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Preface

We are pleased to introduce the sixth event in the series of Computational Oncology
and Personalized Medicine (COPM) conferences, titled COPM2026 From Genome
to Treatment: Al & Precision Medicine. The online event, organized by the First
Priority Research Area (POB1) of the Silesian University of Technology within the
Excellence Initiative 3- Research University program, will be held on April 29th, 2026.
The conference is organized under the honorary patronage of His Magni cence, the
Rector of the Silesian University of Technology, Prof. Marek Paweijczyk, under the
auspices of the Academy of Young Scientists, and several patronages and partners.
COPM2026 offers early-stage researchers, particularly young doctors and PhD stu-
dents, as well as experienced scientists, the opportunity to show their work within
an international and interdisciplinary forum of experts. This booklet collects the
abstracts of 76 presentations, and one invited keynote lecture by our notable guest
prof. Paweij lJabaj from the Maijopolska Centre of Biotechnology, Jagiellonian Uni-
versity. The best presenters will be invited to publish in the European Journal of
Pharmacology or Bio-Algorithms and Med-Systems. Moreover, we encourage all
participants to publish their work in Acta Biochimica Polonica, a journal belonging
to the Polish Biochemical Society and published by Frontiers, which covers™ elds
of enzymology and metabolism, membranes and bioenergetics, gene structure and
expression, structure and metabolism of proteins, nucleic acids, and carbohydrates.
Also, the Best Presentation Award, funded by Elsevier, is expected. We warmly invite
all interested participants to join us and make the most of this remarkable opportunity
to broaden their knowledge and establish connections with fellow researchers.

We extend our sincere gratitude to all participants for contributing their valuable
research, to Prof. Jabaj for kindly agreeing to deliver the keynote lecture, and to the
members of the Scienti ¢ Committee for their dedicated and professional work in
reviewing the submitted abstracts. We would also like to convey our warmest wishes to
everyone attending the conference, and we trust that your time here will be both fruit-
ful and inspiring, lled with stimulating discussions and productive exchanges of ideas.

Gliwice, April 2026

Michaij Marczyk Joanna Polajska
Department of Data Science and Engineering Department of Data Science and Engineering
Silesian University of Technology Silesian University of Technology
Head of an Organizing Committee Coordinator of POB1: Computational Oncology and Personalized Medicine

Head of Scienti ¢ Committee
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Professor Paweij P. lJabaj*

!Maijopolska Centre of Biotechnology, Jagiellonian University, Poland

Keywords: genomic reproducibility, experimental design, technical variation, bioin-
formatics bias

Abstract

In the presentation PP Jabaj will examine the complex landscape of genomic re-
producibility, emphasizing the critical interplay between experimental ywet laby
procedures and ydry laby bioinformatics. Drawing on extensive data from the Sequenc-
ing Quality Control (SEQC) project, the study highlights how technical variation,
ranging from library preparation inef ciencies, where as little as 0.7% of input
material may remain, to the systematic biases introduced by PCR duplication and
normalization algorithms, can signi cantly distort gene expression estimates and
differential expression calls. It will be presented that these ychallengesy are not
limited, however, just to the expression pro ling, but similar issues are also seen in
metagenomics studies. There, the results demonstrate that while taxonomic concor-
dance is high across different sequencing platforms, functional analysis remains a
challenge due to similar as before technical challenges and dependencies. Ultimately,
the research advocates for a shift in experimental design: moving beyond a ysiloedy
approach by integrating biostatistical consultation before experiments begin, utiliz-
ing robust replication, and collecting extensive meta-data to balance the inherent
trade-offs between high-throughput sequencing costs and data quality.
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l&KDULW« 8QLYHUVLW!WVPHGL]LQ %HUOLQ *HUPDQ\

H\ZRUYDULDQW FDOOLQJ JHQRPLFV VWDWLVWLFV GHHS OHD!

SEVWUDFW

&RQYHQWLRQDO JHQRPLF YDULDQW FDOOLQJ SLSHOLQHV UHO\
DQGVWULQJHQWEOWHULQJWROLPLWIDOVHSRVLWLYHFDOOV
RI'NDOVH QHJDWLYH FDOOV +RZHYHU D VPDOO EXW JURZLQJ QX
YDULDQWYV SUHGLFWLYH SURJQRVWLF RU GLDJQRVWLF PXVYV
FDQFHUV 7KLV ZRUNDLPVWRGHYHORS KLIJIKO\VHQVLWLYH YDU|
DW GHWHFWLQJ VSHFLEF DFWLRQDEOH YDULDQWY $SSO\LQJ V
FDOOLQJ ZLWK UHFRPPHQGHG SDUDPHWHUV WR SDWLHQWYV ZLW
DVLQJOH PDWFKHG QRUPDO VDPSOH UHYHDOHG QXPHURXV IDO
UHVHDUFK ZH DLP WR DGGUHVV WKLY E\GHYHORSLQJ VWDWLVW
WKDW SUHGLFW ORFDO VHTXHQFLQJ HUURU UDWHV IURP JHQRP
IHDWXUHV XVLQJ QHJDWLYH FRQWURO VDPSOHV 7KHEWWHG PR
VDPSOHV WR SUHGLFW HUURU UDWHY DQG YDULDQW FDOOYV DL
RIREVHUYLQJWKHDFWXDO QXPEHU RIDOWHUQDWLYHUHDGYV JL

&RUUHVSRQGLQJDXWKRU MDNXE MR]JHI OLX#FKDULWH GH
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‘RMDNRZVND
1 QVWLWXWHRI %LRRUJDQLF &KHPLVWU\3ROLVK $FDGHP\
20DULD 6NORGRZVND &XULH 1DWLRQDO 5HVHDUFK ,QVWLWXWH F
S'HSDUWPHQW RI 'DWD 6FLHQFHDQG (QJLQHHULQJ 6LOHVLDQ 8¢

.H\ZRU®WEHO I[IUHHWDUJHWHG SURWHRPLFV GDWDDQDOV
DSSURDFKHV GDWD GULYHQDSSURDFKHV SUP3%$6()

$SEVWUDFW

$V JOREDO SURWHRPLFV DGYDQFH WKH QXPEHU RILGHQWL
GRHV QRW JXDUDQWHH EHVW TXDQWLWDWLYH SHUIRUPDQ
DVVD\V DUHDYDLODEOH ODEHO IUHH VWUDWHJLHV UHPDL
YDOLGDWLRQ +RZHYHU V\WVWHPDWLF HYDOXDWLRQV RI C
DQDO\WHY DUH OLPLWHG 7KXV WKLV VWXG\ EHQFKPDUNYV
SUP3$6() SURWHRPLFV
$ EHQFKPDUNLQJ GDWDVHW ZDV JHQHUDWHG XVLQJ KXPC
SURWHLQV ZLWK WKUHH \HDVW SURWHLQV VSLNHG LQ DW
DQDO\VLV XVLQJ%UXNHUWLPV72)3URV\VWHP GDWD ZDV S|
WR 5 &DOLEUDWLRQ FXUYHV ZHUH HVYWDEOLVKHG DQG RQC
ZHUH LQFOXGHG
9DULRXV PLVVLQJ GDWD LPSXWDWLRQ 0', VWUDWHJLHV Z|
WLRQ NQHDUHVW QHLJKERUV GDWD GULYHQDQG $, EDVH(
DSSURDFKHV VXFK DV VXPPDWLRQ EHVW SHDN VHOHFWLR
JUDWLRQDQGPXOWLYDULDWHWHVWLQJ %DVHGRQ)'5 DFF
0', FRPELQHG ZLWK S YDOXHLQWHJUDWLRQ DFKLHYHG WKH
2XU UHVXOWY GHPRQVWUDWH WKDW DSSURSULDWH ZRUNI
RXWFRPHV FRPSDUHG WR FRPPRQO\ XVHG PHWKRGV OLNH
DSSURDFK SURYLGHV D UREXVW ZRUNIRZIRUODEHO IUHH W
$FNQRZOHGJPHQMWYV ZRUN ZDV VXSSRUWHG E\ 1&1
% 1= 'y 03 $: DQG QR % 1= 10 $: L
SHUIRUPHG XVLQJ LQIUDVWUXFWXUH GHYHORSHG XQGHU
VHDUFK &HQWHU IRU ,PDJLQJ LQ WKH %LRORJLFDO DQG %L
& FR EQDQFHG WKURXJK WKH (XURSHDQ 5HJLRQDO
LQ WKH IUDPH RI 6PDUW *URZWK 2SHUDWLRQDO 3URJUDP
'HYHORSPHQW RIPRGHUQ UHVHDUFK LQIUDVWUXFWXUH RIV

&RUUHVSRQGLQIJDXWKRU GIRFKWPDQ#LEFK SR]QDQ SO

aa
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OLFKDOLQD .D!'PLHDURGIDAHQD 6 HQQUNDGDLRPXGLD:DV]F]D
'RURWD :RMWODUBNOD &BSFDURYD

1. DJLHOORQLDQ 8QLYHUVLW\ ,QVWLWXWH RI3K\VLFV )DFXOW\RI 3K
&RPSXWHU 6FLHQFH 3RODQG
2 QUWLWXWHRI$SSOLHG %LRORJ\ )DFXOW\RI %LRWHFKQRORJ\DQG )
RI$JULFXOWXUHLQ 1LWUD 60RYDNLD

3'HSDUWPHQW RI$QLPDO 3K\WLRORJ\DQG (QGRFULQRORJ\ 8QLYHUVL
3RODQG

4*'HSDUWPHQW RI*HQHWLFV $QLPDO %UHHGLQJDQG (WKRORJ\ 8QLYH!
3RODQG

H\ZRUGNWLPH RI ILJKW VHFRQGDU\ LRQ PDVV VSHFWURPHWU\ G
IRUPLQ ID[VHHG PXFLODJH QRUPDOLVDWLRQ VWUDWHJILHV UH

$SEVWUDFW

7LPH RI )OLIKW6HFRQGDU\ RQODVV6SHFWURPHWU\ 7R) 6,06 F
ODEHOIUHHDQDO\VLV RIWKHFKHPLFDO FRPSRVLWLRQRIELROI
$ NH\ FKDOOHQJH LQ TXDQWLWDWLYH DQDO\VLVY LV WR HOLPL
PDWUL[ HIITHFWV DQG YDULDEOH H[SHULPHQWDO FRQGLWLRQV
WKH LPSDFW RI GDWD SUHSDUDWLRQ DQG QRUPDOLVDWLRQ V
PHWDEROLF SUREOLQJRIOLYHU VHFWLRQV IURP =XFNHU 'LDEH)
XQWUHDWHG GLDEHWLF FRQWUROV DQG JURXSV UHFHLYLQJ PH
7LVVXHVHFWLRQV ZHUHDQDO\VHG XVLQJD 7R) 6,06 LQVWUXPH
LRQPRGHYVY 7RPLQLPLVH WRSRJUDSKLFDO DUWHIDFWYVY DQG VXL
RILOQWHUHVW 52, RI ™ wPtDQG ™ wPtZHUH VHOHFWHG

DSSURDFKHV WRWDOLRQFRXQW 7,& SULPDU\LRQ GRVH DQG
JURXS ZHUH FRPSDUHG DJDLQVW QRQ QRUPDOLVHG 5%: GDWL
DVVHVVHG WKURXJK LRQ DEXQGDQFH DQG SULQFLSDO FRPSRC
LQGLFDWH WKDW 7,& QRUPDOLVDWLRQ HITHFWLYHO\UHGXFHV L!
LW PD\ REVFXUH VXEWOH ELRORJLFDO GLIIHUHQFHYVY 1RUPDOL
FOHDUO\ UHYHDOHG WKHUDS\ LQGXFHG FKDQJHV LQ OLSLG DQ
PRUH 52, RSWLPL]DWLRQ FRPELQHG ZLWK PXOWLYDULDWH DQC

&RUUHVSRQGLQJ DXWKRUV PLFKDOLQD ND]JPLHUF]DN#VWXGHQW XM HG
DQQD NDODIRYD#XQLDJ VN NODXGLD MDV]F]D#XUN HGX SO GRURWD ZRM
FDURYD#XQLDJ VN

aa



WKH VHSDUDWLRQ RI JURXSV 7KH FKRLFH Rl SUHSURFHVV
FULWLFDOO\LQIXHQFHVY GDWD LQWHUSUHWDELOLW\DQG F
LOQWHUYHQWLRQ
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3LRWU /LPBDQ@XNDV] 6xGHN

l16WXGHQW 5HVHDUFK *URXS RIOLFURELRORJ\DQG ,PPXQRORJ\ OHGLFDO 8QL
3RODQG
2'HSDUWPHQW RIOLFURELRORJ\DQG ,PPXQRORJ\ OHGLFDO 8QLYHUVLW\RI

H\ZRU®WHXNHPLD WXPRUPLFURHQYLURQPHQW VLQJOH FHOO
WLRQ SURWHRJIJHQRPLFYV

$SEVWUDFW

&ODVVLEFDWLRQ VI\VWHPV RI $FXWH O\HORLG /HXNHPLD $0/ GR
SKHQRW\SLF SODVWLFLW\RIOHXNHPLFFHOOV :HDLPHG WR PDS
XVLQIJDQLQWHJUDWHG PXOWLPRGDO DSSURDFKWRLGHQWLI\W
‘HLQWHJUDWHG &,7( VHT GDWD IURP FRKRUWV FRPSULVLQJ S
WRWDO9, IRUMRLQW SUREDELOLVWLF PRGHOLQJ ODOLJQDQW E
XVLQJ DQ ;*%RRVW FODVVLEHU WUDLQHG RQ GHQRLVHG YDOXt}
$]LPXWK UHIHUHQFH PDSSLQJDQG FOXVWHUHG WR GHEQH GLVW
WLHQWYV ZHUH VWUDWLEHG EDVHG RQ OHXNHPLF FRPSRVLWLRQ
SVHXGREXON DJJUHJDWLRQ GLIIHUHQWLDO H[SUHVVLRQ QHW:
YDOLGDWLRQRQEXONS51$ VHT FRKRUWV 7&*$ 2+68
BWUDWLEFDWLRQ GHEQHG +6& OLNH ORQRF\WH OLNH DQG +HW
PXQLFDWLRQ DQDO\VLY UHYHDOHG WKDW GLIIHUHQWLDWLRQ V
GLVWLQFW SDWWHUQV RI PLFURHQYLURQPHQWDO UHPRGHOLQ.
FKDUDFWHUL]HG E\ & DQG /*$/6 D[HV ZKHUHDV PDWXUH FH
VLIQDOLQJ WKURXJK VSHFLEF LQWHJULQV DQG QLFRWLQDPLC
1$037 7UDQVFULSWRPLF YDOLGDWLRQ OLQNHG WKHVH GULYH
YLYRGUXJVHQVLWLYLW\
7KH$0/PLFURHQYLURQPHQWLY VKDSHGE\GLIIHUHQW OHXNHPLI
FRPSXWDWLRQDO IUDPHZRUN GHEQHV WXPRU DUFKLWHFWXUH
IRUSUHFLVLRQ WKHUDSLHYV

&RUUHVSRQGLQJDXWKRUV V # VXP HGX SO OVHGHN#VXP HGX SO
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1RHPL ORLAHEDVW L DIQ }YDO@WLIDQ% L1V FRDQ QB 08B KD5 0DUNLHC
*DHWDQR §DWWWRESH '"4$Q RRQOD 3R OTRMAMNDO O'D 7XSOHU

1'HSDUWPHQW RI %LRPHGLFDO OHWDEROLFDQG 1HXUDO 6FLHQF]
(PLOLD ,WDO\
2’HSDUWPHQW RI'DWD 6FLHQFHDQG (QJLQHHULQJ 6LOHVLDQ 8¢
*OLZLFH 3RODQG
3'HSDUWPHQW RI 1HXURVFLHQFHV %LRPHGLFLQHDQGORYHPHQ\
9HURQD ,WDO\
485,$06 6SRUW OHGLFLQH &HQWUH 9RJKHUD 8QLYHUVLW\

H\ZRUG¥®¥+' )5* ORQJIJLWXGLQDO PXOWL RPLFVDQDO\VLV ¢

$SEVWUDFW

)5* JHQH HQFRGHV D XELTXLWRXV 51$ ELQGLQJ SURWHLQ
IXQFWLRQ ,WV RYHUH[SUHVVLRQ LQ PRXVH VNHOHWDO P X\
KXPDQ IDFLRVEDSXORKXPHUDO PXVEXODU G\WVWURSK\ )6+
LQKHULWHG P\RSDWK\ LQFOXGLQJSURJUHVVLYHPXVFOH Z
UHGXFHG ERG\ ZHLJKW DQG LPSDLUHG PXVFOH PDWXUDWLTF
$V D FRPSOH[ GLVHDVH )6+' LV LQIXHQFHG E\ D FRPELQDW.L
RFFXU RYHU WLPH 7R REWDLQ D FRPSUHKHQVLYH RYHUYL
HDUO\ SDWKRJHQLF HYHQWYV QRW DFKLHYDEOH ZLWK VLQJ
DORQJLWXGLQDO PXOWL RPLFV DSSURDFK LQWHJUDWLQJ
IURP VNHOHWDO PXVFOHVY FROOHFWHG DW GLIITHUHQW WLP|
WRWKHRQVHWRIRYHUW GLVHDVH :HLGHQWLEHG FRRUGLQ
FOXGLQJDQHDUO\LPSDLUPHQW RI SRVWQDWDO PXVFOH PLC
HIEFLHQF\ IROORZHG E\ DEFWLYDWLRQ RI VWUHVV SDWKZD
ZLWK SURJUHVVLYH LQIDPPDWLRQDQG EEURVLYV

$PRQJ WKH PROHFXOHV LGHQWLEHG E\ PXOWL RPLFV DQD
ZKRVH H[SUHVVLRQ LV LQFUHDVHG LQ )5* PLFH PXVFOHYV
DEODWLRQ RI &GNQ D LQ )5* PLFH DPHOLRUDWHY PXVFO
FKURQLFLQIDPPDWLRQ VXJJHVWLQJ&GNQ DDV D NH\ HIIH
DQG LGHQWLI\LQJ LW DV D SRWHQWLDO QRYHO GUXJJDEOH
QHXURPXVFXODU GLVRUGHUYV

&RUUHVSRQGLQJ DXWKRUV #VWXGHQWL XQLPRUH LW VHEDVW
SOHU#XQLPRUH LW

aa
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6ZHWKDD 1DWU'D M EB WRWKLBL/ AM@EEFHS $HG\GH U + B FINDPUDRER
6DYDUHMHL 2IKDELDQ

18QLYHUVLW\RI+HOVLQNL )LQODQG
2YRONK!OVDQ 5HVHDUFK &HQWHU )LQODQG

.H\ZRUGM $ VHT 51%$ ULERVRPDO 51% P51% WUDQVFULSWRPH
FOLQLFDO GLDIJQRVWLFV YDULDQWLQWHUSUHWDWLRQ KXPDQ

$SEVWUDFW

51$ VHTXHQFLQJ 51$ VHT SOD\WDQLPSRUWDQW UROHLQERWK |
PHGLFLQH E\VXSSRUWLQJELRPDUNHU GLVFRYHU\ DEHUUDQW \
LOWHUSUHWDWLRQ +RZHYHU WKH W\SH RI 51$ FDSWXUHG GHS
SUHSDUDWLRQ VWHS 3RO\ $ 51%$ VHT HQULFKHV IRU SRO\DGHQ
U51$ GHSOHWLRQ FDSWXUHV D EURDGHU UDQJHRI51%$V LQFOXG
SDUWLDOO\SURFHVVHG WUDQVFULSWV

,Q WKLV VWXG\ ZH FRPSDUHG SRO\' $ VHOHFWLRQDQG U51$ GH
EORRG 51$ FRKRUWY WR GHWHUPLQH KRZ WKHVH WHFKQLTXHYV ¢
VSOLFH MXQFWLRQ GHWHFWLRQ DQG UHSUHVHQWDWLRQ RI O
DQDO\VLY WRROV ZHIRXQG WKDW U51$ GHSOHWLRQ FRQVLVWH
WLRQV DQG PRUH QRYHO VSOLFLQJ MXQFWLRQV WKDQ SRO\ $ ¢
OLEUDULHV VKRZHG D VWURQJHU "ELDV ZLWK UHGXFHG FRYHU|
ORVW LPSRUWDQWO\ U51$ GHSOHWLRQ SHUIRUPHG EHWWHU IR
ZLWK FRPSOH[VSOLFLQJSDWWHUQV ZKLFKDUHRIWHQ FOLQLFC
WXUH ZLWK SRO\' $ VHOHFWLRQ

7KHVH EQGLQJV KLJKOLJKW WKDW 51$% VHT OLEUDU\ SUHSDUDYV
FRQVLGHUDWLRQ EXWDOVRDQLPSRUWDQW IDFWRULQIXHQFLC
VFULSWV FDQ EH GHWHFWHG )RU VWXGLHV IRFXVHG RQ ORQJ W
RUGHJUDGHG FOLQLFDO 51$ VDPSOHV U51$ GHSOHWLRQ PD\ SU
FOLQLFDOO\LQIRUPDWLYHYLHZRIWKHWUDQVFULSWRPH
$FNQRZOHGJPHMQRXOG OLNH WR WKDQN ODUFR 6DYDUHVH DQG
WKHLU JXLGDQFH DQG VXSSRUW WKURXJKRXW WKLV SURMHFW
DQG WKH 8QLYHUVLW\RI+HOVLQNL ,7 &HQWHU IRUFRPSXWDWLR

&RUUHVSRQGLQJDXWKRUV VZHWKDD QDWUDMJD\DWKUL#KHOVLQNL E PL
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.DUROLQD .0@WHU :ROAV.KMUMWUQD 6 KFKXEUDWR&EHNV\N
-RDQQD 3ROD=+VND

1'HSDUWPHQW RI'DWD 6FLHQFHDQG (QJLQHHULQJ 6LOHVLDQ 8¢
2'HSDUWPHQW RI %LRORJLFDO 6FLHQFHV 2DNODQG 8QLYF
S'HSDUWPHQW RI %LRORJLFDO 6FLHQFHV 8]KKRURG 1DWLR!

.H\ZRUGMSH GLDEHWHV PDFKLQHOHDUQLQJ ELRLQIRUPD

$SEVWUDFW

7\SH GLDEHWHV 7' LVDQLQFXUDEOH FKURQLF DXWRLP
WR FODVVLI\GXH WR LWV XQNQRZQ HWLRORJLFDO FDXVHYV
ZKLFK FRQWUDGLFWV WUDGLWLRQDO GLDJQRVWLF FULWHU
DWHFODVVLEFDWLRQ PHWKRGV FDSDEOH RI FDSWXULQJ FFR
LVFUXFLDO
,Q WKLV VWXG\ DFRPSDUDWLYH DQDO\VLV RI :(6 GDWD ZDV
R 7 "FDVHV DQG FROQWUROVIURP WKHS8NUDLQLDQ S
WLRQ DSSURDFKHYVY ZHUH XVHG WR GLVWLQJXLVK SDWLHQW
' *%RRVW DQGDPXOWLOD\HU SHUFHSWURQ
7KH UHVXOWY Rl WKH H[SHULPHQWY LQGLFDWH WKDW WK|
LFDQWO\ KLJKHU FODVVLEFDWLRQ SHUIRUPDQFH $FFXUD
EFLW\ 6HQVLWLYLW\ FRPSDUHG WR ORJLVWLF U
UHVSHFWLYHO\ DQGO0/3 UH\
7KH UHVXOWY HPSKDVL]H WKDW VLPSOH OLQHDU PRGHOV F
FRPSOH[VWUXFWXUHRIJHQRPLFGDWD ,QFRQWUDVW WUL
VXFK DV GHHS QHXUDO QHWZRUNV PRVW OLNHO\ UHTXLUH
VDWLVIDFWRU\ FODVVLEFDWLRQ UHVXOWYV ,Q SUDFWLFH
EDODQFH PRGHO FRPSOH[LW\ ELRORJLFDO LQWHUSUHWDE
GDWDVHWEHLQJDQDO\]JHG

$FNQRZOHGJPHRWWVHQRPLFV RI 7' LQ 8NUDLQH SURMHFW
7KH/HRQD O DQG +DUU\ % +HOPVOH\ &KDULWDEOH 7UXVW
RI7 '"H[RPHV% 3KDVH,DQG 3KDVH

&RUUHVSRQGLQIJDXWKRUV NDUROLQD NXOLV#SROVO SO MRDQQD

aae



'‘R- 7-45 A 4iD/ET74 348 .0 Bi/E- EDA +&D D!
5tU .8 (-41S-YD +0&1 D 4- - Y.0.

$OHNVDQGUD200IUMD.AFLRREZNHIRU]DWD $GDPLHF 'DWAMQL FLRN
*HQGRV]GHXDUULOOR

LYDEFXOW\RI$XWRPDWLF &RQWURO (OHFWURQLFVDQG &RPSXWHU 6
RI7HFKQRORJ\ 3RODQG
20 LRWHFKQRORJ\ &HQWUH 6LOHVLDQ 8QLYHUVLW\RI 7HFKQR
3'HSDUWPHQW RI +LVWRORJ\ )DFXOW\RIOHGLFDO 6FLHQFHV LQ =DE
RI6LOHVLD 3RODQG

H\ZRUGVY.51%$ SDWKZD\HQULFKPHQW DQDO\VLV VLIJQDOLQJSDV

$SEVWUDFW

3DWKZD\ HQULFKPHQW DQDO\VLV LV RQH Rl WKH NH\ ELRLQIRU
LGHQWLEFDWLRQRIELRORJLFDO SURFHVVHVDQGVLJQDOOLQJ:
DQLQLWLDO VHOHFWLRQRIJHQHVRUSURWHLQV EDVHG RQ VSHI
7KH FKRLFH RI DQ DSSURSULDWH WKUHVKROG GHWHUPLQHV Z
LQFOXGHG LQ WKH DQDO\WLYV WKHUHE\ LQIXHQFLQJ WKH UHVX
TXHQW ELRORJLFDO LQWHUSUHWDWLRQ 7KH DLP RI WKLV VWXC
FKRLFH RI FXWRIl WKUHVKROG WDUJHW VHOHFWLRQ SDUDPHW|
PLQLPXP VL]HRISDWKZD\VRQ WKHUHVXOWV RIVLJQDOOLQJ SD!
7KH DQDO\VLV ZDV FRQGXFWHG IRU WZR GLIIHUHQW PL51$V K
PL5 D S XVLQJWKUHHLQGHSHQGHQW WRROV VXFK DV 675,1"
LPSOHPHQWHG LQ KRXVH &%$71$3 7KHDQDO\VLVIRFXVHG RQ W:
(**DQG *HQH 2QWRORJ\ 7KHWDUJHWV ZHUH LGHQWLEHG XVLQJ
7KH VWXG\ GHPRQVWUDWHG WKDW WKH SDUDPHWHUV GHWHUF
VXEPLWWHG IRU DQDO\VLY KDYH WKH PRVW VLIQLEFDQW LPSD!
ZDV FRQVLVWHQW DFURVV WKH UHVXOWY REWDLQHG IURP ERW
ERWK WHVWHG PL51$V 7KH UHVXOWYV REWDLQHG PD\ VHUYH DV
UHJDUGLQJWKHVHOHFWLRQRIHQULFKPHQW DQDO\VLV SDUDPF

&RUUHVSRQGLQJDXWKRUV DX #VWXGHQW SROVO SO ROJD NRFLNRZ\

ac
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.ODXGLD 6NXRMQQAB '\5D

LYDFXOW\RI$XWRPDWLF &RQWURO (OHFWURQLFVDQG &RPSXV
RI7THFKQRORJ\LQ *OLZLFH 3RODQG
2'HSDUWPHQW RI 'DWD 6FLHQFHDQG (QJLQHHULQJ 6LOHVLDQ 8¢

.H\ZRU®WUJIJH ODQJXDJH PRGHOV RYHU UHSUHVHQWDWLRC

$SEVWUDFW

/DUJH ODQJXDJH PRGHOV //0V KDYHJDLQHG VLIJQLEFDQW
DSSOLHG DFURVV YDULRXV EHOGV 7KLV LQFOXGHV DQDO\V
H[SHULPHQWYVY +HUH RQHRIFODVVLFPHWKRG IRUVWXG\LQ
JHQHV LV RYHUUHSUHVHQWDWLRQ DQDO\VLV 25%$ ZKLFK
SDWKZD\V 6LPLODUO\ //0 UHTXLUHV D OLVW RI JHQHV DV
RI SDWKZD\V

7KH DLP Rl WKLV VWXG\ ZDV WR LQYHVWLJDWH WKH SRWH
DYDLODEOH XQWUDLQHG //0V DV ZHOO DV WUDLQHG //0V V.
DQDO\VLQJ SDWKZD\HQULFKPHQW FRPSDUHG WR WKH 25$ D
1RQH RI WKH XQWUDLQHG //0V UHWXUQ WKH VDPH QXPEHU
EHVW FRYHUDJH ZDV DFKLHYHG E\ WKH *37 R ZLWK D VFRI
3UR ZLWK D VFRUH RI <HW WKH ELRORJLFDO SDWKZD\
JHQHUDO FRPSDUHG WR 25% ,Q WHUPV RIVHPDQWLE VLPLOD
HPEHGGLQJY GHWDLOHG SURPSWV JLYH YHU\ VLPLODU UH
+RZHYHU WKH VLPLODULW\ WR 25% LV ,Q WHUPV RI WU
VHPDQWLFVLPLODULW\EHWZHHQ WKHLURZQUHVXOWV RY|
7KH VLPLODULW\ WR 25% LV IRU *6$, VLPLODU WR XQWUL
LQ EHVW RSWLRQ VKRZV HYHQ WR VWDQGDUG PHWKRG

DUHDEOH WRDVVLJQ JHQHV WR VSHFLEF SDWKZD\VDQG SU
KHOSIXOLQDQDO\WLY EXWWKH\KDYHFHUWDLQ RI OLPLWD

&RUUHVSRQGLQIJDXWKRUV NV #VWXGHQW SROVO SO MRDQQD ]

ae
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'DZLG =DPRMYGEDP 3IXGH®URKDS 0BUF]\N

1'HSDUWPHQW RI 'DWD 6FLHQFHDQG (QJLQHHULQJ 6LOHVLDQ 8QLYHLI
2x\QFHQWUXP 6S ]R R 3RODQG

3'HSDUWPHQW RI ,PPXQRORJ\ $FDGHP\RI6LOHVLD 3RODQ
4<DOH 6FKRRO RIOHGLFLQH 86%

.H\ZRU®G\VLVNDVVHVVPHQW FOLQLFDOGDWD LQIHUWLOLW\WUH!
UDQGRP IRUHVW

$SEVWUDFW

, QIHUWLOLW\ GLDIJQRVWLFV LV LQKHUHQWO\ PXOWLGLPHQVLR
PRGHOVDUHVWLOO EDVHGRQD OLPLWHG VHWRIFOLQLFDO YDU
JDSE\GHYHORSLQJD PDFKLQHOHDUQLQJIUDPHZRUN WR VXSSR
GDWD IURP IRXULQIHUWLOLW\GRPDLQV JHQHWLFV F\WRJHQHYV
LPPXQRORJ\ 7KH DLP LV WR LPSURYH ULVN DVVHVVPHQW DQG |
SDWKZD\VIURP WKHHDUOLHVW VWDJHV RILQIHUWLOLW\HYDOX
7KH GDWD FRQVLVWHG RI VHOHFWHG LQIHUWLOLW\ GLDJQRVWL
QDQF\ :H FRGHG WKH GHVFULSWLRQV RI WKH WHVW UHVXOW\
LOQFRQFOXVLYH QRUPDO JRUHDFK GRPDLQ GDWD ZHUH EO
ZHUHLPSXWHG XVLQJ WKHN QHDUHVW QHLJKERUV DOJRULWKP
FODVVLEHU ZDV WUDLQHG XVLQJ FODVV EDODQFLQJ ORGHO St
EDODQFHG DFFXUDF\ SUHFLVLRQ DQG UHFDOO 7KHGHFLVLRQ
YDOLGDWLRQ VHW XVLQJ) VFRUH

7TKH FXUUHQW ZRUN HVWDEOLVKHG D SLSHOLQH WR LQWHJUD
GLDIJIQRVWLFGDWDDQGHYDOXDWH SUHGLFWLYHSHUIRUPDQFH
SUHOLPLQDU\N UHVXOWY LQGLFDWH WKDW WKH PRGHO SHUIRUP
RXWFRPHV LQ WKH EHOG RI LPPXQRORJ\ WHVWLQJ )XWXUH ZRU
UHVXOWY DFURVV WKH VWXG\JURXSVDQG WUDQVODWLQJWKH V
IRUSHUVRQDOL]J]HG LQIHUWLOLW\GLDJQRVWLFV
$FNQRZOHGJPHKQMWSURMHFW ZDV FRQGXFWHG LQ FRRSHUDWLR
IDERUDWRU\RIWKH*\QFHQWUXP6S J]R R LQ6RVQRZLHF 7KLV Z
OLQLVWU\RI 6FLHQFH DQG +LJKHU (GXFDWLRQ!,PSOHPHQWDWL

&RUUHVSRQGLQIJDXWKRUYV GDZLG ]DPRMVNL#SROVO SO PLFKDO PDUF]\N

an
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ODUW\QD 61\VPNR G =D PRMF¥ALP 3XGH®NRKDO 0BPUF]\N

LYDFXOW\RI$XWRPDWLF &RQWURO (OHFWURQLFVDQG &RPSXV
RI7HFKQRORJ\ 3RODQG
2'HSDUWPHQW RI'DWD 6FLHQFHDQG (QJLQHHULQJ 6LOHVLDQ 8¢
3*\QFHQWUXP 6S |R R 3RODQG
4“'HSDUWPHQW RI ,PPXQRORJ\ $FDGHP\RI6LOHVLD 3R
5<DOH 6FKRRORIOHGLFLQH 86$%

.H\ZRUG3ROLVK PHGLFDO FRUSXV FOLQLFDO WH[W PLQLC
GRPDLQ DGDSWLYH SUHWUDLQLQJ 3ROLVK 'LVWLO5S5R%(57CL

$SEVWUDFW

/IDUJH /IDQJXDJH ORGHOV //0V DUH XVXDOO\WUDLQHG RQC
WKDW UHSUHVHQW FRPPRQ ODQJXDJH ,Q PDQ\WDVNV WKF
EVIXUWKHU WUDLQLQJRQGRPDLQ VSHFLEFFRUSRUD HQUL
,Q WKH 3ROLVK PHGLFDO GRPDLQ WKH DYDLODELOLW\ RI |
GRZQ WKH GHYHORSPHQW RI 1DWXUDO /DQJXDJH 3URFHVV
7KLV VWXG\DLPHG WR FRQVWUXFW D 3BROLVKPHGLFDO ODQ.
JHQHWLFYV DQGJ\QDHFRORJ\EHOGY LQWHQGHG IRUGRPDL
$ PHGLFDO GDWDVHW ZDV FROOHFWHG ZLWK RYHU PLOOLF
FRUSXV FRQVWUXFWLRQ PHWKRGY ZHUH DSSOLHG LQFOX
DQG D QRYHO DSSURDFK 6XEVHTXHQWO\ WKH LQLWLDO
SRVW SURFHVVLQJ 7KH UHVXOWLQJ FRUSXYV ZDV XVHG IR
SUHWUDLQLQJRIWKH3ROLVK 'LVWLO5R% (57D PRGHO XVLQ
0/0 PHWKRG 7R HYDOXDWH WKH XVHIXOQHVV RI WKH GHY
IXQFWLRQ ZDV XVHG WR GHWHUPLQH WKHDFFXUDF\RI SUHC
7KH HYDOXDWLRQ RI WKH GHYHORSHG FRUSXV FRQEUPHG D
WKH VXLWDELOLW\ RI WKH GHYHORSHG 3ROLVK PHGLFDO O
FRUSXV ZLOO EH H[SDQGHG DQG PDGH SXEOLFO\ DYDLODE
PRGHO ZLOO EH DSSOLHG WR FOLQLFDO GDWD FODVVLEFI
DQDO\WLVRIFOLQLFDO GDWD

$FNQRZOHGJIJPHKQMWSURMHFW ZDV FRQGXFWHG LQ FRRSHUD
IDERUDWRU\RIWKH*\QFHQWUXP6S ]R R LQ6RVQRZLHF 71
OLQLVWU\RIG6FLHQFHDQG +LJKHU (GXFDWLRQ!,PSOHPHQW

&RUUHVSRQGLQIJDXWKRUV PV #VWXGHQW SROVO SO GDZLG |DI
PLFKDO PDUF]\N#SROVO SO

aa
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-XOLD 6HUD D -‘DORVFHO 2FWORFKDO OBUF]\N

1'HSDUWPHQW RI 'DWD 6FLHQFHDQG (QJLQHHULQJ 6LOHVLDQ 8QLYHLI
2<DOH 6FKRRO RIOHGLFLQH 86%

'H\ZRUG&DWD DXJPHQWDWLRQ EDWFK HIIHFW UHGXFWLRQ ZK
& OL[XS

SEVWUDFW

‘KROH H[RPH VHTXHQFLQJ :(6 VWXGLHV DUH SURQH WR QRQ
HVSHFLDOO\ LQ PXOWL FHQWHU VHWWLQJV ZKLFK PD\ UHGXFH
OHDUQLQJ PRGHOV 7KHVH HIIHFWV FDQ DULVH IURP GLIIHUHQ
RUELRLQIRUPDWLFYV SLSHOLQHV ([LVWLQJPHWKRGV IRU PLWL.
GDWD UHPDLQ OLPLWHG

7R DGGUHVV WKLV LVVXH ZH SURSRVH WKH IROORZLQJ PRGLEF
ULWKP L FRPSXWDWLRQ RI ODEHO EDVHG VLPLODULW)\ YLD N
FRQVWUXFWLRQ RID SHQDOW\PDWUL[ XVLQJFOXVWHULQJ WR U
WKH VDPH FOXVWHU LLL GDWDVHW EDODQFLQJE\VDPSOLQJ X
LY JHQHUDWLRQ RI QHZ VDPSOHV DV ZHLJKWHG FRPELQDWLRQ
7KH PHWKRG ZDV HYDOXDWHG RQ D PXOWLFHQWHU GDWDVHW
DQG WKH $GMXVWHG 5DQG ,QGH[ $5, FRPSXWHG EHWZHHQ WKF
GDWDVHWYV 7KH LPSDFW RQ SUHGLFWLYH SHUIRUPDQFH ZDV DV
HYDOXDWHG ZLWK /LQ"V &RQFRUGDQFH &RUUHODWLRQ &RHIEFL!
5HVXOWY VKRZHG D VLIQLEFDQW UHGXFWLRQLQ $5, WR LQG
1R QHJDWLYH LPSDFW UHODWHG WR SDWLHQW DJH ZDV REVHUY|
ZLWK WKH SURSRVHG PHWKRG &&& FRPSDUHG WR PRGHOV
&&& DQG XVLQJYDQLOOD & OL[XS &&& 7KH SURSRVH(
EHWHVWHG RQ GLIIHUHQW PRGHOV DQG WDVNV
$FNQRZOHGJPRARMWUHVHDUFK ZDV IXQGHG E\ WKH 1DWLRQDO
3RODQG JUDQW QR (1= o

&RUUHVSRQGLQJDXWKRUV MXOLD PHUWD#SROVO SO PLFKDO PDUF]J\N#S

aa
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'LNWRULD!3RQND .RV$/QO®D "B00RQLND .XUBDWHN .LPPHO
5RPDQ -BNVLN

1"HSDUWPHQW RI6\WWHPV %LRORJ\DQG (QJLQHHULQJ 6LOHVLDC
2%LRWHFKQRORJ\ &HQWUH 6LOHVLDQ 8QLYHUVLW\RI 7H
SHSDUWPHQW RI 6WDWLVWLFVDQG %LRHQJLQHHULQJ 5LFH &8

.H\ZRUGM3( IRUPDOLQ E[DWLRQ DUWLIDFW FRUUHFWLRQ Q

$SEVWUDFW

JRUPDOLQ E[HG SDUDIEQ HPEHGGHG ))3( WLVVXHV DUH
VWXGLHV EXW IRUPDOLQ E[DWLRQ FDXVHV '1$ GDPDJH HYV
OHDGLQJ WR &!7 FKDQJHV WKDW FDQ DIIHFW YDULDQW GH
ERWK FRPSXWDWLRQDO WRROV 62% HWHFWRU ,GHDE[ 0
))3( ))3( 30XV ))3(UDVH DQG HQ]\PDWLF UHSDLU PHWKRG\
'1$ 5HSDLU OL[ Y DUH XVHG +RZHYHU WKHLU SHUIRUPDQF
FRPSDUHG ,Q WKLV VWXG\ ZH HYDOXDWH WKHVH DSSURL
GDWDVHWYV LQFOXGLQJ ZKROH JHQRPH &*&, %/ DQG ZKF
7&*$ 3& DQG 687 /8%'" WKH ODWWHU LQFOXGLQJHQ]J\PDWLF
PDWFKHG IUHVK IUR]JHQ )) WLVVXHV DV UHIHUHQFH $PRQ.
))3(UDVH VKRZHG WKH PRVW EDODQFHG SHUIRUPDQFH DFI
WZHHQ VHQVLWLYLW\DQG SUHFLVLRQLQ YDULDQW FDOOLC
UHSDLU ZLWK 1(%1H[Wp ))3( '1$ 5HSDLU Y ORGXOH SURYLC
UHFRYHU\ Rl QDWLYH YDULDQW SUREOHV RXWSHUIRUPLQ.
RYHUDOO GDWD TXDOLW\ &RPELQLQJHQ]\PDWLF UHSDLU Z|
LPSURYH SHUIRUPDQFH

,Q VXPPDU\ JHQRPLFDQDO\VLV RI))3(VDPSOHV UHTXLUHV
RU DSSURSULDWH ELRLQIRUPDWLF FRUUHFWLRQ WRROV
LPSURYH WKH UHOLDELOLW\RIVRPDWLFPXWDWLRQV LQFD
$FNQRZOHGJIJPMQ®WNQJ 2SXV % 1=

&RUUHVSRQGLQJ DXWKRUV ZLNWRULD SORQND#SROVO SO GDULL
PRQLND NXUSDV#SROVO SO PDUHN NLPPHO#SROVO SO URPDQ MDNVL

s A

ad
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.HIDQ OHQUWKRPDV %DUWOHWW

18QLYHUVLW)\ &ROOHJH/RQGRQ 8.

H\ZRUGYV$ PHWK\ODWLRQ FHOO W\SH GHFRQYROXWLRQ OLQHD
VSHEFLEF PRGHOOLQJ

$SEVWUDFW

(QGRPHWULDO FDUFLQRPD LV DQ HSLWKHOLDO PDOLJQDQF\ EX
PHDVXUHG LQ EXON WLVVXH ZKHUH HSLWKHOLDO EEUREODVW
7KLV PDNHV LW GLIEFXOW WR GHWHUPLQH ZKHWKHU GLVHDVH D
DULVH VSHFLEFDOO\ IURP WKH HSLWKHOLDO FRPSDUWPHQW
DVVRFLDWHG '1$ PHWK\ODWLRQ FDQ EH LQIHUUHG IURP EXON W
DQG ZKHQ H[FHVV PHWK\ODWLRQ DW GLVHDVH DVVRFLDWHG OR
GLVHDVH GHYHORSPHQW

‘H DQDO\VHG PDWFKHG WXPRXU DQG QRUPDO DGMDFHQW 7&*$ ¢
W\SHGHFRQYROXWLRQDQG &S* VSHFLEFOLQHDUPL[HGPRGHOC
DQ DGMXVWHG H[SHFWHG WXPRXU PHWK\ODWLRQ YDOXH IURP H"
DQG FRPSDUHG LW ZLWK REVHUYHG WXPRXU PHWK\ODWLRQ 7KL
REVHUYHG PHWK\ODWLRQ WKDQ H[SHFWHG LQ WXPRXU VDPSOH
=6&%1 ,Q FDQFHU IUHH K\SHUSODVLD KLJKOLJKWHG &S*V DC
PHWK\ODWLRQ UHODWLYH WR QRUPDO DGMDFHQW WLVVXH ZKF
OLWWOH HYLGHQFHRI ZLGHVSUHDG DGGLWLRQDO PHWK\ODWLR
PDWFKHG SULPDU\WXPRXUV

7KHVH UHVXOWV VKRZ WKDW EXON WLVVXH '1$ PHWK\ODWLRQ
HSLWKHOLDO DVVRFLDWHG PHWK\ODWLRQ FKDQJH DW &S* UHV]|
PHWK\ODWLRQ DW GLVHDVH DVVRFLDWHG &S*V LV DFTXLUHG |
GHYHORSPHQW

&RUUHVSRQGLQIJDXWKRUV XFDNNPH#XFO DF XN WKRPDV EDUWOHWW #
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SUDQMDOL 6KDUPD

18&6,5 ,+%7 ,QVWLWXWHRI+LPDOD\DQ %LRUHVRXUFH 7HF

H\ZRU®BV$& VHT PXOWLPRGHO GHHS OHDUQLQJ SHUVRQDC

$SEVWUDFW

'\WVUHIJXODWLRQ RI FKURPDWLQ DFFHVVLELOLW\LV D KDOOT
SUHGLFWLYH PRGHOV RIWHQ UHO\ RQ VWDWLF '1$ VHTXHC
G\QDPLF WUDQV UHJXODWRU\ HQYLURQPHQWYV RI VSHFLEF
PXOWL PRGDO IUDPHZRUN IRUWKHFRQWLQXRXV UHJUHVVL
VHT VLJQDOV EULGJLQJWKHJIJDSEHWZHHQ JHQRPH ZLGH G
OHWKRGRORJ)\

0\ %'XDO 6WUHDP% DUFKLWHFWXUH XWLOL]JHV D '1$ VHTXH¢
VHIPHQWY YLD D GHHS ' &11 LQWHJUDWHG ZLWK 5HVLGXE
DQG ([FLWDWLRQ 6( DWWHQWLRQ 7KLV HQDEOHV WKH |
IHDWXUHV EDVHG RQ WKHLU UHJXODWRU\ SRWHQWLDO 6|
FHOOXODU FRQWH[W WKURXJK DQ H[SUHVVLRQ VWUHDP LQTF
LQQRYDWLRQ LV WKH KLJK UHVROXWLRQ %0XOWL *HQH &R
WUDQVFULSWLRQDO DFWLYLW\ RI WKH QHDUHVW JHQHV ZL\
DUH IXVHG LQWR D MRLQW UHSUHVHQWDWLRQ WR SUHGLI
FRQGLWLRQV GHPRQVWUDWLQJKLJK SHUIRUPDQFHLQFDS
&RQFOXVLRQ

7KLV G\QDPLF PXOWL PRGDO PDSSLQJ Rl WKH UHJXORPH
GLVFRYHULQJ QRYHO RQFRJHQLF GULYHUV DQG SUHGLFWL
YDULDWLRQV SDYLQJWKH ZD\IRUDGYDQFHG SHUVRQDOL]!
$FNQRZOHGJIPHIRXWG OLNH WR WKDQN 'U 5DYL 6KDQNDU

&6,5 ,+%7 DQG OU 8PHVK %KDWL IRU JLYLQJ PH WKLV RSSF
WR ZRUN RQ WKLY SURMHFW DV ZHOO DV IRUWKHLU LQYDO X

&RUUHVSRQGLQIJDXWKRU LSUDQMDOLVKDUPD#JPDLO FRP

aa
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.LQJD =LHOLQWRD G 5 X GPLZAHNbL3 ODEDM

l10D6RSROVND &HQWUH RI %LRWHFKQRORJ\RI-DJLHOORQLDQ 8¢
28QLYHUVLW\RI %LD6\WWRN &RPSXWDWLRQDO &HQWUH 3

H\ZRUGEGLRLQIRUPDWLFV PHWDJHQRPLFV PLFURELRPH V\QHUJ

$SEVWUDFW

OHWDJHQRPLF VWXGLHVY RI GLVHDVH DVVRFLDWHG PLFURELRP
YDULDWH DSSURDFKHVY HYDOXDWLQJ PLFURELDO IHDWXUHV LQ
VLIQDOV IURP FR RFFXUULQJWD[DDQG IXQFWLRQV :HSUHVHQV
OXOWL'LPHQVLRQDO )HDWXUH 6HOHFWLRQ 0')6 DOJRULWKP W|
SDLUV ZKRVH MRLQW LQIRUPDWLRQ JDLQ VXEVWDQWLDOO\ H[F
DORQH 8VLQJ D FRORUHFWDO FDQFHU &5& PHWD DQDO\VLV
RQH FRKRUW RXW FURVV YDOLGDWLRQ IUDPHZRUN ZH VKRZ W
VWDWH RI WKH DUW FODVVLEFDWLRQ EHQFKPDUNV $8& ZK
XQGHWHFWDEOH E\ FRQYHQWLRQDO PHWKRGV +LJK VWDELOL
LQDWRU\ SRZHU DFURVYVY LQGHSHQGHQW FRKRUWYV XQGHU VWL
WHVWLQJ 6\QWKHWLF IHDWXUHY HQFRGLQJ ORJ UDWLR DQG JF
FDSWXUHG ELRORJLFDOO\LQWHUSUHWDEOHUHODWLRQVKLSVF
PRGHO RI &5& FDUFLQRJHQHVLYV ([WHQGLQJ WKH IUDPHZRUN \
VSDQQLQJ , %' W\SH GLDEHWHYV OLYHUFLUUKRVLYVY DQGFDUGLI
WKRXVDQGV RI VIQHUJLVWLF LQWHUDFWLRQV DQG FRQVHUYH
UHVXOWY HVWDEOLVK SDLUZLVH IHDWXUH VIQHUJ\ DV D UHSUR(
D[LVRIGLVHDVH DVVRFLDWHG YDULDWLRQ RIIHULQJD SULQFL:
LOQWHUDFWLRQ EDVHG ELRPDUNHU GLVFRYHU\LQ SUHFLVLRQ PF
$FNQRZOHGJPHQ@WRXOG OLNHWR WKDQN GU .UJ\VIWRIOQLFK IRU K
WR WKHO0')6 DOJRULWKPDQG GU 7RPDV].R FLROGHN IRU KLV YDOX

&RUUHVSRQGLQIJDXWKRUYV NLQJD JLHOLQVND#XM HGX SO SDZHO ODEDM
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$FFK\XW %KDQRQUNDSSDRPOUED 6XBOERD 6 KU L 6DUSINFRGD
SRXEHBOWDPRGBU\DO

1gHQWUDO 'HSDUWPHQW RI %LRWHFKQRORJ\ 7ULEKXYDQ
2'HSDUWPHQW RI (OHFWURQLFVDQG &RPSXWHU (QJLQHHULQJ

H\ZRU®WKQJ VTXDPRXV FHOO FDUFLQRPD PXOWL RPLFV PL

$SEVWUDFW

OROHFXODU VXEW\SHV RIOXQJVTXDPRXV FHOO FDUFLQRPD
LPSOLFDWLRQV \HW LW UHPDLQV XQFOHDU ZKLFK RPLFV PR
LGHQWLW\ DQG ZKDW VLJQDOV GLIIHUHQW PDFKLQH OHD!
HDFK :HDGGUHVV WKLV E\WUDLQLQJEYHFODVVLEHUV OR
UDQGRPIRUHVW DQG :*%RRVW DFURVVEYH7&*$ /86& SODW
PHWK\ODWLRQ PL51$% H[SUHVVLRQ FRS\ QXPEHU YDULDWL
DUUD\ XWLOLVLQJIHDWXUHLPSRUWDQFHDQG 6+$3 EDVH
ORJLFDO VLJQDOV HDFK PRGHO SULRULWLVHV 'LITHUHQWL
IHDWXUHV FRQWH[WXDOLVHV EQGLQJV ZLWKLQ HVWDEOL
FDQGLGDWH ELRPDUNHUV :H IXUWKHU H[DPLQH ZKHWKHU
FRQYHUJHRQ VKDUHG ELRORJLFDO VLJQDOV RUH[SORLW FI
7R H{WHQG EH\RQG H[SUHVVLRQ GHULYHG VXEW\SH ODEHO
Rl /86& WKURXJK FRQVHQVXV FOXVWHULQJ YDOLGDWHG
LPPXQH LQEOWUDWLRQ HVWLPDWHYV 7KH EHVW SHUIRUPLC
PXQH VWUDWLEFDWLRQ DQG HYDOXDWHG RQ DQ LQGHSHQ
WUDQVIHUDELOLW\ DFURVV SODWIRUPVY DQG LQVWLWXWLTF
D PRGDOLW\ OHYHO DFFRXQW RI ZKDW PDFKLQH OHDUQLQ
ZLWK SUDFWLFDO LPSOLFDWLRQV IRU ELRPDUNHU SULRUL
FODVVLEFDWLRQ

&RUUHVSRQGLQIJDXWKRUV KHOOR#DFFK\XW FRP QS PRQLND#PRQL

aeae
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1'HSDUWPHQW RI'DWD 6FLHQFHDQG (QJLQHHULQJ 6LOHVLDQ 8QLYHLI
26LOHVLDQ 8QLYHUVLW\RI7HFKQRORJ\ 3RODQG
S'HSDUWPHQW RI &KLOGUHQ"V'LDEHWRORJ\DQG /LIHVW\OH OHGLFLQH
.DWRZLFH 3RODQG

.H\ZRUGMSH GLDEHWHV FOXVWHULQJDQDO\VLVY SHGLDWULF C

$SEVWUDFW

7\SH GLDEHWHV 7' LV D FKURQLF DXWRLPPXQH GLVHDVH ZLW
LQ WKH FRXUVH RI WKH GLVHDVH DPRQJ SDWLHQWYV 7KH DLP RI
ZKHWKHU XQVXSHUYLVHG PDFKLQH OHDUQLQJ 0/ PHWKRGV FD
GLFWLQJWKHPHWDEROLFFRQWURO 0& SDWWHUQ
7KHVWXG\SRSXODWLRQFRPSULVHG FKLOGUHQGLDJQRVHG ZL
WUHDWPHQW ZLWK DQ $, FRQWUROOHG LQVXOLQ SXPS DQG IRX
FOXVWHULQJVFHQDULRYV ZHUH DSSOLHG WR LGHQWLI\VXEJURX
SDWWHUQV RYHU WLPH

7KH %0, FDQ VHUYH DV DQ LQGLUHFW 0& LQGLFDWRU 7KH VWXC
VWDEOH RYHU WKH IRXU \HDUV VXEJURXSV RI SDWLHQWYV DUF
EHORZDQGDERYHWKHPHDQ 7KHKLJKHU %0, JURXS GHPRQVWL
DK\SRJOLFHPLF VWDWH EXW KHLJKWHQHG UHVXOWV LQ KLSHUJ
'KHQ FRPSDULQJ WKH SDWLHQW VXEJURXSV VWUDWLEHG DFFRU
LW ZDV REVHUYHG WKDW LQLWLDO GLITHUHQFHV LQ FOLQLFDO L
S EHFDPH OHVV SURQRXQFHG RYHU WLPH )LQDOO\ D SI
DGRPDLQVSDQQHG RYHUDOO FOLQLFDO YDULDEOHV DW WKH EH
GLVWLQFWLYH VXEJURXSV ZKLFK GLIITHUHG VLJQLEFDQWO\ LQ
GLIIHUHQFHV YDQLVKHG ZLWKLQ IRXU\HDUV RIREVHUYDWLRQV
7KH SUHOLPLQDU\ UHVXOWV FRQEUPHG WKH SRWHQWLDO RI 0/
RI7 'DPRQJQHZO\GLDJQRVHG SDWLHQWV

&RUUHVSRQGLQIJDXWKRUV MG #VWXGHQW SROVO SO EG #VWXGH
VHEDVWLDQ VHIHW#VXP HGX SO SMDURV]#JF]G NDWRZLFH SO MRDQQD SR

ac
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(ZD 5DGZDEDUD23BQGL 1 X B HEARLMMH O 0D 7RBQGID 3ROD+VND

1'HSDUWPHQW RI'DWD 6FLHQFHDQG (QJLQHHULQJ 6LOHVLDQ 8¢
2'HSDUWPHQW RI %LRORJLFDO OHWDEROLFDQG 1HXUDO 6FLHQF]
(PLOLD ,WDO\

H\ZRUEZKROH H[RPHVHTXHQFLQJ *$7. $1129%5 60LYDU OH

$SEVWUDFW

,GHQWLEFDWLRQ RIUDUHDQG GDPDJLQJ YDULDQWY FRQW
GLVRUGHUV LV D IXQGDPHQWDO DVSHFW RI SUHFLVLRQ P
LQ JHQHWLF WHVWLQJ QXPHURXV SDWLHQWY UHPDLQ XQC
WKH DQDO\VLV RI JHQHWLF YDULDQWYV LQ WULR :(6 VHTXHQC
RIQHXURPXVFXODU GLVHDVHV 10'V

(6 GDWD IURPRQH IDPLO\WULR ZDV SURFHVVHG XVLQJD *$7
,QFOXVLYH 60LYDU EOWHULQJ ZDV DSSOLHG WR UHWDLQ O
JHQRW\SHV SULRULWL]LQJVHQVLWLYLW\RYHU VSHFLEFL\

YLRODWLRQV IRU UHFRUGY DQG 613 7L 7Y UDWLR DUR?
FRQGXFWHG IRUDOO YDULDQWYV WDJJHG E\LQFOXVLYH 601
YDULDQWY PDUNHG DV 3%$66 RU /RZ*4 ZHUH VFRU

SDWKRJHQLFLW\VFRUHLQWHJUDWLQJIXQFWLRQDO FRQVH
LWDQFHPRGHO SULRU DQG WHFKQLFDO TXDOLW\ 7LHULQJ
YDULDQWY DEVHQW IURP JQRP$' DQG UDUH YDULDQW
DV FDQGLGDWH FDXVDO YDULDQWYV IRU IXUWKHU HYDOXDW
PXVFXODU G\WWURSK\ ZHUH LGHQWLEHG 771 3/(& $12 )X
LQFOXGLQJHYDOXDWLRQRIYDULDQWY PDUNHG DV /RZ'3
7KH GHVFULEHG SLSHOLQH VKRZV SURPLVHDV D VWUXFWXU
SULRULWL]DWLRQLQ WULR EDVHG :(6 DQDO\VLYV EXW QHHG

&RUUHVSRQGLQJDXWKRU HU #VWXGHQW SROVO SO

ae
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'DULD .RVWBNDPHG 6]WURPZRRNMG@UDNVLN

1'HSDUWPHQW RI6\WWHPV %LRORJ\DQG (QJLQHHULQJ 6LOHVLDQ 8QL"
*OLZLFH 3RODQG
2*RUGLRQ %LRVFLHQFH ,QF ODLQ 6W &DPEULGJH 0% 8

H\ZRU®WRVV RIIXQFWLRQ 619V 69V &19 RYDULDQFDQFHU 00(-

SEVWUDFW

ORVW SDWKRJHQLF PXWDWLRQV RFFXU ZLWKLQ SURWHLQ FRGL
VWUXFWXUHDQG IXQFWLRQ +RZHYHUDFFXUDWHO\LGHQWLI\LQ
UHPDLQV D PDMRU FKDOOHQJH VLQFH VXFK DOWHUDWLRQV DUL
WKDW H[WHQG EH\RQG W\SLFDO DSSURDFKHV IRFXVHG RQ PLV)
FODVVLEFDWLRQRIWKHVHFKDQJHV UHTXLUHVDQLQWHJUDWLY
W\V\SHV RI JHQRPLF HYHQWYV

7KH DLP Rl WKLV VWXG\ ZDV WR GHYHORS D /R) FODVVLEFDWLR
LQWHJUDWLRQ RI VRPDWLF VLQJOH QXFOHRWLGH YDULDQWYV
DQG FRS\ QXPEHU YDULDWLRQ &19 /R) VWDWXV ZDV GHEQHG
FULWHULD WKHLPSDFWRIDQ619 SDUWLDO RUFRPSOHWH JHQF
WKH SUHVHQFH RI 69 WKDW GLVUXSW JHQH VWUXFWXUH $ JHQH .
ROQHRIWKRVHIHDWXUHYV ZDVLGHQWLEHG

7KH DOJRULWKP ZDV WHVWHG XVLQJ ZKROH JHQRPH VHTXHQ
FDQFHU VDPSOHV ZLWK SDUWLFXODU FRQVLGHUDWLRQ RI Gl
PLFURKRPRORJ\ PHGLDWHG HQG MRLQLQJ 00(- UHSDLU PHF
GHPRQVWUDWHG WKDW &19V DUH WKH SULPDU\ GULYHUV RI1/R) F
DOWKRXJK 69V DQG 619V SURYLGHDGGLWLRQDO FRPSOHPHQWD
WKHVH GDWD SURYLGHV D PRUH FRPSUHKHQVLYH XQGHUVWDQG
DQLVPVLQ FDQFHU H[WHQGLQJEH\RQGFRQYHQWLRQDO DQDO\\
619V

&RUUHVSRQGLQJDXWKRU GDULD NRVWND#SROVO SO

afn
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$ELJDLO BDFKDM

!5]HV]UZ 8QLYHUVLW\RI7HFKQRORJ\ 3RODQG

_H\ZRUGRLFUR FRPSXWHG WRPRJUDSK\ SKDQWRP PRGHOV SR
YROXPHWULF DQDO\VLV VSLQDO LPSODQWY / YHUWHEUD QR
SODQQLQJWRROV FOLQLFDO ZRUNIRZ

$SEVWUDFW

7KH GHYHORSPHQW RI SHUVRQDOL]HG VSLQDO LPSODQWYV DQG
WRROV UHTXLUHV UHOLDEOHDQDWRPLFDO PRGHOV WKDW DFFX
WLHV RIUHDO ERQH 7KLV VWXG\HYDOXDWHYV WKH SRURVLW\RI\
/ YHUWHEUD SKDQWRP PRGHO GLIIHULQJLQ FDQFHOORXV ERQ}
WRPRJUDSK\ PLFUR &7 LPDJLQJSHUIRUPHGRQD 1LNRQ ;7 + |
YROXPHWULFDQDO\VLY FDUULHG RXWLQ 9*6WXGLR 0$;

7KH DLP RI WKLV ZRUN LV WR GHPRQVWUDWH WKH IXO0O DVVHVVF
PRGHOV D SURFHVV LGHQWLFDO WR ZKDW ZRXOG EH DSSOLHG V
SURYLGH D FRQWUROOHG DQG UHSURGXFLEOH HQYLURQPHQW |
ZKLOH WKH ZRUNIRZ LWVHOI UHPDLQV GLUHFWO\ WUDQVIHUDI|
:KLOH WKLV ZRUN LV FRQGXFWHG RQ VWDQGDUGL]HG SKDQWRP
WUDQVODWHY WR SHUVRQDOL]JHG PHGLFLQH DSSOLFDWLRQV 3I
FDQ EHGHULYHG IURPLQGLYLGXDO &7 VFDQV HQDEOLQJWKH FL
D SDUWLFXODU SHUVRQ"VJHRPHWU\DQG ERQH VWUXFWXUH OL
DVDQRQ LQYDVLYH TXDOLW\ FRQWURO VWHS YHULI\LQJ WKH V\
RIDEXVWRP LPSODQW EHIRUH LW LVLQWURGXFHG LQWR WKH SI
LPSURYLQJVXUJLFDO RXWFRPHV

7KLV VWXG\ GHPRQVWUDWHY WKH SRWHQWLDO RI PLFUR &7 D\
DVVHVVPHQW WRRO ZLWKLQ D EURDGHU SHUVRQDOL]HG KHDOW
EHWZHHQ SKDQWRP EDVHG UHVHDUFK DQG UHDO ZRUOG FOLQLF

&RUUHVSRQGLQJDXWKRU #VWXG SU] HGX SO
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$OHNVDQGHU .HPSMNQ %RIQYD +HESDZHSE :DZUJ\QDDMN N
LMRQNDWU\FMB OODUENMUD %RERN %LOOHZLF]

1'HSDUWPHQW RI6\WWHPV %LRORJ\DQG (QJLQHHULQJ 6LOHVLDQ
3RODQG
20DULD 6NORGRZVND &XULH OHPRULDO &QDFHU &HQWHU DQG ,QV

H\ZRUGNSHFWURVFRS\DQDO\VLV +\GUR[\JOXWDUDWH +°
VLV HDUO\JOLRPD

$SEVWUDFW

, QWURGXFWLRQ
(DUO\QRQ LQYDVLYH GLDJQRVLV RIJOLRPD LV FULWLFDO I
7KH SUHVHQFH RI DQ RQFRPHWDEROLWH +\GUR[\JOXWDU
RI,'+ PXWDWLRQVDQGLV GLIEFXOWWRGHWHFWE\PDJQHW
7KHVWXG\SUHVHQWY D QRQSDUDPHWULFPHWKRG IRU VLJIQ
ODWHULDOV DQG OHWKRGYV

7KH VWXG\ FRKRUW FRPSULVHG SDWLHQWYV ZLWK EUDLQ
ZLWK FRQEUPHG JOLRPD ZLWK ,'+ PXWDWLRQ 056 VDPSOF
ORFDWLRQV SHU SDWLHQW WKH OHVLRQ FRUH DQG WKH F
WLVVXH 7KH SUHGLFWLRQ PHWKRG LV EDVHG RQ WKH UHO|
XQGHU WKH FXUYHV RI*/; DQG*/; PHWDEROLWHVY 6LQFH Wi
RYHUODSV ZLWK WKH */; UDQJH GLVFUHSDQF\ EHWZHHQ V
VLIQLEFDQWO\LQ WKH SUHVHQFH RI +*

5HVXOWV

7KH PHWKRG ZDV LQLWLDOO\ GHYHORSHG RQ SDWLHQW\
RI BXEVHTXHQW YDOLGDWLRQ LQ DQ LQGHSHQGHQW
EDODQFHG DFFXUDF\ RI 'KHQ HYDOXDWHG DFURVV WK
PDLQWDLQHG DQ RYHUDOO EDODQFHG DFFXUDF\ RI
&RQFOXVLRQV

:KLOH WKH SURSRVHG PHWKRG UHTXLUHV IXUWKHU UHEQH
WDWLRQ WKHVH SUHOLPLQDU\ UHVXOWYV RXWSHUIRUP RW
WHFKQLTXHV &XUUHQW OLPLWDWLRQV LQDFFXUDF\DUH Sl

&RUUHVSRQGLQIJDXWKRUV DOHNVDQGHU NHPSVNL#SROVO SO DQQ
PDUHN NLMRQND#JOLZLFH QLR JRY SO

a»
a»



OHYHODQG LQKHUHQW VLIJQDO GLVWRUWLRQLQ WKHVSHFWURYV
$FNQRZOHGJPHKQWSYUHVHQW ZRUN LV D SDUW RI EURDGHU UHVI
SRUWHG E\ WKH OHGLFDO 5HVHDUFK $JHQF\ QXPEHU .32"' ,
5DGLRIJHQRPLFVDVDWRRO WR GHWHUPLQH WKHJHQRW\SH RI W
PXOWLSDUDPHWULF PDIJIQHWLF UHVRQDQFH LPDJLQJ ZLWK SDU!

+ 056 WDUJHWLQJ K\GUR[\JOXWDUDWH +* DVDQRQFRPHW]

a»
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ORQLND .ORFHHQIGUD PLJLHO

1%\GJRV]F] 8QLYHUVLW\RIG6FLHQFHDQG 7THFKQRORJ\

H\ZRUGW]KHLPHU"V GLVHDVH 05, PDFKLQH OHDUQLQJ F
ZRUNV 5HV1IHW

$SEVWUDFW

7KH WKHVLVY H[SORUHV LQ GHWDLO WKH SRWHQWLDO RIPDF
WH[W RI GLDJQRVLQJRQH RIWKH PRVW FRPPRQ QHXURGHJF}
GLVHDVH 7KH GLVHDVH D OHDGLQJFDXVHRIGHPHQWLDLQ
IRU KHDOWKFDUH V\VWHPV ZRUOGZLGH DQG LWV HDUO\ ¢
WUHDWPHQW DQG VORZLQJ LWV SURJUHVVLRQ 7KLV SDSH
LPDJLQJ 05, DOORZLQJGHWDLOHG DQDO\VLV RI EUDLQ V'
DSSURDFKHVY EDVHG RQ YLVXDO DVVHVVPHQW RI 05, LPD.
QRW VHQVLWLYH HQRXJK HVSHFLDOO\ LQ LGHQWLI\LQJ V.
RI WKH GLVHDVH MXVWLI\LQJ WKH QHHG IRU PRUH VRSKLYV
RI WKLV VWXG\ ZDV WR LQYHVWLJDWH DQG HYDOXDWH WKH
OHDUQLQJ PHWKRGY RQ D SUH VHOHFWHG GDWDVHW ,Q W
QHWZRUN PRGHO DGDSWHG WR WKH VSHFLEFLWLHV RI EUI
LGHQWLI\ SDWKRORJLFDO IHDWXUHV WKDW FRXOG LQGLFD!
ZDV FRPSDUHG ZLWK WKH 5HV1IHW PRGHO DQG WUDGLWLF
DOORZLQJDQ LQ GHSWK HYDOXDWLRQ RI LWV SHUIRUPDQF
VKRZ WKDW WKH XVHRIFRQYROXWLRQDO QHXUDO QHWZRUD
WKH DFEXUDF\DQG HIEFLHQF\ RI $O]KHLPHU"V GLVHDVH GL
DSSURDFKHV LQ PDQ\FDVHV

&RUUHVSRQGLQIJDXWKRU PRQNOR #SEV HGX SO
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6]\PRQ .RUXBEDOLFMD WDUFMWRI 3VLXN 0BNSHERLW]LDQ

BWXGHQW
LYDFXOW\RI$XWRPDWLF &RQWURO (OHFWURQLFVDQG &RPSXWHU 6

RI 7THFKQRORJ\ 3RODQG
2'HSDUWPHQW RI6\WWHPV %LRORJ\DQG (QJLQHHULQJ 6LOHVLDQ 8QL"

H\ZRUELRPHGLFDO LPDJHVY QHXUDO QHWZRUNVY LPDJHDQDO\V

$SEVWUDFW

7KH GHYHORSPHQW RI FRPSXWDWLRQDO WHFKQRORJLHYV HQDE
DQDO\VLYVY SDUWLFXODUO\LQPHGLFLQH ZKHUH WKHLU PDLQ JR
7TKH SURMHFW DLPV WR EXLOG 8 1HW PRGHOV WUDLQ WKHP RQ
SURFHVVLQJ DQG VHOHFW WKH PRVW HIITHFWLYH RQH 7KH WUD
WZR GDWDVHWY ,QYDVLYH &RURQDU\ $QJLRJUDSK\ ,&% ZKLFK
'DWDEDVH ; UD\&RURQDU\$QJLRJUDPV '&% ZKLFKFRQWDLQV
7KUHH 8 1HW EDVHG DUFKLWHFWXUHYVY ZHUHDSSOLHG 7KHEUVYV
8 1IHW QHXUDO QHWZRUN 7KH VHFRQG DUFKLWHFWXUH LV D 'XDC
WZR HQFRGHUV ZKRVH IHDWXUHYVY DUH PHUJHG DIWHU HQFRGLQ
SWWHQWLRQ EDVHG 8 1HW ZKLFK XVHV DWWHQWLRQ WR EOWH !
YHVVHO VHIPHQWDWLRQ

1H[W WKHHIIHFW RI LQSXW LPDJH SUHSURFHVVLQJ RQ SUHGLF)
DWHG XVLQJ/DSODFLDQRI*DXVVLDQJUDGLHQW ORFDOL]JDWLRC
DQGUROOLQJEDOOEDFNJURXQGUHPRYDO

7UDLQLQJ ZDV HYDOXDWHG ZLWK )RFDO /RVV 3UHGLFWLRQ SHLU
, QWHUVHFWLRQ RYHU 8QLRQ ,R8 'LFHFRHIEFLHQW 5HFDOO 3l
%DVHG RQ WKH HYDOXDWLRQ RI PHWULFV 'LFH ,R8 5HFDOO 3U
HITHFWLYH 8 1HW PRGHO 2DV VHOHFWHG ZKLFK VHIJPHQWYV YH
DFFXUDWHO\LQ WKHDQDO\|JHG GDWDVHWY 7KLV PRGHO GHPRQ\
IXWXUH FOLQLFDODSSOLFDWLRQV
$FNQRZOHGJPHAWAXODWLRQV ZHUH FDUULHG RXW XVLQJ WKH |
=LHPRZLW FRPSXWHU FOXVWHU ZZZ JLHPRZLW KSF SROVO SO
IRUPDWLFVY DQG &RPSXWDWLRQDO %LRORJ\ 7KH %LRWHFKQF
LRLQIRUPDWLFV &HQWUH 6LOHVLDQ %,2 )$50% )XQGLQJ 3UR
FHOOHQFH ,QLWLDWLYH 5HVHDUFK 8QLYHUVLW\ 3URJUDP LQ
1R DQG RI WKH5HFWRU RI WKHG6LOHVLDQ 8QLYHUVLW
ODUFK

&RUUHVSRQGLQJ DXWKRUV VN #VWXGHQW SROVO SO DOLFMD VWD)
PDNV\PRZLF]#SROVO SO VHEDVWLDQ VWXGHQW#SROVO SO

aa
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ODWHXV] 6]HUZBQ@GEUD PLJLHO

1%\GJRV]F] 8QLYHUVLW\RIG6FLHQFHDQG 7THFKQRORJ\

.H\ZRUGIWUWLEFLDO LQWHOOLJHQFH GHHS OHDUQLQJ FR
PHGLFDO LPDJHDQDO\VLYV ; UD\LPDJLQJ IUDFWXUH GHWHF

$SEVWUDFW

7KLV VWXG\ SUHVHQWY WKH DSSOLFDWLRQ RIDUWLEFLDO L
PXVEFXORVNHOHWDO : UD\LPDJHV 7KH DLP ZDV WR GHYHOR
QHXUDO QHWZRUN &11 PRGHO IRUDXWRPDWLF FODVVLEF
REWDLQHG IURP D SXEOLF .DJJOH VRXUFH LQFOXGHG ODEH
QRQ IUDFWXUHG FDVHYV

7KH PHWKRGRORJ\ LQYROYHG LPDJH SUHSURFHVVLQJ LQF
DQG GLYLVLRQ LQWR WUDLQLQJ YDOLGDWLRQ DQG WHVW
DQG RSWLPL]HG XVLQJ VHOHFWHG K\SHUSDUDPHWHUV OR
XVLQJDFFXUDF\ SUHFLVLRQ UHFDOO ) VFRUH DQG FRQIX
7KH UHVXOWY GHPRQVWUDWH WKDW WKH PRGHO HITHFWLY}
GHQF\WR RYHU GHWHFW IUDFWXUHV ZDV REVHUYHG 7KH V\
VXSSRUWLQJ PHGLFDO GLDJQRVWLFV ZKLOH KLJKOLJKWLC
WR LPSURYHUHOLDELOLW\

&RUUHVSRQGLQIJDXWKRUV V]JHUZLQVNLPDWHXV] #JPDLO FRP VDQ
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$SOLFMD 6LHNDQRZLF]

!16LOHVLDQ 8QLYHUVLW\RI7HFKQRORJ\ 3RODQG

.H\ZRUGWDWFKLQH OHDUQLQJ EUDLQ WXPRUV 05, LPDJH FODVVL
WDWLRQ PHGLFDO LPDJH

$SEVWUDFW

$FFXUDWH GLDJQRVLV LV D FULWLFDO VWHS LQ HIITHFWLYH SDW 1
PHQW RI PDFKLQH OHDUQLQJPHWKRGY LPDJHFODVVLEFDWLRQ
WR VXSSRUW PHGLFDO GHFLVLRQ PDNLQJE\GHWHFWLQJ VXEW:(
+RZHYHU WKH SHUIRUPDQFH RIVXFK PRGHOV VWURQJO\GHSHQ
RIWKHWUDLQLQJGDWDVHW ZKLFKLVRIWHQ OLPLWHGLQ PHGL
,Q WKLV VWXG\ , LQYHVWLIJDWHG WKH LPSDFW RI GDWD DXJPHQ)
VLEFDWLRQ RI VHOHFWHG WXPRU W\SHV LQ 05, LPDJHV 'XH WR V
PHGLFDO GDWDVHWYVY DXJPHQWDWLRQ ZDV DSSOLHG WR DUWLETF
WHVWHG PHWKRGV LQFOXGHG *DXVVLDQ QRLVH URWDWLRQ EU
KHLJKW VKLIWY VKHDU WUDQVIRUPDWLRQV JRRPLQJ KRUL]JRQV
7KH DLP RI WKLV ZRUN ZDV WR HYDOXDWH ZKLFK DXJPHQWDWLRC
SHUIRUPDQFH WKH PRVW , WUDLQHG DQG WHVWHG PRGHOV X
GDWDVHWYVY DQG FRPSDUHG WKHLU FODVVLEFDWLRQ DFFXUDF\

PHQWDWLRQ FDQ VLJQLEFDQWO\ LPSURYH PRGHO SHUIRUPDQF
GHSHQGV RQ WKH W\SH DQG LQWHQVLW\ Rl WUDQVIRUPDWLRQ
JHQHUDOL]DWLRQ ZKLOH RWKHUV KDG OLWWOH RU QHJDWLYH
WKDW FDUHIXO VHOHFWLRQ RI DXJPHQWDWLRQ VWUDWHJILHV
FODVVLEFDWLRQ WDVNYV

&RUUHVSRQGLQJDXWKRU DOD VLHNDQRZLF]#ZS SO
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OLFKD3 0B UBLFHIODO 0B BRIGNL 1 X B HGHQHGLNW 6BQRNE U
OHQGHGVRIOQRSSR 0DULD GBRYWR 0 B0 gKBQGD 3ROD+VND

l16LOHVLDQ 8QLYHUVLW\RI7HFKQRORJ\ 3RODQG

28QLYHUVLW\RIORGHQD DQG 5HJJLR (PLOLD ,WDO

3/XGZLJOD[LPLOLDQ 8QLYHUVLW\O0OXQLFK *HUPDQ\
4)RQGD]LRQH 6WHOOD ODULV ,WDO\

H\ZRUGYHXURPXVFXODU GLVHDVHVY KLVWRSDWKRORJ\ PI
GLDJQRVLV PXVFOHELRSV\

$SEVWUDFW

+LVWRORJLFDO DQDO\VLYVY RI VNHOHWDO PXVFOH LV HVVH(
GLVRUGHUV KRZHYHU PDQXDO HYDOXDWLRQ RI PXVFOH
SURQHWR VXEMHFWLYHJUDGLQJE\SDWKRORJLVWY 7R DG
LPDJH SURFHVVLQJ SLSHOLQH GHVLJQHG IRU WKH TXDQWL
WLVVXH :KROHG60OLGH ,PDJHV :6,V 2XUDSSURDFK XWLOL]F
GHWHFWLRQ WR HIWUDFW GLVWLQFW PRUSKRORJLFDO L
FHOO VL]H FLUFXODULW\ DQG SHUFHQWDJHRIIDWW\GHSR
OLNHIUDFWDO GLPHQVLRQ 7TRHQVXUHUREXVWQHVVDJDLQ
TXDQWL]DWLRQ PHWKRG ZDV XVHG DORQJVLGHDWLVVXHG
LOQWR WLVVXH UHJLRQV DQG VXEVHTXHQWO\ LQWR SD
8VLQJWKLVY GDWD ZH GHYHORSHG WZR FODVVLEHUV WKH E|
KHDOWK\ WLVVXH ZLWK DQ $8& RI DQG WKH VHFRQG WR
VXEW\SHV ZLWK DQ $8& RI 9DOLGDWHG RQ D ODUJH VF
SDWLHQWYV RXU SLSHOLQH GHPRQVWUDWHY KLJK GLDJQR'
VROXWLRQ IRUVWDQGDUGL]HG DXWRPDWHG QHXURPXVFX!
$FNQRZOHGIJFPKDWWHVHDUFK ZDV VXSSRUWHG E\WKH &RO0O3CL

&RUUHVSRQGLQJDXWKRU PLFKDO PDUNLHO#SROVO SO
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ODUW\QD I0OUNDV] 3L OBIBNN 6 RAKH OHU G X-RUDGL 'LD] DDQHUD
9RONHU 3VBEUXHO OD 7AKBOOD 3ROD+VND

!16LOHVLDQ 8QLYHUVLW\RI7HFKQRORJ\ 3RODQG
21HZFDVWOH 8QLYHUVLW\ 8.
38QLYHUVLW\RIORGHQD DQG 5HJJLR (PLOLD ,WDO\

.H\ZRUGMDGLRPLFV QHXURPXVFXODU GLVHDVHYV JUDSK WKHRU\
WLRQ FODVVLEFDWLRQ

$SEVWUDFW

4AXDQWLWDWLYH DVVHVVPHQW RI PXVFOH 05, LV FUXFLDO IRU
GLVRUGHUV 7KLV SUHOLPLQDU\ VWXG\LQWURGXFHV DQ DXWRI
RQ RULJLQDO IHDWXUHYVY HQJLQHHUHG DFURVYV IRXU GRPDL
GLVWULEXWLRQ VWUXFWXUDO FRPSOH[LW\ DQG JUDSK EDVHG
IURP WKH &R03D66 10' SURMHFW ZH GHYHORSHGDQDGDSWLYH
XVLQJ*00 RSWLPL]HG YLD %, &8 WR GHFRPSRVHWLVVXHV LQWR WK
GLIITIHUHQW IDWV 7KHLQQRYDWLRQ OLHVLQ WKHJUDSK EDVHG"
WR TXDQWLI\ DUFKLWHFWXUDO FKDQJHV 6WDWLVWLFDO .UXVN
KLIJK GLVFULPLQDWLYH SRZHU RI WKHVH QRYHO GHVFULSWRUYV
QRWDEO\ )DWB&ROB< HWD VTXDUHG DQG )DWBG6NHOBI1RGEH
HQVXUH D UREXVW GLDJQRVWLF WRRO DQ RSWLPL]HG IHDW
WKURXJK LWHUDWLRQ ORQWH &DUOR UDQNLQJ WR PD[LPL]H
JRUHVW FODVVLEFDWLRQ ZDV RSWLPL]HG XVLQJ *ULG 6HDUFK [
ZLWK DQG ZLWKRXW 6027( 7KH EHVW SHUIRUPLQJ PRGHO DFK

R DQG D ZHLJKWHG ) VFRUH RI W VKRZHG H[FHSWLRC
VSHFLEF SKHQRW\SHVY UHDFKLQJ D SUHFLVLRQ RI IRU O0\R
D UHFDOO RI IRU /LPE *LUGOH ""VWURSKLHY 7KHVH QRYHO )\

UHVHQW D SURPLVLQJ FODVV RI ELRPDUNHUV 7KLV IUDPHZRUN
IRUWRSRORJ\ EDVHG UDGLRPLFV RIIHULQJ QHZ DYHQXHV IRU |
HQJLQHHULQJLQ QHXURPXVFXODU GLDJQRVWLFYV

&RUUHVSRQGLQJDXWKRU P] #VWXGHQW SROVO SO

af
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OXNDV] 3L UCANHAN 6RAKH 9OHUG X$SQAD VR SRUGL 'LD] DDQHUD
9RONHU 8VBEUXHOOD 7/XBQ@GN 3ROD+VND

1"HSDUWPHQW RI'DWD 6FLHQFHDQG (QJLQHHULQJ 6LOHVLDQ 8¢

2.RKQ :DOWRQ OXVFXODU '\VWURSK\5HVHDUFK &HQWUH 1HZ

S'"HSDUWPHQW RI %LRORJLFDO OHWDEROLFDQG 1HXUDO 6FLHQFI
(PLOLD ,WDO\

.H\ZRUGNDGLRPLFV 05, PXVFXODU G\VWURSK\ VWDWLVWLF

$SEVWUDFW

)DWW\LQEOWUDWLRQLQOXVFXODU '\WWURSK\ 0' RIWHQ SU
WDWLRQ :H SURSRVH D IUDPHZRUN XVLQJ GLUHFWLRQDO L
SDWWHUQV E\SDVVLQJWKHOQHHGIRULQGLYLGXDO PXVFOF
7KHRULJLQDO GDWDVHW FRQVLVWHG RI 7 ZHLJKWHG 0!
YROXPHV ZDV DXWRPDWLFDOO\ HVWDEOLVKHG IURP WKH G
7KH GDWDVHW ZDV VSOLW LQWR WUDLQLQJ YDOLGDWLRQ
DQG VFDQV UHVSHFWLYHO\ 7KH IHPRUDO UHJLRQ ZD
VHIJPHQWVY IRUUDGLRPLF GHVFULSWRUV H[WUDFWLRQ 7KH
RYHU ERWK OHJV DQG WKH D[LDO FURVV VHFWLRQV XVLQJ
SHUFHQWLOHY 6WDWLVWLFDO DQDO\VLVY HPSOR\HG WKH &
IRU SDLUZLVH DQG 2QH YHUVXV 5HVW 2Y5 FRPSDULVRQV L
‘0 )6+'DQG ‘0"
7KH DQDO\VLV LGHQWLEHG D VXEVWDQWLDO QXPEHU RI IH
RI H[KLELWLQJ D ODUJH HIIHFW VL]H &/ (6! | F
SDULVRQ 7KH 2Y5 DQDO\VLVY GHPRQVWUDWHG D FRUUHVS
ZLWK WKH ODUJHVW &/(6 IHDWXUHV DQG HVWDEOLVKHG FO
LQYROYHPHQW 'LUHFWLRQDO UDGLRPLFV SURYLGHV D VH.
FKDUDFWHULVDWLRQ RI WKH 0' 7KLV FRQVWUXFWHG IHDW
SUHGLFWLRQDQG TXDQWLEFDWLRQ RI WKH GLVHDVH LQYRC
$FNQRZOHGJPHBMVHVYV RXU GHHSHVW JUDWLWXGH WR WKF
DQG DOO WKH FOLQLFLDQV ZRUOGZLGH ZKR KDYH FRQWUL
PXVFOH 05,V RI SDWLHQWYV 7KLV ZRUN ZDV EQDQFHG E\ &R
ORGHOV IRU 1HZ 3DWLHQWY 6WUDWLEFDWLRQ 6WUDWHJI
+25,=215,$ 7TRROVDQG 7THFKQRORJLHV IRU +HDOWK\ 6RFLH)\

&RUUHVSRQGLQJDXWKRU OXNDV] SLRUHFENL#SROVO SO
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LY)DFXOW\RI$XWRPDWLF &RQWURO (OHFWURQLFVDQG &RPSXWHU 6
RI 7HFKQRORJ\ 3RODQG
2'HSDUWPHQW RI6\WWHPV %LRORJ\DQG (QJLQHHULQJ 6LOHVLDQ 8QL"

.H\ZRUGQOLRPD VHIPHQWDWLRQ PDPED VWDWHVSDFHPRGHOV

$SEVWUDFW

$FFXUDWH JOLRPD VHIJPHQWDWLRQ LV D VLIQLEFDQW FKDOOH
DSSHDUDQFH RIJOLRPDV 0DQXDO WUDFLQJWDNHV KRXUV DQG "
&11V DUH UHOLDEOH WKH\RIWHQ ODFNJOREDO FRQWH[W '9LV
FRQWH[W EXWDW D KLJK TXDGUDWLF FRVW
7RDGGUHVV WKLV SUREOHP ZHH[SORUH6WDWHG6SDFHORGHOV
DUFKLWHFWXUH %\ OLQHDUL]LQJ '05, GDWD LQWR 'VHTXHQFH
660V ODPED FDSWXUHV JOREDO FRQWH[W ZLWK OLQHDU FRPSO
DQG EORFNV LQWR D8 1HW EDFNERQH DQG WHVWHG GLIIH!
%UD76 GDWDVHW 7 7 FH 7 )/$,5 :HHYDOXDWHG RXU DSS
6ZLQ 7TUDQVIRUPHU DQG WKH QQ8 1HW JROG VWDQGDUG XVLQJ 'L
2XU EQGLQJV VKRZ ODPED FRQVLVWHQWO\RXWSHUIRUPV WK
OLQH 7KHEHVW FRQEJXUDWLRQ DFKLHYHG 'LFH VFRUHV RI
(7 7KHVH UHVXOWVY FORVHO\ PDWFK WKH QQ8 1HW JROG VWD
(7 ZKLOH RIITHULQJ VXSHULRU OLQHDU HIEFLHQF\ 1RWDEO!
VWUXFWXUHG VWDWH GXDOLW\ OHG WR D VLIQLEFDQW LPS
FRPSDUHG WR ODPED KLIKOLJKWLQJLWV DELOLW\WRKDQGO
ODPED SURYLGHVDVFDODEOH KLJKO\FRPSHWLWLYHDOWHUC
VHUYLQJDV D UREXVW IRXQGDWLRQ IRUDXWRPDWHG UDGLRPLF
$FNQRZOHGJIPBMQWWHWQWY UHFHLYHG IXQGLQJ DV SDUW RI WKH ¢
EQDQFLQJ SURMHFWY RI VWXGHQW VFLHQWLEF FOXEV DV SDUW
5HVHDUFK 8QLYHUVLW\ SURJUDP WRSLF LQ DFFRUGDQFH ZL
RIWKHS5HFWRU RI WKH 6LOHVLDQ 8QLYHUVLW\RI7HFKQRORJ\ OI

&RUUHVSRQGLQJDXWKRU JREVHZ #VWXGHQW SROVO SO
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ODULD 'N\GRZIIFALO *DONJGDOHQD2x'DPILQQ BRDWLG /XSD
(ZHOLQD¥YLSQAWRQL 5K FL+VNL

l16BWXGHQW 6FLHQWLEF &OXE RI 6\VWHPV (QJLQHHULQJDQG %L

RI6LOHVLDQ 8QLYHUVLW\RI7HFKQRORJ\ 3RODQC

2'HSDUWPHQW RI 6\WWHPV %LRORJ\DQG (QJLQHHULQJ 6LOHVLDQ
3RODQG

30 6PROXFKRZVNL,QVWLWXWH RI3K\VLFV -DJLHOORQLDQ 8¢

4 QVWLWXWHRI1XFOHDU 3K\VLFV 3ROLVK $FDGHP\RIB6FLH

H\ZRU®WRPLFIRUFHPLFURVFRS\ $)0 LPDJHVHJIJPHQWDW
DXWRPDWHGDQDO\VLV

$SEVWUDFW

$QDO\]LQJ UDGLDWLRQ LQGXFHG '1$ GDPDJH LQ SODVPLG)\
JRUFHOLFURVFRS\ $)0 7KLV HQDEOHV WKHLQYHVWLJDWL
RQ '1$ +RZHYHU PDQXDO HYDOXDWLRQ LV WLPH FRQVXPL
PHQWDWLRQLVHVVHQWLDO EXWVHYHUHS$)OLQVWUXPHQW
FODVVLFDO VLQJOH VWHS SURFHVVLQJPHWKRGV LQVXIEF
,PDJHV RI S8& SODVPLGV LUUDGLDWHG ZLWK *\ GRVH
ORFDWHG DW WKH -DJLHOORQLDQ 8QLYHUVLW\ &UDFRZ 3R
[ WR [ wP $ GXDO VWDJH VHIPHQWDWLRQ SLSHOLQH Z1
PRGHO ZDV WUDLQHG WR GHWHFW DQG FURS LQGLYLGXDO
PHQWDWLRQ RI WKH FURSYV ZDV SHUIRUPHG XVLQJ )UDQJL "
/L"VPLQLPXP FURVV HQWURS\ELQDUL]DWLRQ
7KH TXDOLW\ Rl WKH SURSRVHG SLSHOLQH ZDV HYDOXDW
PHWULFV )RU WKH LQLWLDO GHWHFWLRQ VWDJH WKH RSW
EDVHGRQDFKLHYLQJKLJKYDOXHVRIUHFDOO SUHFLVLRQ
JRU WKH VHFRQG VHIPHQWDWLRQ VWDJH WKH JHQHUDWHCGC
DJDLQVW PDQXDOO\ DQQRWDWHG JURXQG WUXWK GDWD
'LFH VLPLODULW\ FRHIEFLHQWY ZHUH XVHG WR TXDQWLI\
DQQRWDWLRQV
7KH SURSRVHG VROXWLRQ VXFFHVVIXOO\ DXWRPDWHG SOI
$)0 EDFNJURXQGYV
$FNQRZOHGJIPBMQMBEWQWY UHFHLYHG IXQGLQJ DV SDUW RI V

&RUUHVSRQGLQJ DXWKRUV P] #VWXGHQW SROVO SO NJ #VW
JUJI\Q#SROVO SO GDPLDQ ERU\W#SROVO SO

an
a»



EQDQFLQJ SURMHFWY RI VWXGHQW VFLHQWLEF FOXEV DV SDUW
5HVHDUFK 8QLYHUVLW\ SURJUDP WRSLF LQ DFFRUGDQFH ZL
RI WKH5HFWRU RI WKH 6LOHVLDQ 8QLYHUVLW\RI 7HFKQRORJ\ O
VXSSRUWHG E\ WKH 1DWLRQDO 6FLHQFH &HQWUH 1&1 JUDQW ¢
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'"H\DD $OGHHQ $O'UDEHH

l0HGLFDO 8QLYHUVLW\RI:DUVDZ 3RODQG

H\ZRUGELRORJLFDO DJH FKHVW UDGLRJUDSK GHHS OHDU
SUHGLFWLRQ FRQYROXWLRQDO QHXUDO QHWZRUN 'HQVHL1
ULVN VWUDWLEFDWLRQ FDUGLRSXOPRQDU\ DJLQJ UDGL
PRUWDOLW\ SURJQRVWLF LPDJLQJ ELRORJLFDODJHHVWL

$SEVWUDFW

%DFNJURKQRQRORJIJLFDODJHLVDQLPSHUIHFW SUR[\IRU Sk
LFDO DJH HVWLPDWHG IURP PHGLFDO LPDJLQJ PD\ PRUH DF
WUXH KHDOWK VWDWXV DQG PRUWDOLW\ ULVN 7KLV VWXG\
HVWLPDWH DJH IURP FKHVW UDGLRJUDSKV &:5 DQG HYDO
EHWZHHQ SUHGLFWHG $&:5 DJH% DQG FKURQRORJLFDO DJH
OHWKRIB¥ROOHFWHG IURQWDO &:5V IURP EYH GDWDED
SHUW 30XV 3DG&KHVW 5H[*UDGLHQW &$6,$&:5 $ 'HQVH1

RI LPDJHV ZLWK D GXDO LQSXW DUFKLWHFWXUH LQFRU'
7KH &:5 DJH JDS SUHGLFWHG PLQXV FKURQRORJLFDO DJH
RI  GD\ GD\ DQG \HDUDOO FDXVH PRUWDOLW)\ XVLQJF
VLRQ DQG &R[ SURSRUWLRQBBWIIBNERERGHUWHGLFWHG |

0% ( \HDUV DQG U OHDQ &;5 DJHJDS ZDV U \HDUV 6
LQFUHDVH LQ &;5 DJH JDS ZDV LQGHSHQGHQWO\ DVVRFLDYV
GD\V D25 &, GD\V D25 &, DQ
D+5 &, $GGLQJ WKHJDS WR D EDVHOLQH FOL

\HDU PRUWDOLW\ GLVFULPLQDWGRQLH®E\ PDSV KLJKOLJ
KHDUW PHGLDVWLQXP DQG SXGRROFDX\IKRIQEXS0DWX UBS
LV DQ LQGHSHQGHQW LQFUHPHQWDO SUHGLFWRU RI VKR
DFFHVVLEOH LPDJLQJ ELRPDUNHU FRXOG PHDQLQJIXOO\ V.
DQG GHFLVLRQ PDNLQJ

&RUUHVSRQGLQJDXWKRU GH\DDOGHHQ #JPDLO FRP
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ODMD 5XGQLREPRQD % 2G| DAWMNWD]\QD ']LFGIGAWDNB]XBRZVND
-DNXE 80P VIX@NR*pBREHUW 'FLHG\WMREOG 59\RPRQQQD
3RODYVND

1'HSDUWPHQW RI'DWD 6FLHQFHDQG (QJLQHHULQJ 6LOHVLDQ 8QLYHL
3RODQG
26HFRQG 'HSW 5DGLRORJ\ OHG 8QLY RI*GD+VN 'HSW 5DGLRORJ\ ¢
S'LYLVLRQRI 4XDOLW\LQ +HDOWKFDUH OHGLFDO 8QLYHUVLW\RI *(
“0HGLFDO 8QLYHUVLW\RI*GD=VN *GD+=VN 3RODQG
5" HSDUWPHQW RI 7KRUDFLF 6XUJHU\ OHGLFDO 8QLYHUVLW\RI*GD-

.H\ZRUGOUXQJ FDQFHU VFUHHQLQJ HPSK\VHPD ORZ GRVH FRP:
/'&7 ULVNIDFWRUV RGGV

$SEVWUDFW

/IXQJ FDQFHU LV WKH OHDGLQJ FDXVH RI FDQFHU UHODWHG PF
FRPSXWHG WRPRJUDSK\ /'&7 EDVHG VFUHHQLQJ SURJUDPV LQ
1IDWLRQDO /XQJ &DQFHU 6FUHHQLQJ B3URJUDP HQDEOH HDUO\
FKDQJHV 7KLV VWXG\ LQYHVWLIJDWHYVY ZKHWKHU HPSK\VHPD UH
FDQFHUULVNIDFWRUEDVHGRQEQGLQJVIURP WKLV SURJUDP
7TKH VWXG\LQFOXGHG SDUWLFLSDQWY ZKR MRLQHG WKH SURJU
VFDQ DQG DWWHQGHG DIROORZ XS DSSRLQWPHQW WR GLVFXV
ZHUHUHYLHZHG DQG DQQRWDWHG E\TXDOLEHG UDGLRORJLVWYV
VHPD ZzZDV FDOFXODWHG IRUWKH JURXSVY DQG WKHRGGV UDWLR
IURP WKH1RUWKHUQ ODFURUHJLRQ

7KH EQDO DVVHVVPHQW LQFOXGHG ZRPHQ DQG PHC
DFURVV WKHFRKRUWZDV S \HDUV PHGLDQ 'RPHQDQGP
SDFN \HDUV UHVSHFWLYHO\ RYHUDOO PHDQ S PHGLDQ

QRVLIJQLEFDQW GLIIHUHQFH EHWZHHQ WKH VH[HVLQ HLWKHU DJ
7KH JURXS GLDJQRVHG ZLWK FDQFHU FRQVLVWHG RI ZRPHQ
RGGV UDWLR RIHPSK\VHPD DV D ULVNIDFWRU IRUOXQJFDQFHU
VPDOO HIIHFW VL]H ZLWKD YDOXH RI IRUZRPHQDQG |
7KH EQGLQJV LQGLFDWH D VWDWLVWLFDOO\ VLIJQLEFDQW FRU
RIHPSK\VHPD DQG WKH GLDJQRVLV RIOXQJFDQFHU ZLWKLQ WKF

&RUUHVSRQGLQJ DXWKRUYV PU #VWXGHQW SROVO SO MEL
NDWDU]J\QD G]LDG]LXVINR#JXPHG HGX SO HG\WD V]XURZVND#JXPHG HGX
MJRUHF#ELRVWDW FRP SO UREHUW G]LHG]LF#JXPHG HGX SO y

MRDQQD SRODQVND#SROVO SO

aa
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,]J]DEHOD *RUF|HZPINDDQ % RODWHN . I'IMRA'EDHWD - X WONDULH ZDL F ]
6RNUO

'0DULD 6N6RGRZVND &XULH IDWLRQDO5HVHDUFK ,QVWLWXWH R
27KH &KLOGUHQ"VOHPRULDO +HDOWK ,QVWLWXWH :DU

.H\ZRU®%Y, EUDLQ VHIPHQWDWLRQ SDHGLDWULFEUDLQ YR

$SEVWUDFW

,QWURGXFWLRQ

%UDLQ PDWXUDWLRQ LQYROYHV UHJLRQ VSHFLEF VWUXFE\
7KLV VWXG\ ZDV DLPHG WR DVVHVYV DJH UHODWHG GLIIHUHC
DQG VXEFRUWLFDO VWUXFWXUHYV
ODWHULDOV DQG OHWKRGYV

7KH VWXG\ LQFOXGHG KHDOWK\ FKLOGUHQ \ GLYLG
DJH JURXSV UHSUHVHQWLQJ GLIIHUHQW VWDJHV RI GHYH
DQDO\VLV LQFOXGHG JUH\ PDWWHU *0 ZKLWH PDWWHU
DQG VXEFRUWLFDO VWUXFWXUHV *OREDO WLVVXHV VHJ
0$7/$% XVLQJ,&%0WHPSODWH ZKLOHVXEFRUWLFDO VWU>
ZHUH DVVHVVHG XVLQJ RQH ZD\ $129% ZLWK 7XNH\ SRVW KR
FRUUHFWLRQ %HQMDPLQ +RFKEHUJ ZDV DSSOLHG IRU PX
VXEFRUWLFDO VWUXFWXUHY ZKLOH JOREDO WLVVXH PHDV|
DGGLWLRQDO FRUUHFWLRQ

5HVXOWYV

$VLIQLEFDQW DJHHIIHFW ZDVREVHUYHG IRU :0 ZLWK ORZH
FRPSDUHG WR ROGHU JURXSV ZKLOH QR VLJQLEFDQW GLII
&6) $IWHU )'5 RQO\ELODWHUDO SDOOLGXP DQG ULJKW DP\.
GLIIHUHQFHV GULYHQ E\FRQWUDVWY EHWZHHQ WKH\RXQJF
&RQFOXVLRQV

$JH UHODWHG EUDLQ FKDQJHV DUH VHOHFWLYH UDWKHU W|
REVHUYHG LQ :0 SDOOLGXP DQG ULJKW DP\JGDOD KLJKO
DOWHUQDWLYHDSSURDFKHVY WRDJHPRGHOOLQJ VXFKDV >

&RUUHVSRQGLQJDXWKRU L]DEHOD JRUF]JHZVND#JOLZLFH QLR JRY .
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ODUHN .LMREDNHINVD QG UD ‘IR ¥PD.DSHNJRVODZ OBWNRZVNL
%R]JHQD :RYQHLAOMNP % HNPCHDWD 1LHZLDRBREQW®BUDIPRZVND
$QGU]HM 2DOGHN :HQGYRMHFUHFK!&LV]HN

'0HGLFDO 3K\WVLFV'HSDUWPHQW ODULD6NORGRZVND &XULH 1DWLF
RI2QFRORJ\ *OLZLFH %UDQFK 3RODQG

H\ZRUGWPPRJUDSK\ WHFKQLTXHV PHDQ JODQGXODU GRVH SU
LQ WHFKQLTXH

SEVWUDFW

%DFNJURXQG DQG $LPV

9LUWXDO JULG WHFKQLTXHV DUH EHFRPLQJ PRUH FRPPRQ LQ F
35,0( 3URJUHVVLYH 5HFRQVWUXFWLRQ ,QWHOOLJHQWO\ 0LQL
UHSODFH SK\VLFDO DQWL VFDWWHU JULGV ZLWK VRIWZDUH ED\
PDPPRJUDSK\WR UHGXFH UDGLDWLRQ GRVHV 7KLV VWXG\HYDO
YHUVXV YLUWXDO JULGV RQLPDJHTXDOLW\DQG PHDQ JODQGXO
ODWHULDOV DQG OHWKRGYV

([SHULPHQWYV ZHUH SHUIRUPHG XVLQJ 6LHPHQV 5HYHODWLRQ
UDSK\ XQLWV ,PDJH TXDOLW\ ZDV HYDOXDWHG WKURXJK &RQV
ZLWK D PP DOXPLQXP VTIXDUH SODFHG LQ 300$ 7KH REWDLQ!
FRUUHFWHG E\WKHWKUHVKROG FRQWUDVW YDOXHDQG FRPSDU
JXLGHOLQHV 0*' ZDV FDOFXODWHG XVLQJ 'DQFH GRVLPHWU\ PR
SK\WLFDODQWL VFDWWHU JULGYV

5HVXOWYV

0*' VKRZHG D SRVLWLYH FRUUHODWLRQ ZLWK EUHDVW WKLFNQH
QLTXHV 7KH 35,00 RSWLRQUHVXOWHGLQD GRVHUHGXFWLRQ |
VA\VWHPV 7KH GRVH EHQHEWV IURP YLUWXDO JULG WHFKQLTXH ¢
LQFUHDVHG $W 35,0( XSSHU OLPLWVY PP IRU 5HYHODWLRQ
VKRZHG QR GRVH UHGXFWLRQ $GGLWLRQDOO\ DVOLJKW GHFOI
DFURVV WKHHQWLUH UDQJHRIEUHDVW WKLFNQHVVHYV
&RQFOXVLRQV

7KH FOLQLFDO DGYDQWDJHV RI WKH 35,0 WHFKQLTXH VHHP OLP
SK\ 7KLV LV GXHWR WKH ORZ SUHYDOHQFHRI PP EUHDVW WKLF
DQG WKH ODFNRIVLJQLEFDQW GRVH VDYLQJV DW WKH XSSHU OL

&RUUHVSRQGLQJ DXWKRUV PDUHN NLMRQND#LR JOLZLFH SO DOHNVD(
OXNDV] NDSHN#JOLZLFH QLR JRY SO

~

ac
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$QQDOUXNEZDUHN 6RAKDROG 53\P®\W D 6]X 8 ReDIDD
'ILDG]LXVIRRQQD 3ROD=VND

16LOHVLDQ 8QLYHUVLW\RI7HFKQRORJ\ 3RODQG
20HGLFDO 8QLYHUVLW\RI*GD=VN 3RODQG

H\ZRUGW®7 OXQJFDQFHU HPSK\VHPD OXQJGLVHDVHV PDI

$SEVWUDFW

AXDQWLWDWLYH OXQJ &7 XVXDOO\ UHSRUWYV GLVHDVH EXL
SDUHQFK\PD GHULYHG IURP OXQJ KHDOWK\ SDQHOV UDWK
VWUXFWXUDO FDSDFLW\ /LWHUDWXUH EDVHG UHIHUHQFH
ULYHG LQVSLUDWRU\ OXQJ YROXPHV RI URXJKO\ OLQ
ZLWK VH[ KHLJKW DQG DJH VSHFLEF SUHGLFWLRQ HTXD
UDQJHV 6XFK SDQHO EDVHG GHQRPLQDWRUV REWDLQHG L
XQFKDQJHG WR KLJK ULVN SRSXODWLRQV ZKLFK FDQ ELD
HPSK\WVHPD VFDUULQJ EEURVLV RUQRGXOHYV
7KLV ZRUN WUDLQV D VH[ VWUDWLEHG OLQHDU PRGHO R(
KLJK ULVN FRKRUWV '8.( DQG OROWHVW PHQ ZR|
/'&7 GHULYHG OXQJ YROXPH WR HVWLPDWH WKHLU SDUHQ
SRSXODWLRQ PHDQ OXQJ YROXPHV ZHUH o) &,

&, LQ ZRPHQ DQG OHDUQHG UHODWLRQVKLSV ZH!I
U OXQJBYROXPH IRUZRPHQ SDUHQFK\PD U
5HVXOWLQJ SDWLHQW VSHFLEF HVWLPDWHV FDQ EH FRPEL
FKDQJHV IURP HIWHUQDO WRROV WR REWDLQ SHUFHQWD J}
SDUHQFK\PDO FDSDFLW\ ORGHO DOVR \LHOGV WLJKW XQF

LQWHUYDO ZLGWKV R POLQPDOHVDQG POLQIHPE
PRUHLQIRUPDWLYH FRQEGHQFHLQWHUYDOV WKDQ SDQHO
$FNQRZOHGJPKDWARUN ZDV VXSSRUWHG E\3RPHUDQLDQ ,Q
RI'LJLWDO OHGLFLQH JUDQW QR $%0

&RUUHVSRQGLQIJDXWKRU DQQD PUXNZD#SROVO SO
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7RPDV]OLEPKDBD@B®E®D 6HZHU\BWND *D/XNL]D 2FRRBEEDWRY] .ODMD
'DPLDQ %RU\V

YDFXOW\RI$XWRPDWLF &RQWURO (OHFWURQLFVDQG &RPSXWHU 6
RI 7HFKQRORJ\ 3RODQG
2'HSDUWPHQW RI6\WWHPV %LRORJ\DQG (QJLQHHULQJ 6LOHVLDQ 8QL"

.H\ZRUG®PHGLFDO LPDJH VHIPHQWDWLRQ EUHDVW FDQFHU VHJP

$SEVWUDFW

6HIPHQW $Q\WKLQJ ORGHO LV D IRXQGDWLRQ PRGHO UHOHDVH
JHQHUDOL]H WKH WDVN RILPDJHVHIJPHQWDWLRQDQG DFKLHYH
IRUEQH WXQLQJ :KLOHPDQ\GHGLFDWHG PRGHOV H[LVW IRU SL
WKLV VWXG\DLPVWRYHULI\WKHYLDELOLW\RI6$0DV D WRRO IR
RQOS5,LPDJHV

7KHVWXG\ XVHV LPDJHV IURP WKH %UD76 GDWDVHW ZKLFK FF
PRGDOLWLHYV 7 7 FH 7 )/$,5 WHYDOXDWHY GLIITHUHQW SURI
XVH 6%$0 IRUDXWRPDWLF VHIPHQWDWLRQ ,WH[DPLQHV WKH SRL
SURPSWYV DVZHOODV WKHPRGHO"V DXWRPDWLFVHIPHQWDWLF
7KHUHVXOWY VKRZ WKDW ERXQGLQJ ER[ SURPSWLQJLV KLJKO\
GHEQLWLRQ ,W KDV EHHQ VKRZQ WKDW DOWKRXJK WKH PRGHO
LQFRPSDWLEOH ZLWK D VWDQGDUGL]HG ELQDU\ PDVN IRUPDW

&KRLFH RI D ODUJHU EDFNERQH GLG QRW \LHOG VLJQLEFDQWO\ I
VDPSOH 7KH UHODWLRQVKLS EHWZHHQ WKH SRLQW SURPSW QX
EHHQ WHVWHG LW VXJJHVWVY WKDW WKH PRGHO"V SHUIRUPDQF|
WKH SURPSW FRQWHQW EXWDOVR E\WKHRUGHU LQ ZKLFK WKH S
$FNQRZOHGIPBMQAXMVWEWHQWY UHFHLYHG IXQGLQJ DV SDUW RI WKH ¢
EQDQFLQJ SURMHFWY RI VWXGHQW VFLHQWLEF FOXEV DV SDUW
5HVHDUFK 8QLYHUVLW\ SURJUDP WRSLF LQ DFFRUGDQFH ZL
RIWKHS5HFWRURIWKHG6LOHVLDQ 8QLYHUVLW\RI7HFKQRORJ\ OL

&RUUHVSRQGLQJDXWKRU WRPDPLF #VWXGHQW SROVO SO

afn
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%DUWRV]USWDIBHOMD W BHEDYW LD ® 6.W N8 HORM
3VLXN ODNV@PRZLF]

l16LOHVLDQ 8QLYHUVLW\RI7HFKQRORJ\ 3RODQG
2’HSDUWPHQW RI6\WWHPV %LRORJ\DQG (QJLQHHULQJ 6LOHVLDC

H\ZRUGWHQRVLYVY FRURQDU\DQJLRJUDSK\ DXWRPDWLF VYV

$SEVWUDFW

'"HWHFWLRQ RI VWHQRVLYV ZKLFK LV DEQRUPDO QDUURZLQ
SRUWDQW UROH LQ WKH DVVHVVPHQW RI FDUGLRYDVFXOD!
DPHWKRG IRUDXWRPDWLF VWHQRVLY GHWHFWLRQ WKDW L
WUDQVIRUP DQDO\VLY DQG ERWK ORFDO DQG JOREDO FRP
ZKLFK H{SHULPHQWY KDYH EHHQ SHUIRUPHG ZHUH REWDLQ
'&$% ZKLFKFRQVLVWHGRI LPDJHV

7KH DSSURDFK ZDV EDVHG RQ JHRPHWULFDO DQDO\VLV RI1Y
SLSHOLQH FRQVLVWLQJRIVNHOHWRQL]DWLRQ GLYLVLRQ
WKHP E\ WKHLU WKLFNQHVY DQG FDOFXODWLQJ GLVWDQF
RI'YHVVHO GLDPHWHU ,Q WKH QH[W VWHS ORFDO DQG JORE
UHGXFHG QXPEHURIIDOVH VWHQRVLVY GHWHFWLRQ
2EWDLQHG UHVXOWV LQGLFDWH WKDW WKH SURSRVHG PHW
DFRQVLVWHQW ZD\ 7KHDOJRULWKP GHWHFWV ERWK YHU\ Z
ZLWK NHHSLQJD ORZ QXPEHU RIIDOVH SRVLWLYHV LQ PRV W
DSRWHQWLDO WR XVH WKLV DSSURDFK DV DVXSSRUWLYH W
$FNQRZOHGJPBHQMWYFLQJ 3URMHFW %DVHG /HDUQLQJ ([FH
VHDUFK 8QLYHUVLW\ 3URJUDP LQDFFRUGDQFH ZLWK 5HJX
RIWKHS5HFWRURIWKHGBLOHVLDQ 8QLYHUVLW\RI7HFKQROR
,QLWLDWLYH 5HVHDUFK 8QLYHUVLW\3URJUDPDQG $%0 JU!I
.30 66

&RUUHVSRQGLQJ DXWKRUV EG #VWXGHQW SROVO SO
VHEDVWLDQ VWXGHQW#SROVO SO NU]J\WW]WRI SVLXN PDNV\PRZLF]#SRC

aa



»

Aj7b £DP 440 P8( 8 4.D PAEA4HD + e -
(-40D 4. 4+DVI®1SHAYN ) }

"-RDQQD *ROLN,BDEHHOD *RUF]BEZVDNOQ %R DUL D
+DQGNLHZLE] -XQDN

'0DULD 6N6RGRZVND &XULH 1IDWLRQDO5HVHDUFK ,QVWLWXWH RI2QF

H\ZRU®V/X '27$7$7( WUHDWPHQW 63(&7 &7 GRVLPHWU\ WLPH S|
WLRQ

$SEVWUDFW

,QWURGXFWLRQ

7KH LPSOHPHQWDWLRQ RI LQGLYLGXDO GRVLPHWU\ LQ UDGLRL
RSWLPL]LQJ WUHDWPHQW 7KLV VWXG\DLPHG WR HYDOXDWH WK
SRLQWV 73 LQ 63(&7 &7 LPDJLQJ RQ WKH DFFXUDF\ RI DEVRUE
RUJDQV DW ULVN IRU SDWUNQWASTSGHDWHG ZLWK
ODWHULDOVDQG OHWKRGYV

7KHDQDO\WLV XVHE IXKKRWGLPBIWU\ &KDOOHQJIH GDWDVHW ZKL
UDZDQG SURFHVVHG LPDJLQJGDWD IURP WZR SDWLHQWYV 7KH G
DQG 63(&7 &7 LPDJHV DFTXLUHG DW IRXU 73 DIWHU UDGLRSKDUP
$EVRUEHG GRVH FDOFXODWLRQV ZHUH SHUIRUPHG XVLQJ 0,0 9H
RXV FRQEJXUDWLRQV ZLWK RQH WR IRXU 73 DQG GLIIHUHQW EW\
FXUYHV

5HVXOWYV

,Q WKH UHVXOWVY GLIIHUHQFHY UHODWLYH WR WKH IXO0 VHW |
REVHUYHG LQGLFDWLQJVOLJKW YDULDELOLW\LQ HVYWLPDWHV
WKH OLYHU NLGQH\V DQG VSOHHQ DFURVV GLIIHUHQW 73 QX
RI PHDVXUHPHQWYV WR UHVXOWV LQ D PD| GHYLDWLRQ LQ
ODUJHVW GHYLDWLRQ ZDVREVHUYHGDWDVLQJOH73 K
&RQFOXVLRQ

7KLV VWXG\ VKRZV WKDW UHGXFLQJ LPDJLQJ IURP WR RU HY}
ZLOO UHGXFH WKH WLPH DQG FRVW RI SDWLHQW FDUH DQG PLQI
DVVRFLDWHG ZLWK WKH LPDJLQJ SURFHGXUH ,QFUHDVLQJ WKH
HOQDEOH YHULEFDWLRQ RI ZKHWKHU WKH REVHUYHG EQGLQJV L
DQDO\VLV

&RUUHVSRQGLQJDXWKRU MRDQQD JROLN SDU\]#JOLZLFH QLR JRY SO

aa
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%DUWRV] . @PMDQ %RU\V

LYDFXOW\RI$XWRPDWLF &RQWURO (OHFWURQLFVDQG &RPSXV
RI7HFKQRORJ\ 3RODQG
2'HSDUWPHQW RI 6\WWHPV %LRORJ\DQG (QJLQHHULQJ 6LOHVLDC

.H\ZRUGWSODQW ODQGPDUN GHWHFWLRQ ERQH VHIJPHQWTEL
LQWHOOLJHQFH PHGLFDOLPDJHDQDO\VLYV KLSDUWKURSC

$SEVWUDFW

+LSDUWKURSODVW\LVRQHRIWKHPRVWFRPPRQRUWKRSH ¢
UDGLRJUDSKLFIROORZ XSUHPDLQV FKDOOHQJLQJEHFDXV
DQG REVFXUH DGMDFHQW DQDWRP\ 7KLV VWXG\HYDOXDWF
LPSODQW ODQGPDUNGHWHFWLRQDQG ERQH VHIJPHQWDWLF
7KLV VWXG\ XVHG SRVWRSHUDWLYH $3 SHOYLV UDGLRJUDS
RQHFRQWDLQLQJLPSODQW FURSV IRUDVHSWLF ORRVHQLQ
SHOYLV UDGLRJUDSKVY ZLWK DQQRWDWHG ERQH VWUXFWXL
8 1HW DQG +51HW ZHUH WHVWHG ZKLOH ERQH VHIJPHQWD)
(IEFLHQWI1HW HQFRGHUYV

/IDQGPDUN GHWHFWLRQ DFKLHYHG DFFHSWDEOH PHDVXUDE
UHDFKHG VDWLVIDFWRU\RYHUODS RQ QRQ LPSODQW GDWD
LPSODQWY VKRZHG YLVXDOO\XVHIXO UHVXOWV DQG VXSSR
7KHVH EQGLQJV VXJJHVW WKDW FRPELQLQJ LPSODQW ODC
DZDUH ERQH VHIJPHQWDWLRQ LV IHDVLEOH DQG PD\ VXSSR
FRPSUHKHQVLYH SRVWRSHUDWLYHKLSUDGLRJUDSKDQDO\
$FNQRZOHGJIPBMQMBEWQWY UHFHLYHG IXQGLQJ DV SDUW RI V
EQDQFLQJ SURMHFWY RI VWXGHQW VEFLHQWLEF FOXEV DV S
5HVHDUFK 8QLYHUVLW\ SURJUDP WRSLF LQ DFFRUGDQF
RIWKHS5HFWRU RIWKH 6LOHVLDQ 8QLYHUVLW\RI7HFKQROR

&RUUHVSRQGLQJDXWKRU EN #VWXGHQW SROVO SO
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.DPLO *DIONDULD 'NGIRAOUFJGDOHQD2xJDPLDQ %RUDVROLQD
IXU\+YNDZLG /X§PHOLQD*/ I$SSAMIRQL 55X FL+VNL

l16WXGHQW 6FLHQWLEF &0XE RI 6\WWHPV (QJLQHHULQJDQG %LRORJ\
RI6LOHVLDQ 8QLYHUVLW\RI 7HFKQRORJ\ 3RODQG
2'HSDUWPHQW RI 6\WWHPV %LRORJ\DQG (QJLQHHULQJ 6LOHVLDQ 8QLY
3RODQG
3'HSDUWPHQW RI$OJRULWKPLFVDQG 6RIWZDUH 6LOHVLDQ 8QLYHUVL\
40 6PROXFKRZVNL,QVWLWXWH RI3K\VLFV -DJLHOORQLDQ 8QLYH!
5 QVWLWXWH RI1XFOHDU 3K\VLFV 3ROLVK $FDGHP\RIB6FLHQFHV

.H\ZRUGWRPLF IRUFH PLFURVFRS\ $)0 JHQHUDWLYH DGYHUV
GDWD DXJPHQWDWLRQ <2/2 SODVPLG '1%$

SEVWUDFW

7KH DQDO\VLV RI'1$ SODVPLG PRUSKRORJ\ EDVHG RQ DWRPLF |
LPDJHV SURYLGHV FUXFLDO VWUXFWXUDO LQIRUPDWLRQ UHIF
ELRPROHFXOHVY +RZHYHU $)0 LPDJHV DUH W\SLFDOO\ FKDUDFW
DQG XQHYHQ EDFNJURXQGV ZKLFK KLQGHUV DXWRPDWLF LPDJH
HPSOR\LQJ FODVVLFDO FRPSXWHU YLVLRQ PHWKRGV 7R DGGU
OHDUQLQJ REMHFW GHWHFWLRQ PRGHOV VXFK DV <2/2 RIIHU
DXWRPDWLQJ WKH H{(WUDFWLRQ RI LQGLYLGXDO SODVPLGV 7U
UHTXLUHV WKH SULRU SUHSDUDWLRQ RI DQ H[WHQVLYH WUDL:¢
PDQXDO DQQRWDWLRQ RI ERXQGLQJ ER[HV IRU HDFK SODVPLG
WLPH FRQVXPLQJWDVN 7RLPSURYH <2/2 SHUIRUPDQFH WKLV V
JHQHUDWLYH GDWD DXJPHQWDWLRQ XVLQJ*HQHUDWLYH $GYHU
7KHDQDO\|HG GDWDVHW LQFOXGHG $)0 LPDJHV RI S8& SODVPL
DFTXLUHG XVLQJ 3HDN JRUFH 7DSSLQJ PRGH 7KH HIIHFWLYHQH
ZDV HYDOXDWHG XVLQJ VWDQGDUG TXDQWLWDWLYH REMHFW G
FLVLRQ UHFDOO DQG PHDQ DYHUDJH SUHFLVLRQ P$3 DV ZHO
DVVHVVPHQW RIWKH JHQHUDWHG LPDJHV

([SDQGLQJ WKH WUDLQLQJ GDWDVHW E\ D IHZ SHUFHQW WKURX
SODVPLGY UHVXOWHG LQ DQ LPSURYHPHQW LQ PRGHO SHUIRUP

&RUUHVSRQGLQIJDXWKRUV NJ #VWXGHQW SROVO SO P] #VWXGHQ
PDJGDOHQD ZHJU]J\Q#SROVO SO GDPLDQ ERU\W#SROVO SO

~

aa



UHFDOODQG P$3 8OWLPDWHO\ WKHVWXG\RXWOLQHV WKH
WDWLRQ
$FNQRZOHGJIBMQMBEWQWY UHFHLYHG IXQGLQJ DV SDUW RI V
EQDQFLQJ SURMHFWY RI VWXGHQW VFLHQWLEF FOXEV DV S
5HVHDUFK 8QLYHUVLW\ SURJUDP WRSLF LQ DFFRUGDQF
RI WKH 5HFWRU RI WKH 6LOHVLDQ 8QLYHUVLW\RI 7HFKQROF
VXSSRUWHG E\ WKH 1DWLRQDO 6FLHQFH &HQWUH 1&1 JUD
(67
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$XUHOLD OR 653DV D Q*G UDWRR L B 2RAZN D 6 N pU BHrOZBHNDN
7XUFJ\QIJDWD :#MBMNDU]\QD U RESIHDAVDIPBURDQG &KROHZND
$QQD +HE@DUHN .L5sMFOPND Q %RU\V

1'"HSDUWPHQW RIOHGLFDO ,QIRUPDWLFVDQG $UWLEFLDO ,QWHOOL

RI7THFKQRORJ\ 3RODQG
28QLYHUVLW\RIBLOHVLD 3RODQG

3)DFXOW\RI$XWRPDWLF &RQWURO (OHFWURQLFVDQG&RPSXWHU 6
RI7THFKQRORJ\ 3RODQG

4)DFXOW\RIBFLHQFHDQG 7THFKQRORJ\ 8QLYHUVLW\RIBLOHYV

5" HSDUWPHQW RI5DGLRORJLFDQG 'LDJQRVWLF ,PDJLQJ 06& 1DWLR

RI2QFRORJ\ *OLZLFH %UDQFK 3RODQG
6" HSDUWPHQW RIOHGLFDO 3K\VLFV 06& 1DWLRQDO 5HVHDUFK ,QVWL
%UDQFK 3RODQG
T"HSDUWPHQW RI 6\WWHPV %LRORJ\DQG (QJLQHHULQJ 6LOHVLDQ 8QLY
3RODQG

H\ZRUGPWIQHWLF UHVRQDQFH LPDJLQJ EUDLQ VHIPHQWDWLRC(
WLRQ VXEFRUWLFDO VWUXFWXUHYV

$SEVWUDFW

ODJQHWLF UHVRQDQFH LPDJLQJ 05, LVDQRQ LQYDVLYH WHFKC
PRUSKRORJLFDO FKDQJHV LQ WKH EUDLQ *LYHQ WKH FULWLFD(
LQ PRWRU FRQWURO DQG OHDUQLQJ WKHLU DXWRPDWHG VHJPH
SULRULW\

7KLV VWXG\DLPHG WR HYDOXDWH GLIIHUHQFHV EHWZHHQ PDQXI
VHIPHQWDWLRQ RI VXEFRUWLFDO VWUXFWXUHV LQ EUDLQ 05,
EOWHULQJWHFKQLTXHV

7KH GDWDVHW FRQVLVWHG RI7 ZHLJKWHG 05, VFDQV IURP KHEL
DW 06& 15,2 LQ *OLZLFH 3RODQG 7R HVWDEOLVK D JURXQG WU X
SHQGHQWO\ GHOLQHDWHG WKH WKDODPXV SXWDPHQ DQG WKF
ZHUH JHQHUDWHG E\ FRPELQLQJLQGLYLGXDO DQQRWDWLRQV X'
%HIRUH VHIPHQWDWLRQ WHQ GLITHUHQW EOWHULQJDOJRULWK
LPDJHV $XWRPDWLF VHIJPHQWDWLRQ ZDV WKHQ FRQGXFWHG R

&RUUHVSRQGLQJDXWKRUV DP #VWXGHQW SROVO SO GDPLDQ ERU\V#

o

aa



XVLQJ )6/ VRIWZDUH 7KH 'LFH VLPLODULW\ FRHIEFLHQW Z
RYHUODS EHWZHHQ DXWRPDWLFDQG PDQXDO VHIPHQWDWL
$XWRPDWLF VHIPHQWDWLRQ PHWKRGY HPSOR\LQJ YDULR>
VWDWLVWLFDOO\ VLIJQLEFDQW GLIIHUHQFHV LQ WKH YROX
WXUHV +RZHYHU VWDWLVWLFDO WHVWY GLG QRW LGHQWL
4XDOLW\ PHWULFV LQFOXGLQJ WKH 'LFHLQGH[DQG ,QWHU
DSHUIRUPDQFH EDVHG UDQNLQJWR LGHQWLI\WKHPRVW H
DOVR FRPSDUHG XVLQJ WKH %5,648( QRQ UHIHUHQFH PHWU
$FNQRZOHGIJFKQWYRUN ZDV VXSSRUWHG E\ ;,9 B3URMHFW %
, QLWLDWLYH RI ([FHOOHQFH B5HVHDUFK 8QLYHUVLW\ 3UR
ODWLRQV QR LVVXHG E\ WKH 5HFWRU RI WKH 6LOHV
RQ '"HFHPEHU &DOFXODWLRQV ZHUH FDUULHG RXW
=LHPRZLW IXQGHG E\WKH 6LOHVLDQ %,2 )$50$ SURMHFW 1R
WKH%LRWHFKQRORJ\&HQWUHLQ WKHG6LOHVLDQ 8QLYHUVL

aee
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$OL 2JKBDEBHQ +DUDOG 3RQY/HRIQ-BFNMDQ @ HHOWER 6 DY DUHVH

151$ VSOLFLQJODERUDWRU\ )LQODQG
2YRONK!OVDQ 5HVHDUFK &HQWHU +HOVLQNL )LQODQG

H\ZRUGM XURPXVFXODU GLVHDVHV PXVFOH GHYHORSPHQW P X
VSOLFLQJ

$SEVWUDFW

51$ VSOLFLQJ LV WKH SURFHVV E\ ZKLFK LQWURQV DUH UHPRY
WR JHQHUDWH PDWXUH P51%$ WUDQVFULSWV $OWHUQDWLYH VS
RI GLYHUVH P51$ LVRIRUPV WKURXJK PHFKDQLVPV VXFK DV H[RQ
DQG RU "VSOLFHVLWHXVDJH PXWXDOO\H[FOXVLYHH[RQV DQ
‘H KDYH GHPRQVWUDWHG WKDW LQYHVWLJDWLQJVSOLFLQJUHJ
VRFLDWHG JHQHV LQFOXGLQJ 771 DQG 2%6&1 DFURVV VNHO
GHYHORSPHQW SURYLGHV FULWLFDO LQVLJKWY LQWR ERWK QR
PHFKDQLVPV 7RWKLVHQG ZHDQDO\]JHGDOWHUQDWLYH VSOLFL

SUH DQG SRVWQDWDO VNHOHWDO DQG FDUGLDF PXVFOH51$ V
2XU EQGLQJV UHYHDO G\QDPLF LVRIRUP UHPRGHOLQJ RI NH\ VI
771 DQG 2%6&1 GXULQJ PXVFOH GHYHORSPHQW DQG DJHLQJ 7
DFWHUL]DWLRQ LPSURYHV LQWHUSUHWDWLRQ RI FOLQLFDO S
LOQFOXGLQJ SUHGLFWLQJ GLVHDVH RQVHW LQ WLWLQRSDWK\ SD
HQDEOHV HVWLPDWLRQ RI WKH SRSXODWLRQ IUHTXHQF\RI UDUI
E\D SDWKRJHQLF 7117 VSOLFLQJ YDULDQW LGHQWLEHG LQ D ST
P\RSDWK\

&RUUHVSRQGLQJDXWKRU DOL RIJKDELDQ#KHOVLQNL E

an
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ODKERXEHK 1D Y6®OR\LIG *KDYODRAIHN 1 6RYV
l1o9)LRWHFKQRORJ\ &HQWHU 6LOHVLDQ 8QLYHUVLW\RI7HFKQROR
3RODQG
2'HSDUWPHQW RI +XPDQ $QDWRP\DQG &HOO 6FLHQFH 8QLYHU
RIOHGLFLQH :LQQLSHJ 0%5 ( 9 &DQDGD

H\ZRUODWWRSKDJ\ HSLWKHOLDO PHVHQFK\PDO WUDQVLW
ZRXQG KHDOLQJ KXPDQIRUHVNLQ EEUREODVWV

$SEVWUDFW

JLEUREODVW SODVWLFLW\ FULWLFDOO\ UHJXODWHYV WLV\
HQDEOLQJ WUDQVLWLRQV EHWZHHQ TXLHVEHQW DFEFWLYCL
WKDW FRQWURO H{IWUDFHOOXODU PDWUL[ (&0 GHSRVLWLF
DXWRSKDJ\ LV D NH\ UHJXODWRU RI FHOOXODU KRPHRVWD
LQ EEUREODVW SKHQRW\SLF WUDQVLWLRQV UHPDLQV XQ
RI DXWRSKDJ\ PRGXODWLRQ RQ EEUREODVW SODVWLFLW\
+V  +V $XWRSKDJ\ ZDV LQKLELWHG ZLWK %DEORP\FLQ
ZLWK 5DSDP\FLQ Q0 $XWRSKDJLFDFWLYLW\ZDV DVVHYV
G\QDPLFV ZKLOH SKHQRW\SLFUHSURJUDPPLQJZDV HYDOX
DQG H[SUHVVLRQ RI NH\HSLWKHOLDO PHVHQFK\PDO WUDQ
$XWRSKDJ\LQKLELWLRQ UHVXOWHG LQ /& % ,,DQG S DFFX
IX[ DQG SURQRXQFHG D PHVHQFK\PDO OLNH SKHQRW\SH Z
UHGXFHG ( FDGKHULQ H[SUHVVLRQ FRQVLVWHQW ZLWK
DXWRSKDJ\ DFWLYDWLRQ PLWLJDWHG PHVHQFK\PDO PDUN
SKHQRW\SH VXJJHVWLQJ D UHJXODWRU\ UROH LQ EEURE(
WRSKDJ\ DFWV DV D UHJXODWRU RI EEUREODVW VWDWH W
UHSURJUDPPLQJ DQG VXSSRUWLQJ DOWHUQDWLYH GLIIHL
SURYLGH DQ LQ YLWUR SODWIRUP IRU VWXG\LQJ EEUREOD \
EEURVLV DQG KLJKOLJKW DXWRSKDJ\ PRGXODWLRQ DV D
WR FRQWURO SDWKRORJLFDO WLVVXHUHPRGHOLQJ
$FNQRZOHGJPHQWBMD =DF]HN ORF]\GGRZVND %LRWHFKQF
VLDQ 8QLYHUVLW\ RI 7THFKQRORJ\ *OLZLFH 3RODQG 'U 'DlI
&HQWHU 6LOHVLDQ 8QLYHUVLW\ RI THFKQRORJ\ *OLZLF}
%LRWHFKQRORJ\ &HQWHU 6LOHVLDQ 8QLYHUVLW\ RI 7HFK
%DU]JHIJDU %HKURR] 'HSDUWPHQW RI +XPDQ $QDWRP\ DQ
RIODQLWRED &ROOHJHRIOHGLFLQH :LQQLSHJ &DQDGD

&RUUHVSRQGLQIJDXWKRUYVY PNDYRRVL#SROVO SO VDHLG JKDYDPL#
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JUDQFHVEDYROHQW I QTR6/D/GNOLOD 7XSOHU

!8QLYHUVLW\RIORGHQDDQG 5HJJLR (PLOLD ,WDO\

. H\ZRU®WF51%$ QXFOHROXV JHQRPHDUFKLWHFWXUH

SEVWUDFW

)DFLRVFDSXORKXPHUDO PXVFXODU G\WWURSK\ )6+' LV DVVRF
RI WKH ' = PDFURVDWHOOLWH DW FKURPRVRPH T OHDGLQJ
DQG G\WUHIJXODWLRQ RI QHDUE\ JHQHV $PRQJ WKHVH ZH GLVF
RI D IDPLO\ RI ORQJ QRQ FRGLQJ51%$V OQF51$V H[SUHVVHG LG
OHYHOV YDU\LQJ DPRQJ SDWLHQWYV )5* $ ORFDOL]JHV WR WKH Q'
UHSHWLWLYH '1$ DW U'1l$ ORFL DQG FHQWURPHUHV VXJJHVWL
JHQRPH RUJDQL]DWLRQ )5* $ RYHUH[SUHVVLRQ LQ )6+' FHOOV
RUJDQL]DWLRQ DW WKH QXFOHRODU SHULSKHU\ UHGXFLQJ U"
UDWHV DQG SURWHLQ VIQWKHVLY GXULQJP\RJHQLF GLIIHUHQW
7R DVVHVV JHQRPH ZLGH HIIHFWV ZH SHUIRUPHG $7$& VHT LQ
GLIIHUHQWLDWHG P\RWXEHV LGHQWLI\LQJ D VWDJH VSHFLEF

LQ SUROLIHUDWLQJ )6+' P\REODVWYV ZLWK RYHU UHJLRQV
XDWHG XSRQ GLIIHUHQWLDWLRQ &KDQJHV PDLQO\ DIIHFW LQ!
UHJLRQV HQULFKHG LQ QRQ FRGLQJ DQG UHSHDW SUR[LPDO V
KHWHURFKURPDWLQ DQG QXFOHROXV DVVRFLDWHG GRPDLQV

DUFKLWHFWXUDO UHRUJDQL]DWLRQ UDWKHU WKDQ D FDQRQLFD
7RIJHWKHU RXU UHVXOWV VXSSRUW D GLVHDVH PHFKDQLVWLF F
OQF51%$ FRQWULEXWHY WR )6+' SDWKRJHQHVLV E\ UHVKDSLQJ |
PRGXODWLQJ QRQ FRGLQJ FKURPDWLQ ODQGVFDSHV XOWLPDW
VLV

&RUUHVSRQGLQIJDXWKRU IUDQFHVFD ORVL#XQLPRUH LW
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.DUROLQD *URQNRZVYNRGDF] 0L 6GEHYANDOLFROHZVND
$JQLHVIND 5REBV]INLHZLF]

1'HSDUWPHQW RI*HQHUDO %LRSK\VLFV 8QLYHUVLW\RI /R
2/ DERUDWRU\RIOLFURVFRSLF ,PDJLQJDQG 6SHFLDOL]HG %LRC
RI/RG] /RG] 3RODQG

.H\ZRUGV$ GDPDJH UHVSRQVH FDQFHU FKHPRWKHUDS\ GUX

$SEVWUDFW

7KH WXPRXU VXSSUHVVRUS LV ZLGHO\UHFRJQL]HGDV D W
PHFKDQLVPV XQGHUO\LQJ LWV UHSUHVVLYH IXQFWLRQ UH
ZH XQFRYHU D FKURPDWLQ EDVHG PHFKDQLVP E\ ZKLFK S (
RI () GULYHQ SURPRWHUY GHVSLWH FR RFFXSDQF\ ZLWK
SURPRWHUV H[KLELW D GLVWLQFW UHSUHVVLYH FKURPDWL
DFHW\ODWLRQ DQG GHSOHWLRQ RI + . PH :H VKRZ WKDW
VXVWDLQLQJ SURPRWHU DVVRFLDWHG .'0 % WKHUHE\ SURF
DQG WUDQVFULSWLRQDO VLOHQFLQJ $FWLYDWLRQ RI WK}
FLVSODWLQ GLVUXSWV WKLV D[LV WULJJHULQJS DQG.'0 ¢
DQG UDSLG DFTXLVLWLRQ RI WUDQVFULSWLRQ SHUPLVVLY
HQDEOHV S HQULFKPHQW DQG WUDQVFULSWLRQDO DFWL
FHOOVXUYLYDOHQFH 1RWDEO\ WKHS .'0 % UHJXODWRU\
FDQFHU FHOO W\SHV DQG IXQFWLRQDOO\ OLQNHG WR FKH
RXU EQGLQJV GHEQH S PHGLDWHG UHSUHVVLRQ DV D G\
FKHPRWKHUDS\ ZKLFK FRXOG EH H[SORLWHG FOLQLFDOO
.'0 % PD\ EH D FDQGLGDWH ELRPDUNHU RI FKHPRWKHUD S\
FOLQLFDO LPSOLFDWLRQV

$FNQRZOHGJIPHKQWWHVHDUFK ZDV IXQGHG E\ 8QLYHUVLW\ R
JUDP ([FHOOHQFH ,QLWLDWLYH 5HVHDUFK 8QLYHUVLW\ ,'8

&RUUHVSRQGLQIJDXWKRUV NDUROLQD JURQNRZVND#ELRO XQL ORC
DIJQLHVIND UREDVINLHZLF]#ELRO XQL ORG] SO

Qo
Q>
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$QGL I1XUHGLPEDUGR &R QUHMVOHQGIBDVRKBGQQDUD*DU]R

ODUFHOOR 3D RO RLAKISH B'Q ERFHKO\Q AD SR URRI6 DY DRUIG H

'LD] 0D HYRO N H U6 WRIDXED 3RODOVSBR 0DULDB @PHOHRALHNWO L
6FKRVHRVVHOOD 7XSOHU

18QLYHUVLW\RIORGHQD DQG 5HJJLR (PLOLD ,WDO\
2)LQFRQV *URXS 6ZLW]JHUODQG
3/XGZLJOD[LPLOLDQ 8QLYHUVLW\OXQLFK *HUPDQ\
47HFQDOLD 5HVHDUFK DQG ,QQRYDWLRQ 6SDLQ
58 HQWUH (XURS«HQ GH5HFKHUFKHHQ %LRORJLHHW HQ 0«GHF
) RONK!OVDQ 5HVHDUFK & HQWHU )LQODQG
7_.RKQ :DOWRQ OXVFXODU '\WVWURSK\5HVHDUFK &HQWUH 1HZFDVWOH 8
86LOHVLDQ 8QLYHUVLW\RI7HFKQRORJ\ 3RODQG
°)RQGD]LRQH 6WHOOD ODULV ,WDO\

H\ZRUGM XURPXVFXODU GLVHDVHV QHXURORJ\ KLVWRORJ\ JH

$SEVWUDFW

+HUHGLWDU\ QHXURPXVFXODU GLVRUGHUV +10'V DUH FKDUDF
DQG PROHFXODU KHWHURJHQHLW\ ZKLFK OLPLWV DFFXUDWH GL
VWUDWLEFDWLRQ $GGUHVVLQJ WKHVH FKDOOHQJHV UHTXLUF
LOWHURSHUDEOH LQWHJUDWLRQ RI PXOWLPRGDO GDWD DFUR!
1HXURPXVFXODU *HQRPH $WODV 10'*$ DLPV DW HVWDEOLVKL
FRPSOLDQW LQIUDVWUXFWXUH WR LQWHJUDWH PXOWLPRGDO (
DQG $, UHDG\ SDWLHQW VWUDWLEFDWLRQ 7KH $WODV LQWHJU
KLVWRSDWKRORJLFDO DQG 05, GDWD IURP XQGLDJQRVHG SD\
DQDO\WLFDO WRROV GHYHORSHG DQG WUDLQHG XVLQJODUJH U
QRW\SHVY FROOHFWHG WKURXJK D VWUXFWXUHG HOHFWURQLFF
ZHUHV\VWHPDWLFDOO\PDSSHGWRWKH+XPDQ 3KHQRW\SH2QW T
LOQOWHJIJUDWLRQ RI +32 WHUPVDQG WKH SURSRVDO RIHLJKW QR
WHUPV 7KLV VHPDQWLF OD\HU HQDEOHV KLHUDUFKLFDO SKHC(
DZDUH EOWHULQJ DQG FURVV GRPDLQ TXHULHV FRPELQLQJ SK
DQG KLVWRSDWKRORJLFDO IHDWXUHV 7KH 10'*$ SURYLGHV D \
VRXUFH IRUPXOWLPRGDO QHXURPXVFXODU GDWD LQWHJUDWL(

&RUUHVSRQGLQIJDXWKRUV DQGL QXUHGLQL#XQLPRUH LW URVVHOOD W>

aa



FRPSXWDWLRQDODQDO\VWLVDQG YLVXDOL]DWLRQ WRROV 7
FRKRUW GHEQLWLRQ LPSURYHG JHQRW\SH SKHQRW\SH F
VWUDWLEFDWLRQ VXSSRUWLQJWUDQVODWLRQDO UHVHDU
$FNQRZOHGIJFKOQWWHVHDUFK ZDVVXSSRUWHGE\WKH (8+RU
10' XQGHU *UDQW $JUHHPHQW Qr &OLQLFDO7ULDOV ¢
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$JDWD %DU]RZVNCGRPREDHDMWXE - B+ FDWXE .OLPFRP B V]
'DQH@®DUEDUD 3XFHOLN

1/XNDVLHZLF]5HVHDUFK 1HWZRUN .UDNRZ,QVWLWXWH RI 7HFK
26DQR &HQWUH IRU &RPSXWDWLRQDO OHGLFLQH 3RODQC
3)DFXOW\RI3KDUPDF\ -DJLHOORQLDQ 8QLYHUVLW\OHGLFEDO &
“)DFXOW\RI &KHPLVWU\ -DJLHOORQLDQ 8QLYHUVLW\ 3RO

.H\ZRUGWHSOLFDWLRQ VWUHVV EUHDVW FDQFHU WDUJHWHG
GLVFRYHU\

$SEVWUDFW

5HSOLFDWLRQ VWUHVV LV D NH\ GULYHU RI JHQRPLF LQVWDEL
WUHDWPHQW UHVLVWDQFH \HW LWV UROHLQ KRUPRQH GHSHQG
UHPDLQV LQVXIEFLHQWO\FKDUDFWHUL]HG 7KLV FOLQLFDOO\F
HEWLQJ IURP HQGRFULQH DQG +(5 WDUJHWHG WKHUDSLHV VW
UDWHV DQG OLPLWHG GXUDEOH UHVSRQVHV ,Q WKLV VWXG\ 2
SDWKZD\V DV SRWHQWLDO WKHUDSHXWLF WDUJHWV LQ KRUPI
EUHDVW FDQFHU &DQGLGDWH FRPSRXQGV ZHUH VHOHFWHG XV
HYDOXDWHG LQ PDOLJQDQW DQG QRQ PDOLJQDQW EUHDVW FHO
ZHUH DVVHVVHG XVLQJIRZ F\WRPHWU\ 57 3&5 :HVWHUQ EORW [
IRFXVRQPROHFXODUPDUNHUVDVVRFLDWHG ZLWK UHSOLFDWLF
FRPSRXQGV SURPRWHG VHOHFWLYH FDQFHU FHOO GHDWK DFFR
WLRQ VWUHVV VLIQDOLQJ LQGLFDWLQJ SUHYLRXVO\ XQUHFRJ
LQ WKLV EUHDVW FDQFHU VXEW\SH ORUHRYHU VHOHFWHG DJH
QDWLRQDO DFWLYLW\ ZLWK VWDQGDUG FKHPRWKHUDSHXWLFV
UHOHYDQFH 2XUEQGLQJV VXJIJHVW WKDW UHSOLFDWLRQ VWUH
GLUHFWLRQ IRU WDUJHWHG WKHUDS\ LQ KRUPRQH GHSHQGHQV
DQG KLJKOLJKW WKH YDOXH RI LQWHJUDWLQJ FRPSXWDWLRQDC
RQFRORJ\LQ WKH GHYHORSPHQW RI SUHFLVLRQ WUHDWPHQW VYV
$FNQRZOHGJPHQWWHVHDUFK LV VXSSRUWHG E\ ),567 7($0 )(1*
)(1* .3 IXQGHG E\ WKH )RXQGDWLRQ IRU 3ROLVK 6FL
WKH (XURSHDQ )XQGV IRU D ORGHUQ (FRQRP\ )(1* SURJUDP F
(XURSHDQ 8QLRQ

&RUUHVSRQGLQJDXWKRUV DJDWD EDU]JRZVND JRIJROD#NLW OXNDVLHZLF
EDUEDUD SXFHOLN#NLW OXNDVLHZLF] JRY SO

aa
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*DEULHOD' *FZCIVIRZDRAPLQLND'3IRHE®VWLDQ 6HIHW
3UJHP\V3DZD -DURVWOKRBERWLHEM ODWHMNR

"HSDUWPHQW RI &KLOGUHQ"V 'LDEHWRORJ\DQG /LIHVW\OH OHGL
.DWRZLFH 3RODQG
2’HSDUWPHQW RIOHWDEROLF'LVHDVHV -DJLHOORQLDQ 8QLYHUYV

.H\ZRUGWOHHS GLVWXUEDQFHV W\SH GLDEHWHVY LQVRPQL

$SEVWUDFW

6OHHS GLVWXUEDQFHY DUH FRPPRQ LQ W\SH GLDEHWHV
YDULDELOLW\ WUHDWPHQW EXUGHQ DQG SV\FKRORJLEDO
FDUHJLYHUV

$LP7TRDVVHVV VOHHS TXDOLW\DQG FRQVHTXHQFHV RI VOHH
7 'DQG FDUHJLYHUV LQUHODWLRQWRLQWHQVLYHLQVXOL
OHWKRIGFURVV VHFWLRQDO RQOLQH VXUYH\ ZDV FRPSOHMW
LQGLYLGXDOV ZLWK 7 ° FDUHJLYHUV 60OHHS TXDOLW)\ Z
,QVRPQLD 6FDOH $,6 DQG VOHHS GHSULYDWLRQ EXUGHQ .
WLRQV ZLWK LQWHQVLYHLQVXOLQ WKHUDS\ PRGDOLWLHYV
VXEFXWDQHRXV LQVXOLQ LQIXVLRQ &6,, LQFOXGLQJ VWLE
DXWRPDWHG LQVXOLQ GHOLYHU\ $,' ZHUHDQDO\]JHG
5HVX®WREDEOH FOLQLFDO LQVRPQLD ZDV VLIJQLEFDQWO\ P
WKDQ LQGLYLGXDOV ZLWK 7 YV S &DUHJ
KLJKHU &+,&D VFRUHYV s YV s 1R VLIQLEFDC
IRXQG EHWZHHQ LQVXOLQ WKHUDS\ PRGDOLW\DQG VOHHS |
LQVRPQLD VHYHULW\ ZDV REVHUYHG LQ FDUHJLYHUV RI F¥
SXPSV FRPSDUHG WR WKRVH ZLWK $,' IXQFWLRQ )HDU RI C
IUHTXHQW QLJKWWLPHPRQLWRULQJZHUHDVVRFLDWHG ZL'
&RQFOXGOR®S GLVWXUEDQFHVY DUH D VXEVWDQWLDO EXUG
FDUHJLYHUV $GYDQFHG WHFKQRORJLHVDORQHPD\QRWLP
IRULQWHUYHQWLRQV WDUJHWLQJQRFWXUQDO DQ[LHW\DQ

&RUUHVSRQGLQIJDXWKRUYV JDELJDZODV #JPDLO FRP DQQDQ#JIPI
GRPLQLND SRVLG#JPDLO FRP VHEDVWLDQ VHIHW#VXP HGX SO SU]HP

o
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$JDWD % DU]RZVNOLFRIHBCODSENAU |H M HOODR 6 X 5HNP D V]
'DQHODNXE -R+FPWXE .OLPHBDINEDUD 3XFHOLN

!/XNDVLHZLF]5HVHDUFK 1HWZRUN .UDNRZ,QVWLWXWHRI7HFK
26DQR &HQWUH IRU &RPSXWDWLRQDO OHGLFLQH 3RODQG
S)DFXOW\RI &KHPLVWU\ -DJLHOORQLDQ 8QLYHUVLW\ 3RO

“)DFXOW\RI3KDUPDF\ -DJLHOORQLDQ 8QLYHUVLW\OHGLFDO &

.H\ZRUGY¥(5 H[SUHVVLRQ KRUPRQH GHSHQGHQW EUHDVW FDQF
ELRFRQMXJDWHYVY ELR SRO\PHULFQDQRSDUWLFOHV SDWLHQW

$SEVWUDFW

5HFHQW UHVXOWYV IURP WKH '(67,1< %UHDVW FOLQLFDO WULD
OHQJHG WKH WDUJHW FHQWULF SDUDGLJP RI SUHFLVLRQ RQI
FDQFHU FOLQLFDOO\PHDQLQJIXO UHVSRQVHV WR DQWLERG\ G
WUDVWX]XPDE GHUX[WHFDQ KDYH EHHQ REVHUYHG GHVSLWH P|
YHDOLQJDVWULNLQJSDUDGR[ WKHUDSHXWLFHIEFDF\FDQEHD
PROHFXODU WDUJHW H[SUHVVLRQ LV QHJOLJEOH 7KLV REVHU)Y
RXWFRPHVY DUH LQFUHDVLQJO\ JRYHUQHG QRW E\ WDUJHW DE?
RI GUXJ GHOLYHU\ VIVWHPY DQG WKHLU LQWHUDFWLRQ ZLWK W.
$'&«V UHPDLQ OLPLWHG E\L H V\VWHPLF WR[LFLW\DQG VXERSW
$GGUHVVLQIJ WKHVH FKDOOHQJHVY UHTXLUHV D VKLIWWRZDUG P
DSHXWLF GHVLJQ +HUH ZH SURSRVH D QH[W JHQHUDWLRQ IUDF
RSWLPLIDWLRQ RIGUXJ FRPELQDWLRQV QDQRFDUULHU EDVHG
GHULYHG RUJDQRLGV DV KLJK EGHOLW\IXQFWLRQDO PRGHOV :lI
HQDEOH SDWLHQW VSHFLEF YDOLGDWLRQ RI WKHUDSHXWLF U
LGHQWLEFDWLRQRISUHGLFWLYHELRPDUNHUVDQG V\QHUJLVW
WKHVHWHFKQRORJLHVGHEQHD QHZGLUHFWLRQ IRUSUHFLVLR(
\RQGVWDWLFWDUJHWV WRZDUG G\QDPLFDOO\GHVLJQHG SDWL|

$FNQRZOHGJPHRMW UHVHDUFK LV VXSSRUWHG E\ ),567 7($0 )(:
QR )(1* .3 IXQGHG E\ WKH JRXQGDWLRQ IRU 3ROLVHI
XQGHU WKH (XURSHDQ )XQGVIRUDORGHUQ (FRQRP\ )(1* SURJUI
(XURSHDQ 8QLRQ

&RUUHVSRQGLQJDXWKRU EDUEDUD SXFHOLN#NLW OXNDVLHZLF] JRY SO

o
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-RDQQD % X&) IS KM A %BIODOMD % D U]RZ VN D LRIIRGCDSENDLP
6X®HNDNXE -R+-FDWXE .OLPFRPRV]'DMWDUEDUD 3XFHOLN

1/XNDVLHZLF]5HVHDUFK 1HWZRUN .UDNRZ,QVWLWXWH RI
26DQR &HQWUH IRU &RPSXWDWLRQDO OHGLFLQH 3R
3)DFXOW\RI3KDUPDF\ -DJLHOORQLDQ 8QLYHUVLW\OHGLF
4)DFXOW\RI &KHPLVWU\ -DJLHOORQLDQ 8QLYHUVLW!

H\ZRUGRKURQLF ZRXQG LQIHFWLRQV DQWLPLFURELDO WK
GUXJGHOLYHU\

$SEVWUDFW

&KURQLF ZRXQG LQIHFWLRQV SDUWLFXODUO\ GLDEHWLF
FOLQLFDO FKDOOHQJH GXH WR WKHLU KHWHURJHQHLW\ ¢
FUHDVLQJDQWLPLFURELDO UHVLVWDQFH 6WDQGDUG WUH
IRU SDWLHQW VSHFLEF IDFWRUV LQFOXGLQJPLFURELRPH
LPSDLUHG WLVVXH UHJHQHUDWLRQ KLJKOLJKWLQJ WKH ¢
DSSURDFKHYV

7KLV ZRUN SUHVHQWY D PXOWLGLVFLSOLQDU\ IUDPHZRUN
WLEDFWHULDO WKHUDSLHV E\ LQWHJUDWLQJ DUWLEFLDO
KXPDQ UHOHYDQW H[SHULPHQWDO PRGHOV &RPSXWDWLRC
WLI\DQG SULRULWL]HVPDOO PROHFXOHFRPSRXQGV DFWL)
DQG WR SUHGLFW HIITHFWLYH FRPELQDWLRQ WKHUDSLHV W
7R EHWWHU UHIHFW WKH FOLQLFDO FRPSOH[LW\ Rl GLDE
PRGHOV DUH XWLOL]HG LQFOXGLQJ ' KXPDQ VNLQ HTXLY
VIVWHPY 7KHVH SODWIRUPV HQDEOH HYDOXDWLRQ RI DQW
WLRQ DQG WLVVXH FRPSDWLELOLW\ XQGHU SK\VLRORJLFEC
QDQRWHFKQRORJ\ EDVHG GHOLYHU\ VIVWHPV DUH H[SORU/|
WUDWLRQ LPSURYHWLVVXHSHQHWUDWLRQ DQGLQFUHDV
7KLV LQWHJUDWLYHDSSURDFKDLPVWREULGJH FRPSXWDW
YDOLGDWLRQ SURYLGLQJDIRXQGDWLRQ IRUSUHFLVLRQT
GLYLGXDO SDWLHQWV DQG VSHFLEF ZRXQG HQYLURQPHQW)

$FNQRZOHGJPHKQWYUHVHQWHG UHVHDUFK LV FRQGXFWHG
SURMHFWIXQGHGE\WKH1IDWLRQDOG6FLHQFH&HQWUH3ROD

&RUUHVSRQGLQJ DXWKRUV MRDQQD EXG]LDV]IHN#NLW OXNDVI
JRIROD#NLW OXNDVLHZLF] JRY SO EDUEDUD SXFHOLN#NLW OXNDVLH.:

O

ae
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*DEULHOD &]HUZOL\DNQD! : uyMKFLINW D 2VBZVEABQD 5REDNRZVND

l10HGLFDO 8QLYHUVLW\RI*GD+VN BWXGHQW 6FLHQWLEF &LUFOH ,Q
ODQDJHPHQW 3RODQG

.H\ZRU®BY RUDO FDYLW\FDQFHU GLDJQRVLV GHOD\

$SEVWUDFW

,QWURG2BEWOREQ@YLW\FDQFHU LV WKHVL[WHHQWKPRVW FRPPRQ
'HVSLWH D PRGHUDWH LQFLGHQFH UDWH LW KDV D KLJ
LQ D PRUWDOLW\ WR LQFLGHQFH UDWLR RI $OWKRXJK ZHOO |
YDOV RIWHQ H[FHHG EYH PRQWKY $UWLEFLDO ,QWHOOLJHQFH
WLPH WR WUHDWPHQW

$LP7KLV VWXG\DLPV WR LGHQWLI\DQG DQDO\]H WKH FOLQLFDO
RI GLDJQRVWLF GHOD\V LQ RUDO FDYLW\ FDQFHU ZKLOH H[SOR!
WR GLDJQRVLVLQWHUYDO IRFXVLQJRQ RSSRUWXQLWLHV RIIHU
ODWHULDOV D 3® MWK GVYH OLWHUDWXUH UHYLHZ RI WKH OLW
VIQWKHVL]LQJHYLGHQFH IURP VIVWHPDWLF UHYLHZV DQG PHWEL
FRQWULEXWLQJWR GLDJQRVWLF GHOD\ WKHLULPSDFW RQ SUR.
WLRQVWR UHGXFH WKHWLPH WR WUHDWPHQW LQWHUYDO
&RQFOXWVBQWH H[LVWLQJ FOLQLFDO LQLWLDWLYHV RUDO FDY
UHPDLQ VXERSWLPDO 7KLV XQGHUVFRUHV WKH QHHG IRU PXO\
GUHVVLQJ PRGLEDEOH GHWHUPLQDQWY RI GHOD\ WKURXJK HC
SDWKZD\V DQG KHLIJKWHQHG RQFRORJLFDO YLJLODQFH )XUWK
$UWLEFLDO ,QWHOOLJHQFH $, WRROV LV HVVHQWLDO WR LPS
VSHFLEFLW\ XOWLPDWHO\UHGXFLQJGHOD\DQG HQKDQFLQJ SD
$FNQRZOHGJIJPH®WYWPHQW Rl 3XEOLF +HDOWK DQG 6RFLDO O}
6FLHQWLEF & LUFOH ,QWHUGLVFLSOLQDU\+HDOWKFDUH ODQDJH

&RUUHVSRQGLQIJDXWKRUV J FIHUZLQVND#JXPHG HGX SO OLOLDQD ZRMF

&R
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$GDP *ROGBED %RVRZDONRVODZ PDBMRV]'=xELN
6HEDVWLD®&*6WXGHQW

1'HSDUWPHQW RI &DUGLRORJ\ *OLZLFHOXQLFLSDO +RVSL\
2’HSDUWPHQW RI6\WWHPV %LRORJ\DQG (QJLQHHULQJ 6LOHVLDQ
3RODQG
30)LRWHFKQRORJ\ &HQWHU *OLZLFH 3RODQG

H\ZRUDF XWH P\RFDUGLDO LQIDUFWLRQ PHWHRURORJLFI
WLPH FOLQLFDO SDUDPHWHUYVY PRUWDOLW\ULVN

$SEVWUDFW

$FXWH P\RFDUGLDO LQIDUFWLRQ $0, UHPDLQV D OHDGLQJ
ZRUOGZLGH ,Q DGGLWLRQ WR HVYWDEOLVKHG FDUGLRYDVF
FOLQLFDO YDULDEOHYV PD\ LQIXHQFH WKH LQFLGHQFH DQGC
WR DVVHVV WKH LPSDFW RI PHWHRURORJLFDO IDFWRUV KR
FOLQLFDO SDUDPHWHUV RQ $0, LQFLGHQFH DQG VXUYLYDO

SDWLHQWYV ZLWK $0, ZHUH DQDO\]JHG DQG VWUDWLEHG L
OHWHRURORJLFDO DQG FOLQLFDO GDWD ZHUH LQWHJUDW!
XVLQJWKH .DSODQ OHLHU PHWKRG ZLWK ORJ UDQN WHVWL
LVRQV ,Q WKH 167(0, JURXS GHFUHDVHV LQ DWPRVSKHULF
DVVRFLDWHG ZLWK D VLIJQLEFDQW LQFUHDVH LQ $0, LQFLG!
K3D ZHUH DVVRFLDWHG ZLWK D UHGXFWLRQ LQ LQFLGHQ
LQFUHDVHG VXVFHSWLELOLW\ WR SUHVVXUH GHFUHDVHYV
ZLWK EHWWHU UHQDO IXQFWLRQ DQG PRUH VWDEOH HOHF
RQVHW FRUUHODWHG ZLWK HOHYDWHG LQIDPPDWRU\ PDU
VLIQLEFDQWO\DFFRUGLQJ WR VH[ DJH DQG VHOHFWHG FO
LPSDLUHG UHQDO IXQFWLRQ ZHUH LQGHSHQGHQWO\ DVVRF
FKDQJHV LQ DWPRVSKHULF SUHVVXUH PD\ UHSUHVHQW QRC
167(0, SDWLHQWY 6XUYLYDOLV LQIXHQFHG E\PXOWLSOH I
UHQDO IXQFWLRQ KLJKOLJKWLQJ WKH LPSRUWDQFH RI LQ!
PDQDJHPHQW RI $0,

&RUUHVSRQGLQJDXWKRUV DGJR #JPDLO FRP ] ERVRZVND#JPDLO

& a
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5RQLW 5R\ &KRXGKDU\

1'45 &05$GYDQFHG OROHFXODU 2QFRORJ\'LDJQRVWLF 6HUYLFHV ,QV!
%DQDUDV +LQGX 8QLYHUVLW\ ,QGLD

H\ZRUGWRQJXH FDQFHU ELRPDUNHUV ELRLQIRUPDWLFV

$SEVWUDFW

WDFNJURRQGXH FDQFHU LV D SUHYDOHQW RUDO PDOLJQDQF\ Z
KHDOWK EXUGHQ ,GHQWLI\LQJ PROHFXODU VLIQDWXUHYV DFUR
GHYHORSLQJGLDIJQRVWLFDQG WKHUDSHXWLFVWUDWHJILHV
2EMHFTRLYGIHQWLI\FRPPRQ GLITHUHQWLDOO\H[SUHVVHG JHQHYV
DFURVY &KLQD 86% DQG $XVWUDOLD DQG HOXFLGDWH WKHLU
JUDWLYHELRLQIRUPDWLFDQDO\VLYV

OHWKRGVYQVFULSWRPLF GDWDVHWY ZHUH UHWULHYHG IURP *(2
ZHUH LGHQWLEHG YLD 9HQQ DQDO\VLV IROORZHG E\ IXQFWLR
.(** DQG '2 GDWDEDVHV 33, DQG JHQH PL51% QHWZRUNV ZHUH
IHWZRUNS$QDO\VW

SHVX®@IO\VLV LGHQWLEHG FRPPRQ '"(*V SURWHLQ FRGLQ
.H\ SDWKZD\V LQFOXGHG H[WUDFHOOXODU PDWUL[ GLVDVVHPE
v +39V0LIQDOLQJ +XEJHQHV ZHUH 003 003 &2/ % &'.1 $ &&!
3,1( 67& DQG &;&/ 1RQ FRGLQJ 51%$V 7(10 $6 [/,1& '8:;%
ZHUH DVVRFLDWHG ZLWK ,/ ,/ LPPXQH VLIQDOLQJ
&RQFOXWHIRQDQDO\VLY LGHQWLEHY ELRPDUNHUV DQG WKHUDS
FDQFHU UHJXODWLQJ H{WUDFHOOXODU PDWUL[UHPRGHOLQJDAQC
HISHULPHQWDO YDOLGDWLRQ

$FNQRZOHGIFKAWXWKRU VLQFHUHO\DFNQRZOHGJHV'U ODQRM
VHDUFK ,QVWLWXWHRIOHGLFDO 6FLHQFHYVY %DQDUDV +LQGX 8
VXSSRUW LQ WKLV ZRUN

&RUUHVSRQGLQIJDXWKRU ODEURQLW#JPDLO FRP

& a
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3DWU\FMD 0B Q@M+ HEB®ZHG :DZUI\QLOINHO 6 DGRZV NN
.LMRQNPDQQD 3UDYPRZNIND DDSIHN.DQ %RU\V
-XVW\QD 5HPEDN 6]\QNLHZLF]

'0DULD 6NORGRZVND &XULH 1IDWLRQDO5HVHDUFK ,QVWLWXWH F

.H\ZRU&G~ 056 056 05, EUDLQ PHWK\OVXOIRQ\OPHWKDQH ¢

$EVWUDFW

3URWRQ PDJQHWLF UHVRQBQBHE6VINFIWQRQFIRBYDVLYH PHYV
HQDEOHV WKH DVVHVVPHQW Rl WLVVXH ELRFKHPLFDO FRP
FHQWUDWLRQV RI VHOHFWHG PHWDEROLWHY ,Q QHXURL
IRFXVHV RQ FRPSRXQGV VXFK DV 1 DFHW\ODVSDUWDWH 1$.
P\R LQRVLWRO P,QV DQG WKHJOXWDPDWH JOXWDPLQH FI
7KLV VWXG\DLPV WR SUHVHQW WKH HITHFW RI PHWK\OVXOIF
WLRQ RQ'EWBBQY SHFWUD 7KH H[DPLQDWLRQV ZHUH SHUIRU
RI 5DGLRORJ\ DQG 'LDJQRVWLF ,PDJLQJ Rl WKH ODULD 6N
VHDUFK ,QVWLWXWH RI 2QFRORJ\ LQ *OLZLFH XVLQJ 7 PD
SDWLHQWYV XQGHUJRLQJ 060 VXSSOHPHQWDWLRQ

OHWK\OVXOIRQ\OPHWKDQH FDQ FURVV WKH EORRG EUDLQ
WLVVXH JHQHUDWLQJD GHWHFWDEOH VLJQDO DW DSSUR]JL
LQ GLHWDU\ VXSSOHPHQWY PD\ OHDG WR DGGLWLRQDO SHI
VLIQDOV PD\RYHUODS ZLWK WKRVH RINH\PHWDEROLWHV F
PRUH GLIEFXOWDQG SRWHQWLDOO\DIIHFWLQJWKHDVVHV)

&RUUHVSRQGLQJDXWKRU SDWU\FMD PD]JDM#JOLZLFH QLR JRY SO



AD -£0& A 17 -4D. D 8AEYALE DP8+Paxe7 -4E
- D+ +DPRD- PIAY4+- . E£+8(4 D - -

1IDMQHHQ 3HMZDQD

! QGHSHQGHQW UHVHDUFKHU %DQJODGHVK

H\ZRUGMQGRPHWULDO FDQFHU DEHPDFLFOLE WUDQVFULSWRP|

SEVWUDFW

(QGRPHWULDO FDQFHU UHPDLQV D FOLQLFDOO\ VLJQLEFDQW P
XODUO\ FKDUDFWHUL]HG UHVSRQVHVY WR WDUJHWHG WKHUDSL
DV $EHPDFLFOLE DUH ZHOO HVWDEOLVKHG LQ EUHDVW FDQFH!
LQ HQGRPHWULDO FDQFHU LV QRW IXO0\ XQGHUVWRRG ,Q WKL
DYDLODEOH51$ VHT GDWD *6( WR LQYHVWLJDWH JHQH H[S
E\$EHPDFLFOLE WUHDWPHQW

'LITHUHQWLDO H[SUHVVLRQ DQDO\VLVY LGHQWLEHG D GLVWLQF
WUHDWPHQW UHVSRQVH LQFOXGLQJO., &&1$% &'.1 DQG ()

UHJXODWRUV RI FHOO F\FOH SURJUHVVLRQ ,Q FRQWUDVW RQO
./ $DQG6/& $ VKRZHG UHGXFHG H[SUHVVLRQ 1RWDEO\ WKH W
ZDV FKDUDFWHUL]HG E\D SURQRXQFHG HQULFKPHQW RI SUROLI
SDWKZD\V DORQJVLGHDQDV\PPHWULF SDWWHUQ IDYRULQJ JHC
7KHVH EQGLQJV KLIJKOLJKW D FRQWH[W GHSHQGHQW WUDQVFU
LQKLELWLRQ LQ HQGRPHWULDO FDQFHU FHOOV DQG SURYLGH D
VWDQGLQJ WKHUDSHXWLF UHVSRQVH 7KH UHVXOWV VXJJHVW S
IXWXUHLQYHVWLIJDWLRQDQG HPSKDVL]H WKHLPSRUWDQFHRIF
WRPLFDQDO\VLVLQ SUHFLVLRQ RQFRORJ\

&RUUHVSRQGLQIJDXWKRU QDMQHHQUHMZDQD #JPDLO FRP
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%DUWRV]*U\DDB R UF]OMEDVW LD QB&HBRWSDZD -DURV] &KR!
"RDQQD 3ROD+VND

1'HSDUWPHQW RI'DWD 6FLHQFHDQG (QJLQHHULQJ 6LOHVLDQ 8¢
3RODQG
2’HSDUWPHQW RI &KLOGUHQ"V'LDEHWRORJ\DQG /LIHVW\OH OHGL
.DWRZLFH 3RODQG

.H\ZRUGWMSH GLDEHWHV VHDVRQDOLW\ HSLGHPLRORJ\

$EVWUDFW

7\SH GLDEHWHV LV DQ DXWRLPPXQH GLVHDVH ZLWK JUHD
FKLOGUHQ 7KLV VWXG\DLPHGWRLQYHVWLIJDWHWUHQGV 1
SDWWHUQV LQ W\SH GLDEHWHYV 'DWD ZHUH REWDLQHG IUR
DQG JRU HDFK R SDWLHQW GDWH RI ELUWK GDWH RI
ZHUH H{WUDFWHG

,Q EUVW SDUW RI WKH VWXG\ HDFK RI\HDUV KDYH EHHQ WU/
HIDPLQHG ERWK TXDQWLWDWLYHO\ DQG QRUPDOL]HG WR ¢
EHWZHHQ GLIITHUHQW \HDUV ,Q WKH VHFRQG SDUW RIH[SHU
LQWR VLQJOH XQLEHG GDWDEDVH LQ RUGHU WR REVHUYH J
LQW\SH GLDEHWHV $GGLWLRQDOO\ WKHFRXQWV KDYH EH
GLVWULEXWLRQ RIELUWKV WR WDNH VWUXFWXUHRI XQGHU
2EWDLQHG UHVXOWV LQGLFDWHG WKDW WKHQXPEHU RIW\S
LQ ODVW \HDUV $IWHU FDUHIXO LQVSHFWLRQ RI WKH FRI
SDWWHUQ KDV EHHQ REVHUYHG ZLWK KLIJKHU LQFLGHQFF
FRPSDUHG WR WKH VXPPHU SHULRG

&RUUHVSRQGLQIJDXWKRUV EG #VWXGHQW SROVO SO MG #V
VHEDVWLDQ VHIHW#VXP HGX SO SMDURV]#JF]G NDWRZLFH SO MRDQQC

& a
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.DWDU]J\QD &LFKHFNWNDDQGUB 6XZDOVND

16LOHVLDQ 8QLYHUVLW\RI7HFKQRORJ\ 3RODQG
2’HSDUWPHQW RI'DWD 6FLHQFHDQG (QJLQHHULQJ 6LOHVLDQ 8QLYH!

H\ZRUGPDODFKLQH OHDUQLQJ LQVXOLQ UHVLVWDQFH GLHW XQV>

$SEVWUDFW

,QWURGXOWXARQ UHVLVWDQFH LV D PDMRU ULVN IDEWRU IRU W
PHWDEROLF GLVRUGHUV PDNLQJ LWV HDUO\ GHWHFWLRQ LPS
VRQDOL]JHG PHGLFLQH 7KH DLP RI WKLV VWXG\ ZDV WR SUHGLI
HSLGHPLRORJLFDO GDWD DQG PDFKLQH OHDUQLQJ PHWKRGV D
RIVHOHFWHG KHDOWK UHODWHG DQG GLHWDU\ IDFWRUV
OHWKR®W DQDO\VLV ZDV EDVHG RQ 1+$1(6 GDWD LQFOXC
SDUWLFLSDQWY DQG GHPRJUDSKLF DQWKURSRPHWULF ODE
DEOHV ,QVXOLQ UHVLVWDQFH ZDV GHEQHG DV D ELQDU\ YDULD
OLVVLQJYDOXHV ZHUHLPSXWHG XVLQJWKHN QHDUHVW QHLJKE
VWDQGDUGL]HG 7KUHHPRGHOV ZHUHDSSOLHG ORJLVWLF UHJL
DQG UDQGRP IRUHVW ORGHO SHUIRUPDQFH ZDV HYDOXDWHG X
ZLWK EDODQFHG DFFXUDF\ VHQVLWLYLW\ DQG VSHFLEFLW\
5HVXOKMHWUDQGRP IRUHVW PRGHO DFKLHYHG WKH EHVW SHUIRUP
HVW EDODQFHG DFFXUDF\DQG VKRZLQJD JRRG EDODQFH EHWZH
6+$3 DQDO\VLVY VKRZHG WKDW DQWKURSRPHWULF DQG PHWDER
ZDLVW FLUFXPIHUHQFH DQG OLSLG SDUDPHWHUV KDG WKH JU
'LHWDU\ IDFWRUV KDG D VPDOOHU EXW VWLOO QRWLFHDEOH LQI;
&RQFOXVKRQMVXOWV FRQEUP WKH XVHIXOQHVV RI PDFKLQH O}
WLFXODUO\ HQVHPEOH PRGHOV LQ SUHGLFWLQJLQVXOLQ UHV
KLIJIKOLJKW WKH OLPLWDWLRQV RIREVHUYDWLRQDO GDWD DQG \

&RUUHVSRQGLQIJDXWKRUV NF #VWXGHQW SROVO SO DOHNVDQGUD V
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,]JDEHOD :LxENRDPYXODQD $$GDPVND

!0HGLFDO 8QLYHUVLW\RI*GD+VN 3RODQG

H\ZRURGRQWRIHQLF NHUDWRF\VW RGRQWRJHQLF F\VW F
DOQFH GLDJQRVWLFLPDJLQJ

$SEVWUDFW

2GRQWRJHQLF NHUDWRF\VW 2.& LV WKH WKLUG PRVW FR
MDZERQHV DQG RULJLQDWHYV IURP UHPQDQWYV RI WKH GHQ'
REVHUYHG LQ &DXFDVLDQ PDOHV ZLWK SHDN LQFLGHQF}
WKLUG GHFDGHV RI OLIH 7KLV F\VW LV PRVW FRPPRQO\ O
RI WKH PDQGLEOH ,Q PRVW FDVHV 2.& GHYHORSV ZLWKRXV
KRZHYHU DV LW HQODUJHV PDQLIHVWDWLRQV VXFK DV EJ
GLVSODFHPHQW Rl DGMDFHQW WHHWK PD\ RFFXU 7KH DLP
NQRZOHGJH DERXW 2.& DQG FDVH VWXGLHV 7KH UDGLROR
SDWKRJQRPRQLF DQG PD\ EH HDVLO\ PLVWDNHQ IRU RWK]I
DV DPHOREODVWRPD $0 HYHQ E\ H[SHULHQFHG FOLQLFL!
UDGLRORJLFDO WHFKQLTXHV DQG WKH DSSOLFDWLRQ RI C
FRQYHQWLRQDO PHWKRGY KDYH LPSURYHG GLDJQRVWLF D
UHPDLQV FKDOOHQJLQJ GXH WR LWV UHODWLYHO\ KLJK U}
LV HVYVHQWLDO IRUDSSURSULDWH WUHDWPHQW SODQQLQ.
UHPDLQV WKH JROG VWDQGDUG IRU GHEQLWLYH GLDJQRVI
NQRZOHGJH UHJDUGLQJ WKH GLDJQRVWLF LPDJLQJ RI 2.&
GLDJQRVWLF SUHFLVLRQDQG IDFLOLWDWLQJDSSURSULDW

&RUUHVSRQGLQIJDXWKRUV ZL FNRZVNDL]D#JPDLO FRP SDXOLQD S|

& e
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SEGXOODK $EGKEGRARKPRINPUDQX\®)PUD 6 KDN L7RIPIBIDWHO
(ZD =DEG6RFND *RGDWRVNDD .UXNLHZLF]

1'HSDUWPHQW RI 3K\VLFDO &KHPLVWU\DQG 7HFKQRORJ\RI 3RO\PHU\

6LOHVLDQ 8QLYHUVLW\RI7HFKQRORJ\ *OLZLFH 3RODQC

2'HSDUWPHQW RI$LU3URWHFWLRQ )DEXOW\RI(QHUJ\DQG (QYLUR
6LOHVLDQ 8QLYHUVLW\RI7HFKQRORJ\ 3RODQG

.H\ZRUGD/QWLEDFWHULDO FRDWLQJY GUXJ UHOHDVH FHIWD]LG
PHGLFDO GHYLFHYV

$SEVWUDFW

,Q WKLV VWXG\ ZHGHYHORSHGD UHGR[ DFWLYHDQWLEDFWHULI
ORDGHG 3('27 3('27#&%= DQG HYDOXDWHG LWV HOHFWURFKI
EDFWHULD WULJJHUHG GUXJ UHOHDVH DQG DQWLELREOP DFW
UHGR[ IXQFWLRQDOLW\ RI 3('27 DIWHU GUXJ LQFRUSRUDWLRQ
FKDUJH VWRUDJH FDSDFLW\?RFRPSDUIP& EPWK s IRP& FP
SULVWLQH3('27 ZKLOHWKHFKDUJH WUDQVIHUUHVLVWDQFHLQ
S N9 FRQVLVWHQW ZLWK VXFFHVVIXO DQWLELRWLFLQFRUSRL
S3DVVLYH FHIWD]LGLPHUHOHDVH UHPDLRMGHQRZPLQ s ZK HWHMBPY
H[SRVXUH WR HOHFWURDFWLYH EDFWHULD LQGXFHG VXEVWDC(
S wJ PPIRBKHZDQHOOD RQBLGHVLYF FPBVHXGRPRQDV

DHUXJLQ@RNDH EQGLQJV LQGLFDWH WKDW EDFWHULDO DFWLYL\V
R13('27DQG VWLPXODWH ORFDOL]HG DQWLELRWLF GHOLYHU\ 7
VKRZHG VWURQJ DQWLEDFWHULDO SHUIRUPDQFH DW WKH PDW
SHULRG UHGXFLQJ EDFWHULDO Y L BBE IR@QHN \GRMGE DY | BWR IRU
DHUXJLQRNVOH VLIJQLEFDQWO\ VXSSUHVVLQJ ELREOP IRUPDWLR
FRQWUROV WKURXJKRXW WKH VWXG\ SHULRG 2YHUDOO WKHVH
DFWLYH 3('27 EDVHG FRDWLQJY SURYLGH D SURPLVLQJ SODWIR
DOQWLEDFWHULDO VXUIDFHV ZLWK SRWHQWLDO DSSOLFDWLRQV
$FNQRZOHGJIJPHQRWANQRZOHGJH WKH 1DWLRQDO 6FLHQFH &HQW
UHVHDUFK ZDV IXQGHG LQ ZKROH E\ 1DWLRQDO 6FLHQFH &HQW

2 67 @ )RU WKH SXUSRVH RI 2SHQ $FFHVV WKH DXW
&& %< SXEOLF FRS\ULJKW OLFHQVH WR DQ\ $XWKRU $FFHSWHG
DULVLQJIURP WKLV VXEPLVVLRQ

&RUUHVSRQGLQIJDXWKRU DDEGXOODK#SROVO SO

chi3
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6]\PRQ 6PRSNDWDU]\QD .UXNLHZLF]

!6LOHVLDQ 8QLYHUVLW\RI7HFKQRORJ\ 3RODQG

H\ZRUGBMLRVHQVRUV FDQFHU 3('27 VWUXFWXUL]DWLRQ F
LVWU\

$SEVWUDFW

&DQFHU LV WKHWKLUG OHDGLQJFDXVHRIGHDWKZRUOGZL!
SDWLHQW VXUYLYDO 7KH GHYHORSPHQW RIDFFHVVLEOH G
ELRPDUNHUV FRXOG VLIJQLEFDQWO\LPSURYHWUHDWPHQW
%LRVHQVRUVDUHDQLQWHQVLYHO\VWXGLHG DUHD ZLWK J|
JOREDO PDUNHW HVWLPDWHG WR UHDFK ELOOLRQ GROC
ULDOV SRO\ HWK\OHQHGLR[\WKLRSKHQH 3('27 KDV DW
KRZHYHU FRQYHQWLRQDOIDW 3('27 FRDWLQJV RIWHQ VXIIHK
+HUH 3('27 FRDWLQJV ZLWK D PLFURFDYLW\ DUFKLWHFW
WHPSODWH DVVLVWHG PHWKRG DQG HIWHQVLYHO\ FKDUD
UHVSRQVH $ IXQFWLRQDOL]J]HG GHULYDWLYH D]JLGR 3('27
WR FRQVWUXFWDELRVHQVRUIRUWK\URJOREXOLQ GHWHF\
7KH PLFURFDYLW\ VWUXFWXUH LQFUHDVHG HOHFWURFKHP
GHQWPRGLEFDWLRQRIWKHSRO\PHUDQG VXEVWUDWH DOC
VHQVRU $GGLWLRQDOO\ WKH KRQH\FRPE OLNHDUUDQJHP
RSWLFDO SURSHUWLHYV KLJKOLJKWLQJ SRWHQWLDO IRURS

$FNQRZOHGJPHRMW ZRUN LV IRXQGHG E\ 1DWLRQDO 6FLH
>2S XV % 67 @

&RUUHVSRQGLQJDXWKRUV V]\PRQ VPROND#SROVO SO NDWDU]J\QD
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ORQLVKD 6XJMMWKLO .XPDU$QQDPDODL

1@ HQWHU IRU2UJDQLFDQG 1DQRK\EULG (OHFWURQLFV 6LOHVLDQ 8Q!
21DQRDQG %LRHOHFWURFKHPLFDO 5HVHDUFK /DERUDWRU\ 9,7

.H\ZRUG8LD]J]HSLQH TXLQRQH UHGR[ V\VWHP DVFRUELF DFLG
HQJLOHHUHG FDUERQ QDQRVWUXFWXUHGVHQVLQJSODWIRUPYV

$SEVWUDFW
SHGR[ DFWLYH PROHFXODU VSHFLHV IXQFWLRQDOL]J]HG RQ FDUE

RUQRQ FRYDOHQW :: LQWHUDFWLRQV DUH ZLGHO\ XVHG LQ H
EXW RIWHQ VXIIHU IURP IRXOLQJ ORZ FRQGXFWLYLW\ DQG SRR
DGLDJHSLQH TXLQRQH '= +4 V\VWHP LPPRELOL]HG RQWR FDUE

JODVVN\ FDUERQ HOHFWURGHV *&( YLD VWURQJ: : LQWHUDFWL
SODWIRUP H[I[KLELWY HQKDQFHG VWUXFWXUDO VWDELOLW\ FF
HQDEOLQJ HIEFLHQW HOHFWURFDWDO\WLF R[LGDWLRQ DQG VH
$$ ,Q FRQWUDVW GLUHFW DGVRUSWLRQ RQ EDUH *&( VKRZH
KLIKOLIJKWLQJWKH FULWLFDO UROHRI &% &KDUDFWHUL]DWLRC(
6(&0 FRQEUPV UREXVW : : VWDFNLQJDQG GHIHFW IRUPDWLRQ
VKRZVY HI[FHOOHQW HOHFWURFDWDO\WLF DFWLYLW\DW 9YV $
&9 DPSHURPHWU\ ),$ %,$ UHYHDO KLJKy¥RQUDDRWLY IOR\Z w3y
GHWHFWLRQ OLPLW Q0 ZLWK VWURQJ VHOHFWLYLW\ 7KH \
VDPSOHV LQFOXGLQJVHUXP IUXLWY DQG YHIJHWDEOHV $ GLVE

UHWDLQHG SHUIRUPDQFHRYHUEYH\HDUV RXWSHUIRUPLQJ |
&%#'= +4 LQWHUIDFH SURYLGHV D UREXVW SODWIRUP IRU QH[W J
VHQVLQJ

$FNQRZOHGJPRIQWDBXWKRU DFNQRZOHGJHV ,&05 65) DQG 1%$:$ 8
JUDPPHVXSSRUWDQG WKDQNV 3URI .DWDU]J\QD .UXNLHZLF]IRU

&RUUHVSRQGLQIJDXWKRUV PRQLNULVK #JPDLO FRP DVNXPDU#YLW DF
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.ODXG\QD *U|HODLRKD G 5 EBERWD %DU]JRZVNBD'REBROD 3XFHO
%R"HQD 7\CLV]F]DN

1/XNDVLHZLF]5HVHDUFK 1HWZRUN .UDNRZ,QVWLWXWHRI

2&UDFRZ8QLYHUVLW\RI7HFKQRORJ\ &87 'RFWRUDO 6FK

S UDFRZ 8QLYHUVLW\RI7HFKQRORJ\ )DFXOW\RIODWHULDOV (C

H\ZRUKYGURJHOV GUXJGHOLYHU\V\VWHPV QDWXUDO ELF

$SEVWUDFW

,Q UHFHQW \HDUV K\GURJHOV EDVHG RQ QDWXUDO SRO\PH
FODVVRIELRPDWHULDOVIRUDGYDQFHGDSSOLEFDWLRQV LG
E\ ELRFRPSDWLELOLW\ ELRGHJUDGDELOLW\ ORZ WR[LELV
H[WUDFHOOXODU PDWUL[ WKHUHIRUH WKHVH SRO\VDFFEKLE
DEOH PLFURHQYLURQPHQW IRU WKH LQFRUSRUDWLRQ DQG
DIJHQWV (OHFWURVWDWLF LQWHUDFWLRQV EHWZHHQ FD\
WKH IRUPDWLRQ RI SRO\HOHFWURO\WH FRPSOH[HV XQGHL
FUHDWLRQ Rl WKUHH GLPHQVLRQDO QHWZRUNV ZLWK WXC
,Q WKLV VWXG\ DOJLQDWH RU FDUUDJHHQDQ ZLWK FKLWI
PDWULFHV IRULQFRUSRUDWLQJ QDQRSDUWLFOH GUXJ FDU
FRPSRXQGV RU IUHH GUXJ PROHFXOHV 7KH K\GURJHO QH\
GHOLYHU\SODWIRUP HQDEOLQJORFDOL]JHGDGPLQLVWUD\
VLWH DQG VXVWDLQHG UHOHDVH 7KH VWUXFWXUDO FKD!
FKHPLFDO FRPSRVLWLRQ VZHOOLQJ FDSDFLW\ FURVVOLQ
DQG WR[LFLW\ DUHDPRQJWKH NH\ SDUDPHWHUY WKDW ZHU
WKH VWUXFWXUDO DQG SK\VLFRFKHPLFDO GLIIHUHQFHV RE
WKHLQFRUSRUDWHG VXEVWDQFHV 2YHUDOO K\GURJHOV R
IULHQGO\ SODWIRUP IRUWKH GHYHORSPHQW RI GUXJ GHOL
VLIQLEFDQW SRWHQWLDO WRLPSURYHWKHUDSHXWLEHIEF
DQG VLGHHIIHFWV

$FNQRZOHGJIJPHR@WVZLWKLQ WKH IUDPHZRUN RI DQ LPSOHP
9,, IXQGHG E\ WKH OLQLVWU\ RI 6FLHQFH DQG +LJKHU (GXFI
SHWHQWLRQ RI 7D[DQHV WKURXJK WKH 8VH RI +\GURJHO %L
: 7KLV ZRUN ZDV VXSSRUWHG E\ WKH 6 XNDVLHZL
_UDNRZ ,QVWLWXWH RI 7HFKQRORJ\DQG 7KH OLOLVWU\ RG 6
3RODQG WKURXJKWKHLQVWLWXWLRQDO VXEVLGL]HG SURN

&RUUHVSRQGLQJDXWKRUV NODXG\QD JUJHOD IUDV#NLW OXNDVLHZ
EDUEDUD SXFHOLN#NLW OXNDVLHZLF] JRY SO ERJHQD W\OLV]F]DN#SN

A
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OHURQLND 6D]XUHN

1 JQDF\6XNDVLHZLF]5]HV]RZ8QLYHUVLW\RI7HFKQRORJ\ 3R

H\ZRU®@DWQNOH IRRW RUWKRVHV GHVLJQ VWUDWHJILHV SHUVRC
FKDQLFDO IXQFWLRQ

$SEVWUDFW

$QNOH IRRW RUWKRVHV $)2 DUH ZLGHO\ SUHVFULEHG WR LPSU
+RZHYHU VWXGLHV VKRZ WKDW XS WR RI SUHVFULEHG RUWKR
DIWHU LQLWLDO XVH GXH WR WKHLU ODFN RI FRPIRUW DQG SRF
$)2 DUH PRVW FRPPRQO\ PDQXIDFWXUHG XVLQJ WKHUPRSODVW
PHWKRG FDOOHG DGGLWLYH PDQXIDFWXULQJ $0 DLPV WR VROY
PDQXIDFWXULQJ

7KH DLP RI WKLV VWXG\ ZDV WR DQDO\]|H WKH GHVLJQ SURFHVYV
HYDOXDWH IDFWRUV LQIXHQFLQJ WKHLU ELRPHFKDQLFDO IXQF\
DFFHVV VFKRODUO\ DUWLFOHY OHDG WR LGHQWLI\LQJ WZR NH
RUWKRWLF SDUDPHWHUV 7KHLU LPSDFW RQ PRYHPHQW ELRPHI
DFFHVVLELOLW\ZDV DVVHVVHG

7KHUHYLHZ UHYHDOHG WKDW SHUVRQDOL]DWLRQ PHWKRGYV LQ
FRPIRUW RI XVH DGKHUHQFH DQG FRQVHTXHQWO\ WKH HIIHF
21l WKH VKHOI $)2 DOWKRXJK LQH[SHQVLYHDQG UHDGLO\DYDL
GLYLGXDO SDWLHQWY ZKLFK OLPLWV WKHLU IXQFWLRQDO EH
FXVWRPL]I|DWLRQ VWUDWHJILHYVY SURYLGHV LQVLIJKWY LQWR RS
RITHUV WKH SRWHQWLDO WRHQKDQFH SDWLHQW FRPIRUWDQG G

&RUUHVSRQGLQJDXWKRU #VWXG SU] HGX SO
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.DPLO *Zi GRPDV]OLEKDIDQREXSLHU]

l16LOHVLDQ 8QLYHUVLW\RI7HFKQRORJ\ 3RODQG

H\ZRUG¥XIJPHQWDWLYH DQG $OWHUQDWLYH &RPPXQLFDW
WHFKQRORJLHVY PRELOH SODWIRUP %OLVV

$SEVWUDFW

$XJPHQWDWLYH DQG $OWHUQDWLYH &RPPXQLFDWLRQ $$
VXSSRUW WKHUDS\ DQG WUHDWPHQW RI QRQ VSHDNLQJ LG
WKH %OLVV\PEROV V\VWHP VKRZV IDYRUDEOH RXWFRPHV
GHYHORSPHQW LQ DXWLVWLF FRPPXQLWLHV <HW GHVSLV
GHVLJQ WKHUHDUH QR ZLGHO\DYDLODEOH WRROV WKDW X
WRJHWKHU WR FUHDWH PHDQLQJ

7KH SXUSRVH Rl WKLV VWXG\ LV WR HPSLULFDOO\ HYDOXI
DQG RUJDQL]DWLRQ PHWKRG EDVHG RQ WKHLU LQWHUQDC
SDFW RQ FRPPXQLFDWLRQ HIIHEWLYHQHVV 7KH VWXG\ DL
FRPSRQHQW EDVHG LQSXW DQG OHDUQLQJ DSSURDFK IDF
EHWWHU FRPSUHKHQVLRQ DQG PRUH HIIHFWLYH LQWHUD
FOLQLFLDQ RUWKHUDSLVW FRPSDUHG WR FRQYHQWLRQDO
$GGLWLRQDOO\ WKH FRPSRVLWLRQDO QDWXUH RI %OLVYV
SDUDGLJP LQVSLUHG E\ VIVWHPV LQ ZKLEK FRPSOH[ VWU>
VLPSOHU HOHPHQWY DQDORJRXV WR PHFKDQLFV NQRZQ |
JDPHV

7R HQDEOH FRQWUROOHG H[SHULPHQWDWLRQ D SURWRW\
UHVHDUFK LQVWUXPHQW VXSSRUWLQJ ELGLUHFWLRQDO ¥
%OLVV\PEROV DQG VSHHFK RXWSXW ,WFRXOG SURYH WR E
FDWHG GHYLFHV RUVSHDNLQJDLGV JLYLQJQRQYHUEDO St
FRQWH[W

&RUUHVSRQGLQJ DXWKRUV NJ #VWXGHQW SROVO SO W
MV #VWXGHQW SROVO SO
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$OKDVVDQ $OL(XBBWGESBBZHG ORVNDO

!.-DJLHOORQLDQ 8QLYHUVLW\ 3RODQG

H\ZRUGMD GURQ WKHUDS\ XSULJKW SURWRQ UDGLRWKHUDS\ %
YHULEFDWLRQ SRVLWURQ HPLWWLQJLVRWRSHV -DJLHOORQLI
- 3(7 VFDQQHU

$SEVWUDFW

+DGURQ WKHUDS\ SDUWLFXODUO\ SURWRQ EHDP WKHUDS\ LV
FKDUJHG SDUWLFOHV VXFK DV SURWRQV DQG FDUERQ LRQV WR
ZLWK KLJK SUHFLVLRQ 7KH VWUHQJWK RI KDGURQ WKHUDS\ OL}
UDGLRELRORJLFDO SURSHUWLHV RI WKHVH SDUWLFOHV WKDW F
GLIIXVLRQ DQG GHSRVLW WKH PD[LPXP HQHUJ\ MXVW EHIRUH V
FDOOHG %UDJJ SHDN %UDJJ SHDN ZKLFK DOORZV IRU WKH GHO
WXPRU ZKLOH VLIQLEFDQWO\VSDULQJKHDOWK\WLVVXH GLVWD
RI KDGURQV WKH WXPRU FDQ EH LUUDGLDWHG ZKLOH WKH GDP
WKDQ ZLWK WKH FRQYHQWLRQDO SKRWRQ EHDPV

SURWRQ LQWHUDFWLRQV LQ WLVVXHLQYROYH ERWK HOHFWURP
HQHUJ\ GHSRVLWLRQ DQG QXFOHDU LQWHUDFWLRQV WKDW OH|
HPLWWLQJ LVRWRSHV V& EK P’HVH LVRWRSHV IRUP WKH EDVLV IR
HPLVVLRQ EDVHG UDQJH PRQLWRULQJ WHFKQLTXHV %\ GHWH
UHVXOWLOQGIHRP DQG OHYHUDJLQJWKH SULQFLSOHRIPRGXODL
(PLVVLRQ 7RPRJUDSK\ - 3(7 WHFKQRORJ\ EDVHG RQ SODVWLF
HITHFWLYH WRRO RQH FDQ LQGLUHFWO\ YHULI\ WKH UDQJH RI S
2XU SURSRVHG DSSURDFKDOORZV IRUDVVHVVLQJZKHWKHU WKF
ZKHUH LQWHQGHG FRPSHQVDWLQJIRUDQDWRPLFDO YDULDWLR
$FNQRZOHGJPHKHWS/3/,)7 SURMHFW LV IXQGHG E\ WKH (XURSHDC
*UDQW $JUHHPHQW 1R

&RUUHVSRQGLQJDXWKRU DOKDVVDQ VDDG#GRFWRUDO XM HGX SO
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5DPDQ 7THMD 9HQLJDOOD

!16LOHVLDQ 8QLYHUVLW\RI7HFKQRORJ\ *OLZLFH 3R

H\ZRUGWUGLRWRFRJUDSK\ GLIIXVLRQ JHQHUDWLYH $, IH

$SEVWUDFW

&OLQLFDO FDUGLRWRFRJUDSK\ &7* UHFRUGLQJV RIWHQ |
IHWDO RU PDWHUQDO PRYHPHQW OHDGLQJ WR GLVFRQWL
)*+5 EDVHOLQH HVWLPDWLRQ 7UDGLWLRQDO LQWHUSROD
PHWKRGY FUHDWH RYHUVPRRWKHG DQG SK\VLRORJLFDOO\
VWXG\SURSRVHV D &RQGLWLRQDO 'LIIXVLRQ ,PSXWHU &', I
PRGHOV WR UHJHQHUDWH PLVVLQJ )+5 VHIPHQWYV XVLQJ
XWHULQH FRQWUDFWLRQV 8& 7KHGLIIXVLRQLPSXWHULV

DQG PRUSKRORJLFDO EGHOLW\RIEDVHOLQHHVWLPDWLRQ
:0)%

&RUUHVSRQGLQJDXWKRU YUDPDQWHMD#JPDLO FRP

Cae
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<HQLVKD 6HQDZHHUD

!8QLYHUVLW\RI5DMDUDWD 6UL/DQND

H\ZRUGKWHSDWRFHOOXODU FDUFLQRPD MDFNIUXLW VHHG PRO
DFWLYLW\

$EVWUDFW

7KLV UHVHDUFK HPSOR\V D FRPSUHKHQVLYH FRPSXWDWLRQD
PROHFXODU GRFNLQJ GUXJ OLNHQHVV HYDOXDWLRQ $'0(7 SU
FDQFHU SRWHQWLDO RI NH\ ELRDFWLYH SK\WRFKHPLFDOV GHU
-6) DIJDLQVW FRQEUPHG +HSDWRFHOOXODU FDUFLQRPD PROH
SK\WRFKHPLFDOV LQFOXGLQJDUWRFDUSLQ F\FORPRUXVLQ PF
DQG QRUDUWRFDUSLQ ZDV VFUHHQHG DJDLQVW IRXU PDMRU FD
LQ +HS* FHOOV HSLGHUPDO JURZWK IDFWRUUHFHSWRU (*)5 Y
IDFWRU UHFHSWRU  9(*)5 %FO DQWL DSRSWRWLF SURWHL:
NLQDVH 3, . OROHFXODUGRFNLQJVLPXODWLRQV XVLQJ3\5[9
ZLWK WKH $XWR'RFNI9LQD HQJLQHUHYHDOHG WKDW DUWRFDUSL
LQJDIEQLW)\IRU (*)5 NFDO PRO DQG 3, . NFDO PRO VXU
GUXJHUORWLQLE NFDO PRO LQ ERWK FDVHV 7KHVH UHVXO
SXWDWLRQDOEDVLVIRUFRQVLGHULQJ-6) GHULYHG SK\WRPHGL
DQG DQWLFDQFHUDJHQWYV

&RUUHVSRQGLQJDXWKRU \HQLVKD #JPDLO FRP

¢Ce
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OLFKDO® 6 X6NDWD %DU]JRZVNDQGRURIGIDIWDOEDUD 3XFHOLN

18XNDVLHZLF]5HVHDUFK 1HWZRUN .UDNRZ,QVWLWXWH RI

H\ZRUGM QRWHFKQRORJ\ GUXJ GHOLYHU\ KRUPRQH GHSH
VLRQ PHGLFLQH QDQRFDUULHUV

$SEVWUDFW

+RUPRQH GHSHQGHQW EUHDVW FDQFHU UHPDLQV D PDMRU
KHWHURJHQHLW\ V\WVWHPLF WR[LFLW\ RI WKHUDS\ DQG V
UHVLVWDQFH 3UHFLVLRQ PHGLFLQH DSSURDFKHV UHTXLU
IHFWLYH GUXJ FRPELQDWLRQV EXW DOVR DGYDQFHG GHOL
VHOHFWLYLW\ VWDELOLW\ FRQWUROOHG GUXJ UHOHDVH
WKLY FRQWH[W QDQRWHFKQRORJ\RIIHUV QHZ RSSRUWXQL
IXQFWLRQDO WKHUDSHXWLF SODWIRUPVLQWHJUDWLQJHQ
2XU UHVHDUFK IRFXVHV RQ WKH GHVLJQ Rl QDQR HQDEOF
VIVWHPV IRU WDUJHWHG WUHDWPHQW RI KRUPRQH GHSH
SRVHG VWUDWHJ\ FRPELQHY UDWLRQDO GUXJ VHOHFWLRQ
QDQRFDUULHUV LQFRUSRUDWLQJ F\FORGH[WULQ EDVHG L(
DFFXPXODWLRQ LQ WXPRU WLVVXH DQG UHGXFH RIl WDUJ
IXQFWLRQDOL]DWLRQ ZLWK +(5 WDUJHWLQJDQWLERGLHYV
WLYH GHOLYHU\ WR +(5 RYHUH[SUHVVLQJ WXPRU FHOOV
RSWLPL]LQJGUXJORDGLQJ FRQWUROOLQJUHOHDVH SURE
LQ FHOOXODUPRGHOV RIKRUPRQH GHSHQGHQW EUHDVW FI
7KLV DSSURDFKLQWHJUDWHY QDQRWHFKQRORJ\ZLWK PRG
KLIKOLJKWV WKH SRWHQWLDO RI DGYDQFHG GUXJ GHOLYH
VHOHFWLYLW\DQG RYHUFRPH OLPLWDWLRQV RIFXUUHQW E
$FNQRZOHGJPHKAWWHVHDUFK LV VXSSRUWHG E\ ),567 7($0
)(1* .3 IXQGHG E\ WKH )RXQGDWLRQ IRU 3ROLVE
WKH (XURSHDQ )XQGV IRU D ORGHUQ (FRQRP\ )(1* SURJU
(XURSHDQ 8QLRQ

&RUUHVSRQGLQJDXWKRUV PLFKDO OXFNL#NLW OXNDVLHZLF] JRY ¢
EDUEDUD SXFHOLN#NLW OXNDVLHZLF] JRY SO

ce
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6DUD 6KDNLEEGKDODK $ EGXNTODK RRABIQIN .QDSF]\N .RUF]DN
8UV]XOD 6WDPHOHBIDRAHQD 6 RRQWHDRIRQD .UXNLHZLF]
1'HSDUWPHQW RI3K\VLFDO &KHPLVWU\DQG 7THFKQRORJ\RI 3RO\PHU
RI 7HFKQRORJ\ *OLZLFH 3RODQG
2¢*+ 8QLYHUVLW\RI.UDNpuZ )DEXOW\RIOHWDOV (QJLQHHULQJDQG ,QC
.UDNuz 3RODQG
3'HSDUWPHQW RI 6\WWHPV %LRORJ\DQG (QJLQHHULQJ 6LOHVLDQ 8QLY
3RODQG

H\ZRUGM XUDO WLVVXHHQJLQHHULQJ HOHFWURVSLQQLQJ FHC

$SEVWUDFW

3RO\FDSURODFWRQH 3&/ KDVVKRZQDVLJQLEFDQW SRWHQWLLE
WLVVXH HQJLQHHULQJ +RZHYHU LWV FOLQLFDO WUDQVODWLR
DGKHVLRQ ZKLFK LV DQ HVVHQWLDO IDFWRU IRU PDLQWDLQLQ.
HITHFWLYH WLVVXH UHSDLU

,Q WKLV VWXG\ ZHKDYHLQWURGXFHG D VLPSOH VLQJOH VWHS
WHUIDFH SURSHUWLHV RI 3&/ E\ LQFRUSRUDWLQJ SRO\S\UUROH
7KH 33\ PRGLEHG VFDIIROGV H[KLELWHG D OHVV QHJDWLYH VXUI!
S+ U s P9 FRPSDUHG WR SULVWLQH 3&/ U s PO
UHGXFHG HOHFWURVWDWLF UHSXOVLRQ DQG LPSURYHG FRQG!
GLWLRQDOO\ LQFRUSRUDWLRQ RI 33\ OHG WR GHFUHDVHG VXL
ZHWWDELOLW\ ZKLFK UHVXOWHG LQ FUHDWLQJ D PRUH IDYRUI
7KH ELRORJLFDO SHUIRUPDQFH RI WKH VFDIIROGYV ZDV HYDOXD'
6+ 6< < FHOO OLQH 6FDQQLQJ HOHFWURQ PLFURVFRS\ DQDO
LPSURYHG FHOO VSUHDGLQJDQG VXUIDFHFRYHUDJHRQ 33\ PRG
VLIQLEFDQWO\ODUJHU VXUIDFH DUHD s WPt LQ WKH 33\ P
SULVWLQH 3&/ EEHUV s WPt ORUHRYHU D KLJKHU QXPEH
SRLQWV ZDV IRUPHG RQ WKH 33\ PRGLEHG VFDIIROGVY FRPSDUHG
7KHVH EQGLQJY GHPRQVWUDWH WKDW 33\ LQFRUSRUDWLRQ HII!
RFKHPLFDO DQG ELRORJLFDO SURSHUWLHV RI 3&/ EEHUV FU
PLFURHQYLURQPHQW IRUFHOO DWWDFKPHQW DQG SUROLIHUDW
$FNQRZOHGJAKQWWHVHDUFK ZDVIXQGHG E\WKH 1DWLRQDO 6FLF
LQ WKH IUDPHZRUN RI 6RQDWD %LV (67 DQG WKH 6
RI 7THFKQRORJ\ 6'8

&RUUHVSRQGLQJDXWKRU VVKDNLEDQLD#SROVO SO
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6DVDQ 5DGIDAMDU]\QD .UXEHMWAHFRRVQLHU

1&HQWUH IRU2UJDQLFDQG 1DQRK\EULG (OHFWURQLFV B6LOHVLD
3RODQG
2'HSDUWPHQW RI3K\WLFDO &KHPLVWU\DQG 7HFKQRORJ\ RI 3RC
RI 7HFKQRORJ\ *OLZLFH 3RODQG
3'HSDUWHPHQW RIOROHFXODU &KHPLVWU\ &156 805 8QLYHU
*UHQREOH )UDQFH

H\ZRUGRQGXFWLYHSRO\PHUFRDWLQJ SRO\ S\UUROH 1+6
ODEHO IUHHLPPXQRVHQVRU

$SEVWUDFW

+\GURJHQ SHUR[LGH LV D ZLGHO\ XVHG HOHFWURDFWLYH
LPPXQRVHQVRUV ZKHUH ERWK FDWDO\WLF HIEFLHQF\DQG
WHUPLQHDQDO\WLFDO SHUIRUPDQFH +HUHLQ ZH UHSRUW
EDVHG RQ 0;HQH GHFRUDWHG ZLWK SODWLQXP QDQRSDUWL
DQHOHFWURSRO\PHUL]JHG SRO\ S\UUROH 1 K\GUR[\VXFFLQ
7KH 33\ 1+6 OD\HULVLQWURGXFHGDVDQDOWHUQDWLYH WF
WR RYHUFRPH WKHLU OLPLWDWLRQV LQ FRQGXFWLYLW\ V]
8QOLNH 1DERQ 33\ 1+6 IRUPV D XQLIRUPDQG FRQGXFWLYH
VWDELOL]JHV O;HQH 3W RQ WKH HOHFWURGH VXUIDFH SUH\
ELOLW\WR FDWDO\WLF VLWHY DQG SURYLGHV UHDFWLYH 1
LPPRELOL]DWLRQ

(OHFWURFKHPLFDO VWXGLHV UHYHDO WKDW 33\ 1+6 QRW
FDWDO\WLF DFWLYLW\ WRZDUG K\GURJHQ SHUR[LGH WKUR
0:HQH 3W UHVXOWLQJ LQ LPSURYHG FXUUHQW UHVSRQVF
WR ERWK 1DERQ FRDWHG DQG XQPRGLEHG 0;HQH 3W HOHFW
FRQEUPV HIIHFWLYH VXUIDFH FRYHUDJH ZLWKRXW EORFNLC
)LQDOO\ WKH SODWIRUP ZDV DSSOLHG WR LPPRELOL]H DQ
DEOLQJ WKH GHYHORSPHQW RI D UHOLDEOH ODEHO IUHH
GHWHFWLRQ 7KLV ZRUN VKRZV WKDW 33\ 1+6 EULGJHV PD
SHUIRUPDQFHIRUDGYDQFHG GLDJQRVWLEYV
$FNQRZOHGJIPHQWKWKRUYV ZRXOG OLNH WR WKDQN WKH 1T
3RODQG > % 67 @ IRUEQDQFLDO VXSSRUW

&RUUHVSRQGLQJDXWKRU VH\HG VDVDQ UDGIDU#SROVO SO

ea
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,JDEHOOD /BYWRWIN 3L CDMIWM]) Q D . UR N-LLHQZA\PIRO 2DSSHOQ

YDFXOW\RI &KHPLVWU\ 6LOHVLDQ 8QLYHUVLW\RI7HFKQRORJ\
2’HSDUWPHQW RI 3K\VLFDO &KHPLVWU\DQG 7HFKQRORJ\RI3RO\PHU
RI7THFKQRORJ\ *OLZLFH 3RODQG

3821( 6LOHVLDQ 8QLYHUVLW\RI7HFKQRORJ\ *OLZLFH 3RO

H\ZRUGMOHFWURSRO\PHUL]DWLRQ S\UUROH JROG QDQRVWUX
GRWV FDQFHUDQWLJHQ

$SEVWUDFW

2YDULDQ FDQFHU ODEHOHG D %VLOHQW NLOOHU % UHPDLQV DF
PDOLJQDQFLHV JOREDOO\ GXHWR WKHDEVHQFHRIUHDGLO\LG
HITHFWLYH VFUHHQLQJ PHWKRGYV $ SURPLQHQW ELRPDUNHU IRU
WKH FDQFHU DQWLJHQ &$ (OHFWURSRO\PHUV IDEULFDW
PHUL]DWLRQ FDQ SURYLGH VWDEOH HOHFWURDFWLYH LQWHU
VXUIDFH FRYHUDJH DQG VWURQJ HOHFWURGH DGKHVLRQ PDNL
WKH GHYHORSPHQW RIKLJK SHUIRUPDQFHHOHFWURFKHPLFDO |
7KLV VWXG\ SUHVHQWY JUDSKHQH TXDQWXP GRWYV *4'V $X13V S
WURFKHPLFDO ELRVHQVRU IRU XOWUD VHQVLWLYH GHWHFWLRC
*4'V FRDWHG JODVV\ FDUERQ HOHFWURGHVY VXSSRUWHG WKH WH
GLUHFWO\ RQ WKH HOHFWURGH VXUIDFH IURP WKH PL[WXUH RI
DQG GRGHF\OWULPHWK\ODPPRQLXP EURPLGH WR WXQH WKH
WLRQ RI $X13V ZDV FRQEUPHG E\ 6(0 ('6 DQG F\FOLF YROWDPP
S\UUROH FDUER[\OLF DFLG ZDV HOHFWURSRO\PHUL]JHG ZLWK |
FOHV WR SURYLGH D VWDEOH LQWHUIDFH ZLWK &22+ JURXSV
('& 1+6 FKHPLVWU\ ZDV DSSOLHG WR IRUP FRYDOHQW JUDIWLQJ
RQ WKH HOHFWURGH VXUIDFH WKURXJK DPLGH OLQNDJHV 7KH P
WR GHWHFW WKH SUHVHQFH RI &$ DQWLJHQ ZLWK GLIIHUHQW
HOHFWURFKHPLFDO LPSHGDQFH VSHFWURVFRS\ (,6
$FNQRZOHGJIJPHQWWHVHDUFK LV SDUW RI WKH SURMHFW 1R
FR IXQGHG E\ WKH 1DWLRQDO 6FLHQFH &HQWUH DQG WKH (X
UHVHDUFK DQG LQQRYDWLRQ SURJUDPPH XQGHU WKH ODULF
DJUHHPHQW QR

&RUUHVSRQGLQIJDXWKRUV LO #VWXGHQW SROVO SO MLQF\PRO NDSES

ea
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3DZH® ' ZL xJD

15]HV]RZ 8QLYHUVLW\RI 7HFKQRORJ\ 3RODQG

H\ZRUXKUIDFHHOHFWURP\RJUDSK\ KXPDQ PDFKLQHLQWt
V\VWHPYV

$SEVWUDFW

6XUIDFH HOHFWURP\RJUDSK\ V(0* LVZLGHO\XVHG DV D FR
URERWLF VA\VWHPV E\ PHDVXULQJ PXVFOH DFWLYLW\ $ W\S
RIVLIJQDO DETXLVLWLRQ SUHSURFHVVLQJ IHDWXUH H[WU
PHWKRGV VXFKDV (0* HQYHORSH H{WUDFWLRQ DQG ZDYHO
LQFUHDVH FRPSXWDWLRQDO FRVW DQG ODWHQF\

7KLV ZRUN SUHVHQWY D OLWHUDWXUH UHYLHZ RQ WKH XVH
DQG URERWLF VIVWHPV FRPSDULQJ FODVVLFDO PDFKLQH
SURDFKHV LQ WHUPV RIDFEFXUDF\ FRPSXWDWLRQDO FRVW
&ODVVLEDO PHWKRGY DUH VLPSOH DQG FRPSXWDWLRQDC
WR QRLVH DQG SURYLGH OLPLWHG IXQFWLRQDOLW\ ODFK
DFFXUDF\DQG DOORZPRUHFRPSOH[PRYHPHQW EXW UHTXL
DQG PD\ QRW PHHW UHDO WLPH FRQVWUDLQWY 'HHS OHDL
IHDWXUH H{IWUDFWLRQDQG KLJKHU DEFFXUDF\ EXW KDYH KL
RIWHQ OLPLWHG WR RIILQH XVDJH

(0* VLIQDOV DUH LQKHUHQWO\ QRLV\ XQVWDEOH DQG GHS
ODFNLQJORQJ WHUP UHOLDELOLW\DQG VWDQGDUGL]HG PF
WR EDVLF PRYHPHQW SDWWHUQV 'HVSLWH UHFHQW DGYD:
OLPLWHG E\ VLJQDO YDULDELOLW\ ODFN RI UREXVWQHVV
EQGLQJV KLIKOLJKW WKH QHHG IRU PRUH UREXVW DQG VWI
UHOLDEOH UHDO WLPHFRQWURO RI SURVWKHWLF DQG URET

&RUUHVSRQGLQJDXWKRU #VWXG SU] HGX SO
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:LNWRULD :RMQDURZVND

!5]HV]RZ 8QLYHUVLW\RI7HFKQRORJ\ 3RODQG

.H\ZRUGPRPSXWDWLRQDO ELRPHFKDQLFYV / YHUWHEUD EQLW!
RPHWULFDO PRGHOLQJ FRUWLFDO ERQH FDQFHOORXV ERQH
6DZERQHV PRGHO

$SEVWUDFW

$FFXUDWH QXPHULFDO VLPXODWLRQV RI YHUWHEUDO PHFKDQLF
JHRPHWU\DQG UHSUHVHQWDWLRQ RI PDWHULDO KHWHURJHQHL
DWKUHH GLPHQVLRQDO JHRPHWULFDO PRGHO RIWKH/ YHUWHE
SDUWLWLRQLQJLQWR FRPSDFW FRUWLFDO DQGWUDEHFXODU L
7TKH PRGHO ZzDV EDVHG RQ D FRPPHUFLDO 6DZERQHVp DQDWRP|
PHQWHG ZLWK PLFUR FRPSXWHG WRPRJUDSK\ PLFUR &7 LPDJI
VWUXFWXUHV OLFUR &7 GDWD ZHUH XVHG WR GHEQH WKH ERXQ
XODbDU UHJLRQV DQG GHWHUPLQH JHRPHWULFDO SDUDPHWHUV V
HQVXULQJD UHDOLVWLFLQWHUQDO VWUXFWXUHIRUQXPHULFD
7KLV WZR UHJLRQ PRGHO SURYLGHV DIRXQGDWLRQ IRU VWXGL
RIPDWHULDO KHWHURJHQHLW\RQ YHUWHEUDO PHFKDQLFDO UH
LQGLFDWH WKDW GLVWLQJXLVKLQJ GHQVH DQG SRURXV UHJLR
RI'VWUHVV GLVWULEXWLRQDQG GHIRUPDWLRQ SDWWHUQV XQG
WR KRPRIJHQHRXV PRGHOV 7KH PRGHO ZLOO EH XVHG LQ IXWXL
WRTXDQWLI\WKHHIIHFWV RIERQHKHWHURJHQHLW\DQGDQLVR
ORFDO VWUHVV FRQFHQWUDWLRQV

&RUUHVSRQGLQJDXWKRU ZZRMQDURZVND#SU] HGX SO
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.DPLO '6XJRV]

1 JQODF\OXNDVLHZLF]5]HV]RZ8QLYHUVLW\RI7HFKQROR

H\ZRUGNQWKHWLF GDWD SHUVRQDOL]JHG PHGLFLQH DGYD

$SEVWUDFW

6\QWKHWLF GDWD KDV HPHUJHG DV D NH\ VROXWLRQ WR FKEL
LQ SHUVRQDOL]HG PHGLFLQH DQG RQFRORJ\ ZKHUH DFFH
FRPSOLDQW GDWD LV OLPLWHG 7KH DLP RI WKLV VWXG\ L
FDQ VXSSRUW FOLQLFDO DSSOLFDWLRQV IRFXVLQJRQ JHQ
DVVRFLDWHG HWKLFDO WHFKQLFDO DQG GDWD VHFXULW\ |
UHYLHZ RI UHFHQW RSHQ DFFHVV VWXGLHV ZDV FRQGXFWF
JHQHUDWLRQ DSSOLFDWLRQ DQG HYDOXDWLRQ
$GYDQFHG PHWKRGYV LQFOXGLQJ JHQHUDWLYH DGYHUVDL
DXWRHQFRGHUV 9%$(V DQG GLIIXVLRQ PRGHOV DUH ZLG*}
LPDJHVY HOHFWURQLF KHDOWK UHFRUGY DQG RWKHU FOLQ
VXSSRUWV WXPRU GHWHFWLRQ GLDJQRVLV DQG WUHDWP
PHGLFLQH LW HQDEOHYV SUHGLFWLYH PRGHOLQJDQG SDWL
DOVR DGGUHVVHYV GDWD VFDUFLW\ HVSHFLDOO\ IRU UDUH
VKDULQJDFURVV LQVWLWXWLRQV

'"HVSLWH WKHVHEHQHEWY VLJQLEFDQW FKDOOHQJHV UHPEL
RIVWDQGDUGL]JHGHYDOXDWLRQ PHWKRGYV DQG GLIEFXOWL
YDOLG GDWD (WKLFDO FRQVLGHUDWLRQV DQG KLJK FRPSX
ZLGHVSUHDG DGRSWLRQ

2YHUDOO V\QWKHWLF GDWD KDV FRQVLGHUDEOH SRWHQWL
LWV HITHFWLYH XVH UHTXLUHV UREXVW YDOLGDWLRQ VWDC
RIHWKLFDO LVVXHV

&RUUHVSRQGLQJDXWKRU #VWXG SU] HGX SO

ea
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OLURVGDZ :LWNRZVNL

!6LOHVLDQ 8QLYHUVLW\RI7HFKQRORJ\ )DFXOW\RI$SSOLHG ODV

H\ZRUGMQWKHWLF GDWD FOLQLFDO GHFLVLRQ VXSSRUW V\VW
FRPSXWDWLRQDO RQFRORJ\ DOJRULWKPV FODVVLEFDWLRQ GI

$SEVWUDFW

ILPLWHG DFFHVV WR KLJK TXDOLW\FOLQLFDO GDWD UHPDLQV D
PHQW RI FOLQLFDO GHFLVLRQ VXSSRUW V\VWHPV ,Q UHFHQW \t
XVLQJ VWDWLVWLFDO DQG PDFKLQH OHDUQLQJ PHWKRGYV KDYH .
SRWHQWLDO VROXWLRQ KRZHYHU WKHLU SUDFWLFDO XVHIXOC
VWLOO LQVXIEFLHQWO\XQGHUVWRRG

7KH DLP RI WKLV VWXG\ ZDV WR HYDOXDWH ZKHWKHU FODVVLEH
WKHWLF FOLQLFDO GDWD UHWDLQ SURJQRVWLF XWLOLW\ ZKHQ
3XEOLFO\ DYDLODEOH FOLQLFDO GDWD IURP 7KH &DQFHU *HQR
IRFXVLQJRQ OXQJDGHQRFDUFLQRPD /8% 2QH \HDU RYHUDOO
DV D ELQDU\ FODVVLEFDWLRQ WDVN 6\QWKHWLF FOLQLFDO GD
6'9 IUDPHZRUN ZLWK D *DXVVLDQ &RSXOD VIQWKHVL]HU WUDLC
/JRILVWLF UHJUHVVLRQ PRGHOV ZHUH WUDLQHG HLWKHU RQ UHD
RQDKHOG RXWUHDO WHVW VHW XVLQJ52& $8& DQG EDODQFHG I
7KH PRGHO WUDLQHG RQ UHDO GDWD DFKLHYHG D 52& $8& R

RQ VIQWKHWLF GDWD DFKLHYHG D 52& $8& RI ZKHQ WHVWHG
UHVXOWV LQGLFDWH D PRGHUDWH SHUIRUPDQFH GHJUDGDWLR
FULPLQDWLYH FDSDELOLW\ 7KHEQGLQJV VXJIJHVW WKDW V\QW k
IRUPHWKRGRORJLFDO VWXGLHY SUHOLPLQDU\PRGHO GHYHOR
VKRXOG QRW IXOO\UHSODFH UHDO SDWLHQW GDWD LQ KLJK ULV

&RUUHVSRQGLQJDXWKRU OLURVODZ :LWNRZVNL#SROVO SO



$SXWKRUV ,QGH]

$EGXOODK $

$GDPLHF 2UJDQL FLRN O
$GDPVND 3
$O'UDEHH"' $
$QQDPDODL 6 .

$U\DO 3

$\D] .

%DOL $
%DUWOHWW 7
%DU]J]RZVND *RJROD $
%HNPDQ $

%HXOH'
%KDQGDUL $
%LG]L+-VND -
%LVFHJOLD *
%ODQF (

%ODW $

%REHN %LOOHZLF] %
%RU\V'

%RVRZVND =

% XG]LDV]HN -

&DSFDURYD 0
&KROHZND $
&LEFKHEND .
&LV]HN :
&RUULDV 5
&RVQLHU 6
&HUZL+VND *

""$QWRQD *
'DQHO 7

'LD] ODQHUD -
'RUF]DN -
'U\JDG&D %
'ILDG]LXV]INR .
'ILDG]LXV]NR 5
'IJLHG]LF 5
'"§XJRV] .

' ZLxJD 3

)DQWLQL 6
JREKWPDQ '

*DLN .

*DUIR $
*DZODV *
*HQGRV] GH &DUULOOR"
*KDYDPL 6
*ROGD $
*ROLN 3DU\" -
*RUF]JHZVND ,
*URQNRZVND .
*UJHOD )UuD
*Zp G .
*HUHF -

+DFNPDQ 3
+DQGNLHZLF] -XQDN'
+HEGD $

-DNVLN 5
-DURV]/

-DURV] &KRERW 3
-DV]F]D .
-RQVRQ 3 +
“R+F]\N -
“XUNLHZLF] (

.DODIRYD $
.DSHN 6

.DSSHQ -
.DYRRVL 0

.D PLHUF]DN 0
.HPSVNL $
.LMRQND 0
.LPPHO 0

.ODMD %
.OLPF]DN -
.ORFHN O
.QDSF]\N .RUF]DN -
.RF $
.RFLNRZVND 2
.RUXED 6

.RVWND '

.R6DF] OLOHZVND .
.UXNLHZLF].
.XOLV .

.XUSDV 0

e



/IDOLN $
IDSRUWH -
IDVRWD ,
/JLOOEDFN 9
ILPDQUZND 3
ILSLHF (
/LX -

/IRVL)
/XSD "
ODEDM 3 3
dRV O -
dXENL O

ODFKDM $
ODUF]DN 6
ODUF]\N O
ODUNLHO 0
ODWHMNR %
ODWNRZVNL O
0D]JDM 3
OD]XUHN 9
OHQGHOVRKQ
OHQJ .
OHUWD -
OLFKDOLN 7
OLFKOHZVND 6
ORLR 1
ORVNDO 3
ORGGDZD $
OUXNZD $

1DWUDM *D\DWKUL 6
1LHZLDGRPVND %
1RZDN $

1RZDN 1
IXUHGLQL $
1XUJ\=VND .

2EDFK 0
2FKRFND /
2FKRFNL O
2JKDELDQ $
20HNV\N 7
2UOHI $
2VHZVND -

3DWHO 7
SLHWURZVND O

ec

B3LODUVNL 3
3LQL 6

BLUUHFNL 6
3ROD=+VND -

3RVLG '
3RXGHO 3
3UD"PRZVND -
3VLXN ODNV\PRZLF]
3XFHOLN %
3XGHBNR $

36RQND :

S5SDGIDU 6
5DGZDQ (
5DQD 0
S5HMZDQD 1
5SHPEDN 6]\QNLHZLF] -
SREDNRZVNDO
SREDV]NLHZLF] $
5R\&KRXGKDU\5
5XFL+-VNL $
5XGQLFNDO
SXGQLFNL:
5]1\PDQ :

6DDG $ $
6DGRZVNL "
6DJH $
6DOVL 9
6DQWRUHOOL) 0
6DSNRWD $ 6
6DYDUHVH O
6FKRVHU %
6FLSLRQLO 3
6HIJHW 6
BHQDZHHUD <
6HZHU\+VND =
6KDNLEDQLD 6
6KDUPD 3
6KFKXEHOND .
6LHNDQRZLF] $
6NDOVND 0
6NRQLHF]QD 0
6NXWQLN .
6NPU]JHZVND 2
6PR3ND 6
6RFKD 0



6RNUG 0
6WDFKHZLF] 8
6WD F]IDN $

6WUDXE 9
6WXGHQW 6
BWxSLH=+ (
6XEHGL"
6XJXPDUO
6XSLHU] -
6XZDOVND $
6XOHN $

6]HUZL+VNLO

6] WURPZDVVHU 3
6]XURZVND (
6]\VIND O
PLHMD -
PLIJLHO 6
6xGHN 6

7RPDVLDN $
7RSI $
7XSOHU 5
7XUF]\Q $
7\OLV]F]DN %

8GG %
8ODVL=+VNL -
BUEDQ $

IDWWHPL *
9HQLJDOOD 5 7
9HUGX 'LD] -

:DZU]J\QLDN 3
'HQG\NLHU -
'LWNRZVNL:
'LXFNRZVND ,
:-RMDNRZVND $
'RMQDURZVND :
'RMW\VLDN '
‘ROIVEHUJHU :
‘R]QLDN %
‘R]QLFD $
:ULEOHZVND .
‘UMFLN $
‘MMFLN /
xJUJ\Q O

=DEGRFND *RGOHZVND (

=DPRMVNL"
=LHOLQVND .
IXU 0
INGRZLF]O
NgD -
=xELN 7

ee



H\ZRUG ,QGH]

77X '27$7$7( WUHDWPHQW ERQHVHIJPHQWDWLRQ
1+ 056 %UDJJ SHDN
ELR SRO\PHULF QDQRSDUW LEWHW
+\GUR[\JOXWDUDWH +* SEHUDLOEWHBPHQWDWLRQ
EUDLQ WXPRUV
EUHDVW FDQFHU

DEHPDFLFOLE E\WVWDQGHU HIIHFW
DFXWH P\RFDUGLDO LQIDUFWLRQ

DGYDQFHG PHWKRGV & OL[XS

$, DVVLVWHG GUXJ GLVFRYHWS OFHOORXY EROH

$, EDVHG DSSURDFKHYV FDQFHU

DOJRULWKPYV FDQFHU DQWLJHQ

DOO FDXVH PRUWDOL Wi FDQFHU FKHPRWKHUD S\

DOWHUQDWLYHVSOLFLQJ
$O]KHLPHU"V GLVHDVH
DOQDWRPLFDO DOWDVHYV
DOQNOH IRRW RUWKRVHYV
$1129%5
DQWLFDQFHUDFWLYLW\
DQWLPLFURELDO WKHUD S\
DUWLIDFW  FRUUHFWLRQ
DUWLEFLDOLQWHOOLJHQFH

DVFRUELFDFUSGHWHFWLRQEEE&%PBS#RJUDSK
$7$& VHT ,

DWRPLFIRUFHPLFURVFRS\$?éU5QLE§§x?§$QIHFWLRQV
$XIJPHQWDWLYHDQG $OWHU OLb{%DOGDWD

&RPPXQLFDWLR
@ Q FOLQLFDO GHFLVLRQ VXSSRUW V\V

DXWRPDWHG DQDO\VLYV FOLQLFDO GLDJQRVWLFV
DXWRPDWHG GLDJQRVLV Q 2

DXWRPDWLF VHIPHQWDWLRQEQLQLFDOSDUDPHWHUV

DXWRPDWLF VWHQRVLV GHWHRPWRRBPO WHIW PLQLQJ
DXWRSKDJ\ FOLOLFDO ZRUNIRZ

FOXVWHULQJDQDO\VLV
EDWFKHIIHFW UHGXFWLRQ &19

FDUGLRSXOPRQDU\DJLQJ
FDUGLRWRFRJUDSK\
FDUHJLYHUV

&GNQ D

FHOODGKHVLRQ

FHOO FRPPXQLFDWLRQ
FHOO F\FOH FKHENSRLQW
FHOO W\SHGHFRQYROXWLRQ

ELRFRQMXJDWHYV FRPSXWDWLRQDO ELRPHFKDQLFV
ELRLQIRUPDWLFV FRPSXWDWLRQDO RQFRORJ\
ELRLQIRUPDWLFV ELDV FRPSXWHU DLGHG GLDJQRVLYV
ELRORJLFDO DJH FRQGXFWLYH SRO\PHU FRDWLQJ

ELRORJLFDODJHHVWLPDWLREFRQYROXWLRQDO QHXUDO QHWZRL
ELRPDUNHUYV
ELRPHFKDQLFDO IXQFWLRQ FRURQDU\DQJLRJUDSK\

ELRPHGLFDOLPDJHV FRUWLFDO ERQH
ELRVHQVRUV &S* VSHFLEFPRGHOOLQJ
%OLVV &;5 DIJHJDS

aBnRi



GDWD DQDO\VLV ZRUNIRZVHQHRPWRPR@UFKLWHFWXUH

GDWD DXJPHQWDWLRQ JHQRPLF UHSURGXFLELOLW\
GDWD SURFHVVLQJ JHQRPLFV

GDWD GULYHQ DSSURDFKHV JHRPHWULFDO PRGHOLQJ
GHHS OHDUQLQJ JOLRPD VHIJPHQWDWLRQ
GHIHFW HQJLQHHUHG FDUER®0O0

'"HQVH1HW JROG QDQRVWUXFWXUHYV
GHVLJQ VWUDWHJILHV JUDSK WKHRU\

GLDEHWHV PHOOLWXYV JUDSKHQH TXDQWXP GRWYV
GLDJQRVLV GHOD\ JULGLQ WHFKQLTXH

GLDJQRVWLFLPDJLQJ
GLD]JHSLQH TXLQRQH UHGR[ WRHYRQ WKHUD S\

GLHW KHSDWRFHOOXODU FDUFLQRP

'1$ GDPDJH UHVSRQVH KLSDUWKURSODVW\

'1$ PHWK\ODWLRQ KLVWRORJ\

GRPDLQ DGDSWLYH SUHWUD IKGV®IRSDWKRORJ\

GUXJGHOLYHU\ KRUPRQH GHSHQGHQW EUHDYV

GUXJGHOLYHU\V\VWHPYV

GUXJUHVLVWDQFH KRVSLWDO DGPLVVLRQ WLPH
KXPDQ WLVVXH

HDUO\JOLRPD KXPDQ PDFKLQHLQWHUDFWLR

HOHFWURFKHPLVWU\ KXPDQIRUHVNLQ EEUREODV W)

HOHFWURSRO\PHUL]DWLRQ K\GURJHOV
HOHFWURVSLQQLQJ

HPSK\VHPD LPDJHDQDO\VLV
HQGRPHWULDO FDQFHU LPDJHFODVVLEFDWLRQ
HSLGHPLRORJ\ LPDIJHVHIPHQWDWLRQ
HSLIHQHWLFV LPSODQW ODQGPDUN GHWHFW

HSLWKHOLDO PHVHQFK\PDO LQWWOIWIHMWHRIROWKFDUH WHF
(07 SKHQRFRQYHUVLRQ@QIHUWLOLW\WUHDWPHQW

H[SHULPHQWDO GHVLJQ LQVRPQLD
LQVXOLQ UHVLVWDQFH

;iﬂDOKHDOWK LQVXOLQ WKHUDS\

EQLWHHOHPHQW PHWKRG MDFNIUXLW VHHG

ID[VHHG PXFLODJH -DJLHOORQLDQ 3RVLWURQ (PL

IRUPDOLQ E[DWLRQ UDSK\ - 3(7 VFDQQHU

IUDFWXUH GHWHFWLRQ

)5 * / YHUWHEUD

)6+ ODEHO IUHHLPPXQRVHQVRU
ODEHO IUHHWDUJHWHG SURW

*$7. ODUJH ODQJXDJHPRGHOV

JHQH VHWYV /'&7

JHQHUDWLYH DGYHUVDULDOGHXNHPUED *$1

OLQHDUPL[HG PRGHOOLQJ
JHQHUDWLYH $, OQF518$
JHQHWLFYV ORQJLWXGLQDO PXOWL RPLFV

ala



ORVV RIIXQFWLRQ QDWXUDO ELRSRO\PHUV
ORZ GRVH FRPSXWHG WRPHRIUDSIKQHWZRUNYV

'&7 QHXUDO WLVVXHHQJLQHHULQJ
OXQJFDQFHU QHXURORJ\
OXQJFDQFHU VFUHHQLQJ QHXURPXVFXODU GLVHDVHYV
OXQJGLVHDVHYV QH[W JHQHUDWLRQ VHTXHQFLQJ

OXQJVTXDPRXVFHOO FDUFLQRERDGHVWUXFWLYH WHVWLQJ
QRUPDOLVDWLRQ VWUDWHJILHYV

PDFKLQH OHDUQLQJ OXFOHROXV

PDPED RGGV
PDPPRJUDSK\WHFKQLTXHV RGRQWRJHQLF F\VW
PDQGLEOH RGRQWRJHQLF NHUDWRF\VW
PHDQJODQGXODU GRVH RUDO FDYLW\FDQFHU
PHGLFDO LPDJH RYDULDQ FDQFHU

PHGLFDO LPDJHDQDO\WLV RYHU UHSUHVHQWDWLRQDQDO\VL
PHGLFDO LPDJH VHIJPHQWDWLRQ
PHGLFDO LPDJLQJELRPDUNHYDHGLDWULFEUDLQ YROXPHWU\

OHQGHOLDQ HUURU SDWKZD\HQULFKPHQW DQDO\VLV

PHWDJHQRPLFV SDWLHQW GHULYHG RUJDQRLGV

PHWHRURORJLFDO IDFWRUV SHGLDWULF GLDEHWHYV

PHWIRUPLQ 3('27

PHWK\OVXOIRQ\OPHWKDQH SHOYLV; UD\

PLFUR &7 LPDJLQJ SHUVRQDOLVHG WKHUD S\

PLFURELRPH SHUVRQDOL]DWLRQ PHWKRGYV

PLFURFDYLWLHYV SHUVRQDOL]HG PHGLFLQH
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