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ORKDPHGDOO\ 3K'" 7TKHVLV

7DEOH RlI &RQWHQWV

&RQVWUXFWLRQLVP WKURXJK ORELOH ,QWHUDFWLYH
&RPSXWHU ,QWHUDFWLRQ

&RQWHQWYV

/IIVW R1 JLIXUHYV

ILVW7REOHYV

/LMRY $SSHQGLFHYV

$FNQRZOHGJHPHQWYV

'HFODUDWLRQ

$EVWUDFW

&WSWHU ,QWURGXFWLRQ
2YHUYLHZ RI 7TKHVLYV
 QWURGXFWLRQ
$LPV DQG 2EMHFWLYHYV
S5HVHDUFK &RQWULEXWLRQV
7KHVLV 2XWOLQH

&WSWHU 7KH 6WDWH RI WKH $UW LQ ORELOH +&,
 QWURGXFWLRQ
7D[RQRPLFDO $QDO\VLV RI WKH )LHOG
,QIRUPDWLRQ 9LVXDOLVDWLRQ
6FDODEOH ,QWHUIDFHYV
6HQVRU\ ,QWHUIDFHYV
' QIRUPDWLRQ 5HGXFWLRQ
OXOWLGLPHQVLRQDO 9LVXDOLVDWLRQ
/IRFDWLRQ $ZDUHQHVV DQG *HRJUDSKLHV
&RQWH[WXDO $ZDUHQHVYV
YRUPDO 6SHFLILFDWLRQV DQG 'HYHORSPHQW &\|
ORELOH /DQJXDJHV 'HVLJQ 3URFHVVHV DQG 3D
.H\ /DQJXDJH 'HYHORSPHQWYV
'LUHFW &RPELQDWLRQ DQG $PELHQW &RPEL
$XIJPHQWHG '"HVLJIQ
6HPLRWLFV LQ ORELOH &RPSXWLQJ
SHTXLUHPHQWY *DWKHULQJ IRU ORELOLW\
BHQVRU\ DLGHG PRELOH FRPSXWLQJ
&ROODERUDWLYH 6\WWHPV
+RPH DQG 'HYLFH &RQWUROOHUV
BRFLRORJLFDO 9LHZV RI ORELOLW\
ORELOH EDVHG /HDUQLQJ 6\VWHPYV
1IDYLIDWLRQ DQG 5HDGDELOLW\
*UDSKLFV (QJLQHHULQJ
JLWHUDWXUH 5HYLHZ )LQGLQJV
&KDSWHU 6XPPDU\

&K®PWHU .QRZOHGJH (OLFLWDWLRQ LQ +&,
 QWURGXFWLRQ
.QRZOHGJH (OLELWDWLRQ 7KHRU\
.QRZOHGJH (OLFLWDWLRQ LQ +&,
OHWKRGV RI +&, .QRZOHGJH (OLFLWDWLRQ 3UDF
6XUYH\V
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J QWHUYLHZLQJ

'LDU\ OHWKRG

JREXV *URXSV

2EVHUYDWLRQDO 8VHU 7HVWLQJ

&DUG 6RUWLQJ

$IILQLW\ 'LDJUDPPLQJ

3DSHU 3URWRW\SLQJ
([LVWLQJ &\ EHUVFLHQFH 7RROV IRU +&, .(

3DSHU 3URWRW\SLQJ 7RROV

5HPRWH 2EVHUYDWLRQ

&DUG BRUWLQJ

$IILQLW\ 'LDJUDPPLQJ

AXHVWLRQQDLUHV
ORELOH ,QWHUDFWLYH .QRZOHGJH (OLFLWDWLR
&KDSWHU 6XPPDU\

&WSWHU 5HYLHZ RI /HDUQLQJ 3V\FKRORJ\ DQG 3HGI
 QWURGXFWLRQ
&RQGLWLRQLQJ
'LVFRYHU\
,QWHOOLJHQFH
OHPRU\
6\PEROLF ,QWHUDFWLRQ
6LWXDWHG &RJQLWLRQ
&RQVWUXFWLYLVP
&RQVWUXFWLRQLVP
$FWLYLW\ 7KHRU\ LQ D &RQVWUXFWLRQLVP &RQ
&KDSWHU 6XPPDU\

&WSWHU $ JUDPHZRUN RI $UWHIDFW 'ULYHQ &RQVW!

 QWURGXEFWLRQ

$ JUDPHZRUN Rl &RQVWUXFWLRQLVP

 QWURGXFLQJ &RQVWUXFWLRQLVW OHWULFV WR
7KH 7THPSRUDO ODQLSXODWLYH OHGLDWLRC
7KH 7THPSRUDO 'LVWDQFH EHWZHHQ 7ZR ,GH.
&RQVWUXFWLRQLVW 6SDWLDO ,QFXUVLRQV
$SSOLFDWLRQ WR +&, 7THFKQLTXHYV
$GYDQWDQJHV DQG 'LVDGYDQWDJHV RI &RQ)\
ORELOH +&, .(

&KDSWHU 6XPPDU\

&WSWHU ,QHUW &RQVWUXFWLRQLVP ZLWK ORELOH /
 QWURGXFWLRQ
7KH &DUG 6RUWLQJ OHWKRG
,QWURGXFLQJ /LQHDU &DUG 6RUWLQJ
&RPSDULQJ /LQHDU 9V 1RQ /LQHDU &DUG B6RUWI
2WKHU 9DULDWLRQV RI WKH &DUG 6RUWLQJ 3D
&DVH 6WXG\ $ /LQHDU &DUG 6RUWLQJ YLD WKF
,PSOHPHQWLQJ D /LQHDU &DUG 6RUWLQJ :HE EL
3LORWLQJ WKH :HE EDVHG /LQHDU &DUG BRUWL
,WHUDWLRQ RIWKH /LQHDU &DUG 6RUWLQJ :H
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3DUWLFLSDWRU\ '"HVLJQ RI &$.( $ ORELOH 7RR
LQ $V\QFKURQRXV .QRZOHGJH (OLFLWDWLRQ
&DVH 6WXG\ % (YDOXDWLQJ ZLWK &8$.(
3DUWLFLSDQWYV
BWLPXOXV ODWHULDO
$SSDUDWXYV
3URFHGXUH
J QHUW &RQVWUXFWLRQLVP ZLWK &$.(
BWXG\ 5HVXOWYV
&RQFOXVLRQV WR &S$.(
&KDSWHU 6XPPDU\

&WSWHU  6HPL '\QDPLF &RQVWUXFWLRQLVP ZLWK OR
 QWURGXFWLRQ
3UREOHP 'RPDLQ
&DVH 6WXG\' $ ORELOH $IILQLW\ 7RROV 'HVLJC
, QLWLDO ,QYHVWLJIJDWLRQ
([SHUW 3DUWLFLSDQWYV
'HVLJQ 3URFHGXUH
&$7(5,1( &DWHJIRULFDO 5LFK ,QN 1RWHV (GLW
6$: 6RIWZDUH EDVHG $IILQLW\ :RUNVSDFH
0$7( ORELOH $IILQLW\ 7THPSRUDO (YDOXDWRU
&DVH 6WXG\ % (YDOXDWLQJ ZLWK WKH $I11LQL
3DUWLFLSDQWYV
$SSDUDWXYV
([SHULPHQW 3URFHGXUH
$QDO\WVLYV OHWKRG
6FHQDULR 5HVXOWYV
(PSLULFDO 7HVWLQJ RI 6HPL "\QDPLF &RQVWU}
6RIWZDUH %DVHG $IILQLW\ 'LDJUDPPLQJ
OHDVXULQJ &RQVWUXFWLRQLVP LQ $IILQLW\
ZLWK 0$7(
+&, XVHU HYDOXDWLRQ RI WKH 6$: VRIWZDUH
'LVEXVVLRQ RI +&, 3UDFWLWLRQHUV %HQHILW)
&RQFOXVLRQV

&WSWHU "\QDPLF &RQVWUXFWLRQLVP ZLWK ORELOH
3DSHU 3URWRW\SLQJ
 QWURGXFWLRQ
SUREOHP 'RPDLQ
&DVH 6WXG\ $ 7KH 'HVLJQ RI 3527(86
3DUWLFLSDQWYV
'HVLJQ 3URFHGXUH
$SSDUDWXV &RQVWUXFWLRQ WHFKQLFDO
&DVH 6WXG\ % (YDOXDWLQJ ZLWK 3527(86
SBDUWLFLSDQWYV
$SSDUDWXYV
(ISHULPHQW 3URFHGXUH
$QDO\WVLYV OHWKRG
6FHQDULR 5HVXOWYV
(PSLULFDO 7HVWLQJ RI '\QDPLF &RQVWUXFWLRC
BRIWZDUH %DVHG 3URWRW\SLQJ
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OHDVXULQJ &RQVWUXFWLRQLVP LQ 3DSHU 3L

ZLWK 3527(86 (9$/8%$725

8VHUV (YDOXDWLRQ RI WKH 7RRO
&RQFOXVLRQV

&WSWHU 'LVFXVVLRQV &RQFOXVLRQV
 QWURGXFWLRQ
,PSURYLQJ WKH VWDWH RI WKH DUW ORELOH &
ZLWK 0,.( WRROV
$XIJPHQWLQJ +&, WKHRU\ ZLWK &RQVWUXFWLRQ
ORELOH +&, .( &DVH 6WXGLHV
ORELOH +&, .( YV 3DSHU %DVHG +&, .(
B\QWKHVLV Rl &RQVWUXFWLRQLVP ZLWK ORE
JLPLWDWLRQV RI WKH &DVH BWXGLHV
)XWXUH 5HVHDUFK 'LUHFWLRQV
(IWHQGLQJ WKH VFRSH RI WKH FDVH VWXG\
)XUWKHU UHVHDUFK GLUHFWLRQV
&RQFOXVLRQV DQG &0ORVLQJ 5SHPDUNV

SHIHUHQFHV
$SSHQGLFHV
3XBLFDWLRQV /LVWLQJ
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ILVW RI )LIXUHV

YLIXUH JLUVW UHYLHZ KHDGLQJV JLYHQ WR WKH $
SURFHHGLQJV SDSHUYV

) L IXH ([SHUW 5DQNLQJ RI ORELOH +&, 7D[RQRPLHV

YUXUH ,VRODWLRQ RI .( WRROV UHODWLRQVKLS

) L IXH 3DSHU EDVHG DIILQLW\ GLDJUDP SUHVHQWH

) L JKH 'HQLP GHPRQVWUDWLQJ ORZ ILGHOLW\ *RYH
QDYLJDWLRQ UHODWLRQVKLSV

YUXUH &RQVWUXFWLRQLVP ZLWK $FWLYLW\ 7KHRU

) L IXH 9\JRWVN\TV JHQHUDO SUHVHQWDWLRQ RI Pt

JLXUH /JLQHDU DQG QRQ OLQHDU DSSURDFKHV DV I
&RQVWUXFW 7,& VWDWH

YUXUH $ RQH VHFRQG DUELWUDU\ SHULRG WR VHS
LQIHUV XQFKDUDFWHULVWLF DUWHIDFW FRQVW

) L IXH /RQJHU DUELWUDU\ SHULRGYV DQG DFWLYLW
PHGLDWLRQ SRLQWYV

) L JXH $ FRQILGHQW DQG D QRQ FRQILGHQW YLHZ

YUXUH /ILQHDU &DUG 6RUWLQJ ZHE EDVHG LQWHUII

) L IXH $Q H[DPSOH RI D FDUG XVHG LQ WKLV VWXG

) L JXH '"HVLJQ FOXVWHU

J)LIXUH ,PSOHPHQWDWLRQ FOXVWHU

) L IXH (YDOXDWLRQ FOXVWHU

) L JKH 7KHRUHWLFDO FOXVWHU

) L JKH $IILQLW\ %YUDQFKHV LQ WKH 8VHU &HQWUHG
BRUWLQJ 7RRO

) L JKH ([SHUW DIILQLW\ GLDJUDP H[HUFLVH WR HOL
FKRLFHV RI &$.(

YUXUH +LJKOLJKWLQJ NH\ DUHDV IRU WKH PLQLPL
DQG XVHU DFWLRQV LQ WKH ZHE EURZVHU YHU

YUXUH &$.( RQ =DXUXV 6/

YU XUH 3'$ HPXODWLRQ RQ D -DYD GHVNWRS :LQ;.

) L JXH 3REFNHW3& HPXODWLRQ WHVW RI WKH LQLW

) L IXH 6DPSOH RI WRSLFV LQ EDVLF +&, FKDSWHU\
H[SHULPHQWYV

) L IXH 6DPSOH RI WRSLFV LQ DGYDQFHG +&, FKDS\
H[SHULPHQWYV

) L IXH &OXVWHU ([SHULPHQW

) L JXH &OXVWHU ([SHULPHQW

) L JKH $ +&, SUDFWLWLRQHU FUHDWLQJ DQG FF

LQ SURJUHVV ZLWK SRVW LW QRWHYV

) L JKH 9LGHR REVHUYDWLRQ LGHQWLILHG VWDJHYV
FRQGXFWLQJ +&, DIILQLW\ GLDJUDP FRQGXFWH

YUXUH /JLQHDU YV 1RQ OLQHDU NH\ VWDJHV RI FD!
, WHUDWLYH &RQVWUXFW 7,& VWDWH

YUXUH JLUVW H[SHUW SDSHU SURWRW\SH RI WKH [

PHWKRGRORJ\ LQ VRIWZDUH
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YLIXUH BHFRQG H[SHUW SDSHU SURWRW\SH RI WK
PHWKRGRORJ\ LQ VRIWZDUH
YUXUH &UHDWLQJ YLVXDO LQN QRWHV IRU XVH LQ
PLPLFV PDNLQJ SRVW LW QRWHYV
) L JKH 6$: PDLQ ERDUG
) L JXXH 6$: FDUG YLHZHU
YUXUH 7HPSRUDO UHYLHZ YLD 0$7(
) L JXH $IILQLW\ $FWLYLW\ OHWULFV JHQHUDWHG Y
YUXUH 6$: SDUWLFLSDQWY 'HPRJUDSKLFV
YLIXUH 3DSHU SDUWLFLSDQWY PHGLDWLQJ WKHLU
D WDEOH
YUXUH 6RIWZDUH SDUWLFLSDQWY PHGLDWLQJ WK
D WDEOHW3&
) L JKH 3DSHU SDUWLFLSDQWY UHILQLQJ WKHLU FD
) L JXH 6RIWZDUH SDUWLFLSDQWY UHILQLQJ WKHLL
YUXUH 3DSHU EDVHG RXWSXW SUHVHQWHG RQ D Z
) L JXH 6RIWZDUH EDVHG RXWSXW IURP 6$: SUHVHC
IURP WKH VRIWZDUH
YLIXUH 3DSHU EDVHG DIILQLW\ GLDJUDP JURXSV P
DVVHVVPHQW FULWHULD
YLIXUH 6RIWZDUH EDVHG DIILQLW\ GLDJUDP JURXS
H[SHUW DVVHVVPHQW FULWHULD
YUXUH OHDQV FRPSDULVRQ RI 3DSHU YV 6RIWZDL
GLDJUDPPLQJ ZLWK H[SHUW PDUNLQJ
) L JKH 7RWDO WLPH WDNHQ WR FRQVWUXFW WKH
) L JXXH 2UJDQLVDWLRQDO FRQVWUXFWLRQLVW DFW
DIILQLW\ GLDJUDPV
) L JXH 2UJDQLVDWLRQDO FRQVWUXFWLRQLVW DFW
FRQVWUXFWLRQLVP
YLIXUH OHDQ &684 EDVHG UHVSRQVHV WR WKH DI
YUXUH OHDQ 48,6 UHVSRQVHVY WR WKH DIILQLW\ W
) L IKH ([SHUW SURWRW\SLQJ GHVLJQ VHVVLRQ RI W
YUXUH H[SHUW GHVLJQHG ORZ ILGHOLW\ SDSHU SL
XVHU LQWHUIDFH
YUUXUH 3527(86 ZLWK D ORZ ILGHOLW\ SURWRW\SH
VEHQDULR
) L JKH 7KH RXWSXW ILGHOLW\ RI 3527(86
) L JKH 3527(86 (9$/8$725 7TRRO
YUXUH 3527(86 LQWHUDFWLRQ EHLQJ ILIJIXUHG RXW
YUXUH 3DSHU EDVHG SURWRW\SH EHLQJ GUDZQ E\
) L JXH WKH WLFNHW PDFKLQH VFHQDULR EHLQJ FR(
) L JXH ,QGLYLGXDO WHDP EDVHG FRPSDULVRQ RI 3
SURWRW\SHY RXWSXW RQ H[SHUW PDUNLQJ
YL XUH $JJUHIJDWHG UHVXOWYV RI 3527(86 YV 3DSt
RXWSXW RQ H[SHUW PDUNLQJ
YL XUH 6HYHUDO H[DPSOHV RI $UWHIDFW &RQVWU.

&RQVWUXFWLRQLVP HYDOXDWHG ZLWK 3527(8
YV +XPDQ ([SHUW ODUNLQJ 6FKHPH
J)LIXUH 48,6 UHVXOWYVY RQ 8VHU ,QWHUIDFH 6DWLYV
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J)LIXUH &KDSWHU YV IUDPHZRUN LGHQWLILHV 7,& \
FRQVWUXFWLRQLVP

JUXUH ,QHUW &RQVWUXFWLRQLVP DV DSSOLHG WR
RI &§RQVWUXFWLRQLVP

YU XUH 6HPL '"\QDPLF &RQVWUXFWLRQLVP DV DSSOI
EXW UHVWUDLQHG IRUP RI &RQVWUXFWLRQLVP

JUXUH "\QDPLF &RQVWUXFWLRQLVP DV DSSOLHG W

XQUHVWUDLQHG IRUP RI 4RQVWUXFWLRQLVP

/ILVW RI 7TDEOHYV

7TDEOH %XUJHYV .( THFKQLTXHV *URXSHG E\ ,QWHL

7EOH JUDPHZRUN IRU 6LWXDWHG &RJQLWLRQ &KR
7EOH (QJHVWURP UHSRUWLQJ /HRQWIHYV OHYHC
QRQ FRQVFLRXV RSHUDWLRQ LQGLYLGXDO DF\

7TEOH (YHQW SDWWHUQV IUDPHZRUN ZLWKLQ DQ L
VHTXHQFHV
7TEOH 7TKUHH NH\ WHFKQLTXHV ZLWK YDULDWLRQV
7TEOH SRVW TXHVWLRQQDLUH UHVXOWY RQ WKH
ILNHUW 6FDOH ZLWK 6WDQGDUG '"HYLDWLRQ |
7TEOH ([SHULPHQWDO YDULDWLRQV RI FDUG VRUW
7TDEOH ([SHUW DIILQLW\ FDWHJRULHY DIWHU IRFXV
SUDFWLWLRQHU UHTXLUHPHQWY IRU PRELOH DI
7TEOH +&," GHSDUWPHQWTTV $IILQLW\ 'LDJUDP ([SH
7EOH &684 PDUNV DJJUHIJDWHG IRU HDFK TXHVWL]
7TEOH 48,6 LQGLYLGXDO PDUNV DJJUHIJDWHG IRU H
7TEOH JHDWXUHV 3ZLVK OLVW" IRU D GLJLWDO SDS
7TEOH 8QGHUVWDQGLQJ PRELOLW\ IRU ORZ ILGHOL
7TEOH +&," GHSDUWPHQWYTYV /RZ )LGHOLW\ 3URWRW
&ULWHULD
7TEOH 48,6 LQGLYLGXDO PDUNV DJJUHJDWHG IRU H

7TEOH &KDSWHU IV 7KUHH NH\ WHFKQLTXHV ZLWK



' ORKDPHGDOO\ 3K'" 7TKHVLV

$SSHQGLFHV
$SSHQGL[ $

$ O $UWLFOH 5HIHUHQFH &LWDWLRQV DQG 6XPPDU\
$ 7TD[RQRP\ E\ PHWKRGRORJ\ FDWHJRULVDWLRQ

$SSHQGL[ %
% O 7KHRUHWLFDO ORFN XS 0,.( 3URWRW\SHV IRU \
+&, &\ EHUVFLHQFH
% $77,& $XWRQRPRXV 7UDQVIHU DQG 7UDQVFU
,QWHUYLHZV &DSWXUH
%O 9,(: 91& EDVHG ,QGLUHFW REVHUYDWLRQDO
WKURXJK :L)L
%O 029,( OXOWL VSDWLDO 2EVHUYDWLRQDO 9LG
% 3UDFWLFDO &\EHUVFLHQFH 3URWRW\SHV DV ,PSO
% 086( ORELOH 8VHU 6XUYH\ (QYLURQPHQW
% 9,9, 9LUWXDO ,QWHUIDFH WR 9,'HR
% &ROODERUDWLRQ :RUN RQ 95(V VXSSRUWLQJ 0,
+&, &\EHUVFLHQFH
% &21.(5 $ &ROODERUDWLYH 1RQ OLQHDU .QRZ(
5HSRVLWRU\ IRU ORELOH +&, SUDFWLWLRQHUYV
% 3(7 $ 3DUWLFLSDQW EDVHG ([SHULPHQW 7UDI
ORELOH +&, SUDFWLWLRQHUV

$SSHQGL[ &
& O ([SHUW 3DUWLFLSDWRU\ '"HVLJQ 3UH 4XHVWLRQ
& ([SHUW 3DUWLFLSDWRU\ 'HVLJQ 3RVW 4XHVWLRQ

$SHQGLJ
' O 8VHU &HQWUHG 'HVLJQ RI &$.(
' 3UH WHVW 4XHVWLRQQDLUH
' O 3RVW WHVW 4XHVWLRQQDLUH
' ([SHUW 3DSHU 3URWRW\SHV IRU &$.(
' ([DPSOH 2XWSXW IURP &$.( (=&DOF FRPSDWLEOH
' 3DUWLFLSDQW 6WXG\ 7DVN 6KHHW ([DPSOHYV
' 3DUWLFLSDQW 6WXG\ ([DPSOH 'DWD &ROOHF\
9DULDWLRQV

$SSHQGLJ[ (
( O 8VHU &HQWUHG 'HVLJQ RI 6$:
( $I1ILQLW)\ 'LDJUDP %UDQFKHV IRU 6$:
( O ([SHUW 3DSHU 3URWRW\SHV IRU 6$:
( $I1ILQLW\ 'LDJUDPPLQJ &DVH 6WXG\ % 3DUWLFLSD
( 'DWD FROOHFWLRQ IRU &KDSWHU &DVH 6WXG\ %
( &DVH 6WXGLHV 3DUWLFLSDQW &RQVHQW )RUP
( (IDPSOH 3DSHU $IILQLW\ 2XWSXWV DV $I1ILQLW\
( ([DPSOH 3DSHU $IILQLW\ 2XWSXWV SKRWRV
( ([DPSOH 6$: (OHFWURQLF EDVHG 2XWSXWV D\
( 8VHU (YDOXDWLRQ OHWKRGV IRU &KDSWHU &DVt
( $GDSWHG &684 4XHVWLRQQDLUH /HZLV
( 48,6 6XUYH\ 7THPSODWH &KLQ HW DO 60D
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( $I1ILQLW\ 'DWD 5HSUHVHQWDWLRQ ZLWKLQ 6$:
( 6DPSOH 6%$: ILOH RXWSXW D VWDWLF LQVWDQ\
( ([DPSOH RI LQN HQFRGHG FDUGV FUHDWHG ZLW
( 6HPL '\QDPLF &RQVWUXFWLRQLVP 2XWSXW YLD O
( ([DPSOH RXWSXW RI FRQVWUXFWY LGHQWLILH
H[SHULPHQW IRU LPSRUW LQWR ([FHO *URXS

$SHQGLJ[ )
) O 8VHU &HQWUHG 'HVLJQ RI 3527(86
) O S$IILQLW)\ 'LDJUDP %UDQFKHV IRU 3527(86
) O 3DSHU 3URWRW\SHV IRU 3527(86
) 'DWD FROOHFWLRQ IRU &KDSWHU &DVH 6WXG\ %
) 3DSHU 3URWRW\SH 3DSHU EDVHG ([DPSOHV
) BURWHXV (9$/8$725 VDPSOH VFUHHQVKRWYV
) '\QDPLF &RQVWUXFWLRQLVP 2XWSXW YLD 3527(86
) ([DPSOH RXWSXW RI FRQVWUXFWY LGHQWLILHC
) 8VHU (YDOXDWLRQ OHWKRGV IRU &KDSWHU &DV

$SSBQ[ *
* O 3XEOLFDWLRQV /LVWLQJ
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$FNQRZOHGJHPHQWYV

%\ WKH JUDFH RI *RG WKH OHUFLIXO DQG WKH .LQG

7KLV WKHVLV LV ILUVWO\ GHGLFDWHG WR P\ SDUHQW
2PPD 'HYL ORKDPHGDOO\ <RXU ORYH GHGLFDWLRQ
DUH ZLWKRXW KLQGUDQFH DQG DUH HWHUQDO 7KLV
‘U 3DQD\LRWLV =DSKLULVY DQG 3URI +HOHQ 3HWULH
RI FKDUDFWHU DQG ZLVGRP QHFHVVDU\ WR IXOILO Wt
WR P\ SDUHQWY DQG VXSHUYLVRUV , KRSH , PD\ UHS
DOO RI P\ IXWXUH HQGHDYRXUV , NQRZ QR HQG RI JL
JLYHQ PH HVSHFLDOO\ LQ DOORZLQJ PH WR IXUWKHF
WKRURXJKO\ NHHQ WR H[SORUH «

$ IHZ QRWDEOH PHQWLRQV RI WKDQNV 3URI 1HLO OI
DQG DOZD\V EHLQJ LQVSLULQJ 7KH SDUWLFLSDQWYV

‘U 6WHSKDQLH :LOVRQ IRU VXSSRUW DQG DOVR DOOI
VWXGLHVY 'U &RUQHOLXV 1FXEH IRU FKHHUIXO LQV
'HVLIJQ DQG DOO RI WKH 3K' VWXGHQWY DV D ZKROH

DQG KHOSIXO DVVLVWDQFH LQ HQDEOLQJ PH WR EUI
&EHQWUHG 'HVLJQ (365& IRU WKH VFKRODUVKLS DZD
EHHQ DEOH WR DIIRUG WKH 3'$V WDEOHW3&V DQG
HI[ISHULPHQW DQG H[SORUH WKLV UHVHDUFK ZLWK 71
/IRQGRQ IRU JLYLQJ PH IDFLOLWLHYV QHHGHG WR XQ
FRQIHUHQFHYV )URP .LQJYV &ROOHJH /RQGRQ O0U 0D
‘U 2GLQDOGR 5RGULIJXHV WKDQN \RX IRU VHWWLQJ |
I[IURP 8QLYHUVLW\ RI %HUOLQ IRU WKH HQWKXVLDV
OLFURV\VWHPV ,%0 1RNLD DQG 6RQ\(ULFVVRQ IRU J
VWDWH RI WKH DUW LQ GHYHORSHU WRROV IRU PR
VRIWZDUH FRQWULEXWLRQV RI WKLV WKHVLV D UHDO

KHUH ZRXOG ZH VWDQG RQ D MRXUQH\ ZLWKRXW [
*UDQGSD DQG DOO P\ UHODWLYHV LQ WKH 8. 1HZ <RI
KHUH LQ /RQGRQ OV 6DLUD &KRZGKXU\ O0OU 7DKLU .KI
1D]JLP OV 1LOXIDU $QZDU OV $IID .KDQ D VSHFLDO
VWHDGIDVW WUXVW WKDW KDV JLYHQ GLUHFWLRQ '
EHILQQLQJ 1XPHURXV RWKHUV KDYH FRQWULEXWHG
QHFHVVDU\ UHERRWLQJ P\ VWDWH RI PLQG DW YDUL
ZLWK VLQFHUH NLQGQHVV , WKDQN \RX

O\ IDWKHUfV PRWWR VBQEB\VZIDORHFRRRG IKPHWDXJIK
WKH PHDQLQJ RI WKLV VWDWHPHQW RQ D OHYHO RI G
IHOW ZKHQ KH FRPSOHWHG KLV

0\ RZQ PRWWR DV , KDYH DFTXLUHG KDYLQJ VHHQ
VXSHUYLVRUV DQG WKHLU FROOHDJXHK®Y JKBOWH )DFR XK
%ROGWK D ZLOO WR H[SORUH ULJRURXVO\ DQG PHWL
I[URP PDNLQJ LW D VLIJQLILFDQW HQGHDYRXU LI WKH\
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'"HFODUDWLRQ

, JUbQW SRZHUV RI GLVFUHWLRQ WR WKH 8QLYHUVLYV
LQ ZKROH RU LQ SDUW ZLWKRXW IXUWKHU UHIHUHQF
FRSLHVY PDGH IRU VWXG\ SXUSRVHV VXEMHFW WR QR
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SEVWUDFW

ORELOH FRPSXWLQJ KROGV VLJQLILFDQW DV \HW XQN
RI &\EHUVFLHQFH H 6FLHQFH PHWKRGV 7KLV WKHVL
DGYDQFHPHQW RI +& WKHRU\ WKURXJK WKH GHY
F\EHUVFLHQFH WRROV 7KLV LV GRQH E\ V\QWKH)
HSLVWHPRORJLHVY ZLWK WKH EHQHILWY WKDW FDQ E|
7KLV WKHVLV DLPV WR H[SORUH KRZ PRELOH
NQRZOHGJH HOLFLWDWLRQ .( PHWKRGV $ UHYLHZ F
FRPSXWLQJ DQG PRELOH +&, GHPRQVWUDWHY WKDW \
GLUHFWLRQ RI DSSO\LQJ PRELOH FRPSXWLQJ WR +&,
GHPRQVWUDWHG WR EH VLIJQLILFDQWO\ FRQVLGHUHC
WKH FXUUHQW PHWKRGV DQG F\EHUVFLHQFH EDVHG
VHYHUDO SURWRW\SH PRELOH WRRO GHVLJQV GLVF
WKHRULHYVY LQ SHGDJRJLFDO HSLVWHPRORJLHV LV WK
IRU WKLV ZRUN 7KLV IDFLOLWDWHYV WKH DFTXLVLW
FDQGLGDWH QDPHO\ &RQVWUXFWLRQLVP WKHRU\ IR
PHWKRGV LQ +&, .( $ IUDPHZRUN IRU LQYHVWLJDWL
SUHVHQWHG GHVFULELQJ WKUHH NH\ PRGHOV WKD\V
7TKURXJK WKH GHVLIJQ LPSOHPHQWDWLRQ DQG WHVW
PRELOH FRPSXWLQJ WRROV IRU +&, .( WHUPHG O0,.(
(OLFLWDWLRQ WRROV WKHVH WKUHH NH\ PRGHOV
HPSLULFDO UHVHDUFK DQG DUH UHSRUWHG LQ WKLYV |
&DVH VWXG\ LQYHVWLIDWHY WKH XVH RI LQHUW
VRUWLQJ &DVH 6WXG\ LOQYHVWLIDWHY WKH XVH RI
XVH RI DIILQLW\ GLDJUDPPLQJ &DVH 6WXG\ LQ
FRQVWUXFWLRQLVP WKURXJK WKH XVH RI ORZ ILGH(
WKHVH FDVH VWXGLHV LQGLFDWH WKDW PRELOH F
DSSOLFDWLRQ LQ WKH SUDFWLFH RI FXUUHQW GD\
PHDVXUHV LQ +&, FDQ EH DFTXLUHG WKURXJK PRELOF
7TKHUH DUH WKUHH PDLQ FRQWULEXWLRQV RI W
HGXFDWRUV DQG UHVHDUFKHUV LQ +&, ZLWK QHZ N
FRPSXWLQJ DQG PRELOH +&, DUH H[SDQGHG ZLWK Wt
WHFKQLTXHV RI FDUG VRUWLQJ DIILQLW\ GLDJUDPPL
+&, WKHRU\ WKURXJK PRELOH VRIWZDUH 6HFRQG
FRQVWUXFWLRQLVP WKHRU\ VXFFHVVIXOO\ HQKDQFH?
JURZWK RI JURXQGLQJ WKHRULHYV LQ WKH ILHOG R +«
UHSRUWHG FDVH VWXGLHV /DVWO\ F\EHUVFLHQFH
HISDQVLRQ RI UHVHDUFK LQ WKH DUHD RI DXJPHQWL
DFKLHYHG WKURXJK WKH XVHU FHQWUHG GHVLJQ C
PRELOH WRROV LQFRUSRUDWLQJ IDFLOLWLHV XQLT
UHVHDUFKHUVY OHDGLQJ WR VHYHUDO UHODWHG SHH!



' ORKDPHGDOO\ 3K'" 7KHVLYV

&KDSWHU L, QWURGXFW
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*:H FDQQRW WHDFK SHRSOH DQ\WKLQJ ZH FDQ RQO\ KHOS WKH

*DOLOHR *DOLOHL

2YHUYLHZ RI 7TKHVLV
7KLY WKHVLVY FRQWULEXWHYVY WR WKH VFLHQFH R

LQFRUSRUDWLQJ WKH UROH RI PRELOLW\ LQ +&, F\EH
RI DUW LQ +&, WKHRU\ E\ HISORULQJ WKLV PRELOLW\
LV LQYHVWLIJDWHG LQ D SHGDJRJLFDO FRQWH[W RI X!
DUHDV WR DFKLHYH WKLV FRQWULEXWLRQ )LUVWO\
+XPDQ &RPSXWHU , QWHUDFWLRQ +&, WKDW HOLFLW
DQRG HYDOXDWLRQ RI FRPSXWLQJ V\VWHPV &KDSW
UHODWLRQVKLSYVY RI WKRVH PHWKRGV DQG WHFKQL
HSLVWHPRORJ\ OHDGLQJ LQWR DQ LQYHVWLJDWLRQ
&KDSWHU )LQDOO\ LW LQYHVWLIJDWHV WKH SRW
&RQVWUXFWLRQLVP 7KHRU\ WKURXJK VWDWH RI WKH
VHYHUDO FDVH VWXGLHV RI D SHGDJRJLFDO QDWXUH

7KH UHVHDUFK GLUHFWLRQ ZDV FUHDWHG E\ ILU!
VWDWH RI WKH DUW LQ ORELOH +&, UHVHDUFK ZLW
OLWHUDWXUH &KDSWHU 7KLV OHG WR LGHQWLI\L
ORELOH +&, 7KH OLWHUDWXUH UHYLHZHG GLG QRW (
HISORUDWLRQ RI +&, XVLQJ PRELOH V\VWHPV RQO\ +,

,Q RUGHU WR LQYHVWLJDWH WKLV UHVHDUFK G
VROXWLRQV ZHUH GHVLIJQHG DV FDVH VWXGLHV DV
(OLFLWDWLRQ .( ZHUH EHLQJ UHYLHZHG ,Q RUGHU
LPSURYH WKH FXUUHQW VWDWH RI WKH DUW LQ +&,
OHDUQLQJ WKHRULHY DQG SHGDJRJLFDO HSLVWHPRO
WKH QDWXUH RI WKH XVHU NQRZOHGJH WKDW FXUUHQC

( WHFKQLTXHV LQ +&, H[LVW WR EHWWHU XQGHL
WKDW LV OHDUQW H[SHULHQFHG DFTXLUHG XQGHU
VIVWHP XVHUV IRU WKH EHQHILW RI +&, SUDFWLWLR
LQFRUSRUDWHY .( ZLWK WKH YDULDEOHV RI PRELOLYV
DQG JHRJUDSKLFDO GLVSHUVLRQ LQ OLQH ZLWK WK
VLIQLILFDQWO\ ZH H[SDQG RQ WKH ILHOG RI .( LWV
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YLHZV Rl &RQVWUXFWLRQLVP 7KHRU\ LQ D +&, FRQ
LOQWURGXFH +&, WR RULJLQDO WHFKQLTXHV IRU PHDV

,QWURGXFWLRQ
,Q MXVW WKH SDVW WHQ \HDUV ZH KDYH VHHQ |

ZLGH YDULHW\ RI FRPSXWHU EDVHG PRELOH V\VWH
VIVWHPV DQG FRPSRQHQWVY WR FUHDWH PXOWL ELOC
DYDLODELOLW\ RI IDVWHU VPDOOHU DQG PRUH HQHU
EHWWHU GLVSOD\ VFUHHQ WHFKQRORJLHVY DOWHUQ
PHGLD IRUPDWY DUH DOO HQVXULQJ VWURQJ JURZWK
DQG VRIWZDUH HQJLQHHULQJ

,Q SDUWLFXODU ODSWRSV 3HUVRQDO 'LJLWDO
KDYH EHHQ GULYLQJ LQIOXHQFHV LQ WKH SRUWDEOH
GHYLFHV KHQFHIRUWK WHUPHG PRELOH +&, VKR
LPSRUWDQW UROHV LQ ODUJH DQG GHVNWRS V\VWHP
FRQVWUDLQWY RI PLQLDWXULVDWLRQ DQG SURFHVVR
PDVVLYH FRQVXPHU GHPDQGV LQVLVWLQJ WKDW LQ J
EHWWHU FRPSXWLQJ H[SHULHQFH OLQHU 6LQFF
YDULRXV JOREDO GLJLWDO ZLUHOHVV QHWZRUNV D¢
PRELOH FRPSXWLQJ DQG JLYHQ XV WKH VXSSRUWL
FRPSXWLQJ DOPRVW SK\WLFDOO\ DQ\ZKHUH *KRVK

+&, UHVHDUFK WKDW DSSOLHV WR WKH HYROXWLI
DUHD RI UHVHDUFK $Q HYHQ OHVV UHSRUWHG DUHD
WKDWHVWDUFKLQJ PRELOH VA\VWHPV WKDW FDQ EH XV

7KH IROORZLQJ VHFWLRQ GHVFULEHV WKH DLPV |
E\D YLHZ RI| UHVHDUFK FRQWULEXWLRQV WKDW WKLYV
WKH UHVW RI WKLV WKHVLVY FRPSOHWHYV WKLV FKDSW

$LPV DQG 2EMHFWLYHYV
7KH PDLQ REMHFWLYH RI WKLV WKHVLV LV WR DC

HOLFLWDWLRQ .( LQ +&, WKHRUHWLFDOO\ DQG SUDF
WHFKQRORJLHV
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7KLV LV WR EH DFKLHYHG E\ LQYHVWLJDWLQJ .( F
WKH UHODWHG DUHDV RI SVI\FKRORJ\ DVVRFLDWHG ZL
OHDGYV WR WKH GHYHORSPHQW RI D FRQVWUXFWLRQ
WKHRU\ FKDSWHU ([SORUDWLRQ RI WKLV IUDPHZF
VHYHUDO VRIWZDUH WRROV FKDSWHUV DQG WR
FRQGXFWLQJ +&, F\EHUVFLHQFH &KDSWHU GLVFXVYV
RI' LWV FRQWULEXWLRQV WR WKH +&, ILHOG DQG RXW

7KH PDLQ UHVHDUFK TXHVWLRQV RI WKLV WKHVLV DU

ODLQ 5HVHDUFK 4XHVWRRCQY PBRERIONH F\EHUVFLHQFH
NQRZOHGJH HOLFLWDWLRQ PHWKRGV"

7TKHUH DUH VHYHUDO NH\ VXE TXHVWLRQV WKDW GHYV
WR H[SORUH ZKLFK DUH

50 :KDW .QRZOHGJH (OLFLWDWLRQ .( WHFKQLTXHYV

5 +RZ GR H[LVWLQJ F\EHUVFLHQFH WRROV DVVLVW
WHFKQLTXHV"

5 :KDW FDQ ORELOH &RPSXWLQJ SURYLGH WR H[LVWI
D ([WHQGLQJ WKH GRPDLQ WKHRUHWLFDOO\"
E (QDEOLQJ DGGLWLRQDO IXQFWLRQDOLW\ LQ SUDI

5 &DQ ORELOH .( EH VLPXODWHG HPSLULFDOO\ DV
HI[LVWLQJ +&, .( SUDFWLFHV"

5 &DQ H[LVWLQJ +&, .( PHWKRGRORJLHV EH HQKDQF
PRELOLW\ GRPDLQV DQG FRQWULEXWH WR WKH VFEI
QHZ H[SDQVLRQ RI IXWXUH UHODWHG UHVHDUFK GL

7KLV WKHVLV H[SORUHY DOO RI WKH DERYH TXHVWLR(

SHVHDUFK &RQWULEXWLRQV
7KH NH\ SUDFWLFDO FRQWULEXWLRQ RI WKLV WK

F\EHUVFLHQFH WRROV IRU +&, SUDFWLWLRQHUV DQG
WR FRQGXFW HPSLULFDOO\ VRXQG GLJLWDO GDWD F
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H[ISORUHG EHIRUH ,Q DGGLWLRQ WR WKLV WKH FRQ
IROORZV

t+f (PSLULFDOO\ GHPRQVWUDWHG FDSDELOLWLHV R
ZLWK IDFLOLWDWLQJ GLJLWDO GDWD FROOHFWLR

+f 6LPXODWH HOHFWURQLFDOO\ WKH H[LVWLQJ +&,
WR WKH H[LVWLQJ SDSHU SUDFWLFHV

+ (QKDQFH WKH H[LVWLQJ SUDFWLFHV ZLWK QHZ
EDVHG RQ FRJQLWLYH PRGHOOLQJ WKHRULHV
HQYLURQPHQWY DQG DV VXFK KDYH QRW EHHQ DE

¥ ,PSURYH RQ H[LVWLQJ SUDFWLFHV E\ UHGXFLQ.
UHFRUGLQJ DQG SURFHVVLQJ RI +&, .( GDWD

f 3UHVHQW +&, UHVHDUFKHUV ZLWK DQ RSSRUWX
QDPHO\ UHVHDUFKLQJ WKH XVH RI PRELOH F\E
GHYHORSPHQW

TKHVLV 2XWOLQH
7KLY WKHVLV FRQVLVWYV RI FKDSWHUV 7KH QHJ[

Rl WKH DUW LQ PRELOH +&, UHVHDUFK DQG LGHQW
GHILFLHQF\ LQ WKH UHVHDUFK ODQGVFDSH WKDW IRU

&KDSWHU WKUHH LQYHVWLIJDWHV WKH WKHRU\
‘HDNQHVVHY DUH LGHQWLILHG DQG LQLWLDO FDVH VYV

&KDSWHU IRXU LQYHVWLIJDWHYV VRPH RI WKH LP
HSLVWHPRORJ\ KDV FRQVWUXFWHG WR XQGHUVWDQG
DQG DFTXLULQJ NQRZOHGJH WKHVH KDYH VHW WKH \
+&, ,Q SDUWLFXODU WKH WKHRU\ RI §RQVWUXFWLRQI

&KDSWHU ILYH GHVFULEHV WKH FUHDWLRQ RI
HOLFLWDWLRQ LQ +&, XWLOLVLQJ DUWHIDFW GUL"®
HSLVWHPRORJ\

&KDSWHU VL[ GLVFXVVHV WKH GHYHORSPHQW DC
WHFKQLTXH WKDW XVHV D IL[HG PRGHO RI LQHUW FRC
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&KDSWHU VHYHQ GLVFXVVHV WKH GHYHORSPHQ'
'LDJUDPPLQJ WHFKQLTXH WKDW XVHV D VHPL G\QDPL!

&KDSWHU HLJKW GLVFXVVHV WKH GHYHORSPHQW
WHFKQLTXH WKDW XVHV D ULFKO\ G\QDPLF PRGHO RI

&KDSWHU QLQH GLVFXVVHV DQ RYHUDOO UHYLH:Z
FRQFOXVLRQV DQG NH\ FRQWULEXWLRQV
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&KDSWHU KH 6WDWH RI1 WK



ORKDPHGDOO\ 3K'" 7KHVLV
L, QWURGXFWLRQ

7KLY FKDSWHU GHOLYHUVY D OLWHUDWXUH UHYLH
ORELOH +&, +XPDQ &RPSXWHU ,QWHUDFWLRQ 7KL\
LOOXVWUDWLQJ WKH PRWLYDWLRQ DQG GLYHUVLW\
LOOXVWUDWHY WR WKH UHDGHU D UHVHDUFK GHILFL
WKHVLY o6WDUWLQJ IURP WKH PRELOH +&, SDSHUV
&RQIHUHQFH SURFHHGLQJV SDSHUV ZHUH \
WR +&, DQG PRELOH FRPSXWLQJ

7D[RQRPLFDO $QDO\VLV Rl WKH )LHOG

$Q LQLWLDO WD[RQRP\ RI WKH SDSHUV UHYL
WZHQW\ KLJK OHYHO FDWHJRULHV VKRZQ LQ ILJXUH
DXWKRU RI WKLV WKHVLV JRLQJ WKURXJK WKH SD

WKURXJK WKH XVH RI D WD[RQRP\ WHPSODWH DSSHQ

ORELOH $SSOLFDWLRQV _ _ ORELOH *DGJHWYV ORELOH 1HWZ

/RFDWLRU7$ZDUHQHVYV _ ORELOH&KDUDFWHULVWLFV M

"HDUDEOHV >a (QYLUR@BB@®E Ua+RPH 'HYLFHV &RQWURO >
6PDDWSOD\V I ORELOHV LQ 6HUYLFHV

M ,QWHUDFWLYH ([SHULHQFHV a_ > ,QWHBBBBB®70&BRQWHUDFWLRQ _ >
&RPPXQLFDWLAQV | ,QIRUPDWLRQ &DSWXUH

6FHQDULRVI ORELOH $LGV IRU “"LVDELOLWXABQ 7ULDOV

ORELOH ,QIRUBBWLRQ _ ORELOH 6\WWHHYV 'HVLIQ

JLXUH ILUVW UHYLHZ KHDGLQJY JLYHQ WR WKH $&0 ORELC

8QGHU D FRQWUROOHG H[SHULPHQW DV UHSRUW
6RUWLQJ WRRO ZDV GHYHORSHG WR DLG +&, SUDFWL\
WKH H[SHULPHQW LQYROYHG PHPEHUV RI VWDII U
8QLYHUVLW\ /RQGRQ HDFK RI ZKLFK ZDV DVNHG WR ¢
RI WKH VDPH ORELOH +&, DEVWUDFW VXPPDULHV RI W
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$00 IRXU PHPEHUV RI VWDII DUH OHFWXUHUV RU
6FLHQFH XQGHUJUDGXDWH DQG SRVWJUDGXDWH FRX
FOXVWHU DQDO\VLV RI WKH SDSHUV DV UHFRPPHQGH
E\\ UHVHDUFK GLUHFWLRQ SRSXODULW\ )LJXUH
WKHVH FDWHJRULHV LQWR KLIJK OHYHO FDWHJR
+&, 7KLV FKDSWHU VXEVHTXHQWO\ H[SORUHV VRPH R
OLWHUDWXUH UHYLHZ XQGHU WKH FDWHJRULHV GHIL

,QIRUPDWLRQ 9LVXDOLVDWLRQ

6FDODEOH ,QWHUIDFHYV
2QH RI WKH IXQGDPHQWDO REMHFWLYHV RI PLQL

LV WR SUHVHQW D SODWIRUP IURP ZKLFK XVHUV FDQ
WKHLU GDWD IURP ZKHUHYHU WKH\ DUH ,QIRUPDWLR
WKH GD\V RI WZR FRORXU WH[W RQO\ IRUPDW VFUHH
RI SK\VLFDO HQJLQHHULQJ IHDVLELOLW\ VXFK DV VFI
FDSDELOLWLHYVY JLYH XV D SDUWLFXODUO\ SRSXODU I

6XFK LQIRUPDWLRQ YLVXDOLVDWLRQ ,9 FRQVWL
RI QRYHO LQWHUIDFHY $ UHFHQW VHULHV RI VWX
SUHVHQWDWLRQ 5693 FRQFHSW %UXLMLQ HW DO
DO 7KLY KDV SUHVHQWHG VHYHUDO LQYHVWLJ
LQIRUPDWLRQ HJ VHDUFKLQJ RQ D VPDOO VFUHHQ
KXPDQ SULRULWLVHG NQRZOHGJH

$V -RQHV HW DO SRLQWHG RXW VHDUFK HQ
‘HE VHUYLFHV 6HUYLFHV VXFK DV *RRJOHE DQG R
VWDUWHG WR PDNH DYDLODEOH WKHLU FRQWHQW
IRUPDWWLQJ DQG FDXVHV RI IDLOXUHV WR EURZVH HI

&EKLWWDUR DQG &DPDJJLR SUHVHQWHG D PH
EDU FKDUWYV RQ :$3 VFUHHQVY DQG WZR SURSRVHG \
QXPHULFDO YLVXDOLVDWLRQ EDVHG RQ WKH UHVXOW
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,QIRUPDWLRQ 9LVXDOLVDWLRQ

/IRFDWLRQ $ZDUHQHVY *HRJUDSKLHYV

&RQWH[WXDO $ZDUHQHVV

| JRUPDO 6SHFLILFDWLRQV 'HYHORSPHQW
R! &\FOHV

ORELOH /DQJXDJHV 'HVLJQ 3URFHVVHYV
3DWWHUQV

UR
? SHTXLUHPHQWYVY *DWKHULQJ IRU ORELOLW\
X
D
RU 6HQVRU\ DLGHG ORELOH &RPSXWLQJ
&ROODERUDWLYH 6\VWHPYV
+RPH 'HYLFH &RQWUROOHUYV
6RFLRORJLFDO 9LHZV RI ORELOLW\
ORELOH EDVHG /HDUQLQJ 6\VWHPV
1IDYLJDWLRQ B5HDGDELOLW\
*UDSKLFV (QJLQHHULQJ
YLIXUH ([SHUW 5DQNLQJ RI ORELOH +&, 7D[RQRPL

6HQVRU\ QWHUIDFHV
1RYHO DXGLWRU\ LQWHUDFWLRQ FRPSOHPHQWYV

GHYHORSPHQWY RI PRELOH DXGLWRU\ VSDWLDO UHD

DQG DXGLWRU\ QRWLILFDWLRQ UHFRJQLWLRQ D\
(DUFRQV FRQFHSW %UHZVWHU HW DO $V QRV
PRELOH GHYLFHV ODFN VFUHHQ VSDFH DQG WKLV FI
XVH %UHZVWHU DFNQRZOHGJHG D ZLGH UDQJH
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UHTXLULQJ +&, GHYHORSPHQW DQG LV DV VXFK ZLGH
LQ WKLV SDUWLFXODU DUHD RI WKH ILHOG

$V WKH HDUFRQV FRQFHSW GHILQHV

SHDUFRQV DUH DEVWUDFW PXVLFDO VRXC
XVHG LQ VWUXFWXUHG FRPELQDWLRQV WR FUH
UHSUHVHQW SDUWYV RI D KXPDQ FRPSXWHU LQW

:DONHU %YUHZVWHU

7KLV Rl FRXUVH UHDFKHV D ZLGH GRPDLQ RI X\
XVDELOLW\ KDYH UHTXLUHG VSHFLDO DWWHQWLRQ \
%UHZVWHU VKRZHG WKDW DXGLWRU\ GLVSOD\
VXUURXQG VRXQG DOJRULWKPV WR SURYLGH D PXF
YLVXDOLVDWLRQ $Q DXGLR PHQX V\WWHP LV SUHVHQ
FDQ EH WUDYHUVHG E\ VSDWLDO SUHVHQWDWLRQ RI
SRVLWLRQV REWDLQHG E\ VWHUHR SDQQLQJ ZLWK

$QRWKHU VHQVRU\ HQKDQFHG WHFKQLTXH LQ YL\
E\ '"HVKH DQG 9DQ /DDU 7KH\ GHVFULEH D PHWK
XVLQJ D SVI\FKRORJLFDOO\ HIIHEWLYH \HW HOHJDQW
IDFWRUV FDUWRJUDSK\ FRORXU VFLHQFH DQG FROR
FRORXU FRGLQJ WR HPSKDVLVH WDVN UHOHYDQW LC
SURGXFLQJ WKH LOOXVLRQ RI SHUFHSWXDOO\ GLII
VWUXFWXUH RI WKH XVHUJV WDVN

,QIRUPDWLRQ 5HGXFWLRQ
7KH PDJLF ORXQJH SURMHFW E\ 5LVW EULQJ

WR WKH ILHOGV RI &RPSXWHU 6XSSRUWHG &ROODER
GLVSHUVHG FROODERUDWLYH FRPPXQLWLHY $ PHWK
LV GHVFULEHG :KDW LV LQWHUHVWLQJ KHUH LV WKL
OHYHO RI YLVXDOLVDWLRQ DFFRUGLQJ WR WKH SK\VL
ZLWK 1IDWXUDOO\ D VPDOO PRELOH SKRQH GRH
UHSUHVHQWDWLRQ WKDW D PHGLXP VL]HG 3'$ GRHV
JUDSKLFDO UHSUHVHQWDWLRQ RI GHVN EDVHG 3&

DUFKLWHFWXUHYV ZLOO SOD\ D VXEVHTXHQWO\ YLWD
GHYLFHV DV WKH FDSDELOLWLHV RI GHYLFHV EHFRP



' ORKDPHGDOO\ 3K'" 7KHVLYV

JURXSV RI VI\VWHPV VXFK DV SKRQHV 3'$V ODSWRSV
VA\VWHPV

6WLFNLQJ ZLWK LGHDV Rl LQIRUPDWLRQ UHGXF
SUDFWLFDO IRUP RI LQIRUPDWLRQ YLVXDOLVDWLRQ V
LQIRUPDWLRQ DQG UHWDLQLQJ SDUWLDO GRFXPHQW
PRVWO\ 3'$V VFUHHQ *RPHV HW DO SUHVHQW
KRZ EHVW WR FOLS WKH LQIRUPDWLRQ DQG KRZ VXE
OHYHOV RI LQIRUPDWLRQ FDQ EH GURSSHG DQG WK
$V VXFK LWV XVHIXOQHVV DW LPSURYLQJ PLQLPCL
LQIRUPDWLRQ GHWDLO FRKHUHQWO\ DJUHHV ZLWK
PHWKRG IRU GLVSOD\LQJ SDJHV 7KHUHE\ LW LV IRX
SURSRVHG DV D VWDQGDUGYV SURWRFRO LQ WKH IF
:&0/ DV GHVFULEHG E\ <DQJ HW DO WR ULYDC
10/

OXOWLGLPHQVLRQDO 9LVXDOLVDWLRQ
,Q ,]JDGL HW DO DQ DXJPHQWHG UHDOLW\ SL

PRELOH GHYLFHV ZLWK WKH FDSDELOLW\ IRU YLVXDO
W GHVFULEHV WZR SURWRW\SH GHPRQVWUDWRUYV

DSSOLFDWLRQ ZDV GHYHORSHG LQ ZKLFK D VHDUFK
HOQDFWLQJ VFHQHV ZLWKLQ WKH YLUWXDO ZRUOG W
SDUWLFXODU SK\WLFDO ORFDWLRQ 7TKH VHFRQG G
SDUWLFLSDQWY H[SORUH DQ RXWGRRUV ORFDWLRQ

WKHQ EULQJ EDFN WR D PXVHXP IRU D PRUH GHWDLO

IDQGHUGRQFNW HW DO SURSRVHG PLQLPDO!
DOORZ GHVLIJQHUV WR EXLOG 8,V DFURVV PXOWLSO|
XQLTXH KDUGZDUH FRQVWUDLQWY DQG FDSDELOLWLH

/IRFDWLRQ $ZDUHQHVYVY DQG *HRJUDSKLHYV

OXFK RI WKH UHVHDUFK LQ JHRJUDSKLF DQG ORF|
ZLWK LQQRYDWLYH LGHDV LQ LQIRUPDWLRQ YLVXDOL
IRU *OREDO 3RVLWLRQLQJ 6DWHOOLWHYV *36 KDYH E|
KDQGLFDSSHG XVHUV +ROODQG ORUVH $QRWK
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LQ WKH XWLOLVDWLRQ RI D 3'$ V VFUHHQ DV D VSDW
SK\VLFDOO\ D ODUJHU YLHZ RI LQIRUPDWLRQ FDQ EH

$ XVDELOLW\ HYDOXDWLRQ RI D ORFDWLRQ DZ
UHFHLYHVY ORFDWLRQ VSHFLILF SHUVRQDOLVHG LQIR
W VKRZHG WKDW WKH FLUFXLW VZLWFKHG *60
WKURXJKSXW IRU WKHLU SHUVRQDO QDYLJDWLRQ W
PRELOH ORFDWLRQ EDVHG VHUYLFHV KDYH D WLPH F
LQFUHDVHYV ZLWK IXWXUH PRELOH V\VWHPV DQG Q
FRQFHUQ ZKHQ RQ WKH PRYH 7KH VHUYLFH PXVW EH
UHVSRQVH WLPHV VLQFH HDV\ DQG IDVW DFFHVV WR
RI KLIJIK LPSRUWDQFH

7KH SUROLIHUDWLRQ RI *36 EDVHG ORFDWLRQ VH
XVHV IRU ORFDWLRQ DZDUHQHVV LQ PRELOH GHSOR\
EHLQJ EXLOW LQWR WKH XSFRPLQJ JHQHUDWLRQV R
IRU D ZLGH UDQJH Rl IXQFWLRQV LQ PDVV FRQV)
H[SHULPHQWDO WRXULVW JXLGHV 'DYLHV HW DO
GLVDEOHG DQG HOGHUO\ SHRSOH 3HWULH HW DO
FROODERUDWLYH V\VWHPV 5LVW

6DOEHU HW DO LPSOHPHQWHG D QXPEHU R
VXSSRUW WKH DFEWLYLWLHV RI PRELOH VWXGHQW)
VKRUWFRPLQJV ZHUH UHFRUGHG LQ WKLV ILUVWO\
ZLUHOHVV QHWZRUN WKDW FRYHUV WKH ZKROH FDPS
PRELOH GHYLFHV LQ LWV FRYHUDJH JRQH +RZHYHU L
KXQGUHG VTXDUH IHHW DQG DV VXFK WKH JUDQXOD
JHRVSDWLDO FRQWH[W LQIRUPDWLRQ RQ WKH GHYLF
FDQ RQO\ EH WUDFENHG ZKHQ WKH\ DUH RQ

7KH 3/$&( SURMHFW GHVLJQHG E\ /LQ HW DO
WKDW DUH VSHFLILF WR XVHU ORFDWLRQ XVLQJ D O
QDPHYVY DQG UHODWLRQV ,Q WKLV SURMHFW FROODE
ZLWK GLIITHUHQW \HW UHODWHG SHUVSHFWLYHV RI W

2Q D VLPLODU YHLQ D SURWRW\SH RI D PRELOH
GLILWDO WHOHSKRQH QHWZRUNV LV SUHVHQWHG LQ
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/IRFDWLRQ $VVLVWDQW DQG LPSOHPHQWY D WRXULYV
GHYHORSPHQW DQG XVHU VWXG\ RI D XVHU FHQWUH ¢
JXLGH LV SUHVHQWHG E\ +HUPDQQ DQG +HLGPDQQ
SULQFLSOHV IRU YLVXDO OD\RXW DQG LQWHUDFWLRQ

&RQWH[WXDO $ZDUHQHVYV

$Q LVVXH LQ +&, UHVHDUFK WKDW UHPDLQV UH
FRPSUHKHQVLYH PRGHOV DQG VFHQDULRV ZKHUHE
FRQVLVWHQF\ EHWZHHQ WKH XVHUfV YLHZ RI WKHLU
UHSRUWHG E\ WKH V\VWHP DQG WKH DFWXDO VWDWHF
DZzDUH V\VWHPV KDYH WR UHDFW QRW RQO\ WR WKH >
WKH XVHUYV HQYLURQPHQW G6FKLOLW HW DO % U

8VHU FHQWHUHG GHVLJQ RIIHUV RSSRUWXQLWLH"
JRDOV PRUH HIIHFWLYHO\ ,Q D SDSHU E\ 'H *URRW
SURSRVHG VWUXFWXUHG DSSURDFK DQG DQDO\VLV R
FRQWH[WXDO V\VWHPV IURP WKH XVHU FHQWUHG Y
LQYHVWLIJDWHG LQ ODUXFFL DQG 3DWHUQR Z |
XSGDWLQJ LQIRUPDWLRQ DERXW XVHU SUHIHUHQF}
LQIRUPDWLRQ LV XVHG WR DGDSW WKH QDYLJDWLR
LQWHUIDFH DOVR WDNLQJ LQWR DFFRXQW XVHUVY
SODWIRUPV

$Q LOQOWHUHVWLQJ FRQFHSW LQ WKLV GRPDLQ L
RULHQWDWHG TXHVWLRQ GR ZH SXVK WKH FRQWHI\
WKH\ PRYH ZLWKLQ PRQLWRUHG JRQHV RU SXOO LW
DW E\ 'DYLHV HW DO &RVWD ORQWHQHJUR HW
FRQWH[WXDO LQIRUPDWLRQ RQWR 3'$V DQG DQDO\]H
ZLWK PLQLPXP FOLHQW SDUWLFLSDWLRQ ,W ZDV GH
-DYDVFULSW LPSOHPHQWDWLRQV UHTXLUH SHULRGLF
QHWZRUN XWLOLVDWLRQ 7KHLU UHVROXWLRQ ZDV W
FHQWUDO VHUYHU WKDW FDQ HIIHFWLYHO\ SXVK QH:
VRFNHWV DV WKH VHUYHU DGPLQLVWUDWRU UHTXLUH

JURP 2 +DUH 29*UDG\ ZH ILQG WKDW PRELC
PHDQV RI VXSSOHPHQWLQJ WKH XVHU H[SHULHQFH
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HQYLURQPHQW DQG DQWLFLSDWLQJ XVHU UHTXLUHPF
EHKDYLRXU ,Q IDFW RQH RI WKH DFKLHYHPHQWV W
WHFKQRORJLHV LV ZLWK WKH GHYHORSPHQW RI 0XOW
WKDW DUH DXWRPDWHG DW VHHNLQJ DQG UHWULHYL
$JHQW )DFWRU\ /LWH E\ 2Y+DUH HW DO

&RQWH[W GHWHFWLRQ IRU PRELOH XVHUV FRQV\
LOQOWHUIDFHV ZLWK ZLUHOHVV ERXQGDULHV DQG DOO
FHQWUDO SRLQW RI FRQWURO VXSSRUWLQJ ERWK
FKDOOHQJHV LQ FRQWH[W DZDUHQHVV LV GLVFRYH
DYDLODEOH LQ WKH XVHUYV FXUUHQW HQYLURQPHQ\

,(7) 6/3 E\ 3BHUNLQV DQG 6'3 E\ &]HUZLQVNL

,Q OLFKDKHOOHY DQG 6DPXORZLW] DQ DSSU
NLQGV RI GLVFRYHU\ SURWRFROV ZKHUHE\ D PREL
DYDLODEOH LQ KLV VXUURXQGLQJ HQYLURQPHQW ZL)\
IURP VHQVRUV FDSWXULQJ IHDWXUH GDWD LQ VHOI F
RI FHQWUDO SRLQWV Rl FRQWURO ,W HQYLVLRQV D¢
HPSRZHUHG VHQVRUV WHUPHG 6PDUW ,WV ZKL
GHYLFHV VXFK DV FXSV WDEOHV FKDLUV HWF 7KHV
SHUFHLYLQJ WHPSHUDWXUH OLJKW DXGLR FR ORFL
DUH VXSSOLHG ZLWK D ZLUHOHVV FRPPXQLFDWLRQ V
WKHLU QHWZRUN FDSDELOLWLHYV

&RQWH[WXDO LQWHUDFWLRQV GHVLJQHG IRU UTJ
%UDGOH\ DQG 'XQORS ,Q WKLV VWXG\ SDUWLF
KRZ WKH\ LQWHUDFW ZLWK RU XVH REMHFWV LQ WKH
QDYLJDWH ZLWK

6FKPLGW HW DO UHSRUWHG RQ D VWXG\ ZK
LQIRUPDWLRQ FDQ EH DGGHG WR PRELOH SKRQH Sl
QHWZRUN EDVHG DSSOLFDWLRQ WR VKRZ ZKDW VWDW
XV ZLWK VWURQJ HYLGHQFH WKDW VLWXDWLRQV RI .
SKRQHV DQG DV VXFK FRQWH[WXDO DZDUHQHVV FDC(
SHUFHSWLRQV RI XVH ZLWK PRELOH GHYLFHV $QRW
ORFNXYV WKDW GHPRQVWUDWHYV D SURWRW\SH V
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SURYLGHV PRELOH DFFHVV WR DZDUHQHVV HQKDQFH
+HUH XVHUV DUH QRW FRQVWUDLQHG WR WKH PRG
DFFHVVLQJ D PHVVDJH EXW FDQ HDVLO\ IROORZ WLCLC
PRGHV RI FRPPXQLFDWLRQ

6R FDOOHG IX]]\ FRQWH[WV DUH H[DPLQHG E\ O
ZKLFK SUHVHQWY DQ DSSURDFK IRU FRQWUROOLQJ |
PXOWLSOH IX]]\ FRQWH[WV )X]]\ ORJLF FRQWUROOH
PXOWLSOH IX]]\ FRQWH[WYV DUH GHVLJQHG IRU DGD
DSSOLFDWLRQV ,W GHPRQVWUDWHY WKH GHVLJQ RI
GDWD DQG LWV UHVXOWV VKRZ WKDW WKH DSSO\LC
FDSDELOLW\ RI DGDSWLQJ WKH FRQWH[WXDO LQIRUPL

JRUPDO 6SHFLILFDWLRQV DQG "HYHORSPHC

JRUPDO VSHFLILFDWLRQV WKDW KDYH EHHQ UDWI
YDU\LQJ GHJUHHV RI WKH LQIUDVWUXFWXUDO IRXQGEL
KDUGZDUH DQG VRIWZDUH VSHFLILFDWLRQ FRPSOLD
VWDQGDUGY SURWRFROV DQG WKHLU DUFKLWHFWXU
DFURVV WKH ZRUOG |URP SXUH GDWD WUDQVIHU
VSHFLILFDWLRQV

'LWK PDQ\ DOWHUQDWLYHYV DYDLODEOH LQ HDFK
GULYHQ QRW MXVW E\ WKH XVHU HQG GHILQLWLRQV |
VXSSRUWHG RU OLPLWHG E\ WKH PRELOH V\VWHPYV
H[DPSOH KDV ORQJ EHHQ D ZLGHO\ DGRSWHG VWD
LPSOHPHQW ZLUHOHVV QHWZRUNLQJ \HW LW FRQWLE
JOREDO GDWD FRPPXQLFDWLRQV UXQQLQJ DW D VWD
ULYDO SURWRFROV VXFK DV *HQHUDO 3DFNHW 5DGL
&RGH 'LYLVLRQ OXOWLSOH $FFHVV :&'0% ZLWK D
DQG DFWXDO GDWD UDWHV EHWZHHQ  NESV NESV
DQG GHSOR\HG E\ PRELOH PDQXIDFWXUHUV DQG W
JHQHUDWLRQ * QHWZRUNV WKDW VXSSRUW O
FXUUHQWO\ EHLQJ GHSOR\HG LQ VPDOO UHJLRQV RI V

+RZHYHU DV KLIJKHU VSHHG QHWZRUNYV DUH GHS(
LV RQO\ D PDWWHU RI WLPH EHIRUH WKURXJKSXW R
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8QGRXEWHGO\ LW LV SUHVXPHG WKDW KLJKHU EDQ
SKRQHVY DUH LQYHVWLJDWHG E\ .RKQR DQG 5HNLPRYV
XSWR 0%SV FRQQHFWLRQVY DSSUR[LPDWHO\ OE:

OD J VSHFLILFDWLRQ ZLUHOHVV (WKHUQHW FRPS

7KLY LGHD VHHV FRQYHUJHQFH LQ WKH PRELOH |
D VSHFWUXP WKDW LV DYDLODEOH IRU D PXFK ZLGH!
EXVLQHVVY HJ SFfV ODSWRSV SULQWHUV URXWHU\
FDQ EH WUDQVPLWWHG DW WKLV UDWH VR WKHUH DU
WKH H[WUD EDQGZLGWK DQG PRGHO QHZ SDUDGLJP\
URDPLQJ QHWZRUN WUDQVOXFHQF\ DV GHVFULEHG E\

7KLV OLWHUDWXUH UHYLHZ KDV LGHQWLILHG PD
PRELOH +&, UHVHDUFK WKDW DUH QRW RQO\ DFDGHP
'XH WR FRUSRUDWH V\WVWHPV GHYHORSPHQW F\FOH
LPSOHPHQWDWLRQ WKDQNV WR WKH UHVRXUFHV DYD
DFDGHPLD LQ WKH GHYHORSPHQW RI QHWZRUN LQl
VIVWHPV DQG XVDELOLW\ JXLGHOLQHYV UHVHDUFK 2|
SDSHUV LQFOXGH +HZOHWW 3DFNDUG %URZQ HW LC
OLFURVRIW /DPEHUWYV ODUVKDOO HW DO
.RSSLQHQ .DLNNRQHQ 5RWR JRUKRO HW

3KLOLSV 5HVHDUFK 'H 9HW  %XLO 6LHPHOC

BRQ\(ULFVVRQ *ROGVWHLQ 6XQ OL
6\PELDQ -RUGDQ HW DO .DUOVVRQ 'MDUEL
(OGULGJH HW DO

TRIHWKHU ZLWK WKLV OHYHO RI LQGXVWULDO
VWDQGDUGY RUJDQLVDWLRQV VXFK DV (76, 9RQ 1LPECL
VSHFLILFDWLRQV IRU SURWRFROV OLEUDULHYV DQG C
FRPSOHWH DQG UREXVW $V OHOFKLRU GHVFUL
SURWRFRO ZKLFK LV WKH QH[W JHQHUDWLRQ SURWR
RI SURWRFROV PXVW EH FDUHIXOO\ WKRXJKW RXW DC

7KH (PLJUp SURMHFW E\ 'RXULVK DQG 9DQ 'HU +R
SKDVH WKHUH LV PRUH RI D QHHG WR DFFRPPRGDWHE
VHDPOHVYV DFFHVV WR LQIRUPDWLRQ DQG FRPSXWDW



' ORKDPHGDOO\ 3K'" 7TKHVLYV

7KH XVH Rl 80/ %RRFK HW DO KDV ORQJ E
KHDYLO\ LQ UHTXLUHPHQWY HQJLQHHULQJ WR VSHH
RULHQWDWHG V\VWHPV LQ D VWUXFWXUHG GHVLJQ |
DFFXUDWH REMHFWLYH PRGHOOLQJ LQ YDULRXV SKI
,EDUUD HW DO VKRZ XV KRZ WKH 80/ ODQJXDJH |
DQ DSSURDFK IRU JHQHUDWLQJ JUDSKLFDO *8, DQC(
IURP D VLQJOH VRXUFH LQ D KRPH HQYLURQPHQW
LOWURGXFHYVY D JHQHULF GHGLFDWHG ZLGJHW *8,
GHILQLQJ PRELOH XVHU LQWHUIDFH GHVFULSWLRQV

1RNLD SHUIRUPHG D XVDELOLW\ HYDOXDWLRQ L¢
;+70/ LQ ORELOH $SSOLFDWLRQ 'HYHORSPHQW ZKLFI
FRPSRQHQWY ZHUH RI D KLJK HQRXJK TXDOLW\ WR I
7KH\ FRPSDUHG GLIIHUHQW XVHU LQWHUIDFH VROXW
SHUIRUPDQFH SHUFHSWLRQ DQG SUHIHUHQFH 7K
FRQWULEXWHG WR WKH PDNLQJ RI ;+70/ ORELOH $SS¢«
EHQHILW WR PRELOH VRIWZDUH GHYHORSPHQW FRPP?

ORELOH /DQJXDJHV 'HVLJQ 3URFHVVHV DQ

7KH DGYHQW RI REMHFW RULHQWDWHG SUDFWLI
GUDPDWLF XSKHDYDO DQG DFFHOHUDWLRQ RI GHYHO
UHXVH LV QRZ D VWDQGDUG SUDFWLFH WKHUH LV QR

.H\ /I DQJXDJH '"HYHORSPHQWYV
,Q SDUWLFXODU GHYHORSLQJ ODQJXDJHV DURXQC

VHHQ WR WKH ZLGHVSUHDG GHSOR\PHQW RI DUFKLW
6XQ OLFURVRV\VWHPV DQG & 6WURXVWUXS

DQG FURVV FRPSLOHU WHFKQLTXHV DQG VWDQGDL
GHYHORSHUV WR ZULWH VRIWZDUH RQ RQH KDUGZDL
UHODWLYH HDVH (YHQ VFULSWLQJ ODQJXDJHV VXFK
RI VRIWZDUH XVDELOLW\ ZLWK DFFHVVLELOLW\ IHDW X

0,'3 6XQ OLFURV\VWHPV WKH -DYD OLFUR
-DYD VSHFLILFDWLRQ IRU PRELOH SKRQHV DQG 3'$V
LOQWHUHVW DQG GHSOR\PHQW LQ PRELOH PDUNHWYV F
SGDV SDJHUV VPDUW FDUGV HWF DQG VHUYLFHV 7
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FRGH RQ YLUWXDO PDFKLQHV LV QDWXUDOO\ RQH R
DQG UHVHDUFKHUV DV LW UHGXFHV RYHUKHDGV RI
VRIWZDUH GHYHORSHUYV

2YHU WKH DLU 27$ WUDQVPLWWLQJ RI H[HFXWE
PLGOHWV DIWHU WKHLU ZHE IRUEHDUHUV -DYD DSSO
ORQJ UHTXHVWHG RSSRUWXQLW\ WR RSHUDWH DQG !
3'$ XVHUV RQ D JOREDO DXGLHQFH DQG EHDUV HJ[FL
QHZ SDUDGLJPV LQ PRELOH +&, 7KHUH DUH DOUHDG
DQG LQ &DUERQL HW DO WKH\ GHVFULEH D FRG
GHYHORSPHQW XVLQJ DQ :0/ EDFNHQG WR JHQHUDW
,'( FDOOHG 3/$1(6

'HVLIJQ SURFHVVHV QRZ LQWHJUDWH SDWWHUQV
VRIWZDUH GHYHORSPHQW 'HVLJQ SDWWHUQV IRU V
SDUDGLJPV LQ OLIH VXFK WKDW LW GHWHUPLQHV \
PHWKRGV WR EHVW GHVFULEH JRRG SUDFWLFHV DQ
RWKHUV LQ D IRUP WKDW DOORZV RWKHUV WR UH:
6WHOWLQJ HW DO 7R RSSRVH WKLV DUJXPHQW
DOO GHVLJQ SDWWHUQV DUH IXOO\ DSSOLFDEOH WR
LPSOLFDWLRQV RI XVLQJ SDWWHUQV FDQ OHDG W
XQLTXHQHVYVY DQG SRVVLEOH YHUVDWLOLW\ DQG D)\
FRQVLGHUHG %URZQ HW DO

,Q 5RWK ZH ILQG PRELOLW\ SDWWHUQV EHL
LQFOXGLQJ PRELOH VHFEXULW\ QHWZRUN DFFHVV FR
PLQLPDO LQWHUIDFHY DQG VHUYLFH V\QFKURQLVDW
LVVXHV RI VXFFHVVIXO :$3 LPSOHPHQWDWLRQV DUH
FRQFOXGHV WKDW LW LV QHFHVVDU\ WR GHVLJQ VHY!
RSWLPL]JH WKH XVHU H[SHULHQFH RQ HDFK FODVV RI

'LUHFW &RPELQDWLRQ DQG $PELHQW &RPELQ
7KH XVHU LQWHUDFWLRQ SDWWHUQ WKHRU\ RI 'L

ZLWKLQ D PRELOLW\ FRQWH[W +ROODQG HW DO

LQWHUDFWLRQ SULQFLSOH ZKLFK VWURQJO\ UHODWH
'0 DV GHVFULEHG E\ 6KQHLGHUPDQ 'LUHFW &
H[SORLW REMHFWV LQ WKH HQYLURQPHQW WR QDUUR
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FRQVLGHUHG E\ VIVWHP DQG XVHU $V D GHVLJQ SUF
DSSO\LQJ FRQWH[W DZDUH LQIRUPDWLRQ

7KH SULQFLSOH RI '& ZKLFK SUHYLRXVO\ DSSC
JUHDWO\ UHGXFH WKH GHJUHH RI VHDUFK WLPH I
LOQWHUIDFHV 7KH UHGXFWLRQ LQ VHDUFK DIIRUGHG
LVVXHV LQ PRELOH DQG XELTXLWRXV XVHU LQWHUDF
PLQLPDO DWWHQWLRQ VLWXDWLRQV DQG WKH QHHC
G\QDPLF UHFRQILIJXUDWLRQ RI PXOWLSOH GHYLFHV

'KHQ 'LUHFW &RPELQDWLRQ LV H{(WHQGHG DQG D
DQG XELTXLWRXV +&, +ROODQG HW DO GHILQF
$PELHQW &RPELQDWLRQ $& LV WKH DGDSWDWLRQ
&RPELQDWLRQ '& WR ORELOH 8ELTXLWRXV 7DQJLEC

$XIJPHQWHG 'HVLJQ
'XERLV HW DO SUHVHQW D ODQJXDJH QDPHC

V\VWHPV WKDW FRPELQH SK\VLFDO DQG GLJLWDO HQ
RI XVHUV DQG HQDEOLQJ D GHVLJQHU WR H[SUHVYV
LQYROYHG LQ WKH V\VWHP 7KH ODQJXDJH QRWDWL
SURFHVVHV DV GHILQHG E\ WKH VDPH OHDG DXWKRU
DQ LQWHUDFWLYH V\VWHP FRPELQLQJ DQG DOORZL(
HQWLWLHYV

7ZR FODVVHV RI PL[HG V\VWHPV DUH GLVFXVVH
VIVWHPV WKDW HQKDQFH LQWHUDFWLRQ EHWZHHQ
SURYLGLQJ DGGLWLRQDO FDSDELOLWLHY DQG RU LQI
VIVWHPVY B6HFRQGO\ VIVWHPV WKDW PDNH XVH RI REN
EHWZHHQ D XVHU DQG D FRPSXWHU DUH GHILQHG DV
8OOPHU SUHVHQWHG VHPLQDO ZRUN RQ WKH ILF
DXJPHQW LQWHUDFWLRQ EHWZHHQ XVHUV DQG GLJLW

6HPLRWLFV LQ ORELOH &RPSXWLQJ
,Q 9DQ :HOLH DQG 'H *URRW D PHWKRG LV

JURXS GHYLFHV E\ FKDUDFWHULVWLFV Rl WKHLU GH
SURFHVV LV GHVFULEHG WKURXJK WKH XVH RI VHPLR
FRQWH[W VHQVLWLYLW)\ LQ GHVLJQLQJ PRELOH GHYLTF
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WR LQWHUDFW ZLWK VHPLRWLFV 7KH ILHOG RI VHPLI
DQRG V\PEROV DQG FRJQLWLYH PHQWDO PDSSLQJV RI

$V .MHOGVNRY LOOXVWUDWHY EDVHG RQ D
UHSUHVHQWDWLRQ WKH GHVLJQ RI PRELOH GHYLFH |
DQG WHPSRUDO LQGH[LFDOLW\ IRFXVLQJ RQ LQIRUPE
ZKHQ LW LV GHPDQGHG 7KLV FDQ DOORZ LQIRUPDWL
SUHVHQW LQ WKH DSSURSULDWH FRQWH[W )XUWKHL
EDVLV Rl FRQWH[W UHGXFHV GHPDQGV IRU XVHU LQ\
DWWHQWLRQ

SHTXLUHPHQWY *DWKHULQJ IRU ORELOLW\

SHTXLUHPHQWY JDWKHULQJ KDYH ORQJ EHHQ D S
UHVHDUFK (YHU\ GRPDLQ RI +&, LV LQIOXHQFHG E\ C
GRPDLQYVY DQG WKHUHIRUH WKH UHTXLUHPHQWY JDWK
EH FULWLFDO WR LWV VXFFHVVY DQG DSSURSULDWHQ'!

ZKLFK DLPHG WR ILQG QHZ DSSURDFKHV WR LQC
UHTXLUHPHQWY E\ HQJDJLQJ SHRSOH LQ DFWLYLWLF
GHVLJQ FKRLFHV

7KH KDUGZDUH FDSDELOLWLHV Rl 3'$V DQG LQG
VKRZQ E\ 6DOYHQG\ HQVXUH WKDW QRYHO SDUDC
DWWHQWLRQ DQG LPSURYHPHQW IURP +&, UHVHDUFKHF
XVLQJ PRELOH V\WWHPV VXFK DV 3'$V DQG 7DEOHW3
WKURXJK WKH XVH Rl SUHVVXUH VHQVLWLYH VFUHHC
PRXVH OLNH IDVKLRQ ZLWKRXW D WHWKHUHG FRQQHF

OLIREXFKLO HW DO XQGHUWRRN DQ HPS
UHTXLUHPHQWY IRU WKH RSWLPDO VL]H DQG QXPEHL
LQIRUPDWLRQ LV YDOXDEOH WR VXEVHTXHQW LWHUD
SUHFLVLRQ LQ VFUHHQ VHQVLWLYLW\ TXDOLW\ EHDU"
OHYHO RI DFWLRQ WKDW PRELOH XVHUV PD\ WDNH 61
XQGHUWDNHQ E\ ODF.HQ]JLH LGHQWLILHG UHTXLLU
RQ PHDVXUHPHQWY RI NH\VWURNHYVY SHU FKDUDFWHU
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6HQVRU\ DLGHG PRELOH FRPSXWLQJ

ORELOH +&, KDV DOVR FKDQJHG WKH QDWXUH RI
XVHUV WKDW KDYH VHQVRU\ GLVDELOLWLHYVY RU DOV
ORZ ILGHOLW\ SURWRW\SH ZLWK VXSSOHPHQWHG WI

ZLWK WKH 7DFW*XLGH SURWRW\SH 7KLV LV RSF
GHVLIQHG WR FRPSOHPHQW WKH XVH RI RXU YLVXD(
SURFHVV RI ZD\ ILQGLQJ W ZDV IRXQG WR VXFFHVYV
DELOLWLHYV

$Q LQQRYDWLYH PRELOH V\VWHP WKDW OHWV D E
UHSODFHPHQW RI WKH FDQH LV GHPRQVWUDWHG L
HOHFWURQLF WUDYHO DLG GHYLFH WKDW HQDEOHV |
HDUV ~ $ ZHDUDEOH SURWRW\SH ZDV FRQVWUXFWHG
GHWHFW WKH OLJKW VSRW SURGXFHG E\ D ODVHU SR
DQG JHQHUDWH D FRUUHVSRQGHQW VRXQG SURYLGL
WKH SRVLWLRQ DQG GLVWDQFH RI WKH SRLQWHG VX
XVHUV WR DLG LQ QDYLJDWLRQ LV SUHVHQWHG E\ 3|
YLVXDO LPDJH LQ WDFWLOH IRUP RQ WKH EDFN RU VYV

$ PRELOH GHYLFH IRU DLGLQJ WKH FRQWURO RI
LPSDLUHG SHRSOH KDV EHHQ GHVLIJQHG DQG LQYHVYV
RI DQ DGDSWLYH PRELOH LQWHUIDFH IRU VPDUW ZKI
SUHVHQWHG

&ROODERUDWLYH 6\VWHPV

'RKHUW\ HW DO FRQVLGHUV WKH OHYHO RI
WKH SK\VLFDO IRUP IDFWRU WKH LQWHJUDWLRQ R
FRPPXQLFDWHG LQIRUPDWLRQ VRXUFHV DQG UHSUH
LQIRUPDWLRQ LQ FROODERUDWLYH DFWV DQG FRPP
VFHQDULR LV SUHVHQWHG ZLWK $LU 7UDIILF &RQWUF
DQ HITHFWLYH VROXWLRQ IRU D GLVWULEXWHG LQWH
V\VWHPV ZLWK WKH FROODERUDWLRQ RI D PRELOH RS

,Q 6LLUWROD DQG +HLPRQHQ D VFDODEOH D
LQ WKH IRUP RI D SRUWDO V\VWHP WKDW VXSSRUWYV |
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:$3 SKRQHV DQG WHUPLQDOV 3'$ GHYLFHV DQG G
6FDODELOLW\ LV D YLWDO SURFHVV LQ GHVLJQLQ
SHUIRUPDQFH DFURVYV D ZLGH YDULHW\ RI VSHFLILFD
LV DOVR H[DPLQHG E\ +XDQJ HW DO ZKR SUHVHC(
WR PLPLF DQG HQKDQFH WKH ZRUG RI PRXWK FRPPXQ

%\ XVLQJ DQ DXJPHQWHG ZRUG RI PRXWK PRGHO
JLYHV XVHUV DFFXUDWH LQIRUPDWLRQ ZKLOH VLPXOI
FRPPXQLFDWLRQ 7R GR VR WKH V\VWHP WDNHV DG
GDWD WKURXJK SUR[LPLW\ XVLQJ KDQGKHOG GHYL
LQIRUPDWLRQ SUHVHQWHG WR XVHUV E\ ZLUHOHVYV G

&ROODERUDWLRQ LV DOVR DQ H[WHQVLYH DUHD
IRXQG LQ 1LJD\ HW DO +HUH LW DGGUHVVHV
GLJLWDO ZRUOGV VHDPOHVVO\ LQ WKH FRQWH[W RI D
VFHQDULRY RI DUFKDHRORJLFDO SURVSHFWLQJ (QWLl
FRQWH[WXDOO\ UHOHYDQW 1RUPDQ

+RPH DQG 'HYLFH &RQWUROOHUYV

OXFK RI WKH UHVHDUFK LQ WKH DUHD RI PRELO
IRFXVHG RQ WKH XVHU LQWHUIDFHY RI PRELOH GHYLF
DQG GLvSsSOD\V $V HOHFWURQLFV DUH EHFRPLQJ F
FRPPXQLFDWH ZLWK HDFK RWKHU PRELOH GHYLFHYV
SRLQW IRU LQWHUDFWLRQV ZLWK WKH ZRUOG $Q LPS
GHYLFHV ZKLFK LPSURYH WKH XVHU LQWHUIDFH RI1 F
LOQOWHUIDFH UHTXLULQJ XVHU PDVWHU\

+RPH DQG GHYLFH FRQWUROOHUY DUH D UHODWI
FRQVXPHU LQWHUHVWY EH\RQG WKH XVXDO UHPRWH
EHHQ WKH VXEMHFW WR VRPH QRYHO WKHRULHV DQ
DSSO\ WKH\ DUH TXLWH RIWHQ DIILOLDWHG ZLWK WK
DV ODUN :HLVHU :HLVHU

‘'H ILQG QRZ WKDW SURWRFROV DUH EHLQJ GHYH
LOWHUQDWLRQDO FRPPLWWHHY VXFK DV WKRVH WKL
QRQ PRELOH GHYLFHVY WR FRRSHUDWH WRJHWKHU RQ
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JURZWK LQ WKLV DUHD ([DPSOHV RI WKHVH LQFOXG
QHWZRUNLQJ -LQL HPEHGGHG GHYLFHV QHWZR
HTXLSPHQW OLNH OLJKW VZLWFKHVY DQG NHWWOHYV

QHWZRUNLQJ IRU DXGLR YLVXDO HTXLSPHQW WR QDP

$Q H[DPSOH RI PRGHOOLQJ IXWXUH VLPXODWLRC

+XWWHQUDXFK DQG 1RUPDQ ZKHUH D GHYLFH LV
URERWY $OUHDG\ URERWLF SHWV DUH EHLQJ PDVYV
6RQ\ $LER URERWLF GRJ DQG LW LV RQO\ D

URERWLF DXWRPDWRQLF GHYLFHYV DLG XV LQ RXU Ol
LOWHUDFWLYH IHHGEDFN VXFK DV WKHLU YLVXDO D
I1DYLIJDWRU VRIWZDUH KDV D ORW RI VFRSH IRU IXWX

,Q O0\HUV ZH DUH LQWURGXFHG WR WKH
FRQWUROOHUV 38&V ZKHUHE\ D PRELOH GHYLFH
FRPPXQLFDWLRQ IRU FRQWUROOLQJ DQG DXJPHQWLQ
LQ LWV 60LGHVKRZ &RPPDQGHU SURWRW\SH DSSOLF
UHVHDUFK XQGHUWDNHQ WR GHDO ZLWK WKH LPSOF
GHYLFHV DV WKH UHPRWH FRQWURO RI FRPPHUFLDO |

$ SRSXODU FRQVXPHU RULHQWDWHG SURWRFRO |

SURWRFRO ZKLFK FDQ FRQWURO DQG UHOD\ HO
SURWRFROV VXFK DV HPDLO DQG LQWHUQHW DFFH)
VFHQDULRV FDQ JLYH ULVH WR D KRVW RI|I XELTXLW
SK\VLFDO ORFDWLRQV

6RFLRORJLFDO 9LHZV RI ORELOLW\

606 WH[W PHVVDJLQJ LV DQ DV\QFKURQRXV FKDQ
XSRQ D SULQFLSOH RI pVWRUH DQG IRUZDUGY WKH
GHYLFH KDV D FRQQHFWLRQ DQG WKHQ WKH PHVVD.
UHFLSLHQWYYV GHYLFH KDV D FRQQHFWLRQ G6RFLROR.
LOQOWHUHVWLQJ LQ WKDW PRELOH V\VWHPVY DUH FKDQJ.
SURYLGH QHZ LQWHUDFWLRQV HJ VRFLDO FRPPXQI
LQQRYDWLYH VKRUW KDQG UDWKHU WKDQ XVXDO OD
7THILF &RUS V SDWHQWHG 7 WH[W SUHGLFWLRQ |
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$Q LOWHUHVWLQJ HPSLULFDO GLDU\ VWXG\ LV S
DQRERDO\WVLYV RI UHQGH]JYRXV E\ XVLQJ PRELOH GHYLFH
6RPH RI LWV ILQGLQJV LQFOXGH UHQGH]YRXVLQJ ZI

NHHSHUV KDG UHQGH]YRXVHG EHIRUH DQG LQFO
UHODWLRQVKLSY LPPHGLDWH IDPLO\ FORVH IU
DFTXDLQWDQFHYV DQG VWUDQJHUYV 2Q RI RFF

DV LQLWLDOO\ SODQQHG 7KH SDSHU VXJJHVWV WKD)
VHUYLFH DYDLODELOLW\ UDWKHU WKDQ JUHDWHU EI
VXSSRUW WKH ZLGHVW DXGLHQFH RI PRELOH XVHUYV

,Q BRURQHQ DQG 7XRPLVWR ZH ILQG SUHVH
XVH Rl PRELOH FDPHUD SKRQHV LQ WKH )LQQLVK PRE
XVDJH SDWWHUQV RI RQH Rl WKH ZRUOGVYT PRVW SRS

ORELOH EDVHG /HDUQLQJ 6\VWHPV

$ VWUDLIJKWIRUZDUG GHILQLWLRQ RI PRELOH ED
3KLOLSV

30 /JHDPLQJ UHSUHVHQWY WKH PDUULDJH RI PRI
HOHFWURQLF OHDUQLQJ’
&ODUNH DQG 3KLOLSV
*ODVHU VWDWHG WKDW WKH RULJLQV RI PRG
ZRUN RI 3UHVVH\ ZKR H[SODLQHG DXWRPDW
DV

3 XQLTXH DPRQJ LQVWUXFWLRQDO DLGV LC
PHUHO\ SDVVLYHO\ OLVWHQV ZDWFKHV RU UH|
$V KH GRHV VR KH ILQGV RXW ZKHWKHU KLV UF
DQG D PHFKDQLFDO UHFRUG PD\ EH NHSW ZKLF
PDWHULDOV ~

/HDUQLQJ V\VWHPV WKDW XWLOLVH PRELOH WHEF
DUHD IRU JURZWK LQ PRELOH +&, WKRXJK SRSXODU
NH\QRWH VSHHEK DW ,((( :07¢( FDSWXUHG WKH FX
ZLWK PRELOH V\VWHPV
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37KH ILHOG RI FRPSXWHU VXSSRUWHG FROOD
DOUHDG\ VXFFHVVIXOO\ WDFNOHG WZR NH\

UHSUHVHQWDWLRQ .RVFKPDQ 7KLV EFXU
KRZHYHU LV LQVXIILFLHQW WR XQORFN WKH Y
OHDUQLQJ GHYLFHV :,/I'V $ WKLUG LVVXH KL
H[SORUHG LQ SULRU ZRUN ORUULVRQ *ROGEHWL
EHFRPH RXU FHQWUDO IRFXV RI DWWHQWLRQ

WKH FRXSOLQJ EHWZHHQ VRFLDO DQG LQIRUP
WKH VRFLDO DQG LQIRUPDWLF ZRUOGYV ~

+LV ODVW SRLQW SUHSRVLWLRQV D WKRXJKW WK
EH GRQH WR ELQG OHDUQLQJ WR WKH WUDQVIHU RI
DGYDQFHV RI GHVNWRS FRPSXWHU WHFKQRORJ\ KD
TXDOLW\ RI OHDUQLQJ 1DYDUUR 6KRHPDNHU &

3uLPDULO\ FRQVLGHUHG WR EH D FODVVLFDO F
FODVVURRP VFHQDULRY WKH EODFNERDUG PRGHO KIL
WKH FDSDELOLWLHV RI HOHFWURQLF OHDUQLQJ VX
FODVVURRP V\VWHP .QRZOHGJH LQIRUPDWLRQ GRPD
PDLQ IRUPV RI WHOHZRUNLQJ WKLV FHQWXU\ '"UXFNH

7XPPROLQL HW DO GHVFULEH D WXWRULQJ
DGGUHVVHV WKH QHHGV RULJLQDWLQJ LQ FRQWHPSR
RI HOHFWURQLF LQIRUPDWLRQ ZLWKLQ OHDUQLQJ
PDQDJHPHQW SURFHVVHV ,Q RUGHU WR DFKLHYH
LQIRUPDWLRQ GHOLYHU\ VI\VWHP LQ WKH ZRUNLQJ H
ZHDUDEOH GHYLFH ZLWK D YRLFH DQG JD]H FRQWUR
EDVHG RQ ;0/ VWDQGDUGY ,W ZLUHOHVVO\ LQW!
VIVWHP ZKHUH WKH WHFKQLFDO NQRZOHGJH LQIRUPD
IRU WKH FOLHQW PRELOH GHYLFHV

$V 3DUHGHV HW DO GHVFULEHV PRELOH W]
ODQJXDJH OHDUQLQJ LQ WKHLU FEDVH (QJOLVK E\
FRPSXWLQJ SDUDGLJPV WRJHWKHU WR LQWHJUDWH E
7KH .QRZOHGJH6HD SURWRW\SH E\ %UXVLORYVN\ DC
HGXFDWLRQ WRRO WKDW XWLOLVHVY DQ DSSURDFK
SDUDGLJPV RQ D PRELOH VI\VWHP WR DFFHVV OLEUDL
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/I[HDUQHU &HQWUHG 'HVLJQ /&' LV DQ DSSURDEFK
VWXGHQWY DV WKH\ HQJDJH LQ XQIDPLOLDU DFWLYL
EHHQ VXFFHVVIXOO\ XVHG WR VXSSRUW VWXGHQWYV
OHDUQLQJ DFWLYLWLHYVY DQG LQ /XFKLQL HW DO
HGXFDWLRQDO VRIWZDUH IRU KDQGKHOG FRPSXWI
$UWHPLV([SUHVV D WRRO WKDW VXSSRUWY OHDUQ
UHVHDUFK :KLOH 8VHU &HQWHUHG 'HVLJQ PHWKRGYV
VRIWZDUH WR VXSSRUW WKH ZRUN RI H[SHUW FRPS
GHYHORSLQJ VRIWZDUH WKDW SURYLGHV OHDUQHUYV
WKH FRQWHQW WDVNV DQG DFWLYLWLHV RI WKH QH

I1DYLIJDWLRQ DQG 5HDGDELOLW\

9RLFH UHFRJQLWLRQ DQG VI\QWKHVLYVY KDV HYRO
GHJUHHV RI VXFFHVV ORWRURODYfV 0\D 9RLFH %UR.:
XVHV $XWRPDWLF 6SHHFK 5HFRJQLWLRQ $65 WR XC
FDSWXUH UHTXHVWHG LQIRUPDWLRQ IURP YRLFH HC
LQIRUPDWLRQ YLD SUH UHFRUGHG VSHHFK RU 7H[W 7}
SUHDGV®™ WKH UHOHYDQW GDWD WR WKH XVHU 5HVHL
RI GHVLIJQ DV IRXQG LQ &KHVWD

$V &KLWWDUR DQG &LQ GHPRQVWUDWH WK
FDSDELOLWLHV FDQ EH RSWLPLVHG IRU SHUIRUPDQF
OLQNV DFWLRQ VFUHHQV DQG VHOHFWLRQ VFUHHQV

JURP D +&, SHUVSHFWLYH WKH VXFFHVV DQG IDL
FDQ EH H[SODLQHG E\ ORRNLQJ DW WKH EDODQFH EH
RITHU YHUVXV WKH pEDVLFY XVDELOLW\ DQG QDYLJ
VLPSOLVWLF LOQOWHUDFWLRQ PRGHO ZLWK VWUDLJKW
WUDQVPLVVLRQ LQ FRPSDULVRQ ZLWK :$3 LQIRUPDWL

$V IRXQG E\ OHOFKLRU VRPH VPDUW WHFK
HQKDQFH UHDGDELOLW\ RQ FRQVWUDLQW VFUHHQV
WKDW LW DOORZV D XVHU WR VXFFHVVIXOO\ UHDG W|
JUDSKLFDO FKDQJHV LQ IDGLQJ QHZ WH[W RQWR \
DIRUHPHQWLRQHG 5693 WHFKQLTXHV %UXLMLQ HW D
*ROGVWHLQ LQ LQIRUPDWLRQ YLVXDOLVDWLRQ
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FRQVWUDLQW UHDGDELOLW\ *RQ]JDOH] &DVWDQR HV
+LHUDUFKLFDO $WRPLF 1DYLJDWLRQ WR SRVWXODW
VIPEROV UHSUHVHQWLQJ JRQHV RI LQIRUPDWLRQ WR

$Q DOWHUQDWLYH VWUDWHJ\ WR QDYLJDWLQJ Z
VIPEROV RQ FRQVWUDLQW VFUHHQV LV QDYLJDWLQJ
SUHVHQWHG E\ 6FKRILHOG DQG .XELQ LV LQWI
UHWULHYLQJ RQOLQH LQIRUPDWLRQ 7KH TXHVWLRQ\
UHFRJQLWLRQ VRIWZDUH DOWKRXJK XVLQJ VSHHFK :
SXEOLF DV ZHOO DV ODFNLQJ LQ REYLRXV FRQILGHQV

,Q 6D]DZDO HW DO ZH ILQG D WHFKQLTXH |
EDVHG LQWHUIDFHY DV D SRVVLEOH DOWHUQDWLYH
QDPHG 8QLJHVWXUH LV D WLOW WR ZULWH V\VWHP
8QLIHVWXUH WKH XVHU FDQ MRW D QRWH ZLWK RQF
KROG D SKRQH RU SHUIRUP RWKHU WDVNYV

$QRWKHU WLOW EDVHG QDYLJDWLRQ V\VWHP LV
VFUHHQ HOHPHQWY DUH JLYHQ ZHLJKWYV DQG FDQ E
WKHRUHWLFDO VXSSRUW IRU WKH XVH RI JUDYLW\ LG
IDNRII DQG -RKQVRQ $QRWKHU QRYHO PHFKDQ!
ZKR SURSRVHG 5693 DV D PHDQV WR DLG QDYLJDWLR
ZLWK JDJH GHWHFWLRQ WHFKQRORJ\ 7KLV DOORZV F
LOQWHUIDFH QDYLJDWRU

*UDSKLFV (QJLQHHULQJ

&RPSXWHU JUDSKLFV HQJLQHHULQJ KDV EHHQ D
JHQHUDO IRU UHVHDUFKHUV WU\LQJ WR ILQG WKH P
SOHDVLQJ UHSUHVHQWDWLRQV IRU DOORZLQJ KXPD(
LQIRUPDWLRQ DV UHVSRQVLYHO\ DV SRVVLEOH )URP
WR UDVWHULVHG GLVSOD\V DQG QRZ KDUGZDUH DE
HQYLURQPHQWY WKH WLPHV DUH FKDQJLQJ LQ VWD:
UHIUHVK UDWHYV

7KLY GHPRQVWUDWHY WR XV WKDW ZH KDYH WR
DQG PRGHOV IRU WKH OLPLWHG DPRXQW RI VFUHHC
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XWADDWLRQ Rl WKH OLPLWHG SURFHVVLQJ DQG SRZHU
FRPSXWHU JUDSKLFV $V WHFKQRORJLHV DQG LQGX\
WKHVH FRQVWUDLQWY ZLOO EH UHPRYHG DOWRJHWK!
PRELOH GHYLFHV LV SUHVHQWHG LQ <DLQLR HW DO
LQIRUPDWLRQ ZLWK UHDO WLPH *36 QDYLJDWLRQ D
GHPRQVWUDWLRQ RI WKH WHFKQRORJ\ IRU IXWXUH
WKUHH GLPHQVLRQDO PRGHOV LQ WKHLU V\WVWHP LOC
FOHDUO\ WKDQ WZR GLPHQVLRQDO PDS DORQH

,Q 5LVW DQG %UDQGPHLHU ZH ILQG VHYHUD
FRQYHUJLQJ JUDSKLFV IURP WKH ZHE WR PRELOH V\\
XQLQIRUPHG WUDQVIRUPDWLRQV ZKHUHE\ ELWPDS JL
VRXUFH JUDSKLFV WDNHQ LQWR DFFRXQW ZKHQ VHC(
+RZHYHU LW LV VKRZQ WKDW LW LV YHU\ GLIILEXOW \
UHOLDEO\ SURGXFHV FRQVLVWHQWO\ DFFXUDWH UHV
WKH ::: ,QIRUPHG WUDQVIRUPDWLRQV RQ WKH RW}
LQIRUPDWLRQ DQG VXEVHTXHQWO\ JHQHUDWH PXFEK |
WKDW PDFKLQH OHDUQLQJ DOJRULWKPV LQ WKH I
WUDQVIRUPDWLRQV

&RQVWUDLQW YLVXDO FRPSXWLQJ H[SHULHQEFH
FRQVWUXFWLQJ QHZ DQG PRUH SRZHUIXO PLQLDWXUF
YLGHR DQG UHDO WLPH ' ' DFFHOHUDWLRQ 7KLV FI
IURP 1RNLD DQG 6RQ\(ULFVVRQ LQ WKH IRUP RI - 0(

'RUN E\ WKH .KURQRV JURXS $7L &RUS DQG 19
JUDSKLFV SURFHVVRUV DQG UHDO WLPH ' VRIWZDUH
HPEHGGHG UHDOWLPH FRPSXWHU JUDSKLFV WR PRE
WKHVH EHDU FRQVWUXFWLRQ DQG GHYHORSPHQW \
2SHQ*/ VWDQGDUG E\ WKH 2SHQ*/ FRQVRUWLXP

ILWHUDWXUH 5HYLHZ )LQGLQJV

1RYHO LQWHUIDFHV DQG LQIRUPDWLRQ YLVXDO
SRSXODU UHVHDUFK GLUHFWLRQV LQ WKH ILHOG RI
KRPH FRQWURO V\VWHPV DQG 0 /HDPLQJ V\VWHPV ZH
DPRQJVW WKH OLWHUDWXUH VWXGLHG
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$ IRFXV JURXS GLVEXVVLRQ ZLWK WKH +&, UHVHLE
WKHUH LV D ZHDNQHVYV LQ ORELOH +&, SHUWDLQLQJ
LWVHOI 0DQ\ RI WKH SDSHUV UHYLHZHG H[SORUHG
H[LVWLQJ +&, WHFKQLTXHV IRU LPSOHPHQWLQJ XVHU
HOLFLWDWLRQ 7KH LQYHUVH RI WKLV ZKLFK LV WR
EHHQ OHVV WKDQ DGHTXDWHO\ H[SORUHG

&KDSWHU 6 XPPDU\

7KLY FKDSWHU KDV SUHVHQWHG D OLWHUDWXUH
RI PRELOH FRPSXWLQJ ,W SUHVHQWYV XV ZLWK D XQ
ZLGHO\ LQYHVWLIJDWHG UHVHDUFK DUHDV GHDOLQJ Z
ODLG RXW H[SHUW EDVHG FDWHJRU\ GHILQLWLRQV D¢
DUH EHLQJ GHYHORSHG DQG UHVHDUFKHG LQ VHYHUEL
WD[RQRPLFDO FDWHJRULVDWLRQ LW DOVR KLJKOLJ
UHVHDUFK DQG ZKLFK DUHDV KDYH FRPPRQ LQWHUHYV

7KLV FKDSWHU HQGV ZLWK D PRWLYDWLRQ IRU VI
WKH SRWHQWLDO RI H[SORULQJ PRELOH FRPSXWLQJ
DQG HGXFDWRUV 7KLV OLWHUDWXUH UHYLHZ RXWOL
EHQHILWY WKDW PRELOH FRPSXWLQJ DOUHDG\ SURYL
'KLOVW WKHUH KDV QRW EHHQ VLJQLILFDQW RWKHL
FRPSXWLQJ IRU VXSSRUWLQJ +&, WR FRPSDUH DJDLQ
LV QRWHG LQ WKLV VXPPDU\ WKDW LWV LPSRUWDC
FRPPXQLW\ LV DV \HW XQNQRZQ DQG WKXV LV JLYHQ |

7TKH QH[W FKDSWHU H[SORUHV WKH PHWKRGV HP S
SUDFWLFHV RI XVHU EDVHG +&, .QRZOHGJH (OLFLWDW
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&KDSWHU . QRZOHGJH (OLF
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L, QWURGXFWLRQ
$V PHQWLRQHG LQ &KDSWHU WKLV WKHVLV IRF

JRU WKDW UHDVRQ WKLV FKDSWHU H[SORUHV WKH X
.QRZOHGJH HOLFLWDWLRQ .( WHFKQLTXHV LQ +XPD
+&, SUDFWLWLRQHUV DV D IXQGDPHQWDO UHTXLUHP
XVHUV DFTXLUHG WKURXJK WLPH H[SHULHQFH DQG |
FHQWUHG GHVLJQ 8&' HOHFWURQLF RU RWKHUZLVF
7KH PHDVXUH RI D JRRG H[SHULHQFH FDQ YDU\ IUF
DSSURSULDWH XQGHUVWDQGLQJ RI D XVDEOH GHVLJ(
LV IXQFWLRQDO HIILFLHQW DQG GHVLUDEOH WR LWV

$V VSHFLILHG LQ WKH ,62 ,62 XVHU FF
WKRURXJK XQGHUVWDQGLQJ RI WKH QHHGVY DQG U
HOLFLWDWLRQ PHWKRGV LQ +&, DUH D FULWLFDO |
JDWKHULQJ DQG GHVLJQ ODLGHQ HW DO XVDE
RI VRIWZDUH GHYHORSPHQW =DSKLULV XPLDZDQ

2IWHQ XVHUV GR QRW KDYH D FOHDU YLHZ RI Wt
'‘DPRGDUDQ EXW PD\ KDYH VRPH YDJXH PRGHC
LQIRUPDWLRQ HIWUDFWLRQ LV D NH\ HOHPHQW RI +&,
GHVLJQ DOVR SOD\V D NH\ UROH LQ +&, NQRZOHGJH |
WRZDUGV SDUDGLJPV WKDW WKH\ DUH IDPLOLDU ZLV
FRPSOH[LWLHVY GHDOLQJ ZLWK PXOWLSOH XVHU VW
FRQWUDGLFW RU FRPELQH XVHU NQRZOHGJH DUWHIDI

([DPSOHV RI NQRZOHGJH HOLFLWDWLRQ PHWKRG)
IHHGEDEN LQWHUYLHZV WHFKQLTXHV DQG IREFXV JU
IXUWKHU GHWDLO LQ D VXEVHTXHQW VHFWLRQ ,W F
SV\FKRPHWULF DQG GHVLJQ DQG HYDOXDWLRQ SURF
SURWRW\SH FRQVWUXFWLRQ GLUHFW DQG LQGLUHF
DFWLRQV DQG UHVSRQVH WLPH FRPSDULVRQV DQG P
PRGHOV HJ LQ GLVWLQJXLVKLQJ H[SHUW DQG QRQ H

$ ZLGH YDULHW\ RI WHVWHG DQG SURYHQ H[SHUL
SUDFWLWLRQHUV WR XWLOLVH %XUJH +RZHYF
H[ISHULHQFH NQRZOHGJH DFTXLVLWLRQ DQG DQDO\W
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PHWKRGV LV WLPH FRQVXPLQJ DQG XVXDOO\ UHTXLU
+&, SUDFWLWLRQHUV ZRUNLQJ DV SDUW RI GHYHORS
WR VLIJQLILFDQW FKDQJHV LQ GHVLJQ LW LV LPSRUW
HPSLULFDO GDWD FDSWXUH

%\ DGRSWLQJ GLJLWDO SURFHVVHV DQDO\VLYV
VRIWZDUH WRROV WKDW LQFXU IDVWHU GDWD DFTX
SRVVLEOH DORQJ ZLWK ODUJH GDWD VWRUDJH DQ(
WKHUHIRUH UDLVH WKH TXDOLW\ RI XVHU FHQWUHG
FKDSWHU ZH SUHVHQW IXUWKHU RXU XQGHUVWDQGLC
ZLWKLQ .( LQ WKH +&, GRPDLQ WKURXJK WKH GHVLJ
LPSURYLQJ WKH VWDWH RI WKH DUW LQ XVHU FHQWU

.QRZOHGJH (OLFLWDWLRQ 7KHRU\
.HOO\YV 3HUVRQDO &RQVWUXFW 7KHRU\ R

XVHG H[WHQVLYHO\ LQ NQRZOHGJH DFTXLVLWLRQ UH
HISHUWYV 7KH ZRUNV RI| *DLQHV DQG 6KDZ

LPSRUWDQFH RI WKLV WKHRU\ WKURXJK WKH GHYHC(
PHWKRGRORJLHYVY DQG WRROV IRU OHDUQHUV ZKR DU
GLUHFWO\ WDNLQJ WKH FRQVWUXFWLYLVW DSSURD
NQRZOHGJH SURFHVVHV WKDW LV GHYHORSHG WKURX

3 WKH FKDUDFWHUL]DWLRQ RI WKHLU KXPD
LQ D[LRPDWLF WHUPV WKDW WUDQVODWH G
IRUP”

*DLQHV 6KDZ
*DLQHV DQG 6KDZ WHUPHG .QRZOHGJH $FTXLVLWLRQ

: QRW D PRQROLWKLF SURFHVV EXW OLNH
LW GUDZV RQ PDQ\ VRXUFHV RI LQIRUPDWLF
VXFK DV VSHFLILFDWLRQV H[SHULHQFHV
REVHUYDWLRQ DQG VR RQ UHFRUGHG LQ D Y

*DLQHV 6KDZ

7KLY GHILQLWLRQ LV LPSRUWDQW DV D FHQWUL
NQRZOHGJH IURP WKH FRQVWUXFWLYH H[SHULHQFHYV
WKLY GLYHUVHO\ DFTXLUHG NQRZOHGJH LV WKH XVH
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ZKLFK ZH UHIHU WR KHQFHIRUWK DV .QRZOHGJH (OL
DQG 6KDZ GHPRQVWUDWHY D FRQVWUXFWLYLVW
LQ H[SHUWLVH WUDQVIHU

7TKHUH DUH PDQ\ GLITHUHQW NQRZOHGJH HOLFLV
VHOHFWLQJ WKH ULJKW WHFKQLTXH LQ D SDUWLF
DSSURSULDWH HOLFLWDWLRQ WHFKQLTXH LV VLJQ
UHTXLUHPHQWY ODLGHQ 5XJJ ,PSOLHG VHPL
LV RQO\ DFFHVVLEOH WKURXJK SDUWLFXODU WHFKC
LOWHUYLHZ WUDQVFULSWY ZLOO IDLO WR DFFHVYV DO

3V\FKRORJ\ RI BHUVRQ
> HUVRQDO &RQVWUXFW M
3VI\IFKRORJ\ RI SHUVRQ DV
?7DQ DQWLFLSDWRU\ VA\VWHP

J)LIXUH ,VRODWLRQ RI .( WRROV UHODWLRQVKLS WDNHQ ZLWK

SVIFKRORJLFDO DQG FRPSXWDWLRQDO IRXQGDWLRQV IRU WKHR!
H[SHUWLVH WUDQVIHU

$V .LGG VWDWHYV NQRZOHGJH DFTXLVLWLRQ |

SURFHVVHYV

'HSOR\LQJ D WHFKQLTXH WR HOLFLW GDWD IUR
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,(QWHUSUHWLQJ YHUEDO GDWD DQG LQIHU WKH
WKH H[SHUW XVHUV

8WLOLVLQJ WKLY LQWHUSUHWDWLRQ WR FRQV
WKH H[SHUW V NQRZOHGJH DQG SHUIRUPDQFH

, QWHUSUHWLQJ IXUWKHU GDWD E\ DQ LWHL
NQRZOHGJH GRPDLQV DUH FRPSOHWH

7TKH SULQFLSOH IRFXV IRU WKH NQRZOHGJH
FRQVWUXFWLQJ PRGHOV LQ GRPDLQ GHILQLW
SUREOHP DQDO\VLV

SDUWLFXODUO\ UHOHYDQW WR WKH DFTXLULQJ R
FRQVWUXFWHG IURP DFTXLUHG GRPDLQV &RJQLWL
VWHPPLQJ IURP .HOO\fV 7KHRU\ RI BHUVRQDO &RQVW
RI HISHUWLVH WUDQVIHU ILJXUH *LHUNLQN 5 X
6RFLDO ,QIRUPDWLFV WR FRJQLWLYH PDSSLQJ LQ N

WKDW

,W LV D XVHIXO ZD\ WR PDNH H[SOLFLW DQ RUZ

&DSWXUHV DQG EULQJVY VHTXHQFH WR NQRZOI
H[SOLFLW ZKLFK OHDGV WR HYHQWY RU SURFH\

6\PEROLF VWUXFWXUHV UHSUHVHQW NQRZOHG
PHFKDQLVPV H[LVW WR DQVZHU TXHVWLRQV DQ

.QRZOHGJH HQJLQHHULQJ LV D VHW RI SULQFL
DQG GHVFULELQJ VSHFLILF W\SHV RI NQRZOHG
WKHP WR EHDU PRUH EURDGO\ WKURXJK DXW!|
.%6 , W WRR XVHV NQRZOHGJH UHSUHVHQWDW

,Q NQRZOHGJH PDQDJHPHQW NQRZOHGJH UHSU
VWUXFWXUH WKH PDQ\ IUDJPHQWHG SLHFHV RI LQIRU
HYHQW WKDW H[LVWV LQ RQH SHUVRQ RU DPRQJ V
LQFOXGH PDSV ERRNV RI H[SHUWV DQG HOHFWURQ
UHSRVLWRULHV RI LQIRUPDWLRQ LQVWHDG WKH\ DU
VKDULQJ DQG FRPPXQLFDWLRQ
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/IDQGD SURSRVHG DQ DOJR KHXULVWLF WKHF
EUHDNLQJ LW GRZQ LQWR FRUH VHOI FRQWDLQLQJ |
/IDQGDYV */DQGDPDWLFV" UXOHV SRVWXODWH WKDW
SUREOHP VROYLQJ KDV D GHILQLWLYH UHTXLUHPHQV
NQRZOHGJH XQLWYV DQG RSHUDWLRQV &R[RQ H[
VROYLQJ WKURXJK VRUWLQJ HOHPHQWDU\ XQLWV DV

SXWWLQJ D QXPEHU RI WKLQJV LQWR D VP
DQG EHLQJ DEOH WR JLYH WKH UXOH E\ ZKL
PDGH

7KLY PRGHO RI XQLWY DQG RSHUDWLRQV ZLOO EH RE

.QRZOHGJH (OLFLWDWLRQ LQ +&,
.QRZOHGJH HOLFLWDWLRQ WHFKQLTXHV H[LVW |

VFLHQFH DQG WKH SULQFLSOHV RQ ZKLFK WKH\ DUH
WKH DFTXLVLWLRQ RI NQRZOHGJH WKURXJK YDULR
PRWLYDWHG H[SHULHQFHV RYHU WLPH

+RZHYHU WKH NH\ XQGHUVWDQGLQJ WKDW WKLYV
IRXQG LQ WKH GRPDLQ RI NQRZOHGJH HOLFLWDWLRQ
EUDQFK RI VRIWZDUH HQJLQHHULQJ 7KLV GLIIHUV LQ
DSSOLFDWLRQV DV IRXQG LQ RWKHU EUDQFKHV VXFK
DUWLILFLDO LQWHOOLJHQFH $, V\VWHPV :KLWH
PDQQHU RI VSHDNLQJ WR FRJQLWLYH PRGHOV +&, R
H[SHULPHQWDO SV\FKRORJ\ ZKHUHE\ WKH NQRZOHG
GHILQLWLRQV DQG PHDVXUHPHQWY DV UHSRUWHG L(
DO

7TKHUH DUH PDQ\ RQWRORJLFDO YLHZV RI NQRZO'}
ZKLFK PDQ\ DXWKRUV LQ WKH ILHOG RI +&, 3UHHFH |
FLWHG IRU WKH WHDFKLQJ RI +&, %XUJHYV 7DEOH RI
%XUJH SURYLGHV DQ RYHUYLHZ RI WKH FRPP|

7KH VXEVHTXHQW VHFWLRQ H[SDQGV RQ WKLV WR
XVHG WHFKQLTXHV XVHG LQ +&,
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7TDEOH %XUJHYV .( THFKQLTXHV *URXSHG E\

&DWHJRU\ ([DPSOHV 7\SH 5HVXOWYV
 QWHUYLHZ 6WUXFWXUHG 'LUHFW 9DULHV GHSHQGL
8QVWUXFWXUHG RQ TXHVWLRQV D
6HPL 6WUXFWXUHG
&DVH 6WXG\&ULWLFDO ,QFLGHQMFWHMWKRGIGXUHYV
JRUZDUG 6FHQDULR IROORZHG UDWLI
6LPXODWLRQ
&ULWLFDO 'HFLVLRQ OHWKRG
BURWRFROV3URWRFRO $QDO\MUNFW 3URFHGXUHV
IROORZHG UDWLI
&ULWLTXLQJ&ULWLTXLQJ 'LUHFW (YDOXDWLRQ RI
SUREOHP VROYLQ
VWUDWHJI\ FRPSD
WR DOWHUQDWLY
5ROH 30D\LGROH 30D\LQJ ,QGLUHBRWRFHGXUHV
GLIILFXOWLHYV
HQFRXQWHUHG G
UROH
6LPXODWLR@GLPXODWLRQ 'LUHFW 3URFHGXUHV
IROORZHG
'L]DUG R 2]
BURWRW\SLGDSLG 3URWRW\SLQHFW (YDOXDWLRQ R
6WRU\ERDUGLQJ SURSRVHG DSSUR
7HDFKEDFN 7HDFKEDFN 'LUHFW &RUUHFWLRQ RI
OLVFRQFHSWLRQ\
2EVHUYDWLRIQUHEFW 2EVHUYD'WURPW 3URFHGXUH IROO
,QGLUHFW 2EVHUYDQDBWWURPW
*RDO 5HODWHR® O 'HFRPSRVLWUREW *RDOV DQG
'LYLGLQJ WKH 'RPDLQ VXEJRDOV
JURXSLQJV RI JRI
/ILVW 5HODWHGELVLRQ $QDO\WLYHFW (VWLPDWH RI ZRU
RI DOO GHFLVLRQ

D WDVN
6RUWLQJ &DUG 6RUWLQJ DQGLUHRODWYVVLILFDWLRQ
'LDJUDPPLQJ HQWLWLHY GLPH

FKRVHQ E\ VXEMH
IDGGHULQJ /DGGHUHG *ULG ,QGLUHFWHUDUFKLFDO PI
Rl WKH WDVN GRF
AXHVWLRQV 4XHVWLRQV ,QGLUHF@IRUPDWLRQ XVF
VROYH SUREOHPYV
RUJDQL]DWLRQ R
SUREOHP VSDFH
'RFXPHQW 'RFXPHQW $QDO\WQGLUHPWULHY GHSHQGL
$QDO\VLV XVXDOMQ DYDLODEOH
GRFXPHQWV
LQWHUDEWLRQ ZL
H[SHUWYV
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OHWKRGV RI +&, .QRZOHGJH (OLFLWDWLRQ

6 XUYH\V
6XUYH\ IRUPV DQG TXHVWLRQQDLUHV DUH XVXL

NQRZOHGJH 7\SLFDOO\ LW LV XVHG LQ +&, REVHUY
NQRZOHGJH HOLFLWDWLRQ 7KH DFWLYLW\ RI FROOHF
WLPH FRQVXPLQJ %DFNVWRP 1LOVVRQ

,Q FRQGXFWLQJ VXUYH\V WKUHH WKLQJV DUH QF
ZD\ WR FROOHFW UHVSRQVHV DQG F HDV\ DFFHVV W]
. XPLDYNV\ JLHOGLQJ VXUYH\V DQG UHWULHYLC
EHHQ DQ DUFKDLF DQG WLPH FRQVXPLQJ SURFHVV LC
WHPSODWHYV IRU DFTXLULQJ GLIITHUHQW W\SHV RI +&,
RI 8VHU ,QWHUIDFH 6DWLVIDFWLRQ 48,6 E\ &KLQ HV
8VDELOLW\ 4XHVWLRQQDLUH &684 E\ ,%0 /HZLV HW I

6 XUYH\V FDQ EH VLPLODUO\ RSHQ DQG FORVHG 1
HQTXLUH VFDODU UHVXOWY JLYLQJ LQGLFDWRUV RI
6HOI ILOOLQJ VXUYH\V FDQ EH WLPH HIILFLHQW IRU
IURP FORVHG TXHVWLRQV ZKLFK DUH WKH PRVW SRS
DQDO\WVH +RZHYHU D GUDZEDFN WR WKLV LV ZKHQ W
+&, UHVHDUFKHU WKXV DPELJXLW\ LQ LQWHUSUHWL
SLORWLQJ D VXUYH\ RIWHQ DLGV LQ RYHUFRPLQJ
LOWHUSUHWDWLRQ LVVXHV RI TXHVWLRQV 3UHHFH H

2SHQ DQVZHUV WHQG WR HOLFLW XQDQWLFLSDWI
IRU HDUO\ GHVLJQ ([LVWLQJ W\SHV RI VXUYH\ VDPS
SDSHU DQG SHQFLO EDVHG WHOHSKRQH VXUYH\V ZKlI
ZKLFK EHFRPH PRUH RI DQ LQWHUYLHZ VW\OH DQC
EDVHG VXUYH\LQJ WHFKQLTXHV 7KH VWDWLVWLFDO
SDUWLFLSDQW JURXSV WR WDUJHW ZLWKLQ SUH GHVI
SDUWLFLSDQWY WKDW FDQ EH WDUJHWHG $Q H[DPSC
FUHDWLQJ DQG FRQGXFWLQJ TXHVWLRQQDLUHV LV H[

 QWHUYLHZLQJ
7KLV YHUEDO SURFHVV HOLFLWV NQRZOHGJH IUI

EDVHG RQ WKHLU H[SHUWLVH LQ WKH GRPDLQ LQ TXH
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UHDVRQLQJ DQG EDFNJURXQG NQRZOHGJH EXW LV C
FDWHJRUL]JHG DV VWUXFWXUHG RU XQVWUXFWXUHG

XVHUV E\ XVLQJ D VHULHV RI FORVHG TXHVWLRQV W
VROXWLRQV 7KLV HQDEOHV WKH XVHU GDWD WR EH
LQIRUPDWLYH DV XQVWUXFWXUHG RSHQ HQGHG LQW
XVHU WR H[SODLQ PRUH IUHHO\ ZLWKRXW EHLQJ ERXC
PRUH YDULHG UHVSRQVHV

SUHHFH HW DO VXJIHVWY WKDW LQWHUYLHZ
VWUXFWXUHG EDVHG RQ D VHULHV Rl IL[HG TXHVWLF
RQHV 7KLV WKHQ DOORZV IRU RSHQ HQGHG IROORZ
G\QDPLF TXHVWLRQV EDVHG RQ SULRU VWUXFWXUHG
WKURXJK PRGHO RI HQTXLU\ LV D PHDQV WR IXUW|
LQIRUPDWLRQ WR SRVVLEO\ FRQQHFW ZLWK RWKHU L
LVRODWLRQ RI LWV RZQ LQIRUPDWLRQ DUWHIDFW
UHVHDUFKHUV WR EULQJ DERXW D YLYLG PHQWDO F
VI\VWHPYVY DQG KRZ QHZ V\VWHPV FDQ VXSSRUW WKHP

,(QWHUYLHZYV DUH XVHIXO ZKHQ FRPELQHG ZLWK V
EH XVHG WR LPSURYH WKH YDOLGLW\ RI GDWD E\ FOL
WKH VXUYH\ RU TXHVWLRQQDLUH $Q H[DPSOH SURWV
PDQDJLQJ LQWHUYLHZV LV H[SORUHG LQ DSSHQGL[ %

'LDU\ OHWKRG
‘LDULHV DUH XVHIXO IRU +&, SUDFWLWLRQHUV W

DFWLRQV EDVHG RQ ZKDW WKH XVHU SHUFHLYHV DV
W\SHV RI GLDU\ VWXG\ WKDW +&, SUDFWLWLRQHUV X
VIQFKURQRXV PRGHO IRU D GLDU\ EDVHG VWXG\ LV (
GHPRQVWUDWHG E\ WKH ([SHULHQFH 6DPSOLQJ OHW!
&VLNV]JHQWPLKDO\L /IDUVRQ W XVHV D PH
XVHU DW VHW WLPH LQWHUYDOV WR HLWKHU DQVZHU
GLDU\ (60 GLDU\ RI ZKDW LV RFFXUULQJ DW WKDW '\
PRUH ZLGHO\ XVHG LQ +&, ZKHUHE\ D SDUWLFLSDQW
HLWKHU DQ LVVXH ZLWK WKH DFWLYLW\ WKH\ KDYH EI
WKH\ DUH GRLQJ VRPHWKLQJ ZHOO 6FKQLHGHUPDQ
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5HFHQW GHYHORSPHQWY LQWR RQOLQH LQVWDQ\
ZHE EDVHG GLVFXVVLRQ ERDUGY KDYH JLYHQ ULVH W
LV DQ RQOLQH ORJ GLDU\ ZKLFK LV KHOG LQ WKH S
EORJ VLWH DQG DFFHVVLEOH WR DOO UHDGHUV )UR
EDVHG GLDULHV WR EH FUHDWHG DQG REVHUYHG |
SUDFWLWLRQHUV 1RNLDYV /LIH%ORJ WHFKQRORJ\ HC
EH VKDUHG RQOLQH

JREXV *URXSV
7KLV DFWLYLW\ LV XVHIXO IRU HOLFLWLQJ FURYV

I[IURP VHYHUDO VWDNHKROGHUV XVHUV LQ DQ RSHQ
RIWHQ E\ D +&, UHVHDUFKHU DQG WHQG WR EH LQIRU
QHZ WRSLFV IURP RSHQ TXHVWLRQV

$ FRPPRQ FKDOOHQJH LV WR VWLPXODWH WKH L
HQTXLU\ %UXVHEHUJ OF'RQDJK 3KLO GHPRQVW
GLVFXVVLRQ FROOHFWLYH YLHZV EHFRPH PRUH VLJ
VKRZV WKDW WKH RSWLPDO QXPEHU QHHGHG IRU D P
WR SDUWLFLSDQWYV ZLWK JURXS VL]H EHLQJ LQYHL
OLOO ZDUG

1LHOVHQ UHSRUWYV WKDW FRPSXWLQJ WHF
DELOLWLHV RI IRFXV JURXS FRQIHUHQFLQJ KRZHYHL
PRGHUDWRU WR VWHHU WKH GLVFXVVLRQ HIIHFWLYH
QRW DOORZHG WR GRPLQDWH WKH JURXSY FROODERU

2EVHUYDWLRQDO 8VHU 7HVWLQJ
+&, 2EVHUYDWLRQ PHWKRGY DOVR UHIHUUHG W

PHWKRGV HOLFLW XVHU NQRZOHGJH IURP WKH LQW
LOQWHUDFWYV ZLWK D SURWRW\SH RU ILQDO VA\VWHP
SUHVHQW DQG FDQ VWHHU XVHUV WR SDUWLFXODU ¢
YLGHR FDPHUD HTXLSPHQW DQG QRWH WDNLQJ WR \
HYHQWY DQG WKH WLPHOLQH RI XVHU DFWLRQV H J 3
VWHSV % RU &°

7KH RWKHU PRGHO RI REVHUYDWLRQ LV LQGLUHF
DUH FDSWXUHG HOHFWURQLFDOO\ $Q DGYDQWDJH R
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HOVHZKHUH LQWHUHVWLQJ HYHQWYV PD\ EH FDSWXL
EXWWRQ LQGHFLVLYHO\ IRU D GXUDWLRQ RI WLPH"
SUREOHPV RU QDYLIJDWLRQDO IORZ LVVXHV ZKLFK F
EHLQJ LQGLUHFW WKH UHVHDUFKHU LV QRW QHHG!
VHQVDWLRQ RI EHLQJ YLGHR UHFRUGHG

SHPRWH REVHUYDWLRQ KDV EHHQ H[SORUHG HI
VKRZLQJ WKDW WKHUH LV QR VLIJQLILFDQW GLIIHUH
WKURXJK UHPRWH DV FRPSDUHG WR GLUHFW REVHUY
WHFKQLTXH DOWHUQDWLYH IRU +&, SUDFWLWLRQHUYV
H[SHULPHQWDO WHVWYVY VKRZHG WKDW QRQH RI WKH
VWXGLHYV LI UHPRWH WHVWLQJ ZDV SRVVLEOH

%RWK GLUHFW DQG LQGLUHFW PRGHOV FDQ EH L
+&, SUDFWLWLRQHU WR EH RQ KDQG LQ RUGHU WR
'LVFUHWLRQ LQ UHFRUGLQJV LV SDUDPRXQW VRPHW|
WKH IXWXUH $V /XQG GHVFULEHV D XVHU Zk
SURGXFWLYH LQ YLVLEO\ ODE VW\OH VHWWLQJV PD\
SODFH WKXV JLYLQJ IDOVH GDWD $OVR LQGLUHFW
REVHUYDWLRQ LQ WHUPV RIILQDQFLDO SROLWLFDO

$ SURWRW\SH WRRO GHYHORSHG LQ WKLV WKHVL
LV SUHVHQWHG LQ DSSHQGL[ % 7KLY WRRO DOORZ
DQG VSHDN DORXG DXGLR 7ZR RWKHU SURWRW\SHYV
REVHUYDWLRQ DQG FDSWXUH LQ +&, .( DUH GLVFXVVF

&DUG 6RUWLQJ
7KLY WHFKQLTXH XQFRYHUV WKH KLHUDUFKLFDC

UHTXLULQJ XVHUV WR FDWHJRULVH VHWYV RI SUH PDG
GRPDLQV RI XVH ZLWK SDUWLFLSDQW GHVLJQHG FD
UHIHUUHG WR DV 3LOH 6RUWLQJ LV W\SLFDOO\ GRC(
LQIRUPDWLRQ SODFHG LQWR JURXSV E\ D SDUWLFL
SK\VLFDOO\ SUHVHQW 7KHVH JURXSVY DUH WKHQ J
SDUWLFLSDQWY{V SHUFHSWLRQV =DSKLULYV .XPLDZ]
FORVHG FDUG VRUWYVY WR VSRW FOHDU VWUXFWXUHYV
RI WKH SUH PDGH FDUGYV
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W LV H[SHFWHG WKDW WKH FKDUDFWHULVWLFYV
VRUWLQJ H[SHULPHQWYV PD\ LQIOXHQFH WKH RXWS.
HIDPSOH H[SHUW FDWHJRULVDWLRQV RI SUREOHP G
FDWHJRULVDWLRQV ODLGHQ HW DO &KDSWHU
ZLWK DQ LQ GHSWK FDVH VWXG\

$I1ILQLW\ 'LDIJUDPPLQJ
7KH .DZDNLWD -LUR .- GLDJUDPPDWLF PHWKRG

$1HLQLW\ GLDJUDPPLQJ LV D WHDP EDVHG NQRZOHGJ
IRU JURXSLQJ LQIRUPDWLRQ LQWR FDWHJRULFDO
VLPLODULWLHY WR WKH XVHU DFWLRQV ZLWKLQ RSFH
NQRZOHGJH RU GHVFULSWLRQV RQ VWLFN\ QRWHYV
EHIRUH FUHDWLQJ JURXS KHDGLQJV

7KH NH\ GLVWLQJXLVKLQJ IHDWXUHV EHWZHHQ FDUG

D &DUG VRUWLQJYTV XVH RI VWDWLVWLFDO FOXVWEFE
FKRLFHVY LQ FDWHJRULVDWLRQ ,Q DIILQLW\ GL
HQIRUFHG LQ WHDPV XVXDOO\ ZRUNLQJ RQ D VKL
SLHFH RI SDSHU 7KH\ DUH HQFRXUDJHG WR FRP
WKXV FROODERUDWLYH WHDP GHFLVLRQV XSRQ
FDWHJRU\ FOXVWHU IRUPDWLRQ %H\HU +ROWI]E

E 7KH FDUG VRUWLQJ PHWKRG XVXDOO\ LPSOLHV S
GLDJUDPV WHQGVY WR UHTXLUH XVHU FUHDWLRQ
QRW DOzZD\V WKH FDVH HVSHFLDOO\ ZKHUH W
FDWHJRULVH W LV QRWHG WKDW ERWK WHFKQL"
FDUGY VXFK DV SLFWXUHV DQG SK\VLFDO LWHP
WH[WXDOO\ RULHQWDWHG

%RWK RI WKHVH PHWKRGV DUH YDOLG H[SHUL
FDWHJRULVDWLRQ PHWULFV RI XVHU PHQWDO PRGHO\
QRW DOzZD\V SUDFWLFDO LQ SK\WLFDO IRUP GXH W
FROODERUDWLRQ PDWHULDOV DQG VSDWLDO UHTXL
VWDNHKROGHU NQRZOHGJH &KDSWHU ZLOO FRYHU
FDVH VWXG\
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JLIXUH 3DSHU EDVHG DIILQLW\ GLDJUDP SUHVHQWHG

3DSHU 3URWRW\SLQJ
7KH SUDFWLFH RI ORZ ILGHOLW\ VNHWFK SURWR\

VLPSOH PDWHULDOV DQG HTXLSPHQW WR FUHDWH LC
LOQWHUIDFH DUWHIDFW FRQFHSW RU V\VWHP S,WV DI
YLVXDOL]LQJ OD\RXW DFFHVVLELOLW\ DQG SRWHQW
SDUWLFXODU SUH LPSOHPHQWDWLRQ XVDELOLW\ SU
%LHUV DQG HPSLULFDO WHVWLQJ ZLWK GLUHFW
GHVLJQ SURFHVV LQ ILWWLQJ UHTXLUHPHQWYV %H\HU

7TKRXJK WKHUH DUH PRUH FRPSOH[ +&, SURWRYV
DSSURDFKHV RIWHQ UHYHDO VXEVWDQWLDOO\ WKH V
FRQGLWLRQV 9LU]L 7TKRXJK WKH PHWKRGRORJ\
GLVWLQJXLVKHYVY EHWZHHQ KLJK WHFK DQG ORZ WHEFK
FDWHJRULHY DUH RI ORZ PHGLXP DQG KLJK ILGHOLW

5XGG HW DO DOVR GLVWLQJXLVKHV SURWR
YHUWLFDO SURWRW\SHV ZLWK YHUWLFDO UHSUHVHQ
ILQDO RXWSXW DQG KRUL]JRQWDO JLYLQJ D ZLGH R
VA\VWHP EXW ZLWK D ZHDNHU GHSWK RI XQGHUVWDQG
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XVLQJ YDULRXV ILGHOLWLHV RI SURWRW\SHV [/RZ IL
ZLOO EH FRYHUHG LQ GHWDLO LQ &KDSWHU ZLWK D

([LVWLQJ &\EHUVFLHQFH 7RROV IRU +&, .(
$W WKH WLPH RI ZULWLQJ LW LV FOHDU IURP

VRIWZDUH WKDW XVHU FHQWUHG GHVLJQ +&, .( WRRO
2IWHQ H[LVWLQJ PDQXDO EDVHG .( WHFKQLTXHV LQF
FDSWXUH HJ WDSH UHFRUGHU IRU LQWHUYLHZV EX

3DSHU 3URWRW\SLQJ 7RROV
6HYHUDO JURXSV KDYH UHFHQWO\ FRQWULEXWH

EURZVHU EDVHG WRROV WKDW FDQ DLG LQ NQRZOHG
WHDP ZKLFK KDV SURGXFHG WRROV VXFK DV WKHLU
HW DO DQG 6,/. /DQGD\ O\HUV WKDW DUF
J)LIXUH $OVR WKHLU 6XHGH V\VWHP .OHPPHU HYV
Rl 2] 3URWRW\SLQJ WRRO EDVHG RQ VSHHFK GLFWDW

JLIXUH '"HQLP GHPRQVWUDWLQJ ORZ ILGHOLW\ 3 RYHUKHDG
UHODWLRQVKLSYV

*8,5V 7RSLDU\ /L HW DO DOORZV VWRU\ERD
FRQGXFW SURWRW\SLQJ RI ORFDWLRQ HQKDQFHG I
HOHPHQWYV 1,671V :HEOHWULFV VXLWH E\ 6FKROW]
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EURZVHU WRROV FRQVWUXFWHG VSHFLILFDOO\ IRU Z
KHWHURJHQHRXY DQG JHRJUDSKLFDOO\ GLVSHUVHG X

SHPRWH 2EVHUYDWLRQ
6HYHUDO FRPPHUFLDO DQG RSHQ VRXUFH DSSOL

UHPRWH XVDELOLW\ WHVWLQJ IRU XVH E\ +&, SUI
DSSOLFDWLRQV ZKLFK FRPELQH YLGHR DXGLR DQ¢
&DPWDVLD :HE([ DQG 91& 7KH XVH RI VXFK UHPRWH
.( KDV EHHQ UHSRUWHG E\ +&, SUDFWLWLRQHUV 6FKIF

&DUG 6RUWLQJ
7TKHUH DUH VHYHUDO HOHFWURQLF FDUG VRUWL

$OUHDG\ PHQWLRQHG LV WKH SRSXODU 1,67 VXLWH F
EDVHG FDUG VRUWLQJ WRRO 6FKROW] IDVNRZVNL

ZHE EDVHG FDUG VRUWLQJ WRRO ZKLFK DOORZV GH
FDSDELOLWLHVY WR SHUIRUP UHPRWH FDUG VRUWYV ¢
D KLIKO\ SRSXODU IUHHZDUH WRRO ZKLFK HQDEOHYV
DOVR FRPHV ZLWK 86RUW D :LQGRZV EDVHG VRIW.
8] DUG6RUW IURP OR]'HY JURXS DQG &ODVVLILFE
DUH RWKHU GHVNWRS EDVHG FDUG VRUWLQJ WRROV
FDUG VRUWYV YLD EDUFRGHYV DUH GHVFULEHG E\ +XGV
WRRO

$IILQLW\ 'LDJUDPPLQJ
$1ILQLW)\ 'LDJUDPPLQJ FDQ EH FRQGXFWHG ZLWK

&RUHOYV &RUHO'UDZ DPRQJVW RWKHU YLVXDO GLDJU
WKH XVHU WR FDSWXUH WKH KHDGLQJV LQ D +&, RL
FDWHJRULHY ORUH LPSRUWDQWO\ XVH RI WKHVH WI
IRUPDO XQGHUVWDQGLQJ RI WKH XVDJH RI WKH WRR(
,Q VKRUW WKH\ DUH QRW GHVLJQHG ZLWK WKH SULQ
XQGHUWDNLQJ DQG VLPXODWLQJ WKH DFWLRQV ZLWK

AXHVWLRQQDLUHYV
4AXHVWLRQQDLUHV KDYH EHFRPH VWUDLJKWIRU:

SDUWLFLSDQWYV RIl +&, H[SHULPHQWY YLD D QXPEHL
SURJUDPPLQJ ODQJXDJHV 3HUO IRU YDULRXV R
JHQHUDWH IRUP ILOO VW\OH TXHVWLRQQDLUHYV LQ D
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IRU UHXVLQJ TXHVWLRQQDLUHY DQG VWRULQJ XVHU (
EH SULQWHG RU SODFHG RQOLQH DV ZHE EURZVHU EL

ORELOH ,QWHUDFWLYH .QRZOHGJH (OLFLYV

$W WKLV SRLQW WKLV WKHVLV LQWURGXFHV WKl
.QRZOHGJH (OLFLWDWLRQ O0,.( 7KLV WKHVLV GHILQH

80,.( 8VHU &HQWUHG 'HVLJQ WRROV IRU V
F\EHUVFLHQFH HQDEOLQJ FRPELQDWLRQV F
WHFKQRORJLHV WR EH XVHG IRU WKH VLPX(
GLIJILWDO HOLFLWDWLRQ RI +&, XVHU FHQWUF
DQG DQ\ZKHUH ~

$Q LPSRUWDQW TXHVWLRQ WR TXHU\ DW WKLV SF
QRQ HOHFWURQLF EDVHG SURFHGXUHV" ([LVWLQJ S
FROOHFWLRQ LQ NQRZOHGJH HOLFLWDWLRQ DUH HEC
DFTXLULQJ WKH WDUJHW TXDQWLWLHYV RI GDWD IRU
+RZHYHU WKH DFTXLUHG NQRZOHGJH OHDUQW IURP \
FRPHV IURP ODUJH GRPDLQV UDWKHU WKDQ VSHFLIL
WKLY WKH WLPH VSHQW LQ H[HFXWLQJ GDWD DQDC
HOHFWURQLF LQIRUPDWLRQ LQWR GLJLWDO IRUPDW I
PDQ KRXUV

$ OLVW RI EHQHILWY WKDW GLJLWDO PRELOH WRI
XV ZLWK LQFOXGH

2Q VLWH NQRZOHGJH HOLFLWDWLRQ WR EH L
GDWD DV DQG ZKHUH LW DIIHFWV WKH XVHUV Z
XVHU SDUWLFLSDQWYVY DQG SRWHQWLDOO\ HTXI
WR EH DQDO\VHG

'LIJLWDO SUHFLVLRQ FDSWXUH WKH DELOLW\
DQG EH\RQG KXPDQ HUURU FRQWUROYV

$UFKLYLQJ FDSDFLW\ DQG UHWULHYDO VSHH!
IXQFWLRQ DV D PHGLXP IRU VWRULQJ YDVW
UHVSRQVH WLPHV IDU IDVWHU WKDQ UHWULHYI
VWRUDJH OLEUDU\
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)DVWHU DQG PRUH DGYDQFHG DQDO\VLV WKD(
IXQFWLRQV ODUWLQH] %HMDU HW DO DQ
IRXQG LQ H[SHUW V\VWHPV :KLWH FDQ GH
VHWV Rl VROXWLRQV EDVHG RQ NQRZOHGJH HO

6LPXODWLQJ DQG H[SDQGLQJ RQ H[LVWLQJ PR«
LQ QHZ GLUHFWLRQV WKDW DUH QRW SRVVLEOF

&RQVLVWHQF\ RI XVH IRUPDOL]DWLRQ RI RXW
V\VWHPDWLF VHW RI SURFHVVHV WKDW DUH D
SUREOHPYV

$VI\QFKURQLFLW\ DQG WKH SRWHQWLDO IRU XC
+&, .( WR EH FDUULHG RXW DW WKH XVHUVY OH
WKH +&, REVHUYHU SUDFWLWLRQHU E\ IRUPDOI
H[SHULPHQWDO DFWLYLW\ HOHFWURQLFDOO\

*HRJUDSKLFDO DVVHUWLRQ DQG EURDGHQLQJ
, QWHJUDWLQJ PRELOH LQWHUQHW IDFLOLWLHYV
0,.( WRROV FDQ KDYH RSHUDWH ZLWK LQGLYLG
FROODERUDWLYH JURXSYV 7KLV KDV WKH DLP F
E\ DOORZLQJ JOREDOO\ ZLGH GHPRJUDSKLFV WI

&KDSWHU 6XPPDU\
7KLY FKDSWHU KDV SUHVHQWHG DQ RYHUYLHZ F

SUHVHQWYV XV ZLWK DQ LQWHUSUHWDWLRQ RI .QRZO}
WR +&, LQ XVHU FHQWUHG GHVLJQ DQG HYDOXDWLRQ
$FTXLVLWLRQ .QRZOHGJH (OLFLWDWLRQ DQG ORELO!
WKH WKHPH IRU WKH UHVW RI WKH FKDSWHUV LQ WKL
FXUUHQW HOHFWURQLF PHWKRGV DUH GLVFXVVHG

7KH EHQHILWY RI LOQOWURGXFLQJ PRELOLW\ LQWR
VWDNHKROGHU XVHU HOLFLWDWLRQ VHW WKH FRQW'}
FDVH VWXG\ GHVLJQV DUH LQFOXGHG LQ DSSHQGL]
GLUHFWLRQ )LQDOO\ VXEVHTXHQW NH\ FKDSWHUV
UHVHDUFK TXHVWLRQ FRYHULQJ WKH PHWKRGV RI &
3DSHU 3URWRW\SLQJ 7KH QH[W FKDSWHU OHDGV LQ\
WKH RULJLQV RI .QRZOHGJH (OLFLWDWLRQ LQ WKH FI
WKH SULQFLSOHV RI OHDUQLQJ DQG NQRZOHGJH DFTX
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&KDSWHU 5HYLHZ RI/HDUQL!
SHGDJRJLFDO (SLVWHPR(
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 QWURGXFWLRQ
$ EHWWHU XQGHUVWDQGLQJ RI WKH SRWHQWLDGOC

IDFLOLWDWHG WKURXJK D FDUHIXO VWXG\ RI RWKHU
HJ OHDUQLQJ SV\FKRORJ\ DQG SHGDJRJLFDO HSLYV
HISORUDWLRQ RI O0,.( EDVHG WRROV FKDSWHU E\
GHHSHU XQGHUVWDQGLQJ RI WKH QDWXUH RI XVHU F
DFTXLUH LW 7KHUHIRUH VXEVHTXHQW VHFWLRQV R
VHFRQG OLWHUDWXUH UHYLHZ VRPH RI WKH NH\ F
SHGDJRJLFDO HSLVWHPRORJLHV &RWWRQ (\WHQ
WKH SRWHQWLDO WKHRUHWLFDO DSSOLFDWLRQ RI D
PRELOLW\ LQ WRROV IRU +4&,

&RQGLWLRQLQJ

7KH DUHD RI FODVVLFDO FRQGLWLRQLQJ GHYHOF
UHQRZQHG 5XVVLDQ SV\FKRORJLVW ,YDQ 3DYORY
UHIOH[HV" RQ WKH EHKDYLRXULVW GDWD IURP KLV
FRQFHUQ WKH JHQHUDWLRQ RI VWLPXOL UHVSRQVHYV

SDYORY{V ILQGLQJV SUHVHQWHG WZR LPSRUWI
OHDUQLQJ XQFRQGLWLRQHG UHIOH[HV 85 ZKHUH LQ
QRWKLQJ EXW D ORQJ FKDLQ RI FRQGLWLRQHG UHIOF
ZLWKRXW D QHHG IRU OHDUQLQJ QHZ FRQFHSWV D
DFTXLUHG WKURXJK WLPH DQG H[SHULHQFH $Q LPSI
WKDW XQFRQGLWLRQHG VWLPXOL 86 LV JHQHUDWHC(
$FFRUGLQJ WR 3DYORY WKLV UHVSRQVH GRHV QRW F

6NLQQHUYTV ZRUN KDV HPSKDVLV LQ WKH
GHPRQVWUDWLQJ RSHUDQW FRQGLWLRQLQJ DV RSSR
RSHUDQW RU LQVWUXPHQW EDVHG FRQGLWLRQLQJ T
WKURXJK WKH UHLQIRUFHPHQW DQG DSSUHFLDWLRQ |
LV LPSRUWDQW WR IRFXV SULPDULO\ RQ SRVLWLYH |
WKH OHDUQLQJ SURFHVV VKRXOG EH VKRUW DQG HI[S
/JHDUQHUV WHQG WR ILQG GLVFRYHU\ RI D FRQFHSW L
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,Q 6NLQQHUYYV H[SHULPHQWY PRWLYDWLRQ KDV
VXSHUYLVHG SURJUHVYV H[SODQDWLRQV DQG LQ PRV
DQ RSSRUWXQLW\ WR LQYHVWLIJDWH WKH PRVW OLNH

JURP WKLV WKHRU\ 6NLQQHU GHILQHG D V
OHDUQLQJ" 7KLV FDQ EH IRXQG LQ PRGHP VFKRRO R
LV IRXQG LQ FXUUHQW GD\ &%/ FRPSXWHU DVVLVWH(
DQ RSSRUWXQLW\ WR SURJUHVYV DW KLV RU KHU RZQ
SUHSDUDWLRQ , WV VWURQJ SRLQW LV ZKHQ D VXE
GHPDQGV D FODVV RI VWXGHQWY WR EH DW YDU\LQJ

*LOEHUW GHYHORSHG D PHWKRGRORJ\ LQ
EUDQFK HQWLWOHG LQVWUXFWLRQDO VHTXHQFLQJ
WUDLQLQJ DLGV W ZDV IRXQG WR EH D VXFFHVVI
SDUWLFXODUO\ RULHQWDWHG WR WKH LQGXVWULDO
SODWKHWLFV® DQG LW

SFODVVLILHG EHKDYLRXU DV FRPSRVHG RI FRPE
VWUXFWXUHV FKDLQV PXOWLSOH GLVFULPLQDW

SURJUDPPHG OHDUQLQJ GHYHORSHG ZLWK WKH
SURSRVHG LQ ZKLFK HLJKW W\SHV RI OHDUQLQJ Zt
VLPSOLFLW\ |IURP 3DYORYYfV VWUDLJKWIRUZDUG FRC
VROYLQJ

6LJQDO GIHDUIPLYQIRY V FODVVLFDO FRQGLWLRQF
BWLPXOL UHVSRQYVH6EHQQRBUQI RSHUDQW FRQGLYV
&KDLQ OHIDUQLKRH OLQNLQJ RI WZR RU PRUH VWL
YHUEDO DVWRFLOMRRQNMNQJ WHUPV E\ OLQNLQJ RI
'LVFULPLQDWLRIQJOHBVYORQGELQJ WR VLPLODU V\
VA\VWHPDWLF SURFHVV

&RQFHSW GHD WEL@LW\ WR JHQHUDOLVH DQG FO
5XOH EDVHG DHDUEBDPWLRQVKLS SDWWHUQV DQ
FRQFHSWV HYHQ LI QRW SUHYLRXVO\ HQFRXQWH
3UREOHP WRDYLRAYLQJ SUREOHPV E\ XVH RI SUI
FRJQLWLYH SURFHVYV
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7KH VLIJQLILFDQFH RI WKLV KLHUDUFK\ DOORZV
VKRXOG EH FRPSOHWHG WR IDFLOLWDWH OHDUQLQ
JURXQGLQJ IRU WKH VHTXHQFLQJ RI LQVWUXFWLRQ
LOQVWUXFWLRQDO HYHQWY DQG WKHLU FRUUHVSRQGL

JDLQLQJ DWWHQWLRQ UHFHSWLRQ
GHVFULELQJ WKH REMHFWLYHV H[SHFWDQF\
VWLPXODWLQJ UHFDOO RI SULRU NQRZOHGJH L
SUHVHQWLQJ WKH OHDUQLQJ PDWHULDOV VHOI
SURYLGLQJ OHDUQLQJ JXLGDQFH VHPDQWLF H(
HOLFLWLQJ SHUIRUPDQFH UHVSRQGLQJ
SURYLGLQJ IHHGEDFN UHLQIRUFHPHQW
DVVHVVLQJ SHUIRUPDQFH UHWULHYDO
HQKDQFLQJ UHWHQWLRQ DQG WUDQVIHU JHQH!

7TKHVH HYHQWY VHUYH DV D IRUPDOO\ GHILQHG
VHOHFWLQJ DSSURSULDWH PHGLD *DJQH %ULJJIV
DGGUHVVHYVY WKH UROH RI KLV WKHRULHV LQ LQVW
PRGHOV WKDW GHPRQVWUDWH WKH GHFRPSRVLWLRQ
OHG WR *DJQHTV &XPXODWLYH /HDUQLQJ 7KHRU\
7DVN $QDO\VLV +7%$ ZKLFK LV D FRPPRQ PHWKRG RI

,Q FRPSDULVRQ ZLWK *DJQHYV OHDUQLQJ KLHUL
3LDJHW V DQDO\VLYV GLIIHUV LQ DGXOWYV IURP
VLPSOHVW IRUPV RI NQRZOHGJH DFTXLVLWLRQ RFFXL

\HDU ROGYV /HDUQLQJ DV 3LDJHW H[SODLQHG EHJI
WR SUREOHPV DQG WKDW SHRSOH DVVLPLODWH DF
NQRZOHGJH DW SRLQW DW ZKLFK VROXWLRQV DUH GH

'LVFRYHU\
%UXQHU H[ISORUHV WKH RSWLPLVDWLRQ R

LPSRUWDQFH RI ILUVW KDQG H[SHULHQFH OHDUQHU
FULWLFDO DELOLWLHV DUH HPSKDVLVHG LQ GLVFRY
OHDUQLQJ LV IDFLOLWDWHG E\ UHLQIRUFLQJ WKH QH
ZLWK QHZ NQRZOHGJH %\ VWUDWHJILF WULDO DQG HI
REVHUYDWLRQ DQG SDWWHUQ OLNH UHFRJQLWLRQ
*DIJQH V OHDUQLQJ KLHUDUFK\
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$XVXEHO SUHVHQWHG XV ZLWK UHFHSWLRQ
DOORZLQJ KXPDQV WR GLVFRYHU QHZ NQRZOHGJH $
LQGLYLGXDOV OHDUQ ODUJH DPRXQWV RI PHDQLQJ
SUHVHQWDWLRQV LQ D QRQ VWUHQXRXV DQG QDWXU
WHQVH FRQGLWLRQV WKDW D ODE H[SHULPHQW PD\ S

7ZR PDLQ SULQFLSOHV IRU RUJDQLVLQJ WKH FF
UHSRUWHG E\ $XVXEHO SURJUHVVLYH GLIIHUHQWL
JUDGXDOO\ LQFUHDVLQJ WKH OHYHO RI GHWDLO DQG
EHFRPH DVVRFLDWHG FRQVFLRXVO\ WR SUHYLRXVO\ ¢
PDWHULDO WKDW HQDEOHV H[LVWLQJ FRQFHSWV WR
+RZHYHU SREOLWHUDWLYH VXEVXPSWLRQ" DV $XVXE!
DV FRJQLWLYH OLQNV IRUJRWWHQ RYHU WLPH DQG
FRIQLWLYH VWUXFWXUHV FDQ EH EXLOW IURP WKH Ul

 QWHOOLJHQFH
,QWHOOLJHQFH DQG PHPRU\ DUH WKH PRVW FRQV

DELOLW\ LQ DFTXLULQJ DQG XQGHUVWDQGLQJ RI QH:
GRHV QRW LPSO\ WKH OHYHO RI HGXFDWLRQ RI D SH
OHDUQLQJ D SHUVRQ FDQ DFTXLUH %\ FRPSDULVR
FDSDFLW\ IRU UHWDLQLQJ DFFXUDWHO\ VWRUHG NQ
,QWHOOLJHQFH H[SHULPHQWY KDYH D VFDOLQJ V\VW

ZKLFK OHG WR WKH GHYHORSPHQW RI WKH FRQ
PHDVXUH WKH LQWHOOLJHQFH UDWLR EHWZHHQ WHK
LQGLYLGXDO

6SHDUPDQ FRQFOXGHG WKDW LQWHOOLJH
UHODWLRQVKLSY DQG ORJLFDO FRQQHFWLRQV EHWZ}F
XS RI WZR IDFWRUV * DQG 6 IDFWRUV * UHIHUV WR J
HGXFDWLRQ HJ H[SHULHQFHV DQG LQVWLQFW DQG
FRPH DERXW DV D UHVXOW RI HGXFDWLRQ

6HYHUDO RWKHU QRWHG SV\FKRORJLVWYV KDYH
LOQOWHOOLJHQFH 7KXUVWRQH TKXUVWRQH GHY
ZKLFK VXJIJHVWYV WKDW LQWHOOLJHQFH FDQ EH GHI
PHQWDO DELOLWLHV ZKLFK VXSSRUWY 6SHDUPDQTYV *
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6SDWLDO DELOLW\

3HUFHSWXDO DELOLW\
1XPHULF DELOLW\
9HUEDO PHDQLQJ
OHPRU\

9HUEDO IOXHQF\
,QGXFWLYH UHDVRQLQJ

BWHUQEHUJTV PRGHO RI FRPSRQHQWLDO L
WKUHH LQWHUQDO PHFKDQLVPV RI WKH PLQG )LUV\
LQWHOOLJHQFH WKDW DUH UHTXLUHG WR UHVROYH |
XVHG WR SHUIRUP WKH VROXWLRQ DQG ILQDOO\
DFTXLUHVY QHZ NQRZOHGJH DQG WKHQ LQWHJUDWHV \

OHPRU\
.QRZOHGJH DFTXLVLWLRQ LQ OHDUQLQJ SURFHVV

PHGLXP IRU KROGLQJ WKDW NQRZOHGJH (EELQJKD
ZRXOG JLYH D PRUH DFFXUDWH PHPRU\ UHWHQWLRQ
PHPRU\ PRGHO DUH HQFRGLQJ VWRUDJH DQG UHWULH

7KUHH GLITHUHQW W\SHV RI PHPRU\ DUH DYDLODE
PHPRU\ ,Q OLOOHU WKH VKRUW WHUP PHPRU\ L

SEH RSWLPDO ZKHQ KROGLQJ RQO\ ILYH WR QLQH
WKDQ VHFRQG SHULRGV RI WLPH ~

%DGGHOH\ DOVR GHWHUPLQHG WKDW ZRUGV
SUHFLVLRQ LQ PHPRU\ DQG VXJIJHVWHG WKDW XQFF
WHUP PHPRU\ DUH UHPHPEHUHG E\ GHILQLWLRQ RI Wt

2UJDQLVDWLRQ RI PDWHULDO ZDV LQYHVWLJDWH(¢
ZH JURXS LQIRUPDWLRQ LQ WHUPV RI WKHLU SULPDU!
WKHP E\ VHFRQGDU\ PHWKRGV VXFK DV E\ FDWHJRU\ |

&XU]JRQ GHVFULEHYVY D PHWKRG ZKLFK ZRXOC
SURFHVYV ZKLFK FDQ EH DSSOLHG WR WHDFKLQJ SUHS
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6WDJHVY DUH UHTXLUHG HJ DQ LQWURGXFWLRQ

,QIRUPDWLRQ VKRXOG EH SUHVHQWHG FORVH WR
HQVXUH VKRUW WHUP PHPRU\ UHLQIRUFHPHQW RI

6 XEMHFWY KDYH D VLPLODU IRFDO SRLQW ZLWKL
SUHVHQWHG ZLOO DOVR UHLQIRUFH WKH NQRZOH

&ORVXUH DOORZV D OHDUQHU WR ILQLVK WKHLU
DVIQFKURQRXVO\ LQ WKHLU RZQ WLPH

7KHVH FRQWULEXWH WR $XVXEHOVY VXEVXPSWLI
DOUHDG\ NQRZV VKRXOG EH IXUWKHU HVWDEOLVKHG
LQFOXGH LQIRUPDWLRQ RYHUORDGLQJ ZKLFK DIIHFV
LQIRUPDWLRQ DQG DOVR GLVUXSWLRQ YDULDEOHYV E
HJ FDSWXULQJ NQRZOHGJH RI LQWHUHVW LQWULQV!

6\PEROLF QWHUDFWLRQ
ODQLYV OHOW]HU FRQVLGHUV LQWHUDFWLRC

DQ LPSRUWDQW SDUW RI WKH OHDUQLQJ SURFHVYV

REVHUYDEOH DW WZR OHYHOV V\PEROLF DQG EH
PDQLSXODWLRQ LV UHTXLUHG WKURXJK LQWHUDFWLR
VI\PEROLF VHPDQWLFVY WKDW KXPDQV DUH SUHVHQWI
GLVFXVVLRQV DQG WKH XVH RI UHODWHG WULJJHU SU

2EVHUYLQJ DQ LQWHUDFWLRQ WHQGV WR DVVXP
FRQGXFW ZLOO FDSWXUH DOO RI WKH VIPEROLF PHDQ
O0DQLVY OHOW]HU SRLQW RXW WKDW LQ DGGLWLI
RQJRLQJ SDWWHUQV RI EHKDYLRXU WKDW UHIOHFW
XQLQWHQGHG YHUEDO QRQYHUEDO FRPSOH[ DQG F
LQFOXGH QRQYHUEDO JHVWXULQJ YHUEDO XWWHUL
VSHHFK ZKLFK FDQ DOO DIIHFW RXU LQWHUSUHWDWL
WKH UHDO ZRUOG 7KLV LV DOVR UHODWHG WR WKH
7KH IXQGDPHQWDO SULQFLSOH RI VIPEROLF LQWHUDF

SWKH LQYHVWLIJDWRU PXVW VHH WKH ZRUOG IU|
VXEMHFW RI WKH LQYHVWLJDWLRQ"
oObQLvVY OHOW]HU
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Rl ZKLFK GLVFRYHU\ OHDUQLQJ LV HQKDQFHG E\ D

EHIRUH 7KH\ SURSRVHG WKUHH SULQFLSOHV IRU V\P

EHIRUH DQ LOQWHUDFWLRQ LQYHVWLJDWLRQ LV FRQVL

f 6\PEROV DQG WKHLU LQWHUDFWLRQ VKRXOG EH
LQYHVWLIJDWLRQ

¥ OHDQLQJVY DQG WKH UHIOHFWLYH QDWXUH RI VH
LQYHVWLIDWRU QHHGYVY WR LQGLFDWH KRZ VKLIWLC(
SDWWHUQV RI EHKDYLRXU

$+ 7KH LQYHVWLJDWRU PXVW OLQN V\PEROV DQG FR
YLHZV DQG UHODWLRQVKLSY WKDW KDYH D FRPSDI
FRQFHSWLRQV

6LWXDWHG &RJIQLWLRQ
6LWXDWHG &RJIJQLWLRQ LV D OHDUQLQJ WKHRU\ W

XVH JHQHUDOL]DWLRQV WR KHOS WUDQVIHU NQRZOH
OHDUQLQJ HQYLURQPHQWY DOORZ OHDUQHUV WKH

DELOLW\ WR UHWULHYH UHOHYDQW LQIRL
&KRL DQG +DQQDILQ

W SURPRWHV WKH WUDQVIHU RI NQRZOHGJH W
SURYLGLQJ SUDFWLFDO H[SHULHQFRHP RDQHPOR U LW
OHDUQLQJ WKHRULHV &KRL DQG +DQQDILQ VW
UHODWHG WR WKH GHVLJQ RI D VLWXDWHG OHDUQLQ
DQG $VVHVVPHQW

/JHDUQLQJ LV WKXV VHHQ DV 3DQ LQWHUQDO PH
DFTXLUHG DQG VWRUHG IRU XVH DW ZLOO LQ DQ\ FLU
LPSRUWDQW WR EULQJ WRJHWKHU WKH LQGLYLGXDO
XVH RI NQRZOHGJH ZKHQ FRPELQHG ZLWK UHIOHFWLC
EHDUV UHOHYDQFH WR WKH WKHRU\ Rl & RQVWUXFWLY
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7TDEOH JUDPHZRUN IRU 6LWXDWHG &RJQLWLRQ
JUDPHZRUBWULQFLSOHV

7KH UROH(KRHU\GD\ FRJQLWLRQ SHRSOH UHDVRQ LQ
FRQWH[W H[SHULHQFHYV ZLWKLQ VSHFLILF FRQWH[W\
VROYH SUREOHPYV

$XWKHQWLFLW\ FRKHUHQW PHDQLQJIXO |
UHSUHVHQW WKH RUGLQDU\ SUDFWLVHV

7TUDQVIHU VLWXDWHG OHDUQLQJ HQYLURC
WUDQVIHU WR UHDO OLIH SUREOHP VROYL

7KH UROH.RRZOHGJH DV WRRO VWXGHQWYV DFTXLUF
FRQWHQWVHQVH RI ZKHQ DQG KRZ WR XVH LW

&RQWHQW GLYHUVLW\ DQG WUDQVIHU FRC
YLD YDULRXV FRQWHQW QHFHVVLW\ WR D
VHWWLQJ WR GLVFULPLQDWH VLPLODULWL

&RJQLWLYH DSSUHQWLFHVKLSY WR SURYL
OHDUQHUV WR LQWHUQDOL]H OHDUQLQJ D
VHOI FRUUHFWLQJ VNLOOV

$QFKRUHG LQVWUXFWLRQ WR FUHDWH DX
HQYLURQPHQWY WKDW HQFRXUDJH H[SORL
SHUVSHFEWLYHYV

7KH UROH)RFLOLWDWLRQ PHWKRGY VLWXDWHG OHD
IDFLOLWDWHBS® VWXGHQWY WR LPSURYH WKHLU FRJ(
DQG VHOI FRUUHEFWLQJ VNLOOV HQFRXUD.
RSSRUWXQLWLHY WR LQWHUQDOL]H LQIRU
GLUHFWLYH PRUH FRQWLQXRXV DQG KLJk

ORGHOOLQJ
6FDIIROGLQJ

&RDFKLQJ JXLGLQJ DQG DGYLVLQJ
&ROODERUDWLQJ

)DGLQJ

8VLQJ FRJQLWLYH WRROV DQG UHVRXUFHYV

7KH UROH RUREOHPV DQG LVVXHV LQ RUGHU WR EH

DVVHVVPH®KMLQNLQJ VNLOOV WHVWLQJ QHHGV WR \
HYDOXDWLRQ WR DVVHVVPHQWYV
HPSKDVLV QHHGVY WR EH RQ WKH DELOLW\
FRIJQLWLYH JURZWK UDWKHU WKHQ DFKLH)

&RQVWUXFWLYLVP
&RQVWUXFWLYLVW OHDUQLQJ WKHRU\ LV DVVRFL

DQG /HY 9\JRWVN\ &RQVWUXFEWLYLVWY DUJXH W
FRQVWUXFWHG (DFK LQGLYLGXDO PXVW UHFRQVWU.
KDSSHQV ZLWKLQ D PDWHULDO HQYLURQPHQW D F:
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SUPFWLFH 7KXV ZH UHIHU WR WKH FRQVWUXFWLRQ
WKHPVHOYHV ZKHUHE\ WKH OHDUQHU LV WKLQNLQ
SHGDJRJ\ HQWDLOV LQWHUDFWLRQ ZLWK VHQVRU\
FRQVWUXFWHG NQRZOHGJH WKDW LV EXLOW XS WKUR

+HLQ SURSRVHG QLQH SULQFLSOHYV RI OHDUQLAQ.

/HDUQLQJ LV DQ DFWLYH SURFHVV RI FRQVWUXF
S3HRSOH OHDUQ DV WKH\ OHDUQ DV ZHOO H[WUD
&RQVWUXFWLQJ PHDQLQJYV LV D PHQWDO SURFHYV
IDQJXDJH DQG OHDUQLQJ DUH LQWHUWZLQHG
/IHDUQLQJ LV D VRFLDO DQG KXPDQ LQWHUDFWLY
/IHDUQLQJ LV FRQWH[WXDO

, W LV QRW SRVVLEOH WR JDLQ QHZ NQRZOHGJH .
SUHYLRXV NQRZOHGJH WR EXLOG XSRQ

/[HDUQLQJ WDNHV WLPH DQG LWHUDWLRQ

ORWLYDWLRQ LV DQ HVVHQWLDO DQG WKXV LOOY
TXHVWLRQLQJ

2] FRQVWUXFWLYLVP OF&RQQHOO GHILQHG NQR?Z

s D SURFHVV RI NQRZLQJ LQ ZKLFK ZH HQJD
DQG WKURXJK GLDORJXH ZLWK RWKHUV DQG 2
PHDQLQJ WR WKH ZRUOG 7KLV SURFHVV DFNQ
GLIIHUHQW IRUPV RI NQRZOHGJH LQFOXGLQ
NQRZOHGJH DQG H[SHULHQWLDO NQRZOHGJH’

OF&RQQHOO
7KXV FRQVWUXFWLYLVWLF OHDUQLQJ SUDFWLFH
SDQ LGHQWLILDEOH HQWLW\ ZLWK VRPH DEVROXWH W

$ WHFKQRORJ\ HQDEOHV WKH GHYHORSPHQW
VNLOOV ZKHQ VWXGHQWY DUH WDXJKW WR DS!
VROYLQJ DQG DUH WKHQ DOORZHG RSSRUWXQL
GHYHORSPHQW RI VROXWLRQV ~
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&RIQLWLRQ DQG 7HFKQRORJ\ *URXS

,Q %URZQ WKH WKHQ GLUHEWRU RI ;HUR[ 3C

LQ IDYRXU RI FRQVWUXFWLYLVP WKDW WKH SRSXOR:

UHDOLW\ DQG QRW WKH LQGLYLGXDO H[SHUW SDUWL

%:H EHJDQ WR UHDOLVH WKDW QR RQH SHUVRQ

H[SHUW ZDV QRW D SHUVRQ EXW ZDV WKH FRPF

ILQG D ZD\ WR VXSSRUW DQG WDS WKH FRPPXQ

D ZKROH QHZ ZD\ WR DFFHOHUDWH OHDUQLQ

VWUXFWXUH NQRZOHGJH DVVHWV LQ WKH PD
YLUWXDOO\ QR RYHUKHDG ~

%URZQ

&RQVWUXFWLRQLVP
KLOH FRQVWUXFWLYLVP GHILQHYV OHDUQLQJ DV

LQVLGH RI RERHVWUKXKINGXUBRRQQVYWR WKDW WKH EHVW ZLC
LOQOWHOOHFWXDO VWUXFWXUHV IRUP LV WKURXJK WKI
RQH V KHDG WKDW LV VRPHWKLQJ WDQJLEOH VRPHW

6H\PRXU 3DSHUW ZRUNHG ZLWK 3LDJHW LQ WKH
ZRUN H[WHQGV 3LDJHW V WKHRU\ RI FRQVWUXFWLYL\
WKHRU\ DQG HGXFDWLRQ

S&RQVWUXFWLRQLVP WKH 1 ZRUG DV RSSRVHG
FRQVWUXFWLYLVPYV FRQQRWDWLRQ RI OHDUQLI
VWUXFWXUHYVY" LUUHVSHFWLYH RI WKH FLUFXP?
DGGV WKH LGHD WKDW WKLV KDSSHQV HVSHFLI
ZKHUH WKH OHDUQHU LV FRQVFLRXVO\ HQJDJH
HQWLW\ ZKHWKHU LWV D VDQG FDVWOH RQ W
XQLYHUVH ~
3DSHUW

7KH NH\ DVVHUWLRQ RI FRQVWUXFWLRQLVP WK
KDSSHQV HVSHFLDOO\ ZHOO ZKHQ SHRSOH DUH HQJC
VRPHWKLQJ HIWHUQDO WR WKHPVHOYHV &RQVWUXF
S3LDJHW V WKHRU\ RI FRQVWUXFWLYLVP :KHQ SHRSO
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WKHLU PLQGV IURP DUWHIDFWY WKLV NQRZOHGJF
VRSKLVWLFDWHG DUWLIDFWYV ZKLFK LWHUDWHYV LQWI

KHUH FRQVWUXFWLYLVP FDQ EH H[SUHVVHG DV |

OHDUQLQJ E\ PDNLQJ 3DSHUW LV FULWLFDO RI
WR PHDQ WKH FRQVWUXFWLRQ RI NQRZOHGJH ZLWKR:
WR +HLQ ZKR DV VWDWHG LQ VHFWLRQ FODLF

7KLV GLVDVVRFLDWLRQ RI NQRZOHGJH ZLWKRXW
ZHDNHU XQGHUVWDQGLQJ FRHUFLYH EXUULEXOXP O
3DSHUW V ZRUN DUH FRYHWOHGGMWGRHEAVK &RLRIGW E@R
3RZHUIXO ,GHORQVWUXFWLRIKH RKLOGUHQV 0MDEXE Q
7KH &RQQHFWHG )DPKDEK LOOXVWUDWH PRUH WKDC
UHVHDUFK LQ OHDUQLQJ ZLWK FRPSXWHUV 6WDJ
FRQVWUXFWLRQLVP LQ VRIWZDUH LQWHUDFWLRQ SU
EXLOGLQJ GHEXJJLQJ DQG WKH SUHVHQWDWLRQ RI D

SHVQLFNYV ZRUN VXEVHTXHQWO\ LQYHVWLJD'
&RQVWUXFWLRQLVP ,Q KH LOOXVWUDWHG KLV V
DV D 'LVFEXVVLQJ &RQVWUXFWLRQV E 6KDULQJ &R
&RQVWUXFWLRQV DSSOLHG LQ GLVWULEXWHG &RQVW

OXFK RI WKH ZRUN GRQH WRGD\ LQ WKH DUHD RI &F
GLVWULEXWHG FRQVWUXFWLRQLVP DV PHFKDQLVPV W
OHDUQLQJ HQYLURQPHQWY 6RFLDO DQG 'LVWULEXWE
LQ WKH DZDUHQHVV RI FRQVWUXFWLRQLVW NQRZOH
FRPSXWHU QHWZRUN IRUPDWY H J ZHE EDVHG IRUXP

KDW LV LQWHUHVWLQJ DERXW &RQVWUXFWLRQLVP L\
FORVH FRXSOLQJ RI SK\VLFDO DQG GLJLWDO UHSUHYV
D WUXH VHQVH RI GLUHFW PDQLSXODWLRQ 6KQHLGH
DUH LQWHUDFWLQJ GLUHFWO\ DQ REMHFWLYH FRQVW
UHSUHVHQWDWLRQ RI WKH FRQVWUXFW )JLVKNLQ HW
FRQFHSW S5HVQLFN HW DO WDNHV WKLV PRGHO |
GLJLWDO UHSUHVHQWDWLRQ GLUHFWO\ ZLWKLQ WKH
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$FNHUPDQQ VXJIJHVWYV WKDW WR IDFLOLWDWH Ol
EH DEOH WR UHIOHFW XSRQ REMHFWLI\ DQG UHDVRQ(
%HUWHOVHQ KDV GLVFXVVHG WKH LVVXHV RI FR

WR +&, SUDFWLFHV

3$ SURWRW\SH FDQ ERWK EH XQGHUVWRRG DV
REMHFW RI GHVLJQ 'HVLJQ DUWHIDFWV DUH PH
IXQFWLRQV JHWWLQJ NQRZOHGJH DQG XQGHU
GHVLJQHG L H FRQFHSWLRQ FRPPXQLFDWLQJ
WKLV SURFHVV DQG FRQVWUXFWLQJ WKH QH:
FRQVLGHUHG ZRUOG

%HUWHOVHQ

7KLV WKHVLV IXUWKHU GHILQHV WKLV SK\VLFDO
RI FRQVWUXPWMRID¥W BWLYHQ VR @WWQRWWAI R QRR/®@ | X
VXUURXQGLQJ WKH FXUUHQW UHVHDUFK EHLQJ XQGF
FRQVWUXFWLRQLVP FRQWH[WYV

$FWLYLW\ 7TKHRU\ LQ D &RQVWUXFWLRQLV
7KRXJK EURDG LQ VFRSH $FWLYLW\ 7KHRU\ /HRQW:!

UHODWHG WR WKH FRQVWUXFWHG DQG REMHFW ZRU
VWDWHY WKDW

33HRSOH GR QRW VLPSO\ SDVVLYHO\ DEVRUE D

WKH RXWHU ZRUOG WKH\ DFWLYHO\ H[SORUH

DQG VRFLDO HQYLURQPHQWY  +XPDQ DFWL

VWUXFWXUHG G\QDPLF DQG VHOI UHJXODWL

QHHGY DQG REMHFWYV ~ +DUUI

%XUG GHPRQVWUDWHY WKDW $FWLYLW\ 7KH
LQ WKH YLHZ RI 6RIWZDUH (QJLQHHULQJ SULQFLSOHV

IHRQWHY DV D NH\ DXWKRULW\ RQ WKH WRS
PRODU DQG QRW DQ DGGLWLYH XQLW RI WKH OLIH R
WR VXJIJHVW WKDW

+XPDQ DFWLYLW\ GRHV QRW H[LVW H[FHSW LQ W

DFWLRQV /HRQWTYHY
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&RQVWUXFLRQLVP

$SFWLY
7KHH
6RIWZDUH
(QJLQHHULQJ
JLIXUH &ERQVWUXFWLRQLVP ZLWK $FWLYLW\ 7KHRU\ LQ 6RI

(QJHVWURPYTV PDLQWDLQV KRZHYHU WKDW $FWLY
GLIIHUHQFHV WR FRQVWUXFWLRQLVP WKHRU\ +H H[S
S$FWLYLW\ WKHRU\ LV DW LWV EHVW LQ DQDO\
SURFHVVHV Rl GHYHORSPHQWDO WUDQVIRUPDYV
OHDUQLQJ LV HQHUJL]HG E\ KLVWRULFDOO\ D
FRQWUDGLFWLRQV ZLWKLQ DQG EHWZHHQ DFWL"
E\ GLVWXUEDQFHY DQG FRQFUHWH LQQRYDWLYH

7KH RULJLQDWRUV RI $FWLYLW\ 7KHRU\ SUHVHC
SURSRVLWLRQV RI WKH QDWXUH RI KXPDQ DFWLYL)
DUJXPHQW WKDW DOO KXPDQ LQWHUDFWLRQ ZLWK WI
RU E\ LPPDWHULDO VLJQV )LJXUH 9\JRWYVN\

JLIXUH 9\ JRWVN\YV JHQHUDO SUHVHQWDWLRQ RI PHGLDWHG
OHGLDWLRQ E\ WRROV DQG VLJIQV

(QIHVWURP GHYHORSHG 9\JRWVN\TV DQG /F
DSSOLFDEOH PRGHO RI WKH V\VWHPLF VWUXFWXUH R
PRGHO WKH HOHPHQWY RI DQ LQGLYLGXDO DFW
SHUVRQ WKH REMHFW WKH PHGLDWLQJ LQVWUXPHQ



ORKDPHGDOO\ 3K'" 7KHVLV

7DEOH (QJHVWURP UHSRUWLQJ /HRQWIYIHYV WKUH
QRQ FRQVFLRXV RSHUDWLRQ LQGLYLGXDO DFW
QLW 'LUHFWLQJ )DFWRU 6XEMHFW
$FWLYLW\ 2EMHFW ORWLYH &ROOHFWLYH
$FWLRQ *RDO ,QGLYLGXDO RU *URXS
2SHUDWLRQ &RQGLWLRQV 1RQ FRQVFLRXYV
IHRQWIHY HPSKDVLVHV WKDW WKH PRWLYF

VKDUHG DUWHIDFW FRQVWUXFWYV RU PRUH VSHFLIL
GXULQJ WKH DFWLYLW\ HJ WKH PRWLYH RI D EXLOG
ubzZz PDWHULDOV LQWR DQ RIILFH

%HIXLQ DQG 5DEDUGHO GHPRQVWUDWHYV \
PRGHOOLQJ 3SDSHU DQG SHQFLO"™ SURWRW\SLQJ GH)
VKRZHG WKDW WKH FRPSXWHU DVVLVWHG GHVLJQ SU
DSSHDUHG WR GHPRQVWUDWH FOHDU DFWLYLW\ SHUL
FDVH VWXG\ UHSRUWHG VL[ 3JHQHUDWLYH" WLPH SHL

KDW ZDV LQWHUHVWLQJ DERXW WKHVH SHULRG
HIFOXVLYHO\ JHQHUDWLYH ZKHUHDV WKH ODVW WKU
DVVHVVPHQW 7KHLU ZRUN H[SDQGV IXUWKHU WR UHL
DFWLYLW\ LV WKDW ZKHQ ZRUNLQJ RQ WKH FRPSXWI
)LUVWO\ WKHUH LV WKH GHVLJQ WDVN ZLWK ERWK F
TXDOLW\ RI WKH GHVLJQ RXWSXW G6HFRQGO\ WKHUH
PHGLDWH DQG WKXV UHILQH WKH TXDOLWDWLYH DVSt

7KH QRWLRQV RI DUWHIDFW GULYHQ FRQVWUXFW
DUH UHIOHFWHG IURP WKH WDQJLEOH LQWHUDFWLYFE
LPSRUWDQFH LQ VHOHFWLQJ D SHGDJRJLFDO PRGHO
WRROV IRU +&, 7KH OHYHOV RI IUHHGRP WR FUHDMW
FRQFHSWXDO NQRZOHGJH VWUXFWXUHY DUH RI VLJIQL
WKDW DUH WRXFK DQG SHQ EDVHG *LYHQ WKDW W
PHDVXUHG ZLWK PRELOH VRIWZDUH PHWKRGV WKLYV
H[SORUH D PHDVXUDEOH FRQWH[W RI FRQVWUXFWLR
VLWXDWHG FRIQLWLRQ FRQVWUXFWLRQLVP DQG DFV
EDVLV IRU IXUWKHU H[SORULQJ WKH LQQHU XQGHUVYV



ORKDPHGDOO\ 3K'" 7TKHVLV

NQRZOHGJH ZKHQ IDFHG ZLWK WDQJLEOH PHGLD 7tk
HISDQGHG RQ IXUWKHU LQ D QHZO\ GHVLJQHG I1UD
GHVFULEHG VXEVHTXHQWO\ LQ FKDSWHU

&KDSWHU 6XPPDU\
‘H KDYH H[SORUHG VHYHUDO RI WKH NH\ OHDL

SVI\FKRORJ\ DQG GUDZQ WKHP WRJHWKHU LQWR DVS
FRQVWUXFWLYLVP DQG FRQVWUXFWLRQLVP 7KH GLU
GHILQHG LQ WKLV FKDSWHU KDV EHHQ VKRZQ WR UH
6LWXDWHG &RJIJQLWLRQ DSSOLHV WR WKH FRQWH[W R
HOLFLW NQRZOHGJH JLYHQ WKHLU HQYLURQPHQW

$V %HIXLQ DQG 5DEDUGHOfV ZRUN LOOXVWL
LW FDQ EH REVHUYHG LQ SDUWLFXODU IURP HPSLULEF
VWDJHVY WKDW FDQ EH LGHQWLILHG QDPHO\ *HQHUL
FRQFHSWYV IURP WKH SHGDJRJLFDO VWDQGSRLQW KDY

*HQHUDWLYH $FWLYLW)\
OHGLDWLRQ E\ FRQVHQVXV DQG

SHILQHPHQW E\ DVVHVVPHQW ZKLFK SRWHQWL
DFWLYLWLHVY WR FRQVWUXFW QHZ NQRZOHGJH DC

JURP WKLV XQGHUVWDQGLQJ RI WKHVH NH\ SLO
VXEVHTXHQW FKDSWHU ZLOO GHDO ZLWK WKH FUHD
DQDO\VLQJ WKH VWDJHV Rl XVHU FRQVWUXFWLRQLVP
EH GRQH LQ RUGHU WR GLUHFW WKH VWDWH RI WK
SHGDJRJLFDOO\ JURXQGHG PHDVXUHV EDVHG RQ WKL
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&KDSWHU $ )UDPHZRUN RI1 $
&ERQVWUXFWLRQLVP IRU



'" ORKDPHGDOO\ 3K'" 7TKHVLYV
 QWURGXFWLRQ

7KLV FKDSWHU IROORZV RQ IURP WKH OLWHUDW X
SV\FKRORJ\ &KDSWHU ,Q OLHX RlI &RQVWUXFWLRQ
QDWXUH Rl &RQVWUXFWLRQLVP DQG LWV UHODWLRC
+RZHYHU WKHUH LV D GLIIHUHQFH EHWZHHQ XQGHU
HPSLULFDOO\ PHDVXULQJ WKHP 7KLV WKHVLV WKHU
IUDPHZRUN WKDW FDQ EULGJH WKHVH WZR SURFHVV
JUDPHZRUN RI $UWHIDFW 'ULYHQ &RQVWUXFWLRQLV
KHQFHIRUWK 3)UDPHZRUN RI &RQVWUXFWLRQLVP IF
PRGHOOLQJ DQG PHDVXUHPHQW RI FRQVWUXFWLRQ!
WKHRU\ GLVFXVVHG LQ FKDSWHU IRXU VHWV WKH
&RQVWUXFWLRQLVP IRU +&, .( PHWKRGV &KDSWHU
E\ DSSO\LQJ LW WR WKUHH +&, .( VFHQDULRYV

$ )UDPHZRUN RI &RQVWUXFWLRQLVP
$V UHSRUWHG LQ FKDSWHU .HOO\fV 3HUVRQD

HPSKDVLV RQ OHDUQLQJ ZLWK H[SHULHQFH 7KLV |
FRQVWUXFWLRQLVP 7KH QRWLRQ WKDW DQ :LGHD  F
RI D ORJLFDO :FRQVWUXFWLRQ  HQDEOHV XV WR PR
DQG PDQLBXBWLRW YV

1HZ NQRZOHGJH LV SRWHQWLDOO\ FUHDWHG E\ W
GXULQJ WKH NQRZOHGJH HOLFLWDWLRQ DFWLYLW\ D¢
HILVWLQJ RQHV DQG VR IRUWK 7KLV FKDLQLQJ HIIHF
PRGHOOLQJ E\ RWKHUV ZKR KDYH GHILQHG LW DV SDL
IHRQWIHY 9\JRWYVN\

ORUH VSHFLILFDOO\ /HRQWIIHYfV PRGHO GLVYV
DFWLYLW\ EXLOW XS RYHU WLPH E\ DFWLRQV DQG R:
LV GHILQHG DV 3*WKH HQJDJHPHQW RI D VXEMHFW WR

/I XULD 9I\JRWVN\ FRQWULEXWHG WR $FWLYLYV
LV PHGLDWHG WKURXJK WKH XVH RI DUWHIDFWYV

,Q JHQHUDO DUWHIDFWY DUH ERWK D FRQVWUXI
SURGXFW RI DQ DFWLYLW\ DQG FDQ EH PRGLILHG W
%HUWHOVHQ GHQRWHYV
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SGHVLJQ DUWHIDFWY DUH ERXQGDU\ REMHFWYV E
VLWXDWLRQV RI DSSOLFDWLRQ DQG DW WKH \
WKHUHE\ PHGLDWLQJ GLYHUJHQW QHHGY DQG YL

%HUWHOVHQ

%DQQORQ DQG %RGNHU GHVFULEH WKLV IRUP
XQGHUVWDQGLQJ DUWHIDFWYV DQG GLVWLQJXLVKLQJ

VLPLODUO\ XVHV WKLY LGHD RI PHGLDWLRQ WR
FRQVWUXFWLRQ DV D FRPELQHG UHVXOW RI JHQHU|
VWDJHVY DV UHSRUWHG LQ FKDSWHU IRXU

,OQWURGXFLQJ &RQVWUXFWLRQLVW OHWULF
7KLY WKHVLY SURSRVHVY WKDW DUWHIDFWY DV FI

RI LWHUDWLYH WDQJLEOH NQRZOHGJH HLWKHU IU
FROODERUDWLYHO\ ,W FDQ EH UHSUHVHQWHG LQ D |
FRQVWUXFWLRQ F\FOH RI D VLQJOH NQRZOHGJH HQW!|
)LJ

L 'HFLVLRQV *HQHUDWLYH $FWLYLW\ DQG ILUVV
LL OHGLDWLRQ %DFNWUDFNLQJ SDXVLQJ IRU Ul
LLL 5HILQHPHQW $VVHVVPHQW DQG LQQRYDWLR

ILQHDU $SSURDFKHV

JLIXUH /ILQHDU DQG QRQ OLQHDU DSSURDFKHYV DV D 7THPSRU|

7KLV WKHVLV GHVFULEHV WKLVHFSRWIV X, FWHL
&RQVWUXFW DM LWWDHSHWHVHQWY D VLQJOH LWHUD\
DW D SRLQW LQ WLPH 8SRQ UHILQHPHQW VHYHUL
IXUWKHU 'HFLVLRQ VWDJHV OHDGLQJ WR VXEVH
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SHILQHPHQW ZLWKLQ UHFXUVLYH FRQVWUXFWLRQV
EUDQFK LQWR GLPHQVLRQV $GGLWLRQ )LUVW 6H)
DQG 5HPRYDO 'HOHWH

TKH THPSRUDO ODQLSXODWLYH OHGLDWLR
,Q DGGLWLRQ WR WKHVH D IRXUWK YDULDEOH D

SRLQW LQ WLPH ZKHQ D JHQHUDWLYH DFEWLYLW\ 'HF
UHVW DQG WKHQ FRQWLQXHV RQZDUGV LQ WKH WLF
OHDGLQJ RQ WR D QHZ DUWHIDFWV FRQVWUXFWLRQ R

7KLV PHGLDWLRQ SRLQW LV LQ OLQH ZLWK 5HVQ
ODQLSXODWLYH LQ FRQVWUXFWLRQLVP LWHPV DUH
UHIHUUHG WR DV D 7HPSRUDO ODQLSXODWLYH 7KLV
WKLV IUDPHZRUN IRU PHDVXULQJ 7,& VWDWHV LQ FI
VHQVLEOH PHDVXUH IRU KLVWRULFDO FRPSDULVRQ R
KDYH EHHQ VKRZQ WR JLYH LQGLFDWRUV RI SHUIRUP
+&, WKHRUHWLFDO FRQWH[WV 'L[ HW DO

7KLY PHGLDWLRQ SRLQW LV WKXV LPSRUWDQW 'V
DUWHIDFWY DV D VLQJOH DUWHIDFW LQ D FRQVWUXFYV
'9" PRYLH PHQX LQWHUIDFH PD\ VKRZ RQH DUWHIDFYV
ZKLFK KDV LFRQV ODEHOV DQG D EXWWRQ VW\OH D
DUWHIDFW EHIRUH WKH XVHU KDV FRQVLGHUHG D QH
PHQX LPDJH

/KH 7THPSRUDO 'LVWDQFH EHWZHHQ 7ZR ,C
OHGLDWLRQ 3RLQWYV FDQ YDU\ VLIQLILFDQWO\ I

HIDPSOH LQ VNHWFKLQJ D GUDZLQJ DQ DUELWUDU\
LQIHU WKDW PRVW VWURNHV RI WKH SHQ ZLOO EH
UHSUHVHQWDWLYH RI WKH VI\PEROLF XQGHUVWDQGLQ

([SORULQJ WKH SUDFWLFDO WHPSRUDO GLVWDQF|
WKLV WKHVLV DQG UHPDLQV LQ WKH GRPDLQ RI H[SF
GHWHUPLQHG WKDW WKHUH DUH WZR WHPSRUDO YDU
WKH WLPH WDNHQ IRU D VLQJOH LGHD WR EH FRQVW
IRUPDWLRQ DV UHFRJQLVHG LQ WKLV WKHVLV DV VHS
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JLIXUH $ RQH VHFRQG DUELWUDU\ SHULRG WR VHSDUDWH P
XQFKDUDFWHULVWLF DUWHIDFW FRQVWUXFWY XQWLO W
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JLIXUH /IRQJHU DUELWUDU\ SHULRGY DQG DFWLYLW\ SURSHU\
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&RQVWUXFWLRQLVW 6SDWLDO ,QFXUVLRQ
6HYHUDO HYHQWYV ZLWKLQ D JHQHUDWLYH DFWL

YLHZHG DV D VHULHV RI DFWLYLWLHV HJ DV D FOXV
FROQVWUXFWLRQLVW DFWLYLW\ FDQ EH GHWHUPLQHG
ZKLFK DUH FKDLQHG RU DOWHUQDWLYHO\ FRQWLQXLEL
FKDQJH LQ WKH FRQVWUXFWLRQ SURSHUWLHV WKH!
DGGLQJ WKHQ GHOHWLQJ WKH DUWHIDFW LQ TXHVWLF

7TKHVH FOXVWHUY DUH LQWHUOLQNHG ZLWK WKH
ZKLFK JLYHV ULVH WR SRWHQWLDO EHKDYLRXUDO H]J
ZKHQ VHSDUDWHG E\ PHGLDWLRQ SRLQWY 7KH UHVX
DUWHIDFWV WKURXJK 7,& VWDWHYV LQ WKLV PDQQHU .
DQG FDSDELOLW\ LQ WKH VFHQDULR RI1 XVH

7TDEOH GHVFULEHVY DOO SRVVLEOH HYHQW
FRQVWUXFWLRQLVP WKURXJK FRPELQLQJ 7,& VWDWH"
DFWLYLWLHV )LJIJXUH GHPRQVWUDWHY WKHVH IUD

LQGHSHQGHQW YLHZ Rl WZR H[DPSOHV LQ D OLQHD
FRQVWUXFW ZLWK SRVLWLYH UHILQHPHQW DQG WKH
XQFHUWDLQW\

6WDUW MB
B BIEB B L L (QG
$GG $GG ORGLI\ $GG 'HOHWH
$GG ORGLI\ '"HOHWH ORGLI\ '"HOHWH
BBBBBB
)LIXUH D FRQILGHQW DQG D QRQ FRQILGHQW YLHZ OHGLDWL!

LQGHSHQGHQW YLHZ RI FRQVWUXFWLRQLVP



ORKDPHGDOO\ 3K'" 7TKHVLV

7DEOH (YHQW SDWWHUQV IUDPHZRUN ZLWKLQ DQ
1DPH 7\SH 9D O XH ([SODQDWLRQ
7D 7RWDO 7LPKRUWHU W&RBILGHQW EXW ODFNLQJ
D KXUU\
7E 7RWDO 7URH)JHU WLPEHWURQJ PHGLDWLRQ EXW (¢
FRQILGHQW FRXOG EH LQ(
$D $GGLWLRQRWY LQ D6WKRRIM FRQILGHQFH ,QVV
WLPH LPSOLHV XVLQJ SHUVRQDO
NQRZOHGJH
$E $GGLWLRQPHZ LQ D VARWWFRQILGHQW DW WDVN
WLPH PHGLDWLRQ
$F $GGLWLROQRWY LQ D &WRQRQJ FRQILGHQFH DWW
WLPH PHWKRGRORJLFDO DSSUR
$G $GGLWLRQHZ LQ D ORRW FRQILGHQW DW WDVN
WLPH PHGLDWLRQ
0D ORGLILFDYHZARQW D VKRUMQJ FRQILGHQFH ZHD
WLPH SRVVLEO\ SUH ILQDO UHIL
0E ORGLILFD¥YWRMVROVLQ D VHKBUDWLRQ DQG UHILQHPF
WLPH HLWKHU LQGHFLVLYH RU G
DIJUHHPHQW
'D '"HOHWLRQMZ &RQILGHQW LQ RXWSXW
'E '"HOHWLRQRWYV (LWKHU QRQ FRQILGHQW F
XQGHUVWDQGLQJ H[SHUW
FRUUHFWHG XQGHU PHGLD
$0 $GGLWLRORWIQG $WRPLF H[SHUWLVH VWUI
ORGLILHU 3DLU UHILQHPHQW SHUIHFWLRQ
0' ORGLILHUMWEG 6XJIJHVWV PHGLDWLRQ DQC
'"HOHWLRQ 3DLU WRZDUGV SRVLWLYH UHILCG
$ $GGLWLRQRWYQ G (LWKHU QRQ FRQILGHQW F
'"HOHWLRQ 3DLU XQGHUVWDQGLQJ H[SHUWI
FRUUHFWHG XQGHU PHGLD
0% ORGLILHU/RW S &RQVWUXFWLYH UHILQHPH
$GGLWLRQ 3DLU
"0 '"HOHW LR QRWQG '"HVWUXFWLYH UHILQHPHQV
ORGLILHU 3DLU
'$ '"HOHW LR QRMWQG S5HSODFHPHQW RI H[SHUWL
$GGLWLRQ 3DLU VHQVH RI FRUUHFWHG NQR
$0$ $GG ORGLRWYV &RQVWUXFWLYH UHYLHZ D«
$GG WULSOHW RI H{YSHUW EHKDYLRXU
$'$ $GG 'HOHWWYV '"HFRQVWUXFWLYH UHYLHZ
$GG WULSOHW FRQWLQXDWLRQ RI H[SHUW
$'0 $GG 'HOHWWYV '"HFRQVWUXFWLYH DQG XQF
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ORGLWULSOHW H[LVWL@HEQRZ

$0' $GG ORGLRWYV SHILQHPHQW ZLWK QHJDWL
'"HOHWH WULSOHW

0%’ ORGLI\ $GRBWYV SHILQHPHQW ZLWK QHJDWL
'"HOHWH WULSOHW

0'0 ORGLI\ /RWV S8QFHUWDLQW)\ LQ UHILQHP
'"HOHW H
ORGLI\ WULSOHW

0'$ ORGLI\ /RWV 3RVLWLYH UHILQHPHQW DI
'HOHWH $GG
WULSOHW

0$0 ORGLI\ $GRWYV 33LFN\" EHKDYLRXU
ORGLI\ WULSOHW

'$0 'HOHWH $BWV 3RVLWLYH UHILQHPHQW ZL
ORGLI\ WULSOHW EHKDYLRXU

'0$ 'HOHWH /RWV 5HIJDLQLQJ FRQILGHQFH LC
ORGLI\ $GG
WULSOHW

0" '"HOHWH /RWYV S8QFHUWDLQW)\ LQ H[SHUWL
ORGLI\
'"HOHWH WULSOHW

'$ 'HOHWH $BWV S8QFHUWDLQW)\ LQ H[SHUWL

'"HOHWH WULSOHW

$SSOLFDWLRQ WR +&, THFKQLTXHYV
%\ H[DPLQLQJ WKH ZD\ FXUUHQW +&, NQRZOHGJ!

FKDSWHU DUH DSSOLHG WR FUHDWH WDQJLEOH NQ
G\QDPLF PDQLSXODWLRQ DQG HYROXWLRQ RI DUWHI
ORKDPHGDOO\ HW DO LV DQ LQGLYLGXDO EDVI
WKUHH GLVWLQFW OHYHOV RI LQWHUDFWLYLW\ FRQV\

7KH ILUVW OHYHO ,QHUW &RQVWUXFWLRQLVP L
XVHUV DQG OLPLWHG LQWHUDFWLRQ LQ WKHLU WD
NQRZOHGJH VWDUWLQJ IURP LQLWLDOO\ VHW NQRZQ
QRQ WHPSRUDO VWDUWLQJ SRLQW LQ GHVFULELQJ
ZLWKRXW RXWVLGH LQIOXHQFHV KHQFH WKH WHUPLC
&RQVWUXFWLRQLVP LQ +&, LQIHUV LQWHUDFWLYLW\ E
ZLWK WKHLU WDVN &KDSWHU $IILQLW\ 'LDJUDPPL
&RQVWUXFWLRQLVP LQIHUV LQWHUDFWLYLW\ EHWZH|
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GHVWUB¥WAHR@MO DV FUHDWLRQ &KDSWHU 3DSHU :
'\QDPLF &RQVWUXFWLRQ ERWK LQIHU VLJQLILFDQF
FRQVWUXFWLRQ Rl QHZ NQRZOHGJH

6HYHUDO .QRZOHGJH (OLFLWDWLRQ WHFKQLTXH\
FHQWUHG GDWD WKURXJK WKH XVH RI WDQJLEOH DL
FUHDWH QHZ NQRZOHGJH WKDW UHSUHVHQWYV UHTX
WDQJLEOH DUWHIDFWY 7KH XVH RI FRQVWUXFWLQJ C
WR PHWDSKRUV RI VSDFLRXVQHVY DQG IUHHGRP 7KF
EDVHG PRELOH GHYLFHV DQG KDQGKHOG PHWDSKR
&RQVWUXFWLRQLVP WR PRELOH WRROV IRU +&,

7KH VHOHFWLRQ Rl WKH IROORZLQJ WKUHH WHEK
WKH DYDLODELOLW)\ RI SHGDJRJLFDO VFHQDULRYV ZLW
Rl +&, FRQWHQW 8VLQJ +&, FODVVHV LV GHVFULE
SDUWLFLSDQWY ZLWK HQRXJK UDQGRPQHVV LQ TXDC
RI HGXFDWLRQ WKRVH LQ LQGXVWU\ ZLWK WKH H[St
UHJDUGLQJ WKHLU SRWHQWLDO IRU PLPLENLQJ WKHL
DUWHIDFWV LQ PRELOH VRIWZDUH

/JLQHDU FDUG VRUWLQJ DV GHVFULEHG LQ PRUH
FRQVWUXFWY DV LQ FDUG JURXSLQJV RQO\ XSRQ
NQRZOHGJH JDLQHG LV LQHUW 8VLQJ FORVHG FDUG
JLYHQ UDWKHU WKDQ LQWHUSUHWLQJ D VWDUWLQJ S
JURXSLQJV FRPH IURP LQGLYLGXDOV DQG DUH FRPS
SXEOLFO\ FXPXODWLYH YLHZ Rl WKH FRQVWUXFW LG
XVHU DFWLRQV DQG KDV D VLQJOH F\FOH RI LWHUI
VHOHFWHG DV DQ H[SHULPHQWDO PRGHO IRU ,QHUW ¢
WKDW FRXOG KDYH EHHQ GHVFULEHG DV LQHUW ZRXC
EXW WKLV LV QRW DV WDQJLEOH LQ QDWXUH DV PDQL

$I1HLQLW\ 'LDIJUDPPLQJ FKDSWHU FDQ EH ERW
TXboLw\ DQG H[SHUWLVH UHSUHVHQWDWLRQ LV DIII
VHYHUDO SDUWLFLSDQWY W DOORZV $GGLWLRQV
'"HOHWLRQV DUH KRZHYHU QRW W\SLFDOO\ DOORZHG
HJ IURP FRPPRQ WHUPLQRORJ\ &ERQVWUXFWLRQL
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WA SRUDO UHYLHZ RI DOO SRVVLEOH GHFLVLRQV PDG]I
WKH GXUDWLRQ RI WKH DIILQLW\ GLDJUDPYV FRQVYV
HI[SHULPHQWDO PRGHO IRU 6HPL '"\QDPLF &RQVWUXFV
IRU VHPL G\QDPLF FRQVWUXFWLRQLVP FRXOG KDYH
6KQHLGHUPDQ 7KLY ZRXOG HQDEOH WKH WHI
UHILQHPHQW RI FUHDWLQJ WKH EUDQFKHYV RI WDVNYV
FDQ EH IDFLOLWDWHG ZLWKRXW WKH XVH RI JURXSV

BURWRW\SLQJ FKDSWHU LV D ULFKO\ YLVXDO
+&, FRQWH[W SURWRW\SLQJ LV XVXDOO\ GRQH LQ
FRQVHQVXV RI LQSXW DQG UHILQHPHQW ,W DOORZ)\
'HOHWLRQV ' 3URWRW\SLQJ LV VWURQJO\ WHPSRUD
Rl WKLV FRQVWUXFWLRQLVW IUDPHZRUN WR HOLFLYV
SURWRW\SH GHVLJQ /RZ ILGHOLW\ SURWRW\SLQJ DV
LFRQLF UHSUHVHQWDWLRQV RI SDSHU DQG LQN Of
PHWDSKRUV GHHS PHQXV DQG RSWLRQ ER[HV HWF T
LGHD FUHDWLYLW\ 7KH PRGHO Rl FRQVWUXFWLRQLYV
DQG LQIHUV D ZLGH YDULHW\ RI SRWHQWLDO FKDQJ
PRGHO RI '"\QDPLF &RQVWUXFWLRQLVP $Q DOWHUC
FRQVWUXFWLRQLVP FRXOG EH VWRU\ERDUGLQJ 6\QG
DQG PDQLSXODWH WKHP WDQJLEO\ RQ VFUHHQV WR
VKRZV WKH GLPHQVLRQV RI WKHVH WKUHH NQRZOHG.
ZLOO FDUU\ IXUWKHU

7DEOH 7KUHH NH\ WHFKQLTXHV ZLWK YDULDWLF
,QHUW 6HPL '\QDPLF DQG '\DPLF

ILQHDU &DUGQHUW ,QGLYLGXBOWDWLF 'DWB[WXDO
6RUWLQJ . QRZOHGIJH%DVHG $QDO\WVLYHSUHVHQWD!

$ILQLW\6HPL "\QDPIURXS %DMHEGRUDO DHNWXDO LQ
‘'LDIJUDPPLQORZOHGJIH $QDO\VLV 9LVXDO
SHSUHVHQWD'

IRZ )LGHOLWQDPLF *URXS %DMHSRUDO "DUDBKLFDO
3DSHU .QRZOHGJH $QDO\WWLYHSUHVHQWD!
SURWRW\SLQJ
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$GYDQWDJHV DQG 'LVDGYDQWDJHV RI &RQV
GRPDLQ RI ORELOH +&, .(
$SSO\LQJ WKH FRQWH[W RI FRQVWUXFWLRQLVP

VWHS WR GHILQLQJ QHZ PRGHOV RI XQGHUVWDQGLQJ
KRZHYHU LV WKH VI\QWKHVLV RI WKHVH PRGHOV ZLW
(OLFLWDWLRQ WHFKQLTXHVY EDVHG RQ WKH PHWDSKR

7KH VLIJQLILFDQFH RI PRELOLW\ LQ WKLV UHVSHI
.( PHWKRGYVY DUH REYLRXVO\ TXLFN FKHDS DQG SUDF
HITLFLHQWO\ DQG GHSOR\PHQW RI WKH PHWKRGV DUH

+RZHYHU RIILFH PDWHULDOV DQG VSDFH QHHG
RXWSXwWV DUH QRW HIIHFWLYHO\ UHFRUGHG RQ SDS|
LOWHUPHGLDWH GHFLVLRQV PDGH DUH QRW UHFRUG
ILQDO NQRZOHGJH UHSUHVHQWDWLRQV "KLOVW GH\
SRWHQWLDO XVHU EDVHVY DQG DFTXLUH SUHFLVLRQ L
WKH NH\ LVVXH RI RQ VLWH VWDNHKROGHU NQRZOHG.

$Q DGGLWLRQDO DGYDQWDJH RI VRIWZDUH PRE
SHGDJRJLFDO HSLVWHPRORJLHV WR LW ([DPLQLQJ
IDFLOLWDWH DQ LPSURYHPHQW RI +&, PHWKRGRORJ\
SHGDJRJLFDO EDFNJURXQG RI KRZ KXPDQV OHDUQ |
8VLQJ WKH H[LVWLQJ PRGHOV GHULYHG RYHU WKH O
WKDW NH\ SV\FKRORJLVWYVY LQ WKH ILHOG VHH FKDS
DSSO\ WR WKH +&, ILHOG RI VWXG\ 7KHVH WKHRUL
LOQWXLWLRQV DQG NQRZOHGJH RI XVHUV

$V UHSRUWHG LQ FKDSWHU .HOO\fV 3HUVRQTC
HPSKDVLVY RQ OHDUQLQJ ZLWK H[SHULHQFH 7KLV D
FRQVWUXFWLRQLVP RYHU WLPH DV ZH EXLOG XS RXL
ZLWK RWKHUV LQ IRUPLQJ LGHDV 7KH WDQJLEOH SU
E\ XVH Rl PDWHULDOV WR UHLQIRUFH NQRZOHGJH L
5HVQLFN 8QGHU WKH FRQFHSWV SURYLGHG E\
+DQQDILQ DOVR UHSRUWHG LQ FKDSWHU H
HQYLURQPHQW RI FRQWH[W KDV VLJQLILFDQFH WR W
VXEMHEWYVY EHLQJ H[DPLQHG 7KLV PHWDSKRU RI VSD
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WDQJLEOH NQRZOHGJH DUWHIDFWY LQ &RQVWUXFWLF
LQ DSSO\LQJ LW LQ FRQWH[W WR PRELOLW\ LQ +&, PH

%H\RQG WKLV HSLVWHPRORJLFDO YLHZ VRPH RI WK}
VRIWZDUH FRQVWUXFWLRQLVW PHWKRGV DUH

SRUWDEOH DQG PRELOH IDFLOLWDWLQJ RQ VL\
NH\ 2Q VLWH NQRZOHGJH HOLFLWDWLRQ DIIHFWY\
DOORZVY UHVHDUFKHUV WR DOLJQ XVHU GDWD ZL
ZRUN ZLWK H[LVWLQJ V\VWHPV DQG KRZ QHZ V\\
DQG 6PLWK

1RW UHTXLULQJ ODUJH HTXLSPHQW H J ERDUGV
RWKHUVY UHPRWHO\ YLD WKH ZLUHOHVYV LQWHUQH

8VHU HQYLURQPHQWY HJ WKH GUDZLQJ ERDUG
ODUJH 3YLUWXDO" VSDFH HYHQ WKRXJK ILHOG R

S9LUWXDOO\ XQOLPLWHG VWDWLRQHU\ UHVRXUFH

$O00 GHFLVLRQVY DUH WUDFNHG DQG FDQ EH URO
SHRSOH WKLQN DW GLITHUHQW WHPSRUDO LQVWD

7KH VRIWZDUH PRGHOV ZLOO EH DEOH WR DXWHF
HJ LQ H[SORULQJ WKH IUDPHZRUN RI FRQVWUXF
PHWKRGYVY DUH FXPEHUVRPH DQG WLPH FRQVXPLQ

1RQ HGLWDEOH RXWSXWV FDQ EH VKRZQ WR DQ
WKH LQWHUQHW H J DV MSJ JLI LPDJHV

OHWDSKRUV IRU WKH WDQJLELOLW\ RI WKH HJ[L
XVHIXO HQRXJK WR EH XVDEOH DQG ZDQWHG

6RPH RI WKH QRWHG GLVDGYDQWDJHV WR PRELOH VR

2EYLRXVO\ H[SHQVLYH WR GHSOR\ WR ODUJH F
UHVSHFWLYH PRELOH WHFKQRORJLHV WKH XVH
WUDGH RIl IRU WKDW H[SHQVH LQ WHUPV RI WLP
ZKLFK RYHU WLPH LV ZRUWK PDQ KRXUYV

'KHQ GRLQJ WHDP EDVHG NQRZOHGJH HOLFLWD
UHTXLUH DFFHVV WR RQH GHYLFH XQOHVV PRUH
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RI SUDFWLFDO DSSOLFDWLRQ RI WUDGLWLRQDO
SDSHU SDG LV VKDUHG E\ D WHDP WR FUHDWH D ¢

(YHQ ZLWK PHWDSKRUV IRU H[LVWLQJ SUDFWLVF
HIHFXWLQJ D NQRZOHGJH HOLFLWDWLRQ H[HUFL
OHDUQLQJ FXUYH EXW VWLOO D OHDUQLQJ FXUY

&KDSWHU 6XPPDU\
7TKURXJK VWXG\LQJ WKH WKHRUHWLFDO PRGHO R

WKH FRQVWUXFWLRQ RI YLVLEOH DUWHIDFWV RI |
&RQVWUXFWLRQLVP IRU +&, KDV EHHQ GHVLJQHG WR
PHDVXUHPHQW RI FRQVWUXFWLQJ NQRZOHGJH LQ X\
7HPSRUDO DQG VSDWLDO YDULDEOHV ZKLEFK DIIHFW
KDYH EHHQ GLVEXVVHG

7KH )UDPHZRUN RI &RQVWUXFWLRQLVP IRU +&,
HISORUDWLRQ XVLQJ WKUHH GHVLJQHG OD\HUV RI F
"\QDPLF 3RWHQWLDO H[SODQDWLRQV WR DLG WKH F
KDYH EHHQ VXJJHVWHG DV D SUH FXUVRU IRU H[WHQ
ILHOGY 7KH UHVHDUFK GLUHFWLRQ WDNHQ LQWR FR
WRZDUGYV LQQRYDWLQJ LQ WKH ILHOG RI ORELOH +&,
DQG &KDSWHUV DQG ZLOO LQFRUSRUDWH WK
HI[ISORUH FRQVWUXFWLRQLVW PHWULFVY LQ PRELOH
GHYHORSPHQW RI QHZ WRROV EDVHG RQ WKH IUDPHZ
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&KDSWHU , QHUW &RQVWUXF
ILQHDU &DUG 6RUWLQJ
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L QWURGXFWLRQ

7KLY FKDSWHU LQWURGXFHV WKH PRGHO RI LQ
LQYHVWLIDWLQJ LWV DSSOLFDWLRQ LQ +&, EDVHG F
&RQVWUXFWLRQLVW ZDV GHVFULEHG DV &RQVWUXFW|
ZLWKRXW DQ\ HHWHUQDO FROODERUDWLYH LQYROYHF
ZDV FRQGXFWHG DQG D QHZ YDULDQW RI FDUG VRU!
GHVFULEHG E\ ,QHUW &RQVWUXFWLRQLVP 7KLV YDL
RSSRVHG WR 1RQ /LQHDU FDUG VRUWLQJ ZKLFK UHIF
FXUUHQW GD\ FDUG VRUWLQJ

JROORZLQJ WKLV VWXG\ D ZHE EDVHG FDUG VRU!
SRWHQWLDO EHQHILWYV RI ,QHUW &RQVWUXFWLRQLVP
WKH QHZ PHWKRGRORJ\ WKH ZHE EDVHG SURWRW\S
3'$ EDVHG FDUG VRUWLQJ WRRO WKURXJK 3DUW
GHPRQVWUDWHY D XVHU WHVWHG DQG RQ VLWH PREL

7KH WRRO ZDV IXUWKHU GHYHORSHG WKURXJK
PRELOH VROXWLRQ ZDV GHSOR\HG LQ D VHULHV RI |
FRQVWUXFWLRQLVP LQ D +&, .( WHFKQLTXH DV GHVFI

/TKH &DUG 6RUWLQJ OHWKRG

&DUG VRUWLQJ LV DQ LQGLYLGXDO EDVHG NQR2ZC
LQIRUPDWLRQ LQWR FDWHJRULFDO GRPDLQV 1LHOVR
WHFKQLTXH IRU FUHDWLQJ DQG DQDO\VLQJ FDWHJIRU
FRQVLGHUHG RQH Rl WKH EHVW XVDELOLW\ PHWKRGV
DQ LQIRUPDWLRQ VSDFH ODUWLQ

7TUDGLWLRQDOO\ FDUG VRUWLQJ LV GRQH E\ S
LQIRUPDWLRQ SODFHG LQWR JURXSV E\ D SDUWLFLSEL
QDPH EDVHG RQ WKH SDUWLFLSDQWYV SHUFHSWLRQV
GHPRQVWUDWHG E\ 5RVFK DQG OHUYLYV WKDW RI
PRVW UHSUHVHQWDWLYH RI WKHLU FDWHJRU\
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,W LV H[SHFWHG WKDW WKH FKDUDFWHULVWLFV
VRUWLQJ H[SHULPHQWY PD\ LQIOXHQFH WKH RXWSHX
HIDPSOH H[SHUW FDWHJRULVDWLRQV RI SUREOHP G
FDWHJRULVDWLRQVY ODLGHQ HW DO

,Q D UHJXODU QRQ OLQHDU FDWHJRULVDWLRQ H]J
RI WKH FDUGY DW DQ\ WLPH EHIRUH RU DIWHU EHL
HQFRXUDJHG WR SDUWLFLSDWH LQ VPDOO JURXSYV
NQRZOHGJH ZLWK HDFK RWKHU WR H[SODLQ WKHLU F
FDUG VRUWLQJ SURFHVV LV DWWULEXWHG WR WKH
FRQFHSWXDO FDWHJRULHVY DV GHVFULEHG LQ WKH

7KLV LV LQ JHQHUDO EH\RQG WKH VFRSH RI WKL

ORUH LPSRUWDQWO\ WKH\ FDQ GH DOORFDWH FD
WKHP G\QDPLFDOO\ WR RWKHUV WR PDWFK FKDQJLQJ
IRU TXDOLW\ FDWHJRULVDWLRQ LQ H[SHUW GRPDLQV
WKHUH DUH ORQJ F\FOHV RI PHGLDWLRQ DQG UHILQ}
SUHFLVH FOXVWHU JURXSLQJV

/IDVVDOLQH 0 X USK\ UHSRUWHG WKDW WKH L
EHWZHHQ FDUGV ZLWKLQ D FDWHJRU\ PDNHV OHDU
EHWZHHQ FDUGV IURP GLIITHUHQW FDWHJRULHYV LQFUF

$V PHQWLRQHG LQ VHFWLRQ WKHUH DUH VH'
WRROV WKDW LPSOHPHQW WKH FXUUHQW GD\ QRQ Ol
WKH QXPEHU RI XVHUV WKDW WKH\ FDQ HOLFLW FDW}F
GDWD

+RZHYHU WKLV QRQ OLQHDU UDWLRQDOH FDQ OH
WKHLU VRUWLQJ E\ VSHQGLQJ PRUH WLPH FRPSDULC
QXPEHU RI UHDVRQV HJ QXPEHU RI FDUGV SRSXO
FDWHJRULHV JURXS FRPPXQLFDWLRQ FRPSOH[LW\ |
VRPHWLPHVY HYHQ SRVLWLRQ DQG YHUERVHQHVV RI
SDUWLFLSDQWY FROODERUDWH LQ JURXSLQJ WKH FD
LV QRW DQ DFFXUDWH UHIOHFWLRQ RI DQ\ RQH LQGLY



' ORKDPHGDOO\ 3K'" 7TKHVLYV

'LWK FRQVWUDLQWY RI PRELOH GHYLFHV HJ 3
LVVXHV Rl QDYLJDWLRQ DQG LQWHUDFWLRQ DFFHVVL
WKDW QRQ OLQHDU FDUG VRUWLQJ LV QRW D SUDJP
SURFHVV UHOLDEO\ RQ D 3'$ DV WKH SK\VLEDO QRQ C
D EODFNERDUG IRU YLVXDO DQDO\VLV

7KH DGDSWDWLRQ RI FDUG VRUWLQJ PHWKRGROF
DV DQ +&, PHWKRG LV JHQHUDOL]HG LQ WKH FRQWH]
EHILWWLQJ FDUG VRUWLQJ RI ILUVW LPSUHVVLRQ N
UHTXLUHPHQWY W DLPV WR GHPRQVWUDWH WKDW
XVHIXO ILUVW LPSUHVVLRQ NQRZOHGJH HOLFLWDWLF
PHGLDWLRQ UHILQHPHQW VWDJHYV DV SHU QRQ OLQHD

,QWURGXFLQJ /LQHDU &DUG BRUWLQJ

$OWKRXIJK WUDGLWLRQDO FDUG VRUWLQJ LV S
PHQWLRQHG VWDQGDUG QRQ OLQHDU FDWHJRULVDWL
ZLWKRXW FRPSDULVRQ ELDVHV DUH QHFHVVDU\ IRU
XVH RI VXJIJHVWLRQ DQG SULPLQJ SDUWLFLSDQWYV E}I
OLPLW WKHLU UHVSRQVHV LQ +&, GDWD FROOHFWLRC(
SHGDJRJLFDO SV\FKRORJ\ WR WKH LGHDV RI 3DYORY
HVSHFLDOO\ LPSRUWDQW LQ IDFWRULQJ FDWHJRUL
GRPDLQV RI NQRZOHGJH $V 'L[ GHVFULEHG 'L[ %+&
WDFLW NQRZOHGJH LV DQ HQIRUFHPHQW SURFHGXU
GLVFXVVLRQ LW ZDV DSSDUHQW WKDW WKLV LV DQ [
VRUWLQJ PHWKRGRORJ\

ILQHDU FDUG VRUWLQJ LV WKXV GHILQHG LQ D
LPSRUWDQW WR HOLFLW WKH SDUWLFLSDQWVY ILUVW
WKH PRGHO RI LQHUW FRQVWUXFWLRQLVP WR PRGH
FRQVWUDLQHG E\ PLQLPDO DPRXQW RI SK\VLFDO DF
ZLWKRXW WKH DELOLW\ WR UHIHU WR RWKHUV IRU FR

7KH VXJIJHVWHG SURWRFRO IRU FRQGXFWLQJ D OLQHI
&DWHJRULHVY DUH DJJUHJDWHG DQG IRUPHG ZLW
+RZHYHU WKH\ FDQ YLHZ WKHLU SULRU FDUGYV L
UHPLQG WKHP RI ZKDW WKH\ KDYH SODFHG ZKHUF
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2QFH D FDUG LV VRUWHG LQWR D FDWHJRU\ ZKH
RQH WKH FDWHJRU\ FDQ EH UHQDPHG EXW LW FD
6LPLODUO\ WKH FDUGV WKHPVHOYHV FDQQRW

PLQLPL]JLQJ WKH QXPEHU RI VWHSVY WR FRPSOHW
ZLWK LQHUW FRQVWUXFWLRQLVP

3URJUHVVLRQ WKURXJK WKH GLITHUHQW FDUGYV
VKRXOG QRW LQYROYH RWKHU SDUWLFLSDQWYV

7TKHVH UXOHV RI DFWLYLW\ SODFH FRQVWUDLQW
LOQHUW FRQVWUXFWLRQLVP WR EH IDFLOLWDWHG LQ L

7KLV IRUP Rl QRQ WDFLW EHKDYLRXU 3RODQ\L
UHVSRQVH JLYHQ ZLWK PLQLPDO ELDV DQG SUHVHQV
VRUWLQJ WHFKQLTXH 7DFLW NQRZOHGJH LV DQ LP:
ZKLFK LV VRPHWLPHV QRW WDNHQ LQWR DFFRXQW
EDFNJURXQG NQRZOHGJH LQ DVVLVWLQJ D IRFXVHG
KLVWRU\ RI SDWWHUQV RI FDWHJRULHVY WKHRULHYV
RXU FRQFHSWXDO MXGJHV 7KLV LV DQ LQIRUPDO DF\
IRUPDO RSHUDWLRQ WKXV LQWHJUDWLRQ RI RQWROF
LQ LWVHOI DQG FDQ QRW EH UHQGHUHG XQXVDEOH

7KH VLJQLILFDQFH RI GHILQLQJ OLQHDU FDUG V
YDULDWLRQ RI FDUG VRUWLQJ WKDW LV VXLWHG WRZ
H[SRVXUH NQRZOHGJH ZKLFK KDV QRW EHHQ UHSRU
NQRZOHGJH WKDW WKH\ DUHQYW HQWLUHO\ IDPLOLD
QHZ LQIRUPDWLRQ %UXQHU HJ D VWXGHQW
WKHLU ILUVW WLPH *DJQHYV WK UXOH LQ KLV O
D OHDUQHU ZLOO DSSO\ H[LVWLQJ UXOHV EDVHG RQ
ZKHWKHU WKH LQIRUPDWLRQ SUHVHQWHG LV QHZ

$XVXEHOV UHFHSWLRQ OHDUQLQJ DOVR V
LQIRUPDWLRQ EHFRPHV HLWKHU DVVRFLDWHG ZLWK I
RU EHFRPHV D QHZ SLHFH RI NQRZOHGJH ZDLWLQJ W
PHWKRGRORJ\ WR FDUG VRUWLQJ ZRXOG GHPRQVWI
GHQRWHG LQ FKDSWHU DV RSSRVHG WR KLV 6 IDF!
QRQ OLQHDU FDWHJRULVDWLRQ
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,Q IDFW OLQHDU LQIRUPDWLRQ SURFHVVLQJ LV
H[SHULPHQWDO SV\FKRORJ\ DQG SV\FKRDQDO\VLV W
5RUVFKDUFK DQG LWV GHULYDWLYHV HOLELW\
VHTXHQWLDO REMHFWLYH HQWLWLHV DV FRJQLWLYH
SDUWLFLSDQW UHYHDOLQJ D FRQWUDVWLQJ FRJQLWL
+&, PHWKRGRORJLHV IURP H[SORUDWRU\ H[SHULPHQW
SRVLWLRQ ZLWKLQ +&, WKDW KDV D IXWXUH WR EH HJ

)DELOLWDWLQJ OLQHDULW\ DQG VHTXHQWLDO UH"
FORVXUH RI H[LVWLQJ LQIRUPDWLRQ ZLWK D GHILQF
LPSUHVVLRQV ([SHULHQFH DQG NQRZOHGJHDEOH L
LQIRUPDWLRQ WR EH VWUHDPHG XQGHU QRQ ILQLWH
LQFRPLQJ ERRNV WR D OLEUDU\ FODVVLILFDWLRQ V\V

7KHUH H[LVWV LQVWDQFHV ZKHUHE\ KXPDQV FDV
LQVWDQFH ZLWKRXW QRQ OLQHDU UDQGRP VKXIIOLQJ
UHYLVLRQ PHWKRG WKH VFHQDULR PLJKW EH WKDW
ZRXOG LGHDOO\ ILOH D WHUP SDSHU LQWR D FDWHJ
ZRUN WKURXJK HDFK DUWLFOH WKH\ KDYH EHHQ JLY}H
IROGHUV RU FUHDWLQJ QHZ IROGHUV $QDORJRXVO\
LQWHUHVWHG SDJH DQG WKHQ HLWKHU SODFH LW
ERRNPDUNV RU FUHDWH D QHZ FDWHJRU\

7KH VHTXHQFH LQ ZKLEFK FDUGV DUH SUHVHQW
PHWKRGRORJLHVY QDWXUDOO\ SUHVHQWYV ZKDW RQH
ELDVLQJ WKH LQIOXHQFH RI WKH VHTXHQFH LQ ZKL
+RZHYHU DQRWKHU YLHZ PLJKW GHILQH LW DV D FF
FRQVLVWHQWO\ PHDVXUHG DQG E\ FUHDWLQJ FRQVW
EHIRUH DOO LQIRUPDWLRQ LV HOLFLWHG LQWR FDW
FRQGLWLRQHG UHVSRQVHV DQG SULPLQJ WKH SDUW
VXJIJHVWLYH VROXWLRQ 7KLV FRXOG EH HVSHFLDOC
FRPSDUH ZLWK DQ DOUHDG\ VHW VROXWLRQ WR WKH |

2XU ILUVW UHSRUWHG NQRZOHGJH HOLFLWDWLRQ
FDUG VRUWLQJ LQ D UHDO ZRUOG UHYLVLRQ VFHQDU
YV QRQ OLQHDU YDULDEOHY LQ D FRQWUROOHG H[
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LQGGKXDOV FDQ IDFLOLWDWH LQHUW FRQVWUXEWLRQ
H[LVWLQJ FDUG VRUWLQJ WHFKQLTXH

&RPSDULQJ /LQHDU 9V 1RQ /LQHDU &DUG

$ FRQWUROOHG H[SHULPHQW ZLWK SDUWLFLSI
OLQHDU FDUG VRUWLQJ ZDV D SUDFWLFDO DSSURDEFK
NHHS WKH NQRZOHGJH GRPDLQ XQGHU D FRQWUROO
XQGHUJUDGXDWH &RPSXWHU *UDSKLFV FODVV WRRN
JUDSKLFV SKUDVHYVY EDVHG RQ PDWHULDO LQ DGYDQF
GRQH WR HQVXUH WKDW HYHU\ PHPEHU ZDV FRQVLG
LOQWHUHVW ZDV DOUHDG\ VWURQJ HQRXJK WR PDLQW
H[HUFLVH HJ WKH\ ZRXOG OHDUQ IURP LW DQG IL!
TXHVWLRQQDLUH ZDV WDNHQ WR GHWHUPLQH WKHLU
HILVWLQJ VXEMHFW NQRZOHGJH LI WKH\ FRXOG DQ\
ZHUH QRW FKRVHQ WR SDUWLFLSDWH DQG DOVR ZL'
FODVV PRUH PDOH SDUWLFLSDQWY KDG WR EH H[FO:
SRVVLEOH 7KH UHPDLQLQJ JURXS RI WZHOYH VWXGEH
VL[ ZLWK IRXU PDOH DQG WZR IHPDOH LQ HDFK JURX

7KH ILUVW JURXS zZDV DVNHG WR FDUG VRUW
FRQWUROOHG WLPH OLPLW RI PLQXWHV &ROODERL
ZDV DOORZHG 7KH VHFRQG JURXS ZDV DVNHG WR FC
D WLPH ZLVKHG EXW ZLWKRXW FRPPXQLFDWLQJ ZLWH
KDG DOUHDG\ JURXSHG DOO RI WKHLU SKUDVHV ZKLF
KDG LQVWUXFWLRQ VKHHWY RQ KRZ WR EHJLQ DQG W

$IWHU WKH H[SHULPHQW D SRVW TXHVWLRQQDL
OLQHDU H[SHULPHQW ZDV FRPSOHWHG LQ PLQXWH\
ZKLOVW WKH QRQ OLQHDU H[SHULPHQW ZDV VWLOO
JURXSLQJV XS XQWLO WKH GHDGOLQH R PLQXWHYV

7KH VHFRQG VWXG\ UHSRUWHG LV DQ HQG XVHL
VRUWLQJ PHWKRG HOHFWURQLFDOO\ YLD D ZHE EDV
ORKDPHGDOO\ HW DO E ZLWK WKH REMHFWLYH
I[IURP SRWHQWLDOO\ JHRJUDSKLFDOO\ GLVSHUVHG XV|
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2WKHU 9DULDWLRQV RI WKH &DUG 6RUWLQ
7KH FRPSHWHQFH DQG DFFXUDF\ RI UHVXOWYV RI

FDUG VRUWLQJ UHOLHV RQ WKH GRPDLQ RI NQRZ(
HISRVXUH DQG H[SHULHQFH 7KXV WKHUH LV D UHDC
PXOWLSOH FRUUHFW DQG SVHXGR FRUUHFW FDWHJRL
XQOHVV D KLIJIKHU FRQWUROOHG PHDVXUH RI D GHIL!
DOO FDUGY KDYH WR EH VRUWHG LQWR D FDWHJRU\ |
FRPSDUH WKH EHQHILWY RI WKH LQHUW FRQVWUXFW
FDUG VRUWLQJ WRRO WKH IROORZLQJ YDULDEOHYV ZF

([SHUW &DWHIBWILVOWDRMMQRRQ RI SDUWLFLSDQWYV ZK
VSHFLDOLVWY LQ WKH SDUWLFXODU GRPDLQ RI NQF
NQRZOHGJH RI DFFXUDF\ RI FDWHJRULFDO KLHUDUEFK!

1RQ ([SHUW &DWHSRUQVYDS\DLWRWLFLSDQWY RI D UDQ
NQRZOHGJH GRPDLQV RI LQWXLWLRQ WUHQGYV DQG ¢
VHWV RI FDWHJRULFDO KLHUDUFKLHV 7KHLU PHQWE
OHDUQLQJ E\ LQVWLQFW DQG WKHLU JLYHQ NQRZOHG
DQG V\PEROLF DVVRFLDWLRQV RI WKH FDUGV LQIR
FRUUHODWLYH UHVXOWV

1RQ /LQHDU &DWHIRDAWDMOLBRUH[SHULPHQWDO DSSU
VRUWLQJ DQG DIILQLW\ GLDJUDPPLQJ VXSSRUWLQJ
FDUGV PHGLDWH EHWZHHQ FKRLFHV DQG PDNH UHIL
DQG WKXV FKDQJH WKHLU PLQGY DV WKH\ WKLQN DE|
DOORZHG WR PDQLSXODWH WKH FDUGYV XQWLO WKHLL

/ILQHDU &DWHJIRWFIRMMWWMRMLQW LV DGGHG WR WKH F
RQFH WKH FDUGY DUH VKXIIOHG WKH\ FDQQRW EH UF
KDV WR EH SODFHG LQWR D FDWHJRU\ EHIRUH \RX FD
LQ WKH FDWHJRULHYVY FUHDWHG DQG PD\ QRW EH PDQ
QDPLQJ RI WKH JURXS PD\ EH FKDQJHG WR UHIOHFW
HQVXUH WKDW RQO\ ILUVW LPSUHVVLRQV DUH PHDVX
UHDGLQJ WKH FDUGY DQG WKDW XSRQ FRPSOHWH Y
HDFK ZLOO EHORQJ WR D FDWHJRU\ JURXS 7KLV WKH
WR FRPSOHWH WKH FDWHJRULVDWLRQ
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*URXS %DVHG &D W HIDRELIWIDRVIIRMO\ WKH NH\ IXQFWLF
LV DFFRPSOLVKHG ZLWK D JURXS RI SDUWLFLSDQWV
FRPPXQLFDWH WKHLU LGHDV EXW WKH\ ZRUN V\QFI
PHGLDWLRQ DQG UHILQLQJ WKH SURFHVV RI FDWHJRI
IRUP RI DFFXUDF\ EDVHG RQ VKDUHG UHDVRQLQJ D
RSLQLRQ DQG ELDV RI SDUWLFLSDQWV 7KLV KXF
FRPPXQLFDWLRQ WLPLG EHKDYLRXU DQG DJLWDWLR

,QGLYLGXDO %DVHG B®IDMGHNRUIRYDWRLRYKH NH\ IXQF
DFFRPSOLVKHG RQ DQ LQGLYLGXDO EDVLV ZLWKRX
RWKHU SDUWLFLSDQWY 7KH DFFXUDF\ RI FDWHJRULF
RI WKH SDUWLFLSDQW VROHO\

3DSHU 3K\VLFDOO\ 7DFWLOHR I%DNVROG D VXN ILRU LS DM
FDUGY ZLWK WKH LQIRUPDWLRQ GHVFULSWLRQV ZUL)
DGGLWLRQ WR WKHVH DFWXDO SK\VLFDO REMHFWYV F

(OHFWURQLF DQG 6LPXODWLR QWHKDVQ\G HED\M B NRLURLQY |
UHVXOWYV DQG GHFLVLRQV FDQ EH LQWHUSUHWHG |
H[HUFLVHV YLD HOHFWURQLF VRIWZDUH PHWKRGYV
VFHQDULRYV IRU ODUJH DXGLHQFH VRUWLQJ DQG
FRQVLGHULQJ WKDW FDUG VRUWLQJ DQG DIILQLW)
HI[WUHPHO\ ODUJH QXPEHU RI FDUGV LW EHFRPHV P
GLJLWDOO\ IRU VWDWLVWLFDO DQDO\VLV SXUSRVHV

&DVH 6WXG\ $ /LQHDU &DUG 6RUWLQJ YLC

7KH RULJLQDO PRWLYDWLRQ RI WKLV V\VWHP FL
FXUUHQW VWDWH RI WKH DUW LQ PRELOH +&, UHVHDL
7KH UHTXLUHPHQWY GHULYHG IURP WKH WD[RQRP\ HJ
SUHVHQW WKH FDSDELOLW\ WR DOORZ IRU ODUJH Q.
VRUWLQJ VHVVLRQV DQG DOVR LQYHVWLJDWH WKH X
FDUG VRUWLQJ &DUG VRUWLQJ LV XVXDOO\ XQGH
SDUWLFLSDQWY 7KH ODUJHU WKH QXPEHU RI SDUWL
EHFRPH ODUWLQ $V UHSRUWHG SULRU VHYHL
DYDLODEOH IRU ZHE EURZVHUV VHFWLRQ IDFL
EDVHG OLQHDU FDUG VRUWLQJ WRRO ZDV FRQVWL
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FRQVWUXFWLQJ D PRELOH LPSOHPHQWDWLRQ 7KLV
ZHEVLWH 85/ IDFLOLWDWH WKH FDUG VRUWLQJ YLD |
EDFN IRU DQDO\VLYV

7R IDFLOLWDWH LQHUW FRQVWUXFWLRQLVP ZLWEK
D -DYD ZHE SDJH DSSOHW ZDV FRQVWUXFWHG WR GH
XV WR FRQVWUXFW D VLPSOH WR XVH WRRO WKDW
DJJUHIJDWH JURXS FRQVWUXFWY IURP ODUJH QXPEHL
WKHP KDYLQJ WR EH SK\VLFDOO\ SUHVHQW RU PRQLW
FRPSDUHG ZLWK RWKHU H[LVWLQJ FDUG VRUWLQJ V
UHFHLYHG VKRXOG EH VHQW LQ D IRUPDW UHDG\ IRl
WRRO

&OXVWHU DQDO\VLV LV D SRZHUIXO WHFKQLTXH |
LQIRUPDWLRQ IURP D QXPEHU RI VRXUFHV H J SI
FDOFXODWLRQ RI SHUFHSWXDO VWUHQJWKY EHWZHE

LWV REMHFW LV WR

:$ VRUW FDVHV SHRSOH WKLQJV HYHQWV
FOXVWHUV VR WKDW WKH GHJUHH RI DVVRFLDWL

Rl WKH VDPH FOXVWHU DQG ZHDN EHWZHHQ PHPE

&OXVWDQ

(DFK FOXVWHU WKXV GHVFULEHV LQ WHUPV RI W
PHPEHUV EHORQJ DQG WKLV GHVFULSWLRQ PD\ EH D
WR WKH JHQHUDO FODVV ,W PD\ UHYHDO DVVRELDW
SUHYLRXVO\ HYLGHQW QHYHUWKHOHVV DUH VHQVLE
FOXVWHU DQDO\VLVY FRQWULEXWH WR WKH GHILQLWL
WD[RQRP\ ILQGLQJ DQG VWDWLVWLFDO PRGHOLQJ RI

ODQ\ VWDWLVWLFDO SDFNDJHV VXFK DV 6366&E DC(
GDWDVHWY LQWR PDWULFHV RI VLPLODULW\ RU GLVW
SURFHVV DQG LQ PRVW FDVHV LW ZRXOG UHTXLUH |
JDWKHU ODUJH DPRXQWV RI SDUWLFLSDQW GDWD $
DYDLODEOH LQ WKH IRUP RI , %09V (=&DOF

, %0V (=&DOF FOXVWHU DQDO\VLVY WRRO LQYROYF
HLWKHU GLVWDQFH VFRUHV RU VLPLODULW\ VFRUHV
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WYHUDO KRXUV SHU SDUWLFLSDQW 7KH UHVXOW R
GLVSOD\V WKH UHODWLYH JURXSLQJV FOXVWHULQJV

W LV QRWHG WKDW (=&DOF FRPHV FRPSOHW
LPSOHPHQWDWLRQ DV D VWDQGDORQH WRRO QDPHG
+RZHYHU OLNH VRPH RWKHU FDUG VRUWLQJ WRROV
UHTXLUHV IXO0 XVHU LQVWDOODWLRQ ZLWK DGPLQL"
PDQ\ SRWHQWLDO SDUWLFLSDQWYVY PD\ QRW ILQG DSS

,PSOHPHQWLQJ D /LQHDU &DUG 6RUWLQJ :HE
7KH ZHE EDVHG OLQHDU FDUG VRUWLQJ WRRO

EHFRPLQJ PXOWLSODWIRUP 7KH FDUGY GDWD WKHF
HDVLO\ PDLQWDLQDEOH E\ DOO IRUHVHHDEOH DGPLQ
WKH\ ZLVK $V VXFK WKH FDUGV ZHUH FKRVHQ WR Et

$Q 6073 WUDQVIHU PHFKDQLVP 5)& ZDV
WKH DSSOHW DOORZLQJ LW WR HPDLO WKH XVHUV G
UHO\ RQ WKLUG SDUW\ HPDLO VFULSWV RU SOXJLQV
VRUWLQJ WRRO WR VSHFLI\ GLUHFW PDLO VHUYHUYV
PLQLPLVH WKH PDLQWHQDQFH UHTXLUHPHQWY RI UHI
WHVWYV

3HUIRUPDQFH DQG XVHU RSHUDWLRQV ZHUH DO\
LPSRUWDQW WR FRQVWUXFW D UREXVW DUFKLWHFW!.
VHWYV WKH OLQHDU PRGHO GHYLVHG VKRXOG EH DEC
VWLOO EH XVHG UHVSRQVLYHO\ IDVW ZLWK D UHODWL

f 6WULQJ RSWLPLVDWLRQV ZHUH LQFOXGHG WKU
SHUIRUPDQFH RI *8, WH[W GLVSOD\ UHVSRQVLYHQH

tf 7KH FDUG VRUWLQJ DOJRULWKPV ZHUH GHVLJQHG
SURFHVVLQJ G\QDPLF DOORFDWLRQV RI REMHFWYV
RI SRWHQWLDOO\ PHPRU\ ILQLWH DPRXQWYV RI FDL
DPRXQW RI FDUGYV

$ 7KH XVHU LQWHUIDFH RI WKH PDLQ FDUG YLHZL
SULQFLSOHV LQ PLQG )RU H[DPSOH PLQLPLVLQJ G
XVHU DFWLRQV FRQILUPDWLRQ DQG HUURU UHEF
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DFWLRQV VR DV WR EH DV FRPIRUWDEOH DV SRVVL
SDUWLFLSDQW XVHUV

)LJ VKRZV WKH PDLQ FDUG YLHZLQJ VFUHHQ R

&XUUHQW 8VHU 'HDQ $SERXW 7THVW

7LWOH 9LHZLQJ &DUG RI
%UHZVWHU 6 $ /HSODWUH * DQG &UHDVH 0 * 8VLQJ 1RQ
6SHHFK 6RXQGV LQ ORELOH &RPSXWLQJ 'HYLFHV ,Q -RKQVRQ (G
3URFHHGLOQJV RI WKH )LUVW :RUNVKRS RQ +XPDQ &QN\SI-X&\RMLHV
,QWHUDFWLRQ ZLWK ORELOH 'HYLFHV *ODVJRZ 8. 'HSDUWPHQW RI
&RPSXWLQJ 6FLHQFH 8QLYHUVLW\ RI *ODVJRZ

Q Q Q XVDELOLW\

&RQWHI[W

&RQWHQW QHWZRUN PLJUDWLRQ

(DUFRQV DUH DEVWUDFW PXVLFDO VRXQGV WKDW&FRQ FISHKNRE VRXQGV
VWUXFWXUHG FRPELQDWLRQV WR FUHDWH VRXQG PHVVDJHV WR UHSUHVHQW
SDUWV RI D KXPDQ FRPSXWHU LQWHUIDFH

(QWHU D FDWHJRU\ QDPH
$GG 1H[W &DUG !

JLIXUH /ILQHDU &DUG 6RUWLQJ ZHE EDVHG LQWHUIL

SLORWLQJ WKH :HE EDVHG /LQHDU &DUG 6
7R SUHSDUH WKH ZHE WRRO IRU GHSOR\PHQW C

VSHFLDOLVWY LQ WKH &HQWUH IRU +&, '"HVLJQ DQG F
8QLYHUVLW\ /RQGRQ HQJLQHHULQJ VSHFLDOLVW Z
H[SHULPHQW SDUWLFLSDQWY ZHUH DVNHG WR XVH WE
WR FDWHJRUL]J]H PRELOH +&, OLWHUDWXUH VHH VHI
DSSHQGL[ & O ZDV SUHVHQWHG WR WKH SDUWLFLSD

¥ (YDOXDWH WKHLU SULRU NQRZOHGJH RI WKF
f 3UHVHQW WKHP ZLWK RXU OLQHDU FDUG VR
¥ (QJDJH WKHP LQ LQLWLDO WKRXJKWV RQ FD!

6 XEVHTXHQWO\ WKH\ ZHUH JLYHQ D SULQWHG VK
VDPH PDWHULDO DV IRXQG LQ WKH ZHE WRROTV RQO
WKH\ GLG UHTXLUH DVVLVWDQFH EH\RQG WKDW ZKLFI
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$IWHU DQVZHULQJ DQ\ FODULILFDWLRQ TXHVWLR
WKH WRRO WR SHUIRUP WKH FDUG VRUWLQJ WDVN
DQ\ SRLQWV RI LQWHUHVW RU FRPSODLQWY )LQDOC
ILUVWO\ WR FROOHFW LQIRUPDWLRQ DERXW WKHLU Ji
HOLFLWDWLRQ DSSHQGL[ & WKH VHFRQG IRU LQVL
DQG XQGHUVWDQGLQJ RI WKH PHWKRG DQG LI WKH
DSSHQGLJ

7KH SLORW VWXG\ ZDV HIIHFWLYH DW SRLQWLQ.
ZHUH FRQVLVWHQW WR DOO RI WKH +&, H[SHUW SD!
SDUWLFLSDQWY FRPSOHWHG WKH WHVW IDVWHU WKD
OHFWXUHU DV WKH SDUWLFLSDQW DQ DYHUDJH RI
FRPSOHWLRQ ,Q DGGLWLRQ WKH SDUWLFLSDQWYV LQ
IURP PLQXWHV $VLGH IURP WKHLU FRPPHQWYV DC
VLPSOLFLW\ RI XVH VRPH RI WKHP ZHUH H[SHFWLQJ
WKDW WKH\ ZHUH IDPLOLDU ZLWK DQG QRW WKLV S
ZHUH DEOH WR FDUG VRUW HIIHEFWLYHO\ EDVHG RQ
VXJIJHVWLRQV WR FRUUHFW DQG HQKDQFH WKH IHDW
VXFK DV *8, QDYLJDWLRQ LVVXHV DQG XVHV RI FRORX

S WHUDWLRAQ RI WKH /LQHDU &DUG 6RUWLQ.

$ VHFRQG H[SHULPHQW ZzZDV FRQGXFWHG WR G|
FRPSXWHU OLWHUDWH XQGHUJUDGXDWH VWXGHQWYV
XQLYHUVLWLHYV 7KH SXUSRVH RI WKLV WHVW ZDV W
JHRJUDSKLFDOO\ GLVSHUVHG HQYLURQPHQW DQG \HW
RI FDUG VRUW GDWD 7KH JRDO ZDV QRW WR IXOO\ H
WHVW ZDV RXWVLGH WKH VFRSH RI WKLV UHVHDUEFK
WD[RQRP\ RI PRELOH +&, SDSHUV

$IWHU WDNLQJ D SUH TXHVWLRQQDLUH DSSHQGL
UXQQLQJ -DYD HQDEOHG EURZVHUV RQ D YDULHW\ RI
DQG /LQX[ EDVHG $00 RI WKH SDUWLFLSDQWYV EKRVH
WKH LQWHUQHW DV ZHOO DV RZQLQJ D PRELOH SKRC
7KHLU DJH UDQJHG IURP  WR
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1RQH RI WKHP ZHUH DOUHDG\ DZDUH RI WKH FDU!
W K H SDUWLFLSDQWY KDG DOUHDG\ SDUWLFLSDWHC
DVFHUWDLQLQJ WKHLU EDFNJURXQGY DQG ILHOG LQW
H[SRVXUH RI FRPSXWLQJ DQG NQRZOHGJH RI SRSXO
FDWHJRULVH WKH DFDGHPLF SDSHUV IURP WKH OREL

8SRQ UHFHLYLQJ DFNQRZOHGJHPHQW WR SDUWL
ZDV GLUHFWHG WR D ZHEVLWH ZKLFK ZRXOG HQDEOH
ORJIJHG LQ D VHOHFWLRQ RI DEVWUDFWY DQG WKF
YLHZDEOH OLQHDUO\ DV FDUGV $Q H[DPSOH RI VXFK

7LWOH -RKQVRQ 3 8VDELOLW\ DQG PRELOL
'HSW RI| &RPSXWHU 6FLHQFH 40:

$SEVWUDEW

7KH GHYHORSPHQWYVY LQ ZLUHOHVV FRPPXQLFDWLR
LQFUHDVHV LQ WKH SRZHU DQG LQWHUDFWLYH FD:
GHYLFHV SURYLGH XV ZLWK WKH SRVVLELOLW\ WR
DFFHVV WR FRPSXWLQJ UHVRXUFHV LQ D YDULHW\
FKDQJHV PDNH LQFUHDVLQJ GHPDQGVY RQ WKH TXD
RITHU WKH SRWHQWLDO WR IXUWKHU SURJUHVV Wk
+RZHYHU WKLV PDNHV KXPDQ FRPSXWHU LQWHUDI
GHVLJQ DQG GHYHORSPHQW RI VXFK PRELOH V\VW
IXQFWLRQDOLW\ GRHV QRW H[LVW IRU WKH XVHU L

)LIXUH $Q H[DPSOH RI D FDUG XVHG LQ \

$V WKH XVHUV QDYLJDWHG HDFK FDUG WKH\ ZHU
FRQWLQXLQJ WR DGG D QHZ FDWHJRULFDO QDPH DQC
FDWHJRULFDO QDPH RU WR YLHZ WKH KLVWRU\ RI
FRPSOHWLRQ RI WKHLU H[SHULPHQW WKH\ ZRXOG FC
DQG UHFHLYH DQ DFNQRZOHGJHPHQW RI LWV VXFFH
DSSHQGL][ ' ZDV JLYHQ DV D ZHEVLWH 85/ IRU V
IHHGEDFN FRXOG EH DFTXLUHG RQ WKH HIITHFWLYHQH
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%\ HQVXULQJ WKH GRPDLQV RI WKH FDWHJRULHYV
RQH RI IRXU VHPDQWLF OHYHOV GHVLJQ LPSOHPHC(
UDQJH RI HOLFLWLQJ WKH SDUWLFLSDQWY NQRZOHG.
FDUGV 5XJJ HW DO

7TDEOH JLYHVY DQ RYHUYLHZ RI WKH UHVXOWV
FUHDWHG WR HOLFLW JHQHUDO HDVH RI XVH LQ WH
VRUWLQJ WRRO WR ZLWK EHLQJ VWURQJO\ DJUH

7TDEOH SRVW TXHVWLRQQDLUH UHVXOWY RQ WKH
6FDOH ZLWK 6WDQGDUG '"HYLDWLRQ LQ SD
4 XHVWLRQ OHDQ 6 '

'LG \RX ILQG WKH WRRO HDV\ WR XQGHUVWDQG ZKDYV
GR"

'LG \RX ILQG LW HDV\ WR QDYLJDWH WKH LQWHUIDFH
'LG \RX DFFRPSOLVK WKH WDVN VHW FRPIRUWDEO\"

,QWKH SRVW TXHVWLRQQDLUH DSSHQGL]J ' D
WKH\ KDG QR QHHG WR UHIHU WR WKH KHOS ILOH WK
XVH 6HYHQWHHQ RI WKH WZHQW\ SDUWLFLSDQWYV FF
ZRUN DQG QLQHWHHQ RXW RI WZHQW\ UHSRUWHG KD
WHFKQRORJ\ LQ GRLQJ OLQHDU FDUG VRUWLQJ

JLIXUHV VKRZV WKH FOXVWHU DQDO\VLYV
SDUWLFLSDQWYV $SSHQGL[ $ VKRZV WKH WD
FDWHJRULVDWLRQ
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Jau ,PSOHPHQWDWLRQ
$YHUDJH

JLIXUH 'HVLJQ FOXVWHXYUH ,PSOHPHQWDWL

,Q FRPELQLQJ WKH FOXVWHU QDPHV WRJHWKH
SORELOLW\"~ 3PRELOH DSSOLFDWLRQV  DQG 3SGDV’
FODVVLI\ D UDQJH Rl WRSLFV WKDW ZRXOG QRUPDOC
WHUP E\ H[SHUW RSLQLRQ

(YDOXDWLRQ 7KHRUHWLFDO

$YHUDJH SYHUDJH
] 3 s$ ata

J)LIXUH (YDOXDWLRQ FOXVWUHH 7TKHRUHWLFDO
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7KH GDWD HOLFLWHG IURP WKH SDUWLFLSDQWYV
WHFKQRORJLHY HYHQ LI WKH\ DUH QRW IDPLOLDU
RFFDVLRQV LW ZDV REVHUYHG WKDW WKH SDUWLFL
3&RQWH[WV RI XVH” DQG 3ORFDWLRQ DZDUHQHVV™ X
FDWHJRU\ KHDGHU SRWHQWLDOO\ GXH WR WKH WRSL

7KLV OLQHDU FDUG VRUW ZDV VXFFHVVIXOO\ X
SDUWLFLSDQWYV , W DOVR GHPRQVWUDWHG WKDW W|
LOQHUW FRQVWUXFWLRQLVP ZLWKRXW WKH QHFHVVLW!'
(DFK RI WKHVH FOXVWHUY UHSUHVHQWY D VWDWLVW|
UHPDLQHG LQHUW L H WKH\ UHSUHVHQWHG WKH LQC
FDUG VRUW SURFHVYV

7KLY DWWULEXWH GHQRWHY D VWURQJ VHQVH RI
FDQ DFNQRZOHGJH WKHLU WDVN DQG IDFLOLWDWH W
WKHLU ILUVW KDQG H[SHULHQFHYV

7TKH UHVXOWY RI WKHLU SRVW TXHVWLRQQDLUH C
UHTXHVWHG IXUWKHU LQVWUXFWLRQV RU QHHGHG 'V
LPSRUWDQW DV WKH H[SHULPHQW PD\ IDLO LI WKH S
WKH LQHUW FRQVWUXFWLRQLVW DSSURDFK WR WKH I
SDUWLFLSDQWYV IRXQG WKH WRRO WR KDYH D VWURQ.
LW EXW WKH UHPDLQGHU IRXQG LW FRPIRUWDEOH ¢
FRPSOHWLRQ RI WKH WHVW

3DUWLFLSDWRU\ 'HVLJQ RI &$.( $ ORELOH
VRUWLQJ LQ $V\QFKURQRXV .QRZOHGJH (OLFL

BULRU .( WRROV KDYH DUJXDEO\ EHHQ KLQGHUHG
DSSURDFK LQ ZKLFK FRPSOH[LW\ DQG SUHVHQWDWLR
DGMXVWHG IRU QRQ VXSHUYLVHG GDWD FROOHFWL
FRQGXFWHG ZLWK +&, UHVHDUFKHUV IURP WKH &HQ
IRQGRQ 7KH\ HOLFLWHG FKDQJHV WR EH PDGH LQ WK
WKH 3'$ VFUHHQ IRUPDW
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$ IRFXV JURXS VHVVLRQ ZLWK WKH +&, UHVHDUFI
WKDW ZRXOG VKRZ ZKDW IHDWXUHV WKH H[SHUWYV I
DITLQLW\ GLDJUDP LV VKRZQ LQ ILJXUH

$ILQLW\ *URXSLQJV IRU D &DUG 6RUWLQJ WRR

%DVLF )XQFWLRQV
DGGLQJ DQG GHOHWLQJ FDUGV LQ WH[W
ORDGLQJ WKH FDUGV LQWR DQ DSSOLFD
VWUXFWXULQJ FDUGV LQ WKH DSSOLFDW

&DWHJRULVDWLRQ
FDWHJRULVH FDUGYV
FRXQWLQJ WKH FDUGYV
PRYH FDWHJRULHYV
DELOLW\ WR UHRUJDQL]H FDUGYV ZLWKL(C
DELOLW\ WR UHRUJDQL]H FDUGV DFURV)

9LHZLQJ
YLHZ DOO FDUGV VLPXOWDQHRXVO\
PLQLPL]H PD[LPL]H KLGH
DELOLW\ WR VHH DOO FDWHJRULHYV
WH[WXDO GHVFULSWLRQ RI DOO JURXSYV

2SWLRQDO IHDWXUHYV
QRWH WDNLQJ IDFLOLWLHV
VHDUFKLQJ
SULQWLQJ
WH[WXDO LQGLFDWLRQ RI DFWLRQ KLQW

)LIXUH $IILQLW\ %UDQFKHV LQ WKH 8VHU &HQWUHG 'HVL
6XEVHTXHQWO\ WKH IRFXV JURXS FUHDWHG VHYH
LGHDV RQ WKH XVHU LQWHUIDFH OD\RXW RI WKH WRR

7KH PRWLYDWLRQ IRU GHVLJQLQJ WKH LQWHUIDFH IR
WDNHV LQWR FRQVLGHUDWLRQ %UXQHUTYV LQVW L
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'"HPRQVWUDWH WKH SUHGLVSRVLWLRQ WRZDUG
SUHVHQW WKH VWUXFWXUH RI NQRZOHGJH VR \
(IMHFWLYHQHVV RI VHTXHQFHYVY RI LQIRUPDWLRC(
7KH SDFLQJ RI UHZDUGY DQG SXQLVKPHQWYV P

BWUXFWXULQJ NQRZOHGJH DFTXLVLWLRQ SURF
FRQVWUXFWLQJ SURSRVLWLRQV DQG LQFUHDVLQJ
LPSOHPHQWDWLRQ LV GHVLJQHG WR DOORZ SRWHOQ\
LQYLWHG WR WDNH SDUW LQ FDUG VRUWLQJ H[SHULP

,Q RUGHU WR H[SORUH WKLV PRWLYDWLRQ LQ D

DQ LOYHVWLIJDWLRQ ZLWKLQ WKH UHVHDUFK GF
SULRU GHGLFDWHG PRELOH FDUG VRUWLQJ WRROV
DFDGHPLD 7R P\ NQRZOHGJH &$%$.( LV WKH ILUVW PRE|
OLWHUDWXUH ORKDPHGDOO\ HW DO E

7KH GHVLJQ DQG FRQILIXUDWLRQ RI VIVWHPV W]
VXSSRUW WKHLU ZRUN UDWKHU WKDQ KLQGHU LV DO
QHLWKHU REYLRXV QRU DUH WKH\ HITHFWLYH ZKHQ E
7KXV IDFWRULQJ DOO RI WKH H[LVWLQJ UHTXLUHPHQ
3'$fV GLVSOD\ SULPDULO\ UHTXLUHG D EDFN WR EDV
RQ 3'$V

W ZDV LPSRUWDQW WR UHFRJQLVH WKDW HYHQ
KDG EHHQ VLPSOLILHG XQGHU WKH DVV\QFKURQRXV O
OHYHOV RI LQWHUDEWLRQV WKHUH ZDV VWLOO D \
UHTXLUHG GHFLVLRQ PDNLQJ VXFK DV RUJDQL]DWLR
PDNLQJ WKH QDYLJDWLRQ IXQFWLRQV DV FRPPRQ VI
SDSHU EDVHG H[SHUW DIILQLW\ H[HUFLVH ZDV FRQGC
KDQGKHOG XVDELOLW\ IDEFWRUV :HLVV WDNH LC
DQG DFFHVV WR IXQFWLRQDOLW\ ILJXUH



JLIXUH ([SHUW DIILQLW\ GLDJUDP H[HUFLVH WR HOLF
FKRLFHV RI1 &%.(

7KH UHVXOWV Rl WKLV H[HUFLVH DOORZHG XV WF
PHWKRG RI QDYLJDWLRQ ZHUH WKH PRVW LPSRUWD
GHVLJQ $ VFDODEOH IRQW ZDV FKRVHQ DQG EXWWRC
WKDW DV PRVW 3'$ XVHUV DOUHDG\ NQRZ KRZ WR W
3'$V HQDEOLQJ WKHP WR XSORDG VLPSOH WH[W GRF
DQ HOHJDQW VROXWLRQ WR D ZRUOG JRQH DZU\ RQ L
ZLWK WKH SUHVHQFH RI D XVHU VZLWFKHG RQ FRQC
FRQILJXUDEOH WR XSORDG LWV FDUG VRUWHG GDWD
FDUG WR VDYH WR IRU ODWHU SRUWDEOH DQDO\VLV

7KH XVHU LQWHUIDFH RI WKH PDLQ FDUG YLHZLQ
PRELOH +&, SULQFLSOHV LQ PLQG :HLVV 6KQt
PLQLPLVLQJ GLVWDQFH EHWZHHQ XVHU LQIRUPDW
FRQILUPDWLRQ DQG HUURU UHFRJQLWLRQ DV ZHOO
OHDUQLQJ FRQGLWLRQV DV WKH\ GLVFRYHU IRU WKH
DQG FRORXU FRGLQJ LPSRUWDQW DFWLRQV VR DV WI
SRVVLEOH GHPRJUDSKLFV Rl SDUWLFLSDQW XVHUV
WHUPV RI OD\RXW RI *8, HQWLWLHV DV XVHU H\H
VFUHHQ RULHQWDWHG WRZDUGV WKH FHQWUH RI WK
&RQVLGHULQJ WKLY FHQWUDOLVHG YLHZLQJ FRQFHS\
XWLOLVHG *UDQG LQ GHYHORSPHQW



' ORKDPHGDOO\ 3K'" 7TKHVLYV

&XUUHQW 8VHU 'HDQ

7LWOH 9LHZLQJ &DUG RI
%UHZVWHU 6$ /HSODWUH * DQG &UHDVH 0 * 8VLQJ 1RQ
6SHHFK BRXQGYV LQ ORELOH &RPSXWLQJ '"HYLFHV 8 -RKQEQI/RQ & (G
3URFHHGLQJV RI WKH )LUVW :RUNVKRS RQ +XPD@&RMPHIRBLHYV (GUwW
,QWHUDFWLRQ ZLWK ORELOH 'HYLFHV *ODVJRZ 8. 'HSDUWPHQW RW
&RPSXWLQJ 6FLHQFH 8QLYHUVLW\ Rl *ODVJRZ

Q Q Q XVDELOLW\

&RQWHI[W

&RQWHQW QHWZRUN PLJUDWLRQ
(DUFRQV DUH DEVWUDFW PXVLFDO VRXQGV WKDW FDQ EH Y\WREQGV
VWUXFWXUHG FRPELQDWLRQV WR FUHDWH VRXQG PHVVDJHV WR UHSUHVHQW
SDUWV RW D KXPDQ FRPSXWHU LQWHUIDFH

(QWHU D FDWHJRU\ QDPH
1H[W &DUG !

JLIXUH +LJKOLJKWLQJ NH\ DUHDV IRU WKH PLQLPLVDW
DQG XVHU DFWLRQV LQ WKH ZHE EURZVHU YHUVL

$ VFUHHQVKRW RI WKH ILQDO PRELOH YHUVLRQ L
VDPH VRIWZDUH ZDV GHEXJJHG RQ D -DYD HQYLURQF
ZDV DOVR WHVWHG RQ D 3RFNHW3& HPXODWRU VKRZ

&%$.( FDQ EH LQVWDOOHG HLWKHU YLD ZLUHOHVYV
3'$ RU E\ FRS\LQJ IURP D 3& WR D PHPRU\ FDUG LQ
DQG FKRVHQ WR UXQ D VHOHFWRU IRU D FXUUHQW
GRFXPHQW RI FDUGV ,I D L)L ZLUHOHVV QHWZRUN L
WR UHWULHYH WKH FDUG GDWD RQOLQH IURP D ZHE LC

$OWHUQDWLYHO\ D &$.( XVHU FDQ ZULWH WKHLU
XVLQJ WKHLU 3'$ WH[W HGLWRU DQG FKRRVLQJ WR V]
IRUPDW IRU D FDUG ILOH KDV RQO\ RQH UXOH DQG \
UHWXUQ



" ORKDPHGDOO\ 3K'" 7TKHVLV

3'$ &DUGV 9LHZHU Y C+&,
21 (GLW

7LWOH

-RKQVRQ 3 BVDELOLW\ $QG

ORELOLW\ ,QWHUDFWLRQV 2Q 7KH ORYH
'"HSW 21 &RPSXWHU 6FLHQFH 4PZ

&RQWHQW

$EVWUDFW 7KH 'HYHORSPHQWYV ,Q
‘:LUHOHVV &RPPXQLFDWLRQ
'LVWULEXWHG 6\WWHPV $QG
,QFUHDVHV ,Q 7KH 3RZHU $QG

$ERXW 7HVWGG &DWHJIRU\

YLIXUH &$.( RQ JLIXUH 3'$ HPXODWLRWHRQ D 3RFRHW:
=DXUXV 6/ GHVNWRS :LQ;3 HPXODWLRQ WHVW RI
VFUHHQ LQWHUIDF

,Q RUGHU WR XVH &$.( D XVHU LV SUHVHQWHG Z
WKH\ KDYH VHOHFWHG FRQQHFWHG WR 7KH\ PD\ FKF
FDVH RI WKH ILUVW WKHUH DUH QRQH RU WKH\ FDQ
D FDWHJRU\ WKH\ DUH WDNHQ WR WKH QH[W FDUG W
WKURXJK DOO RI WKH FDUGY XQWLO WKH\ KDYH ILQLYV

2QFH WKH\ KDYH FRPSOHWHG WKH H[HUFLVH WKHE
ORFDOO\ LQ D ILOH RQERDUG WKH 3'$ RU WKH\ FDQ !
LW WR DQ HPDLO DGGUHVV IRU XVH LQ (=&DOF IRUPL
HIDPSOH RXWSXW IURP &$.( LQ WKH (=&DOF VWUXFWX

$Q LQLWLDO SLORW HYDOXDWLRQ RI WKH ZLUHO
ZLWK ILYH SDUWLFLSDQWY DW D 6WDUEXFNVE FRIIHI

E URDPLQJ DFFRXQW 7 ORELOH ,Q WKL
VFHQDULR RI &$%$.( ZDV XVHG ZLWK WKH WDVN RI FD
VRIWZDUH LPSOHPHQWDWLRQ DFWLYLWLHYV UHODWHC
ZRXOG KHOS RUJDQL]H WKHLU VRIWZDUH PDQDJHPHC
DQ\ VXSHUYLVLRQ 7KH UHVXOWYV IURP WKLV FDWHJ
HPDLO VFULSW YLD WKH ZLUHOHVYV J]RQH LQ WKH FDI
NQRZQ WR XV DV LW ZDV D SXEOLF HYDOXDWLRQ D
RQERDUG WKHLU 3'$V WH[W HGLWRU 2QO\ WKH FDV
WUDQVPLWWHG DQG ZHUH FOXVWHU DQDO\WHG ODWH

, OO0



" ORKDPHGDOO\ 3K'" 7TKHVLV

&DVH 6WXG\ % (YDOXDWLQJ ZLWK &$.(
7KLY VHFWLRQ GHVFULEHV WKH LQYHVWLJDWLRQ

HYDOXDWLRQ RI WKH LQHUW FRQVWUXFWLRQLVP SDL
UHSRUWHG LQ FKDSWHU ZLWK WKH XVH RI WKH VRI!

SDUWLFLSDQWYV
7KH FRPSDUDWLYH VHULHV RI FDUG VRUWLQJ H[S

RI ILQDO \HDU XQGHUJUDGXDWH VWXGHQWY WDNLQJ
&RPSXWHU S, QWHUDFWLRQ ,Q RUGHU WR FRPSDUH
LOWHUSUHWDWLRQ RI D QXPEHU RI IDLU DQG UHVWU
RI WKH VWXGHQWVY FRXUVH WKH\ DOO KDYH KDG WF
+&, LQ WKHLU SULRU \HDU DQG WKHUHIRUH DUH F
NQRZOHGJHDEOH H[SHUWYV LQ EDVLF +&, DOVR RQ W
DV D PRGXOH WR VWXG\ LQ WKHLU ILQDO \HDU

6WLPXOXV ODWHULDO

.H\ WRSLFV IURP UHODWLYH FKDSWHUV IURP Wk
QRWHV ILJXUH ZKHUH FKRVHQ DV WKH FDUG
H[SHULPHQWY 7KH QRQ H[SHUW H[SHULPHQWV ZHUH
FRQWHQW IURP XSFRPLQJ XQVHHQ QRWHV LQ WKHLL

$V D FRQWURO WKH VDPH FDUG VHWV ZHUH JLY
SDVW NQRZOHGJH DQG WKH VDPH FDUGV IRU QRQ H]
NQRZOHGJH %RWK WKH H[SHUW DQG QRQ H[SHUW H[S

&DUG VRUWLQJ DV D +&, PHWKRG LWVHOI ZDV QF
LOQOWURGXFWRU\ +&, FRXUVH VR WKHLU HQJDJHPHQW
WR EH QRQ SULPHG WR WKH H[SHULPHQWDO SURWRFF



' ORKDPHGDOO\ 3K'" 7TKHVLYV

,FRQV DQG *UDSKLFDXWJLHQWDWLRQ DQG $VSHFW
SHSUHVHQWDWLRQV :HE $FFHVVLELOLW)\ ,QLWLD

&OLFNLQJ DQG 'UDJJERUHHQ $VVLVWDQFH

JRUFH )HHGEDFN 3HUVRQDOLVDWLRQ DQG 7K

3DSHU 3URWRW\SLQJOWHUQDWLYH 7H[W 7DJV

&XUVRU &RQWURO D @G 63RWQOMHNXKIHH W V

GHYLFHYV JLQN 7DUJHWYV DQG 3DUHQW
&RPPDQG 3URPSW RGWMLQHUV
OHQXV %2%%< FHUWLILFDWLRQ

'L]DUG 21 2] DQG +LJK )LGHOLW\
7DFWLOH ,QWHUIDFHV

YLIXUH 6DPSOH RI WRSLFV LQ EDVLF YLIXUH 6DF
+&, FKDSWHUV XVHG IRU BIGYHDWQWHG +& FKDSWHUV XVHG I}
([SHULPHQWYV QRQ H[SHUW H[SHULPHQWYV

7TDEOH LOOXVWUDWHY RXU H[SHULPHQWDO Y
LOQVWUXFWLRQ VKHHWY RQ KRZ WR EHJLQ HDFK RI
SDUWLFXODU VRUWLQJ PHWKRG ([DPSOHV RI WKHVH
7TKH\ ZHUH WKHQ JLYHQ PLOQXWHYVY WR FRPSOHWH
DVVLIQHG

$SSDUDWXYV

$ 6KDUS =DXUXV OLQX][ 6/ 3'$ DQG D +3 ,3DT
FRQGXFW WKH 3'$ EDVHG VROXWLRQ WR WKH HOHFWL
VRIWZDUH DV GHVLJQHG LQ WKH SDUWLFLSDWRU\ GH
WKH DOWHUQDWLYH WHFKQLTXHV

$IWHU D EULHI KHOS VFUHHQ LQWURGXFWLRQ Wtk
KRZ WR QDYLJDWH WKH FDUGY DQG DOORFDWLQJ FD
WKH\ EHIJDQ WKHLU H[SHULPHQWYV ILUVWO\ DV D JURX
LQGLYLGXDOV 3'$ HIHUFLVH WKH\ KDG WR WDNH LW L



' ORKDPHGDOO\ 3K'" 7KHVLYV
7TDEOH ([SHULPHQWDO YDULDWLRQV R F

*URXS([SHUW ([SHULPHQW @D[SEHWW ([SHULPHQW
1R &DUGYV

([S 1RQ OLQHDU WHFKORDXGILQHDU WHFKQL
VWDQGDUG VWDQGDUG

QRQ HOHFWURQLFQRMUBOHFWURQLF FDUGYV
JURXS H[SHULPHQMWRXS H[SHULPHQW

([S /LQHWHFKQLTXH /LQHWHFKQLTXH

QRQ HOHFWURQLFQRMUBOHFWURQLF FDUGYV
JURXS H[SHULPHQWRXS H[SHULPHQW

([S /LQHDU WHFKGLTXHQHDU WHFKQLTXH
HOHF WEDRIGLVF H O HF WEDDRIGLVF

JURXS H[SHULPHQWRXS H[SHULPHQW

([S 1RQ OLQHDU(MHFHRRTRA®HQHDU WHFKQL
VWDQGDUG VWDQGDUG

QRQ HOHFWURQLFQRMUBOHFWURQLF FDUGV
,QGLYLBKIHOMPHQWGLYLBKIHIM.PHQW

([S /LQHBHFKQLTXH /LQMDHFKQLTXH
QRQ HOHFWURQLFQRMUBOHFWURQLF FDUGV
QGLYLBKIOHOMPHQWGLYLBNIHOMPHQW

([S /LQHDU WHRKRLTXHQHDU WHFKQLTXH
HOHF WDRGLF H O HF W DRIGLVF

,QGLYLBKIHOMPHQWGLYLB)XIHOMPHQW

SURFHGXUH

,Q DOO GDWD IURP JURXSYV ZHUH FROOHFWH
SDUWLFLSDWHG LQ WZR YDULDWLRQV H[SHULPHQWYV
VRUWLQJ PHDVXUHPHQWY (DFK JURXS ILUVW FRQGX
IROORZHG E\ D QRQ H[SHUW YDULDQW RI FDUG VR



' ORKDPHGDOO\ 3K'" 7TKHVLV

SDUWLFLSDQWYVY ZHUH QXPEHUHG RQH WR ILYH DQG F
PDLQWDLQ D FRPSDULVRQ ZLWK D VWDQGDUG JUR?’
FRQGXFWLQJ LQGLYLGXDO H[SHULPHQWYV ZHUH WROG
ZKLOH WKH\ FRQGXFW WKHLU RZQ H[HUFLVH ZKHUF}
FRPPXQLFDWH WKHLU LGHDV DFURVV WR WKHLU JURX

,QHUW &RQVWUXFWLRQLVP ZLWK &%.(

&$.( HOLFLWV ILUVW H[SHULHQFH DUWHIDFWV R
FDWHJRULFDO IRUPDWLRQV ZLWKLQ WKH VFRSH RI W]
FKDSWHU 7KLV LV FRQVWUXFWHG LQ WH[WXDO IRUI
WKH GXUDWLRQ RI WKH NQRZOHGJH HOLFLWDWLRQ F
ZLWK QR PRGLILFDWLRQV 0 RU GHOHWLRQV '

,QHUW &RQVWUXFWLRQLVP LV UHSRUWHG LQ FKD
VLQJOH F\FOH RI LWHUDWLYH NQRZOHGJH FRQVWUXF
GRPDLQ )RU WKLV UHDVRQ WKH HQWLUH VHULHV RI
XWLOLVHG FORVHG FDUG VRUWLQJ UDWKHU WKDQ WK
LOQLWLDO NQRZOHGJH GRPDLQ $V VXFK WKH GDWD
EDVHG &%$.( VHVVLRQV UHSRUWY LQGLYLGXDO FODVYV
WKHQ FOXVWHU DQDO\WHG E\ D FRPPRQ WKHPH 7KHV
PDQLSXODWLRQ LQ OLQH ZLWK WKH GHVLIQHG PRG
FKDSWHU ¢fV IUDPHZRUN RI FRQVWUXFWLRQLVP

6WXG\ 5HVXOWYV

,Q RUGHU WR FRPSDUH WKH UHVXOWYV IURP WKH
7TKXV LQ VWDWLVWLFDO FOXVWHULQJ LW ZDV QHFHYV
QDPH WHUPV DV VKRZQ SULRU LQ ILIJXUHV $
GDWD FROOHFWHG

6LQFH WKH &$.( 3'$ WRRO DXWRPDWLFDOO\ JHQI
RQO\ WKH QRQ HOHFWURQLF H[SHULPHQWY QHHGHG
8QGHU QRUPDO FDUG VRUWLQJ FRQGLWLRQV LW LV
ZKHQ WKH FDUGVY GRPDLQ RI NQRZOHGJH LV VRPHZK
WKH FKRLFH Rl FDUGY GDWD ZHUH WDNHQ IURP H[LV
BKQHLGHUPDQ WKHUH ZDV D FRQWUROOHG 3KLJI
WKHVH H[SHULPHQWYVY DJDLQVW



' ORKDPHGDOO\ 3K'" 7TKHVLYV

,Q WKHVH WHVWYV JURXS EDVHG FDUG VRUWLQ.
GLYHUVH WKDQ LQGLYLGXDO EDVHG FDUG VRUWLQ
SDUWLFLSDQWY LQ D JURXS YV FOXVWHU DQDO\VLQ:.
WKH VDPH QXPEHU RI LQGLYLGXDOV %LDV DQG FRQY
EH UHDVRQV WKDW DIIHFW WKH JURXS ZKHQ WKHUH
JURXS

ILQHDU FDUG VRUWLQJ YV QRQ OLQHDU FDUG V
GHDOLQJ ZLWK H[SHUW GDWD LQ JURXSV ZKHUHE\ D(
'LWK QRQ H[SHUW GDWD LQ D JURXS KRZHYHU OLQH
PRUH DFFXUDWH FOXVWHU VHW WKDQ IRXQG ZLWK WL
IRU WKLV LV JHQHUDOO\ EHOLHYHG WR EH WKDW G
LOQVWLQFWXDO FKRLFHV DQG SHUVRQDO HGXFDWHG
GRPLQDQW JURXS PHPEHUV 3ZKR VRXQG OLNH WKH\ N

%RWK LQGLYLGXDO EDVHG OLQHDU FDUG VRUWL!
VRUWLQJ VKRZHG VLIJQLILFDQW FOXVWHU GLVSHUVLR
SDUWLFLSDQWY 7KHUHIRUH WUDGLWLRQDO JURXS
HI[ISHULPHQWDOO\ FKDOOHQJHG LQ WKHVH FDVHV DV |
EDVHG FDUG VRUWLQJ ZKHQ LW FRPHVY WR HOLFLWLQ
WKHUHIRUH IRXQG WR EH EHWWHU WR FDUG VRUW DV
ZLGHU UDQJHV RI FDWHJRULFDO KLHUDUFKLHYV

JRU LQGLYLGXDOV ZRUNLQJ RQ WKHLU RZQ H
FRPSDUDEOH WR SDSHU EDVHG OLQHDU FDUG VRUWL
WKDW ERWK H[SHUW DQG QRQ H[SHUW FDUG VRUWLQ
OHDGLQJ WR VXJJHVW WKDW WKH 3'$ PHWKRG ZDV Q
7KLV LQWHUSUHWDWLRQ VWHPV IURP WKH OHYHO RI
VRUWLQJ &$.( EHQHILWY WKH .( SURFHVV E\ SURYLC
DQDO\VH FDUG VRUWLQJ GDWD ,Q DGGLWLRQ WKH P
QRW UHTXLULQJ ODUJH GHVN VSDFH IRU FDUG PDQLS:

*URXS EDVHG HOHFWURQLF OLQHDU FDUG VRU
FRPSDULVRQ WR LQGLYLGXDO EDVHG HOHFWURQLF O
JURXS DURXQG D VPDOO GHYLFH GLG QRW HOLFLW W



' ORKDPHGDOO\BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBE

WKH PHPEHU ZKR XVHV WKH GHYLFH XOWLPDWHO\ KD
WKH VRIWZDUH

7KH FKRLFH Rl WHUPLQRORJ\ LQ FDWHJRU\ QDPL
FRPPXQLFDWLRQ DOORZHG LQ WKH VWDQGDUG QRQ
DEFXWHO\ PRUH VFLHQWLILFDOO\ QDPHG ZKHWKHU Wk
DWWHPSWHG WR FRQWULEXWH H[SHUW EHKDYLRXU
H[HUFLVH ZHUH YDULHG EHWZHHQ WHFKQLFDO WR QR

([SHULPHQW ([SHULPHQW

JLIXUH &OXVWHU ([SHULPH®W H &OXVWHU ([SHULPHC(

&RQFOXVLRQV WR &$.(

$Q LQ GHSWK XVHU FHQWUHG GHVLJQ SURFHVV Z
DQG GHYHORSPHQW RI &$.( DV D FDUG VRUWLQJ PRE
HYDOXDWLRQ Rl WKH WRRO GHPRQVWUDWHG WKDW &
KDYLQJ FRPSDUHG DQG FOXVWHU DQDO\VHG WKH HPS

,Q H[SORULQJ ,QHUW &RQVWUXFWLRQLVP ZLWHK
FDWHJRU\ IRUPDWLRQV LQ OLQHDU FDUG VRUWLQJ
FRQVWUXFWYVY FDQ EH FUHDWHG HOHFWURQLFDOO\
FRQVWUXFWY UHSUHVHQW WKH LQGLYLGXDO FDSDE
LPSUHVVLRQV LGHDV LQ FDWHJRULVDWLRQ



' ORKDPHEBBEBBBBBBBBB 3K'" 7KHV

&KDSWHU 6XPPDU\

7KLY FKDSWHU GHVFULEHG WKH GHVLJQ DQG +
LPSOHPHQWDWLRQ RI LOQOHUW FRQVWUXFWLRQLVP WR
UHSUHVHQW WKH SUDJPDWLFV RI LQHUW FRQVWUXFV
VRUWLQJ WHFKQLTXH ZDV FDUULHG RXW 7KLV H[S
VRUWLQJ LV D YLDEOH DOWHUQDWLYH WR H[LVWLQ
&ERQVWUXFWLRQLVP LQ WKH IRUP RI OLQHDU FDUG V
WKDW WKHUH LV VFRSH IRU JHRJUDSKLFDO GLVSHUYV
WHFKQLTXH

JROORZLQJ WKLV D TXDOLWDWLYH FRPSDUDWLY
WKH XVHIXO TXDOLW\ RI LQHUW FRQVWUXFWLRQLVW
VRUWLQJ PHDVXUHPHQWY ZHUH HOLFLWHG 7KLV GF
GLYHUVH FDWHJRULVDWLRQ IRUPDWLRQV RQ SDU
DGYDQWDJHV RI ILUVW LQWXLWLRQ GDWD LV QRW [X(
WKH VFRSH DQG ILHOG RI WKLV WKHVLV LW GHPRQ\
VRUWLQJ WR LQFOXGH D QHZ W\SH RI XVHU GDWD |U]I

BHYHUDO NH\ DSSOLFDWLRQV RI &$.( DUH VKRZQ DV
+ &RQWH[WXDO HQTXLU\ RI FDWHJRULVDWLRQ VXI
f ,GHD EUDLQVWRUPLQJ EHWZHHQ PL[HG H[SHULP}

+f )HDVLELOLW\ VWXGLHV HOLFLWLQJ SULPHU W\S
DIITHFW KRZ QHZ GDWD LV DUUDQJHG

6HYHUDO NH\ DGYDQWDJHV IRXQG LQ WKH FDVH VWX
.(ZLWK WKLV PRELOH NQRZOHGJH HOLFLWDWLRQ LPS

+f 'DWD FDSWXUH FDQ EH DFKLHYHG DV\QFKURCQ
UHTXLUHPHQWYV IRU H[SHUW SUHVHQFH LI FRQGX
DW DQ\ SRLQW RQFH FDWHJRULVHG DQG VWRUHG

¥ &RPSLODWLRQ RI GDWD YDOXHV FDQ EH HLWKH
QHWZRUN LV SUHVHQW DQG VHOHFWHG RU FRPSL



ORKDPHGDOO\ 3K'" 7TKHVLV

f 7HVW DGPLQLVWUDWLRQ EHFRPHV G\QDPLF DQG
E\ HOHFWURQLF LQVWUXFWLRQ DQ DGPLQLV
H[SHULPHQWY WR LQ WKH ILHOG H[SHULPHQWHUYV

7KH IROORZLQJ FKDSWHU LQYHVWLIJDWHYVY WKH UF
PRGHOOLQJ VHPL G\QDPLF FRQVWUXFWLRQLVP ZLW
GLDJUDPPLQJ



' ORKDPHGDOO\ 3K'" 7TKHVLYV

&KDSWHU 6HPL "\QDPLF &RQ\
ORELOH S$IILQLW\ 'LDJUDP



' ORKDPHEBBDBB SK'7KHVLV
, QWURGXFWLRQ

7KLV FKDSWHU DLPV WR FRQWLQXH WKH H[SOR!
FRQVWUXFWLRQLVW PRGHOOLQJ LQ ORELOH +&, .( P
&RQVWUXFWLRQLVP DV D PRGHO WKDW FDQ EH REVHL
,Q FKDSWHU WKH IUDPHZRUN Rl FRQVWUXFWLRQLV
FRQVWUXFWLRQLVP ZLWKLQ +&, PHWKRGV 7DEOH
PRGHO FDQ EH XVH WR PRGHO LQHUW FRQVWUXFWLRC

$ VLPLODU PHWKRGRORJ\ WR &DUG B6RUWLQJ LV
PHWKRG PRUH FRPPRQO\ NQRZQ DV $IILQLW\ 'LDJUD
RUJDQLVDWLRQDO DFWLYLW\ LV SURSRVHG DV D W\S}
VHPL G\QDPLF FRQVWUXFWLRQLVP ZKHUHE\ WKH NQR
IRXQG LQ LQHUW FRQVWUXFWLRQLVP HJ &DUG 6RUYV

&ROODERUDWLYH WHDPV ZRUN RQ WKH FRQVW
RUJDQLVDWLRQ RI WKRXJKWV WKURXJK VI\QWDFWLFD
EHFDXVH WKH RUJDQLVDWLRQDO DFWLYLW\ LV VWLO«
FRPSOHWHG DUWHIDFWY HJ ZKROH FOXVWHUV RI H
DUH RQO\ DEOH WR FRQVWUXFW DQG PRGLI\ WKH F
6HFRQGO\ PHGLDWLRQ SHULRGV FDQ EH REVHUYHG
ZKHUHE\ SDUWLFLSDQWY DUH UHDFKLQJ D FRQVHQV
RUJDQLVDWLRQDO VWUXFWXULQJ RI FDUG HOHPHQWYV

7KH HDVH RI XVH RI DSSO\LQJ WKH PHWKRGRORJ\
UHSRUWHG LQ +&, OLWHUDWXUH ,Q DGGLWLRQ UHSU
KDV RQO\ EHHQ UHSRUWHG WKURXJK YLGHR REVHUYL
WKH HVVHQFH RI ILQH WXQHG FKDQJHV WR WKH DIILQ
G\QDPLF FRQVWUXFWLRQLVP LV SUHVHQWHG WR GH
SDUWLFLSDQWVY FRQILGHQFH LQ WKHLU DIILQLW\ G
GHYHORSHG PRELOH WRROV IRU $IILQLW\ 'LDJUDPPL
UHSRUWHG LQ WKLV FKDSWHU 7KLV H[SHULPHQWDO
UHODWLRQVKLS ZLWK WKH PRGHOOLQJ RI VHPL G\C
GLDJUDPPLQJ LQ +&,



' ORKDPHGDOO\ 3K'" 7TKHVLV
SUREOHP 'RPDLQ

&DUG VRUWLQJ DQG $IILQLW\ 'LDJUDPPLQJ DUH
HOLFLWDWLRQ WHFKQLTXHV IRU JURXSLQJ LQIRUPD

7KHLU RULJLQ DV XVHIXO .( WHFKQLTXHV LQ V
.HOO\fV 3HUVRQDO &RQVWUXFW 7KHRU\ .HOO\
XVHIXO +&, .( WHFKQLTXHV %XUJH EDVHG RQ Wk
DFTXLUHG %XUWRQ HW DO 7KH\ DUH XVHIXO
FUHDWLQJ DQG DQDO\WLQJ FDWHJRULVDWLRQV RI N
IRUHPRVW XVDELOLW\ PHWKRGV IRU LQYHVWLJDWLQ
PRGHO RI DQ LQIRUPDWLRQ VSDFH ODUWLQ 1LHC

$Q DIILQLW\ GLDJUDP PHWKRG LQ +&, PHWKRGR
WRJHWKHU LQ D URRP ZLWK D ERDUG RU ZDOO 2z
REVHUYDWLRQV LGHDV DQG JURXS WKHP LQWR FOXV
DQG GHFLGH RQ WKHLU FKRLFHV IRU SRVLWLRQLQJ W
GHEDWH FRQVHQVXV RQ WKH FOXVWHU JURXSLQJV W
KHDGLQJV

BUHYLRXVO\ UHSRUWHG UHVHDUFK ZLWK HOHEW!I

E ORKDPHGDOO\ HW DO E SURYLGHG DQ LQWH¢
NQRZOHGJH HOLFLWDWLRQ .( DQG LQIRUPDWLRQ
SDUWLFLSDQWY WR FRQVWUXFW PRELOH FDUG VRUW
SURYLGH D PHDQV IRU JHRJUDSKLFDOO\ GLVSHUVHG
IRUPDWLRQV

,Q FKDSWHU H[SHULPHQWDO VFHQDULRV IUR
VWXGHQWY ZLWK FDUG VRUW GDWD )LJXUHYV
QRQ HOHFWURQLF WHFKQLTXHV )JURP WKLV LW ZD
SURFHGXUHY DVVLJIQ VLIQLILFDQW ZHLIJKWLQJ WR F
WKH FRQVWUXFWLRQ KLVWRU\ RI WKH FOXVWHU GHFL
SUDFWLFH
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JLIXUH $ +&, SUDFWLWLRQHU FUHDWLQJ DQG FRQGXFWLQC
QRWHYV

,Q DIILQLW\ GLDJUDPPLQJ KRZHYHU WKH SUDEFW
HQFRXUDJHG WR FRPPXQLFDWH WKHLU UHDVRQLC
FROODERUDWLYHO\ OHDG WR FDWHJRU\ FOXVWHU IR
VRUWLQJ PHWKRG DOVR WHQGV WR LPSO\ SUH PDGH
WHQGYV WR UHTXLUH XVHU FUHDWLRQ RI WKH FDUG |
LQHUW LQ FRQVWUXFWLRQ DV QHZ NQRZOHGJH LV FR:
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W LV QRWHG WKDW ERWK WKH FDUG VRUWLQJ I
DSSO\ WR RWKHU REMHFWYVY RWKHU WKDQ FDUGV VXI
VRUWLQJ WHQGV WR EH PRUH WH[WXDOO\ RULHQWDW

%RWK RI WKHVH PHWKRGRORJLHV DUH H[SHUL
FDWHJRULVDWLRQ PHWULFV RI XVHU PHQWDO PRGHC
ILIXUH 7KH H[LVWLQJ SDSHU EDVHG DIILQLW\ GL
FKHDS DQG SUDFWLFDO /RZ ILGHOLW\ LGHDV DUH F
RIILFH VWDWLRQDU\ PDWHULDOV DQG VSDFH QHHG V
UHFRUGHG RQ SDSHU LQ D FRQVLVWHQW DQG VKDUH
DUH QRW UHFRUGHG RQ SDSHU H J KRZ WKH\ DUULY

&DVH 6WXG\ $ ORELOH $I1ILQLW\ 7RROV 'H
7KLY VHFWLRQ GHVFULEHV WKH GHVLJQ LQYHVW

VHYHUDO WRROV WR VXSSRUW PRELOH DIILQLW\ GLD:

,QLWLDO ,QYHVWLJDWLRQ
JLUVWO\ GLUHFW REVHUYDWLRQ RI VHYHUDO H

DIILQLW\ GLDJUDPPLQJ H[HUFLVHV ZDV FRQGXFWHG
ILIXUH 7KH FODVV RI DSSUR[LPDWHO\ SRVWJI
WHDFKLQJ VXSSRUW VWDII ZHUH PDGH DZDUH WKDW
PLOQXWH GXUDWLRQ RI WKH WHFKQLTXH DQG JDYH Wt

‘'LJLWDO YLGHR REVHUYDWLRQ ZDV FDSWXUHG
SKRQH EDVHG FDPHUDYV 7KHVH ZHUH GHHPHG WR EH
FODVV HYHQ WKRXJK WKH\ NQHZ WKH\ ZHUH EHLQJ U
VPDOO HQRXJK WR EH XQREWUXVLYH WKHUHE\ OR
PRWLYDWHG SURFHVV 7KH SXUSRVH RI REVHUYLQJ
GLDJUDPPLQJ WHFKQLTXH ZDV WR HQDEOH WKH LU
FROODERUDWLYH DFWLYLW\ VHTXHQFHYV LQ WKH PHW
SRWHQWLDO XVHU DFWLYLWLHYV DV NH\ VWDJHV RI F
PHGLDWLRQ DQG UHILQHPHQW RI FDWHJRULFDO LQI
SULRU DV D 7,& VWDWH LQ VHFWLRQ VHH ILIJXUH
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JLIXUH YLGHR REVHUYDWLRQ LGHQWLILHG VWDJHYV RI FRQVW
GLDJUDP FRQGXFWHG LQ D FODVVURRP VFHQDUL
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/ILQHDU $SSURDFKHYV

JLIXUH OLQHDU YV 1RQ OLQHDU NH\ VWDJHV RI FDWHJRULVI
7,& VWDWH

7KH YLGHR REVHUYDWLRQV DLGHG LQ LQLWLDO
WKDW WKH XVH RI D YLVXDOLVDWLRQ VSDFH PDNHV
ULFK LQ FRPSDULVRQ WR FDUG VRUWLQJ

$IWHU WKH SDUWLFLSDQWY KDG FUHDWHG WKHLL
ZDV VKRZQ WR EH VSOLW LQWR WZR PDLQ IRFDO SR
FOXVWHUV ZDV XVXDOO\ LGHQWLILHG E\ XVH RI 3UF
SDUWLFXODU FUHDWHG FDUGV WR RQH VLGH GLVFXV
DQG FDWHJRU\ QDPH G6HFRQGO\ WKHVH 3URXJK DUHI
PDLQ DIILQLW\ ZRUNVSDFH WR IXUWKHU FRQVWUXF\
DIILQLW\ GLDJUDP 7KLY SUDFWLFDO DSSURDFK V
UHPDLQLQJ FDUGYVY IURP WKH SDUWLFLSDQWY KDG H
RWKHUV UHPRYHG

7KH UHTXLUHPHQW RI D ODUJH VSDFH WR ZRUN
FUHDWLQJ D PRELOH GHVLJQ IRU WKH PHWKRGRORJ)!
KLIJK UHVROXWLRQ LQWHUIDFH ZLWK ZKLFK PRVW
SUDFWLFDOO\ HJ WKH VPDOO DQG ORZ UHVROXWLR(
VDPH WLPH WKH SDUWLFLSDQWVY DFWLYLW\ SODFHG
GLDJUDP DQG FUHDWLQJ DQ DJUHHPHQW FRQVHQVX'
7TKHUH ZDV D YLVLEOH QHHG IRU SHRSOH WR VLW Dl
WKHLU RSWLRQV DQG DUJXH WKHLU FDVHV ZKLOVW
WKHLU KDQGV 7KLV LV D NH\ IDFWRU RI FRQVWUXFW
UHLQIRUFHG WKURXJK WKH WDQJLEOH HIIRUWYV RI RW
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7KHUH ZDV OHVV HPSKDVLV RQ WKH DFFXUDF\ R
WKHLU FDUGV FUHDWLRQ WDVN WKRXJK WKH YRFD
VXJIJHVWLRQV DQG DZDUHQHVV RI FRQFHSWV LQ FRPI
LQIRUPDO SURWRFRO RI WKH DIILQLW\ GLDJUDPPLQ
SDUWLFLSDQW FRQWULEXWH OLQHDUO\ EXW UDWKHL
EHKDYLRXU ZLWKLQ WKH WHDPV GHEDWLQJ IRFXV
PDQQHU

([SHUW 3DUWLFLSDQWYV
3DUWLFLSDWRU\ GHVLJQ 3' VHVVLRQV ZHUH WKF

DQG OHFWXUHUV 7KH HI[SHUWYV PDOH IHPDOH
'"HVLIQ &LW\ 8QLYHUVLW\ /RQGRQ DV RI 7KH\ HDT
H[SHULHQFH ZLWK FRPSXWLQJ DQG WKH LQWHUQHW
+&, HLWKHU LQ DFDGHPLD RU SURIHVVLRQDOO\ 7KH
UHODWHG FRPSXWHU VFLHQFH DQG +&, PDWHULDO DW

7KH\ ZHUH HDFK JLYHQ D FRQVHQW IRUP ZKLFK
TXHVWLRQQDLUH WR ILOO RXW WR HOLFLW WKHLU DZ
VRIWZDUH WRROV DSSHQGL[ & $Q DQEDO\WVLV RI WK
WKHP ZHUH IDPLOLDU ZLWK D ZLGH YDULHW\ RI +&,
VRUWLQJ DIILQLW\ GLDJUDPPLQJ DQG SDSHU SURWR
WHFKQLTXHV VXFK DV LQWHUYLHZV VXUYH\V DQG XV

'HVLIJQ 3URFHGXUH
7KH SUDFWLWLRQHUV ZHUH WKHQ LQWURGXFHG

DQG RQVFUHHQ KDQGZULWLQJ DV D SRWHQWLDO LQW
ILGHOLW\ SDSHU SURWRW\SHV ILJXUHV LQ F
FUHDWHG E\ WKH SUDFWLWLRQHUV WR HOLFLW SRW
GHILQLQJ RSWLRQV DQG D IXQFWLRQDO EUHDNGRZQ
QXPEHU RI XVHU DFWLRQV ,W DOVR SURYLGHG WKH L
NH\ DFWLYLWLHVY WKDW D VRIWZDUH VROXWLRQ FRXO
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IXO LR
8OWY E’-n:ra.tDQgMHY- &DUGA
A $!l 9
FZNDOAOH
90Y4 A
A $9 3IA
\RAAL\ ofHR
HWEILI
%’/MPXDJRUE% Ua M 99D WWFV
FeLw SRER: UH 7 ? &m.’ E >«
YLHM—II;).?LIO W\?-Dv%gv &FNF 1YM
MEHE/XYWD9 W& Y ORWS -711YQ LAUGitHW &$ 119
HDUQHU$LU HQUQVRFV 9-9_\FX
aG
J)LIXUH ILUVW H[SHUW SDSHU SURWRW\SH RI WKH JLIXUH

DIILQLW\ GLDJUDPPLQJ PHWKRGRORJ\ LQ VRIWZDUH DITLQLW\ (

+DYLQJ LGHQWLILHG WKH NH\ IDFWRUV ZLWKLQ V
HISORUHG IXUWKHU ZLWK DQ DIILQLW\ GLDJUDPPLC
UHTXLUHPHQWY 7KLV HQDEOHG RSLQLRQV WR EH F
HQTXLUH DV WR WKH SULRULW\ RI FHUWDLQ NH\ IDF
IRFXV JURXS GLVFXVVLRQ WR UHDFK D FRQVHQVXV
DWWULEXWHY DUH VKRZQ LQ WDEOH

ORELOH SHQ EDVHG LQSXW GHYLFHV VXFK DV 3'$)\
WKH +&, XVHUV WRRONLW" SUHYDOHQW IRU PXOWLSC
DERYH 3'$ DQG 6PDUW3KRQH GHYLFHV KDYLQJ GHE
ZLWK UHJDUGV WR YLVXDOLVDWLRQ VSDFH DQG XV
DFWLYLW\ $ WDEOHW3& LV D K\EULG ODSWRS DQG 3.
ZLWK HOHFWURPDJQHWLF SHQ EDVHG LQWHUIDFH $W
ZLOO DOORZ +&, SUDFWLWLRQHUYV

t IDFLOLWDWHY LQN EDVHG WHFKQRORJLHV IRU \
WUDLQLQJ

f ,W KDV D ZLGH YLVXDOLVDWLRQ VSDFH IRU D PF
PXFK KLIKHU LQFOXGLQJ SURMHFWRU RXWSXW
WR ZRUN ZLWK HDFK RWKHU RQ DQ DUWLILFLDOO
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T WKH PHPRU\ DQG SURFHVVRU UHTXLUHPHQWYV |
DGHTXDWH VWRUDJH DQG SURFHVVLQJ RI DIILQLV

f SURYLGHV WKH PRELOLW\ IRU RQ VLWH XVH E\ +
LV HDVLO\ 3 SDVVDEOH" SK\VLFDOO\ WR RWKHU X\
REWUXVLYH HVSHFLDOO\ LI FRQYHUWHG LQWR L\

7TDEOH ([SHUW DIILQLW\ FDWHJRULHYV DIWHU IRF X\
UHTXLUHPHQWYVY IRU PRELOH DIILQLW\ GLDJL

&DWHJIRU\ 7LWOH &DUGV FUHDWHG DQG FOXVWHU

%DVLF IXQFWLRQV ORDG FDUGYV
SURFHVV FDUGV HJ PDNH Fk
PLVWDNHV RQ FDUGYV
ORDG JUDSKLFV DQG RZQ GUL
LW QRWHV FDUGV
DGG WH[W WR WKH FDUGV SR
&DWHJRULVDWLRQ RSWEBWWJRULVH FDUGYV
YLHZ SRVW LW QRWHV ZLWKL
UHRUJDQL]H ZLWKLQ DQG DF!
ZLWK FDUG SLFNLQJ
DGG QHZ GHOHWH FDWHJRULF
HGLW FDWHJRU\ QDPH
PRYH FDWHJRU\ ZLQGRZV ED
IRUZDUG
UHVWUXFWXULQJ FDUGYV
GUDJ DQG GURS FDSDELOLWL
9LHZLQJ QDYLJDWLRQ R/ILHZUBYO SRVW LWV FDUGYV
PXOWLSOH YLHZV
RQH FDUG DW D WLPH YLHZ V
QDYLJDWRU
DUURZV VKRZLQJ PRYHPHQW |
EHWZHHQ GLIITHUHQW JURXSYV
EDFN IRUZDUG VDYH EXWWRQ
JRRP YLHZ RYHUYLHZ
)LOH HGLW RSHUDWLRQINGG FRS\ SDVWH HGLW VD)
QRWHV
VDYH VFUHHQVKRW RI DIILQL\
HPDLOLQJ WR RWKHUYV
BURJUHVV LQIRUPDWLRWH[WKBOQOQGLFDWLRQ RI DF\
WLPH FDUG LQWR JURXS ~
WH[WXDO GHVFULSWLRQ RI D¢

JURP WKLV H[SHUW VHVVLRQ LW ZDV LGHQWLILHC
D 7TDEOHW3& ZDV EHVW WR EH ORJLFDOO\ VSOLW LQYV
SDUWLFLSDQWYYYV DFWLYLWLHYV ILUVWO\ WKH FUHD
RUIJDQLVDWLRQ DQG FOXVWHULQJ RI WKHVH FDUGYV
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VHSDUDWHG LQWR WKHVH WZR ORJLFDO IXQFWLRQ
&$7(5,1( &DWHJRULFDO 5LFK ,QN 1RWHV (GLWRU DQ(
DQG FOXVWHUL@Y: WeHRR® ZOWPMHEDVHG $IILQLW\ :RUNYV
0$7( ORELOH $IILQLW\N 7THPSRUDO (YDOXDWRU ZzZDV C
6$: GDWD RYHU WLPH DV DIILQLW\ GLDJUDPV DUH FUH
WKH VHPL G\QDPLF FRQVWUXFWLRQLVP ZLWKLQ DIILQ

JURP WKH YLGHR REVHUYDWLRQV RI WKH LQLWL
H[SHUW DIILQLW\ GLDJUDP REVHUYHG IURP WKH +&, S
WKDW ZKLOVW WKH UHJXODU IORZ RI WKH WHFKQLT
WKHP WKH LQIRUPDO QDWXUH RI WKH DIILQLW\ GLD.
WR FUHDWH PRUH FDUGV ZKLOVW WKH RUJDQLVDWL
GHVLJQ LW ZDV DJUHHG LQ WKH IRFXV JURXS WKDW
VKRXOG EH LQWHJUDWHG DQG LQWHURSHUDWHG ZL
EHWZHHQ WZR RU PRUH DSSOLFDWLRQV RU YLHZV W
WLIKWO\ FRXSOHG DQG VKDUH WKHLU GDWD URXRRSP P
WULSSLQJ

&$7(5,1( &DWHJIRULRKDNRWIHAK (GLWRU
&$7(5,1( &DWHJRULFDO 5LFK ,QN 1RWHV (GLWR

RULHQWDWHG ZULWLQJ DQG GUDZLQJ WRRO GHVLJQH
SDG RI SRVW LW QRWHV ,W GLIIHUV E\ HQDEOLQJ W|
ZULWWHQ E\ 7TDEOHW3& SHQ WR EH HGLWDEOH VFDO
DV ZHOO DV PLPLF KRZ DQ HUDVHU ZRXOG HUDVH E\
OLQHV

7KH VRIWZDUH LV GHVLJQHG ZLWK IDFLOLWLH'
URXQG FDOOLJUDSKLF OLQH ZLGWKV SHQFLO ELU
FUHDWLYLW\ Rl WKH XVHU WR EHFRPH PRUH PHDQLQ
UHDG\ IRU XVH LQ WKH DIILQLW\ GLDJUDPPLQJ ZRUNV
QRWHV DUH VWRUHG DV WLPH VWDPSHG LQN EDVHG
DQ\WLPH LQ &$7(5,1( IRU IXUWKHU HGLWLQJ DQG |
LPSRUWDQW DV D KLVWRU\ OLVW YLHZ ZLWK WKXPEQI
IURP D VLQJOH VHVVLRQ ILJXUH
7KLV IDFLOLW\ LV HQDEOHG LQ WKH UHOHDVH YHUVLRQ RI WKH VR

KRZHYHU LW ZDV SXUSRVHIXOO\ GLVDEOHG LQ WKH H[SHULPHQWDO
FRQWURO
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)LIXUH &UHDWLQJ YLVXDO LQN QRWHV IRU XVH LQ 6%$: WRRO
LW QRWHYV

$V WKH\ DUH *,) ILOHVY WKH\ DUH DOVR FDSDEO}
HJ HPDLOHG $Q DGGLWLRQDO IHDWXUH GHYHORS
WKH FDSDELOLW\ WR DXWR JHQHUDWH D ZHEVLWH ZlI
YLHZ LW DV D ZHEVLWH RYHU WKH LQWHUQHW DQG
IRU WKHLU RZQ DIILQLW\ GLDJUDPPLQJ

6%: 6RIWZDUH EDVHG $I1ILQLW\ :RUNVSDFH
6%$: O6RIWZDUH EDVHG $IILQLW\ :RUNVSDFH LV

7DEOHW3& EDVHG WRRO IRU XVHUV WR RUJDQLVH E
REMHFWV DV FUHDWHG LQ &%$7(5,1( LQWR JURXSV R
7KLV LV DFKLHYHG WKURXJK WKH XVH RI G\QDPL
PRUH VSDFH LV QHHGHG DQG E H[WHQG WKH YLVXDC
FDUGV DSSURDFK LWV HGJH ERUGHUV 8VLQJ VXFK
PDQDJHPHQW RI ODUJH YLVXDO ERDUGV WR VWLFN S
DQDO\VLY DQG FROODERUDWLYH UHYLHZ 8VLQJ WKF
ERDUG HQDEOHV WKH FDUG WR EH UHYLHZHG DW IXC
LPDJH W\SHV VXFK DV -3(* 7,)) DQG %03 IRUPDWV

SDUWLFLSDQWYV LQ DQ DIILQLW\ GLDJUDPPLQJ H
UHILQH WKH FKRLFHV RI WKHLU DFWLRQV DQG GHFI
FDWHJRULFDO VWUXFWXUHY LQ JURXSV



' ORKDPHGDOO\ 3K'" 7TKHVLYV

$UUDQJH WKH ZDJHV LQWR FORVH J

JLIXUH 6$: PDLQ ERDUG LQFRUSRUDWHY D UHVL]DEOH YLUWX
UHFRJQLWLRQ RI JHVWXUHY DQG KDQGZULWLQJ WR WHJ'

7KH 7DEOHW3& LQN UHFRJQL]J]HU HQDEOHV XVHU
7TDEOHW3& SHQ ZLWKRXW WKH QHHG RI D NH\ERDUG
LOQWR WH[WXDO FDWHJRU\ KHDGLQJV 7KLV ZzZDV L
9LVXDOG6WXGLR 1HW 7TDEOHW3& 6'. OLEUDULHYV

7KLV LQWHUDFWLRQ PRGHO PLPLFV WKH SK\VLFD
ERWK FDUG VRUWLQJ DQG DIILQLW\ GLDJUDPPLQJ FOF
SHQ GUDJ PRWLRQ EULQJLQJ FDUGV WR WKH IURC
ORRNLQJ DW FDUGV PRUH FORVHU SHQ GRXEOH FOLF
EXWWRQ

7KHVH SHQ DFWLRQV KDYH WKH DGGHG DGYDQWL
GLJLWDOO\ ORJJLQJ DOO PRWLRQV DQG DFWLRQV DC
SURJUHVV DV ZHOO DV EHLQJ IDVW DQG FRQYHQLHQ\
VWDWLRQHG HQYLURQPHQW 7KH WRRO DOVR IHDWX
JURXS LQVWDQFHY VRPHWKLQJ WKDW SDSHU FDQQ
GUDZLQJ LW RXW DJDLQ SKRWRFRS\LQJ
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)JIH 7RROV S$SERXW

& RQ Q@DJ

JLIXUH 6$: FDUG YLHZHU DOORZV WKH DIILQLW\ GLDJUDP WR
UHPRYDO RI VHOHFWHG FDUGYV

087( ORELOH $IILQLW\ 7THPSRUDO (YDOXDW

7KH 0$7( WRRO LV GHVLJQHG VR WKDW +&, SUDF\
HYDOXDWLRQ DOO QRQ OLQHDU GHFLVLRQV HJ WR
GHFLVLRQ PDNLQJ RI FOXVWHUV DW GLIIHUHQW WF
SUDFWLWLRQHU WR UHYLHZ WKH HQWLUH KLVWRU\ R
LOQWHUHVWLQJ DIILQLW\ VWDJHV VXFK DV NH\ PRP}
UHILQHPHQW IDFLOLWDWLRQ ILJXUHV

$V 6$: UHFRUGV HYHU\ RUJDQLVDWLRQDO DFWLF
GDWD LV UH UHDG LQWR D WLPHOLQH EDVHG PRGHC
WKURXJK HDFK VWDJH RI WKH DIILQLW\ GLDJUDP FUI
FDQ MXPS HLWKHU VHYHUDO VHOHFWHG VWHSV EHIRL
FDQ UXQ WKURXJK LW LQ QRQ OLQHDU IDVKLRQ 7KLV
DV D IHDWXUH IRU XVH ZLWK RQ VLWH H[SHULPHQW V

'‘DWD LV SURYLGHG LQ WKH LQWHUIDFH WR GHQF
SRLQW 7KH DFFXPXODWLRQ RI WKLV GDWD LV H[SRU\
RXWSXWWLQJ WKH FRQVWUXFWLRQ KLVWRU\ RI WKH I
LQ D FDVH VWXG\ GHVFULEHG LQ 6HFWLRQ
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&OHDU 7 UHH

/DVW 7 UHHO WHUQ 6HOHFWHG
$GGLWLRQV
6SDWLDO 1RWLILFDWLRQV
6SDWLDO 5HGXFWLRQ
! /DVW ,QWHUYDO /HQJWK DYJ VHFV

3HUFHQWDJH

3 3 3 3 3 3 3 3 3 2SHQ  ([SRUW
)ROGHU 'DWD

7RWDO 7LPH VHFV

&

&XUUHQW IUDPH $IILQLW\ )LOHV

JLIXUHV 7THPSRUDO UHYLHZ WLPHOLQH ZLWKLQ 0$7( |
PHWULFVY WR EH FDOFXODWHG IRU UHYLHZ DQG TX

&DVH 6WXG\ % (YDOXDWLQJ ZLWK WKH $I1IL

7KLY VHFWLRQ GHVFULEHV WKH LQYHVWLJDWLRQ
HYDOXDWLRQ RI WKH VHPL G\QDPLF FRQVWUXFWLRQL
DFKLHYHG ZLWK WKH XVH RI WKH VRIWZDUH WRROV G

SDUWLFLSDQWYV

,Q RUGHU WR EHWWHU XQGHUVWDQG WKH DSSO
DIILQLW\ GLDJUDPPLQJ WKH VFHQDULR WHVWLQJ RI
ZHUH XQGHUWDNHQ ZLWK D JURXS RI PLIHG O06F (
+&, PRGXOH WDXJKW DW &LW\ 8QLYHUVLW\ /RQGRQ

$Q LOQOWURGXFWLRQ WR WKH H[SHULPHQWDO PHW
VLIQHG E\ DOO RI WKH SDUWLFLSDQWYV )ROORZLQJ
ZDV WKHQ JLYHQ WR DFTXLUH WKH SDUWLFLSDQWT1V
WKHLU XVH RI PRELOH WHFKQRORJLHYV 7KHLU GHPR.

DQG DIJHG 6XEVHTXHQWO\ VDLG WK
VSHFLILFDOO\ IRU +&, PHWKRGV EHIRUH RQO\ ‘
GHPRJUDSKLFV ZHUH DSSUR[LPDWHO\ UDWLR PDC(

IHPDOH 7KH PRELOH XVDJH GDWD IURP WKLV TXHVWI
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BURSRUWLRQ RI PRELOH GHYLFH XVDJH DJDLQVW QXPEHU RI XVHI

ORELOH &DPHUD 3'$V OHGLD +DQGKHOG *36 /D¢
3KRQHYV 9LGHR (OHFWURQLF 30D\HU *DPH 1DYLIJDWR
3KRQHYV 2UJDQLVHUYV *DGIHWYV '"HYLFHYV
JLIXUH 6%: SDUWLFLSDQWY '"HPRJUDSKLFV

$O00 Rl WKH H[SHULPHQWYV ZHUH JURXS EDVHG 7
VHSDUDWHG LQWR WZR ZLWK KDOI WKH FODVYV DVVLJ
DQRG WKH RWKHU KDOI IDFLOLWDWLQJ WKH H[LVWLQJ
FRPSDULVRQ

%\ XVH RI DQ H[SHUW DVVHVVPHQW PDUNLQJ VFI
WHDFKLQJ DVVLVWDQWY ZHUH JLYHQ WKH WDVN WR |
SDSHU DQG VRIWZDUH PHWKRGYVY DQG WR JLYH D VF
SDUWLFLSDQWVY RXWSXWV )J)RU WKH SDUWLFLSDQWV
DQG RUJDQL]H DIILQLW\ FDUGV RQ D YLUWXDO DIILQ
DEOH WR XVH WKH FRQVWUXFWLRQLVW |IUDPHZRUN
FRQILGHQFH LQ FDWHJRULVDWLRQ 7KLV HQDEOHYV
FRQVWUXFWLRQLVW IUDPHZRUN UHVXOWYVY DQG WKR'
PHWKRGRORJ\

$SSDUDWXV

7KH SDUWLFLSDQWYV ZKR ZHUH VHOHFWHG WR SD
LQYLWHG WR XWLOLVH WKH &%$7(5,1( DQG 6%$: WRRO
EHKDYH DV RQH VRIWZDUH DSSOLFDWLRQ ZLWK URX(
GLVDEOHG VXFK WKDW RQO\ RQH URXQG RI FDUG FUH
DIILQLW\ ZRUNVSDFH 7KLV ZDV GRQH DV D FRQWURDO
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WISDbSHU EDVHG SDUWLFLSDQWY 7KH VRIWZDUH SDI
HDFK ZLWK OE 5%$0 UXQQLQJ :LQGRZV 7DEOHW3&
LQ ILIJXUH VKRZV YHU\ IHZ RI WKH SDUWLFLSDQV
EHIRUH DOWKRXJK YDULRXV GHYLFHV DV SKRQHYV
SURPLQHQWO\ XVHG 7KLV GDWD ZDV XVHIXO WR NQF
WKH SDUWLFLSDQWY ZHUH VRPHZKDW JDGJHW VDYY\
EHFRPH DFFXVWRPHG WR D QHZ PRELOH GHYLFH ZLW|

$ EULHI LQWURGXFWLRQ WR LWV VRIWZDUH IXQF
7DEOHW3& SHQ LQ SDUWLFXODU ZDV GHPRQVWUDWH
FRXOG EH XVHG /DUJH $ VKHHWV RI SDSHU SDGV R
DQG D VHOHFWLRQ RI IHOW WLS SHQV DQG SHQFLO\
GLDJUDPPLQJ SDUWLFLSDQWV

7KH H[SHULPHQW ZDV KHOG LQ D ODUJH DXGLWEF
LQYLWHG WR PRYH DERXW DQG FROODERUDWH LQ V
VLPXODWH DV EHVW DV SRVVLEOH WKH DVSHFWYV RI
DIILQLW\ GLDJUDPPLQJ

([SHULPHQW 3URFHGXUH
7KH SDUWLFLSDQWYV ZHUH JLYHQ LQVWUXFWLROQ\

WDNH SDUW LQ DSSHQGL[ ( +DOI RI WKH FODVYV
ZKLOVW WKH RWKHU KDOI FRQGXFWHG SDSHU EDVHG
WKH VRIWZDUH SDUWLFLSDQWYV QXPEHUHG JURXSV
RI WKHLU VHDWLQJ LQ WKH FODVVURRP DQG
$FHU EUDQGHG LQ WXUQV LQ WKHLU FODVVURRP Ol
DQG EDVHG RQ WKH UHPDLQLQJ SRVLWLRQV |
EDVHG PHWKRG RQ D VHSDUDWH VLGH RI WKH FODV\
ZDV FRQGXFWHG EDVHG RQ WHDFKLQJ PDWHULDOV IR

7KH VFHQDULR ZDV FKRVHQ DV D PHDVXUH WR
FRQVLGHUHG WR EH NH\ ZHE DFFHVVLELOLW\ JXLGHC
FRXUVHZRUN RQ ZHE GHVLJQ EDVHG RQ SULRU H[SI
UHTXHVWHG WR FUHDWH D OLVW RI JXLGHOLQHV IUF
WRROV DQG WKHQ RUJDQL]H WKHP LQWR FDWHJRU\ F
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7KH\ ZHUH WKHQ UHTXLUHG WR PHGLDWH DQG C
FOXVWHUV ZHUH FRUUHFWO\ SODFHG ZLWK WKH RS\
FDUGV HQGLQJ ZLWK WKH FUHDWLRQ DQG FRQVHQV>
FRPSOHWLRQ RI WKH GLDJUDPV WKH GLIIHUHQW JU
GHPRQVWUDWH WKH YDULHW\ RI OHYHOV RI UHILQHF
SUDFWLFH

7KH JURXSV XWLOLVHG WKH PRELOLW\ RI WKH W
UHILQHPHQW GHFLVLRQV ZKLOH LQ WKHLU JURXSYV
EHFRPLQJ DZDUH RI WKHLU UHVXOWY XQWLO DIWHUZ
WKH JURXSV KDG IRXQG (DFK JURXS ZDV JLYHQ Pl

DQG LOOXVWUDWH WKH D
$SSHQGLFHV ( DQG ( VKRZV RXWSXWYV |URP WHK
( DQG ( VKRZV RXWSXW IURP WKH 6%$: WRRO

$IWHU WKH DIILQLW\ GLDJUDP H[SHULPHQW ZzZDV
JLYHQ D 4XDOLW\ RI 8VHU ,QWHUIDFH 6DWLVIDFWL
60DXJKWHU HW DO $SSHQGLJ[ ( WR HOLFLW W
WKH VRIWZDUH WRROV

JLIXUH 3DSHU SDUWLFLSDQWYV PHGEXOMWLQJ WRHWUYDRKHR ISBHUWLFLSC
RI FDUGY DURXQG D WDEOH FKRLFH RI FDUGY DURXQG D
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JLIXUH 3DSHU SDUWLFLSDQWW IWUKILKRLQJ WRHWEDUH SDUWLFLS
FDWHJRULHV RQ D ZKLWHERDUG FDWHJRULHV RQ D 7DEOH!

JLIXUH 3DSHU EDVHG RXWSXW SUHVHQWHG RQ D
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YLIXUH 6RIWZDUH EDVHG RXWSXW IURP 6%: SUHVHQWHG DV

$QDO\WLYVY OHWKRG
JRU +&, OHFWXUHUV SUDFWLWLRQHUV DQG UHVH

EDVHG DIILQLW\ GLDJUDPV WHQGV WR IRFXV RQ FRPS
UHSUHVHQWDWLRQV 7DEOH VKRZV WKH &HQWUH
FULWHULD DV GHYLVHG DQG YDOLGDWHG WKURXJK \
XVHG WR HYDOXDWH WKLV VFHQDULRYV DIILQLW\ GLD

([SHUW PDUNLQJ RI WKH DIILQLW\ GLDJUDPV ER
FRQGXFWHG ZLWK WZR +&, SUDFWLWLRQHUV PDUNLQ
+&, SUDFWLWLRQHUYV PDUNLQJ WKH SDSHU YLHZV V
HISHUW FRPSDULVRQV FRXOG EH DYRLGHG $00O IRX
UHVHDUFKHUYVY DW WKH &HQWUH IRU +&, '"HVLJQ &LW\
H[SHULHQFH LQ WKH +&, ILHOG
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7TDEOH +&," GHSDUWPHQWTV $IILQLW\ 'LDJUDP (
$IHLQLW\ 'LDIJUDPPLQJ ([SHUW $VVHVVPHQW

9HUERVHQHVV WHFKQLFDO ZRUGLQJ

&ODULW\ RI ([SUHVVLRQ

&RUUHFWQHVV WR FRQWHQW H J :HE $FFHVV
$SSURSULDWH +HDGLQJV IRU JURXSHG UHODW
,QQRYDWLRQ ZLWKLQ FDWHJRULHYV

2YHUDOO SHUIRUPDQFH UDWLQJ PDUN RXW RI

6FHQDULR 5HVXOWYV

$YJ SDSHU DIILQLW\ H[SHUW PDUNV

*URXS 1XPEHU

JLIXUH 3DSHU EDVHG DIILQLW\ GLDJUDP JURXSY PDUNHG ZL
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$YJ VRIWZDUH DIILQLW\ H[SHUW PDUNV

S S

Q
JLIXUH 6RIWZDUH EDVHG DIILQLW\ GLDJUDP JURXSYVY PDUNHG
&RPSDULQJ $YHUDJH ([SHUW ODUNV IRU $I1ILQLW\ 'LDJUDPP
3DSHU YV 6RIWZDUH
7THFKQLTXH W\SH
JLIXUH OHDQV FRPSDULVRQ RI 3DSHU YV 6RIWZDUH EDVHG

PDUNLQJ

1R VLIQLILFDQW GLIITHUHQFH ZDV IRXQG EHWZHH
WKH SDSHU EDVHG DIILQLW\ GLDJUDPV DQG WKH H[SH
DIILQLW\ GLDJUDPYV ! 7KLY LQGLFDWHYV

ZDV QRW D QHJDWLYH LQIOXHQFH RQ WKH SUDFWLFDC



' ORKDPHGDOO\ 3K'" 7TKHVLYV

THUPLQRORJLHV IRU FOXVWHU KHDGLQJV YDULHC
LQ ERWK WKH SDSHU DQG VRIWZDUH PHWKRGV 7KLV
GLVFXVVLRQ WR EH GXH WR NH\ SKUDVHV EHLQJ UHP
FRXUVH QRWHYVY DQG H[WHQGHG UHDGLQJ OLVWV DQ
SDSHU RU VRIWZDUH PHWKRGV DORQH

,Q WKHLU WHDPV WKH SDUWLFLSDQWVY GLVFXVYV
LQ SURPRWLQJ D FRQWULEXWRU\ VHQVH RI DFWLYH N
DQRG WHUPLQRORJLHYVY ZHUH FODULILHG TXLFNO\ E\ W
RUJDQLVDWLRQDO DFWLYLW\ FKRLFH ZDV PDGH [ ]
UHLQIRUFHPHQW RI VHOI UHDVRQLQJ

7TKHVH RUJDQLVDWLRQDO DFWLYLWLHY DQG PHGI
WKH 0%$7( WRRO WR HQTXLUH DQG DQDO\WH WKH WL
VRIWZDUH EDVHG DIILQLW\ GLDJUDPV

(PSLULFDO 7HVWLQJ RI 6HPL "\QDPLF &RQVW
6RIWZDUH %DVHG $I1ILQLW\ 'LDJUDPPLQJ

7KLV VHFWLRQ FRQWLQXHV WKH GDWD DQDO\VLV

IXUWKHU LQWR WKH WKHVLYVY DLPV RI XQGHUVWDQ
LQ VHFWLRQ DIILQLW\ GLDJUDPPLQJ LV WKRXJ
FRQVWUXFWLRQLVP WKDW PDNH LW VHPL G\QDPLF LQ
RI VRUWLQJ SK\VLFDO FDUGV LQWR JURXSV EDVHG R
WHDPV G6HFRQGO\ LW ORRNV DW WKH PHGLDWLRQ
ZKHUHE\ WKH WHDP ZRXOG EH FROODERUDWLQJ QHZ
WKLQNLQJ RI KRZ WR UHILQH WKHLU H[LVWLQJ FDW
FRPSOHWHO\ UHPRYLQJ HQWLUH FRQFHSWV H J ZKF
HI[ISHULPHQWYV FDVH RI DGGLQJ QHZ FDUG FRQWHQ\
PDGH DV REVHUYHG LQ WKH LQLWLDO LQYHVWLJDWL
IURP D VLQJOH LQVWDQW ZLWKLQ D 6%$: EDVHG DIILQL

8QOLNH ,QHUW &RQVWUXFWLRQLVP DV GHILQHG
&KDSWHU 9§V FDVH VWXG\ 6HPL '\QDPLF &RQVWUXFW
NQRZOHGJH GRPDLQ DNLQ WR RSHQ FDUG VRUWL
GLDJUDPPLQJ HJ FDUGV DUH FRQVWUXFWHG E\ WKH
KDV GHILQHG DIILQLW\ GLDJUDPPLQJ DV D PRGHO RI
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VKDULQJ RI LGHD FUHDWHG NQRZOHGJH DV DUWHIDF
WKH DFWLYLW\

OHDVXULQJ &RQVWUXFWLRQLVP LQ $IILQLW\
7KH 0$7( WRRO LV XVHG WR H[SORUH FRQVWUXF

WKH VRIWZDUH EDVHG DIILQLW\ GLDJUDPV FUHDWEE
&RPSDULQJ WKH UHVXOWY IURP ILIJXUH ZLWK WK
RUJDQLVDWLRQDO DFWLYLW\ FRQVWUXFWLRQLVW D
SRWHQWLDO UHODWLRQVKLS IRU IXUWKHU H[SORUDW
YLHZ RI RUJDQLVDWLRQDO FRQVWUXFWLRQLVW DFWL

7RWDO 7LPH 7DNHQ WR &RPSOHWH 6RIWZDUH EDVHG $IILQLW\ 'LDJU

JLIXUH 7TRWDO WLPH WDNHQ WR FRQVWUXFW WKH VRI

1XPEHU RI &RQVWUXFWLRQLVW $FWLYLWLHY LQ 6RIWZDUH EDVHG §$
'LDJUDPPLQJ

*URXS 1XPEHU

JLIXUH 2UJDQLVDWLRQDO FRQVWUXFWLRQLVW DFWLYLW\ 2
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([SHUwWV DZDUGHG 7HDP D VXPPDWLYH WRWD
DVVHVVPHQW FULWHULD ,QGHSHQGHQWO\ WKH 0$7(
RXWSXW LQ WKH JUDSK LQ ILJXUH D ZLWK D PR
DFWLYLW\ RYHU D PRGHUDWH WRWDO WLPH WR FRPS(

7THDP ILIXUH E ZHUH DZDUGHG WKURXJ
H[SHUW DVVHVVRUV DQG WKHLU PDUN VFKHPH ,QGH
RUJDQLVDWLRQDO DFWLRQV ZLWK D VXGGHQO\ VWUF
WKH HQG LQGLFDWLQJ YHU\ VWURQJ SDUWLFLSDWLR

,Q WKLV H[SHULPHQW WKH VWLPXOXV ZDV REWD
DFFHVVLELOLW\ JXLGHOLQHYVY WKHUHIRUH WKHUH ZD
WKHP : & *XLGHOLQHYV %DVHG RQ WKH H[SHUW
DFFXUDWH DIILQLW\ GLDJUDP DV LW LV WKH FORVHVYV

,Q FRPSDU