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(VWD FySLD GD WHVH p IRUQHFLGD QD FRQGLomR GH TXH TXHP D FRQVXOWD UHFRQKHFH TXH RV GLUH�
LWRV GH DXWRU VmR GD SHUWHQoD GR DXWRU GD WHVH H TXH QHQKXPD FLWDomR RX LQIRUPDomR REWLGD
D SDUWLU GHOD SRGH VHU SXEOLFDGD VHP D UHIHUrQFLD DSURSULDGD�

7KLV WKHVLV FRS\ KDV EHHQ SURYLGHG RQ WKH FRQGLWLRQ WKDW DQ\RQH ZKR FRQVXOWV LW XQGHU�
VWDQGV DQG UHFRJQL]HV WKDW LWV FRS\ULJKW EHORQJV WR LWV DXWKRU DQG WKDW QR UHIHUHQFH IURP WKH
WKHVLV RU LQIRUPDWLRQ GHULYHG IURP LW PD\ EH SXEOLVKHG ZLWKRXW SURSHU DFNQRZOHGJHPHQW�
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$FNQRZOHGJPHQWV

*RVWDULD GH DJUDGHFHU DR PHX RULHQWDGRU 3URIHVVRU 'RXWRU 3DXOR -RUJH &DUYDOKR 0HQH]HV
SHOD RULHQWDomR DR ORQJR GHVWHV PHVHV D TXDO QmR Vy SHUPLWLX ID]HU HVWD GLVVHUWDomR� FRPR
WDPEpP PH SHUPLWLX FUHVFHU D QtYHO SHVVRDO H SURILVVLRQDO� 4XHUR WDPEpP DJUDGHFHU D
RSRUWXQLGDGH TXH PH IRL GDGD SDUD LQWHJUDU QR ,6�/� QR TXDO QXQFD HVSHUHL FRQKHFHU DV
SHVVRDV TXH FRQKHFL� TXHU VHMD SHOR DSRLR TXH PH IRUQHFHUDP UHODWLYR j GLVVHUWDomR� TXHU
VHMD SHOR DSRLR SHVVRDO R TXDO IH] PH FUHVFHU QXPD IRUPD D TXDO QXQFD HVSHUHL R ID]HU
HP WmR SRXFR WHPSR� (P HVSHFLDO� TXHULD DJUDGHFHU DR 9LVKDO *DXWDP SHOD DMXGD FRP
R VLVWHPD GH FDSWXUD GH PRYLPHQWR� DR SDL GR ODERUDWyULR %UXQR )HUUHLUD H DR *XVWDYR
$VVXQomR SHOD GLVSRQLELOLGDGH TXHU VHMD SHVVRDO RX SURILVVLRQDO�

3DUD R ,QVWLWXWR GH 6LVWHPDV H 5REyWLFD GD 8QLYHUVLGDGH GH &RLPEUD �,65�� TXHUR DJUDGH�
FHU SHOD RSRUWXQLGDGH� PDWHULDO HVSHFLDOL]DGR H FRQGLo}HV GH WUDEDOKR SRLV VHP TXDOTXHU
XP GHVWHV� D UHDOL]DomR GHVWH WUDEDOKR QmR WHULD VLGR SRVVtYHO� $SHQDV SRVVR PRVWUDU D
PLQKD JUDWLGmR SDUD FRP WRGRV RV TXH HVWLYHUDP QHVWHV � DQRV GD PLQKD YLGD DFDGpPLFD�
RV TXDLV DSHQDV FRQKHFL JUDoDV j 8QLYHUVLGDGH GH &RLPEUD� HP HVSHFLDO RV PHXV DPLJRV
$QGUp *UDoD� /XtV &DYDODULD� *RQoDOR 9DOYHUGH� -RmR /LPHLUR� 7RPiV 'XDUWH H $OH[DQGUH
&KDYHV TXH WRUQDUDP HVWD H[SHULrQFLD HGXFDWLYD QXPD H[SHULrQFLD D TXDO QXQFD LUHL HVTXH�
FHU� 4XHU VHMD SHORV PRPHQWRV GH DSRLR LQFRQGLFLRQDO RX SHORV YiULRV PRPHQWRV TXH VH
YLYHX QR 7URLND� $$&� 4XHLPDV H /DWDGDV� 1HVWH PRPHQWR DSHQDV SRVVR DJUDGHFHU�YRV
QHVWH WH[WR� PDV TXHP VDEH� XP GLD VH IRU ULFR� SDJR XP MDQWDU�

4XHUR DJUDGHFHU DRV PHXV DPLJRV GH /DJRV SHOR DSRLR TXH PH SUHVWDUDP DQWHV GD YLGD
DFDGpPLFD H GXUDQWH R TXDO HP FRQMXQWR FRP R DSRLR GH WRGDV DV RXWUDV SHVVRDV SUHVHQWHV
QD PLQKD YLGD IH] VHU TXHP HX VRX KRMH�

3DUD D PLQKD IDPtOLD� TXHUR DJUDGHFHU SRU WRGRV RV VDFULItFLRV TXH IL]HUDP SDUD PH FRORFDU
QD SRVLomR RQGH HVWRX KRMH SRLV VH QmR IRVVH YRFrV� QmR HVWDULD QHVWD SRVLomR SULYLOHJLDGD�
$RV PHXV SDLV &DUORV 1DVFLPHQWR H /tJLD 1DVFLPHQWR� DJUDGHoR SRU WRGRV RV PRPHQWRV
GH DSRLR RV TXDLV IL]HUDP FRP TXH SHUPDQHFHVVH HP &RLPEUD SRLV VHP HOHV QmR WHULD
H[SHULHQFLDGR PXLWDV GDV JUDQGHV PHPRULDV DV TXDLV FULHL HQTXDQWR HVWLYH DTXL� $JUDGHoR
j PLQKD LUPm PDLV YHOKD $OH[DQGUD 1DVFLPHQWR SRU PH PRVWUDU FRPR VHU XPD SHVVRD
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$FNQRZOHGJPHQWV

GHFHQWH H WUDEDOKDGRUD� QmR SRU SDODYUDV� PDV SRU Do}HV� ¬ PLQKD DYy $UPDQGD 5RViULR
D TXDO VHPSUH GLVSRQLELOL]RX WHPSR SDUD PLP� UHFHEHX�PH GH EUDoRV DEHUWRV TXDQGR LD
YLVLWi�OD H TXH DGRUD GL]HU TXH HUD XPD GDV SRXFDV D TXDO VHPSUH DFUHGLWRX HP PLP� 3DUD
RV UHVWDQWHV IDPLOLDUHV� HPERUD QmR VHMDP PHQFLRQDGRV� DJUDGHoR SHOR DSRLR TXH WHQKDP
GDGR TXHU VHMD D PLP RX j PLQKD IDPtOLD�
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$EVWUDFW

3HUIRUPLQJ SK\VLFDO DFWLYLW\ VRPHWLPHV FDQ EH D GDXQWLQJ WDVN DV PRVW SHRSOH ZLOO QRW
SHUIRUP LW UHJXODUO\ GXH WR D ODFN RI H[SHULHQFH� PRWLYDWLRQ� RU LQMXULHV WKDW SUHYHQW WKHP�
+RZHYHU� H[HUFLVH KDV VXEVWDQWLDO KHDOWK EHQHILWV DV LW ORZHUV WKH ULVN RI KHDUW GLVHDVH
DQG RVWHRSRURVLV DQG LQFUHDVHV RXU ERGLHV¶ RYHUDOO PRELOLW\� )XUWKHUPRUH� ZLWK WKH FXU�
UHQW VWDWH RI WKH ZRUOG DQG WKH GHYHORSPHQW RI KXPDQ�FRPSXWHU LQWHUDFWLRQ WHFKQRORJ\
RYHU WKH \HDUV� LW LV DSSURSULDWH WR WKLQN RI QHZ ZD\V WR LQWHUDFW ZLWK HDFK RWKHU EHVLGHV D
UHDO�OLIH VFHQDULR� 7KH PDLQ IRFXV RI WKLV GLVVHUWDWLRQ LV WKH GHYHORSPHQW RI D YLUWXDO SHU�
VRQDO WUDLQHU WKDW FDQ WHDFK DQG JXLGH ROGHU SHRSOH RQ KRZ WR SHUIRUP H[HUFLVHV WDUJHWHG
WR VDUFRSHQLD� ZKLFK LV D FRQGLWLRQ DVVRFLDWHG ZLWK WKH ORVV RI PXVFOH PDVV WKDW RFFXUV
ZLWK DJHLQJ� 7KH H[HUFLVHV ZHUH SHUIRUPHG E\ D FHUWLILHG DFWRU ZKHUH WKH PRYHPHQW ZDV
FDSWXUHG LQ 0RWLRQ &DSWXUH WHFKQRORJ\� FUHDWLQJ DQ HQWLW\ WKDW FDQ WHDFK WKH FRUUHFW IRUP
RI H[HFXWLRQ RI WKLV W\SH RI PRYHPHQW� $GGLWLRQDOO\� WKH LQWHUDFWLRQ DOORZV WKH SHUVRQ
WR LPSURYH WKHLU TXDOLW\ RI OLIH E\ WHDFKLQJ WKHP KRZ WR SHUIRUP WKHVH H[HUFLVHV ZKLOH
EHLQJ JXLGHG DQG PRWLYDWHG E\ WKH FRDFK� SURYLGLQJ D SHUVRQDOL]HG DQG HQMR\DEOH H[SHUL�
HQFH� +XPDQ SRVH HVWLPDWLRQ EDVHG RQ D 0DFKLQH /HDUQLQJ �0/� VROXWLRQ DQG D VWDWLF �'
*ULG FRPSXWHG XVLQJ WKH XVHU¶V DQDWRPLFDO SRLQWV WR HYDOXDWH SHUIRUPDQFH E\ FRPSDULQJ
LW WR D FRDFK¶V SHUIRUPDQFH WR SURYLGH IHHGEDFN LQ UHDO�WLPH VR WKH FRDFK FDQ DGDSW WKH
FRPPXQLFDWLRQ DFFRUGLQJ WR LW�
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5HVXPR

$ UHDOL]DomR GH DFWLYLGDGH ItVLFD SRGH SRU YH]HV VHU XPD WDUHID DVVXVWDGRUD� XPD YH] TXH
D PDLRULD GDV SHVVRDV QmR D UHDOL]D UHJXODUPHQWH GHYLGR j IDOWD GH H[SHULrQFLD� PRWLYDomR�
RX OHV}HV TXH DV LPSHoDP� &RQWXGR� R H[HUFtFLR WHP EHQHItFLRV VXEVWDQFLDLV SDUD D VD~GH�
XPD YH] TXH UHGX] R ULVFR GH GRHQoDV FDUGtDFDV H RVWHRSRURVH H DXPHQWD D PRELOLGDGH
JOREDO GR QRVVR FRUSR� $OpP GLVVR� FRP R HVWDGR DFWXDO GR PXQGR H R GHVHQYROYLPHQWR
GD WHFQRORJLD GH LQWHUDFomR KRPHP�FRPSXWDGRU DR ORQJR GRV DQRV� p DSURSULDGR SHQVDU
HP QRYDV IRUPDV GH LQWHUDJLU XQV FRP RV RXWURV� SDUD DOpP GH XP FHQiULR GD YLGD UHDO�
2 IRFR SULQFLSDO GHVWD GLVVHUWDomR p R GHVHQYROYLPHQWR GH XP IRUPDGRU SHVVRDO YLUWXDO
TXH SRVVD HQVLQDU H RULHQWDU DV SHVVRDV PDLV YHOKDV VREUH FRPR UHDOL]DU H[HUFtFLRV GLULJL�
GRV j VDUFRSHQLD� TXH p XPD FRQGLomR DVVRFLDGD j SHUGD GH PDVVD PXVFXODU TXH RFRUUH
FRP R HQYHOKHFLPHQWR� 2V H[HUFtFLRV IRUDP UHDOL]DGRV SRU XP DFWRU FHUWLILFDGR RQGH R
PRYLPHQWR IRL FDSWXUDGR QD WHFQRORJLD 0RWLRQ &DSWXUH� FULDQGR XPD HQWLGDGH TXH SRGH
HQVLQDU D IRUPD FRUUHFWD GH H[HFXomR GHVWH WLSR GH PRYLPHQWR� $OpP GLVVR� D LQWHUDFomR
SHUPLWH j SHVVRD PHOKRUDU D VXD TXDOLGDGH GH YLGD� HQVLQDQGR�OKH D UHDOL]DU HVWHV H[HUFt�
FLRV DR PHVPR WHPSR TXH p RULHQWDGD H PRWLYDGD SHOR WUHLQDGRU� SURSRUFLRQDQGR XPD H[�
SHULrQFLD SHUVRQDOL]DGD H DJUDGiYHO� (VWLPDWLYD GD SRVH KXPDQD FRP EDVH QXPD VROXomR
GH DSUHQGL]DGR GH PiTXLQD �0/� H QXPD JUHOKD �' HVWiWLFD FDOFXODGD XVDQGR RV SRQWRV
DQDW{PLFRV GR XWLOL]DGRU SDUD DYDOLDU R GHVHPSHQKR DR FRPSDUDUDU HVWH FRP R GHVHP�
SHQKR GH XP WUHLQDGRU SDUD IRUQHFHU IHHGEDFN HP WHPSR UHDO SDUD TXH R WUHLQDGRU SRVVD
DGDSWDU D FRPXQLFDomR GH DFRUGR FRP LVVR�
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&RQWHQWV

/LVW RI )LJXUHV [Y

/LVW RI 7DEOHV [[LL

� ,QWURGXFWLRQ �
��� 5HODWHG :RUN � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 0DLQ 2EMHFWLYHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 'LVVHUWDWLRQ 6WUXFWXUH � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� 6DUFRSHQLD �
��� (YDOXDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 3UHYHQWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� $QLPDWLRQ &RQFHSWV ��
��� +LHUDUFKLFDO 0RGHOV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 5LJJLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 6NLQQLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� .H\IUDPLQJ EDVHG $QLPDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 0RWLRQ &DSWXUH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� &KRLFH RI 0RWLRQ &DSWXUH 7HFKQRORJ\ � � � � � � � � � � � � � � � ��
��� 5HWDUJHWWLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� (GLWLQJ DQG ([SRUWLQJ $QLPDWLRQ � � � � � � � � � � � � � � � � � � � � � � ��

� +XPDQ 3RVH (VWLPDWLRQ ��
��� 6HOHFWLRQ RI 3RVH (VWLPDWRU � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� %OD]H3RVH 'HWHFWRU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 'HYHORSPHQW ��
��� ,QWHUDFWLYH 4XHVWLRQQDLUHV � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 3HUVRQDO 7UDLQHU ([HUFLVHV � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 2SWLFDO 0RWLRQ &DSWXUH 3URFHGXUH � � � � � � � � � � � � � � � � � ��
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&RQWHQWV

����� 3HUVRQDO 7UDLQHU 0RWLRQ � � � � � � � � � � � � � � � � � � � � � � ��
����� ([HUFLVH $QDO\VLV � � � � � � � � � � � � � � � � � � � � � � � � � � ��

������� $SSOLFDWLRQ RI WKH (VWLPDWRU RQ �' ,PDJH 3ODQH � � � � ��
������� (XFOLGHDQ 'LVWDQFHV � � � � � � � � � � � � � � � � � � � ��
������� $GDSWLYH �' *ULG � � � � � � � � � � � � � � � � � � � � ��
������� 6WDWLF �' *ULG � � � � � � � � � � � � � � � � � � � � � � ��
������� 5HOHYDQW 'DWD � � � � � � � � � � � � � � � � � � � � � � ��

��� 3RVH (VWLPDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� &RPSDULVRQ %HWZHHQ 3RVHV � � � � � � � � � � � � � � � � � � � � ��
����� $GDSWDWLRQ RI WKH ([HUFLVH � � � � � � � � � � � � � � � � � � � � � ��
����� $SSOLFDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 5HVXOWV DQG 'LVFXVVLRQ ��
��� ([HUFLVH (YDOXDWLRQ 3HUIRUPDQFH � � � � � � � � � � � � � � � � � � � � � � ��
��� 3LORW 6WXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� $QDO\VLV RI WKH 5HVXOWV � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 'LVFXVVLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� &RQFOXVLRQ DQG )XWXUH :RUN ��
��� &RQFOXVLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� )XWXUH :RUN � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

%LEOLRJUDSK\ ��

$ ([HUFLVHV IRU 3UHYHQWLRQ DQG 5HKDELOLWDWLRQ RI 6DUFRSHQLD ��

% 4XHVWLRQQDLUHV ��
%�� 6$5&�) 4XHVWLRQQDLUH � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
%�� 5LNOL�-RQHV 4XHVWLRQQDLUH � � � � � � � � � � � � � � � � � � � � � � � � � � ��

& $QLPDWLRQ 2I 6DUFRSHQLD ([HUFLVHV ��
&�� 6WUHQJWK ([HUFLVHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
&�� /RZ )XQFWLRQDOLW\ ([HUFLVHV � � � � � � � � � � � � � � � � � � � � � � � � ��
&�� (OHYDWHG�0RGHUDWH )XQFWLRQDOLW\ ([HUFLVHV � � � � � � � � � � � � � � � � ��

' 633% 7HVW ��

( 7LPH6WDPSV 2I 6DUFRSHQLD ([HUFLVHV ��
(�� 6WUHQJWK ([HUFLVHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
(�� /RZHU )XQFWLRQDOLW\ ([HUFLVHV � � � � � � � � � � � � � � � � � � � � � � � ���
(�� (OHYDWHG�0RGHUDWH )XQFWLRQDOLW\ � � � � � � � � � � � � � � � � � � � � � � ���
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9LUWXDO 3HUVRQDO 7UDLQHU )RU $FWLYH $JHLQJ

) $SSOLFDWLRQ 9RLFH /LQHV ���

* ([HUFLVH (YDOXDWLRQ � &DVHV RI )DLOXUH ���
*�� 6XEWOH &KDQJHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
*�� 8QSUHGLFWDEOH 7UDMHFWRULHV � � � � � � � � � � � � � � � � � � � � � � � � � ���
*�� 2EVWDFOHV 2FFOXVLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

+ 8VHU ([SHULHQFH 4XHVWLRQQDLUH �8(4� ���

[LY



/LVW RI )LJXUHV

��� 6WDQGDUG FOLQLFDO SUDFWLFHV IRU WKH HVWLPDWLRQ RI PXVFOH PDVV�VWUHQJWK� DQG
IXQFWLRQ RU SK\VLFDO SHUIRUPDQFH SDUDPHWHUV>��@� � � � � � � � � � � � � � �

��� 6DUFRSHQLD� (XURSHDQ :RUNLQJ *URXS RQ 6DUFRSHQLD LQ 2OGHU 3HRSOH LQ
���� �(:*623�� DOJRULWKP IRU FDVH�ILQGLQJ� PDNLQJ D GLDJQRVLV DQG
TXDQWLI\LQJ VHYHULW\ LQ SUDFWLFH>��@� � � � � � � � � � � � � � � � � � � � � ��

��� 'LDJUDP VKRZLQJ DOO WKH SRVVLEOH RXWFRPHV RI WKH QXWULWLRQDO DVVHVVPHQW>�@� ��

��� +XPDQ KDQG PRGHO FRPSRVLWLRQ ZLWK WKHLU UHVSHFWLYH GHJUHHV RI IUHHGRP
�'R)� DQG WKH QRWDWLRQ IRU HDFK SDUW� � � � � � � � � � � � � � � � � � � � � ��

��� 2Q WKH OHIW VLGH LV DQ )RUZDUG .LQHPDWLFV �).� KDQG ZKHUH WKH ILQJHU URWD�
WLRQ GRHV QRW LQIOXHQFH WKH KDQG DQG DQ ,QYHUVH .LQHPDWLFV �,.� VNHOHWRQ
ZKHUH WKH WUDQVODWLRQ RI WKH ZULVW� DIIHFWV WKH ZKROH VNHOHWRQ>�@� � � � � � ��

��� 6NLQQLQJ H[DPSOH ZLWK D YLVXDO FRORXU VFKHPH UHSUHVHQWLQJ WKH VHOHFWHG
ERQH¶V LQIOXHQFH RQ WKH PHVK YHUWH[HV� 7KLV LQIOXHQFH FRORXU VFKHPH
UDQJHV IURP UHG �PD[LPXP� WR JUHHQ �PLQLPXP�� � � � � � � � � � � � � � ��

��� $GDSWHG LOOXVWUDWLRQZLWK DQ DQLPDWLRQ XVLQJ WZR NH\IUDPHV DW WKH VWDUW �$�
DQG HQG �&��:KHUH WKH IUDPHV LQ EHWZHHQ �%� ZHUH FRPSXWHU�JHQHUDWHG>��@� ��

��� ([DPSOHV RI 0RWLRQ &DSWXUH �0R&DS� DSSOLFDWLRQ LQ WKH PRYLH DQG JDP�
LQJ LQGXVWU\� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� $ GLDJUDP H[KLELWLQJ DOO W\SHV RI PRWLRQ FDSWXUHV V\VWHPV DV WKHVH GLIIHU
IURP WKH GHVLJQ WR WKH FRUH RI WKH IXQFWLRQDOLW\ LWVHOI� � � � � � � � � � � � ��

��� 7ULDO DQG HUURU DSSURDFK WR HVWLPDWH DQG YDOLGDWH WKH PDUNHU¶V SRVLWLRQ� � � ��
��� 7KH ,65 RSWLFDO PRWLRQ FDSWXUH URRP OD\RXW ZLWK WHQ FDPHUDV WKDW HPLW

,QIUD5HG �,5� UD\V UHIOHFWHG RQ WKH 0R&DS VXLW ZLWK WKH SDVVLYH PDUNHUV
WR PRGXOH WKH PRWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ([HPSOLILFDWLRQ RI WKH PRWLRQ FDSWXUH VNHOHWRQ UHSUHVHQWHG LQ JUHHQ DQG
WKH �' KXPDQRLGPRGHO� EHLQJ WKH LPDJH RQ WKH OHIW VLGH EHIRUH UHWDUJHWLQJ
DQG RQ WKH ULJKW VLGH DIWHU UHWDUJHWLQJ� � � � � � � � � � � � � � � � � � � � ��

[Y



9LUWXDO 3HUVRQDO 7UDLQHU )RU $FWLYH $JHLQJ

���� 2Q WKH OHIW VLGH RI WKH ILJXUH� WKH SLQN PDUNHU LV FRQVWUDLQHG WR WKH UHG
PDUNHUV EHLQJ RQO\ DIIHFWHG ZKHQ WKH SRVLWLRQ RI WKHVH FKDQJHV �L�� ,Q WKH
PLGGOH� WKH UHG FXEH LV FRQVWUDLQHG E\ WKH URWDWLRQ RI WKH VRXUFH REMHFW %
�LL�� 2Q WKH ULJKW VLGH LV D PRGHO¶V KDQG HIIHFWRU SDUHQWHG WR D FKLOG�REMHFW
VSKHUH �LLL�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� ([HPSOLILFDWLRQ RI DQLPDWLRQ PDQLSXODWLRQ XVLQJ WKH EXLOW�LQ IXQFWLRQV RI
0RWLRQ%XLOGHU� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� )LJXUH ZLWK WKH DQLPDWLRQ SURFHVV IROORZHG WR GHYHORS WKH DQLPDWLRQV GH�
VFULEHG LQ WKH ODWWHU FKDSWHUV� � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 3RVH (VWLPDWLRQ XVLQJ HDFK RI WKH DSSURDFKHV PHQWLRQHG DERYH� ZKHUH
RQ WKH OHIW VLGH LV WKH VLQJOH�SHUVRQ DQG RQ WKH ULJKW VLGH WKH PXOWL�SHUVRQ
DSSURDFK� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ,OOXVWUDWLRQ H[HPSOLI\LQJ WKH IUDPHZRUNV¶ SLSHOLQH>��@� � � � � � � � � � � ��

��� 4XDOLW\ (YDOXDWLRQ RI WKH 6WDWH�RI�WKH�$UW +XPDQ 3RVH (VWLPDWLRQ XVLQJ
WKH 3&.#��� PHWULF>��@� � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� %OD]H3RVH 'HWHFWRU ,QIHUHQFH 3LSHOLQH>�@� � � � � � � � � � � � � � � � � � ��

��� 2Q WKH OHIW VLGH LV WKH %OD]H%ORFN DQG RQ WKH ULJKW LV WKH 'RXEOH %OD]H�
%ORFN ZKLFK FRPSRVH WKH %OD]H )DFLDO )HDWXUH ([WUDFWLRQ 1HWZRUN $U�
FKLWHFWXUH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 2Q WKH OHIW VLGH LV WKH %OD]H%ORFN DQG RQ WKH ULJKW LV WKH 'RXEOH %OD]H�
%ORFN ZKLFK FRPSRVH WKH %OD]H )DFLDO )HDWXUH ([WUDFWLRQ 1HWZRUN $U�
FKLWHFWXUH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 2Q WKH OHIW VLGH RI WKH ILJXUH LV WKH QHXUDO QHWZRUN¶V DUFKLWHFWXUH WKDW SUH�
GLFWV WKH SRVLWLRQ RI WKH ODQGPDUNV WKDW FRQVWLWXWH WKH VNHOHWRQ� DQG RQ WKH
ULJKW LV WKH RXWSXW IURP WKH %OD]H3RVH ZLWK WKH UHVSHFWLYH QRWDWLRQ� � � � � ��

��� 7KH :DWVRQ WH[W�WR�VSHHFK IURP WKH ,%0 LPSOHPHQWDWLRQ SLSHOLQH� ZKHUH
WKH WRS URZ LPDJH FRQWDLQV WKH JHQHUDO SLSHOLQH IURP WKH LQSXW WH[W WR WKH
RXWSXW DXGLR� 7KH ERWWRP URZ FRQWDLQV RQ WKH OHIW VLGH WKH 6\QWKHVL]HU
QHWZRUN� DQG RQ WKH ULJKW� WKH 3URVRG\ JHQHUDWRU >��@� � � � � � � � � � � � ��

��� 5HDO�WLPH ,QWHUDFWLRQ 0HFKDQLVPV XVLQJ WKH FY]RQH OLEUDU\� VSHFLILFDOO\
WKH KDQG GHWHFWRU� 7KHVH PHFKDQLVPV ZRUN IRU VLQJOH�KDQG XVDJH �WRS
URZ� DQG� LI QHFHVVDU\� XVH ERWK KDQGV VLPXOWDQHRXVO\ �ERWWRP URZ�� � � � ��

��� ,PSOHPHQWDWLRQ 3LSHOLQH RI WKH SHUVRQDO WUDLQHU H[HUFLVHV� � � � � � � � � � ��

��� )ORZ FKDUW ZLWK WKH RUGHU RI SHUIRUPDQFH IURP OHIW WR WKH ULJKW VLGH� H[�
HPSOLI\LQJ WKH NH\ VWHSV RI 2SWLFDO 0RWLRQ &DSWXUH XVLQJ SDVVLYH PDUNHUV� ��
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��� 7KH WRS URZ SUHVHQWV WKH ZDQGLQJ SURFHVV� DQG WKH ERWWRP URZ VKRZV WKH
FDOLEUDWLRQ WULDQJOH ZLWK WKH UHVSHFWLYH D[LV WR GHILQH WKH JURXQG SODQH�
DOLJQLQJ WKH FDPHUDV DFFRUGLQJ WR LW� � � � � � � � � � � � � � � � � � � � � ��

��� &RQILJXUDWLRQ RI WKH PDUNHU VHW WR UHFRUG WKH DQLPDWLRQV LQFRUSRUDWHG LQWR
WKH DYDWDU� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ([DPSOH RI WKH SRVW�FDSWXUH PHWKRG XVHG WR LPSURYH WKH RYHUDOO GHILQLWLRQ
RI D FXUYH UHODWHG WR D MRLQW XVLQJ OLQHDU LQWHUSRODWLRQ�$�!%� DQG D ORZ�
SDVV ILOWHU ZLWK D FXW�RII IUHTXHQF\ RI � +] �%�!&�� � � � � � � � � � � � � ��

��� 7ZR DQLPDWLRQV ZLWK DQG ZLWKRXW REMHFWV ZKHUH LW LV SRVVLEOH WR REVHUYH
WKH GLIIHUHQFH LQ WHUPV RI UHDOLVP� � � � � � � � � � � � � � � � � � � � � � ��

��� (XFOLGHDQ GLVWDQFH PHWKRG H[HPSOLILHV WKH GLIIHUHQFH EHWZHHQ D JRRG�OHIW
VLGH� DQG EDG�ULJKW VLGH� %LFHS &XUO H[HFXWLRQ� � � � � � � � � � � � � � � ��

���� 7KHVH JUDSKV GLVSOD\ D %LFHS &XUO UHSHWLWLRQ SHUIRUPHG E\ SHRSOH ZLWK
GLIIHUHQW SURSRUWLRQV� 7KH OHIW JUDSK VKRZV WKH VPDOOHU SHUVRQ¶V SHUIRU�
PDQFH� DQG RQ WKH ULJKW VLGH� WKH ODUJHU SHUVRQ¶V SHUIRUPDQFH� � � � � � � � ��

���� 9LUWXDO SHUVRQDO WUDLQHU SHUIRUPLQJ WKH OLIWLQJ IURP WKH FKDLU H[HUFLVH�
RULJLQDWLQJ FROODSVLQJ UHJLRQV DQG WKHUHIRUH DIIHFWLQJ WKH HYDOXDWLRQ RI
WKH H[HUFLVH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� -RLQWV VHOHFWHG DQG UHODWLYH GLVWDQFHV IRU WKH JULG IRUPDWLRQ� EHLQJ RQ WKH
ULJKW VLGH WKH QRWDWLRQ IRU WKH UHJLRQV� � � � � � � � � � � � � � � � � � � � ��

���� )LQDO DSSURDFK IRU WKH IRUPDWLRQ RI WKH JULG ZKLFK ZLOO VHUYH DV D JXLGHOLQH
IRU WKH H[HUFLVH DQDO\VLV� � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� 'LDJUDP VKRZLQJ WKH SURFHVV RI WLPHVWDPS H[WUDFWLRQ IURP WKH YLGHR SHU�
IRUPDQFH RI WKH FRDFK� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� 6LPSOLILHG 0RGHO RI WKH &RPSDULVRQ &ULWHULD� � � � � � � � � � � � � � � � ��
���� 7KH ILJXUH VKRZV WKH JULG PHWKRG¶V DSSOLDQFH WR D SUH�UHFRUGHG YLGHR RI

D ELFHS FXUO H[HFXWLRQ RQ WKH OHIW VLGH DQG WKH ULJKW� WKH JULG IRUPDWLRQ RQ
WKH YLUWXDO SHUVRQDO WUDLQHU� � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� 'LDJUDP VKRZLQJ WKH SLSHOLQH RI WKH DSSURDFK LPSOHPHQWDWLRQ ZKHUH WKH
VWULQJ�PDWFKLQJ FRPSDULVRQ PHWKRG HYDOXDWHV WKH SHUVRQ¶V SHUIRUPDQFH
LQ UHDO�WLPH EDVHG RQ WKH VWRUHG EXIIHU RI WKH SHUVRQDO WUDLQHU� � � � � � � � ��

���� 2Q WKH OHIW VLGH RI WKH ILJXUH LV WKH FRDFK¶V W\SLFDO SHUIRUPDQFH DQG RQ WKH
ULJKW LV WKH DGDSWHG IRUP RI H[HFXWLRQ IRU WKH VDPH H[HUFLVH� 7KH (XFOLGHDQ
GLVWDQFH PHWULF EHWZHHQ WKH ODQGPDUN RI LQWHUHVW DQG WKH ERG\ SDUWV RI
LQWHUHVW� VKRZV LW UHDFKLQJ LWV SHDN LQ GLIIHUHQW WLPHVWDPSV� � � � � � � � � ��

���� 6HTXHQFH RI (YHQWV ZKHQ SHUIRUPLQJ D 6HDWHG 2SHQLQJ $UPV 5HSHWLWLRQ�
ZKHUH WKH FRDFK LV ZDLWLQJ XQWLO WKH XVHU UHDFKHV WKH FULWLFDO SRLQWV RI WKH
H[HUFLVH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� 6XPPDU\ RI WKH DSSOLFDWLRQ¶V SLSHOLQH� KLJKOLJKWLQJ WKH PDLQ SKDVHV� � � � ��
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��� 2Q WKH OHIW VLGH� D SLH FKDUW VKRZLQJ WKH H[HUFLVHV HYDOXDWHG SHUFHQWDJH
ZLWKRXW FRQVLGHULQJ REVWDFOH RFFOXVLRQV DQG RQ WKH ULJKW� FRQVLGHULQJ WKLV
SKHQRPHQRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� *HQGHU 'LVWULEXWLRQ RI WKH 4XHVWLRQQDLUHV�OHIW� DQG $SSOLFDWLRQ�ULJKW� XV�
DELOLW\ SLORW VWXGLHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ([SODQDWLRQ RI HDFK VFDOH� PHDVXUHG E\ WKH 8VHU ([SHULHQFH 4XHVWLRQ�
QDLUH �8(4�>��@� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� $QVZHU 'LVWULEXWLRQ IRU WKH 4XHVWLRQQDLUHV H[SHULHQFH� � � � � � � � � � � ��
��� 0HDQ 9DOXHV ZLWK 6WDQGDUG 'HYLDWLRQ RI WKH 4XHVWLRQQDLUH¶V 8VDELOLW\

6FDOHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� %HQFKPDUN IRU WKH 4XHVWLRQQDLUHV H[SHULHQFH� � � � � � � � � � � � � � � � ��
��� $QVZHU 'LVWULEXWLRQ IRU WKH $SSOLFDWLRQ¶V H[SHULHQFH� � � � � � � � � � � � ��
��� 0HDQ 9DOXHV ZLWK 6WDQGDUG 'HYLDWLRQ RI WKH $SSOLFDWLRQ¶V 8VDELOLW\ 6FDOHV� ��
��� %HQFKPDUN IRU WKH $SSOLFDWLRQ H[SHULHQFH� � � � � � � � � � � � � � � � � ��

%�� ,QLFLDO 0HQX IURP WKH 6$5&�) 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQJXDJHV� ��
%�� )LUVW 4XHVWLRQ IURP WKH 6$5&�) 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQJXDJHV� ��
%�� 6HFRQG4XHVWLRQ IURP WKH 6$5&�)4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQJXDJHV� ��
%�� 7KLUG 4XHVWLRQ IURP WKH 6$5&�) 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQJXDJHV� ��
%�� )RXUWK 4XHVWLRQ IURP WKH 6$5&�) 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQJXDJHV� ��
%�� )LIWK 4XHVWLRQ IURP WKH 6$5&�) 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQJXDJHV� ��
%�� ,QLFLDO 0HQX IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQJXDJHV� ��
%�� )LUVW 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQJXDJHV� ��
%�� 6HFRQG 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�

JXDJHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
%��� 7KLUG 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�

JXDJHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
%��� )RXUWK 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�

JXDJHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
%��� )LIWK 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�

JXDJHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
%��� 6L[WK 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�

JXDJHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
%��� 6HYHQWK 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�

JXDJHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
%��� (LJKWK 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�

JXDJHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
%��� 1LQWK 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�

JXDJHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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%��� 7HQWK 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�
JXDJHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

%��� (OHYHQWK4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�
JXDJHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

%��� 7ZHOIWK 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�
JXDJHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

&�� %UHDVWSODWH $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
&�� %LFHS &XUO $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
&�� %LFHS &XUO 9DULDWLRQ $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � ��
&�� 6KRXOGHUV ([HUFLVH $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � ��
&�� /HIW 7ULFHS ([HUFLVH $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � ��
&�� 5LJKW 7ULFHS $UP ([HUFLVH $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � ��
&�� %DFN ([HUFLVH � $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � ��
&�� /LIWLQJ IURP &KDLU $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � ��
&�� 5LJKW 3ODQWDU )OH[RU $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � ��
&��� /HIW 3ODQWDU )OH[RU $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � ��
&��� /HIW 3ODQWDU 'RUVLIOH[RU $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � ��
&��� 5LJKW 3ODQWDU 'RUVLIOH[RU $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � ��
&��� /HJ ([WHQVLRQ $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � ��
&��� %XWWRFN %ULGJH ZLWK %DOO $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � ��
&��� 6HDWHG &KHVW 3UHVV $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � ��
&��� $UPV ([WHQVLRQ ZLWK %DOO $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � ��
&��� &KDLU /LIW $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
&��� 6HDWHG %LFHS &XUO $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � ��
&��� +LS $EGXFWLRQ $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � ��
&��� /HJ )OH[LRQ /HIW /HJ $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � ��
&��� /HJ )OH[LRQ 5LJKW /HJ $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � ��
&��� 5DLVH +HHOV $QG 7RHV $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � ��
&��� 6HDWHG 2SHQLQJ $UPV $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � ��
&��� 6TXDW ZLWK &KDLU $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � ��
&��� +LS $EGXFWLRQ $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � ��
&��� 3DGGOLQJ &KHVW $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � ��
&��� %LFHS &XUO $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
&��� +LS ([WHQVLRQ /HIW /HJ $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � ��
&��� +LS ([WHQVLRQ 5LJKW /HJ $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � ��
&��� 6WDQGLQJ &KHVW 3UHVV $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � ��
&��� 5DLVH +HHOV $QG 7RHV $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � ��
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9LUWXDO 3HUVRQDO 7UDLQHU )RU $FWLYH $JHLQJ

'�� 633% 7HVW $QLPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

(�� %UHDVWSODWH 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � � � � � � � � ��
(�� %LFHS &XUO 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � � � � � � � � ��
(�� %LFHS &XUO 9DULDWLRQ 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � � � ��
(�� 6KRXOGHUV ([HUFLVH 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � � � � ��
(�� /HIW 7ULFHS &XUO ([HUFLVH 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � ��
(�� 5LJKW 7ULFHS &XUO ([HUFLVH 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � ��
(�� %DFN ([HUFLVH 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � � � � � � ��
(�� /LIWLQJ )URP &KDLU 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � � � � ��
(�� /HIW 3ODQWDU 'RUVLIOH[RU 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � ��
(��� 5LJKW 3ODQWDU 'RUVLIOH[RU 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � ���
(��� /HIW /HJ ([WHQVLRQ 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � � � � ���
(��� /LIWLQJ IURP &KDLU 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � � � � ���
(��� 6HDWHG 2SHQLQJ $UPV 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � � ���
(��� 6HDWHG $UPV ([WHQVLRQ ZLWK %DOO 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � ���
(��� +LS $EGXFWLRQ 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � � � � � � ���
(��� /HIW /HJ )OH[LRQ 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � � � � � ���
(��� 5LJKW /HJ )OH[LRQ 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � � � � ���
(��� %XWWRFN %ULGJH 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � � � � � � ���
(��� 6HDWHG %LFHS &XUO 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � � � � ���
(��� %LFHS &XUO 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � � � � � � � � ���
(��� 3DGGOLQJ &KHVW 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � � � � � � ���
(��� +LS $EGXFWLRQ 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � � � � � � ���
(��� 6TXDW :LWK &KDLU 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � � � � � ���
(��� 6WDQGLQJ &KHVW 3UHVV 7UDQVLWLRQV DQG 0HDQ 7LPH6WDPSV� � � � � � � � � � ���

*�� 5DLVH +HHOV DQG 7RHV IURP WKH /RZ )XQFWLRQDOLW\ ([HUFLVHV� � � � � � � � ���
*�� &RUUHFW 5LJKW 3ODQWDU )OH[RU UHSHWLWLRQ IURP WKH 6WUHQJWK ([HUFLVHV� � � � ���
*�� :URQJ 5LJKW 3ODQWDU )OH[RU UHSHWLWLRQ IURP WKH 6WUHQJWK ([HUFLVHV� � � � � ���
*�� +LS ([WHQVLRQ UHSHWLWLRQ IURP WKH (OHYDWHG�0RGHUDWH )XQFWLRQDOLW\ ([HU�

FLVHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
*�� 'LIIHUHQW +LS ([WHQVLRQ UHSHWLWLRQ IURP WKH (OHYDWHG�0RGHUDWH )XQFWLRQ�

DOLW\ ([HUFLVHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
*�� /HJ ([WHQVLRQ UHSHWLWLRQ IURP WKH 6WUHQJWK ([HUFLVHV ZLWKRXW REVWDFOHV� � ���
*�� /HJ ([WHQVLRQ UHSHWLWLRQ IURP WKH 6WUHQJWK ([HUFLVHV ZLWK REVWDFOHV� � � � ���
*�� /HJ )OH[LRQ UHSHWLWLRQ IURP WKH /RZ )XQFWLRQDOLW\ ([HUFLVHV ZLWKRXW RE�

VWDFOHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
*�� /HJ )OH[LRQ UHSHWLWLRQ IURP WKH /RZ )XQFWLRQDOLW\ ([HUFLVHV ZLWK REVWDFOHV����
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/LVW RI )LJXUHV

*��� 5LJKW 3ODQWDU )OH[RU UHSHWLWLRQ IURP WKH 6WUHQJWK ([HUFLVHV ZLWKRXW REVWD�
FOHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

*��� 5LJKW 'RUVLIOH[RU UHSHWLWLRQ IURP WKH 6WUHQJWK ([HUFLVHV ZLWK REVWDFOHV� � ���

+�� (QJOLVK 9HUVLRQ RI WKH 8VHU ([SHULHQFH 4XHVWLRQQDLUH �8(4�� � � � � � � ���
+�� 3RUWXJXHVH 9HUVLRQ RI WKH 8VHU ([SHULHQFH 4XHVWLRQQDLUH �8(4�� � � � � ���
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/LVW RI 7DEOHV

��� 7DEOH ZLWK WKH 6$5&�)¶V TXHVWLRQV DQG WKHLU FRUUHVSRQGLQJ RSWLRQV� � � � ��
��� 5LNOL DQG -RQHV 4XHVWLRQQDLUH ZLWK WKH RSWLRQ¶V VFRUH>��@� � � � � � � � � ��

��� 4XDOLW\ (YDOXDWLRQ RI WKH 6WDWH�RI�WKH�$UW +XPDQ 3RVH (VWLPDWLRQ XVLQJ
WKH 3&.#��� DQG P$3�PHDQ $YHUDJH 3UHFLVLRQ� PHWULFV>��@� � � � � � � ��

��� 7KH %OD]H3RVH DOJRULWKP¶V ODWHQF\ LQ WZR GLIIHUHQW W\SHV RI KDUGZDUH� � � ��

��� 7DEOH ZLWK WKH FRPSOHPHQWDU\ YRLFH OLQHV WKDW SURYLGH LQVWUXFWLRQV WR WKH
XVHU ZKLOH SHUIRUPLQJ WKH TXHVWLRQQDLUHV� � � � � � � � � � � � � � � � � � ��

��� 7DEOH ZLWK H[SRUW GDWD W\SHV DYDLODEOH LQ WKH VRIWZDUH� VKRZLQJ WKH LQIRU�
PDWLRQ SURYLGHG E\ HDFK RI WKHP>��@� � � � � � � � � � � � � � � � � � � � ��

��� /DQGPDUNV 2I ,QWHUHVW WR IRUP WKH �' JULG ZLWK WKH SRVH ODQGPDUNV LQGH[HV� ��
��� 5HODWLYH 'LVWDQFHV RUGHUHG E\ WKH LQGH[HV LQ WKH SUHYLRXV ILJXUH� � � � � � ��

��� +DUGZDUH 6SHFLILFDWLRQV RI WKH GHYLFHV ZKHUH WKH UHDO�WLPH SHUIRUPDQFH
RI WKH H[HUFLVH HYDOXDWLRQ SURFHGXUH ZDV HYDOXDWHG� � � � � � � � � � � � � ��

��� 7DEOH ZLWK WKH PDLQ HYHQWV RFFXUULQJ ZKHQ WKH XVHU SHUIRUPHG DQ H[HUFLVH
DQG FRPSOHPHQWDU\ PHWULFV� � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 7DEOH ZLWK LQGLYLGXDO SDUDPHWHUV IURP WKHLU H[HUFLVH VHVVLRQV� � � � � � � ��

$�� 7KH WDEOH SURYLGHV WKH OLVW RI H[HUFLVHV IRU SUHYHQWLRQ�H�J�� VWUHQJWK H[�
HUFLVHV� DQG UHKDELOLWDWLRQ�/RZ DQG (OHYDWHG�0RGHUDWH )XQFWLRQDOLW\� RI
VDUFRSHQLD� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

+�� 7DEOH ZLWK WKH 4XHVWLRQQDLUH¶V 'LVWULEXWLRQ RI $QVZHUV SHU LWHP� � � � � � ���
+�� 4XHVWLRQQDLUH¶V 8(4 6FDOHV�0HDQ DQG 9DULDQFH�� � � � � � � � � � � � � � ���
+�� 7DEOH ZLWK WKH $SSOLFDWLRQ¶V 'LVWULEXWLRQ RI $QVZHUV SHU LWHP� � � � � � � ���
+�� $SSOLFDWLRQ¶V 8(4 6FDOHV�0HDQ DQG 9DULDQFH�� � � � � � � � � � � � � � � ���

[[LL



/LVW RI 7DEOHV

/LVW RI $FURQ\PV

,65 ,QVWLWXWH RI 6\VWHPV DQG 5RERWLFV

81 8QLWHG 1DWLRQV

%,$ %LRLPSHGDQFH $QDO\VHV

';$ 'XDO�HQHUJ\ ;�UD\ DEVRUSWLRPHWU\

05, 0DJQHWLF 5HVRQDQFH ,PDJLQJ

&7 &RPSXWHG 7RPRJUDSK\

633% 6KRUW 3K\VLFDO 3HUIRUPDQFH %DWWHU\

,5 ,QIUD5HG

0/ 0DFKLQH /HDUQLQJ

&11 &RQYROXWLRQDO 1HXUDO 1HWZRUNV

'7: '\QDPLF 7LPH :DUSLQJ

)DVW'7: )DVW '\QDPLF 7LPH :DUSLQJ

'11 'HHS 1HXUDO 1HWZRUN

9( 9LUWXDO (QYLURQPHQW

5) 5DQGRP )RUHVW

0R&DS 0RWLRQ &DSWXUH

). )RUZDUG .LQHPDWLFV

,. ,QYHUVH .LQHPDWLFV

)%; )LOPER[� SURSULHWDU\ ILOH IRUPDW

5*%�' 5*%�'HSWK

(:*623 (XURSHDQ :RUNLQJ *URXS RQ 6DUFRSHQLD LQ 2OGHU 3HRSOH

(:*623� (XURSHDQ :RUNLQJ *URXS RQ 6DUFRSHQLD LQ 2OGHU 3HRSOH LQ ����

03 0HGLD3LSH

�



�
,QWURGXFWLRQ

:LWK WHFKQRORJLFDO DQG PHGLFDO LPSURYHPHQWV RYHU WKH GHFDGHV� OLIH H[SHFWDQF\ KDV LQ�
FUHDVHG LQ :HVWHUQ VRFLHWLHV� $FFRUGLQJ WR D VWXG\ PDGH E\ WKH 8QLWHG 1DWLRQV �81�
������� >��@� DERXW DJHLQJ� ´WKH FKDQFH RI VXUYLYLQJ WR DJH �� ULVHV IURP OHVV WKDQ ��
SHUFHQW LQ WKH ����V WR PRUH WKDQ �� SHUFHQW DW SUHVHQW LQ FRXQWULHV ZLWK WKH KLJKHVW OLIH
H[SHFWDQF\´� 7KH KLJKHVW OLIH H[SHFWDQF\ FRPHV ZLWK WKH UHVSRQVLELOLW\ WR SURYLGH V\V�
WHPV WKDW VXFFHVVLYHO\ GHDO ZLWK DJHLQJ�UHODWHG GLVHDVHV� DV WKHVH FDQ EH KLJKO\ GLYHUVH�
2QH RI WKH PDLQ FRQGLWLRQV DVVRFLDWHG ZLWK DJHLQJ LV VDUFRSHQLD �IURP WKH *UHHN� ¶VDU[¶ RU
IOHVK � ¶SHQLD¶ RU ORVV�� D V\QGURPH FKDUDFWHUL]HG E\ SURJUHVVLYH DQG JHQHUDOL]HG ORVV RI
VNHOHWDO PXVFOH PDVV DQG VWUHQJWK>��@ FDXVLQJ GHWHULRUDWLRQ LQ VWUHQJWK DQG SK\VLFDO SHU�
IRUPDQFH� $V WKLV JHULDWULF V\QGURPH SURJUHVVHV� WKH V\PSWRPV LQFUHDVH� OHDGLQJ WR PRUH
VLJQLILFDQW YXOQHUDELOLW\ WR DFFLGHQWV� IRU LQVWDQFH� SK\VLFDO LQMXULHV GXH WR IDOOV OHDGLQJ WR
KRVSLWDOL]DWLRQ� ORVV RI IXQFWLRQDO FDSDFLW\� DQG SRRU TXDOLW\ RI OLIH� IUHTXHQWO\ UHVXOWLQJ
LQ D ULVN RI GHDWK�

2QFH WKH GHYHORSPHQW RI VDUFRSHQLD VWDUWV WR VKRZ FOHDU VLJQV RI SURJUHVVLRQ� WKH VXVSL�
FLRQ RI LWV SUHVHQFH QHHGV WR EH HYDOXDWHG E\ PHGLFDO SK\VLFLDQV� SURYLGLQJ D SURIHVVLRQDO
RSLQLRQ DQG FRQILUPLQJ LQ WKLV PDQQHU WKH FRQGLWLRQ� :LWK SURIHVVLRQDO FRQILUPDWLRQ� WKH
SDWLHQW FDQ GR D VHULHV RI WHVWV WR DVVHVV WKH GHJUHH RI VDUFRSHQLD� LQFOXGLQJ TXHVWLRQQDLUHV
DQG SK\VLFDO H[DPV� ,Q WKH SRVLWLYH FDVH� WKH SHUVRQ PD\ WKHQ IROORZ VSHFLILF H[HUFLVHV
WR UHGXFH RU SUHYHQW IXUWKHU GHJUDGDWLRQ RI WKH FRQGLWLRQ VLQFH UHJXODU VSHFLDOL]HG H[HU�
FLVH LV D VWDQGDUG DGYLFH IURP PHGLFDO SURIHVVLRQDOV WR DGGUHVV WKLV FRQGLWLRQ� VKRZLQJ
D WHQGHQF\ WR GHFUHDVH WKH V\PSWRPV� +RZHYHU� DGKHUHQFH WR SK\VLFDO DFWLYLW\ WHQGV WR
GHFUHDVH DV SHRSOH JHW ROGHU� DIIHFWLQJ ROGHU SHRSOH ZLWK KHDOWK SUREOHPV WKDW H[HUFLVH
SUHYHQW� ,W LV LPSRUWDQW WR VHDUFK IRU WKH DSSOLFDWLRQ RI VWUDWHJLF SURPRWLRQ RI SK\VLFDO DF�
WLYLW\ DQG� ZKHQ SRVVLEOH� SHUIRUP VDUFRSHQLD VFUHHQLQJ WHVWV RU RWKHU DJHLQJ FRQGLWLRQV�
$IWHU WKH VDUFRSHQLD VFUHHQLQJ WHVWV� GHSHQGLQJ RQ WKH GHYHORSPHQW RI WKH FRQGLWLRQ� WKH
LQGLYLGXDO FDQ VHH WKHLU SK\VLFDO FDSDELOLWLHV GHFUHDVH� ZKLFK QHJDWLYHO\ LPSDFWV WKH SHU�
IRUPDQFH LQ RQH RI WKH PDLQ WUHDWPHQWV IRU WKH PHGLFDO FRQGLWLRQ� SK\VLFDO DFWLYLW\� 7KH
GHJUHH RI VDUFRSHQLD VHYHULW\ LQ WHUPV RI SK\VLFDO GHWHULRUDWLRQ FDQ EH GLYLGHG LQWR WKUHH
FDWHJRULHV�
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�� ,QWURGXFWLRQ

� 3UH�6DUFRSHQLD� /RVV RI PXVFOH PDVV ZLWK QR HIIHFW LQ PXVFOH VWUHQJWK
� 6DUFRSHQLD� /RZ PXVFOH PDVV DQG ORZ PXVFOH VWUHQJWK
� 6HYHUH 6DUFRSHQLD� /RVV RI PXVFOH PDVV� VWUHQJWK DQG SK\VLFDO SHUIRUPDQFH

(VWLPDWLQJ WKHVH SDUDPHWHUV �H�J�� ORVV RI PXVFOH PDVV RU SK\VLFDO SHUIRUPDQFH� HPSOR\V
D ZLGH UDQJH RI DVVHVVPHQW WHFKQLTXHV UHVRXUFLQJ SK\VLFDO FRQWUDSWLRQV RU SK\VLFDO DF�
WLYLWLHV VXFK DV EDODQFH WHVWV� ,Q WKH DQDO\VLV RI PXVFOH PDVV YDULDEOHV� %LRLPSHGDQFH
$QDO\VHV �%,$� FDQ EH HPSOR\HG WR HVWLPDWH WKH YROXPH RI IDW DQG OHDQ ERG\ PDVV>��@�
$OWHUQDWLYHO\� IRU SK\VLFDO SHUIRUPDQFH� 6KRUW 3K\VLFDO 3HUIRUPDQFH %DWWHU\ �633%� DV�
VHVVHV HQGXUDQFH DQG VWUHQJWK E\ REVHUYLQJ DQ LQGLYLGXDO¶V HTXLOLEULXP ZLWK GLIIHUHQW IRRW
FRQILJXUDWLRQV� $IWHU HVWLPDWLQJ WKHVH YDULDEOHV� SDWLHQWV¶ FRQGLWLRQV FDQ EH WUHDWHG RU SUH�
YHQW IXUWKHU DJJUDYDWLRQ ZLWK FXVWRPL]HG UHKDELOLWDWLRQ�

)LJXUH ���� 6WDQGDUG FOLQLFDO SUDFWLFHV IRU WKH HVWLPDWLRQ RI PXVFOH PDVV�VWUHQJWK� DQG
IXQFWLRQ RU SK\VLFDO SHUIRUPDQFH SDUDPHWHUV>��@�

:LWK WKLV NQRZOHGJH� LW LV SRVVLEOH WR FUHDWH V\VWHPV IRU DVVHVVLQJ� WUHDWLQJ� RU UHKDELOLWDW�
LQJ WKLV JHULDWULF V\QGURPH IRFXVHG RQ WKH SDWLHQW¶V QHHGV� $OWKRXJK WKH LOOQHVV DSSHDUV LQ
GLIIHUHQW GHPRJUDSKLFV� ROGHU SHRSOH DUH WKH PDLQ IRFXV VLQFH WKHVH FDQ EHQHILW WKH PRVW
IURP WKLV V\VWHP� RIIHULQJ SHUVRQDO�SURIHVVLRQDO VXSSRUW IRU WKHVH UHSHWLWLYH DQG WLULQJ DF�
WLYLWLHV� ZKLFK QHFHVVLWDWH D VLJQLILFDQW DPRXQW RI LQWULQVLF PRWLYDWLRQ�

7KLV GLVVHUWDWLRQ IRFXVHV RQ DQ LQWHUDFWLYH YLUWXDO SHUVRQDO WUDLQHU WR VKRZ DQG VXSSRUW
SDWLHQWV WKDW VXIIHU IURP VDUFRSHQLD DQG KRZ WR SUHYHQW E\ SHUIRUPLQJ VSHFLILF H[HUFLVHV
LQ DQ LQIRUPDWLYH DQG LQWHUDFWLYH IRUP� 7KH H[HUFLVHV GLVSOD\HG E\ WKH SHUVRQDO WUDLQHU DUH
DQLPDWLRQV RI FHUWLILHG SHUVRQDO SHUIRUPDQFH DV WKHVH ZHUH UHFRUGHG WKURXJK DQ 2SWLFDO
0R&DS V\VWHP DQG ZLOO VHUYH DV D EDVHOLQH IRU HYDOXDWLQJ WKH XVHUV¶ SHUIRUPDQFH� 7KH
V\VWHP XVHV D �' JHQHUDOLVW GHVFULSWRU WR FKDUDFWHUL]H WKH H[HUFLVHV DQG WKHUHIRUH FUHDWH
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FRPSDULVRQ FULWHULD VR WKH SDWLHQWV¶ SHUIRUPDQFH FDQ EH DQDO\]HG� )XUWKHUPRUH� DV WKH SD�
WLHQW SHUIRUPV WKH H[HUFLVH� WKH SHUVRQDO WUDLQHU ZLOO REVHUYH WKHLU H[HFXWLRQ LQ UHDO�WLPH WR
DVVLVW WKHP LQ FDVH RI SRRU SHUIRUPDQFH RU WR SUHYHQW�DJJUDYDWH DQ\ FXUUHQW LQMXULHV�7KH
IROORZLQJ VHFWLRQ VKRZV WKLV WRSLF¶V LPSRUWDQFH E\ SUHVHQWLQJ WKH VWXG\¶V UHOHYDQFH� UH�
ODWHG ZRUN SHUIRUPHG WR SUHVHQW WKH FXUUHQW VWDWH RI WKH DUW� DQG WKH PDLQ REMHFWLYHV WR EH
IXOILOOHG E\ WKLV ZRUN�

��� 5HODWHG :RUN

7KH XVH RI LQWHUDFWLYH 9LUWXDO (QYLURQPHQW �9(� IRFXVHG RQ VSRUWV KDV EHHQ FRQGXFWHG
WR DGGUHVV LVVXHV UHODWHG WR SK\VLFDO UHKDELOLWDWLRQ� ODFN RI SK\VLFDO DFWLYLW\� WHFKQLTXH
LPSURYHPHQW� RU ZHLJKWOLIWLQJ� ZKLFK FDQ DSSO\ WR UHJXODU SHRSOH RU KLJK�OHYHO DWKOHWHV�

3K\VLFDO UHKDELOLWDWLRQ LV D IRUP RI DVVLVWDQFH IRU GLVDEOHG SHRSOH WR WUHDW RU DW OHDVW UHGXFH
SK\VLFDO LPSDLUPHQWV WKDW FRPH ZLWK WKHLU GLVDELOLWLHV� 7KLV UHKDELOLWDWLRQ LV KHOSIXO IRU
SHRSOH ZLWK ORZHU PRWRU FDSDELOLWLHV� VXFK DV FHUHEUDO SDOV\� SDWLHQWV� 2QH VWXG\ DVVHVVHG
WKH SRVVLELOLW\ RI UHKDELOLWDWLQJ WZR DGROHVFHQWV ZLWK FHUHEUDO SDOV\>��@ XVLQJ D 0LFURVRIW
.LQHFW�5*%�' FDPHUD�� IRU XSSHU OLPE UHKDELOLWDWLRQ WR DVVLVW SHRSOH ZLWK WKLV FRQGL�
WLRQ� 7KH V\VWHP UHTXLUHV SDUWLFLSDQWV WR SHUIRUP UHJXODU WDVNV VXFK DV GUHVVLQJ LQ IURQW
RI WKH .LQHFW VHQVRU� DOORZLQJ WKH FRPSXWHU YLVLRQ DOJRULWKPV WR GHWHFW �' MRLQW SRLQWV
DQG UHOHYDQW DQJOHV�H�J�� VKRXOGHU IOH[LRQ� WR WKH PRYHPHQW� 7KH V\VWHP� WR LQFUHDVH WKH
PRWLYDWLRQ RI WKH SDUWLFLSDQWV WR FRQWLQXH UHKDELOLWDWLRQ� XVHV DXGLR DQG YLGHR IHHGEDFN
LQWHUIDFHV WR SURYLGH DQ HQJDJLQJ DSSOLFDWLRQ� :LWK WKLV GDWD� D SK\VLFDO WKHUDSLVW FRXOG
DVVHVV ZKHWKHU WKH UHVXOWV FRUUHVSRQG WR H[SHFWDWLRQV DQG SURYLGH FXVWRPL]HG UHKDELOLWD�
WLRQ H[HUFLVHV�

0DFKLQH /HDUQLQJ �0/� DOJRULWKPV KDYH DQ LQFUHDVLQJ SUHVHQFH LQ WKLV W\SH RI ZRUN VLQFH
WKH\ FDQ ZRUN ZLWK D EURDG VSHFWUXP RI GDWD W\SHV IURP 5*% RU 5*%�' IUDPHV WR VHQVRU
RXWSXWV WR HYDOXDWH H[HUFLVH SHUIRUPDQFH� EHLQJ RQH RI WKHVH H[DPSOHV )LW&RDFK� )LW�
&RDFK LV D YLUWXDO ILWQHVV FRDFK OHYHUDJLQJ UREXVW VHQVRUV LQ XVHUV¶ ZULVW ZHDUDEOHV RU
DUP�PRXQWHG VPDUWSKRQHV>��@ WR UHFRUG VLJQDOV GXULQJ ZRUNRXWV WKDW DVVHVV SHUIRUPDQFH�
7KH V\VWHP HPSOR\V WKH 0/ FODVVLILHU WR UHFRJQL]H WKH DQDHURELF DQG DHURELF H[HUFLVHV
LQGRRUV ZLWKLQ WKH ILUVW UHSHWLWLRQV ZLWK D ��� DFFXUDF\� 7KH V\VWHP DOVR SURYLGHV LQIRU�
PDWLRQ VXFK DV UHSHWLWLRQV SHU VHW RU FDORULHV EXUQHG GXULQJ H[HFXWLRQ DQG DQ H[HUFLVH VFRUH

�&HUHEUDO SDOV\ �&3� LV D WHUP GHQRWLQJ D JURXS RI QRQ�SURJUHVVLYH� QRQ�FRQWDJLRXVPRWRU FRQGLWLRQV WKDW
FDXVH SK\VLFDO GLVDELOLW\ LQ KXPDQ GHYHORSPHQW PDLQO\ LQ WKH YDULRXV DUHDV RI ERG\ PRYHPHQW �5RVHQEDXP
HW DO�� ������

�.LQHFW LV D 0LFURVRIW PRYHPHQW VHQVRU WKDW LQFRUSRUDWHV 5*% FDPHUDV ZLWK ,QIUD5HG�UD\V SURMHFWRU
FUHDWLQJ DQ 5*%�'HSWK FDPHUD� 7KLV W\SH RI VHQVRU FDQ GHWHFW DQG PDS WKH GHSWK XVLQJ PDWKHPDWLFDO
PHWKRGV EDVHG RQ VWUXFWXUHG OLJKWLQJ DQG GHIRUPDWLRQ RI VXUIDFHV� $OORZLQJ IRU WKH FRPSXWHU YLVLRQ V\VWHP
WR HVWLPDWH WKH GHSWK DQG JDWKHU LQIRUPDWLRQ UHODWHG WR WKH VXUIDFHV RI WKH REMHFWV LQ WKH VFHQH
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EDVHG RQ D UHIHUHQFH EDVHOLQH� 7KH PDLQ GLVDGYDQWDJHV RI WKLV V\VWHP DUH WKH QHHG IRU V\Q�
FKURQL]DWLRQ RI PXOWLSOH VHQVRUV DQG H[WUDFWLRQ RI WKH IHDWXUHV WKDW UHTXLUH SUH�SURFHVVLQJ
RI WKH VHQVRUV¶ VLJQDO� 2QH H[DPSOH RI WKHVH IDFWRUV LV WKH XVHUV¶ IDFLQJ GLUHFWLRQ� ZKLFK
LV HVVHQWLDO WR SHUIRUP UHFRJQLWLRQ� GHWHUPLQHG E\ DVNLQJ YROXQWHHUV WR SHUIRUP XQUHODWHG
SK\VLFDO DFWLYLWLHV VXFK DV UXQQLQJ LQ IRXU GLIIHUHQW GLUHFWLRQV� ,Q DGGLWLRQ� WKH XVHU LQ
ILUVW�WLPH XVDJH QHHGV WR SHUIRUP SDUWLFXODU H[HUFLVHV IRU H[HUFLVH UHFRJQLWLRQ DQG ODEHO
WKH FRUUHVSRQGLQJ H[HUFLVH W\SHV WR REWDLQ WKH IHDWXUHV XVHG LQ WKH 0/ FODVVLILHU�

$V WKLV SUHYLRXV H[DPSOH VKRZV� 0/ DOJRULWKPV FDQ SURYLGH JRRG UHVXOWV LQ DQ H[HU�
FLVH UHFRJQLWLRQ WDVN� +RZHYHU� HVWLPDWLQJ WKH SUR[LPLW\ EHWZHHQ D SURIHVVLRQDO¶V SHUIRU�
PDQFH DQG D QRYLFH¶V LV DOVR LPSRUWDQW� )RU WKLV SXUSRVH� $RXDLGMLD .DPHO DQG %RZHQ
/LX GHYHORSHG L7DL�&KL>��@� D V\VWHP WKDW XVHV &RQYROXWLRQDO 1HXUDO 1HWZRUNV �&11�
WR HVWLPDWH WKH OHDUQHUV¶ SRVH� EHLQJ WKH PRWLRQ HYDOXDWHG WKURXJK D IUDPH�WR�IUDPH FRP�
SDULVRQ ZLWK WKH WHPSODWH PRWLRQ� $IWHU H[HPSOLI\LQJ H[DPSOHV RI WKH 7DL�&KL WHFKQLTXHV
WKURXJK YLGHR IRUPDW� L7DL�&KL UHFRUGV WKH OHDUQHUV¶ SHUIRUPDQFH RI WKH PDUWLDO DUW WKURXJK
DQ 5*%�' FDPHUD IRU WKH V\VWHP DVVHVVPHQW DJDLQVW SURIHVVLRQDO PRWLRQV� 7KH HYDOXD�
WLRQ VKRZV WKH UHVXOWV WR WKH XVHU WR IDFLOLWDWH WKH FRUUHFWLRQ DQG ORFDWLRQ RI SRWHQWLDO HUURUV
LQ WKH SHUIRUPDQFH� 7KH PDLQ XVDJH RI WKLV V\VWHP LV WR DVVLVW HOGHU 7DL &KL SUDFWLWLRQHUV
DQG VWXGHQWV ZLWKRXW SULRU NQRZOHGJH RI WKH PDUWLDO DUW WR RYHUFRPH OHDUQLQJ REVWDFOHV
DQG LPSURYH WKHLU VNLOOV�

7KLV W\SH RI ZRUN� DV VKRZQ� LV XVHIXO IRU WHFKQLTXH LPSURYHPHQW EXW DOVR IRU ZHLJKWOLIW�
LQJ� ZKLFK LV DQ DFWLYLW\ ZLWK PDQ\ PLVFRQFHSWLRQV DERXW WKH FRUUHFW DQG ULVN�IUHH ZD\
WR SHUIRUP WKH H[HUFLVHV� FUHDWLQJ DQ RSSRUWXQLW\ IRU FRDFKLQJ DXWRPDWLRQ DSSOLFDWLRQV�
:LWK WKLV FRQFHUQ� $PPDU <DVVHU DQG 'RKD 7DULT GHYHORSHG 6PDUW &RDFKLQJ WR DXWRPDWH
DQ DWKOHWH¶V FRDFKLQJ XVLQJ DQ 5*%�'HSWK &DPHUD WR GHWHFW PLVSODFHG MRLQWV RI WKH DWK�
OHWH EHIRUH DQ LQMXU\ FDQ RFFXU>��@� 7KH V\VWHP XVHV D IL[HG ,5 FDPHUD VHWXS WR REWDLQ
WKH VHWV RI MRLQW FRRUGLQDWHV WKDW FKDUDFWHUL]H WKH FRDFKHV¶ RU DWKOHWHV¶ SHUIRUPDQFH� 'H�
WHFWLRQ RI WKH FRUUHFW H[HFXWLRQ RI WKHVH H[HUFLVHV RFFXUV XVLQJ WKH )DVW '\QDPLF 7LPH
:DUSLQJ �)DVW'7:�� )DVW'7: FODVVLILHU WR DGGUHVV 'HDGOLIW� 6TXDW� DQG 6KRXOGHU 3UHVV
PRYHPHQWV� 7KH PDLQ DGYDQWDJH RI WKLV FODVVLILHU ZKHQ FRPSDUHG WR WKH SUHYLRXV 0/
DOJRULWKPV LV WKH DELOLW\ WR FODVVLI\ SHUIRUPDQFHV ZLWK GLIIHUHQW TXDQWLWLHV RI IUDPHV�H�J��
DQ DWKOHWH PD\ WDNH � VHFRQGV WR FRPSOHWH D OLIW ZKLOH DQRWKHU PLJKW WDNH � VHFRQGV� VLQFH
LW FODVVLILHV DFFRUGLQJ WR WKH VHTXHQFH RI IUDPHV>��@�

7KH FDSDELOLW\ WR LPSDFW RXU ILWQHVV MRXUQH\ ZLWK WHFKQRORJ\ LV LQFUHDVLQJ DV WKLV GHYHORS�
PHQW DOORZV D FRPELQDWLRQ RI UHDO�WLPH H[HUFLVH HYDOXDWLRQ XVLQJ YLGHR DSSURDFKHV ZLWK
9(V� 7KHVH HQYLURQPHQWV FDQ SURYLGH FRQWUROOHG DPELHQWV� IDFLOLWDWH VWLPXOL SODFHPHQW�

�$QDO\VLV WHFKQLTXH IRU WLPH VHULHV DV '\QDPLF 7LPH :DUSLQJ �'7:� LV D PHWKRG WKDW FRPSDUHV DQG
DOLJQV WZR WHPSRUDO VHTXHQFHV� 7KH VLPLODULW\ EHWZHHQ WKHVH FDQ EH REVHUYHG IRU WKH VDPH DFWLRQ HYHQ LI LW
KDV GLIIHUHQFHV LQ WLPH DQG VSHHG�
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DQG FXVWRPLVH SHUVRQDO WUDLQHUV DSSOLFDWLRQV WKDW SURYLGH JXLGHOLQHV DQG DVVHVVPHQWV ZKLOH
SHUIRUPLQJ DFWLRQV� )RU H[DPSOH� D YLUWXDO SHUVRQDO WUDLQHU XVLQJ DQ 5*%�' FDPHUD IRU
GRPHVWLF XVDJH FDSWXUHV XVHU DFWLRQV DQG FRPSDUHV WKHP ZLWK VWDQGDUG DFWLRQV WR FUHDWH D
ILWQHVV VFRUH UHSUHVHQWLQJ KRZ ZHOO XVHUV SHUIRUP DFWLRQV LQ UHDO WLPH>��@� :LWK WKH VWDQ�
GDUG DFWLRQV VWRUHG LQ D GDWDEDVH� D PDFKLQH OHDUQLQJ DOJRULWKP� $GDERRVW FODVVLILHU� FDQ
SURFHVV WKLV GDWD WR HVWDEOLVK D SUR[LPLW\ UHODWLRQ EHWZHHQ WKH XVHU DFWLRQ DQG WKH VWDQ�
GDUG DFWLRQ FODVVHV� $IWHU HVWDEOLVKLQJ WKLV SUR[LPLW\� D ILWQHVV VFRUH XWLOLVHV '7: DQG �'
(XFOLGHDQ GLVWDQFH EHWZHHQ WKHVH DFWLRQV WR SURYLGH D ILQDO DVVHVVPHQW�

)ROORZLQJ D PHWKRGRORJ\ VLPLODU WR WKH SUHYLRXV V\VWHP� D YLUWXDO WUDLQHU ZLWK UHDO�WLPH
IHHGEDFN FDSDELOLWLHV� DVVHVVHV DQG SURYLGHV D ILWQHVV VFRUH WR GLIIHUHQW H[HUFLVH SRVWXUHV
XVLQJ GDWD DFTXLUHG ZLWK D .LQHFW VHQVRU>��@� 7KH V\VWHP UHFRJQL]HV H[HUFLVHV XVLQJ
5DQGRP )RUHVW �5)� PDFKLQH�OHDUQLQJ DOJRULWKP� ,W SURYLGHV UHDO�WLPH IHHGEDFN WKDW UH�
OLHV KHDYLO\ RQ FRPSDULQJ WKH H[SHUW¶V SRVH DQG WKH FODVVLILFDWLRQ RI WKH XVHU¶V SRVWXUH�
7KH IHHGEDFN LV FRQYH\HG XVLQJ D FRQILGHQFH VFRUH ZKHUH WKH FORVHU WKH XVHU LV WR WKH H[�
SHUW� WKH PRUH VLJQLILFDQW WKH VFRUH� 7KH V\VWHP¶V DYHUDJH SHUIRUPDQFH LV ��� DFFXUDF\
ZKHQ DSSOLHG WR � H[HUFLVHV IRU WHQ LQGLYLGXDOV�

$SDUW IURP VSRUWV DQG UHKDELOLWDWLRQ� GDQFH WHDFKLQJ KDV EHHQ LPSDFWHG E\ PRWLRQ FDSWXUH
V\VWHPV E\ H[DPLQLQJ WHFKQLTXHV XVLQJ �' VSDWLDO SRVLWLRQV LQ UHDO�WLPH� 7R DGGUHVV WKLV
LVVXH� <XDQ 3HQJ GHYHORSHG D V\VWHP WKDW XVHV D GDWDVHW RI �� GDQFH PRYHPHQWV FDSWXUHG
VXEMHFWV¶ H[HFXWLRQV WKURXJK DQ RSWLFDO PRWLRQ FDSWXUH V\VWHP>��@ DV LW FDQ LGHQWLI\ GLVSDU�
LWLHV EHWZHHQ SRVHV XVLQJ D �' PRGH¶V VLPLODULW\ FRPSDULVRQ PHWKRG EDVHG RQ (XFOLGHDQ
QRUP� +RZHYHU� WKH V\VWHP KDG IODZV DV LW QHHGHG XVHUV ZLWK D 0R&DS VXLW IRU WKH FRP�
SDUDWLYH DQDO\VLV WKDW ZDV QRW ULJRURXV HQRXJK WR FRQVLGHU PRWLRQV ZLWK KLJK DPSOLWXGH
DQG SHRSOH ZLWK GLIIHUHQW KXPDQ ERG\ SURSRUWLRQV�H�J�� KHLJKW� WKLQQHVV��

7R FRQFOXGH WKLV WRSLF DQG H[SORUH V\VWHPV WKDW DGGUHVV LVVXHV UHODWHG WR WKH SRSXODWLRQ RI
LQWHUHVW� RQH VWXG\ VWDQGV RXW UHJDUGLQJ WKH ULVN RI IDOOV� 7KLV VWXG\ GHYHORSHG D YLVXDOL]D�
WLRQ V\VWHP IRU KXPDQ EDODQFH DELOLW\ XVLQJ DQ LPSURYHG YHUVLRQ RI WKH PRYHPHQW VHQVRU�
.LQHFW WZR>��@� +XPDQ EDODQFLQJ FDQ EH VHHQ DV D GLVSODFHPHQW RI WKH ERG\¶V FHQWUH RI
PDVV RYHU D VXSSRUW SRO\JRQ GHILQHG XVLQJ D IRRW WUDFN� ZKLFK GLIIHUV EHWZHHQ SHRSOH�
:KHQ DVVHVVLQJ WKH EDODQFH� WKH FHQWUH RI PDVV XVXDOO\ LV HVWLPDWHG ZLWK DQWKURSRPHWULF
WDEOHV LQ WKH ELRPHFKDQLFV ILHOG RU UHFRUGLQJV ZLWK WKH VXSSRUW RI VSHFLDOL]HG VKRHV DQG
D IRUFH SODWIRUP>��@ DJDLQVW DYHUDJH SRSXODWLRQ EDVHOLQHV� 7KLV ZRUN XVHV D FDPHUD WR
HVWLPDWH DQG WUDFN UHDO�WLPH YDULDWLRQV RI WKH VXEMHFWV¶ ERG\ PDVV LQ WKH VXSSRUW SRO\JRQ�
SURYLGLQJ D PRUH UHDOLVWLF PHWULF RI IDOO ULVN ZLWKRXW WKH QHHG IRU SK\VLFDO HTXLSPHQW RQ
WKH LQGLYLGXDO� 7KH GLVSODFHPHQW RI WKH FHQWUH RI PDVV ZDV HVWLPDWHG XVLQJ ]HUR UDWHV RI
FKDQJH RI DQJXODU PRPHQWXP�=5$0��� SURYLGLQJ D SURMHFWHG SRLQW RQ WKH VXSSRUW SRO\�

�0HWKRG SUHVHQWHG E\ *RVZDPL WR GHWHUPLQH KXPDQRLG KXPDQ EDODQFH XVLQJ WKH SRVLWLRQ RI WKH FHQWUH
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JRQ DQG WKHUHIRUH FUHDWLQJ D VWDELOLW\ LQGH[ HVWLPDWHG EDVHG RQ WKH GLVWDQFH EHWZHHQ WKH
FHQWUH RI WKH SRO\JRQ DQG WKH SURMHFWHG SRLQW� 7KH V\VWHP HPSOR\V DQ LQGH[ UHSUHVHQWDWLRQ
EDVHG RQ D FRORXU VFKHPH RQ WKH VNHOHWRQ UDQJLQJ IURP JUHHQ WR UHG� SURYLGLQJ DQ DFFXUDWH
DQG HDV\�WR�XQGHUVWDQG PHWULF IRU SHRSOH ZLWKRXW LQWULQVLF NQRZOHGJH RI WKH FRQFHSW�

��� 0DLQ 2EMHFWLYHV

$IWHU UHVHDUFKLQJ WKH FXUUHQW VWDWH RI WKH DUW UHJDUGLQJ YLUWXDO SHUVRQDO WUDLQHUV DQG GH�
YHORSPHQW LQ WKH SHUIRUPDQFH RI DVVHVVPHQW� WUHDWPHQW� DQG UHKDELOLWDWLRQ RI SHRSOH ZLWK
VDUFRSHQLD� LW LV FOHDU WKDW WKHUH LV DQ RSSRUWXQLW\ WR FUHDWH DQ LPPHUVLYH V\VWHP IRU WKLV
SXUSRVH XVLQJ WKLV W\SH RI WHFKQRORJ\� )RU WKLV SXUSRVH� WKLV GLVVHUWDWLRQ KDV WKH IROORZLQJ
REMHFWLYHV�

� 'HYHORS DQ DSSOLFDWLRQ WKDW LV WDUJHWHG DW HOGHUO\ SRSXODWLRQ DQG WKDW DGGUHVVHV WKH
JXLGDQFH DQG SURPRWLRQ RI SK\VLFDO H[HUFLVHV H[HFXWLRQ DQG LQFOXGH VXSSRUW IRU WKH
DVVHVVPHQW RI VRPH VDUFRSHQLD LQGLFDWRUV�

� &RQWULEXWLRQ WR WKH GHYHORSPHQW RI DQ LQWHUDFWLYH YLUWXDO SHUVRQDO WUDLQHU EDVHG RQ
UHVHDUFK UHJDUGLQJ SULQFLSOHV RI PRWLYDWLRQ WR SURPRWH DQ LQWHUDFWLYH OHDUQLQJ HQYL�
URQPHQW�

� 'HVLJQ FRPSDULVRQ FULWHULD IRU HYDOXDWLQJ WKH SUHVFULEHG VSHFLILF H[HUFLVHV XVLQJ D
PDFKLQH OHDUQLQJ DOJRULWKP IRU KXPDQ SRVH HVWLPDWLRQ�

� 'HYHORSPHQW RI UHDO�WLPH IHHGEDFN EDVHG RQ WKH XVHU¶V PRQLWRUL]DWLRQ ZKLOH SHU�
IRUPLQJ WKH H[HUFLVHV�

��� 'LVVHUWDWLRQ 6WUXFWXUH

7KH VWUXFWXUH RI WKH GLVVHUWDWLRQ LV WKH IROORZLQJ�

� &KDSWHU � SURYLGHV WKH UHDGHU SXUSRVH RI WKLV GLVVHUWDWLRQ E\ GLVFORVLQJ WKH UHOH�
YDQFH RI WKLV ZRUN DQG WKH PDLQ REMHFWLYHV GHILQHG DIWHU WKH UHVHDUFKHG UHOHYDQFH
RI WKH VWXG\�

� &KDSWHU � GHILQHV WKH DJHLQJ FRQGLWLRQ� VDUFRSHQLD� 7KH GHILQLWLRQ� KHDOWK DQG
ILQDQFLDO LPSDFWV� HYDOXDWLRQ DQG SUHYHQWLRQ�

� &KDSWHU � VKRZV WKH PDLQ DQLPDWLRQ FRQFHSWV WKDW ZHUH IROORZHG GXULQJ WKH H[H�
FXWLRQ RI WKLV ZRUN�

� &KDSWHU � IRFXVHV RQ WKH H[SRVXUH WR WKH UHDGHU UHJDUGLQJ KXPDQ SRVH HVWLPDWLRQ
DQG LWV DSSOLFDWLRQ LQ WKLV ZRUN�

RI PDVV� YHFWRU RI JURXQG UHDFWLRQ IRUFHV DQG WKH SRLQW RI DSSOLFDWLRQ RI WKH IRUFH� 7KH SURMHFWHG SRLQW
PLQLPL]HV WKH UDWH RI FKDQJH
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� &KDSWHU � SUHVHQWV WKH GHYHORSPHQW RI WKH V\VWHP XVLQJ WKH SUHYLRXV FRQFHSWV�
� &KDSWHU � GHILQHV WKH DSSOLFDWLRQ IRU WKH SLORW VWXG\ SUHVHQWHG LQ WKH UHVXOWV FKDSWHU�
� &KDSWHU � H[SODLQV WKH UHVXOWV� HYDOXDWLRQ RI WKH IDLOXUH FDVHV RI WKH KXPDQ SRVH
HVWLPDWRU� SLORW VWXG\ DQG WKH SURFHGXUH WR DQDO\VH WKH V\VWHP¶V XVDELOLW\ DQG WKH
GLVFXVVLRQ RI WKH UHVXOWV�

� &KDSWHU � GHILQHV WKH FRQFOXVLRQ RI WKH ZRUN EDVHG RQ WKH FXUUHQW ZRUN�

�



�
6DUFRSHQLD

3UHYHQWLQJ RU GHOD\LQJ WKH RQVHW RI SK\VLFDO GHWHULRUDWLRQ LV DQ LQFUHDVLQJO\ LPSRUWDQW
JRDO EHFDXVH PRUH LQGLYLGXDOV DUH OLYLQJ ZHOO LQWR WKHLU HLJKWK DQG QLQWK GHFDGHV GXH WR WKH
DGYDQFHV LQ WKH KHDOWK PHGLFDO FDUH LQGXVWU\� 6R ILQGLQJV ZD\V WR SUHYHQW RU GHOD\ SK\VLFDO
GHWHULRUDWLRQ LQ ODWHU \HDUV KDV EHFRPH DQ LPSRUWDQW JRDO IRU JHURQWRORJ\ UHVHDUFKHUV DQG
SUDFWLWLRQHUV WKURXJKRXW WKH ZRUOG>��@� 7KH SURSRVHG WHUP µVDUFRSHQLD¶ DSSHDUHG IRU WKH
ILUVW WLPH LQ ���� E\ ,UZLQ 5RVHQEHUJ WR GHVFULEH D SURJUHVVLYH GHFOLQH LQ VNHOHWDO PXVFOH
PDVV �00� UHODWHG WR DJHLQJ� DQG WKDW PD\ OHDG WR GHFUHDVHG VWUHQJWK DQG IXQFWLRQDOLW\>�@�
1RZDGD\V� VDUFRSHQLD ZDV UHYLVHG E\ WKH (XURSHDQ :RUNLQJ *URXS RQ 6DUFRSHQLD LQ
2OGHU 3HRSOH LQ ���� DV D PXVFOH GLVHDVH� (QIDFL]LQJ ORZ PXVFOH VWUHQJWK DV WKH FULWLFDO
FKDUDFWHULVWLF RI VDUFRSHQLD� 6DUFRSHQLD LV DVVRFLDWHG ZLWK D VLJQLILFDQWO\ JUHDWHU ULVN IRU
SRRU KHDOWK RXWFRPHV� LQFOXGLQJ GLVDELOLW\ DQG IXQFWLRQDO LPSDLUPHQWV� LQFUHDVHG ULVN RI
IDOOV� PRUH H[WHQGHG KRVSLWDO VWD\V DQG DQ LQFUHDVHG ULVN RI PRUWDOLW\>��@�

,Q ILQDQFLDO WHUPV� VDUFRSHQLD LV FRVWO\ WR KHDOWKFDUH V\VWHPV� 7KH SUHVHQFH RI VDUFRSHQLD
LQFUHDVHV WKH ULVN RI KRVSLWDOL]DWLRQ DQG WKH FRVW RI FDUH GXULQJ KRVSLWDOL]DWLRQ� $Q HVWLPD�
WLRQ LQ ���� VKRZHG WKDW WKH 86$ VSHQW ����� ELOOLRQ LQ GLUHFW KHDOWKFDUH FRVWV UHODWHG WR
VDUFRSHQLD DORQH>��@� $PRQJ ROGHU DGXOWV KRVSLWDOL]HG� WKRVH ZLWK VDUFRSHQLD RQ DGPLV�
VLRQ ZHUH PRUH WKDQ ��IROG PRUH OLNHO\ WR KDYH KLJKHU KRVSLWDO FRVWV WKDQ WKRVH ZLWKRXW
VDUFRSHQLD>��@� 7R DQDO\]H WKH UHDVRQV EHKLQG WKLV LQFUHDVH LQ FRVWV� $QD &� $QWXQHV HW
DO� 'DQLHOD $� $UD FRQGXFWHG VWXGLHV LQ KRVSLWDOL]HG SDWLHQWV UHYHOOLQJ WKDW VDUFRSHQLD
LQFUHDVHV WKH ULVN RI SUHVVXUH XOFHUV� LQIHFWLRQV� DXWRQRP\ ORVV� DQG LQFUHDVHG OHQJWK RI
KRVSLWDO VWD\>�@� :LWK WKHVH FRQFHUQV LQ PLQG� SUHYHQWLQJ� UHFRJQL]LQJ DQG VFUHHQLQJ IRU
VDUFRSHQLD DQG GHYHORSLQJ VWHSV IRU LWV WUHDWPHQW KDV EHFRPH D VLJQLILFDQW SXEOLF KHDOWK
FKDOOHQJH>��@�

��� (YDOXDWLRQ

6DUFRSHQLD LV D JHULDWULF FRQGLWLRQ WKDW GHYHORSV RYHU WLPH� GHWHULRUDWLQJ PXVFOH PDVV DQG
IXQFWLRQDOLW\� KRZHYHU� LI FDXJKW HDUO\� WKLV LV SUHYHQWDEOH RU UHYHUVLEOH LQ VRPH FDVHV� %H�

�
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IRUH WKH HYDOXDWLRQ IRU VDUFRSHQLD FDQ EHJLQ� LW LV FUXFLDO WR SHUIRUP D VFUHHQLQJ WHVW XVLQJ
FHUWLILHG TXHVWLRQQDLUHV WR GHWHFW WKH SUHVHQFH RI WKLV FRQGLWLRQ� 7KH TXHVWLRQQDLUH QHHGV
WR H[WUDFW WKLV LQIRUPDWLRQ IURP WKH XVHU VR WKH V\VWHP RU WUDLQHG SURIHVVLRQDO FDQ XVH WKLV
LQIRUPDWLRQ IRU WKH ZHOO�EHLQJ RI WKH XVHU� )RU WKLV SXUSRVH� RQH RI WKH PRVW XVHG PHWK�
RGV WR DVVHVV H[SHULHQFHV LV TXHVWLRQQDLUHV WDUJHWWLQJ WKLV VSHFLILF REMHFWLYH� 6$5&�) LV D
FHUWLILHG GLDJQRVLV TXHVWLRQQDLUH GHYHORSHG ZLWK WKH SULPDU\ JRDO RI UDSLG DVVHVVPHQW IRU
VDUFRSHQLD� 7KH (XURSHDQ :RUNLQJ *URXS RQ 6DUFRSHQLD LQ 2OGHU 3HRSOH UHFRPPHQGV
WKLV WHVW WR LQWURGXFH WKH DVVHVVPHQW DQG WUHDWPHQW RI VDUFRSHQLD LQWR FOLQLFDO SUDFWLFH� 7KH
PDLQ DGYDQWDJHV DUH EHLQJ LQH[SHQVLYH� FRQYHQLHQW IRU VDUFRSHQLD ULVN VFUHHQLQJ DQG FRQ�
VLVWHQW DW LGHQWLI\LQJ WKH ULVN>��@� 6$5&�) LV D VHOI�UHSRUWHG TXHVWLRQQDLUH E\ WKH SDWLHQWV
XVLQJ ILYH TXHVWLRQV��L� 0XVFXODU 6WUHQJWK� �LL� :DONLQJ $VVLVWDQFH� �LLL� *HWWLQJ 8S )URP
D &KDLU� �LY� *R 8S WKH 6WDLUV DQG �Y� +LVWRU\ RI )DOOV�

&RPSRQHQW 4XHVWLRQ 6FRULQJ

6WUHQJWK
+RZ PXFK GLIILFXOW\ GR \RX KDYH LQ
OLIWLQJ DQG FDUU\LQJ �� SRXQGV"

1RQH  �
6RPH  �
$ ORW RU XQDEOH  �

$VVLVWDQFH LQ :DONLQJ
+RZ PXFK GLIILFXOW\ GR \RX KDYH
ZDONLQJ DFURVV D URRP"

1RQH  �
6RPH  �
$ ORW� XVH DLGV�
RU XQDEOH  �

5LVH )URP D &KDLU
+RZ PXFK GLIILFXOW\ GR \RX KDYH
WUDQVIHUULQJ IURP D FKDLU RU EHG"

1RQH  �
6RPH  �
$ ORW RU XQDEOH
ZLWKRXW KHOS  �

&OLPE 6WDLUV
+RZ PXFK GLIILFXOW\ GR \RX KDYH
FOLPELQJ D IOLJKW RI �� VWDLUV"

1RQH  �
6RPH  �
$ ORW RU XQDEOH  �

)DOOV
+RZ PDQ\ WLPHV KDYH \RX
IDOOHQ LQ WKH SDVW \HDU"

1RQH  �
��� )DOOV  �
� RU PRUH )DOOV  �

7DEOH ���� 7DEOH ZLWK WKH 6$5&�)¶V TXHVWLRQV DQG WKHLU FRUUHVSRQGLQJ RSWLRQV�

(DFK TXHVWLRQQDLUH DQVZHU SURYLGHV D VFRUH EHWZHHQ � DQG �� ZKHUHDV WKH VXP JLYHV D
VFDOH EHWZHHQ � DQG ��� :LWK WKLV VFRUH� LW LV SRVVLEOH WR LQIHU WKH SUHVHQFH RI VDUFRSHQLD�
ZKHUH �� LV WKH ZRUVW SRVVLEOH FDVH� DQG � LV WKH KHDOWKLHU FDVH� 6DUFRSHQLD EHFRPHV D
FRQFHUQ IRU WKH SHUVRQ RQFH WKH VFRUH LV HTXDO WR RU KLJKHU WKDQ �� $IWHU WKH HYDOXDWLRQ
RI WKH XVHU WKURXJK TXHVWLRQQDLUHV� LW LV QHFHVVDU\ WR SHUIRUP D VHULHV RI WHVWV WR HVWLPDWH

��
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KRZ WKH SHUVRQ LV DIIHFWHG� 7KHUH DUH WKUHH W\SHV RI WHVWV WKDW WKH SDWLHQW FDQ SHUIRUP WR
DVVLVW PHGLFDO SURIHVVLRQDOV LQ WKHLU DVVHVVPHQW� )RU HDFK W\SH RI WHVW� WKHUH DUH VHYHUDO
SURFHGXUHV WKDW WKH XVHU FDQ SHUIRUP� KDYLQJ LQ WKLV PDQQHU WKH DELOLW\ WR FKRRVH WKH PRVW
FRPIRUWDEOH PHWKRG WKDW ZLOO QRW KDUP RU DJJUDYDWH WKHLU FXUUHQW VLWXDWLRQ�

$IWHU D SRVLWLYH RXWFRPH IURP WKH 6$5&�) TXHVWLRQQDLUH� WKHUH DUH WKUHH PRUH SDUDPHWHUV
WR FRQILUP DQG HYDOXDWH WKH FRQGLWLRQ¶V VHYHUHQHVV IRU D PRUH GHWDLOHG DVVHVVPHQW� �L�
0XVFXODU 6WUHQJWK� �LL� 0XVFXODU 0DVV� DQG �LLL� 3K\VLFDO 3HUIRUPDQFH�

0XVFOH VWUHQJWK FDQ EH HYDOXDWHG E\ PHDVXULQJ JULS VWUHQJWK RU SHUIRUPLQJ D FKDLU VWDQG
WHVW� 7KH JULS VWUHQJWK WHVW LV WKH PRVW VLPSOH DQG LQH[SHQVLYH� ZLWK D SRZHUIXO SUHGLFWRU
RI SRRU SDWLHQW RXWFRPHV VXFK DV ORQJHU KRVSLWDO VWD\V>��@� XVLQJ D FDOLEUDWHG KDQGKHOG
G\QDPRPHWHU DQG FRPSDULQJ WKH UHVXOWV ZLWK WKH DSSURSULDWH UHIHUHQFH SRSXODWLRQ� 7KH
FKDLU VWDQG WHVW PDLQO\ HYDOXDWHV WKH VWUHQJWK RI WKH OHJ PXVFOHV� PHDVXULQJ WKH WLPH IRU D
SDWLHQW WR ULVH ILYH WLPHV IURP D VHDWHG SRVLWLRQ ZLWKRXW XVLQJ KLV�KHU DUPV� $FFRUGLQJO\
WR WKH (:*623�� WKHUH DUH VHYHUDO SURFHGXUHV>��@ WR PHDVXUH PXVFOH PDVV�TXDQWLW\�

� 0DJQHWLF 5HVRQDQFH ,PDJLQJ RU &RPSXWHG 7RPRJUDSK\
� 'XDO�HQHUJ\ ;�UD\ DEVRUSWLRPHWU\
� %LRLPSHGDQFH $QDO\VHV
� &DOI FLUFXPIHUHQFH

0DJQHWLF 5HVRQDQFH ,PDJLQJ �05,� RU &RPSXWHG 7RPRJUDSK\ DUH JROG VWDQGDUGV IRU
KHDOWKFDUH IRU QRQ�LQYDVLYH DVVHVVPHQW� +RZHYHU� WKH\ DUH QRW FRPPRQO\ XVHG GXH WR
KLJK HTXLSPHQW FRVWV� ODFN RI SRUWDELOLW\� GHPDQG IRU KLJKO\�WUDLQHG SHUVRQQHO IRU XV�
DJH� DQG FXW�RII SRLQWV IRU ORZ PXVFOH PDVV DUH QRW ZHOO GHILQHG� 'XDO�HQHUJ\ ;�UD\ DE�
VRUSWLRPHWU\ �';$� LV D PRUH ZLGHO\ DYDLODEOH LQVWUXPHQW� QRQ�LQYDVLYH DQG SHUIRUPHG
LQ WKH FOLQLFDO DQG UHVHDUFK SUDFWLFH IRU PHDVXULQJ PXVFOH PDVV� 7KH GLVDGYDQWDJH RI
WKLV HTXLSPHQW LV WKH ODFN RI SRUWDELOLW\ DQG FRQVLVWHQF\ ZKHQ SHUIRUPLQJ PHDVXUHPHQWV
ZLWK GLIIHUHQW ';$ LQVWUXPHQW EUDQGV� DQG WKH SDWLHQW¶V K\GUDWLRQ VWDWXV FDQ LQIOXHQFH WKH
PHDVXUHPHQWV>��@� %,$ HTXLSPHQW GRHV QRW GLUHFWO\ PHDVXUH PXVFOH PDVV� +RZHYHU� LW
HVWLPDWHV PXVFOH PDVV� UHO\LQJ RQ ZKROH�ERG\ HOHFWULFDO FRQGXFWLYLW\ DQG D FRQYHUVLRQ
HTXDWLRQ WKDW RFFXUV DIWHU D FDOLEUDWLRQ EDVHG RQ D UHIHUHQFH ';$�PHDVXUHG OHDQ PDVV
RI WKH VSHFLILF SRSXODWLRQ>��@� %,$ HTXLSPHQW LV DIIRUGDEOH DQG SRUWDEOH� ZLWK WKH GLV�
DGYDQWDJH RI EHLQJ LQIOXHQFHG E\ WKH SDWLHQW¶V K\GUDWLRQ VWDWXV� 7KHVH PHDVXUHPHQWV DUH
SUHIHUHG RYHU WKH ';$PHDVXUHPHQWV� )LQDOO\� FDOI FLUFXPIHUHQFH KDV EHHQ VKRZQ WR SUH�
GLFW SHUIRUPDQFH DQG VXUYLYDO LQ ROGHU SHRSOH>��@� ,W LV PDLQO\ XVHG DV D GLDJQRVWLF SUR[\
IRU ROGHU DGXOWV ZKHQ RWKHU PXVFOH PDVV PHWKRGV DUH XQDYDLODEOH�

$IWHU WKHPXVFOHPDVV� WKH LQGLYLGXDO QHHGV WR SHUIRUP D SK\VLFDO SHUIRUPDQFH DVVHVVPHQW�
3K\VLFDO SHUIRUPDQFH LV DQ REMHFWLYHO\ PHDVXUHG ZKROH�ERG\ IXQFWLRQ UHODWHG WR ORFRPR�

��
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WLRQ LQYROYLQJ PXVFOH DQG FHQWUDO DQG SHULSKHUDO QHUYH IXQFWLRQ� VXFK DV EDODQFH>��@� 7KLV
DVVHVVPHQW QHHGV WR FRQVLGHU WKH LQGLYLGXDO¶V FXUUHQW SK\VLFDO FRQGLWLRQ VLQFH KH�VKH FDQ
KDYH ORFRPRWLRQ LVVXHV OLQNHG WR DJHLQJ GLVHDVHV VXFK DV RVWHRSRURVLV� )RU WKLV SXUSRVH�
WKLV DVVHVVPHQW FDQ EH GRQH XVLQJ RQH RI WKH IROORZLQJ PHWKRGV� �L� *HW�8S�$QG�*R 7HVW�
�LL� *DLW 6SHHG� �LLL� 6KRUW 3K\VLFDO 3HUIRUPDQFH %DWWHU\�

*HW�8S�$QG�*R 7HVW RU 7LPHG�8S DQG *R WHVW �78*� LV D PRELOLW\ HYDOXDWLRQ FRQVLVWLQJ
RI JHWWLQJ XS IURP D FKDLU� ZDONLQJ � PHWHUV DQG FRPLQJ EDFN DW D FRPIRUWDEOH VSHHG
UHWXUQLQJ DW WKH HQG WR WKH FKDLU DQG HQGLQJ WKH WHVW E\ VLWWLQJ EDFN RQ WKH FKDLU� ,Q FDVH RI
IDLOXUH� WKH SHUVRQ KDV VHYHUH VDUFRSHQLD VLQFH WKH LQGLYLGXDO ZLOO SHUIRUP WKLV H[DP DIWHU
QRW EHLQJ DEOH WR IXOILO WKH ILUVW DVVHVVPHQW� *DLW VSHHG LV D ZLGHO\ XVHG WHVW WR DQDO\VH
ZDONLQJ DELOLW\ DQG HQGXUDQFH LQ SUDFWLFH>��@� PDLQO\ XVHG LQ WKH ��PLQ XVXDO ZDONLQJ
VSHHG WHVW ZKHUH WKH JDLW WLPLQJ LV PHDVXUHG� $OWKRXJK WKLV LV RQH RI WKH EHVW WHVWV WR
SHUIRUP� LW QHHGV D VLJQLILFDQW DPRXQW RI VSDFH VLQFH WKH SDUWLFLSDQWV QHHG WR ZDON XS WR
��� PHWHUV� 633% LV D FRPSRVLWH WHVW WKDW LQFOXGHV WKH DVVHVVPHQW RI JDLW VSHHG� D EDODQFH
WHVW DQG D FKDLU VWDQG WHVW� &RPELQLQJ WKH VFRUHV RI HDFK WHVW� WKH ILQDO VFRUH FDQ UHDFK
XS WR WZHOYH SRLQWV� ZKHUHDV D VFRUH RI XS WR HLJKW LQGLFDWHV SRRU SK\VLFDO SHUIRUPDQFH�
$OWKRXJK 633% LV XVHG PRUH LQ UHVHDUFK DSSOLFDWLRQV� WKLV LV WKH RQH WKDW SURYLGHV WKH
PRVW LQVLJKW LQWR WKH LQGLYLGXDO FRQGLWLRQ�

)LJXUH ���� 6DUFRSHQLD� (:*623� DOJRULWKP IRU FDVH�ILQGLQJ� PDNLQJ D GLDJQRVLV DQG
TXDQWLI\LQJ VHYHULW\ LQ SUDFWLFH>��@�

��
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��� 3UHYHQWLRQ

7KH IROORZLQJ FKDSWHU SURYLGHV JXLGHOLQHV WR SUHYHQW WKLV PHGLFDO FRQGLWLRQ VR WKH LQGL�
YLGXDO FDQ SHUIRUP GDLO\ DFWLYLWLHV DQG VWUHQXRXV WDVNV VXFK DV SK\VLFDO H[HUFLVH� EHLQJ
WKLV WKH PDLQ IRFXV RI WKH GLVVHUWDWLRQ� 7KH UHIHUUHG GDLO\ WDVNV FDQ KDYH GLIIHUHQW SK\VLFDO
GHPDQGV� UDQJLQJ IURP VHOI�FDUH DFWLYLWLHV VXFK DV GUHVVLQJ RU EDWKLQJ WR PRUH VWUHQXRXV
WDVNV VXFK DV FDUU\LQJ JURFHU\ EDJV� GRPHVWLF ZRUN� RU PRUH DGYDQFHG DFWLYLWLHV OLNH SK\V�
LFDO H[HUFLVH� 'HWHFWLRQ RI ORZ SK\VLFDO SHUIRUPDQFH SUHGLFWV DGYHUVH RXWFRPHV� LQFOXG�
LQJ IDOOV� IUDFWXUHV� SK\VLFDO GLVDELOLW\ DQG PRUWDOLW\>��@� $IWHU DVVHVVLQJ WKH SHUIRUPDQFH�
LW LV HVVHQWLDO WR HYDOXDWH WZR VLJQLILFDQW FRPSRQHQWV FRQWULEXWLQJ WR WKLV ZRUVHQLQJ� �L�
1XWULWLRQDO 5HJLPH DQG �LL� 0XVFOH 6WUHQJWK 7UDLQLQJ�

.QRZLQJ WKH WZR VLJQLILFDQW FRPSRQHQWV WKDW FRQWULEXWH WR WKH ZRUVHQLQJ� WKH ILUVW DV�
VHVVPHQW� WKH SHUVRQ¶V QXWULWLRQDO VWDJH� LV HVVHQWLDO VLQFH LW LV RQH RI WKH SULPDU\ HQHUJ\
VRXUFHV IRU DOO DFWLYLWLHV� 7KLV DVVHVVPHQW LV UHOHYDQW IRU WKLV JHULDWULF FRQGLWLRQ VLQFH VDU�
FRSHQLD LV UHODWHG WR DQG DW OHDVW SDUWO\ RYHU�DUFKHG E\ WKH JHQHUDO WHUP RI PDOQXWULWLRQ�
+RZHYHU� QXWULWLRQDO DVVHVVPHQW KDV PDQ\ FDWHJRULHV D SHUVRQ FDQ ILW LQWR� DQG )LJXUH
���� VKRZV WKH SRVVLEOH RXWFRPHV WKDW D SHUVRQ FDQ EH FDWHJRUL]HG� )RU WKLV SXUSRVH�
WKH (XURSHDQ 6RFLHW\ RI &OLQLFDO 1XWULWLRQ DQG 0HWDEROLVP �(63(1� JDWKHUHG WR LGHQWLI\
YDOLGDWHG VFUHHQLQJ WRROV IRU VXEMHFWV DW ULVN RI PDOQXWULWLRQ>�@�

)LJXUH ���� 'LDJUDP VKRZLQJ DOO WKH SRVVLEOH RXWFRPHV RI WKH QXWULWLRQDO DVVHVVPHQW>�@�

(631 GHWHUPLQHG WKDW IRU LQGLYLGXDOV LGHQWLILHG E\ VFUHHQLQJ DV DW ULVN RI PDOQXWULWLRQ�
WKH GLDJQRVLV RI PDOQXWULWLRQ VKRXOG EH RQH RI WZR RSWLRQV� 7KH ILUVW RSWLRQ LV E\ WKH ORZ
PDVV LQGH[ RU %0, �� �� NJ�P2 IRU VXEMHFWV ROGHU WKDQ �� \HDUV�� DQG WKH VHFRQG RSWLRQ LV
WKH FRPELQHG ILQGLQJ RI ZHLJKW ORVV ZLWK WKH UHGXFHG %0, RU ORZ IDW�IUHH PDVV LQGH[ RU
))0, �� �� DQG � �� NJ�P2 LQ IHPDOHV DQG PDOHV� UHVSHFWLYHO\�� ))0, LV PHDVXUHG XVLQJ
GHYLFHV VXFK DV %LRLPSHGDQFH $QDO\VHV� 'XDO�HQHUJ\ ;�UD\ DEVRUSWLRPHWU\� &RPSXWHG
7RPRJUDSK\� XOWUDVRXQG RU PDJQHWLF UHVRQDQFH LPDJLQJ �05,�>�@� 7KH QXWULWLRQDO DVVHVV�
PHQW LV QRW RI FRQFHUQ IRU WKLV GLVVHUWDWLRQ� KRZHYHU� WKH GRFXPHQWDWLRQ LV YLWDO VLQFH LW LV
RQH RI WKH PDLQ FRPSRQHQWV RI WKH HYDOXDWLRQ DQG� LQ WKH QHJDWLYH FDVH� IRU WKH SUHYHQWLRQ
RI VDUFRSHQLD�

��
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2QFH WKH QXWULWLRQDO DVVHVVPHQW LV FRPSOHWH� WKH VHFRQG FRPSRQHQW RI WKH HYDOXDWLRQ�
PXVFOH VWUHQJWK WUDLQLQJ� FDQ EH DGGUHVVHG� %HIRUH WKH WUDLQLQJ FDQ EHJLQ� LW LV FUXFLDO
WR HYDOXDWH WKH FXUUHQW FRQGLWLRQ RI WKH LQGLYLGXDO VLQFH WKH SHUIRUPDQFH RI VRPH W\SHV
RI H[HUFLVHV FDQ DJJUDYDWH RU HYHQ FUHDWH QHZ LQMXULHV� ZKLFK KDYH GUDVWLF FRQVHTXHQFHV
IRU ROGHU DGXOWV� 6FUHHQLQJ WHVWV IRU VDUFRSHQLD FDQ EH D JUHDW VWDUWLQJ SRLQW WR DVVHVV WKH
FXUUHQW SK\VLFDO FRQGLWLRQ RI WKH XVHU VLQFH WKH SUHVHQFH RI WKH FRQGLWLRQ ZLOO KHDYLO\ DIIHFW
WKH SK\VLFDO IXQFWLRQ WKDW WKH LQGLYLGXDO KDV� +RZHYHU� WR GHWHFW WKLV JHULDWULF FRQGLWLRQ�
LW LV QHFHVVDU\ WR SHUIRUP D VHULHV RI WHVWV WR DVVHVV WKH SUHVHQFH RI WKH FRQGLWLRQ DQG� LI
SUHVHQW� WKH GHJUHH WR ZKLFK LW DIIHFWV WKH SHUVRQ� 7KH IROORZLQJ HYDOXDWLRQV GHILQH WKH
SURFHVV RI LGHQWLI\LQJ WKH SUHVHQFH DQG WKH FDWHJRU\ RI VDUFRSHQLD� �L� 0XVFXODU VWUHQJWK
WR LGHQWLI\ 6DUFRSHQLD� �LL� 0XVFXODU PDVV WR FRQILUP 6DUFRSHQLD LI GLPLQLVKHG PXVFXODU
VWUHQJWK DQG �LLL� 3K\VLFDO SHUIRUPDQFH WR HYDOXDWH FRQGLWLRQ¶V GHJUHH RI VHULRXVQHVV�

$IWHU WKH QXWULWLRQDO DVVHVVPHQW DQG WKH VFUHHQLQJ WHVW IRU VDUFRSHQLD� LW LV HVVHQWLDO WR DV�
VHVV WKH SHUVRQ¶V PXVFOH IXQFWLRQ WR SURYLGH WKH EHVW WUDLQLQJ SURJUDP SRVVLEOH� 7KHUH DUH
YDULRXV WUDLQLQJ SURJUDPPHV WR GHYHORS PXVFOH PDVV DQG LPSURYH RYHUDOO VWUHQJWK� +RZ�
HYHU� WKHVH SURJUDPPHV� PRVW RI WKH WLPH� DUH JHQHUDO DQG QRW FXVWRPL]HG WR WKH LQGLYLGXDO�
ZKLFK FDQ KDYH VHYHUDO QHJDWLYH LPSDFWV RQ WKH SK\VLFDO KHDOWK RI WKH HOGHUO\ SRSXODWLRQ�
&XVWRPL]HG ZRUNRXW URXWLQHV FDQ EH SURYLGHG E\ DVVHVVLQJ WKH SHUVRQ¶V PXVFOH IXQFWLRQ
WKURXJK TXHVWLRQQDLUHV DQG SHUIRUPDQFH WHVWV� 7KLV HYDOXDWLRQ UHOLHV SULPDULO\ RQ TXHV�
WLRQQDLUHV VXFK DV WKH 5LNOL DQG -RQHV IRU ROGHU DGXOWV�

4XHVWLRQ &DQ GR
&DQ GR ZLWK
GLIILFXOW\

&DQQRW
GR

7DNH FDUH RI RZQ SHUVRQDO QHHGV � � �
%DWKH \RXUVHOI� XVLQJ WXE RU VKRZHU � � �
&OLPE XS DQG GRZQ D IOLJKW RI VWDLUV � � �
:DON RXWVLGH �� RU � EORFNV� � � �
'R OLJKW KRXVHKROG FKRUHV�FRRNLQJ RU GXVWLQJ� � � �
6KRS IRU JURFHULHV RU FORWKHV � � �
:DON ��� PLOH ���� EORFNV� � � �
:DON � PLOH ������ EORFNV� � � �
/LIW DQG FDUU\ �� OE �IXOO EDJ RI JURFHULHV� � � �
/LIW DQG FDUU\ �� OE �PHGLXP WR ODUJH VXLWFDVH� � � �
'R KHDY\ KRXVHKROG DFWLYLWLHV�YDFXXPLQJ� � � �
'R VWUHQXRXV DFWLYLWLHV�KLNLQJ� ELF\FOLQJ� � � �

7DEOH ���� 5LNOL DQG -RQHV 4XHVWLRQQDLUH ZLWK WKH RSWLRQ¶V VFRUH>��@�
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7KH 5LNOL�-RQHV 4XHVWLRQQDLUH LV DQ DGDSWHG YHUVLRQ RI D FRPSRVLWH SK\VLFDO IXQFWLRQ
�&3)� ���LWHP VFDOH GHVLJQHG WR DVVHVV DQG GLVFULPLQDWH DFURVV D ZLGH UDQJH RI IXQF�
WLRQDO DELOLWLHV� UDQJLQJ IURP EDVLF DFWLYLWLHV RI GDLO\ OLYLQJ �H�J�� GUHVVLQJ RU EDWKLQJ� WR
DGYDQFHG DFWLYLWLHV VXFK DV VWUHQXRXV VSRUWV�H[HUFLVH DFWLYLWLHV>��@� 7KLV W\SH RI &3) UH�
TXLUHV SDUWLFLSDQWV WR DQVZHU HDFK RI WKH �� LWHPV ZLWK FDQ GR �� SRLQWV�� FDQ GR ZLWK
GLIILFXOW\ �� SRLQW� RU FDQQRW GR �� SRLQWV�� UHVXOWLQJ LQ D SRWHQWLDO UDQJH RI VFRUHV IURP ��
�IXOO IXQFWLRQ� WR � �XQDEOH WR SHUIRUP DQ\ RI WKH DFWLYLWLHV��

:LWK WKH &3) VFRUH� LW LV SRVVLEOH WR SURYLGH H[HUFLVHV WKDW DUH DFFRUGLQJO\ WR WKH FXUUHQW
VLWXDWLRQ RI WKH SHUVRQ DQG WKHLU FXUUHQW QHHGV LQ WHUPV RI SUHYHQWLRQ RU UHKDELOLWDWLRQ RI
WKLV DJHLQJ FRQGLWLRQ� 7KLV VFRUH FDQ LQIHU WKH FDWHJRU\ ZKHUH WKH XVHU ILWV UHJDUGLQJ WKH
VHYHULW\ RI WKH FRQGLWLRQ� :KHQ WKH VFRUH LV ORZHU WKDQ �� SRLQWV� WKH XVHU KDV ORZ IXQFWLRQ�
DOLW\� EHWZHHQ �� DQG �� LV PRGHUDWH IXQFWLRQDOLW\ DQG DERYH WKLV LV HOHYDWHG IXQFWLRQDOLW\
ZKLFK FRUUHVSRQGV WR WKH KHDOWKLHU FDVH� 8VLQJ 2WDJR ([HUFLVH 3URJUDP>��@� WKHUH LV D
ZLGH UDQJH RI H[HUFLVHV IRU HDFK FDWHJRU\� DOORZLQJ WKH XVHU WR SHUIRUP VDIH H[HUFLVHV WDU�
JHWHG WR WKH XSSHU DQG ORZHU OLPEV RI WKH KXPDQ ERG\ ZLWK UHOHYDQW IXQFWLRQDOLW\ IRU GDLO\
DFWLYLWLHV� 5REHUWD 5LNOL HW DO� -HVVLH -RQHV� WKH DXWKRUV RI WKH DGDSWHG &3)>��@� SURYHG LWV
YDOLGLW\ E\�

� 'HWHUPLQLQJ FRUUHODWLRQ ZLWK SUHYLRXVO\ SXEOLVKHG VFDOHV
� &RPSDULQJ &3) VFRUHV ZLWK WUHDGPLOO SHUIRUPDQFH �VWDQGDUG FULWHULRQ PHDVXUH RI
IXQFWLRQDO FDSDFLW\�

� /RRNLQJ DW WKH VHQVLWLYLW\ RI WKH WHVW FRQFHUQLQJ LGHQWLI\LQJ OHYHOV RI IXQFWLRQDO
DELOLW\

,Q WKH LGHDO FDVH� WKLV VFDOH ZRXOG EH SHUIRUPHG LQ FRQMXQFWLRQ ZLWK D ��PLQ ZDON WHVW>��@�
EXW IRU WKLV GLVVHUWDWLRQ� WKH 5LNOL�-RQHV ZLOO EH XVHG WR DVVHVV WKH XVHU¶V IXQFWLRQDOLW\
FDWHJRU\�

��



�
$QLPDWLRQ &RQFHSWV

+XPDQ FKDUDFWHU DQLPDWLRQ RYHU WKH \HDUV KDV EHHQ DQ LQFUHDVLQJ LQWHUHVW LQ GHYHORSPHQW
GXH WR LWV FULWLFDO UROH LQ HQWHUWDLQPHQW FRQWHQW SURGXFWLRQ VXFK DV ILFWLRQ ILOPV� YLGHR
JDPHV RU YLUWXDO UHDOLW\� :LWK WKLV LQWHUHVW� WKH GHYHORSPHQW RI WRROV LQFUHDVHG WR DVVLVW
GHVLJQHUV DQG DUWLVWV LQ WKHLU ZRUN¶V FUHDWLYLW\ DQG UHDOLVP� DV LQ UHFHQW ZRUNV UHODWHG WR
GLJLWDO GRXEOHV WR EULQJ WR OLIH ORQJ�WLPH GHFHDVHG DFWRUV>��@� +RZHYHU� WR SURYLGH D KLJK�
TXDOLW\ WRRO� LW LV QHFHVVDU\ WR FRQVLGHU WKH FKDOOHQJH RI KXPDQ FKDUDFWHU PRGXODWLRQ GXH
WR GLIIHUHQW PRYHPHQWV LQIOXHQFHG E\ YDULRXV IDFWRUV� IRU H[DPSOH� PRRG� LQWHQWLRQV RU
DFWLYLW\>��@�

7KLV FKDSWHU SUHVHQWV WKH DQLPDWLRQ FRQFHSWV WKDW VXSSRUW WKH ZRUN FDUULHG RXW� 7KHVH
FRQFHSWV FRYHU WKH GHILQLWLRQ DQG IXQFWLRQDOLW\ RI KLHUDUFKLFDO PRGHOV WKDW IRUP WKH YLU�
WXDO SHUVRQDO WUDLQHU� WKH DQLPDWLRQ SURFHGXUHV IRU WKHVH PRGHOV DQG WKH SRVW�SURFHVVLQJ
SLSHOLQH WR DGDSW WKH DQLPDWLRQ IRU XVDJH IRU WKLV GLVVHUWDWLRQ DQG IRU PRVW DSSOLFDWLRQV RI
WKLV WHFKQRORJ\�

��� +LHUDUFKLFDO 0RGHOV

:KHQ DQ DQLPDWRU QHHGV WR FUHDWH �' FRPSOH[ REMHFW UHSUHVHQWDWLRQV VXFK DV VNHOHWRQV� WKH
PRVW FRPPRQ DSSURDFK WR WKLV LVVXH LV D SDUHQW PRGHO WKDW XVHV PXOWLSOH LQVWDQFHV RI RWKHU
VLPSOHU PRGHOV RU FKLOGUHQ ZKHUH HDFK KDV LWV VSHFLILF DIILQH WUDQVIRUPDWLRQ� )XUWKHUPRUH�
ZLWK KXPDQ PRGHOV� UHIOHFWHG LQVWDQFHV VXFK DV DUPV RU OHJV DOORZ WKH VWUXFWXUH WR EH
FRQVWUXFWHG E\ UHXVLQJ SDUWV LQ PXOWLSOH SRVLWLRQV ZLWK VSHFLILF RULHQWDWLRQV RU VFDOHV� ,Q
WKLV PDQQHU� D VNHOHWRQ RU D FRPSOH[ REMHFW FDQ EH WUHDWHG DV D OLVW RI WKHVH LQVWDQFHV ZKHUH
HDFK RI WKHP KDV LQIRUPDWLRQ UHJDUGLQJ FHUWDLQ SURSHUWLHV �H�J�� FRORXU� WH[WXUHV� VKDGHUV
DQG UHODWLYH SRVH�� UHVXOWLQJ LQ D KLHUDUFKLFDO UHODWLRQVKLS EHWZHHQ WKH FRPSRXQG REMHFWV
DQG WKH REMHFWV WKDW FRPSRVH WKHVH� )LJXUH ��� SUHVHQWV D KXPDQ KDQG PRGHO WR H[HPSOLI\
WKLV UHODWLRQ� VKRZLQJ WKH ILQJHU¶V GHJUHHV RI IUHHGRP �'R)���

�'R) LV D YDULDEOH XVHG WR GHVFULEH WKH SRVLWLRQ RI WKDW SDUW�

��



�� $QLPDWLRQ &RQFHSWV

)LJXUH ���� +XPDQ KDQG PRGHO FRPSRVLWLRQ ZLWK WKHLU UHVSHFWLYH GHJUHHV RI IUHHGRP
�'R)� DQG WKH QRWDWLRQ IRU HDFK SDUW�

8VLQJ WKLV KLHUDUFKLFDO PRGHO DV D UHIHUHQFH� LW LV SRVVLEOH WR VHH WKH SDOP DV WKH RULJLQ RU
URRW RI WKH PRGHO ZKHUH HDFK RI WKH ILQJHUV� DFWLQJ DV FKLOGUHQ¶V PRGHOV� DUH DWWDFKHG LQ
IL[HG SODFHV� PHDQLQJ LW KDV IL[HG WUDQVODWLRQV EXW ZLWK YDU\LQJ RULHQWDWLRQV RU URWDWLRQV�
(DFK LQVWDQFH FDQ EH UHSUHVHQWHG DV KRPRJHQHRXV PDWULFHV HQFRPSDVVLQJ WKH URWDWLRQ
DQG WUDQVODWLRQ LQ UHODWLRQ WR WKH URRW RU WKHLU SDUHQW HOHPHQW� ,W QHHGV WR FRQVLGHU WKHLU
UHVSHFWLYH 'R) DQG WKH SDUHQW¶V RULHQWDWLRQV WR FRPSXWH WKHLU RULHQWDWLRQ� )RU H[DPSOH�
WKH WKXPE¶V SUR[LPDO SKDODQ[ KDV WKUHH URWDWLRQV RU 'R)� EHLQJ LWV RULHQWDWLRQ LQ UHODWLRQ
WR WKH SDOP JLYHQ E\

7p = 7tp,15tp,15tp,25tp,3

:KHUH Ttp,1 LV WKH WKXPE WUDQVODWLRQ LQ UHODWLRQ WR WKH SDOP DQGRtp,1� L  >�� �� �@ DUH WKH UR�
WDWLRQV� 5HO\LQJ RQ KLHUDUFKLFDOO\ RUJDQL]HG ERQHV� LW LV SRVVLEOH WR HPSOR\ WKLV PHWKRGRO�
RJ\ LQ DQLPDWLRQ� 2QH DQLPDWLRQ H[DPSOH LV 6NHOHWRQ DQLPDWLRQ RU ERQH�EDVHG DQLPDWLRQ
WR DQLPDWH WKH LQWHUFRQQHFWHG ERQHV WKDW FRPSRVH D KXPDQRLG �' PRGHO DQG� WKHUHIRUH�
WKH VXUIDFH UHSUHVHQWDWLRQ XVHG WR GUDZ WKH REMHFW �H�J�� VNLQ� PHVK� FKDUDFWHU�>��@� 7KH
KLHUDUFKLFDO VWUXFWXUH DOVR WDNHV DGYDQWDJH RI VHYHUDO FRQWUROOLQJ WHFKQLTXHV� VXFK DV IRU�
ZDUG NLQHPDWLFV� LQYHUVH NLQHPDWLFV RU NH\IUDPLQJ�

��� 5LJJLQJ

$IWHU WKH VNHOHWRQ GHILQLWLRQ� ULJJLQJ LV WKH QH[W VWDJH LQ DQ DQLPDWRU¶V SLSHOLQH� 5LJJLQJ LV
RQH RI WKH PDLQ VWDJHV RI WKH DQLPDWLRQ SURFHVV DV LW DOORZV IRU WKH DXWRQRPRXV GHILQLWLRQ
RI FRQWUROOHUV DQG PDQLSXODWRUV WKDW DUH ODWHU DWWDFKHG WR HDFK VNHOHWRQ ERG\ SDUW IRU WKH
IXWXUH PDQLSXODWLRQ RI WKH DQLPDWRU� 7KH FRQVWLWXWLRQ RI WKH FRQWUROOHUV FDQ UDQJH IURP

��
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VLPSOH MRLQWV� ORFDWRUV� VHOHFWLRQ KDQGOHV� DQG HYHQ DQ LQGHSHQGHQW JUDSKLFDO XVHU LQWHUIDFH
�*8,� IRU FRQWURO VHOHFWLRQ>�@� 7KH SULPDU\ SXUSRVH RI ULJV LV WR UHGXFH WKH WLPH FRQVXPHG
RQ DQLPDWLRQ E\ DOORZLQJ WKH PDQLSXODWLRQ RI FKDUDFWHUV XVLQJ PDQLSXODWRUV DQG FRQWUROV�
ZKLFK SUHYLRXVO\ ZDV D WHGLRXV PDQXDO SURFHVV� +RZHYHU� FUHDWLQJ D ULJ QHHGV WR FRPSO\
ZLWK VHYHUDO QHHGV DQG SULQFLSOHV UHTXLUHPHQWV WKDW GHSHQG RQ WKH FKDUDFWHU DQG DQLPDWLRQ�
7KH IROORZLQJ FULWHULD DUH VRPH RI WKH PRVW LPSRUWDQW WR IROORZ�

� 0DQLSXODWLQJ WKH DQLPDWLRQ FRQWUROV ZLOO QRW GDPDJH RU FUHDWH DQ XQRUWKRGR[ WUDQV�
IRUPDWLRQ RQ WKH ULJ

� 6LPSOH FRQWURO VWUXFWXUH ZLWK WKH HVVHQWLDO DPRXQW RI FRQWUROOHUV UHTXLUHG IRU WKH
DQLPDWLRQ

� /LJKWZHLJKW DQG HDV\ WR LQWHUDFW ULJ

2QFH WKH ULJJLQJ DUWLVW IROORZV WKHVH JXLGHOLQHV� WKH DQLPDWRU FDQ XVH WKH ULJ WR FUHDWH WKH
FKDUDFWHU¶V PRWLRQ� UHO\LQJ RQ NH\ FRQFHSWV VXFK DV NLQHPDWLFV DQG VNLQQLQJ WR SURGXFH
WKH PRVW UHDOLVWLF RXWFRPH�

.LQHPDWLFV LV D VXEILHOG RI SK\VLFV WKDW GHVFULEHV WKH PRWLRQ RI SRLQWV� REMHFWV�H�J�� ULJLG
ERGLHV RU VNHOHWRQV�� DQG V\VWHPV RI REMHFWV ZLWKRXW FRQVLGHULQJ WKH IRUFHV WKDW GLVWXUE D
VWDWLRQDU\ VWDWH� +RZ FRQWUROV GULYH ERQHV WR PRYH WKH PHVK FDQ DOVR EH GHILQHG� 7KLV
PHFKDQLVP FDQ EH GLYLGHG LQWR WZR� IRUZDUG RU LQYHUVH NLQHPDWLFV� ZKHUH DQ DQLPDWLRQ� LQ
JHQHUDO� ZLOO DOZD\V KDYH WR DSSO\ )RUZDUG .LQHPDWLFV RU�DQG ,QYHUVH .LQHPDWLFV WR WKH
MRLQWV WKDW FRPSRVH DQ RYHUDOO MRLQW FKDLQ� )RUZDUG .LQHPDWLFV� XVXDOO\ D GHIDXOW� DIWHU WKH
MRLQWV DUH FRQQHFWHG RQH DIWHU WKH RWKHU LQ D FKDLQ� DSSOLHV FKDQJHV WR D FKLOG MRLQW EDVHG RQ
WKH URWDWLRQ RI WKH SDUHQW MRLQW EHLQJ WKH HQGSRLQW RI WKH FKDLQ GHWHUPLQHG E\ WKH DQJOHV DQG
WKH UHODWLYH SRVLWLRQV RI HDFK MRLQW WKDW LW FRQWDLQV� &RQYHUVHO\� ,QYHUVH .LQHPDWLFV KDYH DQ
RSSRVLWH YLHZ� DIIHFWLQJ D SDUHQW MRLQW EDVHG RQ D FKLOG MRLQW� 7R DFFRPSOLVK WKLV WDVN� LW LV
QHFHVVDU\ WR JLYH D SRVLWLRQ LQ VSDFH� ZRUN EDFNZDUGV DQG ILQG D SRVVLEOH ZD\ WR RULHQWDWH
WKH MRLQWV VR WKDW WKH HQGSRLQW RI WKH FKDLQ FDQ EH SODFHG DW WKDW SRVLWLRQ� 7KLV NLQHPDWLF
LV KHOSIXO LQ FDVHV ZKHUH D FKDUDFWHU QHHGV WR WRXFK DQ REMHFW LQ D VHOHFWHG SRVLWLRQ�

)LJXUH ���� 2Q WKH OHIW VLGH LV DQ ). KDQG ZKHUH WKH ILQJHU URWDWLRQ GRHV QRW LQIOXHQFH WKH
KDQG DQG DQ ,. VNHOHWRQ ZKHUH WKH WUDQVODWLRQ RI WKH ZULVW� DIIHFWV WKH ZKROH VNHOHWRQ>�@�

��



�� $QLPDWLRQ &RQFHSWV

��� 6NLQQLQJ

:KHQ DWWHPSWLQJ WR SURGXFH UHDOLVWLF RXWFRPHV� D VHW RI ULJLG ERGLHV FRQQHFWHG YLD MRLQWV LV
QRW YLDEOH� 6NLQQLQJ LV D SURFHGXUH WKDW DGGUHVVHV WKLV LVVXH E\ FRPSXWLQJ WKH PRYHPHQW
RI HDFK YHUWH[ WKDW FRQVWLWXWHV WKH VNLQ�PHVK ZKHQ WKH ´VXSSRUWLQJ´ VNHOHWRQ ERQHV PRYH
DERXW WKHLU FRQQHFWLQJ DUWLFXODWLRQV� )RU WKLV SXUSRVH� WKHPRGHOV QHHG WLVVXH GHIRUPDWLRQV
FDSDELOLWLHV VLPLODU WR WKH VNLQ ZKHQ ERG\ DUWLFXODWLRQV FKDQJH WKHLU FRQILJXUDWLRQ�

$W D KLJK OHYHO� VNLQQLQJ DOJRULWKPV FDQ EH GLYLGHG LQWR WZR FDWHJRULHV� 'LUHFW DQG YDUL�
DWLRQDO PHWKRGV� 9DULDWLRQDO PHWKRGV YLHZ WKH WDVN DV DQ RSWLPL]DWLRQ SUREOHP� PLQ�
LPL]LQJ DQ REMHFWLYH IXQFWLRQ� EHLQJ PDLQO\ LWHUDWLYH VROYHUV� 2Q WKH RWKHU KDQG� GL�
UHFW PHWKRGV FRPSXWH WKH GHIRUPDWLRQV XVLQJ FORVHG H[SUHVVLRQV �H�J�� ZLWKRXW QXPHU�
LFDO RSWLPL]DWLRQ�>��@� :KHQ FRPSDULQJ WKHVH PHWKRGV� GLUHFW PHWKRGV DUH SDUWLFXODUO\
DWWUDFWLYH GXH WR WKHLU FDSDELOLW\ WR OHYHUDJH SDUDOOHO FRPSXWLQJ� DOORZLQJ WKHLU XVDJH LQ
UHDO�WLPH DSSOLFDWLRQV DQG *38 LPSOHPHQWDWLRQV� $IWHU WKH VNHOHWRQ ERQHV GHILQLWLRQ DQG
WKHLU UHVSHFWLYH WUDQVIRUPDWLRQ PDWULFHV� LW LV QHFHVVDU\ WR GHILQH WKH ERQHV LQGH[HV WKDW
ZLOO LQIOXHQFH HDFK YHUWH[ ZLWK WKH FRUUHVSRQGLQJ ZHLJKWV WR DSSO\ WKHVH PHWKRGV� 'XH WR
JUDSKLFV KDUGZDUH FRQVLGHUDWLRQV� LW LV FRPPRQ WR XVH DW PRVW IRXU QRQ�]HUR ZHLJKWV IRU
HYHU\ YHUWH[>��@�

)LJXUH ���� 6NLQQLQJ H[DPSOH ZLWK D YLVXDO FRORXU VFKHPH UHSUHVHQWLQJ WKH VHOHFWHG
ERQH¶V LQIOXHQFH RQ WKH PHVK YHUWH[HV� 7KLV LQIOXHQFH FRORXU VFKHPH UDQJHV IURP UHG
�PD[LPXP� WR JUHHQ �PLQLPXP��

$V SUHYLRXVO\ GHVFULEHG� ERQH WUDQVIRUPDWLRQV GHVFULEH WKH FKDQJHV WR D UHVWLQJ SRVH �H�J��
7�3RVH RU $�3RVH�� 0RUH VSHFLILFDOO\� WKH VNHOHWRQ WUDQVIRUPDWLRQV UHSUHVHQW WKH URWDWLRQV
RQ WKH DUWLFXODWLRQ MRLQWV DQG� LI QHFHVVDU\� RWKHU DIILQH WUDQVIRUPDWLRQV� 7KH VLPSOHVW IRUP
WR DSSO\ WKH VNHOHWRQ WUDQVIRUPDWLRQV WR WKH PHVK LV XVLQJ WKH ´/LQHDU %OHQGLQJ 6NLQQLQJ´
PHWKRG� 7KLV W\SH RI VNLQQLQJ QHHGV WKH IROORZLQJ LQSXWV>��@�

� 5HVW SRVH VKDSH� W\SLFDOO\ UHSUHVHQWHG DV D SRO\JRQ PHVK� DVVXPLQJ WKH PHVK FRQ�
QHFWLYLW\ LV FRQVWDQW�RQO\ YHUWH[ SRVLWLRQV FKDQJH GXULQJ GHIRUPDWLRQV�� WKH UHVW�
SRVH YHUWLFHV DUH v1,...,vn ∈ R3

��
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� %RQH WUDQVIRUPDWLRQV� 8VLQJ PDWULFHV T1,..., Tm ∈ R3x4 WR UHSUHVHQW VSDWLDO WUDQV�
IRUPDWLRQV DOLJQLQJ WKH UHVW SRVH ZLWK LWV FXUUHQW SRVH� WKH LQSXW WKDW YDULHV GXULQJ
WKH DQLPDWLRQ�

� 6NLQQLQJ ZHLJKWV� )RU D YHUWH[ vi� WKH ZHLJKWV wi,1� ���� wi,m ∈ R� (DFK ZHLJKW wi,j

GHVFULEHV WKH DPRXQW RI ERQH M RQ YHUWH[ L� $ FRPPRQ UHTXLUHPHQW LV WKDW wi,1 ! �
DQG wi,1 � ��� � wi,m  �

8VLQJ WKHVH SDUDPHWHUV� OLQHDU EOHQG VNLQQLQJ REWDLQV WKH GHIRUPHG YHUWH[ SRVLWLRQV v�i
ZLWK WKH IROORZLQJ HTXDWLRQ

Y′i =
m∑

j=1

wi,j7jYi = (
m∑

j=1

wi,j7j)vi

6NLQQLQJ LV DQ RQJRLQJ ILHOG RI UHVHDUFK LQ ZKLFK /LQHDU EOHQG VNLQQLQJ LV RQO\ RQH RI
PDQ\ DSSURDFKHV WR WKLV FRPSOH[ PDWKHPDWLFDO SUREOHP� 7R DGGUHVV WKLV LVVXH LQ WKLV
GLVVHUWDWLRQ� WKH VROXWLRQ WKDW KDV EHHQ IRXQG LV WR HPSOR\ VHFRQGDU\ VRIWZDUH IURP $X�
WRGHVN WKDW HPSOR\V VHYHUDO RI WKH VWDWH�RI�WKH�DUW WHFKQLTXHV WKDW FDQ EH IRXQG LQ WKH
UHIHUHQFHV>��� ��@�

��� .H\IUDPLQJ EDVHG $QLPDWLRQ

:KHQ WKH DQLPDWLRQ SOD\V� WKH YLHZHU FDQQRW GLVWLQJXLVK EHWZHHQ SLFWXUHV RU IUDPHV� VHH�
LQJ D VLQJOH SLFWXUH DQG FUHDWLQJ WKH LOOXVLRQ RI FRQWLQXRXV PRWLRQ� 7UDGLWLRQDOO\� WKH
DQLPDWRUV ZRXOG GUDZ RU SDLQW LQGLYLGXDO SLFWXUHV IRU WKH PRVW LPSRUWDQW DFWLRQV LQ D
VHTXHQFH ZKHUH WKH DFWLRQ EHWZHHQ WKHVH NH\ SRLQWV ZRXOG EH ILOOHG ZLWK RWKHU SLFWXUHV
ZKHUH WKLV SURFHVV RI ILOOLQJ FDQ EH UHIHUUHG WR DV LQ�EHWZHHQLQJ RU WZHHQLQJ>�@� +RZHYHU�
LQFUHDVLQJO\ GHPDQGLQJ UHDOLVWLF DQLPDWLRQV GR QRW DOORZ DQLPDWRUV WR SHUIRUP WKLV WDVN
PDQXDOO\ GXH WR WLPH DQG FRPSOH[LW\ FRQVWUDLQWV� 1RZDGD\V� OHYHUDJLQJ WKH LQFUHDVLQJ
FRPSXWDWLRQDO ORDG� FRPSXWHU�JHQHUDWHG WHFKQLTXHV VXFK DV NH\IUDPLQJ RU 0RWLRQ &DS�
WXUH DUH SUHIHUUHG VLQFH WKH\ FDQ SHUIRUP WKLV WDVN LQ D IUDFWLRQ RI WKH WLPH DQG FRPSOH[LW\�

.H\IUDPLQJ LV DQ DQLPDWLRQ WHFKQLTXH WKDW XVHV HVVHQWLDO IUDPHV RU NH\IUDPHV WR GHILQH
DQ DFWLRQ¶V VWDUW DQG HQG SRLQW� OHWWLQJ VRIWZDUH SHUIRUP WKH WDVN RI LQWHUSRODWLQJ EHWZHHQ
WKHVH IUDPHV� 7KLV W\SH RI DQLPDWLRQ LV DQ LPSURYHPHQW FRPSDUHG WR SUHYLRXV WHFKQLTXHV
VLQFH LW IDFLOLWDWHV WKH DQLPDWRU¶V ZRUN DQG DOORZV IRU WKH HFRQRPLF PDQDJHPHQW RI GDWD
VLQFH LW LV QRW QHFHVVDU\ WR VWRUH HYHU\ IUDPH WR GHILQH DQ DQLPDWLRQ� $SDUW IURP WKLV� ZKHQ
SHUIRUPLQJ WKH FRPSXWDWLRQDO WDVN RI GHIRUPDWLRQ RI WKH PHVK�VNLQ JLYHQ WKH VNHOHWRQ
FRQILJXUDWLRQ �VNLQQLQJ�� ZKHQ LW FRPHV WR UHDOLVWLF PRYHPHQWV� LW LV KDUG WR GHILQH WKHP
XVLQJ H[SOLFLW SDUDPHWULF HTXDWLRQV�

��



�� $QLPDWLRQ &RQFHSWV

)LJXUH ���� $GDSWHG LOOXVWUDWLRQ ZLWK DQ DQLPDWLRQ XVLQJ WZR NH\IUDPHV DW WKH VWDUW �$�
DQG HQG �&�� :KHUH WKH IUDPHV LQ EHWZHHQ �%� ZHUH FRPSXWHU�JHQHUDWHG>��@�

.H\IUDPLQJ DQG 0RWLRQ &DSWXUH EDVHG DQLPDWLRQ DUH DQ DOWHUQDWLYH WR GHILQLQJ WKH ´NH\´
FRQILJXUDWLRQV RI WKH VNHOHWRQ ZLWK DQ DVVRFLDWHG WLPHVWDPS� :KHQ SHUIRUPLQJ NH\IUDP�
LQJ LQWHUSRODWLRQ RQ DQLPDWLRQ� LW LV QHFHVVDU\ WR LGHQWLI\ WKH IROORZLQJ IDFWRUV�

� 1XPEHU RI .H\IUDPHV RQ WKH DQLPDWLRQ� 1
� $QLPDWLRQ¶V 6WDUWLQJ LQVWDQW� t0
� 'XUDWLRQ RI WKH $QLPDWLRQ� 7

:LWK WKHVH IDFWRUV� LW LV QHFHVVDU\ WR FRPSXWH WKH IUDFWLRQ RI WLPH WKDW H[FHHGV DQ LQWHJHU
QXPEHU RI FRPSOHWH VHTXHQFHV� IRU H[DPSOH XVLQJ D IORRU IXQFWLRQ DV IROORZV

tf = t− t0 − [
t− t0
T

]T

:LWK WKLV YDULDEOH� WKH LQWHUSRODWLRQ IDFWRU EHWZHHQ WKH NH\IUDPHV N DQG N�� FDQ EH GHWHU�
PLQHG E\

δ =
tf − tk
tk+1 − tk

$IWHUZDUGV LW LV SRVVLEOH WR FRPSXWH WKH LQWHUSRODWHG WUDQVIRUPDWLRQ RI WZR WUDQVODWLRQV
DQG�RU VFDOH WUDQVIRUPDWLRQV DV

7i = 7k + δ(7k+1 − 7k)

+RZHYHU� WKLV PHWKRG FDQ QRW EH DSSOLHG WR URWDWLRQ PDWULFHV VLQFH LW ZRXOG QRW UHSUH�
VHQW D URWDWLRQ� $Q LQWHUSRODWLRQ PHWKRG EHWZHHQ WZR �' URWDWLRQV LV 6/(53�6SKHULFDO
/LQHDU ,QWHUSRODWLRQ�� LQWURGXFHG E\ .HQ 6KRHPDNH LQ ����� 7KH PDLQ DGYDQWDJH RI WKLV
DSSURDFK LV WKH XVDJH RI TXDWHUQLRQV� )RU H[DPSOH� D �[� PDWUL[ FRQWDLQV � 'R)� UHTXLULQJ

��
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� FRQVWUDLQWV WR UHSUHVHQW URWDWLRQV� 2Q WKH RWKHU KDQG� TXDWHUQLRQV RQO\ QHHG � 'R) DQG
WKHUHIRUH UHTXLUH RQO\ RQH FRQVWUDLQW WR UHSUHVHQW URWDWLRQV>��@�

5HO\LQJ RQ WKLV SULQFLSOH� LW LV QHFHVVDU\ WR XVH WKH TXDWHUQLRQV qk, qk+1 WR UHSUHVHQW LQLWLDO
DQG ILQDO RULHQWDWLRQV DQG VSKHULFDO OLQHDU LQWHUSRODWLRQ �6/(53�� GHILQHG DV

slerp(qk,qk+1,t) = qk(q
−1
k qk+1)

t

RU
slerp(qk,qk+1,t) =

sin((1− t)θ)

sin(θ)
qk +

sin(tθ)

sin(θ)
qk+1

$VVXPLQJ WKH DQJOH EHWZHHQ WKH TXDWHUQLRQV θ, cos(θ) = qk · qk+1�

��� 0RWLRQ &DSWXUH

$QRWKHU IRUP RI VNHOHWRQ DQLPDWLRQ WKDW FRQFHUQV WKLV GLVVHUWDWLRQ LV 0RWLRQ &DSWXUH� 8V�
LQJ WKH FRQFHSW PHQWLRQHG SUHYLRXVO\� WKLV W\SH RI DQLPDWLRQ LV D PHWKRG WKDW FDSWXUHV WKH
PRYHPHQWV RI REMHFWV LQ WKH UHDO ZRUOG DQG WKHQ LQVHUWV WKH FDSWXUHG PRYHPHQW GDWD LQ
D WULGLPHQVLRQDO PRGHO WKDW� LQ VRPH FDVHV� LV LQ D 9LUWXDO (QYLURQPHQW>��@� FRPPRQO\
XVHG LQ JDPLQJ RU PRYLHV LQGXVWULHV� 0R&DS LV ZLGHO\ XVHG LQ DOO W\SHV RI ILHOGV LQYROY�
LQJ UHDOLVWLF DQG SUHFLVH PRYHPHQW� ZKHWKHU LQ VSRUWV ZKHQ DVVHVVLQJ WKH SHUIRUPDQFH RI
DWKOHWHV>��@ RU LQ DQLPDWLRQ� $Q H[DPSOH RI WKH 0R&DS DSSOLFDWLRQ LQ WKH JDPLQJ DQG
PRYLH LQGXVWU\ LV WKH /RUG RI WKH 5LQJV� 7KH 5HWXUQ RI WKH .LQJ>��@� ZKLFK XVHG PRFDS
V\VWHPV WKDW UHO\ RQ RSWLFDO PRWLRQ FDSWXUH ZLWK SDVVLYH PDUNHUV WR SURYLGH WKH DQLPDWLRQV
IRU WKH PRYLH� 2QH RI WKH PDLQ UHTXLUHPHQWV IRU WKH JDPH YHUVLRQ ZDV WKH V\QFKURQL]D�
WLRQ EHWZHHQ WKH RULJLQDO DQLPDWLRQV IURP WKH ILOPV DQG WKH JDPH¶V DQLPDWLRQ RQ LQWHQVH
VFHQHV VXFK DV FRPEDW VFHQHV� 7KH IDFW WKDW WKH DQLPDWLRQV ZHUH PDGH XVLQJ PRWLRQ FDS�
WXUH VDYHG FRXQWOHVV KRXUV IRU WKH SURGXFWLRQ FUHZ VLQFH WKH DQLPDWLRQV SURGXFHG E\ WKH
PRWLRQ FDSWXUH ZHUH QRW RQO\ XVHG LQ WKH ILOP EXW FRXOG EH WUDQVIHUUHG WR WKH FKDUDFWHUV LQ
WKH YLGHR JDPH�

)LJXUH ���� ([DPSOHV RI 0R&DS DSSOLFDWLRQ LQ WKH PRYLH DQG JDPLQJ LQGXVWU\�
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:LWK WKH QHHG WR UHSUHVHQW FRPSOH[ DQLPDWLRQV DQG UHGXFH DQLPDWLRQ WLPH FRQVXPHG� 0D[
)OHLVFKHU ���� LQYHQWHG 0RWLRQ &DSWXUH XVLQJ URWRVFRSLQJ WR DGGUHVV WKHVH QHHGV� 5RWR�
VFRSLQJ ZDV DPDQXDO PHWKRGZKLFK DOORZHG WKH DQLPDWRU WR WUDFH HYHU\ VLQJOH IUDPH IURP
OLYH�DFWLRQ IRRWDJH WR FUHDWH PRYLQJ LPDJHV LQ WKH VW\OH RI FDUWRRQ DQLPDWLRQ>��@� 1RZD�
GD\V� URWRVFRSLQJ HPSOR\V D GLJLWDO FDPHUD WR FDSWXUH OLYH DFWLRQ DQG FRPSXWHUV WR WUDFH
WKH IRRWDJH� WKHVH DFFRPSOLVKHG XVLQJ �' LPDJH SURFHVVLQJ DQG GUDZLQJ WRRO� 7KH ILUVW
DWWHPSW DW FUHDWLQJ0R&DS V\VWHPV ZDV PHFKDQLFDO V\VWHPV ZHUH WKH ILUVW DWWHPSW� XVXDOO\
GHVFULEHG DV SURYLGLQJ OLPLWHG IUHHGRP IRU PRYHPHQW GXH WR D KLJK DPRXQW RI FDEOHV DQG
SURKLELWLYH VXLWV� GDPDJLQJ WKH FDSDELOLW\ RI SURGXFLQJ FRPSOLFDWHG DFWLRQV� (YHQWXDOO\�
D EURDG VSHFWUXP RI 0R&DS WHFKQRORJLHV HPHUJHG ZLWK HQJLQHHULQJ LQQRYDWLRQ� UDQJLQJ
IURP PHFKDQLFDO� DFRXVWLFDO� PDJQHWLF� DQG RSWLFDO� DV WKH ODWWHU FDQ EH VXEGLYLGHG LQWR
PDUNHU RU PDUNHUOHVV V\VWHPV�

)LJXUH ���� $ GLDJUDP H[KLELWLQJ DOO W\SHV RI PRWLRQ FDSWXUHV V\VWHPV DV WKHVH GLIIHU IURP
WKH GHVLJQ WR WKH FRUH RI WKH IXQFWLRQDOLW\ LWVHOI�

����� &KRLFH RI 0RWLRQ &DSWXUH 7HFKQRORJ\

$V SUHVHQWHG DERYH� PDQ\ WHFKQRORJLHV DUH DYDLODEOH WR FDSWXUH WKH PRYHPHQWV WKDW GHILQH
D VSHFLILF H[HUFLVH� 7KH DGYDQWDJHV DQG GLVDGYDQWDJHV RI HDFK RI WKHVH WHFKQRORJLHV ZLOO
EH EULHIO\ LQWURGXFHG WR MXVWLI\ WKH FKRLFH�

0HFKDQLFDO RU DFWLYH WDJJLQJ V\VWHPV XVH SRWHQWLRPHWHUV DQG VOLGHUV RQ WKH GHVLUHG DUWLFX�
ODWLRQV� HQDEOLQJ WKH H[KLELWLRQ RI WKH SRVLWLRQ� 7KH DGYDQWDJHV RI WKLV DSSURDFK DUH HDVLO\
DGDSWDELOLW\ WR VWRS�PRWLRQ� GXH WR WKH VLPLODULW\ RI IXQFWLRQDOLW\ DQG DUH XQDIIHFWHG E\

�6WRS 0RWLRQ RU IUDPH�E\�IUDPH LV DQ DQLPDWLRQ WHFKQLTXH WKDW XVHV D FDPHUD RU FRPSXWHU WR FDSWXUH WKH
PRYHPHQW RI SK\VLFDO HQWLWLHV� ,W ZRUNV WKH VDPH ZD\ DV JUDSKLF DQLPDWLRQ� VKRZLQJ IUDPHV DQG ZDLWLQJ
IRU WKH YLHZHU¶V EUDLQ WR GR WKH LQWHUSRODWLRQ� 7KH PRGHOV DUH PRYHG DQG SKRWRJUDSKHG IUDPH E\ IUDPH�
7KHVH IUDPHV DUH ODWHU PRXQWHG RQ D ILOP� FUHDWLQJ WKH LPSUHVVLRQ RI PRYHPHQW�

��
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PDJQHWLF ILHOGV RU XQZDQWHG UHIOHFWLRQV� OHDGLQJ WR D VKRUW UHFDOLEUDWLRQ SURFHVV� 'LVDG�
YDQWDJHV LQFOXGH UHVWULFWLRQV RQ DFWLRQV GXH WR WKH XVDJH RI FDEOHV DQG SURKLELWLYH VXLWV�
LQDELOLW\ WR GHDO ZLWK VLPSOH PRWLRQV�H�J�� MXPSLQJ� VLQFH WKH WHFKQRORJ\ KDV QR VHQVH RI
JURXQG DQG UHFXUUHQW QHHG IRU UHFDOLEUDWLRQ>��@�

$QRWKHU PDUNHU�EDVHG PRWLRQ WHFKQRORJ\ LV DFRXVWLFDO V\VWHPV EDVHG RQ D VHW RI VRXQG
WUDQVPLWWHUV RU HPLWWHUV SODFHG RQ DFWRUV¶ PDLQ DUWLFXODWLRQV ZLWK UHFHSWRUV SRVLWLRQHG RQ
VWUDWHJLF SRLQWV LQ WKH FDSWXUH URRP>��@� (PLWWHUV SURYLGH VHWV RI IUHTXHQFLHV VHTXHQWLDOO\
WR WKH UHFHSWRUV DQG� XVLQJ WKH YHORFLW\ RI WUDQVPLVVLRQ RI VRXQG DQG WULDQJXODWLRQ PHWK�
RGV EHWZHHQ HPLWWHUV DQG HDFK UHFHSWRU� FRPSXWH �' SRVLWLRQV� :LWK WKLV IXQFWLRQDOLW\� WKH
V\VWHP RIIHUV UHVLOLHQFH WR RFFOXVLRQV RU LQWHUDFWLRQV ZLWK PHWDOOLF REMHFWV� ZKLFK DIIHFW
VLJQLILFDQW RWKHU W\SHV RI FDSWXULQJ� 1HYHUWKHOHVV� WKH V\VWHP KDV GUDZEDFNV DVVRFLDWHG
ZLWK PLVVLQJ GDWD GHVFULSWLRQ LQ VSHFLILF LQVWDQWV GXH WR VHTXHQWLDO ILULQJ>��@� OLPLWDWLRQ RQ
WKH QXPEHU RI WUDQVPLWWHUV GDPDJLQJ WKH TXDOLW\ RI DQLPDWLRQ� DQG UHVWULFWLRQV RQ PRYH�
PHQW FDXVHG E\ FDEOH XVDJH WKDW FRQQHFWV WKH DFWRU¶V DUWLFXODWLRQV UHFHSWRUV WR WKH DQWHQQD
RI WKH V\VWHP DQG ODFN RI UREXVWQHVV GHDOLQJ ZLWK VRXQG LQWHUIHUHQFHV QDPHO\ H[WHUQDO
QRLVH�

0DJQHWLF V\VWHPV HPSOR\ D VHW RI UHFHSWRUV RQ DFWRUV¶ DUWLFXODWLRQV WR PHDVXUH SRVLWLRQ
DQG URWDWLRQ UHODWLYH WR DQ DQWHQQD� &RPSDUHG WR RWKHU V\VWHPV� WKH DFTXLVLWLRQ DQG SUR�
FHVVLQJ RI GDWD DUH SHUIRUPHG ZLWK KLJK SUHFLVLRQ>��@� EHLQJ XVHIXO IRU FKDUDFWHULVLQJ VLP�
SOH PRWLRQV� :HDNQHVVHV RI WKLV SURFHGXUH DUH WKH QHFHVVLW\ RI D VLJQLILFDQW DPRXQW RI
FDEOHV FRQQHFWLQJ WR WKH DQWHQQD DQG WKH KLJK VHQVLWLYLW\ WR PDJQHWLF RFFXUUHQFHV�H�J��
PDJQHWLF ILHOGV� RU HYHQ WKH VWUXFWXUH RI EXLOGLQJV� 2QH H[DPSOH RI WKLV WHFKQRORJ\ LV
WKH 3ROKHPXV /LEHUW\ PRWLRQ WUDFNLQJ>��@� 3ROKHPXV XVHV D FXEH ZLWK WKUHH RUWKRJRQDO
FRLOV WR HDFK RWKHU� ZKHUH HDFK UHSUHVHQWV D FRRUGLQDWH D[LV �H�J�� [� \ DQG ]� JHQHUDWLQJ D
PDJQHWLF ILHOG� 7KH DFWRU RU REMHFW KDV XS WR �� +DOO VHQVRUV WKDW PHDVXUH WKH LQWHQVLW\ RI
WKH PDJQHWLF ILHOG� %\ PRYLQJ WKHVH� LW LV SRVVLEOH WR PHDVXUH WKH PDJQHWLF ILHOG YDULDWLRQ
DQG WKHUHIRUH FRPSXWH WKH SRVLWLRQ DQG RULHQWDWLRQ RI HDFK VHQVRU�

2SWLFDO FDSWXUH GLIIHUV IURP WKH RWKHUV VLQFH LW FDQ EH GLYLGHG LQWR PDUNHUOHVV DQG PDUNHU�
EDVHG DQG WKH ODWWHU LQWR SDVVLYH RU DFWLYH PDUNHUV� :KHQ V\VWHPV UHO\ RQ WKH PDUNHUOHVV
RSWLFDO VROXWLRQ WR SUHGLFW �' KXPDQ MRLQWV FRRUGLQDWHV� LW LV LPSRUWDQW WR VWDWH WKDW SK\V�
LFDO OLPLWDWLRQV DUH PLQLPDO JLYHQ WKDW WKH DFWRU GRHV QRW QHHG WR ZHDU DQ\ HTXLSPHQW
EHLQJ WKH FDSWXULQJ HVWDEOLVKHG E\ QRYHO FRPSXWHU YLVLRQ WHFKQLTXHV WKDW KDYH EHHQ UHYR�
OXWLRQL]HG RYHU WKH \HDUV E\ PDFKLQH OHDUQLQJ DOJRULWKPV>��� ��� �� ��@� 7KH GRZQVLGH RI
WKLV PHWKRG LV WKH QHHG IRU PXOWLSOH H[SHQVLYH 5*%�'HSWK FDPHUDV VWUDWHJLFDOO\ SODFHG
WR VXSSO\ PXOWLSOH SHUVSHFWLYHV RI WKH DFWRU DQG� LQ WKLV PDQQHU� DYRLG RFFOXVLRQV RI ERG\
SDUWV ZKLFK IUHTXHQWO\ RFFXU LQ FRPSOH[ DQLPDWLRQV�

$V GHVFULEHG DERYH� PDUNHU�EDVHG RSWLFDO FDSWXUH FDQ EH GLYLGHG LQWR SDVVLYH DQG DFWLYH
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PDUNHUV� 3DVVLYH PDUNHUV XVXDOO\ DUH SODFHG LQ D 0R&DS VXLW RQ WKH PDLQ DUWLFXODWLRQV�
FDSWXUHG E\ KLJK�UHVROXWLRQ FDPHUDV SRVLWLRQHG DFURVV WKH FDSWXULQJ DUHD� %HIRUH WKH DF�
WRU FDQ SHUIRUP WKH PRYHPHQW� WKHUH LV D QHHG IRU D FDOLEUDWLRQ SKDVH IRU XQUHODWHG RE�
MHFW DYRLGDQFH SXUSRVHV� ZKHUH WKH DFWRU SHUIRUPV RQH UHIHUHQFH SRVH WR WKH V\VWHP�H�J��
7�3RVH RU $�3RVH�� 7KLV UHIHUHQFH SRVH DOORZV WKH V\VWHP WR HPLW WKH ,5 UD\V VHTXHQ�
WLDOO\ IURP HDFK FDPHUD WR UHIOHFW RQ WKH PDUNHUV� DOORZLQJ WKH V\VWHP WR V\QFKURQL]H WKH
FDSWXUH VR LW FDQ SHUIRUP EHWWHU� $IWHU WKH FDOLEUDWLRQ SKDVH� HDFK FDPHUD HPLWV WKH ,5
UD\V VHTXHQWLDOO\ RQWR WKH PDUNHUV WR VXSSO\ WKH V\VWHP ZLWK D �' SHUVSHFWLYH RI HDFK
UHIOHFWRU�PDUNHU DQG ZLWK WKH SHUVSHFWLYH RI DW OHDVW RQH PRUH FDPHUD� SUHFLVH UHIOHFWRU
�' FRRUGLQDWHV JHQHUDWHG ZLWK WULDQJXODWLRQ WHFKQLTXHV EDVHG RQ QRYHO FRPSXWHU YLVLRQ
PHWKRGV� 2QH IDFWRU LQIOXHQFLQJ WKH V\VWHP¶V SHUIRUPDQFH LV WKH GXUDWLRQ EHWZHHQ WKH
HPLVVLRQ RI WKH ,5 UD\V IURP GLIIHUHQW FDPHUDV� ZKHUH WKH ORQJHU GXUDWLRQ ZRUVHQV WKH
V\VWHP¶V SHUIRUPDQFH� :KHQ D PDUNHU LV RFFOXGHG WR PXOWLSOH FDPHUDV� WKH V\VWHP KDV WR
HVWLPDWH WKH PDUNHU¶V ORFDWLRQ IURP WKH SHUVSHFWLYH RI WKH RFFOXGHG FDPHUDV�

$IWHU WKLV V\VWHP¶V HVWLPDWLRQ� WKHUH ZLOO EH VHYHUDO SRVVLEOH SRVLWLRQV WKDW WKH PDUNHU FDQ
EH� 7KHVH DUH GLVFDUGHG EDVHG RQ WKH YDOLGDWLRQ RI RWKHU FDPHUDV WKDW FDQ VHH WKH PDUNHU�
2WKHUZLVH� WKH PDUNHU ZLOO QHYHU EH GHILQHG� $FWLYH PDUNHUV� RQ WKH RWKHU KDQG� XWLOL]H
,QYHUVH 6TXDUH /DZ� /LJKW (PLWWLQJ 'LRGH�/('� LQVWHDG RI PDUNHUV WKDW XVXDOO\ DUH LGHQ�
WLILHG EHIRUHKDQG� HPLWWLQJ WKHLU OLJKW SRZHUHG E\ VPDOO EDWWHULHV>��@� 7KH GLVDGYDQWDJHV
RI WKHVH WHFKQLTXHV DUH GLIILFXOWLHV ZLWK RFFOXVLRQV RI PDUNHUV OHDGLQJ WR PDUNHU VZDS�
SLQJ� SUREOHPV RI DPELJXLW\ VLQFH WKH V\VWHP UHOLHV RQ D UHIHUHQFH SRVH WR VWDUW WKH SUHFLVH
WUDFNLQJ RI WKH PDUNHUV DQG GHSHQGHQF\ IRU WKH LQWHQGHG XVDJH RI WKH PRWLRQ FDSWXUH GDWD
IRU H[DPSOH� UDSLG PRYHPHQWV QHHG PRUH IUDPHV SHU XQLW RI WLPH DQG WKHUHIRUH PRUH VDP�
SOLQJ IURP WKH V\VWHP�

)LJXUH ���� 7ULDO DQG HUURU DSSURDFK WR HVWLPDWH DQG YDOLGDWH WKH PDUNHU¶V SRVLWLRQ�

:LWK WKH SUHVHQWHG LQIRUPDWLRQ� RQH ZRXOG LQFOLQH WR VHOHFW WKH PDUNHUOHVV V\VWHP DV WKH
EHVW RQH GXH WR WKH LPSURYHPHQW RYHU WLPH ZLWK WKH DGYDQFHV LQ WKHLU NH\ SRLQWV DFTXL�

�3K\VLFV IRUPXOD WKDW GHVFULEHV WKH LQWHQVLW\ RI WKH OLJKW WR DQ REVHUYHU IURP WKH VRXUFH DV LQYHUVHO\
SURSRUWLRQDO WR WKH VTXDUH RI WKH GLVWDQFH IURP WKH REVHUYHU WR WKH VRXUFH
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VLWLRQ XVLQJ 0DFKLQH /HDUQLQJ WHFKQRORJ\� +RZHYHU� WKHVH V\VWHPV GR QRW SURYLGH D
FULWLFDO SRLQW HVWLPDWLRQ FRPSDUHG WR WKH VWDQGDUG PDUNHU�EDVHG V\VWHP LQ WHUPV RI SHU�
IRUPDQFH DQG SUHFLVLRQ� 7KH PDLQ UHDVRQ EHKLQG WKLV LV WKDW PDUNHU�EDVHG V\VWHPV KDYH
PRUH VWUDLJKWIRUZDUG SURFHVVLQJ� ZKLFK OHDGV WRPRUH DSSURSULDWH UDWHV RI DFTXLVLWLRQ IURP
WKH FDPHUDV� ZKHUH HDFK RI WKHVH FDQ EH WKH PRVW SUHFLVH FDPHUD LQ WKH PDUNHW� 2QH H[�
DPSOH LV WKH FDPHUDV SURGXFHG E\ 4XDOLV\V IRU PDUNHU�EDVHG RSWLFDO PRWLRQ FDSWXUH WKDW
FDQ IXQFWLRQ DW ���� IUDPHV SHU VHFRQG ZLWK D ���� PP SUHFLVLRQ� )XUWKHUPRUH� WKH V\V�
WHP FDQ RYHUFRPH RFFOXVLRQ SUREOHPV E\ DGGLQJ PRUH FDPHUDV WR PRUH SUHFLVHO\ YDOLGDWH
WKH PDUNHU¶V SRVLWLRQ DQG PDUNHUV WR IRUP WKH PDUNHU VHW VLQFH WKHVH DUH SODFHG LQ D ZHOO�
GHILQHG SRVLWLRQ LQ WKH 0R&DS VXLW� 7KH UHODWLRQVKLS EHWZHHQ PDUNHUV DOORZV WKH V\VWHP
WR WUDFN DQG� LI PLVVLQJ� HVWLPDWH WKH SRVLWLRQ RI WKH PLVVLQJ PDUNHUV EDVHG RQ WKHVH� 7KHVH
DGGLWLRQV FDQ FRQWULEXWH WR D KLJKHU SURFHVVLQJ WLPH IRU WKH &38 GXULQJ WUDFNLQJ>��@� 5H�
JDUGOHVV RI WKHVH IDFWRUV� WKLV WHFKQRORJ\ KDG WKH PRVW DGYDQFHV RYHU WKH \HDUV LQ PRWLRQ
FDSWXUH>��� ��� ��� ��@� UHDFKLQJ KLJK OHYHOV RI VDPSOLQJ UDWH� ZKLFK HQDEOH WKH FDSWXUH
RI IDVW PRYHPHQWV VXFK DV PDUWLDO DUWV DQG DFUREDWLFV>��@� $OVR� ZLWK WKH VXSSRUW RI ,65�
LW ZDV SRVVLEOH WR DFFHVV DQ RSWLFDO FDSWXUH URRP HTXLSSHG ZLWK �� ,5�,QIUDUHG� FDPHUDV
WKDW SXOVDWH ,QIUDUHG UD\V WKDW UHIOHFW RQ WKH SDVVLYH PDUNHUV SUHVHQW RQ WKH 0R&DS VXLW�

)LJXUH ���� 7KH ,65 RSWLFDO PRWLRQ FDSWXUH URRP OD\RXW ZLWK WHQ FDPHUDV WKDW HPLW ,5
UD\V UHIOHFWHG RQ WKH 0R&DS VXLW ZLWK WKH SDVVLYH PDUNHUV WR PRGXOH WKH PRWLRQ�

��� 5HWDUJHWWLQJ

2QH FRPPRQ SUREOHP ZKHQ GHDOLQJ ZLWK DQLPDWLRQV IURP VHYHUDO VRXUFHV LV WKH H[LVWHQFH
RI GLYHUVH VFDOHV DQG FRQILJXUDWLRQV RI VNHOHWRQV GXH WR DSSOLFDWLRQ FRQILJXUDWLRQV RU RE�
MHFWLYHV RI WKH DQLPDWLRQV� (VSHFLDOO\ ZKHQPRWLRQ FDSWXUH GDWD LV SUHVHQW LQ WKH DQLPDWLRQ
SLSHOLQH VLQFH RQH RI WKLV WHFKQRORJ\¶V PDLQ JRDOV LV WR UHXVH WKH LQIRUPDWLRQ WR IDFLOLWDWH
GHYHORSPHQW VXFK DV YLGHR JDPH GHYHORSPHQW DQG DQLPDWLRQ SURGXFWLRQ� :HLGRQJ *HQJ
HW DO� *LQR <X SURYLGH DQ RYHUYLHZ RI WKH YDULRXV WDVNV DQG WHFKQLTXHV LQYROYHG LQ WKH
UHXVH RI 0RWLRQ &DSWXUH GDWD>��@� SURYLGLQJ LQVLJKW LQWR WKH SURFHGXUHV HPSOR\HG LQ 0R�
WLRQ%XLOGHU WR VROYH WKLV SUREOHP� +RZHYHU� WKH SUREOHP RI DGDSWLQJ WKH PRWLRQ RI RQH
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DUWLFXODWHG ILJXUH WR DQRWKHU ZLWK DQ LGHQWLFDO VWUXFWXUH EXW GLIIHUHQW VHJPHQW OHQJWKV FDQ
EH VROYHG XVLQJ UHWDUJHWLQJ>��@� $Q H[DPSOH FDQ EH WKH WUDQVIHU RI DQ DQLPDWLRQ PDGH
E\ D VPDOO FKLOG WR D VNHOHWRQ RI D WDOO DGXOW� GLIIHUHQW LQ ERQH OHQJWK EXW ZLWK DQ LGHQWL�
FDO VWUXFWXUH� $SSO\LQJ WKH PRWLRQ WR WKH ODWWHU LV QRW D WULYLDO LVVXH� UHTXLULQJ DGDSWDWLRQ�
7KH DGDSWDWLRQ DSSURDFK PXVW FKDUDFWHUL]H DQ DFWLYLW\ E\ UHWDLQLQJ KLJK�TXDOLW\ SURSHU�
WLHV XVLQJ PDWKHPDWLFDO PHWKRGV WKDW WKH V\VWHP FDQ HIILFLHQWO\ FRPSXWH� +LJK�TXDOLW\
SURSHUWLHV DUH D YHU\ EURDG WHUP VLQFH WKHVH� LQ FRQMXQFWLRQ� GHILQH DQLPDWLRQ¶V UHDOLVP�
+RZHYHU� WR GHILQH WKHVH LQ D PDWKHPDWLFDO DSSURDFK� LW LV QHFHVVDU\ WR GHILQH WKHP SUH�
FLVHO\ VR WKH VROXWLRQ FDQ DGGUHVV WKHVH� $IWHU DFTXLULQJ WKH UHSUHVHQWDWLYH PRWLRQ GDWD�
ULJJLQJ WKH PRWLRQ� DQG WKH SHUVRQDO WUDLQHU� 0RWLRQ%XLOGHU RIIHUV D VROXWLRQ IRU WKLV UHWDU�
JHWLQJ LVVXH XVLQJ WKHLU SURSULHWDU\ VRIWZDUH WR OLQN WKHVH HQWLWLHV� 7KLV VRIWZDUH FRQVLGHUV
WKH GLIIHUHQW SURSHUWLHV WKDW GHILQH WKH VNHOHWRQV� DOORZLQJ RQH WR PRGHO WKH DFWRU¶V DF�
WLRQ LQ WKH PRVW HIILFLHQW ZD\ SRVVLEOH ZLWKRXW WKH ORVV RI UHDOLVP WKDW RSWLFDO FDSWXULQJ
SURYLGHV�

)LJXUH ���� ([HPSOLILFDWLRQ RI WKH PRWLRQ FDSWXUH VNHOHWRQ UHSUHVHQWHG LQ JUHHQ DQG WKH
�' KXPDQRLG PRGHO� EHLQJ WKH LPDJH RQ WKH OHIW VLGH EHIRUH UHWDUJHWLQJ DQG RQ WKH ULJKW
VLGH DIWHU UHWDUJHWLQJ�

��� (GLWLQJ DQG ([SRUWLQJ $QLPDWLRQ

$IWHU UHWDUJHWLQJ DQGZLWK WKH DQLPDWLRQ LQFRUSRUDWHG LQWR WKH DYDWDU� HGLWLQJ DQLPDWLRQ LV D
FULWLFDO VWHS LQ WKH DQLPDWLRQ SLSHOLQH VLQFH WKH REMHFWLYH RI WKH GLUHFWLRQ DQG WKH DQLPDWLRQ
PLJKW GLIIHU IURP WKH ILQDO SURGXFW WKDW WKH XVHU ZLOO VHH� 2QH H[DPSOH LV XVLQJ REMHFWV
VXFK DV FKDLUV� ZHLJKWV RU H[HUFLVH EDOOV GXULQJ WKH SHUIRUPDQFH RI WKH H[HUFLVH� ZKLFK FDQ
RQO\ EH DSSOLHG DIWHU WKH UHWDUJHWLQJ VWHS� 7R DFFRPSOLVK WKLV� 0RWLRQ%XLOGHU KDV EXLOW�
LQ IXQFWLRQV WR HVWDEOLVK FRQVWUDLQWV EHWZHHQ WKH VNHOHWRQ RI WKH FRDFK DQG WKH REMHFWV�
7KHVH PDWKHPDWLFDO PHWKRGV GLIIHU LQ WHUPV RI WKHLU REMHFWLYH DQG RYHUDOO SURFHVV� 7KH
IROORZLQJ FRQVWUDLQWV H[DPSOHV DUH VRPH EXLOW�LQ IXQFWLRQV RI 0RWLRQ%XLOGHU� ZKHUH DOO RI
WKH DYDLODEOH IXQFWLRQV FDQ EH VHHQ LQ WKH UHIHUHQFH>��@�

��
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� �L� 3RVLWLRQ FRQVWUDLQWV� 7KH VRXUFH REMHFW FRQVWUDLQV WKH WUDQVODWLRQ RI D WDUJHW RE�
MHFW�

� �LL� 5RWDWLRQ FRQVWUDLQWV� 7KH SRVLWLRQ RI D VRXUFH REMHFW RU REMHFWV FDQ EH XVHG WR
FRQVWUDLQ WKH URWDWLRQ RI DQRWKHU REMHFW�

� �LLL� 3DUHQW�FKLOG FRQVWUDLQWV� $ UHODWLRQVKLS RI SDUHQW�WR�FKLOG EHWZHHQ DQ\ WZR
REMHFWV ZKHUH WKH PRYHPHQW RI WKH ´SDUHQW´ DOVR RFFXUV LQ WKH ´FKLOG´

)LJXUH ����� 2Q WKH OHIW VLGH RI WKH ILJXUH� WKH SLQNPDUNHU LV FRQVWUDLQHG WR WKH UHGPDUNHUV
EHLQJ RQO\ DIIHFWHG ZKHQ WKH SRVLWLRQ RI WKHVH FKDQJHV �L�� ,Q WKH PLGGOH� WKH UHG FXEH LV
FRQVWUDLQHG E\ WKH URWDWLRQ RI WKH VRXUFH REMHFW % �LL�� 2Q WKH ULJKW VLGH LV D PRGHO¶V KDQG
HIIHFWRU SDUHQWHG WR D FKLOG�REMHFW VSKHUH �LLL��

:LWK WKHVH YDOXDEOH WRROV� HGLWLQJ WKH DQLPDWLRQ FDQ PRGXODWH WKH H[HFXWLRQ RI H[HUFLVHV
UHTXLULQJ HTXLSPHQW ZLWKRXW QHHGLQJ SK\VLFDO HTXLSPHQW ZLWK PDUNHUV GXULQJ WKH RSWLFDO
PRWLRQ FDSWXUH UHFRUGLQJ VHVVLRQ� 2I WKH SUHYLRXVO\ PHQWLRQHG FRQVWUDLQWV� WKH PRVW XVHG
LQ WKH DQLPDWLRQ GHYHORSPHQW ZDV WKH SDUHQW�FKLOG FRQVWUDLQW GXH WR WKH VLPSOLFLW\ RI WKHLU
XVDJH DQG WKH REMHFWLYH�H�J�� ZHLJKWV�H[HUFLVH EDOOV RQ WKH KDQGV�� 2QFH WKH REMHFWV DUH
LQ SODFH� WKH KXPDQRLG PRGHO QHHGV WR EH PRGLILHG WR LQWHUDFW LQ WKH PRVW QDWXUDO IRUP
SRVVLEOH� 8VLQJ WKH ,.�). VNHOHWRQ IURP WKH ULJJLQJ SURFHVV DQG NH\IUDPLQJ PHWKRGV� WKH
DYDWDU¶V ERQHV¶ WUDQVODWLRQ DQG URWDWLRQ FDQ EH DGMXVWHG ZKLOH PDLQWDLQLQJ KXPDQ OLPLWV�
ZKLFK LV KLJKO\ UHOHYDQW IRU WKLV ZRUN� 7KLV WDVN FDQ UDQJH IURP ORZHU�OHYHO XQGHWDLOHG
PRGLILFDWLRQ RI ERQHV VXFK DV WKH VSLQH WR KLJK�OHYHO PHWLFXORXV PRGLILFDWLRQ RI KDQG
ERQHV WR SURYLGH WKH YLHZHU ZLWK WKH VHQVDWLRQ RI JHQXLQH LQWHUDFWLRQ ZLWK REMHFWV� $IWHU
DQLPDWLRQ HGLWLQJ� WKH DYDWDU LV UHDG\ WR EH VHHQ E\ WKH XVHU DQG LQWHJUDWHG LQWR WKH V\VWHP�
)RU WKLV SXUSRVH� WKH H[SRUWDWLRQ RI WKH DQLPDWLRQ FDQ EH LQ W\SHV RI IRUPDWV�H�J�� )LOPER[�
SURSULHWDU\ ILOH IRUPDW �)%;�� %9+� '$(�� ZKLFK ZLOO EH H[SODLQHG LQ ODWHU FKDSWHUV DV
ZKDW WKH\ UHSUHVHQW DQG WKH EHVW FKRLFH IRU WKH GLVVHUWDWLRQ�

��



�� $QLPDWLRQ &RQFHSWV

)LJXUH ����� ([HPSOLILFDWLRQ RI DQLPDWLRQ PDQLSXODWLRQ XVLQJ WKH EXLOW�LQ IXQFWLRQV RI
0RWLRQ%XLOGHU�

7R FRQFOXGH WKLV FKDSWHU� WKLV GLVVHUWDWLRQ ZLOO QRW H[SORUH VWDWH�RI�WKH�DUW DSSURDFKHV XVHG
LQ HDFK RI WKH GHVFULEHG WRSLFV DV WKH FXUUHQW WHFKQRORJ\ SURYLGHV WKH QHFHVVDU\ IXQF�
WLRQDOLW\ IRU WKH REMHFWLYH RI WKH ZRUN� EHLQJ WKHVH UHIHUHQFHG WR FRQWH[WXDOL]H WKH UHFHQW
DGYDQFHPHQW RI WKH WHFKQRORJ\>��� ��@� 7R IDFLOLWDWH WKH UHDGHU¶V XQGHUVWDQGLQJ RI WKH
DQLPDWLRQ SURFHVV� WKH IROORZLQJ ILJXUH VKRZV� LQ RUGHU� WKH H[HFXWLRQ RI WKH IXQGDPHQWDO
VWHSV GHVFULEHG LQ WKH WRSLFV RI WKLV FKDSWHU� $V LW ZLOO EH GHVFULEHG LQ ODWHU FKDSWHUV� WR
IROORZ WKLV SLSHOLQH� LW ZDV QHFHVVDU\ WR XWLOL]H VHFRQGDU\ VRIWZDUH� SURSULHWDU\ VRIWZDUH
IURP 2SWLWUDFN IRU WKH 0RWLRQ &DSWXUH DQG $XWRGHVN� PRUH VSHFLILFDOO\� 0RWLRQ%XLOGHU
WR DGDSW WKH DQLPDWLRQ�

)LJXUH ����� )LJXUH ZLWK WKH DQLPDWLRQ SURFHVV IROORZHG WR GHYHORS WKH DQLPDWLRQV GH�
VFULEHG LQ WKH ODWWHU FKDSWHUV�

��



�
+XPDQ 3RVH (VWLPDWLRQ

7KH GHWHFWLRQ DQG WUDFNLQJ RI REMHFWV RU SHUVRQV LV D ZHOO�HVWDEOLVKHG UHVHDUFK WRSLF LQ
FRPSXWHU YLVLRQ� ,WV UHVROXWLRQ FRXOG OHDG WR XQLTXH DSSOLFDWLRQV LQ VSRUWV� PHGLFDO IHD�
WXUH GHWHFWLRQ LQ KHDOWKFDUH RU YLGHR VXUYHLOODQFH� )XUWKHUPRUH� LQ VSRUWV� LW LV FRPPRQ WR
XWLOL]H WKLV WHFKQRORJ\ QRZDGD\V WR GHWHFW DQG WUDFN SOD\HUV¶ SRVHV VR WKHLU DFWLRQV FDQ EH
HYDOXDWHG DQG LPSURYHG LI QHHGHG� ,Q WKH VSRUWV ILHOG� WKLV W\SH RI HYDOXDWLRQ QRZDGD\V
LV XVHG WR SRLQW RXW WHFKQLFDO HUURUV RI KLJK�SHUIRUPDQFH DWKOHWHV WR LPSURYH WKHLU SHUIRU�
PDQFH KRZHYHU� WKLV W\SH RI HYDOXDWLRQ FDQ DOVR EH XVHG WR DVVHVV DQG GHWHFW JHQHUDO HUURUV
LQ D UHJXODU SHUVRQ¶V SHUIRUPDQFH ZKHQ SHUIRUPLQJ FRPPRQ H[HUFLVHV XVLQJ WKH JHQHUDO
JXLGHOLQHV RQ KRZ WR SHUIRUP LW�

7KHUH DUH PDQ\ SURFHGXUHV WR GHWHFW WKH SUHVHQFH RI D SHUVRQ LQ WKH LPDJH SODQH>��@�
1HYHUWKHOHVV� RQH RI WKH PRVW HVVHQWLDO GLVWLQJXLVKLQJ WKDW FDQ EH GRQH LV DFFRUGLQJ WR
WKH DSSURDFK WDNHQ� ZKLFK FDQ EH VLQJOH�SHUVRQ RU PXOWL�SHUVRQ� 7KH VLQJOH�SHUVRQ DS�
SURDFK LGHQWLILHV D SHUVRQ¶V SRVH LQ WKH LPDJH� WKH SRVLWLRQ RI WKLV HQWLW\� DQG D VHW RI NH\
SRLQWV� PDNLQJ LW D UHJUHVVLRQ SUREOHP� ,Q FRQWUDVW� WKH PXOWL�SHUVRQ DSSURDFK QHHGV WR EH
FRQFHUQHG DERXW RWKHU IDFWRUV OLNH WKH XQNQRZQ QXPEHU DQG SRVLWLRQV RI SHUVRQV ZLWKLQ
WKH LPDJH� EHLQJ LPSRUWDQW WKDW WKH IUDPHZRUN FDQ GHWHFW WKH NH\ SRLQWV DQG DVVHPEOH DQ
XQNQRZQ QXPEHU RI SHUVRQV�

)LJXUH ���� 3RVH (VWLPDWLRQ XVLQJ HDFK RI WKH DSSURDFKHV PHQWLRQHG DERYH� ZKHUH RQ WKH
OHIW VLGH LV WKH VLQJOH�SHUVRQ DQG RQ WKH ULJKW VLGH WKH PXOWL�SHUVRQ DSSURDFK�

:LWK WKLV NQRZOHGJH LQ PLQG DQG FRQVLGHULQJ WKH GLVVHUWDWLRQ¶V PDLQ IRFXV� WKH H[HUFLVHV¶

��



�� +XPDQ 3RVH (VWLPDWLRQ

HYDOXDWLRQ ZLOO EH LQ UHDO�WLPH RQ RQH SHUVRQ¶V SRVH DW D WLPH� PDNLQJ WKH VLQJOH�SHUVRQ
DSSURDFK LGHDO� VLPSOLI\LQJ WKH ZKROH XVHU LGHQWLILFDWLRQ SURFHVV RQFH WKH H[HUFLVH EHJLQV�
$VPHQWLRQHG EHIRUH� WKH VLQJOH�SHUVRQ DSSURDFK LVPDLQO\ D UHJUHVVLRQ SUREOHP� KRZHYHU�
WKHUH DUH VRPH PDMRU GLIIHUHQFHV EHWZHHQ WKH GLIIHUHQW NLQGV RI PHWKRGV XVHG WR LGHQWLI\
RU SUHGLFW WKH VHW RI NH\ SRLQWV� EHLQJ WKLV WHFKQLTXH FRPPRQO\ EDVHG RQ RQH RI WKHVH
IUDPHZRUNV RQ WKH NH\SRLQW SUHGLFWLRQ>��@� �L� +HDWPDS EDVHG )UDPHZRUN DQG �LL� 'LUHFW
UHJUHVVLRQ�EDVHG IUDPHZRUN�

7KH +HDWPDS IUDPHZRUN UHOLHV RQ W\SHV RI YLVXDOL]DWLRQ WHFKQLTXHV ZLWK WKH PDLQ IRFXV
RQ VKRZLQJ WKH PDJQLWXGH RI WKH SKHQRPHQRQ DV FRORXUV XVLQJ RQO\ WZR GLPHQVLRQV� 7KH
FRORXU YDULDWLRQ RQ WKHVH KHDWPDSV PD\ KDYH GLIIHUHQW PHDQLQJV GHSHQGLQJ RQ WKH DSSOL�
FDWLRQ� +RZHYHU� LW LV XVHIXO LQ WUDFNLQJ PHWKRGV VLQFH LW FDQ DVVLJQ FRORXUV GHSHQGLQJ RQ
WKH PRYHPHQW RI WKH HQWLWLHV SUHVHQW LQ WKH LPDJH� IDFLOLWDWLQJ WKH WDVN RI LGHQWLI\LQJ SRLQWV
RI LQWHUHVW E\ UHGXFLQJ WKH UHJLRQ RI LQWHUHVW� 7KLV SURFHGXUH FUHDWHV KHDWPDSV RI DOO WKH
NH\ SRLQWV LQ WKH SURYLGHG LPDJH� DQG ZLWK WKH DVVLVWDQFH RI DGGLWLRQDO PHWKRGV� WKH ILQDO
VWLFN ILJXUH FDQ EH FRQVWUXFWHG� 2QH H[DPSOH RI WKLV SLSHOLQH LV D SHUVRQ GHWHFWRU EDVHG
RQ D ´VWDFNHG KRXUJODVV´ QHWZRUN� FORVHO\ UHODWHG WR HQFRGHU�GHFRGHU DUFKLWHFWXUH� UHO\LQJ
RQ VXFFHVVLYH SRROLQJ VWHSV DQG XSVDPSOLQJ� SURGXFLQJ WKH ILQDO VHW RI SUHGLFWLRQV>��@�

2Q WKH RWKHU KDQG� 'LUHFW UHJUHVVLRQ LV FKDUDFWHUL]HG E\ D UHJUHVVRU�H�J�� D QHXUDO QHWZRUN
OLNH D 'HHS 1HXUDO 1HWZRUN� WR LGHQWLI\ NH\ SRLQWV IURP IHDWXUH PDSV GLUHFWO\� :KHUH
IHDWXUH PDSV DUH D IRUP RI D YLVXDOL]DWLRQ JHQHUDWHG E\ HDFK OD\HU RI WKH QHXUDO QHWZRUN
WR LGHQWLI\ GLIIHUHQW IHDWXUHV�H�J�� HGJHV� YHUWLFDO�KRUL]RQWDO OLQHV� WKDW FDQ SURYLGH LQVLJKW
LQWR WKH LQWHUQDO UHSUHVHQWDWLRQ RI FHUWDLQ LQSXWV� 7KHVH FDQ EH JHQHUDWHG XVLQJ ILOWHUV�
IHDWXUH GHWHFWRUV WR WKH LQSXW LPDJH� RU RWKHU IHDWXUH PDSV RXWSXW RI SULRU OD\HUV� :LWK
WKHVHPDSV� WKH UHJUHVVRU FDQ VXSSO\ DQ RXWSXW ZLWK WKH FRRUGLQDWHV �[� \� IRU HDFK NH\SRLQW
SUHVHQW LQ WKH LPDJH�

)LJXUH ���� ,OOXVWUDWLRQ H[HPSOLI\LQJ WKH IUDPHZRUNV¶ SLSHOLQH>��@�

��



9LUWXDO 3HUVRQDO 7UDLQHU )RU $FWLYH $JHLQJ

5HJDUGOHVV RI WKH DSSURDFK� LW LV FUXFLDO WR FRQVLGHU RQH RI WKH PRVW VLJQLILFDQW LVVXHV WKLV
WHFKQRORJ\ IDFHV� RFFOXVLRQV� 2FFOXVLRQV DUH RQH RI WKH PDLQ SUREOHPV ZKHQ SHUIRUP�
LQJ DQ DFFXUDWH SRVH HVWLPDWLRQ� 0DQ\ DSSURDFKHV WULHG WR GHDO ZLWK WKLV LVVXH� ZKHWKHU
RQ PXOWL�SHUVRQ RU VLQJOH�SHUVRQ DSSURDFKHV� 7KHVH DSSURDFKHV WULHG QRYHO PHWKRGV RI
FRPSXWHU YLVLRQ DQG� LQ PDQ\ FDVHV� WKH LPSOHPHQWDWLRQ RI 0/ WR DVVLVW WKH WDVN RI HV�
WLPDWLRQ� 7KH GHVFULSWLRQ RI WKHVH WHFKQLTXHV FDQ EH VHHQ RQ WKH UHIHUHQFH >��@� XVLQJ
1RQ�0D[LPXP 6XSSUHVVLRQ WR UHVROYH WKLV DQG HOLPLQDWH UHGXQGDQW SRVHV RU D QHXUDO QHW�
ZRUN� &DVFDGHG 3\UDPLG 1HWZRUN �&31�� ZKLFK LQFOXGHG *OREDO1HW WR ORFDOL]H YLVLEOH
NH\ SRLQWV DQG 5HILQH1HW WR KDQGOH WKH RQHV WKDW ZHUH LQYLVLEOH RU RFFOXGHG YLWDO SRLQWV�

��� 6HOHFWLRQ RI 3RVH (VWLPDWRU

$FFRUGLQJ WR WKH REMHFWLYH RI WKLV WKHVLV� WKH KXPDQ SRVH HVWLPDWRU XVHG QHHGV WR EH RSWL�
PL]HG WR WKH VLQJOH�SHUVRQ DSSURDFK VLQFH WKH HYDOXDWLRQ ZLOO EH PDGH EDVHG RQ RQH SHU�
VRQ DW D WLPH� $ YLDEOH IRUP RI GHYHORSPHQW IRU WKLV WKHVLV ZRXOG EH XVLQJ D PXOWL�SHUVRQ
DSSURDFK VLPXOWDQHRXVO\ WR WKH SHUVRQDO WUDLQHU DQG WKH XVHU� +RZHYHU� RXU WUDLQHU¶V SHU�
IRUPDQFH ZDV UHFRUGHG SUHYLRXVO\� KHQFH LW LV RQO\ QHFHVVDU\ WR DQDO\]H KLV PRYHPHQW
RQFH� VWRUH WKH UHVXOWV DQG FRPSDUH WKHP WR WKH SHUVRQ SHUIRUPLQJ LQ UHDO�WLPH� PDNLQJ
WKH FRQFHSW PRUH DSSURSULDWH IRU UHDO�WLPH XVDJH� $SDUW IURP WKLV� LW LV DOVR QHFHVVDU\
WKDW WKH VLQJOH�SHUVRQ HVWLPDWLRQ DOJRULWKP DFKLHYH WKH EHVW UHVXOWV SRVVLEOH ZKHQ GHDOLQJ
ZLWK REVWDFOHV VXFK DV ERG\ SDUWV RFFOXVLRQV ZKLOH PLQLPL]LQJ WKH HIIHFWV RQ WKH UHDO�WLPH
SHUIRUPDQFH RI WKH V\VWHP� :KHQ VHDUFKLQJ IRU WKH EHVW DOJRULWKP IRU WKLV DSSOLFDWLRQ� LW
ZDV IRXQG FRPSDULVRQ UHVHDUFK PDGH E\ WKH %OD]H3RVH UHVHDUFK WHDP>��@ ZKHUH LW FRP�
SDUHG WKH VWDWH�RI�DUW WHFKQRORJLHV LQ WKLV ILHOG XVLQJ P$3�PHDQ $YHUDJH 3UHFLVLRQ� DQG
3&.#��� DFFXUDF\ PHWULFV� )RU WKLV SXUSRVH� EDVHG RQ WKH UHVXOWV SURYLGHG E\ WKH IROORZ�
LQJ ILJXUH DQG WDEOH� WKH %OD]H3RVH HVWLPDWRU RU 0HGLDSLSH 3RVH LV XVHG LQ WKLV GLVVHUWDWLRQ
WR DQDO\]H WKH SRVHV RI WKH YLUWXDO FRDFK DQG WKH XVHU ZLWK WKH DGYDQWDJH RI EHLQJ FDSDEOH
RI UXQQLQJ DW RYHU �� IUDPHV SHU VHFRQG RQ PRELOH GHYLFHV� DQG LQ PRUH SRZHUIXO GHYLFHV�
HYHQ VPRRWKHU>�@�

0HWKRG <RJD �P$3���3&.#���� 'DQFH�P$3���3&.#���� +,,7�P$3���3&.#����
%OD]H3RVH *+80 +HDY\ ��������� ��������� ���������
%OD]H3RVH *+80 )XOO ��������� ��������� ���������
%OD]H3RVH *+80 /LWH ��������� ��������� ���������
$OSKD3RVH 5HVW1HW �� ��������� ��������� ���������

$SSOH 9LVLRQ ��������� ��������� ���������

7DEOH ���� 4XDOLW\ (YDOXDWLRQ RI WKH 6WDWH�RI�WKH�$UW +XPDQ 3RVH (VWLPDWLRQ XVLQJ WKH
3&.#��� DQG P$3�PHDQ $YHUDJH 3UHFLVLRQ� PHWULFV>��@�

��



�� +XPDQ 3RVH (VWLPDWLRQ

)LJXUH ���� 4XDOLW\ (YDOXDWLRQ RI WKH 6WDWH�RI�WKH�$UW +XPDQ 3RVH (VWLPDWLRQ XVLQJ WKH
3&.#��� PHWULF>��@�

$IWHU WKH FRPSDULVRQ ZLWK VWDWH�RI�WKH�DUW WHFKQRORJ\ LQ KXPDQ SRVH HVWLPDWLRQ� LW ZDV
QHFHVVDU\ WR DVVHVV WKH DOJRULWKP¶V FDSDELOLW\ WR IXQFWLRQ LQ UHDO WLPH FRPSDUHG WR LWV
FRPSHWLWRUV� .QRZLQJ WKLV UHTXLUHPHQW� WKH %OD]H3RVH UHVHDUFK WHDP DOVR SUHVHQWHG WKH
UHDO�WLPH SHUIRUPDQFH RI WKHLU DOJRULWKPV XVLQJ ODWHQF\ DV D PHWULF RI HYDOXDWLRQ ZKHQ
DSSOLHG WR GLIIHUHQW W\SHV RI KDUGZDUH �H�J�� PRELOH GHYLFHV RU ODSWRSV�� ZKHUH WKH PRVW
UHOHYDQW HYDOXDWLRQ ZDV UHODWHG WR WKH SHUIRUPDQFH RI WKH %OD]H3RVH /LWH YHUVLRQ ZKLFK
KDV WKH EHVW SHUIRUPDQFH LQ WHUPV RI ODWHQF\ ZKLOH PDLQWDLQLQJ JRRG DFFXUDF\�

/DWHQF\
0HWKRG 3L[HO � 7)/LWH *38 0DF%RRN 3UR ����LQFK �����

%OD]H3RVH *+80 +HDY\ �� PV �� PV
%OD]H3RVH *+80 )XOO �� PV �� PV
%OD]H3RVH *+80 /LWH �� PV �� PV

7DEOH ���� 7KH %OD]H3RVH DOJRULWKP¶V ODWHQF\ LQ WZR GLIIHUHQW W\SHV RI KDUGZDUH�

��� %OD]H3RVH 'HWHFWRU

:LWK WKH SUHYLRXV WDEOH� LW LV SRVVLEOH WR REVHUYH WKH FOHDU DGYDQWDJH RI XVLQJ WKLV DOJRULWKP
FRPSDUHG WR RWKHU VWDWH�RI�WKH�DUW WHFKQRORJLHV� +RZHYHU� LW LV HVVHQWLDO WR XQGHUVWDQG
WKLV SDUWLFXODU DOJRULWKP¶V DGYDQWDJH RYHU LWV FRPSHWLWRUV� )RU WKLV SXUSRVH� WKLV VHFWLRQ
DGGUHVVHV KRZ WKLV 0DFKLQH /HDUQLQJ DOJRULWKP ZRUNV IRU WKH UHDGHU¶V XQGHUVWDQGLQJ�

��



9LUWXDO 3HUVRQDO 7UDLQHU )RU $FWLYH $JHLQJ

)LJXUH ���� %OD]H3RVH 'HWHFWRU ,QIHUHQFH 3LSHOLQH>�@�

7KLV LPSURYHPHQW RYHU FRPSHWLWRUV LV GXH WR WKH %OD]H3RVH GHWHFWRU�WUDFNHU VHWXS XVLQJ D
OLJKWZHLJKW ERG\ SRVH GHWHFWRU ZKLFK LQ )LJXUH ��� LV D )DFH GHWHFWRU ZLWK SRVH DOLJQPHQW�
IROORZHG E\ D SRVH WUDFNHU QHWZRUN� 7KH )DFH 'HWHFWRU LV DQ 0DFKLQH /HDUQLQJ DOJRULWKP
WDLORUHG IRU PRELOH *38 LQIHUHQFH� ,W FDQ UXQ DW D VSHHG RI ��������� )36 RQ IODJVKLS
GHYLFHV>�@� $SDUW IURP WKLV SHUIRUPDQFH� LW SURYLGHV DQ DFFXUDWH IDFLDO UHJLRQ RI LQWHUHVW�
�'��' IDFLDO NH\SRLQW RU JHRPHWULF HVWLPDWLRQ� IDFLDO IHDWXUHV RU H[SUHVVLRQ FODVVLILFDWLRQ�
DQG IDFH UHJLRQ VHJPHQWDWLRQ� 7KH 'HWHFWRU XVHV WKH SHUVRQ¶V IDFH WR REWDLQ WKH WRUVR¶V
SRVLWLRQ DQG DGGLWLRQDO DOLJQPHQW SDUDPHWHUV� ZKLFK LPSURYHV WKH WUDFNHU¶V SHUIRUPDQFH�

� 0LGGOH 3RLQW %HWZHHQ 3HUVRQ¶V +LSV
� 6L]H RI &LUFOH &LUFXPVFULELQJ 3HUVRQ
� ,QFOLQH �$QJOH EHWZHHQ OLQHV FRQQHFWLQJ WKH WZR PLG�VKRXOGHU DQG PLG�KLS SRLQWV�

)LJXUH ���� 2Q WKH OHIW VLGH LV WKH %OD]H%ORFN DQG RQ WKH ULJKW LV WKH 'RXEOH %OD]H%ORFN
ZKLFK FRPSRVH WKH %OD]H )DFLDO )HDWXUH ([WUDFWLRQ 1HWZRUN $UFKLWHFWXUH�

��



�� +XPDQ 3RVH (VWLPDWLRQ

)LJXUH ���� 2Q WKH OHIW VLGH LV WKH %OD]H%ORFN DQG RQ WKH ULJKW LV WKH 'RXEOH %OD]H%ORFN
ZKLFK FRPSRVH WKH %OD]H )DFLDO )HDWXUH ([WUDFWLRQ 1HWZRUN $UFKLWHFWXUH�

$IWHU WKH GHWHFWLRQ RI D SHUVRQ¶V SUHVHQFH LQ WKH FXUUHQW IUDPH XVLQJ %OD]H)DFH 'HWHFWRU�
WKH 7UDFNHU FDQ SUHGLFW� �L� .H\SRLQW FRRUGLQDWHV� �LL� 3HUVRQ¶V 3UHVHQFH DQG �LLL� 5HILQHG
5HJLRQ RI LQWHUHVW RQ &XUUHQW )UDPH� ,I WKH WUDFNHU LQGLFDWHV QR KXPDQ SUHVHQFH� WKH GH�
WHFWRU QHWZRUN ZLOO EH UH�UXQ RQ WKH QH[W IUDPH>�@� 7KH WUDFNHU RU SHUVRQ GHWHFWRU DOVR
GLIIHUHQWLDWHV IURP LWV SHHUV GXH WR D GLIIHUHQW SRVW�SURFHVVLQJ VWHS� 7KH PDMRULW\ RI PRG�
HUQ REMHFW GHWHFWLRQ VROXWLRQV UHO\ RQ WKH 1RQ�0D[LPXP 6XSSUHVVLRQ �106� DOJRULWKP
IRU WKH ODVW SRVW�SURFHVVLQJ VWHS>�@� +RZHYHU� WKLV SURFHVVLQJ VWHS ZKHQ GHDOLQJ ZLWK VFH�

��



9LUWXDO 3HUVRQDO 7UDLQHU )RU $FWLYH $JHLQJ

QDULRV WKDW LQYROYH KLJKO\ DUWLFXODWHG SRVHV OLNH KXPDQV EUHDNV GRZQ GXH WR WKH IDFW RI
PXOWLSOH DPELJXRXV ER[HV WKDW VDWLVI\ WKH LQWHUVHFWLRQ RYHU XQLRQ �,R8� WKUHVKROG IRU WKH
106 DOJRULWKP>�@� 7KH %OD]H3RVH 'HWHFWRU RYHUFRPHV WKLV OLPLWDWLRQ E\ GHWHFWLQJ WKH
ERXQGLQJ ER[ RI D UHODWLYHO\ KXPDQ ULJLG ERG\ SDUW� VXFK DV WKH IDFH RU WRUVR EHLQJ WKH
VWURQJHVW VLJQDO WR WKH QHXUDO QHWZRUN RI WKH SHUVRQ¶V IDFH ZKHQ GHVFULELQJ WKH SRVLWLRQ RI
WKH WRUVR>�@�

:KHQ GHDOLQJ ZLWK D SHUVRQ¶V FRQVWDQW SUHVHQFH� WKH DOJRULWKP VDYHV D VLJQLILFDQW DPRXQW
RI UHVRXUFHV E\ RQO\ SHUIRUPLQJ WKH WUDFNLQJ WDVN HDFK IUDPH� EHLQJ DPRQJVW WKH FRP�
SHWLWRUV� RQH RI WKH EHVW FKRLFHV IRU UHDO�WLPH XVDJH� $SDUW IURP WKH SURFHGXUH LWVHOI� LW LV
FUXFLDO ZKHQ XVLQJ D KXPDQ SRVH HVWLPDWRU WR OHDUQ WKH QRWDWLRQ RI WKH GLIIHUHQW NH\ SRLQWV
RU ODQGPDUNV WKDW FRQVWLWXWH WKH VWLFN ILJXUH RI WKH SHUVRQ� 7KH DXWKRUV KDYH DOVR SURYLGHG
WKLV QRWDWLRQ ZKHUH WKH QRWDWLRQ UHOLHV HQWLUHO\ RQ WKH VNHOHWRQ¶V MRLQWV LQ �' QRUPDOL]HG
FRRUGLQDWHV ZKHUH WKH ] FRRUGLQDWH RU ODQGPDUN GHSWK LV HVWLPDWHG EDVHG RQ WKH PLGSRLQW
RI WKH KLSV EHLQJ WKH RULJLQ� 7KH HVWLPDWRU DOVR UHWXUQV DQ RXWSXW UHODWHG WR WKH YLVLELOLW\
RI HDFK ODQGPDUN� ZKLFK KHOSV LGHQWLI\ RFFOXVLRQ VLWXDWLRQV DQG� LQ WKLV PDQQHU� SUHYHQWV
WKHP�

)LJXUH ���� 2Q WKH OHIW VLGH RI WKH ILJXUH LV WKH QHXUDO QHWZRUN¶V DUFKLWHFWXUH WKDW SUHGLFWV
WKH SRVLWLRQ RI WKH ODQGPDUNV WKDW FRQVWLWXWH WKH VNHOHWRQ� DQG RQ WKH ULJKW LV WKH RXWSXW
IURP WKH %OD]H3RVH ZLWK WKH UHVSHFWLYH QRWDWLRQ�

��



�
'HYHORSPHQW

:LWK WKH PDLQ REMHFWLYHV DQG WKH UHYLHZ RI WKH IXQGDPHQWDO FRQFHSWV� LW LV FOHDU WKDW WKH
GHYHORSPHQW RI WKLV ZRUN HQFRPSDVVHV VHYHUDO GLYHUVH WRSLFV WR IRUP WKH V\VWHP� 7KHVH
WRSLFV UDQJH IURP FUHDWLQJ DQ LPPHUVLYH DQG LQWHUDFWLYH V\VWHP DQG DVVHVVPHQW RI WKH
XVHU¶V FRQGLWLRQ DIWHU FDUHIXO FRQVLGHUDWLRQ E\ D PHGLFDO SURIHVVLRQDO WR WKH SURPRWLRQ RI
SK\VLFDO H[HUFLVH ZKLOH SURYLGLQJ D FRPSRQHQW RI HQWHUWDLQPHQW� 7KLV FKDSWHU H[SODLQV WKH
GHYHORSPHQW RI WKH LQWHUDFWLYH TXHVWLRQQDLUHV� SHUVRQDO WUDLQHU H[HUFLVHV� H[HUFLVH DQDO\�
VLV� UHOHYDQW GDWD IRU WKH V\VWHP� WKH SRVH FRPSDULVRQ EHWZHHQ WKH XVHU DQG WKH SHUVRQDO
WUDLQHU DQG WKH DGDSWDWLRQ PHFKDQLVPV RI WKH V\VWHP�

��� ,QWHUDFWLYH 4XHVWLRQQDLUHV

2QH RI WKH FULWLFDO FRPSRQHQWV RI WKH HYDOXDWLRQ RI VDUFRSHQLD LV WKH TXHVWLRQQDLUHV WKDW
VXSSO\ LQIRUPDWLRQ UHJDUGLQJ WKH XVHU¶V FXUUHQW FRQGLWLRQ� $V PHQWLRQHG� WKHUH DUH WZR
PDLQ HYDOXDWLRQ TXHVWLRQQDLUHV�

� 6$5&�)� 3UHVHQFH RI VDUFRSHQLD
� 5LNOL�-RQHV� &DWHJRU\ RI VHYHULW\

2QH RI WKLV GLVVHUWDWLRQ¶V PDLQ JRDOV LV WR GHYHORS DQ LQWHUDFWLYH DQG LPPHUVLYH V\VWHP WKDW
FDQ SURYLGH NQRZOHGJH DQG HQWHUWDLQPHQW� 4XHVWLRQQDLUHV FDQ EH YHU\ WHGLRXV DQG WLPH�
FRQVXPLQJ� GDPDJLQJ WKH LQWHUDFWLRQ ZLWK WKH XVHU� :LWK WKLV FRQFHUQ� WKH LPSOHPHQWDWLRQ
RI WKHVH TXHVWLRQQDLUHV LV LQ D PDQQHU WKDW ZLOO UHTXLUH LQWHUDFWLRQ ZLWK WKH XVHU LQ UHDO�
WLPH E\ GLVSOD\LQJ WKH QHFHVVDU\ LQIRUPDWLRQ UHJDUGLQJ TXHVWLRQV DQG SRVVLEOH RSWLRQV
VHOHFWHG EDVHG RQ WKH XVHU� PRUH VSHFLILFDOO\� WKH KDQGV� 7KH LQIRUPDWLRQ DSSHDUV RQ WKH
VFUHHQ ZLWK WKH VXSSRUW RI YRLFH OLQHV WKDW ZLOO UHDG WKH TXHVWLRQV LQ FDVH WKH XVHU FDQ QRW
VHH WKH TXHVWLRQV DW KDQG� ZKLFK LV TXLWH FRPPRQ ZKHQ GHDOLQJ ZLWK D SRSXODWLRQ OLNH
ROGHU SHRSOH� 7KHVH YRLFH OLQHV DUH KHOSIXO WR UHDG WKH TXHVWLRQV RXW ORXG DQG WR JXLGH WKH
XVHU ZKHQ QDYLJDWLQJ LQ WKH V\VWHP� VXEVWDQWLDOO\ LPSURYLQJ WKH LQWHUDFWLRQ EHWZHHQ WKH
XVHU DQG WKH SHUVRQDO WUDLQHU�

��
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6WDJH 9RLFH /LQH

6$5&�) ,QLFLDO 0HQX
, FDQ VHH WKDW \RX KDYHQ¶W SHUIRUP WKH 6$5&�)
4XHVWLRQQDLUH� OHW¶V GR LW�

5LNOL�-RQHV ,QLFLDO 0HQX
, KDYH GHWHFWHG WKH SUHVHQFH RI VDUFRSHQLD LQ \RX�
ZH QHHG WR SHUIRUP WKLV TXHVWLRQQDLUH DV ZHOO�

7DEOH ���� 7DEOH ZLWK WKH FRPSOHPHQWDU\ YRLFH OLQHV WKDW SURYLGH LQVWUXFWLRQV WR WKH XVHU
ZKLOH SHUIRUPLQJ WKH TXHVWLRQQDLUHV�

7KH YRLFH OLQHV UHO\ RQ QHXUDO YRLFH WHFKQRORJ\ IURP ,%0� 7KLV W\SH RI WHFKQRORJ\ V\Q�
WKHVL]HV KXPDQ�TXDOLW\ VSHHFK IURP LQSXW WH[W XVLQJ D YDULHW\ RI GHHS OHDUQLQJ QHWZRUNV�
7KH SURGXFW WKHQ XVHV WKUHH 'HHS 1HXUDO 1HWZRUNV WR SUHGLFW WKH DFRXVWLF IHDWXUHV RI WKH
VSHHFK WR HQFRGH WKH UHVXOWLQJ DXGLR>��@� )RU HDFK RI WKH SKRQHV LQ D VHTXHQFH RI SKRQHV
WR EH V\QWKHVL]HG� WKH DFRXVWLF PRGHO XVHV D GHFLVLRQ WUHH PRGHO WKDW FRQVLGHUV WKH SKRQH
LQ WKH FRQWH[W RI WKH SUHFHGLQJ DQG IROORZLQJ WZR SKRQHV� 8VLQJ WKHVH� LW FDQ SURGXFH D
VHW RI DFRXVWLF XQLWV� UHGXFLQJ WKH FRPSOH[LW\ RI WKH VHDUFK VLQFH LW RQO\ UHOLHV RQ XQLWV WKDW
PHHW FULWHULD RI FRQWH[WXDOLW\�

)LJXUH ���� 7KH :DWVRQ WH[W�WR�VSHHFK IURP WKH ,%0 LPSOHPHQWDWLRQ SLSHOLQH� ZKHUH WKH
WRS URZ LPDJH FRQWDLQV WKH JHQHUDO SLSHOLQH IURP WKH LQSXW WH[W WR WKH RXWSXW DXGLR� 7KH
ERWWRP URZ FRQWDLQV RQ WKH OHIW VLGH WKH 6\QWKHVL]HU QHWZRUN� DQG RQ WKH ULJKW� WKH 3URVRG\
JHQHUDWRU >��@�

��



�� 'HYHORSPHQW

7KH GHWHFWLRQ RI WKH KDQGV ZDV SRVVLEOH E\ XVLQJ FY]RQH� ZKLFK LQFRUSRUDWHV WKH 0HGL�
D3LSH KDQG GHWHFWRU WKDW WUDFNV WKH KDQG NH\SRLQWV RI WKH XVHU>��@� 7KLV KDQG GHWHFWRU
UHOLHV RQ D SLSHOLQH WKDW XVHV WZR PRGHOV� D SDOP GHWHFWRU WKDW VXSSOLHV WKH ERXQGLQJ ER[
WKDW FRQWDLQV WKH KDQG DQG D KDQG ODQGPDUN PRGHO WKDW XVHV WKH FURSSHG KDQG ERXQGLQJ
ER[ WR SUHGLFW WKH KDQG VNHOHWRQ>��@� :LWK WKH FY]RQH OLEUDU\� LW LV DOVR SRVVLEOH WR GH�
ILQH WKH NH\ SRLQWV WKDW DUH LPSRUWDQW IRU WKH DSSOLFDWLRQ� ZKLFK LQ WKLV FDVH DUH WKH LQGH[
ILQJHUV RI ERWK KDQGV� :LWK WKH LQGH[ ILQJHUV� LW LV SRVVLEOH WR GHILQH D FROOLVLRQ IXQFWLRQ
WKDW ZLOO LQWHUDFW ZLWK WKH DYDLODEOH RSWLRQV IRU WKH TXHVWLRQQDLUH� DOORZLQJ WKH SHUVRQ WR
UHVSRQG TXLFNO\ WR WKH TXHVWLRQV� 2QFH WKH PHFKDQLVPV RI LQWHUDFWLRQ DUH ZRUNLQJ� WKH
SHUVRQ FDQ ILOO RXW WKH TXHVWLRQQDLUH ZKHUH LQ WKH HQG� WKH HVWLPDWLRQ RI WKH VFRUH EDVHG RQ
WKH DQVZHUV ZLOO SURYLGH D ILQDO YHUGLFW WKDW UHYHDOV LI VDUFRSHQLD LV SUHVHQW LQ WKH FDVH RI
WKH 6$5&�) DQG WKH VHYHULW\ RI WKH FRQGLWLRQ ZLWK WKH 5LNOL�-RQHV TXHVWLRQQDLUH� 6WRULQJ
WKH SHUVRQ¶V ILQDO VFRUHV LQ D ILOH DW WKH HQG SURYLGHV D SUDFWLFDO XVH IRU IXWXUH LPSOHPHQ�
WDWLRQV�H�J� XVLQJ WKH GDWD RI FUHDWLRQ RI WKH ILOH� LW LV SRVVLEOH WR FUHDWH D ZHHON\ SHULRGLF
IXQFWLRQ WKDW UHDVVHVVHV WKH SHUVRQ¶V FRQGLWLRQ� DQG DOORZV WKH V\VWHP WR UHGLUHFW WKH XVHU
WR H[HUFLVHV WKDW DUH WKH EHVW ILW IRU WKHLU FRQGLWLRQ� :LWK WKH VWRUHG YDOXHV� WKH XVHU RQO\
SHUIRUPV WKLV WDVN RQFH� DOORZLQJ WKH XVHU WR IRFXV RQ PRUH LPSRUWDQW WDVNV LQVLGH RI WKH
V\VWHP�

)LJXUH ���� 5HDO�WLPH ,QWHUDFWLRQ 0HFKDQLVPV XVLQJ WKH FY]RQH OLEUDU\� VSHFLILFDOO\ WKH
KDQG GHWHFWRU� 7KHVH PHFKDQLVPV ZRUN IRU VLQJOH�KDQG XVDJH �WRS URZ� DQG� LI QHFHVVDU\�
XVH ERWK KDQGV VLPXOWDQHRXVO\ �ERWWRP URZ��

�&RPSXWHU YLVLRQ SDFNDJH WR UXQ WKH ,PDJH SURFHVVLQJ DQG $, IXQFWLRQV XVLQJ 2SHQ&9 DQG 0HGLD3LSH
OLEUDULHV�

��
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��� 3HUVRQDO 7UDLQHU ([HUFLVHV

2QFH WKH V\VWHP FDQ UHFRJQL]H WKH XVHU¶V SUHVHQFH DQG WKH VHYHULW\ RI WKH FRQGLWLRQ� WKH
SHUVRQDO WUDLQHU QHHGV WR SURYLGH WKH H[HUFLVHV WKDW VXLW WKH XVHU¶V QHHGV� $IWHU FDUHIXO
UHVHDUFK RQ WKH WRSLF� LW LV SRVVLEOH WR GHILQH D JRRG DPRXQW RI SK\VLFDO DFWLYLWLHV SHU FDWH�
JRU\ WKDW WDUJHW GLIIHUHQW PXVFOH JURXSV� VXSSO\LQJ D GLYHUVH FDWDORJXH RI H[HUFLVHV� :LWK
WKH PRYHPHQWV UHOHYDQW WR WKLV ZRUN� LW LV SRVVLEOH WR XVH WKH RSWLFDO PRWLRQ FDSWXUH V\V�
WHP WR UHFRUG D FHUWLILHG DFWRU ZKLOH SHUIRUPLQJ WKHVH� SURYLGLQJ WKH FRUUHFW SHUIRUPDQFH
RI WKH PRYHPHQWV DQG WKHUHIRUH VXSSO\LQJ D UHOLDEOH DQLPDWLRQ WKDW FDQ EH WUDQVIHUUHG
WR WKH DYDWDU WKDW FDQ VHUYH DV DQ H[DPSOH SHUIRUPDQFH� 7R DFFRPSOLVK WKLV REMHFWLYH�
WKH WHFKQLFLDQ PXVW IROORZ D SLSHOLQH RI SURFHGXUHV WR SURYLGH WKH EHVW SRVVLEOH RXWFRPH
IURP WKH RSWLFDO PRWLRQ FDSWXUH� WUDQVIHU RI WKH PRWLRQ WR WKH DYDWDU� DQG JDWKHU UHOHYDQW
LQIRUPDWLRQ EDVHG RQ KXPDQ PRWLRQ DQDO\VLV�

)LJXUH ���� ,PSOHPHQWDWLRQ 3LSHOLQH RI WKH SHUVRQDO WUDLQHU H[HUFLVHV�

����� 2SWLFDO 0RWLRQ &DSWXUH 3URFHGXUH

$VPHQWLRQHG SUHYLRXVO\� RSWLFDO PRWLRQ FDSWXUH UHFHLYHG LQFUHDVHG LQWHUHVW RYHU WKH \HDUV�
PDNLQJ LW D VWDQGDUG LQ LQGXVWULHV UHTXLULQJ DQLPDWLRQV ZLWK QDWXUDO KXPDQ FKDUDFWHULV�
WLFV� +RZHYHU� SURYLGLQJ WKLV OHYHO RI GHWDLO UHTXLUHV DQ H[WHQVLYH DQG VSHFLDOL]HG FUHDWLRQ
SLSHOLQH� JRLQJ IURP WKH KDUGZDUH VHWXS WR WKH ILQDO SURGXFW GHOLYHUHG E\ WKH VRIWZDUH XVHG
IRU WKH DQLPDWLRQ� 6HHLQJ WKDW ,QVWLWXWH RI 6\VWHPV DQG 5RERWLFV SURYLGHG WKH KDUGZDUH
VHWXS DQG SK\VLFDO HTXLSPHQW QHFHVVDU\ WR UHFRUG WKH DFWRU� LQ WKLV GRFXPHQW� WKH PDLQ
IRFXV ZLOO EH RQ GHVFULELQJ WKH SLSHOLQH IURP WKH DYDLODEOH KDUGZDUH DQG JRRG SUDFWLFHV WR
WKH ILOH GHOLYHUHG E\ WKH VRIWZDUH WR LQFRUSRUDWH LQWR WKH DYDWDU� 7KH IROORZLQJ IORZ FKDUW
VKRZV WKH PDLQ VWHSV WKDW QHHG WR EH DFFRPSOLVKHG E\ RUGHU RI SHUIRUPDQFH WR REWDLQ D
TXDOLW\ DQLPDWLRQ�

)LJXUH ���� )ORZ FKDUW ZLWK WKH RUGHU RI SHUIRUPDQFH IURP OHIW WR WKH ULJKW VLGH� H[HPSOL�
I\LQJ WKH NH\ VWHSV RI 2SWLFDO 0RWLRQ &DSWXUH XVLQJ SDVVLYH PDUNHUV�

��



�� 'HYHORSPHQW

$OWKRXJK WKLV IORZ FKDUW H[SODLQV WKH PDLQ VWHSV WR FDSWXUH PRYHPHQW� WKHUH LV DQ H[WHQ�
VLYH OLVW RI UHTXLUHPHQWV DQG JRRG SUDFWLFHV WKDW D WHFKQLFLDQ DQG DFWRU QHHG WR FRPSO\
ZLWK WR HQVXUH WKH EHVW WUDFNLQJ UHVXOWV WKDW WKH V\VWHP FDQ SURYLGH� 6WDUWLQJ ZLWK WKH JRRG
SUDFWLFHV WKDW D WHFKQLFLDQ QHHGV WR IROORZ� WKH IROORZLQJ WRSLFV DUH UHODWHG WR WKH SUHSDUD�
WLRQ RI WKH FDSWXULQJ URRP DUHD WR SUHYHQW WKH SUHVHQFH RI DUWHIDFWV� SHUIRUPHG EHIRUH WKH
DFWRU HQWHUV WKH DUHD�

� 5HPRYLQJ REVWDFOHV WKDW REVWUXFW WKH FDPHUD¶V YLHZV�

� 0LQLPL]LQJ WKH V\VWHP H[SRVXUH WR OLJKW LQWHUIHUHQFHV VXFK DV VXQOLJKW�

� 0DVNLQJ UHIOHFWLYH REMHFWV LQ WKH FDSWXUH URRP XVLQJ SK\VLFDO SURFHGXUHV�

$IWHU FDUHIXO SUHSDUDWLRQ RI WKHVH FDSWXUH DUHD SURFHGXUHV� LW LV QHFHVVDU\ WR SHUIRUP WKH
FDPHUD FDOLEUDWLRQ SKDVH VR WKH V\VWHP FDQ DFFXUDWHO\ GHWHFW DQG WUDFN WKH0R&DSPDUNHU¶V
VXLW� 7KLV SURFHGXUH LV SHUIRUPHG RQ WKH FDSWXULQJ VRIWZDUH XVLQJ PHWKRGV WKDW UHO\ RQ
WKH XVDJH RI VSHFLDOL]HG LQVWUXPHQWV�H�J�� FDOLEUDWLRQ ZDQG DQG WULDQJOH� GHVLJQHG IRU WKLV
SXUSRVH� ZKHUH FDOLEUDWLRQ FDQ RFFXU XVLQJ WKH IROORZLQJ VWHSV�

� 5HPRYH REMHFWV WKDW SK\VLFDOO\ LQWHUIHUH ZLWK ,5 OLJKW E\ PDVNLQJ SURFHGXUHV HP�
EHGGHG LQ WKH VRIWZDUH�

� :DQGLQJ FDOLEUDWLRQ ZDQG ZLWK PDUNHUV LQ D VSHFLILF FRQILJXUDWLRQ IRU VDPSOH FRO�
OHFWLRQ�

� 'HILQLWLRQ RI WKH *URXQG 3ODQH WR UHILQH FDPHUD SRVLWLRQ DQG RULHQWDWLRQ�

7KH ZDQGLQJ SURFHVV DLGV LQ FDPHUD FDOLEUDWLRQ E\ XWLOL]LQJ D VSHFLILF PDUNHUV FRQILJXUD�
WLRQ SUHVHQW LQ WKH ZDQG WR UHIOHFW WKH VHYHUDO ,5�UD\V HPLWWHG E\ WKH FDPHUDV� SLQSRLQWLQJ
WKHLU ORFDWLRQV� ,W LV FUXFLDO WR FKDQJH WKH SRVLWLRQ DQG RULHQWDWLRQ RI WKH ZDQG DV LW LV SHU�
IRUPLQJ FDOLEUDWLRQ VR WKH VRIWZDUH KDV DQ LGHD RI WKH FDSWXUH URRP OD\RXW� 7KH V\VWHP�
ZKLOH UHFRUGLQJ� ZLOO SURYLGH IHHGEDFN RQ PHWULFV UHODWHG WR WKH FDOLEUDWLRQ TXDOLW\ VR WKH
WHFKQLFLDQ FDQ SHUIRUP LW FRUUHFWO\� $IWHU FDPHUD FDOLEUDWLRQ� LW LV QHFHVVDU\ WR GHILQH WKH
JURXQG SODQH RI WKH FDSWXUH YROXPH E\ XWLOL]LQJ D SURSULHWDU\ FDOLEUDWLRQ WULDQJOH ZKHUH
WKH YHUWLFHV DUH FRPSRVHG RI PDUNHUV� 2ULHQWDWLRQ RI WKLV WRRO LV YLWDO VLQFH LW ZLOO SUR�
YLGH WKH LQIRUPDWLRQ UHODWHG WR WKH ;� < DQG = D[HV� ZKHUH WKH ORQJ VLGH RI WKH WULDQJOH
LV WKH SRVLWLYH = D[LV� DQG WKH VKRUWHU VLGH� WKH SRVLWLYH ; D[LV XVLQJ WKH < D[LV SRLQWHG
XSZDUGV� $IWHU WKH SUHFLVH GHILQLWLRQ RI WKH FDPHUD¶V SRVLWLRQV DQG WKH FRUUHFW HVWLPDWLRQ
RI WKH JURXQG SODQH� WKH DFWRU FDQ ZHDU WKH 0R&DS VXLW WKDW FRQWDLQV WKH SDVVLYH PDUNHUV
LQ D VSHFLILF FRQILJXUDWLRQ�

��



9LUWXDO 3HUVRQDO 7UDLQHU )RU $FWLYH $JHLQJ

)LJXUH ���� 7KH WRS URZ SUHVHQWV WKH ZDQGLQJ SURFHVV� DQG WKH ERWWRP URZ VKRZV WKH FDO�
LEUDWLRQ WULDQJOH ZLWK WKH UHVSHFWLYH D[LV WR GHILQH WKH JURXQG SODQH� DOLJQLQJ WKH FDPHUDV
DFFRUGLQJ WR LW�

2Q WKH 2SWLWUDFN VRIWZDUH� 0RWLYH� WKHUH DUH VHYHUDO FKRLFHV LQ WHUPV RI PDUNHU VHWV WR
EH VHOHFWHG WKDW GLIIHU LQ WKH QXPEHU RI PDUNHUV DQG SRVLWLRQV LQ WKH VXLW LWVHOI� DOORZLQJ
WKH V\VWHP WR EH YHUVDWLOH LQ WKHLU XVDJH�H�J�� UHFRUG RQO\ WKH XSSHU ERG\ RU REWDLQ D PRUH
SUHFLVH HVWLPDWLRQ XVLQJ PRUH PDUNHUV�� ,Q WKLV GLVVHUWDWLRQ� WKH EDVHOLQH PDUNHU VHW XV�
LQJ �� PDUNHUV ZDV IRXQG WR EH VXIILFLHQW VLQFH LW SURYLGHV WKH OHYHO RI GHWDLO UHTXLUHG�
+RZHYHU LQ IXWXUH ZRUNV� LI WKH DQLPDWLRQ QHHGV WR EH PRUH UHSUHVHQWDWLYH� WKHUH DUH RWKHU
PDUNHU VHWV LQ WKH VRIWZDUH WKDW XVH PRUH PDUNHUV� IRU H[DPSOH� WKH ELRPHFKDQLFV PDUNHU
VHW 5L]]ROL %RG\ ZLWK �� PDUNHUV�

)LJXUH ���� &RQILJXUDWLRQ RI WKH PDUNHU VHW WR UHFRUG WKH DQLPDWLRQV LQFRUSRUDWHG LQWR WKH
DYDWDU�

��



�� 'HYHORSPHQW

)ROORZLQJ WKH UHFRUGLQJ VHVVLRQ� GHSHQGLQJ RQ WKH W\SH RI PRYHPHQW� XQVWDEOH HVWLPD�
WLRQ� RFFOXVLRQ� RU XQODEHOHG PDUNHUV ZLOO EH D FRPPRQ RFFXUUHQFH ZKHQ D V\VWHP KDV
LQVXIILFLHQW FDPHUDV RU PDUNHUV� ,Q DQLPDWLQJ DUWLFXODWHG ILJXUHV� ZH DUH RIWHQ FRQFHUQHG
ZLWK VLJQDOV GHILQLQJ MRLQW DQJOHV RU SRVLWLRQV RI MRLQWV>�@� ZKLFK LV WKH FDVH RI WKLV V\VWHP
ZKHUH WKH PDUNHUV¶ SRVLWLRQV RYHU WLPH DUH VLJQDOV FRQWDLQLQJ YDOXHV RI HDFK IUDPH RI WKH
FDSWXUH VHVVLRQ� :LWK WKLV DVVXPSWLRQ� GHDOLQJ ZLWK WKH SUHYLRXV LVVXHV FDQ EH VHHQ DV D
VLJQDO SURFHVVLQJ SUREOHPZKHUH PDUNHUV¶ SRVLWLRQV� DORQJ WLPH� ZLOO GHILQH D VSOLQH FXUYH
ZLWK JDSV RU MLWWHU GXH WR PLVVLQJ GDWD RU LQDFFXUDWH HVWLPDWLRQ� 6RIWZDUH HPEHGGHG PHWK�
RGV PDQDJH WKHVH RFFXUUHQFHV ZLWK LQWHUSRODWLRQ IXQFWLRQV�H�J�� OLQHDU� FXELF� WKDW XVH WKH
SRLQWV EHIRUH DQG DIWHU WKH JDS DQG VPRRWKLQJ IXQFWLRQV IRU MLWWHU EDVHG RQ ORZ�SDVV ILOWHUV
ZLWK FXVWRPL]HG FXW�RII IUHTXHQF\�

)LJXUH ���� ([DPSOH RI WKH SRVW�FDSWXUH PHWKRG XVHG WR LPSURYH WKH RYHUDOO GHILQLWLRQ
RI D FXUYH UHODWHG WR D MRLQW XVLQJ OLQHDU LQWHUSRODWLRQ�$�!%� DQG D ORZ�SDVV ILOWHU ZLWK D
FXW�RII IUHTXHQF\ RI � +] �%�!&��

2QFH WKH FDSWXUH DQG SRVW�FDSWXUH VWHSV DUH FRPSOHWH� WKH VRIWZDUH DOORZV WKH DQLPDWRU
WR H[SRUW LQ VHYHUDO IRUPDWV WKDW GLIIHU LQ WHUPV RI WKH LQIRUPDWLRQ SURYLGHG� )URP WKH
WDEOH EHORZ� LW LV SRVVLEOH WR REVHUYH WKH IRUPDWV ZLWK WKH PRVW LQIRUPDWLRQ DERXW WKH
FDSWXUH VHVVLRQ DUH WKH )%;� DQG &69 �&RPPD�VHSDUDWHG YDOXHV� IRUPDW� %RWK SURYLGH
UHFRQVWUXFWHG �' PDUNHU GDWD DQG� PRVW LPSRUWDQWO\� WKH VNHOHWRQ GDWD HVWDEOLVKHG E\ WKH
PDUNHUV WKDW ZLOO IRUP D FRQQHFWLRQ EHWZHHQ WKH SHUIRUPDQFH RI WKH DFWRU LQ WKH FDSWXUH
VHVVLRQ DQG WKH SUH�GHILQHG VNHOHWRQ RI WKH DYDWDU� 7KH WDEOH DOVR VKRZV DQRWKHU KHOSIXO
IRUPDW� %9+�� ZKLFK RQO\ VXSSOLHV VNHOHWRQ GDWD EHLQJ LGHDO LQ WHUPV RI RSWLPL]HG XV�
DJH� +RZHYHU� GXH WR LQFRPSDWLELOLWLHV EHWZHHQ VRIWZDUH ZKHQ XVLQJ %9+ RU &69� )%;
ZDV FKRVHQ DV WKH SULPDU\ IRUPDW RI WKH LPSOHPHQWDWLRQ� GHOLYHULQJ WKH VNHOHWRQ GDWD DQG
DIWHUZDUGV PHUJLQJ LW ZLWK WKH YLUWXDO SHUVRQDO WUDLQHU VNHOHWRQ�

�)%; �)LOPER[�� D SURSULHWDU\ ILOH IRUPDW GHYHORSHG E\ .D\GDUD WR VXSSO\ �' JHRPHWU\ DQG DQLPDWLRQ
GDWD UHSUHVHQWHG LQ $6&,, RU %LQDU\ GDWD�

�%9+ �%LRYLVLRQ +LHUDUFK\� RULJLQDOO\ GHYHORSHG E\ %LRYLVLRQ� D PRWLRQ FDSWXUH VHUYLFHV FRPSDQ\ WR
SURYLGH PRWLRQ FDSWXUH GDWD�

��
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7UDFNLQJ 'DWD 7\SH &69 &�' )%; %9+ 75&
5HFRQVWUXFWHG �' 0DUNHU 'DWD [ [ [ [
� 'HJUHH RI )UHHGRP 5LJLG %RG\ 'DWD [ [
6NHOHWRQ 'DWD [ [ [

7DEOH ���� 7DEOH ZLWK H[SRUW GDWD W\SHV DYDLODEOH LQ WKH VRIWZDUH� VKRZLQJ WKH LQIRUPDWLRQ
SURYLGHG E\ HDFK RI WKHP>��@�

����� 3HUVRQDO 7UDLQHU 0RWLRQ

$IWHU WKH UHFRUGLQJ VHVVLRQ LQ WKH PRWLRQ FDSWXUH URRP� WKH )%; ILOH WKDW FRQWDLQV WKH
PRWLRQ GDWD QHHGV WR EH WUDQVIHUUHG WR D �' KXPDQRLG PRGHO� 7KH 0L[DPR� KXPDQRLG
FKDUDFWHU IDFLOLWDWHG WKH SURFHVV RI DQLPDWLRQ E\ SURYLGLQJ D PHVK DQG D JROG VWDQGDUG KX�
PDQRLG ULJ� DYRLGLQJ LQ WKLV PDQQHU WKH GHILQLWLRQ RI WKHVH ZKLFK FDQ EH D YHU\ GHWDLOHG DQG
WLPH�FRQVXPLQJ SURFHVV� $OWKRXJK RQH SUREOHP UHPDLQHG� WKH PRWLRQ GDWD FRXOG QRW EH
WUDQVIHUUHG GLUHFWO\ WR WKH FKDUDFWHU VLQFH WKH PRWLRQ� 2SWLWUDFN SURYLGHV D VWUHDPLQJPRGH
ZKHUH WKH PRWLRQ GDWD FDQ EH VWUHDPHG RQWR H[WHUQDO DSSOLFDWLRQV�H�J�� 0RWLRQ %XLOGHU�
�GV 0D[� LQ UHDO�WLPH ZLWK WKH DVVLVWDQFH RI VWUHDPLQJ SOXJLQV>��@� $IWHU H[SORUDWLRQ RI
WKLV RSWLRQ� LW ZDV FOHDU WKDW WKH PRWLRQ GDWD QHHGHG SRVW�SURFHVVLQJ GXH WR MLWWHU DQG RWKHU
LVVXHV UHODWHG WR WKH 0R&DS PDUNHUV RFFOXVLRQV UHVXOWLQJ LQ XQUHDOLVWLF DQLPDWLRQV� $IWHU
PRWLRQ GDWD SRVW�SURFHVVLQJ DQG H[SRUWDWLRQ RI WKH ILOH LQ )%; IRUPDW� RQH RI WKH PRVW
YLDEOH RSWLRQV WR SHUIRUP WKLV GDWD WUDQVIHU LV XVLQJ VHFRQGDU\ VRIWZDUH� 0RWLRQ%XLOGHU�

8VLQJ 0RWLRQ%XLOGHU� LW ZDV SRVVLEOH WR GHILQH ULJV WKDW FRPSOLHG ZLWK VWDQGDUG FULWHULD
UHJDUGLQJ ULJJLQJ DQG PRUH� 6HHLQJ WKDW WKH W\SHV RI H[HUFLVHV UHTXLUHG GLIIHUHQW HQYLURQ�
PHQWV VHWWLQJV DQG FRQGLWLRQV� WKLV VRIWZDUH DOORZHG IRU WKH PDQLSXODWLRQ RI MRLQWV� ERQHV�
DQG REMHFWV WKDW ZHUH QRW SRVVLEOH WR GHILQH RQO\ XVLQJ 0RWLRQ &DSWXUH�H�J�� WKH GHILQLWLRQ
RI KDQGV PRYHPHQWV GXH WR ODFN RI PDUNHUV�� SURYLGLQJ D OHYHO RI GHWDLO ZKLFK ZDV QRW
SRVVLEOH ZLWKRXW LW� $SDUW IURP WKHVH DGYDQWDJHV� WKH VRIWZDUH FDQPRGLI\ DQLPDWLRQ XVLQJ
WKH ULJV ZLWK IRUZDUGLQJ� LQYHUVH NLQHPDWLFV� DQG NH\IUDPLQJ WHFKQLTXHV� 7KHVH PHFKD�
QLVPV DUH EHQHILFLDO DV WKH PRYHPHQW LV QR ORQJHU GHILQHG RQO\ E\ WKH FDSWXUH VHVVLRQ�
DOORZLQJ PRGLILFDWLRQ EDVHG RQ WKH DQLPDWRU¶V QHHGV RU LQWHUDFWLRQV ZLWK REMHFWV VXFK DV
ZHLJKWV RU FKDLUV�

�0L[DPR LV D FRPSXWHU JUDSKLFV WHFKQRORJ\ FRPSDQ\ GHYHORSLQJ VHUYLFHV IRU �' FKDUDFWHU DQLPDWLRQ�
VXSSO\LQJ DQLPDWLRQ VHTXHQFHV DQG VHYHUDO �' FKDUDFWHU PRGHOV WKDW GLIIHU GXH WR PRUSKRORJLHV�

�3URIHVVLRQDO �' FKDUDFWHU DQLPDWLRQ VRIWZDUH E\ $XWRGHVN SULPDU\ SXUSRVH RI YLUWXDO SURGXFWLRQ� PR�
WLRQ FDSWXUH� DQG WUDGLWLRQDO NH\IUDPH DQLPDWLRQ�

��
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)LJXUH ���� 7ZR DQLPDWLRQV ZLWK DQG ZLWKRXW REMHFWV ZKHUH LW LV SRVVLEOH WR REVHUYH WKH
GLIIHUHQFH LQ WHUPV RI UHDOLVP�

����� ([HUFLVH $QDO\VLV

$IWHU WKH GHWDLOHG WDVN RI DQLPDWLQJ WKH YLUWXDO FKDUDFWHU� WKH HYDOXDWLRQ RI WKH SHUVRQDO
WUDLQHU DQG XVHU SHUIRUPDQFH QHHGV WR EH LQ D IRUP WKDW JHQHUDOL]HV WKH H[HUFLVH XVLQJ WKH
OHDVW SRVVLEOH DPRXQW RI LQIRUPDWLRQ� )RU WKLV SXUSRVH� WKHUH DUH VHYHUDO ZD\V WR DFFRP�
SOLVK WKLV DQDO\VLV� KRZHYHU� LQ WKLV GLVVHUWDWLRQ� RQO\ WKH WKUHH PDLQ DSSURDFKHV ZKHQ
GHYHORSLQJ WKLV ZRUN ZLOO EH GLVFXVVHG� VKRZLQJ DOO WKH DGYDQWDJHV WKDW WKH ILQDO HYDOXD�
WLRQ WHFKQLTXHV SURYLGH� 7KH PDLQ DSSURDFKHV DUH�

� (XFOLGHDQ 'LVWDQFHV
� $GDSWLYH �' *ULG
� 6WDWLF �' *ULG

%HIRUH WKH PDLQ DSSURDFKHV� LW LV FUXFLDO WR GLVFXVV WKH UHGXFWLRQ RI WKH DPRXQW RI LQIRU�
PDWLRQ SURFHVVHG E\ WKH V\VWHP LQ UHDO�WLPH� 2QH ZD\ WR DFFRPSOLVK WKLV LV E\ UHGXFLQJ
WKH QXPEHU RI YDULDEOHV EHLQJ PRQLWRUHG LQ UHDO�WLPH ZKHQ REVHUYLQJ WKH PRWLRQ� $V
PHQWLRQHG EHIRUH� WKHUH DUH VHYHUDO RXWSXWV IRU HDFK ODQGPDUN WKDW WKH SRVH HVWLPDWRU VXS�
SOLHV�H�J�� �' SRVLWLRQ� YLVLELOLW\�� KRZHYHU� DIWHU H[SHULPHQWLQJ ZLWK WKH HVWLPDWRU IRU
VHYHUDO H[HUFLVHV� LW ZDV SRVVLEOH WR REVHUYH WKDW WKH GHVFULSWLRQ RI WKH PRYHPHQWV LQ PRVW
FDVHV LV VXIILFLHQW XVLQJ RQO\ WZR GLPHQVLRQV ZLWKRXW ORVLQJ HVVHQWLDO LQIRUPDWLRQ� 1HY�
HUWKHOHVV� WR DFFRPSOLVK WKLV VLPSOLILHG DQDO\VLV� ILUVW RI DOO LW LV QHFHVVDU\ WR FRQYHUW WKH
QRUPDOL]HG FRRUGLQDWHV LQ WKUHH GLPHQVLRQV LQWR LPDJH FRRUGLQDWHV LQ WZR GLPHQVLRQV�

������� $SSOLFDWLRQ RI WKH (VWLPDWRU RQ �' ,PDJH 3ODQH

%OD]H3RVH LV D KXPDQ SRVH HVWLPDWRU WKDW SURYLGHV IRXU RXWSXWV�

��
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� /DQGPDUN FRRUGLQDWHV �[� \� LQ WKH LPDJH SODQH QRUPDOL]HG EHWZHHQ � DQG � DF�
FRUGLQJO\ WR WKH LPDJH KHLJKW DQG ZLGWK�

� /DQGPDUN GHSWK ] FDOFXODWHG DVVXPLQJ WKH GHSWK DW WKH PLGSRLQW RI WKH KLSV DV WKH
RULJLQ �WKH FORVHU WKH YDOXH RI WKH GHSWK� WKH VPDOOHU LW LV��

� 9LVLELOLW\ LV D YDOXH ZLWK D UDQJH RI >���� ���@ WKDW LQGLFDWHV WKH OLNHOLKRRG RI EHLQJ
YLVLEOH LQ WKH LPDJH�

7KH ODQGPDUN¶V GHSWK XVHV WKH GHSWK DW WKH PLGSRLQW RI WKH KLSV DV WKH RULJLQ� EHFRPLQJ
WKH YDOXH VPDOOHU DV LW FRPHV FORVHU WR WKH FDPHUD>�@� %DVHG RQ WKH RXWSXW SURYLGHG E\ WKH
KXPDQ SRVH HVWLPDWRU� D YLDEOH ZD\ WR FUHDWH WKH HYDOXDWLRQ DOJRULWKP ZRXOG EH XVLQJ WKH
ODQGPDUN FRRUGLQDWHV �[�\� LQ FRQMXQFWLRQ ZLWK WKH ODQGPDUN¶V GHSWK ]� ,Q WKLV DSSURDFK�
LW LV SRVVLEOH WR REVHUYH PRYHPHQWV WKDW YDU\ DFFRUGLQJ WR WKH GHSWK D[LV� IRU H[DPSOH� LI
WKH KDQG LV FORVHU WR WKH ERG\ RU WKH FDPHUD� ,W FDQ EH KHOSIXO LQ VRPH H[HUFLVHV� KRZHYHU�
PRVW RI WKHP FRXOG EH HYDOXDWHG EDVHG RQ WKH YDULDWLRQ LQ WKH [ DQG \�D[LV UHODWHG WR RWKHU
ERG\ SDUWV� VLPSOLI\LQJ WKH ZKROH DVVHVVPHQW SURFHVV DQG GHFUHDVLQJ WKH DPRXQW RI GDWD
XVHG LQ WKH DQDO\VLV� 7KH QHXUDO QHWZRUN JLYHV QRUPDOL]HG �' ODQGPDUN FRRUGLQDWHV� EXW
IRU WKH REMHFWLYH RI ZRUNLQJ RQ WKH LPDJH SODQH� WKH V\VWHP QHHGV WKH FRRUGLQDWHV UHODWHG
WR WKH LPDJH GLPHQVLRQV� $OWKRXJK WKH QRUPDOL]DWLRQ LV YDOXDEOH DQG HIILFLHQW ZKHQ VWRU�
LQJ WKH YDOXHV RU FDOFXODWLQJ PHWULFV VXFK DV HXFOLGHDQ HUURU� WKH FRRUGLQDWHV RI WKH NH\
SRLQWV EDVHG RQ WKH LPDJH DUH PRUH GLVFULPLQDQW DOORZLQJ WKH DVVHVVPHQW RI WKH SHUVRQ¶V
SHUIRUPDQFH� 8QGRLQJ WKH QRUPDOL]DWLRQ RI WKHVH RXWSXWV FRPSXWHV WKLV LQIRUPDWLRQ XVLQJ
D IRUPXOD WKDW FRQVLGHUV WKH LPDJH¶V GLPHQVLRQV�

value = valuenorm ∗ (valuemax − valuemin) + valuemin

������� (XFOLGHDQ 'LVWDQFHV

3RVH FRPSDULVRQ EHWZHHQ SRVHV KDV VHHQ VHYHUDO DSSURDFKHV ZLWK GLIIHUHQW PHWKRGROR�
JLHV� XVLQJ (XFOLGHDQ GLVWDQFH� WKH GLIIHUHQFH EHWZHHQ DQJOHV RI WKH MRLQWV� RU 'LVFUHWH
)RXULHU 7UDQVIRUP �')7� WKDW LGHQWLILHV SHULRGLFLWLHV LQ WKH GDWD WR FRPSDUH WKHP� XVHG
PDLQO\ LQ DFWLRQ UHFRJQLWLRQ� (XFOLGHDQ GLVWDQFH ZDV RQH RI WKH LPSOHPHQWHG DSSURDFKHV
VLQFH LW LV WKH VLPSOHVW RQH ZKLOH IXOILOOLQJ WKH HYDOXDWLRQ SXUSRVH� 7KLV PHWKRG ZDV GH�
YHORSHG E\ FDOFXODWLQJ WKH GLVWDQFH EHWZHHQ GLIIHUHQW ERG\ SDUWV WR H[HFXWH WKH DFWLRQ�
)RU H[DPSOH� WKH (XFOLGHDQ GLVWDQFH EHWZHHQ WKH KDQGV DQG WKH VKRXOGHUV ZDV VLJQLILFDQW
ZKHQ H[HFXWLQJ D ELFHS FXUO VLQFH WKLV YDULHV VLJQLILFDQWO\ RYHU WLPH� :LWK WKHVH W\SHV RI
GLVWDQFHV DQG DQ DOJRULWKP EDVHG RQ WKUHVKROGV� LW ZRXOG� LQ VRPH H[HUFLVHV� EH VXIILFLHQW
WR HYDOXDWH WKH H[HFXWLRQ�

��
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)LJXUH ���� (XFOLGHDQ GLVWDQFH PHWKRG H[HPSOLILHV WKH GLIIHUHQFH EHWZHHQ D JRRG�OHIW
VLGH� DQG EDG�ULJKW VLGH� %LFHS &XUO H[HFXWLRQ�

$OWKRXJK WKLV K\SRWKHVLV ZRUNV IRU VHYHUDO GLIIHUHQW H[HUFLVHV� VRPH LVVXHV RULJLQDWHG
IURP IROORZLQJ WKLV PHWKRG� 2QH RI WKH VLJQLILFDQW SUREOHPV REVHUYHG ZDV WKH GLVSDU�
LW\ RI HXFOLGHDQ GLVWDQFH YDOXHV EHWZHHQ SHRSOH RI YDULRXV SURSRVLWLRQV� 7KUHVKROGV WKDW
HYDOXDWH WKH H[HUFLVH GHSHQG RQ WKHVH YDOXHV� RULJLQDWLQJ WKH QHHG WR DGMXVW WKH WKUHVKROGV
IRU D SRUWLRQ RI WKH SRSXODWLRQ EXW ZRUVHQLQJ WKH V\VWHP¶V RYHUDOO SHUIRUPDQFH IRU RWKHUV�
$OWKRXJK WKH WKUHVKROGV FDQ GHVFULEH VRPH H[HUFLVHV� WKHUH LV QR ZD\ WR DVVHVV ZKHWKHU
WKLV RFFXU GR WKH FRUUHFW SRVLWLRQV RI ODQGPDUNV RU LI LW KDSSHQV LQ D GLIIHUHQW SRVH WKDQ
ZKDW ZDV DVNHG IRU E\ WKH XVHU� )RU H[DPSOH� VXSSRVH WKH SRVLWLRQ LQGLFDWHG E\ WKH SHU�
VRQDO WUDLQHU LV WR SODFH WKH ULJKW IRRW LQ IURQW RI WKH OHIW IRRW� 7KHRUHWLFDOO\� WKH XVHU FRXOG
SXW WKH OHIW IRRW LQ IURQW RI WKH ULJKW RQH VLQFH WKHUH LV QRW D GLVFULPLQDWRU\ IDFWRU EDVHG RQ
WKH ERG\ SDUWV�

)LJXUH ����� 7KHVH JUDSKV GLVSOD\ D %LFHS &XUO UHSHWLWLRQ SHUIRUPHG E\ SHRSOH ZLWK GLI�
IHUHQW SURSRUWLRQV� 7KH OHIW JUDSK VKRZV WKH VPDOOHU SHUVRQ¶V SHUIRUPDQFH� DQG RQ WKH
ULJKW VLGH� WKH ODUJHU SHUVRQ¶V SHUIRUPDQFH�

��
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������� $GDSWLYH �' *ULG

$IWHU QRWLFLQJ WKH GLVDGYDQWDJH RI WKH HXFOLGHDQ GLVWDQFH DSSURDFK� IXWXUH DSSURDFKHV
QHHGHG WR EH GLVFULPLQDWRU\ LQ WHUPV RI ERG\ SDUWV XVHG LQ WKH SHUIRUPDQFH RI DQ H[HUFLVH�
7KH VHFRQG DSSURDFK GHYHORSHG LQ WKLV ZRUN KDG WKDW REMHFWLYH� WKH DGDSWLYH JULG� 7KLV
W\SH RI JULG ZDV D VHW RI OLQHV GHILQHG DQG XSGDWHG LQ UHDO�WLPH XVLQJ WKH �' SRVLWLRQ RI
DQDWRPLFDO ODQGPDUNV�H�J�� WKH QRVH IURP D PLGGOH YHUWLFDO OLQH RU WKH VKRXOGHUV IRU D KRU�
L]RQWDO OLQH� IURP WKH VNHOHWRQ MRLQWV VXSSOLHG E\ WKH %OD]H3RVH WR FUHDWH HDFK FHOO RI WKH
JULG� :LWK WKH FHOOV RU UHJLRQV� WKH V\VWHP FRXOG GHWHFW WKH SUHVHQFH RI WKH ODQGPDUNV RI
LQWHUHVW RYHU WLPH� :LWK WKLV LQIRUPDWLRQ� WKH V\VWHP FDQPRQLWRU WKH WUDMHFWRU\ RI WKH ODQG�
PDUNV RI LQWHUHVW XVLQJ WKH UHJLRQV WR GHVFULEH WKH SHUIRUPDQFH DQG� WKHUHIRUH� DQ H[HUFLVH
EXIIHU� 7KLV PHWKRG SURYLGHV D VLPSOLILHG H[HUFLVH GHVFULSWLRQ� DQG LQ WKHRU\� D XQLYHUVDO
HYDOXDWLRQ VLQFH WKH JULG LV IRUPHG EDVHG RQ WKH SHUVRQ� 7KH SHUVRQDO WUDLQHU¶V SHUIRU�
PDQFH FDQ DFW DV D EDVHOLQH IRU WKH V\VWHP WR HYDOXDWH RWKHU LQGLYLGXDOV XVLQJ WKH VWRUHG
H[HUFLVH EXIIHU� ODEHOOHG XVLQJ WKH QDPH RI WKH H[HUFLVH� :KHQ WU\LQJ WKLV K\SRWKHVLV� WKH
V\VWHP FRXOG FUHDWH DQG XSGDWH WKH JULG LQ UHDO WLPH ZLWKRXW DIIHFWLQJ WKH RYHUDOO SHUIRU�
PDQFH� +RZHYHU� WKH JULG KDG RQH PDMRU GLVDGYDQWDJH� UHFXUUHQW FROODSVLQJ UHJLRQV� 7KLV
SUREOHP ZDV GXH WR WKH FUHDWLRQ RI OLQHV EDVHG RQ WKH SRVLWLRQV RI PRYLQJ RU QRQ�VWDWLF
MRLQWV� 2QH SULPDU\ H[DPSOH RI WKLV SKHQRPHQRQ ZDV ZKHQ HYDOXDWLQJ D UHSHWLWLRQ RI D
VLWWLQJ H[HUFLVH ZKHUH WKH KLS OLQH ZRXOG RYHUODS RWKHU ORZHU OLQHV RI WKH SHUVRQ ZKHQ WKH
SHUVRQ UHDFKHG WKH PLGSRLQW RI WKH UHSHWLWLRQ�

)LJXUH ����� 9LUWXDO SHUVRQDO WUDLQHU SHUIRUPLQJ WKH OLIWLQJ IURP WKH FKDLU H[HUFLVH� RULJ�
LQDWLQJ FROODSVLQJ UHJLRQV DQG WKHUHIRUH DIIHFWLQJ WKH HYDOXDWLRQ RI WKH H[HUFLVH�

��
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������� 6WDWLF �' *ULG

$OWKRXJK WKH DGDSWLYH �' JULG KDG VRPH GLVDGYDQWDJHV� WKH JULG SURFHGXUH VWLOO LV D YLDEOH
IRUP RI DQDO\VLV GXH WR LWV GLVFULPLQDWRU\ QDWXUH� :LWK WKH UHJLRQV� LW LV SRVVLEOH WR GLI�
IHUHQWLDWH RULHQWDWLRQ�H�J�� OHIW�ULJKW VLGH� DQG WUDMHFWRULHV DORQJ WKH WLPH RI WKH ODQGPDUNV
RI LQWHUHVW ZKLOH SURYLGLQJ D GLVFULPLQDWRU\ PHWKRG IRU SHRSOH ZLWK GLIIHUHQW SURSRUWLRQV�
(VWDEOLVKLQJ WKHVH QHZ GLVFULPLQDWRU\ UHJLRQV UHTXLUHV WKH SRVLWLRQV RI WKH VHOHFWHG MRLQWV
DQG UHODWLYH GLVWDQFHV EDVHG RQ WKHVH WR IRUP WKH OLQHV� FUHDWLQJ D JULG WKDW FRQWDLQV PRUH
UHJLRQV DQG� WKHUHIRUH� LV PRUH DFFXUDWH IRU WKH H[HUFLVH HYDOXDWLRQ� $IWHU H[SHULPHQWD�
WLRQ� RQH IRUP RI WKH JULG FDPH WR PLQG� D VWDWLF JULG� :LWK WKLV W\SH RI JULG� WKH LVVXH
RI UHFXUUHQW FROODSVLQJ UHJLRQV GLVDSSHDUV VLQFH WKH\ DUH FRQVWDQW RYHU WLPH� +RZHYHU� WR
IRUP WKH JULG� WKH V\VWHP QHHGV WR HVWLPDWH WKH PRVW UHSUHVHQWDWLYH YDOXHV RI HDFK MRLQW
RI LQWHUHVW EDVHG RQ WKH FXUUHQW SHUVRQ¶V SRVLWLRQ� DOORZLQJ WKH SHUVRQ WR FUHDWH WKHLU H[�
HUFLVH ]RQH� $IWHU H[WHQVLYH H[SHULPHQWDWLRQ ZLWK VHOHFWLQJ WKH MRLQWV RI LQWHUHVW IRU WKH
JULG� WKH FRQFOXVLRQ ZDV WKDW WKH IRUPDWLRQ RI WKH JULG FRXOG QRW EH RQO\ MRLQWV EHFDXVH�
LQ VRPH FDVHV� WKH FKDQJH RI WKH ODQGPDUNV RI LQWHUHVW� RYHU WLPH� ZRXOG EH WRR VXEWOH�
1RQHWKHOHVV� WKH UHVROXWLRQ RI WKLV LVVXH LV SRVVLEOH E\ XWLOL]LQJ RWKHU PHWULFV VSHFLILF WR
WKH XVHU�

)LJXUH ����� -RLQWV VHOHFWHG DQG UHODWLYH GLVWDQFHV IRU WKH JULG IRUPDWLRQ� EHLQJ RQ WKH
ULJKW VLGH WKH QRWDWLRQ IRU WKH UHJLRQV�

��
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/DQGPDUNV RI ,QWHUHVW ,QGH[
1RVH �

6KRXOGHUV ��� ��
+LSV ��� ��
.QHHV ��� ��
$QNOHV ��� ��

)URQW 7RHV ��� ��

7DEOH ���� /DQGPDUNV 2I ,QWHUHVW WR IRUP WKH
�' JULG ZLWK WKH SRVH ODQGPDUNV LQGH[HV�

,QGH[ 5HODWLYH 'LVWDQFH
� �QRVHy − shouldery) · 9

2

� �VKRXOGHUy − nosey) · 3
2

� �VKRXOGHUy + hipy) · 1
2

� �KLSy + kneey) · 1
2

� �NQHHy + ankley) · 1
2

� �ULJKWVKRXOGHUx + leftshoulderx) · 1
2

� OHIWVKRXOGHUx + 1.2 · Index6

� OHIWVKRXOGHUx + 1.2 · Index6

7DEOH ���� 5HODWLYH 'LVWDQFHV RUGHUHG E\ WKH
LQGH[HV LQ WKH SUHYLRXV ILJXUH�

7KH JDWKHULQJ RI WKH MRLQW YDOXHV LV GLIIHUHQW IRU WKH SHUVRQDO WUDLQHU DQG WKH XVHU VLQFH
LW NQHZ EHIRUHKDQG WKDW WKH FRDFK ZRXOG QRW PRYH IURP KLV FXUUHQW ORFDWLRQ� )RU WKH
SHUVRQDO WUDLQHU� WKH YDOXHV WKDW IRUP WKH VWDWLF UHJLRQV XVH WKH YDOXHV VHHQ RQ WKH ILUVW
IUDPH RI WKH H[HUFLVH LQ YLGHR IRUPDW� :KLOH IRU WKH XVHU� LW LV LPSRUWDQW WR DVVXPH WKDW WKH
SHUVRQ ZLOO PRYH DURXQG WKH H[HUFLVH ]RQH� UHVXOWLQJ LQ D PRUH GHWDLOHG FDOLEUDWLRQ SURFHVV
IRU WKHVH YDOXHV� ZKHUH WKH ZKROH SURFHVV LV LQ WKH FKDSWHU UHODWLYH WR WKH FRPSDULVRQ RI
SRVHV EHWZHHQ WKH FRDFK DQG WKH XVHU� :LWK WKH JULG IRUPDWLRQ� WKH V\VWHP FDQ SHUIRUP
WKH H[HUFLVH DQDO\VLV XVLQJ D IUDFWLRQ RI WKH LQIRUPDWLRQ VXSSOLHG E\ WKH SRVH HVWLPDWRU
ZKHQ UXQQLQJ LW RQ D FRUUHFW UHSHWLWLRQ RI HDFK H[HUFLVH�

)LJXUH ����� )LQDO DSSURDFK IRU WKH IRUPDWLRQ RI WKH JULG ZKLFK ZLOO VHUYH DV D JXLGHOLQH
IRU WKH H[HUFLVH DQDO\VLV�

������� 5HOHYDQW 'DWD

$V PHQWLRQHG EHIRUH� PRVW H[HUFLVHV KDYH WKH HYDOXDWLRQ IURP D VLQJOH FRQVWDQW FDPHUD
SHUVSHFWLYH� ZLWK D VWDWLF FDPHUD LQ IURQW RI WKH SHUVRQ RU FRDFK� :LWK WKLV REVHUYDWLRQ DQG
ZLWK WKH FRQFHUQ IRU RSWLPL]DWLRQ RI WKH V\VWHP SHUIRUPDQFH� WKH H[HPSOLILFDWLRQ RI WKH
H[HUFLVHV ZLOO EH LQ YLGHR IRUPDW VLQFH LW FDQ SURYLGH WKH LQIRUPDWLRQ QHFHVVDU\ IRU WKH XVHU
DQG WKH V\VWHP ZKLOH LPSURYLQJ WKH SHUIRUPDQFH ZKHQ FRPSDUHG ZLWK WKH DOWHUQDWLYH RI
SODFLQJ WKH SHUVRQDO WUDLQHU LQ D YLUWXDO HQYLURQPHQW ZKLOH SHUIRUPLQJ WKH VDPH HYDOXDWLRQ
IURP WKH VDPH FDPHUD SHUVSHFWLYH� VDYLQJ VLJQLILFDQW DPRXQWV RI SURFHVVLQJ SRZHU IRU
RWKHU WDVNV�

��
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7KH UHOHYDQW GDWD IRU D V\VWHP FDQ YDU\ DFFRUGLQJO\ WR WKH REMHFWLYH� WKH HTXLSPHQW WKDW
FRPSRVHV D V\VWHP DQG WKH UHTXLUHPHQWV WKH V\VWHP PXVW IROORZ� +RZHYHU� D UHDO�WLPH
V\VWHP QRW RQO\ DGGUHVVHV WKHVH UXOHV EXW DOVR QHHGV WR FRQVLGHU WKH DPRXQW RI PHPRU\
XVHG ZKLOH UXQQLQJ WR DYRLG FRPPRQ LVVXHV OLNH PHPRU\ VKRUWDJH� :LWK WKLV FRQFHUQ�
ZKHQ WKH V\VWHP¶V H[HUFLVH DQDO\VLV LV UXQQLQJ RQ WKH SHUVRQDO WUDLQHU� LW RQO\ QHHGV WKUHH
SDUDPHWHUV�

� 6SHFLILFDWLRQ RI WKH ODQGPDUNV RI LQWHUHVW

� 7KH WUDMHFWRU\ RI WKH ODQGPDUNV XVLQJ WKH QRWDWLRQ RI WKH UHJLRQV WKDW FRPSRVH WKH
JULG

� ,GHQWLILFDWLRQ RI WKH H[HUFLVH

6SHFLI\LQJ WKHVH SDUDPHWHUV DOORZV WKH V\VWHP WR WUDFN LWV WUDMHFWRU\ GXULQJ WKH SHUIRU�
PDQFH ZKLOH DVVRFLDWLQJ LW ZLWK WKH H[HUFLVH DW KDQG� $W WKH PRPHQW� WKH WHFKQLFLDQ VSHF�
LILHV WKHVH SDUDPHWHUV PDQXDOO\ DIWHU FDUHIXOO\ REVHUYLQJ WKH WUDMHFWRU\ SHULRGLFLW\ RI WKH
GLIIHUHQW ODQGPDUNV WKDW FRPSRVH WKH VNHOHWRQ� KRZHYHU� WKH GHILQLWLRQ RI WKHVH RQO\ RF�
FXUV RQFH� SURYLGLQJ WKH V\VWHP ZLWK WKH DELOLW\ WR XVH WKLV LQIRUPDWLRQ WR HYDOXDWH WKH
XVHU¶V SHUIRUPDQFH RI WKH H[HUFLVHV�

$QRWKHU KHOSIXO IHDWXUH WKLV DSSURDFK RIIHUV LV WUDFNLQJ ZKHQ D ODQGPDUN RI LQWHUHVW LV LQ
D UHJLRQ RI LQWHUHVW DQG ZKHQ D WUDQVLWLRQ EHWZHHQ WKHVH UHJLRQV RFFXUV XVLQJ WLPHVWDPSV�
:LWK WKLV LQIRUPDWLRQ� WKH V\VWHP FDQ GLVSOD\ RU LQWHUUXSW WKH YLGHR VKRZLQJ WKH H[HUFLVH WR
SURYLGH PHDQLQJIXO LQWHUDFWLRQ EHWZHHQ WKH XVHU DQG WKH FRDFK� )RU H[DPSOH� WKH SHUVRQDO
WUDLQHU FDQ VWRS DW D FULWLFDO SRLQW RI WKH PRYHPHQW �H�J�� LQ WKH PLGGOH RI WKH UHSHWLWLRQ� DQG
ZDLW XQWLO WKH SHUVRQ UHDFKHV WKLV SRLQW WR FRQWLQXH WKH H[HFXWLRQ RI WKH H[HPSOLILFDWLRQ�
7KLV IHDWXUH DOORZV WKH SHUVRQ WR IROORZ DORQJ ZLWK WKH FRDFK VLPXODWLQJ D W\SLFDO UHDO�OLIH
LQWHUDFWLRQ ZKHQ LQVWUXFWLQJ D SHUVRQ RQ KRZ WR SHUIRUP D PRYHPHQW� )RU WKLV SXUSRVH�
WKH V\VWHP QHHGV WR H[WUDFW DQG VWRUH WKH WLPHVWDPSV ZKHQ WKH WUDQVLWLRQV RI UHJLRQV RFFXU
DQG ILQG D SRLQW ZKHUH LW LV VDIH WR LQWHUUXSW WKH YLGHR WR HQVXUH WKDW LW VWRSV DW WKH FRUUHFW
WLPHVWDPS� 7KH V\VWHP WR HVWLPDWH WKLV YDOXH XVHV WKH WLPHVWDPSV RI WKH WUDQVLWLRQV ZKHQ
LW HQWHUV DQG ZKHQ LW OHDYHV WKH UHJLRQ WR FRPSXWH WKH PHDQ WLPHVWDPS IRU WKH UHJLRQ DW
KDQG� 8VLQJ WKH PHDQ YDOXH HQVXUHV D VDIH WLPHVWDPS IRU WKLV IHDWXUH VLQFH WKH HTXLSPHQW
XVHG WR UXQ WKH V\VWHP FDQ YDU\ RQ FRPSXWDWLRQDO SRZHU DIIHFWLQJ WKH YHORFLW\ DW ZKLFK
WKH YLGHR UXQV� $IWHU WKH HVWLPDWLRQ� WKH V\VWHP FDQ VWRUH WKHVH YDOXHV LQ ILOHV ZLWK WKH
LGHQWLILFDWLRQ RI WKH H[HUFLVHV DQG GLIIHUHQW GLUHFWRULHV EDVHG RQ WKH FDWHJRULHV LQ ZKLFK
WKH\ ILW�

��



9LUWXDO 3HUVRQDO 7UDLQHU )RU $FWLYH $JHLQJ

)LJXUH ����� 'LDJUDP VKRZLQJ WKH SURFHVV RI WLPHVWDPS H[WUDFWLRQ IURP WKH YLGHR SHU�
IRUPDQFH RI WKH FRDFK�

��� 3RVH (VWLPDWLRQ

:LWK WKH DQDO\VLV RI WKH H[HUFLVHV FRPSOHWHG H[HPSOLILFDWLRQ� WKH V\VWHP FDQ QRZ DQDO�
\VH WKH XVHU¶V SHUIRUPDQFH VLQFH WKH SRVH HVWLPDWRU LV WKH VDPH DQG WKH UHTXLUHPHQWV HV�
WDEOLVKHG IRU WKH SHUVRQDO WUDLQHU DSSO\ WR WKH XVHU� ZKLFK PHDQV WKDW WKH XVHU� DIWHU WKH
FDOLEUDWLRQ SURFHVV� FDQ SHUIRUP WKH H[HUFLVHV DVVXPLQJ WKDW LW KDV WKH VDPH RULHQWDWLRQ
WRZDUG WKH FDPHUD DV WKH DYDWDU� +RZHYHU� DV PHQWLRQHG EHIRUH� VRPH FRQFHUQV LQYROYH
RFFOXVLRQV ZKHQ XVLQJ SURSV WR SHUIRUP WKH H[HUFLVHV� 2QH DWWHPSW WR DYRLG WKLV� ZKLFK
FDQ DIIHFW WKH SHUIRUPDQFH DQG HIILFDF\ RI WKH HVWLPDWRU� ZDV WKH VWUDWHJLF SODFHPHQW RI
SURSV ZKHQ QHHGHG WR SHUIRUP WKH H[HUFLVHV LQ D ZD\ WKDW ZLOO QRW RFFOXGH DQ\ UHODWLYHO\
ULJLG ERG\ SDUW� ZKLFK LV HVVHQWLDO WR HVWLPDWH WKH VNHOHWRQ� OLNH WKH IDFH RU WKH WRUVR EHLQJ
WKLV DQ DVVXPSWLRQ PDGH E\ WKH DXWKRUV RI WKLV HVWLPDWRU LQ WKH FDVH RI VLQJOH�SHUVRQ XVH
FDVH>�@� 7KH DVVXPSWLRQ PHQWLRQHG DERYH LV DOVR LQ PLQG ZKHQ HYDOXDWLQJ WKH H[HUFLVHV�
6LQFH WKH V\VWHP VHWXS FRQVLVWV RI VLQJOH�FDPHUD XVH� WKH IDFH PXVW EH SUHVHQW LQ WKH LP�
DJH SODQH� EHLQJ QHFHVVDU\ WKDW WKH XVHU LV LQ IURQWDO YLHZ RU IDFHG �� GHJUHHV DZD\ IURP
WKH FDPHUD� LPSURYLQJ WKH DOJRULWKP¶V SHUIRUPDQFH ZLWKRXW DIIHFWLQJ WKH H[HFXWLRQ RI WKH
H[HUFLVH� ,Q WKH H[HUFLVHV ZLWK SURSV WKDW FRXOG QRW EH PRYHG� D GHWHULRUDWLQJ SHUIRUPDQFH
IURP WKH HVWLPDWRU RQ WKH XVHU�DYDWDU FDQ EH VHHQ� ZKLFK ZLOO EH GLVFXVVHG LQ WKH FKDSWHU
UHJDUGLQJ UHVXOWV� 7KH DQDO\VLV RI WKH XVHU¶V SHUIRUPDQFH UHVHPEOHV WKH DYDWDU� PHDQLQJ
LW LV SRVVLEOH WR GHILQH D JRRG�EDG UHSHWLWLRQ ZLWK WKH H[HUFLVH EXIIHU DQG WKH ODQGPDUNV
RI LQWHUHVW VLQFH WKH XVHU DQG WKH DYDWDU SHUIRUP WKH PRYHPHQWV LQ D VLPLODU HQYLURQPHQW
DOORZLQJ IRU WKH VLPSOLILFDWLRQ RI WKH RYHUDOO V\VWHP DQG XQLYHUVDO EHKDYLRXU GXH WR WKH
IRUPDWLRQ RI WKH VWDWLF �' JULG XVLQJ UHODWLYH GLVWDQFHV EDVHG RQ WKH FKDUDFWHULVWLFV RI WKH
SHUVRQ� 5HJDUGOHVV� LW LV LPSRUWDQW WR H[SODLQ WKH ZKROH SURFHGXUH RI WKH FRPSDULVRQ EH�
WZHHQ WKHVH SRVHV� ZKLFK LV WKH PDLQ IRFXV RI WKLV GLVVHUWDWLRQ�

��
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����� &RPSDULVRQ %HWZHHQ 3RVHV

$V PHQWLRQHG EHIRUH� WKH FDOLEUDWLRQ IRU WKH XVHU GLIIHUV IURP WKH DYDWDU¶V� PHDQLQJ WKDW
WKH FDOLEUDWLRQ SKDVH ZLOO EH D WLPH LQWHUYDO ZKHUH WKH SHUVRQ QHHGV WR SHUIRUP WKH 7�3RVH
IRU WHQ VHFRQGV� ,Q WKLV WLPH LQWHUYDO� WKH SHUVRQ QHHGV WR EH LPPRELOH DQG UHPDLQ LQ WKH
]RQH ZKHUH LW ZLOO H[HFXWH WKH H[HUFLVH VR WKH V\VWHP FDQ DFFXUDWHO\ IRUP WKH JULG� $W WKH
VDPH WLPH� WKH V\VWHP QHHGV WR WUDFN PLQRU YDULDWLRQV WKDW D SHUVRQ SHUIRUPV GXULQJ WKLV
LQWHUYDO ZKLOH PDLQWDLQLQJ WKH SRVH� 7KH PHDQ RI DOO WKH YDOXHV FROOHFWHG DORQJ WKH WLPH
FDQ FRPSXWH D UREXVW HVWLPDWH RI WKH MRLQW¶V SRVLWLRQ DQG� WKHUHIRUH� WKH OLQHV WKDW FRPSRVH
WKH JULG� 7R DYRLG WKH SHUVRQ¶V PRYHPHQW GXULQJ WKLV SKDVH� WKH SHUVRQ QHHGV WR SODFH WKH
ODQGPDUNV RI LQWHUHVW�ZULVWV DQG DQNOHV� LQ WKH FRUUHFW UHJLRQV IRU WKH WLPHU WR VWDUW DQG
PDLQWDLQ LW� :KLOH SHUIRUPLQJ WKH FDOLEUDWLRQ� WKH SHUVRQ FDQ VHH WKURXJK D FRORXU VFKHPH
ZKHQ WKH ODQGPDUNV RI LQWHUHVW DUH LQ WKH UHVSHFWLYH DUHDV�H�J�� JUHHQ UHJLRQV ZKHQ WKH
ODQGPDUN LV SUHVHQW DQG UHG ZKHQ DEVHQW�� LQGLFDWLRQ XVLQJ WH[W ZKHQ UHFRUGLQJ WKH YDOXHV
DQG WKH WLPHU YDOXH LQ UHDO�WLPH� $IWHU WKH FDOLEUDWLRQ� WKH UHJLRQV ZLOO EH VWDWLF IRU WKH
UHPDLQGHU RI WKH H[HUFLVH H[HFXWLRQ� ZKHUH RQH SRLQW DSSHDUV LQ WKH SHUVRQ¶V VNHOHWRQ�
UHSUHVHQWLQJ WKH SHUVRQ¶V FHQWUH RI PDVV� 7KLV SRLQW DOORZV WUDFNLQJ QRW RQO\ WKH FHQWUH
RI PDVV EXW DOVR WKH RIIVHW DORQJ WLPH WKDW WKH SHUVRQ KDV IURP WKH FDOLEUDWLRQ GXH WR
PRYHPHQW RU URWDWLRQ� DFWLYDWLQJ LI WKH LQFUHDVLQJ RIIVHW SDVVHV D FHUWDLQ WKUHVKROG� WKH
FDOLEUDWLRQ SURFHVV� DOORZLQJ WKH XVHU WR HVWDEOLVK WKH QHZ H[HUFLVH ]RQH ZLWKRXW DIIHFWLQJ
WKH H[HUFLVH DQDO\VLV�

)LJXUH ����� 6LPSOLILHG 0RGHO RI WKH &RPSDULVRQ &ULWHULD�

��
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)LJXUH ����� 7KH ILJXUH VKRZV WKH JULG PHWKRG¶V DSSOLDQFH WR D SUH�UHFRUGHG YLGHR RI D
ELFHS FXUO H[HFXWLRQ RQ WKH OHIW VLGH DQG WKH ULJKW� WKH JULG IRUPDWLRQ RQ WKH YLUWXDO SHUVRQDO
WUDLQHU�

$V WKH XVHU SHUIRUPV WKH H[HUFLVH� WKLV GHVFULSWRU ZLOO XSGDWH LQ UHDO�WLPH ZLWK WKH UHJLRQV
ZKHUH WKH ODQGPDUN SDVVHG DQG� DW WKH VDPH WLPH� ZLOO EH FRPSDUHGZLWK WKH VWRUHG H[HUFLVH
EXIIHU SURYLGHG E\ WKH FRDFK DOORZLQJ LQ WKLV PDQQHU WR DVVHVV ZKHWKHU WKH XVHU SHUIRUPHG
D FRPSOHWH UHSHWLWLRQ LQ WKH FRUUHFW IRUP� 'HSHQGLQJ RQ WKH H[HUFLVH� WKHVH GHVFULSWRUV FDQ
EH FRPSRVHG RI RQH RU PRUH ODQGPDUN WUDMHFWRULHV VLQFH WKH DFWLYLW\ PD\ LQYROYH PXOWLSOH
ERG\ SDUWV�

7KH PDLQ DGYDQWDJHV RI WKLV WHFKQLTXH DUH� �L� 6LPSOLFLW\ LQ WHUPV RI LPSOHPHQWDWLRQ�
�LL� /RZHU FRPSXWDWLRQDO FRVW VLQFH LW XVHV D VPDOO QXPEHU RI ODQGPDUNV DQG D ORZHU
GLPHQVLRQ RI FRRUGLQDWHV WR FKDUDFWHUL]H DQ H[HUFLVH DQG �LLL� 5REXVW DQDO\VLV RI SHRSOH
ZLWK GLIIHUHQW SURSRUWLRQV�

)LJXUH ����� 'LDJUDP VKRZLQJ WKH SLSHOLQH RI WKH DSSURDFK LPSOHPHQWDWLRQ ZKHUH WKH
VWULQJ�PDWFKLQJ FRPSDULVRQPHWKRG HYDOXDWHV WKH SHUVRQ¶V SHUIRUPDQFH LQ UHDO�WLPH EDVHG
RQ WKH VWRUHG EXIIHU RI WKH SHUVRQDO WUDLQHU�

����� $GDSWDWLRQ RI WKH ([HUFLVH

:KHQ D SHUVRQ UHDFKHV D SRLQW RI GLVFRPIRUW RU IUXVWUDWLRQ E\ QRW ILQLVKLQJ WKH H[HUFLVH� LW
LV FUXFLDO WR DGDSW WKH H[HUFLVH VLQFH WKH REMHFWLYH LV WR VWUHVV WKH PXVFOH WR D FHUWDLQ GHJUHH

��
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WR REWDLQ SURJUHVV EXW QRW KDUP WKH SHUVRQ WR D SRLQW ZKHUH LW SUHYHQWV WKH XVDJH RI WKH
V\VWHP LQ WKH IXWXUH DQG WKLV PDQQHU DIIHFWLQJ WKH FRQVLVWHQF\ RI WKH H[HUFLVH URXWLQH RI
WKH XVHU DQG RYHUDOO LPSURYHPHQW� 7R EH HIIHFWLYH� D FRDFK QHHGV WR SHUIRUP WKH H[HUFLVH
DQG DGDSW WKH H[HUFLVH EDVHG RQ WKH SHUVRQ KH LV WHDFKLQJ DQG JXLGLQJ� 6LQFH VDUFRSHQLD LV
D GHELOLWDWLQJ JHULDWULF FRQGLWLRQ UHVWULFWLQJ PRYHPHQW DQG IOH[LELOLW\� VRPH H[HUFLVHV QHHG
WR EH VDIHU LQ WKHLU H[HFXWLRQ VR WKH V\VWHP FDQ EHQHILW WKH XVHU PRUH WKDQ KDUP� :LWK WKLV
FRQFHUQ LQ PLQG� VHYHUDO DSSURDFKHV FRXOG EH IROORZHG� EXW WKHVH WKDW ZLOO EH PHQWLRQHG
DUH WKH RQHV WKDW VHHP WR EH WKH PRUH DSSURSULDWH� �L� $GDSW WKH H[HUFLVH WR SHUIRUP LW
VORZHU DQG� LI XVHG� ORZHU ZHLJKWV DQG �LL� 7KH FRDFK VLPXOWDQHRXV SHUIRUPV WKH H[HUFLVH
DQG� LI QHFHVVDU\� VWRSV WKHLU H[HFXWLRQ EDVHG RQ WKH IHHGEDFN WKDW WKH\ UHFHLYH IURP WKH
SHUVRQ�

'HSHQGLQJ RQ WKH VHYHULW\ RI WKLV FRQGLWLRQ� WKH XVHU FDQ EH DIIHFWHG LQ D VSHFLILF ERG\
SDUW RU ZKROH ERG\� EHLQJ WKLV MXVWLILDEOH RQ WKHLU RQ WR JHW D PHGLFDO SURIHVVLRQDO LQLWLDO
DVVHVVPHQW WR SURYLGH WKLV LQIRUPDWLRQ� %DVHG RQ WKLV LQLWLDO DVVHVVPHQW� WKH FRDFK ZLOO
HPSKDVL]H WKH H[HUFLVHV WKDW ZRUN RQ WKHVH DIIHFWHG ERG\ SDUWV ZLWKRXW KDUPLQJ RU DJ�
JUDYDWLQJ WKH LQGLYLGXDO E\ VORZLQJ GRZQ WKH H[HUFLVH DQG WKHQ FKDQJLQJ WR D GLIIHUHQW
H[HUFLVH WKDW ZRUNV RQ DQRWKHU ERG\ SDUW� LI QRW SRVVLEOH� $V WKH FRDFK¶V SHUIRUPDQFH LV
LQ WKH V\VWHP DV D YLGHR IRUPDW� LW LV SRVVLEOH WR LPSOHPHQW D PHFKDQLVP EDVHG RQ YLGHR
FRPSUHVVLRQ DQG IUDPH GHFRGLQJ WKDW DOORZV WKH SHUVRQDO WUDLQHU WR FKDQJH WKH VSHHG RI
WKH H[HUFLVH ZLWKRXW D KLJK FRVW WR WKH SHUIRUPDQFH RI WKH UHDO�WLPH V\VWHP SURYLGLQJ DQ�
RWKHU DGYDQWDJH RI XVLQJ WKLV W\SH RI IRUPDW ZKHQ VKRZLQJ WKH H[HUFLVHV� 2QFH WKH YLGHR
LV SOD\LQJ RQ D ORZHU IUDPH UDWH� WKH FRDFK FDQ SURYLGH D YRLFH OLQH UHODWHG WR WKH ZHLJKWV
E\ LQIRUPLQJ WKH XVHU WR ORZHU WKH ZHLJKW XVHG ZKLOH SHUIRUPLQJ WKH H[HUFLVH� FUHDWLQJ D
PHDQLQJIXO LQWHUDFWLRQ E\ JLYLQJ WKH XVHU WKH IHHOLQJ RI EHLQJ VXSHUYLVHG LQ D FXVWRPL]HG
IRUP�

)LJXUH ����� 2Q WKH OHIW VLGH RI WKH ILJXUH LV WKH FRDFK¶V W\SLFDO SHUIRUPDQFH DQG RQ WKH
ULJKW LV WKH DGDSWHG IRUP RI H[HFXWLRQ IRU WKH VDPH H[HUFLVH� 7KH (XFOLGHDQ GLVWDQFHPHWULF
EHWZHHQ WKH ODQGPDUN RI LQWHUHVW DQG WKH ERG\ SDUWV RI LQWHUHVW� VKRZV LW UHDFKLQJ LWV SHDN
LQ GLIIHUHQW WLPHVWDPSV�

��
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$V IRU WKH WKLUG DSSURDFK� LW LV SRVVLEOH WR SHUIRUP WKLV XVLQJ WKH WLPHVWDPSV� ZKHUH WKH
V\VWHP GHWHFWV D WUDQVLWLRQ EHWZHHQ UHJLRQV E\ WUDFNLQJ WKH ODQGPDUNV RI LQWHUHVW DQG HVWL�
PDWLQJ WKH PHDQWLPH WKH FRDFK WDNHV EHWZHHQ HDFK UHJLRQ RI LQWHUHVW� :LWK WKH VL]H RI WKH
H[HUFLVH EXIIHU� LW LV SRVVLEOH WR HVWLPDWH D FULWLFDO PLGSRLQW RI H[HFXWLRQ RI WKH H[HUFLVH
DQG WKHUHIRUH VWRS WKH YLGHR RI WKH FRDFK ZKHQ WKH V\VWHP GHWHFWV WKDW WKH SHUVRQ LV QRW
SHUIRUPLQJ DW WKH VDPH VSHHG DV WKH SHUVRQDO WUDLQHU LV� :KHQ WKH LQGLYLGXDO UHDFKHV WKH
FULWLFDO PLGSRLQW RI WKH H[HUFLVH� WKH YLGHR FDQ FRQWLQXH WR SOD\ XQWLO LW LV FRPSOHWHG DQG�
LI QHFHVVDU\� UHSHDW WKH YLGHR XQWLO WKH XVHU LV VDWLVILHG ZLWK WKHLU SHUIRUPDQFH�

)LJXUH ����� 6HTXHQFH RI (YHQWV ZKHQ SHUIRUPLQJ D 6HDWHG 2SHQLQJ $UPV 5HSHWLWLRQ�
ZKHUH WKH FRDFK LV ZDLWLQJ XQWLO WKH XVHU UHDFKHV WKH FULWLFDO SRLQWV RI WKH H[HUFLVH�

��



�� 'HYHORSPHQW

����� $SSOLFDWLRQ

,W LV LPSRUWDQW WR PHQWLRQ WKDW RQH RI WKH PDLQ REMHFWLYHV RI WKLV ZRUN LV WKH GHYHORSPHQW
RI D V\VWHP WKDW QRW RQO\ DLPV IRU WKH HYDOXDWLRQ RI WDUJHWHG SK\VLFDO DFWLYLW\ EXW DOVR WR
LQWHUDFW LQ D PHDQLQJIXO IRUP ZLWK WKH XVHU� :LWK WKLV FRQFHUQ DQG DIWHU WKH WHVWLQJ SKDVH
RI WKH ZRUN� DQ DFWXDO GHPRQVWUDWLRQ RI WKH RYHUDOO V\VWHP DOORZV XV WR HYDOXDWH WKH V\VWHP
SHUIRUPDQFH ZLWK SHUVRQQHO QRW LQYROYHG LQ WKH WHFKQLFLDQ SDUW RI WKH DSSOLFDWLRQ WR SUR�
YLGH LQVLJKW LQWR WKH V\VWHP¶V DFFHSWDELOLW\� 7KH LPSOHPHQWDWLRQ RI WKH DSSOLFDWLRQ UHOLHV
KHDYLO\ RQ WKH FRGLQJ ODQJXDJH S\WKRQ DQG WKH S\JDPH� OLEUDU\ IDFLOLWDWLQJ VRPH DVSHFWV
RI WKH RYHUDOO LPSOHPHQWDWLRQ� )XUWKHUPRUH� WKH FRPSRVLWLRQ RI WKH DSSOLFDWLRQ GHSHQGV
RQ WKH IROORZLQJ SKDVHV� DFTXLVLWLRQ RI GDWD IURP WKH TXHVWLRQQDLUHV� XVHU¶V VHOHFWLRQ RI
WKH H[HUFLVH DFFRUGLQJO\ WR WKH FDWHJRU\ RI WKH VHYHUHQHVV� DQG PRQLWRULQJ RI WKH XVHU¶V
SHUIRUPDQFH�

)LJXUH ����� 6XPPDU\ RI WKH DSSOLFDWLRQ¶V SLSHOLQH� KLJKOLJKWLQJ WKH PDLQ SKDVHV�

:LWK WKH SUHYLRXV DSSOLFDWLRQ SLSHOLQH LQ ILJXUH ���� LW LV SRVVLEOH WR REVHUYH WKDW WKH ILUVW
PDLQ SKDVH LV WKH VHDUFK IRU WKH UHVXOWV RI WKH TXHVWLRQQDLUHV� 4XHVWLRQQDLUHV DUH D WLPH�
FRQVXPLQJ DQG� PDQ\ WLPHV� WHGLRXV WDVN IRU SHRSOH WR SHUIRUP ZKHUH WKH PDLQ REMHFWLYH�
LQ WKLV FDVH� LV IRU WKH V\VWHP WR GHWHUPLQH ZKLFK W\SHV RI H[HUFLVHV D SHUVRQ FDQ SHUIRUP
VDIHO\� :LWK WKLV FRQFHUQ� WKH V\VWHP RQO\ QHHGV WR SHUIRUP WKLV VWHS RQFH� VDYLQJ WKH UHOH�
YDQW GDWD LQWR D ILOH DQG WKHUHIRUH DOORZLQJ WKH SHUVRQ WR EH PRUH IRFXVHG RQ RWKHU DVSHFWV
RI WKH DSSOLFDWLRQ WKDW DUH PRUH UHOHYDQW WR WKH RYHUDOO H[SHULHQFH RI WKH XVHU� $IWHU WKH
VFUHHQLQJ WHVW DQG HYDOXDWLRQ RI WKH VHYHULW\ RI WKH FRQGLWLRQ� WKH V\VWHP FDQ VXSSO\ WKH
DYDLODEOH H[HUFLVHV RQ WKH V\VWHP WKDW WKH XVHU FDQ VHOHFW DQG SHUIRUP ZLWKRXW KDUPLQJ RU
DJJUDYDWLQJ WKHLU FRQGLWLRQ� 8VLQJ WKH KDQG GHWHFWRU� WKH XVHU FDQ QDYLJDWH WKURXJK WKH DS�
SOLFDWLRQ XVLQJ WKHLU OHIW LQGH[ ILQJHU DQG� PRVW LPSRUWDQWO\� VHOHFW DQ H[LVWHQW H[HUFLVH LQ
WKHLU UHVSHFWLYH FDWHJRU\� $IWHU WKH VHOHFWLRQ� WKH V\VWHP VKRZV WKH FRDFK¶V SHUIRUPDQFH
VR WKH SHUVRQ FDQ SHUIRUP WKH FDOLEUDWLRQ SURFHGXUH DQG DIWHUZDUGV H[HFXWH WKH H[HUFLVH�
:KLOH H[HFXWLQJ WKH H[HUFLVH� WKH V\VWHP PRQLWRUV LQ UHDO�WLPH WKH XVHU XVLQJ DQ 5*%

�&URVV�SODWIRUP OLEUDU\ ZLWK WKH SULPDU\ SXUSRVH RI JDPH GHYHORSPHQW

��
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FDPHUD� WKH %OD]H3RVH SRVH HVWLPDWRU� DQG WKH HYDOXDWLRQ SURFHGXUH GHYHORSHG LQ WKLV GLV�
VHUWDWLRQ� 7KH PRQLWRUL]DWLRQ DOORZV WKH V\VWHP WR SURYLGH LQIRUPDWLRQ VSHFLILFDOO\ �H�J��
LGHQWLILFDWLRQ RI WKH H[HUFLVH�FDWHJRU\ DQG D UHSHWLWLRQ FRXQWHU� WR WKH XVHU¶V H[HFXWLRQ�

:KLOH PRQLWRULQJ WKH XVHU� WKH V\VWHP SURYLGHV VSHFLILF LQIRUPDWLRQ UHODWHG WR WKH H[HU�
FLVH�H�J�� LGHQWLILFDWLRQ RI WKH H[HUFLVH�FDWHJRU\ DQG D UHSHWLWLRQ FRXQWHU� DQG UHDO�WLPH
IHHGEDFN RQ WKH XVHU¶V SHUIRUPDQFH� 7KH V\VWHP¶V IHHGEDFN DOORZV WKH XVHU WR WUDFN DQG
LPSURYH WKHLU SHUIRUPDQFH� EHLQJ GLVSOD\HG XVLQJ WKUHH PHFKDQLVPV� $ YLVXDO VFKHPH
WKDW VKRZV WKH XVHU LI KH�VKH LV SHUIRUPLQJ WKH H[HUFLVH FRUUHFWO\ �JUHHQ FRORXU� RU LQFRU�
UHFWO\ �UHG FRORXU�� DQ DXGLR TXHXH WKDW LGHQWLILHV WKH FRPSOHWLRQ RI D FRUUHFW UHSHWLWLRQ RU
PXOWLSOH RQHV� )LQDOO\ DQG PRVW LPSRUWDQWO\� RQ WKH ERWWRP SDUW RI WKH VFUHHQ� WKH XVHU
FDQ VHH WKHLU SURJUHVV ZKHQ SHUIRUPLQJ WKH H[HUFLVH� SUHVHQWLQJ WKH H[HUFLVH VWULQJ�JUH\
UHJLRQ QRWDWLRQV� DQG WKHLU H[HUFLVH EXIIHU�JUHHQ UHJLRQ QRWDWLRQV� WR VKRZ WKHLU SURJUHVV�
7KLV IHDWXUH SURYLGHV FRJQLWLYH VWLPXOL VLQFH WKH SHUVRQ FDQ VHH WKH UHJLRQ ZKHUH WKH\ QHHG
WR EH EDVHG RQ WKHLU FXUUHQW UHJLRQ ZKLOH GLVSOD\LQJ WKH JULG UHJLRQV WKDW GR QRW EHORQJ WR
WKH H[HUFLVH VWULQJ�

,Q FDVH RI SURORQJHG IDLOXUH� WKH SHUVRQDO WUDLQHU ZLOO DGDSW WKH SUHVHQWDWLRQ RI WKH FRDFK¶V
SHUIRUPDQFH LQ IXWXUH H[HFXWLRQV E\ VORZLQJ GRZQ WKH SHUIRUPDQFH� )XUWKHUPRUH� LI WKH
LQGLYLGXDO FDQQRW SHUIRUP WKH H[HUFLVH LQ WKLV PDQQHU� WKH V\VWHP ZLOO SUHVHQW RQH ILQDO
IRUP RI DGDSWDWLRQ ZKHUH WKH FRDFK DFFRPSDQLHV WKH H[HUFLVH ZLWK WKH SHUVRQ E\ VWRSSLQJ
WKH SHUIRUPDQFH DW FULWLFDO SRLQWV� ZDLWLQJ WR FRQWLQXH WKH SHUIRUPDQFH XQWLO WKH SHUVRQ
UHDFKHV WKH SRLQW ZKHUH WKH FRDFK LV� 2QFH WKH XVHU ILQLVKHV WKH H[HFXWLRQ RI WKH H[HUFLVH
LQ WKHLU UHVSHFWLYH FDWHJRU\� WKH XVHU FDQ VHOHFW RWKHU H[HUFLVHV� DOORZLQJ WKH SHUIRUPDQFH
RI PXOWLSOH H[HUFLVHV LQ RQH VHVVLRQ� ZRUNLQJ RQ PXOWLSOH PXVFOH JURXSV RU D VSHFLILF
PXVFOH LI LW ZLOO QRW KDUP WKH XVHU LQ DQ\ FDSDFLW\�

��



�
5HVXOWV DQG 'LVFXVVLRQ

2QFH WKH V\VWHP¶V GHYHORSPHQW LV FRPSOHWH� LW LV QHFHVVDU\ WR HYDOXDWH WKH KXPDQ SRVH
HVWLPDWRU SHUIRUPDQFH DQG WKH H[HUFLVH HYDOXDWLRQ PHWKRG ZKHQ WKH FRDFK SHUIRUPV WKH
GLIIHUHQW H[HUFLVHV DQG WKH V\VWHP¶V FDSDELOLW\ WR SURYLGH DQ LPPHUVLYH DQG LQWHUDFWLYH
H[SHULHQFH WR WKH XVHU� )RU WKLV SXUSRVH� WKLV FKDSWHU DLPV WR SUHVHQW WKH SHUIRUPDQFH RI
WKH H[HUFLVH HYDOXDWLRQ DQG WKH SLORW VWXG\ UHVXOWV FDUULHG RXW RQ ,65�

��� ([HUFLVH (YDOXDWLRQ 3HUIRUPDQFH

:KHQ HYDOXDWLQJ WKH H[HUFLVH HYDOXDWLRQ SHUIRUPDQFH� LW QHHGV WR FRQVLGHU WKH FDVHV ZKHUH
LW FDQ QRW DFFXUDWHO\ PRQLWRU RU GHILQH FRQFUHWH WUDMHFWRULHV RI WKH ODQGPDUNV RI LQWHUHVW LQ
UHDO�WLPH� 7KLV SKHQRPHQRQ FDQ EH WRR QXPHURXV UHDVRQV�H�J�� WKH H[HUFLVH SHUIRUPDQFH
DW KLJK VSHHGV�� KRZHYHU� RQH RI WKH PDLQ UHDVRQV PHQWLRQHG LQ SUHYLRXV FKDSWHUV LV RF�
FOXVLRQV� 2FFOXVLRQV LQ SRVH HVWLPDWLRQ DOJRULWKPV DUH WKH PDLQ GHWULPHQW WR WKH MRLQW
HVWLPDWLRQ DFFXUDF\� DIIHFWLQJ WKH H[HUFLVH HYDOXDWLRQ� $QRWKHU IDFWRU WKDW FDQ LQFUHDVH
WKH FDVHV RI IDLOXUH RI WKH H[HUFLVH HYDOXDWLRQ LV WRR VXEWOH FKDQJHV ZKHQ SHUIRUPLQJ WKH
H[HUFLVH� QRW DOORZLQJ WKH H[HUFLVH EXIIHU WR EH XSGDWHG VLQFH WKH ODQGPDUN RI LQWHUHVW
QHYHU OHDYHV WKH LQLWLDO UHJLRQ� )RU WKHVH UHDVRQV� WKH OHDGLQJ FDXVHV RI IDLOXUH IRU WKLV
HYDOXDWLRQ SURFHGXUH DUH� �L� 8QSUHGLFWDEOH 7UDMHFWRULHV RI WKH /DQGPDUNV RI ,QWHUHVW� �LL�
2EVWDFOHV 2FFOXGLQJ 3HUVRQ¶V %RG\ 3DUWV DQG �LLL� 6XEWOH &KDQJHV :KHQ 3HUIRUPLQJ WKH
([HUFLVH�

)URP �� GLIIHUHQW H[HUFLVHV LQ WKH V\VWHP� WKH �L� DQG �LL� FDXVHV RI IDLOXUH DIIHFW WKUHH H[HU�
FLVHV� 8QSUHGLFWDEOH WUDMHFWRULHV GR QRW DOORZ WKH HYDOXDWLRQ RI WKH 3ODQWDU )OH[RUV H[HUFLVH
IURP WKH 6WUHQJWK H[HUFLVHV DQG WKH +LS ([WHQVLRQ H[HUFLVH IURP WKH (OHYDWHG�0RGHUDWH
)XQFWLRQDOLW\ H[HUFLVHV� :KLOH 6XEWOH FKDQJHV RQO\ DIIHFW RQH H[HUFLVH� 5DLVH +HHOV $QG
7RHV� IURP WKH /RZ )XQFWLRQDOLW\ H[HUFLVHV VLQFH WKH KHHOV RU WRHV QHYHU OHDYH WKHLU LQLWLDO
UHJLRQ� 2Q WKH RWKHU KDQG� RFFOXVLRQV DIIHFW WKH VDPH DPRXQW RI H[HUFLVHV DV WKH RWKHU WZR
UHDVRQV� DIIHFWLQJ WKUHH H[HUFLVHV GXH WR RFFOXVLRQV RI ERG\ SDUWV GXULQJ H[HUFLVH H[HFX�
WLRQ� /HJ ([WHQVLRQ IURP WKH 6WUHQJWK ([HUFLVHV� /HJ )OH[LRQ IURP WKH /RZ )XQFWLRQDOLW\

��
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([HUFLVHV DQG 'RUVLIOH[RU IURP WKH 6WUHQJWK ([HUFLVHV DUH DIIHFWHG E\ WKLV SKHQRPHQRQ
DV WKHVH H[HUFLVHV UHTXLUH D FKDLU LQ IURQW RI WKH XVHU� )URP WKLV LQIRUPDWLRQ� LW LV SRVVLEOH
WR VHH WKDW WKH GHYHORSHG FRPSDULVRQ FULWHULD HYDOXDWH ��� RI WKH H[HUFLVHV ZKHQ QRW FRQ�
VLGHULQJ REVWDFOHV RFFOXVLRQ DQG ��� ZKHQ LQFOXGLQJ REVWDFOHV RFFOXVLRQV� ([DPSOHV RI
WKH FDVHV RI IDLOXUH DUH LQ WKH DSSHQGL[ RI WKLV GLVVHUWDWLRQ�

)LJXUH ���� 2Q WKH OHIW VLGH� D SLH FKDUW VKRZLQJ WKH H[HUFLVHV HYDOXDWHG SHUFHQWDJH ZLWK�
RXW FRQVLGHULQJ REVWDFOH RFFOXVLRQV DQG RQ WKH ULJKW� FRQVLGHULQJ WKLV SKHQRPHQRQ�

$IWHU HYDOXDWLQJ WKH FDVHV RI IDLOXUH� LW LV QHFHVVDU\ WR YHULI\ WKH V\VWHP¶V SHUIRUPDQFH LQ
UHDO�WLPH XVLQJ VHYHUDO W\SHV RI KDUGZDUH WR SURYLGH JUHDWHU LQVLJKW LQWR KRZ WKH V\VWHP
SHUIRUPV� )RU WKLV SXUSRVH� WKUHH GHYLFHV ZLOO SHUIRUP WKH H[HUFLVH HYDOXDWLRQ WDVN ZLWK
WKH IROORZLQJ VSHFLILFDWLRQV GHVFULEHG LQ WKH WDEOH EHORZ�

,' 3URFHVVRU 3URFHVVRU¶V )UHTXHQF\ &RUHV 5$0
� ,QWHO� &RUH� L������ ���*+] � �� *%
� ,QWHO� &RUH� L������N ���*+] � �� *%
� ,QWHO� &RUH� L������8 ���*+] � � *%

7DEOH ���� +DUGZDUH 6SHFLILFDWLRQV RI WKH GHYLFHV ZKHUH WKH UHDO�WLPH SHUIRUPDQFH RI WKH
H[HUFLVH HYDOXDWLRQ SURFHGXUH ZDV HYDOXDWHG�

:LWK WKHVH GHYLFHV DQG WDNLQJ LQWR DFFRXQW WKH PDLQ HYHQWV RFFXUULQJ GXULQJ WKH XVHU¶V
H[HUFLVH SHUIRUPDQFH� DQ HYDOXDWLRQ RI WKH V\VWHP FDQ RFFXU� ZKHUH WKH DQDO\VLV FRQVLG�
HUV WKDW WKH FDPHUD SURYLGHV LPDJHV DW DSSUR[LPDWHO\ �� )36�IUDPHV SHU VHFRQG�� 7KLV
DQDO\VLV XVHV HDFK HYHQW WR SURYLGH LQVLJKWV LQWR WKH V\VWHP¶V UHVRXUFH XVDJH� GLVSOD\HG LQ
WKLV FDVH EDVHG RQ WKH GXUDWLRQ RI WKH SURFHVV�

��



�� 5HVXOWV DQG 'LVFXVVLRQ

,'
3\JDPH (YHQWV

�PV�
,PDJHV 7UDQVIRUPDWLRQV

�PV�
6NHOHWRQ
�PV�

*ULG )RUPDWLRQ
�PV�

$SSOLFDWLRQ¶V :LGJHWV
�PV�

)36

� ���� ����� ����� ��� ���� ��
� ���� ����� ����� ���� ���� ��
� ���� ����� ���� ���� ���� ��

7DEOH ���� 7DEOH ZLWK WKH PDLQ HYHQWV RFFXUULQJ ZKHQ WKH XVHU SHUIRUPHG DQ H[HUFLVH DQG
FRPSOHPHQWDU\ PHWULFV�

��� 3LORW 6WXG\

7KH SLORW VWXG\ KDG WKH SULPDU\ SXUSRVH RI DVVHVVLQJ WKH V\VWHP¶V XVDELOLW\� PRUH VSHFLI�
LFDOO\� WKH XVDELOLW\ RI WKH TXHVWLRQQDLUHV DQG WKH DSSOLFDWLRQ ZLWK WKH YLUWXDO SHUVRQDO
WUDLQHU DQG WKH H[HUFLVH HYDOXDWLRQ SURFHGXUH� 7KLV VWXG\ KDV WKH SULPDU\ JRDO RI JDWKHU�
LQJ LQIRUPDWLRQ WR LPSURYH WKH V\VWHP¶V HIILFLHQF\ DQG TXDOLW\ IRU IXWXUH PRUH H[WHQVLYH
VWXGLHV WKDW FDQ RFFXU ZLWK WKH SRSXODWLRQ RI LQWHUHVW� $V WKH TXHVWLRQQDLUHV ZHUH QRW WKH
PDLQ IRFXV RI WKH GLVVHUWDWLRQ� WKLV SLORW VWXG\ ZDV GLYLGHG LQWR WZR VWDJHV� WKH XVDELO�
LW\ TXHVWLRQQDLUH� ZKLFK KDG � SDUWLFLSDQWV� DQG WKH DSSOLFDWLRQ¶V XVDELOLW\� ZKLFK KDG ��
SDUWLFLSDQWV� 7KH SDUWLFLSDQWV LQ WKH TXHVWLRQQDLUH VWXG\ ZHUH ��� IHPDOH DQG ��� PDOH�
UDQJLQJ IURP �� WR �� \HDUV� 7KH DSSOLFDWLRQ SLORW VWXG\ KDG ��� IHPDOHV DQG ���PDOHV�
%RWK RI WKHVH GLVWULEXWLRQV DUH LQ WKH ILJXUH EHORZ�

)LJXUH ���� *HQGHU 'LVWULEXWLRQ RI WKH 4XHVWLRQQDLUHV�OHIW� DQG $SSOLFDWLRQ�ULJKW� XVDELO�
LW\ SLORW VWXGLHV�

7KH SURFHGXUH XVHG RQ WKHVH SLORW VWXGLHV LV GHVFULEHG EHORZ�

�� ([SODLQ WR WKH SDUWLFLSDQW WKH PDLQ SXUSRVH RI WKH H[SHULHQFH DQG KRZ WKH\ FDQ
LQWHUDFW ZLWK WKH SURGXFW DW KDQG�

�� 6WDUW WKH TXHVWLRQQDLUHV�DSSOLFDWLRQ DQG DQVZHU DQ\ TXHVWLRQ WKH XVHU FRXOG KDYH
ZKHQ QHFHVVDU\�

��
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�� $IWHU WKH VWDUWLQJ PHQX� WKH XVHU FDQ SHUIRUP WKH WDVNV DW KDQG ZKLOH IROORZLQJ WKH
FRDFK¶V YRLFH OLQHV�

�� :KHQ WKH SDUWLFLSDQW LV VDWLVILHG ZLWK WKH UHVXOW RI WKH TXHVWLRQQDLUHV RU WKH QXPEHU
RI H[HUFLVHV SHUIRUPHG� WKH SDUWLFLSDQW FDQ SHUIRUP WKH 8VHU ([SHULHQFH 4XHVWLRQ�
QDLUH�8(4��

��� $QDO\VLV RI WKH 5HVXOWV

7KH DQDO\VLV RI WKH UHVXOWV HPSOR\HG D VWDQGDUG 8VHU ([SHULHQFH 4XHVWLRQQDLUH �8(4��
8(4 LV D IDVW DQG UHOLDEOH TXHVWLRQQDLUH WR PHDVXUH WKH 8VHU ([SHULHQFH RI LQWHUDFWLYH
SURGXFWV� LV DYDLODEOH LQ PRUH WKDQ �� ODQJXDJHV DQG LV HDV\ WR XVH GXH WR ULFK VXSSOHPHQ�
WDU\ PDWHULDO>��@� 7KH TXHVWLRQQDLUH VFDOHV FRYHU VHYHUDO XVDELOLW\ DVSHFWV�H�J�� HIILFLHQF\�
SHUVSLFXLW\� DQG XVHU H[SHULHQFH �H�J�� RULJLQDOLW\� VWLPXODWLRQ�� )RU D PRUH GHWDLOHG DQDO�
\VLV RI WKHVH VFDOHV� WKH IROORZLQJ ILJXUH H[SODLQV HDFK RI WKHVH DVSHFWV�

)LJXUH ���� ([SODQDWLRQ RI HDFK VFDOH� PHDVXUHG E\ WKH 8VHU ([SHULHQFH 4XHVWLRQQDLUH
�8(4�>��@�

:LWKLQ WKH SRSXODWLRQ IURP WKH SLORW VWXG\� WKH SDUWLFLSDQWV QHHGHG WR HYDOXDWH WZR SULPDU\
FRPSRQHQWV RI WKH V\VWHP LQ WHUPV RI XVDELOLW\� WKH TXHVWLRQQDLUHV WR GHWHFW DQG FDWHJRUL]H
WKH XVHU¶V VDUFRSHQLD DQG WKH DSSOLFDWLRQ ZKLFK DOORZV WKH XVHU WR VHOHFW DQG SHUIRUP H[�
HUFLVHV DSSURSULDWH WR WKHLU FRQGLWLRQ ZLWK WKH SURFHGXUHV GHYHORSHG RQ WKLV GLVVHUWDWLRQ�
5HJDUGLQJ WKH TXHVWLRQQDLUHV� WKH SLORW VWXG\ LQYROYHG VL[ SHRSOH� DV WKH TXHVWLRQQDLUHV
ZHUH QRW WKH PDLQ IRFXV RI WKLV GLVVHUWDWLRQ� -DNRE 1LHOVHQ HW DO� 7KRPDV .� /DQGDXHU
GHVFULEH D PDWKHPDWLFDO PRGHO WR ILQG XVDELOLW\ SUREOHPV>��@ VKRZLQJ WKDW WKH LGHQWLIL�
FDWLRQ RI XVDELOLW\ SUREOHPV LQ D PHGLXP�ODUJH VRIWZDUH SURMHFW FDQ RFFXU ZLWK ILYH WHVW
XVHUV� :KHUH DIWHUZDUGV� WKH EHQHILW�FRVW UDWLR GHFUHDVHV VLJQLILFDQWO\ ZLWK WKH LQFUHDVH
RI WHVW XVHUV� 2QFH WKH SDUWLFLSDQWV ILQLVK WKHLU H[SHULHQFH ZLWK WKH 8(4 TXHVWLRQQDLUH� LW

��



�� 5HVXOWV DQG 'LVFXVVLRQ

LV SRVVLEOH WR REWDLQ ILJXUH ���� ZKLFK SURYLGHV WKH DQVZHU GLVWULEXWLRQ RI WKH DFFXPXOD�
WLYH UHVXOWV IRU HDFK LWHP �<�D[LV� ZLWK WKHLU UHVSHFWLYH SHUFHQWDJHV RI UHVSRQVHV �;�D[LV��
)URP WKH ILJXUH� LW LV SRVVLEOH WR REVHUYH D SRVLWLYH UHFHSWLRQ IURP WKH SDUWLFLSDQWV LQ WKH
PRVW UHOHYDQW LWHPV�H�J�� ´XQIULHQGO\�IULHQGO\´� ´FRQIXVLQJ�FOHDU´� ´EDG�JRRG´� DQG ´GLI�
ILFXOW WR OHDUQ�HDV\ WR OHDUQ´�� )URP WKH SDUWLFLSDQW¶V DQVZHUV� LW LV DOVR SRVVLEOH WR H[WUDFW
WKH PHDQ�VWDQGDUG GHYLDWLRQ RI WKH XVDELOLW\ DVSHFWV �ILJXUH ����� SURYLGLQJ JUHDWHU LQVLJKW
LQWR WKH RYHUDOO V\VWHP¶V HYDOXDWLRQ�

)LJXUH ���� $QVZHU 'LVWULEXWLRQ IRU WKH 4XHVWLRQQDLUHV H[SHULHQFH�

)LJXUH ���� 0HDQ9DOXHV ZLWK 6WDQGDUG 'HYLDWLRQ RI WKH 4XHVWLRQQDLUH¶V 8VDELOLW\ 6FDOHV�

:LWK WKH V\VWHPV¶ XVHU H[SHULHQFH� LW LV SRVVLEOH WR FRPSDUH WKH SHUIRUPDQFH ZLWK H[�
LVWLQJ YDOXHV IURP D UHIHUHQFH RU EHQFKPDUN GDWD VHW WKDW HQFRPSDVVHV WKH HYDOXDWLRQ RI

��
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GLIIHUHQW SURGXFWV� 7KH EHQFKPDUN GDWD VHW FRQWDLQV GDWD IURP ����� SHUVRQV IURP ���
VWXGLHV FRQFHUQLQJ GLIIHUHQW SURGXFWV �H�J�� EXVLQHVV VRIWZDUH� ZHE SDJHV� ZHE VKRSV DQG
VRFLDO QHWZRUNV�� 7KH UHVXOW¶V FRPSDULVRQ RI WKH HYDOXDWHG SURGXFW ZLWK WKH GDWD LQ WKH
EHQFKPDUN DOORZV FRQFOXVLRQV DERXW WKH UHODWLYH TXDOLW\ RI WKH SURGXFW FRPSDUHG WR RWKHU
SURGXFWV� )URP WKH ILJXUH� LW LV SRVVLEOH WR VHH WKDW WKH V\VWHP¶V RYHUDOO SHUIRUPDQFH ZKHQ
FRPSDUHG WR RWKHUV LV JRRG� EHLQJ D YDOXDEOH WRRO IRU WKH XVHUV�

)LJXUH ���� %HQFKPDUN IRU WKH 4XHVWLRQQDLUHV H[SHULHQFH�

$IWHU WKH XVDELOLW\ HYDOXDWLRQ RI WKH TXHVWLRQQDLUHV� WKH DSSOLFDWLRQ FDQ EH DVVHVVHG XV�
LQJ D VXEVHW RI WKH H[HUFLVHV GHYHORSHG LQ WKLV GLVVHUWDWLRQ� 7KLV HYDOXDWLRQ SURYLGHV LQ�
VLJKWV UHODWHG WR WKH DSSOLFDWLRQ XVDELOLW\ E\ DQDO\]LQJ ZLWK WKH 8(4 WKH YLUWXDO SHUVRQDO
WUDLQHU LQWHUDFWLRQ� PRQLWRUL]DWLRQ RI WKH XVHU¶V SHUIRUPDQFH DQG WKH DGDSWDWLRQ PHWKRGV
LQFRUSRUDWHG LI WKH XVHU FRXOG QRW ILQLVK WKH H[HUFLVH� 6LPLODU WR WKH UHVXOWV RI WKH TXHV�
WLRQQDLUHV� WKH IROORZLQJ ILJXUHV VKRZ JRRG SHUIRUPDQFH LQ WHUPV RI DQVZHU GLVWULEXWLRQ�
PHDQ�VWDQGDUG GHYLDWLRQ RI WKH VFDOHV DQG EHQFKPDUN� 7KLV DQDO\VLV ZDV SRVVLEOH ZLWK WKH
SLORW VWXG\ WKDW KDG �� SHRSOH ZLWK D ZLGH UDQJH RI GHPRJUDSKLF SDUWLFLSDWLQJ�

)LJXUH ���� $QVZHU 'LVWULEXWLRQ IRU WKH $SSOLFDWLRQ¶V H[SHULHQFH�

��



�� 5HVXOWV DQG 'LVFXVVLRQ

)LJXUH ���� 0HDQ 9DOXHV ZLWK 6WDQGDUG 'HYLDWLRQ RI WKH $SSOLFDWLRQ¶V 8VDELOLW\ 6FDOHV�

)LJXUH ���� %HQFKPDUN IRU WKH $SSOLFDWLRQ H[SHULHQFH�

8(4 SURYLGHV VHYHUDO LQVLJKWV UHODWHG WR XVDELOLW\� KRZHYHU� PDQ\ DVSHFWV UHJDUGLQJ LQ�
GLYLGXDO SK\VLFDO SHUIRUPDQFH QHHG WR EH DVVHVVHG WR SURYLGH D PRUH GHWDLOHG DQDO\VLV RI
WKH V\VWHP� 7KH REMHFWLYH RI WKLV DQDO\VLV LV WR REVHUYH WKH GXUDWLRQ RI DQ H[HUFLVH VHVVLRQ
GHSHQGLQJ RQ WKH SDUWLFLSDQW¶V DJH DQG WKH SHUIRUPHG H[HUFLVHV� :LWK WKLV REMHFWLYH� WKHUH
DUH IRXU PDMRU LQGLYLGXDO SDUDPHWHUV�

� $JH RI WKH 3DUWLFLSDQW

� $PRXQW RI 7LPH

� $PRXQW RI ([HUFLVHV 3HUIRUPHG

� 7\SH RI WKH ([HUFLVHV 3HUIRUPHG

7KH IROORZLQJ WDEOH GLVSOD\V WKH XVHU¶V UHVXOWV IRU WKH LQGLYLGXDO SDUDPHWHUV GXULQJ WKHLU
H[HUFLVH VHVVLRQV ZKLOH DVVHVVLQJ WKH DSSOLFDWLRQ¶V XVDELOLW\�

��
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� 8VHU $JH 7LPH $PRXQW RI ([HUFLVHV ([HUFLVHV

� �� �� PLQ �
6HDWHG 2SHQLQJ $UPV�
$UPV ([WHQVLRQ Z� %DOO� /LIWLQJ )URP &KDLU DQG
5LJKW /HJ )OH[LRQ

� �� �� PLQ �
5DLVH +HHOV $QG 7RHV� 6HDWHG 2SHQLQJ $UPV�
6HDWHG %LFHS &XUO

� �� �� PLQ �
5DLVH +HHOV $QG 7RHV� 6HDWHG 2SHQLQJ $UPV�
$UPV ([WHQVLRQ Z� %DOO DQG /LIWLQJ )URP &KDLU

� �� �� PLQ �
6HDWHG 2SHQLQJ $UPV� 6HDWHG %LFHS &XUO DQG
6HDWHG &KHVW 3UHVV

� �� � PLQ �
6HDWHG 2SHQLQJ $UPV� /LIWLQJ )URP &KDLU DQG
$UPV ([WHQVLRQ Z� %DOO

� �� � PLQ �
5DLVH +HHOV $QG 7RHV� 6HDWHG 2SHQLQJ $UPV DQG
$UPV ([WHQVLRQ Z� %DOO

� �� �� PLQ �
6HDWHG 2SHQLQJ $UPV� $UPV ([WHQVLRQ Z�%DOO DQG
5DLVH +HHOV $QG 7RHV

� �� �� PLQ �
6HDWHG 2SHQLQJ $UPV� 5DLVH +HHOV $QG 7RHV
DQG /LIWLQJ )URP &KDLU

� �� �� PLQ �
6HDWHG 2SHQLQJ $UPV� 5DLVH +HHOV $QG 7RHV
DQG 6HDWHG &KHVW 3UHVV

�� �� �� PLQ �
6HDWHG 2SHQLQJ $UPV� /LIWLQJ )URP &KDLU DQG
$UPV ([WHQVLRQ Z�%DOO

�� �� � PLQ �
6HDWHG 2SHQLQJ $UPV� $UPV ([WHQVLRQ Z�%DOO DQG
/LIWLQJ )URP &KDLU

�� �� �� PLQ �
6HDWHG 2SHQLQJ $UPV� 5DLVH +HHOV $QG 7RHV DQG
/LIWLQJ )URP &KDLU

�� �� � PLQ �
6HDWHG %LFHS &XUO� 6HDWHG &KHVW 3UHVV DQG
/LIWLQJ )URP &KDLU

�� �� � PLQ �
6HDWHG %LFHS &XUO� 6HDWHG 2SHQLQJ $UPV DQG
6HDWHG &KHVW 3UHVV

�� �� �� PLQ �
6HDWHG 2SHQLQJ $UPV� $UPV ([WHQVLRQ Z� %DOO DQG
5LJKW /HJ )OH[LRQ

�� �� �� PLQ �
/LIWLQJ )URP &KDLU� 6HDWHG 2SHQLQJ $UPV DQG
$UPV ([WHQVLRQ Z� %DOO

�� �� � PLQ �
6HDWHG 2SHQLQJ $UPV� $UPV ([WHQVLRQ DQG
/LIWLQJ )URP &KDLU

7DEOH ���� 7DEOH ZLWK LQGLYLGXDO SDUDPHWHUV IURP WKHLU H[HUFLVH VHVVLRQV�

��



�� 5HVXOWV DQG 'LVFXVVLRQ

7R FRQFOXGH WKH UHVXOWV FKDSWHU� LW LV HVVHQWLDO WR PHQWLRQ WKH SUHVHQFH RI WKH FRDFK¶V HIIHFWV
RQ WKH XVHUV� 7KH FRDFK YRLFH OLQHV IDFLOLWDWHG WKH XVHU WR QDYLJDWH WKH DSSOLFDWLRQ� SURYLGHG
DQ LQWHUDFWLYH H[SHULHQFH ZKHQ SHUIRUPLQJ WKH TXHVWLRQQDLUHV�H�J�� XVLQJ WKH YRLFH OLQHV WR
UHDG WKH TXHVWLRQV� DQG H[HPSOLILHG KRZ WR SHUIRUP WKH FDOLEUDWLRQ DQG WKH H[HUFLVH SKDVHV�
0DLQO\ LQ WKH H[HUFLVH SKDVH� WKH FRDFK KDG DQ LPSDFW RQ WKH XVHU¶V H[HUFLVH SHUIRUPDQFH
DV WKH H[HPSOLILFDWLRQ RI WKH H[HUFLVH DOORZHG WKH XVHU WR SHUIRUP D WDVN WKDW WKH\ GLG QRW
NQRZ EHIRUHKDQG� HOLPLQDWLQJ RQH RI WKH VLJQLILFDQW EDUULHUV WR SK\VLFDO DFWLYLW\� ODFN RI
NQRZOHGJH RQ KRZ WR SHUIRUP WKH H[HUFLVH�

��� 'LVFXVVLRQ

7KH UHVXOWV FKDSWHU SURYLGHG LQVLJKWV LQWR WKH H[HUFLVH HYDOXDWLRQ SURFHGXUH DQG WKH SLORW
VWXG\� :KHQ REVHUYLQJ WKH UHVXOWV RI WKH H[HUFLVH HYDOXDWLRQ� LW LV SRVVLEOH WR REVHUYH WKDW
RQO\ D VPDOO DPRXQW RI WKH H[HUFLVHV ZDV QRW SRVVLEOH WR FKDUDFWHUL]H GXH WR DQRPDOLHV RI
WKH KXPDQ SRVH HVWLPDWRU JHQHUDWHG E\ REMHFWV RFFOXVLRQV RI WKH XVHU GXULQJ WKH H[HUFLVHV�
([HUFLVHV VXFK DV KLS H[WHQVLRQ KDG LQFRQVLVWHQW WUDMHFWRULHV RI WKH ODQGPDUNV RI LQWHUHVW
GXH WR RFFOXVLRQV RI VLJQLILFDQW ERG\ SDUWV� VXFK DV WKH IDFW WKDW WKH KXPDQ SRVH HVWLPDWRU
UHOLHV RQ WR SURYLGH DQ DFFXUDWH HVWLPDWLRQ� )XUWKHUPRUH� WKH UDLVH KHHOV DQG WRHV H[HUFLVH
LV DQ H[DPSOH RI WRR VXEWOH FKDQJHV LQ WKH ODQGPDUNV RI LQWHUHVW GXULQJ WKH H[HFXWLRQ�
ZKLFK FRXOG QRW EH GHWHFWHG XVLQJ WKH QXPEHU RI UHJLRQV WKDW WKH V\VWHP FXUUHQWO\ XVHV�

,Q WHUPV RI UHDO�OLIH SHUIRUPDQFH� WKH UHVXOWV VKRZ WKDW WKH DSSOLFDWLRQ VORZV GRZQ PDLQO\
GXH WR LPDJH WUDQVIRUPDWLRQV RI WKH ZHEFDP¶V IUDPHV� 7KHVH WUDQVIRUPDWLRQV ZHUH QHFHV�
VDU\ WR FRQIRUP WR WKH PDLQ S\WKRQ SDFNDJH IRU WKH DSSOLFDWLRQ¶V GHYHORSPHQW� S\JDPH� WR
GLVSOD\ DQG PDQLSXODWH WKH LPDJH IRU WKH ILQDO SURGXFW WKDW WKH XVHU FDQ VHH� )XUWKHUPRUH�
WKLV SDFNDJH UXQV RQ &38� YHULILHG ZKHQ FRPSDULQJ WKH SHUIRUPDQFH RI WKH WKUHH GHYLFHV�
7KH RQH ZLWK WKH EHVW &38 SURYLGHG WKH EHVW SHUIRUPDQFH LQ WHUPV RI WLPH GXUDWLRQ SHU
WDVN DQG RYHUDOO )36 ZKHQ SHUIRUPLQJ WKH H[HUFLVH SHUIRUPDQFH WDVN�

7KH IRFXV RI WKH SLORW VWXGLHV ZHUH WR HYDOXDWH WKH XVDELOLW\� LQWHUDFWLRQ DQG LPPHUVLYH RI
WKH V\VWHP XVLQJ WKH 8VHU ([SHULHQFH 4XHVWLRQQDLUH� 7KH ILUVW VWXG\ ZLWK � SDUWLFLSDQWV
UHYHDOHG D SRVLWLYH UHVSRQVH IURP WKH SDUWLFLSDQWV� )RU H[DPSOH� WKH PHDQ�VWDQGDUG GHYL�
DWLRQ YDOXHV RI WKH XVDELOLW\ VFDOHV �)LJXUH ���� DUH H[WUHPHO\ SRVLWLYH� ZKHUH WKH VWDQGDUG
LQWHUSUHWDWLRQ RI WKH VFDOHV PHDQV LV WKDW YDOXHV EHWZHHQ ���� DQG ��� UHSUHVHQW D QHXWUDO
HYDOXDWLRQ� ZKLOH YDOXHV DERYH ��� UHSUHVHQW D SRVLWLYH HYDOXDWLRQ DQG ORZHU WKHQ ����
UHSUHVHQW D QHJDWLYH HYDOXDWLRQ>��@� 7KH UDQJH RI WKH VFDOHV LV EHWZHHQ ���EDG� DQG ��H[�
WUHPHO\ JRRG�� ,Q WKLV FDVH� WKH TXHVWLRQQDLUH REWDLQHG D JRRG SHUIRUPDQFH LQ DWWUDFWLYH�
QHVV DQG HIILFLHQF\� DOWKRXJK LW UHFHLYHG D ORZHU YDOXH LQ VWLPXODWLRQ RU QRYHOW\� H[SHFWHG
GXH WR WKH QDWXUH RI WKH WDVN� 7KH EHQFKPDUN IRU WKLV VWXG\�ILJXUH ���� KDV VLPLODU UH�

��
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VXOWV ZKHUH WKH SHUIRUPDQFH LV JRRG EXW WKHUH DUH XVHU H[SHULHQFH TXDOLWLHV ZKLFK FDQ EH
LPSURYHG�H�J�� VWLPXODWLRQ DQG QRYHOW\��

5HJDUGLQJ WKH VHFRQG VWXG\� DOWKRXJK LW KDG D VPDOO VDPSOH VL]H RI �� XVHUV IURP D GLIIHUHQW
WDUJHW SRSXODWLRQ� WKH UHVXOWV VHHP RSWLPLVWLF DQG SURYLGH YDOXDEOH LQVLJKWV WR LPSURYH WKH
FXUUHQW GHYHORSPHQW� 6LPLODU WR WKH TXHVWLRQQDLUH¶V DQDO\VLV� WKH PHDQ YDOXHV�ILJXUH ����
VKRZ JRRG SURGXFW XVDELOLW\� KLJKOLJKWLQJ XVDELOLW\ VFDOHV VXFK DV DWWUDFWLYHQHVV� VWLPXOD�
WLRQ DQG QRYHOW\� 7KH DSSOLFDWLRQ¶V EHQFKPDUN UHFHLYHG D JRRG UHVSRQVH IURP WKH SDUWLFL�
SDQWV ZLWK DWWUDFWLYHQHVV DQG VWLPXODWLRQZLWK WKH KLJKHVW VFRUHV� VKRZLQJ WKH DSSOLFDWLRQ¶V
SRWHQWLDO WR SURPRWH SK\VLFDO DFWLYLW\ DQG WR EH WHVWHG ZLWK WKH WDUJHW SRSXODWLRQ�

:KHQ SHUIRUPLQJ WKH VWXG\� RQH FRQVWUDLQW WKDW ZDV QRW PHDVXUHG ZDV WKH SUHVHQFH RI
VHYHUDO SHRSOH GHWHFWHG E\ WKH FDPHUD� $V PHQWLRQHG EHIRUH� WKH DSSURDFK WDNHQ WR GHWHFW
WKH KXPDQ SRVH LV D VLQJOH�SHUVRQ XVDJH� 7KLV IDFW LV LPSRUWDQW WR UHFDOO EHFDXVH� GXULQJ
WKH SLORW VWXG\� RQO\ RQH SHUVRQZDV FDSWXUHG E\ WKH FDPHUD IRU HDFK H[SHULPHQW� +RZHYHU�
IURP SUHYLRXV H[SHULPHQWV� WKH SRVH HVWLPDWRU� ZKHQ GHDOLQJ ZLWK VHYHUDO SHRSOH LQ WKH
LPDJH� XVXDOO\ UHPDLQV ZLWK WKH SHUVRQ FORVHVW WR WKH FDPHUD� WKDW LQ PRVW FDVHV� LV WKH
RQH SHUIRUPLQJ WKH H[HUFLVH� 7KLV RFFXUUHQFH FDQ EH DQ LVVXH IRU RWKHU LPSOHPHQWDWLRQV�
KRZHYHU� IRU WKLV GLVVHUWDWLRQ� VLQFH WKH PDLQ JRDO LV IRU GRPHVWLF XVDJH� LW FDQ EH DVVXPHG
WKDW D VPDOO IORZ RI SHRSOH ZLOO EH SUHVHQW LQ WKH KRXVHKROG� 7KHUHIRUH� WKHVH RFFXUUHQFHV
RI WKLV KDSSHQLQJ ZLOO EH UDUH� EHQHILWLQJ WKH FXUUHQW LPSOHPHQWDWLRQ�

)URP WKH XVHUV� WKLV SK\VLFDO DFWLYLW\ SURPRWLRQ ZDV HYDOXDWHG DV DSSURSULDWH IRU WKH HO�
GHUO\ SRSXODWLRQ� +RZHYHU� WKH VDUFRSHQLD HYDOXDWLRQ� WKH SUHVFULEHG H[HUFLVHV DQG WKH
SHUIRUPDQFH RI WKHVH QHHG WR EH DVVHVVHG E\ PHGLFDO SHUVRQQHO DV LW ZLOO EULQJ YDOXDEOH
LQVLJKWV LQWR KRZ WKH FXUUHQW V\VWHP FDQ LPSURYH ZKHQ DVVLVWLQJ DQG PRQLWRULQJ WKH XVHU�
2QH NH\ DVSHFW WKDW FDQ EH GLVFXVVHG ZLWK SK\VLFLDQV LV WKH DVVHVVPHQW RI XVHUV¶ LQMXULHV�
ZKLFK FDQ EH KHOSIXO IRU WKH V\VWHP VR LW FDQ SURYLGH H[HUFLVHV WDUJHWHG IRU WKH SHUVRQ LQ
WHUPV RI VDUFRSHQLD VHYHULW\ DQG SK\VLFDO LQMXULHV�

��



�
&RQFOXVLRQ DQG )XWXUH :RUN

7KLV ILQDO FKDSWHU RI WKH GLVVHUWDWLRQ SUHVHQWV WKH FRQFOXVLRQV WDNHQ IURP WKH SUHYLRXV
FKDSWHU� UHVXOWV DQG GLVFXVVLRQ ZKLOH DOVR SURYLGLQJ VXJJHVWLRQV IRU IXWXUH ZRUN DV WKLV
GLVVHUWDWLRQ LV D SURMHFW LQ $FWL9DV )UDPHZRUN� ZKLFK LV DQ RQJRLQJ SURMHFW�

��� &RQFOXVLRQ

7KLV ZRUN KDG WKH REMHFWLYH RI LPSOHPHQWLQJ D YLUWXDO SHUVRQDO WUDLQHU IRU DFWLYH DJHLQJ
XVLQJ D �' JHQHUDOLVWLF GHVFULSWRU WKDW FRXOG WUDQVODWH WKH H[HFXWLRQ RI VHYHUDO H[HUFLVHV LQ
DQ LQ�KRXVH HQYLURQPHQW XVLQJ D VHWXS WKDW LV DIIRUGDEOH WR EH VFDODEOH� 7KH UHFRUGLQJ RI
WKH H[HUFLVHV XVHV RSWLFDO PRWLRQ FDSWXUH WHFKQRORJ\ DQG D FHUWLILHG DFWRU WKDW DOORZV PR�
WLRQ WUDQVIHU EHWZHHQ D UHDO�OLIH SHUVRQ DQG D YLUWXDO HQWLW\� SURYLGLQJ D UHDOLVWLF RXWFRPH�
:LWK WKHVH PRWLRQV� WKH DYDWDU FDQ GLVSOD\ WKH FRUUHFW SHUIRUPDQFH RI WKH H[HUFLVHV XVLQJ
D UHOLDEOH� ORZ�FRVW YLGHR IRUPDW WKDW DOORZV DGDSWDWLRQ LQ WKH ZD\ WKH FRDFK H[HPSOLILHV
WKH H[HUFLVHV� 7KH IRUPDW DOORZV WKH V\VWHP WR SURYLGH WKH XVHU ZLWK WKH IHHOLQJ RI LQWHU�
DFWLRQ EHWZHHQ KLP DQG WKH FRDFK� )XUWKHUPRUH� LW DOORZV D FXVWRPL]DEOH H[SHULHQFH ZLWK
D ORZ FRVW LQ WHUPV RI UHDO�WLPH SHUIRUPDQFH VLQFH WKH H[HPSOLILFDWLRQ RI WKH H[HUFLVHV LV
VWRUHG LQ WKH V\VWHP� 7KH WUDQVIRUPDWLRQ WR WKHVH FRPHV GRZQ WR VLPSOH IUDPH HQFRGLQJ
PRGLILFDWLRQV�

7KH VHWXS XVHV D VLQJOH IL[HG FDPHUD WKDW DOORZV WKH XVHU WR SHUIRUP H[HUFLVHV LQ DQ H[HU�
FLVH ]RQH�YLVLEOH WR WKH VHWXS� GHILQHG E\ KLP DQG EH HYDOXDWHG LQ UHDO�WLPH ZKLOH SURYLG�
LQJ IHHGEDFN RQ WKHLU SHUIRUPDQFH ZLWK YRLFH FXHV RU YLVXDO FXHV XVLQJ D FRORXU VFKHPH�
)RU WKLV SXUSRVH� WKH FDPHUD QHHGV WR EH DW D KHLJKW OHYHO WKDW UHVHPEOHV WKH UHFRUGLQJV
RI WKH SHUVRQDO WUDLQHU ZKHQ KH ZDV SHUIRUPLQJ WKH H[HUFLVHV� :LWK WKLV VHWXS� WKH V\V�
WHP XVHV SRVH HVWLPDWLRQ WHFKQRORJ\ WKDW UHOLHV KHDYLO\ RQ DQ 0/ DOJRULWKP WR SURYLGH
�' QRUPDOL]HG FRRUGLQDWHV RI ODQGPDUNV WKDW FRQVWLWXWH WKH VNHOHWRQ RI D SHUVRQ XVLQJ D
VLQJOH�SHUVRQ DSSURDFK� +RZHYHU� WKLV GLVVHUWDWLRQ¶V SXUSRVH ZDV WR VLPSOLI\ WKH H[HU�
FLVH DQDO\VLV SURFHVV E\ ORZHULQJ WKH GLPHQVLRQ RI WKHVH FRRUGLQDWHV IURP WKUHH WR WZR
GLPHQVLRQV� :LWK WKH FRQMXQFWLRQ RI WKLV VLPSOLILHG FRRUGLQDWH V\VWHP IRU WKH ODQGPDUNV
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DQG ZLWK D JULG PHWKRG IRUPHG XVLQJ WKH PRVW VWDWLF DQDWRPLFDO ODQGPDUNV DORQJ WLPH�
WKH V\VWHP FDQ XVH D ORZ DPRXQW RI ODQGPDUNV �ODQGPDUNV RI LQWHUHVW� DQG WKH WUDMHFWRU\
RI WKHVH WR FKDUDFWHUL]H D SURSHU H[HFXWLRQ RI WKH H[HUFLVH� :KHQ WKH V\VWHP GHWHFWV SRRU
H[HFXWLRQ� WKH FRDFK QRWLILHV WKH SHUVRQ XVLQJ D YLVXDO FXH RQ WKH VFUHHQ WR UHLQIRUFH WKH
IHHOLQJ RI VXSHUYLVLRQ ZKHQ SHUIRUPLQJ WKH H[HUFLVH�

+RZHYHU� ZKHQ LPSOHPHQWLQJ WKLV PHWKRGRORJ\� VRPH GLIILFXOWLHV PXVW EH DFFRXQWHG IRU
VLQFH WKH\ FDQ ZRUVHQ WKH RYHUDOO V\VWHP¶V SHUIRUPDQFH� +LJKO\ VSHFLDOL]HG HTXLSPHQW
DQG WUDLQHG SHUVRQQHO PXVW UHFRUG WKH FRDFK¶V H[HUFLVH SHUIRUPDQFH ZKHQ GHDOLQJ ZLWK
2SWLFDO 0RWLRQ &DSWXUH� $OWKRXJK WKLV W\SH RI PRWLRQ FDSWXUH WHFKQRORJ\ LV WKH PRVW
VWDWH�RI�WKH�DUW DQG UREXVW WHFKQRORJ\� LW VWLOO UDLVHV FRQFHUQV UHJDUGLQJ FRVW DQG WLPH GXH
WR LWV OHDUQLQJ FXUYH�

$QRWKHU WLPH�FRQVXPLQJ WDVN LQ WKLV ZRUN LV WKH PRWLRQ WUDQVIHU EHWZHHQ WKH DFWRU DQG WKH
YLUWXDO FRDFK� ZKLFK UHTXLUHV PXOWLSOH VRIWZDUH WR IXOO\ LQWHJUDWH WKH DQLPDWLRQ LQWR WKH
FKDUDFWHU DQG WKH FKDUDFWHU LQWR WKH FRUUHFW HQYLURQPHQW WR SURYLGH WKH XVHU ZLWK UHDOLVP�
:KHQ GHDOLQJ ZLWK H[HUFLVHV ZLWK REMHFWV� RFFOXVLRQ GXH WR REMHFWV EHWZHHQ WKH XVHU DQG
WKH FDPHUD DIIHFWV WKH SHUIRUPDQFH RI WKH SRVH HVWLPDWRU� ZKLFK LV D FRPPRQ LVVXH HYHQ IRU
VWDWH�RI�WKH�DUW WHFKQRORJ\� $QRWKHU W\SH RI H[HUFLVH WKDW WKH V\VWHP VWUXJJOHV WR HYDOXDWH
LV ZKHQ WKH H[HFXWLRQ RI WKH H[HUFLVH LQYROYHV UDSLG FKDQJHV RYHU WLPH� ZKLFK GRHV QRW
VSHFLI\ D JHQHUDOLVWLF WUDMHFWRU\ GXH WR WKH UDQGRP EHKDYLRXU RI WKH SRVH HVWLPDWRU� ZKLFK
KDV D SUHGLFWLRQ ZLWK D KLJK MLWWHU DVVRFLDWHG ZLWK LW� $QRWKHU FRQFHUQ UHJDUGLQJ WKLV V\VWHP
LV WKH QHHG IRU KXPDQ PRWLRQ DQDO\VLV E\ D WHFKQLFLDQ� OHDGLQJ WR WKH QHHG WR VSHFLI\
ODQGPDUNV RI LQWHUHVW DQG WKHLU WUDMHFWRU\ WR DOORZ WKH V\VWHP WR HYDOXDWH RWKHU XVHUV�

5HJDUGOHVV RI WKH LVVXHV PHQWLRQHG DERYH� ZKHQ XVHUV UHPDLQ LQ WKH H[HUFLVH ]RQH DQG
SHUIRUP WKH H[HUFLVHV FRUUHFWO\� WKH V\VWHP LV HIIHFWLYH ZKHQ HYDOXDWLQJ WKH SHUIRUPDQFH
RI �� H[HUFLVHV�

��� )XWXUH :RUN

7KLV GLVVHUWDWLRQ IRFXVHG RQ D YLUWXDO SHUVRQDO WUDLQHU WKDW WHDFKHV DQG JXLGHV SHRSOH¶V
SHUIRUPDQFH ZKHQ H[HFXWLQJ H[HUFLVHV WKDW DGGUHVV VDUFRSHQLD� :LWK WKH DVVLVWDQFH RI D
�' JULG PHWKRG EDVHG RQ DQDWRPLFDO SRLQWV RI WKH XVHU¶V VNHOHWRQ� WKLV DOJRULWKP HYDOXDWHV
WKH PRWLRQ E\ FRPSDULQJ LW WR WKH FRDFK XVLQJ DQ H[HUFLVH EXIIHU� 7KH HYDOXDWLRQ UHOLHV
RQ D VLQJOH FDPHUD WKDW VXSSOLHV D IUDPH LQSXW WR WKH SRVH HVWLPDWRU DOJRULWKP� ZKLFK LV
WKH EDFNERQH RI WKH H[HUFLVH DQDO\VLV SURFHGXUH� 1HYHUWKHOHVV� LW DOVR SURYLGHV DGDSWDWLRQ
SURFHGXUHV WKDW SURYLGH D FXVWRPL]DEOH H[SHULHQFH� WUDQVIRUPLQJ DQ RUGLQDULO\ WHGLRXV DQG
GHPDQGLQJ WDVN LQWR DQ LQWHUDFWLYH H[SHULHQFH WKDW FDQ ERRVW PRWLYDWLRQ�

,Q IXWXUH ZRUNV� LW LV FUXFLDO WR XVH WKLV DVVHVVPHQW WHFKQLTXH DV D EDVHOLQH IRU RWKHU DV�

��
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VHVVPHQW PHWKRGV XVLQJ GLIIHUHQW KDUG�FRGHG DSSURDFKHV RU DSSURDFKHV WKDW UHO\ RQ 0/
WHFKQLTXHV WKDW KDYH UHYROXWLRQL]HG SUHYLRXV SUREOHPV LQ WKH FRPSXWHU YLVLRQ ILHOG� )XU�
WKHUPRUH� WKH LQWHUDFWLRQ EHWZHHQ WKH FRDFK DQG WKH SHUVRQ FDQ EH LPSURYHG GUDPDWLFDOO\
E\ XVLQJ KXPDQ HPRWLRQ UHFRJQLWLRQ VRIWZDUH� DOORZLQJ WKH V\VWHP WR LQWHUDFW ZLWK WKH
SHUVRQ EDVHG RQ WKH HPRWLRQV WKDW WKH SHUVRQ LV IDFLQJ� )RU H[DPSOH� LI WKH SHUVRQ IHHOV
VDG RU IUXVWUDWHG DIWHU IDLOLQJ WR SHUIRUP WKH H[HUFLVH� WKH FRDFK FDQ FRPIRUW WKH XVHU DQG
VHOHFW DQRWKHU SUHVFULEHG H[HUFLVH� :KLOH PRQLWRULQJ WKH XVHU� WKH V\VWHP FDQ REVHUYH WKH
H[HUFLVH DQG WKH SHUVRQ¶V HPRWLRQV� UHZDUGLQJ SRVLWLYH HPRWLRQV VXFK DV KDSSLQHVV� 7KLV
PHFKDQLVP LV SRVVLEOH GXH WR WKH H[HUFLVHV DW KDQG VLQFH WKHVH DUH QDWXUDOO\ VORZ�SDFH WDU�
JHWHG WR ROGHU SHRSOH� DOORZLQJ� LQ WKHRU\� VWDEOH IDFLDO IHDWXUHV WR EH GHWHFWHG DQG WUDFNHG
RYHU WLPH�

2QH ZD\ WR LPSURYH WKH FXUUHQW ZRUN GHYHORSPHQW LV WR DGG RWKHU SK\VLFDO DFWLYLWLHV HYDO�
XDWLRQ UHJDUGLQJ H[HUFLVHV DQG JDLW RU SRVWXUH LVVXHV WR DVVHVV WKH SUHVHQFH RI RWKHU PHG�
LFDO FRQGLWLRQV H[SHFWHG IRU WKH HOGHUO\ VXFK DV 3DUNLQVRQ¶V GLVHDVH� :LWK PRWLRQ FDSWXUH
WHFKQRORJ\� LW LV SRVVLEOH WR HYDOXDWH WKH SHUVRQ¶V JD]H DQG SRVWXUH WR SURYLGH FRQFOXVLRQV
UHJDUGLQJ WKH SUHVHQFH RI GLIIHUHQW FRQGLWLRQV LQ UHDO�WLPH XVLQJ QRYHOLVWLF SURFHGXUHV LQ�
YROYLQJ PDFKLQH OHDUQLQJ DOJRULWKPV ZLWK D JRRG SHUFHQWDJH RI DFFXUDF\ LQ WKH RYHUDOO
UHVXOWV>��@� 8VLQJ WKLV SUHPLVH� RQH SRVVLEOH GLUHFWLRQ IRU WKLV SURMHFW LV WKH SRVH HVWLPD�
WRU WR SURYLGH WKH IHDWXUHV IRU PDFKLQH OHDUQLQJ DOJRULWKPV WR HYDOXDWH WKH FKDUDFWHULVWLFV
LQ UHDO WLPH ZLWKRXW DQ H[SHQVLYH V\VWHP�HTXLSPHQW� 7KLV DSSURDFK ZRXOG SURYLGH DQ
HYDOXDWLRQ PHWKRG ZLWK PRUH IUHHGRP UHJDUGLQJ WKH ORFDWLRQ DQG WKH EXGJHW QHFHVVDU\ IRU
WKLV ZRUN�

$QRWKHU IHDWXUH WKDW LV DGGHG WR WKH V\VWHP LV UHODWHG WR QXWULWLRQ� 1XWULWLRQ LV D KLJKO\
UHOHYDQW WRSLF ZKHQ D SHUVRQ LV DIIHFWHG E\ VDUFRSHQLD DQG LQ WKH HOGHUO\ SRSXODWLRQ� $O�
WKRXJK WKH LQIRUPDWLRQ GHVFULEHG LQ WKLV GLVVHUWDWLRQ LV LQVXIILFLHQW WR SURYLGH D VWDWH�RI�
WKH�DUW QXWULWLRQDO DOJRULWKP� LW GRHV SURYLGH D JHQHUDO LGHD RI WKH NH\ FRQFHSWV WKDW QHHG
WR EH H[SORUHG LQ IXWXUH GHYHORSPHQW�

$V PHQWLRQHG LQ WKH FKDSWHU UHJDUGLQJ WKH UHVXOWV� WKH DVVLVWDQFH RI PHGLFDO SHUVRQQHO
ZRXOG EHQHILW WKH DSSOLFDWLRQ DV WKH\ FRXOG SURYLGH YDOXDEOH LQVLJKWV WKDW DUH RQO\ SUHVHQW
ZKHQ GHDOLQJ ZLWK WKLV W\SH RI SUREOHP DQG WKH WDUJHW SRSXODWLRQ� 7KLV DVVLVWDQFH ZRXOG
EH KHOSIXO LQ WKH GHYHORSPHQW EXW DOVR GXULQJ�DIWHU WKH XVDJH RI WKH V\VWHP ZKHUH IXWXUH
GHYHORSPHQW FRXOG VWRUH XVHU¶V LQIRUPDWLRQ �H�J�� DPRXQW RI H[HUFLVHV SHUIRUPHG E\ WKH
XVHU� LPSURYHPHQW RYHU VHVVLRQV UHJDUGLQJ WKH GHYHORSPHQW RI VDUFRSHQLD�� $IWHU VWRULQJ
DQG SURFHVVLQJ WKLV GDWD� SK\VLFLDQV FRXOG YLHZ WKH XVHU¶V GDWD WR SUHVFULEH RU XSGDWH WKH
XVHU¶V WUHDWPHQWV RU UHJLPHQV�

7R FRQFOXGH� IDFLDO ULJJLQJ FDQ VLJQLILFDQWO\ EHQHILW WKH FRDFK VLQFH LW DOORZV WKH SHUVRQDO
WUDLQHU WR FRQYH\ HPRWLRQV� +RZHYHU� WKLV ZRUN LV KLJKO\ GHPDQGLQJ GXH WR WKH DPRXQW
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RI WLPH UHTXLUHG WR DFFRPSOLVK LW DQG WKH DPRXQW RI NQRZOHGJH WKDW WKH DQLPDWRU QHHGV
RI WKH KXPDQ IDFH ZKHQ SHUIRUPLQJ GLIIHUHQW W\SHV RI SKRQHPHV WR SURYLGH D VHQVDWLRQ RI
UHDOLVP ZKHQ WKH FRDFK LV VSHDNLQJ� 5HJDUGOHVV� WKLV ZRUN ZRXOG GUDVWLFDOO\ LPSURYH WKH
LQWHUDFWLRQ¶V UHDOLVP DQG� WKHUHIRUH� WKH RYHUDOO V\VWHP�
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RI WKH ��QG DQQXDO FRQIHUHQFH RQ &RPSXWHU JUDSKLFV DQG LQWHUDFWLYH WHFKQLTXHV �
6,**5$3+ 
��� $&0 3UHVV� �����

>�@ 0RWLRQ %XLOGHU� .H\IUDPLQJ� �����

>�@ 0RWLRQ %XLOGHU� .LQHPDWLFV� �����

>�@ -RDR &DUUHLUD� 3XONLW $JUDZDO� .DWHULQD )UDJNLDGDNL� DQG -LWHQGUD 0DOLN� +XPDQ
SRVH HVWLPDWLRQ ZLWK LWHUDWLYH HUURU IHHGEDFN� �����

>�@ 7� &HGHUKROP� ,� %RVDHXV� 5� %DUD]]RQL� -� %DXHU� $� 9DQ *RVVXP� 6� .OHN� 0� 0XV�
FDULWROL� ,� 1\XODVL� -� 2FNHQJD� 6�0� 6FKQHLGHU� 0�$�(� GH YDQ GHU 6FKXHUHQ� DQG
3� 6LQJHU� 'LDJQRVWLF FULWHULD IRU PDOQXWULWLRQ ± DQ (63(1 FRQVHQVXV VWDWHPHQW�
&OLQLFDO 1XWULWLRQ� ���������±���� -XQH �����

��



9LUWXDO 3HUVRQDO 7UDLQHU )RU $FWLYH $JHLQJ

>��@ <DR�-HQ &KDQJ� :HQ�<LQJ +DQ� DQG <X�&KL 7VDL� $ NLQHFW�EDVHG XSSHU OLPE UHKD�
ELOLWDWLRQ V\VWHP WR DVVLVW SHRSOH ZLWK FHUHEUDO SDOV\� 5HVHDUFK LQ 'HYHORSPHQWDO
'LVDELOLWLHV� �����������±����� �����

>��@ &KLQJ�+DQJ &KHQ DQG 'HYD 5DPDQDQ� �G KXPDQ SRVH HVWLPDWLRQ  �G SRVH HVWLPD�
WLRQ � PDWFKLQJ� �����

>��@ $OIRQVR - &UX]�-HQWRIW� -HDQ 3LHUUH %DH\HQV� -�UJHQ 0 %DXHU� <YHV %RLULH� 7RPP\
&HGHUKROP� )UDQFHVFR /DQGL� )LQEDUU & 0DUWLQ� -HDQ�3LHUUH 0LFKHO� <YHV 5ROODQG�
6WpSKDQH 0 6FKQHLGHU� HW DO� 6DUFRSHQLD� (XURSHDQ FRQVHQVXV RQ GHILQLWLRQ DQG
GLDJQRVLVUHSRUW RI WKH HXURSHDQ ZRUNLQJ JURXS RQ VDUFRSHQLD LQ ROGHU SHRSOHD� M�
FUX]�JHQWRIW HW DO� $JH DQG DJHLQJ� ���������±���� �����

>��@ $OIRQVR - &UX]�-HQWRIW� *�OLVWDQ %DKDW� -�UJHQ %DXHU� <YHV %RLULH� 2OLYLHU %UX\qUH�
7RPP\ &HGHUKROP� &\UXV &RRSHU� )UDQFHVFR /DQGL� <YHV 5ROODQG� $YDQ $LKLH
6D\HU� 6WpSKDQH 0 6FKQHLGHU� &RUQHO & 6LHEHU� (YD 7RSLQNRYD� 0DXULWV 9DQGH�
ZRXGH� 0DUMROHLQ 9LVVHU� 0DXUR =DPERQL� ,YDQ %DXWPDQV� -HDQ�3LHUUH %DH\HQV�
0DWWHR &HVDUL� $QWRQLR &KHUXELQL� -RKQ .DQLV� 0DUFHOOR 0DJJLR� )LQEDUU 0DU�
WLQ� -HDQ�3LHUUH 0LFKHO� .DLVX 3LWNDOD� -HDQ�<YHV 5HJLQVWHU� 5HQp 5L]]ROL� 'RORUHV
6iQFKH]�5RGUtJXH]� DQG -RV 6FKROV DQG� 6DUFRSHQLD� UHYLVHG HXURSHDQ FRQVHQVXV
RQ GHILQLWLRQ DQG GLDJQRVLV� $JH DQG $JHLQJ� ��������±��� 6HSWHPEHU �����

>��@ 0DUWD ,VDEHO $61 )HUUHLUD� )DELR $XJXVWR %DUELHUL� 9LQtFLXV &KULVWLDQLQL 0RUHQR�
7LDJR 3HQHGR� DQG -RmR 0DQXHO 56 7DYDUHV� 0DFKLQH OHDUQLQJ PRGHOV IRU SDUNLQ�
VRQ¶V GLVHDVH GHWHFWLRQ DQG VWDJH FODVVLILFDWLRQ EDVHG RQ VSDWLDO�WHPSRUDO JDLW SDUDP�
HWHUV� *DLW 	 3RVWXUH� �����

>��@ :HLGRQJ *HQJ DQG *LQR <X� 5HXVH RI PRWLRQ FDSWXUH GDWD LQ DQLPDWLRQ� $ UH�
YLHZ� ,Q &RPSXWDWLRQDO 6FLHQFH DQG ,WV $SSOLFDWLRQV ² ,&&6$ ����� SDJHV ���±
���� 6SULQJHU %HUOLQ +HLGHOEHUJ� �����

>��@ 0� *OHLFKHU DQG 1� )HUULHU� (YDOXDWLQJ YLGHR�EDVHG PRWLRQ FDSWXUH� ,Q 3URFHHGLQJV
RI &RPSXWHU $QLPDWLRQ ���� �&$ ������ ,((( &RPSXW� 6RF�

>��@ 0LFKDHO *OHLFKHU� 5HWDUJHWWLQJ PRWLRQ WR QHZ FKDUDFWHUV� ,Q 3URFHHGLQJV RI WKH ��WK
DQQXDO FRQIHUHQFH RQ &RPSXWHU JUDSKLFV DQG LQWHUDFWLYH WHFKQLTXHV� SDJHV ��±���
�����

>��@ ;LDRQDQ *XR� -LDQ /LX� DQG <LQJ\LQJ &KHQ� )LWFRDFK� 9LUWXDO ILWQHVV FRDFK HPSRZ�
HUHG E\ ZHDUDEOH PRELOH GHYLFHV� ,Q ,((( ,1)2&20 ���� � ,((( &RQIHUHQFH RQ
&RPSXWHU &RPPXQLFDWLRQV� SDJHV �±�� �����

>��@ 0LWVXKLUR +D\DVKLEH� $OHMDQGUR *RQ]iOH]� DQG 0D[LPH 7RXUQLHU� 3HUVRQDOL]HG EDO�
DQFH DQG IDOO ULVN YLVXDOL]DWLRQ ZLWK NLQHFW WZR� ,Q ���� ��QG $QQXDO ,QWHUQDWLRQDO

��



%LEOLRJUDSK\

&RQIHUHQFH RI WKH ,((( (QJLQHHULQJ LQ 0HGLFLQH 	 %LRORJ\ 6RFLHW\ �(0%&�� SDJHV
����±����� ,(((� �����

>��@ ;LQ -LQ� <XDQ <DR� 4LOLDQJ -LDQJ� ;LQJ\LQJ +XDQJ� -LDQ\L =KDQJ� ;LDRNXQ =KDQJ�
DQG .HMXQ =KDQJ� 9LUWXDO SHUVRQDO WUDLQHU YLD WKH NLQHFW VHQVRU� ,Q ���� ,((( ��WK
,QWHUQDWLRQDO &RQIHUHQFH RQ &RPPXQLFDWLRQ 7HFKQRORJ\ �,&&7�� SDJHV ���±����
�����

>��@ $RXDLGMLD .DPHO� %RZHQ /LX� 3LQJ /L� DQG %LQ 6KHQJ� $Q LQYHVWLJDWLRQ RI �G KX�
PDQ SRVH HVWLPDWLRQ IRU OHDUQLQJ WDL FKL� $ KXPDQ IDFWRU SHUVSHFWLYH� ,QWHUQDWLRQDO
-RXUQDO RI +XPDQ±&RPSXWHU ,QWHUDFWLRQ� �����������±���� 1RYHPEHU �����

>��@ /DGLVODY .DYDQ� 3DUW L� GLUHFW VNLQQLQJ PHWKRGV DQG GHIRUPDWLRQ SULPLWLYHV� ,Q
$&0 6,**5$3+� YROXPH ����� SDJHV �±��� �����

>��@ =YL .RQV� 6ODYD 6KHFKWPDQ� $OH[DQGHU 6RULQ� &DUPHO 5DELQRYLW]� DQG 5RQ +RRU\�
+LJK TXDOLW\� OLJKWZHLJKW DQG DGDSWDEOH WWV XVLQJ OSFQHW� ,Q ,17(563((&+� �����

>��@ 3UDGHHS .XPDU� 5DMNXPDU 6DLQL� 0DKHQGUD <DGDYD� 3DUWKD 3UDWLP 5R\� 'HEL 3URVDG
'RJUD� DQG 5DPDQ %DODVXEUDPDQLDQ� 9LUWXDO WUDLQHU ZLWK UHDO�WLPH IHHGEDFN XVLQJ
NLQHFW VHQVRU� ,Q ���� ,((( 5HJLRQ �� 6\PSRVLXP �7(16<03�� SDJHV �±�� �����

>��@ .� .XULKDUD� 6� +RVKLQR� .� <DPDQH� DQG <� 1DNDPXUD� 2SWLFDO PRWLRQ FDSWXUH V\V�
WHPZLWK SDQ�WLOW FDPHUD WUDFNLQJ DQG UHDO WLPH GDWD SURFHVVLQJ� ,Q 3URFHHGLQJV ����
,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ 5RERWLFV DQG $XWRPDWLRQ �&DW� 1R���&+�������
,(((�

>��@ $ULHO .ZLDWNRZVNL� (GXDUGR $OYDUDGR� 9LFN\ .DORJHLWRQ� & .DUHQ /LX� -XOLHQ 3HW�
WUp� 0LFKLHO YDQ GH 3DQQH� DQG0DULH�3DXOH &DQL� $ VXUYH\ RQ UHLQIRUFHPHQW OHDUQLQJ
PHWKRGV LQ FKDUDFWHU DQLPDWLRQ� ,Q &RPSXWHU *UDSKLFV )RUXP� YROXPH ��� SDJHV
���±���� :LOH\ 2QOLQH /LEUDU\� �����

>��@ *HQH 6 /HH� $QG\ /LQ� 0DWW 6FKLOOHU� 6FRWW 3HWHUV� 0DUN 0F/DXJKOLQ� )UDQN +DQ�
QHU� DQG :DOW 'LVQH\ $QLPDWLRQ 6WXGLRV� (QKDQFHG GXDO TXDWHUQLRQ VNLQQLQJ IRU
SURGXFWLRQ XVH� ,Q 6,**5$3+ 7DONV� SDJHV �±�� �����

>��@ &KULVWLQH 0HUVLDQD /XNPDQWR� ,V URWRVFRSH WUXH DQLPDWLRQ" 8/7,0$57 -XUQDO
.RPXQLNDVL 9LVXDO� ��������±��� 0DUFK �����

>��@ :HLDQ 0DR� <RQJWDR *H� &KXQKXD 6KHQ� =KL 7LDQ� ;LQORQJ :DQJ� DQG =KLELQ
:DQJ� 7ISRVH� 'LUHFW KXPDQ SRVH HVWLPDWLRQ ZLWK WUDQVIRUPHUV� DU;LY SUHSULQW
DU;LY������������ �����

>��@ -XOLHWD 0DUWLQH]� 5D\DW +RVVDLQ� -DYLHU 5RPHUR� DQG -DPHV -� /LWWOH� $ VLPSOH \HW
HIIHFWLYH EDVHOLQH IRU �G KXPDQ SRVH HVWLPDWLRQ� �����

��



9LUWXDO 3HUVRQDO 7UDLQHU )RU $FWLYH $JHLQJ

>��@ $ - 0D\KHZ� . $PRJ� 6 3KLOOLSV� * 3DULVH� 3 ' 0F1LFKRODV� 5 - GH 6RX]D� / 7KD�
EDQH� DQG 3 5DLQD� 7KH SUHYDOHQFH RI VDUFRSHQLD LQ FRPPXQLW\�GZHOOLQJ ROGHU
DGXOWV� DQ H[SORUDWLRQ RI GLIIHUHQFHV EHWZHHQ VWXGLHV DQG ZLWKLQ GHILQLWLRQV� D V\V�
WHPDWLF UHYLHZ DQG PHWD�DQDO\VHV� $JH DQG $JHLQJ� ��������±��� -XO\ �����

>��@ 0HGLD3LSH� %OD]HSRVH GHWHFWRU � KXPDQ SRVH HVWLPDWLRQ�

>��@ 0RWLRQ%XLOGHU� 0RWLRQEXLOGHU FRQVWUDLQWV�

>��@ /XFDV 0RXURW� /XGRYLF +R\HW� )UDQoRLV /H &OHUF� )UDQoRLV 6FKQLW]OHU� DQG 3LHUUH
+HOOLHU� $ 6XUYH\ RQ 'HHS /HDUQLQJ IRU 6NHOHWRQ�%DVHG +XPDQ $QLPDWLRQ� &RP�
SXWHU *UDSKLFV )RUXP� SDJHV �±��� 1RYHPEHU �����

>��@ -DNRE 1LHOVHQ DQG 7KRPDV . /DQGDXHU� $ PDWKHPDWLFDO PRGHO RI WKH ILQGLQJ RI
XVDELOLW\ SUREOHPV� ,Q 3URFHHGLQJV RI WKH ,17(5$&7¶�� DQG &+,¶�� FRQIHUHQFH RQ
+XPDQ IDFWRUV LQ FRPSXWLQJ V\VWHPV� SDJHV ���±���� �����

>��@ 3HGUR $OYHV 1RJXHLUD� 0RWLRQ FDSWXUH IXQGDPHQWDOV D FULWLFDO DQG FRPSDUDWLYH DQDO�
\VLV RQ UHDO�ZRUOG DSSOLFDWLRQV� �����

>��@ 2SWLWUDFN� 2SWLFDO PRWLRQ FDSWXUH SURFHHGLQJV� �����

>��@ 0DVDNL 2VKLWD� 0RWLRQ YROXPH� 9LVXDOL]DWLRQ RI KXPDQ PRWLRQ PDQLIROGV� ,Q 7KH
��WK ,QWHUQDWLRQDO &RQIHUHQFH RQ 9LUWXDO�5HDOLW\ &RQWLQXXP DQG LWV $SSOLFDWLRQV LQ
,QGXVWU\� $&0� 1RYHPEHU �����

>��@ 1HZ =HDODQG 2WDJR 8QLYHUVLW\� 2WDJR H[HUFLVH SURJUDP� �����

>��@ <XDQ 3HQJ� 5HVHDUFK RQ GDQFH WHDFKLQJ EDVHG RQ PRWLRQ FDSWXUH V\VWHP� 0DWKH�
PDWLFDO 3UREOHPV LQ (QJLQHHULQJ� ������±�� 0D\ �����

>��@ 3ROKHPXV� 3ROKHPXV OLEHUW\� �����

>��@ %DVLOLR 3XHR DQG -RVH0DQXHO -LPHQH]�2OPHGR� $SSOLFDWLRQ RI PRWLRQ FDSWXUH WHFK�
QRORJ\ IRU VSRUW SHUIRUPDQFH DQDO\VLV� �����

>��@ 7LDJR +HQULTXH 5LEHLUR DQG 0LOWRQ /XL] +RUQ 9LHLUD� 0RWLRQ FDSWXUH WHFKQRORJ\²
EHQHILWV DQG FKDOOHQJHV� ,QW� -� ,QQRY� 5HV� 7HFKQRO� 6FL� ,QW� -� ,QQRY� 5HV� 7HFKQRO�
6FL� ����������±����� �����

>��@ 5REHUWD (� 5LNOL DQG &� -HVVLH -RQHV� 7KH UHOLDELOLW\ DQG YDOLGLW\ RI D ��PLQXWH ZDON
WHVW DV DPHDVXUH RI SK\VLFDO HQGXUDQFH LQ ROGHU DGXOWV� -RXUQDO RI $JLQJ DQG 3K\VLFDO
$FWLYLW\� ��������±���� 2FWREHU �����

>��@ 5REHUWD (� 5LNOL DQG &� -HVVLH -RQHV� 'HYHORSPHQW DQG YDOLGDWLRQ RI D IXQFWLRQDO
ILWQHVV WHVW IRU FRPPXQLW\�UHVLGLQJ ROGHU DGXOWV� -RXUQDO RI $JLQJ DQG 3K\VLFDO $F�
WLYLW\� ��������±���� $SULO �����

��



$SSHQGLFHV

>��@ 5RPHR âDMLQD DQG 0DULQD ,YDãLF .RV� 3RVH HVWLPDWLRQ� WUDFNLQJ DQG FRPSDULVRQ�

>��@ 'U� 0DUWLQ 6FKUHSS� 8VHU H[SHULHQFH TXHVWLRQQDLUH KDQGERRN� �����

>��@ 6DPVX 6HPSHQD� 1XU 8OID 0DXOLGHYL� DQG 3HE 5XVZRQR $U\DQ� +XPDQ DFWLRQ
UHFRJQLWLRQ XVLQJ G\QDPLF WLPH ZDUSLQJ� ,Q 3URFHHGLQJV RI WKH ���� ,QWHUQDWLRQDO
&RQIHUHQFH RQ (OHFWULFDO (QJLQHHULQJ DQG ,QIRUPDWLFV� ,(((� -XO\ �����

>��@ /LDQJFKHQ 6RQJ� *DQJ <X� -XQVRQJ <XDQ� DQG =LFKHQJ /LX� +XPDQ SRVH HVWLPDWLRQ
DQG LWV DSSOLFDWLRQ WR DFWLRQ UHFRJQLWLRQ� $ VXUYH\� -RXUQDO RI 9LVXDO &RPPXQLFDWLRQ
DQG ,PDJH 5HSUHVHQWDWLRQ� ���������� �� �����

>��@ 0DULRQHWWH 6WXGLR� 6NHOHWDO DQLPDWLRQ� �����

>��@ '' 7KRPSVRQ� $JLQJ DQG VDUFRSHQLD� -RXUQDO RI 0XVFXORVNHOHWDO DQG 1HXURQDO
,QWHUDFWLRQV� ��������� �����

>��@ 7HDP 8(4� 8VHU H[SHULHQFH TXHVWLRQQDLUH�XHT�� �����

>��@ 'HSDUWPHQW RI (FRQRPLF 8QLWHG 1DWLRQV DQG 3RSXODWLRQ 'LYLVLRQ 6RFLDO $IIDLUV�
:RUOG 3RSXODWLRQ $JHLQJ ����� +LJKOLJKWV� �����

>��@ $QGUH\ 9DNXQRY� &KXR�/LQJ &KDQJ� )DQ =KDQJ� *HRUJH 6XQJ� 0DWWKLDV *UXQG�
PDQQ� DQG 9DOHQWLQ %D]DUHYVN\� 0HGLDSLSH KDQGV� 2Q�GHYLFH UHDO�WLPH KDQG WUDFN�
LQJ� ����� KWWSV���PL[HGUHDOLW\�FV�FRUQHOO�HGX�ZRUNVKRS�

>��@ 'DQLHO 9ODVLF� 5ROI $GHOVEHUJHU� *LRYDQQL 9DQQXFFL� -RKQ %DUQZHOO� 0DUNXV *URVV�
:RMFLHFK 0DWXVLN� DQG -RYDQ 3RSRYLü� 3UDFWLFDO PRWLRQ FDSWXUH LQ HYHU\GD\ VXU�
URXQGLQJV� $&0 7UDQVDFWLRQV RQ *UDSKLFV� ��������� -XO\ �����

>��@ $PPDU <DVVHU� 'RKD 7DULT� 5DGZD 6DP\� 0HQQDW $OODK� DQG $\PDQ $WLD� 6PDUW
FRDFKLQJ� (QKDQFLQJ ZHLJKWOLIWLQJ DQG SUHYHQWLQJ LQMXULHV� ,QWHUQDWLRQDO -RXUQDO RI
$GYDQFHG &RPSXWHU 6FLHQFH DQG $SSOLFDWLRQV� ������ �����

��



$
([HUFLVHV IRU 3UHYHQWLRQ DQG
5HKDELOLWDWLRQ RI 6DUFRSHQLD
)XQFWLRQDOLW\ ([HUFLVH

6WUHQJWK

%UHDVW3ODWH
%LFHS &XUO
%LFHS &XUO 9DULDWLRQ
6KRXOGHUV
7ULFHS &XUO
%DFN ([HUFLVH
/LIWLQJ )URP &KDLU
3ODQWDU )OH[RU
'RUVLIOH[RU
/HJ ([WHQVLRQ

/RZ

6HDWHG &KHVW 3UHVV :LWK (ODVWLF %DQG
6HDWHG $UPV ([WHQVLRQ :LWK %DOO
6HDWHG %LFHS &XUO :LWK (ODVWLF %DQG
6HDWHG 2SHQLQJ $UPV :LWK (ODVWLF %DQG
*HW 8S DQG 6LW 'RZQ )URP 7KH &KDLU
+LS $EGXFWLRQ :LWK (ODVWLF %DQG �6LWWLQJ�
5DLVH +HHOV $QG 7RHV �6LWWLQJ�
%XWWRFN %ULGJH :LWK %DOO
/HJ )OH[LRQ :LWK &KDLU

(OHYDWHG�0RGHUDWH

&KHVW 3UHVV :LWK (ODVWLF %DQG
$UPV ([WHQVLRQ :LWK %DOO
5RZLQJ :LWK (ODVWLF %DQG
6TXDW :LWK &KDLU 6XSSRUW
+LS $EGXFWLRQ :LWK (ODVWLF %DQG
+LS ([WHQVLRQ

7DEOH $��� 7KH WDEOH SURYLGHV WKH OLVW RI H[HUFLVHV IRU SUHYHQWLRQ�H�J�� VWUHQJWK H[HUFLVHV�
DQG UHKDELOLWDWLRQ�/RZ DQG (OHYDWHG�0RGHUDWH )XQFWLRQDOLW\� RI VDUFRSHQLD�

��



%
4XHVWLRQQDLUHV

%�� 6$5&�) 4XHVWLRQQDLUH

)LJXUH %��� ,QLFLDO 0HQX IURP WKH 6$5&�) 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQJXDJHV�

)LJXUH %��� )LUVW 4XHVWLRQ IURP WKH 6$5&�) 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQJXDJHV�

)LJXUH %��� 6HFRQG 4XHVWLRQ IURP WKH 6$5&�) 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQJXDJHV�

��



9LUWXDO 3HUVRQDO 7UDLQHU )RU $FWLYH $JHLQJ

)LJXUH %��� 7KLUG 4XHVWLRQ IURP WKH 6$5&�) 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQJXDJHV�

)LJXUH %��� )RXUWK 4XHVWLRQ IURP WKH 6$5&�) 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQJXDJHV�

)LJXUH %��� )LIWK 4XHVWLRQ IURP WKH 6$5&�) 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQJXDJHV�

%�� 5LNOL�-RQHV 4XHVWLRQQDLUH

)LJXUH %��� ,QLFLDO 0HQX IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQJXDJHV�

��



%� 4XHVWLRQQDLUHV

)LJXUH %��� )LUVW 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQJXDJHV�

)LJXUH %��� 6HFRQG 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�
JXDJHV�

)LJXUH %���� 7KLUG 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�
JXDJHV�

)LJXUH %���� )RXUWK 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�
JXDJHV�

��



9LUWXDO 3HUVRQDO 7UDLQHU )RU $FWLYH $JHLQJ

)LJXUH %���� )LIWK 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�
JXDJHV�

)LJXUH %���� 6L[WK 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�
JXDJHV�

)LJXUH %���� 6HYHQWK 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�
JXDJHV�

)LJXUH %���� (LJKWK 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�
JXDJHV�

��



%� 4XHVWLRQQDLUHV

)LJXUH %���� 1LQWK 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�
JXDJHV�

)LJXUH %���� 7HQWK 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�
JXDJHV�

)LJXUH %���� (OHYHQWK 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�
JXDJHV�

)LJXUH %���� 7ZHOIWK 4XHVWLRQ IURP WKH 5LNOL�-RQHV 4XHVWLRQQDLUH LQ WKH DYDLODEOH ODQ�
JXDJHV�

��



&
$QLPDWLRQ 2I 6DUFRSHQLD ([HUFLVHV

&�� 6WUHQJWK ([HUFLVHV

)LJXUH &��� %UHDVWSODWH $QLPDWLRQ�

)LJXUH &��� %LFHS &XUO $QLPDWLRQ�

)LJXUH &��� %LFHS &XUO 9DULDWLRQ $QLPDWLRQ�

��



&� $QLPDWLRQ 2I 6DUFRSHQLD ([HUFLVHV

)LJXUH &��� 6KRXOGHUV ([HUFLVH $QLPDWLRQ�

)LJXUH &��� /HIW 7ULFHS ([HUFLVH $QLPDWLRQ�

)LJXUH &��� 5LJKW 7ULFHS $UP ([HUFLVH $QLPDWLRQ�

��



9LUWXDO 3HUVRQDO 7UDLQHU )RU $FWLYH $JHLQJ

)LJXUH &��� %DFN ([HUFLVH � $QLPDWLRQ�

)LJXUH &��� /LIWLQJ IURP &KDLU $QLPDWLRQ�

)LJXUH &��� 5LJKW 3ODQWDU )OH[RU $QLPDWLRQ�

��
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