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$EVWUDFW

(YHQW 6WRUPLQJ KDV JDLQHG DWWHQWLRQ DV DQ LQQRYDWLYH PHWKRG IRU VRIWZDUH GHVLJQ�

+RZHYHU� FRQGXFWLQJ (YHQW 6WRUPLQJ LV FKDOOHQJLQJ GXH WR WKH QHHG IRU H[WHQVLYH LQYROYH�

PHQW IURP GRPDLQ H[SHUWV DQG VWDNHKROGHUV� ,Q UHVSRQVH WR WKLV FKDOOHQJH� ZH SURSRVH DQ

DXWRPDWHG (YHQW 6WRUPLQJ SURFHVV DLPHG DW GHULYLQJ ERXQGHG FRQWH[WV IURP VRIWZDUH UH�

TXLUHPHQWV� 7KLV SURFHVV EHJLQV E\ H[WUDFWLQJ GRPDLQ HYHQWV IURP XVH FDVH VSHFLILFDWLRQV�

,W WKHQ LGHQWLILHV WKH HQWLWLHV DQG DWWULEXWHV LQ WKH GRPDLQ PRGHO E\ OHYHUDJLQJ 1DWXUDO /DQ�

JXDJH 3URFHVVLQJ WHFKQLTXHV DQG LQWHJUDWLQJ GRPDLQ NQRZOHGJH VRXUFHG IURP H[WHUQDO

NQRZOHGJH EDVHV� 7KHVH HQWLWLHV DUH VXEVHTXHQWO\ DJJUHJDWHG LQWR DJJUHJDWHV DQG ERXQGHG

FRQWH[WV LQ DFFRUGDQFH ZLWK 'RPDLQ�'ULYHQ 'HVLJQ SULQFLSOHV� 7KLV PHWKRG HIIHFWLYHO\

UHGXFHV WKH GHSHQGHQF\ RQ GRPDLQ H[SHUWV¶ LQYROYHPHQW DQG HQKDQFHV WKH HIILFLHQF\ RI

VRIWZDUH GHVLJQ�

.H\ZRUGV� (YHQW 6WRUPLQJ� 'RPDLQ�'ULYHQ 'HVLJQ� 6RIWZDUH 'HVLJQ� 1DWXUDO /DQ�

JXDJH 3URFHVVLQJ� .QRZOHGJH %DVH
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&RQWHQWV
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9HULILFDWLRQ /HWWHU IURP WKH 2UDO ([DPLQDWLRQ &RPPLWWHH L

$FNQRZOHGJHPHQWV LL
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$EVWUDFW LY
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/LVW RI )LJXUHV YLLL

/LVW RI 7DEOHV [

&KDSWHU � ,QWURGXFWLRQ �

&KDSWHU � 5HODWHG :RUN �

��� %DFNJURXQG :RUN � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� 'RPDLQ�'ULYHQ 'HVLJQ � � � � � � � � � � � � � � � � � � � � � �

����� (YHQW 6WRUPLQJ � � � � � � � � � � � � � � � � � � � � � � � � � �

����� ($56 5HTXLUHPHQWV � � � � � � � � � � � � � � � � � � � � � � � �

��� 5HODWHG :RUN � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� /HYHUDJLQJ 'RPDLQ .QRZOHGJH LQ 'RPDLQ 0RGHOLQJ � � � � � �

����� 0DSSLQJ 1DWXUDO /DQJXDJH WR 3URJUDPPLQJ /DQJXDJH � � � � �

������� &RGH%(57 � � � � � � � � � � � � � � � � � � � � � � � � �

������� &RGH*37 � � � � � � � � � � � � � � � � � � � � � � � � �
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&KDSWHU � 7KH 3URFHVV RI 'HULYLQJ %RXQGHG &RQWH[WV �

��� &ROOHFW 'RPDLQ (YHQWV � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ([WUDFW (QWLWLHV DQG $WWULEXWHV � � � � � � � � � � � � � � � � � � � � � ��

����� 1/3�%DVHG $SSURDFK � � � � � � � � � � � � � � � � � � � � � � ��

������� 6\QWDFWLF 'HSHQGHQF\ 3DUVLQJ � � � � � � � � � � � � � ��

������� 6HPDQWLF $QDO\VLV � � � � � � � � � � � � � � � � � � � � ��

������� 5XOHV � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� .QRZOHGJH *UDSK�%DVHG $SSURDFK � � � � � � � � � � � � � � � ��

������� *URXS 8VH &DVHV %DVHG RQ 8VH &DVH 5HODWLRQVKLSV � � ��

������� ,GHQWLI\ WKH'RPDLQ2EMHFWV DQG$WWULEXWHV:LWKLQ (DFK

8VH &DVH *URXS � � � � � � � � � � � � � � � � � � � � � ��

������� 'HWHUPLQH:KLFK 'RPDLQ 2EMHFW (DFK $WWULEXWH ,V $V�

VRFLDWHG :LWK � � � � � � � � � � � � � � � � � � � � � � ��

����� &RPELQLQJ WKH ([WUDFWLRQ 5HVXOWV � � � � � � � � � � � � � � � � ��

��� ,GHQWLI\ $JJUHJDWHV � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &OXVWHU $JJUHJDWHV LQWR %RXQGHG &RQWH[WV � � � � � � � � � � � � � � ��

����� &DOFXODWH 'LVWDQFHV %HWZHHQ $JJUHJDWHV � � � � � � � � � � � � ��

������� 6LPLODULW\ LQ :RUG1HW � � � � � � � � � � � � � � � � � � ��

������� 5HODWHGQHVV LQ &RQFHSW1HW � � � � � � � � � � � � � � � ��

������� $JJUHJDWLQJ WKH 0HWULFV � � � � � � � � � � � � � � � � � ��

����� &OXVWHULQJ $OJRULWKP � � � � � � � � � � � � � � � � � � � � � � ��

������� 'HQVLW\�%DVHG &OXVWHULQJ � � � � � � � � � � � � � � � � ��

������� )LQG WKH 2SWLPDO 1XPEHU RI &OXVWHUV � � � � � � � � � � ��

������� +LHUDUFKLFDO &OXVWHULQJ � � � � � � � � � � � � � � � � � ��

&KDSWHU � &DVH 6WXG\� 8QLILHG 8QLYHUVLW\ ,QYHQWRU\ 6\VWHP ��

��� ,QSXW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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��� 'RPDLQ (YHQWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� (QWLWLHV DQG $WWULEXWHV � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� $JJUHJDWHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� %RXQGHG &RQWH[WV � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

&KDSWHU � &RQFOXVLRQ ��

&KDSWHU � )XWXUH :RUN ��

5HIHUHQFHV ��

$SSHQGL[ $ ²:RUG1HW /H[LFDO 6HPDQWLF &DWHJRULHV ��

$�� $FWLRQ 9HUEV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

$�� &KDQJH�,QGXFLQJ 9HUEV � � � � � � � � � � � � � � � � � � � � � � � � � ��

$SSHQGL[ % ² 5HODWLRQV LQ &RQFHSW1HW ��
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/LVW RI )LJXUHV

��� 6\VWHP 2YHUYLHZ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� $Q H[DPSOH RI WKH V\QWDFWLF GHSHQGHQF\ SDUVLQJ UHVXOW� 7KH WRNHQ HQWHUV

VHUYHV DV WKH _PPh RI WKLV VHQWHQFH� 7KH WRNHQ XVHU GHSHQGV RQ WKH WRNHQ

HQWHUV� ZLWK WKH GHSHQGHQF\ ODEHO Mbm#D� � � � � � � � � � � � � � � � � � ��

��� 7KH SURFHVV RI WKH 1/3�EDVHG DSSURDFK� � � � � � � � � � � � � � � � � � � ��

��� 7KH SURFHVV RI WKH NQRZOHGJH JUDSK�EDVHG DSSURDFK� � � � � � � � � � � � ��

��� $Q H[DPSOH RI WKH XVH FDVH JURXSLQJ UHVXOW� (DFK FRORU FRUUHVSRQGV WR D

XVH FDVH JURXS� ,Q WKLV H[DPSOH� WKHUH DUH HLJKW XVH FDVH JURXSV� 1RWH WKDW

8&���� DSSHDUV LQ WZR JURXSV� RQH JURXS FRQWDLQV RQO\ 8&���� LWVHOI�

ZKLOH WKH RWKHU JURXS LQFOXGHV 8&����� 8&����� 8&����� 8&����� 8&�

���� 8&����� 8&����� 8&����� 8&����� DQG 8&����� � � � � � � � � � � ��

��� 7KH SURFHVV RI FOXVWHULQJ DJJUHJDWHV LQWR ERXQGHG FRQWH[WV� � � � � � � � � ��

��� &ODVV 'LDJUDP 'HVLJQ � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 7KH UHVXOW RI WKH 1/3�EDVHG HQWLW\�DWWULEXWH H[WUDFWLRQ� 7KH HOOLSVHV GH�

QRWH WKH HQWLWLHV� ZKLOH WKH UHFWDQJOHV VKRZ WKH DWWULEXWHV� 7KH HGJHV VKRZ

WKH GHSHQGHQFLHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 7KH UHVXOW RI WKH HQWLW\�DWWULEXWH H[WUDFWLRQ� 7KH HOOLSVHV GHQRWH WKH HQWL�

WLHV� ZKLOH WKH UHFWDQJOHV GHQRWH WKH DWWULEXWHV� 7KH HGJHV VKRZ WKH GH�

SHQGHQFLHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 7KH UHVXOW RI WKH DJJUHJDWH LGHQWLILFDWLRQ� 7KH HOOLSVHV GHQRWH WKH HQWLWLHV�

ZKLOH WKH UHFWDQJOHV GHQRWH WKH DWWULEXWHV� (QWLWLHV ZLWK WKH VDPH FRORU

EHORQJ WR WKH VDPH DJJUHJDWH� (_PPh) GHQRWHV WKH DJJUHJDWH URRWV� � � � � ��

YLLL

http://dx.doi.org/10.6342/NTU202404153


GRL���������178���������

��� 7KH FOXVWHULQJ UHVXOW� (DFK GDWD SRLQW FRUUHVSRQGV WR DQ DJJUHJDWH� $J�

JUHJDWHV VKRZQ LQ WKH VDPH FRORU EHORQJ WR WKH VDPH JURXS� 7KH FRRUGL�

QDWHV RI HDFK GDWD SRLQW DUH REWDLQHG E\ WUDQVODWLQJ WKH GLVWDQFH PDWUL[ LQWR

SRLQWV RQ D WZR�GLPHQVLRQDO &DUWHVLDQ VSDFH YLD PXOWLGLPHQVLRQDO VFDOLQJ

�0'6�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 7KH UHVXOW RI WKH FOXVWHUHG ERXQGHG FRQWH[WV� (QWLWLHV ZLWK WKH VDPH FRORU

EHORQJ WR WKH VDPH ERXQGHG FRQWH[W� � � � � � � � � � � � � � � � � � � � � ��

L[
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/LVW RI 7DEOHV

��� ($56 5HTXLUHPHQW 6\QWD[ � � � � � � � � � � � � � � � � � � � � � � � � � �

��� )XQFWLRQDO 5HTXLUHPHQWV RI WKH 8QLILHG 8QLYHUVLW\ ,QYHQWRU\ 6\VWHP � � ��

��� 8VH &DVH 6SHFLILFDWLRQ RI WKH 8QLILHG 8QLYHUVLW\ ,QYHQWRU\ 6\VWHP � � � � ��

��� 'RPDLQ (YHQWV RI WKH (GLW 8VH &DVH � � � � � � � � � � � � � � � � � � � � ��

��� 5HODWLRQV $GGHG E\ WKH .QRZOHGJH *UDSK�%DVHG $SSURDFK � � � � � � � ��

$�� :RUG1HW /H[LFDO 6HPDQWLF &DWHJRULHV RI $FWLRQ 9HUEV � � � � � � � � � � ��

$�� :RUG1HW /H[LFDO 6HPDQWLF &DWHJRULHV RI &KDQJH�,QGXFLQJ 9HUEV � � � � � ��

%�� 5HODWLRQV LQ &RQFHSW1HW � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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&KDSWHU � ,QWURGXFWLRQ

'XULQJ WKH VRIWZDUH GHVLJQ SURFHVV� GHYHORSHUV WUDQVODWH VRIWZDUH UHTXLUHPHQWV LQWR

FRPSUHKHQVLYH GHVLJQ UHSUHVHQWDWLRQV� HQVXULQJ WKDW HDFK UHTXLUHPHQW LV IXOO\ XQGHUVWRRG

DQG IXOILOOHG� 7KLV SURFHVV LV FUXFLDO ZLWKLQ WKH VRIWZDUH GHYHORSPHQW OLIHF\FOH DQG VLJQLIL�

FDQWO\ LPSDFWV WKH VXFFHVV RI WKH VRIWZDUH SURMHFW� >�@ $PRQJ WKH YDULRXV VRIWZDUH GHVLJQ

DSSURDFKHV� (YHQW 6WRUPLQJ >�@� LQWURGXFHG E\ $OEHUWR %UDQGROLQL� LV D QRYHO VWUDWHJ\

EDVHG RQ 'RPDLQ�'ULYHQ 'HVLJQ �'''� >�@� 7KURXJK FROODERUDWLYH LQWHUDFWLRQV EHWZHHQ

GRPDLQ H[SHUWV DQG GHYHORSHUV LQ (YHQW 6WRUPLQJ ZRUNVKRSV� WKH\ FODULI\ EXVLQHVV SUR�

FHVVHV� GHILQH VXEGRPDLQ ERXQGDULHV� DQG FRQVWUXFW GRPDLQ PRGHOV�

+RZHYHU� (YHQW 6WRUPLQJ LV WLPH�FRQVXPLQJ DQG H[SHQVLYH� ,W GHPDQGV GRPDLQ H[�

SHUWV� GHYHORSHUV� DQG VWDNHKROGHUV WR SDUWLFLSDWH LQ ZRUNVKRSV WKDW FDQ VSDQ GD\V� 0RUH�

RYHU� VRIWZDUH UHTXLUHPHQWV DUH FRQVWDQWO\ HYROYLQJ� ,W LV LPSUDFWLFDO WR EULQJ WKH JURXSV

WRJHWKHU IRU (YHQW 6WRUPLQJ ZRUNVKRSV HYHU\ WLPH WKH UHTXLUHPHQWV FKDQJH� 7KHUHIRUH�

WKHUH LV D QHHG WR LGHQWLI\ D PRUH HIILFLHQW DSSURDFK WR DGGUHVV UHTXLUHPHQW FKDQJHV DQG

HQVXUH WKH DJLOLW\ RI VRIWZDUH GHVLJQ SURFHVVHV�

,Q W\SLFDO VRIWZDUH GHYHORSPHQW OLIHF\FOHV� VRIWZDUH UHTXLUHPHQWV DUH GRFXPHQWHG

LQ QDWXUDO ODQJXDJH LQ WKH UHTXLUHPHQWV DQDO\VLV SKDVH� 7KHVH UHTXLUHPHQWV FOHDUO\ GHILQH

EXVLQHVV SURFHVVHV� $GGLWLRQDOO\� RII�WKH�VKHOI NQRZOHGJH EDVHV FRQWDLQ FRPSUHKHQVLYH

�
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&+$37(5 �� ,1752'8&7,21

UHFRUGV RI JHQHUDO KXPDQ NQRZOHGJH DQG GRPDLQ�VSHFLILF H[SHUWLVH� 7KH FRPELQDWLRQ RI

VRIWZDUH UHTXLUHPHQWV DQG H[WHUQDO NQRZOHGJH EDVHV HQKDQFHV WKH IHDVLELOLW\ RI DXWRPDW�

LQJ WKH (YHQW 6WRUPLQJ SURFHVV�

,Q SUHYLRXV ZRUN� /LQ >��@ OHYHUDJHG WKH IXQGDPHQWDO VWHSV RI (YHQW 6WRUPLQJ WR

JDWKHU GRPDLQ HYHQWV DQG VXEVHTXHQWO\ GHULYH ERXQGHG FRQWH[WV� <HW� WKH DSSURDFK VWLOO

IDFHV WKH IROORZLQJ LVVXHV�

�� $OWKRXJK /LQ¶V PHWKRG KDV VHPL�DXWRPDWHG (YHQW 6WRUPLQJ� LW VWLOO UHTXLUHV KXPDQ

LQWHUYHQWLRQ ZKHQ GLVWLQJXLVKLQJ HQWLWLHV DQG DWWULEXWHV�

�� 7KH DSSURDFK IRFXVHV RQ GLVWLQJXLVKLQJ HQWLWLHV DQG DWWULEXWHV� ,W GRHV QRW GLIIHUHQ�

WLDWH EHWZHHQ HQWLWLHV� DJJUHJDWHV� DQG ERXQGHG FRQWH[WV�

7R DGGUHVV WKHVH LVVXHV� ZH SURSRVH WKH IROORZLQJ PHWKRGV�

�� :H DQDO\]H WKH VHPDQWLF DQG V\QWDFWLF LQIRUPDWLRQ LQ GRPDLQ HYHQWV DQG XWLOL]H

H[WHUQDO NQRZOHGJH EDVHV WR DFFHVV GRPDLQ NQRZOHGJH� D PHWKRG DGRSWHG IURP

/LQ¶V DSSURDFK� 7KLV FRPELQHG DSSURDFK DOORZV XV WR DXWRPDWLFDOO\ GLVWLQJXLVK

EHWZHHQ HQWLWLHV DQG DWWULEXWHV�

�� :H DJJUHJDWH HQWLWLHV LQWR DJJUHJDWHV DQG LGHQWLI\ ERXQGHG FRQWH[WV E\ DGKHULQJ WR

WKH GHILQLWLRQV RI WKHVH PRGHO HOHPHQWV LQ 'RPDLQ�'ULYHQ 'HVLJQ�

7KLV SDSHU LV RUJDQL]HG DV IROORZV� &KDSWHU � LQWURGXFHV WKH EDFNJURXQG DQG UHODWHG

ZRUNV� &KDSWHU � GHWDLOV WKH SURFHVV RI GHULYLQJ ERXQGHG FRQWH[WV IURP VRIWZDUH UHTXLUH�

PHQWV� &KDSWHU � SUHVHQWV D FDVH VWXG\ RQ DXWRPDWLFDOO\ GHULYLQJ ERXQGHG FRQWH[WV IURP
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WKH UHTXLUHPHQWV RI WKH 8QLILHG 8QLYHUVLW\ ,QYHQWRU\ 6\VWHP �88,6� >�@� &KDSWHU � VXP�

PDUL]HV WKH FRQWULEXWLRQV RI WKLV ZRUN� DQG� ILQDOO\� &KDSWHU � RXWOLQHV IXWXUH UHVHDUFK

GLUHFWLRQV�
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&KDSWHU � 5HODWHG :RUN

��� %DFNJURXQG :RUN

����� 'RPDLQ�'ULYHQ 'HVLJQ

'RPDLQ�'ULYHQ'HVLJQ �'''� LV D VRIWZDUH GHVLJQ FRQFHSW LQWURGXFHG E\ (ULF (YDQV

LQ KLV ERRN 'RPDLQ�'ULYHQ 'HVLJQ� 7DFNOLQJ &RPSOH[LW\ LQ WKH +HDUW RI 6RIWZDUH >�@� ,W

HPSKDVL]HV WKDW WKH GHVLJQ RI VRIWZDUH V\VWHPV VKRXOG DOLJQ FORVHO\ ZLWK WKH EXVLQHVV ORJLF

RI WKHLU UHVSHFWLYH GRPDLQV� 7KLV SKLORVRSK\ HQKDQFHV WKH PDLQWDLQDELOLW\ RI VRIWZDUH

V\VWHPV�

7KH ERRN LQWURGXFHV WKH SULQFLSOHV RI ''' DQG GHILQHV D YRFDEXODU\ IRU GRPDLQ

PRGHOLQJ� 7KH WHUPV WKDW ZLOO EH XVHG LQ WKLV SDSHU LQFOXGH�

'RPDLQ ''' GHILQHV GRPDLQ DV ³$ VSKHUH RI NQRZOHGJH� LQIOXHQFH� RU DFWLYLW\´�

%RXQGHG &RQWH[W /DUJH�VFDOH VRIWZDUH SURMHFWV RIWHQ HQFRPSDVV H[WHQVLYH EXVLQHVV GR�

PDLQV� UHTXLULQJ FROODERUDWLRQ DPRQJ PXOWLSOH WHDPV� ,W LV LPSRUWDQW WKDW HDFK WHDP

IRFXVHV RQ VSHFLILF DUHDV RI WKH GRPDLQ PRGHO� PDLQWDLQV FRQVLVWHQF\ ZLWKLQ WKHLU

UHVSHFWLYH VFRSHV� DQG XQGHUVWDQGV WKHLU UHODWLRQVKLSV ZLWK RWKHU WHDPV� 7KXV� FOHDU

ERXQGDULHV QHHG WR EH GHILQHG� &RQVHTXHQWO\� ERXQGHG FRQWH[WV DUH GHILQHG DV ³WKH

�
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GHOLPLWHG DSSOLFDELOLW\ RI D SDUWLFXODU PRGHO�´

$JJUHJDWH $Q DJJUHJDWH LV D FOXVWHU RI DVVRFLDWHG REMHFWV� (DFK DJJUHJDWH KDV DQ HQWLW\

VHUYLQJ DV LWV DJJUHJDWH URRW� 7KH DJJUHJDWH URRW LV WKH RQO\ HQWU\ SRLQW WR WKH DJJUH�

JDWH� $Q\ FKDQJHV WR WKH GDWD ZLWKLQ WKH DJJUHJDWH PXVW JR WKURXJK WKH DJJUHJDWH

URRW WR HQVXUH FRQVLVWHQF\�

(QWLW\ $Q HQWLW\ LV D FRQFUHWH FRQFHSW WKDW HQFRPSDVVHV HVVHQWLDO EXVLQHVV ORJLF� (QWLW\

REMHFWV DUH LGHQWLILHG E\ WKHLU LGHQWLWLHV UDWKHU WKDQ WKH YDOXHV RI WKHLU DWWULEXWHV�

����� (YHQW 6WRUPLQJ

(YHQW 6WRUPLQJ >�@ LV D VRIWZDUH GHVLJQ WHFKQLTXH SURSRVHG E\ $OEHUWR %UDQGROLQL�

,W DLPV WR FODULI\ EXVLQHVV SURFHVVHV DQG HVWDEOLVK GRPDLQ PRGHOV WKURXJK KLJKO\ FROODER�

UDWLYH ZRUNVKRSV� 7KLV DSSURDFK LV EDVHG RQ WKH SULQFLSOHV RI 'RPDLQ�'ULYHQ 'HVLJQ DQG

IDFLOLWDWHV WKH MRLQW GHVLJQ RI FRPSOH[ VRIWZDUH V\VWHPV E\ GRPDLQ H[SHUWV DQG GHYHORSHUV

WKURXJK WKH YLVXDOL]DWLRQ RI GRPDLQ HYHQWV DQG EXVLQHVV SURFHVVHV�

,Q WKLV ZRUN� ZH DGRSW WKH IRXU IXQGDPHQWDO VWHSV RI (YHQW 6WRUPLQJ�

�� ,GHQWLI\ GRPDLQ HYHQWV DUUDQJH WKHP FKURQRORJLFDOO\�

�� ,GHQWLI\ WKH FRPPDQGV DQG DFWRUV WKDW WULJJHU WKH GRPDLQ HYHQWV�

�� *URXS GRPDLQ HYHQWV DQG FRPPDQGV LQWR DJJUHJDWHV�

�� *URXS DJJUHJDWHV LQWR ERXQGHG FRQWH[WV�
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����� ($56 5HTXLUHPHQWV

6RIWZDUH UHTXLUHPHQWV DUH RIWHQ ZULWWHQ LQ XQVWUXFWXUHG QDWXUDO ODQJXDJH� OHDGLQJ

WR LVVXHV VXFK DV DPELJXLW\� FRPSOH[LW\� RPLVVLRQ� DQG GXSOLFDWLRQ� 7KH (DV\ $SSURDFK

WR 5HTXLUHPHQWV 6\QWD[ �($56� >��@ DGGUHVVHV WKHVH LVVXHV E\ SURYLGLQJ D VWUXFWXUHG

UHTXLUHPHQW V\QWD[� 7KH VL[ W\SHV RI UHTXLUHPHQW WHPSODWHV DUH LOOXVWUDWHG LQ 7DEOH ����

7DEOH ���� ($56 5HTXLUHPHQW 6\QWD[

5HTXLUHPHQWV 7\SH 7HPSODWH
8ELTXLWRXV 5HTXLUHPHQWV 7KH �V\VWHP QDPH! VKDOO �V\VWHP UHVSRQVH!�

(YHQW�'ULYHQ 5HTXLUHPHQWV :+(1 �RSWLRQDO SUHFRQGLWLRQV! �WULJJHU!� WKH
�V\VWHP QDPH! VKDOO �V\VWHP UHVSRQVH!�

8QZDQWHG 5HTXLUHPHQWV ,) �RSWLRQDO SUHFRQGLWLRQV! �WULJJHU!� 7+(1 WKH
�V\VWHP QDPH! VKDOO �V\VWHP UHVSRQVH!�

6WDWH�'ULYHQ 5HTXLUHPHQWV :+,/( �LQ D VSHFLILF VWDWH!� WKH �V\VWHP QDPH!
VKDOO �V\VWHP UHVSRQVH!�

2SWLRQDO )HDWXUHV 5HTXLUHPHQWV :+(5( �IHDWXUH LV LQFOXGHG!� WKH �V\VWHP
QDPH! VKDOO �V\VWHP UHVSRQVH!�

&RPSRXQG 5HTXLUHPHQWV �0XOWLSOH FRQGLWLRQV!� WKH �V\VWHP QDPH!
6+$// �V\VWHP UHVSRQVH!�

��� 5HODWHG :RUN

����� /HYHUDJLQJ 'RPDLQ .QRZOHGJH LQ 'RPDLQ 0RGHOLQJ

,Q VRIWZDUH HQJLQHHULQJ� GRPDLQ NQRZOHGJH UHIHUV WR WKH XQGHUVWDQGLQJ RI WKH HQ�

YLURQPHQW LQ ZKLFK WKH WDUJHW V\VWHP RSHUDWHV� 3UHYLRXV UHVHDUFK LQGLFDWHV WKDW GRPDLQ

NQRZOHGJH LV FUXFLDO IRU GRPDLQ PRGHOLQJ� &KHUIL HW DO� >��@ SURSRVHG D PHWKRG WR HQ�

KDQFH WKH TXDOLW\ RI EXVLQHVV SURFHVV �%3� PRGHOV E\ OHYHUDJLQJ GRPDLQ NQRZOHGJH� 7KH

PHWKRG DOLJQV %3 PRGHOV ZLWK GRPDLQ RQWRORJLHV WR LGHQWLI\ GHIHFWV LQ H[LVWLQJ PRGHOV
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DQG UHFRPPHQGV LPSURYHPHQWV WR HQKDQFH UHDGDELOLW\ DQG TXDOLW\� %RJXPLáD HW DO� >�@

LQWURGXFHG D PHWKRG IRU GHYHORSLQJ GRPDLQ PRGHOV XVLQJ GRPDLQ RQWRORJLHV DQG FRQ�

GXFWHG D FDVH VWXG\ ZLWK WKH 6XJJHVWHG 8SSHU 0HUJHG 2QWRORJ\ �6802�� 7KH\ IRXQG

WKDW WKLV DSSURDFK KHOSV PDLQWDLQ FRQVLVWHQF\ EHWZHHQ WKH GHYHORSHG GRPDLQ PRGHO DQG

WKH GRPDLQ RQWRORJ\�

����� 0DSSLQJ 1DWXUDO /DQJXDJH WR 3URJUDPPLQJ /DQJXDJH

������� &RGH%(57

)HQJ HW DO� >��@ SURSRVHG &RGH%(57� D ELPRGDO SUH�WUDLQHG PRGHO GHVLJQHG IRU

FRPSUHKHQGLQJ ERWK QDWXUDO ODQJXDJH �1/� DQG SURJUDPPLQJ ODQJXDJH �3/�� 7KH PRGHO

DGRSWV D 7UDQVIRUPHU�EDVHG DUFKLWHFWXUH DQG LV SUH�WUDLQHG RQ ELPRGDO GDWD FRPSULVLQJ

1/�3/ SDLUV DQG XQLPRGDO 3/ GDWD� (PSLULFDO HYDOXDWLRQV KDYH VKRZQ WKDW� DIWHU ILQH�

WXQLQJ� WKH SUH�WUDLQHG PRGHO FDQ EH DSSOLHG WR WDVNV VXFK DV QDWXUDO ODQJXDJH FRGH VHDUFK

DQG FRGH GRFXPHQWDWLRQ JHQHUDWLRQ�

������� &RGH*37

6WXGLHV KDYH VKRZQ WKH FDSDELOLWLHV RI ODUJH ODQJXDJH PRGHOV �//0V� LQ JHQHUDWLQJ

FRGH IURP QDWXUDO ODQJXDJH GHVFULSWLRQV >�� �� ��� ��@� 7KLV FDSDELOLW\ HQDEOHV //0V WR

DVVLVW HQJLQHHUV LQ ERWK VRIWZDUH GHVLJQ DQG LPSOHPHQWDWLRQ� &RGH*37 >��@ H[HPSOLILHV

D FRGH DVVLVWDQW EDVHG RQ //0V� ,W HQKDQFHV GHYHORSHUV¶ HIILFLHQF\ E\ LQWHJUDWLQJ //0V

LQWR LQWHJUDWHG GHYHORSPHQW HQYLURQPHQWV �,'(�� ZKLFK DOORZV GHYHORSHUV WR LQWHUDFW ZLWK

WKH PRGHOV� VXFK DV DVNLQJ WKHP WR H[SODLQ FRGH RU JHQHUDWH FRGH EDVHG RQ UHTXLUHPHQWV

ZULWWHQ LQ QDWXUDO ODQJXDJH�
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&KDSWHU � 7KH 3URFHVV RI 'HULYLQJ

%RXQGHG &RQWH[WV

7KLV VHFWLRQ SURYLGHV D GHWDLOHG GHVFULSWLRQ RI WKH DXWRPDWHG SURFHVV IRU GHULYLQJ

ERXQGHG FRQWH[WV� 7KH LQSXWV DQG RXWSXWV RI WKLV SURFHVV DUH DV IROORZV�

,QSXW 5HTXLUHPHQWV DQG 8VH &DVH 6SHFLILFDWLRQ 7R HQVXUH WKDW WKH LQSXW LV FOHDU� SUH�

FLVH� DQG FRPSOHWH� ZH UHFRPPHQG GRFXPHQWLQJ WKH UHTXLUHPHQWV XVLQJ WKH (DV\

$SSURDFK WR 5HTXLUHPHQWV 6\QWD[ �($56�� )RU WKH XVH FDVH VSHFLILFDWLRQ� LW VKRXOG

LQFOXGH WKH ,'� DFWRUV� SUH�FRQGLWLRQV� SRVW�FRQGLWLRQV� EDVLF IORZV� DOWHUQDWLYH IORZV�

DQG H[FHSWLRQDO IORZV IRU HDFK XVH FDVH�

2XWSXW %RXQGHG &RQWH[WV 7KH RXWSXW RI WKH SURFHVV FRQVLVWV RI WKH ERXQGHG FRQWH[WV

GHULYHG IURP WKH LQSXW UHTXLUHPHQWV DQG XVH FDVH VSHFLILFDWLRQV� (DFK ERXQGHG

FRQWH[W LQFOXGHV RQH RU PRUH DJJUHJDWHV� ZLWK HDFK DJJUHJDWH FRPSULVLQJ RQH RU

PRUH HQWLWLHV DQG WKHLU DVVRFLDWHG DWWULEXWHV�

7KH RYHUYLHZ RI WKH SURFHVV LV VKRZQ LQ )LJXUH ���� ,W FRQVLVWV RI IRXU PDMRU VWHSV�

�� &ROOHFW 'RPDLQ (YHQWV

)ROORZLQJ WKH SULQFLSOH RI (YHQW 6WRUPLQJ� WKLV VWHS LQYROYHV FROOHFWLQJ GRPDLQ
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HYHQWV IURP WKH UHTXLUHPHQWV DQG WKH XVH FDVH VSHFLILFDWLRQ�

�� ([WUDFW (QWLWLHV DQG $WWULEXWHV

7KLV VWHS LQYROYHV H[WUDFWLQJ HQWLWLHV DQG DWWULEXWHV IURP WKH FROOHFWHG GRPDLQ HYHQWV

E\ DQDO\]LQJ V\QWDFWLF DQG VHPDQWLF LQIRUPDWLRQ DV ZHOO DV H[WHUQDO NQRZOHGJH

EDVHV�

�� ,GHQWLI\ $JJUHJDWHV

7KLV VWHS IXUWKHU JURXSV WKH H[WUDFWHG HQWLWLHV LQWR DJJUHJDWHV DQG GHWHUPLQHV WKH

URRW RI HDFK DJJUHJDWH�

�� &OXVWHU $JJUHJDWHV LQWR %RXQGHG &RQWH[WV

7KLV VWHS FDOFXODWHV WKH GLVWDQFHV EHWZHHQ DJJUHJDWHV DQG FOXVWHUV WKHP LQWR ERXQGHG

FRQWH[WV DFFRUGLQJO\�

��� &ROOHFW 'RPDLQ (YHQWV

,Q WKH EHJLQQLQJ RI DQ (YHQW 6WRUPLQJ VHVVLRQ� DOO SDUWLFLSDQWV FROODERUDWH WR ³VWRUP

RXW´ WKH GRPDLQ HYHQWV WR JDLQ D FOHDU SLFWXUH RI WKH EXVLQHVV SURFHVV� 7KHVH GRPDLQ

HYHQWV DUH W\SLFDOO\ ZULWWHQ LQ WKH SDVW WHQVH DQG DUUDQJHG FKURQRORJLFDOO\�

7KH GHVFULSWLRQV LQ XVH FDVH VSHFLILFDWLRQV QDWXUDOO\ GRFXPHQW WKH GRPDLQ HYHQWV�

WKHLU FRUUHVSRQGLQJ FRPPDQGV� DQG WKH LQYROYHG DFWRUV� DUUDQJLQJ WKHP LQ FKURQRORJLFDO

RUGHU� )RU H[DPSOH� SUH�FRQGLWLRQV PXVW SUHFHGH WKH EDVLF IORZV� ZKLOH DFWLRQV LQ EDVLF

IORZV� DOWHUQDWLYH IORZV� DQG H[FHSWLRQDO IORZV PXVW RFFXU LQ WKH RUGHU RI WKHLU VHULDO QXP�

EHUV� &RQVHTXHQWO\� ZH H[WUDFW GRPDLQ HYHQWV� FRPPDQGV� DQG DFWRUV IURP WKH XVH FDVH

VSHFLILFDWLRQV� 6SHFLILFDOO\� SUH�FRQGLWLRQV� EDVLF IORZV� DOWHUQDWLYH IORZV� H[FHSWLRQDO
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http://dx.doi.org/10.6342/NTU202404153


GRL���������178���������

&+$37(5 �� 7+( 352&(66 2) '(5,9,1* %281'(' &217(;76

IORZV� DQG SRVW�FRQGLWLRQV IURP HDFK XVH FDVH DUH FROOHFWHG DQG FDWHJRUL]HG DV GRPDLQ

HYHQWV�

��� ([WUDFW (QWLWLHV DQG $WWULEXWHV

$IWHU GHWHUPLQLQJ WKH GRPDLQ HYHQWV DQG FRPPDQGV� SDUWLFLSDQWV LQ (YHQW 6WRUP�

LQJ VHVVLRQV LGHQWLI\ DJJUHJDWHV EDVHG RQ WKH UHVSRQVLELOLWLHV DVVRFLDWHG ZLWK HDFK GRPDLQ

HYHQW DQG FRPPDQG� $FFRUGLQJ WR 'RPDLQ�'ULYHQ 'HVLJQ� DQ DJJUHJDWH FRQVLVWV RI PXO�

WLSOH HQWLWLHV� (QWLWLHV DUH REMHFWV VSHFLILF WR WKH EXVLQHVV DUHD WKDW UHSUHVHQW FRQFHSWV

PHDQLQJIXO WR GRPDLQ H[SHUWV� ,Q WKLV SKDVH� ZH HPSOR\ WZR DSSURDFKHV� WKH 1/3�%DVHG

$SSURDFK �6HFWLRQ ������ DQG WKH .QRZOHGJH *UDSK�%DVHG $SSURDFK �6HFWLRQ ������ WR

LGHQWLI\ GRPDLQ REMHFWV DQG WKHLU DWWULEXWHV� :H WKHQ FRPELQH WKH UHVXOWV WR GHULYH HQWLWLHV

�6HFWLRQ �������

����� 1/3�%DVHG $SSURDFK

7KH QDWXUDO ODQJXDJH GRPDLQ HYHQWV FROOHFWHG IURP XVH FDVH VSHFLILFDWLRQV FRQWDLQ

VXEVWDQWLDO GRPDLQ�VSHFLILF LQIRUPDWLRQ� )RU LQVWDQFH� WKH VHQWHQFH ³WKH XVHU HQWHUV WKHLU

XVHUQDPH DQG SDVVZRUG DQG SUHVVHV WKH /RJLQ %XWWRQ´ LPSOLHV WKDW WKH V\VWHP PXVW WUDFN

XVHUV¶ XVHUQDPHV DQG SDVVZRUGV� ,Q WKH 1/3�%DVHG $SSURDFK� ZH H[WUDFW GRPDLQ RE�

MHFWV DQG DWWULEXWHV E\ DQDO\]LQJ WKH XQGHUO\LQJ LQIRUPDWLRQ ZLWKLQ WKHVH QDWXUDO ODQJXDJH

VWDWHPHQWV�
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������� 6\QWDFWLF 'HSHQGHQF\ 3DUVLQJ

)RU V\QWDFWLF DQDO\VLV� ZH XVH WKH .2T2M/2M+vS�`b2` IURP WKH VSD&\ >��@ 2Mn+Q`2nr2#ni`7

PRGHO WR SHUIRUP V\QWDFWLF GHSHQGHQF\ SDUVLQJ� $V LOOXVWUDWHG LQ )LJXUH ���� WKH SDUVHU

VHJPHQWV VHQWHQFHV LQWR PXOWLSOH WRNHQV� (DFK WRNHQ JHQHUDOO\ FRUUHVSRQGV WR D ZRUG LQ

WKH VHQWHQFH DQG LV DVVRFLDWHG ZLWK D KHDG DQG D GHSHQGHQF\ ODEHO� H[FHSW IRU WKH _PPh

WRNHQ� 7KH GHSHQGHQFLHV DPRQJ WKH WRNHQV IRUP D WUHH VWUXFWXUH�

)LJXUH ���� $Q H[DPSOH RI WKH V\QWDFWLF GHSHQGHQF\ SDUVLQJ UHVXOW� 7KH WRNHQ HQWHUV
VHUYHV DV WKH _PPh RI WKLV VHQWHQFH� 7KH WRNHQ XVHU GHSHQGV RQ WKH WRNHQ HQWHUV� ZLWK WKH
GHSHQGHQF\ ODEHO Mbm#D�

������� 6HPDQWLF $QDO\VLV

)RU VHPDQWLF DQDO\VLV� ZH DSSO\ WKH IROORZLQJ WHFKQLTXHV DQG WRROV�

:RUG 6HQVH 'LVDPELJXDWLRQ �:6'� :6' LV D QDWXUDO ODQJXDJH SURFHVVLQJ WHFKQLTXH

XVHG WR GHWHUPLQH WKH PHDQLQJ RI D ZRUG ZLWKLQ D VSHFLILF FRQWH[W� ,Q WKLV ZRUN� ZH

HPSOR\ 3\:6' >��@ WR SHUIRUP :6'�

&RUHIHUHQFH 5HVROXWLRQ 7R DYRLG UHSHWLWLRQ� SURQRXQV DUH FRPPRQO\ XVHG LQ QDWXUDO ODQ�

JXDJH WR UHIHU WR SUHYLRXVO\ PHQWLRQHG HQWLWLHV� +RZHYHU� WKLV FDQ PDNH LW FKDOOHQJ�

LQJ IRU PDFKLQHV WR XQGHUVWDQG WKH DFWXDO UHIHUHQWV� 7KHUHIRUH� QDWXUDO ODQJXDJH

SURFHVVLQJ RIWHQ HPSOR\V &RUHIHUHQFH 5HVROXWLRQ WHFKQLTXHV WR LGHQWLI\ ZRUGV RU
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SKUDVHV WKDW UHIHU WR WKH VDPH HQWLW\� ,Q WKLV ZRUN� ZH XVH WKH *Q`272`2M+2_2bQHp2`

IURP VSDF\�H[SHULPHQWDO >�@ IRU &RUHIHUHQFH 5HVROXWLRQ�

6HPDQWLF &DWHJRUL]DWLRQ 7R FODVVLI\ WKH VHPDQWLFV RI ZRUGV� ZH XVH WKH VHPDQWLF FDW�

HJRULHV SURYLGHG E\ :RUG1HW >��@� 7KH :RUG1HW GDWDEDVH RUJDQL]HV DOO V\QRQ\P

VHWV �V\QVHWV� LQWR �� FDWHJRULHV� ZKLFK LQFOXGH �� QRXQ FDWHJRULHV� �� YHUE FDWH�

JRULHV� � DGMHFWLYH FDWHJRULHV� DQG � DGYHUE FDWHJRU\�

6HQWLPHQW $QDO\VLV 'RPDLQ HYHQWV DUH W\SLFDOO\ H[SUHVVHG LQ VWDWHPHQWV� ZKLFK FDQ EH

HLWKHU SRVLWLYH RU QHJDWLYH� 7R LGHQWLI\ QHJDWLYH VWDWHPHQWV� ZH XVH UHJXODU H[SUHV�

VLRQ SDWWHUQ PDWFKLQJ DQG HPSOR\ WKH 9DOHQFH $ZDUH 'LFWLRQDU\ DQG V(QWLPHQW

5HDVRQHU �9$'(5� >��@ WR SHUIRUP VHQWLPHQW DQDO\VLV�

������� 5XOHV

&RPELQLQJ WKH V\QWDFWLF DQG VHPDQWLF LQIRUPDWLRQ LQ QDWXUDO ODQJXDJH� ZH FRP�

SLOH WKH IROORZLQJ QLQH UXOHV IRU LGHQWLI\LQJ GRPDLQ REMHFWV DQG DWWULEXWHV� 7KH SURFHVV

RYHUYLHZ RI WKH 1/3�%DVHG $SSURDFK LV VKRZQ LQ )LJXUH ����

�� 3URSHU QRXQV DUH GRPDLQ REMHFWV�

�� 7KH VXEMHFW RI D VHQWHQFH� ZKHUH WKH YHUE LV DQ DFWLRQ YHUE �VHH $SSHQGL[ $���� LV D

GRPDLQ REMHFW�

�� ,Q D VHQWHQFH ZLWK D GLUHFW REMHFW� LI WKH YHUE RI WKH VHQWHQFH IDOOV LQWR WKH FDWHJRU\

RI FKDQJH�LQGXFLQJ YHUEV �VHH $SSHQGL[ $���� WKH VXEMHFW LV D GRPDLQ REMHFW� DQG

WKH GLUHFW REMHFW VHUYHV DV DWWULEXWHV RI WKH VXEMHFW�

�� ,I D YHUE KDV ERWK DQ LQGLUHFW REMHFW DQG D GLUHFW REMHFW� WKH LQGLUHFW REMHFW LV FRQVLG�

��
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HUHG D GRPDLQ REMHFW� ZKLOH WKH GLUHFW REMHFW LV YLHZHG DV DQ DWWULEXWH RI WKH LQGLUHFW

REMHFW�

�� ,I D QRXQ LV LGHQWLILHG DV D GRPDLQ REMHFW RU DQ DWWULEXWH� LWV FRQMXQFWV DUH DOVR FRQ�

VLGHUHG GRPDLQ REMHFWV RU DWWULEXWHV RI WKH VDPH GRPDLQ REMHFW� UHVSHFWLYHO\�

�� ,I D QRXQ SKUDVH LQGLFDWHV SRVVHVVLRQ� WKH SRVVHVVRU QRXQ LV D GRPDLQ REMHFW� DQG

WKH SRVVHVVHG QRXQ LV DQ DWWULEXWH RI WKH GRPDLQ REMHFW�

�� ,I WKHUH LV D SKUDVH LQ WKH IRUP RI ³; RI <´�

�D� ,I LW PDWFKHV WKH SDWWHUQ ³WKH ; RI < LV =´�

L� ,I = LV D SURSHU QRXQ� < DQG = VKRXOG EH GRPDLQ REMHFWV OLQNHG E\ WKH

UHODWLRQVKLS ;�

LL� 2WKHUZLVH� ; VKRXOG EH DQ DWWULEXWH RI WKH GRPDLQ REMHFW <�

�E� ,I ; LV D FROOHFWLYH QRXQ� YLHZ WKH SKUDVH DV < DQG UHDQDO\]H WKH VHQWHQFH�

�F� 2WKHUZLVH� < VKRXOG EH D GRPDLQ REMHFW� DQG ; VKRXOG EH DQ DWWULEXWH RI <�

�� ,I D QRXQ KDV DQ DSSRVLWLYH� XVH WKH DSSRVLWLYH DV WKH QDPH RI WKH GRPDLQ REMHFW RU

WKH DWWULEXWH DQG LJQRUH WKH PDLQ QRXQ�

�� ,I D VHQWHQFH LV D QHJDWLYH VWDWHPHQW� GR QRW XVH LW WR LGHQWLI\ GRPDLQ REMHFWV DQG

DWWULEXWHV�

����� .QRZOHGJH *UDSK�%DVHG $SSURDFK

'RPDLQ H[SHUWV SOD\ D FULWLFDO UROH LQ (YHQW 6WRUPLQJ� 7KHLU H[SHUWLVH LQ WKH GRPDLQ

HQVXUHV WKDW WHDPV FDQ JDLQ D FRPSUHKHQVLYH XQGHUVWDQGLQJ RI WKH EXVLQHVV GRPDLQ� 7KH

��
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GHYHORSPHQW DQG SUHYDOHQFH RI NQRZOHGJH EDVHV GRFXPHQW GRPDLQ�VSHFLILF NQRZOHGJH�

/HYHUDJLQJ WKHVH NQRZOHGJH EDVHV FDQ VLJQLILFDQWO\ UHGXFH WHDPV¶ GHSHQGHQFH RQ GRPDLQ

H[SHUWV�

,Q WKLV ZRUN� ZH OHYHUDJH &RQFHSW1HW >��@ DV WKH VRXUFH RI GRPDLQ NQRZOHGJH

IRU DXWRPDWHG (YHQW 6WRUPLQJ� &RQFHSW1HW LV D SXEOLF� PXOWLOLQJXDO VHPDQWLF QHWZRUN

GHVLJQHG WR DVVLVW PDFKLQHV LQ XQGHUVWDQGLQJ KXPDQ ODQJXDJH� 7KH QHWZRUN UHSUH�

VHQWV ZRUGV DQG SKUDVHV DV QRGHV� UHIHUUHG WR DV &RQFHSWV� ZLWK HGJHV FRQQHFWLQJ WKHVH

&RQFHSWV WR GHVFULEH WKHLU UHODWLRQVKLSV �VHH $SSHQGL[ $���� )RU H[DPSOH� WKH HGJH

(computer, IsA, electronicBdevice) LQGLFDWHV WKDW D FRPSXWHU LV DQ HOHFWURQLF GHYLFH� :H

IRFXV RQ WKH &RQFHSWV UHIHUULQJ WR (QJOLVK WHUPV DQG WKH HGJHV EHWZHHQ WKHP� RI ZKLFK

WKHUH DUH DSSUR[LPDWHO\ ����������

:H LGHQWLI\ GRPDLQ REMHFWV DQG DWWULEXWHV ZLWK &RQFHSW1HW WKURXJK WKH IROORZLQJ

WKUHH VWHSV�

�� *URXS XVH FDVHV EDVHG RQ WKHLU UHODWLRQVKLSV�

�� ,GHQWLI\ WKH GRPDLQ REMHFWV DQG DWWULEXWHV ZLWKLQ HDFK XVH FDVH JURXS�

�� 'HWHUPLQH ZKLFK GRPDLQ REMHFW HDFK DWWULEXWH LV DVVRFLDWHG ZLWK�

������� *URXS 8VH &DVHV %DVHG RQ 8VH &DVH 5HODWLRQVKLSV

7KH EXVLQHVV ORJLF RI UHODWHG XVH FDVHV RIWHQ VXUURXQG VDPH VHWV RI GRPDLQ REMHFWV

DQG DWWULEXWHV� 7KHUHIRUH� EHIRUH LGHQWLI\LQJ GRPDLQ REMHFWV DQG DWWULEXWHV� ZH JURXS XVH

FDVHV EDVHG RQ WKHLU UHODWLRQVKLSV�

7KHUH DUH WKUHH W\SHV RI XVH FDVH UHODWLRQVKLSV� LQFOXGH� H[WHQG� DQG JHQHUDOL]DWLRQ�

��
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,QFOXGH )RU XVH FDVH LQFOXVLRQ� D EDVH XVH FDVH LQFOXGHV WKH EHKDYLRU RI DQRWKHU XVH FDVH�

WKH LQFOXGHG XVH FDVH� ,QFOXGHG XVH FDVHV UHSUHVHQW ORJLF WKDW LV FRPPRQO\ UHXVHG E\

RWKHU XVH FDVHV� 7KH\ PXVW FRQWDLQ GRPDLQ REMHFWV UHOHYDQW WR WKH GRPDLQ� 7KHUH�

IRUH� HDFK LQFOXGHG XVH FDVH IRUPV DQ LQGLYLGXDO JURXS�

([WHQG )RU XVH FDVH H[WHQVLRQ� WKH H[WHQVLRQ XVH FDVH DGGV RSWLRQDO EHKDYLRUV WR WKH EDVH

XVH FDVH� %RWK XVH FDVHV VKRXOG EH LQ WKH VDPH WKHPH� VR WKH WZR XVH FDVHV VKRXOG

EHORQJ WR WKH VDPH JURXS�

*HQHUDOL]DWLRQ )RU XVH FDVH JHQHUDOL]DWLRQ� WKH SDUHQW XVH FDVH SUHVHQWV D JRDO� DQG DOO

FKLOG XVH FDVHV GHVFULEH VSHFLILF ZD\V WR DFKLHYH WKH VDPH JRDO� 6LPLODUO\� ERWK XVH

FDVHV VKRXOG EH LQ WKH VDPH WKHPH� VR WKH WZR XVH FDVHV VKRXOG EHORQJ WR WKH VDPH

JURXS�

%DVHG RQ WKH DERYH DQDO\VLV� ZH ILUVW JURXS WKH XVH FDVHV DFFRUGLQJ WR WKHLU H[WHQG

DQG JHQHUDOL]DWLRQ UHODWLRQVKLSV� 7KHQ� ZH DGG HDFK LQFOXGHG XVH FDVH DV D QHZ JURXS

FRQWDLQLQJ RQO\ LWVHOI� )LJXUH ��� VKRZV DQ H[DPSOH RI WKH JURXSLQJ UHVXOW� 7KH VWHSV IRU

WKLV VWDJH DUH DV IROORZV�

�� *URXS XVH FDVHV EDVHG RQ XVH FDVH H[WHQVLRQ DQG JHQHUDOL]DWLRQ� &RQVLGHU WKH UHOD�

WLRQVKLS EHWZHHQ XVH FDVHV DV D GLUHFWHG JUDSK� 7KH QRGHV UHSUHVHQW WKH XVH FDVHV�

DQG WKHUH LV DQ HGJH EHWZHHQ WZR QRGHV LI WKHUH LV DQ ³H[WHQGȹRU ³JHQHUDOL]DWLRQȹ

UHODWLRQVKLS EHWZHHQ WKH WZR XVH FDVHV�

�� &RQVWUXFW JURXSV EDVHG RQ XVH FDVH LQFOXVLRQ� ,I DQ LQFOXGHG XVH FDVH LV FDWHJRUL]HG

DV D XVH FDVH JURXS FRQWDLQLQJ PXOWLSOH XVH FDVHV LQ WKH SUHYLRXV VWHS� DGG D QHZ

JURXS FRQWDLQLQJ RQO\ WKH LQFOXGHG XVH FDVH LWVHOI�

��
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)LJXUH ���� $Q H[DPSOH RI WKH XVH FDVH JURXSLQJ UHVXOW� (DFK FRORU FRUUHVSRQGV WR D XVH
FDVH JURXS� ,Q WKLV H[DPSOH� WKHUH DUH HLJKW XVH FDVH JURXSV� 1RWH WKDW 8&���� DSSHDUV
LQ WZR JURXSV� RQH JURXS FRQWDLQV RQO\ 8&���� LWVHOI� ZKLOH WKH RWKHU JURXS LQFOXGHV
8&����� 8&����� 8&����� 8&����� 8&����� 8&����� 8&����� 8&����� 8&����� DQG
8&�����

������� ,GHQWLI\ WKH 'RPDLQ 2EMHFWV DQG $WWULEXWHV :LWKLQ (DFK 8VH &DVH *URXS

,Q WKLV VWHS� ZH LGHQWLI\ GRPDLQ REMHFWV DQG DWWULEXWHV IURP WKH GRPDLQ HYHQWV RI HDFK

XVH FDVH JURXS�

:H EHJLQ E\ H[WUDFWLQJ QRXQV IURP WKH GRPDLQ HYHQWV DV GRPDLQ REMHFW FDQGL�

GDWHV� 3DUW�RI�6SHHFK �326� WDJJLQJ LV SHUIRUPHG XVLQJ WKH h�;;2` IURP WKH VSD&\ >��@

2Mn+Q`2nr2#nH; PRGHO� :RUGV LGHQWLILHG DV LPlL RU S_PSL �3URSHU 1RXQ� DUH VHOHFWHG

DV GRPDLQ REMHFW FDQGLGDWHV�

1H[W� ZH XVH &RQFHSW1HW >��@ WR GLVWLQJXLVK GRPDLQ REMHFW FDQGLGDWHV LQWR GRPDLQ

REMHFWV DQG DWWULEXWHV� )RU HDFK XVH FDVH JURXS� ZH GHWHUPLQH WKH QXPEHU RI FDQGLGDWHV

WKDW HDFK FDQGLGDWH FDQ UHDFK ZLWKLQ WZR KRSV LQ &RQFHSW1HW� 7KH GRPDLQ REMHFW FDQGL�

GDWH�V� WKDW FDQ UHDFK WKH KLJKHVW QXPEHU RI FDQGLGDWHV LQ HDFK XVH FDVH JURXS DUH LGHQWLILHG

DV WKH GRPDLQ REMHFW�V�� ZKLOH WKH UHVW DUH FDWHJRUL]HG DV DWWULEXWHV�

������� 'HWHUPLQH :KLFK 'RPDLQ 2EMHFW (DFK $WWULEXWH ,V $VVRFLDWHG :LWK

)LQDOO\� ZH GHWHUPLQH WKH GRPDLQ REMHFW�V� DVVRFLDWHG ZLWK HDFK DWWULEXWH� )RU HDFK

DWWULEXWH� LI D GRPDLQ REMHFW FDQ UHDFK LW ZLWKLQ WZR KRSV LQ &RQFHSW1HW� WKH GRPDLQ REMHFW

��
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LV OLQNHG WR WKDW DWWULEXWH� ,I DQ DWWULEXWH FDQQRW EH UHDFKHG E\ DQ\ GRPDLQ REMHFW� ZH

FRQVLGHU LW D GRPDLQ REMHFW�

����� &RPELQLQJ WKH ([WUDFWLRQ 5HVXOWV

)ROORZLQJ WKH 1/3�%DVHG $SSURDFK DQG WKH .QRZOHGJH *UDSK�%DVHG $SSURDFK� ZH

FRPELQH WKH H[WUDFWLRQ UHVXOWV RI WKH WZR DSSURDFKHV� 7KH FRPELQDWLRQ IROORZV WKH UXOHV

EHORZ�

� ,I D QRXQ LV LGHQWLILHG DV D GRPDLQ REMHFW LQ RQH DSSURDFK DQG DQ DWWULEXWH LQ WKH

RWKHU� LW VKRXOG EH WUDQVIRUPHG LQWR D GRPDLQ REMHFW�

� ,I D GRPDLQ REMHFW GRHV QRW KDYH DQ\ DWWULEXWHV� WUDQVIRUP LW LQWR DQ DWWULEXWH�

� 'LVFDUG DWWULEXWHV WKDW DUH QRW UHIHUHQFHG E\ DQ\ RWKHUV�

$IWHU WKH FRPELQDWLRQ� WKH UHVXOWLQJ GRPDLQ REMHFWV FRUUHVSRQG WR HQWLWLHV� ZKLOH DW�

WULEXWHV FRUUHVSRQG WR YDOXH REMHFWV RU DWWULEXWHV RI HQWLWLHV�

��� ,GHQWLI\ $JJUHJDWHV

$FFRUGLQJ WR WKH GHILQLWLRQ LQ 'RPDLQ�'ULYHQ 'HVLJQ� DQ DJJUHJDWH LV ³D FOXVWHU RI

DVVRFLDWHG REMHFWV WKDW DUH WUHDWHG DV D XQLW IRU WKH SXUSRVH RI GDWD FKDQJHV�´ (DFK DJJUH�

JDWH PXVW KDYH DQ HQWLW\ WKDW VHUYHV DV WKH DJJUHJDWH URRW� 7KH DJJUHJDWH URRW LV WKH RQO\

HQWU\ SRLQW RI WKH DJJUHJDWH DQG LV WKH RQO\ PHPEHU RI WKH DJJUHJDWH WKDW REMHFWV RXWVLGH

WKH DJJUHJDWH DUH DOORZHG WR UHIHUHQFH�

��
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%DVHG RQ WKH GHILQLWLRQ� ZH FOXVWHU HQWLWLHV LQWR DJJUHJDWHV EDVHG RQ WKH IROORZLQJ

SURSHUWLHV�

� (QWLWLHV FRQQHFWHG ZLWK WKH ³DJJUHJDWLRQȹDQG ³JHQHUDOL]DWLRQȹUHODWLRQVKLSV VKRXOG

EHORQJ WR WKH VDPH DJJUHJDWH�

� 7KH DJJUHJDWH URRW VKRXOG EH WKH RQO\ PHPEHU RI WKH DJJUHJDWH WKDW REMHFWV RXWVLGH

WKH DJJUHJDWH DUH DOORZHG WR KROG D UHIHUHQFH WR�

7KH SURFHVV RI JURXSLQJ HQWLWLHV LQWR DJJUHJDWHV LV DV IROORZV�

�� /HW HDFK HQWLW\ EH DQ DJJUHJDWH FRQWDLQLQJ LWVHOI� /HW WKH RQO\ HQWLW\ ZLWKLQ HDFK

DJJUHJDWH EH WKH DJJUHJDWH URRW�

�� ,I DQ\ WZR HQWLWLHV KDYH UHODWLRQ ³3DUW2I´� ³0DGH2I´� ³+DV3URSHUW\´� RU ³,V$´ LQ

&RQFHSW1HW� PHUJH WKH WZR FRUUHVSRQGLQJ DJJUHJDWHV� /HW WKH DJJUHJDWH URRW RI WKH

VRXUFH RI WKH UHODWLRQVKLS EH WKH QHZ DJJUHJDWH URRW�

�� ,I DQ\ HQWLW\ KROGV D UHIHUHQFH WR DQ HQWLW\ IURP DQRWKHU DJJUHJDWH WKDW LV QRW DQ

DJJUHJDWH URRW� PHUJH WKH WZR FRUUHVSRQGLQJ DJJUHJDWHV LQWR RQH� /HW WKH URRW RI WKH

DJJUHJDWH FRQWDLQLQJ WKH UHIHUHQFHG HQWLW\ EHFRPH WKH QHZ DJJUHJDWH URRW� 5HSHDW

WKLV VWHS LWHUDWLYHO\ XQWLO QR HQWLW\ KROGV DQ\ QRQ�DJJUHJDWH�URRW HQWLW\�

��� &OXVWHU $JJUHJDWHV LQWR %RXQGHG &RQWH[WV

/DUJH�VFDOH VRIWZDUH SURMHFWV W\SLFDOO\ UHTXLUH FROODERUDWLRQ DPRQJ PXOWLSOH WHDPV

WR EH VXFFHVVIXOO\ GHYHORSHG� 7R HQVXUH WKDW HDFK WHDP FDQ IRFXV RQ VSHFLILF SDUWV RI WKH

V\VWHP DQG PDLQWDLQ FRQVLVWHQF\ ZLWKLQ WKHLU UHVSHFWLYH VFRSHV� 'RPDLQ�'ULYHQ 'HVLJQ

��
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>�@ LQWURGXFHG WKH FRQFHSW RI ERXQGHG FRQWH[WV� ,W GHILQHV ERXQGHG FRQWH[WV DV ³7KH GH�

OLPLWHG DSSOLFDELOLW\ RI D SDUWLFXODU PRGHO� %RXQGHG FRQWH[WV JLYH WHDP PHPEHUV D FOHDU

DQG VKDUHG XQGHUVWDQGLQJ RI ZKDW KDV WR EH FRQVLVWHQW DQG ZKDW FDQ GHYHORS LQGHSHQ�

GHQWO\�´

$ ERXQGHG FRQWH[W FRQVLVWV RI RQH RU PRUH DJJUHJDWHV� 7KHUHIRUH� ZH IXUWKHU FOXVWHU

WKH DJJUHJDWHV LGHQWLILHG LQ 6HFWLRQ ��� LQWR ERXQGHG FRQWH[WV� 7KH SURFHVV LV LOOXVWUDWHG

LQ )LJXUH ����

)LJXUH ���� 7KH SURFHVV RI FOXVWHULQJ DJJUHJDWHV LQWR ERXQGHG FRQWH[WV�

����� &DOFXODWH 'LVWDQFHV %HWZHHQ $JJUHJDWHV

7R FOXVWHU DJJUHJDWHV LQWR ERXQGHG FRQWH[WV� ZH XVH :RUG1HW DQG &RQFHSW1HW WR

FDOFXODWH WKH GLVWDQFHV EHWZHHQ DJJUHJDWHV EDVHG RQ WKHLU VLPLODULWLHV�

��
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������� 6LPLODULW\ LQ :RUG1HW

,Q :RUG1HW� QRXQ V\QVHWV DUH RUJDQL]HG LQWR D GLUHFWHG DF\FOLF JUDSK �'$*� EDVHG

RQ ,V�$ UHODWLRQVKLSV� :H FRPSXWH WKH VLPLODULWLHV EHWZHHQ DJJUHJDWH URRWV XVLQJ /LQ

6LPLODULW\ >��@� ZKLFK EDVHV RQ WKH '$* DQG LQIRUPDWLRQ FRQWHQW �,&��

)RU FDOFXODWLQJ LQIRUPDWLRQ FRQWHQW� ZH XVH WKH %URZQ &RUSXV >��@� D ODUJH $PHUL�

FDQ (QJOLVK FRUSXV FRPSULVLQJ DSSUR[LPDWHO\ ��������� ZRUGV IURP YDULRXV WKHPHV DQG

JHQUHV� %DVHG RQ WKH %URZQ &RUSXV� WKH ,& RI D V\QVHW s LV FRPSXWHG DV IROORZV�

IC(s) = − ORJP (s) = − ORJ
freq(s)

N
= − ORJ

∑
n∈words(s)

count(n)

N
, �����

ZKHUHwords(s) UHSUHVHQWV WKH VHW RI ZRUGVZLWK WKH V\QVHW s DQG DOO LWV K\SRQ\PV� freq(s)

GHQRWHV WKH IUHTXHQF\ RI V\QVHW s� FDOFXODWHG DV WKH WRWDO RFFXUUHQFH FRXQW RI DOO ZRUGV

FRUUHVSRQGLQJ WR V\QVHW s DQG LWV K\SRQ\PV LQ WKH FRUSXV� N LV WKH WRWDO QXPEHU RI QRXQ

RFFXUUHQFHV LQ WKH FRUSXV�

%DVHG RQ (TXDWLRQ ���� WKH /LQ 6LPLODULW\ RI WZR DJJUHJDWHV LV FRPSXWHG DV IROORZV�

simW (si, sj) =
2 · IC(LCSsi,sj)

IC(si) + IC(sj)
, �����

ZKHUH si DQG sj UHSUHVHQW WKH V\QVHWV RI WKH WZR DJJUHJDWH URRWV� UHVSHFWLYHO\� DQG

/&6(si, sj) LV WKH /HDVW &RPPRQ 6XEVXPHU �/&6� RI WKH WZR V\QVHWV LQ WKH '$* IRUPHG

E\ ,V�$ UHODWLRQVKLSV� 7KH VLPLODULW\ UDQJHV IURP 0 WR 1� UHDFKLQJ LWV PD[LPXP ZKHQ

si = sj �

��
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������� 5HODWHGQHVV LQ &RQFHSW1HW

7R PHDVXUH VLPLODULWLHV EHWZHHQ DJJUHJDWHV ZLWK &RQFHSW1HW� ZH XWLOL]H LWV 5HODWHG�

QHVV $3,� 7KH $3, FDOFXODWHV WKH UHODWHGQHVV EHWZHHQ WZR &RQFHSWV EDVHG RQ WKH &RVLQH

VLPLODULW\ RI WKHLU ZRUG HPEHGGLQJV�

simC(ci, cj) =
embci · embcj

‖embci‖‖embcj‖
, �����

ZKHUH ci DQG cj UHSUHVHQW WKH &RQFHSWV FRUUHVSRQGLQJ WR WKH WZR DJJUHJDWH URRWV� embci

DQG embcj GHQRWH WKH WZR FRUUHVSRQGLQJ ZRUG HPEHGGLQJ YHFWRUV� ZKLFK DUH GHULYHG IURP

D SUXQHG &RQFHSW1HW JUSK� ZRUG�YHF >��@� DQG *OR9H >��@� 7KH VLPLODULW\ UDQJHV IURP

−1 WR 1� UHDFKLQJ LWV PD[LPXP ZKHQ ci = cj �

������� $JJUHJDWLQJ WKH 0HWULFV

)LUVW� ZH FRQYHUW WKH VLPLODULWLHV REWDLQHG IURP 6HFWLRQV ������� DQG ������� LQWR GLV�

WDQFH YDOXHV UDQJLQJ EHWZHHQ � DQG �� 7KH KLJKHU WKH VLPLODULW\ EHWZHHQ DJJUHJDWHV� WKH

FORVHU WKHLU GLVWDQFH VKRXOG EH� 7KHUHIRUH� DVVXPLQJ WKH DJJUHJDWH URRWV RI WZR DJJUH�

JDWHV DUH ri DQG rj � FRUUHVSRQGLQJ WR V\QVHWV sri DQG srj � WKH GLVWDQFH YDOXH LV FDOFXODWHG

DV IROORZV�

disW (ri, rj) = 1− simW (sri , srj)

disC(ri, rj) = −1

2
· simC(ri, rj) +

1

2
.

1H[W� ZH DJJUHJDWH WKH WZR GLVWDQFH YDOXHV ZLWK WKH RUGHUHG ZHLJKWHG DYHUDJLQJ

��
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�2:$� RSHUDWRU >��@�

dis2:$(ri, rj) =
2∑

k=1

wk · disk(ri, rj) ,

ZKHUH disk(ri, rj) LV WKH kth ODUJHVW GLVWDQFH YDOXHV DPRQJ [disW (ri, rj), disC(ri, rj)]�

+HUH� ZH VHOHFW WKH ZHLJKWV DV [w1, w2] = [0.8, 0.2]�

����� &OXVWHULQJ $OJRULWKP

,Q WKLV VWDJH� ZH HPSOR\ D WZR�VWDJH FOXVWHULQJ DOJRULWKP WR JURXS DJJUHJDWHV LQWR

ERXQGHG FRQWH[WV EDVHG RQ WKH GLVWDQFHV FRPSXWHG LQ 6HFWLRQ ������ 7KH DOJRULWKP LQ�

WHJUDWHV D GHQVLW\�EDVHG PHWKRG ZLWK D KLHUDUFKLFDO FOXVWHULQJ PHWKRG DQG G\QDPLFDOO\

VHOHFWV WKH RSWLPDO QXPEHU RI FOXVWHUV�

������� 'HQVLW\�%DVHG &OXVWHULQJ

)LUVW� ZH DGRSW WKH 'HQVLW\�%DVHG 6SDWLDO &OXVWHULQJ RI $SSOLFDWLRQV ZLWK 1RLVH �'%�

6&$1� >�@ DOJRULWKP IRU WKH LQLWLDO FODVVLILFDWLRQ RI DOO DJJUHJDWHV� 7KLV VWHS DOORZV XV WR

HIIHFWLYHO\ LGHQWLI\ DQG UHPRYH RXWOLHUV DQG SUHOLPLQDULO\ FODVVLI\ WKH QRQ�RXWOLHU DJJUH�

JDWHV� $OWKRXJK WKH '%6&$1 DOJRULWKP GRHV QRW UHTXLUH WKH QXPEHU RI FOXVWHUV WR EH SUH�

GHWHUPLQHG� LWV SHUIRUPDQFH KHDYLO\ GHSHQGV RQ WKH K\SHUSDUDPHWHUV MinPts DQG Eps�

,W LV FKDOOHQJLQJ WR VHOHFW DQ DSSURSULDWH Eps IRU XQNQRZQ GDWD GLVWULEXWLRQV� 7KHUHIRUH�

LQ WKLV VWDJH� ZH RQO\ SHUIRUP D SUHOLPLQDU\ FODVVLILFDWLRQ RI DJJUHJDWHV DQG G\QDPLFDOO\

DGMXVW WKH QXPEHU RI FOXVWHUV LQ VXEVHTXHQW VWHSV�

��
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������� )LQG WKH 2SWLPDO 1XPEHU RI &OXVWHUV

1H[W� ZH IXUWKHU GLYLGH HDFK FOXVWHU REWDLQHG IURP WKH '%6&$1 DOJRULWKP LQWR PXO�

WLSOH VXEFOXVWHUV� 7R G\QDPLFDOO\ VHOHFW WKH RSWLPDO QXPEHU RI VXEFOXVWHUV IRU HDFK FOXVWHU�

ZH XVH WKH 6LOKRXHWWH VFRUH >��@ DV WKH FULWHULRQ IRU HYDOXDWLQJ WKH TXDOLW\ RI WKH FOXVWHULQJ

UHVXOWV� 6LQFH WKH JRDO RI VXEFOXVWHULQJ LV WR JURXS VLPLODU GDWD SRLQWV WRJHWKHU� ZH DLP IRU

GDWD SRLQWV ZLWKLQ WKH VDPH VXEFOXVWHU WR EH DV FORVH WR HDFK RWKHU DV SRVVLEOH� DQG GDWD

SRLQWV LQ GLIIHUHQW VXEFOXVWHUV WR EH DV IDU DSDUW DV SRVVLEOH� 7KH 6LOKRXHWWH VFRUH PHDVXUHV

VXFK SURSHUW\�

7R FRPSXWH WKH 6LOKRXHWWH VFRUH RI D VXEFOXVWHULQJ UHVXOW� ZH ILUVW FDOFXODWH WKH 6LO�

KRXHWWH YDOXH RI HDFK GDWD SRLQW� L�H�� HDFK DJJUHJDWH� DV IROORZV�

�� &DOFXODWH WKH DYHUDJH GLVWDQFH RI WKH GDWD SRLQW WR WKH RWKHU GDWD SRLQWV ZLWKLQ WKH

VDPH VXEFOXVWHU�

a(i) =

∑
j∈CI ,i "=j dis(i, j)

|CI |− 1

�� &DOFXODWH WKH PLQLPXP DYHUDJH GLVWDQFH IURP WKH GDWD SRLQW WR WKH GDWD SRLQWV LQ

RWKHU VXEFOXVWHUV�

b(i) = PLQ
J "=I

∑
j∈CJ

dis(i, j)

|CJ |

�� &RPELQH a(i) DQG b(i) LQWR WKH 6LOKRXHWWH YDOXH s(i)�

s(i) =






b(i)−a(i)
PD[(a(i),b(i)) � LI |CI | > 1

0 � RWKHUZLVH ,

ZKHUH 0 ≤ s(i) ≤ 1� 7KH 6LOKRXHWWH VFRUH LV WKHQ FRPSXWHG DV WKH DYHUDJH 6LOKRXHWWH

YDOXH RI DOO GDWD SRLQWV� $ KLJKHU 6LOKRXHWWH VFRUH LQGLFDWHV D PRUH RSWLPDO VXEFOXVWHULQJ

��
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UHVXOW�

:H VHOHFW WKH QXPEHU RI VXEFOXVWHUV ZLWK WKH KLJKHVW 6LOKRXHWWH VFRUH DV WKH RSWLPDO

QXPEHU RI VXEFOXVWHUV�

������� +LHUDUFKLFDO &OXVWHULQJ

)LQDOO\� EDVHG RQ 6HFWLRQV ������� DQG �������� ZH GLYLGH WKH SUHOLPLQDU\ FOXVWHUV LQWR

VXEFOXVWHUV� :H XVH +LHUDUFKLFDO $JJORPHUDWLYH &OXVWHULQJ �+$&� WR VSOLW HDFK FOXVWHU

JHQHUDWHG E\ '%6&$1 LQWR WKH RSWLPDO QXPEHU RI VXEFOXVWHUV� ,QLWLDOO\� HDFK DJJUHJDWH

IRUPV DQ LQGLYLGXDO VXEFOXVWHU� 6XEVHTXHQWO\� VXEFOXVWHUV DUH PHUJHG UHFXUVLYHO\ XQWLO

WKH QXPEHU RI VXEFOXVWHUV UHDFKHV WKH RSWLPDO FRXQW� 'XULQJ WKLV SURFHVV� PHUJLQJ LV

SHUIRUPHG XVLQJ :DUG¶V PHWKRG >��@� ZKLFK PLQLPL]HV WKH VXP RI VTXDUHG (XFOLGHDQ

GLVWDQFHV IURP GDWD SRLQWV WR WKH VXEFOXVWHU FHQWHU�

$IWHU WKLV ILQDO VWHS� WKH DJJUHJDWHV ZLWKLQ HDFK VXEFOXVWHU IRUP D ERXQGHG FRQWH[W�

��
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&KDSWHU � &DVH 6WXG\� 8QLILHG

8QLYHUVLW\ ,QYHQWRU\

6\VWHP

,Q WKLV FKDSWHU� ZH SUHVHQW D FDVH VWXG\ RQ DXWRPDWLFDOO\ GHULYLQJ ERXQGHG FRQWH[WV

IURP WKH UHTXLUHPHQWV RI WKH 8QLILHG 8QLYHUVLW\ ,QYHQWRU\ 6\VWHP �88,6� >�@� 7KH UH�

TXLUHPHQW GHVFULEHV D XQLYHUVLW\ DVVHW PDQDJHPHQW V\VWHP� 7KH V\VWHP LQWHJUDWHV WKH

GDWDEDVHV RI WKUHH GHSDUWPHQWV DQG VXSSRUWV IXQFWLRQV VXFK DV DVVHW WUDQVIHU� HGLWLQJ� PRGL�

ILFDWLRQ� DGGLWLRQ� ERUURZLQJ UHTXHVWV� DVVHW UHWXUQLQJ� ORFDWLRQ FUHDWLRQ� UHTXHVW DSSURYDO�

DXWKHQWLFDWLRQ� DQG SHUPLVVLRQ FKDQJHV�

��� ,QSXW

7KH DXWRPDWHG ERXQGHG FRQWH[WV GHULYDWLRQ SURFHVV WDNHV VRIWZDUH UHTXLUHPHQWV DQG

XVH FDVH VSHFLILFDWLRQV DV LWV LQSXW� 7KH 88,6 LQFOXGHV �� IXQFWLRQDO UHTXLUHPHQWV DFURVV

�� FDWHJRULHV �VHH 7DEOH ���� DQG �� XVH FDVHV �VHH 7DEOH �����

��
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7DEOH ���� )XQFWLRQDO 5HTXLUHPHQWV RI WKH 8QLILHG 8QLYHUVLW\ ,QYHQWRU\ 6\VWHP

,' 5HTXLUHPHQW 'HVFULSWLRQ

� 7UDQVIHUULQJ $VVHWV

��� :LWKLQ WKH VDPH GHSDUWPHQW� GDWD EDVH FDQ EH XSGDWHG GLUHFWO\ ZLWKRXW DQ\ UH�

TXHVW�

��� ,QWHU GHSDUWPHQWV� UHTXHVW PXVW EH DSSURYHG E\ D '$ JURXS PHPEHU DQG IDFXOW\

JURXS PHPEHU XQOHVV LW FDPH IURP D KLJKHU OHYHO JURXS�

��� ,QWHU IDFXOWLHV WUDQVIHU� UHTXHVW FDQ EHPDGH E\ DQ\ DXWKRUL]HG XVHU DQG DSSURYHG

E\ IDFXOW\ JURXS RU KLJKHU OHYHO�

��� 7UDQVIHU RXWVLGH XQLYHUVLW\ VKRXOG EH DSSURYHG E\ WKH XQLYHUVLW\ JURXS�

� (GLWLQJ $VVHWV

��� $Q\ DGPLQLVWUDWLYH OHYHO XVHU RU LQYHQWRU\ XVHU FDQ HGLW DQ DVVHW WKDW EHORQJV WR

LWV GHSDUWPHQW� VDPH WKLQJ IRU IDFXOW\ XVHU� RU XQLYHUVLW\ XVHU� LQ RUGHU WR PDNH

PRGLILFDWLRQ LI KH LV DXWKRUL]HG WR GR LW�

� 0RGLI\LQJ $VVHWV

��� $OO ILHOGV RI DQ HGLWHG DVVHW FDQ EH PRGLILHG H[FHSW ,GV�

��� $ EXON HQWU\ ILOH FDQ EH XVHG�

� $GGLQJ ,QYHQWRU\ $VVHWV

��� $Q\ '$ JURXS PHPEHU RU DXWKRUL]HG LQYHQWRU\ JURXS PHPEHU DVVHW LV RZQHG

E\ WKH GHSDUWPHQW�

��� $Q\ IDFXOW\ PHPEHU FDQ DGG DOO UHODWHG GHSDUWPHQWV LQYHQWRU\�

��� $Q\ XQLYHUVLW\ JURXS PHPEHU FDQ DGG DOO DVVHWV LQ WKH LQYHQWRU\�

��� $ EXON HQWU\ FDQ EH XVHG WR DGG PDQ\ DVVHWV�

� &UHDWLQJ 5HTXHVW WR %RUURZ DQ $VVHW RU 5HVHUYH D /RFDWLRQ

��� 5HTXHVW FDQ EH PDGH E\ DQ\ DXWKRUL]HG XVHU�

��� $IWHU FUHDWLRQ� D UHTXHVW UHPDLQV SHQGLQJ� ZDLWLQJ WR EH DSSURYHG E\ DQ

DGPLQLVWUDWLYH�OHYHO XVHU ZKR KDV WKH DXWKRULW\ WR GR VR�

� 5HWXUQLQJ $VVHWV

��� $Q LQYHQWRU\ XVHU VKRXOG FKHFN WKH UHWXUQHG DVVHW DQG XSGDWH WKH LQYHQWRU\�

� &UHDWLQJ D 1HZ /RFDWLRQ

��
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��� ,7 JURXS PHPEHUV FDQ FUHDWH D QHZ VSDFH DQG PRGLI\ IORRU VWUXFWXUH ZKHQ WKH\

UHFHLYH DQ H[FHSWLRQ UHTXHVW IURP DQ\ DGPLQLVWUDWLYH OHYHO�

� $SSURYLQJ 5HTXHVWV

��� $Q\ DGPLQLVWUDWLRQ OHYHO RU DXWKRUL]HG LQYHQWRU\ JURXS PHPEHU FDQ GLVSOD\ DOO

SHQGLQJ UHTXHVWV ZDLWLQJ IRU DSSURYDO IURP WKLV OHYHO DQG DSSURYH WKRVH UHTXHVWV�

��� :KHQ UHTXHVW LV WUHDWHG� WKH XVHU LV QRWLILHG E\ HPDLO�

��� 5HTXHVW LV DGGHG WR WKH ZDLWLQJ IRU H[HFXWLRQ OLVW�

��� ,QYHQWRU\ LV XSGDWHG ZKHQ XVHU UHFHLYH WKH UHTXHVWHG DVVHW�

� $XWKHQWLFDWLRQ

��� $XWKHQWLFDWLRQ LV PDGH E\ XVHU QDPH DQG D SDVVZRUG IRU DOO XVHUV�

��� $GPLQLVWUDWLYH OHYHO ZRUNV RQ DGPLQLVWUDWLRQ FRPSXWHUV�

�� &KDQJLQJ 3HUPLVVLRQ

���� $Q\ DGPLQLVWUDWLYH ODYHO XVHU FDQ GHOHJDWH DQRWKHU XVHU WR H[HFXWH VRPH RU DOO

KLV DXWKRUL]HG DFWLRQV� $QG WKLV XVHU DFTXLUHV WKH UROH RI LQYHQWRU\ DGPLQLVWUDWRU�

�� 2XWSXW 5HSRUWV

���� $VVHW UHSRUW E\ ORFDWLRQ�

���� 5HTXHVW UHSRUW�

���� 8VHU SHUPLVVLRQ XVHU�

7DEOH ���� 8VH &DVH 6SHFLILFDWLRQ RI WKH 8QLILHG 8QLYHUVLW\ ,QYHQWRU\ 6\VWHP

,' 1DPH 'HVFULSWLRQ

02'�8& 0RGLI\ 8VH &DVH 7KH XVH FDVH GHVFULEHV WKH PRGLILFDWLRQ

WKDW WKH ,QYHQWRU\ $GPLQ FDQ GR�

('7�8& (GLW 8VH &DVH 7KH XVH FDVH GHVFULEHV WKH HGLW RSHUDWLRQ

WKDW WKH ,QYHQWRU\ $GPLQ FDQ GR�

$1,�8& $GG 1HZ $VVHW 8VH &DVH 7KH XVH FDVH GHVFULEHV WKH RSHUDWLRQ RI

DGGLQJ D QHZ DVVHW WR WKH LQYHQWRU\�

&54�8& &UHDWH 5HTXHVW 8VH &DVH 7KH XVH FDVH GHVFULEHV WKH DFWLYLW\ RI FUH�

DWLQJ D QHZ UHTXHVW WKDW WKH 8VHU FDQ GR�

��
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57,�8& 5HWXUQLQJ $VVHW 7KH XVH FDVH GHVFULEHV WKH UHWXUQLQJ DVVHW

XSGDWH WKDW WKH ,QYHQWRU\ $GPLQ FDQ GR�

$35�8& $SSURYLQJ 5HTXHVW 7KH XVH FDVH GHVFULEHV WKH DSSURYLQJ RI

UHTXHVWV WKDW DQ ,QYHQWRU\ $GPLQ FDQ GR�

&+3�8& &KDQJH 3HUPLVVLRQ 8VH &DVH 7KH XVH FDVH GHVFULEHV WKH PRGLILFDWLRQ

WKDW 'HSDUWPHQW� )DFXOW\� RU 8QLYHUVLW\

$GPLQLVWUDWRU FDQ GR WR XVHU SHUPLVVLRQV�

$7+�8& $XWKHQWLFDWLRQ 8VH &DVH 7KH XVH FDVH GHVFULEHV WKH DXWKHQWLFDWLRQ�

65&+�8& 6HDUFK 7KH XVH FDVH GHVFULEHV WKH VHDUFK RSHUD�

WLRQ WKDW RQO\ DXWKRUL]HG XVHUV FDQ GR�

5(3�8& &UHDWH 5HSRUWV 8VH &DVH 7KH XVH FDVH GHVFULEHV WKH FUHDWLRQ RI UH�

SRUWV WKDW WKH 8VHU FDQ GR�

��� 'RPDLQ (YHQWV

)LUVW� WKH SURFHVV H[WUDFWV HDFK XVH FDVH¶V SUH�FRQGLWLRQV� EDVLF IORZ� DOWHUQDWLYH

IORZV� H[FHSWLRQDO IORZV� DQG SRVW�FRQGLWLRQV DV GRPDLQ HYHQWV�

+HUH� ��� GRPDLQ HYHQWV DUH H[WUDFWHG IURP WKH 88,6 XVH FDVH VSHFLILFDWLRQ� ZLWK

�� EHLQJ XQLTXH� )RU H[DPSOH� �� GRPDLQ HYHQWV DUH H[WUDFWHG IURP WKH (GLW 8VH &DVH� DV

VKRZQ LQ 7DEOH ����

7DEOH ���� 'RPDLQ (YHQWV RI WKH (GLW 8VH &DVH

3UH�&RQGLWLRQV

� ,QYHQWRU\ $GPLQ LV DXWKHQWLFDWHG�

%DVLF )ORZ

� 7KH XVH FDVH EHJLQV ZKHQ ,QYHQWRU\ $GPLQ VWDUW VHDUFKLQJ IRU DQ DVVHW�

� ,QYHQWRU\ $GPLQ HGLWV WKH DVVHW�

� ,QYHQWRU\ $GPLQ PRGLILHV DVVHW SURSHUWLHV�

��
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$OWHUQDWLYH )ORZ

&RQG $GPLQLVWUDWRU RU DXWKRUL]HG LQYHQWRU\ XVHU LV ZDLWLQJ IRU DSSURYDO OLVW RU ZDLW�

LQJ IRU H[HFXWLRQ OLVW�

� ,QYHQWRU\ XVHU RU $GPLQ HGLWV WKH DVVHW�

� ,QYHQWRU\ XVHU RU $GPLQ PRGLILHV DVVHW SURSHUWLHV�

([FHSWLRQDO )ORZ

��� ,QYHQWRU\ $GPLQ VHDUFKHV IRU WKH DVVHW�

��� ,QYHQWRU\ $GPLQ HGLWV WKH DVVHW�

��� ,QYHQWRU\ $GPLQ ILQGV WKDW WKH DVVHW LV RXW RI LQYHQWRU\�

��� 0HVVDJH HUURU LV GLVSOD\HG EHFDXVH WKH DVVHW FDQQRW EH PRGLILHG�

��� ,QYHQWRU\ $GPLQ VHDUFKHV IRU WKH DVVHW�

��� ,QYHQWRU\ $GPLQ HGLWV WKH DVVHW�

��� ,QYHQWRU\ $GPLQ GRHV QRW KDYH VXIILFLHQW SULYLOHJHV WR HGLW WKH DVVHW�

��� 0HVVDJH HUURU LV GLVSOD\HG�

��� ,QYHQWRU\ $GPLQ VHDUFKHV IRU WKH DVVHW�

��� 1R DVVHW LV IRXQG�

��� 0HVVDJH HUURU LV GLVSOD\HG�

3RVW�&RQGLWLRQV

� 7KH V\VWHP VWDWH FKDQJH DFFRUGLQJ WR WKH PRGLILFDWLRQ�

��� (QWLWLHV DQG $WWULEXWHV

1H[W� ZH H[WUDFW HQWLWLHV DQG DWWULEXWHV IURP WKH GRPDLQ HYHQWV ZLWK ERWK WKH 1/3�

%DVHG $SSURDFK DQG WKH .QRZOHGJH *UDSK�%DVHG $SSURDFK�

7KH HQWLWLHV DQG DWWULEXWHV REWDLQHG WKURXJK WKH 1/3�%DVHG $SSURDFK DUH VKRZQ LQ

)LJXUH ���� )RU H[DPSOH� WKH HQWLW\ la1_ KDV DWWULEXWHV VXFK DV mb2`M�K2� T�bbrQ`/� DQG

T2`KBbbBQM� ZKLFK DOLJQ ZLWK WKH GHVFULSWLRQV LQ WKH 88,6 UHTXLUHPHQWV�

��
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+RZHYHU� WKHUH DUH VWLOO VRPH LVVXHV ZLWK WKH H[WUDFWLRQ UHVXOWV� )RU H[DPSOH�

ALo1LhP_u �.JAL DQG �.JAL UHIHU WR WKH VDPH FRQFHSW EXW DUH LGHQWLILHG DV WZR GLV�

WLQFW HQWLWLHV� �.JAL RULJLQDWHV IURP WKH GRPDLQ HYHQWV ³,QYHQWRU\ XVHU RU $GPLQ HGLWV

WKH DVVHW´ DQG ³,QYHQWRU\ XVHU RU $GPLQ PRGLILHV DVVHW SURSHUWLHV�´ ,Q WKHVH VHQWHQFHV� WKH

VXEMHFW FRXOG EH XQGHUVWRRG DV ³,QYHQWRU\ XVHU DQG $GPLQ´ RU ³,QYHQWRU\ XVHU DQG ,QYHQ�

WRU\ $GPLQ�´ 7KH ODWWHU DOLJQV EHWWHU ZLWK WKH UHTXLUHPHQWV GHVFULSWLRQ� EXW WKH 1/3�%DVHG

$SSURDFK LGHQWLILHV LW DV WKH IRUPHU GXH WR DPELJXLW\�

)LJXUH ���� 7KH UHVXOW RI WKH 1/3�EDVHG HQWLW\�DWWULEXWH H[WUDFWLRQ� 7KH HOOLSVHV GHQRWH
WKH HQWLWLHV� ZKLOH WKH UHFWDQJOHV VKRZ WKH DWWULEXWHV� 7KH HGJHV VKRZ WKH GHSHQGHQFLHV�

7KH .QRZOHGJH *UDSK�%DVHG $SSURDFK DOVR H[WHQGV WKH UHODWLRQV EHWZHHQ HQWLWLHV

DQG DWWULEXWHV EDVHG RQ &RQFHSW1HW� 6SHFLILFDOO\� LW H[WUDFWV ILYH DGGLWLRQDO UHODWLRQV� DV

VKRZQ LQ 7DEOH ����

��
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7DEOH ���� 5HODWLRQV $GGHG E\ WKH .QRZOHGJH *UDSK�%DVHG $SSURDFK

5HODWLRQ $FFRUGLQJ WR &RQFHSW1HW 5HODWLRQ�V�
auah1J ĺ �.JAL �V\VWHP� 5HODWHG7R� DGPLQ�

auah1J ĺ �.JALAah_�hP_ �V\VWHP� 5HODWHG7R� DGPLQ�
�DGPLQ� 6\QRQ\P� DGPLQLVWUDWRU�

auah1J ĺ Ah �V\VWHP� 5HODWHG7R� LQIRUPDWLRQBWHFKQRORJ\�
�LQIRUPDWLRQBWHFKQRORJ\� 6\QRQ\P� LW�

auah1J ĺ �mi?2MiB+�iBQM �V\VWHP� 5HODWHG7R� QHWZRUN�
�QHWZRUN� 5HODWHG7R� DXWKHQWLFDWLRQ�

auah1J ĺ BMp2MiQ`v �V\VWHP� 5HODWHG7R� V\VWHPBSXOO�
�V\VWHPBSXOO� 5HODWHG7R� LQYHQWRU\�

&RPELQLQJ WKH 1/3�%DVHG $SSURDFK DQG WKH .QRZOHGJH *UDSK�%DVHG $SSURDFK�

WKH HQWLWLHV DQG DWWULEXWHV H[WUDFWHG LQ WKLV SKDVH DUH VKRZQ LQ )LJXUH ����

��� $JJUHJDWHV

7KHQ� ZH JURXS HQWLWLHV LQWR DJJUHJDWHV ZLWK WKH DOJRULWKP PHQWLRQHG LQ ���� ,Q WKLV

FDVH� WKHUH DUH QR ³3DUW2I�´ ³0DGH2I�´ ³+DV3URSHUW\�´ RU ³,V$´ UHODWLRQVKLSV EHWZHHQ DQ\

WZR HQWLWLHV LQ &RQFHSW1HW� $GGLWLRQDOO\� WHUPV VXFK DV ALo1LhP_u �.JAL� ALo1LhP_u

la1_� 1s*1ShAPL _1Zl1ah� DQG _1Zl1ah h1sh DUH VSHFLILF WR WKH 88,6 V\VWHP DQG

GR QRW FRUUHVSRQG WR DQ\ FRQFHSWV LQ &RQFHSW1HW� 7KHUHIRUH� HDFK HQWLW\ IRUPV LWV RZQ

DJJUHJDWH� UHVXOWLQJ LQ D WRWDO RI �� DJJUHJDWHV �VHH )LJXUH �����

��� %RXQGHG &RQWH[WV

)LQDOO\� ZH FOXVWHU DJJUHJDWHV LQWR ERXQGHG FRQWH[WV XVLQJ WKH PHWKRG GHVFULEHG LQ

���� 7KHPHWKRG FDOFXODWHV WKH GLVWDQFHV EHWZHHQ DJJUHJDWH SDLUV ZLWK:RUG1HW 6LPLODULW\

DQG &RQFHSW1HW 5HODWHGQHVV� DQG WKHQ DSSOLHV WKH WZR�VWDJH FOXVWHULQJ DOJRULWKP RXWOLQHG

��
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&+$37(5 �� &$6( 678'<� 81,),(' 81,9(56,7< ,19(1725< 6<67(0

)LJXUH ���� 7KH UHVXOW RI WKH HQWLW\�DWWULEXWH H[WUDFWLRQ� 7KH HOOLSVHV GHQRWH WKH HQWLWLHV�
ZKLOH WKH UHFWDQJOHV GHQRWH WKH DWWULEXWHV� 7KH HGJHV VKRZ WKH GHSHQGHQFLHV�

LQ 6HFWLRQ ������ 7KH GLVWDQFHV EHWZHHQ DJJUHJDWHV DUH LOOXVWUDWHG LQ )LJXUH ���� )ROORZLQJ

WKH GLVWDQFH YDOXHV� WKH �� DJJUHJDWHV DUH FOXVWHUHG LQWR ILYH VXEFOXVWHUV�

� la1_� �.JALAah_�hP_� �.JAL

� ALo1LhP_u la1_� ALo1LhP_u �.JAL

� _1Zl1ah h1sh� �SSGA*�hAPL� 1s*1ShAPL _1Zl1ah

� auah1J

� Ah

7KH UHVXOWLQJ GRPDLQ PRGHO LV VKRZQ DV ����

��
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&+$37(5 �� &$6( 678'<� 81,),(' 81,9(56,7< ,19(1725< 6<67(0

)LJXUH ���� 7KH UHVXOW RI WKH DJJUHJDWH LGHQWLILFDWLRQ� 7KH HOOLSVHV GHQRWH WKH HQWLWLHV�
ZKLOH WKH UHFWDQJOHV GHQRWH WKH DWWULEXWHV� (QWLWLHV ZLWK WKH VDPH FRORU EHORQJ WR WKH VDPH
DJJUHJDWH� (_PPh) GHQRWHV WKH DJJUHJDWH URRWV�

��
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&+$37(5 �� &$6( 678'<� 81,),(' 81,9(56,7< ,19(1725< 6<67(0

)LJXUH ���� 7KH FOXVWHULQJ UHVXOW� (DFK GDWD SRLQW FRUUHVSRQGV WR DQ DJJUHJDWH� $JJUHJDWHV
VKRZQ LQ WKH VDPH FRORU EHORQJ WR WKH VDPH JURXS� 7KH FRRUGLQDWHV RI HDFK GDWD SRLQW DUH
REWDLQHG E\ WUDQVODWLQJ WKH GLVWDQFH PDWUL[ LQWR SRLQWV RQ D WZR�GLPHQVLRQDO &DUWHVLDQ
VSDFH YLD PXOWLGLPHQVLRQDO VFDOLQJ �0'6��

)LJXUH ���� 7KH UHVXOW RI WKH FOXVWHUHG ERXQGHG FRQWH[WV� (QWLWLHV ZLWK WKH VDPH FRORU
EHORQJ WR WKH VDPH ERXQGHG FRQWH[W�

��
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&KDSWHU � &RQFOXVLRQ

7KLV ZRUN SUHVHQWV DQ DXWRPDWHG (YHQW 6WRUPLQJ DSSURDFK WKDW GHULYHV ERXQGHG FRQ�

WH[WV IURP VRIWZDUH UHTXLUHPHQWV DQG XVH FDVH VSHFLILFDWLRQV� 7KH DSSURDFK ILUVW H[WUDFWV

GRPDLQ HYHQWV IURP WKH UHTXLUHPHQWV DQG WKH XVH FDVH VSHFLILFDWLRQV� 7KHQ� LW XVHV QDW�

XUDO ODQJXDJH SURFHVVLQJ WHFKQLTXHV DQG H[WHUQDO NQRZOHGJH EDVHV WR H[WUDFW WKH HQWLWLHV

DQG DWWULEXWHV LPSOLFLW LQ WKHVH GRPDLQ HYHQWV� 1H[W� LW JURXSV HQWLWLHV LQWR DJJUHJDWHV DQG

WKHQ ERXQGHG FRQWH[WV EDVHG RQ WKHLU SURSHUWLHV DV LOOXVWUDWHG LQ 'RPDLQ�'ULYHQ 'HVLJQ�

%\ OHYHUDJLQJ VHPDQWLF DQG V\QWDFWLF LQIRUPDWLRQ IURP WKH VRIWZDUH UHTXLUHPHQWV DQG WKH

&RQFHSW1HW NQRZOHGJH EDVH� WKLV DSSURDFK UHGXFHV UHOLDQFH RQ GRPDLQ H[SHUWV DV W\SL�

FDOO\ UHTXLUHG IRU (YHQW 6WRUPLQJ VHVVLRQV� WKHUHE\ HQVXULQJ WKH DJLOLW\ RI WKH VRIWZDUH

GHVLJQ SURFHVV�

��
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&KDSWHU � )XWXUH :RUN

,Q WKH IXWXUH� ZH SODQ WR GHYHORS TXDQWLWDWLYH HYDOXDWLRQ PHWKRGV WR DVVHVV WKH H[�

WUDFWLRQ RI HQWLWLHV� DJJUHJDWHV� DQG ERXQGHG FRQWH[WV LQ WKH DXWRPDWHG (YHQW 6WRUPLQJ

SURFHVV IURP D PRGXODULW\ SHUVSHFWLYH�

$GGLWLRQDOO\� ZH SODQ WR LQFRUSRUDWH PRUH H[WHUQDO NQRZOHGJH EDVHV WR H[SDQG WKH

UDQJH RI VXSSRUWHG GRPDLQV� &XUUHQWO\� ZH RQO\ XWLOL]H &RQFHSW1HW DQG :RUG1HW DV H[�

WHUQDO NQRZOHGJH VRXUFHV� +RZHYHU� HDFK NQRZOHGJH EDVH KDV LWV OLPLWDWLRQV� DQG UHO\LQJ

RQ D OLPLWHG QXPEHU RI NQRZOHGJH EDVHV UHVWULFWV WKH GRPDLQV WKDW FDQ EH FRYHUHG� 7KHUH�

IRUH� ZH DLP WR LQWHJUDWH DGGLWLRQDO H[WHUQDO NQRZOHGJH EDVHV WR EURDGHQ WKH VFRSH RI

NQRZOHGJH FRYHUDJH�

��
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5HIHUHQFHV

>�@ -� $FKLDP� 6� $GOHU� 6� $JDUZDO� /� $KPDG� ,� $NND\D� )� /� $OHPDQ� '� $OPHLGD�

-� $OWHQVFKPLGW� 6� $OWPDQ� 6� $QDGNDW� HW DO� *SW�� WHFKQLFDO UHSRUW� DU;LY SUHSULQW

DU;LY������������ �����

>�@ $� $OKD]PL� $� $O�6KDUDZL� %� /LX� '� 2OLYHLUD� .� 6REK� 0� 0D\DQW]� 5� GH %OHG�

DQG <� 0� =KDQJ� 6RIWZDUH UHTXLUHPHQWV VSHFLILFDWLRQ RI WKH LXID¶V XXLV ± D WHDP �

FRPS�����Z�� SURMHFW DSSURDFK� �����

>�@ +� %RJXPLáD� +� =ELJQLHZ� 7� /HFK� DQG '� ,ZRQD� &RQFHSWXDO PRGHOLQJ XVLQJ

NQRZOHGJH RI GRPDLQ RQWRORJ\� ,Q 1� 7� 1JX\HQ� %� 7UDZLĔVNL� +� )XMLWD� DQG 7��3�

+RQJ� HGLWRUV� ,QWHOOLJHQW ,QIRUPDWLRQ DQG'DWDEDVH 6\VWHPV� SDJHV ���±���� %HUOLQ�

+HLGHOEHUJ� ����� 6SULQJHU %HUOLQ +HLGHOEHUJ�

>�@ $� %UDQGROLQL� ,QWURGXFLQJ HYHQW VWRUPLQJ� EORJ� =LREUDQGRȷV /DLU� ��� �����

>�@ 0� &KHQ� -� 7ZRUHN� +� -XQ� 4� <XDQ� +� 3RQGH� -� .DSODQ� +� (GZDUGV� <� %XUGD�

1� -RVHSK� *� %URFNPDQ� $� 5D\� 5� 3XUL� *� .UXHJHU� 0� 3HWURY� +� .KODDI� *� 6DV�

WU\� 3� 0LVKNLQ� %� &KDQ� 6� *UD\� 1� 5\GHU� 0� 3DYORY� $� 3RZHU� /� .DLVHU�

0� %DYDULDQ� &� :LQWHU� 3� 7LOOHW� )� 3� 6XFK� '� :� &XPPLQJV� 0� 3ODSSHUW�

)� &KDQW]LV� (� %DUQHV� $� +HUEHUW�9RVV� :� +� *XVV� $� 1LFKRO� ,� %DEXVFKNLQ�

6� %DODML� 6� -DLQ� $� &DUU� -� /HLNH� -� $FKLDP� 9� 0LVUD� (� 0RULNDZD� $� 5DG�

��
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IRUG� 0� 0� .QLJKW� 0� %UXQGDJH� 0� 0XUDWL� .� 0D\HU� 3� :HOLQGHU� %� 0F*UHZ�

'� $PRGHL� 6� 0F&DQGOLVK� ,� 6XWVNHYHU� DQG :� =DUHPED� (YDOXDWLQJ ODUJH ODQ�

JXDJH PRGHOV WUDLQHG RQ FRGH� $U;LY� DEV������������ �����

>�@ %� &XUWLV� ,QVLJKWV IURP HPSLULFDO VWXGLHV RI WKH VRIWZDUH GHVLJQ SURFHVV� )XWXUH

*HQHUDWLRQ &RPSXWHU 6\VWHPV� ��������±���� �����

>�@ 0� (VWHU� +��3� .ULHJHO� -� 6DQGHU� ;� ;X� HW DO� $ GHQVLW\�EDVHG DOJRULWKP IRU GLV�

FRYHULQJ FOXVWHUV LQ ODUJH VSDWLDO GDWDEDVHV ZLWK QRLVH� ,Q NGG� YROXPH ��� SDJHV

���±���� �����

>�@ (� (YDQV� 'RPDLQ�GULYHQ GHVLJQ� WDFNOLQJ FRPSOH[LW\ LQ WKH KHDUW RI VRIWZDUH�

$GGLVRQ�:HVOH\ 3URIHVVLRQDO� �����

>�@ ([SORVLRQ� VSDF\�H[SHULPHQWDO� &XWWLQJ�HGJH H[SHULPHQWDO VSDF\ FRPSRQHQWV DQG

IHDWXUHV� ?iiTb,ff;Bi?m#X+QKf2tTHQbBQMfbT�+v@2tT2`BK2Mi�H� 1RY� �����

>��@ =� )HQJ� '� *XR� '� 7DQJ� 1� 'XDQ� ;� )HQJ� 0� *RQJ� /� 6KRX� %� 4LQ� 7� /LX�

'� -LDQJ� DQG 0� =KRX� &RGH%(57� $ SUH�WUDLQHG PRGHO IRU SURJUDPPLQJ DQG

QDWXUDO ODQJXDJHV� ,Q 7� &RKQ� <� +H� DQG <� /LX� HGLWRUV� )LQGLQJV RI WKH $VVRFLDWLRQ

IRU &RPSXWDWLRQDO /LQJXLVWLFV� (01/3 ����� SDJHV ����±����� 2QOLQH� 1RY� �����

$VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV�

>��@ :� 1� )UDQFLV DQG +� .XFHUD� %URZQ FRUSXV PDQXDO� 7HFKQLFDO UHSRUW� 'HSDUWPHQW

RI /LQJXLVWLFV� %URZQ 8QLYHUVLW\� �����

>��@ 0� +RQQLEDO� ,� 0RQWDQL� 6� 9DQ /DQGHJKHP� DQG $� %R\G� VSD&\� ,QGXVWULDO�

VWUHQJWK 1DWXUDO /DQJXDJH 3URFHVVLQJ LQ 3\WKRQ� �����

>��@ &� +XWWR DQG (� *LOEHUW� 9DGHU� $ SDUVLPRQLRXV UXOH�EDVHG PRGHO IRU VHQWLPHQW

��
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5()(5(1&(6

DQDO\VLV RI VRFLDO PHGLD WH[W� ,Q 3URFHHGLQJV RI WKH LQWHUQDWLRQDO $$$, FRQIHUHQFH

RQ ZHE DQG VRFLDO PHGLD� YROXPH �� SDJHV ���±���� �����

>��@ -� ,QF� &RGHJSW� $L FRGLQJ IRU GHYHORSHUV� KWWSV���FRGHJSW�FR�� �����

>��@ <� /L� '� &KRL� -� &KXQJ� 1� .XVKPDQ� -� 6FKULWWZLHVHU� 5� /HEORQG� 7� (FFOHV�

-� .HHOLQJ� )� *LPHQR� $� '� /DJR� 7� +XEHUW� 3� &KR\� &� GH 0DVVRQ Gȷ$X�

WXPH� ,� %DEXVFKNLQ� ;� &KHQ� 3��6� +XDQJ� -� :HOEO� 6� *RZDO� $� &KHUHSDQRY�

-� 0ROOR\� '� -� 0DQNRZLW]� (� 6� 5REVRQ� 3� .RKOL� 1� GH )UHLWDV� .� .DYXNFXRJOX�

DQG 2� 9LQ\DOV� &RPSHWLWLRQ�OHYHO FRGH JHQHUDWLRQ ZLWK DOSKDFRGH� 6FLHQFH�

��������������±����� �����

>��@ '� /LQ HW DO� $Q LQIRUPDWLRQ�WKHRUHWLF GHILQLWLRQ RI VLPLODULW\� ,Q ,FPO� YROXPH ���

SDJHV ���±���� �����

>��@ <��/� /LQ� )URP UHTXLUHPHQWV WR PLFURVHUYLFH� $ GRPDLQ GULYHQ DSSURDFK ZLWK

PDFKLQH OHDUQLQJ� 0DVWHU¶V WKHVLV� 1DWLRQDO 7DLZDQ 8QLYHUVLW\� �����

>��@ $� 0DYLQ� 3� :LONLQVRQ� $� +DUZRRG� DQG 0� 1RYDN� (DV\ DSSURDFK WR UHTXLUH�

PHQWV V\QWD[ �HDUV�� ,Q ���� ��WK ,((( ,QWHUQDWLRQDO 5HTXLUHPHQWV (QJLQHHULQJ

&RQIHUHQFH� SDJHV ���±���� �����

>��@ 7� 0LNRORY� .� &KHQ� *� &RUUDGR� DQG -� 'HDQ� (IILFLHQW HVWLPDWLRQ RI ZRUG UHSUH�

VHQWDWLRQV LQ YHFWRU VSDFH� DU;LY SUHSULQW DU;LY����������� �����

>��@ *� $� 0LOOHU� :RUGQHW� D OH[LFDO GDWDEDVH IRU HQJOLVK� &RPPXQLFDWLRQV RI WKH $&0�

���������±��� �����

>��@ -� 3HQQLQJWRQ� 5� 6RFKHU� DQG &� '� 0DQQLQJ� *ORYH� *OREDO YHFWRUV IRU ZRUG UHS�

��
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5()(5(1&(6

UHVHQWDWLRQ� ,Q 3URFHHGLQJV RI WKH ���� FRQIHUHQFH RQ HPSLULFDO PHWKRGV LQ QDWXUDO

ODQJXDJH SURFHVVLQJ �(01/3�� SDJHV ����±����� �����

>��@ 3� -� 5RXVVHHXZ� 6LOKRXHWWHV� $ JUDSKLFDO DLG WR WKH LQWHUSUHWDWLRQ DQG YDOLGDWLRQ

RI FOXVWHU DQDO\VLV� -RXUQDO RI &RPSXWDWLRQDO DQG $SSOLHG 0DWKHPDWLFV� �����±���

�����

>��@ 6� 6L�6DLG &KHUIL� 6� $\DG� DQG ,� &RP\Q�:DWWLDX� ,PSURYLQJ EXVLQHVV SURFHVVPRGHO

TXDOLW\ XVLQJ GRPDLQ RQWRORJLHV� -RXUQDO RQ 'DWD 6HPDQWLFV� ����±��� �����

>��@ 5� 6SHHU� -� &KLQ� DQG &� +DYDVL� &RQFHSWQHW ���� $Q RSHQ PXOWLOLQJXDO JUDSK RI

JHQHUDO NQRZOHGJH� �����

>��@ /� 7DQ� 3\ZVG� 3\WKRQ LPSOHPHQWDWLRQV RI ZRUG VHQVH GLVDPELJXDWLRQ �ZVG� WHFK�

QRORJLHV >VRIWZDUH@� KWWSV���JLWKXE�FRP�DOYDWLRQV�S\ZVG� �����

>��@ -� +� :DUG -U� +LHUDUFKLFDO JURXSLQJ WR RSWLPL]H DQ REMHFWLYH IXQFWLRQ� -RXUQDO RI

WKH $PHULFDQ VWDWLVWLFDO DVVRFLDWLRQ� �����������±���� �����

>��@ 5� <DJHU� 2Q RUGHUHG ZHLJKWHG DYHUDJLQJ DJJUHJDWLRQ RSHUDWRUV LQ PXOWLFULWHULD GHFL�

VLRQPDNLQJ� ,((( 7UDQVDFWLRQV RQ 6\VWHPV� 0DQ� DQG &\EHUQHWLFV� ���������±����

�����

>��@ '� =DQ� %� &KHQ� '� <DQJ� =� /LQ� 0� .LP� %� *XDQ� <� :DQJ� :� &KHQ� DQG -��*�

/RX� &(57� &RQWLQXDO SUH�WUDLQLQJ RQ VNHWFKHV IRU OLEUDU\�RULHQWHG FRGH JHQHUDWLRQ�

,Q 7KH ���� ,QWHUQDWLRQDO -RLQW &RQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH� �����

��
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$SSHQGL[ $ ²:RUG1HW /H[LFDO

6HPDQWLF &DWHJRULHV

$�� $FWLRQ 9HUEV

7DEOH $��� :RUG1HW /H[LFDO 6HPDQWLF &DWHJRULHV RI $FWLRQ 9HUEV

&DWHJRU\ 'HVFULSWLRQ ([DPSOH
YHUE�ERG\ 9HUEV RI JURRPLQJ� GUHVVLQJ DQG ERGLO\ FDUH DFW

YHUE�FKDQJH 9HUEV RI VL]H� WHPSHUDWXUH FKDQJH� LQWHQVLI\LQJ�
HWF�

PXWDWH

YHUE�FRJQLWLRQ 9HUEV RI WKLQNLQJ� MXGJLQJ� DQDO\]LQJ� GRXEWLQJ VROYH

YHUE�FRPPXQLFDWLRQ 9HUEV RI WHOOLQJ� DVNLQJ� RUGHULQJ� VLQJLQJ SLQJ

YHUE�FRPSHWLWLRQ 9HUEV RI ILJKWLQJ� DWKOHWLF DFWLYLWLHV WDFNOH

YHUE�FRQVXPSWLRQ 9HUEV RI HDWLQJ DQG GULQNLQJ GLJHVW

YHUE�FRQWDFW 9HUEV RI WRXFKLQJ� KLWWLQJ� W\LQJ� GLJJLQJ KROG

YHUE�FUHDWLRQ 9HUEV RI VHZLQJ� EDNLQJ� SDLQWLQJ� SHUIRUPLQJ FRQVWUXFW

YHUE�PRWLRQ 9HUEV RI ZDONLQJ� IO\LQJ� VZLPPLQJ WUDYHUVH

YHUE�SHUFHSWLRQ 9HUEV RI VHHLQJ� KHDULQJ� IHHOLQJ H[SHULHQFH

YHUE�SRVVHVVLRQ 9HUEV RI EX\LQJ� VHOOLQJ� RZQLQJ LPSRUW

YHUE�VRFLDO 9HUEV RI SROLWLFDO DQG VRFLDO DFWLYLWLHV DQG HYHQWV SXUVXH

YHUE�ZHDWKHU 9HUEV RI UDLQLQJ� VQRZLQJ� WKDZLQJ� WKXQGHULQJ SHUVLVW

��
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$�� &KDQJH�,QGXFLQJ 9HUEV

7DEOH $��� :RUG1HW /H[LFDO 6HPDQWLF &DWHJRULHV RI &KDQJH�,QGXFLQJ 9HUEV

&DWHJRU\ 'HVFULSWLRQ ([DPSOH
YHUE�FKDQJH 9HUEV RI VL]H� WHPSHUDWXUH FKDQJH� LQWHQVLI\LQJ� HWF� PXWDWH

YHUE�FRJQLWLRQ 9HUEV RI WKLQNLQJ� MXGJLQJ� DQDO\]LQJ� GRXEWLQJ VROYH

YHUE�FRPPXQLFDWLRQ 9HUEV RI WHOOLQJ� DVNLQJ� RUGHULQJ� VLQJLQJ SLQJ

YHUE�FUHDWLRQ 9HUEV RI VHZLQJ� EDNLQJ� SDLQWLQJ� SHUIRUPLQJ FRQVWUXFW

YHUE�SRVVHVVLRQ 9HUEV RI EX\LQJ� VHOOLQJ� RZQLQJ LPSRUW

YHUE�VWDWLYH 9HUEV RI EHLQJ� KDYLQJ� VSDWLDO UHODWLRQV EHFRPH

YHUE�VRFLDO 9HUEV RI SROLWLFDO DQG VRFLDO DFWLYLWLHV DQG HYHQWV SXUVXH

��
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$SSHQGL[ % ² 5HODWLRQV LQ &RQFHSW1HW

7DEOH %��� 5HODWLRQV LQ &RQFHSW1HW

5HODWLRQ 'HVFULSWLRQ
6\PPHWULF RU

$V\PPHWULF
([DPSOH

,V$ $ LV D VXEW\SH RU D VSH�

FLILF LQVWDQFH RI %� HYHU\

$ LV D %�

$V\PPHWULF URELQ ĺ ELUG

3DUW2I $ LV D SDUW RI %� $V\PPHWULF WLUH ĺ FDU

+DV$ % EHORQJV WR $� HLWKHU DV

DQ LQKHUHQW SDUW RU GXH WR

D VRFLDO FRQVWUXFW RI SRV�

VHVVLRQ� +DV$ LV RIWHQ WKH

UHYHUVH RI 3DUW2I�

$V\PPHWULF FDU ĺ �BWLUHV

$W/RFDWLRQ $ LV D W\SLFDO ORFDWLRQ IRU

%� RU $ LV WKH LQKHUHQW OR�

FDWLRQ RI %�

$V\PPHWULF FRPSXWHUV ĺ RIILFH

6\QRQ\P $ DQG % KDYH YHU\ VLPLODU

PHDQLQJV�

6\PPHWULF GD\WLPH ĺ GD\

��
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5HODWHG7R 7KH PRVW JHQHUDO UHOD�

WLRQ� 7KHUH LV VRPH SRVL�

WLYH UHODWLRQVKLS EHWZHHQ

$ DQG %� EXW &RQFHSW1HW

FDQ¶W GHWHUPLQH ZKDW WKDW

UHODWLRQVKLS LV EDVHG RQ

WKH GDWD�

6\PPHWULF WULFN ļ PDJLF

)RUP2I $ LV DQ LQIOHFWHG IRUP RI

%� % LV WKH URRW ZRUG RI

$�

6\PPHWULF VOHSW ĺ VOHHS

8VHG)RU $ LV XVHG IRU %� WKH SXU�

SRVH RI $ LV %�

$V\PPHWULF SRRO ĺ VZLPPLQJ

&DSDEOH2I 6RPHWKLQJ WKDW $ FDQ

W\SLFDOO\ GR LV %�

$V\PPHWULF ERWWOH ĺ KROGBZDWHU

&DXVHV $ DQG % DUH HYHQWV� DQG LW

LV W\SLFDO IRU $ WR FDXVH %�

$V\PPHWULF H[HUFLVH ĺ VZHDW

+DV6XEHYHQW $ DQG % DUH HYHQWV� DQG %

KDSSHQV DV D VXEHYHQW RI

$�

$V\PPHWULF HDWLQJ ĺ FKHZLQJ

+DV)LUVW6XEHYHQW $ LV DQ HYHQW WKDW EHJLQV

ZLWK VXEHYHQW %� 7KH ILUVW

WKLQJ \RX GR ZKHQ \RX $

LV %�

$V\PPHWULF HDW ĺ ZDVKBKDQGV

+DV/DVW6XEHYHQW $ LV DQ HYHQW WKDW FRQ�

FOXGHV ZLWK VXEHYHQW %�

7KH ODVW WKLQJ \RX GR

ZKHQ \RX $ LV %�

$V\PPHWULF GULQN ĺ VZDOORZ

+DV3UHUHTXLVLWH ,Q RUGHU IRU $ WR KDSSHQ�

% QHHGV WR KDSSHQ� % LV D

GHSHQGHQF\ RI $�

$V\PPHWULF HDW ĺ ILQGBIRRG

+DV3URSHUW\ $ KDV % DV D SURSHUW\� $

FDQ EH GHVFULEHG DV %�

$V\PPHWULF FLUFOH ĺ URXQG
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0RWLYDWHG%\*RDO 6RPHRQH GRHV $ EHFDXVH

WKH\ ZDQW UHVXOW %� $ LV D

VWHS WRZDUG DFFRPSOLVK�

LQJ WKH JRDO %�

$V\PPHWULF SOD\ ĺ KDYHBIXQ

'HVLUHV $ LV D FRQVFLRXV HQWLW\

WKDW W\SLFDOO\ ZDQWV %�

$V\PPHWULF ELUG ĺ IO\

&UHDWHG%\ % LV D SURFHVV RU DJHQW

WKDW FUHDWHV $�

$V\PPHWULF FDNH ĺ EDNLQJ

$QWRQ\P $ DQG % DUH RSSRVLWHV LQ

VRPH UHOHYDQW ZD\� VXFK

DV EHLQJ RSSRVLWH HQGV RI

D VFDOH� RU IXQGDPHQWDOO\

VLPLODU WKLQJV ZLWK D NH\

GLIIHUHQFH EHWZHHQ WKHP�

6\PPHWULF KRW ļ FROG

'LVWLQFW)URP $ DQG% DUH GLVWLQFW PHP�

EHU RI D VHW� VRPHWKLQJ

WKDW LV $ LV QRW %�

6\PPHWULF EOXH ļ UHG

'HULYHG)URP $ LV D ZRUG RU SKUDVH WKDW

DSSHDUV ZLWKLQ % DQG FRQ�

WULEXWHV WR %¶V PHDQLQJ�

$V\PPHWULF ELOOLRQDLUH ĺ ELOOLRQ

6\PERO2I $ V\PEROLFDOO\ UHSUH�

VHQWV %�

$V\PPHWULF WURSK\ ĺ YLFWRU\

'HILQHG$V $ DQG % RYHUODS FRQVLG�

HUDEO\ LQ PHDQLQJ� DQG %

LV D PRUH H[SODQDWRU\ YHU�

VLRQ RI $�

$V\PPHWULF VDWDQ ĺ GHYLO

0DQQHU2I $ LV D VSHFLILF ZD\ WR GR

%� 6LPLODU WR ´,V$´� EXW

IRU YHUEV�

$V\PPHWULF GRFXPHQW ĺ UHFRUG

/RFDWHG1HDU $ DQG % DUH W\SLFDOO\

IRXQG QHDU HDFK RWKHU�

6\PPHWULF VKRUH ļ RFHDQ
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+DV&RQWH[W $ LV D ZRUG XVHG LQ WKH

FRQWH[W RI %� ZKLFK FRXOG

EH D WRSLF DUHD� WHFKQLFDO

ILHOG� RU UHJLRQDO GLDOHFW�

$V\PPHWULF VTXDUH ĺ DULWKPHWLF

6LPLODU7R $ LV VLPLODU WR %� 6\PPHWULF SDWLHQW ļ XQKXUULHG

(W\PRORJLFDOO\�

5HODWHG7R $ DQG % KDYH D FRPPRQ

RULJLQ�

6\PPHWULF GRFWRU ļ GRF

(W\PRORJLFDOO\�

'HULYHG)URP $ LV GHULYHG IURP %� $V\PPHWULF H\HFDWFK ĺ H\H

&DXVHV'HVLUH $ PDNHV VRPHRQH ZDQW

%�

$V\PPHWULF KDSSLQHVV ĺ VLQJ

0DGH2I $ LV PDGH RI %� $V\PPHWULF ERRN ĺ SDSHU

5HFHLYHV$FWLRQ % FDQ EH GRQH WR $� $V\PPHWULF ERRNV ĺ UHDG
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