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6SHDNHUV�DQG�3DQHOLVWV


&KDLUV� 6WHSKHQ 0� 3L]HU� 3K�'� 
5RQ .LNLQLV� 0�'� 

8QLYHUVLW\ RI 1RUWK &DUROLQD DW &KDSHO +LOO 
%ULJKDP DQG :RPHQ©V +RVSLWDO 

.XQLR 'RL� 3K�'� 8QLYHUVLW\ RI &KLFDJR 

6HVVLRQ2��2

6HVVLRQ /HDGHU� 
6SHDNHUV� 

&OLQLFDO2,PDJLQJ 2YHUYLHZV2

0LFKDHO :� 9DQQLHU� 0�'� 
5DQGDOO +DZNLQV� 0�'�� 3K�'� 
5RQ .LNLQLV� 0�'� 

8QLYHUVLW\ RI ,RZD +RVSLWDOV DQG &OLQLFV 
8QLYHUVLW\ RI &DOLIRUQLD DW 6DQ )UDQFLVFR 
%ULJKDP DQG :RPHQ©V +RVSLWDO 

'DQLHO %� .RSDQV� 0�'� 0DVVDFKXVHWWV *HQHUDO +RVSLWDO 
$QQD 6� /HY�7RDII� 0�'� 7KRPDV -HIIHUVRQ 8QLYHUVLW\ +RVSLWDO 
5REHUW 0� 1LVKLNDZD� 3K�'� 8QLYHUVLW\ RI &KLFDJR 
6WHSKHQ 0� 3L]HU� 3K�'� 8QLYHUVLW\ RI 1RUWK &DUROLQD DW &KDSHO +LOO 
5REHUW $� 6FKPLGW� 0�'� 1HZ <RUN 8QLYHUVLW\ 6FKRRO RI 0HGLFLQH 
)DLQD 6KWHUQ� 0�'� 8�6� 3XEOLF +HDOWK 6HUYLFH©V 2IILFH RQ :RPHQ©V +HDOWK 
0LFKDHO :� 9DQQLHU� 0�'� 8QLYHUVLW\ RI ,RZD +RVSLWDOV DQG &OLQLFV 

6HVVLRQ2��2 &RPSXWHU�$LGHG2'LDJQRVLV2IRU2;�5D\20DPPRJUDSK\2

6HVVLRQ /HDGHU� 
6SHDNHUV� 

&DUO -� 9\ERUQ\� 0�'�� 3K�'� 
.HYLQ :� %RZ\HU� 3K�'� 
+HDQJ�3LQJ &KDQ� 3K�'� 

8QLYHUVLW\ RI &KLFDJR 
8QLYHUVLW\ RI 6RXWK )ORULGD 
8QLYHUVLW\ RI 0LFKLJDQ 

/DXUHQFH 3� &ODUNH� 3K�'� 8QLYHUVLW\ RI 6RXWK )ORULGD 
0DU\HOOHQ /� *LJHU� 3K�'� 8QLYHUVLW\ RI &KLFDJR 
-DQ +�&�/� +HQGULNV� 0�'� 6W� 5DGERXG 8QLYHUVLW\ +RVSLWDO 
1LFR .DUVVHPHLMHU� 3K�'� 8QLYHUVLW\ RI 1LMPHJHQ 
6K\K�/LDQJ �$QGUHZ� /RX� 3K�'� 8QLYHUVLW\ RI &DOLIRUQLD DW 6DQ )UDQFLVFR 
5REHUW 0� 1LVKLNDZD� 3K�'� 8QLYHUVLW\ RI &KLFDJR 
-DPHV 5RHKULJ� 3K�'� 5� 7HFKQRORJ\� ,QF� 

6HVVLRQ2��2

6HVVLRQ /HDGHU� 
6SHDNHUV� 

�'2,PDJH26HJPHQWDWLRQ2

-DPHV 6� 'XQFDQ� 3K�'� 
1LFKRODV $\DFKH� 3K�'� 
-� 0LFKDHO %UDG\� 3K�'� 

<DOH 8QLYHUVLW\ 6FKRRO RI 0HGLFLQH 
,15,$ 
8QLYHUVLW\ RI 2[IRUG 

-DPHV 6� 'XQFDQ� 3K�'� <DOH 8QLYHUVLW\ 6FKRRO RI 0HGLFLQH 
*XLGR *HULJ� 3K�'� 8QLYHUVLW\ RI 1RUWK &DUROLQD DW &KDSHO +LOO 
0XUUD\ +� /RHZ� 3K�'� *HRUJH :DVKLQJWRQ 8QLYHUVLW\ 
&KULVWRSKHU -� 7D\ORU� 3K�'� 8QLYHUVLW\ RI 0DQFKHVWHU 

6HVVLRQ2��2 �'2,PDJH25HJLVWUDWLRQ2DQG2)XVLRQ2

6HVVLRQ /HDGHU� 
6SHDNHUV� 

-� 0LFKDHO )LW]SDWULFN� 3K�'� 
5X]HQD .� %DMFV\� 3K�'� 
-� 0LFKDHO )LW]SDWULFN� 3K�'� 

9DQGHUELOW 8QLYHUVLW\ 
8QLYHUVLW\ RI 3HQQV\OYDQLD 
9DQGHUELOW 8QLYHUVLW\ 

(ULF *ULPVRQ� 3K�'� 0DVVDFKXVHWWV ,QVWLWXWH RI 7HFKQRORJ\ 
'DYLG -� +DZNHV� 3K�'� .LQJ©V &ROOHJH /RQGRQ 
&KDUOHV $� 3HOL]]DUL 8QLYHUVLW\ RI &KLFDJR 
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6HVVLRQ2��	 �'2,PDJH29LVXDOL]DWLRQ2DQG28VHU2,QWHUIDFHV2

6HVVLRQ /HDGHU�	 5LFKDUG $� 5REE� 3K�'� 
6SHDNHUV�	 $OL %DQL�+DVKHPL� 3K�'� 

+HQU\ )XFKV� 3K�'� 
:LOOLDP /RUHQVHQ� 0�6� 
:LGR 0HQKDUGW� 3K�'� 
-XOLDQ 5RVHQPDQ� 3K�'�� 0�'� 

3DQHOLVWV�	 0DUF /� .HVVOHU� 3K�'� 
$QGUHZ 0DLGPHQW� 3K�'� 
+DQV�3HWHU 3ILVWHU� 3K�'� 
.DUHO =XLGHUYHOG� 3K�'� 

0D\R )RXQGDWLRQ 
6LHPHQV &RUSRUDWH 5HVHDUFK� ,QF� 
8QLYHUVLW\ RI 1RUWK &DUROLQD DW &KDSHO +LOO 
*HQHUDO (OHFWULF &RUSRUDWH 5HVHDUFK DQG 'HYHORSPHQW 
3ODWIRUPV DQG $GYDQFHG 7HFKQRORJLHV 
8QLYHUVLW\ RI 1RUWK &DUROLQD DW &KDSHO +LOO 
8QLYHUVLW\ RI 0LFKLJDQ 0HGLFDO 6FKRRO 
7KRPDV -HIIHUVRQ 8QLYHUVLW\ +RVSLWDO 
0LWVXELVKL (OHFWULF 5HVHDUFK /DERUDWRULHV 
9LWDO ,PDJHV� ,QF� 
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,QWURGXFWLRQ


,Q 0DUFK ����� WKH 8�6� 3XEOLF +HDOWK 6HUYLFH©V 
2IILFH RQ :RPHQ©V +HDOWK �863+6 2:+� 
HVWDEOLVKHG D )HGHUDO 0XOWL�$JHQF\ &RQVRUWLXP IRU 
,PDJLQJ DQG 2WKHU 7HFKQRORJLHV WR ,PSURYH 
:RPHQ©V +HDOWK WR VXSSRUW WHFKQRORJ\ WUDQVIHU IURP 
ODERUDWRULHV WR SDWLHQWV� 7KH PHPEHUVKLS RI WKH 
FRQVRUWLXP LQFOXGHV� EXW LV QRW OLPLWHG WR� WKH 
1DWLRQDO &DQFHU ,QVWLWXWH� )RRG DQG 'UXJ 
$GPLQLVWUDWLRQ� +HDOWK &DUH )LQDQFLQJ 
$GPLQLVWUDWLRQ� &HQWUDO ,QWHOOLJHQFH $JHQF\� 
'HSDUWPHQW RI 'HIHQVH� 'HSDUWPHQW RI (QHUJ\� DQG 
1DWLRQDO $HURQDXWLFV DQG 6SDFH $GPLQLVWUDWLRQ� 7KH 
DFWLYLWLHV RI WKLV FRQVRUWLXP KDYH EHHQ FULWLFDO IRU 
VKDULQJ H[SHUWLVH� UHVRXUFHV� DQG WHFKQRORJLHV E\ 
PXOWLSOH JRYHUQPHQW DJHQFLHV IRU WKH DGYDQFHPHQW RI 
QRYHO EUHDVW LPDJLQJ IRU HDUO\ GLDJQRVLV RI FDQFHU� 
VXFK DV GLJLWDO PDPPRJUDSK\� PDJQHWLF UHVRQDQFH 
LPDJLQJ �05,�� XOWUDVRXQG� QXFOHDU PHGLFLQH� DQG 
SRVLWURQ HPLVVLRQ WRPRJUDSK\ �3(7�� DV ZHOO DV 
UHODWHG LPDJH GLVSOD\� DQDO\VLV� WUDQVPLVVLRQ� VWRUDJH� 
DQG PLQLPDOO\ LQYDVLYH ELRSV\ DQG WUHDWPHQW� 

7KH FRQVRUWLXP VSRQVRUHG D SXEOLF FRQIHUHQFH 
HQWLWOHG ¦7HFKQRORJ\ 7UDQVIHU :RUNVKRS RQ %UHDVW 
&DQFHU 'HWHFWLRQ� 'LDJQRVLV� DQG 7UHDWPHQW§ 

�
FRQYHQHG RQ 0D\ ���� ����� 'XULQJ WKLV PHHWLQJ� 
FRQVRUWLXP PHPEHUV GHYHORSHG UHFRPPHQGDWLRQV IRU 
WKH VFLHQWLILF DQG WHFKQRORJLF SURMHFWV FULWLFDO IRU 
DGYDQFHPHQW RI QRYHO EUHDVW LPDJLQJ� 

6XEVHTXHQWO\� 863+6 2:+ DQG WKH 1DWLRQDO &DQFHU 
,QVWLWXWH �1&,� MRLQWO\ VSRQVRUHG WKH HVWDEOLVKPHQW RI 
VHYHUDO ZRUNLQJ JURXSV WR GHILQH HYHQ IXUWKHU WKH 
UHVHDUFK DJHQGD LQ WKH DUHDV RI EUHDVW LPDJLQJ 
H[DPLQHG E\ WKH 0D\ ���� FRQIHUHQFH� 7KHVH JURXSV 
IRFXVHG RQ VSHFLILF UHFRPPHQGDWLRQV IRU UHVHDUFK 
SULRULWLHV DQG WHFKQRORJ\ GHYHORSPHQW DQG WUDQVIHU 
RSSRUWXQLWLHV DFURVV PXOWLSOH DUHDV RI EUHDVW LPDJLQJ� 

x 1RQLRQL]LQJ LPDJLQJ �H�J�� XOWUDVRXQG� 05,� 
RSWLFDO LPDJLQJ� IRU WKH GHYHORSPHQW DQG WHVWLQJ 
RI QRYHO PRGDOLWLHV IUHH RI LRQL]LQJ UDGLDWLRQ 

x )XQFWLRQDO LPDJLQJ �H�J�� 3(7� 05 LPDJLQJ DQG 
VSHFWURVFRS\� DQG RSWLFDO LPDJLQJ DQG 
VSHFWURVFRS\� IRU WKH DFKLHYHPHQW RI 
FRPSUHKHQVLYH LQ YLYR FHOOXODU DQG XOWLPDWHO\ 
PROHFXODU ELRORJLF WLVVXH FKDUDFWHUL]DWLRQ 

x ,PDJH SURFHVVLQJ� FRPSXWHU�DLGHG GLDJQRVLV 
�&$'�� DQG WKUHH�GLPHQVLRQDO ��'� GLJLWDO 
GLVSOD\ IRU HQKDQFHG OHVLRQ YLVXDOL]DWLRQ DQG 
UDGLRORJLF LPDJH LQWHUSUHWDWLRQ 

x 7HOHPDPPRJUDSK\� WHOHUDGLRORJ\� DQG UHODWHG 
LQIRUPDWLRQ PDQDJHPHQW IRU IDFLOLWDWHG H[SHUW 
FRQVXOWDWLRQV 

x 'LJLWDO ;�UD\ PDPPRJUDSK\� ZLWK DQ HPSKDVLV 
RQ GLJLWDO GLVSOD\ WHFKQRORJLHV DQG ZRUNVWDWLRQ 
GHVLJQ IRU LPDJH LQWHUSUHWDWLRQ 

x ,PDJH�JXLGHG GLDJQRVLV DQG WUHDWPHQW IRU 
SRWHQWLDO UHSODFHPHQW RI RSHQ VXUJHU\ ZLWK 
PLQLPDOO\ LQYDVLYH DQG�RU QRQLQYDVLYH 
LQWHUYHQWLRQV 

x 0HWKRGRORJLFDO LVVXHV IRU GLDJQRVWLF DQG 
VFUHHQLQJ WULDOV IRU LPDJLQJ WHFKQRORJLHV� ZLWK 
VSHFLILF IRFXV RQ WKH GHYHORSPHQW RI FRPSXWHU 
PRGHOV IRU DQDO\VLV RI SDWLHQW RXWFRPHV DQG FRVW� 
HIIHFWLYHQHVV� 

7KLV UHSRUW VXPPDUL]HV WKH UHVXOWV RI WKH -RLQW 
863+6 2:+�1&, :RUNLQJ *URXS RQ &RPSXWHU� 
$LGHG 'LDJQRVLV DQG �' ,PDJH $QDO\VLV DQG 'LVSOD\� 
$SSUR[LPDWHO\ �� LQWHUQDWLRQDO VFLHQWLILF OHDGHUV� 
UHSUHVHQWLQJ FOLQLFDO SUDFWLFH� DFDGHPLF UHVHDUFK� 
JRYHUQPHQW DJHQFLHV DQG ODERUDWRULHV� DQG PHGLFDO 
LPDJLQJ V\VWHP PDQXIDFWXUHUV� DWWHQGHG WKH PHHWLQJ 
KHOG 2FWREHU �¤�� ����� LQ &DPEULGJH� 
0DVVDFKXVHWWV� 7KLV SDSHU GHVFULEHV WKH JURXS©V 
ILQGLQJV DQG UHFRPPHQGDWLRQV� 

*RDOV�RI�WKH�-RLQW�863+6�2:+�1&, 
:RUNLQJ�*URXS 
�� 5HYLHZ WKH VWDWH RI WKH DUW RI �' LPDJH DQDO\VLV 

DQG GLVSOD\ DQG FRPSXWHU�DLGHG GLDJQRVLV� 
LQFOXGLQJ FXUUHQW DQG IXWXUH FOLQLFDO DSSOLFDWLRQV 
DQG WHFKQLFDO FKDOOHQJHV� 

�� 2XWOLQH D UHVHDUFK DJHQGD� LQFOXGLQJ VKRUW� DQG 
ORQJ�WHUP SULRULWLHV LQ WHFKQRORJ\ GHYHORSPHQW� 
EDVLF UHVHDUFK� DQG FOLQLFDO WHVWLQJ� 

&$' DQG �' ,PDJH $QDO\VLV DQG 'LVSOD\ � 2FWREHU �¤�� ���� 



�� ,GHQWLI\ WHFKQLFDO OLPLWDWLRQV DQG GHYHORS 
SUREOHP VWDWHPHQW�V� VHHNLQJ QHZ RU HPHUJLQJ 
WHFKQRORJLHV� 

:KLOH EUHDVW FDQFHU LV D SULRULW\ RI WKH 863+6 2:+ 
DQG 1&,� FRQVLGHUDWLRQ RI WHFKQRORJ\ GHYHORSPHQW 
DQG UHVHDUFK RSSRUWXQLWLHV ZDV H[WHQGHG WR RWKHU 
DSSOLFDWLRQV LQ WKH GHWHFWLRQ DQG GLDJQRVLV RI FDQFHU 
LQ ZRPHQ� 7KH :RUNLQJ *URXS PHHWLQJ FRQVLVWHG RI 
WKH IROORZLQJ VHVVLRQV� 

6HVVLRQ2��27KH FOLQLFDO LPDJLQJ RYHUYLHZV VHVVLRQ VHW 
D FRPPRQ YRFDEXODU\ EHWZHHQ PXOWLGLVFLSOLQDU\ 
SDUWLFLSDQWV� 7KH VHVVLRQ SURYLGHG DQ RYHUYLHZ RI WKH 
FXUUHQW DQG IXWXUH FOLQLFDO DSSOLFDWLRQV RI &$' DQG 
DQDO\VLV WR VHYHUDO LPDJLQJ PRGDOLWLHV �H�J�� GLJLWDO ;� 
UD\� 05,� �' XOWUDVRXQG� DQG QXFOHDU PHGLFLQH�3(7�� 

6HVVLRQ2��27KH VHVVLRQ RQ FRPSXWHU�DLGHG GLDJQRVLV 
IRU ;�UD\ PDPPRJUDSK\ SUHVHQWHG WKH VWULGHV PDGH 
LQ UHFHQW \HDUV LQ WKH DXWRPDWHG DQDO\VLV RI GLJLWDO ;� 
UD\ PDPPRJUDSKLF LPDJHV� LOOXVWUDWLQJ WKH SRWHQWLDO 
XWLOLW\ RI &$' LQ WKH IXWXUH FOLQLFDO SUDFWLFH� 

6HVVLRQ2��27KH �' LPDJH VHJPHQWDWLRQ VHVVLRQ 
GHVFULEHG DQ RSHUDWLRQ IXQGDPHQWDO WR D YDULHW\ RI �' 
LPDJH DQDO\VLV WDVNV WKDW UHVXOW LQ WKH PHDVXUHPHQW 
DQG YLVXDOL]DWLRQ RI DQDWRPLFDO DQG SK\VLRORJLFDO 
LQIRUPDWLRQ UHODWHG WR ZRPHQ©V KHDOWK LVVXHV� 
6SHDNHUV GLVFXVVHG NH\ WHFKQLFDO FKDOOHQJHV LQ 
HIILFLHQWO\ DQG UREXVWO\ H[WUDFWLQJ DQG XQGHUVWDQGLQJ 
LPDJH VWUXFWXUH IURP �' LPDJHV DQG UHODWLQJ WKLV 
VWUXFWXUH WR QRUPDO DQDWRP\� SDWKRORJ\� 
PLFURVWUXFWXUH� DQG WLVVXH IXQFWLRQ� 

6HVVLRQ2��27KH �' LPDJH UHJLVWUDWLRQ DQG IXVLRQ 
VHVVLRQ SUHVHQWHG WKH FXUUHQW FKDOOHQJHV DQG 
RSSRUWXQLWLHV LQ WKH LQFRUSRUDWLRQ RI �' LPDJHV LQWR 
FRPSXWHU�DLGHG GLDJQRVLV DQG WKHUDS\� 7KH JURZLQJ 
QHHG IRU PXOWLSOH LPDJHV DQG PXOWLSOH LPDJLQJ 
PRGDOLWLHV� ERWK IRU GLDJQRVLV DQG IRU VXUJLFDO 
SODQQLQJ� KDV OHG WR D FRQFRPLWDQW LQFUHDVH LQ LQWHUHVW 
LQ WKH V\QWKHVLV RI LPDJHV WKURXJK UHJLVWUDWLRQ DQG 
IXVLRQ� 

6HVVLRQ2��27KH VHVVLRQ RQ �' LPDJH YLVXDOL]DWLRQ DQG 
XVHU LQWHUIDFHV DGGUHVVHG FXUUHQW URDGEORFNV DQG WKH 
WHFKQLFDO UHTXLUHPHQWV IRU IXWXUH DGYDQFHPHQW RI 
YLVXDOL]DWLRQ WHFKQRORJ\� 7KHVH DGYDQFHV HYHQWXDOO\ 
ZLOO SURYLGH QHZ WRROV DQG SURFHGXUHV IRU LQWHUDFWLYH 
WUHDWPHQW EDVHG XSRQ PHGLFDO LPDJHV� &XUUHQW 
DGYDQFHG FRPSXWHU LPDJH SURFHVVLQJ UHVHDUFK KDV 
IDFLOLWDWHG PDMRU SURJUHVV WRZDUG IXOO\ LQWHUDFWLYH �' 

YLVXDOL]DWLRQ DQG UHDOLVWLF VLPXODWLRQ� 7KLV� LQ WXUQ� 
HQDEOHV WKH LPDJHV WR EH GLUHFWO\ GLVSOD\HG DQG 
PDQLSXODWHG ZLWK LQWXLWLYH LPPHGLDF\ DQG ZLWK 
VXIILFLHQW GHWDLO DQG VSHHG� 

:RUNLQJ26HVVLRQ�2:RUNLQJ JURXS PHPEHUV PHW WR 
IRUPXODWH FRQVHQVXV UHSRUWV GHVFULELQJ WKH FXUUHQW 
VWDWH RI WKH DUW DQG UHFRPPHQGDWLRQV IRU IXWXUH 
SULRULWLHV LQ UHVHDUFK DQG WHFKQRORJ\ GHYHORSPHQW� 

6XPPDU\26HVVLRQ�27KH FRQVHQVXV UHSRUWV ZHUH 
SUHVHQWHG GXULQJ WKH VXPPDU\ VHVVLRQ� 7KH UHSRUWV 
DGGUHVVHG ��� WKH FXUUHQW VWDWH RI WKH DUW DQG 
IXQGDPHQWDO FOLQLFDO�WHFKQLFDO URDGEORFNV� ��� 
WHFKQLFDO SDUDPHWHUV UHTXLUHG WR PHHW FXUUHQW DQG 
IXWXUH FOLQLFDO QHHGV� DQG ��� IXWXUH SULRULWLHV LQ 
WHFKQRORJ\ GHYHORSPHQW DQG UHODWHG EDVLF DQG 
FOLQLFDO UHVHDUFK� 

6XEVHTXHQW WR WKH ZRUNLQJ JURXS PHHWLQJ� LWV OHDGHUV 
GHYHORSHG ZULWWHQ VXPPDU\ UHSRUWV ZLWK LQSXW IURP 
VHVVLRQ SDUWLFLSDQWV� 7KHVH VXPPDU\ UHSRUWV KDYH 
EHHQ LQWHJUDWHG LQWR WKLV DUWLFOH ZLWK HGLWRULDO LQSXW 
IURP WKH ZRUNLQJ JURXS FKDLUV DQG VSRQVRUV� 

5HIHUHQFHV 
�� $VKHU 6� 6KWHUQ )� :LQILHOG '� HW DO� )LQDO UHSRUW RI 

WKH WHFKQRORJ\ WUDQVIHU ZRUNVKRS RQ EUHDVW 
FDQFHU GHWHFWLRQ� GLDJQRVLV� DQG WUHDWPHQW� 
:DVKLQJWRQ� '�&�� 86$� 0D\ ���� ����� $FDG 
5DGLRO ����� � �6XSSO���6�������� 

&$' DQG �' ,PDJH $QDO\VLV DQG 'LVSOD\ � 2FWREHU �¤�� ���� 



6XPPDU\�RI�WKH�:RUNLQJ�*URXS�'LVFXVVLRQV


,PDJLQJ RIIHUV D KLJK SRWHQWLDO WR EHQHILW WKH 
VFUHHQLQJ� GLDJQRVLV� DQG WKHUDS\ SODQQLQJ� GHOLYHU\� 
DQG PRQLWRULQJ IRU EUHDVW� OXQJ� SURVWDWH� RYDU\� DQG 
FRORQ WXPRUV� $PRQJ WKH REVWDFOHV WR JUHDWHU 
DFFHSWDQFH DQG LQFUHDVHG XVH RI LPDJLQJ LV WKH 
YDULDELOLW\ RI LPDJH LQWHUSUHWDWLRQ DPRQJ UDGLRORJLVWV� 
7KH UHDVRQ IRU WKLV YDULDELOLW\ LV WKDW VWDQGDUG SUDFWLFH 
FRQVLVWV RI DQDO\VLV WKDW LV RIWHQ TXDOLWDWLYH DQG WZR� 
GLPHQVLRQDO ��'�� 

7ZR�GLPHQVLRQDO FRPSXWHU�EDVHG LPDJH DQDO\VLV 
WHFKQLTXHV DUH DOUHDG\ VHULRXVO\ VWUHQJWKHQLQJ EUHDVW 
FDQFHU GLDJQRVLV� 5HVHDUFK UHVXOWV JLYH JUHDW 
HQFRXUDJHPHQW WKDW WKH XVH RI WKUHH�GLPHQVLRQDO 
LPDJLQJ DQG TXDQWLWDWLYH DQDO\VLV LQVWHDG RI �' 
TXDOLWDWLYH DVVHVVPHQW FDQ SURYLGH HDUOLHU GLDJQRVLV 
DQG NQRZOHGJH RI WUHDWPHQW HIIHFW� &DQFHU GLDJQRVLV 
DQG WUHDWPHQW FDQ EH IXUWKHU LPSURYHG E\ DSSO\LQJ 
WKHVH WHFKQLTXHV WR QHZ PRGDOLWLHV LQ PHGLFDO 
LPDJLQJ� 'HVSLWH WKH SRWHQWLDO IRU �' LPDJLQJ� 
KRZHYHU� FXUUHQW DSSURDFKHV WR FDQFHU GLDJQRVLV DQG 
WUHDWPHQW GR QRW URXWLQHO\ XVH LW EHFDXVH DGHTXDWH �' 
LPDJH DQDO\VLV DQG GLVSOD\ WRROV DUH XQDYDLODEOH� 7KH 
ZRUNLQJ JURXS WKHUHIRUH UHFRPPHQGV IXUWKHU UHVHDUFK 
WR DOORZ VWULGHV LQ WKH GHYHORSPHQW DQG DSSOLFDWLRQ RI 
PHWKRGV IRU TXDQWLWDWLYH �' PHGLFDO LPDJH DQDO\VLV 
DQG GLVSOD\� 

7KH SRVVLEOH DUHDV IRU GHYHORSPHQW DUH GLVFXVVHG LQ 
GHWDLO LQ WKH VHVVLRQ RYHUYLHZV FRQWDLQHG LQ WKLV 
UHSRUW� 7KLV VXPPDU\ KLJKOLJKWV WKH UHFXUULQJ WKHPHV 
RI WKHVH VHVVLRQV� 

0HGLFDO LPDJH DQDO\VLV DQG GLVSOD\ KDYH KHOSHG 
DFKLHYH D ZLGH UDQJH RI FOLQLFDO REMHFWLYHV� ,Q 
GLDJQRVLV� QRW RQO\ GHWHFWLRQ EXW DOVR VWDJLQJ RI 
WXPRUV FDQ EH DLGHG� 5HFHQW VXFFHVVHV LQ FRPSXWHU� 
DLGHG GLDJQRVLV QHHG WR EH H[WHQGHG WR WKH VWDJLQJ 
SURFHVV� ,W LV XQGHUVWRRG WKDW WKLV ZLOO EH DLGHG E\ 
XVLQJ LPDJHV IURP PXOWLSOH LPDJH PRGDOLWLHV� 
LQFOXGLQJ QHZHU RQHV VKRZLQJ EORRG VXSSO\ WR WXPRUV 
DQG JHQHWLF SURSHUWLHV DW D YHU\ VPDOO VFDOH� 

,PDJH GLVSOD\ DQG DQDO\VLV DOVR KDYH VLJQLILFDQWO\ 
DLGHG WKH SODQQLQJ� GHOLYHU\� DQG HYDOXDWLRQ RI 
WKHUDSHXWLF WUHDWPHQWV� ,W KDV EHHQ GHPRQVWUDWHG WKDW 
�' LPDJLQJ� LPDJH DQDO\VLV� DQG GLVSOD\ DUH GLVWLQFWO\ 
VXSHULRU WR �' LQ VXUJHU\ DQG UDGLRWKHUDS\� 7KHVH 
ILQGLQJV LQGLFDWH WKH QHHG WR H[WHQG �' WHFKQLTXHV 
LQWR GLDJQRVLV DQG WR GHYHORS PRUH UREXVW �' 

WHFKQLTXHV WKDW ZLOO IXUWKHU DLG WKHUDSHXWLF REMHFWLYHV� 
7KHVH REMHFWLYHV DUH SDUWLFXODUO\ FKDOOHQJLQJ ZLWK 
EUHDVW FDQFHU� ZKHUH WKH LQIRUPDWLRQ IUHTXHQWO\ LV DW D 
VPDOO VFDOH� FRPSOLFDWHG SDWWHUQV IRUP WKH GLDJQRVWLF 
LQIRUPDWLRQ� DQG WKH SK\VLFDO PRELOLW\ RI WKH EUHDVW 
OHDGV WR FKDOOHQJHV RI UHJLVWUDWLRQ RI PXOWLSOH LPDJHV 
DQG DWODVHV� 

$V ZLWK KXPDQ DQDO\VLV RI PHGLFDO LPDJHV� FRPSXWHU� 
EDVHG LPDJH DQDO\VLV PXVW EH DEOH WR GLVWLQJXLVK 
DQDWRPLF REMHFWV SURYLGHG E\ LPDJH VHJPHQWDWLRQ 
DQG SURYLGH LQIRUPDWLRQ RQ KRZ SK\VLRORJ\ LV 
DIIHFWHG E\ FDQFHU� *RRG GDWDEDVHV RI W\SLFDO LPDJHV 
DQG JRRG DWODVHV RI DQDWRP\ DQG SK\VLRORJ\ DUH 
QHHGHG� $WODVHV PXVW WDNH WKH IRUP RI PRGHOV WKDW 
HIILFLHQWO\ FDSWXUH LQ �'� DQG VRPHWLPHV LQ UHDO WLPH� 
WKRVH DVSHFWV RI KXPDQ DQDWRP\ DQG SK\VLRORJ\ WKDW 
YDU\ DPRQJ QRUPDOV DQG WKDW YDU\ DV FDQFHU LV 
GHYHORSLQJ� 7KH ZRUN RI D YDULHW\ RI JURXSV OHG WR WKH 
FRQFOXVLRQ WKDW VHJPHQWDWLRQ EDVHG RQ VXFK PRGHOV 
FDQ EH GUDPDWLFDOO\ LPSURYHG DQG WKDW UHVHDUFK RQ WKH 
PRVW HIIHFWLYH IRUP RI PRGHOLQJ LV QHHGHG� 

6WDWLVWLFDO WHFKQLTXHV VXSSRUW WKH DQDO\VLV RI QRUPDO 
DQG SDWKRORJLFDO YDULDWLRQV LQ DQDWRP\ DQG 
SK\VLRORJ\� 6LPLODU WHFKQLTXHV PXVW EH GHYHORSHG IRU 
DQDO\]LQJ WKH VSDWLDO FKDQJHV LQYROYHG LQ LQWHUKXPDQ 
YDULDWLRQ� LQ WKH JURZWK RU UHPRYDO RI OHVLRQV� RU 
ZLWKLQ GLIIHUHQW LPDJLQJ VLWXDWLRQV� $OWKRXJK LW LV 
EDVHG RQ WKH IXQGDPHQWDOV� VSDWLDO VWDWLVWLFV LV DQ 
LPPDWXUH GLVFLSOLQH WKDW UHTXLUHV FRQVLGHUDEOH 
UHVHDUFK� )XUWKHU DGYDQFHV LQ VWDWLVWLFDO VFLHQFH ZLOO 
HQDEOH PHGLFDO LPDJH DQDO\VLV WR DWWDLQ LWV SRWHQWLDO LQ 
FDQFHU GLDJQRVLV DQG WUHDWPHQW� 

6WDWLVWLFDO DSSURDFKHV DUH DOVR D FRPSRQHQW LQ WKH 
YDOLGDWLRQ RI FRPSXWHU�EDVHG LPDJH DQDO\VLV 
WHFKQLTXHV FRPSDUHG WR KXPDQ DQDO\VLV� 6XFK 
YDOLGDWLRQ PXVW EH D URXWLQH FRPSRQHQW RI WKH 
UHVHDUFK� 7KH YDOLGDWLRQ PXVW VKRZ WKDW KLJK 
GHWHFWLRQ UDWHV FDQ EH DFKLHYHG ZKHQ FDQFHU LV 
YLVXDOL]HG ZLWKRXW D KLJK IDOVH�SRVLWLYH UDWH� 

7KH LPDJHV LQ WKH GDWDEDVHV PXVW FRPH IURP PXOWLSOH 
LPDJLQJ PRGDOLWLHV� EHFDXVH LW KDV EHHQ VKRZQ WKDW 
PRUH FRPSOHWH LQIRUPDWLRQ XVHIXO IRU WUHDWPHQW DQG 
GLDJQRVLV RI FDQFHU FRPHV IURP VHYHUDO LPDJHV� 
)XVLQJ WKLV LQIRUPDWLRQ UHTXLUHV �' UHJLVWUDWLRQ� DQG 
WKLV� LQ WXUQ� UHTXLUHV WKH QDVFHQW PHWKRGRORJ\ RI 
LPDJH DQDO\VLV DSSURDFKHV EDVHG RQ WKH PHFKDQLFDO 

&$' DQG �' ,PDJH $QDO\VLV DQG 'LVSOD\ � 2FWREHU �¤�� ���� 



EHKDYLRU RI WLVVXH� 7KHVH WHFKQLTXHV DUH VWURQJO\ WLHG 
WR WLVVXH VHJPHQWDWLRQ� VLQFH WKH PHFKDQLFDO EHKDYLRU 
YDULHV DPRQJ LPDJH REMHFWV� 7KH PRGHOV XVHG DQG WKH 
GDWDEDVHV JHQHUDWHG WKXV PXVW LQFOXGH JUHDWHU 
NQRZOHGJH RI WKH ELRORJLF DQG PHFKDQLFDO EHKDYLRU 
RI WLVVXHV DQG WKH VWDWLVWLFDO YDULDWLRQV DFURVV D QRUPDO 
SDWLHQW SRSXODWLRQ� 

7KH LPDJHV WKDW VXSSRUW FDQFHU GLDJQRVLV DQG 
WUHDWPHQW FRYHU PXOWLSOH VFDOHV� ,QWHJUDWLQJ 
PLFURVFDOH LPDJHV WKDW VKRZ EORRG VXSSO\ WR WXPRUV 
DQG JHQHWLF FKDQJHV PD\ RIIHU JUHDW EHQHILWV LQ 
GLDJQRVLQJ FDQFHU HDUO\ DQG VWDJLQJ WKH WXPRUV IRXQG� 
:KLOH WKHUH KDV EHHQ VRPH LQWHUHVWLQJ UHVHDUFK RQ 
DQDO\VLV DFURVV VFDOHV� WKH QHHGV LQ WKH PXOWLVFDOH DUHD 
UHTXLUH DGGLWLRQDO UHVHDUFK� 

7HFKQLTXHV WKDW DWWHPSW WR VROYH D FOLQLFDO SUREOHP 
ZLWK D FRPELQDWLRQ RI WHFKQLFDO FDSDELOLW\ 
GHYHORSPHQWV LQ LQWHUDFWLYH �' GLVSOD\ DQG 
PDQLSXODWLRQ� REMHFW VHJPHQWDWLRQ� LPDJH 
UHJLVWUDWLRQ� DQG SDWWHUQ UHFRJQLWLRQ DUH PRUH OLNHO\ WR 
VXFFHHG WKDQ VROXWLRQV WKDW IRFXV RQ D VLQJOH DUHD� 
5HVHDUFK VKRXOG LQWHJUDWH YDULRXV DUHDV DQG FRPELQH 
ELRPHGLFDO NQRZOHGJH DQG FOLQLFDO JRDOV� 

7KH YDVW GDWDVHWV RI �' LPDJHV UHTXLUH VLJQLILFDQW 
FRPSXWLQJ SRZHU WR DFKLHYH WKH SUDFWLFDO OHYHO RI 
LQWHUDFWLRQ IRU IDVW GLVSOD\ DQG DQDO\VLV� 

)LQDOO\� VXFFHVV LQ GHYHORSLQJ &$' DQG �' LPDJLQJ 
WHFKQLTXHV LV PRVW HIIHFWLYH WKURXJK PXOWLGLVFLSOLQDU\ 
FROODERUDWLRQ� 5DGLRORJLVWV� VXUJHRQV� UDGLRWKHUDSLVWV� 
SULPDU\ FDUH DQG VSHFLDOW\ SK\VLFLDQV� FRPSXWHU 
VFLHQWLVWV� PDWKHPDWLFLDQV� VWDWLVWLFLDQV� PHGLFDO 
SK\VLFLVWV� ELRPHGLFDO HQJLQHHUV� DQG SHUFHSWLRQ 
H[SHUWV DUH QHHGHG� ,QWHUGLVFLSOLQDU\ WHDPV PXVW ERWK 
WHVW WHFKQLFDO GHYHORSPHQWV LQ FOLQLFDO WULDOV DQG OHW 
WKH UHVXOWV IURP FOLQLFDO WULDOV GULYH WKH WHFKQLFDO 
UHVHDUFK� ,PDJH GLVSOD\ DQG DQDO\VLV WHFKQRORJLHV FDQ 
EH XVHG QRW RQO\ LQ GHYHORSLQJ FOLQLFDOO\ DSSOLFDEOH 
FDQFHU WUHDWPHQWV EXW DOVR LQ WKH VFLHQWLILF UHVHDUFK 
QHFHVVDU\ WR DGYDQFH WKH IXQGDPHQWDO XQGHUVWDQGLQJ 
RI FDQFHU ELRORJ\� 

&$' DQG �' ,PDJH $QDO\VLV DQG 'LVSOD\ � 2FWREHU �¤�� ���� 



6HVVLRQ����&OLQLFDO�,PDJLQJ�2YHUYLHZV


6FUHHQLQJ 
,PDJLQJ KDV SRWHQWLDO WR LPSURYH HDUO\ GHWHFWLRQ RI 
PDQ\ FRPPRQ FDQFHUV� LQFOXGLQJ EXW QRW OLPLWHG WR 
WKDW RI WKH EUHDVW� OXQJ� SURVWDWH� RYDU\� DQG FRORQ� 
$PRQJ WKH REVWDFOHV WR JUHDWHU DFFHSWDQFH DQG 
LQFUHDVHG XVH RI VFUHHQLQJ LPDJLQJ LV WKH YDULDELOLW\ 
DPRQJ REVHUYHUV� ([SHULHQFH ZLWK VFUHHQLQJ 
PDPPRJUDSK\ LQGLFDWHV WKDW WKH SHUIRUPDQFH RI 
XQDLGHG H[SHUWV KDV VLJQLILFDQW URRP IRU 
LPSURYHPHQW� DQG FRPSXWHU�DLGHG GLDJQRVLV PD\ 
DFKLHYH WKLV JRDO� 

7R UHDOL]H WKH IXOO SRWHQWLDO IRU VFUHHQLQJ XVLQJ 
LPDJLQJ� FXUUHQW PHWKRGV IRU &$'� ZKLFK DUH 
SULQFLSDOO\ DG KRF DQG WZR�GLPHQVLRQDO� PD\ EH 
H[WHQGHG RU GHYHORSHG IRU WKUHH�GLPHQVLRQDO GDWD� 
&$' VKRXOG EH DEOH WR UHOLDEO\ GLVWLQJXLVK QRUPDO 
YDULDELOLW\ IURP SRWHQWLDOO\ PDOLJQDQW OHVLRQV WR DYRLG 
XQQHFHVVDU\ DODUP DQG FRVW LQ RWKHUZLVH KHDOWK\ 
LQGLYLGXDOV� 7KH FRVW RI VFUHHQLQJ LV D SUDFWLFDO 
FRQFHUQ� DQG UHGXFWLRQ LQ WKH QXPEHU RI IDOVH DODUPV 
ZLWKRXW LQFUHDVLQJ WKH QXPEHU RI IDOVH QHJDWLYHV LV 
VRXJKW� 

7KH YDOXH RI VFUHHQLQJ LPDJLQJ ZRXOG EH HQKDQFHG 
E\ EHWWHU GLVFULPLQDWLQJ EHQLJQ FRQGLWLRQV DQG QRUPDO 
YDULDQWV IURP PDOLJQDQW OHVLRQV� (YHQ PRUH 
LPSRUWDQW� LQ FDVHV ZKHUH VXVSLFLRXV RU IUDQNO\ 
DEQRUPDO OHVLRQV DUH GHWHFWHG� LV SUHGLFWLRQ RI ULVN 
EDVHG RQ LPDJH IHDWXUHV� 7KHVH IHDWXUHV� ZKHQ 
FRPELQHG ZLWK PROHFXODU ELRORJLFDO PDUNHUV� ZRXOG 
GLVFULPLQDWH VXESRSXODWLRQV ZLWK VXEFOLQLFDO GLVHDVH 
ZKHUH VXUYHLOODQFH IRU HPHUJHQFH RI RYHUW GLVHDVH LV 
SUDFWLFDO DQG HIIHFWLYH� 

7XPRU�0LFURYDVFXODWXUH 
7KH SDWWHUQ RI PLFURYHVVHOV LQ VROLG WXPRUV LV 
VLJQLILFDQWO\ GLIIHUHQW IURP QRUPDO SDUHQFK\PD DQG 
FDQ SUHGLFW WKH PHWDVWDJHQLFLW\ RI WKH SULPDU\ OHVLRQ� 
,I WKLV K\SRWKHVLV LV FRQILUPHG� LPDJH�EDVHG DQDO\VLV 
RI PLFURYDVFXODU SDWWHUQV ZRXOG EH XVHIXO IRU WKHUDS\ 
VHOHFWLRQ DQG SURJQRVLV� 7R WHVW WKLV FRQFHSW� ULJRURXV 
FRUUHODWLRQ RI G\QDPLF LPDJHV IURP VHYHUDO 
PRGDOLWLHV ZLWK KLVWRORJLFDO DQDO\VLV RI PLFURYDVFXODU 
SDWWHUQV PD\ SURYLGH WRROV IRU TXDQWLWDWLYH LPDJLQJ 
WKDW JXLGH WUHDWPHQW GHFLVLRQ PDNLQJ DQG LPSURYH 
VXUYLYDO� 

3UHGLFWLRQ2RI2FOLQLFDO2RXWFRPH2LQ2WXPRUV�2,PDJH� 
EDVHG PHDVXUHPHQWV �H�J�� RI H[RJHQRXV FRQWUDVW 
PDWHULDO LQ SKDUPDFRNLQHWLF PDSV� PD\ DOORZ 
SUHGLFWLRQ RI WXPRU FOLQLFDO RXWFRPH� 7KHVH 
PHDVXUHPHQWV DOVR PD\ VHUYH WR EHWWHU VHOHFW WKRVH 
SDWLHQWV ZKR ZLOO IDLO ¦URXWLQH§ WKHUDS\� ,I WKH 
RXWFRPH RI D WUHDWPHQW LV NQRZQ HDUO\ LQ WKH FRXUVH 
RI GLVHDVH� DOWHUQDWLYHV PD\ EH VHOHFWHG WKDW ZRXOG EH 
XQQHFHVVDU\ IRU PRVW SDWLHQWV� ,QFUHDVHG RYHUDOO 
VXUYLYDO PD\ EH REWDLQHG E\ GLVFULPLQDWLQJ 
QRQPDOLJQDQW OHVLRQV IURP UHFXUUHQW DQG UHVLVWDQW 
YDULDQWV� 

,PDJH�%DVHG�(QGSRLQWV�IRU�&OLQLFDO 
5HVSRQVH�$VVHVVPHQW 
&OLQLFDO UHVSRQVH LV QRW DQ HQGSRLQW LQ PRVW FDQFHU 
WKHUDS\ WULDOV� ,QVWHDG� VXUYLYDO VWDWLVWLFV RU 
VHPLTXDQWLWDWLYH DVVHVVPHQWV RI LPDJHV DUH IUHTXHQWO\ 
HPSOR\HG DV WKH SULQFLSDO HQGSRLQW� 'HVSLWH WKH 
DYDLODELOLW\ DQG SRWHQWLDO IRU �' LPDJLQJ LQ PRVW 
FDQFHU WUHDWPHQW WULDOV� �' DQDO\VLV LV VWDQGDUG 
SUDFWLFH� 7KH XVH RI �' LQVWHDG RI �' DVVHVVPHQW 
FRXOG SURYLGH HDUOLHU NQRZOHGJH RI WUHDWPHQW HIIHFW 
DQG SUHGLFW RXWFRPHV� 6HULDO �' TXDQWLILFDWLRQ RI 
WXPRU YROXPH DQG WLVVXH SURSHUWLHV IRU VROLG WXPRUV 
ZRXOG SURYLGH PHDVXUHPHQWV WKDW DUH UHOLDEOH DQG 
UHSURGXFLEOH� 

$XWRPDWHG�6WDJLQJ�RI�'HWHFWHG�'LVHDVH 
1RYHO LPDJLQJ WHFKQRORJLHV� VXFK DV GHWHFWLQJ RFFXOW 
GLVHDVH WKURXJK SRVLWURQ HPLVVLRQ WRPRJUDSK\ ZLWK 
IOXRURGHR[\JOXFRVH �)'*�� VKRXOG EH LPSURYHG ZLWK 
¦EHWWHU§ DJHQWV DQG OHVV FRVWO\ LQVWUXPHQWV� 7KHUH LV 
QHHG IRU EHWWHU ZLWKLQ�RUJDQ �H�J�� EUHDVW� VWDJLQJ 
XVLQJ PDJQHWLF UHVRQDQFH LPDJLQJ DQG FRQWUDVW 
DJHQWV� GXH WR ELODWHUDOLW\� PXOWLIRFDOLW\� DQG 
PXOWLFHQWULFLW\ RI PDQ\ WXPRUV DQG HVSHFLDOO\ WR 
GLVWLQJXLVK RFFXOW DQG ¦SUHFDQFHURXV§ FRQGLWLRQV 
IURP RYHUW GLVHDVH� 

7KH XVH RI DQFLOODU\ QRQLPDJH GDWD LQ VWDJLQJ 
GHFLVLRQV PD\ EH IUXLWIXO� 0HWKRGV WR LPSURYH O\PSK 
QRGH FKDUDFWHUL]DWLRQ IRU PDOLJQDQW VSUHDG DQG 
VHQWLQHO QRGH LGHQWLILFDWLRQ ZRXOG DYRLG XQQHFHVVDU\ 
PRUELGLW\ DQG FRVW E\ UHGXFLQJ WKH H[WHQW RI VXUJLFDO 
SURFHGXUHV ZKLOH SURYLGLQJ PRUH GHILQLWLYH UHVXOWV� 
,GHQWLILFDWLRQ RI OHVV DGYDQFHG�DJJUHVVLYH WXPRUV DQG 

&$' DQG �' ,PDJH $QDO\VLV DQG 'LVSOD\ � 2FWREHU �¤�� ���� 



SUHGLFWLRQ RI WXPRUV© LQYDVLYHQHVV DQG 
PHWDVWDJHQLFLW\ ZRXOG PDNH LPDJLQJ WHFKQRORJLHV D 
FRXQWHUSDUW RI KLVWRORJLFDO JUDGH WR FODVVLI\ OHVLRQV 
DFFRUGLQJ WR WKHLU FOLQLFDO VLJQLILFDQFH DQG ELRORJLFDO 
SRWHQWLDO� 

)ROORZ�8S 
7KHUH LV QHHG IRU EHWWHU XQGHUVWDQGLQJ RI PHWDEROLF 
FKDQJHV RYHU WLPH DIWHU WUHDWPHQW� LQ UHVLGXDO RU 
UHFXUUHQW GLVHDVH� 7KLV ZRXOG KHOS WR FKDUDFWHUL]H 
WUHDWPHQW HIIHFWV DQG UHODWH WKHP WR WUHDWPHQW SODQV� 
VR WKDW WKLV D SULRUL NQRZOHGJH FDQ EH XVHG WR LPSURYH 
SRVW�WKHUDS\ DVVHVVPHQWV� 

*HQH�7KHUDS\ 
7KH RSWLPL]DWLRQ RI PROHFXODU�JHQHWLF WKHUDSLHV XVLQJ 
LPDJH PRQLWRULQJ RYHU WLPH ZLWK WUDFHU�UHSRUWHU JHQH 
PHWKRGV �RU WKHLU VXFFHVVRUV� LV VRXJKW� 7KH XVH RI 
UDGLRDFWLYH WUDFHU LPDJLQJ PHWKRGV DQG VHTXHQWLDO 
H[DPLQDWLRQV WR VWXG\ WXPRU DQJLRJHQHVLV LQ YLYR 
DSSHDUV HVSHFLDOO\ SURPLVLQJ� 

&OLQLFDO�7ULDOV�IRU�'HYHORSLQJ�,PDJLQJ 
0HWKRGV 
7R GDWH� DOPRVW SXUHO\ WHFKQLFDO FULWHULD KDYH JXLGHG 
LPDJLQJ PHWKRG LPSURYHPHQW� 7KLV FDQ EH EHWWHU 
DFFRPSOLVKHG� KRZHYHU� E\ DQ HIIRUW WR HPSOR\ 
HYDOXDWLRQ PHWKRGV IRU GLVFRYHU\ �LPDJLQJ 
WHFKQRORJ\ DQG PHWKRGV GHYHORSPHQW� WKDW DUH 
UHOHYDQW WR FOLQLFDO RXWFRPHV �XVLQJ SUHOLPLQDU\ 
FOLQLFDO WULDOV� SKDVH �� �� HWF��� 7KLV ZRUNLQJ JURXS 
VHHNV WR GHYHORS DQG DGRSW FOLQLFDOO\ �RU ELRORJLFDOO\� 
PHDQLQJIXO FULWHULD WR MXGJH WKH SHUIRUPDQFH RI 
LPDJLQJ PHWKRGV WKDW DUH DNLQ WR GUXJ GLVFRYHU\ 
PHWKRGV� 6XFK PHWKRGV DYRLG WKH SUROLIHUDWLRQ RI 
LQDGHTXDWHO\ HYDOXDWHG PHWKRGV DQG WKH WHQGHQF\ WR 
RYHUVWDWH WKHLU EHQHILWV RU GHILFLHQFLHV LQ WKH DEVHQFH 
RI FOLQLFDOO\�ELRORJLFDOO\ PHDQLQJIXO HYLGHQFH� 

&OLQLFDO�'HFLVLRQ�6XSSRUW 
$ FRPPLWPHQW WR FRQVLGHU WKH GLDJQRVWLF SURFHVV DV D 
ZKROH� UDWKHU WKDQ LQGLYLGXDO SDUWV LQ LVRODWLRQ� 
HQKDQFHV WKH HIIHFW RI LPDJLQJ RQ FOLQLFDO GHFLVLRQ 
PDNLQJ� 7KH LPDJLQJ ZRUNVWDWLRQ VKRXOG EH 
FRQVLGHUHG D FOLQLFDO GHFLVLRQ PDNLQJ DLG� DQG LWV 
LQIOXHQFH RQ RXWFRPHV VKRXOG EH PHDVXUHG� 7HFKQLFDO 
GHYHORSPHQWV VKRXOG IRFXV RQ VSHFLILF GLVHDVHV DQG 
FULWLFDO GHFLVLRQ SRLQWV ZKHUH HUURUV DUH FRPPRQ� 
7HFKQRORJLFDO GHYHORSPHQWV VKRXOG EH DOLJQHG ZLWK 
GHPRQVWUDWHG FOLQLFDO QHHGV� %\ FRQFHQWUDWLQJ RQ WKH 
XVDELOLW\ RI WRROV DQG WKHLU HIILFLHQF\ LQ SUDFWLFDO 
HYHU\GD\ DSSOLFDWLRQV� WKH WRWDO FRVW RI RZQHUVKLS IRU 
LPDJLQJ ZRUNVWDWLRQV FDQ EH PLQLPL]HG DQG WKH 
LQYHVWPHQW ZLOO SURYLGH DFFHSWDEOH UHWXUQV� 7KH HIIRUW 
VKRXOG HPSOR\ IRUPDO PHWKRGV WR XQGHUVWDQG 
SHUIRUPDQFH RI FOLQLFDO GHFLVLRQ PDNLQJ EDVHG RQ 
LPDJHV� 

6XEPLOOLPHWHU�,PDJLQJ�LQ�9LYR 
,W LV SRVVLEOH WR GHWHFW PLFURPHWDVWDWLF VSUHDG RI 
WXPRUV UHTXLULQJ RUGHUV RI PDJQLWXGH LQFUHDVHV LQ 
VLJQDO�WR�QRLVH UDWLRV DQG UHVROXWLRQ FRPSDUHG ZLWK 
WRGD\©V PHWKRGV E\ REVHUYLQJ WKDW WKH SK\VLFV RI 
PHGLFDO LPDJLQJ LV LQGHSHQGHQW RI VFDOH� 7R DFKLHYH 
KLVWRORJLF PRUSKRORJLF UHVROXWLRQ LQ YLYR IRU GHHS 
RUJDQV� VXEPLOOLPHWHU GHWDLO LV UHTXLUHG� 7KLV ZRUNLQJ 
JURXS VHHNV WR DFKLHYH KLVWRFKHPLFDO VWDLQLQJ �RU LWV 
HTXLYDOHQW� LQ YLYR IRU GHHS RUJDQV DQG WR GHOLQHDWH 
PLFURYDVFXODU SDWWHUQV� GUXJ�UHFHSWRU GLVWULEXWLRQ� 
JHQH H[SUHVVLRQ� DQG PHWDEROLWH FRQFHQWUDWLRQV ZLWK 
VXEPLOOLPHWHU GHWDLO� DOWKRXJK PLFURQ�OHYHO GHWDLO LV 
SUHIHUUHG� 

&$' DQG �' ,PDJH $QDO\VLV DQG 'LVSOD\ � 2FWREHU �¤�� ���� 



5HVHDUFK�3ULRULWLHV 

6KRUW2WHUP2

,QWHUPHGLDWH2WHUP2

/RQJ2WHUP2

&	 $SSO\ &$' PHWKRGV WR �' GDWDVHWV DQG PHDVXUH WKH JDLQ LQ SHUIRUPDQFH� 
&	 7HVW WKH HIILFDF\ RI &$' LQ UHGXFLQJ LQWHUREVHUYHU YDULDELOLW\� 
&	 ,QYHVWLJDWH PHWKRGV WR PRQLWRU JHQH WKHUDS\ DQG DQJLRJHQHVLV XVLQJ G\QDPLF LPDJH 

VHTXHQFHV� 

&	 ,PSURYH ULVN SUHGLFWLRQ IRU PDOLJQDQF\ EDVHG RQ LPDJH IHDWXUH DQDO\VLV DQG 
PROHFXODU PDUNHUV� 

&	 3UHGLFW WXPRU UHVSRQVH WR WUHDWPHQW EDVHG RQ LPDJH IHDWXUH DQDO\VLV DQG PROHFXODU 
PDUNHUV� 

&	 $XWRPDWH DQG VLPSOLI\ WKH XVH RI LPDJH�EDVHG HQGSRLQWV IRU FOLQLFDO UHVSRQVH 
DVVHVVPHQW� 

&	 (VWDEOLVK D QHHGV�EDVHG HYDOXDWLRQ RI LPDJLQJ WHFKQRORJ\ WKDW JXLGHV IXWXUH 
GHYHORSPHQWV DQG WKHLU SULRULWL]DWLRQ� 

&	 'LVFULPLQDWH EHQLJQ DQG PDOLJQDQW OHVLRQV EDVHG RQ LPDJH IHDWXUHV� 
&	 )XOO\ DXWRPDWH WKH VWDJLQJ RI PDOLJQDQF\ EDVHG RQ LPDJHV DQG HOHFWURQLF SDWLHQW 

UHFRUG DQDO\VLV� 
&	 6XSSRUW FOLQLFDO GHFLVLRQ PDNLQJ EDVHG RQ EHVW HYLGHQFH DQG FXUUHQW NQRZOHGJH LQ 

DQ LPDJH�EDVHG FRQWH[W� 
&	 3HUIRUP FOLQLFDO LQ YLYR LPDJLQJ ZLWK VXEPLOOLPHWHU VSDWLDO UHVROXWLRQ� KLJK FRQWUDVW� 

DQG UHDO�WLPH SHUIRUPDQFH WR GHOLQHDWH PLFURYDVFXODU SDWWHUQV� GUXJ�UHFHSWRU 
GLVWULEXWLRQ� JHQH H[SUHVVLRQ� DQG PHWDEROLWH FRQFHQWUDWLRQV� 

&$' DQG �' ,PDJH $QDO\VLV DQG 'LVSOD\ �	 2FWREHU �¤�� ���� 



6HVVLRQ����&RPSXWHU�$LGHG�'LDJQRVLV�IRU�;�5D\�0DPPRJUDSK\


%UHDVW ;�UD\ ILOP UDGLRJUDSK\ UHYLHZHG VXEMHFWLYHO\ 
E\ D KXPDQ REVHUYHU GHILQHV PDPPRJUDSK\ LQ 
FXUUHQW FOLQLFDO SUDFWLFH� 7KH KXPDQ REVHUYHU� 
KRZHYHU H[SHULHQFHG DQG VNLOOHG LQ PDPPRJUDSK\� LV 
VXVFHSWLEOH WR SHUFHSWXDO OLPLWDWLRQV UHVXOWLQJ LQ 
DYRLGDEOH PLVWDNHV� $XWRPDWHG DVVLVWDQFH WR LPSURYH 
WKH REVHUYHU©V GLDJQRVWLF SHUIRUPDQFH LV WKH JRDO RI 
FRPSXWHU�DLGHG GLDJQRVLV� D WHFKQRORJ\ WKDW KDV 
SRWHQWLDO WR VLJQLILFDQWO\ UHGXFH PDPPRJUDSKLF 
LQWHUSUHWDWLRQ HUURUV� 

5DGLRORJLF LPDJHV� KRZHYHU� DV HLWKHU GLJLWDO RU 
SRWHQWLDOO\ GLJLWDO OHQG WKHPVHOYHV TXLWH ZHOO WR 
FRPSXWHU DQDO\VLV� 7KH HDUOLHVW DWWHPSW WR HYDOXDWH 
PDPPRJUDSKLF LPDJHV E\ FRPSXWHU ZDV PDGH PRUH 
WKDQ �� \HDUV DJR� 7KH FRQFHUWHG HIIRUW WR DSSO\ 
FRPSXWHU YLVLRQ DQG DUWLILFLDO LQWHOOLJHQFH PHWKRGV WR 
PDPPRJUDSKLF GLDJQRVLV KDV QHFHVVDULO\ DZDLWHG WKH 
GHYHORSPHQW RI KLJK�VSHHG GLJLWDO FRPSXWHUV DQG LV 
QRZ MXVW RYHU �� \HDU ROG� ,Q WKH SDVW GHFDGH� D ODUJH 
QXPEHU RI UHVHDUFKHUV KDYH PDGH JUHDW VWULGHV LQ WKH 
DXWRPDWHG HYDOXDWLRQ RI PDPPRJUDSKLF LPDJHV� 
VKRZLQJ EH\RQG GRXEW LWV SRWHQWLDO XWLOLW\ LQ WKH 

�
IXWXUH SUDFWLFH RI PDPPRJUDSK\� 

&OLQLFDO�0DPPRJUDSK\ 
7KH VXFFHVVIXO LGHQWLILFDWLRQ RI HDUO\ EUHDVW FDQFHU RQ 
VFUHHQLQJ PDPPRJUDPV LV D GLIILFXOW WDVN IRU 
UDGLRORJLVWV� 'HSHQGLQJ RQ WKH SDWLHQW SRSXODWLRQ 
EHLQJ VWXGLHG� RQO\ EHWZHHQ WKUHH DQG WHQ GHWHFWDEOH 
FDQFHUV ZLOO EH SUHVHQW IRU HYHU\ WKRXVDQG FDVHV 
UHYLHZHG� %UHDVW LPDJHV DUH QHYHUWKHOHVV YLVXDOO\ 
FRPSOH[ DQG SURYLGH D ZLGH DUUD\ RI UHDO RU 
IRUWXLWRXV ILQGLQJV WKDW HLWKHU PD\ VLPXODWH FDQFHU RU 
WKDW PD\ GLVWUDFW WKH UDGLRORJLVW IURP WKH GHWHFWLRQ RI 
FDQFHU� 

,W KDV EHHQ NQRZQ IRU VRPH WLPH WKDW UDGLRORJLVWV GR 
QRW GHWHFW DOO VLJQV RI EUHDVW FDQFHU SUHVHQW RQ 
PDPPRJUDSKLF LPDJHV� 7KH SHUFHQWDJH RI FDQFHUV 
YLVLEOH LQ UHWURVSHFW RQ SUHYLRXV VFUHHQLQJ 

�� � 
PDPPRJUDPV DSSURDFKHV ��� LQ VRPH VWXGLHV�
5DGLRORJLVWV PXVW FRQWHQG ZLWK QXPHURXV ERUGHUOLQH 
ILQGLQJV WKDW DOPRVW QHYHU GHYHORS LQWR PDOLJQDQW 
OHVLRQV�

� 
)RU WKLV UHDVRQ� LW LV XQOLNHO\ WKDW DOO VXFK 

UHWURVSHFWLYHO\ YLVLEOH FDQFHUV DUH UHDVRQDEO\ 
UHFRYHUDEOH LQ FOLQLFDO SUDFWLFH� 1HYHUWKHOHVV� WKHUH LV 
FOHDUO\ URRP IRU LPSURYHPHQW LQ WKH GHWHFWLRQ 
SHUIRUPDQFH RI UDGLRORJLVWV� 

(YHQ ZKHQ D SRWHQWLDOO\ VLJQLILFDQW ILQGLQJ LV 
VXFFHVVIXOO\ LGHQWLILHG E\ UDGLRORJLVWV� LW PD\ VWLOO EH 
GLVPLVVHG DV QRUPDO RU EHQLJQ LQ QDWXUH� &RQYHUVHO\� 
UDGLRORJLVWV PD\ FRQVLVWHQWO\ UHFRPPHQG WKH ELRSV\ 
RI OHVLRQV WKDW KDYH OLWWOH OLNHOLKRRG RI PDOLJQDQF\� 
UHVXOWLQJ LQ D ORZ SRVLWLYH SUHGLFWLYH YDOXH IRU 

�
PDPPRJUDSK\� 7KLV OHVVHQV WKH FRVW�HIIHFWLYHQHVV 
DQG SDWLHQW DFFHSWDQFH RI WKH H[DPLQDWLRQ� 

&RPSXWHU�$LGHG�'LDJQRVLV 
7KH OLPLWDWLRQV RI KXPDQ REVHUYHUV LQ WKH 
LQWHUSUHWDWLRQ RI PDPPRJUDPV SURYLGH D QDWXUDO DQG 
FRPSHOOLQJ DSSOLFDWLRQ IRU FRPSXWHU�EDVHG GLDJQRVWLF 

�� � 
PHWKRGV LQ PDPPRJUDSK\� $W LWV SUHVHQW OHYHO RI 
GHYHORSPHQW� FRPSXWHU�JHQHUDWHG LQIRUPDWLRQ LV 
YLHZHG DV D SRWHQWLDO DLG WR UDGLRORJLVWV LQ WKH 
GHWHFWLRQ DQG FKDUDFWHUL]DWLRQ GHFLVLRQV WKH\ FRQIURQW 
LQ URXWLQH FOLQLFDO SUDFWLFH¥KHQFH WKH WHUP 
FRPSXWHU�DLGHG GLDJQRVLV� 

&RPSXWHU DQDO\VLV RI PDPPRJUDSKLF LPDJHV UHTXLUHV 
ILUVW WKDW WKH\ H[LVW LQ D GLJLWDO IRUP� 7RGD\� WKLV LV 
JHQHUDOO\ DFFRPSOLVKHG E\ GLJLWL]DWLRQ RI 
FRQYHQWLRQDO PDPPRJUDSKLF ILOPV� )XUWKHU� WKH UHDG\ 
DGDSWDELOLW\ RI SULPDU\ GLJLWDO PDPPRJUDSKLF LPDJHV 
WR DQDO\VLV E\ FRPSXWHU UHPDLQV RQH PRWLYDWLRQ IRU 
WKH GHYHORSPHQW RI WKH ODWWHU WHFKQRORJ\� $OWKRXJK 
WKHUH FDQ EH DOPRVW OLPLWOHVV QXDQFH DQG VXEWOHW\ LQ 
WKH FRPSXWHU DQDO\VLV RI PDPPRJUDPV� PRVW 
DOJRULWKPV UHO\ RQ WKUHH EDVLF VWUDWHJLHV WR H[WUDFW 
XVHIXO LQIRUPDWLRQ� 

x $Q LPDJH�SURFHVVLQJ VWDJH LQ ZKLFK IHDWXUHV RI 
LQWHUHVW DUH HQKDQFHG 

x $ IHDWXUH�H[WUDFWLRQ VWDJH LQ ZKLFK WDUJHW 
ILQGLQJV DUH LGHQWLILHG 

x $Q DUWLILFLDO LQWHOOLJHQFH VWDJH LQ ZKLFK WKHVH 
ILQGLQJV DUH HYDOXDWHG IRU WKHLU VLJQLILFDQFH XVLQJ 

�
D YDULHW\ RI DSSURDFKHV�

7KH RXWSXW RI D &$' DOJRULWKP FDQ WDNH D YDULHW\ RI 
IRUPV� 6KRXOG WKH DOJRULWKP EH GHVLJQHG WR DVVLVW 
UDGLRORJLVWV LQ GHWHFWLRQ WDVNV� D VLQJOH PDUN 
GLVSOD\HG DW WKH VLWH RI D SRVVLEOH DEQRUPDOLW\ PLJKW 

�� � 
VXIILFH� 6KRXOG WKH DOJRULWKP SULPDULO\ DVVLVW WKH 
UDGLRORJLVW LQ FKDUDFWHUL]DWLRQ GHFLVLRQV �L�H�� 

&$' DQG �' ,PDJH $QDO\VLV DQG 'LVSOD\ � 2FWREHU �¤�� ���� 



XOWLPDWHO\ LQ ELRSV\ GHFLVLRQV�� D FRPSXWHU�JHQHUDWHG 
�

OLNHOLKRRG RI PDOLJQDQF\ PLJKW EH JLYHQ�
$OWHUQDWLYHO\� WKH V\VWHP PLJKW GLVSOD\ RWKHU LPDJHV 
KDYLQJ IHDWXUHV WKDW DUH VLPLODU WR WKH FDVH DW KDQG 

�
DQG ZLWK ZKLFK WKH UDGLRORJLVW KDV D IDPLOLDULW\�

6WDWH�RI�WKH�$UW 
7KH FXWWLQJ HGJH RI &$' UHVHDUFK� RI FRXUVH� HYROYHV 
FRQVWDQWO\� ZLWK DQ\ VXPPDU\ RI VXFK ULVNV EHFRPLQJ 
RXWGDWHG TXLFNO\� 1HYHUWKHOHVV� LW LV FOHDU WKDW YHU\ 
VLJQLILFDQW SURJUHVV KDV EHHQ PDGH E\ UHVHDUFKHUV 
GXULQJ WKH SDVW GHFDGH� VHWWLQJ WKH VWDJH IRU WKH 
HYHQWXDO HYHU\GD\ XVDJH RI &$' WHFKQLTXHV E\ 
UDGLRORJLVWV� 

&RPSXWHU2GHWHFWLRQ�27KH UDGLRJUDSKLF 
PDQLIHVWDWLRQV RI HDUO\ EUHDVW FDQFHU IDOO LQWR WZR 
UHODWLYHO\ GLVWLQFW FDWHJRULHV� ��� PLFURFDOFLILFDWLRQV 
DULVLQJ IURP QHFURWLF FHOOV RU GHEULV ZLWKLQ GXFWDO 
VWUXFWXUHV DQG ��� PDVV RU PDVV�OLNH ILQGLQJV DULVLQJ 
IURP WKH GLIIHUHQWLDO ;�UD\ DWWHQXDWLRQ EHWZHHQ WKH 
WXPRU �RU WKH UHDFWLRQ LW LQFLWHV� DQG WKH DGMDFHQW 
QRUPDO SDUHQFK\PD� *LYHQ WKH YHU\ GLIIHUHQW 
UDGLRJUDSKLF FKDUDFWHULVWLFV RI WKHVH ILQGLQJV� 
UHVHDUFKHUV KDYH JHQHUDOO\ DSSURDFKHG WKH GHWHFWLRQ 

�
RI WKHVH HQWLWLHV E\ FRPSXWHU VHSDUDWHO\�

0LFURFDOFLILFDWLRQV DUH LGHDO WDUJHWV IRU FRPSXWHU 
GHWHFWLRQ VLQFH WKH\ DUH XQOLNH DQ\ QRUPDO VWUXFWXUHV 
ZLWKLQ WKH EUHDVW� FRPSHWLQJ RQO\ ZLWK VWUXFWXUHG DQG 
TXDQWXP QRLVH IRU DWWHQWLRQ� 1XPHURXV UHVHDUFKHUV 
KDYH VWXGLHG PLFURFDOFLILFDWLRQ GHWHFWLRQ� RIWHQ 
DFKLHYLQJ LPSUHVVLYH UHVXOWV RQ ODERUDWRU\ 

�� �� 
GDWDEDVHV� 0RUH UHFHQWO\� PLFURFDOFLILFDWLRQ 
GHWHFWLRQ VFKHPHV KDYH EHHQ WHVWHG RQ ODUJH VHULHV RI 

�� �� 
XQVHOHFWHG FOLQLFDO FDVHV� ,Q WKHVH WHVWV� 
VHQVLWLYLWLHV IRU WKH GHWHFWLRQ RI PDOLJQDQW 
FDOFLILFDWLRQV RI JUHDWHU WKDQ ��� �DW RQH IDOVH� 
SRVLWLYH SHU LPDJH� KDYH EHHQ UHSRUWHG�� 

$ 
SDUWLFXODUO\ WHOOLQJ LQGLFDWLRQ RI FRPSXWHU DOJRULWKP 
SHUIRUPDQFH LV LWV DELOLW\ WR GHWHFW FDOFLILFDWLRQV RI 
VLJQLILFDQFH WKDW ZHUH PLVVHG E\ UDGLRORJLVWV LQ 
URXWLQH FOLQLFDO SUDFWLFH� 5HVHDUFK LQGLFDWHV WKDW 
SUHVHQW DOJRULWKPV DUH FDSDEOH RI GHWHFWLQJ QHDUO\ 
��� RU PRUH RI VXFK FDVHV ZKHQ DOO VXEWOHWLHV DUH 

�� �� 
LQFOXGHG� 7KLV ILJXUH LQFUHDVHV WR ���� �DJDLQ DW 
RQH IDOVH�SRVLWLYH SHU LPDJH� IRU LQVWDQFHV LQ ZKLFK 
WKH FDOFLILFDWLRQV ZHUH IDLUO\ REYLRXV LQ UHWURVSHFW�� 

0DVV OHVLRQV UHSUHVHQW D PRUH GLIILFXOW WDUJHW IRU 
GHWHFWLRQ E\ FRPSXWHU WKDQ GR PLFURFDOFLILFDWLRQV� 
SULQFLSDOO\ EHFDXVH RI WKH JUHDWHU RYHUODS EHWZHHQ WKH 

FKDUDFWHULVWLFV RI PDVVHV DQG QRUPDO EUHDVW WLVVXH� 
)HDWXUHV VXFK DV WKH VSLFXODWHG PDUJLQV RI PDQ\ HDUO\ 
EUHDVW FDQFHUV GR QRW RFFXU LQ WKH QRUPDO EUHDVW� 
KRZHYHU� DQG KDYH EHHQ XVHG E\ LQYHVWLJDWRUV DV WKH 
EDVLV IRU GHWHFWLQJ PDVVHV KDYLQJ SRWHQWLDO 

��� �� 
VLJQLILFDQFH� 'HVSLWH WKH LQKHUHQW GLIILFXOWLHV� 
LQYHVWLJDWRUV KDYH GHULYHG PHWKRGV WR GHWHFW ODUJH 

��� �� 
SURSRUWLRQV RI PDVVHV RQ GLJLWDO PDPPRJUDPV�
1RW VXUSULVLQJO\� GHWHFWLRQ LQ XQVHOHFWHG RU ¦PLVVHG§ 
FDVHV LV JHQHUDOO\ QR EHWWHU� DQG RIWHQ ZRUVH� IRU 
PDVVHV WKDQ IRU PLFUR�FDOFLILFDWLRQV LQ WKH VDPH 

�� �� 
VXEWOHW\ FDWHJRULHV�

&RPSXWHU2FKDUDFWHUL]DWLRQ�27KH ILUVW VXFFHVVIXO 
DWWHPSWV WR XVH FRPSXWHUV WR FKDUDFWHUL]H EUHDVW 
OHVLRQV DV EHQLJQ RU PDOLJQDQW GDWH DOPRVW WR WKH WLPH 
RI WKH ILUVW GHWHFWLRQ H[SHULPHQWV� ,Q UHFHQW \HDUV� 
UHVHDUFKHUV KDYH VKRZQ WKDW DEQRUPDOLWLHV RQ 
PDPPRJUDPV FDQ EH UHDGLO\ FKDUDFWHUL]HG E\ 
FRPSXWHU� (DUO\ ZRUN LQ FRPSXWHUL]HG 
FKDUDFWHUL]DWLRQ JHQHUDOO\ UHOLHG RQ KXPDQ REVHUYHUV 
WR H[WUDFW LPDJH IHDWXUHV� ZLWK WKHVH IHDWXUHV WKHQ 

��
HYDOXDWHG E\ DUWLILFLDO LQWHOOLJHQFH WHFKQLTXHV� 0RUH 
UHFHQWO\� IHDWXUHV H[WUDFWHG GLUHFWO\ E\ FRPSXWHU KDYH 
VHUYHG DV WKH EDVLV IRU FODVVLILFDWLRQ RI OHVLRQV E\ 

��� �� 
VXFK WHFKQLTXHV�

&RPSXWHU FKDUDFWHUL]DWLRQ VFKHPHV KDYH EHHQ VKRZQ 
WR FRQVLVWHQWO\ RXWSHUIRUP JHQHUDO UDGLRORJLVWV LQ 

��
PDNLQJ EHQLJQ RU PDOLJQDQW GLVWLQFWLRQV� ,Q 
SDUWLFXODU� FRPSXWHU RXWSXW KDV EHHQ REVHUYHG WR EH 
PRUH VSHFLILF WKDQ JHQHUDO UDGLRORJLVWV� EHLQJ DEOH WR 
FODVVLI\ D JUHDWHU SURSRUWLRQ RI OHVLRQV DV EHQLJQ DW 
WKH YHU\ KLJK RU SHUIHFW VHQVLWLYLWLHV IRU LGHQWLILFDWLRQ 

�� �� 
RI PDOLJQDQF\ UHTXLUHG LQ FOLQLFDO SUDFWLFH� 5HFHQW 
GDWD DOVR VXJJHVW WKDW IXOO\ DXWRPDWHG FRPSXWHU 
FODVVLILFDWLRQ WHFKQLTXHV PD\ KDYH WKH SRWHQWLDO WR 
RXWSHUIRUP H[SHUW PDPPRJUDSKHUV LQ GLVWLQJXLVKLQJ 

��
EHQLJQ DQG PDOLJQDQW DEQRUPDOLWLHV�

&RPSXWHU2DVVLVWDQFH2WR2UDGLRORJLVWV�2,Q WKH QHDU 
WHUP� FRPSXWHU RXWSXW ZLOO EH DSSOLHG DV DQ DLG WR 
UDGLRORJLVWV LQ WKHLU GHWHFWLRQ DQG FODVVLILFDWLRQ 
GHFLVLRQV� ,W KDV EHHQ VKRZQ LQ WKH ODERUDWRU\ WKDW 
FRPSXWHU�JHQHUDWHG LQIRUPDWLRQ FDQ LPSURYH 

�
UDGLRORJLVWV© GHWHFWLRQ RI PLFURFDOFLILFDWLRQV RU 
PDVVHV�

�� 
GHFUHDVLQJ WKH UDGLRORJLVW ¦PLVV UDWH§ E\ DV 

PXFK DV ���� ,W LV RI LQWHUHVW WKDW VXFK LPSURYHPHQWV 
LQ UDGLRORJLVW SHUIRUPDQFH PD\ RFFXU� HYHQ LI WKH 
FRPSXWHU LV OHVV VHQVLWLYH WKDQ WKH UDGLRORJLVW LQ WKH 

�
GHWHFWLRQ WDVN DW KDQG RU LI WKH UDGLRORJLVW GRHV QRW 
EHOLHYH DOO WUXH SRVLWLYH SURPSWV JLYHQ E\ WKH 
FRPSXWHU�

�� 
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,W KDV EHHQ HVWDEOLVKHG WKDW FRPSXWHUV FDQ DVVLVW 
UDGLRORJLVWV LQ WKHLU GHFLVLRQV UHJDUGLQJ GLIIHUHQWLDO 
GLDJQRVHV E\ VXJJHVWLQJ FDVHV KDYLQJ FRPSDUDEOH 

�
IHDWXUHV DQG NQRZQ GLDJQRVHV� 9HU\ UHFHQWO\� LW KDV 
DOVR EHHQ VKRZQ WKDW UDGLRORJLF FKDUDFWHUL]DWLRQ RI 
PLFURFDOFLILFDWLRQV FDQ EH LPSURYHG LQ D KLJKO\ 
VLJQLILFDQW ZD\ XVLQJ FRPSXWHU�JHQHUDWHG OLNHOLKRRGV 
RI PDOLJQDQF\� LQFUHDVLQJ UDGLRORJLVW VHQVLWLYLW\ ZKLOH 

�
DW WKH VDPH WLPH LPSURYLQJ VSHFLILFLW\� *LYHQ WKH 
VXFFHVV RI PDQ\ LQYHVWLJDWRUV LQ FRUUHFWO\ 
FKDUDFWHUL]LQJ OHVLRQV E\ FRPSXWHU� VLPLODU UHVXOWV 
FDQ EH H[SHFWHG LQ WKH QHDU IXWXUH� 

$WWHQWLRQ LV QRZ WXUQLQJ IURP WKH ODERUDWRU\ WR WKH 
FOLQLF� ZKHUH WKH XOWLPDWH DVVHVVPHQW RI WKH HIILFDF\ 
RI &$' ZLOO WDNH SODFH� ,W KDV EHHQ VKRZQ WKDW WKH 
\LHOG RI VFUHHQLQJ PDPPRJUDSK\ IRU HDUO\ 
PDOLJQDQFLHV FDQ EH LQFUHDVHG E\ �� WR ��� ZKHQ 

��
ILOPV DUH UHYLHZHG E\ WZR UDGLRORJLVWV� ,W LV WKXV D 
UHDVRQDEOH ILUVW JRDO IRU &$' WR DFKLHYH WKH HIILFDF\ 
RI UDGLRORJLVW ¦GRXEOH UHDGLQJ§ WKURXJK PDFKLQH 
SURPSWLQJ RI D VLQJOH UDGLRORJLVW� 9HULILFDWLRQ RI VXFK 
EHQHILW ZKHQ WKH GLDJQRVWLF RXWSXW LV EDVHG RQ 
UDGLRORJLVW�FRPSXWHU FROODERUDWLRQ LV QRW D WULYLDO 
H[HUFLVH VLQFH� XQOLNH GRXEOH KXPDQ LQWHUSUHWDWLRQ� LW 
PD\ QRW EH FOHDU ZKHQ WKH SUHVHQFH RI WKH FRPSXWHU 
KDV PDGH DQ DFWXDO GLIIHUHQFH� 

7KH VXFFHVV RI &$' V\VWHPV LQ GHWHFWLQJ PLVVHG 
FDQFHUV WKDW DUH UHODWLYHO\ FRQVSLFXRXV LQ UHWURVSHFW 
�DQG VR VXJJHVWLQJ WKDW WKH FRPSXWHU RXWSXW ZLOO 
OLNHO\ EH ¦EHOLHYHG§ E\ WKH UDGLRORJLVW� LPSOLHV WKDW 
JHQHUDO LPSOHPHQWDWLRQ RI &$' FDQ LQFUHDVH WKH 
\LHOG RI VFUHHQLQJ PDPPRJUDSK\ E\ DV PXFK DV 

�
���� 3URRI RI VXFK EHQHILW LQ SUDFWLFH ZRXOG UHTXLUH 
YHU\ ODUJH FOLQLFDO WULDOV EHFDXVH RI WKH ORZ LQFLGHQFH 
RI EUHDVW FDQFHU LQ VFUHHQHG SRSXODWLRQV DQG WKH 
UHODWLYHO\ VPDOO DQWLFLSDWHG LQFUHDVH LQ \LHOG� 2I 
LQWHUHVW� KRZHYHU� LV WKDW URXWLQH XVH RI &$' LQ 
HYHU\GD\ SUDFWLFH GRHV QRW VHHP WR LQFUHDVH ZRUN�XS 

�
UDWHV� 7KLV REYLDWHV D SRWHQWLDO GUDZEDFN WR WKH 
JHQHUDO XVH RI &$'� 

&XUUHQW�,VVXHV�LQ�&$' 
$V LV W\SLFDO LQ DQ\ QHZO\ HPHUJLQJ OLQH RI VFLHQWLILF 
LQYHVWLJDWLRQ� HDUO\ ZRUN UDLVHV D QXPEHU RI LPSRUWDQW 
LVVXHV WKDW DUH RQO\ UHVROYHG DIWHU IXUWKHU FDUHIXO 
VWXG\� %HORZ LV D VKRUW VXPPDU\ RI VRPH XQVHWWOHG 
LVVXHV RU XQDQVZHUHG TXHVWLRQV LQ &$' DV DSSOLHG WR 
PDPPRJUDSK\� 

&$'2DQG2PDPPRJUDSKLF2LPDJH2TXDOLW\�2(PSKDVLV 
LQ &$' UHVHDUFK WR GDWH KDV EHHQ LQ WKH H[WUDFWLRQ RI 
XVHIXO LQIRUPDWLRQ IURP DYDLODEOH FOLQLFDO 
PDPPRJUDPV� ,W LV QRW SUHVHQWO\ NQRZQ WR ZKDW 
GHJUHH WKH UDGLRJUDSKLF TXDOLW\ RI PDPPRJUDSKLF 
LPDJHV GHWHUPLQHV WKH OLNHO\ VXFFHVV RI &$' 
DOJRULWKPV� 'LJLWDO PDPPRJUDSK\ RIIHUV FOHDU�FXW 
WKHRUHWLFDO DGYDQWDJHV DV WKH VRXUFH RI LPDJHV IRU 
&$'� SULQFLSDOO\ LQ WKH IRUP RI LPSURYHG VLJQDO�WR� 
QRLVH FKDUDFWHULVWLFV RI WKH LPDJHV� :KHWKHU WKHVH 
DGYDQWDJHV ZLOO EH PDQLIHVW LQ SUDFWLFH KDV QRW EHHQ 
IXOO\ LQYHVWLJDWHG� ,PDJHV DFTXLUHG HLWKHU 
FRQYHQWLRQDOO\ RU GLJLWDOO\ FDQ EH H[SHFWHG WR VKRZ 
VLJQLILFDQW YDULDWLRQV DPRQJ LQGLYLGXDO SDWLHQWV� LQ 
SDUW UHODWHG WR SDWLHQW DJH DQG KRUPRQDO VWDWXV� 6XFK 
LV NQRZQ WR DIIHFW WKH VXFFHVV RI KXPDQ REVHUYHUV LQ 
PDNLQJ GLDJQRVHV RQ PDPPRJUDPV� EXW WKH 
LPSOLFDWLRQV RI WKHVH YDULDWLRQV LQ &$' LV OHVV FOHDU� 
)XUWKHU� LW PD\ EH WKDW &$' DQDO\VLV PD\ HYHQWXDOO\ 
SURYLGH LPDJH TXDOLW\ LQIRUPDWLRQ WKDW LV XVHIXO WR 
SUDFWLFLQJ UDGLRORJLVWV IRU TXDOLW\ FRQWURO SXUSRVHV� 

&$'2DQG2LPDJH2VFLHQFH�20RVW VXFFHVVIXO &$' 
DOJRULWKPV GUDZ IURP D ZLGH UDQJH RI DSSURDFKHV DQG 
LQVLJKWV GHYHORSHG HOVHZKHUH LQ LPDJH VFLHQFH� 7KHVH 
DOJRULWKPV DUH FRPSXWDWLRQDOO\ LQWHQVH� D VLJQLILFDQW 
SUREOHP EXW RQH WKDW KDV EHHQ SDUWLDOO\ DOOHYLDWHG E\ 
WKH RQJRLQJ UDSLG LPSURYHPHQW LQ GLJLWDO FRPSXWHU 
WHFKQRORJ\� 0DQ\ TXHVWLRQV QHYHUWKHOHVV UHPDLQ� )RU 
H[DPSOH� WKH SHUIRUPDQFH RI FODVVLILFDWLRQ VFKHPHV 
FDQ EH H[SHFWHG WR GHSHQG RQ WKH SL[HOODWLRQ RI LQSXW 
LPDJH GDWD� DOWKRXJK UHVXOWV LQGLFDWH WKDW WKLV PD\ EH 
KLJKO\ GHSHQGHQW RQ WKH W\SH RI DEQRUPDOLW\ WR EH 

��� �� 
FDWHJRUL]HG� 7KH YDULDELOLW\ RI FOLQLFDO 
PDPPRJUDSKLF LPDJH TXDOLW\ VXJJHVWV WKDW QHZ 
DSSURDFKHV WKDW PDNH LPDJH SURFHVVLQJ WHFKQLTXHV 
DGDSWLYH WR LPDJH TXDOLW\ DQG SDWLHQW FKDUDFWHULVWLFV 

��� �� 
PD\ EH RI FRQVLGHUDEOH YDOXH� )XUWKHU� GHVSLWH WKH 
ODUJH YDULHW\ RI FRPSXWHU YLVLRQ DQG DUWLILFLDO 
LQWHOOLJHQFH VWUDWHJLHV HPSOR\HG E\ UHVHDUFKHUV LQ WKH 
ILHOG� WKHUH LV QR JHQHUDO DVVXUDQFH WKDW WKHVH KDYH 
EHHQ RSWLPDOO\ DSSOLHG RU WKDW RWKHU DSSURDFKHV� 
SUHVHQWO\ XQDSSUHFLDWHG RU XQWULHG� PLJKW QRW 
HYHQWXDOO\ VXSSODQW PDQ\ FXUUHQW VWUDWHJLHV� 

&$'2DQG2ILQGLQJV2RQ2FOLQLFDO2PDPPRJUDPV�27KH 
OLPLWV RI PDPPRJUDSKLF GHWHFWLRQ RI HDUO\ OHVLRQV E\ 
HLWKHU FRPSXWHU RU KXPDQ REVHUYHUV DUH QRW SUHVHQWO\ 
NQRZQ� :RUN VXJJHVWV WKDW WUXO\ ERUGHUOLQH ILQGLQJV 
LGHQWLILHG E\ UDGLRORJLVWV� ZKHQ IROORZHG� DOPRVW 

�
QHYHU ¦JURZ§ LQWR FDQFHU� 6XFK PD\ DOVR EH WUXH IRU 

&$' DQG �' ,PDJH $QDO\VLV DQG 'LVSOD\ �� 2FWREHU �¤�� ���� 



ERUGHUOLQH ILQGLQJV LGHQWLILHG E\ FRPSXWHU� EXW WKLV 
KDV QRW EHHQ LQYHVWLJDWHG� $GGLWLRQDOO\� LW LV NQRZQ 
WKDW PDQ\ IDOVH�SRVLWLYH SURPSWV JHQHUDWHG E\ &$' 
GHWHFWLRQ VFKHPHV KDYH DW WKHLU EDVHV WUXH LPDJH 
ILQGLQJV �H�J�� RQH RU WZR QHDUO\ VXEOLPLQDO 
PLFURFDOFLILFDWLRQV DQG DGMDFHQW TXDQWXP QRLVH���� 

7KH RYHUODS RI PDPPRJUDSKLF IHDWXUHV XVHG E\ 
KXPDQ REVHUYHUV LQ GLVWLQJXLVKLQJ EHQLJQ IURP 
PDOLJQDQW OHVLRQV DOPRVW FHUWDLQO\ SUHYHQWV DQ 
HQWLUHO\ DFFXUDWH GLIIHUHQWLDWLRQ RI VXFK� $V 
GHVFULEHG� KLJK�TXDOLW\ FRPSXWHU DOJRULWKPV XVLQJ 
IHDWXUHV WKDW KXPDQV HPSOR\ GR DW OHDVW DV ZHOO DV 
KXPDQV LQ PDNLQJ EHQLJQ DQG PDOLJQDQW 
GLIIHUHQWLDWLRQV� 2WKHU LQIRUPDWLRQ� QRW GLUHFWO\ 
DFFHVVLEOH WR KXPDQ REVHUYHUV� LV H[WUDFWDEOH IURP 
PDPPRJUDPV E\ FRPSXWHU DQDO\VLV IRU WKH SXUSRVH 

��
RI PDNLQJ VXFK GLIIHUHQWLDWLRQV� :KHWKHU VXFK 
LQIRUPDWLRQ KDV SDUWLFXODU GLDJQRVWLF EHQHILW KDV QRW 
EHHQ IXOO\ LQYHVWLJDWHG� 

(IIHFWLYHQHVV2RI2&$'2DOJRULWKPV�2&$' V\VWHPV DUH 
SUHVHQWO\ HYDOXDWHG SULPDULO\ LQ WKH HQYLURQPHQWV LQ 
ZKLFK WKH\ ZHUH GHYHORSHG� )XWXUH SUDFWLFDO 
GHYHORSPHQW ZRUN RQ VXFK V\VWHPV PD\ UHTXLUH RU 
DVVXPH WKDW WKH\ PHHW RU H[FHHG SHUIRUPDQFH OHYHOV 
DOUHDG\ NQRZQ WR KDYH EHHQ DFKLHYHG LQ RWKHU ZD\V 
E\ GLIIHUHQW LQYHVWLJDWRUV� 7KLV QHFHVVLWDWHV XQLIRUP 
FULWHULD IRU V\VWHP HYDOXDWLRQ� 2QH SRWHQWLDO DSSURDFK 
LV WKH XVH RI VWDQGDUGL]HG GDWDEDVHV RQ ZKLFK 

��
DOJRULWKPV FDQ EH WHVWHG� 7KH GHYHORSPHQW RI VXFK 
GDWDEDVHV� SDUWLFXODUO\ JXDUDQWHHLQJ WKDW WKHLU FRQWHQW 
DQG YDULDELOLW\ DUH W\SLFDO RI FOLQLFDO SUDFWLFH� LV D 
GLIILFXOW LVVXH� 7KH ZD\ VXFK GDWDEDVHV ZLOO ILJXUH LQ 
WKH HYHQWXDO LQIUDVWUXFWXUH UHTXLUHG WR VXSSRUW &$' 
GHYHORSPHQW DQG WHVWLQJ LQ DQ LGHDO ZD\ LV DOVR 
XQFHUWDLQ� )RU H[DPSOH� LW PD\ ZHOO EH XVHIXO WKDW� IRU 
WHVWLQJ WKH UHODWLYH HIIHFWLYHQHVV RI GLIIHUHQW 
DOJRULWKPV� SRUWLRQV RI VWDQGDUGL]HG GDWDEDVHV EH 

��
VHTXHVWHUHG IURP GHYHORSHUV�

&$'2DQG2WKH2UDGLRORJLVW�27KH LQLWLDO LQYHVWLJDWLRQV 
RI &$' PHWKRGV KDYH IRFXVHG DGGLWLRQDO DWWHQWLRQ RQ 
WKH LQWHUSUHWDWLRQ RI PDPPRJUDPV E\ UDGLRORJLVWV� ,W 
LV SRVVLEOH WKDW IDFWRUV OLPLWLQJ WKH HIIHFWLYHQHVV RI 
UDGLRORJLVWV LQ WKH LQWHUSUHWDWLRQ RI PDPPRJUDPV 
PD\ DOVR OLPLW WKHLU LQWHUDFWLRQV ZLWK FRPSXWHU� 
JHQHUDWHG GLDJQRVWLF LQIRUPDWLRQ� EXW HVVHQWLDOO\ QR 
GDWD H[LVW LQ WKLV UHJDUG� 7KH YDULDELOLW\ RI LQGLYLGXDO 
UDGLRORJLVWV© VNLOO RU H[SHUWLVH PD\ DOVR EH D IDFWRU� 
5HFHQW ZRUN SHUIRUPHG LQ FRQMXQFWLRQ ZLWK &$' 
UHVHDUFK VXJJHVWV WKDW VXFK YDULDELOLW\ PD\ EH ODUJHU 

�� �� 
DQG PRUH VLJQLILFDQW WKDQ SUHYLRXVO\ VXVSHFWHG�
$OVR� ZKHWKHU FRPSXWHUV FDQ EH SURJUDPPHG WR 
JHQHUDWH DFFXUDWH GLDJQRVWLF LQIRUPDWLRQ WKDW KDV D 
ORZ FRUUHODWLRQ ZLWK WKDW UHDGLO\ DFFHVVLEOH E\ 
UDGLRORJLVWV� DQG VR SRWHQWLDOO\ RI JUHDWHU EHQHILW WR 
UDGLRORJLVWV� LV DQ XQVHWWOHG PDWWHU� 

7KH RSWLPDO DSSURDFKHV IRU SUHVHQWDWLRQ RI &$' 
LQIRUPDWLRQ WR UDGLRORJLVWV UHPDLQV DQ RSHQ LVVXH� 
6XFK LVVXHV ZLOO HYROYH DV GLJLWDO PDPPRJUDSKLF 
V\VWHPV EHFRPH PRUH ZLGHO\ XVHG LQ VWDQGDUG FOLQLFDO 
SUDFWLFH� 7KH XQDQVZHUHG TXHVWLRQ RI WKH EHVW 
DSSURDFKHV WR FRQYH\ GLJLWDO PDPPRJUDSKLF LPDJHV 
WR WKH UDGLRORJLVW �L�H�� KDUG FRS\ YHUVXV VRIW FRS\� 
HWF�� ZLOO LQHYLWDEO\ EHFRPH LQWHUWZLQHG ZLWK &$' 
LQIRUPDWLRQ GLVSOD\� 

&$'2DQG2WKH2SUDFWLFH2RI2UDGLRORJ\�27KH GRXEOH 
UHDGLQJ RI VFUHHQLQJ PDPPRJUDPV KDV EHHQ D ORQJ 
DQG ZLGHVSUHDG SUDFWLFH LQ (XURSH� 0DQ\ ORJLVWLFDO 
LPSHGLPHQWV H[LVW LQ LWV URXWLQH DGDSWDWLRQ WR 
SUDFWLFHV QRW VROHO\ GHYRWHG WR KLJK�YROXPH VFUHHQLQJ 
PDPPRJUDSK\� KRZHYHU� ,Q WKH 8QLWHG 6WDWHV� IRU 
H[DPSOH� GRXEOH UHDGLQJ RI VFUHHQLQJ PDPPRJUDPV 
UHPDLQV E\ IDU WKH H[FHSWLRQ UDWKHU WKDQ WKH UXOH� 2Q 
WKH VXUIDFH� ¦GRXEOH UHDGLQJ§ E\ D UDGLRORJLVW DQG D 
FRPSXWHU PD\ SUHVHQW OHVV GLIILFXOW\ LQ GD\�WR�GD\ 
SUDFWLFH� EXW WHFKQRORJLVW DQG UDGLRORJLVW ZRUN IORZ 
LVVXHV UHPDLQ� ,W LV DOVR QRW NQRZQ DW SUHVHQW ZKDW 
OHYHOV RI VHQVLWLYLW\ DQG VSHFLILFLW\ ZLOO EH UHTXLUHG RI 
FRPSXWHU V\VWHPV WR HQVXUH WKDW WKHLU XVH E\ 
UDGLRORJLVWV ZLOO URXWLQHO\ LPSURYH WKH \LHOG RI 
PDPPRJUDSK\ IRU WKH HDUO\ GHWHFWLRQ RI EUHDVW 
FDQFHU� 

)LQDOO\� WKH DQWLFLSDWHG UROH RI &$' LQ 
PDPPRJUDSKLF SUDFWLFH D GHFDGH RU WZR IURP QRZ� 
ZKLFK VKRXOG LQ VRPH VHQVH JXLGH UHVHDUFK WRGD\� LV 
YHU\ XQFHUWDLQ� $OWKRXJK QR UDWLRQDO UDGLRORJLVW RU 
VFLHQWLVW ZRXOG VXJJHVW WKDW FRPSXWHUV ZLOO VRRQ 
VXSSODQW UDGLRORJLVWV DV WKH SULPDU\ LQWHUSUHWHUV RI 
PDPPRJUDPV� WKLV FRQFHSW FDQ DW OHDVW EH 
FRQWHPSODWHG HYHQ DW WKLV HDUO\ VWDJH RI GHYHORSPHQW� 
)LUVW� LW LV QRZ FRPPRQ WR OHDUQ RI IXQFWLRQV RQFH 
SHUIRUPHG VROHO\ E\ KXPDQV WKDW DUH QRZ URXWLQHO\ 
GRQH E\ FRPSXWHU� 6HFRQG� WKH GHWHFWLRQ DQG 
FKDUDFWHUL]DWLRQ RI OHVLRQV LQ FRQYHQWLRQDO RU GLJLWDO 
PDPPRJUDSK\ LV D UHODWLYHO\ VWDWLRQDU\� DOEHLW IX]]\� 
WDUJHW� )XUWKHU� DGYDQFHV LQ &$' ZLOO EH FXPXODWLYH 
DQG� XQOLNH WKRVH DFFUXHG E\ KXPDQ REVHUYHUV� ZLOO 
QRW KDYH WR EH SDLQVWDNLQJO\ ¦WDXJKW§ WR WKH QH[W 
JHQHUDWLRQ RI FRPSXWHUV� 

&$' DQG �' ,PDJH $QDO\VLV DQG 'LVSOD\ �� 2FWREHU �¤�� ���� 



'DWD QRZ EHLQJ JHQHUDWHG VKRXOG JLYH SDXVH WR WKRVH 
ZKR EHOLHYH WKDW FRPSXWHU PHWKRGV ZLOO IRUHYHU 
UHPDLQ RXW RI WKH PDLQVWUHDP RI GLDJQRVWLF UDGLRORJ\ 
RU� LI JHQHUDOO\ DGDSWHG� ZLOO EH HPSOR\HG RQO\ WR 
DVVLVW UDGLRORJLVW REVHUYHUV� 7ZR UHFHQW UHVXOWV DUH RI 
SRWHQWLDO LQWHUHVW LQ WKLV UHJDUG� )LUVW� LW LV UHSRUWHG 
WKDW DW OHDVW RQH &$' DOJRULWKP KDV D ��� VHQVLWLYLW\ 
IRU EUHDVW FDQFHU SUHVHQWLQJ DV PDVVHV DW D IDOVH� 

��
SRVLWLYH UDWH RI ���� SHU LPDJH� 7KH ODWWHU YDOXH LV 
FRPSDUDEOH WR D UDGLRORJLVW KDYLQJ D ¦FDOO�EDFN§ UDWH 
RI �� ZKLFK� LQ WXUQ� LV W\SLFDO RI SUDFWLFH LQ WKH 
8QLWHG 6WDWHV�� 

$OVR� WKH ��� VHQVLWLYLW\ LV JUHDWHU 
WKDQ DW OHDVW VRPH SUDFWLFLQJ UDGLRORJLVWV HYDOXDWHG LQ 

�� �� 
&$'�UHODWHG VHQVLWLYLW\ VWXGLHV� )XUWKHU� LQ RQH 
ODUJH VHULHV� RQO\ �� RI DOO EUHDVW FDQFHUV LQ WKH VWXG\ 
ZHUH SUHVHQW RQ H[DPLQDWLRQV LQ ZKLFK QR SURPSWV 
ZHUH LVVXHG E\ WKH &$' V\VWHP�� 

$VVXPLQJ DQ 
DYHUDJH OLNHOLKRRG RI FDQFHU LQ DQ\ JLYHQ VFUHHQLQJ 
FDVH EHLQJ DERXW ���� �L�H�� � SHU ������� WKLV ZRXOG 
FRUUHVSRQG WR D OLNHOLKRRG RI FDQFHU RQ FDVHV ZLWKRXW 
FRPSXWHU SURPSWV RI DERXW ������� RU � LQ �������� 

5HVHDUFK�3ULRULWLHV 
,W LV SRVVLEOH WKDW SUHVHQW &$' UHVHDUFK LQ 
PDPPRJUDSK\ UHSUHVHQWV WKH OHDGLQJ HGJH RI D 
UHYROXWLRQ WKDW ZLOO HYHQWXDOO\ FKDQJH KRZ UDGLRORJ\ 
LV SUDFWLFHG� ,Q DGGLWLRQ WR WKH DQWLFLSDWHG SXEOLF 
KHDOWK EHQHILWV WKDW VXFK UHVHDUFK ZLOO KDYH LQ WKH 
LPSURYHG GHWHFWLRQ RI HDUO\ EUHDVW FDQFHU� PXFK RI 
WKLV UHVHDUFK ZLOO VHUYH DV D WHPSODWH IRU &$' 
DSSOLFDWLRQV LQ RWKHU DUHDV RI UDGLRORJLF SUDFWLFH� 7KH 
RYHUDOO SULRULW\ IRU VXFK UHVHDUFK WKHUHIRUH LV KLJK� 

$OWKRXJK LW LV QRW SRVVLEOH WR HQYLVLRQ DOO LVVXHV WKDW 
PD\ DULVH LQ &$' UHVHDUFK LQ WKH \HDUV WR FRPH� 
DVSHFWV RI VXFK IXWXUH ZRUN FDQ EH UHDGLO\ 
DQWLFLSDWHG� 6HVVLRQ SDUWLFLSDQWV IRUPXODWHG WKH 
IROORZLQJ UHVHDUFK SULRULWLHV IRU WKH VKRUW� 
LQWHUPHGLDWH� DQG ORQJ WHUP� 7KHVH SULRULWLHV IROORZ 
QDWXUDOO\ IURP WKH UDQJH RI LVVXHV WKDW H[LVW LQ 
PDPPRJUDSK\ &$'� DV ZHOO DV IURP LWV DQWLFLSDWHG 
UROH LQ IXWXUH SUDFWLFH� 

5HVHDUFK�3ULRULWLHV 

6KRUW2WHUP2

,QWHUPHGLDWH2WHUP2

/RQJ2WHUP2

& 'HYHORS EHWWHU DOJRULWKPV WR LPSURYH &$' GHWHFWLRQ SHUIRUPDQFH� LQFOXGLQJ 
WHPSRUDO DQDO\VLV RI PDPPRJUDPV DQG FRUUHODWLRQ RI WZR YLHZV� 

& 'HYHORS EHWWHU DOJRULWKPV WR LPSURYH &$' FKDUDFWHUL]DWLRQ SHUIRUPDQFH� LQFOXGLQJ 
XVH RI QRQLPDJH GDWD �H�J�� FOLQLFDO� JHQHWLF�� 

& ,QWHJUDWH GHWHFWLRQ DQG FODVVLILFDWLRQ VFKHPHV� 
& $SSO\ &$' WR IXOO�ILHOG GLJLWDO PDPPRJUDSK\� LQFOXGLQJ XVH RI &$' WR HQKDQFH 

GLVSOD\ RI GLJLWDO PDPPRJUDPV� 
& 'HYHORS VWDQGDUGL]HG GDWDEDVHV� VWDQGDUGL]HG HYDOXDWLRQ FULWHULD� DQG EHWWHU 

DVVHVVPHQWV RI UDGLRORJLVWV SHUIRUPDQFH� 

& 'HYHORS EHWWHU DOJRULWKPV� LQFOXGLQJ LPDJH DGDSWDWLRQ� LPDJH PRGHOLQJ IRU QRUPDO 
WLVVXH UHFRJQLWLRQ� DQG LQFRUSRUDWLRQ RI SK\VLFLDQ NQRZOHGJH� 

& *HQHUDOL]H DOJRULWKPV IRU GLIIHUHQW VHQVRUV� 
& 2SWLPL]H &$' SUHVHQWDWLRQ WR UDGLRORJLVWV ZKLOH UHILQLQJ DVVHVVPHQWV RI HIILFDF\� 
& 'HYHORS PHWKRGV IRU &$'�UHODWHG UDGLRORJLVW WUDLQLQJ� 
& $SSO\ &$' WR WRPRV\QWKHVLV� VWHUHR PDPPRJUDSK\� DQG GLJLWDO VXEWUDFWLRQ 

PDPPRJUDSK\� 

& 'HYHORS EHWWHU DOJRULWKPV� PDNLQJ FRQWLQXHG LPSURYHPHQWV RQ DOO IURQWV ZLWK WKH 
JRDO RI H[FHHGLQJ SHUIRUPDQFH RI UDGLRORJLVWV� 

& (YDOXDWH &$' IRU SULPDU\ VFUHHQLQJ �GHWHFWLRQ�� 
& (YDOXDWH &$' IRU SULPDU\ GLDJQRVLV �FKDUDFWHUL]DWLRQ�� 
& (QDEOH PXOWLPRGDOLW\ LPDJH DQG GDWD IXVLRQ IRU &$'� 

&$' DQG �' ,PDJH $QDO\VLV DQG 'LVSOD\ �� 2FWREHU �¤�� ���� 



5HIHUHQFHV 
�� 9\ERUQ\ &-� *LJHU 0/� &RPSXWHU YLVLRQ DQG 

DUWLILFLDO LQWHOOLJHQFH LQ PDPPRJUDSK\� $-5 
����� ������������ 

�� +DUYH\ -$� )DMDUGR //� ,QQLV &$� 3UHYLRXV 
PDPPRJUDPV LQ SDWLHQWV ZLWK LPSDOSDEOH EUHDVW 
FDUFLQRPD� UHWURVSHFWLYH YV EOLQGHG 
LQWHUSUHWDWLRQ� $-5 ����� �������������� 

�� 'RL 7� +DVHJDZD $� +XQW % HW DO� &OLQLFDO UHVXOWV 
ZLWK WKH 5� ,PDJH&KHFNHU V\VWHP� ,Q� 'RL .� HW 
DO� HGV� 3URFHHGLQJV RI WKH )LUVW ,QWHUQDWLRQDO 
:RUNVKRS RQ &RPSXWHU�DLGHG 'LDJQRVLV� 
$PVWHUGDP� (OVHYLHU 6FLHQFH� ����� �LQ SUHVV�� 

�� :ROYHUWRQ '(� 6LFNOHV ($� &OLQLFDO RXWFRPH RI 
GRXEWIXO PDPPRJUDSKLF ILQGLQJV� $-5 ����� 
�������������� 

�� .RSDQV '%� 7KH SRVLWLYH SUHGLFWLYH YDOXH RI 
PDPPRJUDSK\� $-5 ����� ������������ 

�� 9\ERUQ\ &-� &DQ FRPSXWHUV KHOS UDGLRORJLVWV UHDG 
PDPPRJUDPV" 5DGLRORJ\ ����� ������������ 

�� &KDQ +3� 'RL .� 9\ERUQ\ &-� HW DO� ,PSURYHPHQWV 
LQ UDGLRORJLVWV© GHWHFWLRQ RI FOXVWHUHG 
PLFURFDOFLILFDWLRQV RQ PDPPRJUDPV� 7KH 
SRWHQWLDO RI FRPSXWHU�DLGHG GLDJQRVLV� ,QYHVW 
5DGLRO ����� ������������� 

�� -LDQJ <� 1LVKLNDZD 50� 6FKPLGW 5$� 0HW] &(� 
*LJHU 0/� 'RL .� ,PSURYLQJ EUHDVW FDQFHU 
GLDJQRVLV ZLWK FRPSXWHU�DLGHG GLDJQRVLV� $FDG 
5DGLRO ����� �LQ SUHVV�� 

�� 6ZHWW +$� *LJHU 0/� 'RL .� &RPSXWHU YLVLRQ DQG 
GHFLVLRQ VXSSRUW� ,Q� +HQGHH :5� :HOOV 317� 
HGV� 7KH SHUFHSWLRQ RI YLVXDO LQIRUPDWLRQ� 1HZ 
<RUN� 1<� 6SULQJHU�9HUODJ� ����� �������� 

��� 4LDQ :� &ODUNH /3� 6RQJ '� &ODUN 5$� 'LJLWDO 
PDPPRJUDSK\� K\EULG IRXU�FKDQQHO ZDYHOHW 
WUDQVIRUP IRU PLFURFDOFLILFDWLRQ VHJPHQWDWLRQ� 
$FDG 5DGLRO ����� ���������� 

��� 1LVKLNDZD 50� *LJHU 0/� :ROYHUWRQ '(� HW DO� 
3URVSHFWLYH WHVWLQJ RI D FOLQLFDO PDPPRJUDSK\ 
ZRUNVWDWLRQ IRU &$'� DQDO\VLV RI WKH ILUVW ������ 
FDVHV� ,Q� .DUVVHPHLMHU 1� HW DO� HGV� 'LJLWDO 

PDPPRJUDSK\ ©��� $PVWHUGDP� .OXZHU� ����� 
�LQ SUHVV�� 

��� 6FKPLGW 5$� 1LVKLNDZD 50� 2VQLV 5%� 
6FKUHLEPDQ ./� *LJHU 0/� 'RL .� 
&RPSXWHUL]HG GHWHFWLRQ RI OHVLRQV PLVVHG E\ 
PDPPRJUDSK\� ,Q� 'RL .� HW DO� HGV� 'LJLWDO 
PDPPRJUDSK\ ©��� $PVWHUGDP� (OVHYLHU 
6FLHQFH� ����� �������� 

��� .HJHOPH\HU :3 -U� 3UXQHGD -0� %RXUODQG 3'� 
+LOOLV $� 5LJJV 0:� 1LSSHU 0/� &RPSXWHU� 
DLGHG PDPPRJUDSKLF VFUHHQLQJ IRU VSLFXODWHG 
OHVLRQV� 5DGLRORJ\ ����� ������������ 

��� WH %UDNH *0� .DUVVHPHLMHU 1� +HQGULNV -+� 
$XWRPDWHG GHWHFWLRQ RI EUHDVW FDUFLQRPDV QRW 
GHWHFWHG LQ D VFUHHQLQJ SURJUDP� 5DGLRORJ\ 
����� ������������ 

��� <LQ ))� *LJHU 0/� 'RL .� 0HW] &(� 9\ERUQ\ &-� 
6FKPLGW 5$� &RPSXWHUL]HG GHWHFWLRQ RI PDVVHV 
LQ GLJLWDO PDPPRJUDPV� DQDO\VLV RI ELODWHUDO 
VXEWUDFWLRQ LPDJHV� 0HG 3K\V ����� ����������� 

��� /L /� 4LDQ :� &ODUNH /3� &ODUN 5$� 'LJLWDO 
PDPPRJUDSK\� FRPSXWHU�DLGHG GLDJQRVLV 
PHWKRG IRU PDVV GHWHFWLRQ ZLWK PXOWLRULHQWDWLRQ 
DQG PXOWLUHVROXWLRQ ZDYHOHW WUDQVIRUPV� $FDG 
5DGLRO ����� ���������� 

��� :X <� *LJHU 0/� 'RL .� 9\ERUQ\ &-� 6FKPLGW 
5$� 0HW] &(� $UWLILFLDO QHXUDO QHWZRUNV LQ 
PDPPRJUDSK\� DSSOLFDWLRQ WR GHFLVLRQ PDNLQJ LQ 
WKH GLDJQRVLV RI EUHDVW FDQFHU� 5DGLRORJ\ ����� 
���������� 

��� +XR =� *LJHU 0/� 9\ERUQ\ &-� :ROYHUWRQ '(� 
6FKPLGW 5$� 'RL .� $XWRPDWHG FRPSXWHUL]HG 
FODVVLILFDWLRQ RI PDOLJQDQW DQG EHQLJQ PDVVHV RQ 
GLJLWDO PDPPRJUDPV� $FDG 5DGLRO ����� ������ 
���� 

��� 6DKLQHU %� &KDQ +3� 3HWULFN 1� +HOYLH 0$� 
*RRGVLWW 00� &RPSXWHUL]HG FKDUDFWHUL]DWLRQ RI 
PDVVHV RQ PDPPRJUDPV� WKH UXEEHU EDQG 
VWUDLJKWHQLQJ WUDQVIRUP DQG WH[WXUH DQDO\VLV� 0HG 
3K\V ����� ����������� 

��� &KDQ +3� 6DKLQHU %� /DP ./� HW DO� 
&RPSXWHUL]HG DQDO\VLV RI PDPPRJUDSKLF 
PLFURFDOFLILFDWLRQV LQ PRUSKRORJLFDO DQG WH[WXUH 
IHDWXUH VSDFHV� 0HG 3K\V ����� ������������� 

&$' DQG �' ,PDJH $QDO\VLV DQG 'LVSOD\ �� 2FWREHU �¤�� ���� 



��� 7KXUIHOO .$� /HUQHYDO $$� 7DXEH $+� %HQHILW RI 
LQGHSHQGHQW GRXEOH UHDGLQJ LQ D SRSXODWLRQ� 
EDVHG PDPPRJUDSK\ VFUHHQLQJ SURJUDP� 
5DGLRORJ\ ����� ������������ 

��� 4LDQ :� /L /� 0DR )� &ODUNH /3� 'LJLWDO 
PDPPRJUDSK\� DGDSWLYH GLUHFWLRQDO ZDYHOHW 
WUDQVIRUP LQ PDVV VHJPHQWDWLRQ DQG GHWHFWLRQ� 
0HGLFDO 3K\VLFV ����� �LQ SUHVV�� 

��� 1LVKLNDZD 50� 9\ERUQ\ &-� *LJHU 0/� 'RL .� 
$QDO\VLV RI IDOVH�SRVLWLYH PLFURFDOFLILFDWLRQ 
FOXVWHUV LGHQWLILHG E\ D PDPPRJUDSKLF 
FRPSXWHU�DLGHG GHWHFWLRQ VFKHPH� 3URFHHGLQJV 
63,( ����� ������������� 

��� %RZ\HU .� .RSDQV '� .HJHOPH\HU :3� HW DO� 7KH 
GLJLWDO GDWDEDVH IRU VFUHHQLQJ PDPPRJUDSK\� ,Q� 
'RL .� HW DO� HGV� 'LJLWDO PDPPRJUDSK\ ©��� 
$PVWHUGDP� (OVHYLHU 6FLHQFH� ����� �������� 

��� :HVW -� )LW]SDWULFN -0�� :DQJ 0<� HW DO� 
&RPSDULVRQ DQG HYDOXDWLRQ RI UHWURVSHFWLYH 
LQWHUPRGDOLW\ EUDLQ LPDJH UHJLVWUDWLRQ 
WHFKQLTXHV� - &RPSXW $VVLVW 7RPRJU ����� 
����������� 

��� 6FKPLGW 5$� 1HZVWHDG *0� /LQYHU 01� HW DO� 
0DPPRJUDSKLF VFUHHQLQJ VHQVLWLYLW\ RI JHQHUDO 
UDGLRORJLVWV� HIIHFW RI GRXEOH UHDGLQJ� 5DGLRORJ\ 
����� ����3������ 

��� .DUVVHPHLMHU 1� WH %UDNH *0� &RPELQLQJ VLQJOH 
YLHZ IHDWXUHV DQG DV\PPHWU\ IRU GHWHFWLRQ RI 
PDVV OHVLRQV ,Q� .DUVVHPHLMHU 1� HW DO� HGV� 
'LJLWDO PDPPRJUDSK\ ©��� $PVWHUGDP� .OXZHU� 
����� �LQ SUHVV�� 

&$' DQG �' ,PDJH $QDO\VLV DQG 'LVSOD\ �� 2FWREHU �¤�� ���� 



6HVVLRQ�����'�,PDJH�6HJPHQWDWLRQ


7KUHH�GLPHQVLRQDO LPDJH VHJPHQWDWLRQ� RU REMHFW 
�H�J�� WXPRU� GHOLQHDWLRQ� LV DQ RSHUDWLRQ IXQGDPHQWDO 
WR D YDULHW\ RI �' LPDJH DQDO\VLV WDVNV WKDW UHVXOW LQ 
WKH PHDVXUHPHQW DQG YLVXDOL]DWLRQ RI DQDWRPLFDO DQG 
SK\VLRORJLFDO LQIRUPDWLRQ UHODWHG WR FULWLFDO GLVHDVHV 
LQ JHQHUDO DQG WR ZRPHQ©V KHDOWK LVVXHV VSHFLILFDOO\� 
7KH SULPDU\ JRDO LV WR H[WUDFW DQG XQGHUVWDQG JURVV 
LPDJH VWUXFWXUH IURP �' LPDJHV RI D SDWLHQW 
HIILFLHQWO\ DQG UREXVWO\ LQ RUGHU WR UHODWH LW WR QRUPDO 
DQDWRP\� SDWKRORJ\� PLFURVWUXFWXUH� DQG 
IXQFWLRQ�EHKDYLRU� 

6HJPHQWDWLRQ LV WKH VHSDUDWLRQ RI RUJDQV� YHVVHOV� 
OHVLRQV� DQG RWKHU DQDWRPLFDOO\ LGHQWLILDEOH 
VXEVWUXFWXUHV LQ GLDJQRVWLF LPDJHV� 2UJDQ RU WXPRU 
VL]H DQG YROXPH GHWHUPLQDWLRQ� QRUPDO VWUXFWXUH 
GHOLQHDWLRQ� PHDVXUHPHQW RI DQHXU\VP PRUSKRORJ\� 
DQG H[WUDFWLRQ RI VXUIDFHV IRU YLUWXDO HQGRVFRS\ DUH 
H[DPSOHV RI WDVNV ZKHUH VHJPHQWDWLRQ LV LPSRUWDQW� 

6HJPHQWDWLRQ LV ODERULRXV� YDULDEOH� DQG GLIILFXOW 
VLQFH LW LV DOPRVW XQLYHUVDOO\ GRQH E\ PDQXDO 
RXWOLQLQJ� VRPHWLPHV DVVLVWHG E\ VHPLDXWRPDWLF WRROV� 
DQG UDUHO\ DXWRPDWLF WRROV� $XWRPDWLF VHSDUDWLRQ RI 
GLDJQRVWLF LPDJLQJ VFHQHV LQWR WKH DQDWRPLF 
FRPSRQHQWV LV YHU\ GHVLUDEOH EXW QRW RIWHQ DFKLHYHG 
GXH WR VHULRXV OLPLWDWLRQV LQ VHJPHQWDWLRQ PHWKRGV� 

,W LV GLVFRQFHUWLQJ WR ILQG WKDW D FRPSXWHU LPDJLQJ 
V\VWHP FDQQRW VHSDUDWH JUD\ DQG ZKLWH PDWWHU LQ EUDLQ 
05, VFDQV� D WXPRU IURP VXUURXQGLQJ HGHPD� GXFWV 
IURP SDUHQFK\PD LQ SRVWFRQWUDVW OLYHU &7 VFDQV� RU 
WKH WUXH DQG IDOVH OXPHQV LQ DQ DQHXU\VP� $XWRPDWLF 
VHJPHQWDWLRQ LV D JRDO WKDW FDQQRW EH DFKLHYHG 
UHOLDEO\ DQG HIILFLHQWO\ ZLWK FXUUHQW PHWKRGV� GHVSLWH 
LWV LPSRUWDQFH� )RU H[DPSOH� �' FRQIRUPDO 
UDGLRWKHUDS\ SODQQLQJ UHTXLUHV GHOLQHDWLRQ RI WKH 
WDUJHW �L�H�� WXPRU� DV ZHOO DV FULWLFDO DQG QRUPDO 
VWUXFWXUHV� $XWRPDWLF VHJPHQWDWLRQ LV DQ HVVHQWLDO 
LQJUHGLHQW RI WKLV SODQQLQJ SURFHVV� DQG PDQ\ 
UHVHDUFK JURXSV DUH GHYHORSLQJ QHZ PHWKRGV WKDW 
HOLPLQDWH WKH KXPDQ RSHUDWRU LQ WKLV SURFHVV� 6R IDU� 
VXFFHVV KDV EHHQ HOXVLYH� DQG QR JHQHUDO VROXWLRQ IRU 
DXWRPDWLF VHJPHQWDWLRQ LV DYDLODEOH� 

8VH�RI�3DWWHUQ�DQG�7H[WXUH 
$SSURDFKHV UHODWHG WR UHFRJQL]LQJ SDWWHUQV LQ LPDJH 
GDWD UHSUHVHQW VRPH RI WKH HDUOLHVW DQG SHUKDSV PRVW 
EDVLF ZRUN LQ PHGLFDO LPDJH DQDO\VLV LQ JHQHUDO� DQG 

LPDJH VHJPHQWDWLRQ LQ SDUWLFXODU� 7KH LGHD RI 
H[WUDFWLQJ GHQVH VHWV RI LPDJH�GHULYHG IHDWXUHV DQG 
VHQGLQJ WKH LQIRUPDWLRQ WR SDWWHUQ FODVVLILFDWLRQ 
VFKHPHV LV IXQGDPHQWDO DQG UHPDLQV DQ DSSURDFK RI 
LQWHUHVW LQ PDQ\ DSSOLFDWLRQ DUHDV� LQFOXGLQJ 
PDPPRJUDSKLF DQDO\VLV� ,Q UHFHQW \HDUV� UHVHDUFKHUV 
KDYH H[WUDFWHG PRUH PHDQLQJIXO IHDWXUHV DW KLJKHU 
OHYHOV RI DEVWUDFWLRQ �H�J�� FXUYLOLQHDU VWUXFWXUHV DV 
RSSRVHG WR VLPSO\ GLVWULEXWHG GLVWLQFW HGJHV� WKDW 
KDYH KHOSHG SURYLGH PRUH XVHIXO FODVVLILFDWLRQV� 
)XUWKHUPRUH� WKH RQJRLQJ ZRUN LQ WH[WXUH DQDO\VLV KDV 
SURYLGHG KHOSIXO LQIRUPDWLRQ IRU SRWHQWLDOO\ 
UHFRJQL]LQJ PHDQLQJIXO SDWWHUQV LQ D YDULHW\ RI DUHDV� 
LQFOXGLQJ D KRVW RI FDQFHU�UHODWHG VFHQDULRV� 

)LQGLQJ RSWLPDO VXEVHWV RI NH\ IHDWXUHV IRU GLIIHUHQW 
SUREOHPV� KRZHYHU� UHPDLQV DQ HOXVLYH JRDO� 7KLV LV 
LQ ODUJH SDUW GXH WR WKH ODFN RI KDYLQJ WHVW GDWDEDVHV 
ZLWK NQRZQ ¦JURXQG WUXWK§ DV ZHOO DV D ODFN RI FOHDU 
XQGHUVWDQGLQJ DERXW LGHDV RI LPDJH TXDOLW\ UHODWHG WR 
SDUWLFXODU LPDJH DQDO\VLV WDVNV� :LWK UHJDUGV WR WKH 
ODWWHU VFHQDULR� RQO\ D VPDOO FRPPXQLW\ RI UHVHDUFKHUV 
FRQWLQXHV WR ORRN DW WKLV SUREOHP� ,Q JHQHUDO� WKH 
GHYHORSPHQW RI YDOLGDWLRQ GDWDEDVHV DQG HYDOXDWLRQ 
PHWKRGRORJ\ LV FULWLFDO KHUH� 

8VH�RI�3ULRU�,QIRUPDWLRQ 
,W KDV EHHQ ORQJ EHHQ IHOW WKDW WKH XVH RI SULRU 
LQIRUPDWLRQ LQ RQH IRUP RU DQRWKHU LV SDUWLFXODUO\ 
XVHIXO LQ VROYLQJ LPDJH VHJPHQWDWLRQ SUREOHPV� 
2EMHFW SULRUV FDQ FRPH LQ PDQ\ IRUPV DQG PD\ EH 
ERWK ORFDO DQG JOREDO LQ QDWXUH� 7KH GLVFXVVLRQ 
IRFXVHG SULPDULO\ RQ WKH XVH RI JOREDO VKDSH SULRUV 
DQG KRZ WKHVH PLJKW EH H[WHQGHG� 

$Q LPSRUWDQW SUREOHP DUHD LQ WKLV ZRUN LV WKH QHHG WR 
GHVLJQ SULQFLSOHG VWUDWHJLHV IRU IRUPLQJ WKHVH SULRUV 
DV ZHOO DV DSSO\LQJ WKHP� 6RPH ZRUN KDV EHHQ FDUULHG 
RXW LQ WHUPV RI GHYHORSLQJ DQDWRPLFDO DWODVHV IRU XVH 
LQ ILQGLQJ SULRUV� EXW WR GDWH PXFK RI WKH ZRUN KDV 
EHHQ SHUIRUPHG LQ D PRUH VWUXFWXUH�E\�VWUXFWXUH 
PDQQHU� :LWK UHVSHFW WR DSSO\LQJ SULRUV WR GLIIHUHQW 
VHJPHQWDWLRQ WDVNV� WKHUH KDYH EHHQ D QXPEHU RI 

�
JURXSV ZRUNLQJ RQ XVLQJ VKDSH�EDVHG SULRUV� $ NH\ 
H[WHQVLRQ WR WKH XVH RI SULRU LQIRUPDWLRQ ZRXOG EH WR 
IRUP PRUH FRPSOHWH PRGHOV WKDW ZRXOG LQFOXGH VLJQDO 
LQWHQVLW\ LQIRUPDWLRQ DV ZHOO� :RUN KDV EHHQ RQJRLQJ 
LQ WKLV GLUHFWLRQ DW WKH 8QLYHUVLW\ RI 0DQFKHVWHU LQ DQ 
HIIRUW WR GHYHORS D VWUDWHJ\ WKDW FRXOG EH WHUPHG ¦IXOO 
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DSSHDUDQFH PRGHOLQJ�§ 3HUKDSV WKH LQFRUSRUDWLRQ RI 
REMHFW VKDSH ZLWK RWKHU VXUURXQGLQJ LQIRUPDWLRQ� VXFK 
DV LPDJH LQWHQVLW\� VXUURXQGLQJ WH[WXUH� RU DGMDFHQW 
YDVFXODULW\ ZRXOG EH XVHIXO LQ XQFRYHULQJ ERWK PRUH 
GLIILFXOW QRUPDO DQG DEQRUPDO �H�J�� WXPRU� VWUXFWXUHV� 

8VH�RI�0XOWLSDUDPHWULF�,PDJH�$QDO\VLV 
,Q PDQ\ LPDJH DQDO\VLV SUREOHPV� PXOWLSOH VHWV RI 
LPDJHV DUH DFTXLUHG WKDW DUH SRWHQWLDOO\ RI XVH IRU 
GLDJQRVLV DQG�RU WUHDWPHQW� :LWKLQ WKHVH GRPDLQV� 
WKHUH LV RIWHQ D ZHDOWK RI LQIRUPDWLRQ DYDLODEOH IURP D 
YDULHW\ RI LPDJHV WKDW FDQ EH LQFRUSRUDWHG LQWR LPDJH 
VHJPHQWDWLRQ DSSURDFKHV� 7KLV UDQJH RI LPDJH GDWD¥ 
IURP YDULRXV LPDJLQJ PRGDOLWLHV DFTXLUHG DW DERXW WKH 
VDPH WLPH �H�J�� PDJQHWLF UHVRQDQFH LPDJLQJ� 
XOWUDVRXQG� VLQJOH�SKRWRQ FRPSXWHG WRPRJUDSK\� 
SRVLWURQ HPLVVLRQ WRPRJUDSK\�� WKH VDPH LPDJLQJ 
PRGDOLW\ DW YLUWXDOO\ WKH VDPH WLPH �H�J�� 05�EDVHG 
7�� 7�� DQG SURWRQ GHQVLW\ LPDJHV�� RU WKH VDPH RU 
GLIIHUHQW PRGDOLWLHV DFTXLUHG RYHU VHYHUDO WLPH SRLQWV 
�H�J�� ORQJLWXGLQDO VWXGLHV RI WKH VDPH SDWLHQW©V 
GLVHDVH SURJUHVVLRQ�¥PD\ SURYLGH LPSRUWDQW 
FRPSOHPHQWDU\ LQIRUPDWLRQ WKDW FRXOG EH WUHDWHG DV D 
SULRUL FRQVWUDLQWV IRU VHJPHQWLQJ VWUXFWXUH IURP DQ\ 
RQH LPDJH ZLWKLQ WKH HQWLUH JURXS� 7KH LQWHJUDWLRQ RI 
WKLV LQIRUPDWLRQ� KRZHYHU� LV FRQIRXQGHG E\ ��� WKH 
GLIIHUHQW VSDWLDO DQG WHPSRUDO UHVROXWLRQ RI WKH 
DFTXLVLWLRQV� ��� WKH GLIIHUHQFH LQ WKH IXQGDPHQWDO 
LQIRUPDWLRQ FRQWDLQHG LQ HDFK YR[HO RI GLIIHUHQW 
LPDJH W\SHV� DQG ��� WKH IDFW WKDW SDWLHQW SRVLWLRQLQJ 
PD\ FDXVH GLIIHUHQW VRIW WLVVXH DQG RUJDQ 
GHIRUPDWLRQV IRU GLIIHUHQW DFTXLVLWLRQV� 

$WWHPSWV KDYH EHHQ PDGH WR GHYHORS XQLI\LQJ 
SODWIRUPV IRU LQWHJUDWLQJ WKLV LQIRUPDWLRQ� 8QGHUO\LQJ 
VWUXFWXUDO JHRPHWU\ LV WKH NH\ EDVLV IRU LQWHJUDWLQJ 
KHWHURJHQHRXV VRXUFHV RI LQIRUPDWLRQ DFURVV LPDJLQJ 
PRGDOLWLHV� *HRPHWU\ KDV EHHQ XVHG WR 

x 6XSHULPSRVH GHIRUPDEOH PRGHOV RI LQIRUPDWLRQ 
LQ RQH LPDJH RQWR LPDJH�GHULYHG LQIRUPDWLRQ 
IURP D GLIIHUHQW LPDJH IRU H[WUDFWLQJ WKH OLYHU 

�
GXULQJ VXUJHU\ DQG IRU SODQQLQJ FDQFHU WKHUDS\

x 7UDFN GHYHORSPHQWV RI WXPRUV DQG

PLFURFDOFLILFDWLRQV RYHU WLPH


x ,QWHJUDWH LQIRUPDWLRQ DERXW WKH VDPH VWUXFWXUH 
DFURVV YDULRXV LPDJLQJ PRGDOLWLHV 

x &RPSDUH LPDJH�GHULYHG JHRPHWU\ WR WKDW IRXQG 
IURP KLVWRORJLFDO VWXGLHV� 

6RPH DSSURDFKHV KDYH DWWHPSWHG WR IRUP XQLILHG 
LPDJH VHJPHQWDWLRQ UHDVRQLQJ VWUDWHJLHV WKDW FRXOG 
LQWHJUDWH FRPSOHPHQWDU\ LQIRUPDWLRQ UHODWHG WR VLJQDO 
LQWHQVLW\ ZLWK GHIRUPDEOH ERXQGDU\�UHODWHG IHDWXUHV 
IURP WKH VDPH RU GLIIHUHQW PRGDOLWLHV�� 

2SHQ 
SUREOHPV LQ WKLV DUHD UHPDLQ KRZ WR GLVWLQJXLVK 
EHWZHHQ PRUSKRPHWULFDO DQG PRUSKRORJLFDO 
YDULDWLRQ� KRZ WR LQLWLDOL]H WKH JHRPHWU\�EDVHG 
GHIRUPDEOH PRGHO VWUDWHJLHV� DQG KRZ WR PRYH 
EH\RQG JHRPHWU\ LQWR GLIIHUHQW PRGHOLQJ DSSURDFKHV 
�LQFOXGLQJ ELRPHFKDQLFV�� 

6WDJLQJ�DQG�7HPSRUDO�$QDO\VLV�RI�'DWDVHWV 
1RQLQYDVLYH �' 05, DOORZV VHULDO VFUHHQLQJ RI 
SDWLHQWV DQG GHWHFWLRQ RI WHPSRUDO FKDQJHV E\ 
FRPSXWHU�DVVLVWHG SURFHVVLQJ� $QDO\]LQJ WKH WLPH 
GRPDLQ LV D SRZHUIXO IHDWXUH� LW GLUHFWO\ IRFXVHV WKH 
FOLQLFDO TXHVWLRQ RI GHWHFWLQJ FKDQJHV GXH WR GLVHDVH 
HYROXWLRQ DQG�RU HIILFDF\ RI WKHUDSHXWLFDO SURFHGXUHV 
OLNH GUXJ WUHDWPHQW RU UDGLRWKHUDS\� $ W\SLFDO 
H[DPSOH LV WHPSRUDO OHVLRQ DQDO\VLV LQ PXOWLSOH 
VFOHURVLV SDWLHQWV IROORZHG XS RYHU � \HDU ZLWK �� WR 

�
�� 05 VFDQV� ,W LV GHPRQVWUDWHG WKDW D WLPH�VHULHV 
DQDO\VLV RI UHJLVWHUHG VHULHV RI �' GDWDVHWV UHVXOWV LQ D 
VHJPHQWDWLRQ RI DFWLYH OHVLRQV DQG D FKDUDFWHUL]DWLRQ 
RI WKH WHPSRUDO DQG VSDWLDO FKDUDFWHULVWLFV RI WKH 
OHVLRQ SDWWHUQ� 

$QRWKHU DSSOLFDWLRQ� ZKLFK IRFXVHV RQ PRGHOLQJ 
RUJDQ PRYHPHQWV LQ SURWRQ EHDP WUHDWPHQW RI 
SURVWDWH FDQFHU SDWLHQWV� GHPRQVWUDWHV WKDW D UHOLDEOH 
DQG UHSURGXFLEOH PRGHO�EDVHG �' VHJPHQWDWLRQ RI 
RUJDQV LQ D ODUJH VHULHV RI FRPSXWHG WRPRJUDSK\ 
�&7� GDWDVHWV ZLOO KHOS WR EXLOG D QRUPDWLYH GDWDEDVH 
RI WKH YDULDELOLW\ RI RUJDQV� .QRZOHGJH DERXW RUJDQ 
YDULDWLRQ DQG PRWLRQ LV UHTXLUHG IRU IXWXUH KLJK� 
SUHFLVLRQ IRFXVHG WUHDWPHQWV RI VPDOO WXPRUV� IRU 
UHWURVSHFWLYH TXDOLW\ DVVHVVPHQW� DQG IRU 
SURVSHFWLYHO\ XSGDWLQJ FXUUHQW WUHDWPHQW SODQV� 

%ULQJLQJ�3K\VLFV�DQG�&OLQLFDO�3DWKRORJ\�WR 
WKH�6HJPHQWDWLRQ�3UREOHP 
6HJPHQWDWLRQ RI PHGLFDO LPDJHV LV D GLIILFXOW 
SUREOHP� RIWHQ UHTXLULQJ DQDO\VLV RI FRPSOH[ 
LQIRUPDWLRQ DQG UHTXLULQJ UHOLDELOLW\ EH\RQG WKH QRUP 
ZLWK UHVSHFW WR W\SLFDO FRPSXWHU YLVLRQ SUREOHPV� 7KH 
EDVLF GLIILFXOWLHV OLH LQ WKH IDFWV WKDW WKH VKDSHV RI 
LQWHUHVW FRQWDLQHG LQ WKH LPDJHV DUH FRPSOH[� FKDQJHV 
RI LQWHUHVW DUH RIWHQ VXEWOH� DQG WKHUH LV W\SLFDOO\ RQO\ 
ZHDN FRQWURO RI WKH LPDJH IRUPDWLRQ SURFHVV� 
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%HFDXVH RI WKLV� LW LV LPSRUWDQW WR GHYHORS PRGHOV WR 
JXLGH WKH VHJPHQWDWLRQ SURFHVV� LQFOXGLQJ PRGHOV RI 
LPDJH IRUPDWLRQ� DQDWRP\� SDWKRORJLFDO SURFHVVHV� 
DQG ¦QRUPDOLW\�§ ,Q DGGLWLRQ� LPDJH QRUPDOL]DWLRQ 
PXVW EH SURYLGHG LQ RUGHU WR FRPSDUH LQIRUPDWLRQ 
DFURVV LPDJH GDWDVHWV ZLWKLQ D WHVW JURXS� 6HYHUDO 
PRGHOV RI LPDJH IRUPDWLRQ DQG SDWKRORJLFDO VWUXFWXUH 
KDYH EHHQ GHYHORSHG WKDW XVHG PDPPRJUDSKLF 
DQDO\VLV DV D SUREOHP DUHD� $Q ;�UD\ LPDJH IRUPDWLRQ 
PRGHO WKDW DFFRXQWV IRU WKH WKLFNQHVV RI LQWHUHVWLQJ 
�QRQIDW� EUHDVW WLVVXH EHWZHHQ HDFK SL[HO LQ WKH LPDJH 
DQG WKH ;�UD\ VRXUFH LV D NH\ H[DPSOH RI DFFRXQWLQJ 
IRU DFTXLVLWLRQ YDJDULHV DQG SURYLGLQJ D PDSSLQJ WR D 

�� � 
QRUPDOL]HG IUDPHZRUN IRU PHDVXUHPHQW� 7KLV 
UHSUHVHQWDWLRQ� WHUPHG +LQW� ZDV XVHG WR HOLPLQDWH 
FRQIXVLQJ EDFNJURXQG LQIRUPDWLRQ �H�J�� 
PDPPRJUDSKLF JODUH� LQ RUGHU WR UHGXFH IDOVH� 
QHJDWLYHV DQG ZDV WKHQ XVHG DV D EDVLV WR EHWWHU PRGHO 
PLFURFDOFLILFDWLRQV DV IHDWXUHV LQ RUGHU WR UHGXFH 
IDOVH�SRVLWLYHV LQ PDPPRJUDSKLF DQDO\VLV� 

3K\VLFV�EDVHG PRGHOV VXFK DV WKHVH� DV ZHOO DV LGHDV 
IRU PRGHOLQJ WKH EUHDVW WLVVXH LWVHOI �H�J�� PHFKDQLFV� 
EDVHG ILQLWH HOHPHQW VWUDWHJLHV�� DUH FULWLFDO IRU 
UHODWLQJ QHZ �' LPDJH LQIRUPDWLRQ IURP 05 DQG 
XOWUDVRXQG WR PDPPRJUDPV LQ RUGHU WR EHWWHU 
XQGHUVWDQG DQG DQDO\]H EUHDVW FDQFHU� 

6WDWH�RI�WKH�$UW 
:KLOH WKH VHJPHQWDWLRQ RI LPDJH VWUXFWXUH IURP �' 
LPDJHV LV D IXQGDPHQWDO LPDJH DQDO\VLV WDVN� LW FDQQRW 
EH SHUIRUPHG ZLWKRXW FRQVLGHULQJ WKH IDFW WKDW LW 
LQWHUDFWV VWURQJO\ ZLWK D YDULHW\ RI RWKHU LPDJH 
DQDO\VLV WDVNV� HVSHFLDOO\ LPDJH UHJLVWUDWLRQ� 
FRPSXWHU�DLGHG GLDJQRVLV� DQG YLVXDOL]DWLRQ� ,Q WKLV 
OLJKW� LW LV UHFRPPHQGHG WKDW LPDJH VHJPHQWDWLRQ 
VKRXOG QRW EH WKRXJKW RI DV DQ HQG LQ LWVHOI EXW DV RQH 
LPSRUWDQW WDVN ZLWKLQ DQ LPDJH DQDO\VLV V\VWHP� 

7KH FXUUHQW VWDWH RI WKH DUW LQ �' PHGLFDO LPDJH 
VHJPHQWDWLRQ LV WKDW PRVW HIIRUWV LQ WKH OLWHUDWXUH KDYH 
IRFXVHG RQ WU\LQJ WR VHJPHQW D VLQJOH REMHFW WKDW FDQ 
SUHVXPDEO\ EH LVRODWHG DQG H[WUDFWHG IURP WKH LPDJH� 
:KLOH WKHUH FHUWDLQO\ KDYH EHHQ VRPH HIIRUWV WR JR 
DIWHU PXOWLSOH REMHFWV DW RQFH� WKHVH LGHDV DUH RQO\ 
QRZ VWDUWLQJ WR HPHUJH� 2QH DSSURDFK WKDW LV 
UHFHLYLQJ PXFK DWWHQWLRQ LQ WKH QHXURLPDJLQJ ILHOG LV 
WKH XVH RI DWODV�EDVHG VWUDWHJLHV� ZKHUH DWODVHV RI 
ODEHOHG REMHFWV DUH PDWFKHG WR WKH XQGHUO\LQJ 
VWUXFWXUH LQ D WHVW LPDJH� LPSOLFLWO\ VHJPHQWLQJ WKH 
VWUXFWXUH �DQ REYLRXV LQWHUDFWLRQ EHWZHHQ 
VHJPHQWDWLRQ DQG UHJLVWUDWLRQ�� $QRWKHU FULWLFDO 

REVHUYDWLRQ DERXW WKH VWDWH RI WKH DUW LQ �' LPDJH 
VHJPHQWDWLRQ LV WKH ODFN RI D FRPPRQ PHDQV RI 
FRPSDULQJ UHVXOWV IURP GLIIHUHQW LPDJH VHJPHQWDWLRQ 
DOJRULWKPV� 7KHUH KDV EHHQ SUHFLRXV OLWWOH ZRUN LQ WKLV 
DUHD LQ WHUPV RI IRUPLQJ FRPPRQ LPDJH GDWDEDVHV� 
)XUWKHUPRUH� WKHUH KDYH EHHQ QR HIIRUWV VSHFLILFDOO\ 
DLPHG DW GHYHORSLQJ DQ HYDOXDWLRQ PHWKRGRORJ\ WKDW 
ZRXOG IDFLOLWDWH VXFK FRPSDULVRQV� VXFK DV KDV EHHQ 
GRQH LQ WKH LPDJH UHJLVWUDWLRQ FRPPXQLW\ IRU ULJLG 

�
PDSSLQJV�

:LWKLQ WKH DSSURDFKHV WKDW KDYH EHHQ GHYHORSHG WR 
GDWH� YDULRXV VWUDWHJLHV KDYH EHHQ XVHG WR DWWDFN WKH 
�' VHJPHQWDWLRQ SUREOHP� 7KHVH EDVLFDOO\ EUHDN 
GRZQ LQWR WKUHH FDWHJRULHV� ��� IXOO\ GDWD�GULYHQ 
DSSURDFKHV� ��� WKH XVH RI PRGHOV RI VRPH IRUP WR 
JXLGH WKH VHJPHQWDWLRQ �H�J�� VWDWLVWLFDO� 
UHJXODUL]DWLRQ� ELRPHFKDQLFDO�� DQG ��� DWWHPSWV WR 
XQLI\ WKH ILUVW WZR VWUDWHJLHV� )XUWKHUPRUH� WKH XVH RI 
FRQFHSWV IURP VFDOH VSDFH WKHRU\ KDV RIWHQ SHUPHDWHG 
VRPH RI WKH HIIRUWV ZLWKLQ HDFK RI WKHVH FDWHJRULHV� 
7KH PRVW SURPLVLQJ UHVXOWV WR GDWH KDYH EHHQ 
UHSRUWHG LQ WKH VHFRQG FDWHJRU\ DQG UHODWH WR WKH XVH 
RI GHIRUPDEOH PRGHO�EDVHG DSSURDFKHV IRU WKH 
VHJPHQWDWLRQ RI SULPDULO\ QRUPDO DQDWRP\� ,Q WKHVH 
DSSURDFKHV� WKH PRGHO EDVLFDOO\ FDSWXUHV LQIRUPDWLRQ 
DERXW ERWK ORFDO DQG JOREDO VKDSH SURSHUWLHV RI WKH 
ERXQGDULHV RI LVRODWHG REMHFWV� RU LQ VRPH FDVHV DERXW 

�� � 
PXOWLSOH REMHFWV� 0RUH UHFHQW� DOEHLW SUHOLPLQDU\� 
HIIRUWV EHJLQQLQJ WR HPHUJH LQFOXGH 
LQWHQVLW\�DSSHDUDQFH� ELRPHFKDQLFDO� 
V\PEROLF�V\QWDFWLF DQG DWODV�UHODWHG UHODWLRQVKLSV LQWR 
WKH EDVLF GHIRUPDEOH PRGHO IUDPHZRUN� ,W LV 
LPSRUWDQW WR QRWH DJDLQ� KRZHYHU� WKDW WKH VXFFHVVHV 
RI WKHVH VWUDWHJLHV DUH SULPDULO\ RQ QRUPDO DQDWRPLFDO 
VWUXFWXUHV DQG WKDW GHYHORSLQJ UREXVW GHIRUPDEOH 
PRGHOV IRU GHDOLQJ ZLWK DEQRUPDO VWUXFWXUH LV LQ LWV 
UHODWLYH LQIDQF\� 1RQHWKHOHVV� VRPH HIIRUWV DUH 
HPHUJLQJ WKDW WU\ WR FDSWXUH� IRU LQVWDQFH� WKH HVVHQFH 
RI WKH ERXQGDULHV RI VSLFXODWHG PDVVHV� 3HUKDSV PRUH 
LQWHJUDWHG LQWR WKH FXUUHQW OLWHUDWXUH LV WKH HDUO\ XVH RI 
SUREDELOLVWLF PRGHOV RI QRUPDOLW\� DVVXPLQJ WKDW 
DEQRUPDOLW\ FDQ EH VHHQ DV XQXVXDO GHYLDWLRQV IURP 
WKH QRUPDO VWDWH ZKLOH DOVR DVVXPLQJ WKDW WKH 
VHJPHQWDWLRQ RI HLWKHU QRUPDO RU DEQRUPDO VWUXFWXUH 
FDQ VWLOO EH JXLGHG E\ WKH QRUPDO SULRU LQIRUPDWLRQ� 

&XUUHQW WHFKQLTXHV DUH RQO\ VRPHZKDW UREXVW WR WKH 
YDJDULHV RI WKH LPDJH DFTXLVLWLRQ SURFHVVHV� :KLOH 
VHJPHQWDWLRQ DSSURDFKHV DUH EHLQJ GHYHORSHG IRU XVH 
ZLWK �' 05,� &7 LPDJLQJ� XOWUDVRXQG LPDJLQJ� DQG 
QXFOHDU PHGLFLQH LPDJLQJ� DOO FXUUHQW DSSURDFKHV 
ZRUN EHVW RQ LPDJHV DFTXLUHG XVLQJ FRQWUROOHG 
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SURWRFROV ZKHUH VLPLODU LPDJH TXDOLW\ LV PDLQWDLQHG 
DFURVV DOO DFTXLVLWLRQV� :KLOH WKHUH LV VRPH WROHUDQFH 
RI LPDJH YDULDELOLW\ GXH WR D YDULHW\ RI VRXUFHV 
�LQFOXGLQJ QRLVH DQG EOXU LQ WKH DFTXLVLWLRQ SURFHVV� 
SDWLHQW YDULDELOLW\� SDWLHQW PRWLRQ� HWF��� IXOO\ 
DXWRPDWHG �' VHJPHQWDWLRQ DOJRULWKPV DUH QRW ZLGHO\ 
UREXVW WR WKHVH VRUWV RI SUREOHPV� 2Q D SRVLWLYH QRWH� 
KRZHYHU� SXEOLVKHG ZRUN RQ VHJPHQWDWLRQ DOJRULWKPV 
LQ WKH ILHOG WRGD\ LQFUHDVLQJO\ VKRZV WKH DOJRULWKPV 
EHLQJ WHVWHG RQ ODUJHU DQG ODUJHU �VLPXODWHG DQG 
DFWXDO� H[SHULPHQWDO WHVW VHWV� 

5HFRPPHQGDWLRQV 
%HFDXVH VHJPHQWDWLRQ LV DQ LQWHJUDO SDUW RI D V\VWHP 
DQG QRW DQ LVRODWHG WDVN� LW LV VWURQJO\ UHFRPPHQGHG 
WKDW IXWXUH ZRUN LQ WKLV DUHD QRW EH GULYHQ DORQJ WKH 
OLQHV RI DVNLQJ LQYHVWLJDWRUV WR GHYHORS D ¦EDJ RI 
WULFNV§ RU D WRRONLW�W\SH SODWIRUP� ZKLFK LV RIWHQ WKH 
IRFXV RI FRPPHUFLDO VRIWZDUH GHYHORSPHQW� ,PDJH 
DQDO\VLV LQYHVWLJDWRUV VKRXOG YLHZ LPDJH 
VHJPHQWDWLRQ WHFKQLTXHV LQ WKH FRQWH[W RI WKH HQWLUH 
V\VWHP ZLWK ZKLFK WKH\ ZLOO EH HPSOR\HG� 7KLV 
LPSOLHV WKDW VHJPHQWDWLRQ PXVW EH FRQVLGHUHG LQ DQ 
LQWHJUDWHG PDQQHU ZLWK RWKHU LPDJH DQDO\VLV V\VWHP 
WDVNV� VXFK DV WKRVH UHODWHG WR LPDJH IRUPDWLRQ� 
UHJLVWUDWLRQ� YLVXDOL]DWLRQ� DQG FODVVLILFDWLRQ� 
$OWKRXJK D WRRONLW VWUDWHJ\ LV QRW UHFRPPHQGHG� 
GHYHORSLQJ DQ LPDJH LQWHUSUHWDWLRQ VHUYHU PD\ EH 
IHDVLEOH LQ FHUWDLQ GHVLJQ VFHQDULRV� 2QH PXVW VWLOO 
FDUHIXOO\ FRQVLGHU ZKHUH WKH ERXQGDULHV DUH GUDZQ 
EHWZHHQ YDULRXV VXEWDVNV� 

7KH UHVHDUFK FRPPXQLW\ QHHGV WR PRYH WRZDUG WKH 
GHYHORSPHQW RI DQ DSSURSULDWH� LQWHJUDWLYH IUDPHZRUN 
IRU LPDJH LQWHUSUHWDWLRQ� :LWKLQ WKLV� WKHUH LV D IXUWKHU 
QHHG IRU WKLQNLQJ DERXW DQG GHYHORSLQJ DSSURSULDWH 
XQLILHG UHDVRQLQJ VWUDWHJLHV �PDWKHPDWLFDO� ORJLFDO� 
VWDWLVWLFDO� RU RWKHUZLVH� WKDW FDQ EULQJ LQIRUPDWLRQ 
IURP VHYHUDO LPDJLQJ PRGDOLWLHV WRJHWKHU� .H\ WR WKLV 
XQLILHG VWUDWHJ\ LV WKH GHYHORSPHQW RI DSSURDFKHV WKDW 
FDQ LQWHJUDWH GDWD�GULYHQ DQG PRGHO�GULYHQ LGHDV� 
$QRWKHU NH\ SDUW RI WKLV VWUDWHJ\ LV WKDW� ZKHUH PRGHO� 
EDVHG LGHDV DUH XVHG� LQYHVWLJDWRUV QHHG WR PRYH 
EH\RQG WKH LGHD RI XVLQJ SULPDULO\ JHRPHWULF PRGHOV� 
,QVWHDG WKH\ VKRXOG EH PRUH GHOLEHUDWH DERXW 
LQFRUSRUDWLQJ G\QDPLFDO�WHPSRUDO� ELRPHFKDQLFDO� 
SK\VLRORJLFDO� ELRORJLF� SDWKRORJLFDO� DQG WRSRORJLFDO 
PRGHOV LQWR WKHLU GHVLJQV DQG VWUDWHJLHV� 
,QFRUSRUDWLQJ SULRU LQIRUPDWLRQ DQG FRQVWUDLQWV 
UHODWHG WR ERWK QRUPDO DQG DEQRUPDO SDWLHQW 
YDULDELOLW\ PXVW EH FRQVLGHUHG� SHUKDSV XVLQJ DWODVHV� 
,Q DGGLWLRQ� DOO RI WKHVH DSSURDFKHV VKRXOG FRQVLGHU 

WKH LPSDFW RI ORRNLQJ DW GLIIHUHQW VSDWLDO DQG WHPSRUDO 
VFDOHV ZLWKLQ DQG DFURVV LPDJH PRGDOLWLHV� )LQDOO\� 
UHVHDUFK WR GHYHORS H[HPSODU V\VWHPV ZLWK 
SURYRFDWLYH JRDOV� VXFK DV WR GHVLJQ D V\VWHP WR 
H[SODLQ D PDPPRJUDP DXWRPDWLFDOO\ PD\ QXFOHDWH 
WKH GHVLJQ SURFHVV IRU GHYHORSLQJ XQLILHG V\VWHPV� 
:RUN VKRXOG EH SHUIRUPHG WR LQWHJUDWH LPDJH 
LQWHUSUHWDWLRQ ZLWK GHFLVLRQ VXSSRUW PRGXOHV WR FUHDWH 
V\VWHPV WKDW FRXOG SURYLGH LPDJH�EDVHG V\VWHP 
VXSSRUW� 6XFK VWUDWHJLHV ZRXOG FRPELQH LPDJH 
LQWHUSUHWDWLRQ ZLWK DUWLILFLDO LQWHOOLJHQFH UHDVRQLQJ RU 
SHUKDSV VWUDWHJLHV WKDW FDQ UHDVRQ DQG PDNH GHFLVLRQV 
XQGHU XQFHUWDLQW\� ,Q WKH ORQJ WHUP� WKHVH DSSURDFKHV 
FRXOG EH XVHG WR LQWHJUDWH LPDJH LQWHUSUHWDWLRQ ZLWK 
UDGLRORJLFDO UHSRUWLQJ WR GHYHORS FRPSOHWH KHDOWK 
FDUH LQIRUPDWLRQ�UHFRUGLQJ V\VWHPV FDSDEOH RI 
KDQGOLQJ WH[W�EDVHG� DXGLR� DQG YLGHR LQIRUPDWLRQ 
�LQFOXGLQJ WKH KDQGOLQJ RI PHGLFDO WHUPLQRORJ\�� 

7ZR RWKHU LVVXHV DUH SDUDPRXQW ZLWKLQ WKH IUDPHZRUN 
RI GHYHORSLQJ DSSURSULDWH VWUDWHJLHV WR PHHW WKH QHHGV 
LQ PHGLFDO LPDJH LQWHUSUHWDWLRQ� ��� LQWHJUDWLQJ 
LPDJH�EDVHG LQIRUPDWLRQ ZLWK FRQFHSWV RI LQWHJUDWLYH 
ELRORJ\ DQG SDWKRORJ\ DQG ��� GHYHORSLQJ YDOLGDWLRQ 
PHWKRGRORJLHV� :LWK UHVSHFW WR WKH ILUVW LVVXH� 
LQIRUPDWLRQ PLJKW EH JOHDQHG IURP DQ\ SDUWLFXODU 
GLDJQRVWLF PHGLFDO LPDJH WKDW LV FRPSOHPHQWDU\ WR 
RWKHU W\SHV RI LQIRUPDWLRQ DERXW D SDWLHQW� LQFOXGLQJ 
WKH UDQJH RI LQIRUPDWLRQ DYDLODEOH IURP D YDULHW\ RI 
LPDJLQJ�EDVHG WHVWV� ,PDJH DQDO\VLV PXVW EH 
FRQVLGHUHG LQ WKLV FRQWH[W� 6XFK D VWUDWHJ\ ZRXOG 
SURYLGH RSSRUWXQLWLHV IRU SHUIRUPLQJ LPDJH 
LQWHUSUHWDWLRQ WR GHYHORS LQ YLYR PDUNHUV IRU 
LPSURYHG EDVLF XQGHUVWDQGLQJ RI GLVHDVH ELRORJ\ DQG 
IRU WKHUDS\ SODQQLQJ� ,Q DGGLWLRQ� LW FRXOG EH XVHG WR 
DLG LQ GHWHUPLQLQJ TXDQWLWDWLYH HQGSRLQWV IRU 
SKDUPDFRORJLFDO LQWHUYHQWLRQV DV ZHOO DV WR GHWHUPLQH 
WXPRU VL]H� H[WHQW� DQG YDVFXODULW\� ,PSOLFLW LQ WKH 
QRWLRQ RI LQWHJUDWLYH VWXG\ RI ELRORJ\ DQG SDWKRORJ\ 
LV WKDW WKHUH DUH PDMRU FKDOOHQJHV UHODWHG WR 
XQGHUVWDQGLQJ WKH UHODWLRQVKLS EHWZHHQ LPDJHV WDNHQ 
DW GLIIHUHQW VSDWLDO VFDOHV� XVLQJ GLIIHUHQW LPDJLQJ 
VRXUFHV� DQG DW GLIIHUHQW WLPH SRLQWV GXULQJ WKH FRXUVH 
RI D GLVHDVH� 7KH QHZ LPDJH DQDO\VLV FKDOOHQJHV 
LQFOXGH ILJXULQJ RXW KRZ WR FRPELQH V\QHUJLVWLFDOO\ 
DOO RI WKLV LPDJH�EDVHG LQIRUPDWLRQ� 

7KH QHHG WR GHYHORS YDOLGDWLRQ PHWKRGRORJLHV 
SUHVHQWV D FULWLFDO FKDOOHQJH WR WKH LPDJH DQDO\VLV 
UHVHDUFK FRPPXQLW\� &XUUHQWO\� WKH GHYHORSPHQW RI 
LPDJH VHJPHQWDWLRQ VWUDWHJLHV LV SURFHHGLQJ ZLWKRXW 
VLJQLILFDQW HIIRUWV DLPHG DW YDOLGDWLRQ� 7KLV WUHQG 
VKRXOG EH UHYHUVHG E\ HQFRXUDJLQJ UHVHDUFK DLPHG DW 
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GHYHORSLQJ HYDOXDWLRQ PHWKRGRORJLHV� LQFOXGLQJ ZD\V 
WR FRPSDUH DOJRULWKPV DV ZHOO DV WR FUHDWH D VWDWLVWLFDO 
GDWDEDVH RI QRUPDO DQG DEQRUPDO FDVHV WKDW FDQ EH 

WKDW WHVWLQJ QHHGV WR EH FRQVLGHUHG LQ WKH FRQWH[W RI 
WKH HQWLUH V\VWHP EXW WKDW ZRUN RQ VHJPHQWDWLRQ 
HYDOXDWLRQ VKRXOG FRQVLGHU UHODWHG ZRUN LQ WKH DUHD RI 

�
XVHG IRU WHVWLQJ DQG WUDLQLQJ� ,W LV IXUWKHU VXJJHVWHG LPDJH UHJLVWUDWLRQ�

5HVHDUFK�3ULRULWLHV 
6KRUW2WHUP2 & 'HYHORS YDOLGDWLRQ GDWDEDVHV DQG HYDOXDWLRQ PHWKRGRORJ\ IRU LPDJH LQWHUSUHWDWLRQ 

WDVNV� 
& &RQVLGHU LQWHUQDWLRQDO FROODERUDWLYH PHFKDQLVPV LQ LPDJH LQWHUSUHWDWLRQ UHVHDUFK� 

HVSHFLDOO\ UHJDUGLQJ YDOLGDWLRQ� 
& ,QLWLDWH FURVV�GLVFLSOLQDU\ ZRUNVKRSV WKDW EULQJ WRJHWKHU LPDJH DQDO\VLV UHVHDUFKHUV 

DQG ELRORJLVWV�SDWKRORJLVWV� 

,QWHUPHGLDWH2 &	 'HYHORS XQLILHG VWUDWHJLHV DQG DUFKLWHFWXUHV IRU LPDJH LQWHUSUHWDWLRQ WKDW ZRXOG 
FURVV�IHUWLOL]H GLIIHUHQW PRGHO�GULYHQ DQG GDWD�GULYHQ DSSURDFKHV� 

/RQJ2WHUP2 & ,QWHJUDWH LPDJH LQWHUSUHWDWLRQ V\VWHPV ZLWK GHFLVLRQ VXSSRUW V\VWHPV LQ RUGHU WR 
GHYHORS VHPLDXWRPDWHG UDGLRORJLFDO UHSRUWLQJ V\VWHPV� 

& 'HYHORS DSSURDFKHV WR TXDQWLWDWLYH DQDO\VLV RI GLDJQRVWLF LPDJHV LQ WKH FRQWH[W RI 
LQWHJUDWLYH ELRORJ\ DQG SDWKRORJ\� 

5HIHUHQFHV 
�� &RRWHV 7)� +LOO $� 7D\ORU &-� 0HGLFDO LPDJH 

LQWHUSUHWDWLRQ XVLQJ DFWLYH VKDSH PRGHOV� UHFHQW 
DGYDQFHV� ��WK ,QWHUQDWLRQDO &RQIHUHQFH RQ 
,QIRUPDWLRQ 3URFHVVLQJ LQ 0HGLFDO ,PDJLQJ 
����� �������� 

�� $\DFKH 1� &LQTXLQ 3� &RKHQ ,� &RKHQ /� /HLWQHU )� 
0RQJD 2� 6HJPHQWDWLRQ RI FRPSOH[ �' PHGLFDO 
REMHFWV� D FKDOOHQJH DQG D UHTXLUHPHQW IRU 
FRPSXWHU DVVLVWHG VXUJHU\ SODQQLQJ DQG 
SHUIRUPLQJ� ,Q� 7D\ORU 5� /DYDOOpH 6� %XUGHD *� 
0RHVJHV 5� HGV� &RPSXWHU LQWHJUDWHG VXUJHU\� 
&DPEULGJH� 0$� 0,7 3UHVV� ����� ������ 

�� &KDNUDERUW\ $� 'XQFDQ -� *DPH WKHRUHWLF 
LQWHJUDWLRQ IRU LPDJH VHJPHQWDWLRQ� ,((( 
7UDQVDFWLRQV RQ 3DWWHUQ $QDO\VLV DQG 0DFKLQH 
,QWHOOLJHQFH ����� �LQ SUHVV�� 

�� *HULJ *� :HOWL '� *XWWPDQ &� &ROFKHVWHU $� 
6]HNHO\ *� ([SORULQJ WKH GLVFULPLQDWLRQ SRZHU 
RI WKH WLPH GRPDLQ IRU VHJPHQWDWLRQ DQG 
FKDUDFWHUL]DWLRQ RI OHVLRQV LQ VHULDO 05 GDWD� ,Q� 
3URFHHGLQJV RI WKH �VW ,QWHUQDWLRQDO &RQIHUHQFH 
RQ 0HGLFDO ,PDJH &RPSXWLQJ DQG &RPSXWHU 
$VVLVWHG ,QWHUYHQWLRQ� ����� �������� 

�� +LJKQDP 5� %UDG\ 0� 0DPPRJUDSKLF LPDJH 
DQDO\VLV� .OXZHU 6HULHV RQ 0HGLFDO ,PDJLQJ 
����� �LQ SUHVV�� 

�� +D\WRQ 30� %UDG\ 0� 7DUDVVHQNR /� 0RRUH 1� 
$QDO\VLV RI G\QDPLF 05 EUHDVW LPDJHV XVLQJ D 
PRGHO RI FRQWUDVW HQKDQFHPHQW� 0HG ,PDJH $QDO 
����� ���������� 

�� 0DXUHU &5 -U� )LW]SDWULFN -0� :DQJ 0<� 
*DOORZD\ 5 -U� 0DFLXQDV 5-� $OOHQ *6� 
5HJLVWUDWLRQ RI KHDG YROXPH LPDJHV XVLQJ 
LPSODQWDEOH ILGXFLDO PDUNHUV� ,((( 7UDQV 0HG 
,PDJLQJ ����� ����������� 
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6HVVLRQ�����'�,PDJH�5HJLVWUDWLRQ�DQG�)XVLRQ


5HJLVWUDWLRQ LV WKH DOLJQPHQW RI GLIIHUHQW LPDJHV� $ 
UHJLVWUDWLRQ SURFHVV HQDEOHV SDLUZLVH VXSHULPSRVLWLRQ 
RI LPDJHV REWDLQHG ��� ZLWK GLIIHUHQW PRGDOLWLHV VXFK 
DV 3(7 DQG 05,¥PXOWLPRGDOLW\� ��� DW GLIIHUHQW 
WLPHV¥PXOWLWHPSRUDO� ��� XVLQJ GLIIHUHQW DFTXLVLWLRQ 
SDUDPHWHUV RQ D VLQJOH PRGDOLW\¥PXOWLVSHFWUDO� ��� 
IURP GLIIHUHQW LQGLYLGXDOV RU JURXSV� RU ��� IURP DQ 
HOHFWURQLF DWODV� 

$OLJQPHQW LV LPSRUWDQW IRU LPDJH VXEWUDFWLRQ� WR 
FRPELQH DQDWRPLFDOO\ GHWDLOHG �H�J�� 05, VFDQV� ZLWK 
IXQFWLRQDO �H�J�� 3(7 VFDQV� LQIRUPDWLRQ� WR GHWHUPLQH 
LQWHUYDO FKDQJH DQG DVVHVV WKHUDS\� IRU IUDFWLRQDWHG 
UDGLRWKHUDS\ WUHDWPHQW YHULILFDWLRQ� DQG WR WUDQVIHU 
LQIRUPDWLRQ LQ DQ DQDWRPLF FRQWH[W DFURVV WKH 
WHPSRUDO� VSDWLDO� DQG VSHFWUDO GRPDLQV ZLWKLQ DQG 
EHWZHHQ LQGLYLGXDOV� ([DPSOHV RI LPDJH UHJLVWUDWLRQ 
LQFOXGH FRPSDULVRQ RI )'* 3(7 VFDQV RU ERQH VFDQV 
ZLWK &7 VFDQV WR HYDOXDWH VXVSHFWHG WXPRU VLWHV� 
H[WUDFWLRQ RI WKH YDVFXODU WUHH LQ VHOHFWLYH 
DQJLRJUDSK\� SUH� DQG SRVWUDGLRWKHUDS\ WXPRU 
PHDVXUHPHQW� DQG PDQ\ RWKHUV� 

,PDJH VXEWUDFWLRQ UHTXLUHV DOLJQPHQW RI SUH� DQG 
SRVWFRQWUDVW LPDJHV� IRU H[DPSOH� ,Q ILOP�EDVHG 
LPDJH VXEWUDFWLRQ� SDLUHG LPDJHV DUH DOLJQHG YLVXDOO\ 
XVLQJ ULJLG UHJLVWUDWLRQ VLQFH HDFK PHPEHU RI WKH SDLU 
PDLQWDLQV LWV RULJLQDO VL]H DQG VKDSH� $ UXEEHU VKHHW 
WUDQVIRUPDWLRQ DOORZV RQH PHPEHU RI WKH SDLU WR 
VWUHWFK RU FRPSUHVV ORFDOO\ WR VXSHULPSRVH PRUH 
SUHFLVHO\ ZLWK LWV FRXQWHUSDUW� 0HWKRGV KDYH EHHQ 
GHYHORSHG WR LPSURYH WKH TXDOLW\ RI DOLJQPHQW DQG 
HOLPLQDWH V\VWHPDWLF HUURUV� 

,PDJH UHJLVWUDWLRQ LV GHILQHG KHUH DV WKH 
GHWHUPLQDWLRQ RI D SRLQW�E\�SRLQW JHRPHWULFDO 
PDSSLQJ IURP RQH YLHZ WR DQRWKHU VXFK WKDW 
DQDWRPLFDOO\ FRUUHVSRQGLQJ SRLQWV DUH PDSSHG 
WRJHWKHU� ,PDJH IXVLRQ LV GHILQHG DV WKH LQWHJUDWLRQ RI 
LQIRUPDWLRQ IURP WZR RU PRUH LPDJHV DIWHU WKH\ KDYH 
EHHQ UHJLVWHUHG� $ SURPLQHQW DSSOLFDWLRQ RI IXVLRQ LV 
WKH YLVXDO SUHVHQWDWLRQ RI UHJLVWHUHG LPDJHV WR WKH 
GLDJQRVWLFLDQ RU WKHUDSLVW LQ D ZD\ WKDW PDNHV 
VLJQLILFDQW VLPLODULWLHV DQG GLIIHUHQFHV UHDGLO\ 
DSSDUHQW� 7KLV DSSOLFDWLRQ RI IXVLRQ LV SURSHUO\ D 
SUREOHP RI YLVXDOL]DWLRQ �VHH 6HVVLRQ ��� 

&ODVVLI\LQJ�3UREOHPV�DQG�0HWKRGV 
5HJLVWUDWLRQ SUREOHPV PD\ EH FDWHJRUL]HG DFFRUGLQJ 
WR WKH QXPEHU RI GLPHQVLRQV RI WKH LPDJHV LQYROYHG� 
�'��'� �'��'� DQG �'��'� 7ZR�GLPHQVLRQDO LPDJHV 
DUH W\SLFDOO\ SURMHFWLRQ LPDJHV� VXFK WKRVH SURGXFHG 
E\ VWDQGDUG ;�UD\ PDPPRJUDSK\ RU E\ SODQDU 
VFLQWLJUDSK\� ZKLFK JLYHV TXDQWLWDWLYH PHDVXUHV RI 
SURMHFWHG JDPPD UDGLDWLRQ SURGXFHG E\ LQMHFWLRQ RI 
UDGLRSKDUPDFHXWLFDOV� 7KLV VHFWLRQ FRQFHQWUDWHV RQ 
�' LPDJHV� LQFOXGLQJ ;�UD\ FRPSXWHG WRPRJUDSK\� 
PDJQHWLF UHVRQDQFH LPDJLQJ� VLQJOH�SKRWRQ FRPSXWHG 
WRPRJUDSK\� SRVLWURQ�HPLVVLRQ WRPRJUDSK\� 05 
VSHFWURVFRS\� IXQFWLRQDO 05,� DQG �' XOWUDVRXQG� 

,PDJH2SDLUV�25HJLVWUDWLRQ SUREOHPV PD\ DOVR EH 
FDWHJRUL]HG E\ ZKHWKHU LPDJHV DUH EHLQJ DOLJQHG ZLWK 
RWKHU LPDJHV �LPDJH�WR�LPDJH� RU ZLWK WKH SK\VLFDO 
DQDWRP\ RI WKH SDWLHQW �LPDJH�WR�SK\VLFDO�� ZKHWKHU 
WKH UHJLVWUDWLRQ LV EHWZHHQ YLHZV RI WKH VDPH SDWLHQW 
�LQWUDSDWLHQW� RU GLIIHUHQW SDWLHQWV �LQWHUSDWLHQW�� DQG 
IRU LPDJH�WR�LPDJH UHJLVWUDWLRQ DFFRUGLQJ WR ZKHWKHU 
RQO\ RQH LPDJLQJ PRGDOLW\ LQYROYHG �LQWUDPRGDOLW\� 
RU WZR �LQWHUPRGDOLW\�� ,Q IRFXVLQJ RQ FRPSXWHU�DLGHG 
PHWKRGV� WKLV VHFWLRQ LV FRQILQHG WR GLJLWDO LPDJHV� 
7KH WHUP ¦YR[HO§ LV XVHG WR UHIHU WR WKH �' 
UHFWDQJXODU HOHPHQW RI LQWHQVLW\ LQ D GLJLWDO LPDJH� 

$QDWRP\�27KH SUREOHPV RI PHGLFDO LPDJH 
UHJLVWUDWLRQ PD\ LQ IDFW EHVW EH FDWHJRUL]HG DFFRUGLQJ 
WR WKH DQDWRP\ EHLQJ LPDJHG� $Q LPSRUWDQW 
GLVWLQFWLRQ VKRXOG EH GUDZQ DV WR ZKHWKHU WKH 
DQDWRP\ FDQ EH WUHDWHG DV ULJLG �H�J�� KHDG� YHUWHEUD� 
RU DV QRQULJLG �H�J�� EUHDVW� OXQJV� DEGRPHQ� FRQWHQWV 
RI WKH SHOYLV�� 'HVSLWH WKH SUHYDOHQFH RI QRQULJLG 
PRWLRQ LQ WKH KXPDQ DQDWRP\� ULJLG PHWKRGV KDYH 
SOD\HG D SUHHPLQHQW UROH LQ UHJLVWUDWLRQ� %HFDXVH RI 
WKH UHODWLYH VLPSOLFLW\ RI WKH ULJLG PDSSLQJV� ZKLFK 
FDQ EH FRPSOHWHO\ GHVFULEHG E\ VL[ SDUDPHWHUV �VKLIWV 
DORQJ WKH [� \� DQG ] D[HV DQG URWDWLRQV DERXW WKHP�� 
WKHUH KDV EHHQ IDU PRUH SURJUHVV LQ WKH UHJLVWUDWLRQ RI 
ULJLG DQDWRP\� SDUWLFXODUO\ WKH KHDG� WKDQ RI QRQULJLG 
DQDWRP\� )XUWKHUPRUH� ZKHQ WKH DQDWRP\ LV QRQULJLG� 
PDQ\ DSSURDFKHV WR UHJLVWUDWLRQ UHO\ RQ D ILUVW SKDVH 
LQ ZKLFK ULJLGLW\ LV DVVXPHG� IROORZHG E\ IXUWKHU 
SKDVHV LQ ZKLFK QRQULJLG PDSSLQJV DUH FRPSRVHG 
ZLWK WKH ULJLG RQH� %HFDXVH RI WKH UHODWLYHO\ KLJKO\ 
GHYHORSHG VWDWH RI ULJLG UHJLVWUDWLRQ DQG EHFDXVH RI 
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WKH KLJKO\ QRQULJLG QDWXUH RI WKH EUHDVW� OXQJ� DQG 
DEGRPLQDO DQG SHOYLF RUJDQV� QRQULJLG UHJLVWUDWLRQ 
SUREOHPV KDYH EHFRPH RI FULWLFDO LPSRUWDQFH LQ 
FRPSXWHU�DLGHG VROXWLRQV WR SUREOHPV DVVRFLDWHG ZLWK 
WKH IHPDOH ERG\� 

5HJLVWUDWLRQ2FXHV�27KH PHWKRGV RI UHJLVWUDWLRQ� DV 
RSSRVHG WR WKH SUREOHPV RI UHJLVWUDWLRQ� FDQ EH 
IXUWKHU FDWHJRUL]HG DFFRUGLQJ WR WKH FXHV XVHG WR ILQG 
D PDSSLQJ WKDW EULQJV WKH WZR YLHZV LQWR UHJLVWUDWLRQ� 
7KH FXHV PD\ EH GLVWLQFW JHRPHWULFDO IHDWXUHV RU� IRU 
LPDJH�WR�LPDJH UHJLVWUDWLRQ� LQWHQVLW\ SDWWHUQV DPRQJ 
WKH YR[HOV WKHPVHOYHV� $ VWDQGDUG JHRPHWULFDO IHDWXUH 
LV WKH DQDWRPLFDO SRLQW� 2WKHU IHDWXUHV LQFOXGH OLQHV 
�W\SLFDOO\ FXUYHG� DQG VXUIDFHV �DOVR FXUYHG�� 
5HJLVWUDWLRQ PHWKRGV PD\ EH EDVHG RQ RQH W\SH RI 
IHDWXUH RU PD\ XVH WZR W\SHV� $OO PHWKRGV EDVHG RQ 
IHDWXUHV UHTXLUH D IHDWXUH�GHWHFWLRQ VWHS� ZKLFK PD\ 
LQ IDFW EH WKH PRVW GLIILFXOW SDUW RI WKH SURFHVV� 7KH 
QH[W VWHS LV WKH GHWHUPLQDWLRQ RI D PDSSLQJ WKDW 
EULQJV WKH FRUUHVSRQGLQJ IHDWXUHV �LQWUDSDWLHQW 
UHJLVWUDWLRQ� RU KRPRORJRXV IHDWXUHV �LQWHUSDWLHQW 
UHJLVWUDWLRQ� LQWR DOLJQPHQW� 3RLQWV WKDW OLH EHWZHHQ 
WKH IHDWXUHV DUH WKHQ PDSSHG E\ LQWHUSRODWLRQ� 
)HDWXUH�EDVHG UHJLVWUDWLRQ FDQ EH DSSOLHG WR ERWK 
LPDJH�WR�LPDJH UHJLVWUDWLRQ DQG LPDJH�WR�SK\VLFDO 
UHJLVWUDWLRQ SUREOHPV� 9R[HO�EDVHG FXHV W\SLFDOO\ 
LQYROYH WKH GLVWULEXWLRQ RI LQWHQVLW\ YDOXHV� ,Q WKLV 
FDVH� PDSSLQJV DUH FKRVHQ WKDW PD[LPL]H VRPH 
PHDVXUH RI VLPLODULW\ EHWZHHQ WKH LQWHQVLW\ SDWWHUQV LQ 
WKH WZR LPDJHV �H�J�� PHDQ DEVROXWH GLIIHUHQFH� 
QRUPDOL]HG FRUUHODWLRQ� PXWXDO LQIRUPDWLRQ�� 

5LJLGLW\�27KH GLIILFXOW\ RI WKHVH UHJLVWUDWLRQ PHWKRGV 
LV VWURQJO\ DIIHFWHG E\ ZKHWKHU WKH UHJLVWUDWLRQ 
SUREOHP LQYROYHV ULJLG RU QRQULJLG DQDWRP\� )RU WKH 
ULJLG FDVH� WKH FODVV RI IHDVLEOH PDSSLQJV LV NQRZQ 
�VKLIW SOXV URWDWLRQ�� ,I WKUHH RU PRUH SRLQWV FDQ EH 
UHFRJQL]HG LQ RQH YLHZ DQG WKUHH FRUUHVSRQGLQJ RU 
KRPRORJRXV SRLQWV FDQ EH IRXQG LQ D VHFRQG YLHZ� 
WKH ULJLG PDSSLQJ LV FRPSOHWHO\ GHWHUPLQHG �SURYLGHG 
WKH SRLQWV GR QRW OLH RQ WKH VDPH VWUDLJKW OLQH�� 
)XUWKHUPRUH� GHWHUPLQLVWLF DOJRULWKPV DUH DYDLODEOH WR 
ILQG WKH RSWLPDO ULJLG PDSSLQJ RQFH SRLQW 
FRUUHVSRQGHQFHV DUH HVWDEOLVKHG� 6XFK DOJRULWKPV FDQ 
DOVR WDNH DV LQSXW XQRUGHUHG VHWV RI SRLQWV ZKRVH 
FRUUHVSRQGHQFHV DUH GHWHUPLQHG DV SDUW RI WKH 
UHJLVWUDWLRQ SURFHVV LWVHOI� 1RQULJLG PDSSLQJV FDQ EH 
EDVHG RQ VHWV RI SRLQWV� %RWK ULJLG DQG QRQULJLG 
PDSSLQJV FDQ EH GHWHUPLQHG IURP VHWV RI OLQHV� VHWV 
RI VXUIDFHV� RU FRPELQDWLRQV RI SRLQWV� OLQHV� DQG 
VXUIDFHV� ZLWK RU ZLWKRXW NQRZQ FRUUHVSRQGHQFHV� ,Q 
FRQWUDVW WR ULJLG PDSSLQJV� KRZHYHU� QRQULJLG 

PDSSLQJV W\SLFDOO\ UHTXLUH PDQ\ PRUH IHDWXUHV DV 
LQSXW� 7KH FKRLFH RI QRQULJLG PDSSLQJ IXQFWLRQ LV 
SDUW RI WKH SUREOHP� DQG RQO\ KHXULVWLF VHDUFK 

�
DOJRULWKPV DUH DYDLODEOH WR ILQG WKH RSWLPDO IXQFWLRQ�

$XWRPDWLRQ�25HJLVWUDWLRQ PHWKRGV RIWHQ LQYROYH 
VRPH XVHU LQWHUDFWLRQ� ,W PD\ EH UHTXLUHG WKDW 
ODQGPDUNV EH LGHQWLILHG� WKDW XQLPSRUWDQW RU 
FRQIXVLQJ UHJLRQV EH H[FOXGHG� WKDW D URXJK LQLWLDO 
DOLJQPHQW EH SURYLGHG� RU WKDW RSWLPL]DWLRQ 
SDUDPHWHUV EH FKRVHQ� 6XFK LQWHUDFWLRQ KDV WZR PDMRU 
GLVDGYDQWDJHV� ��� LW RFFXSLHV XVHU WLPH DQG ��� LW 
PDNHV WKH TXDOLW\ RI WKH UHJLVWUDWLRQ VXEMHFW WR WKH 
H[SHUWLVH RI WKH XVHU� 7KH IRUPHU LQFUHDVHV WKH 
H[SHQVH RI WKH SURFHVV� DQG WKH ODWWHU GHFUHDVHV WKH 
FRQVLVWHQF\� $XWRPDWLRQ LV WKXV D KLJKO\ GHVLUDEOH 
IHDWXUH RI UHJLVWUDWLRQ PHWKRGV DQG� LQ VRPH FDVHV� 
PD\ EH ZRUWK\ RI D VOLJKW ORVV LQ DFFXUDF\� 
$XWRPDWLRQ DOVR PDNHV ODUJH�VFDOH UHWURVSHFWLYH 
VWXGLHV IHDVLEOH DQG IDFLOLWDWHV VFUHHQLQJ� 7KH ODWWHU 
DSSOLFDWLRQ PD\ EH LQFRUSRUDWHG DV EDFNJURXQG 
SURFHVV LQ SLFWXUH DUFKLYLQJ DQG FRPPXQLFDWLRQ 
V\VWHPV �3$&6�� :KLOH DXWRPDWLRQ UHGXFHV WKH DFWLYH 
KXPDQ WLPH LQYROYHG LQ WKH UHJLVWUDWLRQ SURFHVV DQG 
PD\ HYHQ HOLPLQDWH LW� WKH RYHUDOO WLPH UHTXLUHG IRU 
UHJLVWUDWLRQ PD\ EH PXFK OHVV ZKHQ LQWHUDFWLRQ LV 
HPSOR\HG� 7KH KXPDQ� GUDZLQJ RQ VRPH D SULRUL 
NQRZOHGJH� PD\ EH DEOH WR JXLGH WKH DOJRULWKP YLD D 
JRRG LQLWLDO VWDUWLQJ SRVH RU E\ HPSKDVL]LQJ VRPH 
SDUWV RI WKH LPDJH DQG HOLPLQDWLQJ RWKHUV IURP 
FRQVLGHUDWLRQ� 7KH H[WUD WLPH UHTXLUHG E\ D WRWDOO\ 
DXWRPDWLF DOJRULWKP PD\ EH ORQJ HQRXJK WR UHSUHVHQW 
D FOLQLFDO ERWWOHQHFN� 7KXV� RQFH DXWRPDWHG� D SURFHVV 
FDQ VWLOO EH LPSURYHG LI WKH DXWRPDWLF DOJRULWKP FDQ 
EH DFFHOHUDWHG� 

:KHQ DXWRPDWLF DOJRULWKPV IDLO� WKH\ UDUHO\ UHSRUW 
WKDW WKH\ KDYH IDLOHG� 7KXV� RQFH DQ DXWRPDWLF 
DOJRULWKP KDV FRPSOHWHG LWV UHJLVWUDWLRQ WDVN� YLVXDO 
LQVSHFWLRQ PD\ EH UHTXLUHG WR YHULI\ WKH TXDOLW\ RI WKH 
UHJLVWUDWLRQ� 7KLV VWHS ZDV UHFRJQL]HG DV EHLQJ FUXFLDO 
LQ D UHFHQW HYDOXDWLRQ RI UHJLVWUDWLRQ PHWKRGV LQ 
ZKLFK XQH[SHFWHG HUURUV RI VHYHUDO FHQWLPHWHUV 
DSSHDUHG DPRQJ UHJLVWUDWLRQV WKDW ZHUH W\SLFDOO\ 
DFFXUDWH WR � RU � PLOOLPHWHUV� $OJRULWKPV WKDW 
¦NQRZ§ ZKHQ WKH\ KDYH IDLOHG ZRXOG UHSUHVHQW DQ 
LPSRUWDQW VWHS IRUZDUG LQ WKH DXWRPDWLRQ RI LPDJH 
UHJLVWUDWLRQ� 

3URVSHFWLYH2YV�2UHWURVSHFWLYH�2$ ILQDO GLFKRWRP\ 
VKRXOG EH UHFRJQL]HG LQ UHJLVWUDWLRQ PHWKRGV� 
SURVSHFWLYH YHUVXV UHWURVSHFWLYH PHWKRGV� $ 
SURVSHFWLYH PHWKRG LV DQ\ PHWKRG LQ ZKLFK D VSHFLDO 
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SK\VLFDO DSSDUDWXV LV DWWDFKHG WR WKH DQDWRP\ EHIRUH 
LPDJLQJ WR IDFLOLWDWH UHJLVWUDWLRQ� 5HWURVSHFWLYH 
PHWKRGV DUH VLPSO\ PHWKRGV WKDW DUH QRW SURVSHFWLYH� 
7KH HDUOLHVW SURVSHFWLYH PHWKRGV ZHUH EDVHG RQ WKH 
VWHUHRWDFWLF IUDPH� LQ ZKLFK D ULJLG IUDPH RI NQRZQ 
VKDSH LV DWWDFKHG WR WKH DQDWRP\� W\SLFDOO\ YLD ERQH� 
LPSODQWHG PRXQWV� 5HFHQWO\� SURVSHFWLYH PHWKRGV 
KDYH EHHQ GHYHORSHG WKDW DUH EDVHG RQ LQGLYLGXDOO\ 
PRXQWHG PDUNHUV� ERWK ERQH�LPSODQWHG DQG VNLQ� 
DWWDFKHG� 7KH ODWWHU PHWKRGV DUH VRPHWLPHV FDOOHG 
¦IUDPHOHVV§ PHWKRGV� %RWK IUDPH�EDVHG DQG 
IUDPHOHVV PHWKRGV DOZD\V LQYROYH IHDWXUH�EDVHG 
UHJLVWUDWLRQ� DUH UHVWULFWHG WR ULJLG PDSSLQJV� DUH 
W\SLFDOO\ DSSOLHG WR WKH KHDG� DQG DUH XVHG RQO\ WR 
JXLGH VXUJHU\ RU WKHUDSHXWLF UDGLDWLRQ� 5HWURVSHFWLYH 
PHWKRGV DUH XVHG ZKHQ VXFK SUHSDUDWLRQ LV 
FRQVLGHUHG WR EH WRR LQYDVLYH RU ZKHQ WKH GHFLVLRQ WR 
HPSOR\ UHJLVWUDWLRQ LV PDGH RQO\ DIWHU WKH LPDJHV DUH 
DFTXLUHG� 7KH KDOOPDUN RI WKH SURVSHFWLYH PHWKRGV LV 
WKHLU DFFXUDF\� 6XFK PHWKRGV KDYH EHHQ XVHG DV ¦JROG 
VWDQGDUGV§ IRU PHDVXULQJ WKH DFFXUDF\ RI 

�
UHWURVSHFWLYH PHWKRGV�

5HYLHZV2RI2UHJLVWUDWLRQ2OLWHUDWXUH�2$Q H[SDQGHG 
DQG KHDYLO\ DQQRWDWHG FDWHJRUL]DWLRQ DORQJ ZLWK DQ 
H[WHQVLYH ELEOLRJUDSK\ RI UHFHQWO\ �VLQFH ����� 
SXEOLVKHG UHJLVWUDWLRQ PHWKRGV FDQ EH IRXQG LQ D 
���� UHYLHZ DUWLFOH E\ 0DLQW] DQG 9LHUJHYHU�� 

$Q 
HDUOLHU �EHIRUH ����� ELEOLRJUDSK\ FDQ EH IRXQG LQ WKH 
���� UHYLHZ E\ 0DXUHU DQG )LW]SDWULFN�� 

7KHVH 
ELEOLRJUDSKLHV LQFOXGH RYHU ��� DUWLFOHV� DOPRVW DOO RI 
ZKLFK ZHUH SXEOLVKHG ZLWKLQ WKH SDVW � \HDUV� 
LQGLFDWLQJ D JURZLQJ UHFRJQLWLRQ RI WKH LPSRUWDQFH RI 
UHJLVWUDWLRQ LQ PHGLFDO LPDJLQJ� 

5HODWLRQ�WR�6HJPHQWDWLRQ 
,PDJH VHJPHQWDWLRQ� ZKLFK LV GHILQHG KHUH DV WKH 
SDUWLWLRQLQJ RI DQ LPDJH LQWR PHDQLQJIXO SDUWV� LV D 
FODVVLF ILHOG RI LPDJH SURFHVVLQJ� ERWK LQ PHGLFDO DQG 
QRQPHGLFDO DSSOLFDWLRQV� DQG LV FRQVLGHUDEO\ ROGHU 
WKHQ WKH ILHOG RI UHJLVWUDWLRQ �VHH 6HVVLRQ ��� 
5HJLVWUDWLRQ LV VWURQJO\ UHODWHG WR VHJPHQWDWLRQ� 
VHJPHQWDWLRQ FDQ EH XVHG LQ WKH UHJLVWUDWLRQ SURFHVV 
DQG UHJLVWUDWLRQ FDQ EH XVHG LQ WKH VHJPHQWDWLRQ 
SURFHVV� 7KLV WZR�ZD\ VWUHHW FDQ EH H[SORLWHG WR 
SURGXFH DQ LWHUDWLYH SURFHVV LQ ZKLFK UHJLVWUDWLRQ DQG 
VHJPHQWDWLRQ DOWHUQDWH� $Q H[FHOOHQW H[DPSOH RI VXFK 
DQ DSSURDFK LV WKH �'��' UHJLVWUDWLRQ PHWKRG 
GHYHORSHG DW <DOH IRU PDWFKLQJ D �' &7 VFDQ WR 
PHJDYROWDJH UDGLDWLRQ WKHUDS\ SRUWDO UDGLRJUDSKV� ,Q 
WKLV PHWKRG� HDFK LWHUDWLRQ RI WKH UHJLVWUDWLRQ 
DOJRULWKP VXSSRUWV D UHILQHG VHJPHQWDWLRQ RI IHDWXUHV 

�ERQHV LQ WKH UDGLRJUDSK�� ZKLFK WKHQ DUH XVHG LQ WKH 
�

QH[W LWHUDWLRQ RI UHJLVWUDWLRQ�

6HJPHQWDWLRQ LV D QHFHVVDU\ ILUVW VWHS LQ IHDWXUH�EDVHG 
UHJLVWUDWLRQ PHWKRGV� LQ ZKLFK IHDWXUHV PXVW EH IRXQG 
EHIRUH D PDSSLQJ FDQ EH GHWHUPLQHG� $V SRLQWHG RXW 
DERYH� WKLV VWHS PD\ EH WKH PRVW GLIILFXOW� DQG KHQFH 
WKH OHDVW UHOLDEOH� SDUW RI D IHDWXUH�EDVHG UHJLVWUDWLRQ 
DOJRULWKP� 7KH IXQGDPHQWDO DGYDQWDJH RI WKH 
SURVSHFWLYH PHWKRGV ZLWK UHVSHFW WR SUHFLVLRQ RI 
LPDJH UHJLVWUDWLRQ LV WKH DFFXUDF\ ZLWK ZKLFK WKH 
DGGHG DSSDUDWXV FDQ EH VHJPHQWHG� 

,Q WKH LQYHUVH UHODWLRQVKLS� UHJLVWUDWLRQ LV RI SRWHQWLDO 
XVH LQ VHJPHQWDWLRQ ZKHQ WZR RU PRUH LPDJHV RI WKH 
VDPH DQDWRP\ DUH DYDLODEOH� )RU H[DPSOH� ZKHQ WZR 
LPDJHV RI GLIIHUHQW PRGDOLWLHV RI WKH VDPH SDWLHQW DUH 
DYDLODEOH WLVVXH VHJPHQWDWLRQ� WKH WZR LPDJHV PD\ EH 
EURXJKW LQWR DOLJQPHQW LQ D UHJLVWUDWLRQ VWHS� 
6XEVHTXHQWO\� SDWWHUQ DQDO\VLV PHWKRGV PD\ EH 
DSSOLHG WR D IHDWXUH VSDFH ZKRVH GLPHQVLRQV DUH WKH 
LQWHQVLWLHV RI FRUUHVSRQGLQJ YR[HOV LQ WKH UHJLVWHUHG 
LPDJHV� &OXVWHUV LQ WKDW VSDFH FRUUHVSRQG WR WLVVXHV RI 
WKH VDPH W\SH� $V D VHFRQG H[DPSOH� DQ LPDJH RI 
VRPH JLYHQ PRGDOLW\ PD\ EH FDUHIXOO\ VHJPHQWHG 
PDQXDOO\ IRU RQH SDWLHQW VR WKDW LW FDQ VHUYH DV DQ 
DWODV� 6XEVHTXHQWO\� RWKHU SDWLHQWV© LPDJHV FDQ EH 
VHJPHQWHG DXWRPDWLFDOO\ E\ UHJLVWHULQJ WKHP 
�QRQULJLGO\� WR WKH DWODV� ,Q HLWKHU FDVH� UHJLVWUDWLRQ 
KHOSV WR VROYH WKH VHJPHQWDWLRQ SUREOHP� EXW LW DOVR 
EHFRPHV D SRWHQWLDO VRXUFH RI HUURU IRU WKH 
VHJPHQWDWLRQ SURFHVV� 

$ IXUWKHU DSSOLFDWLRQ RI VHJPHQWDWLRQ WR UHJLVWUDWLRQ 
OLHV LQ WKH YDOLGDWLRQ RI UHJLVWUDWLRQ PHWKRGV� 
7HFKQLTXHV IRU YDOLGDWLRQ RIWHQ UHO\ RQ PHDVXUHPHQW 
RI PDSSLQJ HUURU IRU FRUUHVSRQGLQJ IHDWXUHV WKDW DUH 
QRW XVHG LQ WKH UHJLVWUDWLRQ SURFHVV� $ VHJPHQWDWLRQ 
HUURU LQ HLWKHU RU ERWK UHJLVWHUHG LPDJHV SURGXFHV 
IHDWXUHV WKDW GR QRW FRUUHVSRQG LQ WKH WZR LPDJHV� 
7KXV� HYHQ SHUIHFW UHJLVWUDWLRQV DUH DVVHVVHG HUURUV� 
DQG LPSHUIHFW RQHV DUH FKDUJHG ZLWK HUURUV WKDW DUH� LQ 
WKH PHDQ� WRR ODUJH� 

&OLQLFDO�$SSOLFDWLRQ�$UHD��%UHDVW 
5HJLVWUDWLRQ KDV DSSOLFDWLRQV LQ EUHDVW LPDJLQJ DV D 
PHDQV WR HYDOXDWH WHPSRUDO FKDQJHV IRU FRPSDULVRQ 
EHWZHHQ WKH OHIW DQG ULJKW EUHDVWV DQG IRU 
PHDVXUHPHQW RI FRQWUDVW XSWDNH� 7KH PDMRU FKDOOHQJH 
LQ UHJLVWUDWLRQ RI EUHDVW LPDJHV LV WKHLU QRQULJLGLW\� 
1RQULJLGLW\ LV D SDUWLFXODUO\ GLIILFXOW SUREOHP IRU �' 
;�UD\ SURMHFWLRQ LPDJLQJ� ZKLFK LV WKH FXUUHQW GHIDXOW 
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LQ PDPPRJUDSK\� &RPSDULVRQ RI VHULDO 
PDPPRJUDPV IRU FKDQJH GHWHFWLRQ LV D SDUWLFXODUO\ 
GLIILFXOW �'��' UHJLVWUDWLRQ SUREOHP� ERWK GXH WR WKH 
QRQULJLG QDWXUH RI WKH EUHDVW DQG WR WKH ODFN RI DELOLW\ 
WR UHSURGXFH WKH JHRPHWU\ RI DFTXLVLWLRQV VHSDUDWHG 
LQ WLPH E\ � RU PRUH \HDUV� 7KH FRQIXVLRQ RI 
RYHUO\LQJ DQG XQGHUO\LQJ WLVVXH DQG WKHLU UHODWLYH LQ� 
SODQH PRWLRQ EHWZHHQ LPDJHV PD\ FRQIRXQG 
UHJLVWUDWLRQ WR WKH H[WHQW WKDW LW LV XVHOHVV IRU 
SURMHFWLRQ LPDJLQJ� 05 PDPPRJUDSK\ RQ WKH RWKHU 
KDQG� ZKLOH LW LV FXUUHQWO\ QRW FRPPHUFLDOO\ YLDEOH 
EHFDXVH RI LWV KLJKHU FRVW� LV IDU PRUH DPHQDEOH WR 
UHJLVWUDWLRQ EHFDXVH RI LWV �' LPDJHV� $FFXUDWH� 
UREXVW� DQG FOLQLFDOO\ XVDEOH VROXWLRQV WR WKH SUREOHP 
RI QRQULJLG �'��' UHJLVWUDWLRQ ZLOO EH FULWLFDO WR WKH 
RSWLPDO XVH RI 05 LQ PDPPRJUDSK\� :LWK WKH 
DQWLFLSDWHG LQWURGXFWLRQ RI 05, DV D PDPPRJUDSKLF 
PRGDOLW\� �'��' UHJLVWUDWLRQ RI 05, ZLWK ;�UD\ 
PDPPRJUDSK\ ZLOO EHFRPH FULWLFDO WR FRUUHODWH 
IHDWXUHV REVHUYHG LQ WKH WZR PRGDOLWLHV� $GHTXDWH 
WUHDWPHQW RI WKLV UHJLVWUDWLRQ SUREOHP PD\ UHTXLUH XVH 
RI D ELRPHFKDQLFDO PRGHO RI WKH EUHDVW� DV GLVFXVVHG 
DERYH� 7KHUH LV D JUHDW GHDO RI ZRUN WR EH GRQH EHIRUH 
QRQULJLG UHJLVWUDWLRQ WHFKQLTXHV DFKLHYH WKH OHYHO RI 
UREXVWQHVV DQG DXWRPDWLRQ QHHGHG IRU XVH DV SDUW RI 
VFUHHQLQJ SURFHGXUHV� 5HVHDUFK GLUHFWHG WRZDUG WKLV 
HQG VKRXOG EH SXUVXHG ZLWK KLJK SULRULW\� 

8OWUDVRXQG DOVR SURGXFHV �' LPDJHV� $Q LPSRUWDQW 
GLVWLQFWLRQ IURP ;�UD\ PDPPRJUDSK\� KRZHYHU� LV 
WKDW DQ XOWUDVRXQG LPDJH LV QRW D SURMHFWLRQ LPDJH� 
7UDFNLQJ WKH XOWUDVRXQG SUREH DV LW LV VFDQQHG RYHU 
WKH EUHDVW PDNHV LW SRVVLEOH WR SODFH DQ XOWUDVRXQG 
LPDJH LQ WKUHH�GLPHQVLRQDO VSDFH RU HYHQ WR FRQVWUXFW 
D YROXPH IURP VHTXHQWLDOO\ DFTXLUHG SODQDU LPDJHV� 
6XFK LPDJHV PD\ EH XVHG WR JXLGH ELRSVLHV� 
8OWUDVRXQG LV FKHDS� FDQ EH DFTXLUHG LQ UHDO WLPH� LV 
UREXVW WR VXUJLFDO SURFHGXUHV� DQG DV D ORZ SRZHU 
LPDJLQJ WHFKQLTXH LV KDUPOHVV� ,WV FKLHI GLVDGYDQWDJH 
LV LWV ORZ VLJQDO�WR�QRLVH UDWLR� 5HJLVWUDWLRQ RI 
SUHRSHUDWLYH 05 WR �' LQWUDRSHUDWLYH XOWUDVRXQG PD\ 
PDNH LW SRVVLEOH WR FRPELQH WKH KLJK VLJQDO�WR�QRLVH 
UDWLR RI 05 ZLWK WKH UHDO�WLPH FDSDELOLW\ RI 
XOWUDVRXQG� 

2WKHU PRGDOLWLHV DUH RI LPSRUWDQFH LQ EUHDVW LPDJLQJ 
DV ZHOO� LQFOXGLQJ QXFOHDU PHGLFLQH LPDJHV DQG 
PDJQHWLF UHVRQDQFH VSHFWURVFRS\� ,Q HYHU\ FDVH� 
KRZHYHU� UHJLVWUDWLRQ LV FRQIRXQGHG E\ WKH SUREOHP 
RI QRQULJLG PRWLRQ� $V SRLQWHG RXW DERYH� WKH IRUP RI 
WKH QRQULJLG PDSSLQJ LV FULWLFDO IRU DQ\ UHJLVWUDWLRQ 
PHWKRG� 7KH DYDLODELOLW\ RI DFFXUDWH ELRPHFKDQLFDO 

PRGHOV RI WKH EUHDVW ZLOO EH FUXFLDO LQ FKRRVLQJ WKH 
PDSSLQJ� 

&OLQLFDO�$SSOLFDWLRQ�$UHD��3HOYLF�2UJDQV 
7KH SHOYLF UHJLRQ FRQWDLQV VRPH ULJLG DQDWRP\ LQ WKH 
SHOYLV LWVHOI DQG LQ WKH YHUWHEUDH� EXW QRQULJLG 
DQDWRP\ SUHGRPLQDWHV� 6RPH RUJDQV XQGHUJR UDGLFDO 
FKDQJHV LQ VKDSH� VXFK DV WKH EODGGHU DQG WKH FRORQ� 
$GYDQWDJH PD\ EH WDNHQ RI WKH ULJLG SHOYLV IRU LQLWLDO 
ULJLG�UHJLVWUDWLRQ VWHSV� EXW WKH FKDOOHQJH KHUH� DV ZLWK 
WKH EUHDVW� LV QRQULJLG UHJLVWUDWLRQ� $ IXUWKHU 
FRPSOLFDWLRQ LV WKDW WKHUH DUH PXOWLSOH RUJDQV� HDFK RI 
ZKLFK LV QRQULJLG� ZLWK QRQULJLG FRQQHFWLRQV DPRQJ 
RUJDQV� $V ZLWK WKH EUHDVW� ELRPHFKDQLFDO PRGHOLQJ 
ZLOO EH LPSRUWDQW WR DFFXUDWH UHJLVWUDWLRQ� $V DQ 
H[DPSOH RI D WUHDWPHQW WKDW FRXOG EH LPSURYHG E\ WKH 
GHYHORSPHQW RI DSSURSULDWH UHJLVWUDWLRQ WHFKQLTXHV� 
UDGLDWLRQ WKHUDS\ RI WKH FHUYL[ DQG XWHUXV ZRXOG 
EHQHILW JUHDWO\ IURP WKH DELOLW\ WR IXVH XOWUDVRXQG ZLWK 
&7� DV ZHOO DV IURP IXUWKHU GHYHORSPHQW RI �'��' 
UHJLVWUDWLRQ PHWKRGV IRU ORFDOL]LQJ UDGLRJUDSKLFDOO\ 
YLVXDOL]HG LPSODQWHG UDGLRDFWLYH VRXUFHV LQ WKH �' 
FRQWH[W RI &7�GHILQHG DQDWRPLFDO VWUXFWXUHV� 

&OLQLFDO�$SSOLFDWLRQ�$UHD��/LYHU 
/LNH WKH EUHDVW DQG WKH SHOYLF RUJDQV� WKH OLYHU LV D 
GHFLGHGO\ QRQULJLG REMHFW DQG LV WKHUHIRUH OLNHO\ WR EH 
D PRUH FKDOOHQJLQJ SUREOHP IRU UHJLVWUDWLRQ WKDQ WKH 
ULJLG DQDWRP\� 7KH OLYHU LV� KRZHYHU� FRQVLGHUDEO\ 
PRUH KRPRJHQHRXV WKDQ RWKHU QRQULJLG DQDWRP\� ,WV 
ELRPHFKDQLFDO PRGHO ZLOO EH VLPSOLILHG� ,W PD\ EH 
WUHDWHG DV D SURWRW\SH IRU DOO HODVWLFDOO\ GHIRUPDEOH 
RUJDQV� 5HVHDUFK RQ UHJLVWUDWLRQ SUREOHPV IRU WKH 
OLYHU ZRXOG VHUYH DV D EULGJH IURP WKH PHWKRGV 
GHYHORSHG IRU ULJLG DQDWRP\� VXFK DV WKH KHDG� WR 
PHWKRGV IRU QRQULJLG DQDWRP\ ZLWK PRUH FRPSOH[ 
PRGHOV� 5HJLVWUDWLRQ SUREOHPV ZRXOG LQFOXGH 
XOWUDVRXQG�WR�05 IRU LPDJH�JXLGHG LQWHUYHQWLRQV� 
8OWUDVRXQG ZRXOG QHHG WR EH UHJLVWHUHG LQ UHDO WLPH 
ZLWK 05 LPDJHV DFTXLUHG LQ WKH SODQQLQJ SKDVH� 05� 
WR�05 UHJLVWUDWLRQ ZRXOG EH DSSURSULDWH IRU 
SRVWRSHUDWLYH HYDOXDWLRQ DQG IRU ORQJ�WHUP 
PRQLWRULQJ RI WXPRU JURZWK RU RWKHU FKDQJHV� 

6KRUW�7HUP�5HVHDUFK�1HHGV 
,Q WKH VKRUW WHUP� UHVHDUFKHUV QHHG LPSURYHG DFFHVV 
WR PHWKRGV IRU YDOLGDWLQJ UHJLVWUDWLRQ DOJRULWKPV� 
9DOLGDWLRQ UHTXLUHV GDWDEDVHV RI UHJLVWHUHG LPDJHV 
DQG YDOLGDWLRQ WRROV WKDW DUH HDVLO\ DFFHVVLEOH WR 
UHJLVWUDWLRQ UHVHDUFKHUV ZRUOGZLGH� $ UHFHQWO\ 
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GHYHORSHG GDWDEDVH RI FOLQLFDO LPDJHV �9DQGHUELOW� LV 
DFFHVVLEOH YLD WKH ,QWHUQHW IRU WKH ULJLG UHJLVWUDWLRQ RI 
&7� 05� DQG 3(7 LPDJHV RI WKH KHDG�� 

6XFK 
GDWDEDVHV VKRXOG EH HQFRXUDJHG EXW VKRXOG EH 
H[SDQGHG WR LQFOXGH QRQULJLG DQDWRP\� )XOO 
LQIRUPDWLRQ PXVW EH DYDLODEOH GHWDLOLQJ WKH 
DFTXLVLWLRQ SURWRFROV DQG VFDQQHU FKDUDFWHULVWLFV� 
,GHDOO\� LPDJHV ZRXOG EH FOLQLFDOO\ DFTXLUHG SDWLHQW 
LPDJHV ZLWK JURXQG�WUXWK UHJLVWUDWLRQ PDSSLQJV 
DYDLODEOH� $ WLPH VHULHV RI ;�UD\ PDPPRJUDPV ZLWK 
VRPH LQGLFDWLRQ RI JURXQG WUXWK ZRXOG EH YDOXDEOH� 
7KH GLIILFXOW\ LV GHWHUPLQLQJ WKH WUXH PDSSLQJ� 
$OWHUQDWH VWUDWHJLHV LQFOXGH FRPSXWHU JHQHUDWLRQ RI D 
VLPXODWHG LPDJH RI RQH PRGDOLW\ IURP D FOLQLFDOO\ 
DFTXLUHG LPDJH RI DQRWKHU PRGDOLW\ �H�J�� 3(7 
JHQHUDWHG IURP 05�� %HFDXVH WKH VHFRQG LPDJH LV 
JHQHUDWHG IURP WKH ILUVW� WKH PDSSLQJ LV NQRZQ 
H[DFWO\� )RU QRQULJLG UHJLVWUDWLRQ� KRZHYHU� WKH 
JHQHUDWLRQ VWHS LQFOXGHV WKH FKRLFH RI WKH QRQULJLG 
PDSSLQJ IXQFWLRQ DV SDUW RI WKH SUREOHP� $OWKRXJK 
GDWDEDVHV RI SKDQWRP LPDJHV PD\ SURYLGH DQ 
LPSRUWDQW FRPSDQLRQ WR FOLQLFDO GDWDEDVHV IRU 
FDOLEUDWLRQ SXUSRVHV� WKH\ DUH RI RQO\ OLPLWHG YDOXH� 

'HYHORSPHQW RI LPSURYHG SDWLHQW�LPDJH UHJLVWUDWLRQ 
PHWKRGV ZLOO FRQWULEXWH WR WKH IXUWKHU DGYDQFHPHQW RI 
LPDJH�JXLGHG WKHUDSHXWLF SURFHGXUHV� VXFK DV 
HQGRVFRSLF VXUJHU\� LPDJH�JXLGHG ELRSV\� DQG 
UDGLRWKHUDS\� 7R GDWH� SDWLHQW�LPDJH UHJLVWUDWLRQ 
SURFHGXUHV DUH LGLRV\QFUDWLF� KDYLQJ EHHQ GHYHORSHG 
DV FRPSRQHQWV RI LQWHJUDWHG V\VWHPV XVLQJ SDUWLFXODU 
ORFDOL]DWLRQ KDUGZDUH DQG FRPSXWHU SODWIRUPV� 7KH 
KLJK FRVW RI DFFXUDWH ORFDOL]HU V\VWHPV ZLWK 
VXIILFLHQWO\ ODUJH ZRUNLQJ YROXPH WR EH XVHIXO LQ 
PDQ\ DSSOLFDWLRQV KDV VORZHG GHYHORSPHQW RI 
JHQHUDOO\ DSSOLFDEOH V\VWHPV DQG OLPLWHG WKH XVH RI 
LPDJH JXLGDQFH WR D IHZ UHVHDUFK LQVWLWXWLRQV� 
5HVHDUFK OHDGLQJ WR WKH GHYHORSPHQW RI ORZ�FRVW �' 
SDWLHQW�LPDJH UHJLVWUDWLRQ PHWKRGV ZLWK VXIILFLHQW 
DFFXUDF\ DQG ZRUNLQJ YROXPH ZRXOG EH YHU\ KHOSIXO 
LQ H[WHQGLQJ WKH SRWHQWLDO EHQHILW RI LPDJH JXLGDQFH 
LQWR WKH FRPPXQLW\� 

5HVHDUFKHUV LQ UHJLVWUDWLRQ� VHJPHQWDWLRQ� RU DQ\ ILHOG 
WKDW PDNHV XVH RI UHJLVWUDWLRQ PHWKRGV DOVR ZRXOG 
EHQHILW IURP WKH SURYLVLRQ RI D GDWDEDVH RI 
LQIRUPDWLRQ RQ UHJLVWUDWLRQ PHWKRGV� 6XFK D GDWDEDVH 
ZRXOG DOORZ UHVHDUFKHUV WR GHWHUPLQH TXLFNO\ WKH 
VWDWH RI WKH DUW DQG ILQG WKH VRIWZDUH IRU VSHFLILF 
UHJLVWUDWLRQ SUREOHPV� 7KH GDWDEDVH VKRXOG EH 
RUJDQL]HG VR WKDW LW FDQ EH TXHULHG E\ WDUJHW RUJDQ� 
UHJLVWUDWLRQ PHWKRG �ULJLG YV� QRQULJLG� VXUIDFH�EDVHG� 
PRGHO�EDVHG� HWF��� PRGDOLWLHV �&7�05� 3(7�05� 

XOWUDVRXQG�05� HWF��� FODLPHG SHUIRUPDQFH �YLVXDOO\ 
DFFXUDWH WR � PLOOLPHWHUV� EHWWHU WKDQ DQRWKHU PHWKRG� 
LPSURYHV GLDJQRVLV� HWF��� DQG SRVVLEO\ RWKHU 
FDWHJRUL]DWLRQV� 

$OWKRXJK PHWKRGV IRU WKH UHJLVWUDWLRQ RI ULJLG 
DQDWRP\ DUH IDU DGYDQFHG RYHU WKRVH IRU QRQULJLG 
DQDWRP\� WKH DXWRPDWLRQ RI ULJLG�ERG\ UHJLVWUDWLRQ 
WHFKQLTXHV VWLOO QHHGV LPSURYHPHQW� 6XFK 
LPSURYHPHQWV ZLOO DOORZ IRU ZLGHU DSSOLFDWLRQV RI 
UHJLVWUDWLRQ EHFDXVH RI WKH LQFUHDVHG SRWHQWLDO IRU 
VFUHHQLQJ� UHWURVSHFWLYH VWXGLHV� DQG LPSURYHG 
FOLQLFDO WKURXJKSXW� )XUWKHUPRUH� DOJRULWKPV WKDW 
GHWHUPLQH ZKHWKHU RU QRW WKH\ KDYH IDLOHG ZRXOG 
UHGXFH WKH HIIRUW UHTXLUHG IRU YLVXDO LQVSHFWLRQ� 

0DQ\ UHJLVWUDWLRQ PHWKRGV SHUIRUP UHDVRQDEO\ ZHOO 
ZLWK JRRG�TXDOLW\ GDWD� ,Q D FOLQLFDO VHWWLQJ� GDWD PD\ 
QRW DOZD\V KDYH EHHQ DFTXLUHG LQ DQ RSWLPDO IDVKLRQ� 
RU WKH\ PD\ FRPH IURP DQ LQKHUHQWO\ QRLV\ RU ORZ� 
FRQWUDVW PRGDOLW\ VXFK DV XOWUDVRXQG RU KLJK�HQHUJ\ 
;�UD\ UDGLRJUDSK\� 8OWUDVRXQG LQ SDUWLFXODU LV D 
PRGDOLW\� WKDW DSSHDUV WR KDYH DSSOLFDWLRQ LQ QHDUO\ 
HYHU\ DQDWRPLF VLWH DQG LV KLJKO\ VXLWHG WR UHDO�WLPH 
YLVXDOL]DWLRQ RI LQWHUQDO DQDWRP\ IRU JXLGDQFH RI 
WKHUDS\� ,QYHVWLJDWLRQ LQWR UHJLVWUDWLRQ WHFKQLTXHV WKDW 
DUH UREXVW ZLWK UHVSHFW WR ORZ LPDJH TXDOLW\ LV 
LPSRUWDQW� 

3UDFWLFDO SUREOHPV ZLWK UHJDUG WR IXQGLQJ QHHG WR EH 
FRQVLGHUHG� 7KUHH SUREOHPV WKDW VKRXOG EH GHDOW ZLWK 
DUH ��� WKH VLQH TXD QRQ VWDWXV RI K\SRWKHVLV WHVWLQJ� 
��� WKH UHOXFWDQFH WR IXQG SODQQHG FRPSXWHU XSJUDGHV� 
DQG ��� WKH GLIILFXOW\ RI LQWHUQDWLRQDO FRRSHUDWLRQ� 
7KH ILUVW SUREOHP KDPSHUV QRQ¤K\SRWKHVLV�GULYHQ 
DWWHPSWV WR SURGXFH VWDQGDUG GDWDEDVHV IRU WKH EHQHILW 
RI UHVHDUFK WKDW LV K\SRWKHVLV GULYHQ� 7KH VHFRQG 
SUREOHP KDPSHUV UHVHDUFK WKDW GHSHQGV RQ EULQJLQJ 
SURPLVLQJ PHWKRGV WR WKH FOLQLF� 7KH GLIILFXOW\ LV WKDW 
VWDWH�RI�WKH�DUW FRPSXWLQJ SODWIRUPV DUH GHYHORSLQJ 
VR UDSLGO\ WKDW WKH\ EHFRPH REVROHWH LQ DERXW � \HDUV� 
7KH SUREOHP PLJKW EH DGGUHVVHG E\ DFFHSWDQFH RI D 
UDWH RI ��� SHU \HDU GHSUHFLDWLRQ IRU FRPSXWLQJ 
SODWIRUPV� 7KH WKLUG SUREOHP KDPSHUV DWWHPSWV WR 
FRPELQH WKH H[SHUWLVH DQG HIIRUWV RI UHVHDUFKHUV ZKR 
KDSSHQ WR UHVLGH LQ GLIIHUHQW FRXQWULHV �H�J�� LQ WKH 
8QLWHG 6WDWHV DQG (XURSH�� 1HZ FROODERUDWLYH 
PHFKDQLVPV PLJKW H[SORUH PHDQV WR UHGXFH WKH 
DGPLQLVWUDWLYH GLIIHUHQWLDO EHWZHHQ LQWUDQDWLRQDO DQG 
LQWHUQDWLRQDO FRRSHUDWLRQ� 

&$' DQG �' ,PDJH $QDO\VLV DQG 'LVSOD\ �� 2FWREHU �¤�� ���� 



,QWHUPHGLDWH�7HUP�5HVHDUFK�1HHGV 
$ SUREOHP WKDW LV GHHPHG WRR GLIILFXOW WR EH VROYHG LQ 
WKH VKRUW WHUP LV WKH GHYHORSPHQW RI UHDOLVWLF 
ELRPHFKDQLFDO PRGHOV� 7KHVH PRGHOV DUH LPSRUWDQW 
IRU WKH LPSURYHPHQW RI QRQULJLG UHJLVWUDWLRQ PHWKRGV� 
,W VKRXOG DOVR EH UHFRJQL]HG WKDW WKH GHWHUPLQDWLRQ RI 
DQ DFFXUDWH ELRPHFKDQLFDO PRGHO LV HTXDOO\ FUXFLDO WR 
WKH GHYHORSPHQW RI YDOLGDWLRQ PHWKRGV� 5HVHDUFK LQWR 
PHWKRGV IRU YDOLGDWLRQ VKRXOG UHFRJQL]H WKLV SUREOHP� 
7KXV� LPSURYHPHQWV RI WKHVH PRGHOV ZLOO OHDG WR 
LPSURYHPHQWV RI ERWK UHJLVWUDWLRQ PHWKRGV DQG 
YDOLGDWLRQ PHWKRGV� 7KH PRGHOV VKRXOG EH EDVHG RQ 
GLUHFW PHDVXUHPHQW RI SK\VLFDO SDUDPHWHUV RI OLYLQJ 
WLVVXH� 7KH SULPDU\ QHHGV IRU PRGHOV DUH EUHDVW� 
SHOYLF RUJDQV� DQG OLYHU� ZLWK OLYHU EHLQJ WKH RUJDQ 
OLNHO\ WR \LHOG WKH ILUVW UHVXOWV� 

8QWLO ELRPHFKDQLFDO PRGHOV FDQ EH GHYHORSHG� 
VWDWLVWLFDO PRGHOV EDVHG RQ SKHQRPHQRORJLFDO 
REVHUYDWLRQV FDQ EH VXEVWLWXWHG� 6XFK PRGHOV QHHG WR 
EH EDVHG RQ ODUJH VWXGLHV ZLWK FDUHIXO VWDWLVWLFDO 
FRQWUROV DQG LQYROYLQJ PDQ\ VXEMHFWV� 

$OWKRXJK SURSHUO\ FODVVLILHG DV YLVXDOL]DWLRQ� 
LPSURYHG LPDJH IXVLRQ WHFKQLTXHV DUH NH\ WR WKH 
UHDOL]DWLRQ RI WKH SRWHQWLDO JDLQ IURP DQ\ LPSURYHG 
UHJLVWUDWLRQ PHWKRGV� 7KLV LV SDUWLFXODUO\ WUXH LQ 
VLWXDWLRQV ZKHUH UHJLVWHUHG LQIRUPDWLRQ QHHGV WR EH 
IXVHG DQG XVHG LQ UHDO WLPH� VXFK DV LQ LPDJH�JXLGHG 
VXUJHU\� $GHTXDWH WHVWLQJ RI LPDJH UHJLVWUDWLRQ DQG 
IXVLRQ LQ VXFK FKDOOHQJLQJ VHWWLQJV ZLOO UHTXLUH DFFHVV 
WR KLJK�VSHHG FRPSXWDWLRQ DQG VWDWH�RI�WKH�DUW 
QHWZRUNLQJ DQG GLVSOD\ WHFKQRORJLHV� (YHQ RXWVLGH 
UHDO�WLPH DSSOLFDWLRQV� UHJLVWUDWLRQ DQG IXVLRQ 
PHWKRGV ZLOO GHPDQG YHU\ KLJK�VSHHG GDWD 
SURFHVVLQJ� FRPPXQLFDWLRQ� DQG GLVSOD\ LQ RUGHU WR 
EHFRPH SUDFWLFDOO\ XVHIXO FOLQLFDO WRROV� 5HVHDUFK LQWR 
LPDJH FRPSUHVVLRQ DQG FRPPXQLFDWLRQ� DOUHDG\ 
LPSRUWDQW IRU WHOHUDGLRORJ\ DSSOLFDWLRQV IRU H[DPSOH� 
ZLOO EHFRPH LPSRUWDQW WR JHWWLQJ UHJLVWUDWLRQ DQG 
IXVLRQ PHWKRGV LQWR ZLGHVSUHDG XVH� 

/RQJ�7HUP�5HVHDUFK�1HHGV 
%HFDXVH RI WKH JUHDW YDULHW\ RI KXPDQ WLVVXHV DQG 
RUJDQV DQG WKH FKDOOHQJH RI PHDVXULQJ VWUHVVHV DQG 
VWUDLQV IRU DQ\ JLYHQ RUJDQ� LW FDQ VDIHO\ EH SUHGLFWHG 
WKDW VLJQLILFDQW LPSURYHPHQWV WR ELRPHFKDQLFDO 
PRGHOLQJ ZLOO EH QHHGHG IDU LQWR WKH IXWXUH RI LPDJH 
UHJLVWUDWLRQ UHVHDUFK� 7KHVH SUREOHPV PD\ UHTXLUH 
QHZ PHWKRGV IRU JDWKHULQJ SK\VLFDO LQIRUPDWLRQ� 
LQFRUSRUDWLQJ ERWK PDFURVFRSLF DQG PLFURVFRSLF 

PHDVXUHPHQWV �H�J�� 05 PLFURVFRS\�� 0LFURVFRSLF� 
FHOOXODU�OHYHO LPDJHV PD\ QHHG WR EH UHJLVWHUHG ZLWK 
FRQYHQWLRQDO PDFURVFRSLF LPDJHV� 1HZ LPDJLQJ 
PRGDOLWLHV� RU DW OHDVW QHZ PRGLILFDWLRQV RI IDPLOLDU 
PRGDOLWLHV� PD\ EH GHYHORSHG� 6XFK QHZ PRGDOLWLHV 
ZLOO SUREDEO\ UHTXLUH WKH GHYHORSPHQW RI QHZ 
UHJLVWUDWLRQ WHFKQLTXHV� 

$V QHZ LPDJLQJ WHFKQLTXHV DUH GHYHORSHG WR ZKLFK 
UHJLVWUDWLRQ QHHGV WR EH DSSOLHG� WKH GDWDEDVH RI 
UHJLVWHUHG LPDJHV GHVFULEHG HDUOLHU ZLOO QHHG WR EH 
XSGDWHG WR DFFRPPRGDWH WKH VWDWH RI WKH DUW LQ 
LPDJLQJ� 'DWD YROXPHV JHQHUDWHG E\ PLFURVFRSLF 
LPDJLQJ WHFKQLTXHV ZLOO EH KXJH� 5HVHDUFKHUV ZLOO 
QHHG FRQWLQXLQJ DFFHVV WR VWDWH�RI�WKH�DUW QHWZRUNLQJ 
DQG FRPSXWDWLRQ FDSDELOLWLHV WR GHDO ZLWK VXFK GDWD� 

&$' DQG �' ,PDJH $QDO\VLV DQG 'LVSOD\ �� 2FWREHU �¤�� ���� 



5HVHDUFK�3ULRULWLHV 
6KRUW2WHUP2

,QWHUPHGLDWH2WHUP2

/RQJ2WHUP2

& (VWDEOLVK HDVLO\ DFFHVVLEOH GDWDEDVHV RI UHJLVWHUHG LPDJHV DQG UHJLVWUDWLRQ PHWKRGV 
DYDLODEOH YLD WKH ,QWHUQHW� 

& 'HYHORS ORZHU�FRVW LPDJH�WR�SDWLHQW UHJLVWUDWLRQ V\VWHPV� 
& ,PSURYH DXWRPDWLRQ RI WKH UHJLVWUDWLRQ RI ULJLG DQDWRP\� 

� *UHDWHU DXWRPDWLRQ 
� )DVWHU PHWKRGV 
� 0HWKRGV WKDW UHFRJQL]H WKHLU IDLOXUH WR UHJLVWHU 
� 0HWKRGV WKDW ZRUN RQ ORZ�TXDOLW\ LPDJHV� 

& (VWDEOLVK UHDOLVWLF IXQGLQJ SDWWHUQV IRU FRPSXWHU XSJUDGHV� 
& ,PSURYH VXSSRUW IRU LQWHUQDWLRQDO FROODERUDWLRQ� 

& 'HYHORS ELRPHFKDQLFDO PRGHOV IRU QRQULJLG DQDWRP\� LQFOXGLQJ WKH OLYHU� EUHDVW� DQG 
SHOYLF RUJDQV� 

& 'HYHORS VWDWLVWLFDO PRGHOV IRU QRQULJLG DQDWRP\� 
& 'HYHORS KLJKHU�VSHHG V\VWHPV IRU UHJLVWUDWLRQ DQG IXVLRQ� 

& &RQWLQXH GHYHORSPHQW RI ELRPHFKDQLFDO PRGHOV IRU QRQULJLG DQDWRP\� 
& 'HYHORS UHJLVWUDWLRQ PHWKRGV IRU PLFURVFRSLF�WR�PDFURVFRSLF LPDJHV� 
& &UHDWH GDWDEDVHV RI UHJLVWHUHG PLFURVFRSLF�PDFURVFRSLF PRGDOLWLHV� 

5HIHUHQFHV 
�� 0XWKXSLOODL 5� /RPDV '-� 5RVVPDQ 3-� *UHHQOHDI 

-)� 0DQGXFD $� (KPDQ 5/� 0DJQHWLF UHVRQDQFH 
HODVWRJUDSK\ E\ GLUHFW YLVXDOL]DWLRQ RI 
SURSDJDWLQJ DFRXVWLF VWUDLQ ZDYHV� 6FLHQFH ����� 
�������������� 

�� :HVW -� )LW]SDWULFN -0�� :DQJ 0<� HW DO� 
&RPSDULVRQ DQG HYDOXDWLRQ RI UHWURVSHFWLYH 
LQWHUPRGDOLW\ EUDLQ LPDJH UHJLVWUDWLRQ 
WHFKQLTXHV� - &RPSXW $VVLVW 7RPRJU ����� 
����������� 

�� 0DLQW] -%$� 9LHUJHYHU 0$� $ VXUYH\ RI PHGLFDO 
LPDJH UHJLVWUDWLRQ� 0HGLFDO ,PDJH $QDO\VLV 
����� ������� 

�� 0DXUHU &5 -U� )LW]SDWULFN -0� $ UHYLHZ RI PHGLFDO 
LPDJH UHJLVWUDWLRQ� ,Q� 0DFLXQDV 5-� HG� 
,QWHUDFWLYH LPDJH�JXLGHG QHXURVXUJHU\� 3DUN 
5LGJH� ,/� $PHULFDQ $VVRFLDWLRQ RI 1HXURORJLFDO 
6XUJHRQV� ����� ������ 

�� %DQVDO 5� 6WDLE /� &KHQ =� HW DO� $ QRYHO DSSURDFK 
IRU WKH UHJLVWUDWLRQ RI �' SRUWDO DQG �' &7 
LPDJHV IRU WUHDWPHQW VHWXS YHULILFDWLRQ LQ 
UDGLRWKHUDS\� ,Q� :HOOV :0� &ROFKHVWHU $&)� 
'HOS 6� HGV� 0HGLFDO LPDJH FRPSXWLQJ DQG 
FRPSXWHU�DVVLVWHG LQWHUYHQWLRQ� %HUOLQ� 6SULQJHU� 
9HUODJ� ����� ���������� 
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6HVVLRQ�����'�,PDJH�9LVXDOL]DWLRQ�DQG�8VHU�,QWHUIDFHV


7KUHH�GLPHQVLRQDO LPDJH YLVXDOL]DWLRQ LQ PHGLFLQH 
PD\ EH GHILQHG DV WKH WUDQVIRUPDWLRQ� SUHVHQWDWLRQ� 
DQG LQWHUDFWLRQ ZLWK PXOWLGLPHQVLRQDO PHGLFDO DQG�RU 
ELRORJLFDO LPDJH GDWDVHWV� &7� 05,� 3(7� 63(&7� 
DQG VRPHWLPHV XOWUDVRXQG SURYLGH �' RU �' LPDJHV� 
2XU DELOLW\ WR DFTXLUH GHWDLOHG LPDJH YROXPHV UDSLGO\ 
LV LQFUHDVLQJ GUDPDWLFDOO\� EXW WKH PHWKRGV XVHG WR 
GLVSOD\ DQG XQGHUVWDQG WKHVH GDWD DUH EHWWHU VXLWHG WR 
WUDGLWLRQDO ORZHU FDSDFLW\ DQG VORZHU LPDJLQJ 
V\VWHPV� 

,PDJH DFTXLVLWLRQ LQ �' 05, DQG VSLUDO�KHOLFDO &7 
VFDQQLQJ QRZ SHUPLWV DFTXLVLWLRQ RI GDWD YROXPHV LQ 
PLQXWHV WKDW DUH LPSUDFWLFDO WR UHSURGXFH RQ ILOP LQ 
VOLFH�E\�VOLFH IRUPDW IRU RII�OLQH VXEMHFWLYH UHYLHZ� 
7KHUH LV D FULWLFDO DQG LPPHGLDWH QHHG IRU EHWWHU 
PHDQV RI VRIWFRS\ GLVSOD\ DQG UHYLHZ V\VWHPV WR 
DGGUHVV WKH ZLGHQLQJ GLVFUHSDQF\ EHWZHHQ RXU DELOLW\ 
WR JDWKHU LPDJH GDWD DQG XVH LW IRU GLDJQRVLV DQG 
WKHUDS\� 7KH HPHUJLQJ WUHQG WR SURGXFH YROXPH GDWD 
LQ UHDO WLPH ZLWK 05,� &7� XOWUDVRXQG� DQG ;�UD\ 
IOXRURVFRS\ H[FHHG WKH FDSDFLW\ RI FXUUHQW FOLQLFDO 
GLVSOD\ V\VWHPV� 

7KH QHHG IRU EHWWHU GLVSOD\ V\VWHPV DULVHV IURP WKH 
GHPDQG IRU PLQLPDOO\ LQYDVLYH LPDJH�JXLGHG 
WKHUDSLHV ZKHUH SUH�RS LPDJHV PD\ EH FRPELQHG ZLWK 
D UHDO�WLPH VRXUFH� (QGRYDVFXODU DQG LQWHUYHQWLRQDO 
SURFHGXUHV UHTXLUH LPPHGLDWH UHIHUHQFH WR LPDJH GDWD 
JDWKHUHG EHIRUH DQG GXULQJ WKH WKHUDS\� %LRSV\ RI 
GHHS OHVLRQV DQG GUDLQDJH RI F\VWV RU DEVFHVVHV DUH 
JXLGHG E\ UHDO WLPH ;�UD\� &7� RU 05, IOXRURVFRS\ 
WKDW UHTXLUH D GLVSOD\ V\VWHP WKDW SURYLGHV LPPHGLDWH 
LQIRUPDWLRQ RQ WKH WDUJHW DQG SHUFXWDQHRXV SUREH 
ORFDWLRQV� 

,QFUHDVHG LPDJH YROXPH DFTXLVLWLRQ VSHHG SURYLGHV 
DQ RSSRUWXQLW\ WR UHGXFH WKH WLPH QHHGHG WR GLDJQRVH� 
VWDJH� WUHDW� DQG HYDOXDWH DQDWRPLF DEQRUPDOLWLHV� 7KH 
PDQDJHPHQW DQG GLVSOD\ RI FXUUHQW ZLWK SUHYLRXVO\ 
REWDLQHG LPDJH GDWD LQ WKH FRQWH[W RI DQ LQGLYLGXDO 
SDWLHQW©V FOLQLFDO QHHGV KDV FHQWUDO LPSRUWDQFH LQ 
PRGHUQ UDGLRORJLF SUDFWLFH� 7KH LQWHJUDWLRQ RI 
GLVSDUDWH FOLQLFDO LQIRUPDWLRQ VRXUFHV LQ WKH FRQWH[W 
RI D SDWLHQW©V LPDJHV IRU GHFLVLRQ VXSSRUW LV DQ 
LPSRUWDQW ORQJ�WHUP JRDO WKDW ZLOO UHDOL]H WKH 
SRWHQWLDO IRU FRQWUROOLQJ FRVWV DQG LPSURYLQJ 
RXWFRPHV� 

,Q GLVFXVVLQJ WKLV VXEMHFW� LW LV LQVWUXFWLYH DW WKH RXWVHW 
WR SURYLGH VRPH UHODWHG GHILQLWLRQV� 

'HILQLWLRQV 
5HDO�WLPH2LPDJLQJ�2,Q FRPSXWHU GLVSOD\ DSSOLFDWLRQV� 
WKLV LPSOLHV D IUDPH UHIUHVK�XSGDWH UDWH VXIILFLHQWO\ 
KLJK WR DYRLG SHUFHSWLRQ RI ¦MHUNLQHVV§ RU VWXWWHU �WKDW 
LV� D VPRRWK GLVSOD\�� JHQHUDOO\ DFFHSWHG WR EH �� WR 
�� IUDPHV�VHFRQG� 7KLV PHDQV WKDW WKH GLVSOD\ V\VWHP 
PXVW FRPSXWH DQG GLVSOD\ HDFK FRPSOHWH QHZ YLHZ LQ 
DSSUR[LPDWHO\ �� PLOOLVHFRQGV RU OHVV� ,Q GDWD 
FROOHFWLRQ� YLGHR UDWHV JHQHUDOO\ DUH FRQVLGHUHG UHDO 
WLPH �L�H�� �� IUDPHV�VHFRQG�� 

,QWHUDFWLYH2LPDJLQJ�27KLV UHIHUV WR VXIILFLHQWO\ KLJK 
UHVSRQVH WLPH DQG UHSHWLWLRQ UDWH RI WKH V\VWHP� ZKLFK 
VHQVHV D XVHU DFWLRQ RI VRPH W\SH �H�J�� PRXVH 
PRYHPHQW� NH\ SUHVV� ZDQG PRWLRQ� DQG FRPSXWHV D 
FRUUHVSRQGLQJ UHVXOW �H�J�� XSGDWLQJ WKH YLHZ RQ WKH 
VFUHHQ� VR WKDW WKH XVHU ZLOO SHUFHLYH �QHDU� 
LQVWDQWDQHRXV UHVSRQVH WR WKH DFWLRQ� 7KLV JHQHUDOO\ 
UHTXLUHV D UHVSRQVH�UHSHWLWLRQ UDWH RI �� WR �� 
IUDPHV�VHFRQG� ,QWHUDFWLYLW\� KRZHYHU� LV DSSOLFDWLRQ 
RU SURFHGXUH GHSHQGHQW� WKDW LV� KLJKHU UHVSRQVH UDWHV 
DUH QHHGHG IRU KLJKO\ G\QDPLF VLWXDWLRQV �H�J�� 
FDWKHWHU SRVLWLRQLQJ� DQG ORZHU UDWHV IRU PRUH VWDWLF 
DFWLYLW\ �H�J�� WXPRU DSSURDFK�� 

�'2LPDJLQJ�27KLV UHIHUV SULPDULO\ WR DFTXLULQJ GLJLWDO 
VDPSOHV RI REMHFWV GLVWULEXWHG WKURXJKRXW WKUHH VSDFH 
GLPHQVLRQV �L�H�� [� \� ]�� XVXDOO\ EXW QRW QHFHVVDULO\ 
ZLWK LVRWURSLF VSDFLQJ� 7KH WHUP LV RIWHQ JHQHUDOL]HG 
WR LQFOXGH SURFHVVLQJ� GLVSOD\� DQG DQDO\VLV RI �' 
LPDJH GDWDVHWV DV ZHOO� $ �' LPDJH RU �' LPDJLQJ 
SURFHVV FDQ VRPHWLPHV� EXW QRW DOZD\V� EH 
V\QWKHVL]HG E\ DSSUR[LPDWLQJ VXFFHVVLYH �' VWHSV� 
,GHDOO\� KRZHYHU� WKH LPDJH LV DFTXLUHG GLUHFWO\ LQ �' 
DQG�RU WKH LPDJLQJ SURFHVV LV DSSOLHG FRQJUXHQWO\ LQ 
�'� 

0XOWLPRGDO2LPDJLQJ�27KLV JHQHUDOO\ UHIHUV WR WKH XVH 
RI GLIIHUHQW LPDJLQJ V\VWHPV �H�J�� FRPSXWHG 
WRPRJUDSK\� PDJQHWLF UHVRQDQFH LPDJLQJ� SRVLWURQ 
HPLVVLRQ WRPRJUDSK\� WR DFTXLUH LPDJHV RI WKH VDPH 
REMHFW �H�J�� D SDWLHQW EUDLQ�� SURYLGLQJ 
FRPSOHPHQWDU\ DQG PRUH GHWDLOHG LQIRUPDWLRQ DERXW 
WKH REMHFW WKDQ FDQ EH REWDLQHG IURP DQ\ VLQJOH� 
XQLPRGDO LPDJH W\SH� 0RUH W\SLFDOO\� WKH WHUP PD\ 
EH XVHG WR GHVFULEH D VSDWLDO�WHPSRUDO ¦IXVLRQ§ RI 

&$' DQG �' ,PDJH $QDO\VLV DQG 'LVSOD\ �� 2FWREHU �¤�� ���� 



LPDJHV RI WKH VDPH REMHFW REWDLQHG IURP GLIIHUHQW 
LPDJLQJ V\VWHPV� GHWHUPLQHG E\ VSDWLDOO\ DQG�RU 
WHPSRUDOO\ UHJLVWHULQJ WKH LPDJHV ZLWK VRSKLVWLFDWHG 
PDWKHPDWLFDO DOJRULWKPV VR WKDW WKHLU LQGLYLGXDO 
VDPSOHV DOLJQ LQ VSDFH DQG�RU WLPH� 

�'2YLVXDOL]DWLRQ�27KLV JHQHUDOO\ UHIHUV WR GLVSOD\ RI 
�' REMHFWV VR DV WR UHSUHVHQW HIIHFWLYHO\ WKH �' 
QDWXUH RI WKH REMHFWV� ([DPSOHV RI VXFK GLVSOD\V 
LQFOXGH VKDGHG JUDSKLFV LQ �' GLVSOD\ GHYLFHV 
�VRPHWLPHV UHIHUUHG WR DV �×'�� VWHUHRVFRSLF�W\SH 
GLVSOD\V UHTXLULQJ VSHFLDO JODVVHV� DXWRVWHUHRVFRSLF 
DQG�RU KRORJUDSKLF �' GLVSOD\V UHTXLULQJ QR SK\VLFDO 
DLGV� DQG ¦LPPHUVLYH§ GLVSOD\V WKDW SURMHFW WKH YLHZHU 
LQWR WKH VFHQH �H�J�� YLUWXDO UHDOLW\ HQYLURQPHQWV�� %XW 
WKH WHUP YLVXDOL]DWLRQ DV XVHG LQ FRPSXWHU LPDJLQJ 
DOVR LPSOLHV WKH FDSDELOLW\ WR PDQLSXODWH DQG DQDO\]H 
WKH GLVSOD\HG LQIRUPDWLRQ� 

7KH�3RWHQWLDO�IRU��'�9LVXDOL]DWLRQ 
7KH WUDGLWLRQDO GLVFLSOLQHV RI ELRORJLFDO DQG PHGLFDO 
VFLHQFH DUH VLJQLILFDQWO\ JURXQGHG LQ WKH REVHUYDWLRQ 
DQG YLVXDOL]DWLRQ RI OLYLQJ VWUXFWXUHV DQG LQ WKH 
PHDVXUHPHQW RI YDULRXV SURSHUWLHV RI WKHVH VWUXFWXUHV 
�H�J�� WKHLU IXQFWLRQV�� 7KHVH REVHUYDWLRQV DQG 
PHDVXUHPHQWV DUH RIWHQ UHFRUGHG DV LPDJHV� (YHU 
VLQFH WKH LQYHQWLRQ RI WKH PLFURVFRSH DQG WKH 
GLVFRYHU\ RI ; UD\V� SK\VLFLDQV� VXUJHRQV� DQG OLIH 
VFLHQWLVWV KDYH EHHQ XVLQJ LPDJHV WR GLDJQRVH DQG 
WUHDW GLVHDVH DQG WR EHWWHU XQGHUVWDQG EDVLF 
SK\VLRORJ\ DQG ELRORJ\� 7KH YDOXH RI ELRPHGLFDO 
LPDJHV GHSHQGV ODUJHO\ XSRQ WKH FRQWH[W IURP ZKLFK 
WKH\ DUH REWDLQHG DQG WKH VFLHQWLILF RU PHGLFDO LQWHUHVW 
DQG JRDOV WKDW PRWLYDWH WKHLU SURGXFWLRQ DQG XVH� ,Q 
ELRORJLFDO VFLHQFH� YLVXDOL]DWLRQV DUH XVHG WR VWXG\ WKH 
UHODWLRQVKLS RI DQDWRPLF VWUXFWXUH WR ELRORJLF 
IXQFWLRQ� ,Q FOLQLFDO SUDFWLFH� YLVXDOL]DWLRQV DUH XVHG 
WR GHWHFW DQG WUHDW GLVHDVH DQG WUDXPD WKDW GLVWXUE RU 
WKUHDWHQ QRUPDO OLIH SURFHVVHV� 7UDGLWLRQDOO\� WKHVH 
YLVXDOL]DWLRQV KDYH HLWKHU EHHQ GLUHFW� YLD VXUJHU\ RU 
ELRSV\� RU LQGLUHFW� UHTXLULQJ H[WHQVLYH PHQWDO 
UHFRQVWUXFWLRQ� 7KH UHYROXWLRQDU\ QHZ �' DQG �' 
PHGLFDO LPDJLQJ PRGDOLWLHV� DORQJ ZLWK SRZHUIXO 
FRPSXWDWLRQDO FDSDELOLWLHV WKDW SURYLGH HIILFLHQW 
UHFRQVWUXFWLRQ DQG UHQGHULQJ RI PXOWLGLPHQVLRQDO 
PHGLFDO DQG KLVWRORJLF YROXPH LPDJH GDWD� QRZ 
REYLDWH WKH QHHG IRU SK\VLFDO GLVVHFWLRQ RU DEVWUDFW 
DVVHPEO\ RI DQDWRP\ DQG SURYLGH SRZHUIXO QHZ 
RSSRUWXQLWLHV IRU PHGLFDO GLDJQRVLV DQG WUHDWPHQW� 

7KH VLJQLILFDQW SRWHQWLDO IRU �' YLVXDOL]DWLRQ LQ 
PHGLFLQH UHPDLQV ODUJHO\ XQH[SORLWHG� DQG SUDFWLFDO 

WRROV DUH XQGHYHORSHG� 0DQ\ OLIH�WKUHDWHQLQJ GLVHDVHV 
DQG�RU TXDOLW\�RI�OLIH DIIOLFWLRQV VWLOO UHTXLUH SK\VLFDO 
LQWHUYHQWLRQV LQWR WKH ERG\ WR UHGXFH RU UHPRYH 
GLVHDVH RU WR DOOHYLDWH KDUPIXO RU SDLQIXO FRQGLWLRQV� 
%XW PLQLPDOO\ LQYDVLYH RU QRQLQYDVLYH LQWHUYHQWLRQV 
DUH QRZ ZLWKLQ UHDFK WKDW HIIHFWLYHO\ LQFUHDVH 
SK\VLFLDQ SHUIRUPDQFH LQ DUUHVWLQJ RU FXULQJ GLVHDVH 
RU LQ UHGXFLQJ ULVN� SDLQ� FRPSOLFDWLRQV� UHRFFXUUHQFH� 
DQG KHDOWK FDUH FRVWV� :KDW LV \HW UHTXLUHG LV IRFXVHG 
UHGXFWLRQ WR SUDFWLFH RI UHFHQW DQG FRQWLQXLQJ 
DGYDQFHV LQ YLVXDOL]DWLRQ WHFKQRORJ\ WR SURYLGH QHZ 
WRROV DQG SURFHGXUHV WKDW SK\VLFLDQV ¦PXVW KDYH§ WR 
WUHDW WKHLU SDWLHQWV� $ UHVSHFWHG VXUJHRQ RQFH VDLG WR 
KLV VFLHQWLILF FROOHDJXH� ¦,I , FDQ VHH LW� , FDQ IL[ LW�§ 
7KLV VLPSOH VWDWHPHQW DW ILUVW JODQFH HQJHQGHUV 
FRQILGHQFH� +RZHYHU� PRVW FXUUHQW PHGLFDO 
LQWHUYHQWLRQDO SURFHGXUHV WR FXUH RU DUUHVW GLVHDVH� 
VXFK DV VXUJHU\� ELRSV\� DQG FDWKHWHUL]DWLRQ� VWLOO 
UHTXLUH EOLQG DSSURDFKHV� 7KDW LV� WKH SK\VLFLDQ 
FDQQRW GLUHFWO\ VHH WKH WDUJHW DQG�RU GHWHUPLQH WKH 
PRVW HIIHFWLYH DQG KDUPOHVV SDWKZD\ WR WKH WDUJHW 
GXULQJ WKH SURFHGXUH� ,I YLVXDOL]DWLRQV DUH DYDLODEOH� 
WKH\ DUH RIWHQ OLPLWHG WR �' LPDJHV� VORZ� DQG�RU RII� 
OLQH� ,QWHUYHQWLRQDO SURFHGXUHV RIWHQ GHSHQG RQ JURVV 
DSSUR[LPDWLRQV DQG HVWLPDWHV RI WDUJHW SRVLWLRQ DQG 
RULHQWDWLRQ EDVHG RQ SUHRSHUDWLYH DQG�RU LQGLUHFW 
UHFRUGLQJV �H�J�� ; UD\V� HOHFWURFDUGLRJUDP� HWF��� 

,QWHUDFWLYH YLVXDOL]DWLRQ DQG DGYDQFHG GLVSOD\ 
WHFKQRORJLHV RSHQ QHZ UHDOPV LQWR WKH SUDFWLFH RI 
PHGLFLQH E\ SHUPLWWLQJ WKH LPDJHV REWDLQHG IURP 
PRGHUQ PHGLFDO LPDJLQJ V\VWHPV WR EH GLUHFWO\ 
GLVSOD\HG DQG PDQLSXODWHG ZLWK LQWXLWLYH LPPHGLDF\ 
DQG ZLWK VXIILFLHQW GHWDLO DQG VSHHG WR HYRNH VHQVRULDO 
H[SHULHQFH VLPLODU WR WKDW RI UHDO H[SHULHQFH� 6XFK 
LQWHUDFWLYH �' HQYLURQPHQWV DOORZ SK\VLFLDQV WR 
¦HQWHU§ WKH YLVXDOL]DWLRQV WR WDNH XS DQ\ YLHZ SRLQW� 
VHH G\QDPLF IXQFWLRQDO SURFHVVHV DV ZHOO DV GHWDLOHG 
DQDWRP\� PDNH DFFXUDWH RQ�OLQH PHDVXUHPHQWV� DQG 
PDQLSXODWH DQG FRQWURO LQWHUYHQWLRQDO SURFHVVHV� 7KH 
YDOXH RI VXFK YLVXDOL]DWLRQ WHFKQRORJ\ LQ PHGLFLQH 
ZLOO GHULYH PRUH IURP WKH HQKDQFHPHQW RI UHDO 
H[SHULHQFH WKDQ IURP WKH VLPXODWLRQ RI UHDOLW\� 

9LVXDOL]DEOH REMHFWV LQ PHGLFLQH H[WHQG DFURVV D YDVW 
UDQJH RI VFDOH� IURP LQGLYLGXDO PROHFXOHV DQG FHOOV WR 
WKH YDULHWLHV RI WLVVXH DQG LQWHUVWLWLDO LQWHUIDFHV WR 
FRPSOHWH RUJDQV� RUJDQ V\VWHPV� DQG ERG\ SDUWV� 
9LVXDOL]DWLRQV FDQ LQFOXGH IXQFWLRQDO DWWULEXWHV RI 
WKHVH V\VWHPV� VXFK DV ELRSK\VLFDO� ELRPHFKDQLFDO� 
DQG SK\VLRORJLFDO SURSHUWLHV� 0HGLFDO DSSOLFDWLRQV 
LQFOXGH DFFXUDWH DQDWRP\ DQG IXQFWLRQ PDSSLQJ� 
HQKDQFHG GLDJQRVLV� DQG DFFXUDWH WUHDWPHQW SODQQLQJ 
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DQG UHKHDUVDO� 7KH JUHDWHVW SRWHQWLDO IRU UHYROXWLRQDU\ 
LQQRYDWLRQ LQ WKH SUDFWLFH RI PHGLFLQH� KRZHYHU� OLHV 
LQ GLUHFW� IXOO\ LPPHUVLYH PXOWLVHQVRU\ IXVLRQ RI UHDO 
DQG YLUWXDO LQIRUPDWLRQ GDWD VWUHDPV LQWR DQ RQ�OLQH� 
UHDO�WLPH YLVXDOL]DWLRQ GXULQJ DQ DFWXDO FOLQLFDO 
SURFHGXUH� 6XFK FDSDELOLWLHV DUH QRW \HW DYDLODEOH WR 
WKH JHQHUDO SUDFWLWLRQHU� KRZHYHU� FXUUHQW DGYDQFHG 
FRPSXWHU LPDJH SURFHVVLQJ UHVHDUFK KDV UHFHQWO\ 
IDFLOLWDWHG PDMRU SURJUHVV WRZDUG IXOO\ LQWHUDFWLYH �' 
YLVXDOL]DWLRQ DQG UHDOLVWLF VLPXODWLRQ� :LWK WKHVH 
DGYDQFHV LQ KDQG� WKHUH DUH VHYHUDO LPSRUWDQW FOLQLFDO 
DSSOLFDWLRQV SRVVLEOH WR EH GHOLYHUHG VRRQ WKDW ZLOO 
KDYH D VLJQLILFDQW LPSDFW RQ PHGLFLQH� LQFOXGLQJ WKH 
GHWHFWLRQ DQG WUHDWPHQW RI FDQFHU� 

5HOHYDQW�7HFKQRORJLHV 
�'2LQWHUIDFHV2IRU2UDGLDWLRQ2RQFRORJ\�2,PSRUWDQW 
SURJUHVV KDV EHHQ PDGH LQ IXVLQJ PXOWLGLPHQVLRQDO 
LPDJH GDWD IRU HIIHFWLYH WUHDWPHQW SODQV LQ UDGLDWLRQ 
WKHUDS\ RI FDQFHU� 2Q�OLQH XSGDWLQJ DQG UHILQHPHQW RI 
WUHDWPHQW SODQV GXULQJ WKH WUHDWPHQW SURFHGXUH DOVR 
KDV DGYDQFHG� 7KH SRZHU RI PXOWLPRGDO LPDJLQJ DQG 
KLJK�SHUIRUPDQFH FRPSXWLQJ SURYLGHV SRVVLELOLWLHV 
IRU PRUH DFFXUDWH WUHDWPHQW SODQQLQJ DQG SODQ 
DGMXVWPHQWV GXULQJ WKHUDS\ WKDQ HYHU� 7KH LQFOXVLRQ 
RI �' XVHU LQWHUIDFHV IRU HIIHFWLYH YLVXDOL]DWLRQ RI 
SODQV DQG LQWHUDFWLYH PDQLSXODWLRQ RI SODQ SDUDPHWHUV 
KDV VHW WKH SDFH IRU �' LQWHUIDFHV� EXW JUHDWHU 
LPSURYHPHQWV DUH VWLOO QHHGHG� 

$XJPHQWHG2UHDOLW\2WHFKQRORJ\�27KH VWDWH RI WKH DUW 
LQ LPPHUVLYH LQWHUDFWLYH GLVSOD\V LV SURPLVLQJ IRU 
VRPH FOLQLFDO DSSOLFDWLRQV� VXFK DV �' LPDJH�JXLGHG 
EUHDVW ELRSVLHV� ,W LV QRW VXIILFLHQW� KRZHYHU� IRU 
URXWLQH� KLJKO\ DFFXUDWH� SUHFLVH� VHQVLWLYH� DQG 
VSHFLILF DSSOLFDWLRQV LQ FOLQLFDO VLWXDWLRQV� )XUWKHU 
WHFKQRORJLFDO DGYDQFHPHQW LQ PLQLDWXUH VHQVRU 
HOHPHQWV DQG JUDSKLF GLVSOD\ FKLSV ZLOO EHJLQ WR 
DSSURDFK WKHVH UHTXLUHPHQWV LQ WKH QHDU IXWXUH� 

9LVXDOL]DWLRQ2SODWIRUPV�27KHUH KDV EHHQ D UDSLG 
HPHUJHQFH RI SHUVRQDO FRPSXWHU �3&��OHYHO 
DUFKLWHFWXUHV� 7KLV KDV EOXUUHG WKH ERXQGDU\ EHWZHHQ 
SRZHUIXO ZRUNVWDWLRQV DQG 3& V\VWHPV� $ YDULHW\ RI 
XVHIXO WRRONLW VRIWZDUH SDFNDJHV KDYH HPHUJHG WKDW 
DUH QRZ SRLVHG IRU UDSLG SURWRW\SLQJ RI FXVWRP 
YLVXDOL]DWLRQ DSSOLFDWLRQV IRU XVH LQ FOLQLFDO GLDJQRVLV 
DQG WUHDWPHQW� 6WDQGDUGL]DWLRQ RI ODQJXDJHV LQ 
PHGLFDO LPDJLQJ DSSOLFDWLRQ SURJUDPV ZLOO KDVWHQ WKH 
SUDFWLFDO XVH RI SRZHUIXO YLVXDOL]DWLRQ DQG GLVSOD\ 
FDSDELOLWLHV LQ KHDOWK FDUH SUDFWLFH� 

0XOWLPRGDO2YLVXDOL]DWLRQ2RI2�'2LPDJHV�2)XVLRQ RI 
VFDQQHG LPDJHV IURP PXOWLSOH VFDQQLQJ VRXUFHV E\ 
XVLQJ SDUDPHWULF LQIRUPDWLRQ PRGHOV DQG RWKHU 
QRQLPDJH GDWD ZLOO EULQJ YHU\ SRZHUIXO YLVXDOL]DWLRQ 
SDUDGLJPV LQWR XVH IRU HQKDQFHG GLDJQRVLV DQG 
WUHDWPHQW RI FDQFHU� 7KH UDSLGO\ HYROYLQJ FDSDELOLWLHV 
RI VXSHU JUDSKLFV FRPSXWLQJ DW 3& OHYHOV IRU GRLQJ 
UHDO�WLPH LQWHUDFWLYH YROXPH UHQGHULQJ DQG GLVSOD\ 
VKRZ JUHDW SURPLVH IRU DFKLHYLQJ LPPHGLDF\ RI 
GLVSOD\ DQG SUDFWLFDO LPSOHPHQWDWLRQ RI �' LPDJH 
YLVXDOL]DWLRQ WHFKQRORJ\� 

0LJUDWLQJ2UHVHDUFK2LQWR2VXFFHVVIXO2SURGXFWV�27KH 
PLJUDWLRQ RI EDVLF VFLHQFH UHVHDUFK LQWR VXFFHVVIXO 
PHGLFDO DQG FOLQLFDO SURGXFWV EHJLQV E\ GHOLQHDWLQJ 
FOHDU JRDOV DQG WHFKQLFDO VSHFLILFDWLRQV� 7KLV PXVW EH 
IROORZHG E\ FDUHIXO UHVHDUFK DQG VFLHQWLILF YDOLGDWLRQ� 
FXOPLQDWLQJ LQ SXEOLFDWLRQ RI WKH UHVHDUFK UHVXOWV WKDW 
FDQ EH UHSURGXFHG� UHILQHG� DQG UHGXFHG WR SUDFWLFH DV 
KLJKO\ VSHFLILF SURGXFWV� 7KHVH SURGXFWV PXVW WKHQ EH 
GHOLYHUHG IRU LQWHJUDWLRQ LQWR WRWDO V\VWHP VROXWLRQV� 

$FKLHYLQJ�)XWXUH�*RDOV 
$OO RI WKHVH WHFKQRORJLHV SRLQW WRZDUG VLPLODU IXWXUH 
JRDOV IRU GHYHORSPHQW RI YLVXDOL]DWLRQ WHFKQRORJ\ 
DQG LPSOHPHQWDWLRQ LQ XVHU�IULHQGO\ LQWHUIDFHV� 7KH\ 
FDQ EH UHGXFHG WR WZR� ��� LPSURYHPHQWV LQ VSHHG� 
TXDOLW\� DQG GLPHQVLRQDOLW\ RI WKH GLVSOD\ DQG ��� 
LPSURYHG DFFHVV WR WKH GDWD UHSUHVHQWHG LQ WKH GLVSOD\ 
WKURXJK LQWHUDFWLYH� LQWXLWLYH PDQLSXODWLRQ DQG 
PHDVXUHPHQW RI WKH GDWD� ,QFOXGHG LQ WKHVH REMHFWLYHV 
LV GHWHUPLQLQJ TXDQWLWDWLYH LQIRUPDWLRQ DERXW WKH 
SURSHUWLHV RI DQDWRPLF WLVVXHV DQG V\VWHP IXQFWLRQV 
WKDW UHODWH WR DQG DUH DIIHFWHG E\ GLVHDVH� 7R DFKLHYH 
WKHVH JRDOV� LPSURYHG DQG DGYDQFHG �' YLVXDOL]DWLRQ 
WHFKQRORJ\ LV VRUHO\ QHHGHG DQG ZLOO KDYH VLJQLILFDQW 
LPSDFW RQ WKH FDUH DQG PDQDJHPHQW RI SDWLHQWV ZLWK 
FDQFHU� 

,PDJH�JXLGHG2SURFHGXUHV�27KHVH WHFKQLTXHV SURYLGH 
PRUH HIIHFWLYH SODQQLQJ DQG H[HFXWLRQ RI 
LQWHUYHQWLRQDO PHGLFDO SURFHGXUHV� 7KHVH 
YLVXDOL]DWLRQ WHFKQLTXHV ZLOO QHHG WR EH LQ �'� UHDO 
WLPH� DQG LQWHUDFWLYH� 

&RUUHODWLRQ2RI2PXOWLSOH2GDWDVHWV�27KH LQIRUPDWLRQ 
SURYLGHG E\ YDULRXV PRGHUQ PHGLFDO LPDJLQJ V\VWHPV 
LV ODUJHO\ FRPSOHPHQWDU\� :KHQ DSSURSULDWHO\ 
FRUUHODWHG� WKH GDWD FDQ SUHVHQW WKH GLDJQRVWLFLDQ DQG 
WUHDWPHQW SUDFWLWLRQHU ZLWK D V\QHUJLVWLF� LQWHJUDWHG 
YLHZ RI WKH DQDWRP\ DQG SDWKRORJ\ EHLQJ 
LQYHVWLJDWHG� 7KH DELOLW\ WR YLVXDOL]H WKHVH GDWDVHWV 
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VLPXOWDQHRXVO\ LQ D V\QHUJLVWLF PDQQHU ZRXOG EH D 
YLWDO FRQWULEXWLRQ WR H[SORLWLQJ WKH ULFK LQIRUPDWLRQ 
WKDW WKH\ PXWXDOO\ FRQWDLQ� 

'DWD2UHGXFWLRQ�27KH SRZHU RI KXPDQ YLVLRQ DQG 
FRPSUHKHQVLRQ FDQ JUHDWO\ VLPSOLI\ WKH SURFHVV RI 
ORFDOL]LQJ DQG DVVHVVLQJ WKH QDWXUH RI GLVHDVH LI 
SURSHU YLVXDOL]DWLRQV FDQ EH SUHVHQWHG WR WKH SRZHUIXO 
¦KXPDQ FRPSXWHU�§ 7KH FKDOOHQJLQJ UHTXLUHPHQWV IRU 
DXWRPDWHG HOHFWURQLF VWRUDJH� SURFHVVLQJ� DQG 
TXDQWLWDWLYH DQDO\VLV RI LPDJH GDWDVHWV QHHG WR EH 
RYHUFRPH E\ LPSURYHG YLVXDOL]DWLRQ� 7KH GDWDVHWV DUH 
EHFRPLQJ ODUJHU� DQG WKH DELOLW\ WR QDYLJDWH 
HIIHFWLYHO\ WKURXJK WKHP LV LQFUHDVLQJO\ GLIILFXOW� 
$FFXUDWH SDWLHQW�VSHFLILF PRGHOV GHULYHG IURP WKHVH 
ODUJH�YROXPH LPDJHV PD\ SURYLGH WKH UHDO�WLPH 
SHUIRUPDQFH UHTXLUHG�

2ULHQWDWLRQ�2ORFDOL]DWLRQ�2DQG2QDYLJDWLRQ�27KH 
EOHVVLQJ DQG EDQH RI ODUJH PHGLFDO LPDJH GDWDVHWV DUH 
WKDW WKH\ SURYLGH FRQVLGHUDEOH LQIRUPDWLRQ LQ D �' 
FRQWH[W� EXW WKH PDJQLWXGH DQG FRPSOH[LW\ RI WKDW 
LQIRUPDWLRQ VRPHWLPHV FRQIRXQGV HIIHFWLYH 
QDYLJDWLRQ WR DFFRPSOLVK ZHOO�GHILQHG DQG VRPHWLPHV 
VLPSOH JRDOV� 2QH VXFK JRDO LV WR ILQG LI GLVHDVH LV 
SUHVHQW DQG� LI LW LV� WR WUHDW DQG HUDGLFDWH LW 
HIIHFWLYHO\� 2EWDLQLQJ WKDW JRDO PD\ EH DFFRPSOLVKHG 
E\ SURYLGLQJ WKUHH SDUDPHWHUV WKDW DQVZHU WKUHH 
VLPSOH TXHVWLRQV� RULHQWDWLRQ¥ZKHUH DUH \RX� 
ORFDOL]DWLRQ¥ZKHUH LV WKH WDUJHW� DQG QDYLJDWLRQ¥ 
KRZ GR \RX JHW IURP ZKHUH \RX DUH WR WKH WDUJHW" 
,PSURYHG YLVXDOL]DWLRQ WHFKQLTXHV ZLOO SOD\ DQ 
LPSRUWDQW UROH LQ HIIHFWLYH QDYLJDWLRQ DQG ORFDOL]DWLRQ 
RI DQDWRPLF DQG SDWKRORJLFDO WDUJHWV� ERWK LQ 
GLDJQRVLV DQG WUHDWPHQW RI FDQFHU� 

$XJPHQWDWLRQ2RI2�'�2,Q VHYHUDO VLWXDWLRQV� ERWK 
WUDGLWLRQDO DQG HPHUJLQJ �' GLVSOD\ WHFKQRORJLHV ZLOO 
FRQWLQXH WR EH XVHIXO LQ PHGLFDO GLDJQRVLV DQG 
WUHDWPHQW� 7KHVH FDQ EH VLJQLILFDQWO\ DLGHG� KRZHYHU� 
E\ FRPSOHPHQWDU\ �' UHSUHVHQWDWLRQV �LQFOXGLQJ 
GLVSOD\V� RI WKH GDWD DQG RI WKH HQYLURQPHQW IURP 
ZKLFK WKH GDWD ZHUH REWDLQHG� 7KUHH�GLPHQVLRQDO 
GLVSOD\V SURYLGH LQIRUPDWLRQ WKDW WKH WZR�GLPHQVLRQDO 
GLVSOD\V GR QRW KDYH� %XW �' GLVSOD\V FDQ EH 
SUHVHQWHG LQ UHDO WLPH DQG LQH[SHQVLYHO\� PDNLQJ 
WKHP DWWUDFWLYH IRU URXWLQH DSSOLFDWLRQV� 7KH �' 
GLVSOD\ WHFKQRORJLHV PD\ EH OLPLWHG VWULFWO\ WR 
FRPSOHPHQWLQJ� QRW UHSODFLQJ� WKH �' WHFKQRORJLHV� 
7KLV PLJKW DOVR EH DFKLHYHG DW ORZHU FRVW� 

&RPPXQLFDWLRQ2DQG2HGXFDWLRQ�27KUHH�GLPHQVLRQDO 
GLVSOD\V KDYH VLJQLILFDQW SRWHQWLDO IRU HIIHFWLYHO\ 

WHDFKLQJ DQDWRP\ DQG LOOXVWUDWLQJ WKH ORFXV DQG QDWXUH 
RI GLVHDVH� 7KH\ DUH XVHIXO IRU SUDFWLFLQJ DQG 
UHKHDUVLQJ SURFHGXUHV LQ DQ HOHFWURQLF RU YLUWXDO 
HQYLURQPHQW WKDW PD\ LQFUHDVH VNLOOV DW ORZHU FRVWV 
WKDQ WUDGLWLRQDO WUDLQLQJ WHFKQLTXHV� 7KUHH� 
GLPHQVLRQDO LQIRUPDWLRQ LV RIWHQ PRUH LQWXLWLYH DQG 
FRPSOHWH WKDQ WZR�GLPHQVLRQDO LQIRUPDWLRQ� ZLWK WKH 
ODWWHU RIWHQ UHTXLULQJ VRPH PHQWDO UHFRQVWUXFWLRQ DQG 
H[WUDSRODWLRQ� 8VLQJ �' LQIRUPDWLRQ WR FRPPXQLFDWH 
LGHDV DQG SURFHGXUHV EHWZHHQ FROODERUDWRUV� EHWZHHQ 
FROOHDJXHV� DQG EHWZHHQ SK\VLFLDQ DQG SDWLHQW KDV 
VLJQLILFDQW SURPLVH� 

&XUUHQW��'�9LVXDOL]DWLRQ�&DSDELOLWLHV 
)LJXUHV �¤� LOOXVWUDWH WKH VWDWH RI WKH DUW LQ �' 
YLVXDOL]DWLRQ�

���� 
$SSOLFDWLRQV WR ZRPHQ©V FDQFHU DUH 

HVSHFLDOO\ HPSKDVL]HG� 

)LJXUH � VKRZV �' VHJPHQWDWLRQ DQG YROXPH 
UHQGHULQJ RI D KHDG IURP UHJLVWHUHG� PXOWLPRGDOLW\ 
GDWD �&7 DQG 05,�� &RPSRVLWH UHQGHULQJ FDQ EH XVHG 
WR YLVXDOL]H VLQJOH REMHFWV� OLNH WKH VNXOO �XSSHU OHIW�� 
RU WR YLVXDOL]H PXOWLSOH REMHFWV VLPXOWDQHRXVO\� OLNH 
WKH VNXOO DQG VLQXVHV �XSSHU ULJKW�� RU PXOWLSOH WLVVXH 
W\SHV� OLNH WKH VNXOO DQG EUDLQ �ORZHU OHIW�� ,I VSDWLDO 
UHVROXWLRQ LV VXIILFLHQW� HQGRVFRSLF YLHZ SRLQWV FDQ EH 
UHQGHUHG WR REVHUYH� IRU H[DPSOH� WKH IURQWDO VLQXVHV 
IURP ZLWKLQ WKH VNXOO �ORZHU ULJKW�� 

)LJXUH2��2�'2VHJPHQWDWLRQ2DQG2YROXPH2UHQGHULQJ2

IURP2UHJLVWHUHG2&72DQG205,2GDWD�2

,QWUDRSHUDWLYH LPDJH IXVLRQ DQG YLVXDOL]DWLRQ �)LJXUH 
�� SURYLGH RQ�OLQH ORFDOL]DWLRQ DQG QDYLJDWLRQ 
FDSDELOLWLHV� )RU H[DPSOH� GXULQJ WKH RSHUDWLRQ WKH 
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QHXURVXUJHRQ FDQ XVH DXJPHQWHG UHDOLW\ WHFKQRORJ\ 
WR YLVXDOL]H WKH EUDLQ UHJLVWHUHG DQG IXVHG ZLWK WKH 
SUHRSHUDWLYH �' VFDQV� 7KHVH DUH GLVSOD\HG WR 
SURYLGH D W\SH RI ¦;�UD\ YLVLRQ§ WR UHYHDO EUDLQ 
WXPRUV EHIRUH DQG GXULQJ VXUJLFDO DSSURDFK� 6XFK 
YLVXDOL]DWLRQV PD\ EH DFFRPSDQLHG E\ UHDO�WLPH �' 
GHIRUPDWLRQ RI WKH KLJK�UHVROXWLRQ SUHRSHUDWLYH 
PRGHOV WR DFFRPPRGDWH RU FRUUHFW EUDLQ VKLIW GXULQJ 
WKH VXUJLFDO SURFHGXUH� 

)LJXUH2��2$XJPHQWHG2UHDOLW\2WHFKQRORJ\2ZLWK2

UHJLVWHUHG2DQG2IXVHG2SUHRSHUDWLYH2�'2VFDQV�2

)LJXUH � GLVSOD\V �' VHJPHQWDWLRQ DQG UHQGHULQJ RI 
EUHDVW WLVVXHV� 5HJLVWHUHG� PXOWLPRGDO �05,� &7� DQG 
DQDWRP\� LPDJH GDWD DXWRPDWLFDOO\ FODVVLILHG VNLQ� 
PDPPDU\ YHVVHOV� DQG WZR GLIIHUHQW GHQVLWLHV RI 
PDPPDU\ JODQG WLVVXHV� 6XFK YLVXDOL]DWLRQ 
WHFKQLTXHV PD\ IDFLOLWDWH SUHFLVH ORFDOL]DWLRQ RI 
FDOFLILHG OHVLRQV� 

)LJXUH2��2�'2VHJPHQWDWLRQ2DQG2UHQGHULQJ2RI2

UHJLVWHUHG205,�2&7�2DQG2DQDWRP\2LPDJH2GDWD�2

)LJXUH � VKRZV �' YLVXDOL]DWLRQ RI VHJPHQWHG OXQJV 
DQG FRPSXWHG HQGRVFRSLF YLHZ ZLWKLQ WKH WUDFKHD 
XVLQJ WH[WXUH YROXPH UHQGHULQJ� 9ROXPH VFDQQLQJ DQG 

YLUWXDO HQGRVFRS\ PD\ SURYLGH D YLDEOH VFUHHQLQJ WRRO 
IRU DLUZD\ FDQFHU� 

)LJXUH2��2�'2YLVXDOL]DWLRQ2XVLQJ2WH[WXUH2YROXPH2

UHQGHULQJ�2

)LJXUH � VKRZV �' PRGHOLQJ RI SHOYLF FRQWHQWV IURP 
UHJLVWHUHG PXOWLPRGDO LPDJH GDWD �&7 DQG 05,�� 
$FFXUDWH JUDSKLF PRGHOLQJ RI SDWLHQW�VSHFLILF 
DQDWRP\ UHGXFHV GDWD VL]H DQG FRPSOH[LW\� 
IDFLOLWDWLQJ LQWHUDFWLYH H[SORUDWLRQ RI DQDWRP\ IRU 
GHWHFWLRQ RI WXPRUV DQG IRU SODQQLQJ VXUJLFDO RU 
UDGLDWLRQ WUHDWPHQW� 

)LJXUH2��2�'2PRGHOLQJ2IURP2UHJLVWHUHG2&72DQG2

05,2GDWD�2

)LJXUH � SUHVHQWV D YLUWXDO HQGRVFRSLF YLHZ LQ WKH 
FRORQ RI D FDQFHU SDWLHQW REWDLQHG IURP VSLUDO &7 
VFDQ� $ ODUJH SRO\S LV IRXQG LQ VLJPRLG� 7KH SRO\S 
FDQ EH DXWRPDWLFDOO\ VHJPHQWHG DQG PHDVXUHG� 
LQFOXGLQJ VL]H DQG SHUFHQW YDVFXODULW\� 9DVFXODULW\ 
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PD\ EH D SUHGLFWLYH PDUNHU IRU PHWDVWDWLF SRWHQWLDO RI 
WKH SRO\S� 

)LJXUH2��29LUWXDO2HQGRVFRSLF2YLHZ2REWDLQHG2IURP2

VSLUDO2&72VFDQ�2

,PDJH�JXLGHG2SURFHGXUHV�27KH VWDWH RI WKH DUW LQ 
LQWUDSURFHGXUDO LPDJH JXLGDQFH LV UHSUHVHQWHG E\ 
WKUHH SURMHFWV� 7KH ILUVW LV UHDO�WLPH 05, VXUJLFDO 
JXLGDQFH� ZKHUH ODUJH 05, V\VWHPV DUH DYDLODEOH LQ 
RSHUDWLQJ URRPV WR VFDQ WKH SDWLHQW GXULQJ WKH 
SURFHGXUH DQG LPPHGLDWHO\ IROORZLQJ LQWHUYHQWLRQV� 
:LWK VXFK LPDJLQJ LW LV SRVVLEOH WR XSGDWH FULWLFDO 
LQIRUPDWLRQ RQ�OLQH WR WKH VXUJHRQ RU SK\VLFLDQ� 
$QRWKHU H[DPSOH LV �' UDGLDWLRQ WUHDWPHQW SODQQLQJ� 
ZKHUH WKH WUHDWPHQW SODQ FDQ EH PRGLILHG DQG 
XSGDWHG ZLWK LPDJHV REWDLQHG RQ�OLQH GXULQJ 
WUHDWPHQW WR DFFRPPRGDWH FKDQJHV� HLWKHU GHVLJQHG 
RU XQH[SHFWHG� PRUH HIIHFWLYHO\ DQG DFFXUDWHO\� 7KH 
WKLUG H[DPSOH LV LPDJH�JXLGHG EUHDVW ELRSV\ XVLQJ 
XOWUDVRXQG DQG DXJPHQWHG UHDOLW\ WHFKQLTXHV� ZKHUH 
DFFXUDWH RULHQWDWLRQ� ORFDOL]DWLRQ� DQG QDYLJDWLRQ WR 
VXVSLFLRXV VLWHV LQ WKH EUHDVW LV DLGHG E\ D UHDO�WLPH� 
LPDJH�JXLGHG LPPHUVLYH GLVSOD\ V\VWHP� 

7KH VWDWH RI WKH DUW LQ SUHRSHUDWLYH LPDJH JXLGDQFH� 
ZKHUH KLJK�UHVROXWLRQ PXOWLPRGDOLW\ VFDQV DUH RIWHQ 
REWDLQHG EHIRUH WKH SURFHGXUH� LQYROYHV DSSURSULDWHO\ 
UHJLVWHULQJ� IXVLQJ� DQG SUHVHQWLQJ LPDJHV WR WKH 
VXUJHRQ RU WKH SK\VLFLDQ IRU YLHZLQJ RI DQDWRPLF 
UHJLRQ�V� RI LQWHUHVW DQG DQDO\]LQJ PRUSKRORJLF DQG 
SDWKRORJLF UHODWLRQVKLSV� 3UHRSHUDWLYH GHWHUPLQDWLRQ 
RI WKH DSSURDFK WR WKH WDUJHW� DORQJ ZLWK 
GHWHUPLQDWLRQ RI VDIH PDUJLQV DURXQG WKH WDUJHW �H�J�� 
LQ UHVHFWLRQ RI D FDQFHURXV WXPRU� FDQ JHQHUDOO\ EH 
DFFRPSOLVKHG E\ VXFK WHFKQLTXHV ZLWKLQ �� KRXUV RI 
WKH SURFHGXUH� 

&RUUHODWLRQ2RI2PXOWLSOH2GDWDVHWV�27KH DYDLODELOLW\ RI 
PXOWLPRGDOLW\ LPDJH GDWDVHWV KDYH VWLPXODWHG 
GHYHORSPHQW RI D YDULHW\ RI PHWKRGV WR XVH WKHVH 
GDWDVHWV LQ FRPELQDWLRQ LQ WKH KRSHV RI UHDOL]LQJ PRUH 

����
HIIHFWLYH GLDJQRVWLF DQG WUHDWPHQW SURFHGXUHV� 7KH 
SUHVHQWDWLRQ RI FRPELQHG GDWDVHWV LV LPSOHPHQWHG E\ 
D YDULHW\ RI WHFKQLTXHV� VRPH DV VLPSOH DV VLGH�E\� 
VLGH� VXSHULPSRVHG� DQG�RU RYHUOD\ WUDQVSDUHQF\ RU 
LQYROYLQJ PRUH VRSKLVWLFDWHG PDWKHPDWLFDO 
UHJLVWUDWLRQ DQG IXVLRQ RI WKH LPDJHV IRU VLPXOWDQHRXV 
GLVSOD\ RI PXOWLSOH HOHPHQWV RI LQIRUPDWLRQ� VXFK DV 
UHODWLYH WLVVXH FKDUDFWHULVWLFV� )XVHG PXOWLPRGDOLW\ 
GDWDVHWV DOVR DUH XVHG LQ HQKDQFHG RU DXJPHQWHG 
UHDOLW\ LPSOHPHQWDWLRQV� ZKHUH RQ�OLQH LPDJH GDWD 
VWUHDPV FDQ EH UHJLVWHUHG DQG PHUJHG ZLWK 
SUHRSHUDWLYH GDWDVHWV� 7KH SUHRSHUDWLYH LPDJH GDWD 
FDQ EH PRGLILHG EDVHG RQ WKH RQ�OLQH GDWD WR UHIOHFW 
PRUH DFFXUDWHO\ WKH FXUUHQW VWDWXV LQ �'� $Q H[DPSOH 
RI WKLV LV WKH EUDLQ VKLIW SUREOHP H[SHULHQFHG LQ 
QHXURVXUJHU\� ZKHUH WKH SUHRSHUDWLYH LPDJHV RI WKH 
EUDLQ DUH QRW DQ DFFXUDWH UHSUHVHQWDWLRQ RI WKH OLYH 
EUDLQ DIWHU WKH VNXOO LV RSHQHG DQG WKH EUDLQ LV 
H[SRVHG� 7KH EUDLQ ILUVW GHFRPSUHVVHV DQG WKHQ VDJV 
DQG VKLIWV UHODWLYH WR LWV SUHRSHUDWLYH SRVLWLRQ LQ WKH 
FORVHG VNXOO� 2Q�OLQH LPDJLQJ RI D SRUWLRQ RI WKH EUDLQ 
GXULQJ VXUJHU\ FDQ EH XVHG WR GULYH GHIRUPDWLRQ RI 
WKH KLJK�UHVROXWLRQ SUHRSHUDWLYH LPDJH WR PDNH LW 
FRLQFLGH ZLWK WKH RSHUDWLYH DQDWRPLF VL]H� VKDSH� DQG 
SRVLWLRQ RI WKH EUDLQ VR WKDW WKH LPDJH�JXLGHG 
QDYLJDWLRQ ZLOO EH DFFXUDWH� 5HDO�WLPH SURFHVVLQJ LV 
QRW \HW SRVVLEOH� EXW LV QHHGHG�

2ULHQWDWLRQ�2ORFDOL]DWLRQ�2DQG2QDYLJDWLRQ�2%RWK �' 
DQG �' FRUUHODWLRQ WHFKQLTXHV WKDW IXVH LPDJHV FDQ EH 
XVHG IRU SDWK SODQQLQJ� ,Q JHQHUDO� KRZHYHU� WKH 
DSSOLFDWLRQ RI WKHVH WHFKQLTXHV LQ UHDO WLPH DQG WKH 
UHDO�WLPH UHDOL]DWLRQ RI G\QDPLF DFFRPPRGDWLRQ LV 
SRRU� 7KH FOLQLFDO DSSOLFDWLRQV RI PXOWLPRGDOLW\ 
GDWDVHWV DUH SULPDULO\ OLPLWHG WR ULJLG VWUXFWXUHV� 
$OWKRXJK WKHUH DUH HPHUJLQJ QRQOLQHDU HODVWLF 
VROXWLRQV� WKHVH DUH VWLOO EHLQJ UHILQHG DQG HYDOXDWHG� 
([FHSW IRU D IHZ VXFFHVVIXO H[DPSOHV� VXFK DV ELRSV\ 
RI WKH EUHDVW DQG GLDJQRVLV RI SHOYLF DQRPDOLHV ZKHUH 
UHDO�WLPH XOWUDVRXQG LPDJLQJ LV DYDLODEOH� WKH IXVLRQ 
DQG PHUJLQJ RI UHDO�WLPH GDWD VWUHDPV ZLWK 
SUHRSHUDWLYH� KLJK�UHVROXWLRQ LPDJH GDWD KDV QRW \HW 
EHHQ HIIHFWLYHO\ DFFRPSOLVKHG� 

$XJPHQWDWLRQ2RI2�'�2&XUUHQW WHFKQLTXHV LQ 05 
DQJLRJUDSK\ XVH PD[LPXP LQWHQVLW\ SURMHFWLRQ 
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WHFKQLTXHV� 7KLV LV D �' GLVSOD\ WHFKQLTXH RI 
SURFHVVHG �' GDWD WKDW DUH XVHIXO IRU ORRNLQJ DW YHVVHO 
EHGV� EORRG IORZ� DQG EORRG YROXPHV LQ YDULRXV 
UHJLRQV RI WKH ERG\� $QRWKHU XVHIXO �' GLVSOD\ RI D 
�' VWUXFWXUH LV EUHDVW PDPPRJUDPV DQG WRPRJUDPV 
WKDW UHYHDO WKH PRUSKRORJ\ RI FDOFLILFDWLRQV LQ WKH 
EUHDVW� 

&RPPXQLFDWLRQ2DQG2HGXFDWLRQ�29DULRXV VLPXODWRUV 
DUH DYDLODEOH IRU WUDLQLQJ DQG WHDFKLQJ VXUJLFDO DQG 
PLQLPDOO\ LQYDVLYH SURFHGXUHV� 7KHVH LQFOXGH 
ODSDURVFRSLF DQG DUWKURVFRSLF WUDLQLQJ V\VWHPV� 7KHUH 
DUH VWHUHROLWKRJUDSK\ V\VWHPV WKDW FDQ EH XVHG WR 
GHYHORS UHDOLVWLF PRGHOV DQG SODVWLF FDVWV IURP WKH �' 
LPDJH VFDQV RI SDWLHQWV� 7KHVH FDQ EH XVHG HIIHFWLYHO\ 
LQ SDWLHQW HGXFDWLRQ DQG FRQYH\LQJ XQGHUVWDQGLQJ RI 
SURFHGXUHV� 7KHUH LV D JUHDW GHDO RI ZRUN EHLQJ GRQH 

����
LQ WKH GHYHORSPHQW RI �' DQDWRPLF DWODVHV� 0XFK 
RI WKLV ZRUN LV VWLPXODWHG E\ WKH 9LVLEOH +XPDQ 'DWD 
SURMHFW IURP WKH 1DWLRQDO /LEUDU\ RI 0HGLFLQH� 
6HYHUDO ODERUDWRULHV KDYH GHYHORSHG H[WHQVLYH 
GDWDEDVHV DQG DWODVHV� PRVWO\ RI WKH KHDG DQG EUDLQ� 
EXW WKHVH DUH QRZ EHLQJ H[WHQGHG WR RWKHU UHJLRQV RI 
WKH ERG\� 7KHVH ZLOO FRQWLQXH WR EH YHU\ XVHIXO LQ 
PHGLFDO HGXFDWLRQ DQG WUDLQLQJ� 

5RDGEORFNV�WR�3URJUHVV 
7KHUH DUH VHYHUDO URDGEORFNV WR IXWXUH DGYDQFHV RI 
YLVXDOL]DWLRQ WHFKQRORJ\ DQG XVHU LQWHUIDFHV GHVLJQHG 
WR PHHW WKH QHHGV DGGUHVVHG DERYH� &OLQLFDO SUDFWLFH 
LWVHOI SURYLGHV PDMRU URDGEORFNV� 7KH ILQDQFLDO 
FKDOOHQJHV RI PDQDJHG FDUH� SK\VLFLDQ DFFHSWDQFH RI 
QHZ SURFHGXUHV� WKURXJKSXW RI SDWLHQWV� LPSDFW RQ 
ORQJLWXGLQDO VWXGLHV� WKLUG�SDUW\ SD\PHQWV IRU QHZ 
SURFHGXUHV� FRVW�HIIHFWLYHQHVV� DQG LPSDFW RQ 
RXWFRPH DUH DOO SUDFWLFH LVVXHV WKDW KLQGHU WKH 
DGYDQFHPHQW DQG SUROLIHUDWLRQ RI QHZ WHFKQRORJ\� 

:LWK UHJDUG WR LPDJH JXLGDQFH� PDQ\ RI WKHVH 
V\VWHPV FDQ RQO\ EH RSHUDWHG E\ H[SHUWV� 7KHUH DUH 
LQDGHTXDWH GLVSOD\ WHFKQRORJLHV LQ WHUPV RI VSDWLDO 
DQG GHSWK UHVROXWLRQ DQG UHDO�WLPH XSGDWH UDWHV� $ 
VLJQLILFDQW SUREOHP LQ PRVW SURPLVLQJ �' GLVSOD\ 
WHFKQRORJLHV LV ODWHQF\� 7KHUH DUH SUREOHPV ZLWK 
LQVWUXPHQW FRPSDWLELOLW\� )RU H[DPSOH� LQWUDRSHUDWLYH 
05, UHVWULFWV WKH NLQGV RI SRVLWLRQDO DQG VSDWLDO 
WUDFNHUV DQG LQWHUYHQWLRQDO LQVWUXPHQWV WKDW PLJKW EH 
XVHG LQ WKH RSHUDWLQJ URRP� &KDOOHQJHV UHPDLQ WR 
UHDOL]DWLRQ RI IXOO\ DXWRPDWHG� DFFXUDWH� UHSURGXFLEOH� 
DQG UDSLG VHJPHQWDWLRQ DQG UHJLVWUDWLRQ RI 
PXOWLPRGDOLW\ PHGLFDO LPDJHV� 

&RUUHODWLRQ2RI2PXOWLSOH2GDWDVHWV�2:LWK UHJDUG WR 
PXOWLPRGDOLW\ GDWDVHWV� WKHUH KDV \HW WR EH GHYHORSHG 
DQ HIIHFWLYH FRQFHSWXDO SDUDGLJP� OHW DORQH D GHYLFH� 
IRU HIIHFWLYH YLVXDOL]DWLRQ RI PXOWLPRGDOLW\ GDWDVHWV� 
7KHVH GDWDVHWV H[WHQG RYHU D EURDG UDQJH RI VFDOH DQG 
LQIRUPDWLRQ FRQWHQW� RIWHQ FRQIRXQGLQJ HIIHFWLYH 
SUHVHQWDWLRQ� 7KH ODUJH UDQJH RI VFDOH LQ PXOWLPRGDO 
LPDJH GDWD LV DOVR D FKDOOHQJH WR GHYHORSLQJ DQG 
LPSOHPHQWLQJ SUDFWLFDO XVHU LQWHUIDFHV WKDW SUHVHQW WKH 
LQIRUPDWLRQ REWDLQHG IURP ERWK PLFURVFRSLF DQG 
PDFURVFRSLF UHDOPV� (IIHFWLYHO\ PHUJLQJ� FRPELQLQJ� 
DQG PDNLQJ FRPSUHKHQVLEOH LQ DQ LQWXLWLYH ZD\ WR WKH 
SK\VLFLDQ DQG VXUJHRQ VXFK GLVSDUDWH LQIRUPDWLRQ LV 
DQ LPSRUWDQW JRDO IRU YLVXDOL]DWLRQ WHFKQRORJ\ RI WKH 
IXWXUH�

2ULHQWDWLRQ�2ORFDOL]DWLRQ�2DQG2QDYLJDWLRQ�2

5RDGEORFNV WR ORFDOL]DWLRQ� RULHQWDWLRQ� DQG 
QDYLJDWLRQ DUH ZHOO XQGHUVWRRG� 7KHVH GHSHQG RQ 
VWDQGDUGL]HG FRRUGLQDWH V\VWHPV� HIILFLHQW 
HQYLURQPHQWV� DQG DFFXUDWH PRGHOV� 7KHUH LV D ODFN RI 
VWDQGDUGL]HG FRRUGLQDWH V\VWHPV IRU QDYLJDWLQJ 
PXOWLPRGDOLW\ GDWDVHWV� $OVR� WKHUH DUH OLPLWDWLRQV WR 
WKH VHQVRUV WKDW FDQ EH XVHG WR WUDFN WKH ORFDWLRQ RI 
SDWLHQW DQDWRP\� SK\VLFLDQ KDQGV� DQG LQVWUXPHQW 
SDUWV LQ UHDO WLPH GXULQJ D WUHDWPHQW SURFHGXUH� 7KH 
HQYLURQPHQW GHSHQGV XSRQ DFFXUDWH FKDUDFWHUL]DWLRQ 
RI WKH GDWDVHWV DYDLODEOH IRU DQDO\VLV� DQG WKH PRGHOV 
GHSHQG RQ DFFXUDWH DQG HIIHFWLYH VHJPHQWDWLRQ� 7KHUH 
LV QR D SULRUL �' URDG PDS WKDW FDQ JXLGH RQH WKURXJK 
WKH FRPSOH[LWLHV RI DQDWRP\ LQ KXPDQ EHLQJV EHFDXVH 
RI WKH KLJK GHJUHH RI QRUPDO YDULDELOLW\ DQG WKH 
XQSUHGLFWDEOH HIIHFW RI GLVHDVH XSRQ DQDWRPLF 
VWUXFWXUH DQG IXQFWLRQ� 

$XJPHQWDWLRQ2RI2�'�25RDGEORFNV WR DXJPHQWDWLRQ 
RI �' SURFHGXUHV DUH QRW HDVLO\ DGGUHVVHG� 6R IDU 
WKHUH KDV EHHQ LQVXIILFLHQW TXDQWLILFDWLRQ RI WKH YDOXH 
RI �' LPDJHV WR MXVWLI\ WKHLU XVH HLWKHU LQ UHSODFHPHQW 
RU DXJPHQWDWLRQ RI ¦FRQYHQWLRQDO§ �' LPDJHV� 7KHUH 
DOVR KDV EHHQ D ODFN RI HIIHFWLYH LQWHJUDWLRQ RI �' DQG 
�' WHFKQLTXHV WKDW ZRUN LQ D V\QHUJLVWLF ZD\ UDWKHU 
WKDQ LQ D FRPSHWLWLYH RU FRQIXVLQJ ZD\� 7KH ODFN RI 
DXWRPDWLRQ LQ SURYLGLQJ �' WHFKQRORJ\ LQ 
FRQMXQFWLRQ ZLWK �' WHFKQRORJ\ KDV DOVR EHHQ D 
EDUULHU WR LWV SUROLIHUDWLRQ DQG XVH� 

&RPPXQLFDWLRQ2DQG2HGXFDWLRQ�27KH URDGEORFNV WR 
FRPPXQLFDWLRQ DQG HGXFDWLRQ LQFOXGH WKH 
UHTXLUHPHQW IRU HIIHFWLYH GHOLYHU\ RI PXOWLVHQVRU\ 
LQSXW� 7KHVH GDWD DUH QRW HDV\ WR GLVWULEXWH DFURVV 
DWWUDFWLYH FKDQQHOV OLNH WKH ,QWHUQHW DQG YLGHR 
FRQIHUHQFLQJ WHFKQRORJLHV� 7KHUH LV WRR PXFK 
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GLVSDULW\ LQ WKH PDJQLWXGH RI LQIRUPDWLRQ DYDLODEOH 
IURP PXOWLPRGDOLW\ PHGLFDO DQG ELRORJLFDO LPDJH 
GDWDVHWV DQG WKH FXUUHQW EDQGZLGWK DYDLODEOH WR 
WUDQVPLW WKLV LQIRUPDWLRQ EHWZHHQ SDUWLFLSDQWV� 
EHWZHHQ WHDFKHU DQG VWXGHQW� RU EHWZHHQ GRFWRU DQG 
SDWLHQW� &HUWDLQ VRFLDO DQG FXOWXUDO EDUULHUV QHHG WR EH 
RYHUFRPH DQG VKRXOG QRW EH GLVFRXQWHG LQ WKH ]HDO WR 
SURPRWH DQG DGYDQFH �' YLVXDOL]DWLRQ WHFKQLTXHV� 
0DQ\ RI WKHVH WHFKQLTXHV DUH VWLOO UHJDUGHG DV XVHIXO 
RQO\ IRU HQWHUWDLQPHQW� $QRWKHU KLQGUDQFH WR 
VXFFHVVIXO SUROLIHUDWLRQ RI WKHVH WHFKQRORJLHV LQ 
HGXFDWLRQ DQG FRPPXQLFDWLRQ LV WKDW� ZLWK IHZ 
H[FHSWLRQV� HQJLQHHUV DQG SK\VLFLDQV VWLOO GR QRW 
HIIHFWLYHO\ FRPPXQLFDWH RQH ZLWK DQRWKHU� DQG 
WHFKQRORJ\ JHWV GHYHORSHG LQ D YDFXXP UHODWLYH WR WKH 
SRWHQWLDO SUREOHPV WKDW LW FDQ VROYH� 7KH UHVXOW LV WKDW 
SUREOHPV DUH RIWHQ DGGUHVVHG E\ REVROHWH� LQDGHTXDWH� 
RU PLVJXLGHG WHFKQRORJLFDO VROXWLRQV� &ORVHO\ UHODWHG 
WR WKLV LV WKH SUREOHP RI LQDGHTXDWH YDOLGDWLRQ� 7KLV 
FULWLFDOO\ DIIHFWV WKH DFFHSWDQFH DQG UHGXFWLRQ WR 
SUDFWLFH RI DOO WHFKQRORJ\ DGYDQFHV� 3URSHU YDOLGDWLRQ 
VWDUWV ZLWK HIIHFWLYH FRPPXQLFDWLRQ EHWZHHQ VROXWLRQ 
GHYHORSHUV DQG VROXWLRQ FRQVXPHUV� 

7HFKQLFDO�5HTXLUHPHQWV 
7KHUH DUH VRPH FOHDU WHFKQLFDO UHTXLUHPHQWV WKDW PD\ 
EH VSHFLILHG WKDW ZLOO IDFLOLWDWH HQKDQFHG 
GHYHORSPHQWV LQ �' LPDJH YLVXDOL]DWLRQ DQG XVHU 
LQWHUIDFHV LQ WKH QHDU IXWXUH� 7KHVH ZLOO HQVXUH PRUH 
UHDGLO\ WKH VXFFHVV RI WKHLU LPSOHPHQWDWLRQ DQG XVH E\ 
WKH PHGLFDO SURIHVVLRQ LQ KHOSLQJ SDWLHQWV ZLWK 
FDQFHU� 7KH VLQJOH PRVW LPSRUWDQW UHTXLUHPHQW LV 
UHDO�WLPH RSHUDWLRQ RI WKH YLVXDOL]DWLRQ WHFKQRORJ\� 
7KLV LQFOXGHV WKH LPDJH DFTXLVLWLRQ� SURFHVVLQJ� DQG 
GLVSOD\ SKDVHV RI WKH YLVXDOL]DWLRQ WHFKQRORJ\� IURP 
VFDQQLQJ WKURXJK �' UHFRQVWUXFWLRQ WR DXWRPDWHG 
VHJPHQWDWLRQ� UHJLVWUDWLRQ� DQG IXVLRQ RI 
PXOWLPRGDOLW\ GDWD WR UDSLG DQG IOH[LEOH UHQGHULQJ RI 
WKH SURFHVVHG LPDJH YROXPHV VR WKDW WKH GLVSOD\V DUH 
SUHVHQWHG LQ UHDO WLPH ZLWK LQWHUDFWLYH PDQLSXODWLRQ 
FDSDELOLWLHV� $QRWKHU WHFKQLFDO UHTXLUHPHQW LV 
VLJQLILFDQWO\ LPSURYHG LQWHUIDFHV WKDW DUH FXVWRPL]HG 
WR WKH WDVNV IRU ZKLFK WKH YLVXDOL]DWLRQ VROXWLRQV DUH 
LPSOHPHQWHG� DQG LPSOHPHQWHG LQ D ZD\ WKDW LV 
DFFHSWDEOH WR WKH XVHU RI WKH WHFKQRORJ\� 7KLV 
LQFOXGHV WKH DELOLW\ WR LQWHUDFW LQWXLWLYHO\ ZLWK WKH GDWD 
SUHVHQWHG LQ WKH GLVSOD\V� VXFK DV HGLWLQJ� PDNLQJ 
PHDVXUHPHQWV� DQG PDQLSXODWLQJ WKH GDWD VR DV WR 
EHWWHU XQGHUVWDQG RU XVH WKHP� $Q HIIHFWLYH LQWHUIDFH 
ZLOO IDFLOLWDWH D YDULHW\ RI SURFHGXUHV� VLPXODWHG RU 
UHDO� WKDW FDQ EH WHVWHG DQG ILQDO SODQV PDGH� DQG HYHQ 

FRUUHFWLRQV DQG XSGDWHV SHUIRUPHG RQ�OLQH WR 
DFFRPSOLVK WKH GHVLUHG WDVN� 

<HW DQRWKHU WHFKQLFDO UHTXLUHPHQW LV KLJKHU�TXDOLW\ 
GLVSOD\V� 7KH PDJQLWXGH DQG WKH TXDOLW\ RI 
LQIRUPDWLRQ SUHVHQWHG E\ GLVSOD\ GHYLFHV QHHG WR 
LQFUHDVH E\ WZR RUGHUV RI PDJQLWXGH RYHU WRGD\©V 
WHFKQRORJ\� 7KH DPRXQW RI LQIRUPDWLRQ SURYLGHG LQ 
KLJK�UHVROXWLRQ PHGLFDO LPDJLQJ LV VWLOO QRW HIIHFWLYHO\ 
SUHVHQWHG E\ FXUUHQW GLVSOD\ V\VWHPV� ,QFUHDVHG 
GLVSOD\ UHVROXWLRQ LV UHODWHG WR LQFUHDVHG DELOLW\ WR 
FDSWXUH ERWK VSDWLDO DQG WH[WXUDO LQIRUPDWLRQ LQ 
VFDQQLQJ WHFKQRORJ\� 7KH GLVSOD\V QHHG WR EH QRW 
RQO\ KLJKHU LQ VSDWLDO UHVROXWLRQ EXW GHHSHU LQ DELOLW\ 
WR HIIHFWLYHO\ FRQYH\ WH[WXUH� 

$QRWKHU WHFKQLFDO UHTXLUHPHQW LV WR SURYLGH EHWWHU 
VWHUHR GLVSOD\V WKDW UHGXFH WKH FURVVWDON HQFRXQWHUHG 
LQ QRUPDO XVH RI VWHUHR GLVSOD\V� 6WHUHR GLVSOD\ LV 
JHQHUDOO\ DQ LQH[SHQVLYH ZD\ WR ORRN DW LPDJHV LQ �'� 
EXW UHTXLUHV GHYLFH DLGV VXFK DV JODVVHV� %HWWHU ZD\V 
RI SUHVHQWLQJ VWHUHR LQIRUPDWLRQ ZLWKRXW DLGV DUH 
QHHGHG� VXFK DV LQ DXWRVWHUHRVFRSLF RU KRORJUDSKLF 
GLVSOD\V� 7KLV ZLOO IDFLOLWDWH JUHDWHU XQGHUVWDQGLQJ 
DQG XVHIXOQHVV RI PXOWLPRGDOLW\ �' LPDJH GDWDVHWV� 

6WDQGDUG SURWRFROV IRU YLVXDOL]DWLRQ DQG IRU 
SUHVHQWDWLRQ RI PXOWLPRGDOLW\ LPDJH LQIRUPDWLRQ QHHG 
WR EH GHYHORSHG� 6WDQGDUGV DUH QHHGHG ERWK IRU LPDJH 
IRUPDWV DQG IRU GLVSOD\ UHSUHVHQWDWLRQV� 6XFK 
VWDQGDUGV ZLOO PDNH LW SRVVLEOH IRU WHFKQRORJ\ 
GHYHORSHUV DQG XVHUV WR GHVLJQ PRUH HIIHFWLYH DQG 
XVHIXO FXVWRPL]HG DSSOLFDWLRQV WKDW DUH WDUJHWHG 
GLUHFWO\ DQG HIILFLHQWO\ DW D VSHFLILF SUREOHP� $QRWKHU 
FOHDU WHFKQLFDO UHTXLUHPHQW LV EHWWHU REMHFW WUDFNHUV� 
EHWWHU WUDFNLQJ RI WKH KDQG� WKH H\H� DQG LQVWUXPHQWV 
GXULQJ PHGLFDO SURFHGXUHV� ,PPHUVLYH GLVSOD\V� WUXH 
�' GLVSOD\V� DQG HQKDQFHG UHDOLW\ GLVSOD\V PXVW EH 
DYDLODEOH LQ VPDOOHU� OLJKWHU IRUPV� )RU H[DPSOH� WKH\ 
VKRXOG EHFRPH OLNH FRQYHQWLRQDO H\H JODVVHV RU 
UHDGLQJ JODVVHV� ZLWK WKH VDPH ZHLJKW DQG VL]H WR 
ZKLFK WKH SRSXODWLRQ LV DFFXVWRPHG� :HDULQJ VXFK DQ 
XQREWUXVLYH LPPHUVLYH GLVSOD\ DSSDUDWXV ZRXOG 
SURYLGH �' LPDJHV LQ D ZD\ WKDW LV QRW SK\VLFDOO\ 
FRQVWUDLQLQJ RU DQQR\LQJ� 7KH YLVXDOL]DWLRQ 
WHFKQRORJ\ GHYLFHV GHOLYHUHG LQWR RSHUDWLQJ DQG 
VSHFLDO SURFHGXUH URRPV QHHG WR EH VWHULOH� 7KH\ PXVW 
SURYLGH WUXO\ LQWHUDFWLYH FDSDELOLWLHV WKDW DUH QRW 
REWUXVLYH DQG GR QRW UHTXLUH VSHFLDO DFFRPPRGDWLRQV 
WKDW XSVHW FRQYHQWLRQDO RSHUDWLQJ URRP SURFHGXUHV 
EXW EOHQG LQ ZLWK WKH URXWLQH RI WKH RSHUDWLQJ URRP� 

&$' DQG �' ,PDJH $QDO\VLV DQG 'LVSOD\ �� 2FWREHU �¤�� ���� 



5HVHDUFK�3ULRULWLHV 
6KRUW2WHUP2 & 

& 

& 

& 

'HVLJQ DQG GHYHORS VWDQGDUG� UHDO�WLPH LQWHUIDFHV WR PHGLFDO LPDJLQJ GHYLFHV� 
'HYHORS KLJKHU�TXDOLW\ GLVSOD\ WHFKQRORJ\� WKLV PLJKW EH HYROXWLRQDU\ UDWKHU WKDQ 
UHYROXWLRQDU\ EXW PXVW EH D KLJK SULRULW\� 
'HYHORS PRUH HIIHFWLYH� LQWXLWLYH ZD\V WR GLVSOD\ DQG PDQLSXODWH PXOWLGLPHQVLRQDO 
LPDJH GDWDVHWV� 
,GHQWLI\ FRUUHFW FOLQLFDO VFHQDULRV WKDW DUH DV VSHFLILF DV SRVVLEOH ZLWK UHJDUG WR 
DVVHVVPHQW RI �' YLVXDOL]DWLRQ LPSDFW RQ LPSURYHG RXWFRPH� 

/RQJ2WHUP2 & 'HYHORS QRYHO� HIIHFWLYH �' GLVSOD\V IRU GLDJQRVLV DQG VXUJHU\� 
� 6SDWLDO UHVROXWLRQ LQFUHDVHG DW OHDVW WZR RUGHUV RI PDJQLWXGH 
� 6XIILFLHQW FRPSXWDWLRQDO SRZHU WR HGLW� PDQLSXODWH� PHDVXUH� DQG DQDO\]H WKH 

GLVSOD\V LQ UHDO WLPH� 

5HIHUHQFHV 
�� %ODFNZHOO 0� 1LNRX &� 'L*LRLD $0� .DQDGH 7� 

$Q LPDJH RYHUOD\ V\VWHP IRU PHGLFDO GDWD 
YLVXDOL]DWLRQ� ,Q� 3URFHHGLQJV RI WKH �VW 
,QWHUQDWLRQDO &RQIHUHQFH RQ 0HGLFDO ,PDJH 
&RPSXWLQJ DQG &RPSXWHU $VVLVWHG ,QWHUYHQWLRQ� 
����� �������� 

�� %UXFNVWHLQ $0� +ROW 5-� 1HWUDYDOL $1� 
+RORJUDSKLF UHSUHVHQWDWLRQV RI LPDJHV� ,((( 
7UDQVDFWLRQV RQ ,PDJH 3URFHVVLQJ ����� ������� 
����� 

�� &ROFKHVWHU $&� =KDR -� +ROWRQ�7DLQWHU .6� HW DO� 
'HYHORSPHQW DQG SUHOLPLQDU\ HYDOXDWLRQ RI 
9,6/$1� D VXUJLFDO SODQQLQJ DQG JXLGDQFH 
V\VWHP XVLQJ LQWUD�RSHUDWLYH YLGHR LPDJLQJ� 0HG 
,PDJH $QDO ����� �������� 

�� )XFKV +� /LYLQJVWRQ 0$� 5DVNDU 5� HW DO� 
$XJPHQWHG UHDOLW\ YLVXDOL]DWLRQ IRU ODSDURVFRSLF 
VXUJHU\� ,Q� 3URFHHGLQJV RI WKH �VW ,QWHUQDWLRQDO 
&RQIHUHQFH RQ 0HGLFDO ,PDJH &RPSXWLQJ DQG 
&RPSXWHU $VVLVWHG ,QWHUYHQWLRQ� ����� �������� 

�� *ROODQG 3� .LNLQLV 5� 8PDQV &� +DOOH 0� 6KHQWRQ 
0(� 5LFKROW -$� $QDWRP\ EURZVHU� D IUDPHZRUN 
IRU LQWHJUDWLRQ RI PHGLFDO LQIRUPDWLRQ� ,Q� 
3URFHHGLQJV RI WKH �VW ,QWHUQDWLRQDO &RQIHUHQFH 
RQ 0HGLFDO ,PDJH &RPSXWLQJ DQG &RPSXWHU 
$VVLVWHG ,QWHUYHQWLRQ� ����� �������� 

�� +DQVRQ '3� 5REE 5$� $KDURQ 6� HW DO� 1HZ 
VRIWZDUH WRRONLWV IRU FRPSUHKHQVLYH YLVXDOL]DWLRQ 
DQG DQDO\VLV RI WKUHH�GLPHQVLRQDO PXOWLPRGDO 

ELRPHGLFDO LPDJHV� - 'LJLW ,PDJLQJ ����� �� 
�6XSSO������� 

�� +HLQRQHQ 7� 9LVDOD .� %ORPTYLVW 0� (VNROD +� 
)UH\ +� �' YLVXDOL]DWLRQ OLEUDU\ IRU PXOWLPRGDO 
PHGLFDO LPDJHV� &RPSXW 0HG ,PDJLQJ *UDSK 
����� ����������� 

�� 0F,QHUQH\ 7� .LNLQLV 5� $Q REMHFW�EDVHG 
YROXPHWULF GHIRUPDEOH DWODV IRU WKH LPSURYHG 
ORFDOL]DWLRQ RI QHXURDQDWRP\ LQ 05 LPDJHV� ,Q� 
3URFHHGLQJV RI WKH �VW ,QWHUQDWLRQDO &RQIHUHQFH 
RQ 0HGLFDO ,PDJH &RPSXWLQJ DQG &RPSXWHU 
$VVLVWHG ,QWHUYHQWLRQ� ����� �������� 

�� 1RZLQVNL :/� )DQJ $� 1JX\HQ %7� HW DO� 0XOWLSOH 
EUDLQ DWODV GDWDEDVH DQG DWODV�EDVHG 
QHXURLPDJLQJ V\VWHP� &RPSXW $LGHG 6XUJ ����� 
�������� 

��� 3HWHUV 7� 'DYH\ %� 0XQJHU 3� &RPHDX 5� (YDQV 
$� 2OLYLHU $� 7KUHH�GLPHQVLRQDO PXOWLPRGDO 
LPDJH�JXLGDQFH IRU QHXURVXUJHU\� ,((( 
7UDQVDFWLRQV RQ 0HGLFDO ,PDJLQJ ����� ������� 
���� 

��� 3IOHVVHU %� 7LHGH 8� +RKQH .+� 6SHFLILFDWLRQ� 
PRGHOLQJ DQG YLVXDOL]DWLRQ RI DUELWUDULO\ VKDSHG 
FXW VXUIDFHV LQ WKH YROXPH PRGHO� ,Q� 
3URFHHGLQJV RI WKH �VW ,QWHUQDWLRQDO &RQIHUHQFH 
RQ 0HGLFDO ,PDJH &RPSXWLQJ DQG &RPSXWHU 
$VVLVWHG ,QWHUYHQWLRQ� ����� �������� 

��� 5REE 5$� 9LUWXDO UHDOLW\ DVVLVWHG VXUJHU\ 
SODQQLQJ XVLQJ SDWLHQW VSHFLILF DQDWRPLF PRGHOV� 

&$' DQG �' ,PDJH $QDO\VLV DQG 'LVSOD\ �� 2FWREHU �¤�� ���� 



,((( (QJLQHHULQJ LQ 0HGLFLQH DQG %LRORJ\ 
����� ��������� 

��� 5REE 5$� 9LVXDOL]DWLRQ PHWKRGV IRU DQDO\VLV RI 
PXOWLPRGDOLW\ LPDJHV� ,Q� 7KDWFKHU 5:� +DOOHWW 
0� =HIILUR 7� -RKQ (5� +XHUWD 0� HGV� 
)XQFWLRQDO QHXURLPDJLQJ� WHFKQLFDO IRXQGDWLRQV� 
6DQ 'LHJR� &$� $FDGHPLF 3UHVV� ,QF�� ����� 

��� 6HUUD /� .RFNUR 5$� *XDQ &*� HW DO� 0XOWLPRGDO 
YROXPH�EDVHG WXPRU QHXURVXUJHU\ SODQQLQJ LQ 
WKH YLUWXDO ZRUNEHQFK� ,Q� 3URFHHGLQJV RI WKH �VW 
,QWHUQDWLRQDO &RQIHUHQFH RQ 0HGLFDO ,PDJH 
&RPSXWLQJ DQG &RPSXWHU $VVLVWHG ,QWHUYHQWLRQ� 
����� ���������� 

��� 6NULQMDU 2� 6SHQFHU '� 'XQFDQ -� %UDLQ VKLIW 
PRGHOLQJ IRU XVH LQ QHXURVXUJHU\� ,Q� 
3URFHHGLQJV RI WKH �VW ,QWHUQDWLRQDO &RQIHUHQFH 
RQ 0HGLFDO ,PDJH &RPSXWLQJ DQG &RPSXWHU 
$VVLVWHG ,QWHUYHQWLRQ� ����� �������� 

��� 7RULZDNL -� 0RUL .� 9LVXDOL]DWLRQ RI WKH KXPDQ 
ERG\ WRZDUG WKH QDYLJDWLRQ GLDJQRVLV ZLWK WKH 
YLUWXDOL]HG KXPDQ ERG\� -RXUQDO RI 9LVXDOL]DWLRQ 
����� ���������� 
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