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ODVWHU RI 6FLHQFH 'HJU
SURJUDPPH LQ *HR LQIRL
6FLHQFH DQG (DUWK 2EV

$SFDGHPLF \HDU

8QLYHUVLW\ RI 7ZHQWH )DFXOW\ ,7&
%XUHDX (GXFDWLRQ DQG 5HVHDUFK 6XSSR
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%XUHDX (GXFDWLRQ DQG 5HVHDUFK 6XSSRUW

'$7(35,17("

(0s$,/
HGXFDWLRQ LWF#XWZHQWH QO

3267%/ $''5(66
32 %R]

$( (QVFKHGH
7KH 1IHWKHUODQGV

(%6,7(
Z22Z LWF QO

&23<5,*+7

<« ,7& )DFXOW\ Rl *HR ,QIRUPDWLRQ 6FLHQFH DQG (DUWK 2EVHUY
7ZHQWH 7KH 1HWKHUODQGYV

7TH[W DQG QXPHULFDO PDWHULDO IURP WKLY SXEOLFDWLRQ PD\ E
SKRWRFRS\LQJ RU E\ DQ\ RWKHU PHDQV ZLWK WKH SHUPLVVLRQ

38%/,6+(" %<
8QLYHUVLW\ RI 7ZHQWH

JDFXOW\ RI *HR ,QIRUPDWLRQ 6FLHQFH DQG (DUWK 2EVHUYDWLRC(
%XUHDX (GXFDWLRQ DQG 5HVHDUFK 6XSSRUW
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7KLV VWXG\ JXLGH SURYLGHVY DQ RYHUYLHZ RI WKH ODVWHU V SU|
2EVHUYDWLRQ DQG WKH VWXG\ XQLWV RI WKH SURJUDPPH IRU W
RYHUYLHZ RI WKH OHDUQLQJ RXWFRPHVY DQG WKH VWUXFWXUH RI
YDULRXV UROHV ZLWKLQ WKH SURJUDPPH

(DFK VWXG\ XQLW Rl WKH VWXG\ SURJUDPPH LV GHVFULEHG LQ W
FROQWHQWV WHDFKLQJ DQG OHDUQLQJ DSSURDFK WHVW SODQ D

TKURXJK WKLV VWXG\ JXLGH ZH KRSH WR SURYLGH \RX LQVLJKW
RITHU 7KH SURJUDPPH PDQDJHU FDQ EH FRQWDFWHG IRU IXUWKF
JRU IXUWKHU LQIRUPDWLRQ DERXW D VSHFLILF VWXG\ XQLW WK

6XFFHVV ZLWK \RXU VWXGLHV
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(/1&20( 72 7+( 0$67(576 352*5$00( *(2
11)250%$7,21 6&,(1&( $1' ($57+ 2%6(59%

7KH ODVWHUYfV 3URJUDPPH *HR ,QIRUPDWLRQ 6FLHQFH DQG (DUWK 2EVHUYDWLRQ
WDXJKW IXOO0\ LQ (QJOLVK GHGLFDWHG WR XQGHUVWDQGLQJ WKH HDUWKTV V\VW
LQIRUPDWLRQ 6FLHQFH DQG (DUWK 2EVHUYDWLRQ KDV LQ UHFHQW \HDUV ZLWQH
JHRJUDSKLF LQIRUPDWLRQ KDV EHFRPH D YLWDO DVVHW WR VRFLHW\ DQG SDUW
VSDWLDO GDWD UHTXLUH FORXG FRPSXWLQJ DQG QHZ WHFKQRORJ\ WR WXUQ WKH

7KH JURZLQJ UDQJH RI JOREDO FKDOOHQJHV IURP FOLPDWH FKDQJH DQG UHVRXUF
GLVHDVHV WKDW RXU VRFLHW\ DQG LQ SDUWLFXODU WKH PRUH YXOQHUDEOH SR¢
DFDGHPLF SURIHVVLRQDOV ZKR KDYH WKH DELOLW\ DWWLWXGHY DQG VNLOOV WR
LQQRYDWLYH ZLWK SRVLWLYH VRFLHWDO LPSDFWV 2XU HGXFDWLRQ IRFXVHV RQ C
LQIRUPDWLRQ DQG HDUWK REVHUYDWLRQ DSSOLFDWLRQV

,W V DQ LQWHUQDWLRQDO SURJUDPPH

7TKURXJKRXW RXU SURJUDPPH LW LV RXU DPELWLRQ WKDW VWXGHQWYVY EHFRPH LQ
DQG FUHDWH QHZ LQVLJKWYV IRU DQDO\VLQJ PRGHOOLQJ DQG YLVXDOLVLQJ WKH Vv
SUREOHPV IDFLQJ RXU VRFLHW\ ([DPSOHV LQFOXGH GHVLJQLQJ VXVWDLQDEOH PD
DVVHVVLQJ HFRV\VWHP VHUYLFHV IRU DJULFXOWXUDO LQGXVWULDO DQG XUEDQ
GHYHORSPHQW VWUDWHJLHYVY DQG FKDUDFWHULVLQJ VHWWOHPHQW G\QDPLFV DQC
LQWHIJUDWLRQ RI NQRZOHGJH LV FDUULHG RXW LQ D PXOWLFXOWXUDO DQG LQWH!
LQGLYLGXDO DVVLIQPHQWY ,QWHUQDWLRQDOLVDWLRQ LV DQ LPSRUWDQW DVSHF!
DUH VWLPXODWHG WR LPDJLQH QHZ ZD\V WR VROYH SUREOHPVY DQG FUHDWH YDOX
GLIITHUHQFHYV

0 *(2 LV WKHUHIRUH DQ LQWHUQDWLRQDO SURJUDPPH ZKLFK KDV EHHQ DZDUGHC
RQH RI WKH YHU\ IHZ 'XWFK DFDGHPLF ODVWHUYfVY SURJUDPPHV WR KDYH HDUQHG
HGXFDWLRQ )XUWKHUPRUH ,7& LV RQH RI WKH ZRUOGV WRS UDQNLQJ UHVHDUFK
SURJUDPPH WR EXLOG RQ WKH LQSXW RI KLJK FODVV UHVHDUFK

7KH SURJUDPPH LV QRW RQO\ LQWHUQDWLRQDO LQ LWV HGXFDWLRQ EXW LWV IDI
HQYLURQPHQW LQ ZKLFK VWXGHQWY IHHO FRPIRUWDEOH DOORZLQJ WKHP WR JUR
JUDGXDWHV VWXGHQWY DQG WHDFKHUV ZKR UHPDLQ LQ OLIH ORQJ FRQWDFW LQ |
7KLV JOREDO QHWZRUN DOORZV XV DV D IDFXOW\ WR JHQHUDWH DQG H[FKDQJH N¢(
VWXGHQWY ZLWK WKH NQRZOHGJH DQG VNLOOV WR DGGUHVV FKDOOHQJHV WKDW I

KR DUH RXU VWXGHQWV"

6WXGHQWYV RI WKH 0 *(2 3URJUDPPH DUH \RXQJ JUDGXDWHY DQG PLG FDUHHU SURI
WR SHUIRUP LQ UHVHDUFK WKDW LV PRVWO\ SUREOHP GULYHQ RU ZKR UHTXLUH [
SUDFWLFH 7KH 0 *(2 SURJUDPPH HQDEOHV WKHP DV JUDGXDWHVY WR DGGUHVV ZRU
NQRZOHGJH DUHDV RI *HR ,QIRUPDWLRQ 6FLHQFH DQG (DUWK 2EVHUYDWLRQ DQG
PRGHO GHYHORSPHQW ZKLOH WDNLQJ LQWR DFFRXQW ERWK HQYLURQPHQWDO DQ
GHYHORS WKHVH VNLOOV LQ DQ LQWHUQDWLRQDO FODVVURRP DQG DUH WKHUHIRL
ERUGHUV RI WKH (8 7KH VWXGHQWY MRLQLQJ WKH SURJUDPPH FRPH WR OHDUQ IL
WKH 1IHWKHUODQGY EXW DUH SDUWLFXODUO\ NHHQ WR OHDUQ DERXW WKH DSSOI
FKDOOHQJHV IDFHG DUH RIWHQ JUHDWHU

:KDW V WKH FRQWHQW RI WKH SURJUDPPH"

,Q WRGD\YV ZRUOG VSDWLDO LQIRUPDWLRQ LV HYHU\ZKHUH SURYLGLQJ HYHU PR
DV WKH NH\ WR VROYLQJ FRPSOH[ LVVXHV WKDW PD\ LQYROYH IRU H[DPSOH

e KHOSLQJ WRRRFEK VH¥EWUDWYDQFLQJ WKH OLYHOLKRRGV RI VPDOOKROGHU IDUPH

e« HYDOXDWLQJ DQG SODQQLQJ KHDOWK LQIUDVWUXFWXUH UGMNHPISISR QW DQHED IN
HSLGHPLFV

e PDNLQDQG ULJKWVIPDWSIUQFKHDSHU HDVLHU DQG PRUH UHVSRQVLEOH

e KHOSLQJ HPHUJLQJ HFRQRPRW W E\VDRSIWVR MEGU L W\

e XVLQJ 839V IRU BYVEVWHM UHVLOLHQFH

e SURPRWQBDJ\ WUDWNURXRQH[SORUDWLRQ RI JHRWKHUPDO HQHUJ\ VRXUFHV DC
HQHUJ\ VRXUFHV

e GHVLJQLQJ IUDFHIRWNWD WG FORXBGVFHRIPGX\SD@ILDO DQDO\VLV

e KHOSLQJ WR DFKLHYH VXVWDLQOEDXV Y RFLDOUE BQ XPRRPIXDQWLHYV

0 *(2 JUDGXDWHY DUH SURYLGHG ZLWK WKH NQRZOHGJH DQG WRROV UHTXLUHG IR
PRUH 7R DFKLHYH WKLV WKH SURJUDPPH LV DFFHVVLEOH WR D ZLGH UDQJH RI %t
EDFNJURXQG WR RQH RI WKH IROORZLQJ SURJUDPPH VSHFLDOL]DWLRQV WKH\ FDC(

0 *(2 VSHFLDOL]DWLRQV

¢ $SSOLHG 5HPRWH 6HQVLQJ IRURD UMKREHLARRHAML VK WR H[SORUH IRU HDUWK DQ
2
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IXWXUH GHPDQGV IRU HQHUJ\ DQG PLQHUDOV

e *HRLQIRUPDIWWUFWKRVH ZKR ZLVK WR GHYHORS WHFKQRORJLHV UHTXLUHG IRU C

e *HR LQIRUPDWLRQ ODQDJHPHQW IRU IRQGMKEPLIQ IZ\KWR ULLW KRWR XVH FDGDVWUDO
DSSO\LQJ UHVSRQVLEOH ODQG DGPLQLVWUDWLRQ VROXWLRQV

e 1DWXUDO +D]DUGY DQG 'LVDVWIRW 5UKR\5H G K RWILRK WR SUHGLFW DQG PRQLWR
RXU UHVLOLHQFH WR GLVDVWHUV

e 1DWXUDO 5HVRXUFHV 0RQDVKRWOWKR ZLVK WR XWLOL]H JHR VSDWLDO GDWD W
UHVRXUFHV

e S8UEDQ 30DQQLQJ DQG ORQDNKRWB\EKR ZLVK WR XQGHUVWDQG G\QDPLF XUEDQ
PDNH FLWLHV FRPSHWLWLYH FRPSDFW VXVWDLQDEOH LQFOXVLYH DQG UHVL(

e :DWHU 5HVRXUFHV DQG (QYLURQPHRWWXRDRZKRPARQWK WR XVH HDUWK REVHUY
WHFKQLTXHV WR FUHDWH VDIH DQG VXVWDLQDEOH ZDWHU PDQDJHPHQW VROXW

+RZ LV WKH SURJUDPPH RIITHUHG"

7KH SURJUDPPH VWUXFWXUH LV YLVXDOL]HG LQ WKH LQWHUDFWLYH LQWHUIDFH R
EULQJLQJ WKH SDUWLFLSDQWYV ZLWK WKHLU GLIITHUHQW %6F EDFNJURXQGV WRJH\
LQIRUPDWLRQ 6FLHQFH DQG (DUWK 2EVHUYDWLRQ 7KH UHPDLQGHU RI WKH ILUVW
VSHFLDOL]DWLRQ VXSSOHPHQWHG ZLWK SUHSDUDWLRQ IRU DFDGHPLF UHVHDUFK

7KH VHFRQG \HDU Rl WKH SURJUDPPH OHDYHV DPSOH IUHHGRP IRU VWXGHQWYV WR
DQ LQGLYLGXDO 06F UHVHDUFK SURMHFW XQGHU WKH JXLGDQFH Rl H[SHULHQFHG
FDQ IXUWKHU FRPSOHPHQW WKHLU DFDGHPLF SURJUDPPH ZLWK D ZLGH VHOHFWLF
VWXGHQWY WR HLWKHU VSHFLDOL]H IXUWKHU RU EURDGHQ WKHLU NQRZOHGJH RI
VSDFH \RX FDQ DOVR FKRRVH WR GR DQ LQWHUQDWLRQDO LQWHUQVKLS 7KH SU
PXOWLGLVFLSOLQDU\ ZRUN LQ ZKLFK WKH LQWHUQDWLRQDOLVDWLRQ RI WKH SUR

*UDGXDWLQJ ZLWK FRPSHWHQFLHY GHPDQGHG E\ WKH MRE PDUNHW

0 *(2 LV WKH LGHDO SURJUDPPH IRU VRPHRQH ZKR ZLVKHV WR HQKDQFH WKHLU FR
FKDQJH GLVDVWHU UHVLOLHQFH JOREDO KHDOWK DQG IRRG VHFXULW\ [URP D Jt
SHUVSHFWLYH HQVXUHV WKDW WKH FDXVH HIIHFW UHODWLRQV RI D VROXWLRQ FI
Rl WKHLU JHRJUDSKLFDO LPSDFW :KHWKHU \RX OLNH WR RIIHU LQ GHSWK NQRZOF
FKDOOHQJHV WKH 0 *(2 SURJUDPPH RITHUV WKH RSSRUWXQLW\ WR VHW \RXU RZQ
\RX WKH RSSRUWXQLW\ WR EXLOG DQ LQWHUQDWLRQDO SURIHVVLRQDO QHWZRUN
SDUWLFLSDQWYV IURP WKH HQWLUH ZRUOG 7KH SURJUDPPHTV IRFXV LV RQ FKDOO
DIITHFWLQJ XV LQ (XURSH -RLQLQJ O *(2 PHDQV \RX ZLOO VWXG\ WRIJHWKHU ZLWK ¢
IURP RXWVLGH (XURSH

$ JUDGXDWH RI 0 *(2 LV FDSDEOH RI XQUDYHOOLQJ JHRVSDWLDO SURFHVVHV DQG ¢
SUREOHPV DV DQ DSSOLHG VFLHQWLVW RU D JHR LQIRUPDWLRQ FRQVXOWDQW 0 *{(
WHFKQLFDO VSHFLDOLVWY DQG GHFLVLRQ PDNHUV 7KH\ DUH HTXLSSHG WR WUDC
YHUVD WUDQVODWH WHFKQLFDO DQG VFLHQWLILF UHVXOWY LQWR SROLF\ DGYLF

YXUWKHUPRUH JUDGXDWHYV FDQ FRPPXQLFDWH ERWK RUDOO\ DQG LQ ZULWLQJ RC
7KH\ KDYH OHDUQHG WR H[SODLQ DQG FRQWUDVW FXOWXUDO DQG FRQWH[WXDO G
YLVXDOL]DWLRQ RI VSDWLDO LQIRUPDWLRQ &RPPXQLFDWLRQ DQG LQWHUQDWLRQ
PXOWL FXOWXUDO HQYLURQPHQW
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7KH WZR \HDU SURJUDPPH (& LV EXLOW XS RXW Rl TXDUWLOHYV SHU \HDU RI
VW RI 6HSWHPEHU DQG WKH WK TXDUWLOH HQGV LQ -XO\

3HULRG 7LPH
VW SHULRG

&RIIHH WHD EUHDN
QG SHULRG

/IXQFK EUHDN
UG SHULRG

&RIIHH WHD EUHDN
WK SHULRG
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352*5%$00( 67588&785(

7KLV VWXG\ JXLGH RITHUV \RX WKH RSSRUWXQLW\ WR FRQVWUXFW \RXU RZQ SURJ
WKHUH DUH D IHZ ERXQGDU\ FRQGLWLRQV 7KH SURJUDPPH RIIHUV FRPPRQ FRXUV
FRPPRQ FRXUVHV DUH PDQGDWRU\ DV \RX FDQ VHH LQ WKH RYHUYLHZ 7KHVH FDQ(
FRXUVHV 8VXDOO\ VWXGHQWY FKRRVH D SUHGHILQHG WUDFN RI FRXUVHV ZLWK
VSHFLDOL]DWLRQ RXW RI WKH DYDLODEOH VSHFLDOL]DWLRQ FRXUVHV $SSURYDO
PDQDJHU ,Q WKH ILUVW DQG VHFRQG \HDU WKHUH DUH D QXPEHU RI HOHFWLYH)\

30HDVH H[SORUH WKH LQWHUDFWLYH VWXG\ JXLGH DQRQIWDRW KAPKHH VIVXKXGE WL K QW

&RPPRQ
— 7KHVLV

$FDGHPLF 6NLOOV $FDGHPLF 6NLOOV $FDGHPLF 6NLOOV $FDGHPLF 6NLOOV

*6 56 IRU *HRVSDWLDO *OREDO &KDOOHQJHV /RFDO
6ROXWLRQV $FWLRQ

*HRVSDWLDO GDWD FRQFHSWV
DFTXLVLWLRQ DQG PDQDJHPHQW

*HRVSDWLDO DQDO\VLV DQG
LQWHUSUHWDWLRQ

(&

06F SHVHDUFK 3URSK 06F 5SHVHDUFK 3URSF 06F 5SHVHDUFK 3URSK 06F 5HVHDUFK 3URSH
7KHVLV :ULWLQJ 7KHVLV :ULWLQJ 7KHVLV :ULWLQJ 7KHVLV :ULWLQJ

(&
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(YHQWYV
,QWURGXFWLRQ ZHHN $XIXVW WKURXJK
2SHQLQJ $FDGHPLF <HDU 87 ORQGD\ 6HSWHPEHU

'LHV 1DWDOLV 87

5HVHDUFK 7KHPHV ,QWURGXFWLRQ
&KULVWPDV GULQNYV

1HZ <HDU V FRIIHH

06F WRSLF PDUNHW

&DUHHU (YHQW

,QWHUQDWLRQDO )RRG JHVWLYDO

+ROLGD\V DQG %UHDNV

,1752'8&7,2:

6HSWHPEHU

:LQWHU EUHDN '"HFHPEHU WKURXJIK -DQXDU\
6SULQJ EUHDN JHEUXDU\ WKURXJIK ODUFK
*RRG )ULGD\ JULGD\ $SULO

(DVWHU ORQGD\ ORQGD\ $SULO

.LQJYV 'D\ 7KXUVGD\ $SULO

/ILEHUDWLRQ 'D\ JULGD\ 0D\

$VFHQVLRQ EUHDN 7TKXUVGD\ 0D\ DQG )ULGD\ 0D\
‘KLW ORQGD\ ORQGD\ 0D\

6XPPHU EUHDN -X0\ WKURXJK 6HSWHPEHU
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(IDPLQDWLRQ %RDUG
7KH ([DPLQDWLRQ %RDUG LV WKH ERG\ WKDW GHWHUPLQHV DXWRQRPRXVO\ DQG RI
(GXFDWLRQ DQG ([DPLQDWLRQ 5HIXODWLRQV VHW RQ WKH NQRZOHGJH XQGHUVWI

([DPLQHU
7KH LQGLYLGXDO ZKR KDV EHHQ DSSRLQWHG E\ WKH ([DPLQDWLRQ %RDUG WR DGPI

OHQWRU
7KH IDFXOW\ PHPEHU ZKR LV WKH ILUVW SRLQW RI FRQWDFW IRU D VWXGHQW IRU

3URJUDPPH &RPPLWWHH
7KH 3URJUDPPH &RPPLWWHH LV FRPSRVHG RI ERWK WHDFKHU DQG VWXGHQW PHPE
((5 RQ VSHFLILF WRSLFV DQG FDQ RIIHU DGYLFH RQ DOO PDWWHUV UHODWHG WR

3URJUDPPH 'LUHFWRU
7KH SHUVRQ DSSRLQWHG E\ WKH '"HDQ WR EH WKH JRYHUQLQJ KHDG RI D ODVWHUT
3URJUDPPH 'LUHFWRU LV UHVSRQVLEOH IRU WKH GHYHORSPHQW DQG TXDOLW\ RI"

3URJUDPPH ODQDJHU
7KH SHUVRQ ZKR LV UHVSRQVLEOH IRU WKH SODQQLQJ RUJDQL]JDWLRQ LPSOHPHC

6WXG\ 8QLW &RRUGLQDWRU
(DFK VWXG\ XQLW LV FRRUGLQDWHG E\ D VFLHQWLILF VWDII PHPEHU 7KH 6WXG\ 8
H[HFXWLRQ RI WKH HQWLUH VWXG\ XQLW DQG LV ILUVW SRLQW RI FRQWDFW IRU "'

6WXG\ $GYLVHU
)DFXOW\ PHPEHU DSSRLQWHG E\ WKH '"HDQ Rl WKH )DFXOW\ WR DFW DV D FRQWDFV
UHSUHVHQWV WKH LQWHUHVWYV RI WKH VWXGHQWY DV ZHOO DV IXOILOOLQJ DQ D¢

6WXGHQW $IIDLUV 2IILFHUV

,7& 6WXGHQW $IIDLUV 2IILFHUV SURYLGH ,7& VWXGHQWYV ZLWK LQIRUPDWLRQ DGY
2FFDVLRQDOO\ D VWXGHQW PD\ KDYH D VHULRXVY SUREOHP 6WXGHQW $IIDLUV 211
ZKHUH EHVW WR VHHN DVVLVWDQFH (YHU\WKLQJ \RX WHOO WKHP LV WUHDWHG ZL

6XSHUYLVRU
$00 ODVWHU V SURJUDPPH VWXGHQWY ZLOO EH DVVLJQHG D 6XSHUYLVRU IRU WKH
RI WKHLU 06F 5HVHDUFK
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BURJUDPPH OHDUQLQJ RXWFRPHV RI WKH ODVWHUYfV 3URJUDPPH *HR LQIRUPDWLR(

GHILQHG LQ

WKH ((5

$W WKH VXFFHVVIXO FRPSOHWLRQ RI WKH ODVWHUYfV SURJUDPPH WKH VWXGHQW |

'RPDLQ DFDG
ILHOG

HPLF

,GHQWLI\ DQG H[SODLQ SULQFLSOHV FRQFHSWV PHWKRGV DQG WHF

HDUWK REVHUYDWLRQ

$QDO\WH SUREOHPV DQG FDVHV IURP D JHR VSDWLDO SHUVSHFWLY

8VH DQG GHVLJQ PRGHOV WR VLPXODWH RU VWXG\ SURFHVVHV LQ

$SSO\ SULQFLSOHV FRQFHSWV PHWKRGY DQG WHFKQLTXHV LQ WKH
GRPDLQ WR VROYH VFLHQWLILF DQG SUDFWLFDO SUREOHPV

,QGHSHQGHQWO\ GHVLJQ DQG FDUU\ RXW UHVHDUFK LQ WKH GRPDL

6FLHQWLILF

$QDO\VH LVVXHV LQ DQ DFDGHPLF PDQQHU DQG IRUPXODWH MXGJPH

$QDO\WH VFLHQWLILF DQG SUDFWLFDO GRPDLQ SUREOHPV LQ D V\VW
IRU WKHVH SUREOHPV LQ D VRFLHWDO FRQWH[W

&RPPXQLFDWH ERWK RUDOO\ DQG LQ ZULWLQJ RQ ILQGLQJV RI UHVH

([SORUH WKH WHPSRUDO DQG VRFLDO FRQWH[W RI JHR LQIRUPDWLR(
LQVLIKWY LQWR VFLHQWLILF ZRUN

,QWHUQDWLF

RQDOL]DWLRQ

([SODLQ DQG FRQWUDVW FXOWXUDO DQG FRQWH[WXDO GLIIHUHQFH
YLVXDOL]DWLRQ RI VSDWLDO LQIRUPDWLRQ

2SHUDWH SURIHVVLRQDOO\ DQG HWKLFDOO\ LQ D PXOWL FXOWXUDO

*HQHUDO

&ULWLFDOO\ UHIOHFW RQ RZQ DQG RWKHU V ZRUN

6WXG\ LQ D PDQQHU WKDW LV ODUJHO\ VHOI GLUHFWHG DQG DXWRQ

R

7KHVH OHDUQLQJ RXWFRPHV DW SURJUDPPH OHYHO DUH ZRUNHG RXW LQWR VSHFL
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&RXUVH

3HULRG 6HSWHPEHU -X0\
(&

&RXUVH FRRUGLQDWRU GU & $ +HFNHU

,1752'8&7,21

7KLV FRXUVH SURYLGHY VWXGHQWY ZLWK WKH IRXQGDWLRQDO NQRZOHGJH DQG V
GRPDLQ ZLWKLQ *HR LQIRUPDWLRQ 6FLHQFH DQG (DUWK 2EVHUYDWLRQ 7KH FRXU’
LQ VFLHQWLILF UHVHDUFK ZLWK VNLOOV IRU GHVLJQLQJ DQG H[HFXWLQJ DQ LQGI
WR UHIOHFW XSRQ WKHLU RZQ ZRUN DQG WKDW RI RWKHUV ZLOO EH GHYHORSHG

&217(17
e +DQGOLQJ VFLHQWLILF LQIRUPDWLRQ
)LQG UHOHYDQW UHSXWDEOH DQG XS WR GDWH VFLHQWLILF OLWHUDWXUH
6WRUH PDQDJH DQG XVH ELEOLRJUDSKLF GDWD ZLWK D UHIHUHQFH PDQDJ|
5HVSRQVLEOH XVH RI $, %RWV LQ DFDGHPLF ZRUN
$YRLG SODJLDULVP
e &ULWLFDO UHDGLQJ
$EVWUDFW DQG VXPPDUL]H LQIRUPDWLRQ IURP VFLHQWLILF SXEOLFDWLRQ"
(YDOXDWH WKH VFLHQWLILF TXDOLW\ Rl DQ DUWLFOH EDVHG RQ D VHW RI
e 2SHQ 6FLHQFH
,QWURGXFWLRQ WR 2SHQ 6FLHQFH
6XSSRUW UHXVH RI UHVHDUFK GDWD ZLWK JRRG 5HVHDUFK 'DWD ODQDJHPHC
e« 6FLHQWLILF FRPPXQLFDWLRQ
'"HVLJQ DQG SURGXFH JUDSKLF LOOXVWUDWLRQV PDSV FKDUWV GLDJUDP
GDWD DQG LQIRUPDWLRQ
3UHSDUH DQG GHOLYHU DQ RUDO SUHVHQWDWLRQ WR FRPPXQLFDWH DVSHI
:ULWH D ZHOO VWUXFWXUHG DQG ORJLFDOO\ DUJXHG MXVWLILFDWLRQ IRU
e &ULWLFDO DWWLWXGH
*LYH DQG UHFHLYH SHHU IHHGEDFN LQ RUGHU WR VWLPXODWH OHDUQLQJ D¢
&ULWLFDOO\ UHIOHFW RQ VXLWDEOH UHVHDUFK WRSLF DQG DFWLYHO\ GUL
VXSHUYLVRU

7($&+,1* $1' /($51,1* $3352%&+
7THDFKLQJ DQG OHDUQLQJ LQYROYHV D PL[ RI GLIIHUHQW W\SHV RI DFWLYLWLHV L
VWXG\ $FWLYH SDUWLFLSDWLRQ DQG FULWLFDO UHIOHFWLRQ DUH VWLPXODWHG

7(676
6WXGHQWYV ZLOO EH HYDOXDWHG RQ WKH EDVLV Rl RQH ZULWWHQ DVVLJQPHQW SH
ZKLOH DVVLJQPHQW RI 4 DQG 4 DUH FRPELQHG IRU WKH ILQDO JUDGH 7K

UHSDLU RSSRUWXQLWLHV 7KLV HQWDLOV WKDW WKH UHSDLU RI DVVLJQPHQW 4 D

1RWH &RPSOHWLQJ WKH $FDGHPLF 6NLOOV FRXUVH ZLWK D SDVV PDUN LV D SUHL
7KLV UHTXLUHV SDVVLQJ WKH 4 DQG 4 DVVLJQPHQW ZLWK 33DVV" DQG KDYLQJ D Z
WKH SDVV JUDGH

(175< 5(48,5(0(176
$V IRU HQWU\ WR WKH SURJUDPPH

/($51,1* 287&20(6
8SRQ FRPSOHWLRQ RI WKLV FRXUVH WKH VWXGHQW LV DEOH WR

12 $SSO\ EDVLF DFDGHPLF VNLOOV IRU KDQGOLQJ VFLHQWLILF LQIRUPDWLRQ

12 &ULWLFDOO\ UHDG DQG HYDOXDWH WHFKQLFDO DQG VFLHQWLILF OLWHUDWX!
12 'HYHORS DQ DSSURSULDWH UHVHDUFK GHVLJQ WR DGGUHVV D VFLHQWLILF SU
/2 (IMHFWLYHO\ FRPPXQLFDWH UHVHDUFK SURFHVV DQG RXWFRPHV WR SHHUV D(

10
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7THDFKLQJ OHDUQLQJ PHWKRG
/IHFWXUH

7XWRULDO

,QGLYLGXDO DVVLIJQPHQW

6HOI VWXG\

+RXUV

&20021

11
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7(673/$1
/IHDUQLQJ 2XWFRPHV WKDW DUH I
/HDUQLQJ RXWFRPHV /2 RI WKH FRXUVH 7KH VW 4 < < <
” 13 ”
12 $SSO\ EDVLF DFDGHPLF VNLOOV IRU KDQGOLQJ VFLHQWLILF LQIRUPDWLRQ
” ”
12 &ULWLFDOO\ UHDG DQG HYDOXDWH WHFKQLFDO DQG VFLHQWLILF OLWHUDWXUH
”
12 'HYHORS DQ DSSURSULDWH UHVHDUFK GHVLJQ WR DGGUHVV D VFLHQWLILF SUREOHP
” b}
12 (I!THFWLYHO\ FRPPXQLFDWH UHVHDUFK SURFHVVY DQG RXWFRPHV WR SHHUV DQG VFLHQWLILF FRP

THVW W\SH $VVLIQPHOWVIQPHOWVIQPHOWVIQPH:

HLIJKW RI WKH WHVW

,QGLYLGXDO RU JURXS WHVW ,QGLYLGXD@QGLYLGXD@GLYLGXD@GLYLG>

7\SH RI PDUNLQJ 3DVV )DLO 3DVV )DLO

SHTXLUHG PLQLPXP PDUN SHU WHVW

1XPEHU RI WHVW RSSRUWXQLWLHV SHU DFDGHPLF \HDU

12
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/HDUQL:
RXWFRF
/2 RIV
FRXUVH
7KH

VWXGH (
ZLOO El
WR

$SSO\ EDVLF

DFDGHPLF

VNLOOV IRU "
KDQGOLQJ

VFLHQWLILF

LQIRUPDWLRQ

&ULWLFDOO\

UHDG DQG

HYDOXDWH ”
WHFKQLFDO DQG

VELHQWLILF

OLWHUDWXUH

'HYHORS DQ
DSSURSULDWH
UHVHDUFK
GHVLJQ WR
DGGUHVV D
VFLHQWLILF

SUREOHP

(ITHEWLYHO\
FRPPXQLFDWH
UHVHDUFK
SURFHVV DQG
RXWFRPHV WR
SHHUV DQG
VFLHQWLILF

FRPPXQLW\

&20021

/2 2) 7+( &2856( :,7+ 7+( 352*5$00( /($51,1* 287&20(6

13
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“12%$/ &+$//(1*(6 12&$/ $&7,21

&RXUVH

3HULRG YHEUXDU\ $SULO
(&

&RXUVH FRRUGLQDWRU GU 6 $PHU

,1752'8&7,21

*OREDO FKDOOHQJHV RI WKH VW FHQWXU\ VXFK DV WKH HIIHFWV RI FOLPDWH FK
VLPSO\ DGGUHVVHG DW WKH JOREDO OHYHO ZLWKLQ GLVFLSOLQDU\ ERXQGDULHV
UHJLRQDO DQG ORFDO OHYHO DQG DQ LQWHUGLVFLSOLQDU\ OHQV ,Q WKLV FRXU
JOREDO FKDOOHQJHV RI WKH VW FHQWXU\ DW PXOWLSOH VFDOHVY DQG WKH DGGH
LQWHUQDWLRQDOO\ UHFRJQL]J]HG NH\ JOREDO FKDOOHQJHV \RX ZLOO IXUWKHU VW
LQ SUHFHGLQJ FRXUVHV <RX ZLOO EHFRPH DZDUH RI ERWK WKH DGGHG YDOXH DC(
UHFRJQL]H WKH FRQWULEXWLRQ RI \RXU RZQ GLVFLSOLQH LQ DQDO\VLQJ JOREDO

7KH FRXUVH FRQVLVWYV RI WZR HOHPHQWYV PRYLQJ IURP D PXOW LLG VW HEBPGAIENG
\RX WR D VHW RI NH\ JOREDO FKDOOHQJHV ZKLFK KDYH EHHQ UHFRJQLJHG LQWHUC
HGXFDWLRQDO WUDFNV RI WKH 0ODVWHU *HR ,QIRUPDWLRQ 6FLHQFH DQG (DUWK 2E
DVVRFLDWHG GLVFXVVVRQRGL/ WORPWQKOWHUGLVFLSOLQDU\ DQG SURMHFW EDVF
JURXSV L H D UHJLRQ VSHFLILF FDVH VWXG\ WKDW UHIOHFWY D PL[ RI FKDOOHQ
PRUH LQ GHSWK DQG FROODERUDWLYHO\ GHVLJQ D UHVSRQVH SODQ VWUDWHJ\
VHH WKH FRQWHQW VHFWLRQ

&217(17

YRU HDFK VBORENHEKDPOHMDIWH FKDQJH UDSLG XUEDQL]DWLRQ LRUFREMHANMG QN
DQG PDQ PDGH KD]DUGV GHJUDGDWLRQ RI IUDJLOH HFRV\WVWHPV UHVRXUFH VFDI
FRXUVH SURYLGH DQ RYHUYLHZ RI

¢ SURFHVVHV DQG WUHQGV

e HIDPSOHV RI ORFDO LPSDFWYV

¢ WKH UROH RI *HR LQIRUPDWLRQ DQG (DUWK 2EVHUYDWLRQ WR DQDO\VH DQG PI
UHJLRQDO HIIHFWV DQG

e LQVWLWXWLRQDO IUDPHZRUNVY DQG DJUHHPHQWY DQG UHOHYDQW DFWRUV H J
IRU 'LVDVWHU 5LVN 5HGXFWLRQ 6)'55 6XVWDLQDEOH 'HYHORSPHQW *RDOV 81
JRRG DQG $JULFXOWXUH 2UJDQL]DWLRQ RI WKH 8QLWHG 1DWLRQV )$2 ZLWK U

e EDVLF SULQFLSOHV RI DQ LQWHUGLVFLSOLQDU\ DSSURDFK DQG KRZ WR FROO

LWK UHJDUG WR WKH LGQWRIMIGEWRBHROHBEDRIIND QAW XGHQWY ZLOO FKRRVH SURMHI
7KH SURMHFWYV DUH UHJLRQ VSHFLILF WKHPDWLF FDVH VWXGLHV WKDW UHIOHFW
&KDOOHQJHV LQ WKH &RDVWDO =RQH *HR +HDOWK (QHUJ\ WUDQVLWLRQ )RRG 6H
GLVFLSOLQDU\ DQG DQ LQWHUQDWLRQDO JURXS VHWWLQJ VWXGHQWY WKH OF

¢ $QDO\VH WKH ORFDO DQG RU UHJLRQDO HIIHFWV Rl JOREDO FKDOOHQJHV DQG
NQRZOHGJH DFTXLUHG LQ SUHFHGLQJ FRXUVHV

e QWHJUDWH GLIITHUHQW GLVFLSOLQDU\ FRQWULEXWLRQV DQG ORFDO H[SHULH
IUDPHZRUN RU SROLF\ UHFRPPHQGDWLRQ WR DGGUHVV WKH JOREDO FKDOOHQJ

¢ SHIOHFW RQ GLIITHUHQFHV LQ SHUFHSWLRQV HQFRXQWHUHG GXH WR WKHLU GI

7KH FRXUVH HQGV ZLWK D SOHQDU\ HYHQW ZKHUH DOO JURXSV ZLOO SUHVHQW WK

7($&+,1* $1' /($51,1* $3352%&+

/IHFWX DERXW JOREDO FKDOOHQJHV SURFHVVHV DQG WUHQGV SROLF\ IUDPHZRUN
Rl ORFDO LPSDFWV

'LVFXVVLRQ VHWRURKQWKHU SURFHVV WKH LQIRUPDWLRQ SURYLGHG E\ WKH OHFWX
GLVFLSOLQH SURMHFW JURXS

6XSHUYLVHG SURMHFWRIZRXE RRUDN VSHFLILF FDVH VWXG\ VWXGHQWYV

6HOI VWXG\

([FXUVLRQ RU GLYIFWYVILRYQLWHG H[SHUWV SHU FDVH VWXG\ SURMHFW

7(676

¢ ,QGLYLGXDO HVVD\

e *URXS SURMHFW

¢ QGLYLGXDO UHIOHFWLRQ UHSRUW

30HDVH QRWH WKH QG RSSRUWXQLW\ RI WKISDQGBLYLGXDO UHIOHFWLRQ UHSRUW

(175< 5(48,5(0(176
6XFFHVVIXO FRPSOHWLRQ RI WKH ,7& FRXUVH *,6 DQG 56 IRU *HRVSDWLDO 3UREO}!

14
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/($51,1* 287&20(6
8SRQ FRPSOHWLRQ RI WKLV FRXUVH WKH VWXGHQW LV DEOH WR

/2

/2
/2

/2
/2

/2

([SODLQ FERODODQIH W DHEEKNRZ WKHLU LPSDFWYV GLITHU BB URNYWIDEIE HVEND KADF
IUDPHZRUNY JOREDO DJUHHPHQWY UHODWHG WR WKH JOREDO FKDOOHQJHV D¢
&ULWLFDOO\ UHIOHFW RQ WKH FDSDFLW\ Rl JHR VSDWLDO GDWD PHWKRGV D
$SSO\ NQRZOHGJH DQG VNLOOV DFTXLUHG LQ SUHFHGLQJ FRXUVHV WR DQDO\
ORFDO UHJLRQDO OHYHO

-RLOQIV@DO\VH V\QWKRPAIB LR@PGWKH ORFDO DQG RUDUMIQ RIERE GO | FKEDOORQ JH
$SSO\ SURIHVVLRQDO VNLOOV RUDO FRPPXQLFDWLRQ IRUPXODWLQJ DQ DUJ:
UHVSRQVLELOLW\ UHDVRQDEOHQHVV UMW S HBWWKRQHBEDWER B CARDDIG\HQLYQ U
5HIOHFW RQ LQWHQQBW GRYEOSDQREBEMVFR GHYHORSLQJ ORFDO DFWLRQV FR(
LQGLFDWRUV SROLF\ UHFRPPHQGDWLRQ WR DGGUHVV JOREDO FKDOOHQJHV

$//2&$7( 7,0( 3(5 7($&+,1* $1' /($51,1* 0(7+2"
7THDFKLQJ OHDUQLQJ PHWKRG +RXUV

/IHFWXUH

6XSHUYLVHG SUDFWLFDO

7XWRULDO

:ULWWHQ RUDO WHVW

*URXS DVVLIQPHQW

6HOI VWXG\

15
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7(673/%$1

/HDUQLQJ 2XWFRPHV WKDW DUH I

QGLYLGXDO Zz
,QGLYLGXDO Z

*URXS SU

/HDUQLQJ RXWFRPHV /2 RI WKH FRXUVH 7KH VWXGHQW Z

([SODLQ FERPDMQIHW DHBEGKRZ WKHLU LPSDFWV GLITHU PEURMWIDBIBWIDSKLF DUHDYV
1
RQLQVWLWXWLRQDO IUDPHZRUNV JOREDO DJUHHPHQWY UHODWHG WR WKH JOREDO FKDOOHQJHYV I

OHFWXUHV

&ULWLFDOO\ UHIOHFW RQ WKH FDSDFLW\ Rl JHR VSDWLDO GDWD PHWK#RGVY DQG WRROV LQ DGGU

FKDOOHQJHV

$SSO\ NQRZOHGJH DQG VNLOOV DFTXLUHG LQ SUHFHGLQJ FRXUVHV WR DQDO\VH JOREDO FKDOOH

HITHFWV DW WKH ORFDO UHJLRQDO OHYHO

-RLQV@DO\VH V\QWARPFY B LEQGMKH ORFDO DQG RUDUWH DRIFIRE BOIHFWV R ”

FKDOOHQJH

$SSO\ SURIHVVLRQDO VNLOOV RUDO FRPPXQLFDWLRQ IRUPXODWLQJ DQ DUJXPHQW VFLHQWLILF
1
QHHGHG MXVWLFH UHVSRQVLELOLW\ UHDVRQDEQW®GNQDWLRQDHHFHQBRQHVW\ IRU ZRUNLQJ LQ

LQWHUGLWHBEPY @MW HQYLURQPHQWYV

5HIOHFW RQ LQWHQWBW GR TRICSHMBM FR GHYHORSLQJ ORFDO DFWLRQV FRQWH[W VSHFLILF

VWUDWHJI\ SODQ LQGLFDWRUV SROLF\ UHFRPPHQGDWLRQ WR DGGUHVV JOREDO FKDOOHQJHV
7THVW W\SH $VVLIQPHOWVIQPHQWVIQPH:
CHLJKW RI WKH WHVW

,QGLYLGXDO RU JURXS WHVW ,QGLYLGXDOURXS ,QGLYLG>
7\SH Rl PDUNLQJ

5HTXLUHG PLQLPXP PDUN SHU WHVW

1XPEHU RI WHVW RSSRUWXQLWLHYVY SHU DFDGHPLF \HDU

16
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/HDUQLQJ
RXWFRPHV
RI WKH FR
7KH VWXG
ZLOO EH T
WR

([SODLQ JOREDO
FKDOO BWQBHV
WUHRGE KRZ

WKHLU LPSDFWV
GLIIHU DFURVYV
JHRJUDSKLF DUHDV
FULW UFDGIRW 4
RQLQVWLWXWLRQDO
IUDPHZRUNV JOREDO
DIJUHHPHQWYV
UHODWHG WR WKH
JOREDO FKDOOHQJIHV
DGGUHVVHG LQ WKH

NH\QRWH OHFWXUHYV

&ULWLFDOO\ UHIOHFW
RQ WKH FDSDFLW\ RI
JHR VSDWLDO GDWD
PHWKRGV DQG "
WRROV LQ
DGGUHVVLQJ
VSHFLILF JOREDO

FKDOOHQJHV

$SSO\ NQRZOHGJH
DQG VNLOOV
DFTXLUHG LQ
SUHFHGLQJ
FRXUVHV WR
DQDO\VH JOREBO
FKDOOHQJHV DQG
WUHQGV DQG WKHLU
HITHFWV DW WKH
ORFDO UHJLRQDO

OHYHO

-RLQW/@D O\VH
VIQWKHVL]H DQG
FRPPXQLR®WH

WKH ORFDO DQG RU
UHJLRQDO HIIHFWYV RI
D VHOHPWEBO

FKDOOHQJH

&20021

/2 2) 7+( &2856( :,7+ 7+( 352*5$00( /($51,1* 287&20(6
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/HDUQLQJ
RXWFRPHYV
RI WKH FR
7KH VWXG
ZLOO EH C
WR

$SS0\

SURIHVVLRQDO VNLOOV
RUDO
FRPPXQLFDWLRQ
IRUPXODWLQJ DQ
DUJXPHQW
VFLHQWLILF GHEDWH
DQG HWKLFDO
YDOXHV QHHGHG
MXVWLFH
UHVSRQVLELOLW\
UHDVRQDEOHQHVV
UHVSHFW KRQHVW\
IRU ZRUNLQJ LQ
LQWHUQDWLRQDO DQG
LQWHUGLVFLSOLQDU)\
WHDPV DQG

HQYLURQPHQWYV

5HIOHFW RQ
LQWHUQDWLRQDO DQG
LQWHUGLVFLSOLQDU\
GLIIHURGRBRYV

FR GHYHORSLQJ
ORFDO DFWLRQV
FRQWH[W VSHFLILF
VWUDWHJ\ SODQ
LQGLFDWRUV SROLF\
UHFRPPHQGDWLRQ

WR DGGUHVV JOREDO

FKDOOHQJHV

&20021
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* 6 56 )25 *(263$7,$/ 62/87,216

&RXUVH
3HULRG 6HSWHPEHU 1RYHPEHU
(&

&RXUVH FRRUGLQDWRU GU 0 & &KLSRI\D

,1752'8&7,21

*HR ,QIRUPDWLRQ 6\VWHPV DQG 6FLHQFH *,6 DQG (DUWK 2EVHUYDWLRQ E\ 5HPRW
)DFXOW\ ,7& :H FRQFHQWUDWH RQ WKH XQGHUO\LQJ JHRVSDWLDO FRQFHSWV WKD
:LWK WKH KHOS RI *,6 DQG 56 ZH DOVR LQFUHDVH RXU XQGHUVWDQGLQJ RI DVSHF
FRQWULEXWLRQV WR VROXWLRQV IRU JOREDO FKDOOHQJHV VXFK DV WKH GHDOL(
IRUD PRUH VXVWDLQDEOH XVH RI RXU UHVRXUFHV

7KLV ILUVW TXDUWLOH HQWLWOHG *,6 DQG 56 IRU *HRVSDWLDO 3UREOHP 6ROYLC
FRXUVHV ,Q WKHVH FRXUVHV ZH DLP WR SURYLGH \RX ZLWK D JHQHUDO XQGHUVW
H[SHULHQFH LQ XVLQJ VRIWZDUH WRROV IRU KDQGOLQJ DQG SURFHVVLQJ JHRVSD
DOVR FKDOOHQJH \RX LQ GHYHORSLQJ DQ DWWLWXGH RI XVLQJ *,6 DQG 56 LQ GHD(
TXHVWLRQV UHO DWSHER W@HPNDIMQBREIOBO OHQJHY 7KH WKUHH FRXUVHV ZLOO WDNH
SUREOHP VROYLQJ F\FOH IURP WKH LGHQWLILFDWLRQ RI D JHRVSDWLDO SUREOHF
H[SORUDWLRQ RI PDSV LPDJHV DQG RWKHU JHRVSDWLDO GDWD WR WKH DQDO\VL'
JHQHUDWLRQ DQG FRPPXQLFDWLRQ RI JHRVSDWLDO LQIRUPDWLRQ QHHGHG IRU DC

&217(17

7KH WKUHH FRXUVHV LQ WKLV TXDUWLOH VKDUH D FRPPRQ VWUXFWXUH WKDW IRO
56 WRSLFV DUH QRW GHDOW ZLWK LQ LVRODWLRQ EXW DUH LQWHJUDWHG WKURX.
LQ SURGXFLQJ JHR LQIRUPDWLRQ WR KHOS ILQG VROXWLRQV IRU JHRVSDWLDO SU

&RXUVH *,6 DQG 56 IRU JHRVSDWLDO VROXWLRQV (&

,Q WKH ILUVW ZHHN RI WKLV FRXUVH ZH LQWURGXFH WKH JHRVSDWLDO SUREOHP
XVHV DQG XVHUV RI JHR LQIRUPDWLRQ IRU SUREOHP VROYLQJ DQG WKH QHHGV IF
LQIOXHQFH RI VRFLHWDO GLIIHUHQFHV LQ VHOHFWLQJ DSSURDFKHXLDQG SV RRGIL\
RI JHR LQIRUPDWLRQ LQ WKH FRQWH[W RI WKH 6XVWDLQDEOH '"HYHORSPHQW *RDO\
\RX ZLOO FDUU\ RXW D SURMHFW DVVLIJQPHQW LQ ZKLFK \RX DSSO\ HOHPHQWV RI
LQIRUPDWLRQ UHOHYDQW IRU D VSHFLILF JHRVSDWLDO SUREOHP LVVXH

7($&+,1% $1' /($51,1* $3352%&+
7KH ILUVW ZHHN RI WKH FRXUVH L H WKH ILUVW ZHHN RI TXDUWLOH FRQVLVW\
SOHQDU\ GLVFXVVLRQV ,Q WKH ODVW WZR ZHHNV Rl WKH FRXUVH L H ZHHNV D
DVVLIQPHQW

7(676
$SURMHFW DWSFHOLYHUDEOH RI WKH ZULWWHQ SURMHFW DVVLJQPHQW LV XVHG )
DFDGHPLF \HDU DQ RSSRUWXQLW\ H[LVWV RI LPSURYLQJ RQ L H UHSDLULQJ Wk
DVVLJQHG D PD[LPXP PDUN RI

(175< 5(48,5(0(176
2SHQ IRU VWXGHQWV LQ WKH ODVWHU RI 6FLHQFH GHJUHH SURJUDPPH/ KB YXRWQE
RWKHU FDQGLGDWHY ZLOO EH DVVHVVHG RQ DQ LQGLYLGXDO EDVLV

/($51,1* 287&20(6
8SRQ FRPSOHWLRQ RI WKLV FRXUVH WKH VWXGHQW LV DEOH WR

/2 $SSO\ WKH JHRVSDWLDO SUREOHP VROYLQJ DSSURDFK WR DGGUHVV D VSHFLI

/2  %XLOG D JHRVSDWLDO GDWD SURFHVVLQJ ZRUNIORZ DQG DSSO\ DSSURSULDW
LQFOXGLQJ WKH LQWHJUDWLRQ Rl GDWD DQG DQDO\VLV IXQFWLRQV

/2 ([SODLQ KRZ FRQWH[WXDO DQG FXOWXUDO GLIIHUHQFHV FDQ LQIOXHQFH WKH
SUHVHQWDWLRQ RI JHR LQIRUPDWLRQ WR D WDUJHW DXGLHQFH
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$//2&$7( 7,0( 3(5 7($&+,1* $1' /($51,1* 0(7+2"

7HDFKLQJ OHDUQLQJ PHWKRG
/JHFWXUH

*URXS DVVLIQPHQW
,QGLYLGXDO DVVLIQPHQW

6HOI VWXG\

+RXUV

&20021
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&20021

7(673/%$1

/HDUQLQJ 2XWFRPHV WKDW DUH I

BURMHFW DVVLJQP

/HDUQLQJ RXWFRPHV /2 RI WKH FRXUVH 7KH VWXGHQW ZLOO EH DEOH WR
7
12 $SSO\ WKH JHRVSDWLDO SUREOHP VROYLQJ DSSURDFK WR DGGUHVV D VSHFLILF JHRVSDWLDO SU}

/2 %XLOG D JHRVSDWLDO GDWD SURFHVVLQJ ZRUNIORZ DQG DSSO\ DSSURSULDWH PHWKRGV IRU GDV

LQWHJUDWLRQ Rl GDWD DQG DQDO\VLV IXQFWLRQV

12 ([SODLQ KRZ FRQWH[WXDO DQG FXOWXUDO GLIIHUHQFHV FDQ LQIOXHQFH WKH FROOHFWLRQ,DQG

LQIRUPDWLRQ WR D WDUJHW DXGLHQFH

7THVW W\SH $VVLIQPH:!
HLJKW Rl WKH WHVW

,QGLYLGXDO RU JURXS WHVW ,QGLYLG>
7\SH RI PDUNLQJ

SHTXLUHG PLQLPXP PDUN SHU WHVW

1XPEHU RI WHVW RSSRUWXQLWLHYVY SHU DFDGHPLF \HDU
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5(/$7,21 2) /($51,1* 287&20(6

/HDUQL
RXWFRF
/2 RI\
FRXUVH
7KH

VWXGH
ZLOO E
DEOH W

$SSO\ WKH
JHRVSDWLDO
SUREOHP
VROYLQJ
DSSURDFK WR
DGGUHVV D
VSHFLILF
JHRVSDWLDO

SUREOHP

%XLOG D
JHRVSDWLDO
GDWD
SURFHVVLQJ
ZRUNIORZ DQG
DSSO\
DSSURSULDWH
PHWKRGV IRU
GDWD » ”
DFTXLVLWLRQ
PDQDJHPHQW
DQG

DQDO\VLV
LQFOXGLQJ WKH
LQWHJUDWLRQ RI
GDWD DQG
DQDO\VLV

IXQFWLRQV

([SODLQ KRZ
FRQWH[WXDO
DQG FXOWXUDO
GLIIHUHQFHV
FDQ

LQIOXHQFH WKH
FROOHFWLRQ
DQG DQDO\VLV ” ”
RI JHRVSDWLDO
GDWD DQG
WKH
SUHVHQWDWLRQ
RI JHR
LQIRUPDWLRQ
WR D WDUJHW

DXGLHQFH

&20021

/2 2) 7+( &2856( :,7+ 7+( 352*5$00( /($51,1* 287&20(6
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&20021

*(263%$7,%/ '$7% &21&(376 $&48,6,7,21 $1' 0$1%*

&RXUVH
3HULRG 6HSWHPEHU 1RYHPEHU
(&

&RXUVH FRRUGLQDWRU GUV -3 * %DNJ

,1752'8&7,21

*HR ,QIRUPDWLRQ 6\VWHPV DQG 6FLHQFH *,6 DQG (DUWK 2EVHUYDWLRQ E\ 5HPRW
)DFXOW\ ,7& :H FRQFHQWUDWH RQ WKH XQGHUO\LQJ JHRVSDWLDO FRQFHSWV WKD
:LWK WKH KHOS RI *,6 DQG 56 ZH DOVR LQFUHDVH RXU XQGHUVWDQGLQJ RI DVSHF
FRQWULEXWLRQV WR VROXWLRQV IRU JOREDO FKDOOHQJHV VXFK DV WKH GHDOL(
IRUD PRUH VXVWDLQDEOH XVH RI RXU UHVRXUFHV

7KLV ILUVW TXDUWLOH HQWLWOHG *,6 DQG 56 IRU *HRVSDWLDO 3UREOHP 6ROYLC
FRXUVHV ,Q WKHVH FRXUVHV ZH DLP WR SURYLGH \RX ZLWK D JHQHUDO XQGHUVW
H[SHULHQFH LQ XVLQJ VRIWZDUH WRROV IRU KDQGOLQJ DQG SURFHVVLQJ JHRVSD
DOVR FKDOOHQJH \RX LQ GHYHORSLQJ DQ DWWLWXGH RI XVLQJ *,6 DQG 56 LQ GHD(
TXHVWLRQV UHO DWSHER W@HPHNDIMQLREIOBO OHQJHY 7KH WKUHH FRXUVHV ZLOO WDNH
SUREOHP VROYLQJ F\FOH IURP WKH LGHQWLILFDWLRQ RI D JHRVSDWLDO SUREOHF
H[SORUDWLRQ RI PDSV LPDJHV DQG RWKHU JHRVSDWLDO GDWD WR WKH DQDO\VL'
JHQHUDWLRQ DQG FRPPXQLFDWLRQ RI JHRVSDWLDO LQIRUPDWLRQ QHHGHG IRU DC

&217(17

7KH WKUHH FRXUVHV LQ WKLV TXDUWLOH VKDUH D FRPPRQ VWUXFWXUH WKDW IRO
56 WRSLFV DUH QRW GHDOW ZLWK LQ LVRODWLRQ EXW DUH LQWHJUDWHG WKURX.
RI DFTXLVLWLRQ PDQDJHPHQW DQG SUHSURFHVVLQJ RI JHRVSDWLDO GDWD :H DV
DERXW *,6 DQG YHFWRU UHODWHG GDWD DQG PRGHOV EXW UHTXLUH LQFUHDVHG X

&RXUVH *HRVSDWLDO GDWD FRQFHSWV DFTXLVLWLRQ DQG PDQDJHPHQW (&

,Q WKLV FRXUVH ZH ZLOO LQWURGXFH WKH PDLQ *,6 DQG 56 FRQFHSWV UHOHYDQW
GDWD :H ZLOO FRQVLGHU ERWK WKH XVH RI PDS GDWD DQG UHPRWH VHQVLQJ LP

¢ 6SDWLDO GDWD PRGHOV

¢ BULQFLSOHV Rl (OHFWUR ODJQHWLF UDGLDWLRQ

e 'DWD DFTXLVLWLRQ

¢ $QDO\]LQJ UHIOHFWHG DQG HPLWWHG UDGLDWLRQ
e QWURGXFWLRQ WR $WPRVSKHULF FRUUHFWLRQ

e *HRVSDWLDO GDWD PDQDJHPHQW DQG UHWULHYDO
¢ 6SDWLDO UHIHUHQFH V\VWHPV

¢ PDJH UHSURMHFWLRQ DQG UHVDPSOLQJ

¢ 9LVXDOLVDWLRQ SULQFLSOHVY DQG PDS FUHDWLRQ
e ,PDJH YLVXDOLVDWLRQ DQG FRORXU FRPSRVLWHV

7KLV FRXUVH LV FRQFOXGHG ZLWK D ZULWWHQ WHVW

7($&+,1* $1' /($51,1* $33528&+
7KH FRXUVH PDLQO\ FRQVLVWYV RI D PL[ RI OHFWXUHV SUDFWLFDOV DQG VHOI VW
WKURXJK OHFWXUHV ZKLFK DUH XVXDOO\ VFKHGXOHG LQ WKH PRUQLQJ 7KH VXEV
FRQFHSWV WR LQFUHDVH XQGHUVWDQGLQJ DQG DOVR DOORZ SDUWLFLSDQWV WR
SDUWLFLSDQWVY WR VWDUW XS SUDFWLFDO DFWLYLWLHYV DQG WR GLVFXVV WKH L¢
DQG VNLOOV GHYHORSPHQW 7RSLFV DUH XVXDOO\ ILQDOLVHG ZLWK SOHQDU\ ZUD
LVVXHV WKDW HPHUJHG IURP WKH OHFWXUH DQG SUDFWLFDO DUH GHDOW ZLWK 4
RQOLQH GLVFXVVLRQ IRUD )HOORZ VWXGHQWY DUH HQFRXUDJHG WR KHOS VROYL

2YHU WLPH WKH SUDFWLFDO LQVWUXFWLRQV EHFRPH OHVV LQVWUXFWLYH DQG PF
DWWLWXGH IURP SDUWLFLSDQWYV 7KLV DOVR KHOSV WR SUHSDUH IRU WKH SODQQ
ODWHU RQ LQ WKH SURJUDPPH DW ,7& ORVW SUDWLFDO H[HUFLVHV ZLOO KDYH D
FDQ EH DYDLODEOH IRU $UF*,6 DQG (5'$6

7(676
$ZULWWHQQVFHR/XWVH ZHHN RI TXDUWLOH DVVHVVHV WKH OHDUQLQJ RXWFRPH\V
DFDGHPLF \HDU

(175< 5(48,5(0(176
&RPSXOVRU\ FRXUVH IRU VWXGHQWYV LQ WKH ODVWHU RI 6FLHQFH GHJUHH SURJKH
VXLWDELOLW\ RI RWKHU FDQGLGDWHYV ZLOO EH DVVHVVHG RQ DQ LQGLYLGXDO ED'
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&20021

/($51,1* 287&20(6
8SRQ FRPSOHWLRQ RI WKLV FRXUVH WKH VWXGHQW LV DEOH WR

12

/2

12
12

/2

([SODLQ WKH UHOHYDQW FRQFHSWV LQ JHR LQIRUPDWLRQ VFLHQFH IRU WKH [
JHR GDWDEDVHV

"HILQH VSDWLDO UHIHUHQFH VIVWHPV FRRUGLQDWH V\VWHPV DQG SURMHFWIL
GDWD LQWHJUDWLRQ ZLWK DQ HPSKDVLV RQ LPDJHV

([SODLQ HOHFWURPDJQHWLF UDGLDWLRQ DQG WKH PDLQ SURFHVVHV RI LWV L
$SSO\ DWPRVSKHULF FRUUHFWLRQ DQG LPDJH HQKDQFHPHQW WHFKQLTXHV W
H[WUDFWLRQ

([SODLQ YLVXDOL]DWLRQ SULQFLSOHV DQG DSSO\ WKHP IRU WKH LQWHUSUHW
JUDSKV DQG UHPRWH VHQVLQJ LPDJHV

$//28&$7(" 7,0( 3(5 7($&+,1* $1' /($51,1* 0(7+2"
7THDFKLQJ OHDUQLQJ PHWKRG +RXUV

/IHFWXUH

6XSHUYLVHG SUDFWLFDO

:ULWWHQ RUDO WHVW

6HOI VWXG\
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&20021

7(673/$1

/HDUQLQJ 2XWFRPHV WKDW DUH I

ULWWHQ WH\

/HDUQLQJ RXWFRPHV /2 RI WKH FRXUVH 7KH VWXGHQW ZLOO EH DEOH WR
"
([SODLQ WKH UHOHYDQW FRQFHSWV LQ JHR LQIRUPDWLRQ VFLHQFH IRU WKH DFTXLVLWLRQ PDQD

'HILQH VSDWLDO UHIHUHQFH V\VWHPV FRRUGLQDWH V\VWHPV DQG SURMHFWLRQV IRU JHRV§DWLI

ZLWK DQ HPSKDVLV RQ LPDJHV
”
([sODLQ HOHFWURPDJQHWLF UDGLDWLRQ DQG WKH PDLQ SURFHVVHV RI LWV LQWHUDFWLRQ ZLWEk
”
$SSO\ DWPRVSKHULF FRUUHFWLRQ DQG LPDJH HQKDQFHPHQW WHFKQLTXHV WR D UHPRWH VHQVL(

([SODLQ YLVXDOL]DWLRQ SULQFLSOHVY DQG DSSO\ WKHP IRU WKH LQWHUSUHWDWLRQ DQG FRPPXC

VHQVLQJ LPDJHV

7THVW W\SH ULWWE

H[DPLQD
HLIJKW Rl WKH WHVW
,QGLYLGXDO RU JURXS WHVW ,QGLYLG
7\SH RI PDUNLQJ
SHTXLUHG PLQLPXP PDUN SHU WHVW

1XPEHU RI WHVW RSSRUWXQLWLHV SHU DFDGHPLF \HDU
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5(/$7,21 2) /($51,1* 287&20(6

/HDUQLQ
RXWFRPF
/2 RI Wt
FRXUVH

VWXGHQ\
EH DEOH

([SODLQ WKH
UHOHYDQW
FRQFHSWV LQ

JHR LQIRUPDWLRQ
VFLHQFH IRU WKH
DETXLVLWLRQ
PDQDJHPHQW

DQG UHWULHYDO RI
JHRVSDWLDO GDWD
XVLQJ JHR

GDWDEDVHV

'"HILQH VSDWLDO
UHIHUHQFH
V\VWHPV
FRRUGLQDWH
VI\VWHPV DQG
SURMHFWLRQV IRU
JHRVSDWLDO DWD
DQG DSSO\
UHOHYDQW
WUDQVIRUPDWLRQV
IRU GDWD
LQWHJUDWLRQ ZLWK
DQ HPSKDVLV RQ

LPDJHV

([SODLQ
HOHFWURPDJQHWLF
UDGLDWLRQ DQG
WKH PDLQ
SURFHVVHV RI LWV
LQWHUDFWLRQ ZLWK
WKH (DUWK

VXUIDFH DQG

DWPRVSKHUH

$SS0\
DWPRVSKHULF
FRUUHFWLRQ DQG
LPDJH
HQKDQFHPHQW
WHFKQLTXHV’\’NR D
UHPRWH VHQVLQJ
GDWDVHW WR
SUHSDUH IRU
LQIRUPDWLRQ

H[WUDFWLRQ

&20021

/2 2) 7+( &2856( :,7+ 7+( 352*5$00( /($51,1* 287&20(6

26



/HDUQLQ
RXWFRPF
/2 RI Wt
FRXUVH

VWXGHQV
EH DEOH

([SODLQ
YLVXDOL]DWLRQ
SULQFLSOHV DQG
DSSO\ WKHP IRU
WKH
LQWHUSUHWDWLRQ
DQG ”
FRPPXQLFDWLRQ
Rl JHRVSDWLDO
GDWD SURGXFWV
PDSV JUDSKYV
DQG UHPRWH
VHQVLQJ

LPDJHV

&20021
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&20021

*(263$7,$/ $1$/<6,6 $1' ,17(535(7$7,21

&RXUVH
3HULRG BHSWHPEHU 1RYHPEHU
(&

&RXUVH FRRUGLQDWRU / + 'H 2WR 06F

,1752'8&7,21

*HR ,QIRUPDWLRQ 6\VWHPV DQG 6FLHQFH *,6 DQG (DUWK 2EVHUYDWLRQ E\ 5HPRW
)DFXOW\ ,7& :H FRQFHQWUDWH RQ WKH XQGHUO\LQJ JHRVSDWLDO FRQFHSWV WKD
:LWK WKH KHOS RI *,6 DQG 56 ZH DOVR LQFUHDVH RXU XQGHUVWDQGLQJ RI DVSHF
FRQWULEXWLRQV WR VROXWLRQV IRU JOREDO FKDOOHQJHV VXFK DV WKH GHDOL(
IRUD PRUH VXVWDLQDEOH XVH RI RXU UHVRXUFHV

7KLV ILUVW TXDUWLOH HQWLWOHG *,6 DQG 56 IRU *HRVSDWLDO 3UREOHP 6ROYLC
FRXUVHV ,Q WKHVH FRXUVHV ZH DLP WR SURYLGH \RX ZLWK D JHQHUDO XQGHUVW
H[SHULHQFH LQ XVLQJ VRIWZDUH WRROV IRU KDQGOLQJ DQG SURFHVVLQJ JHRVSD
DOVR FKDOOHQJH \RX LQ GHYHORSLQJ DQ DWWLWXGH RI XVLQJ *,6 DQG 56 LQ GHD(
TXHVWLRQV UHO DWSHER W@HPNDIMQBREIOBO OHQJHY 7KH WKUHH FRXUVHV ZLOO WDNH
SUREOHP VROYLQJ F\FOH IURP WKH LGHQWLILFDWLRQ RI D JHRVSDWLDO SUREOHF
H[SORUDWLRQ RI PDSV LPDJHV DQG RWKHU JHRVSDWLDO GDWD WR WKH DQDO\VL'
JHQHUDWLRQ DQG FRPPXQLFDWLRQ RI JHRVSDWLDO LQIRUPDWLRQ QHHGHG IRU DC

&217(17

7KH WKUHH FRXUVHV LQ WKLV TXDUWLOH VKDUH D FRPPRQ VWUXFWXUH WKDW IRO
56 WRSLFV DUH QRW GHDOW ZLWK LQ LVRODWLRQ EXW DUH LQWHJUDWHG WKURX
LQWHUSUHWDWLRQ Rl JHRVSDWLDO GDWD

&RXUVH *HRVSDWLDO DQDO\VLY DQG LOQWHUSUHWDWLRQ (&

,Q WKLV FRXUVH ZH PDLQO\ FRQFHQWUDWH RQ WKH DQDO\VLV RI JHR GDWD LQFC
DOVR JLYH DWWHQWLRQ WR WKH TXDOLW\ DVSHFWV RI WKH JHR GDWD DQG WKHLL

ODLQ WRSLFV LQFOXGH

¢ 2YHUYLHZ RI VSDWLDO DQDO\VLV IXQFWLRQV
9HFWRU DQDO\VLV

5DVWHU DQDO\VLV

1IHWZRUN DQDO\VLV

6SDWLDO ILOWHULQJ

,PDJH UDWLRV DQG LQGLFHV

'LJLWDO LPDJH FODVVLILFDWLRQ

$QDO\]LQJ VSDWLDO DQG WHPSRUDO SDWWHUQV
e 'DWD TXDOLW\

e *HR SRUWDOV

7KLV FRXUVH FRQFOXGHV ZLWK D ZULWWHQ WHVW

7($&+,1* $1' /($51,1* $33528&+

7KH FRXUVH PDLQO\ FRQVLVWYV RI D PL[ Rl OHFWXUHV SUDFWLFDOV DQG VHOI VW
7KH SUDFWLFDOV SURYLGH DQ LOOXVWUDWLRQ RI WKH LQWURGXFHG FRQFHSWV D
VXSHUYLVHG SDUW WR KHOS \RX VWDUW XS SUDFWLFDO DFWLYLWLHY DQG WR GL
DQG VNLOOV GHYHORSPHQW 7RSLFV DUH XVXDOO\ ILQDOLVHG ZLWK SOHQDU\ ZUD
ZLWK

([HUFLVH LQVWUXFWLRQV XVHG LQ WKH SUDFWLFDOV DUH WDVN RULHQWHG WKX"
DOVR KHOSV \RX WR SUHSDUH IRU WKH SODQQLQJ DQG H[HFXWLRQ RI SURMHFW D
SURJUDPPH DW ,7& ,Q WKH \HDU ZH ZLOO FRQVLGHU 4*,6 DV WKH VRIWZDUH RI

7(676
$ZULWWHQOWARMMVH ZHHN RI TXDUWLOH DVVHVVHV WKH OHDUQLQJ RXWFRPHV
DFDGHPLF \HDU

(175< 5(48,5(0(176
2SHQ IRU VWXGHQWYV LQ WKH ODVWHU RI 6FLHQFH GHJUHH SURJUDPPH/ KB YXRWQIE
RWKHU FDQGLGDWHY ZLOO EH DVVHVVHG RQ DQ LQGLYLGXDO EDVLV
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&20021
/($51,1* 287&20(6
8SRQ FRPSOHWLRQ RI WKLV FRXUVH WKH VWXGHQW LV DEOH WR

/12 &ODVVLI\ VSDWLDO DQDO\VLV IXQFWLRQV DQG DSSO\ DSSURSULDWH DQDO\VL

/2 $SSO\ VWDQGDUG LPDJH DQDO\VLY DQG FKDQJH GHWHFWLRQ WHFKQLTXHV WR
GDWDVHW

/2 ,GHQWLI\ WKH LPSDFW RI JHRVSDWLDO GDWD KDQGOLQJ RQ GDWD TXDOLW\ DC(

$//2&$7( 7,0( 3(5 7($&+,1* $1' /($51,1* 0(7+2"
7THDFKLQJ OHDUQLQJ PHWKRG +RXUV
IHFWXUH

6XSHUYLVHG SUDFWLFDO

:ULWWHQ RUDO WHVW

6HOI VWXG\
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&20021

7(673/%$1

/HDUQLQJ 2XWFRPHV WKDW DUH I

-
I
2
(o4
I
=
=
-
/HDUQLQJ RXWFRPHV /2 RI WKH FRXUVH 7KH VWXGHQW ZLOO EH DEOH WR =
L1
12 &ODVVLI\ VSDWLDO DQDO\VLV IXQFWLRQV DQG DSSO\ DSSURSULDWH DQDO\VLV RSHUDWLRQV RQ
4]
12 $SSO\ VWDQGDUG LPDJH DQDO\VLY DQG FKDQJH GHWHFWLRQ WHFKQLTXHV WR H[WUDFW VSDWLD
LA
/2 ,GHQWLI\ WKH LPSDFW RI JHRVSDWLDO GDWD KDQGOLQJ RQ GDWD TXDOLW\ DQG LPSOHPHQW VWI
THVW W\SH ULWWE
H[DPLQD
THLJKW RI WKH WHVW
,QGLYLGXDO RU JURXS WHVW ,QGLYLG

7\SH Rl PDUNLQJ

SHTXLUHG PLQLPXP PDUN SHU WHVW

1XPEHU RI WHVW RSSRUWXQLWLHYV SHU DFDGHPLF \HDU
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5(/$7,21 2) /($51,1* 287&20(6

/2

/HDUQL
RXWFR
/2 RI
WK H
FRXUVH
7KH
VWXGH
ZLOO E
DEOH W

&ODVVLI\
VSDWLDO
DQDO\VLV
IXQFWLRQV
DQG DSSO\
DSSURSULDWH
DQDO\VLV
RSHUDWLRQV
RQ D
JHRVSDWLDO

GDWDVHW

$SS0\
VWDQGDUG
LPDJH
DQDO\VLV
DQG FKDQJH
GHWHFWLRQ
WHFKQLTXHy
WR H[WUDFW
VSDWLDO DQG
WHPSRUDO
LQIRUPDWLRQ
IURP D
JHRVSDWLDO

GDWDVHW

LGHQWLI\ WKH
LPSDFW RI
JHRVSDWLDO
GDWD
KDQGOLQJ RQ
GDWD TXDOy W\
DQG
LPSOHPHQW
VWDQGDUG
TXDOLW\
DVVHVVPHQW

SURFHGXUHV

&20021

/2 2) 7+( &2856( :,7+ 7+( 352*5$00( /($51,1* 287&20(6
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63(&,8/,=$7,21

63(&,$/,=$7,216

63(&75%/ '$7$% 352&(66,1*

&RXUVH

3HULRG 1RYHPEHU -DQXDU\
(&

&RXUVH FRRUGLQDWRU GU + 0% YDQ GHU :HUII

,1752'8&7,21

(DUWK REVHUYDWLRQ VDWHOOLWHY JHQHUDWH ODUJH DPRXQWYV RI JHRVSDWLDO ¢
7HFKQRORJLHV VXFK DV FORXG FRPSXWLQJ DQG GLVWULEXWHG V\VWHPV DUH PRG
GDWD ([DPSOHV RI RQOLQH SODWIRUPV IRU ELJ (DUWK REVHUYDWLRQ GDWD PDQD
*RRJOH (DUWKW&BIQWH Q D 6 XeBH) 'DWD &XEH

7KLV FRXUVH LV RQ SURFHVVLQJ UHPRWH VHQVLQJ GDWD IURP RSHUDWLRQDO DQ
HPSKDVLV RQ HDUWK VFLHQFH DSSOLFDWLRQV 7KH FRXUVH ILUVW JLYHV DQ LQW
VXFK DWKR@YD6FUUEWLQJ RZQ VFULSWYVY DOORZV RQH WR FUHDWH FXVWRP SURF
FKDLQV DSSO\ WKHP WR YDULRXV UHPRWH VHQVLQJ GDWD DQG SURYLGH VFDODEC(
WR (DUWK VFLHQFHY ZLOO KHOS \RX WR UHFRJQL]H ODQGIRUPV LQ LPDJHV GHWH
SDUDPHWHUV IURP WKH (DUWK V VXUIDFH

&217(17

30DWIRUPV IRU ELJ (DUWK REVHUYDWLRQ GDWD PDQDJHPHQW DQG DQDO\VLV *RR
OHYHOV O0XOWL VSHFWUDO UHPRWH VHQVLQJ +\SHUVSHFWUDO UHPRWH VHQVLQJ
UDWLRV 9LVXDOL]DWLRQ 9LVXDO LPDJH LQWHUSUHWDWLRQ ,PSDFW RI ZHDWKHL
FRPSRVLWLRQDO PDSSLQJ ODQGVOLGHV IORRGLQJ YHJHWDWLRQ FKDQJH

7($&+,1* $1' /($51,1* $3352%&+

7KH ILUVW ZHHNV RI VOKH\BNRDOJOAH VDRI ERWURN ZLWK *RRJOH (DUWK (QJLQH E\ IROOR
ZHHNV DUH VSHOQW HOWMKQWKH SODWIRUP LQ WHUPV RI UHDOLVWLF GDWD KDQGOLC
JHRORJLFDO UHPRWH VHQVLQJ E\ IROORZLQJ DVVLIQPHQWY 7KH ILQDO ZHHNV D
SDUWLFLSPQWWHRBQ /NLOOV OHDUQHG EHIRUH DQG DSSO\ WKHVH WR DGGUHVV DQ
SURMHFW DOORZV SDUWLFLSDQWV WR GHILQH WRSLFV RI WKHLU RZQ FKRLFH

7KH FRXUVH LV GHVLJQHG IRU VHOIl GLUHFWHG OHDUQLQJ LQ DQ H OHDUQLQJ VHYV
7KH VFKHGXOHG FRQWDFW KRXUV DUH IRU VKRUW OHFWXUHV WR LQWURGXFH FRX
DQVZHU PRPHQWYV DQG WKH SRVVLELOLW\ WR FR RSHUDWH ZLWK SHHUV RQ LQGL"
VHOI VWXG\ DQG H[SHULPHQWLQJ ZLWK VFULSWLQJ DQG GDWD SURFHVVLQJ

7(676
7KH DVVHVVPHQW Rl WKLV FRXUVH FRPSULVHV WZR VXPPDWLYH WHVWV DQG IRXU I

7KH WZR VXPPDWLYH WHVWYV DUH EDVHG RQ D ZHHN LQGLYLGXDO SURMHFW

6XEPLWWHG VRXUFH FRGH LQGLYLGXDO JUDGHG ZHLJKW W LV DOORZHG
FRQVLVWYVY RI LPSURYLQJ L H UHSDLULQJ VRXUFH FRGH DQG FDQ EH DVVLJ(
$Q RUDO WHVW EDVHG RQ WKH SURMHFW V RXWFRPHVY DQG GDWD TXDOLW\ SHL
DOORZHG WR EH XVHG LQ WKH LQWHUSUHWDWLRQ RI UHVXOWV 'XH WR WKH HJ
RSSRUWXQLW\

JRUPDWLYH DVVHVVPHQW VHOI UHIOHFWLRQ LV XVHG IRU SHUVRQDO GHYHORSPH
LV UHTXLUHG WR EH DEOH WR SDUWLFLSDWH LQ WKH RUDO WHVW

(175< 5(48,5(0(176
3DUWLFLSDQWY VKRXOG KDYH DQ LQWURGXFWRU\ OHYHO H[SHULHQFH ZLWK *,6 DC
SK\VLFDO JHRJUDSK\ 3DUWLFLSDQWYVY ZLOO QHHG WR FUHDWH DQ DFFRXQW ZLWK

/($51,1* 287&20(6
8SRQ FRPSOHWLRQ RI WKLV FRXUVH WKH VWXGHQW LV DEOH WR

/2 8QGHUVWDQG WKH SULQFLSOHV RI D KLIJKHU OHYHO SURJUDPPLQJ ODQJXDJH
/2 &RQVWUXFW DGDSW DQG WURXEOHVKRRW VFULSWV LQ DQ RQOLQH SURFHV'
/2 2SHUDWH DQ RQOLQH SURFHVVLQJ SODWIRUP WR FRPSXWH XVHIXO (DUWK VXL
12 (YDOXDWH WKH TXDOLW\ RI LPDJH SURFHVVLQJ UHVXOWY DQG MXGJH LWV LQI
12 &ULWLFL]H UHPRWH VHQVLQJ PHWKRGV LQ WHUPV RI VXLWDELOLW\ IRU D VSt
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7HDFKLQJ OHDUQLQJ PHWKRG
/JHEFWXUH

7XWRULDO

,QGLYLGXDO DVVLIQPHQW

6HOI VWXG\

:ULWWHQ RUDO WHVW

+RXUV

63(&,$/,=$7,2
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7(673/$1

/HDUQLQJ 2XWFRPHV WKDW DUH I

> >
/HDUQLQJ RXWFRPHV /2 RI WKH FRXUVH 7KH VWXGHQW ZLOO EH D [ I
12 8QGHUVWDQG WKH SULQFLSOHV RI D KLJKHU OHYHO SURJUDPPLQJ ODQJXDJH DQG"DSSO\ WKHVH
12 &RQVWUXFW DGDSW DQG WURXEOHVKRRW VFULSWV LQ DQ RQOLQH SURFHVVLQ?J,SODWIRUP
12 2SHUDWH DQ RQOLQH SURFHVVLQJ SODWIRUP WR FRPSXWH XVHIXO (DUWK VXUIDFH SDUDPHWHU
12 (YDOXDWH WKH TXDOLW\ RI LPDJH SURFHVVLQJ UHVXOWYV DQG MXGJH LWV LQIOXHQFH RQ CPoaH
12 &ULWLFL]H UHPRWH VHQVLQJ PHWKRGV LQ WHUPV RI VXLWDELOLW\ IRU D VSHFLILF DSSOLFDWL
7THVW W\SH $VVLIQPHQW2VDO
H[DPLQD
THLIJKW RI WKH WHVW
,QGLYLGXDO RU JURXS WHVW ,QGLYLGXD@GLYLG

7\SH Rl PDUNLQJ

SHTXLUHG PLQLPXP PDUN SHU WHVW

1XPEHU RI WHVW RSSRUWXQLWLHY SHU DFDGHPLF \HDU
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/HDUQL
RXWFRP
/2 RI W
FRXUVH
7KH

VW XGHC
ZLOO Et
WR

/2 8QGHUVWDQG
WKH SULQFLSOHYV
RI D KLJKHU
OHYHO ” ”
SURJUDPPLQJ
ODQJXDJH DQG
DSSO\ WKHVH

WR VFULSWLQJ

/2 &RQVWUXFW
DGDSW DQG
WURXEOHVKRRW
VEULSWV LQ DQ
RQOLQH
SURFHVVLQJ

SODWIRUP

/2 2SHUDWH DQ
RQOLQH
SURFHVVLQJ
SODWIRUP \N,R ” ” ” " ” ” ” ”
FRPSXWH
XVHIXO (DUWK
VXUIDFH

SDUDPHWHUV

/2 (YDOXDWH WKH
TXDOLW\ RI
LPDJH
SURFHVVLQJ
UHVXOWV DSG
MXGJH LWV
LQIOXHQFH RQ
LPDJH

LQWHUSUHWDWLRQ

/2 &ULWLFL]H
UHPRWH
VHQVLQJ
PHWKRGV LG ” ” ” ” ” ” ” ” ”
WHUPV RI
VXLWDELOLW\ IRU
D VSHFLILF

DSSOLFDWLRQ
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), (/" 0($685(0(176 $1' 9%/,'$7,21

&RXUVH

3HULRG $SULO -X0\

(&

&RXUVH FRRUGLQDWRU GU )-$%$ YDQ 5XLWHQEHHN

,1752'8&7,21
JLHOG PHWKRGY SOD\ DQ LPSRUWDQW UROH LQ JHRORJLFDO UHPRWH VHQVLQJ VW
FKDUDFWHUL]DWLRQ RI URFNV DQG JHRORJLFDO HQYLURQPHQWYV

7KLV FRXUVH LQWURGXFHV VWXGHQWYV WR VWDWH RI WKH DUW PHWKRGV IRU ILHC
LQFOXGH WKH DFTXLVLWLRQ RI PHDVXUHPHQWY RI PLQHUDORJLFDO DQG FKHPLFL
ILHOG GDWD LV SUDFWLFHG ZLWK D YDULHW\ RI ILHOG LQVWUXPHQWY LQFOXGLQ.

7KH SUHSDUDWLRQ DQG H[HFXWLRQ RI D ILHOG FDPSDLJQ LV SUDFWLFHG LQ WKL)
ILHOG ZRUN DQG IRUPV WKH EDVLV IRU WKH SUHSDUDWLRQ RI GHWDLOHG ILHOG C
VWUDWHJILHY DQG GLIIHUHQW LQVWUXPHQWY ZLOO EH H[HUFLVHG LQ WKH ILHOG C
DUH DQDO\WWHG LQWHUSUHWHG DQG LQWHJUDWHG ZLWK WKH UHVXOWYV RI GHVN V'
JHRVFLHQFH ODERUDWRU\

&217(17

7KH FRXUVH FRYHUV ERWK WKHRUHWLFDO VXEMHFWYV DQG SUP¥iwUEDBHARB N WIKGF
'XULQJ WKH ILHOG YLVLW WR D JHRORJLFDO LQWHUHVWLQJ DUHD VWXGHQWYV SUIL
LQVWUXPHQWY DQG JDLQ H[SHULHQFH ZLWK PDQ\ DVSHFWV Rl GDWD DFTXLVLWLR:

BULRU WR WKH ILHOG YLVLW GDWD DFTXLVLWLRQ SODQV DUH SUHSDUHG IURP GH
REMHFWLYHV UHODWHG WR WKH JHRORJ\ Rl WKH DUHD $IWHU WKH ILHOG YLVLW V
GHVN VWXG\ $GGLWLRQDO VDPSOH DQDO\VLV FDQ EH SHUIRUPHG LQ WKH ,7& JHR

7TKHRUHWLFDO WRSLFV VXSSRUW WKH SUDFWLFDO ZRUN DQG GHHSHQ WKH NQRZOI
FRQYH\HG LQ VHOI VWXG\ DVVLIQPHQWY DQG OHFWXUHV DQG LQFOXGH WKHRU\ DE
SODQQLQJ GDWD TXDOLW\ DVVHVVPHQW DQG LQWHJUDWLRQ DQG YDOLGDWLRQ W

3UDFWLFDO DVSHFWV Rl WKH FRXUVH LQFOXGH WKH RSHUBTWLRE® RO W. HIDRT X Qwiww
PHDVXUHPHQWY DQG VDPSOLQJ RXWFURS GHVFULSWLRQ DQG LQWHUSUHWDWLRQ
UHVXOWYV

7KH ILHOG ZRUN LV RUJDQL]JHG DV D JURXS DVVLIJQPHQW ZKHUH HDFK VWXGHQW F
DOVR KDYH LQGLYLGXDO WDVNV W LV QHFHVVDU\ WKDW WKH VWXGHQWY ZRUN D\
EH FRPPXQLFDWHG LQ D VHULHV RI LQGLYLGXDO SUHVHQWDWLRQV

7($&+,1% $1' /($51,1* $3352%&+
7KLV D FRPELQDWLRQ RI VHOI GLUHFWHG OHDUQLQJ LQ LQGLYLGXDO DVVLJQPHQW
GXULQJ ILHOG GDWD FROOHFWLRQ DQG WKHRU\ OHFWXUHV LQ VXSSRUW RI WKH ¢
LQGLYLGXDO DVVLJQPHQWY DOORZV SDUWLFLSDQWY WR GHILQH WRSLFV RI WKHLI

7KH JURXS ZRUN VWDUWYV LQ ZHHN RI WKH FRXUVH DQG UXQV XQWLO WKH ZHHN I
JURXS GDWD SURGXFW DQG D SHHU HYDOXDWLRQ 7KH LQGLYLGXDO DVVLJQPHQW
FRQFOXGHG ZLWK LQGLYLGXDO SUHVHQWDWLRQV

7(676
7KH DVVHVVPHQW Rl WKLV FRXUVH FRPSULVHV WKUHH WHVWYV

7ZR WHVWV DUH EDVHG RQ D JURXS DVVLJQPHQW RI DSSUR[LPDWHO\ ZHHNYV

¢ 6XEPLVVLRQ RI D GDWD SURGXFW JURXS JUDGHG ZHLJKW 1R $, VRIWZDU
SURGXFW
¢ 3HHU HYDOXDWLRQ RI WKH JURXS PHPEHUV LQGLYLGXDO JUDGHG ZHLIKW

2QH WHVW LV EDVHG RQ D ZHHNV LQGLYLGXDO DVVLIJQPHQW

¢ 2UDO SUHVHQWDWLRQ DQG H[DPLQDWLRQ LQGLYLGXDO JUDGHG ZHLJIKW
LOQWHUSUHWDWLRQ RI WKH UHVXOWY DQG WKH FRPSLODWLRQ RI WKH SUHVHQV

6HFRQG WHVW RSSRUWXQLWLHV IRU WKH pGDWD SURGXFW DVVHVVPHQW WHVW
LPSURYLQJ RQ L H UHSDLULQJ WKH WHVW GHOLYHUDEOH V DQG ZLOO EH DVVI
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(175< 5(48,5(0(176

&RPSXOVRU\ IRU WKH p$SSOLHG 5HPRWH 6HQVLQJ IRU (DUWK 6FLHQFHVY $56 VSI
2EVHUYDWLRQ 0 *(2 SURJUDPPH

6WXGHQWYV IURP RWKHU VSHFLDOL]DWLRQV DQG SURJUDPPHV VKRXOG KDYH D EDF
6HQVLQJ WHFKQLTXHV IRU JHRORJLFDO DSSOLFDWLRQV DQG D EDVLF XQGHUVWD

$ GD\V IXOOWLPH ILHOG YLVLW LV SODQQHG LQ ZHHN RI WKH TXDUWLOH &RXU\
PLVVHG OHFWXUHV RI SDUDOOHO UXQQLQJ FRXUVHV LQ WKLV ZHHN

/($51,1* 287&20(6
8SRQ FRPSOHWLRQ RI WKLV FRXUVH WKH VWXGHQW LV DEOH WR

/2 &UHDWH D GDWD DFTXLVLWLRQ SODQ IRU ILHOG PHDVXUHPHQWY EDVHG RQ D
JHRORJ\ RI DQ DUHD

12 $FTXLUH ILHOG PHDVXUHPHQWYV WKDW FRYHU WKH OLWKRORJLFDO YDULDELO
DQG PDQDJH WKH PHDVXUHPHQWY DGHTXDWHO\

12 3HUIRUP TXDOLW\ DVVHVVPHQW RI WKH ILHOG PHDVXUHPHQWY DQG GHULYH P
IRUPDWLRQ IURP WKH PHDVXUHPHQWYV

12 (YDOXDWH WKH UHVXOWV RI WKH GHVN VWXG\ WKH ILHOG FDPSDLJQ DQG ODE
EHWZHHQ WKH UHPRWH VHQVLQJ DQG ILHOG GDWD FRQVLGHULQJ VHQVRU W\

12 3HUIRUP D VSHFLILF WDVN LQ D PDQQHU WKDW LV ODUJHO\ VHOI GLUHFWHG
ILHOG FDPSDLJQ

$//2&$7(" 7,0( 3(5 7($&+,1* $1' /($51,1* 0(7+2"
7THDFKLQJ OHDUQLQJ PHWKRG +RXUV
IHFWXUH

6XSHUYLVHG SUDFWLFDO

7XWRULDO

6WXG\ WULS

,QGLYLGXDO DVVLIQPHQW

*URXS DVVLIJQPHQW

6HOI VWXG\
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7(673/$1

/HDUQLQJ 2XWFRPHV WKDW DUH I

>
T
~

THV
THV

/HDUQLQJ RXWFRPHV /2 RI WKH FRXUVH 7KH VWXGHQW Z

&UHDWH D GDWD DFTXLVLWLRQ SODQ IRU ILHOG PHDVXUHPHQWY EDVHG@G RQ D *,6,3y HPRWH WYHQVL(

REMHFWLYHV VSHFLILF WR WKH JHRORJ\ RI DQ DUHD

$FTXLUH ILHOG PHDVXUHPHQWY WKDW FRYHU WKH OLWKRORJLFDO YDUKLDELOLW)\ oW RXWFURS VF

ILHOG LQVWUXPHQWY DQG PDQDJH WKH PHDVXUHPHQWY DGHTXDWHO\

3HUIRUP TXDOLW\ DVVHVVPHQW RI WKH ILHOG PHDVXUHPHQWYV DQG GHYLYH PHDQ{QJIXO LQIRUPD

FRPSRVLWLRQ DQG URFN IRUPDWLRQ IURP WKH PHDVXUHPHQWV

(YDOXDWH WKH UHVXOWV RI WKH GHVN VWXG\ WKH ILHOG FDPSDLJQ DQG ODERUDWRU\ DQDO\VHV
”
UHODWLRQVKLSY EHWZHHQ WKH UHPRWH VHQVLQJ DQG ILHOG GDWD FRQVLGHULQJ VHQVRU W\StH

RWKHU IDFWRUV

3HUIRUP D VSHFLILF WDVN LQ D PDQQHU WKDW LV ODUJHO\ VHOI GLUHFWHG EXWyWKDW UHHXLUH

FROOHDJXHV GXULQJ D ILHOG FDPSDLJQ

7THVW W\SH $VVLIQPHOWVIQPHQWHVHQWD
CHLJKW RI WKH WHVW

,QGLYLGXDO RU JURXS WHVW *URXS L QGLYLGXD@GLYLGX
7\SH RI PDUNLQJ

5HTXLUHG PLQLPXP PDUN SHU WHVW

1XPEHU RI WHVW RSSRUWXQLWLHYV SHU DFDGHPLF \HDU
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/HDUQLQ
RXWFRPF
/2 RI WI
FRXUVH
VWXGHQ\
EH DEOH

&UHDWH D GDWD
DFTXLVLWLRQ SODQ
IRU ILHOG
PHDVXUHPHQWYV
EDVHG RQ D *,6
UHPRWH VHQVLQJ
GHVN VWXG\ DQG
REMHFWLYHV
VSHFLILF WR WKH
JHRORJ\ RI DQ

DUHD

$FTXLUH ILHOG
PHDVXUHPHQWYV
WKDW FRYHU WKH
OLWKRORJLFDO
YDULDELOLW\ DW
RXWFURS VFDOH
XVLQJ D YDULHW\
RI GLIIHUHQW ILHOG
LQVWUXPHQWYV
DQG PDQDJH

WKH
PHDVXUHPHQWYV

DGHTXDWHO\

3HUIRUP TXDOLW\
DVVHVVPHQW RI
WKH ILHOG
PHDVXUHPHQWYV
DQG GHULYH
PHDQLQJIXO
LQIRUPDWLRQ
DERXW URFN
FRPSRVLWLRQ
DQG URFN
IRUPDWLRQ IURP
WKH

PHDVXUHPHQWYV

63(&,%$/,=$7,2

/2 2) 7+( &2856( :,7+ 7+( 352*5$00( /($51,1* 287&20(6
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/HDUQLQ
RXWFRPF
/2 RI WI
FRXUVH

VWXGHQ\
EH DEOH

(YDOXDWH WKH
UHVXOWYV Rl WKH
GHVN VWXG\ WKH
ILHOG FDPSDLJQ
DQG ODERUDWRU\
DQDO\VHV DQG
H[SODLQ WKH
REVHUYHG
UHODWLRQVKLSV
EHWZHHQ WKH
UHPRWH VHQVLQJ
DQG ILHOG GDWD
FRQVLGHULQJ
VHQVRU W\SH
VFDOH
SK\VLRJUDSK\
DQG RWKHU

IDFWRUV

3HUIRUP D
VSHFLILF WDVN LQ
D PDQQHU WKDW
LV ODUJHO\ VHO
GLUHFWHG EXW
WKDW UHTXLUHV
FRRSHUDWLRQ
ZLWK RWKHU
FROOHDJIXHV
GXULQJ D ILHOG

FDPSDLJQ

63(&,$/,=$7,2
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*(2/2%, &%/ 5(027( 6(16,1*

&RXUVH

3HULRG JHEUXDU\ $suULO
(&

&RXUVH FRRUGLQDWRU GU , ($0 )DGHO

,1752'8&7,21

7KLV FRXUVH JLYHV DQ LQWURGXFWLRQ WR JHRORJLFDO UHPRWH VHQVLQJ LQ WK
RI UHJLRQDO JHRSK\VLFV DQG UHPRWH VHQVLQJ LPDJHU\ IRU JHRVFLHQFH LQWHU
LQIRUPDWLRQ DERXW WKH VXUIDFH DQG VXEVXUIDFH JHRORJ\ 7KH FRXUVH LV GH
DQ DELOLW\ WR RSHUDWH UHPRWH VHQVLQJ DQG *,6 VRIWZDUH

7KH FRXUVH FRYHUV GHVFULSWLRQV DQG DSSOLFDWLRQV RI UHJLRQDO JHRSK\VL
JHRORJLFDO UHPRWH VHQVLQJ %DFNJURXQG WKHRULHV RI UHJLRQDO JHRSK\VLF
DQG ILOWHULQJ WHFKQLTXHV 7KH LQWHJUDWLRQ RI WKHVH GDWDVHWYV ZLWK PXO
H[WUDFWLRQ DOJRULWKPVY DUH FRYHUHG IRU VWXGHQWY WR XQGHUVWDQG WKH V\
VWUXFWXUDO DQG FRPSRVLWLRQDO PDSSHG SURGXFWV ORUHRYHU WKH VWXGHQ\
VXUIDFH PDSV WR GHULYH TXDOLWDWLYH DQG TXDQWLWDWLYH VXEVXUIDFH LQIRU
FUHDWHG JHRORJLFDO PDSV DQG VXEVXUIDFH PRGHO SURGXFWV XVLQJ UHPRWH V

7KH FRXUVH LQFOXGHV WKH SUDFWLFDO DSSOLFDWLRQ RI FUHDWLQJ JHRORJLFDC
UHOHYDQW JHRSK\VLFDO UHPRWH VHQVLQJ DQG JHRVFLHQFH GDWDVHWYV

&217(17
7KH FRXUVH FRYHUV WKH IROORZLQJ WRSLFV

e ,VVXHV DQG FDYHDWV LQFOXGLQJ VSDWLDO VSHFWUDO DQG ZDYHOHQJWK UH
IRU JHRORJLFDO PDSSLQJ

e %DFNJURXQG WKHRU\ RI UHJLRQDO JHRSK\VLFV DHURPDJQHWLFV UDGLRPHWL
DQG GDWD LQWHUSUHWDWLRQ IRU JHRVFLHQWLILF FDVH VWXGLHV

¢ $Q RXWOLQH RI UDGDU UHPRWH VHQVLQJ WHFKQLTXHV IRU JHRORJLFDO DSSOL

¢ $SSOLFDWLRQ RI KLJK UHVROXWLRQ GLJLWDO HOHYDWLRQ PRGHOV HJ GHUL

¢ $SSOLFDWLRQ RI 3& EDVHG DQG FORXG EDVHG GDWD SURFHVVLQJ WHFKQLTXH'

¢ QIRUPDWLRQ H{[WUDFWLRQ VWUDWHJILHY DQG JHRORJLFDO FDVH VWXG\ H[DPS
GDWDVHWYV

e QWHJUDWLRQ VWUDWHILHV RI VXUIDFH DQG VXEVXUIDFH LQIRUPDWLRQ XVLQ.

¢ QWHJUDWHG FDVH VWXGLHV LQFRUSRUDWLQJ JHRSK\VLFDO UHPRWH VHQVLQ.

e *HRVFLHQFH PDS DQG VXEVXUIDFH PRGHO JHQHUDWLRQ XVLQJ JHRSK\VLFDO P
GDWDVHWYV

e (YDOXDWLRQ RI WKH GHULYHG VWUXFWXUDO DQG FRPSRVLWLRQDO PDS SURGX
WHFKQLTXHV

7($&+,1* $1' /($51,1* $3352%&+

7KH ILUVW ILYH ZHHNV Rl WKH FRXUVH DUH WR OHDUQ WKH IXQGDPHQWDOV RI WK
VXEVXUIDFH UHJLRQDO PDSSLQJ IROORZLQJ HGXFDWLRQDO PDWHULDOVQB[LHUWBLXL
SUDFWLFDO DX¥VLQQ RH@PWVGDWD DUH LPSOHPHQWHG RQ D UHDO FDVH VWXG\ WR P
FRXUVH DUHD/S$WHDP EQVHG SURMWRW DVWIHIWQ WHKAWNLOOV OHDUQHG EHIRUH DQG
JHQHUDWH VXUIDFH PDSV DQG VXEVXUIDFH PRGHOV EHVLGHV SURYLGLQJ JHRORJ
DQG XQFHUWDLQWLHY 7KH WHDP EDVHG SURMHFW DVVLIJQPHQW LV GHVLIJQHG WR
D ILQDO DFDGHPLF SURGXFW

7KH FRXUVH LV GHVLJQHG IRU LQWHUDFWLYH OHDUQLQJ LQ DQ H OHDUQLQJ VHW\
TXHVWLRQ DQG DQVZHU VHVVLRQV DQG WXWRULDOV IRU WKH SUDFWLFDO DVVLJC
WKH FRXUVH ,Q WKH ODVW ILYH ZHHNV WLPH LV DYDLODEOH LQ WKH WHDP EDVHG
VXEVXUIDFH PRGHOLQJ WHFKQLTXHV

7(676
7KH DVVHVVPHQW Rl WKLV FRXUVH FRPSULVHV WZR VXPPDWLYH WHVWY DQG WKUHt

6XEPLWWHG H[HUFLVHV LQGLYLGXDO JUDGHG ZHLIJKW W LV DOORZHG Wt
RI LPSURYLQJ L H pUHSDLULQJY DQG FDQ EH DVVLIJQHG D PD[LPXP JUDGH R
7THDP EDVHG SURMHFW DVVLJQPHQW WHDP JUDGHG ZHLJKW W LV DOORZ}
SURMHFW DQG WKH WHDP EDVHG ZRUN WKHUH LV QR VHFRQG RSSRUWXQLW\

JRUPDWLYH DVVHVVPHQW VHOI UHIOHFWLRQ LV XVHG IRU SHUVRQDO GHYHORSPH
LV UHTXLUHG WR EH DEOH WR VXEPLW WKH WHDP EDVHG SURMHFW DVVLJQPHQW
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