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$EVWUDFW²*UDSKLFDO XVHU LQWHUIDFHV �*8,V� DUH WKH SUHGRP�
LQDQW PHDQV E\ ZKLFK XVHUV LQWHUDFW ZLWK PRGHUQ SURJUDPV�
*8,V FRQWDLQ D QXPEHU RI FRPPRQ YLVXDO HOHPHQWV RU ZLGJHWV
VXFK DV ODEHOV� WH[WILHOGV� EXWWRQV� DQG OLVWV� DQG *8,V W\SLFDOO\
SURYLGH WKH DELOLW\ WR VHW DWWULEXWHV RQ WKHVH ZLGJHWV WR FRQWURO
WKHLU YLVLELOLW\� HQDEOHG VWDWXV� DQG ZKHWKHU WKH\ DUH ZULWDEOH�
:KLOH WKHVH DWWULEXWHV DUH H[WUHPHO\ XVHIXO WR SURYLGH YLVXDO FXHV
WR XVHUV WR JXLGH WKHP WKURXJK DQ DSSOLFDWLRQ¶V *8,� WKH\ FDQ DOVR
EH PLVXVHG IRU SXUSRVHV WKH\ ZHUH QRW LQWHQGHG� ,Q SDUWLFXODU�
LQ WKH FRQWH[W RI *8,�EDVHG DSSOLFDWLRQV WKDW LQFOXGH PXOWLSOH
SULYLOHJH OHYHOV ZLWKLQ WKH DSSOLFDWLRQ� *8, HOHPHQW DWWULEXWHV
DUH RIWHQ PLVXVHG DV D PHFKDQLVP IRU HQIRUFLQJ DFFHVV FRQWURO
SROLFLHV�

,Q WKLV ZRUN� ZH LQWURGXFH *(0V� RU LQVWDQFHV RI *8,
HOHPHQW PLVXVH� DV D QRYHO FODVV RI DFFHVV FRQWURO YXOQHUDELOLWLHV
LQ *8,�EDVHG DSSOLFDWLRQV� :H SUHVHQW D FODVVLILFDWLRQ RI GLIIHUHQW
*(0V WKDW FDQ DULVH WKURXJK PLVXVH RI ZLGJHW DWWULEXWHV� DQG
GHVFULEH D JHQHUDO DOJRULWKP IRU LGHQWLI\LQJ DQG FRQILUPLQJ WKH
SUHVHQFH RI *(0V LQ YXOQHUDEOH DSSOLFDWLRQV� :H WKHQ SUHVHQW
*(0 0LQHU� DQ LPSOHPHQWDWLRQ RI RXU *(0 DQDO\VLV IRU WKH
:LQGRZV SODWIRUP� :H HYDOXDWH *(0 0LQHU RYHU D WHVW VHW
RI WKUHH FRPSOH[� UHDO�ZRUOG *8,�EDVHG DSSOLFDWLRQV WDUJHWHG
DW WKH VPDOO EXVLQHVV DQG HQWHUSULVH PDUNHWV� DQG GHPRQVWUDWH
WKH HIILFDF\ RI RXU DQDO\VLV E\ ILQGLQJ QXPHURXV SUHYLRXVO\
XQNQRZQ DFFHVV FRQWURO YXOQHUDELOLWLHV LQ WKHVH DSSOLFDWLRQV� :H
KDYH UHSRUWHG WKH YXOQHUDELOLWLHV ZH GLVFRYHUHG WR WKH GHYHORSHUV
RI HDFK DSSOLFDWLRQ� DQG LQ RQH FDVH KDYH UHFHLYHG FRQILUPDWLRQ
RI WKH LVVXH�

,� ,QWURGXFWLRQ

*UDSKLFDO XVHU LQWHUIDFHV �*8,V� DUH WKH SUHGRPLQDQW
PHDQV E\ ZKLFK XVHUV LQWHUDFW ZLWK PRGHUQ SURJUDPV� *8,V
ZHUH LQWURGXFHG EHFDXVH WKH XVH RI YLVXDO HOHPHQWV VXFK DV
LFRQV DQG VWDQGDUG FRQWUROV DV ZHOO DV SRLQWLQJ GHYLFHV ±
H�J�� WKH PRXVH ± DUH PXFK PRUH LQWXLWLYH IRU PRVW XVHUV
WKDQ FRPPDQG OLQH LQWHUIDFHV� $V D UHVXOW� *8,V KDYH EHFRPH
XELTXLWRXV� DQG WKH\ DUH IRXQG RQ D ZLGH UDQJH RI FRPSXWLQJ
GHYLFHV �H�J�� GHVNWRSV� WDEOHWV� DQG PRELOH SKRQHV��

)URP D GHYHORSPHQW SHUVSHFWLYH� WKH RQFH�GLIILFXOW SURFHVV
RI FUHDWLQJ *8,�GULYHQ DSSOLFDWLRQV KDV EHFRPH UHODWLYHO\
VWUDLJKWIRUZDUG� (YHU\ PDMRU RSHUDWLQJ V\VWHP LQFOXGHV DQG
VXSSRUWV VRIWZDUH WRROV DQG IUDPHZRUNV IRU WKH UDSLG GHYHO�
RSPHQW RI *8,�EDVHG DSSOLFDWLRQV� )RU H[DPSOH� WKH SRSXODU
0LFURVRIW )RXQGDWLRQ &ODVV /LEUDU\ �DOVR NQRZQ DV 0LFURVRIW
)RXQGDWLRQ &ODVVHV� RU 0)&� LV D IUDPHZRUN WKDW ZUDSV
SRUWLRQV RI WKH :LQGRZV $3, LQ &�� FODVVHV� LQFOXGLQJ IXQF�
WLRQDOLW\ WKDW HQDEOHV GHYHORSHUV WR TXLFNO\ FUHDWH DSSOLFDWLRQV
ZLWK D VWDQGDUG ORRN�DQG�IHHO� 0)& FODVVHV DUH GHILQHG WR
ZUDS PDQ\ RI WKH ORZ�OHYHO KDQGOH�PDQDJHG :LQGRZV REMHFWV�

DQG DOVR SURYLGH QXPHURXV SUHGHILQHG ZLQGRZV DQG FRPPRQ
FRQWUROV�

,Q D W\SLFDO *8,� XVHU LQWHUIDFH HOHPHQWV FDQ EH SUR�
JUDPPDWLFDOO\ KLGGHQ� GLVDEOHG� RU PDGH UHDG�RQO\ WKURXJK
WKH PDQLSXODWLRQ RI DWWULEXWHV RQ WKRVH HOHPHQWV� 7KH LGHD RI
KLGLQJ 8, FRPSRQHQWV LV WR PDNH LW HDVLHU IRU WKH GHYHORSHU
WR LQVWDQWLDWH DQG XVH WKHVH FRPSRQHQWV ZKHQ FRQVWUXFWLQJ
WKH LQWHUIDFH� 7KDW LV� UDWKHU WKDQ GHOHWLQJ D XVHU LQWHUIDFH
FRPSRQHQW DQG UH�LQVWDQWLDWLQJ LW HYHU\ WLPH LW LV QHHGHG� LW FDQ
VLPSO\ EH KLGGHQ IURP YLHZ VXFK WKDW LW LV LQYLVLEOH WR WKH XVHU�
6LPLODUO\� HQDEOLQJ DQG GLVDEOLQJ 8, FRPSRQHQWV DOORZV WKH
GHYHORSHU WR JLYH YLVXDO FXHV WR WKH XVHU RQ WKH IXQFWLRQDOLW\
WKDW LV DYDLODEOH LQ WKH DSSOLFDWLRQ� )RU H[DPSOH� LI WKH XVHU
VKRXOG QRW EH DEOH WR SUHVV WKH ³2.´ EXWWRQ EHIRUH ILOOLQJ RXW
D WH[WILHOG LQ D GLDORJ� WKH EXWWRQ FDQ VLPSO\ EH GLVDEOHG DQG
WKH XVHU ZLOO QRW EH DEOH WR SUHVV LW� 7KH *8, IUDPHZRUN ZLOO
HQVXUH WKDW WKH EXWWRQ FDQQRW DFFHSW DQ\ PRXVH SUHVV HYHQWV
LQ WKH GLVDEOHG VWDWH�

$OWKRXJK DOORZLQJ XVHU LQWHUIDFH HOHPHQWV WR KDYH GLIIHUHQW
DWWULEXWHV LV XVHIXO DV D IHHGEDFN PHFKDQLVP WR WKH XVHU� WKHUH
LV D FDYHDW� 'HYHORSHUV PLJKW VWDUW WR PLVXVH WKHVH DWWULEXWHV
DV DQ DFFHVV FRQWURO PHFKDQLVP LQ WKH DSSOLFDWLRQ ORJLF� )RU
H[DPSOH� D GHYHORSHU PLJKW GLVDEOH D WH[WILHOG LI WKH XVHU LV
QRW DXWKRUL]HG WR HQWHU DQ\ LQSXW LQWR WKH EDFNHQG GDWDEDVH
YLD WKH XVHU LQWHUIDFH� *HQHUDOO\ VSHDNLQJ� GHYHORSHUV PLJKW
VWDUW WR UHO\ RQ XVHU LQWHUIDFH HOHPHQW DWWULEXWHV WR HQIRUFH
SULYLOHJH OHYHOV ZLWKLQ WKH DSSOLFDWLRQ� 8QIRUWXQDWHO\� WKHVH
XVHU LQWHUIDFH DWWULEXWHV DUH QRW VXLWDEOH DV DQ DFFHVV FRQWURO
PHFKDQLVP� ,Q IDFW� WRROV VXFK DV :LQ6S\�� >�@ FDQ EH XVHG
WR VHOHFW� YLHZ� DQG PRGLI\ WKH DWWULEXWHV RI DQ\ ZLQGRZ LQ
WKH V\VWHP� LQFOXGLQJ WKH HQWLUH KLHUDUFK\ RI ZLGJHWV WKRVH
ZLQGRZV FRQWDLQ� $OVR� 0LFURVRIW RIIHUV D VLPLODU XWLOLW\ FDOOHG
6S\�� >��@ WKDW VKLSV ZLWK 0LFURVRIW 9LVXDO 6WXGLR� 1RWH WKDW
VXFK DQ H[WHUQDO PRGLILFDWLRQ RI WKH XVHU LQWHUIDFH FRPSRQHQWV
LV QRW RQO\ SRVVLEOH RQ WKH :LQGRZV SODWIRUP� EXW LV D JHQHUDO
GHVLJQ SURSHUW\ RI PDQ\ *8, IUDPHZRUNV �H�J�� -DYD 6ZLQJ�
*7.��

,Q WKLV SDSHU� ZH ILUVW LQWURGXFH D QRYHO FODVV RI YXOQHUD�
ELOLWLHV WKDW ZH UHIHU WR DV *(0V� RU LQVWDQFHV RI *8, HOHPHQW
PLVXVH� $V GLVFXVVHG DERYH� *(0V DULVH ZKHQ GHYHORSHUV
UHO\ RQ DQG PLVXVH 8, HOHPHQW DWWULEXWHV WR LPSOHPHQW DFFHVV
FRQWURO FKHFNV� DQG WR RXU NQRZOHGJH KDYH QRW EHHQ UHSRUWHG
EHIRUH LQ WKH OLWHUDWXUH� *(0V FDQ EH XVHG DV D EDVLV IRU
SULYLOHJH HVFDODWLRQ H[SORLWV DQG JHQHUDO DFFHVV FRQWURO E\SDVV�
DQG FDQ EH IRXQG DFURVV DOO RSHUDWLQJ V\VWHPV DQG *8,
IUDPHZRUNV� *(0�EDVHG SULYLOHJH HVFDODWLRQV LQ *8,V DUH
KLJKO\ FULWLFDO VLQFH WKH\ UHTXLUH PLQLPDO HIIRUW DQG H[SHULHQFH
WR H[SORLW RQFH GLVFRYHUHG E\ WKH DWWDFNHU� 7KH\ FDQ EH XVHG WR
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�D� 7KH ZLQGRZ HPEHGV WZR ODEHOV� WZR
WH[WILHOGV� DQG WZR EXWWRQV� 2QH EXWWRQ
LV GLVDEOHG�
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UHDG�RQO\ WH[WILHOG� WZR FKHFNER[HV�
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�F� 7KH ZLQGRZ HPEHGV RQH OLVW YLHZ� RQH
FKHFNER[� DQG WZR EXWWRQV� 2QH EXWWRQ
LV GLVDEOHG�

)LJ� �� ([DPSOHV RI JUDSKLFDO XVHU LQWHUIDFH HOHPHQWV�

HDVLO\ FLUFXPYHQW 8,�EDVHG DFFHVV FRQWURO PHFKDQLVPV LI WKH
GHYHORSHU KDV QRW WDNHQ WKH QHFHVVDU\ SUHFDXWLRQV WR SURWHFW WKH
DSSOLFDWLRQ� 1RWH WKDW DOWKRXJK VLPSOH� *(0V FDQ EH GLIILFXOW
WR GHWHFW LQ FRPSOH[ DSSOLFDWLRQV� +HQFH� LQ WKH VHFRQG SDUW RI
WKH SDSHU� ZH SUHVHQW *(0 0LQHU� D V\VWHP WR DXWRPDWLFDOO\
GHWHFW *(0 YXOQHUDELOLWLHV LQ DSSOLFDWLRQ *8,V� :H EXLOW D
SURWRW\SH V\VWHP IRU WKH :LQGRZV SODWIRUP DQG HYDOXDWHG LW
XVLQJ WKUHH UHDO�ZRUOG� FRPSOH[ FRPPHUFLDO DSSOLFDWLRQV� 8V�
LQJ *(0 0LQHU� ZH ZHUH DEOH WR LGHQWLI\ QXPHURXV SUHYLRXVO\
XQNQRZQ *(0 YXOQHUDELOLWLHV� :H KDYH QRWLILHG WKH LPSDFWHG
VRIWZDUH YHQGRUV� DQG RQH RI WKHP FRQILUPHG RXU ILQGLQJV�

7KLV SDSHU PDNHV WKH IROORZLQJ FRQWULEXWLRQV�

• :H LQWURGXFH D QRYHO FODVV RI YXOQHUDELOLWLHV WKDW ZH UHIHU
WR DV *(0V� RU LQVWDQFHV RI *8, HOHPHQW PLVXVH� *(0V
DUH D SHUYDVLYH FODVV RI VHFXULW\ SUREOHPV LQ *8,�EDVHG
DSSOLFDWLRQV� 7R RXU NQRZOHGJH� *(0V KDYH QRW EHHQ
GLVFXVVHG LQ WKH OLWHUDWXUH EHIRUH DV D FODVV RI DFFHVV
FRQWURO YXOQHUDELOLWLHV�

• :H SUHVHQW D FODVVLILFDWLRQ RI *(0 YXOQHUDELOLWLHV� DQG
GHVFULEH D JHQHUDO DOJRULWKP IRU DXWRPDWLFDOO\ LGHQWLI\LQJ
DQG FRQILUPLQJ WKH SUHVHQFH RI VXFK YXOQHUDELOLWLHV�

• :H KDYH FUHDWHG DQ LPSOHPHQWDWLRQ RI RXU *(0 DQDO�
\VLV IRU WKH :LQGRZV SODWIRUP FDOOHG *(0 0LQHU� DQG
GHPRQVWUDWH LWV HIILFDF\ E\ HYDOXDWLQJ LW RYHU WKUHH UHDO�
ZRUOG FRPPHUFLDO DSSOLFDWLRQV� 2XU HYDOXDWLRQ VKRZV WKDW
RXU *(0 DQDO\VLV LV HIIHFWLYH E\ LGHQWLI\LQJ QXPHURXV
SUHYLRXVO\ XQNQRZQ *(0 YXOQHUDELOLWLHV LQ WKHVH DSSOL�
FDWLRQV�

7KH UHVW RI WKH SDSHU LV RUJDQL]HG DV IROORZV� 6HFWLRQ ,,
PRWLYDWHV WKH SUREOHP DQG GHVFULEHV WKH WKUHDW PRGHO ZH DV�
VXPH� 6HFWLRQ ,,, SUHVHQWV D FODVVLILFDWLRQ RI *(0V� 6HFWLRQ ,9
GHVFULEHV RXU DOJRULWKP IRU DXWRPDWLFDOO\ PLQLQJ *(0V LQ
*8,�EDVHG DSSOLFDWLRQV� 6HFWLRQ 9 GHVFULEHV RXU LPSOHPHQWD�
WLRQ RI WKH *(0 PLQLQJ DOJRULWKP IRU WKH :LQGRZV SODWIRUP�
6HFWLRQ 9, SUHVHQWV WKH UHVXOWV RI DSSO\LQJ RXU V\VWHP WR VHY�
HUDO UHDO�ZRUOG FRPPHUFLDO DSSOLFDWLRQV� 6HFWLRQ 9,, GLVFXVVHV
UHODWHG ZRUN� DQG 6HFWLRQ 9,,, FRQFOXGHV WKH SDSHU�

,,� %DFNJURXQG

,Q WKLV VHFWLRQ� ZH SURYLGH EDFNJURXQG LQIRUPDWLRQ RQ
JUDSKLFDO XVHU LQWHUIDFHV� KRZ WKH\ FDQ EH PLVXVHG� DQG GLVFXVV
RXU WKUHDW PRGHO IRU *(0 YXOQHUDELOLWLHV�

$� *UDSKLFDO 8VHU ,QWHUIDFHV

$ W\SLFDO JUDSKLFDO XVHU LQWHUIDFH �*8,� LV FRPSULVHG RI
ZLGJHWV� $ ZLGJHW LV D VHOI�FRQWDLQHG YLVXDO HOHPHQW SURYLGHG
E\ D *8, IUDPHZRUN WR GLVSOD\ GDWD WR WKH XVHU� RU WR UHFHLYH
XVHU LQSXW� 0RGHUQ *8,V W\SLFDOO\ LQFOXGH FRPPRQ ZLGJHWV
VXFK DV ZLQGRZV� GLDORJV� SRS�XSV� EXWWRQV� WH[WILHOGV� FKHFN�
ER[HV� DQG VOLGHUV WKDW FDQ EH FRPELQHG WR EXLOG LQWHUDFWLYH�
HYHQW�GULYHQ XVHU LQWHUIDFHV�

0RVW RSHUDWLQJ V\VWHPV QRZ SURYLGH VWDQGDUG *8, IUDPH�
ZRUNV WKDW DOORZ IRU WKH UDSLG GHYHORSPHQW RI *8, DSSOLFDWLRQV
IRU WKDW VSHFLILF SODWIRUP WKDW VKDUH D FRPPRQ ORRN�DQG�
IHHO� 'HYHORSHUV FDQ RIWHQ XVH GUDJ DQG GURS WHFKQLTXHV WR
FRPSRVH WKH XVHU LQWHUIDFH� DQG FDQ DGGLWLRQDOO\ LQWURGXFH
FXVWRP ZLGJHWV EDVHG RQ DQ XQGHUO\LQJ IUDPHZRUN WR H[WHQG
LWV IXQFWLRQDOLW\�

,Q JHQHUDO� ZLWKLQ D *8, V\VWHP� RQO\ RQH ZLGJHW FDQ
UHFHLYH LQSXW DW DQ\ JLYHQ WLPH� 7KH H[FHSWLRQ WR WKLV DUH
VSHFLDO HYHQWV �H�J�� VSHFLDO KRW NH\ VHTXHQFHV� WKDW PD\ EH
ILUHG� +HQFH� VXFK V\VWHPV XVH WKH FRQFHSW RI IRFXV� $ ZLGJHW
WKDW KDV WKH IRFXV UHFHLYHV WKH XVHU LQSXW VXFK DV NH\ SUHVVHV
RU PRXVH LQSXWV� 7KH IRFXV FDQ EH FKDQJHG WKURXJK D QXPEHU
RI GLIIHUHQW HYHQWV VXFK DV PRYLQJ WKH PRXVH RYHU DQRWKHU
ZLGJHW� FOLFNLQJ D PRXVH EXWWRQ� RU SUHVVLQJ D VSHFLDO NH\
RQ WKH NH\ERDUG� )XUWKHUPRUH� WKH IRFXV FDQ DOVR EH FKDQJHG
SURJUDPPDWLFDOO\�

,Q D W\SLFDO *8,� XVHU LQWHUIDFH HOHPHQWV FDQ EH SUR�
JUDPPDWLFDOO\ KLGGHQ� GLVDEOHG� RU HQDEOHG WR PDNH LW HDVLHU
WR LQVWDQWLDWH DQG XVH FRPSRQHQWV ZKHQ WKH\ DUH QHHGHG�
7KLV IHDWXUH PDNHV LW HDVLHU WR SURJUDP *8, FRPSRQHQWV
DQG WR VHOHFWLYHO\ VKRZ SDUWV RI WKH XVHU LQWHUIDFH WR WKH
XVHUV DFFRUGLQJ WR WKH VHPDQWLFV RI WKH DSSOLFDWLRQ ORJLF� )RU
H[DPSOH� WKH EXWWRQ WR VXEPLW D XVHUQDPH DQG SDVVZRUG PLJKW
EH SURJUDPPDWLFDOO\ GLVDEOHG XQWLO ERWK WH[WILHOGV KDYH EHHQ
ILOOHG E\ WKH XVHU� 8VHUV KDYH EHFRPH FRQGLWLRQHG WR VHHLQJ



�D� 7KH EXWWRQ LV GLVDEOHG WR
SUHYHQW XVHU IURP FUHDWLQJ
D QHZ DUWLFOH�

�E� 7KH EXWWRQ QRZ LV HQDEOHG
DQG FDQ EH VHOHFWHG DQG
FOLFNHG�

)LJ� �� $Q H[DPSOH RI D *(0 LQ D UHDO DSSOLFDWLRQ� +HUH� ZH VKRZ
WKDW DQ DWWDFNHU FRXOG HQDEOH WKH ³1HZ DUWLFOH´ EXWWRQ VR LW
FDQ EH FOLFNHG� HYHQ WKRXJK WKH DWWDFNHU VKRXOG QRW KDYH WKH
DELOLW\ WR FUHDWH QHZ DUWLFOHV�

VXFK YLVXDO FXHV� DQG WKH SURJUDPPHU FDQ XVH WKHVH IHDWXUHV
WR JXLGH WKH XVHU WKURXJK WKH DSSOLFDWLRQ¶V *8,� ,Q FRQWUDVW WR
HQDEOHG DQG GLVDEOHG ZLGJHWV WKDW DUH YLVLEOH WR XVHUV� D KLGGHQ
ZLGJHW LV VWLOO FRQVLGHUHG SDUW RI WKH 8,� EXW LW LV QRW GUDZQ WR
WKH VFUHHQ DQG FDQQRW UHFHLYH DQ\ XVHU LQSXW�

1RWH WKDW RSHUDWLQJ V\VWHPV PLJKW DOVR SURYLGH PRUH
VRSKLVWLFDWHG ZLGJHWV WKDW KDYH DGGLWLRQDO� DGYDQFHG IHDWXUHV�
)RU H[DPSOH� ZLGJHWV FDQ EH GLUHFWO\ FRQQHFWHG WR GDWDEDVH
EDFNHQGV DQG FDQ EH XVHG WR DXWRPDWLFDOO\ ORDG GDWD WKDW LV
WKHQ GLVSOD\HG WR WKH XVHU� 7KH WH[WILHOGV LQ WKH ZLGJHW FDQ
WKHQ EH VHW UHDG�RQO\ WR GLVDOORZ PRGLILFDWLRQV E\ WKH XVHU�

)LJXUH � VKRZV WKUHH H[DPSOH ZLQGRZV WKDW FRQWDLQ D
QXPEHU RI ZLGJHWV WKDW VKRXOG EH IDPLOLDU WR DOO XVHUV�

%� $FFHVV FRQWURO DQG *8,V

(QIRUFLQJ DFFHVV FRQWURO LV D EDVLF UHTXLUHPHQW RI DQ\
DSSOLFDWLRQ WKDW FRPSXWHV RYHU VHQVLWLYH GDWD� ZKLFK LV RIWHQ
WKH FDVH IRU DSSOLFDWLRQV WDUJHWHG DW WKH 60% RU HQWHUSULVH
PDUNHWV� %HFDXVH *8,V RIIHU WKH DELOLW\ WR VHW WKH YLVLELOLW\�
HQDEOHG VWDWXV� RU ZULWDEOH VWDWXV RI 8, FRPSRQHQWV� D FRPPRQ
DVVXPSWLRQ E\ PDQ\ GHYHORSHUV LV WKDW VXFK FRPSRQHQWV FDQ
VDIHO\ EH XVHG DV D SDUW RI WKH DFFHVV FRQWURO LPSOHPHQWDWLRQ
RI WKH DSSOLFDWLRQ ORJLF� $IWHU DOO� WKH RSHUDWLQJ V\VWHP ZLOO
HQVXUH WKDW WKH XVHU LV QRW DEOH WR SUHVV EXWWRQV WKDW KDYH EHHQ
KLGGHQ RU GLVDEOHG� DQG WKDW WKH XVHU FDQQRW VLPSO\ W\SH WH[W
LQWR ILHOGV WKDW DUH UHDG�RQO\� +RZHYHU� LQ UHDOLW\� WKH *8, LV
QRW D UHOLDEOH PHFKDQLVP WR HQIRUFH DFFHVV FRQWURO GHFLVLRQV
EHFDXVH ZLGJHWV LQ PRVW *8, V\VWHPV FDQ VLPSO\ EH PRGLILHG
IURP RXWVLGH RI WKH DSSOLFDWLRQ� 7KDW LV� RQH FDQ XVH VWDQGDUG
26 VHUYLFHV WR LQWHUDFW ZLWK DQ\ 8, FRPSRQHQW WR LQVSHFW DQG
PRGLI\ WKH SURSHUWLHV RI DQ\ 8, FRPSRQHQWV WKDW DUH UXQQLQJ
ZLWK WKH VDPH 26�OHYHO SULYLOHJHV� +HQFH� LI WKH DSSOLFDWLRQ
ORJLF UHOLHV RQ 8, FRPSRQHQWV WR HQIRUFH DFFHVV FRQWURO� VXFK
FKHFNV FDQ HDVLO\ EH H[SORUHG DQG E\SDVVHG E\ DQ DWWDFNHU�

)RU H[DPSOH� FRQVLGHU WKH IROORZLQJ VLPSOH *8,�EDVHG
DWWDFN WKDW LV WDNHQ GLUHFWO\ IURP RQH RI WKH DSSOLFDWLRQV ZH
DQDO\]HG LQ WKLV ZRUN� 7KH DSSOLFDWLRQ LQ TXHVWLRQ LV DQ LQ�
YHQWRU\ PDQDJHPHQW DSSOLFDWLRQ WDUJHWHG DW VPDOO EXVLQHVVHV�
7KH DGPLQLVWUDWRU KDV GLVDEOHG WKH DELOLW\ IRU ORZHU�SULYLOHJHG
XVHUV WR FUHDWH D QHZ DUWLFOH LQ WKH LQYHQWRU\� )LJXUH �D VKRZV D
UHOHYDQW SDUW RI WKH DSSOLFDWLRQ¶V PDLQ ZLQGRZ FRQWDLQLQJ WZR

EXWWRQV� ZKHUH WKH EXWWRQ ³1HZ DUWLFOH´ LV GLVDEOHG� 8VLQJ
D WRRO VXFK DV :LQ6S\��� DQ DWWDFNHU FDQ LQWHUDFW ZLWK WKH
ZLQGRZ DQG VLPSO\ HQDEOH WKH EXWWRQ� )LJXUH �E VKRZV WKH
VDPH EXWWRQ WKDW LV QRZ HQDEOHG� 7KH EXWWRQ FDQ QRZ EH
FOLFNHG E\ WKH DWWDFNHU� DOORZLQJ WKH DWWDFNHU WR FUHDWH D QHZ
DUWLFOH LQ WKH GDWDEDVH HYHQ WKRXJK KH LV QRW DXWKRUL]HG WR
DFFHVV WKLV IXQFWLRQDOLW\�

&� 7KUHDW 0RGHO

,W LV QRW XQFRPPRQ IRU *8, DSSOLFDWLRQV WR VXSSRUW GLI�
IHUHQW SULYLOHJH OHYHOV ZLWKLQ WKH DSSOLFDWLRQ LWVHOI� ,Q IDFW�
DSSOLFDWLRQV LQ WKH HQWHUSULVH FRQWH[W RIWHQ SURFHVV VHQVLWLYH
GDWD WKDW VKRXOG RQO\ EH DFFHVVLEOH E\ VSHFLILF XVHUV RI WKH
JLYHQ V\VWHP� 7KHVH DSSOLFDWLRQV W\SLFDOO\ LPSOHPHQW ILQH�
JUDLQHG DFFHVV FRQWURO VFKHPHV IRU UHDGLQJ DQG PRGLI\LQJ WKH
GDWD SURFHVVHG E\ WKH DSSOLFDWLRQ� 7KLV NLQG RI DFFHVV FRQWURO
LV� DJDLQ� KLJKO\ DSSOLFDWLRQ�VSHFLILF� DQG OLPLWV WKH GDWD DQG
IXQFWLRQDOLW\ WR VSHFLILF DXWKRUL]HG XVHUV�

,Q RXU WKUHDW PRGHO� ZH DVVXPH WKDW WKH DSSOLFDWLRQ VXS�
SRUWV PXOWLSOH SULYLOHJH OHYHOV ZLWKLQ WKH DSSOLFDWLRQ WKDW WKH
DWWDFNHU LV LQWHUHVWHG LQ H[SORLWLQJ� )RU H[DPSOH� WKH DSSOLFD�
WLRQ PLJKW VXSSRUW VHSDUDWH DGPLQLVWUDWRU DQG XQSULYLOHJHG XVHU
PRGHV� ,Q WKH XVHU PRGH� FHUWDLQ SULYLOHJHG RSHUDWLRQV VXFK
DV HQWHULQJ D QHZ LWHP LQWR WKH GDWDEDVH PLJKW EH GLVDEOHG�
ZKLOH LQ WKH DGPLQLVWUDWRU PRGH WKH IXOO IXQFWLRQDOLW\ RI WKH
DSSOLFDWLRQ ZRXOG EH H[SRVHG WR WKH XVHU�

:H DOVR DVVXPH WKDW WKH DWWDFNHU KDV WKH DELOLW\ WR UXQ
SURJUDPV RQ WKH WDUJHW PDFKLQH WKDW FDQ DFFHVV WKH YXOQHUDEOH
DSSOLFDWLRQ� 7KLV SURYLGHV D ODUJH GHJUHH RI SRZHU WR WKH
DWWDFNHU� RI FRXUVH� VLQFH WKH DWWDFNHU FRXOG LQ WKHRU\ H[HFXWH
DQ H[SORLW RQ WKH WDUJHW PDFKLQH WR HOHYDWH KHU SULYLOHJHV� RU
UHYHUVH HQJLQHHU WKH YXOQHUDEOH DSSOLFDWLRQ WR HLWKHU GLUHFWO\
UHFRYHU VHQVLWLYH LQIRUPDWLRQ RU GLVFRYHU PHPRU\ FRUUXSWLRQ
YXOQHUDELOLWLHV WKDW FRXOG EH H[SORLWHG� +RZHYHU� ZH DOVR
DVVXPH WKDW WKH DWWDFNHU LV QRW QHFHVVDULO\ WHFKQLFDOO\ VR�
SKLVWLFDWHG� ,Q WKH UHPDLQGHU RI WKH SDSHU� ZH GHPRQVWUDWH
WKDW *(0�EDVHG YXOQHUDELOLWLHV FDQ EH VXFFHVVIXOO\ H[SORLWHG
E\ WHFKQLFDOO\ XQVRSKLVWLFDWHG XVHUV E\ D SURFHVV DV VLPSOH
DV UXQQLQJ D SURJUDP WR H[SORUH WKDW *8, RI WKH YXOQHUDEOH
SURJUDP� D VLJQLILFDQWO\ ORZHU EDU WKDQ� IRU H[DPSOH� UHYHUVH
HQJLQHHULQJ ELQDU\ FRGH �WKDW PD\ EH REIXVFDWHG DQG WKDW PD\
EH XVLQJ DQWL�UHYHUVLQJ WHFKQLTXHV��

,,,� $ &ODVVLILFDWLRQ RI *(0V

,Q WKLV VHFWLRQ� ZH SUHVHQW D GHILQLWLRQ RI *(0V� RU
LQVWDQFHV RI *8, HOHPHQW PLVXVH� :H WKHQ HQXPHUDWH VHYHUDO
FDWHJRULHV RI *(0V WKDW FDQ DULVH LQ *8,�EDVHG DSSOLFDWLRQV�

:H FDQ PRGHO D *8, DSSOLFDWLRQ DV A = 〈D�C�P�W〉
ZKHUH D = {d��d�� � � � } LV WKH VHW RI GDWD REMHFWV WKH DSSOL�
FDWLRQ FRPSXWHV RYHU� C = {c�� c�� � � � } LV WKH VHW RI HYHQW
FDOOEDFNV �RU FRPSXWDWLRQV WKDW DUH LQYRNHG LQ UHVSRQVH WR
*8, HYHQWV�� P = {p��p�� � � � } LV WKH VHW RI SULYLOHJH OHYHOV
XVHUV RI WKH DSSOLFDWLRQ FDQ SRVVHVV� DQG W = {w��w�� � � � } LV
WKH VHW RI ZLGJHWV H[SRVHG LQ WKH *8,� $SSOLFDWLRQV HQIRUFH
DQ DFFHVV FRQWURO SROLF\ RYHU D DQG C� ZKLFK ZH PRGHO DV



WKH IXQFWLRQV UHDG� ZULWH� DQG H[HF� 6SHFLILFDOO\ ZH KDYH�

UHDG : D× P → {WUXH� IDOVH}

ZULWH : D× P → {WUXH� IDOVH}

H[HF : C× P → {WUXH� IDOVH} �

ZKHUH UHDG GHWHUPLQHV ZKHWKHU D JLYHQ SULYLOHJH OHYHO LV
VXIILFLHQW WR UHDG D GDWD REMHFW� ZULWH GHWHUPLQHV ZKHWKHU D
JLYHQ SULYLOHJH OHYHO LV VXIILFLHQW WR PRGLI\ D GDWD REMHFW� DQG
H[HF GHWHUPLQHV ZKHWKHU D JLYHQ SULYLOHJH OHYHO LV VXIILFLHQW
WR H[HFXWH DQ HYHQW FDOOEDFN� 3ULYLOHJHV FDQ PDS WR XVHUV RI
WKH DSSOLFDWLRQ� UROHV DVVXPHG E\ XVHUV RI WKH DSSOLFDWLRQV� RU
ZKHWKHU D XVHU KDV REWDLQHG D OLFHQVH IRU WKH DSSOLFDWLRQ� WR
QDPH D IHZ FRQFUHWH H[DPSOHV�

7R HQIRUFH WKH DFFHVV FRQWURO SROLF\� WKH DSSOLFDWLRQ PXVW
LQYRNH D UHIHUHQFH PRQLWRU WKDW LQWHUSRVHV RQ HDFK W\SH RI RS�
HUDWLRQ RYHUD DQG C� ,Q PDQ\ FDVHV� WKH *8, IUDPHZRUN LWVHOI
LV XVHG E\ WKH DSSOLFDWLRQ WR LPSOHPHQW WKLV UHIHUHQFH PRQLWRU�
7KH PDLQ ZLGJHW DWWULEXWHV UHOHYDQW IRU SROLF\ HQIRUFHPHQW DUH
³HQDEOHG�´ ³YLVLEOH�´ DQG ³YDOXH�´ ZKLFK ZH PRGHO XVLQJ WKH
IXQFWLRQV

HQDEOHG : W × P → {WUXH� IDOVH}

YLVLEOH : W × P → {WUXH� IDOVH}

YDOXH : W × P → D ∪ {∅} �

)RU LQVWDQFH� LQ WKH *8,�HQIRUFHG PRQLWRU VFKHPH�

UHDG (di�pj) ≡ YLVLEOH (wk�pj)

∧ YDOXH (wk�pj) = di�

ZKLFK VWDWHV WKDW UHDG DFFHVV WR di XQGHU SULYLOHJH OHYHO pj LV
JUDQWHG LI ZLGJHW wk FRQWDLQV WKH YDOXH di DQG wk LV YLVLEOH
XQGHU pj� 6LPLODUO\� ZH KDYH

ZULWH (di�pj) ≡ HQDEOHG (wk�pj)

∧ YLVLEOH (wk�pj)

∧ YDOXH (wk�pj) = di

H[HF (ci�pj) ≡ HQDEOHG (ZLGJHW (ci) �pj)

∧ YLVLEOH (ZLGJHW (ci) �pj)

ZKHUH ZLGJHW : C → W PDSV HYHQW FDOOEDFNV WR WKH ZLGJHWV
WKH\ DUH UHJLVWHUHG ZLWK�

*(0V DULVH ZKHQ WKH DSSOLFDWLRQ GHYHORSHU LQ IDFW GHFLGHV
WR UHO\ XSRQ WKH *8, IUDPHZRUN LWVHOI WR LPSOHPHQW D VXE�
VHW ± RU DOO ± RI WKH UHIHUHQFH PRQLWRU� VLQFH WKH UHTXLUHG
SURSHUW\ RI FRPSOHWH PHGLDWLRQ LV QRW DFWXDOO\ SURYLGHG E\
*8, IUDPHZRUNV� ,Q SDUWLFXODU� LW LV SRVVLEOH LQ PRVW PRGHUQ
*8, IUDPHZRUNV IRU XQSULYLOHJHG XVHUV WR GLUHFWO\ PRGLI\ WKH
HQDEOHG� YLVLEOH� DQG YDOXH DWWULEXWHV IRU DOO ZLGJHWV� HVVHQWLDOO\
JUDQWLQJ FRPSOHWH FRQWURO RYHU WKH HQDEOHG� YLVLEOH� DQG YDOXH

UHODWLRQV�

8VLQJ WKLV DEVWUDFWLRQ� ZH FDQ HQXPHUDWH VHYHUDO FODVVHV
RI *(0V�

�� 8QDXWKRUL]HG LQIRUPDWLRQ GLVFORVXUH�

UHDG(·) 6≡ YLVLEOH (·)∧ YDOXH (·)�*��

,QIRUPDWLRQ GLVFORVXUH *(0V DULVH ZKHQ DSSOLFDWLRQV HQ�
IRUFH UHDG DFFHVV WR GDWD VWRUHG LQ D *8, HOHPHQW E\ VHWWLQJ

WKH HOHPHQW¶V YLVLELOLW\ DWWULEXWH WR IDOVH ± L�H�� DQ HOHPHQW
FRQWDLQLQJ VHQVLWLYH GDWD LV VLPSO\ KLGGHQ LI WKH FXUUHQW XVHU
GRHVQ¶W SRVVHVV VXIILFLHQW SULYLOHJH WR DFFHVV WKDW GDWD� 7KLV
VLWXDWLRQ FDQ DOVR DULVH LI WKH DSSOLFDWLRQ IDLOV WR VFUXE *8,
HOHPHQWV WKDW PLJKW FRQWDLQ VHQVLWLYH GDWD ZKHQ VZLWFKLQJ
EHWZHHQ XVHUV ZLWK GLIIHUHQW SULYLOHJH OHYHOV�

�� 8QDXWKRUL]HG LQIRUPDWLRQ PRGLILFDWLRQ�

ZULWH(·) 6≡ HQDEOHG (·)∧ YLVLEOH (·)∧ YDOXH (·)�*��

,QIRUPDWLRQ PRGLILFDWLRQ *(0V RFFXU ZKHQ DSSOLFDWLRQV
HQIRUFH ZULWH DFFHVV WR GDWD VWRUHG LQ *8, HOHPHQWV YLD WKRVH
HOHPHQWV¶ HQDEOHG DQG YLVLELOLW\ DWWULEXWHV� 7KLV FODVV RI *(0
FDQ EH XVHIXO IRU E\SDVVLQJ DXWKHQWLFDWLRQ SURFHGXUHV WR JDLQ
HOHYDWHG SULYLOHJHV�

2QH FDQ IXUWKHU FDWHJRUL]H LQIRUPDWLRQ PRGLILFDWLRQ LQWR
WUDQVLHQW DQG SHUVLVWHQW PRGLILFDWLRQV� 7UDQVLHQW PRGLILFDWLRQV
H[LVW IRU WKH GXUDWLRQ RI D VHVVLRQ� ZKLOH SHUVLVWHQW PRGLILFD�
WLRQV DUH VDYHG WR WKH DSSOLFDWLRQ¶V EDFNLQJ VWRUH� 3HUVLVWHQW
PRGLILFDWLRQV DUH RIWHQ UHDOL]DEOH LQ FRQMXQFWLRQ ZLWK WKH
IROORZLQJ FODVV�

�� 8QDXWKRUL]HG FDOOEDFN H[HFXWLRQ�

H[HF(·) 6≡ HQDEOHG (·)∧ YLVLEOH (·)�*��

&DOOEDFN H[HFXWLRQ *(0V DULVH ZKHQ WKH DSSOLFDWLRQ HQ�
IRUFHV DFFHVV WR SULYLOHJHG HYHQW FDOOEDFNV WKURXJK WKH HQDEOH
DQG YLVLELOLW\ DWWULEXWHV RI *8, HOHPHQWV� 7KHVH HOHPHQWV DUH
RIWHQ EXWWRQV� EXW FDQ DOVR EH LQYRNHG RQ IRFXV RU KRYHU HYHQWV
JHQHUDWHG E\ DUELWUDU\ HOHPHQWV� 3ULYLOHJHG HYHQW FDOOEDFNV FDQ
OHDG WR SHUVLVWHQW PRGLILFDWLRQV RI VHQVLWLYH GDWD RU DXWKHQWL�
FDWLRQ E\SDVVHV� DV WZR H[DPSOHV�

,9� 7KH *(0 0LQHU $QDO\VLV

1H[W� ZH SUHVHQW D JHQHULF DOJRULWKP IRU GLVFRYHULQJ *(0V
LQ JUDSKLFDO XVHU LQWHUIDFHV� D SURFHVV ZH WHUP *(0 PLQLQJ�
7KH DOJRULWKP UHSUHVHQWV D EODFN�ER[ DQDO\VLV RI *8,�EDVHG
DSSOLFDWLRQV WR GLVFRYHU DFFHVV FRQWURO YXOQHUDELOLWLHV DQG�
WKHUHIRUH� GRHV QRW DVVXPH YLVLELOLW\ LQWR WKH DSSOLFDWLRQ FRGH
LWVHOI RU DQ\ XQGHUO\LQJ GDWD PRGHO� $GGLWLRQDOO\� WKH DOJRULWKP
LWVHOI LV DJQRVWLF RI WKH VSHFLILF JUDSKLFDO WRRONLW XVHG E\ DQ
DSSOLFDWLRQ� DQG RQO\ DVVXPHV WKH DELOLW\ WR LQWURVSHFW RQ DQG
PRGLI\ ZLGJHWV� IHDWXUHV WKDW DUH FRPPRQ WR YLUWXDOO\ DOO *8,
IUDPHZRUNV LQ XVH WRGD\� :H GLVFXVV RXU LPSOHPHQWDWLRQ RI
WKLV DOJRULWKP IRU DSSOLFDWLRQV RQ WKH :LQGRZV SODWIRUP LQ
6HFWLRQ 9� WKRXJK ZH DUH FRQILGHQW WKDW LW LV JHQHUDO HQRXJK
WR HDVLO\ DSSO\ WR RWKHU *8, IUDPHZRUNV�

*(0 PLQLQJ SURFHHGV LQ IRXU GLVWLQFW SKDVHV� D� DSSOL�
FDWLRQ VHHGLQJ� E� 8, H[SORUDWLRQ� F� *(0 FDQGLGDWH LGHQWLIL�
FDWLRQ� DQG G� *(0 FKHFNLQJ� ,Q WKH VHHGLQJ SKDVH� WKH WHVW
HQJLQHHU SHUIRUPV DQ LQLWLDO FRQILJXUDWLRQ RI WKH DSSOLFDWLRQ
XQGHU WHVW �$87�� IRU LQVWDQFH E\ FUHDWLQJ D QXPEHU RI XVHUV
RU UROHV DW GLVWLQFW SULYLOHJH OHYHOV� ,Q WKH VHFRQG SKDVH� KXPDQ�
DVVLVWHG 8, H[SORUDWLRQ LV SHUIRUPHG WR UHFRYHU WKH VSDFH RI
SRVVLEOH 8, VWDWHV IRU WKH $87� *(0 FDQGLGDWH LGHQWLILFDWLRQ
LV SHUIRUPHG LQ WKH WKLUG SKDVH� ZKHUH WKH FROOHFWLRQ RI
8, VWDWHV IRXQG GXULQJ WKH H[SORUDWLRQ SKDVH LV DQDO\]HG WR
LGHQWLI\ FDQGLGDWH DFFHVV FRQWURO YXOQHUDELOLWLHV EHORQJLQJ WR
RQH RU PRUH RI WKH *(0 FODVVHV HQXPHUDWHG LQ 6HFWLRQ ,,,�



)LJ� �� $UFKLWHFWXUDO RYHUYLHZ RI WKH *(0 0LQHU DQDO\VLV� 7KH DSSOLFDWLRQ LV ILUVW VHHGHG E\ D WHVW HQJLQHHU� 7KHQ� DVVLVWHG 8, H[SORUDWLRQ LV
SHUIRUPHG WR LGHQWLI\ XQLTXH 8, VWDWHV� *(0 FDQGLGDWH H[WUDFWLRQ H[DPLQHV WKH VHW RI 8, VWDWHV IRXQG GXULQJ WKH H[SORUDWLRQ� &DQGLGDWH
*(0V DUH FRQILUPHG LQ WKH ILQDO FKHFNLQJ SKDVH�

7KHVH FDQGLGDWHV DQG WKH SDWK WKURXJK WKH *8, WR UHDFK WKHP
LV DQDO\]HG LQ WKH ILQDO *(0 FKHFNLQJ SKDVH WR DXWRPDWLFDOO\
FRQILUP WKH YXOQHUDELOLW\ RI WKH FDQGLGDWHV� $Q RYHUYLHZ RI
WKLV SURFHVV LV SUHVHQWHG LQ )LJXUH ��

,Q WKH UHPDLQGHU RI WKLV VHFWLRQ� ZH HODERUDWH RQ WKH GHWDLOV
RI HDFK RI WKHVH DQDO\VLV SKDVHV�

$� $SSOLFDWLRQ 6HHGLQJ

7KH ILUVW SKDVH RI WKH DQDO\VLV LV WKH DSSOLFDWLRQ VHHGLQJ
SKDVH� 6HHGLQJ LV JHQHUDOO\ UHTXLUHG VLQFH DSSOLFDWLRQV RIWHQ
DUH QRW SUH�FRQILJXUHG ZLWK XVHU DFFRXQWV RU UROHV DW GLIIHU�
HQW SULYLOHJH OHYHOV� D UHTXLUHPHQW IRU WKH UHPDLQGHU RI WKH
DQDO\VLV� ,Q DGGLWLRQ� RXU DQDO\VLV DOVR UHTXLUHV GDWD REMHFWV
DW GLIIHUHQW DXWKRUL]DWLRQ OHYHOV LQ RUGHU WR LGHQWLI\ *(0
FDQGLGDWHV� $V WKHVH FRQVLGHUDWLRQV DUH DSSOLFDWLRQ�GHSHQGHQW�
ZH UHO\ XSRQ D WHVW HQJLQHHU WR ILUVW IDPLOLDUL]H WKHPVHOYHV
ZLWK WKH DSSOLFDWLRQ¶V DFFHVV FRQWURO IUDPHZRUN DQG SUHSDUH
WKH DSSOLFDWLRQ IRU WHVWLQJ� :H HQXPHUDWH FRPPRQ VHHGLQJ
DFWLYLWLHV LQ WKH IROORZLQJ� WKRXJK RWKHU VWHSV FRXOG EH UHTXLUHG
RQ D FDVH�E\�FDVH EDVLV�

�� &UHDWLQJ 8VHU $FFRXQWV RU 5ROHV� $V PHQWLRQHG SUH�
YLRXVO\� XVHU DFFRXQWV RU UROHV ZLWK GLIIHUHQW SULYLOHJH OHYHOV
RIWHQ QHHG WR EH PDQXDOO\ FUHDWHG E\ WKH WHVW HQJLQHHU DV D ILUVW
VWHS RI WKH VHHGLQJ SKDVH� 7KH VXEMHFWV PLJKW GLIIHU DFFRUGLQJ
WR WKH GHVLJQ RI WKH $87� IRU LQVWDQFH� WKH\ FRXOG UHSUHVHQW
DQ XQDXWKHQWLFDWHG XVHU DQG DGPLQLVWUDWRU� DQ XQOLFHQVHG XVHU
DQG D OLFHQVHG XVHU� RU PRUH JHQHUDOO\ D VHW RI XVHUV ZLWK
LQFUHDVLQJ OHYHOV RI SULYLOHJH� +RZHYHU� ZH UHTXLUH WKDW DW OHDVW
WZR GLVWLQFW SULYLOHJH OHYHOV DUH DYDLODEOH LQ WKH DSSOLFDWLRQ
± WKDW LV� |P| > �� ,I WZR VXFK OHYHOV GR QRW H[LVW LQ WKH
DSSOLFDWLRQ� WKHQ E\ RXU GHILQLWLRQ *(0V FDQQRW H[LVW LQ WKH
$87�

�� &UHDWLQJ 'DWD� $ VHFRQG UHTXLUHPHQW RI WKLV SKDVH LV WR
VHHG WKH $87 ZLWK GDWD� ,Q SDUWLFXODU� RXU DQDO\VLV UHTXLUHV WKH
SUHVHQFH RI GDWD ZLWK GLIIHUHQW DXWKRUL]DWLRQ SROLFLHV H[SUHVVHG
LQ WHUPV RI WKH SUHYLRXVO\ FRQILJXUHG SULYLOHJH OHYHOV� 7KDW LV�
JLYHQ SULYLOHJH OHYHOV {p��p�� � � � �pn}� WKH WHVW HQJLQHHU VKRXOG
LQMHFW GDWD REMHFWV {d��d�� � � � �pm} VXFK WKDW d� LV UHDGDEOH DQG
ZULWDEOH E\ VXEMHFWV ZLWK SULYLOHJH OHYHO p�� d� LV UHDGDEOH
DQG ZULWDEOH E\ VXEMHFWV ZLWK SULYLOHJH OHYHO p�� DQG VR RQ�

� IRU SULYLOHJHBOHYHO LQ SULYLOHJHBOHYHOV�
� LQLWBVWDWH  �LQLWLDOBVWDWH�SULYLOHJHBOHYHO�� OLVW���
� VWDWHBTXHXH  TXHXH�LQLWBVWDWH�
� YLVLWHGBVWDWHV  VHW��
�

� ZKLOH QRW VWDWHBTXHXH�HPSW\���
� VWDWH� SDWK  VWDWHBTXHXH�SRSBIURQW��
� YLVLWHGBVWDWHV � VWDWH
� DFWLRQV  VXFFBDFWLRQV�VWDWH�
��

�� IRU DFWLRQ LQ DFWLRQV�
�� VXFFBVWDWH  DSSO\BDFWLRQ�VWDWH� DFWLRQ�
�� LI VXFFBVWDWH QRW LQ YLVLWHGBVWDWHV�
�� VXFFBSDWK  SDWK � > DFWLRQ @
�� VWDWHBTXHXH � �VXFFBVWDWH� VXFFBSDWK�

)LJ� �� 8, VWDWH VSDFH H[SORUDWLRQ DOJRULWKP H[SUHVVHG DV SVHXGRFRGH�

([DPSOHV RI GDWD FRXOG LQFOXGH XVHU SURILOHV RU LWHPV LQ D
GDWDEDVH� DQG LV DSSOLFDWLRQ�GHSHQGHQW�

�� $XWKHQWLFDWLRQ 3URFHGXUHV� $ ILQDO FRPPRQ UHTXLUH�
PHQW RI WKH VHHGLQJ SKDVH LV WR UHFRUG WKH VWHSV UHTXLUHG
WR DXWKHQWLFDWH DQG FKDQJH SULYLOHJHV� 7\SLFDOO\� WKLV HQWDLOV
UHFRUGLQJ WKH VHTXHQFH RI 8, DFWLRQV UHTXLUHG WR UHDFK DQG VXE�
PLW D ORJLQ GLDORJ� EXW LV DOVR JHQHUDOO\ VSHDNLQJ DSSOLFDWLRQ�
GHSHQGHQW�

%� 8, ([SORUDWLRQ

7KH VHFRQG SKDVH RI WKH DQDO\VLV H[SORUHV WKH 8, VWDWH
VSDFH RI WKH $87� %\ 8, VWDWH� ZH UHIHU WR WKH VHW RI DFFHVV
FRQWURO FRQILJXUDWLRQV IRU HDFK ZLGJHW wi XQGHU SULYLOHJH OHYHO
pj� 0RUH IRUPDOO\� ZH ZLVK WR UHFRYHU DOO SRVVLEOH s ∈ S VXFK
WKDW

s = 〈HQDEOHG (wi�pj) �

YLVLEOH (wi�pj) �

YDOXH (wi�pj)〉 ∀wi�pj�

7KH DOJRULWKP RXU DQDO\VLV XVHV WR H[SORUH WKH 8, VWDWH
VSDFH LV VKRZQ LQ )LJXUH �� )RU HDFK GLVWLQFW SULYLOHJH OHYHO
VXSSRUWHG E\ WKH $87 DQG WKH VHHGLQJ SKDVH FRQILJXUDWLRQ� DQ



LQLWLDO 8, VWDWH RI WKH DSSOLFDWLRQ LV H[WUDFWHG� 7KLV LQLWLDO VWDWH
LV TXHXHG IRU H[SORUDWLRQ� DQG WKH YLVLWHG VWDWH VHW LV LQLWLDOL]HG
WR HPSW\� 7KHQ� D EUHDGWK�ILUVW VHDUFK LV SHUIRUPHG XVLQJ WKH
DQDO\VLV TXHXH IRU VFKHGXOLQJ� $W HDFK LWHUDWLRQ� WKH QH[W VWDWH
LV UHWULHYHG IURP WKH TXHXH DQG UHFRUGHG DV YLVLWHG� 7KH VHW RI
SRVVLEOH 8, DFWLRQV WKDW FDQ EH H[HFXWHG RQ WKH JLYHQ VWDWH LV
JHQHUDWHG� 7KHQ� IRU HDFK SRVVLEOH DFWLRQ� ZH DSSO\ WKH DFWLRQ
DQG UHFRUG WKH VXFFHVVRU VWDWH DQG SDWK RI 8, DFWLRQV WR UHDFK
WKDW VWDWH� ,I WKLV VXFFHVVRU VWDWH LV GLVWLQFW IURP DOO SUHYLRXVO\
YLVLWHG VWDWHV� WKHQ LW LV TXHXHG IRU DQDO\VLV� 2WKHUZLVH� LW LV
GLVFDUGHG�

:KHQ JHQHUDWLQJ D VHW RI SRVVLEOH DFWLRQV WKDW FDQ EH
DSSOLHG WR JHQHUDWH VXFFHVVRU VWDWHV� WKH H[SORUDWLRQ DOJRULWKP
VHOHFWV ZLGJHWV IURP WKH FXUUHQW VWDWH WKDW DUH OLNHO\ WR OHDG
WR WKH H[HFXWLRQ RI DQ DSSOLFDWLRQ HYHQW FDOOEDFN WKDW ZLOO
JHQHUDWH D QHZ VWDWH� ,Q SUDFWLFH� WKLV DPRXQWV WR UHFRJQL]LQJ
8, HOHPHQWV VXFK DV EXWWRQV WKDW RIWHQ UHVXOW LQ WKH FUHDWLRQ RI
QHZ ZLQGRZV RU GLDORJV� 7KH VHOHFWLRQ FULWHULD� KRZHYHU� LV D
SROLF\ WKDW FDQ EH PRGLILHG WR VXLW WKH QHHGV RI WKH $87�

,W LV DOVR LPSRUWDQW WR QRWH WKDW GXULQJ WKLV SKDVH� WKH
DQDO\VLV GRHV QRW PRGLI\ ZLGJHW DWWULEXWHV ± L�H�� HQDEOHG (·)�
YLVLEOH (·)� RU YDOXH (·) ± WR DYRLG DFFLGHQWDOO\ FRUUXSWLQJ WKH
DSSOLFDWLRQ¶V VWDWH� ZKLFK FDQ OHDG WR LQVWDELOLW\ DQG SURJUDP
FUDVKHV�

8, VWDWH HTXDOLW\ JLYHQ WZR VWDWHV si� sj DV XVHG LQ WKH
YLVLWHG VWDWH VHW PHPEHUVKLS FKHFN LV GHILQHG DV HTXDOLW\ EH�
WZHHQ WKH HQDEOHG (·) � YLVLEOH (·) � YDOXH (·) YDOXHV IRU WKH XQLRQ
RI ZLGJHWV SUHVHQW LQ ERWK VWDWHV DW SULYLOHJH OHYHO pk�

:H GHQRWH WKH VHW RI 8, VWDWHV GLVFRYHUHG LQ WKLV SKDVH

DV Ŝ ⊆ S� :H QRWH WKDW ZH GR QRW FODLP WKDW WKH H[SORUDWLRQ
DOJRULWKP ZH RXWOLQH KHUH LV FDSDEOH RI UHWULHYLQJ DOO SRVVLEOH
8, VWDWHV� DV UHDFKDELOLW\ FRXOG EH GHWHUPLQHG E\ IDFWRUV RWKHU
WKDQ WKRVH 8, HOHPHQWV WKDW DUH YLVLEOH IURP WKH EODFN�ER[
SHUVSHFWLYH RXU DQDO\VLV DVVXPHV� +RZHYHU� DV ZH GHPRQVWUDWH
LQ RXU HYDOXDWLRQ LQ 6HFWLRQ 9,� WKLV DOJRULWKP QHYHUWKHOHVV
SHUIRUPV ZHOO LQ SUDFWLFH�

'XULQJ WKH H[SORUDWLRQ SKDVH� D VLWXDWLRQ PLJKW DULVH ZKHUH
WKH DQDO\VLV LV XQDEOH WR GHWHUPLQH D YDOLG DFWLRQ WKDW ZLOO
OHDG WR D QHZ VXFFHVVRU 8, VWDWH� 7R DGGUHVV WKLV VFHQDULR� WKH
DQDO\VLV UHFRUGV D VHW RI ZLGJHWV WKDW VKRXOG OHDG WR D QHZ VWDWH
DQG LVVXHV D UHTXHVW IRU DVVLVWDQFH IURP WKH WHVW HQJLQHHU� 7KH
WHVWHU FDQ PDQXDOO\ LQVSHFW WKLV VHW DQG SURYLGH IHHGEDFN WR
WKH DQDO\VLV LQ WKH IRUP RI 8, DFWLRQV WKDW VKRXOG EH H[HFXWHG
WR SURGXFH QHZ VXFFHVVRUV� 7KH H[SORUDWLRQ LV WKHQ UHVWDUWHG�
:H SURYLGH D FRQFUHWH H[DPSOH RI WKLV IHHGEDFN SURFHVV LQ
6HFWLRQ 9�

&� *(0 &DQGLGDWH ,GHQWLILFDWLRQ

)URP WKH VHW RI 8, VWDWHV Ŝ FROOHFWHG GXULQJ WKH H[SORUDWLRQ
SKDVH� RXU DQDO\VLV WKHQ LQIHUV WKH DFFHVV FRQWURO SROLF\ WKH

$87 LQWHQGV WR HQIRUFH� 7KDW LV� IURP Ŝ� ZH UHFRYHU UHDG�
ZULWH� DQG H[HF ODEHOV IRU HDFK ZLGJHW DQG SULYLOHJH OHYHO SDLU
(wi�pj)�

7KHQ� IRU HDFK SULYLOHJH OHYHO� WKH DQDO\VLV FRPSDUHV WKH 8,
VWDWHV UHDFKDEOH YLD D JLYHQ SDWK RI 8, DFWLRQV H[HFXWHG GXULQJ
WKH H[SORUDWLRQ SKDVH� 7KLV FRPSDULVRQ LV SHUIRUPHG RYHU DOO
SDLUV RI SULYLOHJH OHYHOV pi�pj EHWZHHQ HDFK ZLGJHW wk DQG
WKH DWWULEXWHV DVVRFLDWHG ZLWK WKDW ZLGJHW DW HDFK OHYHO� 7KH

LGHQWLILFDWLRQ SKDVH WKHQ VHOHFWV FDQGLGDWH *(0V EDVHG RQ WKH
IROORZLQJ FULWHULD

YLVLEOH (wk�pi) 6= YLVLEOH (wk�pj)

HQDEOHG (wk�pi) 6= HQDEOHG (wk�pj) �

'LVFUHSDQFLHV EHWZHHQ YLVLELOLW\ DWWULEXWHV IRU WKH VDPH
ZLGJHW DW WZR SULYLOHJH OHYHOV VXJJHVW WKH SUHVHQFH RI DQ
XQDXWKRUL]HG LQIRUPDWLRQ GLVFORVXUH *(0 �*��� ZKLOH D GLV�
FUHSDQF\ EHWZHHQ HQDEOHG DWWULEXWHV VXJJHVWV SRWHQWLDO XQDX�
WKRUL]HG PRGLILFDWLRQ �*�� RU FDOOEDFN H[HFXWLRQ *(0V �*���
7KH VHW RI FDQGLGDWH *(0V LV UHFRUGHG E\ WKH DQDO\VLV DV

Ŵ ⊆ W�

'� *(0 &KHFNLQJ

7KH ILQDO SKDVH RI WKH DQDO\VLV LV *(0 FKHFNLQJ� ZKHUH

WKH JRDO LV WR FRQILUP FDQGLGDWHV Ŵ LGHQWLILHG LQ WKH SUHYLRXV
SKDVH� +HUH� WKH DQDO\VLV DJDLQ GULYHV WKH XVHU LQWHUIDFH RI
WKH $87 DV LQ WKH H[SORUDWLRQ SKDVH� +RZHYHU� LQ FRQWUDVW WR
H[SORUDWLRQ� ZKHUH WKH DLP LV WR FRYHU DV PXFK DV SRVVLEOH RI
WKH 8, VWDWH VSDFH� WKH FKHFNLQJ SKDVH UHSOD\V WKH VHTXHQFH
RI 8, DFWLRQV UHTXLUHG WR UHDFK HDFK FDQGLGDWH *(0 WKDW ZDV
UHFRUGHG GXULQJ H[SORUDWLRQ�

,Q WKH IROORZLQJ� ZH GHVFULEH WKH SDUWLFXODU VWUDWHJ\ XVHG LQ
WKH DQDO\VLV WR FRQILUP HDFK RI WKH GLIIHUHQW FODVVHV RI *(0V�

D� 8QDXWKRUL]HG LQIRUPDWLRQ PRGLILFDWLRQ �*��� ,Q
FRQILUPLQJ WKH SUHVHQFH RI LQIRUPDWLRQ PRGLILFDWLRQ *(0V�

WKH JHQHUDO DSSURDFK LV� IRU HDFK FDQGLGDWH ZLGJHW wc ∈ Ŵ�
WR UHSOD\ WKH SDWK RI 8, DFWLRQV UHTXLUHG WR UHDFK wc XQGHU
D SULYLOHJH OHYHO pi ZKHUH HQDEOHG (wc) = IDOVH� 7KHQ� wc LV
HQDEOHG DQG D VSHFLDO YDOXH LV LQMHFWHG LQWR wc E\ WKH DQDO\VLV
VXFK WKDW YDOXH (wc) = x� 1H[W� WKH DQDO\VLV DWWHPSWV WR SHUVLVW
WKH LQMHFWHG YDOXH E\ H[HUFLVLQJ SRVVLEOH VXFFHVVRU DFWLRQV WR
LQYRNH DSSOLFDWLRQ FDOOEDFNV WR WKDW HIIHFW� )LQDOO\� WKH DQDO\VLV
UHSOD\V WKH VHTXHQFH RI 8, DFWLRQV WR UHDFK wc D VHFRQG WLPH
DQG LQVSHFWV LW WR REWDLQ YDOXH ′ (wc)� ,I WKH LQMHFWHG YDOXH LV VWLOO
SUHVHQW ± L�H�� YDOXH (wc) = YDOXH ′ (wc) = x� WKHQ WKH SUHVHQFH
RI DQ LQIRUPDWLRQ PRGLILFDWLRQ *(0 KDV EHHQ FRQILUPHG�

7KH YDOXHV WKDW WKH DQDO\VLV LQMHFWV DUH GUDZQ IURP GLIIHUHQW
GRPDLQV ± H�J�� LQWHJHUV� DOSKDQXPHULF VWULQJV� IORDWLQJ SRLQW
QXPEHUV ± DQG GLIIHUHQW OHQJWKV LQ DQ DWWHPSW WR DXWRPDWL�
FDOO\ VDWLVI\ DQ\ LQSXW YDOLGDWLRQ WKDW WKH DSSOLFDWLRQ PLJKW
SHUIRUP� 9DOXHV IURP GLIIHUHQW GRPDLQV DUH LQMHFWHG XQWLO RQH
LV DFFHSWHG E\ WKH DSSOLFDWLRQ� EHJLQQLQJ ZLWK LQWHJHUV DV WKH\
DUH DOVR YDOLG VWULQJV DQG DUH PRVW RIWHQ DFFHSWHG� 7KH HQWLUH
FKHFNLQJ VHTXHQFH LV UHSHDWHG XQWLO DQ DFFHSWHG YDOXH LV IRXQG�

,Q DGGLWLRQ� WKH SURFHGXUH WKDW ZH GHVFULEH DERYH LV DFWX�
DOO\ SHUIRUPHG WZLFH E\ WKH DQDO\VLV WR GLVWLQJXLVK EHWZHHQ
WUDQVLHQW DQG SHUVLVWHQW PRGLILFDWLRQV� ,Q SDUWLFXODU� WR HVWDE�
OLVK WKDW D SHUVLVWHQW PRGLILFDWLRQ *(0 H[LVWV� WKH DQDO\VLV
FORVHV WKH $87 DIWHU D SRWHQWLDO VXFFHVVRU FDOOEDFN KDV EHHQ
LQYRNHG� 7KHQ� WKH DSSOLFDWLRQ LV UHVWDUWHG EHIRUH UHSOD\LQJ
WKH 8, DFWLRQ VHTXHQFH WR LQVSHFW wc WKH VHFRQG WLPH� ,I WKH
LQMHFWHG YDOXH LV VWLOO SUHVHQW� WKHQ WKH DQDO\VLV LQIHUV WKDW WKH
LQMHFWHG YDOXH ZDV SHUVLVWHG WR WKH EDFNLQJ VWRUH RI WKH $87�
DQG FRQFOXGHV WKDW D SHUVLVWHQW PRGLILFDWLRQ *(0 KDV EHHQ
FRQILUPHG�



E� 8QDXWKRUL]HG FDOOEDFN H[HFXWLRQ �*��� &RQILUPLQJ
WKH SUHVHQFH RI FDOOEDFN H[HFXWLRQ *(0V LV VLPLODU WR WKH
SURFHGXUH IRU PRGLILFDWLRQ *(0V� )RU HDFK FDQGLGDWH ZLGJHW

wc ∈ Ŵ� WKH SDWK WR UHDFK wc LV UHSOD\HG XQGHU D SULYLOHJH
OHYHO pi ZKHUH HQDEOHG (wc) = IDOVH� 7KHQ� wc LV HQDEOHG� VHW
YLVLEOH� DQG H[HUFLVHG� IRU LQVWDQFH� LQ WKH FDVH RI D EXWWRQ� D
FOLFN HYHQW LV JHQHUDWHG�

,Q FRQWUDVW WR WKH PRGLILFDWLRQ FRQILUPDWLRQ FDVH� WKH QH[W
VWHS LV WR H[DPLQH WKH VXFFHVVRU 8, VWDWH� ,I LW LV HTXDO WR WKH
VXFFHVVRU VWDWH RI DQ LQYRFDWLRQ RI wc XQGHU SULYLOHJH OHYHO
pj VXFK WKDW pi < pj DFFRUGLQJ WR WKH GHILQLWLRQ RI 8, VWDWH
HTXDOLW\ JLYHQ LQ WKH GHVFULSWLRQ RI WKH H[SORUDWLRQ SKDVH� WKHQ
WKH DQDO\VLV FRQFOXGHV WKDW WKH LQYRFDWLRQ ZDV VXFFHVVIXO DQG
WKDW D FDOOEDFN H[HFXWLRQ *(0 KDV EHHQ FRQILUPHG�

F� 8QDXWKRUL]HG LQIRUPDWLRQ GLVFORVXUH �*��� ,Q SULQ�
FLSOH� WKH ILQDO FODVV RI *(0V WKDW RXU DQDO\VLV FRQILUPV VKRXOG
QRW UHTXLUH DFWLYH FKHFNLQJ RI WKH $87� ,QVWHDG� WKLV FODVV RI
*(0 VKRXOG RQO\ UHTXLUH DQDO\VLV RI WKH VHW RI 8, VWDWHV IRU WKH
ZLGJHWwc DFURVV DOO SRVVLEOH SULYLOHJH OHYHOV� ,Q SDUWLFXODU� RXU
DQDO\VLV ZRXOG FKHFN ± DV LW H[DFWO\ GRHV GXULQJ WKH LGHQWLIL�
FDWLRQ SKDVH ± ZKHWKHU WKHUH H[LVWV D SDLU RI SULYLOHJHV pj�pk

VXFK WKDW pj 6= pk DQG YLVLEOH (wc�pj) 6= YLVLEOH (wc�pk)� ,I
YDOXHV ZHUH DOVR SUHVHQW LQ wc GXULQJ WKH H[SORUDWLRQ SKDVH�
WKHQ WKH *(0 FRXOG EH FRQVLGHUHG FRQILUPHG�

+RZHYHU� LQ SUDFWLFH� WKLV FODVV RI *(0 H[LVWV LQ WZR
IODYRUV� GLVFORVXUHV EDVHG RQ ZLGJHWV KLGGHQ LQ DOO 8, VWDWHV�
DQG GLVFORVXUHV EDVHG RQ VHQVLWLYH GDWD WKDW LV ³OHIW RYHU´ LQ
ZLGJHWV DIWHU D KLJKHU�SULYLOHJHG XVHU� VXFK DV DQ DGPLQLVWUDWRU�
KDV LQWHUDFWHG ZLWK WKH *8,� :H WHUP WKLV VXEFDWHJRU\ RI
YXOQHUDELOLWLHV GDQJOLQJ *(0V�

,Q FDVHV ZKHUH DQ DSSOLFDWLRQ DOORZV IRU WHPSRUDU\ HOHYD�
WLRQ RI SULYLOHJHV� WKH RUGHU RI SULYLOHJHV WKDW WKH H[SORUDWLRQ LV
SHUIRUPHG XQGHU EHFRPHV LPSRUWDQW� 7KDW LV� LQ RUGHU WR GHWHFW
GDQJOLQJ *(0V� WKH DQDO\VLV PXVW ILUVW H[HUFLVH WKH $87
DV D KLJK�SULYLOHJH XVHU� LQMHFW GDWD LQWR D FDQGLGDWH ZLGJHW�
DQG WKHQ ORZHU SULYLOHJHV DQG FKHFN ZKHWKHU WKH GDWD LV VWLOO
SUHVHQW LQ WKH ZLGJHW� 7KHUHIRUH� WR FRQILUP GDQJOLQJ *(0V�
RXU DQDO\VLV SHUIRUPV WKH DERYH SURFHGXUH LQ WKLV SKDVH�

9� ,PSOHPHQWDWLRQ

2XU SURWRW\SH LPSOHPHQWDWLRQ RI WKH *(0 0LQHU DQDO\VLV
WDUJHWV WKH 0LFURVRIW :LQGRZV SODWIRUP� VLQFH LW LV KHDYLO\
XVHG LQ FRPPHUFLDO HQYLURQPHQWV WR GHYHORS DSSOLFDWLRQV ZLWK
FRPSOH[ DFFHVV FRQWURO VFKHPHV WKDW DUH SURQH WR *(0V� ,Q
WKLV VHFWLRQ� ZH SURYLGH EDFNJURXQG LQIRUPDWLRQ RQ :LQGRZV
*8, IUDPHZRUNV� SUHVHQW WKH SURWRW\SH� DQG GLVFXVV SUDFWLFDO
DVSHFWV RI LWV LPSOHPHQWDWLRQ�

$� :LQGRZV $SSOLFDWLRQV

*8, DSSOLFDWLRQV RQ :LQGRZV FRQVLVW RI D KLHUDUFK\ RI
ZLGJHWV� ZKHUH WRS�OHYHO ZLGJHWV FRUUHVSRQG SULPDULO\ WR ZLQ�
GRZV DQG GLDORJV WKDW FRQWDLQ VXE�WUHHV RI ZLGJHWV� :LQGRZV
DQG GLDORJV W\SLFDOO\ FRQWDLQ RQH RU PRUH IUDPHV DQG OD\RXWV
WKDW GLFWDWH KRZ JURXSV RI ZLGJHWV DUH JURXSHG DQG GLVSOD\HG
WR XVHUV� :LGJHWV EHORZ WKH OHYHO RI OD\RXW FRQWDLQHUV LQFOXGH
IDPLOLDU H[DPSOHV VXFK DV WH[WILHOGV� EXWWRQV� GURS GRZQ OLVWV�
WDEOHV� FKHFNER[HV� DQG UDGLR EXWWRQV�

2Q :LQGRZV� HDFK ZLGJHW KDV D QXPEHU RI VWDQGDUG
DWWULEXWHV� LQFOXGLQJ VL]H� YLVLELOLW\� ZKHWKHU LW LV HQDEOHG� DQG
ZKHWKHU LW LV ZULWDEOH� :LQGRZV GRHV QRW GLUHFWO\ GHILQH ZLGJHW
W\SHV� KRZHYHU� 7\SLFDOO\� DSSOLFDWLRQV XVH ZLGJHWV GHILQHG E\
KLJKHU�OHYHO *8, IUDPHZRUNV��

%� :LGJHW 7\SHV

7KH :LQGRZV $3, DOORZV SURJUDPV WR TXHU\ D ZLGJHW¶V
W\SH� ZKLFK LV UHWXUQHG DV D VWULQJ� 'XH WR YDULDQFHV EHWZHHQ
GLIIHUHQW *8, IUDPHZRUNV� D EXWWRQ PLJKW EH ODEHOHG DV D %XW�
WRQ� 7%LW%XW� RU RQH RI PDQ\ RWKHU SRVVLELOLWLHV� 7KHUHIRUH� WR
DFKLHYH FRPSOHWH FRYHUDJH RI WKH SRVVLEOH *8, HOHPHQWV XVHG
RQ :LQGRZV� RQH ZRXOG KDYH WR OHDUQ WKH HQWLUH VHW RI DOO
ZLGJHWV WKDW DUH SURYLGHG E\ WKH PDQ\ *8, IUDPHZRUNV XVHG
RQ WKH SODWIRUP� )RU RXU SURWRW\SH� KRZHYHU� ZH UHVWULFWHG RXU
ZLGJHW UHFRJQLWLRQ ORJLF WR EDVLF ZLGJHW W\SHV VXFK DV EXWWRQV�
FKHFNER[HV� DQG WH[WILHOGV� 7R DFFRPSOLVK WKLV� ZH OHDUQHG D
PDSSLQJ EHWZHHQ ZLGJHW QDPHV DQG W\SHV IRU D VHW RI SRSXODU
*8, IUDPHZRUNV�

:LQGRZV SURYLGHV WKH DELOLW\ WR GHOHJDWH ZLGJHW UHQGHULQJ
DQG ORJLF WR *8, IUDPHZRUNV� DQG PDQ\ WDNH DGYDQWDJH RI
WKLV FDSDELOLW\� 7KHUHIRUH� WKH ORZ�OHYHO :LQGRZV $3, GRHV
QRW DOZD\V SURYLGH WKH DELOLW\ WR TXHU\ DQG PDQLSXODWH FHUWDLQ
ZLGJHW VXE�WUHHV LQ DSSOLFDWLRQV XQGHU WHVW� :H GHQRWH VXFK
ZLGJHWV DV RSDTXH� &RPPRQ H[DPSOHV RI RSDTXH ZLGJHWV
LQFOXGH FXVWRP WDEOH ZLGJHWV RU EXWWRQ EDUV SURYLGHG E\ KLJK�
OHYHO *8, IUDPHZRUNV�

&� ,QWHUDFWLQJ ZLWK :LGJHWV

:LQGRZV SURYLGHV D ZLGH UDQJH RI $3,V IRU SURJUDPV
WR LQWHUDFW ZLWK ZLGJHWV� 2QH LPSRUWDQW VHW RI IXQFWLRQV DUH
6HQG0HVVDJH DQG 6HQG0HVVDJH7LPHRXW� ZKLFK DOORZV SUR�
JUDPV WR VHQG HYHQWV VXFK DV PRXVH FOLFNV DQG NH\ SUHVVHV
GLUHFWO\ WR D VSHFLILF ZLGJHW� $QRWKHU XVHIXO IXQFWLRQ LV 6HQG�
,QSXW� ZKLFK DOORZV SURJUDPV WR LQMHFW NH\ERDUG DQG PRXVH
HYHQWV LQWR WKH :LQGRZV HYHQW TXHXH� 7KH GLIIHUHQFH EHWZHHQ
WKHVH WZR IXQFWLRQV LV WKDW 6HQG0HVVDJH WDUJHWV VSHFLILF ZLG�
JHWV UHJDUGOHVV RI WKH FXUUHQW IRFXV� ZKLOH 6HQG,QSXW GLUHFWV
HYHQWV DW ZKDWHYHU ZLGJHW LV FXUUHQWO\ LQ IRFXV� 7KHUHIRUH�
6HQG0HVVDJH LV WKH SUHIHUUHG IXQFWLRQ GXH WR LWV SUHFLVLRQ�
EXW RXU LPSOHPHQWDWLRQ IDOOV EDFN WR 6HQG,QSXW IRU RSDTXH
ZLGJHWV WKDW FDQQRW EH GLUHFWO\ DFFHVVHG�

:LQGRZV DOVR SURYLGHV DQ $3, WR PRGLI\ WKH VWDWH RI D
ZLGJHW� $ ZLGJHW FDQ EH HQDEOHG RU GLVDEOHG XVLQJ (QDEOH:LQ�
GRZ�+DQGOH� %RRO�� $ ZLGJHW FDQ EH VHW YLVLEOH RU KLGGHQ
XVLQJ 6HW:LQGRZ3RV�+DQGOH� �� �� �� �� IODJV� E\ VHWWLQJ
IODJV WR HLWKHU 6:3B6+2::,1'2: RU 6:3B+,'(:,1'2:�

)LQDOO\� YDOXHV FRQWDLQHG LQ ZLGJHWV WKDW GLVSOD\ GDWD
FDQ DOVR EH LQWHUDFWHG ZLWK� )RU LQVWDQFH� LQ WKH FDVH RI
WH[WILHOGV� GDWD FDQ EH UHDG E\ VHQGLQJ WKH :0B*(77(;7 PHV�
VDJH XVLQJ 6HQG0HVVDJH� ZKLOH WH[WILHOG GDWD FDQ PRGLILHG
XVLQJ 6HQG0HVVDJH WR HPXODWH ³VHOHFW DOO´ �(0B6(76(/� DQG
³UHSODFH´ RSHUDWLRQV �(0B5(3/$&(6(/��

�:H QRWH WKDW LQ :LQGRZV WHUPLQRORJ\� DOO ZLGJHWV DUH DFWXDOO\ UHIHUUHG
WR DV ³ZLQGRZV�´ ,Q RXU GHVFULSWLRQ RI RXU LPSOHPHQWDWLRQ� ZH GLVWLQJXLVK
EHWZHHQ WRS�OHYHO ZLQGRZV DQG ZLGJHWV FRQWDLQHG LQ WKRVH ZLQGRZV IRU WKH
VDNH RI FODULW\�



)LJ� �� :LQGRZ ZLWK DQ DQQRWDWHG RSDTXH ZLGJHW� 7KH ZLGJHW ,' LV
GUDZQ DW WKH FHQWHU RI WKH ZLQGRZ�

2XU LPSOHPHQWDWLRQ XVHV WKH :LQGRZV $3, IXQFWLRQ (QXP�
&KLOG:LQGRZV WR HQXPHUDWH DOO FXUUHQWO\ UHJLVWHUHG ZLQGRZV
LQVWDQWLDWHG E\ WKH $87� 7KH 8, VWDWH RI HDFK ZLQGRZ
LV UHWULHYHG XVLQJ *HW:LQGRZ/RQJ� ,V:LQGRZ9LVLEOH� DQG
,V:LQGRZ(QDEOHG� 7KH ZLQGRZ W\SH LV GHWHUPLQHG XVLQJ
*HW&ODVV1DPH�

'� 8VHU ,QWHUDFWLRQ IRU 6SHFLDO :LGJHWV

(DFK WLPH WKH 8, H[SORUDWLRQ HQFRXQWHUV D ZLGJHW WKDW
GRHV QRW SURGXFH D QHZ VXFFHVVRU 8, VWDWH� WKLV IDFW LV
UHFRUGHG� 7KHVH IDFWV DUH XVHG WR UHTXHVW DVVLVWDQFH IURP WKH
WHVW HQJLQHHU� ZKR FDQ WKHQ SURYLGH IHHGEDFN LQ WKH IRUP RI
DQ H[FHSWLRQ IRU WKH VSHFLILF ZLGJHW LI QHFHVVDU\� ([FHSWLRQV
LQYROYH DGGLQJ D VSHFLILF RIIVHW LQVLGH WKH ZLGJHW¶V ERXQGLQJ
ER[ WR SUHFLVHO\ WDUJHW DQ LQMHFWHG PRXVH FOLFN� 2QH H[DPSOH
ZKHUH WKLV FRXOG EH QHFHVVDU\ LV WR FOLFN D VSHFLILF EXWWRQ
LQVLGH D EXWWRQ EDU� $QRWKHU FDVH LV ZKHQ NH\ SUHVV HYHQWV
PXVW EH XVHG WR VHW IRFXV DQG H[HFXWH D 8, DFWLRQ LQVLGH RI DQ
RSDTXH ZLGJHW� )RU LQVWDQFH� ZH XVH WKLV WR VHOHFW DQG DFWLYDWH
DQ LWHP LQ D WDEOH YLHZ E\ LQMHFWLQJ DQ ³DUURZ GRZQ´ NH\ SUHVV
IROORZHG E\ D ³UHWXUQ´ NH\ SUHVV�

7R HDVH WKH SURFHVV RI FUHDWLQJ H[FHSWLRQV� WKH LPSOH�
PHQWDWLRQ SURGXFHV DQ DQQRWDWHG VFUHHQ FDSWXUH RI 8, VWDWHV
ZKHUH QHZ VXFFHVVRUV FRXOG QRW EH LGHQWLILHG� ,Q SDUWLFXODU� WKH
SUREOHPDWLF ZLGJHW LV KLJKOLJKWHG E\ GUDZLQJ D ER[ DURXQG
LW� 7KH WHVW HQJLQHHU FDQ WKHQ HDVLO\ LGHQWLI\ DQG FUHDWH DQ
H[FHSWLRQ IRU WKH ZLGJHW WKURXJK PDQXDO LQVSHFWLRQ� )LJXUH �
VKRZV DQ H[DPSOH RI DQ DQQRWDWHG VFUHHQ FDSWXUH RI 3URIIL[�

7KH WHVW HQJLQHHU FDQ IXUWKHU VSHFLI\ WKDW D VSHFLILF ZLGJHW
VKRXOG EH LJQRUHG E\ LWV ,'� E\ LWV FDSWLRQ� RU E\ LWV ZLGJHW
FODVV� 7KLV FDSDELOLW\ LV PRVWO\ QHHGHG WR SUHYHQW XQGHVLUHG
VLGH HIIHFWV GXULQJ 8, H[SORUDWLRQ� VXFK DV DFFLGHQWDO SULQW
UHTXHVWV RU PRGLILFDWLRQV WR WKH ILOHV\VWHP�

,Q RXU HYDOXDWLRQ LQ 6HFWLRQ 9,� ZH TXDQWLI\ KRZ PDQ\
H[FHSWLRQV ZHUH UHTXLUHG WR DQDO\]H RXU FDVH VWXGLHV ZLWK RXU
LPSOHPHQWDWLRQ�

(� :LQGRZV :LGJHW $WWULEXWHV

,Q DGGLWLRQ WR D ZLGJHW¶V YLVLELOLW\ DQG HQDEOHG VWDWXV�
:LQGRZV GHILQHV DQ H[WUD DWWULEXWH IRU VRPH ZLGJHWV VXFK DV
WH[WILHOGV WKDW FRQWUROV WKHLU UHDG�ZULWH VWDWXV� )RU LQVWDQFH� RQ
:LQGRZV� D WH[WILHOG WKDW LV RQO\ XVHG WR GLVSOD\ GDWD QHHGV WR
EH HQDEOHG LQ RUGHU IRU WKH *8, WR DOORZ VHWWLQJ IRFXV WR WKH
ILHOG� 7KLV FRXOG EH XVHG WR DOORZ WKH XVHU WR VHOHFW WKH FRQWHQWV
RI WKH ILHOG LQ RUGHU WR SDVWH LW HOVHZKHUH� +RZHYHU� VLQFH WKH
ILHOG LV RQO\ XVHG IRU GLVSOD\ SXUSRVHV� LW VKRXOG QRW DFWXDOO\
EH HGLWDEOH� 7KH UHDG�ZULWH DWWULEXWH LV WKHUHIRUH SURYLGHG WR
LQGLFDWH WKDW WKLV LV WKH GHVLUHG VWDWH RI WKH ILHOG�

:KLOH ZH GR QRW H[SOLFLWO\ PRGHO WKH UHDG�ZULWH DWWULEXWH
LQ 6HFWLRQ ,,,� ZH QRWH WKDW IRU RXU SXUSRVHV� WKH HQDEOHG (·)
UHODWLRQ VXEVXPHV ERWK WKH HQDEOHG DQG UHDG�ZULWH DWWULEXWHV
IRXQG RQ :LQGRZV�

)� 'HWHFWLQJ 'DQJOLQJ *(0V

'DQJOLQJ *(0V DUH WKH UHVXOW RI ³OHIW RYHU´ GDWD WKDW
LV VWRUHG LQ ZLGJHWV DIWHU D WHPSRUDU\ VZLWFK IURP D ORZHU
SULYLOHJH OHYHO WR D KLJKHU SULYLOHJH OHYHO ZLWKLQ D VLQJOH
VHVVLRQ� 7R GHWHFW WKLV FODVV RI *(0� RXU LPSOHPHQWDWLRQ
SHUIRUPV DQ DGGLWLRQDO VWHS�

:KHQ WKH DQDO\VLV GHWHUPLQHV WKDW WKH 8, H[SORUDWLRQ LV
FRPSOHWH� LQVWHDG RI VLPSO\ WHUPLQDWLQJ WKH $87� WKH DQDO\VLV
UHFRUGV WKH 8, VWDWH DIWHU GURSSLQJ IURP D KLJKHU SULYLOHJH OHYHO
WR D ORZHU SULYLOHJH OHYHO� 8VLQJ WKLV PHWKRG� RXU LPSOHPHQ�
WDWLRQ GRHV QRW QHHG WR LQMHFW VSHFLILF GDWD LQWR DQ\ ZLGJHW WR
GHWHFW GDQJOLQJ LQIRUPDWLRQ GLVFORVXUH *(0V� ,QVWHDG� LW UHOLHV
RQO\ RQ WKH IDFW WKDW WKH $87 ORDGV GDWD LQWR D SULYLOHJHG
ZLGJHW GXULQJ LWV H[HFXWLRQ�

*� *HQHUDWLQJ 6XFFHVVRU 6WDWHV

7R JHQHUDWH QHZ VXFFHVVRU 8, VWDWHV� WKH LPSOHPHQWDWLRQ
PXVW LQGLFDWH WR WKH $87 WKDW GDWD HQWHUHG LQWR ZLGJHWV
LV UHDG\ WR EH SURFHVVHG� 7KLV LV XVXDOO\ DFFRPSOLVKHG E\
SUHVVLQJ D EXWWRQ� KRZHYHU� WKH FRUUHFW VXEVHW RI ZLGJHWV WR
H[HUFLVH LV DSSOLFDWLRQ�VSHFLILF�

2XU LPSOHPHQWDWLRQ XVHV D KHXULVWLF WR VHOHFW WKH DSSURSUL�
DWH ZLGJHW WR H[HUFLVH� 7KH KHXULVWLF ZH FXUUHQWO\ XVH H[WUDFWV
DOO EXWWRQV IURP WKH FXUUHQW 8, VWDWH DQG FRPSDUHV WKHLU ODEHOV
WR D OLVW RI YDOXHV WKDW RIWHQ VXJJHVW D FRPSXWDWLRQ OHDGLQJ
WR D QHZ 8, VWDWH ZLOO RFFXU� VXFK DV ³2.´ RU ³6DYH�´ ,I QR
EXWWRQ LV IRXQG� WKH LPSOHPHQWDWLRQ WKHQ LWHUDWHV WKURXJK DOO
DYDLODEOH EXWWRQV LQ WKH FXUUHQW 8, VWDWH�

+� /LPLWDWLRQV

2XU SURWRW\SH LPSOHPHQWDWLRQ RI *(0 0LQHU KDV VRPH
OLPLWDWLRQV WKDW DUH LPSRUWDQW WR GLVFXVV� )LUVW� RSDTXH ZLGJHWV
WKDW WKH LPSOHPHQWDWLRQ FXUUHQWO\ FDQQRW LQWHUDFW ZLWK LQFUHDVH
WKH WLPH UHTXLUHG WR DQDO\]H DSSOLFDWLRQV� DV WKH WHVW HQJLQHHU
PXVW SURYLGH IHHGEDFN EHIRUH WKH DQDO\VLV FDQ FRQWLQXH� 7KLV
RIWHQ RFFXUV ZKHQ DQ DSSOLFDWLRQ XVHV FRPSOH[ RU FXVWRP
ZLGJHWV VXFK DV OLVWV� WDEOHV� DQG WUHHV� :H REVHUYH WKDW VXSSRUW
IRU PDQ\ RI WKHVH ZLGJHWV FRXOG EH DGGHG� EXW WKLV LV DQ H[WUD
LPSOHPHQWDWLRQ VWHS WKDW ZH KDYH QRW \HW FRPSOHWHG� :H DOVR
QRWH WKDW HYHQ ZLWKRXW GLUHFW VXSSRUW IRU WKHVH ZLGJHW W\SHV�
RXU DQDO\VLV LV QHYHUWKHOHVV DEOH WR FRQILUP QXPHURXV *(0�
EDVHG YXOQHUDELOLWLHV DV ZH GHPRQVWUDWH LQ 6HFWLRQ 9,� 7KLV LV



)LJ� �� 7KH PDLQ ZLQGRZ RI $SS��

)LJ� �� 7KH PDLQ ZLQGRZ RI $SS��

GXH WR RXU XVDJH RI PHFKDQLVPV VXFK DV 6HQG,QSXW� ZKLFK
DOORZV RXU LPSOHPHQWDWLRQ WR LQMHFW HYHQWV LQWR WKH :LQGRZV
HYHQW TXHXH WR WKH ZLGJHW FXUUHQWO\ LQ IRFXV� HYHQ LI WKH
LPSOHPHQWDWLRQ FDQQRW GLUHFWO\ LQWHUDFW ZLWK WKH ZLGJHW�

6HFRQG� ZH GR QRW FODLP WKDW RXU H[SORUDWLRQ RI WKH 8, VWDWH
VSDFH LV FRPSOHWH� 7KLV ZRXOG UHTXLUH DQ D SULRUL VSHFLILFDWLRQ
RI DOO SRVVLEOH ZLGJHWV DQ DSSOLFDWLRQ FRXOG LQVWDQWLDWH� RU
H[WUDFWLRQ RI WKLV LQIRUPDWLRQ IURP WKH SURJUDP LWVHOI� 6LQFH�
KRZHYHU� ZH XVH D EODFN�ER[ DQDO\VLV� ZH GR QRW DWWHPSW WR
H[WUDFW WKLV VSHFLILFDWLRQ IURP $87V� ,Q DGGLWLRQ� ZH QRWH
WKDW IXOO VSHFLILFDWLRQV RI DQ DSSOLFDWLRQ¶V 8, GR QRW H[LVW LQ
WKH JHQHUDO FDVH� DOWKRXJK VRPH *8, IUDPHZRUNV GR SURYLGH
VXEVHWV RI WKLV LQIRUPDWLRQ LQGLUHFWO\ ZKHQ *8, OD\RXWV DUH
VSHFLILHG LQ D PDQLIHVW DFFRPSDQ\LQJ WKH DSSOLFDWLRQ �H�J�� $Q�
GURLG ;0/ OD\RXWV�� 5HJDUGOHVV� RXU 8, H[SORUDWLRQ WHFKQLTXH�
ZKLOH LQFRPSOHWH� LV QHYHUWKHOHVV FDSDEOH RI FRYHULQJ PRVW RU
DOO RI WKH 8, VWDWH VSDFH IRU UHDO DSSOLFDWLRQV� DQG LV FDSDEOH
RI GLVFRYHULQJ D VLJQLILFDQW QXPEHU RI YXOQHUDELOLWLHV IRU WKRVH
DSSOLFDWLRQV�

9,� (YDOXDWLRQ

:H HYDOXDWHG *(0 0LQHU� RXU LPSOHPHQWDWLRQ RI WKH
*(0 PLQLQJ DQDO\VLV IRU WKH :LQGRZV SODWIRUP� E\ DSSO\LQJ

)LJ� �� 7KH PDLQ ZLQGRZ RI 3URIIL[�

LW WR WKUHH DSSOLFDWLRQV WKDW LQFRUSRUDWH PXOWLSOH OHYHOV RI SULY�
LOHJH� 7ZR RI WKHVH ZHUH QDWLYH DSSOLFDWLRQV ZULWWHQ GLUHFWO\
WR WKH :LQ�� $3,� ZKLOH WKH UHPDLQLQJ RQH ZDV ZULWWHQ XVLQJ
WKH �1(7 IUDPHZRUN� :H VHOHFWHG WKH DSSOLFDWLRQV EDVHG RQ
WKH IDFW WKDW WKH\ LPSOHPHQW PXOWLSOH SULYLOHJH OHYHOV ZLWKLQ
WKH DSSOLFDWLRQ�

,Q WKH IROORZLQJ� ZH ILUVW SURYLGH DQ RYHUYLHZ RI HDFK RI
WKH DSSOLFDWLRQV XQGHU WHVW E\ LQWURGXFLQJ WKH SXUSRVH RI WKH
DSSOLFDWLRQV� WKH DFFHVV FRQWURO VFKHPHV WKH\ LPSOHPHQW� DQG
KRZ ZH VHHGHG WKH DSSOLFDWLRQV IRU RXU WHVWV� 7KHQ� ZH SUHVHQW
WKH UHVXOWV RI RXU DQDO\VLV DQG GLVFXVV WKH UHVXOWV�

$� $SS�

$SS� LV DQ DSSOLFDWLRQ IRU PDQDJLQJ LQYHQWRU\ �)LJXUH ���
:H DQDO\]HG WKH WULDO YHUVLRQ RI WKH VRIWZDUH� ZKLOH WKH IXOO
YHUVLRQ RI WKLV VRIWZDUH FRVWV ���� 7KH DSSOLFDWLRQ VXSSRUWV
PXOWLSOH XVHUV� ZLWK WKH DELOLW\ WR JUDQW RU GHQ\ WKH DELOLW\
WR SHUIRUP LQGLYLGXDO RSHUDWLRQV VXFK DV YLHZLQJ� HGLWLQJ� RU
UHPRYLQJ LQYHQWRU\ LWHPV� 7KH DSSOLFDWLRQ DOVR VXSSRUWV DQ
DGPLQLVWUDWLYH PRGH WKDW JUDQWV IXOO SULYLOHJHV WR SHUIRUP DQ\
RSHUDWLRQ SURYLGHG E\ WKH DSSOLFDWLRQ� 7KH DGPLQLVWUDWRU PRGH
LV SURWHFWHG E\ SDVVZRUG�EDVHG DXWKHQWLFDWLRQ�

7KH DSSOLFDWLRQ UHTXLUHV D XVHU WR DXWKHQWLFDWH EHIRUH LW FDQ
EH XVHG� 6ZLWFKLQJ WR WKH DGPLQLVWUDWLYH PRGH UHTXLUHV D XVHU
WR ORJ LQ SULRU WR HOHYDWLQJ SULYLOHJHV ZLWKLQ WKH DSSOLFDWLRQ�

7R VHHG $SS�� ZH FUHDWHG RQH XVHU DFFRXQW LQ DGGLWLRQ WR
WKH GHIDXOW DGPLQLVWUDWRU UROH� )RU WKLV OHVV�SULYLOHJHG XVHU� ZH
DGGHG DFFHVV FRQWURO UXOHV WR GHQ\ WKH DELOLW\ WR SHUIRUP WZR
RSHUDWLRQV� :H DOVR DGGHG �� DUWLFOHV WR WKH LQYHQWRU\�

7HVWV FRQGXFWHG LQ KLJK SULYLOHJH PRGH ZHUH SHUIRUPHG
XVLQJ WKH DGPLQLVWUDWRU UROH� ZKLOH WHVWV LQ ORZ SULYLOHJH PRGH
ZHUH FRQGXFWHG DV D XVHU�

%� $SS�

$SS� LV DQ HPSOR\HH DQG SURMHFW PDQDJHPHQW DSSOLFDWLRQ
�)LJXUH ��� :H DQDO\]HG WKH WULDO YHUVLRQ RI WKLV VRIWZDUH LQ RXU
HYDOXDWLRQ� HQDEOLQJ WKH IXOO YHUVLRQ RI WKH DSSOLFDWLRQ UHTXLUHV



DV ����\HDU VXEVFULSWLRQ� 7KH DSSOLFDWLRQ VXSSRUWV PXOWLSOH
XVHUV DQG UROH�EDVHG SULYLOHJHV WKDW FDQ EH DVVLJQHG WR D XVHU
DFFRXQW� 6LPLODUO\ WR $SS�� WKLV DSSOLFDWLRQ DOVR LQFOXGHV E\
GHIDXOW DQ DGPLQLVWUDWRU UROH WKDW LV SURWHFWHG E\ SDVVZRUG�
EDVHG DXWKHQWLFDWLRQ�

7KH DGPLQLVWUDWRU UROH KDV DFFHVV WR DOO IXQFWLRQDOLW\ SUR�
YLGHG E\ WKH DSSOLFDWLRQ� ,Q DGGLWLRQ� VRPH RSHUDWLRQV DUH RQO\
DYDLODEOH WR WKH DGPLQLVWUDWRU� $SS� GRHV QRW UHTXLUH XVHUV WR
DXWKHQWLFDWH DW DSSOLFDWLRQ VWDUWXS� EXW LQVWHDG SURPSWV XVHUV WR
DXWKHQWLFDWH DW WKH WLPH WKDW D SULYLOHJHG RSHUDWLRQ LV LQYRNHG
GXULQJ H[HFXWLRQ�

7R VHHG WKH DSSOLFDWLRQ� ZH FUHDWHG WZR XVHU DFFRXQWV DQG
JUDQWHG WKHVH DFFRXQWV WKH DELOLW\ WR SHUIRUP D VXEVHW RI WKH
IXOO RSHUDWLRQV SURYLGHG E\ WKH DSSOLFDWLRQ� :H GLG QRW QHHG WR
VXSSO\ DGGLWLRQDO VHHGLQJ GDWD� VLQFH WKH DSSOLFDWLRQ SURYLGHV
HPSOR\HH PDQDJHPHQW� DQG FRQVLGHUV XVHUV RI WKH DSSOLFDWLRQ
DV HPSOR\HHV�

7HVWV FRQGXFWHG LQ KLJK SULYLOHJH PRGH ZHUH SHUIRUPHG
DV WKH DGPLQLVWUDWRU� ZKLOH WHVWV LQ ORZ SULYLOHJH PRGH ZHUH
SHUIRUPHG DV WKH WZR XVHUV�

&� 3URIIL[

3URIIL[ >��@ LV DQ DSSOLFDWLRQ WKDW SURYLGHV FOLHQW PDQDJH�
PHQW� RUGHU SURFHVVLQJ� DQG ILQDQFLDO DFFRXQWLQJ IXQFWLRQDOLW\
IRU VPDOO WR PHGLXP�VL]H EXVLQHVVHV �)LJXUH ��� 7KH EDVLF YHU�
VLRQ RI WKH VRIWZDUH FRVWV ������ ,Q DGGLWLRQ� WKH IXQFWLRQDOLW\
RI 3URIIL[ FDQ EH H[WHQGHG IRU GLIIHUHQW WDVNV WKURXJK D SOXJLQ
DUFKLWHFWXUH� 1RW DOO FRPSRQHQWV RI 3URIIL[ DUH DYDLODEOH LQ WKH
WULDO YHUVLRQ� DQG VR ZH IRFXVHG RXU DQDO\VLV RQ WKH DGGUHVV
PDQDJHPHQW FRPSRQHQW VLQFH LW RSHUDWHV DV D VWDQGDORQH
DSSOLFDWLRQ� 7KH SULFH RI WKLV FRPSRQHQW LV �����XVHU�

3URIIL[ VXSSRUWV PXOWLSOH XVHUV DQG ILQH�JUDLQHG DFFHVV
FRQWURO IRU PRVW DVSHFWV RI WKH DSSOLFDWLRQ� 6LPLODUO\ WR WKH
RWKHU WZR DSSOLFDWLRQV� DQ DGPLQLVWUDWRU DFFRXQW LV LQFOXGHG
E\ GHIDXOW DQG SRVVHVVHV DOO SULYLOHJHV SURYLGHG E\ WKH SUR�
JUDP� ,Q SDUWLFXODU� DGPLQLVWUDWRU SULYLOHJHV DUH UHTXLUHG WR
FUHDWH DFFRXQWV IRU HDFK LQGLYLGXDO XVHU DQG JUDQW VSHFLILF
SULYLOHJHV WR HDFK XVHU� 3ULYLOHJHV FDQ EH DVVLJQHG EDVHG RQ
VRIWZDUH PRGXOHV VXFK DV WKH DGGUHVV PDQDJHPHQW FRPSRQHQW�
([DPSOHV RI DVVLJQDEOH SULYLOHJHV DYDLODEOH LQ 3URIIL[ LQFOXGH
FDSDELOLWLHV VXFK DV DOORZLQJ UHDG� ZULWH� DQG PRGLI\ DFFHVV
WR LQGLYLGXDO UHFRUGV DQG HYHQ ILHOGV LQVLGH LQGLYLGXDO UHFRUGV�
7KH DSSOLFDWLRQ UHTXLUHV XVHUV WR DXWKHQWLFDWH DW DSSOLFDWLRQ
VWDUWXS�

:H VHHGHG 3URIIL[ ZLWK WZR XVHU DFFRXQWV WKDW HDFK KDYH
UHDG DFFHVV WR WKH DGGUHVV GDWDEDVH� :ULWH DFFHVV ZDV RQO\
HQDEOHG IRU RQH RI WKH XVHUV� :H DOVR DGGHG �� DGGUHVV UHFRUGV
WR WKH GDWDEDVH�

7HVWV FRQGXFWHG LQ KLJK SULYLOHJH PRGH ZHUH SHUIRUPHG
XQGHU WKH XVHU DFFRXQW WKDW KDG UHDG DQG ZULWH DFFHVV� ZKLOH
WHVWV LQ ORZ SULYLOHJH PRGH ZHUH FRQGXFWHG DV WKH XVHU DFFRXQW
ZLWK UHDG�RQO\ DFFHVV�

'� $QDO\VLV 7LPH DQG &RYHUDJH

,Q WKLV VHFWLRQ RI WKH HYDOXDWLRQ� ZH UHSRUW RQ WKH WLPH
UHTXLUHG WR DQDO\]H WKH DSSOLFDWLRQV LQ WKH WHVW VHW� DQG WKH
FRYHUDJH RI 8, VWDWHV DFKLHYHG GXULQJ WKH DQDO\VLV XVLQJ RXU
*(0 0LQHU LPSOHPHQWDWLRQ�

�� $QDO\VLV 7LPH� 6LQFH WKH DQDO\VLV ZH GHVFULEH LQ WKLV
SDSHU LV KXPDQ�DVVLVWHG DQG QRW FRPSOHWHO\ DXWRPDWHG� JLYLQJ
D VHQVH RI WKH WLPH UHTXLUHG WR DQDO\]H DSSOLFDWLRQV IRU *(0V
PXVW DFFRXQW IRU WKH WLPH VSHQW E\ WKH WHVW HQJLQHHU WR SURYLGH
IHHGEDFN WR WKH DQDO\VLV DV ZHOO DV WKH WLPH VSHQW GXULQJ WKH DX�
WRPDWHG H[SORUDWLRQ SKDVH� 7R WKDW HQG� ZH UHSRUW RQ WKH HQG�
WR�HQG DQDO\VLV WLPH LQ )LJXUH �D� 7KLV JUDSK SORWV WKH QXPEHU
RI 8, VWDWHV FRYHUHG E\ WKH DQDO\VLV DJDLQVW WKH WRWDO UXQWLPH
RI WKH DQDO\VLV LQ PLQXWHV IRU HDFK RI WKH DSSOLFDWLRQV LQ WKH
WHVW VHW� 3RLQWV RQ HDFK OLQH LQGLFDWH UHVWDUWV RI WKH DQDO\VLV
GXH WR UHTXHVWV IRU IHHGEDFN IURP WKH WHVW HQJLQHHU WR UHVROYH
DPELJXLWLHV LQ JHQHUDWLQJ VXFFHVVRU 8, VWDWHV� 'HFUHDVHV LQ WKH
QXPEHU RI 8, VWDWHV H[SORUHG RFFXU ZKHQ XQGHVLUHG 8, VWDWHV
DUH JHQHUDWHG DQG EODFNOLVWHG� ([DPSOHV RI WKLV LQFOXGH ZKHQ
V\VWHP GLDORJV OLNH ILOH VDYH RU SULQW GLDORJV DUH LQVWDQWLDWHG
DV D UHVXOW RI 8, DFWLRQV�

7R LQFRUSRUDWH WKH WLPH UHTXLUHG IRU IHHGEDFN� ZH XVHG
DQ HVWLPDWH RI WZR PLQXWHV IRU WKH DYHUDJH WLPH UHTXLUHG WR
SURYLGH IHHGEDFN E\ D WUDLQHG XVHU RI WKH LPSOHPHQWDWLRQ� 7KLV
HVWLPDWH LV D FRQVHUYDWLYH XSSHU ERXQG RQ WKH DFWXDO WLPH
UHTXLUHG GXULQJ WKH HYDOXDWLRQ� ZKLFK ZDV XVXDOO\ PXFK OHVV�

,Q WKH FDVH RI 3URIIL[� ZH REVHUYH WKDW WKH DQDO\VLV WLPH
UHTXLUHG ZDV MXVW XQGHU ��� PLQXWHV WR H[SORUH WKH HQWLUHW\ RI
WKH DGGUHVV ERRN FRPSRQHQW RI WKH DSSOLFDWLRQ� 7KLV LV LQ OLQH
ZLWK WKH IDFW WKDW 3URIIL[ LV D FRPSOH[ DSSOLFDWLRQ ZLWK D KLJKO\�
FRQILJXUDEOH DFFHVV FRQWURO VFKHPH� 'XULQJ WKH LQLWLDO SHULRG
RI WKH DQDO\VLV� UHODWLYHO\ IHZ XQLTXH 8, VWDWHV DUH H[SORUHG� DV
KXPDQ IHHGEDFN ZDV UHTXLUHG WR EODFNOLVW SUREOHPDWLF ZLGJHWV
DQG WR LQVWUXFW WKH H[SORUHU RQ KRZ WR PDNH SURJUHVV E\ ILQGLQJ
YDOLG VXFFHVVRU VWDWHV� +RZHYHU� DIWHU WKLV LQLWLDO SHULRG RI
DURXQG �� PLQXWHV� WKH EHQHILWV RI DXWRPDWLRQ EHFRPH FOHDU DV
WKH LPSOHPHQWDWLRQ LV DEOH WR TXLFNO\ GLVFRYHU D ODUJH QXPEHU
RI XQLTXH 8, VWDWHV� $V WKH 8, RI WKH DSSOLFDWLRQ LV H[SORUHG
XQGHU GLIIHUHQW SULYLOHJH OHYHOV� WKH UDWH RI H[SORUDWLRQ VORZO\
GHFUHDVHV XQWLO WKH HQWLUHW\ RI WKH 8, KDV EHHQ FRYHUHG�

,Q WKH RWKHU WZR FDVHV� H[SORUDWLRQ SURFHHGHG PXFK PRUH
TXLFNO\ DV OHVV IHHGEDFN ZDV UHTXLUHG� :H QRWH WKDW WKLV
LV QRW QHFHVVDULO\ VROHO\ D UHIOHFWLRQ RI WKH FRPSOH[LW\ RI
WKH DSSOLFDWLRQ LWVHOI� EXW LV UDWKHU DOVR GXH WR WKH IDFW WKDW
PXFK OHVV IHHGEDFN ZDV UHTXLUHG WR FRYHU DOO 8, VWDWHV RI WKH
DSSOLFDWLRQ� ,Q SDUWLFXODU� $SS� GLG QRW UHTXLUH DQ\ IHHGEDFN
IURP WKH WHVW HQJLQHHU DW DOO LQ RUGHU WR FRPSOHWHO\ H[SORUH WKH
DSSOLFDWLRQ�

7KH VXEVHTXHQW SKDVHV RI WKH DQDO\VLV ± L�H�� *(0 FDQGL�
GDWH LGHQWLILFDWLRQ DQG FRQILUPDWLRQ ± DUH IXOO\ DXWRPDWLF DQG
D IXQFWLRQ RI WKH QXPEHU RI FDQGLGDWHV LGHQWLILHG� ,Q RXU WHVWV�
WKHVH SKDVHV ZHUH FRPSOHWHG RQ WKH RUGHU RI D IHZ VHFRQGV�
:H UHSRUW RQ WKH HQG�WR�HQG UXQWLPH UHTXLUHG IRU DOO SKDVHV
RI WKH DQDO\VLV RYHU WKH WHVW VHW LQ 7DEOH ,�

�� 8, 6WDWH &RYHUDJH� ,Q )LJXUH �E� ZH VKRZ WKH DEVROXWH
QXPEHUV RI 8, VWDWHV GLVFRYHUHG GXULQJ ORZ DQG KLJK SULYLOHJH
H[SORUDWLRQV RI HDFK DSSOLFDWLRQ� 7KLV GHPRQVWUDWHV WKDW HDFK
DSSOLFDWLRQ FRQWDLQV D VLJQLILFDQW DPRXQW RI IXQFWLRQDOLW\ WKDW
LV QRW DYDLODEOH WR ORZ�SULYLOHJH XVHUV�

(� *(0 'HWHFWLRQ

,Q RXU H[SHULPHQWV� RXU SURWRW\SH LPSOHPHQWDWLRQ RI *(0
0LQHU ZDV DEOH WR GLVFRYHU DQG FRQILUP D QXPEHU RI *(0V
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�D� 7KH JUDSK VKRZV WKH WRWDO WLPH QHHGHG WR H[SORUH HDFK RI RXU
DSSOLFDWLRQV DQG WKH QXPEHU RI 8, VWDWHV H[SORUHG DW GLIIHUHQW
SRLQWV RI WKH DQDO\VLV� (YHU\ SRLQW UHSUHVHQWV D UHVWDUW RI WKH
H[SORUDWLRQ FRPSRQHQW GXH WR WKH LQFRUSRUDWLRQ RI IHHGEDFN
IURP WKH WHVW HQJLQHHU� 'HFUHDVHV LQ WKH QXPEHU RI 8, VWDWHV
RFFXU ZKHQ 8, DFWLRQV DUH EODFNOLVWHG ± IRU LQVWDQFH� ZKHQ
DFWLRQV OHDG WR WKH LQVWDQWLDWLRQ RI ILOH VDYH RU SULQW GLDORJV�
7KH $SS� DSSOLFDWLRQ LV QRW UHVWDUWHG GXULQJ WKH H[SORUDWLRQ�
VLQFH LW WHUPLQDWHG ZLWKRXW UHTXLULQJ IHHGEDFN�
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�E� 8QLTXH 8, VWDWHV GLVFRYHUHG GXULQJ WKH H[SORUDWLRQ RI WKH
WHVW DSSOLFDWLRQV� 7KH ORZ SULYLOHJH 8, VWDWHV FRUUHVSRQG WR
VWDWHV GLVFRYHUHG HLWKHU DV D ORZHU�SULYLOHJHG XVHU� ZKLOH
KLJK SULYLOHJH 8, VWDWHV FRUUHVSRQG WR WKRVH GLVFRYHUHG DV
DQ DGPLQLVWUDWRU�

)LJ� �� 7LPH UHTXLUHG IRU WKH DQDO\VLV� WDNLQJ LQWR DFFRXQW WHVW HQJLQHHU IHHGEDFN� DV ZHOO DV WKH QXPEHU RI XQLTXH 8, VWDWHV H[SORUHG IRU HDFK
DSSOLFDWLRQ LQ WKH WHVW VHW LQ ORZ DQG KLJK SULYLOHJH VWDWHV�

LQ DOO DSSOLFDWLRQV LQ WKH WHVW VHW� 7KH *(0V WKDW ZHUH
IRXQG DUH GUDZQ IURP DOO FDWHJRULHV WKDW ZH LQWURGXFHG LQ
6HFWLRQ ,,, ± L�H�� LQIRUPDWLRQ GLVFORVXUH �*��� LQIRUPDWLRQ
PRGLILFDWLRQ �*��� DQG FDOOEDFN H[HFXWLRQ �*��� $Q RYHUYLHZ
RI WKH LQFLGHQFH RI HDFK FDWHJRU\ RI *(0 LV VKRZQ LQ 7DEOH ,�
ZKLFK IXUWKHU KLJKOLJKWV WKH QXPEHU RI GDQJOLQJ LQIRUPDWLRQ
GLVFORVXUHV DQG GLVWLQJXLVKHV EHWZHHQ WUDQVLHQW DQG SHUVLVWHQW
PRGLILFDWLRQV� *(0 FDQGLGDWHV WKDW DUH QRW FRQILUPHG DUH
ZLGJHWV WKDW FDQ EH PDQLSXODWHG� EXW WKDW GR QRW SURYLGH
DFFHVV WR WKH WDUJHW IXQFWLRQDOLW\� 7KLV FDQ EH WKH FDVH GXH
WR VRPH DGGLWLRQDO FKHFN LQ WKH DSSOLFDWLRQ� QRW QHFHVVDULO\ D
VHFXULW\ FKHFN� ,Q WKH UHPDLQGHU RI WKLV VHFWLRQ� ZH GLVFXVV
WKH GHWDLOV RI WKH SDUWLFXODU *(0V ZH IRXQG LQ WKH FRQWH[W RI
HDFK DSSOLFDWLRQ�

�� 3URIIL[� )RU WKH 3URIIL[ DSSOLFDWLRQ� RXU DQDO\VLV GLVFRY�
HUHG �� GLVWLQFW *(0 FDQGLGDWHV� �� RI WKHVH ZHUH LQIRUPDWLRQ
PRGLILFDWLRQ *(0V LQ WH[WILHOGV RU RWKHU HGLWDEOH ZLGJHWV�
ZKLOH WKH UHPDLQLQJ �� ZHUH FDOOEDFN H[HFXWLRQV DVVRFLDWHG
ZLWK EXWWRQ�VW\OH ZLGJHWV�

2I WKH �� PRGLILFDWLRQ *(0V� �� ZHUH DXWRPDWLFDOO\
FRQILUPHG GXULQJ WKH FKHFNLQJ SKDVH� 2QH DGGLWLRQDO PRG�
LILFDWLRQ FDQGLGDWH ZDV FRQILUPHG DV D PXWDWLRQ� ZKHUH WKH
DSSOLFDWLRQ DFFHSWHG WKH LQSXW EXW PXWDWHG WKH GDWD SULRU WR
VWRULQJ LW� 7KLV PXWDWLRQ ZDV GXH WR WKH DSSOLFDWLRQ SHUIRUPLQJ
LQSXW YDOLGDWLRQ RQ LQSXW WR WKH WH[WILHOG� ,Q SDUWLFXODU� WKH
WH[WILHOG ZDV LQWHQGHG WR DFFHSW GDWH HQWULHV� EXW SHUIRUPHG
DQ DXWRPDWLF FRQYHUVLRQ IURP LQWHJHUV WR D YDOLG GDWH� 7ZR
DGGLWLRQDO PRGLILFDWLRQ FDQGLGDWHV ZHUH PDQXDOO\ FRQILUPHG
ZKHUH DJDLQ� GXH WR LQSXW YDOLGDWLRQ� YHU\ VSHFLILF LQSXW ZDV
UHTXLUHG IRU FRQILUPDWLRQ� ,Q WKHVH FDVHV� LQSXW YDOXHV ZHUH
H[SHFWHG WR EH *36 FRRUGLQDWHV�

2I WKH �� FDOOEDFN *(0V� VHYHQ ZHUH DXWRPDWLFDOO\ FRQ�
ILUPHG E\ WKH LPSOHPHQWDWLRQ� ZKLOH RQH RXW RI WKH UHPDLQLQJ
WKUHH ZDV FRQILUPHG PDQXDOO\�

6LQFH 3URIIL[ GRHV QRW VXSSRUW WHPSRUDU\ SULYLOHJH HVFDOD�
WLRQ� WKHUH LV QR SRVVLELOLW\ IRU GDQJOLQJ GDWD *(0V ZKHUH
VHQVLWLYH GDWD UHPDLQV LQ 8, HOHPHQWV DIWHU D WHPSRUDU\ SULYL�
OHJH HVFDODWLRQ�

7KH *(0V GLVFRYHUHG E\ WKH DQDO\VLV HQDEOH DWWDFNHUV WR
PRGLI\ GDWD VWRUHG LQ WKH DSSOLFDWLRQ¶V GDWDEDVH WKDW QRUPDO
XVHUV DUH QRW DXWKRUL]HG WR� FRPSOHWHO\ E\SDVVLQJ WKH DFFHVV
FRQWURO VFKHPH WKDW WKH GHYHORSHUV RI WKH DSSOLFDWLRQ LQWHQGHG�

�� $SS�� 7KH DQDO\VLV GLVFRYHUHG WZR FDOOEDFN H[HFXWLRQ
*(0 FDQGLGDWHV LQ WKH $SS� DSSOLFDWLRQ� 7KH FKHFNLQJ SKDVH
DXWRPDWLFDOO\ FRQILUPHG ERWK *(0V�

7KH DQDO\VLV IXUWKHU GLVFRYHUHG �� LQIRUPDWLRQ GLVFORVXUH
*(0V DFURVV D QXPEHU RI WRS�OHYHO ZLQGRZV� 7KH GHVLJQ RI
WKH 8, IRU WKH $SS� DSSOLFDWLRQ ZDV XQLTXH LQ WKH WHVW VHW� DV
WKH DSSOLFDWLRQ FUHDWHV D ODUJH QXPEHU RI ZLQGRZV� GLDORJV�
DQG PHVVDJH ER[HV DW DSSOLFDWLRQ VWDUWXS DQG VLPSO\ VKRZV RU
KLGHV WKHP DV QHFHVVDU\ GXULQJ H[HFXWLRQ�

7KH FDOOEDFN *(0V LGHQWLILHG GXULQJ WKH DQDO\VLV DOORZV
DWWDFNHUV WR FUHDWH QHZ HQWULHV DQG GHOHWH H[LVWLQJ HQWULHV LQ WKH
DSSOLFDWLRQ¶V GDWDEDVH� GHVSLWH WKH IDFW WKDW WKH ORZ SULYLOHJH
XVHU ZDV QRW DXWKRUL]HG WR GR VR� 7KH GLVFORVXUH *(0V� RQ
WKH RWKHU KDQG� HQDEOH D ZLGH UDQJH RI DWWDFNV� 2QH RI WKH
PRVW FULWLFDO RI WKHVH LV WKH IDFW WKDW WKH DFFRXQW PDQDJHPHQW
ZLQGRZ FRXOG EH DFFHVVHG E\ DWWDFNHUV� VLQFH LW LV FUHDWHG DW
VWDUWXS DQG VLPSO\ KLGGHQ IURP YLHZ� 7KHUHIRUH� DQ DWWDFNHU
FRXOG PRGLI\ WKH YLVLELOLW\ DWWULEXWH RQ WKLV ZLQGRZ WR GLUHFWO\
DFFHVV XVHU FUHGHQWLDOV ± L�H�� XVHUQDPHV DQG SDVVZRUGV ± DQG



*(0 &DQGLGDWHV $XWRPDWLFDOO\ &RQILUPHG 0DQXDOO\ &RQILUPHG

$SSOLFDWLRQ 'LVFORVXUH 0RGLILFDWLRQ &DOOEDFNV 'LVFORVXUH 0RGLILFDWLRQ &DOOEDFNV 0RGLILFDWLRQ &DOOEDFNV 5XQWLPH

$SS� �� � � �� � � � � �� VHF

$SS� � � � � � � � � ��� VHF

3URIIL[ � �� �� � �� � � � ��� VHF

7RWDO �� �� �� �� �� �� � �

7$%/( ,� 6WDWLVWLFV IRU *(0 LGHQWLILFDWLRQ� DXWRPDWLF FRQILUPDWLRQ� PDQXDO FRQILUPDWLRQ� DQG WRWDO UXQWLPH IRU HDFK DSSOLFDWLRQ� 0DQXDOO\
FRQILUPHG PRGLILFDWLRQ *(0V FRUUHVSRQG WR PXWDWHG LQSXWV GXH WR LQSXW YDOLGDWLRQ�

ORJ LQWR WKH DSSOLFDWLRQ� +RZHYHU� WKH DGPLQLVWUDWRU SDVVZRUG
ZDV QRW LQFOXGHG LQ WKLV OLVW�

7KH DQDO\VLV DOVR GLVFRYHUHG RQH GDQJOLQJ LQIRUPDWLRQ
GLVFORVXUH *(0 LQ $SS�� ,Q WKLV FDVH� ZKHQ D XVHU WHPSRUDULO\
HOHYDWHV SULYLOHJHV WR DGPLQLVWUDWRU� WKH DSSOLFDWLRQ SURPSWV
WKH XVHU WR SURYLGH WKH DGPLQLVWUDWRU SDVVZRUG� $IWHU WKH XVHU
KDV GURSSHG SULYLOHJHV� KRZHYHU� WKH DGPLQLVWUDWRU SDVVZRUG
UHPDLQV LQ WKLV DXWKHQWLFDWLRQ SURPSW� 7KHUHIRUH� E\ PRGLI\LQJ
WKH YLVLELOLW\ DWWULEXWHV RI WKDW SURPSW� DQ DWWDFNHU FRXOG UH�
FRYHU WKH DGPLQLVWUDWRU SDVVZRUG DQG JDLQ IXOO SULYLOHJHV WR WKH
DSSOLFDWLRQ DQG LWV GDWD� 2QH FRQFUHWH VFHQDULR IRU ODXQFKLQJ
WKLV DWWDFN ZRXOG EH IRU DQ DXWKRUL]HG ORZ SULYLOHJH XVHU WR FDOO
D VXSHUYLVRU DQG DVN KHU WR SHUIRUP DQ DGPLQLVWUDWLYH WDVN WKDW
UHTXLUHV HOHYDWLRQ RI SULYLOHJH� $IWHU WKH VXSHUYLVRU KDV ORJJHG
RXW� WKH ORZ SULYLOHJH XVHU FRXOG WKHQ UHFRYHU WKH DGPLQLVWUDWRU
SDVVZRUG OHIW LQ WKH SURPSW�

�� $SS�� 7KH DQDO\VLV LGHQWLILHG HLJKW FDOOEDFN H[HFXWLRQ
*(0 FDQGLGDWHV DQG RQH PRGLILFDWLRQ FDQGLGDWH LQ WKH $SS�
DSSOLFDWLRQ� 7KH FKHFNLQJ SKDVH DXWRPDWLFDOO\ FRQILUPHG IRXU
FDOOEDFN *(0V� DQG PDQXDO WHVWLQJ FRQILUPHG DQ DGGLWLRQDO
WZR FDOOEDFN *(0V� ,Q WKH PDQXDO H[DPLQDWLRQ� ZH GLVFRYHUHG
WKDW RQH RI WKH XQFRQILUPHG FDOOEDFN *(0 FDQGLGDWHV ZDV
SURWHFWHG E\ DQ DFFHVV FRQWURO PHFKDQLVP WKDW FKHFNHG LI WKH
DGPLQLVWUDWRU LV ORJJHG LQ� ,I QRW� WKH DSSOLFDWLRQ GLVSOD\HG D
GLDORJ ZLWK DQ HUURU PHVVDJH H[SODLQLQJ WKDW WKH IXQFWLRQDOLW\
LV RQO\ DFFHVVLEOH E\ WKH DGPLQLVWUDWRU� 7KH ZULWH FDQGLGDWH�
KRZHYHU� ZDV QHLWKHU FRQILUPHG GXULQJ WKH FKHFNLQJ SKDVH QRU
WKURXJK PDQXDO WHVWLQJ�

2QH RI WKH FDOOEDFN *(0V DOORZV PRGLILFDWLRQ RI VSHFLILF
HOHPHQWV RI DOO HPSOR\HH UHFRUGV� $QRWKHU FDOOEDFN *(0
SURYLGHV WKH FDSDELOLW\ WR H[SRUW WKH HQWLUH HPSOR\HH GDWDEDVH
WKDW FRQWDLQV UHFRUGHG ZRUN WLPH� VFKHGXOHG EXVLQHVV WULSV� DQG
YDFDWLRQ GD\V�

)LQDOO\� WKH DQDO\VLV GLVFRYHUHG RQH GDQJOLQJ LQIRUPDWLRQ
GLVFORVXUH *(0 LQ $SS�� 7KH YXOQHUDEOH ZLGJHW LV D OLVW
YLHZ HOHPHQW WKDW KROGV WKH HQWLUH HPSOR\HH GDWDEDVH� ZKLFK
LQFOXGHV DOO GHWDLOV RI HYHU\ HPSOR\HH� $V ZLWK $SS�� WKLV *(0
UHTXLUHV D WHPSRUDU\ HOHYDWLRQ RI SULYLOHJH WR WKH DGPLQLVWUDWRU
UROH� :KHQ WKLV RFFXUV� WKH YXOQHUDEOH ZLGJHW LV SRSXODWHG
ZLWK WKH FRQWHQWV RI WKH HPSOR\HH GDWDEDVH� $IWHU DGPLQLVWUDWRU
SULYLOHJHV DUH GURSSHG� WKH ZLGJHW VWLOO FRQWDLQV WKH HPSOR\HH
GDWD� ZKLFK FDQ EH DFFHVVHG E\ VLPSO\ PRGLI\LQJ WKH ZLGJHW¶V
YLVLELOLW\ DWWULEXWH�

)� 9XOQHUDELOLW\ 'LVFORVXUH

$OO RI WKH YXOQHUDELOLWLHV GLVFRYHUHG GXULQJ WKH FRXUVH RI
RXU H[SHULPHQWV KDYH EHHQ UHSRUWHG WR WKH UHVSHFWLYH YHQ�

GRUV� 7KH GHYHORSHUV RI 3URIIL[ DFNQRZOHGJHG RXU ILQGLQJV
DQG LQGLFDWHG WKDW WKH\ ZHUH XQDZDUH RI WKH *(0 LVVXH� ,Q
SDUWLFXODU� WKH\ ZHUH DZDUH WKDW ZLGJHWV FRXOG EH PDQLSXODWHG
IURP RXWVLGH WKH DSSOLFDWLRQ� EXW ZHUH XQDZDUH RI WKH VHFXULW\
LPSOLFDWLRQV� 7KH\ IXUWKHU LQGLFDWHG WKDW WKH\ ZLOO VSHFLILFDOO\
DGGUHVV WKH VXEMHFW RI *8, HOHPHQW PLVXVH LQ WKHLU QH[W
PDMRU UHOHDVH� :H KDYH QRW UHFHLYHG DFNQRZOHGJPHQW QRU
FRQILUPDWLRQ RI WKH YXOQHUDELOLWLHV ZH GLVFRYHUHG LQ $SS� DQG
$SS� IURP WKH GHYHORSHUV RI WKHVH DSSOLFDWLRQV� 7KHUHIRUH� ZH
EOLQGHG WKH DSSOLFDWLRQV WR SUHYHQW SUHPDWXUH GLVFORVXUH�

*� &RXQWHUPHDVXUHV

:H EULHIO\ LQYHVWLJDWHG SRVVLEOH FRXQWHUPHDVXUHV DJDLQVW
WKH DWWDFNV ZH GHVFULEH LQ WKLV SDSHU� 7KH PRVW HIIHFWLYH UHPH�
GLDWLRQ ZRXOG EH WR VHSDUDWH DFFHVV FRQWURO HQIRUFHPHQW IURP
WKH SUHVHQWDWLRQ OD\HU ± LQ HIIHFW� WR LQWURGXFH D SURSHU UHIHU�
HQFH PRQLWRU LQWR WKH DSSOLFDWLRQ ORJLF� +RZHYHU� WKLV FRXOG
UHTXLUH VXEVWDQWLDO GHYHORSPHQW WLPH IRU OHJDF\ SURJUDPV RI
DQ\ DSSUHFLDEOH FRPSOH[LW\� ,QVWHDG RI KDYLQJ GHYHORSHUV EXLOG
DSSOLFDWLRQ�VSHFLILF DFFHVV FRQWURO DV SDUW RI WKHLU DSSOLFDWLRQ
ORJLF� ZH DQWLFLSDWH WKDW ODQJXDJH�EDVHG SROLF\ VSHFLILFDWLRQV
FRXOG EH RQH VFDODEOH DQG VHFXUH PHFKDQLVP IRU DXWRPDWLFDOO\
LPSOHPHQWLQJ D UHIHUHQFH PRQLWRU IRU *8,�EDVHG DSSOLFDWLRQV�

$ SDUWLDO VROXWLRQ WKDW LV SHUKDSV OHVV LQWUXVLYH WKDQ
UHWURILWWLQJ D IXOO UHIHUHQFH PRQLWRU ZRXOG EH WR PRGLI\ YXO�
QHUDEOH DSSOLFDWLRQV WR UHPRYH ZLGJHWV WKDW DUH QRW FXUUHQWO\
DFWLYH LQVWHDG RI VLPSO\ GLVDEOLQJ RU KLGLQJ WKHP� 7KLV ZRXOG
EH HIIHFWLYH LQ WKH FDVH RI FDOOEDFN H[HFXWLRQ *(0V� EXW PLJKW
QRW DOZD\V EH SRVVLEOH ZLWKRXW D PRUH LQYDVLYH UHZULWH RI
WKH DSSOLFDWLRQ� DV LQ WKH FDVH RI D WH[WILHOG WKDW LV XVHG IRU
PRGLILFDWLRQ RI GDWD LQ D KLJK SULYLOHJH PRGH DQG WR GLVSOD\
UHDG�RQO\ GDWD LQ D ORZ SULYLOHJH PRGH�

2QH SRVVLEOH OLJKWZHLJKW FRXQWHUPHDVXUH ZRXOG EH WR UXQ
DSSOLFDWLRQV DV D GLIIHUHQW RSHUDWLQJ V\VWHP�OHYHO XVHU� $W
OHDVW LQ WKH FDVH RI :LQGRZV� WKLV ZRXOG SUHYHQW WKH DWWDFNV
IURP PRGLI\LQJ WKH 8, RI YXOQHUDEOH DSSOLFDWLRQV XVLQJ WKH
6HQG0HVVDJH IXQFWLRQV� +RZHYHU� WKLV FRXQWHUPHDVXUH ZRXOG
RQO\ EH HIIHFWLYH LI WKH ORFDO XVHU GRHV QRW KDYH DFFHVV WR WKH
DSSOLFDWLRQ¶V 26 XVHU� DQG DGGLWLRQDOO\ WKDW WKH ORFDO XVHU GRHV
QRW KDYH DFFHVV WR 26�OHYHO DGPLQLVWUDWRU SULYLOHJHV�

,Q JHQHUDO� DSSOLFDWLRQ GHYHORSHUV VKRXOG QRW UHO\ RQ WKH
*8, WR VWRUH UXQWLPH LQIRUPDWLRQ DQG VKRXOG UDWKHU WUHDW
ZLGJHWV DQG WKH GDWD VWRUHG ZLWKLQ WKHP DV XQWUXVWHG XVHU
LQSXW� 7KHUHIRUH� GHYHORSHUV PXVW LPSOHPHQW DW OHDVW EDVLF
LQSXW YDOLGDWLRQ LQ WKH DSSOLFDWLRQ¶V FRGH WKDW KDQGOHV WKH *8,�
)XUWKHUPRUH� WR DYRLG GDWD OHDNV GHYHORSHUV VKRXOG RQO\ FUHDWH
ZLQGRZV DQG ZLGJHWV DW WKH WLPH D VSHFLILF 8, LV QHHGHG�



:LQGRZV DQG ZLGJHWV VKRXOG EH GHVWUR\HG DIWHU WKH\ DUH
QR ORQJHU QHHGHG� ,Q D FOLHQW�VHUYHU VHWWLQJ� DFFHVV FRQWURO
PXVW EH LPSOHPHQWHG RQ WKH VHUYHU VLGH� &OLHQW�VLGH DFFHVV
FRQWURO VKRXOG EH WUHDWHG DV SDUW RI WKH DSSOLFDWLRQ¶V XVDELOLW\
FRPSRQHQW� ,W VKRXOG RQO\ H[LVW WR JXLGH WKH XVHU� DQG WR
KHOS KLP XQGHUVWDQG ZKDW DQ DSSOLFDWLRQ FRQVLGHUV WR EH ZHOO�
IRUPHG LQSXW�

9,,� 5HODWHG :RUN

&RQFHSWV VXFK DV YXOQHUDELOLW\ WHVWLQJ� WHVW FDVH JHQHUDWLRQ�
IX]]LQJ� DQG XVHU LQWHUIDFH WHVWLQJ DUH ZHOO�NQRZQ LQ WKH
VRIWZDUH HQJLQHHULQJ DQG YXOQHUDELOLW\ DQDO\VLV ILHOGV >�@� >�@�
>��@� :KHQ DQDO\]LQJ ZHE DSSOLFDWLRQV IRU YXOQHUDELOLWLHV�
EODFN�ER[ IX]]LQJ WRROV >�@� >�@� >��@ DUH RIWHQ XVHG GXH WR WKHLU
HDVH RI XVH� 6XFK VFDQQHUV W\SLFDOO\ ORRN IRU YXOQHUDELOLWLHV
VXFK DV FURVV�VLWH VFULSWLQJ DQG 64/ LQMHFWLRQV ,Q DGGLWLRQ WR
ZHE�VSHFLILF VFDQQHUV� WKHUH H[LVWV D ODUJH QXPEHU RI PRUH
JHQHUDO YXOQHUDELOLW\ GHWHFWLRQ DQG VHFXULW\ DVVHVVPHQW WRROV�
0RVW RI WKHVH WRROV� VXFK DV 1HVVXV >��@ DQG 1LNWR >��@� UHO\
RQ D UHSRVLWRU\ RI NQRZQ YXOQHUDELOLWLHV WKDW DUH WHVWHG� 2WKHU
ZRUN >�@� >�@ LQ WKH DUHD RI VHFXULW\ RI ZHE DSSOLFDWLRQV IRFXVHG
RQ FOLHQW�VLGH SDUDPHWHU WDPSHULQJ DV D ZD\ WR DWWDFN ZHE
DSSOLFDWLRQV� *(0 0LQHU� LQ FRQWUDVW� VSHFLILFDOO\ IRFXVHV RQ
WKH SUREOHP RI *8, HOHPHQW PLVXVH WKDW� WR RXU NQRZOHGJH�
KDV QRW EHHQ VWXGLHG WR GDWH�

%HVLGHV DSSOLFDWLRQ�OHYHO YXOQHUDELOLW\ VFDQQHUV� WKHUH DUH
DOVR WRROV WKDW RSHUDWH DW WKH QHWZRUN OHYHO� H�J�� QPDS >��@�
7KHVH WRROV FDQ GHWHUPLQH WKH DYDLODELOLW\ RI KRVWV DQG VHUYLFHV
DFFHVVLEOH RQ WKRVH KRVWV� +RZHYHU� WKH\ DUH QRW FRQFHUQHG
ZLWK KLJKHU�OHYHO YXOQHUDELOLW\ DQDO\VLV� 7KHUH DUH DOVR D ODUJH
QXPEHU RI VWDWLF VRXUFH FRGH DQDO\VLV WRROV >��@� >��@� >��@ WKDW
DLP WR LGHQWLI\ YXOQHUDELOLWLHV� 7KHVH WRROV DUH RUWKRJRQDO WR
*(0 0LQHU�

$ ILHOG WKDW LV FORVHO\ UHODWHG WR RXU ZRUN LV DXWRPDWHG
WHVW FDVH JHQHUDWLRQ� 7KH PHWKRGV XVHG WR JHQHUDWH WHVW
FDVHV FDQ EH JHQHUDOO\ VXPPDUL]HG DV UDQGRP� VSHFLILFDWLRQ�
EDVHG >��@� >��@� DQG PRGHO�EDVHG >��@ DSSURDFKHV� 7KH ZHOO�
NQRZQ EODFN�ER[ IX]]LQJ WHFKQLTXH IDOOV LQWR WKH FDWHJRU\
RI UDQGRP WHVW FDVH JHQHUDWLRQ� 6LPLODUO\� ZH DOVR JHQHUDWH
WHVW FDVHV DQG DQDO\]H VRIWZDUH IRU VHFXULW\�UHOHYDQW EXJV�
+RZHYHU� ZH VSHFLILFDOO\ ORRN IRU *(0 YXOQHUDELOLWLHV WKDW
H[LVWLQJ ZRUN GRHV QRW DGGUHVV�

:LQ5XQQHU >��@� D ZHOO�NQRZQ DSSOLFDWLRQ WHVWLQJ WRRO�
DOORZV D KXPDQ WHVWHU WR UHFRUG XVHU DFWLRQV VXFK DV NH\ SUHVVHV
DQG PRXVH FOLFNV DQG WKHQ UHSOD\ WKHVH DFWLRQV IRU WHVWLQJ�
:H QRWH WKDW WKH WHVWLQJ ZRUNIORZ :LQ5XQQHU LV GHVLJQHG
IRU LV QRW IXOO\ DXWRPDWHG LQ WHUPV RI YXOQHUDELOLW\ GLVFRYHU\�
7KH GHYHORSHU QHHGV WR ZULWH VFULSWV DQG FUHDWH FKHFNSRLQWV
WR FRPSDUH WKH H[SHFWHG DQG DFWXDO RXWFRPHV IURP WKH WHVW
UXQV� 2XU WHVW H[HFXWLRQ LV VLPLODU WR :LQ5XQQHU LQ WKH VHQVH
WKDW ZH DOVR WHVW IRU H[SHFWHG DQG DFWXDO RXWFRPHV� +RZHYHU�
RXU DSSURDFK DXWRPDWHV YXOQHUDELOLW\ GLVFRYHU\ DQG� LQ PDQ\
FDVHV� FRQILUPDWLRQ� DQG DOVR LV WDUJHWHG VSHFLILFDOO\ DW 8,�
UHODWHG SULYLOHJH HVFDODWLRQ YXOQHUDELOLWLHV�

$XWR,W >�@� LV D SRSXODU� IUHH VFULSWLQJ ODQJXDJH IRU :LQ�
GRZV *8, DXWRPDWLRQ� $XWR,W ZRUNV VLPLODUO\ WR :LQ5XQQHU�
EXW LV GHVLJQHG IRU *8, DXWRPDWLRQ UDWKHU WKDQ *8, WHVWLQJ�

,Q VRIWZDUH HQJLQHHULQJ� JUDSKLFDO XVHU LQWHUIDFH WHVWLQJ
FRQVLVWV RI WKH SURFHVV RI WHVWLQJ D VRIWZDUH DSSOLFDWLRQ¶V

JUDSKLFDO XVHU LQWHUIDFH WR HQVXUH WKDW LW PHHWV ZULWWHQ VSHFLIL�
FDWLRQV� 2IWHQ� WHVW FDVHV DUH XVHG WR GULYH WKH WHVWLQJ SURFHVV�
$ QXPEHU RI SULRU HIIRUWV KDYH H[DPLQHG KRZ VXFK WHVW
FDVHV FDQ EH DXWRPDWLFDOO\ JHQHUDWHG� 6HYHUDO WHFKQLTXHV KDYH
EHHQ SURSRVHG WR DXWRPDWLFDOO\ JHQHUDWH WHVW VXLWHV WKDW DUH
FRPSOHWH� DQG WKDW VLPXODWH XVHU EHKDYLRU >��@� >��@� >��@� 1RWH
WKDW QRQH RI WKH ZRUNV LQ WKH GRPDLQ RI XVHU LQWHUIDFH WHVWLQJ
KDV LQYHVWLJDWHG WKH SUREOHP RI *8, HOHPHQW PLVXVH �*(0��

2QH UHOHYDQW 8, WHVWLQJ SURMHFW LV *8,7$5� DQ DXWRPDWHG
V\VWHP WR WHVW 8,�GULYHQ DSSOLFDWLRQV IRU SURJUDPPLQJ HU�
URUV >��@� *8,7$5 FRQVLVWV RI D *8, ULSSHU DQG D QXPEHU
RI WHVW FRPSRQHQWV� 7KH *8, ULSSHU LV XVHG WR H[WUDFW WKH 8,
VWDWHV RI DQ DSSOLFDWLRQ� DV ZHOO DV WKH QHFHVVDU\ 8, LQWHUDFWLRQV
WR UHDFK HDFK VWDWH� 7KH WHVW FRPSRQHQWV ZRUNV VLPLODUO\
WR D IX]]HU� SHUPXWLQJ RYHU WKH FRYHUHG 8, LQWHUDFWLRQV WR
GHWHFW JHQHULF VRIWZDUH HUURUV VXFK DV DSSOLFDWLRQ FUDVKHV� ,Q
FRPSDULVRQ WR *8,7$5� RXU H[SORUDWLRQ FRPSRQHQW LV VLPLODU
WR *8,7$5¶V *8, ULSSHU� EXW LQ DGGLWLRQ WR 8, VWDWHV� ZH DOVR
IRFXV RQ VHFXULW\�UHOHYDQW ZLGJHW DWWULEXWHV VXFK DV YLVLELOLW\�
HQDEOHG VWDWXV� DQG ZULWDEOH IODJV� $GGLWLRQDOO\� RXU DQDO\VLV
IRFXVHV VSHFLILFDOO\ RQ XQDXWKRUL]HG SULYLOHJH HVFDODWLRQ LQ
XVHU LQWHUIDFHV LQ WKH IRUP RI *(0V� DV RSSRVHG WR PRUH
JHQHUDO SURJUDP FUDVKHV�

2WKHU UHOHYDQW ZRUN LQYHVWLJDWHV *8, WHVWLQJ XVLQJ FRP�
SXWHU YLVLRQ >�@� +HUH� D V\VWHP KDV EHHQ EXLOW WKDW XVHV
FRPSXWHU YLVLRQ WR LGHQWLI\ FKDQJHV LQ WKH 8, WR GHWHUPLQH
LI WHVW FDVHV VXFFHHGHG RU IDLOHG� 7KLV OLQH RI ZRUN LV WDLORUHG
WRZDUGV IXQFWLRQDO WHVWLQJ RI DSSOLFDWLRQV UDWKHU WKHQ ILQGLQJ
VHFXULW\ YXOQHUDELOLWLHV� ,Q RXU FDVH� ZH FDQQRW UHO\ RQ YLVXDO
REVHUYDWLRQ VLQFH VSHFLILF ZLGJHWV DWWULEXWHV DUH QRW YLVXDOO\
LQGLFDWHG�

:H QRWH WKDW RXU FKHFNHU FRPSRQHQW RQO\ VKDUHV YHU\ IHZ
VLPLODULWLHV ZLWK WUDGLWLRQDO 8, VRIWZDUH WHVWLQJ FRPSRQHQWV�
7KH PDLQ FRPPRQDOLW\ LV WKDW RXU DSSURDFK DXWRPDWLFDOO\
LQWHUDFWV ZLWK WKH 8, RI WKH WDUJHW DSSOLFDWLRQ� ,Q FRQWUDVW
WR H[LVWLQJ WHFKQLTXHV� KRZHYHU� RXU FKHFNHU FRPSRQHQW LV
SURYLGHG ZLWK D VHW RI *(0 FDQGLGDWHV ± L�H�� SRWHQWLDOO\
YXOQHUDEOH ZLGJHWV ± WKH VHTXHQFH RI 8, DFWLRQV WR UHDFK WKHVH
ZLGJHWV� D WHVW UXOH IRU GHWHFWHG ZLGJHW W\SHV� DQG WKH H[SHFWHG
UHVXOWV IRU D VXFFHVVIXO H[SORLW� $IWHU WKH WHVW LV H[HFXWHG� WKH
UHVXOW LV FRPSDUHG ZLWK WKH H[SHFWHG RXWFRPH DQG� LI WKHUH LV
D PDWFK� WKH ZLGJHW LV UHSRUWHG WR EH D *(0 YXOQHUDELOLW\�

,Q ���� DQG ����� WKH 6KDWWHU DWWDFN ZDV SURSRVHG >��@�
>��@ WKDW SUHVHQWHG D QHZ DWWDFN DJDLQVW :LQGRZV DSSOLFDWLRQV
E\ H[SORLWLQJ WKH 8, VXEV\VWHP� 7KLV DWWDFN ZDV EDVHG RQ
UHPRYLQJ WKH OLPLWV RI WH[WILHOGV LQ WKH 8,� DQG SURYLGLQJ
H[WUD LQSXW DV D SDUW RI D PHPRU\ FRUUXSWLRQ YXOQHUDELOLW\�
,Q FDVHV ZKHUH WKH 8, ZDV UXQQLQJ ZLWK HOHYDWHG SULYLOHJHV
�H�J�� DQWLYLUXV VRIWZDUH�� WKH DWWDFN FRXOG EH XVHG IRU 26�
OHYHO SULYLOHJH HVFDODWLRQ� ,Q UHVSRQVH� 0LFURVRIW GLVDEOHG 8,
PDQLSXODWLRQ DFURVV GLIIHUHQW 26�OHYHO XVHU DFFRXQWV� 1RWH WKDW
LQ FRQWUDVW WR 6KDWWHU DWWDFNV� RXU DSSURDFK GRHV QRW PDQLSXODWH
WKH ORZ�OHYHO LQWHUQDO ERXQGV VHW LQ WKH LPSOHPHQWDWLRQV RI 8,
HOHPHQWV LQ WKH 26� 5DWKHU� ZH IRFXV RQ ILQGLQJ YXOQHUDELOLWLHV
WKDW VWHP IURP GHYHORSHUV EOLQGO\ WUXVWLQJ 8, HOHPHQWV IRU
LPSOHPHQWLQJ DFFHVV FRQWURO ORJLF LQ WKHLU DSSOLFDWLRQV�
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,Q WKLV ZRUN� ZH KDYH LQWURGXFHG *(0V� RU LQVWDQFHV RI
*8, HOHPHQW PLVXVH� DV D QHZ FODVV RI VHFXULW\ YXOQHUDELOLW\ LQ
*8,�EDVHG DSSOLFDWLRQV� *(0V DULVH ZKHQ DSSOLFDWLRQV PLVXVH
WKH XVHU LQWHUIDFH DV D PHFKDQLVP IRU HQIRUFLQJ DFFHVV FRQWURO
VFKHPHV ZKHQ PXOWLSOH SULYLOHJH OHYHOV H[LVW ZLWKLQ WKH ORJLF
RI DQ DSSOLFDWLRQ�

:H HQXPHUDWHG VHYHUDO FODVVHV RI *(0V WKDW FDQ RFFXU�
DQG GHVFULEH D JHQHUDO KXPDQ�DVVLVWHG WHFKQLTXH WKDW DXWR�
PDWHV PRVW RI WKH SURFHVV RI GLVFRYHULQJ DQG FRQILUPLQJ WKH
SUHVHQFH RI *(0V LQ DSSOLFDWLRQV�

:H DOVR EXLOW DQ LPSOHPHQWDWLRQ RI WKLV WHFKQLTXH FDOOHG
*(0 0LQHU WR DQDO\]H DSSOLFDWLRQV WDUJHWLQJ WKH 0LFURVRIW
:LQGRZV SODWIRUPV IRU *(0V� 2XU LPSOHPHQWDWLRQ GHPRQ�
VWUDWHV WKDW LW LV SRVVLEOH WR TXLFNO\ GLVFRYHU H[SORLWDEOH
VHFXULW\�UHOHYDQW EXJV LQ XVHU LQWHUIDFHV ZLWK PLQLPDO HIIRUW RQ
WKH SDUW RI WHVW HQJLQHHUV� 8VLQJ *(0 0LQHU� ZH GLVFRYHUHG
DQG FRQILUPHG D QXPEHU RI SUHYLRXVO\�XQNQRZQ *(0V LQ
FRPPHUFLDO :LQGRZV DSSOLFDWLRQV�

:H YLHZ WKH ZRUN SUHVHQWHG KHUH DV D ILUVW VWHS WRZDUGV
DXWRPDWLF WHFKQLTXHV IRU VHFXULQJ DFFHVV FRQWURO YXOQHUDELOLWLHV
LQ *8,�EDVHG DSSOLFDWLRQV� ,W LV RXU KRSH WKDW IXUWKHU ZRUN ZLOO
LPSURYH XSRQ *(0 0LQHU� DQG WKDW WHVWLQJ IRU *8,�EDVHG
YXOQHUDELOLWLHV ZLOO EHFRPH D VWDQGDUG VWHS LQ WKH DSSOLFDWLRQ
WHVWLQJ DQG VHFXULW\ DVVHVVPHQW SURFHVV�

$FNQRZOHGJHPHQWV

7KLV PDWHULDO LV EDVHG RQ UHVHDUFK VSRQVRUHG E\ '$53$
XQGHU DJUHHPHQW QXPEHU )$��������������� 7KH 8�6� *RY�
HUQPHQW LV DXWKRUL]HG WR UHSURGXFH DQG GLVWULEXWH UHSULQWV
IRU *RYHUQPHQWDO SXUSRVHV QRWZLWKVWDQGLQJ DQ\ FRS\ULJKW
QRWDWLRQ WKHUHRQ� 7KLV ZRUN ZDV DOVR VXSSRUWHG E\ WKH 2IILFH
RI 1DYDO 5HVHDUFK �215� XQGHU JUDQW 1������������� DQG
E\ 6HFXUH %XVLQHVV $XVWULD� 7KH DXWKRUV ZRXOG OLNH WR WKDQN
0LFKDHO :HLVVEDFKHU DQG 0DWWKLDV 1HXJVFKZDQGWQHU IRU WKHLU
LQVLJKWIXO FRPPHQWV ZKLOH ZULWLQJ WKLV SDSHU�
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