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SEVWUDF

7KHLGHQWLXFDWLRQRILQIHVWLQJSODQWV LQPRQRFXOWX
\LHOGVDQG SURPRWLQJVXVWDLQDEOHDJULFXOWXUH 7KLV
1HXUDO 1HWZRUNV &11V IRUWKHDXWRPDWHG GHWHFWLRQ
DJULFXOWXUDO VHWWLQJV XVLQJKLJK UHVROXWLRQ LPDJH
8$9V O9DULRXV &11 DUFKLWHFWXUHV LQFOXGLQJ5HV1IHW
5HVIHWO9 DQG'HQVHIHW ZHUH HYDOXDWHG WR GHWHUP
LQJEHWZHHQ FURSVDQGLQIHVWLQJSODQWYV

7KHVWXG\GHPRQVWUDWHY WKDW '"HQVH1IHW RXWSHUIRUF
DFFXUDF\GXH WR LWV GHQVH FRQQHFWLYLW\SDWWHUQ ZK
WXUH UHXVH 7KLV DUFKLWHFWXUH{VDELOLW\WR OHDUQ FF
ODUO\DGHSWDWKDQGOLQJWKHYDULDELOLW\DQGFRPSOH
7KH WKHVLY DGGUHVVHV WKH FKDOOHQJHV RI GDWDVHW SUHI
FODVVLPEDODQFH DQGKLJKOLJKWV WKHSRWHQWLDORILQ
FXOWXUDOPRQLWRULQJ 7KHLPSDFWRIIDOVHSRVLWLYHV |
H[DPLQHG JLYHQ WKHLUVLJQLXFDQWLPSOLFDWLRQVLQFU
JLHVWR FRQWURO WKHYDOXHV RISUHFLVLRQDQG UHFDOO
7KHUHVXOWV LQGLFDWH WKDW WKLY DSSURDFK FDQ VLJQLx
PDQDJHPHQW HNFLHQF\ )XWXUH UHVHDUFK GLUHFWLRQV L
WKURXJKGLYHUVHGDWDVHWY H[SORULQJDGYDQFHG&11D!
LQJPHWKRGY DQGLQWHJUDWLQJDXWRPDWHGLQWHUYHQW
UHVHDUFKDLPVWRFRQWULEXWHWRPRUHHIHFWLYHDQG VX
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&RQYROXWLRQDO 1HXUDO 1HWZRUNYV
,PDJHSURFHVVLQJ
,PDJHSUH SURFHVVLQJ
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'DWDVHW
'DWDVHW GHVFULSWLRQ
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'DWDVHW SUH SURFHVVLQJ
'DWDVHW Y

ORGHOV
SHV1IHW
9**1HW
,QFHSWLRQ1HW
,QFHSWLRQ 5HV1HW
'"HQVH1HW

(Q/E%OECE2%03OQ—I E%oi@‘léi
ORGHO SDUDPHWHUYV
'‘DWDVHWY
'DWDVHWY
'DWDVHWY
TXQLQIJPHWKRGRORJLHYV

TXQLQIJWKHGDWDVHW
TXQLQIJWKHPRGHO
TXQLQIJIWKHUHVXOWYV

TXQLQIWKURXIKSRVW SURFHVVLQJ

by

&RPSDULVRQEHWZHHQ &38DQG *38 SHUIRUPDQFHYV

‘ele@iileesqs... “OODBE% ... @E% O o3
5HVHDUFK xQGLQJV

&KDOOHQIJHVDQG OLPLWDWLRQV

)XWXUH ZRUN
&°3e~@leos
5%0“%0E%o3'%0i

$¢©3°8-%0..."2% 301

YLLL

a



ILVWLQJRI xJ|

SUFKLWHFWXUHRID $11
"FRQYROXWLRQRSHUDWLRQH[DPSOH
SRROLQJOD\HU

([DPSOHRI*DXVVLDQ xOWHU
([DPSOHRILPDJHFODVVLXFDWLRQ
([DPSOHRI35FXUYH

([IDPSOHRIDQLPDJHZLWKKLIJKOLIJKWHG LQIHVWLQJ St
7UDQVIHU OHDUQLQJFRPSDUHG WR OHDUQLQJIURP VF
,QIHVWHG PDL]HOHDYHV VKRZQLQ ,VKHQJRPD SDSHU
(IDPSOHRILPDJHWDNHQIURP WKH GURQH
(IDPSOHRISDWFKHV IURP W KiH 4;UNi WDEMWODVHW D /DE|
O OF /DEHDO
(IDPSOHRISDWFKHV IURP WK HIVAFRIQIBEHIDVDVHW D /C
16 6 /DEHDO

([DPSOHRIVHIJPHQWHG LPDJH

)LUVW GDWDVHW EDODQFHG

5HV1IHW EORFN

,QFHSWLRQPRGXOHYV

'HQVH1IHW DUFEKLWHFWXUH

IRVVDQGDFFXUDF\SORWVIRUS5HV1IHW
IRVVDQGDFFXUDF\SORWV IRU 9**
IRVVDQGDFFXUDF\SORWVIRU,QFHSWLRQ9
IRVVDQGDFFXUDF\SORWVIRU,QFHSWLRQ5HV1IHWY9
/IRVVDQGDFFXUDF\SORWVIRU ' HQVH1HW
&RQIXVLRQPDWUL[RI"HQVH1IHW RQxUVWGDWDVHW
IXVLRQ PDWUL[DUHQRUPDOL]HG

+HDWPDS YLVXDOL]DWLRQRQDVLQJOH SDWFK
7TRWDO LPDJHFODVVLXxFDWLRQ XVLQJ'HQVH1IHW
IRVVDQGDFFXUDF\SORWVIRUS5HV1IHW
IRVVDQGDFFXUDF\SORWV IRU 9**
IRVVDQGDFFXUDF\SORWVIRU ,QFHSWLRQ9
IRVVDQGDFFXUDF\SORWVIRU ,QFHSWLRQ5HV1IHW?9
IRVVDQGDFFXUDF\SORWVIRU ' HQVH1IHW

LI



&RPSDULVRQEHWZHHQWKHFRQIXVLRQPDWULFHVRI5
2Q WKH OHIW WKHFRQIXVLRQ PDWUL[RISHVIHW 2Q\
PDWUL[RI'HQVH1IHW %RWK PRG;HAYV;ZHUH WUDLQHG
/IRVVDQGDFEXUDF\SORWYV IRD:8QNVHLHAW >aWUDLQHG |
&RQIXVLRQ PDWUL[ REOHO¥H IH Wi\&HAIA VFHW 9DOXHV
LQWKHFRQIXVLRQPDWUL[DUHQRUPDOL]HG
&RQIXVLRQ PDWUL[R&EOHO¥NHMW VHRM) 9DOXHV LQ WKH
IXVLRQ PDWUL[DUHQRUPDOL]HG
ODQXDOO\VHJPHQWHG LPDJH

6HIPHQWHG LPDJH XVLQJSDWFKHYV

D 6HJPHQWDWLRQ GRQH ZLWK PRGHO WUDLQHG RQ XQ
PHQWDWLRQGRQHZLWKPRGHOWUDLQHGRQRYHUVDP:
GRQHZLWKPRGHOWUDLQHGRQRULJLQDO GDWDVHW
&RQIXVLRQPDWUL[FRPSDULVRQEHWZHHQGLTHUHQW \
Qid;VHW WR E &A@DAVEWIWRW F &@DAMV ZHLIKW
iVHW WR ORGHOV ZHUHWUDLQHG RQ GDWDVHW Y
&RPELQHG SORW ZLWK SUHFLVLRQ UHFDOO DQG) VF
XVLQJWKHGDWD IURP WDEOH

3DWFK XVHG LQ WKHH[DPSOH

&RPELQHG SORW ZLWK SUHFLVLRQ UHFDOO DQG) VEF
3UHFLVLRQ UHFDOOFXUYHEDVHG RQWKHGDWD SUHV|
RQWKHFXUYHUHSUHVHQWY D GLTHUHQW WKUHVKROG
FDWHWKHFRUUHVSRQGLQJWKUHVKROG

([DPSOH RISRVW SURFHVVLQJRQ WKHHQWLUHLPDJH
PRGHOWUDLQHGRQEDODQFHG GDWDVHW E )LOWHUL
LQJUHG SDWFKHV QHDU WKH WHUUDLQ



ILVWLQJ RI W

&RQIXVLRQ PDWUL]

ORGHO SHUIRUPDQFHFRPSDULVRQRQ*xUVWGDWDVHW
WKHWHVWVHW

ORGHO SHUIRUPDQFHFRPSDULVRQRQVHFRQG GDWDVI
RQWKHWHVWVHW

'"HQVH1IHW SHUKRLUPRDEGRY;RQi; |\ 116BAH Y
YDOXHVDUHFDOFXODWHGRQWKHWHVWVHW
SHUIRUPDQFHPHWULFVRQGDWDVHWWXQLQJ

ORGHO SHUIRUPDQFHFRPSDULVRQ ZLWK GLTHUHQW ZH
ODWHGRQWKHWHVW VHW

ORGHO SHUIRUPDQFHPHWULFVIRUGLIHUHQW ZHLJKW)\
XVLQJ WKHEDHY W VHW RI

ORGHO SHUIRUPDQFHPHWULFVIRUGLIHUHQW ZHLJKW
XVLQIWKHWRWDOLPDIJHWHVW

ORGHO SHUIRUPDQFHPHWULFVIRUGLIHUHQW ZHLJKW)\
XVLQIWKHWRWDOLPDIJHWHVW
BHUIRUPDQFHPHWULFVDWGLIHUHQWWKUHVKROGV 7
WKHWRWDOLPDJHWHVW
S3HUIRUPDQFHPHWULFVDWGLIHUHQWWKUHVKROGV 7
WKHWRWDOLPDJHWHVW
SHUIRUPDQFHPHWULFVIRUGLIHUHQW SRVW SURFHVV
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ILVWLQJRIDFU

1RUPDOL]HG 'LTHUHQFH 9HJHWDWLRQ ,QGH]
9LVLEOH $WPRVSKHULFDOO\5HVLVWDQW ,QG
6RLO $GMXVWHG 9HJHWDWLRQ ,QGH]
8QPDQQHG $HULDO 9HKLFOH
$UWLXFLDO 1IHXUDO 1HWZRUN
&RQYROXWLRQDO 1HXUDO 1HWZRUN
ODFKLQH/HDUQLQJ

'HHS /HDUQLQJ

6XSSRUW 9HFWRU ODFKLQH
*HQHUDOL]JHG/LQHDU ORGHO

7UXH 3RVLWLYH

)DOVH 3RVLWLYH

)DOVH 1HJDWLYH
9LVXDO *HRPHWU\*URXS 1HWZRUN

<RX 2QO\/RRN 2QFH

&HQWUDO 3URFHVVLQJ8QLW

*UDSKLFV 3URFHVVLQJ8QLW
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ORQRFXOWXUHIDUPLQJ WKHSUDFWLFHRIJURZLQJDVLQJOF
DSUHYDOHQWDJULFXOWXUDOPHWKRGGXHWRLWVHNFLHQF
WLFHDOVR SUHVHQWV VLIQLXxFDQW FKDOOHQJHYVY SDUWLFX
VSHFLHV

7TKHVHLQIHVWLQJ SODQWV FDQ VHYHUHO\LPSDFW FURS \LH(
WHU QXWULHQWY DQGOLJKW (IHFWLYHLGHQWLXFDWLRQ I
FUXFLDOIRUPDLQWDLQLQJKLIJIKSURGXFWLYLW\LQ PRQRFX
TUDGLWLRQDO PHWKRGVRILQIHVWLQJ SODQW LGHQWLxFDW
FRQVXPLQJEHFDXVHWKH\UHO\KHDYLO\RQ YLVXDOLQVSHF
TKHDGYHQWRIDGYDQFHGWHFKQRORIJLHVLQWKHxHOG RIFF
WLFXODUO\&RQYROXWLRQDO 1HXUDO 1HWZRUNV &11V RIt
LQJ WKLV LVVXH &11V DFODVVRIGHHS OHDUQLQJPRGHOV
PDQFHLQYDULRXVLPDIJHUHFRIQLWLRQWDVNV PDNLQJ WK
VSHFLHVLQDJULFXOWXUDO VHWWLQJV > @

$GGLWLRQDOO\ WKHLQWHJUDWLRQRIGURQHWHFKQRORJ\
IXUWKHUHQKDQFHG WKHFDSDELOLWLHV RI WKHVHPRGHOV
HUDVFDQFDSWXUHGHWDLOHGLPDJHVRIODUJHDJULFXOW >



GDWD IRUDQDO\VLYV 7KLV V\QHUJ\EHWZHHQ &11VDQG 8%$9V |
WLXxFDWLRQRILQIHVWLQJ SODQWY HQDEOLQJWLPHO\LQW
PDQDJHPHQW VWUDWHJILHV > @

i i %qe©”"E°@3..qg%..2°0eaqOmos

7KHQHHGIRUSUHFLVHDQGHRNFLHQWLGHQWLXFDWLRQRILQ
WRVLIJQLXFDQWUHVHDUFKLQWHUHVWLQWKHDSSOLFDWLR!
WHFKQLTXHV &11VFDQDXWRPDWLFDOO\OHDUQDQG H[WUD
GLTHUHQWLDWHEHWZHHQ FURSDQG LQIHVWLQJSODQWYV ZL'
ODUO\EHQHXFLDOLQFRPSOH[*HOGHQYLURQPHQWYV ZKHUH
VLPLODULWLHVDQG YDULDWLRQV GXHWRIDFWRUV VXFK DV
7KHLQWHJUDWLRQRI8$9VLQWR WKLV IUDPHZRUN KDV IXUW
LQJDQGPDQDJHPHQW 8$9VHTXLSSHG ZLWK KLJK UHVROXW!|
FDSWXUH FRPSUHKHQVLYH LPDJHV RIDJULFXOWXUDO xHOG
DHULDO SHUVSHFWLYHDOORZVIRUODUJH VFDOH GDWD FRO
HQKDQFLQJWKHHRNFLHQF\DQG FRYHUDJHRIXxHOGPRQLWRU
8$9V SURYLGHVHYHUDODGYDQWDJHVRYHUWUDGLWLRQDO J
WR UHDFKDUHDV U\RYHU xHOGV ZLWKRXW GLVWXUELQJFUI
FRQGLWLRQV HQVXULQJFRQVLVWHQW GDWD TXDOLW\ 7KH |
FDQWKHQEHSURFHVVHG XVLQJ&11VWRLGHQWLI\DQG FODYV
SHFHQW VWXGLHVKDYHGHPRQVWUDWHGWKHHIHFWLYHQHYV
DPSOH /RWWHVHWDO > @ XWLOL]JHG 8$9 EDVHG LPDJH
LQIHVWLQJSODQW FODVVLXxFDWLRQ DFKLHYLQJVLJQLXFDQ
HUDWLRQDOHRNFLHQF\ 6LPLODUO\ =KDQJDQG .RYDFV >
8$9V LQ SUHFLVLRQ DJULFXOWXUH KLJKOLJKWLQJWKHLU S
SUDFWLFHVE\SURYLGLQJGHWDLOHGDQG WLPHO\LQIRUPD\
7KLV FRPELQDWLRQRI8$9 WHFKQRORJ\DQG &11VHQDEOHV V
IRUUHDO WLPHLQIHVWLQJSODQW GHWHFWLRQDQGPDQDJF

i i 2|8% 00 a%el

7KH SULPDU\REMHFWLYH RIWKLV WKHVLVLVWRGHYHORS D¢
LGHQWLXFDWLRQRILQIHVWLQJSODQWVLQPRQRFXOWXUH x



‘DWDVHW FUHDWLRQ GHYHORSDFRPSUHKHQVLYH GDWI
LRXVLQIHVWLQJ SODQW VSHFLHVLQDPRQRFXOWXUH xH
HIDPSOHVIRUWUDLQLQJDQG YDOLGDWLRQRIWKH &11PH

ORGHO VHOHFWLRQ GHVLJQDQGWUDLQD &11PRGHO FC
GLIHUHQWLDWLQJEHWZHHQFURSVDQGLQIHVWLQJSODC
WR KDQGOH YDULDWLRQVLQLPDJHFRQGLWLRQV VXFK D\

7UDQVIHU OHDUQLQJ XWLOL]H WUDQVIHU OHDUQLQJ Wi
PDQFH %\OHYHUDJLQJ SUH WUDLQHG PRGHOV RQ ODUJ
DFKLHYHEHWWHUJHQHUDOL]DWLRQDQGIDVWHU FRQYH

SHUIRUPDQFHHYDOXDWLRQ DVVHVV WKH SHUIRUPDQFH
FRQGLWLRQV 7KLV ZLOOLQYROYHGHSOR\LQJWKHPRGH
SDULQJLWYV SUHGLFWLRQVDJDLQVWJIJURXQG WUXWK GD\

J)DOVHSRVLWLYHVDQGIDOVHQHIJDWLYHVVWXG\ FRQGX
SRVLWLYHDQG IDOVH QHIJDWLYH UDWHYVY 8QGHUVWDQGI
UHFWO\LGHQWLxHVLQIHVWLQJSODQWY IDOVHSRVLWL?
FUXFLDOIRULPSURYLQJLWV DFFXUDF\DQGUHOLDELOLYV
OLPLWDWLRQVRIWKHFXUUHQWDSSURDFKDQGLQGHYH

5HDO WLPHDSSOLFDWLRQ SRWHQWLDO H[SORUH WKH I
ZLWK 8$9 WHFKQRORJ\IRU UHDO WLPH PRQLWRULQJ DQUC
7KLVLQFOXGHVHYDOXDWLQJWKHFRPSXWDWLRQDOHNF
YLGHWLPHO\DQGDFWLRQDEOHLQVLJKWVIRUIDUPHUYV

i i &°30E®|@0m®°3i

%\ RSWLQJIRUD FODVVLXFDWLRQ DSSURDFKDQG XWLOL]LQ
WKHVLVY WULHV WR QDYLJDWH WKHVH FKDOOHQJHV HTHFWLY
FLHQWDQG VFDODEOHVROXWLRQVIRUDQRPDO\GHWHFWLR
2QHRIWKHPRVW VLIJQLXFDQW FRQWULEXWLRQV RIWKLV WKI
LFDOO\WDLORUHG IRURXU UHVHDUFK REMHFWLYHV 7KH Gt
SUHSDUDWRU\VWHS LWFRQVWLWXWHGDFRUHSDUW RIWKH
DOOVXEVHTXHQWDQDO\WVHV DQGFRQFOXVLRQV ZHUH EXLOV
8WLOL]LQJ GURQH WHFKQRORJ\ SUHVHQWHG VHYHUDO DG YI
FDQW FKDOOHQJHV SDUWLFXODUO\UHJDUGLQJWKHDOWLYV



LPDIJLQJLYVY FULWLFDO IRUFDSWXULQJFRPSUHKHQVLYHDQUC
WKHWDVNVRILPDJHSURFHVVLQIJDQGIHDWXUHH[WUDFWLR
7KLVUHVHDUFKFRQWULEXWHVY WR WKH xHOG E\RTHULQJLQ\
WUDLQHGPRGHOVIRUDHULDOLPDJHFODVVLXFDWLRQ SUR®
WRHQKDQFHWKHDXWRPDWLRQDQGDFFXUDF\RISODQW GL\

i i 6OED*ODE% °“ O™ % O™ % icel

7TKHWKHVLVLVRUJDQL]JHGDVIROORZV &KDSWHU LV DWKHR
LQJ &KDSWHU LQWURGXFHVWKHSUREOHPDQGWKHVWDWH
RJ\ LQOFOXGLQJGDWDFROOHFWLRQ PRGHODUFKLWHFWXUH
WKHH[SHULPHQWDO UHVXOWV DQG SHUIRUPDQFHHYDOXDW
FXVVHV WKH xQGLQJV LPSOLFDWLRQV DQG SRWHQWLDO Ol
WKHWKHVLVDQG RXWOLQHVGLUHFWLRQVIRUIXWXUHUHVH
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'URPW LVDQLQQRYDWLYH VWDUWXSIRXQGHG LQ DLPL
GURQHVHFWRUE\WUDQVIRUPLQJGURQHVLQWRDXWRQRPR;
7KHFRPSDQ\{VPLVVLRQLVWRVLPSOLI\DQGDXWRPDWH WKH
FDWLRQV PDNLQJWKHPDFFHVVLEOHHYHQWR WKRVHZLWKI
7KHKHDUWRI'URPW{VLQQRYDWLRQLVLWVDOO LQ RQHSOD
FRPPHUFLDO GURQHVDYDLODEOHRQWKHPDUNHW 7KLV SO
DQG LPDJH DQDO\VLY SURYLGLQJDQLQWXLWLYH XVHU LQW
PHQW )URP ULJKW SODQQLQJWR WDNHRT IURP ULJKW WR LI
DXWRPDWLF GDWD GRZQORDG HYHU\DVSHFW LV KDQGOHG H
2QHRIWKHPRVWLQQRYDWLYHDVSHFWV RIWKH'URPW V\VW.
YDQFHG FRPSXWHU YLVLRQ EDVHG QDYLJDWLRQ WHFKQROR
ZKHUH WKH *36 VLJQDO LV ZHDN RUDEVHQW HQVXULQJ SUHF
SDUWLFXODUO\XVHIXOLQ FRPSOH[VFHQDULRV VXFKDV GH
FDOO\FKDOOHQJLQJUHJLRQV ZKHUH SUHFLVH QDYLJDWLRC
,QWKHDJULFXOWXUDO VHFWRU 'URPW KDV IRXQGRQHRILW
WLRQ 7KHSODWIRUPHQDEOHVIDUPHUVWRXVHGURQHV WR |
DUHDV RI ZDWHU VWUHVV SODQW QXWULWLRQLVVXHV RU L
WR SURGXFH YHJHWDWLRQ LQGLFHV VXFKDV1'9, 1IRUPDOL.
9$5, 9LVLEOH $WPRVSKHULFDOO\5HVLVWDQW ,QGH[ DQG W
DJULFXOWXUDOPDFKLQHU\WR GLVWULEXWHUHVRXUFHV OL
LQJFURS\LHOGVDQGUHGXFLQJZDVWHDQGHQYLURQPHQWI
6LPXOWDQHRXVO\ 'URPWLVGHYHORSLQJDSSOLFDWLRQV L
WKH SODWIRUPLVXVHGWRLGHQWLI\KRWVSRWVDQGRWKHU
UHGXFWLRQLQHQHUJ\HNFLHQF\ ,QWKHFRQVWUXFWLRQ V|
QRORJ\FDQPRQLWRUWKHSURJUHVVRIZRUN LGHQWLI\SRW
VDIHW\ ,Q WKH xHOGRIHPHUJHQF\PDQDJHPHQW GURQHV FI
E\QDWXUDO GLVDVWHUV RUDFFLGHQWY SURYLGLQJFUXFLI
'URPW GRHV QRW OLPLW LWVHOIWR WHFKQRORJ\ LWLVDOV
YHORSPHQW WRLPSURYHLWV VROXWLRQVDQGH[SDQG LWV I




WRLQQRYDWLRQDQG VXVWDLQDELOLW\ '"URPW LV FKDUWLC
FRPPHUFLDODQGLQGXVWULDO ZRUOG SURPRWLQJQRWRQ
PHQWDO UHVSRQVLELOLW\



(KHRULFDO RY|
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$Q DUWLXFLDO QHXUDO QHWZRUN $11 LVD FRPSXWDWLRQD
QHXUDO QHWZRUNVLQWKHKXPDQEUDLQ SURFHVVLQIRUPDYV
WKHIXQFWLRQLQJRIWKHEUDLQ{VQHXUDOQHWZRUNDQG X'
OHDUQ DQGPDNHGHFLVLRQV

7KHNH\FRPSRQHQWV RID$11DUH

, QS XW XQLWY XQLWV WKDWUHFHLYHVLIQDOVIURP WKH

, tLGGHQ XQLWYV WKHVHQHXURQVDUH ORFDWHG EHWZHE
GLUHFWO\REVHUYDEOH IURP RXWVLGH WKH QHWZRUN 7
SURFHVVLQJRILQIRUPDWLRQ

, 2XWSXW XQLWY WKHVHQHXURQV SURGXFHWKH xQDO RX
1HXURQV DUH FRQQHFWHG WKURXJK VIQDSVHV HDFK FRQC

ZHLIJKWLVDNLQWRWKHPHPRU\RIWKHQHXUDO QHWZRUN DG
RIRQHQHXURQRQDQRWKHU



$GMXVWLQIWKHVH ZHLIKWY GXULQJWKHOHDUQLQJSURFH\
WLRQVRUFODVVLXFDWLRQV

(DFK QHXURQ SURFHVVHV WKHLQSXW LW UHFHLYHV XVLQJD
ZKHWKHU LW VKRXOG EHDFWLYDWHG xUH RUQRW 7KLV IX
QHWZRUN HQDEOLQJLWWRVROYHFRPSOH[SUREOHPV > @

Hidden

Input
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7TKHUHVHDUFKRQ 1IHXUDO 1HWZRUN VWDUWHG ZKHQ WKH 0 <
ORFKDQG3LWWYV PDUNHGWKHEHILQQLQIJRIQHXUDO QHW ZI
WKDW V\QDSWLFVWUHQIJWKLQFUHDVHV ZKHQ QHXURQV xUH
PHPRU\LQ QHXUDO QHWZRUNYV

SRVHQEODWWLQWURGXFHG WKH3HUFHSWURQ GHPRQ\
WRUV +RZHYHU OLQVN\DQG3DSHUW KLJKOLJKWHG O OLPLWLI
WKHLULQDELOLW\WRVROYHQRQ OLQHDU SUREOHPV OLNH ;
$IWHUWKDW SXEOLFDWLRQ WKHUHVHDUFKRQDUWLXFLDO Q
7KLQJV VWDUWHG WR IJHW EHWWHU ZKHQ +RSXxHOG LQWURG>



HQHUJ\IXQFWLRQVWR SURYHQHWZRUNVWDELOLW\ 7KHEDF
WKHVDPHSHULRG HQDEOLQJPXOWL OD\HUQHWZRUNYV
7RGD\ UHVHDUFK LQ QHXUDO QHWZRUNV LV URXULVKLQJ G.

SURSRVHG E\ +LQWRQ 'HHS OHDUQLQJLV WR FRQVWU)
PRGHO ZLWK PXOWLSOH KLGGHQ OD\HUV DQG D ODUJH DPRX
LQIRUPDWLRQLVREWDLQHG WKURXJKODUJH VFDOH GDWD V

i &°34°-F0®@°3q- 1% PBEQq- 1% OA°EOI

&RQYROXWLRQDO1HXUDO1IHWZRUNYV &11V DUHDW\SHRI$U
LFDOO\GHVLIJQHGIRULPDIJHSDWWHUQUHFRIJQLWLRQWDVN
LPSUHVVLYHSHUIRUPDQFHLQ WKHVH WDVNYV
7TKHPDLQDGYDQWDJHRI&11VRYHUWUDGLWLRQDO $11V LV YV
UDPHWHUV SUHYHQWLQJRYHUXWWLQJ 7KHDUFKLWHFWXUL
RIWKUHHPDLQ OD\HUYV

&°35°-F 0 ®e°3q- ~qe%El &RQYROXWLRQ LV DIXQGDPHQWDO |
DQG PDFKLQH OHDUQLQJ SDUWLFXODUO\ZLWKLQ FRQYROX"
SURFHVVLQJ WKHGLVFUHWHFRQYROXWLRQRSHUDWLRQRDQ
DNHUQHO PDWUL[. FDQEH ZULWWHQDV

X X
S(i;j) =(K 1)(i;j)= LI m;j  n)K(m;n)
m n

7KHNHUQHO RU 20 WMHW U N[IRVEOBHOOBDEOH SDUDPHWHUV 'XUI
WKH YDKOBHM RGMXVWHG WR FDSWXUHHVVHQWLDO IHDWXUH
SOH[SDWWHWQVOLGH NIRY & H Q/IKUHR PQASKKMWLR 8 JBHH ITW WR WKH E |
$WHDFK RV WKIHRHOHPHQW ZLVHPXOWLSOLFDWLRQRIWKH N
LQJLQSXW YDOXHVLVFRPSXWHGDQG VXSHPHG XSWR SURGXF
7KHUHVXOW RIWKH FRQYRO XW ISR @ IRASHHQ D W/IHRIQ) H\G DVGRHZV WD
PDS RUDFWLYDW L RS; P)DLS) \WMKAK YIDSXH GLFDWHY WKH SUHVH
IHDWXUH GHWHFWHG E\)WKHINHUQHO DW SRVLWLRQ

300.®3”"-qé%Ei 3RROLQJOD\HUV SHUIRUP GRZQVDPSOLQJR
RISRROLQJOD\HUVLVWRUHGXFHWKHVSDWLDO GLPHQVLRQ



Input Kernel Output

b]tu; “:*9lom ottZomor;u-zom ;S-Irt;:

FRPSXWDWLRQDO ORDGDQG WKHQXPEHURISDUDPHWHUYV L(
ZLWKRXW VLIQLxFDQWO\ORVLQIJWKHHVVHQWLDO IHDWXUH
PRQ SRROLQJRSHUDWLRQVLQFOXGHPD[SRROLQJ ZKLFK VF
QHLJKERULQJSL[HOV DQGDYHUDJHSRROLQJ ZKLFKFRPSX!'
KHOSLQPDNLQIWKHUHSUHVHQWDWLRQPRUHPDQDJHDEOH
VXFKDVWUDQVODWLRQVDQG GLVWRUWLRQV

-----------------------------------------
Max
Pooled

Kernel/Fliter - 2x2
Stride 2

_________________________________________

b]tu; “:’®tbm]t-<;u: S-Irt; 0o=1-Srootbm]:

YD =@ 2°33% 0% ... " qe&%EI )XOO\ FRQQHFWHG OD\HUV DOVR
JRXVWRWKHOD\HUVIRXQGLQWUDGLWLRQDODUWLXFLDOQ
FRQQHFWHG OD\HUVDUHW\SLFDOO\SODFHGWRZDUGV WKHF
IXQFWLRQ RIFRPELQLQJWKHIHDWXUHVY H{WUDFWHG E\ WKH
GXFHWKHXQDORXWSXW (DFKQHXURQLQDIXOO\ FRQQHFW
WKHSUHYLRXV OD\HU DOORZLQJIRUD FRPSUHKHQVLYHLQW
QHFWLYLW\HQDEOHV WKHQHWZRUNWR SHUIRUP WDVNV VXF
WKHKLJK OHYHO IHDWXUHV WRWKHGHVLUHGRXWSXW FODV

1°3a-®@3% qEeO0é $FRQYROXWLRQDO OD\HU XVXDOO\DSSOLI
ILQHDU 8QLW 5H/8 ZKLFKLVDQDFWLYDWLRQIXQFWLRQ XV
PRGHO 7KHOS5H/8IXQFWLRQLVGHxQHGDYV



5H /&) = max(0;x)

7KLV DFWLYDWLRQ IXQFWLRQ VHWY DOO QHJDWLYH YDOXHYV
OLQHDULWLHV ZKLOH PDLQWDLQLQJFRPSXWDWLRQDO HRNFL
$IWHUWKHFRQYROXWLRQDODQG 5H/8 OD\HUV WKH xQDO OL
WHQ XVHV WKH VRIWPD[IXQFWLRQ WR FRQYHUW WKH RXWSX!
WDVNV 7KHVRIWPD[IXQFWLRQLVGHXQHG DV

VRIWRBPS
j &

ZKHUHHSUHVHQWV WKHLQSXWORJLWY DQGWKHGHQRPLQD\
zz TKHVRIWPD[IXQFWLRQHQVXUHYV WKDW W K|HDRXGCWSPW SUR'E
WR PDNLQJWKHPVXLWDEOHIRUPXOWL FODVVFODVVLx*xFD

&11 qE ™M@ 0% OBE% $ W\SLFDO &11 DUFKLWHFWXUH LQYRO
LOQOWHUVSHUVHG ZLWK 5H/8 DFWLYDWLRQV DQG SRROLQJ OD)
JHQHUDWHWKH xQDOFODVVLXFDWLRQRXWSXW
&11VUHGXFHWKHQXPEHURISDUDPHWHUV QHHGHG FRPSDU}
OHVV SURQHWR RYHUXWWLQJDQG PRUHHNFLHQW IRULPDJ}
FLDOO\IRUODUJHLPDJHYVY UHTXLULQJFDUHIXO GHVLJQ FKR
xOWHUVL]HVDQG VWULGHV > @

i ,zqn%oﬁEEO‘%o“’@:g"

SHFHQWDGYDQFHPHQWV LQ GLIJLWDO LPDJH SURFHVVLQJKEL
GXHWRWKHLUUREXVWFDSDELOLWLHVLQKDQGOLQJFRPSOI
WKHQHHGIRUSULRUDVVXPSWLRQVDERXWLQSXWGLVWULE
(JPRQW 3HWHUVHQ GH5LGGHU DQG +DQGHOV > @ SUR®

DSSOLFDWLRQVRIQHXUDO QHWZRUNVLQWKLVGRPDLQ K
UDOQHWZRUNYV 7KH\SURSRVHD QRYHOWZR GLPHQVLRQDO
LQJDOJRULWKPVY E\WKHW\SHRIWDVNDQG WKHDEVWUDFWL
HQFRPSDVVHV VL[PDMRU WDVNV SUHSURFHVVLQJ GDWD Ul
REMHFWUHFRIJQLWLRQ LPDJH XQGHUVWDQGLQJ DQG RSWL
FHVVLQJDUH



UHSURFHVVLQJ VHWRIRSHUDWLRQV WKDW JLYH DV D
GLPHQVLRQVDVWKHRULIJLQDO LPDJH HJ QRLVHUHGX

JHDWXUH H{WUDFWLRQ DQ\RSHUDWLRQ WKDW H[WUDFW
7KH QXPEHU RIH[WUDFWHG IHDWXUHV LV JHQHUDOO\ VPI
LQSXW ZLQGRZ

6HIPHQWDWLRQ DQ\RSHUDWLRQWKDW SDUWLWLRQV D(
UHVSHFWWRVRPHFULWHULRQ

2EMHFW GHWHFWLRQDQG UHFRJQLWLRQ 'HWHUPLQLQJ
HQWDWLRQDQGVFDOHRIVSHFLXxFREMHFWV LQDQLPDJF

,PDIHXQGHUVWDQGLQJ REWDLQLQJKLJKOHYHO VHPDC

I ,ZqH%oﬁEE%oa/EEO°%O|'|’®3"

3UH SURFHVVLQJ FRQVLVWY RI DQ\RSHUDWLRQ RI ZKLFK Wk
ZKLFKWKHRXWSXWLVDIXOOLPDJH 3UH SURFHVVLQJRSHU
JRULHV LPDJHUHFRQVWUXFWLRQ WRUHFRQVWUXFWDQLP]
LPDJHUHVWRUDWLRQ WRUHPRYHDQ\DEHUUDWLRQVLQWURF
DIJHHQKDQFHPHQW DFFHQWXDWLRQRIFHUWDLQ GHVLUHG I}
VWHSV VXFKDVVHIJPHQWDWLRQRUREMHFW UHFRJQLWLRQ

7KHWHFKQLTXHVIRUFRORULPDJHSURFHVVLQJFDQEHGLYL!
&ODVVLFDO PHWKRGV LQYROYH xOWHULQJ WHFKQLTXHV W
WLRQDO xOWHUV 9') DQGPXOWLFKDQQHOHGJH HQKDQFLQ
UHPRYDODQGHGJHHQKDQFHPHQW DQGVHJPHQWDWLRQOL
DQDO\VLYVY 06 DQGODUNRYUDQGRP xHOG 05) PRGHOV 6WTE
VLDQDQG 'LULFKOHW PL[WXUHVDUHDOVR XWLOL]HG IRU PR
1RQ FODVVLFDODSSURDFKHVHQFRSDVV1IHXUDO1HWZRUNE
PXOWLOD\HUVWUXFWXUHV FRPSHWLWLYHOHDUQLQJ &/ D
EDVHG DSSURDFKHV PXOWL UHVROXWLRQ DQDO\VLV 05$ >
WLRQ QRLVHUHPRYDO DQGIHDWXUHH[WUDFWLRQ > @



bltu; ‘:“@|_;ub]_|9 oublbm-tbl-];: m]|_;t;[9 bl-];ruol;vv;7 tfvbm]|_; -tvvb-m Ct|;u:

i i )% qODE% % cOEqeO®e°s

JHDWXUH H[WUDFWLRQ FDQEHVHHQDVDVSHFLDONLQGRIG
VXEVHW RILQIRUPDWLYH YDULDEOHV EDVHG RQ LPDJH GDWLE
GLPHQVLRQDO IHDWXUHH[WUDFWLRQLVRIWHQDQHFHVVD!I
WR EHVXFFHVVIXO

%HVLGHY ORZHULQJWKHFRPSXWDWLRQDO FRVW IHDWXUH |
FXUVHRIGLPHQVLRQDOLW\ :KHQ XVHG DV LQSXW IRUD VXE
ZDQWV WR H[WUDFW WKRVH IHDWXUHV WKDW SUHVHUYH WKH
JHDWXUHV DUHGLYLGHG LQWR WZRPDLQ FDWHJRULHV ORFL
VXFKDV FRQFDYH FRQYH[SDUWV QXPEHURIHQGSRLQWV E|I
WRSRORJLFDO HJ FRQQHFWLYLW\ SURMHFWLRQ SURXOH
HJ LQYDULDQWPRPHQWV > @

i i ,20q"% *-~qiile“eeqOaeos

2Q0H RI WKHPDLQ SUREOHPV LQ FRPSXWHU YLVLRQ LV WKH LI
FROQFHUQHG ZLWK GHWHUPLQLQJWKHSUHVHQFHRIYLVXDO"
xFDWLRQLVDWDVNLQPDFKLQHOHDUQLQJZKHUHWKHJRDO
VHYHUDO SUHGHxQHG FODVVHYV > @ 7KHSURFHVV XVXDOO\

,QSXW WKHLQSXWWRWKHV\VWHPLVDQLPDJH ZKLFKF
YDOXHYV

JHDWXUH ([WUDFWLRQ XVLQJWHFKQLTXHVOLNH&RQYR
HIWUDFWHG IURP WKH LPDJH &11VDSSO\FRQYROXWLRQ
WHUQV VXFKDVHGJIJHV WH[WXUHVY DQGPRUHFRPSOH[ VYV



&ODVVLXFDWLRQ WKHH[WUDFWHGIHDWXUHV DUHIHGL
OD\HUIROORZHGE\D VRIWPD[IXQFWLRQ WRDVVLJQ WKF

,PDIJHFODVVLXxFDWLRQFDQEHFDWHIJRULIHGLQWRWKUHHI

, LQDU\FODVVLxFDWLRQ ZKLFKLQYROYHVFDWHJRUL]L(

, OXOWLFODVVFODVVLXFDWLRQGHDOVZLWKFDWHJRUL]L
ELQDU\FODVVLXFDWLRQ PXOWLFODVV  FODVVLXFDWLRC

, OXOWLODEHO FODVVLXFDWLRQDOORZVIRUHDFKLPDJH\
LVHVVHQWLDOLQVFHQDULRVZKHUHDQLPDJHFDQEHOR
RXVO\

¥
Plant

i
07

bltu; “:"9-Irt; 0=7b@;u;m| |<r;vo=bl-]; 1t-vvbC1-20om: uolt;[|oub]_|9 Obm-u<1lt-vvbC1-20m7 |tt2]
ITtzt-0;t 1t-vvbC1l-Zom:

i )oe3%al@30es”

ii ,30E°.. @003

'KLOH WUDLQLQJGHHS QHXUDO QHWZRUNV IURP VFUDWFK FI
UHTXLUHY ODUJH GDWDVHWV DQG H[WHQVLYH FRPSXWDWLR
DOWHUQDWLYH HQDEOLQJWKHDGDSWDWLRQRISUH WUDL
GXFHG FRPSXWDWLRQDO RYHUKHDG

J)LOQOH WXQLQJOHYHUDJHV SUH WUDLQHGPRGHOVWKDW KDY
ODUJH GDWDVHWY 7KLVDSSURDFKLVPRWLYDWHGE\WKH L
WXUHJHQHULFIHDWXUHY VXFKDVHGJHVLQLPDJHV WKDWL
OD\HUV FDSWXUHWDVN VSHFLxFIHDWXUHV %\UHXVLQJWKI
xQH WXQLQJFDQVLIJQLXFDQWO\DFFHOHUDWHWKHWUDLQL®
WDVNV ZLWK OLPLWHG GDWD



3UH WUDLQHG PRGHOVVHUYHDVWKHEDFNERQHIRU xQH WX
ZRUNHQFRPSDVVLQJxQH WXQLQJ LQYROYHVWUDQVIHUULC
DQRWKHU WDUJHW 7KHVXFFHVVRIWUDQVIHU OHDUQLQJ &
DQG WDUJHW WDVNV

5HVHDUFK E\ <RVLQVNL > @ KLJKOLIJKWV WKDW WKH HITH
ROQWKHGHSWKDW ZKLFKWUDQVIHURFFXUV ZLWK GHHSHU O
7KH\DOVR IRXQG WKDW WUDQVIHUULQJ IHDWXUHV IURP HDU
WDUJHW WDVNYV

i i )e3%al0@3@3” O% e ™3ED %l

7KHWHFKQLTXHVXVHGLQXQHWXQLQJDUH IHDWXUHH[WUDI
xQH WXQLQJ
JHDWXUHH[WUDFWLRQLQYROYHVIUHH]LQJWKH ZHLIJKWV RI
xQDO FODVVLxHU 7KLV DSSURDFKLVHIHFWLYHZKHQ WKH Q
QDO GDWDVHW 'RQDKXH > @GHPRQVWUDWHG WKH SR?Z
YLVLRQ WDVNV ZKHUHD SUH WUDLQHG &11ZDV XVHG WR H[W
WLRQ WDVNV \LHOGLQJVLJQLXxFDQW SHUIRUPDQFHLPSURYI|
)XOO PRGHO xQH WXQLQJLQYROYHV XQIUHH]LQJDOO RU PR
DQG UHWUDLQLQJ WKHP RQ WKH QHZ GDWDVHW 7KLV PHWKI
ODUJH HQRXJK WR VXSSRUW H[WHQVLYH UHWUDLQLQJRU ZK
IURP WKH RULJLQDO WDVN +RZDUGDQG 5XGHU > @ SR
8QLYHUVDO/DQJXDJHORGHO)LQH WXQLQJPHWKRG ZKLFKD
FODVVLXxFDWLRQE\xQH WXQLQJDOO OD\HUVRID SUH WUDL
/ID\HU ZLVH xQH WXQLQJLQYROYHV JUDGXDOO\XQIUHH]LQJ
LQJWKHP LQFUHPHQWDOO\ 7KLV WHFKQLTXHKHOSV VWDEL
JHWWLQJ ZKHUHWKHPRGHOORVHVNQRZOHGJHRIWKH SUH
VLYHO\DQDO\]HG E\)HOER > @LQWKHLUZRUNRQVHQW
LQ WH[W GHPRQVWUDWLQJLWY HIHFWLYHQHVV LQ UHWDLQ
QHZ WDVNV

 QFRPSXWHUYLVLRQ XxQH WXQLQJKDVEHHQZLGHO\DGRSW
DJHVHIJPHQWDWLRQ DQGIDFHUHFRJQLWLRQ )RULQVWDQF
xQH WXQLQJLQ WKH5HV1IHW DUFKLWHFWXUH DFKLHYLQJ U
FDWLRQDQGREMHFW GHWHFWLRQ WDVNYV



i $302q—lé...%o©%o'OCE03

$QRPDO\GHWHFWLRQ DOVR NQRZQDV RXWOLHU GHWHFWLF
FKLQH OHDUQLQJ WKDW LQYROYHV LGHQWLI\LQJ UDUH LWHF
FDQWO\IURP WKHPDMRULW\RIWKHGDWD 7KHVHDQRPDOLF
VXFKDVIUDXG GHWHFWLRQ QHWZRUN VHFXULW\EUHDFKHYV
GHYLDWLRQV 7KHSULPDU\JRDOLVWRGLVFRYHU SDWWHUC
EHKDYLRU
$QRPDO\GHWHFWLRQLVIRUPDOO\GHxQHGDV WKHLGHQWL:
ZHOO GHxQHG QRWLRQRIQRUPDOEHKDYLRU $FFRUGLQJWHF
LVDQREVHUYDWLRQ WKDWLVLQFRQVLVWHQW ZLWK WKHUH
WRYDULRXVUHDVRQV LQFOXGLQJLQKHUHQW YDULDELOLW
HUURUVLQGDWDFROOHFWLRQ
7TKHUHDUHVHYHUDO WHFKQLTXHVIRUDQRPDO\GHWHFWLRC
SHUYLVHG XQVXSHUYLVHG DQGVHPL VXSHUYLVHG PHWKRC(
6XSHUYLVHGDQRPDO\GHWHFWLRQ WKLVDSSURDFK UH
DQGDQRPDORXVLQVWDQFHVDUHLGHQWLxHG 7KHPHWI

WLQIJXLVKEHWZHHQ QRUPDODQGDQRPDORXVFODVVHYV
SRUWYHFWRUPDFKLQHY DQG QHXUDO QHWZRUNYV

8QVXSHUYLVHGDQRPDO\GHWHFWLRQ LQWKHDEVHQFH
DUH HPSOR\HG 7KHVH WHFKQLTXHV DVVXPH WKDW QRUT
WKDQ DQRPDOLHV DQG XVH VWDWLVWLFDO PHDVXUHV Wi
FOXGH FOXVWHULQJ DOJRULWKPY HJ N PHDQV '%6&$
3% DQGLVRODWLRQIRUHVWYV

6HPL VXSHUYLVHGDQRPDO\GHWHFWLRQ WKHVHPHWKR
DOQGDVPDOODPRXQWRIODEHOHG GDWD WREXLOGPRGH
WDLQLQJODEHOHG GDWD LVH[SHQVLYHRUWLPH FRQVXI
KLIKOLJKW VHYHUDO VHPL VXSHUYLVHG WHFKQLTXHV W
DGYHUVDULDO QHWZRUNYV *$1V IRUDQRPDO\GHWHFWLF

i )g-1% E°ileeOea%igs3... “q-1% 2% ”"q0 cea%

 QWKHUHDOPRIGHHSOHDUQLQJ WKHFRQFHSWVRIIDOVHQ
GHUVWDQGLQJDQGHYDOXDWLQJPRGHO SHUIRUPDQFH HVS



RULIJILOQDWHIURPWKHFRQIXVLRQPDWUL[ ZKLFKLVDIXQGDP
RIDFODVVLxHU

$IDOVH QHIJDWLYH )1 RFFXUV ZKHQ D PRGHO LQFRUUHFWO
VWDQFH WKDWDFWXDOO\EHORQJV WR WKH SRVLWLYH FODV
WKHPRGHO LQFRUUHFWO\ SUHGLFWVY WKH SRVLWLYH FODV\
QHJDWLYHFODVV 7KHVHHUURUVKDYHGLVWLQFWLPSOLFD

, ) DOVH QHJDWLYHV )1 DIDOVHQHJIJDWLYH RFFXUV ZKHC
WKDW LV SUHVHQW LQ WKH LPDJH 7KLV W\SH RIHUURU L
DSSOLFDWLRQV VXFKDV GLVDVWHU PDQDJHPHQW DQG D
DQREMHFWFDQOHDGWRVHYHUHFRQVHTXHQFHYV )RU LC
WRGHWHFWD SHVWLQIHVWDWLRQFDQUHVXOWLQVXEV'

, ) DOVHSRVLWLYHV )3 DIDOVHSRVLWLYHRFFXUVZKHQ W
WKDWLVQRWSUHVHQWLQWKHLPDJH 7KLV W\SHRIHUUF
DVZURQJUHSRUWVDQGZDUQLQJV

T RHYDOXDWHDQGFRPSDUHWKHSHUIRUPDQFHRIREMHFW
VLRQ UHFDOO DQGWKH) VFRUHDUHFRPPRQO\XVHG

3E% i3k PHDVXUHV WKH SURSRUWLRQ RI WUXH SRVLWL
WLRQV $KLIJKHUSUHFLVLRQLQGLFDWHVIHZHUIDOVH SRVL)

P
3UHFE%$%%F

5%°*gq--k WKHUDWLRRIWUXHSRVLWLYHV WR WKHVXP RI WU
VXUHVWKHDELOLW\RIWKHPRGHOWRLGHQWLI\DOO SRVLW

TP
5HFDOO

) a6+°E%k WKHKDUPRQLFPHDQ RISUHFLVLRQDQG UHFDOO
PRGHO{VSHUIRUPDQFH

3UHFL\BIHEQ OO

6FRDH
) SUHFEWBIHEFEQ@ OO




&°3“@ie°32qO0Em¢ci $FRQIXVLRQPDWUL[LVDWRRO XVHGLQ
WRHYDOXDWHWKHSHUIRUPDQFHRIDFODVVLXFDWLRQDOJF
YLVXDOL]DWLRQRIWKHSHUIRUPDQFHRIDQDOJRULWKP SD!I
UDWHYV

7KHFRQIXVLRQPDWUL[VXPPDUL]JHVWKHUHVXOWV RIDFOD)\
RUFODVVHV ZLWK WKRVH SUHGLFWHG E\ WKHPRGHO 7KH
ZLWK GLPHQVLRQVHTXDOWRWKHQXPEHURIFODVVHV EHLQ
VWUXFWXUHRIDFRQIXVLRQPDWUL[IRUDELQDU\FODVVLxF
7KHFRQIXVLRQPDWUL[LVQRWOLPLWHGWRELQDU\FODVVL
FODVVLXFDWLRQ SUREOHPV ZKHUHHDFKFODVV ZLOO KDYH L
PDWULFIROW VHV (0;F)KRH OHKRHHRDW UL[LQGLFDWHV WKH QXPEH
WKHDFWXDQG WBW\SIMGLFWHG FODVV LV

U Plae &£ PlI| UeDbeeB DI UDY: &-D
£ b @ @-PH SRVLWDOHVHRHIDWLYH )1
£ -0uUbY )200HSRV[LWDYMHQWBIDWLYH 71

$-0t; ‘:e®@m=tvbomI-|ubS:

BE%ceic3aE% g~ *@E&4% 7KHSUHFLVLRQ UHFDOO FXUYH I
EHWZHHQ SUHFLVLRQDQGUHFDOOIRUGLIHUHQW WKUHVKRC
$VZHYDU\WKHWKUHVKROGWKDWGHWHUPLQHV ZKHWKHU D
QHIJDWLYH ERWKSUHFLVLRQDQGUHFDOOZLOOFKDQJH 7Kt
[ D[LVDQG SUHFLVLRQRQWKH)\ D[LVIRUWKHVHGLTHUHQW W
'KHQ WKH WKUHVKROG LY YHU\ORZ WKHPRGHO FODVVLxHV
PRVWRIWKHDFWXDO SRVLWLYHVY EXWDOVRPDQ\QHJDWLYF
$VWKHWKUHVKROGLQFUHDVHY IHZHUREVHUYDWLRQVDUH
EHURIIDOVHSRVLWLYHYVDQGLQFUHDVHY SUHFLVLRQ EXW
UHGXFLQJUHFDOO> @

&°3e-Fie°? 8VLQIJWKHVHPHWULFYVY UHVHDUFKHUVFDQEHW)
IDOVHQHIJDWLYHVDQGIDOVHSRVLWLYHVDQGPDNHLQIRUPF
7TKHVHHUURUVDUHQRW MXVW VWDWLVWLFDOLQFRQYHQLH(
FDUHIXOO\PDQDJHG 7KHFKRLFHWRUHGXFHIDOVHQHJDWL"
RQWKHJIJRDOVRIWKHXVHUVEDVHGRQWKHLURZQQHHGV DQ
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/DVNDQG PHWKRC

i "%l Ece EO®C3°“ O ™% FE°8§% 0

7KHJRDORIWKLY SURMHFW LVWR UHFRJQL]JHLQIHVWLQJSO
WRJUDSKV WDNHQ IURP D GURQH

‘HFDQ FRQVLGHU WKH GHVFULEHG SUREOHPDVDQDQRPDO\
ZHDUH QRW LQWHUHVWHG LQ UHFRJQL]LQJWKH VSHFLxFLQ
GHWHFWLQJWKHSUHVHQFHRUQRWRIWKHPLQWKHXHOG $
DFFXUDWH ORFDOL]DWLRQ RI WKHLQIHVWLQJ SODQWV ORU
LPDJH WKHLQIHVWLQJSODQWVFDQEHYHU\VLPLODU WR F
PRUHGLRNFXOW )LQDOO\ WKHUH ZDVQ{WDQDOUHDG\PDGH
WKH SURMHFW VRLWKDGWREHFUHDWHGIURP]JHUR
JRUWKHVHUHDVRQV LQWKLVWKHVLV LW ZDV GHFLGHG WR V
PRUH SUHFLVHO\D PXOWLFODVV FODVVLXFDWLRQ SUREOHP
PDLQFODVVHV LQIHVWLQJSODQWY QRQ LQIHVWLQJSODQYV
VHFWLRQ 7KH WDVN GRHVY QRW LQYROYH GHWHFWLRQ RU
FDWLRQLVHDVLHUWRLPSOHPHQWDQG DVVKRZQLQ W K
XVLQJIHZLPDJHV 'HWHFWLRQDQGVHJPHQWDWLRQWDVNYV
WR FUHDWH WKH GHVLUHG GDWDVHW DQG WKH ODWWHU VKR
VDWLVI\LQJUHVXOWV



&UHDWLQJDGDWDVHWIURPVFUDWFKLVQRWDQHDV\WDVND
VKRXOG EHFRQVLGHUHG IRUWKHVHNLQG RI SURMHFWYV )LC
PRGHOVIRUFODVVLXFDWLRQ DOVRLQWKLVFDVHWRUHGXF
7KLVWKHVLVZLOODOVRVWXG\WKHLPSDFWRIIDOVH SRVLW
%\DVVHVVLQJWKHFRVWRIHDFKPLVFODVVLXxFDWLRQ ZH FD
LPSDFWRIHUURUVRQDJULFXOWXUH 7KLVUHVHDUFK ZLOO
SDUDPHWHUV WRWXQHWKHHODVWLFLW\RIWKHPRGHORQ I

$ii@2£E£O0®°3ig3... ~220q0e°3ili ,Q WKLV WKHVLV ZHDVVXP
DQDO\WLV RQWZR FRQVHFXWLYH GD\V WKH SUREDELOLW\ W
xUVW GD\DQG VXEVHTXHQWO\GHWHFWV LW RQ WKH VHFRQG
6SHFLXFDOO\ WKHSUREDELOLW\RIGHWHFWLRQRQWKH VHF
RIWKHxUVWGD\{VDQDO\VLV 7KLVDVVXPSWLRQVLPSOLXHV
SUREDELOLW\DVDQLVRODWHGHYHQW WKHUHE\LJQRULQJ S
FHVVLYHGD\V :KLOHWKLVDVVXPSWLRQIDFLOLWDWHY WKH
LWUHSUHVHQWY D OLPLWDWLRQ RI WKLV WKHVLY DV LWPD
HPHUJHQFHDQG GHWHFWLRQLQUHDO ZRUOG VFHQDULRYV

,3O0E°..B0®°30°0™% I0q0% °“ O™% qEOi %HIRUH GHOYLQ
SOR\HG LQ WKLV WKHVLV WKLV VHFWLRQ ZLOO SUHVHQW D \
OHDUQLQJDQG GHHS OHDUQLQJDOJRULWKPVIRUGHWHFWL

bltu; :«®-Irt; o= -mbl-]; %b|_ _b]_tb]_|;7bm=;vZm]rt-m]|v:



i 60g0% °“ O™% qEO

7TUDGLWLRQDO PHWKRGV RI SODQW GLVHDVH GHWHFWLRQ U
ZKLFKDUHRIWHQ WLPH FRQVXPLQJ VXEMHFWLYH DQGOLP
VLRQDOV LWKWKHDGYHQW RIDGYDQFHG PDFKLQH OHDUQ
QLTXHV WKHGHWHFWLRQRISODQWGLVHDVHVKDVVHHQ VL.
DQGVFDODELOLW\ 7KLVFKDSWHUH[SORUHV WKHVWDWH RI
WKHODWHVWDGYDQFHPHQWV LQO/DQG'/PHWKRGRORJLHV

i i (Cq2/E-%Ii°“10@..0e%l

[ %0°3 % O q-i ¢ d 7TKHVWXG\RI/HRQHWDO > @DGGUH
WLI\LQJGLVHDVHVDQG SK\WLRORJLFDOGLVRUGHUV LQ SRW
FDXVHGEN ; 110 DO®YDVFXODUHLOS FBXXWHOEPXOWL
VSHFWUDO LPDJHU\NIURP GURQHYV
SRWDWRFURSVZHUHPRQLWRUHGLQGHVLIQDWHG SORWYV Z
LIHGDQG PXOWLVSHFWUDO LPDJHV ZHUH FDSWXUHG XVLQJ I
DKHI[DFRSWHU GURQH 9HJHWDWLRQLQGLFHYV 1RUPDOL]JHG
VRLO DGMXVWHG YHIJHWDWLRQLQGH[ 6%$9, WRFLWHVRPH
XVHG WR GLVFULPLQDWHEHWZHHQ KHDOWK\DQG GLVHDVHCGC
ODUO\DJHQHUDOL]HGOLQHDUPRGHO */0 DQGDVXSHUYLVH
WRHYDOXDWHWKHGLVFULPLQDWLRQFDSDFLW\RIWKHLQG!
7TKHUDQGRPIRUHVWFODVVLXxHU VKRZHG DFFXUDF\UDWHYV E
XHVUDQJLQJIURP WR DQG52& $8& YDOXHV IURP W
SURYHG HIHFWLYHLQ GLVWLQJXLVKLQJEHWZHHQ KHDOWK\ ¢
(YHQWKRXIJKWKHUDQGRPIRUHVWPRGHO UHDFKHV DJRRGC
HQRXJKFRPSDUHG WRWKHUHVXOWV RI &11VVKRZQLQ WKH C

308gEm® %0 g-ic d 7TKHUHKDVDOVREHHQUHVHDUFKRQG69
> @ XVHG 6XSSRUW 9HFWRU ODFKLQHYV 690V DQG $UWLXFLLEL
WHFWLQJDQG FODVVLI\LQJ SODQW GLVHDVHV 7KHDSSURDI
I URPLPDJHVRISODQWGLVHDVHYVY ZKLFKDUHWKHQ SURFHV\
IRFXVHVRQVL[FODVVHVRISODQW GLVHDVHVDQG XVHV D GCLC
7KH SDSHU FRQFOXGHV WKDW WKH 690 FODVVLxHU ZLWK LW



DQG HNFLHQW PHWKRG IRUWKH FODVVLXFDWLRQ RI SODQW

690V DUH SDUWLFXODUO\NQRZQ IRUWKHLU KLIKDFFXUDF\L
FODVVLXFDWLRQ SUREOHPV 7KH\DUHHIHFWLYHLQKLJK GL
IXOLQFDVHVZKHUHWKHQXPEHURIGLPHQVLRQVH[FHHGV W
RI690LVWUDLQLQJODUJHLPDIJHGDWDVHW SUHVHQWY VRPF

, 690VFDQVWUXJJOHZLWKVFDODELOLW\ SDUWLFXODUO!
LQLPDIJH FODVVLXFDWLRQ WDVNV 7UDLQLQJWLPH LQFL
GDWDVHW PDNLQJ690VLPSUDFWLFDOIRUYHU\ODUJH V

, ,PDJHVRIWHQ FRQWDLQ KLIKO\FRPSOH[DQG QRQ OLQHEL
QHOIXQFWLRQVWRKDQGOHQRQ OLQHDUGDWD WKH\PD
DVGHHS OHDUQLQJPRGHOV ZKLFKDUHVSHFLxXFDOO\GH
WLRQV

, 690VW\SLFDOO\UHTXLUHPDQXDO IHDWXUHH[WUDFWLR
SDSHU ZKLFKFDQEHODERU LQWHQVLYHDQGPD\QRWD
WXUHV '"HHS OHDUQLQJPRGHOV RQWKHRWKHUKDQG F
UbDZLPDIJHGDWD OHDGLQJWR SRWHQWLDOO\EHWWHU S

0°™Mqg30e %O qgq-ic d &11VKDYHEHFRPHWKHFRUQHUVWRQ}!
GLVHDVH GHWHFWLRQ GXHWR WKHLU VXSHULRU SHUIRUPDC
ORKDQW\HWDO > @XVHG&11VWRLGHQWLI\ FURSVSH
GDWIB¥396L RDJHY 7KHPRGHOV XVHG GXULQJWUDLQLQJDUH
> @
'XULQJSUHSURFHVVLQJHYHU\LPDJHLQWKHGDWDVHWLV UF
DUHXVHG LQ GLTHUHQW FRQxJXUDWLRQV FRORU RULJLQEL
ZKHUH WKH EDFNJURXQG LV UHPRYHG 7R HYDOXDWHPRGHO
YDULRXV WUDLQ WHVW VSOLWY DUH XVHG
PXOWLSOHLPDJHV RIWKHVDPHOHDIIURP GLTHUHQW RULHQ
WKDW DOO LPDJHVRID SDUWLFXODUOHDIDUHHLWKHULQ Wt
7KH KLJKHVW RYHUDOO DFFXUDF\ ZDV DFKLHYHG E\ *RR
FRORULPDJHV ZLWK DQ WUDLQ WHVW VSOLW *RRJ/H1H
DFURVV DOO FRQxJXUDWLRQV DQG PRGHOV WUDLQHG RQ FR



UHVXOWYV ZHUH REVHUYHG ZLWK DQ WUDLQ WHVW VSOLW
WKHPRGHOV SHUIRUPHG ZHOO GHPRQVWUDWLQJUREX

*RRI/HIHW ZLWKWUDQVIHUOHDUQLQJRQFRORULPDJHV DFK

D VSOLW

$QLPSRUWDQW WKLQJWR QRWH LV WKDW WUDQVIHU OHDUQ

WUDLQLQJIURPVFUDWFKIRUERWKPRGHOV DVZHFDQVHHL

Mean-F1-Score
o —

Training Mechanism
05 —— Finetuning
TrainFromScratch

10 15 20 25 30
Epochs

bl]tu; :$8-mv=;ut;-umbm] lolr-u;7 |ot;-umbm]=uolvlu-|1_: $u-mv=;ubv-lou;;L1lb;m|l;]_07 =ou |

Y% E %30 3] ¢ d ,Q WKHVWXG\ FRQGXFWHG E\ )HUHQWLQF
WHFKQLTXHVZHUHHPSOR\HGWROHYHUDJHSUH WUDLQHGG
DQG,QFHSWLRQ IRUWKHSXUSRVHRISODQWGLVHDVHGHWH
RQXWLOL]JLQJFRQYROXWLRQDO QHXUDO QHWZRUNV &11V \
LPDJHVRIKHDOWK\DQG GLVHDVHG OHDYHYV

JHUHQWLQRV XWLOL]JHGDQH[WHQVLYHRSHQGDWDEDVHFRP
HQWSODQW VSHFLHVDQG GLVWLQFWFODVVHV ZKLFKLQF(
SODQWY 7KHLPDJHVLQWKHGDWDVHW ZHUHFDSWXUHG LQ |
UHDO FXOWLYDWLRQHQYLURQPHQWY 7KHGDWDEDVH{V GL)
JHQHUDOL]HZHOOWRUHDO ZRUOG VFHQDULRYV
7RWUDLQWKH&11PRGHOV WKHGDWDEDVHZDVGLYLGHGLQV
VSOLW 3UH SURFHVVLQJRIWKHLPDJHVLQYROYHGUHVL]LQ
OLNHVRPHSULRUDSSURDFKHY JUD\WFDOHFRQYHUVLRQDQ
GHHS OHDUQLQJPRGHOVKDYHWKHFDSDELOLW\WRHITHFWLY
FRORULPDJHYV

7KHEHVW PRGHO ZDV 9** ZKLFKDFKLHYHG D UHPDUNDEOH



WKHFRUUHFW SODQW GLVHDVH IURP OHDILPDJHV 7KLV KLJI
WUDQVIHUOHDUQLQJDQG&11VLQGHYHORSLQJHIHFWLYHD.
7KHLQFOXVLRQRILPDJHVFDSWXUHG XQGHU UHDO EXOWLYD
WRWKHUREXVWQHVVDQG SUDFWLFDODSSOLFDELOLW\RIW
7KHUH DUH VRPH PLQRU SUREOHPV IRXQG LQ WKH VWXG\ IRL
LPDJHV VRPHZHUHLGHQWLXHG DV ~IDXOW\~EHFDXVHWKH\
VWDQFH FHUWDLQ LPDJHV ZHUH LQF RYIUHF WL\ EXWIV;WHUH
ZHUH FODVVLxHGIB\ WK&8ER®HRO/DFPLODU VRLO WH[WXUHV DQ
RIWKHFRUQOHDYHV

,QFRQFOXVLRQ HUHQWLQRYV GHPRQVWUDWHY WKH HN
LQJPHWKRGRORJLHVLQ RYHUFRPLQJWKH FKDOOHQJHV RI S
IRXQGDWLRQIRUIXWXUHUHVHDUFKDQG GHYHORSPHQWLQL
FXOWXUDO ZRUNURZV

,I™ %3702 % O q-i C d ,VKHQJRPD HW DO > @ SURSR\
PRGHO DLPHG DW HQKDQFLQJ WKH VSHHG DQG DFFXUDF\ RI (
DUP\ZRUPV )$:V XVLQJ8%$9 EDVHG LPDJHU\

7KHSURSRVHG K\EULGPRGHO FRPELQHV 9** DQG,QFHSWLR
LPDJHLVVLPXOWDQHRXVO\DSSOLHGWRERWKPRGHOVDQG
WKHIX0O0 FRQQHFWHG OD\HUV IRU FODVVLXxFDWLRQ 7KLV G
WLRQ FDSDELOLWLHV RIERWKPRGHOV ZKLOHRQO\UHWUDLC
DQG PD[LPL]JHSHUIRUPDQFH

7KH VWXG\ZDV FRQGXFWHG RQPDL]JHIDUPVLQORURJRUR 7I
$HULDO Q9HKLFOHYV ZHUHXVHGWRFDSWXUHKLJK UHVROXWL!
FRQWDLQV DWRWDO RI LPDJHV LQFOXGHG ERWK RULJLQI
QXPEHU RIKHDOWK\DQG LQIHFWHG VDPSOHV $IWHU WUDLQ
UHGXFHVWKHWUDLQLQJWLPHE\ WR FRPSDUHG WRLQG
UDF\RI
7KLVSDSHUVKRZVWKHSRVVLELOLW\RIDFKLHYLQJKLJKDFF
GDWDVHW 7KHK\EULGPRGHODSSURDFKFDQEHOHYHUDJHC
(YHQLIRQO\WKHLPDJHVRIWKHLQIHFWHGPDL]JHDUHVKRZQ
DUHGLTHUHQW IURP HDFK RWKHU GXHWR WKHIDFW WKDW Z
WKHLQIHVWHG SODQWYV WKLV PDNHVWKHFODVVLXFDWLRQ
SHUIRUPDQFHV



bltu; :'"@=;v]|;7I1-bE; t;-";vv_0% mbm v_;m]ol-r-r;u:

<q..q4 %0 qg-ic d 7KHUHDUHDOVRVWXGLHY WKDW GHYH
DPSOH<DGDY HW DO > @SUHVHQWHGDQDSSURDFK IR
PDL]HxHOGV XVLQJ8$9LPDJHU\DQG WKH <2/2Y GHHS OHDUQ
WRLPSURYHWKHLGHQWLXFDWLRQDQGPDQDJHPHQW RI YRC
FDQW FKDOOHQJHVLQ FRWWRQ SURGXFLQJDUHDV GXH WR L
7KH <2/2Y DOJRULWKPLVHPSOR\HG GXHWRLWVVXSHULRU S
WLRQ 7KHDUFKLWHFWXUHLVEXLOW XSRQ'DUNQHW  DED
LQFOXGLQJUHVLGXDO EORFNVWR KDQGOH YDQLVKLQJJUDC
SXWLPDJHVLQWRJULGVDQG SUHGLFWV ERXQGLQJER[HV IR
DQFKRUER[HVDQG ORJLVWLFUHJUHVVLRQIRUFODVVLI\LQJ
, QWKLY SDSHUPHDQDYHUDJHSUHFLVLRQ P$3 LVXVHGDVV
PRQO\XVHG PHWULFLQ REMHFW GHWHFWLRQ WDVNV WR PHD
WKHPHDQRIWKHDYHUDJH SUHFLVLRQ $3 VFRUHV IRUHDFK
FODVVLVFDOFXODWHG DV WKHDUHD XQGHU WKH SUHFLVLR(
FDOODW YDULRXVWKUHVKROG OHYHOV P$3SURYLGHV D VL
RIWKHPRGHODFURVVDOOFODVVHY PDNLQJLWHDVLHUWR
QHVV )RU<2/2Y ZKLFKLVDPXOWL FODVVREMHFW GHWHFW
RIDFFXUDF\E\FRPELQLQJSUHFLVLRQDQGUHFDOO
7KHXVHRIP$3 LQWKLVVWXG\ ZKHUH WKH ,QWHUVHFWLRQ
LQGLFDWHY D ORZHU VWULFWQHVYV LQ PDWFKLQJ SUHGL|
7KLVLV SUDFWLFDOIRUWKHDSSOLFDWLRQEHFDXVHYROXQ!
ORZHU ,R8 WKUHVKROG UHGXFHV WKHULVNRIPLVVLQJWKHYV
HYHQ LI SDUWLDOO\RYHUODSSLQJ DUH GHWHFWHG %\ HP
VXUHG WKDW WKH <2/2Y PRGHO FRXOG HIHFWLYHO\GHWHFW



RYHUDOO DFFXUDF\ P$3 KLJKHU WKDQ 7KH <2/2Y PRGHC(
LQ GHWHFWLQJ YROXQWHHU FRWWRQ SODQWV LQ YDULRXV F
JLVWLF UHJUHVVLRQ VLIJQLXFDQWO\LPSURYHG WKH PRGHO{
EHWZHHQPDL]HDQG 9&

$3+q-*P-qO0ceo°s .
X
AP = [R(k) R(k+1)] P(k)
k=0
Z K HUIHV U HFDID\OSIUMHG LVLRQ DW GLIHUHQW WKUHVKROGYV

2$3eq-*P-qO0°?

1 X

mAP = =" APy

n

k=1
ZKHOUHY WKHQXPEHURIFODVVHYV
(YHQWKRXJK <2/2VHHPVWREHD SURPLVLQJDUFKLWHFWXU |
RIWKHGDWDVHW ,QWKLVYSDSHU WKHGDWDVHWUHTXLUHG
RIGDWD SRLQWY O0ODQXDO ODEHOOLQJIRUFUHDWLQJD GDW
ROQOHKDVWKHDYDLODEOHUHVRXUFHVDQGPRVWLPSRUWDOQ\

OHYHORIGHWHFWLRQ ZKLFKLVQRWWKHREMHFWLYHRIWK

i &A™ g% %ol

'"HVSLWH WKH VLIQLXxFDQW DGYDQFHPHQWY VHYHUDO FKDC
GHWHFWLRQ XVLQJO/DQG'/PHWKRGV

'‘DWD TXDOLW\DQG TXDQWLW\ KLJK TXDOLW\ODEHOHG
EXVWPRGHOV )RUWUDLQLQJD PRGHO ZH QHHG ODUJH zZ
UHVRXUFH LQWHQVLYHGXHWRPDQXDO GDWD ODEHOLQ.

*HQHUDOL]DWLRQ PRGHOVWUDLQHGRQVSHFLxF GDWD
HQYLURQPHQWY FURSYDULHWLHY RUGLVHDVHPDQLIH
YHORSPHQWRIPRUHJHQHUDOL]J]HGPRGHOV



i 'QOQI%OC)

7KLVVHIPHQWGLVFXVVHV WKHGDWDVHW H[SODLQLQJKRZ
XVHGWRSUHSDUHWKHGDWDVHWIRUWUDLQLQJ 7KLVVHFWI
KRZLWZDV IJHQHUDWHGDQG LWV IJHQHUDO FKDUDFWHULVW |
RIRXUPRGHOVDQGGLVFXVVHVWKHGDWD SURFHVVLQJVWH:
DYDLODEOHWUDLQLQJUHVRXUFHYV 7KLVH[SODQDWLRQ SUF
WUDQVIRUPDWLRQIURPFROOHFWLRQWRLWV xXxQDOIRUP

i 'q0qi% O ... %l EccAEOx°s

7TKHGDWDVHWIRUWKLVWKHVLVZDVIDWKHUHGLQDJUHHQK
1011 01 O 7aHIL®DIHV ZHUH WDNHQ GXULQJWKHPRUQLQJ
FDSWXUHG XVLQIWZRPHWKRGYV

$QL3IKRQH FDPHUDDLPHGDWWKHJIJURXQGIURPDKHLJK
ZHUH FROOHFWHG ZLWK WKLV PHWKRG

$ GURQH PRXQWHG FDPHUD GLUHFWHG DW WKH JURXQG

WKHVH SKRWRV WKHGURQHUHZRYHUWZRFURSVWULSYV

FRYHUWKHHQWLUHXxXxHOG xJXUH VKRZVDQH[DPSOH RI

TKHGURQHPRGHO XVHGLVDODYLF OIURP '-, :LWKWKLVI
LPDJHV

7TKHPRGHOVZLOOEHWHVWHGRQLPDJHVFDSWXUHG E\WKH
VHUYH WZR SXUSRVHV WKH\LQFUHDVH WKH QXPEHU RI GDW
LPDIJHY DVWKHVHLPDIJHV ZHUH WDNHQ ZLWKDQL3KRQH 7K
PRGHO XQGHU HDVLHU FRQGLWLRQVDQG WRFKHFNGXULQJ\
VXFFHVVLQWKHWDVN $GGLWLRQDOO\ KDYLQJQXPHURXVC
DOL]IDWLRQFDSDELOLW\GXULQJWUDLQLQJ
(DFKLPDJHLVGLYLGHGLQDJULGRISDWFKHYVY HDFK RQH R
SKDVHRIWKH SURMHFW WKH VL]HRI WKH SDWFKHV ZDV FKR\
GHIDXOW LQSXW VL]HIRU PDQ\ &11V LQFOXGLQJ5HV1IHW
WKLV SDWFKGLPHQVLRQOHGWRVRPHSUREOHPYVY 7KHPDLQ
PRUHWKDQRQHFODVV SHULPDJH IRUH[DPSOHWKHUH FRXC
LQIHVWLQJ SODQWDQG FURSVLQ WKHVDPHLPDJH $OVR WI
GXHWRWKHSDWFKEHLQJWRRODUJHDQG xQDOO\ KDYLQJE



bltu; :*®-Irt; o=bl-];|-h;m =uol|_; 7uom;:

SRLQWYV
&RQYHUVHO\ XVLQJD VPDOOHU SDWFK GLPHQVLRQ VXFKDYV
DQLQDELOLW\WRFDSWXUHPHDQLQJIXOFODVVHV DOWKRX.
S8OWLPDWHO\ D [ SDWFKGLPHQVLRQZDVFKRVHQDVDPL
WLRQV

'XULQJSUHSURFHVVLQJ DJLYHQLPDJHLVGLYLGHGLQWR VF
LQJUHDG WKHLPDJHLVWKHQV\VWHPDWLFDOO\FURSSHG L
GLPHQVLRQ 7KHVHFURSSHG VHJPHQWY DUH VXEVHTXHQWC
QRWRYHUODSSLQJ (DFKSDWFKLVFURSSHGIURP WKHLPDJ}
EHLQJ GLUHFWO\DGMDFHQW WR WKH QH[W 'XULQJWKH SUR
SDWFKEDVHGRQ x[HG GLPHQVLRQV HQVXULQJWKDW HDFK \
,QFDVHWKHUHLVYWKHQHHG WR;DQEUIDMDHGW R B JHWPIEM W RH C
SRVVLEOHWRPDQXDOO\FURSWKHRULJLQDOLPDJHRQO\RC
WKHLQIHVWLQJ SODQWYV DUH SUHVHQW DQG WKHQ FUHDWH
TXHQWO\ DODEHOLVDVVLIJQHG WRHDFK SDWFK

/ 0i4; WKHUHLV WKHSUHVHQFHRIDQLQIHVWLQJSODQW
q® i1l OWEHUH LV QRW WKH SUHVHQFHRIDQLQIHVWLQJSC
bil1OWKHUHLV PDLQO\WHUUDLQDQG QRW HQRXJK FXOW

JRUWKHL3KRQHLPDIJHV ZHFDQ HIWUDFW DERXW SDWEFK
LPDJHV ZHDUHDEOHWRH[WUDFW DSSURJ[LPDWHIGYV SDWFI



P-Q POQ P1Q

bltu; :"®-Irt; 0o=r-|1_;v=uol]|_; Cuv|7-]-bm=-Q%W@]t0:t;ub:mQ -0 ;tuzbm

KHOSIXOGXULQJWKHFODVVLXxFDWLRQEHFDXVHLWZDVHYL
LQFUHDVHG WKH SHUFHQWDJH RIPLVFODVVLXxFDWLRQ IRUF
WHUUDLQ ZHUH XVXD4QOUFODVVLXHG DV
$IWHU WKLY SURFHVV GDWDVHW ZHUH FUHDWHG EDVHG RQ
FDOEOHGA4WKDW FRQWDLQV RQO\SDWE&HVAWKPDMEKRQWDE QY
ERWKWKHLPDJHVIURPWKHL3KRQHDQG WKHGURQHFDPHUI
7KHSURMHFWVWDUWHGE\HYDOXDWLQJRQO\WKHL3KRQHL!
WR GLVWLQJXLVKIURP WKHUHVXOWLQJSDWFKHV $IWHU W
LWZDVHYLGHQW WKDW WKHPRGHO GLG QRW FODVVLI\ZHOO
QHFHVVDU\WRH[SDQGWKHGDWDVHWIXUWKHUWRLQFRUSR
6RLQ WKLV WKHVLY WKHxUVW GDWDVHW LV XVHG WR WHVW
FKHFN ZKHWKHU RI QRW WKH PRGHOV ZHUH DEOH WR GLVWL
GDWDVHW LV WKHPDLQ GDWDVHWDQG WKHPRGHO WUDLQHH
LPDJH
7KHxUVWGDWDVHWFRQWDALQWY;i11HQWOLHVYIOH VHFRQG
GDWDVHW FRQWDLQV(i4; HQWIUWIOHV]O i1 O O
1RWDOOWKHLPDIJHY FROOHFWHG LQ WKHJUHHQKRXVH ZHU
WKH xUVW RQH ZH XVHG LPDJHVIRUWKHFUHDWLRQ RI WK
PRUHLPDJHVIURPWKHGURQHZHUHLQFOXGHG ,WLVLPSRU
ODEHOOLQJRIWKH]®DW F&BMVFRRW DHOUHWRIHFRUSRUDWHG LQ
FKRLFHZDVPDGHWRDYRLG XQEDODQFLQJWKHGDWDVHWV \
$VZHFDQVHHLQ WKHSDWFKHVDUHPRUHEOXUUHGDQG KT
LQ WKLV FRPHVY QDWXUDO GXHWR WKH KHLJKW IURP ZKLF
PDNHV WKHFODVVLxFDWLRQ KDUGHU



P-Q POQ P1Q

bltu; 1 Irt;o=r-|1_;v=uol]|_;v;lom7 7-|-wm=~Q0MJ;40:t;ub:mQ -Q;wu-bm

ii 'q0qi% O -q|% -3

$W WKH EHJLQQLQJ RI WKH SURMHFW HYHU\ SDWFK ZDV PDQ)
LQJWKH SDWFKHV ZDV WKH IR OO REZIL\G B HDASHDUWUFDKL DDARSY Bl B HI G
RIWKH LRDAHIWKHUH ZDV D QRWLFHDEOH SUHVHQFH RILQIH
SDWFKHV ZH UK DY W BPHMGVWRHY LW ZDV KDUG WR GHFLGH ZKH
EH ODEHODIORE il OLO WKLV FDVH LI WKHUH ZDV HYHQ D VPDC
SODQW HJ WKHLQIHVWLQJSODQWZDVRQWKHXSSHUFRU(
0i4; 7KLV ZDVDQ DUELWUDU\FKRLFHEDVHG RQWKH SUHIHUL
DQRSSRVLWHFKRLFHFRXOGDOVREHPDGH

7KLV PHWKRG ZDV YHU\WLPH FRQVXPLQJDQG ODWHU GXULC
EHOOLQJPHWKRG ZDV GHYHORSHG WR VROYH WKLV SUREOH
VHIPHQWDWLRQ DQG DXWRPDWLF FUHDWLRQ DQG ODEHOOL
PHQWLQJWKHLPDJHE\WUDFLQJWKHLQIHVWLQJSODQWYV 7
QDOLPDJHDUHVXEVHTXHQWO\GLYLGHGLQWR SDWFKHV IRC
ULWKP GHWHUPLQHV LID SDWFKFRQWDLQV SDUWARI WKH LQI
LIWKHHTXLYDOHQW VHIJPHQWHG SDWFKFRQWDLQV DW OHD\
7R ODEHDiWKH¥EL1EODVVHY ZH VWDUW IURP WKH RULJLQDO L
SDWFKHV )URPHDFKSDWFKZHH[WUDFWWKHJUHHQSL[HOV
RQWKHRYHUDOOLPDJHLV OHV VW KORWN K\W K A LS\DAMFXK LY FO DY
160 i1 0 0



bltu; :«®-Irt; o=v;]I;m|;7 bl-];:



i 'q0qi% O FE% aLE % (i3

'XHWR WKH QDWXUH RI WIKH G\D DWW S/WAK H B /DARPIIDUHG WR
O OWKLVPDNHV WKHGDWDVHW XQEDODQFHG

KHQ ZH KDYHDQ XQEDODQFHG GDWDVHW LWPHDQV WKDW V
SOHVWKDQRWKHUV )RUH[DPSOH LQWKHxxUYOW G@DWDVHW ZlI
DQG RQO\ ODNEHOBWDVHWLPEDODQFHFDQEHSUREOHPDW

, TKHPRGHO ZLOO QDWXUDOO\ WU\ WR PLQLPL]J]H WKH RYH!
WKH LPDJHKY DILUBWEIH HDVLHVW ZD\IRU WKH PRGHO WR DF
WR SUKGIUFERO HYHU\ LPDJH 7KLV LVEHFDXVHLWZLOOE
WKXV DFKLHYLQJ KLIJKDFFXUDF\ $FFXUDF\ LQ WKLV FD\
KLIKDFFXUDF\PLIKWLQGLFDWHWKDW WKHPRGHOLV SH
LIQRULQJWKHPLQRULW\FODVYV

, %\IRFXVLQJRQWKBRPRDMRKMNMRRGBUGRHVQ{WOHDUQ WK
IHDWXUHV RIWKHPUQ RAVLIWI HORUW ZKHQLWHQFRXQWH
DQLQIHVWLQJSODQW LW{VOLNHO\WRPLVVFODVVLI\LW
DERXW ZKDW PDNHVLQIHVWLQJSODQWV GLTHUHQW IURP

7JRVROYHWKLVLVVXHZHFDQGURS UDQ GHR PD DRQERKIGHLUQ W D .
WR FUHDWHD PRUHEDODQFHG GDWDVHW 7KH GURS SHUFHQ
VHFRQG GDWDVHW LV QRW UHGXFHG DQG WKHUHIRUH XVHG L
LPDJHV 7KLV ZDVGRQHLQRUGHUWRYLVXDOL]HWKHSUREDO
DVVKRZQLQ&KDSWHU SURYHG WKDWHYHQ WB&RXJIKX ORPH PR
IRUGHHSHUPRGHOV WKLV LVVXHGLG QRW RFFXU
)LQDOO\ VRPHWKHPHWULFVH[SODLQHGLQ SUHFLVLRQTD
WR JHWD EHWWHUHYDOXDWLRQ

*LYHQ WKDW WKH GDWDVHW ZDV FROOHFWHG RQ WKH VDPH |
IRUPDWLRQV WR WKH GDWDVHW ZHUH DSSOLHG LQ RUGHU WF
HQKDQFHWKHSHUIRUPDQFHVRIWKHPRGHO XQGHU GLTHUHQ
HQWKRXUV GLYHUVHUHVROXWLRQVRIWKHFDPHUD ZLWKR.
WLRQLVDSSOLHGXVLQJ,PDJH'DWD*HQHUDWRUIURPNHUDYV
DSSOLHG DUH

, =RRP LQYROYHVHLWKHU]RRPLQJLQRURXWRQDQLPD.
YDULDQW WR GLTHUHQW VL]HV RIREMHFWYV ZLWKLQ WKH 1
PHDQV]RRPLQJFDQEHEHWZHHQ DQG



bltu; :Muv| 7-|-v;|0-t-m1;7:

,)OLS ULSSLQJDQLPDJHFDQEHGRQHKRUL]JRQWDOO\RU
LQFDVHV ZKHUH WKH RULHQWDWLRQRIWKHREMHFW LQ V
, QWKLVFDVHWKHULSLVDSSOLHGERWKKRUL]JRQWDOO\

, %ULIJKWQHVVLQWHQVLW\ EULJKWQHVVFKDQJHLQYROY
DJH PDNLQJLWHLWKHUOLJKWHURUGDUNHU 7KLV FDQ }
HQW OLJKWLQJFRQGLWLRQV

)LQDOO\ HYHU\ SDWFKLVUHVFDOHGE\DIDFWRU RI ,PL
UDQJH RI WR IRUHDFK FKDQQHO %\UHVFDOLQJE\ w
UDQJH RI WR 7TKLVLVGRQHWRHQVXUHWRKDYH SDUDPHW
UDQJH ZKLFKLVKHOSIXOIRUVWDELOLW\DQGIDVWHU FRQY

ii 'g0qi%Oaa
'XULQJWKHODVW SKDVHV RIWKH SURMHFW ZHFROOHFWHG |
VLRQ LQ WKH JUHHQKRXVHYV 7KH SKRWRV ZHUH JDWKHUHG ¢
IURPODWHPRUQLQJWRHDUO\DIWHUQRRQ ,QWRWDO
ZHUHFROOHFWHG ZLWKDGURQHXVLQJWKHVDPHPHWKRG Gt
PRGHO'-,0DYLF 0 PHWHUVKHLJKW )LQDOO\ WKH SKRWR"
WKHUHIRUH ZHGRQ{WKDYHDQRYHUODSSLQJGDWDVHW
$OOWKHQHZLPDJHVZHUHPDQXDOO\VHIJPHQWHGDQG SURFF
LQ WR FUHDWH ODEHOOHG SD W F&;\D 4DIGHB/\W K R D HIAX DHAULF
GDWDVHW LV JRDQO WK EFHKFDWOWKIEUHVXOWRI VHIJPHQWHG I



FRQWDLQV D WRWDO RIIiT4; HIQWMUWIOHV ]JO i1 OXJLQJSUH
SURFHVVLQJWKHGURS SHUFHQWDJHIRUWKHYDOHULDQD FC
UDWLR EHWMZDIG® i1 BPODVVHYV 7KHUHVXOWLQJGDWDVHW ZI
60;047; ]\ 1ie-RQAWPLQV D WRWDO ROiT4; HQWUWOHV

1611 OIYDOO\ WKHVDPHDXJPHQWDWLRQV ZHUHDSSOLHG

I 0°...%0 I

7KLV VHFWLRQ RXWOLQHV WKH WHFKQLFDO LPSOHPHQWDWL
DQDO\[LQIJWKHLQIHVWLQJSODQWVY GDWDVHW (DFKPRGHO I
RQ GLTHUHQW NLQG RI SDUDPHWHUVY 7KHPRGHOV XVHG LQ W
FHSWLRQ9 ,QFHSWLRQ5HV1IHWDQG 'HQVH1IHW

i i 5% 11% 0O

5HVLGXDO 1HWZRUNV 5HV1IHW VWDQGRXWDVRQHRIWKHPF
HOV 5HV1IHW LQWURGXFHGE\+H > @ DGGUHVVHV WKH
QHWZRUNVE\LQWURGXFLQJD QRYHO UHVLGXDO OHDUQLQJ |
7KHIXQGDPHQWDO EUHDNWKURXJK RI5HVIHW OLHV LQ LWV [
SUREOHP ZKLFK W\SLFDOO\KDPSHUV WKH WUDLQLQJRI GH
VWUXJJOHWR SURSDJDWH JUDGLHQWV HIHFWLYHO\ZKHQ WK
JUDGHG SHUIRUPDQFHDQGPDNHV LW FKDOOHQJLQJWRRSW
5HV1IHW RYHUFRPHV WKLV LVVXHE\LQWURGXFLQJUHVLGXD
VHULHVRIFRQYROXWLRQDOOD\HUV EDWFKQRUPDOL]DWLR
WKHVH EORFNV DSDUW LV WKHLGHQWLW\VKRUWFXW FRQQH
SHUIRUPLQJLGHQWLW\PDSSLQJ 7KHRXWSXW RIWKH UHVL
WKHRXWSXWRIWKHFRQYROXWLRQDO OD\HUV ZLWKLQ WKH ¢

y = F(x;fW;g) + x

COQWKHIXQFWHEQHVHQWY WKH LQ SXW WG &K E RW WL GKKDHOUEHOF
XDO IXQFWLRQH VKB ZHLIJKWV RIWKHFRQYROXWLRQDO OD\H
'KHQ WKH L®&X\§IB\DWHEE LQWR WKHUHVLGXDO EORFN LW LVL
FRQYROXWLRQDO OD\HUV EDWFK QRUPDOL]DWLRQ DQG 5H/
WUDQVIRUPWKHLQSXWLQVRPH ZD\ EKLEWKGLV EHWBHVEBG E\



XDO IXQFWLRQUHSUHVHQWY WKHRXWSXWRIWKHFRQYROX\
WKH ~UHVLGXDO~IXQFWLRQEHFDXVHLWWULHY WROHDUQ V
LHUIRUWKHOD\HUVWROHDUQWKHUHVLGXDO WKHGLITHUHC
UDWKHU WKDQ WKHHQWLUHWUDQVIRUPDWLRQ GLUHFWO\
7KHLGHQWLW\VKRUWFXWFRQQHFWLRQLVDGLUHFWFRQQH
GLUHFWO\FRQQHFWYV WKH LQ S XY \RWWR KH bl RXLVESODWD E7E R FND D\
E\DGGLQJWWR MXSXRKWSXW RI WK Wig)V 7&K D O GXCQLRIRRIK H C
WR SURSDJDWH WKHLQSXW GLUHFWO\WR WKHRXWSXW ZKL]
OHPDQGPDNHLWHDVLHUWRWUDLQ GHHS QHWZRUNV
 QWKHLUSDSHU +HHWDO GHPRQVWUDWHG WKDWS5HV1IHW :

b]tu; ":59 ;] 0tolh:

VWDWH Rl WKH DUWPRGHOVRQWKH,PDJHIHW GDWDVHW ZI
UHPDUNDEOHDFKLHYHPHQW DV SUHYLRXVDUFKLWHFWXUH
HQFRXQWHULQJSHUIRUPDQFHGHJUDGDWLRQ

6LQFHLWV LQFHSWLRQ VHYHUDO YDULDQWV RI5HV1IHW KDY
IRUPDQFHDQGDSSOLFDELOLW\ 6RPHQRWDEOHYDULDQWV L
SHV1IHW SHV1IHW 7KHVH YHUVLRQV GLTHULQ WKH QXPt
EHWZHHQ PRGHO FRPSOH[LW\DQG FRPSXWDWLRQDO HNFLHC
WLFXODUO\SRSXODULQ SUDFWLFHGXHWRWKHLUEDODQFH
> @

5HV1IHW KDV EHHQ VXFFHVVIXOO\DSSOLHG WR D ZLGH UDQJF
DJH FODVVLXFDWLRQ 5HV1IHW PRGHOV FRQVLVWHQWO\ DFK
,PDJHLIHWDQG &,)$5



i 9**1% O

9**1HW LQWURGXFHG E\WKH9LVXDO *HRPHWU\*URXS 9** D
VLIQLXFDQWO\LQUXHQFHG WKH xHOGRIFRPSXWHU YLVLRQ
9**1HW DFKLHYHG UHPDUNDEOH SHUIRUPDQFH RQ WKH ,P
QLWLRQ &KDOOHQJH ,/695& > @
9**1HW{V DUFKLWHFWXUH LY QRWDEOH IRULWYV VLPSOLFLW
ZKLFKRIWHQ HPSOR\HG FRPSOH[WRSRORJLHV 9**1HW UHOL
WHUV WKURXJKRXW WKHQHWZRUN DGHVLJQ FKRLFHWKDW |
7KH NH\LGHD EHKLQG 9**1HW LV WKH XVH RI PXOWLSOH VWD
UHFHSWLYH xHOGYV 7KH GHSWK RI WKH QHWZRUN LV LQFUHD
ZLWKWKHQXPEHURIXOWHUV GRXEOLQJDIWHUHYHU\IHZ OD
WZR SRSXODUFRQxJXUDWLRQV KDYH DQG ZHLJKW OD\HL
9**1HW RTHUWV VHYHUDO DGYDQWDJHV SULPDULO\LWV XQL
XQLIRUP FRQYROXWLRQDO xOWHUV [ VLPSOLXHVWKH QHW
VWDQG DQG LPSOHPHQW DQG LWV LQFUHDVHG GHSWK ZKLFK
KLHUDUFKLFDO IHDWXUHV ZKLFK FRQWULEXWHV WR LWV KL
9**1HW KDV DOVR EHFRPH D SRSXODU FKRLFHIRUWUDQVIHU
9**1HW FRPHVLQ VHYHUDO FRQxJXUDWLRQV SULPDULO\GLIT
GHHSHUYDULDQWYV VXFKDVO9** DQGO9** JHQHUDOO\DFK
RILQFUHDVHG FRPSXWDWLRQDO UHVRXUFHYV
9**1HW KDV EHHQ VXFFHVVIXOO\DSSOLHG LQ QXPHURXV FRP

, ,PDIJHFODVVLxFDWLRQ 9**1HW{V SUH WUDLQHGPRGHO)
xFDWLRQ WDVNV DFKLHYLQJKLJKDFFXUDF\RQEHQFKPL

, 2EMHFW GHWHFWLRQ 9**1HW VHUYHV DV DEDFNERQH IR
)DVW5 &11DQG )DVWHUS5 &11 SURYLGLQJVWURQJIHDW.
VKLFN @> @ >5HQ @> @

, 6HPDQWLFVHJPHQWDWLRQ 9**1HW EDVHGPRGHOV VXF
KDYHEHHQHPSOR\HG IRUSL[HO ZLVHVHJPHQWDWLRQ W|
UDF\RIVHPDQWLFVHIJPHQWDWLRQ>/RQJ @> @



i i 3% A£00e°31% 0

,QFHSWLRQ1HW DOVR NQRZQ DV *RRJ/H1IHW LQWURGXFHG |
DGYDQFHG WKH xHOG RI GHHS OHDUQLQJIRU FRPSXWHU YL\
> @DW*RRJOH

7KHNH\LQQRYDWLRQ RI ,QFHSWLRQ1IHW LV WKH LQFHSWLRC
FDSWXUHPXOWL VFDOHLQIRUPDWLRQPRUHHIHFWLYHO\ 7U
XVHOD\HUV ZLWK x[HG xOWHU VL]HV ZKLFKPD\QRW EHRSW
VFDOHV 7KHLQFHSWLRQPRGXOH RQWKHRWKHUKDQG DS
WKHVDPHLQSXWDQG FRQFDWHQDWHYV WKHLURXWSXWV $Q
FRQYROXWLRQV XVHG WR UHGXFH GLPHQVLRQDOLW\DQGF
[ FRQYROXWLRQV UHVSHFWLYHO\XVHG WR FDSWXUH PHGL
B3RROLQJZKLFKKHOSVWRFDSWXUHVSDWLDOKLHUDUFKLHYV
(DFK RIWKHVHFRQYROXWLRQDODQG SRROLQJRSHUDWLRQ
DUHFRQFDWHQDWHG WR IRUP WKHLQSXW IRUWKH QH[W OD
GHHS FRQVLVWLQJRI OD\HUV EXWWKDQNVWRWKHLQFHS
HNFLHQW
7KHLQFHSWLRQPRGXOHLVGHVLIQHGWRDSSUR[LPDWHD VS
7KLVDSSURDFKKHOSVWRPLWLIDWHWKHLVVXHRIFRPSXWD
GHHS QHWZRUNV 6]HJHG\HW DO LQWURGXFHG WKH LQ
UHIHUUHGWRDV *RRJ/HIHW ,QFHSWLRQY >6]JHJHG\ @ $
ORRNVDVIROORZV

&R Q F D V&HR@DWIHE R Q MX]; & RQY(x]; 0D[3RR1) [

'KHUH &RQY1[1 GHQRWHV DNFRQ¥QWXWLRQ ZLWK DQ
TKHDGYDQWDJHVRI, QFHSWLRQ1IHWDUHLWVDELOLW\WRSH

b]tu; :ee@l;rzomlo7tt;v:



WR WKHLQFHSWLRQ PRGXOH ZKLFK DOORZV WKHQHWZRUN V
SURYLQJLWVDELOLW\WRUHFRJQL]JHREMHFWV RIYDU\LQJYV
[ FRQYROXWLRQV ,QFHSWLRQ1IHW HIHFWLYHO\UHGXFHV W
WLRQDO FRPSOH[LW\ZLWKRXW VDFULXxFLQJSHUIRUPDQFH

7KH YDULDQWV Rl ,QFHSWLRQ1HW DUH ,QFHSWLRQY DQG Y
OXWLRQVDQGLPSURYHG WUDLQLQJPHWKRGYV >6]HJHG\ @
5HV1IHW ZKLFK FRPELQHGLQFHSWLRQPRGXOHV ZLWKUHVLG
>6]HIJHG\ @> @

I ,3°%oﬁE©CE03a5%o|'1%o©

,QFHSWLRQ 5HV1IHW LV D K\EULG QHXUDO QHWZRUN DUFKLW
FHSWLRQ PRGXOHVDQG5HVLGXDO FRQQHFWLRQV DLPLQJW
RIGHHS OHDUQLQJPRGHOV 7KLVDUFKLWHFWXUH ZDV LQW L
KDVSURYHQWRHQKDQFHWKHSHUIRUPDQFHDQGWUDLQLQJ
,QFHSWLRQ 5HVIHWLQWHJUDWHVWKHPXOWL VFDOH IHDW X
ZLWK WKH UHVLGXDO OHDUQLQJIUDPHZRUN SRSXODUL]HG E
LQFHSWLRQPRGXOHV ZKLFKFDSWXUHIHDWXUHV DWPXOWL
KHOSLQWUDLQLQJGHHSHUQHWZRUNYV E\PLWLJDWLQJWKH
%\ FRPELQLQJLQFHSWLRQPRGXOHVDQGUHVLGXDO FRQQHF
FDSWXUHPXOWL VFDOHIHDWXUHV ZKLOHPDLQWDLQLQJWKH
QHFWLRQVIDFLOLWDWHWKHWUDLQLQJRIYHU\GHHS QHWZF
HDVLO\WKURXJKWKHQHWZRUN

7KHUHDUHYHUVLRQVRI,QFHSWLRQ 5HV1IHWDUH ,QFHSWLR
5HVIHWY DQLPSURYHG YHUVLRQZLWK GHHSHUDUFKLWHF'

i 0 "%031%01% O

'"HQVH1IHW VKRUWIRU 'HQVHO\&RQQHFWHG &RQYROXWLRQL
WHFWXUHLQWURGXFHGE\+XDQJHWDO > @ 'HQVH1HYV
WDWLRQVRIWUDGLWLRQDO GHHS QHWZRUNV E\HQVXULQJP
'"HQVH1IHW{VDUFKLWHFWXUHLY FKDUDFWHUL]J]HG E\GHQVHF
WUDGLWLRQDO FRQYROXWLRQDO QHWZRUNV ZKHUHHDFK O
QHFWHGWRWKHSUHYLRXVOD\HU '"HQVHIHWFRQQHFWVHDF
IDVKLRQ 6SHFLxFDOO\ HDFK OD\HUUHFHLYHV WKHIHDWXU



LQJWRLPSURYHG IHDWXUHUHXVHDQG OHDUQLQJHNFLHQF\
JRUPDOO\ WKH'RED\FHIUW R IGHMKIQHG DV

DHEGHQRWHY WKHWUDQVIRUPDWLRQ FRPSRVHGRI%DWFK
WLRQ DS SIbOHGHW WKH

7KH'HQVH1IHW DUFKLWHFWXUHRTHUVPDQ\DGYDQWDJHV GF
URZPRUHHDVLO\WKURXJKWKHQHWZRUN IDFLOLWDWLQJW!
LV SDUDPHWHU HNFLHQW EHFDXVH LW GRHV QRW UHTXLUH O
DUHUHXVHG WKURXJKRXW WKHQHWZRUN $OVR WKH GLUHE\
DWHWKHYDQLVKLQJJUDGLHQW SUREOHP ZKLFKLVFRPPRQ
'HQVH1HW FRPHV LQ VHYHUDO YDULDQWY SULPDULO\GLIHU
QHFWLYLW\SDWWHUQ 'HQVHIHW 'HQVHI1HW DQG'HQV
'HQVH1HW KDV EHHQ VXFFHVVIXOO\DSSOLHG LQ YDULRXYV F|
YHUVDWLOLW\DQG UREXVWQHVVEXWLWVKLQHVLQPHGLFD
xQH JUDLQHG IHDWXUHV PDNHV LW VXLWDEOH IRUPHGLFDO |
VHIPHQWDWLRQ >6KHQ @ > @

b]tu; tes9nv; ;| -ul_b|;1|tu;:






([SHULPHQWDO

,Q WKLV FKDSWHU ZH ZLOO SURYLGH WKH SHUIRUPDQFH DQTC
DWHG DUH 5HV1IHW 9** QFHSWLRQ9 ,QFHSWLRQ5HV1H
HOV ZHUH xQH WXQHG XVLQJWKH ,PDJH1IHW ZHLJKWV DQG WL
,Q WKLV FDVH DOO WKH OD\HUV RI WKH SUH WUDLQHG PRGH
OD\HUV ZKLFKZHUHDGGHGRQWRSRIWKHSUH WUDLQHG PR
7KH GDWDVHWYV ZHUH DXJPHQWHG DV SUHYLRXVO\ GHVFULE}
DQG WHVW VHWYV 7KH GDWDVHWY ZHUH LQLWLDOO\ GLYLGH
DQG VSOLW UHVSHFWLYHO\ 7KHQ WKHWUDLQLQJVHW ZLC
DQG UHVSHFWLYHO\

7UDLQLQJZDVFRQGXFWHG RYHU HSRFKVZLWKDOHDUQLQ.
WLHQFHZDVVHWWR DQGVWDUWHGIURPHSRFK 7KHPRGF

*38

ORGHO SHUIRUPDQFH ZDVHYDOXDWHG RQWKH WHVW VHW RI
UHFDOODVPHWULFV JRUHDFKPRGHO WUDLQLQJDQGYDOL
DFFXUDF\ DUHUHSRUWHG YDOLGDWLRQLVUHIHUUHG WR YI
7KHVHFRQG SDUWRIWKLVFKDSWHUUHYROYHVDURXQG WKH
SRVLWLYHV DQG IDOVH QHIJDWLYHV GXULQJDQG DIWHU FOD
XVHG ZKLFK GLG QRW UHT X L UsHOWKAD:RRED YOLAR XD SRIRG WV R Q H
DQGWKHGLTHUHQW WHVW ZLOO EH H[SODLQHG LQ GHWDLO O



i OO...%O_IICEQEqZ%OO%OEi

/% gqE3®3"EqO% 7KHOHDUQLQJUDWHFRQWUROV WKHVL]HR
WDNHV GXULQJWUDLQLQJ ,WGHWHUPLQHV KRZTXLFNO\RU
RI WKH ORVV IXQFWLRQ 7KH OHDUQLQJUDWHLV D K\SHUSD
GXULQJWUDLQLQJ ,IWKHOHDUQLQJUDWHLV WRR KLJK Wl
VXE RSWLPDOVROXWLRQRURVFLOODWHDURXQGDVROXWL
JHQHUDOL]DWLRQ &RQYHUVHO\ LIWKHOHDUQLQJUDWHLV
VORZ DQG WKHPRGHO PLJKWJHW VWXFNLQ ORFDO PLQLPD
RSWLPDO VROXWLRQ

'KHQWKHOHDUQLQJUDWHLVWRRKLIJKWKHRSWLPL]DWLRQT
SDUDPHWHUV 7KLVFDQUHVXOWLQWKHIROORZLQJLVVXHV

, 2YHUXWWLQJ KLIJKOHDUQLQJUDWHVFDQFDXVHWKHPR
WKDQ OHDUQLQJWKH XQGHUO\LQJ SDWWHUQV 7KLV LVE
WKHJHQHUDOWUHQGVLQ WKHGDWD OHDGLQJWR KLJK )

, \ QVWDELOLW\ ODUJH XSGDWHVFDQFDXVHWKHORVV IXC
SUHYHQWLQJWKHPRGHO IURPFRQYHUJLQJWRDVWDEOH

, 3RRUJHQHUDOL]DWLRQ GXHWRWKHUDSLG FKDQJHV LC
JHQHUDOL]HZHOOWRXQVHHQGDWD H[KLELWLQJSRRUS

'KHQ WUDLQLQJWKHPRGHOV ZLWK D KLJKOHDUQLQJ H J
GHQW 2Q WKHRWKHUKDQG YHU\ORZOHDUQLQJUDWHYV PDN
VORZ 7UDLQLQJZLWKD YHU\ORZOHDUQLQJUDWHUHTXLUH
WR FRQYHUJH LQFUHDVLQJFRPSXWDWLRQDOFRVWVDQG W
$QLQWHUPHGLDWHOHDUQLQJUDWH VXFKDV H RIHUVWKH
LQJDQGJHQHUDOL]DWLRQ

%qOe™ jei% 7KHEDWFKVL]H ZKLFKUHIHUVWR WKH QXPEHL
HUDWLRQ WR XSGDWHWKHPRGHO SDUDPHWHUV FDQ VLJQL >
RYHUDOO SHUIRUPDQFH RIWKHPRGHO ,Q WKHWUDLQLQJ SU
RSWLPDO 7KLV FKRLFHEDODQFHV WKH WUDGH RiV EHWZHH
VWDELOLW\ DQGPRGHOJHQHUDOL]DWLRQ

8VLQJ D ODUJH EDWFK VL]JHLQ WUDLQLQJPDFKLQH OHDUQL



LQFOXGLQJ KLIJIKHU PHPRU\ UHTXLUHPHQWY WKDW PD\ H[FH
PHPRU\HUURUV $GGLWLRQDOO\ ODUJHEDWFKVL]HV UHV X
GLHQW XSGDWHV ZKLFKPLIJKWUHGXFHWKHPRGHO{VDELOL
ODFNRIJUDGLHQWQRLVH :KLOHFRPSXWDWLRQSHULWHUD
WLPHSHUHSRFKFRXOGEHORQJHUVLQFHWKHUHDUHIHZHU
&RQYHUVHO\ VPDOO EDWFK VL]HVLQWURGXFH QRLV\ XSGDW
LQJSURFHVV SRWHQWLDOO\OHVV VWDEOHDQGPRUH S SUROF
FRPSXWDWLRQDVWKH\PLIKWQRWIXOO\XWLOL]J]HWKHSDUD
ZDUH H[WHQGLQJWKHRYHUDOOWUDLQLQJWLPHDQGUHTXL
7TKHVHOHFWLRQRIDEDWFKVL]HRI UHSUHVHQWVDZHOO FI
HNFLHQF\ FRQYHUJHQFH VWDELOLW\ DQG PRGHO JHQHUDO
ODUJHDQG YHU\VPDOOEDWFKVL]HV HQVXULQJWKDW WKH V

(E°*™[ $QHSRFKUHSUHVHQWVY DIX0OO F\FOHWKURXJK WKH
HSRFK WKHPRGHO SURFHVVHVDOOWUDLQLQJVDPSOHV XS
WLRQDQG JUDGLHQW GHVFHQW 7KH SXUSRVHRIPXOWLSOH
SDUDPHWHUYV SURJUHVVLYHO\ LPSURYLQJLWY SHUIRUPDQF
I WKHQXPEHURIHSRFKVLVWRRORZ WKHPRGHO PLJKW QR
WKH XQGHUO\LQJ SDWWHUQV LQ WKH GDWD 7KLV FDQ UHV X
FDSWXUH WKH FRPSOH[LWLHV RIWKHWUDLQLQJGDWD OHD
LQJDQG YDOLGDWLRQ VHWY 8QGHUXWWLQJRFFXUV EHFD X\
WRDGMXVW LWV ZHLIKWV DGHTXDWHO\ UHVXOWLQJLQDPR
DFFXUDWH SUHGLFWLRQV

2Q WKH RWKHU KDQG WUDLQLQJIRUWRRPDQ\HSRFKV FDQ ¢
ZKHQ WKHPRGHO OHDUQV QRW RQO\WKH XQGHUO\LQJ SDWW
RIWKHWUDLQLQJGDWD :KLOHWKLVPLJKWUHVXOW LQ H[FF
PRGHO{VDELOLW\WR JHQHUDOL]HWR QHZ XQVHHQ GDWD G|
YDOLGDWLRQDQG WHVW VHWV $GGLWLRQDOO\ WUDLQLQJ
FLHQW ZDVWLQJWLPHDQGUHVRXUFHV

8VXDOO\ WKHYDOXHRIHSRFEKV LV XVXDOO\VHW EHWZHHQ

EHEFDXVH LOZWEWB K\SHUSDUDPHWHU ZH PRGHO ZLOO WHUP
UHDFKLQJWKHPD[LPXP QXPEHU RIHSRFKYV



(QE-e I0°E A ®3” (DUO\VWRSSLQJLVDUHJIJXODUL]DWLRQ WH
FKLQHOHDUQLQJPRGHOVWRSUHYHQWRYHUXWWLQJ ,WLQ
RQDYDOLGDWLRQVHWDQGVWRSSLQJWKHWUDLQLQJSURF
7KH SDUDPHVBHWHUPLQHY KRZPDQ\HSRFKV WR ZDLW IRUDQ
LQJWKHWUDLQLQJ

(DUO\VWRSSLQJLVDVDIHIJXDUG DIJDLQVW RYHUXxWWLQJ E\ \
PRGHO{VSHUIRUPDQFHRQD YDOL®DWRBRQDAHYWNWR/S\HIFR S H |
QXPEHURIHSRFKVWR ZDLWDIWHU WKHODVW LPSURYHPHQV
VKRZLPSURYHPHQWLQWKHYDOLGDWLRQSHUIRUPDQFHZLW
LVKDOWHG 7KLVDSSURDFKKHOSVLQXQGLQJWKHVZHHWVS
EXWQRWH[FHVVLYHO\
7KHSDWLHQFHSDUDPHWHUKHOSVDYRLG SUHPDWXUHWHUP
LQJPLJKWVWRSDVVRRQDVWKHPRGHO H[SHULHQFHV D PLC
SHUIRUPDQFH ZKLFKPLJKWQRWDFFXUDWHO\UHSUHVHQW L
DGGLWLRQDO HSRFKVY SDWLHQFH SURYLGHV WKHPRGHO ZL!
VWDJQDWLRQVDQG SRWHQWLDOO\UHDFKDEHWWHU SHUIRL
&KRRVLQJWR VWDUW PRQLWRULQJIRUHDUO\VWRSSLQJIUF
HSRFKV DUHW\SLFDOO\FKDUDFWHUL]JHGE\VLIJQLXFDQW LP¢
VLF SDWWHUQVLQWKHGDWD ORQLWRULQJIRUHDUO\VWRS!
SUHPDWXUHWHUPLQDWLRQ %\ZDLWLQJXQWLOHSRFK ZH
VWDQWLDOLQLWLDO SURJUHVV 7KLV VHWXSHQVXUHV WKD
KDVKDGHQRXJKWLPHWRVWDELOL]JHLWV OHDUQLQJFXUYH



i THﬁQi%oOéi

$-0t; “:+@®7;tr;u=oul-m1l; lolr-ubvomom Cuv| 7-|-v;|: $_; "-tt;v-u; 1-t1tt-|;70om|_;|;v|Vv;]|:
B ID6 EE £+ UDAEx & 0 XDAE-060 baedb
5HV1HW PLQ V
9 x* PLQ V
,QFHSWLRQ9 PLQ V
, QFHSWLRQ5HV1IHWO9 PLQ V
'"HQVH1HW PLQ V

b]tu; “:0vv-m7-11tu-1<rto|v=oul;v ;|”

b]tu; “:'®vv -m7 -11tu-1l<rto|v=ou ( eu:



bl]tu; “:’'®&v-m7-11tu-1<rto|lv=0ou ml;rzom(’:

bltu; “:'owv-m7 -11tu-1l<rto|lv=ou ml;rzom!;v ;|(‘:

bl]tu; “:vv-m7 -11tu-1crto|v=o0u ;mv; ;|‘es:



7KHSORWVRQWKHOHIWUHSUHVHQW WKHORVV RQWKH WU
+DYLQIWKHWZRORVVHVDOLIQHGPHDQV WKDWWKHPRGHO
LQJZHOOWKHLPDJHVRQWKHGDWDVHW +DYLQJDWUDLQLQ
ORVVWKDWLVLQFUHDVLQIJLQVWHDG RIGHFUHDVLQJPHDQ\
7KH SORWVRQWKHULJKW LQVWHDG YLVXDOL]HWKHDFFXU
RYHUWKHHSRFKV

SORWDQDO\VLV

, DOHV1IHW WKHORVVDQG DFFXUDF\ SORWV IRUS5HV1IHW
ZLWKVRPHUXFWXDWLRQLQWKHYDOLGDWLRQDFFXUDF\
DQDFFXUDF\RI LQGLFDWLQJURRPIRULPSURYHPHQ
VFRUHYV

, 9** WKHPRGHO VKRZV EHWWHU SHUIRUPDQFH ZLWK DQ
DQG YDOLGDWLRQDFFXUDF\FXUYHVDUHFORVHO\DOLJC
ORVVDQGDFFXUDF\SORWV VKRZFRQVLVWHQW LPSURYH
DOQGUHFDOODUHERWKKLIK LQGLFDWLQJEDODQFHG SH

,  QFHSWLRQ9 DQG,QFHSWLRQ5HV1IHW9 WKHVHPRGHOV
ZLWKD VOLJKWO\EHWWHU DFFXUDF\DW DQG UHV
DQFHLVZHOO PDLQWDLQHG DQGWKHPRGHOV FRQYHUJ|
UDF\SORWYV

, HQVH1IHW WKHEHVW SHUIRUPLQJPRGHO ZLWK D UHP
VLRQDQGUHFDOODUHDOVR YHU\KLJK

7TKHEHVWSHUIRUPLQJPRGHOLV'HQVH1IHW ZLWKDQDFF.
FDQVHHRQWKHFRQIXVLRQPDWUL] WKHUHVXOWVIRUHDF
DVWRHHFAGDVYV YDQOXHO OUWKBQG YDOIXHO@/MVKAKH PRGHO
HDVLO\GLVW LQUXIUWKPVKKH-ROWKNU FODVVHY ZLWKRXW WRR
RFFXUPRVWO\EHWZHHQ QWX HIF OBNWYN FODVVHV DUH YHU\ VL
RWKHUDQG WKHHUURULQWKHFODVVLXFDWLRQFDQEHH[S(
GDWDVHW

7TKHDYHUDJH WUDLQLQJ WLPHIRUWKHPRGHOV LV PLQXWH
WUDLQLQJ WLPHRI PLQ VIROORZHG E\'"HQVH1HW ZLWK F
WLPHLVQRWDQLVVXHIRUWKLY GDWDVHWLIZHFDQ SDUDOC
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bltu; “:¢9]|l-r "bvt-tbE-Zomom -vbm]t; r-|1_ tvbm] ;mv; ;|'ce: $_;107;t 1t;-utcbv -0t; o 7bvZim]thb
m;m|=;-|tu;vo=|_;bl-];:

$IWHUWUDLQLQJ WKHPRGHOLV XVHGWRFODVVLI\WKHHQ

SURDFKWRWKHGDWDVHWFUHDWLRQDVGHVFULEHGLQVHEF\
LOWR SDWFKHYV HDFKZLWKGLPHQVLRQV RI [ SL[HOV 6X
FODVVLXHG XVLQIJWKHWUDLQHG PRGHO VHH xJXUH DV DC
TXDOLWDWLYHEHFDXVHZH ODFND WHVW WR HYDOXDWH WK
6HFWLRQ ZLOODWWHPSWWRVROYH WKLYV
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SHV1IHW PLQ V
9x* PLQ V
,QFHSWLRQ?9 PLQ V
, QFHSWLRQ5HV1IHWO9 PLQ V
"HQVH1IHW PLQ V

b]tu; “:e¥v-m7 -11tu-1<rto|v=o0oul!l;v ;|”

b]tu; “:e0v-m7-11tu-1crto|v=o0ou( -u:



b]tu; “:e0vv-m7 -11tu-1crto|v=0ou ml;rzom(’:
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7TKHSORWDQDO\WWLVUHYHDOVWKDW 'HQVH1HW FRQVLVW
ERWKGDWDVHWY GHPRQVWUDWLQJVXSHULRUDFFXUDF\ S|
WLRQ FXUYHV IRU'HQVH1IHW VKRZ VPRRWKFRQYHUJHQFH
HUDOL]DWLRQ S5HV1IHW Z K Le@H Q. PiYHPR DIL@QINV WOK H KOO VAN I
SDUWLFXODUO\VWUXJJOLQJZLWK UHFDOO 9** DQG ,QFHS
FORVHDOLJQPHQW RIWUDLQLQJDQG YDOLGDWLRQ PHWULTF
5HV1IHW9 H[KLELWV VWURQJSHUIRUPDQFHZLWKEDODQFHG
DFFXUDWHWKDQ '"HQVH1IHW

I ZHLQVSHFW WKHFRQIXVLRQPDWUL[RI5HV1IHW ZH VH
DOOWKHSDWFKHV LQ RJ@B V1L Qy®HWPDY ¥ HLE SWKRLEVORDPVIHQ X Q
GDWDVHWY OLNHWKHRQHZHDUHXVLQJQRZ EHFDXVHDPR
LQJDOO LPDIJHVZLWKRQHODEHO 7KLV SUREOHPFDQEHVR
"HQVH1IHW

bl]tu; “ie@r-ubvom 0;|%;;m|_;lom=tvbomI-|ubl;vo="!;v ;|"-m7 ;mv; ;|'ss: m]|_;t;[9]_;1lom=%tv
o=1!;v ;|”: m|_;ub]_|9]|_;1om=tvboml-[ubS o= ;mv; ;|'**: o|_lo7:|v| qu-bm;7 om|_;
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GDWDVHW 'Y UHGXFHG PLQ
GDWDVHW Y

bltu; “:e’0vv-m7 -11tu-1<rto|v=ou ;mv; ;|'¥|uxHmM;7roum71T1;7H"«

YREO;0471; 1\ 1T&RQ@O0A "HQVH1IHW ZDVWUDLQHGDQGWHVWH
PRGHOIRUDOOWKHSUHYLRXVGDWDVHWY ,QWKLVFDVH RX
UHPDLQ FRQVLVWHQWZLWKD ODUJHU GDWDVHW
‘'HFDQ VHH WKDW WKHUHVXOWVIRUWKHPRGHODUH YHU\VL
RQWKHSUHYLRXV GDWDVHWYV )RUH[DPSOH WKHDJJUHJDW
"HQVH1IHW wODQ OH G ROBO& E "YIRUWKHVDPHEPRGHQ WUDL
11
&RQVLGHULQUIR (F@DWKH WKHPRGHODFKLHYHG D SUHFLVL
R ZKLFKFRPELQHGJLYHD) VFRUHRI WKHVHYDOX
PDOL]JHG FRQIXVLRQPDWUL[ VHH IRUUHIHUHQFH
JRUWKH IXO@; OD\IBONUMWGDWD EDODQFLQJZDV QRW DSSOLHC
DFFXUDF\RI GXHWR WKHIDFW WKD|W ZH BD®DRN ¥ DAK LVAKP S (
LOQFUHDVHV WKH SHUIRUPDQFHYV QIDFW LIZHLQVSHFW HD!
Gi4;,FODVV ZHKDYH ORZHU SHUIRUPDQFHV WKH SUHFLVLRQ
) VFRUHLYV ZKLFKLVORZHURIWKHYDOXHFDOFXODWHG |



IRUWXHL BODVV WKHYDOXHVRISUHFLVLRQ UHFDOODQG)
DQG

b]tu; “:ewIn=fvbom I-|lubS o= ;mv7:|‘ve|dMeHu;7t1yTMI}: (-tT;vbm |_; lom=tvbom I-JubS -u; moulJ
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2QHRIWKHJRDO RI WKLY SURMHFW LV WR UHVHDUFKDQG DQ
QXPEHURIIDOVH SRVLWLYHVDQGIDOVHQHJDWLYHV DIWHU
WKHVHFODVVLXFDWLRQ HUURUVFDQOHDGWRPDQ\SUREOH

, $IDOVHSRVLWLYHRFFXUZKHQ W K HVEXXHZGIOFEOHDO/ R LD\Q L B
WKHODWWHU 7KLVPHDQV WKDW ZHZURQJO\LGHQWLI\D
FDQOHDGWRIDOVHDODUPYV LIZHDOHUWWKHVSHFLDOL
SUHVHQW LWUHVXOWVLQDZDVWHRIWLPHDQG UHVRXU
RI'NDOVH SRVLWLYHV LV SUHFLVLRQ DKLJKSUHFLVLRQL
LQVWHDGD ORZSUHFLVLRQLQGLFDWHV WKHFRQWUDU\

, $IDOVH QHIJDWLYH RFFXU ZKHQ Wi K4H BAGWX ZHHOFDCEDIHVOY R | \DLQWVL

QRQ LQIHVWLQJ ZH GRQ{W FDWFK WKH LQIHVWLQJ SODQ
LQIHVWDWLRQV VSUHDGLQJ XQFKHFNHG SRWHQWLDOO\
FRQVHTXHQWO\LQFUHDVLQJFRVWY 7KHPHWULF XVHG V
UHFDOO

3UHFLVLRQ DQG UHFDOO VKRXOG EH EDODQFHG EXW LW R|
RQHPHWULF WKHRWKHU GHFUHDVHY 7RDGGUHVV WKLV WU
KDUPRQLFPHDQRISUHFLVLRQDQGUHFDOO 7KH) VFRUHSU
SUHFLVLRQ DQG UHFDOO JLYLQJXVDPRUHFRPSUHKHQVLY!
%\ RSWLPL]JLQJIRUWKH) VFRUH ZHHQVXUH WKDW RXUPRG
SUHFLVLRQDQG UHFDOO $IWHU WKHFODVVLXFDWLRQ PHW
RIFODVVLXFDWLRQRQLQIHVWLQJSODQWYV

ORGLI\WKHGDWDVHW
ORGLI\WKHPRGHOGXULQJWUDLQLQJ
$SSO\D GLTHUHQW WKUHVKROG GXULQJWKHFODVVLxFD!

$SSO\SRVW SURFHVVLQJRQWKHIXOOLPDJHDIWHUFOD



7°09-®20"% O%i0i 7KHWXQLQJPHWKRGV ZHUHHYDOXDWH
XDOO\ODEHOHG 7KHODEHOLQJSURFHVV LOOXVWUDWHG I
VXEVHFWLRQ VHFRQGPHWKRG PDQXDOVHJIJPHQWDWLR
LQJWKHLPDIJHLQ SDWFKHVDQG ODEHOOLQJWKHP WKHYDO
HDFK HQWU\ GHWHUPLQHGE\URZDQGFROXPQLQGH[HV UH:
KDYH YDOXHWM DIR&® IIRUQOI4; 7KLV PDWUL[ ZKLFK ZH DUH JRI
i4; Oai IO/, XMHGWRHYDOXDWHWKHPHWULFVIRUWKHWRWLE
WR QRWH WKDW WKLV WHVW LPD&B ZDARGEW X YV;HIG IRU WKH FU
7TRHYDOXDWHWKHWXQLQJPHWKRGRORJLHY DQRWKHULPD.
GHVFULEHGLVGLYLGHGLQ SDWFKHVDQGHDFKSDWFKLVFO
7KHUHIRUH HDFK SDWFK&#DQAERDDODEHOQBEZBY¥UHDWH DQRW
ODEHOPDWUL[ 8VLQJWKLVODEHOPDWUL[DQGWKHWHVWO
WLYHV IDOVHSRVLWLYHV DQG 0D4O;V)i R P DKV IVYHHWDROQXGH\M RZHW
SUHFLVLRQ UHFDOODQG) VFRUH :H (Fil2 CFRIXCOVDMEHH WIBOK\WHH ZYH
DUHQRWIRFXVLQJRQWKHRWKHUFODVVHVIRUWKHIROORZ
WRLGHQWLI\DQG PDQDJHWKHLQIHVWLQJSODQWY 7KHUHII
PDQFHRIWKHPRGHO ZLWK UHVSHFWWR GHWHFWLQJWKHVH
)LQDOO\ IRUWKLVWHVW ZHDUHQRW LQWHEO HVAWHE WQ UHD |
VHW EHFDXVHIRUWKHWRWDOLPDJHWHVWZHDUHRQO\LQW
RXWEHLQJWRRDFFXUDWHRQ SUHGLFWLQJWKHFRPSOHWH
WR YLVXDOLIHDOO WKHERXQGLQJER[HVRIWKHLQIHVWLQJ
LQGLFDWLYHRIWKHORFDWLRQRIWKHLQIHVWLQJSODQWYV

bltu; “ievent-ttcv;]l;m|;7 bl-];:
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$V xIXUH VKRZV ZKHQ WKH WUDLQLQJGDWD KDV D GLVSL
GLIHUHQW FODVVHV WKHPRGHOPD\EHFRPHELDVHG WRZDU
QXPEHURIIDOVHQHIJDWLYHVRUIDOVHSRVLWLYHVLQWKHP
/TRVROYHWKLVLVVXHWHFKQLTXHVY VXFKDVRYHUVDPSOLQJ
MRULW\FODVYV DQGGDWDDXJPHQWDWLRQFDQKHOSEDODAQ
,Q WKLV WHVW ZH WULHG XQGHUVDPSOLQJ WKH PDMRULW\ F
$ WHVW ZDV FRQGXFWHG E\FRPSDULQJ WKUH&OPR&GHQV D 'H
ZKHUH XQGHUVDPSOLJQJil vVemds/O/L MKW R WKEHHU RI GDWD SRL
MRULW\FODVV ZDV EURXJKW WR WKH VDPH QXPEHU RI WKH G
IURP QRZ ZH DUH JRL@IIW@A U Ha HWDYKHIQVH1IHW WUDLQHG R
GDWDVHW Y ZKHUHRYHUVDPSOLQJ OVADBG6ILIHOB Q& W KH P L(
"HQVH1IHW WU DL QHEG R4 HHUX\DPS@LQJ LV SHUIRUPHG E\
PLOQRULW\FODVVHVZLWKUHSODFHPHQW HDFKWLPH ZH GUI
VDPSOHUHPDLQVLQWKHGDWDVHW 7KXV HDFKGDWD SRLQ
7KHSHUIRUPDQFHPHWULFVUHYHDO QRWDEOHGLIHUHQFHV
WUDLQHG RQ WKH XQGHUVDPSOHG GDWDVHW ZDV PRUH HITH
VWDQFHV EXWLWDOVRKDGDKLIJKHUQXPEHURIIDOVH SRV
SUHFLVLRQ RIWKH XUVWPRGHO ZDV ZKLFKZDV ORZHU W
+RZHYHU WKHUHFDOORIWKHXUVWPRGHOZDV VLJQLXF
VHFRQGPRGHO{VUHFDOORI 7TKLVVXJIHVWV WKDW ZKLO
GDWDVHWPLIKWIHQHUDWHPRUHIDOVHDODUPY LWLV PRU
7KHGLVDGYDQWDJHRIXVLQJXQGHUVDPSOLQJ QY WKDW ZH I
1 OKDDVVDQGWKHUHIRUHUHGXFLQJWKHJHQHUDOL]DWLRC
8VLQJWKHRYHUVDPSOHG GDWDVHW ZHREVHUYHD GLIHUH
PRGHO WUDLQHG RQ WKLY GDWDVHWDFKLHYHG DWUXH SRVI
RYHU WKH RWKHU PRGHOV +RZHYHU WKLV FDPH ZLWK DQ L(
ZKLFKJUHDWO\N\LPSDFWHG LWV SUHFLVLRQ UHVXOWLQJLQI
UHFDOOZDVWKHKLIKHVWDPRQJWKHWKUHHPRGHOV DW
ZDVWKHPRVWHIHFWLYHDWLGHQWLI\LQJWUXHSRVLWLYHF
SOHGPRGHOIDOOVEHWZHHQ WKHVFRUHV RIWKHRWKHU WZ
$FFRUGLQJWR %XGD HW DO > @ZKLOHERWKRYHUVDP
IHFWLYH RYHUVDPSOLQJJHQHUDOO\SHUIRUPV EHWWHULQ



WRFRPSOHWHO\HOLPLQDWHFODVVLPEDODQFH 8QGHUVDP
GUDZEDFNRIGLVFDUGLQJSRWHQWLDOO\XVHIXOGDWD :KLH¢
SOLQJLQ WKLV FDVHUHVXOWHG LQD YHU\ KLIKQXPEHU RI I
ZKHUHPDQ\GDWD SRLQWV DUH ZURQJO\FODVVLxHG

,QWKH QH[W VHFWLRQV ZHZLOO GLVFXVV RWKHU WHFKQLT:
LOQOWHUIHULQJZLWK WKHGDWDVHW

ORGHO 7TUXHSRVLWLYHV )DOVHQHJDWLYHV )D

8QGHUVDPSOHG GDWDVHW Y
2YHUVDPSOHG GDWDVHW Y
2ULJLQDO GDWDVHW Y

$-0t; “:“9u=oul-m1; I;Jlublvom7-|-v;||Tmbm]:
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7KHUHDUHYDULRXV ZD\WVWRWXQHWKHOHYHORIIDOVHSRVL
LINLQJWKHPRGHO SDUDPHWHUV 2QHHTHFWLYHPHWKRG LV \
$FFRUGLQJWR-RKQVRQHW DO > @LQLPEDODQFHG GEC
WRZDUGV WKHPDMRULW\FODVV EHFDXVHLW GRPLQDWHYV Wi
DVVLJQ KLIJKHU ZHLJKWV WR WKH PLQRULW\ FODVVHV %\ GF
PLVFODVVLXFDWLRQV RIPLQRULW\FODVV LQVWDQFHV PRUF
LPSURYH LWV SHUIRUPDQFH RQ WKHVH XQGHUUHSUHVHQWH
PRGHO SD\VPRUHDWWHQWLRQWRWKHPLQRULW\FODVYV GX|



RIWHQ DW WKH H[SHQVH RI SUHFLVLRQ 7KLV LV EHFDXVH WK
GLFWLQJWKHPLQRULW\FODVYV OHDGLQJWRPRUHIDOVH SR
,Q WKLV WHVW DOO WKH FODVV ZHLJKWYV ZHUH VHW WR DQG
60;04i7KHQ WKH ZHLIKWiMRIIWKHK BGXDWYWO\LQFUHDVHG DQC
WUDLQHG RQ WKH VDPHFRQGLWLRQV 7KHUHVXOWYV DUH VK
ZHLIJKWRIWKHPLQRULW\FODVVJUDGXDOO\LQFUHDVHV WKF
VDPHWLPHUHGXFHVWKHQXPEHURIIDOVHQHJDWLYHV UHF
SDWWHUQ FRQWLQXHV XQWLO ZHLJKW DQGDIWHUWKDW S|
WKHPRGHO LQIDFW WKH) VFRUHVOLJKWO\GURSSHGDW Z
7KH PRGHOV ZHUH WKHQ WHVWHG RQ WKH FRPSOHWH LPDJH
UHVXOWV IURP WKH WZR WDEOHV DQG ZHFDQ REVHUYFH
GLYLGXDO SDWFKHV WUDQVODWHY WR SHUIRUPDQFH RQ FRF
PLQRULWUFORWSURYHVUHFDOOLQERWKVFHQDULRY DOEH!
LVFRQVLVWHQW ZLWK RXUREVHUYDWLRQVRQLQGLYLGXDO
JRULQVWDQFH LQ WDEOH LQFUHDVLQJ WKH ZHLJKW IURT
W R EXW GHFUHDVHV SUHFLVLRQ IURP W R 6LP L
LPSURYH IURP W R ZKHQ WKH ZHLJKW LQFUHDVHV IUR
IURP WR $GGLWLRQDOO\ WKH) VFRUH VKRZV D SH
ERWKWHVWY )RULQGLYLGXDO SDWFKHV WKH) VFRUH SHD
FRPSOHWHLPDJHVY LW SHDNVDWDZHLJKWRI ZLWKDYDO)
PDOFODVV ZHLJKW PLJKW GLTHUEDVHG RQ ZKHWKHU WKH PR
LPDJHV

,QFRQFOXVLRQ WXQLQJWKHFODVV ZHLJKWV HQKDQFHV UH
WLYHV EXWDOVR UDLVHV WKH QXPEHURIIDOVH SRVLWLYHV
WKHUHVXOWVIRXQGE\-RKQVRQHWDO > @ 7KLV EHKE
DQGLQWKHWRWDOLPDJHWHVW
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TRIXUWKHUDGMXVWWKHOHYHORIFODVVLXFDWLRQ RQH FD
FODVVLXxFDWLRQRIDVLQJOH SDWFK 7KHVRIWPD[OD\HU DV
ODEHODQG WKHVH SHUFHQWDJHV DGG XSWR WKHVHYDOX
WKDWWKHLPDIJHEHORQJVWRDVSHFLxXFFODVYV

7TRDSSO\D GLIHUHQW WKUHVKROGRQFODVVLXFDWLRQ PHDC
ZLWKKLIKHVWSHUFHQWDJH EXWLWZLOO xUVWRIDOO FKF
WKDWODEHODQG LIQRW LWZLOOFKRRVHWKHFODVVZLWK
8VLQIJWKLVPHWKRG ZH FDXQuRDMNEMMNKIORRGHD PRUWKUHVKR
LQJLWWRGHWHFWLQIHVWLQJ SODQWV ZLWKWKHVOLJKWH\
PRWUWH 471116\ JQFUHDVLQIJWKHWKUHVKROG HQVXULQJLWRQ
LVYHU\FHUWDLQ

JRUH[DPSOH ZKHQ WKHWUDLQHGPRGHO FODVVLxHV WKHLP

2 3
0:46483302

20:0014903%
0:5336766

'LWKRXW VHWWLQJD WKUHVKROGOWK HIP@ EH O/ KO ¥ ¥ DYV \K\D
KLIJIKHVW SUREDELOLW\DW +RZHYHW B IZGIODOWZWR WKH W
WKH PRGHO ZLOO O DEH;E MWAODK VPO MAVMYUREDELOLW)\ RI H
WKUHVKROG &RQYHUVHO\ LI ZH VHW WKH WKUHVKROG WR
DVi0i4;DQG ZLOOLQVWHDG VHOHFW WKH FODVV ZLWK WKH Qt
FODVVHV 7KHWDEOH DQGWKHDFFRPSDQ\LQJJUDSK \

bltu;“:"91_tv;7bm|_;;S-Irt;:

RIDPRGHO WHVWHG RQDQLPDJH ZKHUH GLTHUHQW WKUHV

ELOLWLHY 7KHPHWULFVFRQVLGHUHGLQFOXGH SUHFLVLRC(

I[URP WR

$VWKHWKUHVKROGLQFUHDVHYVY SUHFLVLRQLPSURYHVIURF
WR 7KH) VFRUH ZKLFKEDODQFHV SUHFLVLRQDQG



WKUHVKROG ZLWKD YDOXHRIDSSUR[LPDWHO\ 7KH)
WZHHQ DQG %H\RQG WKLVLQWHUYDO WKH) VFRUHGU
IRZWKUHVKROGYV \LHOG KLJKUHFDOOEXWORZSUHFL!
SURYLGHDEDODQFHEHWZHHQ SUHFLVLRQDQGUHFDOO DQC
FLVLRQ EXWORZUHFDOO

)LQDOO\ WKH JUDSK UHSUHVHQWY WKH WKH SUHFLVLRQ
WKH WDEOH 7KH FXUYH KHOSV YLVXDOL]H KRZ WKH PRG'
FODVVLXFDWLRQ WKUHVKROGY DOORZLQJXVWRGUDZ WKH"
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i i 70303 O™ECQG"™ E°[OakE % lices”

)LQDOO\ ZHFDQ ZRUNRQWKHIXOOLPDJHGLUHFWO\E\GRLQ.
7TKHUHDUHVHYHUDO ZD\VWR LPSOHPHQW WKLV PHWKRG EXW
DPDWUL[DQG IRUHDFKHQWU\RIWKHPDWUL[ DVVLIJQDYDO
WKLV ZHFDQLPSOHPHQW VLPSOH SURFHVVLQIJWHFKQLTXH

JLOWHUVLQJOHUHG SDWFKHV 6LQJOHSRLQWV FDQEHV

JLOWHUUHG SDWFKHV WKDWDUHQHDU WKHWHUUDLQ 7
QHDU WKH WiH4 WBDVOFIKHY QHDU WKH WHUUDLQ DUH OHVYV
FDQDSSO\WKLVRSHUDWLRQWRUHPRYHWKHP

S8VLQIJWKHXXUVWPHWKRG WKHSUHFLVLRQLPSURYHGVLJQI
WR \LHOGLQJDQ) VFRUHRI JRUWKH VHFRQG PHW
ZKLOHPDLQWDLQLQIJWKHVDPHUHFDOO RI UHVXOWL
7KHVH YDULDWLRQV KLJKOLJKWWKHWUDGH RIVEHWZHHQ S
RIKDQGOLQJWKHGDWDVHW ZLWK WKHWKHVHFRQG RQHDF
KLIJKHVW) VFRUH +RZHYHU LWLVHYLGHQW WKDW WKHVH I
IDOVHSRVLWLYHV WKXVLPSURYLQJRQO\WKHSUHFLVLRQ

6FHQDULR 7TUXHSRVLWLYHV )DOVHQHJDWLYHV )DO\

THVW LPDJH
3RVW SURFHVVLQJ
3RVW SURFHVVLQJ

$-0t; “:eeQu=o0ul-m1; I;Jublv=0ou7b@;u;m|rov|Jruol;vvbm]l;|_o7v:

i &2/ QE®@i® % O 8% % 3&38q3... *38 E%E"
, QWKLVEULHIVHFWLRQZHZLOOH[SORUHWKHDGYDQWDJHV

TUDLQLQIJWKHPRGHORQGDWDVHW Y

&ODVVLI\LQJD QHZLPDJHWKDW ZDV QRW XVHG IRU WKH F
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bltu; “:*W®Irt; o=rov|ruol;vvbm]om|_;;mzu;bl-]1;: -Q ";]1I;m|-Zom 70om; % b|_lo7;t|u-bm;7 om 0-t-r
0Q btl;ubm]o=vbm]t; u;7r-|1_;v: 1Q btl;ubm]u;7r-|1_;vm;-u|_;|;uu-bm:

JRUWKHVHWDVNV WKH *()25&( *7,; *38ZDV XVHG )RU WK
ZHWUDLQ '"HQVH1IHW ZLWKRXWD?*38 WKHWUDLQLQJWLPH
ZHUHGXFHWKHWLPHWR PLQ V UHVXOWLQJLQD UHGX
JRUWKH VHFRQG WDVN ZH VWLOO XVH '"HQVH1HW WR FOD\
SDWFKHVDQG FODVVLI\LQIJHYHU\SDWFKVLQJXODUO\XVLQ.
xFDWLRQZHHPSOR\EDWFKSURFHVVLQJ ZKLFKLVDPHWKRC
WDVNV VLPXOWDQHRXVO\DVDVLQJOHJURXS RUEDWFK LQ®
'LWKRXW WKH *38 WKHWLPHUHTXLUHGLV PLQ VDQG ZLWE
UHGXFLQJWKHFODVVLI\LQJWLPH E\ $VZHFDQVHH WKL
GHHS OHDUQLQJ ZKHUH *38VFDQKDQGOH ODUJH EDWFKHYV |
WLPHVDYLQJV
%DWFK SURFHVVLQJ UHGXFHVY WLPH ZLWK D *38 EHFDXVH LW
ELOLWLHV RIWKH *38 ZKLFKLVGHVLIQHG WR KDQGOH WKRX
SURFHVVLQJD ODUJHJURXSRIGDWD SRLQWYV VXFKDV LPDJI
HNFLHQWO\GLVWULEXWHWKHFRPSXWDWLRQDO ZRUNORDG
WKHRYHUKHDGDVVRFLDWHG ZLWKLQGLYLGXDOO\SURFHVYV
,QFRQFOXVLRQ WKHXVHRI*38VLVYHU\LPSRUWDQW GXULC(
RSHUDWLRQZHUHTXLUHWRFODVVLI\DYDVWQXPEHURILPD.
WLPHWRFODVVLI\HDFKLPDJHPDNHV WKHWDVNIHDVLEOH IF






'LVFXVVLRQDQG IXWX

i 5% 1% qEe™ “ce3... 3"l

% %10 2°... % i 7KHUHVHDUFK SUHVHQWHG LQ WKLV WKHVLV
WLRQDO 1HXUDO1HWZRUNV &11V IRUWKHLGHQWLxXxFDWLRQ
%\OHYHUDJLQJKLJK UHVROXWLRQLPDJHU\IURP8QPDQQHG
LQJWHFKQLTXHY ZHGHYHORSHG D V\VWHP FDSDEOH RI GLV
LQIHVWLQJ SODQW VSHFLHV ZLWK KLJK DFFXUDF\
7KHDQDO\WLVGHPRQVWUDWHG WKDW 'HQVHIHW RXWSHUII
,QFHSWLRQ9 DQG,QFHSWLRQ5HV1IHW9 'HQVH1IHW{V DUFk
FRQQHFWLYLW\SDWWHUQ DOORZV HDFK OD\HU WR UHFHLY}
FRQQHFWLYLW\SDWWHUQHQVXUHVPD[LPXPLQIRUPDWLRQ
JUDGLHQW SURSDJDWLRQDQGPLWLIJDWHVWKHYDQLVKLQJ.
QHWZRUNYV

7KLV IHDWXUH LV SDUWLFXODUO\EHQHXFLDO IRURXU WDVN
LQJSODQWYV ZKLFKFDQEHKLJKO\YDULDEOHLQDSSHDUDQF
xHOG 7KHGHQVHFRQQHFWLRQV HQDEOH WKHPRGHO WR OF
WDWLRQV PDNLQJLWPRUHDGHSWDW GLTHUHQWLDWLQJEH
DQG WH[WXUHV :HFDQVHHWKHDGYDQWDJHVRIGHHSHU PR

, JHDWXUH KLHUDUFKLHY GHHSHUPRGHOV FDQ OHDUQ PF



WKHFRQWH[W RI SODQW LGHQWLxFDWLRQ WKLV PHDQV
SDWWHUQVDQG GLVWLQFWLRQVEHWZHHQ GLTHUHQW SO
LGHQWLI\LQJLQIHVWLQJSODQWVDPRQJFURSYV

, . PSURYHG OHDUQLQJ '"HQVH1IHW{VDSSURDFKRIFRQQHF
HQFRXUDJHV IHDWXUH UHXVH ZKLFKLPSURYHV OHDUQL
7TKLVUHGXFHVWKHULVNRIRYHUXxWWLQJ HYHQ ZLWK UHC
DOOOD\HUVFRQWULEXWHWROHDUQLQJUREXVW IHDW X

, *UDGLHQW URZ WKH GLUHFW FRQQHFWLRQV EHWZHHQ C
HQWV URZPRUHVPRRWKO\GXULQJEDFNSURSDJDWLRQ |
QHWZRUNYV 7KLVLVFUXFLDOIRUFDSWXULQJWKHGHWDI
LPDJHU\RIDJULFXOWXUDO xHOGYV

Yq-1% E°ieeOoea%iqd.. “qg-1% 3% "qO0eda%ii 7KH H[SORUDWLRC
JLHV KDV KLIJKOLJKWHG WKHUHODWLRQVKLSEHWZHHQ SUHF
LQJSODQWV LQ DJULFXOWXUH %\PRGLI\LQJWKHGDWDVHW
ROGY DQGDSSO\LQJSRVW SURFHVVLQJWHFKQLTXHV WKH
IDOVH SRVLWLYHVDQGIDOVH QHJDWLYHV 7KHUHVXOWYV VK
LPSDFWVRQPRGHO SHUIRUPDQFH
8QGHUVDPSOLQJWKHPDMRULW\FODVVLPSURYHG UHFDOO E
WKLV WHFKQLTXHRQO\ZKHQ QHFHVVDU\ WKDW®GVIWR VD\ ZK|
O ODVVHVLVKLIJKHUWKDQ EHFDXVHLIZHGHOHWH GDW
WKHJHQHUDOL]DWLRQFDSDELOLWLHVRIWKHGDWDVHW
$GMXVWLQIJWKHPRGHO FODVV ZHLJKWV DOVR GHPRQVWUDYV
ZLWKDQRSWLPDOEDODQFHDFKLHYHGDWVSHFLxFZHLJKW YV
WLRQVDOORZHGWXQLQJRIWKHPRGHO{VDJJUHVVLYHQHVV
WKDW ORZHU WKUHVKROGV LQFUHDVHG UHFDOO DW WKH FRYV
EHFRQVLGHUHG WKHEHVW PHWKRG IRUWKLY WDVN EHFDXV
TXLUHPRGLI\LQJWKHGDWDVHW RUWKHPRGHODQG EHFDXYV
SUHFLVLRQDQGUHFDOOZLWKOLWWOHLQWHUYHQWLRQ
)LQDOO\ SRVW SURFHVVLQJWHFKQLTXHVVLJQLXFDQWO\LP
2YHUDOO WKHPHWKRGRORJLHVY XQGHUVFRUH WKH QHFHVV]
VSHFLxFDJULFXOWXUDODSSOLFDWLRQDQGWKHUHODWLYH



SUHKHQVLYHHYDOXDWLRQ XVLQJWKH) VFRUHSURYLGHGD
WKHPRGHO IRUHIHFWLYHVWUDWHIJLHVIRUGHWHFWLQJLQI

i &™Qg--%3"% Il q3... ~e2e0gO0me°si

2QHRIWKHVLIQLXxFDQWFKDOOHQJHVIDFHGGXULQJWKLV VYV
RIWKHGDWDVHW 7KHKLJKYDULDELOLW\LQSODQWDSSHDU
DQG WKHLQIHVWLQJ SODQWYV UHTXLUHG HIWHQVLYH GDWD I
WKHPRGHO{VHIHFWLYHQHVV %DODQFLQJWKHGDWDVHW W
DFKLHYLQJUHOLDEOHSHUIRUPDQFH

'"HVSLWH WKH SURPLVLQJUHVXOWYV WKHUHDUHVRPHOLPLYV
RI'WKH&11 PRGHOV KHDYLO\GHSHQGV RQWKHTXDOLW\DQG
VLVWHQW GDWD TXDOLW\ GXH WR YDU\LQJ ZHDWKHU FRQGL\
PRGHO{VDFFXUDF\ 7TRVROYH WKLV LVVXHRQHKDV WRODEH
WKHGLTHUHQW VWDJHV RIGHYHORSPHQWRILQIHVWLQJSOD
WKHUPRUH LW ZRXOG EH KHOSIXO WR WHVW WKH PRGHO RQ ¢
JUHHQKRXVH

$GGLWLRQDOO\ WKHFRPSXWDWLRQDO UHVRXUFHV UHTXLU
FDQEHVLIQLXFDQWDQGPD\OLPLWIDVWSURFHVVLQJRIWKF
LVPDQGDWRU\WR VDYHWLPHDQG WRWHVW GLITHUHQW PRGF
WRWKDW WKHFODVVLXFDWLRQRQWKHIXOOLPDJHDOVRFD
LIWKHGHVLUHGJRDOLVFRYHUODUJHDUHDV RIWKH xHOG X!
QHFHVVDU\IRU WKLV SXUSRVH

,WLVDOVRVXJIJHVWHG QRWWR IXUWKHU UHGXFH WKH GLPH(
DUHDJRRGFRPSURPLVHIRUERWKWUDLQLQJDQGHYDOXDW
RILQIHVWLQJSODQWV LQD YHU\SUHFLVH ZD\V KDYLQJODU.
WRRPXFKLQIRUPDWLRQGLNFXOWWRFODVVLI\ RQWKHFRQ
RSSRVLWH SUREOHP LWLV GLNFXOWWRXQGHUVWDQG WKH
xQDOVHIPHQWDWLRQFDQ{WEHPRUH SUHFLVH

i )YPODBE% &4°E®©

'q0qi%O0i )XWXUHZRUNVKRXOGIRFXVRQLPSURYLQJWKHJH
E\LQFRUSRUDWLQJPRUHGLYHUVHGDWDVHWYVY WKDWLQFOX!



DQGHQYLURQPHQWDOFRQGLWLRQV $SSO\LQJWUDQVIHUO
VWUDWHILHVYFDQDOVRLPSURYHPRGHO UREXVWQHVV DFUR

0°..%-li ,QYHVWLIJDWLQJPRUHDGYDQFHG &11 DUFKLWHFW
WUDQVIRUPHUV> @ FRXOGSRWHQWLDOO\WLHOGEHWWHU S
VWDWH Rl WKH DUW UHVXOWV LQ YDULRXV LPDJHUHFRJQLW
LQGHWHFWLQJDQG GLVWLQJIJXLVKLQJLQIHVWLQJSODQWYV

&-qiie“esqO®E®3i $ QDWXUDO SURJUHVVLRQ RI WKLV SURMH
VSHFLHVRILQIHVWLQJSODQWV LQV®NHDGRIFODVVLI\LQJDC
$QRWKHUFRQWULEXWLRQFDQEHRQVROYLQJWKLY SUREOH
WDWLRQ ZLWKRXW WKHQHHG RISDWFKH[WUDEWLRQ $GYD!
DEOHWRUHFRJQL]JHREMHFWVY LQVLGHDQLPDJHLQDHDV\P]
ULWKP NQRZQ IRULWYV VSHHG DQG DFFXUDF\ DQG LWV LQWH
DGYDQFHPHQWV LQ YDULRXV xHOGV LQFOXGLQJDJULFXOW
KLJKDPRXQWRIODEHOOHG GDWD DQGZLWKRXW WKH XVH RI
WKRXVDQGRILPDJHV

7% 2ECEQ- ... %0 A %03 ... %32 %ii 2QHVLIQLXFDQWDUHDIRU IXW
UHODWHG WR WKHDVVXPSWLRQRILQGHSHQGHQFHLQ GDLO
ZHDVVXPHGWKDWWKHSUREDELOLW\RIGHWHFWLQJD SHVW
LW ZDV GHWHFWHG RQ WKH xUVW GD\ 7KLV VLPSOLXxFDWLRQ
RYHUORRNVWKHSRWHQWLDOWHPSRUDO GHSHQGHQFLHV W
DQDO\VLV )XWXUHUHVHDUFKVKRXOGIRFXVRQGHYHORSLC
WKHVHWHPSRUDO GHSHQGHQFLHV

5% q-a0e2% AE°«%iic3”i $OVRGHYHORSLQJPHWKRGVIRUU
\VLVLVHVVHQWLDOIRUSUDFWLFDOGHSOR\PHQW ,PSOHPHC(
SURFHVV LPDJHV RQ ERDUG DQG SURYLGH LPPHGLDWH IHHG
KDQFH WKHV\VWHP{V XVDELOLW\ $GGLWLRQDOO\ LQWHJIULI
DJULFXOWXUH SODWIRUPV FRXOGIDFLOLWDWHFRPSUHKHQ"

(3...a@ 1 %E “%%o..|ge©li ORVW LPSRUWDQWO\FRQGXFWLQJ H|
IHHGEDFNIURPHQG XVHUV VXFKDVIDUPHUVDQGDJURQRP]



WKH V\VWHP{V HTHFWLYHQHVV DQG XVDELOLW\ ,WHUDWLYH
FDQKHOSUHxQHWKHWHFKQRORJ\DQGPDNHLWPRUHXVHU






&RQFOXVLI

7KLV WKHVLV LQYHVWLIJDWHY WKH DSSOLFDWLRQ RI &RQYRC
WLI\LQJLQIHVWLQJSODQWV LQPRQRFXOWXUH xHOGV XVLQ.
$HULDO 9HKLFOHYV 8%$9V 7KHSULPDU\JRDO ZDVWRHQKDQF!
PDQDJHPHQW SUDFWLFHV WKURXJKLPDJHUHFRJQLWLRQ WF
7KHGDWDVHW FUHDWLRQ ZDVRQHRIWKHFULWLFDO FRPSRQ
FRPSULVLQJLPDJHVRIFURSVDQG YDULRXVLQIHVWLQJSOD
VWUXFWHG 7KLVGDWDVHW SURYLGHGDUREXVWIRXQGDWLI
HOV 7KHXVHRI8%$9VIRULPDJHDFTXLVLWLRQ RTIHUHG VHYH U
FDSWXUHKLJK UHVROXWLRQLPDJHVRYHUODUJHDUHDV ZK
,QWHUPVRIPRGHOGHYHORSPHQW VHYHUDOG&I11DUFKLWHF)
VKRZHG SURPLVLQJUHVXOWVY GXHWRLWY GHQVHFRQQHFWL
LVKLQJJUDGLHQW SUREOHP DQG LPSURYLQJIHDWXUH SURS
ZKLFKLQYROYHG xQH WXQLQJSUH WUDLQHGPRGHOV RQ RXI
DFKLHYLQJKLJKFODVVLXFDWLRQDFFXUDF\
'"HVSLWHWKHSURPLVLQJUHVXOWY VHYHUDOFKDOOHQJHYV :
WKH SULPDU\FKDOOHQJHV ZDVWKH YDULDELOLW\LQLPDJH"
GLWLRQV VXFKDV OLJKWLQJ VKDGRZVDQG WKHGLTHUHQW \
IDFWRUV FDQ VLIJQLXFDQWO\DIHFW WKH SHUIRUPDQFH RI W
SUHSURFHVVLQJ WHFKQLTXHV VXFK DV DXJPHQWDWLRQ ZF
WKHPRGHOV



$QRWKHU FKDOOHQJH ZDV WKH FODVV LPEDODQFH LQ WKH GI
WDLQLQIHVWLQJSODQW VSHFLHV ZDV VLJQLXFDQWO\ORZH!
WHFKQLTXHV VXFK DV XQGHUVDPSOLQJ WREDODQFH WKH G
GHWHFW PLQRULW\FODVVHYV

7KHUHVHDUFK DOVR KLJKOLJKWHG WKHLPSRUWDQFH RI FRC
LQWKHHYDOXDWLRQ SURFHVV %\DQDO\]LQJWKHWUDGH RI
ZHUH xQH WXQHG WR DFKLHYHDQRSWLPDOEDODQFH WKDW F
DWLYHV

,Q FRQFOXVLRQ WKLV WKHVLV SUHVHQWYV D VWHS WRZDUGYV
SURYLQJDJULFXOWXUDO SUDFWLFHV %\DGGUHVVLQJ WKH
WKH UHVHDUFK OD\VWKHJURXQGZRUNIRUGHYHORSLQJ SUL
FURSPRQLWRULQJPDQDJHPHQW 7KHxQGLQJVFRQWULEXW
WDLQDEOHDJULFXOWXUH
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@ $ .DPLODULVDQG) ; BUHQDIHWD %ROGY% ''"HHS OHDU ¢
>:7140 67 14:1! 44 YPQ1l 4>SS1liv

@ & =KDQJDQG- 0 .RYDFV }7KHDSSOLFDWLRQRIVPDOC
FLVLRQDJULFXOWMRUH! DWBNYRHZ +1S S v

@ 3 /RWWHV 5 . KDQQD - 3IHLIHU 5 6LHJZDUW DQG &
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s 1i 144Ui14! O ! >YRO: ! 4SS v

@ * ,DQ }'HHS OHDUQLQJ LDQJRRGIHOORZ \RVKXD EHQ.

@ . 2{VKHDDQG5 1DVK }$QLQWURGXFWLR@MIWR FRQYR
1i.1 ;O01x ]izrZZEYal]ha

@ 0 (JPRQW 3HWHUVHQ ' GH5LGGHU DQG + +DQGHOV
QHWZRUNVWOUYHY LHZ!¥ R,0! QR SS v

@ 6 %KDWWDFKDU\D }$EULHIVXUYH\RIFRORULPDJH S|
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@ * . XPDUDQG3 . %KDWLD }$GHWDLOHGUHYLHZRIIHDYV

V\VWHRYZ1 & 1; 11 O; ! O &! aili &ai! 0e]O &iea! .>;
ao; ! ;iad ! L4 SS v
@ 5 &KDXKDQ . . *KDQVKDOD DQG5 -RVKL }&8RQYROXW

LPDJH GHWHFWLRQ DQTaleHBRIQLWLRQO~41Q0117 &i! 474>
1 .>; 00 &4l > 801 al((u SS v
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@ - <RVLQVNL - &0XQH < %HQJLR DQG+ /LSVRQ }+RZ"
QHXUDO QHAWZ RUNV"F>10 011 O; ! .1¥Y&R®4 (4d4;i 4

@ - 'RQDKXH < -LD 2 9LQ\DOV - +RiPDQ 1 =KDQJ ( 7]H
$GHHSFRQYROXWLRQDO DFWLYDWLRQIHDlWCX;U!H@RUJHQ
al aili ai! 04 i i®dWws SS v

@ - +RZDUGDQG6 5XGHU }8QLYHUVDO ODQJXDJHPRGHC(
O1x ]1.17i.1 ;O1x JizaYZEY_Z]_

@ % )HOER $ OLVORYH $ 6°JDDUG , 5DKZDQ DQG6 /HK
RFFXUUHQFHVWR OHDUQDQ\ GRPDLQ UHSUHVHQWDWLR
VDUFDYR 1i.1 ;:01x ]Iz YaEYYA[]

@ . +H ; =KDQJ 6 5HQ DQG- 6XQ }'HHSUHVLGXDO OHDL
uitaiie a4'a; i/ &' aili ai! &' .>;i1]1 4! O eSG;;il 1ia!i
v

@ 9 &KDQGROD $ %DQHUMHH DQG 9 .XPDBJALSQRPDO\ G
> U4>1]id4 YROXU QR SS v

@ $ %OEL£]TXH] *DUF D $ &RQGH 8 ORUL DQG- $ /R]DQR
GHWHFWLRQ LQ WBPH.\¥H UL B\ @ BAVD YR QR SS v

@ - &RRNDQG9 5DPDGDV }:KHQ WR FIR QN & OOM SUHFL VLR
YRO QR SS v

@ - 0 -RKQVRQDQG7 0 .KRVKJRIWDDU }6XUYH\RQ GHHS
1>1 0 ' uy@@® QR SS v

@ : $ /HUQ 5XHGD & /HuQ 6 * &DUR DQG- * 5DP UH] *I
HDVHV DQG SK\VLRORJLFDO GLVRUGHUV LQ SRWDWR YLC
FKLQH OHDUWQLQIA RRDVYUSS 'vid

@ ' 3XMDUL 5 <DNNXQGLPDWK DQGS$ 6 %\DGJL }6YP D
SODQW GLVHDVHV XVLQJIHDMXUYHROHGRRWLEBO WIHFKQLT
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@ $ .UL]JKHYVN\ , 6XWVNHYHU DQG* ( +LQWRQ },PDJH
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@ & 6]HIJHG)\ : /LX < -LD 3 6HUPDQHW 6 5HHG ' $QJXH(
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arli ai! &l .>;i114 1! 0 é.0;;i1 BiK!iv ;!

@ . 3 )HUHQWLQRV }'HHSOHDUQLQJPRGHOWVIRUSODQW
>:17140 671 74;1! 844 YRPQ1l 4>SS1i v

@) 6 ,VKHQJRPD , $ 5DL DQG6 5 1JRJID }+\EULGFRQYR
IRUD TXLFNHU GHWHFWLRQ RILQIHVWHG PDL]J]H SODQWYV
LPDJHW i A0 / 0'YRX a4 S

@ 3 . <DGDY - $ 7KRPDVVRQ 5 +DUGLQ 6 : 6HDUF\ 8 ¢
' ( ODUWLQ 5 5RGULJIXHJ;O0HWHFMIFQYRROXQWHHU FR
LQDFRUQ xHOG ZLWK GHHS OHDUQLQJRQXDY 6HPRWH V
11 44 Ul &RO1i S

@ . 6LPRQ\DQDQGS$ =LVVHUPDQ }9HU\GHHSFRQYROXWL
UHFRIJQAWLRQi=~1 ;O1x ]iZ]YbEZ A _

@ 5 *LUVKLFN }yovanie FQ o~ LiQ 71 O; 1 O &! 0117 &i
>3l ] 4 SS \Y;

@ 6 5HQ . +H 5 *LUVKLFN DQG- 6XQ })DVWHUU FQQ 7
WLRQZLWK UHJLRQ S¥UROSRMDOIQH ZRUNWY ~! 118744 (4.
YRO

@ - /RQJ ( 6KHOKDPHU DQG7 'DUUHOO })XOO\FRQYRO
PHOQOWDWLRQI~LQ4 !0 ; 7/ al ariv art! a! .>;i1] 4 ! 0 é.0
2o SS \Y}
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@ & 6]HIJHG\ 9 9DQKRXFNH 6 ,RTH - 6KOHQV DQG = :RM
DUFKLWHFWXUH IRU BRPSSXW HYW MLVLRQ &! LOQ171 ar! a'! .>;
] 4! O e.0;;i11 1ialu S;S! v

@ & 6]HIJHG\ 6 ,RTH 9 9DQKRXFNH DQG$ $OHPL },QFHS
WKHLPSDFW RIUHVLGXDO FRO'GHEWLRQV RQ OBD UL GJ
1 O1; ea O 'IYROi &4i QR

@ * +XDQJ = /LX / 9 DQ'HUODDWHQ DQG. 4 :HLQEHUJH!I
YROXWLRQDOUQHWIZER WMV 0~ LIQ alt arir ar! atr .>;i1] 4! C
‘11 17a&la ;! SS v

@' 6KHQ * :X DQG+ , 6XN }'HHS OHDUQL®A LIQ PHGLFD
]irtaa ! iée a0 7 GYROL 0SS v

@ 0 %XGD $ ODNL DQGO $ OD]XURZVNL }$VI\VWHPDWLF
SUREOHP LQ FRQYROXWLROD® QIHYIRIO QHWIERUNV ~

@ 6 .KDQ 0 1DVHHU 0 +D\DW 6 : =DPLU ) 6 .KDQ DQG (
YLVLRQ $ VK&IYH\ ~i4>1]id4 YROXiI QR V SS v

@ 3 -LDQJ " (UJX ) /LX < &DL DQG % OD }$UHYLHZRI\R(
Ul'ldie O &! .>:iIMRA i 4iSS v

@ & &KHQ = =KHQJ 7 ;X 6 *XR 6 )HQJ : <DR DQG < /D
QRORJ\ $UHYLHZRIWKHUHVHDUHRDQGQRYV DSSOLFDWL



SFNQRZOHGJPI

"XULQJP\LQWHUQVKLSDQG VXEVHTXHQWO\IRUP\WKHVLV UI
'"URPW "'XULQJWKLVSHULRGZKHUH,ZRUNHGFORVHO\WRJH\
WXQLW\WROHDUQIURPWDOHQWHG SHRSOHDQGWRIDPLOLTEL
, ZRXOGOLNHWRWKDQNP\FROOHDJXHVLQ 'URPWIRUKHOSL
DSSURSULDWHWHFKQRORJ\ KHOSLQJFUHDWLQJWKHGDWD
DQG xQDOO\N\IRUWKHDVVLVWDQFHLQ ZULWLQJWKLV WKHVL)



