR JHQHUDWH IXOO VHUYLFH LP�
SOHPHQWDWLRQV ZH WDNH D PRUH VSHFLÀF DQG SUDFWLFDO DSSURDFK� 7KH PRGHOV LQ 2WKR GR QRW
GHVFULEH WKH FRPSOHWH LQWHUQDO IXQFWLRQDOLW\ RI D VHUYLFH� EXW RQO\ WKH VSHFLÀFDWLRQ RI WKH
LQWHUIDFH RI WKH H[LVWLQJ FRPSRQHQWV WR EH ZUDSSHG� 8VXDOO\ WKHVH FRPSRQHQW LQWHUIDFHV
DUH RQO\ GHÀQHG E\ LQSXW �SDUDPHWHUV DQG LQSXW DUWHIDFWV VXFK DV ÀOHV� DQG RXWSXW �UHWXUQ
YDOXHV DQG RXWSXW DUWHIDFWV� DQG PHWDGDWD KRZ WR LQYRNH�FDOO LW ZKLFK NHHSV RXU PRGHOV
FRQFLVH DQG KDQG\� 0RUHRYHU WKLV VLPSOLÀHV WKH PRGHO WUDQVIRUPDWLRQ� VLQFH WKH WDUJHW
SODWIRUP�VSHFLÀF PRGHO FDQ EH HDVLO\ PDSSHG IURP DQ DEVWUDFW VSHFLÀFDWLRQ WR SODWIRUP�
GHSHQGHQW LQWHUIDFH LQYRFDWLRQV�
7R EHWWHU XQGHUVWDQG RXU DSSURDFK� OHW·V FRQVLGHU WKH 0RQWDJH VFLHQWLÀF DSSOLFDWLRQ� 0RQ�
WDJH LV D VRIWZDUH V\VWHP IRU JHQHUDWLQJ DVWURQRPLFDO LPDJH PRVDLFV DSSO\LQJ VRSKLVWL�

�KWWS���ZZZ�RPJ�RUJ
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)LJXUH �� 6LPSOLÀHG 0RQWDJH ZRUNÁRZ

FDWHG SURMHFWLRQ� EDFNJURXQG PRGLÀFDWLRQ DQG UHFWLÀFDWLRQ DOJRULWKPV >6'��@� $ VLPSOL�
ÀHG YHUVLRQ RI WKH 0RQWDJH ZRUNÁRZ LV VKRZQ LQ )LJXUH �� (DFK RI WKH VRIWZDUH FRPSR�
QHQWV WDNHV DV LQSXW RQH RU VHYHUDO LPDJHV� DQG SURGXFHV LPDJHV RU PHWDGDWD DV RXWSXW ÀOH
DUWHIDFWV� )LUVW� LPDJH PHWDGDWD DUH JHQHUDWHG XVLQJ WKH ����2�$ H[HFXWDEOH� 7KHQ� DOO WKH
LPDJHV DUH WUDQVIRUPHG XVLQJ WKH ��/(#��2 H[HFXWDEOH� 7KLV SURJUDP PDNHV D SURMHFWLRQ
RI WKH LPDJHV XVLQJ VSDWLDO FRRUGLQDWHV EDVHG RQ WKH SUHYLRXVO\ SURGXFHG PHWDGDWD� (DFK
LPDJH FDQ EH LQGHSHQGHQWO\ WUHDWHG� VR WKDW WKH H[HFXWLRQ FDQ EH GRQH LQ SDUDOOHO LQ VHY�
HUDO GLIIHUHQW JULG VLWHV� $IWHU WKH SURMHFWLRQV DUH FDOFXODWHG� LPDJH PHWDGDWD KDYH WR EH
UHJHQHUDWHG �����2�$� DQG WKH ÀQDO PRVDLF LPDJH FDQ EH DVVHPEOHG XVLQJ WKH ���� FRP�
SRQHQW� ��/(#��2 DQG ���� DUH UDWKHU &38�LQWHQVLYH WDVNV DQG WKHUHIRUH LGHDO FDQGLGDWHV
IRU H[HFXWLRQ RQ WKH JULG�
7KH ZRUNÁRZ FRQVLVWV RI FRPSXWDWLRQDO WDVNV DQG GDWD�WUDQVIHU WDVNV �ÀOH VWDJLQJ� WKDW
PRYH LPDJH DQG PHWDGDWD ÀOHV EHWZHHQ JULG VLWHV� ,Q RUGHU WR H[HFXWH WKH ZRUNÁRZ RQ WKH
*ULG� ZH ZDQW WR ZUDS WKH H[HFXWLRQ RI HDFK FRPSRQHQW RQ D VHUYLFH�RULHQWHG LQWHUIDFH� L�H�
FUHDWH D VWDQGDUG *ULG RU :HE VHUYLFH WKDW KLGHV WKH DFWXDO H[HFXWLRQ RQ WKH XQGHUO\LQJ JULG
LQIUDVWUXFWXUH� 7KH ZUDSSHU LWVHOI GRHV QRW UHDOL]H WKH DSSOLFDWLRQ IXQFWLRQDOLW\� EXW UDWKHU
H[HFXWHV WKH FRGH E\ XVLQJ D MRE VXEPLVVLRQ V\VWHP �VXFK DV *5$0 RU :6�*5$0�� RU
VSDZQLQJ D QHZ SURFHVV WKDW H[HFXWHV WKH DSSOLFDWLRQ� 7KH IROORZLQJ FRGH IUDJPHQWV VKRZ
WKH ÀQDO UHVXOW WKDW ZH ZDQW WR REWDLQ LQ RUGHU WR ZUDS 0RQWDJH FRPSRQHQWV �D� WKURXJK
-RE VXEPLVVLRQ VFULSW XVLQJ *5$0� L�H� D SODWIRUP�VSHFLÀF LQWHUIDFH IRU MRE VXEPLVVLRQ
LQ *OREXV� DQG �E� E\ ORFDO VXESURFHVV IRUNLQJ� 7KHVH FRGH IUDJPHQWV FRXOG WKHQ EH SDUW
RI GLIIHUHQW W\SHV RI MDYD�EDVHG :UDSSHUV VXFK DV DQ -DYD :HE VHUYLFH RU D *OREXV *ULG
VHUYLFH�
7KH :HE 6HUYLFH SURYLGHV DQ H[HFXWLRQ LQWHUIDFH IRU WKH GLIIHUHQW FRPSRQHQWV RI 0RQWDJH
E\ FRPELQLQJ WKH $GDSWHU DQG 3UR[\ GHVLJQ SDWWHUQV >*+-9��@� ZKLFK KDYH EHHQ SURYHQ
WR EH XVHIXO DUFKLWHFWXUDO PRGHOV WR ZUDS H[HFXWDEOH XQLWV >-.��@� 7KH $GDSWHU DOORZV
FRPSRQHQWV WR FRPPXQLFDWH LQ VSLWH RI LQFRPSDWLEOH LQWHUIDFHV DQG WKH 3UR[\ DFWV DV LQ�
WHUPHGLDU\ WR D UHPRWH REMHFW SRVVLEO\ DGGLQJ IXQFWLRQDOLW\� (DFK DFWLYLW\ LQ WKH ZRUNÁRZ
FDQ EH ZUDSSHG E\ D GLIIHUHQW VHUYLFH W\SH VXSSRUWLQJ GLIIHUHQW QRQ�IXQFWLRQDO SURSHUWLHV
DQG WR DGDSW WR WKH HQYLURQPHQW� )RU H[DPSOH� WKH ��/(#��2 DQG ���� FRPSRQHQWV DUH
ZUDSSHG ZLWK D *ULG VHUYLFH WKDW VXEPLW MREV WKURXJK *5$0� VLQFH WKRVH DUH WKH PRVW
&38 LQWHQVLYH WDVNV RQ WKH ZRUNÁRZ� DQG WKH ÀOH�VWDJLQJ LV DOVR DGGHG WR H[HFXWH WKHVH
ZUDSSHUV� 2Q WKH RWKHU KDQG� WKH ����2�$ LV ZUDSSHG WKURXJK D VLPSOH :HE VHUYLFH�
ZKLFK RQO\ H[HFXWHV WKH FRPPDQG ORFDOO\ EHFDXVH LW LV OLJKWZHLJKW�
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�D� :UDSSHU WKDW VXEPLWV D MRE WR *5$0

SXEOLF YRLG P3URMHFW�6WULQJ GDWD3DWK� ���� WKURZV 5HPRWH([FHSWLRQ ^
5VO$WWULEXWHV UVO  QHZ 5VO$WWULEXWHV���
UVO�DGG��H[HFXWDEOH����P\3DWK�P3URMHFW�VK���
UVO�DGG0XOWL��DUJXPHQWV�� QHZ 6WULQJ>@ ^ VWDWXVILOH� LQILWV�

RXWILWV� KGUWHPSODWH `��
*UDP-RE MRE  QHZ *UDP-RE�SUR[\�UVO�WR56/����
MRE�UHTXHVW�P\KRVW�P\GRPDLQ�RUJ��
�� ���

�E� :UDSSHU WKDW XVHV ORFDO VXESURFHVV IRUNLQJ

SXEOLF YRLG P3URMHFW�6WULQJ GDWD3DWK� ���� WKURZV 5HPRWH([FHSWLRQ ^
6WULQJ>@ FRPPDQG  QHZ 6WULQJ>@ ^ ��P\3DWK�P3URMHFW�VK��

VWDWXVILOH� LQILWV� RXWILWV� KGUWHPSODWH `�
3URFHVV SURFHVV  5XQWLPH�JHW5XQWLPH���H[HF�FRPPDQG��
�� ���

)LJXUH �� 6XEVHW RI WKH 2WKR 0HWDPRGHO

,Q RUGHU WR PLQLPL]H WKH DPRXQW RI LQWHUIHUHQFH DQG PDQXDO FRGH FRQVWUXFWLRQ� D PD[L�
PXP RI LQIRUPDWLRQ VKRXOG EH HQFRGHG LQ WKH DSSURSULDWH PRGHOV �SODWIRUP�LQGHSHQGHQW�
SODWIRUP�VSHFLÀF� DQG WKHLU WUDQVIRUPDWLRQV� 7KH H[LVWLQJ VFLHQWLÀF DSSOLFDWLRQ DQG LWV
H[HFXWDEOH FRPSRQHQWV DUH WUHDWHG DV EODFN ER[HV ZLWK D ZHOO�GHÀQHG LQWHUIDFH DQG WKHLU
VRXUFH FRGH LV QRW PRGLÀHG� 7KH RQO\ QHFHVVDU\ NQRZOHGJH DERXW WKH H[HFXWDEOH FRPSR�
QHQWV LV KRZ WR XVH WKHP DQG ZKLFK DUWHIDFWV WKH\ FRQVXPH RU SURGXFH� ,QWHUQDOV VXFK DV
ZKDW WKH\ GR DQG KRZ WKH\ ZRUN LV QRW RI LQWHUHVW LQ WKLV FRQWH[W�
7KH ÀUVW VWHS IRU WKH DXWRPDWLF ZUDSSHU JHQHUDWLRQ LV WKH GHÀQLWLRQ RI WKH PHWDPRGHO
IRU RXU 3,0 DQG 360� 7KH PHWDPRGHO UHODWHV WR WKH PRGHO OLNH D JUDPPDU WR D IRUPDO
ODQJXDJH LQ WKDW LW UHVWULFWV WKH VSDFH LQ ZKLFK PRGHOLQJ HOHPHQWV FDQ EH DUUDQJHG� 7KH
UHTXLUHPHQWV DQG FRQFHSWV WKDW ZH LGHQWLÀHG� VWDUW IURP DQ DEVWUDFW UHSUHVHQWDWLRQ� L�H� WKH
SODWIRUP�LQGHSHQGHQW PRGHO �3,0�� WKDW ZDV GHVLJQHG WR FRYHU DOO WKH UHOHYDQW LQIRUPDWLRQ
DOORZLQJ WKH JHQHUDWLRQ RI WKH DUWHIDFWV XVHG WR EXLOG RXU ZUDSSHUV� 7KH FHQWUDO JHQHULF
SDUW RI WKLV PHWDPRGHO LV GHSLFWHG LQ )LJXUH ��
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)LJXUH �� 6XEVHW RI DQ LQVWDQFH IRU 0RQWDJH �������� RI WKH 2WKR 0HWDPRGHO

3DUW RI RXU PHWDPRGHO FRQWDLQV JHQHULF DQG DEVWUDFW PRGHO HOHPHQWV WKDW ZLOO EH IXUWKHU
UHÀQHG IRU WKH FRQFUHWH DSSOLFDWLRQ FRQWH[W� 7KH FHQWUDO PRGHO HOHPHQW LV $SSOLFDWLRQ WKDW
FRQVLVWV RI )XQFWLRQDO (QWLWLHV� FKDUDFWHUL]HG E\ DWWULEXWHV� DQG D VLQJOH 2SHUDWLRQ� 7KH
2SHUDWLRQ PD\ KDYH ]HUR RU PDQ\ 3DUDPHWHUV DQG HDFK RQH KDV D GDWD7\SH DVVRFLDWHG
WR LW� )RU H[DPSOH� LQ WKH FDVH RI 0RQWDJH� WKH $SSOLFDWLRQ ZLOO EH PDSSHG WR 0RQWDJH�
WKH )XQFWLRQDO (QWLWLHV ZLOO EH PDSSHG WR HDFK RI WKH VLQJOH FRPSRQHQW �L�H� ����2�$�
��/(#��2 DQG ������ 'HSHQGLQJ RQ WKH SODWIRUP WKDW LV XVHG� WKH 2SHUDWLRQ ZLOO EH
PDSSHG WR UXQ� H[HFXWH RU VXEPLW-RE IRU H[DPSOH� DQG RI FRXUVH HDFK RI WKH RSHUDWLRQV
ZLOO DFFHSW GLIIHUHQW 3DUDPHWHUV� VXFK DV DUJXPHQWV RU ÀOHV WKDW DUH UHTXLUHG IRU WKHLU
H[HFXWLRQ� :H FUHDWH PRGHO LQVWDQFHV RI WKLV PHWDPRGHO� IRU HDFK DSSOLFDWLRQ WKDW ZH
ZDQW WR ZUDS� 7KH FRUUHVSRQGLQJ LQVWDQFH IRU WKH P3URMHFW WRRO LV GHSLFWHG LQ )LJXUH ��
,Q RSSRVLWLRQ WR IXQFWLRQDO UHTXLUHPHQWV �L�H� ZKDW DQ DSSOLFDWLRQ LV H[SHFWHG WR GR�� QRQ�
IXQFWLRQDO UHTXLUHPHQW DQG SURSHUWLHV �1)5V� VSHFLI\ JOREDO FRQVWUDLQWV WKDW PXVW EH VDWLV�
ÀHG E\ WKH DSSOLFDWLRQ >165&��@� 'HDOLQJ ZLWK QRQ�IXQFWLRQDO SURSHUWLHV LV SUREOHPDWLF
EHFDXVH RI WKHLU FRPSOH[LW\� LPSOHPHQWDWLRQ KXUGOHV DQG GLIÀFXOWLHV LQ IRUPDOL]LQJ DQG
H[SUHVVLQJ WKHP� )RU LQVWDQFH� GHSHQGLQJ RQ WKH DSSOLFDWLRQ� VHFXULW\ PD\ RU PD\ QRW EH
FRQVLGHUHG DV D QRQ�IXQFWLRQDO SURSHUW\� DQG RIWHQ ÀQGV LWVHOI LQ FRQÁLFW ZLWK RWKHUV QRQ�
IXQFWLRQDO SURSHUWLHV OLNH SHUIRUPDQFH �H�J� DXWKHQWLFDWLQJ XVHUV RU HQFU\SWLQJ PHVVDJHV
FRVWV WLPH KHQFH UHGXFLQJ WKH V\VWHP SHUIRUPDQFH�� 'HVLJQLQJ D PRGHO WR EH JHQHULF
HQRXJK WR FRYHU WKH QHHGV RI D ODUJH YDULHW\ RI VFLHQWLÀF DSSOLFDWLRQV DFURVV VHYHUDO GR�
PDLQV� DQG VWLOO EHLQJ FRQFLVH DQG HDV\ WR XVH LV D KDUG FKDOOHQJH� ,Q RXU ZRUN� ZH UHVWULFW
WR VRPH RI QRQ�IXQFWLRQDO SURSHUWLHV WKDW DUH PHDQLQJIXO IRU WKH W\SH RI DSSOLFDWLRQV WKDW
ZH DUH WDUJHWLQJ� $GGLWLRQDOO\� WKH XVDJH RI ZUDSSHUV VLPSOLÀHV WKH LQWHJUDWLRQ RI QRQ�
IXQFWLRQDO SURSHUWLHV VXFK DV SHUIRUPDQFH PHDVXUHPHQWV DQG UHVRXUFH�DFFRXQWLQJ� VLQFH
ZH GR QRW QHHG �DQG ZDQW� WR FKDQJH WKH RULJLQDO DSSOLFDWLRQ FRGH� :H GLVFXVV LQ GHWDLO
WKH LQWHJUDWLRQ RI QRQ�IXQFWLRQDO UHTXLUHPHQWV LQ 2WKR LQ 6HFWLRQ ��
)URP WKH 3,0 SHUVSHFWLYH� ZH VWDUWHG ZLWK D VLPSOH PHWDPRGHO IRU QRQ�IXQFWLRQDO UHTXLUH�
PHQWV� $V VKRZQ LQ )LJXUH �� WKH QRQ�IXQFWLRQDO PHWDPRGHO KDV IRXU PDLQ FRPSRQHQWV�
SURSHUWLHV� UHTXLUHPHQWV� DWWULEXWHV DQG DFWLRQV� (DFK )XQFWLRQDO HQWLW\ VKRXOG VDWLVI\ Q WR
" QRQ�IXQFWLRQDO SURSHUWLHV� 1RQ�IXQFWLRQDO SURSHUWLHV DUH FRQVWUDLQWV RYHU QRQ�IXQFWLRQDO
DWWULEXWHV� H�J� WKH QRQ�IXQFWLRQ SURSHUW\ µDYDLODELOLW\ � ����µ FRQVWUDLQWV WKDW
VHUYLFH DYDLODELOLW\ QHHGV WR EH KLJKHU WKDQ ���� 1RQ�IXQFWLRQDO DFWLRQV DUH LPSOHPHQWD�
WLRQ WHFKQLTXHV� FRGH RU FRQÀJXUDWLRQ DUWHIDFWV WKDW UHDOL]H QRQ�IXQFWLRQDO SURSHUWLHV� $W
WKH 3,0 OHYHO� QRQ�IXQFWLRQDO DFWLRQV DUH DEVWUDFW DQG FDQ RQO\ JHW FRQFUHWH DW WKH 360
OHYHO� )LQDOO\� QRQ�IXQFWLRQDO UHTXLUHPHQWV H[SUHVV WKH XVHUV DGGLWLRQDO QRQ�IXQFWLRQDO

329



)LJXUH �� 6WHSV LQYROYHG LQ WKH :UDSSHU 6HUYLFH *HQHUDWLRQ

QHHGV RQ WKH V\VWHP� ,Q WKH IROORZLQJ VHFWLRQ ZH FRQFHQWUDWH RQ WKH SURFHVV WR JHQHUDWH
WKH ZUDSSHUV EDVHG RQ WKH SODWIRUP�LQGHSHQGHQW PRGHO�

:H LPSOHPHQWHG D SURWRW\SH RI 2WKR XVLQJ WKH (FOLSVH 0RGHOLQJ )UDPHZRUN �(0)�
>%60���@ DV 0'$ HQYLURQPHQW DQG -DYD (PLWWHU 7HPSODWHV �-(7� DV FRGH JHQHUDWLRQ
XWLOLW\� :H GHVLJQHG D SODWIRUP�LQGHSHQGHQW PHWDPRGHO �3,0� WR FRYHU DOO DVSHFWV RI WKH
DSSOLFDWLRQ XQLWV �IXQFWLRQDO HQWLWLHV�� ZKLFK DUH UHOHYDQW IRU WKH ZUDSSHU JHQHUDWLRQ� 7ZR
SODWIRUP�VSHFLÀF PHWDPRGHOV �360� ZHUH GHÀQHG� �D� IRU *ULG VHUYLFHV XVLQJ *OREXV
7RRONLW WKDW XVH *5$0 MRE VXEPLVVLRQ �E� DQG IRU :HE VHUYLFHV XVLQJ $SDFKH $[LV DQG
ORFDO VXESURFHVV IRUNLQJ�
)LJXUH � GHSLFWV WKH RYHUDOO SURFHVV IRU WKH JHQHUDWLRQ RI WKH FRGH IRU ZUDSSLQJ 0RQWDJH
FRPSRQHQWV RQ WKH GLIIHUHQW WDUJHW SODWIRUPV� 7KH XVHU FUHDWHV WKH GHVFULSWLRQ RI WKH DSSOL�
FDWLRQV� L�H� FUHDWHV D PRGHO LQVWDQFH� XVLQJ JUDSKLFDO HGLWRUV� 7KHVH HGLWRUV DUH DXWRPDWL�
FDOO\ JHQHUDWHG IURP WKH PHWDPRGHO XVLQJ (0) IDFLOLWLHV DQG DOORZ WR PRGLI\ WKH HOHPHQWV
RI WKH WUHH�EDVHG UHSUHVHQWDWLRQV RI WKH PRGHO� $IWHU FUHDWLRQ RI WKH 3,0 LQVWDQFH� WKH XVHU
VDYHV WR PRGHO LQ LWV GHIDXOW (0) VHULDOL]DWLRQ WR D ÀOH DQG VWDUWV WKH PRGHO WUDQVIRUPDWLRQ
WRRO �L�H� WKH PRGHO FRPSLOHU� WKDW GHVHULDOL]HV WKH 3,0 DQG ZULWHV LWV UHVXOWV WR WKH QHZ
360 VHULDOL]DWLRQ ÀOH� 7KH 3,0 WR 360 PRGHO WUDQVIRUPDWLRQ WRRO ZDV LPSOHPHQWHG -DYD
XVLQJ WKH (0) $3,V� 7KH 360 FRQWDLQV DOO WKH UHOHYDQW LQIRUPDWLRQ IURP WKH 3,0� DQG
VRPH GHIDXOW YDOXHV IRU QHZ VHWWLQJV�
6LQFH WKH 360 PRGHO JHQHUDWHG E\ WKH PRGHO WUDQVIRUPDWLRQ WRRO LV LQ ;0, IRUPDW� WKH
XVHU KDV WKH SRVVLELOLW\ WR XVH WKH (0) PRGHO HGLWRU WR PRGLI\ RU DGDSW VRPH RI WKH 360
DWWULEXWHV� LI UHTXLUHG� )LJXUH � VKRZV WKH GDWD PDQDJHPHQW VXEVHW RI WKH 3,0 �D�� WKH
:6�, :HE VHUYLFHV 360 �E� DQG WKH HFOLSVH�EDVHG PRGHO HGLWRU JHQHUDWHG IURP WKH (0)
PHWDPRGHO �F�� 7KH :6�, :HE VHUYLFHV 360 FRQWDLQV DOO WKH QHFHVVDU\ DUWHIDFWV IRU RXU
ZUDSSHU :HE VHUYLFH WKDW ZH ZDQW WR JHQHUDWH� )RU LQVWDQFH� WKH QHFHVVDU\ $SDFKH $QW
EXLOG VFULSWV DQG FRQÀJXUDWLRQ ÀOHV �EXLOG�[PO DQG EXLOG�SURSHUWLHV� WKDW KDYH
WR EH JHQHUDWHG DUH VKRZQ LQ )LJXUH � �F��

SXEOLF VWDWLF $SSOLFDWLRQ FUHDWH0RQWDJH,QVWDQFH�� ^
$SSOLFDWLRQ DSSOLFDWLRQ  FRUH)DFWRU\�FUHDWH$SSOLFDWLRQ���
DSSOLFDWLRQ�VHW1DPH��0RQWDJH�������
�� ���
)XQFWLRQDO(QWLW\ FOLH�  FRUH)DFWRU\�FUHDWH)XQFWLRQDO(QWLW\���
FOLH��VHW1DPH��P3URMHFW���
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)LJXUH �� �D� 6XEVHW RI GDWD PDQDJHPHQW SDUW RI WKH 3,0 �E� 6XEVHW RI :6�, :HE VHUYLFHV 360 �F�
*HQHUDWHG 0RGHO (GLWRU IRU WKH :6�, :HE VHUYLFHV 360

FOLH��VHW([HFXWDEOH���RSW�0RQWDJH�����ELQ�P3URMHFW���
FOLH��JHW,Q3DUDPHWHUV���DGG�FUHDWH3DUDPHWHU��VWDWXV)LOH��

��V�� VWULQJ'DWD7\SH���
FOLH��JHW,Q3DUDPHWHUV���DGG�FUHDWH3DUDPHWHU��LQILWV��

QXOO� VWULQJ'DWD7\SH���
�����

7KH FRGH IUDJPHQW SULQWHG DERYH LV SDUW RI WKH PRGHO WUDQVIRUPHU DQG LOOXVWUDWHV KRZ WKH
(0) $3,V JHQHUDWHG IURP WKH PHWDPRGHO DUH XVHG WR EXLOG DQG PDQLSXODWH PRGHO LQ�
VWDQFHV SURJUDPPDWLFDOO\� 7KH $SSOLFDWLRQ DQG )XQFWLRQDO(QWLW\ FODVVHV ZHUH
JHQHUDWHG IURP WKH (0) PHWDPRGHO� 2QFH WKH SODWIRUP�VSHFLÀF PRGHOV DUH FUHDWHG� -(7
LV XVHG WR JHQHUDWH WKH VRXUFH FRGH DQG WKH FRQÀJXUDWLRQ ÀOH DUWHIDFWV� )RU HDFK ÀOH DUWH�
IDFWV� ZH FUHDWHG D -(7 WHPSODWH ÀOH OLNH WKH IROORZLQJ�

��# MHW SDFNDJH �RUJ�JFUHDWRU�JHQHUDWRUV� FODVV �:V,PSOHPHQWDWLRQ7HPSODWH� ��� �!
�� :V,PSOHPHQWDWLRQ3VP PRGHO  �:V,PSOHPHQWDWLRQ3VP�DUJXPHQW� �!
SDFNDJH �� PRGHO�SDFNDJH1DPH �!�
SXEOLF FODVV �� PRGHO�FODVV1DPH �! ^

SULYDWH VWDWLF +DVK0DS LQVWDQFHV  QHZ +DVK0DS���
SXEOLF LQW �� PRGHO�JHW0HWKRG6LJQDWXUH�� �! WKURZV 5HPRWH([FHSWLRQ ^

6WULQJ>@ FRPPDQG  QHZ 6WULQJ>@ ^
�� PRGHO�FOL([HFXWDEOH �!�
�� IRU �LQW L �� L�PRGHO�SDUDPV�OHQJWK� L��� ^ �!

�� PRGHO�SDUDPV>L@ �!�� LI �L��PRGHO�SDUDPV�OHQJWK����
^ �!��� 1/ �!�� ` �!

�� ` �!
`�
3URFHVV SURFHVV  5XQWLPH�JHW5XQWLPH���H[HF�FRPPDQG��
�� ���

`

-(7 XVHV D WHPSODWH EDVHG PHFKDQLVP VLPLODU WR -DYD 6HUYHU 3DJHV �-63� � ZLWK D WHPSODWH
ODQJXDJH WKDW LV WUDQVIRUPHG LQWR D -DYD FODVVHV ZLWK D JHQHUDWH PHWKRG� WKDW FRQVWUXFWV
DQG UHWXUQV WKH JHQHUDWHG FRGH DV VWULQJ� 7KH WHPSODWH ODQJXDJH SURYLGHV VFULSWOHWV WR

�KWWS���MDYD�VXQ�FRP�SURGXWV�MVS
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HPEHG DQ\ -DYD FRGH DQG H[SUHVVLRQV WKDW DUH HYDOXDWHG PDUNHG ZLWK VSHFLDO WDJV� 7KH
(0) PRGHO �RU LQ IDFW DUELWUDU\ FODVV� FDQ EH DFFHVVHG WR UHWULHYH WKH PRGHO LQIRUPDWLRQ�
:H GHFLGHG QRW WR GLUHFWO\ DFFHVV WKH (0) PRGHO IURP -(7 EXW WR XVH KHOSHU FODVVHV
WKDW LQWHUQDOO\ DFFHVV WKH (0) PRGHO LQVWHDG� 7KH KHOSHU FODVVHV SURYLGH FRQYHQLHQFH
DQG XWLOLW\ PHWKRGV VXFK DV WKH JHW0HWKRG6LJQDWXUH�� WKDW UHWXUQV D IXOO PHWKRG
VLJQDWXUH LQ -DYD V\QWD[ DV VWULQJ�
7KH ODVW VWHS LQ RXU SURFHVV RI )LJXUH � LV WKH DFWXDO GHSOR\PHQW RI WKH JHQHUDWHG ZUDSSHUV�
$OO WKH QHFHVVDU\ VWHSV �FRPSLODWLRQ� SDFNDJLQJ� HWF�� DUH DXWRPDWHG XVLQJ $SDFKH $QW
EXLOG ÀOHV� WKDW WKHPVHOYHV DUH JHQHUDWHG IURP (0)�PRGHO YLD -(7� 0RVW RI WKHVH EXLOG�
ÀOHV DUH JHQHULF DQG UHTXLUH RQO\ VPDOO DGDSWDWLRQV WR EH XVHG RQ GLIIHUHQW WDUJHW SODWIRUPV�
:H KDYH LPSOHPHQWHG D -DYD�EDVHG WRRO WKDW SURGXFHV GHSOR\DEOH SDFNDJHV LQ SODWIRUP
VSHFLÀF IRUPDWV L�H� ZHE DSSOLFDWLRQ DUFKLYH ��ZDU ÀOH� IRU ZHE VHUYLFH GHSOR\PHQW� DQG
*ULG DSSOLFDWLRQ DUFKLYH ��JDU ÀOH� IRU WKH GHSOR\PHQW RI *OREXV *ULG VHUYLFH�

7KH UDWLRQDO EHKLQG RXU ZUDSSHUV LV WZRIROG� )LUVW ZH DGGUHVV WKH VHPL�DXWRPDWLF LQWH�
JUDWLRQ LQWR GLIIHUHQW *ULG HQYLURQPHQWV� 7KLV LV WKH IXQFWLRQDO DVSHFW GHVFULEHG LQ WKH
SUHYLRXV VHFWLRQ� 6HFRQG ZH DXJPHQW XWLOLW\ RI RXU ZUDSSHUV E\ HQULFKLQJ WKHP ZLWK
QRQ�IXQFWLRQDO SURSHUWLHV �1)3� WR DGG DGGLWLRQDO EHQHÀW WR XVHUV� 1RQ�IXQFWLRQDO FKDUDF�
WHULVWLFV DUH RUWKRJRQDO WR WKH PDLQ IXQFWLRQDOLW\ RI WKH DSSOLFDWLRQ� :H UHVWULFW RXUVHOI WR
QRQ�IXQFWLRQDO SURSHUWLHV WKDW PDQLIHVW WKHPVHOYHV LQ FRGH�FRQÀJXUDWLRQ DUWHIDFWV DQG WKDW
DUH RI KLJK UHOHYDQFH IRU VFLHQWLÀF *ULG DSSOLFDWLRQV VXFK DV ORJJLQJ� SHUIRUPDQFH DQDO\VLV�
DFFRXQWLQJ RI UHVRXUFH FRQVXPSWLRQ� VHFXULW\� HWF� )RU RXU SURWRW\SH ZH VHOHFWHG H[HFX�
WLRQ WLPH DQDO\VLV DQG DFFRXQWLQJ RI UHVRXUFH FRQVXPSWLRQ RI -DYD DSSOLFDWLRQV� 7KHVH DUH
UHSUHVHQWDWLYH H[DPSOHV WR GHPRQVWUDWH WKHLU LQWHJUDWLRQ LQWR RXU ZUDSSHUV DQG SRWHQWLDOO\
UHYHDO QHFHVVDU\ LPSURYHPHQWV RI RXU PRGHOLQJ DQG LPSOHPHQWDWLRQ DSSURDFK�

,Q RXU ÀUVW FDVH VWXG\ ZH DUH LQWHUHVWHG LQ FROOHFWLQJ WKH UHDO H[HFXWLRQ RI RXU DSSOLFDWLRQV�
7KLV UHTXLUHPHQW LV VLPSOLVWLF EXW LW DOORZV HDV\ PRGHOLQJ DQG UDSLG SURWRW\SLQJ� 7DEOH
��� VKRZV WKH QRQ�IXQFWLRQDO SDUW RI RXU PHWDPRGHO IRU PRQLWRULQJ H[HFXWLRQ WLPH� 7KH
UHTXLUHPHQW H[SUHVVHV WKH XVHU·V ZLVK WR NQRZ WKH H[HFXWLRQ WLPH� 7KLV UHTXLUHPHQW LV
VDWLVÀHG E\ 021,725 (;(& 7,0(  5($/ 7,0(� 0,/,6(&21'6� WKH FRQVWUDLQW
·UHDO WLPH LQ PLOOLVHFRQGV· RYHU WKH DWWULEXWH 021,725 (;(& 7,0(� $FWLRQV GHVFULEH
KRZ SURSHUWLHV DUH UHDOL]HG LQ D VSHFLÀF HQYLURQPHQW DQG WKHUHIRUH PDQLIHVW WKHPVHOYHV
RQO\ DW WKH 360 OHYHO� ,Q RXU H[DPSOH ZH DVVXPH D -DYD�SODWIRUP DOORZLQJ XV WR XVH WKH
6\VWHP�FXUUHQW7LPH0LOOLV $3, WR UHWULHYH DQG FRPSDUH WLPHVWDPSV�

SULYDWH ORQJ H[HF7LPH  ��
SXEOLF YRLG P3URMHFW�6WULQJ GDWD3DWK� ���� WKURZV 5HPRWH([FHSWLRQ ^
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0RQLWRULQJ H[HFXWLRQ WLPH
1RQ)XQFWLRQDO5HTXLUHPHQW µKRZ ORQJ GRHV P\ SURJUDP QHHG WR ÀQLVKµ
1RQ)XQFWLRQDO$WWULEXWH �
	��
� ���� ����

1RQ)XQFWLRQDO3URSHUW\ ����� ����� �����
��
	�
�
1RQ)XQFWLRQDO$FWLRQ UHWULHYH�FRPSDUH WLPHVWDPSV YLD 6\VWHP�FXUUHQW7LPH0LOOLV

$FFRXQWLQJ RI &38 FRQVXPSWLRQ
1RQ)XQFWLRQDO5HTXLUHPHQW µKRZ FSX�LQWHQVLYH LV P\ SURJUDPµ
1RQ)XQFWLRQDO$WWULEXWH ��� �
	
�����
	

1RQ)XQFWLRQDO3URSHUW\ ������
�� �	
������
	
� ��

���� �
�	��
1RQ)XQFWLRQDO$FWLRQ DSSO\ -5$)� E\WHFRGH UHZULWLQJ� DGG -5$)� OLEV DQG *ULG6HUYLFH

7DEOH �� 'HFODULQJ 1RQ�IXQFWLRQDO SURSHUWLHV

ORQJ VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
�� H[HFXWH P3URMHFW DV XVXDO
WKLV�H[HF7LPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

`
SXEOLF ORQJ JHW([HFXWLRQ7LPH�� ^

UHWXUQ WKLV�H[HF7LPH���
`

,Q WKH FRGH IUDJPHQW DERYH� ZH VHH WKH PDQLIHVWDWLRQ RI 7DEOH ��� LQ -DYD VRXUFH FRGH�
ZKHUH 
802��%�5//�'2�"���"$$"0 LV XVHG WR UHWULHYH WLPHVWDPSV DQG WKH UHVXOW RI WKH
FRPSDULVRQ LV VWRUHG LQ D PHPEHU YDULDEOH WKDW LV DFFHVVLEOH YLD DQ DGGLWLRQDO SXEOLF
PHWKRG WKDW LV DOVR DGGHG LQ RXU JHQHUDWLRQ SURFHVV� ,I ZH XVH DQRWKHU WDUJHW SODWIRUP�
H�J� VXEPLVVLRQ RI WKH DSSOLFDWLRQ WR D ORFDO RU JULG UHVRXUFH PDQDJHU� WKHQ WKH VFULSW WKDW
UXQV WKH DSSOLFDWLRQ QHHGV WR EH DGDSWHG� 7KH IROORZLQJ H[WHQGHG VFULSW XVHV WKH 8QL[
GDWH XWLOLW\ WR UHWULHYH WLPHVWDPSV DQG ZULWHV WKH FRPSDULVRQ UHVXOW WR D ÀOH�

���ELQ�VK
VWDUW �¶GDWH ���V�¶�
P3URMHFW�VK �

HQG �¶GDWH ���V�¶�
HFKR �VWDUW7LPH �VWDUW� !! WLPH�VWDW
HFKR �H[HF7LPH ¶H[SU �HQG � �VWDUW¶V� !! WLPH�VWDW

/LNHZLVH WR RXU ÀUVW FDVH VWXG\ PRUH DGYDQFHG PHWKRGV DQG XWLOLWLHV VXFK DV H�J� SHUIH[
FDQ EH XVHG LQ WKH VDPH PDQQHU�

,Q RXU VHFRQG FDVH� ZH H[SHULPHQWHG ZLWK ZKLWH�ER[ DFFRXQWLQJ RI UHVRXUFH FRQVXPSWLRQ
RI -DYD SURJUDPV� :H VHOHFWHG IRU WKLV SXUSRVH WKH -DYD 5HVRXUFH $FFRXQWLQJ )UDPHZRUN
� �-5$)��� D VHW RI WRROV WR HQKDQFH VWDQGDUG -DYD UXQWLPH V\VWHPV ZLWK UHVRXUFH PDQDJH�
PHQW IHDWXUHV >+%��@� 7KH FXUUHQW YHUVLRQ RI -5$)� DOORZV IRU QRQ�LQWUXVLYH PRQLWRULQJ
RI WKH &38 FRQVXPSWLRQ LQ WHUPV RI -DYD 9LUWXDO 0DFKLQH �-90� E\WHFRGH LQVWUXFWLRQV�
%\ DSSO\LQJ E\WHFRGH UHZULWLQJ WHFKQLTXHV� -DYD FODVV ÀOHV DUH WUDQVIRUPHG DQG LQVWUX�
PHQWHG VR WKDW GXULQJ H[HFXWLRQ HDFK WKUHDG PDLQWDLQV DQ LQVWUXFWLRQ FRXQWHU LQGLFDWLQJ
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MGN PDQGHOEURW�� PDQGHOEURW�� ZHNDM����H� ZHNDM����H� ZHNDM����H�
! 
 ���� ! 
 ���� ! 
 ���� ! 
 ���� ! 
 ����

VXQ�� ����� ���� ��� ����� ���� ��� ����� ���� ��� ����� ���� ��� ����� ����� ���
VXQ��UZ ����� ���� ��� ����� ���� ��� ����� ���� ��� ����� ����� ��� ����� ����� ���
VXQ�� �E� ����� � � ����� � � ����� � � ����� � � ����� � �
VXQ��UZ �Q� ����� � � ����� � � ����� � � ����� � � ����� � �
VXQ�� ����� ���� ��� ����� ���� ��� ����� ���� ��� ����� ����� ��� ����� ����� ���
VXQ��UZ ����� ����� ��� ����� ����� ��� ����� ���� ��� ����� ����� ��� ����� ����� ���
VXQ�� �E� ����� � � ����� � � ����� � � ����� � � ����� � �
VXQ��UZ �Q� ����� � � ����� � � ����� � � ����� � � ����� � �

7DEOH �� -5$)� 2YHUKHDG IRU 0DQGHOEURW DQG :HND-�� ([DPSOH *ULG 6HUYLFHV�

WKH QXPEHU RI H[HFXWHG E\WHFRGH LQVWUXFWLRQV DQG E\WHFRGH EORFNV UHSRUW DERXW WKH QXP�
EHU RI -90 LQVWUXFWLRQV� 7KH ZUDSSHU JHQHUDWLRQ SURFHVV QRZ QHHGV WR FRYHU WKH IROORZLQJ
DVSHFWV ��� DGG -5$)� UXQWLPH OLEUDULHV� ��� SHUIRUP E\WHFRGH UHZULWLQJ RI DOO FODVV ÀOHV
XVLQJ WKH -5$)� UHZULWLQJ WRRO DQG ��� H[WHQG WKH ZUDSSHU *ULG VHUYLFH ZLWK DGGLWLRQDO
SXEOLF PHWKRGV WKDW H[SRVH WKH UHVRXUFH DFFRXQWLQJ LQIRUPDWLRQ FROOHFWHG E\ -5$)��
7R DFFRPPRGDWH IRU ERWK FRPSXWDWLRQDO� DQG GDWD�LQWHQVLYH *ULG DSSOLFDWLRQV� ZH LPSOH�
PHQWHG WZR *OREXV *ULG VHUYLFHV �D GLVWULEXWHG PDVWHU�VODYH PDQGHOEURW IUDFWDO FDOFXODWRU
DQG D GLVN�,�2�LQWHQVLYH GDWD PLQLQJ DSSOLFDWLRQ EDVHG RQ :HND�� LQ RUGHU WR GHPRQVWUDWH
-5$)��EDVHG DFFRXQWLQJ DV QRQ�IXQFWLRQDO SURSHUW\ LQ RXU WRRONLW� ,Q DGGLWLRQ WR DSSO\LQJ
RXU ZUDSSHU JHQHUDWLRQ WHFKQLTXH� ZH ZHUH DOVR LQWHUHVWHG LQ WKH UXQWLPH RYHUKHDG FDXVHG
E\ XVLQJ -5$)� IRU &38 UHVRXUFH DFFRXQWLQJ� 5HPHPEHU WKDW WKH 2WKR 7RRONLW LV XVHG
H[FOXVLYHO\ WR FUHDWH VHUYLFH WKDW RQFH FUHDWHG DQG GHSOR\HG UXQ FRPSOHWHO\ LQGHSHQGHQW RI
2WKR� 7KHUHIRUH WKHVH H[SHULPHQWV GR QRW DQDO\]H 2WKR LWVHOI EXW WKH RYHUKHDG LQWURGXFHG
ZKHQ ZUDSSHUV H[KLELW WKLV LQIRUPDWLRQ XVLQJ -5$)��
:H SUHSDUHG IRXU GLIIHUHQW VHUYHU HQYLURQPHQWV��� 7KH XQPRGLÀHG �RULJLQDO� YHUVLRQV RI
6XQ -5( ����� �� DQG 6XQ -5( ����� ZHUH XVHG DV EDVLV IRU RXU HYDOXDWLRQ� :H LQVWUX�
PHQWHG �MUDIHG� WKH FRPSOHWH E\WHFRGH FODVVHV LQFOXGLQJ DOO WKLUG�SDUW\ OLEUDULHV RI -DNDUWD
7RPFDW� WKH *OREXV 7RRONLW DQG RXU WZR DSSOLFDWLRQV� $ WHVW FOLHQW�� VLPXODWHG YDU\LQJ
ZRUNORDG E\ UXQQLQJ " FOLHQW SURJUDPV LQ D VLQJOH -90 LQ VHSDUDWH WKUHDGV FRQFXUUHQWO\
DQG ZH DQDO\]HG WKH PHDVXUHG UHVSRQVH WLPHV��� 7DEOH ��� FRQWDLQV WKH GHWDLOHG UHVXOWV�
WKH UHVSRQVH WLPH PHDQ YDOXHV ,� VWDQGDUG GHYLDWLRQ � DQG WKH FRUUHVSRQGLQJ FRHIÀFLHQW RI
YDULDWLRQ IRU WZR PDQGHOEURW DQG WKUHH GDWD PLQLQJ SUREOHP VL]HV� 7KH URZV PDUNHG ZLWK
�Q� VKRZ WKH UHVSRQVH WLPHV QRUPDOL]HG WR WKH WLPHV IRU WKH XQPRGLÀHG VFHQDULR� WKDW DUH
WKH EDVLV DQG IRXQG LQ URZV �E� WR VKRZ UHODWLYH RYHUKHDG� 7KH RYHUKHDG YDULHV GHSHQG�
LQJ RQ DSSOLFDWLRQ W\SH DQG SDUDPHWHUL]DWLRQV IURP ���� IRU ZHNDM����H� �WKH VPDOOHVW
GDWDVHW ZH XVHG� WR ��� IRU WKH PRVW &38 LQWHQVLYH WHVW ·PDQGHOEURW��· WKDW UHTXLUHV WKH
PRVW LWHUDWLRQV RYHU QHVWHG ORRSV FRQWDLQLQJ DULWKPHWLF RSHUDWLRQV� ,QWHUHVWLQJ LV WKDW LQ
DOPRVW DOO FDVHV WKH VWDQGDUG GHYLDWLRQ RI WKH MUDIHG PHDQ UHVSRQVH WLPHV LV ODUJHU WKDQ LQ
WKH WHVW FDVHV ZHUH WKH XQPRGLÀHG HQYLURQPHQW ZDV XVHG�

�KWWS���ZZZ�FV�ZDLNDWR�DF�Q]�PO�ZHND
��,QWHO 3HQWLXP �� ���*+] UXQQLQJ )&� /LQX[ DQG *OREXV ����� :6�&RUH LQ 7RPFDW
��,QWHO 3HQWLXP �� ���*+]� UXQQLQJ 5+� /LQX[� ���0ELW (WKHUQHW WR VHUYHU
��$OO H[SHULPHQWV ZHUH UHSHDWHG ��� WLPHV ZLWK WKH ÀUVW �� LWHUDWLRQV GLVFDUGHG WR DOORZ DSSOLFDWLRQ ZDUP XS�
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3LHUFH DQG )R[ >3)��@ GHVFULEH D VLPSOH DSSURDFK ZKHUH OHJDF\ ELQDULHV� LQ WKHLU FDVH
DQ HDUWKTXDNH VLPXODWLRQ WRRO� DUH ZUDSSHG E\ -DYD :HE VHUYLFHV DQG H[HFXWHG LQ IRUNHG
VXESURFHVVHV� 7KH\ WUHDW WKH ZUDSSHG DSSOLFDWLRQ DV EODFN�ER[ DQG H[SRVH ZHE�VHUYLFH LQ�
WHUIDFHV WR DOORZ HDV\ LQWHJUDWLRQ LQ ZHE SRUWDOV DQG SUREOHP VROYLQJ HQYLURQPHQWV� +RZ�
HYHU WKHLU DSSURDFK LV D ODUJHO\ PDQXDO WHFKQLTXH DQG LVVXHV VXFK DV VHUYLFH GLVFRYHU\�
VHUYLFH PHWDGDWD� HUURU DQG H[FHSWLRQ KDQGOLQJ DUH LJQRUHG� ,Q FRQWUDVW RXU DSSURDFK DS�
SOLHV 0'$�WHFKQLTXHV IRU IXOO\ RU VHPL�DXWRPDWLF FRGH JHQHUDWLRQ DQG DOORZV H[WHQVLRQV
ZLWK QRQ�IXQFWLRQDO SURSHUWLHV�
0� /L HW DO >/4��@ GHVFULEH DQ DSSURDFK WR JHQHUDWH :HE VHUYLFHV IRU QRQ�QHWZRUNHG KLJK
SHUIRUPDQFH 03, VFLHQWLÀF OHJDF\ FRGHV IURP ;0/�EDVHG GHVFULSWLRQV RI WKH LQWHUIDFH
DQG SODWIRUP�VSHFLÀF LQIRUPDWLRQ RI WKH OHJDF\ FRPSRQHQW� ,Q FRQWUDVW WR RXU DSSURDFK
WKH\ GR QRW XVH 0'$ WHFKQLTXHV DQG GR QRW VHSDUDWH SODWIRUP�LQGHSHQGHQW IURP SODWIRUP�
VSHFLÀF LQIRUPDWLRQ LQ WKH FRPSRQHQW GHVFULSWLRQ WKHUHIRUH UHGXFLQJ ÁH[LELOLW\ DQG UH�
VWULFWLQJ WKHPVHOYHV WR D VLQJOH SODWIRUP� 0RUHRYHU WKH\ GR QRW FRQVLGHU QRQ�IXQFWLRQDO
SURSHUWLHV�
0XGLDP HW DO >0*/��@ ZUDS :HE VHUYLFHV DQG FRPPDQGOLQH SURJUDPV RQ�WKH�Á\ WR IDFLO�
LWDWH WKHLU LQWHJUDWLRQ DQG VR WKDW WKH\ FDQ EH GLVFRYHUHG DQG XVHG ZLWK -LQL WHFKQRORJLHV�
$V LQ RXU DSSURDFK WKH\ UHO\ RQ WKH 3UR[\ DQG $GDSWHU SDWWHUV IRU WKHLU ZUDSSHUV� 7KH\ XVH
DQ DUFKLWHFWXUH GHVFULSWLRQ ODQJXDJH IRU GHVFULELQJ WKH OHJDF\ FRPSRQHQWV� $OWKRXJK WKH\
ZUDS GLIIHUHQW VRXUFH FRPSRQHQWV LQFOXGLQJ FRPPDQGOLQH SURJUDPV DQG :HE VHUYLFHV
WKHLU VROXWLRQ LV UHVWULFWHG WR D VLQJOH SODWIRUP ZLWKRXW LQFRUSRUDWLRQ RI QRQ�IXQFWLRQDO
SURSHUWLHV�
0L]XWD DQG +XDQJ >0+��@ GHYHORSHG D *7� 80/ SURÀOH DQG $QGUR0'$ FDWULGJH WKDW
WUDQVODWHV JULG VHUYLFHV DV 80/ FODVV PRGHOV WR JHQHUDWH VRXUFH FRGH DQG VHWWLQJV IRU
*7�� 7KH\ GLIIHU LQ WKHLU DSSURDFK LQ WKDW WKH\ UHO\ RQ 80/ DV PRGHOLQJ ODQJXDJH DQG D
*7� 80/�3URÀOH WR HQULFK WKH PRGHOV ZKHUHDV ZH XVH OLJKWHU VSHFLDOL]HG PRGHOV IRU RXU
SUREOHP GRPDLQ� :H VHH WKHLU DSSURDFK DV FRPSOHPHQWDU\ LQ WKDW ZH FRXOG DGGUHVV WKHLU
80/�EDVHG LQSXW PRGHOV DV D WDUJHW RI RXU WRROV WR UHXVH WKHLU FRGH JHQHUDWLRQ LQIUDVWUXF�
WXUH�
6DQJ HW DO >6)./��@ IRFXV RQ WKH PLJUDWLRQ RI H[LVWLQJ VFLHQWLÀF FRGHV WR &25%$�EDVHG
HQYLURQPHQWV� +LJK�SHUIRUPDQFH OHJDF\ FRGHV ZULWWHQ LQ )RUWUDQ DQG &�� DUH ZUDSSHG WR
EXLOG GLVWULEXWHG &25%$ REMHFWV LQ IRUP RI DQ FOLHQW�VHUYHU HQYLURQPHQW� $JDLQ WKH PDMRU
GLIIHUHQFH WR RXU ZRUN LV WKDW ZH DUH XVLQJ 0'$�WHFKQLTXHV WR WDUJHW VHYHUDO SODWIRUPV DQG
RXU IRFXV RQ QRQ�IXQFWLRQDO DVSHFWV�

'LVWULEXWHG FRPSXWLQJ DQG DOVR *ULG HQYLURQPHQWV KDYH OLIHF\FOHV PXFK VKRUWHU WKDQ WKH
OLIHVSDQ RI PDQ\ VFLHQWLÀF DSSOLFDWLRQV� 7KH QHHG IRU VPRRWK DQG DXWRPDWLF PLJUDWLRQ
RI H[LVWLQJ FRGHV WR PRGHUQ HQYLURQPHQWV KDV EHHQ D UHVHDUFK LVVXH IRU VRPH WLPH DQG
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FRQWLQXHV WR EH D PDMRU UHVHDUFK LQWHUHVW� ,Q RXU ZRUN� ZH DGGUHVV WKLV ZHOO�NQRZQ SUREOHP
EXW IURP D QRYHO SHUVSHFWLYH DQG IRU D QRYHO SUREOHP GRPDLQ� :H GHPRQVWUDWHG KRZ ZH
DSSO\ UHVXOWV DQG WHFKQLTXHV IURP 0RGHO�GULYHQ $UFKLWHFWXUH DQG &RGH *HQHUDWLRQ ÀHOG
WR FUHDWH ZUDSSHUV IRU VFLHQWLÀF DSSOLFDWLRQV� 7KH EHQHÀW RI WKHVH ZUDSSHUV LV IRXQGHG LQ
WKDW ZH HQULFK WKHP ZLWK QRQ�IXQFWLRQDO SURSHUW\ H[WHQVLRQV VXFK DV SHUIRUPDQFH DQDO\VLV�
IRU LQVWDQFH� :H SUHVHQWHG GHVLJQ DQG LPSOHPHQWDWLRQ RI RXU HDUO\ SURWRW\SH� $V QRQ�
IXQFWLRQDO SURSHUW\ ZH VHOHFWHG� LQ WKH FRQWH[W RI WKLV ZRUN� &38�UHVRXUFH�DFFRXQWLQJ
ZLWK -5$)� DQG SUHVHQWHG LWV LQWHJUDWLRQ DQG ZH SHUIRUPHG SHUIRUPDQFH H[SHULPHQWV WR
LQYHVWLJDWH LWV HIIHFWV�
2XU ZRUN LV LQ DQ HDUO\ VWDJH ZLWK VWLOO PDQ\ RSHQ TXHVWLRQV� $V QH[W VWHSV ZH SODQ WR
DGG DGGLWLRQDO SODWIRUPV DQG IHDWXUHV ZKLFK ZLOO JLYH XV IHHGEDFN RQ RXU PHWDPRGHOV�
:H H[SHFW WR DUULYH DW D EURDGO\�DSSOLFDEOH DQG JHQHULF PHWDPRGHO DIWHU D FRXSOH RI RWKHU
HQYLURQPHQWV DQG SODWIRUP IHDWXUHV KDYH EHHQ LQWHJUDWHG� :H KDYH VHYHUDO LGHDV UHJDUGLQJ
DGGLWLRQDO QRQ�IXQFWLRQDO SURSHUWLHV IRU SHUIRUPDQH DQDO\VLV DQG UHSRUWLQJ WKDW ZH DUH
JRLQJ WR WDFNOH LQ IXWXUH ZRUN� 'DWD PDQDJHPHQW DQG H[HFXWLRQ SDUDOOHOLVP DUH D FHQWUDO LQ
LVVXH IRU *ULG DSSOLFDWLRQV LQ JHQHUDO DQG IRU ZRUNÁRZ DSSOLFDWLRQV LQ SDUWLFXODU� :H SODQ
WR H[WHQG RXU PHWDPRGHOV WR FDSWXUH ÀOH�VWDJLQJ UHTXLUHPHQWV DQG JHQHUDWH WKH QHFHVVDU\
FRGH WR SHUIRUP ÀOH�VWDJLQJ� H�J� E\ XVLQJ *ULG)73� DV SDUW RI WKH ZUDSSHU� )RU QRQ�
MDYD�EDVHG DSSOLFDWLRQV ZH SODQ WR XVH 6FDOHD�* >)-3���@ DQ DSSOLFDWLRQ�OHYHO PRQLWRULQJ
HQYLURQPHQW IRU SDUDOOHO DQG GLVWULEXWHG DSSOLFDWLRQV WKDW FDQ SURYLGH VLPLODU UXQ�WLPH DQG
SRVW�PRUWHP LQIRUPDWLRQ DV -5$)� DOWKRXJK GHVLJQHG IRU D GLIIHUHQW SXUSRVH�

>$6��@ -� $OPRQG DQG '� 6QHOOLQJ� 81,&25(� 8QLIRUP DFFHVV WR VXSHUFRPSXWLQJ DV DQ HO�
HPHQW RI HOHFWURQLF FRPPHUFH� )XWXUH *HQHUDWLRQ &RPSXWHU 6\VWHPV� ������²����
�����

>%60���@ )� %XGLQVN\� '� 6WHLQEHUJ� (� 0HUNV� 5� (OOHUVLFN� DQG 7� -� *URVH� (FOLSVH 0RGHOLQJ
)UDPHZRUN� $GGLVRQ�:HVOH\� $XJXVW �����

>&���@ .� &]DMNRZVNL HW DO� 7KH :6�5HVRXUFH )UDPHZRUN ���� 0D\� � �����
>)-3���@ 7KRPDV )DKULQJHU� $OH[DQGUX -XJUDYX� 6DEUL 3OODQD� 5DGX 3URGDQ� &ORYLV 6HUDJLRWWR

-XQLRU� DQG +RQJ�/LQK 7UXRQJ� $6.$/21� $ 7RRO 6HW IRU &OXVWHU DQG *ULG &RPSXW�
LQJ� &RQFXUUHQF\ DQG &RPSXWDWLRQ� 3UDFWLFH 	 ([SHULHQFH� �������� �����

>).��@ ,DQ )RVWHU DQG &DUO .HVVHOPDQ� 7KH *OREXV 7RRONLW� ,Q ,DQ )RVWHU DQG &DUO .HVVHO�
PDQ� HGLWRUV� 7KH *ULG � %OXHSULQW IRU D QHZ &RPSXWLQJ ,QIUDVWUXFWXUH� SDJHV ���²����
0RUJDQ .DXIPDQQ� �����

>).17��@ ,� )RVWHU� &� .HVVHOPDQ� -� 1LFN� DQG 6� 7XHFNH� 7KH 3K\VLRORJ\ RI WKH *ULG� $Q 2SHQ
*ULG 6HUYLFHV $UFKLWHFWXUH IRU 'LVWULEXWHG 6\VWHPV ,QWHJUDWLRQ� 7HFKQLFDO UHSRUW� 2SHQ
*ULG 6HUYLFH ,QIUDVWUXFWXUH :RUNLQJ *URXS� *OREDO *ULG )RUXP� -XQH �����

>*+-9��@ (ULFK *DPPD� 5LFKDUG +HOP� 5DOSK -RKQVRQ� DQG -RKQ 9OLVVLGHV� 'HVLJQ 3DWWHUQV�
$GGLVRQ :HVOH\� 2FWREHU �����
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>+%��@ -� +XODDV DQG :� %LQGHU� 3URJUDP 7UDQVIRUPDWLRQV IRU 3RUWDEOH &38 $FFRXQWLQJ DQG
&RQWURO LQ -DYD� ,Q 3URFHHGLQJV RI 3(30·�� ����� $&0 6,*3/$1 6\PSRVLXP RQ
3DUWLDO (YDOXDWLRQ 	 3URJUDP 0DQLSXODWLRQ�� SDJHV ���²���� 9HURQD� ,WDO\� $XJXVW
����� ����� $&0 3UHVV�

>-.��@ +��$UQR -DFREVHQ DQG %HUQG -� .UDPHU� $ GHVLJQ SDWWHUQ EDVHG DSSURDFK WR JHQHUDW�
LQJ V\QFKURQL]DWLRQ DGDSWHUV IURP DQQRWDWHG ,'/� ,Q 3URFHHGLQJV RI WKH $XWRPDWHG
6RIWZDUH (QJLQHHULQJ &RQIHUHQFH� SDJHV ��²��� +DZDLL� 86$� ����� ,((( &RPSXWHU
6RFLHW\ 3UHVV�

>/4��@ 0� /L DQG 0� 4L� /HYHUDJLQJ OHJDF\ FRGHV WR GLVWULEXWHG SUREOHP�VROYLQJ HQYLURQ�
PHQWV� D :HE VHUYLFHV DSSURDFK� 6RIWZDUH� 3UDFWLFH DQG ([SHULHQFH� �����������²
����� $XJXVW �����

>0*/��@ 6XGKDNLUDQ 9� 0XGLDP� *HUDOG &� *DQQRG� DQG 7LPRWK\ (� /LQGTXLVW� 6\QWKHVL]LQJ
DQG ,QWHJUDWLQJ /HJDF\ &RPSRQHQWV DV 6HUYLFHV 8VLQJ $GDSWHUV� -RXUQDO RI WKH 6FL�
HQFH RI &RPSXWHU 3URJUDPPLQJ� �����

>0+��@ 6DFKLR 0L]XWD DQG 5XQKH +XDQJ� $XWRPDWLRQ RI *ULG 6HUYLFH &RGH *HQHUDWLRQ ZLWK
$QGUR0'$ IRU *7�� ,Q 3URFHHGLQJV RI ��WK ,QWHUQDWLRQDO &RQIHUHQFH RQ $GYDQFHG
,QIRUPDWLRQ 1HWZRUNLQJ DQG $SSOLFDWLRQV �$,1$·���� SDJHV ���²���� �����

>00��@ -RDTXLQ 0LOOHU DQG -LVKQX 0XNHUML� 0'$ *XLGH 9HUVLRQ ������ 7HFKQLFDO 5HSRUW
RPJ������������ 20*� -XQH� �� �����

>165&��@ *HRUJH 5� 5� -XVWR 1HOVRQ 6� 5RVD DQG 3DXOR 5� )� &XQKD� ,QFRUSRUDWLQJ 1RQ�
)XQFWLRQDO 5HTXLUHPHQWV LQWR 6RIWZDUH $UFKLWHFWXUHV� ,Q ,Q )LIWK ,QWHUQDWLRQDO :RUN�
VKRS RQ )RUPDO 0HWKRGV IRU 3DUDOOHO 3URJUDPPLQJ� 7KHRU\ DQG $SSOLFDWLRQV ���WK
,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ 'LVWULEXWHG DQG 3DUDOOHO 3URFHVVLQJ �� &DQFXQ�
0H[LFR� 0D\ �����

>3)��@ 0DUORQ 3LHUFH DQG *HRIIUH\ )R[� 0DNLQJ 6FLHQWLÀF $SSOLFDWLRQV DV :HE 6HUYLFHV�
:HE &RPSXWLQJ� -DQXDU\�)HEUXUD\ �����

>3::5��@ 6DYDV 3DUDVWDWLGLV� -LP :HEEHU� 3DXO :DWVRQ� DQG 7KRPDV 5LVFKEHFN� $ *ULG $SSOLFD�
WLRQ )UDPHZRUN EDVHG RQ :HE 6HUYLFHV 6SHFÀFLDWLRQV DQG 3UDFWLFHV� 7HFKQLFDO UHSRUW�
1RUWK (DVW 5HJLRQDO H�6FLHQFH &HQWUH� 8QLYHUVLW\ RI 1HZFDVWOH� $XJXVW �� �����

>6'��@ *XUPHHW 6LQJK DQG (ZD 'HHOPDQ� 0RQWDJH RQ WKH *ULG� 1YR WHFKQLFDO UHSRUW� 192�
$SULO � �����

>6)./��@ -� 6DQJ� *� )ROOHQ� &� .LP� DQG ,� /RSH]� 'HYHORSPHQW RI &25%$�EDVHG (QJLQHHULQJ
$SSOLFDWLRQV IURP /HJDF\ )RUWUDQ 3URJUDPV� ,QIRUPDWLRQ DQG 6RIWZDUH 7HFKQRORJ\�
���������²���� �����

>69+)��@ 0XPWD] 6LGGLTXL� $OH[ 9LOOD]RQ� -XHUJHQ +RIHU� DQG 7KRPDV )DKULQJHU� */$5(� $
*ULG $FWLYLW\ 5HJLVWUDWLRQ� GHSOR\PHQW DQG SURYLVLRQLQJ IUDPHZRUN� ,Q 3URFHHGLQJV
RI WKH ,QWHUQDWLRQDO &RQIHUHQFH IRU +LJK 3HUIRUPDQFH &RPSXWLQJ� 1HWZRUNLQJ DQG
6WRUDJH �6XSHUFRPSXWLQJ ������ :DVKLQJWRQ� 86$� 1RYHPEHU ����� �����
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