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8QLYHUVLGDGH GR 0LQKR
(VFROD GH (QJHQKDULD

'DQLHOD 6RILD 5LMR 2OLYHLUD

.QRZOHGJH (QJLQHHULQJ IRU ,QWHURSHUDEOH
(OHFWURQLF +HDOWK 5HFRUGV

'RFWRUDO 7KHVLV

'RFWRUDWH LQ %LRPHGLFDO (QJLQHHULQJ

:RUN VXSHUYLVHG E\

-RVp 0DQXHO )HUUHLUD 0DFKDGR

$QWyQLR &DUORV GD 6LOYD $EHOKD
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&23<5,*+7 $1' 7(506 2) 86( 2) 7+,6 :25. %< $ 7+,5' 3$57<

7KLV LV DFDGHPLF ZRUN WKDW FDQ EH XVHG E\ WKLUG SDUWLHV DV ORQJ DV LQWHUQDWLRQDOO\ DFFHSWHG UXOHV DQG

JRRG SUDFWLFHV UHJDUGLQJ FRS\ULJKW DQG UHODWHG ULJKWV DUH UHVSHFWHG�

$FFRUGLQJO\� WKLV ZRUN PD\ EH XVHG XQGHU WKH OLFHQVH SURYLGHG EHORZ�

,I WKH XVHU QHHGV SHUPLVVLRQ WR PDNH XVH RI WKH ZRUN XQGHU FRQGLWLRQV QRW SURYLGHG IRU LQ WKH LQGLFDWHG

OLFHQVLQJ� WKH\ VKRXOG FRQWDFW WKH DXWKRU WKURXJK WKH 5HSRVLWyUL80 RI 8QLYHUVLGDGH GR 0LQKR�

2OIKTYK MXGTZKJ ZU ZNK [YKXY UL ZNOY ]UXQ

&UHDWLYH &RPPRQV $WWULEXWLRQ�1RQ&RPPHUFLDO�6KDUH$OLNH ��� ,QWHUQDWLRQDO

&& %<�1&�6$ ���

KWWSV���FUHDWLYHFRPPRQV�RUJ�OLFHQVHV�E\�QF�VD�����GHHG�HQ
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, KHUHE\ GHFODUH KDYLQJ FRQGXFWHG WKLV DFDGHPLF ZRUN ZLWK LQWHJULW\� , FRQILUP WKDW , KDYH QRW XVHG

SODJLDULVP RU DQ\ IRUP RI XQGXH XVH RI LQIRUPDWLRQ RU IDOVLILFDWLRQ RI UHVXOWV DORQJ WKH SURFHVV OHDGLQJ WR

LWV HODERUDWLRQ�

, IXUWKHU GHFODUH WKDW , KDYH IXOO\ DFNQRZOHGJHG WKH &RGH RI (WKLFDO &RQGXFW RI WKH 8QLYHUVLGDGH GR 0LQKR�

�

�/RFDWLRQ� �'DWH�

�'DQLHOD 6RILD 5LMR 2OLYHLUD�

10th March 2022Braga



$V IRU WKH IXWXUH� \RXU WDVN LV QRW WR IRUHVHH LW� EXW WR HQDEOH LW�

$QWRLQH GH 6DLQW ([XSHU\

LY



$FNQRZOHGJHPHQWV

,W·V WUXH� , KDYH DFKLHYHG DQRWKHU YHU\ LPSRUWDQW PLOHVWRQH LQ P\ OLIH DQG , KDYH VR PXFK WR EH WKDQNIXO

IRU�

7R EHJLQ ZLWK� , ZRXOG OLNH WR H[SUHVV P\ SURIRXQG JUDWLWXGH WR 3URIHVVRU -RVp 0DFKDGR IRU KLV FRQWLQ�

XRXV HQFRXUDJHPHQW GXULQJ P\ DFDGHPLF MRXUQH\ DQG P\ UHVHDUFK SURMHFW� DV ZHOO DV IRU KLV SDWLHQFH�

HQWKXVLDVP� DQG YDVW NQRZOHGJH�VKDULQJ� +LV FRXQVHO VXSSRUWHG PH WKURXJKRXW WKH UHVHDUFK DQG ZULWLQJ

SKDVHV RI WKLV WKHVLV�â

,Q DGGLWLRQ� ,·G OLNH WR WKDQN P\ VHFRQG VXSHUYLVRU� 3URIHVVRU $QWyQLR $EHOKD� IRU KLV FRQVWDQW VXSSRUW

WKURXJKRXW WKLV MRXUQH\� DV ZHOO DV IRU DOO RI WKH FRQVWUXFWLYH GLVFXVVLRQV ZH·YH KDG RYHU WKH ODVW IRXU \HDUV�

ERWK SURIHVVLRQDOO\ DQG SHUVRQDOO\� ZKLFK KDYH KHOSHG PH WR JURZ DV D SURIHVVLRQDO DQG DV D SHUVRQ�

$SDUW IURP P\ DGYLVHUV� , ZRXOG OLNH WR H[SUHVV P\ JUDWLWXGH WR WKH 3&( WHDP DW &+83 LQVWLWXWLRQ IRU

IRXU \HDUV RI FROODERUDWLYH ZRUN� SDUWLFXODUO\ WR QXUVH 1XQR $EUHX DQG GRFWRU 3HGUR /HXVFKQHU� :LWKRXW

WKHLU GDLO\ FRRSHUDWLRQ DQG FOLQLFDO H[SHUWLVH� FRQGXFWLQJ WKLV UHVHDUFK ZRXOG EH PXFK PRUH GLIILFXOW�

0\ VLQFHUH JUDWLWXGH DOVR JRHV RXW WR P\ .(* ODE PDWHV IRU WKHLU VXJJHVWLRQV� DVVLVWDQFH� LQVSLUDWLRQ�

DQG JRRG WLPHV VKDUHG�

0\ KHDUWIHOW DQG GHHS JUDWLWXGH WR DOO P\ IDPLO\ DQG P\ FORVHVW IULHQGV IRU WKHLU XQFRQGLWLRQDO VXSSRUW

WKURXJKRXW WKLV WKHVLV� ZKLFK FXOPLQDWHG IRXU \HDUV RI ULJRURXV HIIRUW� 0RP DQG GDG� , DP VR VRUU\ IRU

P\ REYLRXV DEVHQFH DV , ZRUNHG RQ P\ WKHVLV� DQG , ZDQW WR H[SUHVV P\ JUDWLWXGH IRU DOO WKH HQFRXUDJLQJ

ZRUGV DQG PRWLYDWLRQ WKDW \RX DOZD\V KDYH SURYLGHG PH�

$QG WR P\ ER\IULHQG� 5XL� , ZDQW WR H[SUHVV P\ GHHS JUDWLWXGH IRU KLV XQFRQGLWLRQDO ORYH� VXSSRUW�

SDWLHQFH� DQG HQFRXUDJHPHQW� ZLWKRXW ZKLFK , ZRXOG KDYH JLYHQ XS RQ P\ WKHVLV ORQJ DJR� <RX KDYH EHHQ

DPD]LQJ� DQG , ZLOO QRZ FOHDU DOO FOXWWHU IURP WKH NLWFKHQ WDEOH DQG FKDLUV� DV \RX KDYH UHTXHVWHG PXOWLSOH

WLPHV�

Y



$EVWUDFW

.QRZOHGJH (QJLQHHULQJ IRU ,QWHURSHUDEOH (OHFWURQLF +HDOWK 5HFRUGV

7KH GHPDQG IRU PRUH HIILFLHQW KHDOWKFDUH GHOLYHU\ KDV SURPSWHG KRVSLWDO LQVWLWXWLRQV WR EHFRPH LQFUHDV�

LQJO\ FRQFHUQHG ZLWK WKH HYROXWLRQ RI WKHLU LQIRUPDWLRQ V\VWHPV RYHU WLPH� SXUVXLQJ LQFUHDVHG HIILFLHQF\

DQG LQWHURSHUDELOLW\ DPRQJ WKHP RQ D JOREDO VFDOH� 'XH WR WKH ODUJH GHJUHH RI YDULHW\ LQ KHDOWKFDUH� DQ

LQFUHDVLQJ QXPEHU RI PHWKRGV DQG VWDQGDUGV IRU VWDQGDUGL]HG LQIRUPDWLRQ DQG HVWDEOLVKLQJ FULWLFDO OHYHOV

RI LQWHURSHUDELOLW\ KDYH HPHUJHG� 7KH QHHG RI XVLQJ VWDQGDUGV WR FROOHFW DV PXFK VWUXFWXUHG GDWD DV SRV�

VLEOH KDV EHFRPH LQFUHDVLQJO\ HYLGHQW DV D UHVXOW RI XQVWUXFWXUHG GDWD·V LQDELOLW\ WR DVVLVW QHZ NQRZOHGJH

GLVFRYHU\ DQG WKH GHYHORSPHQW RI FOLQLFDO GHFLVLRQ VXSSRUW V\VWHPV�

7KH DEXQGDQFH RI KHDOWKFDUH VRIWZDUH� W\SLFDOO\ DV WKH FRQVHTXHQFH RI OHQJWK\ DQG FRPSOH[ GHYHO�

RSPHQW� KDV DLGHG VRPH V\VWHPV ZKLOH KLQGHULQJ RWKHUV� 1RQHWKHOHVV� WKH JRDO RI WKLV VWXG\ LV WR FUHDWH

DQ DUWHIDFW WKDW HQDEOHV WKH EXLOGLQJ RI QHZ KHDOWKFDUH LQIRUPDWLRQ V\VWHPV ZKLOH SUHVHUYLQJ FOLQLFDO DQG

HWKLFDO YDOLGDWLRQV� EDVHG RQ D QRYHO SDUDGLJP� 7KLV QHZ SDUDGLJP LV JXLGHG E\ WKH RSHQ(+5 VWDQGDUG�

ZKLFK UHGXFHV WKH FRQFHSW RI FRPSRQHQW�RULHQWHG VRIWZDUH GHYHORSPHQW DQG RSWLPL]HV GDWD VWUXFWXULQJ

DQG FHQWUDOL]DWLRQ SURFHGXUHV LQ DQ HYHU�FKDQJLQJ FOLQLFDO HQYLURQPHQW�

,W ZDV HVVHQWLDO WR FRQGXFW D QHHGV DVVHVVPHQW RI YDULRXV 3RUWXJXHVH KHDOWKFDUH LQVWLWXWLRQV XVLQJ

UHVHDUFK DQG UHTXLUHPHQWV JDWKHULQJ WHFKQLTXHV LQ RUGHU WR GHVLJQ DQG GHYHORS DQ DUWHIDFW WKDW ZRXOG

ILOO WKRVH JDSV� 7KH UHVHDUFK UHVXOWV ZHUH H[WUHPHO\ SURPLVLQJ� UHVXOWLQJ LQ WKH GHYHORSPHQW RI D QHZ

GHPRJUDSKLF DQG FOLQLFDO V\VWHPV� DV ZHOO DV D QHZ SODWIRUP IRU PDQDJLQJ WKH VWUXFWXUHV QHFHVVDU\ WR

HQVXUH WKH V\VWHP·V RSHUDELOLW\� $GGLWLRQDOO\� WKH FDVH VWXGLHV FRQGXFWHG UHYHDOHG WKDW� DOWKRXJK DW GLIIHUHQW

VWDJHV RI PDWXULW\� WKH V\VWHP ZDV VXFFHVVIXOO\ LPSOHPHQWHG DQG DFFHSWHG E\ WKH XVHUV�

.H\ZRUGV� (OHFWURQLF +HDOWK 5HFRUG� +HDOWKFDUH ,QIRUPDWLRQ 6\VWHPV� ,QWHURSHUDELOLW\� 0XOWL�$JHQW 6\V�

WHPV� 2SHQ(+5

YL



5HVXPR

(QJHQKDULD GH &RQKHFLPHQWR SDUD 5HJLVWRV &OtQLFRV (OHFWUyQLFRV ,QWHURSH�
UiYHLV

$ QHFHVVLGDGH GH XPD SUHVWDomR GH FXLGDGRV GH VD~GH FDGD YH] PDLV HILFLHQWH OHYRX DV LQVWLWXLo}HV KRV�

SLWDODUHV D SUHRFXSDUHP�VH FDGD YH] PDLV FRP D HYROXomR GRV VHXV 6LVWHPDV GH ,QIRUPDomR DR ORQJR

GR WHPSR� SURFXUDQGR D Pi[LPD HILFLrQFLD H LQWHURSHUDELOLGDGH SRVVLYHO� HP WRGR R PXQGR� 'HYLGR j VXD

HOHYDGD KHWHURJHQHLGDGH� WrP VXUJLGR HQXPHURV PpWRGRV H QRUPDV SDUD D QRUPDOL]DomR GH LQIRUPDomR H

HVWDEHOHFLPHQWR GH QtYHLV FUXFLDLV GH LQWHURSHUDELOLGDGH QD VD~GH� $ LPSRUWkQFLD GD VXD XWLOL]DomR UHYHOD�

VH QD Pi[LPD UHFROKD SRVVtYHO GH LQIRUPDomR HVWUXWXUDGD� GHYLGR j LQXWLOL]DomR GH GDGRV QmR HVWUXWXUDGRV

IDFH j GHVFREHUWD GH QRYR FRQKHFLPHQWR H DR GHVHQYROYLPHQWR GH VLVWHPDV GH DSRLR j GHFLVmR FOtQLFD�

$ DEXQGkQFLD GH VRIWZDUH GH FXLGDGRV GH VD~GH� QRUPDOPHQWH SURYHQLHQWHV GH XP GHVHQYROYLPHQWR

GHPRURVR H FRPSOH[R� WHP DMXGDGR DOJXQV VLVWHPDV DR PHVPR WHPSR TXH WHP GLILFXOWDGR RXWURV� $VVLP

VHQGR� R REMHWLYR GHVWH HVWXGR p GHVHQYROYHU XP DUWHIDFWR TXH SHUPLWD D FRQVWUXomR GH QRYRV VLVWHPDV

GH LQIRUPDomR GH VD~GH� SUHVHUYDQGR DV YDOLGDo}HV FOtQLFDV H pWLFDV� FRP EDVH QXP QRYR SDUDGLJPD�

(VWH QRYR SDUDGLJPD EDVHLD�VH QR VWDQGDUG RSHQ(+5� UHGX]LQGR DVVLP R FRQFHLWR GH GHVHQYROYLPHQWR

GH VRIWZDUH RULHQWDGR DR FRPSRQHQWH� RWLPL]DQGR DLQGD D HVWUXWXUDomR H SURFHVVRV GH FHQWUDOL]DomR GH

GDGRV QXP DPELHQWH FOtQLFR HP FRQVWDQWH PXGDQoD�

)RL HVVHQFLDO DYDOLDU DV QHFHVVLGDGHV H[LVWHQWHV HP GLIHUHQWHV LQVWLWXLo}HV GH VD~GH SRUWXJXHVDV DWUD�

YpV GD XWLOL]DomR GH WpFQLFDV GH LQYHVWLJDomR H OHYDQWDPHQWR GH UHTXLVLWRV� SDUD SURMHWDU H GHVHQYROYHU XP

DUWHIDFWR TXH SUHHQFKHVVH WDLV ODFXQDV� 2V UHVXOWDGRV IRUDP H[WUHPDPHQWH SURPLVVRUHV� UHVXOWDQGR QXP

QRYR VLVWHPD GHPRJUiILFR H FOtQLFR� EHP FRPR QXPD QRYD SODWDIRUPD GH JHVWmR GH HVWUXWXUDV QHFHVVi�

ULDV SDUD JDUDQWLU D FRHUrQFLD GH WRGR R VLVWHPD� 2V FDVRV GH HVWXGR HIHWXDGRV UHYHODUDP TXH� HPERUD

HP GLIHUHQWHV IDVHV GH PDWXUDomR� R VLVWHPD IRL LPSOHPHQWDGR FRP VXFHVVR H DFHLWH SHORV XWLOL]DGRUHV�

3DODYUDV�FKDYH� ,QWHURSHUDELOLGDGH� 2SHQ(+5� 5HJLVWR &OtQLFR (OHWUyQLFR� 6LVWHPDV GH ,QIRUPDomR QD

6D~GH� 6LVWHPDV 0XOWLDJHQWHV

YLL



&RQWHQWV

/LVW RI )LJXUHV [L

/LVW RI 7DEOHV [LLL

/LVWLQJV [LY

$FURQ\PV [Y

� ,QWURGXFWLRQ �

��� &RQWH[W DQG 6FRSH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 0RWLYDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 2EMHFWLYHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 'LVVHUWDWLRQ 2UJDQL]DWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� 5HVHDUFK 0HWKRGRORJLHV �

��� ,QWURGXFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 'HVLJQ 6FLHQFH 5HVHDUFK 0HWKRGRORJ\ � � � � � � � � � � � � � � � � � � � � � � � ��

��� &DVH 6WXG\ $SSURDFK � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 3URRI RI &RQFHSW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 6:27 $QDO\VLV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 7HFKQRORJ\ $FFHSWDQFH 0RGHO � � � � � � � � � � � � � � � � � � � � � � � ��

����� 5HVHDUFK 7HFKQLTXHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &RQFOXVLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� %DFNJURXQG ��

��� +HDOWKFDUH ,QIRUPDWLRQ 6\VWHPV DQG (OHFWURQLF +HDOWK 5HFRUGV � � � � � � � � � � � � ��

��� ,QWHURSHUDELOLW\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� +HDOWKFDUH GDWD VWDQGDUGV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� +/� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� ',&20 DQG 3$&6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

YLLL



&217(176

����� ,&'� /2,1& DQG 6120(' &7 � � � � � � � � � � � � � � � � � � � � � � � � ��

����� ,62 (1 ����� DQG 2SHQ(+5 � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 0XOWL�$JHQW 6\VWHPV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 'DWD 6FLHQFH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &RQFOXVLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 7KH 'HYHORSPHQW RI D ,QWHURSHUDEOH +HDOWKFDUH 6\VWHP ��

��� $GRSWHG 7HFKQRORJLHV DQG WKHLU 0DLQ $GYDQWDJHV � � � � � � � � � � � � � � � � � � ��

����� 'DWDEDVHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� %DFNHQG DQG )URQWHQG 7HFKQRORJLHV � � � � � � � � � � � � � � � � � � � � ��

��� 7KH 6\VWHP $UFKLWHFWXUH GHYHORSHG � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� :HE $SSOLFDWLRQ %DFNHQG � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� :HE $SSOLFDWLRQ )URQWHQG � $,'$(+5 � � � � � � � � � � � � � � � � � � � � ��

����� 'HPRJUDSKLF DQG &OLQLFDO ,QIRUPDWLRQ 6\VWHP � � � � � � � � � � � � � � � � ��

��� &RQFOXVLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� &DVH 6WXGLHV ��

��� 'DWD 0LJUDWLRQ IURP /HJDF\ 6\VWHPV � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 8VH &DVH �� &OLQLFDO GDWD PLJUDWLRQ WR RSHQ(+5 LQ DQ HPHUJHQF\ FRQWH[W � � ��

��� )DVW 'HYHORSHG 6\VWHP ,PSOHPHQWDWLRQV � � � � � � � � � � � � � � � � � � � � � � ��

����� 8VH &DVH �� 7KH XVH RI 2SHQ(+5 PRGHOLQJ LQ WKH ILJKW DJDLQVW WKH &29,'���

SDQGHPLF � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 8VH &DVH �� 8VLQJ 2SHQ(+5 DUWHIDFWV WR 3UHGLFW &29,'��� 'LDJQRVLV � � � � ��

��� &RQFOXVLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 'LVFXVVLRQ DQG &RQFOXVLRQV ��

��� 0DLQ $FKLHYHPHQWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� )XWXUH :RUN � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

%LEOLRJUDSK\ ��

$SSHQGLFHV ���

$ ,QWHURSHUDELOLW\ LQ +HDOWKFDUH ,QIRUPDWLRQ 6\VWHPV ���

% 6\VWHP·V 7HFKQRORJ\ $FFHSWDQFH $VVHVVPHQW ���

& 3XEOLFDWLRQV ���

&�� 3UHGLFWLRQ RI &29,'��� 'LDJQRVLV EDVHG RQ 2SHQ(+5 $UWHIDFWV � � � � � � � � � � � � ���

L[



&217(176

&�� 2SHQ(+5 PRGHOLQJ� LPSURYLQJ FOLQLFDO UHFRUGV GXULQJ WKH &29,'��� SDQGHPLF � � � � ���

&�� 6WHSV WRZDUGV DQ +HDOWKFDUH ,QIRUPDWLRQ 0RGHO EDVHG RQ RSHQ(+5 � � � � � � � � � ���

&�� 0DQDJHPHQW RI D 3DQGHPLF %DVHG RQ DQ RSHQ(+5 DSSURDFK � � � � � � � � � � � � ���

&�� $Q 2SHQ(+5 $GRSWLRQ LQ D 3RUWXJXHVH +HDOWKFDUH )DFLOLW\ � � � � � � � � � � � � � � ���

&�� 5HYLHZ RI 7UHQGV LQ $XWRPDWLF +XPDQ $FWLYLW\ 5HFRJQLWLRQ EDVHG LQ 6\QWKHWLF 'DWD � � ���

&�� 6WHS 7RZDUGV ,QWHURSHUDELOLW\ LQ 1XUVLQJ 3UDFWLFH � � � � � � � � � � � � � � � � � � � ���

&�� ,QWHOOLJHQW 6XSSRUW 6\VWHP IRU WKH 3URYLVLRQ RI ,QSDWLHQW &DUH � � � � � � � � � � � � � ���

&�� 0RELOH &RPSXWLQJ LQ 3DWLHQW 5HODWLRQVKLS 0DQDJHPHQW ² $ &DVH 6WXG\ � � � � � � � � ���

&��� 'DWD 0LQLQJ IRU 3UHGLFWLRQ RI /HQJWK RI 6WD\ RI &DUGLRYDVFXODU $FFLGHQW ,QSDWLHQWV � � � ���

&��� 6WHS 7RZDUGV ,QWHURSHUDELOLW\ LQ 1XUVLQJ 3UDFWLFH � � � � � � � � � � � � � � � � � � � ���

&��� 1HZ $SSURDFK WR DQ RSHQ(+5 ,QWURGXFWLRQ LQ D 3RUWXJXHVH +HDOWKFDUH )DFLOLW\ � � � � ���

&��� ,PSURYLQJ 1XUVLQJ 3UDFWLFH WKURXJK ,QWHURSHUDELOLW\ DQG ,QWHOOLJHQFH � � � � � � � � � ���
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� 7KH SURMHFW·V VL[ GLVWLQFW VWDJHV UHSUHVHQWDWLRQ� � � � � � � � � � � � � � � � � � � � � � �

� 'RFWRUDO WKHVLV RYHUDOO VWUXFWXUH SURSRVDO� � � � � � � � � � � � � � � � � � � � � � � � � �

� 7KH '65 PHWKRGRORJ\·V SURFHVVLQJ PRGHO� $GDSWHG IURP >��@� � � � � � � � � � � � � � � ��

� 0DWUL[ LOOXVWUDWLRQ UHSUHVHQWLQJ WKH 6:27 DQDO\VLV·V NH\ FRQFHSWV� � � � � � � � � � � � � ��

� 7KH (YROXWLRQ RI 7$0 0HWKRGRORJ\� %DVHG RQ >��� ���� ���@� � � � � � � � � � � � � � � � ��

� $QVZHUV RI TXHVWLRQ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� $QVZHUV RI TXHVWLRQV � DQG �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� $QVZHUV RI TXHVWLRQ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� $QVZHUV RI TXHVWLRQ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� $QVZHUV RI TXHVWLRQ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� $QVZHUV RI TXHVWLRQV � DQG �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� .H\ GLIIHUHQFHV EHWZHHQ (OHFWURQLF 0HGLFDO 5HFRUG �(05� DQG (OHFWURQLF +HDOWK 5HFRUG

�(+5�� $GDSWHG IURP >���@� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 7KH ZLGHO\ UHFRJQL]HG (+5 FKDUDFWHULVWLFV� � � � � � � � � � � � � � � � � � � � � � � � ��

�� +HDOWKFDUH ,QIRUPDWLRQ DQG 0DQDJHPHQW 6\VWHPV 6RFLHW\ �+,066� QHZ GHILQLWLRQ IRU LQWHU�

RSHUDELOLW\� $GDSWHG IURP >��@� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� $UWHIDFW OD\HUV IRU GHYHORSLQJ V\VWHPV ZLWK VHPDQWLF LQWHURSHUDELOLW\� � � � � � � � � � � � ��

�� .H\ SULQFLSOHV IRU WKH VWDQGDUGV GHYHORSPHQW� � � � � � � � � � � � � � � � � � � � � � � ��

�� 3LFWXUH $UFKLYLQJ &RPPXQLFDWLRQ 6\VWHP �3$&6� VWRUDJH V\VWHP DQG VWDQGDUGV LQYROYHG LQ

GDWD H[FKDQJLQJ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� ,QWHUQDWLRQDO &ODVVLILFDWLRQ RI 'LVHDVHV �,&'���� FRGHV IRU LQIHFWLRXV DQG SDUDVLWLF GLVHDVHV

>��@� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 0DQXDO FRXQW RI ZKLWH EORRG FHOOV LQ FHUHEUDO VSLQDO IOXLG VSHFLPHQ� UHSUHVHQWHG E\ /2,1&

FRGH ����� >��@� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 7KH KLHUDUFKLFDO GLYLVLRQ RI FRQFHSWV �-XQH ������ )URP >���@� � � � � � � � � � � � � � � ��

�� 6HW RI FODVVHV RI ,QWHUQDWLRQDO 2UJDQL]DWLRQ IRU 6WDQGDUGL]DWLRQ (XURSHDQ 1RUP ����� �,62

(1 ������ 5HIHUHQFH 0RGHO �50� >��@� � � � � � � � � � � � � � � � � � � � � � � � � � ��
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�� ,62 (1 ����� 50 FODVV GLDJUDP� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 2SHQ(+5 6SHFLILFDWLRQ � JOREDO YLHZ� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 2SHQ(+5 50 2YHUYLHZ >��@� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 2SHQ(+5 FODVV GLDJUDP� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 1DWXUDO /DQJXDJH 3URFHVVLQJ �1/3� 0HGLFDO 6WXGLHV PDS� %DVHG RQ >��@� � � � � � � � � ��

�� 3URMHFW DUFKLWHFWXUH DQG LPSOHPHQWHG WHFQKRORJLHV� � � � � � � � � � � � � � � � � � � � ��

�� 2SHUDWLRQDO 7HPSODWHV �237� VWUXFWXUH IRU WKH SDWLHQW·V FDOO IRU FRUQHD WUDQVSODQW� � � � � � ��

�� -621 'DWD 7HPSODWH �-'7� VWUXFWXUH IRU WKH SDWLHQW·V FDOO IRU FRUQHD WUDQVSODQW� � � � � � � ��

�� 50 W\SHV RI HDFK DUFKHW\SDEOH LWHP IRU WKH SDWLHQW·V FDOO IRU FRUQHD WUDQVSODQW� � � � � � � ��

�� LQLWLDO&RPSRVLWLRQ DX[LOLDU VWUXFWXUH IRU WKH SDWLHQW·V FDOO IRU FRUQHD WUDQVSODQW� � � � � � � ��

�� 8QLILHG 0RGHOLQJ /DQJXDJH �80/� VHTXHQFH GLDJUDP RI WKH 237 SURFHVV� � � � � � � � � ��

�� 80/ XVH FDVH GLDJUDP RI WKH JRYHUQDQFH ZHE SODWIRUP� � � � � � � � � � � � � � � � � � ��

�� 2SHQ(+5 50 VSHFLILFDWLRQ RI 'HPRJUDSKLF ,QIRUPDWLRQ 0RGHO �',0�� � � � � � � � � � � ��

�� $ ',0 V\VWHP VFHQDULR LOOXVWUDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 2SHQ(+5 50 VSHFLILFDWLRQ RI (+5 ,QIRUPDWLRQ 0RGHO �,0�� � � � � � � � � � � � � � � � � ��

�� 2SHQ(+5 50 VSHFLILFDWLRQ RI (+5 ,0� � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 0RGHOHG WHPSODWH IRU WKH FUHDWLRQ RI IROGHUV� � � � � � � � � � � � � � � � � � � � � � � � ��

�� &OLQLFDO ,QIRUPDWLRQ 0RGHO �&,0� YHUVLRQLQJ DQG RUJDQL]DWLRQ V\VWHP� � � � � � � � � � � � ��

�� 0XOWL�$JHQW 6\VWHP �0$6� %XVLQHVV 3URFHVV 0RGHO DQG 1RWDWLRQ �%301� GLDJUDP� � � � � ��

�� 1XPEHUV RI VWXGLHG UHFRUGV RI WKH PDLQ FOLQLFDO DFWV LQ HPHUJHQF\ GHSDUWPHQW� � � � � � � ��

�� 'DWD UHWULHYDO SURFHVV WR WKH QHZ RSHQ(+5 V\VWHP� � � � � � � � � � � � � � � � � � � � ��

�� 0RGHOOLQJ DSSURDFK IRU RSHQ(+5 VWUXFWXUH GHYHORSPHQW� � � � � � � � � � � � � � � � � � ��

�� &HQWUR +RVSLWDODU 8QLYHUVLW£ULR GR 3RUWR �&+83� 3DWLHQW 7UHDWPHQW )ORZ &RYLG���� � � � � ��

�� $UFKHW\SHV XVHG LQ WKH WHPSODWHV PRGHOOLQJ SURFHVV� � � � � � � � � � � � � � � � � � � � ��

�� 5HFRUGV VXEPLWWHG DFFRUGLQJ RQ RSHQ(+5 VWUXFWXUHV GHYHORSHG� � � � � � � � � � � � � � ��

�� 1XPEHU RI UHFRUGV VXEPLWWHG SHU 7HPSODWH� � � � � � � � � � � � � � � � � � � � � � � � ��

�� $YHUDJH &29,'��� 7HVW :DLWLQJ 7LPH� � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� &\FOH RI &5,63�'0 PHWKRGRORJ\� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 3DWLHQW GLVWULEXWLRQ E\ DJH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 3DWLHQW GLVWULEXWLRQ E\ JHQGHU� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 3DWLHQW GLVWULEXWLRQ E\ WHPSHUDWXUH� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 3DWLHQW GLVWULEXWLRQ E\ &29,'��� UHVXOW WHVW� � � � � � � � � � � � � � � � � � � � � � � � ��
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� ,QWHURSHUDELOLW\ GHILQLWLRQV E\ +,066� ,QWHUQDWLRQDO 2UJDQL]DWLRQ IRU 6WDQGDUGL]DWLRQ �,62��

,QVWLWXWH RI (OHFWULFDO DQG (OHFWURQLFV (QJLQHHUV �,(((�� (XURSHDQ &RPPLWWHH IRU 6WDQGDUG�

L]DWLRQ �&(1� RUJDQL]DWLRQV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 7KH PRVW XVHG VWDQGDUGV LQ KHDOWKFDUH ,QIRUPDWLRQ 7HFKQRORJ\ �,7�� � � � � � � � � � � � ��

� 0DLQ GLIIHUHQFHV EHWZHHQ 1RQ�UHODWLRQDO DQG 5HODWLRQDO 'DWDEDVHV >��@� � � � � � � � � � ��

� 7HPSODWHV PRGHOHG LQ 2SHQ(+5 DQG WKH DUFKHW\SHV UHXVHG� � � � � � � � � � � � � � � � ��

� 7HPSODWHV PRGHOHG LQ 2SHQ(+5 DQG WKH DUFKHW\SHV UHXVHG� � � � � � � � � � � � � � � � ��

� 6:27 DQDO\VLV RI GHYHORSHG GDWD PLJUDWLRQ V\VWHP� � � � � � � � � � � � � � � � � � � � ��

� 6:27 DQDO\VLV RI XVH FDVH SHUIRUPHG� � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 'HVFULSWLRQ RI WKH GDWDVHW·V DWWULEXWHV� � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� +LJKHVW DFFXUDF\ 'DWD 0LQLQJ 0RGHOV �'00� IRU HDFK 'DWD 0LQLQJ 7HFKQLTXHV �'07�� � � ��

�� +LJKHVW SUHFLVLRQ '00 IRU HDFK '07� � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� +LJKHVW VHQVLWLYLW\ '00 IRU HDFK '07� � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� +LJKHVW VSHFLILFLW\ '00 IRU HDFK '07� � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 6:27 DQDO\VLV RI XVH FDVH SHUIRUPHG� � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 6XUYH\ WR HYDOXDWH WKH QHZ V\VWHP·V DFFHSWDQFH EDVHG RQ WKH 7HFKQRORJ\ $FFHSWDQFH 0RGHO

,,, �7$0�� RQ D ��SRLQW /LNHUW VFDOH� � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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� 6LPSOH 2UDFOH 'RFXPHQW $FFHVV �62'$� 4XHU\ %\ ([DPSOH �4%(� H[DPSOH� � � � � � ��

� 0HGLFLQH $ XQLW VWUXFWXUH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 0HGLFLQH $ ,QSDWLHQW WHDP VWUXFWXUH � � � � � � � � � � � � � � � � � � � � � � � � � ��
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$'/ $UFKHW\SH 'HILQLWLRQ /DQJXDJH

$, $UWLILFLDO ,QWHOOLJHQFH

$0 $UFKHW\SH 0RGHO

$3, $SSOLFDWLRQ 3URJUDPPLQJ ,QWHUIDFH

$4/ $UFKHW\SH 4XHU\ /DQJXDJH

$6$& $UFKHW\SH�EDVHG PHWULF 6RIWZDUH $UFKLWHFWXUH &RXSOLQJ

%, %XVLQHVV ,QWHOOLJHQFH

%301 %XVLQHVV 3URFHVV 0RGHO DQG 1RWDWLRQ

&'$ &OLQLFDO 'RFXPHQW $UFKLWHFWXUH

&'0 &OLQLFDO 'HFLVLRQ 0RGHO

&'6 &OLQLFDO 'HFLVLRQ 6XSSRUW

&(1 (XURSHDQ &RPPLWWHH IRU 6WDQGDUGL]DWLRQ

&+' &RPSXWDEOH +HDOWK 'DWD

&+76 &HQWUR +RVSLWDODU GR 7¤PHJD H 6RXVD

&+83 &HQWUR +RVSLWDODU 8QLYHUVLW£ULR GR 3RUWR

&,0 &OLQLFDO ,QIRUPDWLRQ 0RGHO

&.0 &OLQLFDO .QRZOHGJH 0DQDJHU

&5,63�'0 &URVV ,QGXVWU\ 6WDQGDUG 3URFHVV IRU 'DWD 0LQLQJ

&6 &RPSXWHU 6FLHQFH

&: &ROODERUDWLYH :RUN

'$, 'LVWULEXWHG $UWLILFLDO ,QWHOOLJHQFH

'(6 'DWD (QWU\ 6\VWHP

'+6$ 'HFRXSOHG +HDOWKFDUH 6RIWZDUH $UFKLWHFWXUH

',&20 'LJLWDO ,PDJLQJ DQG &RPPXQLFDWLRQV LQ 0HGLFLQH
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',0 'HPRJUDSKLF ,QIRUPDWLRQ 0RGHO

'/ 'HHS /HDUQLQJ

'/0 'HFLVLRQ /RJLF 0RGXOH

'0 'DWD 0LQLQJ

'00 'DWD 0LQLQJ 0RGHOV

'07 'DWD 0LQLQJ 7HFKQLTXHV

'6 'DWD 6FLHQFH

'65 'HVLJQ 6FLHQFH 5HVHDUFK

'66 'HFLVLRQ 6XSSRUW 6\VWHP

'7 'HFLVLRQ 7UHH

': 'DWD :DUHKRXVH

(& (XURSHDQ &RPPLVVLRQ

(&* (OHFWURFDUGLRJUDP

(+5 (OHFWURQLF +HDOWK 5HFRUG

(05 (OHFWURQLF 0HGLFDO 5HFRUG

(7/ ([WUDFWLRQ� 7UDQVIRUPDWLRQ DQG /RDGLQJ

)+,5 )DVW +HDOWKFDUH ,QWHURSHUDELOLW\ 5HVRXUFHV 6SHFLILFDWLRQ

*'/ *XLGHOLQH 'HILQLWLRQ /DQJXDJH

*(&&2 *HUPDQ &RURQD &RQVHQVXV 'DWDVHW

*8, *UDSKLFDO 8VHU ,QWHUIDFH

+,066 +HDOWKFDUH ,QIRUPDWLRQ DQG 0DQDJHPHQW 6\VWHPV 6RFLHW\

+,6 +HDOWKFDUH ,QIRUPDWLRQ 6\VWHPV

+,7 +HDOWKFDUH ,QIRUPDWLRQ 7HFKQRORJ\

+/� +HDOWK /HYHO 6HYHQ

+3 +HDOWKFDUH 3URIHVVLRQDOV

+773 +\SHUWH[W 7UDQVIHU 3URWRFRO

,&' ,QWHUQDWLRQDO &ODVVLILFDWLRQ RI 'LVHDVHV

,((( ,QVWLWXWH RI (OHFWULFDO DQG (OHFWURQLFV (QJLQHHUV

,(6 ,QWHOOLJHQW (PEHGGHG 6\VWHP
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,0 ,QIRUPDWLRQ 0RGHO

,6 ,QIRUPDWLRQ 6\VWHP

,62 ,QWHUQDWLRQDO 2UJDQL]DWLRQ IRU 6WDQGDUGL]DWLRQ

,62 (1 ����� ,QWHUQDWLRQDO 2UJDQL]DWLRQ IRU 6WDQGDUGL]DWLRQ (XURSHDQ 1RUP �����

,7 ,QIRUPDWLRQ 7HFKQRORJ\

,7,/ ,QIRUPDWLRQ 7HFKQRORJ\ ,QIUDVWUXFWXUH /LEUDU\

-'7 -621 'DWD 7HPSODWH

-621 -DYD6FULSW 2EMHFW 1RWDWLRQ

.'' .QRZOHGJH�'LVFRYHU\ LQ 'DWDEDVHV

.3, .H\ ,QGLFDWRUV RI 3HUIRUPDQFH

/2,1& /RJLFDO 2EVHUYDWLRQ ,GHQWLILHUV 1DPHV DQG &RGHV

/6 /HJDF\ 6\VWHP

0$6 0XOWL�$JHQW 6\VWHP

0+5 0DQXDO +HDOWK 5HFRUG

0, 0HGLFDO ,QIRUPDWLFV

0/ 0DFKLQH /HDUQLQJ

06 0DWKHPDWLFDO 6WDWLVWLFV

066 0DQDJHPHQW 6XSSRUW 6\VWHP

1% 1DLYH %D\HV

1%�. 1DLYH %D\HV � .HUQHO

1(5 1DPHG (QWLW\ 5HFRJQLWLRQ

1)& 1HDU )LHOG &RPPXQLFDWLRQ

1/3 1DWXUDO /DQJXDJH 3URFHVVLQJ

1R64/ 1RQ�UHODWLRQDO GDWDEDVH

2/73 2Q/LQH 7UDQVDFWLRQ 3URFHVVLQJ

237 2SHUDWLRQDO 7HPSODWHV

250 2EMHFW�UHODWLRQDO 0DSSHU

[YLL
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3$&6 3LFWXUH $UFKLYLQJ &RPPXQLFDWLRQ 6\VWHP

3R& 3URRI RI &RQFHSW

352& 3URFHVV PRGHO

4%( 4XHU\ %\ ([DPSOH

5'%06 5HODWLRQDO GDWDEDVH PDQDJHPHQW V\VWHP

5(67 5HSUHVHQWDWLRQDO 6WDWH 7UDQVIHU

5) 5DQGRP )RUHVW

5,0 5HIHUHQFH ,QIRUPDWLRQ 0RGHO

5,6 5HGH ,QIRUP£WLFD GD 6D¼GH

50 5HIHUHQFH 0RGHO

518 5HGH 1DFLRQDO GH 8WHQWHV

54 5HVHDUFK 4XHVWLRQ

56( 5HJLVWR GH 6D¼GH (OHWUµQLFR

57 5DQGRP 7UHH

6*7' 6LVWHPD GH *HVW¥R GR 7UDQVSRUWH GH 'RHQWHV

6,*/,& 6LVWHPD ,QWHJUDGR GH *HVW¥R GH ,QVFULWRV SDUD &LUXUJLD

60 6HUYLFH 0RGHO

6120(' &7 6\VWHPDWL]HG 1RPHQFODWXUH RI 0HGLFLQH &OLQLFDO 7HUPV

616 6LVWHPD 1DFLRQDO GH 6D¼GH

62$3 6LPSOH 2EMHFW $FFHVV 3URWRFRO

62'$ 6LPSOH 2UDFOH 'RFXPHQW $FFHVV

64/ 6WUXFWXUHG 4XHU\ /DQJXDJH

6:27 6WUHQJWKV� :HDNQHVVHV� 2SSRUWXQLWLHV� DQG 7KUHDWV

7$0 7HFKQRORJ\ $FFHSWDQFH 0RGHO

7$0� 7HFKQRORJ\ $FFHSWDQFH 0RGHO ,,

7$0� 7HFKQRORJ\ $FFHSWDQFH 0RGHO ,,,

75$ 7KHRU\ RI 5HDVRQHG $FWLRQ

8& 8ELTXLWRXV &RPSXWLQJ

8, 8VHU ,QWHUIDFH

[YLLL
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8/6&% 8QLGDGH /RFDO GH 6D¼GH GH &DVWHOR %UDQFR

8/6* 8QLGDGH /RFDO GH 6D¼GH GD *XDUGD

8/61$ 8QLGDGH /RFDO GH 6D¼GH GR 1RUWH $OHQWHMR

80/ 8QLILHG 0RGHOLQJ /DQJXDJH

80/6 8QLILHG 0HGLFDO /DQJXDJH 6\VWHP

:$3 :LUHOHVV $SSOLFDWLRQ 3URWRFRO

:+2 :RUOG +HDOWK 2UJDQL]DWLRQ

;0/ ([WHQVLEOH 0DUNXS /DQJXDJH

[L[
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7KH UHVHDUFK SURMHFW GHVFULEHG LQ WKLV GRFXPHQW LV SUHVHQWHG LQ WKH IRUP RI D GRFWRUDO WKHVLV HQWLWOHG

´.QRZOHGJH (QJLQHHULQJ IRU ,QWHURSHUDEOH (OHFWURQLF +HDOWK 5HFRUGVµ ZLWKLQ WKH VFRSH RI WKH 'RFWRUDO

3URJUDP LQ %LRPHGLFDO (QJLQHHULQJ DW WKH 8QLYHUVLW\ RI 0LQKR� 7KLV LQYHVWLJDWLRQ ZDV FRQGXFWHG RXW DW

WKH $OJRULWPL 5HVHDUFK &HQWHU� D UHVHDUFK XQLW LQ WKH 8QLYHUVLW\ RI 0LQKR·V 6FKRRO RI (QJLQHHULQJ� DV ZHOO

DV LQ 3RUWXJXHVH KHDOWKFDUH LQVWLWXWLRQV� $V D UHVXOW� WKLV LQWURGXFWLRQ FKDSWHU FRPSULVHV D GHVFULSWLRQ RI

WKH SURMHFW·V VFRSH DQG FRQWH[W �6HFWLRQ ����� DQ H[SODQDWLRQ RI WKH SXUSRVH EHKLQG LW �6HFWLRQ ����� D OLVW

RI REMHFWLYHV WR EH PHW DV D UHVXOW RI LWV IXOILOOPHQW �6HFWLRQ ���� DQG D GRFXPHQW VWUXFWXUH GHVFULSWLRQ

�6HFWLRQ �����

��� &RQWH[W DQG 6FRSH

&OLQLFDO GDWD LQ +HDOWKFDUH ,QVWLWXWLRQV DUH KLJKO\ LPSRUWDQW DQG XVHIXO IRU VHYHUDO SXUSRVHV� 'DWD DUH ILOOHG

DQG VWRUHG RQ PDQ\ +HDOWKFDUH ,QIRUPDWLRQ 6\VWHPV �+,6� GHYHORSHG IRU GLIIHUHQW XVH FDVHV� 2QO\ ZLWK DQ

RSWLPL]HG FRRSHUDWLRQ DQG LQWHURSHUDELOLW\ EHWZHHQ PXOWLSOH +,6� LW LV SRVVLEOH WR HQVXUH WKH FRQWLQXRXV

LPSURYHPHQW DQG PDLQWHQDQFH RI WKH (OHFWURQLF +HDOWK 5HFRUG �(+5��

2YHU WKH SDVW IHZ \HDUV� D VLJQLILFDQW DPRXQW RI ZRUN KDV EHHQ GHYHORSHG WR LPSURYH WKH FRPPXQLFD�

WLRQ EHWZHHQ GLIIHUHQW ,QIRUPDWLRQ 6\VWHP �,6� DFURVV PXOWLSOH GRPDLQV� ORZHULQJ FRVWV DQG XVXDO KXPDQ

HUURUV� LPSURYLQJ WKH HIILFLHQF\� SHUIRUPDQFH DQG VHFXULW\ RI V\VWHPV LQ LQVWLWXWLRQV DQG FRPSDQLHV >��@�

7KHUHE\� WKHUH ZDV DQ HYROXWLRQ RI WKH ,6 LQ GLIIHUHQW SHULRGV VWDUWLQJ LQ WKH ODWH ����V� ,Q WKH ILUVW (UD�

RQH RI WKH FRQFHSWV WKDW JURZWK ZDV WKH 0DQDJHPHQW 6XSSRUW 6\VWHP �066� LQ RUGHU WR VXSSRUW WKH RUJD�

QL]DWLRQV RQ GHFLVLRQ�PDNLQJ SURFHVVHV� $IWHUZDUGV� LQ WKH ����V � VHFRQG (UD � WKHVH 066 EHFDPH PRUH

�
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LQGHSHQGHQW� SURYLGLQJ D GDLO\ DVVLVWDQFH WR WKHLU EXVLQHVV DQG JHQHUDWLQJ WKH FRQFHSW RI 'HFLVLRQ 6XS�

SRUW 6\VWHP �'66�� 0RUHRYHU� LQ WKH ��V $UWLILFLDO ,QWHOOLJHQFH �$,� KDV EHHQ LQWHJUDWHG LQ WKH ,QIRUPDWLRQ

7HFKQRORJ\ �,7� HQYLURQPHQW PDUNLQJ DOVR WKH FUHDWLRQ RI PRUH DGYDQFHG DQG VHOI�RSHUDWHG ,6 FDSDEOH WR

VXSSRUW PRUH FRPSOH[ GHFLVLRQ�PDNLQJ SURFHVVHV� LQFUHDVLQJ SUHYLRXV UHVXOWV� 7KHQFHIRUZDUG� FRQFHSWV

VXFK DV 8ELTXLWRXV &RPSXWLQJ �8&�� :LUHOHVV $SSOLFDWLRQ 3URWRFRO �:$3� DQG 1HDU )LHOG &RPPXQLFDWLRQ

�1)&� DSSHDUHG WR WUDQVIRUP WKH ZRUOG RI WHFKQRORJ\ >���@� $OO WKHVH FRQFHSWV ZHUH DSSOLHG LQ WKH PRVW

GLYHUVH DUHDV� SDUWLFXODUO\ LQ WKH FOLQLFDO HQYLURQPHQW� HVWLPDWLQJ WKDW WKH DGRSWLRQ RI ,7 LQ KHDOWKFDUH LQ

RUGHU WR UHVXOW LQ D SRWHQWLDO KHDOWK DGYDQWDJHV DQG DOVR SRVVLEOH FRVW VDYLQJV� FUHDWLQJ WKH +HDOWKFDUH

,QIRUPDWLRQ 7HFKQRORJ\ �+,7� FRQFHSW� 6LQFH LWV GHILQLWLYH LPSOHPHQWDWLRQ� WKH (+5 KDV WKH SRWHQWLDO WR

VDYH RYHU �� ELOOLRQ GROODUV SHU \HDU� ,Q DGGLWLRQ� WKH HIILFLHQF\ DQG VHFXULW\ LPSURYHPHQWV DVVRFLDWHG ZLWK

WKH FDUH SODQV DQG WKH SDWLHQWV DUH HQRUPRXV >��@�

$VLGH IURP WKH VLJQLILFDQW HYROXWLRQ RI WKH 0DQXDO +HDOWK 5HFRUG �0+5� WR WKH (+5� WKH FOLQLFDO LQIRU�

PDWLRQ GLJLWDOL]DWLRQ KDV UHVXOWHG LQ FUHDWLRQ RI H[WUDYDJDQW DPRXQWV RI GDWD HYHU\ GD\� VWRUHG LQ GHGLFDWHG

UHSRVLWRULHV� DQG DIWHUZDUGV XVHG RU QRW� ,Q WKLV FRQWH[W� PXOWLGLVFLSOLQDU\ WHDPV LQ WKH ILHOGV RI ,6 DQG

0HGLFDO ,QIRUPDWLFV �0,� KDYH DULVHQ LQ KHDOWKFDUH LQVWLWXWLRQV� SDUWLFXODUO\ WKH ELRPHGLFDO HQJLQHHU UROH

VSHFLDOL]LQJ LQ 0, KDV SURYHQ WR EH FUXFLDO LQ GDWD FRQWURO� GHYHORSLQJ WRROV WR XVH WKHP DQG PDQDJLQJ

KHDOWKFDUH LQVWLWXWLRQ·V +,6� LQ RUGHU WR SURYLGH D FRPSOHWH V\PELRVLV DQG LQWHURSHUDELOLW\ EHWZHHQ DOO V\V�

WHPV >��@� 7KHUHIRUH� WKH UHVHDUFK LQ WKLV DUHD KDV RSHQHG QHZ KRUL]RQV LQ UHFHQW \HDUV� WKURXJK LQQRYDWLYH

WHFKQLTXHV DQG VROXWLRQV WR UHDFK PRUH DQG PRUH LQ WHUPV RI WKH +,6 HIILFLHQW XVH� HPSOR\LQJ WKH QHZ

FOLQLFDO VWDQGDUGV XVHG ZRUOGZLGH DQG DGRSWLQJ QHZ PHWKRGRORJLHV IRU LWV HUJRQRPLF XVH�

7KH FRQWLQXRXV PDUDWKRQ IRU GDWD VWUXFWXULQJ FRQWULEXWHV WR WKH GDWD ZLWKLQ SODLQ WH[W JDLQLQJ PHDQLQJ

DQG EHLQJ WUDQVIRUPHG LQWR UHOHYDQW NQRZOHGJH LQ D VSHFLILF GRPDLQ� ,Q WKH KHDOWKFDUH ILHOG� D ORW RI LQIRU�

PDWLRQ SUHVHQW LQ GLDULHV DQG FOLQLFDO UHSRUWV ZULWWHQ LQ DQ XQVWUXFWXUHG ZD\� FDQ RIWHQ EH ORVW NQRZOHGJH

DERXW D VSHFLILF FOLQLFDO FDVH� )XUWKHUPRUH� QRZDGD\V PDQ\ FOLQLFDO HQFRXQWHUV DQG SURFHGXUHV VWLOO RFFXU

LQ DQ LVRODWHG ZD\� PDNLQJ LW GLIILFXOW WR DFFHVV WR D PRUH SDWLHQW LQIRUPDWLRQ LQ UHDO WLPH� ZKLFK FDQ QHJ�

DWLYHO\ LQIOXHQFH WKH GHFLVLRQ�PDNLQJ >��@� 7R SUHYHQW WKLV IURP KDSSHQLQJ� D SUHYHQWLYH DQG FROODERUDWLYH

DSSURDFK WR GHYHORS WKH XVHG +,6 E\ KHDOWKFDUH SURIHVVLRQDOV LV QHFHVVDU\�

7KXV� WKLV PDQXVFULSW LV LQWHQGHG WR GHVFULEH WKH UHVHDUFK SURMHFW DERXW D QHZ LQWHURSHUDEOH FOLQLFDO

V\VWHP EDVHG RQ RSHQ VSHFLILFDWLRQV DQG FOLQLFDO PRGHOV VXJJHVWHG E\ WKH VWDQGDUG FDOOHG RSHQ(+5� 7KLV

SURMHFW ZDV GHYHORSHG LQ FROODERUDWLRQ ZLWK PXOWLGLVFLSOLQDU\ WHDPV IURP 3RUWXJXHVH KHDOWKFDUH LQVWLWX�

WLRQV� PDGH XS IURP ,7 VSHFLDOLVWV WR GRFWRUV DQG QXUVHV� 7KH PDLQ JRDO RI WKLV SURMHFW LV WR GHYHORS DQ

LQWHURSHUDEOH DQG VHFXUH V\VWHP FDSDEOH RI KDYLQJ D K\EULG XVH� 7KH SDUDGLJP IRU LWV FRQFHSWLRQ ZDV WR

JK\KRUV G Y_YZKS ZNGZ IGT HK SUJKRKJ GTJ GJGVZGHRK ZU ZNK [YKX � HQVXULQJ WKH GDWD VWUXFWXULQJ

DQG LWV SUHVHUYDWLRQ DOZD\V LQ WKH VDPH ZD\� 7KH QRYHO V\VWHP HQVXUHV WKH FOLQLFLDQV OLEHUW\ WR PRGHOLQJ

WKH VHYHUDO RSHQ(+5 VWUXFWXUHV DQG LQWURGXFH WKHP LQ D QHZ SODWIRUP UHVSRQVLEOH IRU WKH LQWHUSUHWDWLRQ RI

WKHVH VWUXFWXUHV DQG LWV FRQYHUVLRQ WR D VWDQGDUG IRUPDW FRPSUHKHQGHG E\ QHZ DUWHIDFW� $OVR� WKH V\VWHP

�
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LV UHVSRQVLEOH IRU WKH SDUDOOHO VWUXFWXUHV FUHDWLRQ DQG PDLQWHQDQFH VXFK DV FOLQLFDO WHUPLQRORJLHV VXEVHWV

RU LQWHUQDO UHOHYDQW GDWD WR DSSHQG WR WKH RSHQ(+5 VWUXFWXUHV� HVWDEOLVKLQJ VHPDQWLF LQWHURSHUDELOLW\� ,Q

DGGLWLRQ� WKH UHFRYHU\� PDLQWHQDQFH DQG WUDQVIRUPDWLRQ RI GDWD LV FDUULHG RXW E\ D UHWULHYDO V\VWHP� FDSD�

EOH RI FUHDWLQJ� RUJDQL]LQJ DQG PDLQWDLQLQJ D GHPRJUDSKLF PRGHO DQG D FOLQLFDO PRGHO� VHSDUDWHO\� LQ D

GRFXPHQWDO ZD\� SURYLGLQJ WKH LQWHURSHUDELOLW\ ZLWK DOO RWKHUV H[LVWLQJ /HJDF\ 6\VWHP �/6�� 7KHVH IHDWXUHV

ZLOO SURYLGH D VHFXULW\ OHYHO WR WKH V\VWHP EHFDXVH RQH FOLQLFDO UHFRUG LV QRW GLUHFWO\ OLQNHG WR D SDUWLFXODU

SDWLHQW� 7KH QH[W FKDSWHUV ZLOO GHPRQVWUDWH KRZ WKHVH FKDUDFWHULVWLFV DQG PRGXOHV ZHUH DFKLHYHG� GHYHO�

RSHG DQG LPSOHPHQWHG� , EHOLHYH WKDW WKLV ZRUN DQG DOO WKH SURMHFWV FDUULHG RXW LQ WKLV VSHFLILF DUHD ZLOO JLYH

PRUH HIILFLHQF\� G\QDPLVP DQG DXWRQRP\ WR WKH XVH RI +,6 DQG� FRQVHTXHQWO\� WR WKH FOLQLFDO SUDFWLFH�

��� 0RWLYDWLRQ

:LWKLQ KHDOWKFDUH LQVWLWXWLRQV� LQIRUPDWLRQ H[FKDQJH DQG LQWHUSUHWDWLRQ LQ WKH VDPH ZD\ DPRQJ KHWHUR�

JHQHRXV +,6 LV VRPHWKLQJ WKDW LV YLWDO IRU SURPRWLQJ WKH KLJK OHYHO RI TXDOLW\ DQG VDIHW\ WKDW WKH FOLQLFDO

DFW UHTXLUHV� ,Q WKLV HIIRUW� WKH PDLQ JRDO LV WR GHYHORS D QHZ LQWHURSHUDEOH� DGDSWDEOH� FROODERUDWLYH� DQG

K\EULG +,6 WKDW ZLOO PDNH LW SRVVLEOH WR FRQWLQXRXVO\ HQKDQFH WKH KHDOWKFDUH VHUYLFHV JLYHQ ZKLOH DOVR GLV�

FRYHULQJ QHZ UHOHYDQW NQRZOHGJH WR VXSSRUW GHFLVLRQ�PDNLQJ RQ D FRQWLQXDO EDVLV� )URP WKH SHUVSHFWLYH

RI ZRUN PDQDJHPHQW� WKLV XQLTXH DSSURDFK ZLOO EH DEOH WR VWLPXODWH FROODERUDWLRQ EHWZHHQ ,7 VSHFLDOLVWV

DQG +HDOWKFDUH 3URIHVVLRQDOV �+3�� 7KLV ZLOO EH DFKLHYDEOH EHFDXVH WKH V\VWHP ZLOO QRW EH FRPSOHWHO\ UH�

OLDQW RQ LQIRUPDWLRQ WHFKQRORJ\ DQG SK\VLFLDQV ZLOO KDYH WKH RSWLRQ WR UHSUHVHQW WKHLU FOLQLFDO NQRZOHGJH

LQ D FRQVLVWHQW DQG HYROXWLRQDU\ PDQQHU� )URP WKH SHUVSHFWLYH RI LQIRUPDWLRQ PDQDJHPHQW� HDFK (+5

ZLOO EH LQWHOOLJHQWO\ JHQHUDWHG DQG FRQVWUXFWHG RYHU WKH FRXUVH RI D SDWLHQW·V OLIHVSDQ DQG ZLOO EH DYDLODEOH

IRU FRQVXOWDWLRQ DW DQ\ WLPH GXULQJ WKDW WLPH� 7KLV QHZ DUWHIDFW ZLOO DOVR EH VFDODEOH DQG UHVSRQVLYH DW

WKH V\VWHP DUFKLWHFWXUH OHYHO� JLYLQJ DOO LQIRUPDWLRQ LQ WKH VDPH ZD\ IRU DOO RWKHU /6 DQG QHZV SODWIRUPV

WKDW ZLVK WR PDNH XVH RI WKLV QHZ DUWHIDFW� $SDUW IURP WKDW� IURP WKH VWDQGSRLQW RI WKH XVHU� FOLQLFLDQV

ZLOO EH DEOH WR G\QDPLFDOO\ VHOHFW KRZ WKH\ ZLVK WR VHH WKH SDWLHQW·V LQIRUPDWLRQ VWUXFWXUHG LQ UHDO WLPH� ,Q

WHUPV RI UHFRUG XQLILFDWLRQ DQG JOREDOL]DWLRQ� WKH XVH RI LQWHUQDWLRQDOO\ UHFRJQL]HG VWDQGDUGV LV EHFRPLQJ

LQFUHDVLQJO\ LPSRUWDQW LQ RUGHU WR DFKLHYH WKH KLJKHVW OHYHOV RI LQWHU� DQG LQWUD�KRVSLWDO LQWHURSHUDELOLW\ SRV�

VLEOH� ERWK QDWLRQDOO\ DQG LQWHUQDWLRQDOO\� LQ RUGHU WR DFKLHYH WKH KLJKHVW OHYHOV RI LQWHURSHUDELOLW\ SRVVLEOH�

,Q WKLV FDVH� GDWD QRUPDOL]DWLRQ DLGV LQ WKH EHWWHU LQWHUSUHWDWLRQ RI LQIRUPDWLRQ DPRQJ GLIIHUHQW +3 W\SHV�

GHSDUWPHQWV� DQG LQVWLWXWLRQV� %\ DGRSWLQJ LQWHUQDWLRQDOO\ UHFRJQL]HG DQG FRQWLQXDOO\ HYROYLQJ VWDQGDUGV�

LQVWLWXWLRQV DUH DEOH WR GHYHORS ZLWK WKHP DQG FRQWLQXH WR LPSURYH DV ERWK FDUH SURYLGHUV DQG RUJDQL]DWLRQV�

�
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��� 2EMHFWLYHV

$Q RSHQ +HDOWKFDUH ,QIRUPDWLRQ 6\VWHP DUWHIDFW LV WKH SXUSRVH RI WKLV 3K' WKHVLV� ZKLFK ZLOO EH GHVLJQHG

DQG GHYHORSHG DV SDUW RI WKLV SURMHFW� $V D UHVXOW� WKLV JURXQG�EUHDNLQJ VROXWLRQ GHPRQVWUDWHV KRZ WR

TXLFNO\ DQG HDVLO\ GHYHORS DQG LQVWDOO D QHZ FOLQLFDO V\VWHP ZKLOH UHWDLQLQJ WKH H[LVWLQJ /6 DQG H[FKDQJLQJ

LQIRUPDWLRQ LQ D VHFXUH DQG FOHDU PDQQHU� ,W·V WKH JRDO RI WKLV GRFWRUDO WKHVLV WR GHVLJQ DQG FRQVWUXFW D QHZ

RSHQ +,6 DUWHIDFW� ZKLFK ZLOO EH GHWDLOHG ODWHU LQ WKLV WKHVLV� &RQVHTXHQWO\� WKLV QRYHO WHFKQLTXH GHVFULEHV

KRZ WR HDVLO\ FUHDWH DQG LPSOHPHQW D QHZ +,6 ZKLOH VLPXOWDQHRXVO\ PDLQWDLQLQJ WKH RWKHU FXUUHQW V\VWHPV

DQG H[FKDQJLQJ LQIRUPDWLRQ LQ DQ LQWHUSUHWDEOH DQG VHFXUH PDQQHU� DV GHVFULEHG LQ WKLV WKHVLV� $FFRUGLQJ

WR WKH SUHFHGLQJ VHFWLRQV� LW LV LQWHQGHG WR SURSRVH D QHZ DUFKHW\SH WKDW UHVSRQGV WR LPSRUWDQW LVVXHV

HQFRXQWHUHG E\ ,7 LQ WKH PHGLFDO LQGXVWU\� $V D UHVXOW� WKH SULPDU\ 5HVHDUFK 4XHVWLRQ �54� WKDW LQIRUPV

WKLV GRFWRUDO WKHVLV LV DV IROORZV�

+RZ WR GHILQH WKH VWUXFWXULQJ� GDWD H[FKDQJH DQG NQRZOHGJH GLVFRYHU\ SURFHVVHV LQ D

KHDOWKFDUH FRQWH[W� FUHDWLQJ DQ LQWHURSHUDEOH (OHFWURQLF +HDOWK 5HFRUG �(+5�"

%DVHG RQ WKH UHVXOWV RI DQ LQLWLDO UHTXLUHPHQWV VXUYH\ FRQGXFWHG RXW LQ VRPH 3RUWXJXHVH KHDOWKFDUH

LQVWLWXWLRQV� LW ZDV GLVFRYHUHG WKDW WKHUH ZHUH JDSV DQG LQFRQVLVWHQFLHV LQ WKH VWUXFWXUH� DV ZHOO DV QRQ�

XQLYHUVDO FRQWHQW LQ GDWD� ,W ZDV DOVR GLVFRYHUHG WKDW IUHH WH[W ILHOGV ZHUH XVHG YHU\ IUHTXHQWO\� ZKLFK

WUDQVODWHV DV EHLQJ RXW RI GDWH IRU XVH� WUDQVIRUPDWLRQ� DQG GDWD H[FKDQJH� $VLGH IURP WKDW� WKHUH DUH

VHYHUDO ,6� DV ZHOO DV D ODUJH YDULHW\ RI GDWDEDVHV DQG YHUVLRQV� DOO RI ZKLFK UHTXLUH GDLO\ PDLQWHQDQFH

DQG PRQLWRULQJ E\ ,7 SURIHVVLRQDOV� )ROORZLQJ WKH PDMRU 54� WKLV UHVHDUFK SURMHFW FDQ EH GHILQHG E\ WKH

IROORZLQJ PDLQ REMHFWLYHV WKDW PXVW EH PHW LQ RUGHU IRU LW WR EH VXFFHVVIXOO\ FRPSOHWHG�

�� $ VWDWH RI WKH DUW OLWHUDWXUH HYDOXDWLRQ ZLWKLQ WKH VFRSH RI WKLV GRFWRUDO WKHVLV�

�� 5HVHDUFK 3UREOHPV ZLWK +,6 LQ 3RUWXJXHVH +HDOWKFDUH ,QVWLWXWLRQV�

�� ,GHQWLI\LQJ WKH EHVW UHVHDUFK PHWKRGRORJ\ DQG WHFKQRORJLHV WR EH XVHG�

�� 3URSRVDO V\VWHP·V DUFKLWHFWXUH GHVLJQ�

�� 5HODWLRQDO DQG 1RQ�UHODWLRQDO GDWDEDVH GHVLJQ�

�� %XVLQHVV ,QWHOOLJHQFH �%,� LQGLFDWRUV DQG 0DFKLQH /HDUQLQJ �0/� DOJRULWKPV GHILQLWLRQ�

�� 6\VWHP GHYHORSPHQW EDVHG RQ DIRUHPHQWLRQHG SRLQWV�

�� 'HYHORSHG DUFKHW\SH VLPXODWLRQ� GHSOR\PHQW� DVVHVVPHQW� DQG LPSOHPHQWDWLRQ�

�� $UWHIDFW 3URRI RI &RQFHSW �3R&��

�
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��� 6\VWHP VKDULQJ WR WKH WDUJHW FXVWRPHUV DQG WKH VFLHQWLILF FRPPXQLW\�

7KH VL[�VWHS SURMHFW UHSUHVHQWHG LQ )LJXUH �� ZDV GHVLJQHG WR DFKLHYH DOO RI WKH REMHFWLYHV OLVWHG DERYH�

DQG HDFK VWDJH KDV D QXPEHU RI TXHVWLRQV WKDW PXVW EH DGGUHVVHG�

)LJXUH �� 7KH SURMHFW·V VL[ GLVWLQFW VWDJHV UHSUHVHQWDWLRQ�

$FFRUGLQJ WR WKH DERYH VFKHPD� HDFK VWDJH FRQWHPSODWHV VRPH VHFRQGDU\ 54 WKDW ZLOO EH GHVFULEHG

EHORZ DQG DQVZHUHG RYHU WKH QH[W IHZ FKDSWHUV�

� 6WDJH ,�

54�� :KDW LV WKH LPSRUWDQFH RI VWUXFWXUHG GDWD DW WKH +,6 OHYHO"

54�� :KDW DUH WKH UHDVRQV IRU XVLQJ JOREDOO\ UHFRJQL]HG VWDQGDUGV"

54�� ,V WKH RSHQ(+5 UHFRPPHQGHG DSSURDFK DSSURSULDWH IRU GHVLJQLQJ DQG EXLOGLQJ LQWHURSHUD�

EOH KHDOWKFDUH V\VWHPV"

� 6WDJH ,,�

54�� :KDW DUH WKH PRVW VXLWDEOH PHWKRGRORJLHV WR FRQGXFW WKLV UHVHDUFK"

54�� :KDW DUH WKH PRVW DSSURSULDWH WHFKQRORJLHV IRU WKH GHYHORSPHQW RI WKLV DUWHIDFW"

54�� :KDW ZLOO EH WKH EHVW DUFKLWHFWXUH IRU WKH QRYHO V\VWHP"

� 6WDJH ,,,�

54�� :KDW DUH WKH PDMRU FKDOOHQJHV HQFRXQWHUHG WKURXJKRXW WKH GHYHORSPHQW RI WKH SURSRVHG

VROXWLRQ" +RZ ZHUH WKHVH REVWDFOHV RYHUFRPH"

� 6WDJH ,9�

54�� :KDW DUH WKH ELJJHVW FKDOOHQJHV DVVRFLDWHG ZLWK WHVWLQJ DQG LPSOHPHQWLQJ WKH SURSRVHG

VROXWLRQ" +RZ ZHUH WKHVH RYHUFRPH"

� 6WDJH 9�

54�� 7KURXJKRXW WKH XVDELOLW\ WHVWLQJ RI WKH V\VWHP� ZKDW ZHUH WKH ELJJHVW GLIILFXOWLHV H[SHULHQFHG

E\ XVHUV"

�
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54��� 'R WKH FDVH VWXGLHV LQWHQG WR FRQWLQXH XVLQJ WKH SURSRVHG V\VWHP LQ WKH IXWXUH"

� 6WDJH 9,�

54��� +RZ ZLOO WKH SURSRVHG V\VWHP LPSURYH WKH TXDOLW\ RI KHDOWK FDUH SURYLGHG"

54��� :KHQ FRPSDUHG WR RWKHU VLPLODU H[LVWLQJ SURMHFWV� ZK\ LV WKH UHVHDUFK VWXG\ FRQVLGHUHG

LPSRUWDQW� GLVWLQFWLYH� DQG LQQRYDWLYH"

54��� +RZ FDQ WKLV GRFWRUDWH WKHVLV LQVSLUH IXWXUH UHVHDUFK SURMHFWV"

7KH V\VWHP DUFKLWHFWXUH GHSLFWHG LQ )LJXUH � FDQ EH XVHG WR V\QWKHVL]H WKLV GRFWRUDO WKHVLV SURMHFW�

,WV IHDWXUHV KDYH DV WKHLU IRFDO SRLQW D ,QWHOOLJHQW (PEHGGHG 6\VWHP �,(6�� ZKLFK LV LQWHJUDWHG ZLWK D

PDQDJHPHQW SODWIRUP GHQRWHG E\ WKH $,'$(+5�

1HZ RSHQ(+5 VWUXFWXUHV DUH XSORDGHG WKURXJK WKLV SODWIRUP� DOVR WKH GDWD UHIVHWV FDQ EH FUHDWHG

ZLWK WKH UHIVHW%XLOGHU PRGXOH� LQ RUGHU WR EH FRQVXPHG E\ WKH IRUP%XLOGHU PRGXOH� 7KLV LV DFFRPSOLVKHG

WKURXJK WKH XVH RI WKH UHIVHW%XLOGHU PRGXOH� ZKLFK HQDEOHV IRU WKH GHYHORSPHQW RI ERWK VWDWLF DQG G\QDPLF

GDWD VXEVHWV� 6WDWLF VXEVHWV FDQ EH LPSRUWHG YLD FVY ILOHV RU EXLOW IURP RWKHU VRXUFHV� ZKHUHDV G\QDPLF

VXEVHWV DUH EDVHG RQ TXHULHV WR VSHFLILF GDWDEDVHV� ZKLFK UHVXOWV LQ WKH JHQHUDWLRQ RI D 85/ WKDW FDQ EH

XWLOL]HG LPPHGLDWHO\�

$OVR� WKH IRUP%XLOGHU PRGXOH UHFHLYHV WKH RSHQ(+5 VWUXFWXUHV� ZKLFK KDYH EHHQ WUDQVIRUPHG LQWR D

FRUUHFWO\ QRWDWHG IRUPDW LQ RUGHU WR EH FRQVXPHG� DQG WUDQVIRUPV WKHP LQWR D G\QDPLF *UDSKLFDO 8VHU

,QWHUIDFH �*8,�� 7KH HGLW PRGH DOORZV WKH XVHU WR PDNH FKDQJHV WR WKH IRUP ILHOGV� DQG WR FRQQHFW WKH

UHIVHW 85/ FUHDWHG LQ WKH SUHYLRXV PRGXOH ZLWK WKH IRUP ILHOGV WKDW KDYH EHHQ PRGLILHG� 7KHVH VWDQGDUG

IRUPV DUH QRZ DYDLODEOH IRU DQ\ DSSOLFDWLRQV UXQQLQJ ZLWKLQ WKH HQYLURQPHQW�

7KH ,(6 LV FRPSULVHG RI D 0$6 WKDW UHWULHYHV WKH UHTXLUHG GDWD ZKLOH WDNLQJ FOLQLFDO JRYHUQDQFH VWDQ�

GDUGV LQWR FRQVLGHUDWLRQ� DQG WKHQ PDSV WKLV GDWD LQWR WKH RSHQ(+5 VWUXFWXUH� ,Q WKH ILHOG RI DGGLFWLRQ�

0$6 LV UHVSRQVLEOH IRU WKH GHYHORSPHQW DQG PDLQWHQDQFH RI WKH QRQ�UHODWLRQDO RSHQ(+5 UHSRVLWRU\�

7KH %, FRPSRQHQW SURYLGHV DFFHVV WR D ZLGH UDQJH RI LQIRUPDWLRQ LQ RUGHU WR VXPPDUL]H DQG SURYLGH

SK\VLFLDQV DQG ,7 SURIHVVLRQDOV ZLWK WKH NQRZOHGJH WKH\ UHTXLUH DERXW WKH V\VWHP� $VLGH IURP WKDW� WKH 0/

SRUWLRQ LV LQ FKDUJH RI RUJDQL]LQJ WKH (+5 UHFRUGV WKURXJK WKH XVH RI XQVXSHUYLVHG OHDUQLQJ WHFKQLTXHV�

�
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)LJXUH �� 'RFWRUDO WKHVLV RYHUDOO VWUXFWXUH SURSRVDO�

��� 'LVVHUWDWLRQ 2UJDQL]DWLRQ

7KLV PDQXVFULSW LV GLYLGHG LQWR VL[ FKDSWHUV� ZKLFK DUH OLVWHG EHORZ�

� ,QWURGXFWLRQ� WKH ILUVW FKDSWHU RI WKLV GRFXPHQW EHJLQV ZLWK D GHVFULSWLRQ RI WKH UHVHDUFK SURMHFW·V

IRFXV DQG FRQWH[W� LWV SXUSRVH� D GHVFULSWLRQ RI WKH PDLQ REMHFWLYHV WR EH DFKLHYHG WKURXJK LWV

LPSOHPHQWDWLRQ� DQG WKH WKHVLV VWUXFWXUH� 7KLV FKDSWHU GHVFULEHV WKH RYHUDOO DSSURDFK XVHG WR

FRQGXFW WKLV UHVHDUFK DV ZHOO DV WKH VHW RI HVVHQWLDO PHWKRGV DQG SURFHGXUHV XVHG� VXFK DV WKH

'HVLJQ 6FLHQFH 5HVHDUFK �'65� DQG 3URRI RI &RQFHSW �3R&� VWUDWHJLHV� 7KHUH LV DOVR LQIRUPDWLRQ

DERXW WKH UHVHDUFK WHFKQLTXHV HPSOR\HG LQ WKLV WKHVLV�

� %DFNJURXQG� WKH PRVW UHOHYDQW WKHRUHWLFDO DQG VFLHQWLILF FRQFHSWV WR WKLV LQYHVWLJDWLRQ DUH VXF�

FLQFWO\ GHVFULEHG DQG GLVFXVVHG� LQFOXGLQJ WKH XVH RI +,6 DQG WKH HYROXWLRQ RI WKH (+5V� WKH LPSRU�

WDQFH RI LQWHUQDWLRQDO VWDQGDUGV WR SURPRWH LQWHURSHUDELOLW\ EHWZHHQ ,7 V\VWHPV� WKH DSSOLFDWLRQ RI

0XOWL�$JHQW V\VWHPV LQ WKH KHDOWKFDUH LQGXVWU\� DQG WKH NH\ FRQFHSWV RI 'DWD 6FLHQFH IRU GLVFRYHULQJ

QHZ NQRZOHGJH�

� 7KH 'HYHORSPHQW RI D ,QWHURSHUDEOH +HDOWKFDUH 6\VWHP� WKH QHZ DUWHIDFW LV SURSRVHG DQG

�
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GHYHORSHG LQ WKLV FKDSWHU� LQFOXGLQJ WKH PDLQ WHFKQRORJLHV FKRVHQ DQG WKH DUFKLWHFWXUH EXLOW IRU

HDFK V\VWHP FRPSRQHQW�

� &DVH 6WXGLHV� WKH XVH FDVHV WKDW ZHUH XVHG WR WHVW WKH FRQVLVWHQF\ DQG XVDELOLW\ RI WKH QHZ GH�

YHORSHG V\VWHP DUH SUHVHQWHG LQ WKLV VHFWLRQ� 'LIIHUHQW DSSURDFKHV DUH H[SODLQHG� XVLQJ WKH VDPH

V\VWHP VXFK DV HPHUJHQF\ FOLQLFDO GDWD PLJUDWLRQ WR RSHQ(+5� DQ RSHQ(+5 PRGHOOLQJ VWUXFWXUH

DSSURDFK WR DFFHOHUDWH WKH &29,'��� SDWLHQW·V WUHDWPHQW� DQG D SUHGLFWLYH PRGHO IRU &29,'��� GLDJ�

QRVLV EDVHG RQ SDWLHQW V\PSWRPV� ,Q DGGLFWLRQ� HDFK XVH FDVH KDV LWV RZQ 6WUHQJWKV� :HDNQHVVHV�

2SSRUWXQLWLHV� DQG 7KUHDWV �6:27� DQDO\VLV DQG FRQFOXVLRQV�

� 'LVFXVVLRQ DQG &RQFOXVLRQV� ,W FRQFOXGHV E\ KLJKOLJKWLQJ DQG SUHVHQW WKH VLJQLILFDQW FRQWULEX�

WLRQV PDGH WKURXJK WKH FRQFOXVLRQ RI WKLV 'RFWRUDO WKHVLV� 7KH QH[W VWHSV LQ WHUPV RI SRWHQWLDO IXWXUH

ZRUN DUH DOVR GHVFULEHG�

�
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5HVHDUFK 0HWKRGRORJLHV

��� ,QWURGXFWLRQ

'HYHORSLQJ XQLTXH WHFKQLTXHV IRU GHILQLQJ UHVHDUFK SKDVHV DQG SURFHGXUHV LQ WKH PRVW HIIHFWLYH DQG

GHPDQGLQJ PDQQHU LV HVVHQWLDO IRU WKH FRPSOHWLRQ RI D UHVHDUFK SURMHFW� 5HVHDUFK VXEMHFWV VKRXOG EH

GHYHORSHG DQG FODULILHG ZKHQ WKH QDWXUH RI WKH UHVHDUFK KDV EHHQ GHWHUPLQHG� 7KH\ VKRXOG EH EDFNHG E\

D WKRURXJK DQG FULWLFDO H[DPLQDWLRQ RI WKH OLWHUDWXUH� ,W LV WKHUHIRUH QHFHVVDU\ WR GHYHORS D WKRURXJK UHVHDUFK

VWUDWHJ\ WKDW LV EDVHG RQ WKH W\SHV RI SKLORVRSKLHV DQG WHFKQLTXHV WKDW ZLOO EH XVHG� ,W ZLOO EH SRVVLEOH WR

VXEPLW WKH UHVHDUFK SURMHFW LGHD LI LW KDV EHHQ DGHTXDWHO\ VXSSRUWHG DQG DQDO\]HG� ERWK TXDOLWDWLYHO\ DQG

VWDWLVWLFDOO\� XVLQJ SULPDU\ DQG VHFRQGDU\ GDWD >���@�

,Q RUGHU WR FRQGXFW D FULWLFDO OLWHUDWXUH UHYLHZ� LW ZDV GHWHUPLQHG WKDW LW ZDV QHFHVVDU\ WR ILUVW ORRN

IRU NH\ZRUGV� DQG WKHQ� ELEOLRJUDSKLFDOO\� ORRN IRU ZRUNV FDUULHG RXW LQ WKH HQJLQHHULQJ ILHOG WKDW ILW WKH

SURMHFW·V SULPDU\ REMHFWLYHV DQG REMHFWLYHV DV VWDWHG LQ WKH SURMHFW� 3ULPDU\ VRXUFHV� VXFK DV UHSRUWV�

DUWLFOHV� RU DFDGHPLF GLVVHUWDWLRQV RI SUHYLRXVO\ FRPSOHWHG ZRUN� ZHUH H[DPLQHG LQ WKLV IROORZ�XS� EXW

IURP D PRUH VHFRQGDU\ YLHZSRLQW� VRPH PDJD]LQHV DQG ERRNV� ,W ZDV DOVR QHFHVVDU\ WR FRQGXFW VRPH

GLUHFW RQOLQH UHVHDUFK LQ RUGHU WR H[SODLQ VHYHUDO WRSLFV� +RZHYHU� WKLV FDQ RQO\ EH DFFRPSOLVKHG ZKHQ WKH

UHVHDUFK DSSURDFK WR EH XWLOL]HG KDV EHHQ HVWDEOLVKHG� ZKLFK LQ WKLV FDVH VWXG\ ZLOO EH RI WKH GHGXFWLYH

W\SH� 7KURXJK WKH XVH RI D ZHOO�GHVLJQHG UHVHDUFK VWUDWHJ\� D FRQFHSWXDO WKHRU\ RU K\SRWKHVLV DUWHIDFW ZLOO

EH EXLOW� DQG ILQDOO\ WHVWHG XVLQJ GDWD >���@�

7KH LQYHVWLJDWLRQ SURFHVV UHVXOWV LQ WKH GHYHORSPHQW RI NQRZOHGJH DQG VNLOOV LQ D FHUWDLQ GRPDLQ�

LQ WKLV FDVH� LQ HQJLQHHULQJ DUHD� WKURXJK WKH DFTXLVLWLRQ RI QHZ NQRZOHGJH DQG VNLOO� $ SKLORVRSKLFDO

SHUVSHFWLYH RQWRORJ\ LV WKH EUDQFK RI SKLORVRSK\ FRQFHUQHG ZLWK WKH QDWXUH RI UHDOLW\� SUHVHQWLQJ TXHVWLRQV

DERXW KRZ WKH XQLYHUVH ZRUNV DQG WKH FRPPLWPHQWV LPSOLFLW LQ WKH UHVHDUFKHU·V VSHFLILF SRLQW RI YLHZ

�
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RQ WKH VXEMHFW� 7KH RQWRORJLFDO SKLORVRSK\ IROORZHG LQ WKLV UHVHDUFK LV WKH 3UDJPDWLVP WKDW UHMHFWV DQ\

GLVDJUHHPHQWV DERXW VSHFLILF LGHDV RI WUXWK DQG UHDOLW\� 7KH LQYHVWLJDWLRQ LV FDUULHG RXW LQ DFFRUGDQFH ZLWK

WKH UHVHDUFKHU·V HWKLFDO SULQFLSOHV� DQG WKH ILQGLQJV DUH XVHG WR HPSKDVL]H WKH LPSRUWDQFH RI VXFK DQ

LQYHVWLJDWLRQ LQ WKH IXWXUH�

��� 'HVLJQ 6FLHQFH 5HVHDUFK 0HWKRGRORJ\

,Q 5HVHDUFK 0HWKRGV IRU %XVLQHVV 6WXGHQWV� WKH SUDJPDWLVP LV GHILQHG DV DQ H[WHUQDO� QXPHURXV� YLHZ

FKRVHQ WR EHVW HDVH UHVSRQGLQJ RI UHVHDUFK WRSLF >���@� ,Q RUGHU WR DQVZHU WKH PDLQ UHVHDUFK TXHVWLRQ DQG

WKH VXEVHTXHQW RQHV� LW ZDV LPSRUWDQW WR SURMHFW WKH 5HVHDUFK 'HVLJQ WKDW ZRXOG EH XVHG� %HFDXVH LW ZDV

DSSOLHG WR VFLHQFH DQG HQJLQHHULQJ� WKH 'HVLJQ 6FLHQFH 5HVHDUFK �'65� WHFKQLTXH ZDV DGRSWHG� ZKLFK LV

WKH PRVW H[WHQVLYHO\ XVHG PHWKRG WRGD\ IRU JHQHUDWLQJ VROXWLRQV DQG DSSURDFKHV LQ WKH ,7 ILHOG� :KHQ D

SUREOHP LV LGHQWLILHG� WKLV PHWKRGRORJ\ VXSSRUWV WKH UHVHDUFKHU LQ GHILQLQJ KLV LQYHVWLJDWLRQ� UHVXOWLQJ LQ

DQ DUWHIDFW WKDW LV WKHQ UHYLHZHG DQG� LI LW LV WKH ILQDO VROXWLRQ WR WKH SUREOHP� LW LV UHJDUGHG DV FRPSOHWH

DQG FDQ EH FRPPXQLFDWHG DQG SXEOLVKHG >��@� 7KH PHWKRGRORJ\ HPSOR\V D F\FOLFDO DSSURDFK� VR LW FDQ

EH GXH VHYHUDO WLPHV XQWLO WKH EHVW DQVZHU LV GLVFRYHUHG GHSHQGHQW RQ WKH JHQHUDWHG DUWHIDFW DQDO\VLV�

$FFRUGLQJ WR )LJXUH �� WKH DXWKRUV RI $ 'HVLJQ 6FLHQFH 5HVHDUFK 0HWKRGRORJ\ IRU ,QIRUPDWLRQ 6\VWHPV

5HVHDUFK LOXVWUDWH WKH '65 PHWKRGRORJ\ >��@�

)LJXUH �� 7KH '65 PHWKRGRORJ\·V SURFHVVLQJ PRGHO� $GDSWHG IURP >��@�

'LIIHUHQW UHVHDUFK VWUDWHJLHV ZHUH HPSOR\HG LQ DFFRUGDQFH ZLWK WKH '65 PHWKRGRORJ\ DQG WKHLU UHVSHF�

WLYH QDWXUHV� ([SORUDWRU\ LQ QDWXUH� WKLV UHVHDUFK LV ORRNLQJ IRU D IUHVK YLHZSRLQW DQG PHWKRG WR DGGUHVV

LQHIILFLHQFLHV WKDW KDYH EHHQ LGHQWLILHG LQ D VSHFLILF FRQWH[W� 7KURXJK WKH DSSOLFDWLRQ RI WKH &DVH 6WXG\

VWUDWHJ\� LQHIILFLHQFLHV ZHUH GLVFRYHUHG WKURXJK WKH H[SORUDWLRQ RI H[LVWLQJ LQIRUPDWLRQ H[FKDQJH DQG VWRU�

DJH PHFKDQLVPV LQ KHDOWKFDUH LQVWLWXWLRQV� DQG VSHFLILFDOO\ LQ WKH &+83 SRUWXJXHVH LQVWLWXWLRQ� DV ZHOO

��
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DV WKH VXUYH\ RI WKHLU JDSV� ZKLFK UHVXOWHG LQ WKH SURSRVDO RI D QHZ DSSURDFK WR KHDOWKFDUH LQIRUPDWLRQ

H[FKDQJH DQG VWRUDJH PHFKDQLVPV�

6HPL�VWUXFWXUHG LQWHUYLHZV DQG IRFXV JURXSV ZHUH FRQGXFWHG LQ RUGHU WR JDWKHU LQIRUPDWLRQ IRU WKLV

HYDOXDWLRQ� 4XHVWLRQQDLUHV� FRQWHQW DQDO\VLV� DQG WKH /6 FULWLFDO VWXG\ ZHUH WKH WHFKLQTXHV XVHG LQ WKH SUR�

FHVV� $ PL[HG UHVHDUFK WHFKQLTXH ZDV DGRSWHG DV D UHVXOW� ZLWK TXDQWLWDWLYH DQG TXDOLWDWLYH PHWKRGRORJLHV

EHLQJ XVHG ERWK MRLQWO\ DQG LQGHSHQGHQWO\� $GGLWLRQDOO\� WKH SURMHFW LV GHILQHG E\ LWV ORQJLWXGLQDO QDWXUH� LQ

WHUPV RI LWV WHPSRUDO KRUL]RQ�

��� &DVH 6WXG\ $SSURDFK

7KH FDVH VWXG\ UHVHDUFK DSSURDFK� HWKQRJUDSK\� DQG D FURVV�VHFWLRQDO PHWKRGRORJ\ ZHUH HPSOR\HG LQ WKLV

SURMHFW WR FRQGXFW DQ LQ�GHSWK DQG H[WHQVLYH UHVHDUFK RI VHYHUDO VXEMHFWV RI VWXG\ �WKH FDVHV�� DV ZHOO DV

WKHLU DVVRFLDWHG FRQWH[WXDO FRQGLWLRQV� DW GLIIHUHQW PRPHQWV� $V D UHVXOW� WKH JRDO LV WR H[DPLQH VHYHUDO

+,6 LQ RUGHU WR DFTXLUH D EURDG VHW RI LQIRUPDWLRQ� ZLWK WKH JRDO RI SURGXFLQJ DQG FRQVWUXFWLQJ D XQLYHUVDO

DUWHIDFW WKDW LV UHOHYDQW WR WKH JUHDWHVW QXPEHU RI VLPLODU KHDOWKFDUH HQYLURQPHQWV DV SRVVLEOH�

,Q D FDVH VWXG\� WKH JRDO LV WR DGGUHVV D VSHFLILF UHVHDUFK WRSLF� 7R DFKLHYH WKH EHVW DQVZHU WR WKH

VWXG\ WRSLF� WKH LQIRUPDWLRQ REWDLQHG LV FROOHFWHG DQG DQDO\]HG� $V D UHVXOW� PRVW RI WKH XVHUV DUH QHYHU

VDWLVILHG ZLWK D VLQJOH VWXG\� 7\SLFDOO\� D FDVH VWXG\ LV IRFXVHG RQ WKH VHDUFK IRU VLPLODU H[DPSOHV DQG WKH

LQWHUSUHWDWLRQ RI LVVXHV DQG VROXWLRQV XVHG� RU LW XVHV WKHVH FDVHV WR FROOHFW GDWD QHFHVVDU\ WR VROYH WKH

SUREOHP WKDW RFFXUV GXULQJ WKH UHVHDUFK >��� ��� ���@�

&DVH VWXGLHV FDQ LQFRUSRUDWH ERWK TXDOLWDWLYH DQG TXDQWLWDWLYH UHVHDUFK PHWKRGRORJLHV� 7KLV VWXG\

HPSOR\V PL[HG PHWKRGV UHVHDUFK� LQ ZKLFK PDQ\ UHVHDUFK WHFKQLTXHV DUH XWLOL]HG LQGHSHQGHQWO\ RU LQ

FRPELQDWLRQ WR FROOHFW DQG DQDO\]H GDWD� $V D UHVXOW� TXDQWLWDWLYH DQG TXDOLWDWLYH UHVHDUFK PHWKRGRORJLHV

RI YDULRXV W\SHV DUH XVHG WR FROOHFW DQG DQDO\]H TXDQWLWDWLYH DQG TXDOLWDWLYH GDWD� $OWKRXJK WKLV� WKLV UH�

VHDUFK LV SULPDULO\ EDVHG RQ TXDOLWDWLYH GDWD� 3ULPDULO\� SULPDU\ GDWD DUH FROOHFWHG WKURXJK SDUWLFLSDQW

REVHUYDWLRQ� IRFXV JURXSV� VHPL�VWUXFWXUHG LQWHUYLHZV� DQG VHOI�DGPLQLVWHUHG RU LQWHUYLHZHU�DGPLQLVWHUHG

TXHVWLRQQDLUHV� RU VXUYH\V� $GGLWLRQDOO\� VHFRQGDU\ GDWD ZHUH JDWKHUHG WKURXJK DUFKLYDO UHVHDUFK� SULPDU�

LO\ IURP SULPDU\ �GLVVHUWDWLRQV DQG FRQIHUHQFH SURFHHGLQJV� DQG VHFRQGDU\ �MRXUQDOV DQG ERRNV� VRXUFHV�

7KXV� GDWD FROOHFWLRQ LQFOXGHV SRUWXJXHVH KHDOWKFDUH LQVWLWXWLRQV DQG LWV DVVRFLDWHG FRQWH[WXDO FRQGLWLRQV�

WKH WDUJHW DXGLHQFH·V FKDUDFWHULVWLFV� DQG VFLHQWLILF SXEOLFDWLRQV IURP UHVHDUFK GDWDEDVHV DQG VHDUFK HQ�

JLQHV� )ROORZLQJ WKDW� XVLQJ JURXQGHG WKHRU\� LW ZDV IHDVLEOH WR JHQHUDWH QHZ WKHRULHV DQG PRGHOV EDVHG

RQ WKH TXDQWLWDWLYH DQG TXDOLWDWLYH GDWD DFTXLUHG DQG DQDO\]HG� PRVWO\ RI DQ DUFKHW\SH� $V VXFK� LW LV VXS�

SRUWHG E\ DQ LQGXFWLYH PHWKRG� DV WKH FRQVWUXFWLRQ RI WKRVH WKHRULHV DQG PRGHOV FDQ RQO\ RFFXU DIWHU

GDWD FROOHFWLRQ DQG DQDO\VLV� ZKLFK DUH WKHQ FRPSDUHG WR WKH OLWHUDWXUH� +RZHYHU� WKLV VFLHQWLILF SURMHFW

HPSOR\HG D GHGXFWLYH WHFKQLTXH DV ZHOO� DV LW LV H[FHHGLQJO\ GLIILFXOW WR SHUIRUP D VROLG DQG FUHGLEOH VWXG\

WKDW KHDYLO\ UHOLHV RQ FDVH VWXGLHV DORQH WKURXJK DQ LQGXFWLYH VWUDWHJ\� 7KH LQGXFWLYH DSSURDFK FDUULHV D

��
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JUHDW ULVN� 7KXV� WKH SUHSDUDWLRQ RI WKLV GRFWRUDO WKHVLV LV GHSHQGHQW RQ D OLWHUDWXUH UHYLHZ RI WKH VWDWH RI WKH

DUW � $V D UHVXOW� K\SRWKHVHV DUH IRUPHG EDVHG RQ H[LVWLQJ WKHRULHV� DQG D UHVHDUFK PHWKRG LV GHYHORSHG

WR HYDOXDWH WKRVH K\SRWKHVHV XVLQJ D GHGXFWLYH DSSURDFK�

��� 3URRI RI &RQFHSW

7KH 3R& HYDOXDWLRQ PHWKRGRORJ\ LV D SUDFWLFDO SDUDGLJP WKDW PD\ EH XVHG WR SURYH RU YDOLGDWH DQ H[LVWLQJ

FRQFHSW RU WKHRU\ IRU UHDO�ZRUOG DSSOLFDWLRQ >���@� 7KH 3R& DSSOLFDELOLW\ LV FRPPRQO\ UHSRUWHG DV RQH RI

WKH PRVW LPSRUWDQW VWHSV LQ WKH SURFHVV RI GHVLJQLQJ� GHYHORSLQJ� LPSOHPHQWLQJ� DQG SURSRVLQJ D QHZ

DUWHIDFW RI D SDUWLFXODU VROXWLRQ LQ WKH ,7 DUHD >���@� 7KLV PHWKRG LQFOXGHV LWHUDWLYH XVDELOLW\ WHVWLQJ ZLWK

GLIIHUHQW XVHU W\SHV DQG D FURVV�VHFWLRQDO VWXG\ WR YDOLGDWH WKH V\VWHP·V IHDVLELOLW\ DQG XWLOLW\� LQ RUGHU WR

PHDVXUH WKH LPSDFW DUFKHW\SH�

7KHUHE\� WKH 3R& LV DQ DWWHPSW WR SURYH WKH YDOLGLW\ RI D FRQFHSW� D K\SRWKHVLV� RU D PHWKRG� 0RVW

RIWHQ� LW LV HPSOR\HG LQ FRPSXWHU VFLHQFH� ZKHUH WKH ILQDO UHVXOW RI D SURMHFW LV WKH FUHDWLRQ RI D QHZ LWHP�

$GGLWLRQDOO\� D 3R& LV FDUULHG RXW WR GHPRQVWUDWH WKH YDOLGLW\ RI VFHQDULRV WKDW KDYH EHHQ GHYHORSHG >��@�

7KHVH PHWKRGV DOORZ XV WR GHPRQVWUDWH WKDW DQ DUWHIDFW LV ERWK HIILFLHQW DQG FRPSOLDQW� 7KH WHFKQLFDO DQG

IXQFWLRQDO TXDOLWLHV RI WKH V\VWHP ZHUH LQLWLDOO\ HYDOXDWHG DQG WKH RXWFRPHV ZHUH HYDOXDWHG E\ WKH 3HU�

FHLYHG 8VHIXOQHVV� 3HUFHLYHG (DVH RI 8VH� %HKDYLRUDO ,QWHQWLRQ DQG 8VH %HKDYLRXU� XVLQJ WKH 7HFKQRORJ\

$FFHSWDQFH 0RGHO �7$0� PHWKRG >��@� 7KXV� WKH PDLQ JRDO LV WR GHWHUPLQH ZKHWKHU WKH V\VWHP DFWXDOO\

EHQHILWV RUJDQL]DWLRQV EHIRUH WKH GHILQLWLYH LPSOHPHQWDWLRQ� WKURXJK D VPDOO QXPEHU RI XVHUV RU D VXEVHW

RI WKH EXLOW V\VWHP�

7KH DFFHSWDELOLW\� IHDVLELOLW\� DQG XWLOLW\ RI WKLV UHVHDUFK SURMHFW ZHUH MXVWLILHG LQ WKLV GRFWRUDWH WKHVLV

XVLQJ WKH 6:27 DQDO\VLV DQG 7$0 HYDOXDWLRQ PHWKRGRORJLHV� GHVFULEHG EHORZ�

����� 6:27 $QDO\VLV

7KH 6:27 DQDO\VLV HYDOXDWHG SURMHFW·V PDLQ VWUHQJWKV� ZHDNQHVVHV� RSSRUWXQLWLHV� DQG WKUHDWV� 7KLV VWUDWH�

JLF SODQQLQJ PHWKRG HYDOXDWHV LQWHUQDO DQG H[WHUQDO HQYLURQPHQWV RI D SURGXFW RU RUJDQL]DWLRQ� MXVWLI\LQJ

GHFLVLRQV DQG DOWHUQDWLYHV WR LWV ZHDN DQG VWURQJ SRLQWV� RSSRUWXQLWLHV� DQG WKUHDWV >��� ��@�

)DYRUDEOH IDFWRUV FRQWULEXWH IDYRUDEO\ WR WKH DFKLHYHPHQW RI WKH LQLWLDOO\ VHW JRDOV� ZKHUHDV XQIDYRUDEOH

IDFWRUV KDYH WKH RSSRVLWH HIIHFW DQG DUH YLHZHG DV EDUULHUV� 7KHVH WZR W\SHV RI HOHPHQWV PLJKW EH RI

LQWHUQDO QDWXUH� ZKLFK DQ RUJDQL]DWLRQ RU SURGXFW FDQ VHOI�FRQWURO� RU H[WHUQDO QDWXUH� ZKLFK LV XQFRQWUROOHG

IURP WKHLU SHUVSHFWLYH� 7KURXJKRXW WKH FDVH VWXG\� WKH 6:27 DQDO\VLV HYDOXDWHG WKH SURWRW\SH RI QHZ

DUWHIDFW� ZLWK WKH JRDO RI JDWKHULQJ WKH GLVFRYHUHG VWUHQJWKV DQG ZHDNQHVVHV� DV ZHOO DV RSSRUWXQLWLHV DQG

WKUHDWV >��@� 7KHUHE\� LQ WKH RQH KDQG� WKH XVH RI 6:27 DQDO\VLV� LQFUHDVH WKH SRWHQWLDO RI HQYLURQPHQW

E\ KLJKOLJKWLQJ WKH VWUHQJWKV RI D VSHFLILF VROXWLRQ� DOVR� LQ WKH DQRWKHU KDQG� WU\ WR PLQLPL]H WKH ULVNV DQG

��
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ZHDNQHVVHV DVVRFLDWHG ZLWK LW� ,W VKRXOG EH XVHG E\ DQ\ EXVLQHVV WKDW GHVLUHV WR FRPSHWH LQ LWV PDUNHW�

)LJXUH � LV D PDWUL[ UHSUHVHQWDWLRQ RI WKH 6:27 DQDO\VLV FRQFHSW�

)LJXUH �� 0DWUL[ LOOXVWUDWLRQ UHSUHVHQWLQJ WKH 6:27 DQDO\VLV·V NH\ FRQFHSWV�

����� 7HFKQRORJ\ $FFHSWDQFH 0RGHO

)ROORZLQJ WKH FUHDWLRQ RI D QHZ SURGXFW� LW LV FULWLFDO WR LGHQWLI\ DQG HVWDEOLVK FLUFXPVWDQFHV IRU WKH SURGXFW·V

DFFHSWDQFH E\ LWV WDUJHW DXGLHQFH� 6HYHUDO WKHRUHWLFDO PRGHOV KDYH EHHQ FUHDWHG LQ WKLV DUHD WR DVVHVV WKH

XVDELOLW\� DFFHSWDELOLW\� DQG XVDELOLW\ RI D WHFKQRORJ\� 'DYLV· 7$0 VWDQGV RXW DPRQJ WKHP� 7KLV PRGHO

ZDV LQWURGXFHG LQ PLG������ EDVHG RQ WKH 7KHRU\ RI 5HDVRQHG $FWLRQ �75$� SDUDGLJP� DQG TXLFNO\ JDLQHG

SURPLQHQFH IRU LWV HIIHFWLYHQHVV DQG FRKHUHQFH LQ IRUHFDVWLQJ WKH LQIOXHQFH RI WHFKQRORJ\ RQ WKH FRPPXQLW\

>��@� 7KH 7$0 PRGHO LV FRQFHUQHG ZLWK ,7 DGRSWLRQ LQ ZRUN HQYLURQPHQWV� ZKLFK LV ZK\ LW LV IUHTXHQWO\

HPSOR\HG LQ WKH FRQWH[W RI LQIRUPDWLRQ WHFKQRORJ\ DQG ZRUN�UHODWHG WHFKQRORJLHV� DQG DOVR LQ WKH PHGLFDO

ILHOG WR HYDOXDWH VHYHUDO +,6� %ULHIO\� 7$0 HVWDEOLVKHV D VWURQJ IRXQGDWLRQ IRU PDSSLQJ WKH HIIHFW RI H[WHUQDO

YDULDEOHV RQ DQ LQGLYLGXDO·V LQWULQVLF IDFWRUV� $OVR� WKHVH H[WHUQDO IDFWRUV FDQ EH PHDVXUHG WKURXJK YDULDEOHV

DVVRFLDWHG ZLWK DIIHFWLYH DQG FRJQLWLYH IDFWRUV >��� ��� ��� ���@�

$V D UHVXOW RI 7$0 LQFUHDVLQJ FULWLFLVP� LW KDV EHHQ H[SDQGHG WR LQFOXGH DGGLWLRQDO IDFWRUV WKDW LQIOXHQFH

EHKDYLRU LQWHQWLRQ� VXFK DV VRFLDO HIIHFW� DJH� DQG JHQGHU� ,Q DGGLWLRQ WR LQFRUSRUDWLQJ H[WHUQDO VRFLDO

YDULDEOHV WKDW LQIOXHQFH EHKDYLRUDO LQWHQWLRQV WR XVH QHZ WHFKQRORJ\� 7HFKQRORJ\ $FFHSWDQFH 0RGHO ,,

�7$0�� LV DQ H[WHQVLRQ RI 9HQNDWHVK DQG 'DYLV· RULJLQDO 7$0 IURP ����� ZKLFK LQFRUSRUDWHV H[WHUQDO

VRFLDO YDULDEOHV WKDW LPSDFW EHKDYLRUDO LQWHQWLRQV WR XVH QHZ WHFKQRORJ\� 7KHVH VRFLDO YDULDEOHV DUH WKH

VXEMHFWLYH QRUP� YROXQWDULQHVV DQG LPDJH� $OVR� WKH FRJQLWLYH LQVWUXPHQWDO SURFHVVHV OHYHO LV EDVHG RQ

MRE UHOHYDQFH� RXWSXW TXDOLW\� UHVXOW GHPRQVWUDELOLW\ DQG SHUFHLYHG HDVH RI XVH� ,Q ����� 9HQNDWHVK DQG

��
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%DOD GHYHORSHG D PRUH GHWDLOHG YHUVLRQ RI WKH FRQFHSW� RULJLQDWLQJ WKH 7$0�� )LJXUH � GHPRQVWUDWHV WKH

HYROXWLRQ PRGHO RYHU WKH WLPH DQG PDMRU IDFWRUV DGGHG WR LPSURYH WKH QHZ ,7 DUWHIDFWV HYDOXWDWLRQ�

)LJXUH �� 7KH (YROXWLRQ RI 7$0 0HWKRGRORJ\� %DVHG RQ >��� ���� ���@�

,Q ç7HFKQRORJ\ DFFHSWDQFH PRGHO � DQG D UHVHDUFK DJHQGD RQ LQWHUYHQWLRQVç� WKH DXWKRUV FODLP WKDW

WKH 7$0 PHWKRGRORJ\ UHYHDOV WKH XVHUV· EHKDYLRUDO LQWHQWLRQV IRU D FHUWDLQ ,7 V\VWHP DUH EDVHG RQ�

� 3HUFHLYHG 8VHIXOQHVV� 7KH GHJUHH WR ZKLFK WKH XVHU EHOLHYHV WKDW XVLQJ WKH QHZ V\VWHP FDQ LPSURYH

WKHLU ZRUN SHUIRUPDQFH� IRU H[DPSOH� FRPSOHWLQJ WKH WDVNV PRUH TXLFNO\� ,W PDMRU GHWHUPLQDQWV DUH�

² 6XEMHFWLYH QRUP� $ XVHUV·V SHUFHSWLRQ RI KRZ LPSRUWDQW WKH SHRSOH WKLQN WKDW KH VKRXOG XVH

WKH V\VWHP�

² ,PDJH� +RZ PXFK D XVHU EHOLHYHV WKDW XVLQJ D QHZ WHFKQRORJ\ ZLOO HOHYDWH WKHLU VRFLDO VWDWXV�

² -RE UHOHYDQFH� +RZ PXFK D XVHU EHOLHYHV WKH WDUJHW V\VWHP DSSOLFDEOH WR KLV ZRUN�

² 2XWSXW TXDOLW\� +RZ PXFK D XVHU IHHOV WKH V\VWHP SHUIRUPV KHU MRE ZHOO�

² 5HVXOW GHPRQVWUDELOLW\� ,QGLYLGXDO·V FRQYLFWLRQ WKDW WKH QHZ V\VWHP RXWFRPHV DUH WDQJLEOH�

REVHUYDEOH DQG VKDUDEOH�

��
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� 3HUFHLYHG (DVH RI 8VH� 7KH GHJUHH WR ZKLFK D XVHU KDV VSHQG PHQWDO RU SK\VLFDO HIIRUW LQ RUGHU WR

XVH WKH QHZ WHFKQRORJ\� 7KLV HYDOXDWLRQ LV EDVHG RQ WKH QH[W GHWHUPLQDQW IDFWRUV�

² &RPSXWHU 6HOI�(IILFDF\� +RZ PXFK D XVHU IHHOV DEOH WR GR D WDVN�MRE XVLQJ D FRPSXWHU�

² 3HUFHSWLRQ RI ([WHUQDO &RQWURO� $ XVHU·V EHOLHI LQ WKH V\VWHP·V RUJDQL]DWLRQDO DQG WHFKQRORJLFDO

UHVRXUFHV�

² &RPSXWHU $Q[LHW\� /HYHO RI DSSUHKHQVLRQ RU IHDU ZKHQ FRQIURQWHG ZLWK WKH LGHD RI XVLQJ

FRPSXWHUV�

² 3HUFHLYHG (QMR\PHQW� +RZ PXFK WKH DFWLRQ RI XVLQJ D VSHFLILF V\VWHP LV VHHQ WR EH HQMR\DEOH�

UHJDUGOHVV RI DQ\ SHUIRUPDQFH FRQVHTXHQFHV�

² 2EMHFWLYH 8VDELOLW\� /HYHO RI WKH HIIRUW UHTXLUHG WR DFFRPSOLVK FHUWDLQ WDVNV FRPSDUHG DFURVV

V\VWHPV�

,Q FRQFOXVLRQ� WKH 7$0� ZDV XVHG LQ WKLV UHVHDUFK SURMHFW WR HYDOXDWH WKH SURSRVHG V\VWHP·V DFFHS�

WDQFH WKURXJK WKH SURGXFWLRQ RI TXHVWLRQQDLUHV IRU ERWK WDUJHW DXGLHQFH VHJPHQWV�

����� 5HVHDUFK 7HFKQLTXHV

7KH DERYH PHQWLRQHG PHWKRGRORJLHV ZHUH LPSOHPHQWHG LQ WKLV UHVHDUFK SURMHFW� WKURXJK WKH XVH RI VRPH

UHVHDUFK WHFKQLTXHV� LQ RUGHU WR IDFLOLWDWH DQG FRPSOHWH WKH UHVHDUFK DQG GDWD FROOHFWLRQ SURFHVV� $W WKH

EHJLQQLQJ RI WKH SURMHFW� DQG VR WKDW WKH SUREOHP IRUPDOL]DWLRQ VWDJH ZDV SRVVLEOH� YLVLWV WR WKH UHDO HQYL�

URQPHQW RI WKH VWXG\ ZHUH PDGH�

,Q RUGHU WR XQGHUVWDQG WKH GLIILFXOWLHV H[SHULHQFHG RQ D GDLO\ EDVLV E\ KHDOWKFDUH SURIHVVLRQDOV� LQWHU�

YLHZV ZHUH FRQGXFWHG� WKURXJK IDFH�WR�IDFH DQG QRQ�IDFH PHHWLQJV� DQG LQ D PRUH FRPSUHKHQVLYH ZD\� DQ

LQLWLDO TXHVWLRQQDLUH ZDV FDUULHG RXW WR REWDLQ D FRQVLGHUDEOH VDPSOH� UHVXOWLQJ LQ D EHWWHU HYDOXDWLRQ RI WKH

FXUUHQW VLWXDWLRQ�

������� /LWHUDWXUH 5HYLHZ

$Q H[KDXVWLYH ELEOLRJUDSKLF UHYLHZ ZDV FRQGXFWHG LQ VHDUFK RI VLPLODU SURMHFWV DOUHDG\ GRQH DQG SXEOLVKHG

RYHU WLPH� 7KLV VWHS LV YHU\ LPSRUWDQW LQ DOO UHVHDUFK SURMHFWV� QRW RQO\ IRU D EHWWHU GHILQLWLRQ RI WKH SUREOHP

XQGHU VWXG\� EXW DOVR WR REWDLQ JUHDWHU DFFXUDF\ DERXW WKH VWDWH RI GHYHORSPHQWV RQ WKH VXEMHFW LQ TXHVWLRQ�

$FFRUGLQJ WR 7HUHVD &DUGRVR HW DO�� DOO UHVHDUFKHUV VKRXOG WKRURXJKO\ DQDO\]H WKH ZRUN RI RWKHUV ZKR KDYH

GRQH VR� DQG RQO\ DIWHU WKLV� JR RQ WKHLU RZQ DGYHQWXUH� $ JRRG UHYLHZ OHDGV WR DQ HDVLHU GHOLQHDWLRQ RI

WKH FDVH VWXG\� DQG WKH GLVFRYHU\ RI QHZ OLQHV RI LQYHVWLJDWLRQ� DYRLGLQJ SRVVLEOH UHSHWLWLRQ DQG SURSRVLQJ

IXWXUH REMHFWLYHV >��@� $FFRUGLQJ WR >��@� WKH GULYLQJ IRUFHV IRU D ULJRURXV OLWHUDWXUH UHYLHZ LQ D UHVHDUFK

SURMHFW DUH�â

��
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� 'HOLQHDWLRQ RI WKH UHVHDUFK SUREOHP LQ UHODWLRQ WR RWKHU SURMHFWV DOUHDG\ GRQH LQ WKH DUHD XQGHU

VWXG\�â

� 'HILQLWLRQ RI QHZ UHVHDUFK GLUHFWLRQV WKDW KDYH QRW \HW EHHQ H[SORUHG�

� $FTXLVLWLRQ RI QHZ PHWKRGRORJLFDO SHUVSHFWLYHV� H[WUDFWLQJ QHZ LGHDV DERXW PHWKRGV DOUHDG\ XVHG�

DFFRUGLQJ WR WKH OLWHUDWXUH�â

� 3UHYHQWLRQ RI XQVXFFHVVIXO DSSURDFKHV� WKXV DYRLGLQJ WKH XVH RI PHWKRGRORJLHV WKDW D SULRUL GR QRW

FRQWUDGLFW WKH H[SHFWHG UHVXOWV�â

� 6XJJHVWLRQ RI QHZ WRSLFV IRU IXWXUH UHVHDUFK� WKURXJK RWKHU VWXGLHV� DGDSWLQJ WKHP WR WKH FDVH

VWXG\�

������� ,QWHUYLHZV

,QWHUYLHZV DUH RQH RI WKH PRVW LPSRUWDQW WHFKQLTXHV LQ WKH UHVHDUFK SURFHVV� 'LUHFW FRQWDFW ZLWK IXWXUH

XVHUV RI WKH DUWHIDFW PDNHV WKH UHVHDUFKHU DEOH WR DVVXPH WKHLU QHHGV DQG FRQFOXGH KRZ LPSRUWDQW

WKHLU FRQWULEXWLRQ ZLOO EH� 7KH UHVHDUFKHU FDQ IHHO WKH UHDOLW\ DQG FODULI\ KLV REMHFWLYHV� WKH VWUXFWXUH KH

LQWHQGV WR IROORZ WKURXJKRXW WKH LQWHUYLHZ DQG LWV SXUSRVH� JDLQLQJ WKH WUXVW RI WKH LQWHUYLHZHH WR HQVXUH

KLV FROODERUDWLRQ LQ WKH IXWXUH >��@� )RU WKH FRUUHFW XVH RI WKLV WHFKQLTXH� VRPH DVVXPSWLRQV PXVW EH

UHVSHFWHG�â

� 7KH LQWHUYLHZHU PXVW EH DEOH WR VROLGLI\ WKH UHODWLRQVKLS ZLWK WKH LQWHUYLHZHH� JDLQLQJ KLV�KHU WUXVW�â

� 7KH LQWHUYLHZHU PXVW HQVXUH WKDW WKH LQWHUYLHZHH LV DV µDW HDVHµDV SRVVLEOH GXULQJ WKH LQWHUYLHZ�

PDNLQJ WKH SURFHGXUH DV OHVV SDLQIXO DQG PRUH G\QDPLF DV SRVVLEOH�â

� 7KH LQWHUYLHZHU PXVW EH DEOH WR DVN TXHVWLRQV ZKRVH DQVZHUV FDQ QRW EH LQIOXHQFHG LQ DQ\ ZD\�

WKXV GHPRQVWUDWLQJ D QHXWUDO SRVLWLRQ GXULQJ WKH GLDORJXH�â

7KURXJK WKH YDULRXV YLVLWV PDGH WR WKH LQVWLWXWLRQV XQGHU VWXG\� RSSRUWXQLWLHV ZHUH FUHDWHG WR KROG

GLDORJXHV UHOHYDQW WR WKH VWXG\� 2Q WKH FOLQLFDO VLGH� VRPH GRFWRUV DQG QXUVHV ZLWK FOLQLFDO DQG WHFKQLFDO

NQRZOHGJH ZHUH WKH PDLQ LQWHUYLHZHHV� 2Q WKH WHFKQLFDO VLGH� ,7 H[SHUWV IURP WKH LQVWLWXWLRQV· LQIRUPDWLRQ

V\VWHPV PDGH D JUHDW FRQWULEXWLRQ ZLWK WKHLU LQWHUYLHZV� 7KURXJKRXW WKHVH LQWHUYLHZV� WKH LQWHUYLHZHHV

UHSRUWHG WKHLU JUHDWHVW GDLO\ GLIILFXOWLHV DQG LQWURGXFHG LPSURYHPHQW LQWHUYHQWLRQV WKDW� LQ WKHLU RSLQLRQ�

ZRXOG EH RSSRUWXQH LQ WKH WHFKQLFDO DQG FOLQLFDO DFWV DQG FRXOG EH LQFOXGHG LQ WKH SURMHFW� ,Q RUGHU WR UHDFK

D ODUJHU WDUJHW SRSXODWLRQ� WKH QH[W UHVHDUFK WHFKQLTXH ZDV SXW LQWR SUDFWLFH LQ D VLPSOH DQG REMHFWLYH

PDQQHU�

��
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������� 6XUYH\V

7KH VXUYH\ WHFKQLTXH LV VLPLODU WR WKH LQWHUYLHZ ZLWK WKH GLIIHUHQFH WKDW WKH LQWHUYLHZHU GRHV QRW KDYH

GLUHFW FRQWDFW ZLWK WKH LQWHUYLHZHHV� EHLQJ ZULWWHQ DQRQ\PRXVO\� 7KH UHVHDUFKHU VKRXOG EH FDUHIXO LQ WKH

W\SH RI TXHVWLRQV DVNHG� DQG WKHVH VKRXOG EH FOHDU� FRKHUHQW DQG DV QHXWUDO DV SRVVLEOH� VR DV QRW WR

LQIOXHQFH WKH LQWHUYLHZHH·V DQVZHU >���@� ,Q WKH ILUVW SKDVH RI WKH SURMHFW� D VXUYH\ ZLWK � TXHVWLRQV ZDV

PDGH� ZKLFK FDQ EH VHHQ LQ DWWDFKPHQW �$SSHQGL[ $�� WKXV KHOSLQJ WR LGHQWLI\ WKH SUREOHP� 7KH JURXS

RI LQWHUYLHZHHV ZHUH ,7 PHPEHUV RI VRPH 3RUWXJXHVH KHDOWKFDUH LQVWLWXWLRQV� ZLWK D ILQDO UHVXOW RI ��

DQVZHUHG TXHVWLRQQDLUHV� 7KH TXHVWLRQV ZHUH FRQVWUXFWHG ZLWK WKH PD[LPXP RI FDUH DQG REMHFWLYLW\� ZLWK

WKH REMHFWLYH RI XQGHUVWDQGLQJ WKH PDLQ IODZV WKDW WKH LQWHUYLHZHHV DOUHDG\ IHOW LQ WKHLU ZRUNSODFH� $OO

DQVZHUV ZHUH WUHDWHG LQ WKH 7DEOHDX VRIWZDUH LQ RUGHU WR FOHDUO\ DFKLHYH NH\ LQGLFDWRUV IURP WKH GDWD

REWDLQHG�

'HVSLWH WKH IDFW WKDW HDFK TXHVWLRQQDLUH ZDV ILOOHG RXW DQRQ\PRXVO\� WKH ILUVW TXHVWLRQ LV DERXW WKH

KHDOWK IDFLOLW\ ZKHUH WKH UHVSRQGHQW ZRUNV� 7KH SXUSRVH RI WKLV TXHVWLRQ LV WR XQGHUVWDQG ZKLFK KHDOWKFDUH

LQVWLWXWLRQV SDUWLFLSDWHG LQ WKLV VWXG\� )LJXUH � VKRZV WKDW WKH LQVWLWXWLRQV ZLWK WKH KLJKHVW SDUWLFLSDWLRQ UDWH�

ZLWK WKH VDPH QXPEHU RI UHVSRQVHV� ZHUH &+83 DQG &HQWUR +RVSLWDODU GR 7¤PHJD H 6RXVD �&+76�� 7KH\

ZHUH IROORZHG E\ WKH 8QLGDGH /RFDO GH 6D¼GH GR 1RUWH $OHQWHMR �8/61$��8QLGDGH /RFDO GH 6D¼GH GD

*XDUGD �8/6*� DQG 8QLGDGH /RFDO GH 6D¼GH GH &DVWHOR %UDQFR �8/6&%�� LQ GHVFHQGLQJ RUGHU E\ QXPEHU

RI UHVSRQVHV�

)LJXUH �� $QVZHUV RI TXHVWLRQ ��

��
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7KH VHFRQG DQG WKLUG TXHVWLRQV LQTXLUHG DERXW WKH TXDQWLW\ RI GDWDEDVHV� DV ZHOO DV WKH GLIIHUHQW W\SHV

DQG YHUVLRQV RI WKHP WKDW UHVSRQGHQWV GHDO ZLWK RQ D GDLO\ ZRUN� 7KH UHVXOWV RI WKH WZR TXHVWLRQV DUH

VKRZQ LQ ILJXUH �� ZKLFK VKRZV WKH ODUJH QXPEHU RI GDWDEDVHV WKDW WKH UHVSRQGHQWV KDQGOH RQ D GDLO\

EDVLV� UDQJLQJ EHWZHHQ � WR ��� $ VLPLODU QXPEHU RI UHVSRQGHUV UHSRUW KDQGOLQJ WZR WR IRXU GDWDEDVHV

SHU GD\� ,Q WHUPV RI GDWDEDVH YHUVLRQV DQG W\SHV� WKH PDMRULW\ RI UHVSRQGHQWV VDLG WKH\ KDQGOH WZR WR IRXU

GLIIHUHQW GDWD HQYLURQPHQWV�

7KHVH UHVXOWV UHIOHFW WKH KLJK OHYHO RI GDWD GHFHQWUDOL]DWLRQ H[LVWLQJ LQ WKH +,6 RI WKH KHDOWKFDUH LQVWL�

WXWLRQV VXUYH\HG� 7KLV LV D VLJQLILFDQW EDUULHU WR V\VWHP LQWHURSHUDELOLW\� FDXVLQJ VRPH LQVWLWXWLRQV WR ORRN

IRU KLJKHU�OHYHO LQWHJUDWLRQ VROXWLRQV�

)LJXUH �� $QVZHUV RI TXHVWLRQV � DQG ��

7KH DQVZHUV WR WKH SUHYLRXV TXHVWLRQV DUH UHIOHFWHG LQ WKH UHVSRQVHV WR WKH �WK TXHVWLRQ� SUHVHQW LQ

ILJXUH �� ZLWK D ODUJH QXPEHU RI GDWDEDVHV WR PDLQWDLQ UHIOHFWLQJ D ODUJH QXPEHU RI H[LVWLQJ +,6� 0RUH

WKDQ ��� RI WKRVH UHVSRQGHQWV VDLG WKH\ GHDO ZLWK � WR �� GLVWLQFW +,6 RQ D GDLO\ EDVLV� 7KLV UHYHDOV WKH

QHHG IRU KLJK DWWHQWLRQ IURP KHDOWKFDUH SURIHVVLRQDOV WR GLIIHUHQW SODWIRUPV GXULQJ WKH FOLQLFDO DFW� DQG WKH

KLJK VXSSRUW ZRUN RI ,7 H[SHUWV�

$V QRWHG SUHYLRXVO\� WKH GLIILFXOWLHV IDFHG E\ SURIHVVLRQDOV RYHU WLPH KDYH QHFHVVLWDWHG WKH XVH RI

LQWHJUDWLYH SODWIRUPV� 7KH PDMRU JRDO RI WKHVH LQWHJUDWLYH V\VWHPV LV WR SXW WKH SDWLHQW DW WKH FHQWHU RI WKH

FOLQLFDO DFW E\ SURYLGLQJ WLPHO\ DFFHVV WR WKH QHHGHG PHGLFDO LQIRUPDWLRQ� 7KLV LQFUHDVLQJO\ UHLQIRUFHVV

WKH QHHG IRU RSHQ DQG VWDQGDUGL]HG VROXWLRQV WKDW HVWDEOLVK WKH VHPDQWLF DQG V\QWDFWLF LQWHURSHUDELOLW\

QHFHVVDU\ IRU RSWLPDO V\PELRVLV ZLWKLQ DQG EHWZHHQ KRVSLWDO LQVWLWXWLRQV�

��
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)LJXUH �� $QVZHUV RI TXHVWLRQ ��

7KH �WK TXHVWLRQ ZDV PDGH WR HYDOXDWH ZKHWKHU WKH VXUYH\HG LQVWLWXWLRQV DOUHDG\ XVH HVWDEOLVKHG

FOLQLFDO VWDQGDUGV� $V LQGLFDWHG LQ ILJXUH �� DSSUR[LPDWHO\ ��� RI UHVSRQGHQWV UHSRUWHG WKDW WKHLU LQVWLWXWLRQV

DOUHDG\ XVH VWDQGDUGV WR HQVXUH +,6 LQWHURSHUDELOLW\�

)LJXUH �� $QVZHUV RI TXHVWLRQ ��

$V D UHVXOW RI WKH SUHYLRXV TXHVWLRQ� UHVSRQGHQWV ZHUH DVNHG WR UHFRUG WKH VWDQGDUGV WKHLU LQVWLWXWLRQ

XVHV LQ WKH �WK RSHQ�HQGHG TXHVWLRQ� 7KH RSHQ�HQGHG UHVSRQVHV ZHUH GXO\ SURFHVVHG DQG TXDQWLWDWLYHO\

DQDO\]HG� DV SUHVHQWHG LQ ILJXUH ���

)LJXUH ��� $QVZHUV RI TXHVWLRQ ��

��
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$V FDQ EH VHHQ LQ WKH SLHFKDUW LQ ILJXUH ��� WKH VWDQGDUG PRVW XVHG E\ WKH VXUYH\HG LQVWLWXWLRQV

LV +HDOWK /HYHO 6HYHQ �+/��� GHILQHG DQG GHVFULEHG LQ VHFWLRQ ��� SUHVHQWHG EHORZ DV RQH RI WKH PRVW

DFFHSWHG DQG LPSOHPHQWHG ZRUOGZLGH VLQFH ����� 7KH VHFRQG PRVW PHQWLRQHG VWDQGDUG ZDV WKH ,QIRUPD�

WLRQ 7HFKQRORJ\ ,QIUDVWUXFWXUH /LEUDU\ �,7,/� IUDPHZRUN� ZKLFK KDV DV LWV PDLQ JRDO WR SURYLGH D FRQVLVWHQW

VWUXFWXUH WR PDQDJH DQG LQWHJUDWH GLIIHUHQW VHUYLFHV� SURYLGLQJ JXLGHOLQHV WKDW KHOS WR DFKLHYH D JRRG TXDO�

LW\ V\VWHP HQYLURQPHQW DQG RYHUFRPH GLIILFXOWLHV WKDW PD\ DULVH LQ WKH GHYHORSPHQW RI ,7 V\VWHPV� $OVR�

PDQ\ LQWHUQDWLRQDO FRPSDQLHV VXFK DV 0LFURVRIW DQG ,%0 KDYH DOUHDG\ EHQHILWHG IURP WKH SRWHQWLDO RI WKLV

IUDPHZRUN IRU WKHLU ,7 VHUYLFHV PDQDJHPHQW�

7KH 'LJLWDO ,PDJLQJ DQG &RPPXQLFDWLRQV LQ 0HGLFLQH �',&20� VWDQGDUG ZDV DOVR PHQWLRQHG E\ VRPH

RI WKH UHVSRQGHQWV� ,WV ORZ QXPEHU RI DQVZHUV PD\ EH GXH WR WKH IDFW WKDW PRVW UHVSRQGHQWV WDNH IRU

JUDQWHG WKDW WKHLU LQVWLWXWLRQ XVHV WKH 3$&6 V\VWHP� 7KLV WRRO DOORZV WKH GLJLWDO DUFKLYLQJ RI PHGLFDO LPDJHV

DQG WKHLU GLVWULEXWLRQ LQ DQ\ VHFWRU RI WKH KHDOWKFDUH LQVWLWXWLRQ� WKURXJK WKH ',&20 DQG +/� SURWRFRO�

7KHUHIRUH� PRVW UHVSRQGHQWV GLG QRW UHIHU WR WKH ',&20 VWDQGDUG GXH WR LWV LQWHJUDWLRQ DOUHDG\ H[LVWLQJ

LQ WKH LPDJLQJ V\VWHP RI WKHLU LQVWLWXWLRQ� 7KH VDPH QXPEHU RI UHVSRQGHQWV VXJJHVWHG ZHEVHUYLFHV DV

EHLQJ FOLQLFDO VWDQGDUGV XVHG LQ WKHLU LQVWLWXWLRQ� $OWKRXJK� WKLV DQVZHU GRHV QRW FRUUHVSRQG WR WKH JRDO RI

WKH TXHVWLRQ QXPEHU �� µ:HEVHUYLFHVµDUH XQGHUVWRRG DV D VHW RI EDFNHQG VHUYLFHV GHYHORSHG IRU V\VWHP

LQWHJUDWLRQ� ZLWKRXW DQ\ NLQG RI FOLQLFDO VWDQGDUGL]DWLRQ� 7KH VDPH KDSSHQV ZLWK WKH DQVZHU µ62$3µ�6LPSOH

2EMHFW $FFHVV 3URWRFRO �62$3��� ZKLFK LV D FRPPXQLFDWLRQ SURWRFRO ZLWK VSHFLILF UHTXLUHPHQWV ZKRVH

UHVSRQVH LV UHWXUQHG LQ ([WHQVLEOH 0DUNXS /DQJXDJH �;0/� GRFXPHQWV�

)LQDOO\� D YHU\ VPDOO SHUFHQWDJH RI WKH VXUYH\ UHVSRQGHQWV PHQWLRQHG RSHQ(+5 DV RQH RI WKH VWDQGDUGV

XVHG LQ WKHLU LQVWLWXWLRQ� 7KH JRDO RI WKLV TXHVWLRQ ZDV WR XQGHUVWDQG� DW D QDWLRQDO OHYHO� WKH LPSDFW WKDW

RSHQ(+5 DOUHDG\ KDV DQG KRZ WKH DUWHIDFW SUHVHQWHG LQ WKLV GRFWRUDO WKHVLV PLJKW KHOS LQ WKLV UHJDUG�

7KH �WK DQG �WK TXHVWLRQV WU\ WR GLVFRYHU WKH GHJUHH RI LQWUD�KRVSLWDO DQG LQWHU�KRVSLWDO LQWHURSHUDELOLW\

SHUFHLYHG E\ WKH VXUYH\HG KHDOWK LQVWLWXWLRQV� 7KH UHVSRQVHV ZHUH H[DPLQHG TXDOLWDWLYHO\� DV FDQ EH VHHQ LQ

ILJXUH ��� ZLWK WKH PDMRULW\ RI SDUWLFLSDQWV UDWLQJ ERWK VFHQDULRV DV µ6DWLVIDFWRU\µLQ WHUPV RI LQWHURSHUDELOLW\�

)LJXUH ��� $QVZHUV RI TXHVWLRQV � DQG ��

��
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7KH TXHVWLRQQDLUH·V �WK DQG ODVW TXHVWLRQ LV RSHQ�HQGHG DQG DLPV WR XQGHUVWDQG WKH LQYROYHG LQVWL�

WXWLRQV· FXUUHQW ,7 QHHGV RU JDSV� 7KH PDMRULW\ RI WKH UHVSRQVHV VKRZ D ODFN RI LQWHJUDWLRQ EHWZHHQ WKH

+,6 RI 6LVWHPD 1DFLRQDO GH 6D¼GH �616� DQG WKH SXEOLF LQVWLWXWLRQV� VSHFLILFDOO\ WKH 6LVWHPD ,QWHJUDGR

GH *HVW¥R GH ,QVFULWRV SDUD &LUXUJLD �6,*/,&�� 5HGH 1DFLRQDO GH 8WHQWHV �518�� 6LVWHPD GH *HVW¥R GR

7UDQVSRUWH GH 'RHQWHV �6*7'�� DQG $OHUW 3� V\VWHPV� 7KH QHFHVVLW\ IRU LQWHURSHUDELOLW\ EHWZHHQ SXEOLF

DQG SULYDWH KHDOWK IDFLOLWLHV ZDV DOVR HPSKDVL]HG� 7KLV JDS KDV EHHQ IHOW IRU DORQJ WLPH� RZLQJ WR PDQ\

H[LVWLQJ EDUULHUV� VXFK DV GDWD SURWHFWLRQ DQG SULYDWH KRVSLWDOV· ODFN RI DFFHVV WR SXEOLF 5HJLVWR GH 6D¼GH

(OHWUµQLFR �56(� DQG 5HGH ,QIRUP£WLFD GD 6D¼GH �5,6� V\VWHPV�

��� &RQFOXVLRQ

7KLV FKDSWHU ZDV ZULWWHQ DW WKH EHJLQQLQJ RI WKH VHFRQG VWDJH RI WKLV UHVHDUFK SURMHFW� 'XULQJ WKH µ3URWR�

W\SH 'HVLJQµSKDVH� LW LV SULPDULO\ QHFHVVDU\ WR GHOLQHDWH D UHVHDUFK PHWKRGRORJ\ WR FRQGXFW WKH SUHVHQW

LQYHVWLJDWLRQ� $ VHDUFK IRU WKH PDLQ PHWKRGRORJLHV XVHG LQ ,7 DUHD ZDV FRQGXFWHG� 7KH µ5HVHDUFK 0HWKRG�

RORJLHVµFKDSWHU GHPRQVWUDWHG WKDW '65 DSSURDFK LV WKH PRVW XVHG PHWKRGRORJ\ LQ WKLV HQJLQHHULQJ ILHOG�

DQG IRU WKDW UHDVRQ� WKHVH PHWKRGRORJLHV ZHUH FKRVHQ� $OVR� VRPH UHVHDUFK WHFKQLTXHV ZHUH PHQWLRQHG

WKURXJKRXW WKLV FKDSWHU DQG DQ LQLWLDO VXUYH\ ZDV DQDO\]HG� 7KLV DQDO\VLV ZDV PDGH WKURXJK WKH NH\ LQGL�

FDWRUV WKDW GHPRQVWUDWHG WKH QHFHVVLW\ RI LPSURYLQJ LQWHURSHUDELOLW\ ZLWKLQ DQG EHWZHHQ LQVWLWXWLRQV� 54�

ZDV DGGUHVVHG LQ WKH VHFRQG VWDJH RI WKLV SURMHFW� DQG LW ZDV DQVZHUHG WKURXJKRXW WKLV FKDSWHU�

��
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7KLV FKDSWHU GLVFXVVHV WKH VWDWH RI WKH DUW UHOHYDQW WR WKLV GRFWRUDO WKHVLV� 7KXV� IROORZLQJ D EULHI LQWURGXF�

WLRQ� WKH +,6 DQG (+5âSRWHQWLDO WR VXSSRUW KHDOWKFDUH SURYLVLRQ LV KLJKOLJKWHG LQ 6HFWLRQ ���� )ROORZLQJ WKDW�

6HFWLRQ ��� SURPRWHV LQWHURSHUDELOLW\ DV D FUXFLDO SRLQW� ,Q 6HFWLRQ ���� ZH GLVFXVV WKH SRWHQWLDO RIIHUHG

E\ JOREDO VWDQGDUGV SUDFWLFDO DSSOLFDWLRQ� 6HFWLRQ ��� LQWURGXFHV WKH 0$6 DSSURDFK LQ RUGHU WR HQVXUH

V\QFKURQL]DWLRQ DQG GDWD H[FKDQJH� )LQDOO\� 'DWD 6FLHQFH �'6� LPSRUWDQFH LV RXWOLQHG LQ 6HFWLRQ ���� DV

DQ HIILFLHQW ZD\ WR VXSSRUW GHFLVLRQ�PDNLQJ DQG WR GHYHORS PRUH LQQRYDWLYH JRRGV DQG VHUYLFHV�

��� +HDOWKFDUH ,QIRUPDWLRQ 6\VWHPV DQG (OHFWURQLF +HDOWK

5HFRUGV

/DUJH DPRXQWV RI LQIRUPDWLRQ DUH SURGXFHG DQG GDLO\ FRQVXPHG LQ WKH KHDOWKFDUH LQGXVWU\� :LWK WKH

H[SRQHQWLDO JURZWK RI FOLQLFDO GDWD LQ UHFHQW \HDUV� WKHUH ZDV DQ HPHUJLQJ QHHG IRU LWV EHWWHU RUJDQL]DWLRQ�

LQ RUGHU WR DXWRPDWH� FROOHFW DQG DQDO\]H LW ZKHQHYHU QHFHVVDU\� $V D UHVXOW� LQ WKH PLG�����V� KRVSLWDOV

EHJDQ DOORZLQJ ,7 WR LQWHUYHQH LQ WKH FOLQLFDO SURFHVV DW PXOWLSOH OHYHOV� 7KHVH ,7 V\VWHPV HQDEOHG D PRUH

HIIHFWLYH DQG HIILFLHQW KRVSLWDO PDQDJHPHQW� IURP WKH GHYHORSPHQW RI FOLQLFDO UHSRUWV WR WKH UHJLVWUDWLRQ RI

FOLQLFDO H[DPV� DPRQJ RWKHU IXQFWLRQDOLWLHV� $OO RI WKHVH DGYDQFHPHQWV DQG DGYDQWDJHV DUH IDFLOLWDWHG DQG

FRRUGLQDWHG E\ ,6�

7R PDNH D SUHFLVH FOLQLFDO GHFLVLRQ� LW·V QHFHVVDU\ WR KDYH DFFHVV WR SDWLHQW LQIRUPDWLRQ� LQFOXGLQJ

UHWURVSHFWLYH DQG SURVSHFWLYH GDWD� ,W·V LPSRUWDQW WKDW DOO RI WKLV LQIRUPDWLRQ EH LPPHGLDWHO\ DFFHVVLEOH�

QRW RQO\ GXULQJ WKH KHDOWK FDUH SURYLVLRQ� EXW DOVR WR VXSSRUW WKH FOLQLFDO UHVHDUFK RU DQ\ RWKHU DFWLYLW\ WKDW

PD\ FRQWULEXWHV VFLHQWLILFDOO\ WR FRQWLQXRXV LPSURYHPHQW LQ KHDOWKFDUH DUHD�

��
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+,6 DQG WKH QRW�IRU�SURILW +,066 ERWK HPHUJHG LQ WKH PLG�����V DQG KDYH KDG D VLJQLILFDQW LPSDFW

RQ KHDOWKFDUH DQG FOLQLFDO SUDFWLFHV� IURP WKH DGPLQLVWUDWLYH GDWD PDQDJHPHQW WR WKH FOLQLFDO GDWD PDQ�

DJHPHQW DQG FRPPXQLFDWLRQ >��@� 7KHUHE\� KRVSLWDO LQIRUPDWLRQ PDQDJHPHQW GHSHQGV RQ WKH XVH RI

VSHFLDOL]HG LQIRUPDWLRQ V\VWHPV DSSOLHG WR WKH PHGLFDO GRPDLQ� 7KH ,7 SURIHVVLRQDOV� LQVXUDQFH DQG SKDU�

PDFHXWLFDO FRPSDQLHV� DQG JRYHUQPHQWV XVH D YDULHW\ RI ,6 LQ WKH KHDOWKFDUH DUHD� VXFK DV 'DWD (QWU\

6\VWHP �'(6� DQG '66�

$ +,6 KDV D FRPSOH[ LQWHJUDWLRQ RI VHYHUDO VROXWLRQV LQVLGH D KHDOWKFDUH IDFLOLW\� 7KH FROOHFWLQJ� SUR�

FHVVLQJ� DQG UHSRUWLQJ RI GDWD DUH FULWLFDO DVSHFWV WKDW SODFH WKH LQWHURSHUDELOLW\ DW IRUHIURQW LQ D KRVSLWDO

HQYLURQPHQW� 6R� DFFRUGLQJ WKLV�

$ +,6 LV D FROOHFWLRQ RI GDWD� SURFHGXUHV� SHRSOH� DQG LQIRUPDWLRQ WHFKQRORJ\ WKDW ZRUN WRJHWKHU WR

FROOHFW� VWRUH� SURFHVV� DQG SURYLGH WKH LQIRUPDWLRQ QHHGHG IRU KHDOWK FDUH�

(YHU\ GD\� DV D UHVXOW RI WHFKQRORJLFDO SURJUHVV� QHZ DQGPRGHUQ V\VWHPV DULVH ZLWK XQLTXH DSSURDFKHV

WR SURYLGH GHFLVLRQ PDNHUV ZLWK HQKDQFHG KHDOWKFDUH GDWD� 6R� WKH WHUP K�.KGRZN LV QRZ XVHG DV D QDWXUDO

PRGH DQG UHSUHVHQWV QRW RQO\ WKH HOHFWURQLFV FRQFHSW� EXW DOVR D VHW RI ZRUGV WKDW DUH DOVR LPSRUWDQW� VXFK

DV HIILFDF\� HQKDQFLQJ TXDOLW\� HYLGHQFH�EDVHG� HPSRZHUPHQW DQG HQFRXUDJHPHQW DV ZHOO DV HGXFDWLRQ�

HQDEOLQJ� H[WHQGLQJ� HWKLFDO DQG HTXLW\� 7KH H[SUHVVLRQ DOVR PHDQV HDV\�WR�XVH� HQWHUWDLQLQJ� DQG HYHQ

H[FLWLQJ >��@�

+RZHYHU� WKH PDLQ FRQFHUQ LV KRZ WR HVWDEOLVK FRPPXQLFDWLRQ EHWZHHQ WKHVH V\VWHPV DQG WKH H[LVWLQJ

/6� :LWKRXW WKLV PLQGVHW� WKH VHSDUDWHG PRXQWV RI LQIRUPDWLRQ ZLOO FRQWLQXH WR H[LVW DQG JURZ LQVLGH

KHDOWKFDUH RUJDQL]DWLRQV DQG FRXQWULHV >��@� $OVR� WKH PDLQ +,6 FKDUDFWHULVWLFV DUH >���@�

� +DV D VRFLR�WHFKQLFDO KRVSLWDO VXEV\VWHP

� &RQWULEXWH WR D KLJK�TXDOLW\ DQG HIILFLHQW FDUH SURYLVLRQ

� 6LPSOLI\ DGPLQLVWUDWLYH ZRUNIORZV

� 3URFHVV VHYHUDO LQIRUPDWLRQ GLIIHUHQW W\SHV

� $IIHFW WKH SDWLHQW·V KHDOWK VWDWXV GLUHFWO\� DYRLGLQJ PHGLFDO HUURUV

� 'HDO ZLWK SULYDF\ DQG FRQILGHQWLDOLW\ FRQFHUQV

7KH GDWD WKDW FLUFXODWHV LQVLGH +,6 FDQ EH FOLQLFDO� GHPRJUDSKLF� RU DGPLQLVWUDWLYH LQ QDWXUH� 2Q WKH

RQH KDQG� DQ (05 FRQWDLQV UHOHYDQW GDWD UHJDUGLQJ D VSHFLILF FOLQLFDO DFW LQYROYLQJ D SDUWLFXODU SDWLHQW�

DQG RQ WKH RWKHU KDQG� WKH FROOHFWLRQ RI DOO WKHVH GDWD FRQVWLWXWHV WKH (+5�

,Q RUGHU WR GHVLJQ DQG LPSOHPHQW D QHZ ,6 LQ D KHDOWKFDUH LQVWLWXWLRQ� VLJQLILFDQW GLIIHUHQFHV EHWZHHQ

(05 DQG (+5 PXVW EH WDNHQ LQWR DFFRXQW� DV VKRZQ LQ )LJXUH ���

��
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)LJXUH ��� .H\ GLIIHUHQFHV EHWZHHQ (05 DQG (+5� $GDSWHG IURP >���@�

:LWKLQ D KHDOWKFDUH LQVWLWXWLRQ� VHYHUDO XQLWV DQG GHSDUWPHQWV FROOHFW SHUWLQHQW DQG QHFHVVDU\ LQIRUPD�

WLRQ WKDW ZLOO DVVLVW WKH SURIHVVLRQDOV LQ WKHLU GHFLVLRQV� 7KH (+5 V\VWHP FROOHFWV� RUJDQL]HV� DQDO\]HV� DQG

SURFHVVHV WKLV GDWD LQ RUGHU WR SUHVHQWLQJ HVVHQWLDO LQIRUPDWLRQ LQ D VLPSOH� LQWHOOLJLEOH DQG DFFHVVLEOH ZD\

WR WKH XVHUV� 7KXV� WKH (+5 LV WKH EDVLV IRU DQ HIIHFWLYH PDQDJHPHQW RI D ZLGH YDULHW\ RI LQIRUPDWLRQ W\SHV�

LQFOXGLQJ WKH SDWLHQW·V PHGLFDO KLVWRU\� GHPRJUDSKLFV DQG SHUVRQDO PHWULFV� FOLQLFDO GLDULHV DQG KRVSLWDO�

L]DWLRQV� DV ZHOO DV SUREOHP OLVWV� SUHVFULEHG DQG DGPLQLVWHUHG PHGLFDWLRQ� DOOHUJLHV� FOLQLFDO DQDO\VHV DQG

H[DPV� DQG YLWDO VLJQV PHDVXUHPHQWV >�� ��� ��� ��@�

7KH FRQYHUVLRQ RI 0+5 WR GLJLWDO IRUPDW KDV EHHQ RQJRLQJ VLQFH WKH ����V� $OWKRXJK LW KDV FRQVLGHU�

DEO\ LPSURYHG FOLQLFDO DFFHVV WR SDWLHQW GDWD DQG UHGXFHG GUDVWLFDOO\ WKH QXPEHU RI UHFRUGLQJ DQG FOLQLFDO

HUURUV� WKH ZD\ WKDW LQIRUPDWLRQ LV HQWHUHG DQG VWRUHG LQ WKH (+5 GLIIHUV VLJQLILFDQWO\� ZKLFK FDQ FDXVH

FRQIXVLRQ DPRQJ XVHUV >��@� 0DQ\ SODWIRUPV IRU SK\VLFLDQV WR LQWHUDFW ZLWK (+5 KDYH EHHQ GHYHORSHG�

EXW WKH XQGHUO\LQJ LQIRUPDWLRQ PRGHO RI KRZ FOLQLFDO� GHPRJUDSKLF� DQG DGPLQLVWUDWLYH GDWD VKRXOG EH

UHFRUGHG DQG VWRUHG KDV EHHQ XQGHU WKH UHVSRQVLELOLW\ RI ,7 SURIHVVLRQDOV� $V D UHVXOW� GHSHQGLQJ RQ WKH

V\VWHPV VWUXFWXUH RI HDFK LQVWLWXWLRQ� GLIIHUHQW PHWKRGRORJLHV DQG WHFKQRORJLHV ZHUH DGRSWHG� 2QH RI WKH

��
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PRVW FKDOOHQJLQJ DVSHFWV RI GHDOLQJ ZLWK WKH PDQ\ /6 LV WKDW WKH PRVW RI WKHP GR QRW HPSOR\ FOLQLFDO

LQIRUPDWLRQ VWDQGDUGV� 7KH VRIWZDUH SURYLGHUV JHQHUDWH LWV RZQ GDWD PRGHOV DQG LV H[SHFWHG WKDW WKLV GDWD

EH H[FKDQJHG SURSHUO\ EHWZHHQ GLIIHUHQW V\VWHPV LQ RWKHU LQVWLWXWLRQV� ZKLFK UDUHO\ KDSSHQV >��@�

7R HQVXUH WKH YLDELOLW\ DQG IXQFWLRQDOLW\ RI WKH HQWLUH HFRV\VWHP� LW LV YLWDO WR SURPRWH LQWHURSHUDELO�

LW\ EHWZHHQ DOO /6 DQG WR LPSOHPHQW JOREDOO\ UHFRJQL]HG VWDQGDUGV� 7KXV� DOO SDWLHQW LQIRUPDWLRQ ZLOO EH

FHQWHUHG LQ RQO\ RQH SODFH� ZLWK DOO XSGDWHG GDWD IURP RWKHU V\VWHPV� DQG ZLOO EH DFFHVVHG DQG UHWULHYHG

HDVLO\ DQG TXLFNO\� $GGLWLRQDOO\� DOO H[LVWLQJ GDWD FDQ EH DQDO\]HG WR FRQVWUXFW DOHUW RU UHFRPPHQGDWLRQ

V\VWHPV� )XUWKHUPRUH� LPSOHPHQWLQJ DQ (+5�RULHQWHG V\VWHP HQDEOHV WKH FUHDWLRQ RI D ELJ GDWDEDVH IRU

GRLQJ UHVHDUFK RQ D VHYHUDO KXPDQ KHDOWK�UHODWHG WRSLFV >��� ��@�

7KH (+5 FKDUDFWHULVWLFV LQGLFDWHG LQ )LJXUH �� DUH EDVHG RQ WKH QH[W SULQFLSOHV� LW·V LPSRUWDQW WR KDYH

FOHDU DQG VWUXFWXUHG LQIRUPDWLRQ� DQG H[FKDQJLQJ KHDOWK LQIRUPDWLRQ EHWZHHQ GLIIHUHQW /6 PXVW EH HDV\

>��@�

)LJXUH ��� 7KH ZLGHO\ UHFRJQL]HG (+5 FKDUDFWHULVWLFV�

,Q >��@ WKH DXWKRUV UHFRJQL]HG WKH ODFN RI VWDQGDUGV DQG LQWHURSHUDELOLW\ IRU GHDOLQJ ZLWK ELJ GDWD

VFHQDULRV� FRPSURPLVLQJ GDWD VWRUDJH DQG� DV D FRQVHTXHQFH� NQRZOHGJH GLVFRYHU\� $V D FRQVHTXHQFH�

WKHUH LV D QHHG IRU LQQRYDWLYH DSSURDFKHV WR GHILQLQJ QHZ FOLQLFDO LQIRUPDWLRQ ZRUNIORZV� WKDW LV� KRZ WKH

LQIRUPDWLRQ ZLOO EH UHFRUGHG� H[FKDQJHG� DQG UHWULHYHG LQ WKH (+5� ,Q RUGHU IRU WKHVH DSSURDFKHV WR EH

YLDEOH� +,6 PXVW VKDUH LQIRUPDWLRQ ZLWK D V\PELRWLF DQG LQWHURSHUDEOH ZD\�

��� ,QWHURSHUDELOLW\

,W·V FUXFLDO WR KLJKOLJKW WKDW RSHQQHVV DQG VKDUHG SURSHUWLHV DUH NH\ VXFFHVV IDFWRUV IRU H�+HDOWK VROXWLRQV�

7HFKQRORJLHV LQ D PHGLFDO RSHUDWLQJ SURWRFRO FDQ RQO\ KDQGOH D OLPLWHG QXPEHU RI QHHGV� 0DQ\ WLPHV� D

VROXWLRQ LV SDUW RI D FROOHFWLRQ RI VXSSRUWLQJ UHVRXUFHV IRU RWKHU SURWRFROV� DQG WKLV LV WKH FRUH RI WKH LVVXH�

7KH HQYLURQPHQW KDV EHHQ SRSXODWHG ZLWK KDVWLO\ JHQHUDWHG QHZ WHFKQRORJLFDO LQSXWV ZLWK QR UHJDUG IRU

PXWXDO LQWHUDFWLRQ� $V D UHVXOW� HDFK VROXWLRQ·V WLPH�WR�PDUNHW LV OLPLWHG� ,Q SUDFWLFH� KRZHYHU� WKH SURWRFRO·V

LPSOHPHQWDWLRQ PXVW EH IHDVLEOH DQG VLPSOH� ,Q PHGLFDO WHUPV� WKLV ODUJH QXPEHU RI VROXWLRQV PDNHV LW

GLIILFXOW IRU KHDOWKFDUH SURIHVVLRQDOV WR LPPHGLDWHO\ LQWHJUDWH D SDWLHQW·V VLWXDWLRQ� 6R� ,QWHURSHUDELOLW\ LV

FDSWLYDWLQJ EHFDXVH WR LWV SRWHQWLDO WR LQWHUDFW KDUPRQLRXVO\ ZLWK D ZLGH UDQJH RI WHFKQRORJLHV� HQVXULQJ

��
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WKDW DOO PRGXOHV ZRUN DW PD[LPXP HIILFLHQF\ DQG FRPPXQLFDWH ZLWK HDFK RWKHU HDVLO\ DQG FRQVLVWHQWO\

>��@�

7DEOH �� ,QWHURSHUDELOLW\ GHILQLWLRQV E\ +,066� ,62� ,(((� &(1 RUJDQL]DWLRQV�

2UJDQL]DWLRQ 'HILQLWLRQ

+,066

ç,WäV WKH DELOLW\ RI GLIIHUHQW LQIRUPDWLRQ V\VWHPV� GHYLFHV DQG DSSOLFDWLRQV WR DFFHVV�
H[FKDQJH� LQWHJUDWH DQG FRRSHUDWLYHO\ XVH GDWD LQ D FRRUGLQDWHG PDQQHU� ZLWKLQ DQG
DFURVV RUJDQL]DWLRQDO ����� ERXQGDULHV� WR SURYLGH WLPHO\ DQG VHDPOHVV SRUWDELOLW\ RI
LQIRUPDWLRQ DQG RSWLPL]H WKH KHDOWK RI LQGLYLGXDOV DQG SRSXODWLRQV JOREDOO\�ç >��@

,62

ç,QWHURSHUDELOLW\ LV WKH DELOLW\ RI LQGHSHQGHQW V\VWHPV WR H[FKDQJH PHDQLQJIXO LQIRU�
PDWLRQ DQG LQLWLDWH DFWLRQV IURP HDFK RWKHU� LQ RUGHU WR RSHUDWH WRJHWKHU WR PXWXDO
EHQHILW�ç >��@

,(((
ç7KH DELOLW\ RI WZR RU PRUH ,7 V\VWHPV WR H[FKDQJH LQIRUPDWLRQ DQG WR PDNH PXWXDO
XVH RI WKH LQIRUPDWLRQ WKDW KDV EHHQ H[FKDQJHG�ç >��@

&(1

ç$ VWDWH ZKLFK H[LVWV EHWZHHQ WZR DSSOLFDWLRQ HQWLWLHV ZKHQ� ZLWK UHJDUG WR D VSHFLILF
WDVN� RQH DSSOLFDWLRQ HQWLW\ FDQ DFFHSW GDWD IURP WKH RWKHU DQG SHUIRUP WKDW WDVN LQ DQ
DSSURSULDWH DQG VDWLVIDFWRU\ PDQQHU ZLWKRXW WKH QHHG IRU H[WUD RSHUDWRU LQWHUYHQWLRQ�ç
>��@

7KH DERYHPHQWLRQHG LQVWLWXWLRQV GHILQH H�+HDOWK LQWHURSHUDELOLW\ DV D WHFKQLFDO FRQWULEXWLRQ WKDW RS�

HUDWHV SUHGRPLQDQWO\ DW WKH VRIWZDUH DQG GDWD OD\HUV RI WKH RYHUDOO V\VWHP DUFKLWHFWXUH� FRQVHTXHQWO\

SURYLGLQJ EHQHILWV WR DFWRUV GXULQJ VRPH RI WKHLU FROODERUDWLYH DFWV� $OVR� LWV GHILQLWLRQ PXVW JR EH\RQG

WKLV� DGGUHVVLQJ RUJDQL]DWLRQDO� FXOWXUDO� HWKLFDO� HFRQRPLF� ILQDQFLDO DQG OHJDO DVSHFWV� (DFK RI WKHVH IDF�

WRUV LV D LQIRUPDWLRQ VLJQLILFDQW VRXUFH WKDW FDQ EH FULWLFDO LQ WKH FROODERUDWLRQV GHYHORSPHQW EHWZHHQ

GLIIHUHQW +,6 >��� ��@�

+RZHYHU� LQ PLG������ +,066 XSGDWHG LWV LQWHURSHUDELOLW\ GHILQLWLRQ� DGGLQJ D IRXUWK OHYHO WR IXOOILOO WKH

VXSUDPHQWLRQDWHG JDSV� ,Q 0DUL *UHHQEHUJHU·V SRLQW RI YLHZ DV D VHQLRU GLUHFWRU RI LQIRUPDWLFV DW +,066�

WKH RUJDQL]DWLRQ LV WU\LQJ WR DFKLHYH JOREDO LQWHURSHUDELOLW\ E\ DGGLQJ DQ DGGLWLRQDO µRUJDQL]DWLRQDOµOHYHO WR

DGGUHVV WKH QHHG IRU D UREXVW LQWHURSHUDELOLW\ LQIUDVWUXFWXUH� WDNLQJ LQWR DFFRXQW QRQ�WHFKQLFDO DVSHFWV WKDW

FRQWULEXWH WR WKH VXFFHVV RI LQWHURSHUDELOLW\�

$FFRUGLQJ WR +,066� WKH LQWHURSHUDELOLW\ FDQ EH FODVVLILHG LQWR IRXU GLVWLQFW OHYHOV �6HH )LJXUH ����

� )RXQGDWLRQDO� (VWDEOLVKHV WKH LQWHU�FRQQHFWLYLW\ UHTXLUHPHQWV IRU D V\VWHP RU DSSOLFDWLRQ WR VH�

FXUHO\ FRPPXQLFDWH ZLWK DQG UHFHLYH GDWD IURP DQRWKHU V\VWHP RU DSSOLFDWLRQ�

� 6WUXFWXUDO� ,W GHILQHV WKH V\QWD[ IRU GDWD H[FKDQJH� L�H�� WKH IRUPDW� V\QWD[� DQG RUJDQL]DWLRQ�

LQFOXGLQJ DW WKH GDWD ILHOG OHYHO LQWHUSUHWDWLRQ�

��
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� 6HPDQWLF� 3URYLGHV WKH DELOLW\ IRU WZR RU PRUH V\VWHPV WR XQGHUVWDQG WKH PHDQLQJ LQ VDPH ZD\ RI

WKH PRGHOV DQG GDWD HQFRGLQJ H[FKDQJHG� LQFOXGLQJ WKH XVH RI GDWD HOHPHQWV GHULYHG IURP SXEOLFO\

DYDLODEOH YDOXH VHWV DQG HQFRGLQJ YRFDEXODULHV�

� 2UJDQL]DWLRQDO� ,QFOXGHV JRYHUQPHQWDO� SROLWLFDO� VRFLDO� OHJDO� DQG RUJDQL]DWLRQDO DVSHFWV WR ID�

FLOLWDWH FRPPXQLFDWLRQ DQG VDIH XVH RI WKH V\VWHPV� 7KHVH FRPSRQHQWV HQDEOH VKDUHG FRQVHQW�

WUXVW� DQG LQWHJUDWHG HQG�XVHU SURFHVVHV DQG ZRUNIORZV�

)LJXUH ��� +,066 QHZ GHILQLWLRQ IRU LQWHURSHUDELOLW\� $GDSWHG IURP >��@�

:KLOH FXUUHQW VROXWLRQV DQG WHFKQRORJLHV DUH FDSDEOH RI VROYLQJ WKH PDMRULW\ RI EDVLF DQG VWUXFWXUDO

LQWHURSHUDELOLW\ LVVXHV� VHPDQWLF LQWHURSHUDELOLW\ LV VWLOO WKH PDLQ FRQFHUQ� ZLWK D VSHFLDO UHVHDUFK GHYHORS�

PHQW IRFXV� 7KH QHFHVVLW\ WR PDNH KHDOWK LQIRUPDWLRQ XQGHUVWDQGDEOH DQG DXWRPDWLFDOO\ FRPSXWHUL]DEOH

E\ H[WHUQDO ,6 LQFUHDVHV WKH FKDOOHQJH RI HVWDEOLVKLQJ WKH VHPDQWLF LQWHURSHUDELOLW\ OHYHO� )URP WKH YLHZ�

SRLQW RI WKH (XURSHDQ &RPPLVVLRQ �(&�� VHPDQWLF LQWHURSHUDELOLW\ LV DQ HVVHQWLDO IDFWRU WR PDWHULDOL]H WKH

EHQHILWV RI (+5� DOORZLQJ WR LPSURYH WKH TXDOLW\ DQG VDIHW\ RI KHDOWK FDUH SURYLVLRQ� SXEOLF KHDOWK DQG LWV

PDQDJHPHQW >��@�

$ NQRZOHGJH�RULHQWHG +,6 GHYHORSPHQW� LQFOXGLQJ RQWRORJLHV DQG FOLQLFDO WHUPLQRORJLHV� LV HPHUJLQJ

WR UHSUHVHQW DQG VKDUH FRPSOH[ PHGLFDO PHDQLQJ� 7KLV GHYHORSPHQW PXVW HQVXUH D YLDEOH� PDLQWDLQDEOH

DQG DGDSWDEOH SDWLHQW�FHQWULF (+5 V\VWHP� 6RPH UHTXLUHPHQWV PXVW EH IXOILOOHG LQ RUGHU WR DFKLHYH WKLV�

� 5HOLDEOH DQG VHFXUH HQYLURQPHQW IRU KHDOWKFDUH GDWD H[FKDQJH EHWZHHQ V\VWHPV�

� 8SGDWHâ(+5 GDWD ZLWK FOLQLFDO WHUPLQRORJLHV DQG LQIRUPDWLRQ WHPSODWHV�

� 8SGDWHâ(+5 GDWD ZLWK FRQWH[W DQG H[SODQDWLRQV XQGHUVWRRG E\ SDWLHQWV�

� (QVXUH GDWD TXDOLW\ DQG FRQVLVWHQF\ IRU SXEOLF KHDOWK DQG UHVHDUFK�

��
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��� +HDOWKFDUH GDWD VWDQGDUGV

$ UHVXOW RI LQWHUQDWLRQDO FRRUGLQDWHG HIIRUWV KDV UHVXOWHG LQ WKH RQJRLQJ GHYHORSPHQW RI VWDQGDUGV DQG

JXLGHOLQHV IRU GHILQLQJ DQ (+5 DV RQH RU PRUH RSHQ DFFHVV LQIRUPDWLRQ UHSRVLWRULHV E\ GLIIHUHQW +,6� 7KH

&(1� +/�� ,62� DQG WKH RSHQ(+5 )RXQGDWLRQ DUH QRQ�SURILW RUJDQL]DWLRQV GHGLFDWHG WR WKH LQWHUQDWLRQDO

IUDPHZRUNV DQG VWDQGDUGV GHYHORSPHQW� LQFOXGLQJ WHUPLQRORJLHV� (+5 VSHFLILFDWLRQV� DQG LQIRUPDWLRQ

PRGHOV� LQ RUGHU WR VXSSRUW WKH H[FKDQJH� LQWHJUDWLRQ� DQG UHWULHYDO RI HOHFWURQLF KHDOWK LQIRUPDWLRQ >��@�

$V DOUHDG\ PHQWLRQHG� WKH PRVW GLIILFXOW OHYHO WR DFKLHYH DQG JXDUDQWHH LV WKH VHPDQWLF LQWHURSHUDELOLW\

OHYHO� $FFRUGLQJ WR (&� VHPDQWLF LQWHURSHUDELOLW\ ZLOO RQO\ EH IHDVLEOH LI WKHUH DUH DJUHHPHQWV RQ VWDQGDUGV�

LQIRUPDWLRQ PRGHOV� WHUPLQRORJLHV� DQG VHPDQWLF GHILQLWLRQV XVHG IRU GDWD VKDULQJ� ,Q DGGLWLRQ� VRFLDO�

FXOWXUDO DQG OHJDO DVSHFWV ZLWKLQ HDFK RUJDQL]DWLRQ� UHJLRQ RU FRXQWU\ ZLOO LQIOXHQFH WKH LPSOHPHQWDWLRQ RI

VHPDQWLFDOO\ LQWHURSHUDEOH V\VWHPV� ,W LV UHFRPPHQGHG WKDW VXFK D KLJK OHYHO RI VHPDQWLF LQWHURSHUDELOLW\

EH LQLWLDOO\ LPSOHPHQWHG DQG SUDFWLFHG RQO\ LQ VSHFLILF� SULRULW\ FOLQLFDO DUHDV RI KLJK UHOHYDQFH WR SDWLHQW

VDIHW\� &XUUHQW DWWHPSWV WR VWDQGDUGL]H WKH FDSWXUH� UHSUHVHQWDWLRQ DQG FRPPXQLFDWLRQ RI FOLQLFDO GDWD

VSDQ WKUHH DUWHIDFW OD\HUV UHSUHVHQWHG LQ )LJXUH �� >���@�

)LJXUH ��� $UWHIDFW OD\HUV IRU GHYHORSLQJ V\VWHPV ZLWK VHPDQWLF LQWHURSHUDELOLW\�

2Q WKH RQH KDQG� WKH 50 FDQ JXDUDQWHH GDWD LQ D FRPSOHWH� KRPRJHQHRXV DQG VHFXUH ZD\� 2Q WKH

RWKHU KDQG� D FOLQLFDO GDWD VWUXFWXUH GHILQLWLRQ DOORZV WR EXLOG SUHFLVH FOLQLFDO LQIRUPDWLRQ PRGHOV ZLWK D

XQLTXH PHDQLQJ DQG XVH� 7R FRPSOHPHQW WKLV� FOLQLFDO WHUPLQRORJLHV DUH SUHFLRXV� HQVXULQJ WKH XQLILHG

PHDQLQJV WKURXJK VSHFLILF YRFDEXODULHV� 6R� WKH PDLQ TXHVWLRQ WKDW DULVHV KHUH LV ç:KDW LV WKH LPSRUWDQFH

RI VWDQGDUGV LQ WKH FOLQLFDO HQYLURQPHQW"ç�

7R DQVZHU WKLV TXHVWLRQ� ZH KDYH WR WDNH LQWR DFFRXQW WKDW IRU D ORQJ WLPH� +,6 ZHUH GHVLJQHG WR VDWLVI\

FHUWDLQ IXQFWLRQDO UHTXLUHPHQWV GHILQHG E\ VSHFLILF XVHUV� $V D FRQVHTXHQFH� RYHU WLPH� PDQ\ RI WKHVH

H[LVWLQJ V\VWHPV EHFDPH OLPLWHG LQ GLIIHUHQW FRQWH[WV RI XVH� RU HYHQ REVROHWH LQ WKH IDFH RI QHZ XVHU

UHTXLUHPHQWV� %HVLGHV WKDW� PDQ\ RI WKHVH ROGHU V\VWHPV WHQGHG WR UHFRUG RQO\ WKH PLQLPXP LQIRUPDWLRQ

UHTXLUHG IRU HDFK FOLQLFDO DFW� &RQVHTXHQWO\� DGGLWLRQDOO\ YDOXDEOH LQIRUPDWLRQ IRU GLDJQRVLV DQG FOLQLFDO

GHFLVLRQ VXSSRUW ZDV FRQWLQXRXVO\ ORVW�

$V UHSUHVHQWHG LQ )LJXUH ��� FOLQLFDO VWDQGDUGV VKRXOG JLYH IOH[LELOLW\ WR GDWD VWUXFWXUHV� VR WKDW QHZ

UHOHYDQW LQIRUPDWLRQ FDQ EH DGGHG� 7KXV� (+5 VWDQGDUGV GHILQH JHQHULF GDWD PRGHOV WKDW FDQ EH OLQNHG

��
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WR VSHFLILF FOLQLFDO FRQFHSWV DQG LQIRUPDWLRQ VWUXFWXUHV� ,Q DGGLWLRQ� VWDQGDUGV VKRXOG HQVXUH D FRPSOHWH

UHSUHVHQWDWLRQ RI FOLQLFDO DFW FRQWH[W LQIRUPDWLRQ� VXFK DV WKH SDUWLFLSDQWV DQG ORFDWLRQ RI FOLQLFDO DFW� ZKLFK

PD\ LQIOXHQFH WKH FOLQLFDO GDWD LQWHUSUHWDWLRQ FRQWDLQHG LQ WKH (+5� $OVR� FOLQLFDO GDWD DUH FRPSOHPHQWHG

E\ LQIRUPDWLRQ QHFHVVDU\ WR VXSSRUW DXGLW RU FRQWURO WDVNV >��@�

)LJXUH ��� .H\ SULQFLSOHV IRU WKH VWDQGDUGV GHYHORSPHQW�

,Q æ&OLQLFDO GDWD LQWHURSHUDELOLW\ EDVHG RQ DUFKHW\SH WUDQVIRUPDWLRQç� EDVHG RQ WKHLU H[WHQVLYH OLWHUDWXUH

UHYLHZ DQG LQWHUQDWLRQDO JXLGHOLQHV� WKH DXWKRUV UHFRPPHQG XVLQJ VWDQGDUGV ZLWK GXR DUFKLWHFWXUH WR

HQVXUH VHPDQWLF LQWHURSHUDELOLW\ WKURXJK WKH XVDJH RI D EDVLF XQLW QDPHG $UFKHW\SHV� 7KHVH DUH WKH

PLQLPXP XQLWV RI LQIRUPDWLRQ WKDW +,6 FDQ WUDQVPLW ZLWK RQH DQRWKHU� $Q DUFKHW\SHV FRPELQDWLRQ JLYHV

ULVH WR FRPSOH[ WHPSODWHV FDSDEOH RI GHPRQVWUDWLQJ VHTXHQWLDO FOLQLFDO ZRUNIORZV� ,62 ������ RSHQ(+5�

DQG +/� DUH H[DPSOHV RI GXDO DUFKLWHFWXUH VWDQGDUGV WKDW DUH XVHG JOREDOO\ >��@�

$OVR� WKH æ7RZDUGV 6HPDQWLF ,QWHURSHUDELOLW\ IRU (OHFWURQLF +HDOWK 5HFRUGV� 'RPDLQ .QRZOHGJH *RY�

HUQDQFH IRU RSHQ(+5 $UFKHW\SHVç UHVHDUFK FODVVLILHV WKH (+5 DV 3DWLHQW�FHQWUHG� ORQJLWXGLQDO� H[WHQVLYH

H SURVSHFWLYH� DQG PXVW UHWDLQ DOO WKH FDUH SURYLGHG WR WKH SDWLHQW DQG QRW MXVW DQ LVRODWHG HSLVRGH� WKHUH�

IRUH� LWV FKDUDFWHU LV ORQJLWXGLQDO DQG FRPSUHKHQVLYH� EHLQJ SUHVHQW QRW RQO\ SDVW HYHQWV� EXW DOVR IXWXUH

SHUVSHFWLYHV DQG SUHYHQWLYH SODQQLQJ� 7KHUHIRUH� WKH VKDULQJ RI FOLQLFDO GDWD EHWZHHQ GLIIHUHQW KHDOWKFDUH

SURIHVVLRQDOV DQG LQVWLWXWLRQV� WKURXJK GLIIHUHQW +,6� KDV WR EH HIILFLHQW DQG IDVW� )RU WKLV� FOLQLFDO GDWD

ZLOO KDYH WR EH RI KLJK TXDOLW\� UHOLDEOH DQG IOH[LEOH� 7KXV� KLJKO\ VWDQGDUGL]HG VWUXFWXUHV ZLOO KDYH WR EH

GHYHORSHG� DV ZHOO DV HDFK LQVWLWXWLRQ·V JRYHUQDQFH UXOHV IRU PDQDJLQJ WKHP� $V D YLDEOH VROXWLRQ� WKH

DXWKRUV SURSRVH WKH XVH RI WKH RSHQ(+5 VWDQGDUG� 7KH\ DUJXH WKDW YDULRXV OHYHOV RI LQWHURSHUDELOLW\ FDQ

EH DFKLHYHG XVLQJ LW >��@� 7KH PRVW SRSXODU KHDOWKFDUH VWDQGDUGV DUH SUHVHQWHG LQ WKH QH[W 7DEOH ��

��
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7DEOH �� 7KH PRVW XVHG VWDQGDUGV LQ KHDOWKFDUH ,7�

3XUSRVH 6WDQGDUGV

&RQWHQW +/� Y�� +/� &'$

'DWD ([FKDQJLQJ +/�� )+,5� ',&20� 3$&6

7HUPLQRORJLHV ,&'� 6120(' &7� /2,1&

,QIRUPDWLRQ 0RGHOOLQJ +/� 5,0� ,62 (1 ������ RSHQ(+5

����� +/�

7KH +/� RUJDQL]DWLRQ HPHUJHG LQ ���� LQ WKH 86$ ZLWK WKH SXUSRVH RI FUHDWLQJ D FRPSOHWH IUDPHZRUN

IRU HOHFWURQLF KHDOWK LQIRUPDWLRQ H[FKDQJH WKDW VXSSRUWV FOLQLFDO SUDFWLFH� DGPLQLVWUDWLRQ� GHOLYHU\� DQG

HYDOXDWLRQ RI KHDOWKFDUH VHUYLFHV >�@� %DVHG RQ LWV H[SHUWLVH� WKH RUJDQL]DWLRQ FODVVLILHV WKH QH[W PHVVDJLQJ

VWDQGDUGV XVHU W\SHV DQG KRZ WKH\ DIIHFW WKH VWDQGDUGV GHYHORSPHQW DQG XVH >��@�

� &OLQLFDO LQWHUIDFH VSHFLDOLVWV� 8VHUV UHVSRQVLEOH IRU FUHDWLQJ DSSOLFDWLRQV WKDW DOORZ FOLQLFDO GDWD H[�

FKDQJH EHWZHHQ DSSOLFDWLRQV RU KHDOWKFDUH SURYLGHUV�

� *RYHUQPHQW DQG SROLWLFDOO\ HQWLWLHV� 8VHUV ZKLFK KDYH WKH DELOLW\ WR DGRSW RU PDQGDWH D PHVVDJLQJ

VWDQGDUG�

� 0HGLFDO LQIRUPDWLFV� 8VHUV WKDW ZDQW WR EXLOG RU DGRSW D FOLQLFDO RQWRORJ\� LPSOHPHQWLQJ D GDWD

PRGHO� WHUPLQRORJ\ DQG FOLQLFDO ZRUNIORZV�

+/� Y� ZDV SXEOLVKHG LQ ���� DQG LV WKH PRVW ZLGHO\ XVHG VWDQGDUG IRU KHDOWKFDUH LQ WKH ZRUOG� ZLWK

SUHVHQFH LQ PRUH WKDQ �� FRXQWULHV� +RZHYHU� WKLV YHUVLRQ LV QRW ZHOO QRUPDOL]HG DQG WKHUH LV QR H[SOLFLW

DWWHPSW WR GHILQH WKH SURFHVV� 6R� LQ RUGHU WR IXOOILOO WKLV ODFNV� +/� RUJDQL]DWLRQ KDYH MRLQ WKHLU HIIRUWV WR

VXSSRUWLQJ WKH +/� Y� LQ SDUDOOHO ZLWK QHZ +/� Y��

7KH +/� Y� ILUVW SXEOLVKHG ZDV LQ ���� DQG GHILQHV DV D VHW RI VSHFLILFDWLRQV EDVHG RQ +/�·V 5HIHUHQFH

,QIRUPDWLRQ 0RGHO �5,0�� VXSSRUWLQJ KHDOWKFDUH ZRUNIORZV IROORZLQJ D PRGHO GULYHQ PHWKRGRORJ\ W\SH�

7KH 5,0 FRQVLVWV RI ILYH PDLQ FRQFHSWV� $FW� $FW 5HODWLRQVKLS� 3DUWLFLSDWLRQ� 5ROHV DQG (QWLWLHV� 6R� LQ

WKLV PRGHO� HYHU\ HYHQW LV DQ $FW� L�H�� SURFHGXUHV� PHGLFDWLRQV� DQG REVHUYDWLRQV� DQG D VHW RI $FWV DUH

UHODWHG WKURXJK $FW 5HODWLRQVKLSV� 7KH $FW FRQWH[W LV GHILQHG E\ 3DUWLFLSDWLRQ� ZKLFK LV� L�H�� WKH DXWKRU�

ORFDWLRQ� SHUIRUPHU� VXEMHFW� 7KXV� HDFK SDUWLFLSDQW KDV D VSHFLILF 5ROH WR SOD\� VXFK DV SDWLHQW� HPSOR\HH�

SURYLGHU� HWF� EXW WKHVH UROHV FDQ RQO\ EH SOD\HG E\ D VSHFLILF SDUWLFLSDQW W\SH� QDPHO\ (QWLW\� L�H�� SHUVRQV�

RUJDQL]DWLRQV� HWF�

��
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,Q ����� WKH +/� Y� &OLQLFDO 'RFXPHQW $UFKLWHFWXUH �&'$� ZDV UHOHDVHG DV D FOLQLFDO GRFXPHQW LQ

WHUPV RI SHUVLVWHQFH� FRQWH[W� DXWKHQWLFDWLRQ� PDQDJHPHQW DQG +XPDQ UHDGDELOLW\� &'$ LV EDVHG RQ ;0/

VWUXFWXUH DQG FDQ UHSUHVHQW DQ DGPLVVLRQ� GLVFKDUJH VXPPDU\� LPDJLQJ RU SDWKRORJ\ UHSRUW� HWF�

7KH ILUVW YHUVLRQ RI )DVW +HDOWKFDUH ,QWHURSHUDELOLW\ 5HVRXUFHV 6SHFLILFDWLRQ �)+,5� ZDV PHUJHG LQ PLG�

���� DQG LWV IRFXV LV RQ LPSOHPHQWDELOLW\� HQVXULQJ D IDVW DQG HDV\ LPSOHPHQWDWLRQ� ZLWK PXOWLSOH OLEUDULHV

DYDLODEOH DQG FDQ FR�H[LVW ZLWK RWKHU +/� YHUVLRQV� ,Q DGGLFWLRQ� )+,5 KDV D VWURQJ IRXQGDWLRQ LQ ZHE

VWDQGDUGV �;0/� -VRQ� +773� 2$XWK�HWF� DQG VXSSRUW 5(67IXO DUFKLWHFWXUHV >��� ��@�

����� ',&20 DQG 3$&6

',&20 HPHUJHG LQ ���� DV D VWDQGDUG WKDW DOORZV VWRULQJ� UHWULHYLQJ� SULQWLQJ� SURFHVVLQJ� WUDQVPLWWLQJ�

DQG GLVSOD\LQJ FOLQLFDO GLJLWDO LPDJHV DQG WKHLU LQIRUPDWLRQ EHWZHHQ LPDJLQJ PHGLFDO GHYLFHV DQG ZRUN�

VWDWLRQV� 'HSHQGLQJ RQ WKH LPDJLQJ H[DP W\SH SHUIRUPHG� WKHUH DUH GLIIHQW SURWRFROV IRU UDGLRJUDSK\�

XOWUDVRQRJUDSK\� HWF� $OVR� ',&20 ILHOGV FDQ UHDFK VL]HV LQ WKH RUGHU RI *%� VR LW LV QHFHVVDU\ WR FRPSUHVV

WKH LPDJHV ZLWK D ORVVOHVV FRPSUHVVLRQ DOJRULWKP� :KHQ UHFRUGLQJ� WKHVH ILOHV DUH FRQVHTXHQWO\ VDYHG LQ

WKH 3$&6�

)LJXUH ��� 3$&6 VWRUDJH V\VWHP DQG VWDQGDUGV LQYROYHG LQ GDWD H[FKDQJLQJ�

7KH ',&20 VWDQGDUG LV FRQVLGHUHG WR EH YHU\ XVHIXO DQG FRPSOHWH IRU VWRULQJ DQG H[FKDQJLQJ PHGLFDO

LPDJHV� HQVXULQJ JRRG LQWHURSHUDELOLW\ RI LPDJHV EHWZHHQ GLIIHUHQW PHGLFDO GHYLFHV� WKH RUJDQL]DWLRQ� DQG

LWV KHDOWKFDUH SURIHVVLRQDOV >��@�

����� ,&'� /2,1& DQG 6120(' &7

7KH DGRSWLRQ DQG FRQWLQXRXV LPSURYHPHQW RI WKH (+5 KDV UDLVHG WKH LVVXH RI FRGLQJ RU QRW FRGLQJ WKH

LQIRUPDWLRQ� 7KH VHDUFK DQG XVH RI WKH LQIRUPDWLRQ VWRUHG LQ D V\VWHP LQ IUHH WH[W IRUPDW KDV D ODUJH

PDUJLQ RI HUURU DQG ORVV RI LQIRUPDWLRQ GXH QRW RQO\ WR WKH H[LVWHQFH RI DEEUHYLDWHG WHUPV� EXW DOVR WR WKH

RFFXUUHQFH RI VSHOOLQJ HUURUV LQ WKH UHFRUG� 7KXV� LW KDV EHFRPH LQGLVSHQVDEOH WR XVH FRGLQJ LQ RUGHU WR EH

��
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DEOH WR UHWULHYH WKH GDWD DQG JURXS WKHQ ZKHQ QHFHVVDU\� 7KH XVH RI FRGHV HQVXUHV WKDW D FRQFHSW� HYHQ LI

UHSUHVHQWHG E\ D V\QRQ\P� DFURQ\P� RU NH\ZRUG� LV XQLIRUP IRU DOO FOLQLFLDQV ZKR LQWHUSUHW LW� 7KXV� JUHDWHU

FRQVLVWHQF\ DQG UHOLDELOLW\ LQ GDWD HQWU\ LV DFKLHYHG� DOORZLQJ FOHDU DQG XQLIRUP FRPPXQLFDWLRQ EHWZHHQ

GLIIHUHQW KHDOWKFDUH SURYLGHUV� 7KH VWDQGDUGV OLVWHG EHORZ DUH VRPH RI WKH PRVW RIWHQ XVHG LQ +,6 DV D

WHUPLQRORJ\ DURXQG WKH ZRUOG� 7KH\ DUH XVHG WR DVVLVW WKH LQSXW RI PHGLFDO GDWD� ZKLOH RWKHU VWDQGDUGV DUH

XVHG WR FODVVLI\ DQG UHWULHYH GDWD IURP D V\VWHP�

������� ,&'

,&' LV D VWDQGDUG IRU FODVVLI\LQJ DQG FRGLQJ LQIRUPDWLRQ WKURXJK D VHW RI GLDJQRVLV DQG SURFHGXUH FRGHV�

HQDEOLQJ PRUWDOLW\ DQG PRUELGLW\ VWDWLVWLFV� ,W LV XVHG LQ YDULRXV W\SHV RI KHDOWK UHFRUGV� PDLQO\ GHDWK

FHUWLILFDWHV DQG KRVSLWDO ILOHV� WKXV EHFRPLQJ WKH LQWHUQDWLRQDO VWDQGDUG GLDJQRVLV FODVVLILFDWLRQ V\VWHP�

7KH :RUOG +HDOWK 2UJDQL]DWLRQ �:+2� LV LQ FKDUJH RI SXEOLVKLQJ DQG UHYLVLQJ WKH ,&' VWDQGDUG� DQG WKH

PRVW UHFHQW VWDEOH YHUVLRQ LV ,&'��� &0�3&6� 7KH ��UG :RUOG +HDOWK $VVHPEO\ DSSURYHG ,&'��� LQ PLG�

����� DQG LW KDV EHHQ LQ XVH LQ :RUOG +HDOWK $VVHPEO\ PHPEHU FRXQWULHV VLQFH ���� >��@� 7KH )LJXUH ��

UHSUHVHQWV RQH RI LWV �� FKDSWHUV�

)LJXUH ��� ,&'��� FRGHV IRU LQIHFWLRXV DQG SDUDVLWLF GLVHDVHV >��@�

,&'��� KDV DOPRVW ������ FOLQLFDO GLDJQRVWLF FRGHV DQG ������ RSHUDWLRQV DQG SURFHGXUHV FRGHV�

SURYLGLQJ PDQ\ FRPELQDWLRQV DQG EUDQFKLQJV� ,Q WKH ILUVW VWHS� WKH VWDQGDUG LV GLYLGHG LQWR ,&'����&OLQLFDO

&ODVVLILFDWLRQ IRU GLDJQRVLV FRGLILFDWLRQ DQG LQWR ,&'����3URFHGXUH &RGLQJ 6\VWHP ZKLFK LV XVHG IRU SUR�

FHGXUHV FRGLILFDWLRQ >��@� $OVR� WKH PRVW UHFHQW ,&' YHUVLRQ ZDV ODXFKHG LQ ����� ,&'��� ZDV SUHVHQWHG

WR WKH PHPEHU VWDWHV DQG ZLOO FRPH LQWR HIIHFW LQ ���� >��@�

��
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������� /2,1&

/RJLFDO 2EVHUYDWLRQ ,GHQWLILHUV 1DPHV DQG &RGHV �/2,1&� LV D ZRUOGZLGH FRGLQJ V\VWHP IRU FDWHJRUL]LQJ

FOLQLFDO WHVWV DQG REVHUYDWLRQV WKDW DOORZV GDWD WR EH VKDUHG IRU FOLQLFDO FDUH� UHVHDUFK� DQG RXWFRPHV

PDQDJHPHQW� DPRQJ RWKHU WDVNV� 7KLV VWDQGDUG GHILQHV PHGLFDO PHDVXUHPHQWV VXFK DV YLWDO VLJQV� (OHF�

WURFDUGLRJUDP �(&*�� KHPDWRORJ\ UHVXOWV� DPRQJ RWKHUV� /2,1& FRGHV GLVWLQJXLVK D JLYHQ REVHUYDWLRQ

DFURVV VL[ GLPHQVLRQV FDOOHG 3DUWV� DV VKRZHG LQ )LJXUH ���

)LJXUH ��� 0DQXDO FRXQW RI ZKLWH EORRG FHOOV LQ FHUHEUDO VSLQDO IOXLG VSHFLPHQ� UHSUHVHQWHG E\ /2,1& FRGH
����� >��@�

,Q WKH H[DPSOH VKRZQ DERYH� OHXNRF\WHV DUH WKH FRPSRQHQW WR DQDO\VH� ZLWK WKH 1&QF �1XPEHU FRQ�

FHQWUDWLRQ� DV D SURSHUW\ DQGâWKH 3W �3RLQW LQ WLPH� DV D WLPLQJ� $OVR� WKH &6) �&HUHEUDO VSLQDO IOXLG� LV WKH

VDPSOH WR DQDO\VH TXDQWLWDWLYHO\ WKURXJK D PDQXDO FRXQW PHWKRG�

7KH /2,1& LV PDLQWDLQHG E\ 5HJHQVWULHI ,QVWLWXWH DQG LWV ODWHVW YHUVLRQ ������ KDV DOPRVW ������ FRGHV

GLYLGHG E\ /DERUDWRU\ W\SH ������� FRGHV�� &OLQLFDO W\SH ������� FRGHV�� $WWDFKPHQWV W\SH ������ FRGHV�

DQG 6XUYH\ W\SH ������� FRGHV� >��@� ,Q ����� /2,1& DOUHDG\ KDG ������ UHJLVWHUHG XVHUV DFURVV ���

FRXQWULHV DQG LW KDV EHHQ WUDQVODWHG LQWR �� YDULDQWV RI �� ODQJXDJHV�

������� 6120(' &7

6\VWHPDWL]HG 1RPHQFODWXUH RI 0HGLFLQH &OLQLFDO 7HUPV �6120(' &7� LV D PRVW FRPSOHWH DQG PXOWLOLQJXDO

FOLQLFDO WHUPLQRORJ\ LQ XVH ZRUOGZLGH� FDQ SURYLGH D PXOWLSOH EHQHILWV IRU KHDOWKFDUH V\VWHPV ZRUOGZLGH

>���@� ,W LV RZQHG� PDLQWDLQHG� DQG GLVWULEXWHG E\ 6120(' ,QWHUQDWLRQDO� DQ LQWHUQDWLRQDO QRW�IRU�SURILW

RUJDQL]DWLRQ LQ WKH 8QLWHG .LQJGRP� DQG LV LQ XVH LQ PRUH WKDQ HLJKW\ FRXQWULHV�

7KH 6120(' &7 WHUPLQRORJ\ LV FRPSRVHG RI FRQFHSWV� WHUPV� DQG UHODWLRQVKLSV WKDW HQDEOH DFFXUDWH

UHSUHVHQWDWLRQ RI FOLQLFDO LQIRUPDWLRQ EDVHG RQ ORJLF RUJDQL]HG LQWR KLHUDUFKLHV IRU WKH HQWLUH KHDOWKFDUH

DUHD� ,WV XVH SURYLGHV LQWHURSHUDEOH FRGHG GDWD WKDW HQKDQFHV WKH LPSOHPHQWDWLRQ RI FOLQLFDO SUDFWLFH�

IDFLOLWDWLQJ GHFLVLRQ VXSSRUW >���@�

��
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,Q ����� WKH 6120(' &7 FDWDORJ KDG ������� FRQFHSWV DERXW GLDJQRVLV DQG FOLQLFDO ILQGLQJV �VLJQV

DQG V\PSWRPV�� VXFK DV VXUJLFDO� WKHUDSHXWLF DQG GLDJQRVWLF SURFHGXUHV� DQG DOVR RWKHU UHOHYDQW LQIRU�

PDWLRQ ZKLFK VXSSRUWV FOLQLFDO NQRZOHGJH� ERG\ VWUXFWXUHV� RUJDQLVPV� PHGLFDWLRQV� VSHFLPHQV� DPRQJ

RWKHUV� DV VKRZQ LQ QH[W )LJXUH �� >���@�

)LJXUH ��� 7KH KLHUDUFKLFDO GLYLVLRQ RI FRQFHSWV �-XQH ������ )URP >���@�

7KH KLHUDUFKLFDO VWUXFWXUH RI WHUPLQRORJ\ LV GLYLGHG LQWR FDWHJRULHV DW GLIIHUHQW OHYHOV� ZLWK �� FDWHJRULHV

DW WKH ILUVW OHYHO� (DFK FDWHJRU\ LV VXE�FODVVLILHG LQWR FDWHJRULHV DW WKH VHFRQG OHYHO� DQG WKHVH� LQ WXUQ� DUH

VXE�FODVVLILHG LQWR FKLOG FRQFHSWV� DQG VR RQ XQWLO WKH FRQFHSWV ZLWK WKH JUHDWHVW JUDQXODULW\ DUH DFKLHYHG�

7KLV FRQFHSWXDO PRGHO DOORZV PXOWLSOH LQKHULWDQFH� ZKHUH D FRQFHSW FDQ EHORQJ WR VHYHUDO FDWHJRULHV >���

���@�

,Q ç(YDOXDWLQJ 6XLWDELOLW\ RI 6120(' &7 LQ 6WUXFWXUHG 6HDUFKHV IRU &29,'��� 6WXGLHVç� WKH DXWKRU

GHPRQVWUDWHV WKDW WKH 6120(' &7 FRQFHSWV HIIHFWLYHO\ FDSWXUH W\SLFDO GDWD LWHPV LPSRUWDQW WR &29,'���

UHVHDUFK� 7KH UHVHDUFKHUV XVHG WKH *HUPDQ &RURQD &RQVHQVXV 'DWDVHW �*(&&2� GDWDVHW DV D NQRZOHGJH

EDVLV DQG WKH VFRULQJ V\VWHP ,62�76 ����� WR SURYH LW� $OVR� WKH ZULWHUV UHFRPPHQG WKH XVH RI D K\EULG

DSSURDFK XVLQJ VHYHUDO WHUPLQRORJLHV DQG WKH LPSOHPHQWDWLRQ RI PDSSLQJ UXOHV WR LPSURYH PDSSLQJ TXDOLW\

DQG LQWHUFRGHU UHOLDELOLW\ >���@�

����� ,62 (1 ����� DQG 2SHQ(+5

$OO FOLQLFDO GDWD QHHGV FRQWH[W LQIRUPDWLRQ� L�H�� HDFK FOLQLFDO DFW PXVW EH DFFRPSDQLHG E\ DGGLWLRQDO LQ�

IRUPDWLRQ VXFK DV KRZ DQG E\ ZKRP WKH GDWD ZDV UHFRUGHG� DQG ZKHUH LW ZDV UHFRUGHG� 7KLV DGGLWLRQDO

GDWD LV YHU\ XVHIXO IRU LPSURYLQJ WKH LQWHUSUHWDWLRQ RI FOLQLFDO GDWD� VXSSRUWLQJ WKH RUJDQL]DWLRQ RI WDVNV�

VXSSRUWLQJ DXGLWV� DQG OHJLVODWLYH LVVXHV�

��
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&XUUHQWO\� RQH RI WKH PDMRU FRQFHUQ RI KHDOWKFDUH ,7 DUHD LV LQIRUPDWLRQ PRGHOOLQJ� GHVFULELQJ KRZ

LQIRUPDWLRQ VKRXOG EH RUJDQL]HG DQG VWUXFWXUHG� 3UHYLRXVO\� PRVW ,7 VROXWLRQV DQG WKHLU XQGHUO\LQJ LQIRU�

PDWLRQ PRGHO IRU VWRULQJ FOLQLFDO LQIRUPDWLRQ KDYH EHHQ OHIW H[FOXVLYHO\ WR WKH GHYHORSHUV� 7KXV� RYHU WKH

\HDUV� LVVXHV RI OLQNLQJ GLIIHUHQW LQIRUPDWLRQ IURP GLIIHUHQW V\VWHPV RU� H�J�� WKH GLIILFXOW\ RI LQWHURSHUDWLQJ

PXOWLSOH GHYLFHV LQWR D VLQJOH GDWDEDVH KDYH DULVHQ >��@� ,W ZDV WKHQ LQFUHDVLQJO\ HPHUJHQW WR GHYHORS

VWDQGDUGV WKDW SURYLGH IXQFWLRQDO DQG FRQVLVWHQW LQIRUPDWLRQ PRGHOV DFURVV GLIIHUHQW VLWXDWLRQV�

1RZDGD\V� WKH PRVW DGYDQFHG (+5 DUFKLWHFWXUHV DQG VWDQGDUGV DUH EDVHG RQ GXDO PRGHO DSSURDFK

DUFKLWHFWXUH VXFK DV ,62 (1 ����� DQG RSHQ(+5� GHILQLQJ E\ WKH 5HIHUHQFH 0RGHO �50� DQG $UFKHW\SH

0RGHO �$0�� 7KXV� LPSRUWDQW JHQHULF FRQFHSWV VKRXOG EH GHILQHG >��@�

� 5HIHUHQFH 0RGHO �50�� $ VHW RI HQWLWLHV WKDW DFW DV WKH JHQHULF EXLOGLQJ EORFNV RI DQ (+5 DQG

DOVR FRQWDLQ QRQ�YRODWLOH (+5 IHDWXUHV� GHILQLQJ FOLQLFDO LQIRUPDWLRQ�

� $UFKHW\SH0RGHO �$0�� ,W SUHVHQWV WKH FOLQLFDO FRQFHSWV LQ D FRPELQHG� VWUXFWXUHG ZD\� UHVWULFWHG

WR WKH HQWLWLHV FRQWDLQHG LQ WKH 50�

� $UFKHW\SHV� 7RRO IRU EXLOGLQJ FOLQLFDO FRPSOLDQFH LQ D FRQVLVWHQW ZD\ LQ GXDO PRGHO DSSURDFKHV�

DQG WKH\ DUH FRQVLGHUHG HVVHQWLDO IRU SURYLGLQJ FRPSOHWHO\ LQWHURSHUDEOH (+5V� 7KHVH VWUXFWXUHV

GHILQH FOLQLFDO FRQFHSWV WKURXJK WKH FRPELQDWLRQV RI HQWLWLHV SUHVHQWHG LQ 50� GHILQLQJ FOLQLFDO

NQRZOHGJH�

� 7HPSODWHV� &RPELQDWLRQ RI WZR RU PRUH DUFKHW\SHV� UHSUHVHQWLQJ D IXOO FOLQLFDO DFW�

������� ,62 (1 �����

,62 (1 ����� ZDV RULJLQDOO\ GHVLJQHG E\ &(1 WR DFKLHYH WKH VHPDQWLF LQWHURSHUDELOLW\ OHYHO� VSHFLI\LQJ

LQIRUPDWLRQ PRGHOV DQG YRFDEXODULHV UHOHYDQWV� 7KH QRUP PDLQ SXUSRVH LV WR GHILQH D VWURQJ DQG VWDEOH

DUFKLWHFWXUH IRU FRPPXQLFDWLQJ SDUW RU DOO RI D VLQJOH�VXEMHFW (+5 EHWZHHQ +,6 V\VWHPV� RU EHWZHHQ +,6

DQG D FHQWUDOL]HG GDWD UHSRVLWRU\� )LJXUH �� UHSUHVHQWV WKH 50 PDLQ FODVVHV RI ,62 (1 ������

)LJXUH ��� 6HW RI FODVVHV RI ,62 (1 ����� 50 >��@�

(DFK PDLQ FODVV KDV D VHW RI FODVVHV� 7KHUHE\� WKH FOLQLFDO LQIRUPDWLRQ SUHVHQWHG LQ (+5 � IROGHU�

FRPSRVLWLRQ� VHFWLRQ� HQWU\� FOXVWHU� DQG HOHPHQW DV WKH EDVH XQLW� 7KH PDLQ VXEFODVV RI FOLQLFDO LQIRUPDWLRQ

FODVV LV WKH (+5 H[WUDFW� 7KH FRQWH[W LQIRUPDWLRQ FODVV FRQWDLQV DGGLWLRQDO LQIRUPDWLRQ DQG DQQRWDWLRQV

��
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DV ZHOO DV WKH YHUVLRQLQJ V\VWHP� )XUWKHUPRUH� WKH GHPRJUDSKLF GDWD FODVV VXSSRUWV WKH LQVWLWXWLRQ LQ

LGHQWLI\LQJ WKH HQWLWLHV DQG VXEMHFWV DQG WKHLU UROHV� )LQDOO\� WKH GDWD W\SHV FODVV LV WKH EDVLV RI DQ\ UHFRUG�

VXEGLYLGHG LQWR EDVLF W\SHV �,QWHJHU� 5HDO� %RROHDQ� ,QVWDQFH ,GHQWLILHU� 0XOWLPHGLD�� FRGH DQG WH[W W\SHV

�&RGHG VLPSOH� FRGHG YDOXH� FRQFHSW GHVFULSWRU�� TXDQWLW\ W\SHV �3K\VLFDO TXDQWLW\� 5DWLR RI QXPHUDWRU�

2UGHUHG YDOXHV� DQG DOVR� WKH GDWH DQG WLPH W\SHV �GDWH� WLPHVWDPS� GXUDWLRQ�� ,62 (1 ����� ZDV LQLWLDOO\

SXEOLVKHG LQ ���� DQG ZDV UHYLHZHG LQ ����� 7KXV� )LJXUH �� UHSUHVHQWV WKH ODWHVW 50 YHUVLRQ ZKHQ LW LV

SRVVLEOH WR VHH HDFK FRPSRQHQW DQG LWV LQKHULWDQFH LQ PRUH GHWDLO� WKURXJK WKH 80/ GLDJUDP >��@�

)LJXUH ��� ,62 (1 ����� 50 FODVV GLDJUDP�

&RPSDUHG ZLWK RSHQ(+5 50� WKH ,62 (1 ����� 50 LV PRUH VLPSOHU� ,62 (1 ����� DOVR UHSUHVHQWV

WKH LQIRUPDWLRQ RI DQ (+5� KRZHYHU LW GRHV QRW SURYLGH VXSSRUW IRU RWKHU UHOHYDQW PRGXOHV� VXFK DV WKH

UHSUHVHQWDWLRQ RI ORFDO LQIRUPDWLRQ WHPSODWHV DQG D TXHU\ ODQJXDJH IRU WKH (+5� 7KHUHIRUH� WKLV QRUP ZDV

GHVLJQHG ZLWK D VSHFLILF SURSRVH� ([WUDFWLQJ (+5V EHWZHHQ +,6�

������� 2SHQ(+5

2SHQ(+5 LV D QRQ�SURILW IRXQGDWLRQ ZLWK WKH 8QLYHUVLW\ &ROOHJH /RQGRQ DQG 2FHDQ ,QIRUPDWLFV FRPSDQ\

DV D IRXQGHUV� %HVLGHV WKDW� RSHQ(+5 KDV D KXJH LQWHUQDWLRQDO FRPPXQLW\ ZLWK D PDLQ JRDO� FUHDWH

FRPSUHKHQVLYH DQG LQWHURSHUDEOH FOLQLFDO (+5V�

��
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2SHQ(+5 SUHVHQWV LWVHOI DV DQ RSHQ LQGXVWU\ VWDQGDUG IRU H�KHDOWK VSHFLILFDWLRQV� PRGHOV� DQG VRIW�

ZDUH� 7KH FRPPXQLW\ KDV D VSHFLILFDWLRQ SURJUDP LQ RUGHU WR HQVXUH TXDOLW\ LQ KHDOWKFDUH LQIRUPDWLRQ�

VXSSRUW LQGXVWULDO WHFKQRORJ\� LQWHJUDWH OHJDO UHTXLUHPHQWV� DQG PDQDJH WKH LPSDFW RI FKDQJH LQ KHDOWK�

FDUH LQVWLWXWLRQV� 7R DFFRPSOLVK WKHVH JRDOV� YDULRXV TXDOLW\ FULWHULD ZHUH HVWDEOLVKHG� LQFOXGLQJ KDYLQJ D

FOHDU VFRSH� HQVXULQJ PRGXODULW\� DQG SHUIRUPLQJ D ULJRURXV GHVLJQ� )XUWKHUPRUH� HQVXUH WKDW WKH VSHFLIL�

FDWLRQV DUH FRKHUHQW� XQGHUVWDQGDEOH� DQG XQDPELJXRXV� 0RUHRYHU� LW VKRXOG EH VLPSOH WR FRPSXWH DQG

LPSOHPHQW� ZLWK D FRQVLVWHQW FKDQJH�PDQDJHPHQW V\VWHP >��@�

$OO RI WKH RSHQ(+5 UHTXLUHPHQWV� VXFK DV REMHFW PRGHOV� ODQJXDJHV� DQG $SSOLFDWLRQ 3URJUDPPLQJ

,QWHUIDFH �$3,�V� DUH RUJDQL]HG E\ FRPSRQHQW LQ WKH GLDJUDP SUHVHQWHG LQ )LJXUH ��� 7KLV YLHZ JLYHV D

TXLFN VQDSVKRW RI WKH HQWLUH VHW RI RSHQ(+5 UHTXLUHPHQWV� 'HSHQGHQFLHV H[LVW H[FOXVLYHO\ IURP KLJKHU WR

ORZHU SDUWV�7KH &1) DQG ,76 FRPSRQHQWV DUH VHSDUDWHG EHFDXVH WKH\ DUH VHPDQWLFDOO\ GLIIHUHQW IURP WKH

SULPDU\ VSHFLILFDWLRQV� EXW DUH LPSRUWDQW DUWHIDFWV IRU IXUWKHU XVH E\ VRIWZDUH HQJLQHHULQJ >�@�

)LJXUH ��� 2SHQ(+5 6SHFLILFDWLRQ � JOREDO YLHZ�

7KH FRUH RI RSHQ(+5 VWDQGDUG DUH WKH DUWHIDFWV RI FOLQLFDO NQRZOHGJH QDPHG $UFKHW\SHV� GHILQHG LQ

$0� ZKLFK DUH IRUPDO VSHFLILFDWLRQV RI FOLQLFDO LQIRUPDWLRQ DQG DUH WKH EDVLV IRU GHILQLQJ� GLVFXVVLQJ DQG

SUHVHQW WKH PHGLFDO NQRZOHGJH >��@� ,Q RUGHU WR IXOILOO 50 VXE FRPSRQHQWV� WKH %$6( FRPSRQHQW LV PDGH

XS RI IXQGDPHQWDO DQG LGHQWLILHU W\SHV� $OVR� VRPH WHUPV FDQ EH FRGHG E\ 7(50 FRPSRQHQW� ,Q WHUPV

RI FOLQLFDO GHFLVLRQV� WKH &OLQLFDO 'HFLVLRQ 6XSSRUW �&'6� PRGXOH HQVXUHV WKH GHFLVLRQ ORJLF VWUXFWXULQJ

WKURXJK WKH XVH RI *XLGHOLQH 'HILQLWLRQ /DQJXDJH �*'/�� 7KH RSHQ(+5 'HFLVLRQ /RJLF 0RGXOH �'/0� LV

D IRUPDOL]DWLRQ IRU H[SUHVVLQJ GHFLVLRQ ORJLF DQG UXOHV XVHG E\ SURFHVV�RULHQWHG KHDOWKFDUH LQIRUPDWLRQ

V\VWHPV� DFWLYH IRUPV� DQG RWKHU SXUSRVHV� 'HFLVLRQ ORJLF SURFHVVHV DUH RIWHQ QHVWHG LQVLGH D ODUJHU

HQYLURQPHQW RI SODQV� JXLGHOLQHV� DQG GDWD VRXUFHV� VXFK DV WKH (+5�â7DVN 3ODQV DQG *'/ Y� VWDQGDUGV

ERWK GHPDQG DQ PHFKDQLVP IRU H[SUHVVLQJ UXOHV DQG VSHFLI\LQJ LQSXW YDULDEOHV LQ RSHQ(+5 HFRV\VWHP�

��



&+$37(5 �� %$&.*5281'

7KHVH QHHGV DUH VDWLVILHG E\ WKH DGDSWDEOH XVH RI D VLQJOH W\SH RI PXOWL�VHFWLRQ PRGXOH NQRZQ DV D '/0

>��@� ,Q WHUPV RI $3,V DQG LQWHUIDFHV� WKH 6HUYLFH 0RGHO �60� LV D VHW RI VSHFLILFDWLRQV IRU GHYHORSLQJ

FRQFUHWH VHUYLFH LQWHUIDFHV WR RSHQ(+5 V\VWHP FRPSRQHQWV� ,W LV D IRUPDO DQG DEVWUDFW GHILQLWLRQ RI WKH

SODWIRUP LQWHUIDFHV� VR WKDW WKH IRUPDO VHPDQWLFV RI WKH LQWHUIDFH FDQ EH VWDWHG DQG VHSDUDWHG IURP WKH

LPSOHPHQWDWLRQ WHFKQRORJ\ >��@�

7KH GXR DUFKLWHFWXUH RI RSHQ(+5 LV FRPSRVHG E\ $UFKHW\SH 0RGHO �$0� DQG 5HIHUHQFH 0RGHO �50��

&OLQLFDO FRQFHSWV DUH FRPELQHG DQG VWUXFWXUHG RQ $UFKHW\SH 0RGHO �$0� OD\HU� EDVHG RQ 50 FODVVHV� $V

ZHOO DV ,62 (1 ����� $0� WKH DUFKHW\SHV DUH WKH HOHPHQWDU\ FRQFHSW EDVH LQ $UFKHW\SH 'HILQLWLRQ /DQ�

JXDJH �$'/� IRUPDW DV D DEVWUDFW VLQWD[� DQG LWV FRPELQDWLRQ JHQHUDWHV WHPSODWH VWUXFWXUHV� 7KH SRVVLELOLW\

RI VKDULQJ DQG UHXVH VWUXFWXUHV LV DQ HVVHQWLDO DGYDQWDJH WR FUHDWH GLIIHUHQW DQG PRUH FRPSOH[ VWUXFWXUHV

�7HPSODWHV��

2SHQ(+5 KDV D YHU\ VROLG 50� VHSDUDWLQJ WKH VHPDQWLFV GRPDLQ� ZKLFK PDNHV LW SRVVLEOH WR LQYROYH

GLIIHUHQW W\SHV RI KHDOWKFDUH SURIHVVLRQDOV� H�J�� FOLQLFLDQV DQG DGPLQLVWUDWRUV� DV ZHOO DV ,7 GHYHORSHUV LQ

LWV LPSOHPHQWDWLRQ >�@� )LJXUH �� UHSUHVHQWV WKH PDLQ ,0 SDFNDJHV RI RSHQ(+5 50�

)LJXUH ��� 2SHQ(+5 50 2YHUYLHZ >��@�

(DFK RSHQ(+5 ,0 SDFNDJH FDQ EHORQJ WR RQH RI WKH WZR IROORZLQJ FDWHJRULHV�

� *USGOT�XKRGZKJ

² (+5 ,0� 7KH FHQWUDO FRPSRQHQW RI RSHQ(+5 DUFKLWHFWXUH WKDW LQFOXGHV WKH (+5 DQG &2032�

6,7,21 SDFNDJHV� DQG GHILQHV WKH FRQWHQW DQG FRQWH[W VHPDQWLFV RI WKH PDLQ (+5 FRQFHSWV�

&20326,7,21� 6(&7,21� DQG (175<� 7KHVH FODVVHV DUH WKH FRUH FRPSRQHQWV RI WKH (+5

DQG UHVHPEOH WKH FODVVHV LQ ,62 ����� VWDQGDUG DQG TXLWH FORVH WR WKH OD\HUV RI WKH VDPH

QDPHV LQ +/� &'$ ����

² (+5 ([WUDFW ,0� ,W GHILQHV KRZ DQ (+5 H[WUDFW LV EXLOW IURP FRPSRVLWLRQV� GHPRJUDSKLF� DQG

DFFHVV FRQWURO LQIRUPDWLRQ IURP WKH (+5� 7KH ([WUDFW VXSSRUWV µIXOO RSHQ(+5µ� D VLPSOLILHG

IRUP IRU ,62 ����� LQWHJUDWLRQ� DQG DQ RSHQ(+5�RSHQ(+5 V\QFKURQLVDWLRQ ([WUDFW�

² ,QWHJUDWLRQ ,0� ,W UHSUHVHQWV D WUHH�OLNH UHSUHVHQWDWLRQ RI QRQOLQHDU OHJDF\ RU H[WHUQDO GDWD E\

WKH *(1(5,& (175< VXEW\SH FODVV� ZKLFK DUH XVHG LQ FRQMXQFWLRQ ZLWK FOLQLFDO DUFKHW\SHV�

��
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² 'HPRJUDSKLF ,0� ,W GHILQHV JHQHULF FDWHJRULHV OLNH 3$57<� 52/(� &$3$%,/,7<� DV ZHOO DV FRQ�

WDFW LQIRUPDWLRQ� 7KLV ,0 DOORZV WKH VHSDUDWLRQ RI SDWLHQW GHPRJUDSKLF LQIRUPDWLRQ� SURYLGLQJ

PRUH VHFXULW\ LQ WKH SURWHFWLRQ RI SHUVRQDO GDWD�

� -KTKXOI

² 'DWD 7\SHV ,0� ,W LQFOXGHV D UDQJH RI EDVLF DQG FOLQLFDOO\ VSHFLILF GDWD W\SHV UHTXLUHG IRU

DOO NLQGV RI KHDOWK LQIRUPDWLRQ� 7KH GDWD W\SHV UHIHUHQFH PRGHO GHILQHV WKH IROORZLQJ GDWD

W\SH FDWHJRULHV� %DVLF W\SHV� WH[W� TXDQWLWLHV� FQFDSVXODWHG GDWD� WLPHBVSHFLILFDWLRQV DQG XUL

LGHQWLILHUV�

² 'DWD 6WUXFWXUHV ,0� $ VHW RI VWUXFWXUHV WKDW GHVFULEH WKH FRQWHQW WKDW ZLOO EH FRQVXPHG E\

WKH DUFKHW\SHV� VXFK DV VLQJOH� OLVW� WDEOH� WUHH DQG KLVWRU\ W\SHV�

² &RPPRQ ,0� ,W LQFOXGHV FODVVHV WKDW DUH UHSHDWHG LQ KLJKHU�OHYHO SDFNDJHV� VXFK DV WKH /2�

&$7$%/( DQG $5&+(7<3(' FODVVHV WKDW OLQN WKH 50 WR WKH DUFKHW\SHV�

(+5 ,0 LV GLYLGHG LQWR WZR SDFNDJHV� (+5 DQG &20326,7,21� ZLWK WKH ODWWHU FRQWDLQLQJ D PDLQ SDFN�

DJH� WKDW LV QDPHG E\ (175< DQG FRQWDLQV WKH 2%6(59$7,21� (9$/8$7,21� ,16758&7,21� DQG $&7,21

FODVVHV� ZKLFK DUH VXEW\SHV RI D FOLQLFDO UHFRUG DQG FRUUHVSRQG WR VWDJHV RI D SRVVLEOH FOLQLFDO SURFHVV�

7KH\ VHUYH DV WKH IRXQGDWLRQ IRU HQWU\ DUFKHW\SHV VXFK DV EORRG SUHVVXUH� PHGLFDWLRQ RUGHU� SURFHGXUH�

DQG VPRNHOHVV WREDFFR VXPPDU\ DPRQJ RWKHUV� $OO RI WKLV LQIRUPDWLRQ LV VWRUHG LQ '$7$ 6758&785(6

DWWULEXWHV� DQG LW LV DOVR H[SUHVVHG LQ '$7$ 7<3(6 DWWULEXWHV� (DFK FOLQLFDO DFW LV GRQH E\ VRPHRQH� DQG LV

DVVRFLDWHG WR D VSHFLILF VXEMHFW LQ 'HPRJUDSKLF ,0� 7KLV SDFNDJH DOVR GHILQHV WKH DFWRUV� LWV LQIRUPDWLRQ�

DQG WKH UROHV WKDW HDFK LQWHUYHQLHQW SOD\V LQ D FOLQLFDO DFW� JURXS� RU RUJDQLVDWLRQ�

(;75$&7 SDFNDJH LV UHTXLUHG WR H[WUDFW JHQHULF RU VSHFLILF FRQWHQW� VXFK DV FOLQLFDO� DGPLQLVWUDWLYH�

DQG GHPRJUDSKLF GDWD� (DFK (;75$&7B5(48(67 PXVW KDYH LWV RZQ VSHFLILFDWLRQV� H�J�� H[WUDFWBW\SH� DQ

DWWULEXWH FRGHG E\ WKH RSHQ(+5 WHUPLQRORJ\ JURXS H[WUDFW FRQWHQW W\SH� $OVR� LWVPDQLIHVW DWWULEXWH LQKHULWV

WKH FODVV (;75$&7B0$1,)(67 WR GHILQH WKH FDQGLGDWH HQWLWLHV�H�J�� WKURXJK WKH (+5B,'� DQG RSWLRQDOO\

WRS�OHYHO LWHPV� VXFK DV &RPSRVLWLRQV� WR EH LQFOXGHG LQ WKH H[WUDFW SURFHVV� ,Q D VLPSOH DQG VXFFLQFW ZD\�

)LJXUH �� VKRZV RSHQ(+5 50 DQG LWV SRWHQWLDO DV D FOLQLFDO VWDQGDUG WR EH GHSOR\HG�

��
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)LJXUH ��� 2SHQ(+5 FODVV GLDJUDP�
��
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������� 6WDQGDUGV LPSOHPHQWDWLRQV LQ ZRUOG

7KH ,62 (1 ����� KHDOWKFDUH VWDQGDUG HQDEOHV WKH VHFXUH H[FKDQJH DQG HVWDEOLVKHV VHPDQWLF LQWHU�

RSHUDELOLW\ RI (+5 GDWD E\ XVLQJ DUFKHW\SHV WR GHILQH WKH VWUXFWXUH DQG VHPDQWLFV RI WKH FRQWHQW� 7KH

ç([WUDFWLRQ RI VWDQGDUGL]HG DUFKHW\SHG GDWD IURP (+5 V\VWHPV EDVHG RQ WKH (QWLW\�$WWULEXWH�9DOXH 0RGHOç

VWXG\ IRFXVHV RQ WKH VSHFLILF FODVV RI ODUJHO\ UHVHDUFK�RULHQWHG (+5 V\VWHPV WKDW DUH LQWHUQDOO\ EDVHG RQ

WKH (QWLW\ 9DOXH�$WWULEXWH 0RGHO� 7KH UHVHDUFKHUV SURSRVH D QHZ DSSURDFK IRU H[WUDFWLQJ GDWD IURP ,62 (1

����� DUFKHW\SHV XVLQJ D VWDQGDUGL]HG ;0/ PDSSLQJ V\VWHP� 9DOLGDWLRQ DQG HYDOXDWLRQ RI WKH QHZ DS�

SURDFK ZDV SHUIRUPHG XVLQJ DQ (+5 V\VWHP XVHG IRU FOLQLFDO UHVHDUFK DW WKH 0HGLFDO 8QLYHUVLW\ RI 9LHQQD�

'DWD GHILQHG E\ WKUHH GLIIHUHQW DUFKHW\SHV ZHUH XVHG� WKH VRXUFH GRFXPHQWV ZHUH VXFFHVVIXOO\ H[WUDFWHG

IURP WKH DUFKHW\SH�FRQIRUPDQW ,62 (1 ����� (+5 H[WUDFWV� 7KXV� WKH QHZ DSSURDFK SURYHG WKDW (+5

GDWD FDQ EH H[WUDFWHG IURP (+5 V\VWHPV EDVHG RQ (QWLW\ $WWULEXWHV� DOWKRXJK LQ RUGHU IRU WKLV WR KDSSHQ�

WKH LQWHUQDO GDWD PRGHO RI WKH (+5 V\VWHPV DQG WKH DUFKHW\SHV PXVW RYHUODS IRU D SRVVLEOH VHPDQWLF

PDSSLQJ� ,Q DGGLWLRQ� V\VWHPV PXVW EH DEOH WR H[SRUW GRFXPHQWV LQ D FRQYHQWLRQDO IRUPDW� LQFOXGLQJ GDWD

DQG PHWDGDWD WKDW DUH PDQGDWRU\ LQ WKH DUFKHW\SH DQG ,62 (1 ����� 50 >��@�

$ *HUPDQ UHVHDUFK HQWLWOHG ç7UDQVIRUPDWLRQ RI PLFURELRORJ\ GDWD LQWR D VWDQGDUGLVHG GDWD UHSUHVHQWD�

WLRQ XVLQJ 2SHQ(+5ç SUHVHQWV DQ RSHQ(+5�EDVHG DSSOLFDWLRQ IRU PLFURELRORJLFDO GDWD� FDOOHG E\ RSHQ0LEL�

,W XVHV $UFKHW\SH 4XHU\ /DQJXDJH �$4/� TXHULHV WR UHWULHYH UHOHYDQW GDWD IURP WKH QHZ RSHQ(+5 UHSRV�

LWRU\� 7KH DSSOLFDWLRQ ZDV EXLOW ZLWK WKH $QJXODU IUDPHZRUN DQG UHTXHVWV WR WKH RSHQ(+5 SODWIRUP DUH

GRQH WKURXJK 5HSUHVHQWDWLRQDO 6WDWH 7UDQVIHU �5(67� $3,V� 2Q HDFK LQWHUDFWLRQ ZLWK WKH DSSOLFDWLRQ� D QHZ

$4/�EDVHG 5(67 UHTXHVW LV VHQW� ZKHUH WKH TXHU\ SDUDPHWHUV DUH G\QDPLFDOO\ PRGLILHG GHSHQGLQJ RQ

ZKDW ZDV VHOHFWHG >���@�

,Q ����� 5RPDQLDQ UHVHDUFKHUV GHYHORSHG D SODWIRUP IRU UHJLVWHULQJ FKLOGUHQ·V FKURQLF GLVHDVHV EDVHG

RQ WKH RSHQ(+5 VSHFLILFDWLRQV� HQVXULQJ WKH VHFXULW\ DQG SULYDF\ UHTXLUHPHQWV RI GDWD DQG WKH 5RPDQLDQ

KHDOWKFDUH V\VWHP� 7KH SURWRW\SH GHYHORSHG ZRUNV RQ WZR OHYHOV� ZKHUH WKH ILUVW LV ORFDO DQG FRUUHVSRQGV WR

D PHGLFDO XQLW� ZKLOH WKH VHFRQG LV LQ FKDUJH RI WKH FRQQHFWLRQ DQG FRPPXQLFDWLRQ ZLWKLQ WKH HQWLUH 5RPD�

QLDQ QDWLRQDO PHGLFDO V\VWHP� ,Q RUGHU WR HQVXUH PD[LPXP VHPDQWLF LQWHURSHUDELOLW\ LQ WKH FRPPXQLFDWLRQ

PRGXOH� WKH ,62 (1 ����� RU +/� Y� DQG�RU +/� Y� &'$ VWDQGDUGV ZHUH XVHG� 7KH DXWKRUV FRQFOXGHG

WKDW WKH SURWRW\SH ZDV IXQFWLRQDO DQG DSSOLFDEOH IRU PHGLFDO DQG DGPLQLVWUDWLYH SXUSRVHV� +RZHYHU� LWV

LQWHJUDWLRQ ZLWK /6 DQG LWV UHJLRQDO DQG QDWLRQDO VFDODELOLW\ KDYH QRW \HW EHHQ DFKLHYHG >��@�

ç$ PHWKRGRORJ\ EDVHG RQ RSHQ(+5 DUFKHW\SHV DQG VRIWZDUH DJHQWV IRU GHYHORSLQJ H�KHDOWK DSSOLFD�

WLRQV UHXVLQJ OHJDF\ V\VWHPVç VKRZV D QHZ PHWKRGRORJ\ IRU FRQYHUWLQJ /6 GDWD WKURXJK DQ DXWRPDWHG

DJHQW�EDVHG V\VWHP� 7KH SURSRVHG DSSURDFK LV EDVHG RQ WKH XVH RI VRIWZDUH DJHQWV DQG RSHQ(+5

DUFKHW\SHV� 7KH QHZ DUWHIDFW ZDV VKRZQ WR EH DEOH WR VXSSRUW LQWHURSHUDELOLW\ EHWZHHQ +,6 E\ XVLQJ

RSHQ(+5 DUFKHW\SHV WR UHSUHVHQW WKH LQIRUPDWLRQ FRQWDLQHG LQ WKH (+5 FOLQLFDO H[WUDFWV� 7KH FDVH VWXG\

GHPRQVWUDWHG WKDW ZH FDQ PRYH IURP DQ /6 WR DQ DJHQW�EDVHG V\VWHP VHDPOHVVO\ GXH WR WKH HPSOR\PHQW

��
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RI RSHQ(+5 DUFKHW\SHV LQ RUGHU WR DFKLHYH VHPDQWLF LQWHURSHUDELOLW\� 7KH XVH DQG HYDOXDWLRQ RI WKH QHZ

V\VWHP E\ KHDOWKFDUH SURIHVVLRQDOV DQG SDWLHQWV VKRZHG LWV SHUFHLYHG XVHIXOQHVV DQG DFFHSWDQFH >��@�

)XUWKHU UHVHDUFK FDQ EH REWDLQHG DW WKH =RWHUR 2SHQ(+5 *URXS� ZKLFK KDV RYHU ��� SXEOLFDWLRQV

FODVVLILHG LQWR GLIIHUHQW FDWHJRULHV FRYHULQJ LPSOHPHQWDWLRQV� PRGHOOLQJ PHWKRGRORJLHV� DQG UHODWHG VWDQ�

GDUGV�

��� 0XOWL�$JHQW 6\VWHPV

,Q WKH H\HV RI 'LVWULEXWHG $UWLILFLDO ,QWHOOLJHQFH �'$,�� D 0$6 LV GHILQHG DV çD ORRVHO\ FRXSOHG QHWZRUN RI

SUREOHP�VROYLQJ HQWLWLHV WKDW ZRUN WRJHWKHU WR ILQG DQVZHUV WR SUREOHPV WKDW DUH EH\RQG WKH LQGLYLGXDO

FDSDELOLWLHV RU NQRZOHGJH RI HDFK HQWLW\ç >��@� ,Q ����� WKH 0XOWL�$JHQW 6\VWHPV :RUNLQJ *URXS RI ,(((

3RZHU (QJLQHHULQJ 6RFLHW\ XQGHUWRRN D VXUYH\ RI NH\ FRQFHSWV DQG DSSURDFKHV LQ WKH DUHD RI 0$6 DV

DSSOLHG WR WKH ILHOG RI 3RZHU (QJLQHHULQJ� 7KH JURXS ILUVW GHILQHV ZKDW LW PHDQV E\ ,QWHOOLJHQW $JHQW DQG�

VXEVHTXHQWO\� ZKDW GHILQHV D 0$6� %DVHG RQ :RROGULGJH·V GHILQLWLRQ� ZKLFK GHVFULEHV DQ DJHQW DV D VRIW�

ZDUH RU KDUGZDUH HQWLW\ VLWXDWHG LQ D JLYHQ HQYLURQPHQW� ZLWK WKH DELOLW\ WR UHDFW DXWRQRPRXVO\ WR FKDQJHV

LQ LWV VXUURXQGLQJV� WKH FOXVWHU FKDUDFWHUL]HV DQ LQWHOOLJHQW DJHQW EDVHG RQ WKUHH IXQGDPHQWDO FKDUDFWHULV�

WLFV � 5HDFWLYLW\� 3URDFWLYLW\ DQG 6RFLDO $ELOLW\� 5HVSHFWLYHO\� DQ LQWHOOLJHQW DJHQW LV DEOH WR UHDFW WR HYHQWXDO

FKDQJHV LQ LWV HQYLURQPHQW� DOZD\V IRFXVLQJ RQ D FHUWDLQ JRDO�RULHQWHG EHKDYLRU� DQG LV DOVR DEOH WR LQWHU�

DFW ZLWK RWKHU DJHQWV� DQ LQGLVSHQVDEOH IHDWXUH GXULQJ GDWD WUDQVLWLRQ� 7KDW VDLG� WZR RU PRUH DJHQWV� ZLWK

GLIIHUHQW REMHFWLYHV� LQWHUDFWLQJ ZLWK HDFK RWKHU� IRUP D 0$6 >��@�

-RmR 0RUDHV HW DO� GHILQHV DQ DJHQW DV DQ DXWRQRPRXV FRPSXWDWLRQDO HQWLW\ WKDW PDNHV GHFLVLRQV

DQG SHUIRUPV LWV RZQ WDVNV� )RU KLP� D VRIWZDUH DJHQW UXQV FRQWLQXRXVO\ DQG DXWRQRPRXVO\ LQ D JLYHQ

HQYLURQPHQW DQG LV FDSDEOH RI LQWHUYHQLQJ ZLWKRXW UHTXLULQJ KXPDQ LQWHUYHQWLRQ� $W WKH OHYHO RI LWV LQWHO�

OLJHQFH� DQ DJHQW FDQ EH FODVVLILHG DV FRJQLWLYH� LI LW KDV VLJQLILFDQW FRJQLWLYH FDSDELOLWLHV WR SHUIRUP LWV

DFWLRQV� RU UHDFWLYH� $OWKRXJK WKH VDPH HQYLURQPHQW FRQWDLQV VHYHUDO DJHQWV� HDFK RQH KDV LWV SXUSRVH

DQG FKDUDFWHULVWLFV� JXDUDQWHHLQJ LWV DXWRQRP\ >��@�

,Q ç$ 'HFRXSOHG +HDOWK 6RIWZDUH $UFKLWHFWXUH XVLQJ 0LFURVHUYLFHV DQG 2SHQ(+5 $UFKHW\SHVç� WKH

DXWKRUV SURSRVH D 'HFRXSOHG +HDOWKFDUH 6RIWZDUH $UFKLWHFWXUH �'+6$�� EDVHG RQ WKH GHYHORSPHQW RI WKUHH

FRPSRQHQWV� D WRRO� DQG D IRUPDO PHWULF� 7KH FRPSRQHQWV FDOOHG &RQQHFWRU� &RQWDLQHU� DQG $UFKHPLFUR

�$UFKHW\SH�EDVHG PLFURVHUYLFH�� PDNH WKH '+6$� ZKLFK LV G\QDPLFDOO\ JHQHUDWHG E\ WKH 0LFURVHUYLFH�(+5

WRRO DOJRULWKP� )RU WHVWLQJ DQG HYDOXDWLRQ RI WKH QHZ DUWHIDFW� DQ ROG VRIWZDUH XVHG LQ %UD]LOLDQ KRVSLWDOV ZDV

PLJUDWHG WR WKH QHZ '+6$ V\VWHP� $IWHUZDUGV� WKH IRUPDO $UFKHW\SH�EDVHG PHWULF 6RIWZDUH $UFKLWHFWXUH

&RXSOLQJ �$6$&� ZDV XVHG WR GHILQH WKH FRXSOLQJ OHYHO RI WKH SURSRVHG DUFKLWHFWXUH� $V D UHVXOW� WKH QHZ

DSSURDFK SUHVHQWHG LQFUHDVHV WKH VRIWZDUH GHFRXSOLQJ LQGH[ LQ KHDOWK E\ ������ :LWK WKLV UHVXOW� WKH

UHVHDUFKHUV FRQFOXGHG WKDW KHDOWKFDUH V\VWHPV ZLOO LQFUHDVLQJO\ EHQHILW IURP WKH GHYHORSPHQW RI VRIWZDUH

DUFKLWHFWXUHV WKDW NHHS WKH V\VWHP IXQFWLRQDO HYHQ LI D FRPSRQHQW RI WKH V\VWHP LV EURNHQ >�� �� ��@�

��
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,Q WKH SUHVHQW SURMHFW� 0$6 SURYHV WR EH RI KLJK LPSRUWDQFH DQG XVDELOLW\� DV D QHZ (+5 GDWD UHSRVLWRU\

ZLOO EH FUHDWHG� PHHWLQJ WKH LGHDOV RI KHDOWKFDUH LQVWLWXWLRQV XQGHU VWXG\� DQG UHOHYDQW GDWD SUHVHQW LQ

WKH KHWHURJHQHRXV DQG GLIIHUHQW +,6V ZLOO KDYH WR EH V\QFKURQL]HG WR QHZ (+5 V\VWHP GHYHORSHG� 7KLV

V\QFKURQL]DWLRQ ZLOO UHO\ RQ WKH DFWLRQ RI DSSURSULDWHO\ SURJUDPPHG LQWHOOLJHQW DJHQWV� %XW ZKDW LV WKH EHVW

W\SH RI GDWD UHSRVLWRU\ WR EH FUHDWHG LQ KHDOWKFDUH" ,Q ç$PELHQW ,QWHOOLJHQFH YLD 0XOWLDJHQW 6\VWHPV LQ WKH

0HGLFDO $UHQDç� WKH DXWKRUV GHYHORSHG D 0$6 LQ WKH KHDOWKFDUH HQYLURQPHQW� FDOOHG *(1VLV� WUDQVODWLQJ

LQWR DQ $JHQF\ IRU ,QWHJUDWLRQ� $UFKLYLQJ DQG 'LVVHPLQDWLRQ RI FOLQLFDO LQIRUPDWLRQ� 7KLV DJHQF\ LQYROYHV

SURDFWLYH LQWHOOLJHQW HOHFWURQLF DJHQWV� UHVSRQVLEOH IRU WKH FRPPXQLFDWLRQ RI GLIIHUHQW +,6V� VHQGLQJ DQG

UHFHLYLQJ LQIRUPDWLRQ� VXFK DV FOLQLFDO UHSRUWV DQG SUHVFULSWLRQV� H[DPV LQ LPDJH IRUPDW� DPRQJ RWKHUV�

PDQDJLQJ DQG VWRULQJ LQIRUPDWLRQ LQ D FHUWDLQ WLPH SHULRG� $W WKH OHYHO RI GDWD VWRUDJH LQ KHDOWKFDUH�

5HODWLRQDO GDWDEDVH PDQDJHPHQW V\VWHP �5'%06� KDYH EHHQ IUHTXHQWO\ XVHG E\ LQVWLWXWLRQV DQG DUH

GHILQHG DV D GDWDEDVH PDQDJHPHQW V\VWHP EDVHG RQ D UHODWLRQDO PRGHO� 7KURXJK WKLV PRGHO� WKH XVH RI

2Q/LQH 7UDQVDFWLRQ 3URFHVVLQJ �2/73� WRROV DQG WKH FRQVHTXHQW ([WUDFWLRQ� 7UDQVIRUPDWLRQ DQG /RDGLQJ

�(7/� SURFHVV� DOORZV WKH HIILFLHQW XVH RI GDWD� IURP LWV DQDO\VLV WR WKH LGHQWLILFDWLRQ RI XVHIXO WUHQGV�

DOORZLQJ SUHYHQWLYH DFWLRQ� WKXV VXSSRUWLQJ FOLQLFDO GHFLVLRQ PDNLQJ� ,Q VKRUW� KHDOWKFDUH LQVWLWXWLRQV VWRUH

WKHLU GDWD LQ GLIIHUHQW 'DWD :DUHKRXVH �':�� ZKLFK FRPHV IURP VHYHUDO +,6 VRXUFHV� 7KLV ':� ZLWK LWV

UHODWLRQDO VWUXFWXUH� DOORZV UHOHYDQW LQIRUPDWLRQ WR EH PDWHULDOL]HG� WUDQVIRUPLQJ LW LQWR LQWHUSUHWDWLYH 9LHZV�

VXFK DV 'DVKERDUGV RI LPSRUWDQW LQGLFDWRUV RI D JLYHQ KHDOWKFDUH XQLW >��@� )ROORZLQJ WKLV� RYHU WKH ODVW

IHZ \HDUV� WKH FRQFHSW RI %, KDV EHHQ LQWURGXFHG DV D VHW RI LQWHOOLJHQW WHFKQLTXHV XVHG WR SURPRWH GDWD

LQWHUSUHWDWLRQ� LGHQWLI\LQJ� IRU H[DPSOH� NH\ LQGLFDWRUV� GLDJQRVWLF SDWWHUQV RU HYHQ ULVN IDFWRUV�

��� 'DWD 6FLHQFH

7KH H[SRQHQWLDO JURZWK LQ WKH DPRXQW RI GDWD SURGXFHG GDLO\� DORQJ ZLWK LWV FRPSOH[LW\� KDV WULJJHUHG WKH

GHYHORSPHQW RI WHFKQLTXHV DQG PHWKRGRORJLHV IRU WKHP WR EH V\QWKHVL]HG DQG VXEVHTXHQWO\ DQDO\]HG IRU

YDULRXV SXUSRVHV� ,Q WKLV VHQVH� VLQFH WKH PLG ����·V VHYHUDO UHVHDUFKHUV KDYH EHHQ GHILQLQJ WKH FRQFHSW

RI '6 DV D GLVFLSOLQH WKDW FDQ EH HPSOR\HG LQ WKH PRVW GLYHUVH GRPDLQV� QDPHO\ LQ WKH SHUIRUPDQFH

DQDO\VLV RI ODUJH FRPSDQLHV� '6 FRQVLVWV RI D PXOWLGLVFLSOLQDU\ WHFKQRORJLFDO DUHD FDSDEOH RI GHDOLQJ ZLWK

SUREOHPV VXFK DV WKH VL]H� VSHHG DQG HQRUPRXV GLYHUVLW\ RI LQIRUPDWLRQ VRXUFHV� LQ VXSSRUW RI GHFLVLRQ

PDNLQJ� ,QLWLDOO\ µ'DWD VFLHQFH ZDV WKH VFLHQFH RI GHDOLQJ ZLWK GDWD� >���@ ZKLOH WKH UHODWLRQVKLS RI GDWD WR

ZKDW WKH\ UHSUHVHQW LV GHOHJDWHG WR RWKHU ILHOGV DQG VFLHQFHV >���@�µDQG LWV FRQFHSW KDV HYROYHG RYHU WKH

\HDUV LQWR D PRUH FRPSUHKHQVLYH DQG FRPSOH[ XQLYHUVH WKDW GHDOV ZLWK WKH PRVW GLYHUVH DUHDV� VXFK DV

GDWD DQG EXVLQHVV DQDO\WLFV� ,Q WKH &OHYHODQG SRLQW RI YLHZ� '6 HPHUJHV LQ WKH FRQWH[W RI &RPSXWHU 6FLHQFH

�&6� DQG 'DWD 0LQLQJ �'0� >��@� ,Q WKLV IROORZ�XS� WKH WHUP '6 VWDUWHG WR EH DGGUHVVHG LQ WKH VFRSH RI

$,� VSHFLILFDOO\ LQ LWV 0/ DUHD� WKXV FRPELQLQJ NQRZOHGJH GLVFRYHU\� &6 DQG 0DWKHPDWLFDO 6WDWLVWLFV �06��

��
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,Q ç$GYDQFHV LQ .QRZOHGJH 'LVFRYHU\ DQG 'DWD 0LQLQJç� WKH DXWKRUV GHILQH WKH FRQFHSW RI .QRZOHGJH�

'LVFRYHU\ LQ 'DWDEDVHV �.''� DV WKH SURFHVV RI LGHQWLI\LQJ QHZ SDWWHUQV RI LQWHUHVW UHVXOWLQJ IURP GDWD

H[SORUDWLRQ >��@� '6 HQFRPSDVVHV ILHOGV VXFK DV &6� 06� '0� DQG %LJ 'DWD $QDO\WLFV LQ SURFHVVHV VXFK

DV RXWOLQLQJ ZRUNIORZV� GHILQLQJ UREXVW VWDWLVWLFDO PHWKRGV� XVLQJ SUHGLFWLYH WHFKQLTXHV DQG DOJRULWKPV�

DQG LQQRYDWLYH FRPSXWDWLRQDO VROXWLRQV� 2Q D WLPH VFDOH� %, SURFHVVHV PRQLWRU KLVWRULFDO LQIRUPDWLRQ WKDW

DOORZV RUJDQL]DWLRQV WR ILQG SDWWHUQV DQG WUHQGV IRU FRQWLQXRXV LPSURYHPHQWV LQ WKHLU PDQDJHPHQW� ,W

HQFRPSDVVHV WKH FRQFHSWV RI ': DQG '6�

'DWD VFLHQFH LV LQFUHDVLQJO\ EHLQJ XVHG LQ KHDOWKFDUH WR H[WUDFW NQRZOHGJH IURP QRLV\ XQVWUXFWXUHG GDWD

DQG FRQYHUW FUXFLDO GDWD IURP GRFXPHQWV LQWR XVHDEOH IRUPDWV� ,Q WKH WUDQVLWLRQ IURP PDQXDO WR HOHFWURQLF

PHGLFDO UHFRUGV� WKH GHYHORSPHQW RI YDULRXV LQWHOOLJHQW V\VWHPV EDVHG RQ VXSHUYLVHG DQG XQVXSHUYLVHG 0/

DOJRULWKPV KDV EHHQ HVVHQWLDO >��� ��@� 8QVXSHUYLVHG V\VWHPV DUH LQFUHDVLQJO\ IRFXVLQJ RQ XQVWUXFWXUHG

FOLQLFDO ZULWLQJV RQ SDSHU RU LQ D GDWDEDVH� ZKLFK LQFOXGH YLWDO GDWD IRU WKH FUHDWLRQ RI GHFLVLRQ VXSSRUW

V\VWHPV >��@�

,Q 1DWXUDO ODQJXDJH SURFHVVLQJ RI V\PSWRPV GRFXPHQWHG LQ IUHH�WH[W QDUUDWLYHV RI HOHFWURQLF KHDOWK

UHFRUGV� D V\VWHPDWLF UHYLHZ� WKH DXWKRUV ZURWH D UHYLHZ DUWLFOH RQ 1/3 SXEOLFDWLRQV RI GRFXPHQWHG V\PS�

WRPV LQ IUHH WH[W� 7ZHQW\�VHYHQ DUWLFOHV ZHUH VHOHFWHG EDVHG RQ WKH SUHGHILQHG FULWHULD DQG WKH PDLQ UHVXOWV

DUH SUHVHQWHG LQ ILJXUH �� >��@�

)LJXUH ��� 1/3 0HGLFDO 6WXGLHV PDS� %DVHG RQ >��@�

,Q RUGHU WR UHFRYHU UHOHYDQW FOLQLFDO GDWD WR LPSURYH WKH TXDOLW\ RI FDUH SURYLGHG� WKH DSSURDFK SXEOLVKHG

LQ >���@ SURSRVHG DQ RSHQ(+5�EDVHG SLSHOLQH IRU H[WUDFWLQJ DQG VWDQGDUGL]LQJ XQVWUXFWXUHG FOLQLFDO GDWD

WKURXJK 1/3� IRU SHGLDWULF PHGLFDO KLVWRULHV� 7KH DXWKRUV GHYHORSHG D SLSHOLQH IRU WUDQVIRUPLQJ FOLQLFDO

IUHH�WH[W SHGLDWULF UHFRUGV LQWR VWUXFWXUHG DQG VWDQGDUGL]HG IRUPDWV� FKRRVLQJ DQG PRGHOLQJ DSSURSULDWH

��



&+$37(5 �� %$&.*5281'

RSHQ(+5 VWUXFWXUHV IRU XVH DV VWDQGDUG FOLQLFDO LQIRUPDWLRQ PRGHOV� 7KH\ DOVR HVWDEOLVKHG PDSSLQJ UXOHV

EHWZHHQ WKH 1/3 RXWSXW DQG WKH RSHQ(+5 VWUXFWXUHV� DV ZHOO DV D *HUPDQ GLFWLRQDU\ ZLWK NH\ WH[W PDUNHUV

WKDW VHUYHG DV DQ H[SHUW NQRZOHGJH EDVH IRU DQ 1/3 SLSHOLQH� 7KH ILUVW PHWKRG HYDOXDWLRQ ZLWK �� PDQXDOO\

DQQRWDWHG SDWLHQW KLVWRULHV DFKLHYHG ��� SUHFLVLRQ DQG ��� UHFDOO� ZKLFK DUH YHU\ JRRG UHVXOWV�

,Q RUGHU WR DFKLHYH WKH PRVW UHOLDEOH UHVXOWV ZLWK 1/3 LQ D KHDOWKFDUH FRQWH[W� ELRPHGLFDO LQIRUPDWLRQ

UHVRXUFHV DUH FUXFLDO� SURYLGLQJ VHYHUDO FRQWUROOHG YRFDEXODULHV ZLWK WHUPLQRORJLFDO NQRZOHGJH� 8QLILHG

0HGLFDO /DQJXDJH 6\VWHP �80/6� LV D WRRO WKDW FRPELQHV D VHW RI ILOHV DQG VRIWZDUH WR LQWHJUDWH DQG

GLVWULEXWH ELRPHGLFDO YRFDEXODU\ DQG VWDQGDUGV WR HQDEOH LQWHURSHUDELOLW\ EHWZHHQ ,6 >���@�

6120(' &7� ,&' DQG /2,1& WHUPLQRORJLHV FDQ DOVR EH XVHG DV VRXUFHV RI FOLQLFDO NQRZOHGJH IRU

1/3 V\VWHPV� $GGLWLRQDOO\� VRPH RSHQ�VRXUFH ELRORJLFDO GDWDEDVHV DUH DQ H[FHOOHQW UHVRXUFH IRU UHWULHYLQJ

ELRPHGLFDO GDWD >��@�

��� &RQFOXVLRQ

7KLV FKDSWHU ZDV ZULWWHQ GXULQJ WKH ILUVW VWDJH RI WKH UHVHDUFK SURMHFW� ZKLFK ZDV WLWOHG µ/LWHUDWXUH 5H�

YLHZµ� $ VHDUFK IRU WKH PDLQ FRQFHSWV UHOHYDQW WR WKH VXEMHFW XQGHU VWXG\ ZDV FROOHFWHG� DQG VRPH RI

WKH UHVHDUFK ZRUN GHYHORSHG ZDV SUHVHQWHG� 7KH µ%DFNJURXQGµFKDSWHU DOVR KLJKOLJKWHG WKH UHOHYDQFH RI

VWUXFWXUHG LQIRUPDWLRQ LQ D VLPSOH ZD\� WKURXJK WKH FRPSOH[ GHILQLWLRQ RI D +,6� WKXV DQVZHULQJ 54�� 7KLV

FKDSWHU DOVR GLVFXVVHG WKH EHQHILWV RI DGRSWLQJ JOREDOO\ UHFRJQL]HG VWDQGDUGV DQG SURWRFROV IRU D FRQVLV�

WHQW GHYHORSPHQW RI D QHZ LQIRUPDWLRQ IORZ� ERWK VWUXFWXUDOO\� V\QWDFWLFDOO\� DQG VHPDQWLFDOO\� LQ RUGHU WR

DGGUHVV 54� DQG 54��

��
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7KH 'HYHORSPHQW RI D ,QWHURSHUDEOH +HDOWKFDUH

6\VWHP

��� $GRSWHG 7HFKQRORJLHV DQG WKHLU 0DLQ $GYDQWDJHV

6RIWZDUH GHYHORSPHQW PHWKRGRORJLHV SURYLGH D UHOLDEOH WHFKQLFDO UHIHUHQFH IRU GHYHORSLQJ 2SHQ(+5 V\V�

WHPV� 7KHLU IUDPHZRUNV DUH SDUW RI WKH VRIWZDUH VSHFLILFDWLRQV RI QHZ (+5 V\VWHPV� FRQVWUDLQLQJ WKH

REMHFW�RULHQWHG 50 WR EH XVHG� 7KHUHIRUH� WKHUH LV D GLUHFW UHODWLRQVKLS EHWZHHQ WKH PRGHOHG VWUXFWXUHV

DQG WKH WHFKQLFDO LPSOHPHQWDWLRQV RI WKH +,6V� LPSO\LQJ FRQVWDQW LQWHUDFWLRQ EHWZHHQ PRGHOLQJ DQG VRIW�

ZDUH GHYHORSPHQW�

7KLV VHFWLRQ SURYLGHV D EULHI VXPPDU\ RI HDFK WHFKQRORJ\ XVHG WR FRQVWUXFW WKH SURSRVHG V\VWHP� DV

ZHOO DV WKH SULPDU\ EHQHILWV WKDW VXSSRUW WKH GHFLVLRQ WR DGRSW LW�

����� 'DWDEDVHV

$ GDWDEDVH LV æDQ RUJDQL]HG FROOHFWLRQ RI VWUXFWXUHG LQIRUPDWLRQ� RU GDWD� W\SLFDOO\ VWRUHG HOHFWURQLFDOO\ LQ

D FRPSXWHU V\VWHPç >���@� ,Q D QXWVKHOO� WKLV WHFKQRORJ\ HQDEOHV WKH GHYHORSPHQW RI DQ\ ,6� DOORZLQJ WR

FUHDWH� UHDG� XSGDWH DQG GHOHWH GDWD LQ D TXLFN� VHFXUH DQG HIILFLHQW ZD\� 7KLV UHSUHVHQWV XVXDOO\ RQH RI

WKH PDLQ SLOODUV RI HDFK DQG HYHU\ ,7 VROXWLRQ� LQ D ZD\ WKDW FDQ EH XVHG LQ PDQ\ GLIIHUHQW XVH FDVHV DQG

SXUSRVHV LQ WKH ,6 ZRUOG�

'XULQJ WKH WHFKQRORJ\ GHFLVLRQ SKDVH RI WKLV VSHFLILF SURMHFW� LW ZDV UHDOO\ LPSRUWDQW WR VWXG\ WKH OHJDF\

GDWDEDVHV WKDW DOUHDG\ H[LVW LQ WKH KHDOWKFDUH HQYLURQPHQW DQG FRPSDUH WKH PRVW VXLWDEOH RSWLRQV UHJDUG�

LQJ WKH VHOHFWLRQ RI D PRGHUQ DQG SRZHUIXO GDWDEDVH DQG LGHQWLI\ DOO WKH DGYDQWDJHV DQG GLVDGYDQWDJHV RI

WKH PRVW SRSXODU W\SHV RI GDWDEDVHV H[LVWLQJ QRZDGD\V�â

��
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������� 5HODWLRQDO 96 1RQ�5HODWLRQDO 'DWDEDVHV

7KH ILUVW WRSLF WR WDNH LQWR FRQVLGHUDWLRQ� ZKHQ GHFLGLQJ ZKLFK GDWDEDVH WR XVH� LV GHILQLWHO\ WKH FKRLFH

EHWZHHQ 5'%06 DQG 1RQ�UHODWLRQDO GDWDEDVH �1R64/�� ,Q UHJDUGV WR 5'%06V� WKH\ KDYH EHHQ KLJKO\

XVHG IRU GHFDGHV� DQG DUH VWLOO GRPLQDWLQJ WKH PDUNHW VKDUH EXW WKLV DGYDQWDJH KDV GHFUHDVHG GXULQJ WKH

ODVW \HDUV GXH WR WKH JURZWK RI WKH 1R64/ GDWDEDVHV� 7KLV ODVW RQHV DUH EHFRPLQJ PRUH DQG PRUH SRSXODU

GXH WR LWV FDSDELOLWLHV IRU XQVWUXFWXUHG GDWD� WKDW KDV EHHQ H[WUHPHO\ QHHGHG EHWZHHQ GDWD HQJLQHHUV DQG

GDWD VFLHQWLVWV IRU PDQ\ EXVLQHVV FDVHV OLNH� GDWD DQDO\WLFV� DUWLILFLDO LQWHOOLJHQFH� PDFKLQH OHDUQLQJ DQG

RWKHU HPHUJLQJ WHFKQRORJLHV� $OVR� WKH 1RQ�5HODWLRQDO DSSURDFK KDYH JDLQHG SRSXODULW\ LQ WKH ,7 ZRUOG

VROYLQJ SUREOHPV VXFK DV WKH ODUJH QXPEHU RI MRLQV DQG DXWR�MRLQV� IUHTXHQW FKDQJH VFKHPDV� DQG VORZ

TXHULHV� ZKLFK FDQ OLPLW WKH XVDELOLW\ WKH SURGXFWV WKDW WKH 5'%06 VXSSRUWV� 7DEOH � UHSUHVHQWV WKH 1R64/

DQG 6WUXFWXUHG 4XHU\ /DQJXDJH �64/� PDMRU GLIIHUHQFHV�

7DEOH �� 0DLQ GLIIHUHQFHV EHWZHHQ 1RQ�UHODWLRQDO DQG 5HODWLRQDO 'DWDEDVHV >��@�

1R64/ 64/

2SHQ VRXUFH &RVWV DVVRFLDWHG
)DVW DQG )OH[LEOH 6ORZHU DQG 6WUXFWXUHG
(DV\ 5HSOLFDWLRQ &RPSOH[ 5HSOLFDWLRQ

+RUL]RQWDO 6FDODELOLW\ 9HUWLFDO 6FDODELOLW\
'RFXPHQW� NH\�YDOXH� JUDSK EDVHG 7DEOH EDVHG

6LPSOH TXHULHV &RPSOH[ TXHULHV
1RQ�FHQWUDOL]HG &HQWUDOL]HG

$V GHVFULEHG LQ 7DEOH �� WKH 1R64/ DSSURDFK KDV D KRUL]RQWDO VFDODELOLW\� ZKLFK IDFLOLWDWH WKH GDWDEDVH

VHJPHQWLQJ DFURVV PXOWLSOH VHUYHUV� 6R� ZKHQ GDWD VWRUDJH QHHGV WR JURZ XS� LW LV RQO\ QHFHVVDU\ EX\

HFRQRPLF VHUYHUV DQG LQWHJUDWH WKHP� ,Q WKH 5'%06 FDVH� VFDOLQJ XS QHFHVVLWDWHV WKH SXUFKDVH RI QHZ

H[SHQVLYH KDUGZDUH >��@�

+RZHYHU� UHODWLRQDO GDWDEDVHV� VXFK DV 2UDFOH� 0\6TO� 64/ 6HUYHU� DPRQJ RWKHUV� DUH VWLOO KHDYLO\ XVHG

LQ KHDOWKFDUH LQVWLWXWLRQV�7KLV GHFLVLRQ VKRXOG EH GHWHUPLQHG RQ WKH UHTXLUHPHQWV RI WKH V\VWHPV WKDW WKH

GDWDEDVH ZLOO VXSSRUW� WKH FRVWV WKDW HDFK LQVWLWXWLRQ FRXOG SD\� DQG WKH LQWHURSHUDELOLW\ ZLWK RWKHU FXUUHQW

/6�

0\64/ LV DQ RSHQ�VRXUFH 5'%06 PDLQWDLQHG E\ 2UDFOH &RUSRUDWLRQ� $FFRUGLQJ WR 6WDFNRYHUIORZ·V

���� UHSRUW� LQ WKH ç'DWDEDVHVç FDWHJRU\� 0\64/ UHPDLQV WKH PRVW ZLGHO\ XVHG 64/ ODQJXDJH LQ WKH

ZRUOG� ZLWK ������ RI WKH YRWHV >���@� ,WV GDWD VHFXULW\� VFDODELOLW\� KLJK SHUIRUPDQFH GXH WR WKH VWRUDJH

VWUXFWXUH� DQG LWV RSHQ VRXUFH IOH[LELOLW\ FRQWULEXWH WR 0\64/·V VXFFHVV�

,Q ç1DWLYH -621 'DWDW\SH 6XSSRUW� 0DWXULQJ 64/ DQG 1R64/ FRQYHUJHQFH LQ 2UDFOH 'DWDEDVHç� WKH

DXWKRUV VKRZHG KRZ WKH -DYD6FULSW 2EMHFW 1RWDWLRQ �-621� GDWDW\SH LV IXOO\ LQWHJUDWHG ZLWK WKH 2UDFOH

'DWDEDVH V\VWHPV DQG KRZ WR WUDQVIRUP WKHP LQWR D PDWXUH SODWIRUP WR VHUYH ERWK 64/ DQG 1R64/

��
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SDUDGLJPV� 7KH\ GHVFULEHG WKH -621 IRUPDW DV D VFKHPD�IOH[LEOH GDWD PRGHO ZKLFK FDQ H[SDQG WR VWRUH

QHZ DWWULEXWHV ZLWKRXW PRGLI\ WKH LQKHUHW VFKHPD� $OVR� -621 LV KXPDQ UHDGDEOH� IXOO\ VHOI�FRQWDLQHG

DQG HDVLO\ FRQVXPHG E\ REMHFW�RULHQWHG SURJUDPPLQJ ODQJXDJHV� -621 LV DQ H[WHQVLRQ RI WKH %/2% DQG

&/2% GDWDW\SHV� WKDW ZDV RQO\ UHFRJQL]HG DV D GDWDW\SH LQ 2UDFOH 'DWDEDVH ��F YHUVLRQ� $OVR� WKLV VWXG\

PHQWLRQDWHG WKH 62'$ 2UDFOH FRQFHSW� $V D PDMRU FRPSDQ\� 2UDFOH GHYHORSHG D VLPSOH GRFXPHQW DFFHVV

$3, RYHU WKHLU GDWDEDVH� DV D SXUH -621 GRFXPHQW VWRUH OD\HU� $V D UHVXOW� WKH XVHUV KDYH D 1R64/�VW\OH

DFFHVV OD\HU� EDVHG RQ GRFXPHQWV DQG D NH\�YDOXH DSSURDFK� %HVLGHV WKDW� TXHULHV FDQ EH SHUIRUPHG LQ

MVRQ IRUPDW� FDOOHG E\ 4%(� 7KLV 62'$ $3, LV DYDLODEOH LQ -DYD� 5(67� 3/�64/� 1RGH�MV� 3\WKRQ� DQG &

SURJUDPPLQJ ODQJXDJHV >��� ���@� 7KH H[DPSOH VKRZHG EHORZ LV D 4%( WR D VSHFLILF FROOHFWLRQ LQ RUGHU

WR REWDLQ DOO GRFXPHQWV WKDW FRQWDLQV WKH VWULQJ ç7UDQVSODQWH &RUQHDç LQ çLGHQWLWLHV�SDUW\BLGHQWLW\�QDPHç

SDWK�

/LVWLQJ �� 62'$ 4%( H[DPSOH�

� ɭ

� ʙ���²Ó�Ó��ÍɐÆvÉÓéɘ���²Ó�Óéɐ²v±�ʙɇ ɭ

� ʙˇ�¸²Óv�²Íʙɇ ʙWÉv²ÍÆ¬v²Ó� 
¸É²�vʙ

� ɮ

� ɮ

7KH GHYHORSPHQW RI 62'$ $3, KDV GHPRQVWUDWHG FRQWLQXRXV DGDSWDELOLW\ RI VROXWLRQV RYHU WLPH E\

2UDFOH� 7KLV FDQ EH D JRRG VROXWLRQ IRU LQVWLWXWLRQV DQG FRPSDQLHV ZKRVH PLJUDWLRQ SURFHVV IURP UHODWLRQDO

WR QRQ�UHODWLRQDO DSSURDFK FDQ EH YHU\ SDLQIXO�

%RWK 64/ DQG 1R64/ DSSURDFKHV ZHUH GHYHORSHG LQ WKLV UHVHDUFK SURMHFW� 7R VXSSRUW WKH SURFHVVLQJ

RI RSHQ(+5 VWUXFWXUHV DQG DOO RI LWV GHULYHG LQIRUPDWLRQ� D 0\64/ 5'%06 ZDV GHYHORSHG� )XUWKHUPRUH� LQ

DFFRUGDQFH ZLWK WKH WHFKQRORJLHV HPSOR\HG LQ WKH UHVHDUFK IDFLOLW\� D 1R64/ 2UDFOH PHWKRG ZDV GHYHORSHG

YLD LWV QHZ -621 GRFXPHQW OD\HU GXEEHG 62'$�

����� %DFNHQG DQG )URQWHQG 7HFKQRORJLHV

&UHDWHG RQ ����� 1RGH�MV LV D VFDODEOH QHWZRUN DSSOLFDWLRQ EXLOGHU WKDW XVHV DQ DV\QFKURQRXV HYHQW�GULYHQ

-DYD6FULSW HQJLQH� $OVR� +\SHUWH[W 7UDQVIHU 3URWRFRO �+773� LV D ILUVW�FODVV FLWL]HQ LQ WKLV IUDPHZRUN� KDYLQJ

EHHQ FUHDWHG VSHFLILFDOO\ IRU VWUHDPLQJ DQG ORZ ODWHQF\� PDNLQJ LW DQ H[FHOOHQW FKRLFH DV WKH EDVLV IRU D

ZHE OLEUDU\ RU IUDPHZRUN >�@�

$VLGH IURP EHLQJ VLPSOH WR OHDUQ DQG YHU\ DGDSWDEOH� 1RGH�MV LV DQ LGHDO FKRLFH IRU DSSOLFDWLRQ GH�

YHORSPHQW� RZLQJ WR LWV KLJK HIILFLHQF\ �LW XVHV WKH *RRJOH 9� HQJLQH WR FRPSLOH -DYD6FULSW FRGH� DQG

QRQ�EORFNLQJ DV\QFKURQRXV EHKDYLRU� UHVXOWLQJ LQ IDVWHU FRGH H[HFXWLRQ� >��@�

��
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1RGH�MV ZDV UDQNHG FRQVHFXWLYHO\ LQ ���� DQG ���� DV WKH PRVW SRSXODU WHFKQRORJ\ LQ WKH 2WKHU

)UDPHZRUNV� /LEUDULHV� DQG 7RROV FDWHJRU\ LQ 6WDFNRYHUIORZ·V ç'HYHORSHU 6XUYH\ 5HVXOWVç >���� ���@�

,Q RUGHU WR FRPPXQLFDWH ZLWK WKH GLIIHUHQW GDWDEDVHV GHYHORSHG� LW ZDV QHFHVVDU\ WR XVH WKHLU UHVSHF�

WLYH SDFNDJHV WR PDNH WKLV SRVVLEOH� 7R JXDUDQWHH WKH VHFXULW\ RI DFFHVV WR WKH LQIRUPDWLRQ� DPLGGOHZDUH

ZDV GHYHORSHG� WKURXJK WKH ([SUHVV�MV PLQLPDOLVW ZHE IUDPHZRUN IRU 1RGH�MV� 7KLV PLGGOHZDUH SHUIRUPV

WKH YDOLGDWLRQ RI D JLYHQ WRNHQ VR WKDW LW LV SRVVLEOH WR REWDLQ WKH DQVZHU WR HDFK UHTXHVW PDGH >��@�

6HTXHOL]H LV D SURPLVH�EDVHG 1RGH�MV 2EMHFW�UHODWLRQDO 0DSSHU �250� IRU GDWDEDVHV VXFK DV 3RVWJUHV�

0\64/� 0DULD'%� 64/LWH DQG 0LFURVRIW 64/ 6HUYHU� ,W VXSSRUWV WUDQVDFWLRQV� UHODWLRQV� HDJHU DQG OD]\

ORDGLQJ� DQG UHDG UHSOLFDWLRQ�â8VLQJ DQ 250 LW·V SRVVLEOH WR DFKLHYH EHWWHU GDWDEDVH V\QFKURQL]DWLRQ� KHOS�

LQJ ZLWK GDWD PDQLSXODWLRQ DQG TXHU\LQJ WKURXJK WKH XVH RI REMHFWV IURP WKH GDWDEDVH� $OVR� WKURXJK WKH

XVH RI 250� WKH 64/ TXHULHV DUH RSWLPL]HG� PDNLQJ WKHP HDV\ WR UHXVH DQG PDLQWDLQ >���@�

,Q WHUPV RI IURQWHQG WHFKQRORJ\� WKH 5HDFW�MV -DYD6FULSW OLEUDU\ ZDV FKRVHQ IRU WKLV SURMHFW� LQ RUGHU WR

GHYHORS WKH RSHQ(+5 JRYHUQDQFH ZHE SODWIRUP� :LWK ������ RI WKH YRWHV LQ 6WDFNRYHUIORZ·V ���� UHSRUW�

LQ WKH ç:HE )UDPHZRUNVç FDWHJRU\� WKLV IUDPHZRUN ZDV WKH PRVW FRPPRQO\ XVHG� 7KH DELOLW\ WR FUHDWH

PDVVLYH :HE DSSOLFDWLRQV WKDW FDQ FKDQJH RYHU WLPH ZLWKRXW UHORDGLQJ WKH HQWLUH SDJH LV WKH OLEUDU\·V

NH\ IHDWXUH� 6RPH SDFNDJHV ZHUH XVHG WKURXJKRXW WKH GHYHORSPHQW RI WKH ZHE SODWIRUP� VXFK DV 8VHU

,QWHUIDFH �8,� GHVLJQ SDFNDJHV �DQWG DQG WDLOZLQGFVV�� +773 FOLHQWV �D[LRV DQG IHWFK�� QDYLJDWLRQDO SDFNDJHV

�UHDFW�URXWHU�GRP�� DPRQJ RWKHUV >�� �� ��� ��� ��� ���@�

��� 7KH 6\VWHP $UFKLWHFWXUH GHYHORSHG

)LJXUH �� UHSUHVHQWV DOO SURMHFW DUFKLWHFWXUH FRPSRQHQWV DQG WKHLU UHVSHFWLYH WHFQKRORJLHV DQG SURJUDP�

PLQJ ODQJXDJHV XVHG�

)LJXUH ��� 3URMHFW DUFKLWHFWXUH DQG LPSOHPHQWHG WHFQKRORJLHV�

��
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)LUVW� DQ RSHQ(+5 IUDPHZRUN JRYHUQDQFH SODWIRUP DQG DOO LWV XQGHUO\LQJ FRPSRQHQWV ZHUH GHYHORSHG�

7KH 8, ZDV GHYHORSHG LQ 5HDFW�MV DQG LPSURYHG RYHU WKH ODVW � \HDUV WKURXJK FRQVWDQW IHHGEDFN IURP

XVHUV� 7R PDNH WKLV SRVVLEOH� LW ZDV QHFHVVDU\ WR GHYHORS D EDFNHQG PRGXOH LQ 1RGH�MV� %HWZHHQ WKH

LQWHUIDFH DQG WKH EDFNRIILFH V\VWHP� D PLGGOHZDUH V\VWHP ZDV GHYHORSHG ZLWK ([SUHVV�MV WR HQVXUH WKH

VHFXULW\ RI REWDLQLQJ GDWD� ,Q WXUQ� WKLV GDWD ZDV GLVWULEXWHG E\ WKH EDFNRIILFH PHWKRGV WR D 0\64/ 5'%06

UHSRVLWRU\ DQG WR WKH 2UDFOH UHSRVLWRU\� 7KH 0\64/ UHSRVLWRU\ ZDV GHYHORSHG WR HQVXUH D EDFNXS RI WKH

RSHQ(+5 IUDPHZRUNV GHYHORSHG RYHU WLPH� $OO DFWLRQV SHUIRUPHG WKURXJK WKH JRYHUQDQFH SODWIRUP DUH

UHIOHFWHG RQO\ LQ WKH 2UDFOH UHSRVLWRU\� 7KH IROORZLQJ VXEFKDSWHUV ZLOO GHWDLO WKH PDLQ GHYHORSPHQWV LQ

HDFK VXEFRPSRQHQW RI WKH V\VWHP DUFKLWHFWXUH SUHVHQWHG DERYH�

����� :HE $SSOLFDWLRQ %DFNHQG

7KH EDFNHQG GHYHORSHG IRU WKH JRYHUQDQFH ZHE SODWIRUP FRQVLVWV RI VHYHUDO PHWKRGV� 6HWV RI PHWKRGV ZHUH

GHYHORSHG WR KDQGOH XVHU UHJLVWUDWLRQ DQG DXWKHQWLFDWLRQ� JRYHUQDQFH UHTXHVW PDQDJHPHQW� WHPSODWHV�

IRUPV� GDWD UHIVHWV� '/0 VWUXFWXUHV� DQG ZRUN EDFNORJ� +RZHYHU� RQH RI WKH PDLQ DQG PRVW FRPSOH[

FRPSRQHQWV GHYHORSHG LV WKH LQWHUSUHWDWLRQ RI WKH 237 VWUXFWXUHV DQG WKHLU FRQVHTXHQW PDQLSXODWLRQV�â

������� 237 WR -'7 &RQYHUVLRQ

,Q RUGHU WR LPSOHPHQW WKH PRGHOOHG RSHQ(+5 VWUXFWXUHV� LW ZDV QHFHVVDU\ WR GHYHORS DQ DOJRULWKP WR

FRQYHUW WKH �RSW H[WHQVLRQ WKDW FRQWDLQ WKH 237 GHYHORSHG LQWR D FOHDUHU DQG HDVLHU WR XQGHUVWDQG IRUPDW�

)RU D EHWWHU XQGHUVWDQGLQJ RI WKH VWUXFWXUH RI D WHPSODWH �ILOH ZLWK WKH H[WHQVLRQ �RSW �� LWV PDLQ VWUXFWXUH

LV VKRZQ LQ )LJXUH �� �

)LJXUH ��� 237 VWUXFWXUH IRU WKH SDWLHQW·V FDOO IRU FRUQHD WUDQVSODQW�

��
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)LJXUH �� VKRZV WKH WHPSODWH VWUXFWXUH IRU WKH SDWLHQW·V FDOO IRU FRUQHD WUDQVSODQWDWLRQ� 7KH WHPSODWHV

KDYH D IL[HG VWUXFWXUH� FRQVLVWLQJ RI ODQJXDJH� GHVFULSWLRQ� XLG� WHPSODWHBLG� FRQFHSW� DQG GHILQLWLRQ FRP�

SRQHQWV� ,QVLGH WKH GHILQLWLRQ FRPSRQHQW� WKH EDVH DUFKHW\SH RI FODVV &20326,7,21 LV GHFODUHG� ZKLFK

ZLOO RULJLQDWH WKH UHPDLQLQJ FKLOG HOHPHQWV� 7KLV FODVV LV VXEGLYLGHG LQWR WKUHH PDLQ DWWULEXWHV � &DWHJRU\�

&RQWH[W� DQG &RQWHQW � WKH ODWWHU EHLQJ WKH PRVW FRPSOH[ LQ WHUPV RI FRPSRQHQW SUROLIHUDWLRQ� $V LW FDQ EH

VHHQ LQ VFKHPD� WKH DWWULEXWH &RQWHQW KDV D FKLOG DWWULEXWH RI W\SH &B$5&+(<3(B5227� ZKLFK PHDQV WKDW

WKH DWWULEXWH LV DQ DUFKHW\SH RI W\SH $&7,21� ,Q WXUQ� WKH FODVV $&7,21 LQKHULWV WKH FODVV &$5(B(175< DQG

KDV WKH DWWULEXWHV WLPH� LVPBWUDQVLWLRQ� LQVWUXFWLRQBGHWDLOV� DQG GHVFULSWLRQ� 2Q WKH ULJKW VLGH RI WKH ILJXUH�

LW LV SRVVLEOH WR VHH WKH H[SDQGHG GHVFULSWLRQ DWWULEXWH DQG LWV FRQVWLWXHQWV LQ WKH ,7(0B75(( VWUXFWXUH�

7KLV VWUXFWXUH LV FRPSRVHG RI PXOWLSOH LWHPV WKDW FDQ EH RI YDULRXV W\SHV� LQFOXGLQJ WKH W\SH (/(0(17

ZKRVH GHVFULSWLRQ LV REWDLQHG E\ ELQGLQJ LWV QRGHBLG �DW����� WR WKH WHUPBGHILQLWLRQV �ç0RWLYR GH 1¥R

DFHLWD©¥Rç�� $V LW FDQ EH VHHQ� LQWHUSUHWLQJ D 237 VWUXFWXUH LV NLQG RI GLIILFXOW� $V D UHVXOW� WKH QHFHVVLW\

HPHUJHG WR FUHDWH DQ DOJRULWKP WKDW FRQYHUW 237 LQWR VPDOOHU� HDVLHU�WR�PDQLSXODWH VWUXFWXUHV� EDVHG RQ

UHFXUVLYH PHWKRGV GHVLJQHG WR SURGXFH D VLPSOHU VWUXFWXUH LQ -621 IRUPDW� QDPHG E\ -'7� 7KH IROORZLQJ

)LJXUH �� GHPRQVWUDWHV WKH UHVXOW RI WKH 237 WR -'7 FRQYHUVLRQ DOJRULWKP IRU FDOOLQJ SDWLHQWV IRU FRUQHDO

WUDQVSODQWDWLRQ�

)LJXUH ��� -'7 VWUXFWXUH IRU WKH SDWLHQW·V FDOO IRU FRUQHD WUDQVSODQW�

��
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,W LV REVHUYDEOH WKDW WKH VWUXFWXUH KDV GHFUHDVHG FRQVLGHUDEO\ ����� WR ��� URZV� DV ZHOO DV LWV FRP�

SOH[LW\� 7KH -'7 FRQVLVWV RI WKH NH\ LQIRUPDWLRQ IURP WKH WHPSODWH DQG WKH PD[LPXP SRVVLEOH V\QWD[ LV

PDLQWDLQHG� 7KH PDLQ QRGH LV WKH RSHQ(+5�(+5�&20326,7,21�UHTXHVW�Y� DUFKHW\SH DQG LV GHVFULEHG DV

ç&KDPDGD SDUD 7UDQVSODQWH GH &µUQHDç� )ROORZLQJ WKLV� LWV FRPSRQHQWV DUH FRQWDLQHG LQ WKH DUUD\ FDOOHG

LWHPV� DV DUH DOO FKLOG FRPSRQHQWV DW ZKDWHYHU OHYHO� $V LQ ILJXUH ��� WKH $&7,21 DUFKHW\SH LV H[SDQGHG

DQG \RX FDQ VHH WKH VLPSOLILFDWLRQ RI LWV FRQWHQW ZLWKRXW ORVV RI UHOHYDQW LQIRUPDWLRQ�

$OJRULWKP � 3URFHVV2SW1RGHV DOJRULWKP

�� IXQFWLRQ SURFHVV1RGH�!"B#$%&, %'#ℎ, #&!"),*+,&�
�� LI *+,& .-ℎ./,!&* ≠ 0*,& 1 .*&, WKHQ
�� LI /&*2#ℎ(*+,& .-ℎ./,!&*) == 1 WKHQ
�� UHWXUQ SURFHVV&KLOGUHQ�UPBW\SH�SDWK�WHUPV�QRGH�FKLOGUHQ�
�� HOVH LI OHQJWK�*+,&3+,& .-ℎ./,!&*� ! � WKHQ
�� IRU - ← 0, /&*2#ℎ(*+,& .-ℎ./,!&*) − 1 GR
�� UHWXUQ SURFHVV&KLOGUHQ�UPBW\SH�SDWK�WHUPV�QRGH�FKLOGUHQ>F@�
�� HQG IRU
�� HQG LI
��� HOVH LI *+,& .'##!.40#&) ≠ 0*,& 1 .*&, WKHQ
��� UHWXUQ SURFHVV1RGH�!"B#$%&, %'#ℎ, #&!"),*+,& .'##!.40#&)�
��� HQG LI
��� HQG IXQFWLRQ

$OJRULWKP � GHVFULEHV WKH UHFXUVLYH IXQFWLRQ WKDW SURFHVVHV HDFK QRGH RI WKH 237 ILOH� ,WV LQSXW SD�

UDPHWHUV FRUUHVSRQG WR WKH 50 W\SH RI QRGH� LWV SDWK LQVLGH WKH 237 VWUXFWXUH� WKH WHUPV IRU ELQGLQJ

EHWZHHQ WKH FRGHV DQG GHVFULSWLRQV� DQGâWKH QRGH WR EH SURFHVVHG� 7KURXJKRXW WKH 237 SURFHVVLQJ� WKH

50 FODVVHV RI HDFK DUFKHW\SH ZHUH VDYHG� DV FDQ EH VHHQ LQ ILJXUH ��� $OVR� WKLV 50 ZDV SURFHVVHG

WKURXJK LWV -621 VSHFLILFDWLRQ VFKHPD XVLQJ WKH PRVW UHFHQW ����� UHOHDVH >��@�

)LJXUH ��� 50 W\SHV RI HDFK DUFKHW\SDEOH LWHP IRU WKH SDWLHQW·V FDOO IRU FRUQHD WUDQVSODQW�

��
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3DUDOOHO WR WKH GHYHORSPHQW RI WKH QHZ -'7 VWUXFWXUH� LWV DVVRFLDWHG LWHPV ZHUH VDYHG ZLWK WKHLU UHOH�

YDQW GDWD IRU IXWXUH XVH� DQG DQ DX[LOLDU\ -621 VWUXFWXUH FDOOHG /TOZOGR)USVUYOZOUT ZDV GHYHORSHG DQG

LOOXVWUDWHG LQ ILJXUH �� WR FRPSOHPHQW -621 LQ VRPH DVSHFWV�

)LJXUH ��� LQLWLDO&RPSRVLWLRQ DX[LOLDU VWUXFWXUH IRU WKH SDWLHQW·V FDOO IRU FRUQHD WUDQVSODQW�

7KLV VWUXFWXUH FRQWDLQV DOO -'7 FRPSRQHQWV� LQFOXGLQJ DUFKHW\SHV� FOXVWHUV� DQG HOHPHQWV� DQG LWV

PDMRU SXUSRVH LV WR KHOS LQ WKH FRQWURO SURFHVV RI WKH G\QDPLF *8, EXLOW WR JHQHUDWH RSHQ(+5 IRUPV�

,Q VKRUW� DIWHU VXEPLWWLQJ D QHZ 237 WR WKH JRYHUQDQFH SODWIRUP� VHYHUDO PHWKRGV DUH LQYRNHG DQG

QHZ VWUXFWXUHV DUH JHQHUDWHG DQG LQVWDQWLDWHG� )RU D EHWWHU XQGHUVWDQGLQJ� WKH IROORZLQJ 80/ VHTXHQFH

GLDJUDP ZDV GHYHORSHG�

)LJXUH ��� 80/ VHTXHQFH GLDJUDP RI WKH 237 SURFHVV�

��



&+$37(5 �� 7+( '(9(/230(17 2) $ ,17(523(5$%/( +($/7+&$5( 6<67(0

����� :HE $SSOLFDWLRQ )URQWHQG � '/*'+.8

:LWK WKH PDLQ JRDO RI JRYHUQLQJ RSHQ(+5 IUDPHZRUNV DQG HYHU\WKLQJ WKDW XQGHUOLHV WKHP� D ZHE SODWIRUP

VXEGLYLGHG LQWR VHYHUDO PRGXOHV ZDV GHYHORSHG�â

7KH DXWKHQWLFDWLRQ PRGXOH LV µ6LJQ ,QµDQG µ6LJQ 8SµDQG DOO VXEVHTXHQW RSHUDWLRQV DUH SHUIRUPHG

LQ WKH EDFNHQG� 7KH XVHU W\SH µ$GPLQLVWUDWRUµFDQ FKDQJH WKH SHUPLVVLRQV RI HDFK XVHU RQ WKH SODWIRUP�

KDYLQJ WR SULPDULO\ DSSURYH HDFK QHZ XVHU HQUROOHG� 7KH XVHU FDQ FUHDWH KLV RZQ DFFRXQW� DQG LI KH IRUJHWV

KLV SDVVZRUG� KH UHFHLYHV LQ KLV H�PDLO DQ DFWLYDWLRQ FRGH WR FUHDWH D QHZ SDVVZRUG� 1RWH WKDW DOO XVHU

SDVVZRUGV DUH HQFU\SWHG ZKHQ VWRUHG LQ WKH GDWDEDVH�

2QH RI WKH LQGHSHQGHQW PRGXOHV LV WKH µ5HTXHVWVµPRGXOH� ZKHUH WKH XVHU FDQ VXEPLW WKH PRGXODWHG

237 VWUXFWXUH VR WKDW LW FDQ WKHQ EH SURFHVVHG E\ WKH EDFNHQG SURFHVV DQG FRQVHTXHQWO\ VXEPLWWHG WR

WKH RSHQ(+5 JRYHUQDQFH V\VWHP� 7KLV PRGXOH LV DFFHVVLEOH E\ DOO W\SHV RI XVHUV� DOWKRXJK ZLWK GLIIHU�

HQW SHUPLVVLRQV� 2QO\ WKH XVHU µ0RGXODWRUµKDV WKH SHUPLVVLRQ WR HYDOXDWH WKH VXEPLWWHG UHTXHVW IRU LWV

LPSRUWDQFH DQG PRGXODWLRQ DQG WR UHMHFW WKH UHTXHVW RU HYHQ UHPRYH LW IURP WKH OLVW RI UHTXHVWV�

$IWHU WKH µ5HTXHVWVµPRGXOH HYDOXDWHV HDFK UHTXHVW� WKH WHPSODWH LV VWRUHG LQ WKH V\VWHP� DQG WKH

PRGXODWRU FDQ UHPRYH RU UHSODFH LW� $V LW FDQ EH VHHQ LQ ILJXUH �� � WKH µ7HPSODWHVµPRGXOH LV GHSHQGHQW

RQ WKH µ5HTXHVWVµPRGXOH�

)LJXUH ��� 80/ XVH FDVH GLDJUDP RI WKH JRYHUQDQFH ZHE SODWIRUP�

��
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7KH RWKHU LQGHSHQGHQW PRGXOH LV FDOOHG µ5HIVHW%XLOGHUµDQG DOORZV \RX WR FUHDWH GDWD VHWV WR DQVZHU

WKH GHILQLQJBFRGH DWWULEXWH RI WKH '9B&2'('B7(;7 GDWDW\SH� 7KLV GDWDW\SH FDQ KDYH LQWHUQDO FRQFHSWV�

ZKHUH WKH\ DUH FUHDWHG ZKHQ PRGXODWLQJ WKH WHPSODWH� RU LW FDQ KDYH H[WHUQDO FRQFHSWV FUHDWHG µD SRVWH�

ULRULµ� 5HIVHWV FDQ EH FODVVLILHG DV VWDWLF RU G\QDPLF� DQG WKH VWDWLF RQHV� DIWHU EHLQJ FUHDWHG� FDQ RQO\ EH

PDQXDOO\ FKDQJHG� 7KLV W\SH RI UHIVHW FDQ EH FUHDWHG EDVHG RQ VHYHUDO GDWD VRXUFHV�â

� 6120('&7� WKURXJK D GHYHORSHG LQWHUQDO VHUYHU WKDW SURFHVVHV LWV µ([SUHVVLRQ &RQWUDLQW 4XHULHVµ

DQG UHWXUQV WKH VHW RI FRQFHSWV DV D UHVSRQVH�

� ,&'� WKURXJK WKH GLDJQRVHV UHJLVWHUHG E\ HDFK LQVWLWXWLRQ�

� 0&'7� WKURXJK WKH SURFHGXUHV� H[DPV� DQG FOLQLFDO DQDO\VHV SUHVFULEHG E\ HDFK LQVWLWXWLRQ�

7KH G\QDPLF UHIVHWV DUH EXLOW E\ FUHDWLQJ DG KRF TXHULHV WR WKH GLIIHUHQW GDWDEDVHV DYDLODEOH DW HDFK

LQVWLWXWLRQ� (DFK G\QDPLF UHIVHW VWRUHV WKH GHYHORSHG TXHU\ DQG WKH UHVSHFWLYH GDWDEDVH DQG ZKHQ WKH

UHIVHW LV FDOOHG� WKH TXHU\ LV H[HFXWHG DQG LWV UHVXOW LV UHWXUQHG� 7KLV W\SH RI UHIVHW LV YHU\ XVHIXO IRU YDOXH

VHWV WKDW DUH FRQVWDQWO\ FKDQJLQJ�

7KH µ)RUP%XLOGHUµPRGXOH DOORZV WKH PDQDJHPHQW RI IRUPV JHQHUDWHG WKURXJK WKH H[LVWLQJ WHPSODWHV

LQ WKH µ7HPSODWHVµPRGXOH� 7KLV PRGXOH LV YHU\ XVHIXO IRU GHYHORSLQJ VHYHUDO IRUPV IURP WKH VDPH WHPSODWH�

IRU GLIIHUHQW SXUSRVHV� 7KURXJK D SDFNDJH WKDW WUDQVIRUPV WKH -'7 VWUXFWXUH LQWR G\QDPLF *8,V� LW LV

SRVVLEOH WR HGLW HDFK IRUP DQG DVVRFLDWH WKH GHYHORSHG UHIVHWV ZLWK FHUWDLQ ILHOGV� RU HYHQ KLGH D ILHOG RU

VHFWLRQ RI WKH IRUP� $IWHU PDNLQJ WKH YDULRXV FKDQJHV DYDLODEOH LQ WKH SDFNDJH� LW LV SRVVLEOH WR VDYH WKH

FKDQJHV WR WKH HGLWHG IRUP RU FUHDWH D QHZ IRUP ZLWK WKH QHZ FKDQJHV� 6LPLODU WR RWKHU PRGXOHV� WKH

µ&OLQLFLDQµXVHU RQO\ KDV SHUPLVVLRQV WR FUHDWH QHZ IRUPV� ZKLOH WKH µ0RGXODWRUµSURILOH FDQ SHUIRUP DOO

DYDLODEOH RSHUDWLRQV�

7KH DERYH�PHQWLRQHG SDFNDJH� LQ DGGLWLRQ WR WUDQVIRUPLQJ WKH -'7 VWUXFWXUH LQWR D G\QDPLF *8,�

LV HTXLSSHG ZLWK GHYLFHV WR SURYLGH LQWHOOLJHQFH WR WKH IRUPV� )RU WKLV� LW ZDV QHFHVVDU\ WR GHYHORS D

µ'/0%XLOGHUµPRGXOH WKDW DLPV WR EXLOG VPDOO ORJLFDO GHFLVLRQ PRGXOHV WKURXJK WKH FUHDWLRQ RI UXOHV DQG

FRQGLWLRQV� 7KH UHVXOW RI WKH FRPELQDWLRQ RI WKHVH UXOHV DQG FRQGLWLRQV LV H[SUHVVHG WKURXJK D VWUXFWXUH

LQWHUSUHWDEOH E\ WKH *8, SDFNDJH� 7KH µ'/0%XLOGHUµDUHD DOVR DOORZV WKH PDQDJHPHQW RI WKH '/0 EORFNV

DOUHDG\ FUHDWHG� ,W VKRXOG EH QRWHG WKDW WKH HQJLQH ZKLFK LQWHUSUHWV HDFK '/0 ZDV QRW GHYHORSHG LQ WKH

VFRSH RI WKLV GRFWRUDO WKHVLV� DOWKRXJK LW LV PHQWLRQHG IRU LWV V\PELRVLV ZLWK WKH SODWIRUP DQG GHVFULEHG

KHUH�â

,Q WHUPV RI ZRUN PDQDJHPHQW DQG WDVN JRYHUQDQFH� WKH µ%DFNORJµPRGXOH ZDV GHYHORSHG LQ ZKLFK

XVHUV FDQ FUHDWH WDVNV� DVVRFLDWH WKHP ZLWK RWKHU XVHUV DQG GHDGOLQHV� $OO WDVNV DUH SUHVHQWHG LQ WKH IRUP

RI D .DQEDQ ERDUG IRU HDV\ YLHZLQJ DQG XQGHUVWDQGLQJ RI WKH VWDWXV RI GHYHORSPHQWV�

��
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����� 'HPRJUDSKLF DQG &OLQLFDO ,QIRUPDWLRQ 6\VWHP

'HYHORSLQJ WKH DUFKLWHFWXUH RI D QHZ FOLQLFDO ,0 LV D FRPSOH[ SURFHVV FRQVLVWLQJ RI VHYHUDO DGMDFHQW DUHDV�

)RU WKLV SXUSRVH� WZR FRUH PRGXOHV ZHUH GHYHORSHG WR PDNH WKH LPSOHPHQWDWLRQ RI WKH VWDQGDUG LQ D

KHDOWKFDUH LQVWLWXWLRQ SRVVLEOH� WKH ',0 DQG WKH &,0� IROORZLQJ WKH RSHQ(+5 GHYHORSPHQW JXLGHOLQHV�

������� 'HPRJUDSKLF 6\VWHP 'HYHORSHG

)RU WKH ZKROH HFRV\VWHP WR EH LQ V\PELRVLV� RSHQ(+5 VWUXFWXUHV ZHUH PRGHOHG WR UHSUHVHQW HDFK 25*$1�

,6$7,21� *5283� 3(5621 DQG 52/(� DV PDLQ FODVVHV RI WKH ',0 V\VWHP� 7KH ',0 50 FDQ EH REVHUYHG

LQ ILJXUH ��� DQ H[FHUSW WDNHQ IURP ILJXUH ��� (DFK RI WKHVH FODVVHV FRUUHVSRQGV WR WKH KHDOWKFDUH LQVWL�

WXWLRQV� WHDPV� KHDOWKFDUH DQG DGPLQLVWUDWLYH SURIHVVLRQDOV� SDWLHQWV� DQG UROHV SOD\HG E\ HDFK GHILQHG

$&725�

)LJXUH ��� 2SHQ(+5 50 VSHFLILFDWLRQ RI ',0�

,Q RUGHU WR REWDLQ WKH PD[LPXP DGYDQWDJH RI LWV 50� VRPH WHPSODWHV ZHUH GHYHORSHG EDVHG RQ

GHPRJUDSKLF DUFKHW\SHV� %HFDXVH WKH /2&$7$%/( FODVV LV LQKHULWHG E\ WKH PDMRULW\ RI WKH $0 SDFNDJH

FODVVHV� WKH NQRZOHGJH PRGHOHG LQ LW LV DV YDOXDEOH DV WKH 50 WKDW VXSSRUWV LW� 7KLV FODVV LV XVHG WR HQWHU

GDWD LQWR WKH 50� DOORZLQJ FOLQLFDO RU DGPLQLVWUDWLYH GDWD WR EH FRPELQHG ZLWK UHJLVWUDWLRQ DQG DXGLW GDWD

LQ WKH V\VWHP�

7KH PDMRULW\ RI WKH WHPSODWHV ZHUH FUHDWHG XVLQJ %HWWHU·V $UFKHW\SH 'HVLJQHU SODWIRUP >��@� DOWKRXJK

RQ VRPH OHYHOV� WKLV WRRO EHFRPHV XQDEOH WR UHVSRQG WR D QHHG IRU QHZ GHPRJUDSKLF VWUXFWXUHV� VXFK

DV IURP WKH 52/( GHPRJUDSKLF FODVV� DQG RQO\ SHUPLWV WKH FUHDWLRQ RI GHPRJUDSKLF WHPSODWHV IURP WKH

3(5621 FODVV� ZKLFK GRHV QRW FRQWDLQ WKH VDPH 50 GDWD� $V D UHVXOW� WKH PLVVLQJ RSHQ(+5 VWUXFWXUHV

ZHUH PRGHOOHG XVLQJ 2FHDQ ,QIRUPDWLFV· 7HPSODWH 'HVLJQHU 'HVNWRS DSSOLFDWLRQ >���@�

6RPH RI WKH DUFKHW\SHV SURYLGHG LQ YDULRXV ZRUOGZLGH &OLQLFDO .QRZOHGJH 0DQDJHU �&.0� LQVWDQFHV

ZHUH UHXVHG DQG DGDSWHG� ZKLOH RWKHUV ZHUH FUHDWHG IURP QHZ >��@� 7DEOH � OLVWV DOO RI WKH DUFKHW\SHV DQG

WHPSODWHV WKDW ZHUH XVHG DQG FUHDWHG WR EXLOG WKH ',0�

��
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7DEOH �� 7HPSODWHV PRGHOHG LQ 2SHQ(+5 DQG WKH DUFKHW\SHV UHXVHG�

7HPSODWH $UFKHW\SHV

2UJDQLVDWLRQ�RSW RSHQ(+5�'(02*5$3+,&�$''5(66�DGGUHVV�Y�

RSHQ(+5�'(02*5$3+,&�$''5(66�HOHFWURQLFBFRPPXQLFDWLRQ�SURYLGHU�Y�

RSHQ(+5�'(02*5$3+,&�$''5(66�HOHFWURQLFBFRPPXQLFDWLRQ�Y�

RSHQ(+5�'(02*5$3+,&�3$57<B,'(17,7<�RUJDQLVDWLRQBQDPH�&+83�Y�

RSHQ(+5�'(02*5$3+,&�3$57<B,'(17,7<�RUJDQLVDWLRQBQDPH�Y�

RSHQ(+5�'(02*5$3+,&�&/867(5�SURYLGHUBLGHQWLILHUBFKXS�Y�

RSHQ(+5�'(02*5$3+,&�3(5621�RUJDQLVDWLRQBGHPRJUDSKLF�Y�

RSHQ(+5�(+5�&/867(5�WHOHFRPBGHWDLOV�Y�

&DUHBWHDP�RSW RSHQ(+5�'(02*5$3+,&�$''5(66�HOHFWURQLFBFRPPXQLFDWLRQ�Y�

RSHQ(+5�'(02*5$3+,&�3$57<B,'(17,7<�WHDPBQDPH�Y�

RSHQ(+5�'(02*5$3+,&�3(5621�JURXS�Y�

3HUVRQ�RSW RSHQ(+5�'(02*5$3+,&�$''5(66�DGGUHVV�Y�

RSHQ(+5�'(02*5$3+,&�$''5(66�HOHFWURQLFBFRPPXQLFDWLRQ�Y�

RSHQ(+5�'(02*5$3+,&�3(5621�SHUVRQ�Y�

RSHQ(+5�'(02*5$3+,&�,7(0B75((�SHUVRQBGHWDLOV�Y�

RSHQ(+5�'(02*5$3+,&�3$57<B,'(17,7<�SHUVRQBQDPH�Y�

RSHQ(+5�(+5�&/867(5�WHOHFRPBGHWDLOV�Y�

5ROH�WHDPBPHPEHU�RSW RSHQ(+5�'(02*5$3+,&�52/(�WHDPBPHPEHU�Y�

RSHQ(+5�'(02*5$3+,&�&$3$%,/,7<�LQGLYLGXDOBWHDP�IXQFWLRQV�Y�

5ROH�RUJDQLVDWLRQBPHPEHU�RSW RSHQ(+5�'(02*5$3+,&�52/(�HPSOR\HH�Y�

RSHQ(+5�'(02*5$3+,&�&$3$%,/,7<�LQGLYLGXDOBFUHGHQWLDOV�Y�

5ROH�RUJDQLVDWLRQBSDWLHQW�RSW RSHQ(+5�'(02*5$3+,&�&/867(5�SHUVRQBLGHQWLILHU�Y�

RSHQ(+5�'(02*5$3+,&�52/(�SDWLHQW�Y�

7KH XQGHUOLQHG DUFKHW\SHV ZHUH WKH EDVH VWUXFWXUHV IURP ZKLFK HDFK WHPSODWH ZDV EXLOW� 1RWH WKDW WKH\

ZHUH DOO PRGHOHG ZLWK FODVVHV IURP WKH GHPRJUDSKLF PRGHO� ZLWK WKH H[FHSWLRQ RI XVLQJ FODVVHV &/867(5

DQG ,7(0B75(( WR FRPSOHWH WKH UHFRUG ZLWK DGGLWLRQDO LQIRUPDWLRQ VXFK DV DGGUHVV RU HPDLO GHWDLOV�

7KHUHIRUH� WKH ILUVW WHPSODWH� FDOOHG 2UJDQLVDWLRQ�RSW DLPV WR UHSUHVHQW D KHDOWK LQVWLWXWLRQ DQG RWKHU H[�

WHUQDO LQVWLWXWLRQV ZLWK ZKLFK LW PD\ FROODERUDWH� &KDUDFWHULVWLFV VXFK DV DGGUHVV� WHOHSKRQH DQG HOHFWURQLF

FRQWDFWV� LGHQWLILFDWLRQ� DPRQJ RWKHUV� GHILQH D JLYHQ KHDOWKFDUH RUJDQL]DWLRQ�

/LNH PDQ\ FRPSDQLHV DQG RUJDQL]DWLRQV� RSHQ(+5 VXJJHVWV WKDW KHDOWK FDUH EH SURYLGHG E\ PHPEHUV

RI FHUWDLQ ORFDO RU FURVV�GHSDUWPHQWDO WHDPV� )RU WKLV� LW ZDV QHFHVVDU\ WR GHYHORS WKH &DUHBWHDP�RSW

WHPSODWH� ZKLFK LV EDVHG RQ WKH *5283 FODVV RI WKH 50 DQG DOVR KDV WKHLU LGHQWLILFDWLRQ DQG VRPH RWKHU

UHOHYDQW GHWDLOV� $OVR� WKH 3HUVRQ�RSW WHPSODWH ZDV GHYHORSHG WR GHILQH DOO WKH DFWRUV LQ DQ LQVWLWXWLRQ�

ZKHWKHU WKH\ DUH KHDOWKFDUH RU DGPLQLVWUDWLYH SURIHVVLRQDOV� SDWLHQWV RU WKHLU IDPLO\ PHPEHUV� ZLWK DOO

WKHLU PRVW SHUWLQHQW LQIRUPDWLRQ�â

)RU WKH V\VWHP WR UHFRJQL]H WKH UROH RI D SDUWLFXODU SHUVRQ LQ DQ LQVWLWXWLRQ� WKHVH FODVVHV GHVFULEHG

DERYH KDYH WR EH UHODWHG WKURXJK WKH 52/( FODVV� DQG WKH ODVW WKUHH WHPSODWHV RI WKH WDEOH ZHUH GHYHORSHG�

,W VKRXOG DOVR EH QRWHG WKDW� H[FHSW IRU WKH 5ROH�RUJDQLVDWLRQBSDWLHQW�RSW WHPSODWH� WKH RWKHU WZR WHPSODWHV

XVH WKH &$3$%,/,7< FODVV WR GHILQH WKH UROHV WKDW D JLYHQ PHPEHU KDV LQ DQ LQVWLWXWLRQ DQG D WHDP�

��
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$IWHU WKH PRUH WHFKQLFDO H[SODQDWLRQ RI WKH VSHFLILFDWLRQ� WKH IROORZLQJ ILJXUH �� VKRZV DQ HDV\�WR�

XQGHUVWDQG H[DPSOH RI WKH LPSOHPHQWHG V\VWHP�

)LJXUH ��� $ ',0 V\VWHP VFHQDULR LOOXVWUDWLRQ�

(DFK HQWLW\ � RUJDQLVDWLRQ� FDUH WHDP� UROH� SHUVRQ � LV VXSSRUWHG E\ LWV RZQ RSHQ(+5 VWUXFWXUH� DQG WKH\

OLQN ZLWK DQRWKHU YLD WKH 50 3$57<B5() FODVV ZLWK GLIIHUHQW PHDQLQJV� ,W ZDV DOVR GHFLGHG WR FRPSOHWHO\

VHSDUDWH WKH HQWLWLHV LQ RUGHU WR KDYHPRUH FRQWURO RYHU HDFK RQH� WDNLQJ DGYDQWDJH RI WKH SRWHQWLDO RI WKH 50

FODVV RI 3$57<B5(/$7,216+,3� %HVLGHV WKDW� WKH H[LVWHQFH RI D KLHUDUFKLFDO VWUXFWXUH IURP WKH SULQFLSDO

RUJDQLVDWLRQ WR LWV XQGHUO\LQJ DQG GHSHQGHQW RUJDQLVDWLRQV FDQ EH GHWHFWHG XVLQJ WKLV DUFKLWHFWXUH�

7KH PDLQ RUJDQLVDWLRQ LV DOVR GLYLGHG LQWR GHSDUWPHQWV� HDFK RI ZKLFK LV DIILOLDWHG ZLWK GLVWLQFW FOLQLFDO

VHUYLFHV� DQG HDFK RI WKHVH VHUYLFHV LV DVVRFLDWHG WR GLIIHUHQW FDUH WHDPV LQ GLIIHUHQW FRQWH[WV� +RZHYHU�

RQH RI WKH PRVW FULWLFDO GHFLVLRQV ZDV KRZ WR PRGHO WKH SDWLHQW� WKH HPSOR\HHV RI WKH LQVWLWXWLRQ� DQG

WKH PHPEHUV RI HDFK FDUH WHDP� 2QO\ RQH SHUVRQ VWUXFWXUH ZDV EXLOW� ZKLFK SURYLGHV LGHQWLILFDWLRQ WR WKH

VXEMHFW LQGHSHQGHQW RI WKHLU UHODWLRQVKLS ZLWK WKH LQVWLWXWLRQ� &RQVHTXHQWO\� WKHVH UHODWLRQVKLSV DUH FOHDUO\

VSHFLILHG LQGHSHQGHQWO\ DQG OLQNHG WR WKHLU VRXUFH DQG WDUJHW YLD UROHV� $OVR� WKHVH UROHV KDYH FHUWDLQ

DVVRFLDWHG FDSDELOLWLHV WKDW LQWULQVLFDOO\ GHILQH WKH FUHGHQWLDOV RI D VSHFLILF UROH�

)LJXUH �� GHPRQVWUDWHV WKDW WKH 3HUVRQ � LV OLQNHG WR WZR UROHV� 5ROH � GHILQHV WKH DFWRU DV DQ HPSOR\HH

RI WKH KHDOWKFDUH RUJDQL]DWLRQ� DQG 5ROH � GHILQHV WKH DFWRU DV D PHPEHU RI WKH 0HGLFLQH $ LQSDWLHQW FDUH

WHDP� )XUWKHUPRUH� WKH VDPH 3HUVRQ � LV DVVRFLDWHG ZLWK 5ROH �� ZKLFK GHILQHV KLP DV D SDWLHQW DW WKH

VDPH KHDOWKFDUH IDFLOLW\� 3HUVRQ �� RQ WKH RWKHU KDQG� RQO\ KDV 5ROH � DVVRFLDWHG ZLWK KLP� LQGLFDWLQJ WKDW

KH LV D SDWLHQW RI WKH LQVWLWXWLRQ� ,Q WKH VLWXDWLRQ SUHVHQWHG� RUJDQL]DWLRQV $� %� DQG & DUH SDUW RI WKH PDLQ

KHDOWKFDUH LQVWLWXWLRQ� DQG RWKHU 25*$1,6$7,216� ZKLFK FRUUHVSRQG WR GHSDUWPHQWV LQ WKLV H[DPSOH� FDQ

DOVR EH SDUW RI WKH PDLQ RUJDQL]DWLRQ� ,Q WKLV VFHQDULR� WKH 0HGLFLQH GHSDUWPHQW KDV WKH UHVSRQVLELOLW\ RI

WKH 0HGLFLQH FOLQLFDO VHUYLFH� ZKLFK LQ WXUQ LV LQ FRQWURO RI WKH 0HGLFLQH $ FDUH XQLW� ZKLFK LQ WXUQ LV LQ

UHVSRQVLELOLW\ RI WKH LQSDWLHQW FDUH WHDP� 7KLV WHDP·V PHPEHUV DUH DOVR PHPEHUV RI WKH 6KDUHG PHGLFDO

DSSRLQWPHQWV WHDP�

��
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/LVWLQJ �� 0HGLFLQH $ XQLW VWUXFWXUH
� ɭ

� ʙ3?
֑W֑�3�ʙɇ ɭ

� ʙ['�ʙɇ ʙȳȲvȰȳȳȯȲʐȰȰȰ�ʐȯȮ��ʐȳ��ȭʐȭ�ȱv�vȮȲȬȫȱ�ʙɈ

� ʙW�8K3֑W�ɘ'�ʙɇ ʙ�ȲȲȰȭȴȭȯʐ�v�Ȱʐȯȯ�ȳʐvȮ�ȯʐ�ȲȫȬȬ�Ȱ�ȲȬȫȴ

↩→ ʙɈ

� ʙN8ɘf�NR'?9ʙɇ ʙȬɐȬɐȫʙɈ

� ʙ?N' '9֑W'9 ɘRmRW�8ɘ֑[�'Wʙɇ ɭɐɐɐɮɮɈ

� ʙ'��9W'W'�Rʙɇ ɯɭ

� ʙK֑NWmɘ'��9W'Wmʙɇ ɭ

� ʙ֑Ó�âvʙɇ ʙWÉ×�ʙɈ

�� ʙW�Æ¸ʙɇ ɭ

�� ʙ�¸��ʙɇ ȯɈ

�� ʙÓ�èÓʙɇ ʙ[²��v��ʙɈ

�� ʙÓ�É±�²¸¬¸�éʙɇ ʙ9'f�'R %'�N֑NM['
?Rʙ

�� ɮɈ

�� ʙ9¸±�ʙɇ ʙ8�����²v ֑ʙɈ

�� ʙ'��²Ó����v�¸Éʙɇ ȳȫȫȳȫȫȰ

�� ɮɈ

�� ʙK[NK?R�ʙɇ ʙ3��v¬ʙ

�� ɮɰɈ

�� ʙ
?9W֑
WRʙɇ ɯɐɐɐɰɈ

�� ʙN�3֑W'?9R%'KRʙɇ ɯɭ

�� ʙR?[N
�ʙɇ ɭ

�� ʙ'�ʙɇ ʙȳȲvȰȳȳȯȲʐȰȰȰ�ʐȯȮ��ʐȳ��ȭʐȭ�ȱv�vȮȲȬȫȱ�ʙɈ

�� ʙ9֑8�RK֑
�ʙɇ ʙ8�����²v ֑ʙɈ

�� ʙWmK�ʙɇ ʙ?N ֑9'R֑W'?9ʙ

�� ɮɈ

�� ʙW֑N �Wʙɇ ɭ

�� ʙ'�ʙɇ ʙȫ���ȴȬȫ�ʐȲȬȮȭʐȯȳ�ȲʐvȰȱ�ʐȫȯȱ�ȱ�ȫ�Ȯȱ�ȫʙɈ

�� ʙ9֑8�RK֑
�ʙɇ ʙR�Éâ��¸ �� 8�����²vʙɈ

�� ʙWmK�ʙɇ ʙ?N ֑9'R֑W'?9ʙ

�� ɮɈ

�� ʙW'8�ɘf֑3'�'Wmʙɇ ɭ

�� ʙÍÓvÉÓʙɇ ʙȭȫȫȫʐȫȬʐȫȬʙɈ

�� ʙ�²�ʙɇ ʙȭȴȫȫʐȫȬʐȫȬʙ

�� ɮ

�� ɮɰɈ

�� ʙWmK�ʙɇ ʙ?É�v²�ÍvÓ�¸²ʙɈ

�� ʙ3֑9 [֑ �Rʙɇ ʙK¸ÉÓ×�×�Í�ʙ

�� ɮ

/LVWLQJ �� 0HGLFLQH $ ,QSDWLHQW WHDP VWUXFWXUH
� ɭ

� ʙ3?
֑W֑�3�ʙɇ ɭ

� ʙ['�ʙɇ ʙȮȭȬ�ȭȭȲȳʐȬȮ��ʐȯ�Ȱȭʐvȫ�ȬʐȰȫȫȰ�ȭȫvȭȳȭȲʙɈ

� ʙW�8K3֑W�ɘ'�ʙɇ ʙȲȭȬ�ȭ�ȫ�ʐȲ�Ȯȴʐȯ��ȱʐv�ȭȱʐȲȫȲvȳȫ�Ȭȱ�ȱ�

↩→ ʙɈ

� ʙN8ɘf�NR'?9ʙɇ ʙȬɐȬɐȫʙɈ

� ʙ?N' '9֑W'9 ɘRmRW�8ɘ֑[�'Wʙɇ ɭɐɐɐɮɈ

� ʙ'��9W'W'�Rʙɇ ɯɭ

� ʙK֑NWmɘ'��9W'Wmʙɇ ɭ

� ʙ'��²Ó����v�¸Éʙɇ ʙȮȬȯȫȮʙɈ

�� ʙ9¸±�ʙɇ ʙ'9W 8��'
'9֑ ֑ʙɈ

�� ʙN�ÆÉ�Í�²Óv��¸ �± ×Í¸ʙɇ ʙ'²Ó�É²v±�²Ó¸ 8�����²v ֑ʙ

�� ɮɈ

�� ʙK[NK?R�ʙɇ ʙ3��v¬ʙ

�� ɮɰɈ

�� ʙ��W֑'3Rʙɇ ɭɐɐɐɮɈ

�� ʙ
?9W֑
WRʙɇ ɯɐɐɐɰɈ

�� ʙN�3֑W'?9R%'KRʙɇ ɯɭ

�� ʙR?[N
�ʙɇ ɭ

�� ʙ'�ʙɇ ʙȮȭȬ�ȭȭȲȳʐȬȮ��ʐȯ�Ȱȭʐvȫ�ȬʐȰȫȫȰ�ȭȫvȭȳȭȲʙɈ

�� ʙ9֑8�RK֑
�ʙɇ ʙ'9W 8��'
'9֑ ֑ ɗ%R֑ʙɈ

�� ʙWmK�ʙɇ ʙ N?[Kʙ

�� ɮɈ

�� ʙW֑N �Wʙɇ ɭ

�� ʙ'�ʙɇ ʙȳȲvȰȳȳȯȲʐȰȰȰ�ʐȯȮ��ʐȳ��ȭʐȭ�ȱv�vȮȲȬȫȱ�ʙɈ

�� ʙ9֑8�RK֑
�ʙɇ ʙ8�����²v ֑ʙɈ

�� ʙWmK�ʙɇ ʙ?N ֑9'R֑W'?9ʙ

�� ɮɈ

�� ʙW'8�ɘf֑3'�'Wmʙɇ ɭ

�� ʙÍÓvÉÓʙɇ ʙȭȫȫȫʐȫȬʐȫȬʙɈ

�� ʙ�²�ʙɇ ʙȭȴȫȫʐȫȬʐȫȬʙ

�� ɮɮɰɈ

�� ʙWmK�ʙɇ ʙ N?[KʙɈ

�� ʙ3֑9 [֑ �Rʙɇ ʙK¸ÉÓ×�×�Í�ʙɈ

�� ʙN?3�Rʙɇ ɯɭ

�� ʙ��ʙɇ ʙ��ȫ����vʐȲ�Ȳȫʐȯ�ȭȮʐ�v�ȱʐȭ����Ȭ��ȯȳȳȰʙɈ

�� ʙ²v±�ÍÆv��ʙɇ ʙ9¸±� ���Ó ��¸ʙɈ

�� ʙÓéÆ�ʙɇ ʙN?3�ʙ

�� ɮɈɭɐɐɐɮɰ

�� ɮ

7KH -621 VWUXFWXUHV OLVWHG DERYH DUH WKH UHVXOW RI ',0 PDWHULDOL]DWLRQ EDVHG RQ RSHQ(+5 VWDQGDUG

VSHFLILFDWLRQV IRU DQ 25*$1,6$7,21 �0HGLFLQH $� DQG IRU D *5283 �0HGLFLQH $ ,QSDWLHQW��

7KH 7$5*(7 DWWULEXWH KROGV WKH GHSHQGHQF\ ZLWK DQRWKHU VWUXFWXUH� DQG HDFK *5283 �WHDP� FRQWDLQV

WKH 52/(6 DWWULEXWH� ZKLFK FRQWDLQV DOO WKH 3$57<B5()äV RI DOO WKH UROHV DVVRFLDWHG ZLWK WKDW WHDP� (DFK

RI WKHVH UHVSRQVLELOLWLHV LV WKHQ DVVRFLDWHG ZLWK D 3$57<B5() IRU WKH LQGLYLGXDO ZKR ZLOO SOD\ WKDW SDUW�

��
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������� &OLQLFDO ,QIRUPDWLRQ 6\VWHP GHYHORSHG

7KH (+5 WRS SDFNDJH RI DOO 50 LV UHSUHVHQWHG EULHIO\ LQ ILJXUH ��� (DFK SDWLHQW HQWHULQJ D KHDOWKFDUH IDFLOLW\

WKDW KDV WKH RSHQ(+5 VWDQGDUG LPSOHPHQWHG KDV KLV RU KHU (+5 DVVRFLDWHG ZLWK LW� 7KLV VWUXFWXUH FRQWDLQV

DOO WKH 3$57<B5()6 RI LWV VWDWXV� LWV DFFHVV SHUPLVVLRQV� LWV LQWHUDFWLRQV ZLWK WKH LQVWLWXWLRQ� DORQJ ZLWK

WKH ORJ UHJLVWHU DOZD\V XSGDWHG� 7KLV ORJ UHJLVWHU LV FDOOHG &2175,%87,216� LQ ZKLFK HDFK FRQWULEXWLRQ LV

FRQVWLWXWHG E\ WKH VHW RI GLUHFW DQG LQGLUHFW FKDQJHV WR WKH ORJV RI D JLYHQ (+5 RQ D JLYHQ GD\�

)LJXUH ��� 2SHQ(+5 50 VSHFLILFDWLRQ RI (+5 ,0�

7KH XVH FDVH LQ ILJXUH �� LV LQWHQGHG WR UHSUHVHQW VRPH LQWHUDFWLRQV RI D SDWLHQW ZLWK D SDUWLFXODU

KHDOWKFDUH IDFLOLW\� ZKRVH ,6·V DUH EDVHG RQ WKH RSHQ(+5 VWDQGDUG�

)LJXUH ��� 2SHQ(+5 50 VSHFLILFDWLRQ RI (+5 ,0�

��
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)LUVWO\� WKH XVH FDVH UHSUHVHQWV WKH &29,'��� YDFFLQH DGPLQLVWUDWLRQ WR D IHPDOH SDWLHQW� %\ LWVHOI� WKLV

FOLQLFDO DFW LV D QHZ HYHQW WKDW LV UHFRUGHG LQ DQ RSHQ(+5 V\VWHP DV DQ +\KTZ )USVUYOZOUT� $Q HYHQW

FRPSRVLWLRQ UHFRUGV FOLQLFDO RFFXUUHQFHV GXULQJ FHUWDLQ DFWV SHUIRUPHG E\ WKH KHDOWK FDUH RUJDQL]DWLRQ

ZLWK DQG�RU IRU WKH SDWLHQW� VXFK DV REVHUYDWLRQV� RU DFWLRQV GXULQJ SDWLHQW FRQWDFW RU HYHQ FOLQLFDO DFWV

GXULQJ VXUJHU\� RU HYHQ SDWKRORJ\ WHVWV ZKHUH WKH SDWLHQW LV QRW SUHVHQW� 7KHVH W\SHV RI FRPSRVLWLRQV DUH

LPSRUWDQW WR UHFRUG DOVR WKH FRQWH[W LQIRUPDWLRQ RI WKH HYHQW� L�H� ZKR� ZKHQ� ZKHUH DQG ZK\ WKH HYHQW

KDSSHQHG�

:LWK WKH RFFXUUHQFH RI QHZ HYHQWV� LI WKH VXEPLWWHG HYHQW FRPSRVLWLRQ LV DVVRFLDWHG ZLWK D JLYHQ

6KXYOYZKTZ )USVUYOZOUT� WKLV LQ WXUQ LV DOVR XSGDWHG ZLWK WKH QHZ LQIRUPDWLRQ� ,Q WKLV XVH FDVH� WKH

SDWLHQW·V (+5 FRQWDLQV D 3HUVLVWHQW &RPSRVLWLRQ RI 9DFFLQDWLRQV� ZKLFK ZDV XSGDWHG ZKHQ WKH &29,'���

YDFFLQH ZDV WDNHQ�

)ROORZLQJ WKH WLPHOLQH RI WKH XVH FDVH SUHVHQWHG� RQ WKH ILUVW GD\ RI )HEUXDU\ ����� WKH SDWLHQW PDNHV D

SUHJQDQF\ SODQQLQJ DSSRLQWPHQW� WKH SODQ IRU ZKLFK ZLOO ODVW � WR � PRQWKV XQWLO GHOLYHU\ WDNHV SODFH� ,Q WKLV

VHQVH� ZH DUH IDFLQJ DQ HSLVRGLF FRQWH[W ZLWK D ILQLWH GXUDWLRQ� ZKRVH LQIRUPDWLRQ LV VWRUHG LQ +VOYUJOI

)USVUYOZOUTY� :KHQ SODQQLQJ WKH SUHJQDQF\� WKH V\VWHP UHFHLYHG D QHZ HSLVRGLF FRPSRVLWLRQ DQG

DXWRPDWLFDOO\ WKHUH ZDV D PRGLILFDWLRQ RI WKH SHUVLVWHQW FRPSRVLWLRQ FDOOHG µ&DUH 3ODQµ�

7KH XVH FDVH SDWLHQW ZDV DGPLWWHG WR WKH KRVSLWDO·V HPHUJHQF\ GHSDUWPHQW DQG SUHVFULEHG PHGLFDWLRQ

LQ WKH GD\V WKDW IROORZHG� +HU 0HGLFDWLRQ SHUVLVWHQW FRPSRVLWLRQ ZDV PRGLILHG� DQG D QHZ HOHPHQW ZDV

LQWURGXFHG� $V D UHVXOW� D QHZ FRQWULEXWLRQ ZDV JHQHUDWHG IRU WKDW (+5B,' RQ WKDW SDUWLFXODU GD\� $OVR� RQ

WKH ILUVW RI $XJXVW ����� WKH VDPH SDWLHQW ZDV DGPLWWHG WR REVWHWULFV� EXW WKLV WLPH LW ZDV D FOLQLFDO DFW

VFKHGXOHG E\ WKH SUHJQDQF\ SODQ VSHFLILHG� 7KDW LV ZK\ LW LV UHIHUUHG WR DV HSLVRGLF RU HSLVRGLF FRPSRVLWLRQV�

0$6 YHUVLRQLQJ DQG RUJDQL]DWLRQ GHYHORSHG

7R LQFUHDVH WKH IOH[LELOLW\ RI WKH (+5 VWUXFWXUH� 2SHQ(+5 LV SURYLGHG WKH RSWLRQ RI DGRSWLQJ D VHW RI IROGHUV

DQG WKHLU UHVSHFWLYH URRW GLUHFWRULHV� 7KLV IHDWXUH DOORZV IRU PRUH IOH[LELOLW\ LQ FOLQLFDO UHFRUG VWUXFWXUH DV

ZHOO DV WKH OLQNLQJ RI SURILOHV ZLWK WKH SK\VLFLDQ ZKR LV FRQVXOWLQJ RU PRGLI\LQJ D VSHFLILF (+5 DW WKH WLPH�

$ V\VWHP RI G\QDPLF )ROGHUV ZDV LPSOHPHQWHG LQ WKLV SURMHFW� ZKLFK PHDQV WKDW WKH SUHYLRXVO\ GHVFULEHG

JRYHUQDQFH SODWIRUP ZLOO DOORZ WKRVH LQ FKDUJH RI HDFK GHSDUWPHQW� VHUYLFH� RU WHDP WR FRQILJXUH QRW RQO\

KRZ WKH\ ZDQW WR VHH WKH IRUPV �8, JHQHUDWHG E\ -'7 VWUXFWXUH� SUHVHQWHG� EXW DOVR KRZ WKH\ ZDQW WR VHH

WKH LQIRUPDWLRQ RI D VSHFLILF SDWLHQW LQ D VSHFLILF FRQWH[W�

,W ZDV UHTXLUHG WR FUHDWH D FRQVLVWHQW YHUVLRQLQJ DQG RUJDQL]LQJ V\VWHP LQ RUGHU WR FUHDWH D ORQJ�

ODVWLQJ (+5 WKDW LV HDV\ WR DFFHVV DQG PDQDJH� 7KH YHUVLRQLQJ V\VWHP FUHDWHG ZDV EDVHG RQ VRPH

RSHQ(+5 SULQFLSOHV� DQG LW ZDV RUJDQL]HG XVLQJ D )ROGHUV DQG 'LUHFWRULHV V\VWHP� 7KH QXPEHU RI

IROGHUV SURGXFHG� DV ZHOO DV WKHLU FRQWHQW� FDQ EH YRODWLOH RU SHUVLVWHQW RYHU WLPH� JLYLQJ WKH RSHQ(+5 D

KLJK GHJUHH RI IOH[LELOLW\� 3HUVLVWHQW IROGHUV DUH EXLOW XS RI SHUVLVWHQW FRPSRVLWLRQV WKDW FRQWDLQ LQIRUPDWLRQ

WKDW LV WUDQVYHUVDO WKURXJKRXW WKH SDWLHQW·V OLIH DQG FDQ UHDGLO\ VXPPDUL]H KLV KHDOWK VWDWH� 3HUVLVWHQW

��
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IROGHUV� FDQ EH GLYLGHG LQWR FDWHJRULHV VXFK DV SUREOHP OLVWV� YDFFLQHV� DQG DOOHUJLHV� DPRQJ RWKHU FOLQLFDO

WRSLFV� 2WKHUZLVH� IROGHUV EDVHG RQ HSLVRGLF RU HYHQW GDWD� ZLWK WKHLU FRUUHVSRQGLQJ W\SHV RI FRPSRVLWLRQV

DV FRQWHQW� FDQ EH DOVR JHQHUDWHG�

7R HQDEOH WKH FUHDWLRQ RI QHZ IROGHUV� D QHZ WHPSODWH ZDV GHVLJQHG LQ %HWWHU·V $UFKHW\SH 'HVLJQHU

WRRO DQG LV SUHVHQWHG LQ ILJXUH ��� 7KLV WHPSODWH UHFRUGV UHOHYDQW GDWD VXFK DV WKH WHPSODWHV OLQNHG ZLWK

WKH QHZ IROGHU� WKH GDWH LW ZDV FUHDWHG� DQG WKH SHUVRQ UHVSRQVLEOH RI LWV GHYHORSPHQW� )XUWKHUPRUH� WKH

6/27 RI W\SH &/867(5 ZDV DGGHG WR DOORZ VXEIROGHUV WR EH DVVRFLDWHG ZLWK WKH QHZO\ FRQVWUXFWHG IROGHU�

)LJXUH ��� 0RGHOHG WHPSODWH IRU WKH FUHDWLRQ RI IROGHUV�

$Q DUHD FDOOHG (+5 )ROGHU %XLOGHU ZDV FUHDWHG WR DOORZ XVHUV RI WKH EXLOW JRYHUQDQFH SODWIRUP� WR

FRQWURO WKLV OHYHO RI VWUXFWXULQJ DQG KLHUDUFKL]DWLRQ RI (+5 UHFRUGV� 7KLV VHFWLRQ HQDEOHV SODWIRUP XVHUV WR

FRQWURO WKH IROGHUV FUHDWHG WKURXJK GHOHWH� XSGDWH DQG FUHDWLRQ RSHUDWLRQV� 7KHVH ODVW WZR SURFHVVHV ZLOO EH

SHUIRUPHG DW WKH WHPSODWH OHYHO� DV GHVFULEHG DERYH� YLD WKH *8, OD\HU� 2Q WKH RQH KDQG� WKH XSGDWH HYHQWV

WDNH SODFH WKURXJK WKH UHWULHYDO RI DQ DOUHDG\ JHQHUDWHG FRPSRVLWLRQ DQG WKH VXEVHTXHQW GHYHORSPHQW RI

D QHZ YHUVLRQ RI LW� 7KH FUHDWLRQ RSHUDWLRQ� RQ WKH RWKHU KDQG� LV RQO\ H[HFXWHG WKURXJK WKH LQVWDQWLDWLRQ

RI D QHZ WHPSODWH DQG LWV VXEVHTXHQW VXEPLVVLRQ DV D YHUVLRQHG FRPSRVLWLRQ�

)LJXUH �� VKRZV WKH ZRUNIORZ RI WKH 0$6 GHYHORSHG WR HQVXUH WKH RUJDQL]DWLRQ DQG YHUVLRQLQJ RI WKH

&,0 V\VWHP�

��
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)LJXUH ��� &,0 YHUVLRQLQJ DQG RUJDQL]DWLRQ V\VWHP�

1HZ UHFRUGV DQG UHFRUGV WKDW DUH QRW \HW µFRPSOHWHGµDUH NHSW LQ D VWDJLQJ DUHD� $JHQW � LV FRQVWDQWO\

ORRNLQJ IRU QHZ FRPSOHWH UHFRUGV LQ WKH VWDJLQJ GDWDEDVH IRU WKH V\VWHP WR SURFHHG� 7KLV DJHQW WDNHV

FDUH RI TXHU\LQJ WKH VWDJLQJ GDWDEDVH WR GLVFRYHU QHZ µFRPSRVLWLRQVµWR LQWHJUDWH LQWR D JLYHQ (+5� 2QFH

LW ILQGV D QHZ UHFRUG� LW ZLOO FKHFN LI WKH 8,' RI WKH SDWLHQW DVVRFLDWHG WR WKH UHFRUG KDV D VSHFLILF (+5

DVVRFLDWHG WR LW� ,I LW GRHV� LW VHQGV D PHVVDJH WR DJHQW � WHOOLQJ LW WKDW LW FDQ SURFHVV WKH QHZ UHFRUG IRU

WKDW (+5� ,I DJHQW � GRHVQ·W ILQG DQ (+5 DVVRFLDWHG ZLWK WKH SDWLHQW� LW ZLOO FUHDWH RQH DQG WKHQ VHQG WKH

PHVVDJH WR DJHQW ��

7KH RFFXUUHQFH RI QHZ GDWD OHDGV WR WKH FUHDWLRQ RI D QHZ 9(56,21('B&20326,7,21 IRU WKH YHU�

VLRQLQJ RI WKH LQIRUPDWLRQ WR EH SRVVLEOH� 7KLV WDVN LV LQ FKDUJH RI DJHQW �� ZKLFK RQO\ LQLWLDOL]HV LW DIWHU WKH

PHVVDJH UHFHLYHG E\ DJHQW �� $IWHU JHQHUDWLQJ WKH 8,' RI WKH QHZ 9(56,21('B&20326,7,21� DJHQW �

��
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VHQGV D PHVVDJH WR DJHQW � ZLWK WKH UHVSHFWLYH 2%-(&7B5() RI WKH QHZ YHUVLRQLQJ VR WKDW LW FDQ SHUIRUP

LWV WDVNV� 7KXV� DJHQW � FDQ FUHDWH D QHZ &2175,%87,21 DQG VDYH LWV UHIHUHQFH LQ WKH OLVW RI FRQWULEXWLRQV

RI WKH UHVSHFWLYH (+5� $JHQW � ILQLVKHV LWV WDVN E\ VDYLQJ WKH YHUVLRQLQJ UHIHUHQFH RI WKH QHZ UHFRUG LQ WKH

OLVW RI FRPSRVLWLRQV RI WKH VDPH (+5�

7KH WHUPLQDWLRQ RI WKH WDVNV RI WKH YHUVLRQLQJ DJHQWV KDSSHQV ZKHQ DJHQW � VHQGV D PHVVDJH WR DJHQW

� ZLWK LWV UHVSHFWLYH 2%-(&7B5() FUHDWHG DQG WKH UHFRUG·V VRXUFH ,'-'7� :LWK WKDW LQIRUPDWLRQ� DJHQW �

FDQ FKHFN LI WKHUH LV DQ\ WDUJHW IROGHU IRU WKDW WHPSODWH DQG LI QRW� WKH UHFHLYHG UHIHUHQFH ZLOO EH VWRUHG LQ D

GHIDXOW IROGHU� 2Q WKH RWKHU KDQG� LI WKHUH LV D IROGHU DVVRFLDWHG ZLWK WKH ,'-'7� DJHQW � VHQGV D PHVVDJH

WR DJHQW � VR WKDW LW FDQ VDYH WKH UHIHUHQFH WR WKH QHZ LQIRUPDWLRQ LQ WKH WDUJHW IROGHU� ZLWKLQ WKH (+5�

7KH IROORZLQJ %301 GLDJUDP SUHVHQWHG LQ ILJXUH �� ZDV GHVLJQHG WR UHSUHVHQW WKH RSHUDWLRQV SHU�

IRUPHG E\ WKH EXLOW 0$6�

)LJXUH ��� 0$6 %301 GLDJUDP�

7KH VWDJLQJ DUHD FRQWDLQV D VRFNHW�LR VHUYHU� ZKLFK JHQHUDWHV DQ HYHQW ZKHQHYHU D QHZ FRPSRVLWLRQ

LV VXEPLWWHG� 7R FDSWXUH WKLV HYHQW� 0$6 FRQQHFWV WR WKH VRFNHW VHUYHU DV LWV FOLHQW DQG VXEVFULEHV WKH

WULJJHU 0$6 HYHQW WR DFWLYDWH LWV ILUVW DJHQW�

$ 1RGH�MV FRPPXQLFDWLRQ OLEUDU\ QDPHG0HVVHQJHU�MVZDV XVHG WR FUHDWHPHVVDJH H[FKDQJH DPRQJVW

WKH DJHQWV� $ OLVWHQHU ZDV FUHDWHG IRU HDFK DJHQW XVLQJ WKLV SDFNDJH� VR WKDW HDFK RI WKHP LV DYDLODEOH RQ

D VSHFLILF SRUW DQG UHDG\ WR EH WULJJHUHG XSRQ UHFHLSW RI HDFK RI WKH PHVVDJHV VHQW E\ D FHUWDLQ VSHDNHU�

��
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��� &RQFOXVLRQ

7KLV FKDSWHU ZDV ZULWWHQ WKURXJKRXW WKH VHFRQG VWDJH RI WKLV UHVHDUFK SURMHFW� 'XULQJ WKH µ3URWRW\SH

'HVLJQµSKDVH DQG DIWHU WKH UHVHDUFK PHWKRGRORJ\ ZDV FKRVHQ� D PDLQ FKDSWHU ZDV ZULWWHQ GHVFULELQJ

DOO WKH ZRUN GHYHORSHG� LQFOXGLQJ WKH DGRSWHG WHFKQRORJLHV DW GLIIHUHQW OHYHOV � 'DWDEDVHV� %DFNHQG DQG

)URQWHQG WHFKQRORJLHV � LQ RUGHU WR DQVZHU WR 54�� $ PDLQ V\VWHP DUFKLWHFWXUH ZDV SURSRVHG DQG� DIWHU

WKLV� VXE�SURFHVVHV ZHUH GHVFULEHG WRR� UHVSRQGLQJ WR 54��

2Q WKH RQH KDQG� RQH RI WKH PDMRU GLIILFXOWLHV LQ WKH WKLUG VWDJH� $UWHIDFW 'HYHORSPHQW� ZDV WKH KLJK

FRPSOH[LW\ RI WKH RSHQ(+5 VSHFLILFDWLRQ DQG KRZ WR XQIROG LW WR DFKLHYH D PRGXOH�EDVHG V\VWHP DUFKLWHF�

WXUH� $QRWKHU VLJQLILFDQW SUREOHP ZDV HQVXULQJ GDWD V\QFURQL]DWLRQ EHWZHHQ WKH /6 DQG WKH QRYHO V\VWHP�

7KHVH EDUULHUV ZHUH RYHUFRPH GXULQJ WKH GHYHORSPHQW RI WKH DUWHIDFW LQ RUGHU WR DQVZHU WKH 54��

,Q WKH IRXUWK VWDJH� LQ $UWHIDFW (YDOXDWLRQ� RQH RI WKH ELJJHVW FKDOOHQJHV ZDV WKH GHYHORSPHQW RI D WHVW

DQG SURGXFWLRQ GHSOR\PHQW HQYLURQPHQW� ,QIUDVWUXFWXUHV ZHUH WKHQ FUHDWHG DW YDULRXV OHYHOV� LQFOXGLQJ

GDWD VFKHPDV DQG PDFKLQH FRQILJXUDWLRQV WR SODFH WKH EDFNHQGV DQG IURQWHQG GHYHORSHG� :KHQ GHSOR\HG

LQ D WHVWLQJ HQYLURQPHQW� VHYHUDO WHVWLQJ SODQV ZHUH GHYHORSHG LQ RUGHU WR SHUIRUP D VXUYH\ RI LQLWLDO LQFRQ�

VLVWHQFLHV RI WKH GHYHORSHG SURWRW\SH� DW GLIIHUHQW OHYHOV� 7KHVH GLIILFXOWLHV H[SHULHQFHG ZKHQ LPSOHPHQWLQJ

DQG WHVWLQJ WKH DUWHIDFW ZHUH WDNHQ DV DQ DQVZHU WR TXHVWLRQ 54��

��
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��� 'DWD 0LJUDWLRQ IURP /HJDF\ 6\VWHPV

&RQYHUWLQJ DQG PDSSLQJ GDWD IURP D KHDOWKFDUH LQVWLWXWLRQ·V FXUUHQW V\VWHPV LV RQH RI WKH PRVW FULWLFDO

FRPSRQHQWV RI EXLOGLQJ DQ +,6 EDVHG RQ WKH RSHQ(+5 VWDQGDUG� 7KHVH /6� RQ WKH RQH KDQG� FRXOG EH

LQ XVH DQG FRQVWDQWO\ XSGDWHG� ZKLOH RWKHUV PD\ QR ORQJHU EH LQ FOLQLFDO XVDJH EXW QHYHUWKHOHVV LQFOXGH

XVHIXO FOLQLFDO LQIRUPDWLRQ JOHDQHG IURP \HDUV RI GDWD FROOHFWLQJ� 2QOLQH DQG RIIOLQH /6 DUH GLVWLQJXLVKHG LQ

WKLV SURMHFW GXH WR WKH GLIIHUHQFHV LQ WKH ZD\V LQ ZKLFK WKH\ DUH WUDQVIRUPHG DQG XVHG LQ WKH QHZO\ EXLOW

2SHQ(+5 V\VWHP�

$ PDSSLQJ V\VWHP IRU RIIOLQH /6 FRQYHUVLRQ ZDV FUHDWHG DQG DIWHUZDUGV LQFOXGHG LQ WKH QHZ RSHQ(+5

VWUXFWXUH� )XUWKHUPRUH� WKH PDSSLQJ V\VWHP WKDW ZDV GHYHORSHG FRQVLVWV RI WKH GHYHORSPHQW RI LQWHOOLJHQW

DJHQWV WKDW UHWULHYH UHOHYDQW LQIRUPDWLRQ IURP WKH DOUHDG\ H[LVWLQJ RIIOLQH /6 GDWDEDVH DQG WKHQ ELQG WKDW

LQIRUPDWLRQ WR WKH QHZ RSHQ(+5 VWUXFWXUH� 7KLV QHZ VWUXFWXUH LV DOZD\V VDYHG LQ WKH IRUP RI D ç&RPSR�

VLWLRQç WKDW FRUUHVSRQGV WR D GHWHUPLQHG WHPSODWH WKDW KDV EHHQ VSHFLILFDOO\ GHVLJQHG IRU WKH SXUSRVH RI

VWRULQJ LW� $W WKH VDPH WLPH DV ILOOLQJ RXW WKH FRPSRVLWLRQ� WKH 50 RI WKH WHPSODWH WKDW ZLOO EH XVHG LQ HDFK

FRQWH[W LV ILOOHG RXW DQG VDYHG DV ZHOO� %HFDXVH WKH GDWD IURP WKH RIIOLQH V\VWHPV LV DOUHDG\ LPPXWDEOH�

WKH FRQYHUVLRQ WR WKH QHZ VWUXFWXUH PD\ EH GRQH LQ EXON DV D ODUJH GDWD EDWFK SURFHVV� ZKLOH WKH GDWD·V

PHDQLQJ DQG YDOXH DUH SUHVHUYHG�

��
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����� 8VH &DVH �� &OLQLFDO GDWD PLJUDWLRQ WR RSHQ(+5 LQ DQ HPHUJHQF\

FRQWH[W

7KH SUHVHQWHG XVH FDVH SURSRVHV PDNLQJ XVH RI GDWD IURP DQ RIIOLQH HPHUJHQF\ V\VWHP WKDW KDV LP�

PXWDEOH GDWD IRU PRUH WKDQ �� \HDUV� ,WV PDLQ SXUSRVH LV WR FRQYHUW HPHUJHQF\ GDWD WR RSHQ(+5 IRUPDW

DQG LGHQWLI\ WKH VLJQLILFDQW GLIILFXOWLHV IDFHG WKURXJKRXW WKH FRQYHUVLRQ SURFHVV�

,Q DGGLWLRQ WR LQIRUPDWLRQ RQ D SDWLHQW·V DGPLVVLRQ� WULDJH� DQG GLVFKDUJH� WKH HPHUJHQF\ V\VWHP GDWD

LQFOXGHV WKH SDWLHQW·V FRPSODLQWV DQG SUREOHP KLVWRU\� )XUWKHUPRUH� LQ RUGHU WR LGHQWLI\ GLDJQRVHV GHWHFWHG

LQ DQ HPHUJHQF\ FRQWH[W� LW LV JHQHUDOO\ QHFHVVDU\ WR FROOHFW LQIRUPDWLRQ WKURXJK WKH PHDVXUHPHQW RI YLWDO

VLJQV� DQDO\VLV RI SURFHGXUHV� WHVWV� RU DQDO\VHV UHTXLUHG E\ KHDOWK SURIHVVLRQDOV� 7KH V\VWHP XQGHU VWXG\

DOVR FRQVXOWHG WKH SDWLHQW·V SUREOHP OLVW�

7KH GDWD XQGHU DQDO\VLV FDPH IURP WKH &+83 LQVWLWXWLRQ·V HPHUJHQF\ GHSDUWPHQW� ZKHUH PRUH WKDQ

��������� HPHUJHQF\ URRP DGPLVVLRQV ZHUH FROOHFWHG IRU DQDO\VLV EHWZHHQ ���� DQG ����� PDNLQJ DQ

DYHUDJH RI ��� DGPLVVLRQV SHU GD\� $OVR� VRPH LQGLFDWRUV RI WKH GDWD XQGHU VWXG\ FDQ EH VHHQ LQ ILJXUH ���

)LJXUH ��� 1XPEHUV RI VWXGLHG UHFRUGV RI WKH PDLQ FOLQLFDO DFWV LQ HPHUJHQF\ GHSDUWPHQW�

7KLV FDVH VWXG\ ZDV HVVHQWLDO WR GHWHUPLQH WKH PRVW YLDEOH DSSURDFK RI HVWDEOLVKLQJ LQWHURSHUDELOLW\

EHWZHHQ H[LVWLQJ V\VWHPV DQG WKH QHZO\ GHYHORSHG RSHQ(+5 V\VWHP� %HFDXVH RI WKH VHFXULW\ RI ZRUNLQJ

ZLWK DOUHDG\ LPPXWDEOH UHFRUGV� WKLV SURFHVV FRXOG EH F\FOLFDO DQG HYROXWLRQDU\�

������� 0HWKRGV

7R PDNH WKH UHWULHYDO SURFHVV DV UHDOLVWLF DV SRVVLEOH� WKH FOLQLFDO H[SHUWV FROODERUDWHG ZLWK WKH ,7 H[SHUWV WR

DQDO\]H WKH UHOHYDQW LQIRUPDWLRQ IRU WKH FDVH VWXG\� 7KLV V\PELRWLF UHODWLRQVKLS LV HVVHQWLDO IRU LQIRUPDWLRQ

UHWULHYDO DV ZHOO DV WKH FRQWLQXRXV HYROXWLRQ RI RSHQ(+5 V\VWHPV� 7KLV DQDO\VLV UHVXOWHG LQ WKH SODQQLQJ

RI RSHQ(+5 VWUXFWXUH PRGXODWLRQ� DV LQGLFDWHG LQ WDEOH � EHORZ�

,W VKRXOG EH PHQWLRQHG WKDW WKH PRVW GLIILFXOW DVSHFW RI WKLV LQLWLDO SKDVH ZDV WKH H[LVWHQFH RI XQVWUXF�

WXUHG GDWD ZLWK QR VWDQGDUGL]DWLRQ� 7KHVH LQIRUPDWLRQ FDQ EH IRXQG� IRU H[DPSOH� LQ WKH SDWLHQW·V GLVHDVH

KLVWRU\ RU LQ WKH SDWLHQW·V FRPSODLQWV GXULQJ WKH HPHUJHQF\ HSLVRGH� 7KH FOLQLFLDQV LQ WKHVH VLWXDWLRQV

UHFRUGHG WKHLU REVHUYDWLRQV ZLWKRXW DQ\ FRQVLVWHQF\ LQ WHUPV RI GDWD VWUXFWXULQJ� 7KHVH VDPH REVHUYD�

WLRQV ZHUH LQFRQVLVWHQW� DV WKH VDPH WHUP ZDV IUHTXHQWO\ UHFRUGHG LQ GLIIHUHQW ZD\V LQ GLIIHUHQW UHFRUGV�

,Q WKHVH FLUFXPVWDQFHV� PRGXODWLRQ ZDV UHVWULFWHG WR '9B7(;7 HOHPHQWV�

��
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7DEOH �� 7HPSODWHV PRGHOHG LQ 2SHQ(+5 DQG WKH DUFKHW\SHV UHXVHG�

7HPSODWH $UFKHW\SHV

XUJBDGPLVVLRQ�RSW RSHQ(+5�(+5�&20326,7,21�HQFRXQWHU

RSHQ(+5�(+5�6(&7,21�DGKRF

RSHQ(+5�(+5�2%6(59$7,21�VWRU\

RSHQ(+5�(+5�&/867(5�V\PSWRPBVLJQ

RSHQ(+5�(+5�$'0,1B(175<�DGPLVVLRQ

RSHQ(+5�(+5�(9$/8$7,21�UHDVRQBIRUBHQFRXQWHU

RSHQ(+5�(+5�$'0,1B(175<�WULDJH

RSHQ(+5�(+5�&/867(5�GHPRJUDSKLF

XUJBGLVFKDUJH�RSW RSHQ(+5�(+5�&20326,7,21�DGPLQLVWUDWLYH

RSHQ(+5�(+5�$'0,1B(175<�HSLVRGHBLQVWLWXWLRQ

GLDJQRVLV�RSW RSHQ(+5�(+5�&20326,7,21�HQFRXQWHU

RSHQ(+5�(+5�(9$/8$7,21�SUREOHPBGLDJQRVLV

SURFHGXUHV�RSW RSHQ(+5�(+5�&20326,7,21�HQFRXQWHU

RSHQ(+5�(+5�$&7,21�VHUYLFH

PHGLFDWLRQ�RSW RSHQ(+5�(+5�&20326,7,21�HQFRXQWHU�Y�

RSHQ(+5�(+5�$&7,21�PHGLFDWLRQ�Y�

RSHQ(+5�(+5�&/867(5�GRVDJH�Y�

GLVHDVHBKLVWRU\�RSW RSHQ(+5�(+5�&20326,7,21�SURJUHVVBQRWH

RSHQ(+5�(+5�2%6(59$7,21�SURJUHVVBQRWH

YLWDOBVLJQV�RSW RSHQ(+5�(+5�&20326,7,21�HQFRXQWHU

RSHQ(+5�(+5�2%6(59$7,21�ODERUDWRU\BWHVWBUHVXOW

RSHQ(+5�(+5�&/867(5�ODERUDWRU\BWHVWBDQDO\WH

RSHQ(+5�(+5�&/867(5�GHPRJUDILFRBVRQKR

RSHQ(+5�(+5�2%6(59$7,21�EORRGBSUHVVXUH

RSHQ(+5�(+5�2%6(59$7,21�SXOVH

RSHQ(+5�(+5�2%6(59$7,21�JODVJRZBFRPDBVFDOH

RSHQ(+5�(+5�2%6(59$7,21�UHVSLUDWLRQ

RSHQ(+5�(+5�2%6(59$7,21�SXOVHBR[LPHWU\

RSHQ(+5�(+5�2%6(59$7,21�ERG\BWHPSHUDWXUH

UHTXHVWV�RSW RSHQ(+5�(+5�&20326,7,21�UHTXHVW

RSHQ(+5�(+5�6(&7,21�DGKRF

RSHQ(+5�(+5�,16758&7,21�VHUYLFHBUHTXHVW

������� 5HVXOWV

7KHUH ZHUH PXOWLSOH GDWD VRXUFHV WKDW VXSSOLHG WKH RIIOLQH V\VWHP XQGHU VWXG\� UHTXLULQJ FRQQHFWLRQV WR

2UDFOH GDWDEDVHV RI YDULRXV YHUVLRQV DQG� DV D UHVXOW� WKH LQVWDOODWLRQ RI GLIIHUHQW RUDFOH FOLHQWV�

7R KDQGOH WKH GLIIHUHQW YHUVLRQV RI WKH H[LVWLQJ GDWDEDVHV DQG WKH PXOWLSOH -'7V JHQHUDWHG E\ PRG�

XODWLRQ �DIWHU WKH VXEPLVVLRQ RI WKH GHYHORSHG WHPSODWHV WR WKH $,'$(+5 SODWIRUP�� D FRQWURO WDEOH ZDV

FUHDWHG WR HQVXUH WKDW DOO RI WKH HVVHQWLDO UHTXLUHPHQWV ZHUH FRQQHFWHG� $ UHWULHYDO'DWD DOJRULWKP KDG WR

EH FUHDWHG LQ RUGHU IRU WKH GDWD FRQYHUVLRQ WR DFWXDOO\ RFFXU� 7KH PDLQ IXQFWLRQ RI WKLV PHWKRG LV WR SUR�

FHVV HDFK URZ RI WKH FRQWURO WDEOH EHIRUH SURFHHGLQJ ZLWK WKH GDWD FRQYHUVLRQ� (DFK FRQWURO OLQH LQFOXGHV

WKH 64/ TXHU\ FUHDWHG E\ ,7 H[SHUWV� LWV UHVSHFWLYH -'7 LG DQG WKH ELQGLQJ VWUXFWXUH RI LWV LWHPV� DV ZHOO

��
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DV WKH VRXUFH GDWDEDVH WR EH TXHULHG� 7KH DOJRULWKP UXQV LQ WKH EDFNJURXQG IRU D VHW DPRXQW RI WLPH�

GHSHQGLQJ RQ WKH QXPEHU RI UHFRUGV WR EH SURFHVVHG� XQWLO WKH ODVW UHFRUG LV UHWULHYHG� 7KH UHFRUGV DUH

WKHQ WUDQVIRUPHG LQWR WKHLU WDUJHW FRPSRVLWLRQ� FRXSOHG ZLWK WKHLU UHVSHFWLYH 50� DQG VWRUHG LQ WKH VWDJLQJ

DUHD� 7KH DIRUHPHQWLRQHG 0$6 LV WULJJHUHG DIWHU HDFK LQVHUWLRQ RI D QHZ UHFRUG LQWR WKLV VWDJLQJ UHSRVLWRU\�

$OO WKH SURFHVVHV GHVFULEHG DUH VKRZQ LQ WKH VFKHPD SUHVHQWHG LQ ILJXUH �� EHORZ�

)LJXUH ��� 'DWD UHWULHYDO SURFHVV WR WKH QHZ RSHQ(+5 V\VWHP�

������� 6:27 $QDO\VLV

$Q LQWHUQDO DQG H[WHUQDO 6:27 DQDO\VLV ZDV SHUIRUPHG WR DVVHVV WKH GHYHORSHG RSHQ(+5 PLJUDWLRQ V\V�

WHP·V LQWHUQDO VWUHQJWKV DQG ZHDNQHVVHV� DV ZHOO DV WKH H[WHUQDO RSSRUWXQLWLHV DQG WKUHDWV�

7DEOH �� 6:27 DQDO\VLV RI GHYHORSHG GDWD PLJUDWLRQ V\VWHP�

,QWHUQDO (QYLURQPHQW ([WHUQDO (QYLURQPHQW

6WUHQJKWV 2SSRUWXQLWLHV

5HWULHYDO RI LPSRUWDQW FOLQLFDO GDWD 2SSRUWXQLW\ WR FUHDWH D VWUXFWXUHG DQG RSHQ FOLQLFDO UHSRVLWRU\

0RGHOOLQJ RI QHZ RSHQ(+5 VWUXFWXUHV LQ HPHUJHQF\ FRQWH[W VKDULQJ RSHQ(+5 VWUXFWXUHV GHYHORSHG IRU DQ HPHUJHQF\ GHSDUWPHQW

,QWHURSHUDWLRQ EHWZHHQ /6 DQG WKH QHZ V\VWHP 'LVFRYHU\ RI QHZ NQRZOHGJH IURP D ELJ DPRXQW RI WUDQVIRUPHG GDWD

:HDNQHVVHV 7KUHDWV

&RQQHFWLRQV WR ROG YHUVLRQ GDWDEDVHVHV 0RUH HIILFLHQW H[WHUQDOO\ PLJUDWLRQ V\VWHPV

([LVWHQFH RI QRQ�VWDQGDUG IUHH WH[W DIWHU PLJUDWLRQ &RQWLQXHG H[LVWHQFH RI IUHH�WH[W ILHOGV LQ WKH FOLQLFDO DFW UHFRUG

������� &RQFOXVLRQV

7KH FUHDWHG EDFNHQG V\VWHP LV IOH[LEOH WR ZKDWHYHU GDWD VRXUFH DQG RSHQ(+5 WDUJHW VWUXFWXUHV DUH XVHG�

7KH H[LVWHQFH RI D KLJK QXPEHU RI IUHH�WH[W UHFRUGV PDGH WKH FRQYHUVLRQ IURP DQ RXWGDWHG RIIOLQH V\VWHP

FKDOOHQJLQJ� 7KH PDLQ FRQFOXVLRQ H[WUDFWHG IURP WKLV FDVH VWXG\ ZDV WKH IXWXUH QHFHVVLW\ IRU WKH GHYHORS�

PHQW RI D 1/3 PRGXOH XVLQJ 1DPHG (QWLW\ 5HFRJQLWLRQ �1(5� PHWKRGV� ZKLFK ZRXOG UHVXOW LQ LPSURYHG

FOLQLFDO PRGXODWLRQ DQG NQRZOHGJH GLVFRYHU\� 7KLV 1/3 PRGXOH ZRXOG RYHUFRPH ERWK WKH H[LVWHQFH RI

QRQ�VWDQGDUG WH[W� DQG WKH LPSURYHPHQW RI FROOHFWLRQ RI UHOLDEOH DQG VKDUHDEOH FOLQLFDO LQIRUPDWLRQ LQ D

IXWXUH FHQWUDO RSHQ UHSRVLWRU\�

��
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��� )DVW 'HYHORSHG 6\VWHP ,PSOHPHQWDWLRQV

7KURXJKRXW WKH IRXU \HDUV RI GHYHORSPHQW RI WKH V\VWHP SUHVHQWHG LQ WKLV GRFWRUDO WKHVLV� VHYHUDO WHVWV

ZHUH SHUIRUPHG DQG XVH FDVHV GHYHORSHG� 7KH LQLWLDO XVH FDVHV ZHUH LQ DSSOLFDWLRQV WKDW ZHUH DOUHDG\

GHYHORSHG DQG PRGXOHV ZHUH DGGHG WR LQWHUDFW ZLWK WKH RSHQ(+5 V\VWHP� :KHQ D PLQLPDOO\ VWDEOH DUWHIDFW

ZDV DFKLHYHG� VRPH RI WKH V\VWHP PRGXOHV ZHUH LQFRUSRUDWHG LQ VHYHUDO ZRUNV LQ SURJUHVV� VXFK DV WKH

PRGXOH ',0 WR EH XVHG LQ FOLQLFDO ZRUN SODQV DQG LQ WKH DXWKHQWLFDWLRQ V\VWHPV RI VRPH SODWIRUPV� ,Q WHUPV

RI GHFLVLRQ PDNLQJ� WKH IHHGLQJ RI WKH '/0â�VWLOO XQGHU GHYHORSPHQW� ZDV GRQH WKURXJK VWUXFWXUHV IURP WKH

LWHPV JHQHUDWHG E\ WKH 237 FRQYHUVLRQ DOJRULWKP DQG WKH GHYHORSPHQW RI WKH µ5XOHV DQG &RQGLWLRQVµDUHD

LQ WKH $,'$(+5 JRYHUQDQFH SODWIRUP�

2QH RI WKH FDVH VWXGLHV WKDW KDG WKH PRVW LPSDFW GXH WR WKH HDV\ DGDSWDWLRQ DQG XVH RI WKH GHYHORSHG

RSHQ(+5 V\VWHP ZDV WKH LPSOHPHQWDWLRQ RI WKH &29,'��� SDWLHQW ZRUNIORZ LQ WKH &+83 KHDOWKFDUH LQVWL�

WXWLRQ� GHVFULEHG EHORZ� 7KH VHFRQG FDVH VWXG\ SUHVHQWHG LV PDLQO\ IRFXVHG ZLWK WKH NQRZOHGJH GLVFRYHU\

OD\HU RI WKH RSHQ(+5 GDWD IURP FDVH VWXG\ ��

����� 8VH &DVH �� 7KH XVH RI 2SHQ(+5 PRGHOLQJ LQ WKH ILJKW DJDLQVW WKH

&29,'��� SDQGHPLF

7KH &29,'��� SDQGHPLF SURYRNHG WKH FROODSVH RI KHDOWKFDUH V\VWHPV LQ VHYHUDO FRXQWULHV� IRUFLQJ D UH�

VWUXFWXULQJ RI LQVWLWXWLRQV DW HVVHQWLDOO\ DOO OHYHOV� 7KLV FDVH VWXG\ ZDV FUHDWHG DW WKH &+83� ZKHUH WKH ILUVW

&29,'��� SDWLHQW ZDV GLDJQRVHG LQ HDUO\ 0DUFK �����

)DFHG ZLWK DQ XQNQRZQ FULVLV� WKH LQVWLWXWLRQ FKRVH WR EXLOG D VXSSOHPHQW WR WKH DOUHDG\ LPSOHPHQWHG

+,6� EDVHG RQ WKH RSHQ(+5 VSHFLILFDWLRQ� WR VXSSRUW WKH ZRUNIORZ DVVRFLDWHG ZLWK VXVSHFWHG DQG FRQ�

ILUPHG FDVHV� LQ RUGHU WR UHVSRQG TXLFNO\ WR WKH ORFDO SDQGHPLF JURZWK�

,Q RUGHU WR FUHDWH D IHDVLEOH VROXWLRQ� D PXOWLGLVFLSOLQDU\ WHDP RI UHVHDUFKHUV DQG KHDOWKFDUH SURIHV�

VLRQDOV XVHG D IURQW�OLQH PLQLQJ WHFKQLTXH SUHFHGHG E\ RSHQ(+5 PRGHOOLQJ�

7KLV FDVH VWXG\ WULHV WR SURYLGH DQVZHUV WR PXOWLSOH UHVHDUFK TXHVWLRQV WKDW DURVH GXULQJ WKH LPSOH�

PHQWDWLRQRI QHZ DSSURDFKHV LQ WKH +,6 RI KHDOWKFDUH LQVWLWXWLRQV� 7KHVH 54V DUH DV IROORZV�

� 54�� :K\ LV LQWHURSHUDELOLW\ LPSRUWDQW LQ KHDOWKFDUH LQVWLWXWLRQV"

� 54�� :KDW LV WKH VLJQLILFDQFH RI DGRSWLQJ JOREDO FOLQLFDO VWDQGDUGV"

� 54�� :KDW LV WKH LGHDO VWUDWHJ\ IRU GHVLJQLQJ DQG GHYHORSLQJ D QHZ FOLQLFDO ZRUNIORZ LQ D SDQGHPLF

VLWXDWLRQ"

� 54�� +RZ ZLOO WKH QHZO\ FUHDWHG ZRUNIORZ EH LQWHJUDWHG LQWR WKH LQVWLWXWLRQV· LQIRUPDWLRQ V\VWHPV"

��
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������� 0HWKRGV

,W ZDV HVWDEOLVKHG DQG DGRSWHG D PHWKRGRORJ\ IRU GHYHORSLQJ ZHOO�IRXQGHG WHPSODWHV WKDW FDQ VXSSRUW WKH

KHDOWKFDUH SURFHVV DQG VDYH DOO UHOHYDQW SDWLHQW LQIRUPDWLRQ LQ RUGHU WR FUHDWH ZHOO�IRXQGHG WHPSODWHV WKDW

FDQ VXSSRUW WKH KHDOWKFDUH SURFHVV DQG VWRUH DOO UHOHYDQW SDWLHQW LQIRUPDWLRQ ILJXUH ��� $V WKH PHGLFDO

FRPPXQLW\ EHFDPH PRUH LQIRUPHG RI &29,'���� D UHTXLUHPHQWV HOLFLWDWLRQ SURFHVV ZDV GRQH WR LGHQWLI\

ZKLFK FRQFHSWV VKRXOG EH VDYHG DQG KRZ WKH\ VKRXOG EH UHSUHVHQWHG� ,W ZDV DOVR QHFHVVDU\ WR DQDO\]H WKH

DGPLQLVWUDWLYH DQG FOLQLFDO FRQFHUQV RI WKH LQVWLWXWLRQ LQ RUGHU WR FROOHFW GRPDLQ FRQFHSWV IRU PRGHOOLQJ�

,Q WHUPV RI PRGHOOLQJ� VHDUFKHV RQ WKH RSHQ(+5 &.0 UHWXUQHG YDOXDEOH VWUXFWXUHV WKURXJK WKH DGGLWLRQDO

&29,'��� VSHFLILF DUFKHW\SHV DQG WHPSODWHV� JHQHUDWHG DQG VKDUHG E\ WKH RSHQ(+5 FRPPXQLW\� 7KH

$UFKHW\SH 'HVLJQHU E\ %HWWHU >��@ FRPSDQ\ ZDV DOVR XVHG LQ RUGHU WR PRGXODWH YDOXDEOH VWUXFWXUHV DSSOLHG

WR WKH &+83 LQVWLWXWLRQ·V QHFHVVLWLHV�

)LJXUH ��� 0RGHOOLQJ DSSURDFK IRU RSHQ(+5 VWUXFWXUH GHYHORSPHQW�

7KURXJKRXW WKH SURFHVV� FRPPXQLFDWLRQ EHWZHHQ &+83 KHDOWKFDUH H[SHUWV DQG SDWLHQWV ZDV FRQWLQ�

XRXV DQG GLUHFW� YLD WH[W PHVVDJHV DQG SKRQH FDOOV� 7KXV� GXULQJ WKH SDQGHPLF� WKH ZRUNIORZ RI KHDOWK

SURIHVVLRQDOV WR WUHDW &29,'��� SDWLHQWV ZDV GHWHUPLQHG DQG GHSLFWHG LQ ILJXUH ���

��
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)LJXUH ��� &+83 3DWLHQW 7UHDWPHQW )ORZ &RYLG����

$ SDWLHQW VXVSHFWHG RI FDUU\LQJ WKH 6$56�&R9� YLUXV ZLOO EH UHIHUUHG E\ WHOHSKRQH RU VHHQ GLUHFWO\ LQ WKH

&29,'��� WHVWLQJ DUHD� GHSHQGLQJ RQ KLV�KHU KHDOWK VWDWXV� $ 6$56�&R9� WHVW LV VFKHGXOHG LI WKHLU KHDOWK

KDV QRW ZRUVHQHG� %RWK WKH µ7HOHSKRQH 5HIHUUDOµDQG µ6FKHGXOLQJµHYHQWV PDNH XVH RI RSHQ(+5 IRUPV

GHVLJQHG IRU WKLV SXUSRVH� $ SDWLHQW ZKR KDV DOUHDG\ WHVWHG SRVLWLYH IRU WKH 6$56�&R9� YLUXV LV UHIHUUHG

IRU IROORZ�XS E\ WHOHSKRQH�

([FHSW IRU WKH PRVW VHYHUH FDVHV RI LQIHFWLRQ� LQ ZKLFK WKH SDWLHQW KDV WR EH KRVSLWDOL]HG� SDWLHQWV ZDLW DW

KRPH IRU WKHLU &29,'��� WHVW UHVXOWV� ,I WKH UHVXOW LV SRVLWLYH� DQG GHSHQGLQJ RQ WKH VHYHULW\ RI WKH SDWLHQW·V

V\PSWRPDWRORJ\� WKH SDWLHQW PD\ EH IROORZHG DW KRPH� LQ KRPH FDUH� RU DQ DGGLWLRQDO VWXG\ PD\ EH QHFHV�

VDU\ WR FKRRVH PRUH LQWHQVH WUHDWPHQWV� ,Q WKH FDVH RI KRPH LQWHUQPHQW ZLWK OHVV VHYHUH V\PSWRPV� WKH

SDWLHQW PRQLWRUV KLPVHOI� UHJLVWHULQJ HYHU\ GD\ KLV KHDOWK VWDWXV� KLV ERG\ WHPSHUDWXUH� WKH PHGLFDWLRQ KH

KDV WDNHQ� DPRQJ RWKHU UHOHYDQW SDUDPHWHUV� 7KLV VHOI�PRQLWRULQJ E\ WKH SDWLHQW LV UHFRUGHG XVLQJ D VSHFLI�

LFDOO\ GHYHORSHG DSSOLFDWLRQ WKDW XVHV WKH RSHQ(+5 µ6HOI�0RQLWRULQJµIRUP� 'HSHQGLQJ RQ HDFK SDWLHQW·V

UHFRUGV� WKHUH PD\ EH D QHHG WR FDOO WKH SDWLHQW WR WDNH VWRFN RI WKHLU KHDOWK VWDWXV �µ7HOHPRQLWRULQJµIRUP��

��
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������� 5HVXOWV

7KH LPSOHPHQWDWLRQ RI D QHZ V\VWHP EDVHG RQ WKH RSHQ(+5 VSHFLILFDWLRQ KDV DOORZHG KHDOWK SURIHVVLRQDOV

WR RSWLPL]H DQG DXWRPDWH WKHLU PHGLFDO SURFHGXUHV� SDUWLFXODUO\ GXULQJ WKH &29,'��� HSLGHPLF� $OVR� WKH

XVH RI PDQ\ DUFKHW\SHV VWRUHG LQ &.0 GHPRQVWUDWHV WKH UHOHYDQFH RI VKDULQJ FOLQLFDO PRGHOV�

$ SODWIRUP IRU SDWLHQW PRQLWRULQJ DQG UHIHUUDO ZDV DOVR GHYHORSHG� ZKLFK LQFOXGHG ZHE DSSOLFDWLRQV

DQG D PLFURVHUYLFH�EDVHG DUFKLWHFWXUH� 7KRXVDQGV RI FRPSRVLWLRQV KDYH EHHQ VXEPLWWHG DQG SURFHVVHG

VLQFH WKH SURSRVHG V\VWHP DQG LWV &29,'��� PHWKRGRORJ\ ZHUH LPSOHPHQWHG� 6HYHUDO PHDVXUHV RI WKH

SODWIRUP·V XVDJH ZHUH JDWKHUHG DQG HYDOXDWHG XVLQJ YLVXDO DQDO\WLFV VRIWZDUH� QDPHO\ 7DEOHDX 'HVNWRS� WR

VKRZ WKH SURMHFW·V .H\ ,QGLFDWRUV RI 3HUIRUPDQFH �.3,�� 7KH JLYHQ UHVXOWV DUH VHSDUDWHG LQWR WZR FDWHJRULHV�

PRGXODWLRQ DQG FOLQLFDO NQRZOHGJH H[WUDFWLRQ�

2Q ILJXUH �� D UHSUHVHQWDWLRQ RI ZKLFK DUFKHW\SHV ZHUH XVHG LQ HDFK FUHDWHG WHPSODWH LV SUHVHQWHG�

)LJXUH ��� $UFKHW\SHV XVHG LQ WKH WHPSODWHV PRGHOOLQJ SURFHVV�

)URP0DUFK WR -XQH ����� WKH DPRXQW RI RSHQ(+5 UHFRUGV VXEPLWWHG LQ WKLV SURFHVV FRXOG EH WUDFNHG�

DV VKRZQ LQ ILJXUH ��� 7KHUH ZDV D SHDN LQ WKH ILUVW KDOI RI $SULO ����� DFFRPSDQLHG E\ WKH SDQGHPLF VFH�

QDULR LQ 3RUWXJDO� $V WKH FULVLV XQIROGHG� E\ $SULO ��� ����� 3RUWXJDO KDV UHJLVWHUHG PRUH WKDQ ��� GHDWKV

DQG ���� GDLO\ FDVHV FRXQWHG >��@� 7KLV LQGLFDWRU ZDV DOVR HYDOXDWHG EHWZHHQ )HEUXDU\ DQG 6HSWHPEHU

RI �����

��
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)LJXUH ��� 5HFRUGV VXEPLWWHG DFFRUGLQJ RQ RSHQ(+5 VWUXFWXUHV GHYHORSHG�

7KHQ� IURP )HEUXDU\ WKURXJK 0D\� ILJXUH �� VKRZV WKH QXPEHU RI VXEPLWWHG WHPSODWHV SHU WHPSODWH�

7KH ODUJHVW QXPEHU RI UHFRUGV VXEPLWWHG ZHUH RI WKH µ6HOI�0RQLWRULQJµW\SH� ZKLFK LV XQGHUVWDQGDEOH VLQFH

HDFK SDWLHQW UHFRUGHG KLV RU KHU KHDOWK FRQGLWLRQ PRUH WKDQ RQFH D GD\�

)LJXUH ��� 1XPEHU RI UHFRUGV VXEPLWWHG SHU 7HPSODWH�

,W ZDV SRVVLEOH WR HYDOXDWH KRZ PXFK WLPH D SDWLHQW KDG WR ZDLW IRU KLV�KHU &29,'��� WHVW UHVXOWV E\

XVLQJ WKH GDWH UDQJH EHWZHHQ WKH µ,QLWLDO 3DWLHQW 5HJLVWUDWLRQµDQG WKH µ7HOHSKRQH 5HIHUUDOµWHPSODWHV� 7KH

DYHUDJH &29,'��� WHVW ZDLWLQJ WLPH IURP WKH GD\ WKH WHVW ZDV FRPSOHWHG� LV GHSLFWHG LQ ILJXUH ��� 7KH WLPH

ZLQGRZ WR HYDOXDWH WKLV LQGLFDWRU ZDV IURP )HEUXDU\ WR 6HSWHPEHU �����

��
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)LJXUH ��� $YHUDJH &29,'��� 7HVW :DLWLQJ 7LPH�

������� 'LVFXVVLRQ

:LWK WKH GXDO DUFKLWHFWXUH LQ SODFH� LW ZDV SRVVLEOH WR TXLFNO\ REWDLQ SHUIRUPDQFH WR UHXVH ZRUOGZLGH GDWD

PRGHOV GHYHORSHG LQ WKH 2SHQ(+5 FRPPXQLW\ DQG DGDSW WR ORFDO QHHGV ZLWK PLQLPDO HIIRUW� 7KLV DSSURDFK

HQDEOHV WKH UHXVH RI DUFKHW\SHV LQ GLIIHUHQW WHPSODWHV WKURXJKRXW WKH &29,'��� SDWLHQW FDUH ZRUNIORZ�

)XUWKHUPRUH� WKHVH WHPSODWHV KDYH EHHQ XVHG LQ D YDULHW\ RI VFHQDULRV� LQGLFDWLQJ D FRPSUHKHQVLYH DQG

H[WHQVLYH PRGXODWLRQ� 7KH PRVW JUDWLI\LQJ DVSHFW RI XVLQJ RSHQ(+5 LV LWV KLJK DGDSWDELOLW\ LQ WKH IDFH RI

FRQWLQXDOO\ FKDQJLQJ NQRZOHGJH FLUFXPVWDQFHV� :KHQ FKDQJLQJ FOLQLFDO NQRZOHGJH� LW ZDV RQO\ QHFHVVDU\

WR FKDQJH WKH WHPSODWH� SUHVHUYLQJ WKH FRQVLVWHQF\ RI WKH VRIWZDUH XVHG LQ WKH RSHQ(+5 V\VWHP� 7KH

PRGHOOLQJ SURFHVV PXVW EH DFFRPSDQLHG E\ WKH HVVHQWLDO FOLQLFDO JXLGHOLQHV WR PDLQWDLQ GDWD LQWHJULW\ LQ D

SDUWLFXODU FOLQLFDO HQYLURQPHQW� DQG LW PXVW DOZD\V EH GHVLJQHG DV D FRQWLQXRXV SURFHVV VR WKDW LWV XSGDWH

LV TXLFN DQG HIIHFWLYH�

)URP WKH UHVXOWV REWDLQHG LQ WKLV VWXG\� LW ZDV SRVVLEOH WR DQVZHU WKH UHVHDUFK TXHVWLRQV WKDW ZHUH

LQLWLDOO\ IRUPXODWHG�

:K\ LV LQWHURSHUDELOLW\ LPSRUWDQW LQ KHDOWKFDUH LQVWLWXWLRQV"

,W LV FUXFLDO WR EH DEOH WR XVH WHFKQRORJ\ WR SURPRWH WKH VKDULQJ DQG H[FKDQJH RI GDWD EHWZHHQ KRVSL�

WDOV� ODERUDWRULHV� DQG SKDUPDFLHV� $ KLJK OHYHO RI LQWHURSHUDELOLW\ LQ KHDOWKFDUH LQVWLWXWLRQV LPSURYHV WKH

SDWLHQW H[SHULHQFH� GHFUHDVHV ZDLWLQJ WLPHV� LPSURYHV DQG VLPSOLILHV FOLQLFDO UHFRUGV� UHGXFHV H[SHQVHV

DVVRFLDWHG ZLWK ROG�IDVKLRQHG WHFKQLTXHV DV ZHOO DV SRWHQWLDO HUURUV� DQG SURWHFWV SDWLHQW SULYDF\�

��
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:KDW LV WKH VLJQLILFDQFH RI DGRSWLQJ JOREDO FOLQLFDO VWDQGDUGV"

7KH XVH RI JOREDO VWDQGDUGV HQVXUHV WKH V\PELRVLV RI UHOLDEOH DQG HIILFLHQW VRIWZDUH ZLWK RWKHU GHYLFHV

DQG FRPSRQHQWV� 7KHVH VWDQGDUGV HVWDEOLVK KHDOWKFDUH LQWHURSHUDELOLW\� DOORZLQJ FRPPXQLFDWLRQ ZLWK H[�

WHUQDO DSSOLFDWLRQV� 8VLQJ RSHQ(+5 DOORZV UHXVH FOLQLFDO GDWD PRGHO GHILQHG DW DQ LQWHUQDWLRQDO OHYHO� ZLWK

FRPSURPLVLQJ ORFDO QHHGV�

:KDW LV WKH LGHDO VWUDWHJ\ IRU GHVLJQLQJ DQG GHYHORSLQJ D QHZ FOLQLFDO ZRUNIORZ LQ D SDQGHPLF VLWXDWLRQ"

7KH HIIHFWLYH DSSURDFK IRU GHVLJQLQJ ZRUNIORZV DFFRUGLQJ WR VSHFLILF FOLQLFDO JXLGHOLQHV LV WR DGRSW D

GXDO DUFKLWHFWXUH WKDW VHSDUDWHV 50 IURP WKH FOLQLFDO NQRZOHGJH PRGHO� $V D UHVXOW� D GHYHORSPHQW SURFHVV

LV GLVWULEXWHG E\ FOLQLFDO DQG ,7 SURIHVVLRQDOV ZKR FRPSOHPHQW RQH DQRWKHU� )XUWKHUPRUH� LW FRQYHUWV LQWR D

FRQWLQXRXV LPSURYHPHQW SODQ� ZLWK G\QDPLF DQG HYHU�FKDQJLQJ PRGXODWLRQ VWUXFWXUHV� $V DQ LQGHSHQGHQW

SURFHVV� WKHVH FKDQJHV DUH QRW UHIOHFWHG LQ VRIWZDUH HUURUV� ,Q D SDQGHPLF VFHQDULR� SURIHVVLRQDO JXLGH�

OLQHV DQG FOLQLFDO NQRZOHGJH DUH FRQVWDQWO\ FKDQJLQJ� PDNLQJ LW QHFHVVDU\ WR XVH WKLV W\SH RI DUFKLWHFWXUH�

+RZ ZLOO WKH QHZO\ FUHDWHG ZRUNIORZ EH LQWHJUDWHG LQWR WKH LQVWLWXWLRQäV ,6"

7KH GHVLJQHG WHPSODWHV PXVW EH FRQYHUWHG WR G\QDPLF *8,V VR WKDW WKH\ FDQ EH XVHG LQ DOO WDUJHW ,7

V\VWHPV ODWHU RQ� $OVR� PHFKDQLVPV IRU HQWHULQJ DQG TXHU\LQJ GDWD WR IHHG WKH QHZ *8, PXVW EH GHYHORSHG�

������� 6:27 $QDO\VLV

$Q LQWHUQDO DQG H[WHUQDO 6:27 DQDO\VLV ZDV SHUIRUPHG WR DVVHVV WKH LQWHUQDO VWUHQJWKV DQG ZHDNQHVVHV

RI WKH SURSRVHG DSSURDFK� DV ZHOO DV WKH H[WHUQDO RSSRUWXQLWLHV DQG WKUHDWV�

7DEOH �� 6:27 DQDO\VLV RI XVH FDVH SHUIRUPHG�

,QWHUQDO (QYLURQPHQW ([WHUQDO (QYLURQPHQW

6WUHQJKWV 2SSRUWXQLWLHV

6WUXFWXUHG FOLQLFDO GDWD &RPSHWLWLYH DGYDQWDJHV WR FROODERUDWH ZLWK LQWHUQDWLRQDO JURXSV

)DVW DQG VLPSOH DGDSWDWLRQ LQ XQH[SHFWHG VFHQDULRV 6KDULQJ WKH GHYHORSHG LQWHUQDO VWUXFWXUHV ZLWK WKH RSHQ(+5 FRPPXQLW\

8VH RI D JOREDOO\ UHFRJQL]HG VWDQGDUG &UHDWLRQ D ZRUOGZLGH FHQWUDOL]HG RSHQ(+5 UHSRVLWRU\

5HXVH RI VWUXFWXUHV IRU GLIIHUHQW XVH FDVHV &RQWLQXRXV DFWLYH UHVHDUFK LQ WKH VFLHQWLILF FRPPXQLW\

:HDNQHVVHV 7KUHDWV

6PDOO LQWHUQ WHDP RI RSHQ(+5 PRGXODWRUV 0RUH HIILFLHQW H[WHUQDOO\ GHYHORSHG V\VWHPV

&RQVWDQWO\ FKDQJLQJ RI LQWHUQ FOLQLFDO UHTXLUHPHQWV /RZ RSHQ(+5 SURIHVVLRQDOV QXPEHU VORZLQJ LWV JOREDO H[SDQVLRQ

&RQVWDQWO\ FKDQJLQJ RI RSHQ(+5 VSHFLILFDWLRQV

��
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������� &RQFOXVLRQV

7KLV FDVH VWXG\ LV SDUW RI D SLORW SURMHFW DW WKH &+83 LQVWLWXWLRQ WR LPSOHPHQW RSHQ(+5� )ROORZLQJ DQ

DQDO\VLV RI WKH LQVWLWXWLRQ UHTXLUHPHQWV� LW ZDV GHWHUPLQHG WR LPSOHPHQW WKH RSHQ(+5 FOLQLFDO DSSURDFK�

ZKLFK KDV WKH VXSSRUW RI D ODUJH ZRUOGZLGH FRPPXQLW\ DQG LV FRQVWDQWO\ HYROYLQJ DURXQG WKH ZRUOG� 7KLV

VWXG\ SURWRW\SH ZDV LPSOHPHQWHG LQ 3RUWXJDO DW WKH VWDUW RI WKH &29,'��� SDQGHPLF� VXSSRUWLQJ WKH

LQVWLWXWLRQ DQG LWV KHDOWK SURIHVVLRQDOV LQ RUJDQL]LQJ WKHPVHOYHV LQ WLPHV RI FULVLV DQG KLJK SUHVVXUH� 7KH

PHWKRGRORJ\ DOVR DOORZHG WKH LQVWLWXWLRQ WR GHILQH LWV FOLQLFDO JXLGHOLQHV LQ D VWUXFWXUHG ZD\� DV ZHOO DV GHDO

ZLWK WKH FRQVWDQW FKDQJHV RI WKH LQVWLWXWLRQ� %DVHG RQ WKH ILQGLQJV DQG XVHU IHHGEDFN� WKH V\VWHP EXLOW

RQ WKH RSHQ(+5 VWDQGDUG KDV SURYHQ WR EH VLPSOH WR XVH DQG KLJKO\ YDOXHG� 7KH V\VWHP WUDQVODWHV LQWR

WKH G\QDPLF DGDSWDELOLW\ DVVRFLDWHG ZLWK WKH SUHVHQW HSLGHPLF� DV ZHOO DV WKH DELOLW\ WR UHDGLO\ LQWHURSHUDWH

ZLWK RWKHU +,6V� ,W ZDV IHDVLEOH WR TXLFNO\ JHW WKH PRVW GLYHUVH LQGLFDWRUV LQ WHUPV RI WKHLU ZRUNIORZ DV

ZHOO DV WKH HYROXWLRQ RI WKH SDQGHPLF LQ WKH KHDOWKFDUH LQVWLWXWLRQ XVLQJ VWDQGDUGL]HG DQG VWUXFWXUHG GDWD

UHFRUGV� 7R URXQG RXW WKLV FRQFOXVLRQ� , ZRXOG ZDQW WR WKDQN P\ FROOHDJXHV DQG KHDOWKFDUH SURIHVVLRQDOV

ZKR KHOSHG PDNH WKLV FDVH VWXG\ D UHDOLW\�

����� 8VH &DVH �� 8VLQJ 2SHQ(+5 DUWHIDFWV WR 3UHGLFW &29,'���

'LDJQRVLV

$V PHQWLRQHG HDUOLHU� WKH RQJRLQJ SLORW SURMHFW IRFXVLQJ RQ WKH 2SHQ(+5 VSHFLILFDWLRQ ZDV XVHG E\ WKH

&+83 LQVWLWXWLRQ WR UHILQH WKH &29,'��� SDWLHQW WUHDWPHQW ZRUNIORZ� $V D UHVXOW� D K\EULG VROXWLRQ ZDV

GHYHORSHG WKDW LQWHUDFWHG ZLWK H[LVWLQJ /6V WR HQVXUH WKDW XVHUV FRXOG FRPPXQLFDWH IDVW DQG HIIHFWLYHO\

ZLWK PLQLPDO HIIRUW� 7KLV LPSOHPHQWDWLRQ JHQHUDWHG ������ UHFRUGV EDVHG RQ SDWLHQWV ZKR IXOILOOHG WKH

µ6HOI�0RQLWRULQJµWHPSODWH� ,Q WKH IDFH RI VXFK DQ XQNQRZQ DQG XQSUHGLFWDEOH GLVHDVH� WKHVH VWUXFWXUHG

UHFRUGV ZLWK FOLQLFDOO\ LPSRUWDQW LQIRUPDWLRQ ZHUH XVHG WR GHYHORS D V\VWHP IRU WUDFNLQJ V\PSWRPV DQG

KHDOWK SUREOHPV RI VXVSHFWHG RU FRQILUPHG 6$56�&R9�� LQIHFWHG SDWLHQWV� $OO GDWD RQ SDWLHQWV· HYROXWLRQDU\

VWDWXV LQ KRPH FDUH� DV ZHOO DV WKH UHVXOWV RI WKHLU &29,'��� WHVW� ZHUH XVHG WR WUDLQ GLIIHUHQW 0/ PRGHOV

ZLWK WKH JRDO RI FUHDWLQJ D SUHGLFWLYH PRGHO FDSDEOH RI LGHQWLI\LQJ &29,'��� LQIHFWLRQV EDVHG RQ WKH VHYHULW\

RI V\PSWRPV UHSRUWHG E\ SDWLHQWV�

7KH PDMRU SXUSRVH IRU WKLV XVH FDVH LV WR H[SORUH WKH FROOHFWHG GDWD LQ RUGHU WR GHYHORS DQG WUDLQ

PDFKLQH OHDUQLQJ PRGHOV FDSDEOH RI SUHGLFWLQJ &29,'��� LQIHFWLRQV� WKHUHE\ DVVLVWLQJ KHDOWK SURIHVVLRQ�

DOV DW KHDOWKFDUH IDFLOLWLHV� ,Q DGGLWLRQ� WKH &URVV ,QGXVWU\ 6WDQGDUG 3URFHVV IRU 'DWD 0LQLQJ �&5,63�'0�

PHWKRGRORJ\� ZKLFK LV XVHG WR FRQVWUXFW '0 SURFHGXUHV� ZDV LPSOHPHQWHG WR YDOLGDWH WKDW WKH JHQHUDWHG

PRGHOV DUH YDOLG DQG UHSHDWDEOH�

��
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������� 0HWKRGV

7KH H[WUDFWLRQ RI XVHIXO SDWWHUQV DQG NQRZOHGJH IURP WKH LQTXLUHG SDWLHQW GDWD ZDV FDUULHG RXW LQ WKH

KRSH RI GHYHORSLQJ D SUHGLFWLYH PRGHO FDSDEOH RI GLVWLQJXLVKLQJ EHWZHHQ KHDOWK\ SHRSOH DQG SHRSOH ZLWK

&29,'���� WKHUHE\ DVVLVWLQJ KHDOWKFDUH SURIHVVLRQDOV LQ WKH HDUO\ GHWHFWLRQ RI LQIHFWHG SDWLHQWV� DOORZLQJ

WKHP WR LVRODWH DV TXLFNO\ DV SRVVLEOH DQG� DV D UHVXOW� GHFUHDVLQJ WKH YLUXV·V VSUHDG�

&5,63�'0 LV D FRPPRQ IUDPHZRUN IRU GHVLJQLQJ '0 SURFHVVHV DOO RYHU WKH ZRUOG� 7KH (XURSHDQ

&RPPXQLW\ IXQGHG WKLV PHWKRGRORJ\� ZKLFK HQDEOHV IRU SURMHFW UHSOLFDWLRQ DV ZHOO DV SURMHFW SODQQLQJ

DQG PDQDJHPHQW� &5,63�'0 LV D F\FOLFDO SURFHVV ZLWK VL[ VWHSV� DV LOOXVWUDWHG LQ ILJXUH ��� %XVLQHVV

8QGHUVWDQGLQJ� 'DWD 8QGHUVWDQGLQJ� 'DWD 3UHSDUDWLRQ� 0RGHOLQJ� (YDOXDWLRQ� DQG 'HSOR\PHQW�

)LJXUH ��� &\FOH RI &5,63�'0 PHWKRGRORJ\�

:LWK WKH H[FHSWLRQ RI WKH ILQDO SKDVH� PRGHO GHSOR\PHQW� WKH IROORZLQJ WRSLFV SURYLGH D IXOO GLVFXVVLRQ

RI HDFK RI &5,63�'0 SKDVHV�

%XVLQHVV 8QGHUVWDQGLQJ

&29,'��� LV DVVRFLDWHG ZLWK D ZLGH UDQJH RI V\PSWRPV� LQFOXGLQJ IHYHU� KHDGDFKH� UHVSLUDWRU\ WUDFW V\PS�

WRPV VXFK DV FRXJK DQG G\VSQHD� DQG ORVV RI WDVWH RU VPHOO� DPRQJ RWKHUV� %HFDXVH WKLV LV D QHZ GLVHDVH

WKDW PDQLIHVWV GLIIHUHQW ZD\V LQ GLIIHUHQW SHRSOH� GLDJQRVLQJ LW LV GLIILFXOW EHFDXVH PRVW RI WKH V\PSWRPV

SUHVHQWHG DUH HLWKHU GLIILFXOW WR LGHQWLI\ EHFDXVH WKH\ DUH XVXDOO\ OHVV VHYHUH RU EHFDXVH WKH\ DUH FRPPRQ

GD\�WR�GD\ FRQGLWLRQV IRU VRPH SHRSOH� VXFK DV SHRSOH ZKR IUHTXHQWO\ VXIIHU IURP KHDGDFKHV� RU EHFDXVH

WKH\ DUH V\PSWRPV RI FRPPRQ GLVHDVHV� VXFK DV WKH IOX� $V D UHVXOW� WKH &29,'��� GLDJQRVLV LV EDVHG

RQ D VHULHV RI ODERUDWRU\ WHVWV� +RZHYHU� DV WKH SDQGHPLF VSUHDGV DQG JURZV DW DQ H[SRQHQWLDO UDWH� WKH

QXPEHU RI WHVWV DYDLODEOH EHFRPHV OLPLWHG�

��
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$V D UHVXOW� D PRGHO FDSDEOH RI GHWHFWLQJ WKH SUHVHQFH RI &29,'��� EDVHG RQ VXUYH\ UHVSRQVHV DERXW

D SDWLHQW·V FOLQLFDO V\PSWRPDWRORJ\ VKRXOG VLJQLILFDQWO\ LPSURYH WKH KHDOWK�FDUH V\VWHP·V DELOLW\ WR UHVSRQG

UDSLGO\ DQG HIILFLHQWO\ WR QHZO\ LGHQWLILHG FDVHV� 7KXV� WKH EXVLQHVV JRDO RI WKH ZRUN SUHVHQWHG LQ WKLV

UHVHDUFK LV WR GHWHUPLQH ZKLFK FKDUDFWHULVWLFV KDYH D KLJKHU LPSDFW RQ &29,'��� GLDJQRVLV� DV ZHOO DV

WR EXLOG DQ HIILFLHQW SUHGLFWLRQ PRGHO IRU HDUO\ GLVHDVH GHWHFWLRQ EDVHG RQ FOLQLFDO V\PSWRPDWRORJ\ GDWD

IURP SDWLHQWV ZKR KDYH EHHQ LQTXLUHG� )RU WKLV� GLIIHUHQW PDFKLQH OHDUQLQJ DOJRULWKPV ZHUH XVHG WR FUHDWH

PRGHOV FDSDEOH RI H[WUDFWLQJ XVHIXO LQIRUPDWLRQ IURP WKH GDWD� $V D UHVXOW� WKH HQG SXUSRVH LV DOZD\V WR

SURYLGH EHWWHU KHDOWKFDUH IRU SDWLHQWV DQG WR GHOLYHU WKHP WKH DSSURSULDWH WKHUDS\ DV VRRQ DV SRVVLEOH�

'DWD 8QGHUVWDQGLQJ

7KLV VWDJH ZDV FUXFLDO WR LQWHUSUHWLQJ WKH GDWD DQG GHWHUPLQLQJ WKH UHODWLRQVKLSV EHWZHHQ WKH DWWULEXWHV�

$V DIRUHPHQWLRQHG� WKH GDWDVHW XVHG LQ WKLV VWXG\ FRQWDLQV D ZLGH UDQJH RI LQIRUPDWLRQ FRQFHUQLQJ &29,'�

�� SDWLHQWV DQG WKH V\PSWRPV WKH\ HQFRXQWHUHG� 7KH H[WUDFWHG GDWD LQFOXGHG ������ LQVWDQFHV DQG ��

DWWULEXWHV� $OVR� HDFK RI WKHVH LQVWDQFHV UHIHUV WR D SDWLHQW ZKR KDV EHHQ LQTXLUHG DQG KDV KLV RU KHU RZQ

PHGLFDO GDWD� 7KH GHVFULSWLRQ RI WKH DWWULEXWHV FDQ EH IRXQG LQ WKH QH[W WDEOH � �

7DEOH �� 'HVFULSWLRQ RI WKH GDWDVHW·V DWWULEXWHV�

$WWULEXWH 'HVFULSWLRQ 7\SH

3DWLHQWBLG 3DWLHQW·V ,GHQWLILHU ,QWHJHU
$JH 3DWLHQW·V DJH ,QWHJHU
*HQGHU 3DWLHQW·V JHQGHU 1 ,QWHJHU
7HPSHUDWXUH 3DWLHQW·V ERG\ WHPSHUDWXUH 2 ,QWHJHU
+HDGDFKH 3DWLHQW·V KHDGDFKH HYDOXDWLRQ 2 3RO\QRPLDO
0XVFOHBSDLQ 3DWLHQW·V PXVFOH SDLQ HYDOXDWLRQ 2 3RO\QRPLDO
&RXJK 3DWLHQW·V FRXJK HYDOXDWLRQ 2 3RO\QRPLDO
'LDUUKHD 3DWLHQW·V GLDUUKHD HYDOXDWLRQ 2 3RO\QRPLDO
7KRUDFDOJLD 3DWLHQW·V WKRUDFDOJLD HYDOXDWLRQ 2 3RO\QRPLDO
6KRUWQHVVBRIBEUHDWK 3DWLHQW·V VKRUWQHVV RI EUHDWK HYDOXDWLRQ 2 3RO\QRPLDO
6KRUWQHVVBRIBVPHOOBWDVWH 3DWLHQW·V VKRUWQHVV RI VPHOO DQG WDVWH HYDOXDWLRQ 2 3RO\QRPLDO
0HGLFDWLRQBODVWB��K 0HGLFDWLRQV WDNHQ LQ WKH SUHYLRXV �� KRXUV 2 3RO\QRPLDO
*OREDOBHYDOXDWLRQ 3DWLHQW·V KHDOWK VWDWXV 2 3RO\QRPLDO
5HVXOW &29,'��� WHVW UHVXOW 3 %LQRPLDO

1 ^)HPDOH� 0DOH` 2 ^1R�, KDYH QRZ� .HHSV� ,PSURYHG� :RUVHQHG` 3 ^1HJDWLYH� 3RVLWLYH`

7KH ILJXUHV EHORZ LOOXVWUDWH EULHIO\ WKH W\SH RI LQIRUPDWLRQ FROOHFWHG IURP WKH GDWDVHW DV ZHOO DV VRPH

RI LWV WUHQGV� 7KH JUDSKV GHSLFW WKH GLVWULEXWLRQ RI SDWLHQW GDWD EDVHG RQ DJH� JHQGHU� DQG WHPSHUDWXUH�

)LJXUH �� LOOXVWUDWHV WKH DJH GLVWULEXWLRQ IURP QHZERUQV WR WKH HOGHUO\� ZLWK WKH DJH UDQJH RI �� WR ��

\HDUV KROGLQJ WKH PRVW UHFRUGV� %HFDXVH WKH &29,'��� VFUHHQLQJ TXHVWLRQQDLUHV ZHUH DYDLODEOH RQOLQH� LW

��
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LV SUREDEOH WKDW WKH ODUJHU FRQFHQWUDWLRQ RI LQIRUPDWLRQ LQ WKLV DJH JURXS UHIOHFWV D JUHDWHU IDPLOLDULW\ ZLWK

FXUUHQW WHFKQRORJLHV�

)LJXUH ��� 3DWLHQW GLVWULEXWLRQ E\ DJH�

,Q WHUPV RI SDWLHQW JHQGHU� ILJXUH �� UHYHDOV WKDW WKH IHPDOH JHQGHU ZDV PRUH DEXQGDQW LQ WKH UHVHDUFK

GDWDVHW WKDQ WKH PDOH JHQGHU�

)LJXUH ��� 3DWLHQW GLVWULEXWLRQ E\ JHQGHU�

7KH SDWLHQW·V ERG\ WHPSHUDWXUH� ZKLFK ZDV UHDG E\ WKH SDWLHQW KLPVHOI�KHUVHOI� LV RQH RI WKH PRVW

LPSRUWDQW HVWDEOLVKHG PHWULFV� 7KH WHPSHUDWXUH GLVWULEXWLRQ RI WKH SDWLHQWV� ZKLFK UDQJHV IURP �� WR ��

GHJUHHV &HOVLXV� LV VKRZQ LQ ILJXUH ��� 7KH DQDO\VLV RI WKLV JUDSKLF UHYHDOV WKDW WKH PDMRULW\ RI SDWLHQWV

KDG D WHPSHUDWXUH RI �� GHJUHHV &HOVLXV� DQG D QHDUO\ V\PPHWULFDO GLVWULEXWLRQ RI WHPSHUDWXUHV WR HLWKHU

��
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VLGH PD\ EH VKRZQ E\ SORWWLQJ D SHUSHQGLFXODU D[LV DW WKDW SRLQW� 6XUSULVLQJO\� WKH PDMRULW\ RI SDWLHQWV KDYH

QRUPDO ERG\ WHPSHUDWXUHV� UDQJLQJ EHWZHHQ �� DQG �� GHJUHHV &HOVLXV� 7KLV LV UHPDUNDEOH JLYHQ WKDW WKH

PDMRULW\ RI SHRSOH LQFOXGHG LQ WKLV VWXG\ DUH &29,'��� SRVLWLYH FDVHV� DV VHHQ EHORZ�

)LJXUH ��� 3DWLHQW GLVWULEXWLRQ E\ WHPSHUDWXUH�

)LQDOO\� ILJXUH �� LOOXVWUDWHV WKH GLVWULEXWLRQ RI &29,'��� UHVXOWV DPRQJ WKH SDWLHQWV LQ WKLV FDVH VWXG\

�WKH WDUJHW DWWULEXWH�� 7KH WDUJHW FODVV GLVWULEXWLRQ LV VHYHUHO\ LPEDODQFHG� ZLWK MXVW ����� RI RFFXUUHQFHV

JHQHUDWLQJ D QHJDWLYH UHVXOW DQG WKH UHPDLQLQJ ������ SURYLGLQJ &29,'��� SRVLWLYH UHVXOWV� DV VKRZQ LQ

WKLV ILJXUH�

)LJXUH ��� 3DWLHQW GLVWULEXWLRQ E\ &29,'��� UHVXOW WHVW�

7KHVH VWDWLVWLFV VKRZ WKDW WKH PDMRULW\ RI XVHUV ZKR DQVZHUHG WKH VFUHHQLQJ TXHVWLRQQDLUH SURYLGHG

LQ WKH EXLOW ZHE DSSOLFDWLRQ RQO\ ZDQWHG WR EH UHPRWHO\ PRQLWRUHG LI WKH\ WHVWHG SRVLWLYH IRU &29,'����

UHVXOWLQJ LQ DQ XQEDODQFHG GDWDVHW�

��
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'DWD 3UHSDUDWLRQ

'DWD SUHSDUDWLRQ LV WKH PRVW WLPH�FRQVXPLQJ SDUW RI WKH &5,63�'0 SURFHVV� LQYROYLQJ WKH LQWHJUDWLRQ�

FOHDQLQJ� WUDQVIRUPDWLRQ� DQG VDPSOLQJ RI GDWD� 7KH GDWD ZDV LQLWLDOO\ LQWHJUDWHG� DQG WKH GDWD FOHDQLQJ

SURFHVV ZDV XVHG WR LGHQWLI\ GXSOLFDWH GDWD� PLVVLQJ YDOXHV� RXWOLHUV� DQG LQFRQVLVWHQFLHV�

7KHUH ZHUH QR GXSOLFDWHV RU RXWOLHUV GHWHFWHG WKURXJKRXW WKH GDWD FOHDQLQJ SURFHGXUH� +RZHYHU� VRPH

LQFRQVLVWHQFLHV ZHUH GLVFRYHUHG DQG QHHGHG WR EH UHFWLILHG� 7KH 7HPSHUDWXUH DWWULEXWH KDV WKH PRVW LQ�

FRQVLVWHQFLHV� %HFDXVH WKLV LV D QXPHULFDO DWWULEXWH� WKHUH PD\ EH VRPH YDULDWLRQ� VXFK DV VRPH SDWLHQWV

ILOOLQJ LQ WKH YDOXHV ZLWK FRPPDV DQG RWKHUV URXQGLQJ WKHP� DV ZHOO DV VRPH SDWLHQWV SXWWLQJ WKH XQLW RI

PHDVXUHPHQW DQG RWKHUV GRQ·W� DQG LQ WKH FDVH RI SXWWLQJ WKH XQLW� WKH IRUPDWWLQJ PD\ GLIIHU� VXFK DV µ�&µ�

µGHJUHHVµ� DQG µGHJUHHV &HOVLXVµ� $V D UHVXOW� DOO XQLWV ZHUH UHPRYHG� DQG DOO WHPSHUDWXUH YDOXHV ZHUH

URXQGHG WR FRQYHUW LQWRâ,QWHJHU W\SH� ,Q DGGLWLRQ WR WKLV DWWULEXWH� WKH DWWULEXWH 0HGLFDWLRQ ODVW ��K UHTXLUHG

D VSHFLILF WUDQVIRUPDWLRQ SURFHVV VLQFH� EHFDXVH LW LV D IUHH WH[W ILHOG� SDWLHQWV XVHG PXOWLSOH GHVLJQDWLRQV

WR GHVLJQDWH WKH VDPH GUXJ� $V D UHVXOW� D WLPH�FRQVXPLQJ DQG ODERU�LQWHQVLYH WUDQVIRUPDWLRQ SURFHVV ZDV

LPSOHPHQWHG WR YHULI\ WKDW WKH GUXJ QDPHV ZHUH FRQVLVWHQW�

,Q DGGLWLRQ WR GDWD LQFRQVLVWHQFLHV� PLVVLQJ YDOXHV ZHUH GHWHFWHG DQG WUHDWHG E\ UHSODFLQJ WKHPZLWK WKH

PHDQ IRU QXPHULF DWWULEXWHV DQG WKH PRGH IRU QRPLQDO DWWULEXWHV� $V D UHVXOW� WKH PLVVLQJ 7HPSHUDWXUH

YDOXHV ZHUH UHSODFHG E\ WKH DWWULEXWHV DYHUDJH YDOXH� ,Q WXUQ� WKH PLVVLQJ YDOXHV RI QRPLQDO DWWULEXWHV

FRUUHVSRQGLQJ WR WKH SDWLHQW·V V\PSWRPV ZHUH VXEVWLWXWHG E\ WKH PRVW FRPPRQ YDOXH� µ1Rµ�

,Q WKLV SKDVH� WKH XQGHU DQG RYHU W\SHV RI VDPSOLQJ PHWKRGV ZHUH HYDOXDWHG IRU WKH GHILQLWLRQ RI

GLIIHUHQW GDWD DSSURDFKHV LQ RUGHU WR GHWHUPLQH ZKLFK IRUP RI VDPSOLQJ LV EHWWHU IRU &29,'��� FDVH FODV�

VLILFDWLRQ� 'XULQJ WKH 0RGHOLQJ VWDJH� PDQ\ VFHQDULRV ZHUH FRQVWUXFWHG E\ VHOHFWLQJ VSHFLILF DWWULEXWHV LQ

RUGHU WR HYDOXDWH WKHLU LPSDFW RQ WKH ILQDO SUHGLFWLRQ�

0RGHOLQJ

7KLV SKDVH FRQVLVWHG LQ WKH SUHSDUDWLRQ RI GLIIHUHQW '00 XVLQJ WKH 5DSLG0LQHU VRIWZDUH ZLWK WKH GDWDVHW

UHVXOWLQJ IURP WKH 'DWD 3UHSDUDWLRQ VWDJH� (DFK '00 FDQ EH GHVFULEHG DV EHORQJLQJ WR DQ $SSURDFK �$��

EHLQJ FRPSRVHG E\ D 6FHQDULR �6�� D 0LVVLQJ 9DOXHV $SSURDFK �09$�� D '07� D 6DPSOLQJ 0HWKRG �60��

D 'DWD $SSURDFK �'$� DQG D 7DUJHW �7�� DV H[SUHVVHG LQ HTXDWLRQ ��

566 = {7, 8,697,56: , 86,57,: } ���

7KHUH ZDV RQO\ RQH WDUJHW �7�� ZKLFK ZDV WKH UHVXOW YDULDEOH� 6LQFH &ODVVLILFDWLRQ ZDV WKH FKRVHQ

$SSURDFK �$�� VL[ GLIIHUHQW FODVVLILHUV ZHUH VHOHFWHG WR EH XVHG DV '07� QDPHO\ 'HFLVLRQ 7UHH �'7�� 5DQGRP

)RUHVW �5)�� 5DQGRP 7UHH �57�� 1DLYH %D\HV �1%�� 1DLYH %D\HV � .HUQHO �1%�.� DQG 'HHS /HDUQLQJ �'/��

7KH '/ DOJRULWKP LV DQ LPSOHPHQWDWLRQ RI WKH 5DSLGPLQHU RSHUDWRU ZKLFK LV EDVHG RQ D PXOWL�OD\HU IHHG�

IRUZDUG DUWLILFLDO QHXUDO QHWZRUN WKDW LV WUDLQHG ZLWK VWRFKDVWLF JUDGLHQW GHVFHQW XVLQJ EDFN�SURSDJDWLRQ RQ

��
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D QRGH RI +�2 FOXVWHU�

)RU HDFK '07� WKUHH 6DPSOLQJ 0HWKRGV �60� ZHUH WHVWHG�

� 6SOLW 9DOLGDWLRQ� ZLWK ��� RI WKH GDWD XVHG IRU WUDLQLQJ DQG WKH UHPDLQLQJ DPRXQW IRU WHVWLQJ�

� 6SOLW 9DOLGDWLRQ� ZLWK ��� RI WKH GDWD XVHG IRU WUDLQLQJ DQG WKH UHPDLQLQJ DPRXQW IRU WHVWLQJ�

� &URVV 9DOLGDWLRQ� XVLQJ �� IROGV DQG ZKHUH DOO GDWD LV XVHG IRU WHVWLQJ�

%HFDXVH WKH WDUJHW YDULDEOH·V FODVV GLVWULEXWLRQ ZDV FRQVLGHUDEO\ XQEDODQFHG� WZR 'DWD $SSURDFKHV

�'$� ZHUH LQYHVWLJDWHG� XQGHUVDPSOLQJ DQG RYHUVDPSOLQJ� ZLWK WKH 6027( XSVDPSOLQJ PHWKRGRORJ\ EHLQJ

XVHG�

5HJDUGLQJ WKH VFHQDULRV� WKH ILUVW VFHQDULR �6�� LQFOXGHV DOO DWWULEXWHV� ,Q WKH VHFRQG VFHQDULR �6��� LW

ZDV GHFLGHG WR UHPRYH WKH 7KRUDFDOJLD DWWULEXWH� 2Q WKH RWKHU KDQG� WKH WKLUG VFHQDULR �6�� LQFOXGHV DOO

DWWULEXWHV H[FHSW WKH 6KRUWQHVVBRIBVPHOOBWDVWH DWWULEXWH VLQFH WKH ORVV RI VPHOO GRHV QRW DOZD\V LPSO\ WKH

ORVV RI WDVWH� DQG YLFH YHUVD� 7KHUHIRUH� LW ZDV GHFLGHG WKDW LW ZDV LPSRUWDQW WR LQYHVWLJDWH WKH LQIOXHQFH RI

WKLV DWWULEXWH RQ WKH SUHGLFWLRQ SURFHVV�

$V D UHVXOW� LQ WKLV VWXG\� WKH '00 DUH GHILQHG DV IROORZV�

� $  ^&ODVVLILFDWLRQ`

� 6  ^6�� 6�� 6�`

� 09$  ^1�$� 5HSODFH �$YHUDJH DQG 5HSOHQLVKPHQW�`

� '07  ^'7� 5)� 57� 1%� 1%�.� '/`

� 60  ^6SOLW 9DOLGDWLRQ ������ 6SOLW 9DOLGDWLRQ ������ &URVV 9DOLGDWLRQ ��� IROGV�`

� '$  ^8QGHUVDPSOLQJ� 2YHUVDPSOLQJ �6027( XSVDPSOLQJ�`

� 7  ^UHVXOW`

,Q WRWDO� ��� PRGHOV ZHUH LQGXFHG DFFRUGLQJ WR HTXDWLRQ ��

566 = 1(7) × 3(8) × 2(697) × 6(56: ) × 3(86) × 2(57) × 1(: ) ���

(YDOXDWLRQ

$V D FODVVLILFDWLRQ DSSURDFK� HDFK PRGHO SURGXFHG D FRQIXVLRQ PDWUL[ IRU LWV HYDOXDWLRQ� ZKLFK UHSUHVHQWV

WKH QXPEHU RI )DOVH 3RVLWLYH �)3�� )DOVH 1HJDWLYH �)1�� 7UXH 3RVLWLYH �73�� DQG 7UXH 1HJDWLYH �71�� 6HYHUDO

HYDOXDWLRQ PHWULFV FDQ EH FDOFXODWHG IURP WKHVH YDOXHV� WKLV VWXG\ LQ SDUWLFXODU XVHG WKH DFFXUDF\ ����

SUHFLVLRQ ���� VHQVLWLYLW\ ���� DQG VSHFLILFLW\ ��� WR VXSSRUW WKH HYDOXDWLRQ DQG FRQFOXVLRQ RI WKLV UHVHDUFK

FDVH� 7KH GHVFULSWLRQ DQG FDOFXODWLRQ RI HDFK RI WKHVH PHWULFV LV SUHVHQWHG EHORZ�

��
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− $FFXUDF\� 7KLV LQGLFDWRU FDOFXODWHV WKH UDWLR EHWZHHQ WKH LQVWDQFHV FRUUHFWO\ FODVVLILHG E\ WKH

IRUFDVW PRGHO DQG DOO FODVVLILHG LQVWDQFHV IRU WKH FRUUHFWO\ 73 FODVVLILHG LQVWDQFHV� WKDW UHVSRQGV WR

WKH TXHVWLRQ�

+RZ PDQ\ SDWLHQWV ZHUH DFFXUDWHO\ FODVVLILHG RXW RI WKH WRWDO"

7--0!'-$ =
:; +:3

:; +:3 + <3 + <;
���

− 3UHFLVLRQ� 7KLV SDUDPHWHU PHDVXUHV WKH SURSRUWLRQ RI SRVLWLYH RFFXUUHQFHV SURSHUO\ FODVVLILHG E\

WKH PRGHO WR WKH WRWDO QXPEHU RI SRVLWLYH LQVWDQFHV� WKDW UHVSRQGV WR WKH TXHVWLRQ�

+RZ PDQ\ RI SDWLHQWV ZKR ZHUH FODVVLILHG ZLWK &29,'��� DFWXDOO\ KDG WKH GLVHDVH"

;!&-.).+* =
:;

:; + <;
���

− 6HQVLWLYLW\� 7KLV PHWULF LV FRQVLGHUHG DV DQ LQWHJUDWRU LQGLFDWRU DQG PHDVXUHV WKH UDWLR RI SRVLWLYH

LQVWDQFHV FRUUHFWO\ FODVVLILHG E\ WKH PRGHO WR WKH WRWDO SRVLWLYH LQVWDQFHV� WKDW UHVSRQGV WR WKH

TXHVWLRQ�

+RZ PDQ\ &29,'��� SDWLHQWV ZHUH VXFFHVVIXOO\ SUHGLFWHG RXW RI DOO RI WKHP"

8&*).#.=.#$ =
:;

:; + <3
���

− 6SHFLILFLW\� 5HYHDOV WKH FRUUHFWO\ 71 FODVVLILHG LQVWDQFHV WKURXJK WKH FDOFXODWLRQ RI WKH SURSRU�

WLRQ RI QHJDWLYH RFFXUUHQFHV FRUUHFWO\ FODVVLILHG E\ WKH PRGHO WR WKH WRWDO QHJDWLYH LQVWDQFHV� WKDW

UHVSRQGV WR WKH TXHVWLRQ�

+RZ PDQ\ KHDOWK\ SDWLHQWV ZHUH FRUUHFWO\ SUHGLFWHG"

8%&-. 1 .-.#$ =
:3

:3 + <;
���

������� 5HVXOWV

7KH RXWFRPHV DQDO\VLV LV VHSDUDWHG LQWR VHFWLRQV EDVHG RQ WKH PDQ\ PHWULFV WR EH H[DPLQHG� ZKLFK ZHUH

SUHYLRXVO\ VSHFLILHG LQ WKH &5,63�'0 F\FOH HYDOXDWLRQ VWDJH� $IWHU VL[ SUHGLFWLYH DOJRULWKPV ZHUH HYDOXDWHG�

WKH EHVW RXWFRPH IRU HDFK SDUDPHWHU IRU HYHU\ '07 ZDV WHVWHG�

7DEOH � VKRZV WKDW 6� KDG WKH EHVW UHVXOWV LQ WHUPV RI $FFXUDF\� L�H�� WKH DVVHUWLYHQHVV RI SDWLHQW

ODEHOLQJ� ZKHQ FRPELQHG ZLWK '7� 5)� 1%�.� DQG 1% GDWD PLQLQJ WHFKQLTXHV� DFKLHYLQJ UHVXOWV DERYH ����

,W LV ZRUWK QRWLQJ WKDW WKH 6� VFHQDULR� ZKLFK UHPRYHG WKH 6KRUWQHVVBRIBVPHOOBWDVWH DWWULEXWH� FRPELQHG

��
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ZLWK WKH '/ DOJRULWKP SURGXFHG D JRRG UHVXOW ZLWK ������ DFFXUDF\� )LQDOO\� LW LV LPSRUWDQW WR QRWH WKDW

WKH EHVW UHVXOWV DUH QRW UHODWHG ZLWK DQ 09$�

7DEOH �� +LJKHVW DFFXUDF\ '00 IRU HDFK '07�

'00 '07 6 60 09$ '$ $FFXUDF\ ���

� '7 6� 6SOLW 9DOLGDWLRQ ����� 1�$ 6027( �����
� 5) 6� 6SOLW 9DOLGDWLRQ ����� 1�$ 6027( �����
��� '/ 6� 6SOLW 9DOLGDWLRQ ����� 1�$ 6027( �����
�� 1%�. 6� 6SOLW 9DOLGDWLRQ ����� 1�$ 6027( �����
�� 1% 6� 6SOLW 9DOLGDWLRQ ����� 1�$ 6027( �����
�� 57 6� 6SOLW 9DOLGDWLRQ ����� 1�$ 6027( �����

7KH SUHFLVLRQ PHWULF REWDLQHG H[FHOOHQW UHVXOWV� DV FDQ EH VHHQ LQ WDEOH ��� ZLWK DOO PRGHOV DFKLHYLQJ

YDOXHV JUHDWHU WKDQ ���� LQGLFDWLQJ WKDW WKHUH LV D KLJK GHJUHH RI FHUWDLQW\ WKDW WKH LQGLYLGXDOV FODVVLILHG ZLWK

&29,'��� KDG WKH FRQGLWLRQ� ,W VKRXOG EH QRWHG WKDW WKH EHVW SUHFLVLRQ UHVXOW ZDV ������ ZKLOH HPSOR\LQJ

WKH '00�� ZKLFK LV GHILQHG E\ WKH '7 DOJRULWKP� WKH 6� VFHQDULR� WKH 6SOLW 9DOLGDWLRQ ����� PHWKRG� DQG

WKH 6027( 8SVDPSOLQJ WHFKQLTXH� 7KH ZRUVW PRGHO� '00��� EDVHG RQ WKH 5) DOJRULWKP DORQJ ZLWK WKH

6� VFHQDULR� WKH 6027( GDWD DSSURDFK� DQG &URVV 9DOLGDWLRQ 60� DFKLHYHG DQ DFFXUDF\ RI ������� ZKLFK

VWLOO UHPDLQV DQ YHU\ KLJK YDOXH�

7DEOH ��� +LJKHVW SUHFLVLRQ '00 IRU HDFK '07�

'00 '07 6 60 09$ '$ 3UHFLVLRQ ���

� '7 6� 6SOLW 9DOLGDWLRQ ����� 1�$ 6027( �����
�� 57 6� 6SOLW 9DOLGDWLRQ ����� 1�$ 6027( �����
�� 1% 6� 6SOLW 9DOLGDWLRQ ����� 1�$ 6027( �����
�� 1%�. 6� 6SOLW 9DOLGDWLRQ ����� 1�$ 6027( �����
��� '/ 6� 6SOLW 9DOLGDWLRQ ����� 1�$ 6027( �����
�� 5) 6� &URVV 9DOLGDWLRQ 1�$ 6027( �����

,Q WHUPV RI VHQVLWLYLW\� WDEOH �� VKRZV WKDW WKH SUHGLFWLYH PRGHOV ZLWK WKH EHVW SHUIRUPDQFH ZHUH 5)�

'7� '/� DQG 1%�.� 7KLV PHDQV WKDW WKHVH PRGHOV JXDUDQWHH WKDW DW OHDVW ��� RI SDWLHQWV LQIHFWHG ZLWK

&29,'��� ZHUH FRUUHFWO\ SUHGLFWHG� 6HQVLWLYLW\ LV WKH PRVW UHOHYDQW PHWULF IRU HYDOXDWLQJ PRGHOV LQ WKH

FRQWH[W RI WKLV UHVHDUFK� EHFDXVH LW LV ULVN\ WR SUHGLFW WKDW D SDWLHQW LQIHFWHG ZLWK 6$56�&R9�� LV KHDOWK\� ,W

LV LPSRUWDQW WR PHQWLRQ WKDW WKLV LV WKH RQO\ PHWULF LQ ZKLFK '00� GLG QRW SURGXFH WKH JUHDWHVW UHVXOWV� EXW

LWV SHUIRUPDQFH ZDV VWLOO DGHTXDWH� DV LW ZDV WKH VHFRQG '00 ZLWK WKH KLJKHVW VHQVLWLYLW\ YDOXH � �������

��
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7DEOH ��� +LJKHVW VHQVLWLYLW\ '00 IRU HDFK '07�

'00 '07 6 60 09$ '$ 6HQVLWLYLW\ ���

� 5) 6� 6SOLW 9DOLGDWLRQ ����� 1�$ 6027( �����
� '7 6� 6SOLW 9DOLGDWLRQ ����� 1�$ 6027( �����
��� '/ 6� 6SOLW 9DOLGDWLRQ ����� 1�$ 6027( �����
�� 1%�. 6� 6SOLW 9DOLGDWLRQ ����� 5HSODFH 6027( �����
�� 1% 6� 6SOLW 9DOLGDWLRQ ����� 5HSODFH 6027( �����
�� 57 6� &URVV 9DOLGDWLRQ 5HSODFH 6027( �����

6SHFLILFLW\� RQ WKH RWKHU KDQG� LQGLFDWHV KRZ PDQ\ KHDOWK\ SDWLHQWV ZHUH FRUUHFWO\ SUHGLFWHG� 7KH

'00�� ZKLFK LV GHILQHG E\ WKH '7 DOJRULWKP� WKH 6� VFHQDULR� 6SOLW 9DOLGDWLRQ ZLWK ��� RI WKH GDWD XVHG

IRU WUDLQLQJ� DQG WKH 6027( 8SVDPSOLQJ WHFKQLTXH� UHYHDOV WKH EHVW FRPELQDWLRQ WR DFKLHYH WKH EHVW

VSHFLILFLW\ UHVXOW � �������

7DEOH ��� +LJKHVW VSHFLILFLW\ '00 IRU HDFK '07�

'00 '07 6 60 09$ '$ 6SHFLILFLW\ ���

� '7 6� 6SOLW 9DOLGDWLRQ ����� 1�$ 6027( �����
�� 57 6� 6SOLW 9DOLGDWLRQ ����� 1�$ 6027( �����
�� 1% 6� 6SOLW 9DOLGDWLRQ ����� 1�$ 6027( �����
�� 1%�. 6� 6SOLW 9DOLGDWLRQ ����� 1�$ 6027( �����
��� '/ 6� 6SOLW 9DOLGDWLRQ ����� 1�$ 6027( �����
�� 5) 6� &URVV 9DOLGDWLRQ 1�$ 6027( �����

$FFRUGLQJ WR WKH PDMRULW\ RI UHVXOWV� 6SOLW 9DOLGDWLRQ ZDV WKH PRVW VXFFHVVIXO 60 LQ WKLV VWXG\� 6SOLW

9DOLGDWLRQ LV XVHIXO IRU ODUJH GDWDVHWV DQG FRPSOH[ SUHSURFHVVLQJ SURFHGXUHV VLQFH LW DOORZV IRU VRPH

XQFHUWDLQW\ UHJDUGLQJ WKH UREXVWQHVV RI WKH PRGHO� &URVV 9DOLGDWLRQ� RQ WKH RWKHU KDQG� UHTXLUHV PRUH

IXOO\ YDOLGDWHG PRGHOV� ZKLFK VORZV GRZQ WKH SURFHVV FRPSXWDWLRQDO HIILFLHQF\ ZKHQ WKH GDWD LV KXJH�

,Q WHUPV RI VFHQDULRV� 6�� ZKLFK LQFOXGHG DOO RI WKH DWWULEXWHV� JHQHUDWHG WKH EHVW UHVXOWV� IROORZHG E\

6�� ZKLFK PDGH LW WR VL[ RI WKH EHVW SHUIRUPLQJ PRGHOV� DQG 6�� ZKLFK PDGH LW WR WZR RI WKH EHVW SHUIRUPLQJ

PRGHOV� 7KLV LQGLFDWHV WKDW DOO RI WKH DWWULEXWHV XVHG LQ WKLV FDVH VWXG\ VKRXOG EH LQFOXGHG ZKHQ HYDOXDWLQJ

WKH GLDJQRVLV RI &29,'��� FDVHV�

,Q WHUPV RI WKH 09$� LW FDQ EH VKRZQ WKDW WKH PRGHOV SHUIRUPHG EHWWHU LQ JHQHUDO ZKHQ WKH PLVVLQJ

YDOXHV ZHUH QRW UHSODFHG E\ WKHLU PHDQ RU PRGH YDOXH� GHSHQGLQJ RQ ZKHWKHU WKH\ DUH QXPHULFDO RU

QRPLQDO� 7KLV LV QRW VXUSULVLQJ JLYHQ WKDW WKH GDWDVHW FRQWDLQV D VLJQLILFDQW QXPEHU RI PLVVLQJ YDOXHV� ZLWK

WKH PDMRULW\ RI WKH DWWULEXWHV UHIHUULQJ WR WKH HYROXWLRQ RI WKH V\PSWRPV� ZKLFK DUH H[WUHPHO\ VXEMHFWLYH�

2YHUVDPSOLQJ� XVLQJ WKH 6027( 8SVDPSOLQJ WHFKQLTXH� SURGXFHG WKH EHVW UHVXOWV� $OWKRXJK WKH 8Q�

GHUVDPSOLQJ PHWKRG ZDV WULHG� EHVLGHV LW GLG QRW SURGXFH WKH RSWLPDO UHVXOWV� 7KLV ZDV PRVW OLNHO\ RZLQJ

WR WKH PLQRULW\ FODVV EHLQJ IDU VPDOOHU WKDQ WKH PDMRULW\ FODVV� UHVXOWLQJ LQ VHYHUH GDWD ORVV�

��
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������� 6:27 $QDO\VLV

$Q LQWHUQDO DQG H[WHUQDO 6:27 DQDO\VLV ZDV SHUIRUPHG WR DVVHVV WKH GHYHORSHG SUHGLFWLYH PRGHO·V LQWHUQDO

VWUHQJWKV DQG ZHDNQHVVHV� DV ZHOO DV WKH H[WHUQDO RSSRUWXQLWLHV DQG WKUHDWV�

7DEOH ��� 6:27 DQDO\VLV RI XVH FDVH SHUIRUPHG�

,QWHUQDO (QYLURQPHQW ([WHUQDO (QYLURQPHQW

6WUHQJKWV 2SSRUWXQLWLHV

/DUJH RULJLQDO GDWDVHW IRU DQDO\VLV 6KDULQJ WKH ILQDO GDWDVHW IRU RWKHU UHVHDUFK VWXGLHV

3URPRWLRQ RI LQWHURSHUDELOLW\ EHWZHHQ KRPH�EDVHG FDUH DQG SURIHVVLRQDOV 6KDULQJ RI RSHQ(+5 &29,'��� VWUXFWXUHV EXLOW ZLWK WKH LQWHUQDWLRQDO

FRPPXQLW\

+LJK FRPSOLDQFH RI SDWLHQWV DQG KHDOWKFDUH SURIHVVLRQDOV LQ WKLV SURFHVV 6FLHQWLILF FRQWULEXWLRQ WR ILJKW D SDQGHPLF VLWXDWLRQ

:HDNQHVVHV 7KUHDWV

,QFRQVLVWHQFLHV LQ WKH ILOOLQJ RI VRPH GDWD 1HZ SUHGLFWLYH PRGHOV ZLWK EHVW UHVXOWV

$Q XQEDODQFHG GDWDVHW LQ WHUPV RI UHVXOWV 9LUXV YDULDWLRQV WKDW FDQ FKDQJH WKH GLVHDVH·V V\PSWRPV DQ\WLPH�

/DUJH QXPEHU RI PLVVLQJ YDOXHV

������� &RQFOXVLRQV

,7 V\VWHPV DUH FKDQJLQJ WKH KHDOWKFDUH LQGXVWU\ LQ ZD\V QHYHU WKRXJKW EHIRUH� IURP WKH GLVFRYHU\ RI FXUHV

IRU GLVHDVHV DQG WKH GHYHORSPHQW RI QHZ WUHDWPHQW WHFKQLTXHV WR WKH LPSURYHPHQW RI SDWLHQWV· GLDJQRVHV

DQG WKHLU HQKDQFHPHQW� $V D FRQVHTXHQFH� WKH EHQHILWV RI XVLQJ ,7 DSSURDFKHV LQ FOLQLFDO SURFHGXUHV� VXFK

DV LPSURYLQJ WKH SDWLHQWV· TXDOLW\ RI FDUH DQG RSWLPLVLQJ WKH KHDOWK LQVWLWXWLRQ·V UHVRXUFHV� KDYH EHFRPH

ZLGHO\ UHFRJQL]HG� IURP KHDOWK FHQWUHV WR ODUJH�VFDOH KRVSLWDOV DURXQG WKH ZRUOG�

$FFRUGLQJO\� RQH RI WKH PRVW SURPLVLQJ RXWFRPHV RI WKLV SURMHFW LV WKH GLVFRYHU\ RI KRZ TXLFNO\ DQG

HIILFLHQWO\ JOREDOO\ UHFRJQL]HG PHWKRGRORJLHV DQG VWDQGDUGV VXFK DV RSHQ(+5 FDQ EH LPSOHPHQWHG� DV

ZHOO DV KRZ WKH\ FDQ LQWHURSHUDWH ZLWK /6V DOUHDG\ LQ SODFH DW HDFK KHDOWK LQVWLWXWLRQ�

7KURXJK WKH PHWKRGRORJLHV DQG UHVHDUFK VWUDWHJLHV FKRVHQ� LW ZDV SRVVLEOH WR GHOLQHDWH D YDOLG VWUDWHJ\

VWDUWLQJ IURP WRSLFV DQG NH\ LGHDV WKDW EHFDPH PRUH VROLG DQG MXVWLILHG ZLWK WKH UHYLVLRQ RI WKH OLWHUDWXUH�

$GGLWLRQDOO\� WKLV VWXG\ GHPRQVWUDWHG WKDW WKH GDWD JHQHUDWHG E\ WKLV QHZ V\VWHP FDQ EH XVHG WR WUDLQ

SUHGLFWLYH PDFKLQH OHDUQLQJ PRGHOV ZLWK DFFHSWDEOH SHUIRUPDQFH� ,Q WKLV FRQWH[W� WKH RSHQ(+5 VWDQGDUG

ZDV TXLFNO\ DGDSWHG DQG LPSOHPHQWHG LQ D &29,'��� SDWLHQW FLUFXLW� DQG ODWWHU WKH GDWD IURP LQTXLUHG

SDWLHQWV ZDV XVHG WR IHHG IRUHFDVWLQJ PRGHOV EDVHG RQ WKH V\PSWRPV DQG FXUUHQW KHDOWK VWDWH RI WKH

SDWLHQWV�

,Q WHUPV RI UHVXOWV� SUDFWLFDOO\ DOO PRGHOV DFKLHYHG DFFXUDF\ UDWHV RYHU ���� ZKLFK LV YHU\ LPSUHVVLYH�

'00� KDG WKH EHVW UHVXOWV ZLWK ������ DFFXUDF\� ������ SUHFLVLRQ� ������ VHQVLWLYLW\� DQG ������

VSHFLILFLW\� FRPELQLQJ WKH GDWDVHW ZLWK DOO V\PSWRPV� WKH 6SOLW 9DOLGDWLRQ ����� PHWKRG� DQG WKH 'HFLVLRQ

7UHH DOJRULWKP ZLWKRXW UHSODFLQJ WKH PLVVLQJ YDOXHV� +HQFH� DIWHU FROOHFWLQJ PRUH GDWD DQG VXEMHFWLQJ WKH

��
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PRGHOV WR DGGLWLRQDO WHVWLQJ DQG ULJRURXV HYDOXDWLRQV� WKH SUHGLFWLYH PRGHO FRXOG EH ODWWHU LPSOHPHQWHG LQ

D &'66 WR DVVLVW KHDOWKFDUH SURIHVVLRQDOV�

)RU IXWXUH ZRUN� LW LV VXJJHVWHG WR FKDQJH VRPH RFFXUUHQFHV LQ WKH LWHPV RI WKH RSHQ(+5 WHPSODWHV

GHYHORSHG� WKXV LPSO\LQJ WKH QHHG WR ILOO WKHP LQ RUGHU WR UHGXFH WKH QXPEHU RI PLVVLQJ YDOXHV LQ WKH

GDWDVHW� DQG WKHUHIRUH LPSURYH WKH WUXVWZRUWKLQHVV RI WKH SURGXFHG UHVXOWV�

7R HQG WKLV FRQFOXVLRQ� , ZRXOG OLNH WR WKDQN P\ FROOHDJXHV� VSHFLDOO\ 'LDQD )HUUHLUD� DQG WKH KHDOWK

SURIHVVLRQDOV LQYROYHG IRU WKHLU FROODERUDWLRQ LQ WKH GHYHORSPHQW RI WKLV FDVH VWXG\�

��� &RQFOXVLRQ

7KH ILIWK SKDVH RI WKH SURMHFW VWDUWHG DIWHU WKH GHYHORSPHQW RI WKH WHVW DQG SURGXFWLRQ HQYLURQPHQWV DQG

WKH VXEVHTXHQW LPSOHPHQWDWLRQ RI WKH GHYHORSHG DUWHIDFW� &DOOHG 3URRI RI &RQFHSW� LW ZDV LQ WKLV SKDVH

WKDW WKH GLIIHUHQW W\SHV RI XVHUV SHUIRUPHG WKHLU XVDELOLW\ WHVWV� 7KH ELJJHVW GLIILFXOW\ H[SHULHQFHG DW WKLV

VWDJH ZDV WKH ODFN RI NQRZOHGJH RI WKH RSHQ(+5 VSHFLILFDWLRQV E\ KHDOWK SURIHVVLRQDOV� OHDYLQJ WKH PDLQ

EXUGHQ RI PRGHOOLQJ WR WKH VDPH HOHPHQWV� (YHQ VR� WKH FDVH VWXGLHV DQG WKHLU UHVSHFWLYH SURRIV RI FRQFHSW

ZHUH VXFFHVVIXOO\ GHYHORSHG� DQG WKH LQWHQWLRQ LV WR H[WHQG WKH SURSRVHG V\VWHP WR RWKHU FOLQLFDO FRQWH[WV�

7KHUHIRUH� WKH 54� DQG 54�� LPSRVHG LQ VWDJH ,9 DUH WKXV DQVZHUHG�

��
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'LVFXVVLRQ DQG &RQFOXVLRQV

7KLV WKHVLV FRQFOXGHV ZLWK D GHWDLOHG FKDSWHU WLWOHG µ'LVFXVVLRQ DQG &RQFOXVLRQVµ� 7KXV� LQ WKH ILUVW VHFWLRQ

�6HFWLRQ ����� WKH PDLQ JRDOV DFFRPSOLVKHG WKURXJK WKH FRPSOHWLRQ RI WKLV GRFWRUDWH WKHVLV DUH GLVFXVVHG�

LQFOXGLQJ DQVZHULQJ WR WKH SULPDU\ 5HVHDUFK 4XHVWLRQ JLYHQ LQ &KDSWHU �·V 6HFWLRQ ���� )ROORZLQJ WKDW�

WKRXJKWV RQ IXWXUH VWXG\ RQ WKLV UHVHDUFK WRSLF DUH VKDUHG �6HFWLRQ �����

��� 0DLQ $FKLHYHPHQWV

7KLV UHVHDUFK ZRUN DURVH WR DGGUHVV QHHGV IRU VWUXFWXULQJ� H[FKDQJH� DQG LQWHUSUHWDWLRQ RI GDWD LQ D KRVSLWDO

VHWWLQJ� 7R WKLV HQG� WKH IROORZLQJ UHVHDUFK TXHVWLRQ ZDV LQLWLDOO\ LPSRVHG DQG ZLOO EH DQVZHUHG EHORZ�

+RZ WR GHILQH WKH VWUXFWXULQJ� GDWD H[FKDQJH DQG NQRZOHGJH GLVFRYHU\ SURFHVVHV LQ D

KHDOWKFDUH FRQWH[W� FUHDWLQJ DQ LQWHURSHUDEOH (OHFWURQLF +HDOWK 5HFRUG �(+5�"

6HYHUDO JOREDOO\ XVHG VWDQGDUGV ZHUH VWXGLHG� DQG WKH VWDQGDUG WKDW VWRRG RXW WKH PRVW ZDV RSHQ(+5�

GHPRQVWUDWLQJ WKH PRVW SRWHQWLDO QRW RQO\ IRU LWV YDVW VSHFLILFDWLRQ� EXW DOVR IRU FRYHULQJ FOLQLFDO ZRUNIORZV

WKURXJK LWV 3URFHVV PRGHO �352&� DQG &OLQLFDO 'HFLVLRQ 0RGHO �&'0�� ,WV EURDG VFRSH MXVWLILHG LWV FKRLFH

IRU WKLV GRFWRUDO WKHVLV LQ WKH ELRPHGLFDO HQJLQHHULQJ GRFWRUDO SURJUDP� 7KLV ZRUN IRFXVHG RQ GHYHORSLQJ DQ

RSHQ DQG DFFHVVLEOH DUWHIDFW IRU KHDOWKFDUH LQVWLWXWLRQV WR FUHDWH WKHLU RZQ LQWHURSHUDEOH QHWZRUN EHWZHHQ

WKHLU +,6� 7KH DXWRQRP\ RI HDFK LQVWLWXWLRQ LV DV LPSRUWDQW DV WKH VKDULQJ DQG XQGHUVWDQGLQJ RI LQIRUPDWLRQ

EHWZHHQ HDFK RWKHU� )RU WKLV� WKH DUWHIDFW ZDV GHYHORSHG LQ VHYHUDO PRGXOHV� HQVXULQJ WKDW WKH\ ZRUN

VHSDUDWHO\ RU WRJHWKHU�â

7KH GHPRJUDSKLF V\VWHP GHYHORSHG WUDQVODWHV LQWR D VLPSOLVWLF ZD\ IRU KHDOWKFDUH LQVWLWXWLRQV WR RUJD�

QL]H WKHPVHOYHV DV ZRUN WHDPV� ZLWK WKH FUHDWLRQ RI UROHV DQG FDSDELOLWLHV DVVRFLDWHG ZLWK HDFK PHPEHU�

��
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DQG WR UHSUHVHQW WKHLU SDWLHQWV DQRQ\PRXVO\ DQG VHFXUHO\� 1RWH WKDW WKH GHPRJUDSKLF VSHFLILFDWLRQV DUH

DOVR FRQWDLQHG LQ WKH UHIHUHQFH PRGHO DQG DUH DUFKHW\SDEOH� 7KLV PRGXOH FDQ EH LPSOHPHQWHG RQ LWV RZQ�

IRU GHPRJUDSKLF DQG DGPLQLVWUDWLYH PDQDJHPHQW LQ D KRVSLWDO FRQWH[W�

7KH FOLQLFDO PRGXOH ZDV GHYHORSHG ZLWK WKH PDLQ SXUSRVH RI FUHDWLQJ HDFK SDWLHQW·V (+5 LQ D FKURQR�

ORJLFDO� VHFXUH DQG YHUVLRQHG ZD\� (DFK (+5 WHQGV WR KDYH D GXUDWLRQ VLPLODU WR WKH SDWLHQW·V OLIHWLPH�

ZKLFK FDQ WUDQVODWH LQWR WKRXVDQGV RI UHFRUGV RI YDULRXV SXUSRVHV� ,W LV XS WR WKH FOLQLFDO (+5 V\VWHP WR

RUJDQL]H WKLV LQIRUPDWLRQ LQ EDFNRIILFH VR WKDW LW FDQ EH HDVLO\ DQG TXLFNO\ FRQVXOWHG DIWHUZDUGV�â

7KH RSHQ(+5 JRYHUQDQFH PRGXOH ZDV WUDQVODWHG LQWR WKH GHYHORSPHQW RI D ZHE SODWIRUP FDSDEOH RI

PHHWLQJ WKH QHHGV RI LQWHURSHUDELOLW\� 7KURXJK WKH SODWIRUP� WKH RSHUDWLRQDO WHPSODWHV DUH ORDGHG DQG WKH

FRQYHUVLRQ DOJRULWKP SUHVHQWHG LQ VHFWLRQ ������� LV FDOOHG LQ RUGHU WR FUHDWH DQ LQWHUSUHWDEOH VWUXFWXUH DQG

LWV UHVSHFWLYH UHIHUHQFH PRGHO WR EH LQVWDQWLDWHG ZKHQ LW LV XVHG� 7KURXJK WKLV SURFHVV� V\QWDFWLF LQWHURSHU�

DELOLW\ LV JXDUDQWHHG� DOZD\V VWDUWLQJ IURP D VWDEOH YHUVLRQ RI WKH UHIHUHQFH PRGHO� EHVLGHV WKH JXDUDQWHH

RI VWUXFWXUDO LQWHURSHUDELOLW\� WUHDWLQJ DUFKHW\SHV DV PHDQLQJIXO HQWLWLHV� 6HPDQWLF LQWHURSHUDELOLW\ LV HV�

WDEOLVKHG E\ JXDUDQWHHLQJ WKH PHDQLQJ RI FRQFHSWV� DYRLGLQJ WKHLU UHSOLFDWLRQ �PDQDJLQJ DUFKHW\SHV DQG

WHPSODWHV� DQG XVLQJ WKH PRGXOH IRU PDQDJLQJ UHIVHWV WKURXJK WHUPLQRORJLHV�

7KH VSHHG DQG HIILFLHQF\ RI GHYHORSLQJ FOLQLFDO V\VWHPV LQ GLIIHUHQW FRQWH[WV DQG SDWLHQW�RULHQWHG LV RQH

RI WKH PDMRU DGYDQWDJHV RI WKH QHZ V\VWHP� 7KH LQFUHDVHG TXDOLW\ RI GDWD� JUHDWHU IOH[LELOLW\ DQG G\QDPLFV

JLYHQ WR WKH PRVW GLYHUVH SODWIRUPV RI KHDOWK LQVWLWXWLRQV� WKURXJK WKH QHZ V\VWHP GHYHORSHG EDVHG RQ

RSHQ(+5� KLJKOLJKWV D JUHDWHU V\PELRVLV EHWZHHQ KHDOWK SURIHVVLRQDOV DQG V\VWHPV� OHDGLQJ WR LQFUHDVHG

TXDOLW\ RI FDUH� 7KHVH KLJKOLJKWV RI WKH QHZ V\VWHP FDQ UHVSRQG WR 54�� RI WKH VL[WK VWDJH�â$V DQ DQVZHU

WR 54��� FRPSDUHG WR RWKHU H[LVWLQJ V\VWHPV LQ WKH VDPH ILHOG DQG SHUIRUPDQFH� WKLV VWXG\ GLVWLQJXLVKHV

LWVHOI E\ LWV FRPSOHWH DQG PRGXODU DUFKLWHFWXUH� DQG LWV LQWHJUDWLRQ DV D JRYHUQDQFH SODWIRUP�

,Q UHVSRQVH WR 54��� WKLV GRFWRUDO WKHVLV PD\ LQVSLUH IXWXUH ZRUN LQ WKH LQWHURSHUDWLRQ EHWZHHQ LQVWL�

WXWLRQV RU HYHQ FRXQWULHV� E\ MRLQLQJ HIIRUWV ERWK DW WKH UHVHDUFK OHYHO DQG DW WKH JRYHUQPHQWDO OHYHO� )RU

GDWD VKDULQJ WR EH SRVVLEOH� LW LV QRW HQRXJK MXVW WR GHYHORS WKLV W\SH RI V\VWHP EDVHG RQ LQWHUQDWLRQDO

VWDQGDUGV� EXW WR PDNH VXUH WKDW� GXO\ DXWKRUL]HG� WKHUH LV VKDULQJ RI UHOHYDQW LQIRUPDWLRQ IRU UHVHDUFK

SXUSRVHV RU HYHQ KHDOWK FDUH LQ GLIIHUHQW JHRJUDSKLF DUHDV�

7KH GHYHORSPHQW RI WKLV ZRUN WRRN IRXU \HDUV GXH WR WKH HQRUPLW\ RI WKH VSHFLILFDWLRQV VWXGLHG DQG WKH

SURMHFWLRQ RI WKH PRVW DSSURSULDWH DUFKLWHFWXUHV DQG WHFKQRORJLHV WR PDNH WKLV DUWHIDFW FRPSOHWHO\ XVHDEOH

LQ WKH IXWXUH� )XUWKHUPRUH� LW ZDV UHDOO\ JUDWLI\LQJ WR UHDOL]H KRZ WKH ZRUN GHYHORSHG ZDV DEOH WR DVVLVW

KHDOWK SURIHVVLRQDOV LQ VXFK D VKRUW SHULRG RI WLPH GXULQJ DQ XQSUHFHGHQWHG SDQGHPLF VLWXDWLRQ WKDW , ZLOO

QHYHU IRUJHW� 7KLV ILQDO SDUDJUDSK LV GHGLFDWHG WR DOO KHDOWK SURIHVVLRQDOV DQG VXSSRUW HPSOR\HHV ZKR DUH

DVVLVWLQJ LQ WKH ILJKW DJDLQVW WKH FRURQDYLUXV� $ KHDUWIHOW WKDQN \RX WR DOO�

��
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��� )XWXUH :RUN

$V WKLV LV D ZRUN LQ FRQWLQXRXV GHYHORSPHQW� VRPH DUHDV DUH VWLOO XQH[SORUHG� $W WKH QDWLRQDO OHYHO� GXULQJ

WKHVH � \HDUV� D ODFN LQ WKH 3RUWXJXHVH RSHQ(+5 FRPPXQLW\ ZDV QRWHG� DQG RQH RI WKH VWHSV WR IROORZ

ZRXOG EH WR PDNH WKH GHYHORSHG $,'$(+5 ZHE SODWIRUP DYDLODEOH RQOLQH� VR WKDW DOO LQWHUHVWHG LQVWLWX�

WLRQV FRXOG VWDUW FRQWULEXWLQJ WR WKH GHYHORSPHQW RI RSHQ(+5 VWUXFWXUHV� WKXV REWDLQLQJ D FHQWUDO QDWLRQDO

UHSRVLWRU\ UHDG\ WR EH XVHG� $OVR� WKH 237 FRQYHUVLRQ DOJRULWKP ZLOO KDYH WR EH LPSURYHG LQ WKH IXWXUH WR

EH DEOH WR SURFHVV ZRUN SODQ WHPSODWHV DQG WKHQ DOORZ WKH IROORZ�XS RI FOLQLFDO SURFHVVHV�

$W WKH OHYHO RI GDWD PDSSLQJ DXWRPDWLRQ� DQRWKHU RI WKH QH[W JRDOV WR EH DFKLHYHG ZLOO EH WKH GHYHORS�

PHQW RI D 1(5 V\VWHP FDSDEOH RI UHFRJQL]LQJ IUHH WH[W GDWD SDWWHUQV DQG VXJJHVWLQJ RSHQ(+5 VWUXFWXUHV

IRU WKRVH GDWD� DV DOUHDG\ PHQWLRQHG LQ WKH FRQFOXVLRQV RI VHFWLRQ ������

$W WKH OHYHO RI LQIRUPDWLRQ RUJDQL]DWLRQ ZLWKLQ HDFK (+5� ZH LQWHQG WR XVH FOXVWHULQJ DOJRULWKPV WR

JURXS WKH &20326,7,216 LQWR WKHLU UHVSHFWLYH IROGHUV� WKURXJK XQVXSHUYLVHG RU VHPL�VXSHUYLVHG OHDUQLQJ�

WKURXJK DOUHDG\ SUHGHILQHG DQFKRUV�

��



%LEOLRJUDSK\

>�@ $� $EHOKD� &� $QDOLGH� -� 0DFKDGR� -� 1HYHV� 0� 6DQWRV� DQG 3� 1RYDLV� ´$PELHQW LQWHOOLJHQFH

DQG VLPXODWLRQ LQ KHDOWK FDUH YLUWXDO VFHQDULRV�µ ,Q� :RUNLQJ &RQIHUHQFH RQ 9LUWXDO (QWHUSULVHV�

6SULQJHU� ����� SS� ���²����

>�@ $� $EHOKD� (� 3HUHLUD� $� %UDQGmR� )� 3RUWHOD� 0� )� 6DQWRV� -� 0DFKDGR� DQG -� %UDJD� ´,PSURY�

LQJ TXDOLW\ RI VHUYLFHV LQ PDWHUQLW\ FDUH WULDJH V\VWHP�µ ,Q� ,QWHUQDWLRQDO -RXUQDO RI (�+HDOWK DQG

0HGLFDO &RPPXQLFDWLRQV �,-(+0&� ��� ������� SS� ��²���

>�@ $ERXW +HDOWK /HYHO 6HYHQ ,QWHUQDWLRQDO _ +/� ,QWHUQDWLRQDO� �$FFHVVHG RQ ������������ XUO� KWW

S���ZZZ�KO��RUJ�DERXW�LQGH[�FIP"UHI QDY�

>�@ $ERXW 1RGH�MV� �$FFHVVHG RQ ������������ XUO� KWWSV���QRGHMV�RUJ�HQ�DERXW��

>�@ 0� $OH[DQGUH� 3� GD 6LOYD� 9� &HViULR� DQG &� $UD~MR� ´$ 'HFRXSOHG +HDOWK 6RIWZDUH $UFKLWHFWXUH

XVLQJ 0LFURVHUYLFHV DQG 2SHQ(+5 $UFKHW\SHV�µ ,Q� ,QWHUQDWLRQDO -RXUQDO RI &RPSXWHU $SSOLFDWLRQV

��� ������� S� �����

>�@ $QW 'HVLJQ � 7KH ZRUOGäV VHFRQG PRVW SRSXODU 5HDFW 8, IUDPHZRUN� �$FFHVVHG RQ ������������

XUO� KWWSV���DQW�GHVLJQ��

>�@ $UFKLWHFWXUH 2YHUYLHZ� �$FFHVVHG RQ ������������ XUO� KWWSV���VSHFLILFDWLRQV�RSHQHKU�RUJ�UHOH

DVHV�%$6(�ODWHVW�DUFKLWHFWXUHBRYHUYLHZ�KWPO�

>�@ $UFKLWHFWXUH 2YHUYLHZ� KWWSV���VSHFLILFDWLRQV�RSHQHKU�RUJ�UHOHDVHV�%$6(�ODWHVW�DUFKLWHFWXUHBR

YHUYLHZ�KWPO� �$FFHVVHG RQ ������������

>�@ $[LRV 'RFV� �$FFHVVHG RQ ������������ XUO� KWWSV���D[LRV�KWWS�FRP�GRFV�LQWUR�

>��@ %DFNJURXQG 	 2YHUYLHZ RI ,&'��� %HIRUH ,PSOHPHQWDWLRQ LQ ����� �$FFHVVHG RQ ������������

XUO� KWWSV���\HV�KLPFRQVXOWLQJ�FRP�LFG����RYHUYLHZ��

>��@ ,� 5� %DUGKDQ DQG 0� )� 7KRXLQ� ´+HDOWK LQIRUPDWLRQ WHFKQRORJ\ DQG LWV LPSDFW RQ WKH TXDOLW\ DQG

FRVW RI KHDOWKFDUH GHOLYHU\�µ ,Q� 'HFLVLRQ 6XSSRUW 6\VWHPV ���� ������� SS� ���²����

>��@ ,� %HQEDVDW� '� .� *ROGVWHLQ� DQG 0� 0HDG� ´7KH FDVH UHVHDUFK VWUDWHJ\ LQ VWXGLHV RI LQIRUPDWLRQ

V\VWHPV�µ ,Q� 0,6 TXDUWHUO\ ������� SS� ���²����
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>��@ <� %HQGDYLG� 6� )� :DPED� DQG /� $� /HIHEYUH� ´3URRI RI FRQFHSW RI DQ 5),'�HQDEOHG VXSSO\ FKDLQ

LQ D %�% H�FRPPHUFH HQYLURQPHQW�µ ,Q� ������� SS� ���²����

>��@ $� %HQWR� ´&RPR ID]HU XPD UHYLVmR GD OLWHUDWXUD� &RQVLGHUDo}HV WHyULFDV H SUiWLFDV�µ ,Q� 5HYLVWD

-$ �$VVRFLD©¥R $FDG«PLFD GD 8QLYHUVLGDGH GD 0DGHLUD� ���� ������� SS� ��²���

>��@ (� 9� %HUQVWDP� :� 5� +HUVK� ,� 6LP� '� (LFKPDQQ� -� &� 6LOYHUVWHLQ� -� :� 6PLWK� DQG 0� -� %HFLFK�

´8QLQWHQGHG FRQVHTXHQFHV RI KHDOWK LQIRUPDWLRQ WHFKQRORJ\� D QHHG IRU ELRPHGLFDO LQIRUPDWLFV�µ

,Q� -RXUQDO RI ELRPHGLFDO LQIRUPDWLFV ���� ������� S� ����

>��@ 2� %RGHQUHLGHU� 5� &RUQHW� DQG '� -� 9UHHPDQ� ´5HFHQW GHYHORSPHQWV LQ FOLQLFDO WHUPLQRORJLHV³

6120(' &7� /2,1&� DQG 5[1RUP�µ ,Q� <HDUERRN RI PHGLFDO LQIRUPDWLFV ����� ������� SS� ���²

����

>��@ 7� &DUGRVR� ,� $ODUFmR� DQG -� $� &HORULFR� 5HYLV¥R GD OLWHUDWXUD H VLVWHPDWL]D©¥R GR FRQKHFLPHQWR�

3RUWR (GLWRUD� �����

>��@ 6� &� 2� &DVWUR� ´1RUPDV� QRPHQFODWXUDV H XQLIRUPL]DomR GR UHJLVWR FOtQLFR�µ 'RFWRUDO GLVVHUWD�

WLRQ� �����

>��@ 9� &KRRSUD\RRQ DQG &� &� )XQJ� ´7(&7$0� DQ DSSURDFK WR VWXG\ 7HFKQRORJ\ $FFHSWDQFH 0RGHO

�7$0� LQ JDLQLQJ NQRZOHGJH RQ WKH DGRSWLRQ DQG XVH RI H�FRPPHUFH�H�EXVLQHVV WHFKQRORJ\ DPRQJ

VPDOO DQG PHGLXP HQWHUSULVHV LQ 7KDLODQG�µ ,Q� ,Q7HFK ������� SS� ��²���

>��@ -� -� &LPLQR DQG (� +� 6KRUWOLIIH� %LRPHGLFDO ,QIRUPDWLFV� &RPSXWHU $SSOLFDWLRQV LQ +HDOWK &DUH

DQG %LRPHGLFLQH �+HDOWK ,QIRUPDWLFV�� 6SULQJHU�9HUODJ� �����

>��@ &ODVVLILFDWLRQ RI 'LVHDVHV �,&'�� �$FFHVVHG RQ ������������ XUO� KWWSV���ZZZ�ZKR�LQW�FODVVLILF

DWLRQV�FODVVLILFDWLRQ�RI�GLVHDVHV�

>��@ :� 6� &OHYHODQG� ´'DWD VFLHQFH� DQ DFWLRQ SODQ IRU H[SDQGLQJ WKH WHFKQLFDO DUHDV RI WKH ILHOG RI

VWDWLVWLFV�µ ,Q� ,QWHUQDWLRQDO VWDWLVWLFDO UHYLHZ ���� ������� SS� ��²���

>��@ &OLQLFDO .QRZOHGJH 0DQDJHU� �$FFHVVHG RQ ������������ XUO� KWWSV���FNP�RSHQHKU�RUJ�FNP��

>��@ &RPPLVVLRQ 5HFRPPHQGDWLRQ RI � -XO\ ���� RQ FURVV�ERUGHU LQWHURSHUDELOLW\ RI HOHFWURQLF KHDOWK

UHFRUG V\VWHPV� �$FFHVVHG RQ ������������ XUO� KWWSV � � � HXU � OH[ � HXURSD � HX � OHJDO � FRQWHQW

�(1�7;7�3')�"XUL &(/(;������+����	IURP 37�

>��@ %� FRPSDQ\� $UFKHW\SH 'HVLJQHU� �$FFHVVHG RQ ������������ XUO� KWWSV���WRROV�RSHQHKU�RUJ�GH

VLJQHU����

>��@ &� 0� &RVWD� 0� 0HQiUJXH]�7RUWRVD� DQG -� 7� )HUQiQGH]�%UHLV� ´&OLQLFDO GDWD LQWHURSHUDELOLW\ EDVHG

RQ DUFKHW\SH WUDQVIRUPDWLRQ�µ ,Q� -RXUQDO RI ELRPHGLFDO LQIRUPDWLFV ���� ������� SS� ���²����
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>��@ &XUUHQW DQG IXWXUH VWDQGDUGL]DWLRQ LVVXHV LQ WKH H�+HDOWK GRPDLQ� $FKLHYLQJ LQWHURSHUDELOLW\� �$F�

FHVVHG RQ ������������ XUO� KWWSV���VKDUH�DQVL�RUJ�VKDUHG���GRFXPHQWV�6WDQGDUGV���$FWLYL

WLHV�+HDOWKFDUH���,QIRUPDWLFV���7HFKQRORJ\���6WDQGDUGV���3DQHO�6WDQGDUGL]DWLRQ���&RP

PLWWHHV�,QWHUQDWLRQDO���/DQGVFDSH�H+HDOWK6WDQGDUGL]DWLRQ5HSRUW�3DUW��ILQDOYHUVLRQ��������

�����������SGI�

>��@ )� '� 'DYLV� ´3HUFHLYHG XVHIXOQHVV� SHUFHLYHG HDVH RI XVH� DQG XVHU DFFHSWDQFH RI LQIRUPDWLRQ

WHFKQRORJ\�µ ,Q� 0,6 TXDUWHUO\ ������� SS� ���²����

>��@ )� '� 'DYLV� 5� 3� %DJR]]L� DQG 3� 5� :DUVKDZ� ´8VHU DFFHSWDQFH RI FRPSXWHU WHFKQRORJ\� $ FRP�

SDULVRQ RI WZR WKHRUHWLFDO PRGHOV�µ ,Q� 0DQDJHPHQW VFLHQFH ���� ������� SS� ���²�����

>��@ 5� 6� 'LFN� (� %� 6WHHQ� '� (� 'HWPHU� HW DO� 7KH FRPSXWHU�EDVHG SDWLHQW UHFRUG� DQ HVVHQWLDO

WHFKQRORJ\ IRU KHDOWK FDUH� 1DWLRQDO $FDGHPLHV 3UHVV� �����

>��@ -� 'XDUWH� 0� 6DOD]DU� &� 4XLQWDV� 0� 6DQWRV� -� 1HYHV� $� $EHOKD� DQG -� 0DFKDGR� ´'DWD TXDOLW\

HYDOXDWLRQ RI HOHFWURQLF KHDOWK UHFRUGV LQ WKH KRVSLWDO DGPLVVLRQ SURFHVV�µ ,Q� ���� ,(((�$&,6

�WK ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWHU DQG ,QIRUPDWLRQ 6FLHQFH� ,(((� ����� SS� ���²����

>��@ *� 'XIWVFKPLG� 7� :UED� DQG &� 5LQQHU� ´([WUDFWLRQ RI VWDQGDUGL]HG DUFKHW\SHG GDWD IURP (OHFWURQLF

+HDOWK 5HFRUG V\VWHPV EDVHG RQ WKH (QWLW\�$WWULEXWH�9DOXH 0RGHO�µ ,Q� ,QWHUQDWLRQDO MRXUQDO RI

PHGLFDO LQIRUPDWLFV ���� ������� SS� ���²����

>��@ (� +� 'XUIHH� 9� 5� /HVVHU� DQG '� '� &RUNLOO� ´7UHQGV LQ FRRSHUDWLYH GLVWULEXWHG SUREOHP VROYLQJ�µ

,Q� ,((( 7UDQVDFWLRQV RQ NQRZOHGJH DQG GDWD (QJLQHHULQJ �������

>��@ H+HDOWK LQ /DWLQ $PHULFD DQG WKH &DULEEHDQ� LQWHURSHUDELOLW\ VWDQGDUGV UHYLHZ� �$FFHVVHG RQ

������������ XUO� KWWSV���LULV�SDKR�RUJ�KDQGOH���������������

>��@ ([SUHVV � 1RGH�MV ZHE DSSOLFDWLRQ IUDPHZRUN� �$FFHVVHG RQ ������������ XUO� KWWSV���H[SUHVVMV

�FRP��

>��@ *� (\VHQEDFK� ´:KDW LV H�KHDOWK"µ ,Q� -RXUQDO RI PHGLFDO ,QWHUQHW UHVHDUFK ��� ������� H���

>��@ 8� 0� )D\\DG� *� 3LDWHWVN\�6KDSLUR� 3� 6P\WK� DQG 5� 8WKXUXVDP\� ´$GYDQFHV LQ NQRZOHGJH GLV�

FRYHU\ DQG GDWD PLQLQJ�µ ,Q� �������

>��@ '� )HUUHLUD� 6� 6LOYD� $� $EHOKD� DQG -� 0DFKDGR� ´5HFRPPHQGDWLRQ V\VWHP XVLQJ DXWRHQFRGHUV�µ

,Q� $SSOLHG 6FLHQFHV ����� ������� S� �����

>��@ )HWFK � $3,V� �$FFHVVHG RQ ������������ XUO� KWWSV���GHYHORSHU�PR]LOOD�RUJ�SW�%5�GRFV�:HE

�$3,�)HWFKB$3,�8VLQJB)HWFK�

>��@ 0� )LVKEHLQ DQG ,� $M]HQ� ´%HOLHI� DWWLWXGH� LQWHQWLRQ� DQG EHKDYLRU� $Q LQWURGXFWLRQ WR WKHRU\ DQG

UHVHDUFK�µ ,Q� 3KLORVRSK\ DQG 5KHWRULF ���� �������
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>��@ )� 0� *DERU�+DURVD� 2� 3� 6WDQ� /� 'DLQD� DQG )� 0RFHDQ� ´3URSRVHG PRGHO IRU D 5RPDQLDQ UHJLVWHU

RI FKURQLF GLVHDVHV LQ FKLOGUHQ�µ ,Q� &RPSXWHU PHWKRGV DQG SURJUDPV LQ ELRPHGLFLQH ��� �������

SS� ���²����

>��@ 6� *DUGH� 5� &KHQ� +� /HVOLH� 7� %HDOH� ,� 0F1,&2//� DQG 6� +HDUG� ´$UFKHW\SH�EDVHG NQRZOHGJH

PDQDJHPHQW IRU VHPDQWLF LQWHURSHUDELOLW\ RI HOHFWURQLF KHDOWK UHFRUGV�µ ,Q� 0HGLFDO ,QIRUPDWLFV LQ

D 8QLWHG DQG +HDOWK\ (XURSH� ,26 3UHVV� ����� SS� ����²�����

>��@ 6� *DUGH� 3� .QDXS� (� -� +RYHQJD� DQG 6� +HDUG� ´7RZDUGV VHPDQWLF LQWHURSHUDELOLW\ IRU HOHFWURQLF

KHDOWK UHFRUGV�µ ,Q� 0HWKRGV RI LQIRUPDWLRQ LQ PHGLFLQH ����� ������� SS� ���²����

>��@ 6� *KD]LQRRU\� 0� $EGL� DQG 0� $]DGHJDQ�0HKU� ´6:27 PHWKRGRORJ\� D VWDWH�RI�WKH�DUW UHYLHZ IRU

WKH SDVW� D IUDPHZRUN IRU WKH IXWXUH�µ ,Q� -RXUQDO RI EXVLQHVV HFRQRPLFV DQG PDQDJHPHQW ����

������� SS� ��²���

>��@ %� *LOOKDP� &DVH VWXG\ UHVHDUFK PHWKRGV� %ORRPVEXU\ 3XEOLVKLQJ� �����

>��@ 5� /� *ODVV� ,� 9HVVH\� DQG 9� 5DPHVK� ´5HVHDUFK LQ VRIWZDUH HQJLQHHULQJ� DQ DQDO\VLV RI WKH

OLWHUDWXUH�µ ,Q� ,QIRUPDWLRQ DQG 6RIWZDUH WHFKQRORJ\ ���� ������� SS� ���²����

>��@ /� *UDQGLD� ´+HDOWKFDUH LQIRUPDWLRQ V\VWHPV� D ORRN DW WKH SDVW� SUHVHQW� DQG IXWXUH�µ ,Q� +HDOWK

&DWDO\VW ������� SS� �²��

>��@ &� +HDOWK� 7KH +/� (YROXWLRQ� &RPSDULQJ +/� 9HUVLRQ � WR 9HUVLRQ �� ,QFOXGLQJ D +LVWRU\ RI 9HUVLRQ

�� �����

>��@ *� +HUQDQGH]�,EDUEXUX� '� 3HUH]�5H\� (� $ORQVR�2VHW� 5� $ORQVR�&DOYR� '� 9RHWV� &� 0XHOOHU� %�

&ODHUKRXW� DQG 1� &XVWRGL[� ´,&'����3&6 H[WHQVLRQ ZLWK ,&'�� SURFHGXUH FRGHV WR VXSSRUW LQWH�

JUDWHG DFFHVV WR FOLQLFDO OHJDF\ GDWD�µ ,Q� ,QWHUQDWLRQDO -RXUQDO RI 0HGLFDO ,QIRUPDWLFV ��� �������

SS� ��²��� LVVQ� ���������� GRL� KWWSV ���GRL � RUJ��� ������ M � LMPHGLQI ����� ��� ����� XUO�

KWWSV���ZZZ�VFLHQFHGLUHFW�FRP�VFLHQFH�DUWLFOH�SLL�6�����������������

>��@ 5� +LOOHVWDG� -� %LJHORZ� $� %RZHU� )� *LURVL� 5� 0HLOL� 5� 6FRYLOOH� DQG 5� 7D\ORU� ´&DQ HOHFWURQLF

PHGLFDO UHFRUG V\VWHPV WUDQVIRUP KHDOWK FDUH" 3RWHQWLDO KHDOWK EHQHILWV� VDYLQJV� DQG FRVWV�µ ,Q�

+HDOWK DIIDLUV ���� ������� SS� ����²�����

>��@ +,066 3URSRVHV D 1HZ ,QWHURSHUDELOLW\ 'HILQLWLRQ LQ +HDOWKFDUH� �$FFHVVHG RQ ������������ XUO�

KWWSV���ZZZ�LPSULYDWD�FRP�EORJ�KLPVV�SURSRVHV�D�QHZ�LQWHURSHUDELOLW\�GHILQLWLRQ�LQ�KHDOWKFDUH

�ZKDW�LW�PHDQV�IRU�SDWLHQWV�DQG�SURIHVVLRQDOV�

>��@ KWWSV���ZZZ�RSHQHKU�RUJ�SURJUDPV�VSHFLILFDWLRQ�� �$FFHVVHG RQ ������������ XUO� KWWSV���Z

ZZ�RSHQHKU�RUJ�SURJUDPV�VSHFLILFDWLRQ��

��

https://doi.org/https://doi.org/10.1016/j.ijmedinf.2018.11.002
https://www.sciencedirect.com/science/article/pii/S1386505618302181
https://www.imprivata.com/blog/himss-proposes-a-new-interoperability-definition-in-healthcare-what-it-means-for-patients-and-professionals
https://www.imprivata.com/blog/himss-proposes-a-new-interoperability-definition-in-healthcare-what-it-means-for-patients-and-professionals
https://www.openehr.org/programs/specification/
https://www.openehr.org/programs/specification/
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>��@ 6� 0� +XII� 5� $� 5RFKD� %� (� %UD\� +� 5� :DUQHU� DQG 3� -� +DXJ� ´$Q HYHQW PRGHO RI PHGL�

FDO LQIRUPDWLRQ UHSUHVHQWDWLRQ�µ ,Q� -RXUQDO RI WKH $PHULFDQ 0HGLFDO ,QIRUPDWLFV $VVRFLDWLRQ ���

������� SS� ���²����

>��@ 6� ,DQFX� VSHFLILFDWLRQV�,76�-621�FRPSRQHQWV�50�5HOHDVH������� �$FFHVVHG RQ ������������

0D\ ����� XUO� KWWSV���JLWKXE�FRP�RSHQ(+5�VSHFLILFDWLRQV�,76�-621�WUHH�PDVWHU�FRPSRQHQW

V�50�5HOHDVH�������

>��@ ,&'��� 9HUVLRQ������ �$FFHVVHG RQ ������������ XUO� KWWSV���LFG�ZKR�LQW�EURZVH��������HQ

��,�

>��@ ´,((( 6WDQGDUG 'LFWLRQDU\ RI (OHFWULFDO DQG (OHFWURQLFV 7HUPV�µ ,Q� ,((( 7UDQVDFWLRQV RQ 3RZHU

$SSDUDWXV DQG 6\VWHPV 3$6����� ������� ��D²��D� GRL� ��������73$6�������������

>��@ +� /� 6� ,QWHUQDWLRQD�+/� *RYHUQDQFH DQG 2SHUDWLRQV 0DQXDO� �$FFHVVHG RQ ������������ �����

XUO� KWWS���ZZZ�KO��RUJ�GRFXPHQWFHQWHU�SXEOLF�PHPEHUVKLS�+/�B*RYHUQDQFHBDQGB2SHUDWLR

QVB0DQXDO�SGI�

>��@ ,QWHURSHUDELOLW\ LQ +HDOWKFDUH _ +,066� �$FFHVVHG RQ ������������ XUO� KWWSV���ZZZ�KLPVV�RUJ

�UHVRXUFHV�LQWHURSHUDELOLW\�KHDOWKFDUH�

>��@ ,62 � ,62 ���������� � +HDOWK LQIRUPDWLFV â 5HTXLUHPHQWV IRU DQ HOHFWURQLF KHDOWK UHFRUG DUFKL�

WHFWXUH� �$FFHVVHG RQ ������������ XUO� KWWSV���ZZZ�LVR�RUJ�VWDQGDUG�������KWPO�

>��@ ,62 ����� 6WDQGDUG � (+5 ,QWHURSHUDELOLW\� �$FFHVVHG RQ ������������ XUO� KWWS���ZZZ�HQ���

���RUJ�LQIRUPDWLRQ�KWPO�

>��@ ,62�,(&b75b�������������HQ�� ,QIRUPDWLRQ WHFKQRORJ\bâ )UDPHZRUN DQG WD[RQRP\ RI ,QWHUQD�

WLRQDO 6WDQGDUGL]HG 3URILOHVbâ 3DUWb�� *HQHUDO SULQFLSOHV DQG GRFXPHQWDWLRQ IUDPHZRUN� �$FFHVVHG

RQ ������������ XUO� KWWSV���ZZZ�LVR�RUJ�RES�XL��

>��@ '� *� .DWHKDNLV� $� .RXURXEDOL� DQG ,� .DUDW]DQLV� ´+HDOWK /HYHO 6HYHQ�µ ,Q� ,QWHURSHUDELOLW\ LQ

H+HDOWK � $ &RXUVH � �������

>��@ .QRZOHGJH %DVH á /2,1&� �$FFHVVHG RQ ������������ XUO� KWWSV���ORLQF�RUJ�NE�ORLQF�UHOHDVH�Q

RWHV��

>��@ 7� $� .ROHFN� &� 'UHLVEDFK� 3� (� %RXUQH� DQG 6� %DNNHQ� ´1DWXUDO ODQJXDJH SURFHVVLQJ RI V\PS�

WRPV GRFXPHQWHG LQ IUHH�WH[W QDUUDWLYHV RI HOHFWURQLF KHDOWK UHFRUGV� D V\VWHPDWLF UHYLHZ�µ ,Q�

-RXUQDO RI WKH $PHULFDQ 0HGLFDO ,QIRUPDWLFV $VVRFLDWLRQ ���� ������� SS� ���²����

>��@ '� .XPDZDW DQG $� 3DYDWH� ´&RUUHODWLRQ RI 1264/ 	 64/ 'DWDEDVH�µ ,Q� ,265 -� &RPSXW� (QJ��,265�

-&(� �� ������� SS� ��²���

��

https://github.com/openEHR/specifications-ITS-JSON/tree/master/components/RM/Release-1.1.0
https://github.com/openEHR/specifications-ITS-JSON/tree/master/components/RM/Release-1.1.0
https://icd.who.int/browse10/2019/en#/I
https://icd.who.int/browse10/2019/en#/I
https://doi.org/10.1109/TPAS.1980.319816
http://www.hl7.org/documentcenter/public/membership/HL7_Governance_and_Operations_Manual.pdf
http://www.hl7.org/documentcenter/public/membership/HL7_Governance_and_Operations_Manual.pdf
https://www.himss.org/resources/interoperability-healthcare
https://www.himss.org/resources/interoperability-healthcare
https://www.iso.org/standard/52823.html
http://www.en13606.org/information.html
http://www.en13606.org/information.html
https://www.iso.org/obp/ui/
https://loinc.org/kb/loinc-release-notes/
https://loinc.org/kb/loinc-release-notes/
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>��@ (� /DPLQH� :� *XpGULD� $� 5LXV 6ROHU� -� $\]D *UDHOOV� )� )RQWDQLOL� /� -DQHU�*DUFtD� DQG +� 3LQJDXG�

´$Q ,QYHQWRU\ RI ,QWHURSHUDELOLW\ LQ +HDOWKFDUH (FRV\VWHPV� &KDUDFWHUL]DWLRQ DQG &KDOOHQJHV�µ ,Q�

(QWHUSULVH ,QWHURSHUDELOLW\� ,17(523�3*62 9LVLRQ � ������� SS� ���²����

>��@ .� &� /DXGRQ� -� 3� /DXGRQ� HW DO� ´(VVHQWLDOV RI PDQDJHPHQW LQIRUPDWLRQ V\VWHPV�µ ,Q� �������

>��@ 3� -� /DYUDNDV� (QF\FORSHGLD RI VXUYH\ UHVHDUFK PHWKRGV� 6DJH SXEOLFDWLRQV� �����

>��@ <� /L DQG 6� 0DQRKDUDQ� ´$ SHUIRUPDQFH FRPSDULVRQ RI 64/ DQG 1R64/ GDWDEDVHV�µ ,Q� �������

SS� ��²���

>��@ =� +� /LX� %� +DPPHUVFKPLGW� '� 0F0DKRQ� +� &KDQJ� <� /X� -� 6SLHJHO� $� &� 6RVD� 6� 6XUHVK�

*� $URUD� DQG 9� $URUD� ´1DWLYH -621 GDWDW\SH VXSSRUW� PDWXULQJ 64/ DQG 1R64/ FRQYHUJHQFH LQ

2UDFOH GDWDEDVH�µ ,Q� 3URFHHGLQJV RI WKH 9/'% (QGRZPHQW ����� ������� SS� ����²�����

>��@ /2,1& 7HUP %DVLFV á /2,1&� �$FFHVVHG RQ ������������ XUO� KWWSV���ORLQF�RUJ�JHW�VWDUWHG�ORLQ

F�WHUP�EDVLFV��

>��@ -� 0DFKDGR� $� $EHOKD� -� 1HYHV� DQG 0� 6DQWRV� ´$PELHQW LQWHOOLJHQFH LQ PHGLFLQH�µ ,Q� ����

,((( %LRPHGLFDO &LUFXLWV DQG 6\VWHPV &RQIHUHQFH� ,(((� ����� SS� ��²���

>��@ -� 0� 0DFKDGR� 9� $OYHV� $� $EHOKD� DQG -� 1HYHV� ´$PELHQW LQWHOOLJHQFH YLD PXOWLDJHQW V\VWHPV LQ

WKH PHGLFDO DUHQD�µ ,Q� �������

>��@ 1� 0DUDQJXQLö DQG $� *UDQLö� ´7HFKQRORJ\ DFFHSWDQFH PRGHO� D OLWHUDWXUH UHYLHZ IURP ���� WR

�����µ ,Q� 8QLYHUVDO DFFHVV LQ WKH LQIRUPDWLRQ VRFLHW\ ���� ������� SS� ��²���

>��@ 6� 7� 0DUFK DQG 9� &� 6WRUH\� ´'HVLJQ VFLHQFH LQ WKH LQIRUPDWLRQ V\VWHPV GLVFLSOLQH� DQ LQWURGXFWLRQ

WR WKH VSHFLDO LVVXH RQ GHVLJQ VFLHQFH UHVHDUFK�µ ,Q� 0,6 TXDUWHUO\ ������� SS� ���²����

>��@ $� 0DUGDQ� 0DUGDQ� DQG &RUULJDQ� 3UDFWLFDO 1RGH�MV� 6SULQJHU� �����

>��@ &� 0DUWtQH]�&RVWD� 0� 0HQiUJXH]�7RUWRVD� DQG -� )HUQDQGH]�%UHLV� ´$Q DSSURDFK IRU WKH VHPDQWLF

LQWHURSHUDELOLW\ RI ,62 (1 ����� DQG 2SHQ(+5 DUFKHW\SHV�µ ,Q� -RXUQDO RI ELRPHGLFDO LQIRUPDWLFV

�� �2FW� ������ SS� ���²��� GRL� ��������M�MEL�������������

>��@ 6� '� 0F$UWKXU� (� 0� 'DYLGVRQ� 9� 0� &DWWHUVRQ� $� /� 'LPHDV� 1� '� +DW]LDUJ\ULRX� )� 3RQFL�

DQG 7� )XQDEDVKL� ´0XOWL�DJHQW V\VWHPV IRU SRZHU HQJLQHHULQJ DSSOLFDWLRQV³3DUW ,� &RQFHSWV�

DSSURDFKHV� DQG WHFKQLFDO FKDOOHQJHV�µ ,Q� ,((( 7UDQVDFWLRQV RQ 3RZHU V\VWHPV ���� �������

SS� ����²�����

>��@ &� -� 0F'RQDOG� ´7KH EDUULHUV WR HOHFWURQLF PHGLFDO UHFRUG V\VWHPV DQG KRZ WR RYHUFRPH WKHP�µ

,Q� -RXUQDO RI WKH $PHULFDQ 0HGLFDO ,QIRUPDWLFV $VVRFLDWLRQ ��� ������� SS� ���²����

>��@ 0� 0LUDQGD� $� $EHOKD� 0� 6DQWRV� -� 0DFKDGR� DQG -� 1HYHV� ´$ JURXS GHFLVLRQ VXSSRUW V\VWHP IRU

VWDJLQJ RI FDQFHU�µ ,Q� ,QWHUQDWLRQDO &RQIHUHQFH RQ (OHFWURQLF +HDOWKFDUH� 6SULQJHU� ����� SS� ���²

����

��

https://loinc.org/get-started/loinc-term-basics/
https://loinc.org/get-started/loinc-term-basics/
https://doi.org/10.1016/j.jbi.2010.05.013
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>��@ 0� 0LUDQGD� -� 'XDUWH� $� $EHOKD� -� 0� 0DFKDGR� DQG -� 1HYHV� ´,QWHURSHUDELOLW\ DQG KHDOWKFDUH�µ

,Q� �������

>��@ 0� 0LUDQGD� 0� 6DOD]DU� )� 3RUWHOD� 0� 6DQWRV� $� $EHOKD� -� 1HYHV� DQG -� 0DFKDGR� ´0XOWL�DJHQW

V\VWHPV IRU KO� LQWHURSHUDELOLW\ VHUYLFHV�µ ,Q� 3URFHGLD 7HFKQRORJ\ � ������� SS� ���²����

>��@ -� /� &� GH 0RUDHV� :� /� GH 6RX]D� /� )� 3LUHV� DQG $� )� GR 3UDGR� ´$ PHWKRGRORJ\ EDVHG RQ

RSHQ(+5 DUFKHW\SHV DQG VRIWZDUH DJHQWV IRU GHYHORSLQJ H�KHDOWK DSSOLFDWLRQV UHXVLQJ OHJDF\ V\V�

WHPV�µ ,Q� &RPSXWHU PHWKRGV DQG SURJUDPV LQ ELRPHGLFLQH ��� ������� SS� ���²����

>��@ $� 0RUHQR�&RQGH� '� 0RQHU� :� '� G� &UX]� 0� 5� 6DQWRV� -� $� 0DOGRQDGR� 0� 5REOHV� DQG '�

.DOUD� ´&OLQLFDO LQIRUPDWLRQ PRGHOLQJ SURFHVVHV IRU VHPDQWLF LQWHURSHUDELOLW\ RI HOHFWURQLF KHDOWK

UHFRUGV� V\VWHPDWLF UHYLHZ DQG LQGXFWLYH DQDO\VLV�µ ,Q� -RXUQDO RI WKH $PHULFDQ 0HGLFDO ,QIRUPDWLFV

$VVRFLDWLRQ ���� ������� SS� ���²����

>��@ 0� -� 0RUWHQVRQ DQG 5� 9LGJHQ� ´$ FRPSXWDWLRQDO OLWHUDWXUH UHYLHZ RI WKH WHFKQRORJ\ DFFHSWDQFH

PRGHO�µ ,Q� ,QWHUQDWLRQDO -RXUQDO RI ,QIRUPDWLRQ 0DQDJHPHQW ���� ������� SS� ����²�����

>��@ 3� 0XxR]� -� '� 7ULJR� ,� 0DUWtQH]� $� 0XxR]� -� (VFD\ROD� DQG -� *DUFtD� ´7KH ,62�(1 �����

VWDQGDUG IRU WKH LQWHURSHUDEOH H[FKDQJH RI HOHFWURQLF KHDOWK UHFRUGV�µ ,Q� -RXUQDO RI +HDOWKFDUH

(QJLQHHULQJ ��� ������� SS� �²���

>��@ 7� %� 0XUGRFK DQG $� 6� 'HWVN\� ´7KH LQHYLWDEOH DSSOLFDWLRQ RI ELJ GDWD WR KHDOWK FDUH�µ ,Q� -DPD

������ ������� SS� ����²�����

>��@ -� 1HYHV� 0� 5� 0DUWLQV� -� 9LOKHQD� -� 1HYHV� 6� *RPHV� $� $EHOKD� -� 0DFKDGR� DQG +� 9LFHQWH�

´$ VRIW FRPSXWLQJ DSSURDFK WR NLGQH\ GLVHDVHV HYDOXDWLRQ�µ ,Q� -RXUQDO RI PHGLFDO V\VWHPV �����

������� SS� �²��

>��@ RSHQ(+5 � 5HIHUHQFH 0RGHO �50� &RPSRQHQW� �$FFHVVHG RQ ������������ XUO� KWWSV���VSHFLILF

DWLRQV�RSHQHKU�RUJ�UHOHDVHV�50�ODWHVW�

>��@ RSHQ(+5 &'6� *XLGHOLQHV DQG 3ODQQLQJ ([DPSOHV� �$FFHVVHG RQ ������������ XUO� KWWSV���VSH

FLILFDWLRQV�RSHQHKU�RUJ�UHOHDVHV�352&�ODWHVW�SURFHVVBH[DPSOHV�KWPO�

>��@ RSHQ(+5 3ODWIRUP 6HUYLFH 0RGHO� �$FFHVVHG RQ ������������ XUO� KWWSV���VSHFLILFDWLRQV�RSHQH

KU�RUJ�UHOHDVHV�60�ODWHVW�RSHQHKUBSODWIRUP�KWPO�

>��@ 2V Q¼PHURV GD FRYLG��� HP 3RUWXJDO _ &RURQDY¯UXV _ 3�%/,&2� �$FFHVVHG RQ ������������ XUO�

KWWSV���ZZZ�SXEOLFR�SW������������LQIRJUDILD�VLWXDFDR�UHJLVWDGD�SRUWXJDO�����

>��@ 1� 3DKO DQG $� 5LFKWHU� 6:27 DQDO\VLV� ,GHD� PHWKRGRORJ\ DQG D SUDFWLFDO DSSURDFK� *ULQ 9HUODJ

0XQLFK� �����

��

https://specifications.openehr.org/releases/RM/latest
https://specifications.openehr.org/releases/RM/latest
https://specifications.openehr.org/releases/PROC/latest/process_examples.html
https://specifications.openehr.org/releases/PROC/latest/process_examples.html
https://specifications.openehr.org/releases/SM/latest/openehr_platform.html
https://specifications.openehr.org/releases/SM/latest/openehr_platform.html
https://www.publico.pt/2020/03/26/infografia/situacao-registada-portugal-480
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>��@ .� 3HIIHUV� 7� 7XXQDQHQ� 0� $� 5RWKHQEHUJHU� DQG 6� &KDWWHUMHH� ´$ GHVLJQ VFLHQFH UHVHDUFK

PHWKRGRORJ\ IRU LQIRUPDWLRQ V\VWHPV UHVHDUFK�µ ,Q� -RXUQDO RI PDQDJHPHQW LQIRUPDWLRQ V\VWHPV

���� ������� SS� ��²���

>��@ $� 3HUHLUD� )� 0DULQV� %� 5RGULJXHV� )� 3RUWHOD� 0� )� 6DQWRV� -� 0DFKDGR� )� 5XD� É� 6LOYD� DQG $�

$EHOKD� ´,PSURYLQJ TXDOLW\ RI PHGLFDO VHUYLFH ZLWK PRELOH KHDOWK VRIWZDUH�µ ,Q� 3URFHGLD &RPSXWHU

6FLHQFH �� ������� SS� ���²����

>��@ 5� 3HUHLUD� -� 'XDUWH� 0� 6DOD]DU� 0� 6DQWRV� $� $EHOKD� DQG -� 0DFKDGR� ´8VDELOLW\ RI DQ HOHFWURQLF

KHDOWK UHFRUG�µ ,Q� ���� ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ ,QGXVWULDO (QJLQHHULQJ DQG (QJLQHHULQJ

0DQDJHPHQW� ,(((� ����� SS� ����²�����

>��@ 3RSXODWLRQ +HDOWK 0DQDJHPHQW� $ 5RDGPDS IRU 3URYLGHU�%DVHG $XWRPDWLRQ LQ D 1HZ (UD RI +HDOWK�

FDUH� �$FFHVVHG RQ ������������ XUO� KWWS���F�IG��FE���FH��������EF����I�F��H���D��E

��D�����D�����U���FI��UDFNFGQ�FRP�L+7�B%LJ'DWDB�����SGI�

>��@ 5HDFW 5RXWHU� 'HFODUDWLYH 5RXWLQJ IRU 5HDFW�MV� �$FFHVVHG RQ ������������ XUO� KWWSV���UHDFWURX

WHU�FRP��

>��@ 5HDFW á $ -DYD6FULSW OLEUDU\ IRU EXLOGLQJ XVHU LQWHUIDFHV� �$FFHVVHG RQ ������������ XUO� KWWSV�

��UHDFWMV�RUJ��

>���@ 0� 6DXQGHUV� 3� /HZLV� DQG $� 7KRUQKLOO� ´5HVHDUFK PHWKRGV IRUEXVLQHVV VWXGHQWV�µ ,Q� (VVH[�

3UHQWLFH +DOO� )LQDQFLDO 7LPHV �������

>���@ %� 6FKPLGW� ´3URRI RI SULQFLSOH VWXGLHV�µ ,Q� (SLOHSV\ UHVHDUFK ���� ������� SS� ��²���

>���@ 6HTXHOL]H 250� �$FFHVVHG RQ ������������ XUO� KWWSV���VHTXHOL]H�RUJ��

>���@ $� %� 6HUJH\� '� %� $OH[DQGU� DQG $� 7� 6HUJH\� ´3URRI RI FRQFHSW FHQWHU³D SURPLVLQJ WRRO IRU LQQR�

YDWLYH GHYHORSPHQW DW HQWUHSUHQHXULDO XQLYHUVLWLHV�µ ,Q� 3URFHGLD�6RFLDO DQG %HKDYLRUDO 6FLHQFHV

��� ������� SS� ���²����

>���@ $� $� 6KDLNK DQG +� .DUMDOXRWR� ´0DNLQJ WKH PRVW RI LQIRUPDWLRQ WHFKQRORJ\ 	 V\VWHPV XVDJH� $

OLWHUDWXUH UHYLHZ� IUDPHZRUN DQG IXWXUH UHVHDUFK DJHQGD�µ ,Q� &RPSXWHUV LQ +XPDQ %HKDYLRU ��

������� SS� ���²����

>���@ 6LPSOH 2UDFOH 'RFXPHQW $FFHVV �62'$�� �$FFHVVHG RQ ������������ XUO� KWWSV���GRFV�RUDFOH�F

RP�HQ�GDWDEDVH�RUDFOH�VLPSOH�RUDFOH�GRFXPHQW�DFFHVV�LQGH[�KWPO�

>���@ 6120(' � ��6WHS %ULHILQJ� �$FFHVVHG RQ ������������ XUO� KWWSV���ZZZ�VQRPHG�RUJ�VQRPHG�

FW�ILYH�VWHS�EULHILQJ�

>���@ 6120(' � :K\ 6120(' &7" �$FFHVVHG RQ ������������ XUO� KWWSV���ZZZ�VQRPHG�RUJ�VQRP

HG�FW�ZK\�VQRPHG�FW�

��

http://c4fd63cb482ce6861463-bc6183f1c18e748a49b87a25911a0555.r93.cf2.rackcdn.com/iHT2_BigData_2013.pdf
http://c4fd63cb482ce6861463-bc6183f1c18e748a49b87a25911a0555.r93.cf2.rackcdn.com/iHT2_BigData_2013.pdf
https://reactrouter.com/
https://reactrouter.com/
https://reactjs.org/
https://reactjs.org/
https://sequelize.org/
https://docs.oracle.com/en/database/oracle/simple-oracle-document-access/index.html
https://docs.oracle.com/en/database/oracle/simple-oracle-document-access/index.html
https://www.snomed.org/snomed-ct/five-step-briefing
https://www.snomed.org/snomed-ct/five-step-briefing
https://www.snomed.org/snomed-ct/why-snomed-ct
https://www.snomed.org/snomed-ct/why-snomed-ct
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>���@ 6120(' &7 _ 15&H6� �$FFHVVHG RQ ������������ XUO� KWWSV���ZZZ�QUFHV�LQ�VWDQGDUGV�VQRP

HG�FW�

>���@ 6WDFN 2YHUIORZ 'HYHORSHU 6XUYH\ ����� KWWSV � � � LQVLJKWV � VWDFNRYHUIORZ � FRP� VXUYH\ � �����

�$FFHVVHG RQ ������������

>���@ 6WDFN 2YHUIORZ 'HYHORSHU 6XUYH\ ����� �$FFHVVHG RQ ������������ XUO� KWWSV���LQVLJKWV�VWDFNR

YHUIORZ�FRP�VXUYH\�����WHFKQRORJ\�

>���@ 6WDFN 2YHUIORZ 'HYHORSHU 6XUYH\ ����� �$FFHVVHG RQ ������������ XUO� KWWSV���LQVLJKWV�VWDFNR

YHUIORZ�FRP�VXUYH\������WHFKQRORJ\�

>���@ 7DLOZLQG &66 � 5DSLGO\ EXLOG PRGHUQ ZHEVLWHV ZLWKRXW HYHU OHDYLQJ \RXU +70/� �$FFHVVHG RQ

������������ XUO� KWWSV���WDLOZLQGFVV�FRP��

>���@ 7HPSODWH 'HVLJQHU E\ 2FHDQ +HDOWK 6\VWHPV� �$FFHVVHG RQ ������������ XUO� KWWS���GRZQORDG

V�RFHDQLQIRUPDWLFV�FRP�GRZQORDGV�7HPSODWH'HVLJQHU��

>���@ 7KH 'LIIHUHQFH EHWZHHQ (05 DQG (+5 _ �.VDWULD 0HGLFDO 6\VWHP� �$FFHVVHG RQ ������������

XUO� KWWSV���NVDWULD�FRP�EORJ�HPU�YV�HKU��

>���@ 8QLILHG 0HGLFDO /DQJXDJH 6\VWHP �80/6�� �$FFHVVHG RQ ������������ XUO� KWWSV���ZZZ�QOP�QL

K�JRY�UHVHDUFK�XPOV�LQGH[�KWPO�

>���@ 9� 9HQNDWHVK DQG +� %DOD� ´7HFKQRORJ\ DFFHSWDQFH PRGHO � DQG D UHVHDUFK DJHQGD RQ LQWHUYHQ�

WLRQV�µ ,Q� 'HFLVLRQ VFLHQFHV ���� ������� SS� ���²����

>���@ 9� 9HQNDWHVK DQG )� '� 'DYLV� ´$ WKHRUHWLFDO H[WHQVLRQ RI WKH WHFKQRORJ\ DFFHSWDQFH PRGHO� )RXU

ORQJLWXGLQDO ILHOG VWXGLHV�µ ,Q� 0DQDJHPHQW VFLHQFH ���� ������� SS� ���²����

>���@ 0� 9LUWDQHQ� %� 8VWXQ� -� 0� 5RGULJXHV� *� 6XUMDQ� $� 5HFWRU� 9� 1� 6WURHWPDQQ� .� $� 6WURHWPDQQ�

3� /HZDOOH� 3� (� =DQVWUD� DQG '� .DOUD� ´6HPDQWLF LQWHURSHUDELOLW\ IRU EHWWHU KHDOWK DQG VDIHU

KHDOWKFDUH� GHSOR\PHQW DQG UHVHDUFK URDGPDS IRU (XURSH�µ ,Q� (XURSHDQ &RPLVVLRQ ������� GRL�

��������������

>���@ &� 1� 9RULVHN� 6� $� ,� .ORSIHQVWHLQ� -� 6DVV� 0� /HKQH� &� 2� 6FKPLGW� DQG 6� 7KXQ� ´(YDOXDWLQJ

6XLWDELOLW\ RI 6120(' &7 LQ 6WUXFWXUHG 6HDUFKHV IRU &29,'��� 6WXGLHV�µ ,Q� 3XEOLF +HDOWK DQG

,QIRUPDWLFV� ,26 3UHVV� ����� SS� ��²���

>���@ :� /� :DOODFH� 7KH ORJLF RI VFLHQFH LQ VRFLRORJ\ VRXQG UHFRUGLQJ� 7UDQVDFWLRQ 3XEOLVKHUV� �����

>���@ :KDW ,V D 'DWDEDVH _ 2UDFOH� �$FFHVVHG RQ ������������ XUO� KWWSV���ZZZ�RUDFOH�FRP�GDWDED

VH�ZKDW�LV�GDWDEDVH��

>���@ -� /� :KLWWHQ DQG /� '� %HQWOH\� 6\VWHPV $QDO\VLV DQG 'HVLJQ 0HWKRGV� �����

>���@ &� :LOOLDPV� ´5HVHDUFK PHWKRGV�µ ,Q� -RXUQDO RI %XVLQHVV 	 (FRQRPLFV 5HVHDUFK �-%(5� ���

�������

���
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>���@ $� :XOII� &� %DLHU� 6� %DOORXW� (� 7XWH� .� .� 6RPPHU� 0� .DDVH� $� 6DUJHDQW� &� 'UHQNKDKQ� '�

6FKO�WHU� 0� 0DUVFKROOHN� HW DO� ´7UDQVIRUPDWLRQ RI PLFURELRORJ\ GDWD LQWR D VWDQGDUGLVHG GDWD

UHSUHVHQWDWLRQ XVLQJ 2SHQ(+5�µ ,Q� 6FLHQWLILF UHSRUWV ���� ������� SS� �²���

>���@ $� :XOII� 0� 0DVW� 0� +DVVOHU� 6� 0RQWDJ� 0� 0DUVFKROOHN� DQG 7� -DFN� ´'HVLJQLQJ DQ RSHQ(+5�

EDVHG SLSHOLQH IRU H[WUDFWLQJ DQG VWDQGDUGL]LQJ XQVWUXFWXUHG FOLQLFDO GDWD XVLQJ QDWXUDO ODQJXDJH

SURFHVVLQJ�µ ,Q� 0HWKRGV RI LQIRUPDWLRQ LQ PHGLFLQH ���6 �� ������� H��²H���

>���@ 5� .� <LQ� &DVH VWXG\ UHVHDUFK� 'HVLJQ DQG PHWKRGV� 9RO� �� VDJH� �����

>���@ 6� <X� '� %HUU\� DQG -� %LVEDO� ´&OLQLFDO FRYHUDJH RI DQ DUFKHW\SH UHSRVLWRU\ RYHU 6120('�&7�µ

,Q� -RXUQDO RI ELRPHGLFDO LQIRUPDWLFV ���� ������� SS� ���²����

���
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,QWHURSHUDELOLW\ LQ +HDOWKFDUH ,QIRUPDWLRQ 6\VWHPV

7KLV TXHVWLRQQDLUH LV D FRPSRQHQW RI D VWXG\ FRQGXFWHG DV SDUW RI D 3K' WKHVLV LQ %LRPHGLFDO (QJLQHHULQJ

DW WKH 8QLYHUVLW\ RI 0LQKR� 7KH UHVXOWV ZLOO EH XVHG VROHO\ IRU DFDGHPLF SXUSRVHV� DQG LW LV HPSKDVL]HG

WKDW UHVSRQGHQWV· UHVSRQVHV UHIOHFW RQO\ WKHLU RZQ SHUVRQDO YLHZ� %\ DQRQ\PL]LQJ \RXU UHVSRQVHV� \RXU

GDWD ZLOO EH SURWHFWHG�

�� :KLFK 3RUWXJXHVH LQVWLWXWLRQ DUH \RX DIILOLDWHG ZLWK"

�� +RZ PDQ\ GDWDEDVHV GR \RX PDQDJH RQ D GDLO\ EDVLV DV SDUW RI \RXU MRE"

! ��� ! ��� ! ��� ! ��� ! ����

�� +RZ PDQ\ GLVWLQFW GDWDEDVH YHUVLRQV GR \RX KDQGOH RQ D GDLO\ EDVLV DV SDUW RI

\RXU MRE"

! ��� ! ��� ! ��� ! ��� ! ����

�� $UH VWDQGDUGV LPSOHPHQWHG LQ \RXU LQVWLWXWLRQ WR HQVXUH WKH LQWHURSHUDELOLW\ RI

LQIRUPDWLRQ V\VWHPV"

! <HV ! 1R

�� ,I \RX UHSOLHG µ<HVµWR WKH DERYH TXHVWLRQ� SOHDVH LGHQWLI\ WKH VWDQGDUGV WKDW \RXU

LQVWLWXWLRQ DGRSWV�

���
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�� +RZ ZRXOG \RX UDWH WKH LQWHURSHUDELOLW\ RI \RXU LQVWLWXWLRQ·V LQIRUPDWLRQ V\VWHPV

RQ DQ LQWUD�KRVSLWDO OHYHO"

! ,QH[LVWHQW ! 6XEVWDQFLDO ! 6DWLVIDWRU\ ! (IILFLHQW

�� +RZ ZRXOG \RX UDWH WKH LQWHURSHUDELOLW\ RI \RXU LQVWLWXWLRQ·V LQIRUPDWLRQ V\VWHPV

RQ DQ LQWHU�KRVSLWDO OHYHO"

! ,QH[LVWHQW ! 6XEVWDQFLDO ! 6DWLVIDWRU\ ! (IILFLHQW

�� ,V \RXU LQVWLWXWLRQ FRQQHFWHG WR RWKHU ([WUD�+RVSLWDO ,QIRUPDWLRQ 6\VWHPV �(+,6�"

! <HV ! 1R

�� 3OHDVH LQGLFDWH DQ\ DUHD�V� LQ ZKLFK \RX ZLVK WR LQFUHDVH \RXU LQVWLWXWLRQ·V LQWHU�

RSHUDELOLW\�

7KDQN \RX IRU \RXU FRRSHUDWLRQ�

���
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6\VWHP·V 7HFKQRORJ\ $FFHSWDQFH $VVHVVPHQW

7KLV DSSHQGL[ FRQWDLQV WKH 7$0 TXHVWLRQQDLUH GHVLJQHG WR DVVHVV WKH SURSRVHG DUWLIDFW·V DFFHSWDQFH E\

WDUJHW XVHUV� $OO VXUYH\ TXHVWLRQV DUH VFRUHG RQ D VHYHQ�SRLQW /LNHUW VFDOH� GHVFULEHG EHOORZ�

� � VWURQJ GLVDJUHH � � PRGHUDWH GLVDJUHH � � VRPH GLVDJUHH � � QHXWUDO

� � VRPH DJUHH � � PRGHUDWH DJUHH � � VWURQJ DJUHH

7DEOH ��� 6XUYH\ WR HYDOXDWH WKH QHZ V\VWHP·V DFFHSWDQFH EDVHG RQ WKH 7$0� RQ D ��SRLQW /LNHUW VFDOH�

� � � � � � �

3HUFHLYHG (DVH RI 8VH

, EHOLHYH WKH V\VWHP LV VLPSOH WR XVH� " " " " " " "
0\ LQWHUDFWLRQ ZLWK WKH V\VWHP LV VLPSOH DQG XQGHUVWDQGDEOH� " " " " " " "
:LWK WKH V\VWHP� , KDYH HDV\ DFFHVV WR LQIRUPDWLRQ� " " " " " " "
:LWK WKH V\VWHP� , DP DEOH WR HDVLO\ RUJDQL]H P\ WDVNV� " " " " " " "

6XEMHFWLYH 1RUP

+HDOWKFDUH DQG ,7 SURIHVVLRQDOV EHOLHYH ZH VKRXOG XVH WKH V\VWHP� " " " " " " "
,Q JHQHUDO� WKH LQVWLWXWLRQ KDV VXSSRUWHG WKH V\VWHP·V XVH� " " " " " " "

,PDJH

+HDOWK SURIHVVLRQDOV ZKR XVH WKH V\VWHP DUH PRUH UHFRJQL]DEOH

WKDQ WKRVH ZKR GR QRW� " " " " " " "
,Q VXFK D FRPSHWLWLYH LQGXVWU\� KDYLQJ WKH V\VWHP LV D

&RQWLQXHG RQ QH[W SDJH

���
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7DEOH �� ² &RQWLQXHG IURP SUHYLRXV SDJH

� � � � � � �

WUHPHQGRXV DVVHW IRU KHDOWKFDUH LQVWLWXWLRQV� " " " " " " "

-RE 5HOHYDQFH

8VLQJ WKH V\VWHP LV FUXFLDO DQG QHFHVVDU\ IRU PH WR H[HFXWH

P\ MRE�UHODWHG WDVNV� " " " " " " "

2XWSXW 4XDOLW\

, EHOLHYH WKDW WKH V\VWHP ZLOO HQDEOH PH WR DFKLHYH KLJK�TXDOLW\

UHVXOWV LQ JHQHUDO� " " " " " " "

5HVXOW 'HPRQVWUDELOLW\

,W LV VLPSOH IRU PH WR GHVFULEH WR RWKHUV WKH RXWFRPHV WKDW

FDQ EH UHDFKHG XVLQJ WKH V\VWHP� " " " " " " "

3HUFHLYHG 8VHIXOQHVV

8VLQJ WKH V\VWHP FDQ KHOS PH SHUIRUP EHWWHU DQG EH PRUH

HIILFLHQW LQ P\ MRE�UHODWHG UROHV� " " " " " " "
, EHOLHYH WKH V\VWHP LV XVHIXO DQG DQ H[FHOOHQW WRRO IRU PDQDJLQJ

SDWLHQWV DQG WKHLU FOLQLFDO LQIRUPDWLRQ� " " " " " " "

&RPSXWHU 6HOI�HIILFDF\

, DP DEOH WR RSHUDWH WKH V\VWHP HYHQ ZKHQ WKHUH LV QR RQH

QHDUE\ WR DVVLVW PH� " " " " " " "
, ZRXOG EH DEOH WR RSHUDWH WKH V\VWHP RQO\ LI VRPHRQH

GHPRQVWUDWHG KRZ WR GR VR EHIRUHKDQG� " " " " " " "

3HUFHSWLRQV RI ([WHUQDO &RQWURO

*LYHQ WKH QHFHVVDU\ UHVRXUFHV DQG NQRZOHGJH� , ILQG LW VLPSOH

WR XVH WKH V\VWHP� " " " " " " "
7KH KHDOWKFDUH LQVWLWXWLRQV VXSSO\ WKH HVVHQWLDO UHVRXUFHV IRU

V\VWHP XVH� " " " " " " "

&RPSXWHU $Q[LHW\

, EHOLHYH P\VHOI WR EH DW HDVH DQG DW FRPIRUWDEOH ZKHQ XVLQJ D

FRPSXWHU� " " " " " " "
&RQWLQXHG RQ QH[W SDJH

���
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7DEOH �� ² &RQWLQXHG IURP SUHYLRXV SDJH

� � � � � � �

, DP IHDUIXO DQG DSSUHKHQVLYH ZKHQ LW FRPHV WR XVLQJ D FRPSXWHU� " " " " " " "

3HUFHLYHG (QMR\PHQW

, EHOLHYH XVLQJ WKH V\VWHP WR EH SOHDVXUDEOH DQG HQMR\DEOH� " " " " " " "

,QWHQWLRQ WR 8VH WKH 7HFQKRORJ\

, SODQ WR WDNH DGYDQWDJH RI WKH V\VWHP� " " " " " " "
, LQWHQG WR PDNH IUHTXHQW DQG FRQVLVWHQW XVH RI WKH V\VWHP� " " " " " " "

7KDQN \RX IRU \RXU FRRSHUDWLRQ�

���
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3XEOLFDWLRQV

7KLV DSSHQGL[ FRQWDLQV WKH VFLHQWLILF SDSHUV SXEOLVKHG GXULQJ WKLV GRFWRUDO WKHVLV� DV ZHOO DV WKHPDQXVFULSWV

WKDW KDYH DOUHDG\ EHHQ VXEPLWWHG DQG DUH DZDLWLQJ SXEOLFDWLRQ�

&�� 3UHGLFWLRQ RI &29,'��� 'LDJQRVLV EDVHG RQ 2SHQ(+5

$UWHIDFWV

$XWKRUV� 'DQLHOD 2OLYHLUD� 5XL 0LUDQGD� 'LDQD )HUUHLUD� $QWyQLR $EHOKD� DQG -RVp 0DFKDGR

7LWOH� 3UHGLFWLRQ RI &29,'��� 'LDJQRVLV EDVHG RQ 2SHQ(+5 $UWHIDFWV

<HDU RI 6XEPLVVLRQ� ����

$EVWUDFW� 7KH FRPSOH[LW\ DQG PRPHQWXP RI PRQLWRULQJ &29,'��� SDWLHQWV FDOOV IRU WKH XVDJH

RI DJLOH DQG VFDODEOH GDWD VWUXFWXUH PHWKRGRORJLHV� $ V\VWHP IRU WUDFNLQJ V\PSWRPV DQG KHDOWK

FRQGLWLRQV RI VXVSHFWHG RU FRQILUPHG 6$56�&R9�� LQIHFWHG SDWLHQWV ZDV GHYHORSHG EDVHG RQ WKH

RSHQ(+5 DUFKLWHFWXUH� $OO GDWD RQ WKH HYROXWLRQDU\ VWDWXV RI SDWLHQWV LQ KRPH FDUH DV ZHOO DV WKH

UHVXOWV RI WKHLU &29,'��� WHVW ZHUH XVHG WR WUDLQ GLIIHUHQW 0/ DOJRULWKPV� ZLWK WKH DLP RI GHYHORSLQJ

D SUHGLFWLYH PRGHO FDSDEOH RI LGHQWLI\LQJ &29,'��� LQIHFWLRQV DFFRUGLQJ WR WKH VHYHULW\ RI V\PSWRPV

LGHQWLILHG E\ SDWLHQWV� 7KH UHVXOWV REWDLQHG ZHUH SURPLVLQJ� ZLWK WKH EHVW PRGHO DFKLHYLQJ DQ DFFX�

UDF\ RI ������� D SUHFLVLRQ RI ������� D VHQVLWLYLW\ RI ������� DQG D VSHFLILFLW\ RI ������� XVLQJ

WKH 'HFLVLRQ 7UHH DOJRULWKP DQG WKH 6SOLW 9DOLGDWLRQ PHWKRG�

���
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&�� 2SHQ(+5 PRGHOLQJ� LPSURYLQJ FOLQLFDO UHFRUGV GXULQJ

WKH &29,'��� SDQGHPLF

$XWKRUV� 'DQLHOD 2OLYHLUD� 5XL 0LUDQGD� 3HGUR /HXVFKQHU� 1XQR $EUHX� 0DQXHO )LOLSH 6DQWRV� $Q�

WRQLR $EHOKD DQG -RVp 0DFKDGR

7LWOH� 2SHQ(+5 PRGHOLQJ� LPSURYLQJ FOLQLFDO UHFRUGV GXULQJ WKH &29,'��� SDQGHPLF

-RXUQDO� +HDOWK DQG 7HFKQRORJ\� 6SULQJHU 1DWXUH

<HDU RI 3XEOLFDWLRQ� ����

$EVWUDFW� 7KH &29,'��� SDQGHPLF KDG SXW SUHVVXUH RQ YDULRXV QDWLRQDO KHDOWKFDUH V\VWHPV� GXH

WR WKH ODFN RI KHDOWK SURIHVVLRQDOV DQG H[KDXVWLRQ RI WKRVH DYDOLDEOH� DV ZHOO DV ODFN RI LQWHURSHU�

DELOLW\ DQG LQDELOLW\ WR UHVWUXFWXUH WKHLU ,7 V\VWHPV� 7KHUHIRUH� WKH UHVWUXFWXULQJ RI LQVWLWXWLRQV DW DOO

OHYHOV LV HVVHQWLDO� HVSHFLDOO\ DW WKH OHYHO RI WKHLU LQIRUPDWLRQ V\VWHPV� )XUWKHUPRUH� WKH &29,'���

SDQGHPLF KDG DUULYHG LQ 3RUWXJDO DW 0DUFK ����� ZLWK D EUHDNRXW RQ WKH QRUWKHUQ UHJLRQ� ,Q RUGHU

WR TXLFNO\ UHVSRQG WR WKH SDQGHPLF� WKH &+83 KHDOWKFDUH LQVWLWXWLRQ� NQRZQ DV D UHVHDUFK FHQWHU�

KDV HPEUDFHG WKH FKDOOHQJH RI GHYHORSLQJ DQG LQWHJUDWLQJ D QHZ DSSURDFK EDVHG RQ WKH RSHQ(+5

VWDQGDUG WR LQWHURSHUDWH ZLWK WKH LQVWLWXWLRQ·V H[LVWLQJ LQIRUPDWLRQ DQG LWV V\VWHPV� $Q RSHQ(+5

FOLQLFDO PRGHOOLQJ PHWKRGRORJ\ ZDV RXWOLQHG DQG DGRSWHG� IROORZHG E\ D VXUYH\ RI GDLO\ FOLQLFDO DQG

WHFKQLFDO UHTXLUHPHQWV� :LWK WKH DUULYDO RI WKH YLUXV LQ 3RUWXJDO� WKH &+83 LQVWLWXWLRQ KDV XQGHUJRQH

WKURXJK FRQVWDQW FKDQJHV LQ WKHLU ZRUNLQJ PHWKRGRORJLHV DV ZHOO DV WKHLU RSHQ(+5 PRGHOOLQJ� $V

D UHVXOW� DQ RSHQ(+5 SDWLHQW FDUH ZRUNIRZ IRU &29,'��� ZDV GHYHORSHG�

.H\ZRUGV� &29,'���� 2SHQ(+5� $UFKHW\SHV� 7HPSODWHV� ,QWHURSHUDELOLW\� +HDOWKFDUH LQIRUPDWLRQ

V\VWHPV� (OHFWURQLF KHDOWK UHFRUG

6WDWH RI 3XEOLFDWLRQ� 3XEOLVKHG

'2,� ��������V�����������������

&�� 6WHSV WRZDUGV DQ +HDOWKFDUH ,QIRUPDWLRQ 0RGHO EDVHG

RQ RSHQ(+5

$XWKRUV� 'DQLHOD 2OLYHLUD� 5XL 0LUDQGD� )UDQFLQL +DN� 1XQR $EUHX� 3HGUR /HXVFKQHU� $QWyQLR

$EHOKD DEG -RVp 0DFKDGR

7LWOH� 6WHSV WRZDUGV DQ +HDOWKFDUH ,QIRUPDWLRQ 0RGHO EDVHG RQ RSHQ(+5

���

https://dx.doi.org/10.1007/s12553-021-00556-4
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&RQIHUHQFH 3URFHHGLQJV� 7KH �WK ,QWHUQDWLRQDO &RQIHUHQFH RQ (PHUJLQJ 'DWD DQG ,QGXVWU\ ���

�(',���� 9RO� ���� SS� �������� 3URFHGLD &RPSXWHU 6FLHQFH� (OVHYLHU

<HDU RI 3XEOLFDWLRQ� ����

$EVWUDFW� 'XULQJ &29,'��� SDQGHPLF FULVLV� KHDOWKFDUH LQVWLWXWLRQV JOREDOO\ ZHUH H[SHULHQFLQJ D

98&$ � 9RODWLOH� 8QFHUWDLQ� &RPSOH[� DQG $PELJXRXV � HQYLURQPHQW� (IIFLHQW FOLQLFDO DQG DGPLQLV�

WUDWLYH PDQDJHPHQW KDG QHYHU EHHQ VR HPHUJHQW� 7R DFKLHYH WKLV JRDO� GLIIHUHQW FRPSRQHQWV RI

WKH +HDOWKFDUH ,QIRUPDWLRQ 6\VWHP �+,6� PXVW FRRSHUDWH DQG LQWHURSHUDWH IODZOHVVO\� 'DWD VWDQ�

GDUGL]DWLRQ LV D QHFHVVDU\ VWHS WRZDUGV QRUPDOL]DWLRQ DQG LQWHURSHUDELOLW\ EHWZHHQ H[LVWLQJ /HJDF\

6\VWHPV �/6V�� DQG SURYLGHV IRU ORQJLWXGLQDO� KLJKO\ UHOLDEOH DQG SHUVLVWHQW (OHFWURQLF +HDOWK 5HFRUGV

�(+5V�� 7KH RSHQ(+5 VWDQGDUG ZDV FKRVHQ IRU LWV RYHUDOO GXDO GRPDLQ DUFKLWHFWXUH� ZKHUH WKH PRUH

G\QDPLF FOLQLFDO LQIRUPDWLRQ PRGHO PD\ HYROYH LQGHSHQGHQWO\ IURP WKH UHODWLYHO\ VWDEOH 5HIHUHQFH

0RGHO �50�� ,WV ,QIRUPDWLRQ 0RGHO �,0� FRPSULVHV GHPRJUDSKLF� DGPLQLVWUDWLYH DQG FOLQLFDO V\V�

WHPV� &ULWLFDO FOLQLFDO WHUPV KDYH EHHQ DOLJQHG WR WKH )+,5 +/� VWDQGDUG� DV WR IXUWKHU VXSSRUW

LQWHURSHUDELOLW\�

.H\ZRUGV� (OHFWURQLF +HDOWK 5HFRUG� +HDOWKFDUH ,QIRUPDWLRQ 6\VWHPV� 2SHQ(+5� &OLQLFDO ,QIRU�

PDWLRQ PRGHO� 5HIHUHQFH 0RGHO

6WDWH RI 3XEOLFDWLRQ� 3XEOLVKHG

'2,� ��������M�SURFV������������

&�� 0DQDJHPHQW RI D 3DQGHPLF %DVHG RQ DQ RSHQ(+5

DSSURDFK

$XWKRUV� 'DQLHOD 2OLYHLUD� 5XL 0LUDQGD� 1XQR $EUHX� 3HGUR /HXVFKQHU� $QWyQLR $EHOKD� 0DQXHO

6DQWRV DQG -RVp 0DFKDGR

7LWOH� 0DQDJHPHQW RI D 3DQGHPLF %DVHG RQ DQ RSHQ(+5 DSSURDFK

&RQIHUHQFH 3URFHHGLQJV� 7KH ��WK ,QWHUQDWLRQDO &RQIHUHQFH RQ &XUUHQW DQG )XWXUH 7UHQGV RI

,QIRUPDWLRQ DQG &RPPXQLFDWLRQ 7HFKQRORJLHV LQ +HDOWKFDUH �,&7+ ������ 9RO� ���� SS� ��������

3URFHGLD &RPSXWHU 6FLHQFH� (OVHYLHU

<HDU RI 3XEOLFDWLRQ� ����

$EVWUDFW� 7KH &29,'��� SDQGHPLF KDV FROODSVHG VHYHUDO QDWLRQDO KHDOWK V\VWHPV� GXH WR WKH ODFN

RI KHDOWKFDUH SURIHVVLRQDOV DQG H[KDXVWLRQ RI WKRVH HPSOR\HG� DV ZHOO DV WKH ODFN RI LQWHURSHUDELOLW\

���
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DQG FDSDFLW\ WR UHVWUXFWXUH WKHLU LQIRUPDWLF V\VWHPV� 7KHUHIRUH� WKH UHVWUXFWXULQJ RI LQVWLWXWLRQV DW DOO

OHYHOV LV HVVHQWLDO� PDLQO\ DW WKH OHYHO RI WKHLU ,QIRUPDWLRQ 6\VWHPV� :KHQ WKH &29,'��� SDQGHPLF

KDG VSUHDG WR 3RUWXJDO LQ 0DUFK ����� ZLWK D EUHDNRXW RQ WKH QRUWKHUQ UHJLRQ� WKH &HQWUR +RVSLWDODU

8QLYHUVLWiULR GR 3RUWR �&+83� KHDOWKFDUH LQVWLWXWLRQ KDG IHOW WKH QHHG WR GHYHORS DQG LQWHJUDWH D QHZ

DSSURDFK EDVHG RQ WKH RSHQ(+5 VWDQGDUG WR LQWHURSHUDWH ZLWK WKH LQVWLWXWLRQ·V H[LVWLQJ LQIRUPDWLRQ

V\VWHPV� ZLWK WKH DLP RI UHVSRQGLQJ TXLFNO\ WR WKH SDQGHPLF·V HYROXWLRQ�

.H\ZRUGV� &29,'���� RSHQ(+5� +HDOWKFDUH ,QIRUPDWLRQ 6\VWHPV� (OHFWURQLF +HDOWK 5HFRUG� ,Q�

WHURSHUDELOLW\

6WDWH RI 3XEOLFDWLRQ� 3XEOLVKHG

'2,� ��������M�SURFV������������

&�� $Q 2SHQ(+5 $GRSWLRQ LQ D 3RUWXJXHVH +HDOWKFDUH

)DFLOLW\

$XWKRUV� )UDQFLQL +DN� 'DQLHOD 2OLYHLUD� 1XQR $EUHX� 3HGUR /HXVFKQHU� $QWyQLR $EHOKD DQG 0DQXHO

6DQWRV

7LWOH� $Q 2SHQ(+5 $GRSWLRQ LQ D 3RUWXJXHVH +HDOWKFDUH )DFLOLW\

&RQIHUHQFH 3URFHHGLQJV� ,QWHUQDWLRQDO :RUNVKRS RQ +RVSLWDO ��� �+RVSLWDO�� 9RO� ���� SS� �����

����� 3URFHGLD &RPSXWHU 6FLHQFH� (OVHYLHU

<HDU RI 3XEOLFDWLRQ� ����

$EVWUDFW� 7KH TXDOLW\ DQG VDIHW\ RI FOLQLFDO GHFLVLRQV GHSHQG WR D ODUJH H[WHQW RQ WKH NQRZOHGJH

DFTXLUHG E\ WKH UHFRUGV RI KHDOWK SURIHVVLRQDOV� +RZHYHU� D WUDGLWLRQDO (OHFWURQLF +HDOWK 5HFRUG

�(+5� KDV EHFRPH LQVXIILFLHQW LQ WHUPV RI NQRZOHGJH DFTXLVLWLRQ DQG FOLQLFDO GHFLVLRQ VXSSRUW� 7KH

GHYHORSPHQW RI WKHVH DVSHFWV PD\ EULQJ PDUNHG LPSURYHPHQWV LQ WKH TXDOLW\ DQG VDIHW\ RI KHDOWK

FDUH� 7KH XVDJH RI RSHQ PRGHOV SURPRWHV LQWHURSHUDELOLW\ EHWZHHQ V\VWHPV� PLQLPL]LQJ WKH LPSDFW

RI LQIRUPDWLRQ V\VWHPV RQ WKH HIILFLHQW SURGXFWLRQ RI NQRZOHGJH XVHIXO IRU FOLQLFDO GHFLVLRQV� ,Q WKLV

VHQVH� WKLV DUWLFOH GHVFULEHV DQ LPSOHPHQWDWLRQ SURMHFW RI D V\VWHP WKDW VXSSRUW WKH SURGXFWLRQ

DQG XVH RI NQRZOHGJH LQ FOLQLFDO HQYLURQPHQWV� EDVHG RQ 2SHQ(+5 WZR OHYHOV PRGHOOLQJ RSHQ GDWD

DSSURDFK� LQ D KHDOWKFDUH IDFLOLW\ RQ WKH QRUWK RI 3RUWXJDO�

.H\ZRUGV� RSHQ(+5� +HDOWKFDUH ,QIRUPDWLRQ 6\VWHPV� (OHFWURQLF +HDOWK 5HFRUG� ,QWHURSHUDELOLW\

6WDWH RI 3XEOLFDWLRQ� 3XEOLVKHG

���
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'2,� ��������M�SURFV������������

&�� 5HYLHZ RI 7UHQGV LQ $XWRPDWLF +XPDQ $FWLYLW\

5HFRJQLWLRQ EDVHG LQ 6\QWKHWLF 'DWD

$XWKRUV� $QD &RLPEUD� &ULVWLDQD 1HWR� 'LDQD )HUUHLUD� -~OLR 'XDUWH� 'DQLHOD 2OLYHLUD� )UDQFLQL +DN�

)LOLSH *RQoDOYHV� -RDTXLP )RQVHFD� 1LFRODV /RUL� $QWyQLR $EHOKD DQG -RVp 0DFKDGR

7LWOH� 5HYLHZ RI 7UHQGV LQ $XWRPDWLF +XPDQ $FWLYLW\ 5HFRJQLWLRQ EDVHG LQ 6\QWKHWLF 'DWD

&RQIHUHQFH 3URFHHGLQJV� ,QWHOOLJHQW 'DWD (QJLQHHULQJ DQG $XWRPDWHG /HDUQLQJ ² ,'($/ �����

/HFWXUH 1RWHV LQ &RPSXWHU 6FLHQFH� 9RO� ������ SS� �������� 6SULQJHU

<HDU RI 3XEOLFDWLRQ� ����

$EVWUDFW� 'ULYHUOHVV YHKLFOHV DUH PRUH DQG PRUH EHFRPLQJ D UHDOLW\� +RZHYHU� SHRSOH VWLOO KDYH

VRPH FRQFHUQV LQ XVLQJ WKHP� WKH PDLQ FRQFHUQ LV IHDU� KHQFH WKH LPSRUWDQFH RI FUHDWLQJ D VXUYHLO�

ODQFH V\VWHP LQVLGH WKRVH YHKLFOHV� )RU WKH GHWHFWLRQ DQG FODVVLILFDWLRQ RI KXPDQ PRYHPHQWV WR

EH SRVVLEOH LW LV QHFHVVDU\ WR WUDLQ WKH V\VWHP ZLWK GDWD UHSUHVHQWDWLYH HQRXJK IRU DOO NLQGV RI SRV�

VLELOLWLHV� $OWKRXJK WKH SURGXFWLRQ RI ODUJH TXDQWLWLHV RI GDWD EHFRPHV DQ H[SHQVLYH SURFHVV DQG

DGGV WKH SUREOHP RI GDWD SURWHFWLRQ� WKH XVH RI V\QWKHWLF GDWD RQFH WKH\ DUH DUWLILFLDOO\ JHQHUDWHG

DOORZV ORZHU FRVWV DQG HOLPLQDWHV WKH SUREOHP RI GDWD SURWHFWLRQ� $ ELEOLRJUDSKLF VWXG\ ZDV FDUULHG

RXW LQ WKLV SDSHU ZLWK DUWLFOHV IURP ���� RU ODWHU RQ WKH XVH RI V\QWKHWLF GDWD� ,Q WKHVH VWXGLHV� LW LV

QRWHG WKDW V\QWKHWLF GDWD LV ZLGHO\ XVHG ZLWK JRRG UHVXOWV� $V IDU DV LPDJH FDSWXUH LV FRQFHUQHG�

WKH\ VKRZ WKDW �' FDPHUDV KDYH EHWWHU UHVXOWV� EXW WKH\ DUH PRUH H[SHQVLYH� VR �' FDPHUDV DUH

PRUH RIWHQ XVHG ZLWK ODWHU FRQYHUVLRQ WR �' LPDJHV� 7KH VWLWFKHG SXSSHW �63� PRGHO LV FDSDEOH

RI DGDSWLQJ WR WKH PRVW GLIILFXOW SRVHV KDYLQJ REWDLQHG JRRG UHVXOWV LQ LWV DSSOLFDWLRQ LQ WKH )$867

GDWDVHW�

.H\ZRUGV� $XWRQRPRXV FDU� 0XOWLVHQVRU\ IXVLRQ� $XGLR�YLVXDO V\QWKHWLF GDWD

6WDWH RI 3XEOLFDWLRQ� 3XEOLVKHG

'2,� �������������������������B��

&�� 6WHS 7RZDUGV ,QWHURSHUDELOLW\ LQ 1XUVLQJ 3UDFWLFH

$XWKRUV� 'DQLHOD 2OLYHLUD� -~OLR 'XDUWH� $QWyQLR $EHOKD DQG -RVp 0DFKDGR

���
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7LWOH� 6WHS 7RZDUGV ,QWHURSHUDELOLW\ LQ 1XUVLQJ 3UDFWLFH

&RQIHUHQFH 3URFHHGLQJV� 'DWD $QDO\WLFV LQ 0HGLFLQH� &RQFHSWV� 0HWKRGRORJLHV� 7RROV� DQG $S�

SOLFDWLRQV� ,*, *OREDO� SS� �������� ����

<HDU RI 3XEOLFDWLRQ� ����

$EVWUDFW� +RVSLWDO LQSDWLHQW FDUH FRPSURPLVHV RQH RI WKH PRVW GHPDQGLQJ VHUYLFHV LQ KHDOWK LQ�

VWLWXWLRQV IRU SURYLGLQJ D FDUHIXO DQG FRQWLQXRXV KHDOWKFDUH DVVLVWDQFH� 6XFK GHPDQGV UHTXLUH D

FRQVWDQW XSGDWH RI WKH SDWLHQWV· KHDOWK UHFRUG DOOLHG ZLWK VXSSRUW V\VWHPV UHVSRQVLEOH IRU PRQLWRULQJ

WKHLU FOLQLFDO LQIRUPDWLRQ� ,Q WKLV FRQWH[W� WKH SUREOHP LQ WKLV VWXG\ EHFRPHV D SURFHVV RI FRQWLQXRXV

LPSURYHPHQW� 7R GHILQH WKH FDVH VWXG\� LW ZDV QHFHVVDU\ WR XVH UHVHDUFK WRROV VXFK DV TXHVWLRQ�

QDLUHV DQG LQWHUYLHZV� :LWK WKHVH WHFKQLTXHV� LW ZDV SRVVLEOH WR GHOLQHDWH WKH VWDWH DQG GLPHQVLRQ RI

WKH SUREOHP� 6XEVHTXHQWO\� WKH DSSURDFK DQG VROXWLRQ ZDV HVWDEOLVKHG DQG D QHZ ZHE SODWIRUP IRU

WKH GDLO\ PRQLWRULQJ RI SDWLHQWV ZDV SURSRVHG IRFXVHG RQ QXUVHV� 7KH WRRO LQFRUSRUDWHV D UHDO�WLPH

GDWD YLVXDOL]DWLRQ� DQG D SDWLHQW UHFRUG GXULQJ DQ LQSDWLHQW FDUH HSLVRGH� 0RUHRYHU� WKLV DUWLFOH DOVR

KLJKOLJKWV WKH UHTXLUHG DGDSWDELOLW\ RI WKLV SODWIRUP IRU HDFK KHDOWK XQLW DFFRUGLQJ WR QHHGV� :LWK

WKLV VROXWLRQ� LW LV H[SHFWHG WR FRUUHFW PDQ\ RI WKH SUREOHPV GHWHFWHG WKURXJK TXDQWLWDWLYH UHVXOWV�

.H\ZRUGV� +HDOWKFDUH� +RVSLWDO ,QIRUPDWLRQ 6\VWHP� ,QWHURSHUDELOLW\� 0XOWL�$JHQW 6\VWHP� 1XUVLQJ

3UDFWLFH

6WDWH RI 3XEOLFDWLRQ� 3XEOLVKHG

'2,� ��������������������������FK���

&�� ,QWHOOLJHQW 6XSSRUW 6\VWHP IRU WKH 3URYLVLRQ RI ,QSDWLHQW

&DUH

$XWKRUV� 6yQLD )DULD� 'DQLHOD 2OLYHLUD� $QWyQLR $EHOKD� DQG -RVp 0DFKDGR

7LWOH� ,QWHOOLJHQW 6XSSRUW 6\VWHP IRU WKH 3URYLVLRQ RI ,QSDWLHQW &DUH

&RQIHUHQFH 3URFHHGLQJV� $GYDQFHV LQ ,QWHOOLJHQW 6\VWHPV DQG &RPSXWLQJ� 9RO� ����� SS�����

����

<HDU RI 3XEOLFDWLRQ� ����

$EVWUDFW� ,QSDWLHQW FDUH LV VHHQ DV D ULJRURXV KHDOWKFDUH HQYLURQPHQW� DV VHYHUDO GDLO\ WDVNV DUH

SHUIRUPHG WR SURYLGH DGHTXDWH WUHDWPHQW WR LQSDWLHQWV DQG D PLQRU IODZ LQ WKHVH WDVNV PD\ UHVXOW

���
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LQ LUUHYHUVLEOH GDPDJH WR SDWLHQWV� ,W LV WKHUHIRUH UHTXLUHG WKDW WKH LQIRUPDWLRQ UHODWHG WR WKH SDWLHQW

LV DOZD\V XSGDWHG DQG DYDLODEOH WR DOO KHDOWK SURIHVVLRQDOV� 7KXV� FRPHV XS WKH PRWLYDWLRQ RI WKH

SURMHFW GHVFULEHG LQ WKLV SDSHU� ZKLFK SUHVHQWV DQ LQWHOOLJHQW V\VWHP WR VXSSRUW WKH SUDFWLFH RI LQSD�

WLHQW KHDOWKFDUH WKURXJK D :HE SODWIRUP WKDW DOORZV WKH PRQLWRULQJ RI SDWLHQWV DGPLWWHG WR D KHDOWK

IDFLOLW\� 7KXV� WKH GHYHORSHG V\VWHP FXOPLQDWHV LQ DQ DSSOLFDWLRQ ZKHUH DOO UHOHYDQW LQIRUPDWLRQ LV

JDWKHUHG WR PRQLWRU WKH GLIIHUHQW KRVSLWDOL]DWLRQ HSLVRGHV� SUHVHQWLQJ WKLV LQIRUPDWLRQ LQ D VLPSOLV�

WLF DQG LQWXLWLYH ZD\ DQG DOHUWLQJ WKH SURIHVVLRQDOV WR WKH RFFXUUHQFH RI HYHQWV UHODWHG WR PHGLFDO

H[DPV DQG DQDO\VLV� VXUJLFDO SURFHGXUHV� DPRQJ RWKHUV� 7KLV SDSHU SUHVHQWV WKH DUFKLWHFWXUH� WKH

UHTXLUHPHQWV DQG D 6:27 DQDO\VLV RI WKH VROXWLRQ SURSRVHG� WKH PDLQ FRQFOXVLRQV DQG D SURSRVHG

IXWXUH ZRUN�

.H\ZRUGV� ,QSDWLHQW VXSSRUW V\VWHP� 0XOWL�$JHQW 6\VWHP� &OLQLFDO 'HFLVLRQ 6XSSRUW� 6\VWHP+HDOWK�

FDUH

6WDWH RI 3XEOLFDWLRQ� 3XEOLVKHG

'2,� �������������������������B��

&�� 0RELOH &RPSXWLQJ LQ 3DWLHQW 5HODWLRQVKLS 0DQDJHPHQW

² $ &DVH 6WXG\

$XWKRUV� 3HGUR 0RUHLUD� 'DQLHOD 2OLYHLUD� )LOLSH 0LUDQGD� $QWyQLR $EHOKD DQG -RVp 0DFKDGR

7LWOH� 0RELOH &RPSXWLQJ LQ 3DWLHQW 5HODWLRQVKLS 0DQDJHPHQW ² $ &DVH 6WXG\

&RQIHUHQFH 3URFHHGLQJV� ��WK ,QWHUQDWLRQDO ,QGXVWULDO 6LPXODWLRQ &RQIHUHQFH� (8526,6�

<HDU RI 3XEOLFDWLRQ� ����

$EVWUDFW� $URXQG IRXUWHHQ \HDUV DJR� WKH ILUVW KRVSLWDO LQ 3RUWXJDO VWDUWHG WR XVH D SDWLHQW QR�

WLILFDWLRQ V\VWHP� WR DOHUW SDWLHQWV RI WKHLU PHGLFDO HYHQWV DW WKH KRVSLWDO� VXFK DV DSSRLQWPHQWV�

VXUJHULHV� H[DPV� WUHDWPHQWV WKURXJK WH[W PHVVDJHV� 7KLV QRWLILFDWLRQ V\VWHP LV XVHG QRZDGD\V�

EXW LW IDFHV D ELJ SUREOHP� D KXJH DPRXQW RI PRQH\ VSHQW IRU WKH WHOHFRPPXQLFDWLRQ FRPSDQLHV

LQYROYHG� $OWKRXJK HDFK PHVVDJH FRVW D IUDFWLRQ RI FHQWV� LW FDQ HDVLO\ UHSURGXFH LWV YDOXH LQ PRUH

WKDQ ������ HXURV SHU \HDU SHU LQVWLWXWLRQ� 6LQFH WHFKQRORJ\ DQG WKH XVH RI VPDUWSKRQHV KDV EHHQ

HYROYLQJ LQ VXFK D TXLFN ZD\� LW LV HVWLPDWHG WKDW LQ QR PRUH WKDQ �� \HDUV� DOPRVW DOO WKH 3RUWXJXHVH

SRSXODWLRQ ZLOO XVH VPDUWSKRQHV RU KDYH DFFHVV WR WKHP� )RU WKRVH UHDVRQV� WKH PDLQ SXUSRVH RI

WKH SUHVHQW ZRUN� LV WR GHVLJQ DQG GHYHORS D PRELOH DSSOLFDWLRQ LQ RUGHU WR VXEVWLWXWH WKH SUHYLRXV

QRWLILFDWLRQ V\VWHPV� WKURXJK SXVK XS QRWLILFDWLRQV RQ WKH DSS DQG E\ HPDLO� WKDW FDQ EH VDYHG

���

https://dx.doi.org/10.1007/978-3-030-40690-5_36


$33(1',; &� 38%/,&$7,216

RQ WKH VPDUWSKRQH FDOHQGDU� WUDQVODWLQJ LQ QR FRVWV DVVRFLDWHG ZLWK WKH QRWLILFDWLRQV VHQW E\ WKH

KRVSLWDOV� 7KH PDLQ PRWLYDWLRQ LV� WKHUHIRUH� VXSSUHVVLQJ WKHVH FRVWV IRU WKH KRVSLWDO� EULQJ WKH

SDWLHQWV FORVHU LQWHJUDWLQJ RWKHU V\VWHPV RQ WKH DSS DQG PDNH WKH QRWLILFDWLRQ DOHUW PRUH HIILFLHQW�

7KHUHE\� WKH PRELOH DSS ZLOO EH DEOH� QRW RQO\ WR PDQDJH HDFK QRWLILFDWLRQ DQG QRWLI\ WKH SDWLHQWV�

EXW DOVR WR FKHFN LWV PHGLFDO HYHQW KLVWRU\ DQG WR VFKHGXOH PHGLFDO DSSRLQWPHQWV�

.H\ZRUGV� ,QIRUPDWLRQ 7HFKQRORJLHV� 350� SXVK QRWLILFDWLRQV� PRELOH DSSOLFDWLRQ� H�+HDOWK

6WDWH RI 3XEOLFDWLRQ� 3XEOLVKHG

&��� 'DWD 0LQLQJ IRU 3UHGLFWLRQ RI /HQJWK RI 6WD\ RI

&DUGLRYDVFXODU $FFLGHQW ,QSDWLHQWV

$XWKRUV� &ULVWLDQD 6LOYD� 'DQLHOD 2OLYHLUD� +XJR 3HL[RWR� -RVp 0DFKDGR DQG $QWyQLR $EHOKD

7LWOH� 'DWD 0LQLQJ IRU 3UHGLFWLRQ RI /HQJWK RI 6WD\ RI &DUGLRYDVFXODU $FFLGHQW ,QSDWLHQWV

&RQIHUHQFH 3URFHHGLQJV� 'LJLWDO 7UDQVIRUPDWLRQ DQG *OREDO 6RFLHW\� 9RO� ���� SS� ��������

6SULQJHU�

<HDU RI 3XEOLFDWLRQ� ����

$EVWUDFW� 7KH KHDOWKFDUH VHFWRU JHQHUDWHV ODUJH DPRXQWV RI GDWD RQ D GDLO\ EDVLV� 7KLV GDWD KROGV

YDOXDEOH NQRZOHGJH WKDW� EH\RQG VXSSRUWLQJ D ZLGH UDQJH RI PHGLFDO DQG KHDOWKFDUH IXQFWLRQV

VXFK DV FOLQLFDO GHFLVLRQ VXSSRUW� FDQ EH XVHG IRU LPSURYLQJ SURILWV DQG FXWWLQJ GRZQ RQ ZDVWHG

RYHUKHDG� 7KH HYDOXDWLRQ DQG DQDO\VLV RI VWRUHG FOLQLFDO GDWD PD\ OHDG WR WKH GLVFRYHU\ RI WUHQGV DQG

SDWWHUQV WKDW FDQ VLJQLILFDQWO\ HQKDQFH RYHUDOO XQGHUVWDQGLQJ RI GLVHDVH SURJUHVVLRQ DQG FOLQLFDO

PDQDJHPHQW� 'DWD PLQLQJ WHFKQLTXHV DLP SUHFLVHO\ DW WKH H[WUDFWLRQ RI XVHIXO NQRZOHGJH IURP

UDZ GDWD� 7KLV ZRUN GHVFULEHV DQ LPSOHPHQWDWLRQ RI D GDWD PLQLQJ SURMHFW DSSURDFK WR SUHGLFW

WKH KRVSLWDOL]DWLRQ SHULRG RI FDUGLRYDVFXODU DFFLGHQW SDWLHQWV� 7KLV SURYLGHV DQ HIIHFWLYH WRRO IRU

WKH KRVSLWDO FRVW FRQWDLQPHQW DQG PDQDJHPHQW HIILFLHQF\� 7KH GDWD XVHG IRU WKLV SURMHFW FRQWDLQV

LQIRUPDWLRQ DERXW SDWLHQWV KRVSLWDOL]HG LQ &DUGLRYDVFXODU $FFLGHQW·V XQLW LQ ���� IRU KDYLQJ VXIIHUHG

D VWURNH� 7KH :HND VRIWZDUH ZDV XVHG DV WKH PDFKLQH OHDUQLQJ WRRONLW�

.H\ZRUGV� 'DWD PLQLQJ� :HND� 3UHGLFWLRQ� &DUGLRYDVFXODU DFFLGHQW

6WDWH RI 3XEOLFDWLRQ� 3XEOLVKHG

'2,� �������������������������B��

���
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&��� 6WHS 7RZDUGV ,QWHURSHUDELOLW\ LQ 1XUVLQJ 3UDFWLFH

$XWKRUV� &ULVWLDQD 6LOYD� 'DQLHOD 2OLYHLUD� +XJR 3HL[RWR� -RVp 0DFKDGR DQG $QWyQLR $EHOKD

7LWOH� 6WHS 7RZDUGV ,QWHURSHUDELOLW\ LQ 1XUVLQJ 3UDFWLFH

-RXUQDO� ,QWHUQDWLRQDO -RXUQDO RI 3XEOLF +HDOWK 0DQDJHPHQW DQG (WKLFV �,-3+0(�� 9RO� �� ,*,

*OREDO�

<HDU RI 3XEOLFDWLRQ� ����

$EVWUDFW� +RVSLWDO LQSDWLHQW FDUH FRPSURPLVHV RQH RI WKH PRVW GHPDQGLQJ VHUYLFHV LQ KHDOWK LQ�

VWLWXWLRQV IRU SURYLGLQJ D FDUHIXO DQG FRQWLQXRXV KHDOWKFDUH DVVLVWDQFH� 6XFK GHPDQGV UHTXLUH D

FRQVWDQW XSGDWH RI WKH SDWLHQWV· KHDOWK UHFRUG DOOLHG ZLWK VXSSRUW V\VWHPV UHVSRQVLEOH IRU PRQLWRULQJ

WKHLU FOLQLFDO LQIRUPDWLRQ� ,Q WKLV FRQWH[W� WKH SUREOHP LQ WKLV VWXG\ EHFRPHV D SURFHVV RI FRQWLQXRXV

LPSURYHPHQW� 7R GHILQH WKH FDVH VWXG\� LW ZDV QHFHVVDU\ WR XVH UHVHDUFK WRROV VXFK DV TXHVWLRQ�

QDLUHV DQG LQWHUYLHZV� :LWK WKHVH WHFKQLTXHV� LW ZDV SRVVLEOH WR GHOLQHDWH WKH VWDWH DQG GLPHQVLRQ RI

WKH SUREOHP� 6XEVHTXHQWO\� WKH DSSURDFK DQG VROXWLRQ ZDV HVWDEOLVKHG DQG D QHZ ZHE SODWIRUP IRU

WKH GDLO\ PRQLWRULQJ RI SDWLHQWV ZDV SURSRVHG IRFXVHG RQ QXUVHV� 7KH WRRO LQFRUSRUDWHV D UHDO�WLPH

GDWD YLVXDOL]DWLRQ� DQG D SDWLHQW UHFRUG GXULQJ DQ LQSDWLHQW FDUH HSLVRGH� 0RUHRYHU� WKLV DUWLFOH DOVR

KLJKOLJKWV WKH UHTXLUHG DGDSWDELOLW\ RI WKLV SODWIRUP IRU HDFK KHDOWK XQLW DFFRUGLQJ WR QHHGV� :LWK

WKLV VROXWLRQ� LW LV H[SHFWHG WR FRUUHFW PDQ\ RI WKH SUREOHPV GHWHFWHG WKURXJK TXDQWLWDWLYH UHVXOWV�

.H\ZRUGV� +HDOWKFDUH� +RVSLWDO ,QIRUPDWLRQ 6\VWHP� ,QWHURSHUDELOLW\� 0XOWL�$JHQW 6\VWHP� 1XUVLQJ

3UDFWLFH

6WDWH RI 3XEOLFDWLRQ� 3XEOLVKHG

'2,� ��������,-3+0(�����������

&��� 1HZ $SSURDFK WR DQ RSHQ(+5 ,QWURGXFWLRQ LQ D

3RUWXJXHVH +HDOWKFDUH )DFLOLW\

$XWKRUV� 'DQLHOD 2OLYHLUD� $QD &RLPEUD� )LOLSH 0LUDQGD� 1XQR $EUHX� 3HGUR /HXVFKQHU� -RVp

0DFKDGR DQG $QWyQLR $EHOKD

7LWOH� 1HZ $SSURDFK WR DQ RSHQ(+5 ,QWURGXFWLRQ LQ D 3RUWXJXHVH +HDOWKFDUH )DFLOLW\

&RQIHUHQFH 3URFHHGLQJV� :RUOG &RQIHUHQFH RQ ,QIRUPDWLRQ 6\VWHPV DQG 7HFKQRORJLHV� LQ $G�

YDQFHV LQ ,QWHOOLJHQW 6\VWHPV DQG &RPSXWLQJ� 9RO� ���� SS� �������� 6SULQJHU

���

https://dx.doi.org/10.4018/IJPHME.2018010103


$33(1',; &� 38%/,&$7,216

<HDU RI 3XEOLFDWLRQ� ����

$EVWUDFW� ,PSOHPHQWLQJ D QHZ (+5 GDWD V\VWHP LV QRW HDV\� DV WKH V\VWHPV DOUHDG\ LQ SODFH
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RUJDQL]LQJ FOLQLFDO LQIRUPDWLRQ XVLQJ DUFKHW\SHV DQG WHPSODWHV� 7KH SUHVHQW SDSHU IRFXVHV RQ WKH
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DGDSWDELOLW\ RI WKLV SODWIRUP IRU HDFK KHDOWK XQLWV LQVLGH D KRVSLWDO FHQWHU DFFRUGLQJ ZLWK LWV QHHGV�
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