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$,�EDVHG DVVLVWDQWV� VXFK DV FRQYHUVDWLRQDO

DJHQWV �&$V� DQG VRFLDO URERWV� DUH EHFRPLQJ
LQFUHDVLQJO\ LPSRUWDQW LQ KHDOWKFDUH RUJDQL]DWLRQV�
&$V SURYLGH D VFDODEOH DQG FRVW�HIIHFWLYH SODWIRUP IRU
RUJDQL]DWLRQV VXSSRUWLQJ WKHLU HPSOR\HHV E\
UHWULHYLQJ� VWUXFWXULQJ� DQG DQDO\]LQJ LQIRUPDWLRQ WR
DVVLVW ZRUN SURFHVVHV� 7KLV VWXG\ WDUJHWV KRZ
NQRZOHGJH JUDSKV DV RQWRORJLFDO PRGHOV PDQDJH &$
WKDW KHOS LPSURYH WKH SDWLHQW IORZ SURFHVVHV DQG
UHGXFH SDWLHQWV¶ ZDLWLQJ WLPH LQ WKH HPHUJHQF\
GHSDUWPHQWV �('V�� :H WDLORUHG WKH GHVLJQ WKLQNLQJ
�'7� PHWKRG ZLWK PRGHOOLQJ ZRUNVKRSV HPSOR\LQJ
FRQFHSWXDO PRGHOOLQJ �&0� WHFKQLTXHV WR DGGUHVV
WKHVH LVVXHV� :H LQFRUSRUDWHG D K\EULG IRUPDO
DSSURDFK RI 0HWKRQWRORJ\ DQG 7RYH PHWKRGRORJLHV WR
EXLOG GHVLJQ DUWLIDFWV� GHYHORS D JRDO�RULHQWHG
LQWHUDFWLYH FRQYHUVDWLRQDO V\VWHP EHWZHHQ KXPDQV
DQG PDFKLQHV� DQG VXSSRUW LQIRUPDWLRQ V\VWHPV �,6��
$V D UHVXOW� WKLV RQWRORJ\�GULYHQ DSSURDFK
FRQWULEXWLRQ KHOSV GHYHORSHUV EXLOG YDOXH�DGGHG &$V
WR IDFLOLWDWH KHDOWKFDUH SUDFWLWLRQHUV DQG SDWLHQWV� ,W LV
KHOSIXO IRU TXDOLW\ FDUH GHOLYHU\ H[SHULHQFH DQG
LPSURYHV ERWWOHQHFNV LQ LQIRUPDWLRQ IORZ ZLWKLQ (GV�
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$,�EDVHG DVVLVWDQWV VXFK DV FRQYHUVDWLRQDO DJHQWV
�&$V�� FKDWERWV� VRFLDO URERWV� DQG DYDWDUV DUH
LQFUHDVLQJO\ VLJQLILFDQW LQ KHDOWKFDUH RUJDQL]DWLRQV�
1HZ DSSOLFDWLRQ DUHDV IRU GHYHORSLQJ &$V DQG WKHLU
LPSOHPHQWDWLRQ DUH HPHUJLQJ GXH WR WKH H[SRQHQWLDO
JURZWK RI GLJLWDO LQWHU�GLVFRQQHFWHGQHVV� DQ LQIOX[ RI
LQIRUPDWLRQ DYDLODELOLW\� DQG WHFKQRORJLFDO
EUHDNWKURXJKV LQ FRPSXWLQJ� HVSHFLDOO\ DUWLILFLDO
LQWHOOLJHQFH �$,� DQG PDFKLQH OHDUQLQJ �0/�
SDUDGLJPV DQG FRPSXWDWLRQ OLQJXLVWLFV >�� �@� ,Q WKLV
FRQWH[W� &$V DSSHDU DV VRFLDO DQG $,�EDVHG DFWRUV
WUDQVIRUPLQJ KHDOWKFDUH ZRUNHUV¶ LQWHUDFWLRQV ZLWK

LQIRUPDWLRQ V\VWHPV �,6� DV SDUW RI LQWHUQDO FRUSRUDWH
FRPPXQLFDWLRQ VWUXFWXUHV� HVSHFLDOO\ LQ KHDOWKFDUH
RUJDQL]DWLRQV >�@� ,QIRUPDWLRQ V\VWHPV �,6� DUH
LQWHQGHG WR VXSSRUW KHDOWKFDUH SURIHVVLRQDOV DQG PDNH
WKHLU ZRUN PRUH HIILFLHQW�

1RQHWKHOHVV� WKHUH LV URRP IRU HQKDQFHPHQW LQ WKH
XWLOL]DWLRQ RI ,6 ZLWKLQ WKH KHDOWKFDUH VHFWRU >�@� $Q
HQRUPRXV DPRXQW RI LQIRUPDWLRQ LQIOX[ OHDGV WR
KHDOWKFDUH ZRUNHUV JURZLQJ ZRUNORDG DQG VWUHVV
WUDXPDV >�@� $,�EDVHG DVVLVWDQWV KDYH WKH SRWHQWLDO WR
DXWRPDWH UHSHWLWLYH WDVNV� RIIHU GHFLVLRQ VXSSRUW� DQG
SURYLGH FRJQLWLYH UHOLHI WR KHDOWKFDUH ZRUNHUV E\
UHWULHYLQJ DQG VWUXFWXULQJ LQIRUPDWLRQ� LGHQWLI\LQJ
VROXWLRQV� DQG RIIHULQJ YRFDWLRQDO WUDLQLQJ >�� �@� 7KH
FXUUHQW VWDWH RI KHDOWK LQIRUPDWLRQ V\VWHPV �+,6�
RFFDVLRQDOO\ QHHGV WR PHHW WKH QHHGV RI KHDOWKFDUH
SURIHVVLRQDOV DQG SDWLHQWV� ,W LV FUXFLDO WR LPSURYH
WKHLU XVH LQ JHQHUDWLQJ DQG RUJDQL]LQJ LQIRUPDWLRQ DQG
NQRZOHGJH IRU SODQQLQJ� HQKDQFLQJ� DQG GHFLVLRQ�
PDNLQJ DPRQJ YDULRXV KHDOWKFDUH VWDNHKROGHUV >�@�
:H QHHG WR XQGHUVWDQG WKH ZRUN SURFHVVHV VXSSRUWHG
E\ +,6� XVHU UHTXLUHPHQWV �H�J�� ZKR ZLOO XVH +,6�
DQG WKH VSHFLILF KHDOWKFDUH GRPDLQ NQRZOHGJH IRU
FRQWH[W� 7KH ,6 FRPPXQLW\ LV DFWLYHO\ VHHNLQJ QRYHO
DSSURDFKHV� PHWKRGV� LQFOXGLQJ LQWHJUDWLQJ ,QGXVWU\
��� �,���� VWDQGDUGV DQG DSSOLFDWLRQ ODQGVFDSHV OLNH
&$V DQG WKHLU SDUDGLJPV� WR PHHW WKH QHHGV RI
KHDOWKFDUH XQLW DFWRUV >�@ WR DGGUHVV WKH FKDOOHQJHV�
HVSHFLDOO\ LQIRUPDWLRQ IORZ ERWWOHQHFNV LQ KHDOWKFDUH
RUJDQL]DWLRQV� SULPDULO\ LQ KRVSLWDO HPHUJHQFLHV�

+HUH� WKH FRQFHSW RI +HDOWK ��� KDV HVWDEOLVKHG D
QHZ SURPLVLQJ YLVLRQ IRU WKH KHDOWKFDUH LQGXVWU\
EHFDXVH RI WKH WUDQVIRUPDWLRQ IURP WKH WUDGLWLRQDO
KHDOWKFDUH SDUDGLJPV WR WKH QHZ HUD RI VPDUW DQG
FRQQHFWHG KHDOWKFDUH >�@� 7KLV WUDQVIRUPDWLRQ VKLIW
HQFRPSDVVHV LQWHJUDWLQJ DQG XWLOLVLQJ LQQRYDWLYH
WHFKQRORJLHV� LQFOXGLQJ &$V� WKH 0HGLFDO ,QWHUQHW RI
7KLQJV �0,R7�� $,� 0/ DQG LQWHOOLJHQW DOJRULWKPV� $V
SHU WKH GDWD >��@� SDWLHQWV KLVWRULFDOO\ VSHQW ��� RI
WKHLU WLPH LQ WKH HPHUJHQF\ GHSDUWPHQW �('� ZDLWLQJ
URRPV� HQFRXQWHULQJ FKDOOHQJHV LQFOXGLQJ EHG
FDSDFLW\ SUREOHPV� H[WHQGHG ZDLW WLPHV�
RYHUFURZGLQJ� LQIRUPDWLRQ IORZ ERWWOHQHFNV GXULQJ
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SHDN KRXUV� D VLJQLILFDQW QXPEHU RI SDWLHQWV OHDYLQJ
ZLWKRXW GLDJQRVLV RU WUHDWPHQW� VDIHW\ FRQFHUQV� DQG
SDWLHQW DQG IDPLO\ GLVVDWLVIDFWLRQ� HVSHFLDOO\ LQ
WKH (PHUJHQF\ 'HSDUWPHQWV �('V�� &$V KHOS WR
GHYHORS DQ LQWHUIDFH OD\HU EHWZHHQ KXPDQV DQG
PDFKLQHV WR GHOLYHU RSWLPDO UHVXOWV IURP WKHLU
NQRZOHGJH EDVHV �.%V� LQ UHVSRQVH >��@� 7KLV VWXG\
RQO\ WDUJHWV 54� +RZ FDQ NQRZOHGJH JUDSKV� EDVHG
RQ RQWRORJLFDO PRGHOV� EH XVHG WR GHYHORS
FRQYHUVDWLRQDO DJHQWV �&$V� WR LPSURYH SDWLHQW
LQIRUPDWLRQ IORZ SURFHVVHV DQG UHGXFH ZDLWLQJ WLPHV
LQ HPHUJHQF\ GHSDUWPHQWV �('V�"

7KH VWXG\ DLPV WR GHYHORS DQ RQWRORJ\�GULYHQ
LQWHOOLJHQW $,�EDVHG DVVLVWDQW �H�J�� &$� DV D VROXWLRQ
WKDW LQWHJUDWHV FRQWH[WXDO NQRZOHGJH� SURYLGHV
FRQWH[WXDO VHUYLFHV� DQG HQKDQFHV LQIRUPDWLRQ IORZ�
SURYLVLRQ SURFHVVHV� DQG KHDOWKFDUH RXWFRPHV ZLWKLQ
WKH 3('� 7R DFKLHYH WKHVH REMHFWLYHV� WKH HQWHUSULVH
PRGHOOLQJ �(0� WHFKQLTXHV >��� ��@ RIIHU D ZD\ WR
GHSLFW WKH SUHVHQW VWDWH ZLWKLQ WKH PHGLFDO XQLW�
SDUWLFXODUO\ LQ WKH 3(' FRQWH[W� DQG GHOLQHDWH ZRUN
SURFHVVHV� WDVNV� UROHV� DQG UHVRXUFHV�

7KXV� (0 FDQ HQKDQFH WKH HIIHFWLYHQHVV RI ,6 LQ
KHDOWKFDUH E\ FUHDWLQJ RQWRORJLFDO PRGHOV UHIOHFWLQJ D
VSHFLILF KHDOWKFDUH XQLW >��@� $GGLWLRQDOO\� ,W GHVLJQV
DQG GHYHORSV LQWHOOLJHQW VROXWLRQV XVLQJ NQRZOHGJH
JUDSKV �.*V� WHFKQLTXHV EDVHG RQ DQ RQWRORJ\�GULYHQ
DSSURDFK WR DXWRPDWH YDULRXV WDVNV DQG SURFHVVHV
ZLWKLQ 3('� +RZHYHU� VXFFHVVIXOO\ GHVLJQLQJ D &$
ZLWK .* UHPDLQV D QRWDEOH FKDOOHQJH >��@�

7KH SURSRVHG ZRUN JLYHV D VWDWH�RI�WKH�DUW
DSSURDFK WR EXLOGLQJ &$ DV D PHGLDWRU EHWZHHQ
SDWLHQWV DQG KHDOWKFDUH XVHUV WR HQDEOH SUDFWLFDO DQG
XVHIXO LQWHUDFWLRQ EHIRUH RU XSRQ DUULYDO DW WKH
PHGLFDO GHSDUWPHQW WR DGGUHVV VRPH RYHUFURZGLQJ
LVVXHV� 7KLV RQWRORJ\�GULYHQ DSSURDFK DLGV LQ
FRQVWUXFWLQJ D FRQYHUVDWLRQDO PRGHO WKDW DFFXUDWHO\
UHVSRQGV WR TXHVWLRQV IURP SDWLHQWV ZLWK OHVV XUJHQW
UHTXLUHPHQWV� ,Q WKLV FRQWH[W� D FKDOOHQJLQJ WDVN LV WR
GHVLJQ D SHUVRQDOL]HG &$ HTXLSSHG ZLWK GRPDLQ�
VSHFLILF FRQWH[WXDO NQRZOHGJH WR IDFLOLWDWH LQWHUDFWLRQ
EHWZHHQ SDWLHQWV DQG KHDOWKFDUH SK\VLFLDQV LQ 3('�
)XUWKHUPRUH� LW DOVR DFFRPPRGDWHV GLDORJXH�EDVHG
LQIRUPDWLRQ YLD LQWHUDFWLRQ PRGHV� VWRULQJ LW LQ D ORFDO
UHSRVLWRU\ IRU VXEVHTXHQW DQDO\VLV DQG HQKDQFHPHQW
RI SHUVRQDOL]HG KHDOWK VHUYLFHV DFURVV YDULRXV KHDOWK�
UHODWHG VFHQDULRV�

7KLV SDSHU LV VWUXFWXUHG LQWR WKH IROORZLQJ VHFWLRQV�
6HFWLRQ � SURYLGHV D EULHI RYHUYLHZ RI GHVNWRS
UHVHDUFK� FRQYHUVDWLRQDO DJHQWV LQ GLJLWDO KHDOWK�
PRGHOOLQJ LQ KHDOWKFDUH LQIRUPDWLFV� DQG RQWRORJLHV
IRU $,�SRZHUHG DSSOLFDWLRQV� 6HFWLRQ � SUHVHQWV WKH
PHWKRGRORJ\� WKH UHVHDUFK GHVLJQ SURFHVV� WKH FDVH
VWXG\� DQG WKH PHWKRG IRU RQWRORJ\ GHYHORSPHQW�
6HFWLRQ � LOOXVWUDWHV WKH DQDWRP\ RI WKH DUFKLWHFWXUDO

DUWLIDFW RI &$� 6HFWLRQ � SUHVHQWV WKH UHVXOWV� 6HFWLRQ
� GHVFULEHV WKH HYDOXDWLRQ SURFHGXUHV DQG PRGHOOLQJ
UHVXOWV� 6HFWLRQ � WDONV DERXW WKH OHVVRQ OHDUQHG�
/DVWO\� 6HFWLRQ � GLVFXVVHV WKH UHVXOWV DQG SURYLGHV D
FRQFOXVLRQ�

ʹǤ ����������� ����������

ʹǤͳǤ �������������� ������ �� ������� ������

,Q GLJLWDO KHDOWK� SURDFWLYH &$V¶ GHVLJQ DQG
LPSOHPHQWDWLRQ DUH WULFNLHU DQG PRUH YDOXDEOH
UHJDUGLQJ XVHUV¶ SHUVSHFWLYHV DQG H[SHULHQFHV >��@� ,Q
����� DFFRUGLQJ WR WKH VWDWLVWLFV� YRLFH DVVLVWDQWV VXFK
DV $SSOH¶V 6LUL� *RRJOH +RPH� $PD]RQ¶V $OH[D� DQG
0LFURVRIW¶V &RUWDQD DQG &$V ZHUH XVHG E\ PRUH WKDQ
�� PLOOLRQ SHRSOH LQ WKH 8QLWHG 6WDWHV²LQWHUDFWLYH
DELOLWLHV� &$V KDV WKH SRWHQWLDO WR LQWHJUDWH XVHU QHHGV�
GDWD� DQG KHDOWK VHUYLFHV VHDPOHVVO\� ,Q KHDOWKFDUH�
YDULRXV &$V DUH KHOSIXO� UDQJLQJ IURP EL�GLUHFWLRQDO
GLDORJXH V\VWHPV OLNH &$V �H�J�� D VWDQGDUG KRVSLWDO
V\VWHP WR WULDJH LQFRPLQJ SKRQH FDOOV UHJDUGLQJ
VHYHULW\� XUJHQF\� DQG SDWKRORJ\� DQG HPERGLHG
DJHQWV� 7KH SUR�DFWLYHQHVV RI WKHVH JRDO�RULHQWHG &$V
FDQ EH GHPRQVWUDWHG LQ YDULRXV VHFWLRQV RI WUDLQLQJ�
HGXFDWLRQ� DVVLVWDQFH� SUHYHQWLRQ� GLDJQRVLV� DQG
HOGHUO\ DVVLVWDQFH >��@� 6R� LQ GHYHORSLQJ JRDO�
RULHQWHG DQG GHGLFDWHG &$V� HVSHFLDOO\ LQ 3('� ZH
QHHG WR LQFRUSRUDWH VRPH GHVLJQ SULQFLSOHV �'3V�
EDVHG RQ LGHQWLILHG PHWD�UHTXLUHPHQWV �05� GHULYHG
IURP WKH NQRZOHGJH DFTXLVLWLRQ �.$� SURFHVV �H�J��
LQWHUYLHZV� HWF��� 7KHVH LGHQWLILHUV LQFOXGH VRFLDELOLW\�
SURDFWLYH FRPPXQLFDWLRQ DELOLW\� WUDQVSDUHQF\�
IOH[LELOLW\� VHDPOHVV XVDELOLW\� DQG HUURU KDQGOLQJ LQ
WKH GHYHORSPHQW SKDVH >��@�

ʹǤʹǤ ��������� �� ���������� �����������

7KH WHUP HQWHUSULVH PRGHOOLQJ �(0� FRQWULEXWHG
VLJQLILFDQWO\ WR WKH KHDOWKFDUH VHFWRU E\ KHOSLQJ
RUJDQL]DWLRQV ZLWK SURFHVV RSWLPL]DWLRQ� UHVRXUFH
PDQDJHPHQW� GDWD LQWHJUDWLRQ� HWF�� EHFDXVH LW
SURPLVHV WR LPSURYH +,6 DQG LWV XVH� (0 FDQ EH XVHG
WR DQDO\]H SDWWHUQV RI KHDOWKFDUH DFWLYLWLHV� HQVXUH WKH
IXOILOPHQW RI WKH HQG XVHU¶V QHHGV DQG UHTXLUHPHQWV�
EXLOG D V\VWHPDWLF YLHZ RI SDWLHQW�FHQWULF SURFHVVHV�
DQG KHOS KHDOWKFDUH LQVWLWXWLRQV LPSURYH LQWHUQDO
NQRZOHGJH DQG XQGHUVWDQGLQJ >��@� 6LPLODUO\� WKH
FRQFHSWXDO PRGHOOLQJ �&0� EDVLV IRU (0 KHOSV LQ
LQWHJUDWLRQ >��@� VLPXODWLRQ >��@� DQG LQIRUPDWLRQ
V\VWHP GHVLJQLQJ >��@� 7KH (0 DSSURDFK LV XVHG WR
EXLOG VWUXFWXUHG� JRDO�GULYHQ PRGHOV IRU RUJDQL]LQJ
RUJDQL]DWLRQDO NQRZOHGJH DQG GHYHORSLQJ YDULRXV
SURFHVV PRGHOOLQJ SHUVSHFWLYHV� LQFOXGLQJ IXQFWLRQDO�
LQIRUPDWLRQDO� RUJDQL]DWLRQDO� DQG EHKDYLRXUDO� 7R
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PHHW WKH HYROYLQJ EXVLQHVV QHHGV� RUJDQL]DWLRQV
UHTXLUH PRUH IRUPDO (0 PHWKRGV� VXFK DV FRQFHSWXDO
PRGHOOLQJ �&0� PHWKRGV >��@� 2QWRORJLFDO PRGHOOLQJ
�20� LV FUXFLDO LQ IRUPDO FRQFHSWXDO PRGHOOLQJ DV LW
H[SOLFLWO\ VSHFLILHV D FRQFHSWXDOL]DWLRQ >��@� $ YDULHW\
RI GHYHORSHG RQWRORJLHV� VXFK DV (' :RUN 'RPDLQ
2QWRORJ\ �('�:'2� DQG (' 2YHUFURZGLQJ
0DQDJHPHQW 2QWRORJ\ �('202�� DUH HQWHUWDLQHG WR
MXVWLI\ WKH 3(' ZRUNIORZ >��@�

ʹǤ͵Ǥ ���������� ��� �������������� ����� ȋ��Ȍ
������������ �� ���������� �������

2QWRORJLHV DUH XVHG LQ PDQ\ ILHOGV� HVSHFLDOO\ LQ
WKH KHDOWKFDUH LQGXVWU\� ,WV LQFOXVLRQ KDV EHFRPH
HVVHQWLDO WR LPSOHPHQWLQJ VSRNHQ GLDORJXH V\VWHPV
>��@ E\ HPSOR\LQJ RQWRORJLHV DV WKH IRXQGDWLRQDO
VWDQGDUG IRU NQRZOHGJH UHSUHVHQWDWLRQ� IRUPDOLVP DQG
WKH FRPPRQ ODQJXDJH IRU FRPPXQLFDWLRQ� :H
HVWDEOLVKHG D FRQVLVWHQW IUDPHZRUN DFURVV YDULRXV
FRQYHUVDWLRQ GRPDLQV� HQFRPSDVVLQJ QDWXUDO ODQJXDJH
XQGHUVWDQGLQJ �1/8�� GLDORJXH PRGXOHV� DQG VKDUHG
RQWRORJLFDO UHVRXUFHV >��@� 2QWRORJLHV DUH WKH EDVLV RI
GHYHORSLQJ SHUVRQDOL]HG NQRZOHGJH JUDSKV �3.*� WR
FDSWXUH FRQWH[WXDO NQRZOHGJH� SHUVRQDOL]HG GDWD� DQG
WKHLU LQWHJUDWLRQ ZLWK EDFNJURXQG PHGLFDO NQRZOHGJH
EDVHV IRU PHGLFDO GLDJQRVLV >��@ DQG PRQLWRULQJ XVHU
KHDOWK LQ D KHDOWKFDUH RUJDQL]DWLRQ >��@� 7KLV UHVHDUFK
WDUJHWV LPSOHPHQWLQJ RQWRORJ\�RULHQWHG UHVRXUFHV
ZLWKLQ UHDO�WLPH V\VWHP HQJLQHHULQJ WR DGGUHVV FHUWDLQ
VRFLDO FKDOOHQJHV DQG IRVWHU H[SHULHQWLDOO\ ULFK
LQWHUDFWLRQ EHWZHHQ KXPDQV DQG FRQYHUVDWLRQDO DJHQWV
�&$V� LQ KHDOWKFDUH VHWWLQJV� ,Q WKLV VWXG\� D VSHFLILF
RQWRORJ\� &RQYRORJ\ >��@� KDV EHHQ XWLOL]HG� 7KLV
LPSOHPHQWDWLRQ KDV EHHQ FDUULHG RXW XVLQJ RQWRORJ\
GHVLJQ SDWWHUQV �2'3V�� DQG WKH GHWDLOV RI LWV
H[HFXWLRQ ZLOO EH GLVFXVVHG LQ VXEVHTXHQW SURFHHGLQJV�

͵Ǥ �����������

͵ǤͳǤ �������� ������ �������

7KLV SDSHU SUHVHQWV D ULJRURXV LWHUDWLYH SURFHVV
RI 'HVLJQ 7KLQNLQJ �'7�� D KXPDQ�FHQWUHG PHWKRG
>��@� :H DLPHG WR GHVLJQ D FRQFHSWXDO �NQRZOHGJH
JUDSK� PRGHO EDVHG RQ DQ RQWRORJ\�GULYHQ DSSURDFK
WKDW GHSLFWV WKH GRPDLQ¶V FRQWH[WXDO NQRZOHGJH DQG
HYDOXDWHV QRYHO RQWRORJ\�RULHQWHG DUWLIDFWV ZLWKLQ D
3(' VHWWLQJ� :H XVHG WKH '7 DSSURDFK DQG IROORZHG
VSHFLILF VWHSV LQ PRGHOOLQJ ZRUNVKRS VHVVLRQV �VHH
$SSHQGL[��� >��@� 7KHVH GHVLJQ DUWLILFDWV KHOS GHYHORS
D KROLVWLF XQGHUVWDQGLQJ RI WKH FRQWH[WXDO NQRZOHGJH
RI WKH 3(' DQG LWV PDQDJHPHQW DQG H[SODLQ KRZ $,�
SRZHUHG DSSOLFDWLRQV �H�J� &$V� 6RFLDO URERWV� HWF��

FDQ LPSURYH FRPPXQLFDWLRQ EHWZHHQ
PXOWLGLVFLSOLQDU\ SK\VLFLDQV� 7KLV DSSURDFK KHOSV
SDWLHQWV DQG WKHLU UHODWLYHV PDQDJH GLDORJXH�
DFKLHYLQJ TXDOLW\ DQG HIILFLHQW SDWLHQW�FHQWULF FDUH LQ
HPHUJHQF\ VHWWLQJV� ,W DOVR SURYLGHV D V\VWHPDWLF ZD\
WR XQGHUVWDQG WKH SUREOHP� ,W KHOSV GHYHORS
XQGHUVWDQGLQJ WKURXJK GLUHFW REVHUYDWLRQV DIWHU
OLVWHQLQJ WR D EULHILQJ IURP WKH GRPDLQ H[SHUWV DERXW
WKH 3(' FRQWH[W� :H EXLOW WKH QDUUDWLYH
XVLQJ 6WRU\WHOOLQJ DQG 3HUVRQD ZULWLQJ WHFKQLTXHV WR
VXSSRUW WKH LGHDWLRQ SURFHVV IRU GHYHORSLQJ SURWRW\SH
DUWLIDFWV VXFK DV NQRZOHGJH JUDSKV �.*V�� )LQDOO\� WKH
WHVWLQJ SURFHGXUH RFFXUUHG WR HQVXUH WKRURXJK
GLVFXVVLRQ FDSWXUHG LQ FRQFHSWXDO PRGHOOLQJ �&0�
VHVVLRQV IURP WKH GRPDLQ H[SHUWV WR MXVWLI\ WKH
FRQWH[W RI 3(' LQ WKH KRVSLWDO VHWWLQJ�

1XPHURXV PRGHOOLQJ WHFKQLTXHV >��@ KDYH EHHQ
GHYHORSHG IRU DFTXLULQJ WDFLW NQRZOHGJH �7.� IURP
GRPDLQ H[SHUWV� SRWHQWLDO XVHUV� DQG SDWLHQWV WR
DGGUHVV WKH ERWWOHQHFN LVVXHV RI LQIRUPDWLRQ IORZV
ZLWKLQ WKH ('¶V FRQWH[W� 7KLV UHVHDUFK DOVR H[SODLQV
WKH XVDJH RI DQ RQWRORJ\�GULYHQ DSSURDFK DQG KRZ WKH
NQRZOHGJH JUDSK �RQWRORJ\ PRGHO� LV XVHG WR PDQDJH
NQRZOHGJH DFTXLVLWLRQ �.$� DQG GLDORJXH
PDQDJHPHQW SURFHVVHV EHWZHHQ KXPDQV DQG PDFKLQH
LQWHUDFWLRQV XVLQJ WKH NQRZOHGJH PDQDJHPHQW �.0�
IUDPHZRUNV VXFK DV 3URWHJH ��� DQG 7RS%UDLG
&RPSRVHU� :H WDLORUHG WKH HQWHUSULVH NQRZOHGJH
GHYHORSPHQW �(.'� PRGHOOLQJ WHFKQLTXH >��@�
FRQVLGHULQJ WKH PRVW SURPLVLQJ GHVLJQ WHFKQLTXHV IRU
FRQGXFWLQJ PRGHOOLQJ ZRUNVKRSV >��@�

7KLV VWXG\ DLPHG WR WUDQVIRUP WKH FXUUHQW VLWXDWLRQ
RI 3('V IURP DQ $V�,V VLWXDWLRQ WR D 7R�EH
VLWXDWLRQ HPSOR\LQJ $,�SRZHUHG DSSOLFDWLRQV �H�J��
&$V� 6RFLDO URERWV� HWF��� DFFRUGLQJ WR WKH GLUHFW
REVHUYDWLRQV DQG PRGHOOLQJ ZRUNVKRSV �0:��
HVSHFLDOO\ DW .DUROLQVND +RVSLWDO� 6ROQD� 6WRFNKROP�
6ZHGHQ� 0RGHOOLQJ RI WKH 3(' FDVH �VHH VHFWLRQ ����
KDV EHHQ FDUULHG RXW DV D FROOHFWLYH DFWLYLW\ ZLWK
PXOWLGLVFLSOLQDU\ SDUWLFLSDQWV RI GLIIHUHQW
EDFNJURXQGV� VXFK DV PRGHOOLQJ� PHGLFDO� DQG ,7� 7KH
REMHFWLYH ZDV WR GHYHORS D KHDOWKFDUH SURFHVV PRGHO
DV D IRUPDO RQWRORJ\�EDVHG NQRZOHGJH JUDSK �.*�
WKDW FDQ EH XVHG WR HVWDEOLVK DQ $,�EDVHG DVVLVWDQW
DSSOLFDWLRQV SODWIRUP WKDW QHWZRUNHG ZLWK RWKHU KHDOWK
LQIRUPDWLRQ V\VWHPV �+,6� DQG VXSSRUWHG GLIIHUHQW
W\SHV RI ,6 HFRV\VWHPV >��@� 'XULQJ WKH PRGHOOLQJ
DFWLYLWLHV� ZH IROORZHG VHYHUDO VWHSV >��� ��@�
6WHS��� 8QGHUVWDQG� :H DUUDQJHG PRGHOOLQJ

ZRUNVKRSV ZLWK GRPDLQ DQG PRGHOOLQJ H[SHUWV >��@ WR
DFTXLUH NQRZOHGJH IRU JRRG XQGHUVWDQGLQJ LQ EULHILQJ
UHODWHG WR 3(' �VHH $SSHQGL[��� DW .DUROLQVND
+RVSLWDO� 6ROQD� 6WRFNKROP� 6ZHGHQ� 6WHS���
2EVHUYH� :H LQLWLDWHG D .$ SURFHVV DQG FDOOHG D
TXLFN FORVHG�VHVVLRQV IRU XVLQJ TXDOLWDWLYH PHWKRGV
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�H�J�� LQWHUYLHZLQJ ZLWK GRPDLQ H[SHUWV� DQG OLQNHG XS
ZLWK WKH UHFRUGHG WDFLW NQRZOHGJH IURP WKH
SURIHVVLRQDOV DORQJ ZLWK GLUHFW REVHUYDWLRQV� VHOI�
LQWXLWLRQV LQ TXLFN PLQG�VWRUPLQJ SURFHVV� DQG DJDLQ
UHO\ RQ WKH LWHUDWLYH GHVNWRS UHVHDUFK SURFHVV� 6WHS���
3RLQW RI YLHZ� ,Q WKLV SKDVH� DV D WHDP� RXU SULRULW\
ZDV WR HQJDJH WHDP PHPEHUV RQ WKH VDPH SDJH IRU
V\QHUJ\ LQ XQGHUVWDQGLQJ� H[FKDQJLQJ WKH UHVXOWV� DQG
WKHLU UHSUHVHQWDWLRQ XVLQJ YDULRXV WHFKQLTXHV �H�J��
SHUVRQD�ZULWLQJ �VHH $SSHQGL[���� HWF��� 6WHS���
,GHDWLRQ�:H GUDZ D VWRU\ERDUG WR FRPSLOH GLVFXVVLRQ
FRPSRQHQWV ZLWK DUJXPHQWV IRU VHOHFWLQJ RQ�GHPDQG
WHFKQRORJLHV DQG WKHLU XVDJH LQ 3('� 6WHS���
3URWRW\SH� :H WULHG WR LQFRUSRUDWH ,QGXVWU\ ��� �,����
FRQFHSWV �H�J� &$V� 6RFLDO URERWV� HWF�� WR JLYH WKH
VKDSH DV D GLJLWDO DUWLIDFWV WR VKRZFDVH WKH LQWHUDFWLRQ
DQG ZK\ WKHVH ZRXOG EH YDOXH�FUHDWLRQV LQ 3('� 6WHS�
�� 7HVW� $IWHU GHYHORSLQJ WKH ILUVW YHUVLRQ RI WKH
NQRZOHGJH JUDSK DUWLIDFWV� ZH VKRZFDVHG YDULRXV
PRGHOV �VHH $SSHQGL[��� LQ IURQW RI GRPDLQ H[SHUWV
DQG XVHUV WR JHW UHDO�WLPH IHHGEDFN IRU IXUWKHU
LPSURYHPHQWV�

)LJXUH�� VXJJHVWHG D SURFHVV PRGHO GHILQHG E\
7KRULQJ DQG 0XHOOHU >��@ WKDW ZDV WDNHQ DV D
IRXQGDWLRQ IRU GHYHORSLQJ $,�SRZHUHG DUWLIDFWV DV DQ
DJHQWLYH VROXWLRQ WR DFKLHYH XVHUV�FHQWHUHG JRDOV DQG
LQJUDLQHG KXPDQ YDOXHV� ,W DOVR KHOSV KHDOWKFDUH
SUDFWLWLRQHUV �+3V� LPSURYH WKHLU ZRUNLQJ SDWWHUQV
DQG LQIRUPDWLRQ IORZ SURFHGXUHV DQG IDFLOLWDWHV RWKHU
VWDNHKROGHUV� VXFK DV SDWLHQWV DQG WKHLU UHODWLYHV� WKDW
FDQ LQWHUDFW ZLWK LQWHUDFWLYH DQG FRQYHUVDWLRQDO
VHUYLFHV RQ GHPDQG ZLWKRXW DQ\ LQFRQYHQLHQFH LQ WKH
HPHUJHQF\ FRQWH[W RI 3(' DW DUULYDO�

)LJXUH �� 3URFHVV 0RGHO RI 'HVLJQ 7KLQNLQJ
0HWKRG

͵ǤʹǤ ��� ���������� ���������� �������� ����

7KLV VWXG\ LV EDVHG RQ UHDO�WLPH FDVH REVHUYDWLRQV
LQ WKH 3(' RI .DUROLQVND +RVSLWDO LQ 6ROQD�
6WRFNKROP� 6ZHGHQ DQG 86$&6 >��@� $V D WHDP ZLWK
PXOWLGLVFLSOLQDU\ H[SHUWLVH� ZH FRQGXFWHG PRGHOOLQJ
ZRUNVKRSV� :H IROORZHG VSHFLILF VWHSV >��� ��@ WR
IDFLOLWDWH EHWWHU FRPPXQLFDWLRQ ZLWK GRPDLQ XVHUV�
PHGLFDO SURIHVVLRQDOV DQG H[SHUWV UHVSRQVLEOH IRU
HPHUJHQF\ SDWLHQW WUHDWPHQW SURFHGXUHV DQG GHYHORS
DQ XQGHUVWDQGLQJ RI (' ZRUNIORZV� ,QLWLDOO\� :H

REVHUYHG DQG WULHG WR UHYHUVH�HQJLQHHU WKH ZKROH
VLWXDWLRQ RI WKH 3('� :H DQDO\]HG WKH LQIRUPDWLRQ
IORZ SURFHVVHV UHODWHG WR WKH SDWLHQW
V WUHDWPHQWV DQG
DGPLVVLRQ SURFHGXUH XSRQ DUULYDO DW 3('� $IWHU
DVVHVVPHQW DQG HVWDEOLVKLQJ FRQVHQVXV� :H WUDFHG
VRPH FULWLFDO SUREOHPV DVVRFLDWHG ZLWK SDWLHQW�FHQWULF
WUHDWPHQW SURFHGXUHV� :H DLPHG WR WUDQVIRUP IURP DQ
$V�,V VLWXDWLRQ WR D 7R�EH VLWXDWLRQ LQ 3('� )URP
H[WHQVLYH GHVNWRS UHVHDUFK� ��� RI SDWLHQW YLVLWV
LQFUHDVH \HDUO\ DW (' DQG DIIHFWHG SDWLHQWV DUH XVHG WR
FRQIURQWLQJ XQH[SHFWHG H[SHULHQFHV VXFK DV ORQJ
ZDLWLQJ WLPHV DQG RYHUFURZGLQJ LVVXHV >��@�

)URP WKH +RVSLWDO¶V SHUVSHFWLYH� D SRRUO\
IXQFWLRQLQJ (' DIIHFWV RYHUDOO DFWLYLWLHV DQG
ZRUNIORZV ZLWKLQ WKH HPHUJHQF\ XQLW� VR LW PXVW EH
ZHOO RUJDQL]HG >��@� 7R JHW DSSURSULDWH PHGLFDO
DVVLVWDQFH� ZH QHHG WR GHSOR\ FODVVLILHG LQIRUPDWLRQ
V\VWHPV �,6� VXFK DV 7ULDJH >�H�J�� GHFLVLRQ VXSSRUW
V\VWHP �'66��@ >��@� HOHFWURQLF KHDOWK UHFRUGV �(+5��
DQG HOHFWURQLF PHGLFDO UHFRUGV �(05�� 7KH (+5
IRFXVHV RQ WKH SDWLHQW¶V KHDOWK DQG VKDULQJ
LQIRUPDWLRQ ZLWK RWKHU KHDOWKFDUH SUDFWLWLRQHUV �+3V��
6LPLODUO\� WKH (05 PDLQWDLQV WKH PHGLFDO DQG
WUHDWPHQW KLVWRU\ RI WKH SDWLHQW� +HUH� WKH 7ULDJH¶V
UROH LV TXLWH SURPLVLQJ EHFDXVH LW KHOSV SULRULWL]H WKH
SDWLHQWV IRU FDUH DQG WUHDWPHQW� 8QIRUWXQDWHO\� D
PDVVLYH QXPEHU RI SDWLHQWV DQG D ORQJ ZDLWLQJ TXHXH
FUHDWHV D ERWWOHQHFN DW 7ULDJH LQ ('V� 6R ZH QHHG
VXSSRUWLQJ WHFKQRORJLFDO VROXWLRQV �H�J�� FKDWERWV�
VRFLDO URERWV� HWF�� WKDW KHOS WR LPSURYH PXOWLSOH VWHSV
LQ IURQW�HQG 7ULDJH SURFHGXUHV ZLWK LQFRQVLVWHQW
SUDFWLFHV DQG PLQLPL]H WKH KLJK SHUFHQWDJH RI SDWLHQW
KDQGOLQJ LQ WKH ZDLWLQJ URRP GXULQJ SHDN KRXUV LQ ('�
7KH\ DOVR KHOS WR LQLWLDWH VLQJOH�ZLQGRZ RSHUDWLRQV WR
LPSURYH FRPPXQLFDWLRQ LVVXHV DQG KDUERU GDWD VLORV
ZLWKLQ GHSDUWPHQWV DQG WUHDWPHQW DUHDV >��@�

)URP WKH 3DWLHQW¶V SHUVSHFWLYH� WKH ORQJ ZDLWLQJ
WLPHV LQ WKH ('V� RIWHQ DFFRPSDQLHG E\ KLJK DQ[LHW\
OHYHOV� FDQ FDXVH WKH SDWLHQW¶V ORVH WUXVW LQ KHDOWK
VHUYLFHV� :KHQ ('V IXQFWLRQ SRRUO\� WKLV MHRSDUGL]HV
QRW RQO\ WKH PHQWDO KHDOWK DQG VDIHW\ RI WKH 3DWLHQW
EXW DOVR GHWHULRUDWHV SXEOLF FRQILGHQFH LQ KHDOWKFDUH
V\VWHPV DV D ZKROH >��@�

͵Ǥ͵Ǥ ������ ������ ��� �������� �����������
ȋ����Ȍ

)RU RQWRORJ\ GHYHORSPHQW �2'�� ZH KDYH FKRVHQ D
K\EULG DSSURDFK WR H[SUHVV WKH GLVFXVVLRQ RI 3(' DQG
WKH LQFOXVLRQ RI $,�EDVHG DSSOLFDWLRQV LQ KHDOWKFDUH
VHWWLQJV� 7KLV K\EULG DSSURDFK LV KLJKO\ FXVWRPL]HG
ZLWK 0HWKRQWRORJ\ >��@ DQG 7RYH >��@ WHFKQLTXHV�
7KLV K\EULG DSSURDFK LV XVHG WR GHYHORS D
SHUVRQDOL]HG NQRZOHGJH JUDSK �RQWRORJ\�EDVHG
PRGHOV� LQ KHDOWKFDUH� 'XULQJ WKH PRGHOOLQJ DFWLYLWLHV�
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ZH IROORZHG VHYHUDO VWHSV DQG DFWLRQV UHODWHG WR
PDQDJHPHQW� GHYHORSPHQW DQG VXSSRUW DFWLYLWLHV�
7KHVH PDQDJHPHQW DFWLYLWLHV DUH EDVHG RQ VFKHGXOLQJ
DQG FRQWUROOLQJ DFWLYLWLHV� 2QWRORJ\ GHYHORSHUV FDUU\
RXW WKHVH DFWLYLWLHV XVLQJ YDULRXV UHVRXUFHV WR SHUIRUP
FHUWDLQ DFWLRQV� 7KHVH FRQWUROOLQJ DFWLYLWLHV DUH FDUULHG
RXW WR HQVXUH WKDW DOO GHYHORSPHQW DFWLYLWLHV DUH
JRYHUQHG DFFRUGLQJ WR WKH VHW SODQ E\ WKH UHVHDUFKHUV
GXULQJ PRGHOOLQJ VHVVLRQV� ,Q WKH GHYHORSPHQW
DFWLYLWLHV� VSHFLILF VWHSV DUH LQYROYHG LQ WKH
UHTXLUHPHQW VSHFLILFDWLRQ SKDVH LQ WKH OLJKW RI WKH
VRIWZDUH GHYHORSPHQW OLIH F\FOH �VHH ILJXUH����

�� 0RWLYDWLQJ VFHQDULR� �� ,QIRUPDO FRPSHWHQFH
TXHVWLRQV� �� 7R EXLOG WKH JORVVDU\ DQG WD[RQRPLHV RI
WHUPV� �� 7R GHILQH WKH DG�KRF UHODWLRQV� �� 7R GHILQH
FRQVWDQWV LQ GHWDLO� �� 7R GHILQH IRUPDO D[LRPV
VSHFLILFDWLRQ� �� 7R GHILQH FODVVHV� REMHFWV DQG GDWD
SURSHUWLHV XVLQJ D WRS�GRZQ DSSURDFK� 7R GHILQH
IRUPDO D[LRPV� DQG 7R GHILQH VRPH SURGXFWLRQ UXOHV
>��� ��@ �VHH ILJXUH����

6LPLODUO\� VXSSRUWLYH DFWLYLWLHV UHODWHG WR WKH
NQRZOHGJH DFTXLVLWLRQ �.$� SURFHVV DQG RQWRORJ\
UHXVDELOLW\ SKHQRPHQRQ� 7KLV DELOLW\ KHOSV WKH
GHYHORSHU ZLWK UHXVDELOLW\ DQG PRGLI\LQJ H[LVWLQJ
RQWRORJLHV DFFRUGLQJ WR D SDUWLFXODU FRQWH[W� 'LIIHUHQW
UHXVH SURFHVVHV DUH LQYROYHG LQ UHXVLQJ H[LVWLQJ
RQWRORJLHV� VXFK DV LQWHJUDWLQJ DQG PHUJLQJ
RQWRORJLHV LQ GHYHORSLQJ DQ RQWRORJLFDO GRPDLQ
PRGHO �3('RORJ\� >��@ �VHH DSSHQGL[���� :H KDYH
FRQGXFWHG WZR PRGHOOLQJ ZRUNVKRSV� 7KH �VW
PRGHOOLQJ ZRUNVKRS LQWHQGHG WR DFTXLUH WKH PRVW
UHOHYDQW NQRZOHGJH IURP WKH GRPDLQ H[SHUWV� ,W KHOSV
WR FUHDWH D GRPDLQ FRQFHSWXDO PRGHO RI WKH 3('
FRQWH[W� 'XULQJ WKH �QG PRGHOOLQJ ZRUNVKRS� ZH WULHG
WR VKRZFDVH WKH IRUPDO RQWRORJLFDO PRGHOV WR GRPDLQ
H[SHUWV DQG ,7 SURIHVVLRQDOV IRU GHYHORSLQJ $,�
SRZHUHG DSSOLFDWLRQV DQG LPSURYLQJ KHDOWKFDUH ,6�
:H DOVR GLVFXVVHG GLIIHUHQW UROHV� JRDOV� WDVNV�
DFWLYLWLHV DQG UHVRXUFHV XVHG LQ WKH 3('�

)LJXUH �� +\EULG 0HWKRGRORJ\ IRU 2QWRORJ\
'HYHORSPHQW �+02'� 3URFHVV

ͶǤ $������ �� ��Ǧ������ ��������������
����� ������������� ��������

7KH VHFWLRQ LOOXVWUDWHV WKH SURSRVHG OD\HUHG�EDVHG
DUFKLWHFWXUH IRU GHVLJQLQJ DQG PDQDJLQJ $,�EDVHG
DVVLVWDQWV VXFK DV &$� ZKLFK FDQ EH VHHQ LQ ILJXUH���
7KH ILUVW OD\HU LV UHVHUYHG IRU WKH DFTXLVLWLRQ RI
FRJQLWLYH DQG WDFLW NQRZOHGJH XVLQJ GDWD�DFTXLVLWLYH
PHWKRGV �H�J�� PRGHOOLQJ ZRUNVKRS WHFKQLTXHV�
LQWHUYLHZV� HWF�� IURP WKH GRPDLQ H[SHUWV�SUDFWLWLRQHUV�
.QRZOHGJH PRGHOOHUV DUH UHVSRQVLEOH IRU GHYHORSLQJ
FRQFHSWXDO PRGHOV XVLQJ PRGHOOLQJ WHFKQLTXHV �H�J��
(.'� >��@ WR VKRZFDVH WKHP WR GRPDLQ H[SHUWV� 7KH
VHFRQG OD\HU LV UHVHUYHG IRU HVWDEOLVKLQJ LQWHQW ILOHV
EDVHG RQ GLDORJXH PDQDJHPHQW EHWZHHQ KXPDQV DQG
PDFKLQHV� 7KHVH LQWHQW ILOHV KHOS ZULWH $,0/ >��@
VFULSWV IROORZLQJ ;0/ IRUPDW LQ DQ $,0/�EDVHG
HGLWRU �H�J�� 3DQGRUDERWV $,0/ HGLWRU� HWF���

7KH WKLUG OD\HU LV EDVHG RQ DQ RQWRORJ\�GULYHQ
DSSURDFK WKDW KHOSV LQFRUSRUDWH FRQWH[WXDO� GRPDLQ�
DQG WDFLW NQRZOHGJH �7.� DV FRPSHWHQFLHV PRGHOV
LQWR 3('RORJ\� ,W DOVR KHOSV WR LQFOXGH H[WHUQDO
NQRZOHGJH IRU UH�XVDELOLW\ SXUSRVHV IRU GHYHORSLQJ
GRPDLQ�RULHQWHG RQWRORJ\ WKDW UHIOHFWV GRPDLQ
GLVFXVVLRQ DQG UHOHYDQW FRQFHSWV� HQWLWLHV� REMHFW
SURSHUWLHV DQG UHODWLRQVKLSV EHWZHHQ WKHP�

7KH IRXUWK OD\HU H[SODLQV WKH UROH RI WKH VWDUWXS ILOH
ZLWK H[WHQVLRQ ³VWG�VWDUWXS�[PO´� ZKLFK LV XVHG DV WKH
PDLQ HQWU\ SRLQW IRU ORDGLQJ DLPO ILOHV� 7KH ILIWK OD\HU
LV UHVHUYHG IRU FUHDWLQJ WKH KXPDQ�PDFKLQH LQWHUIDFH
�+0,� IRU YRLFH�HQDEOHG FRQYHUVDWLRQ DQG WH[W�EDVHG
PHVVDJLQJ XVLQJ &$V DQG 0/ $3, LQ SURJUDPPLQJ
ODQJXDJH SODWIRUPV �H�J�� 3\WKRQ�� ,W LV UHVHUYHG WR
ORDG WKH &$ EUDLQ� ,W LV ZULWWHQ LQ WKH GHYHORSPHQW
SKDVH LQ WKH HGLWRUV RI WKH 3\WKRQ SURJUDPPLQJ
ODQJXDJH �H�J�� -XS\WHU 1RWHERRN HGLWRUV� HWF���

)LJXUH �� 0XOWLSOH /D\HUV )UDPHZRUN IRU
'HYHORSLQJ $,�GULYHQ &RQYHUVDWLRQDO $JHQW �&$�

ͷǤ �������

ͷǤͳǤ ������� ���� ����� �� ��� ��� ��������

,Q WKLV VHFWLRQ� ZH XWLOL]HG WKH (.' PRGHOOLQJ
WHFKQLTXH >��@ WR GHVLJQ WKH PRGHO UHODWHG WR 3('�
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7KLV VHFWLRQ HPSOR\HG WKH (.' PRGHOOLQJ WHFKQLTXH
>��@ WR FUDIW WKH 3('�UHODWHG PRGHO� 7KLV VHFWLRQ
HQFRPSDVVHV HVVHQWLDO SURFHVVHV� H[WHUQDO SURFHVVHV�
DQG LQIRUPDWLRQ VHWV YLVXDOO\ SUHVHQWHG LQ )LJXUH���
8VLQJ WKH (.' PRGHOOLQJ WHFKQLTXH� ZH LOOXVWUDWH D
FRPSUHKHQVLYH ZRUNIORZ RYHUYLHZ RI WKH 3('
SURFHVVHV� +HUH� DQ H[WHUQDO SURFHVV LV GHILQHG DV D
FROOHFWLRQ RI DFWLYLWLHV EH\RQG WKH RUJDQL]DWLRQ
V
DFWLYLW\ VFRSH� LQWHUDFWLQJ ZLWK SURFHVVHV RU DFWLRQV LQ
WKH SUREOHP GRPDLQ DUHD� $Q LQIRUPDWLRQ VHW
UHSUHVHQWV LQIRUPDWLRQ H[FKDQJH EHWZHHQ SURFHVVHV WR
IDFLOLWDWH LQIRUPDWLRQ IORZ >��@� 3DWLHQW $UULYDO DW ('
�([WHUQDO 3URFHVV�� 7KLV SURFHVV KLJKOLJKWV WKH
SURFHGXUHV RU SDWWHUQV IRU UHDFKLQJ WKH (' WR JHW
PHGLFDO DVVLVWDQFH� 7ULDJH �'HFLVLRQ 6XSSRUW 6\VWHP�
3URFHVV� 7ULDJH LV D GHFLVLRQ VXSSRUW V\VWHP �'66�
WKDW KHOSV LPSURYH WKH SDWLHQW FDUH GHFLVLRQ�PDNLQJ
SURFHVV DIWHU D FULWLFDO DQDO\VLV RI PHGLFDO WHVWV�
V\PSWRPV� DQG FRQGLWLRQV GDWD�

)LJXUH �� 3URFHVV 0RGHOOLQJ LQ WKH 3('

�VW 6WDJH 0HGLFDO $VVHVVPHQW 3URFHVV� ,Q �VW VWDJH
PHGLFDO DVVHVVPHQW SURFHVV� WKH &$ DVNV VRPH
HVVHQWLDO TXHVWLRQV WR WKH SDWLHQW UHODWLYH WR DVVHVV WKH
QHHG IRU VHULRXV PHGLFDO KHOS RU WR DYRLG ORQJ TXHXHV�
5HIHUUDO 7HVWV �([WHUQDO 3URFHVV�� 7ULDJH DOVR KDQGOHV
UHIHUUDO WHVWV UHIHUUHG IURP VHFRQGDU\ RU SULPDU\
PHGLFDO FHQWHUV� 1HZ�7HVWV 5HFRPPHQGDWLRQ 3URFHVV�
$IWHU D FULWLFDO DQDO\VLV RI WKH SDWLHQW� 7ULDJH UHIHUV WR
PHGLFDO WULDOV IRU QHZ SDWLHQWV� 0HGLFDO 7HVWV
$VVHVVPHQW 3URFHVV� $IWHU UHFHLYLQJ WKH UHVXOW RI WKH
QHZ WHVWV DQG UHIHUUDO WHVWV� WKH PHGLFDO SURIHVVLRQDOV
PDNH DVVHVVPHQWV IRU IXUWKHU PHGLFDO DFWLRQV� 3DWLHQW
$GPLVVLRQ 3URFHVV� 7KLV SURFHVV LQFOXGHV VRPH VWHSV
UHTXLUHG IRU DGPLVVLRQ SXUSRVHV WR WUHDW WKH SDWLHQW�
3DWLHQW 'LVFKDUJH 3URFHVV� 7KH PHGLFDO VWDII IROORZV

VRPH QHFHVVDU\ VWHSV IRU GLVFKDUJLQJ WKH SDWLHQW IURP
WKH PHGLFDO XQLW�

ͷǤʹǤ ����������� ����� �������� �� ���������
��������� ���������� ȋ��������Ȍ

7KLV VHFWLRQ EULHIO\ H[SODLQV WKH LPSOHPHQWDWLRQ RI
WKH RQWRORJLFDO PRGHO RI 3(' FDOOHG 3('RORJ\� $
K\EULG IRUPDO DSSURDFK LV XVHG� ZKLFK UHVXOWV LQ
NQRZOHGJH JUDSKV �RQWRORJLFDO PRGHO�� :H XVHG WKH
ZHE RQWRORJ\ ODQJXDJH �2:/� DQG RQWRORJ\
GHYHORSPHQW HGLWRUV �H�J� SURWHJH ���� WR GHYHORS WKH
RQWRORJ\�EDVHG LPSOHPHQWDWLRQ WKDW LV EDVHG RQ FDVH
VWXGLHV DQG 86$&6 IRU EHWWHU XQGHUVWDQGLQJ DQG
UHDOL]DWLRQ RI WKH HPHUJHQF\ GHSDUWPHQW
V �('V�
VLWXDWLRQ� )LJXUH�� LOOXVWUDWHV D VHPL�DXWRPDWHG
PHFKDQLVP IRU WUDQVIRUPLQJ WH[WXDO RU FRQWH[WXDO
NQRZOHGJH� HVSHFLDOO\ SHUWDLQLQJ WR 3(' GLVFXVVLRQV�
DQG LQWHJUDWLQJ LW ZLWK 8QLWHG 6WDWHV $FXWH &DUH
6ROXWLRQV �86$&6� GDWD UHODWHG WR WKH ('¶V FRQWH[W�
7KLV WUDQVIRUPDWLRQ UHVXOWV LQ VWDQGDUGL]HG VWUXFWXUHG
GDWD WKDW FDQ EH DGRSWHG LQ YDULRXV GDWD IRUPDWV DQG LV
UHDGLO\ UHXVDEOH IRU DFKLHYLQJ GDWD LQWHURSHUDELOLW\
ZLWK RWKHU LQWHUFRQQHFWHG KHDOWKFDUH V\VWHPV� 'XULQJ
WKH RQWRORJ\ GHYHORSPHQW SURFHVV� ZH HPSOR\HG D
K\EULG DSSURDFK FRPELQLQJ HOHPHQWV RI
0HWKRQWRORJ\ DQG 7RYH PHWKRGRORJLHV� 7KLV
DSSURDFK JXLGHG WKH FUHDWLRQ RI DQ RQWRORJ\�GULYHQ
PRGHO UHIHUUHG WR DV 3('RORJ\� :LWKLQ WKLV PRGHO�
ZH LGHQWLILHG DQG HVWDEOLVKHG HVVHQWLDO FRQFHSWV�
HQWLWLHV� DQG UHODWLRQVKLSV �REMHFW SURSHUWLHV� DPRQJ
WKHVH FRQFHSWV� DORQJ ZLWK GDWD SURSHUWLHV� EXVLQHVV
UXOHV DQG FODVV D[LRPV� 7KHVH FRPSRQHQWV
FROOHFWLYHO\ IRUPHG WKH IRXQGDWLRQ IRU FRQVWUXFWLQJ DQ
LQWHOOLJHQW NQRZOHGJH EDVH �.%�� 7KH DLP RI WKLV
NQRZOHGJH HQJLQHHULQJ �.(� HQGHDYRXU LV WR GHYHORS
D SHUVRQDOL]HG NQRZOHGJH JUDSK �3.*� � DQ
LQWHJUDWHG UHSRVLWRU\ RI NQRZOHGJH ZLWK D VSHFLILF
HPSKDVLV RQ WKH HPHUJHQF\ FRQWH[W�

)LJXUH �� 2QWRORJLFDO 0RGHO �2QWR0� RI 3HGLDWULF
(PHUJHQF\ 'HSDUWPHQW �3('RORJ\�
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7KH VWDWLVWLFV RI WKH 3('RORJ\ PRGHO FRQVLVW RI
��� FODVVHV� ���� D[LRPV� ���� ORJLFDO D[LRP FRXQWV�
��� GHFODUDWLRQ D[LRP FRXQWV� ��� REMHFW SURSHUW\
FRXQWV� �� GDWD SURSHUW\ FRXQWV� ��� LQGLYLGXDO FRXQWV
DQG VL[ DQQRWDWLYH SURSHUW\ FRXQWV� :H XVHG D IRUPDO
K\EULG DSSURDFK XVLQJ 2'3V DQG RWKHU RQWRORJLHV
VXFK DV FRPSHWHQFH PRGHOV� GLVHDVHV PRGHOV DQG
&RQYRORJ\ WR GHYHORS WKH FRQFHSWXDO PRGHOV DV D
PDFKLQH�UHDGDEOH VWUXFWXUH� 7KH 3('RORJ\ PRGHO
GHSLFWV WKH (' VLWXDWLRQ DQG UDWLRQDOO\ WDUJHWV
RYHUFURZGLQJ ZLWK LPSURYHG LQIRUPDWLRQ IORZ
SURFHVVHV DQG LQIRUPDWLRQ SURYLVLRQ �,3� LV SUHVHQWHG
LQ ILJXUH��� $V D QRYHO GDWD SDUDGLJP� WKH RQWRORJLFDO
PRGHOV �3('RORJ\� FRPELQH YDULRXV WHFKQRORJLHV�
WHUPLQRORJLHV� DQG GDWD FXOWXUHV WKDW UHIOHFW GRPDLQ
NQRZOHGJH LQ D KXPDQ DQG PDFKLQH�UHDGDEOH IRUPDW�
+HUH� WKH RQWRORJ\�GULYHQ IUDPHZRUN LV RQH RI WKH
SRWHQWLDO VROXWLRQV WR GHYHORS VWDQGDUG YRFDEXODU\� ,W
KHOSV ZLWK GDWD LQWHURSHUDELOLW\ DQG UHXVDELOLW\ LQ
GLIIHUHQW IRUPDWV� VXFK DV 7XUWOH� 5')�;0/�
2:/�;0/� DQG -621�/'� GHYHORSLQJ KHDOWK�UHODWHG
VHUYLFHV XVHG LQ &$V �D QHZ FODVV RI ,6��

ͷǤ͵Ǥ ������������ ��������� 
���� ȋ�
Ȍ
������������ �������� ����� �� ��������Ǧ
������ �������� ��� ��

7KH VHFWLRQ H[SODLQV D V\VWHPDWLF ZD\ WR GHYHORS
$,�EDVHG DVVLVWDQW VXFK DV &$ LQ GLIIHUHQW SKDVHV �VHH
ILJXUH���� 7KLV .* SLSHOLQH EDVHG RQ DQ RQWRORJ\�
GULYHQ DSSURDFK LV IROORZHG E\ VRPH OD\HUV VWUXFWXUHV
VXFK DV WKH NQRZOHGJH DFTXLVLWLRQ �.$� OD\HU� WKH
NQRZOHGJH UHSUHVHQWDWLRQ �.5� OD\HU� WKH NQRZOHGJH
UHSUHVHQWDWLRQ DQG UHDVRQLQJ �.5�� OD\HU DQG WKH
NQRZOHGJH HPERGLHG �.(� OD\HU� 7KH .$ OD\HU
FRQVLVWV RI YDULRXV GDWD DFTXLVLWLRQ �'$� WHFKQLTXHV
�H�J�� LQWHUYLHZV� GLUHFW REVHUYDWLRQV� VXUYH\V�
DUFKLYHG GDWD DQG IRFXV JURXSV� JDWKHUHG IURP
GRPDLQ H[SHUWV� KHDOWK VWDNHKROGHUV� DQG SK\VLFDO
QRWHV DQG GRFXPHQWV� 7KH '$ SURFHVV FDQ EH GULYHQ
XVLQJ .$ PHWKRGV VXFK DV PRGHOOLQJ ZRUNVKRSV� DQG
WKH VWHS FDQ EH VHHQ LQ GHWDLO >��� ��@�

)LJXUH �� .QRZOHGJH *UDSK &RQVWUXFWLRQ
3LSHOLQH XVLQJ 2QWRORJ\�GULYHQ $SSURDFK IRU &$

7KH .5 OD\HU GHILQHV D V\VWHPDWLF ZD\ RI
FRQVWUXFWLQJ RQWRORJ\ LQ DQ RQWRORJ\ HGLWRU �H�J�

SURWHJH ������ ,Q WKH RQWRORJ\ GHYHORSPHQW �'2�
SURFHVV� ZH KDYH WDNHQ DFWXDO LQSXW IURP WKH .$ OD\HU
DQG GHILQHG VRPH FRQFHSWV� HQWLWLHV� DQG UHODWLRQVKLSV
�2EMHFW SURSHUWLHV� DPRQJ FRQFHSWV� DQG GHILQHG GDWD
SURSHUWLHV� GHILQHG EXVLQHVV UXOHV DQG FODVV D[LRPV IRU
FUHDWLQJ LQWHOOLJHQW .%V� ,W EHFRPHV WKH EDFNERQH RI
DQ\ LQWHOOLJHQW $, V\VWHP� HVSHFLDOO\ &$V� 7KLV OD\HU
LV DOVR UHVSRQVLEOH IRU PDLQWDLQLQJ WKH LQWHUOLQNLQJ RI
GLIIHUHQW RQWRORJLHV DQG YRFDEXODULHV� LQFOXGLQJ
RQWRORJ\ GHVLJQ SDWWHUQV �2'3V�� DV H[WHUQDO VRXUFHV�

7KH .5� OD\HU H[SODLQV WKH EXVLQHVV UXOHV¶ GHVLJQ
DQG LOOXVWUDWLRQ DQG KRZ WKH\ ORRN� DQG ZH FDQ ZULWH
EXVLQHVV UXOHV LQ WKH RQWRORJ\ HGLWRU XVLQJ VHPDQWLF
ZHE UXOH ODQJXDJH �6:5/��� 7KHVH UXOHV V\PEROLF
H[SUHVVLRQV FDQ EH LQWHJUDWHG ZLWK D GXPS NQRZOHGJH
EDVH �.%V� WR PDNH LW PRUH LQWHOOLJHQW DQG JHQHUDWH
QHZ LQIHUHQFHV DFFRUGLQJ WR WKH EDVH IDFWV�
*HQHUDWLQJ QHZ LQIHUHQFHV LV RQO\ SRVVLEOH EHFDXVH
WKH LQIHUHQFH HQJLQH �,(� PDNHV WKH .%V PRUH
LQWHOOLJHQW DQG JLYHV WKH LQIRUPDWLRQ DFFRUGLQJ WR WKH
TXHU\ ZLWK RSWLPDO DQVZHUV� 7KH ,( LV D SRZHUIXO WRRO
WKDW LQWHUSUHWV DQG HYDOXDWHV WKH IDFWV DQG DSSOLHV
ORJLFDO UXOHV LQ WKH .% WR DQVZHU� 7KH SURPLQHQW UROH
RI WKH ,( LV WR GHYHORS NQRZOHGJH FODVVLILFDWLRQ�
GLDJQRVLV� DQG FKHFN LQFRQVLVWHQF\ DQG QRQ�FRKHUHQW
DWWLWXGHV DPRQJ FRQFHSWV DQG PRQLWRU WKHLU REMHFW
UHODWLRQVKLSV LQ RQWRORJLHV GHYHORSPHQW SURFHVV� 7KLV
ZRUN XVHV YDULRXV WRROV� LQFOXGLQJ UHDVRQLQJ DELOLWLHV�
OLNH 3DOOHW DQG 'URROV�� 7KH 3DOOHW LV D EXLOW�LQ SOXJLQ
XVHG ZLWKLQ WKH 3URWHJH ��� HQYLURQPHQW DQG
UHFRPPHQGHG UHDVRQHU� ZKLFK WDNHV UXOHV DQG D[LRPV
DQG JHQHUDWHV ORJLFDO LQIHUHQFHV DERXW SURSHUWLHV RU
FODVV GHILQLWLRQV� 6LPLODUO\� 'URROV UHDVRQHU IROORZV
WKH VWUXFWXUH OLNH >��2:/�6:5/ĺ'URROV� ĺ5XQ
'URROVĺ'URROVĺ2:/��@� 7KLV VWUXFWXUH H[SODLQV WKH
)LUVW VHVVLRQ RI WKH H[SUHVVLRQ WUDQVIHU 6:5/
EXVLQHVV UXOHV DQG UHOHYDQW 2:/ NQRZOHGJH WR WKH
UXOH HQJLQH� 7KH VHFRQG VHVVLRQ GHILQHV LWV H[HFXWLRQ
SURFHVV� DQG WKH WKLUG GHVFULEHV WKH WUDQVIRUPDWLRQ RI
LQIHUUHG UXOH HQJLQH NQRZOHGJH LQWR 2:/ NQRZOHGJH�
7KLV UHDVRQLQJ DELOLW\ KHOSV .%V WR DQVZHU DFFRUGLQJ
WR TXHU\ ZLWK GDWD LQFRQVLVWHQF\ RU ODFN RI FRKHUHQFH�

7KH .( OD\HU QDUUDWHV WKH H[HFXWLRQ RI D VHPL�
DXWRPDWHG ZD\ RI SURFHVVLQJ RQWRORJLHV ZLWK 2:/�

RU 5')� H[WHQVLRQV SDUVHG WKURXJK ,( DQG VWRUHG LQ
.* GDWDEDVHV VXFK DV 1HR�-� DQG 6WDUGRJ�� +HUH� ZH
XVHG 1HR�- DV D .*V GDWDEDVH WR VWRUH 5') WULSOHV RI
GRPDLQ RQWRORJ\ �'2� DQG TXDOLI\ IRU WKH .( ZLWK

� KWWSV���SURWHJH�VWDQIRUG�HGX�
� KWWS���RQWRORJ\GHVLJQSDWWHUQV�RUJ�ZLNL�0DLQB3DJH
� KWWSV���ZZZ�Z��RUJ�6XEPLVVLRQ�6:5/�
� KWWSV���ZZZ�GURROV�RUJ�
� KWWSV���ZZZ�Z��RUJ�2:/�
� KWWSV���ZZZ�Z��RUJ�5')�
� KWWSV���QHR�M�FRP
�KWWSV���ZZZ�VWDUGRJ�FRP�
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LQIHUHQFH SRZHU� :H DOVR XVHG F\SKHU TXHU\ WR JHW WKH
DQVZHU DFFRUGLQJ WR FRPSHWHQFH TXHVWLRQV �&4V��

͸Ǥ ����������

7KH VHFWLRQ GHPRQVWUDWHV WKH JRDO RI WKH HYDOXDWLRQ�
ZKLFK LV WR DFKLHYH WKH TXDOLW\ RI WKH ZRUN DQG JDLQ
FRQILGHQFH WKDW WKH NQRZOHGJH JUDSK �.*� EXLOG�XS
PRGHO ZLWK D TXDOLW\ RQWRORJLFDO VWUXFWXUH IROORZLQJ
WKH SULQFLSOHV RI RQWRORJ\ PHWKRGRORJLHV VXFK DV
0HWKRQWRORJ\ >��@ DQG 7RYH >��@� ,W DOVR SUHVHQWV WKH
DFFXUDWH GHSLFWLRQ RI 3('V V\VWHPDWLFDOO\� 7KH
HYDOXDWLRQ PRGHO ZDV GRQH GLIIHUHQWO\ >��@� +RZHYHU�
WR TXDOLWDWLYHO\ PHDVXUH� ZH GHVLJQHG LQ WKH �QG
PRGHOOLQJ ZRUNVKRS� ZKLFK ZLOO EH H[SODLQHG ODWHU�

͸ǤͳǤ ���������� ����������

7KH KLHUDUFKLFDO VWUXFWXUH RI WKH 3(' PRGHO
�3('RORJ\� LV DVVHVVHG FRQFHUQLQJ WKH FRUUHFWQHVV RI
WKH ³LVBD´ UHODWLRQVKLS DV WR ZKHWKHU WKH JLYHQ
FRQFHSW ³$´ LV D SDUWLFXODU W\SH RI WKH JLYHQ FRQFHSW
³%´ LQ WKLV SKDVH� )RU LQVWDQFH� WKH ³7ULDJH QXUVH
UROH´ LV D VXEFODVV RI WKH ³0HGLFDO 3UDFWLWLRQHU 5ROH´�
DQG WKHVH UROHV DUH VXE�FODVVHV RI ³5ROH´ LQ D 3('
RQWRORJ\ PRGHO� 7KH VWUXFWXUDO HYDOXDWLRQ SURFHGXUH
LV DOVR QHFHVVDU\ WR FRQILUP WKH XWLOLW� �� ���
�������� ����� ��� ��� �������������� ����Ǥ

͸ǤʹǤ �������� ���������� ����������

,Q WKLV SKDVH� WKH 3(' RQWRORJ\ LV HYDOXDWHG IRU
KROGLQJ VHPDQWLFDOO\ FRUUHFW UHODWLRQV EHWZHHQ
FRQFHSWV DQG WKHVH UHODWLRQV DUH DVVRFLDWHG ZLWK
³2EMHFW 3URSHUWLHV´ DQG ³'DWD 3URSHUWLHV´ LQ
RQWRORJ\�EDVHG HGLWRUV� 7KH VHPDQWLF UHODWLRQDO
H[SUHVVLRQ IROORZV D WULSOHW VWUXFWXUH �VXEMHFW�
SUHGLFDWH� REMHFW� 1RGH ���!1RGH�� H�J�� WKHUH LV D
UHODWLRQVKLS EHWZHHQ WKH FRQFHSW RI ³5ROH´ DQG WKH
FRQFHSW RI ³*RDO´� UHIHUULQJ WR ³DFKHLYHV*RDO´� 7KXV�
WKH ³5ROH´ LV WKH GRPDLQ� DQG WKH ³*RDO´ LV D UDQJH
ZLWKLQ WKH PRGHO�

͸Ǥ͵Ǥ ������� ����������

7KLV SDUW H[DPLQHV VRPH DWWULEXWHV RI WKH 3('
PRGHO �3('RORJ\�� H[SUHVVLYHQHVV� FRPSOHWHQHVV�
DQG FODULW\ RI WKH DQQRWDWLRQ RI D JLYHQ 3(' RQWRORJ\
>��@� :H SUHVHQWHG VHYHUDO FRPSHWHQFH TXHVWLRQV
�&4V� WR WKH GRPDLQ H[SHUWV DQG SDUWLFLSDQWV LQ �QG
PRGHOOLQJ ZRUNVKRS DQG DVNHG WKHP ZKHWKHU RU QRW
WKH UHODWLRQVKLSV DUH FRQILUPHG LQ WKH RQWRORJ\ PRGHO�

͸ǤͶǤ ����� ����������� ����� ȋ��Ȍ �������

:H XVHG WKH GHVFULSWLRQ ORJLF �'/� 4XHU\ 7DE LQ
3URWHJH ��� WR YHULI\ GRPDLQ�UHODWHG &4V� ZKLFK
KHOSHG WR FRQILUP WKDW WKH 3.* �RQWRORJ\� PRGHO KDV
HQRXJK LQIRUPDWLRQ WR DQVZHU WKHVH TXHVWLRQV UHODWHG
WR 3('� 7DEOH�� VKRZV H[DPSOHV RI &4V ZLWK D '/
TXHU\ DQG SUHVHQWV WKH UHVXOWV RI H[HFXWLQJ WKH '/
TXHULHV GXULQJ �QG PRGHOOLQJ ZRUNVKRS�

7DEOH �� 5HVXOWV RI '/ 4XHU\ LQ 3URWHJH
&4��:KR DUH WKH PHPEHUV LQYROYHG LQ 3(' WHDP"
'/�4XHU\� 5ROH DQG LQLWLDWHB3URFHVV YDOXH
(PHUJHQF\B'HSDUWPHQWB3URFHVV�

͸ǤͷǤ ������ ��������� ��������

'XULQJ WKLV PRGHOOLQJ ZRUNVKRS�,,� ZH SUHVHQWHG D
KROLVWLF YLHZ RI WKH GRPDLQ PRGHO GHVLJQ DUWLIDFW WKDW
LOOXVWUDWHV KRZ KHDOWKFDUH SURIHVVLRQDOV �+3V� ZLWK
GLIIHUHQW UROHV DQG FRPSHWHQFLHV LQLWLDWH GLIIHUHQW
SURFHVVHV DQG SHUIRUP GLIIHUHQW DFWLYLWLHV WR DFKLHYH
WKH 3(' JRDOV� 7KLV VHVVLRQ DOVR VKRZFDVHV WKH
LQWHUDFWLRQ H[HUFLVHV EHWZHHQ KXPDQV DQG PDFKLQHV
DQG KRZ &$ FDQ LQWHUDFW DQG UHVSRQG DFFRUGLQJ WR WKH
TXHVWLRQV� :H KDYH DOVR H[HPSOLILHG WKH PRGHO RI WKH
.DUROLQVND +RVSLWDO FDVH ZLWK D VLPSOH EXW YDOXH�
DGGHG VFHQDULR WKDW VKRZV WKH UHSUHVHQWDWLRQ RI WKH
SUDFWLFDO VLWXDWLRQ RI 3('V� 7KHVH IRUPDO PRGHOOLQJ
UHVXOWV KHOS GHYHORS WKH &$� ZKLFK FDQ EH LQWHUOLQNHG
ZLWK KHDOWK ,6 DQG LPSURYH LQIRUPDWLRQ IORZV LQ WKH
3(' FRQWH[W GXULQJ SHDN KRXUV� )LQDOO\� ZH UHFHLYHG
YDOXDEOH IHHGEDFN DQG VXJJHVWLRQV IURP GRPDLQ
H[SHUWV DQG ,7 SURIHVVLRQDOV IRU IXWXUH LPSURYHPHQWV�

͹Ǥ ������ �������

7KH SULRU OHDUQLQJ IRU FRQGXFWLQJ PRGHOOLQJ
ZRUNVKRSV ZDV WR OHDUQ WKH VWDWH�RI�WKH�DUW
GHYHORSPHQW RI FRQFHSWXDO PRGHOV WKDW FDQ EH
IRUPDOL]HG DV SHUVRQDOL]HG .* �RQWRORJ\�EDVHG
PRGHOV� LQ D PDFKLQH�UHDGDEOH IRUPDW WR VXSSRUW WKH
LPSURYHPHQW DQG GHYHORSPHQW RI ,6� ,W DOVR KHOSV
WUDLQ DQG HYROYH &$ DSSOLFDWLRQV IRU DFFXUDWH
UHVSRQVHV WR D SDWLHQW LQ D KHDOWKFDUH VHWWLQJ� :H
OHDUQHG WKDW PRGHOOLQJ ZRUNVKRSV ZHUH SURGXFWLYH LQ
DFTXLULQJ UHOHYDQW NQRZOHGJH DERXW WKH 3(' WR
GHYHORS DQ RQWRORJLFDO PRGHO �3('RORJ\�� 8VLQJ
PRGHOOLQJ ZRUNVKRSV DQG WHFKQLTXHV OLNH (.'� ZH
GHYHORSHG PRGHOV LQFOXGLQJ WDFLW NQRZOHGJH JDLQHG
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IURP WKH GRPDLQ H[SHUWV� 7KHQ� WKH\ LPSOHPHQWHG
WKHLU FRPSHWHQFLHV PRGHOV WR LPSURYH ,6 DQG LWV
XVDJH LQ GLIIHUHQW GRPDLQV OLNH KHDOWKFDUH�

ͺǤ ���������� ��� ����������

$,�EDVHG DVVLVWDQW DSSOLFDWLRQV DQG WKHLU XVDJH
ZLWK $, DQG 0/ FDSDELOLWLHV DUH EHFRPLQJ
LQFUHDVLQJO\ LPSRUWDQW LQ KHDOWKFDUH RUJDQL]DWLRQV�
+HUH� &$V SOD\ D YLWDO UROH LQ LPSURYLQJ LQIRUPDWLRQ
IORZV DQG ,3 DQG LQLWLDWLQJ KXPDQ LQWHUDFWLRQ
VPRRWKO\ WR IDFLOLWDWH XVHUV LQ WKH VSHFLILF FRQWH[W�
HVSHFLDOO\ 3('� 7KH VWXG\ DLPV WR UDLVH DZDUHQHVV RI
$,�EDVHG DSSOLFDWLRQV VXFK DV &$V� VRFLDO URERWV� DQG
FKDWERWV DQG WKHLU FRQWULEXWLRQ WR LPSURYLQJ
XQH[SHFWHG SDWLHQW H[SHULHQFHV DQG DGGUHVVLQJ
H[FHSWLRQDOO\ ORQJ ZDLWLQJ WLPHV DQG RYHUFURZGLQJ
GXULQJ SHDN KRXUV� )URP D VRFLR�WHFKQLFDO SHUVSHFWLYH�
(0 WHFKQLTXHV KHOS WR EXLOG &$V LQ WKH KHDOWKFDUH
XQLW DQG SURYLGH D EDVLV� +RZ WKH NQRZOHGJH JUDSKV
VWUXFWXUH �RQWRORJ\�GULYHQ DSSURDFK� FDQ EH XVHG DV D
PRGHO WR WUDLQ DQG HYROYH FRQYHUVDWLRQDO DSSOLFDWLRQV
WR IDFLOLWDWH +3V DV FRZRUNHUV DQG KHOS PDNH VPRRWK
LQWHUDFWLRQV EHWZHHQ SDWLHQWV DQG PDFKLQHV IRU JHWWLQJ
RQ�GHPDQG KHDOWK�UHODWHG VHUYLFHV�

:H IROORZHG D ULJRURXV LWHUDWLYH GHVLJQ WKLQNLQJ
PHWKRG �'70� DSSURDFK WR DLP WR GHVLJQ FRQFHSWXDO
PRGHO �RQWRORJLFDO PRGHO� DUWLIDFWV WKDW GHSLFW WKH
GRPDLQ
V FRQWH[WXDO NQRZOHGJH DQG HYDOXDWH QRYHO
RQWRORJ\�EDVHG DUWLIDFWV� 6LPLODUO\� ZH DSSOLHG D
K\EULG DSSURDFK WKDW FRPELQHG HOHPHQWV RI
0HWKRQWROJ\ DQG 7RYH PHWKRGRORJLHV �+02'� IRU
GHVLJQLQJ DQG LPSOHPHQWLQJ WKH GRPDLQ RQWRORJ\ RI
3(' �3('RORJ\�� &0 WHFKQLTXHV SURYLGH D PHDQV WR
PRGHO WKH PHGLFDO XQLW
V FXUUHQW VLWXDWLRQ DQG GHVFULEH
ZRUN SURFHVVHV� JRDOV� WDVNV� DFWLYLWLHV� UROHV� DQG
UHVRXUFHV� 7KXV� &0 FDQ KHOS WR PDNH WKH XVH RI ,6 LQ
KHDOWKFDUH PRUH HIIHFWLYH E\ SURYLGLQJ PRGHOV
UHIOHFWLQJ D SDUWLFXODU KHDOWKFDUH XQLW� ,W DOVR GHVLJQV
DQG GHYHORSV LQWHOOLJHQW VROXWLRQV XVLQJ DQ RQWRORJ\�
GULYHQ DSSURDFK WR DXWRPDWH YDULRXV UHSHWLWLYH WDVNV
DQG SURFHGXUHV ZLWKLQ 3('�

7KH SURSRVHG ZRUN JLYHV D VWDWH�RI�WKH�DUW
RQWRORJ\�GULYHQ DSSURDFK WR EXLOGLQJ &$ DV D
PHGLDWRU �DVVLVWLYH WHFKQRORJ\� EHWZHHQ SDWLHQWV DQG
KHDOWKFDUH XVHUV WR HQDEOH SUDFWLFDO DQG XVHIXO
LQWHUDFWLRQV EHIRUH RU XSRQ DUULYDO DW WKH PHGLFDO
GHSDUWPHQW WR DGGUHVV VRPH RYHUFURZGLQJ LVVXHV�
7KLV RQWRORJ\�GULYHQ DSSURDFK KHOSV EXLOG
FRQYHUVDWLRQDO PRGHOV WKDW DFFXUDWHO\ UHVSRQG WR
TXHVWLRQV IURP SDWLHQWV ZLWK OHVV XUJHQW QHHGV� 7KHVH
IRUPDO RQWRORJLFDO PRGHOV FDQ EH XWLOL]HG LQ +,6�
ZKLFK DOORZV IRU WKH XVH RI VHPDQWLF WHFKQLTXHV WR
LPSURYH LQIRUPDWLRQ IORZ DQG ,3 LQ WKH 3('
SURFHVVHV� :H LPSOHPHQWHG WKH FRQVWUXFWHG PRGHOV LQ

WKH IRUP RI IRUPDO RQWRORJLHV� 7KHVH RQWRORJLFDO
PRGHOV LPSOHPHQWDWLRQ KDYH EHHQ GHSOR\HG XVLQJ WKH
ZHE RQWRORJ\ ODQJXDJH �2:/�;0/� DQG WKH 3URWHJH
��� RQWRORJ\ HGLWRU� )RU WKH HYDOXDWLRQ RI WKH UHVXOWV�
ZH XWLOL]HG VRPH ZD\V VXFK DV VWUXFWXUH HYDOXDWLRQ�
VHPDQWLF UHODWLRQDO HYDOXDWLRQ� DQG OH[LFDO HYDOXDWLRQ
XVLQJ 3URWHJH ��� HGLWRU DQG GHVFULSWLRQ ORJLF �'/�
TXHULHV DJDLQVW &4V� ,Q �QG PRGHOOLQJ ZRUNVKRS� ZH
YHULILHG WKH FRQVWUXFWHG PRGHOV� 'XULQJ WKH ZRUN� ZH
OHDUQHG WKDW PRUH PRGHOOLQJ ZRUNVKRSV DUH QHHGHG WR
FUHDWH DQG HYDOXDWH PRGHOV UHSUHVHQWLQJ WKH GRPDLQ
PRUH DFFXUDWHO\� +3V DUH HQFRXUDJHG WR EH LQFOXGHG
LQ WKH PRGHOOLQJ ZRUNVKRSV IURP WKH YHU\ EHJLQQLQJ�

ͻǤ ���������

>�@ /HZDQGRZVNL� 7�� 'HOOLQJ� -�� *URWKHUU� &�� DQG
%RKPDQQ� 7� ³6WDWH�RI�WKH�$UW $QDO\VLV RI $GRSWLQJ $,�
EDVHG &RQYHUVDWLRQDO $JHQWV LQ 2UJDQL]DWLRQV� $
6\VWHPDWLF /LWHUDWXUH 5HYLHZ�´ LQ� 3DFLILF &RQIHUHQFH
RQ ,QIRUPDWLRQ 6\VWHPV �3$&,6�� 'XEDL� ����� �����

>�@ %UDQGW]DHJ� 3� %�� DQG )¡OVWDG� $� �:K\ 3HRSOH 8VH
&KDWERWV�� LQ� ,QWHUQDWLRQDO &RQIHUHQFH RQ ,QWHUQHW
6FLHQFH �,16&,�� &KDP� 6SULQJHU� ����� ��������

>�@ 0DHGFKH� $�� /HJQHU� &�� %HQOLDQ� $�� %HUJHU� %��
*LPSHO� +�� +HVV� 7�� +LQ]� 2�� 0RUDQD� 6�� DQG 6|OOQHU�
0� �$L�%DVHG 'LJLWDO $VVLVWDQWV� %XVLQHVV 	
,QIRUPDWLRQ 6\VWHPV (QJLQHHULQJ ������ ����� ��������

>�@ /LWWOHMRKQV� 3�� :\DWW� -� &�� DQG *DUYLFDQ� /�
³(YDOXDWLQJ &RPSXWHULVHG +HDOWK ,QIRUPDWLRQ 6\VWHPV�
+DUG /HVVRQV 6WLOO WR %H /HDUQW´� %0- ���������� �����
���±����

>�@ 6HPPDQQ� 0�� *URWKHUU� &�� 9RJHO� 3�� %LWWQHU� (��
%LHPDQQ� &�� DQG %|KPDQQ� 7� �,QWHOOLJHQW
&ROODERUDWLRQ RI +XPDQV DQG /DQJXDJH�%DVHG
$VVLVWDQWV �,QVWDQW��� LQ� ,QWHUQDWLRQDO &RQIHUHQFH RQ
,QIRUPDWLRQ 6\VWHPV �,&,6�� ����� 6DQ )UDQFLVFR� 86$�

>�@ 0H\HU YRQ :ROII� 5�� +REHUW� 6�� 0DVXFK� .�� DQG
6FKXPDQQ� 0� �&KDWERWV DW 'LJLWDO :RUNSODFHV±D
*URXQGHG�7KHRU\ $SSURDFK IRU 6XUYH\LQJ $SSOLFDWLRQ
$UHDV DQG 2EMHFWLYHV�� 3DFLILF $VLD -RXUQDO RI WKH
$VVRFLDWLRQ IRU ,QIRUPDWLRQ 6\VWHPV ������� �����

>�@ /X]� 5�� 0XVVL� &�&�� DQG 'XWUD� $� ³,PSOHPHQWDWLRQ RI
/DUJH�VFDOH +HDOWK ,QIRUPDWLRQ 6\VWHPV´� 5HYLVWD GH
*HVWDR� ������ ����� ��������

>�@ ;X� /� '�� ;X� (� /�� DQG /L� /� ³,QGXVWU\ ���� 6WDWH RI
WKH $UW DQG )XWXUH 7UHQGV´� ,QW� -� 3URG� 5HV ��� �����
����±�����

>�@ /L� -� DQG &DUD\RQ� 3� ³+HDOWK &DUH ���� $ 9LVLRQ IRU
6PDUW DQG &RQQHFWHG +HDOWK &DUH´� ,,6( 7UDQVDFWLRQV
RQ +HDOWKFDUH 6\VWHPV (QJLQHHULQJ ������ ����� ����
����

>��@ =JD\D� +�� $MPL� ,�� *DPPRXGL� /�� +DPPDGL� 6��
0DUWLQRW� $�� %HXVFDUW� 5� DQG 5HQDUG� -�0� ³$
:RUNIORZ 0RGHO WR $QOD\VH 3HGLDWULF (PHUJHQF\
2YHUFURZGLQJ´� 6WXG +HDOWK 7HFKQRO ,QIRUP ���� �����
��������

>��@ 6DYHHWK 5�� 6RZP\D 5� DQG 9DUVKLQL 0� ³$Q
$QDO\VLV RQ WKH 3UHVHQW DQG )XWXUH RI &KDWERWV´� -$6&�
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-RXUQDO RI $SSOLHG 6FLHQFH DQG &RPSXWDWLRQV ����� �����
��������

>��@ /RXFRSRXORV� 3� DQG .DYDNOL� 9� ³(QWHUSULVH
.QRZOHGJH 0DQDJHPHQW DQG &RQFHSWXDO 0RGHOOLQJ´�
&RQFHSWXDO 0RGHOLQJ ����� ����� ���±����

>��@ 9|O]HU� +� ³$Q 2YHUYLHZ RI %301 ��� DQG ,WV
3RWHQWLDO 8VH´ LQ 3URFHHGLQJV RI ,QWHUQDWLRQDO
:RUNVKRS RQ %XVLQHVV 3URFHVV 0RGHOLQJ 1RWDWLRQ� �����
������

>��@ )DUHHGL� $�$�� 7DUDVRY� 9� ³0RGHOOLQJ RI WKH :DUG
5RXQG 3URFHVV LQ +HDOWKFDUH 8QLW´� ,),3 :RUNLQJ
&RQIHUHQFH RQ 7KH 3UDFWLFH RI (QWHUSULVH 0RGHOLQJ�
3R(0 ����� 7KH 3UDFWLFH RI (QWHUSULVH 0RGHOLQJ� �����
�����

>��@ 'LHGHULFK� 6�� %UHQGHO� $�%� DQG .ROEH� /�0�
³7RZDUGV D 7D[RQRP\ RI 3ODWIRUPV IRU &RQYHUVDWLRQDO
$JHQW 'HVLJQ�´ LQ� 3URFHHGLQJV RI WKH ��WK ,QWHUQDWLRQDO
&RQIHUHQFH RQ :LUWVFKDIWVLQIRUPDWLN� 6LHJHQ� *HUPDQ\�
�����

>��@ <DQJ� ;�� DQG $XULVLFFKLR� 0� ³'HVLJQLQJ
&RQYHUVDWLRQDO $JHQWV� $ 6HOI�GHWHUPLQDWLRQ 7KHRU\
$SSURDFK�´ LQ� 3URFHHGLQJV &+, &RQIHUHQFH RQ +XPDQ
)DFWRUV LQ &RPSXWLQJ 6\VWHPV� <RNRKDPD� -DSDQ� �����

>��@ 'LQJOHU� 7�� .ZDVQLFND� '�� :HL� -�� *RQJ� (�� DQG
2OGHQEXUJ� %� ³7KH 8VH RI 3URPLVH RI &RQYHUVDWLRQDO
$JHQWV LQ 'LJLWDO +HDOWK´� ,0,$ <HDUERRN RI 0HGLFDO
,QIRUPDWLFV ������� ����� ��������

>��@ 6WLHJOLW]� 6�� +RIHGLW]� /�� %UXQNHU� )�� (KQLV� &��
0LUEDEDLH� 0�� DQG 5RVV� %� ³'HVLJQ 3ULQFLSOHV IRU
&RQYHUVDWLRQDO $JHQWV WR 6XSSRUW (PHUJHQF\
0DQDJHPHQW $JHQFLHV´� ,QWHUQDWLRQDO -RXUQDO RI
,QIRUPDWLRQ 0DQDJHPHQW ������� ����� �����

>��@ 'HODQ� '� DQG %HQMDPLQ� 3�&� ³7RZDUGV D 7UXO\
,QWHJUDWHG (QWHUSULVH 0RGHOLQJ DQG $QDO\VLV
(QYLURQPHQW´� &RPSXWHU LQ ,QGXVWU\ ������ ����� ����
����

>��@ 5RELQVRQ� 6� ³&RQFHSWXDO 0RGHOOLQJ IRU 6LPXODWLRQ
3DUW ,� 'HILQLWLRQ DQG 5HTXLUHPHQWV´� -RXUQDO RI WKH
2SHUDWLRQDO 5HVHDUFK 6RFLHW\ ������ ����� ��������

>��@ )D\RXPL� $�� /RXFRSRXORV� 3� ³&RQFHSWXDO 0RGHOLQJ
IRU WKH 'HVLJQ RI ,QWHOOLJHQW DQG (PHUJHQW ,QIRUPDWLRQ
6\VWHP´� ([SHUW 6\VWHPV ZLWK $SSOLFDWLRQV ��� �����
��������

>��@ 3HUVVRQ� $�� 6WLUQD� -�� DQG $JJHVWDP� /� ³+RZ WR
'LVVHPLQDWH 3URIHVVLRQDO .QRZOHGJH LQ +HDOWKFDUH� 7KH
&DVH RI 6NDUDERUJ +RVSLWDO´� -RXUQDO RI &DVHV RQ
,QIRUPDWLRQ 7HFKQRORJ\ �-&,7� ������ ����� ������

>��@ *UXEHU� 7� 5� ³$ 7UDQVODWLRQ $SSURDFK WR 3RUWDEOH
2QWRORJ\ 6SHFLILFDWLRQV´� .QRZOHGJH $FTXLVLWLRQ �����
����� ���±����

>��@ 0DDOD� .�)�� %HQ�2WKPDQ� 6�� -RXUGDQ� /� 6PLWK� *��
5H�QDUG� -�� +DPPDGL� 6� DQG %LDX� +� =� ³2QWRORJ\ IRU
2YHUFURZGLQJ 0DQDJHPHQW LQ (PHUJHQF\ 'HSDUWPHQW´�
,QWHUQDWLRQDO 0HGLFDO ,QIRUPDWLFV $VVRFLDWLRQ �,0,$��
����� ��������

>��@ 7VRYDOW]L� '� DQG )LHGOHU� $� ³(QKDQFHPHQW DQG 8VH
RI D 0DWKHPDWLFDO 2QWRORJ\ LQ D 7XWRULDO 'LDORJ
6\VWHP�´ LQ� ,-&$, :RUNVKRS RQ .QRZOHGJH
5HSUHVHQWDWLRQ DQG $XWRPDWHG 5HDVRQLQJ IRU (�
/HDUQLQJ 6\VWHPV� $FDSXOFR �0H[LFR�� �����

>��@ 0HKWD� 0� DQG &RUUDGLQL� $� ³'HYHORSLQJ D
&RQYHUVDWLRQDO $JHQW 8VLQJ 2QWRORJLHV´� LQ� +&,
����� +XPDQ�&RPSXWHU ,QWHUDFWLRQ� +&, ,QWHOOLJHQW
0XOWLPRGDO ,QWHUDFWLRQ (QYLURQPHQWV� ����� ���±����

>��@ (GZDUGV� %�� 0XQLUX� ,� DQG &KHRN� $� 5RERWV WR WKH
5HVFXH� $ 5HYLHZ RI 6WXGLHV RQ 'LIIHUHQWLDO 0HGLFDO
'LDJQRVLV (PSOR\LQJ 2QWRORJ\ EDVHG &KDWERW
7HFKQRORJ\� ,PDJLQHHULQJ ,QVWLWXWH� 8WDUD� 0DOD\VLD�
�����

>��@ *\UDUG� $�� *DXU� 0�� 6KHNDUSRXU� 6�� 7KLUXQDUD\DQ� .�
DQG 6KHWK� $� ³3HUVRQDOL]HG +HDOWK .QRZOHGJH *UDSK´�
LQ� 3URFHHGLQJV RI WKH ,6:& ���� &RQWH[WXDOL]HG
.QRZOHGJH *UDSK :RUNVKRS� 86$� �����

>��@ 'UDJRQL� 0�� 5L]]R� *� DQG 6HQHVH� 0� $� &RQYRORJ\�
$Q 2QWRORJ\ IRU &RQYHUVDWLRQDO $JHQWV LQ 'LJLWDO
+HDOWK� :HE 6HPDQWLF� ,QGLD� $FDGHPLF 3UHVV� �����

>��@ 7KRULQJ� .� DQG 0XHOOHU� 5� 0� ³&UHDWLQJ .QRZOHGJH
LQ 'HVLJQ 7KLQNLQJ� 7KH 5HODWLRQVKLS RI 3URFHVV 6WHSV
DQG .QRZOHGJH 7\SH�´ LQ� 3URFHHGLQJV RI WKH ,$6'5
����� �WK :RUOG &RQIHUHQFH RQ 'HVLJQ 5HVHDUFK� �����
����

>��@ )DUHHGL� $�$�� DQG *KD]DZQHK� $�� DQG %HUJTXLVW� 0�
³$UWLILFLDO ,QWHOOLJHQFH $JHQWV DQG .QRZOHGJH
$FTXLVLWLRQ LQ +HDOWK ,QIRUPDWLRQ 6\VWHP�´ LQ�
3URFHHGLQJ RI WKH ��WK 0HGLWHUUDQHDQ &RQIHUHQFH RQ
,QIRUPDWLRQ 6\VWHPV �0&,6�� &DWDQ]DUR� ,WDO\� ����� ��
���

>��@ %XEHQNR� -�$�� 3HUVVRQ� $� DQG 6WLUQD� -� '�� 8VHU
*XLGH RI WKH .QRZOHGJH 0DQDJHPHQW $SSURDFK XVLQJ
(QWHUSULVH .QRZOHGJH 3DWWHUQV� 5R\DO ,QVWLWXWH RI
7HFKQRORJ\ �.7+� DQG 6WRFNKROP 8QLYHUVLW\�
6WRFNKROP� 6ZHGHQ� �����

>��@ *XJJHQEHUJHU� 7�� 0|OOHU� )�� +DDUKDXV� 7� DQG *XU� ,�
³(FRV\VWHP 7\SHV LQ ,QIRUPDWLRQ 6\VWHPV�´ LQ�
3URFHHGLQJV RI WKH 7ZHQW\�(LJKW (XURSHDQ &RQIHUHQFH
RQ ,QIRUPDWLRQ 6\VWHPV �(&,6������ 0DUUDNHVK�
0RURFFR� �����

>��@ 86 $FXWH &DUH 6ROXWLRQV� ����� 2UJDQL]DWLRQDO
7UDQVIRUPDWLRQ DW D 3HGLDWULF ('� 5HWULHYHG IURP
KWWSV���ZZZ�XVDFV�FRP�VHUYLFHV�FDVH�VWXGLHV�

>��@ 5RJQHV� -�� 6DKOLQ� 1� 7ULDJH DQG )ORZ 3URFHVVHV LQ
(PHUJHQF\ 'HSDUWPHQWV� $ 6\VWHPDWLF 5HYLHZ� 6%8
5HSRUW� ,6%1� ������������������ 6ZHGLVK &RXQFLO RQ
+HDOWK 7HFKQRORJ\ $VVHVVPHQW� 6ZHGHQ� �����

>��@ &RUFKR� 2�� )HUQDQGH]�/RSH]� 0�� *RPH]�3HUH]� $�
DQG /RSH]�&LPD� $� %XLOGLQJ /HJDO 2QWRORJLHV ZLWK
0(7+2172/2*< DQG :HE2'(� 9�5� %HQMDPLQV HW DO�
�('V��� /DZ DQG WKH 6HPDQWLF :HE� /1$, �����
6SULQJHU�9HUODJ %HUOLQ +HLGHOEHUJ� *HUPDQ\� �����

>��@ -RQHV� '�� %HQFK�&DSRQ� 7� DQG 9LVVHU� 3�
0HWKRGRORJLHV IRU 2QWRORJ\ 'HYHORSPHQW� 8.
'HSDUWPHQW RI &RPSXWHU 6FLHQFH� 8QLYHUVLW\ RI
/LYHUSRRO� �����

>��@ 3LQWR� +�6� DQG 0DUWLQV� -�3� 5HXVLQJ 2QWRORJLHV�
$$$, 7HFKQLFDO 5HSRUW 66������� 'HSDUWDPHQWR GH (QJ�
,QIRUPLWLFD� /LVERD� 3RUWXJDO� �����

>��@ 0DULHWWR� 0�� GH $JXLDU� 5�9�� %DUERVD� *�� %RWHOKR�
:�7�� 3LPHQWHO� (�3�� )UDQFD� 5�'�6� DQG 9�/�GD 6LOYD�
³$UWLILFLDO ,QWHOOLJHQFH 0DUNXS /DQJXDJH� $ %ULHI
7XWRULDO´� ,QWHUQDWLRQDO -RXUQDO RI &RPSXWHU 6FLHQFH 	
(QJLQHHULQJ 6XUYH\ ����� �����
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